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Abstract 

One of the main obstacles to development of intensive aquaculture is the accumulation of 

toxic inorganic nitrogen which should be kept very low by frequent water exchange or 

recycling of the water through a biofilter. This thesis describes another method of 

removing inorganic nitrogen pioneered by Avnimelech et al. (1988;1989;1992a;1994) 

and Avnimelech (1999) using heterotrophic bacteria population of which was augmented 

by the addition of a carbonaceous substance, molasses, to increase the feed C:N ratio 

under both field and laboratory conditions 

The principal aims of this field and laboratory studies were (1) to investigate the water 

quality and production variables in shrimp culture of zero water exchange model 

(ZWEM) and limited water exchange model (L WEM) using molasses, (2) to establish 

correlation C:N ratio level with levels of ammonia, nitrite, dissolved oxygen, pH and 

shrimp growth in shrimp farming of ZWEM and L WEM. The study was also designed 

to experimentally evaluate (1) effect of molasses application frequency on water quality 

and production variables in shrimp culture of ZWEM, (2) effect of stocking density on 

water quality and production variables in shrimp culture of ZWEM using molasses as a 

carbon source and (3) effect of reducing conventional feeding rate on water quality and 

production variables in shrimp culture of ZWEM using molasses as a carbon resource. 

It was found that: 

1. Addition of molasses to shrimp farming with ZWEM and ZWEM tended to have 

role in removing ammonia and nitrite. Also, application of molasses to laboratory 

tanks increased the population of heterotrophic bacteria and concentrations of 

total suspended solids, but led to a reduction in levels of ammonia, nitrite and 

dissolved oxygen, pH and chlorophyll a. 

2. Treatment with molasses and limited water exchange ( 5 % weekly) was more 

effectives in the removal of inorganic nitrogen those that of molasses and zero 

water exchange. 
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3. Laboratory experiments showed that molasses added to give a C:N ratio level of 

20.0:1 (in shrimp culture of zero water exchange model); 17.5:1 (in limited water 

exchange model ; 5 % fortnightly) and 15.0:1 (in limited water exchange model; 

5 % weekly) was the most effective in terms of in the removal of inorganic 

nitrogen and shrimp production variables. 

4. Frequency of molasses application once a day with C:N ratio level of 20.0:1 was 

the best in shrimp culture with ZWEM 

5. Laboratory studies have shown that ZWEM with the addition of molasses to give 

C: N ratio level of 20.0:1 could only work when stocking density was 30 

shrimp m·1
• 

The results pose many questions for future investigations 
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CHAPTER ONE 

GENERAL INTRODUCTION 

Aquaculture is one of the fastest growing food-producing sectors in the world and the 

demand for aquaculture products is ever increasing as we strive to meet the food needs of 

the growing population. Aquaculture will soon become increasingly important because 

food production through marine catches are dwindling faster. Tacon (1999) reported that 

Asia produces over 90 % of global aquaculture production. And within this region, it is 

not only the fastest production sector but it is also the sector that produces products that 

play a very important role in the diet of most Asian people. Basically, aquaculture has 

very good prospects in augmenting development gains and as a big contributor to food 

supplies. It can generate income for people and has a role in rural development and 

poverty alleviation especially in countries where there is a need for further development. 

The Food and the Agriculture Organization (FAO) of the United Nations Organization 

{UNO) (1999 ) defined aquaculture as the farming of aquatic organisms including fish, 

mollusks, crustaceans and aquatic plants. Historically, Asia is considered to be the cradle 

of aquaculture, where it has been practiced with a subsistence level for thousands of 

years. Approximately 150 countries in the world are lmown to have some sort of 

aquaculture activity. In general, the aquatic organisms cultured for food can be 

categorized in to five main group: finfish (fresh water, marine and diadromous species), 

crustaceans, mollusks, aquatic plants and others (this includes tunicates (sea squirts), 

frogs, turtles etc (De Silva and Trevor, 1995). Global production of farmed fish and 

shell fish has more than doubled in the past 15 years. Production of cultured shrimps, in 

particular, increased rapidly, mostly in Asia which produced 80% of world output. More 

than 0.8 million ha was used for shrimp production in Asia (Viswanathan, 1999). 
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1.1. History and development of shrimp farming. 

The success of shrimp as the worlds favourite seafood is a good lead- its ever increasing 

demand is always greater than supply. History reveals that shrimp farming was 

originally started in Southeast Asia where farmers raised wild shrimps in tidal swamps. 

Shrimp farming is relatively new and modem shrimp farming dates back to 1930s when 

Motosaku Fujinaga successfully spawned kuruma shrimps(sometimes called karuma 

shrimp (Penaeus (Marsupenaeus) japonicus), cultured their larvae through to market 

size adults on a commercial scale. The pioneering research work of Dr Hudinaga during 

the same years eventually led to the development of shrimp hatchery technology and the 

extensive cultures using wild seed stock, shrimp culture as an industry of the early 1970s 

(Yap, 1999). 

In recent years, there has been a rapid development of shrimp culture in tropics especially 

in the Asia Pacific region and Latin America. Shrimp has, of course, long been the 

number one sea food product in terms of commercial value, representing more than 4 

times the value of either tuna (number two) or salmon (number three) (Charles, 2002). 

Of the six major species being farmed, only the kuruma shrimps (Penaeus 

(Marsupenaeus) japonicus) still relies more on capture fisheries than on aquaculture. In 

Australia, kuruma shrimp farming commenced in 1991, and reached 200 tonnes in 

1999 - 2000. Initially Australian farmers used traditional Japanese farming methods. 

However, the industry has developed more advanced production technique similar to 

those used in the farming of Penaeus monodon (Abare, 2003). 

As for other species, farmed shrimps make up 92 % of the total world production of 

white shrimp, Litopenaeus vannamei, 80.6 % of the giant tiger shrimp, Penaeus 

monodon, 79.5% of Indian white shrimps, Fenneropenaeus indicus, and 59.4% of the 

fleshy shrimps, Fenneropenaeus chinensis (yap, 1999). However, Penaeus monodon is 

the most widely cultivated shrimp in Australia, Thailand, Indonesia, Philippines, China 

Taipei, India , and Vietnam (Abare, 2003). The giant tiger shrimp, popularly known as 
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'Black Tiger' continues to be the leading cultured species with a total world aquaculture 

production of 571,497 tonnes (Abare, 20003). Statistics shows that Asia has maintained 

its lead position as the world's top shrimp farming region with a massive 84.9% of total 

production, followed by South America 8.79% and North America 5.27% (Tookwinas 

and Yingcharoen ,2002). Among Asian Countries, Thailand continues to dominate the 

trade followed by Indonesia and China. 

There are three shrimp culture systems in practice. They are extensive, semi-intensive 

and intensive system (Landesman, 1994; Menasveta, 1994). Extensive culture system is 

characterized by low stocking densities and low productivity. Early shrimp culture was 

mostly done by this method. In extensive culture, water exchange is thought to introduce 

additional sources of forage prey (Hopkins et al., 1993). During the culture period no 

artificial feed is required since all the food eaten by the shrimps come from environment, 

and because of this some fertilizer may be added to increase the level of the natural food. 

The production of shrimp is low with an average of only 150 kilograms lhalyear or less 

(Menasveta, 1994). This culture method is still used by some traditional culturists in the 

world. 

Semi -intensive shrimp farming requires pump to exchange water and to drain the pond 

during harvest (Boyd, 1989), aeration by means of paddlewheel aerator for maintaining 

sufficient dissolved oxygen (Landesman, 1994). Water exchange may be used to 

mitigate eutrophicating effects of feed addition and allow higher feeding rates without 

need for supplemental aeration. Fast (1992) revealed that in semi-intensive model there 

is artificial feed supplied, greater use of fertilizer, control of stocking .densities, and use 

of toxicants to control predator and diseases. The production of shrimp in semi

intensive farming can be from 600 kilogramslha/year to more than 1800 

kilogramslhalyear (Menasveta, 1994). 

Intensive shrimp culture model is almost similar to semi-intensive model. In intensive 

outdoor ponds, water exchange is necessary to flush phytoplankton as well as toxic 
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metabolic waste products, thereby minimizing diurnal fluxes in dissolved oxygen 

(Chamberlain, 1987). Using more advanced technologies in intensive model, shrimp 

production rate is likely to be reached around 12,000 - 20,000 kglha/year 

(Landesman,l994; Menasveta, 1994). Characteristics of three culture models above 

are summarized in Table 1.1 

Table 1. 1. Characteristics of shrimp culture at three levels of intensity 

Level of intensity 
Characteristics Extensive Semi-intensive Intensive 
1. Pond size (ha) >5 1-2 1 or less 
2. Aeration Natural Mechanical Continual mechanical 
3.Stocking rate 

( shrimps/m2 I crop) 
Less than 5 5 - 15 20 or more 

4. Feed Natural Natural and Formulated 
(no s1.!2P_lement} supplement 

5.Production rate(kglha/year) 100-300 600 or more than more than 6000 
1800 

Source: Menasveta (1994) 

1.2. Shrimp production: A global overview 

Shrimp culture is an important form of employment and income for tropical coastal 

countries. Shrimp is one of the most developed of cultured aquatic species, yet the 

farmed shrimp sector profile has been lower than species such salmon and sea bream, 

despite by being larger by both volume and value ( Charles, 2002). If grouped according 

to major regions, in 2000, Asian countries were still the leading shrimp producing 

region for tiger shrimps with 543, 036 tonnes or 93.45% of the total (Abare, 2003). 

By country, Thailand is the leading producer of tiger shrimps in 2000 with 294,700 

tonnes (Abare, 2003), a position it has maintained since 1991 (Tookwinas and 

Yingcharoen, 2002). Indonesia rose up to become the second largest producer of tiger 

shrimps, a position it has maintained up to the present. It produced 96,317 tonnes in 

1997, its highest ever (Abare, 2003). Indonesia still has large underdeveloped lands in 
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the outer islands particularly in Sumatra and therefore has the potential to become the 

world's largest farmed shrimp producer. In Australia, the production of tiger shrimp 

increased from 1,613 tonnes in 1995 to 2,594 tonnes in 2000 (Abare 2003). China 

experienced ups and downs in shrimp production. The meteoric rise in the Chinese 

shrimp industry was made possible by massive development program along in Bohai 

Bay coast line in the northeast (Yap, 1999). 

From one of the top producers in 1986-87, Taiwan (Chinese Taipei) was a net shrimp 

exporter (Yap, 1999), however, the production of tiger shrimps decreased from 10,93 8 

tonnes in 1995 to 3,844 tonnes in 2000 (Abare, 2003). Vietnamese tiger shrimp 

production has increased from only 41,490 tonnes in 1995 to 52,070 tonnes in 2000 

while tiger shrimp production in India and Philippines decreased a two fold from 1995 to 

2000 (Abare, 2003). Many of middle east region including UAE, Kuwait, and Yemen 

have initiated moves to venture into shrimp farming. Shrimp farming in Saudi Arabia 

started way back in 1983 and reported a production of 830 tonnes in 1997 (Yap, 1999). 

Table 1.2 shows the world production of tiger shrimp by the major countries. 

Table 1.2. Word tiger shrimp production (tons) 

Year 

Country 1995 1996 1997 1998 1999 2000 

Australia 1 615 1412 1278 1278 2290 2594 

Chinese Taipei 10 938 12 255 5168 4 812 4423 3 844 

India 97 317 94990 65 307 78434 70772 52471 

Indonesia 89344 96237 96317 74824 92 726 90483 

Philippines 88 850 76220 40102 36799 34627 40468 

Thailand 257 062 235 875 223 551 247 458 271 019 294 700 

Vietnam 41490 37 310 36970 41140 43 070 52070 

Other 13 194 15 942 19228 23 621 25 700 34867 

Total 599 808 570 241 487 921 508 366 544 627 571497 

Source: Abare (2003) 
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1.3. Requirement for shrimps- A review 

1.3.1. Food and Feed requirement of shrimp 

1.3.1.1.Natural food 

Natural food in shrimp culture ponds mainly comes from autotrophic food chain 

composed of microscopic algae, zooplankton and protozoans and the heterotrophic food 

chain is based on uneaten pelleted feed, feces, and dead sedimented plankton biomass 

which generate the growth of bacterial community and fungi. Several studies reveal a 

great deal of information with feeding habits of shrimp using natural food 

(Maguire and Bell, 1981; Schroeder, 1983 ) 

Hunter et al.(l987) reported that large variations in chlorophyll a in the ingesta of pond 

raised white shrimp (Penaeus vannamei). Hunter also reported that the protein of 

natural food was abundant and was higher concentration than pelleted shrimp feed. 

Uniformity of amino acid composition in marine algae and detritus is well documented 

(Cruz et al., 1975). Bacterial biomass has been proved to contribute substantially to 

shrimp nutrition in shrimp production ponds (Moriarty, 1977), providing as much as 24 % 

on consumed feed (Maguire and Bell, 1981). 

Marte (1980) found small crabs, shrimps and mollusks as ingested food of adult Penaeus 

monodon, while Thomas (1972) listed crustaceans, fishes, mollusks, polychaeta and 

vegetable matter as the food of Penaeus monodon in order of importance. Penaeus 

monodon has been found to consume midge (Chironomidae) larvae (Gunderman and 

Popper, 1977) as well as organic matter, bacteria, phytoplankton and zooplankton were 

utilized by Penaeus monodon (Bombeo -Tuburan et al., 1993; Allan et al., 1995). 
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1.3.1.2. Artificial feed 

There have been several reports on growing shrimps on artificial pelleted diets (Lee, 

1971; Andrews et al., 1972; Hysmith et al., 1972; Aquacop, 1977; Colvin and Brand, 

1977; Khannapa, 1977; Sedwick, 1979; Bages and Sloane, 1981; D' Abramo et al., 1997). 

The dietary levels of protein, carbohydrate and lipids were found to have substantial 

effects on growth and survival rates ofpenaeid shrimp (Andrews et al., 1972). 

Penaeid shrimps like other animals need protein in the form of essential amino acids for 

maintenance of life, growth and reproduction. The digestion and metabolism of protein 

and amino acids is dependant on the anatomy of the digestive tract and associated 

digestive enzymes of the animals. The adaptation of digestive enzymes to dietary protein 

is species specific, size of the animals and nature of the ingredients (see Guillaume, 1997 

for review). This has led to contradictory results. Therefore, the protein requirements by 

shrimps is very dependent upon the species age and size, water quality, abundance of 

natural food, the non protein energy and quality of protein (A vault, 1996). An optimum 

dietary level of protein reported for penaeid shrimp was 45.8 % ( Lee, 1971), 28- 32 % 

(Andrews et al., 1972), 34- 40 % (Khannapa, 1977; Aquacop, 1977), 30-45 % (Pascual, 

1989; Somsueb (1993). The value for P. monodon ranges 35-40%, depending on the 

weight of the animals and the protein source used (see Guillaume, 1997). The validity of 

these variations in protein requirements can not be ascertained until the yet to be 

determined requirements for essential amino acids are established. Considerations of 

protein requirements alone is not sufficient since both dietary protein and energy levels 

specifically influence the growth rate of aquatic animals (see review by Cuzon and 

Guillaume, 1997). Sedgwick (1979) stated that the optimal utilization of protein by 

penaeid shrimp was closely related to the energetic value of diet. There was a decrease 

in survival rates of penaeid shrimp. at higher protein levels when proportion of non

protein calories was insufficient in the diet ( Andrews et al., 1972; Colvin and Brand, 

1977; Khannapa, 1977). It was found that a protein/energy ratio of 30 mg/kJ is optimal 

for P. monodon and 3 7-160 mg/kJ for other penaeid shrimp. 
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Carbohydrate is important to provide energy for the shrimps (Bages and Sloane, 1981; 

Pascual, 1989; Akiyama et al., 1992). Carbohydrates include simple sugars or 

monosaccharides, disaccharides and polysaccharides (Akiyama et al., 1992) which are 

converted mainly into glucose absorbed into blood to produce energy (Hepher, 1988). In 

general, simple sugars are poorly utilised by shrimp P. monodon grew equally well on 

diets containing either maltose, sucrose, dextrin, molasses, cassava starch, cornstarch, or 

sago palm starch at levels either10 or 40% (see review by Shiau, 1997). The review also 

stated that the complex cornstarch was better utilised by P. monodon than glucose. 

However, Pascual (1989) stated that shrimp artificial feed should contain 25 % 

carbohydrate. The important role of carbohydrate is the possible sparing of dietary 

protein by carbohydrate. It was found that carbohydrate sources are important For 

example, at the same level P. monodon had significant higher weight gain, feed 

efficiency ratio, protein efficiency ratio and survival when fed starch than those fed 

glucose. It appears that starch has a better protein-sparing effect than glucose. 

Accordingly, the required dietary protein level for P. monodon is lower if starch, instead 

of glucose, is used as the carbohydrate source (Shiau, 1997). In addition to starch, it is 

recommended that a minimum level of 0.5% chitin (a component of the exoskeleton) to 

be included in shrimp feed because chitin is believe to have a growth promoting effect. 

Shrimps also require lipids or fats as important energy resource. The range of lipid used 

in artificial feed for penaeid shrimps was around 1-2 % (Andrews et al., 1972; Sick and 

Andrews, 1973) and between 5 and 8% (for a review see D'Abramo, 1997). An addition 

of 10 % supplemental lipid had an adverse effect on growth and survival of penaeid 

shrimps (Andrews et al., 1972). Likewise, Akiyama et al. (1992) revealed that the lipid 

content of commercial shrimp's feeds is 6% to 7.5 %and not exceeding 15% due to the 

result in poor growth and increased mortality. Lipids are the source of triacylglycerols, 

fatty acids (especially the essential polyunsaturated fatty acids (PUFAs), and 

phospholipids (Fox et al., 1994). Crustaceans cannot synthesize essential fatty acids, 

which must be provided by the feed. Provisions of dietary PUFAs 20:4n-6, 20:5n-3, and 
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22:6n-3 appear to be necessary for successful ovarian maturation and spawning of P. 

setiferus (for a review see D'Abramo, 1997). 

Vitamins and minerals are required by shrimps in the process of growth, metabolism and 

reproduction. Dietary vitamin requirements for shrimp are only becoming apparent when 

the density of culture increased due to the short fall of natural prey. However, in 

comparison to terrestrial animals, the information available about vitamin requirements of 

crustaceans still lacks depth. The The ranges of shrimp vitamin requirement are 50 -

100 mg per one kilogram of feed (Akiyama et al., 1992) composed of vitamin B12 (Shiau 

and Lung, 1993), vitamin K (Merchie et al., 1998), vitamin D (Shiau and Hwang, 1994) 

and Vitamin A (Chiau and Chen, 2000). Further, Akiyama et al. (1992) stated that 

minerals required by shrimps are macro-minerals (phosphorus, calcium, potassium, 

magnesium, sodium, chloride and sulfur) and micro-minerals ( zinc, copper, iron, 

manganese, cobalt, selenium and iodine) 

1.3.2. Water quality requirement of shrimp 
1.3.2.1. Inorganic nitrogen 

In intensive shrimp culture, the accumulation of inorganic nitrogen (ammonia, nitrite and 

nitrate) in water is an intrinsic problem due to shrimp has limited ability to utilize dietary 

carbohydrates as an energy sources, but uses protein as a source of energy (Hepher, 

1988). Aerobic catabolism of carbohydrate produces C02 and energy whereas that of 

protein (amino acids) results in ammonia as an end-product. Carbon dioxide can be 

driven off the water by gaseous exchange, but ammonia stays dissolved in the system. In 

particular, the percentage of the proteinous nitrogen excreted as ammonia is high 

(Kaushik, 1980) and comprises 40-90 % of the nitrogenous excretion in crustacean 

(Kinne, 1976). As a result, ammonia will accumulate in the pond to such a level which 

will be toxic to aquatic life. However, within the aquatic ecosystems, ammonia is 

converted to nitrite and nitrate, is in tum converted tO nitrate by nitrifying bacteria. Due 

to inorganic nitrogens such as nitrite are toxic to fish or shrimp by interfering with the 

ability of hemoglobin to transport oxygen (Smith and Russo, 1975; Spotte, 1979), 
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accumulation of inorganic nitrogen is one of the main obstacle to development of 

intensive ponds including shrimp ponds (Kochva et al., 1994). 

Ammonia and nitrite are toxic to fish (Colt and Armstrong, 1979; Huey et al., 1980; 

Lewis and Morris, 1986). The toxicity of ammonia for rearing penaeus shrimps has been 

studied (Wickins, 1976; Huang, 1979; Lai and Ting, 1984; Chin and Chen, 1987; Chen 

and Chin , 1988; Chen et al., 1990; Chen and Lei, 1990; Alcaraz et al., 1999). 

The 96 hours lethal concentration 50 (LCso) of ammonia to Penaeus monodon juveniles 

(0. 17 gram in weight) was found to be 26.67 mglliter total ammonia-N (Huang, 1979). 

The 24 hours, 48 hours and 72 hours LCso's of ammonia to Penaeus monodon juveniles 

(0.07- 0.19 gram) were 15.99, 11.81 and 9.88 mg/liter total ammonia- N, respectively 

(Lai and Ting, 1984). Safe level for Penaeus monodon juveniles was 0.12 mglliter 

ammonia (Chen and Lei, 1990). According to Catedral et al. (1977), the post larvae of 

Penaeus monodon could tolerate ammonia up to 10 mglliter. 

With respect to nitrite, larger shrimps seem to be more resistant to toxicity of nitrite than 

smaller. For example, 0.17 gram Penaeus monodon exposed to about 200 mglliter 

nitrite died after 12 hours(Huang, 1979) whereas 4.87 gram animal exposed to the same 

level of nitrite did not die until after 192 hours (Chen et al., 1990). Safe level may be 

estimated to be 4.49 and 12.54 mglliter nitrite for Penaeus monodon larvae and 

juveniles , respectively (Chen and Lei, 1990) 

A combination of ammonia and nitrite is more toxic to Penaeus monodon larvae than 

either ammonia or nitrite alone (Chin and Chen, 1987; Chen and Chin, 19881
). Likewise, 

a high ammonia-Nand low nitrite -N was as toxic as a low ammonia-Nand high nitrite 

(Chen and Chin, 1988'). Ammonia as well as nitrite affected the growth of penaeid 

shrimps and freshwater prawns Macrobrachium rosenbergii (Armstrong et al., 1976). 

Wickins (1976) found that there was a decrease in daily growth of Penaeus monodon as 

ammonia increased. 
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1.3.2.2.Dissolved Oxygen 

Low concentration of dissolved oxygen is the major limiting water quality variable in 

intensive aquaculture (Boyd and Watten, 1989). It has already been reported that 

0.2 - 1.0 mg L"1 dissolved oxygen is lethal levels for Penaeus monodon shrimps (Liao 

and Huang, 1975). Seidman and Lawrence (1985) reported that growth of Penaeus 

monodon shrimps was not affected at constant average dissolved oxygen concentration 

of 1.9 - 4.0 mg L"1 but was significantly reduced at 1.2 mg L"1 dissolved oxygen. Clark 

(1986) found that mortality occurred and moulting was inhibited when Penaeus 

semisulcatus were kept at a dissolved oxygen of 2 mg L"1 for 17 days. Further, mortality 

ceased and moulting frequency returned to normal when dissolved oxygen was increased 

to 5 mg L-1
• Also Chang and Quyang (1988) reported that chronically low levels of 

dissolved oxygen can reduce growth, feeding and moulting frequency. Allan et al. 

(1990) found that reduced dissolved oxygen (2.1 mg L"1
) significantly increased the acute 

toxicity of ammonia to Penaeus monodon shrimps. 

1.3.2.3. Salinity and temperature 

The effects salinity on the survival rate and growth of penaeid shrimps have been 

extensively studied (Chen, 1976; Castille and Lowrence, 1981a; 1981b; Cawthorne et al., 

1983; Staples and Heales, 1991; Vijayan and Diwan, 1995; Prados-Estepa, 1998). Older 

prawns of Penaeus monodon were less adapted to low salinity than young ones. The 

normal salinity range of Penaeus monodon was 15-30 o/oo (Chen, 1976) 

Survival of Penaeus monodon juveniles was effected by a combined action of 

temperature and salinity (Prados-Estepa, 1998). Furthermore, survival of Penaeus 

monodon juveniles was highest in salinity range of 16-40 %o at 22 ° C, at 16 %o in 28 ° 
C and 12 o/oo in 33 ° C. There was no survival when shrimps were exposed to 0 and 60 

%oat 33 ° C for seven days (Prados-Estepa, 1998). Parado-Estepa et al. 0993) reported 

11 Chapter Olle 



that a high temperature of 33 ° C reduced the rate of survival of postlarvae or juveniles 

Penaeus monodon especially at high salinity levels. 

Higher temperature particularly extreme temperature had adverse effect on the growth of 

Penaeus indicus (Vijayan and Diwan, 1995). Similarly, Charmantier - Daures et al. (1988) 

showed that low temperature decreased tolerance of Penaeus japonicus to low salinity. 

Furthermore, low salinity-low temperature combination was not found to be optimal for 

development of Penaeus monodon juveniles (Parado-Estepa, 1998). Another study 

revealed that combinations of low-low or high-high salinity and temperature were not 

favorable and may be lethal to Penaeus esculentus (O'Brien, 1984). 

1.3.2.4. pH 

The effect pH on physiology of decapods has been reported by several authors (Huner et 

al., 1979; Malley, 1980; Haines, 1981; Vedavyasa-Rao et al., 1982; Wickins, 1981). 

Reduced pH had adversed effect on the survival and growth of shrimps (Huner et al., 

1979; Vedavyasa-Rao et al., 1982). The reduced pH of water lowered the daily growth 

rate of Penaeus monodon (Wickins, 1981). Further, Wickins (1981) found that the best 

growth of penaeid shrimps was in water having pH range between 7.5- 8.0, and high 

mortality occurred when pH value fell below 5.0. 

1.4. Conventional shrimp farming 

Water exchange is routinely used in mitigating ammonia, nitrite and organic matter 

concentrations and reducing algal blooms in conventional intensive shrimp culture. For 

instance, Aquacop (1984) reported water exchange rates for variety shrimp species 

which increase from 5 % to 30 % of the pond volume per day between stocking and 

harvest time for densities ranging from 5 to 200/m2
• This water exchange management 

practice works only when the quality of inlet water into ponds is high. However, this is 

not the case for most shrimp ponds in Asian-Pacific region because the water quality of 
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the water entering into pond is the effluent from outlet of the other farms (Landesman, 

1994; Kautsky et al., 2000) which already has low quality (Csavas, 1994) and contain 

parasites and pathogenic microorganisms (Csavas, 1994; Landesman, 1994). Also, 

problem in water exchange for improvement of water quality is frequently due to by poor 

engineering design and management of ponds (Rivera-Monroy et al., 1999) and the 

absence of drainage networks (Csavas, 1994). 

The practice of flushing water from shrimp farms into water body is also detrimental to 

environment because this water is nutrient rich and cause eutrophication algae blooms 

(Landesman, 1994; Hopkins et al., 1995a; Smith 1996 ). It also has high in suspended, 

particulate and dissolved organic matter (Eng et al., 1989; Hopkins et al., 1993; 1995a; 

Avnimelech et al., 1994; Kochba, 1994; Avnimelech et al., 1988; Naylor et al., 1998 

A vnimelech, 1999), high levels of pathogenic microorganisms (Hopkins et al., 1995a; 

Smith, 1996 ; Troell et al., 1999; Chamberlain, 2001), high-biological oxygen demand 

and low available dissolved oxygen (Hopkins, et al., 1995a; Csavas, 1994 ; Smith, 1996) 

as well as high levels of chemicals such as hydrogen sulfide (Smith, 1996) and chemical 

residue which has potential to create resistant pathogenic microorganisms (Landesman, 

1994; Hopkins ~t al.,l995a). Further, frequent water may not be possible due to 

environmental regulations prohibiting the release the nutrient rich water into the 

environment which may contain pathogens (Allan and Maguire, 1987; Mitchell, 1987; 

Avnimelech, 1999) 

In current years, shrimp production of brackishwater ponds sharply drops due to decrease 

in production rate and area cultivated. Factors such as diseases, pollution, environmental 

degradation and poor pond management were identified as the causes of this decrease in 

shrimp production (Revord and Weidner, 1992; Rosenberry, 1993). Furthermore, most 

shrimp-producing countries worldwide have been profoundly affected by diseases like 

whitespot due to degradation of water quality (Hopkins et al.,1993; Nurdjana, 1997; 

Stewart, 1997; Tseng et al., 1998; Chamberlain, 2001). 
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In sum, the most common water and sediment quality problems in intensive shrimp 

ponds are oxygen depletion and accumulation organic matter, inorganic nitrogen, sulfide, 

and C02• Decrease in the water and sediment quality of shrimp ponds are derived 

mainly by factors, such as high stocking densities (Allan and Maguire, 1992; Ray and 

Chien, 1992; Hopkins, et al., 1993), high feeding rate and uneaten feed, shrimp excreta 

(Ray and Chien , 1992; Briggs and Funge- Smith, 1994; Boyd, 1995; Tacon ,2001) and 

phytoplankton blooms (Nunes and Parsons, 1998). The current practice is to discharge 

the polluted water and sediment into the environment and replace the water with 

unpolluted one. This practice is clearly unsustainable and a new solution (s) has to be 

found to ensure the survival of aquaculture industry which is profitable and 

environmental friendly. 

1.5. Shrimp culture with zero and limited water exchange model 

Mitigating the environmental impacts of effluent discharge and reducing the risk of 

disease contamination from externally polluted water supply, shrimp culture in recent 

years has evolved from open system with frequent water discharge to closed system with 

limited or zero water discharge. However, the major problem associated with closed 

system is the rapid deterioration in ponds, resulting from increasing concentrations of 

nutrients (ammonia and nitrite) and organic matters over the culture period (Thakur and 

Lin, 2003). Likewise, Tacon et al. (2002) revealed that closed zero-water exchange 

culture systems can only biologically support a certain level of nutrient input and shrimp 

biomass without the system 'crashing' and compromising shrimp growth and survival. 

The super-eutrophic water can lead to the flash point of pond carrying capacity by 

adverse pond environment (Lin, 1995). Obviously, the balance between waste 

production and assimilation capacity in pond environment is of paramount importance for 

the success of closed system. Thus, shrimp cultures with little or zero water exchange 

need to take full account of waste impact on growth of culture organisms, mortality and 

the overall expansion of total biomass in the production system. 
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1.6. The role of carbon in removing inorganic nitrogen 

Feed and feeding have been identified as the major source of nitrogen in aquaculture 

operations (Cowey and Cho, 1991; Goddard, 1996). Hopkins et al. (1995a) reported that 

only 23 % of nitrogen added as feed was recovered in shrimp biomass in ponds without 

water exchange using a commercial feed with 40 % protein. Likewise, it has been 

already reported that mean nitrogen conversion from feed to shrimp tissue was around 

37% in shrimp ponds (Teicher-Coddington et al., 1998). Also Briggs and Funge-Smith 

(1994) revealed that nitrogen is provided in high concentrations in shrimp feed but most 

of it added to ponds about 80 % is not retained as shrimp biomass. 

Total ammonia nitrogen (ammonium) may be used as nitrogen source by phytoplankton, 

nitrifying bacteria and heterotrophic bacteria (Wheeler and Kirchman, 1986; Fuhrman et 

al., 1988; Vymazal, 1994; Burford and Lorenzen, 2004). Further, Burford and Lorenzen 

(2004) revealed that nitrate may in turn be assimilated by phytoplankton. 

Several other authors (e.g. Van Rijn, 1996; Burford et al., 2003; Chuntapa et al., 2003) 

stated that phytoplankton was responsible for high rates of ammonia uptake. However, 

decomposition of the phytoplankton in the pond sediment and ammonification of 

nitrogenous cell material results in liberation of high concentration of ammonia in the 

pond sediment due to rapid turnover of phytoplankton (Van Rijn, 1996). 

It has been documented that nitrifying bacteria have a great role in controlling ammonia 

and nitrite in ponds (Wheeler and Kirchman, 1986; Fuhrman et al., 1988; Montoya et al., 

2002). Hargreaves (1997) ~lso revealed that nitrification was a mechanism to remove 

ammonia from the water column. However, nitrification in the water column is restricted 

by the availability of surface and possibly by light inhibition (Hargreaves , 1997) as well 

as by total suspended solid (Van Rijn, 1996). Alcaraz et al. (1999) revealed that nitrite 

is an intermediate product during nitrification of ammonia to nitrate, and may accumulate 
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m shrimp ponds because of imbalances of nitrifying bacteria activity caused by 

deteriorating water quality. 

A proportion of N~ +_ N is taken up by heterotrophic bacteria and the remainder is 

converted to N02-- N by nitrifying bacteria (Montoya, et al., 2002). Also it has been 

reported already that heterotrophic bacteria removed inorganic nitrogen in ponds 

(Wheeler and Kirchman, 1986; Fuhrman et al., 1988; Avnimelech et al., 1989; 1992a; 

1994; Avnimelech, 1998; 1999; Montoya et al., 2002). Heterotrophic bacteria in 

aquaculture system may use nitrogen in uneaten whole feed, feed disintegrated in 

particles and faeces, which hereafter will be referred to as nitrogen in detritus (Wheeler 

and Kirchman 1986; Fuhrman et al.,1988). Wheeler and Kirchman (1986) and Fuhrman 

et al. (1988) revealed heterotrophic bacteria may play a more significant role in the 

utilization of nitrogen than phytoplankton due to the fact that heterotrophic bacteria 

compete successfully with phytoplankton for uptake ofNH/- N. The main processes 

responsible for nitrogen transformation and removal are depicted in Figure 1.1. 

The addition of monosaccharides such as glucose can stimulate N~ + uptake in marine 

waters (Kirchman et al., 1990; Keil and Kirchman, 1991; Hoch et al., 1994). 

Assimilation of NH4 + by heterotrophic bacteria is limited by the supply of dissolved 

organic carbon because heterotrophic bacteria need to take up at least four atoms of 

organic carbon for every atom of~+- N assimilated (Gottschalk, 1986). Kirchman et 

al. (1990) observed that the supply of organic carbon can limit the rate ofN~ +uptake by 

heterotrophic bacteria. Further, it was reported earlier that zero water exchange ponds 

using carbon enable to control the accumulation of inorganic nitrogen (Avnimelech et 

al., 1989; 1992a; 1994; A vnimelech, 1998; 1999). 

In order to maximize the growth of heterotrophic bacteria a balanced ratio of carbon to 

nitrogen of the feed is required. Goldman et al. (1987) revealed that uptake and 

regeneration of NH/ by heterotrohic bacteria is restrained by the elemental balance of 

carbon and nitrogen. Likewise, Hoch and Kirchman 0995) stated that carbon and 
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nitrogen ratio obviously influenced rates of N& + uptake by bacteria. Also, several 

studies relating to the role of carbon : nitrogen ratio in controlling inorganic nitrogen 

have been carried out in aquaculture systems (Avnimelech et al., 1992a, 1994; Kochba et 

al., 1994; Avnimelech, 1999), in experiments of Limnology and Oceanography 

(Kirchman et al., 1990; Tezuka, 1990; Findlay, 1989; Norrman et al., 1995;K.irchman et 

al., 2000), and in Marine Ecology (Kirchman, 1990; Keil and Kirchman, 1991; Jorgensen 

et al., 1993; Middleboe et al., 1995). 

Goldman et al. (1987) found no inorganic nitrogen in organic substrate having C: N 

ratio level of higher than 10.0: 1. Similarly, Tezuka (1990) reported that the amount of 

nitrogen regenerated increased with decrease C:N ratio level of organic substrates and 

there was no regenerated ammonia when C:N ratio level of organic substrate was more 

than 15.0:1. 

Further, controlling inorganic nitrogen by manipulating the carbon : nitrogen ratio is a 

potential control method for aquaculture systems (Avnimelech, 1999). The addition of 

carbonaceous material effectively removed inorganic nitrogen and produced single cell 

proteins in aquaculture system if available carbon sources have a carbon : nitrogen ratio 

of higher than 15.0:1 (Avnimelech et al., 1992a, 1994; Avnimelech, 1999). Avnimelech 

(1999) reported that the growth of fish in ponds treated with carbon : nitrogen ratio of 

16.6:1 was significantly higher than those grown in ponds with carbon: nitrogen 

ratio of 11.1 : 1, while mortality of fishes and feed conversion and feed cost coefficient 

in treatment with carbon: nitrogen of 16.6 :1 was significantly lower than in treatment 

with carbon : nitrogen of 11.1: 1. Also Mcintosh (2000) has grown white shrimp 

successfully in ponds with zero water exchange model using grain-based pellet (18 % 

protein) with C: N ratio of20.0:1. 

In addition to reducing ammonia and nitrite by heterotrophic bacteria, Rosenberry (200 1) 

revealed that bacteria grown up in shrimp pond with zero water exchange model consume 

shrimp waste products and shrimps in turn consume them. Furthermore, heterotrophic 
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communities in zero water exchange shrimp pond developed floes of decomposing 

bacteria cells (Mcintosh, 2000), and flocculation of the cells can be alone or in 

combination with clay or feed particles (Harris and Mitchell, 1973; Avnimelech et al., 

1989). Floes containing high protein, amino acids and certain microelements, can be 

directly consumed by ommivorus shrimp like white shrimps (Tacon et al., 2002). 

Consumption of these floes by shrimps (or fishes, see Schroeder, 1978) contributed to 

both the nutrition of the shrimp and efficient recycling of pond nutrient into shrimp 

biomass (Mcintosh, 2000). Rosenberry (2001) stated that zero water exchange system 

produced ten times higher white shrimps than typical semi-intensive ponds and forty 

times higher white shrimps than typical extensive ponds. 

The addition of carbon material can reduce inorganic nitrogen in fish experimental 

containers (A vnimelech, 1999), simultaneously produce single cells protein for fish 

(Avnimelech and Mokady 1988; Avnimelech et al., 1989), reduce feeding and pumping 

costs (Avnimelech et al., 1992a; 1994; Kochba et al., 1994; Avnimelech, 1999), the 

sources of carbon matter used in ponds can be sorghum and wheat meal (Avnimelech et 

al., 1994). 

1. 7. The basis of the present study 

In sum, production of shrimp through aquaculture in Australia and Indonesia has a 

potential for further growth. However, as discussed earlier, this needs to be done within 

the environmental friendly framework. Indeed, there are shrimp farms in Darwin and 

Indonesia which have trailed the closed ponds system using molasses as a source of 

carbon (molasses is uncrystallized syrup derived from sugar which is readily available 

in Australia and Indonesia). It is an opportune time to learn more about these systems 

which apply the novel approach to closed shrimp farming systems using supplemented 

organic carbon sources pioneered by Avnimelech et al. (1988;1989;1992a;1994) and 

A vnimelech (1999). The pond study will be supplemented with laboratory experiments. 
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1.8. Thesis aims and structure 
1.8.1. Thesis aims 

The primary aims of this study were (1) to investigate the water quality and production 

variables in shrimp farming of zero water exchange model (ZWEM) and limited water 

exchange model (L WEM) using molasses, (2) to establish a correlation between C:N 

ratio levels with levels of ammonia, nitrite, dissolved oxygen, pH and shrimp growth in 

shrimp farming of ZWEM and LWEM, and (3) to examine the effect of feed C:N ratio 

levels on water quality and production variables in shrimp culture in ZWEM and 

L WEM using molasses by undertaking laboratory studies. The secondary aims of the 

study were ( 1) to evaluate the effect of molasses application frequency on water quality 

and pro?uction variables in shrimp culture of ZWEM, (2) to investigate the effect of 

stocking density on water quality and production variables in shrimp culture in ZWEM 

using molasses and (3) to test the effect of reducing conventional feeding rate on water 

quality and production variables in shrimp culture of ZWEM using molasses. 

1.8.2. Thesis structure 

The thesis is composed of eight chapters. The first chapter is general introduction to the 

topic, with a general literature review. There is also a specific literature review for each 

chapter. The second chapter presents general methods including the methods of water 

sampling and water quality analyses, determination of feed C:N ratio and the 

measurements of shrimp growth and survival rate and feed conversion ratio. 

Chapter three has two parts. The first part describes the investigation of the growth rate, 

survival rate, feed conversion ratio, water consumption rate and water quality of shrimp 

farming with (ZWEM) using molasses while the investigation of the growth rate, 

survival rate, feed conversion ratio, water consumption rate and water quality of shrimp 

farming for (L WEM) using molasses is described in the second part. 
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Chapter four has two parts. Part one describes investigation for the effect of feed C:N 

ratio levels on ammonia concentrations in the water. Part two of the chapter presents 

the evaluation of effect of feed C:N ratio levels on inorganic nitrogen regeneration of 

shrimp feed. 

Chapter five, which has three parts deals with several experiments of shrimp culture 

with (ZWEM) using molasses. Part one describes the effects of feed C:N ratio levels 

on growth rate, survival rate, feed conversion ratio, water quality, water consumption rate 

and discarded waste level in shrimp culture with (ZWEM) using molasses. Part two 

describes the effects of molasses addition frequency on growth rate, survival rate, feed 

conversion ratio, and water quality in shrimp culture with (ZWEM). Part three is on the 

effects of stocking density on growth rate, survival rate, feed conversion ratio, and water 

quality in shrimp culture with (ZWEM) using molasses. 

Chapter six presents the evaluation of two experiments investigating the effect of 

reduction in conventional feeding rate on water quality and production variables in 

shrimp culture with zero water exchange model using molasses. The first part is on the 

effect of reducing feeding rate on growth rate, survival rate, feed conversion ratio, and 

water quality in shrimp culture with (ZWEM) using molasses for smaller size of shrimp, 

while the second part describes the effect of reducing feeding rate on growth rate, 

survival rate, feed conversion ratio, and water quality in shrimp culture with (ZWEM) 

using molasses for bigger size of shrimp. 

Chapter seven has two parts. Part one describes the effect of feed C:N ratio levels on 

growth rate, survival rate, feed conversion ratio, water quality, water consumption rate 

and discarded effluent level in shrimp culture with limited water exchange ( 5% of total 

volume weekly) using molasses. This is followed by part two that describes the effect of 

feed C:N ratio levels on growth rate, survival rate, feed conversion ratio, water quality, 

water consumption rate and discarded waste concentration in shrimp culture with 

limited water exchange ( 5% of total volume fortnightly). 
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Finally, chapter eight contains summary and conclusions on the significant findings of 

this investigation 
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Figure 1.1. Conceptual model of nitrogen input, transformation and removal in 
shrimp cultures with zero water exchange model. 
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2.1. Introduction 

CHAPTER TWO 

GENERAL METHODS 

This chapter presents general methods used in field and laboratory studies including 

the methods of water sampling and water quality analyses, determination for the 

level of feed C:N ratio and the measurement of shrimp growth and survival rate and 

feed conversion ratio. The general preparation in experimental studies also is 

described in this chapter. Specific methods used in each study are described in 

each chapter. 

2.2. Experimental shrimp culture 

All experiments of shrimp culture were carried out in plastic experimental containers 

filled with diluted bore water and located at the aquaculture outdoor laboratory of 

Charles Darwin University. Water volume and salinity level used in each 

experiment are described each chapter. The water was aerated with air-stones and 

fertilized two weeks before stocking shrimps to stimulate phytoplankton growth. The 

fertilizers consisted of sodium nitrate (NaN03) at the rate of 1.67 mg L-1
, phosphoric 

acid (85% H3P04) at rate of6 x 104 ml L"1and 110 mg L-1of soda ash (NaC03). In 

order to compensate the loss of water for evaporation, tap water was added weekly 

into each experimental container (see each chapter for details). 

Shrimps were selected at random from the holding tank and weighed before 

distributing to each experimental tank. The weight and shrimp number used in each 

experiment are presented in each chapter. Every two weeks, shrimps were harvested 

by net for the measurement of growth, percentage weight gain, feed conversion ratio 

and mortality as well as for determination the amount of feed and molasses applied in 

each tank. 

Commercial shrimp feed was applied to each experimental tank twice daily ( 50% of 

the total feed required each at 08.00 am and 06.00 pm) while molasses was applied 
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at 08.00 am. The amount of feed and molasses used in every tank for each 

experiment also is presented in each chapter. 

The experimental design used in each experiment was based on one factor analysis of 

variance (ANOV A). Every treatment in each experiment had three replicates. 

Treatments evaluated in each experiment are described in each chapter. 

2.3. Collecting samples 

Methods for sample collection for field studies of shrimp farming with (ZWEM) and 

(L WEM) are described specifically in chapter three. In addition to the in situ water 

quality measurement (temperature, dissolved oxygen, salinity and pH), water samples 

in laboratory experiments were collected at specific intervals for chemical 

(ammonia, nitrite, nitrate, phosphate, alkalinity, organic carbon and total suspended 

solids) and biological (bacteria and chlorophyll a) analyses. Special attention to the 

treatments of water-collecting bottles (acid-washed and dist H20-rinsed for chemical 

analysis; autoclaving for biological sampling) and storage after collecting (an esky 

was used and immediately analyses in laboratory) 

2.4. Water quality measurements and analyses 

2.4.1. Salinity, temperature, pH and dissolved oxygen measurements 

Salinity, temperature, pH and dissolved oxygen in water for field studies of shrimp 

farming in Darwin, Australia and all laboratory studies were measured using a 

Horiba water quality checker (U-1 0 Model). Before measurement of those 

parameters, the Horiba water quality checker was manually calibrated as described 

in the instruction manual. For all field studies of shrimp farming in Lampung, 

Indonesia, salinity, temperature, pH and dissolved oxygen were determined by the 

use of a refractomerter, mercury thermometer, pH meter ( WTW/pH 320 Model) and 

dissolved oxygen meter (Oxi 330/340 Model), respectively. 
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2.4.2. Ammonia, nitrite and nitrate analyses 

Ammonia (NH3), nitrite (N02) and (N03) concentrations in water were measured 

photometrically using a Palintest Photometer, based on indophenol method, 

diazotization method, and cadmium reduction/diazotization method for ammonia, 

nitrite and nitrate respectively for laboratory and field samples collected in Darwin. 

Whereas ammonia, nitrite and nitrate concentrations of water samples collected from 

farm in Lampung, Indonesia were estimated spectrophotometrically using indophenol 

method, diazotization method, and cadmium reduction/diazotization method for 

ammonia, nitrite and nitrate respectively (Dal Pont et al., 1974; Grasshoff, 1974; 

Ramadhas and Santhanam, 1996). 

2.4.3. Orthophosphate, total alkalinity and total suspended solid analyses 

Orthophosphate and total alkalinity levels in water were determined photometrically 

using Palintest Photometer for all studies, except for field study of shrimp farming in 

Lampung, Indonesia in which orthophosphate was measured spectrophotometrically 

by ascorbic acid method (APHA, 1989; Ramadhas and Santhanam, 1996) and total 

alkalinity concentration was determined spectrophotometrically by colorimetric 

method (APHA, 1989; Ramadhas and Santhanam, 1996). The determination of 

total suspended solid concentration in water of all studies was conducted according 

to standard methods (APHA, 1985; 1989). 

2.4.4. Organic carbon and chlorophyll a analyses 

Organic carbon concentrations in water were measured by the use of oxidation with 

dichromate (Nelson and Sommers, 1982; Rayment and Higginson, 1992). The 

determination of chlorophyll a levels in water was carried out in accordance with 

standard methods (APHA, 1995), using spectrophotometric methods after water 

samples was filtered through a Whatman GF/C fibre filters and chlorophyll was 

extracted overnight with 90 % acetone. 
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2.4.5. Determining abundance of heterotrophic bacteria 

Levels of viable heterotrophic bacteria were detennined by counting the colonies 

(plate count method )which grew on plates of Tryptone Soya Agar (TSA) with 10 % 

ofNaCl (Johnsen et al., 1993). Before plating each sample onto agar medium, serial 

dilutions were made in physiological saline solution composed of 9 % NaCI (Sohier 

and Bianchi, 1985). Levels of bacteria are quoted in colony forming units per ml of 

water (CFU mr1)(Smith, 1998). 

2.5. Determination of feed C:N ratio levels 

The amount of feed and molasses used in all laboratory studies were recorded daily 

in order to determine the level of average daily feed and molasses, subsequently the 

determination of feed C:N ratio levels. The data of average daily feed and 

molasses level used in shrimp farming, however, were obtained from the companies 

. The levels of feed C:N ratio were calculated by dividing total input carbon with total 

input nitrogen used in shrimp cultures (A vnimelech et al., 1989; A vnimelech et al., 

1992a; Avnimelech et al., 1994; Kochba et al., 1994; Avnimelech, 1999). The main 

carbon source of shrimp culture was from the feed and molasses, while the main 

nitrogen source was feed. Feed and molasses application was separately conducted 

in field and laboratory studies. The nitrogen content of feed in this study was 

determined by dividing crude protein content by 6.25 as a conversion factor. Further, 

crude protein content in feed was always available on feed container. The carbon 

content of feed and molasses used in each study was measured by the use of 

oxidation with dichromate (Nelson and Sommers, 1982; Rayment and Higginson, 

1992). The carbon content of feed and molasses applied is described in chapter of 

each study. 

Appendix 1. 

A sample of calculation of feed C:N ratio level is presented in 

2.6. Shrimp survival rate, growth, percentage weight gain and feed conversion 
ratio 

All experiments of shrimp cultures in laboratory were conducted for eight-week 

duration. Every two weeks, the total body weight of shrimp (W) was measured for 
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each experimental container. Similarly, the number of live shrimps (N) in each tank 

was counted. Further the amount of feed used in each tank (Wf) was recorded. 

The average body weight (W a) were calculated by dividing W by N. The overall 

average values of survival rate(%), growth rate of shrimp (gram/day), percentage 

weight gains (% ), and feed conversion ratios (FCR) were determined by the 

following equations below as used in common aquaculture studies (Balazs, 1973; 

Andrews et al., 1972; Bages and Sloane, 1981; Tseng et al., 1998). 

(No-Nt) 
1. Survival Rate(%) = x 100% 

No 

{Wat- Wao) 
2. Growth Rate ( gram/day) = 

t 

(Wat- Wao) 
3. Percentage Weight Gain(%)= x 100% 

Wao 

4. Feed Conversion Ratio (FCR) = ('f)VVf)/ll.W 

Where No and Nt are the number of shrimps cultured in each tank at initial time (to) 

and time t ; W at and W ao are the average body weight of shrimps at initial time (to) 

and timet, tis period time of raising shrimps, 'f)Nfis the total amount of feed used 

in each tank, and fl. W is the increment of the total weight of shrimps in each tank for 

t time culture. 

Detennination of shrimp growth rate above was also used in field studies of shrimp 

farming with (ZWEM) and (L WEM) using molasses. A random sample that was 

removed weekly from each pond with a seine and 30 shrimps were individually 

weighed to nearest 0.1 gram to detennine the growth rate of shrimps in field studies. 

Further, survival rate as well as feed conversion ratio in field studies were measured 

using previous equation. The number of shrimps in each pond at harvest time (Nt) 
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was counted by dividing total production each pond with average individual weight 

(Hopkins et al., 1993; Tookwinas and Songsangjinda, 1999). Average individual 

weight at harvest time, total production and the amount of feed applied in each pond 

were obtained from the both companies. 

2. 7. Data analysis 

Field study data were analysed using Statistica Version 6.1 software and with 

multiple regression analysis to evaluate the relationships between one variable (as 

dependent variable) and the other variable (as independent variables). Dependent 

and independent variable are described more detailed in chapter three 

Data of laboratory studies were analysed using Statistica Version 6.1 software and 

with one-way ANOVA (Steel and Torrie, 1980) to evaluate the effects of each 

treatment. The homogeneity of variance and normality of all data sets were tested 

using Cochran's test. Tukey test was used to differentiate among the treatment 

means of each experiment after ANOV A analysis (Steel and Torrie, 1980). 

Regression analysis also used in this study to establish correlation between one 

variable key with the others. 
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CHAPTER THREE 

FIELD STUDIES OF Penaeus monodon SHRIMP FARMING WITH ZERO 
WATER EXCHANGE MODEL AND LIMITED WATER EXCHANGE MODEL 

USING MOLASSES AS A CARBON SOURCE 

3.1. Introduction 

The operation of ponds with zero or limited water exchange is one approach to improve 

sustainability and biosecurity in shrimp culture. This technology was developed 

principally at the Waddel mariculture Centre in the USA in the early 1990s (Sandifer and 

Hopkins, 1996) and adopted after a modification in a commercial farm in Belize (Browdy 

et al., 2001). In conventional shrimp farming, water is mainly exchanged to prevent 

deterioration in water quality and control inorganic nitrogen. In zero or limited water 

exchange system, carbonaceous supplements such as sugar, wheat meal, starch, cellulose 

and molasses are added to generate bacterial floc which are thought to be highly 

nutritious leading to high shrimp production. This approach could also reduce water 

exchange, save considerable pumping expenses and cut down waste of feed through 

drainage (Mcintosh, 2000). 

Several studies on removing inorganic nitrogen by heterotrophic bacteria through 

addition of carbonaceous substrate into ponds has been conducted ( A vnimelech, et al., 

1992a, 1994; Kochba et al., 1994; Avnimelech, et al., 1999; Allen, 2001). Zero water 

exchange production strategy was successfully used to reduce effluents, increase 

biosecurity, and generate high yield of white shrimps Litopenaeus vannamei (Grillo et al., 

2000; Allen., 2001; Mcintosh, 2001). Few experimental studies of zero water 

exchange culture system for white shrimps Litopenaeus vannamei have been carried out 

(Hopkins et al., 1995b; Decamp et al., 2003; Burford et al., 2003). Several studies of 

black tiger shrimp Penaeus monodon were conducted in closed aquaculture system or 

recirculating system ( Menavesta et al., 1989; 1991; Millamena et al., 1991;Tseng et al., 

1998). However, there have been no studies of shrimp farming for black tiger shrimp 

Penaeus monodon with ZWEM and L WEM using molasses as carbon source. 
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This chapter deals with field studies of shrimp farming with zero water exchange model 

and limited water exchange model using molasses as carbon source. The specific aims of 

work reported in this chapter were (1) to evaluate shrimp survival and growth rate, feed 

conversion ratio and water quality variables in shrimp farming with ZWEM and L WEM 

using molasses, and (2) to examine the correlation between several water quality 

variables and shrimp growth rates with C:N ratio levels in shrimp farming with ZWEM 

and L WEM using molasses as a source of carbon 

3.2. Materials and Methods 

3.2.1. Sites and general description of shrimp farming 

3.2.1.1. Shrimp farming with ZWEM 

Field studies were conducted in four earthen ponds located at Ardetex Company in 

Berry Springs about 65 km from Darwin, Australia (Figure 3.3 and 3.5). The size of 

each pond is about 2.5 ha (500 m long and 50 m wide and average depth of around 

1.2 m). Each pond has central island and has its bottom sloped to a comer drain. 

Pond preparation, water quality management and other culture techniques were almost 

similarly managed for both crop one and two. The farm was operated with zero 

water exchange model using molasses as carbonaceous substrate. Fresh water was 

pumped from the nearby creek to compensate evaporation and seepage loss. The loss 

was estimated around 5 % of total volume per week throughout the growth season 

except in pond one of crop one where 7.5% of total volume weekly due to seepage 

After ponds had been tilled and limed with soda ash (Na2C03) at rate ofO.l ton ha"1 for 

crop one and with Ca02 at the rate of 1.32 ton ha"1 for crop two, ponds were filled with 

brackishwater (23.85 ::i: 1.27 %o for crop one and 25.97 ::i: 2.03 %o for crop two). In 

order to achieve sufficient standing crop of natural food for 15 days old larvae of 

shrimps in the pond, each pond was fertilised four weeks prior to stocking. The 

amount of fertiliser such as ammonium nitrate, urea, ammonium sulphate, and 
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phosphoric acid was applied in each pond before stocking shrimps in ponds as shown 

in Table 3.1. Lime, iron, H202 , magnesium permanganate, MnS04, fertilisers were 

applied during growth season. Total amount of material and fertiliser used in each pond 

for two crops are described in Table 3.2. 

Table 3.1: Material and fertilizer used prior to stocking shrimps in each pond of 
shrimp farming with ZWEM using molasses in Darwin, Australia. 

Crop Used Materials Pond Number 
and Fertilizers 1 2 3 4 

1. 85 % H3P04 (litre haj_ 13.6 38.8 13.6 31.8 
2. Ammonium Nitrate(kg ha"') 20 0 0 0 

One 3.Urea (kg ha-') 120 142.8 132.0 320 
4. Ammonium Sulphate (kg_ ha-') 0 0 85 128.0 
1. 85 % H3P04 (litre ha"') 16 4.0 12.8 

Two 2. Ammonium Nitrate (kg ha"') Not 124 0 140 
3.Urea (kg ha-') 

Operated 
40 20 60 

4. Ammonium Sulphate (kg ha"1
} 0 0 20 

Sources: Ardetex Shrimp Company 

Ponds were stocked with 15 day old larvae of Penaeus monodon at around 35 shrimps 

m ·2 for crop one and 40 shrimps m "2 for crop two. Shrimps were not fed with 

exogenous food during the first 60-day of the culture period in crop one and 30-day 

culture period in crop two. Shrimps were then fed with several brands of commercially 

pellet (Ridley, Indonesia Suritani Company and Taiwan Product) twice a day during 

from day 60 to day 90 for crop one and from day 30 to day 90, from day 90 till 

harvesting day shrimps were fed four times a day. The averages protein content of 

feed applied were around 38% while the averages of feed and molasses carbon content 

used in shrimp farming were 38.50% and 29.71 % respectively. 
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The amount of daily average feed increased until partial harvest ( Figure 3.1). The 

daily feeding rate was higher in crop one compared to crop two (Table 3.3). Further, 

pond three and two had the highest level of daily feeding rate for crop one and two 

respectively. Table 3.3 also shows the level of C:N ratio applied in both crops for all 

ponds. It is importantly noted that molasses have been applied already before using 

feed in ponds and the C:N ratio level used was higher in crop one than crop two. 

Figure 3.2 describes that the level of C:N ratio applied was higher when the mean of 

daily feeding rate was lower. 

Table 3.2: The total amount of material and fertilizer used in each pond of 
shrimp farming with ZWEM using molasses in Darwin, Australia. 

Crop Used Materials Pond Number 
and Fertilizers 1 2 3 4 

1. 85 % H3P04 (litre ha"1
) 75.6 105.2 75.6 63.4 

2. Anunonium nitrate(kg ha"1
) 400 340 380 140 

3.Urea (kg ha"1
) 120 142.8 132 128 

4. Anunonium sulphate (kg ha"1
) 20 20 34 0 

One 5. FeS04 (kg haj_ 7.2 15.6 14.8 11.6 
6. Molasses (ton ha"1

) 2.044 0.86068 1.50616 0.9684 
7. Soda ash ( NaC03)(k~ ha"1

) 300 636 180 700 
8. MnS04_(kg ha·•) 2 7.2 6 5.6 
9. 34 % HCl (litre ha"1

) 0 800 80 400 
10. Humid Acid 0 23.6 110 700 
1.Lime _{_CaOill_ton ha"1

) 1.32 1.32 1.32 
2. 85 % H3P04 (litre ha"1

) 84 64 60.8 
3. Anunonium nitrate kg ha"1

) 224 320 200 
4.Urea _{_k__g_ ha·1 80 40 140 
5. FeS04 (kg ha-1

) "C 3.2 2 0 
Two 6. Anunonium sulphate (kg ha-1

) 
~ 

20 .... 0 0 • 
7.KMn04___{_kg_ ha"1

) 
.. 

24 30 !. 50 
8. H202 (kg ha·•) 0 630 440 448 .... 
9. Molasses_{_ton ha"1

) = 3.335 3.228 2.689 
10.Composed bran (k~ ha"1

) 
z 

20 10 54 
11. Liquid iron (litre ha-1

) 40 20 18 
12. Wheat bran _{_kg ha-1

) 70 152 210 
13. Bran (kg ha" 1

) 126 0 0 
14. Soda ash___{ NaC03)(kg ha·•) 0 20 320 

Sources: Ardetex Shrimp Company 
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Two months after stocking, ponds were supplied with paddle wheels with a 

capacity of 16 kw ha-1
• The paddle wheels were situated in opposing comers of ponds 

in such a way as to create a water current gyre. Paddle wheels were turned on for 4-12 

hour day"
1 

for the first three months and subsequently the operated period was 

increased to 12-20 hour day"1
• In addition to mixing and aerating the water, water 

velocities created by aerators effectively swept most of the pond bottom and deposited 

low specific gravity sludge particles to the comer of the pond, thus acting as the centre 

of sludge accumulation . 

Shrimps were harvested partly by a net trap and harvest started on around day 150. The 

total weight and size of shrimp were recorded by company to calculate the survival rate, 

production and feed conversion ratio according to the methods described by Tookwinas 

and Songsangjinda (1999). 

Table 3.3. The average of daily feeding rate, molasses and C:N ratio level used in each 
pond of shrimp farming with ZWEM in Darwin, Australia 

The average of The average of The average of Total frequency 

Crop Pond feeding rate used molasses daily level in of molasses 
(gram m"2 day"1) (gram m·2 day"1) C:Nratio application per 

cy_cle 
One One 4.874 ± 0.434 0.959 ± 0.130 7.457± 1.404 16 

Two 4.041 ± 0.397 1.094 ± 0.246 6. 795 ± 0.399 8 . 
Three 6.021 ± 0.587 1.659 ± 0.119 8.266 ± 1.559 12 

Four 4.693 ± 0.480 0.884 ± 0.226 6. 734 ± 0.583 9 

Two One Not Operated Not Operated Not Operated Not Operated 

Two 3.756 ± 0.441 1.419 ± 0.158 9.901 ± 0.731 30 

Three 3.327 ± 0.391 1.241 ± 0.148 8.008 ± 0.341 28 

Four 2.282 ± 0.281 0.958 ± 0.123 7.756 ± 0.218 24 

Sources: Ardetex Shrimp Company 
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Figure 3.1: Average of feed applied in crop one (A) and crop two (B) of shrimp 
farming with ZWEM using molasses as a carbon source in Darwin 
(Australia). 
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Figure 3.2: Average of feed C:N ratio level applied in crop one (A) 
and crop two (B) of shrimp farming with ZWEM using molasses as a 
carbon source in Darwin (Australia). 
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Figure 3.3. Shrimp farming of ZWEM using molasses as a carbon source in 
Darwin, Australia 

Figure 3.4. Shrimp farming of L WEM using molasses as a carbon source in 
Lampung, Indonesia. 
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Pacific Ocean 

Australia 

Figure 3.5. Map of Lampung (Indonesia) and Darwin {Australia), showing 
location of both shrimp companies as the sites of field studies 
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3.2.1.2 Shrimp farming with L WEM 

Field studies were carried out in five earthen ponds at Research Division of Charoen 

Phokphan Group Company in Lampung, about 100 km from Jakarta, Indonesia (Figure. 

3.4 and 3.5). The sizes of the ponds were 4,356; 4,224; 4,158; 4,290; 1,782 m2 for 

pond one, two, three, four and five respectively. 

Five ponds were filled at high tide after all pond bottoms had been tilled and limed 

with dolomite at the rate of around 1000 kg ha"1
• Prior to stocking, each pond applied 

with 950 kg ha·• dolomite; 66 kg ha"1 urea; 11 kg ha"1 triple super phosphate and 

310 kg ha ·• saponin. Further, fertilisers, dolomite, several commercial bacterial 

products and some materials were used in ponds during growth season as described in 

Table 3.4. 

About one month after the pond preparation, the ponds were stocked with 15 day old 

larvae of black tiger shrimp Penaeus monodon at the average density of 36, 31 and 35 

shrimps m·2 for crop one, two and three respectively. Postlarvae were obtained from 

commercial hatchery of Charoen Phokphan Group Company. 

Shrimps were initially fed on day one of culture period with commercial pellet of 

Charoen Phokphan Group Coinpany twice a day during the first month and four times a 

day for next two months. For the rest of the culture period, shrimps were fed six times a 

day. The average protein content of feed used was around 38 % while the averages of 

feed and molasses carbon content used all ponds was 39.8 % and 27.11 % 

respectively. Further, generally, the level of daily average feed used in each pond for all 

crops increased gradually with the culture time (Figure 3.6). The averages of daily feed 

amount applied in ponds was highest for crop one and lowest in crop two among crops 

(Table 3.5). Table 3.5 and Figure 3.7 also show that level of daily C:N ratio used in 

crop one and two was higher compared to crop three. 
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Table 3.4. The total amount of materials and fertilizers used in each pond of shrimp 
farming with L WEM using molasses in Lampung, Indonesia. 

Pond Number 
Crop Used Materials and Fertilizers 1 2 3 4 5 

Saponin (kg ha-1
) 309.917 326.705 327.080 303.030 359.147 

Probiotic (litre ha-1
) 3168.044 3361.742 5146.705 4335.664 5050.505 

Lime (Ca02) (kg ha-1
) 1492.195 1538.826 1683.502 1748.252 3086.420 

Dolomite (kg ha-1
) 11019.280 15269.890 17556.520 11421.910 20931.540 

Urea ~g ha- 1
) 83.104 97.538 148.870 367.366 133.558 

One Triple super phosphate (kg ha-1
) 11.938 13.968 8.418 17.716 15.152 

Rice bran (kg ha-1
) 264.004 307.765 271.765 319.347 460.157 

S<!}' bean meal (kg ha-1
) 780.533 804.924 735.931 825.175 1144.781 

Molasses (kg ha- 1
) 2286.501 2400.568 2498.797 2496.503 1666.667 

HzOz (litre ha-1
) 426.768 94.697 124.098 116.550 0.000 

NaHC03(litre ha-1
) 0.000 0.000 0.000 0.000 140.292 

CuS04 (kg ha-1
) 21.809 21.780 0.000 19.814 22.447 

Saponin (kg ha-1
) 264.004 260.417 259.740 261.072 684.624 

Probiotic (litre ha-1
) 275.482 284.091 288.600 279.720 336.700 

Lime (CaOz) (kg ha-1
) 1147.842 1183.712 1443.001 2680.653 2525.253 

Dolomite (kg ha-1
) 6772.268 5800.189 6012.506 6060.606 10802.470 

Urea (kg ha- 1
) 68.871 65.104 78.163 99.068 145.904 

Triple super phosphate(~ ha-1 22.957 23.674 16.835 16.317 19.641 

Two Rice bran (kg ha-1
) 229.568 236.742 240.500 233.100 364.759 

Soy bean meal (kg ha-1
) 688.705 710.227 721.501 699.301 1010.101 

Molasses (kg ha- 1
} 2325.528 2078.598 2328.042 2603.730 2671.156 

HzOz (litre ha-) 21.809 23.674 33.670 226.107 162.739 

NaHC03(litre ha-1
) 918.274 946.970 0.000 699.301 1122.334 

Duck Eggs (egg ha-1 
) 0.000 340.909 0.000 0.000 0.000 

Saponin(kg ha -I) 252.525 440.341 252.525 463.870 476.992 

Lime (Ca02) (kg ha-1
) 4304.408 4498.106 5110.630 4603.730 7856.341 

Dolomite (kg ha- 1
) 2984.389 4142.992 4689.755 3146.853 7154.882 

Urea (kg ha-1
) 87.236 87.595 81.770 69.930 224.467 

Three Triple superg_hosphate(kg ha-1
) 22.957 16.572 24.050 23.310 28.058 

Rice bran (kg ha-1
) 91.827 94.697 96.200 93.240 112.233 

Soy bean meal (kg ha-1
) 523.416 537.405 545.936 531.469 1094.276 

Molasses (kg ha-1
) 321.396 236.742 288.600 233.100 168.350 

Hz02 (Litre ha-1
) 220.386 165.720 120.250 291.375 527.497 

Source: Research Division of Charoen Phokphan Group, Lampung Indonesia 
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Five ponds were operated with limited water exchange model using molasses as a 

carbon source. Deposition of waste products of feeding and other detritus that 

accumulated in the pond centre was removed weekly via central drains or siphons. The 

amount of water with waste products discharged was 5 % of total volume weekly 

while the amount of water added into each pond to replace discarded water, 

evaporation and seepage was 10 % of total volume weekly. The water level of the 

ponds was maintained at a constant depth of at 1.2 m. Each pond was aerated with 

paddle wheels (10 hp ha-1
) operating on a 24 hour day"1 basis starting on day one of 

raising period. 

Shrimps were harvested during pond drainage by attaching a net trap to the pond water 

gate. Total weight and size of shrimps were recorded in order to determine the survival 

rate, production and feed conversion ratio. 

Table 3.5. The average of daily feeding rate, molasses and C:N ratio level used in shrimp 
farming with L WEM in Lampung, Indonesia 

The average of The average of The average of Total frequency 
Crop Pond feeding rate used molasses daily level in of molasses 

(gram m·2 day"1
) (gram m·2 day"1

) C:Nratio application per 
~cle 

One One 7.256 ± 0.422 1.352 ± 0.187 7.741 ± 0.124 50 
Two 7.764±0.417 1.404 ± 0.188 7.674 ± 0.902 50 

Three 8.109 ± 0.451 1.596 ± 0.201 7.638 ± 0.898 50 
Four 7.529 ± 0.403 1.511 ± 0.192 7.536 ± 0.804 51 
Five 11.121 ± 0.741 0.979 ± 0.205 7.136 ± 0.411 31 

Two One 5.861 ± 0.265 1.287 ± 0.848 7.823 ± 0.748 48 
Two 4.179 ± 0.156 1.412 ± 0.118 8.121 ± 0.107 48 

Three 6.295 ± 3.445 1.082 ± 0.100 7.529 ± 0.898 48 
Four 5.478 ± 2.929 1.080 ± 0.084 7.699 ± 0.687 48 
Five 5.724 ± 0.245 1.158 ±0.688 7.900 ± 1.858 48 

Three One 6.611 ± 0.341 0.259 ± 0.048 7.041 ± 0.479 10 
Two 6.180 ± 0.260 0.178 ± 0.373 6.982 ± 0.462 8 
Three 8. 763 ± 0.4423 0.241 ± 0.049 7.039 ± 0. 796 6 
Four 7.149 ± 0.345 0.175 ± 0.037 7.008 ± 0.496 8 
Five 8.436 ± 0.405 0.127 ± 0.029 6.928 ± 0.379 6 

Source: Research Division of Charoen Phokphan Group, Lampung Indonesia 
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Figure 3. 7 : Average of feed C:N ratio level applied in crop one (A), crop two 
(B) and crop three (C) of shrimp farming with L WEM using molasses as a 
carbon source in Lampung (Indonesia). 
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3.2.2 Water sampling methods 

3.2.2.1. Field study of shrimp farming with ZWEM 

Studies were conducted for two crops. Field study of crop one was carried out 

from 18 May 2000 unti113 December 2000 in four ponds while for crop two was 

conducted from 07 June 2001 to 20 December 2001 in three ponds. 

V ariab1es measured during the studies were water quality (temperature, salinity, 

pH, dissolved oxygen, suspended solids, organic carbon, ammonia, nitrite, nitrate, 

phosphate, alkalinity, bacteria number and chlorophyll a), survival rate, growth 

rate, production and feed conversion ratio of shrimp, water consumption rate, 

and pond management (feeding rate, stocking densities, source of seeds, fertiliser 

doses, layout of ponds, maintenance of ponds, and so on). Measurement of 

shrimp growth rate was carried out after day 45 of culture period. 

In order to obtain representative data for the whole of each pond, four locations 

were chosen as sites for the in situ measurements and water collections for 

further chemical analysis (Figure 3.8). Three replicated measurements and water 

collection were performed in the morning between 9.00 and 10.00 am on weekly 

basis for first two months and fortnightly for the rest of culture period. 

0 Site Four 

0 SiteTwo Small Central Island SiteThrecO 

0 SiteOne 

Figure 3.8. Sampling and in situ measuring sites in each shrimp pond with 
ZWEM using molasses as a carbon source in Darwin, Australia 
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Temperature, dissolved oxygen, salinity, and pH were measured in situ using 

Horiba multiple probe. The collected water samples were stored in sampling 

bottles placed immediately in a cool esky and transported to Charles Darwin 

University within one hour. At Charles Darwin University, levels of ammonia, 

nitrite, nitrate, phosphate, alkalinity, organic carbon, total suspended solids, 

chlorophyll a and bacteria number were determined according to methods 

described in the general methods chapter. The method for the determination of 

growth rate, feed conversion ratio, water consumption rate is already shown in 

chapter two. 

3.2.2.2. Field study of shrimp farming with L WEM 

Studies were conducted in five ponds for three crops. The studies for crop one 

were carried out from 01 December 2000 until19 March 2001, while studies for 

crop two and three were conducted from 04 June to 25 September 2001 and from 

09 November 2001 to 05 March 2002 respectively. It is important to acknowledge 

that works in this studies were mostly carried out by staffs of research division of 

Charoen Phokphan shrimp company. 

Variables measured during the studies in crop one and two were water quality 

(temperature, salinity, pH, dissolved oxygen, ammonia, nitrite, and alkalinity), 

survival rate, growth rate, production and feed conversion ratio of shrimp, 

water consumption rate, pond management (feeding rate, stocking densities, source 

of seeds, fertiliser doses, layout of ponds, maintenance of ponds, and so on). 

Apart from above water quality and production variables, nitrate, organic carbon , 

phosphate, total suspended solids, chlorophyll a were also measured in crop three. 

Further, growth rates of shrimps in all three crops were measured after one month 

of raising period. 

For each pond, three study sites were chosen (given position on Figure 3.9) to 

give a representative data of the pond for in situ measurement and water 

collections. Three replicated measurements and water collection were performed 

weekly. Temperature, dissolved oxygen, salinity, and pH were measured in situ 
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using methods as described in chapter two. Water samples were collected in 

plastic sampling bottles and transported immediately to laboratory centre of 

company in a cool esky, whereas the concentrations of ammonia, nitrite, nitrate, 

phosphate, alkalinity, organic carbon, total suspended solid, and chlorophyll a 

were measured using methods described in the general method chapter (chapter 

two). 

Ositeone 

0 SiteTwo 

0 SiteThree 

Figure 3.9 • Sampling and in situ measuring sites in each 
shrimp pond with L WEM using molasses as carbon source in 
Lampung, Indonesia 

3.2.3. Data analysis 

Data were analysed using Statistica Version 6.1 software. Data of field studies 

were analysed using multiple regression analysis to evaluate the relationships 

between one dependent variable and the independent variables. The dependent 

and independent variable are described in more detail in each table of multiple 

regression analysis. T test also was used to compare dissolved oxygen and pH 

level before and one day after applying molasses in shrimp culture of ZWEM. 
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3.2. Results 

3.2.1. Field study of shrimp farming with ZWEM 

3.2.1.1. Concentrations of inorganic nitrogen 

Ammonia concentrations in overall culture period for both crops are shown in Table 3.6. 

Further, generally, the ammonia values were lower in crop one compared to crop two. 

A multiple regression analysis indicated that ammonia levels tended to be negatively 

correlated with C:N ratio levels (Table 3.7). Further, there was no significant relationship 

(P>0.05) between ammonia levels with chlorophyll a, and organic carbon levels in crop 

one and two (Table 3.7). Levels of ammonia fluctuated and did not accumulate at the 

end of study for two crops (Figure 3.1 0). 

Table 3.6. Concentrations of ammonia, nitrite and nitrate overall culture period in 
shrimp farming with ZWEM using molasses as a carbon source in Darwin, Australia 

Crop Pond Water Quality Variables Minimum Maximum Mean Std.Dev 
Number 

One 1. One 1. Ammonia (mg/li tre) 0.0000 1.5987 0.2453 0.0319 
2 Nitrite (mg/litre) 0.0000 1.8102 0.6393 0.0639 
3. Nitrate (mg/litre) 0.0000 0.7548 0.2068 0.0239 

2.Two 1. Ammonia (mg/litre) 0.0000 1.2098 0.3373 0.0326 
2 Nitrite (mg/litre) 0.0000 5.9889 3.0551 0.2348 
3. Nitrate (mg/litre) 0.0000 0.7789 0.1755 0.0240 

3. Three 1. Ammonia _(mg/litre) 0.0000 2.8800 0.5485 0.0646 
2 Nitrite (m_gflitrel 0.0000 5.9987 3.0987 0.2574 
3. Nitrate (m_gflitre) 0.0000 0.8235 0.2745 0.0226 

4. Four 1. Ammonia (mg/litre) 0.0000 2.8800 0.4989 0.0683 
2 Nitrite (mg/litre) 0.0000 6.8097 3.2734 0.2429 
3. Nitrate (mg/litre) 0.0000 0.9790 0.1623 0.0279 

Two 1. One Not Operated 

2.Two 1. Ammonia (mg/litre) 0.0000 3.8116 1.2403 0.1384 
2 Nitrite (mg/litre) 0.0000 4.0672 1.6394 0.1396 
3. Nitrate (mg/litre) 0.0000 0.6885 0.2154 0.0181 

3. Three 1. Ammonia (mg/litre) 0.0000 4.6109 0.9850 0.0108 
2 Nitrite (mg/litre) 0.0000 5.3510 2.3900 0.1676 
3. Nitrate (mg/litre) 0.0196 0.59100 0.2257 0.0165 

4. Four 1. Ammonia_(mg/litre) 0.0000 5.6099 2.2316 0.0208 
2 Nitrite (mgilitrel 0.0000 5.1098 2.4995 0.1565 
3. Nitrate (mg/litre) 0.0980 0.9520 0.3217 0.0298 
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It is important to note ammonia concentration in the pond one of crop two on 

sampling date fourteen (27 /09/2000) and in the pond four of crop one on sampling 

date nineteen (08/11/2000) due to some shrimps died in those ponds. Further, 

ammonia concentration in the pond two on 27/09/2000 and in the pond four on 

08/1112000 was 0.3979 and 0.3510 mg L"1 respectively. 

Table 3. 7. Multiple regression analysis of relationship between ammonia 
concentrations (the dependent variable) and several independent variables in 
shrimp farming with ZWEM using molasses as a carbon source in Darwin Australia. 

Crop Independent Pond 
Variables One Two Three Four 

1. Organic Carbon !.Partial correlation 0.4366 0.1709 0.1714 0.0047 
(mg/liter) 2. B1 coefficient -0.0477 -0.0132 -0.0107 -0.0004 

3. p-level 0.1559 0.5954 0.5943 0.9883 
One 2. Chlorophyll a !.Partial correlation 0.0288 0.3593 0.5378 0.0892 
(N=22) (mglm3) 2. B1 coefficient -0.0001 -0.0016 -0.0016 -0.0005 

3. p-level 0.9292 0.0569 0.0712 0.7827 
3. Bacteria Number !.Partial correlation 0.3057 0.7778 0.1950 0.2638 

(CFU/litre) 2. B1 coefficient 0.00001 0.0001 0.00001 0.00001 
3. p-level 0.3338 0.8101 0.5437 0.4073 

4. C:N Ratio Level !.Partial correlation 0.0617 0.0108 0.0507 0.1162 
2. B1 coefficient -0.0294 -0.0132 -0.0038 -0.1124 
3. p_-level 0.8490 0.9733 0.8757 0.7193 
Rz 0.3157 0.1958 0.4141 0.1074 

1. Organic Carbon !.Partial correlation 0.0114 0.4665 0.0074 
(mg/liter) 2. B1 coefficient -0.0006 -0.0787 -0.0017 

3. p-level 0.9720 0.1081 0.9788 
Two 2. Chlorophyll a !.Partial correlation Not 0.4133 0.2063 0.0549 
(N""l8) (mglm3) 2. B1 coefficient Operated -0.006 -0.0021 -0.0009 

3. p-level 0.1816 0.4989 0.8459 
3. Bacteria Number !.Partial correlation 0.3540 0.1908 0.4328 

(CFU/litre) 2. B1 coefficient 0.00001 0.0001 0.00001 
3. p-level 0.2052 0.5324 0.107 

4. C:N Ratio Level !.Partial correlation 0.2278 0.4398 0.0381 
2. B1 coefficient -0.0693 -0.0159 -0.0039 
3. p-level 0.7963 0.1326 0.8928 
R2 0.3174 0.3108 0.2909 

Value of p-level that is lea than 0.05 (p<O.OS) In every variable describes Its slgnirlcant correlation with ammonia. Value of B1 
coefficient that Is positive and negative Ia every variable describes its positive and aegative relationship with ammonia 
respectively. 
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Table 3.6 also shows the values of nitrite and nitrate during study for two crops. 

There was a negative correlation between nitrite concentrations with levels of C:N 

ratio in two crops (P<O.OS) as shown in Table 3.8. Averages of nitrite 

concentrations were higher in crop one than in crop two. There was a fluctuation 

and an increase in nitrite concentrations at the end of study for both crops except in 

pond four for crop one (Figure 3.11). Similarly, levels of nitrate fluctuated during 

study in both crops (Figure 3.12). 
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Figure 3.10: Ammonia levels recorded in crop one (A) and crop 
two (B) of shrimp farming with ZWEM using molasses as a 
carbon source in Darwin (Australia), expressed as means(± SE) 
of four sampling locations. 
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Table 3.8. Multiple regression analysis of relationship between nitrite 
concentrations (the dependent variable) and several independent variables in 
shrimp farming with ZWEM using molasses as a carbon source in Darwin, 
Australia. 

Crop Independent Pond 
Variables One Two Three Four 

1. Organic Carbon !.Partial correlation 0.0466 0.4994 0.0126 0.0772 
{mg/liter) 2. B1 coefficient -0.0041 -0.1520 -0.0033 -0.0194 

3. p-level 0.8858 0.0983 0.9889 0.8115 
2. Chlorophyll a !.Partial correlation 0.3636 0.3993 0.0048 0.0345 

One (mglm3) 2. 81 coefficient 0.0015 0.006 0.00005 0.0006 
3. p-level 0.2453 0.1985 0.9883 0.9153 

(N=22) 3. Bacteria Number !.Partial correlation 0.3295 0.0718 0.3886 0.1057 
(CFU/litre) 2 B1 coefficient 0.00001 0.00001 0.0001 0.00001 

3. p-level 0.2957 0.8245 0.2119 0.7438 
4. C:N Ratio Level !.Partial correlation 0.7343 0.6667 0.7344 0.6614 

2. B1 coefficient -0.4710 -3.7539 -0.3487 -2.2981 
3. p-level 0.0065 0.0179 0.0065 0.0192 
R2 0.6670 0.6030 0.5902 0.4680 

1. Organic Carbon !.Partial correlation 0.1897 0.5118 0.0008 
(mg/liter) 2. B1 coefficient -0.0286 -0.0921 -0.0001 

3. p-level 0.5547 0.0738 0.9977 

Two 2. Chlorophyll a !.Partial correlation Not 0.2369 0.2759 0.4069 
(mglm3) 2. B1 coefficient Operated 0.0029 0.0030 0.0048 

(N=18) 3. p-level 0.4585 0.3615 0.1322 

3. Bacteria Number !.Partial correlation 0.0871 0.1693 0.0424 
(CFU/litre) 2. B1 coefficient -0.0001 -0.0001 -0.0001 

3. p-level 0.7878 0.5803 0.8809 
4. C:N Ratio Level !.Partial correlation 0.5790 0.5653 0.5174 

2. B1 coefficient -0.1016 -0.0231 -0.0419 

3. p-level 0.0485 0.0410 0.0483 
R2 0.3750 0.6418 0.4349 

Value of p-level that Is leu than 0.05 (p<0.05) In every variable describes Its significant correlation with nitrite. Value of 81 
coefficient that Is positive and negative In every variable describes Its positive and negative relationship with nitrite respectively. 
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Figure 3.11 : Nitrite levels recorded in crop one (A) and crop two 
(B) in shrimp farming with ZWEM using molasses as a carbon 
source in Darwin (Australia), expressed as means {:I: SE) of four 
sampling locations. 

3.3.1.2. Concentrations of dissolved oxygen and organic carbon 

Levels of dissolved oxygen during study are shown in Table 3.9 for both crops. 

Further, dissolved oxygen in crop one was slightly lower compared to crop two. 

The present study shows that the dissolved oxygen of less than 3 mg L"1 occurred in 

all ponds for two crops. Multiple regression proves that levels of dissolved 

oxygen tended to have negative correlation with the levels of feed C:N ratio, 

bacteria number and chlorophyll a for two crops (Table 3.10). It appeared that 

49 Cllapter Three 



there was a fluctuation and a decrease in dissolved oxygen in overall culture 

period (Figure 3.13). It should highlight dissolved oxygen concentration in the 

pond two of crop one on sampling date fourteen (27 /09/2000) and in the pond four 

of crop one on sampling date nineteen (08/11/2000) because of some shrimps died 

in both ponds. The present data show that dissolved oxygen concentration in 

the pond two on 27/09/2000 and the pond four on 08/1112000 was 2.16 and 2. 77 

mg L-1 respectively. 

t.2 

Crop One A 
t.O ··-·-·· --·-·····-··. 

i t 0 ! 0.8 
I \ 

] 0.1 I \ 
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- ·- -- --
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Figure 3.12 : Nitrate levels recorded in crop one (A) and crop two 
(B) of shrimp farming with ZWEM using molasses as a carbon 
source in Darwin (Australia), expressed as means (± SE) of four 
sampling locations. 
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Table 3.9. Concentrations of dissolved oxygen overall culture period in shrimp 
farming with ZWEM using molasses in Darwin, Australia 

Crop 

One 

Two 

• i . 
7 

j . 
I I 

i 4 
s 

Pond Water Quality 
Numbers Variable 

1. One 
2. Two Dissolved Oxygen 
3. Three (mgllitre) 
4. Four 
1. One 

2. Two Dissolved Oxygen 
3. Three (mgllitre)) 
4. Four 

Minimum Maximum Mean 

2.50 9.50 4.55 
2.15 7.54 4.41 
2.60 7.53 4.35 
2.49 8.75 4.58 

Not Operated 

2.76 7.50 
2.80 7.79 
2.39 9.03 

4.31 
4.29 
4.37 

~
Pond One 
Pond two 
Pond line 

~Pond FOil' 

IIIIIUIUIIIIIIIIIIII 
Sampling Dates 

B 
Crop Two 

I I I I I I I I I I I I I I I I I I 
Sampling Dates 

i Pond'!Wo 
Pond 'll'rH 
Pond FOil' 

Figure 3.13 :Dissolved oxygen levels recorded in crop one (A) and 
crop two (B) in shrimp farming with ZWEM using molasses as a 
carbon source in Darwin (Australia), expressed as means (:1: SE) of 
four sampling locations. 

Std. Dev. 

1.79 
1.75 
1.51 
1.81 

1.57 
1.51 
1.78 
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Table 3.10. Multiple regression analysis of relationship between dissolved oxygen 
concentrations (the dependent variable) and several independent variables in 
shrimp farming with ZWEM using molasses as a carbon source in Darwin 
Australia. 

Crop Independent Pond 
Variables One Two Three Four 

1. Organic Carbon l.Partial correlation 0.2424 0.0052 0.4232 0.1688 
(mglliter) 2. B1 coefficient -0.0405 -0.0014 -0.0686 .-0.0451 

3. p-level 0.4479 0.9873 0.1705 0.5999 
2. Chlorophyll a !.Partial correlation 0.2446 0.2896 0.0251 0.1427 

One (mg/m3) 2. B1 coefficient -0.0017 -0.0041 -0.0002 -0.0025 
(N=22) 3. p-level 0.4435 0.3613 0.9381 0.6582 

3. Bacteria Number 1.Partial correlation 0.3666 0.0274 0.0376 0.2389 
(CFU!litre) 2. B1 coefficient -0.00001 -0.0001 -0.0001 -0.0001 

3. p-level 0.2412 0.9326 0.9075 0.4544 
4. C:N Ratio Level 1.Partial correlation 0.0606 0.1238 0.0518 0.0237 

2. B1 coefficient -0.0476 -0.5193 -0.0093 -0.0650 
3. p-level 0.8516 0.7015 0.8729 0.9417 
Rz 0.2071 0.2446 0.2504 0.0732 

1. Organic Carbon !.Partial correlation 0.3165 0.1031 0.2487 
(mg/liter) 2. B1 coefficient -0.0592 -0.0241 -0.0431 

3. p-level 0.3161 0.7376 0.3712 

Two 2. Chlorophyll a !.Partial correlation Not 0.2430 0.1986 0.4382 
(N=18) (mg/m3) 2. B1 coefficient 

Operated 
-0.0036 -0.0032 -0.0058 

3. p-level 0.4466 0.5153 0.1023 
3. Bacteria Number 1.Partial correlation 0.4976 0.2901 0.3921 

(CFU!litre) 2. B1 coefficient -0.0001 -0.0001 -0.0001 
3. p-level 0.0997 0.3364 0.1483 

4. C:N Ratio Level !.Partial correlation 0.4667 0.1269 0.5097 
2. 81 coefficient -0.0956 -0.0065 -0.0450 
3. p-level 0.1086 0.6796 0.0522 
R:.~ 0.4106 0.1682 0.4757 

Value of p-Ievel that Is less than 0.05 (p<0.05) In every variable describes Its significant correlation with dissolved oxygen. 
Value of 81 coefficient that Is positive and negative In every variable describes its positive and negative relationship with 
dissolved oxygen respectively. 

T -test shows that concentrations of dissolved oxygen was significantly lower after 

applying molasses compared to before molasses application (Table 3.11). Also 

comparison in dissolved oxygen concentrations between before and after applying 

molasses in both crops is shown in Figure 3.14 and 3.15. 
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Table 3.11. The comparison of means using T test for concentrations of dissolved 
oxygen before and after applying molasses in shrimp farming with ZWEM in 
Darwin, Australia. All values are means and standard deviations of dissolved 
oxygen measurement in every molasses application overall culture period 

Crop Pond Mean Std.Dev N 
Number 

One 1. One 1. Dissolved Oxygen (mgllitre)
1 4.66 ± 1.49a 16 

2. Dissolved Oxygen (mgllitre)l 3.72 ± 1.02 D 16 

2.Two 1. Dissolved Oxygen (mgllitre)1 4.20 ± 1.77a 8 

2. Dissolved Oxygen (mgllitre)2 3.19 ± 1.21 D 8 

3. Three 1. Dissolved Oxygen (mgllitre)1 4.27 ± 1.05 a 12 

2. Dissolved Oxygen (mgllitre)2 3.53 ± 0.73b 12 

4. Four 1. Dissolved Oxygen (mgllitre)
1 4.92 ± 0.91 a 9 

2. Dissolved Oxygen (mgllitre)2 3.64 ± 0.61 D 9 

Two 1. One Not Operated 

2.Two 1. Dissolved Oxygen (mgllitre/ 4.57 ± 1.52 a 30 

2. Dissolved Oxygen (mgllitre)l 3.67 ± 0.99° 30 

3. Three 1. Dissolved Oxygen (mgllitre)1 4.38 ± 1.44a 28 

2. Dissolved Oxygen (mgllitre)
2 3.71 ± 1.03 D 28 

4. Four 1. Dissolved Oxygen (mgllitre)1 4.51 ± 1.55a 24 

2. Dissolved Oxygen (mg/litre)
2 3.67 :!:: 1.09° 24 

Values with the different superscript within ume raw In each pond number are significandy different (p<O.II5). 
1 . 2 

Dissolved Oxygen (mgllitre) • dissolved oxygen before molasses application; Dissolved Oxygen (mg/11tre) • 
dissolved oxygen on one day after molasses application ; N • total frequency of molasses application (number of 
dissolved oxygen measurement) 
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Figure 3.14. Concentrations of dissolved oxygen before and 
after applying molasses in each pond for crop one in shrimp 
farming with ZWEM 
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The Figure 3.16 shows that levels of organic carbon fluctuated in all ponds for 

both crops. Further, there was slight accumulation in organic carbon in ponds for 

two crops. Levels of organic carbon in both crops during study is shown in Table 

3.16. 

· -·· Crop One . A. 

I I I I I I I I I I I I I I I I I I I I I I 
Sampling Dates 

Sampling Dates 

~
Pond Ore 
PondlWo 
Pond line 

3E Pond fou' 

i PondlWo 
Pondlh'H 
Pond fou' 

Figure 3.16 : Organic carbon levels recorded in crop one (A) and 
crop two (B) in shrimp farming with ZWEM using molasses as a 
carbon source in Darwin (Australia), expressed as means (± SE) of 
four sampling locations. 
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3.3.1.3 Levels of pH 

Range of pH levels during raising period for two crops is shown in Table 3.12. 

Levels of pH slightly fluctuated overall study period (Figure 3.17). Regression 

analysis shows that there was a trend for inverse relationship between pH levels 

with C:N ratio values as described in Table 3.13. Likewise, T -test proves that pH 

levels tended to be lower before than after molasses application (Table 3.14). 

Figures 3.18 and 3.19 describe pH before and after applying molasses in each 

pond of two crops. 

Table 3.12. Levels of pH in overall culture period in shrimp farming with 
ZWEM using molasses in Darwin, Australia 

Crop Pond Water Quality Minimum Maximum Mean Std.Dev. 
Number Variable 

One 1. One 7.26 9.64 8.29 0.54 
2. Two pH 7.29 9.24 8.14 0.53 
3. Three 7.33 9.10 8.21 0.49 
4. Four 7.15 9.33 8.16 0.65 

Two 1. One Not Operated 

2. Two pH 7.23 8.35 7.83 0.29 
3. Three 7.11 8.51 7.91 0.34 
4. Four 7.06 8.56 7.84 0.42 

Table 3.13. Multiple regression analysis of relationship between pH levels (the 
dependent variable) and C:N ratio levels (the independent variable) in shrimp 
farming with ZWEM using molasses as a carbon source for in Darwin, Australia. 

Crop Independent Pond 
Variable One Two Three Four 

One 1. C:N Ratio Level !.Partial correlation 0.0209 0.1913 0.3457 0.1684 
(N=22) 2. 81 coefficient -0.0089 -0.1579 -0.0480 -0.1604 

3. p-level 0.9411 0.4945 0.2068 0.5486 
R~ 0.0004 0.0366 0.1195 0.0283 

Two 1. C:N Ratio Level !.Partial correlation 0.3173 0.1448 0.4662 
(N=18) 2 81 coefficient -0.0111 -0.0007 -0.0096 

3. p-level 0.2492 0.5925 0.0511 
Rl 0.1007 0.0209 0.2174 

Value of p-level that Ia leu than 0.05 (p<0.05) In every nriable describes Ita significant correlation with pH. Value of Bt 
coefficient that Ia positive and neptive I• iadepeodent variable describes Ita positive aad aeaative relationship with pH 
respectively. 
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Figure 3.17: Levels of pH recorded in crop one (A) and crop two 
(B) in shrimp farming with ZWEM using molasses as a carbon 
source in Darwin (Australia), expressed as means (± SE) of four 
sampling locations. 
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Table 3.14. The comparison of means using T test for levels of 
pH before and after applying molasses in shrimp farming with 
ZWEM in Darwin, Australia. All values are means and 
standard deviations of dissolved oxygen measurement in every 
molasses application overall culture period 

Crop Pond Mean Std.Dev N 
Number 

One 1. One 1. pHI 8.21 ± 0.53a 16 

2.pH2 8.06 ± 0.40a 16 

2.Two 1. pHI 7.99 ± 0.42a 8 

2.pH
2 7.80 ± 0.32 1 8 

3. Three 1. pHI 8.12 ± 0.51 a 12 

2.pHl 7.94 ± 0.55 1 12 

4. Four 1. pHI 7.99 ± 0.47 1 9 

2.pH
2 7.79 ± 0.46 1 9 

Two 1. One Not Operated 

2.Two 1. pHI 7.98 ± 0.24 1 30 

2.pH
2 7.86 ± 0.27a 30 

3. Three 1. pHI 7.91 ± 0.29a 28 

2.pHl 7.76 ± 0.32 1 28 

4. Four 1. pHI 7.85 ± 0.19 1 24 

2.pH
2 7.75 ± 0.20a 24 

Values with tbe different superscript within same raw Ia each poad number are sigaifieaatly 

different (p<0.05). pH
1 

• pH level before molasses appHeatioa; pH
2 

• pH level oa oae day 
after molasses applieadoa; N • total frequency of molasses appHeadoa (number of dissolved 
oxygen meuuremeat) 
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3.3.1.4. Levels of heterotrophic bacteria and chlorophyll a 

Multiple regression analysis shows that numbers of heterotrophic bacteria in both 

crops tended to be positively correlated with feed C:N ratio levels as shown in 

Table 3.15. Bacterial population density increased linearly for the first three months 

and then remained more or less constant in all ponds for both crops (Figure 3.20). 

The heterotrophic bacteria values in both crops during study are shown in Table 

3.16. 

Table 3.15. Multiple regression analysis of relationship between heterotrophic bacteria 
numbers (the dependent variable) and several independent variables in shrimp farming 
with ZWEM using molasses as a carbon source for in Darwin, Australia. 

Crop Independent Pond 
Variables One Two Three Four 

One 1. Organic Carbon l.Partial correlation 0.1565 0.2267 0.4481 0.3199 

(N=22) (mglliter) 2 81 coefficient -3.5x10""' -2.9x10 -8.1x10"" -5.5x10 
3. p-level 0.5931 0.4357 0.1081 0.2647 

2. C:N Ratio Level l.Partial correlation 0.0153 0.4652 0.0857 0.0047 

2. 81 coefficient 1.1x10"" 9.6x10.., 1.8x10 9.1x10"' 

3. p-level 0.9586 0.0937 0.7707 0.9871 
Rl 0.0307 0.3236 0.2626 0.1051 

Two 1. Organic Carbon l.Partial correlation 0.2657 0.4787 0.2216 

{N=l8) (mg/liter) 2. B1 coefficient -8.6x10"'' -1.3x10""' -5.7x10 

3. p-level 0.3585 0.1154 0.3936 

2. C:N Ratio Level !.Partial correlation 
Not 

0.2082 0.3490 0.3878 

2. 81 coefficient 
Operated 

6.5x10 3.5x10 4.5x10 

3. p-level 0.4750 0.2662 0.1242 
Rl 0.1542 0.5047 0.2788 

Value of p-level that Is less than 0.05 (p<0.05) In every variable describes Its significant correlation with heterotrophic bacteria 
numbers. Value of 81 coefficient that is positive and negative In every variable describes its positive and negative relationship with 
heterotrophic bacteria numben respectively. 

Phytoplankton biomass as indicated by chlorophyll a concentration fluctuated during 

study in both crops (Figure 3.21). Generally, phytoplankton communities in all 

ponds for two crops consisted of Tetraselmis sp., Navicula sp., Chaetocheros sp., 

Nitchia sp., Dinoflagellate sp., Oscillatoria sp., and Arthrospira sp. Phytoplankton 

community structure in ponds did not vary significantly over the grow-out period, 

although the most abundant genera varied with time (unpublished data). Further, 

present study observed blooming of cyanobacteria ( Oscillatoria sp., and Arthrospira 
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sp on several sampling dates for both crops. Chlorophyll a levels in two crops 

during study are presented in Table 3.16. 
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Figure 3.20: Levels of heterotrophic bacteria number recorded in 
crop one (A) and crop two (B) in shrimp farming with ZWEM using 
molasses as a carbon source in Darwin (Australia), expressed as 
means (:I: SE) of four sampling locations. 
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Figure 3.21: Levels of chlorophyll a recorded in crop one (A) and 
crop two (B) in shrimp farming with ZWEM using molasses as a 
carbon source in Darwin (Australia), expressed as means (:1:: SE) of 
four sampling locations. 

3.3.1.5. Other water quality variables 

Values of total suspended solids in both crops overall period study are shown in 

Table 3.16. Further, total suspended solids levels increased with the time period of 

two crops (Figure 3.22). Table 3.16 also shows levels of alkalinity, orthophosphate, 

salinity and temperature in two crops during study. 
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crop two (B) in shrimp farming with ZWEM using molasses as a carbon 
source in Darwin (Australia), expressed as means (± SE) of four 
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Table 3.16. Levels of several water quality variables overall culture period in shrimp 
farming with ZWEM using molasses as carbon source in Darwin, Australia 

Crop Water Quality Variables Minimum Maximum Mean Std.Dev. 
One !.Organic carbon (mg/litre) 43.990 76.977 59.717 6.056 

2. Bacteria Number (CFU/ml) 3.34 X 104 8.42 X 10~ 3.92x10~ 2.06x10~ 

3. Chlorophyll a (mg/m3) 2.3400 623.2700 180.4222 133.1897 
4. Total suspended solid (mg/liter) 27.200 275.000 162.9101 60.5459 
5 Total alkalinity (mg/litre) 95.000 235.000 158.3778 27.7084 
6. Orthophosphate (mglliter) 0.010 2.3210 0.4597 0.4355 
7. Temperature e C) 22.0 32.6 27.8 2.7 
8. Salinity (o/oo) 20.40 33.60 27.88 2.61 

Two !.Organic carbon (mg/litre) 38.8623 77.8370 57.6381 8.8872 
2. Bacteria Number (CFU/ml) 3.04 X 104 9.75 X 10~ 4.65x109 2.7x109 

3. Chlorophyll a (mg/m3) 22.4600 516.8957 192.0865 112.1275 
4. Total suspended solids (mg/liter) 45.000 319.000 212.5324 77.6801 
5 Total alkalinity (mg/litre) 105.000 250.000 155.5556 34.4990 
6. Orthophosphate (mglliter) 0.0987 2.8125 0.4778 0.3891 
7. Temperature ec) 22.1 33.1 27.7 3.1 
8. Salinity (o/oo) 24.20 31.80 28.06 1.94 

3.3.1.6. Levels of shrimp survival and growth rate, production, feed conversion 
ratio and water consumption rate 

Multiple regression analysis proves that shrimp growth rates had a significant 

negative correlation with levels of ammonia and nitrite in all ponds for both crops 

(P<O.OS) as shown in Table 3.17. Further, there was a trend for inverse relationship 

between shrimp growth rates and chlorophyll a levels. 

Averages of shrimp growth rate at the end of study in all ponds were 0.112 ± 0.07 

and 0.086 ± 0.04 gram day"1 for crop one and two respectively (Table 3.18). Further, 

generally , shrimp growth rates fluctuated during study in all ponds for two crops as 

shown in Figure 3.23. 
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Table 3.17. Multiple regression analysis of relationship between shrimp growth rates (the 
dependent variable) and several independent variables in shrimp farming with ZWEM 
using molasses as a carbon source in Darwin, Australia. 

Crop Independent Pond 
Variables One Two Three Four 

1. Ammonia !.Partial correlation 0.7642 0.6565 0.6057 0.6419 
(mglliter) 2 81 coefficient -0.0168 -0.0180 -0.0199 -0.0094 

3. p-level 0.0061 0.0282 0.0483 0.0332 
2. Nitrite !.Partial correlation 0.7747 0.6025 0.6619 0.6271 

One (mglliter) 2 81 coefficient -0.0211 -0.0040 -0.0055 -0.0034 
3. p-level 0.0051 0.0497 0.0265 0.0389 

(N=22) 3. Chlorophyll a !.Partial correlation 0.0062 0.0509 0.0449 0.1542 
(mg/m3) 2. 81 coefficient -0.00001 -0.0001 -0.0003 -0.00001 

3. p-level 0.9854 0.8819 0.8957 0.6507 
4. Bacteria Number !.Partial correlation 0.5675 0.0633 0.5774 0.4171 

(CFU/litre) 2. 81 coefficient 0.00001 0.00001 0.0001 0.000001 
3. p-level 0.0686 0.8532 0.0628 0.2018 

5. C:N Ratio Level !.Partial correlation 0.0207 0.0311 0.3367 0.3537 
2. 81 coefficient 0.00002 0.0010 0.0010 0.0052 

3. p-level 0.9518 0.9277 0.3112 0.2859 
Rz 0.8899 0.6588 0.7968 0.8095 

1. Ammonia !.Partial correlation 0.6444 0.6858 0.7791 
(mg/liter) 2. 81 coefficient -0.0058 -0.0046 -0.0042 

3. p-level 0.0442 0.0286 0.0079 
2. Nitrite !.Partial correlation 0.6961 0.7242 0.6371 

(mglliter) 2. 81 coefficient Not -0.0076 -0.0063 -0.0081 

Two 3. p-level Operated 0.0494 0.0178 0.0476 
3. Chlorophyll a !.Partial correlation 0.6294 0.3954 0.4336 

(N=l8) (mg/m3) 2. 81 coefficient -0.0001 -0.0003 -0.00004 
3. p-level 0.0512 0.2580 0.2106 

4. Bacteria Number !.Partial correlation 0.0603 0.4442 0.3594 
(CFU/litre) 2 81 coefficient 0.00001 0.0001 0.000001 

3. p-level 0.8686 0.1984 0.3077 

5. C:N Ratio Level !.Partial correlation 0.0400 0.0589 0.0736 

2. 81 coefficient 0.00001 0.0002 0.0009 
3. p-level 0.9126 0.8715 0.8399 
Rz 0.7372 0.8282 0.7587 

Value of p-level tbat Is less tbaa 0.05 (p<0.05) Ia every variable describes Its slgalflcaat correlation wltb sbrimp growth rate. Value 81 
coeffitieat tbat Is poaitive aad aegative Ia every variable describes Its positive aad aegative relatioasbip witb shrimp growth rate 
respemvely. 
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Figure 3.23: Shrimp growth rates recorded in crop one (A) and crop 
two (B) of shrimp farming with ZWEM using molasses as a carbon 
source in Darwin (Australia), expressed as means (± SE) of a shrimp 
numbers 

Due to shrimp post larvae stocked in crop two composed by many school shrimps 

(Metapenaeus mac/eayi), average weight of shrimp in harvest time was lower in crop 

two ( 18.005 gram) compared to crop one ( 21.541 gram). Averages production 

levels in crop one and two were 4.146 ± 2.312 and 4.891 ± 0.548 ton ha"1 

respectively (Table 3.18) while averages survival rates of crop one and two were 

54.43% ± 22.63 and 64.06% ± 7.91 respectively. Lowest level of production and 

survival was found in pond two and four for crop one and two respectively. 

Further, pond three and two had highest level of production for crop one and two 

respectively, while highest survival rate was obtained in pond three for both crops. It 

is importantly noted that many shrimps died in pond two on 27/09/2000 (sampling 

date fourteen) and in pond four on 08/1112000 (sampling date nineteen) for crop one. 
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It should be reported that the numbers of shrimps died in pond two were higher than 

in pond four. Averages of feed conversion ratio for crop one and two were 

2.822 ± 1.113 and 2.159 ± 0.032 respectively. Table 3.18 also shows that averages 

of water consumption rate were higher in crop one (9.975 ± 5.903) litres of used 

water per gram of shrimp production) compared to crop two (6.101 ± 0.755) litres of 

used water per gram of shrimp production) 

Table 3.18. The production variables of shrimp farming with ZWEM using 
molasses within each pond and crop in Darwin, Australia. 

Crop Production Variables Pond Number Mean 

1 2 3 4 
1. Pond Size (ml) 25,000 25,000 25,000 25,000 25,000 

2. Density (shrimp/m2
) 30 33 40 38 35.25 

3. Initial shrimp Weight (gram) 0.01 0.01 0.01 0.01 0.01 

4. Harvest shrimp average weight (gram) 18.717 22.522 22.699 22.228 21.541 

One 5. Culture period (days) 185 197 190 196 192 

6. Shrimp growth rate(gram day'1) 0.1011 0.1143 0.1194 0.1133 0.1121 

7. Survival rate (%) 53.56 22.52 86.04 47.61 52.43 

8.Production(tons) 7.518 4.184 19.532 10.053 10.321 

9. Production level (tonslha) 3.007 1.674 7.883 4.021 4.146 

10. Used feed accumulation (tons) 20.265 19.500 31.315 23.410 23.623 

11. Feed conversion ratio 2.696 4.661 1.603 2.329 2.822 

12. Used water accumulation ( 10 7 litre) 8.96 7.20 7.05 7.20 7.60 

13. Water consumption rate ( used water 11.918 17.208 3.609 7.163 9.975 

(litre) I shrimp production (Qiam)) 

1. Density (shrimplm2
) Not 

Operated 
48 40 40 42.66 

2. Initial shrimp weight (gram) Not 
Operated 

O.Dl 0.01 0.01 0.01 

Two 3. Harvest shrimp average weight (gram) Not 17.219 17.585 19.21 18.005 
Ooerated 

4. Culture period (Days) Not 211 208 212 210.33 
Operated 

5. Shrimp growth rate (gram day'1) Not 0.0815 0.0844 0.0906 0.0855 
Operated 

6. Survival rate(%) Not 65.42 72.99 53.71 64.060 
Operated 

7. Production (tons) Not 13.517 12.835 10.329 12.227 
Ooerated 

8. Production level (tons/ha) Not 5.407 5.134 4.132 4.891 
Ooerated 

9. Used feed accumulation (tons) Not 29.375 27.130 22.615 26.373 
Ooerated 

10. Feed conversion ratio Not 2.173 2.114 2.189 2.159 
Operated 

11. Used water accumulation (10 7 litre) Not 7.500 7.457 7.500 7.486 
Ooerated 

12. Water consumption rate ( used water Not 5.549 5.810 7.2611 6.101 

(litre) I shrimp production (gram)) Operated 

Source: Ardetex Shrimp Company 
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3.3.2. Field study of shrimp farming with L WEM 

3.3.2.1. Concentrations of inorganic nitrogen 

Ammonia values in all ponds for three crops during study are shown in Table 3.19. 

There was a trend for negative correlation between ammonia levels with feed C: N 

ratio levels in five ponds for three crops {Table 3.20). Further , ammonia 

concentrations were not significantly related with levels of organic carbon and 

chlorophyll a in five ponds of crop three (Table 3.20). 

Ammonia concentrations in all ponds for crop one increased from the week one to 

week six and then fluctuated during the rest of culture period, while ammonia 

concentrations in crop two and three tended to increase from week one until week 

fifteen and then decreased during the remain of period time (Figure 3.24). It 

obviously showed that there was no accumulation of ammonia in all ponds of three 

crops. 

Table 3.19 also shows nitrite levels in all ponds overall culture period. Despite the 

present study shows that the nitrite levels had significant inverse correlation with 

C:N ratio level in all ponds of crop one and two, but there was no significant 

relationship between nitrite concentrations with organic carbon, chlorophyll a and 

C:N ratio levels in all ponds of crop three {Table 3.21). 

It was generally found that nitrite concentrations in all ponds of three crops 

fluctuated from week one to week fourteen and then sharply increased during the rest 

of culture period (Figure 3.25). There was an overall accumulation in nitrite in all 

ponds of three crops. 
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Table 3.19. Concentrations of ammonia, nitrite and nitrate overall culture period in 
shrimp farming with L WEM using molasses as carbon source in Lampung, Indonesia. 

Crop Pond Water Quality Minimum Maximum Mean Std.Dev. 
Number Variables 

One 1. One 1. Ammonia (mgllitre) 0.0000 0.3220 0.1055 0.0853 
2 Nitrite (mgllitre) 0.0000 2.1240 0.6132 0.0727 

2.Two 1. Ammonia (mgllitre) 0.0000 0.2980 0.0805 0.0084 
2 Nitrite (mgllitre) 0.0000 2.0770 0.5350 0.0627 

3. Three 1. Ammonia (mg/litre) 0.0000 0.298 0.1075 0.0821 
2 Nitrite (mgllitre) 0.0000 1.897 0.5640 0.0490 

4. Four 1. Ammonia (mgllitre) 0.0000 0.2180 0.0934 0.0738 
2 Nitrite (mg/litre) 0.0000 2.1100 0.5911 0.0486 

5. Five 1. Ammonia ( mg/litre) 0.0000 0.3460 0.1467 0.0725 
2 Nitrite (mgllitre) 0.0000 1.9980 0.5225 0.0600 

Two 1. One 1. Ammonia (mgllitre) 0.0000 0.8770 0.2238 0.0199 
2 Nitrite (mgllitre) 0.0000 1.998 0.6733 0.0779 

2. Two 1. Ammonia (mgllitre) 0.0000 0.8870 0.2535 0.0209 
2 Nitrite (mgllitre) 0.0000 1.898 0.5732 0.0661 

3. Three 1. Ammonia (mgllitre) 0.0000 0.9020 0.3028 0.0294 
2 Nitrite (mgllitre) 0.0000 2.098 0.8338 0.0714 

4. Four 1. Ammonia _(_mg/Jitre) 0.0000 0.8120 0.2864 0.0268 
2 Nitrite (mgllitre) 0.0000 1.8709 0.6217 0.0704 

5. Five 1. Ammonia (mg/litre)_ 0.0000 0.8030 0.2828 0.0261 
2 Nitrite (mg/litre) 0.060 1.9920 0.6996 0.0547 

Three 1.0ne 1. Ammonia (mgllitre) 0.0000 0.8265 0.2291 0.0241 
2 Nitrite (mgllitre) 0.0000 2.3450 0.6541 0.0658 
3. Nitrate (mgllitre) 0.0500 2.4980 0.5129 0.0729 

2. Two 1. Ammonia (mgllitre) 0.0000 0.9060 0.2705 0.0253 
2 Nitrite (mg/litre) 0.0690 2.2070 0.6133 0.0642 
3. Nitrate (mg/litre) 0.040 1.9920 0.4442 0.0540 

3. Three 1. Ammonia (mgllitre)_ 0.0112 0.986 0.3139 0.0268 
2 Nitrite (mg/litre) 0.0930 2.1230 0.7209 0.0664 
3. Nitrate (mgllitre) 0.0300 1.7840 0.3969 0.0462 

4. Four 1. Ammonia (mgllitre) 0.0160 0.8890 0.2382 0.0242 
2 Nitrite (m_g,'litre) 0.0690 2.2122 0.6101 0.0721 
3. Nitrate (mg/litre) 0.0450 2.376 0.4688 0.0540 

5. Five 1. Ammonia (mg/litre) 0.0190 0.8800 0.2978 0.0268 
2 Nitrite (mgllitre) 0.0590 2.1580 0.6983 0.0658 
3. Nitrate (mg/litre) 0.0300 0.9870 0.3075 0.0278 
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Table 3.20. Multiple regression analysis of relationship between ammonia concentrations (the dependent variable) and several 
independent variables in shrimp farming with L WEM using molasses as a carbon source in Lampung, Indonesia . 

Crop Independent Variables Pond Number 

One Two Three Four Five 

One• 1. Partial correlation 0.0204 0.1238 0.3122 0.2589 0.04956 
l. C:N Ratio Level 2. b1 coefficient -0.0014 -0.0119 -0.0283 -0.0229 -0.0087 

3. p-level 0.9404 0.6475 0.2390 0.3329 0.8553 
4.N 17 17 17 17 17 
5.R7 0.0004 0.0153 0.0975 0.0670 0.0025 

Two• 1. Partial correlation 0.2909 0.1869 0.1815 0.5184 0.4224 
1. C:N Ratio Level 2. b1 coefficient -0.0805 -0.0373 -0.0589 -0.1911 -0.2287 

3. p-level 0.2744 0.4883 0.5012 0.0397 0.1032 
4.N 17 17 17 17 17 
5.RT 0.0846 0.0349 0.0329 0.2687 0.1784 

Three l. C:N Ratio Level) 1. Partial correlation 0.2674 0.0738 0.0296 0.1879 0.1397 
2. b1 coefficient -0.1159 -0.0350 -0.0084 -0.0753 -0.0703 
3. p-level 0.3771 0.8106 0.9234 0.5388 0.6488 

2. Organic Carbon (mg/liter) 1. Partial correlation 0.1605 0.4934 0.4235 0.0405 0.5501 
2. b1 coefficient 0.0064 0.0277 0.0259 0.0021 0.0307 
3. p-level 0.6004 0.0866 0.1493 0.8953 0.0514 

3. Chlorophyll a (mg/m3
) 1. Partial correlation 0.2665 0.2677 0.1432 0.4802 0.3546 

2. b1 coefficient 0.0013 0.0017 0.0008 0.0030 0.0018 
3. p-level 0.3788 0.3765 0.6406 0.0967 0.2344 
4.N 18 18 18 18 18 
5. R2 0.2443 0.3094 0.2276 0.4127 0.3535 

Value or p-level that Is len than 0.05 (p<0.05) In every variable describes Its significant correlation with ammonia. Values of b1 coefficient that Is positive and negative In every variable 
describes Its positive and negative relationship with ammonia respectively. * The measurement of organic carbon and chlorophyll a was not conducted In crop one and two • 
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Table 3o2lo Multiple regression analysis of relationship between nitrite concentrations (the dependent variable) and several independent 
variables in shrimp farming with L WEM using molasses- as a carbon source in Lampung, Indonesia o 

Crop Independent Variables Pond Number 

One Two Three Four Five 

One* 1. Partial correlation 0.5134 0.6004 0.5099 0.5288 0.5591 
1. C:N Ratio Level 2. b1 coefficient -0.3301 -0.4016 -0.2852 -0.3184 -0.8163 

3. p-level Oo0419 Oo0139 Oo0436 Oo0351 Oo0244 
4.N 17 17 17 17 17 
5.R" 0.2636 0.3605 0.2600 0.2796 0.3126 

Two* 1. Partial correlation 0.4983 0.5079 0.5083 0.6219 0.5332 
1. C:N Ratio Level 2. b1 coefficient -0.5382 -0.3206 -0.3995 -0.6596 -0.6046 

3. p-level Oo0495 Oo0446 Oo0444 Oo0100 Oo0334 
4.N 17 17 17 17 17 
5.R"' 0.2483 0.2580 0.2584 0.3868 0.2843 

Three 1. C:N Ratio Level) 1. Partial correlation 0.2402 0.0667 0.1893 0.1186 0.2496 
2. b1 coefficient -0.2287 -0.0783 -0.1285 -0.1287 -0.3467 
3. p-level 0.4292 0.8284 0.5356 0.6993 0.4107 

2. o Organic Carbon (mg/liter) 1. Partial correlation 0.5352 0.5387 0.5412 0.5353 0.5407 
2. b1 coefficient 0.0553 0.0772 0.0842 0.0887 0.0707 
3. p-level 0.0585 0.0574 0.0561 0.0593 0.0564 

3 .. Chlorophyll a (mg/mJ) 1. Partial correlation 0.4001 0.3547 0.1282 0.0089 0.0449 
2. b1 coefficient -0.0044 -0.0056 -0.0018 -0.0001 -0.0005 
3. p-level 0.1756 0.2361 0.6764 0.9769 0.8840 
4.N 18 18 18 18 18 
5.Rz 0.3438 0.4052 0.3699 0.5307 0.4488 -

-

Value of p-level that Is less than 0.05 (p<0.05) In every variable describes Its significant correlation with nitrite. Values of b, coefficient that Is positive and negative In every variable describes Its positive 
and negative relationship with nitrite respectively. * The measurement of organic carbon and chlorophyll a was not conducted In crop one and two. 
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Figure 3.25 : Nitrite levels recorded in crop one (A), crop two (B) and 
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3.3.2.2. Concentrations of dissolved oxygen 

Dissolved oxygen values in all ponds for three crops during study are shown in Table 

3.22. Levels of dissolved oxygen tended to be negatively correlated with feed C:N 

ratio levels was found in all ponds of three crops (Table 3.23). Further, the present 

study shows that the dissolved oxygen concentrations were not significantly related 

with levels of organic carbon, chlorophyll a. Generally , dissolved oxygen in all 

ponds of three crops fluctuated during study (Figure 3.26) and dissolved oxygen 

levels tended to be lower at the end of culture period compared to at the beginning 

of culture time. 

Table 3.22. Concentrations of dissolved oxygen overall culture period in shrimp 
farming with L WEM using molasses as carbon source in Lampung, Indonesia. 

Crop Pond Water Quality Minimum Maximum Mean Std.Dev 
Number Variable 

One 1. One 3.50 5.90 4.86 0.61 
2. Two Dissolved Oxygen 3.49 5.87 4.83 0.62 
3. Three (mgllitre) 4.20 6.30 5.32 0.60 
4. Four 4.10 6.60 5.28 0.65 
5. Five 4.30 6.50 5.44 0.58 

Two 1. One 4.30 6.90 5.98 1.19 
2.Two Dissolved Oxygen 4.20 6.20 5.36 0.53 
3. Three (mgllitre) 3.70 6.00 5.10 0.67 
4. Four 4.20 6.30 5.45 0.41 
5. Five 4.20 6.00 5.34 0.47 

One 1. One 4.20 6.30 5.27 0.49 
2.Two Dissolved Oxygen 4.19 6.29 5.24 0.48 
3. Three (mgllitre) 4.50 6.00 5.16 0.37 
4. Four 4.00 6.03 5.06 0.41 
5. Five 3.70 6.20 5.10 0.50 
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Table 3.23. Multiple regression analysis of relationship between dissolved oxygen concentrations (as dependent variable) and 
several parameters (as independent variable) in shrimp farming with L WEM using molasses as a carbon source in Lampung, 
Indonesia. 

Crop Independent Variables Pond Number 

One Two Three Four Five 

One* 1. Partial correlation 0.1296 0.3454 0.7377 0.6918 0.4791 
1. C:N Ratio Level 2. b1 coefficient -0.0721 -0.2396 -0.5531 -0.5894 -0.6486 

3. p-level 0.6201 0.1744 0.0007 0.0021 0.0517 
4.N 17 17 17 17 17 
5.R.t 0.0168 0.1193 0.5442 0.4786 0.2295 

Two* 1. Partial correlation 0.2199 0.2803 0.2922 0.2922 0.0573 
1. C:N Ratio Level 2. b1 coefficient -0.1316 -0.1352 -0.2174 -0.1869 -0.0573 

3. p-level 0.3964 0.2759 0.2550 0.2551 0.8269 
4.N 17 17 17 17 17 
5.R.t 0.0484 0.0786 0.0854 0.0854 0.0033 

Three 1. C:N Ratio Level) 1. Partial correlation 0.4271 0.2049 0.3897 0.4195 0.3084 
2. b1 coefficient -0.2817 -0.1855 -0.1406 -0.3255 -0.3497 
3. p-level 0.1455 0.5020 0.1881 0.1536 0.3052 

2 .. Organic Carbon (mg/liter) 1. Partial correlation 0.1401 0.0606 0.5004 0.0964 0.1599 
2. b1 coefficient -0.0079 -0.0056 -0.0377 -0.0089 -0.0143 
3. p-level 0.6480 0.8441 0.0815 0.7541 0.6018 

3 .. Chlorophyll a (mg/m3
) 1. Partial correlation 0.3881 0.2140 0.2793 0.0380 0.1027 

2. b1 coefficient 0.0027 0.0024 0.0019 0.0004 0.0009 
3. p-level 0.1338 0.4827 0.3554 0.9018 0.7386 
4.N 18 18 18 18 18 
5.R.t 0.2853 0.1103 0.3214 0.1858 0.2183 

--- -

Value or p-level that Is less than 0.05 (p<0.05) In every variable describes Its slgnltlcant correlation with dissolved oxygen. Values of b, coefficient that Is positive and negative In every variable 
describes Its positive aad negative relationship with dissolved oxygen respectively. * The measurement of organic carbon and chlorophyll a was not conducted In crop one and two. 
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3.3.2.3. Levels of pH 

Table 3.24 shows pH values in all ponds for three crops. There was a trend for 

inverse correlation between pH levels and C:N ratio levels in all ponds for three crops 

(Table 3.25). Levels of pH in each pond for three crops fluctuated as shown in 

Figure 3.27. 

Table 3.24. Levels of pH overall culture period in shrimp farming with L WEM 
using molasses as a carbon source in Lampung, Indonesia. 

Crop Pond Water Quality Minimum Maximum Mean Std. Dev. 
Number Variable 

One 1. One 7.48 8.40 7.93 0.24 
2. Two pH 7.49 8.76 8.08 0.38 
3. Three 7.45 8.79 7.87 0.29 
4. Four 7.49 8.78 7.94 0.26 
5. Five 7.08 8.10 7.72 0.19 

Two 1. One 7.53 9.01 8.22 0.39 
2. Two pH 7.74 8.89 8.31 0.33 
3. Three 7.23 8.68 7.88 0.34 
4. Four 7.39 8.70 7.99 0.36 
5. Five 7.50 8.89 8.18 0.32 

One 1. One 7.39 8.24 7.76 0.19 
2. Two pH 7.34 8.58 7.73 0.28 
3. Three 7.30 8.36 7.62 0.23 
4. Four 7.34 8.44 7.72 0.32 
5. Five 7.30 8.29 7.68 0.19 
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Table 3.25. Regression analysis of relationship between pH levels (the dependent variable) and C:N ratio level (the independent 
variable) in shrimp farming with L WEM using molasses as a carbon source in Lampung, Indonesia . 

Crop Independent V ariahles PondNumher 

One Two Three Four Five 

One 1. Partial correlation 0.3070 0.6236 0.1760 0.0151 0.3131 
2. h 1 coefficient -0.0667 -0.2481 -0.0564 -0.0453 -0.1570 

C:N Ratio Level 3. p-level 0.2306 0.0747 0.4991 0.9539 0.2211 
4.N 17 17 17 17 17 
5.R.l 0.0942 0.3889 0.0309 0.0980 

Two 1. Partial correlation 0.0969 0.0354 0.5046 0.0802 0.4369 
2. h 1 coefficient -0.0554 -0.0109 0.1989 0.0458 -0.2719 

C:N Ratio Level 3. p-level 0.7115 0.8926 0.0588 0.7596 0.0795 
4.N 17 17 17 17 17 
5.R.l 0.0094 0.0125 0.2546 0.0064 0.1909 

Three 1. Partial correlation 0.3717 0.1701 0.0821 0.2358 0.4025 
2. h 1 coefficient -0.1131 -0.0473 -0.0117 -0.0712 -0.1147 

C:N Ratio Level) 3. p-level 0.1725 0.5430 0.7712 0.3976 0.1369 
4.N 18 18 18 18 18 
5.R.l 0.1382 0.0291 0.0067 0.0556 0.1620 

-

Value or p-level that Is less than 0.05 (p<O.OS) In every variable describes Its slgnlfleant correlation with pH. Values or b1 coefficient that Is positive and negative In every variable describes Its 
positive and negative relationship with dissolved pH. 
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Figure 3.27 : Levels of pH recorded in crop one (A), crop two 
(B) and crop three (C) in shrimp farming with L WEM using 
molasses as a carbon source in Lampung (Indonesia), expressed 
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81 Chapter Three 



3.3.2.4. Other water quality variables 

The measurement of organic carbon, chlorophyll a, total suspended solids and 

orthophosphate was carried out only in crop three as shown in Table 3.26. 

Concentrations of organic carbon at the end of study were slight higher compared to the 

beginning of crop (Figure 3.28A ). Further, there was a gradual increase in total 

suspended solids levels with culture period as shown in Figure 3.28B. Table 3.26 also 

shows the values of chlorophyll a, orthophosphate, temperature and salinity during 

study. 

Table 3.26. Levels of several water quality variables overall culture period in shrimp 
farming with L WEM using molasses as carbon source in Lampung, Indonesia. 

Crop Water Quality variables Minimum Maximum Mean Std.Dev. 
One l.Total alkalinity (mgllitre) 40.00 168.00 99.271 35.318 

2. Temperature ~C) 26.7 29.7 28.1 0.6 
3. Salinity (%o) 4.00 24.30 11.73 5.56 

Two l.Total alkalinity (mgllitre) 46.00 238.00 154.447 37.812 
2. Temperature eq 27.0 29.5 28.1 0.5 
3. Salinity (%o) 6.00 15.20 9.14 1.70 

Three l.Total alkalinity (mgllitre) 49.00 158.00 85.890 20.882 
2. Total suspended solids (mglliter) 63.000 299.000 165.450 63.429 
4. Organic carbon (mgllitre) 32.987 54.188 44.185 6.259 
5. Temperature (0 C) 27.0 28.5 27.8 0.3 
6. Salinity (%o) 7.00 22.40 12.90 4.35 
7. Orthophosphate (mglliter) 0.110 0.620 0.302 0.105 
8. Chlorophyll a (mglm3) 36.450 274.321 122.648 50.022 
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Figure 3.28 : Levels of organic carbon (A), total suspended solids 
(B) and chlorophyll a (C) recorded in crop three in shrimp 
farming with L WEM using molasses as a carbon source in 
Lampung (Indonesia), expressed as means (:!: SE) of three 
sampling locations. 
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3.3.2.5. Levels of shrimp survival and growth rate, production, feed conversion 
ratio and water consumption rate 

Shrimp growth rates were not significantly correlated with ammonia, nitrite and feed 

C:N ratio levels in each pond for crop one and two. Similarly, shrimp growth rates did 

not have a significant correlation with ammonia, nitrite, C:N ratio, chlorophyll a levels in 

all ponds of crop three (Table 3.27). 

Shrimp growth rates fluctuated in each pond for three crops. Pond five had highest 

shrimp growth rate for crop one and three (Figure 3.29). Averages of growth rates of 

shrimp at the end of study were 0.195 ± 0.022; 0.207 ± 0.005 and 0.191 ± 0.046 gram 

day"1 for crop one, two and three respectively while averages of shrimp survival rate for 

crop one, two and three were 55.98 ± 8.04; 40.85 ± 8.69 and 59.84 ± 18.04 % 

respectively. It should be noted that in crop two there was outbreak of white spot 

diseases in neighbor shrimp farming near to company ponds. 

Averages of production levels recorded were 4.816 ± 1.279 ton ha"1 (crop one), 3.071 

± 0.769 ton ha"1 (crop two) and 4.659 ± 0.964 ton ha"1 (crop three). Further, averages of 

food conversion ratio (FCR) in all ponds were 2.236 ± 0.367 for crop one, 2.390 ± 0.298 

for crop two and 2.101 ± 0.254 for crop three. Averages of water consumption rates 

in ponds were 7.208 ± 1.494, 10.966 ± 3.099 and 7.357 ± 1.461 (water(litre)/shrimp 

production (gram) for crop one, two, and three respectively. Overall production 

variables of all ponds for three crops are presented in Table 3.28. 
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Table 3.27. Multiple regression analysis of relationship between shrimp growth rates (the dependent variable) and several 
independent variables in shrimp farming with L WEM using molasses as a carbon source in Lampung, Indonesia • 

Crop Independent Variables Pond Number 

One Two Three Four Five 

One• I. Partial correlation 0.1483 0.0739 0.4819 0.1334 0.0052 
2. b1 coefficient -0.0361 -0.0079 -0.1573 -0.0113 -0.0019 

(N = 13) 1. TAN (mgllitre) 3. p-level 0.6826 0.8391 0.1584 0.7134 0.9886 
I. Partial correlation 0.5505 0.4860 0.5884 0.1489 0.5207 

2. Nitrite (mg/litre) 
2. b, coefficient 0.0196 0.0129 0.0298 0.0019 0.0417 
3. p-level 0.0991 0.1543 0.0735 0.6813 0.1228 
I. Partial correlation 0.6234 0.5601 0.6232 0.5345 0.4198 

3. C:N Ratio Level 
2. b1 coefficient 0.0234 0.0135 0.0264 0.0066 0.0531 
3. p-level 0.0541 0.0922 0.0542 0.1114 0.2271 
R' 0.4498 0.3237 0.4355 0.4344 0.3298 

Two• I. Partial correlation 0.2813 0.2136 0.0104 0.1790 0.4153 
2. b1 coefficient -0.0159 -0.0106 -0.2674 -0.0069 -0.0249 

(N= 13) 1. TAN (mg/litre) 3. p-level 0.4021 0.5282 0.4267 0.5984 0.2039 
I. Partial correlation 0.5476 0.4412 0.5350 0.5774 0.4837 

2. Nitrite (mg/litre) 
2. b, coefficient 0.0099 0.0086 0.0107 0.0109 0.0127 
3. p-level 0.0811 0.1744 0.0899 0.0628 0.1317 
I. Partial correlation 0.2156 0.2065 0.1394 0.3601 0.4829 
2. b, coefficient 0.0033 0.0161 0.0036 0.0059 0.0181 

3. C:N Ratio Level 3. p-level 0.5243 0.5423 0.6301 0.2767 0.1324 
R' 0.3027 0.2187 0.2960 0.3495 0.2822 

Three I. Partial correlation 0.1847 0.1665 0.3154 0.1029 0.4807 
2. b, coefficient 0.0058 0.0049 0.0189 0.0071 0.0534 

(N= 14) 1. TAN (mg/Iitre)) 3. p-level 0.5866 0.6247 0.3448 0.7633 0.1344 
I. Partial correlation 0.5091 0.5160 0.1680 0.2983 0.0117 
2. b1 coefficient 0.0071 0.0068 0.0038 0.0066 0.0005 

2. Nitrite (mg!litre) 3. p-level 0.1097 0.1042 0.6214 0.3729 0.9717 
I. Partial correlation 0.1050 0.2574 0.0962 0.1348 0.1623 
2. b1 coefficient 0.0015 0.0040 0.0017 0.0037 0.0116 

3. C:N Ratio Level 3. p-level 0.7586 0.4447 0.7783 0.6928 0.6335 
I. Partial correlation 0.3334 0.3276 0.2313 0.1421 0.5498 
2. b, coefficient 0.00004 0.0001 0.0001 0.001 0.0003 

4.Chlorophyll a 3. p-level 0.3163 0.3253 0.4937 0.6769 0.0797 
R;.! 0.3469 0.3011 0.1843 0.2318 0.4095 -

Value of p-level that Is less than 0.05 (p<O.OS) In every nrlable describes Its significant correlation with shrimp growth rate. Values of b, coefficient that Is positive and negative In 
every variable describes Its positive and negative relationship with shrimp growth rate respectively. * The measurement of chlorophyll a was not conducted In crop one and two. 
TAN- Total Ammonium Nitrogen 
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Figure 3.29 : Shrimp growth rates recorded in crop one (A), 
crop two (B) and crop three (C) in shrimp farming with 
L WEM using molasses as a carbon source in Lampung 
(Indonesia), expressed as means (± SE) of a shrimp numbers. 
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Table 3.28. The production variables in shrimp farming with L WEM using molasses 
within each pond and crop in Lampung, Indonesia 

K:rop 

pne 

Production Variables 

~.Density (Shrimp/m") 
3. Initial shrimp weight (gram) 
4. Harvest average weight (gram) 
5. Culture period (days) 
6. Shrimp growth rate (gram day"1

) 

7. Survival rate(%) 
8. Harvest tonnage (ton) 
9. Production level (tonlha) 
10. Used Feed Accumulation (ton) 
II. Feed conversion ratio (FCR) 
12. Used water accumulation {106litre) 

13. Water consumption rate ( used 
water( litre) I shrimp production (gram) 
!.Density (Shrimp/m") 
2. Initial shrimp weight (gram) 

Two 3. Harvest average weight (gram) 
4. Culture period (days 
5. Shrimp growth rate (gram day" 1

) 

6. Survival rate(%) 
7. Harvest tonnage (ton) 
8. Production level (tonlha) 
9. Used feed accumulation (ton) 
10. Feed conversion ratio (FCR) 
11. Used water accumulation (10°litre) 

12.Water consumption rate ( used watCJ 
litre) I shrimp production (gram) 

!.Density (Shrimplm2
) 

12. Initial shrimp weight (gram) 
rnu-ee 13. Harvest average weight (gram) 

14. Culture period (days) 
5. Shrimp growth rate (gram day"') 
16. Survival rate(%) 
7. Harvest tonnage (ton) 
8. Production level (tonlha) 
9. Used feed accumulation (ton) 
10. Feed conversion ratio (FCR) 
11. Used water accumulation {106 litre) 
12.Water consumption rate ( used watCJ 
litre) I shrimp production (gram)) 

1 
4,356 

35 
O.Ql 
21.54 
109 

0.201 
50.20 
1.650 
3.788 
3.7209 
2.255 
13.37 

8.103 

30 
0.01 
24.24 
115 

0.210 
47.55 
1.504 
3.452 
3.141 
2.088 
13.81 

9.182 
35 

0.01 
21.78 
122 

0.180 
51.70 
1.728 
3.968 
3.827 
2.215 
14.34 

8.299 

Pond Number 

2 
4,224 

35 
O.Ql 

26.32 
140 

0.192 
50.82 
1.985 
4.700 
4.8532 
2.445 
15.20 

7.657 

31 
O.Ql 
23.67 
115 

0.209 
27.55 
0.844 
1.999 
2.276 
2.697 
13.39 

15.865 
36 

O.ot 
21.69 
122 

0.182 
45.91 
1.504 
3.560 
3.332 
2.215 
13.90 

9.242 

3 
4,158 

36 
O.Ql 

24.06 
139 

0.170 
53.04 
1.893 
4.554 
4.9996 
2.639 
14.89 

7.866 

30 
O.Ql 
23.65 
116 

0.204 
46.59 
1.654 
3.978 
3.605 
2.179 
13.26 

8.017 
31 

O.Ql 
16.95 
126 

0.131 
91.37 
2.016 
4.849 
4.816 
2.389 
13.97 

6.929 

4 5 
4,290 1,782 

36 37 
O.Ql O.Ql 

20.20 27.49 
115 116 

0.183 0.239 
56.11 69.75 
1.729 1.248 
4.032 7.005 
3.7702 2.0753 
2.179 1.663 
13.60 5.68 

7.865 

30 
O.Ql 
23.67 
118 
0.20 

46.11 
1.417 
3.302 
3.211 
2.266 
13.83 

9.760 
35 

O.Ql 
24.56 
125 

0.201 
56.22 
2.084 
4.858 
4.015 
1.927 
14.34 

6.881 

4.551 

30 
O.Ql 
23.64 
114 

0.211 
36.45 
0.468 
2.626 
1.273 
2.720 
5.62 

12.008 
36 

O.Ql 
31.39 
122 

0.261 
54.02 
1.080 
6.059 
1.898 
1.757 
5.87 

5.436 

Mean 
3,762 
35.800 
0.010 
23.922 
123.800 
0.197 
55.984 
1.701 
4.816 
3.883 
2.236 
12.548 

1208 

30.200 
0.010 
23.774 
115.600 
0.207 

40.850 
1.177 
3.071 
2.701 
2.390 
11.982 

10.966 
34.600 
0.010 
23.274 
123.400 
0.191 
59.844 
1.682 
4.659 
3.578 
2.101 
12.484 

7.357 

Source: Research Division of Charoen Phokphan Group , Lampung, Indonesia 
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Table 3.29. Comparison of several water quality and production variables in shrimp farming with ZWEM, LWEM (using molasses) and 
conventional model (without using molasses) 

ZWEM LWEM Report in conventional shrimp cultures by earlier Authors 
Crop Crop Briggs and Funge-

Variables One Two One Two Three Smith(1994)1 

1. Ammonia (mg/litre) 0.4075±0.5347 1.4857± 1.6581 0.1067±0.0823 0.2699:1:0.2474 0.2694± 0.2546 0.4680 :1: 0.0792 

2. Nitrite (mg/litre) 2.51 66±2.3997 2.1763± 1.5898 0.5652±0.5833 0.6803±0.6854 0.6593± 0.6656 0.0660 :1: 0.0099 

3. Dissolved oxygen 4.43 ± 1.61 4.32± 1.62 5.16±0.66 5.32:1:0.52 5.17:1:0.49 7.6± 1.4 

(mg/litre) 
4. Total suspended solid 162.91±61.42 212.5324±78.1817 Not measured Not measured 137.75±39.49 120±77 

(mg/litre) 
5. Nitrogen waste Not measured Not measured Not measured Not measured Not measured 112.6±34.9 

(kg/ ton shrimp) 
6. Phosphore waste Not measured Not measured Not measured Not measured Not measured 50.1 ± 12.0 

(kg/ ton shrimp) 
7. Stocking density 35.25±4.57 42.66±4.62 35.80±0.84 30.20:!::0.44 34.60±2.07 52.5± l1.5 

(shrimp/m-2) 
8. Water exchange rate 0 0 0.7142 0.7142 0.7142 3.55 ± 1.37 

(%per day) 
9. Culture period (day) 192.0± 5.59 210.33:1:2.08 123.80± 14.58 115.60 ± 1.52 123.40± 1.95 118 ± 5 

lO.Survival rate (%) 54.43 ± 22.63 64.06±7.91 55.98±8.04 40.85± 8.69 59.84 ± 18.04 40.6± 15.6 

11. Growth rate (gram/day} 0.113 ± 0.07 0.086±0.04 0.195 ± 0.022 0.207 :!: 0.005 0.191:!: 0.046 0.159:!: 0.013 

12.Production level 
(ton/hal crop) 4.146±2.312 4.891 :1:: 0.548 4.816 :1:: 1.279 3.071 :1:0.769 4.659 ± 0.964 4.356± 1.176 

13. Feed conversion ratio 2.822± 1.113 2.159 ± 0.032 2.236 ± 0.367 2.390 ± 0.298 2.101 ±0.254 2.13± 0.53 

14. Water consumption rate 
(litre/ gram shrimp) 9.975 ± 5.903 6.101 ±0.755 7.208± 1.94 10.966± 3.099 7.357 ± 1.461 13.008± 3.652 

average of three ponds and three crops In Intensive shrimp farming with conventional system for Penaeus monodon shrimp 
2 average of ten ponds and one crop In Intensive shrimp farming with conventional system for Penaeus monodon shrimp 
3Penaeus "'onodon shrimp cultured In small tank 
4 Pen11eus setiferus shrimp cultured In ponds of zero water exchange without using molasses 
5 N/ A - no available 
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Hariati et Allan et al. Hopkins et 
al. (1996)2 (1995)3 al. (1993t 

below0.02 0.3656±0.0744 0.456 ± 0.492 
below 0.01 0.0340±0.0086 2.64±2.97 
5.48:1: 1.62 5.7± 0.1 5.1 ± 1.0 

N/A N/A 157.7 ± 83.8 

N/A N/A 6.586 

N/A N/A 7.486 

N/A 15 22 

Occasionally 14.3±0.8 0 
up to 15% 

126 71 148 
N/A 89.3±1.8 81.60 
N/A 0.16±0.02 0.119 

5.645 ± 0.845 1.524± 0.062 3.219 

N/A 3.8±0.1 2.3 

6.0 
N/A 8937.5±21450. 

0 
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3.3.3. Comparison of several water quality and production variables in shrimp 
farming with ZWEM, L WEM (using molasses) and conventional model 
(without using molasses) 

It was shown that shrimp farming of ZWEM had higher concentrations in 

ammonia and nitrite, and lower concentrations of dissolved oxygen compared to 

L WEM (Table 3.29) . Further, Table 3.29 also reveals higher nitrite and lower 

dissolved oxygen concentration in shrimp fanning of ZWEM and L WEM compared 

to conventional shrimp fanning which water exchange was more frequently 

conducted (Allan et al., 1995; Briggs and Funge-Smith, 1994; Hariati et al., 1996). 

Despite the shrimp growth rate in ZWEM was lower than in L WEM and in 

conventional shrimp farming as reported by Briggs and Funge-Smith (1994), there 

was no significant difference among ZWEM, L WEM and conventional shrimp 

farming in the production level as well as feed conversion ratio (except for feed 

conversion ratio in crop one of ZWEM) due to survival rate in ZWEM was higher 

compared to L WEM and in conventional shrimp fanning. Also it appeared that the 

water consumption rate increased with increasing water exchange rate (Table 3.29) 

3.4. Discussion 

3.4.1. Concentrations of inorganic nitrogen 

The present studies of shrimp farming with ZWEM and L WEM show that averages 

of ammonia concentrations recorded in each pond were higher compared to safe 

level for Penaeus monodon shrimp. Chen and Lei (1990) reported that safe level for 

Penaeus monodon juveniles was 0.12 mg L"1 ammonia. Similarly, nitrite 

concentrations in each of ZWEM and L WEM for all crops were higher compared 

to previous investigation by Mcintosh (2000) who showed that nitrite concentration 

was low (below 0.05 mg L"1
) in ponds of Lipopenaeus vannamei shrimp treated 

with feed C:N ratio = 20.0:1. It could be caused by level of C:N ratio applied in 

each pond was still lower than 15.0. Earlier reports revealed that nitrogen was 

removed effectively from fish pond when level of feed C: N ratio was more than 

15.0 (Anvimelech et al., 1992a; 1994; Avnimelech, 1999). Likewise, Tezuka (1990) 
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found that the ammonia was not found at organic substrate when the level of C: N 

ratio was above 15: 1. 

However, nitrite concentrations at the end of study in shrimp farming with ZWEM 

(mean of nitrite in crop one = 5.3655 ± 0.9277 mg L"1 and crop two = 4.5493 ± 

0.2876 mg L"1 
) and in shrimp farming with LWEM (mean of nitrite in crop one= 

2.0267 ± 0.1146 mg L·t, in crop two~ 1.9704 ± 0.0836 mg L"1 and in crop three 

= 2.1797 ± 0.0550 mg L"1
) were lower compared to those obtained by Tacon et al. 

(2002) who observed that nitrite concentration reached a level of 20 mg L"1 by the 

end of experiment in white shrimp culture of ZWEM without using carbon 

resource. These results reveal that applying molasses in ZWEM and L WEM had role 

in removing inorganic nitrogen even though the level of C:N ratio applied in both 

shrimp models was lower than 15.0:1. 

There was a trend for negative correlation between ammonia concentrations with the 

levels of C:N ratio in each pond of ZWEM and L WEM for all crops. Likewise nitrite 

levels had a negative association with the levels of C:N ration in each pond of 

ZWEM for two crops and L WEM for crop one and two. This result is consistent with 

previous investigation reported by several authors (A vnimelech et al., 1992a; 1994; 

A vnimelech, 1999). Further, nitrite concentrations in all ponds of L WEM for crop 

three were not significantly correlated with C:N ratio and it was possibly caused by 

levels of C: N ratio applied in crop three were lower compared to crop one and two. 

The more detailed discussion of the effect of feed C : N ratio levels on ammonia 

and nitrite levels of laboratory shrimp culture with ZWEM and LWEM usmg 

molasses are presented in chapter five and seven. 

In the ZWEM, averages of ammonia values were higher in crop two than in crop one 

while averages of nitrite levels in crop one were higher than in crop two. It may 

be possibly caused by the amount of ammonia oxidized into nitrite was higher in 

crop one than crop two. The oxidized ammonia level was higher in crop one which 

was most likely because levels of dissolved oxygen was slightly higher in crop one 

than crop two. Nitrifying bacteria requires amount of dissolved oxygen in order to 

oxidize ammonia into nitrite as attributed by Helder and DeVeries (1983) and 

Montoya et al.(2002). Several authors (e.g. Figueroa and Silverstein, 1972; 
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Bovendeur et al., 1990; Cheng and Chen, 1994; Ohashi et al., 1995) have also 

documented a significantly decreased ammonia nitrification with decreased levels of 

dissolved oxygen. 

Average of daily C:N ratio levels used in crop two which was higher than in crop 

one could be the other factor causing the oxidized ammonia levels of shrimp fanning 

with ZWEM were lower in crop two than crop one. Ammonia oxidation decreased 

with increase in the application of molasses as a carbon source in shrimp ponds . 

This trend revealed that molasses as carbon source was most likely to support the 

growth heterotrophic bacteria, which competed with the autotrophic nitrification 

bacteria for oxygen and nutrients and space. This is consistent with studies 

conducted by Bovendeur et al. (1990); Cheng and Chen (1994); Ohashi et al. (1995); 

Zhu and Chen (2001) and Burford et al. (2003) who found that adding carbon source 

decreased both ammonium and nitrite oxidation by nitrifying bacteria. 

It should be noted that in crop one of shrimp fanning with ZWEM, the lowest level 

of ammonia and nitrite was observed in pond one. The explanation for this may be 

that pond one seeped, therefore, water containing ammonia and nitrite moved from 

pond one to pond two due to elevation of pond one was higher than pond two. 

Fresh water was added after level of water in pond one had dropped. It indicated 

that ammonia and nitrite levels were lower due to in pond one there was dilution of 

water, while ammonia and nitrite accumulated in pond two. This view is supported 

by the present data showing that the amount of fresh water added in pond one of crop 

one (7.5 % of total volume weekly) was higher than other ponds ( 5 % of total 

volume weekly) Because of this, pond one was not operated for crop two. 

The present data show that mean concentrations of ammonia ( in crop one = 0.1067 

mg L"1, in crop two = 0.2699 mg L"1and in crop three = 0.2694 mg L"1
) and nitrite (in 

crop one= 0.5652 mg L"1, in crop two= 0.6803 mg L"1and in crop three= 0.6593 mg 

L"1
) in shrimp farming with LWEM over the growth season were lower than mean 

concentrations of ammonia (in crop one = 0.4075 mg L"1 and in crop two = 1.4857 mg 

L"1) and nitrite (in crop one= 2.5166 mg L"1and in crop two= 2.1763 mg L"1
) in 

shrimp farming with ZWEM. This finding was probably caused by there was a 

limited water exchange in each pond of L WEM. Water exchange can flush organic 
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matter and toxic metabolites such as nitrite from shrimp ponds. It has been 

documented that inorganic nitrogen in shrimp ponds increased significantly with 

decreasing water exchange (Hopkins et al.,1993). Likewise, values of nitrite in 

ZWEM and L WEM were higher than in conventional shrimp farming with higher 

water exchange rate as reported by previous authors (Briggs and Funge-Smith, 1994; 

Allan et al., 1995; Hariati et al., 1996) (Table 3.29). Further, it should be noted that 

nitrite concentrations in crop one and two of ZWEM are in accordance with report 

of Hopkins et al (1993) in zero water exchange for Penaeus setiferus shrimp 

(Table 3.29). 

Higher levels of dissolved oxygen in shrimp ponds of L WEM were the probable 

reason of concentrations of water ammonia and nitrite recorded were lower in 

L WEM compared to ZWEM. As previously explained that high level of dissolved 

oxygen induce growth of heterotrophic and nitrifying bacteria which have a vital role 

in removal water inorganic nitrogen. Further explanation could be related to the 

size of ponds was smaller in LWEM than ZWEM. Due to operation of paddle wheel 

could be more efficiently and effectively to increase and control water dissolved 

oxygen in smaller pond compared to bigger pond; thus smaller pond tended to have 

the less numbers of anaerobic pockets which support an increase in the growth 

bacteria, subsequently the removal of water inorganic nitrogen. 

Although the present study shows that ammonia and nitrite concentrations in each 

pond of ZWEM for two crops and L WEM for crop three were not associated with 

chlorophyll a level, however, phytoplankton was likely to have play role in removing 

inorganic nitrogen in those ponds This contention is supported by observation 

carried out by ( Hopkins et al., 1993, Burford et al., 2003; Chuntapa et al., 2003) 

who found that phytoplankton was responsible for high rates of ammonia uptake. It 

has been documented that phytoplankton as well as heterotrophic and nitrifying 

bacteria have a great role in controlling ammonia and nitrite in ponds (Wheeler and 

Kirchman, 1986; Fuhrman et al., 1988; Montoya et al., 2002). Hargreaves (1997) 

also revealed that phytoplankton uptake and nitrification were two mechanisms 

simulated to remove ammonia from water column. 
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It was observed that nitrite accumulated in each pond of ZWEM and L WEM for all 

crops. On the contrary, ammonia concentrations decreased sharply at the end of crop 

period in all ponds. It has been shown that uneaten feed pellets, disintegrated feed 

particles and faeces in ponds were decomposed first to ammonia heterotrophic 

bacteria and then ammonia was oxidized to nitrite by nitrifying bacteria. This result is 

accordance with earlier report by Alcaraz et al. (1999) revealed that nitrite is an 

intermediate product during nitrification of ammonia to nitrate, and may accumulate 

in shrimp ponds because of imbalances of nitrifying bacteria activity caused by 

deteriorating water quality. Tacon et al. (2002) also found that nitrite values were 

below 0.1 mg L"1 until day 43, from day 43 onwards, nitrite level increased 

concurrently with decrease in ammonia level, reaching a level 20 mg L"1 by the end of 

experiment (day 56) for white shrimp (Liptopenaeus vannamei) with zero water 

exchange model. 

3.4.2. Concentrations of dissolved oxygen and organic carbon 

Values of dissolved oxygen in shrimp farming with ZWEM and L WEM tended to be 

negatively associated with levels of feed C:N ratio. Likewise, there was significant 

difference in dissolved oxygen concentrations before and one day after applying 

molasses in shrimp farming of ZWEM. The explanation for this result could be due 

to that increasing feed C:N ratio levels in ponds stimulated growth of bacteria that 

in turn required oxygen for their growth, subsequently, there was a decrease in 

dissolved oxygen concentrations with feed C:N ratio levels increased. This 

explanation can be supported by the results of present studi~s in ZWEM that proved 

dissolved oxygen levels tended to have negative correlation with the total bacteria 

numbers increased. It has been observed previously that bacteria contributed as much 

as 77 % of the total oxygen consumption in fish ponds (Olah et al., 1987). 

Similarly, Visscher and Duerr (1991) investigated that microbial population 

consumed high level of dissolved oxygen in shrimp ponds. Effect of feed C: N 

ratio levels on the levels of dissolved oxygen of shrimp culture with ZWEM and 

L WEM is shown in chapter five and seven. 

It should be reported that the company had difficulty in increasing the level of C:N 

ratio in shrimp farming of ZWEM for two crops due to dissolved oxygen depletion. 
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This indicated that shrimp ponds with ZWEM using molasses as a carbon source 

clearly required and augmented oxygen supply as been reported by several authors 

(e.g. Avnimelech et al., 1989; 1994). Even though all ponds were operated with 

paddle wheels with 16 kw ha"1
, it was insufficient to supply dissolved oxygen due 

to a large fraction of feed residues left and digested in shrimp ponds with ZWEM 

using molasses as carbon source. Further, aerating and agitating whole volume of 

the pond can be achieved by employing continual aeration in circular ponds 

(Avnimelech et al.,1989; 1994) Actually, in the present studies paddle wheels were 

not continuously operated ( 4-12 hour day"1 for the three months of period and 

12- 20 hours day"1 for the rest of period). Furthermore, generally during the day, 

aeration was applied in each pond when dissolved oxygen concentration was expected 

to fall below 3.0 mg L"1
• Non continuos application of aeration during the day in 

ponds can be one possible explanation why heterotrophic bacteria as well as nitrifying 

bacteria unsuccessfully removed ammonia and nitrite from water column. Earlier 

reports revealed that in order to achieve optimal growth of bacteria, continually 

mixing and aerating water in ponds with ZWEM are essentially required and oxygen 

supply should be 1.5 times higher in ponds ZWEM than pond with frequent water 

exchange (A vnimelech, 1998). 

It was shown that averages of dissolved oxygen concentrations were lower in shrimp 

farming with ZWEM compared to L WEM. It was probably due to paddle wheels in 

all ponds of L WEM were operated 24 hours per day. Higher concentrations of 

dissolved oxygen in shrimp ponds of L WEM could have resulted from limited water 

exchange in each pond (5 % of the total volume). Allan and Maguire (1993), 

Hopkins et al.(1993) and Boyd (1998) also reported that water exchange affected 

the concentration of dissolved oxygen particularly in the morning 

Surprisingly, in shrimp ponds with ZWEM there was a trend of negative correlation 

between levels of dissolved oxygen with chlorophyll a concentrations. This is 

contrast to observations by other workers (Sanares et al., 1986; Boyd, 1990; Boyd 

and Teichert-Coddington, 1992; Hargreaves, 1997; Boyd, 1998) who found that the 

concentrations of dissolved oxygen increased with increased levels of chlorophyll a. 

This trend was probably due to the measurement of dissolved oxygen and collecting 

water for chlorophyll a measurement were carried out in ponds at between 9.00 and 
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10.00 am for both crops on sampling dates. Photosynthetic activity was not 

maximal at this time. Therefore, the amount of dissolved oxygen consumed for 

respiration at night was higher than the amount of oxygen produced by photosynthetic 

activity at sampling and measurement time. The second explanation may be related 

to blooming of cyanobacteria. High population of cyanobacteria ( Oscillatoria sp and 

Arthospira sp) occurred quite frequently (three or four times of sampling dates each 

pond in both crops). Several studies have been conducted by (Fogg, 1971; 

Stewart, 1971; Reyssac and Pletikosic, 1990; Ritvo et al., 1998; Yusoff et al., 2002) 

who proved that blooming blue green algae in pond lowered the concentration of 

dissolved oxygen. Another reason could be caused by there was possible 

accumulation of aged phytoplankton in ponds due to there was no water exchange 

during raising culture. Perhaps aged phytoplanktons can not produce oxygen 

efficiently although they still had high chlorophyll a. Consequently, the level of 

dissolved oxygen was low even though the level of chlorophyll a was high. 

It was shown that the mean of dissolved oxygen concentrations in each pond of 

ZWEM for crop two were slightly lower compared to crop one. The first reason for 

this may be related to stocking density. Stocking density in crop two ( 43 shrimp m"2
) 

was higher than in crop one (35 shrimp m"2
). Stocking density increase can cause an 

increase in oxygen consumption by shrimps with a subsequently decline in dissolved 

oxygen. The second explanation why the level of dissolved oxygen was lower in crop 

two than crop one could be associated with the level of daily C:N ratio. Daily C:N 

ratio levels in crop two were higher compared to crop one. As previously 

explained, the levels of dissolved oxygen tended to be negatively correlated with 

feed C:N ratio levels. 

As presented in Table 3.2, potassium permanganate (KMn04) was applied in crop 

two in order to overcome blooming cyanobacteria because potassium permanganate 

is toxic to phytoplankton including cyanobacteria (Boyd and Massaut, 1999). Using 

potassium permanganate probably caused the levels of dissolved oxygen in crop two 

to drop compared to crop one because Lay (1971); Tucker and Boyd (1977) and 

Boyd and Massaut (1999) attributed the application of potassium permanganate to 

decreased levels of dissolved oxygen. Similarly, the common practice of controlling 

phytoplankton with herbicides greatly reduces primary production, increases 

95 Chapter Three 



microbial respiration and exacerbates low dissolved oxygen (Mcintosh and Kevem, 

1974; Tucker and Boyd, 1978). 

Table 3.2 also describes that in crop two hydrogenperoxide (H20 2) used to oxidize 

organic matter. This may be one reason why the levels of dissolved oxygen were 

lower in crop two than crop one because applying peroxide was likely to kill 

phytoplankton and reduce water dissolved oxygen. 

Unlike in shrimp ponds with ZWEM, concentrations of dissolved oxygen in shrimp 

ponds with L WEM had a positive correlation with chlorophyll a levels. This 

investigation is consistent with observation as conducted by several authors (e.g. 

Sanares et al., 1986; Smith and Piedrahita, 1988; Boyd, 1990; Boyd and Teichert

Coddington, 1992; Hargreaves, 1997; Boyd, 1998) who documented that the levels of 

dissolved oxygen increased with desired phytoplankton biomass levels during the 

day time. This also may be one reason why concentrations of dissolved oxygen in 

all ponds for three crops were more than 3.00 mg L-1 during raising period. To 

change water 5 % of total volume weekly can prevent excessive algal blooms due to 

phytoplankton biomass as well as nutrient flushed from ponds. The accumulation of 

aged and senescent phytoplankton in ponds with L WEM also can be prevented by 

water exchange, thus concentration of dissolved oxygen increased as the 

phytoplankton biomass increased. 

There was only slight accumulation of water organic carbon compared to the 

amount of feed applied in ponds in all ponds of ZWEM for both crops and L WEM 

for crop three. The explanation for this could be linked to the major source of 

organic carbon in shrimp ponds which composed of uneaten feed, faeces, molasses 

and dead phytoplankton were considered labile organic matter because they can be 

readily decomposed by bacteria when environmental conditions are favourable. 

Aerobic condition in ponds probably accelerated the rate of organic oxidation by 

heterotrophic bacteria which subsequently restricted the rate of carbon accumulation 

in shrimp ponds. This is supported by several authors ( Animelech et al., 1992b; 

Hariati et al., 1998) who found that the constant mixing of the water column with 

paddlewheels prevented further accumulation of dissolved organic carbon in shrimp 

ponds. Ponds located in wann climates can also be one factor inducing bacteria 
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in oxidating water organic carbon, therefore the levels of organic carbon did not 

accumulate at high rates. Previous studies conducted by (Ayub et al., 1993; Boyd et 

al., 1994; Boyd and Teichert-Coddington, 1994; Munsiri et al.,1996; Hariati et 

al., 1998; Sonnenholzner and Boyd, 2000) who showed that water organic carbon 

accumulated at a low rate in shrimp ponds in tropical areas. 

3.4.3. Levels of chlorophyll a, heterotrophic bacteria number and pH 

Generally, the means of chlorophyll a were more than 120 mg m"3 in shrimp farming 

with ZWEM for both crops and L WEM for crop three. These values are not 

surprising since the key nutrients (nitrogen and phosphorus) required for growth of 

phytoplankton were available in high concentrations in ponds. Tookwinas and 

Songsangjinda (1999) also revealed that high nutrient input in shrimp ponds 

supported the high growth of phytoplankton. 

Phytoplankton community structure in shrimp ponds of ZWEM did not vary 

significantly over the grow-out period, although the most abundant genera varied with 

time (unpublished data). Low temporal variability of phytoplankton community 

structure in shrimp ponds could be due to no water exchange in the grow-out ponds. 

Similar results has been documented by Tookwinas and Songsangjinda (1999). 

Generally, phytoplankton communities in ponds consisted of Tetraselmis sp., 

Navicula sp., Chaetoceros sp., Niztchia sp., Dinoflagellates sp., Oscilatoria sp., and 

Arthrospira sp. 

The present study observed that blooming cyanobacteria (Osci/latoria sp and 

Artrospira sp) occurred with four or five of sampling dates for both crops of ZWEM, 

while there was no blooming cyanobacteria in L WEM. High temperature can be one 

factor creating blooming of cyanobacteria in ponds. This is supported by Paerl and 

Tucker (1995) ; Yusoff and McNabb (1997) who found that high temperature and 

nutrient stimulated blooming cyanobacteria. 
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In shrimp ponds of ZWEM, total bacteria numbers tended to have positive 

correlation with the levels of C:N ratio. The reason for this may be that level of 

C : N ratio reflects level of carbon amount applied into ponds through feed and 

molasses. Further, carbon is essential element for bacteria growth (O'Brien and 

deNoyelles, 1974; Visscher and Duerr, 1991). Effect of feed C: N ratio levels on 

numbers of heterotrophic bacteria in shrimp culture with ZWEM and L WEM is 

shown in chapter five and seven. 

It was shown that the values of pH in each pond of ZWEM and L WEM tended to be 

negatively correlated with the feed C: N ratio levels. Similarly, the levels of pH 

tended to be lower one day after molasses application than before molasses 

application in ZWEM. This result could be caused by bacteria which composed 

organic matters can increase the level of water inorganic carbon (C02) and 

subsequently decreased the values of pH. This view is agreement with the report 

documented by (Boyd, 1995; Ritvo et al., 1998) who observed that tlie pH usually 

declines as the redox potential declines as a result of microbial activity. 

3.4.4. Other water quality variables 

Unsurprisingly, the concentrations of total suspended solids in the present studies of 

shrimp farming with ZWEM and LWEM (crop three) increased progressively with 

raising period. This was due to the accumulation of total suspended solids such as 

faeces, uneaten food, bacterial biomass and microfauna Moreover, total suspended 

solids produced by shrimp was primarily in form of faeces (Malone et al., 1993). 

The mass production rate of faeces was determined by feeding rate which increased 

with growing period. This contention is in agreement with the observation conducted 

by Page and Andrews (1974) for catfish farming; Westers (1989) and Iwana 

(1991) for salmonid farming and Malone et al. (1993) for crustacean culture who 

reported that total suspended solids increase as the result of increase in feeding rate. 

Increasing the concentrations of total suspended solids with raising time also could 

be caused by the size of shrimp increasing progressively with time. Larger shrimp 

have a greater abdominal surface area and walk faster which consequently have a 

greater impact on sediment disturbance and suspension than smaller shrimp (Ritvo et 
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al., 1997). Increasing the operated hours of paddle wheels with culture period m 

ponds also could be reason for the level of total suspended solids increased with 

growing time. 

It was shown that the total suspended solids levels in ZWEM were higher compared 

to L WEM in crop three. This result was caused by lack of water exchange in 

ZWEM which created higher accumulation of shrimp faeces, uneaten food, bacterial 

biomass and microfauna. Likewise, total suspended solid levels in L WEM were 

higher than in conventional shrimp farming with higher water exchange rate as 

observed by Briggs and Funge-Smith (1994). 

It also has been previously documented by Decamp et al.(2003) who investigated 

that the concentrations of total suspended solid increased with growing time and 

reached values up to 989 mg L"1 in zero water exchange culture systems of white 

shrimps (Litopenaeus vannamei (Boone)). Similarly, Hopkins et al. (1993) reported 

that the level of total suspended solid increased with growing period. 

The means of orthophosphate values in ZWEM were high relative in order the 

phytoplankton growth especially since the main source of orthophosphate in ponds 

was 85 % H3P04 which had low rate of residue in ponds due to its high solubility in 

water. This may be caused by the retention of orthophosphate in the ZWEM. It has 

been previously attributed by (Avnimelech et al., 1994; Avnimelech, 1999) who 

revealed that nutrients accumulated in ponds with zero water exchange model. 

Furthennore, increasing levels of total phosphorus in shrimp pond water are 

common in intensive culture (Boyd, 1990). Similarly, Thakur and Lin (2003) reported 

that total phosphate concentrations in water increased with the progress of rearing 

Penaeus monodon shrimp with zero water exchange model. 

3.4.5. Levels of shrimp survival and growth rate, production, feed conversion 
ratio and water consumption rate. 

The means of shrimp survival rates in crop one of ZWEM were lower compared to 

crop two. It was caused by mortality in crop one within pond two on sampling date 

fourteen and in pond four on sampling date nineteen. Dead shrimps in both ponds 
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could have been caused by joint action of high ammoma concentration and low 

level of dissolved oxygen. Ammonia concentration in the pond two on sampling 

date fourteen and in the pond four on the sampling date nineteen was 0.3979 and 

0.3510 mg L-1 respectively. Those concentrations was higher than 0.12 mg L"1 which 

is considered as a safe level of ammonia for Penaeus monodon juveniles 

investigated by Chen and Lei, 1990. Further, concentration of dissolved oxygen 

was 2.16 in pond two on sampling date fourteen and 2.77 mg L"1 in pond four on 

sampling date nineteen and those levels were likely to increase toxicity of ammonia 

to shrimps. Allan et al (1990) found that reduced dissolved oxygen (2.1 mg L"1 
) 

significantly increased the acute toxicity of ammonia to Penaeus monodon shrimps. 

They further reported that at ammonia level of 1.92 - 1.97 mg L"\ mortality of 

Penaeus monodon shrimps was much greater (90 %) at a dissolved oxygen at 2.3 mg 

L"1 than at a dissolved oxygen level of 5.7 mg L"1 (33.3 %). Also Alcaraz et al. 

(1999) reported that all postlarvae of Penaeus setiferus shrimp died when they were 

exposed to 0.48 mg L"1 of ammonia and low dissolved oxygen concentration (2.0 mg 

L"1). 

However, it should be noted that despite the means of ammonia concentration in 

crop two were higher than safe level for Penaeus monodon shrimp (Chen and Lei, 

1990) and also were higher than in crop one, but survival rate was still higher in 

crop two compared to crop one. It could be caused by levels of feed C:N ratio were· 

higher in crop one compared to crop two. Further, pH levels in crop one were lower 

than in crop two and tended to be negatively correlated to levels of feed C:N ratio 

applied in pond. It was reported earlier that the adverse effect of ammonia on 

aquatic organisms decreased with pH level decreased (Burkhalter and Kaya, 1977; 

Colt and Tchobanoglous, 1978; Boyd, 1979). It also has been stated that the effect of 

any increase in ammonia in shrimp culture may be mitigated by decrease in pH 

which reduce the proportion of ammonia in the highly toxic un-ionised form (Allan 

and Maguire, 1991). It should also be noted that one purpose of molasses application 

in ponds of ZWEM was to reduce pH which subsequently decreased toxicity of 

ammonia to shrimp (Adam Body, the owner of company, personal communication ). 

Another reason of the shrimps survived at high ammonia and nitrite level was 

probably due to shrimps had ability in acclimating to high ammonia and nitrite 
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level. This view is supported by Allan and Manguire (1992) who reported that 

shrimp can acclimate to ammonia level increased gradually with growing time. It 

has been previously documented that larval Penaeus monodon had a progressive 

increase in nitrite tolerance as it methamorphoses from the naupliar to postlarval stage 

(Chin and Chen, 1987). Previous studies with penaeid larvae also have shown that 

tolerance to acutely toxic levels of ammonia increased with age (Jayasankar and 

Muthu, 1983; Chin and Chen, 1987). 

Despite ammonia and nitrite concentrations in pond one for crop one were lower 

than those of pond three in the ZWEM, but shrimp survival rate in pond one was less 

than in pond three . The reason for this could be associated to the dropped water level 

in pond one due to water flowed into pond two. Leaked water from pond one into 

pond two was likely to have adverse effects on natural food of pond one which 

subsequently negatively impacted on shrimps 

In shrimp farming of L WEM, the lowest survival rate of shrimp was found in crop 

two and it was probably not caused by high concentration of ammonia and nitrite 

in pond water but this could be caused by other factors such as diseases. Even 

though in the present studies diseases test was not carried out but there was an 

outbreak of white spot diseases in neighbour farming near to company ponds at 

the same time of crop two. Thus, there was a suggestion that low survival rate of 

shrimp could have resulted from white spot diseases. 

Generally, shrimp survival rates in ZWEM were slight higher compared to those 

obtained in L WEM, despite the mean of ammonia and nitrite values were higher 

in ZWEM than in L WEM. Likewise, the means of survival rates in ZWEM were 

higher compared to conventional shrimp farming which had low ammonia and 

nitrite concentrations due to water exchange (Briggs and Funge-Smith, 1994). This 

finding could be explained by L WEM and conventional shrimp farming was not 

closed system which consequently several factors from outside of pond may effect on 

the shrimps in ponds. For instance, diseases factor such as white spot of neighbour 

shrimp farm was likely to spread into L WEM and conventional shrimp ponds. 
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Shrimp growth rates in all shrimp ponds with ZWEM for both crops had negative 

correlation with the ammonia and nitrite concentrations. This result is consistent 

with the result of studies conducted by Delistraty et al. (1977) for lobster, Chien and 

Lai (1988) for Macrobrachium rosenbergii, and Ray and Chen (1992) for Penaeus 

monodon. Further, Chen and Tu (1991) investigated that shrimp growth exposed to 

1.44 and 2.88 mg L-1 ammonia was significantly less than those exposed to 0.144 mg 

L-1 ammonia and it is important to note that average concentrations of ammonia in 

the present study were 0.4075 and 1.4857 mg L-1 in crop one and two respectively. 

It was reported previously that ammonia can cause impairment of cerebral energy 

metabolism and damage to gill, liver and kidney in crustaceans (Smart, 1978; Colt 

and Armstrong, 1981). Further, unlike in ponds of ZWEM, the shrimp growth rate 

in ponds of L WEM for three crops was not significantly correlated with ammonia and 

nitrite level. This finding was probably caused by the concentrations of ammonia and 

nitrite were lower in ponds ofLWEM compared to ponds ofZWEM. 

There was a trend of negative correlation between shrimp growth rates and 

chlorophyll a levels in each pond of ZWEM for the two crops. This could be 

associated to blooming blue green algae in ponds. Seemingly, blooming 

cyanobacteria contributed chlorophyll a in ponds for both crops. Phytoplankton 

dominance does not only affect water quality but also the other organisms along the 

food chain. Boyd (1990) considered diatoms to be a better food for shrimp than types 

of algae. On the other hand, cyanobacteria are a relatively poor base for aquatic food 

chains, produce compounds which are toxic to aquatic animals and deteriorate water 

quality (Paerl and Tucker, 1995). The level of chlorophyll a from the desirable 

phytoplankton species and density has positive impact on shrimp growth and 

survival. In contrast, the chlorophyll a level of blooms of uncontrolled algal species 

such as diatom, dinoflagellates or cyanobacteria in shrimp ponds can reduce shrimp 

growth. 

Unlike in the ZWEM, the growth rates of shrimp tended to have positive 

correlation with chlorophyll a concentrations shrimp ponds of L WEM (crop three). 

This was probably caused by there was no blooming cyanobacteria in all pond for 

crop three during raising period. 
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In the ZWEM, the averages of shrimp growth rate in crop one were slightly higher 

than in crop two, possibly due to shrimp densities in crop one were lower (35 

shrimps m"2
) compared to crop two (43 shrimps m"2

). However, levels of daily 

average feed in crop two were lower compared to crop one. A further explanation 

could be related to the quality of shrimp postlarvae stocked in crop one was better 

than in crop two because the shrimp post larvae stocked in crop two composed of 

many school shrimps (Metapenaeus mac/eayi). This was one sort of problems in 

crop two which can cause the average weight of shrimps at harvest time was lower 

in crop two compared to crop one due to the genetically size of school shrimp 

(Metapenaeus mac/eayi) is smaller compared to tiger shrimp (Penaeus monodon). 

It should be noted that Figure 3.23A presents the shrimp growth in crop one of 

shrimp ponds with ZWEM increased sharply from sampling date six (10/07/2000) 

until sampling date 1 0(21/08/2000), and then slightly decreased on the rest of 

sampling dates. This trend was probably caused by nitrite concentration which was 

relatively low until sampling date 11(29/08/2000) and then increased during the rest 

of culture period as described in Figure 3.11 A. As discussed previously, the 

concentrations of nitrite had adverse effect on shrimp growth rates . 

Figure 3.23 B describes that shrimp growth rates of pond three in crop two were 

lower compared to pond two and four between sampling date 12/07/2001 and 

11/10/2001 and then almost similar to the shrimp growth of pond two and three on the 

rest of sampling dates. This could have resulted from the averages of daily feed 

amount in pond three were lower compared to pond two and four up to sampling 

date of 06/09/2001. Another reason was probably caused by blooming blue green 

algae occurred in pond three on sampling dates of 19/07/2001 and 26/07/2001 as 

described in Figure 3.21B that these sampling dates had high chlorophyll a level 

which tended to have negative correlation with shrimp growth rate ( as previously 

explained). 

The present studies in shrimp farming with L WEM investigated that shrimp growth 

rates did not appear significant difference in each pond for three crops except pond 

five has higher growth rate of shrimps in crop one and three even though water 

quality recorded was almost same in all ponds. This finding may be caused by 
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pond five had the smallest size in all ponds of L WEM. Pond management including 

water quality, operation of paddle wheel, application of feed, fertiliser, molasses and 

so on was easier controlled in smaller pond which ultimately had positive impact on 

shrimp growth rate. Apart from smallest size, pond five had highest level of daily 

feed amount in crop one and in crop tree among ponds. 

Shrimp growth rates in shrimp farming with ZWEM were lower compared to either 

L WEM or conventional shrimp farming with higher exchange rate (Briggs and 

Smith, 1994; Allan et al 1995), probably due to the higher concentration of 

ammonia and nitrite in water shrimp pond of ZWEM. The lower shrimp growth was 

also probably caused by fairly often blooming blue green algae in shrimp ponds of 

ZWEM 

In the present studies of shrimp farming with ZWEM shows that even though the 

shrimp growth rates in crop one were higher than crop two, the averages of shrimp 

production level were lower in crop one compared to crop two due to shrimp 

survival rates and stocking density in crop one were lower compared to crop two. 

Similarly, the growth rate in crop two was highest among crops of L WEM, but 

production level in crop two was lowest among crops because crop two had the 

lowest survival rate and stocking density. This indicated that the production of 

shrimp ponds was not determined by growth rate only but also determined by 

survival rate and stocking density. Seemly, the production level in ZWEM was not 

significantly different from L WEM and conventional shrimp farming as reported by 

(Briggs and Funge-Smith, 1994) 

It is important to highlight that despite averages of culture period in shrimp farming 

of ZWEM were longer than L WEM, there was no significant difference between 

ZWEM and L WEM in feed conversion ratio (FCR) except FCR in pond one and two 

for crop one of ZWEM. The reason for this result could be related to shrimp were 

not fed with commercial feed in the first two month (crop one) and the first month 

(crop two) in ZWEM. Further, generally, feed conversion ratio in ZWEM and 

LWEM could be reasonably compared with the previous reports on Penaeus monodon 

shrimp farming with FCR = 2.3 ± 0.2 by Chen et al. (1989), with FCR = 3.8 ± 0.1 by 

Allan et al. (1995), and with FCR = 2.13 ± 0.53 by (Briggs and Funge-Smith, 1994). 
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Similarity in magnitude of production levels and feed conversion ratios in among 

shrimp farmings with ZWEM, L WEM and with conventional model reported by 

(Briggs and Funge-Smith, 1994) implies that that shrimp production level as well 

as feed conversion ratio were unaffected by water exchange. This is in consistent 

with previous investigation which pointed out that water exchange rate did not 

significantly effect on shrimp production and feed conversion ratio ( Allan and 

Maguire, 1993; Hopkins et al., 1996). 

It was shown that water consumption rate in ZWEM for two crops is consistent with 

previous investigation by Hopkins et al, (1993) who revealed that water consumption 

rate in white shrimp culture with zero water exchange was six litre water per gram 

of shrimp. It is important to note that the water consumption rate of ZWEM was 

lower than L WEM. Further, the water consumption rate in ZWEM and L WEM was 

lower than the estimated world-wide range of 39- 199 litre water per gram shrimp 

(Hopkins and Villalon, 1992) and investigated by Briggs and Funge-Smith (1994). 

Likewise, Table 3.29 shows that there was an increase in water consumption rate in 

response to increase water exchange rate. This result implies that raising shrimp in 

ZWEM had most efficiency of the water usage and lowest pump cost. Saving 

water and reducing pump cost should be considered as beneficial effect of growing 

shrimp in ZWEM using molasses. 

Although, waste discarded from ZWEM and LWEM was not measured, but it should 

be importantly noted that shrimp farming of ZWEM discharged very little the total 

concentration of nutrient, solid, and oxygen demand to the source estuarine and 

oceanic water (receiving waters). Hopkins et al. (1993) revealed total weight of 

nutrients, solids and oxygen demand being added to receiving water from shrimp 

pond with zero water exchange was around four times higher compared from ponds 

with 25 % day water exchange. In conventional intensive shrimp ponds, each tonne 

of shrimp produced added 112.6 ::1: 34.9 kg nitrogen and 50.1 ::1: 12.0 kg phosphate to 

environment (Briggs and Funge-Smith ,1994). Furthermore, the practice of flushing 

water from shrimp ponds into water body is detrimental to environment because this 

material is rich nutrient and cause eutrophication algae blooms (Landesman, 1994; 

Hopkins, 1995a; Smith, 1996), high in suspended, particulate and dissolved organic 
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(Hopkins et al., 1993; 1995), has high levels of pathogenic microorganisms (Hopkins 

et al., 1995a; Smith, 1996 ; Troell et al., 1999 ), high-biological oxygen demand and 

low available dissolved oxygen (Hopkins et al., 1995; Csavas, 1994 ; Smith, 1996), 

releases hydrogen sulfide (Smith, 1996), contains chemical residue and creates 

resistant pathogenic microorganisms (Landesman, 1994 ; Hopkins et al., 1995). 

Based on explanation above, apart from shrimp production level, the low 

concentration of waste released from shrimp farming of ZWEM should be valued and 

accounted to be a benefit of farming. Regardless shrimp production, however, it is 

very difficult to evaluate how much environmental benefit got by shrimp fanner of 

ZWEM. Thus beside environmental regulation set up and controlled by government, 

shrimp farme~ should be encouraged to grow up shrimp with ZWEM through the 

price of shrimps from ZWEM and L WEM could be much higher compared to 

shrimp from conventional farming. 

In term of shrimp production, feed conversion ratio and water consumption rate, 

the present studies shows that despite low water quality investigated in shrimp pond 

water, i.e. high ammonia and nitrite concentrations (particularly for shrimp farming 

with ZWEM), shrimp farming with ZWEM and L WEM is the most promising 

features of shrimp farming which can increase biosecurity, reduce water use for 

farmer and the release of waste into environment, subsequently, creates the shrimp 

farming industry along a path of greater sustainability and environmental 

compatibility. However, further research is substantially required in investigating 

the best level of C:N ratio in shrimp culture with ZWEM and L WEM due to the level 

of C:N ratio applied in shrimp farming of ZWEM and L WEM was still lower than 

effective level of removing inorganic nitrogen investigated by previous authors 

(A vnimelech et al., 1992a; 1994; A vnimelech, 1999; Mcintosh, 2000). 
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CHAPTER FOUR 

EFFECT OF C:N RATIO LEVELS ON INORGANIC NITROGEN AND 
REGENERATION OF SHRIMP FEED INORGANIC NITROGEN 

IN WATER USING MOLASSES AS A CARBON SOURCE 

4.1. Introduction 

Even though it has been shown that concentrations of nitrite had negative correlation 

with C:N ratio levels in shrimp farming with ZWEM using molasses (see chapter three), 

further study of evaluating effect of C:N ratio levels on water quality and shrimp 

production variable in shrimp culture with ZWEM is substantially required to improve 

management of shrimp culture. However, before conducting that study(as shown 

chapter five) it would be essential to carry out research of evaluating the basic concept 

of effects of C:N ratio levels on inorganic nitrogen and regeneration of shrimp feed 

inorganic nitrogen in water without the presence of animals. 

Although several studies have been conducted on addition of dissolved organic carbon 

such as glucose on increase in NH4+ uptake by bacteria in marine waters (Kirchman et 

al., 1990; Keil and Kirchman, 1991; Hoch et al., 1994.), however, there are no studies 

effect of feed C:N ratio levels on removing inorganic nitrogen and regenerating shrimp 

feed inorganic nitrogen using molasses in water with no animals. 

Uptake and generation of NH/ by heterotrophic bacteria which has a great control of 

inorganic nitrogen in water is restrained by the elemental balance of carbon and 

nitrogen. Goldman et al. (1987) studied the relationship between substrate C:N ratio 

and nitrogen regeneration by marine bacteria. Regeneration ofNH/ in organic substrate 

by growing bacteria occurred when C: N ratio was lower than 10:1 (Billen, 1984; 

Goldman et al., 1987) and was less than 15:1 (fezuka, 1990). 
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The aim of this study was to evaluate the basic concept of the effects of C: N ratio 

levels on inorganic nitrogen and regeneration of shrimp feed inorganic nitrogen. 

4.2. Material and Methods 

4.2.1. Laboratory experiments 

This study was composed of two experiments. Experiment one was to evaluate the 

effect of C : N ratio levels on water inorganic nitrogen while experiment two was to 

determine the effect of C : N ratio levels on regeneration of shrimp feed inorganic 

nitrogen. The treatments evaluated in the experiments are described in Table 4.1. Each 

treatment had three replications and container allocation for every treatment was 

completely randomized. 

Table 4.1. Treatments evaluated in experiments one and two. 

Experiments Treatment 

One(MA) 1. Without molasses with C:N ratio l MAq} 
2. Using molasses with C:N ratio= 7.5 (MA7.~ 
3. Using molasses with C:N ratio= 15.0 (MAis.o) 
4. Using molasses with C:N ratio= 17.5(MA17.~_ 
5. Using_ molasses with C:N ratio= 20.5(MA2o.<>l 
6. Using molasses with C:N ratio= 22.5 ~22.~ 

Two(MR) 1. Without molasses with C:N ratio ( MRq} 
2. Using molasses with C:N ratio= 7.5 Qv1R1.~ 
3. Using molasses with C:N ratio= 15.0 QviRis.<>l 
4. Usin_g_ molasses with C:N ratio= 17.5_CMB_t7.~ 
5. Using molasses with C:N ratio= 20.5 _MR2o.<>l 
6. Using molasses with C:N ratio= 22.5_iMR22.s) 

Two experiments were carried out in 2 litre experimental containers. Due to limitation 

of experiment facility two experiments were carried out with different time 

(experiment one from 03 March to 18 March 2001 and experiment two from 03 April 

until 21 April 2001 ). Each experimental container was aerated with one piece of air 

stone and covered with its lid. The values of temperature and salinity during study in 

experiment one and two are shown in Table 4.2. 
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Table 4.2: Temperature and salinity in the experiments one and two over the 
experimental period. 

Experiment Water Quality Variables Minimum Maximum Mean Std.Dev 

1. Temperature t C) 24.1 25.7 25.1 0.1 
One 2. Salinity (%o) 23.79 25.9 25.00 0.25 

1. Temperature t C) 25.7 26.0 25.3 0.1 

Two 2. Salinity (%o) 24.9 26.9 26.60 0.60 

In experiment one, the desired concentration of ammonia solution test (5 mgL-1 or 

4.117 mg L-1 of nitrogen) was prepared from concentrated stock solutions of ~Cl 

(Merck reagent grade at 95 % purity). Each experimental container was filled with 

two litres of 5 mg L-1 ammonia. The amount of molasses applied each treatment is 

shown in Table 4.3. Appendix 2 shows a sample of calculating molasses required in the 

experiment one. 

In experiment two, each experimental container was assessed with 0.1398 gram of 

shnmp feed with nitrogen content of 6.08 % . The amount of feed applied was equal to 

5 mg L-1 of ammonia or 4.117 mg L-1 of nitrogen . The level of molasses used in each 

treatment is shown in Table 4.4. A Sample for calculation of C:N ratio level as well as 

for determination of molasses required for 1 gram feed applied in experimental container 

are shown in Appendices 1 and 3 respectively 

4.2.2. Measurement of variables 

In two experiments, temperature, salinity, pH, dissolved oxygen, ammonia, nitrite, 

nitrate, total organic carbon were measured once in every three days. Number of bacteria 

was determined once at the end of experiment. All measurements were carried out 

according to the methods already described in chapter two. 
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Table 4.3 The amount of molasses applied in each treatment of experiment one. 

Treatment Amount molasses applied (gram) * 
1. Without Molasses with C:N Ratio ** 0.000 
2. Molasses with C:N Ratio = 7.5 0.208 
3. Molasses with C:N Ratio= 15.0 0.416 
4. Molasses with C:N Ratio= 17.5 0.485 
5. Molasses with C:N Ratio= 20.0 0.554 
6. Molasses with C:N Ratio = 22.5 0.623 

* Determined by method of measuring level of feed C:N ratio as described in chapter two (carbon content of 
molasses was 29.71 % ; Nitrogen source: ammonia solution ; carbon source: molasses). **=due to carbon 
content of water was undetected ( very low concentration) C: N ratio level can not be determined in treatment 
with no molasses. 

Table 4.4 The amount of molasses applied in each treatment of experiment two. 

Treatment Amount molasses applied (gram) * 
1. Without Molasses with C:N Ratio = 6.5 0.000 
2. Molasses with C:N Ratio = 7.5 0.036 
3. Molasses with C:N Ratio= 15.0 0.253 
4. Molasses with C:N Ratio= 17.5 0.325 
5. Molasses with C:N Ratio = 20.0 0.398 
6. Molasses with C:N Ratio = 22.5 0.470 
* Determined by method of measuring the level of feed C:N ratio as described in Chapter Two (nitrogen 
content of feed: 6.08 •!o; carbon content of feed and molasses was 38.5 % and 29.71 o/o respectively; Nitrogen 
source: feed only; carbon source: feed and molasses) 

4.3. Results 

4.3.1. Effect of different treatments on concentration of inorganic nitrogen 

In treatment using molasses of experiment one, it was shown a significant reduction in 

ammonia concentrations in response to increasing levels of C: N ratio (Table 4.5). It 

should be noted that concentrations of ammonia in treatment without using molasses 

were lower compared to those treatments using molasses with the C: N ratio levels of 

less than 22.5:1. Further, generally, concentrations of nitrite decreased with levels of 

C: N ratio increased. Ammonia concentrations decreased steeply with experiment time 

(Figure 4.1 A). In contrast, concentrations of nitrite and 
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steeply with experiment time (Figure 4.1 A). In contrast, concentrations of nitrite and 

nitrate increased particularly m MAo and MA7.5 treatments at the end of 

experiment (Figure 4.1B and 4.1C). 
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Figure 4.1 : Effect of feed C:N ratio levels on concentrations of ammonia (A), 
nitrite (B) and nitrate (q every three days in experiment one expressed as 
means (± SE) of the three replicates. 
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In experiment two, the ammonia regenerations of shrimp feed were significantly 

effected by levels of C: N ratio (Table 4.6). The regenerated ammonia from shrimp 

feed was similar at all treatments using molasses and lower than at treatment without 

using molasses. This study also observed that the levels of C:N ratio significantly 

affected nitrite regenerations of shrimp feed as shown in Table 4.6. There was a 

decrease in regenerated nitrite from shrimp feed as the levels of C:N ratio increased. 

Regenerated ammonia increased until day 12 (on 15/04/2001) followed a sharp 

decrease for the rest of the experimental period (Figure 4.2A). By contrast, in all 

treatments, there was a gradual increase in nitrite and nitrate concentrations with 

experiment period (Figure 4.2B and 4.2C). 

In the two experiments, the levels of C:N ratio had significant effect on nitrate 

concentrations. It showed that the levels of nitrate augmented with decreasing the 

levels of C:N ratio. Additionally, regression analysis reveals that the values of 

ammonia, nitrite and nitrate were negatively correlated with the numbers of 

heterotrophic bacteria as shown in Table 4.7. 

4.3.2. Effect of different treatments on concentration of dissolved oxygen and 
total organic carbon. 

In the two experiments, levels of C:N ratio significantly reduced concentrations of 

dissolved oxygen {Tables 4.5 and 4.6). Regression analysis shows that 

concentrations of dissolved oxygen at the end of study had a negative correlation with 

the numbers of bacteria in experiment one ( R2 = 0.7235 and p-level = 0.000008) and 

two R2 = 0.8945 and p-level = 0.000000). Significantly enhanced organic carbon 

levels were observed for increased C:N ratio levels. In all treatments of the two 

experiments, concentrations of dissolved oxygen and organic carbon dropped 

gradually during experiment (Figure 4.3 and 4.4). 
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Figure 4.2 : Effect of feed C:N ratio levels on concentrations of ammonia (A), 
nitrite (B) and nitrate (C) every three days in experiment two expressed as 
means (± SE) of three replicates. 
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Table 4.5. The multiple comparisons of means using Tukey HSD test for several 
water quality variables in study of effect of feed C:N ratio levels on inorganic 
nitrogen (experiment one). Values are means and standard deviations of three 
replicates at the end of the 15-day experimental period. 

Water Quality Variables Treatment Mean Std.Dev 
1. Ammonia (mgllitre) 1. Without Molasses 0.8445 ± 0.0561 1 

2.Molasses with C/N Ratio= 7.5 1.9945 ± 0.0277b 
3.Molasses with C/N Ratio= 15.0 1.7678 ± 0.0421c 
~·Molasses with C/N Ratio= 17.5 1.4195 ± 0.1063a 
5. Molasses with C/N Ratio = 20.0 1.2897 ± 0.0279" 
6. Molasses with C/N Ratio = 22.5 0.6278 ± 0.07471 

2. Nitrite (mgllitre) 1. Without Molasses 4.5031 ± 0.2526" 
2.Molasses with C/N Ratio = 7.5 2.3508 ± 0.1202b 
3.Molasses with C/N Ratio= 15.0 0.5985 ± 0.0126. 
4. Molasses with C/N Ratio= 17.5 0.3566 ± 0.0066a 
5. Molasses with C/N Ratio = 20.0 0.1778 ± 0.0096" 
6. Molasses with C/N Ratio = 22.5 0.0734 ± 0.0033° 

3. Nitrate (mgllitre) 1. Without Molasses 1.5762 ± 0.08851 

2.Molasses with C/N Ratio= 7.5 0.8558 ± 0.0415b 
3.Molasses with CIN Ratio = 15.0 0.3821 ± 0.0263. 
4. Molasses with C/N Ratio= 17.5 0.1863 ± 0.007~ 
5. Molasses with C/N Ratio = 20.0 0.1354 ± 0.0056a 
6. Molasses with C/N Ratio = 22.5 0.0405 ± 0.0223° 

4. Dissolved Oxygen (mg/litre) 1. Without Molasses 4.91 ± 0.041 

2.Molasses with C/N Ratio= 7.5 4.76 -± 0.01b 
3.Molasses with C/N Ratio= 15.0 4.55 ± 0.04• 
f4. Molasses with C/N Ratio= 17.5 4.32 ± 0.01a 
ifi. Molasses with C/N Ratio = 20.0 4.13 ± 0.03° 
6. Molasses with C/N Ratio = 22.5 3.95 ± 0.061 

5. Organic Carbon (mgllitre) 1. Without Molasses 0.0000 ± o.oooo• 
2.Molasses with C/N Ratio= 7.5 14.3258 ± 0.2491b 
3.Molasses with C/N Ratio= 15.0 16.4999 ± 0.2193. 
f4. Molasses with C/N Ratio= 17.5 19.2819 ± 0.023~ 
5. Molasses with C/N Ratio = 20.0 20.1899 ± 0.5253° 
6. Molasses with C/N Ratio = 22.5 21.5712 ± 0.04921 

6.pH 1. Without Molasses 7.74 ± 0.051 

~.Molasses with C/N Ratio= 7.5 7.59 ± 0.0~ 
~.Molasses with C/N Ratio= 15.0 7.34 ± 0.01• 
~- Molasses with C/N Ratio = 17.5 7.25 ± 0.03a 

5. Molasses with C/N Ratio = 20.0 7.16 ± 0.03° 
6. Molasses with C/N Ratio = 22.5 7.04 ± 0.021 

rt. Number of heterotrophic Bacteria (CFU/ml) 1. Without Molasses 9.37 X 10" ± 1.50 X 10' 1 

~.Molasses with CIN Ratio= 7.5 1.54 X 103 ± 0.98 X 1tr b 

~.Molasses with CIN Ratio= 15.0 5.66 X 103 ± 3.66 X 1tr c 
f4. Molasses with C/N Ratio= 17.5 7.33 X 103 ± 2.17 X 1tr a 
~- Molasses with C/N Ratio = 20.0 8.51 X 103 ± 2.93 X 1tr 0 

6. Molasses with C/N Ratio = 22.5 1.16x1o• ±4.00x10Z' 
Values In every water quality vanable WlthiD the same column that are followed by dtfferent superscnpt are 
significantly different (p< 0.05). Equality or variance and normality or each water quality variable level were checked 
by Cochran's test. 
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Table 4.6. The multiple comparisons of means using Tukey HSD test for several 
water quality variables in study of effect of feed C:N ratio levels on regeneration of 
shrimp feed inorganic nitrogen (experiment two). Values are means and standard 
deviations of three replicates at the end of the 18-day experimental period. 

Water Quality Variables Treatment Mean Std.Dev 
1. Ammonia (mgllitre) 1. Without Molasses 0.2693 ± 0.0379" 

2.Molasses with C/N Ratio= 7.5 0.1887 ± 0.0413D 
3.Molasses with C/N Ratio= 15.0 0.1490 ± 0.0361D 
~·Molasses with C/N Ratio= 17.5 0.1343 ± 0.0060b 
5. Molasses with C/N Ratio = 20.0 0.1216 ± 0.0122D 
6. Molasses with CIN Ratio = 22.5 0.1034 ± 0.0041D 

2. Nitrite (mgllitre) 1. Without Molasses 9.7814 ± 0.1833" 
2.Molasses with C/N Ratio= 7.5 9.11n ± 0.2155D 
3.Molasses with CIN Ratio= 15.0 2.3802 ± 0.054~ 
4. Molasses with C/N Ratio= 17.5 1.7402 ± 0.0520d 
5. Molasses with CIN Ratio = 20.0 1.4243 ± 0.0542" 
6. Molasses with C/N Ratio = 22.5 0.4374 ± 0.0691' 

3. Nitrate (mgllitre) 1. Without Molasses 1.9397 ± 0.0452" 
2.Molasses with C/N Ratio= 7.5 0.8954 ± 0.0908D 
3.Molasses with C/N Ratio= 15.0 0.7932 ± 0.0953° 
4. Molasses with CIN Ratio= 17.5 0.6183 ± 0.0533d 
5. Molasses with C/N Ratio = 20.0 0.4469 ± 0.0570" 
6. Molasses with C/N Ratio = 22.5 0.3765 ± 0.0048" 

3. Dissolved Oxygen (mgllitre) 1. Without Molasses 4.60 ± 0.03" 
2. Molasses with C/N Ratio = 7.5 4.08 ± 0.10D 
3.Molasses with C/N Ratio= 15.0 4.12 ± 0.04D 
4. Molasses with C/N Ratio= 17.5 3.86 ± 0.0~ 
5. Molasses with CIN Ratio = 20.0 3.59 ± 0.24d 
6. Molasses with C/N Ratio = 22.5 3.30 ± 0.19° 

4. Organic Carbon (mgllitre) 1. Without Molasses 19.7831 ± 0.6936 1 

~.Molasses with C/N Ratio= 7.5 22.8790 ± 0.709310 

3.Molasses with C/N Ratio= 15.0 31.6120 ± 1.1709° 
14. Molasses with C/N Ratio= 17.5 32.3945 ± 0.611~ 
5. Molasses with C/N Ratio = 20.0 34.3943 ± 0.6119" 
Is. Molasses with CIN Ratio = 22.5 36.0610 ± 0.9450' 

5.pH 1. Without Molasses 7.79 ± 0.041 

~.Molasses with C/N Ratio= 7.5 7.60 ± 0.03D 

IJ.Molasses with C/N Ratio= 15.0 7.39 ± 0.04° 
l4. Molasses with C/N Ratio= 17.5 7.23 ± 0.04d 

~· Molasses with CIN Ratio = 20.0 7.08 ± 0.01" 
6. Molasses with C/N Ratio = 22.5 6.96 ± 0.04' 

6 Number of heterotrophic Bacteria (CFU/ml) 1. Without Molasses 1.17 x 10• ± 1.88x 10• • 
12.Molasses with C/N Ratio= 7.5 1.92x104 ± 1.23x103 D 
~.Molasses with CIN Ratio= 15.0 7.07 X 104 ± 4.58 103 

• 

~· Molasses with C/N Ratio= 17.5 9.15 X 104 ± 2.71 X 103 
d 

5. Molasses with C/N Ratio = 20.0 1.06 X 105 ± 3.67 X 1o' 1 

16. Molasses with CIN Ratio = 22.5 1.45x10S ±5.00x1o'' 
Values in every water quahty vanable Within the same column that are followed by d1fferent supersc:npt are 
significantly different (p< 0.05). Equality of variance and normality of eac:h water quality variable level were c:hec:ked 
by Cochran's test. 
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Table 4.7: Regression analysis of relationship between heterotrophic bacteria number as 
independent variable with ammonia, nitrite and nitrate as dependent variable at the end of 
the study in the two experiments. 

Experiment Ammonia Nitrite Nitrate 
One a. Partial correlation 0.714003 0.842259 0.892693 

b. 81 coefficient -0.2447 -0.1347 -0.1127 
c. p-level 0.0417 0.000012 0.000001 
d.R2 0.5098 0.7094 0.7969 
a. Partial correlation 0.896605 0.941541 0.817741 

Two b. 81 coefficient t -0.1107 -0.0842 -0.1438 
c. p-level 0.000000 0.000000 0.000034 
d.R.:: 0.8039 0.8865 0.6687 

Value of p-level that Is less than 0.05 (p<O.OS) in every dependent variable describes its significant correlation with number of 
bacteria Value of B1 coefficient that is positive and negative In every dependent variable reveals its positive and negative 
relationship with the number of bacteria. 

4.3.3. Effect of different treatments on levels of heterotrophic bacteria number 
and pH 

Levels of C:N ratio significantly effected numbers of heterotrophic bacteria in the 

two experiments (Tables 4.5 and 4.6). There was an increased heterotrophic bacteria 

numbers in response to increasing the levels of C:N ratio in two experiments. 

Levels of pH was significantly affected by the levels of C:N ratio in two 

experiments. It was found that pH levels decreased as the result of increasing levels 

of C:N ratio. Regression analysis reveals that there was a negative correlation 

between pH levels at the end of study and numbers of bacteria in experiment one 

(R2 = 0.9527 and p-level = 0.000000) and two ( R2 = 0.8876 and p-level = 0.000000). 

Figure 4.5 shows pH values in the two experiments. 
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Figure 4.3 : Effect of feed C:N ratio levels on concentrations of dissolved 
oxygen every three days in experiment one (A) and two (B) expressed as 
means (± SE) of three replicates in each treatment. 
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Figure 4.5 : Effect of feed C:N ratio levels on pH levels every three days 
in experiment one (A) and two (B) and expressed as means (± SE) of 
three replicates in each treatment. 

4.4. Discussion 

4.4.1. Effect of different treatments on concentration of inorganic nitrogen 

Generally in the two experiments, there was significant ammonia removal with 

increasing levels of C:N ratio. Similarly, concentrations of nitrite and nitrate 

decreased as the result of increasing levels of feed C: N ratio. These results implied 

that molasses addition as a carbon source obviously had a role in inorganic nitrogen 
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reduction through stimulating the growth of bacteria because numbers of bacteria 

increased in response to levels of C:N ratio inclined (as described below). Further, 

concentrations of ammonia, nitrite and nitrate had a negative association with the 

numbers of bacteria. These findings are in agreement those investigated by some 

authors (Goldman et al.,1987; Kirchman et al., 1990; Tezuka, 1990; Keil and 

Kirchman, 1991; Hoch et al., 1994) who established that addition carbon diminished 

inorganic nitrogen due to increasing uptake of N& +by bacteria. 

In the two experiments, it is important to highlight that concentrations of ammonia 

and nitrite were still relatively high in treatments using molasses with C:N ratio 

levels of more than 10:1 despite Goldman et al. (1987) revealed that there was no 

inorganic nitrogen found when C:N ratio level of organic substrate was higher than 

10:1. Tezuka (1990) also has published that ammonia was not regenerated since the 

C: N ratio of organic substrate was greater than 15:1. The result could be because this 

study was conducted in dark room. Thus, phytoplankton did not grow as well as 

in experiments carried out by these investigators. It has been well documented that 

phytoplankton had a contribution in removal inorganic nitrogen from water (Hopkins 

et al., 1993, Burford et al., 2003; Chuntapa et al., 2003). 

Specially in the experiment one, concentrations of ammonia in treatment without 

using molasses were lower compared to treatment using molasses when levels of C:N 

ratio was less than 22.5:1. The result suggests that the rates of ammonia oxidation 

were higher in treatment without using molasses compared with those treatments. 

This contention was clearly supported by the present data show that the 

concentration of nitrite was highest in treatment without using molasses among 

treatments. 

The lower concentrations in nitrite and nitrate with higher levels of C:N ratio were 

likely to be caused by negative impact of heterotrophic bacteria on nitrifying bacteria. 

Increasing organic carbon in substrate led heterotrophic bacteria to compete 

successfully with nitrifying bacteria for oxygen, nutrient and space (Sharma and 

Ahlert, 1977; Verhagen and Laanbroek, 1991; Verhagen et al., 1992; Hart et al., 

1994). Similarly, it has been observed previously a significant decreased 

nitrification rates in response to increasing the level of C:N ratio in substrate 

120 Chapter Four 



(Bovendeur et al., 1990; Cheng and Chen, 1994; Ohashi et al., 1995; Satoh et al., 

2000; Zhu and Chen, 2001). 

In the experiment one, it was shown that concentrations of ammonia decreased 

progressively with experiment time while in experiment two, there was an increase in 

ammonia until day 12 and followed by a decline during the rest of experiment time. 

It indicated that ammonia in the experiment one was used directly by heterotrophic 

and nitrifying bacteria. On the other hand, in the experiment two, nitrogen bound in 

feed form was broken down by heterotrophic bacteria from complex organic 

compounds to simpler organic compounds and then to ammonia (Wheaton et al., 

1994). Ammonia was further consumed by heterotrophic and nitrifying bacteria. 
' 

This study revealed that peak ammonia occurred each treatment on day 12. 

Particularly in treatments receiving C:N ratio levels of less than 15.0:1 for the both 

experiments, there was no ammonia accumulation while nitrite increased gradually 

during experiment. It could be caused by the rates of oxidation of ammonia were 

higher than the rate of nitrite oxidation. This result is accordance with that found by 

several investigators ( e.g. Klapwijk et al., 1979; Van Rijn and Rivera, 1990; 

Hargreaves, 1998; Alcaraz et al., 1999; Tacon et al., 2002) who well documented 

that the nitrite increased concurrently with decreased in ammonia level. Relatively 

high dissolved oxygen concentrations in those treatments were likely to be one 

reason for these trends. Hargreaves, (1998) reported that deficiency of dissolved 

oxygen led to accumulation of ammonia in water. 

4.4.2. Effect of different treatments on concentration of dissolved oxygen and 
organic carbon 

In the two experiments, it was found that concentrations of dissolved oxygen 

decreased in response to increased levels of C:N ratio. The finding was undoubtedly 

caused by the numbers of bacteria increased with augmenting levels of C:N ratio (as 

discussed below) due to this study pointed out that the dissolved oxygen 

concentrations had an inverse relationship with the numbers of bacteria. It was 

reported earlier that bacteria had a great consumption of dissolved oxygen in water 

(Visscher and Duerr, 1991; Sun et al., 2001). 
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It was generally observed that concentrations of dissolved oxygen decreased 

progressively with experiment time. One possible factor that caused decreasing 

dissolved oxygen with experiment time was the activity of nitrifying and 

heterotrophic bacteria increased during experiment period. This view is supported 

that there was stepwise increased nitrite and nitrate concentrations with experiment 

time. It has been studied that nitrifying bacteria required high amount of dissolved 

oxygen in oxidizing ammonia into nitrite and nitrate (Helder and DeVeries,l983; 

Bovendeur et al., 1990; Figueroa and Silverstein, 1992; Hargreaves, 1998; Montoya 

et al., 2002) 

It is not surprising that in the two experiments there was an increase in organic 

carbon concentrations in response to increase in levels of C:N ratio. It indicated that 

value of organic carbon recorded reflected the amount molasses applied in each 

treatment. Further, generally, it appeared that the concentrations of organic carbon 

decreased steeply with study period. 

4.3.1. Effect of different treatments on levels of heterotrophic bacteria number 
and pH 

In the two experiments, there was an increased numbers in bacteria with an increased 

levels in C:N ratio. It revealed clearly that bacteria required carbon from molasses 

in order to multiply their cells. Azam et al. (1983) well established that carbon such 

as glucose was utilized by natural bacteria. Further, the addition of glucose 

increased number of heterotrophic bacteria in water (Parsons et al., 1981; Fuhnnan et 

al., 1988; Middleboe et al., 1995). Likewise, some previous investigators 

(Avnimelech et al., 1992a; 1994; Kochba et al., 1994; Avnimelech, 1999) who found 

that numbers of heterotrophic bacteria increased in response to increasing levels of 

C:N ratio. Moriarty (1986) also pointed out that there was increased number of 

bacteria as the result of increasing carbon in food input of penaeid prawn culture. 

Reducing pH values with increasing levels of C:N ratio were observed in this study. 

This could be because the bacteria product increased in response to inclining the 

levels of C:N ratio. Further observations showed that pH levels was negatively 
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associated with numbers of bacteria which enhanced with increasing levels of C:N 

ratio. It was well established that inorganic carbon as bacteria product reduced pH 

level in water (Boyd, 1990; Grace and Piedrahita, 1994). A gradually decreased pH 

with experiment time was observed in this study. It could be explained by stepwise 

increased nitrification process with experiment period. Hargreaves (1998) reported 

that oxidizing each mole of ammonia released two hydrogen ions which eventually 

reduced pH. 

This study concludes that increased levels of feed C:N ratio caused decreased 

concentrations of ammonia and decreased regeneration of shrimp feed inorganic 

nitrogen. These finding was substantially required in carrying out further research 

as shown in chapter five. 
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CHAPTER FIVE 

LABORATORY STUDIES OF Penaeus monodon SHRIMP CULTURE 
WITH ZERO WATER EXCHANGE MODEL USING MOLASSES 

AS A CARBON SOURCE 

5.1. Introduction 

It has been shown in chapter three that ammonia and nitrite concentrations were 

significantly correlated with levels of feed C:N ratio applied in shrimp farming 

with ZWEM using molasses. However, the feed C:N ratio level applied in farming 

of ZWEM was lower than effective level in removing inorganic nitrogen as 

investigated by several authors (A vnimelech et · al., 1992a; 1994; A vnimelech, 

1999; Mcintosh ,2000) who reported that the effective level of feed C:N ratio 

in removing inorganic nitrogen in ponds including white shrimp ponds was 15.0 :1 

or more. Further, the present data in chapter four also shows that application 

molasses through controlling feed C:N ratio levels without animals (shrimps) 

caused a significant decrease in concentrations ammonia and nitrite as well as 

regeneration of shrimp feed inorganic nitrogen. Thus, this study provides 

essential scientific information for several questions: Does application of molasses 

have benefit in shrimp culture with ZWEM? What is the best level of feed C:N ratio 

in terms of water quality and shrimp production variables? Is shrimp culture with 

ZWEM using molasses likely to be one novel technology in coping with major 

problems in present farming? Thus effect of feed C:N ratio levels on water 

quality and shrimp production variables in Penaeus monodon shrimp culture with 

ZWEM is substantially required in order to answer these questions above. 

Frequency of molasses application in shrimp culture has a great impact on the 

removal of inorganic nitrogen and single cell protein production since molasses is 

soluble and has high degradation rate in water. Avnimelech et al. (1995) showed 

that the degradation rate was much higher with more labile organic carbon and 

they also observed that sugars had the highest degradation rate among carbon 

sources. Due to its high solubility and degradation rate in water, application of 

molasses should be carried out more frequently to remove water inorganic nitrogen 

successfully. The less application frequency of molasses with higher amount is 

likely to have less effect compared to the more application frequency of molasses 
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with lower amount on the removal of inorganic nitrogen. Mcintosh (2000) 

successfully raised Litopenaeus vannamei in ponds of ZWEM applying daily the 

level of feed C: N ratio at 20.0:1. However there is no scientific information for 

the effect of molasses application frequency on water quality and production 

variables in shrimp Penaeus monodon culture with ZWEM. Therefore, effect of 

molasses application frequency on water quality and shrimp production variables 

also is essentially carried for shrimp culture with ZWEM. 

Stocking density plays an important role in aquaculture production system. 

Increasing the stocking density of aquatic animals such as shrimp in ponds usually 

decreases water and sediment quality (Avnimelech et al., 1981; Hopkins et al., 1988; 

Wyban and Sweeney, 1989; Ray and Chien, 1992). Moreover increasing density 

can increase the susceptibility of shrimp to disease (Hanson and Goodwin, 1977; 

Baticados et al., 1986), affect natural food resources (Hopkins et al., 1988), feed 

conversion efficiency (Sandifer et al., 1987), growth rate and survival rate of shrimp 

(Ray and Chien, 1992; Allan and Maguire, 1992). 

Although a number of studies have been conducted on the effects of stocking 

density for Penaeus monodon shrimp (Primavera et al., 1976; Ranoemihardjo et 

al., 1980; Apud et al., 1981; Eldani and Primavera, 1981;Tabbu, 1985; Verghese et al., 

1982; Allan and Maguire, 1992), all those studies were not carried out in zero 

water exchange model system using molasses. 

The literature reviewed above indicate that there are no specific studies in ZWEM 

system using molasses. Hence the objectives of the present study were (1) to 

investigate the effect of feed C: N ratio levels on water quality, shrimp survival, 

growth rate, percentage weight gain, feed conversion ratio (FCR), water 

consumption rate and waste level discarded at harvest time in shrimp culture with 

ZWEM, (2) to evaluate the effect of molasses application frequency on water 

quality, shrimp survival, growth rate, percentage weight gain, feed conversion ratio 

(FCR) in shrimp culture with ZWEM and (3) to examine the effect of stocking 

density on water quality, shrimp survival, growth rate, percentage weight gain 

and feed conversion ratio (FCR) in shrimp culture with ZWEM using molasses. 
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5.2. Material and Methods 

5.2.1. The experimental shrimp cultures 

The study included four experiments. Experiments one and two were to evaluate 

the effect of molasses through controlling feed C : N ratio level on water quality, 

survival, growth rate, percentage weight gain, feed conversion ratio, water 

consumption rate and waste discarded at the end of experiment in shrimp culture 

with ZWEM. Due to the limitation of experiment facility, both experiments were 

conducted separately at different time. Experiment three was to investigate the 

effect of molasses frequency addition on the water quality, survival and growth 

rate of shrimp, and feed conversion ratio in shrimp culture with ZWEM. 

Experiment four was to examine the effect of stocking density on water quality, 

survival and growth rate of shrimp, and feed conversion ratio in shrimp culture 

with ZWEM using molasses. The protocol used in the four experiments are 

described in Table 5.1. Each treatment had three replications and tank allocation for 

every treatment was completely randomized. 

Experiment one and two were conducted in 160 litre experimental tanks with no 

water exchange during culture period (experiment one from 01 June 2001 to 27 

July 2001 and experiment two from 28 August 2001 until 23 October 2001). 

Further, the water temperature, salinity and orthophosphate measurement 

throughout the study are shown in Table 5.2. 

Tanks in experiment one was aerated with two pieces of air stone and tanks in 

experiment two had three pieces of air stone suspended in bottom of water column. 

The tank volume of 160 litres was maintained constant by adding 2 iitres of 

freshwater (tap water) weekly to replace loss water due to evaporation. 
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Table 5.1. Treatments evaluated in experiments one, two, three and four 

Experiment Treatment 

1. One 1. Without molasses with C:N ratio = 6.5 ( ZWEM6.J 
2. Using molasses with C:N ratio= 7.5 ( ZWEM7.5) 
3. Using molasses with C:N ratio= 10.0 ( ZWEM10 .. ~) 
4. Using molasses with C:N ratio= 12.5 ( ZWEM12.5) 

2. Two 1. Without molasses with C:N ratio = 6.5 ( ZWEM6.5) 
2. Using molasses with C:N ratio= 15.0 ( ZWEM15.o) 
3. Using molasses with C:N ratio= 17.5 ( ZWEM17.5) 

4. Using molasses with C:N ratio = 20.0 ( ZWEM20.0) 

5. Using molasses with C:N ratio= 22.5 ( ZWEM22.J 
3. Three 1. Without molasses (Fo) 

2. Molasses addition frequency weekly (F 1) 
3. Molasses addition frequency, once every three days (F2) 

4. Molasses addition frequency daily (F3) 
4. Four 1. Density at 30 shrimps/m2 (D3o) 

2. Density at 45shrimps/m2 (D45) 
3. Density at 60 shrimps/m2 (D6o) 
4. Density at 75 shrimps/m2 (D75) 

Each tank was stocked with 4 shrimps (equivalent to shrimp density of 30 shrimps 

m"2
). The mean individual weight at the stocking time was 3.335 ± 0.013 gram in 

experiment one and 5.014 ± 0.336 gram in experiment two and shrimps were fed 

with commercial shrimp feed (Taiwan Company Product) with crude protein 

content of 38 %. Feeding rate applied in the both experiments was 5 % of body 

weight per day during study (as recommended by the feed company) and the 

amount of molasses applied in each tanks was adjusted in accordance with 

treatment (the level of feed C: N ratio) and daily feeding rate. Shrimp feed applied 

to each tank twice daily (50% of the total feed required at 08.00 am and 06.00 pm) 

while molasses was applied once daily at 08.00 am. Table 5.3. presents the amount 

of molasses applied per gram feed. A sample for the calculation of feed C:N ratio 

level and determination of molasses required per one gram feed applied in shrimp 

culture is shown in Appendices 1 and 3 respectively. 
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Table 5.2: Temperature, salinity, and orthophosphate in the four experiments over the 
eight-week experimental period. 

Experiment Water Quality Variables Minimum Maximum Mean Std.Dev 

1. Temperature CO C) 25.9 28.9 27.4 0.1 

One 2. Salinity (o/oo) 25.01 27.90 27.20 0.41 

3.0rthophosphate (mg/ litre) 0.5678 0.8976 0.2731 0.2134 

1. Temperature CO C) 26.4 29.5 29.4 0.1 

Two 2. Salinity (o/oo) 26.50 30.80 30.33 0.13 

3. Orthophosphate (mg/litre) 0.4979 0.9954 0.8035 0.1924 

1. Temperature CO C) 28.0 31.5 29.8 0.1 

Three 2. Salinity (o/oo) 25.81 29.84 29.48 0.27 

3. Orthophosphate (mg/litre) 0.7563 0.8976 0.785l 0.1451 

1. Temperature CO C) 26.5 29.7 29.4 0.1 

Four 2. Salinity (o/oo) 27.10 28.90 28.43 0.45 

3. Orthophosphate (mg/litre) 0.7985 0.9073 0.815~ 0.2454 

Table 5.3: The amount of molasses applied per gram feed. 

The Levels of C:N Ratio Amount molasses applied (gram) 
per gram feed * 

1. Without Molasses with C:N Ratio = 6.5 0.000 
2. Molasses with C:N Ratio = 7.5 0.239 
3. Molasses with C:N Ratio= 10.0 0.751 
4. Molasses with C:N Ratio= 12.5 1.262 
5. Molasses with C:N Ratio= 15.0 1.774 
6. Molasses with C:N Ratio= 17.5 2.285 
7. Molasses with C:N Ratio= 20.0 2.797 
8. Molasses with C:N Ratio = 22.5 3.309 
* Determined by method of measuring the level of feed C:N ratio as described in Chapter Two (nitrogen 
content of feed: 6.08 %; carbon content of feed and molasses was 38.5 o/'o and 29.71 % respectivdy; 
Nitrogen source: feed only; carbon source: feed and molasses) 
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Experiment three was carried out in 450 litre conical tank with no water exchange 

throughout the eight-week culture period (from 26 March 2002 to 21 May 2002). 

Every experimental tank was set up with five pieces of air stone suspended in 

bottom of water column. In order to compensate evaporation, 5 litres of tap water 

was weekly added into each experimental container. The measurements of 

temperature, salinity and orthophosphate throughout the experimental period are 

shown in Table 5.2. Each experimental tank was stocked with 10 shrimps (equal 

to 30 shrimps m"2) and the average of initial individual weight was 0.977 ± 0.213 

in different treatments. The shrimps were fed with commercial shrimp feed having 

crude protein content of38 %. The daily feeding rate applied in each tank was 10 

% of body weight during study (as recommended by feed company) and it was 

applied twice daily (50 % of the total feed required each at 08.00 am and 06.00 

pm). The amount of molasses used in each treatment was determined according 

to the level of feed C: N ratio = 20.0 (the best treatment in previous two 

experiments). Thus the amount of molasses applied per gram feed was 2.6691 

gram as shown in Table 5.3. Furthermore, the amount of molasses used in every 

application in F1, F2 and F3 treatment was the accumulation of molasses amount 

for one, three, and seven days respectively. A sample of calculating the amount 

of molasses applied in Ft, F2 and F3 treatments is shown in Appendix 4. 

Application of molasses was conducted at 08.00 am. 

Experiment four was conducted in 80 litre tank with no water exchange throughout 

the eight-week culture period (from 22 August 2002 to 17 October 2002). Table 

5.2 shows values of temperature, salinity and orthophosphate throughout 

experiment Each tank was set up with three pieces of air stone suspended in 

bottom of water column. The level of water in experimental tank was maintained 

constant throughout the growing period by weekly adding 1 litre of fresh tap 

water to replace the loss of water due to evaporation. Each tank was stocked with 2 

shrimps for the treatment one (equal to 30 shrimps m"2), 3 shrimps for the treatment 

two (equal to 45 shrimps m"2), 4 shrimps for the treatment three (equal to 60 

shrimps m-2
) and 5 shrimps for the treatment four (equal to 75 shrimps m"2

). The 

average of initial individual shrimp weight was 2.663 ± 0.249 gram. 

Experimental shrimps were fed with commercial shrimp feed having crude content 
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of 38 %. The daily feeding rate applied in each culture tank was 5 % of body 

weight (as recommended by feed company) and it was applied twice daily (50% of 

the total feed required each at 08.00 am and 06.00 pm). The amount of molasses 

used in each treatment was according to the level of feed C: N ratio = 20.0 ( the 

best treatment in previous experiments and the amount of molasses applied was 

2.669 gram per gram feed used (Table 5.3). Application of molasses was carried 

out once daily at 08.00 am. 

5.2.2. Measurement of variables 

In all experiments water quality variables such as temperature, salinity, pH, 

dissolved oxygen, ammonia, nitrite, nitrate, orthophosphate, total organic carbon, 

total suspended solids, total alkalinity chlorophyll a and total bacteria were 

measured weekly. The survival rate, growth rate, percentage weight gain and feed 

conversion ratio of shrimps were determined fortnightly. All measurements were 

done according to the methods already described in chapter two. Further, the 

concentration of dissolved oxygen was measured one day after application of 

molasses in F 1 and F2 treatments in experiment three. 

In experiments one and two, the amount of water used (litre) to produce one gram 

shrimp (water consumption rate) was determined by dividing the total water 

amount used in every shrimp culture during growing period (litre) with the 

shrimp production (gram) at the end of study. Additionally, total concentrations 

of anunonia, nitrite, nitrate, total suspended solid and organic carbon discarded at 

the harvest time from experiment tanks as primary importance variable in discharge 

regulation (Hopkins et al., 1993) were determined by multiplying the concentration 

of those variables recorded at the end of study with total volume of experiment 

tanks. 

130 

Chapter Five 



5.3.Results 

5.3.1. Effect of feed C : N ratio levels on water quality variables, survival 
and growth rates, percentage weight gains, and feed conversion ratio 
(FCR), water consumption rates and waste discarded at harvest time in 
shrimp culture with ZWEM using molasses. 

5.3.1.1. Effect of different treatments on concentrations of inorganic nitrogen 

The levels of feed C: N ratio had significant effect on the concentrations of 

ammonia in experiments one and two (Tables 5.4 and 5.5). Concentrations of 

• ammonia in the experiment one and two significantly decreased as the levels of 

feed C: N ratio increased except the levels of ammonia in ZWEM 17.5 treatment 

were significantly higher compared to ZWEM 1s.o (P<0.05) , and there was no 

significant difference in the concentrations of ammonia between ZWEM2o.o and 

ZWEM22.s (P>0.05). Regression analysis reveals that the concentrations of 

ammonia at the end of study showed a significant inverse correlation with the 

numbers of heterotrophic bacteria in experiment one ( p-level = 0.0009; 

R2 = 0.6457) and experiment two (p-level = 0.0008; R2 = 0.7715). 

Ammonia concentrations fluctuated over the study period. In experiment one, 

generally ammonia concentrations peaked in the week one (Figure 5.1A). Further, 

ZWEM6.5 and ZWEM1s treatments of the experiment two had peak 

concentrations of ammonia in week one and week two respectively. By contrast, 

the levels of ammonia in ZWEM2o.o and ZWEM22.s treatments remained low (less 

than 0.01 mg 1"1
) over experimental period (Figure S.IB) 

The concentrations of nitrite in the both experiments were significantly effected 

(P<0.05) by the levels of feed C:N ratio (Table 5.4 and 5.5). Further data analysis 

prove that the concentration of nitrite significantly decreased with increasing the 

levels of feed C:N ratio (P<0.05) except that no difference was observed in the 

concentrations nitrite between ZWEM2o.o and ZWEMn.s treatments (P>0.05). 

Regression analysis shows a significant negative association between nitrite 

concentrations at the end of study and the numbers of heterotrophic bacteria in 

experiment one (p-level = 0.0001; R2 = 0.7911) and experiment two 

(p-level = 0.000011; R2 = 0.6935). 
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Figure 5.1 : Effect of feed C:N ratio levels on weekly ammonia levels of Penaeus 
monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means(± SE) of three replicates in each treatment. 

Figures 5.2A and 5.2B describe the increase in nitrite levels in experiment one 

during the rearing period in all treatments more particularly in treatment of 

ZWE~.s. The levels of nitrite in ZWEM11.s, ZWEM2o.oand ZWEM22.s treatments 

remained low over study period. Similarly, the levels of nitrate in the both 

experiments increased with growing period except m 

ZWEMW22.s treatments (Figures 5.3A and 5.3B). 
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Figure 5.2 : Effect of feed C:N ratio levels on weekly nitrite levels of Penaeus 
monodon shrimp culture with ZWEM using molasses in experiment one (A) 
and experiment two (B) expressed as means (:1:: SE) of three replicates in each 
treatment. 

5.3.1.2. Effect of different treatments on concentrations of dissolved oxygen 
and organic carbon 

The results shows that the levels of feed C: N ratio significantly affected the 

concentrations of dissolved oxygen in the both experiments {Tables 5.4 and 5.5) . 

Further statistical analysis indicates that the values of water dissolved oxygen 

decreased significantly with increasing levels of feed C: N ratio (P<0.05). 
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Regression analysis reveals that the concentrations of dissolved oxygen at the of 

study had a significant negative correlation with the numbers of heterotrophic 

bacteria in experiment one (p-level = 0.0000; R2 = 0.9656) and in experiment two 

(p-level = 0.0001; R2 = 0. 7866). In contrast, the concentrations of dissolved oxygen 

showed a significant positive correlation with the concentrations of chlorophyll a in 

experiment one (p-level = 0.0000; R2= 0.9413) and experiment two 

(p-level = 0.00012; R2 = 0.6915). The concentrations of dissolved oxygen in both 

experiments tended to decrease during the study period (Figures 5.4 A and 5.4B) 
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Figure 5.3 : Effect of feed C:N ratio levels on weekly nitrate levels of Penaeus 
monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (::t SE) of three replicates in each treatment. 
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The levels of organic carbon in the two experiments was significantly effected by 

the levels of feed C: N ratio (Tables 5.4 and 5.5). Furthennore, there was a 

significant increase in the concentrations of organic carbon as the levels of feed 

C:N ratio increased (P<0.05). Figures 5.5A and 5.5B depict increase in the 

concentrations of organic carbon in all treatments during the culture period. 
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Figure 5.5 : Effect of feed C:N ratio levels on weekly organic carbon levels of 
Penaeus monodon shrimp culture with ZWEM using molasses in experiment one (A) 
and experiment two (B) expressed as means (± SE) of three replicates in each 
treatment. 

5.3.1.3. Effect of different treatments on the levels of chlorophyll a and 
heterotrophic bacteria 

In the present study, the levels of feed C:N ratio significantly influenced the levels 

of chlorophyll a in the two experiments {Tables 5.4 and 5.5). The results clearly 

show a significant decrease in chlorophyll a levels as the levels of feed C:N ratio 

increased (P<0.05). The concentrations of chlorophyll a at the end of study also 

show a significant negative correlation with the numbers of heterotrophic bacteria 

in experiment one (p-level = 0.0000; R2 = 0.8858) and in experiment two 

(p-level = 0.0000; R2 = 0.8712 ) and with the values of total suspended solids in 
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experiment one (p-level = 0.0024; R2 = 0.6192) and m experiment two 

(p-level = 0.00002; R2= 0.8392). 

Table 5.4: The multiple comparisons of means using Tukey HSD test for the effect of 
feed C:N ratio levels on several water quality variables of shrimp culture with zero 
water exchange model using molasses (experiment one). Values are means and 
standard deviations of three replicates at the of the eight-week experimental period. 

Water Quality Variable Treatment Mean Std.Dev 

1. Ammonia (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 1.0379 ± 0.0028. 
2.Molasses with C:N Ratio= 7.5 1.0310 ± 0.00291 

3. Molasses with C:N Ratio= 10.0 0.5510 ± 0.0057b 
4. Molasses with C:N Ratio = 12.5 0.4819 ± 0.0049c 

2.Nitrite (mgllitre) 1. Without Molasses with C:N Ratio = 6.5 ~.9895 ± 0.00461 

2.Molasses with C:N Ratio= 7.5 11.6398 ± 0.0386b 
3. Molasses with C:N Ratio= 10.0 8.1894 ± 0.0664c 
4. Molasses with C:N Ratio= 12.5 6.0737 ± 0.0681d 

3.Dissolved Oxygen (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 5.13 ± 0.041 

2.Molasses with C:N Ratio= 7.5 4.47 ± 0.12b 
3. Molasses with C:N Ratio = 10.0 4.22 ± 0.21c 
4. Molasses with C:N Ratio= 12.5 3.43 ± 0.09d 

4. Organic Carbon (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 76.0031 ± 1.45441 

2.Molasses with C:N Ratio= 7.5 80.4738 ± 1.5400b 
3. Molasses with C:N Ratio= 10.0 83.7476 ± 1.7259c 
~- Molasses with C:N Ratio = 12.5 84.9446 ± 1.6255d 

5. Chlorophyll a (mg/ma) 1. Without Molasses with C:N Ratio = 6.5 388.3987 ± 5.27601 

~.Molasses with C:N Ratio= 7.5 347.5146 ± 4.7207b 
3. Molasses with C:N Ratio= 10.0 ~65.7465 ± 3.6099c 
~-Molasses with C:N Ratio= 12.5 183.9783 ± 2.4992d 

6. Number of Heterotrophic Bacteria 1. Without Molasses with C:N Ratio = 6.5 1.98x109 ± 8.29x10
7

' 
(CFU/ml) 

~.Molasses with C:N Ratio= 7.5 5.05 x109 ± 1.75 x108 b 
3. Molasses with C:N Ratio= 10.0 5.94 x109 ± 6.76 x108 c 
~-Molasses with C:N Ratio= 12.5 8.41 x109 ± 5.09 x108 d 

7. pH 1. Without Molasses with C:N Ratio = 6.5 7.16 ± 0.031 

2.Molasses with C:N Ratio= 7.5 7.35 ± 0.021 

3. Molasses with C:N Ratio= 10.0 7.67 ± 0.03c 
4. Molasses with C:N Ratio = 12.5 7.42 ± 0.02d 

8.Total Alkalinity (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 125.0833 ± 2.06' 
~.Molasses with C:N Ratio= 7.5 165.7667 ± 2.04b 
3. Molasses with C:N Ratio= 10.0 167.6533 ± 3.21c 
4. Molasses with C:N Ratio = 12.5 169.5000 ± 1.06d 

9. Total Suspended Solids (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 256.8362 ± 3.33941 

~.Molasses with C:N Ratio= 7.5 291.6667 ± 2.0817b 
3. Molasses with C:N Ratio= 10.0 ~94.0000 ± 3.6056c 
~- Molasses with C:N Ratio = 12.5 304.0000 ± 5.2915d 

Values In every water quality variable within tbe nme column that are followed by different superscript are slgnlficandy 
different (p< 0.05). Equality of variance and normality of each water quality variable level were checked by Cochran's test. 
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Table 5.5: The multiple comparisons of means using Tukey HSD test for the effect of 
feed C:N ratio levels on several water quality variables of shrimp culture with zero 
water exchange model (experiment two)using molasses. Values are means and 
standard deviations of three replicates at the end of the eight-week experimental 
period. 

Water Quality Variable Treatment Mean Std. Dev 

1. Ammonia (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 1.1059 ± 0.0152a 
2.Molasses with C:N Ratio= 15.0 0.3483 ± 0.0488b 
3. Molasses with C:N Ratio = 17.5 0.9205 ± 0.0376c 
4. Molasses with C:N Ratio = 20.0 0.0839 ± 0.0177" 
5. Molasses with C:N Ratio = 22.5 0.0870 ± 0.0078" 

2.Nitrite (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 45.0736 ± 0.0341 a 
2.Molasses with C:N Ratio = 15.0 2.8622 ± 0.0221b 
3. Molasses with C:N Ratio = 17.5 0.1441 ± 0.0400c 
~- Molasses with C:N Ratio = 20.0 0.0776 ± 0.0133" 
5. Molasses with C:N Ratio = 22.5 0.0490 ± 0.0035" 

3.Dissolved Oxygen (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 5.51 ± 0.04a 
2.Molasses with C:N Ratio= 15.0 4.98 ± 0.04b 
3. Molasses with C:N Ratio = 17.5 4.79 ± 0.12c 
~- Molasses with C:N Ratio = 20.0 4.28 ± 0.20" 
5. Molasses with C:N Ratio = 22.5 4.14 ± o.o4• 

~.Organic Carbon (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 94.1214 ± 1.8011. 
2.Molasses with C:N Ratio= 15.0 1 03.5439 ± 1.8330b 
3. Molasses with C:N Ratio= 17.5 115.2999 ± 2.6761c 
4. Molasses with C:N Ratio = 20.0 119.7373 ± 3.973d. 
5. Molasses with C:N Ratio = 22.5 132.4132 ± 1.55158 

5.Chlorophyll a (mg/m3
) 1. Without Molasses with C:N Ratio = 6.5 775.8062 ± 3.5854" 

2.Molasses with C:N Ratio= 15.0 694.3280 ± 4.0826" 

3. Molasses with C:N Ratio= 17.5 468.3424 ± 5.5323c 

4. Molasses with C:N Ratio = 20.0 408.8407 ± 5.5537" 

5. Molasses with C:N Ratio = 22.5 357.9644 ± 2.9625. 

6.Number of Heterotrophic Bacteria (CFU/ml) 1. Without Molasses with C:N Ratio = 6.5 2.31 XH)8 ± 1.48X10u 

12.Molasses with C:N Ratio= 15.0 8.48 X109 ± 5.49 X10811 

3. Molasses with C:N Ratio= 17.5 1.09 X1010 ± 3.26 X108 c 

~- Molasses with C:N Ratio = 20.0 1.27 X1010 ± 4.40 X10
811 

5. Molasses with C:N Ratio = 22.5 1.74 X1010 ± 6.00 X108
• 

7.pH 1. Without Molasses with C:N Ratio = 6.5 7.21 ± o.o5• 
2.Molasses with C:N Ratio= 15.0 8.16 ±0.04b 

3. Molasses with C:N Ratio = 17.5 8.01 ± 0.04c 

14. Molasses with C:N Ratio = 20.0 7.86 ± o.o3• 

5. Molasses with C:N Ratio = 22.5 7.73 ± o.o6• 

8.Total Alkalinity (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 1oo.oooo ± 2.oooo• 
12.Molasses with C:N Ratio= 15.0 206.6667 ± 2.8868b 
3. Molasses with C:N Ratio= 17.5 217.3333 ± 2.5165c 
~- Molasses with C:N Ratio = 20.0 221.0000 ± 5.5678" 
5. Molasses with C:N Ratio = 22.5 234.0000 ± 4.58268 

9.Total Suspended Solids (mg/litre) 1. Without Molasses with C:N Ratio = 6.5 273.2300 ± 3.5526. 
12.Molasses with C:N Ratio= 15.0 323.2518 ± 3.9983b 
13. Molasses with C:N Ratio= 17.5 335.9410 ± 7.1663c 
~- Molasses with C:N Ratio = 20.0 356.8327 ± 5.2530" 
5. Molasses with C:N Ratio = 22.5 392.4350 ± 3.45558 

Values In every water quality variable within the same column that are followed by different superscript are signlficandy 
different (p< O.GS). Equality of variance and normality of each water quality variable level were checked by Cochran's test. 
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Figure 5.6 : Effect of feed C:N ratio levels on weekly chlorophyll a levels of Penaeus 
monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (:I: SE) of three replicates in each treatment. 

The Figure 5.6A shows that the levels of chlorophyll a in experiment one 

increased till week six and followed by a sharp drop on week seven and then a 

slight increase at the end of the study. The concentrations of chlorophyll a in 

ZWE~.s. ZWEM1s.o, and ZWEM11.s treatments in experiment two increased till 

week six of experiment period and decreased during rest of the period (Figure 

5.6B). However the levels of chlorophyll a increased with experiment time in 

Z\VEM2o.o and ZWEMn.s treatments over the study period. 

It is interesting to note that the levels of chlorophyll a in experiment one were 

generally lower compared to experiment two although the levels of feed C: N 
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ratio were higher in experiment two than experiment one. This was possibly 

because the two experiments were conducted in different time and site. 

The present study also observed that the levels of feed C:N ratio had significant 

affect (P<0.05) on the total numbers of heterotrophic bacteria in the both 

experiments (Tables 5.4 and 5.5). There was a significant increase in the total 

numbers of heterotrophic bacteria with increasing levels of feed C: N ratio 

(P<0.05). Figures 5.7A and 5.7B clearly show that the total numbers of 

heterotrophic bacteria increased with culture period of the both experiments, with 

the C:N ratio to take effect after 6-8 weeks. Treatments with higher levels of feed 

C:N ratio had more flocculated material. 
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Figure S. 7 : Effect of feed C:N ratio levels on weekly heterotrophic bacteria levels of 
Penaeus monodon shrimp culture with ZWEM using molasses in experiment one (A) 
and experiment two (B) expressed as means (± SE) of three replicates in each 
treatment. 
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5.3.1.4. Effect of different treatments on the levels of pH, total alkalinity and 
suspended solids 

The levels of feed C:N ratio significantly influenced the values of pH in the two 

experiments (Tables 5.4 and 5.5). The results show that treatment without using 

molasses (ZWEM6.s) had the lowest pH level in the both experiments. Moreover, 

in shrimp cultures treated with molasses, there was a significant decrease in pH 

values with increasing the levels of feed C:N ratio (P<O.OS). Further, the levels of 

pH in the two experiments decreased with experiment time (Figures 5.8 A and 

5.8B). 
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Figure 5.8 : Effect of feed C:N ratio levels on weekly pH levels of Penaeus monodon 
shrimp culture with ZWEM using molasses in experiment one (A) and experiment 
two (B) expressed as means (± SE) of three replicates in each treatment. 
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The levels of feed C:N ratio showed a significant effect on the concentrations of 

total alkalinity in the both experiments (Tables 5.4 and 5.5) . The results reveal 

that concentrations of total alkalinity increased significantly as the levels of feed 

C:N ratio increased {P<0.05). The concentrations of total alkalinity slightly 

increased with culture time in the both experiments using molasses (Figures 5.9A 

and 5.9B). By contrast, total alkalinity levels dropped with growing time when no 

molasses was used. 
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Figure 5.9 Effect of feed C:N ratio levels on weekly total alkalinity levels of Penaeus 
monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (± SE) of three replicates in each 
experiment. 
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The present study also found that the levels of total suspended solids were 

significantly effected by the levels of feed C: N ratio. Further, the levels of total 

suspended solids were found significantly to be higher with the higher levels of 

feed C:N ratio (P<0.05). Figures 5.10A and 5.10B depict an increase in 

concentrations of total suspended solids with culture time. 
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Figure 5.10: Effect of feed C:N ratio levels on weekly total suspended solids 
levels of Penaeus monodon shrimp culture with ZWEM using molasses in 
experiment one (A) and experiment two (B) expressed as means (± SE) of 
three replicates in each treatment. 
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5.3.1.5. Effect of different treatments on levels of shrimp survival and growth 
rate, percentage weight gain and feed conversion ratio 

The levels of feed C: N ratio did not have significant effect on survival rates of 

shrimp in the both experiments. The present study show that survival rates in all 

treatments of the two experiments were high (100 %) except the survival rate m 

ZWEM6.5 treatment of the experiment two where it was 83.33 %. 
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Figure 5.11: Effect of feed C:N ratio levels on fortnightly shrimp growth rates of 
Penaeus monodon shrimp culture with ZWEM using molasses in experiment one (A) 
and experiment two (B) expressed as means (± SE) of three replicates in each 
treatment. 
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The levels of feed C: N ratio significantly effected (P<O.OS) shrimp growth rates, 

percentage weight gains and feed conversion ratios at the end of the two 

experiments (Table 5.6). It was observed that in the both experiments, the growth 

rates and percentage weight gains significantly increased and feed conversion 

ratios decreased with increasing the levels of feed C:N ratio except ZWEM22.o 

treatment which had significantly higher growth rate and percentage weight gain 

and lower feed conversion ratio compared to those obtained in ZWEM22.s 

treatment. 

The amount of unfed was high in ZWEM6.s treatment from week four until the end 

of experimental period and in ZWEM22.s treatment from week six to the end of 

study. Further, ZWEM22.s treatment had the highest viscosity . 
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Figure 5.12: Effect of feed C:N ratio levels on fortnightly percentage weight gain of 
Penaeus monodon shrimp culture with ZWEM using molasses in the experiment one 
(A) and experiment two (B) expressed as means (± SE) of three replicates in each 
treatment. 
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Regression analysis reveals that the growth rates and percentage weight gains in 

the two experiments had a significant inverse correlation with the levels of 

ammonia and nitrite and a positive correlation with the numbers bacteria (Table 

5.7). The levels of feed conversion ratio was significantly positively associated 

with the values of ammonia and nitrite and was negatively correlated with the 

numbers of heterotrophic bacteria. 

The growth rates of shrimp in the experiments one and two are shown in Figures 

S.llA and S.llB and percentage weight gains in the two experiments are 

depicted in Figures 5.12A and 5.12B. Furthermore, Figures 5.13A and 5.13B 

describe the feed conversion ratios in both experiments. 

11 

10 

g • 
~ 8 
j 7 
I!! 

8 I u 5 

i 4 

s 
2 

;:- - i ... 

i ~ 
~ ~ :.. :.. 

N • CD 

Week (Sampling Dates) 

i 
~ 
~ 
CD 

A 

~ 
No r.tllasses wllh C:N Rallo • &.5 
llrblasses wilh C: N Ratio= 7.5 
Nblasses wilh C:N Ratio=10.0 

3E Molasses wilh C: N Ratio= 12.5 

·~----~----~----~----~----~ 
7 

I ... :.. 
N 

B 

I 
CD 

Week (Sampling Dates) 

Figure 5.13: Effect of feed C:N ratio levels on fortnightly feed conversion 
ratios of Penaeus monodon shrimp culture with ZWEM using molasses in 
experiment one (A) and experiment two (B) expressed as means (± SE) of 
three replicates in each treatment 
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Table 5.6: The multiple comparisons of means using Tukey HSD test for effect of feed 
C:N ratio levels on growth rates, percentage weight gains and feed conversion ratios of 
shrimp culture with zero water exchange model in the two experiments using molasses. 
Values are means and standard deviations of three replicates at the end of the eight
week experimental period. 

Percentage Feed 
Growth Rate Weight Gain Conversion 

Experiment Treatment (gram/day) (%) Ratio 
Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. 

One 1. Without Molasses with C:N Ratio = 6.5 0.066 ± 0.003. 100.811 ± 4.016a 3.672 ± 0.197a 
2.Molasses with C:N Ratio= 7.5 0.078 ± 0.001° 119.875 ± 2.194° 3.304 ± 0.086° 
3. Molasses with C:N Ratio= 10.0 0.087 ± 0.001c 133.982 ± 1.812c 3.137 ± 0.045c 
4. Molasses with C:N Ratio = 12.5 o.o93 ± o.oot' 145.828 ± 3.386cr 3.031 ± 0.048 cr 

Two 1. Without Molasses with C:N Ratio = 6.5 0.133 ± 0.035. 108.105 ± 8.322. 3.398 ± 0.257a 
2.Molasses with C:N Ratio= 15.0 0.154 ± 0.004° 152.264 ± 5.426° 2.889 ± 0.070° 
3. Molasses with C:N Ratio= 17.5 0.161 ± 0.004c 164.214 ± 11.581c 2.715 ± o.o8r 
4. Molasses with C:N Ratio= 20.0 0.198 ± 0.003 cr 212.995 ± 3.300cr 2.216 ± 0.036cr 
5. Molasses with C:N Ratio = 22.5 0.172 ± 0.004 8 176.946 ± 7.931 8 2.388 ± 0.1188 

Values of every production variable in each experiment within the same column that are followed by different superscript are 
significantly different (p< 0.05). Equality of variance and normality of growth rate, percentage weight gain and feed conversion ratio 
were checked by Cochran's test. 

Table 5. 7: Regression analysis of relationship between growth rate, percentage weight 
gain and feed conversion ratio levels (as dependent variables) with the levels of 
ammonia, nitrite and heterotrophic bacteria (as independent variables) in shrimp 
culture with zero water exchange model using molasses in the both experiments at the 
end of the eight-week experimental period. 

Growth Rate Percentage Feed 

Independent Variables (gram/day) Weight Gain Conversion 
Experiment (%) Ratio 

1.Ammonia 
a. Coeffident -0.8832 -0.8932 0.8199 
b. p-level 0.00014 0.00009 0.00109 

One c.R2 0.7800 0.7978 0.6722 
2. Nitrite 
a. Coefficient -0.8705 -0.8491 0.8581 
b. p-level 0.00023 0.00047 0.00036 
c.R2 0.7578 0.7209 0.7363 
3. Number of Heterotrophic Bacteria (CFU/ml) 
a. Coeffident 0.9799 0.9725 -0.9410 
b. p-level 0.00000 0.00000 0.00000 
c.R2 0.9526 0.9457 0.8855 
1.Ammonia 
~- Coeffident -0.4655 -0.7800 0.7973 

Two b. p-level 0.0345 0.0006 0.00037 
c.R2 0.6200 0.6084 0.6357 
2. Nitrite 
a. Coeffident -0.4061 -0.8099 0.8149 
b. p-level 0.038 0.00025 0.00022 
c.R2 0.6739 0.6561 0.6640 
3. Number of Heterotrophic Bacteria (CFU/ml) 
a. Coeffident 0.4986 0.7830 -0.8762 
b. p-level 0.028 0.00056 0.000018 
c.R2 0.6478 0.6131 0.7677 

Value of ~Mevel that Is less than O.OS (p<O.QS) Ia every independent variable describes Its significant correlation with shrimp growth 
rate, percentage weight 1ain and feed conversion ratio. Value of coefficient that Is positive and negative In every independent variables 
reveala Its positive and neaative relationship with shrimp arowth rate, perc:eata1e pin and feed conversion ratio respectively. 
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5.3.1.5. Effect of different treatments on levels of water consumption and 
effluent at the end of culture period 

It was shown that water consumption rates were affected by feed C:N ratio levels in 

the both experiments (Table 5.8). Generally, the water consumption rates tended to 

decrease with feed C:N ratio levels increased. Similarly, there was a significant 

decrease in the total mass of ammonia, nitrite, nitrate, total suspended solids and 

organic carbon (mg per gram shrimp) discarded from harvest time with increasing 

feed C:N ratio levels in the two experiments excepts shrimp culture treated with 

C:N ratio level= 20.0:1 have the lower concentration in effluent wasted from tanks 

compared to those obtained in shrimp culture treated with C:N ratio level= 22.5:1 

(Table 5.9). 

Table 5.8: The multiple comparisons of means using Tukey HSD test for effect 
feed C:N ratio level on water consumption rate in shrimp culture with zero 
water exchange model in two experiments using molasses. Values are means 
and standard deviations of three replicates at the end of the eight-week 
experimental period 

Treatment Water Consumption Rate 
{litre water I shrimp production (graml 

Experiment Mean Std.Dev. 

One 1. Without Molasses 11.8525 ± 0.45421 

(ZWEMW) ~.Molasses with C/N Ratio = 7.5 9.8954 ± 0.171811 

3. Molasses with C/N Ratio = 10.0 8.9515 :t 0.1154c 
~- Molasses with C/N Ratio = 12.5 8.3231 ± 0.1840c 

Two 1. Without Molasses 15.2340 ± 2.56921 

(ZWEMW) 2.Molasses with C/N Ratio= 15.0 8.9898 ± 0.6061 11 

3. Molasses with C/N Ratio= 17.5 5.3288 ± 0.1862c 
4. Molasses with C/N Ratio = 20.0 3.9223 :i: 0.0571rl 

5. Molasses with C/N Ratio = 22.5 5.3194 ± 0.1541c 
.. Values in every expenment w1thm the same column that are followed by different superscnpt are Significantly different 

(p< 0.05). Equality of variance and normality of water consumption rate were checked by Cochran's test. 
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Table 5.9: The multiple comparisons of means using Tukey HSD test for effect of feed C:N ratio levels on the total mass ammonia, 
nitrite, nitrate, suspended solids and organic carbon discarded at the end of culture period in shrimp culture with zero water exchange 
model using molasses in two experiments. Values are means and standard deviations of three replicates at the end of the eight-week 
experimental period 

Water Quality Variables 
Experiment Treatment Ammonia Nitrite Nitrate Total Suspended Solid Organic Carbon 

! 

(mgt gram (mglgram shrimp) (mglgram shrimp) (mglgram shrimp) (mglgram shrimp) 
shrimp) I 

Mean StdDev Mean StdDev Mean Std Dev Mean StdDev Mean StdDev 
One 1. Without Molasses 11.3120± 0.4535" 490.3326 ± 18.8086" 368.7374 ± 14.2801" 2798.472 ± 82.1785 8 828.0413 ± 22.8499" 

2.Molasses with C/N Ratio = 7.5 9.3812± 0.1838b 105.9133 ± 1.8985b II 0.5957 ± 4.6581" 2675.239 ± 62.6562" 732.1469 ± 11.8707 b 
' 

3. Molasses with C/N Ratio= 10.0 4.5355 ± 0.0540° 67.4078 ± 0.8447° 70.5481 ± 0.7544° 2400.935 ± 47.9077 c 699.1974 ± 15.6509 c 
4. Molasses with C/N Ratio= 12.5 3.6877 ± 0.0461 d 46.4772 ± 0.5134d 46.7096 ± 0.5160d 2326.70 I± 68.3 779 d 649.9769 ± 9.4050d 

Two 1. Without Molasses 8.4275 ±0.1510 8 343.5309 ± 7.8078. 253.3752 ± 16.5965. 2082.303 ± 45.9283" 717.3002 ± 18.4040" 
2.Molasses with C/N Ratio= 15.0 1.8793 ± 0.3111 b 15.4043± 0.5034b 21.9100± 1.0489" 1740.028 ± 70.0922 D 557.3142± 21.7660° 
3. Molasses with C/N Ratio = 17.5 4.5102 ± 0.2385° 0.7065± 0.1959° 1.7978 ± 0.2287° 1646.607 ± 90.0604 c 565.2704 ± 32.8819° 
4. Molasses with C/N Ratio = 20.0 0.3025 ± 0.0628d 0.2799 ± 0.0498d 0.6920 ± 0.0818° 1286.828 ± 0.8840° 431.9330 ± 18.3835° 
5. Molasses with Cm_Ratio = 22.!L_ 0.3932 ± 0.0361e 0.2220 ± 0.0216° 0.7492 ± 0.1576 c 1774.575 ± 33.1221 c 548.9058 ± 7.9169° 

Values of In eaeh water quality variable In every experiment within the same eolumn that are followed by different superscript are significantly different (p< 0.05). Equality of variance and normality 
of water quality variable level were ehecked by Cochran's test. 
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5.3.2. Effect of molasses application frequency on water quality variables, 
survival and growth rates, percentage weight gains and feed conversion 
ratios (FCR) in shrimp culture with ZWEM. 

5.3.2.1. Effect of different treatments on concentrations of inorganic nitrogen 

Molasses application frequency affected concentrations of ammonia and nitrite in 

shrimp culture {Table 5.10). Concentrations of ammonia and nitrite decreased 

significantly with increasing application frequency of molasses (P<0.05). 

Regression analysis shows a significant inverse correlation between the 

concentrations of ammonia at the end of study and numbers of heterotrophic bacteria 

(p-level = 0.00007; R2 = 0.8057) and a negative correlation between nitrite levels 

and numbers ofheterotrophic bacteria (p-level = 0.000002; R2= 0.9016). 

Addition Frequency (Weekl)i ~ 
Nol\ll:llasses 

Addition Frequency (Once every lhree Da)s) 
I Addition Frequency (Dail)i 

I I I I I l I I I 
0 ~ N ~ • ~ G ~ • 

Week (Sampling Dates) 

Figure 5.14 : Effect of addition frequency of molasses on weekly 
ammonia levels of Penaeus monodon shrimp culture with zero water 
exchange model expressed as means (± SE) of three replicates. 

Figure 5.14 describes that concentrations of ammonia increased until week four 

followed by a decrease during the rest of experiment period. Whereas the 

concentrations of nitrite increased in Fo, F 1 and F2 treatment and remained 

undetectable (very low) in F3 treatment over the study period (Figure 5.15). 

Similarly, Figure 5.16 indicates that the levels of nitrate increased inFo, F1 and F2 
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treatments and remained undetectable (very low) in F3 treatment over the study 

period. 
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Figure 5.15 : Effect of addition frequency of molasses on weekly 
nitrite levels of Penaeus monodon shrimp culture with zero water 
exchange model expressed as means (± SE) of three replicates. 
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Figure 5.16 : Effect of addition frequency of molasses on weekly 
nitrate levels of Penaeus monodon shrimp culture with zero water 
exchange model expressed as means (± SE) of three replicates. 
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Table 5.10: The multiple comparisons of means using Tukey HSD test for the effect of molasses 
addition frequency on the level of several water quality variables in shrimp culture with zero 
water exchange model at the end of the eight-week experimental period. All values are mean 
sand standard deviations of three replicates. 

Water Quality Variables Treatment Mean Std.Dev. 
1.Ammonia (mg/litre) 1. Without Molasses p.9392 ± 0.0047 a 

2. Addition Frequency (weekly) p.7561 ± 0.0170 II 
3. Addition Frequency p.4657 ± 0.0228 c 

(Once every Three Days) 
4. Addition Frequency (Daily) p.2388 ± 0.0328 tl 

~.Nitrite (mg/litre) 1. Without Molasses ~.1044 ± 0.0073 11 

~- Addition Frequency (weekly) ~.5673 ± 0.0006 D 

3. Addition Frequency ~.5887 ± 0.0089 c 
(Once every Three Days) 

~- Addition Frequency (Daily) ~.0000 ± 0.0000 tl 

~.Dissolved Oxygen (mg/litre) 1. Without Molasses ~.11 ± o.o6• 
~-Addition Frequency (weekly) ~.90 ± 0.0311 

~- Addition Frequency ~.51 ± 0.17c 
(Once every Three Days) 

14. Addition Frequency (Daily) 3.12 ± 0.24tl 

~· Organic Carbon (mg/litre) 1. Without Molasses 133.1280 ± 1.9429
11 

~- Addition Frequency (weekly) 161.3675 ± 1.738711 

~-Addition Frequency 164.6716 ± 1.341~ 
(Once every Three Days) 

4. Addition Frequency (Daily) 168.1080 ± 5.6168tl 
5.Chlorophyll a (mg/m;,) 1. Without Molasses 879.1107 ± 12.8081. 

2. Addition Frequency (weekly) ~63.3500 ± 2.383511 

3. Addition Frequency ~23.0989 ± 2.9494c 
(Once every Three Days) 

4. Addition Frequency_(Daily) 355.8980 ± 4.671311 

6. Number of Heterotrophic Bacteria (CFU/ml) 1. Without Molasses 1.75 x109 ± 1.3 x10'u 
2. Addition Frequency (weekly) 1.34 x1010 ± 9.76 x10u 

~- Addition Frequency 1.89 x1010 ± 5.50 x10tlc 
(Once every Three Days) 

1.94 x1010 ± 8.05 x10u ~- Addition Frequency (Daily) 
7. pH 1. Without Molasses ~.01 ± 0.1811 

~-Addition Frequency (weekly) 7.65 ± 0.1711 

~- Addition Frequency 7.71 ± 0.2211 

(Once every Three Days) 
~- Addition Frequency (Daily) 7.74 ± 0.12811 

8. Total Alkalinity (mg/litre) 1. Without Molasses 118.90 ± 1.6511 

~- Addition Frequency (weekly) 192.49 ± 2.1911 

3. Addition Frequency 193.67 ± 2.5211 

(Once every Three Days) 
4. Addition Frequency (Daily) 199.00 ± 2.98c 

~.Total Suspended Solids (mg/litre) 1. Without Molasses 234.7475 ± 1.240~ 
2. Addition Frequency (weekly) 311.1594 ± 2.620811 

3. Addition Frequency ~20.3827 ± 4.8753c 
(Once every Three Days) 

4. Addition Frequency (Daily) ~25.4727 ± 6.7676tl 

Values In every water quality variable within the same column that are followed by different superscript are significantly different 
(p< 0.05). Equality of variance and normality of each variable level were checked by Cochran's test 
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5.3.2.2. Effect of different treatments on concentrations of dissolved oxygen 
and organic carbon 

The frequency of molasses addition had significantly effect on the concentrations of 

dissolved oxygen {Table 5.10). The concentrations of dissolved oxygen decreased 

significantly with more frequency of molasses application (P<0.05). Regression 

analysis reveals a significant inverse correlation between concentrations of 

dissolved oxygen at the end of study and numbers of heterotrophic bacteria 

(p-level = 0.0008; R2 = 0.7715). The present study investigated that dissolved 

oxygen levels at the end of study showed a positive correlation with the levels of 

chlorophyll a (p-level = 0.00019; R2 = 0.7663). By contrast, concentrations of 

dissolved oxygen had an inverse correlation with the numbers of heterotrophic 

bacteria (p-level = 0.00000; R2 = 0.9367). 

In general, the concentrations of dissolved oxygen decreased during the experiment 

period (Figure 5.17). This study showed that the concentrations of dissolved oxygen 

was the lowest in F 1 treatment on one day after application of molasses in F 1 treatment 

(Figure 5.18). Similarly, F2 treatment had the lowest concentration of water dissolved 

oxygen on one day after application of molasses in F 2 treatment. (Figure 5 .19). 

~ 
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Week (Sampling Dates) 

Figure 5.17 : Effect of addition frequency of molasses on weekly 
dissolved oxygen levels of Penaeus monodon shrimp culture with zero 
water exchange model expressed as means (:I: SE) of three replicates. 
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Figure 5.18. The concentrations of dissolved oxygen on one day after molasses 
applied in F1 treatment (addition frequency weekly). 
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Figure 5.19. The concentrations of dissolved oxygen on one day after molasses 
applied in F2 treatment (addition frequency once every three days). 

The result show that the concentrations of organic carbon significantly increased 

with increasing addition frequency of molasses (P<0.05) as shown in Table 5.10. 

Figure 5.20 explains increase in the concentrations of organic carbon with the study 

period. 
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Figure 5.20 : Effect of addition frequency of molasses on weekly organic carbon 
levels of shrimp culture Penaeus monodon with zero water exchange model 
expressed as means (± SE) of three replicates. 

5.3.2.3. Effect of different treatments on levels of chlorophyll a and 
heterotrophic bacteria 

It was also observed that the addition frequency of molasses had significantly effect 

(P<0.05) on the levels of chlorophyll a (Table 5.10). A significant decrease in the 

levels of chlorophyll with increasing application frequency of molasses was evident 

{P<0.05). 
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Figure 5.21 : Effect of addition frequency of molasses on weekly 
chlorophyll a levels of Penaeus monodon shrimp culture with zero 
water exchange model expressed as means (± SE) of three replicates. 
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Regression analysis shows that the levels of chlorophyll a at the end of study were 

significantly inversely correlated with the numbers of heterotrophic bacteria (p-level 

= 0.0011; R2 = 0.6749). Similarly, the concentrations of chlorophyll a had a 

significant negative correlation with the concentrations of total suspended solid 

(p-level = 0.0050; R2 = 0.5616). In all treatments, the concentrations of chlorophyll 

a increased with experiment time (Figure 5.21). 

The results reveal that numbers of heterotrophic bacteria increased significantly 

with more application frequency of molasses (P<0.05). Treatments with more 

frequency of molasses application had more flocculated material. Figure 5.22 shows 

increase in numbers of total bacteria with experimental time. 

2.5E10 

i 2E10 

!d. 

I 1.5E10 

z 1E10 
.! 

i 5E9 
Addition Frequency (Weekl)t .; 

! 0 ~ 
No Mllasses 

Addition Frequency (Once everylhrH ~I 
~ Addition Frequency (Dall)t 

~E9 

I I I I I I I I I 
; ~ ; ; . ; ; ~ ; 

Week (Sampling Dates) 

Figure 5.22 : Effect of addition frequency of molasses on weekly 
numbers of heterotrophic bacteria in Penaeus monodon shrimp 
culture with zero water exchange model expressed as means (± SE) of 
three replicates. 
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5.3.2.4. Effect of different treatments on -levels of pH, total alkalinity and 
suspended solids 

Table 5.10 shows the effect of application frequency of molasses on the levels of 

pH. Levels of pH inFo treatment (without using molasses) were the lowest in all 

treatments {P<0.05) and there was no significant difference in pH levels among F1,F2 

and F3 treatments. However, pH levels in all treatments tended to decrease with 

experiment time (Figure 5.23) 
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Figure 5.23 : Effect of addition frequency of molasses on weekly pH 
levels in Penaeus monodon shrimp culture with zero water exchange 
model expressed as means (± SE) of three replicates. 

Table 5.10 explains the effect of the application frequency of molasses on total 

alkalinity levels. The concentrations of total alkalinity were significantly higher with 

more application frequency of molasses {P<0.05) unless there was no significant 

difference in total alkalinity levels between F1 and F2 treatments (P>0.05). Generally 

the values of total alkalinity increased with experiment period in F1, F2 and F3 

treatments. In contrast, total alkalinity levels in Fo treatment decreased with study 

period (Figure 5.24). 

157 Chapter Five 



The addition frequency of molasses had significant effect (Table 5.1 0) on the 

concentrations of total suspended solids (P<0.05). Figure 5.25 shows increase in 

levels of total suspended solids during experimental period. 
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Figure 5.24 : Effect of addition frequency of molasses on weekly total 
alkalinity levels in Penaeus monodon shrimp culture with zero water 
exchange model expressed as means (:±: SE) of three replicates. 
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Figure 5.25 : Effect of addition frequency of molasses on weekly total 
suspended solids levels in Penaeus monodon shrimp culture with zero 
water exchange model expressed as means (:±: SE) of three replicates. 
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5.3.2.5. Effect of different treatments on levels of shrimp survival and growth 
rate, percentage weight gain and feed conversion ratio 

The survival rates of shrimps were 100 % in F 1, F2 and F3 treatments and 76.67 % 

in Fo treatment. The survival rates of shrimp were lower in F0 treatment (without 

molasses) compared to those obtained in Ft, F2 and F3 treatments (using molasses). 

The addition frequency of molasses showed significant effect (P<0.05) on shrimp 

growth rates, percentage weight gains and feed conversion ratios (Table 5.11). 

Further study proved that the growth rates and percentage weight gains significantly 

increased while feed conversion ratios decreased with increasing application 

frequency of molasses (P<0.05). 
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Figure 5.26 : Effect of addition frequency of molasses on fortnightly 
shrimp growth rates in Penaeus monodon shrimp culture with zero 
water exchange model expressed as means (± SE) of three replicates. 

Regression analysis reveals that the growth rates and percentage weight gains had a 

significant inverse correlation with the levels of ammonia and nitrite and a 

positive correlation with the numbers of heterotrophic bacteria (Table 5.12). The 

levels of feed conversion ratio were significantly positively associated with the 

values of ammonia and nitrite and were negatively correlated with the numbers of 
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heterotrophic bacteria. The growth rates, percentage weight gains and feed conversion 

ratios are shown in Figure 5.26; 5.27 and 5.28. 
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Figure 5.27 : Effect of addition frequency of molasses on fortnightly 
percentage weight gains in Penaeus monodon shrimp culture with zero 
water exchange model expressed as means (± SE) of three replicates. 
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Figure 5.28: Effect of addition frequency of molasses on fortnightly 
feed conversion ratios in Penaeus monodon shrimp culture with zero 
water exchange model expressed as means (± SE) of three replicates. 

160 Chapter Five 



Table 5.11: The multiple comparisons of means using Tukey HSD test for the 
effect of molasses addition frequency on growth rates, percentage weight gains 
and feed conversion ratios of shrimp culture with zero water exchange model at 
the end of the eight-week experimental period. All values are means and 
standard deviations of three replicates. 

Feed Conversion 
Treatment Ratio 

Mean Std.Dev. Std.Dev. Mean Std.Dev. 
1. Without Molasses 0.08 ± 0.001" ± 10.639" .358 ± 0.101" 

. Addition Frequency (weekly) .09 ± 0.002b 0.988 ± 13.463b .413 ± 0.134b 

. Addition Frequency .11 ± 0.003c 599.213 ± 10.282c .304 ± 0.315c 
(Once every Three Days) 
. Addition Fre uenc Dail .15 ± 0.00411 07.801 ± 19.11811 .195 ± 0.12911 

Values In every production variable within the same column that are followed by different superscript are significantly 
different (p< 0.05). Equality of variance and normality of growth rate, gain percentage and food convenion ratio level 
were cheeked by Cochran's test. 

Table 5.12: Regression analysis of relationship between growth rate, percentage 
weight gain and feed conversion ratio levels (as dependent variables) with the levels 
of ammonia, nitrite and heterotrophic bacteria (as independent variables) in 
shrimp culture with zero water exchange model using molasses in experiment tree 
at the end of the eight-week experiment period. 

Growth Rate Percentage Feed 
Independent Variables (gram/day) Weight Gain Conversion 

(%) Ratio 
1. Ammonia 
a. Coefficient -0.9261 -0.9609 0.8836 
b. p-level 0.000015 0.000001 0.00013 
c.R2 0.8576 0.9235 0.7807 
2. Nitrite 
~· Coefficient -0.8828 -0.9954 0.9457 
b. p-level 0.00014 0.00000 0.000003 
c.R2 0.7793 0.9908 0.8944 
3. Number of Heterotrophic Bacteria (CFU/ml) 
a. Coefficient 0.7217 0.9408 -0.9522 
b. p-level 0.0081 0.000005 0.000002 
c.R2 0.5208 0.8851 0.9068 

Values of p-level that is less than O.OS (p<O.OS) in every independent variable describes its significant correlation with shrimp 
growth rate, percentage weight gain and feed convenion ratio. Value of coefficient that is positive and negative In each 
independent variable reveals its positive and negative relationship with shrimp growth rate, percentage weight gain and feed 
convenioa. 
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5.3.3. Effect of stocking density on water quality variables, survival and growth 
rates, percentage weight gains and feed conversion ratios (FCR) in shrimp 
culture with ZWEM using molasses daily with C:N ratio= 20.0:1 

5.3.3.1. Effect of different treatments on concentrations of inorganic nitrogen 

The stocking density significantly effected (P<0.05) concentrations of ammonia (Table 

5.13). A significant increase in concentrations of ammonia was recorded with 

increasing stocking density (P<0.05). Regression analysis shows a significant positive 

correlation between concentrations of ammonia at the end of study and levels of total 

suspended solids (p-level = 0.0159; R2 = 0.6758) and an inverse association with levels 

of chlorophyll a (p-level = 0.0170; R2 = 0.0679). Concentrations of ammonia in D45, 

D60 and D75 treatments increased until week four followed by a slight fluctuation 

during the rest of the experiment time (Figure 5.29). Levels of ammonia slightly 

fluctuated and remained undetectable (very low) in D3o treatment over the study period. 
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Figure 5.29 : Effect of stocking density on weekly ammonia levels in Penaeus 
monodon shrimp culture with zero water exchange model using molasses daily with 
C:N ratio= 20.0:1 expressed as means (± SE) of three replicates. 

Table 5.13 shows that the concentrations of nitrite increased significantly as the result of 

increasing stocking density (P<0.05). Regression analysis reveals that the concentrations 

of nitrite at the end of study had significant positive correlation with the values of total 

suspended solid (p-level = 0.00000; R2 = 0.9279) and negative correlation with the 

levels of chlorophyll a (p-level = 0.000001; R2 = 0.9120). Figure 5.30 shows that the 

levels of nitrite in D4s, D60 and D1s treatments increased and remained undetectable 

(very low) in D30 treatment over the study period. Similarly, the concentrations of 
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nitrate increased with experiment period in D60 and D75 treatments and remained 

undetectable (very low) in D3o, and D45 treatments over the study period (Figure 5.31) 
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Figure 5.30 : Effect of stocking density on weekly nitrite levels in Penaeus 
monodon shrimp culture with zero water exchange model using molasses daily with 
C:N ratio= 20.0:1 expressed as means (:I: SE) of three replicates. 
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Figure 5.31 : Effect of stocking density on weekly nitrate levels in Penaeus 
monodon shrimp culture with zero water exchange model using molasses daily with 
C:N ratio= 20.0:1 expressed as means (:I: SE) of three replicates. 
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Table 5.13: The multiple comparisons of means using Tukey HSD test for the 
effect of density on the level of several water quality variables in shrimp culture 
with zero water exchange model using molasses daily with C:N ratio level= 20.0:1. 
All values are means and standard deviations of three replicates at the end of the 
eight-week experimental period. 

Water Quality Variables Treatment Mean Std.Dev. 

1. Ammonia (mg/litre) 1. Density (30 shrimps/m2) 0.1421 ± 0.0051a 
~. Density (45shrimps/m2) 0.7552 ± 0.0020D 
~· Density (60 shrimps/m2) 0.7994 ± 0.0186c 
~. Densi!Y_t75 shrimps/m2)) 0.6752 ± 0.0191a 

2. Nitrite (mg/litre) 1. Density (30 shrimps/m2) 0.1736 ± 0.00178 

~· Density (45shrimps/m2) 7.0431 ± 0.0024D 
3. Density (60 shrimps/m2) 7.5134 ± 0.0006c 
14. Density (75 shrimps/m2)) 18.4489 ± 0.0055a 

3. Dissolved Oxygen (mg/litre) 1. Density (30 shrimps/m2) 4.71 ± 0.108 

~. Density (45shrimps/m2) 4.37 ± 0.15D 
~· Density (60 shrimps/m2) 4.07 ± 0.1~ 
14. Density (75 shrimps/m2)) 3.92 ± 0.18a 

4. Organic Carbon (mgllitre) 1. Density (30 shrimps/m2) 125.2795 ± 2.0261 8 

~· Density (45shrimps/m2) 131.0575 ± 1.783SO 

~· Density (60 shrimps/m2) 144.3240 ± 2.0371c 

14. Density (75 shrimpslm2)) 152.0035 ± 1.8495" 

5. Chlorophyll a (mg/m:~) 1. Density (30 shrimps/m2) 591.7832 ± 4.57238 

2. Density (45shrimps/m2) 472.6837 ± 4.42Q9D 
3. Density (60 shrimps/m2) 354.0576 ± 3.3596c 
4. Density (75 shrimps/m2)) 213.2543 ± 3.251~ 

~· Number of Heterotrophic Bacteria (CFU/ml) 1. Density (30 shrimps/m2) 1.24 X 1010 ± 1.24 X 10~ a 

2. Density (45shrimps/m2) 1.25x1010 ± 1.16 X 10118 

3. Density (60 shrimpslm2) 1.64 X 1010 ± 7.06 X 10~ D 

4. Density (75 shrimps/m2)) 1.87 X 1010 ± 3.00 X 10~c 

~.pH 1. Density (30 shrimps/m2) 7.30 ± 0.178 

2. Density (45shrimps/m2) 7.27 ± 0.128 

3. Density (60 shrimps/m2) 7.19 ± 0.148 

4. Density (75 shrimpslm2)) 7.17 ± 0.198 

~. Total Alkalinity (mgllitre) 1. Density (30 shrimps/m2) 184.67 ± 2.198 

2. Density (45shrimps/m2) 221.67 ± 2.87° 

3. Density (60 shrimps/m2) 251.67 ± 2.80c 

4. Density (75 shrimps/m2)) 263.33 ± 2.09a 

~·Total Suspended Solids (mg/litre) 1. Density (30 shrimps/m2) 333.5627 ± 5.82098 

~. Density (45shrimps/m2) 356.6150 ± 5.7330° 
~. Density (60 shrimps/m2) 366.5524 ± 5.6791c 
14. Density (75 shrimps/m2)) 391.9619 ± 1.7163a 

Values In every water quality variable within the same column that are followed by different supenc:ript are signiracantly 
different (p< 0.05). Equality of variance and normality of each variable level were checked by Cochran's test. 
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5.3.3.2. Effect of different treatments on concentrations of dissolved oxygen and 
organic carbon 

The stocking density significantly effected concentrations of dissolved oxygen (Table 

5.13) and there was a significant decrease in concentrations of dissolved oxygen with 

increasing stocking density (P<0.05). Regression analysis shows that concentrations of 

dissolved oxygen at the end of study were significantly negatively correlated with the 

numbers of heterotrophic bacteria (p-level = 0.0030; R2 = 0.6015) and with 

concentrations of total suspended solids (p-level = 0.000080; R2 = 0.8028). In contrast, a 

positive association between the dissolved oxygen levels and concentrations of 

chlorophyll a was evident (p-level = 0.000031; R2 = 0.8360). In all treatments, dissolved 

oxygen levels decreased with experiment time (Figure 5.32). 

Table 5.13 shows the effect of stocking density on the levels of organic carbon. The 

concentrations of organic carbon were significantly higher with higher stocking density 

(P<0.05) and the levels of organic carbon increased with study period in all treatments 

(Figure 5.33). 
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Figure 5.32 : Effect of stocking density on weekly dissolved oxygen levels in Penaeus 
monodon shrimp culture with zero water exchange model using molasses daily with 
C:N ratio-= 20.0:1 expressed as means (:i: SE) of three replicates. 
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Figure 5.33 : Effect of stocking density on weekly organic carbon levels in Penaeus 
monodon shrimp culture with zero water exchange model using molasses daily with 
C:N ratio= 20.0:1 expressed as means (± SE) of three replicates. 

5.3.3.3. Effect of different treatments on levels of chlorophyll a and heterotrophic 
bacteria 

The stocking density significantly effected (P<0.05) levels of chlorophyll a (Table 5.13) 

and the levels of chlorophyll a decreased significantly with higher stocking density 

(P<0.05). Regression analysis shows a significant negative correlation between the 

concentrations of chlorophyll at the end of study and the numbers of heterotrophic 

bacteria (p-level = 0.000032; R2 = 0.8359), and the concentrations of total suspended 

solid (p-level = 0.000000; R2 = 0.9465). Figure 5.34 describes the concentrations of 

chlorophyll a d in all treatments. 

The values of heterotrophic bacteria were significantly higher with higher stocking 

density (P<0.05) and there was no significant difference in heterotrophic bacteria 

numbers between D3o and D4s treatment (Table 5.13). Figure 5.35 indicates an increase 

in the numbers of heterotrophic bacteria in all treatments. 
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Figure 5.34 : Effect of stocking density on weekly chlorophyll a levels in Penaeus 
monodon shrimp culture with zero water exchange model using molasses daily with 
C:N ratio= 20.0:1 expressed as means (± SE) of three replicates •• 
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Figure 5.35 : Effect of stocking density on weekly numbers of heterotrophic 
bacteria in Penaeus monodon shrimp culture with zero water exchange model 
using molasses daily with C:N ratio= 20.0:1 expressed as means (± SE) of three 
replicates. 

5.3.3.4. ·Effect of different treatments on levels of pH, total alkalinity and suspended 
solids 

The stocking density significantly did not affect the values of pH (Table 5.13) and the 

values of pH in all treatments decreased with the experiment time (Figure 5.36). On the 

other hand, as revealed in Table 5.13, there was a significant increase in the 
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concentrations of total alkalinity as the stocking density increased(P<0.05). 

Concentrations of total alkalinity increased with the experiment period (Figure 5.37). 
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Figure 5.36 : Effect of stocking density on weekly pH levels in Penaeus monodon 
shrimp culture with zero water exchange model using molasses daily with C:N 
ratio= 20.0:1 expressed as means (::1: SE) of three replicates. 
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Figure 5.37 : Effect of stocking density on weekly total alkalinity levels in Penaeus 
monodon shrimp culture with zero water exchange model using molasses daily with 
C:N ratio= 20.0:1 expressed as means (::1: SE) of three replicates. 
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Table 5.13 clearly shows that the concentrations of total suspended solids increased 

significantly with increasing stocking density (P<O.OS). Figure 5.38 shows increase in 

the concentrations of total suspended solids with culture time. 
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Figure 5.38 : Effect of stocking density on weekly total suspended solids levels in 
Penaeus monodon shrimp culture with zero water exchange model using molasses 
daily with C:N ratio= 20.0:1 expressed as means (± SE) of three replicates. 

5.3.3.5. Effect of different treatments on levels of shrimp survival and growth rate, 
percentage weight gain and feed conversion ratio 

The survival rates of shrimps were 100 % in D30 and D45 treatments, 91.67 % in D60 

treatment and 93.33 % in D1s treatment. The stocking density did not have any effect on 

the survival rates of shrimp but the stocking density did affect (P<O.OS) on shrimp 

growth rates, percentage weight gains and feed conversion ratios (p<O.OS) as shown in 

Table 5.14. Further study revealed a significant increase in the growth rates and 

percentage weight gains and a decrease in feed conversion ratios with increasing 

application frequency of molasses (P<O.OS). There was no significant difference in 

shrimp growth rates, percentage weight gains and feed conversion ratios between D45 and 

D60 treatment. 
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Regression analysis reveals that the growth rates and percentage weight gains had a 

significant negative correlation with the concentrations of ammonia, nitrite and total 

suspended solids and a positive correlation with the level of chlorophyll a (Table 

5.15). The values of feed conversion ratio showed a positive association with the values 

of ammonia, nitrite and total suspended solids and an inverse correlation with the 

levels of chlorophyll a. The growth rates, percentage weight gains and feed conversion 

ratios are shown in Figures 5.39; 5.40 and 5.41 respectively. 
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Figure 5.39 : Effect of stocking density on fortnightly shrimp growth rates in 
Penaeus monodon shrimp culture with zero water exchange model using molasses 
daily with C:N ratio= 20.0:1 expressed as means (::f:: SE) of three replicates. 
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Figure 5.40 : Effect of stocking density on fortnightly percentage weight gains in 
Penaeus monodon shrimp culture with zero water exchange model using molasses 
daily with C:N ratio= 20.0:1 expressed as means (± SE) of three replicates. 
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Figure 5.41 : Effect of stocking density on fortnightly feed conversion ratios in 
Penaeus monodon shrimp culture with zero water exchange model using molasses 
daily with C:N ratio= 20.0:1 expressed as means (± SE) of three replicates. 
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Table 5.14: The multiple comparisons of means using Tukey HSD test for the 
effect of density on growth rates, percentage weight gains and feed conversion 
ratios of shrimp culture with zero water exchange model using molasses daily with 
C:N ratio= 20.0:1. All values are means and standard deviations of three replicates 
at the end of the eight-week experimental period. 

Growth Rate Percentage Feed Conversion 
Treatment (gram/day) Weight Gain (%) Ratio 

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. 
1. Density (30 shrimps/m2) 0.149± o.005a 258.473 ± 8.2838 2.041 ± 0.2008 

~.Density (45shrimps/m2) 0.091 ± 0.002b 188.371 ± 13.590b 2.612 ± 0.082b 
~. Density (60 shrimps/m2) p.o88 ± o.oo1b 181.854 ± 7.687b 2.648 ± 0.236b 
~.Density (75 shrimps/m2)) 0.055 ± 0.001 c ~3.998 ± 3.508c 2.962 ± 0.074c 

Values in each production variable within the same column that are followed by different superscript are significantly 
different (p< 0.05). Equality of variance and normality of growth nte, gain percentage and feed conversion ratio level were 
checked by Cochran's test. 

Table 5.15: Regression analysis of relationship between growth rate, 
percentage weight gain and feed conversion ratio levels (as dependent 
variables) with the levels of ammonia, nitrite and heterotrophic bacteria (as 
independent variables) at the end of eight-week experimental period in shrimp 
culture with zero water exchange model using molasses daily with feed C:N 
ratio level= 20.0:1 in experiment four. 

Growth Rate Percentage Feed 
Independent Variables (gram/day) Weight Gain Conversion 

(%) Ratio 
1. Ammonia 
a. Coefficient -0.8425 -0.6535 0.07701 

b. p-level 0.0006 0.0211 0.0034 

c.R2 0.7098 0.6534 0.5930 

2. Nitrite 
a. Coefficient -0.9308 -0.9889 0.8712 

b. p-level 0.00001 0.00000 0.00022 

c.R2 0.8664 0.9779 0.7589 

3. Total Suspended Solid (mg/litre) 
a. Coefficient -0.9286 -0.9542 0.8694 

b. p-level 0.00001 0.000001 0.0002 

c.R2 0.8623 0.9106 0.7559 

3. Chlorophyll a (mg/m3 
) 

a. Coefficient · 0.9211 0.9569 -0.8725 

b. p-level 0.000021 0.000001 0.00021 

c.R2 0.8484 0.9157 0.7613 

Value of p-level that Ia less than 0.05 (p<O.OS) in every independent variable describes Its significant correlation with 
shrimp growth rate, percentage weight gain and feed conversion ntio. Value of coefficient that Is positive and 
negative in every independent variable reveals Its positive and negative relationship with shrimp crowtb nte, 
percentage pin and feed convenion ratio respectively. 
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5.4. Discussion 

5.4.1. Effect of feed C:N ratio levels (in experiments one and two ) and 
frequency of molasses application (in experiment three) on water quality 
variables, survival and growth r~tes, percentage weight gains, feed 
conversion ratios (FCR), water consumption rates and waste level 
discarded at harvest time in shrimp culture with ZWEM. 

5.4.1.1. Effect of different treatments on concentrations of inorganic nitrogen 

It is importantly noted that the levels of ammonia and nitrite in treatment without 

using molasses (ZWEM6.5) were highest in among treatments in experiments one 

and two. In contrast, the concentrations of ammonia and nitrite remained low in 

the ZWEM2o.o and ZWEM22.s treatments over experiment period (Tables 5.4 and 

5.5). Further, in shrimp cultures treated with molasses, the concentrations of. 

ammonia and nitrite was higher in experiment one when compared with experiment 

two and it was due to the lower levels of feed C: N ratio in experiment one. Those 

results prove that carbon of molasses was essentially required by heterotrophic 

bacteria in removing inorganic nitrogen. Those finding are consistent with previous 

observation by other workers (e.g. Anvimelech et al., 1992a; 1994; Avnimelech, 

1999) who established that nitrogen was removed effectively from fish pond since the 

level of feed C: N ratio more than 15.0:1. Also it has been reported previously that 

the concentrations of inorganic nitrogen ( ammonia and nitrite) were higher in ponds 

of Lipopenaeus vannamei shrimp treated with feed C:N ratio of 11.0 : 1 compared to 

ponds treated with feed C: N ratio of 20.0:1 (Mcintosh, 2000). The results of the 

present study also are supported by previous observation in Limnology and 

Oceanography conducted by Tezuka (1990) who revealed that the ammonia was not 

found at substrate with the level ofC: N ratio more than 15.0:1. 

The present data in experiment three show that treatment with less application 

frequency molasses had significantly higher level of ammonia and nitrite in shrimp 

culture water. This result was possibly related to the lower numbers of 

heterotrophic bacteria obtained in treatment with less application frequency of 

molasses. Further analysis reveals that the concentrations of ammonia and nitrite 

had significant inverse correlation with numbers of heterotrophic bacteria. This 

finding clearly shown that heterotrophic bacteria was unable to grow up optimal in 

treatment with less addition frequency at higher amount of molasses because molasses 
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is very soluble and has degradation at high rate in water. Avnimelech et al. (1995) 

documented that sugar had the highest degradation rate in sort of carbon resource. 

It is worth mentioning that highest level of ammonia and nitrite in treatments without 

using molasses (ZWEM6.5) of experiments one and two is supported by the present 

data in experiment three show that treatment with no molasses (F0) had the highest 

level of ammonia and nitrite. Likewise, the low concentrations of ammonia and 

nitrite during experimental time in the ZWEM2o.o treatment of experiment two 

(receiving daily feed C:N ratio level = 20.0: 1) is in agreement with low 

concentrations of ammonia and nitrite obtained in treatment F3 of experiment three 

(receiving daily feed C:N ratio = 20.0:1). These results reveal that application of 

molasses (with the level of feed C:N ratio= 20.0:1) once every day was the best 

frequency in removing inorganic nitrogen. This finding is in accordance with report 

by Mcintosh (2000) who revealed that the concentration of inorganic nitrogen was 

low since the feed C:N ratio at rate 20.0:1 was applied daily in Lipopenaeus 

vannamei shrimp pond of zero water exchange. 

The results clearly showed that when the feed C:N ratio levels were less than 20.0:1, 

a relatively high concentrations of ammonia and nitrite were observed. Further results 

have shown that levels of ammonia and nitrite in experiment one and two had 

significantly inverse correlation with numbers of heterotrophic bacteria and possibly 

the limited amount of carbon used could not support the increase in heterotrophic 

bacteria. These findings are in close agreement with the earlier observation that 

limitation of carbon can inhibit bacterial growth which consequently reduced the rate 

of inorganic nitrogen uptake by bacteria (O'Brien and deNoyelles, 1974; Visscher and 

Deuerr, 1991). 

In experiment one, the levels of ammonia in ZWEM6.5 treatment were not different 

from ZWEM7.5 treatment, probably because the ammonia of ZWE~.s treatment 

was oxidized by nitrifying bacteria. This view is supported by result shown that the 

level of nitrite in ZWEM6.s treatment was almost four times higher compared to 

ZWEM 7.5 treatment in experiment one. Likewise, the concentrations of ammonia in 

ZWEM17.5 treatment was significantly higher than ZWEM1s.o treatment in 

experiment two, suggestipg the oxidation of the ammonia by nitrifying bacteria in 

174 Chapter Five 



ZWEMts.o. Results also indicate that the concentration of nitrite in ZWEM1s.o 

treatment was around 20 times higher than ZWEM17.5 treatment. 

It was unclear that there was no significant difference in ammonia and nitrite 

concentrations between ZWEMzo.o and ZWEM22.s treatments even though the 

levels of feed C:N ratio in ZWEM22.s treatment were higher compared to ZWEM20.0 

treatment. But it was likely due to the carbon amount in ZWEM20.0 treatment was 

already sufficient to support optimal growth of heterotrophic bacteria in removal of 

inorganic nitrogen from shrimp culture water. 

The peak ammonia occurred in week one in all treatments of experiment one and in 

ZWEM6.5 and ZWEMts.o treatments of experiment two occurred on week one and 

two respectively (Figure S.lA and S.lB). The ammonium peak in the beginning may 

be due to the time needed to accumulate organic matter in the water and also the time 

needed for development of microbial community. Further, the relatively low 

concentrations of ammonia found in ZWEM10.o and ZWEM12 .. s from week two till 

the end of study were probably due to the oxidization ammonia into nitrite and 

nitrate 

The concentrations of nitrite and nitrate increased with the experiment time in all 

treatments of experiment one and in ZWEM6.s and ZWEM15.0 treatments of 

experiment two (Figure 5.2A; 5.2B; 5.3A and 5.3B), while the peak concentration of 

ammonia in those treatments was not at the end of study. This reveals that 

ammonia in shrimp culture water did not accumulate due to its oxidation which 

subsequently resulted nitrite accumulation in water. This trend has been documented 

by Tacon et al. (2002) who established that the concentration of nitrite increased 

concurrently with decreased in ammonia level in white shrimp culture. Alcaraz et 

al. (1999) also observed nitrite accumulating as an intermediate product during 

nitrification of ammonia to nitrate in shrimp ponds. Relatively high concentrations 

of dissolved oxygen during experiments also can support oxidation of ammonia in 

those treatments. 

By contrast, the concentrations of nitrite and nitrate in ZWEM11.s, ZWEM2o.o and 

ZWEM22.5 treatments of experiment two remained low during study period and it 
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was due to the low concentrations of ammonia in those treatments during 

experiment (Table 5.4). The concentrations of nitrite and nitrate greatly depends on 

the availability of ammonia concentrations (Hargreaves, 1998). Another reason 

could be the effect of carbon was more pronounced in ZWEM17.5, ZWEM22.0 and 

ZWEM22.s treatment on inhibition of nitrifying bacteria. This view is strongly 

supported by previous observations (e.g. Bovendeur et al., 1990; Cheng and Chen, 

1994; Ohashi et al., 1995; Zhu and Chen, 2001, Burford et al., 2003) which 

concluded that application of carbon decreased the activity of nitrifying bacteria. 

5.4.1.2. Effect of different treatments on concentrations of dissolved oxygen and 
organic carbon 

The values of dissolved oxygen significantly decreased with the levels of feed C: N 

ratio ( in experiments one and two) and with frequency of molasses application (in 

experiment three). This investigation was probably correlated to the evident 

observed in the present study that numbers of heterotrophic bacteria significantly 

increased as the levels of feed C:N ratio and frequency of molasses application 

increased (as discussed in below section). Moreover, regression analysis also reveals 

that the levels of dissolved oxygen had significantly inverse correlation with 

numbers of heterotrophic bacteria. This result is consistent with previous observation 

by Olah et al., 1987 in fish ponds and by Visscher and Duerr (1991) in shrimp ponds 

who documented that microbial population consumed at high level dissolved oxygen 

in water. It has been also documented previously that addition of carbon caused a 

reduction in the concentration of dissolved oxygen in water (Avnimelech et al., 

1992a; 1994; Kochba et al., 1994; Avnimelech, 1999). This investigation also is 

supported by observation in field study in shrimp pond of ZWEM shows that there 

was a trend for negative correlation between dissolved oxygen concentrations with 

C:N ratio levels (see chapter three). 

The levels of dissolved oxygen in all treatments of the three experiments 

decreased and this reason could be linked to increasing shrimp weight in each 

treatment with culture period with subsequent increase in daily feed amount. 

Further, as the application of molasses increased as daily feed, the numbers of 

heterotrophic bacteria increased and consequently the concentrations of dissolved 

oxygen decreased with experiment period. Due to zero water exchange, organic 
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matter such as uneaten feed, shrimp excretion, dead phytoplankton and zooplankton 

could accumulate forming a food source for heterotrophic bacteria which could also 

result in the decrease of dissolved oxygen 

The higher levels of feed C:N ratio and more frequency of molasses application 

received the higher amount of molasses which inturn contributed to the higher 

accumulation of organic carbon in culture medium of the three experiments. Further, 

the progressive increase in the input of molasses and feed with raising time could 

have resulted within progressive increase in the organic carbon levels. In addition, 

accumulation dead plankton and other organic debris could have contributed to 

increased organic carbon content. 

5.4.1.3. Effect of different treatments on levels of chlorophyll a and 
heterotrophic bacteria 

The levels of chlorophyll a decreased as the levels of feed C:N ratio and frequency 

of molasses application increased with resultant increase of heterotrophic bacteria. 

In addition, phytoplankton compete with heterotrophic bacteria for nutrient, 

oxygen and space. These trends have already been observed by A vnimelech et al. 

(1994); Avnimelech (1999) and Browdy et al.(2001) who have shown that 

phytoplankton growth was inhibited by heterotrophic bacteria through increasing the 

level of feed C: N ratio. Further, Parsons et al.(l981) reported that glucose addition 

allowed bacteria to outcompete phytoplankton for nitrogen which consequently 

caused a threefold decrease in chlorophyll a. Kirchman and Keil (1990) also 

documented that increasing carbohydrate supply caused nitrogen limitation due to 

an mcrease in nitrogen uptake by bacteria, subsequently inhibiting prunary 

production. 

However, the present observation reveals that nitrogen was not limiting factor for 

phytoplankton in all treatments of experiment one and in ZWE~.s. ZWEMts.o, 

ZWEM11.s treatments of experiment two , in Fo, F1 and F2 treatments of experiment 

three. This view is supported by the present data that those treatments had relatively 

high ammonia concentrations. Thus the negative impact of heterotrophic bacteria 

uptake of nitrogen seems to have occurred only in the ZWEM2o.o and ZWEMn.s 
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treatments of experiment two and the F3 treatment of experiment three due to the 

concentrations of water ammonia, nitrite and nitrate recorded in those treatments was 

low over the experiment period. 

Possibly, another reason for the negative impact on chlorophyll a could be due to 

certain product produced by heterotrophic bacteria which inhibited phytoplankton 

growth. It has been clearly stated already that heterotrophic bacteria produced 

lysozymes which digest phytoplankton cells (Mcintosh, 2001). 

Total suspended solids in water can also be responsible for decreasing the levels of 

chlorophyll a with increasing the levels of feed C:N ratio and frequency of molasses 

application. Total suspended solid reflects the level of turbidity which restricts the 

light intensity required by phytoplankton for photosynthetic activity. Boyd (1989) 

support this view saying that 

concentration of chlorophyll a. 

high turbidity had deleterious impact on the 

The levels of chlorophyll a in experiment one and in ZWEM6.5, ZWEMts.o and 

ZWEM17.5 of experiment two increased till week six followed by a decrease on 

week seven. This was probably caused by the death of some phytoplankton after 

peak production of chlorophyll a However it is interesting to note that the levels of 

chlorophyll a in ZWEM22.o and ZWEM22.s treatments increased with culture period 

and this was probably caused by nitrogen was more available with experimental 

period for phytoplankton. 

Treatment with no molasses resulted in highest level of chlorophyll a in three 

experiments, showing the application of molasses through controlling feed C:N ratio 

levels consistently contributed to the decrease in chlorophyll a concentrations. 

However, chlorophyll a was still obtained in three experiments and it implies that the 

heterotrophic system (as defined by A vnimelech et al., 1994; A vnimelech, 

1999;Mclntosh, 2000) did not occur in the three experiments. Previous 

observations were all in contrary to this present view and they confirm the fact that 

that increasing the level of feed C:N ratio to ponds resulted in a shift from an 

autotrophic to a heterotrophic system as has been carried out by (Avnimelech et al., 

1994; Avnimelech, 1999; Mcintosh, 2000; Browdy et al., 2001). Burford et al. 
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(2003) has also observed an unclear increase in heterotrophic system in ponds 

applied with carbon. It is more likely that a heterotrophic system can only be 

achieved when heterotrophic bacteria take up all nitrogen from water by increasing 

C:N ratio level of more than 22.5:1 

It has been shown previously that natural bacteria had ability of utilizing carbon from 

readily available glucose as substrate (Azam et al., 1983). Fuhrman et al. (1988) 

found that glucose addition increased bacterial growth in seawater cultures. Parsons 

et al. (1981) and Middleboe et al. (1995) also documented that the number of 

bacteria was twice higher in treatment with using glucose compared to treatment 

without glucose in experiment of marine ecology. Finally, it was shown in 

aquaculture studies that the number of bacteria increased as the result of increasing 

the level of feed C:N ratio (Avnimelech et al., 1992a; 1994; Kochba et al., 1994; 

Avnimelech, 1999). The results of the present study also confirms the same view, 

clearly showing that the numbers of heterotrophic bacteria increased with the 

increasing the levels of feed C:N ratio and frequency of molasses application .. 

The numbers of heterotrophic bacteria increased with experiment period in all 

treatments of the three experiments. This result could be ascribed by input of 

organic matter increased in all treatments with progressive experiment time because 

the amount of daily feed applied increased steeply with culture time. Moreover, 

the amount of molasses used increased since increasing the amount of daily feed 

(particularly treatment with using molasses) which had positive impact on the 

number of heterotrophic bacteria. Another possible reason for the increase in 

bacterial number was utilization of shrimp faeces and dead plankton as nutrient in the 

zero water exchange model system 

5.4.1.4. Effect of different treatments on levels of pH, total alkalinity and 
suspended solid 

The pH values in treatments with no molasses (ZWE~.s) recorded were the lowest 

in among treatments of three experiments and it was possibly due to the highest 

activity of nitrifying bacteria indicated by the highest concentration of nitrite and 

nitrate obtained in treatments with not using molasses. Tacon et al. (2002) also 

observed that pH reduced when nitrite increased. Hargreaves (1998) reported that 
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oxidizing each mole of ammonia released two hydrogen ions which eventually 

reduced pH. 

In treatment using molasses of the experiments one and two, the levels of pH 

decreased significantly with increasing the levels of feed C:N ratio. This could be 

associated with the increase in concentrations of inorganic carbon (C02) when the 

level of feed C:N ratio was increased. Mcintosh et al.(1999) reported that pond pH 

decreased from 8.0 to 7.0-7.4 in shrimp ponds with ZWEM due to the increase in 

inorganic carbon by the active heterotrophic microbial communities. Boyd (1995) 

and Ritvo et al. (1998) also revealed that microbial activity caused reduction in pH 

level. 

The results show that the levels of total alkalinity increased in response to increasing 

the levels of feed C:N ratio (in experiments one and two) and frequency of molasses 

application (in experiment three). The higher levels of feed C:N ratio and more 

frequency of molasses application are due to which inturn resulted in producing 

higher concentration of water inorganic carbon (C02). It was likely that feed 

remain containing several minerals such as calcium, phosphate was dissolved by 

inorganic carbon which eventually contributed to alkalinity in the medium. Boyd 

(1990) has reported that increasing inorganic carbon can enhance the level of water 

total alkalinity as described below: 

C02 + H20 ~ H2C03 ~ W + HC03~ ~ W +COt 

The values of total alkalinity in all treatments using molasses in three experiments 

increased with experiment period. In contrast , the concentrations of total alkalinity in 

treatments without molasses (ZWE~.s) in three experiments decreased with study 

time, strongly suggesting that treatment with no molasses had nitrification activity 

at an higher rate. The results consequently show that the concentrations of nitrite in 

treatments without molasses were high at the end of study {Tables 5.4;5.5 and 5.10). 

Activity and product nitrification had an effect on reducing total alkalinity. It has 

been documented that the oxidation of 1 milligram ammonium destroyed 6.0 -7.4 

milligram alkalinity (Sharma and Ahlert, 1977). Likewise, Ritvo et al. (1998) 

reported that oxidation of reduced inorganic compounds such as ammonia 

contributed to a decrease in alkalinity . 
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The amount of total suspended solids increased with increasing the levels of feed 

(in the experiments one and two) and frequency of molasses application ( in the 

experiment three). Naturally, the higher level of feed C:N ratio reflects the higher 

amount of molasses applied in treatment which inturn could have resulted in the 

higher amount of total suspended solids. Another possibility for the increased total 

suspended solid could be due to accumulation of flocculated material released by 

increased number of heterotrophic bacteria. It was observed in the present study that 

more flocculated material was associated in the higher levels of feed C:N ratio and 

more frequency of molasses application .. 

The amount of total suspended solids increased during the experiment in the three 

experiments and it was essentially due to zero water exchange system and the faecal 

matter, uneaten food, bacterial biomass and other microfauna contributed to total 

suspended solids during eight weeks. Similar finding was reported by Decamp et 

al.(2003) who investigated that the concentration of total suspended solid increased 

with growing time in zero water exchange culture systems of white shrimps 

(Litopenaeus vannamei (Boone)). Likewise, Hopkins et al. (1993) also investigated 

the increased level of total suspended solids with growing period of the experiment. 

Also it has been stated that ponds with zero water exchange model had high 

concentration of total suspended due to accumulation of detritus composed of waste 

feed, fecal material, and dead and decomposing plankton (Avnimelech et al.,1992a; 

Chamberlain and Hopkins, 1994). 

Another factor for increased levels of total suspended solids could possibly be the 

progressive increase in amount of feed and subsequently increased molasses 

application. The same trend of increased total suspended solids as a result of increase 

in feeding rate in pond cultures has been observed earlier by several authors (Page and 

Andrews, 1974; Westers, 1989; Iwana, 1991; Malone et al., 1993) 
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5.4.1.5. Effect of different treatments on levels of shrimp survival and growth 
rate, percentage weight gain and feed conversion ratio 

The survival rates of shrimps in the experiments one and two were significantly 

unaffected by the levels of feed C:N ratio. Interestingly, shrimp survival rates in 

ZWEM6.s of experiments one and were high (1 00 %) even though the 

concentrations of ammonia and nitrite were higher than safe level for Penaeus 

monodon in those treatments. It was probably because the increase in nitrite and 

ammonia concentrations with experiment time was gradual and it might have 

allowed shrimps to acclimate to the environment. This contention is supported by 

previous studies (Allan and Manguire, 1992) which show that shrimp can acclimate to 

increase in ammonia gradually with growing time. Similarly, previous reports reveal 

that larval Penaeus monodon had a progressive increase in nitrite tolerance as it 

methamorphoses from the nupliar to postlarval stage (Chin and Chen, 1987). The 

studies with penaeid larvae also have shown that tolerance to acute toxic levels of 

ammonia increased with age (Jayasankar and Muthu, 1983; Chin and Chen, 1987. 

Air stones operation all times and the concentrations of dissolved oxygen at more 

than 3.0 mg L-1 are the other possible factors which caused the high survival rate of 

shrimp in all treatments. 

The growth rates and percentage weight gains significantly increased with increasing 

the levels of feed C:N ratio (in the experiments one and two) and frequency of 

molasses application (in the experiment three). Further, generally, it was shown that 

feed conversion ratios decreased in response to increasing the feed C:N ratio levels 

and frequency of molasses application. These finding could be correlated to the 

concentrations of ammonia and nitrite decreased with the levels of feed C:N ratio 

increased (in the experiments one and two) and frequency of molasses application (in 

the experiment three). This contention is supported by regression analysis shows 

that shrimp growth rates and percentage weight gains had significant negative 

correlation with the concentrations of ammonia and nitrite in the three 

experiments. Furthermore, the feed conversion ratio were positively correlated with 

the levels of ammonia and nitrite in the three experiments. A vnimelech et al. 

(1992a) revealed that the lower levels of ammonia and nitrite may explain the positive 

fish growth response to the addition of the carbon sources. This investigation is 

supported by results obtained in field study of shrimp ponds with ZWEM shows that 
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shrimp growth rates had negative correlation with the ammonia and nitrite 

concentrations (chapter three). Tacon et al. (2002) also reported that there was a 

progressive reduction in the growth response of white shrimps during the final two 

weeks of experiment due to increased ammonia and nitrite. 

Adverse impact of ammonia and nitrite on shrimp growth rate and percentage weight 

gain in the present study is consistent with the result of studies conducted by 

Delistraty et al. (1977) for lobster, Chien and Lai (1988) for Macrobrachium 

rosenbergii, Chen and Kou (1992) for Penaeusjaponicus and Ray and Chien (1992) 

for Penaeus monodon. The same result was also investigated by Chen and Tu 

(1991) who established that growth of Penaeus monodon shrimp exposed to 1.20 

and 2.40 mg L"1 ammonia-N was significantly less {P<0.05) than those exposed to 

0.12 mg L"1 ammonia. 

It was reported previously that ammonia can cause impairment of cerebral energy 

metabolism and damage to gill, liver, kidney, spleen and thyroid tissue in crustaceans 

(Smart, 1978; Colt and Armstrong, 1981). Likewise, Hargreaves (1998) documented 

that the toxicity of nitrite is expressed through competitive binding of nitrite to 

hemoglobin forming methemoglobin which does not have capacity to carry oxygen. 

Another explanation of increasing significantly shrimp growth rates and percentage 

weight gains and decreasing feed conversion ratios as the levels of feed C:N ratio 

and molasses application frequency increased may be the result of the numbers of 

heterotrophic bacteria significantly increased with increasing the levels of feed C: N 

ratio (in the experiment one and two) and frequency of molasses (in the experiment 

three). This is in agreement with the result of regression analysis shows that shrimp 

growth rates and percentage weight gains significantly positively correlated with the 

number of heterotrophic bacteria in the three experiments. Further, the levels of 

feed conversion ratio had significantly negative correlation with the numbers of 

heterotrophic bacteria in the three experiments. This finding is supported by previous 

investigation by Avnimelech et al.(1992a; 1994); Kochba et al.(1994) and 

Avnimelech, (1999) who contributed that the addition of organic carbon through 

controlling the level of feed C:N ratio in ponds supported microbial protein 

biosynthesis as an efficient source of proteins for fish. Furthermore, they revealed 
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that fish growth in ponds treated with organic carbon was higher than those grown in 

pond untreated with organic carbon. 

It is not clearly shown why ZWEM2o.o treatment had the higher level of shrimp 

growth and percentage individual weight gain and the lower level of feed 

conversion ratio compared to those obtained in ZWEM22.s treatment even though 

ZWEM22.s treatment had the higher level of feed C:N ratio and higher number of 

bacteria than ZWEM2o.o. Possibly, this investigation is correlated to the level of 

total suspended solid was significantly higher in ZWEM22.s treatment than 

ZWEM2o.o treatment. This view is supported by observation shown that from week 

six until the end of experiment, there was a high portion of unfed feed obtained 

in ZWEM22.s treatment, suggesting that increasing total suspended solids may limit 

vision of shrimp (Boyd, 1989) which had negative impact on shrimps in getting feed, 

subsequently reduced shrimp growth. The present study also observed that water in 

ZWEM22.s treatment had higher viscosity due to using molasses at higher 

concentration. Because of higher viscosity of water, shrimps can not use feed 

appropriately. 

It is important to note that the amount of unfed feed recorded in treatment without 

using molasses (ZWEM6.s) in the three experiments was high particularly from week 

four until the end of experiment. This result was possibly caused by the high 

concentration of water nitrite in these period . High concentration of nitrite caused 

shrimps stress which led to reduction in feed consumption of shrimp which 

consequently dropped shrimp growth rate and percentage weight gain. Halver 

(1989) reported that stress of fish rearing in ponds caused loss of appetite. 

Growth rate, survival and feed conversion ratio observed in ZWEM2o.o treatment (in 

the experiment two) and F3 (in the experiment three) was comparable with those 

obtained by several authors in conventional shrimp cultures as shown in Table 5.16. 
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Table 5.16. Average growth rate, survival and feed conversion ratio in conventional 
Penaeus monodon shrimp culture by previous investigators 

Reporter Growth Rate Survival Feed Stocking Culture 
( gram day"1

) Rate(%) Conversion Density Period 
Ratio ( shrimos/ m"2) (days) 

l.Bombeo-Tuburan 0.20-0.36 76.0-92.3 
et al. (1993t 
2. Hansford and 0.11-0.14 N/A 
Hewitt (1994)b 
3. Allan et al. 0.17-0.17 88.2-92.7 

(1995t 
4.Briggs and 0.15-0.16 25.0-56.2 
Funge-Smith(1994)d 

5. Tseng et al. 0.25-0.30 80.0-100.0 
(1998t 

6 .. Thakur and Lin 0.11 59.0-65.0 
(2003l 

• Shrimps cultured In intensive open pond and use natural food 
bShrimps cultured in small tank and use pellet feed 
• Shrimps cultured in small tank and use pellet and aatural food 
• Shrimps cultured in intensive pond 
• Shrimps cultured in recirculating system 
r Shrimp cultured in zero water exchange system 
N/A = not available 

N/A 0.4 

N/A 8.5-8.7 

3.7-3.9 15 

1.60-2.63 41-63 

2.1-2.5 40 

1.73- 1.93 25 

5.4.1.6. Effect of different treatments on levels of water consumption and 
effluent 

Shrimp cultures untreated with molasses had significant higher levels in water 

consumption compared to those recorded in shrimp cultures treated with molasses. 

Further, there was a trend for a decrease in water consumption rates with feed C:N 

ratio levels increased. The water consumption values recorded in experiments one 

and two were lower compared to the estimated world-wide range of 39-199 litre 

water per gram shrimp (Hopkins and Villalon, 1992) and to those reported in 

conventional shrimp farming with water consumption rate around 13.01 litre per 

gram shrimp (Briggs and Funge-Smith, 1994). Furthermore, it is importantly 

reported that water consumption rates were lower in shrimp cultures receiving C:N 

ratio level of more than 15.0:1 compared to those earlier observed by (Hopkins et al., 

1993) who revealed that water consumption rate in white shrimp culture with zero 

water exchange without using molasses was six litre per gram shrimp. This result 

implies that growing shrimp in ZWEM using molasses increased efficiency in water 

usage. Due to water quality in shrimp cultures treated with C:N ratio level of 20.0:1 
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or more still met shrimp requirement, efficiency in water usage is likely to be 

increased in those shrimp cultures by reusing water in next growing season. 

The other beneficiary of raising shrimp in ZWEM using molasses is limitation of 

effluent wasted from shrimp cultures. Nevertheless, it was clearly shown that 

shrimp culture of ZWEM using molasses still wasted effluent at the end of experiment 

to environment. Results show a decrease in the values of inorganic nitrogen, total 

suspended solid and organic carbon discarded from shrimp cultures in response to 

increase in feed C:N ratio levels. Detrimental impact of waste from shrimp culture 

of ZWEM using molasses on environment could be coped with through reusing water 

(as previously discussed). 

It is likely to minimize effects of harvest drainage on total effluent discharged by 

timing harvest to coincide with periods of minimal concentration of certain dissolved 

nutrients (Hopkins et al., 1993). Shrimp harvest using net without draining water 

may be one possibility of reducing adverse impact of effluent on environment because 

water can be discarded after concentrations of effluent is minimal (as conducted in 

shrimp farming of ZWEM using molasses, in Darwin Australia). 

In terms of water quality, growth rate, percentage weight gain feed conversion ratio, 

water consumption rate and discarded effluent from harvest drainage at the end of 

experiment, growing shrimp in zero water exchange model using molasses daily 

with the level of feed C: N ratio at 20.0:1 obviously has the most promising model of 

shrimp culture because it increase biosecurity and efficiency of using water and 

reduce adverse impact of shrimp culture on environment. However, additional pond 

aeration has to be required to compensate for the additional oxygen consumption by 

heterotrophic bacteria. 
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5.4.2. The effect of stocking density on water quality variables, survival and 
growth rates, percentage weight gains and feed conversion ratios (FCR) 
in shrimp culture with ZWEM using molasses 

5.4.2.1. Effect of different treatments on concentrations of inorganic nitrogen 

The concentrations of ammonia and nitrite increased as the result of increasing 

stocking density even though the levels of feed C:N ratio applied in all treatments was 

same at 20.0:1. This result could have resulted from total suspended solid increased 

following increasing stocking density. The analysis of regression proves that the 

concentrations of ammonia and nitrite were positively associated with total 

suspended solid levels. This view is supported by previous observation found that 

the level of ammonia increased when total suspended solid increased (Liao and Mayo, 

1974; Spotte, 1979; Chen et al., 1993). 

Increased ammonia and nitrite concentrations in response to increasing stocking 

density also could be because shrimp excretion increased with stocking density 

increased. It is in accordance with those found by the other investigators (Tucker at 

al., 1979; Allan and Maguire, 1992; Ray and Chien , 1992; Martin et al., 1998 ) 

who revealed that ammonia concentration in water increased with stocking densities 

of shrimps. 

Furthermore, the indirect impact of increasing of total suspended solid on 

increasing the concentrations of ammonia and nitrite can also be through decreasing 

the growth of phytoplankton. The values of chlorophyll a (as phytoplankton biomass 

indicator) were negatively associated with the levels of total suspended solid. A 

further analysis proves that the levels of ammonia and nitrite were negatively 

correlated with the values of chlorophyll a . 

It should be noted that the numbers of heterotrophic bacteria increased with increasing 

stocking density, however, the concentrations of ammonia and nitrite increased since 

increasing stocking density. This finding was possibly caused by heterotrophic 

bacteria did not take up inorganic nitrogen efficiently and effectively in treatment 

with higher stocking density due to higher concentrations of total suspended solids. 

Another explanation could be associated with ammonia as excretion of 

heterotrophic bacteria increased with increasing the levels of total suspended solids. 
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It has been stated already that heterotrophic bacteria also produced ammonia as 

metabolic product (Norrman et al., 1995). 

This experiment also proved that ammonia did not accumulate in all treatments. In 

contrast the concentrations of nitrite and nitrate increased progressively with 

experiment period in D4s, D 60 and D 45 treatments. This evidence is consistent 

with three experiments as explained previously. Whereas the concentrations of 

ammonia and nitrite in D 30 treatment (treatment with 30 shrimp m"2 ) were low 

over during experiment. Those concentration were almost the same as low as in 

ZWEM2o.o (in the experiment two) and F3 treatment (in the experiment three). This 

result indicates that the concentrations of ammonia and nitrite were consistently low 

in three treatments (D 30, ZWEM 20.0 and F 3 treatments) using molasses daily at the 

level of feed C:N ratio= 20.0:1 with stocking density 30 shrimp m-2. 

5.4.2.2. Effect of different treatments on concentrations of dissolved oxygen and 
organic carbon 

The treatment with higher stocking density had significantly lower levels of dissolved 

oxygen in shrimp culture water. This finding was likely to be associated with several 

factors. The first factor was the dissolved oxygen consumption by shrimps 

enhanced with increased stocking density. The second factor was using the higher 

amount of molasses in treatment with higher stocking density. Higher density 

required higher daily feed, subsequently, the amount of molasses applied was higher 

which led to higher number of heterotrophic bacteria and lower concentration in 

water dissolved oxygen. This explanation is supported by observation proved that the 

higher stocking density had significantly higher numbers in heterotrophic bacteria 

(as explained below). Further investigation shown that the concentrations of 

dissolved oxygen had significantly inverse correlation with the numbers of 

heterotrophic bacteria. Martin et al. (1998) proved that oxygen concentration 

decreased as rearing density of shrimps increased. 

The values of chlorophyll a could be also responsible for the lower concentrations of 

dissolved oxygen in higher stocking density because the investigation revealed that 

the concentrations of chlorophyll a were significantly lower in treatment with higher 
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stocking density (as discussed below). It is not surprisingly that the concentrations of 

dissolved oxygen declined with experiment period. It is in accordance with results 

found in three previous experiments. 

The values of organic carbon in water increased as increasing stocking density. 

This observation could be related to the treatment with higher stocking density was 

applied with higher amount of feed and molasses. This finding is similar to previous 

report by Allan and Maguire (1992) who revealed the organic carbon in water was 

positively correlated with stocking densities. The concentrations of organic carbon 

increased with experiment time in all treatments. This was undoubtedly due to 

application of feed and molasses inclined with gradual growing period due to 

increasing weight of shrimp . Increase in the concentrations of organic carbon was 

also caused by there was no water exchange during experiment. This result was in 

agreement with observation conducted in those previous experiments. 

5.4.2.3. Effect of different treatments on levels of chlorophyll a and 
heterotrophic bacteria 

The levels of chlorophyll a were significantly less in treatment with higher stocking 

density. This finding is contrast to those documented by Allan and Manguire (1992) 

who pointed out that pigment chlorophyll a increased with shrimp density. This 

could be associated with the total suspended solid levels increased with increasing 

stocking density (as discussed below) because analysis regression reveals that 

chlorophyll a concentrations significantly were negatively correlated with total 

suspended solid levels. Total suspended which reflected the level of turbidity in 

shrimp culture water can restrict light required by phytoplankton (Boyd, 1989). 

Thus treatments with higher stocking and higher concentrations of total suspended 

had less levels of chlorophyll a. 

The numbers of heterotrophic bacteria can also be responsible for reducing the 

concentrations of chlorophyll a with stocking density increased. It was proved that 

the concentrations of chlorophyll a had significantly inverse relationship with the 

numbers of heterotrophic bacteria. This is consistent with investigation conducted in 

three previous experiments. It was likely that treatment with higher stocking density 
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had higher grazing levels on phytoplankton which consequently led to less levels of 

chlorophyll a. 

It was investigated that treatment with higher stocking density had significantly 

higher levels of heterotrophic bacteria. This is clearly caused by the treatment of 

higher stocking density was applied with higher amount of feed and molasses which 

subsequently stimulated the higher growth of heterotrophic bacteria. Positive impact 

of stocking density on the numbers of heterotrophic bacteria also could have resulted 

from increase in stocking density followed by increasing shrimp metabolites such 

as fecal solids which stimulated the growth of heterotrophic bacteria. 

5.4.2.4. Effect of different treatments on levels of total alkalinity and suspended 
solids 

The concentrations of total alkalinity enhanced with the stocking density increased. 

This result was probably linked to using higher amount of molasses in treatment of 

higher stocking density. It should be noted that the amount of molasses added was 

higher in treatment of higher stocking density even though the levels of feed C:N 

ratio applied in all treatments were similar at 20.0:1. As discussed above in three 

previous experiments, the higher amount of molasses applied produced the higher 

level of inorganic carbon that contributed to higher concentration of total alkalinity. 

The present study also found that the concentrations of total alkalinity increased with 

experiment time, was possibly caused by the applied amount of molasses increased 

with gradual growing period and by there was no water exchange in all treatment 

during experiment. 

The concentrations of total suspended solids were significantly higher in treatment 

of higher stocking density. The reason for this evidence was likely to be associated 

with the amount of feed and molasses applied were higher in treatment of higher 

stocking density. Higher amount of feed and molasses applied in shrimp culture 

contributed to higher concentration of total suspended solids. Unsurprisingly, the 

concentrations of suspended solids increased with growing time in all treatments, 

was possibly due to the amount of feed and molasses applied in all treatments 
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increased with experiment period and due to there was no water exchange during 

study 

It is importantly noted in present study that total suspended solids was indirect 

limiting factor in increasing stocking density at more than 30 shrimp m"2 because 

treatments of more than 30 shrimp m·2 had higher concentrations of inorganic 

nitrogen (as discussed previously) and less shrimp growth rates and percentage 

weight gains (as discussed below) due to higher levels of total suspended solids. The 

present study conducted in container was set up with three pieces of air stone 

suspended in bottom of water column. Thus, all bottom sediment was resuspended 

into water column. It adversely effected on water quality, shrimp growth rate, 

percentage weight gain and feed conversion ratio. Therefore, total suspended solids 

should be managed appropriately in shrimp culture with ZWEM using molasses. 

This study strongly suggests that it is likely to grow up shrimp with stocking density 

at more than 30 shrimp m·2 in zero water exchange model using molasses daily at 

the level of feed C:N ratio = 20.0 if total suspended solid can be controlled 

properly. It describes that raising shrimp in zero water exchange using molasses 

requires specific design of ponds which have special site for settling organic matter 

or sediment (Avnimelech, 1989). Sediment, therefore, is periodically or 

continuously removed from a centre drain. 

5.4.2.5. Effect of different treatments on levels of shrimp survival and growth 
rate, percentage weight gain and feed conversion ratio 

Stocking density did not significantly affect on the survival rates of shrimps. This 

result is in agreement with previous observation by other investigators (Ray and 

Chien, 1992) who investigated that an increase in stocking density from S to 40 

shrimps per m2 had no effect (P>O.OS) on survival of Penaeus monodon. Similarly, 

Sandifer et al. (1987) ( average initial eight 1.3 gram and densities of 10-40 shrimps 

per m2
) found that density had no effect (P>O.OS) on survival of Penaus vannamez). 

Even though the concentrations of ammonia in 0 45, D60 and D75 treatments were 

higher than safe level for Penaeus monodon, however there was no significant 

difference in survival rate among treatments, was probably caused by the levels of 

ammonia increased gradually. Thus shrimps had ability to acclimate to medium 
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with high inorganic nitrogen. This is consistent with results in those previous 

experiments. 

The shrimp growth rates and percentage weight gains increased and feed conversion 

ratios decreased significantly as the stocking density decreased except there was 

significant different in shrimp growth rates and percentage weight gains between D45 

and D 60 treatments. This finding could be correlated to the concentrations of 

ammonia and nitrite enhanced with increasing stocking density because regression 

analysis proves that the growth rates and percentage weight gains had significant 

inverse correlation with the concentrations of ammonia and nitrite. It was also 

shown that feed conversion ratios were positively correlated with ammonia and nitrite 

levels. This view is strongly supported by previous investigation conducted by 

(Chien and Lai, 1988) who observed that a reduction in the growth of 

Macrobrachium rosenbergii, as density increased to 31 shrimps m·2, due to an 

increase in nitrogenous wastes. 

Decreased growth rates and percentage weight gains as increased stocking density 

could be associated with total suspended solids levels because according to 

regression analysis, the levels of total suspended solid were negatively correlated with 

growth rates and percentage weight gains and positively associated with feed 

conversion ratio. 

These results are in accordance with previous penaeid studies as conducted by 

authors (e.g. Apud et al., 1981; Maguire and Leedow, 1983; Lee et al., 1986; 

Sandifer et al., 1987; Ray and Chien, 1992; Daniel et al., 1995; Martinet al., 1998) 

who attributed that growth rate of reduced as density increased. Allan and Maguire 

(1992) pointed out that feed conversion ratio increased as density increased. Tseng 

et al. (1998) also investigated a significant decrease in growth rate with stocking 

density increased in the indoor recirculating system of Penaeus monodon shrimps. 

They also found that feed conversion ratio increased following increasing stocking 

density. 
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The best stocking density obtained in this study was 30 shrimp m-2• However, it is 

likely to be more than 30 shrimps m·2 in shrimp culture of ZWEM using molasses 

daily with C:N ratio = 20.0:1 if shrimps are culture in specific design pond which can 

control total suspended solid in medium. 
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CHAPTER SIX 

EFFECT OF REDUCING THE CONVENTIONAL FEEDING RATE ON WATER 
QUALITY, GROWTH RATE, PERCENTAGE WEIGHT GAIN AND FEED 
CONVERSION RATIO IN Penaeus monodon SHRIMP CULTURE WITH ZERO 
WATER EXCHANGE MODEL USING MOLASSES AS CARBON SOURCE 

6.1. Introduction 

In chapter five, it was shown that the application of molasses had brought about good 

benefits in tenns of water quality, production variables and increase in bacterial biomass. 

It would be further beneficial if it can be shown that the bacterial biomass can be used to 

replace part of the feed requirement of shrimps resulting a considerable cost saving and 

the boasting profit for the fanner. Avnimelech et al. (1994) observed that the 

consumption of bacterial biomass is significant since it is possible to reduce the feeding 

rate by 66 % of control without reduction in the growth rate of fishes. Therefore, there 

is a substantial question which can be answered in this study: Is it possible to reduce 

feeding rate of Penaeus monodon shrimps by applying molasses without detrimental 

effect on shrimps? 

The aim of this study was to evaluate the effects of reducing conventional feeding rate 

on water quality, shrimp growth rate, percentage weight gain and feed conversion ratio 

of shrimp culture with zero water exchange model using molasses. 

6.2. Material and Methods 

6.2.1. The experimental shrimp culture 

Two experiments were carried out in two stages. Experiment one was carried out from 

22 August 2002 until 17 October 2002 for smaller shrimps (abbreviated as RFS) and 

experiment two was conducted from 31 October 2002 to 26 December 2002 for bigger 

shrimps (abbreviated as RFB). Treatments evaluated in the both experiments are shown 

in Table 6.1. 

The both experiments were carried out in 160 litre tanks. All treatments had three 

replicates and allocation for each treatment was completely randomized. Experimental 

tanks were mixed and aerated with two pieces of air stone suspended in bottom of water 
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column in each tank. Further, Table 6.2 shows the values of temperature, salinity and 

orthophosphate during the two experiments. There was no water exchange during the 

study, but the tank volume of 160 litres was maintained constant by adding 2 litres of 

freshwater (tap water) weekly to replace lost water due to evaporation. 

Table 6.1. Treatments used to evaluate effect of reducing in conventional feeding 
rate on water quality, shrimp growth rate, percentage weight gain and feed 
conversion ration of shrimp culture with ZWEM using molasses in the two 
experiments 

Experiment Treatment 

One 1. Without molasses with 100 % of conventional feeding rate (RFSC100) 

(RFS) 2. Using molasses with 25% of conventional feeding rate (RFS25) 

3. Using molasses with 50% of conventional feeding rate (RFS50) 

4. Using molasses with 75 %of conventional feeding rate (RFS75) 

5. .Using molasses with 100 %of conventional feeding rate (RFS100) 

Two 1. Without molasses with 100 % of conventional feeding rate (RFBC100) 

(RFB) 2. Using molasses with 25% of conventional feeding rate (RFB25) 

3. Using molasses with 50 %of conventional feeding rate (RFB50) 

4. Using molasses with 75 %of conventional feeding rate (RFB75) 

5 .. Using molasses with 100% of conventional feeding rate (RFB10o) 

Table 6.2: Temperature, salinity, and orthophosphate in two experiments over the 
eight-week experimental period. 

Experiments Water Quality Variables Minimum Maximum Mean Std.Dev. 

1. Temperature CO C) 21.7 24.9 24.8 0.1 

One (RFS) 2. Salinity (%o) 27.50 28.70 28.2 0.46 

3. Orthophosphate {mg/litre) 0.6178 0.7296 0.6531 0.1134 

1. Temperature CO C) 26.4 30.9 28.6 0.1 

Two(RFB) 2. Salinity (%o) 27.00 33.50 31.16 1.69 

3. Orthophosphate (mgllitre) 0.5949 0.6934 0.6403 0.1424 

Each experimental culture was stocked with 4 shrimps (equal to 30 shrimps m"2
) and the 

averages of initial shrimp weight stocked in experiment one and two were 
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0.359 ± 0.033 and 9.902 ± 0.169 gram respectively. The two sizes of shrimps were 

suggested by the farm of ZWEM (Adam Body, personal communication) since they are 

important in the grow-out stages. The feed used was commercial feed (Taiwan Company 

Product) with 38% crude protein. The conventional feeding rate used in experiment one 

was 10 % of body weight per day until the first six week and 7.5 % for the rest of 

experiment and in experiment two was 5 %of body per day for the whole period (as 

recommended by the feed company). The conventional feeding rate is feeding rate 

recommended by feed company and it was applied twice daily (50 % of the total feed 

required each at 08.00 am and 06.00 pm). The amount of molasses (2.669 gram per 

gram feed) daily was added to bring the feed C: N ratio to 20.0:1 (the best feed C:N 

ratio level, see chapter five). Application of molasses was conducted once daily at 08.00 

am. 

6.2.2. Measurement of variables 

Variables of water quality such as temperature, salinity, pH, dissolved oxygen, 

ammonia, nitrite, nitrate, orthophosphate, total organic carbon, total suspended solids, 

total alkalinity, chlorophyll a, and total bacteria were determined weekly in both 

experiments. The survival rate, growth rate, percentage weight gain and feed conversion 

ratio of shrimps were determined fortnightly. Detailed of the methods used for 

measuring these parameters has already been described in chapter two (General 

Methodology). 

6.3.Results 

6.3.1. Effect of different treatments on concentrations of inorganic nitrogen 

Responses of ammonia and nitrite concentrations to reducing conventional feeding rate 

are shown in Tables 6.3 and 6.4. Reducing conventional feeding rate did not have any 

effect on ammonia and nitrite concentrations in treatments using molasses. The 

treatments without using molasses with 100 % of conventional feeding rate in 

experiment one (RFSCtoo) and experiment two (RFBC100) had significantly highest 

level of ammonia and nitrite. Regression analysis reveals that concentrations of 

ammonia at the end of experiment were negatively correlated with numbers of 

heterotrophic bacteria in experiment one (P = 0.00049 and R2 = 0. 7309) and experiment 
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heterotrophic bacteria in experiment one (P = 0.00049 and R2 = 0. 7309) and experiment 

two (P = 0.000056 and R2 = 0.6128). Similarly, levels of nitrite had a significant 

inverse relationship with levels of bacteria number in experiment one (P = 0.00000 and 

R2 = 0.9341) and experiment two (P = 0.00002 and R2 = 0.7745). 

The results (Figures 6.1, 6.2 and 6.3) show that addition of molasses have had 

pronounced effects on levels of ammonia, nitrite and nitrate. These water quality 

variables remained low and the same in all treatments with molasses regardless of 

feeding rates and size of shrimps. The treatments without molasses showed that nitrite 

and nitrate levels increased with time. Further, ammonia peaked at week five for 

smaller shrimps and week two for larger shrimp. 
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Figure 6.1 : Effect of reducing conventional feeding rate on weekly ammonia levels in 
Penaeus monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (± SE) of three replicates in each treatment. 
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Table 6.3: The multiple comparisons of means using Tukey HSD test for the effect of 
reducing conventional feeding rate of smaller shrimps (experiment one) on several 
water quality variables in shrimp culture with ZWEM using molasses daily with feed 
C:N ratio level= 20.0:1. Values are means and standard deviations of three replicates 

Water Quality Variables Treatment Mean Std. Dev 

1. Ammonia (mg/litre) 1. No Molasses with 1 00 % of Feeding Rate 0.3174 ± 0.0253" 
2. Molasses with 25 % of Feeding Rate 0.0397 ± 0.003711 

3. Molasses with 50% of Feeding Rate 0.0457 ± 0.002311 

4. Molasses with 75 % of Feeding Rate 0.0499 ± 0.0089" 
5. Molasses with 1 00% of Feeding Rate 0.0530 ± 0.002511 

2.Nitrite (mg/litre) 1. No Molasses with 1 00 % of Feeding Rate 36.0768 ± 0.0005" 
2. Molasses with 25 % of Feeding Rate o.oooo ± o.oooo" 
3. Molasses with 50% of Feeding Rate o.oooo ± o.oooo" 
4. Molasses with 75 % of Feeding Rate o.oooo ± o.oooo" 
5. Molasses with 1 00% of Feeding Rate o.oooo ± o.oooo" 

3.Dissolved Oxygen (mg/litre) 1. No Molasses with 100% of Feeding Rate 6.13 ± o.<W 
2. Molasses with 25 % of Feeding Rate 5.54 ± 0.1711 

3. Molasses with 50% of Feeding Rate 5.21 ± 0.07c 
4. Molasses with 75 % of Feeding Rate 4.89 ± 0.07" 
5. Molasses with 1 00% of Feeding Rate 4.71 ± 0.03d 

4.0rganic Carbon (mg/litre) 1. No Molasses with 1 00 % of Feeding Rate 69.6274 ± 2.0263" 
2. Molasses with 25 % of Feeding Rate 65.4997 ± 1.5002" 
3. Molasses with 50% of Feeding Rate 82.8814 ± 2.0083c 

4. Molasses with 75 % of Feeding Rate 83.4602 ± 2.1791" 
5. Molasses with 100% of Feeding Rate 107.6228 ± 1.5743' 

5.Chlorophyll a (mg/m~) 1. No Molasses with 100 % of Feeding Rate 1003.3835 ± 6.6025" 
2. Molasses with 25 % of Feeding Rate 255.8629 ± 3.0578" 
3. Molasses with 50% of Feeding Rate 194.6688 ± 1.9543c 
4. Molasses with 75 % of Feeding Rate 95.6015 ± 1.852~ 
5. Molasses with 1 00% of Feeding Rate 101.5084 ± 3.3334. 

6.Number of Heterotrophic Bacteria (CFU/ml) 1. No Molasses with 100% of Feeding Rate 1.85X10" ± 5.50X10 • 
2. Molasses with 25 % of Feeding Rate 7.33 X108 ± 4.53 X10811 

3. Molasses with 50% of Feeding Rate 8.84 X108 ± 3.28 X108 c 

4. Molasses with 75 % of Feeding Rate 1.04 X1010 ± 9.94 X108d 

5. Molasses with 100% of Feeding Rate 1.21 X1010 ± 2.65 X10a. 

7.pH 1. No Molasses with 100 % of Feeding Rate 7.56 ± o.os• 

2. Molasses with 25 % of Feeding Rate 8.16 ± 0.06b 
3. Molasses with 50% of Feeding Rate 8.00 ± 0.01c 
4. Molasses with 75 % of Feeding Rate 7.82 ± o.o2• 
5. Molasses with 1 00% of Feeding Rate 7.74 ± o.o3• 

8.Total Alkalinity (mg/litre) 1. No Molasses with 100% of Feeding Rate 105.67 ± 2.08" 
2. Molasses with 25 % of Feeding Rate 193.00 ± 1.0011 

3. Molasses with 50% of Feeding Rate 206.67 ± 2.69c 

4. Molasses with 75 % of Feeding Rate 237.33 ± 7.51d 

5. Molasses with 100% of Feeding Rate 248.33 ± 2.82. 

~.Total Suspended Solid (mg/litre) 1. No Molasses with 100% of Feeding Rate 261.6667 ± 2.8868" 

~- Molasses with 25 % of Feeding Rate 306.6667 ± 7.6376" 

3. Molasses with 50% of Feeding Rate 315.0000 ± 5.2004c 

4. Molasses with 75 % of Feeding Rate 325.3333 ± 5.507~ 
5. Molasses with 100% of Feeding Rate 365.0000 ± 4.3589. 

at the of the eight-week experimental period. 

Values In every water quality variable within the same column that are followed by different superscript are significandy 
different (p< 0.05). Equality of variance and normality of each water quality variable level were checked by Cochran's test. 
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Table 6.4 The multiple comparisons of means using Tukey HSD test for the effect of 
reducing conventional feeding rate of bigger shrimps (experiment two) on several 
water quality variables in shrimp culture with ZWEM using molasses daily with feed 
C:N ratio level= 20.0:1. Values are means and standard deviations of three replicates 
at the of the eight-week experimental period. 
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Values in every water quality variable within the same column that are followed by different superscript are significantly 
different (p< 0.05). Equality of variance and normality of each water quality variable level were cheeked by Cochran's test. 

~ ~~--~--,---~~--~--~~---T--~~ 

35 A 

20 

L 15 td. Dev 
10 £:No llotllasses with 100% of Conventional Feeding Raee 

Molasses with 25 % of Conventional Feeding Raee )0311 

5 ~ Molasses with SO 'Yo of Conventional Feeding Rate 
Molasses with 75% of Conventional Feeding Rate )035b 

0 - Molasses with 100% of Conventional Feeding Rate 
)008b 

.a 
)028b 

I I I I I I I I I )020b 

~ ~ 
... !7781 

e. :::. :::. :::. ~ )002b 
0 ... N .., 

"" on (D .... CD 
)001b 

Week (Sampling Dates) )00~ 
5. Molasses with 1 00% of Feeding Rate 0.0873± 0.0001b 

3.Dissolved Oxygen (mgllitre) 1. No Molasses with 1 00 % of Feeding Rate 5.22± 0.01 1 

2. Molasses with 25 % of Feeding Rate 4.81 ± 0.04b 
3. Molasses with 50% of Feeding Rate 4.74± o.o2• 
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4.0rganic Carbon (mg/litre) 1. No Molasses with 100 % of Feeding Rate 111.8564 ± 3.2552" 
12. Molasses with 25 % of Feeding Rate 100.2902± 2.5347b 
3. Molasses with 50% of Feeding Rate 125.3581 ± 3.0376° 
~· Molasses with 75 % of Feeding Rate 126.2336± 3.296~ 
5. Molasses with 1 00% of Feeding Rate 133.2851 ± 2.3683° 
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5. Molasses with 1 00% of Feeding Rate 169.9035 ± 20.6569° 

6.Number of Heterotrophic Bacteria (CFU/ml) 1. No Molasses with 1 00 % of Feeding Rate 2.22 X109 ± 6.60X10 1 

2. Molasses with 25 % of Feeding Rate 8.79 X108 ± 5.44 X10u 
3. Molasses with 50% of Feeding Rate 1.03 X1010 ± 2.21 X1080 

~· Molasses with 75 % of Feeding Rate 1.24X1010 ±6.43X108
d 

5. Molasses with 1 00% of Feeding Rate 1.45 X1010 ± 3.18 X1080 

7.pH 1. No Molasses with 100 % of Feeding Rate 7.16 ± 0.038 

2. Molasses with 25 % of Feeding Rate 1.n ± 0.03b 
3. Molasses with 50% of Feeding Rate 7.63 ± 0.02c 
~. Molasses with 75 % of Feeding Rate 7.57 ± o.o1• 
5. Molasses with 100% of Feeding Rate 7.42 ± o.o2• 

~.Total Alkalinity (mg/litre) 1. No Molasses with 100 % of Feeding Rate 106.33± 2.52" 
2. Molasses with 25 % of Feeding Rate 179.00± 2.00b 

3. Molasses with 50% of Feeding Rate 211.67 ± 2.32" 
~· Molasses with 75 % of Feeding Rate 221.67± 2.~ 
5. Molasses with 100% of Feeding Rate 264.00± 5.19° 

9.Total Suspended Solids {mg/litre) 1. No Molasses with 1 00 % of Feeding Rate 290.8333 ± 4.536!t 

12. Molasses with 25 % of Feeding Rate 330.8167 ± 3.3168b 

3. Molasses with 50% of Feeding Rate 342.4167 ± 4.1299° 

f4. Molasses with 75 % of Feeding Rate 352.n33 ± 5.4910d 

5. Molasses with 1 00% of Feeding Rate 396.0833 ± 1.7471° 
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Figure 6.2 : Effect of reducing conventional feeding rate on weekly nitrite levels in shrimp 
culture Penaeus monodon shrimp culture with ZWEM using molasses in experiment one 
(A) and experiment two (B) expressed as means (::!:: SE) of three replicates in each 
treatment 

6.3.2. Effect of different treatments on concentrations of dissolved oxygen and 
organic carbon 

Concentrations of dissolved oxygen in the two experiments were significantly affected by 

reducing conventional feeding rate (P<0.05) as shown in Tables 6.3 and 6.4. In the 

treatments using molasses, those were a significantly increased dissolved oxygen levels 

in response to reducing feeding rate in the both experiments (P<O.OS) and 

concentrations of dissolved oxygen were significantly highest in treatments without using 

molasses in both experiments. 

Regression analysis data show a significant positive association between concentrations 

of dissolved oxygen at the end of study and amount of chlorophyll a in experiment one 

(P = 0.00232 and R2 = 0.5227) and experiment two (P = 0.00000 and R2 = 0.8910). 

Conversely, dissolved oxygen concentrations were inversely related to numbers of 

heterotrophic bacteria in experiment one (P = 0.00126 and R2 = 0.5637) and experiment 

two (P = 0.00000 and R2 = 0.9204). Dissolved oxygen levels reduced with experiment 

time in the both experiments or (Figure 6.4). 
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Figure 6.3 : Effect of reducing conventional feeding rate on weekly nitrate levels of shrimp 
culture Penaeus monodon with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (± SE) of three replicates in each treatment. 
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Figure 6.4 : Effect of reducing conventional feeding rate on weekly dissolved oxygen levels 
in Penaeus monodon shrimp culture with ZWEM using molasses in the experiment one 
(A) and experiment two (B) expressed as means (± SE) of three replicates in each 
treatment. 

Reducing conventional feeding rate had a significant effect (P<0.05) on organic carbon 

concentrations in the both experiments (Table 6.3 and 6.4). In treatments using molasses, 

it was shown that decreased concentrations of organic carbon in response to conventional 

feeding rate decreased. Further, the treatment with no using molasses had lower levels 

of organic carbon than those obtained in treatments using molasses with conventional 

feeding rate of 50 % or more in both experiments. Levels of organic carbon increased 

with experiment period in the both experiments (Figure 6.5). 
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Figure 6.5 : Effect of reducing conventional feeding rate on weekly organic carbon levels in 
Penaeus monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (:!: SE) of three replicates in each treatment. 

6.3.3. Effect of different treatments on levels of heterotrophic bacteria and 
chlorophyll a 

Numbers of heterotrophic bacteria in the both experiments were effected by reducing 

conventional feeding rate as shown in Tables 6.3 and 6.4. It was found that numbers of 

heterotrophic bacteria increased with increased feeding rate when molasses was added. 

However, the treatment without using molasses had significantly lowest numbers of 

bacteria in the both experiments. On a time basis, in the both experiments there were no 

difference in total numbers of heterotrophic bacteria in the first 3-4 weeks, after which 

time the treatments became differentiated. Numbers of heterotrophic bacteria increased 

with culture period in all treatments of the both experiments (Figures 6.6). 
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Effect of different treatments on concentrations of chlorophyll a is shown in Table 6.3 and 

6.4. In the shrimp culture using molasses, there was a significant decrease in levels of 

chlorophyll a with increasing feeding rate. Further, the treatment with no molasses had 

significantly highest levels in chlorophyll a in the two experiments. Levels of chlorophyll 

a in all treatments are shown in Figure 6.7. 

Levels of chlorophyll a at the end of experiment were inversely related with levels of total 

suspended solids in experiment one (P = 0.000043 and R2 = 0. 7363) and experiment two 

(P = 0.000021 and R2 = 0.7628) and with numbers of heterotrophic bacteria in experiment 

one (P = 0.00125 and R2 = 0.5637) and two (P = 0.0171 and R2 = 0.5234). 
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Figure 6.6 : Effect of reducing conventional feeding rate on heterotrophic bacteria levels in 
Penaeus monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (± SE) of three replicates in treatment. 
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Figure 6.7 : Effect of reducing conventional feeding rate on weekly chlorophyll a 
levels in Penaeus monodon shrimp culture with ZWEM using molasses in 
experiment one (A) and experiment two (B) expressed as means (:!:: SE) of three 
replicates in each treatment 

6.3.4. Effect of different treatments on levels of pH, total alkalinity and 
suspended solids 

Values of pH reduced significantly with increasing feeding rate in the both experiments 

(Table 6.3 and 6.4) and levels of pH were the significantly lowest in treatments without 

using molasses in the both experiments. Values of pH decreased experiment time 

(Figure 6.8). 
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Figure 6.8 : Effect of reducing conventional feeding rate on weekly pH levels in Penaeus 
monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (± SE) of three replicates in each treatment 

Reducing conventional feeding rate significantly effected total alkalinity concentrations 

in the both experiments. In the shrimp cultures using molasses, there was a significant 

increase in total alkalinity with increasing feeding rate in the two experiments. Further, 

the treatments without using molasses had significantly lowest levels in total alkalinity in 

the both experiments. Concentrations of total alkalinity increased in all treatments using 

molasses and decreased in treatment with no molasses with experiment time 

(Figure 6.9). 
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Figure 6.9 : Effect of reducing conventional feeding rate on weekly total alkalinity levels in 
Penaeus monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means (::1: SE) of three replicates in each treatment. 

In the treatments using molasses, it was a significantly higher levels of total suspended 

solids with higher feeding rate. However, the treatment without using molasses had 

significantly lowest concentrations of total suspended solids in the two experiments and 

the values of total suspended solids increased with experiment time in all treatments 

(Figure 6.1 0). 
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Figure 6.10 :Effect of reducing conventional feeding rate on weekly total suspended solids 
levels in Penaeus monodon shrimp culture with ZWEM using molasses in experiment one 
(A) and experiment two (B) expressed as means (± SE) of three replicates in each 
treatment. 

6.3.5. Effect of different treatments on levels of shrimp survival, growth, 
percentage weight gain and feed conversion ratio 

Levels of shrimp survival were (100%) in the all treatments of the two experiments and 

were unaffected by reducing the conventional feeding rate. Whereas reducing 

conventional feeding rate had a significant effect on the growth rates, percentage 

weight gains and feed conversion ratios in the both experiments (Table 6.5). The 

treatments using molasses with 25 % of conventional feeding rate in the two 

experiments (RFS2s and RFB2s) showed the lowest levels of growth, percentage weight 
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gain and feed conversion ratio in among treatments. Further the treatments without 

using molasses with 100 % of conventional feeding rate in the both experiments 

(RFSCtoo and RFBCtoo) had significantly less levels in growth rate and percentage 

weight gain and higher levels in feed conversion ratio compared to those obtained in 

the treatments using molasses with 50 % or more of conventional feeding rate. The 

present study also reveals that the RFS1s treatment had significantly higher levels of 

shrimp growth and percentage weight gain and lower values of feed conversion ratio 

compared to the RFStoo treatment. There was no significant difference in shrimp growth 

rates and percentage weight gains between the RFB1s and RFBwo treatments. Thus, in 

terms of growth rates, percentage weight gains and feed conversion ratios, with addition 

of molasses it is possible to reduce the feeding rate by 25 % without affecting the 

productivity of shrimps of the two size ranges (Table 6.5). 

There was no remain of daily uneaten feed in the treatments receiving 25 and 50 % of 

conventional feeding rate in the both experiments. In contrary, daily observation shown 

that the remain of unfed feed was relatively high in the shrimp cultures treated with 100 

% of conventional feeding rate with no molasses after week six. 

Table 6.5. The multiple comparisons of means using Tukey HSD for the effect of reducing 
conventional feeding rate of smaller shrimp (experiment one) and bigger shrimp 
(experiment two) on growth rates, percentage weight gains and feed conversion ratios in 
shrimp culture with ZWEM using molasses daily with C:N ratio level= 20.0:1. Values are 
means and standard deviations of three replicates at the end of the eight-week 
experimental period. 

Percentage Feed 
Growth Rate Weight Gain Conversion 

Treatments (gram/day) (%) Ratio 
Experiments Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. 

One 1. No Molasses with 100 % of Feeding Rate o.o30 :t o.oo5• 313.149:t 22.1ssa 3.521 :t 0.178. 

(Smaller Shrimps) 2. Molasses with 25 % of Feeding Rate 0.014:t 0.004° 230.088± 58.911° o.no:t 0.194• 
~· Molasses with 50% of Feeding Rate 0.037:t 0.~ 500.720 :t 64.2trc 1.140:t o.085c 
~· Molasses with 75 % of Feeding Rate o.052:t o.oo1• 892.326 :t 55.2oo- 1.238:t 0.074. 
~. Molasses with 100% of Feeding Rate o.040:t o.oo1• 698.340 :t 32.954. 1.998:t 0.145. 

Two 1. No Molasses with 100 % of Feeding Rate o.11s:t o.ooa- 101.366:t 1.49~ 3.694:t 0.03ft 
(Bigger Shrimps) ~· Molasses with 25 % of Feeding Rate 0.085:t 0.~ 47.991 :t 3.314. 1.610:t 0.093• 

~· Molasses with 50% of Feeding Rate 0.188:t 0.006" 104.221 :t 2.17~ 1.747:t 0.01SC 
~. Molasses with 75 % c:A Feeding Rate o.314:t o.oos- 179.382:t 1.2-n- 1.709:t o.o33• 

~· Molasses with 100% of Feeding Rate 0.318:t 0.004• 178.599:t 1.87~ 2.289:t 0.03~ 
Values of every production vanable In each uperlmeat witb1a the same column that are followed by different supencnpt are 
algnlficaatly different (p< O.tS). EquaHty of varlaace aad normality of p-owtb rate, percutqe weipt pin aad feed coavenioa ratio 
were cbecked by Cochraa'• test. 
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Regression analysis data show that growth rates and percentage weight gains had a 

positive correlation with numbers of bacteria in the two experiments {Table 6.6), 

while levels of feed conversion ratio had a negative correlation with numbers of 

heterotrophic bacteria. 

Figure 6.11 shows growth rates of shrimp in experiments one and two. Percentage 

weight gains of the two experiments are depicted in Figure 6.12 and Figure 6.13 

describe feed conversion ratios in the both experiments. 
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Figure 6.11 : Effect of reducing conventional feeding rate on fortnightly growth rates in 
Penaeus monodon shrimp culture with ZWEM using molasses in experiment one (A) and 
experiment two (B) expressed as means(± SE) of three replicates in each treatment. 
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Figure 6.12 : Effect of reducing conventional feeding rate on fortnightly percentage 
weight gains in Penaeus monodon shrimp culture with ZWEM using molasses in 
experiment one (A) and experiment two (B) expressed as means (± SE) of three 
replicates in each treatment. 
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Table 6. 7: Regression analysis of correlation between growth rates, percentage weight 
gains and feed conversion ratios (dependent variables) and numbers of heterotrophic 
bacteria (as independent variable) at the end of experiment in experiments one and two 

Growth Rate Percentage Feed 
Independent Variable (gram/day) Weight Conversion 

Experiments Gain(%) Ratio 
Number of Heterotrophic Bacteria (CFU/ml) 

One (RFS) a. Coefficient 0.5525 0.3443 -0.7486 
b. p-level 0.032 0.0201 0.0013 
c.R2 0.5520 0.5021 0.5604 
Number of Heterotrophic Bacteria (CFU/ml) 

Two (RFB) a. Coefficient 0.6100 0.6037 -0.7247 
b. p-level 0.016 0.017 0.0022 
c.R2 0.5598 0.5593 0.5600 

Value of p-level that is less than 0.05 (p<O.OS) in every variable describes its significant correlation with shrimp growth rate, 
percentage gain and feed conversion ratio. Value of coefficient that is positive and negative in every variable reveals its positive and 
negative relationship with shrimp growth rate, percentage gain and feed conversion ratio respectively. 
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Figure 6.13 : Effect of reducing conventional feeding rate on fortnightly feed 
conversion ratios level in Penaeus monodon shrimp culture with ZWEM using 
molasses in experiment one (A) and experiment two (B) expressed as means (± SE) 
of three replicates in each treatment. 
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6.4. Discussion 

6.4.1. Effect of different treatments on concentrations of inorganic nitrogen 

The treatments not using molasses had highest concentration of ammonia and nitrite 

in the two experiments while treatments with molasses they had remained low. This 

was due to the fact that application of molasses with C: N ratio level = 20.0: 1 had 

effectively removed inorganic nitrogen from the culture medium. These results are 

similar to those obtained in the previous experiments (chapter five). Several authors 

(e.g. Tezuka, 1990; Anvimelech et al., 1992a; 1994; Avnimelech, 1999; Mcintosh, 

2000) also reported that the feed C:N ratio level of 15.0:1 or more effectively 

removed inorganic nitrogen from water. 

It was noted that there was no significant difference in the magnitudes of ammonia 

and nitrite in the treatments using molasses for the both experiments although these 

treatments had different feeding rates. This result is contrary to previous study as 

has been carried out by (Millamena, 1990; Allan et al., 1995; Mantoya et al., 2002) 

who established that there was an increased concentrations of ammonia and nitrite 

with increasing feeding rate in conventional shrimp ponds. This different result is 

possibly caused by they carried out experiments in shrimp culture with water 

exchange system without using carbon resource. It could also be due to the 

difference in temperature of the experiments (a nature of outdoor experiments). 

Concentrations of ammonia and nitrite in the treatments without molasses in 

experiment one were lower than that of experiment two and this could due to the 

application of higher feed amount in experiment two to compensate for the larger 

size of shrimp. The higher amount of feed applied led to the higher production of 

inorganic nitrogen. Montoya et al. (2002) reported that the concentration of 

inorganic nitrogen such as ammonia and nitrite increased as feeding rate inclined. 

In treatments without molasses, concentration of ammonia peaked on week five in 

experiment one and on week one in experiment two and this could be due to the 

faster establishment of nitrifying bacteria in experiment two than in experiment one 

in response to higher amount of input organic such as feed. Thus ammonia was 

oxidised earlier into nitrite in experiment two and it is supported by four fold 
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increase in nitrite in experiment two compared to experiment one on week one. 

The rate of nitrification is directly proportional to the growth of nitrifying bacteria 

which is mainly depended upon the concentration of substrate (Montoya et al. 2002) 

6.4.2. Effect of different treatments on concentrations of dissolved oxygen and 
organic carbon 

There were decreased concentrations of dissolved oxygen in response to increasing 

feeding rate in the treatments using molasses. This could be due to the increase in 

numbers of heterotrophic bacteria in response to increase feeding and molasses. It 

has been earlier reported that dissolved oxygen decreased as increasing feeding 

rates of shrimp(Chieng et al., 1989; Hopkins et al., 1991). Heterotrophic bacteria 

had a great contribution in a reduction of dissolved oxygen concentration in shrimp 

culture water (Visscher and Duerr, 1991; Sun et al., 2001). Several investigators 

(e.g. Boyd, 1990; Millamena, 1990; Allan et al., 1995) also revealed that increasing 

feeding contributed increased organic material causing a decrease in dissolved 

oxygen due to oxidation by bacteria and an increase in metabolic waste 

The highest concentrations of dissolved oxygen in treatment with no molasses and 

lower levels of dissolved with higher feeding rate in treatments using molasses could 

be due to the positive correlation between the concentrations of dissolved oxygen and 

the levels of chlorophyll a. Further, the levels of chlorophyll a decreased with 

increasing feeding rate in treatment using molasses and were highest in treatment 

without using molasses in the both experiments (as discussed below). 

Decrease in dissolved oxygen levels during the experimental period in the both 

experiments was likely due to accumulation of feaces, feed remains, dead plankton 

causing increase in oxygen demand in zero water exchange. Accumulation of 

organic materials had negative impact on the concentration of dissolved oxygen in 

shrimp ponds (Sun et al., 2001). Increase in shrimp weight also could be 

responsible for decreased dissolved oxygen during growing period in the two 

experiments. This contention is supported by the present data show that experiment 

one with smaller shrimps had higher concentrations of dissolved oxygen compared to 
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those in experiment two with bigger shrimps. Previous studies conducted by other 

authors (Jiang et al., 1999; Cook et al., 2000; Jintasataporn, 2000) also established 

that the oxygen consumption by aquatic organisms including shrimp increased with 

increasing size 

Concentrations of organic carbon were lowest in the shrimp culture treated with no 

molasses receiving 100 % of feeding rate in the both experiments while in the 

shrimp cultures treated with molasses, treatment with higher feeding rate had 

higher concentrations in organic carbon. This result was clearly caused by 

increased amount of molasses contributed to increased organic carbon. It is not 

surprising that values of organic carbon increased with during experiment in the both 

experiments. This result is in consistent with those investigated in previous 

experiments (see chapter five). 

6.4.3. Effects of different treatments on levels of heterotrophic bacteria and 
chlorophyll a 

With the addition of molasses, numbers of heterotrophic bacteria were augmented 

with increasing conventional feeding rate in the both experiments whereas in 

treatments using no molasses but with 100 % of feeding rate had lowest numbers of 

bacteria in both experiments. This was because higher amount of molasses led to 

higher numbers of heterotrophic bacteria in shrimp cultures and treatments with 

higher feeding rate always received higher amount of molasses. The same result has 

been investigated by several investigators (Parson et al., 1981; Azam et al., 1983; 

A vnimelech et al., 1992a; 1994; Kochba et al., 1994; Middleboe et al., 1995; 

A vnimelech , 1999) who reported that addition of carbon in water created a increase 

in number of heterotrophic bacteria. 

It is interesting to note that numbers of bacteria in treatments using molasses with 

less than 100 % of feeding rate had significantly higher numbers of heterotrophic 

bacteria compared to the treatment without using molasses with 100 % of feeding 

rate in both experiments. This finding was possibly due to feed C:N ratio levels in 

treatment without using molasses was lower (6.5:1) compared to treatment using 

molasses (C:N ratio • 20.0:1). This results is supported by findings obtained in 
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previous experiments (see chapter five) which show that numbers of heterotrophic 

bacteria in shrimp culture treated with C:N ratio level= 6.5:1 were significant lower 

than in shrimp cultured treated with C:N ratio level= 20.0:1 

Numbers of heterotrophic bacteria increased during the study period in all treatments. 

This trend is in accordance with trend found in previous experiments (see chapter 

five). Allan et al. (1995) also found that the number of bacteria in sediment of 

shrimp culture gradually increased with culture period. 

Chlorophyll a decreased as result of increasing feeding rate in shrimp cultures 

treated with molasses. Treatment with no molasses resulted in highest 

concentrations of chlorophyll a in the both experiments. Further results show that 

increasing feeding rate in treatments using molasses always had increased total 

suspended solids levels and increased numbers of heterotrophic bacteria. Negative 

impacts of these conditions on chlorophyll a also have been observed in other 

studies (Parsons et al., 1981; Kirchman and Keil, 1990; Avnimelech et al., 1994; 

Avnimelech, 1999; Browdy., 2001; Mcintosh, 2001) 

6.4.4. Effects of different treatments on levels of pH, total alkalinity and 
suspended solids 

Values of pH in experiments untreated with molasses were lowest in the both 

experiments and this trend could due to the highest activity of nitrifying bacteria 

which was indicated by the highest concentration of nitrite and nitrate. It has been 

stated already that oxidizing each mole of ammonia released two hydrogen ions 

which eventually reduced pH (Hargreaves, 1998). Also Tacon et al. (2002) reported 

that a increase in nitrite caused decreased pH in shrimp culture. 

Allan et al. (1995) found that there was a decrease pH with increasing feeding rate 

due to the decomposition of excess feed . The present study also shows there was a 

significant reduction in pH values with enhancing feeding rate in shrimp cultures 

treated with molasses. Increasing amount of molasses applied with feeding rate 

increased could be responsible for this results because higher concentration of 

molasses applied in shrimp cultures was likely to produce higher level of inorganic 
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carbon subsequently decreasing pH. Increasing inorganic carbon contributed to a 

reduction in pH (Boyd, 1990). 

The results show that levels of total alkalinity increased as feeding rate increased in 

treatments using molasses and it was higher in experiment two compared to 

experiment one. These results were possibly due to higher feeding rate led to higher 

amount of molasses applied which consequently caused higher concentration in 

inorganic carbon contributing more total alkalinity in shrimp culture. Boyd (1990) 

reported that inorganic carbon contributed to increase in total alkalinity. 

Treatments without using molasses had lowest levels in total alkalinity in the two 

experiments. Furthermore, levels of total alkalinity increased in treatments using 

molasses and decreased in treatment without using molasses. This result is similar to 

observation found in previous experiments (see chapter five). 

Concentrations of total suspended solids increased in response to increasing feeding 

rate in treatments using molasses. This result was clearly caused by treatments with 

higher feeding rate receiving higher concentration of molasses leading to higher 

level of suspended solids. Further, concentrations of total suspended solids were 

significant lowest in treatments without using molasses of the both experiments and it 

was probably due to there was no molasses applied in those treatments . 

6.4.5. Effect of different treatments on levels of shrimp survival and growth 
rate, percentage weight gain and feed conversion ratio 

Like in previous experiments (see chapter five), despite concentrations of ammonia 

and nitrite in treatments with no molasses were higher than safe level for Penaeus 

monodon shrimp, however the survival rates were I 00% in those treatments. 

Treatments with 25 % of conventional feeding rate in the two experiments had 

significantly lowest growth rate and percentage weight gain among treatments. 

Likewise, in the two experiments using molasses, levels of growth rate and 

percentage weight gain were lower in treatments with 50 % of conventional feeding 

rate compared with 75 %and 100% of feeding rate treatments. These results 

reveal that using 25 % and 50 % of conventional feeding rate was insufficient for 
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shrimp growth, despite application molasses with the level of C:N ratio = 20 was 

conducted in those treatments. These results imply that those treatments show 

underfed shrimp. This view was supported by daily observation shown that no 

uneaten feed found in shrimp culture treated with 25 and 50 % of conventional 

feeding rate. These findings also indicates that natural food including heterotrophic 

bacteria was incapable of supplementing reducing feeding rate of 50% or more in 

sustaining shrimp growth . In conclusion, possibly the economical optimal level is 

67% (since 50% and 100% gave the same yield). However, the optimal feeding level 

should be tested for different farming conditions. 

Interestingly, in the two experiments, there was a decrease in feed conversion ratios 

in response to decreasing feeding rate. Therefore, differences in values of feed 

conversion ratio among the test treatments reflect feed consumption rather than feed 

quality, as the feed used was the same. It was stated that feed conversion ratio 

decrease as the amount of feed decrease and increases with an increase in the amount 

of feed fed (Halver, 1989). Similarly, Abdelghany and Ahmad (2002) pointed out 

that feed conversion ratio of fish was lower in treatment with lower feeding rate. 

This result implies that efficiency of shrimp culture should not be evaluated by only 

feed conversion but also by growth rate and percentage weight gain. 

Further the treatment without using molasses with 100 % of conventional feeding rate 

had significantly lower growth rate and percentage weight gain and higher feed 

conversion ratio compared to treatments using molasses with 50 % or more of 

conventional feeding rate. Despite in general regression analysis revealed that 

growth rates, percentage weight gains and feed conversion ratios did not significantly 

associate with the concentrations of ammonia and nitrite but specifically in treatment 

without using, the concentrations of high ammonia and nitrite molasses was likely to 

be responsible to this result as investigated in previous experiments (see chapter 

five). Furthermore, daily observation shown that the remain of unfed feed was 

relatively high in treatment without using molasses at 100 % of conventional feeding 

rate particularly after week six and it was likely to be associated with stressed level in 

shrimp due to high concentration of nitrite. 
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Numbers of heterotrophic bacteria in treatments without using molasses which were 

lower compared to those obtained in treatments using molasses could be one 

explanation for lower growth rates and percentage weight gains and higher feed 

conversion ratios in treatments with no molasses than treatments using molasses 

receiving 50 % or more of conventional feeding rate. Further investigation shown 

that numbers of heterotrophic bacteria were positively correlated with growth rates 

and percentage weight gains and were negatively with feed conversion ratio. The 

product of microbial protein has been proved to be an efficient source of proteins for 

fish (Avnimelech and Mokady, 1988; Avnimelech et al., 1989). Also Avnimelech et 

al. (1994) reported that growth rate of fish was higher in treatment with lower 

conventional feeding rate using carbon source compared to those obtained in 

treatment with higher of conventional feeding rate with not using carbon source. 

It was not clearly shown that in the experiment one (smaller shrimp used), RFS1s 

treatment had the higher growth rate and percentage weight gain compared to the 

RFS1oo treatment and in the experiment two (bigger shrimp used) no such 

difference in growth rate and percentage weight gain were observed. It was also 

observed that levels of total suspended solid increased with increasing feeding rate. 

Therefore it is possible that total suspended solids has a negative correlation with 

growth rates and percentage weight gains and this trend could have more pronounced 

in smaller shrimps than bigger ones, even though growth rates and percentage weight 

gains had positive correlation with number of heterotrophic bacteria Previous studies 

also support this view that total suspended solids had adverse impact on the growth 

rate of aquatic animals (Stickney, 1979; Wickins, 1980; Boyd, 1989). 

The results strongly suggest that bacterial flocculation can be used as feed for 

shrimps and can be partially replaced the feed in RFS75 and RFB1s treatments, 

although the present study did not prove directly use of bacterial flocculation by 

shrimps. It has been reported by several authors (Harris and Mitchell, 1973; 

Schroeder, 1978; Avnimelech et al., 1982) who revealed that flocculation of 

heterotrophic was consumed by fish and had significant contribution in fish 

production. Likewise, Tacon et al. (2002) reported that the growth rates of white 

shrimp in zero water exchange model was very high due to the endogenous 

production and availability of microbial food organisms (bacterial flocculation). 
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· Bacterial flocculation constituted high ammo acids such as threonine, valine, 

isoleucine and phenylalanine which is required by shrimps (Tacon et al., 2002). 

Moriarty (1986) also used bacterial productivity in ponds for culture of penaeid 

shrimps. 

Based on evaluation of shrimp growth rate, percentage weight gain, feed conversion 

ratio and water quality variables, the present study clearly shows that the best 

treatment in the both experiments was the treatment using molasses with 75 % of 

conventional feeding rate. It was shown that application of molasses with the level 

of feed C: N ratio= 20.0:1 in this treatment saved the feed cost around 25 %. 

A vnimelech et al. (1992a) also pointed out that the feed cost in fish ponds using 

carbon was reduced to 50 - 67 % of that common in conventional ponds. This 

study shows that using molasses with the level of C: N ratio at 20.0 at 75 % of 

conventional feeding rate is the most promising features of zero water exchange 

culture system because it offers increased biosecurity, reduced feed costs, waste and 

water use. 
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CHAPTER SEVEN 

EFFECT OF C:N RATIO LEVELS ON WATER QUALITY, SHRIMP 
SURVIVAL RATE, GROWTH RATE, PERCENTAGE WEIGHT GAIN, FEED 
CONVERSION RATIO, WATER CONSUMPTION RATE AND EFFLUENT 
IN Penaeus monodon SHRIMP CULTURE WITH LIMITED WATER 
EXCHANGE MODEL USING MOLASSES AS A CARBON SOURCE. 

7.1. Introduction 

In chapter three, even though field study in shrimp farming with LWEM (5 %of 

total volume weekly) shows that concentration of nitrite had negative correlation 

with level of feed C:N ratio, however, levels of C:N ratio applied in ponds were 

lower than effective level of C:N ratio in removing inorganic nitrogen as reported 

by other workers (Avnimelech et al., 1992a; 1994; Avnimelech , 1999; Mcintosh, 

2000). It was also observed that the application of molasses in shrimp culture 

with ZWEM through controlling feed C: N ration levels is likely to be a novel strategy 

in improving management in shrimp culture and the best level of feed C:N ratio 

obtained was 20.0:1 in shrimp culture with ZWEM (see chapter five). There are, 

therefore, several questions remaining unanswered: Does application of molasses 

have profit in shrimp culture with LWEM (5 % of total volume weekly and 

fortnightly) in terms of water quality and shrimp production variables? What is the 

best level of C:N ratio in shrimp culture with L WEM? Can shrimp culture with 

LWEM using molasses be one alternative model in solving problem of current 

shrimp industry? Hence, it would be further beneficial information if study of effect 

of molasses through controlling C:N ratio levels on water quality and shrimp 

production variables is carried out in Penaeus monodon shrimp culture with L WEM. 

The effect of water exchange rate on penaeus shrimps has been studied by several 

intestigators (Shigueno, 1975; Sandifer et al., 1987; Chen et al., 1989; Kongkeo, 

1990; Sandifer et al., 1991; Wyban and Sweeney, 1989; Chamberlain, 1991; Wyban 

and Sweeney, 1991; Hopkins et al., 1993). To date, even though application of 

molasses is carried out in research centre ponds of Charoen Pokphan shrimp 

company (field study of L WEM conducted), there have been no studies of shrimp 

culture for black tiger shrimp Penaeus monodon with L WEM using molasses as a 

carbon source and the present study. 
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The aims of this study were to investigate in laboratory effect of feed C: N ratio 

levels on water quality, shrimp survival, growth rate, percentage weight gain, feed 

conversion ratio (FCR), water consumption rate and effluent discarded from shrimp 

culture with LWEM (5% of total volume weekly and fortnightly). 

7.2. Material and Methods 

7.2.1. Experimental shrimp culture 

The study consisted of three experiments. Experiment one and two were for 

shrimp culture of limited water exchange model at 5 % of total volume weekly 

(abbreviated as L WEMW). Experiment three was for shrimp culture of limited 

water exchange model at 5 % of total volume fortnightly (abbreviated as L WEMF). 

Water exchange rate used in experiment one and two was based water exchange rate 

applied in shrimp fanning with LWEM (5 % of total volume weekly) using 

molasses in Lampung, Indonesia. However, in order to get more useful information, 

the amount of water exchange in experiment three was based on modification of 

water exchange rate used in experiment one and two. Due to the limitation of 

experiment facilities the three experiments were conducted at different time. 

Treatments used in the three experiments are described in Table 7.1. 

The experiments were conducted in 160 litre experimental tanks throughout the 

eight-week culture period (from 28 November 2001 to 23 January 2002 for 

experiment one, from 09 June 2002 to 05 August 2002 for experiment two and from 

15 January to 12 March 2003 for experiment three). Water exchange was carried out 

in experiment one and two (5 % of total volume weekly) and in experiment three 

(5 % of total volume fortnightly). The experimental conditions (temperature, 

salinity, and orthophosphate) of the three experiments over eight-week are shown in 

Table 7 .2. All treatments in the three experiments had three replicates and tank 

allocation for each treatment was by completely randomized method. Each tank 

was aerated with two pieces of air stone (experiments one and two), and with three 

pieces of air stone (experiment three) suspended in bottom of water column. 
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The amount of tap water added into each tank for experiments one and two was 10 

litres weekly in order to replace discarded water and compensate evaporation. 

Whereas the volume of tap water added into each tank for experiment three was 2 

litres weekly to compensate loss water due to evaporation and 8 litres fortnightly to 

replace discarded water. 

Table 7.1. Treatments used to evaluate effect level of feed C:N ratio level on 
water quality, shrimp growth rate, percentage weight gain, feed conversion 
ratio, water consumption rate and effluent in the three experiments using 
molasses. 

Experiment Treatment 

One 1. Without molasses with C:N ratio = 6.5 ( L WEMW 6.5) 

(LWEMW) 2. Using molasses with C:N ratio = 7.5 ( L WEMW 7.5) 

3. Using molasses with C:N ratio = 10.0 ( L WEMW to .. o) 

4. Using molasses with C:N ratio= 12.5 ( LWEMW12.5) 

Two 1. Without molasses with C:N ratio = 6.5 ( L WEMW 6.5) 

(LWEMW) 2. Using molasses with C:N ratio= 15.0 ( LWEMWt5.o) 

3. Using molasses with C:N ratio= 17.5 ( LWEMW11.5) 

4. Using molasses with C:N ratio= 20.0 ( LWEMW2o.o) 

5. Using molasses with C:N ratio= 22.5 ( LWEMW22.5) 

Three 1. Without molasses with C:N ratio= 6.5 ( LWEMF6.s) 

(LWEMF) 2. Using molasses with C:N ratio= 15.0 ( LWEMFt5.o) 

3. Using molasses with C:N ratio= 17.5 ( L WEMF 11.s) 

4. Using molasses with C:N ratio= 20.0 ( LWEMF2o.o) 

5. Using molasses with C:N ratio= 22.5 ( LWEMF22.s) 

Each culture tank was stocked with 4 shrimps (equal to 30 shrimps m"2). The 

means ± standard deviations of shrimp weight at stocking time of the experiment 

one, two and three were 2.71 ± 0.09, 2.36 ± 0.03 and 9.22 ± 0.34 grams, 

respectively. Experimental shrimps were fed with commercial shrimp feed (Taiwan 

Company Product) with 38 % of crude protein content. The level of feed used in 

the three experiments was 5 % of body weight per day during study (as 

recommended by the company) and it was applied twice daily (50% of the total feed 
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required each at 08.00 am and 06.00 pm). The amount of molasses applied in each 

experimental tank in experiments one, two and three was adjusted in accordance 

with treatment (the level of feed C: N ratio), and daily feeding rate. The amount of 

molasses applied per gram feed is described in Table 5.1 (see chapter five). 

Application of molasses was carried out once daily at 08.00 am. 

Table 7.2: Temperature, salinity, and orthophosphate of the three experiments 
over eight-week experimental period. 

Experiments Variables Minimum Maximum Mean Std.Dev. 

One 
1. Temperature CO C) 26.3 29.9 29.5 0.2 
2. Salinity (o/oo) 26.90 31.6 31.09 0.19 (LWEMW) 3. Orthophosphate (mg/litre) 0.7894 0.8976 0.8231 0.1201 

Two 
1. Temperature e C) 21.8 24.8 24.6 0.1 
2. Salinity (o/oo) 25.50 33.80 32.52 0.67 

(LWEMW) 3. Orthophosphate (mgllitre) 0.8194 0.9216 0.8935 0.1001 
Three 1. Temperature e C) 27.8 30.0 28.4 0.1 

(LWEMF) 2. Salinity (o/oo) 26.32 34.81 33.21 0.81 
3. Orthophosphate (mgllitre) 0.7997 0.8776 0.8031 0.1131 

7.2.2. Measurement of variables 

In all experiments, water quality variables such as temperature, salinity, pH, 

dissolved oxygen, ammonia, nitrite, nitrate, orthophosphate, organic carbon, total 

suspended solids, total alkalinity, chlorophyll a and total bacteria were measured 

weekly. The survival rate, growth rate, production and feed conversion ratio of 

shrimps were determined fortnightly. The methods of used in these activities were 

already described in chapter two (General Methodology). 

Further, the amount of water used (litre) to produce one gram shrimp (water 

consumption rate) was determined by dividing the total amount of water used during 

the growing period of each experiment (litre) with the shrimp production (gram). 

Total mass of ammonia, nitrite, total suspended solid and organic carbon discarded 

from experiment tanks (as the water quality variable of primary importance in 

discharge regulation {Hopkins et al., 1993)) was measured weekly in experiment 

one and two (L WEMW) and recorded fortnightly in experiment three (L WEMF). 

The sum of weekly and fortnightly concentrations were multiplied by water volume 

discarded from shrimp culture in order to determine mass of each water quality 
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variable in discharge water from shrimp culture with L WEMW and L WEMF 

respectively during growing period (Hopkins et al., 1993; Lemonnier et al., 2003) 

while the weight of effluent at harvest time was determined by multiplying the 

concentration of those water quality variable recorded at the end of study with total 

volume of shrimp cultures. Further, total mass of effluent discarded from each 

experimental tank was the sum of effluent discarded during growing period and 

effluent at the harvest time. 

7.3. Results 

7.3.1. Effect of different treatments on concentrations of inorganic nitrogen 

Levels of feed C:N ratio significantly effected on the concentrations of ammonia in 

the three experiments (Tables 7.3; 7.4 and 7.5). The data show that the 

concentrations of ammonia decreased in response to increasing the levels of feed C:N 

ratio in all three experiments and there was no significant difference in ammonia 

concentrations between L WEMW 6.5 and L WEMW 7.5 treatment, between 

LWEMW10.o and LWEMW12 .. 5 treatment in experiment one, and between 

L WEMW 6.5 and L WEMW 15.0 in experiment two. Regression analysis reveals that 

ammonia levels at the end of experiment were negatively correlated with the numbers 

of heterotrophic bacteria in experiment one (R2 = 0.7574 and P= 0.0043), experiment 

two (R2 = 0.8994 and P= 0.00000) and experiment three (R2 = 0.9806 and 

P= 0.00000). 

Likewise, concentrations of nitrite were significantly effected by the levels of feed 

C:N ratio and a significant decrease in concentrations of nitrite as the result of 

increasing the levels of feed C:N ratio in the three experiments. However there was 

no significant response in the levels of nitrite among LWEMW15.o, LWEMW11.s, 

L WEMW 20.0 and L WEMW 22 .. 5 treatments in experiment two and between 

L WEMF2o.o and L WEMF22 . .s treatment in experiment three. Further, the 

concentrations of nitrite at the end of study had a significant negative relationship 

with the number of heterotrophic bacteria in experiment one (R2 = 0.8721 and 

P= 0.000009), experiment two (R2 = 0.6828 and P= 0.0050) and experiment three (R2 

= 0.6857 and P= 0.00014). 
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The concentrations of ammonia were relatively low in all treatments using molasses 

during experiments one, two and three although notably treatment not using 

molasses in each experiment yielded relatively high and fluctuating concentrations 

of ammonia (Figure 7.1). The concentrations of nitrite and nitrate increased in 

experiment one with experimental period (Figures 7.2 and 7.3) while in experiment 

two the levels of nitrite and nitrate were undetectable (very low) during the culture 

period in LWEMWts, LWEMWt7.s, LWEMW2o.o and LWEMW22.s treatments and 

increased with experiment time in LWEMW6.5 (Figures 7.2 and 7.3). Also in 

experiment three, the concentrations of nitrite and nitrate were undetectable (very 

low) in LWEMF2o.o and LWEMF22.s treatments and increased in LWEMF6.5 

treatment with experiment time (Figure 7.3). 

7.3.2. Effect of different treatments on concentrations of dissolved oxygen and 
organic carbon 

There was a significant effect on concentrations of dissolved oxygen m three 

experiments by levels of feed C:N ratio (Tables 7.3; 7.4 and 7.5) and dissolved 

oxygen significantly decreased in response to increasing the levels in feed C:N ratio. 

Regression analysis shows that concentrations of dissolved oxygen at the end of 

study in experiment one were inversely correlated with numbers of heterotrophic 

bacteria (R2 = 0.8746 and P= 0.0000008) and were positively related with the level 

of chlorophyll a (R2 = 0.8356 and P= 0.000032). Likewise, levels of dissolved 

oxygen in experiment two were negatively effected by number of heterotrophic 

bacteria (R2 = 0.6571 and P= 0.0077) and positively associated with concentration of 

chlorophyll a (R2 = 0. 7282 and P= 0.000052) Further, levels of dissolved oxygen 

at the end of experiment three were negatively associated with number of 

heterotrophic bacteria (R2 = 0.7993 and P= 0.000007) and were positively correlated 

with concentration of chlorophyll a (R2 = 0.7143 and P= 0.0000073). As reported 

earlier that concentration of dissolved oxygen in three experiments decreased with 

culture period (Figure 7.4). 

The responses of organic carbon concentration to levels of feed C:N ratio in all three 

experiments are shown in Tables 7.3; 7.4 and 7.5. Values of organic carbon in three 

experiments increased in response to increase in the levels of feed C:N ratio. The 
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levels of organic carbon in all three experiments increased with experimental period 

(Figure 7.5). 
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Figure 7.1 : Effect of feed C:N ratio levels on weekly ammonia concentrations in 
Penaeus monodon shrimp culture with L WEMW in experiment one (A) and 
experiment two (B) and with L WEMF in experiment three (C) using molasses as carbon 
source, expressed as means (::!: SE) of three replicates in each treatment 
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Figure 7.2 : Effect of feed C:N ratio levels on weekly nitrite concentrations in Penaeus 
monodon shrimp culture with L WEMW in experiment one (A) and experiment two (B) 
and with L WEMF in experiment three (q using molasses as carbon source, expressed 
as means (::1: SE) of three replicates in each treatment. 
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Figure 7.3 : Effect of feed C:N ratio levels on weekly nitrate concentrations in 
Penaeus monodon shrimp culture with L WEMW in experiment one (A) and 
experiment two (B) and with L WEMF in experiment three (C) using molasses as carbon 
source, expressed as means (± SE) of three replicates in each treatment. 
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Table 7.3: The multiple comparisons of means using Tukey HSD test for the effect of 
feed C:N ratio levels on several water quality variables in shrimp culture with 
LWEMW (experiment one) using molasses as a carbon source. Values are means and 
standard deviations of three replicates at the end of the eight-week experimental 
period. 

Water Quality Variables Treatment Mean Std. Dev. 

1. Ammonia (mg/litre) 1. Without Molasses 0.2923 ± 0.0015" 
2.Molasses with CJN Ratio= 7.5 0.2867 ± 0.0081° 
3. Molasses with C/N Ratio= 10.0 0.2773 ± 0.004i' 
4. Molasses with C/N Ratio= 12.5 0.2672 ± 0.010311 

2. Nitrite (mg/litre) 1. Without Molasses 20.2320 ± o.ooo8• 
2.Molasses with C/N Ratio= 7.5 1.6065 ± 0.002411 

3. Molasses with C/N Ratio= 10.0 1.3792 ± 0.0189c 

4. Molasses with C/N Ratio= 12.5 0.9752 ± 0.0134d 
3.Dissolved Oxygen (mg/litre) 1. Without Molasses 6.66 ± 0.31 1 

~.Molasses with C/N Ratio = 7.5 6.39 ± 0.2311 

3. Molasses with C/N Ratio = 1 0.0 5.87 ± 0.29. 
14. Molasses with C/N Ratio = 12.5 5.67 ± 0.01d 

~.Organic Carbon (mg/litre) 1. Without Molasses 66.8040 ± 2.3737" 
~.Molasses with C/N Ratio= 7.5 86.2194 ± 2.412411 

3. Molasses with CIN Ratio= 10.0 93.8682 ± 2.0148. 
14. Molasses with CIN Ratio= 12.5 102.5640 ± 1.2899d 

5 .. Chlorophyll a (mg/m"') 1. Without Molasses 259.2128 ± 3.19771 

2.Molasses with C/N Ratio= 7.5 211.0525 ± 0.64~ 
3. Molasses with C/N Ratio= 10.0 199.6989 ± 2.4242c 
14. Molasses with C/N Ratio= 12.5 179.7290 ± 2.1818d 

6.Number of Heterotrophic Bacteria (CFU/ml) 1. Without Molasses 1.05 x109 ± 8.94 x1o9
• 

2.Molasses with C/N Ratio= 7.5 4.04x109 ± 1.40 x10u 

3. Molasses with C/N Ratio= 10.0 4.75x109 ± 5.40 x10ac 

14. Molasses with CIN Ratio = 12.5 6.72x108 ± 4.07 x108a 

7.pH 1. Without Molasses 8.17 ± 0.021 

~.Molasses with CJN Ratio= 7.5 8.07 ± o.oi' 
3. Molasses with CIN Ratio= 10.0 8.01 ± o.o1• 

14. Molasses with C/N Ratio = 12.5 7.94 ± 0.04d 

8. Total Alkalinity (mg/litre) 1. Without Molasses 88.33 ± 4.041 

~.Molasses with C/N Ratio= 7.5 98.00 ± 1.oo• 

3. Molasses with CIN Ratio= 10.0 108.67 ± 1.53• 

14. Molasses with CIN Ratio= 12.5 162.00 ± 1.73d 

9.Total Suspended Solid (mg/litre) 1. Without Molasses 183.1638 ± 2.7517" 

~.Molasses with C/N Ratio= 7.5 219.5833 ± 1.909411 

3. Molasses with CIN Ratio= 10.0 218.5833 ± 1.2829' 

14. Molasses with CIN Ratio = 12.5 227.1667 ± 2.5658d 

Values in every water quality variable within the same column that are followed by different superscript are significandy 
different (p< 0.05). Equality ofvarianc:e and normality of eac:h water quality variable level were c:hec:ked by Cochran's test. 
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Table 7.4: The multiple comparisons of means using Tukey HSD test for the effect 
of feed C:N ratio levels on several water quality variables in shrimp culture with 
LWEMW (experiment two) using molasses as a carbon source. Values are means 
and standard deviations of three replicates at the end of the eight-week 
experimental period. 

Water Quality Variables Treatment Mean Std .Dev. 
1. Ammonia (mg/litre) 1. Without Molasses 0.2540 ± 0.0371a 

2.Molasses with C/N Ratio= 15.0 0.0257 ± 0.00231 

3. Molasses with C/N Ratio= 17.5 0.0156 ± 0.001~ 
~- Molasses with C/N Ratio = 20.0 0.0102 ± o.ooo5• 
5. Molasses with CIN Ratio = 22.5 0.0069 ± 0.0003" 

2.Nitrite (mg/litre) 1. Without Molasses 21.0733 ± 0.6649a 
~.Molasses with C/N Ratio= 15.0 0.0000 ± o.oooob 
3. Molasses with C/N Ratio= 17.5 0.0000 ± o.oooob 
~- Molasses with C/N Ratio = 20.0 0.0000 ± o.oooob 
5. Molasses with CIN Ratio = 22.5 0.0000 ± o.oooob 

3. Dissolved Oxygen (mgllitre) 1. Without Molasses 5.90 ± o.osa 
~.Molasses with C/N Ratio= 15.0 5.64 ± 0.1~ 
3. Molasses with CIN Ratio= 17.5 5.37 ± o.o2• 
4. Molasses with CIN Ratio = 20.0 5.19 ± 0.01" 
5. Molasses with CIN Ratio = 22.5 4.69 + 0.0~ 

4.0rganic Carbon (mg/litre) 1. Without Molasses 63.3076 ± 3.07601 

2.Molasses with CIN Ratio= 15.0 76.7350 ± 1.733b 
3. Molasses with CIN Ratio= 17.5 79.8457 ± 3.6720. 
4. Molasses with CIN Ratio = 20.0 85.7800 ± 2.0319" 
5. Molasses with C/N Ratio = 22.5 89.8309 ± 2.0680. 

5. Chlorophyll a (mg/m") 1. Without Molasses 195.8386 ± 2.49771 

~.Molasses with CIN Ratio= 15.0 171.7877 ± 2.9774b 
3. Molasses with CIN Ratio= 17.5 167.4872 ± 2.4505. 

~- Molasses with CIN Ratio = 20.0 165.8962 ± 2.0465" 
5. Molasses with CIN Ratio = 22.5 153.6221 ± 1.8340. 

6. Number of Heterotrophic Bacteria (CFU/ml) 1. Without Molasses 1.05 X 109 ± 6.08 X 107 1 

~.Molasses with C/N Ratio= 15.0 2.74x 109 ± 1.86x 10811 

3. Molasses with CIN Ratio= 17.5 5.59x 109 ± 1.95x 108 
• 

~- Molasses with C/N Ratio = 20.0 6.49x 109 ± 1.40x108
d 

5. Molasses with CIN Ratio = 22.5 9.44x 109 ± 3.60 X 108 
• 

7. pH 1. Without Molasses 8.11 ± 0.01 1 

~.Molasses with CIN Ratio= 15.0 7.96 ± o.off 
3. Molasses with CIN Ratio = 17.5 7.85 ± 0.04• 

4. Molasses with C/N Ratio = 20.0 7.77 ± 0.02" 
5. Molasses with CIN Ratio = 22.5 7.69 ± 0.0123. 

8. Total Alkalinity (mg/litre) 1. Without Molasses 126.6667 ± 2.0817a 
2.Molasses with C/N Ratio= 15.0 176.6667 ± 3.0551 b 
3. Molasses with CIN Ratio = 17.5 192.0000 ± 1.oooo• 
~- Molasses with CIN Ratio = 20.0 210.0000 ± 3.0000" 
5. Molasses with CIN Ratio = 22.5 215.3333 ± 6.027~ 

9.Total Suspended Solid (mg/litre) 1. Without Molasses 143.1429 ± 0.89591 

~.Molasses with CIN Ratio= 15.0 244.1055 ± 2.265~ 
3. Molasses with C/N Ratio= 17.5 252.7891 ± 4.4533. 

~- Molasses with CIN Ratio = 20.0 268.3745 ± 4.1823" 
5. Molasses with CIN Ratio = 22.5 293.2642 ± 3.7058. 

Values m every water quahty vanable withan the same column that are followed by different superscnpt are s•gmfic:antly 
different (p< 0.05). Equality ofvariance and normality of each water quality :variable level were checked by Cochran's test. 
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Table 7.5: The multiple comparisons of means using Tukey HSD test for the effect 
of feed C:N ratio levels on several water quality variables in shrimp culture with 
LWEMF (experiment three) using molasses as a carbon source. Values are means 
and standard deviations of three replicates at the end of the eight-week 
experimental period. 

Water Quality Variables Treatments Mean Std.Dev 
1. Ammonia (mgllitre) 1. Without Molasses 0.1538 ± o.ooos• 

2.Molasses with C/N Ratio= 15.0 0.1363 ± 0.00148 

3. Molasses with C/N Ratio= 17.5 0.0467 ± 0.0001° 
~· Molasses with C/N Ratio = 20.0 0.0441 ± 0.0006d 
5. Molasses with C/N Ratio = 22.5 0.0392 ± 0.0004' 

2.Nitrite (mgllitre) 1. Without Molasses 22.3549 ± 0.00031 

2.Molasses with C/N Ratio = 15.0 0.4619 ± 0.00558 

3. Molasses with C/N Ratio= 17.5 0.3681 ± 0.0018° 
l4. Molasses with C/N Ratio = 20.0 0.0000 ± o.oooo• 
5. Molasses with C/N Ratio = 22.5 0.0000 ± o.oooo• 

3.Dissolved Oxygen (mgllitre) 1. Without Molasses 5.11 :1: o.o5• 
2.Molasses with C/N Ratio= 15.0 4.61 :1: 0.02° 
3. Molasses with C/N Ratio= 17.5 4.35 ± 0.17" 
l4. Molasses with C/N Ratio= 20.0 4.05 ± 0.04d 

5. Molasses with C/N Ratio = 22.5 3.87 ± o.o8" 
~.Organic Carbon (mgllitre) 1. Without Molasses 72.8037 :1: 3.5373" 

2.Molasses with CIN Ratio= 15.0 99.7555 :1: 2.2532° 
3. Molasses with C/N Ratio= 17.5 103.7995 ± 4.7736° 
4. Molasses with C/N Ratio = 20.0 109.7984 :1: 2.6008d 
5. Molasses with C/N Ratio = 22.5 112.2887 ± 2.5850° 

5.Chlorophyll a (mglm') 1. Without Molasses 285.2856 :1: 0.9531 1 

2.Molasses with CIN Ratio= 15.0 206.1453 ± 3.572gb 
3. Molasses with C/N Ratio = 17.5 202.5065 ± 1.0663° 
14- Molasses with C/N Ratio= 20.0 192.0276 ± 2.2924d 
5. Molasses with C/N Ratio = 22.5 150.7385 ± 2.2054° 

6.Number of Bacteria (CFU/ml) 1. Without Molasses 1.84x 10" ± 1.18 X 1081 

2.Molasses with C/N Ratio= 15.0 7.25x 109 ± 5.54 X 1080 

3. Molasses with C/N Ratio= 17.5 8.79x 109 ± 2.60 X 1080 

14- Molasses with C/N Ratio = 20.0 1.02x 1010 ± 3.52x 108 
d 

5. Molasses with C/N Ratio = 22.5 1.39 X 1010 ± 4.80 X 108 8 

l7.pH 1. Without Molasses 7.13 ± 0.01" 
2.Molasses with CIN Ratio= 15.0 7.50 ± 0.038 

3. Molasses with C/N Ratio= 17.5 7.43 ± o.o2• 
~- Molasses with C/N Ratio = 20.0 7.35 ± 0.01d 
5. Molasses with C/N Ratio = 22.5 7.21 ± 0.0~ 

8.Total Alkalinity (mgllitre) 1. Without Molasses 122.3333 ± 2.30941 

2.Molasses with C/N Ratio= 15.0 200.0000 ± 1.0000° 
3. Molasses with C/N Ratio= 17.5 214.6667 ± 2.8868c 
4. Molasses with C/N Ratio = 20.0 221.6667 ± 6.0277' 
5. Molasses with C/N Ratio = 22.5 226.3333 ± 2.516SO 

9.Total Suspended Solid (mg/litre) 1. Without Molasses 252.4018 ± 6.739~ 
2.Molasses with CIN Ratio= 15.0 309.0892 ± 2.8093° 
3. Molasses with C/N Ratio= 17.5 315.9090 :1: 2.0893c 
4. Molasses with C/N Ratio= 20.0 335.9410 :1: 7.1663d 

5. Molasses with C/N Ratio = 22.5 369.0235 ± 8.3833' 

Values In every water quality variable within tbe same column that are followed by different superseript are significantly 
different (p< 0.05). Equality of variance and normality of each water quality variable level were checked by Cocbnn's 
test. 
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Figure 7.4 : Effect of feed C:N ratio levels on weekly dissolved oxygen 
concentrations in Penaeus monodon shrimp culture with L WEMW in 
experiment one (A) and experiment two (B) and with L WEMF in experiment 
three (C) using molasses as carbon source, expressed as means (± SE) of three 
replicates in each treatment. 
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Figure 7.5: Effect offeed C:N ratio levels on weekly organic carbon concentrations in 
Penaeus monodon shrimp culture with L WEMW in experiment one (A) and 
experiment two (B) and with L WEMF in experiment three (q using molasses as carbon 
source, expressed as means (± SE) of three replicates in each treatment. 
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7.3.3. Effect of different treatments on levels of chlorophyll a and heterotrophic 
bacteria 

Levels of feed C:N ratio significantly impacted on concentrations of chlorophyll a 

in all three experiments (Tables 7.3; 7.4 and 7.5). There was a significant reduction 

in the levels of chlorophyll a in all three experiments related to increasing levels of 

feed C:N ratio (P<0.05). Regression analysis proves that concentrations of 

chlorophyll a at the end of study in e experiment one had an inverse correlation with 

numbers of heterotrophic bacteria (R2 = 0.9607 and P= 0.00000) and with 

concentrations of total suspended solids (R2 = 0.9025 and P= 0.000002). Similarly, in 

experiment two the values of chlorophyll a were negatively associated with numbers 

of heterotrophic bacteria (R2 = 0.8277 and P= 0.000003) and with levels of total 

suspended solids (R2 = 0.9694 and P= 0.00000). Levels of chlorophyll a at the end of 

experiment three also had a negative correlation with levels of heterotrophic 

bacteria (R2 = 0.9621 and P= 0.00000) and with values of total suspended solids 

(R2 = 0.9636 and P= 0.00000). Values of chlorophyll a in all three experiments 

fluctuated and peaked at week four (Figure 7.6). 

Numbers of heterotrophic bacteria in all experiments were significantly effected by 

levels of feed C:N ratio (Tables 7.3; 7.4 and 7.5). Further, the study shows that 

increased numbers of heterotrophic bacteria in three experiments were the result of 

increasing the levels of feed C:N ratio (P<O.OS). Generally the levels of heterotrophic 

bacteria in all treatments increased with experiment period (Figure 7. 7). 
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Figure 7.6 : Effect of feed C:N ratio levels on weekly chlorophyll a concentrations in 
Penaeus monodon shrimp culture with L WEMW in experiment one (A) and 
experiment two (B) and with L WEMF in experiment three (q using molasses as carbon 
source, expressed as means (± SE) of three replicates in each treatment. 
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Figure 7.7 :Effect of feed C:N ratio levels on weekly heterotrophic bacteria levels in 
Penaeus monodon shrimp culture with L WEMW in experiment one (A) and 
experiment two (B) and with L WEMF in experiment three (C) using molasses as carbon 
source, expressed as means (± SE) of three replicates in each treatment. 
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7.3.4. Effect of different treatments on levels of pH, total alkalinity and 
suspended solids. 

Levels of feed C:N ratio had a significant effect on values of pH in all 'experiments 

(Tables 7.3; 7.4 and 7.5). It appears that there was a significant decrease in pH 

levels with increasing levels of feed C:N ratio. However, in experiment three, pH 

values recorded were significantly lowest in treatment without using molasses. 

Levels of pH in all treatments decreased during culture period (Figure 7.8). 

It was also shown that levels of feed C:N ratio had a significantly effect on 

concentrations of total alkalinity in three experiments (Tables 7.3; 7.4 and 7.5). A 

significant increase was observed in the concentrations of total alkalinity as levels of 

feed C:N ratio increased in all three experiments. In all three experiments, values 

of total alkalinity increased over time in all treatments using molasses and decreased 

in treatments not using molasses (Figure 7.9). 

Levels of suspended solids in three experiments were significantly effected by 

levels of feed C:N ratio (Tables 7.3; 7.4 and 7.5). There was an increase in 

concentrations of total suspended solid at the end of experiments one, two and three 

with increasing the levels of feed C:N ratio. Values of total suspended solids in all 

three experiments increased with culture period (Figure 7.1 0). 
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Figure 7.8 :Effect of feed C:N ratio levels on weekly pH levels in Penaeus monodon 
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L WEMF in experiment three (q using molasses as carbon source, expressed as 
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240 Cbapter Seven 



200 

i 110 

! 110 .. 
3 140 

b 
120 ~ 

~ 100 < 
! 10 

10 - ... ... 
~ ~ ... 
~ l'li e. 
0 ... 

240 

i 220 

200 .. 
~ 180 

b 
~ 160 
ii ... 

140 < 
j 120 

100 

I I i 
:;. 

0 ... 

260 .. 240 :!! 

i 220 

] 200 

180 b 
'! 

~ 160 

< 140 

! 120 

100 

( ( ... ... 
5; ~ :;. 
0 .. 

A 

#~-~.,p~-~~ 

... ... i f f f N' 

~ ~ ~ ... ... ... ... 
~ 5i i!:: ~ ! ~ ~ :;. :;. £!. 
N .., • Ill fO .... fO 

Week (Sampling Dates) 

I IQ" i IQ" i I IQ" 

~ ~ I 5; E I 5; ~ i ... 
£!. e. :;. - e. 
N .., • Ill fO .... fO 

Week (Sampling Dates) 

( I I I I I I ... § ~ e. ~ :;. - :;. 
N .., • 1ft fO .... fO 

Week (Sampling Dates) 

B 

c 

~ 
No Molasses with C: N Ratio :z 6.5 
Molasses with C:N Ratio= 7.5 
Mllasses with C:N Ratio=10.0 

3E Mllasses with C:N Ratio= 12.5 

~ No Mol- with C:N Rltlo • 1.5 
Molasses with C:N Rallo • 15.0 
Mol.._ with C:N Rallo • 17.5 
Mol....,. with C:N Rallo • 20.0 
Mol....,. with C:N Rallo • 22.5 

i 
No Mol- with C:N Rltlo • 1.5 
Mol- with C:N Rallo • 15.0 
MolauM with C:N Rltlo • 17.5 
Mol- with C:N Rallo • 20.0 
Mol....,. with C:N Rltlo • 22.5 

Figure 7.9 : Effect of feed C:N ratio levels on weekly total alkalinity levels in Penaeus 
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Figure 7.10: Effect of feed C:N ratio levels on weekly total suspended solids levels in 
Penaeus monodon shrimp culture with L WEMW in experiment one (A) and 
experiment two (B) and with L WEMF in experiment three (q using molasses as carbon 
source, expressed as means (± SE) of three replicates in each treatment 
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7 .3.5. Effect of different treatments on levels of shrimp survival and growth 
rate, percentage weight gain and feed conversion ratio 

The survival rates of shrimp in all treatments of three experiments were 100% and 

were unaffected by the levels of feed C:N ratio whereas the levels of feed C:N ratio 

significantly affected growth rates, percentage weight gains and feed conversion 

ratios in all three experiments (Table 7.6). Further, the growth rates and percentage 

weight gains significantly increased and feed conversion ratios decreased with 

increasing levels of feed C:N ratio. However, there was no significant difference in 

growth rates, percentage weight gains and feed conversion ratios among LWEMW15, 

L WEMW 17.5, L WEMW2o.o and L WEMW22.s treatments in experiment two and 

among L WEMF 11.s, L WEMF2o.o and L WEMF22.s treatments in experiment three. 

Regression analysis shows that the growth rates and percentage weight gains in the 

three experiments had a significant negative correlation with levels of ammonia and 

nitrite and a positive relationship with numbers of heterotrophic bacteria (Table 

7. 7). The levels of feed conversion ratio were positively associated with ammonia 

and nitrite levels and were inversely correlated with numbers of heterotrophic 

bacteria. 

Generally, the shrimp growth rates in the treatments with no molasses in shrimp 

cultures with L WEMW (experiments one and two) were lower compared to those in .. 
treatments using molasses over eight-week experimental period (Figure 7.11 ). 

Likewise, treatments with no molasses in shrimp cultures with L WEMF (experiment 

three) had lower shrimp growth rates than using molasses from week six to the end 

of study (Figure 7.11 ). The percentage weight gains of the three experiments are 

depicted in Figure 7.12. Further, Figure 7.13 describes feed conversion ratios in the 

three experiments. 
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Figure 7.11 : Effect of feed C:N ratio levels on fortnightly shrimp growth rates in 
Penaeus monodon shrimp culture with L WEMW in e experiment one (A) and 
experiment two (B) and with L WEMF in experiment three (C) using molasses as carbon 
source, expressed as means (± SE) of three replicates in each treatment. 
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Figure 7.12 : Effect of feed C:N ratio levels on fortnightly percentage weight gains in 
Penaeus monodon shrimp culture with L WEMW in experiment one (A) and 
experiment two (B) and with L WEMF in experiment three (q using molasses as carbon 
source, expressed as means (± SE) of three replicates in each treatment. 
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Figure 7.13 : Effect of feed C:N ratio levels on fortnightly feed conversion ratios in 
Penaeus monodon shrimp culture with L WEMW in experiment one (A) and 
experiment two (B) and with LWEMF in experiment three (C) using molasses as carbon 
source, expressed as means (::1:: SE) of three replicates in each treatment. 
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Table 7.6: The multiple comparisons of means using Tukey HSD test for the effect of 
feed C:N ratio levels on growth rates, percentage weight gains and feed conversion 
ratios of shrimp culture with LWEMW (the experiment one and two) and LWEMF 
(the experiment three) using molasses as a carbon source. Values are means and 
standard deviations of three replicates at the end the eight-week experimental period. 

Feed 
Growth Rate Gain Conversion 

Treatments (gram/day) Percentage(%) Ratio 
Experiments Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. 

One 1. Without Molasses 0.079 :1: 0.001. 163.659 :1: 6.48~ 2.600 :1: 0.033" 

(LWEMW) 2.Molasses with C/N Ratio= 7.5 0.086 :1: 0.001 11 172.839 :1: 6.659" 2.521 :1: 0.036" 

3. Molasses with C/N Ratio= 10.0 0.088 :1: 0.00311 183.496 :1: 2.553c 2.418 :1: 0.012c 

4. Molasses with C/N Ratio= 12.5 0.102 :1: 0.001" 192.140 :1: 2.403" 2.369 :t O.Q18" 

Two 1. Without Molasses 0.0718 :1: 0.0011 174.6226 :1: 5.3175" 2.665 :1: 0.0401 

(LWEMW) 2.Molasses with C/N Ratio= 15.0 0.1033 :1: 0.001 11 253.9269:1: 3.6116" 12.169 :1: 0.026" 

3. Molasses with C/N Ratio= 17.5 0.1007 :1: 0.001 11 245.7076:1: 1.6369" 2.218 :1: 0.006" 

4. Molasses with C/N Ratio = 20.0 0.1026:1: 0.001 11 253.0838 :1: 2.2337" 2.189 :1: 0.00311 

5. Molasses with C/N Ratio = 22.5 0.1029:1: 0.001 11 254.1819 :1: 2.6533° 2.213 :1: 0.01o" 

Three 1. Without Molasses 0.256 :t 0.0071 150.387 :t 5.239° 2.696 :t 0.042" 

(LWEMF) 2.Molasses with C/N Ratio= 15.0 0.264 :1: 0.00411 191.222 :1: 0.95511 2.274 :t 0.02511 

3. Molasses with C/N Ratio= 17.5 0.276 :t 0.006" 195.214 :1: 2.770c 12.188 :1: 0.029c 

~- Molasses with C/N Ratio = 20.0 0.306 :t 0.003. 196.258 :t 2.058" 2.167 :t 0.026. 

5. Molasses with C/N Ratio = 22.5 0.310 :t 0.001. 198.319 :1: 1.046. 2.169 :t o.oo8• 

Values of every production variable in each experiment within the same column that are followed by different superscript are 
significantly different (p< 0.05). Equality of variance and normality of growth rate, percentage weight gain and feed conversion 
ratio were cbec:ked by Cochran's test. 

7 .3.6. Effect of different treatments on levels of water consumption and 
effluent 

Levels of feed C:N ratio significantly influenced water consumption values in the 

three experiments (Table 7.8). Highest level of water consumption in among 

treatments of three experiments were obtained in treatment without using molasses 

(with feed C:N ratio= 6.5:1). There was no significant difference in levels of water 

consumption among treatments using molasses in three experiments. Nevertheless, 

water consumption rates in experiment three (L WEMF) were lower compared to those 

in the experiment two (L WEMW). 
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Table 7.7: Regression analysis of relationship between growth rate, percentage weight gain 
and feed conversion ratio levels with the levels of ammonia, nitrite and heterotrophic 
bacteria (independent variables) in shrimp culture with LWEMW (experiment one and two) 
and LWEMF (experiment three) at the end of culture period. 

Growth Percentage Feed 
Rate Weight Conversion 

Experiment Indc~pendent Variables (gram/day) Gain(%) Ratio 
1. Ammonia 
a. Coefficient -0.7884 -0.7752 0.7841 
b. p-level 0.0023 0.0006 0.0025 

One c.R:~ 0.6216 0.6084 0.6148 

(LWEMW) 2. Nitrite 
a. Coefficient -0.7653 -0.8051 0.8484 
b. p-level 0.0037 0.0031 0.00048 
c.R:~ 0.5856 0.6009 0.7198 
3. Number of Heterotrophic Bacteria (CFU/ml) 
a. Coefficient 0.9348 0.8875 -0.9182 
b. p-level 0.000008 0.0001 0.000025 
c.R:~ 0.8739 0.7877 0.8432 
1. Ammonia 
a. Coefficient -0.1248 -316.392 1.9185 

Two b. p-Jevel 0.00000 0.00000 0.0000 

(LWEMW) c.R:~ 0.9724 0.9748 0.9707 
2. Nitrite 
a. Coefficient -0.0014 -3.6554 0.0221 
b. p-level 0.00000 0.00000 0.00000 
c.R:~ 0.9957 0.9812 0.9803 
3. Number of Heterotrophic Bacteria (CFU/ml) 
a. Coefficient 0.000001 0.000001 -0.00001 
b. p-level 0.0054 0.0045 0.0118 
c.R:~ 0.4613 0.4737 0.3971 

1. Ammonia 
a. Coefficient -0.8298 -0.8491 0.8604 
b. p-level 0.00013 0.00006 0.000039 

Three c.R<~ 0.6885 0.7210 0.7403 

(LWEMF) 2. Nitrite 
a. Coefficient -0.5335 -0.9894 0.9858 
b. p-level 0.0405 0.0000000 0.00000 
c.R:~ 0.5335 0.9789 0.9720 
3. Number of Heterotrophic Bacteria (CFU/ml) 
a. Coefficient 0.7844 0.8793 -0.8836 
b. p-Jevel 0.00054 0.000016 0.000013 
c.R:~ 0.6153 0.7732 0.7809 

Value of p-level that Is less than 0.05 (p<0.05) in every variable describes Its significant correlation with shrimp growth rate, 
percentage gain and feed conversion ratio. Value of coefficient that is positive and negative in every variable reveals its positive 
and negative relationship with shrimp growth rate, percentage gain and feed conversion ratio respectively. 
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Concentrations of ammonia, nitrite, nitrate, total suspended solids and organic 

carbon discarded from shrimp tanks in the three experiments were significantly 

effected by the levels of feed C:N ratio. Further, levels of ammonia, nitrite and 

nitrate discarded from shrimp culture including routine water exchange and harvest 

drainage decreased with increasing levels of feed C:N ratio (P<0.05) in the three 

experiments (Tables 7.9; 7.10 and 7.11). In contrast, generally, there was a significant 

increase in total suspended solid and organic carbon discarded from shrimp tank of 

three experiments as the levels of feed C:N ratio increased. It is important to note 

that total amount of waste discarded from LWEMW and L WEMF at harvest time 

(Table 7.10) was higher than the sum of those discarded during the growth period 

(Table 7.9). It is therefore more detrimental environment when discharge the end 

waste to environment. 

Table 7.8: The multiple comparisons of means using Tukey HSD test for the 
effect of feed C:N ratio levels on water consumption rates in shrimp culture with 
LWEMW (experiment one and two) and LWEMF (experiment three) using 
molasses as a carbon source. Values are means and standard deviations of three 
replications at the end of the eight-week experimental period 

Water Consumption Rate 
Treatment (litre water I shrimp production (gram) 

Experiment Mean Std.Dev. 
One 1. Without Molasses 13.0165 ± 0.1917. 

(LWEMW) 2.Molasses with C/N Ratio= 7.5 11.9796 ± 0.188411 

3. Molasses with C/N Ratio = 10.0 11.7403 ± 0.352311 

~.Molasses with C/N Ratio= 12.5 11.0970 ± 0.1006c 

Two 1. Without Molasses 13.8005 ± 3.0332. 

(LWEMW) 2.Molasses with C/N Ratio= 15.0 9.5978 ± 0.5961 11 

~.Molasses with C/N Ratio= 17.5 9.8371 ± 1.034811 

~. Molasses with C/N Ratio = 20.0 9.6588 ± 0.093811 

5. Molasses with C/N Ratio = 22.5 9.6337 ± 0.323911 

Three 1. Without Molasses 3.2034 :t 0.0908a 

(LWEMF) 2.Molasses with C/N Ratio= 15.0 2.7355 :t 0.0282b 

3. Molasses with C/N Ratio= 17.5 2.6884 :t 0.0319b 

4. Molasses with C/N Ratio = 20.0 2.6726 :t 0.0306b 

5. Molasses with C/N Ratio= 22.5 2.6447 :t 0.0116b 

Values in every experiment within the same column that are followed by different superscript are significantly different 
(p< 0.05). Equality of variante and normality of water consumption rate were c:hec:ked by Cothran's test. 
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Table 7.9: The multiple comparisons of means using Tukey HSD test for effect of feed C:N ratio levels on total mass of ammonia, nitrite, 
nitrate, total suspended and organic carbon discarded weekly from shrimp culture with LWEMW (experiment one and two) and fortnightly from 
L WEMF (experiment three) during the growing period. All values are means and standard deviations of three replicates of each treatment. 

Water Quality Variables 
Experiment Treatment Ammonia Nitrite Nitrate Total Suspended Organic Carbon 

(mg/gram shrimp) (mg/gram shrimp) (mg/gram shrimp) (mg/gram shrimp) (mg/gram shrimp)_ 
Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev 

One 1. Without Molasses 3.4717 ±0.1218" 9.8266 ± 0.2623 a 9.6474± 0.3437 a 354.3187 ± 5.7735a 156.6770 ± 8.2662" 

(LWEMW) 2.Molasses with C/N Ratio= 7.5 0.6372 ± 0.0301° 3.7255 ± 0.0919° 3.6132 ± 0.0909° 528.3798 ± 7.8149° 193.8385 ± 9.3927 ° 
3. Molasses with C/N Ratio= 10.0 0.4422 ± 0.0188c 2.2976 ± 0.0934 c 2.1953 ± 0.0875c 530.6385 ± 18.6684c 209.4737 ± 7.8604 c 
4. Molasses with C/N Ratio= 12.5 0.3141 ± 0.0071 ° 1.1132 ± 0.0251 d 1.0504 ± 0.0229d 520.0020 ± 7.4782° 217.2089± 6.8130° 

Two 1. Without Molasses 2. 7802 ± 0.1328 a 9.0491 ±0.2678 a 7.0789 ± 0.1787a 467.6222 ± 9.2279" 188.1126± 3.8679" 

(LWEMW) 2.Molasses with C/N Ratio= 15.0 0.3473 ± 0.0362° 0.0476± 0.0019 ° 0.8661 ± 0.0458° 465.0048 ± 9.5602 a 136.7565 ± 4.1169° 
3. Molasses with C/N Ratio = 17.5 0.3186 ± 0.0552c 0.0179 ± 0.0024c 0.6702 ± 0.0213 c 493.4591 ± 2.5997 ° 150.1335 ± l.3138c 
4. Molasses with C/N Ratio= 20.0 0.2024 ± 0.0207° o.oooo ± o.ooood 0.7543 ± 0.0441d 508.3919 ± 2.7996c 161.4320± 2.5709° 
5. Molasses with C/N Ratio= 22.5 0.2043 ± O.QI19" 0.0000 ± 0.0000° 0.2824 ± 0.0145. 551.2041 ± 3.3251 d 167.5047 ± 4.1423 e 

Three 1. Without Molasses 0.0504 ± 0.00188 6.9489 ± 0.1969" 6.6010 ± 0.2305 a 83.6074± 3.4152" 27.8088 ± 1.3435" 

(LWEWF) 2.Molasses with C/N Ratio= 15.0 0.0597 ± 0.0013 ° 0.0674 ± 0.0006 b 0.0639 ± 0.0009 b 90.6352 ± 1.4411 ° 26.5670 ± 0.8073° 
3. Molasses with C/N Ratio = 17.5 0.0492 ± 0.0014 c 0.0429 ± 0.0003 c 0.0498 ± 0.0016c 91.4919± 2.1426 c 27.0559 ± 0.3664c 
4. Molasses with C/N Ratio = 20.0 0.0370 ± 0.0003 d 0.0000 ± 0.0000° 0.0476 ± 0.0017c 96.3992 ± 0.4874 d 28.5261 ± 0.1579d 
5. Molasses with C/N Ratio = 22.5 0.0122 ± 0.0002" o.oooo ± o.ooood 0.0424 ±0.0019° 104.2471 ± 1.3672. 28.4893 ± 0.4981" 

Values of every water quality variable In each experiment within the same column that are followed by different superscript are significantly different (p< 0.05). Equality of variance and normality 
of each water quality variable level were checked by Cochran's test. 
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Table 7.10: The multiple comparisons of means using Tukey HSD test for effect of feed C:N ratio levels on total mass of ammonia, nitrite, 
nitrate, total suspended and organic carbon discarded at harvest time from shrimp culture with L WEMW (experiment one and two) and from 
LWEMF (experiment three) using molasses as a carbon source All values are means and standard deviations of three replicates of each treatment 

Water Quality Variables 
Experiment Treatment Ammonia Nitrite Nitrate Total Suspended Organic Carbon 

(mglgram shrimp) (mglgram shrimp) (mglgram shrimp) (mg/gram shrimp) (mg/gram shrimp) 
Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev 

One 1. Without Molasses 2.6469 ± 0.0325a 183.2154 ± 3.1664 8 179.5511± 3.1031 a 1296.093 ± 14.8458a 605.0236 ± 25.5241" 

(LWEMW) 2.Molasses with C/N Ratio - 7.5 2.3891 ± 0.0823" 21.5075 ± 0.3959" 20.4321 ± 0.3762" 1829.839 ± 24.6381° 718.6635 ± 29.0203" 
3. Molasses with C/N Ratio= 10.0 2.2647 ± 0.0588 c 15.5416 ± 0.7857c 14.4537 ± 0.7307c 1785.421 ± 64.1670c 766.5770 ± 26.0964c 
4. Molasses with C/N Ratio = 12.5 2.0619 ± 0.0611 ° 7.3438 ± 0.2607° 6.6094± 0.23474 1753.529 ± 3.8537d 791.8188 ± 20.7210d 

Two 1. Without Molasses 2.4413 ± 0.3955 8 202.3183 ± 7.1728 8 57.8749± 8851 a 1758.603 ± 45.9917 8 607.991 ± 36.6762a 

(LWEMW) 2.Molasses with C/N Ratio= 15.0 0.1714 ±0.0136° 0.0000± 0.0000 ° 1.4340± 0.0567° 1629.886 ± 30.5524° 512.4098 ± 16.8970 I> 

3. Molasses with C/N Ratio = 17.5 0.1065 ± 0.0082c 0.0000 ± 0.0000" 0.5959 ± 0.0468 c 1729.908 ± 32.9393 c 546.4104 ± 25.5684c 
4. Molasses with C/N Ratio = 20.0 0.0691 ± 0.0032d 0.0000 ± 0.0000" 1.0031 ± 0.05824 1803.241 ± 26.3472d 576.3820± 14.2886° 
5. Molasses with C/N Ratio = 22.5 0.0466 ± 0.0021° 0.0000 ± 0.0000" l.l215 ± 0.0695. 1965.237 ± 11.2469. 601.9590 ± 10.4541. 

Three 1. Without Molasses 0.4149 ± 0.0111" 60.3009 ± 1.5009° 48.7403 ± 2.0629 8 681.2207± 37.80068" 196.5749 ± 15.02878 

(LWEWF) 2.Molasses with C/N Ratio= 15.0 0.3138 ± 0.0012 D 0.4914 ± 0.0139° 0.4868± 0.0133° 712.0482± 13.6848 ° 229.8240 ± 7.3381" 
3. Molasses with C/N Ratio = 17.5 0.1056 ± 0.0011 c 0.3069 ± 0.0053 c 0.3682 ± 0.0063c 715.2446± 12.9396c 235.0593± 12.9833c 
4. Molasses with C/N Ratio = 20.0 0.0994 ± 0.0020d 0.0000 ± 0.0000 d 0.3514 ± 0.0074d 756.2231 ± 24.8488 ° 247.0985 ± 4.9557d 
5. Molasses with C/N Ratio = 22.5 0.0874 ± 0.0005. 0.0000 ± 0.0000 ° 0.3129 ± 0.0018° 821.8356 ± I~33_QI~ 250.0863 ± 5.9780° 

-----~---·- --

Values or every water quality variable In each experiment within the same eolumn that are followed by different superscript are significantly different (p< 0.05). Equality of variance and normality of 
each water quality variable level were checked by Cochran's test. 
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Table 7.11: : The multiple comparisons of means using Tukey HSD test for effect of feed C:N ratio levels on total mass of ammonia, nitrite, 
nitrate, total suspended and organic carbon discarded from shrimp culture with LWEMW (experiment one and two) and LWEMF (experiment three) 
including routine waste (weekly for L WEMW and fortnightly for (L WEMF) during growing period and waste of harvest drainage at the end of 
experiment All values are means and standard deviations of three replicates of each treatment 

Water Quality Variables 
Experiment Treatment Ammonia Nitrite Nitrate Total Suspended Organic Carbon 

(mg/gram shrimp) (mg/gram shrimp) (mg/gram shrimp) Solid (mg/gram shrimp) (mg/gram shrimp) 
Mean StdDev Mean StdDev Mean Std Dev Mean StdDev Mean StdDev 

One 1. Without Molasses 6.1187 ±0.14158 193.0421± 3.2933 8 189.1985± 3.2326" 1650.412 ± 19.5694a 761.701 ± 33.77978 

(LWEMW) 2.Molasses with C/N Ratio= 7.5 3.0263 ± 0.1117b 25.2330 ± 0.4871 b 24.0453 ± 0.4658" 2358.218 ± 32.2647" 912.502 ± 38.4042" 
3. Molasses with C/N Ratio= 10.0 2.7069 ± o.onoc 17.8392 ± 0.8778 c 16.6489 ± 0.8170e 2316.060 ± 82. 7028e 976.051 ± 33.8938e 
4. Molasses with C/N Ratio = 12.5 2.3761 ± 0.0647d 8.4571± 0.2856° 7.6598 ± 0.2574d 2273.531 ± 4.0120° 1009.028 ± 27.528"fd 

Two 1. Without Molasses 5.2215 ± 0.46398 211.3675 ± 7.3232 8 64.9539 ± 0.9236 a 2226.225 ± 546.2399 a 796.1117± 40.17858 

(LWEMW) 2.Molasses with C/N Ratio = 15.0 0.5187 ± 0.0231" 0.0476± 0.0019" 2.3001± 0.0395" 2094.890 ± 177.7474" 651.1663 ± 20.9380" 
3. Molasses with C/N Ratio = 17.5 0.4251 ± 0.0491e 0.0180 ± 0.0024e 1.2662 ± 0.0482 e 2223.367 ± 216.8810e 696.5439 ± 26.5197° 
4. Molasses with C/N Ratio = 20.0 0.2715 ± 0.0236d o.oooo ± o.ooood 1.7575 ± 0.0484° 2311.6333± 63.6085° 737.8140± 16.8559d 
5. Molasses with C/N Ratio = 22.5 0.2509 ± 0.0016" o.oooo ± o.ooood 1.4040 ± 0.0839. 2516.442± 159.5888° 769.4636 ± 13.1172" 

Three 1. Without Molasses 0.4653 ± 0.0129a 67.2498 ± 1.6932" 55.3413 ± 2.287 a 764.8281 ± 40.5967 8 224.3837± 16.14828 

(LWEWF) 2.Molasses with C/N Ratio= 15.0 0.3735 ± 0.0019 b 0.5587± 0.0140" 0.5307 ± 0.0124" 802.6834± 14.9002" 256.3910 ± 8.0054" 
3. Molasses with C/N Ratio = 17.5 0.1549 ± 0.0024 c 0.3497 ± 0.0053 e 0.4181 ± 0.0046e 806.7364± 15.0112 e 262.1151± 12.6819e 
4. Molasses with C/N Ratio = 20.0 0.1364 ± 0.0020 d 0.0000 ± 0.0000 d 0.3990 ± 0.0066d 852.6223 ± 25.1974 d 275.6246 ± 5.0553d 
5. Molasses with C/N Ratio = 22.5 0.0996 ± 0.0005. 0.0000 ± 0.0000 d 0.3553 ± 0.0008" 926.0826± 16.1749" 278.5756 ± 6.4429" -

Values of every water quality variable In each experiment within the same column that are followed by different superscript are significantly different (p< 0.05). Equality of variance and normality of 
each water quality variable level were checked by Cochran's test. 
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7.4. Discussion 

7.4.1. Effect of different treatments on concentrations of inorganic nitrogen 

Generally concentrations of ammonia in all three experiments decreased in response 

to increasing levels of feed C:N ratio and it was probably due to increase in the 

numbers of heterotrophic bacteria when the levels of feed C:N ratio increased. The 

further investigation revealed that concentrations of ammonia had an inverse 

correlation with numbers of heterotrophic bacteria. This trend is similar to those 

obtained in shrimp cultures with ZWEM using molasses (see chapter five) and is 

agreement with previous observation by several authors (Goldman et al., 1990; 

Tezuka, 1990; Anvimelech et al., 1992a; 1994; Avnimelech, 1999; Mcintosh, 2000) 

which revealed that there was a significant decrease in inorganic nitrogen with 

increasing feed C:N ratio levels. 

It is important to note that there was no measurable nitrite (very low) during study 

period in experiment of L WEMW treated with feed C:N ratio levels beyond 

15.0:1, in experiment ofLWEMF treated with feed C:N ratio levels beyond 17.5:1 

which is similar to experiment of ZWEM treated with feed C:N ratio levels beyond 

20.0: 1. This results imply that more frequency of water exchange required less levels 

of C:N ratio. It means water exchange had a role in removing inorganic nitrogen 

from shrimp culture. Further, the best level of C:N ratio in removing inorganic 

nitrogen in experiment ofLWEMW, LWEMF and ZWEM was 15.0:1, 17.5:1 and 

20.0:1 respectively. 

In the same levels ofC:N ratio (e.g. 15.0:1, 17.5:1 and 20.0:1), concentrations of 

ammonia and nitrite were lower in experiment of L WEMW compared to those 

obtained in experiment of L WEMF which were lower than in experiment of ZWEM 

although numbers of heterotrophic bacteria were lower in experiment of L WEMW 

than in L WEMF or ZWEM. These finding could be because experiments with less 

water exchange had higher total suspended solids levels. Further, total suspended 

solids in shrimp cultures was likely to have adverse impact on removing inorganic 

nitrogen by heterotrophic bacteria as earlier reports revealed that the level of 
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ammonia increased when total suspended solid increased (Liao and Mayo, 1974; 

Spotte, 1979; Chen et al., 1993). 

However, interestingly, concentrations of ammonia and nitrite in all treatments of 

using molasses in experiment of LWEMF (experiment three) and in experiment 

ZWEM (experiment two in chapter five) were lower compared to those obtained in 

treatments using molasses with feed C:N ratio levels ofless than 15.0:1 in LWEMW 

(experiment one). Further investigation revealed that treatment without using 

molasses in L WEMW, L WEMF and ZWEM experiments had highest 

concentrations of ammonia and nitrite . It was probably due to increasing the 

amount of molasses more effectively removed inorganic nitrogen than exchanging 

water in shrimp culture. It has been previously documented that addition of carbon in 

fish pond was more effectively in removing inorganic nitrogen than exchanging 

water (Anvimelech et al., 1992a; 1994; Avnimelech, 1999). 

Concentrations of ammonia in treatment not usmg molasses of L WEMW 

(experiment one and two) tended to increase with experimental time from week one 

until week seven but were followed by a sharp decrease in week eight. Whereas 

levels of ammonia in experiment without molasses of L WEMF peaked in week one 

and dropped sharply for the rest of experimental period. This trend could be due to 

the nitrification activity which was established faster in L WEMF treatment 

compared to LWEMW. It is likely that increased frequency of water exchange had 

adverse impact on the growth of nitrifying bacteria in LWEMF. This contention is 

supported as investigation revealed that concentrations of nitrite sharply increased 

on week one in experiment of L WEMF and on week seven in experiment of 

L WEMW. Nitrifying bacteria grow more slowly in ponds with water exchange 

compared to ponds with no water exchange (Bratbold and Browdy, 1998; Burford and 

Lorenzen, 2004). 

The present study clearly shows that ammonia did not accumulate in the shrimp 

culture untreated with molasses in experiment with L WEMW (experiments one and 

two) and LWEMF (experiment three). Nitrite accumulated in the shrimp cultures not 

using molasses for the three experiments. This result indicates that water exchange 

around 5 % of total volume weekly and fortnightly with no molasses can not control 
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the accumulation of nitrite in shrimp culture water. This finding is similar to those 

obtained in treatments with no molasses in experiment of ZWEM (see chapter five). 

Further, the result also describes oxidation rate of ammonia by nitrifying bacteria 

was highest in shrimp cultured untreated with molasses in the three. It means that 

like in ZWEM, application of molasses inhibited activity nitrifying in L WEMW and 

L WEMF. It has been reported that application of carbon decreased the activity of 

nitrifying bacteria (Bovendeur et al., 1990; Cheng and Chen, 1994; Ohashi et al., 

1995; Zhu and Chen, 2001, Burford et al., 2003). 

7.4.2. Effect of different treatments on concentrations of dissolved oxygen and 
organic carbon 

The results indicated that there was a significant reduce in concentrations of 

dissolved oxygen when levels of feed C:N ratio increased in shrimp culture with 

LWEMW and LWEMF. Increase in the numbers of heterotrophic bacteria with 

levels of feed C: N ratio were likely to be responsible for this finding since 

concentration of dissolved oxygen in the three experiments had an inverse correlation 

with the numbers of heterotrophic bacteria This view is supported by further 

investigation revealing that numbers of heterotrophic bacteria in all three 

experiments significantly increased as increasing the levels of feed C:N ratio (as 

discussed below). It has been stated that heterotrophic bacteria had an impact of 

decreasing dissolved .oxygen in shrimp ponds (Visscher and Duerr, 1991; 

Avnimelech et al., 1992a; Sun et al., 2001). Further, higher temperature in 

experiments one and three would also have been a factor causing lower dissolved 

oxygen in experiments one and three compared with in experiment two. 

Lower concentrations of dissolved oxygen in treatment with higher levels of feed 

C:N ratio could be related to values of chlorophyll a which significantly decreased 

with increasing levels of feed C:N ratio. This explanation is supported by further 

analysis proves that concentrations of dissolved oxygen in the three experiments 

were significantly positively associated with the levels of chlorophyll a. There is 

usually a strong positive correlation between dissolved oxygen and concentration of 

chlorophyll a at day time (Boyd and Tucker, 1998; Giri and Boyd, 2000; McGraw et 

al., 2001; Sun et al., 2001). 
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It should be noted that concentrations of dissolved oxygen in experiment one were 

lower than experiment two of L WEMW, even though the levels of feed C:N ratio in 

experiment one were higher compared to experiment two. The bigger size of 

shrimps raised in experiment one may be responsible for the lower levels of 

dissolved oxygen because bigger shrimps consume more dissolved oxygen compared 

to smaller shrimps. Likewise, bigger size of shrimp grown up in experiment three 

could be one reason why concentrations of dissolved oxygen were lower in 

experiment three compared to two even though the both experiments had the same 

levels of feed C:N ratio. It has been earlier reported by authors (Jiang et al., 1999; 

Cook et al., 2000; Jintasatapom, 2000) who revealed oxygen consumption by 

aquatic organisms including shrimp increased with increasing size 

Furthermore, concentrations of dissolved oxygen in experiment three were lower 

than experiments one and two. It could be because the fact that frequency of water 

exchange in experiment three was less (5% of total volume fortnightly) compared to 

experiment one and two (5 %of total volume weekly). Allan and Maguire (1993) 

observed that the concentrations of dissolved oxygen were higher in the treatment 

with the higher water exchange rate. 

Apart from higher demand of oxygen by bigger shrimps, bigger shrimps required 

higher amount of feed which was correlated for by the higher amount of 

application of molasses in experiment three. Higher amount of molasses application 

led to the higher number of heterotrophic bacteria which consumed higher 

concentration of dissolved oxygen. Eventually, the concentrations of dissolved 

oxygen was lower in experiment three compared to experiments one and two. This 

explanation is supported by investigation showing that numbers of bacteria in 

experiment three were higher than in experiments one and two. Moreover, as 

explained previously, levels of dissolved oxygen had a negative correlation with 

numbers of heterotrophic bacteria in all three experiments. 

Even though there was water exchange in experiment one, two (5% of total volume 

weekly) and three (5% of total volume fortnightly), levels of dissolved oxygen in the 

three experiments decreased with experimental time. This finding was probably 
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caused by accumulation rate of organic matter such as unconsumed feed, shrimp 

faeces, dead phytoplankton and zooplankton. This contention is supported by the 

present data showing an increase in organic carbon during experimental time in all 

three experiments. Also shrimp size increased progressively with experimental 

period and could be responsible for decreasing levels of dissolved oxygen with 

experimental time. 

There was a significant increase in the concentrations of organic carbon as levels of 

feed C:N ratio increased in all three experiments. This result was clearly associated 

with the treatment with higher levels of feed C:N ratio receiving higher amounts of 

molasses which consequently accumulated a higher levels of organic carbon. 

Further, a continued increase in organic carbon levels in all treatments of all three 

experiments with time would reflect that rates of organic carbon was higher 

compared to the rates of flushed organic carbon weekly (from experiments one and 

two) and fortnightly (from experiment three). 

7.4.3. Effect of different treatments on levels of chlorophyll a and 
heterotrophic bacteria 

The present data reveal that concentrations of chlorophyll a significantly reduced as 

levels of feed C:N ratio increased in all three experiments. This investigation was 

likely to be linked with the increase in numbers of heterotrophic bacteria as levels 

of feed C: N ratio increased. Further analysis reveals that the levels of chlorophyll a 

had an inverse correlation with the numbers bacteria in all three experiments. This 

result implies that bacteria inhibited phytoplankton growth . The same trends have 

already been observed by Kirchman and Keil (1990); Avnimelech et al. (1994); 

Avnimelech (1999) and Browdy et al.(2001) who have revealed that phytoplankton 

growth was inhibited by heterotrophic bacteria through increasing level of feed C: N 

ratio. Also these trends are similar to those obtained in shrimp culture with ZWEM 

(see chapter five) 

Higher concentrations of total suspended solids were observed with higher levels 

of feed C:N ratio and this could be responsible for a significant decrease in levels 

of chlorophyll a with increasing the levels of C:N ratio. The present study clearly 
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shows that concentrations of chlorophyll a were negatively related with 

concentration of total suspended solids. It is already known that total suspended 

solids limit light intensity received by phytoplankton in photosynthetic process 

(Boyd, 1989). 

Interestingly, concentrations of chlorophyll a at the end of study in shrimp culture of 

LWEMF (average chlorophyll a= 207.34 mg m-3
) were higher than shrimp culture 

of LWEMW for experiment two (average chlorophyll a = 170.93 mg m·3 
) even 

though both experiments had same levels of feed C:N ratio. Further, in same levels 

of C:N ratio, chlorophyll a concentrations at the end of study in shrimp culture of 

ZWEM for experiment two (1 average chlorophyll a= 541.06 mg m-3
) were higher 

compared to both experiments. These results revealing that shrimp culture with 

more frequency of water exchange had lower chlorophyll a and it was probably due 

to phytoplankton was more flushed from shrimp culture with more water exchange. 

Previous reports also suggest that water exchange flushed phytoplankton from shrimp 

culture (Apud, 1985; Chamberlain, 1987). 

A significant increase in numbers of heterotrophic bacteria observed as the result of 

increasing levels of feed C:N ratio in shrimp culture in all three experiments and this 

could be due to the higher amount of molasses applied in the treatment stimulated 

higher growth of heterotrophic bacteria. 

The both experiments two and three had same levels of feed C:N ratio, but averages 

of bacteria numbers of all treatments at the end of experiment in the experiment 

three (8.40 x 109 CPU m1"1)were higher compared to experiment two (5.06 x 109 

CPU m1"1
). Further, experiment two ofZWEM (see chapter five) had the same levels 

of C:N ratio as in both experiments but it had higher averages of bacteria numbers at 

the end of experiment (1.04 x 1010 CFU m1"1) compared to those of experiments in 

this chapters. These results were probably due to higher numbers of heterotrophic 

bacteria and organic matter discarded from shrimp cultures with higher frequency of 

water exchange. Organic matter such as uneaten feed, molasses, faeces, dead 

phytoplankton and zooplankton is required by heterotrophic bacteria for their growth. 

Allan et al. (1995) revealed that replacement of water had adverse impact on 

number of bacteria in the water column of a shrimp culture. 
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Numbers of heterotrophic bacteria increased with experiment time, even though there 

was water exchange in all three experiments. This could be because application of 

feed and molasses increased progressively with the experimental period, 

consequently, numbers of bacteria also increased. Further, accumulation rate of 

organic matter which was higher compared to rate of flushed organic matter from 

three experiments may be one reason for the increasing numbers of heterotrophic 

bacteria with experimental time 

7.4.4. Effect of different treatments on levels of pH, total alkalinity and 
suspended solids 

Levels of pH significantly decreased in response to increasing levels of feed C:N 

ratio in all three experiments. It has been suggested that treatment with higher level 

of feed C:N ratio produced higher concentration of inorganic carbon (C02) which 

reacted with water reducing level of water pH (Boyd, 1990). 

Values of pH decreased with experimental time in all treatments of all three 

experiments. In treatments with molasses, decreasing pH may have been caused 

by increased application of molasses with experimental time due to increasing 

shrimp weight feed amount. Further, the declining pH levels during experimental 

time in treatments not using molasses was probably caused by activity of nitrifying 

bacteria indicated by a gradual increase in concentration of nitrite and nitrate with 

experimental period. Tacon et al. (2002) also reported that there was a decreased 

pH levels at the end of shrimp culture due to a gradual increase in nitrite with 

culture period. 

Total alkalinity increased with increasing levels of feed C:N ratio in all three 

experiments. It is interesting to note that averages of total alkalinity levels of all 

treatments at the end of experiment in shrimp culture of L WEMF treated with 

molasses (215.67 mg L"1
) were higher than in shrimp culture of LWEMW for the 

experiment two (199.16 mg L"1
). Also, averages of total alkalinity values of all 

treatment at the end of experiment in shrimp cultures of ZWEM for experiment two 
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(219.75mg L"1 
) were higher compared to LWEMW and LWEMF. This result 

revealing shrimp cultures with lower water exchange had higher total alkalinity and 

it could be because shrimp cultures with less water exchange had higher 

concentration of inorganic carbon. Earlier reports of Boyd (1990) revealed that 

inorganic carbon and has contributed to alkalinity in water 

In contrast, in shrimp cultures treated with no molasses, averages of total alkalinity 

levels in all treatments at the end of experiment in shrimp culture of L WEMW for 

experiment two (126.67 mg L"1 
) were higher than in shrimp cultures of LWEMF 

(122.33 mg L"1
) and in shrimp cultures of ZWEM for experiment two (100.00 mg 

L"1 
) and it was possibly correlated averages of nitrite concentrations in shrimp 

cultures of LWEMW (21.07 mg L"1
) were higher compared to shrimp culture of 

LWEMF (22.35 mg L"1
) or ZWEM (45.07 mg 1"1

). It has been already reported that 

oxidation of ammonium to nitrite contributed to a decrease in alkalinity (Sharma and 

Ahlert, 1977 ; Ritvo et al., 1998). 

There was a significant increase in concentrations of total suspended solids as levels 

of feed C:N ratio increased in all three experiments. The present data showing total 

suspended solids concentration increased in all three experiments during 

experimental time. These findings are also consistent with result investigated in 

shrimp culture with ZWEM (see chapter five). Further, averages of total suspended 

solid levels in all treatments at the end of experiment in shrimp culture with ZWEM 

for experiment two (336.34 mg L"1
) was higher than in shrimp culture with LWEMF 

(316.47 mg L"1
) and LWEMW for experiment two (248.34 mg L"1

). These results 

reveal that water exchange had role in removal of total suspended solid in shrimp 

culture. Hopkins et al. (1993) also observed that total suspended solids in shrimp 

culture water exchange of 2.5 % day"1 was higher than in shrimp culture with water 

exchange of25 % day"1
• 
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7.4.5. Effect of different treatments on levels of shrimp survival, growth rate, 
percentage weight gain and feed conversion ratio 

Like in the shrimp culture of ZWEM (chapter five), survival rates were 100 % 

obtained in experiment one of L WEMW and all treatments with no molasses of all 

three experiments although concentrations of ammonia were higher than safe level 

for Penaeus monodon shrimp. 

In general, growth rates and percentage weight gains increased and feed conversion 

ratios decreased with increasing levels of feed C:N ratio in all three experiments. 

Moreover, the treatment not using molasses in the three experiments consistently had 

lowest growth rate and percentage weight gain, and highest feed conversion ratio 

among treatments. This could have resulted from concentrations of ammonia and 

nitrite having significantly decreased with increasing the levels of feed C:N ratio. 

Further analysis reveals that the growth rate and percentage weight gain had an 

inverse correlation with concentrations of ammonia and nitrite while feed conversion 

ratio had a positive association with levels of ammonia and nitrite in all three 

experiments. Reduction in fish growth and increased feed conversion ratio 

associated with high concentrations of ammonia in pond water has been widely 

documented (Rhyther and Goldman, 1974; Rogers and Klemetson, 1983; Soderberg et 

al., 1983; Millamena, 1990). 

However, it is interesting to note that there was no significant difference in growth 

rates, percentage weight gains and feed conversion ratios, among L WEMW 1s.o, 

LWEMW11.s, LWEMW2o.o and LWEMW22.s treatment (experiment two) and among 

LWEMW17.s, LWEMW2o.o and LWEMW22.s treatments (experiment three). This 

result was probably caused by similarity among the treatments of each experiment 

in the concentrations of nitrite. In spite of a significant difference in ammonia 

concentrations among those treatment, ammonia was unlikely to effect on production 

variables due to levels of ammonia were still lower than safe level for Penaeus 

monodon shrimps. Unlike in both experiments, study of ZWEM using molasses 

revealing that ZWEM1s.o and ZWEM11.S had lower growth rates and percentage 
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weight gains and higher feed conversion ratios than ZWEM2o.o and it was possibly 

due to higher concentrations of ammonia and nitrite in ZWEM1s.o and ZWEM17.5 

treatments than in ZWEM2o.o treatment. Further, ZWEM22.5 treatment had lower 

growth rate and percentage weight gain and higher feed conversion ratio than in 

ZWEM20.0 treatment and it could be because of higher total suspended solid in 

ZWEM22.5 treatment. These results show that water exchange affected inorganic 

nitrogen and total suspended solid levels which ultimately influenced growth rate, 

percentage weight gain and feed conversion ratio in shrimp cultures. Thus amount 

of molasses applied in shrimp cultures through controlling feed C:N ratio levels was 

likely to be reduced by water exchange because the present data show that the best 

level C: N ratio in shrimp culture of LWEMW, LWEMF and ZWEM was 15.0:1, 

17.5:1 and 20.0:1 respectively. 

7.4.6. Effect of different treatments on levels of water consumption and 
effluent 

The amount of water used to produce one gram shrimp ( water consumption rate) in 

shrimp culture with L WEMW ( the experiments one and two) was higher compared 

to reports of Hopkins et al. (1993) who pointed out that water consumption rate in 

white shrimp culture with zero water exchange without using molasses was six litres 

of water per gram shrimp. However, his values were lower than an estimated 

world-wide range of 39 - 199 litre water per gram shrimp (Hopkins and Villalon, 

1992). Further, water consumption rate in shrimp culture with LWEMF (the 

experiment three) was lower than those observed by (Hopkins et al, 1993; Hopkins 

and Villalon, 1992). 

It should be noted that water consumption rate was significantly higher in treatment 

not using molasses compared to treatments using molasses and level of water 

consumption in all three experiments tended to decrease with increasing levels of 

feed C:N ratio. These findings reveal that using molasses in shrimp culture with 

limited water exchange model increased efficiency in the water usage. 

Mass of ammonia, nitrite and nitrate flushed from shrimp culture with L WEMW 

(experiments one and two) and L WEMF (experiment three) including harvest 
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drainage and routine exchange decreased with levels of feed C:N ratio. In contrast, 

there was a significant increase in levels of total suspended solids exported from 

the three experiments with increasing levels of feed C:N ratio. This result implies 

that application of molasses reduced significantly mass of inorganic nitrogen and 

increased total suspended solid in effiuent exported from shrimp culture with 

L WEMW and L WEMF. Further, it is importantly noted that total mass of ammonia, 

nitrite, nitrate, total suspended solid and organic carbon exported from harvest 

drainage was higher compared to those recorded from routine water exchange 

(weekly for LWEMW and fortnightly for LWEMF. 

This investigation indicates that growing shrimps in L WEMW and L WEMF still 

contributed the waste into environment particularly from harvest drainage. However, 

growing shrimp with L WEM and L WEMF using molasses is likely to be successful 

since reducing the impacts of their effiuents on receiving waters is carried out by 

discarding effluent into settling and biological treatment ponds (Sandifer and 

Hopkins, 1996; Dierberg and Kiattisirnkul 1996). One possibility of mitigating the 

adverse affect of effluent from shrimp culture with L WEMW and L WEMF is to not 

discharged water harvest but it will be reused again in the next growing season 

because shrimp cultures treated with C:N ratio level of 15.0:1 or more (LWEMW) 

and shrimp cultures treated with C:N ratio level of 17.5:1 or more still had good 

water quality for Penaeus monodon shrimps. 

In terms of water quality and shrimp production variables, the best level of C:N ratio 

obtained in shrimp culture with LWEMW, LWEMF and ZWEM was 15.0:1, 17.5:1 

and 20.0:1 respectively. 
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CHAPTER EIGHT 

SUMMARY AND CONCLUSION 

Detailed discussions with regards field and laboratory studies of Penaeus monodon 

shrimps culture in zero water exchange model (ZWEM) and limited water exchange 

model (L WEM) using molasses have been included in previous chapters. The aim of 

this chapter is to summarise and integrate the main findings of the field and laboratory 

study. This chapter also describes the implication and conclusion of study to insight 

of shrimp culture technology as well as further research in developing the shrimp 

culture of ZWEM and L WEM using molasses for Penaeus monodon shrimps. 

8.1. Summary and contribution of the study 

It is widely considered that the outbreak of diseases (Liao and Chen, 1996; Kautsky 

et al., 2000; Burford et al., 2003) and adverse environmental impacts of shrimp 

farming (Eng et al., 1989; Naylor et al., 1998; Hopkins et all993; Avnimelech et al., 

1994; Csavas, 1994; Kochba, 1994; Landesman, 1994; Hopkins et al 1995a; Smith 

1996; Avnimelech et al., 1998; 1999; Troell et al, 1999;Chamberlain, 2001) have been 

major problems for shrimp farming in around the word. Most of the potential and 

realized adverse environmental effects of shrimp farming are associated with routine 

water exchange in conventional intensive shrimp farming (Hopkins et al., 1996). The 

widespread proliferation of shrimp diseases was recognized to be the result of 

pollution of seawater and the transmission of diseases from one farm to the others 1s 

exacerbated by frequent water exchange (Tseng et al., 1998). 

One strategy in reducing the transmission of diseases and detrimental effect of 

shrimp farming on the environment is to grow shrimp in ponds with zero or limited 

water exchange. However, accumulation of inorganic such ammonia and nitrite is 

one of the main obstacles to growing shrimps in ponds with zero or limited water 

exchange (Kochba et al., 1994; Hopkins et al., 1996). Also, Tacon et al. (2002) 

observed that nitrite concentration reached a level of 20 mgL"1 by the end of growing 

season and this has led to the 'crash' of the system. 
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Several earlier investigators (e.g. Avnimelech et al.,1989; 1992a; 1994; Kochba et al., 

1994; Avnimelech, 1999) reported that inorganic nitrogen levels were effectively 

reduced and microbial protein produced through application of organic carbon in 

fish ponds with ZWEM. Likewise, Mcintosh (2000) revealed that applying high 

carbon content in feed (feed C:N ratio level of20.0:1) effectively removed inorganic 

nitrogen in white shrimp culture with ZWEM. Further, Avnimelech et al. (1992a) 

reported that the feed cost in ponds with ZWEM using carbon was reduced to 50-

67 % of that common in conventional ponds due both to the replacement of protein 

by microbial protein and limited wash-out of feed. There is no scientific 

information of growing Penaeus monodon shrimps in ponds with zero or limited 

water exchange using molasses. Hence, this study provides substantial 

information for the question of whether growing shrimps in ponds with zero or 

limited water exchange using molasses is likely to be a novel technology in coping 

with major toxic nutrien problems of shrimp farming. 

This study is the first detailed investigation of water quality and production variables 

in shrimp culture with ZWEM and L WEM using molasses as a carbon source and 

makes a substantial contribution to our broader level of understanding of Penaeus 

monodon shrimp culture in zero and limited water exchange model using molasses. It 

presents some novel findings which are from the combination of field and laboratory 

studies. It provides data on fundamental water quality and production variables such 

as ammonia , nitrite, nitrate, dissolved oxygen, organic carbon, chlorophyll a, bacteria 

number, total suspended solid, total alkalinity, shrimp growth rate, production, feed 

conversion ratio and water consumption rate for Penaeus monodon shrimp farming of 

ZWEM and L WEM using molasses. Finally, it is the first demonstration for several 

experimental studies are as follows: 

1. Effect of feed C:N ratio levels on water quality, shrimp growth, percentage 

weight gain, feed conversion ratio, waste discarded and water consumption 

rate in Penaeus monodon shrimp culture of zero water exchange model 

(ZWEM), limited water exchange model weekly (L WEMW) and limited 

water exchange model fortnightly (L WEMF). 
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2. Effect of molasses application frequency on water quality, shrimp growth, 

percentage weight gain, feed conversion ratio in Penaeus monodon shrimp 

culture of ZWEM. 

3. Effect of stocking density on water quality, shrimp growth and gain rate, feed 

conversion ratio in Penaeus monodon shrimp culture of ZWEM using 

molasses with C:N ratio level = 20.0:1. 

4. Effect of reducing conventional feeding rate on water quality, shrimp growth, 

percentage weight gain, feed conversion ratio in Penaeus monodon shrimp 

culture of ZWEM using molasses with C:N ratio level = 20.0:1. 

The main results and their significance obtained in field and experimental study of 

shrimp farming with ZWEM and L WEM using molasses are follows : 

1. There was no accumulation of ammonia in ponds with ZWEM and L WEM 

while in nitrite concentrations increased during growing period in ZWEM and 

LWEM. Laboratory data also show that ammonia did not accumulate while 

nitrite concentrations increased with experiment time in shrimp cultures of 

ZWEM and LWEMF treated with feed C:N ratio level of less than15.0:1 

including cultures of L WEMW untreated with molasses (feed C:N ratio 

level = 6.5: 1 ). These results are in accordance with earlier reports revealed 

that nitrite accumulated in shrimp ponds (Alcaraz et al., 1999; Tacon et al., 

2002). 

2. Ammonia and nitrite concentrations were relatively high in shrimp farming 

with ZWEM and L WEM and it was most likely due to feed C:N ratio levels 

applied in two shrimp farming models (around 7.5:1) were lower than 

effective level of C:N ratio in removing inorganic nitrogen as investigated by 

several authors in fish ponds (Avnimelech et al., 1992a; 1994; Avnimelech, 

1999) and in white shrimp ponds (Mcintosh, 2000) who revealed that 

inorganic nitrogen was effectively removed when feed C:N ratio level was 

15.0:1 or more. However, these previous reports support the experimental 

data show that ammonia and nitrite concentrations were lower than safe level 

for Penaeus monodon shrimp in shrimp cultures receiving feed C:N ratio 
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level of 20.0:1 or more in experiment of ZWEM, shrimp cultures receiving 

feed C:N ratio level of 17.5:1 or more in experiment L WEMF and shrimp 

culture receiving feed C:N ratio level of 15.0:1 or more in experiment 

LWEMW. 

3. Ammonia and nitrite concentrations were significantly correlated with feed 

C: N ratio level in the two shrimp farming models. It supports the findings 

showing effect of feed C:N ratio levels affected the decrease in ammonia 

and nitrite concentration in three experimental shrimp cultures (ZWEM, 

L WEMF and L WEMW). These results imply that application molasses as a 

carbon resource had a role in removing inorganic nitrogen in shrimp culture 

with ZWEM and L WEM. 

4. Ammonia and nitrite concentrations were higher in shrimp farming with 

ZWEM compared to those in shrimp farming with L WEM and it was 

probably because there was water exchange in the L WEM. Similarly, in the 

same levels of feed C:N ratio, ammonia and nitrite concentrations m 

experiment of ZWEM were higher than in experiment of L WEMF or 

L WEMW. This result is in agreement with previous studies shown that 

inorganic nitrogen was higher in shrimp farming with ZWEM compared to 

those in shrimp with routine water exchange (Hopkins et al., 1993; 1996). 

5. In the shrimp farming with ZWEM and L WEM, dissolved oxygen 

concentrations tended to have negative association with C:N ratio levels. This 

is supported by the findings obtained in experimental study of shrimp cultures 

with ZWEM, L WEMW and L WEMF which show that dissolved oxygen 

concentrations decreased in response to increased feed C:N ratio levels. These 

results could be because numbers of heterotrophic bacteria increased as feed 

C:N ratio levels increased in the three experimental shrimp culture models. 

Further investigation revealed that dissolved oxygen concentration had 

negative correlation with numbers of heterotrophic bacteria. These results 

support the findings of previous studies that addition of carbon caused a 

decrease in concentration of dissolved oxygen in water (Avnimelech et al., 

1992a; 1994; Kochba et al., 1994; Avnimelech, 1999). Olah et al. (1987) 
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and Visscher and Duerr (1991) also reported that microbial populations 

consumed a high concentration of dissolved oxygen in fish and shrimp ponds. 

6. In both shrimp farming models, it was shown that pH levels tended to have 

inverse relationship with C:N ratio levels. Similarly, in shrimp cultures 

treated with molasses for the three experimental models of shrimp culture, 

there was a decrease in pH values with increasing C:N ratio levels. These 

results were likely due to an increase in concentration of inorganic carbon by 

the activity of heterotrophic bacteria when feed C:N ratio level was increased. 

Boyd (1995) and Ritvo et al. (1998) reported that pH level usually reduces as 

redox potential decreases as a result of microbial activity. These results prove 

that one purpose of application of molasses in shrimp farming of ZWEM 

(Ardetex company)is to reduce pH which subsequently reduce toxicity of 

ammonia to shrimp (Adam Body, personal communication). Earlier reports 

also revealed that detrimental effect of ammonia on aquatic organisms 

decreases with decreasing pH (Colt and Tchobanoglous, 1974; Burkhalter and 

Kaya, 1977; Boyd et al., 1979). 

7. There was a progressive increase total suspended solids with growing period 

in field and laboratory studies. Further, laboratory studies show higher total 

suspended solids in respond to higher C:N ratio levels. This result indicates 

adverse effect of molasses application on increase in total suspended solids 

concentrations. 

8. Chlorophyll a concentrations decreased with increasing feed C:N ratio levels 

with resultant increase of heterotrophic bacteria which possibly compete with 

phytoplankton for nutrient, oxygen and space in the three experimental 

shrimp culture models. These findings support previous observation carried 

out by Avnimelech et al. (1994), Avnimelech (1999) and Browdy et al. 

(2001) who reported that phytoplankton growth was inhibited by heterotrophic 

bacteria through increasing feed C:N ratio level. Parson et al. (1981) and 

Kirchman and Keil (1990) also revealed that addition of carbohydrate 

inhibited primary production. However, heterotrophic system (as defined by 

Avnimelech et al., 1994; Avinimelech ,1999; Mcintosh, 2000) did not occur 
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in the three shrimp culture models in laboratory because chlorophyll a was 

still obtained particularly in shrimp cultures receiving high levels of feed 

C:N ratio in ZWEM. This result was in contrary to previous observations by 

Avnimelech et al.(1994); Avnimelech (1999) and Browdy et al. (2001) who 

reported that increasing feed C:N ratio level to ponds resulted in a shift from 

an autotrophic to a heterotrophic system. Also Burford et al. (2002) did not 

obtain heterotrophic system in ponds applied with organic carbon. 

9. In the shrimp farming with ZWEM, shrimp growth rates were negatively 

correlated to ammonia and nitrite concentrations. It is supported by the 

present data from experimental laboratory reveal that shrimp growth rates had 

inverse relationship with ammonia and nitrite concentrations in the three 

experimental shrimp cultures. Ammonia and nitrite have been reported to 

have adverse effect on shrimps (Chien and Lai, 1988; Chen and Tu, 1991; 

Chen and Kou, 1992; Ray and Chien, 1992). 

10. The shrimp growth rate in the two farming models was not significantly 

correlated with feed C:N ratio levels and it was possibly because feed C:N 

ratio levels applied were low in two farming models. No significant various 

levels of feed C:N ratio applied in both farming could also be responsible 

for this result. However, in laboratory feed C:N ratio levels significant 

effected shrimp growth rate, percentage weight gain and feed conversion ratio 

in three models of experimental shrimp culture. Further, shrimp cultures 

untreated with molasses (lowest level of feed C:N ratio = 6.5:1) in three 

models had the lowest growth rate and percentage weight gain and the highest 

feed conversion ratio. These findings were probably caused by shrimp 

cultured with no molasses had the highest ammonia and nitrite concentrations 

and had the lowest number of heterotrophic bacteria. The present data also 

show that shrimp growth rate and percentage weight gain had positive 

correlation with number of heterotrophic bacteria while feed conversion ratio 

had an inverse relationship with heterotrophic bacteria number. 
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11. In spite of higher average concentrations of ammonia and nitrite in the 

shrimp farming with ZWEM compared to L WEM, there was no significant 

difference between ZWEM and L WEM in shrimp survival rate, production 

level and feed conversion ratio. Hopkins et al. (1996) also reported that 

inorganic nitrogen was higher in white shrimp cultures with ZWEM than 

shrimp culture with continuous water exchange (15 %total volume daily), 

however both shrimp cultures model had similarity in shrimp survival rate, 

production and feed conversion ratio. 

12. Survival rates in laboratory study were high (almost 100%) in particularly for 

shrimp cultures untreated with molasses of the three shrimp culture models 

even though ammonia concentration was higher than 0.12 mg L-1 which is 

considered as a safe level for Penaeus monodon (Chen and Lei, 1990). 

Growth rate was significantly correlated with ammonia concentrations in the 

three models of experimental shrimp cultures. These results indicate that 

ammonia toxicity in the present experimental shrimp cultures was most likely 

expressed as the sublethal reduction of shrimp growth or suppression of 

immunocompetence rather than as acute toxicity leading to mortality as 

investigated by Hargreaves (1998). Further there was no the symptom of 

diseases observed particularly in field and laboratory studies of ZWEM 

during growing period, suggested that the application of ZWEM had a great 

potential in reduce the risk of diseases outbreaks in shrimp ponds. It has been 

previously reported that growing shrimp in ZWEM was more biosecure 

because the transmission of diseases such as white spot virus and other 

microorganisms was limited (Duraiappah et al., 2000; Lopez et al., 2002). 

13. Undoubtedly one of the most remarkable benefits of raising shrimp farming 

with ZWEM and L WEM using molasses is low water consumption rate due 

to minimal water usage·. For instance, water consumption rate obtained in 

farming with ZWEM (8.04 litres/gram) and LWEM (8.51 litres/gram) was 

lower compared to those obtained in conventional shrimp farming without 

using molasses by Hopkins and Villalon (1992) with water consumption 

rate was 39-199 litres/gram; and by Briggs and Funge-Smith (1994) with 

water consumption rate of 13.0llitres/gram. Water consumption rate in the 
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three experimental shrimp culture models also lower compared to those 

obtained in conventional shrimp culture by previous authors above. Although 

economic analysis was not conducted in the field and laboratory studies of 

ZWEM and L WEM, it clearly demonstrated a substantial decrease in water 

usage and pumping cost in shrimp culture with ZWEM and L WEM using 

molasses. 

14. It appeared that there was limited waste discarded from experimental shrimp 

culture of ZWEM, L WEMF and L WEMW during study. This is also 

beneficiary of growing shrimps in ZWEM and L WEM. However, there still 

was effluent discarded at harvest time in ZWEM. Moreover, total quantity of 

waste discarded from L WEMW and L WEMF at harvest time was higher than 

the sum of those discarded during the growth period. It is therefore more 

harmful to the environment when discharge the end waste to the environment. 

Nevertheless, the adverse affect of effluent from shrimp culture of ZWEM, 

LWE:MF and L WEMW is possibly mitigated by there is no water discarded 

at harvest time but it is reused in the next growing season. Also The 

detrimental impact of waste from shrimp culture with L WEM on coastal 

environment could be reduced by discarding water through canal to the 

settling basins as conducted in shrimp ponds of L WEM in Lampung, 

Indonesia. Retaining water in the settling basin results in removal of 

significant nutrients and solids from the water column (Mcintosh et al., 1999). 

15. Higher molasses application frequency had significant lower level in 

ammonia, nitrite, dissolved oxygen, pH, chlorophyll a, feed conversion ratio 

and higher value in total suspended solid, alkalinity, bacteria number, shrimp 

growth rate and percentage gain in shrimp culture of ZWEM using molasses 

with C:N ratio = 20.0:1. In terms of the above variables, molasses applied 

once a day (daily) was the best molasses application frequency in shrimp 

culture of ZWEM. 

16. It appeared that shrimp cultures with higher stocking density had significant 

higher level of ammonia, nitrite, total suspended solid, alkalinity, number of 

heterotrophic bacteria, and feed conversion ratio and had lower level of 
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dissolved oxygen, shrimp growth rate and percentage weight gain compared to· 

those obtained shrimp cultures with lower stocking density. The present study 

shows that 30 shrimps m·2 was the best stocking density in shrimp culture with 

ZWEM using molasses at feed C:N ratio level= 20.0:1. 

17. In the shrimp cultures using molasses for smaller and bigger size, there was 

not significant difference in ammonia and nitrite concentration among shrimp 

cultures receiving 25 %; 50 %; 75 % and 100 % of conventional feeding rate 

and it was caused by those shrimp cultures was treated with feed C:N ratio 

level of 20.0:1 as effective level in removing inorganic nitrogen in ZWEM. 

This result is contrary to earlier reports that revealed ammonia and nitrite 

increased in response to increased feeding rate in conventional shrimp ponds 

(Millamena, 1990; Allan et al., 1995;Mantoyo et al., 2002). However, shrimp 

cultures with molasses receiving 75% had highest growth rate and percentage 

weight gain and lowest feed conversion ratio. In contrast, shrimp cultures 

with no molasses treated with 100 % of conventional feeding rate had highest 

level of ammonia, nitrite concentration and feed conversion ratio and lowest 

shrimp growth rate and percentage weight gain. Therefore, the present study 

shows that 75 % of conventional feeding rate was the best feeding rate 

obtained in shrimp culture with ZWEM using molasses at feed C:N ratio level 

= 20.0:1. 

8.2. Conclusions 

The results of the present study provide evidence that application of molasses in 

shrimp cultures with ZWEM and L WEM had brought about good benefits in terms of 

water quality, water consumption rate, effluent and shrimp production variables. The 

present data also show that applying molasses in the shrimp culture with ZWEM 

could reduce 25 % of conventional feeding rate without detrimental effect on shrimp 

production. However, application of molasses contributed to a significant increase 

in total suspended solid and decrease in dissolved oxygen. 
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Based on water quality, water consumption rate, effluent and shrimp production 

variables during eight weeks of experimental period, the best level of feed C:N ratio 

obtained in shrimp cultures with ZWEM, LWEMF and LWEMW was 20.0:1; 17.5:1 

and 15.0:1 respectively. 

As earlier reported that water exchange of most conventional prawn ponds 

particularly in Asian - Pacific region seems impossible to improve water quality of 

ponds as the water entering into pond is the effluent from outlet of the other farms 

(Landesman, 1994), has a self-pollution results (Csavas, 1994), contains parasites 

and pathogenic microorganisms (Csavas, 1994; Landesman, 1994), and has been 

polluted with suspended and particulate organic matter from urban and industries, 

poor engineering design and management of ponds (Rivera-Monroy et al., 1999 ), and 

the absence of drainage networks (Csavas, 1994). Shrimp culture of ZWEM using 

molasses, therefore, is likely to be a novel shrimp culture technology in coping with 

problems of this conventional shrimp farms. 

Also implementing the shrimp culture of L WEM could be one option of 

overcoming the problem of conventional shrimp culture if ponds have defined area 

of pond bottom and support facilities such as reservoir and pond units of water 

treatment (sedimentation and biological treatment ponds). Mitigating the 

distribution of diseases and polluted water from outside of pond water, reservoir is 

necessarily required to provide water replacing evaporation and water discarded from 

ponds. Further, water discarded from pond is treated in sedimentation and biological 

treatment ponds which eventually is reused in growing ponds. It means that the 

shrimp culture of L WEM using molasses is designed to be more closed system, have 

less adverse impact on environment and minimize water usage. However, further 

research is essentially required in implementing and developing shrimp cultures 

with ZWEM and LWEM using molasses (as summarised below) 

8.3. Further research 

Undoubtedly one of the most interesting avenues for further research that this study 

has identified concerns in implementing and developing shrimp cultures with ZWEM 
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or L WEM using molasses as novel strategy of coping with main problems in current 

shrimp farming. Some questions and potential experiments are summarised below: 

What is the pond design and construction of Penaeus monodon shrimp farming 

ZWEM and LWEM using molasses? Is it similar to the pond design and construction 

used in growing white shrimp with ZWEM in Belize (Mcintosh et al., 1999)? 

As previous discussed that increasing total suspended solid is one major problem of 

growing shrimps in ZWEM and L WEM using molasses applying molasses. It is, 

therefore, obviously that pond design and construction is important to the 

optimization of shrimp culture with ZWEM and L WEM using molasses. Hence 

further research are substantially required for features of the pond design and 

construction for Penaeus monodon shrimp farming with ZWEM and L WEM using 

molasses. For instance, further research should provide scientific information for 

features of sedimentation ponds (as settling basins), water reservoir as well as 

defined areas of the pond bottom in shrimp farming with ZWEM and L WEM using 

molasses. 

The size of pond is also very important factor in shrimp cultures of ZWEM and 

L WEMusing molasses. It has been previously studied that the smaller ponds of 

ZWEM for white shrimp have resulted in higher yield level than larger ponds 

(Mcintosh et al., 1999). Further, they revealed that deep ponds are preferable to 

shallower ponds for white shrimp culture of ZWEM. The white shrimp of ZWEM in 

Belize which successfully produced 11.23 ton ha-1 crop-1 of shrimp with a survival 

rate of72.0% in ponds having size 0.065 ha with average depth of around 1.4 meter 

(Mcintosh et al., 1999). Is the size of these ponds likely to be used in growing 

Penaeus monodon shrimp farming with ZWEM and L WEM using molasses? Future 

research on Penaeus monodon shrimp farming with ZWEM and L WEM using 

molasses should answer this question. 
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How much is the level of aerator required in Penaeus monodon shrimp farming with 
' 

ZWEM and LWEM using molasses? Is it similar to applied in white shrimp farming 

with ZWEM (60 hp ha-1
) in Belize (1999)? 

The present study shows that increasing feed C:N ratio in shrimp cultures with 

ZWEM and L WEM caused a significant decrease in dissolved oxygen. It implies that 

the dissolved oxygen supply is substantially required in shrimp culture of ZWEM and 

L WEM using molasses. Also A vnimelech (1996) reported that oxygen supply in fish 

ponds with ZWEM should be 1.5 times higher than in ponds with routine water 

exchange. Further, Mcintosh et al. (1999) operated aerator at 60 hp ha"1 in white 

shrimp ponds of ZWEM. Further research should find out the level of oxygen supply 

in shrimp farming with ZWEM and L WEM using molasses. 

What is the best level of C:N ratio level in Penaeus monodon shrimp farming with 

ZWEM and LWEM using molasses? Is it the same as obtained in the experimental 

shrimp culture with ZWEM and L WEM in the present study? 

Levels of feed C:N ratio applied in the present field study of shrimp farming with 

ZWEM and LWEW was less than 10.0:1 while the best feed C:N ratio level in 

experimental shrimp culture with ZWEM and LWEM was 20.0:1 and 15.0:1 

respectively. Further research should provide essential information of the best feed 

C:N ratio level in Penaeus monodon shrimp farming with ZWEM and L WEM. 

Is likely feed protein content to be reduced in Penaeus monodon shrimp farming 

with ZWEM and LWEM using molasses? How much feed protein content could be 

reduced? 

Proteins are the expensive fraction ?f shrimp feed. The addition of carbohydrates in 

ponds produced microbial protein which is utilized as source of feed protein for fish 

or shrimp (Avnimelech, 1999). Avnimelech et al. (1989) reported that microbial 

protein can replace at least partially, expensive protein source by cheap carbon in 

tilapia ponds. Further, earlier reports revealed that ponds treated with 20 % of 

protein using carbon had higher fish growth and lower feed conversion ratio than 

ponds treated with conventional feeding with no carbon (30 % protein). Mcintosh 
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(2000) also successfully raised Litopenaeus vannamei in ponds of ZWEM applying 

feed with high feed carbon content ( the level of C: N ratio at 20.0) and protein 

content (18 %). Further research of reducing feed protein content is substantially 

required in Penaeus monodon shrimp farming with ZWEM and LWEM using 

molasses. It should be noted that reducing protein content in feed also reduces 

inorganic nitrogen in water. 

What is the portion of inorganic nitrogen used by heterotrophic bacteria and 

nitrifying bacteria as well as phytoplankton in shrimp culture with ZWEM and 

L WEM using molasses daily with C:N ratio = 20.0:1? 

Phytoplankton was responsible for high rates of ammonia uptake ( Hopkins et al., 

1993, Burford et al., 2003; Chuntapa et al., 2003). It has been documented that 

phytoplankton as well as heterotrophic and nitrifying bacteria have a great role in 

controlling water ammonia and nitrite in ponds (Wheeler and Kirchman, 1986; 

Fuhrman et al., 1988; Montoya et al., 2002). Hargreaves (1997) also revealed that 

phytoplankton uptake and nitrification activity were two mechanisms simulated to 

remove ammonia from water column. Moreover, previous reports stated that 

heterotrophic bacteria inhibited phytoplankton growth (Parson et al., 1981; Kirchman 

and Keil, 1990;Avnimelech et al., 1994; Avnimelech, 1999; Browdy et al., 2001) and 

nitrifying bacteria (Bovendeur et al., 1990; Cheng and Chen, 1994; Ohashi et al., 

1995; Zhu and Chen, 2001). Thus, it would be interesting and beneficial information 

if future research is carried out to answer the above question. 

Is likely molasses to be applied in nursery and hatchery as a part of shrimp industry? 

Water exchange is conducted daily in order to reduce accumulation of ammonia and 

nursery and hatchery. However, one of main problems in nursery and hatchery of 

Penaeus monodon shrimp is outbreak of diseases such as white spot exacerbated by 

routine water exchange. Application molasses could be one alternative way of 

solving problems in nursery and hatchery of shrimp. Thus further study of applying 

molasses through controlling feed C:N ratio is very worthy in hatchery as well as in 

nursery ponds. 
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Appendix 1. A sample for calculation of C:N ratio level 

Total input carbon 
Feed C:N ratio Level= 

Total input nitrogen 

Total input carbon =carbon of feed+ carbon of molasses 

Carbon of feed= the amount of feed (gram) x carbon content of feed(%) 

Molasses of feed= the amount of molasses (gram) x carbon content of molasses(%) 

Total input nitrogen = nitrogen of feed 

Nitrogen of feed= the amount of feed x nitrogen content of feed(%) 

If carbon content of feed= 38.5 %; carbon content of molasses= 29.71 % and 

nitrogen content of feed= 6.08% 

Therefore, If 1 gram of feed and 1 gram molasses applied in shrimp culture, feed 

C:N ratio level is calculated as follows below. 

1. Total input carbon =(1 gram)(38.5 %)+(1 gram)(29.71 %) = 0.6821 gram 
2. Total input nitrogen(%)= ( 1 gram)(6.08 %) =0.0608 gram 

0.6821 
3. Feed C:N ratio level= = 11.22 

0.0608 
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Appendix 2. A sample of calculating molasses required in experiment one of 
chapter four 

The amount of molasses required MA 20.0 treatment (experiment one in chapter four) 

with feed C: N ratio level = 20.0:1 is calculated as follows (if carbon content of 

molasses= 29.71 % and nitrogen content of each experimental 

= 0.8234 g N = 0.008234 mg of nitrogen) 

Total input carbon 
1. Feed C:N ratio Level = 

Total input nitrogen 

2. Total input carbon = only carbon of molasses 

container 

4. Carbon of molasses= a gram (molasses required) x 29.71% = 0.2971 x a gram 
5. Total input nitrogen= 0.00823 gram (stock solutions) 

( 0.2971 x a gram) 
6. 2 0.0 = 

0.008234 

(20.0)(0.008234) 
7.agram= = 0.544gram 

0.2971 
8. The amount of molasses required= 2.6691 gram in MA2o.o treatment (the 

experiment one in Chapter four) 
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Appendix 3. A sample for calculation of molasses required for application one 
gram feed in shrimp culture 

The amount of molasses required for 1 gram feed applied in shrimp culture with feed 

C:N ratio level = 20.0:1 is calculated as follows bellows (If carbon content of 

feed = 38.5 %; carbon content of molasses = 29.71 % and nitrogen content of 

feed = 5.89 %) 

Total input carbon 
1. Feed C:N ratio Level= 

Total input nitrogen 

2. Total input carbon = carbon of feed + carbon of molasses 

3. Carbon of feed= (1 gram) x 38.5 %) = 0.385 gram 

4. Carbon of molasses= a gram (molasses required) x 29.71 % = 0.2971 x a gram 
5. Total input nitrogen= 1 gram x 5.89 %= 0.0589 gram 

6. 2 0.0 = 
(0.385 + ( 0.2971x a gram) 

0.0589 

(20.0)(0.0589) -{0.385) 
7. a gram= = 2.6691 gram 

0.2971 
8. The amount of molasses required= 2.6691 gram per 1 gram feed 
9. Hence the amount of molasses required: 

a. in MR 20.0 (in experiment one of Chapter four) = 0.1398 x 2.6691 gram 
= 0.373 gram 
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Appendix 4. A sample for calculation of molasses required for Ft, F2 and F3 

treatments of chapter five 

The level of feed C:N ratio level applied in F~, F2 and F3 treatments was 20.0:1. As 

calculated in Appendix 3, the amount of molasses required at C:N ratio 

level= 20.0:1 for one gram feed was 2.661 gram (if carbon content of feed= 38.5 %; 

carbon content of molasses= 29.71 % and nitrogen content of feed = 5.89 %), thus 

the amount of molasses required in Ft, F2 and F3 treatments as follow 

a. In F1 treatment (frequency of molasses application weekly), if the amount of 
feed applied every day is b gram , hence, the total feed applied during one 
week= 7 b gram. Thus the amount molasses used every applying molasses 
in Ft treatment= 7b x (2.6691 gram) due to feed C:N ratio level applied was 
20.0:1 

b. In Fz treatment (frequency of molasses application once in three days) if the 
amount of feed applied is c gram every day, hence, the total feed applied 
during three days = 3 c gram. Thus the amount molasses used every 
applying molasses in F3 treatment= 3c x (2.6691 gram) due to feed C:N ratio 
level applied was 20.0: 1 

c. In F3 treatment (frequency of molasses application daily), if the amount of 
feed applied everyday is d gram. hence, the total feed applied during one 
day = d gram. Thus the amount molasses used every applying molasses in 
F3 treatment= ax (2.6691 gram) due to feed C:N ratio level applied was 20.0:1 
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