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ABSTRACT 

Integration of aquaculture with agriculture appears to be an excellent way to save 

water, dispose of aquaculture effluents, and provide additional fertilizer to the agricultural 

crop. However, the amount of nitrogen transferred from fish effluent to plants has not 

been quantified. Therefore, I tested the feasibility of using 15N labeled fish feed, to produce 

a labeled effluent that could be used to study the fate of nitrogen in an integrated 

aquaculture and agriculture system. 

A pilot project showed that tilapia accepted labeled feed, that 15N ammonium 

sulfate was not hazardous to fish, and that labeled effluent could be detected in lettuce. 

Two experiments irrigating lettuce with the labeled effluent showed the pathways of 

nitrogen movement. Different combinations of chemical fertilizer and tap water and fish 

effluent were used to irrigate lettuce. Nitrogen transfer was quantified based on the 

percentage of 15N recovered from the fish effluent by plants. Lettuce that received fish 

effluent as the only source of nitrogen recovered practically all the available inorganic 

nitrogen. However, there was not sufficient nitrogen for optimal plant growth. Plants that 

received a combination of fish effluent and chemical fertilizer were more efficient at 

uptaking the nitrogen in the chemical fertilizer than in the fish effluent. Available inorganic 

nitrogen levels in fish effluent were generally too low to meet the nitrogen needs of plants. 

However, decomposition of organic material over time may improve long term soil 

fertility. Concentration of fish culture effluent might also increase nutrient content. 
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The nitrogen budget for fish tanks used to produce effluent for these studies 

showed that fish contained the highest amount of nitrogen, followed by algae and effluent 

in descending order. Estimates of nitrogen assimilation based on 15N recovery from labeled 

fish feed did not agree with calculations based on recovery of total _nitrogen. Therefore 15N 

recovery does not appear to be a good indicator of nitrogen assimilation by fish in short 

term experiments. 



Chapter 1 

GENERAL lNTRODUCTION 

1. Environmental conseguences of aguaculture development 

Aquaculture originated in China over two millennia ago as an alternative to wild 

food production. However. aquaculture development began in the U.S. only in the 

nineteenth century. Aquaculture began because population growth coupled with 

environmental degradation and overharvest of wild fish stocks accentuated the gap 

between demand and fish production 

12 

Aquaculture today contributes 23% of aquatic food production (F AO. 1997) and 

over a quarter of the total world supply of fish food. Aquaculture production comes from 

two distinct sectors: an industrialized sector requiring high levels of investment and high 

technology and a rural sector where individual landowners or farmers produce on a 

smaller scale. 

Asia produces almost 90% of the world's aquaculture output. Production in the 

developing countries of Africa and Latin America is relatively minor (F AO, 1995). The 

reason for these differences is that considerable promotion is required for aquaculture to 

take its place alongside agronomy and animal husbandry as a major agricultural system 

providing food, employment and income (Edwards et al. 1996). 

Due to the close relationship between aquaculture and natural ecosystems, there is 

a great concern that aquaculture farms could cause more profound impacts on 
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environmental quality than terrestrial farming ( Wellcome 1993, Baird et al 1996, Weber 

1996, Holmes and Saywell 1997, Massod et al 1997. Fleischman. 1997). In fact increased 

aquaculture production has contributed to environmental degradation and reduction of 

wild fish stocks. 

Muir ( 1996) summarized the environmental problems caused by the aquaculture 

industry. These are waste and nutrient loading (from uneaten feed, excreta, chemicals and 

therapeutics), high water use because of the need for water exchange, degradation of 

terrestrial environments (soil salinization and mangrove clearance in coastal areas) , 

escaped stocks (that directly or indirectly reduce biodiversity), predation by escaped 

stocks on conservation sensitive species ( scaped stocks must be controlled without 

compromising conservation interests) and social/ amenity disturbance ( visual noise, 

activity disruptions). Aquaculture can also destroy natural habitats, utilize public space, 

modify natural water flows and extract 02 from the water (Iwama 1991 ). 

Wastes are produced because fish are fed a concentrated feed that contains 28-

32% protein. The feed conversion rate for fish (FCR) is typically 1.5 to 2. Feed is usually 

90% dry matter and fish only about 25% dry matter. Therefore, only a small proportion 

(26.8% N, 30.1% P and 25.5% organic matter) of the feed is incorporated into fish flesh 

(Schwartz and Boyd, 1994). High levels of waste discharge are very common for most 

farms that use conventional feeds. Waste generated from farms producing salmon in 

Norway can be as high as 70% of the nitrogen, phosphorus and organic matter (energy) 

supplied in commercial feeds (Austreng and Asgard 1991 In Bergheim and Asgard, 1996). 

Environmental problems become worse when farms are concentrated in the same areas. 
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Effluents, are discharged from a fish farm to flush nutrients and phytoplank-ton 

from the pond, as a substitute for aeration, to remove or reduce toxic metabolites or 

reduce salinity (Boyd, 1990). Effluents can also be unintentionaly released from fish ponds 

during heavy rains (Boyd, I 985b ). However, the highest rate of effluent discharge occurs 

when fish ponds are drained, during harvest. (Schawartz and Boyd I 994). 

Eutrophication can be one of the effects caused by the addition of effluents from 

fish fanns to receiving waters. Excessive primary production reduces dissolved oxygen 

content which may lead to lower biological diversity and/or an unbalanced trophic 

structure (Lin I 995). Effluent discharges can also spread diseases from cultured fish to 

wild populations (lwama 1991. ECD I995, Bardach 1997), cause the accumulation of 

antibiotics in water, sediments and wild fish that result in the development of antibiotic 

resistant bacteria in the wild (Bergheim and Asgard 1996) or cause antibiotic uptake by 

wild fish (Samuelsen et al. 1992). 

The aquaculture industry in the twenty first century will need to spend much more 

effort on ecological considerations. To continue to grow the industry needs to create a 

linkage between aquaculture and the environment (Costa-Pierce 1996). 

Muir ( 1996) emphasized that environmental problems must be met if the 

aquaculture industry is to become sustainable. However, aquaculture systems must also 

be productive and profitable (Edwards et al. 1996). Despite the need to be profitable, 

aquaculture has to pay attention to the ecological, the social and the economic 

consequences of their actions (Bardach 1997), such as the spread of parasites and 

diseases, and the overall influences on the environment and thus on biodiversity. Concerns 



about sustainability require that aquaculture must develop in a more responsible manner 

than it has in the last decade of rapid growth. 
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To conserve water quality is important for aquaculture in two ways: the industry 

needs clean water for fish production, but at the same time effluents from intensive 

aquaculture are a source of water pollution. The aquaculture industry has struggled with 

regulations on the quality of effluent that can be discharged from installations. Water 

quality regulations have been difficult to meet because of the costs involved in effluent 

treatment (Welcomme 1996). 

2. Integration of Aquaculture with agriculture CIAA>: a way to promote sustainability 

Sustainable development is defined as development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs 

(WCED 1987). To achieve environmental sustainability, farms have to move away from 

monoculture to a complex. multigoal-oriented bioproduction system (Bardach 1997). 

Integration of aquaculture with agriculture appears to be one way to attain such a 

production system. It is also as an excellent solution for fish waste disposal (Hauck 1995). 

Irrigating crops with fish effluent eliminates the necessity to discharge nutrient rich 

water into natural streams or to treat the effluent to remove these nutrients (Billard and 

Servrin-Reyssac 1993 ). Application of waste water from aquaculture to crops not only 

reduces the cost of water and the amount of chemical fertilizer needed (Al-Jaloud et al. 

1993, D'Silva and Maughan 1994, 1995, 1996~ Brune 1994), it also reduces the possibility 

of introduction of aquatic diseases, pests, and exotics into natural water (Olsen et al. 1993, 

Fitzsimmons 1994). 
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Integrated farming maximizes returns through the use of two or more production 

technologies (Dhwam and Sehdev 1994 ). Integration results in more diversified farm 

products, increases cash incomes, improves quality and quantity of farm products. 

improves environmental soundness and increases efficiency through the exploitation of 

otherwise unutilized resources. The long term performance of diversified farms is better 

then non-diversified enterprises, because they are better able to deal with market and 

climate changes (Kokil et al. 1995). 

There are many more semi-intensive integrated farming systems in use than fully 

integrated systems. Semi-intensive systems have low impacts on the environment, low fish 

production costs and high protein efficiency (Edwards 1993). They are also less risky 

especially for resource-poor farmers in developing countries (Lightffoot et al 1993). 

Integration of intensive fish fanning (eel) and gardening has been ecologically and 

economically profitable in Denmark where waste water is used to irrigate crops 

(Jungersen, G. 1991). The addition offish to waste water ponds improved the water 

quality and increased the capacity of the pond for waste treatment (Help her and Schoeder 

1974). 

The success of integrating aquaculture with agriculture (IAA) depends on 

sustainability and ability to evolve (Pullin 1993 ). A successful integrated operation must 

provide food to humans, restore degraded environments and adapt to changes (Pullin 

1994). 

In 1M nutrient and energy losses to surrounding areas are lower than in a 

conventional monoculture system. Additionally fish ponds on a farm help maintain the 
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water table. Dhwan and Sehdev ( 1994) reported that in agricultural fields containing fish 

ponds the water table drops only slightly, even in the dry season. They advised farmers to 

irrigate crops with water from fish ponds, to take advantage of the nutrients in the water. 

In Israel more than 20% of the total fish culture area has been "rest!1Jctured" to integrate 

water storage, irrigation, and fish culture ( Sarig 1984 in Little and Muir 1987). 

The use of fish effluent to irrigate plants improves water quality in fish ponds. 

Ghate and Burtle ( 1993) found no deterioration of water quality in channel catfish ponds 

that were intermittently drained for irrigation and subsequently refilled. They determined 

an average amount of nitrogen produced was 0. 3 8-0.5 7 Kg/ha in each centimeter of 

irrigation water (15-75% of some crops needs). In addition solids added to the soil varied 

from 71 to 210 mg/1. Nutrients not used for irrigation, would probably have been 

discharged to natural water courses with consequent environmental problems. 

Integrating fish culture with agriculture is a common and ancient practice in China 

and other Asian countries. However, in the western hemisphere, integration is seen as low 

tech and less productive than monoculture. Efforts to transfer the rural technologies 

developed in China and South-East Asia to other areas have been consistently 

disappointing (Welcomme 1993). Traditional Chinese integrated farming systems are truly 

complex. However, the system is well worth studying in order to better understand the 

balance among the many inputs, the interaction of the several species involved in 

polyculture, and the recycling of nutrients within the farming system (Chen et al. 1994). In 

the orient, aquaculture is culturally designed to improve life by providing food and 



employment. However, in the west, aquaculture has a scientific base. and is totally 

directed to provide profits, with no social infrastructure (Borgese 1980). 
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The interdisciplinary nature of IAA is one of the greatest barriers to developing 

integrated systems. Cross disciplinary collaboration is essential to solve the problems of 

integration offish culture with agriculture (Purvis and Abdalla 1995). The acceptance of 

IAA, in the western hemisphere, also will require proof that these integrated systems are 

more efficient and produce more return than conventional systems. 

Hopkins and Bowman ( 1993) presented a methodology for a step-by-step 

approach to designing, conducting and evaluating research in integrated systems. They 

contend that scientists often lose sight of the primary objective of integration (i. e. , 

development of economically-viable farms) and concentrate on just that portion of the 

research where they have expertise. 

Nutrient flow and nutrient recovery in an IAA system is not well quantified 

(Brune, 1994 ). To demonstrate the efficiency of an integrated system it is necessary to 

quantify nutrient transfer from fish effluent to plants. It is widely assumed that there is 

nutrient transfer between fish effluent to crops in an IAA system, but most studies have 

failed to accurately quantify this transfer of nutrients ( Seawrite 1993 , Khan 1996). 

Instead they have simply documented production differences between crops receiving 

effluent from fish versus crops that do not ( D'Silva and Maughan 1994, 1995, 1996). 

Labeled 1~ could be used to provide a quantitative estimate of the amount of 

nitrogen actually transferred from fish to crops in an integrated system. However, no 

studies have used 1~ in this way. 
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3 . Overall obiectives 

The objective of this study was to accurately quantify nitrogen transfer in an IAA 

system using 1~ labeled fish food. Experiments were performed to determine the 

feasibility of using 15N to study the fate of nitrogen in an IAA system. 

In Chapter 2 a recirculating system was used to test. on a pilot scale. how much of 

the nutrient in the fish feed enriched with ammonium 1~ sulfate at 10.3 atom % of 1~ 

was transferred between fish effluent and lettuce. Chapter 3 evaluated the nitrogen budget 

of two fish tanks in two different seasons. spring and fall. using 1~ as a tracer. Chapters 4 

discussed greenhouse studies of nutrient transfer from fish effluent to lettuce in two 

seasons. spring and fall. using 15N as a tracer. Quantification of nutrient transfer from fish 

effluent to plants is discussed in chapters 2 and 4. 



Chapter 2 

NITROGEN TRANSFER BETWEEN FISH EFFLUENT AND LETTUCE IN A 

CLOSED RECIRCULATING SYSTEM, USING 1~ AS A TRACER. 

INTRODUCTION 

20 

Integration of aquaculture with agriculture is an excellent way to save water and to 

solve aquaculture effluent disposal problems, in arid and semi-arid regions. However, 

integration would be more desirable to farmers if effluent irrigation could reduce crop 

needs for chemical fertilizers. Several studies have shown improved growth of plants when 

aquaculture effluent is used as a supplemental source of nutrients (Prinsloo and Schoonbee 

1987, Al-Jaloud et al. 1993, D'Silva and Maughan 1994, Khan 1996). However. these 

studies do not evaluate the efficiency of the uptake of nitrogen originating from the waste 

products of the fish culture operation. In fact the nutrient contribution that can be 

attributed to the fish effiuent has been difficult to measure (Seawright 1993, Khan 1996). 

The agronomic literature often measures the efficiency of nutrient uptake by using 

15N as a tracer. I concluded that observing the fate of an isotopically enriched tracer would 

allow me to estimate the efficiency of nutrient transfer between fish and plants in a system 

where aquaculture is integrated with agriculture. 

Gilbert and Capone ( 1993) argue that the use of a tracer is important for 

understanding the nitrogen cycle, especially when the nitrogen concentration in the system 

is relatively low and when input and output concentrations are so close together that they 



give no information about the rates of uptake and regeneration. Both of these constraints 

apply to an integrated aquaculture/agriculture system. With tracers we can measure 

processes that are difficult or impossible to measure by conventional methods and discern 

otherwise imperceptible rates of uptake and regeneration of nitrogen (Schimel 1993). 

I developed a simple model of an integrated aquaculture/agriculture. system 

following Schirnel' s ( 1993) recommendation for an experimental isotope preparation. I 

designed a pilot project to test nutrient transfer from fish feed to plants. This pilot project 

had no controls or replication, but was designed to answer the following 5 questions: I. 

Which plant should be used in an integrated system? 2. Which fish should be used in an 

integrated system? 3.How much isotope needs to be added to the system? 4.In which 

chemical form should the isotope be added in order to avoid hazard to fish? 5.How should 

the isotope be added to the feed? 

I. Choosing the plant to use in an integrated system 

Several authors have suggested criteria for choosing the correct plant to use in an 

integrated system. Plants that need a high concentration of nitrates, for example tomatoes 

and ice-lettuce, were suggested by Naegal ( 1977). However, Seawright ( 1993) 

emphasized that there needs to be a rigorous maintenance of biomass in order to allow 

quantitative correlation between nutrient assimilation and growth. This constraint requires 

that we use plants with uniform growth and yield. Seawright ( 1993) discouraged the use 

of tomatoes and cucumbers because these plants exhibit physiological changes as a 

function of age or size. At different stages, nutrients are differentially allocated to fruit and 

vegetative growth. He concluded that the ideal experimental plant should be non-fruit 
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bearing. so that vegetative growth would be a relatively accurate correlative measure of 

nutrient assimilation. Seawright selected Romaine lettuce (Lactuca sativa longifo/ia c. v 

Jericho ) as an experimental plant because of its rapid, predictable germination and 

vegetative growth. heat tolerance, amenability to water culture and strong vertical growth 

that minimizes competition for space and light. 

Rakocy and Hargreaves (1993) observed that high-value cash crops such as 

tomatoes. lettuces and cucumbers were suitable for integrated systems. They emphasized 

that lettuce is particularly suitable for integrated systems since it can be produced in a 

short period (6-8 weeks) and, as a consequence, pest pressure is relatively low. 

Furthermore, unlike tomatoes and cucumbers, a high proportion of harvested biomass is 

edible. I selected lettuce for use in my experiments because of the conclusions drawn by 

Seawright (1993) and Racocy and Hargreaves (1993). 

2. Choosing the fish to use in an integrated svstem 

Warm water fish have generally been used in integrated systems. The fish used 

must be able to tolerate the adverse water quality parameters periodically encountered as 

well as the operational procedures (handling, weighing, etc.) associated with the 

experiment (Seawright 1993 ). Warm water species are generally more tolerant of both low 

water quality and handling than cold water species. Warm (25- 30° C) waters also 

promote better vegetable growth and productivity in the plants (Rakocy and Hargreaves 

1993). 

Tilapia and catfish are the most common warm water fish species used in 

integrated systems. Naegal (1977) and McMurtry et al. (1993) worked with Oreocromis 



mossambicus. Watten and Buch (1984), Zwig ( 1986). McMurtry et al (1990) and Parker 

et al ( 1990) used 0. aureus , and Seawright ( 1993) chose 0. ni loticus. All male. sex 

reversed, hybrid tilapia (0. mossambicus X 0. niloticus) were chosen by McMurtry eta/. 

( 1993 ). Channel catfish lctalunls punctatus were chosen by Lewis et al. ( 1978. 1981) and 

Naegal ( 1977) worked with the common carp, Cyprinus carp10. I chose to use hybrid 0. 

aureus X 0. niloticus all male tilapia in my experiments. Hybrid forms are now commonly 

used in Arizona aquaculture and culturing all males reduces the problems associated with 

reproduction. 

3 . Production in integrated fish/ hydroponic systems. 

Naegel (1977) designed a pilot system with ca 2000 L of recirculating fresh water 

for intensive fish production linked with hydroponic plant production in a controlled-

environmental greenhouse. The fish (tilapia and carp) grew from 5 kg (total initial stock) 

to 90 kg (total final stock) in about 4 months. After 8 weeks 24 kg of ripe tomatoes were 

produced. Ice-lettuce grew from a small plant to a harvestable size in 4 weeks. Nitrates 

were completely eliminated from the waste-water and all plants grew well without 

additional nutrients. 

Lewis et al ( 1978 , 1981 ) used Channel catfish, /ctalurus punctatus, at a density 

of 15.6 kglm3 in a closed system where fish production, biofiltration and hydroponics 

were linked. Fish didn't grow well because water temperatures were below optimum. 

However the biofilter converted fish waste to nitrate-N and phosphate-P and the 

hydroponics system removed these end products from the water. Tomato yields were 

almost twice field production for the same variety. However, nutrients had to be 
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periodically added to supplement the nutrients provided by fish waste. Supplemental 

nutrients also had to be added to provide the desired nutrient balance for plants other than 

tomatoes. Production levels of tomatoes and cucumbers were above those normally 

attained in soil culture but production of squash was average and sweet potatoes produced 

luxurious vegetative growth., but few tubers. 

Watten and Bush ( 1984) used 0. aureus in an outdoor system to integrate fish and 

hydroponic tomato production. Water quality was maintained by aeration, biological 

filtration, sedimentation, hydroponic vegetable production and the addition of make-up 

water. Fish survival (95%) and growth (2.54 g per day) were excellent~ fish averaged 521 

g each at the end of 181 days. The total yield of ripe tomatoes was 87.0 kg, of which 

87.4% were marketable. The yield and quality of fruit produced hydroponically exceeded 

that obtained under field conditions. 

Zweig (1986) determined that fish would have to be fed 990 glweek (165 glday 

for 6 days/week) of Purina Trout Chow (PTC), about 5.9% N, to provide the input of 

58.2 g N/week needed to enable a weekly lettuce harvest of 18 heads. With fish fed at a 

rate of roughly 3% of their live weight daily, each 2300 liter solar-algae pond would 

require an average minimum population of5.5 kg oftilapia (5.2 to 5.8 kg). Weekly total 

fish growth was approximately 580 g. Zweig ( 1986) recommended that to maintain high 

water quality that the feeding rate never exceed 990 g- PTC/week regardless of the total 

live weight of fish. 

Fish production and biofiltration provided by sand-cultured vegetable crops were 

linked in a closed recirculating system by McMurtry et al. ( 1990). They determined that 



each kilogram of commercial chow used to feed tilapia stocked at a density of 1. 68 

Kg/m-3
• produced an increase of0.76 kg fish and 1.66 kg of vegetables (bush beans. 

cucumbers and tomatoes). Both water quality and nutrient content were adequate for 

tilapia and plant growth in sand culture with no supplemental fertilization. 
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Parker et aL ( 1990) produced approximately 20 heads of summer bibb lettuce for 

each kilogram of fish feed given during the crop cycle. Iron was the only supplemental 

plant nutrient that had to be added. Fish ( Oreochromis aureus) stocked at 25 Kg per tank. 

were fed a week before the water was used on plants to allow nutrient levels to become 

sufficient to support rapid growth oflettuce. Aquaculture took place in a controlled 

environment greenhouse. The system was a closed, recirculating system with 7000 liters 

of water that passed through a rotating disc biological filter to convert dissolved ammonia 

to nitrate ions. Fish growth was less than optimum, probably because fish were at the top 

of their growth curve, and in the size range most affected by weighing and counting at the 

beginning of the experiment. No water quality problems were observed and it was 

possible to grow 3 to 4 consecutive crops of lettuce before salt levels rose to a point 

where some flushing of the system was required. 

McMurtry et al. ( 1993) cultivated all male. hybrid tilapia and tomatoes in a 

recirculating system. Fish were cultured in 500 L in ground aerated tanks and fed purina 

fish chow with 32% crude protein. Tomatoes were grown in a sand filter bed (biofilter) at 

4 plants/m2
. Biological filtration, aeration, and mineral assimilation by plants maintained 

water quality within the required limits for tilapia. Metabolic products from each kilogram 
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increase in fish biomass, provided sufficient nutrient for two tomato plants for a period of 

three months. However K became limiting under reduced growth rates of mature fish . 

4. 15N technique overview 

The past decade has seen a rapid expansion in the use of natural isotopes in 

ecological research. Plant biologists, ecologists and environmental chemists are currently 

developing the theoretical framework and empirical database for the use of isotopes to 

study plants and animals. As a consequence, isotope analysis is rapidly becoming a 

standard tool for physiologists, ecologists and all scientists studying element or material 

cycles in the environment (Lajtha and Michener 1994). 

Stable isotope ratios are measured using an isotope ratio mass spectrometer, which 

measures the ratio of the heavy and light isotopes in a sample and compares this value to a 

standard. Therefore, in practice, the isotope ratio of a sample (Rsa) is compared to that of 

a standard (ltstd), so that any fluctuations will be reflected equally in both standard and 

sample. R is expressed as the ratio of the heavy to light isotopes. The differences in ratios 

are calculated in 'del' (8) notation and have units of per mil (0
/ 00) in most studies of 

isotopic abundance of naturally occurring isotopes : 

(Rsa/Rstd - 1 ) X 1 000. 

In most tracer studies and few natural abundance studies 15N abundance is 

expressed as atom % excess 

For N the standard is the air. Nitrogen isotopes occur in a nearly constant ratio of 

272 atoms of 14N to each atom of 15N C4 N: 99.633% and 15N : 0.3663 atom%). Many 



reactions alter the ratio of heavy to light isotopes or "fractionate" stable isotopes. but the 

degree of fractionation is typically quite small. 

A mass spectrometer is required for accurate detection of these small differences 

and gaseous samples are required for the isotopic determinations. Availability of isotope 

ratio mass spectrometers has increased and prices for sample analysis have decreased, 

allowing ecologists from a broad range of disciplines. who are not necessarily trained as 

isotope chemists. to add stable isotope analysis to their research. 

Technically, ecological research using stable isotopes includes the experimental 

addition of isotopically labeled compounds at tracer levels, as well as measurements of 

natural abundance signatures. 

Peterson and Fry ( 198 7) reported an enrichment of 1 5N (heavy isotope) in relation 

to 14N (light isotope) as it moves through a food web. This enrichment of 15N occurs 

because organisms preferentially excrete the light isotope ( 1-'N} and consequently 

accumulate the heavy isotope e~ ). Differences in the ratio ofN isotopes (of3-5°/oo) can 

be used to quantify trophic position (Peterson and Fry 1987). Many food web papers are 

based on this ratio (Estep and Vigg 1985, Sholto-Douglas et al. 1991, Hamilton et al. 

1992, Rau et al. 1992, Hobson and Welch 1992, Kiriluk et al. 1995, Tompson et al. 1995, 

and Hobson et al. 1995). 

Fry ( 1991) observed that isotope measurements can be used to accurately and 

quickly reveal how organic nutrients are cycled in a food web. Food web relationships can 

be documented, for example by isotope measurements of dissolved nutrients in the water, 

aquatic plants and animals. 
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France (1995) observed that besides the progressive increase of 15N in each trophic 

level in a trophic web, 15N values allowed the determination of habitat use. He 

demonstrated that marine fish had a higher 15N concentration (mean 14± 3°/oo) than fresh 

water fish (9± 3°/00) . Values in anadromous fish depended on the amount of time spent 

feeding in each habitat (marine or freshwater) (Hesslein at al. 1991). A difference of 5 ° I oo 

was also observed when 15N isotopes were compared in plants and animals from these two 

environments. 

Use of stable isotopes to study diets is based on using animal tissues that bear a 

fixed isotopic enrichment or depletion vs the diet. In some cases the, whole animals are 

used, while in others, analysis of muscle protein fractions have proven adequate indicators 

of diets. These analyses complement other methods of studying diets in that the stable 

isotopic compositions of tissues is a measure of the assimilated (not just ingested) diet. 

The impact of fertilization on the environment, the efficacy of fertilizers as 

components of management systems and the partitioning of fertilizer nutrients among 

compartments within systems have been evaluated by many isotope techniques. Isotopes 

are also important in helping determine parameters for simulation models of 

agroecosystems, which are important in complex analysis of nutrient cycling. Increased 

use of isotopes should further the development of sustainable and low-impact agricultural 

systems ( Schimel 1993). 

Use of 15N in these research projects is based on two assumptions: 

1) Nitrogen has a constant isotope composition in natural systems. 

2) Living systems can barely distinguish isotopes (Kamen 19 57 in Hauck 1973). 



An enrichment of0.3 atom% in excess ofbackground 15N (0.3663 atom%) is 

considered to be sufficient for monitoring transformations of nitrogen applied to a 

soil/plant system (Olson 1979). In this way, 1~ is used as a tracer to follow applied 

nitrogen through the system. 

29 
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MATERIAL AND rvtETHODS 

!.Aquarium system 

In this pilot project the system consisted of an aquarium integrated with plant 

culture (Figure 1). Eleven tilapia (123.64 mean weight) and five lettuce plants (Summer 

bibb transplanted at 36 days) were used in this experiment. The aquarium walls were 

covered with plastic and the top covered with a sheet of polystyrene to discourage algae 

blooms. An automatic feeder was placed over the polystyrene sheet. Water was pumped 

from the aquarium to irrigate plants during the 32 day experiment. Water from the 

aquarium was sampled and the aquarium was refilled to compensate for plant uptake, 

water samples and possible evaporation. No changes in the aquarium water were made 

during the experiment. 

2.Labeled fish food 

The labeled diet was prepared by mixing ground commercial tilapia food ( 3 2% 

protein) with a water solution of Ammonium 15Nz sulfate at 10.3 atom percent of~~- I 

chose to use ammonium sulfate since it is used not only as a fertilizer but also as a cattle 

feed supplement, and therefore should not be hazardous to fish. 

Fish food and water containing Ammonium 1~2 sulfate were mixed and extruded. 

The extruded ribbons of food were cut into small pellets and left to dry in a glass house for 

24 hours. The pellets were stored in a zip lock plastic bag in the freezer. 

3. Experimental procedures 

Fish were fed about 2% of total body weight per day, five days a week (a total of 

501.42 g during the 32 days of experiment). Labeled fish food was weighed and placed in 
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an automatic feeder, which was accessible to feed fish continuously for l ~ hours. Water 

samples were taken twice a week. One of these samples was frozen and used for analyses 

of total nitrogen and atoms% of 15N. 

4.Water. fish and plant analvses 

Water temperature. plL dissolved oxygen, conductivity and total dissolved solids, 

ammonium. nitrite and nitrate were measured twice a week. I calculated the NH3 present 

in the system (Table 1) using the formula given by Soderberg ( 1995). based on Emerson et 

al. (1975). Water samples were collected and frozen once a week for later analysis of total 

nitrogen and atom % of 1~. Lettuce was harvested at the end of experiment and fresh 

weight recorded immediately after harvest. Plants were air dried for two weeks in a glass 

house and then oven dried in an air-forced oven at 60°C to obtain dry weight. Dry matter 

was finely ground for total nitrogen and atom % of 1~ determination. Three fish were 

dehydrated in a drying oven at 60°C, ground to fine powder in a meat grinder, 

homogenized and analyzed for total nitrogen and atoms% of 1~. Total nitrogen in water, 

plants and fish was determined by the rnicro-Kjeldahl method modified to recover N0-3 

(Breemner and Mulvaney 1982). Distillates from N analyses were analyzed for 1~ using a 

VG 602c light gas isotope mass spectrometer. 

S.Total Nand 1~ uptake bv lettuce 

Total nitrogen uptake by lettuce from fish effluent was calculated as the product of 

plant biomass (dry weight) and theN concentrations in each of plant. The amount of 1~ 

in harvested lettuce was calculated by: 

1~ in lettuce (mg) =Total N taken up (mg)in lettuce * Atoms% of 1~ in Icuuccl 100. 
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The amount of water used by lettuce was calculated by subtracting the water taken 

for analysis, from the water added weekly. The amount of total nitrogen in water used was 

calculated by multiplying the water used by the concentration of nitrogen in the water. The 

amount of 15N in water used was calculated by: 

15N in water ( mg) = Total N ( mg)in water * Atoms % of 15N in v;atd 1 00. After the amount of 15N 

was calculated per week, the total amounts were summed. 

The percentage of recovery of labeled N from fish effluent by lettuce was 

estimated by dividing the amount of 15N in harvested lettuce by the amount of 15N in the 

water used. 
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Figure I . Aquarium system used in experiment to trace the fate of 15N. 
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RESULTS 

I. Water guality in aquarium 

Water temperature ranged from 24 to 29 °C (mean temperature 26.2 °C) during 

the experiment. A total of34.25 L of water was added to the system and 2.54 L were 

taken for samples. Since the aquarium was totally covered I assumed that evaporation was 

insignificant. The pump was efficient in oxygenating aquarium water. Dissolved oxygen 

was around 6 mg/L at 9 a.m. when most samples were taken. The plastic and polystyrene 

covers discouraged algae blooms and therefore phytoplankton did not provide or consume 

oxygen. Concentration ofT AN (total ammonia nitrogen), NOrN and N03-N increased 

over time and were as high as 16 (TAN), 0.053 (N02-N) and 92 mg!L(N03-N) in the last 

days ofthe experiment. TAN increased from 0.32 mg!L to 16 mg/1 and N03-N from 2.1 to 

92 mg!L (Figure 3). Conductivity increased from 0.67 to 1.23 J..Ls/ em and total dissolved 

solids (TDS) from 0.34 to 0.6lg/L. (Figure 4). Water was slightly acid with pH taken in 

the morning generally ranging from 5.54 to 6.98 (mean 6.06). The pH decreased during 

the last days of the experiment. 

2.Fish growth and nitrogen balance in the integrated system 

Total fish weight by the end of the experiment was 1500 g (Table 2) and the feed 

conversion rate was 3.58. 

Nitrogen balance for the system (Table 3) showed that fish flesh in the aquarium 

was the primary repository for nitrogen, accounting for 52.56% of the input. Fish feed was 

a secondary repository at 46.77%. I did not account for nitrogen fixation. Other sources 

such as lettuce and water account for less than 0. 5 % of the nitrogen. 
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Figure 2. Water temperature (°C) in the aquarium during the 32 day experiment. 
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Figure 3. Total ammonia nitrogen (TAN) and N03-N in mg/L in aquarium water during 

the 3 2 day experiment. 
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Table I. Mean (weekly) total ammonia nitrogen (TAN) and NH3-N based on a formula 

given by Soderberg (I995). 

weeks 

TAN 

NH3-N 

weeki 

0.33 

0.20 

week2 

2.06 

0.15 

week3 

3.25 

0.06 

week4 

8.78 

0.6I 

weekS 

I4 .32 

0.46 
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Table 2 . Total weight and dry matter content oftilapia stocked, feed, fish harvested and 

nitrogen content in fish and feed . 

Item Feed small fish big fish 

Quantity added (g) 50I.42 I360.00 

Quantity harvest (g) ISOO.OO 

Dry matter (%) 96.30 29.50 30.62 

Nitrogen (%of dry weight) 6.03 8.I5 8.47 
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Table 3. Total gains and losses oftotal nitrogen and 15N. 

ITEM T NITROGEN (g) ATOMS o/o 15N(mg) 

GAINS 

fish stocked 32.69 119.74 

feed 29.09 230.74 

water in 0.41 1.50 

lettuce <0.01 =:0 

total 62 .10 351.98 

LOSSES 

fish harvested 38 .58 148.15 

water at the final of experiment 18.39 146.57 

water taken for samples 0.13 1.00 

lettuce 1.52 11 .79 

other* 3.48 44.47 

total 62 .20 351.98 

*Estimated value for losses from the bottom of aquarium, filter, and denitrification . 
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3.Total Nand 1~ uptake by lettuce 

Fish feed was enriched to 0. 7932 atoms% of~~- Atoms% of 15N in the total 

nitrogen increased in aquarium water from 0. 3 664 to 0. 7918 (Figure 5). Nitrogen 

accumulated by lettuce was close to the normal concentration in fertilized lettuce (Table 

4 ). I calculated that water used by lettuce contain 1688. 90 mg/L of nitrogen. The total 

amount of nitrogen in lettuce was 1403.68 mg (Table 4). Lettuce therefore took up 83.11 

%of the total nitrogen. I calculated that the water used by lettuce contain 12.25 mg of 

15N. The total amount of 15N in lettuce was 11.79 mg and lettuce therefore recovered 

96.25% of the labeled nitrogen in fish etlluent. 
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Table 4. Plant dry weight (g), total nitrogen (mg/g), total nitrogen multiplied by dry 

weight (mg), and atoms% of 15N and amount of 15N recovered in lettuce. 

Plant~ dry weight total N total N *dry Atoms %pf 15N (mg) 
(g) (mg/g) weight (mg) 1sN 

1 5.74 54.47 301.18 0.8553 2.58 

2 5.84 52.68 307.65 0.8290 2.55 

3 5.47 44.32 242.43 0.8351 2.02 

4 5.92 45 .97 272.14 0.8525 2.30 

5 5.86 47.83 280.28 0.8362 2.34 

Total 1403 .68 11 .79 
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Figure 5. Atoms % of 15N in total nitrogen in aquarium water. 
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DISCUSSION 

1. Water gualitv in aquarium 

Nitrogen concentration in the water increased over time in this small recirculating 

system. Lettuce used only a small fraction of the water, therefore, by the end of the 32 day 

experiment. a high concentration of ammonia was present in the system. The high 

ammonia levels in water resulted in low water quality. The major source of total ammonia 

nitrogen (TAN) in the aquarium was from fish metabolism and was derived from the 

amount offeed used and the percentage of protein in the diet (Avalt Jr. 1996). Uneaten 

feed and fecal solids decomposed by bacteria were also a source of ammonia in the 

aquarium. Ammonia in this system was converted (sometimes inefficiently) to nitrate by 

the biological filter. 

TAN occurs in two forms , the relatively non-toxic ionized ammonia ~ and the 

toxic gaseous un-ionized ammonia NH3. Un-ionized ammonia can freely pass the gill 

membranes of the fish. The gradient of concentration between the fish's blood and the 

adjacent water determines the rate and direction of passage (Soderberg 199 5). Therefore, 

it is important to know the amount of the toxic un-ionized NH3 -N present in an 

aquaculture system. The percentage ofNH3 -N present in the system increases at high pH 

and high temperature (Emerson et al. 1975). Thus the TAN measured is meaningless if 

temperature and pH are not known. A critical value of 0. 06 mg/L and a maximum value of 

1.40 mgl L ofNH3 -N has been established for tilapia (Abdalla 1989 in Egna and Boyd 

1997). In my experiment NH3 -N was generally above the critical value. but did not reach 

the maximum value (Table 1). 
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Total dissolved solids (TDS) also influence the concentration ofNH3-N. (Messer 

et al. 1984)~ ifTDS is above 0.4-0.5 giL the concentration ofNH3-N will be 10-15% 

lower than the calculated value. Therefore since IDS was above 0.4 giL after the 12th day 

of the experiment, NH.3-N was at least 10% below the calculated value after the first 

week of the experiment . The pH range observed in this study was below the range of 6. 5 

-9.0 recommended by Wedemeryer 1996 to protect the fish health in freshwater intensive 

culture. Temperature was also below the 30 °C optimum for hybrid of 0. mossambicus X 

0. homomm (Suffer et al. 1978). 

2. Fish growth and nitrogen balance in the integrated system 

Below optimum temperatures, low pH and the high concentration of un-ionized 

ammonia were probably responsible for the slow growth and consequently low feed 

conversion rate (FCR) observed in this study Tilapia growth is reduced in acid waters 

(Teichert-Coddington and Phelps 1989, Boyd 1990) and appetite and growth are 

reduced at concentrations ofun-ionized ammonia of0.08 mg/L (Abdalla et al. 1992). 

Other authors have also reported reduced growth caused by NH3 exposure (Kawamoto 

1961, Smith and Piper 1975, Robinette 1976, Burkhalter and Kaya 1977). 

The high contribution of fish flesh to the nitrogen budget occurred because I 

worked in a small system over a short period of time and the weight of fish stocked was 

relatively high. Usually the primary source of nitrogen in a large system comes from fish 

feed. In such a system fish stocked accounts for less than 1% of the nitrogen gain (Boyd 

1985). Gains surpassed losses in my experiment probably because nitrogen remained in the 



water in the aquarium biofilter. Dinitrification was probably not important since the 

aquarium was covered and very well oxygenated. 

45 

Only a very small proportion of the nitrogen from fish food (12.37 %) was 

converted to fish flesh. This proportion was lower than that observed by Boyd ( 1985) in 

fresh water ponds (26.8 %) and by Krom et al. (1985) in a marine pond (36%). However 

it was close to the proportion (17.5%) calculated by Acosta-Nassar et al. ( 1994). The low 

conversion of nitrogen to fish flesh correlates with the high FCR that occurred as a 

consequence of low water quality. 



CONCLUSIONS 

Lettuce grew rapidly and took up almost all the available nitrogen in the fish 

effluent. Tilapia survived the low water quality conditions in the aquarium and readily 

accepted the labeled feed. 1~ ammonium sulfate did not change the palatability of the 

feed, was not hazardous to fish, and could be detected by the analysis. Therefore these 

same procedures should be used in more controlled experiments. 
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Chapter 3 

NITROGEN BALANCE IN FISH TANKS 

INTRODUCTION 

To evaluate the desirability of integrating aquaculture with agriculture it is 

important to determine effluent quality and to quantify the amount of nutrient taken up 

from the fish effluent by plants. To determine the amount of nitrogen taken up you have to 

know the amount of nitrogen produced, the amount retained in the fish and the amount 

assimilated by algae. Nitrogen retention and losses give more reliable estimates of nitrogen 

production than food conversion rates (FCR) (Berhein and Asgard 1996). Nitrogen 

balance has been determined in marine fish tanks (Krom et al . 1985, Krom and Neori 

1989, Shpigel et. al 1993), in a marine fish cage culture operation (Hallet al. 1992) and in 

freshwater fish ponds (Boyd 1985, Schroelder 1987 and Acosta-Nassar et al.1994) . 

However, nitrogen balance has not been determined in a fish tank whose effluent was used 

to irrigate plants in an integrated aquaculture and agriculture system. 

To produce a labeled effluent that could be used to establish the fate of nitrogen as 

it passed from the fish to plants, I fed fish with a labeled diet whose o 15N was higher than 

the amount present in a regular fish feed . My primary interest was in the o 15N 

incorporated in the effluent and subsequently the plants, but I also attempted to determine 

nitrogen retention in the fish and to compare these estimates of retention based on total 

nitrogen and the amount of 15N recovered. 
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It is well established that o 15N increases by 3 to 4 %o per trophic level and this 

difference in natural abundance has been used as an indicator of trophic level in food webs 

(Minigawa and Wanda 1984, Owens 1987, Peterson and Fry 1987, Goering et al . 1990, 

Cabana and Rasmussen 1994). 15N has been used in aquaculture to_determine a nitrogen 

budget in rotifers (Aoki et al. 1995), to evaluate nutritional requirements of shrimp 

(Parker et al . 1989 and Parker and Anderson 1991 ), as an indicator of assimilation of 

individual protein sources in the diet of juvenile shrimp (Preston et al. 1996), and to 

determine dietary overlap in cultured fish based on natural abundance (Gu et al . 1996). 

However, 15N has not been used to quantify nitrogen assimilation in freshwater fish tanks. 

Two experiments were conducted to determine the nitrogen balance in fish culture 

tanks. The objectives of these studies were to quantify the amount of nitrogen assimilated 

by fish, or algae or lost as waste, to formulate a nitrogen mass balance for a fish tank and 

to compare estimates of nitrogen retention based on total nitrogen and on recovery of 15N. 
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MATERIAL AND 1\tfETHODS 

I. System facilities 

Research was conducted in a controlled environment greenhouse at the University 

of Arizona Environmental Research laboratory. Temperatures were maintained by even 

vent fans which drew air through moistened fiber pads or a hot-water heater connected to 

heat exchangers and fans. A computer linked weather station collected environmental data 

during the experiment. 

Experiments were carried out using two independent 1 cubic meter fish tanks 

containing a IOO L biofilter filled with 20 L ofbeads. Each tank was filled with city water 

and five days later stocked with fish. Two trials were performed in these tanks. In the first 

trial the tank was stocked with big fish (mean weight I84. 78± 2. 3 8 in tank I and I6 7. 3 2 ± 

3.28 in tank 2) which were fed at 2% of their weight per day. Food was available in a 

demand feeder for I2 hours a day five out of every seven days a week In the second 

trial, tanks were stocked with small fish (mean weight 97.3 ± 0.49 in tank 1 and I04.8± 

0.52 in tank 2) that were fed at I.4% offish weight per day. Food was available for 12 

hours a day, five out of every seven days a week. On March 26, I997 (the first trial) each 

tank were stocked with 20 red tilapia (hybrid Oreochromis mosssambicus x 0. Uro/epsis 

homontm). Fish were harvested on April 29, 1997. In the second trial tanks were stocked 

with 51 tilapia (Oreochromis ni/oticus) on October 8, 1997 and harvested on November 

14, 1997. 

2. Fish. feed. water and algae samples 
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Fish were regularly fed a commercial tilapia feed (32% protein) for 12 days before 

starting the experiment. After two weeks fish were weighed and a sample of three fish 

taken for dry matter and nitrogen analysis. Subsequent to this sample fish were fed the 

labeled diet. The labeled diet was prepared as described in chapter 2. An analysis was 

made of the total nitrogen and atoms % of 1~ in the diet. The input of nitrogen via fish 

feed to the tanks was calculated from feed input and the nitrogen content of feed. The 

nitrogen supplied to the tanks and that removed through harvest were calculated from 

weight of fish and the calculated nitrogen concentration of the whole fish. Temperature. 

dissolved oxygen. pH. conductivity. total dissolved solids. total ammonia nitrogen. nitrite 

and nitrate were measured twice a week in the fish tanks. Analysis followed the American 

Public Health Association et al. ( 1995). Total nitrogen and atoms% of 1~ in water was 

measured weekly. At the end of the experiment. tanks were drained and fish were 

harvested and weighed. 

Three fish from each tank and a sample of the algae that covered the filter walls 

were dried. pulverized and analyzed for total nitrogen and atoms % of~. Total nitrogen 

in the water. algae. fish and fish feed were determined by the micro-Kjeldahl method. 

modified to recover N03- (Breemner and Mulvaney 1982). Distillates from N analysis 

were analyzed for 1~ using a VG 602c light gas isotope mass spectrometer. 

The amount of water taken from the tanks, water used to irrigate plants, and for 

makeup were measured to determine the total water that entered and left the system. I 

multiplied the measured quantities of water, fish and feed by their respective concentration 

of nitrogen to compute amount of nitrogen added to or removed from the tank. I 
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estimated the grams of algae that covered the filter walls, in each tank, by weighing 

replicate one square centimeter samples of dry algae. The total area (square centimeters) 

covered by algae was determined and multiplied by the mean weight of the algae per 

centimeter. I multiplied the measured quantities of algae by their re_spective concentration 

of nitrogen and atoms % of 15N to compute amount of nitrogen assimilated. 

3. Feed utilization and nitrogen balance. 

Feed conversion ratio was calculated by: 

FCR =Total dry feed weight I final fish biomass- initial fish biomass. Nitrogen 

accumulated was the amount of nitrogen gained in the fish carcass during the experiment 

(Nitrogen accumulated= total N in harvested fish- Total in juveniles) . The proportion of nitrogen 

applied as fish feed that was harvested in fish flesh was calculated by: 

% of N in harvested fish = Nitrogen accumulated I Nin feed· The proportion of nitrogen 

applied that was recovered by algae, biofilter water and effluent was calculated by: 

% of Nin algae, biofitter water or effluent = Total nitrogen accumulatedin algae, biofitter of effluent I 

total nitrogen input (excluding juveniles stocked)· The relative utilization of the nitrogen in the diet, 

based on the 15N recovered was determined by the following formula, adapted from 

Preston et al ( 1996): 

P(t) =(815Nfish (t)- 8 15Nfis~t(O)I (8 15Nfish (t)- 8 15Nfis~t(O), where P(t) is the proportion 

of 15N incorporated from consumers diet at timet; (t) is time of harvest; (0) is initial time; 

(t) is final time. The 815Nfish (t) was taken as the 815N of diet assuming maximum 

assimilation of nitrogen from the diet. The 815N was calculated as: 
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615N= (Ras!Rstd- 1)x 1000. 

A mass balance was constructed using the accumulation method (Hallet al, 1992). 

Fish feed, water and juveniles were considered inputs to the system. Harvested fish, algae 

that grew on the biofilter walls, water taken for irrigation and samples, and the final 

effluent that remained in tanks and biofilter were considered losses to the system. Algae 

that grew inside of the biofilter was not quantified and nitrification was not measured. 
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RESULTS 

1. Water quality and effluent produced 

In trial 1, dissolved oxygen levels ranged from 7. 7 to 8. 0 mg!L (tank 1 ) and 7. 6 

and 8.4 mg!L (tank 2)~ temperature from 20.1 and 23.7°C (tank 1) and 20 1 to 23.8 °C 

(tank 2): pH from 7.9 to 8.6 (tank 1) and 7.9 to 8.8 (tank 2)~ total dissolved solids from 

0.30 to 0.40 mg/L (tank 1) and 0.3I to 0.42 mg!L (tank 2)~ conductivity from 0.60 to 0. 79 

J,.LS/ em (tank I) and 0.6I to 0.84 J.LSI em (tank 2)~ ammonia-nitrogen from 0.36 to 1.53 

mg!L (tank I) and from 0.31 to 0.44 mg/L (tank 2). 

In trial2, dissolved oxygen levels ranged from 8.3 to 8.9 mg/L (tank I) and 8.3 

and 9.3 mg!L (tank 2)~ temperature from I8.5 and 25.5°C (tank I) and 19.4 to 25.5 °C 

(tank 2): pH from 8.2 to 8.6 (tank I) and 8.2 to 8. 7 (tank 2); total dissolved solids from 

0.43 to 0.53 mg!L (tank 1) and 0.46 to 0.6I mg!L (tank 2)~ conductivity from 0.87 to 

1.05 J,.LS/ em (tank 1) and 0.93 to 1.22 J,.LS/ em (tank 2)~ ammonia-nitrogen from 0.38 to 

1.12 mg!L (tank I) and from 0.40 to 1.94 mg/L (tank 2). 

The amount of total nitrogen in tank water (fish effluent) increased in both tanks in 

trial one. Total nitrogen increased up to 51.16 mg!L (Figure I). 1~ also increased in both 

tanks in trial I (Figure 2). In trial 2 the amount of total nitrogen generally increased in 

tank 2 until the last week when it slightly decreased. (Figure 3). 1~ also generally 

increased in tank I until the last week when it decreased (Figure 4). 

2.Feed utilization. body composition and nitrogen balance 

Quantity of feed and juveniles added to tanks, amount of fish harvested, and the 

composition offish and feed are presented on Table 2. Feed in trial I had 0.8459 atoms% 
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of 15N (815N 1311.2 %o ). Feed in trial2 had 0.7485 atoms% of 15N (8 15N 1045 .08 %o) 

Feed conversion ratios for trial one were 1.85 and 2.14 in tanks I and 2 respectively. In 

trial 2 FCR was 1.63 and 1.83 for tanks I and 2 respectively. Nitrogen balance (Figure 5), 

based on total nitrogen (Table 3) showed that fish flesh and feed w~re the two primary 

sources of nitrogen. Fish harvested was the largest sink of nitrogen. Algae and effluent 

were the second and third largest sinks of nitrogen (Table 4). 
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Figure 2-AmolUlt of 15N in tank 1 and tank 2 (trial 1) 

0.4 
-. 
~ 0 .3 

5 0.2 
z 
V') 0 .1 

0 

0 2 

Weeks 

4 6 

~ 
~ 

Figure 3- Total amolUlt of nitrogen in tank 1 and tank 2 

(trial2) 

-. 20 :t 15 

z 10 

3 5 
~ 

0 

.. ._ 

0 

~ 
~~ ........ 

I 

2 4 

Weeks 

..... 

6 

~ 
~ 

55 



F igtrre 4- Amollllt of 15N in tank 1 and tank 2 
(trial2) 
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Table 1. Feed conversion ratio, nitrogen retention and 15N retention in fish in two trials. 

Trial 1 Trial 2 

Tank 1 Tank2 Tank 1 Tank2 

FCR 1.85 2.14 1.63 1.83 

N retention (%) 42 .04 18.85 43 .00 52.76 

15N retention(%) 4.03 7.70 10.35 8.24 
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Table 2. Weight (grams), o/o dry matter and o/o nitrogen of juvenile fish stocked, fish harvested and feed provided . 

trial tank Juveniles fish Feed Harvested fish 

weight %dry %N weight %dry o/oN weight o/o dry %N 
matter matter matter 

3695 .60 31 .2(0 .65) 8.12(0.36) 1703 .65 96.1(0.84) 5.42(0.16) 4617 .10 30.68(0.30) 8.91(0.59) 

2 3346.30 28 .3(0.64) 8.12(036) 1572.80 96.1(0.84) 5.42(0.16) 4082 .80 30.67(0.40) 8.00(0 .19) 

2 5343 .40 28 .3(0.64) 8.48(0.36) 2022 .78 96.1(0.84) 5.82(0.15) 6581.70 30.68(0.30) 8.75(0.19) 

2 4962 .40 28 .3(0.64) 8.48(0.36) 2139.77 96.1(0.84) 5.82(0.15) 6132 .70 30.48(0.60) 9.74(0.17) 



58 

Water out Algae 

effluent~ 

Figure 5 - Nitrogen mass balance in fish tank. 
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Table 3. Total N gains and losses (g) in the tanks in trial one and trial two. 

TRIAL I TRIAL 2 

Tank I Tank2 Tank1 Tank2 

GAINS N N N N 

Fish stocked 88.87 84.74 128.05 118.92 

Feed 88 .72 81.9I I13.I2 1I9.67 

Water initial 5.7 4.00 9.25 9.I2 

Water makeup 1.67 1.76 0.99 l.I2 

Total 184.96 172.4I 251.4I 248 .83 

LOSSES 

Fish harvested 126.2I 102.03 I76.69 I82 .06 

Water out 2.69 0.85 1.29 0.71 

Final effiuent I8.26 6.77 9.66 21 .92 

Algae 36.1I 34.5I 28 .84 28.98 

Biofilter water 1.36 0.82 1.36 3.66 

Others* 0.33 29.43 33 .57 II.SO 

Total I84.96 I72.4I 251.4I 237.33 

*Others: Includes sediments, algae inside the biofilter, denitrification etc. 



60 

Table 4- Percent of total nitrogen that was accumulated by algae, effluent and biofilter 

water (excluding juveniles stocked). 

TRIAL 1 TRIAL 2 

%of total N Tank 1 Tank2 Tank 1 - Tank2 

Algae 38.58 39.36 23 .38 22.31 

Effluent 19.00 7.72 3.11 16.93 

Biofilter water 1.42 0.94 1.10 2.81 



DISCUSSION 

1. Mass balance 
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The percent of the total nitrogen recovered in fish flesh was high in both tanks in 

trial 2 (43 and 52.76%) and for tank 1 in trial 1 (42.04%) but it was low in tank 2 in trial 

1(18.85%). The low nitrogen recovery by fish in this tank was correlated with slow 

growth and low nitrogen content in the fish (tank 2). I have no explanation for the low 

nitrogen recovery in tank 2. High nitrogen recovery was reported by Seawright 1995 (42-

47%) and Zweig 1986 (37%) in an integrated aquaculture- hydroponics system. however. 

most previous studies, have shown nitrogen retention levels similar to the values in tank 2, 

17.5 (Acosta-Nassar 1994), 26. 8 (Boyd, 1985), 27-28% (Hallet al 1992), 30.7 

(Schwartz and Boyd 1994). None ofthese authors presented explanations for low 

nitrogen recovery in some systems. In general it appears that nitrogen retention is highly 

variable. 

Algae that grew on the biofilter walls were a significant nitrogen reservoir. Algae 

recovered from 37.58 to 39.36% of the nitrogen input in trial 1 and 22.31 to 23.38% in 

trial2. Eflluent from the fish tanks was not very high in nitrogen content and was 

proportionally only the third largest sink for nitrogen. In general, total nitrogen 

concentration in the fish eflluent increased throughout the experiment. 

The organic nitrogen that accumulated on the bottom of the fish tanks and in the 

algae in the biofilter was not accounted for in the mass balance equation. The amount of 

algae and organic debris varied among tanks. In tank 1 (trial 1) the final effluent had very 

high nitrogen levels. However, in the other tanks, the amount of nitrogen in the final 



effluent was low. Nitrogen in the effluent was mostly organic. Kibria et al 1997 pointed 

out that only 10.23- 14.69% of nitrogen from fish feces was inorganic, and (86.44-

85 .62 %) was organic. Organic nitrogen that accumulates in the sediments in fish ponds 

constituted the greatest single nitrogen reservoir in previous studies_ (Schroeder 1987, 

Acosta-Nassar 1994). Differences in nitrogen content of the effluent from each tank 

probably resulted from differences in the amount of organic debris and the amount of 

algae in the biofilter. 

2.15N recovery 
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Recovery of 15N was consistently very low in this study. Low recovery of 15N 

could be a function of the species used, the type of food used or the short duration of the 

research. Preston et al. 1996 found that juvenile Penaeus monodon fed labeled artemia, 

recovered 15N from artemia at a rate of around 55% after a four week experiment. 

However, when shrimp were fed diatoms the recovery was only 15% after four weeks. In 

rotifers the rate at which labeled nitrogen was assimilated was 3. 4 % body nitrogen per 

hour (Aoki et al. 1995). Different species apparently recover 15N at different rates. Even 

though it is assumed that fish have a o 15N of 3 to 4 %o higher than their diet this short 

duration experiment did not allow the fish to respond isotopically to this new diet. Isotope 

composition of muscle tissue reflects the animals feeding history (Hesselein et al. 1993) 

and variation must result from long term dietary differences among predator and prey ( Gu 

et al 1997). Hasslein et al . 1993 determined that the half-time for metabolic replacement of 

nitrogen in the muscle of whitefish (Coregonus nasus) was longer than a year. They 
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calculated that the metabolic turnover foro 1~ was 0.0018• day·1 Therefore. my 

experiment was probably not long enough to allow for complete uptake of 15N by tilapia. 

Animal growth rate or metabolic rate should be a good indicator of the amount of 

time necessary for an animal to respond isotopically to a new diet. Smaller or younger 

animals generally have higher growth or metabolic rates than larger or old animals. For 

example, artemia and juvenile shrimp assimilated 1~ faster than fish. If fish growth is 

rapid the change in isotope composition in response to a new food will be dominated by 

the addition of new tissue (Hesslein et al. 1993). In my experiment, even though the level 

of o 1~ in feed in the first trial was higher than in second trial, fish assimilated less 15N. 

Differences in assimilation could have occurred because bigger fish, which have slower 

growth rate, were used in the first trial and smaller faster growing fish were used in the 

second trial. 

Concentration of 15N in tank water showed high weekly variability. This variability 

may have occurred because 15N uptake rates by algae and the amount of algae in the 

system varied over the course of the experiment. 

The attempt of use 15N recovery from labeled fish feed to calculate nitrogen 

assimilation did not agree with the calculations based on recovery of total nitrogen. 

Differences in results may be a function of the short duration of this experiment. 

Therefore, it appears that 15N recovery in short term experiments is not a good indicator 

of nitrogen assimilation by fish. Perhaps 1 5N recovery could be used to estimate nitrogen 

recovery from individual protein sources in fish as demonstrated by Preston et al. ( 1996) 

with shrimp. 



Cbapter4 

QUANTIFYING NITROGEN TRANSFER BY USING 1~ IN AN INTEGRATED 

AQUACULTURE AND AGRICULTURE SYSTEM. 

INTRODUCTION 
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Intensive aquaculture systems that require large inputs of nitrogen in the form of 

fish food produce effluents that can cause environmental damage. There is great concern 

over the impacts of these nutrients on receiving streams. Therefore. both developed and 

developing nations regulate these effluents. Some countries require these effiuents to be 

treated before they are released to receiving streams. The expense of treatment of effluent 

has created a problem for the aquaculture industry. Hauck ( 1995) suggests that effluent 

disposal problems can be overcome by integrating aquaculture with agriculture. Effluent 

from the fish facility can be used to irrigate aquacultural crops. increasing the efficiency of 

water use by producing a second crop with the same water and eliminating waste disposal 

problems. Certainly using fish effluent to irrigate crops reduces the cost of water and 

eliminates waste water disposal problems. but it may also reduce the amount of chemical 

fertilizers needed (Olsen et al. 1993. D'Silva and Maughan 1995). 

Integration of aquaculture with agriculture would be more desirable to farmers if it 

could be demonstrated that using this effiuent would reduce the needs for chemical 

fertilizers. Several studies have shown faster growth of plants when aquaculture effluent 

is used as a supplemental source of nutrients for plant growth (Olsen et al. 1993. AI -

Jaloud et al. 1993. D'Silva and Maughan 1994. Khan 1996). However these studies did 
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not evaluate the efficiency of the uptake of the nitrogen originating from the waste 

products of the fish culture operation. The nutrient contribution that can be attributed to 

fish effluent has been difficult to measure (Khan 1996) using conventional methods. 

In recent years, 15N has been used to characterize and quantify individual nitrogen 

fluxes in the soil-plant system. Labeled N can readily be identified as to source and uptake 

determined quantitatively. This technique also allows us to test the efficiency of the uptake 

of nitrogen fertilizer ( Buresh et al. 1990, Bowen and Zapata 1991, Ledgard et aL 1991, 

Mcgee et al.. 1995 among others). An enrichment of0.3 atom% in excess ofbackground 

1~ (0.3663 atom%) is considered to be sufficient for monitoring transformations of 

nitrogen applied to a soil-plant system (Olson 1979). 

To quantify nutrient transfer in an integrated aquaculture and agriculture system, I 

designed two experiments where fish feed was labeled with 1~ and the effluent from the 

aquaculture facility was used to irrigate lettuce in a greenhouse. The objective of these 

studies was to use a tracer e~ in the fish feed) to quantify the fate of the nitrogen from 

the fish effluent, after it was applied to plants in an integrated system. 



MATERIAL AND METHODS 

Two trials were performed, one in spring 1997 and another in fall 1997. 

1. System facilities 

Trial 1 
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Research was conducted in a controlled environment greenhouse at the University 

of Arizona Environmental Research laboratory. Temperatures were maintained by even 

vent fans, which drew air. either through moistened fiber pads or a hot-water heater 

connected to heat exchangers. A computer linked weather station collected environmental 

data during the experiment. Fish effiuent was used to irrigate lettuce grown in buckets. 

Fish culture took place in two independent 1 M3 fish tanks containing a 1 00 L 

biofilter filled with 20 L of beads. Each tank was filled with tap water and five days later 

stocked with 20 red tilapia (hybrid Oreochomis mossambicus x 0. urolepis hornon1m ). 

Fish were fed a commercial tilapia food (32% protein) for 12 days before starting the 

experiment. Fish were weighed at the beginning of the experiment. Subsequent to 

weighing fish were fed a labeled diet at the rate of2% offish weight per day. Food was 

available 12 hours each day, five out of seven days a week. The labeled diet was prepared 

as outlined in chapter 2. Temperature. dissolved oxygen, pH, conductivity, total dissolved 

solids, total ammonia nitrogen, nitrite and nitrate were measured twice a week in the fish 

tanks. Effluent from the tanks was used to irrigate plants. Samples of fish effiuent were 

collected before each irrigation and analyzed for total nitrogen, and atom% of 1~. 

Summer Bibb lettuce ( Lactuca sativa L.) was used as the experimental plant. 

Lettuce seeds were sown (pre-formed pellets Jiffy-9, JPc. Inc.) 15 days before the 
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experiment, and plants were transferred to lysimeters when they reached the three leaf 

stage (March 1997). The lysimeters were equipped with bottom tubes leading to collection 

bottles to quantifY the amount of water leaching past the root zone. Each 20 L lysimeter 

was filled with 25.6 kg of washed river sand that had been previously dried in a glass 

house, and watered to field capacity with the nutrient solutions prepared according to the 

established treatments. 

Trial2 

This second trial was performed in the fall using 50%, 25% and 0% of N present in 

the basic nutrient solution. In trial 1, dry matter production was the same at all nitrogen 

levels, except when only fish effluent was used. Therefore it was important to determine 

the effects oflower nitrogen levels on plant growth. To achieve this objective I used a 

factorial design. At each nitrogen level, treatments either contained fish effluent or tap 

water. 

Research was conducted in the same greenhouse as in trial 1. Effluent for plant 

irrigation was produced by two independent 1M3 tank (see trial 2, chapter 3 ). 

The experimental plant used was Summer Bibb lettuce (Lactuca sativa L. ). Plants 

were sown {pre-formed pellets JifiY-9, JPc, Inc.) two weeks before the start of the 

experiment, and transferred to lysimeters when they reached the three leaf stage (October, 

1997). The lysimeters were equipped with bottom tubes that allowed the amount of water 

leached to be measured. Each 20 L lysimeter was filled with 25.6 kg of washed river sand 

that had been previously dried in a glass house, and watered to field capacity with nutrient 

solutions prepared according to the established treatments. A sample of the washed river 



sand used to fill the lysimeters, was analyzed for nitrogen content. before starting the 

experiment. 

2. Exoerimental design and statistical analysis 

Trial 1 
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A randomized complete block design (RCBD) with four treatments and four 

replicates was used in this study. The treatments were: T1-Basic nutrient solution 

combined with tap water~ T2- Basic nutrient solution combined with fish effluent~ T3-basic 

nutrient solution with 50% of nitrogen, combined with fish effluent~ T 4- Basic nutrient 

solution with 0% nitrogen combined with fish effluent (effluent was the only source of 

nitrogen). All other nutrients remained in their original concentrations in the four 

treatments. Plants were irrigated manually twice a week. All plants received the same 

amount of water at each irrigation. The water drained from lysimeters was collected the 

morning following irrigation. Leached volume from each lysimeter was measured and a 

sample was retained for analysis. 

All data were analyzed by parametric methods using ANOV A. The percentage of 

15N recovered was analyzed only for treatments 2, 3 and 4, because treatment l did not 

receive fish effluent. When differences were significant, treatment means were examined 

with the linear combination of treatment means procedure (Kuehl, 1994). 

Trial 2 

A factorial arrangement was used with "type of water" and "nitrogen level "as 

factors in this experiment. There were two kinds of water: tap water and fish effluent and 

three levels of nitrogen application: SO%, 25% and 0% ofN in basic nutrient solution. 
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The six treatments were Tl (50% ofN in basic nutrient solution, with tap water), T2 

(50% ofN in basic nutrient solution, with fish effluent), T3 (25% ofN in basic nutrient 

solution, with tap water), T4 (25% ofN in basic nutrient solution, with fish eflluent). TS 

(0% ofN in basic nutrient solution, with tap water), T6 (0% ofN in basic nutrient 

solution, with fish effluent). I used four replicate lettuce plants for each of the six 

treatments in a randomized complete block design (RCBD). Plants were irrigated 

manually twice a week. All plants received the same amount of water at each irrigation. 

Data that had heterogeneous variances were transformed. Lettuce fresh weight and 

number of leaves per plant were log transformed and percentage of 1~ in excess of 

background was transformed using logit transformation. Data were analyzed by 

parametric methods using a factorial analysis of variance with type of water. nitrogen 

level, blocks and type of water X nitrogen level (interaction effect) as factors. The 

percentage of 1~ recovered was analyzed only for treatments 2, 3 and 4 because 

treatment 1, 3 and 5 did not receive the labeled fish effluent. Therefore the analysis was 

conducted as a two way analysis of variance, with treatments and blocks as effects. When 

differences in these analyses were significant, treatment means were examined with the 

linear combination of treatment means procedure (contrast analyses). 

3 . Water and plant analyses 

Trial 1 

Total nitrogen and atoms % of 15N were measured in irrigation water before each 

irrigation. A pooled sample (prepared according to the amount of water in each irrigation) 

was also analyzed. Lettuce plants were harvested at marketable size (27 days) and fresh 
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weight was recorded immediately after harvest. Plants were air dried for two weeks in a 

glass house and then oven dried in an air -forced oven at 60°C to obtain weight of dry 

matter. Dry matter was ground before determination of total nitrogen and atoms% of 15N. 

Total nitrogen content in water and plants was determined by the micro-Kjeldahl method 

modified to recover N03- (Breemner and Mulvaney I 982). Distillates from N analyses 

were analyzed for 15N using a VG 602c light gas isotope mass spectrometer. Total 

nitrogen taken up by lettuce was calculated by multiplying the total nitrogen content in 

lettuce by the dry weight. 

The amount of water used was calculated as the difference between the water 

added for irrigation and the water that drained from lysimeters. The amount of total 

nitrogen retained in lysimeters was calculated by multiplying the water used by the 

concentration of nitrogen in irrigation water. To calculate the percentage of 15N recovered 

by plants I subtracted 15N background levels from all measured levels of 15N . Therefore 

15N levels reported represent the difference between normal background and measured 

values. The amount of 15N in the lysimeter was calculated by: 

15
Nin tysimeter (Jlg) =Total N (Jlg)in tysimeter * Atoms% of 15N in irrigation water I I 00. After the 

amount of 15N was calculated for each irrigation, the total amount was summed for each 

treatment and block. 

The amount of 15N in harvested lettuce was calculated by: 

15
N in tettuce (Jlg) = Total N taken up (Jlg)in lettuce * Atoms % of 15N in tettucef 100. 
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The percentage of recovery of labeled N from the fish effluent. by lettuce. was 

estimated by dividing the amount of 1~ in harvested lettuce by the amount of 1~ retained 

in the lysimeter (all irrigations summed). 

Trial2 

All procedures related to water and plant analyses were the same in both trial one 

and two. except that lettuce plants were harvested after 32 days of experiment and number 

of leaves per plant was also counted. Water used. amount of total nitrogen retained in the 

lysimeter. percentage and absolute amount of labeled N recovered by lettuce from the fish 

eflluent. was estimated as in trial 1. 
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RESULTS 

10 Greenhouse conditions 

Trial 1 

During the experiment the weekly maximum and minimum air temperatures (mean 

± SE) in the greenhouse were 3000 ± 0023°C and 11.00 ± 0015°Co Mean daily solar 

radiation over the course of the experiment was 240 3 MJ/m2/day and light transmission 

was about 59% of ambient. 

Trial2 

During the experiment the weekly maximum and minimum air temperatures (mean 

± SE) in the greenhouse were 6 0 7± 10 12 and 31 0 8 ± 0 0 61 °C 0 Mean daily solar radiation 

over the course of the experiment was 17082 MJ/m2/day and light transmission was about 

59% of ambient. 

20 Nitrogen content in sand 

Trial 1 

The organic nitrogen content in the washed river sand, used for this experiment 

was 48.4 Jlg/go Inorganic nitrogen was 309 Jlg/g with 106Jlg/g of~-N and 203Jlg/g N03-

N o 

Trial2 

The organic nitrogen content in the washed river sand, used for this experiment 

was 790 7 Jlg/go Inorganic nitrogen was 208Jlg/g with 101 Jlg/g of~-N and 10 7Jlg/g N03-

No 



3. Nitrogen content in fish effluent 

Trial I 
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Total nitrogen in the pooled sample offish effluent, used to irrigate plants. was 

28.04 mg/L with 0.2611 atoms% of 15N. Treatment 1 (no fish effluent) had I44.9 mg/L 

nitrogen (no atoms% of 1~ in excess of background), treatment 2 had 1794 mgfL 

nitrogen with 0.0280 atoms% of 15N, treatment 3 had 69.86 mgfL nitrogen with 0 0392 

atoms% of 1~ and treatment 4 had 28.04 mgfL nitrogen with 0.2611 atoms% of 15N. 

The total amount of nitrogen and 1~ applied varied by treatment (Table 1 ). The 

percentage of organic and inorganic nitrogen in irrigation water also varied by treatment 

(Figure 1). 

Trial 2 

Total nitrogen in the pooled sample offish effluent was 10.28 mg!L with 0.6535 

atoms% of 1~. Treatment I, 3 and 5 that did not contain fish effluent had respectively 

73.6, 52.5 and 1.36 mg/L nitrogen (no atoms% of 15N in excess of background). 

Treatment 2 had 81.5 mg!L nitrogen with 0.0280 atoms% of 15N, treatment 4 had 564 

mg/L nitrogen with 0.0498 atoms% of 15N and treatment 6 had I0.28 mg/L nitrogen with 

0.2872 atoms% of 1 ~. The total amount of nitrogen and 1~ applied varied by treatment 

(Table 2). The percentage of organic and inorganic nitrogen in irrigation water also varied 

by treatment (Figure 2). 



74 

Table 1- Total nitrogen and 15N in excess ofbackground levels in the lysimeter and lettuce 

in trial 1. 

Treatments Blocks Total N 15N in Total N 15N in excess 
retained in excesstn produced by in lettuce 
lysimeter (J.lg) lysimeter lettuce (Jig) (J.lg) 

Jl 
T1 I 1500584.0 0 463156.9 0 

II 1450014.0 0 454846.1 0 

II 1488123.0 0 484030.0 0 

IV 1582308.0 0 348484.3 0 

T2 I 1976182.0 415 .67 508236.9 68.61 

II 1789758.0 385.72 480954.0 54.82 

II 1797660.0 399.23 433974.7 47.30 

IV 1940089.0 414.53 552658.8 74.06 

T3 I 928481.9 388.16 446012.3 128.01 

II 893899.1 367.03 468107.4 139.96 

III 846097.0 370.55 373509.1 110.93 

IV 955063 .2 395 .68 413316.9 136.40 

T4 I 129425.8 430.97 14853.1 54.10 

II 131617.5 438.92 39041.0 136.53 

III 128930.6 430.12 23184.0 92.90 

IV 131076.0 436.74 32179.1 128.46 
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4. The percentage of 1~ recovered by lettuce 

Trial I 

76 

The percentage of 1~ recovered by plants differed among treatments ( F:z.6 

=12.19, p =0.008). Mean percentage of 1~ recovered by plants from the 1~ provided by 

the fish efiluent was 15.11, 39.91and 23.67% for treatments 2, 3 and 4 respectively 

(Figure.3). Treatment 2 versus 3 and treatment 3 versus 4 were significantly different 

(Table 3). Treatment 3 showed the highest percentage of recovery (Figure 3) There was 

no block effect in these analyses. 

Trial2 

The percentage of 1~ recovered was analyzed only for treatments 2, 4 and 6 that received 

fish effluent. The percentage of 1~ recovered by plants differed among treatments ( F2. 6 

=12.19, p =0.008). Mean percentage of 1~ recovered by plants from the 15N provided by 

the fish efiluent was 57.00, 71.35 and 53.76% for treatments 2, 4 and 6 respectively 

(Figure 4). T2 versus T4 and T4 versus T6 were significantly different (Table 4). T4 

showed the highest percentage of recovery (Figure 7). There was no block effect in these 

analyses. 

5. Fresh plant weight. number of leaves per plant. dry matter produced and water used 

Trial I 

Plant dry matter produced varied by treatment ( F 3. 9 =225. 94, p< 0. 000 1 ), even though 

water use did not ( F 3.9 =0. 71, p = 0.57)( Table 5). Differences in dry matter production 
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Table 2- Total nitrogen and 15N in excess of background levels in the lysimeter and lettuce 
in trial 2. 

Treatments Blocks Total N 15N in excess Total N 15N in excess 
retained in in lysimeter produced by in lettuce 
lysimeter {J.tg} {J.tg 2 lettuce {J.tg} {J.tg} 

T1 I 428352.0 0 224464.6 0 

II 396556.8 0 214051.7 0 

II 416208.0 0 251743 .6 0 

IV 369619.2 0 295827.0 0 

T2 I 451595 .7 151.80 264378.7 80.90 

II 439894.9 150.74 218694.4 83 .10 

II 463224.4 159.95 245812.9 82.59 

IV 346697.3 127.71 238543 .6 81.58 

T3 I 244732.5 0 196932.7 0 

II 282555 .0 0 217411.0 0 

III 287070.0 0 192529.8 0 

IV 289012.5 0 190936.0 0 

T4 I 271701.6 178.21 194191.7 124.09 

II 265351.1 170.28 204938.4 128.50 

III 

IV 265177.2 167.94 190489.1 115.82 

T5 I 6803 .3 0 6518 .1 0 

II 6902.3 0 7965 .8 0 

III 7108.2 0 6809.9 0 

IV 6685 .8 0 6096.6 0 

T6 I 54660.0 181.72 26650.1 85 .25 

II 54117.1 178.18 27043 .5 116.87 

III 54341.6 180.98 20339.9 77.63 

IV 53389.4 176.05 28303.0 104.95 
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Table 3. Treatment effects (trial 1) on the percentage of 15N recovered by lettuce, dry 
matter produced, total N content, total N uptake, ratio of total N uptake to total N in the 
lysimeter (linear combination of treatment means). 

Treatments contrast t o.o5. 6 p value 
Percentage of 15N recovered by lettuce from fish effluent 

T2 vs T3 -4.86 0.0028 
T2vsT4 -1.68 0.02 
T3 vs T4 4.64 0.004 

t 0.05, 9 

Dry matter produced 
T1 vs T2 -0.95 0.37 
T1 vs T3 1.13 0.29 
T2 vs T3 2.08 0.07 
T1 , T2, T3 vs T4 25.9 <0.0001 

Total N content in lettuce 
T1 vs T2 -1.81 0.10 
T1 vs T3 -0.38 0.71 
T2 vs T3 1.43 0.19 
T1 , T2, T3 vs T4 13.50 <0.0001 

Total N uptake 
T1 vs T2 -1 .62 0.14 
T1 vs T3 0.40 0.70 
T2 vs T3 -2.02 0.07 
T1 , T2, T3 vs T4 15.28 < 0.0001 

Ratio of total N uptake to total N retained in the lysimeter 
T1 vs T2 
T1 vs T3 
T2 vs T3 
Tl , T2, T3 vs T4 

1.11 
-6.66 
-7.78 
7.98 

0.29 
<0.0001 
<0.0001 
< 0.0001 
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Figure 4-Mean percentage of 15N recovered by lettuce (trial2). 
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Table 4.Treatment effects (trial2), on the percentage of 15N recovered by lettuce, fresh 
weight, number of leaves per lettuce plant, dry matter produced, total N content, total N 
uptake, ratio of total N uptake to total N retained in the lysimeter (linear combination of 
treatment means). 

Treatments contrast t o.os, 14 p value 
Percentage of 15N recovered by lettuce from fish effluent 

T2 vs T4 -3 .12 0.03 
T2 vs T6 0.45 0.67 
T4 vs T6 3.51 0.02 

Lettuce fresh weight 
T1 vs T2 0.15 0.88 
T3 vs T4 0.35 0.73 
T5 vs T6 -16.29 <0.0001 
T1 , T2 vs T3 , T4 

Number of leaves per lettuce plant 
T1 vs T2 -0.05 0.96 
T3 vs T4 -0.84 0.42 
T5 vs T6 -7.34 <0.0001 
T1 , T2 vs T3 , T4 2.76 0.02 

Dry matter produced 
Tl vs T2 0.34 0.74 
T3 vs T4 0.28 0.79 
T5 vs T6 -17.82 <0.0001 
T1 , T2 vs T3 , T4 3.43 0.004 

Total N uptake 
T1 vs T2 0.15 0.87 
T3 vs T4 0.32 0.75 
T5 vs T6 -15 .58 <0.0001 
Tl , T2 vs T3 , T4 3.31 0.005 

Ratio of total N uptake to total N retained in the lysimeter 
Tl vs T2 0.74 0.47 
T3 vs T4 
T5 vs T6 
T1 , T2 vs T3 , T4 

-0.30 
8.31 

-2 .79 

0.77 
<0.0001 

0.01 



was significant only for treatment 1. 2 and 3 combined versus treatment 4 (Table 3 ). 

Treatments l, 2 and 3 did not differ from one another (Table 3). Mean dry matter 

produced per treatment, in treatments 1. 2 and 3 were more than 8 times as much as 

produced in treatment 4 (Figure 5). There was no block effect in these analyses. 

Trial2 
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Fresh plant weight (Fz. 1" = 88.57 p <0.0001), number ofleaves per plant CFz.14 = 

15.53, p=0.0003) and dry matter ( F2.14 =106.47, p< 0.0001}, varied among treatments. 

However, treatment effects were significant only for T5 versus T6, and T I and T2 

combined versus T3 and T4 combined (Table 4). \\"ater use did not differ among 

treatments ( F 2. 14 =1.67, p = 0.22) (Table 6). Mean dry matter production in treatment 6 

was 3.6 times higher than that in treatment 5, but only about l/5 of the amount in 

treatments 1 and 2 (Figure 6). There was no block effect in these analyses. 

6. Total nitrogen content. total nitrogen uptake. and the ratio of total nitrogen uptake to 

total nitrogen retained in lysimeter. 

Trial 1 

Total nitrogen content in lettuce differed among treatments (F 3. 9 = 61. 92, p < 0. 000 1). 

Lettuce from treatments that received high nitrogen inputs (treatment 1 ,2 and 3) had high 

total nitrogen content. In treatment 4, total nitrogen content was about half of the levels in 

the other treatments (Figure 7). There was a significant difference in total nitrogen in 

lettuce only in treatments 1, 2 and 3 combined versus 4 (Table 3). Total nitrogen uptake 

by lettuce varied among treatments ( F 3.9 = 79.35, p < 0.0001), however contrast analysis 

showed that only differences in T1, T2, T3 combined vs T4 were significant (Table 3). 



The ratio of total nitrogen uptake to total N retained in the lysimeter varied among 

treatments ( F 3. 9 =23. 02, p< 0. 000 1 ), and were different for all treatments except for 

treatment 1 versus 2 (Table 3). Treatment 3 showed the highest percentage of nitrogen 

uptake relative to nitrogen retained in the lysimeter. 

Trial2 
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Total nitrogen content in lettuce did not differ among treatments (Fus = 0.23, p = 0.80) 

but total nitrogen uptake by lettuce ( F 2.1.s = 81.04, p < 0. 000 1 ) and the ratio of total 

nitrogen uptake to total N retained in the lysimeter ( F2.1.s =21.24, p< 0.0001) did. 

However, only differences between T 1 and T2 combined versus T3 and T 4 combined and 

TS versus T6 were significantly different (Table 4). 
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Table 5. Mean treatment values(± SE, N = 4) for the amount of dry matter produced and 

water used (trial 1 ) . 

Treatments 

T1 

T2 

T3 

T4 

12 

10 
"@) 

8 '-" 
'-' 
<1) g 6 

c 4 
0 

2 

0 

Mean final dry matter (g) 
produced (and standard 
error 

9. 72 ( 0.065) 

10.14 ( 0.486) 

9.27 ( 0.333) 

1.12 (0.216) 

Water use ( mL) and 
standard error 

10138.25 ( 90.0) 

10298.75 ( 201.76) 

10115 .50 ( 240.67) 

9.960.25 ( 33.08) 

Figure 5- Mean dry matter produced (trial 1). 
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TABLE 6- Mean treatment values (± SE, N=4 *) for amount of dry matter produced and 

water used (trial 2) . 

Mean final dry matter (g) Water used ( mL) and 
Treatments and standard error standard error 

T1 5.51 (0 .143) 5571.25 (101.96) 

T2 5.45 (0 .352) 5238.00 (275 .16) 

T3 4 .61 (0 .090) 5397.00 ( 60.43) 

T4 4 .52 (0 .197) 5317.33 ( 14.62) 

T5 0.28 (0 .011) 5200.75 ( 73.26) 

T6 1.01 (0.069) 5305.25 ( 29.50) 

*Treatment 4 only had 3 replications 

Figure 6- Mean dry matter produced (trial2). 
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Figure 7- Mean total nitrogen content in lettuce (trial 1). 
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DISCUSSION 

The first goal of this research was to determine the efficacy of using a tracer to 

quantify nitrogen transfer from fish effluent to plants. There is a great need to quantify 

nutrient transfer, especially nitrogen transfer. Brune (1994) pointed out that detailed 

quantification of nutrient flows in an integrated farm system is an important area of 

research. However, attempts to quantify nitrogen transfer in an integrated aquaculture and 

agriculture system have not been successful. Khan ( 1996) could only conclude from his 

experiment that some nitrogen was transferred, but could not determine how much. 

Seawright ( 1993) concluded that even a carefully controlled experiment did not allow him 

to quantify nitrogen dynamics. 

I was able to use 1~ as a tracer to measure nitrogen transfer from fish effluent to 

plants in an integrated system. At several different levels of fish effluent and nitrogen 

fertilizers. I was able to measure the amount of nitrogen transferred from the aquaculture 

facility to plants. Labeled nitrogen could be distinguished from both nitrogen already in the 

soil and from the chemical fertilizer added to the system. 

Lettuce in treatment 4 (trial 1 ), received only fish effluent as a source of nitrogen, 

but recovered 23.67% of the 15N applied. Since the total N in fish effluent was mostly 

organic (77.22 %) and consequently unavailable over the short term. plants recovered 

most of the available nitrogen. Unfortunately this amount of nitrogen did not allow 

optimal plant growth. The organic nitrogen remained in the soil. but was not immediately 

available to plants. However. after bacterial decomposition. this nitrogen would become 

available to plants. Therefore in a system where fish effluent is consistently used for 
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irrigation, nitrogen availability would increase over time because of the residual fertility of 

the organics in the fish effluent. Gradual decomposition and progressive availability of 

nitrogen may explain why highly significant increased yields were observed after the 

second, third and fourth applications offish manure to silage com (Smith 1985). 

The same trend occurred in trial 2 as in trial 1. Overall, fish effluent applied as the 

only source of nitrogen had a significant effect on plant growth. Plants irrigated with fish 

effluent produced three times as much dry matter as plants that were irrigated with 

nutrient solution without nitrogen. Plants recovered practically all the inorganic nitrogen 

available (around 50% of the total nitrogen) . However, there was not enough nitrogen to 

promote good plant growth, the amount of dry matter produced was 1/5 of the amount 

produced in treatments where plants received chemical fertilizer . 

Al-Jaloud et al. 1993 found that irrigating wheat (triticum aestivum L. ), with an 

aquaculture effluent that contained 40 mg NIL reduced the inorganic fertilizer needs by 

50% . However, such high nitrogen levels (40 mg NIL) are rarely found in unconcentrated 

fish effluents. Total Kjeldahl nitrogen is generally between 4-10 mg NIL in effluent from 

intensive aquaculture of more then 5000 kg/ha (Seim et al. 1997). In my experiment, the 

mean total nitrogen was 28.04 mg!L in the first trial and 10.28 mg/L in the second trial. 

Levels in the first trial were higher than those generally found in effluent from intensive 

aquaculture, but still below the amount used by Al-Jalout et al. (1993). 

Crops generally take up more NH4 +than N03- at low nitrogen concentrations and 

more N03- than NH4 + at higher N concentration ( Barraclough et al. 1985, Bloom 1988). 

In my experiment nitrogen levels were low and the nitrogen that was present was mostly 
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in the organic form. In addition most of the inorganic nitrogen was converted to nitrate in 

the biofilter (only a small percentage was~ + ) . Therefore, because large amounts of 

ammonia were not available, uptake was low even if plants were nitrogen deficient. The 

importance of the presence of inorganic nitrogen is highlighted by the results of treatment 

6 in trial 2. In this experiment, around half of the nitrogen was inorganic, and therefore 

available, even though the overall nitrogen application was lower than in the other 

experiment. Thus, mean dry matter production in effluent only treatment 6, was about the 

same as it was in effluent only treatment 4 in trial 1. 

In trial 1, plants that received a combination of fish effluent and chemical fertilizer 

(nutrient+ effluent) had low levels of transfer of 15N. However they became more efficient 

at extracting 15N from the fish effluent as the amount of commercial fertilizer decreased. 

Plants in treatment 2 (nitrogen+ effluent) were less efficient at nitrogen uptake from fish 

effluent than plants in treatment 3 {1/2 nitrogen+ effluent). Plants in treatment 3 showed 

the highest rate ofN uptake. Despite the high efficiency of uptake of 15N by plants there 

was no difference in dry matter production between plants which received nutrient 

solution prepared with tap water and those with nutrient solution prepared with fish 

effluent. Plants exposed to a combination of a chemical fertilizer and fish effluent were 

more efficient at recovering nitrogen from the chemical fertilizer than from fish effluent. 

The same trend was shown in trial 2 where plants in treatments 2 and 4 

respectively took up 57.00o/o and 71 .35 %of 15N. Despite this relatively efficient uptake, 

there was no significant effect on dry matter production between treatments that received 

the same levels of chemical nitrogen (treatment containing tap water versus those 



containing fish effluent). In fact. the mean dry matter production was lower but not 

significantly lower in treatments where fertilizer was combined with fish effluent. The 

standard error of dry matter produced was also higher in treatments where commercial 

fertilizer was combined with fish effluent. 
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The effect of fish effluent was significant on plants when it was the only source of 

nitrogen but when plants received a combination of chemical fertilizer and fish effluent. the 

nitrogen from the effluent produced no increase in dry matter production. 

One purpose of establishing an aquaculture production system in places where 

water is scarce is to conserve water. Using the effluent fi·om the fish culture facility to 

irrigate vegetable crops removes the problem of effluent disposal. However. the assertion 

that using fish effluent to irrigate crops reduces the need for chemical fertilizer is more 

difficult to substantiate. Plants appear to be more efficient at the uptake of nitrogen from 

commercial fertilizers than they are at capturing the nitrogen present in fish effluent. In 

addition the nitrogen content in unconcentrated fish eflluent is so low that plants do not 

receive sufficient nutrients for optimum growth. Therefore for developed countries it may 

be more efficient to utilize commercial fertilizers rather than to rely on plants being able to 

obtain nitrogen from fish effluent. However, for a developing country the logic might be 

quite different. Reducing the amount of pollution released to receiving streams is 

important. However, even more important is producing enough crop to feed the populace. 

Fertilizers are often cost prohibitive or unavailable to farmers. There is a need for any 

reduction in the amount of nitrogen needed or any increased yield. In a developed country, 

the focus is often on immediate gains. However, in a developing country there is often a 
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longer term focus. Over time the organic matter in fish effluent would increase the water 

holding capacity of the soil. After organic decomposition the long tenn nutrient availability 

in the soil would also be increased. Nutrient leaching and ground water contamination 

would decrease. These factors are especially important in sandy soils that have low 

capacity for holding nutrients. Thus, in developing countries reducing fertilizer cost even 

slightly and eliminating pollution, while improving soil conditions and encouraging water 

reuse is equivalent to obtaining more cash for the same crop. 

My data show only a low percentage of the nitrogen in fish etlluent was recovered 

by lettuce plants. Plants that have lower requirements for nitrogen than lettuce may 

respond better to the use of fish effluent for irrigation than was seen in this experiment. 

Khan ( 1996) found that fish effluent can provide some nutrients, but effluent alone did not 

promote the best growth for native shrub species in Texas. However, for turfgrass he 

observed a positive effect on growth and color from using fish effluent. Perhaps for plants 

with low nitrogen requirements, fish effluent could be used as the only source of nitrogen. 

D'silva and Maughan ( 1994 ), used fish effluent to irrigate mesquite trees and found that 

plants grew twice as fast as plants irrigated with well water. Since mesquite trees fix 

nitrogen these authors had difficulty explaining these results. Perhaps, fish effluent 

provides nitrogen at lower energetic cost, than nitrogen obtained by fixation. According 

to Brill (1979) plants require as many as 36 ATP molecules to fix a molecule ofN2. The 

supply of available carbon in the soil is one of the major factors controlling the amount of 

biological N2 that is fixed ( Killhan 1994). Therefore, the carbon in the fish etlluent might 

make nitrogen fixation more efficient. Higher yields of alfalfa have been produced in 



Arizona when fish eflluent rather than weil water is used for irrigation (Jimmy Joy. fish 

farm manager. personal communication). 

To make an integrated system work efficiently we need to find the right 

combination of plants and fish. 1~ can be used to quantify the rate of transference from 

fish eflluent to several kinds of plants at different application rates of chemical fertilizer. 

These studies need to be done. 
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CONCLUSIONS 

Four main findings emerge from my study: I) Nitrogen transfer from fish 

effluent to plants can be accurately quantified based on the percentage of 15N recovered 

from fish effluent by the plants, 2) Lettuce that received fish effluent as the only source of 

nitroge~ recovered practically all the available inorganic nitrogen. 3) Lettuce that 

received a combination of fish effluent and chemical fertilizer, was more efficient at 

uptaking the nitrogen in the chemical fertilizer than that in the fish effluent. 4) Available 

inorganic nitrogen levels in fish effluent were generally too low to meet the nitrogen needs 

of the plants tested. However, decomposition of organic material over time may improve 

long term soil fertility. Concentration offish culture effluent might also increase nutrient 

content. 
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