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INTRODUCTION

The fourth work plan for the Pond Dynamics/Aquaculture CRSP was developed by
the CRSP Technical Committee at a meeting in Kona, Hawaii on January 11-19,
1988. Inresponse to the recommendation of the External Evaluation Panel, this is
the first biennial work plan developed by the CRSP. Previous work plans were
developed on an annual basis. This work plan describes research activities to be
accomplished during the period from September 1, 1987 through August 31, 1989.

Previous CRSP work plans were directed towards compiling a global baseline of data
for aquaculture pond systems. Data were collected at seven research locations in
six developing countries (Honduras, Indonesia, Panama, Philippines, Rwanda, and
Thailand) in Africa, Asia, and Central America. The data were collected in accor-
dance with a standard protocol; the same experiments were conducted at all
locations. The resulting data are compiled in a central CRSP Data Base, which is
maintained by the Management Entity.

In the course of completing the earlier work plans, CRSP researchers identified
specific questions about the dynamic processes that regulate the productivity of
aquaculture ponds. The answers to these questions are essential to improving pond
management practices. The fourth work plan outlines the methodology for
conducting experiments to answer these questions.

The general objectives of the present work plan are:

(1) to preserve the global nature of the CRSP experiments;

(2) to continue entering standardized data into the global CRSP Data Base;

(3) to conduct experiments to test specific hypotheses about pond dynamics;
and

(4) to accelerate the synthesis and translation of CRSP research findings into
transferable technologies for aquaculture pond management.




WORK PLAN

This work plan differs from earlier work plans in which the same experiment was
conducted at each location. Hypotheses about pond dynamics will be tested in
different field experiments at each research location. It is anticipated that this
procedure will allow the CRSP to proceed rapidly through the testing process.
Otherwise, many years of work would be required to thoroughly evaluate each
hypothesis at all sites.

In addition to the division of experiments between the sites, the CRSP global
experiment will continue intensive sampling of pond variables during the course of
each field experiment. A standard sampling protocol will be used at all locations,
and the standardized data will be added to the CRSP Data Base to make the existing
information even more comprehensive. Sampling protocol, descriptions of fleld
experiments, and data synthesis activities are presented below.

The CRSP Global Experiment

CRSP researchers should read this section carefully because there have been
significant changes from previous work plans. In particular, section headings have
been changed to reflect alterations in the sampling protocol, some parameters are
no longer required, and the frequency of sampling for the “diurnal” studies (now
more appropriately named “diel” studies) has been changed from every six hours to
the following: pre-dawn, 1000, 1400, 1600, 1800, 2300, and pre-dawn of the next
day. Unless otherwise indicated, the fish cultural and analytical methods are as
presented in appropriate appendixes to the third CRSP work plan. Please refer to
Standard Methods for the Examination of Water and Wastewater for methods not
included in the third work plan. Some methods for new procedures are included in
the appendix for easy reference. All research locations will follow the same protocol
for daily measurements, intensive sampling measurements, fish measurements,
optional measurements, and occasional measurements.

Daily Measurements
(See Table 1 for Materials and Methods.)

The following meteorological and physical pond parameters will be recorded daily:

- Solar Radiation

- Wind Speed (Note: Anemometers are to be set at a height of 2 m above the
level of the pond banks)

- Air Temperature (maximum and minimum)

- Rainfall

- Evaporation

- Pond Depth

Pond Inflow




Intensive Samﬁling Measurements
(See Table 2 for Materials and Methods.)

There will be three intensive sampling periods for each experiment: (1) during the
second week; (2) midway through the experiment; and (3) during the final week. A
number of parameters will be determined on a whole water column sample for each
pond in addition to the studies. Primary productivity will be determined by
calculation from data collected during the diel studies (i.e., whole pond determi-
nations). The variables to be observed are:

- Total Kjeldahl Nitrogen
- Ammonia Nitrogen
- Total Phosphorus
- Secchi Disk
- Chlorophyll a
- Dark Bottle Respiration
- Total Suspended Solids
- Total Volatile Solids
- Diel Studies (Sampling times: pre-dawn, 1000, 1400 1600, 1800, 2300, and
pre-dawn the next day. Sample at three depths (top, middle, bottom) for each
pond): Dissolved Oxygen
Temperature
PH
Alkalinity
Wind (cumulative between sampling times)
Solar Radiation (cumulative between sampling times)

Fish Measurements
(See Table 3 for Materials and Methods.)

Sex-reversed Oreochromis niloticus of an average weight of 25 grams will be stocked
at a rate of two fish/m? (20,000 fish/hectare). In addition to the specific
measurements listed below, a record will be kept of any reproduction that may occur
during the experiment.

~ Initial Stocking

Total Number

Group Weight

Mean Weight per Individual

Mean Length per Individual
- Monthly Sampling

Sample Number

Group Weight

Mean Weight per Individual

Mean Length per Individual
- Harvest

Total Number

Group Weight

Mean Weight per Individual

Mean Length per Individual

Survival (% of initial stocked)




Optional Monthly Measurements
(See Table 4 for Materials and Methods.)

- Phytoplankton Composition
- Zooplankton Composition
- Benthos Composition

Occasional Measurements
(See Table 5 for Materials and Methods.)

- Pond Soil Characteristics at the beginning and end of each experiment

- Liming Requirements .

- Pond Morphometric Characteristics

- Seepage (to complete hydrological characteristics, most of which are
included under “Daily Measurements” above)

- Chemical Oxygen Demand (COD) of Inputs

- Nutrient Analysis of Inputs




FIELD EXPERIMENTS
Central America - Honduras Project
Cooperating Institutions and Principal Investigators:

Auburn University (lead institution)
Drs. Bryan Duncan and Claude Boyd

CIFAD (University of Hawaii)
Dr. Kevin Hopkins

Pond System: Brackish water or freshwater ponds

September 1, 1987 to August 31, 1988
INTRODUCTION

Research over the past several years at El Carao on nutrient input vs. tilapia
production has led to a vastly improved understanding of aquaculture and the
economics of aquaculture in Honduras. However, much work still needs to be done
on optimizing economic gain by mixing low-cost manure with high-cost commercial
feeds. Of greater interest is the point in the growth cycles at which it becomes of
biological and economic benefit to start adding feeds in addition to, or in place of,
manure. This problem quickly becomes complicated with varying stocking dens-
ities, so additional testing is needed. ‘ ‘

Previous CRSP research indicates that plankton populations cyclically increase and
decrease, and that the frequency and amplitude of this cycling probably is related
to quantity of nutrient input. Since oxygen dynamics are integrally bound to
plankton dynamics, the intensive study of plankton cycling may contribute to better
management for oxygen in ponds. However, the frequency of water sampling to date
has not been sufficient to adequately document the cycles. Frequency of water
sampling can usually be increased only if fewer ponds are being sampled. Thus,
more frequent sampling of fewer ponds may yield a more complete picture of pond
dynamics.

GOAL

To more fully understand oxygen dynamics of fish production ponds and to refine
production systems to make them more economically productive in Honduras and
tropical Central America.

OBJECTIVES

To document cyclical changes in water chemistry and biology and to correlate one
with the other; to set up a data logging system on the pond bank; and to econom-
ically refine tilapia production systems based on feed and chicken litter inputs.
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Materials and Methods

Four treatments, each replicated three times, will be tested in earthen ponds of
1,000 m?. The treatments will be as follows.

1. Chicken litter added at 500 kg/ha/wk, total solids.

2. Chicken litter added at 500 kg/ha/wk, total solids, and a commercial shrimp
diet (25% crude protein) added daily (six days a week) at 0.5% biomass.

3. Chickenlitter added at 500 kg/ha/wk, total solids, and a commercial shrimp
diet (25% crude protein) added daily (six days a week) at 1% biomass.

4. Chickenlitter added at 500 kg/ha/wk, total solids, and a commercial shrimp
diet (25% crude protein) added daily (six days a week) at 2% biomass.

Water Quality Measurements

Early morning oxygen and chlorophyll a will be measured in all ponds twice and
once per week, respectively. Total alkalinity and total hardness will be measured
in all ponds once per month. Primary productivity will be measured in all ponds
once per week using the 24-hr diurnal oxygen curve method. Oxygen will be
measured at 0, 25, 50, and 75 cm depth at 6 a.m., 10 a.m., 2:30 p.m., 6 p.m., and
again the following day at 6 a.m. Once a month, diurnal oxygen will be measured
every two hours during the day in ponds of treatment 1. Total volatile solids will also
be measured in ponds of treatment 1 once per month to coincide with the oxygen
diurnal.

Two ponds each from treatments 1 and 4 will be measured twice a week for
chlorophyll q, filterable orthophosphate, total phosphorus, total ammonia, pH,
primary productivity (diurnal oxygen curve method), and zooplankton density. All
variables will be analyzed in samples of water combined from four to five 90-cm
column subsamples taken from a transection of the pond between 6:43 and 7:30 in
the moming. Zooplankton will be filtered from 12 liters of water using an 80-micron
mesh net, and will be enumerated by groups of copepoda, cladocera, rotifera, and
nauplii. A datalogging system will be set up on the pond bank to sample these same
four ponds for oxygen, pH, and temperature, every 20 minutes, 24 hours a day.

Climatic Variables

Wind speed, solar radiation, rainfall, and evaporation will be measured daily.
During diurnals, wind speed will be measured on the hour that oxygen is measured
in the ponds.

Data Analysis
Costs will be assigned to all inputs and outputs of these production systems, and

ANOVA and regression analyses will be used to help determine which system gives
optimum economic gain. Special attention will be given to times on the growth




curves at which fish growth among treatments becomes different. Effects on
primary productivity of adding feed with manure will be analyzed.

Variables measured frequently in the four ponds will be subjected to graphical and
correlation analyses to document plankton cycling and to correlate this cycling with
water chemistry. Differences in cycle frequency and/or amplitude between ponds
receiving high and low quantities of nutrient input will be analyzed.

September 1, 1988 - August 31, 1989
INTRODUCTION

Previous studies indicate that plankton and oxygen dynamics are measureably
affected by density of planktivorous fish; however, no known studies have been
specifically designed to quantify these effects in ponds. Moreover, planktivorous
fish would presumably have more influence on plankton dynamics in organically
fertilized ponds where concentrated diets are not being used. Such systems are
used more extensively in the tropical world than in the temperate zones, so the
influence of fish density on plankton dynamics is more appropriately studied in the
tropics. Consequently, this work plan will be dedicated to that end.

GOALS

To more fully understand oxygen dynamics of fish production ponds and to refine
production systems to make them more economically productive in Honduras and
tropical Central America.

OBJECTIVES

To document cyclical changes in water chemistry and biology and to correlate one
with the other; to analyze effects of fish density on the dynamics of plankton
populations and oxygen dynamics; to economically refine tilapia production sys-
tems based on chicken litter and feed inputs; and to discover whether there is a
difference in growth between sex-reversed and normal male tilapia.

Materials and Methods

Three stocking densities of fish, each replicated four times, will be tested in earthen
ponds of 1,000 m? (see Figure 1). Oreochromis niloticus will be stocked in all ponds
at 0.5, 1, or 2/m?; two ponds within each treatment will contain normal males and
two will contain sex-reversed fish. This trial will last 20 weeks.

Sex-reversed and normal fish will have been produced by the same parents and
handled in an equal manner throughout the hormone treatment and nursery
stages. This will culminate in a study of the influence of androgen treatment on
tilapia growth from larvae to harvest.

Water Quality Measurements

Chlorophyll a, primary production, zooplankton density, Kjeldahl nitrogen, total
ammonia nitrogen, pH, total phosphorus, and filterable orthophosphate will be
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measured twice a week, and total hardness and total alkalinity.will be measured
monthly in two ponds (those ponds containing the sex-reversed fish) from each
treatment.

Primary production will be measured using the 24-hour diurnal oxygen curve
method. Oxygen will be measured at 0, 25, 50, and 75 cm depth at 6 a.m., 10 a.m.,
2:30 p.m., 6 p.m. and again the following day at 6 a.m. When the data logging system
is functional, oxygen will be measured at two or three depths every 20 minutes, 24
hours a day. Water quality variables will be analyzed in samples of water combined
from four to five 90-cm column subsamples taken from a transection of the pond
between 6:30 and 7:30 in the morning. Zooplankton will be filtered from 12 liters
of water using an 80-micron mesh net, and will be enummerated by groups of
copepoda, cladocera, rotifera, and nauplii.

Climatic Variables

Wind speed, solar radiation, rainfall, and evaporation will be measured daily.
During diurnals, wind speed will be measured on the hour that oxygen is measured
in the ponds. Quantities of water added to ponds will be recorded.

Data Analysis

By use of ANOVA and correlation methods, we intend to answer the following
questions:

A. Do hormone-treated fish grow faster than normal fish?

B. Does the growth relationship between hormone-treated and normal fish
remain the same under conditions of adequate nutrient availability as well
as Inadequate nutrient availability (i.e., does stocking density or additions
of high quality feeds moderate the influence of hormone treatment on fish
‘growth)? :

C. Does the fish density (i.e., cropping intensity) influence primary productivity
and oxygen dynarmics? :

D. Is the cyclical rise and fall of plankton populations or the amplitude of the
cycles affected by fish density?

Benefits

This study will evaluate the most cost-effective means for providing nutrient input
to fish ponds. It will quantify effects of low dissolved oxygen concentrations on fish
growth and yield. It also will evaluate artificial aeration as a means to overcome
oxygen limitation. All of these parameters are important in the management of
tilapia ponds.
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CRSP/Aquaculture Project Design for January 1989 at El Carao, Honduras

Stocking Density Hormone Treat

Reps Water Quality

2/week in one replicate

5.000/ha _< Reversed
Normal

2/week in one replicate

2/week in one replicate

10,000/ha -< Reversed
Normal

2/week in one replicate

20,000/ ha e Reversed
Normal

2/week in one replicate
2/week in one replicate

[ S SR S

Pond System: Granjas Marinas San Bernardo Brackish Water Production

Experiment
Project Narrative:

GOALS

The purpose of the proposed first research cycle experiment (Sept.-Dec. 1988) is to
compare the brackish water production obtained using alternative management
systems to that obtained with the standard management procedures as currently
practiced at Granjas Marinas. Twelve 5.0 acre (2.0 ha) ponds will be used in this

study, where the following treatments will
randomized design.

A, Standard Procedure

be tested utilizing a completely

- Chicken litter applied weekly at one sack ac! [84 kg ha'! wk'! (75 Ib
ac-! wk')] during the first eight weeks.
- Standard San Bernardo feeding regime from stocking,.

B. Feed Only

- Standard San Bernardo feeding regime from stocking.

C. Fertilize For Four Weeks, Then Feed

- Chicken litter applied weekly at one sack ac™! [84 kg ha'! wk'! (75 Ib
ac-! wk'!)] during the first four weeks.
- Standard San Bernardo feeding regime beginning week 5, adjusted for

shrimp size at that point.
D. Fertilize For Eight Weeks, Then Feed

- Chicken litter applied weekly at one sack ac! [84 kg ha'! wk'! (75 1b
ac-! wk')] during the first eight weeks.
- Standard San Bernardo feeding regime beginning week 9, adjusted for

shrimp size at that point.

Materials and Methods

A. Pond Area and Average Depth

- Fill all ponds to normal depth in shortest possible time.

12

Aoy

a0



%!
' vﬂ,
!

- Obtain pond dimensions using 50 m tape.
- Obtain average pond depth by multiple sampling.

. Stocking

Juveniles will be stocked at + 5/m? (20,000/acre).

- All ponds will be stocked on the same day.

- Alljuveniles must come from the same nursery pond or a common ‘pool’
made by mixing the shrimp from more than one pond prior to stocking,

- Juveniles will be stocked into all ponds in a two-phase operation. All
ponds will first receive 50% of their total number. Once all ponds have
received this initial stocking, the remaining 50% of the population will
be stocked into each pond.

- Total weight, total number and species composition of juveniles stocked
into each pond will be recorded.

- Sample shrimp in each pond weekly to determine growth using standard
San Bernardo protocol.

. Feed and Manure

- The daily ration for ponds within each treatment will be determined
using the mean individual shrimp weight for that treatment; mean
individual shrimp weight is obtained by averaging sample weight of
shrimp from replicate ponds within each treatment. Feeding rates will
be adjusted weekly based upon sample data.

- Feed will be weighed to the nearest pound or kilogram.

- Chicken litter will be broadcast over the pond surface.

Quantities of feed and manure added to ponds will be recorded.

. Dissolved Oxygen (DO)

- DO will be measured in each pond according to standard San Bernardo
protocol.

. Secchi Disk Visibility (SDV)

- SDV will be measured in all ponds weekly between 11:00 a.m. and 1:00
p.m. SDV will be measured at two locations per pond; at each location
the depth of disappearance and that of reappearance noted, with SDV
being the average of the two.

Salinity

- Salinity will be measured in each pond weekly using a refractometer:
three 90-cm water column samples will be pooled and used for the salin-
ity determination.

. Water Exchange

- Water will be exchanged in ponds according to normal San Bernardo
operating procedures.

- Records of dates and approximate percentage of water exchange will be
kept.

. Harvest

- All ponds will be harvested the same day.

- The total weight of shrimp harvested from each pond will be determined.

- The average individual weight of shrimp, by species, will be determined
for each pond.

- The species composition of the shrimp population in each pond will be
determined.

- The harvest shrimp will be classified by size category.

13




Africa - Rwanda Project
Cooperating Institutions and Principal Investigators:

CIFAD (Oregon State University - lead institution)
Dr. Wayne Seim

Auburn University
Dr. Tom Popma

Nétional University of Rwanda
Pond System: Cooler freshwater tropical ponds typical of higher elevations
Project Narrative:
INTRODUCTION

Pond culture of Oreochromis niloticus and other fish depends upon the addition of
natural or artificial fertilizers that increase the abundance of natural food items in
the diet of the cultured fish, or the direct feeding of an artificial diet. Food items used
to prepare a balanced artificial diet for fish are scarce or expensive in Rwanda and
many other developing countries. Manufactured nitrogen and phosphorus
fertilizers must be imported from developed countries and are too expensive for pond
culture of fish. It appears that the most practical means of increasing fish growth
is by developing a compost system for utilizing a mixture of animal manures and
vegetation.

GENERAL APPROACH

The relatively low productivity of small ponds can be enhanced greatly by
maximizing nutrient inputs. Important changes can occur in physicochemical and
biological components of this production-enhanced system. The nature of this
response is known to be variable both in terms of the ecological processes involved
and in terms of the levels of success in enhancing productivity for the species of
interest. Variability in system response can be attributed partially to the chemical
form of the nutrient materials added and to the rate of nutrient addition. Molecular
form (i.e., whether nitrogen is mineralized or organic, or whether organic carbon is
present) and the ratios between components are critical factors in determining
relative importance of autotrophic and heterotrophic assemblages of organisms and
overall system productivity.

This study will investigate the relation between chemical input and pond system
response. Input materials will be biologically derived. Higher elevation portions of
Africa’s interior are generally densely populated, unindustrialized areas where
commercial, inorganic fertilizers are in short supply and expensive. Composting
available biological materials may be an efficient and effective way of enhancing
annual protein production, conserving valuable nutrients, and increasing the
economic productivity of the small farmer,

14



5 i

Investigation of pond-system processes will involve measurements of the following
critical compartments of this system: materials dissolved in water; materials
suspended as particulates in the water column; and materials settled in a benthic
deposit,

Measurements of organic carbon, chlorophyll, organic and total nitrogen, total
phosphorus, dry weight and loss on ignition (where applicable) will provide the basis
for examining the resource-consumer relationships between these components and
the top consumer, tilapia. While nutrient and energy pathways may not be fully
separable by these techniques, these measurements in conjunction with food
preference studies will allow strong inferences concerning the relative importance
of autotrophic and heterotrophic pathways. Relationships will be developed from
values of mass or density rather than rates of transformation or utilization, which
are much more difficult to measure and which change more rapidly. However, rates
can be inferred from changes in mass and from consumer-resource interactions.

This approach will provide insights into pond dynamics as part of the overall CRSP
model format while also investigating specific questions relating to the use of
composted materials as nutrient sources in African aquaculture.

GENERAL OBJECTIVES

The major objective is to improve tilapia production by studying the relations
between nutrient materials and biological components of pond systems receiving
variable compost inputs. The purpose is to develop an adequate understanding of
the role of plant and manure composts, added at different levels and ratios, in pond
productivity. This understanding will contain sufficient generality to be useful in
the global context of the CRSP studies. It will also provide insights into pond
dynamics that will be useful for evaluating pond management practices.

Operational Objectives to accomplish the general objective:

A. To evaluate the effect of varying the manure:plant ratio on nutrient composition
of composts.

B. To determine the relationships of compost characteristics and input rates to
tilapia production.

C. To determine the relationships of organic carbon, organic nitrogen, total nitro-
gen, and total phosphorus in dissolved, particulate, and benthic compartments
within the ponds to the production, biomass, and food preferences of tilapia.

D. To determine the relationship between tilapia stocking density and production
for optimized compost inputs.

EXPERIMENTAL PROTOCOL
Studv 1. Compost Characteristics.

Development of an optimum compost system that provides predictable results for
fish culture requires consideration of protein:carbohydrate ratios, particle size and

15




fiber content of decomposing material, nitrogen:phosphorus ratios, anaerobic
versus aerobic systems of decomposition in the pond and on land, and the thermal
requirements of the composting materials. Establishing a standard compost
mixture for increasing fish production is the first step in our cooperative research
project.

Objectives

A. To determine the characteristics of compost formed aerobically and anaerobi-
cally on land and anaerobically in water.

B. To characterize these composts at five ratios of manure:plant matter in relation
to time of composting. The composition of the nutrient input and the quantity
and chemical form of nutrient elements will influence the effect of these
materials on pond productivity and on the ecological processes and trophic
pathways within the ponds.

Methods

Composting will be done aerobically and anaerobically on land and anaerobically in
water. Aerobic compost will be hand-mixed daily. Anaerobic composting will be
accomplished in earthen pits. Anaerobic composting in water will occur in small
pond enclosures.

Ratios of manure:plant matter tested will be 0:1, 1:1, 1:3, 1:5, 1:9. Initial material
volume will be 0.5 m®. The experiment will continue a maximum of 90 days or until
the concentration of organic matter stabilizes. Samples will be taken at 0, 15, 30,
60, and 90 days.

Benefits

This experiment provides two major benefits. First, the composition of materials to
be added in our subsequent experiments will be well characterized. Thus, analysis
of nutrient pathways and fish production in pond experiments can be related to
specific characteristics of the nutrdent input. For instance, organic content of
nutrient inputs may determine relative importance of autotrophic and heterotro-
phic pathways.

Secondly, the time course of oxidation and mineralization within the compost will
provide the necessary basis for control and prediction of compost quality.

Study 2. Pond Response in Relation to Compost Type

The method of composting is probably an important factor in the speed and
efficiency of transferring nutrients into pond ecosystems. Field trials will establish
the composting method that produces the greatest growth of fish over 150 days.
Each compost type will be standardized for nitrogen, phosphorus, and carbon con-
centrations before the composts are added to the ponds.

16
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Objectives

A. To determine pond productivity for tilapia in response to composting method and
manure:plant ratio.

B. To investigate pond processes in relation to characteristics of nutrient material
input. One relatively high input rate will be used in all ponds. Fish production
will be analyzed in terms of input quality and in terms of estimated differences .
in organic carbon, organic nitrogen, total nitrogen, and total phosphorus within
pond compartments including benthic deposits, water column particulates, and
dissolved matter. Fish-food habit analysis also will provide information on the
community impact of various inputs.

Experimental Design

The experiment will be conducted for 150 days, in triplicate, using 21 ponds.

Aerobic Compost Anaerobic Compost Submerged Compost
Percent Plant Material
% Manure 100 80 50 100 80 50 100 80 50
0 X X X
10 X X X
50 X

Compost will be added at 500 kg/ha/wk as dry weight. Submerged compost will be
added to pond corners as raw materials during the experiment.

Benefits

This experiment should provide information on pond response in relation to input
quality. Totalinput and ratios of N, P, and C in each compost type can be evaluated
in terms of optimizing yield. Stomach sample analysis and measurements of total
nutrient present in sampled pond compartments will increase our understanding
of pond dynamics and our ability to optimize compost effectiveness.

Study 3. Loading rate, input characteristics, and pond productivity

Objective

To determine the impact of loading rate and manure:plant ratio on pond productiv-
ity for tilapia.

To evaluate the impact on nutrient and energy pathways of an optimized compost
In comparison to green plants used as a direct feed source added at similar nitrogen
levels,

17




Methods

This will be a 150-day pond experiment comparing combinations of manure and
plant matter for a selected compost process (aerobic, anaerobic, in-pond) with
broadcast green plants. The experiment will be in triplicate and will require 18
ponds. Green feed will be added at the same total nitrogen level as the compost.

Design for Exp 3
POND INPUTS IN KG/HA/WK AS DRY WEIGHT

Compost Broadcast green plants Compost with added inorganic N
1000 TN equivalent of;
750 750 kg/ha/wk compost
500 500 kg/ha/wk compost 500 + N equivalent of 250 additional
kg/ha/wk compost

In-pond measurements will be the same as those used in Study 2. Each measure-
ment will be reviewed in terms of its usefulness and in terms of improving collection
or processing samples,

Benefits
Knowledge of the relationship between compost N-P-C content and pond productiv-
ity for fish at different input rates is necessary to optimize application rate and input

composition. In-pond measurements will provide insight into nutrient and energy
pathways for a relatively long and a short pathway.

18
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Thailand Project
Cooperating Institutions and Principal Investigators:

National Inland Fisheries Institute
Dr. Kitjar Jaiyen

University of Michigan (lead university)
Dr. James S. Diana
Dr. C. Kwei Lin

Michigan State University
Dr. C. D. McNabb
Dr. T. R. Batterson

University of Hawaii
Dr. Kevin Hopkins

Pond System: Freshwater tropical ponds typical of lower elevations
Project Narrative:
INTRODUCTION

Three integrated experiments will be conducted in Cycle IV. Experiments will test
fish stocking density, fertilizer quality, and pond depth as management variables
that affect dynamic pond processes on which fish yield depends.

EXPERIMENTAL PROTOCOL
Study 1. Fish Stocking Density
The null hypothesis for Experiment I is as follows:

Jish stocking density neither affects the state (quantity) of the

tnorganic nutrient and terminal fish components of the pond nor does
itaffectgrazing (as expressed indirectly by stomach analyses and fish
yteld) in fertilized ponds.

Earthen ponds with a surface area of 220 m? each will be used. Oreochromis
niloticus fingerling males will be stocked at rates of 0, 1, 2, and 3 fish per square
meter. Random selection of ponds will be made to obtain replicates at each density.
Each pond will be fertilized with 11 kg chicken manure dry weight per week (500 kg/
ha/wk), a rate taken from results of Cycle III experiments in the CRSP as producing
maximum fish yield. Study 1 willlast 150 days. In order to obtain data for our long-
term goals, we will examine the diet of tilapia as the experiment progresses, Study
[ will be run at Ayutthaya Station.

Study 2. Elemental Ratios in Fertilizer

Study 2 is based on the results of experiments reported in the literature that have
shown a weight ratio on the order of 1P:7N is required for normal growth of algae,
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In the past, chicken manures have been used as experimental fertilizers at fresh-
water CRSP sites in southeast Asia. These are approximately 4%P:2.5%N by dry
weight, which indicates a clear imbalance in relation to the requirements of algae
for growth. Chicken manure is deficlent in nitrogen; the literature shows that other
animal manures are deficient in nitrogen as well.

The null hypothesis for Study 2 is as follows:

a nitrogen supplement added to chicken manure neither affects the
state (quantity) of the inorganic nutrient and terminal fish components
of the pond dynamics model nor affects the rates of primary produc-
tion, respiration, or fish grazing (as expressed indirectly by stomach
analyses and fish yield).

Study 2 will consist of two experiments each having three treatments which are
replicated (n = 3). In the first experiment, treatment 1 will overlap with a treatment
of Study 1:stocking density of two fingerlings perm? and 11 kg dry chicken manure
per pond per week (500 kg/ha/wk). The other ponds in Study 2 will also be stocked
at two fingerlings per m?. Ponds in treatment 2 will be fertilized with a mixture of
chicken manure at the rate of 11 kg per pond per week, plus a nitrogen supplement
in the form of urea. The amount of nitrogen supplement used in this treatment will
bring the P:N ratio of chicken manure + urea to 1:7. Chicken manure used in these
experiments will be assayed for percent composition by weight of P and N. The
amount of urea (CO(NH,),), which is 46.7% N by weight, required to bring P:N to 1:7
will be calculated. For example, for chicken manure that contains 4.12%P and
2.45%N, pondsintreatment 2 wouldrecetve 11 kg dry weight chickenmanure +6.17
kg urea per week.

In the third treatment of experiment 1, ponds will be fertilized with a mixture of
chicken manure + urea that contains the amount of N added per pond per week in
treatment 1, and an amount of P that brings P:N to a ratio of 1:7. At 2.46% N, and
a fertilizer rate of 11 kg chicken manure per pond per week, ponds in treatment 1
will receive 0.27 kgN per week. The amount of P required to balance that N at a
weight ratio of 1:7 is 0.04 kg. That amount of P is contained in 0.97 kg of dried
chicken manure. An additional 0.54 kg of urea will be added to bring N in urea +
chicken manure to a 1P:7N ratio.

The first experiment in Study 2 will test the validity of using 1:7 weight ratios of total-
P:total-N in fertilizer applications in ponds at Ayutthaya. Calculations from earlier
CRSP data at Ayutthaya show that ponds held about 8.5 g Total Inorganic Carbon/
m? for photosynthesis. For fertilizer application rates in experiment 1, calculations
show that adequate carbon is available in ponds so that carbon limitation will not
likely occur, except for portions of daylight hours in treatment 2. These treatments
are designed to test assumptions on efficiencies of conversion of Pand N in fertilizers
into available forms for algal uptake; proportional conversion and uptake of P and
N was assumed in calculations for the experimental design.

Treatments in the second experiment will be determined after results of the first

experiment have been analyzed. It is anticipated that both the P:N ratio and the rate
of fertilization will be changed for this experiment.
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Study 3: Pond Depth
The null hypothests for Study 3, which will follow Study 2, is:

pond depthneither affects the state (quantity) of the tnorganic nutrient
and terminal fish components of the pond nor affects thermal regimes
and rates of primary production and respiration in fertilized ponds.

The experimental design involves three replicated treatments. Pond depths of 0.5,
1.0, and 1.5 mwill be used as treatments. Sex-reversed Nile tilapia fingerlings will
be stocked in all ponds at two fish per square meter. Each pond will be fertilized with
chicken manure at a rate of 20 kg per week (Study 1).

Benefits
The effect of three management manipulations on pond dynamics and fish yield will
be tested in Cycle IV: fish stocking rate, fertilizer quality, and pond depth. The long-

term goal of these experiments is to optimize the efficiency of fertilizer conversion
to fish yield and to achieve this optimization economically.
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DATA SYNTHESIS ACTIVITY

The Data Synthesis Team is a fully collaborative unit and each team member
will participate in all aspects of the activity. However, each member was appointed
on the basis of bringing specific skills to the Team. Dr. Chang is a biometrician
experienced in data processing and modeling. Dr. Lannan is an experienced fish
and shellfish culturist and specializes in synthesizing technical information of a
multidisciplinary nature. Dr. Pledrahita is an agricultural engineer specializing in
ecosystems modeling. Each member has been assigned the principal responsibility
for one or more areas of the work plan. In phase one, Dr. Lannan will supervise the
development of a conceptual framework for presentation of the synthesis, Dr. Chang
will determine the statistical relationships among and between variables in the data
base, and Dr. Piedrahita will conduct preliminary model testing and exploratory
data analysis. In phase two, Dr. Chang and Dr. Piedrahita will accomplish
simulations, and Dr, Lannan will be responsible for translation of model outputs
into pond management practices. In phase three, Dr. Lannan will serve as principal
editor while Dr. Chang will provide statistical interpretation and presentation of
data, and Dr. Piedrahita will provide interpretation and presentation of the models.

The fourth CRSP work plan will assign the highest priority to the analysis
and synthesis of research data from the first three work plans, and the translation
of the resulting information into the first manual of pond management practices.
The work plan involves three progressive phases leading to completion of the
manual:

1. The first phase was initiated during the first grant period and involves prepara-
tion for conducting simulations of pond processes using various types of models.
Statistical analysis of the data has been carried out, and significant relation-
ships between variables have been identified. This analysis will continue to be
carried out on all data collected by the CRSP. Variations between ponds, and
differences between sites will be studied.

2. Thesecond phase involves the development of computer models to simulate pond
processes. Two types of models will be developed: descriptive and mechanistic.
Statistical relationships will be used to develop descriptive models from the data
available for the first three experimental cycles. These models tend to be
accurate predictors of conditions under which data were collected. The models
will be validated using data collected from the first three cycles and those
collected in the later cycles as they become available. Validated descriptive
models will be used to study the possible effect of management practices on pond
processes. These results will be used to design new field experiments in
collaboration with the field research investigators, and to develop pond man-
agement guidelines for farm use.

Mechanistic mathematical models will be developed from theoretical rela-
tionships, and will be based on conceptual models. These types of models are
general in nature, have greater data requirements than the descriptive models
for execution, and tend to be more complex. These models provide useful
insights into the mechanisms and processes taking place in the system being
modeled. Most useful models are neither purely empirical nor mechanistic but
include characteristics of both to provide empirical accuracy and mechanistic
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insights. After the initial mathematical implementation of the mechanistic
models, parameter calibration will be carried out using the data from the first
three experimental work plans. Model validation will be performed with data
obtained primarily in the second year of the continuation grant.

3. The third phase is the preparation of the manual. The calibrated and validated
models will be used to provide a guide in the preparation of the manual. The
models are then to be used to predict responses of the pond ecosystems to
certain management actions. This information is useful in generating guide-
lines for managing ponds under different production regimes. The guidelines
will be compiled in a manual describing pond management procedures for

optimizing yields under various sets of constraints.

It is important to note that the predictive quality of the models has to be established
by carrying out the calibration and validation processes as described above, prior
to being able to use them for evaluating and proposing management practices.

Tasks and Milestones

1987/1988

1988/1989

SONDJFMAMJJA

SONDJFMAMJJA

T A o R

Analyze data from first three
cycles

Develop descriptive models
Validate descriptive models
Develop mechanistic models
Calibrate mechanistic models
Validate mechanistic models

Develop pond operating
strategies

Compile a manual of pond
operating strategies

>

vyvYyvYVvYYyYY

v

Figure 1. Time line for activities to be undertaken by the Data Synthesis Team.
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APPENDIX

TITLE

Standard Methods for the Examination of Water and Wastewater
15th Edition, 1980 APHA-AWWA-WPCF

508 OXYGEN DEMAND (CHEMICAL)

- ferred over other methods using oxidants

The chemical oxygen demand (COD) is
a measure of the oxygen equivalent of the
organic matter content of a sample that is
susceptible to oxidation by a strong chem-
ical oxidant. For samples from a specific
source, COD can be related empirically to
BOD, organic carbon, or organic matter
content.

1. Selection of Method
The dichromate reflux method is pre-
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because of superior oxidizability, appli-
cability to a wide variety of samples, and
ease of manipulation, The test is most use-
ful for monitoring and control, especially
after correlations with constituents'* such
as BOD and organic carbon have been de-
veloped. For most organic compounds
oxidation is 95 to 100% of the theoretical
value.”# Pyridine is not oxidized.* Ben-
zene and other volatile organics are oxi-
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dized if they have sufficient contact with
the oxidants.® While the carbonaceous
portion of nitrogen-containing organic
matter is oxidized, no oxidation of am-
monia, either present in a waste or liber-
ated from the nitrogen-containing organic
matter, takes place in the absence of sig-
nificant chloride concentrations.

2. Sampling and Storage

Test unstable samples without delay.

Homogenize samples containing settleable
solids in a blender to permit representative
sampling. If there is to be a delay before
analysis, preserve the sample by acid-
ification to pH 2 or lower with conc sulfu-
ric acid (H,SO,). Make preliminary diiu-
tions for wastes containing a high COD to
reduce the error inherent in measuring
small volumes of sample.

508 A. Dichromate Reflux Method

1. General Discussion

a. Principle: Most types of organic mat-
ter are oxidized by a boiling mixture of
chromic and sulfuric acids. A sample is re-
fluxed in strongly acid solution with a
known excess of potassium dichromate
(K,Cr.0,). After digestion the remaining
unreduced K,Cr,0; is titrated with ferrous
ammonium sulfate (FAS). the amount of
K,Cr,O- consumed is determined, and the
amount of oxidizable organic matter is cal-
culated in terms of oxygen equivalent.

b. Interferences and limitations: Vola-
tile straight-chain aliphatic compounds are
not oxidized to any appreciable extent.
This failure occurs partly because volatile
organics are present in the vapor space
and do not come in contact with the oxi-
dizing liquid. Straight-chain aliphatic com-
pounds are oxidized more effectively
when silver sulfate (Ag.SO,) is added as a
catalyst. However. Ag,SO; reacts with
chloride, bromide. and iodide to produce
precipitates that are oxidized only partial-
ly. The difficulties caused by the presence
of halides can be largely. though not com-
pletely, overcome by complexing with
mercuric sulfate (HgSQ,) before the re-
fluxing procedure.* Do not use the test for

36

samples containing more than 2.000 mg
chloride/L.

Nitrite (NO,~) exerts a COD of 1.1 mg
O./mg NO, -N. Because concentrations
of NO,~ in polluted waters rarely exceed
1 or 2 mg NO, -N/L the interference is
considered insignificant and usually is ig-
nored. To eliminate a significant inter-
ference due to NO,™, add 10 mg sulfamic
acid/mg NO, -N present in the refluxing
flask. Also add the same amount of sul-
famic acid to the reflux flask containing
the distilled water blank.

Reduced inorganic species such as fer-
rous iron, sulfide. manganous manganese.
etc., are oxidized quantitatively under the
test conditions. For samples containing
significant levels of these species, stoi-
chiometric oxidation can be assumed
from known initial concentration of the in-
terfering species and corrections can be
made to the COD value obtained.

c. Minimum detectable concentration:
Determine COD values of >50 mg/L using
0.250N K.Cr,0;. With 0.025N K.Cr.O5.
COD values from 5 to 50 mg/L can be de-
termined but with lesser accuracy.”

2. Apparatus

Reflux apparatus, consisting of 500-mL




or 250-mL erlenmeyer flasks with ground-
glass 24/40 neck* and 300-mm jacket Lie-
big, West, or equivalent condensers,7
with 24/40 ground-glass joint, and a hot
plate having sufficient power to produce at
least 1.4 W/cm® of heating surface, or
equivalent.

3. Reagents

a. Standard potassium dichromate solu-
tion. 0.250N: Dissolve 12.259 g K.Cr,0y,
primary standard grade, previously dried
at 103 C for 2 hr, in distilled water and
dilute to 1,000 mL.

b. Silver sulfute, Ag,SO,, reagent or
technical grade, crystals or powder.

¢. Sulturic acid reagent: Add Ag.SOq to
conc H,SO, at the rate of 22 g Ag,SO/4 kg
bottle. Let stand | to 2 days to dissolve
AggSO4.

d. Sulfuric acid, H,SO,, conc.

e. Ferroin indicator solution: Dissolve
1.485 g 1.10-phenanthroline monohydrate
and 695 mg FeSO,-7H.0 in distilled water
and dilute to 100 mL. This indicator solu-
tion may be purchased already prepared.x

Lo Standard ferrous ummonium sulfate
titrant, approximately 0.25V: Dissolve 98
g Fe(NH,).(S0,),-6H,0 (FAS) in distilled
water., Add 20 mL conc H.SO,, cool, and
dilute to 1,000 mL. Standardize this solu-
tion daily against standard K.Cr,O;: solu-
tion. as follows:

Dilute 10.0 mL standard K.Cr,O- solu-
tion to about 100 mL. Add 30 mL conc
H.SO, and cool. Titrate with FAS titrant,
using 0.10 t0 0.15 mL (2 to 3 drops) ferroin
indicator.

Normality of FAS solution

Volume 0.25N K.Cr,O,

- solution titrated, mL x 0.25
Volume FAS used in titration, mL -

*Corning 5000 or equivalent.
*Corning 2360, 91548, or equivalent.
$G. F. Smith Chemical Co., Columbus, Ohio.

8. Mercuric sulfute: HgSOy, crystals or
powder.

h. Sulfamic acid: Required only if the
interference of nitrites is to be eliminated
(see 1 16 above).

i, Potassium hvdrogen phthalate stan-
dard: Lightly crush and then dry potas-
sium acid phthalate (HOOCC;H,COOK)
to constant weight at {20 C; dissolve 425
mg in distilled water, and dilute to 1,000
mL. Potassium hydrogen phthalate has a
theoretical COD of 1.176 g O,/g and this
solution has a theoretical COD of 500 mg
Oy /L. Prepare fresh for each use.

4. Procedure

a. Treatment of samples with =50 mg
COD/L: Place 50.0 mL sampile (for sam-
ples with COD >900 mg COD/L, use a
smaller sample portion diluted to 50.0 mL)
in the 500-mL refluxing flask. Add | g
HgSO,, several glass beads, and very
slowly add 5.0 mL sulfuric acid reagent,
with mixing to dissolve HgSO,. Cool while
mixing to avoid possible loss of volatile
materials. Add 25.0 mL 0.250V K.Cr,0;
solution and mix. Attach flask to condens-
er and turn on cooling water. Add remain-
ing sulfuric acid reagent (70 mL) through
open end of condenser. Continue swirling
and mixing while adding sulfuric acid re-
agent. CAUTION: Mix reflux mixture thor-
oughly before applving heat to prevent lo-
cal heating of flask bottom and a possible
blowout of flask contents. If sample vol-
umes other than 50 mL are used, keep ra-
tios of reagent weights, volumes. and
strengths constant. See Table 508:1 for ex-
amples of applicable ratios. Maintain
these ratios and tollow the procedure as
outlined above.

Use | g HgSO, with a 50.0-mL sample
to complex up to a maximum of 100 mg
chloride (2,000 mg/L) For smaller samples
use less HgSO,, according to the chloride
concentration; maintain a 10:1 ratio of
HgSO,:Cl. A slight precipitate does not
affect the determination adversely. Gener-
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TABLE 508:1. REAGENT QUANTITIES AND NORMALITIES FOR VARIOUS SAMPLE Sizes

Final
0.25N Sulfuric Normality Volume
Sample Standard Acid of before
Size Dichromate Reagent HgSO, FAS Titration
mL mL mL g mL
10.0 5.0 15 0.2 0.05 70
20.0 10.0 30 0.4 0.10 140
30.0 15.0 45 0.6 0.15 210
40.0 20.0 60 0.8 0.20 280
50.0 25.0 75 1.0 0.25 350

ally. COD cannot be measured accurately
in samples containing more than 2,000 mg
chloride/L.

Reflux mixture for 2 hr. Use a shorter
period for particular wastes if it has been
shown that the shorter period yields the
same COD as that found by 2-hr refluxing.
Cover open end of condenser with a small
beaker to prevent foreign material from
entering refluxing mixture. Cool and wash
down condenser with distilled water.

Disconnect reflux condenser and dilute
mixture to about twice its volume with dis-
tilled water. Cool to room temperature
and titrate excess K.Cr.O; with FAS, us-
ing 0.10 to 0.15 mL (2 to 3 drops) ferroin
indicator. Although the quantity of ferroin
indicator is not critical, use the same vol-
ume for all titrations. Take as the end
point of the titration the first sharp color
change from blue-green to reddish brown.
The blue-green may reappear.

Reflux and titrate in the same manner a
blank containing the reagents and a vol-
ume of distilled water equal to that of
sample.

b. Alternate procedure for low-COD
sumples: Follow the above procedure,
€ 4a. with two exceptions: (i) Use stan-
dard 0.025N K,Cr.O;, and (if) titrate with
0.025N FAS. Exercise extreme care with
this procedure because even a trace of or-
ganic matter on glassware or from the at-
mosphere may cause gross errors.
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If a further increase in sensitivity is re-
quired, concentrate a larger volume of
sample before digesting under reflux as
follows: Add all reagents to a sample
larger than 50 mL and reduce total volume
to 150 mL by boiling in the refluxing flask
open to the atmosphere without the con-
denser attached. Compute amount of
HgSO, to be added (before concentration)
on the basis of a weight ratio of 10:1,
HgS0,:Cl, using the amount of chloride
present in the original- volume of sample.
Carry a blank reagent through the same
procedure.

This technic has the advantage of con-
centrating the sample without significant
losses of easily digested volatile materials.
Hard-to-digest volatile materials such as
volatile acids are lost. but an improvement
is gained over ordinary evaporative con-
centration methods.

¢. Determination of standard solition:
Evaluate the technic and quality of re-
agents by testing a standard potassium hy-
drogen phthalate solution.

5. Calculation

(A — B) x N x 8,000

mg COD/L = mL sample
where:
A = volume FAS used for blank, mL,
B = volume FAS used for sample. mL. and
N = normality of FAS.




6. Precision and Accuracy

A set of synthetic samples containing

potassium hydrogen phthalate and NaCl
was tested by 74 laboratories.” At 200 mg
COD/L in the absence of chloride, the

(%3

508 B.

. Mooreg, W.A,, R. C. KrRoNER & C.C.

RUCHHOFT. 1949. Dichromate reflux meth-
od for determination of oxygen consumed.
Anal. Chem, 21:953.

Moore. W.A.. F. J. Lupzack &
C.C. RUCHHOFT. 1951. Determination of
oxygen-consumed values of organic wastes.
Anal. Chem. 23:1297,

. MEDALIA, A.L 1951, Test for traces of or-
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standard deviation was * 13 mg/L (coeffi-
cient of variation, 6.5%). At 160 mg COD/L
and 100 mg chloride/L. the standard de-
viation was + 14 mg/L (coefficient of vari-
ation, 10.8%).

5.
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