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ABSTRACT

The GOSSYM-COMAX growth simulation model! expert management system for cotton
production is a computer model that simulates cotton growth under different conditions. It uses
information on soil conditions, weather, fertilizer applications, and early plant growth to estimate
needs for extra fertilization and to predict maturity date and yield volume.

The model has been evaluated for accuracy in Mississippi and South Carolina, where it was
developed. Because Tennessee is on the edge of the Cotton Belt, and has growing conditions differ-
ent from the states where the model was originally used, researchers expected the model to perform
differently here.

Researchers found that the model's accuracy varied. Each modification improved its predic-
tions for additional fertilization, but yield predictions were erratic. Tillage system had little or no
effect on the model's accuracy. Researchers recommend further location-based changes to help the
model accurately predict crop maturity in Tennessee.

Researchers returned information to the GOSSYM-COMAXInformation Unit, where it was
used to make the model easier to use and more accurate.

The large amounts of time and information required to run this model make it more useful
to researchers, extension agents, and consultants than to the average producer.
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Experiment Station, and Milan Experiment Station.
Specifically, research evaluated how accurately the
model performed the following tasks:

EVALUATION OF THE GOSSYM-COMAX COTTON

GROWTH SIMULATION MODELIEXPERT

MANAGEMENT SYSTEM IN TENNESSEE

Introduction
A computer model that simulates cotton growth

under different conditions, the GOSSYM-COMAX
growth simulation model/expert management system
for cotton production was developed during the past
decade in Mississippi and South Carolina. The
model uses artificial intelligence to analyze informa-
tion on soil conditions, weather, fertilizer applica-
tions, and early plant growth to estimate needs for
extra fertilization and to predict maturity date and
yield volume. This helps producers make decisions
on production management (USDA-GCIU 1990).

Model evaluation was expanded in 1984 to
include growing conditions in Mississippi, and was
later expanded to include growing conditions
throughout the Cotton Belt, incorporating retrieved
information into the model. Field evaluation of the
model was initiated in Tennessee in 1988.

The version of the model evaluated in 1988 and
1989 was somewhat user unfriendly, especially for
entering plant mapping data. Also, this version
allowed only one mid-season adjustment using plant
growth data. In 1990 the model added a new graph-
ics user interface, along with a revised menu code,
which simplified data entry and retrieval of model
simulations (USDA-GCIU 1990). Additional
changes in the 1990 model version included mouse
and keyboard input, pre-emergence simulation, a list
for COMAX analysis runs, output to printer or
screen, and multiple plant map adjustments per
simulation. Other changes are listed in the manual
(USDA-GCIU 1990). Model modifications for 1991
included an icon-based main menu, a weather
acquisition program in the graphics user-interface,
weather editors in the graphics user-interface, and
simplified output with warnings and recommenda-
tions (USDA-GCIU 1991).

Research Objectives
Research focused on evaluating the GOSSYM-

COMAX simulation model/expert management
system at the Ames Plantation, West Tennessee

1. predicting yield using conventional and no-
tillage production systems;

2. tracking crop growth and crop maturity;
3. predicting optimum N fertilization rates for

cotton production.

Information gathered from these sites was pro-
vided to the GOSSYM-COMAX Information Unit
for evaluation and incorporation into the model.

Materials and Methods
Field experiments were established in 1988 at

Ames Plantation on three types of soil: Memphis silt
loam (Typic Hapludalf), Lexington silt loam (Typic
Paleudalf), and Vicksburg silt loam (Typic Udiflu-
vent). A site with Grenada silt loam (Glossic Fragi-
udalf) was added in 1989 to evaluate the model's
ability to forecast growth of plants cultivated with
trickle irrigation. Conventional-tillage (CT) methods
were used on the Memphis, Vicksburg, and Grenada
soils, while both CT and no-tillage (NT) methods
were used on the Lexington soil. An experiment was
established in 1989 on a Lexington silt loam at the
West Tennessee Experiment Station at Jackson to
evaluate CT and NT production with sprinkler irri-
gation. Another experiment was established in 1990
on a Loring silt loam (Typic Fragiudalf) at the Milan
Experiment Station to evaluate both CT and NT pro-
duction systems. The experiments were conducted
on each site through the 1991 growing season.

The cotton cultivar 'Deltapine 50' was planted
during late April to mid-May at all sites. Plots were
planted at a rate of 6 to 8 seeds per foot of row, and
thinned to 3 to 4 plants per foot after emergence.
Gramoxone Super™ was applied at the rate of 1 qt/A
as a bum-down herbicide treatment on the NT plots
at Jackson and Milan, while RoundupTM was applied
at 2 qt/ A on NT plots at Ames Plantation. Cotoran
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4L (2.5 pt/A) and Prowl™ (1.75 pt/A) were applied
to NT and CT plots for pre-emergence weed control.
When needed, recommended insecticides were
applied at recommended rates.

Each plot received one of the following treat-
ments:

1. N rate recommended by GOSSYM-COMAX
above the base rate;

2. one-half of the N rate recommended by
GOSSYM-COMAX above the base rate;

3. base N rates recommended by the University
of Tennessee (UT) for upland or bottomland
soils, 80 pounds per acres (lbl A) and 60 lblA,
respectively;

4. timing of the N application, with 60% of the
base rate applied at planting and 40% applied
during late June;

5. 15-15-0 applied 2 x 2 (2 inches below and
2 inches to the side of the seed) at planting;

6. one-half of the base N rate recommended by
UT for upland or bottomland soils.

An additional treatment, basing N rates on petiole
N0

3
- concentration (Arkansas method) was included

at Milan only.
The experiment was designed as a randomized,

complete block with treatments replicated four
times, except for the Milan site where treatments
were replicated five times. Individual plots at Ames
Plantation were 13.3 ft (4 rows) wide by 50 ft long,
except for the Grenada site, where plots were 13.3 ft
wide by 30 ft long. Individual plots at the West
Tennessee and Milan Experiment Station sites were
13.3 ft wide by 30 ft long. Ammonium nitrate,
concentrated super-phosphate, and muriate of potash
were broadcast immediately after planting. Phos-
phate and potash rates varied with sites and were
ba~ed on soil test analyses.

In April of each year, soil samples were collected
from the GOSSYM-COMAX plots (Treatment 1) to
determine soil N levels. These samples were col-
lected in 6-inch increments to a 36-inch depth. Soil
nitrate (N0

3
-) levels were determined for the Ames

Plantation sites. Both N03- and ammonia (NH4+)
concentrations were determined for the Jackson and
Milan sites. These N concentrations were entered
into the model.

Two plants in each treatment replication were
marked in the field (mapped) to record plant devel-
opment at Ames Plantation and Jackson, while only
one plant per treatment was mapped at Milan. Dates
of 50% of plant emergence, squaring, and flowering
were recorded. Plant height and mapping data were
collected on a weekly basis, beginning with squaring
and ending with maturity. All data were entered into
the computer model shortly after collection.

Hydrologic data for the individual soils were not
initially available for use in the model. Instead, data
determined from a Memphis-type soil in Mississippi
were used to model plant growth on the Memphis
and Lexington soils. Soil hydrology data for the
Lexington soil at Jackson were available by Novem-
ber 1989, and data for all Ames Plantation sites were
available for the 1990 growing season. The 1989
data were re-evaluated using the correct hydrologic
data.

Twenty cotton petioles (taken from the third
mature leaf from the plant terminal) were collected
approximately every two weeks after flowering until
the first boll opened. Petioles were dried, ground,
extracted, and then analyzed to determine N0

3
-

concentrations, according to Arkansas procedures.
Yields were determined by harvesting the two

middle rows in each plot. Subsamples from each
replicated treatment were combined to form one
sample. This sample was ginned and evaluated for
cotton quality.

The Statistical Analysis System (SAS) was used
in the variance analysis to evaluate the effect of rate
and timing of N applications on petiole N concentra-
tions and yields. The data presented do not include
information obtained from applying 15-15-0 in a
2 x 2 band at planting, because this fertilizer applica-
tion method could not be entered into the model. The
model did not indicate applying nitrogen above the
base rate for the Lexington soil at Jackson, the
Loring soil at Milan, or the 1991 Ames Plantation
sites; so Treatments 1 - 3 were fertilized at the same
N rate. Therefore, yield and petiole data for these
sites are reported as the mean of three plots for each
site-year. Water overflowed the Vicksburg site in
1989, making data from the site unusable. One
treatment, the GOSSYM-COMAX, was evaluated
for N fertilization and yield predictions at Ames
Plantation in 1988, 1989, and 1991.
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Model Tracking of the Crop
The GOSSYM-COMAX model predicted a

specific date for both squaring and bloom; however,
the maturity date predicted by the model had to be
interpreted from print-out data.

delayed early plant growth and the squaring date.
The model predicted squaring 10 days to 2 weeks
earlier than the actual, recorded date. To help the
model track the crop better, plant emergence dates
for the Ames Plantation and Jackson sites were
adjusted based upon the squaring date. This adjust-
ment was recommended by the GOSSYM-COMAX
Information Unit. Adjusting the emergence date
allowed the model to predict squaring to within
2 days. At Ames Plantation, squaring on the Mem-

Model Tracking to Squaring
The ability of the model to track the 1989 crop to

squaring varied with site and soil (Table 1). Cool-
weather conditions during May and early June

TABLE 1. Comparison of actual and GOSSYM-COMAX predicted squaring dates at Ames Plantation,
Jackson, and Milan as affected by soil, year, and tillage.

Soil Year Tillage Actual Predicted Difference1

date days
Ames Plantation:
Memphis 19892 CT June 29 June 27 2

1990 CT 26 19 7

1991 CT July 8 18 21

Lexington 19892 CT June 23 24 -1

1990 CT 21 19 2

1991 CT 26 14 12

1989 NT 30 24 6

1990 NT 20 18 2

1991 NT July 1 11 21

Grenada 19892 CT June 25 25 0

1990 CT 21 18 3

1991 CT July 8 20 19

Vicksburg 1990 CT June 22 18 4

1991 CT July 7 July 18 -11

West Tennessee Experiment Station:

Lexington 19892 CT June 30 June 28 2

1990 CT 20 21 -1

1991 CT 20 7 13

19892 NT 30 28 2

1990 NT 20 21 -1

1991 NT 19 7 12

Milan Experiment Station:

Loring 1990 CT June 20 June 21 -1

1991 CT 13 15 -2

1990 NT 20 21 -1

1991 NT 14 15 -1

1 Differences in days equals the actual date minus the predicted date; thus, negative values indicate that predicted dates were later
than actual dates.

2 Plant emergence dates were adjusted in the model based on squaring date.



TABLE 2. Comparison of actual and GOSSYM-COMAX predicted blooming dates at Ames Plantation,
Jackson, and Milan as affected by soil, year, and tillage.

Soil Year Tillage Actual Predicted Difference'
date days

Ames Plantation:

Memphis 19892 CT July 28 July 26 2

1990 CT 21 16 5
1991 CT 28 9 -11

Lexington 19892 CT 21 23 -2

1990 CT 18 16 2
1991 CT 19 9 10

19892 NT 28 23 5
1990 NT 18 12 6
1991 NT 20 6 14

Grenada 19892 CT 24 24 0

1990 CT 17 12 5
1991 CT 28 14 14

Vicksburg 1990 CT 19 12 7

1991 CT Aug 3 Aug 9 -6

West Tennessee Experiment Station:

Lexington 19892 CT July 28 July 26 2

1990 CT 12 19 -7

1991 CT 14 3 11

19892 NT 28 26 2

1990 NT 12 19 -7

1991 NT 12 3 9

Milan Experiment Station:

Loring 1990 CT July 12 July 24 -12

1991 CT 7 11 -4

1990 NT 12 20 -8

1991 NT 6 11 -5

4 Tennessee Agricultural Experiment Station

phis soil was predicted 7 and 21 days earlier that the
actual dates for 1990 and 1991, respectively. Pre-
dicted 1990 and 1991 squaring dates for the CT
Lexington site were 2 and 12 days earlier than the
actual dates, while predicted dates for the NT site
were 2 and 21 days earlier than the actual dates.
Differences between predicted and actual squaring
dates for the Grenada soil were within the above
ranges. Predicted squaring dates for the Vicksburg
soil were 4 days earlier to 11 days later than the

actual dates.
Predicted squaring dates for the CT Lexington

soil at Jackson ranged from 1 day after to 13 days
before the actual dates, but predicted dates for the
NT Lexington site were 12 days earlier to 1 day
later than the actual dates (Table 1). At Milan, the
predicted dates were 1 or 2 days after the actual date
for the CT site, and 1 day after the actual date on the
NT site.

The 1990 model predicted squaring dates that

, Differences in days equals the actual date minus the predicted date; thus, negative values indicate that predicted dates were later
than actual dates.

2 Plant emergence dates were adjusted in the model based on squaring date.



varied from 7 days before to 2 days after the actual
squaring date; whereas, the 1991 version of the
model predicted squaring varying from 21 days
before to 11 days after the actual date. Burmester et
al. (1989) evaluated the model's effectiveness in
1987 and 1988 on planting dates in upland soils in
Alabama. They reported that predicted squaring
dates varied from 3 days before to 2 days after the
actual date. It appears that the 1991 version of the
model was less accurate for tracking early season
crop growth than the earlier versions. The difference
of a week or more between predicted and actual
dates indicates the model's inability to accurately
track early crop growth.

Model Tracking to Bloom
Differences between predicted and actual bloom

dates also varied with experiment site, year, and
tillage system (Table 2). Adjusting the emergence
date in 1989 allowed the model to predict bloom
dates 5 days before to 2 days after the actual dates.

Bulletin 688 5

Bloom predictions in 1990 and 1991 for the Ames
Plantation sites varied from 14 days before to 11
days after the actual date. For the Memphis soil,
predicted dates were 5 days before and 11 days after
the actual dates. Predicted bloom dates for the CT
Lexington site were 2 and 10 days before the actual
bloom dates, while predicted bloom dates for the NT
Lexington site were 6 and 14 days before the actual
dates. Differences in predicted and actual bloom
dates for the Grenada site were 5 and 14 days before
the actual dates.

The 1990 and 1991 predicted bloom dates for the
CT Lexington site at Jackson were 11 days before
and 7 days after the actual dates, while predicted
dates for the NT Lexington site were 9 days before
and 7 days after the actual date. At Milan, the model
predicted bloom dates for the CT Loring were 4 and
12 days after actual bloom dates, while predicted
dates for the NT Loring site were 5 and 8 days after
bloom.

Bloom dates were predicted more accurately than

TABLE 3. Comparison of actual and GOSSYM-COMAX predicted maturation dates at Ames
Plantation, Jackson, and Milan as affected by soil, year, and tillage.

Soil Year Tillage Actual Predicted Difference1

date days
Ames Plantation:

Memphis 19892 CT Oct 7 Oct 31 -14

Lexington 19892 CT 7 31 -14

19892 NT 7 30 -13

Grenada 19892 CT 8 28 -20

West Tennessee Experiment Station:

Lexington 19892 CT Oct 10 Oct 27 -7

1990 CT Sept 18 26 -8

1991 CT 17 31 -14

19892 NT Oct 10 27 -17

1990 NT Sept 18 30 -12

1991 NT 17 31 -14

Milan Experiment Station:

Loring 1990 CT Sept 27 Oct 17 -20

1991 CT 20 4 -14

1990 NT 27 16 -20

1991 NT 20 2 -12

1 Differences in days equals the actual date minus the predicted date; thus, negative values indicate that predicted dates were later
than actual dates.

2 Plant emergence dates were adjusted in the model based on squaring date.



TABLE 4. Effect of N rate, time of N application, and tillage on yield and predicted yield of cotton at
Ames Plantation in 1988.

6 Tennessee Agricultural Experiment Station

squaring dates. Predicting bloom dates within 7 to
10 days of the actual date indicates that the model is
tracking crop growth well. The 1990 model version
tracked the crop to bloom better than the 1991
version. Burmester et al. (1989) evaluated the model
for upland soil under draught conditions in 1987 and
1988, and reported bloom date predictions within 3
days of the actual date for both early and late planted
cotton.

Model Tracking to Maturity
Maturity dates predicted by the model were much

later than the actual dates (Table 3). These wide
deviations may be the result of the user not properly
interpreting the model data. The model determined
maturity from diminished yield predictions.
Burmester et al. (1988) reported that the model
overpredicted the defoliation date by 2 weeks in
1987. They also reported the model predicted

N rate (Ib/A) Yield

Planting5 Side-dressed6

Memphis silt loam - CT
50 125
80
48 32
40
L.S.D.(0.05)
Lexington silt loam - CT
50 125
80
48 32
40
L.SD.(0.05)
Lexington silt loam - NT
50 125
80
48 32
40
L.S.D.(0.05)
Vicksburg silt loam - CT
50 125
60
36 24
30
L.SD.(0.05)

880
870
880
780
NS

1010
1120
1040
1120

90

990
970

1020
940
NS

590
570
670
770
140

, A = actual lint yield.

2 P = predicted yields from 1988 model version.

3 Percent difference based on predicted yields.

4 P = predicted yields from 1991 model version.

S Planted May 11.

6 Side-dressed June 10.

Ib/A % Ib/A %

800 10 710 24

780 29 660 53

740 34 510 94

1150 -49 660 -11
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defoliation in 1988 within 1 day of the actual date at Model Prediction for Extra N
one location, and 18 days earlier than the actual date Fertilization and Yield
at a second location. They further reported that the Nitrogen fertilization recommendations of 80 lbl
model predicted defoliation 14 days later than the A for upland sites and 40 IblA for bottomland sites
actual date when Pix™ had not been applied to the made by the University of Tennessee soil testing
crop. However, if dates for Pix™ applications and laboratory for cotton production were applied as the
defoliants are to be evaluated from the model, it base rate. If the model indicated a need for addi-
must be clear how maturation dates are determined tional N applications, the rate would be above these
from the model. base rates. The beneficial effect of additional N was

TABLE 5. Effect of N rate, time of N application, and tillage on petiole nitrate concentration, yield,
and predicted yield of cotton at Ames Plantation in 1989.

N rate (lb/A) Sampling periods Yield1

7/20 7/31 8/14 A P D2
Planting3 Side-dressed PPM N Ib/A 0/0
Memphis silt loam - CT
80 13400 9300 8000 790 790 0
48 324 13700 9100 7700 830 850 -2
40 8700 9700 8400 640 820 -21
L.SD. (0.05) 1600 NS NS 122
Lexington silt loam - CT
80 555 9200 5700 4200 1220 900 36
80 285 11200 5600 3700 1250 970 29
80 10700 5400 3600 1150 890 29
48 324 9500 4300 3500 1200 920 33
40 5100 3500 3600 1070 860 24
L.SD. (0.05) 2500 1300 300 100
Lexington silt loam - NT
80 305 18100 10900 4600 1070 1070 0
80 15100 7300 3400 1140 930 22
48 324 11900 5600 3200 1150 960 19
40 11900 5500 3400 1080 750 45
L.SD. (0.05) 1900 2000 700 NS
Grenada silt loam - CT
80 1135 8800 3900 3300 810 660 22
80 565 10000 3800 3300 800 600 33
80 9400 3700 3300 820 680 20
48 324 11300 4600 3300 770 650 19
40 6300 3400 3100 860 470 81
L.SD. (0.05) NS NS NS NS

, A = actual lint yields; P = predicted yields.

2 Percent difference based on predicted yields.

3 Planted May 1.

• Side-dressed on June 20.

5 Side-dressed on August 2.



TABLE 6. Effect of N rate, time of N application, and tillage on petiole nitrate concentration, yield,
and predicted yield of cotton at Jackson in 1989.

8 Tennessee Agricultural Experiment Station

ascertained by comparing predicted yields with the
base N rate yields. Petiole N concentrations also
indicated the need for additional N applications.
Petiole analyses used on both CT and NT sites at
Milan in 1990 and 1991 did not indicate the need for
applying N above the base rate.

The model was updated each year, allowing data
retrieved from the various locations to be added.
Because of this modification, the data will be
discussed for each year, rather than as one 4-year
period.

Predicted N and Yield for 1988
The 1988 Ames Plantation yield data show

variation among soils and N treatments (Table 4).
The model indicated a need to apply extra N to each
of the Ames Plantation sites; however, applying N at
rates above the 80 Ib/A base rate for three upland
sites, or above 60 Ib/A for the bottomland soil, did
not increase yields. The data indicate that N rates
less than those recommended may have been suffi-
cient for the year, since broadcasting 40 or 80 Ib/A at
planting makes very little difference in yield. At the
CT Lexington site, applying N at the rate of 175 Ib/
A, as the model indicated, produced a lower yield

than applications at 80 Ib/A. Splitting the 80 Ib/A
application produced a lower yield on the CT
Lexington site than applying 80 Ib/A at planting.
Yields were not significantly affected by increasing
the N rate applied at planting from 40 to 80 Ib/A. On
the Vicksburg soil, applying N at the rate of 30 Ib/A
at planting produced higher yields than applications
at rates of 60 Ib/A, or higher.

Actual yields were greater for the three upland
sites and lower for the Vicksburg site than the
model-predicted yields. The model underpredicted
yields on the upland soils by 10 to 34%, while it
overestimated the yield from the Vicksburg site by
49%. The 1988 Ames Plantation data were re-
evaluated using the 1991 model version. Again,
actual yields for the three upland sites were higher
than predicted yields and the actual yield for the
Vicksburg site was lower than predicted. Burmester
et al. (1989) reported the 1988 model predicted 1987
yields that were 12 to 50% greater than actual yields
in northern Alabama. Using the same version of the
model, the 1988 predicted yields ranged from 9 to
14% of the actual yields on five locations. On a
sixth, extremely dry location, the model under-
predicted yields by 388%.

N rate (Ib/A) Sampling periods Yield'
7/20 7/31 8/14 A P D2

Planting3 Side-dressed4 PPM N Ib/A %
Lexington silt loam - CT

80 13600 5700 4000 1520 610 150
48 32 13800 5300 3900 1570 620 154
40 9700 3700 3900 1290 610 111
L.S.D.(0.05) 2400 900 NS 110
Lexington silt loam - NT

80 16700 5800 4000 1540 560 177
48 32 15500 4600 4000 1570 560 179
40 11700 3800 3100 1340 540 151
L.SD. (0.05) 1200 800 700 140

1 A = actual lint yield; P = predicted yield.

2 Percent difference based on predicted yield.

3 Planted May 8.

4 Side-dressed on June 20.
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TABLE 7. Effect of N rate, time of N application, and tillage on petiole nitrate concentration, yield,
and predicted yield of cotton at Ames Plantation in 1990.

N rate (Ib/A) Sampling periods Yield'
7/10 8/7 A P D2

Planting3 Side-dressed PPM N Ib/A 0/0

Memphis silt loam - CT

80 554 10500 2780 620 740 -16
80 124 10000 2930 640
80 8400 2230 660
48 325 7700 2240 660
40 6000 820 660
L.S.D.(0.05) 3000 700 NS
Lexington silt loam - CT

80 644 5200 2380 1040 910 15
80 324 5200 2020 1070
80 4500 1430 940
48 325 4000 1260 1000
40 2300 340 880
L.SD. (0.05) 2000 750 100
Lexington silt loam - NT

80 704 3100 640 1180 1180 -1
80 354 1600 390 1190
80 1800 320 1080
42 325 1400 470 1160
40 300 230 900
L.SD. (0.05) 1900 260 80
Grenada silt loam - CT

80 534 9800 2530 490 830 -41
80 464 9200 1700 450
80 7800 1990 490
42 325 9000 1840 450
40 9100 1760 450
L.S.D.(0.05) NS NS NS
Vicksburg silt loam - CT

60 714 4100 1710 490 760 -36
60 354 4800 2250 390
60 3600 1560 400
36 245 4200 1710 430
30 2400 590 490
L.SD. (0.05) NS 1040 NS

1 A = actual lint yields; P = predicted yields.

2 Percent difference based on predicted yields.

3 Planted May 9.

4 Model recommended N rates. Side-dressed on August 6 and August 16.

5 Side-dressed on June 20.



TABLE 8. Effect of N rate, time of N application, and tillage on petiole nitrate concentration, yield,
and predicted yield of cotton at Jackson in 1990.

10 Tennessee Agricultural Experiment Station

Predicted N and Yield for 1989
Petiole N concentrations varied with soil and N

rate in 1989 at Ames Plantation (Table 5). Generally,
applying N at rates of 40 Ib/A resulted in lower
petiole N concentrations than the greater N rates.
The model indicated that additional N was needed
for the Grenada and Lexington CT and NT sites;
however, applying the extra N did not increase
yields. It is not clear why the model predicted
additional N for the CT and NT Lexington sites but
not for the Memphis site. Apparently, the model
simulated more water movement through the Lex-
ington profile, causing more N03- to be lost by
leaching than was realistic. When differences were
observed, applications at 40 Ib/A produced lower
yields than broadcasting 80 Ib/A.

Predicted yields only occasionally and randomly
agreed with actual yields. Actual yields were gener-
ally greater than predicted yields for three of the four
upland soils. Predicted yields ranged from 21 %
below to 81 % above actual yields. Keisling et al.
(1990) reported model-predicted yield deviations in
Arkansas ranging from 90% below to 150% above
actual yields.

Fertilizing above the rate of 80 Ib/A was not
indicated by the model in 1989 for either the CT or

NT Lexington sites at Jackson. Applying N at the
rate of 40 instead of 80 Ib/A at planting produced
lower petiole N concentrations (Table 6). Increasing
the N rate from 40 to 80 Ib/A on the CT and NT
systems increased lint yields, with actual yields
ranging from 111 to 179% greater than predicted
yields. Plant population recommended for the model
was 3 to 4 plants per foot of row; the actual plant
population on the Lexington sites was 2.1 plants per
foot of row. Lower plant populations allow greater
development of vegetative branches, and greater
yields. Vegetative branches accounted for 40 to 50%
of the total bolls and one third of the open bolls on
October 6 (data not shown). The model did not
adequately account for vegetative branch production
at this lower plant population. Based on these data,
the 1990 model was adjusted to account for greater
vegetative branch production at lower plant popula-
tions.

Predicted N and Yield for 1990
The 1990 Ames Plantation data show that petiole

N concentrations and yields varied with soils and N
treatments (Table 7). The model predicted the need
to apply N above the rate of 80 Ib/A for the five
sites. The rate of extra N ranged from 53 to 711b/A,

Yield1N rate (Ib/A) Sampling periods

Planting3 Side-dressed4

Lexington silt loam - CT
80
48 32
40
L.S.D. (0.05)
Lexington silt loam - NT
80
48 32
40
L.S.D. (0.05)

PPM N %
7/10 7/27 8/14

5000 1700 500 1130
7400 3700 700 1230
4200 700 400 1220

NS NS NS NS

4700 1500 400 1130
7300 2300 700 1170
4004 2100 500 1120

NS NS NS NS

, A = actual lint yields; P = predicted yields.
2 Percent difference based on predicted yields.
3 Planted May 9.
4 Side-dressed on June 21.

A P
Ib/A

850
1020
780

32
21
56

910
990
890

24
18
26



depending on the soil. Applying N at the rate of 40
lbl A produced lower petiole N concentrations than
higher rates. Yields from the Memphis, Grenada, and
Vicksburg soil sites were not significantly affected
by rate or timing of application. At both the CT and
NT Lexington sites, splitting the 80 lbl A application
produced greater yields than applying 40 lbl A.
Model-recommended N rates, which were applied in
August, resulted in greater yields on the CT and NT
Lexington soil than applications of 80 lblA at
planting, but yields were not significantly greater
than the 80 lbl A side-dress treatment. This observa-
tion suggests that rainfall between planting and side-
dress time may have reduced soil N concentrations,
although soil N was not evaluated during the grow-
ing season.

Predicted yields were greater than actual yields
on four of the five sites. The model's yield predic-
tions were evaluated on only one treatment on each
of the sites at Ames Plantation. Actual yields for the
five sites ranged from 41 % lower to 15% greater
than predicted yields.

The model did not predict the need to apply N
above the rate of 80 lbl A for either CT or NT
Lexington sites at Jackson. Petiole N concentrations
and yields were not significantly affected by N
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treatments for either the CT or NT Lexington sites
(Table 8). Actual yields ranged from 18 to 56%
greater than predicted yields.

The model did not predict the need to apply extra
N to either the CT or NT Lexington sites at Milan.
Petiole N concentrations were lower when N was
applied at the rate of 40 lblA than when applied at
the rate of 80 IblA (Table 9). Petiole N analysis by
the Arkansas method did not indicate a need for
extra N. Yields were not significantly affected by N
treatments. Actual yields ranged from 37 to 118%
greater than predicted yields.

Predicted N and Yield for 1991
Yields from each soil site indicate good to excel-

lent production levels. The model did not predict the
need for extra N for any of the 1991 soil sites.

Because of the extremely high rainfall during the
first 2 weeks following planting at Ames Plantation,
crop germination and the resulting stand varied
among and within sites. Petiole N concentrations at
Ames Plantation varied by soils and dates of sam-
pling (Table 10). Applying N at the rate of 80 lbl A
tended to produce higher N concentrations than ap-
plying 40 Ib/A. Yields from the CT and NT Lexing-
ton sites were significantly affected by N rates andl

TABLE 9. Effect of N rate, time of N application, and tillage on petiole nitrate concentration, yield,
and predicted yield of cotton at Milan in 1990.

N rate (lb/A) Sampling periods Yield'

Planting3 Side-dressed4

Loring silt loam - CT
80
48 32
40
LSD (0.05)
Loring silt loam - NT
80
42 32
40
LSD (0.05)

PPM N Ib/A
7111 7/25 8/8

9700 7800 3000 1190
9400 7700 2000 1170
4400 4200 700 1220
4300 2100 900 NS

6200 3400 1200 1250
7200 2100 1500 1210
3100 1700 700 1180
2500 1300 400 NS

1 A = actual lint yields; P = predicted yields.

2 Percent difference based on predicted yields.

3 Planted May 9.

4 Side-dressed on June 20.

A P

870
760
560

37
54

118

800
690
560

56
75

111
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or times of N application. Broadcasting N at the rate
of 80 lbl A at planting resulted in higher yields than
broadcasting 40 Ib/A. Actual yields for the NT Lex-
ington site, the Memphis site, and the Grenada site
ranged from 17 to 40% greater than predicted yields.
Actual yields for CT Lexington and Vicksburg sites
were less than predicted yields by 16 and 33%,
respectively. The CT and NT Lexington yields were
significantly increased by increasing the broadcast N

N rate (lb/A) Sampling periods Yield'

rate applied at planting from 40 and 80 lblA.
Splitting the N application of 80 lblA increased

NT Lexington yields at Jackson more than broadcast-
ing either 80 or 40 lbl A at planting (Table 11).
Increased yields from the split N treatment indicate
that soil concentrations of N applied at planting were
reduced between the application dates by rainfall.
Soil N concentrations during the growing season
were not measured. Actual yields from the CT and

Planting Side-dressed4

Memphis silt loam - CT

803

48 32
40
L.S.D.(0.05)
Lexington silt loam - CT

805

48 32
40
L.S.D.(0.05)
Lexington silt loam - NT

805

48 32
40
L.S.D.(0.05)
Grenada silt loam - CT

803

48 32
40
L.S.D.(0.05)
Vicksburg silt loam - CT

603

36 24
30
L.S.D.(0.05)

PPM N
A

%
8/8 8/22 9/4

1200 1100 1200 710
1900 1000 1000 720
500 400 400 670
700 600 700 NS

2000 2000 1400 780
1700 1400 1000 770
1100 700 900 680
669 893 NS 60

1700 1100 800 820
800 900 500 800

1400 1000 500 640
NS NS NS 70

800 800 400 1270
800 600 400 1250
400 600 400 1060
300 NS NS NS

2100 1100 600 580
1900 1400 500 480
1000 1300 500 550
600 NS NS NS

P
Ib/A

590 20

TABLE 10. Effect of N rate, time of N application, and tillage on petiole nitrate concentration, yield,
and predicted yield of cotton at Ames Plantation in 1991.

1 A = actual lint yields; P = predicted yields.

2 Percent difference based on predicted yields.

3 Planted May 20.

4 Side-dressed on June 26.

5 Planted May 14.

930 -16

700 17

910 40

860 -33



TABLE 11. Effect of N rate, time of N application, and tillage on petiole nitrate concentration, yield,
and predicted yield of cotton at Jackson in 1991.

NT sites were 5% less to 34% greater than predicted
yields.

Petiole N concentrations were not significantly
affected by N treatments (Table 12). Yields were not
significantly affected by N treatments for the CT
Loring site at Milan. The NT yields were increased
by the side-dressed and broadcast 80 Ib/A N rates
when compared with the 40 Ib/A N treatment. Actual
yields for the CT and NT sites ranged from 65 to
94% higher than predicted yields. It is interesting
that the predicted yield for sites fertilized at 40 Ib/A
N at planting was higher than sites fertilized at 80 Ib/
A N at planting.

Conclusions
The GOSSYM-COMAX growth simulation

modeUexpert management system for cotton produc-
tion was evaluated at three experiment stations on
six soils to provide information about Tennessee
soils and climatic conditions to the GOSSYM-
COMAX Information Unit. Adjustments made to the
model over the four-year period included an im-
proved data entry method and the inclusion of plant
growth measurements throughout the growing
season. The model may need additional modifica-
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tions before it can accurately predict crop develop-
ment to maturity for this area; i.e., modification
based on location. The model's ability to predict
additional N fertilization improved with each
modification; however, the model was erratic in
predicting yields based on soils, locations, and N
treatments. The model tended to underestimate
actual yields in the high-yielding environments at
Jackson and Milan, but tended to overestimate yields
in the low-yielding Ames Plantation environments.
Tillage system did not greatly alter the predictions'
accuracy in any location or year.
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TABLE 12. Effect of N rate, time of N application, and tillage on petiole nitrate concentration, yield,
and predicted yield of cotton at Milan in 1991.
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L.S.D.(0.05) NS NS NS
Loring silt loam - NT
80 700 700 500 1160 620 87
48 32 700 700 500 1200 620 94
40 500 500 500 1090 660 65
L.SD. (0.05) NS NS NS 80

1 A = actual lint yields; P = predicted yields.
2 Percent difference based on predicted yields.
3 Planted May 2.
4 Side-dressed on June 25.
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