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The COTMAN™ Expert System was developed 
by the University of Arkansas System Division of 
Agriculture (Agricultural Economics and Agribusi-
ness, Entomology, and Crop, Soil, and Environmen-
tal Science departments). The program was first 
tested in 1994 and has subsequently been evaluated 
in Arkansas, Alabama, Georgia, Louisiana, Mis-
souri, Mississippi, Tennessee, Texas, and Virginia. 
Testing has been conducted by consultants, grow-
ers, state experiment stations, and cooperative ex-
tension services. Cotton Incorporated, University of 
Arkansas Center for Alternative Pest Control, and 
the Altheimer Foundation supplied primary funding 
for development of the program.

COTMAN is a crop monitoring system that 
utilizes selected plant indicators to follow plant de-
velopment and fruit load from initiation of squaring 
through effective flowering. Information on plant 
growth patterns, current and historical weather data, 
and farm and field parameters are integrated into 
COTMAN to enhance cotton crop management. 

Utility of COTMAN
COTMAN provides continuous in-season crop 

monitoring to assist in achieving earliness and to 
provide timely feedback on plant development and 
early detection of plant stress. The Target Develop-
ment Curve (TDC, Fig. 1) serves as a benchmark 
for determining whether the crop is developing at 
an acceptable rate (i.e., on or off target) and whether 
the crop is progressing toward maturity in an early, 
efficient manner (timing of physiological cutout).  

End-of-season management decisions regard-
ing timing of insecticide termination and defoliation 
based on cutout date are facilitated by COTMAN. 
End-of-season management is based on the maturity 
of the last effective boll population, since these bolls 
are the youngest cohort and susceptible to insects and 

premature defoliation. Flowering date of the last ef-
fective boll population is identified by a nodes above 
white flower (NAWF) value of 5 (physiological cut-
out) or by last date from which, historically, 850 heat 
units (HU) can be expected (seasonal cutout).

COTMAN can also be used to compare physio-
logical progress and cutout dates for different fields. 
Fields can then be grouped by their relative matu-
rity, which can aid in development of defoliation 
and harvest plans. Surveys indicate that users spend 
less than $2 per acre per season to collect data and 
produce weekly reports using COTMAN software 
(Robertson et al., 1997). Compared to its potential 
benefits, COTMAN data are relatively inexpensive 
to collect.  

COTMAN consists of two expert systems, 
SQUAREMAN (primarily used to monitor pre-flow-
ering plant development) and BOLLMAN (used to 
monitor post-flowering plant development). 

SQUAREMAN Component
The SQUAREMAN component of COTMAN 

primarily is used to monitor the crop from first 
square to first flower. Two critical early-season man-

Chapter 1:

Overview of the COTMAN Crop Management System 
Derrick M. Oosterhuis, Fred M. Bourland, N. Philip Tugwell, Mark J. Cochran, and Diana M. 
Danforth

Fig. 1. The Target Development
Curve used in COTMAN.
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agement issues are addressed by SQUAREMAN. 
First, printouts of square retention indicate whether 
square retention is acceptable. Management inputs 
may be required if square retention is very high 
(to meet fruit demands) or very low (to ameliorate 
cause of square loss). Secondly, SQUAREMAN 
provides an indication of whether or not plants are 
developing at an acceptable rate. Both the ascent 
(slope) and position (left or right) of the crop devel-
opment curve relative to the TDC provide informa-
tion relative to the growing conditions and health 
of the plants.

SquareMap data (Fig. 2) are used by SQUARE-
MAN. Once per season, users of SQUAREMAN 
must input farm and field identifiers along with  
the planting date of each field. Prior to or coinci-
dent with first collection of SquareMap data, stand 
density and average first-fruiting node number are 
determined. SquareMap data are collected once or 
twice per week and include measurement of aver-
age plant height and mapping of 10 plants at each 
of 4 to 8 sites per field. Starting at the top of a plant, 
first positions on fruiting branches are mapped for 
the presence or absence (shed) of squares. Estimated 
time to map four sites in a field is 17 to 23 minutes.

to the TDC. The farm-level reports provide sum-
mary tables of square sheds, plant vigor, and nodal 
development for each field within the farm.

BOLLMAN Component
The BOLLMAN component of COTMAN 

monitors the crop from first flower until cutout using  
NAWF (Fig. �) and calculates HU from cutout. The 
primary use of BOLLMAN is as an aid in making 
end-of-season management decisions.  

BOLLMAN inputs include farm and field iden-
tifiers (same as SQUAREMAN) plus identity of the 
historical weather location and weather risk level that 
the user wishes to employ. BOLLMAN uses NAWF 
counts made on 10 plants at 4 to 8 sites per field, col-
lected once or twice per week. NAWF is determined 
by counting the number of main-stem nodes above 
the uppermost white flower in the first fruiting po-
sition. The estimated time to monitor NAWF for 4 
sites in a field is 16 to 23 minutes. BOLLMAN also 
requires daily input of local minimum and maximum 
temperatures from cutout to defoliation.

SQUAREMAN outputs include reports on both 
field and farm levels. The field-level reports include: 
1) square retention rates and analysis of change in 
retention, 2) measurements of plant vigor (plant 
height, height-to-node ratio charts, and analysis of 
height-to-node ratio change), �) population estimates 
of number of plants per acre and number of first po-
sition squares per acre, and 4) crop status compared 

Like SQUAREMAN outputs, BOLLMAN out-
puts are available on field and farm-levels. Prior to 
cutout, the BOLLMAN field reports provide crop 
status compared to the TDC, average NAWF, and 
cutout status. After cutout, the report chronicles heat 
unit accumulations from cutout and projects (or 
lists) insecticide termination and defoliation dates. 
The farm-level BOLLMAN report includes tables 
showing average NAWF, cutout, and heat unit ac-
cumulations for each field with fields listed in order 
of maturity.

Fig. 3. Cotton plant at NAWF = 5.

Fig. 2. Collection of SquareMap data.
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Physiological and Season Cutout
Identification of cutout is critical to BOLL-

MAN, and defined as the flowering date of the last 
effective boll population relative to the latest pos-
sible cutout date. The last effective boll population 
is defined as the latest developing flowers that are 
likely to develop into bolls with adequate size and 
fiber properties. At NAWF=5, boll retention drops, 
and number of flowers required for a pound of seed 
cotton increase (Fig. 4).  

Seasonal cutout (late-maturing) occurs if a field 
does not achieve NAWF=5 prior to the latest pos-
sible cutout date. The last effective boll population 
is then determined by the latest possible cutout date, 
regardless of when or if NAWF=5 occurs. Flowering 
date of the last effective boll population is the date 
of the latest possible cutout, given producer weather 
risk preference, and end-of-season management is 
determined by weather restrictions.

Basis for End-of-Season
Management Decisions

Starting at the cutout date (physiological or sea-
sonal), local daily HU (DD60s) are calculated and 
accumulated. Termination of insecticides for most 
insect pests is advised at �50 HU after cutout. At �50 
HU, bolls resist penetration by weevils and small 
worms, and the attractiveness of the host declines. 
Optimum heat unit accumulation from cutout for 
termination of irrigation appears to vary from �50 
to 550 HU. Defoliation is advised at 850 HU from 
cutout. 

Promote Earliness with COTMAN
Advances in worm and boll weevil control have 

lessened the benefits of earliness in cotton produc-
tion. However, timely maturity of cotton still pro-
vides insect control benefits by avoiding potential 
expensive late-season battles with insect pests, re-
ducing late-season insect control costs, and reducing 
selection pressure for insect resistance. In addition, 
timely maturity in many cotton production areas re-
duces the risks of poor weather conditions for defo-
liation and harvest. Cool fall temperatures increase 
the time and cost of defoliation. As harvest is de-
layed, lint yields and quality are reduced and daily 
harvest capacity is reduced by shortening day length 
and by adverse field conditions.  Consequently, prof-
its are often reduced as earliness is lost. 

The latest possible cutout date is the latest date 
likely to allow sufficient heat unit accumulation for 
boll maturation before end of season. It is based on 
historical weather patterns in a specific geographic 
region and on the level of risk a producer is willing 
to accept. The latest possible cutout date is delayed 
as a user moves from north to south and as the user 
is willing to accept greater risks (Table 1).

Physiological cutout occurs if a field achieves 
NAWF=5 prior to the latest possible cutout date. The 
last effective boll population is then determined by 
crop maturity rather than weather restraints. Flower-
ing date of the last effective boll population is the 
date that crop development reaches NAWF=5, and 
end-of-season management is determined by matu-
ration of the crop.  

Fig. 5. Latest possible cutout dates
for selected sites (from north Arkansas
to south Louisiana) and two risk levels.

Location	 15%	Risk	 50%	Risk
Keiser,	AR	 August	2	 August	11
Marianna,	AR	 August	8	 August	14
Stoneville,	MS	 August	15	 August	21
Winnsboro,	LA	 August	17	 August	23
Hattiesburg,	MS	 August	20	 August	26
Baton	Rouge,	LA	 August	21	 August	26

Fig. 4. The increase in number of flowers per pound 
of cotton and decrease in boll retention at NAWF=5.
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