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ABSTRACT 

Cotton (Gossypium hirsutum L.) produces a 
number of toxic terpenoid aldehyde (TA) com- 
pounds contained in epidermal glands that help 
protect the plant from pests and diseases. In the 
seed, one of these toxic compounds, gossypol, 
limits the use of the seed to ruminants such as 
dairy cows. There are breeding techniques and 
germplasm available to decrease gossypol in 
the seed, but the breeding process also needs to 
include methods to evaluate the plant’s ability to 
resist insect pests. Three approaches were used 
to assess resistance of cotton to herbivory from 
bollworm (Helicoverpa zea Boddie) and tobacco 
budworm (Heliothis virescens F.) including field 
counts, controlled field antibiosis assays and 
laboratory feeding tests of young field grown 
leaves. Results indicated that both field and 
laboratory evaluation could provide an assess- 
ment of the cotton host’s resistance. Measure- 
ments of terpenoid aldehydes (TAs) in the seed 
and the leaves, confirmed that the levels and 
types of TAs in the seed were not always good 
estimators of leaf TAs and that other TAs such 
as hemigossypolone and heliocides contribute 
to host plant resistance. 
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1. INTRODUCTION 

Cotton (Gossypium hirsutum L.) produces not only an 
economically important natural fiber, but also oil and 
high quality protein from the seed [1]. For every kilo- 
gram of fiber produced, 1.6 kg of seed is available as a 
source of extra income for the grower. However, gossy- 
pol, a toxic terpenoid aldehyde (TA), decreases the value 
of cotton seeds and limits their use to feeding rations for 
ruminants such as dairy cows, goats or water buffalo [1]. 
Gossypol and other related terpenoid aldehyde (TA) 
compounds are contained in lysigenous glands normally 
found throughout the plant [2] and protect the plant from 
pests and pathogens [3-5]. While gossypol is the pre- 
dominant TA in seeds and roots, other TAs predominate 
in “green” tissues such as leaves, bracts, calyces and boll 
hulls. The two most common are hemigossypolone 
(HGQ) and a group of related TAs often referred to as 
heliocides [4,6]. 

Earlier work [7-9] showed that glanding in cotton was 
controlled by two major genes, Gl2 and Gl3. A fully 
glanded plant is Gl2Gl2Gl3Gl3 and a completely glandless 
plant is gl2gl2gl3gl3. The number of dominant alleles 
present determines the density of the glands. While both 
genes are active in the vegetative and reproductive parts 
of the cotton plant, Gl2 is most strongly expressed in the 
seed and Gl3 in the non-reproductive plant parts. Regu- 
latory mechanisms control TA production and in the 
above ground parts of the plant, when glands are not 
present TA compounds are not produced. Therefore, seed 
gossypol content is associated with the number glands 
present [10,11]. One method to decrease seed gossypol 
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has been to completely eliminate all the glands on the 
entire plant. A glandless genetic mutant was reported by 
McMichael [12,13]; however, despite 20 years of deve- 
lopment, totally glandless varieties have been unsuccess- 
ful because without TA containing glands on the plant, 
they suffer increased damage from a number of insect 
pests that can result in decreased yields [1,14,15].  

Although glandless cotton has not been commercially 
viable, lines with decreased seed gossypol have been 
developed that retain sufficient glanding throughout the 
plant to provide adequate pest protection. Different com- 
binations of dominant and recessive Gl2 and Gl3 alleles 
produce semi-glanded plants with gland densities 25% to 
75% of a fully glanded (Gl2Gl2Gl3Gl3) plant. Sets of fully 
glanded and completely glandless near isogenic lines 
have also been produced [16,17]. The lower seed gossy- 
pol lines were tested to ensure that the gossypol levels 
remained consistent across years and environments. 
However, because of their potential vulnerability to her- 
bivory, it is critical that the new lower seed gossypol 
lines are tested by actually exposing the plants to known 
pests and evaluating their response as hosts to those pests. 

In parts of the southern United States, cotton is a host 
for a variety of insects, but the heliothines tobacco 
budworm (Heliothis virescens F.) and bollworm (Helico- 
verpa zea Boddie) are consistently present [18,19] and 
have a large economic impact on production [20]. They 
prefer young fruiting structures and terminal leaves, 
although they can attack developing bolls [5,21-23]. 
Studies have reported variation in cotton’s susceptibility 
to predation by these pests [24,25] and various methods 
have been used to study these differences [5,23,26,27]. 
With the advent of transgenic cotton expressing the bt 
gene, tobacco budworm (TBW) and bollworm (BW) 
have been well controlled and interest in selecting for 
host plant resistance (HPR) to heliothines declined. 
However, some research has supported the idea that other 
forms of HPR may compliment or enhance the action of 
the cry1AC protein [28-30]. With the growing concern 
over heliothines developing resistance to the bt toxin, 
there has been renewed interest in enhancing HPR by 
increasing levels of plant compounds toxic to helio- 
thines. 

The objective of this research was to find an effective 
and affordable way to assess host plant resistance (HPR) 
of new cotton breeding material. Newly developed 
semi-glanded lower seed gossypol germplasm lines, near 
isogenic lines fully glanded and glandless, as well as two 
control cultivars were used in the study. The study used 
three methods optimized to minimize time and infra- 
structure investments and easy to incorporate into a 
breeding program. The simplest method involved count- 
ing the heliothines present in the field at specified times 
during the growing season on the assumption that the 

number of heliothines present was an indication of a 
plant’s HPR. The second was a more labor intensive 
controlled evaluation of feeding antibiosis in the field 
and the third a laboratory assessment using field grown 
leaves that required the most equipment and labor.  

2. MATERIALS AND METHODS  

A glandless parent STV 7A gl was crossed to a nor- 
mally-glanded parent, either upland cotton Stoneville 7A 
[31], JaJo 6078 (JaJo Genetics, Baton Rouge, LA), 
A1006 a high fiber quality elite line from Common- 
wealth Scientific and Industrial Research Organisation 
(CSIRO) or the Acala type MAXXA [31]. Selections 
from these crosses were advanced to the F11 generation 
by single plant selection followed by progeny evaluation 
for gland density and seed gossypol content in each 
generation [16,17]. Three semi-glanded progeny lines 
(GVS 5069, GVS 5070, GVS 741-2) from the cross STV 
7A gl × A1006 were selected for evaluation in this study 
(Table 1). These lines were selected because A1006 and 
the three semi-glanded lines had the lowest levels of seed 
gossypol and were expected to show effects of herbivory. 
The glanded and glandless near isogenic lines were 
developed from two plants selected out of one segre- 
gating F7 progeny row. These two plants were pheno- 
typically identical except that one had normal glanding 
and one was glandless. The four sets of near isogenic 
lines, evaluated in this study, were advanced by single 
plant selection and progeny evaluation from the F7 to F11 
generation. Due to space limitations, JACO GL was not 
included in the 2008 field evaluation. Also included were 
the control (check) cultivars DP 432 (Delta & Pine Land, 
Scott MS) commonly grown in the area and H1220 
(Paymaster 1220) [32]. Most upland cotton has glands on 
the calyx that extend half way up the calyx and are 
absent on the calyx lobes (crown). H1220 is a “high- 
glanded” (HG) type with glands covering the entire calyx 
including the crown. H1220 has been identified in pre- 
vious studies to exhibit enhanced host plant resistance 
[25]. 

The entries were planted at the USDA-ARS Entomo- 
logy Farm, Stoneville, Mississippi on 1-May 2008 and 
5-May 2009 in four-row 10 m plots with 1 m row 
spacing using a randomized complete block design with 
four replications. Normal cultural practices were follow- 
ed, however, to fully test the host plant resistance of the 
individual lines to tobacco budworms (TBW) and boll- 
worms (BW), the plots were not sprayed with insec- 
ticides. Tolerance of the lines to the heliothines TBW and 
BW was estimated by counting heliothines present in the 
plot, or measuring weight gain of larvae placed on plants 
in the field, or feeding detached leaves to neonates under 
laboratory conditions. The nu ber of heliothines (TBW  m   
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Table 1. Parentage and gland density of lines used in the study. 

Lines Glanded Parent glandless Parent Gland density 

A6 GL A1006 STV 7A gl fully glanded 

A6 gl A1006 STV 7A gl glandless 

JACO GL JaJo 6078 STV 7A gl fully glanded 

JACO gl JaJo 6078 STV 7A gl glandless 

MAXXA GL MAXXA STV 7A gl fully glanded 

MAXXA gl MAXXA STV 7A gl glandless 

STV GL STV 7A STV 7A gl fully glanded 

STV gl STV 7A STV 7A gl glandless 

GVS 5069 A1006 STV 7A gl 75% of normal 

GVS 5070 A1006 STV 7A gl 50% of normal 

GVS 741-2 A1006 STV 7A gl 25% of normal 

DP 432 Check  fully glanded 

H1220 Check  fully glanded 

 
or BW) present was estimated by shaking insects off the 
plants onto a drop cloth [18]. Two samples, 5 row-meters 
each were taken per plot. To estimate the proportion of 
TBW and BW present in the field, the live larvae col- 
lected on the drop cloth were placed in insect artificial 
diet [33] under laboratory conditions and emerged adults 
were classified to assess the proportion of TBW:BW on a 
given sampling date. 

Field infestation was assessed by placing a <24-h 
laboratory-reared tobacco budworm neonate of the 
USDA-Stoneville colony [27] or a bollworm from a 
commercial vendor (Benzon Research, Carlisle, PA) on 
the terminal meristem of a tagged plant and covering the 
terminal with a 10 cm × 12 cm organza bag (LeMelange, 
Wellington, FL). The terminal was examined to ensure it 
was not damaged and no insects were already on the 
terminal, before applying the neonate. There were four 
bags per plot. The bags were left for seven days, then the 
plant terminal was cut below the bag and taken to the 
laboratory. For each plot, larvae were removed from 
inside the bags, survivorship assessed and larval weights 
averaged. In 2008, a field test with TBW was started 
29-Jul [89 days after planting (DAP)]. In 2009, a test 
with BW was added and started 14-Jul (70 DAP), and 
TBW was tested again 5-Aug (92 DAP). Each test had 
four bags per plot and four replications per line.  

Laboratory evaluations were conducted in parallel 
with the field infestation tests. Newly expanded leaves, 2 
cm wide, were collected in the field plots and transported 
to the laboratory. Five leaves per plot were placed in 
individual 37 ml plastic cups (T-125, Solo Cup Company, 

www.solocup.com). A newly emerged TBW or BW 
neonate, from laboratory reared colonies, was placed on 
each leaf and the cup covered with a lid. The larvae on 
the detached leaves were maintained in an incubator 
under 28˚C, 14:10 hour light: dark cycle and 60% - 85% 
relative humidity conditions for seven days. The cups 
were inspected daily and new leaves added as needed. 
After seven days, larval mortality and weight gain were 
recorded. Weights were recorded as the average weight 
of the surviving larvae from the five leaves per re- 
plication. The laboratory tests were started 30-Jul (90 
DAP) in 2008 and 06-Aug (93 DAP) 2009.  

In October of 2008 and 2009, a sample of seed was 
harvested from each plot and seed gossypol content was 
measured with HPLC using the method described by 
Scheffler and Romano [34]. Previous reports [5,35] and 
the authors’ unpublished data have indicated that the 
levels of TAs in leaves and other non-seed plant parts are 
not always correlated with seed gossypol content and 
TAs other than gossypol play a more important role in 
determining HPR. To investigate this possibility, in 2009 
fifteen 2 cm wide leaves were harvested 17-Jul (73 DAP) 
and 07-Aug (94 DAP) and analyzed for total gossypol, 
hemigossypolone (HGQ) and total heliocides using a 
modified version of an HPLC method from Stipanovic, 
et al. [6] that allowed large numbers of samples to be 
analyzed. Before the leaves were processed, three of the 
leaves were sampled at random and scored for leaf gland 
density. The rating scale was 0 no glands to 6 fully 
glanded. Statistical analyses were carried out using SAS 
(SAS Institute, Cary, NC) for means and standard errors 
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(Std. Err.) and EXCEL (Microsoft, Redmond WA) to cal- 
culate Pearson Product Moment Correlations (r value). 

3. RESULTS 

Seed gossypol and leaf gland densities were deter- 
mined for the lines evaluated in the study and are 
presented in Table 2. Leaf gland density did not always 
reflect the seed gossypol content as highlighted by GVS 
5070 with gland density rating of 3.0% and 0.17% seed 
gossypol in contrast to GVS 741-2 with a rating of 2.2 
and average 0.32% seed gossypol.  

Counts to estimate density of heliothines in the plots 
(Figure 1) were not well correlated with the seed 
gossypol content in the lines in either year (r = −0.56, p > 
0.05 in 2008, r = −0.15, p > 0.05 in 2009). The counts 
varied widely and few of the differences were statis- 
tically significant, suggesting that presence of heliothines 
may not indicate level of host plant tolerance in a line. 
The proportion of TBW (28%) to BW (72%) in the 2008 
plots was slightly higher, but similar to that observed in 
2009 (TBW 15%, BW 85%). As predicted based on 
gland density (Table 1), field testing of weight gain of 
TBW fed on different cotton lines did show differences 
(Figures 2 and 3). Correlations between % seed gossypol 
and TBW weight gain in field tests were r = −0.86, p <  

0.01 in 2008, r = −0.79, p < 0.01 in 2009. The 2009 field 
test of BW showed similar trends (Figure 4). TBW 
laboratory test results were well correlated with field 
tests in 2008 (r = 0.79, p < 0.01 and Figure 2), but were 
less so in 2009 (r = 0.58, p < 0.05 and Figure 3), 
however, the rankings were similar in both years. Corre- 
lations between % seed gossypol and the TBW labo- 
ratory tests were r= −0.84, p < 0.01 in 2008 and r = 
−0.45, p > 0.05 in 2009 (Table 3). The 2009 BW labo- 
ratory results were consistent with predictions based on 
seed gossypol and gland density (Figure 4). There were 
several notable exceptions that did not perform as pre- 
dicted based on seed gossypol content and leaf gland 
density (Table 2 and Figures 2-4). GVS 5069 which 
showed less larval weight gain than predicted with both 
TBW and BW and DP 432 which exhibited more than 
expected weight gain for TBW in 2009. Correlations 
were a good method to evaluate overall trends, but were 
not able to detect the exceptions to the trend that are the 
target of plant breeders. 

The 2009 samples of young newly emerged leaves 
taken at mid-flower (73 DAP) and then at the same time 
the TBW laboratory feeding trial was initiated (94 DAP) 
were analyzed for gossypol, HGQ and total heliocides. 
Results showed that GVS 5069 (0.68% seed gossypol)  

 
Table 2. Percent seed gossypol and leaf gland density rating. 

 Percent Seed Gossypol Leaf Gland Density Rating * + 

 2008 2009   

Level Mean Std Err Mean Std Err 2008 2009 

A6 GL 1.25 cd 0.04 1.29 d 0.06 6.0 6.0 

A6 gl 0.00 a 0.00 0.00 a 0.00 0.0 0.0 

DP 432 1.74 d 0.06 1.66 de 0.17 6.0 6.0 

GVS 5069 0.69 c 0.08 0.65 c 0.21 4.5 4.0 

GVS 5070 0.21 b 0.05 0.13 b 0.10 3.0 3.0 

GVS 741-2 0.36 b 0.06 0.29 b 0.08 2.0 2.5 

H1220 1.74 d 0.10 1.69 de 0.09 6.0 6.0 

JACO GL N/A N/A 1.86 f 0.11 N/A 6.0 

JACOgl 0.00 a 0.00 0.00 a 0.01 0.0 0.0 

MAXXA GL 1.42 d 0.05 1.31 d 0.10 6.0 6.0 

MAXXA gl 0.00 a 0.00 0.00 a 0.00 0.0 0.0 

STV GL 1.52 d 0.07 1.46 d 0.11 6.0 6.0 

STV gl 0.00 a 0.00 0.00 a 0.00 0.0 0.0 

Means within a column followed by the same letter are not significantly different at P > 5%; * Mean of three leaves per plot and four replications; + Leaf gland 
density scores; 0 = no glands; 1 = glands on veins or leaf margins only; 2 = glands on veins and leaf margins; 3 = glands on veins and leaf margins, a few on 
interveinal areas; 4 = glands on veins and leaf margins, reduced to 50% on interveinal areas; 5 = glands on veins and leaf margins, reduced to 75% on interveinal 
areas; 6 = glands on veins and leaf margins, 100% on interveinal areas. 
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Figure 1. Natural heliothine infestation. Average number of Heliothines per 10 row-meters. The 
values are the mean of 2 samples per replication and four replications per line. 

 

 

Figure 2. Mean (Std. Err.) weight gain of tobacco budworm (TBW, Heliothis virescens) larvae fed 
on fresh field grown leaves either in situ or in the laboratory in 2008. Values are the mean of 4 
replications, 4 samples per replication. 

 
had leaf gossypol and HGQ comparable to fully glanded 
lines and the highest average level of total heliocides 
(Tables 4 and 5) compared to all the lines evaluated. The 
check H1220 (1.7% seed gossypol) had the highest 

average level of HGQ and the second highest level of 
heliocides while DP 432 (1.7% seed gossypol) ranked as 
one of the lowest fully glanded lines for HGQ and 
heliocides. These difference re evident in both the  s we  
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Figure 3. Mean (Std. Err.) weight gain of tobacco budworm (TBW, Heliothis virescens) larvae fed on 
fresh field grown leaves either in situ or in the laboratory in 2009. Values are the mean of 4 replica- 
tions, 4 samples per replication. 

 

 

Figure 4. Mean (Std. Err.) weight gain of bollworm (BW, Helicoverpa zea) larvae fed on fresh field 
grown leaves either in situ or in the laboratory in 2009. Values are the mean of 4 replications, 4 
samples per replication. 
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Table 3. Pearson Product Moment Correlations (r value) for mean of the 2009 TA data collected at mid flower (MF, 73 DAP) and late 
flower (LF, 94 DAP), % seed gossypol, field heliothine counts, larval weight gain in field and laboratory tests. 

 
% Seed 

Gossypol 
MF-Gossypol 

(µg/mg) 
MF-HGQ 
(µg/mg)

MF-Helio
(µg/mg)

LF-Gossypol 
(µg/mg) 

LF-HGQ 
(µg/mg)

LF-Helio 
(µg/mg)

Field  
Counts 2009 

TBW Field 
2009 

TBW 
Lab 2009

% Seed Gossypol 1.00 0.89 0.92 0.69 0.91 0.91 0.88 −0.15 −0.79 −0.45 

MF-Gossypol (µg/mg)  1.00 0.99 0.84 0.99 0.98 0.93 −0.19 −0.75 −0.50 

MF-HGQ (µg/mg)   1.00 0.86 0.98 0.98 0.96 −0.15 −0.81 −0.52 

MF-Helio (µg/mg)    1.00 0.82 0.78 0.93 −0.20 −0.78 −0.66 

LF-Gossypol (µg/mg)     1.00 0.99 0.93 −0.19 −0.78 −0.45 

LF-HGQ (µg/mg)      1.00 0.92 −0.14 −0.77 −0.47 

LF-Helio (µg/mg)       1.00 −0.16 −0.86 −0.59 

Field Counts 2009        1.00 −0.01 −0.19 

TBW Field 2009         1.00 0.58 

TBW Lab 2009          1.00 

 
Table 4. Gossypol, hemigossypolone (HGQ) and total heliocide content in terminal leaves collected at mid flower (73 days after 
flowering) in 2009. 

Entry % Gossypol Std Err 
Gossypol 
(µg/mg) 

Std Err 
HGQ  

(µg/mg) 
Std Err 

Heliocides  
(µg/mg) 

Std Err 

A6 GL 0.11 c 0.01 1.13 c 0.08 6.98 d 0.41 3.84 d 0.07 

A6-gl 0.00 a 0.00 0.00 a 0.01 0.00 a 0.00 0.00 a 0.00 

DP 432 0.18 d 0.01 1.80 d 0.08 7.68 d 0.37 2.70 c 0.47 

GVS 5069 0.20 d 0.02 1.98 d 0.19 8.67 e 0.44 6.63 e 0.48 

GVS 5070 0.04 b 0.00 0.38 b 0.04 0.88 b 0.14 0.82 b 0.13 

GVS 741-2 0.04 b 0.01 0.42 b 0.07 1.68 b 0.09 1.36 b 0.20 

H1220 0.26 e 0.04 2.58 e 0.37 11.57 f 0.69 4.71 d 0.32 

JACO GL 0.21 d 0.01 2.05 d 0.06 10.16 f 0.51 3.06 c 0.44 

JACO gl 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 

MAXXA GL 0.10 c 0.01 1.00 c 0.11 5.81 c 0.68 3.24 c 0.19 

MAXXA gl 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 0.01 a 0.01 

STV GL 0.17 d 0.01 1.72 d 0.06 8.06 de 0.38 4.58 d 0.35 

STV gl 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 

Means within a column followed by the same letter are not significantly different at P ≥ 5%. 

 
TBW field and laboratory tests. 

4. DISCUSSION 

Although it is important to document the presence of 
the insect pests under investigation, natural infestations 
are often not uniform and it appears that field insect 
counts alone will not provide a useful selection criterion 
to evaluate a plant’s ability to resist/tolerate TBW or BW. 
Field antibiosis evaluations using a known number of  

larvae feeding on a plant terminal for a specified number 
of days, provided a better alternative to random counts as 
reflected in Table 3. Previous studies showed TBW 
females preferentially laid their eggs on the cotton plant 
terminal and the newly hatched larvae fed first on the 
young terminal leaves before migrating to the young 
squares and young bolls [5,36], so the field test should 
model normal behavior and provide exposure to existing 
climatic conditions. It was sometimes difficult to locate 
the larva, as the terminal had grown markedly during the   
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Table 5. Gossypol, hemigossypolone (HGQ) and total heliocide content in terminal leaves collected at mid flower (94 days after 
flowering) in 2009. 

Entry % Gossypol Std Err 
Gossypol  
(µg/mg) 

Std Err 
HGQ  

(µg/mg) 
Std Err 

Heliocides 
(µg/mg) 

Std Err 

A6 GL 0.10 c 0.01 0.98 c 0.05 4.36 c 0.67 4.54 d 0.30 

A6-gl 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 

DP 432 0.13 d 0.01 1.34 d 0.14 5.30 d 0.69 3.51 c 0.44 

GVS 5069 0.13 d 0.01 1.30 d 0.07 5.36 d 0.19 5.13 d 0.37 

GVS 5070 0.05 b 0.01 0.49 b 0.09 1.10 b 0.34 0.93 b 0.25 

GVS 741-2 0.04 b 0.00 0.38 b 0.02 0.77 b 0.07 0.88 b 0.11 

H1220 0.21 e 0.03 2.06 e 0.26 9.81 f 1.12 5.40 d 0.30 

JACO GL 0.15 d 0.02 1.47 d 0.16 7.24 e 0.79 4.24 cd 0.45 

JACO gl 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 0.00 a 0.00 

MAXXA GL 0.09 c 0.01 0.89 c 0.11 4.01 c 0.79 4.40 d 0.22 

MAXXA gl 0.00 a 0.00 0.01 a 0.01 0.00 a 0.00 0.00 a 0.00 

STV GL 0.14 d 0.01 1.37 d 0.08 5.39 d 0.45 4.44 d 0.48 

STV gl 0.00 a 0.00 0.05 a 0.01 0.00 a 0.00 0.00 a 0.00 

Means within a column followed by the same letter are not significantly different at P ≥ 5%. 

 
seven day infestation period and larvae were still quite 
small. However, it was easy to simply cut off the bag 
enclosing the larva infested plant terminal in the field 
and process it in the lab. The field test was simple and 
required minimal inputs and equipment. Although under 
field conditions, it was not possible to control light, 
moisture, temperature or other environmental factors that 
might influence the study, the results in both years 
indicated it provided reliable results. 

In an attempt to control more of the environmental 
conditions, simplify the evaluation and more accurately 
measure antibiosis effects, newly emerged leaves were 
harvested from the plant terminal and brought into the 
lab. An individual leaf along with one neonate was 
placed into a 30 ml condiment cup with a lid and allowed 
to feed for seven days in a climate controlled incubator. 
Leaves were added as needed to ensure the larva had a 
fresh and adequate food supply. As each larva was 
contained individually in a small cup with one leaf, it 
was easy to recover larvae at the end of the test period.  

Despite inability to control environmental conditions 
in the field, field and laboratory test results were in broad 
agreement and often as predicted based on the seed and 
leaf gland density values (Table 3, Figures 2-4); how- 
ever, there were exceptions. The checks DP 432 (1.7%, 
6.0) and H1220 (1.7%, 6.0) had the same values for seed 
gossypol and leaf gland density (Table 2), but had very 
different ratings for both the field and laboratory feeding 
tests. The line GVS 5069, with 0.68% total gossypol and 

4.2 gland density score, performed as well or better than 
the fully glanded lines except H1220. A6 GL had the 
lowest seed gossypol (1.25%) of all the fully glanded 
lines, but had comparable HGQ and heliocide values.  

In addition to observations that the levels of TAs in 
leaves and other “green” plant parts were not always 
correlated with seed gossypol content [6] (Scheffler 
unpublished data), earlier investigations suggested that 
other compounds might be effective chemical agents 
against TBW and BW [5,35,37]. The results presented 
here indicate that heliocides and HGQ may well play as 
important a role or, in some cases more important role in 
protecting the plant from heliothines than gossypol. The 
levels decreased only slightly during the two weeks from 
mid-flower to late flower, but it would be useful to know 
how the levels of TAs change throughout the season and 
if there were differences between the leaves and other 
plant parts such as bracts, calyces, petals, and bolls. A 
previous study by Dilday and Shaver [38], collected the 
entire flower buds (calyx, petal, ovary and stigma) from 
four cotton lines at 74 DAP to 116 DAP and measured 
“gossypol plus other related terpenoid aldehydes” by 
eliminating the chlorophyll and measuring the absor- 
bance with a spectrophotometer. They found that “gossy- 
pol” in the flower buds changed during the season, but 
they did not measure individual plant parts or separate 
out gossypol from the other terpenoid aldehydes, which 
requires some form of chromatography separation such 
as HPLC.  
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As demonstrated by GVS 5069 which has low seed 
gossypol, but high leaf heliocides and HGQ, the levels in 
different plant organs can be modified independently, 
providing opportunities for modification through selec- 
tion. The squares and young bolls are important targets 
of growing larvae [5,36,37] and the levels in these tissues 
may be as important as leaf TA levels. To gain a more 
complete picture of the possible interactions between 
TBW or BW and cotton plant TA levels, TAs are cur- 
rently being evaluated in a number of tissues from a 
range of cotton lines throughout the growing season.  

It would be easier to simply select cotton lines based 
on TA levels in plant tissues than to conduct field and/or 
laboratory assays. However, a number of researchers 
have reported other factors including leaf shape, tri- 
chome density or nectaries may contribute to a cotton 
plant’s level of “host plant resistance” [24,25,40] and the 
total effect of these factors can only be evaluated at the 
whole plant level. While it may well be possible to do 
preliminary screening based on TA levels, the advanced 
material should still be evaluated as whole plants either 
directly in the field using the method described here to 
measure weight gain of larvae enclosed on plant termi- 
nals or with the laboratory assay that correlated with 
field results. The plant material used here to evaluate 
these methods was a well characterized group of lines 
and the field and laboratory tests demonstrated that a line 
with reduced seed gossypol and gland density could ex- 
hibit antibiosis at the same level or better than fully 
glanded lines. The next step will be to see if a preli- 
minary TA HPLC based screening, followed by field and 
laboratory tests would allow the breeder to select for 
improved HPR in lines with normal glanding and lower 
seed gossypol. HPR resistance alone will not make a line 
high yielding, but selecting for higher levels of TAs in 
addition to yield and fiber quality may give the plant 
breeder another trait to assure stable yield without added 
inputs. 
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