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ABSTRACT

Bock, C. H., and Cotty, P. J. 1999. The relationship of gin date to aflatoxin contamination of

cottonseed in Arizona. Plant Dis. 83:279-285.

During 1995 and 1996, a commercial gin in western Arizona ginned seed cotton on a field-by-
field basis. Seed from each field was kept separate until sampled and analyzed for aflatoxin
content according to Arizona Commercial Feed Law. This gave a comprehensive view of field-
to-field variability in aflatoxin content as the season progressed. Regression analysis indicated
significant relationships between gin date and aflatoxin content in both years. aflatoxin in-
creased with later ginnning. Overall, 89 and 79% of seed lots exceeded 20 ppb in 1995 and
1996, respectively. No field ginned after Julian Day (JD) 273 in 1995 or after JD 267 in 1996
had an aflatoxin content <20 ppb. Means separation confirmed later ginned crops had signifi-
cantly greater aflatoxin content (P = 0.05). In 1996, transgenic Bt and non-Bt cottonseed were
similarly contaminated. Mean aflatoxin content of Bt cottonseed in 1996 was 413 ppb and that
of non-Bt cottonseed was 598 ppb. These observations suggest that, in Arizona, losses from
aflatoxin contamination of cottonseed can be reduced by early harvest.

Aflatoxins are potent mycotoxins pro-
duced by fungi in Aspergillus section flavi.
The toxic effect of aflatoxins on humans
and other animals is well known (7); thus,
many countries regulate the quantity of
aflatoxins alowed in foods and feeds (17).
Aspergillus flavus Link:Fr. infects many
oilseed crops and is frequently, as with
cottonseed, the primary cause of aflatoxin
contamination (13).

When cottonseed is crushed for ail, the
remaining meal then competes with other
vegetable mealsin the livestock feed market.
During crushing, toxin is concentrated about
twofold in the medl. In the U.S,, both cot-
tonseed and cottonseed meal may be sold at
a premium for dairy feed only if the afla
toxin content does not exceed 20 ppb (17).
Seed and mea exceeding 300 ppb aflatoxin
may not be used for beef cattle feed.

In the southwestern U.S., aflatoxin con-
tamination of cottonseed frequently occurs
in furrow-irrigated cotton. Irrigation can
influence aflatoxin contamination, par-
ticularly if continued into the harvest sea
son (19). Indeed, field plot and laboratory
observations suggest crops harvested later
tend to have greater contamination (8).
Cotton is indeterminate; the first bolls to
mature and open are exposed to the envi-
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ronment while later bolls are developing.
Bolls produced closer to the ground fre-
quently contain the greatest aflatoxin con-
tamination (3). These bolls are both the
first to open and the closest to irrigation
water (19).

Contamination is thought to occur in
two phases (4,8): the first occurs prior to
seed maturity; the second after maturity.
Insect damage, particularly pink boll worm
damage (Pectinophora gossypiella Lepi-
doptera: Gelechiidae) is associated with the
first phase. Bolls infected during this phase
frequently produce seed that exhibit blue-
green-yellow-fluorescence (BGYF) of the
lint (3,12). The second phase occurs after
seed maturity, and involves direct infection
of the seed by A. flavus. This process is
favored by warm, moist conditions (4,16).
Contamination of some bollworm-resistant
Bt cottonseed lots in 1995 was attributed to
the second phase of contamination (11).
During the second phase, the aflatoxin
content of seed initialy infected during the
first phase may aso increase. Thus, harvest
date may be an important factor influenc-
ing final aflatoxin content.

The harvest season in Arizona typicaly
extends over severa months. Increased

costs of late irrigation and pest control and
losses associated with crop weathering
may offset benefits of increased yield ac-
crued from continued crop development. It
is not clear how harvest date impacts afla-
toxin contamination in the commercia set-
ting. During 1995 and 1996, collaboration
with a commercia gin afforded the analy-
sis of the impact of gin date on aflatoxin
content. The result is a clear association
between harvest date and seed aflatoxin
content that should be considered when
developing integrated management sys-
tems for the control of aflatoxin contami-
nation of cottonseed.

MATERIALSAND METHODS

Data collection and sample analysis.
Cottonseed from a gin cooperative in the
Mohawk Valley in western Arizona was
assayed for aflatoxin on a field-by-field
basis. Thirty-eight and 101 fields were as-
sayed in 1995 and 1996, respectively.
Aflatoxin values reported here are the val-
ues used in commerce and were deter-
mined as mandated by the Arizona Com-
mercial Feed Law (2). Cottonseed lots not
sent to an oil mill were sampled at the gin
for subsequent aflatoxin andysis at a
commercial laboratory. Samples were
taken from the processing line immediately
after ginning, with a robotic in-line sam-
pler. For each field, small samples (75 to
125 g) were taken at regular intervals and
combined to make a composite sample (12
to 18 kg per field). Law mandates that no
more than 100 tons of cottonseed may be
sampled per analysis; therefore, maximum
field size was less than 100 acres. Seed
sent to oil mills typically is not analyzed by
the gin. Aflatoxin contents of seed lots sent
to oil mills were determined by the mill,
usng officiad methods (1). The aflatoxin
values were averaged where multiple truck-
loads of seed were harvested from a single
field. In 1995, growers were asked to mark
modules and indicate field of origin. In
1996, growers were also asked to supply

Table 1. The number of cottonseed lots sampled, ginning periods, and range of aflatoxin contamina-
tion in the Mohawk Valley, Arizona, in 1995 and 1996

Year
Sample information 1996
Number of cottonseed lots 101
Ginning periods 1 September to 4 December? 9 August to 4 December
Totd days 117
Aflatoxin contamination (ppb) 2102,375 010 2,200

z Julian Day for 1995 = 244338, for 1996 = 221-338.
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harvest date and cultivar. In both years, dll
seed lots ginned were included except those
intended for use as planting seed, for which
aflatoxin content is not analyzed.

Weather data. Daily weather data for
1995 and 1996 were obtained from the
Welton-Mohawk Irrigation Development
District (WMIDD). Weather variables pro-
vided included maximum and minimum
temperatures, rainfall, and daily dew point
temperature. Dew was assumed to have

formed when the temperature fell below
the dew point temperature. Mean weather
data were obtained from the daily westher
data for each week to provide weekly aver-
ages from 13 stations dispersed throughout
the production area. Evaporation data were
obtained from a single central location.
Data analysis. Data were analyzed with
Statistica (StatSoft Program, Tulsa, Okla-
homa, 1994) and Microsoft Excedl (version
5.0). Aflatoxin data were regressed against

Table 2. The number and proportion of cotton-
seed lots with various aflatoxin contents pro-
duced in the Mohawk Valley, Arizona

Aflatoxin Year

content (ppb) 1995 1996 1995 + 1996
0-19.9 411 21(21) 25(18)
20-300 15 (43) 50 (49) 65 (48)
>300 16 (46) 30(30) 46 (34)
Total 35 101 136

2 Numbers in parentheses are the percent seed
lots in each category.
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gin date, rather than harvest date, because
in 1995 harvest dates were not provided.
Aflatoxin values were log transformed
prior to regression analysis and a test of
paralelism was used to assess differences
between the regression solutions from
1995 and 1996. In 1995, ginning of trans-
genic Bt cottonseed |ots was delayed due to
gin clean-out requirements. Therefore,
these fields were excluded from the regres-
sion analysis. In 1996, management of Bt
cultivars at the gin was the same as for
other cultivars; thus, seed lots of NUCOTN
338 were included in the regression analy-
sis. In order to compare aflatoxin contents
of seed from different ginning periods, we
averaged a minimum of five consecutive
aflatoxin content values and generated a
teble of means versus ginning period.
Samples ginned on the same date were not
split between means, and thus the mean
values were representative of five to nine
vaues. Means separation was performed
after the data were log transformed with the
Spjotvdl and Stoline test (20; P = 0.05).
Regression analysis was also performed on
the mean data. In 1996 (the only year for

daily increase in 1995 was only 1.82 ppb
on Julian Day (JD) 250, but by JD 291 it
was 17.56 ppb. In 1996, the predicted
daily increases were 0.88 and 7.68 ppb
per day on JD 250 and 291, respectively.
No cottonseed ginned after JD 273 in
1995 or after JD 267 in 1996 had an
aflatoxin content <20 ppb, and no cotton-
seed ginned after JD 303 in 1995 had
<300 ppb (Fig. 3A and B, respectively).
In 1996, a single cottonseed lot was
ginned on JD 338 with 90 ppb aflatoxin,
but 89% of the fields with <300 ppb had
been ginned by JD 303.

Mean weekly weather data and mean
weekly aflatoxin data for weeks ending JD
224 10 343 for 1995 and 1996 are shown in
Figures 4 and 5, respectively. Weather sta-
tion mean weekly maximum temperatures

until the week ending JD 308 in 1995 and
1996. After this date, mean weekly afla-
toxin levels were based on fewer than three
values and the trend was less clear. Evapo-
ration steadily decreased as the season pro-
gressed.

Both transgenidBt and nonBt cottons
were grown in 1996 (Table 5). No cultivar
information was available in 1995. Sure-
Grow 125 was the most commonly grown
cultivar, constituting 32% of the seed lots
analyzed. Cultivars Deltapine 5415 and
Sure-Grow 501 were also widely grown.
No cultivar was free from aflatoxin. Mean
aflatoxin content for all varieties exceeded
20 ppb. For no cultivar at any time was the
actual aflatoxin significantly different from
the predicted aflatoxin content. In 1995,
only threeBt cottonseed lots were avail-

were consistently above 25°C and the able for analysis (Table 6). Aflatoxin
number of nights in which temperature ranged from 600 to 7,000 ppb, and among
dropped below the dew point ranged from the nonBt lots from 2 to 2,375 ppb (37
0 to 7. Mean weekly aflatoxin increased lots). However, in 1996, when eight trans-

Table 3. The relationship between aflatoxin content of ginned cottonseed and gin date in Arizona in

1995 and 1996

which cultivar data were available) the ob- Year Data type Transformation Regression model Regression solution R2
served and pred'CteF’ aﬂato},('n OonFer"FS 1995 Individual seed lots Untransformed Linear y = 18.99x — 4818.6 0.47
(based on the regression solution for indi- Log Linear logy = 0.024x — 4.47  0.49
vidua cottonseed lots in 1996) for each cul- Sample mearis Untransformed  Linear y=17.68x —4485.9  0.95
tivar were compared with at test (P = 0.05). Untransformed ~ Exponential y = 0.00008&2 0.76
Comparisons were made only if there were 1996 Individual seed lots  Untransformed  Linear y=8.89x -2151.5  0.27
more than four seed lots for that cultivar. Log Linear logy = 0.023x —4.52  0.55
Sample means Untransformed Linear y =8.89x — 2154 .5 0.68
RESULTS Untransformed Exponential y = 0.0000P& 0.81

The total number of harvested fields ex-
amined, the ginning periods, and the range
of aflatoxin contamination in 1995 and
1996 are shown in Table 1. Gin date
closely followed harvest date for al fields
in 1996 (Fig. 1). In both years, aflatoxin

Z For both years means were of a minimum of five consecutive values. Values of cottonseed lots
ginned on a single date were not split between means.

Table 4. Mean aflatoxin content of cottonseed ginned over consecutive periods in the Mohawk
Valley, Arizona, in 1995 and 1996

content ranged from <20 to >2,000 ppb. Harvest period Mean aflatoxin ~ Samples Percent seed lots  Range of aflatoxin
The pefcmtagebg Seedhmts with af latIOXIerll Year (Julian Day)  content (ppb)” (no.) below 20 ppb content (ppb)
contamination below the maximum lev
allowed for dairy use (20 ppb) was 11%in % 244259 28 %, o SR
1995 and 21% in 1996 (Table 2). Contami- 268—-273 396 ab 7 14 7—850
nation exceeded 300 ppb in 46 and 30% of 275-280 284 ab 5 0 34-785
cottonseed lots ginned in 1995 and 1996, 285-298 741 ab 5 0 168-1,800
respectively. 301-338 1,148 a 9 0 108-2,375
Aflatoxin contents of cottonseed lots 1996 221-229 39 5 100 0-11
were significantly correlated with gin date 233-239 11g 6 67 0-23
in both 1995 and 1996, with aflatoxin in- 241-247 6 fg 6 100 0-15
creasing with later ginning (Fig. 2 and Ta- 248-254 101 efg 5 60 0-450
ble 3). The relationship with the log trans- 255-260 48 cdefg 5 20 0-109
formed data for individual cottonseed lots ggi'ggg Eg Cge; Z 393 zg_igi
was linear in both 1995 (R? = 0.49) and 8272 155 odof : o 26295
1996 (R? = 0.55) and highly consistent 275-278 279 cde 5 0 39-570
between years (test of parallelism indicated 279-282 185 cde 5 0 92-240
no significant difference, P = 0.05). The 283-284 301 cde 5 0 110-500
relationship between aflatoxin means (5 to 285-288 320 cd 6 0 27-690
9 lots per mean) and gin date was best de- 289-297 436 cd 6 0 200-1,296
scribed by a linear model for 1995 (R? = 298-302 804 cd > 0 88-2,200
0.95), and an exponential model for 1996 ggi:g?g 122; gd 56 8 Zggf’gff
(R = 081). Separation of means con- 317-319 706 ¢ 5 0 30-1,352
firmed crops harvested later had signifi- 323-338 789 ¢ 6 0 90-1,366

cantly greater aflatoxin than those har-
vested early (Table 4).

Based on the logarithmic regression of
individual cottonseed lots, the predicted

* For both years averages were of a minimum of five consecutive values.

Y Means for each year with a common letter were not significantly diffeRert .05), using the
Spjotvall and Stoline test (20).

Z The separation of means was performed with log transformed data.
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genic Bt cotton crops were analyzed during
the period JD 280 to 337 the mean afla
toxin content was 413 ppb (range 92 to
1,000 ppb), while that of the 34 non-Bt
cottonseed lots ginned during the same pe-
riod was 598 ppb (range 27 to 2,200). Cor-
relation analysis between gin date and
aflatoxin content of Bt cotton showed a
positive relationship (r = 0.88, P = 0.05)
similar to that seen with non-Bt cottons.

DISCUSSION

The present study is the first documen-
tation of the severe impact harvest date has
on aflatoxin contamination of commercial

cottonseed. Cottonseed harvested later in
the season has a greater risk of unaccept-
able aflatoxin contamination. This con-
firms field plot observations on cotton (8)
and corn (15). However, the effect of har-
vest date in the present study exceeds what
might be anticipated from the field plot
studies. In both 1995 and 1996, most cot-
tonseed lots exceeded the maximum afla-
toxin content (20 ppb) permissible for
dairy feed and a large proportion exceeded
that allowed for beef cattle feed (300 ppb).

Programs directed at limiting aflatoxin
contamination of cottonseed need to consider
potential harvest date influences. In the Mo-

hawk Valey in 1995 and 1996, cottonseed
harvested and ginned later than JD 273 had a
greater than 50% chance of exceeding 20 ppb
(Fig. 3A and B). In addition to minimizing the
risk of aflatoxin contamination, early harvest
reduces overwintering insect pests (14) and
lint westhering (thus improving lint grade),
and increases vaue (21). Previous observa
tions suggested that, once harvested, cotton
should be ginned in a timely manner (5,
18). In the present study, ginning closely
followed harvest date. Late season irriga
tion can provide adeguate moisture for
fungal activity and increased aflatoxin pro-
duction (19). However, weather observa-
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tions made during the present study sug-
gest that even in the absence of irrigation,
sufficient moisture (in the form of dew or
high relative humidity) is available to drive
aflatoxin increases.

In the present study, a commercia gin
segregated cottonseed lots on a field-by-
field basis. At most gins, seed from differ-
ent fields are co-mingled. Segregation can
result in increased numbers of seed lots

Maximum temperature =— = Mean temperature

with acceptable aflatoxin content, and may
be an additional, cost-effective, aflatoxin
management tool. In this study, segregation
resulted in acceptable seed lots when mean
toxin contents exceeded 20 ppb between
JD 244 and 273 in 1995, and JD 221 and
267in 1996 (Fig. 2 and Table 4).

The relationship between harvest date
and the log transformed data for individual
cottonseed lots was linear. Thus, the rate of

contamination actualy increases as the
season progresses, and delayed harvest not
only risks increased aflatoxin, but the
quantity of contamination forming during a
defined period will be grester later in the
season. The regression solutions for the
mean dflatoxin data (Table 3) in 1995
(linear) and in 1996 (exponential) differed.
Such differences may be attributable to
both environmenta and management
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the period August to December, 1996. Number of cottonseed lots ginned each week is shown and mean weekly aflatoxin content of seed indicated. Stan-
dard deviations are indicated for mean weekly aflatoxin only when more than two data points were used for mean estimation.

changes. The observed differences may be
atributable in part to the expanded and
earlier harvest period in 1996.

Early harvest will reduce the chance of
later infections becoming established in

284 Plant Disease / Vol. 83 No. 3

both freshly split bolls and those that have
been open and subject to weathering for
several weeks. Once seed are colonized
with a toxigenic strain of A. flawus the
level of contamination will increase with

time, given sufficient moisture and warmth
(8). In Arizona, bolls may mature and open
over several months (boll opening depends
on date of anthesis, canopy position, and
heat unit accumulation); therefore, both the



Table 5. The proportion of different varieties, mean aflatoxin content and range of contamination in

the Mohawk Valley, Arizona, 1996

Aflatoxin (ppb)

Percent total Mean Harvest period
Cultivar seed lots content  Predicted Range ttest (Julian Day)
Sure-Grow 125 32 212 142 0-1,334 ‘WS 225-338
Deltapine 5415 17 249 129 0-2,200 NS 243-319
Sure-Grow 501 12 261 101 0-1,296 NS 233-305
NuCOTN 33« 8 413 667 92-1,000 NS 221-338
Deltapine 5409 7 397 150 3-1,366 NS 236-326
Stoneville-474 6 354 181 0-2,000 NS 229-305
Deltapine 51 4 262 291 88-690 Y- 286-312
Deltapine 50 3 1,054 453 312-2,000 - 300-317
Sure-Grow 404 2 288 60 76-500 - 261-283
Stoneville-1001 1 975 1,269 975 - 326
Cultivar mix 5 578 - 0-2,000 - 221-305
Unknown 3 149 - 109-230 - 109-230

WNot significant.
* Transgenidt cotton.

Y t test not performed due to insufficient sample size.
z More than one cultivar in each seed lot analyzed for aflatoxin.

Table 6. Mean aflatoxin content of transgenic Bt cotton and non-Bt cottons harvested in the Mohawk

Valley, Arizona, in 1995 and 1996

Year
1995 1996
Aflatoxin (ppb) Aflatoxin (ppb)
Cultivar Fields (no.) Mean Range Fields (no.)* Mean Range
Bt cotton 2 3,700Y 600-7,000 8 413 (328) 92-1,000
Non-Bt cotton 37 525 (647) 2-2,375 34 598 (634) 27-2,200

* The number of fields in 1996 relates to the period JD (Julian Day) 280-337 duringBukimttons

were ginned.

¥'In 1995, there were only two fields Bf cotton, so no standard deviation is quoted for these data.

z Standard deviations of the means indicated in parentheses.

first and second phases of infection may
occur simultaneously on asingle plant.

It wasinitially thought that transgenic Bt
cottons resistant to the pink bollworm
would be largely resistant to aflatoxin
contamination. Early field plot studies un-
der high pink bollworm pressure supported
this (6,11). However, in 1995, problems
with aflatoxin contamination of Bt cotton-
seed were first observed (11). In the pres-
ent study, transgenic Bt cottons had afla-
toxin contents similar to non-Bt cottons.
All varieties examined had seed lots ex-
ceeding 20 ppb. Resistance of Bt cotton to
insect pests reduces the cost of delaying
harvest; thus, the advent of Bt cotton may
result in growers holding crops in the field
longer (10) and, therefore, increased con-
tamination.

In order to improve the economics of
pest control and crop management, there
has been a trend toward shorter season
cotton (8). Early harvest date reduces the
risk of aflatoxin contamination. However,
growers often receive a gin average price
for their seed. Thus, growers harvesting
early receive the same price as those har-
vesting late. Greater incentive to growers
to harvest early may be gained by giving a
monthly or weekly average price based on
harvest date. However, as the percentage of
the crop harvested early increases, so will

the period between harvest and ginning. If
ginning is delayed, the importance of har-
vesting a dry crop, proper module con-
struction, and module tarping will increase
(5,18). Understanding the epidemiology of
aflatoxin contamination may be vital to the
development of integrated programs to
manage aflatoxin contamination. In com-
bination with other methods of control,
including the use of transgenic Bt cottons
and biocontrol agents (9), earlier harvest
dates may alow the grower an element of
control over what is frequently a severe
and frustrating problem.
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