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ABSTRACT

Mehan, V. K., Rao, R. C. N., McDonald, D., and Williams, J. H. 1988. Management of drought stress to improve field screening of peanuts for resistance to

Aspergillus flavus. Phytopathology 78:659-663.

Drought stress during late stages of pod maturation in an irrigated
peanut crop during the postrainy season significantly increased the amount
of seed infection by Aspergillus flavus. A line-source sprinkler irrigation
system imposing a drought-stress gradient was used for field screening of
peanut genotypes for resistance to seed infection by A. flavus. A significant,
positive, linear relationship was found between water deficit (drought

Additional key word: aflatoxins.

intensity) and seed infection in peanut genotypes. Genotypic differences for
seed infection by A. flavus were evident at all levels of drought-stress, but,
under the more severe drought stress conditions, the genotypes resistant to
A. flavus had low but positive levels of seed infection giving improved
statistical precision.

The toxigenic fungus Aspergillus flavus Link ex Fries can infect
peanuts (Arachis hypogaea 1.) and contaminate seeds with
aflatoxins either before or after the crop is harvested (5). Drought
stress during the last 4-6 wk of crop development has been found to
favorinvasion of pods and seeds by A. flavus (2,8,14,15). Drought
is usually associated with elevated pod-zone soil temperatures, and
high soil temperature may also influence the production of
aflatoxins in seeds infected by A. flavus (2). Most reports of
preharvest contamination of peanuts with aflatoxins have been
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from areas where crops have been subjected to drought
(1,4,6,10,12,13), and particularly from the semi-arid tropics where
drought is of common occurrence. There is only a single report on
the use of drought stress to field-screen peanut genotypes for
resistance to aflatoxin contamination (3). Evaluation of peanut
genotypes for resistance to seed infection by A. flavus in the field
has generally been done on rainy season crops, which may or may
not suffer from drought during pod development (3,4,12,16). In
locations such as ICRISAT Center, where peanuts can be grown as
an irrigated dry season crop, it is possible to screen genotypes for
field resistance to seed invasion by A. flavus under imposed late-
season drought stress.
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This paper reports the effects of water deficit on seed infection of
some peanut genotypes by A. flavus and considers how
management of drought-stress can be used to improve screening of
peanuts for resistance to A. flavus.

MATERIALS AND METHODS

All experiments were conducted at ICRISAT Center,
Patancheru (17°3'N, 78° 16'E), near Hyderabad, India. The crops
were grown during the postrainy season (November-April) on
Alfisols with water holding capacity of about 100 mm in 120 cm
profile. In all experiments, 40 kg ha ' of P,Os were applied at land
preparation.

Effects of timing of drought stress on preharvest seed infection
by A. flavus. During the 1984-1985 postrainy season, eight
genotypes were grown in a split-plot design with three replications.
The main-plots were assigned to drought treatments and subplots
to genotypes. These genotypes included four resistant (Ah 7223, J
11, UF 71513, and PI 337394F) and four susceptible (TMV 2,
Gangapuri, EC 76446[292], and NC Ac 17090) to in vitro seed
colonization by A. flavus of rehydrated, mature, stored seed
(11,12). Plots were 9 m long by 3.75 m wide. Seeds were sown singly
at 10-cm spacing along 75-cm wide ridges. All plots were furrow-
irrigated to field capacity (at 7-day intervals) until 85 days after
sowing. Three drought-stress treatments were then imposed by
withholding irrigation from 85-115, 85-125, or 95-125 days after
sowing. Plots that were drought-stressed from 85-115 days after
sowing were then irrigated. Control plots were irrigated to field
capacity at 7-day intervals throughout the growing period. All
plots were harvested at 125 days after sowing. At harvest, 25-30
plants were selected at random from each plot, and about 500
mature, undamaged pods were collected from them. The pods were
hand-shelled, and 200 seeds from each plot were examined for
infection by A. flavus (12). The seeds were surface-sterilized by
soaking for 3 minin a 0.19% aqueous solution of mercuric chloride,
rinsed in two changes of sterile distilled water, and then plated onto
Czapek-Dox agar medium with rose bengal and streptomycin
in petri plates for isolation of fungi. The plates were incu-
bated at 25 C in the dark and colonies of fungi growing from
seeds were recorded after 5-7 days. No distinction was made
between colonies of A. flavus and A. parasiticus Speare, both being
referred to as A. flavus in this paper. From many earlier
experiments it was estimated that more than 90% of Aspergillus
Slavus group fungi isolated from peanut seeds and from peanut
fields at ICRISAT Center were A. flavus.

Another trial was conducted in the same season with the same
eight genotypes. In this trial, drought-stress (imposed by
withholding irrigation from 95-125 days after sowing) was
compared with full irrigation (plots irrigated to field capacity at
7-day intervals throughout the growing period). The genotypes
were harvested 125 days after sowing, and pods sampled for seed
infection by A. flavus as described above. This trial was repeated
during the 1985-1986 postrainy season.

Effects of intensity of drought on seed infection by A. flavus
(1983-1984 and 1985-1986 postrainy seasons). Seventeen peanut
genotypes were tested for resistance/ susceptibility to seed infection
by A. flavus under different drought intensities. Six genotypes (Ah
7223,1 11, U 4-47-7, Var. 27, Faizpur, and C55-437) were resistant
to in vitro seed colonization by A. flavus, 10 (Exotic-6, NG 387,
GFA Spanish, Sir of Bizapur, 26-5-2, Local-3, TMV 2, Gangapuri,
EC 76446[292], and Robut 33-1) were susceptible, and one (U
1-2-1) was highly susceptible.

The layout of the experiment was similar in both years and is
outlined in Figure I. The genotypes were each sown in two rows
across 10 beds (1.2 m width), the rows being 30 cm apart, and seeds
were sown singly at 10-cm spacing along the rows. There were three
replications. All plots were irrigated to field capacity at 7-day
intervals up to 95 days after sowing, using sprinklers. Then a
line-source sprinkler irrigation system (7) was used to create a
gradient of water deficit from beds I to 10, thus simulating drought
stress of increasing intensity. Bed 1 was near the sprinkler line and
received about 50 mm of water for each irrigation, while bed 10 was
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12 m from the sprinkler line and received only 2 mm. The exact
amounts of water applied were determined at each irrigation using
catchcans placed perpendicularly to the sprinkler line at three
locations in each of the 10 beds. During the treatment period
(95125 days after sowing), five sprinkler irrigations were applied
at weekly intervals, and the cumulative amounts of water received
by each bed over this period were determined. The drought
intensity was expressed in terms of percentage water deficit which
was calculated by the formula :

Y=[(X,— X2)/ Xi]- 100

where VY is the percent water deficit, X is cumulative evaporation
measured during drought treatment, and X: is cumulative amount
of water applied during the drought treatment. The data on daily
cumulative evaporation were collected from a class A open pan
situated in the ICRISAT Meteorological Laboratory, about 1 km
from the experimental site. Water applied and consequent water
deficit created in different beds during the drought treatment
period are given in Table 1.

Soil temperatures in the pod zone were recorded by
thermocouples placed at 5-cm depth at four locations in beds 2, 4,
6, 8, and 10. Spot values were recorded at 0600 and 1400 hours on
alternate days starting from 95 days after sowing.

Plants were harvested at 125 days after sowing and arranged in
windrows with pods exposed to dry for 2 days. Mature pods were
picked from the plants and sun-dried to a seed moisture content of
7-8%. One hundred seed from the dried pods from the second,
fourth, sixth, eighth, and tenth beds, in each replication, were tested
as described above for infection by A. flavus.
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Fig. 1. The line-source sprinkler irrigation system and field arrangement of
genotypes, sprinklers, catchcans, and thermocouples used to establish a
gradient of water deficiency across the experiment unit.

TABLE 1. Amount of water applied and water deficit created in different
beds using the line-source sprinkler irrigation system during the 1983-1984
and 1985-1986 postrainy seasons

19831984 1985-1986

Amount of Water Amount of Water

water applied” deficit water applied” deficit
Bed no. (cm) (%) (cm) (%)
1 20.8 42 18.5 33
2 18.7 48 17.7 36
3 16.5 54 16.4 41
4 13.6 62 15.0 46
5 10.3 71 11.8 58
6 6.9 80 7.4 73
7 3.7 90 i3 88
8 1.1 96 1.1 96
9 0.8 98 0.3 99
10 0.2 99 100

"Cumulative amount of water applied during the treatment period (95-125
days after sowing).



Statistical analysis. In the experiment on timing of drought,
analyses of variance were performed for percent seed infection by
A. flavus, using arc sine transformed values. In the experiment
where drought intensity was varied under line-source irrigation,
analyses of variance for seed infection by A. flavus were done
separately over genotypes for beds 2, 4, 6, 8, and 10. For each
genotype, the mean values for seed infection by A. flavus in each of
these beds were regressed against the respective percent water
deficits.

RESULTS

Effects of timing of drought stress. Drought treatments
increased seed infection by A. flavus (Table 2) but did not differ
significantly from one another. Significant genotypic differences
were found for seed infection by A. flavus in both fully irrigated
and drought-stress treatments; genotypes with resistance to in vitro
seed colonization by A. flavus (Ah 7223, J 11, and UF 71513) had
significantly lower percentages of seed infected than had the
susceptible genotypes (TMV 2, Gangapuri, EC 76446[292], and
NC Ac 17090). Significant interactions (P < 0.045) were found
between genotypes and drought-stress treatments for seed
infection by A. flavus.

In the other trials (1984-1985 and 1985-1986 seasons), late-
season drought-stress (from 95-125 days after sowing)
significantly increased infection by A. flavus in seeds of all eight

TABLE 2. Seed infection by Aspergillus flavus in eight peanut genotypes
grown under irrigated and drought-stressed treatments in the 1984-1985
postrainy season

Seed infected by A. flavus (%)

Period of drought stress (DAS)"

Full
Genotypes irrigation® 85-115 85-125 95-125
Ah 7223 0.1(1.9) 1.0(5.7) 0.6(4.6) 0.2(2.7)
J 11 0.1(1,9) 0.4(3.8) 1.9(7.9) 1.3(6.5)
UF 71513 0.4(3.8) 0.4(3.8) 0.9(5.4) 1.6(7.3)
P1 337394F 0.4(3.8) 1.9(7.9) 2.3(8.7) 3.3(10.4)
TMV 2 1.9(7.9) 4.3(12.0) 3.6(11.1) 7.0(15.3)
Gangapuri 2.3(8.7) 5.0012.9) 7.2(15.5)  13.3(21.4)
NC Ac 17090 1.3(6.5) 4.0(11.5) 8.1(16.5) 6.3(14.6)
EC 76446(292) 4.0(11.5) 10.7(19.1) 14.2(22.5)  13.2(21.3)

“Full irrigation at 7-day intervals was to field capacity throughout the
growing season.

"DAS = Days after sowing.

“Values in parentheses are arc sine transformations. The standard error for
the experiment was * 1.6 with a coefficient of variation of 27.9%.

TABLE 3. Seed infection by Aspergillus flavus in eight peanut genotypes
grown under full irrigation and with a 30-day drought period in the
1984-1985 and 1985-1986 postrainy seasons

Seed infected by A. flavus (%)

1984-1985 1985-1986

Drought Drought
Genotypes Irrigation’ (95-125 DAS)”  Irrigation® (95-125 DAS)
Ah 7223 0.4(2.5)° 1.4(6.8) 0.0(0.0) 0.8(5.2)
J 1l 0.7(3.1) 2.0(8.0) 0.0(0.0) 1.0(5.7)
UF 71513 0.7(3.4) 2.3(8.4) 0.0(0.0) 1.2(6.2)
P1 337394F 1.2(6.3) 3.4(10.6) 0.5(3.3) 1.7(7.3)
T™V 2 2.9(9.5) 6.6(14.6) 1.0(5.6) 3.7(11.0)
Gangapuri 4.6(12.3) 12.8(20.8) 3.009.9) 9.5(17.9)
NCAc 17090 2.4(8.6) 14.2(21.9) 4.5(12.2) 13.3(21.4)
EC 76446(292) 5.8(13.5) 13.7(20.8) 3.7(11.0) 16.7(24.1)

"Full irrigation at 7-day intervals was to field capacity throughout the
growing season.

"DAS = Days after sowing.

“Values in parentheses are arc sine transtormations. The standard error for
the 1984-1985 experiment was +0.91 with a coefficient of variation of
25.49%; for 1985-1986 experiment it was +£0.43 with a coefficient of
variation of 8.5%.

genotypes tested (Table 3), levels of infection being of a similar
order to those recorded in the first trial (Tables 2 and 3). Significant
differences in seed infection by A. flavus were again found between
genotypes. In both seasons, the genotype X drought-stress
interactions were highly significant (P < 0.001) for seed infection
by A. flavus.

Effects of intensity of late-season drought stress. The line-source
irrigation created a water deficit gradient and an associated mean
pod-zone soil temperature gradient ranging from 21.2-24.1 C
(minimum) to 29.2-40.1 C (maximum) from beds 2 to 10. In
general, seed infection of a genotype by A. flavus increased with
increasing water deficit in both seasons (Figs. 2and 3). There were
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Fig. 2. Relationship between water deficit and seed infection by Aspergillus
Savus in 17 peanut genotypes during the 1983-1984 postrainy season (All
regression lines are significant at P << 0.05).
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Fig. 3. Relationship between water deficit and seed infection by Aspergillus
flavus in 17 peanut genotypes during the 1985-1986 postrainy season (All
regression lines are significant at P<< 0,05).
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significant differences among genotypes for rate of increase in seed
infection per unit increase in water deficit. Regression analyses
showed significant (P<C0.05) linear relationship between the levels
of water deficit and seed infection by A. flavus for all genotypes.
Genotypic differences in seed infection by A. flavus under high
water deficit conditions (bed 10) correlated significantly (r= 0.87,
P < 0.01) with differences under low water deficit conditions in
both seasons (Fig. 4). In most of the genotypes, the slopes were
similar across years. Genotypes differed significantly for seed
infection by A. flavus across all levels of water deficit. TMV 2,
Gangapuri, Robut 33-1, Local-3, Sir of Bizapur, GFA Spanish,
NG 387, 26-5-2, and U 1-2-1 were susceptible to A. flavus. EC
76446(292) had the highest levels of seed infection by A. flavus
(6.0-29.3%). The genotypes Ah 7223, J 11, Exotic-6, U4-47-7, and
(C55-437 showed low levels of seed infection (0.0-3.3%) across all
levels of water deficit in both seasons.

DISCUSSION

Drought stress imposed from 85 or 95 days after sowing until
harvest substantially increased preharvest seed infection by A.
Slavus. This was confirmed in trials over two postrainy seasons
when drought stress during late stages of pod development (95-125
days after sowing) gave significant increases in preharvest infection
of seeds by A. flavus. Similar results have been reported from the
United States, where peanuts were drought-stressed in the rainy
season using rainout shelters (15).

The linear relationship between water deficit and seed infection
by A. flavus, shown in the present study for all genotypes,
demonstrates the reliability of line-source sprinkler irrigation as a
screening method; effective enhancement of seed infection being
obtained over a considerable range of water deficit (Figs. 2 and 3).
This permits a choice to be made of the position on the stress
gradient in the field from which to collect material for resistance
screening. For instance, in Alfisol fields at ICRISAT Center, seed
should be collected from water deficits of 80-999 since seed
infection by A. flavus is substantially enhanced at these levels. It is
more convenient to screen for resistance under drought conditions
than under irrigated conditions as seed infection will occur in
almost all genotypes. The resistant genotypes had 1.7-3% seed
infection by A. flavus compared with about 30% in susceptible
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Fig. 4. Regression lines for seed infection by Aspergillus flavus in peanut
genotypes in high and low water deficit conditions in the 19831984 (—, )
and 1985-1986 (....... , ) postrainy seasons.
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genotypes under the maximum drought-stress conditions (Figs. 2
and 3). The statistical precision of the trials for seed infection
increased with increasing water deficit, and this is well reflected
through decreasing coefficients of variation (30.8-18.0% in the
1983—1984 season; 32.6-15.5% in the 1985-1986 season) as water
deficit increased. By imposing late-season drought stress it should
be possible to obtain statistical precision in screening for resistance
to A. flavus from a smaller seed sample than that required when
screening under nonstress conditions, a matter of some importance
when there is limited seed available in a resistance breeding
program.

All genotypes with resistance to in vitro seed colonization by A4.
flavus, except Var. 27 and Faizpur, showed low levels of seed
infection by A. flavus in the field. Most of the susceptible
genotypes had high levels of seed infection, but Exotic-6 showed
resistance to seed infection in the field. Another genotype, Ul-2-1,
that is highly susceptible to in vitro seed colonization by A. flavus
had lower levels of seed infection. These results are in accord with
the findings of Kisoymbe et al (9) and Mehan et al (12) and
emphasize that it should not be assumed that all genotypes
resistant to in vitro seed colonization by A. flavus are also resistant
to seed infection by A. flavus in the field. In the case of in vitro seed
colonization tests, genotypes can be categorized according to
percentage of seeds colonized by A. flavus as resistant (up to 15%),
moderately resistant (16-309%), susceptible (31-50%), and highly
susceptible (over 50%) (11). When one deals with natural seed
infection in the field, the situation is complicated by the variability
of environmental factors influencing seed invasion by A. flavus,
and genotypic variation is best measured by comparison with
standard resistant and susceptible control genotypes. In the trials
reported in this paper, mean incidence of natural seed infection
ranged from zero to 30%. Within this range we considered
genotypes with 3% or lower incidence to be resistant. The
genotypic reactions to A. flavus obtained in the present
experiments were similar to those found when several of these
genotypes were grown in a drought-prone location (Anantapur,
Andhra Pradesh, India) in the rainy season (Mehan, unpublished).

Genetic variation in resistance of peanuts to aflatoxin
contamination can be evaluated in terms of seed infection by the
toxigenic A. flavus as described above. It can accurately be
evaluated by comparing the aflatoxin contents of seeds of different
genotypes. The line-source irrigation system can be used for both
purposes in environments where pod-zone soil temperatures are
favorable for aflatoxin production. Temperatures between 25 and
31 C are conducive under drought conditions (2). For a specific
environment it would be necessary to measure the temperature
gradient to enable choice of positions on it most suitable for
aflatoxin contamination.

Although a single drought-stress treatment during pod
development (about 30 days before harvest) could be used to
improve screening of peanut germ plasm for resistance to seed
infection by A. flavus, use of the line-source sprinkler irrigation
method has the advantage that it can be combined with drought
tolerance screening. At ICRISAT, physiologists use the line-
source irrigation system for initial screening of peanut germ plasm
for drought tolerance. This has been taken advantage of to screen
the same material for resistance to seed infection by A. flavus over
a range of water deficits. Such a combined effort may be
appropriate in other research institutions concerned with both
drought and aflatoxin problems.
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