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Effect of Irrigation Regimes on Aflatoxin Contamination of Peanut Pods’ 
David M. Wilson*z and James R. StanselP 

ABSTRACT 

Florunner and Florigiant peanuts were grown and foliar in- 
oculated with an aflatoxin producing isolate of Aspergillus 
parasiticus (NRRL 2999) 30 days after planting. Four replicates 
were grown in plots under rainfall controlled shelters with six 
irrigation treatments: (1) wet from day 0-145, (2) dry from days 
36-70, (3) dry from days 71-105, (4) dry from days 106-145, (5) 
dry from days 36-105, (6) dry from days 71-145. Aflatoxin con- 
centrations fiom Florunner peanuts were significantly different 
between treatments (P = 0.01) in 1974 and 1976 but not in 1975 
or 1977. In 1974 and 1976, sound mature kernels of Florunner 
from treatments 4 and 6 contained significantly more aflatoxin 
when compared to other treatments. Aflatoxin contamination of 
Florigiant sound mature kernels from treatments 4 and 6 in 
1975 and treatment 6 in 1974 was significantly greater (P = 0.01) 
than other treatments, but not in 1977. No data were taken in 
1976 for Florigiant peanuts. Water stress during the last 40 to 
75 days of the season contributed to aflatoxin contamination of 
sound mature kernels three of the four years on one or both cul- 
tivars. Because of year to year variation, drought stress alone 
does not consistently affect field aflatoxin contamination. In 
some years other environmental factors must have interacted 
with drought stress to promote or inhibit preharvest aflatoxin 
contamination. However, in all treatments where irrigation was 
applied during the last 40 days of the season, no significant af- 
latoxin contamination was detected in any cultivar any year of 
the test. 

Segregation 3 peanuts are a chronic problem for 
peanut farmers. These peanuts have visible Aspergillus 
flavus growth on kernels in official grade samples (3). 
The assumption that visual detection of moldy peanuts 
will divert all aflatoxin contaminated lots to nonedible 
uses is dangerous since not all contaminated lots will be 
detected. Matoxin may be present in lots with no visible 
A. flavus, or there may be no ailatoxin when A. flavus is 
visible. There are several ways that contamination of far- 
mers’ stock peanuts may occur; these include contamina- 
tion before digging, in the windrow, during the combin- 
ing and drying operations (2), or in deficient warehouse 
storage (1)). 

Pettit et  al. (9) demonstrated that peanuts grown 
under dry land conditions, where drought stress oc- 
curred, contained more aflatoxin before digging than 
peanuts grown under irrigation. Their observations are 
supported by work of McDonald and Harkness (7) and 
Dickens, Satterwhite and Sneed (4). 

The purpose of this research was to determine the ef- 
fects of preharvest drought stress on ailatoxin contamina- 
tion of peanuts. 
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Materials and Methods 
The experimental procedures have been described previously in de- 

tail (8); therefore, only a summary of the methods will be given here. 
Florunner and Florigiant peanuts were grown from 1974 through 1977 
in 1.52 x 1.83 m rainfall protected plots of Tifton loamy sand. Protec- 
tion from rainfall was provided by large roof-like structures which auto- 
matically covered the plots at initiation of rainfall and uncovered the 
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plots when rainfall ceased. Each plot was inoculated by sprinkling 500 
mL of a 1 x 106 conididml spore suspension of Aspergillus parasiticus 
Speare (NRRL 2999), an datoxin producing isolate of the A. f laws 
group, over the plants 30 days after planting. 

Six irrigation treatments (Table 1) were imposed in a randomized 
complete block design replicated four times. Plots were harvested after 
145 days by loosening the soil with pitchforks and lifting the plants by 
hand. The vines and attached p o d s  were dried at 38 C to a kernel mois- 
ture of approximately 8%. After drying, the pods were hand picked, 
shelled, and graded. Pods left in the soil after harvesting were reco- 
vered by screening. Separate datoxin analyses were done on sound 
mature kernels (SMK) from both harvested and screened peanuts 
using the CB method, an official AOAC peanut method (1). 

Table 1. Irrigation regimes to induce drought stress at differing times 
during the growing season. 

~ ~~~~~~ 

Days 
A f t e r  Treatments 
P lant ing  1 2 3 4 5 6 

0-35 I r r i g *  I r r i g  I r r i g  I r r i g  I r r i g  I r r i g  
36-70 I r r i g  Dry** I r r i g  I r r i g  Dry I r r i g  
71-105 I r r i g  I r r i g  Dry I r r i g  Dry Dry 

106-145 I r r i g  I r r i g  I r r i g  Dry I r r i g  Dry 

When under i r r i g a t i o n ,  p l o t s  watered t o  charge 6 1  cm 
depth t o  f i e l d  capacity whenever so i l -water  tension 
i n  surface 3 1  cm reached 0.2 bar.  

**Soil p r o f i l e  allowed t o  dry u n t i l  the end o f  a 35 o r  
70-day i n t e r v a l ,  then rewatered t o  f i e l d  capac i ty  t o  
6 1  cm depth. 

Six one inch diamter probe soil samples were taken from the top two 
inches of each plot when the peanuts were harvested. Soil dilution 
plates were made by slurrying 5 g of thoroughly mixed soil with 100 mL 
0.38% w/v water agar. A 1/10, 1/100, and 1/1OOO (v/v) dilution series 
from each plot was made and the resulting suspensions were plated on 
MSSlB, a selective A. flavus group - A. niger group isolation medium 
(6). Plates were incubated at 30 C for 7 days and colony counts of all 
members of the A. flavus group were recorded (6). Results were re- 
corded as propagules of A. flavus group fungi per gram of soil. 

Plot means were analyzed by standard analysis of variance for a ran- 
domized complete block design (12). Comparisons were made for total 
aflatoxins and propagules of the A. flavus group. 

Results and Discussion 

All sound mature kernels were split for observation of 
internal damage. Kernels with external or internal dam- 
age were removed before aflatoxin determinations were 
made. The removal of all visible damage from the sam- 
ples eliminated all physically damaged kernels as well as 
those with obvious insect or fungal damage. Mean total 
aflatoxin values for SMK peanuts from plots grown under 
the rainfall shelters are presented in Table 2. In 1974 
and 1976, Florunner peanuts from treatments 4 and 6 
subjected to drought during the last 40 to 75 days of the 
season contained significantly more aflatoxin (403 to 3582 
ppb) when compared to peanuts from plots that received 
water for the last 40 days (0 to 10 ppb). Florigiant 
peanuts contained significantly more aflatoxin in 1975 
when drought conditions were imposed during the last 
40 to 75 days (729 to 1355 ppb) than in those peanuts 
from treatments with irrigation for the last 40 days (0 
ppb). In 1974 Florigiant peanuts from the 75 day 
drought (treatment 6) contained stat is t icall y significant 
(p = 0.01) more aflatoxin (7208 ppb) than the other treat- 

Table 2. Mean total aflatoxins (ppb)* in sound mature kernels from 
p o d s  obtained from peanut plots grown under rainfall shelters. 

Days of 
I rri gat1 on Drought Florunner F lor i  plan t 
Treatments Period 1974 1975 1976 lm 1974 1975 1977 

1 none 1 b * *  O a  O c  O a  1 3 b  O b  O a  
2 36-70 7 b  O a  8 c  O a  l b  O b  l a  
3 71-105 4 b 0 a 10 c 65 a 16 b 0 b 0 a 
4 106-145 3582 a 0 a 403 b 0 a 570 b 729 a 0 a 
5 36-105 1 b 0 a 6 c 0 a 176 b 0 b 0 a 
6 71-145 3420 a 0 a 2407 a 0 a 7209 a 1355 a 0 a 

* Total aflatoxins are the sum of B1 + B2 + G1 + G2 I n  ppb (ng/g) o f  peanuts. 

** Means followed by the same l e t t e r  are not s i g n i f i c a n t l y  d i f f e r e n t  (PaO.01). 
Analyses from four rep l ica te  p lo ts  were used t o  obtain the mans. 

ments. Peanuts from the 40 day drought (treatment 4) 
contained more aflatoxin (570 ppb) than peanuts col- 
lected from plots with irrigation the last 40 days (1-176 
ppb) and these treatments were significantly different at 
the 5% level. These data from sound mature kernels 
suggest that there are complex interactions between 
drought during the last 40 or 75 days of the growing sea- 
son and aflatoxin contamination of visibly sound peanuts. 

Peanuts that were left in the ground at harvest were 
recovered by screening the soil. These screened peanuts 
were generally contaminated with more than 100 ppb 
total aflatoxins and would not have been marketable 
(Table 3). Treatment 6 always contained kernels with sig- 
nificantly more aflatoxin than treatments with irrigation 
during the last 40 days. 

Table 3. Mean total aflatoxins (ppb)* from peanuts left in the ground 
at harvest and subsequently recovered by screening the soil one 
day after harvest. The peanuts were grown under rainfall shel- 
ters. 

~~ ~~~~ __________ 

I r r i g a t i o n  F1 o r i  g iant  F1 orunner 
Treatment 1975 197 I 1976 1977 

1 5875 b** 167 b 418 b 11 b 
2 6363 b 377 b 98 b O b  
3 15750 b 3117 b 1768 b 763 b 
4 22786 b 251 b 52750 a 12 b 
5 1113 b 656 b 9 5 b  * * *  
6 73616 a 13219 a 80200 a 111686 a 

*Total a f la tox ins  are  the sum of B1 + B2 + G1 + G2 i n  
P P ~  (ns/s) peanuts. 

cant ly  d i f fe rent  (P=O.Ol). 
plo ts  were used t o  obtain the means. 

***No peanuts were recovered by screenlng t h i s  treatment 
i n  1977. 
e i t h e r  c u l t i v a r  i n  1974 and from Florunner i n  1975. 
Therefore data was omitted from analyses. 

**Means followed by the same l e t t e r s  a re  not s l g n i f i -  
Analyses from four r e p l i c a t e  

Peanuts were not  recovered from a l l  p lo ts  i n  

Propagules of A. flavus group per gram of soil at har- 
vest is presented in Table 4. Soil from the 75 day 
drought treatment (treatment 6) contained a high 
number of propagules. Populations of the A. flavus 
group were variable over years in the other treatments. 
Thus, no consistent conclusions could be made about 
populations of the A. flavus group. It appeared that the 
heavy inoculation of plots with a member of the A. flavus 
group (A. parasiticus) produced large populations that 
persisted under both irrigated and drought conditions. 

These results are substantially in agreement with 
those reported by Sanders et al. (10) and Hill et al. (5). 
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Table 4. Aspergillus flavus group (propagules/g soil) from soil samples 
obtained at  harvest from peanut plots maintained under rainfall 
shelters. 

I rr i ga ti on 
Treatment 1975 1976 1977 

Year 

1 783 b 844 b 1516 cd 
2 881 b 365 b 1176 d 
3 2692 ab 786 b 2493 bcd 
4 4000 a 1066 b 2986 ab 
5 2124 ab 386 b 2816 abc 
6 2616 ab 2056 a 4000 a 

*Means followed by the  same l e t t e r  a re  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (pL0.05). Analyses from four r e p l i c a t e  p l o t s  
were used t o  obta in  the means. 

These results are substantially in agreemnt with those 
reported by Sanders et al. (10) and Hill et  al. (5). The tem- 
perature relationships with drought that Hill et  al. (5) re- 
ported may help explain our year to year variation in con- 
tamination levels of sound mature kernels. Aflatoxin is 
probably produced in the field in a restricted temperature 
range and if the soil temperature is too high or too low, af- 
latoxins may not be produced. The large populations of 
the A. flavus group in our experiments were influenced by 
inoculation of the peanuts with a member of this group. 
This inoculation technique could have influenced the af- 
litoxin levels in sound mature kernels. 

The data reported in this paper indicate that irrigation 
during the last 40 or 75 days of the growing season will 
help prevent aflatoxin contamination of sound mature ker- 
nels. However, drought stress alone will not consistently 
induce aflatoxin contamination. The relationship between 
drought stress and aflatoxin contamination is not simple. 
The large year to year variations in aflatoxin contamination 
probably result fi-om several complex environmental in- 

teractions including water, temperature and biological 
factors. 

Literature Cited 
1. Association of Official Analytical Chemists. 1980. AOAC Book of 

Methods, Chapter 26, Natural Poisons, Edition 13. 
2. Dickens, J. W. 1975. Some approaches to a solution of the aflatoxin 

problem through research and education. J. Amer. Peanut Res. and 
Education Assoc. 754-61. 

3. Dickens, J .  W. and R. E. Welty. 1969. Detecting farmers stock 
peanuts containing aflatoxin by examination for visible growth ofAs- 
pergillus tlavus. Mycopathol Mycol. Appl. 37:65-69. 

4. Dickens, J .  W. ,  J. 8 .  Satterwhite, andR. E. Sneed. 1973. Aflatoxin 
contaminated peanuts roduced on North Carolina farms in 1968. J. 
Amer. Peanut Res. anif Education Assoc. 5:48-58. 

5. Hill, R. A., P. D. Blankenship, R. J. Cole, andT. H. Sanders. 1983. 
Effects of soil moisture and temperature on reharvest invasion of 
peanuts by the Aspergillus flaws group anxsubsequent atlatoxin 
development. A pl. Environ. Microbiol. 45:628-633. 

6. Griffin, G. J. an8K. H. Garren. 1974. Population levelsofAs rgil- 
lus  flavus and the A. niger group in Virginia peanut fielKoils. 
Phytopathology 64:322-3%. 

7. McDonald, D. and C. Harkness. 1967. Aflatoxin in the groundnut 
crop at harvest in Northern Nigeria. Trop. Sci. 9:148-161. 

8. Pallas, J. E. ,  Jr., J. R. Stansell, and R. B. Bruce. 1977. Peanut seed 
germination as related to soil water regime during pod develop- 
ment. Agron. J. 69:381-383. 

9. Pettit, R. E., R. A. Taber, H. W. Schroeder, and A. L. Harrison. 
1971. Influence of fungicides and irrigation practice on aflatoxin in 
peanuts before digging. Appl. Microbiol. 22:629-634. 

10. Sanders, T. H., R. A. Hill, R. J. Cole, andP. D. Blankenship. 1981. 
Effect of drought on Occurrence of Aspergillus flavus in maturing 
peanuts. J. Am. Oil Chem. SOC. 58(12):966A-970A. 

11. Sanders, T. H.,  J. S. Smith, Jr., J. A. Lansden, and J. I. Davison. 
1981. Peanut quality changes associated with deficient warehouse 
storage. Peanut Sci. 8:121-124. 

12. Snedecor, G W. 1946. Statistical methods. The Iowa State College 
Press, Ames, Iowa. 

Accepted August 6, 1983 




