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Summary Aflatonin contamination of groundnut is a serious problem in most groundnut
producing countnies and as such is given high research priotity by the Groundnut Improve-
ment Program of ICRISAT Since 1979 we have cuoncentrated on selecting cultivats resistant
10 seed invasion and colonlzation by toxigenic Aspergillus flavus. and/os to aflatoxin pro-
duction following invasion by the fungus. Resistance to invasion and colonization by A flavus
of rehydrated, mature seed has been found, and confumed, in some cultivars. We have also
screened several groundnut cultivars for seed resistance in the fleld, both under nstural con-
ditions and with the inoculum of the fungus sdded to the soil in the pod zone. Some cultivars
with gesistance 10 weed colonization also showed resi 10 seed invasion by 4. flavue None
of the cultivars tested has shown complete resistance to sflatoxin production but significant
cultivar differences occurred in the amounts of aflatoxin produced in sesds Inoculated with
» toxigenic strain of A. flevus.

Introduction

Invasion of seed by toxigenic strains of A. flavus and consequent
aflatoxin contamination is a continuing serious problem in most coun-
triecs where groundnuts are grown'. Farmers of the semi-arid tropics
have apparently failed to adopt agronomic measures to minimize
aflatoxin contamination. We have therefore concentrated on the
utilization of genetic resistance of seed to invasion by the toxigenic
A. flavus and production of aflatoxin®™'''2. Since 1979, a research
program has been pursued at ICRISAT to select cultivars resistant
to seed invasion and colonization by toxigenic A. flavus and to af-
latoxin production. This paper reports on screening of germplasm
for (a) resistance to in vitro seed colonization by A. flavus (b) re-
sistance to invasion of seeds by A flavus in the field, both under
natural conditions and with inoculum of the fungus added to the soil
in the pod zone, and (c) resistance to aflatoxin production following
invasion and colonization by a toxigenic strain of the fungus

¢ ICRISAT Journal Article No JA-316

255




256 MEHAN AND MCDONAL D

Materials and methods

Sowrce of seed

Seeds of &l cultivard/lines tested were obtained f1tom tainy and subscquenthy post ran
seasons crops grown in alfisoly at JCRISAT Center farm Cultinars hines were harsested at
maturity and plants arranged in inverted windrows in the Nield  Atfter windrow drymg tor 2
days in the post 1ainy and 3 days in the rainy seasons the pods were hand piched and sun-dned
on mats until the seed moisture content was below 8 per cent Dunied pods were then stored
# cloth bags at room temperature until requisred for testing

Seed colontration test

For all trials, wndamaged, mature seeds from the stored pods were tested for resistance
to colonixation by A. flevus using s modification’ of the method described by Mixon and
Rogers'’. For each wial, one lot of 20g of seed was testod from each plot of each cultivar/
line. Seeds were surface-sterilized by sosking them in a 0.1% solution of mercuric chloride
for 2 min followed by 2 rinses in sterile distilled water and then their moisture contents were
raised to 20%. The rehydrated seeds were placed in sterfle Petri plates and surface-inoculated
with 1 ml of a conidial suspension (4 X 10° conidia/ml) from 8-day-old cultures of the toxi
genic A flvus strain AF 8-3-2A. The per of seeds colonized was ded after 8 days
of incubation at 25°C.

Effect of sod inoculation on seed Infection by A. Navus
Replicated field trials were casried out in the 1979/80 and 1980/81 postrainy and 1980

and 1981 rainy seasons in which some cultivary/lines were examined for the effects on seed
infection of applying inoculum of the fgenic A. flevus strain AF 8-3-2A to the soil saround
pods at 30 days before harvest. The trials were laid out in a 3-replicated split-plot arrange-
. the main plou assigned to inoculation verass 1 and the subplots to test cultivar

T . Ten ly sek d plants in each replicated plot of each cultivarfline received
300 ml lnotuhm 18 x 10* conldh/ml) of A. flavus After compietion of postharvest drying.
P ples of 100 undamag: seed were surface sterBized and plated out on

Dox Rose Bengal Streptomycin agar for isolation of 4 flevus The plates were in-
cubeted at 25°C and colonies of A. flevus growing from infected seeds were recorded after
$-7 days.

Afleroxin production 1est

Aftatoxin production tests were carried out on seceds of each cultivar/line by the method
described by Mchan and McDonald’. The rehydrated seeds in replicate plates had their testas
damaged by scraping them with a sterile needle. The seeds were then surface-inoculated with
the toxigenic strain of A. flevus as described above for the seed colonization test. After 10
days of incubation sflatoxins were extracted using the method of Pons’ er ol '* and quan-
titative determination made by the method of Nabney and Nesbitt'*.

Results and discussion

Of 850 cultivars/lines screened, eight showed resistance to seed
colonization by A. flavus. Three breeding lines (PI337394F, PI337409
and UF71513), reported resistant in the U.S.A.'*? were also resistant
in the JICRISAT tests, and five new sources of resistance were identified
in 1981®% These cultivars/lines were further tested in the 1981/82
postrainy and 1982 rainy seasons and the seed resistance was confirmed
(Table 1). Although percentages of seeds colonized by A. flavus were
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Tabbo b Groendon sedd tovsianc b colensate s By Aycanlo Aaves an tess at 10 RISAT
Centar 1981 B?

Percentay o of sesda colonred

Postran, sias 0 Ry season
Cultivar ine 19Kt R 1o
Pl 3173941 IR0 1oy
Pl 332309 181 9
(UBRARIR [N A X
m [ 104
Ah 7223 158 LS
Var 27 194 124
Faupur 181 121
C55437 . 173
T™MV? 469 344
R PR 992 947
SE 2 1.20 111
CV (‘%) 719 8 84

® Susceptible check
® Highly susceptible check
* Not tested

low in both seasons for resistant cultivars/lines, levels were generally
lower in seeds from the rainy season crop than from the postrainy
season crop. This finding agrees with those of previously unreported
trials carried out in the 1980/81 and 1981 seasons which showed that
seed colonization of cultivars/lines by 4. flavus could be significantly
influenced by season, crop location (field) and rate of postharvest
drying'®. High temperatures during postharvest drying of the irrigated
postrainy season crop could damage the seed testa and contribute
to increased levels of seed colonization®. In all reported cases of mature
dried groundnut seed resisting colonization by A. flavus the protective
role of the seed testa has been emphasized* '*. The maximum advantage
that can be derived from groundnut cultivars resistant to A. flavus
will only occur if the seed testa is not damaged during cultivations,
harvesting, curing, decortication or storage. Resistance in these cul-
tivars/lines to seed invasion and colonization by A. flavus is likely to
be of value in the event of stored groundnuts absorbing sufficient
moisture to permit fungal growth. Also, it would perhaps be useful
in seasons when field drying conditions were unfavourable for example,
because of late rains. There is some experimental evidence'” that the
cultivars with seed resistance to colonization may have some pre-
harvest field resistance to seed invasion by the fungus.

Experiments were carried out to investigate possible varietal dif-
ferences with regard to pre-harvest resistance to seed infection with
A. flavus in the field. The results of effects on seed infection of
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Tabic 2 Infection with Aspergilius flovus of seeds f1om ficld dried pods of cultvard’hines
following inoculation with the fungus of soil around developing pods 30 days before harvest

Percentages of seeds infected with 4 flavus

Seed from
Postrainy season crops Rainy scason crops
1979/80 1980/81 1980 1981
Cultivar/line Inoc. No.lnoc. Inoc. No.lnoc. Inoc No.lnoc. Inoc. No.Inoc
Pl 337394 F 1.6 03 26 1.0 10 03 23 06
Pl 337409 30 06 40 1.6 1.6 03 26 06
UF 71513 10 06 26 13 1.0 00 20 03
I 13 03 26 03 1.3 06 16 03
TMV 2 66 13 73 26 56 1.6 46 1)
Krapovicks Strain
#16 40 16 60 23 46 210 . *
EC 76446 (292) 60 13 66 33 6.3 20 13 16
OG 434-1 90 16 23 23 50 13 . *
Robut 33-1 80 13 113 23 70 13 . hd
M3 63 20 86 30 73 20 . M
SE 2
For Inoculation Treatments 082 0.97 0.64 0.56
For cultivars 068 0.90 0.59 0.5S
C.V. (%)
For Inoculation Treatments 39.27  31.84 27.08 26 02
For cultivars 28.28 27.88 3141 25 72

® Not Tested; Inoc. = Soil Inoculation; No. Inoc. = No Soll Inoculation

applying inoculum of a toxigenic strain of 4. flavus to the soil around
developing pods of cultivars resistant and cultivars susceptible to
seed colonization by the fungus are given in Table 2. The inoculation
of soil around developing pods significantly increased seed infection
with A. flavus. Cultivars/lines differed significantly for levels of A
flavus infection and the cultivar times inoculation treatment inter-
action was significant. Natural A flavus seed infection was also lower
in cultivars/lines whose rehydrated stored seeds were resistant to
colonization by the fungus than in susceptible cultivars. Further experi-
ments on field inoculation techniques to evaluate cultivars for reaction
to seed infection with 4 flavus and to formation of aflatoxins are in
progress.

Previous research indicated varictal differences in aflatoxin pro-
duction when autoclaved seeds were colonized by toxigenic strains of
A flavus and A. parasiticus® '* Although claims of resistance to af-
latoxin production were not confirmed by later research?*, quan-
titative varietal differences in aflatoxin production were indicated.
Of 195 cultivars tested at ICRISAT none has proved to be totally
resistant to aflatoxin production. Some test data arc presented in
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Tabie 3 Aflstoxin B, production in groundnut cultivars’lines following incculation with
A. flavus sirain AF83-2A - 1981 rainy season

Cultivar/line Aflatoxin B, (sg/g seed)
PI 337394 F s
Pl 337409 104§
UF 71513 1107
ni 1226
Ah 7223 1174
Var. 27 28
Fauzpur 1188
Monir 240-30 1038
™V, 2415
FESR-11-P11-B2-81 5216
OG 434-1 704
SE ¢ 2.83
CV (%) a»

Table 3. Aflatoxin was produced in all cultivars tested, but cultivar
differences in amounts of the toxin produced were found. Some of
the cultivars with good resistance to colonization by the fungus proved
good substrates for aflatoxin production, while some others that
were highly susceptible to fungal colonization were not as good sub-
strates for the production of the toxin. There was no correlation
between resistance to seed colonization by A. flavus and the ability
of seed to support aflatoxin production. The cultivar FESR-11-P11-
B2-B1 which was highly susceptible to seed colonization by A flavus,
had the lowest level of toxin produced. We have tested only a small
proportion of the world groundnut germplasm collection and it is
hoped that we may find cultivars with even higher levels of resistance
to aflatoxin production and perhaps cultivars which combine good
resistance to aflatoxin production with good resistance to seed in-
vasion by the fungus.

References

I  Anonymous 1977 Report of the joint FAO/WHO/UNEP Conference on Mycotonins,
Nairodi, 19 27 September, 1977

2 Aujia $ S, Chohan J S and Mehan V K 1978 The screening of peanut varicties for the
accumulation of aflatoxin and their relative reaction to the toxigenic isolate of Asper-
gillus flavus Link ex Fries. Punjab Agricultural University J. Res. 15, 400403

3 Barnz Z A, Norden A J, LaPrade ) C and Demuynk T J 1976 Tolerance to colonization
by Aspergillus flavus found in certain peanut (Arechis hypogeea L ) breeding lines and
cultivars. } Am. Peanut Res Educ. Assn 6. 94.

4 Dieckert M C and Dicckert J W 1977 Genetically determined structural parameters of the
wed coat affecting the colonization of peanut seed by aflatoxin producing Aspergdli
Oleagineus 31, 718




260

11

12

)

14

15
16

17

AFLATOXIN IN GROUNDNL |

Doupnik B 1969 Aflatovin produced on peanut vanieties previously reported to bty
production Phytopathology $9. 1554

Kulkarni L G, Shariefl Y and Sarma V S 1967 “Asiriya Mwitunde™ groundnut gives gond
results in Hyderabad Indian Farming 17,1112

Mehan V K and McDonald D 1980 Screening for resistance 1o Aspergllus flas us mvavon
and aflatoxin production in groundnuts ICRISAT Groundnut Improvement Program
Occasional Paper-2. 1 -18.

Mehan V K and McDonald D 1981 Aflatoxin production in groundnut cultivars resistam
and susceptible to seed invasion by Aspergillus flovus In Proceedings. International
Symposium On Mycotoxins, 6 -8 September, 1981, Cairo, Egypt.

Mehan V K, McDonald D and Gibbons R W 1982 Seed colonization and aflatorin pro
duction in groundnut genotypes inoculated with different strains of Aspergillus flevus
Ofeagineux 37, 185-191.

. Mehan V K, McDonald D and Lalitha B 1983 Effect of season, location and Neld-drying

trestment on i vitro seed colonization of groundnut genotypes by Aspergillus flavus
Oleagineux (/n press).

Mixon A C 1979 Developing groundnut lines with resistance to seed colonlzation by
toxin-producing strains of Agpergiilus species. Pest Artic. News Summ 25, 394 -400
Mixon A C and Rogers K M 1973 Peanut accessions resistant to seed infection by As
perglllus flavus Agron. ). 65, $60-562.

Mixon A C and Rogers K M 1975 Factors affecting Agpergillus flovus Lk. ex Fr. coloniz-
ation of resistant and susceptible genotypes of Arechis Aypogeea L. Peanut Sci. 2, 18 -
22.

Nabney J and Nesditt B F 1965 A spectrophotometric method for determining the afla-
toxins. Analyst 90, 155-160.

Pons W A, Robertson J A, Goldblatt L A 1966 J. Asan. Off. Chemists’ Soc. 43,665 —669.
Rao K S and Tulpule P G 1967 Varietal differences of groundnut in the production of
sfatoxin. Nature London 214, 738-739.

Zambittakis Ch, Wallyar F, Bockele-Morvan A and Pins O de 1981 Results of four yeass
of research on resistance of groundnut varieties to Aspergfiius flovur Oleagineux 36,
377-38S.



	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif

