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Project Code: BGJ/30/2544

Project Title: Mechanisms of Resistance to Aspergillus flavus Infection and Aflatoxin
Contamination in Peanut Genotypes

Investigator: Prof. Dr. Chuckree Senthong‘, Ms. Janjira Puntase‘,
Assist. Prof. Dr. Sawit Meechouiz. Assoc. Prof. Dr. Keith T Ingram3
1Department of Agronomy, Chiang Mai University, Chiang Mai, Thailand.
2Lampang Agricultural Research and Training Center, Lampang, Thailand.
3Department of Crop and Soil Sciences, University of Georgia, Griffin, GA,

U.S.A.

Email address : agicsnth@chiangmai.ac.th

puntase@hotmail.com

sawitm@hotmail.com

Project Period: September 28, 2001 — Septerber 27, 2003

Aspergillus flavus population appeared to be greater on roots and pods of
drought susceptible peanut genotypes than on roots and pods of drought resistant
genotypes. Root exudates may provide growth substrate to promote A. flavus population
increase. The objective of this research was to ascertain the relationship between root
exudates, development of A. flavus population, water deficit and aflatoxin resistance.
The experiments were conducted in the greenhouse of the Georgia Envirotron, the
University of Georgia, at Chiang Mai University and at the Lampang Agricultural
Research and Training Center in Thailand from September, 2001 to September, 2003.
Four peanut genotypes; 419CC, 511CC, Luhua 11 and Tainan 9 were grown in a
hydroponic system with half- Hoagland's solution. Poly- ethyleneglycol was used to
impose as water deficit. Root exudates were measured by HPLC. Root system were
analyzed for root length using a flatbed scanner and WinRhizo software. The effects of
root exudates on A. flavus population growth was ohserved. Water deficit promoted in
the greater exudation of sucrose more than glucose and fructose. These result support
the hypothesis that the exudates especially sucrose in the geocarposphere are an
important ecological factor affecting the colonization of peanut fruits by Aspergiflus
flavus. Under water deficit condition drought susceptible genotype (419CC) excreated
more than 40% of sucrose when compared with the drought resistant genotypes
(511CC)

Keywords: Aspergillus flavus, Root exudates, Peanut genotypes, Hydroponic system,
Water deficit
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Plant Traits Confer Aspergillus and Drought Resistance in Peanut Varietics

Janjira Puntase!, Keith Ingram?, Chuckree Senthong' and Corley Holbrook®
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Peanuts (Arachis hypogaea L.} are susceptible 1o aflatoxin contamination when pods develop under drought con-
ditions in the field. The objective of this research was to observe root and pod growth of peanut genotypes in
response o water stress and Aspergillus flavus infection. Four peanut genotypes were grown in 200-L containers
with sandy soil. Half of the containers had motisture blocks and thermocouples installed at 5, 25, and 75 cm depth.
Soil moisture and temperature were monitored with a CR10X data logger. All containers were inoculated with
GFP A. flavus cultured on cracked corn medium. Irrigation treatments were well watered (saturated twice a week)
and water deficit (saturated twice during one week followed by two week without irrigation). After harvest, pods
of each genotype were surface sterilized then cultured on petri dishes with M351B medium. Based on mainstem
elongation and soil moisture extraction, genoype 329CC appeared to have the greatest drought tolerance, yet stress
caused the greatest yield loss for this genotype. Based on pod weight, genotype 511CC was the most drought
resistant and also had the lowest A. flavus infection in shells. Contrary to expectations, the infection was greater
in well-watered than in water-stressed plants, except for Georgia Green, which also had the highest levels of seed
infection. High infection of pod (exterior) and shell (interior) were not related o seed infection. Genetic difference
in susceptibility to drought stress in peanut was related to difference in A. flavis infection.
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Maximizing Aspergillus flavus Infection of Peanut

Janjtra Puntase’, Chuckree Senthong®, Keith lngram®, Arthur Weissinger* and
David Wilson'

* Department ongnmomy, Chiung Mm University, Chiang Mur, Thattund

b Department of Crop und Soil Sciences, University of Georgia, Griffin, GA, U.S A,

¢ Dcpartment of Crop Science, North Carolina Stute University, Raleigh, NC, U 5 A
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Objective
To develop a method 1o maximize A flavus infection of peanut pegs and using GFP A,
Jlavus.

Methods

329CC peanut genotype was grown in 20-L containers with four pod cuveties attached to "R
cach container. Plants were placed in growth chambers with relatively high wemperatures and
moderate to severe levels of water deﬁcn The mor_ulauon melhods using GFP A. ﬂavus strains

inoculated containers were sprayed with spores suspended in water on plant shoots. About 744
days after spraying, the flowers and pegs were observed with a UV (ultraviolet) illuminated y&
microscope and plated on the M351B medium.

Results

Maximum infection with GFP A, flavus was {ound by spraying the spore suspension o
the flowers of peanut which have cracked corn inuculum applied to the surtace of soil in cuvettes.
Infection of ovules dilfered among flower samples All flower surfaces were found to be infected
atmoderate to high frequency. The highest infection ol pegs was found by spraying spore to the,
plant shoot, and there were signilicant ditferences between spraying and no spraying methods.’
By observing under UV microscope, it was found that there were fluorescing GFP A. flavus on the
surface of the peanut llowers and fluerescence dots on the ovule ol peanut pegs. ;

Conclusion

The experiment suggested that peanut inlccuon by GEP AL flavus can oceur durmg 3
fowering or during aerial peg lormation. Fluorescing GUP A, flavus was found on the surface of
flowers and some fluorescence dots on the ovule of peanut pegs. Sprayving the spore suspension '
o peanut flower which have cracked corn inoculum applied to the soil surtace was found 10 be &
the best method maximizing for A flavus infecthion, e

Keywords: GFP Aspergillus flavus, infection, peanut, peg, Hower
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1. Holbrook, C.C., M E. Matheron, D.M. \\.'ilson WE Anderson, M.E. Will, and A] Norden. 1994‘
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2. Will, M.E,, C.C. Holbrook, andD M. Wilsen. 1994, Evaluation ol field inoculation techmiques for:.t.n:enin& s
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Plant Traits that Confer Aspergillus and Drought Resistance in Peanut Varieties

Janjira Puntase', Keith Ingram®, Chuckree Senthong' and Corley Holbrook®

! Department of Agonomy, Faculty of Agriculture, Chiang Mai University.

? Crops and Soil Science Department, University of Georgia, Griffin campus, USA.
3 USDA, ARS, Tifton, GA, USA.

Abstracts

Peanut (drachis hypogaea L.) is susceptible to aflatoxin contamination when pods
develop under drought conditionsnin the field. The objective of this research were to
observe root and pod growth of peanut genotypes in response to water stress and A. flavus
infection. Four peanut genotypes were grown in 200-L containers with sandy soil. Half of
the containers had moisture blocks and thermocouples installed at 5, 25, and 75 c¢cm depth.
Soil moisture and temperature were monitored with a CR10X data logger. All containers
were inoculated with GFP A. flavus cultured on cracked com medium. [rrigation
treatment were well watered (saturated twice a week) and water deficit (saturated twice
during one week followed by two week without irrigation). After harvest, pods of each
genotype were surface sterilized then cultured on petri dishes with M3S1B medium.
Based on mainstem elongation and soil moisture extraction, genotype 329CC appeared to
have the greatest drought tolerance, yet stress caused the greatest yield loss for this
genotype. Based on pod weight, genotype 511CC was the most drought resistant and also
had the lowest 4. flavus infection in shells. Contrary expections, the infection was greater
in well-watered than in stressed plants, except for Georgia Green, which also had the
highest levels of seed infection. High infection of pod (exterior) and shell (interior) were
not related to seed infection. Genetic difference in susceptibility to drought stress in

peanut was related to difference in A. flavus infection.

Key Words: Peanut, water stress, GFP Aspergillus flavus, infection
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Inroduction

Peanut (Arachis hypogaea L.} is susceptible to aflatoxin contamination when pods
develop under drought condition in the field. Aflatoxin contamination occurs when
peanuts are colonized by aflatoxigenic strains of fungi of the Aspergillus flavus group, a
common occurrence in most countries where the crop is grown. Genetic difference in
aflatoxin resistance have been found among peanut cultivars and field methods have been
develop to screen peanut germplasm for aflatoxin resistance (Anderson et al., 1995). It’s
difficult to screen germplasm directly for aflatoxin resistance because A. flavus infection
is highly varnable. Duration of soil moisture stress influences the degree of A. flavus
invasion and aflatoxin contamnation in peanut (Azaizch et al., 1989, Mehan et al., 1988;
Sander et al., 1985). And drought also 1s s major factor limiting the yield of this crop.

Plant breeders’ approach of selecting genotypes for increased yield and stability in
a drought- prone environment is limited by the vanable nature of drought. Because yield
is the most important traits of a genotype, it is also necessary to examine the relationship
between potential and sensitivity of genotype in various patterns ¢f drought. Screening of
peanuts for resistance to the aflatoxin producing Aspergillus will require the use of
drought stress conditions to gain a complete understanding of the genotypes potential
defenses against invasion. One possible alternative is to use drought tolerance or drought
escaping genotype. Ingeneral, moderate to high temperature (25°C - 30°C) favor
Aspergillus growth, invasion of peanuts, and aflatoxin contamination (Jackson, 1905).
And A. flavus infection of pegs, pods, tap and fibrous roots, and seeds differed among
genotypes {(Kisyombe et al., 1985).

Ingram et al.,(1999) showed that a mini- rhizotron can be use both to observe
growth and development of peanut pod and infection of pods and roots with 4. flavus that
produces a green fluorescing protein. This research combines these resent technological
advance and applies them to obs;erving the contribution of root growth and function to
drought resistance, the relationship between drought resistant and aflatoxin resistance.

The objectives of this study were to observe crop growth of peanut genotypes in
response to water stress and A. flavus infection, to observe root growth of peanut
genotype in response to water stress, and estimate the amount of A. flavus population on

peanut genotypes in response to water stress.
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Materials and Methods

Four peanut genotypes, which have core collection numbers 511CC (drought and
aflatoxin resistant), 419CC (drought and aflatoxin susceptible), 329CC (aflatoxin
resistant) and Georgia green (commercial variety) were grown in the 200 liter containers
with sandy soil under green house condition at Georgia- Envirotron, the University of
Georgia. The experiment was comprised of 4 replications (containers with 4 plants per
container) of four genotypes and two water regimes.

The containers were fitted mini- rhizotron observation tubes installed horizotally
at 5, 25, 50 and 75 c¢m below the soil surface. Half of the containers had moisture blocks
and thermocouples installed at 5, 25 and 75 cm depth. Each of these environmental
parameters was recorded with a CR10X data logger and stored as hourly averages
throughout the expenments.

We added spores of GFP A. flavus to autoclaved cracked com (20% moisture)
then incubated the mix at 30 °C for 7- 10 days. The GFP A. flavus was the transgenic
fungi that contained gene for green fluorescent protein (GFP). This gene allows detection
of genetically modified fungus. All containers were inoculated with cracked corn
inoculum approximately 40 days after planting.

Irmigation treatments were irrigated to field capacity twice a week (well watered)
and alternately trrigated twice during one week followed by two weeks without irrigation
(water deficit). All containers were irrigated with half Hoagland’s solution until
harvesting time at 120 —130 days after planting.

Shoot growth were measured main stem length for each plant that observed at 14-
days interval after started water treatment.

Mature pods were removed by hand from 120 —-130 days old plants immediately
after diggiﬁg, placed in paper bags. After harvest, peanut pods from each container were
processed to determine the extent of GFP A. flavus invasion. Pods of each genotype were
soaked for 1 min in sterile water. Fifteen pods of each replication were sterile surface by
dipping in 10% Clorox for | min and then rinsed twice in steriie water. After shelling by
hand, 15 seeds and 15 half shells were plated on M3S1B medium A. flavus- A. niger
group selective medium. The medium was modified from the 2,6- dichloro-4- nitroaniline
~ amended mediums (10 mg/l) develop by Bell and Crawford. M3S1B medium has
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following composition: 5.0 g peptone, 10.0 g glucose, 1.0 g KH,PQy, 0.5 g MgS0,.7H,0,
30.0 g NaCl, 20.0 g agar, 50.0 mg streptomycin sulfate, 50.0 g chlorotetracycline, 1.0 mg
2,6-dichloro-4-nitroaniline (added in 3 ml acetone), and 1 liter distilled water. Antibiotics
were added to cooled m edium a fter autoclaving. P lates were incubated at 27 °C for 5

days. Results were recorded as the percent of infected seed and shell.

Results and Discussion

Under green house condition, water deficit was caused to yield loss of all
genotypes, there have significant differences between well watered and water stress.
Seeds of genotype 511CC was highest fresh pod weight (Table 1) so it mean this
genotype was the most drought resistant and also had the lowest A. flavus infection in the
shell.

The effects of soil moisture regimes on the recovery of 4. flavus from shells and
seeds of all genotypes are summarized on Table 3. Recovery of A. flavus from peanut
pods harvested in the containers was relatively high, possibly because condition was
optimum for Aspergillus activity. From the Table 3 showed that high infection o fpod
(exterior) and shell (interior) were not related to seed infection. Contrary to our expection,
the shells and seeds from 511CC, 419 CC and 329CC genotypes subjected to prolonged
well waters were the most highly infection of 4. flavus, except for Georgia Green, which
also had highest levels of seed infection under water stress.

The moisture and temperature of the geocarposphere has also been reported to
influence Aspergillus activity within the soil. In these experiments, geocarposphere
conditions (temperature and moisture) for each of the genotypes differed (Fig. 2). Based
on main stem elongation and moist extract, genotype 329CC appeared to have the greatest
drought tolerance (Fig. 3), yet stress caused the greatest yield loss for this genotype.

These observations indicated that drought stress condition and the associated the
higher temperature (25 °C- 35 °C) favored Aspergillus colonized of shells and seeds and
it had limited yield loss. And genetic difference in susceptibility to drought stress in

peanut was related to difference in A. flavus infection.
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Table 1 Fresh pod weight of mature peanut pods grown under drought- stressed and well-

watered conditions m Georgia Envirotron, GA, 2001

Genotype Irrigation treatments Pod weight
g plant ™'

329CC Stress 22.6
Well- watered 40.3

419CC Stress 32.1
Well- watered 55.4

511CC Stress 429
Well- watered 067.8

Georgia Green Stress 39.4
Well- watered 61.6

Table 2 Peanut infection by 4. flavues grown under drought- stressed and well- watered

Conditions in Georgia Envirotron, GA, 2001

Genotype Irrigation treatments Seed Shell Pod
_________________________ Oy e

329CC Stress 2.9 100 93
Well- watered 23.2 98 96
419CC Stress 8.1 96 100
Well- watered 6.6 100 100

511CC Stress 14.1 71 78
Well- watered 16.2 74 71
Georgia Green Stress 45.6 97 100
Well- watered 257 ; 100 100
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