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ABSTRACT

The interactions effects of temperature, CO, and water deficit on peanut
growth and Aspergillus flavus infection was studied at the Georgia Envirotron, the
University of Georgia, Griffin Campus, and at the Lampang Agricultural Research
and Training Center and at Chiang Mai University during 2002-2005.

Experiment 1, was conducted in the controlled environment growth chambers
of the Georgia Envirotron, the University of Georgia, Griffin Campus, during August
to December 2002, to determine the growth and development responses of peanut
shoots and roots grown under different combinations of CO, and temperature and to
evaluate these combined effects on A. flavus infection. The study comprised a long-
term experiment, in which plants were grown in growth chambers for 112 days and a
short-term experiment, in which growing plants in rhizotrons for 17 days. In the long-
term experiment, peanut cultivar Tainan 9 was grown in 20-L containers fitted with
minirhizotron observation tubes at 5 cm soil depth and placed in controlled

environment chambers under three levels of CO, concentration (400, 600, and 800
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pumol mol™) and two levels of air temperature (25/15°C and 35/25°C day/night
temperature). Plants were inoculated with green fluorescent protein (GFP) A. flavus
inoculum at 23, 53 and 73 days after planting (DAP). In the short-term experiment;
two seedlings of Tainan 9 peanut genotype were grown in acrylic rhizotrons with a 6-
mm thick soil layer. Root growth was observed at 3- to 4-day intervals. At 25/15°C,
plants grown at 600 and 800 pmol mol™ CO, had main stems that were 24 and 44 %
longer than those grown at 400 pmol mol™ while at 35/25°C the main stem length did
not differ among CO; levels. Area and dry weight of leaflet were greater in 25/15°C
than 35/25°C which resulted in 60% greater in total leaf area at harvest. Specific leaf
area at low temperature was 22% less than at high temperature. At high temperature,
above ground biomass was 56%, 24%, and 16% higher than at low temperature as
CO; increased from 400 to 800 umol mol™. Pod dry weight increased with increasing
CO; at 25/15°C but there was no different among CO; levels at 35/25°C. In the
25/15°C, pod dry weight was 50% higher than in the 35/25°C. As temperature
increased from 25/15°C to 35/25°C, pod dry weight was reduced by 40-54% with
increasing CO, levels. High temperature produced more root length in the containers
whereas low temperature did in the rhizotrons. Percent of peg infection by A. flavus
and the soil A. flavus population were greater at 25/15°C than 35/25°C. Both tended to
increase with increasing CO; levels. This research clearly shown that there was no
interaction of elevated CO, with higher temperature on the reproductive growth,
despite a tendency for beneficial temperature by CO, interaction on vegetative growth
and total shoot dry weight. At all levels of CO, concentration, higher temperatures

resulted in significant pod weight loss.
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Experiment 2, was conducted in the green house at the Georgia Envirotron, the
University of Georgia, during 2002 and in the opened field at the farm of the Faculty
of Agriculture, Chiang Mai University, during 2004. The objectives of this
investigation were i) to evaluate the effects of different levels of water deficit on
shoots and roots growth of peanut genotypes, ii) to determine the responses of peanut
genotypes to A. flavus infection under different levels of water deficit, and iii) to
determine the biochemical responses of peanut pods to A. flavus infection under
drought condition.

In the green house experiment, three peanut genotypes (511CC, 419CC, and
Tainan 9) were grown in 214-L containers with minirhizotron tubes installed at 5, 25,
50, and 75 cm depths. Plants were inoculated by cracked corn inoculum at 35 DAP.
The four irrigation treatments were applied water at each 3- to 4-day intervals as the
control (T1), 7-day intervals (T2), 14-day intervals (T3), and 21-day intervals (T4).
Soil moisture tension and temperature were monitored at 5, 25, and 75 cm depths
during growing period. Of all shoot traits observed, water deficit (T3 and T4)
significant reduced leaflets number, main stem length, leaf area, specific leaf area and
shoot dry weights in all genotypes. The root length of plants receiving T1 and T2
treatments was greater root length in the two upper soil layer (5 and 25 cm) than T3
and T4 treatments. In the T3 and T4 treatments, the root length was longer in the
deeper soil depths (50 and 75 cm) than in T1 and T2 treatments. Root length
decreased with increasing soil depth for plants receiving adequate water and tended to
increase with increasing soil depth for plant that suffering from water deficit. Water
deficit severely reduced pod dry weight plant™, especially in genotype 511CC, for

which the reduction was greater than 60% in the T3 treatment and 80% in the T4
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treatment. Pod weight reduction ranged from 32 to 57% in 419CC and from 28 to
53% in Tainan 9. Incidence of pod shell colonization and soil A. flavus population
was highest in T4 treatment, while seed infection was greatest in T2 treatment.
Genotype 511CC appeared to have greater colonization in both pod shell and seed
than the other two genotypes, even though it was found to have the lowest A. flavus in
the soil.

In the opened field experiment, the same three peanut genotypes were grown
in 200-L containers, filled with sandy loam soil and inoculated with A. flavus at 36
DAP. Water deficit was imposed by withholding irrigation water from 50 to100 DAP.
The A. flavus colonization at harvest was significantly increased by 53% in pod shell
and 46% in seed when plants were exposed to drought. The highest incidence of pod
shell infection was found in genotype 419CC. Contents of CT and Ca in seed coat
were higher than in pod shell under drought. Among genotypes tested, 511CC had the
highest concentration of CT in seed coat and the lowest incidence of A. flavus
colonization. Drought significantly reduced Ca and Fe in pod shell and crude fat in
cotyledon but tended to increase Zn in seed coat and crude protein in cotyledon.
Moreover, there was a negative correlation between Mg and Mn contents in seed coat
with pod shell and seed infection.

Experiment 3, was conducted in the green house of the Lampang Agricultural
Research and Training Center during 2003. Three peanut genotypes (511CC, 419CC,
and Tainan 9) were grown in a hydroponic system to determine flower and aerial peg
infection by A. flavus. Peanut flowers were marked with colored thread and inoculated
with 0.5 ml of GFP A. flavus spore suspension. By 24 and 48 hr after inoculation,

inoculated flowers were separated into stigma, style, hypanthium and ovary for



observation of fungal invasion and colonization. At 10 days after inoculation, pegs
were evaluated for the incidence of fungal colonization. Observation with an UV-
illuminated microscope showed conidia of GFP A. flavus germinated within 24 hr and
extensively colonized stigma and style, especially near the pollen grains. By 48 hr
after inoculation, fungal hyphae grew down the style, eventually reaching the top of
the ovary conidiophores and conidia had formed over the peanut flowers. However,
the visible fungal colonization in the ovules was sparse. The highest incidence of peg
infection was found in Tainan 9. This experiment provides compelling evidence that
seed infection by A. flavus may occur directly through floral infection. Initial
infections may take place from, i) A. flavus spore attached to pollen grain, ii) spore
germinated on the stigma surface and penetrated through the stigma follow the pollen
tube, and iii) spore germinated on hypanthium and penetrated transversely through the

style and ovary wall.
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