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Groundnut (Arachis hypogaea L.) is an important cash crop in the lowland areas of Ethiopia. However,
prevalence of Aspergillus invasions and subsequent aflatoxin contamination compromises the quality
of groundnut kernels. This study was conducted to evaluate the effect of farm yard manure (FYM) and
seed treatments against Aspergillus species pod colonization and aflatoxin accumulation under field
conditions. The inhibitory efficacy of Trichoderma species as biocontrol agents was also assessed. A
total of 20 treatment combinations including pre-planting applications of FYM at 0, 2.5, 5, and 7.5
tons/ha and seed treatments with carbendazim at 2 g/kg and mancozeb at 3 g kg™, and Trichoderma
harzianum and Trichoderma viride each at 5 g/kg as well as untreated seed as control were used.
Treatments were laid out in a randomized complete block design (RCBD) in three replications. The
experiment was conducted in two consecutive seasons (2014 and 2015) at Babile Haramaya University
sub-Research Station. The highest pod and seed yields (1901.5 and 1281.5 kg/ha, respectively) were
recovered from plots treated with T. harzianum at 5 g/kg seed. A. flavus was abundantly recorded in
control plots, which could be responsible for the high aflatoxin B; (5704.4 pg/kg) and B, (2219.0 pg/kg)
contamination. However, plots treated with T. harzianum at 5 g/kg seed and FYM at 5 tons/ha + T.
harzianum at 5 g/kg were free from aflatoxin. Integrations of T. harzianum as biocontrol seed treatment
and soil amendment with FYM were effective in the pre-harvest management of Aspergillus spp. and
aflatoxins contamination.

Key words: Aflatoxin, Aspergillus, carbendazim, farm yard manure, groundnut, mancozeb, Trichoderma
species.



INTRODUCTION

Groundnut (Arachis hypogaea L.) is an important
monoecious annual legume used as oilseed, food and
animal feed all over the world (Upadhyaya et al., 2006).
In Ethiopia, groundnut production is adapted to warm
climates and predominantly grown under rainfed
conditions (Amare and Tamado, 2014). The total
groundnut yield in the country was 1,296,364.18 tons for
2016/2017, with the productivity of 1.73 tons/ha (CSA,
2016/2017). Eastern and lowland part of the country,
mainly East Hararghe zone, is the leading groundnut
production area accounting for 43.4% of the total
production. In this area, groundnut is replacing major
crops like maize and sorghum (Amare and Tamado,
2014). Despite its ever-increasing importance, groundnut
quality and marketability are hampered by pre- and post-
harvest aflatoxin contamination in the area (Ayalew et al.,
1995; Eshetu, 2010; Chala et al., 2013; Mohammed and
Chala, 2014; Mohammed et al., 2016).

Groundnut is one of the legume crops most susceptible
to invasion by Aspergillus flavus and Aspergillus
parasiticus, which subsequently produce aflatoxin, a
mycotoxin that poses serious human and animal health
risks (Wiliams et al.,, 2004). Aflatoxin is a major
constraint to groundnut export and foreign exchange for
many countries in sub-Saharan Africa such as Ethiopia
and Kenya. Losses from rejected shipments and lower
prices for poor quality grain can devastate a developing
country’s export markets (IFPRI, 2003). These losses can
have a higher impact on sub-Saharan Africa due to the
favorable environmental conditions for the growth of
mycotoxigenic fungi and the lack of adequate storage
infrastructure. For example, in Nigeria, regulatory
agencies destroyed mycotoxin-contaminated foods worth
more than US$ 200, 000 in 2010 (Hussaini, 2013).
Income losses due to aflatoxin contamination cost US
producers more than US$ 100 million per year, on
average, including US$ 26 million paid to peanut farmers
alone (US$ 69.34 ha™) (Coulibaly et al., 2008).

In Ethiopia, aflatoxin contamination of groundnut is
often reported. Ayalew et al. (1995) reported a total
aflatoxin contamination in groundnut ranged from 5 to
250 pg/kg, furthermore Eshetu (2010) reported aflatoxin
level up to 447 pg/kg in groundnut seed from Eastern
Ethiopia. Death cases in Kenya were reportedly caused
by ingestion of maize with aflatoxin concentrations up to
4,400 pg/kg (Azziz-Baumgartner et al., 2005). However,
Chala et al. (2013) reported aflatoxin levels of about
12,000 pg/kg in groundnut seed from Babile district in
Eastern Ethiopia orders of magnitude higher than the
levels observed in Kenya; whereas the acceptable limit
set for the European Union is 4 pg/kg (OJEU, 2010).
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However, there is no acceptable limit of aflatoxin in
Ethiopia. Recently, Mohammed et al. (2016) reported
aflatoxin B; concentrations of 2,526 and 158 pg/kg, in
groundnut seed and groundnut cake locally known as
“Halawa”, respectively, from Eastern Ethiopia. The high
aflatoxin levels observed indicate the urgent need for
management of Aspergillus and associated aflatoxin
contamination in this area.

Management practices that reduces the incidence of
aflatoxin contamination at pre-harvest in the field include
timely planting, maintaining optimal plant densities,
proper plant nutrition, avoiding drought stress, controlling
other plant pathogens, weeds and insect pests and
proper harvesting (Bruns, 2003). The application of lime,
FYM, poultry manure, host plant resistance, and chemical
fumigation of the soil was employed earlier in reducing
the aflatoxin contamination in the groundnut crops
(ICRISAT, 2000). Among which, lime, FYM and cereal
crop residues as soil amendments have shown to be
effective in reducing A. flavus contamination as well as
aflatoxin levels by 50 to 90% (Bruns, 2003). Besides
biocontrol agents such as, non-toxigenic bacterial strains,
especially Bacillus species (Bottone and Peluso, 2003)
and the fungus Trichoderma harzianum (Inglis and
Kawchuk, 2002) have also been used. Most of these
biocontrol options are not accessible or are difficult to
apply on the seeds for smallholder farmers in developing
countries. Hence, there is a need for evaluations of
effective integrations of biocontrol agents with cultural
practices that are affordable for adoption by smallholder
farmers.

Fungicide seed treatment is also beneficial for the
management of seed-borne pathogens and its application
before planting decreases pre-emergence as well as
post-emergence damping-off and increases seedling
survival rates or establishment and plant vigor in various
crops (Elwakil and El-Metwally, 2000). In Eastern
Ethiopia, Getnet et al. (2013) conducted field experiments
aimed at suppressing aflatoxigenic fungi on groundnut
through fungicide seed treatments with mancozeb and
carbendazim and reported seed yield increase by 42.1
and 70.9%, respectively. However, the comparison of
fungicide and biocontrol seed treatments with cultural
practices in reducing the pre-harvest Aspergillus spp.
invasion and aflatoxin contamination of groundnut was
meager in the area.

Given the negative effects that aflatoxins have on
human health and marketability of groundnut, it is
imperative to find cultural practices that can help
reduce/eliminate aflatoxins from this crop, integration with
biological control methods adds the advantage of being
eco-friendly and relatively safe. The objectives of this
study were to evaluate the effects of FYM and seed
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Table 1. Description of treatments tested to manage Aspergillus species aflatoxin production in groundnut in under field experiments.

No. Treatment No. Treatment

T1 Negative control Ti1 FYM 2.5 tons/ha + T. harzianum 5 g/kg
T2 FYM 2.5 tons/ha T12 FYM 2.5 tons/ha + T. viride 5 g/kg

T3 FYM 5 tons/ha T13 FYM 5 tons/ha + Carbendazim 2 g/kg
T4 FYM 7.5 tons/ha T14 FYM 5 tons/ha + Mancozeb 3 g/kg

T5 Carbendazim 2 g/kg T15 FYM 5 tons/ha + T. harzianum 5 g/kg
T6 Mancozeb 3 g/kg T16 FYM 5 tons/ha + T. viride 5 g/kg

T7 T. harzianum 5 g/kg T17 FYM 7.5 tons/ha + Carbendazim 2 g/kg
T8 T. viride 5 g/kg T18 FYM 7.5 tons/ha + Mancozeb 3 g/kg
T9 FYM 2.5 tons/ha + Carbendazim 2 g/kg T19 FYM 7.5 tons/ha + T. harzianum 5 g/kg
T10 FYM 2.5 tons/ha + Mancozeb 3 g/kg T20 FYM 7.5 tons/ha + T. viride 5 g/kg

®FYM: Farm yard manure.

treatments with fungicides and biocontrol agents on the
development of Aspergillus spp. and aflatoxin production
under field conditions.

MATERIALS AND METHODS
Field experiment and treatment applications

Experiments were conducted at Babile research sub-station of
Haramaya University during 2014 and 2015 major cropping seasons
and planted in mid-May each year under rainfed conditions. The
site is located in eastern Hararghe zone at 9°13'13.5” N and
42°19°'20.9” E with an altitude of 1647 m above sea level. The
growing season starts from mid-April to end of October and the
area has an annual average rainfall of 569 mm. The soil at Babile
research sub-station is sandy loam soils.

The local groundnut variety Oldhale, commonly grown in Babile,
Gursum and Bisidmo areas by smallholder farmers (Bethlehem,
2011) was used as experimental material. Treatments included soil
amendments with farm yard manure (FYM) at rates of 0, 2.5, 5, and
7.5 tons/ha applied one week before planting. Fungicides seed
treatments with carbendazim at 2 g/kg and mancozeb at 3 g/kg
seed; biocontrol agents T. harzianum and Trichoderma viride each
at 5 g/kg seed; and untreated seeds used as a control.

Farm yard manure (FYM) was a mixture of cattle and goat
manure collected for approximately 10 years and protected from
water erosion commonly used by growers as organic fertilizer. It is
rich in nutrients, including trace elements necessary for crop growth
and inducing resistance in the plants. The amount of FYM required
for the experiment was purchased from the growers and spreaded
on the soil surface and amended to the soil manually a week prior
to planting the seeds. Agronomic practices were performed for
manual hand weeding and inter-cultivations in each plot. Groundnut
harvesting at physiological maturity was performed manually using
human labors in avoiding the mechanical damages of the pods.
Fungicide seed treatments were done by first weighing each
chemical and placing it in a 100 mL Erlenmeyer flask to which the
groundnut seeds were added; this was followed by 1-h shaking
(Flask shaker SF1, Stuart Scientific, UK) at speed of 150 rpm to
uniformly coat the seeds. A total of 20 treatment combinations
(Table 1) replicated three times were set up in a factorial RCBD.
The crop was planted 60 cm between rows and 10 cm apart within
rows giving a total of 150 plants per plot. Each plot had 5 rows of 30

plants per row 3 x 3 m plots. Plants in the central three rows were
used for data collection.

For the Trichoderma species treatment application, pure isolates
of T. harzianum and T. viride preserved at Ambo Plant Protection
Research Center (Ambo Ethiopia), were used. Isolates were
multiplied using PDA medium. Seeds were treated with Trichoderma
from 8-day-old PDA culture. Mycelial mat/harvesting (at 5 g/kg seed
for each species) with spores and conidia amended with carboxy-
methyl cellulose (CMC) (0.5%) placed in 1000 ml Erlenmeyer flask
with droplets of sterile distilled water to produce a thin paste. Then
the seeds were mixed through rotary shaker at 150 rpm for 6 h.
Control seeds were treated with sterile distilled water. Seeds were
incubated at 25°C for 24 h to create fungal emergence for further
effective adherence.

The variables observed were: days to 50% emergence (D50%E),
days to 50% flowering (D50%F), and days to 95% maturity
(D95%M) of groundnut. Plant populations were evaluated as stand
count at emergence (SCE) and stand count at harvest (SCH). Yield
components measured were: number of pods per plant (NPP),
seeds per pod (NSP), pod yield (PY), seed yield (SY), the 100 seed
weight (HSW), and shelling percentage (SHP) of pods. The crop
was harvested at physiological maturity and dried on sterilized
materials (rugs). Each treatment was harvested and groundnut
seed sample of 1 kg homogeneously produced from each plot and
a total of 120 samples in two cropping seasons were taken for
further laboratory analysis.

Isolation and identification of Aspergillus spp. from groundnut
seeds

Aspergillus spp. were isolated from harvested groundnut seed
samples using modified Dichloran Rose Bengal (MDRB) (Horn and
Dorner, 1998). Twenty grams of groundnut seeds were weighed
from each sample and placed in 50 mL Falcon™ tubes containing
25 ml of sterile distilled water. From each sample, 50 and 100 pL
suspensions were spread on MDRB medium and incubated at 37°C
for 72 h. Colonies of Aspergillus spp. were counted on MDRB
medium. Fungal species load per treatment was derived from plate
counts, expressed as the logarithm of the number of colony forming
unit (CFU) and were presented as Logio CFU/g.

Spores from the individual colony were aseptically transferred to
fresh MDRB plates using a sterile needle. Small pieces of agar
containing hyphal tip were transferred to Czapek Dox Agar (CDA;



OXOID Ltd, Hampshire, England), slant medium prepared
according to Horn et al. (1996) and incubated at 30°C for 10 to 14
days for identification. Isolates were identified using taxonomic
systems of Aspergillus (Klich, 2002) and confirmation was done by
comparison with reference cultures of Dr. Bruce Horn’s collection
(USDA National Peanut Research Laboratory, Dawson, Georgia,
USA).

Aflatoxin analysis from groundnut seed

About 1 kg of groundnut sample from each plot was taken and
totally produces 120 samples, and representative of 50 g of seed
was suspended in 1 L glass jar (Waring Products Div., Torrington,
CT, USA) with 100 mL of methanol/distilled water (80/20 vlv,
respectively) and blended at high speed (13, 000 rpm) for 1 min, for
aflatoxin extraction. A pre-pleated filter paper Whatman No. 4 was
inserted in the mixture, 500 pL of filtrate was transferred to a
disposable glass test tube followed by addition of 500 pL of
acetonitrile to the same tubes and mixed thoroughly (Mohammed et
al., 2016). Then, 500 pL of the mixture was pipetted into the 1.5-mL
columns prepared for cleaning. The eluate containing aflatoxins
was collected into 500 pL-ultra performance liquid chromatography
(UPLC) glass vials and immediately closed with caps with septa.
The limit of detection (LOD) for aflatoxins was 1 pg/kg for B; and G,
and 0.05 pg/kg for aflatoxin B, and G,. Aflatoxin standards of By,
B, Gi1, and G, were obtained from Sigma Chemical Co. (St. Louis,
MO, USA). Stock and spike solutions of each aflatoxin Bi, B, Gy,
and G, were prepared according to the protocol developed by
Sobolev and Dorner (2002).

Aflatoxin detection was carried out by UPLC Acquity, using
column ACQUITY UPLC ® BEH C18 1.7 um, 2.1 x 50 mm (Waters,
Milford, MA, USA), at a temperature of 40°C, and with fluorescence
detection. The mobile phase was methanol/water/acetonitrile
(20/70/10%, viviv, respectively), and the flow rate of 0.25 mL/min
with an injection volume of 1 pL was used. All instrument control,
analysis, and data processing were performed using Waters®
Empower 3® Chromatography Data Software (CDS). The
concentration of each class of aflatoxin was computed as pg/kg.

Data analysis

Data collected from the field and laboratory experiments were
subjected to analysis of variance (ANOVA) using general linear
models (GLM) of SAS (2002) for Windows 9 (SAS Institute Inc.,
Cary, NC, USA). Means were compared using the least significant
difference (LSD) at the p<0.05 level of significance. Correlation
analysis was done using Pearson correlation coefficient method
(Pelosi and Sandifer, 2003).

RESULTS

Efficacies of treatments on
contamination in groundnut

Aspergillus  spp.

The experiments were employed for the comparison of
fungicides and Trichoderma spp. seed treatment as
biological control agent integration with FYM soil
application against pre-harvest Aspergillus spp. invasion
and subsequent aflatoxin production. In the 2014
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experiment, the highest seed invasion of A. flavus (1.3
log CFU/g) and A. parasiticus (0.48 log CFU/g) was
found in samples from plots treated with FYM at 5
tons/ha followed by control plot samples infected with A.
flavus of 1.08 log CFU/g (Table 2). Among plots that
received sole FYM treatment, the lowest seed invasion
(0.69 log CFU/g) of A. flavus was recorded at the highest
rate of FYM at 7.5 tons/ha soil application. However,
plots sown with seeds treated with carbendazim at 2 g/kg
and T. harzianum 5 g/kg were devoid of Aspergillus spp.
invasion, which is 100% reduction in seed invasion
compared with the control plots in 2014 season. On the
other hand, A. niger occurrences were relatively less with
the highest (0.78 log CFU/g) of seed invasion in plots
treated with FYM 2.5 tons/ha + T. harzianum 5 g/kg. The
samples obtained from plots treated with FYM 2.5
tons/ha integrated with mancozeb 3 g/kg and T. viride 5
g/kg and FYM 5 tons/ha + T. harzianum 5 g/kg also had
less contamination by Aspergillus spp.

In the samples from the 2015 experiment, the highest
seed invasion of A. flavus (1.63 log CFU/g) was found in
control plots, followed by plots sown with seeds treated
with mancozeb 3 g/kg which had 1.36 log CFU/g (Table
2). Among the plots sown with seed treatments, T.
harzianum 5 g/kg managed 100% seed invasion by
Aspergillus spp., except Aspergillus niger, which was
recorded at 0.3 log CFU/g of seed. Plots treated with T.
harzianum 5 g/kg in single and combination with FYM at
5 tons/ha had no or relatively less invasion with
Aspergillus spp., which is consistent with the preceding
year results.

Effects of treatments on aflatoxin contamination of
groundnut seed

In 2014 cropping season, samples (n=60), 10% (n= 6)
were positive for aflatoxin contaminations, while 90% (n=
54) were negative (Table 3). Among positive samples,
33% had aflatoxin B; below 10 pg/kg, which is the
tolerable limit of East African Commission. However, the
highest aflatoxin concentration of B, (1340.6 pg/kg) was
detected in samples from plots treated with FYM at 5
tons/ha, followed by the control plots which had aflatoxin
B, in excess of 600 pg/kg. The high aflatoxin levels from
plots with a low rate of FYM came from seeds that were
not treated with fungicides or bio agents. Concomitantly,
there were high incidences of A. flavus and A. parasiticus
isolates from these samples that might have accounted
for high aflatoxin concentrations. None of the aflatoxin G
types were detected in the present samples in spite of
isolation of Aspergillus spp. were employed. All plots
subjected to T. harzianum as a seed treatment singly and
in combinations with different levels of FYM applications
were devoid of aflatoxin contaminations in the samples.
Among plots subjected to T. viride singly and in
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Table 2. Farm yard manure, fungicide and Trichoderma species, treatment effects against Aspergillus species seed invasions in log CFU/g seed in Babile district, eastern Ethiopia in 2014

and 2015 main cropping seasons.

Treatment - — - - — -
A.flavus A.flavus S-strain  A. parasiticus A. niger A.flavus  A.flavus S-strain  A. parasiticus A. niger

Negative control 1.08 0.00 0.00 0.00 1.63 0.30 1.00 0.30
FYM 2.5 tons/ha 0.78 0.00 0.00 0.00 0.85 0.00 0.30 0.00
FYM 5 tons/ha 1.30 0.30 0.48 0.00 0.90 0.30 0.48 0.00
FYM 7.5 tons/ha 0.69 0.00 0.00 0.00 0.69 0.00 0.30 0.00
Carbendazim 2 g/kg 0.00 0.00 0.00 0.00 0.69 0.00 0.30 0.00
Mancozeb 3 g/kg 0.60 0.00 0.00 0.00 1.36 0.00 1.30 0.00
T. harzianum 5 g/kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30
T. viride 5 g/kg 0.48 0.30 0.00 0.00 0.78 0.30 0.00 0.00
FYM 2.5 tons/ha + Carbendazim 2 g/kg 0.69 0.00 0.00 0.48 0.69 0.00 0.00 0.69
FYM 2.5 tons/ha + Mancozeb 3 g/kg 0.00 0.00 0.00 0.30 0.00 0.00 0.00 0.30
FYM 2.5 tons/ha + T. harzianum 5 g/kg 0.69 0.48 0.00 0.78 0.60 0.00 0.00 0.30
FYM 2.5 tons/ha + T. viride 5 g/kg 0.00 0.00 0.00 0.00 0.48 0.00 0.60 0.00
FYM 5 tons/ha + Carbendazim 2 g/kg 0.60 0.00 0.00 0.00 0.69 0.00 0.30 0.00
FYM 5 tons/ha + Mancozeb 3 g/kg 0.85 0.00 0.00 0.00 0.60 0.00 0.00 0.30
FYM 5 tons/ha + T. harzianum 5 g/kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FYM 5 tons/ha + T. viride 5 g/kg 0.30 0.30 0.00 0.30 0.60 0.30 0.48 0.60
FYM 7.5 tons/ha + Carbendazim 2 g/kg 0.85 0.30 0.00 0.00 1.18 0.30 0.00 0.00
FYM 7.5 tons/ha + Mancozeb 3 g/kg 0.30 0.30 0.00 0.00 0.95 0.30 0.48 0.00
FYM 7.5 tons/ha + T. harzianum 5 g/kg 0.00 0.48 0.00 0.00 0.48 0.48 0.30 0.00
FYM 7.5 tons/ha + T. viride 5 g/kg 0.48 0.00 0.00 0.30 0.78 0.00 0.30 0.69

combinations, only samples from plots treated
with FYM 7.5 tons/ha + T. viride 5 g/kg had
aflatoxin B; and B, that were 99% less aflatoxin
contamination than plots with the highest aflatoxin
levels.

In the 2015 cropping season, samples (n=60),
63.3% (n= 38) were found to be contaminated by
aflatoxins while the remaining 36.7% (n= 22) were
apparently free from aflatoxin (Table 3). The
highest aflatoxin level of B; (5704.4 pg/kg) was
detected from the control plots and the lowest B;
(2.5 pg/kg) from plots treated with FYM at 2.5

tons/ha + T. harzianum at 5 g/kg. Unlike the 2014
cropping season samples, aflatoxin G types were
detected in plots sown with seeds treated with
mancozeb 3 g/kg, the same plot had aflatoxin B;
(588.0 pg/kg). Perhaps A. parasiticus and/or A.
flavus isolated from these samples had the
capability to produce B and G type aflatoxins and
apparently, mancozeb could not inhibit those
isolates.

In both cropping seasons, plots treated with T.
harzianum at 5 g/kg seed and FYM 5 tons/ha + T.
harzianum at 5 g/kg were not contaminated by

aflatoxins. In the later year (2015), plots that
received FYM 2.5 tons/ha + T. harzianum 5 g/kg
decreased both aflatoxins B; and B, by 99.9% as
compared to the untreated control plots. In 2014,
apart from control plots, only samples from plots
treated with FYM 5 tons/ha were positive for
aflatoxin with maximum aflatoxin B;. In the latter
year (2015), all single treatment applications were
positive for aflatoxins except plots sown with T.
harzianum 5 g/kg seed. Among plots treated with
sole FYM in 2015 cropping season, maximum (9.0
pa/kg) aflatoxin B; concentration was estimated in
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Table 3. Aflatoxin concentration (in pg/kg seed) in groundnut samples (N=120, n=60 per season) in Babile district, eastern Ethiopia, in the

2014 and 2015 main cropping seasons.

2014 2015

Treatment

Bi B Gl Gz B1 B> Gl GZ
Negative control 651.3 71.0 nd nd 5704.4 2219.0 nd nd
FYM 2.5 tons/ha nd nd nd nd 9.0 1.0 nd nd
FYM 5 tons/ha 1340.6 76.5 nd nd 6.5 nd nd nd
FYM 7.5 tons/ha nd nd nd nd 4.2 0.1 nd nd
Carbendazim 2 g/kg nd nd nd nd 3.8 0.1 nd nd
Mancozeb 3 g/kg nd nd nd nd 588.0 50.1 205.2 24.0
T. harzianum 5 g/kg nd nd nd nd nd nd nd nd
T. viride 5 g/kg nd nd nd nd 50.0 2.3 nd nd
FYM 2.5 tons/ha + Carbendazim 2 g/kg nd nd nd nd 6.6 0.3 nd nd
FYM 2.5 tons/ha + Mancozeb 3 g/kg 10.3 14 nd nd nd nd nd nd
FYM 2.5 tons/ha + T. harzianum 5 g/kg nd nd nd nd 2.5 0.1 nd nd
FYM 2.5 tons/ha + T. viride 5 g/kg nd nd nd nd 16.2 3.4 nd nd
FYM 5 tons/ha + Carbendazim 2 g/kg nd nd nd nd 6.1 0.5 nd nd
FYM 5 tons/ha + Mancozeb 3 g/kg 27.6 4.0 nd nd 3.8 2.7 nd nd
FYM 5 tons/ha + T. harzianum 5 g/kg nd nd nd nd nd nd nd nd
FYM 5 tons/ha + T. viride 5 g/kg nd nd nd nd 76.0 9.0 nd nd
FYM 7.5 tons/ha + Carbendazim 2 g/kg 269.5 13.9 nd nd 306.8 11.1 nd nd
FYM 7.5 tons/ha + Mancozeb 3 g/kg nd nd nd nd 224 1.3 nd nd
FYM 7.5 tons/ha + T. harzianum 5 g/kg nd nd nd nd 15.0 1.2 nd nd
FYM 7.5 tons/ha + T. viride 5 g/kg 6.2 0.5 nd nd 96.0 5.7 nd nd

®nd: Aflatoxin not detected.

samples taken from plots treated with FYM 2.5 tons/ha,
whereas plots that received FYM 7.5 tons/ha had
aflatoxin B; (4.2 pg/kg), which revealed that the highest
rate of FYM application significantly decreased aflatoxin
contaminations and vice versa.

Effects of treatments on yield and yield components
of groundnut

Yield and yield components varied across treatments but
the variation was not significant in most cases regardless
of the experimental year (Table 4). In the 2014
experiment, the highest mean of SCE (90.0 plants/plot)
recorded from plots treated with FYM 2.5 tons/ha +
mancozeb at 3 g/kg, FYM 2.5 tons/ha + T. viride at 5
g/kg, FYM 5 tons/ha + T. viride 5 g/kg, and FYM 7.5
tons/ha + T. harzianum 5 g kg™*. On the other hand,
control plots had the lowest number of plants (74.0
plants/plot). The highest mean SCH (33.7 plants/plot)
was obtained from plots treated with FYM 5 tons/ha and
FYM 7.5 tons/ha + T. harzianum 5 g/kg. The highest
means PY (670.9 kg/ha), NSP (1.8), and the second
highest mean SY (601.0 kg/ha) and NPP (34.9) were
harvested from plots treated with FYM at 7.5 tons/ha +
mancozeb 3 g/kg. These results were achieved due to
the integration of soil amendment with a high amount of

FYM and seed treatment with fungicides.

In the 2015 season, 10 different treatments led to the
highest (90 plants/plot) SCE (Table 4), the same levels of
performances. The lowest (80.3 plants/ plot) SCE was
recorded from untreated plots and plots treated with FYM
at 5 tons/ha + T. harzianum 5 g/kg. In case of SCH, the
highest mean (47.7 plants/plot) was obtained from plots
treated with FYM at 7.5 tons/ha. The highest PY and SY
(1901.5 and 1281.5 kg/ha, respectively) were obtained
from pots treated with T. harzianum at 5 g/kg. The
highest NPP (27.9) was recorded from plots treated with
FYM at 5 tons/ha + T. harzianum 5 g/kg and the lowest
(20.0) was from the control plots.

Days to 50% emergence in experimental years, viz.
2014 and 2015, showed non-significant (p> 0.05)
differences among treatments (Table 5). Days to 50%
flowering showed slight differences among treatments
and all plots attained flowering with the mean intervals of
37.0 to 46.0 days. Days to 95% physiological maturity
exhibited significant differences among treatments from
146.0 to 152.0 days. Evidently, Tegene et al. (2013)
reported an unnamed local variety reaching physiological
maturity from 148 to 154 days in eastern Ethiopia.

Pearson correlation coefficients evaluated among the
agronomic and yield parameters suggested differential
relationships (Table 6). In the 2014 experiment, SY
showed highly significant and positive (r=0.42, P=0.01)
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Table 4. Farm yard manure, fungicide and Trichoderma species, treatment effects on yield and yield components of groundnut under field
condition in Babile, eastern Ethiopia in the 2014 and 2015 main cropping seasons.

SCE SCH NPP PY NSP SHP SY HSW

Treatment
2014
Negative control 7400 27 (abedef 20.50de 295.9d% 1.72 64.0cde 258.30¢ 40.6°
FYM 2.5 tons/ha 89.02 25, 7abodef 28.72¢ 574 6abe 1.8 61.8¢ 599,520 39.5°
FYM 5 tons/ha 78.72 33.72 26.5200d 454 gabode 1.72 68.1abed 420.32bc 40.3
FYM 7.5 tons/ha 85.72b 32.02be 27 3ebcd 656.120 1.72 70.22b 646.92 40.9°
Carbendazim 2 g/kg 78.72 27 gabodef 28.1abc 529 4abode 1.62 67.8abode 516.0abe 41.50
Mancozeb 3 g/kg 84.72 31.7abed 26.3abcd 560.9abed 1.72 69.620¢ 491 7abe 40.6°
T. harzianum 5 glkg 86.020 31.3abcd 26.20cd 369.7bcde 1.6 65.3abcde 332.8abe 42,02
T. viride 5 glkg 82.3e 28, (abodef 25.9ped 340.0bede 1.72 65.5abcde 290.7¢ 3940
FYM 2.5 tons/ha + Carbendazim 2 g/kg 89.72 23.7df 37.52 585.53 1.72 65.8abcde 531.9abe 54.02
FYM 2.5 tons/ha + Mancozeb 3 g/kg 90.02 26, 3abcdef 23.3cde 360.20cde 1.72 66.0abcde 274.3bc 42.820
FYM 2.5 tons/ha + T. harzianum 5 glkg 87.72 27 abodef 28.1abc 305.3cde 1.62 64.gbode 336.3abc 40.0°
FYM 2.5 tons/ha + T. viride 5 g/kg 90.02 28.8abcde 25 4abcd 256.4¢ 1.72 63.6ed 220.6° 3940
FYM 5 tons/ha + Carbendazim 2 g/kg 89.02 24, 7odef 21.70de 261.3¢ 1.72 64.1cde 220.7¢ 42,020
FYM 5 tons/ha + Mancozeb 3 g/kg 85.3¢e 25, 3bdef 27 .72bed 525, 2abode 1.72 63.7cde 495 2abc 40.20
FYM 5 tons/ha + T. harzianum 5 glkg 81.02b 28, 3abdef 21.8cde 360.6bcde 1.72 65.5abcde 317 4be 39.20
FYM 5 tons/ha + T. viride 5 glkg 90.02 27 gabodef 23.30de 279.0¢ 1.72 65.Qpcde 27190 38.90
FYM 7.5 tons/ha + Carbendazim 2 g/kg 89.02 29.(abede 19.5cde 470.9abede 1.72 67.3abode 444 (zbe 41.3
FYM 7.5 tons/ha + Mancozeb 3 g/kg 88.32 29.Qabede 34.920 670.92 1.82 66.7abcde 601.020 42,02
FYM 7.5 tons/ha + T. harzianum 5 glkg 90.02 33.72 20.50de 372 2bcde 1.72 63.0ed 362.620c 4212
FYM 7.5 tons/ha + T. viride 5 g/kg 86.020 22.3¢f 21.Qcde 291.9¢e 1.8 71.02 220.8¢ 39.4b
LSD (0.05) 13.7 8.1 11.3 245 0.2 5.9 3373 12.3
CV (%) 9.7 17.6 27 39 74 55 51 18
2015

Negative control 80.3 40.3 20.0 1389.22 1.70d 63.3° 803.6° 54.0pc
FYM 2.5 tons/ha 90.02 46.3 2412 1500.62 1.7%d 64.02° 991.62 52.0¢
FYM 5 tons/ha 88.0e 39.72 25.52 1500.62 1.8abed 67.120 1055.1ab 55.4b¢
FYM 7.5 tons/ha 90.02 47.72 23,0 1462.02 1.70d 69.920 1032.72b 61.1a0
Carbendazim 2 g/kg 81.00 41.02 24,22 1528.62 1.7¢d 69.220 1104.22b 54 3bc
Mancozeb 3 g/kg 90.02 45,08 23,0 1597.72 1.9abe 69.4a0 966.4a> 55.0p°
T. harzianum 5 glkg 90.02 42.72 25.2 1901.52 2,02 68.020 1281.52 56.80¢
T. viride 5 glkg 85.320 42.72 25,68 1720.82 1.8abed 71.02 965.22 56.00¢
FYM 2.5 tons/ha + Carbendazim 2 g/kg 87.0e 42.72 25.32 1528.82 1.9abe 69.52 931.1ab 51.4¢
FYM 2.5 tons/ha + Mancozeb 3 g/kg 90.02 42.00 26.3 1623.32 2,080 63.00 1126.020 54 2be
FYM 2.5 tons/ha + T. harzianum 5 glkg 88.0e 43.72 22.3 1405.62 1.8abed 68.020 1186.220 57 gabe
FYM 2.5 tons/ha + T. viride 5 glkg 90.02 42,08 21.32 1632.42 1.8bed 64.020 1035.2ab 56.60°
FYM 5 tons/ha + Carbendazim 2 g/kg 90.02 40.72 24.3 1579.02 1.9abe 63.3° 988.3a0 53.50%
FYM 5 tons/ha + Mancozeb 3 g/kg 90.02 42.3 24.22 1678.12 1.70d 65.62° 1045.2ab 54.3b
FYM 5 tons/ha + T. harzianum 5 glkg 80.3 39.72 27.92 1532.42 1.8bed 64.920 1170.4ab 55.4bc
FYM 5 tons/ha + T. viride 5 g/kg 84,020 42.72 25.3 1523.02 212 65.620 1028.92 55.4pc
FYM 7.5 tons/ha + Carbendazim 2 g/kg 90.02 44 3 2242 1576.82 1.8bed 67.120 1010.2ab 65.82
FYM 7.5 tons/ha + Mancozeb 3 g/kg 90.02 42.72 21.02 1439.02 1.9abe 65.220 1018.72 52.60c
FYM 7.5 tons/ha + T. harzianum 5 g/kg 88.020 42.3 23.02 1621.22 1.7¢d 69.220 1089.62 56.90¢
FYM 7.5 tons/ha + T. viride 5 glkg 88.0e 45,08 21.12 1532.72 1.70d 63.0° 1020.72b 53.90
LSD (0.05) 8.8 9.8 10.6 567.2 0.3 75 385.9 8.7
CV (%) 6.1 14.0 274 22.0 10.6 6.8 22.5 9.5

8SCE: Stand count at emergence (in number); ®SCH: stand count at harvest (in number); “HSW: hundred seed weight (g); ISHP: shelling
percentage (%); *PY: pod yield (kg ha™); 'SY: seed yield (kg ha™); °NPP: number of pods per plant (mean values); "NSP: number of seeds per pod
(mean values). 'LSD: Least significant difference; 'CV: coefficient of variation. “Means with the same letters are not significantly different.
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Table 5. Farm yard manure, fungicide and Trichoderma species effects of treatments on days to 50% emergence and flowering, and 95%
physiological maturity of groundnut in Babile, eastern Ethiopia in 2014 and 2015 main cropping seasons.

2014 2015
Treatment
D50%E D50%F  D95%M DS0%E  D50%F D95%M
Negative control 20.3° 37.0° 149.7% 20.3° 40.3% 149.7%°
FYM 2.5 tons/ha 18.0° 41.0%° 149.3%° 18.0° 43.3%® 149.3%°
FYM 5 tons/ha 19.7% 38.0" 146.0° 19.7° 41.7%° 148.3%°
FYM 7.5 tons/ha 19.0° 37.3™ 149.7% 19.0° 42.7%° 149.0°%°
Carbendazim 2 g/kg 19.0% 44.0% 149.0% 19.0% 43.3% 148.7%°
Mancozeb 3 g/kg 19.0% 41.0™ 14877 19.0% 45.0° 148.0™
T. harzianum 5 g/kg 18.7% 44.0% 148.7% 18.7% 39.3° 149.3%°
T. viride 5 g/kg 19.0° 42.3%° 149.3%° 19.0° 40.7% 148.3%°
FYM 2.5 tons/ha + Carbendazim 2 g/kg 19.0 46.0° 150.7° 19.0% 41.0%° 150.0%°
FYM 2.5 tons/ha + Mancozeb 3 g/kg 19.3 43.7%° 149.7% 19.3 40.3% 150.0%
FYM 2.5 tons/ha + T. harzianum 5 g/kg 18.0° 42.0%° 147.3% 18.0% 38.7° 149.3%*
FYM 2.5 tons/ha + T. viride 5 g/kg 18.3% 42.0%° 149.3%° 18.3% 41.3% 147.3°
FYM 5 tons/ha + Carbendazim 2 g/kg 18.7° 40.3%° 149.3%° 18.7% 43.0%° 150.0%
FYM 5 tons/ha + Mancozeb 3 g/kg 18.3° 41.3%° 147.0% 18.3% 40.3% 149.7%°
FYM 5 tons/ha + T. harzianum 5 g/kg 19.0° 42.7%° 14877 19.0° 43.3% 148.3%°
FYM 5 tons/ha + T. viride 5 g/kg 19.7% 40.3%° 148.3° 19.7% 41.7% 152.0
FYM 7.5 tons/ha + Carbendazim 2 g/kg 18.0° 43.7%° 149.7% 18.0% 39.3" 148.0™
FYM 7.5 tons/ha + Mancozeb 3 g/kg 19.3% 403 148.7% 19.3% 39.7° 151.7%
FYM 7.5 tons/ha + T. harzianum 5 g/kg 20.0% 43.0%° 150.0% 20.0% 41.7% 150.0%
FYM 7.5 tons/ha + T. viride 5 g/kg 19.0 43.0%° 149.3%° 19.0% 38.7° 150.0%°
LSD (0.05) 2.8 7.0 2.2 2.8 5.1 3.7
CV (%) 8.8 10.1 0.9 8.8 7.4 1.5

3D50%E: Days to 50% emergence; "D50%F: days to 50% flowering; “D95%M: days to 95% maturity; ‘LSD: least significant difference; °CV:

coefficient of variation.

correlation with NPP; correspondingly PY had significant
positive (r= 0.94 and 0.40, P= 0.01) correlations with SY
and NPP. Similarly, Vaithiyaungan et al. (2010) found
that SY of groundnut had highly significant and positive
association with NPP and harvest index. In the 2015, PY
(r= 0.43, P= 0.01) and SHP (r= 0.41, P= 0.01) were
significantly and positively correlated with SY.

DISCUSSION

Plots sown with groundnut seed treatments with
fungicides (carbendazim and mancozeb) or biocontrol (T.
harzianum and T. viride) had a minimum invasion by
Aspergillus species compared with sole FYM application.
Fungicide seed treatment is effective in reducing losses
caused by A. niger in crops like groundnut which are
vulnerable at the seedling stage (Manju et al., 2017),
thereby enhancing the crop resistance and contributing
for harvesting of healthy seed. Biocontrol agents of T.
viride and T. harzianum have also shown benefits in
managing the collar rot of groundnut (Pratibha et al.,

2012; Gangwar et al., 2014). The effectiveness of
integrated soil organic amendments of FYM with
biocontrol agent (T. harzianum) and fungicide
(carbendazim) against Aspergillus invasion was
evaluated (Manju et al., 2017). Presently, the samples
obtained from plots treated with FYM 2.5 tons/ha
integrated with mancozeb 3 g/kg and T. viride 5 g/kg and
FYM 5 tons/ha + T. harzianum 5 g/kg had less invasion
by Aspergillus spp. Particularly, the samples from plots
treated with Trichoderma spp. in single and integrated
with FYM showed lower invasions of Aspergillus spp.
Mohamed (2015) reported that groundnut seed treated
with bioagents produced healthier and higher vyielding
plants than control. Trichoderma spp. are widely used in
agriculture as biopesticides, bioprotectants,
biostimulants, and biofertilizers on a wide variety of plants
(Ranasingh et al., 2006).

The plots treated with carbendazim at 2 g/kg seed had
less invasion when compared with samples from control
plots. These results are in agreement with the observation
of Reddy et al. (2008) who reported a significant
reduction in the growth of Aspergillus spp. and aflatoxin
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Table 6. Simple Pearson correlation coefficients of growth parameters, yield and yield components of groundnut in Babile, eastern

Ethiopia, in 2014 and 2015 main cropping seasons.

_ 2014 2015
Correlatio “S°r ™ SCH HSW SHP _PY _ SY  NPP NSP SCE SCH HSW SHP _PY _ SY _ NP NSP
SCE 022 008 016 012 004 -017 024 022 003 007 047% 006 -001 -004
SCH 011 013 001 002 002 -007 004 001 004 007 -028* -041
HSW 041 005 003 011 012 023 024 027 025 -0
SHP 022 012 006 014 031 041% 002 0.02
PY 004  040% 0.24 043" 008 009
sy 042% 015 009 005
NPP 003 0.09
NSP

Correlation is significant at the 0.05 level (2-tailed); ®*Correlation is significant at the 0.01 level (2-tailed).

contaminations of rice that received seed treatment with
carbendazim at 3 g/kg. In contrast, the prevalence of A.
flavus and A. parasiticus was high in samples collected
from plots sown with mancozeb treatment at 3 g/kg seed.
However, Getnet et al. (2013) reported that mancozeb 3
g/kg and carbendazim 2 g/kg seed treatment were
effective in suppression of seed invasion by A. flavus and
A. parasiticus than A. niger, where as plots sown with
carbendazim 2 g/kg or mancozeb 3 g/kg seed treatment
were found to be free of A. niger in our study. Treatments
were also evaluated on the aflatoxin contamination
reduction. In the first year (2014) experiment, 90%
samples were negative for aflatoxins, while 10% had
detectable aflatoxin concentrations, of that 33% had
aflatoxin B; below 10 ug/kg. Studies have shown that
aflatoxin B; concentration in food above 10 ug/kg is
considered hazardous and a threat to food security
(Lewis et al., 2005). Plots treated with FYM at 5 tons/ha
had aflatoxin B; of 1340.6 pg/kg, and the same plots
were infected with A. flavus and A. parasiticus which
might have been responsible for the accumulated
aflatoxin level. It has been reported that high aflatoxin
concentration accumulates in the soils and if
microorganisms do not rapidly degrade it, it will be
absorbed by the roots of crops in the subsequent years
and translocated to other plant parts like seeds and fruits
(Mertz et al., 1980). Samples harvested from the plots
planted with T. harzianum alone and integrated with
different rates of FYM had aflatoxin below the detectable
levels. Perhaps the antagonistic effect of T. harzianum
coated to planted seeds likely inhibited the Aspergillus
spp. and inhibited aflatoxin production in those plots. The
current finding is in agreement with the report of Benizri
et al. (2001).

In the second year (2015), the highest aflatoxin B;
(5704.4 pg/kg) and B, (2219.0 pg/kg) were detected in
samples harvested from the control plots. Recently
Mohammed et al. (2016) detected aflatoxin B; 2526.3
pa/kg in groundnut seed collected from growers’ storages.
These results indicated that, the groundnut seed

produced in eastern Ethiopia was badly contaminated
with aflatoxin. However, of the contaminated samples,
55% had aflatoxin B; below acceptable levels (10 pg/kg)
set by some countries like China which is 20 pg/kg
(Xiaoxia et al., 2015); 15 pg/kg for Taiwan (Chen et al.,
2013), and 10 pg/kg for Korea and Uganda (Kaaya et al.,
2006; Ee et al., 2007). This indicates that pre-harvest
management decrease aflatoxin accumulation. Plots
subjected to FYM 7.5 tons/ha + T. harzianum 5 g/kg had
aflatoxin By levels of 15.0 pg/kg. Plots sown with seeds
treated with T. harzianum 5 g/kg, FYM 2.5 tons/ha +
mancozeb 3 g/kg, and FYM 5 tons/ha + T. harzianum 5
g/kg showed no aflatoxin contamination. The findings
affirmed that the use of T. harzianum as seed treatment
or in combinations with FYM significantly reduced seed
invasion by Aspergillus spp. and aflatoxins contamination.
Choudhary (1992) also reported that, Trichoderma spp.
inhibited aflatoxin B, by 73.5% and G; by 100% produced
by A. flavus. Soil amendment with FYM significantly
reduced aflatoxin contamination. Waliyar et al. (2007)
reported that treatment with FYM 2.5 tons/ha reduced
aflatoxin contamination by 42%. However, in the current
study the same rate reduced aflatoxin concentration by
99.8% in 2015 cropping season and 100% in 2014.

The proportion of aflatoxin contaminated samples and
concentrations were higher in 2015 cropping season than
samples harvested in 2014. The results were in
agreement with the prevalence of Aspergillus spp.
Perhaps, the amount of rainfall received in 2015 cropping
season (446.2 mm) contributed to higher aflatoxin levels
compared to the preceding year (2014) which received
596 mm of rainfall during the growing season. In fact,
drought stress is the principal factor contributing to
Aspergillus spp. occurrences and aflatoxin production
under field conditions. Researchers (Waliyar et al., 2003;
Craufurd et al., 2006) investigated drought stress as the
main factors that predispose seeds to aflatoxigenic fungi
and aflatoxin contamination in the field. Groundnut seed
samples harvested from rainfed conditions under moisture
stress had a maximum (10,240 pg/kg) concentration of



aflatoxin, while traces amount were detected in samples
from well irrigated plots (Mehan et al., 1988). In the
current finding, the highest total aflatoxin (B;+B,+G;+Gy=
7, 923.4 pg/kg) was observed in the control plot samples
in the 2015 crop season, while 1,417.1 ug/kg aflatoxin
levels were detected in the 2014 samples. This is in
agreement with the variable amount of rainfall received
during 2014 and 2015 crop seasons.

The PY and SY obtained from plots treated with FYM
2.5 tons/ha + T. viride 5 g/kg indicated that low rate of
FYM application resulted in low yields, while the highest
corresponding mean PY and SY were recorded from
plots subjected to treatment with FYM at 7.5 tons/ha +
mancozeb 3 g/kg and FYM at 7.5 tons/ha, respectively.
These findings are in accordance with the result of
Waliyar et al. (2006), who obtained an increase in yield
with FYM supplement at different cropping stages
contributing to increased groundnut yield. The estimated
national and global yield of groundnut in 2014/2015 was
about 1600 kg/ha (FAOSTAT, 2014; CSA, 2014, 2015).
However, in the current study the highest yield of 1901.5
kg/ha was achieved in plots treated with T. harzianum 5
g/kg which was higher than the yields reported at the
national level and globally. This could be due to growth
and yield enhancement in addition to the antagonistic
effects of bioagents against groundnut pathogens. CSA
(2009) reported that, groundnut vyields with good
management practiced could rise to 3 tons/ha, supporting
the present finding. The increase in yield is also attributed
to increased vigor of healthy plants through growth
regulators produced by Trichoderma spp., which
improved plant photosynthesis according to Govindappa
et al. (2011). Albeit, Trichoderma spp. seed treatments
contribution for photosynthesis improvement should not
be ruled out in the current study.

Application of FYM at 10 to 15 tons/ha has been
reported to increase the pod and haulm vyields and
improved the yield parameters compared to inorganic
fertilizers (Subrahmaniyan et al., 2000). In the current
study, plots treated with FYM at 7.5 tons/ha had the
highest average mean of PY (1029.2 kg/ha) and SY
(844.4 kg/ha). This indicated that the highest rate of FYM
applications could produce better yields. The present
finding is in agreement with the report of Lokanath
(2010), who confirmed heavy application of FYM at 75
tons/ha producing higher dry pod vyield (3510 kg/ha) of
groundnut in better moisture conditions. Higher soll
moisture in organically amended plots generally leads to
poor aeration and decreased activity of solil
microorganisms and affects the nutrient availability in the
soils and subsequently reduces the yield components of
the crop (Lokanath, 2010). In the current study, the
amount of rainfall received during 2014 experimental year
was 596 mm and PY of 596.4 kg/ha was obtained, while
in 2015 when the rainfall was less (446.2 mm) a PY of
1462.0 kg/ha was obtained from plots treated with FYM
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7.5 tons/ha. Generally, the important yields of PY and SY
were higher in 2015 than 2014 experimental year.

Among the agronomic data, the required days for 50%
emergence, 50% flowering, and 95% maturity were 18.0
to 20.3, 37 to 46.0, and 146.0 to 152.0 days, respectively
in the current study. Likewise, the same variety “Oldhale”
used by Bethlehem (2011) reported that, it took 17, 36.4,
and 140.3, days to attain 50% emergence, 50% flowering
and 95% physiological maturity, respectively, in Babile
district. MOARD (2009) reported that an improved variety,
Fetene, took 27 to 35 to attain 50% flowering and 115.9
days to 95% physiological maturity; while “Oldhale” took
relatively longer time to reach the specified stages.
However, Jeyaramraja and Fantahun (2014) reported
that Tole 2 variety required 157 days to reach 95%
physiological maturity, much later than “Oldhale”. In case
of the Pearson correlation coefficient, the experiment
indicates that PY and SY contributed a great deal to the
total yields of groundnut. Bethlehem (2011) reported that
NPP was significantly and positively correlated with SY.
NPP and NSP were significant components of groundnut
yield and could be utilized as vyield indicators.
Parameswarappa et al. (2008) revealed that NPPs are an
important yield component of the crop.

This study has demonstrated the effects of FYM on the
management of pre-harvest aflatoxins in groundnuts. As
a conclusion, in the eastern part of Ethiopia farmers apply
FYM for maintaining soil fertility in some cash crops but
the awareness of its effects on plant disease
management is quite less. However, in the current study,
FYM effects on the groundnut yields, fungal invasions
and aflatoxin contamination reductions in single and
integrated with seed treatment produced important
information for small-scale growers. Therefore, the
practice of using FYM for soil fertility improvement by
farmers in Eastern Ethiopia should be encouraged. The
study also affirmed that, T. harzianum as seed treatment
had tremendous effects in reducing Aspergillus spp.
invasion and subsequent aflatoxin contaminations in
groundnut. Therefore, the future research should be
focused on either development of resistant varieties
against aflatoxin contaminations, looking for non-
toxigenic biocontrol strains, or alternatively developments
of simple and easy formulations of T. harzianum for
small-scale farmers.
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