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Table 1. Fungal isolates recovered from tissues of peanut plants in different regions of Guilan province

Fungal names Isolates Sampling sampling location Geograp_hic coordinates
codes Date according to (UTM)

Sclerotium rolfsii SrNd-2-5  19-8.2018 ,(A’\'Isgzr:u-)ézhA)shraﬁyeh Y)i:fé?gﬁ%%%é
Penicillium glabrum RS-5 14.9.2018 F;j(‘j’gg‘:‘:;g; ORI
Trichoderma viride RS-2-2 14.9.2018 ﬁ;ﬁgﬁgf:;z; éz iggggg?gs
Aspergillus flavus MG-8-1 18.8.2018 ,(A’\ngrleeu-)g;hA)shraﬁyeh éi %32?8838
Trichoderma harzianum MD-7-23  19.8.2018 Kiashahr (Dehsar) i((z igggigzge
Penicillium waksmanii RS-4 14.9.2018 ?nggzgf?;g éz ggggéggg
Cadosporioides Siea OIS Taesh (subest-Lis)  Z g Geesiag
pesmor Wz 00 e sen X iee
Penicillium fellutanum MA-3-1 19.8.2018 x;i:ﬁ;)ye Ashrafyeh éz 2;;118(1)2(8)7
Trichoderma virens ML-2-2 20.9.2018 Lasht-e Nesha X= 37210244

Y=49.5043330
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Table 2. The mean (£ SE) comparison of mycelium growth inhibition of Sclrotium rolfsii by the studied
fungi in dual culture, volatile metabolites and non- volatile metabolites methods

Growth inhibition (%0)

Growth inhibition (%0)

Growth inhibition (%0)

Treatments Dual culture Volatile metabolites Non-volatile metabolites
Penicillium glabrum 67.17 +0.00° 81.25+0.00 2 93.12+0.00°
Trichoderma viride 67.94 +0.00° 0.00+0.00 93.75+0.00°
Aspergillus flavus 44.48 +0.01 ¢ 75.00 +£0.01° 0.00+0.01°
Trichoderma harzianum  93.58 +0.00 @ 37.5+0.00¢ 97.5+£0.01°

Penicillium waksmanii ~ 0.00 +0.01° 0.00+0.01" 0.00+£0.01°
gfddg’ssrf’:rrii)“ig‘es 0.00:+0.00°¢ 0.00:+0.00 0.00£0.00°

Aspergillus niger 49..61+0.00° 50.00 + 0.00 © 86.25+0.00 ¢
Penicillium fellutanum ~ 0.00 +0.00 ® 6.25+0.00° 0.00 £0.00°
Trichoderma virens 92.94 +0.03 2 0.00+0.00 0.00 £0.00°

Treatments having at least one similar letter do not show a significant difference at P>0.0
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(b) Sclerotium rolfsii wali (@) :adlae 3350 g6 blo ;o Sclerotium rolfsii bl s Ggo3l -1 <o
Penicillium (f) Aspergillus niger (e) Trichoderma viride (d) .Trichoderma virens (c) Trichoderma harzianum
Penicillium (j) Cladosporium cladosporioides (i) Penicillium fellutanum (h) Aspergillus flavus (g) glabrum

waksmanii

Figure 1. Dual culture test of Sclerotium rolfsii versus the studied fungi: (a) Sclerotium rolfsii control, (b)
Trichoderma harzianum, (c) Trichoderma virens, (d) Trichoderma viride, (e) Aspergillus niger, (f)
Penicillium glabrum, (g) Aspergillus flavus, (h) Penicillium fellutanum, (i) Cladosporium cladosporioides, (j)
Penicillium waksmanii.

(b) Sclerotium rolfsii wall (a) :4dlae 350 SagsB blo 35 Sclerotium rolfsii yf $ lacwglio Ogo3l - JKs
Penicillium (f) Trichoderma harzianum (e) Aspergillus niger (d) Aspergillus flavus (c) Penicillium glabrum
Penicillium (j) Cladosporium cladosporioides (i) Trichoderma viride (h) Trichoderma virens (g) fellutanum

waksmanii

Figure 2. Volatile metabolites test of Sclerotium rolfsii versus the studied fungi: (a) Sclerotium rolfsii
(control), (b) Penicillium glabrum, (c) Aspergillus flavus, (d) Aspergillus niger, (e) Trichoderma harzianum,
(f) Penicillium fellutanum, (g) Trichoderma virens, (h) Trichoderma viride, (i) Cladosporium cladosporioides,
(i) Penicillium waksmanii.
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(b) Sclerotium rolfsiiaaly (@) 4l 3390 Sgb ko y3 Sclerotium rolfsii o, Scwglio Ogo3l -1 IS
Trichoderma (f) Aspergillus niger (e) Penicillium glabrum (d) Trichoderma viride (c) Trichoderma harzianum

Cladosporium (j) Penicillium fellutanum (i) Aspergillus flavus (h) Penicillium waksmanii (g) «irens

cladosporioides

Figure 3. Nonvolatile metabolites test of Sclerotium rolfsii versus the studied fungi. (a) Sclerotium rolfsii
(control), (b) Trichoderma harzianum, (c) Trichoderma viride, (d) Penicillium glabrum, (e) Aspergillus niger,
(f) Trichoderma virens, (g) Penicillium waksmanii, (h) Aspergillus flavus, (i) Penicillium fellutanum, (j)

Cladosporium cladosporioides.
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ska S (Zappaetal., 1991) csls Cale )l 5 sla
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= sebee L5 Slge O e 53 (Fslie Gla g Ul5 ) p i ple
- s Ol 3 55 5IS. TOISIT aems sins |5 g1l 5
i b gssse ) S (Rekha et al, 2012) was
Gaa S sy 45 ol iasy ARabT Slislie

ls Calks Trichoderma

oo ST oty (sladng; 4l (555 S5 355 5

28 (w0 P13 Bl tds  Fwgy Solow £959 9 Solow Dl LT (Slow DAL Sl A lio T Jou

ST Lyl

Table 3. The mean (+ SE) comparison of disease severity, reduction of disease severity and
incidence peanut white stem rot disease under greenhouse conditions

Reduce severity Disease incidence (%)
of disease (%)

Treatments Disease rating
Penicillium glabrum 3.03+0.26 ¢
Trichoderma viride 3.06 +0.29 ¢
Aspergillus flavus 3.40+0.35%
Trichoderma harzianum 3.50+0.29
Penicillium waksmanii 3.60+0.00 «
Cladosporium cladosporioides 3.90+0.37
Aspergillus niger 4.00 +£0.00 ™
Penicillium fellutanum 5.00+0.00
Trichoderma virens 5.00+0.002
Distilled Water (control) 0.00+0.00 ©
Antagonistic fungi (only) 0.00£0.00°¢
Scierotium rolfsii (control) 5.00+£0.01°2

39.40+0.05° 58.33+£0.13°
38.80 £ 0.06 ° 78.33 £0.12 3¢
32.00£0.07° 60.33+0.10°¢
30.00 + 0.06 68.66 + 0.08 2
28.00 + 0.00 b© 88.66 + 0.01 %
22.00 +0.05 68.66 + 0.11 %
20.00 + 0.00 88.66 £ 0.06 °
0.00+0.00 ¢ 100.00 £ 0.00 2
0.00+0.00 ¢ 100.00 £ 0.00 2
100.00+0.00 0.00+0.01°¢
100.00+£0.00® 0.00+0.01°¢
0.00+0.01°¢ 100.00 £ 0.00 @

Treatments having at least one similar letter do not show a significant difference at P>0.05
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31w (d) .Sclerotium rolfsii g Penicillium glabrum b Jjab 3 w () .Sclerotium rolfsii b Jiab 31 w (D)
(f) .Sclerotium rolfsii g Aspergillus flavus b s34k 31 s (€) .Sclerotium rolfsii ¢ Trichoderma viride b 34 b

Sclerotium rolfsii g Trichoderma harzianum  giab 31 (s

Figure 4. Symptoms of white stem rot disease on peanut: (a) Distilled water control (left) and Sclerotium
rolfsii control (right), (b) After inoculation with Sclerotium rolfsii, (c) After inoculation with of Penicillium
glabrum and Sclerotium rolfsii, (d) After inoculation with Trichoderma viride and Sclerotium rolfsii, (€)
After inoculation with Aspergillus flavus and Sclerotium rolfsii, (f) After inoculation with Trichoderma

harzianum and Sclerotium rolfsii.
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Figure 5. Symptoms of white stem rot disease on peanut: (a) After inoculation with Penicillium
waksmanii and Sclerotium rolfsii, (b) After inoculation with Cladosporium cladosporioides and
Sclerotium rolfsii, (c) After inoculation with of Aspergillus niger and Sclerotium rolfsii, (d) After
inoculation with Peicillium fellutanum and Sclerotium rolfsii, (€) After inoculation with Trichoderma

virens and Sclerotium rolfsii.
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Table 4. Comparison of mean (x SE) of height, fresh and dry weight of peanut under the influence of
antagonist fungi

Treatments Height Height Fresh weight Fresh Fresh Dry weight  Dry weight Dry
With root Without with root(g) weight weight with without weight
(cm) root(cm) without root(g) root(g) root (g) root (g)
root(g)

Penicillium glabrum 62.50 £0.33 19.13+0.002 5.72£0.52° 451+043%  1.45+0.032 2.52+£0.36° 0.83+0.20¢ 0.360.022
Only antagonist 71.00+1.00 25,00 +0.00 * 522+167° 6.67+£1.88  167+0.07%  1.22+0.09°¢ 1.01+0.06°¢ 0.40 +0.06 2
Trichoderma viride 62.50 + 1.532 18.71+0.312 6.29+1.71° 536 £1.23°  0.62+0.05" 202+1.30° 229+128a  0.25+0.03°
Only antagonist 70.00 +0.58 23.00 +0.58 7.33£0.73° 832 £1.35°  091+0.10°¢  357%0.002 3.06 +0.03° 0.12 +0.01°
Aspergillus flavus 49.33+3.38" 16.70+0.88"° 566 +0.73%  413+125%  151+017%  0.83+002°  050+026%  0.19+0.08%
Only antagonist 55.00 + 2.89 19.67 £0.88° 502 £2.31%  657+161%  181+011*  083x009%  058+002%  020+008°
Trichoderma harzianum ~ 48.00 +4.98"° 16.01£0.29 ¢ 5.32£0.68® 3.80+£1.25%  126+045°2 1.73+0.05° 1.32+£058°¢ 0.27£0.01°
Only antagonist 54.67 +5.17° 18.67+0.88°¢ 5.09 £0.63® 7.93£152%  181+092°2 1.84+0.12°¢ 1.63+0.13° 0.07+0.01°
Penicillium waksmanii 46.00 +3.38" 15.58+0.17°¢ 522+021% 432+£130%°  114+0272 2.25+015° 1.84+014°  0.24+001%
Only antagonist 49.33 +2.96° 18.67+£0.88° 516+ 0.17%® 6.97+027% 097001  202+067° 1.66+0.09 " 0.19+0.01°
Cladosporium 46.41+9.96° 1550+ 0.83° 352+0.33°¢ 2.29+0.70¢ 115+0.21%  064+001%  047+008% 0242002
cladosporioides

Only antagonist 47.67+5.04° 1750+ 1.26° 2.79£0.75° 345+£131% 171£025%  093:0.31% 0.84+0.32¢ 0.40 £ 0.00 2
Aspergillus niger 44,00 +4.93° 14.70+0.29 ¢ 4.87+0.48° 352+0.12° 1.28+0.61° 1.04+0.12°¢ 0.76 +0.04 ¢ 0.18 £0.05¢
Only antagonist 49.33 +3.38" 17.00+0.29 ¢ 459 +0.23" 5.00 £ 0.23° 1.39+0.13° 1.24+0.08° 0.93+0.04¢ 0.21+0.01°
Penicillium fellutanum 27.58 +0.50 ¢ 1458 0.67 ¢ 2.86+0.77°¢ 210+069%  067+0.03"  081+£003%  061+001%  026+0.06"
Only antagonist 28.50 +0.29 ¢ 17.13+0.09 ¢ 177+0.15°¢ 245+013¢  078+0.02° 1.09 +0.06 © 1.11+0.07°¢ 0.36 +0.022
Trichoderma virens 24.33+£0.33¢ 14.16 £0.00 ¢ 1.61+0.30¢ 127+£017¢  034+00l®  055+0.01°¢ 0.28 £0.03° 0.03+0.03°
Only antagonist 25.67 £0.33 ¢ 17.33£0.00 ¢ 157+0.15°¢ 235+0.18°¢  0.77+0.28°  0.67+0.12¢ 0.49+0.01°¢ 0.02£0.00°
Distilled Water 48.88 +1.26° 16.40+£0.26 ¢ 4.38+0.37° 302+£0.32°  0.98+0.13" 1.21+0.18°¢ 0.9+0.08° 0.15+0.01¢
control)(

Scierotium rolfsii 34.87+1.94° 14.46 +0.26 ¢ 154 +0.24° 1.05+017°  0.44+004®  0.62+004%  034+002%  020+001%
(control)

Treatments having at least one similar letter do not show a significant difference at P>0.05
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Abstract
Background and Objectives
White stem rot caused by Sclerotium rolfsii is a soilborne disease which is extensively
common across the groundnut farms of Guilan province, especially during the harvest period.
Using the beneficial microbial agents is an alternative method for applying the chemical
fungicides.
Materials and Methods
To find the appropriate fungal antagonistic isolates for the biological control of peanut white
stem rot, the effect of three isolates of Trichoderma spp., three isolates of Penicillium spp.,
two isolates of Aspergillus spp. and one isolate of Cladosporium cladosporioides were studied
on S. rolfsii in vitro using dual culture, slide culture, volatile metabolites and non-volatile
metabolites. Peanut plants were inoculated with these fungal isolates as well as S. rolfsii in
greenhouse experiments, and parameters including disease severity, height, fresh weight, and
dry weight of the plant were measured.
Results
The results showed that in the dual culture method, T. harzianum and T. virens were most
capable of suppressing the mycelial growth of S. rolfsii with a suppression capability of
93.58% and 92.94%, respectively. In the slide culture method, all isolates turned out to be
effective in suppressing the mycelia growth of S. rolfsii, except for T. virens and T. viride. In
the volatile metabolite assay, P. glabrum and A. flavus with 81.25% and 75%, respectively
and in the non-volatile metabolite method, T. harzianum and T. viride with 93.75% and 97.5%
respectively showed the greatest ability to inhibit S. rolfsii mycelial growth. Moreover, the
effects of these fungi on the control of S. rolfsii pathogen were explored in greenhouse trials.
The results revealed that P. glabrum was 39.4% effective and T. viride was 38.8% effective
in reducing the extent and intensity of the disease. Under the presence of the pathogen, the
treatment of these antagonistic fungi in greenhouse conditions enhanced plant height, shoot
and root fresh and dry weight. In the in vitro and greenhouse approaches, an analysis of
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variance and a comparison of means of the attributes using the least significant difference
(LSD) indicated significant differences (P <0.01 and P< 0.05) among the examined fungi.
Discussion

The results of the in vitro and greenhouse trials showed that T. viride, T. harzianum, P.
glabrum, A. flavus, and C. cladosporioides, which are present in the natural flora of
groundnuts, have the potential capability of the biological control of S. rolfsii as the pathogen
of groundnut stem white rot.
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