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Efficacy of Trichoderma as stimulator of plant defense in pistachio seedlings against root-knot nematode
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Abstract

In this research, the potential of Trichoderma species in biocontrol of root-knot nematode was investigated through the changes of the
biochemical compounds involved in induced defense in pistachio seedlings. Trichoderma compounds, including spore suspension and crude
extract, were used by soil application and foliar spraying. The results of biochemical tests revealed that the used stimulants caused the
accumulation of peroxidase (POX), polyphenol oxidase (PPO), phenylalanine ammonialyase (PAL) and phenolic compounds of the seedlings
and as a result increased their resistance against the pathogens. Biological compounds as well as Trichoderma isolates showed better
performance than chemical compounds in terms of increasing the enzyme level and its durability. To measure the activity of enzymes and total
phenol content, sampling was done on day 1, 4, 8, and 12 post inoculation of the nematode (dpi). The highest increase in POX was observed
on the fourth and eighth dpi in the foliar and soil application methods, respectively. The amount of PPO in soil application with spore suspension
and the crude extract had a greater increase on the eighth and twelfth dpi. The highest amount of PAL enzyme was observed on the fourth and
eighth dpi using crude extract and spore suspension of the mixed strains with micronutrient. In treatment of biological compounds, the total
phenolic content increased rapidly on the eighth and twelfth dpi.
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Table 1. Variance analysis of treatments effect on pathogenicity indicator of root knot nematode on pistachio seedlings.

Source of variation

Degree of Freedom  # Galls/g of root  # Eggs/g of root  # J2/200g of soil

Treatment 11
Error 40
Coefficient of variation % -

967.88" 275.7" 3733.38"
107 37.76 364
19.37 27.07 14.88

* Indicate significant difference p<0.05.
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Table 2. Variance analysis of treatments’ effect on defense enzymes activity and phenolic compounds in the presence of root-knot
nematode in pistachio seedlings.

Source of variation

Degree of Freedom POX! PPO? PAL®  Phenol

Treatment (T) 11
Time (H) 3
HxT 33
Error -

Coefficient of variation %

0.0023" 0.00012" 0.774" 0.0016"
0.0137* 0.0010" 33.20" 0.023"
0.0029" 0.00019" 0.377" 0.00088"
0.00088 0.00005 0.05 0.0005
32.57 24.60 9.97 3.21

* Indicate significant difference p<0.05. ! Peroxidase, ? Polyphenol oxidase, 3 Phenylalanine ammonialyase
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Table 3. The mean activity level of defense enzymes from the effect of inoculation of pistachio seedlings with biological compounds and nematicides
in the presence of root-knot nematode (Meloidogyne javanica).

Treatment Application dpi of Nematod* POX? PPO? PAL*
1 0.02 a-c 0.024 f-i 0.61s-u
Nematode + Nematosin 1 Soil 4 0.003 g-i 0.047 a-b 2.76 -l
(used dose: 1 ml/m?) 8 0.0095 a-i 0.028 f-i 2.30-n
12 0.0091 b-i 0.037 a-h 2.4 1-n
1 0.01 a-i 0.019 k-I 0.28u
Nematode + Nematosin 2 Soil 4 0.0087 b-i 0.034 a-i 2.78 e-l
(used dose: 2 ml/m?) 8 0.0008 i 0.025 f-j 2.28 0-n
12 0.01 a-i 0.047 a-c 241 1-m
1 0.002 h-i 0.016 k-I 0.23u
. 4 0.006 d-i 0.033 a-j 2.93d-h
Nematode + Velum Soil 8 0.001 h-i 0.04laf  2.44km
12 0.007 d-i 0.023 f-1 2.58i-g
1 0.018 ae 0.021 k-j 0.99 g-s
. 4 0.0007 i 0.048 a 3.21b-e
Nematode + ISR2000 Foliar Spray 8 0.001 h-i 0.036 f-] 293 doh
12 0.01 a-i 0.032 b-j 2.46 j-m
1 0.021 a-b 0.024 f-i 0.56 t-u
Nematode + Crude extract Foliar Spray 4 0.018 a-e 0.038 a-h 3.01tu
mix 8 0.005 e-i 0.039 a-h 1.98 n-p
12 0.01 a-i 0.038 a-j 1.82p
1 0.016 a-g 0.024 f-i 0.72 s-t
Nematode + Crude extract Foliar Spra 4 0.023a 0.027 f-i 3.46 a-b
mix plus pray 8 0.001 i 0.039 a-f 2.85 e-k
12 0.019 a-d 0.046 a-d 2.18 n-p
1 0.018 a-f 0.031d-j 0.29u
Nematode + Crude extract / Soil 4 0.003 g-i 0.022 k-1 3.67a
Spore suspension mix plus 8 0.005 e-i 0.028 f-i 3.3ad
12 0.011 a-i 0.048 a 2.16 n-p
1 0.005 e-i 0.013 k-1 0.85r-t
Nematode + Crude extract / Soil 4 0.013 a-i 0.037 a-h 3.03 d-f
Spore suspension 79-2 8 0.001 h-i 0.048 a 2.75 -l
12 0.008 b-i 0.03 fj 1.92 0-p
0 0.01 a-i 0.028 f-1 1.16 g-r
Nematode + Crude extract / Soil 4 0.007 b-i 0.033 a-j 3.17 b-f
Spore suspension 127-12 8 0.018 a-f 0.024 -1 247m
12 0.012 a-i 0.023 -1 2.57 0-p
1 0.021 a-b 0.018 k-1 1.78 p
. 4 0.002 h-i 0.029 f-1 3.12 b-f
Nematode + ISR2000 Soil 8 0.01 ai 0028 I 2.89 d-j
12 0.004 f-i 0.034 a-j 2.47 i-m
1 0.018 a-f 0.028 f-1 1.35q
Foliar Spray/ 4 0.017 a-g 0.035 a-i 3.51a-b
Control / Water Soil 8 0.002 h-i 0.023 f-| 2.9 d-i
12 0.003 g-i 0.023 -1 2.46 i-m
1 0.012 a-i 0.022 g-I 1.97 n-p
Nematode Soil 4 0.015 a—h 0.018 k] 3.39a-c
8 0.002 h-i 0.031d-j 2.82 e-l
12 0.002 h-i 0.031d-j 1.88 0-p

Means within a column followed by the same letter are not significantly different (p < 0.05). 'day post inoculation of nematode, 2
Peroxidase, ® Polyphenol oxidase, 4 Phenylalanine ammonialyase.
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Fig. 1. The effect of biological compounds and nematicides on total phenol content of pistachio seedlings in the presence of root knot

nematode (Meloidogyne javanica)

Nematosinl: dose 1 mim2; Nematosin2: dose 2mim; SS: soil application; FS: foliar spray; N: nematode; CE: crude extract;
d1-Ni: dayl-nematod inoculation; (+): micronutrient; mix: Trichoderma isolates mix
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