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Abstract

Seed priming improves germination and growth components of seedlings under biotic and abiotic stress
conditions. The aim of this study was to compare the effect of seed priming with chemical fungicides and isolates
of Trichoderma harzianum on germination and vigor indices of native cumin population. Also, the activity and
expression of phenylalanine ammonia lyase enzyme were evaluated as main markers of phenylpropanoid signal
transduction pathway and accumulation of phenolic secondary metabolites. The results of effective inhibitory
concentrations showed that the lowest values of minimum inhibitory and fungicidal concentrations of chemical
fungicides against Fusarium oxysporum were related to Iprodione-Carbendazim (Rovral-TS®), Carbendazim
(Bavistin®) and Carboxin thiram (Vitavax thiram®), respectively. The results also showed that T. harzianum
isolates had fungistatic but not fungicide activity against F. oxysporum. The results of biochemical mechanisms
showed that protein content and accumulation of phenolic and flavonoid compounds increased significantly in
seedlings obtained from bioprimed seeds compared to healthy control. A significant relationship was observed
between gene expression and phenylalanine ammonia lyase enzyme activity with phenolic and with flavonoid
compounds, as well. Moreover, the results showed that isolates of T. harzianum and chemical fungicides caused
activation of the antioxidant system and by increasing protein content and inducing the expression of
phenylalanine ammonia lyase gene led to the production and accumulation of phenolic secondary metabolites in
cumin. The findings of this research showed that seed priming, especially with T. harzianum isolates while
improving seed quality and seedling health, increase the production and accumulation of phenolic secondary
metabolites.
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Table 1. Effective inhibitory concentration of chemical fungicides and Trichoderma harzianum isolates in the control of

Fusarium oxysporum.

Treatmeant 1C50* MICY MFC1
Fungicides
Rovral-TS 388 985 1569
Vitavax thiram 762 1461 1927
Bavistin 691 1320 1843
Trichoderma harzianum isolates
TH14 8x10° 216x10° IN
TH8 11x103 483x10° IN
TH7 4x10° 119x103 IN
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IN: Ineffective, the units of chemical fungicides concentrations and the fungal antagonist are presented as parts per million
(ppm) and spore per ml, respectively. *Inhibitory concentration with 50% inhibitory effect on the fungal growth (ppm).
tMinimum fungicidal concentration (ppm). {Minimum inhibitory concentration (ppm).
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Table 1. Means comparison of germination and vigor indices of biopriming seed treatments with Trichoderma harzianum isolates and chemical fungicides.

Treatmeant GP DS SD SL RL Fw DW SLVI SWVI
Trichoderma harzianum
isolates
TH14 83.25b 1.75b 55¢c 79b 8.4b 0.153b 0.029b 1359.1 b 241b
THS8 81.25¢ 2b 7.25b 7.6¢C 8.1c 0.151b 0.026 c 12755¢ 211¢c
TH7 86.25a 1.25b 05f 8.3a 8.7a 0.159a 0.032a 1466.3 a 2.76a
Fungicides
Rovral-TS 78.25d 2b of 7.1d 7.7d 0.143c 0.023d 1160d 1.79d
Vitavax thiram 73.50 f 2.25b 3.5d 6.4f 6.7 f 0.137d 0.018 f 964.6 f 1.36 f
Bavistin 75.75¢e 2b 2.25¢ 6.9e 7.3¢e 0.139d 0.022 e 10719¢e 1.65¢e
Control
Negative 70.75g 2.25b of 599 6.49 0.133 e 0.012 g 870.3¢g 0.87¢g
Positive 57 h 16.5a 13.5a 3.3h 35h 0.117f 0.009 h 392.2h 0.54h
CcMC 705¢ 2.25b of 599 6.39 0.133 e 0.012 g 863.9 ¢ 0.86¢g
CcMC* 55.75h 15.75a 13.0a 3.2h 35h 0.117f 0.009 h 379.5h 0.51h
LSD (0.05) 2.42 1.61 0.89 0.16 0.19 0.003 0.001 - -
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Negative: cumin seeds uninfected without primed, Positive: cumin seeds infected without prime, CMC": cumin seed treatments uninfected primed with carboxymethyl cellulose,
CMC™: cumin seed treatments infected primed with carboxymethyl cellulose, GP: Germination percent, DS: average of deformed seedling percentage, SD: average of seedling
disease percentage, SL: average shoot length, RL: average root length, FW: average fresh weight, DW: average dry weight, SLVI: seedling length vigor index, SWVI: seedling
weight vigor index. Different letters indicate significant differences at the 5% level according to the least significant difference (LSD) test.
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Figure 1. Investigation of changes in the content of phenolic secondary metabolites in seedlings obtained from
different priming treatments of cumin seed, a. changes in protein content, b. total phenolics content, c. content of
flavonoids, d. phenylalanine ammonia lyase activity. Data are means + standard error, the experiment was repeated
two times with similar results. Seed biopriming with Trichoderma harzianum; Isolates T7, T8 and T14, Seed
priming with fungicide; Rovral-TS. Iprodione-Carbendazim, Bavistin. Carbendazim and Vitavax thiram:
Carboxin thiram, Control; Negative: cumin seeds uninfected without primed, Positive. Cumin seeds infected
without prime, CMC-. Cumin seed treatments uninfected primed with carboxymethyl cellulose, CMC*. Cumin
seed treatments infected primed with carboxymethyl cellulose. Different letters indicate significant differences at
the 5% level according to the least significant difference (LSD) test.
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Figure 2. Expression of phenylalanine ammonia lyase (PAL) and tubulin genes in seedlings obtained from different
priming treatments of cumin seed using RT-PCR method, a. intensities of the obtained bands from expression of PAL and
tubulin genes in different treatments, b. the ratio of the obtained bands intensities of PAL expression, ¢. bands intensities
obtained from tubulin expression. Different letters indicate significant differences at the 5% level according to Kruskal—
Wallis followed by the Mann-Whitney comparison tests. Data are means + standard error. Seed biopriming with
Trichoderma harzianum; Isolates T7, T8 and T14, Seed priming with fungicide; R-TS: Iprodione-Carbendazim, B:
Carbendazim, VVT: Carboxin thiram, Control; N. Cumin seeds uninfected without primed, P. Cumin seeds infected without
prime, CN. Cumin seed treatments uninfected primed with carboxymethyl cellulose, CP. Cumin seed treatments infected
primed with carboxymethyl cellulose.
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