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Objective: The oak forests of the Zagros region, as a valuable ecosystem, have
experienced extensive degradation in recent years due to various factors, including climate
change and human activities. The rehabilitation of these forests requires the production of
resilient, high-quality saplings. This study aimed to investigate the effect of the fungus
Trichoderma harzianum as a biological growth-promoting agent on the seed emergence
and early growth of Quercus brantii seedlings in order to evaluate its efficacy in improving
the growth and physiological parameters of this species under both greenhouse and natural
forest conditions.

Method: Seeds collected from mother trees in the Yasouj forest site were planted in pots
(under greenhouse conditions) and pits (in the forest), and a biological treatment using a
Trichoderma fungal solution was applied to the seeds. Subsequently, emergence, growth,
and physiological traits of the seedlings were measured and compared throughout the
growing season.

Results: The results showed that under greenhouse conditions, the Trichoderma treatment
significantly increased the seed emergence percentage, photosystem performance index
(PI), and chlorophyll index compared with the control group. However, no significant
differences were observed in other growth traits, such as height, leaf number, and the dry
and fresh weights of plant organs. In contrast, under natural forest conditions, the
emergence percentage in the control group was significantly higher than in the
Trichoderma treatment, and other growth traits showed no significant differences between
the two groups. Furthermore, a significant positive correlation was observed between
physiological indices (such as performance index and chlorophyll) and some growth traits
(such as root length and stem dry weight) under greenhouse conditions.

Conclusions: The findings of this study indicate that the effect of Trichoderma fungus on
Persian oak is complex and depends on environmental conditions (as evidenced by the
significant difference between greenhouse and natural forest field conditions) and the host
plant species (in comparison with previous studies on other plants). Therefore, conducting
long-term field studies with different Trichoderma isolates and concentrations is

recommended to achieve more practical results in Zagros restoration programs.
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Highlights:
e First study on the effect of Trichoderma harzianum on Persian oak (Quercus brantii),
addressing a key knowledge gap in Zagros forest restoration.

¢ Simultaneous greenhouse and field trials revealed environment-dependent effects of
Trichoderma, confirming the necessity of field experiments.

o Limited positive and negative effects challenge the belief that Trichoderma is always a
growth promoter, emphasizing species-specific and native approaches.

Introduction

The Zagros oak forests, as a valuable ecosystem, have experienced severe degradation in
recent years due to various factors, including climate change and human activities (Zolfaghari
et al., 2021). The restoration of these forests requires the production of vigorous, high-quality
seedlings. Seed bio-priming with beneficial microorganisms, such as Trichoderma harzianum,
is a promising and eco-friendly method for enhancing seed emergence, seedling vigor, and
stress tolerance in many agricultural and tree species (El-Mougy & Abdel-Kader, 2008; Rao
et al., 2022).

Numerous studies have reported the positive effects of Trichoderma spp. on various crops
and forest trees, including improved growth, nutrient uptake, and pathogen resistance (Da-
chuan et al., 2015; Zhou et al., 2020; Cabrera-Puerto et al., 2023). However, the effectiveness
of Trichoderma is known to depend greatly on the host plant species, fungal isolate, and
environmental conditions (Ousley et al., 1993, 1994; Ghasemialitappeh et al., 2018).

Notably, no prior research has examined the effect of Trichoderma spp. on the dominant
and ecologically critical Persian oak (Quercus brantii) of the Zagros forests. Given the
extensive degradation of this ecosystem in recent decades due to climate change, overgrazing,
pests, diseases, and natural regeneration problems (Zolfaghari et al., 2021), understanding the
interaction between this beneficial fungus and Persian oak seedlings is essential. This
knowledge could contribute to the development of effective protocols for producing robust
seedlings in nurseries and increasing the success of reforestation and restoration projects.

Therefore, this study aimed to address this gap by evaluating the impact of 7. harzianum
seed treatment on emergence, early growth, and physiological indices of Persian oak
seedlings under both controlled (greenhouse) and natural (forest field) conditions.

Method

Seeds were collected from Persian oak trees in the Yasouj region. A bio-priming treatment
was applied by adding 5 ml of a T. harzianum spore suspension (107 spores/ml, cultured on
PDA medium) adjacent to the seeds at planting. The experiment was conducted in two
concurrent environments:
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Greenhouse: Seeds were sown in pots containing a soil, sand, and manure mixture (2:1:1).
For each mother tree, 10 pots (2 seeds each) were treated with Trichoderma, and 10 pots were
used as untreated controls.

Forest field: Seeds were sown in pits. For each mother tree, 3 pits received the
Trichoderma treatment, and 2 pits were used as controls.

Rate and speed of emergence were monitored. Seedling growth traits (height, leaf number,
root length, fresh and dry weights of organs) were also measured at three stages during the
growing season. Physiological indices, including the Photosystem Performance Index (PI) and
chlorophyll content (SPAD), were also recorded. Data from both settings were analyzed using
independent t-tests and correlation analyses (Pearson/Spearman) at a 95% confidence level.

Results

The effects of Trichoderma treatment were contrasting and highly environment-dependent.

Greenhouse conditions: The Trichoderma treatment significantly increased emergence
percentage (83% compared with 75% in the control; p < 0.05), Photosystem Performance
Index (PI) (p < 0.01), and chlorophyll content (SPAD) (p < 0.05) (Table 1). However, no
significant differences were observed in growth traits, including seedling height, leaf number,
root length, or dry and fresh weights of roots, stems, and leaves between the treated and
control groups (Table 1).

Correlation analysis: Positive and significant correlations were observed between
physiological indices (PI and chlorophyll) and several growth traits under greenhouse
conditions. Specifically, PI showed significant positive correlations with root length (r =
0.365, p < 0.01), root dry weight (r = 0.253, p < 0.01), stem dry weight (r = 0.287, p < 0.01),
stem fresh weight (r = 0.263, p < 0.01), and biomass (r = 0.228, p < 0.05). Chlorophyll
content (SPAD) was positively correlated with leaf fresh weight (r = 0.293, p < 0.05), stem
dry weight (r = 0.222, p < 0.01), stem fresh weight (r = 0.187, p < 0.05), and biomass (r =
0.30, p<0.01) (Table 1).

Forest field conditions: In contrast, the emergence percentage was significantly lower in
the Trichoderma-treated group (50%) compared with the control group (64%) (p < 0.05)
(Table 2). No significant differences were observed in seedling height or leaf number between
the two groups (Table 2).

Conclusions

This pioneering study on Persian oak (Quercus brantii) revealed that the effect of
Trichoderma harzianum is complex and highly context-dependent. While the fungus
significantly improved seed emergence percentage, Photosystem Performance Index (PI), and
chlorophyll content (SPAD) under controlled greenhouse conditions, it unexpectedly reduced
emergence in the natural forest field, likely due to competition with native soil microbiota,
allelopathic compounds in oak litter, or suboptimal host-fungus interaction. These contrasting
results challenge the general assumption that Trichoderma consistently promotes plant growth
and underscore the critical need for species-specific, native-tailored, and environmentally-
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validated approaches in forest restoration programs. Given the study's limitations (single
isolate, fixed concentration, short duration), future long-term field research with diverse
native isolates and optimized concentrations is essential before recommending 7richoderma
application in Zagros oak restoration projects.
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Table 1. Mean comparison of growth and physiological traits of Persian oak seedlings between Trichoderma-
treated and control groups under greenhouse conditions

ool gy 03l Wl KV-{ Loy095 55 oo (g yS o3l Wil Ly Loy095G 5
Trait measurements Control Trichoderma Trait measurements Control Trichoderma
2 O s o0 L Sis
Seed emergence 75£15° 83+13.5° ) 29 1.02+0.5% 1.12+0.5°
Root fresh weight (g)
percentage
O oy 0eSle oS
Mean emergence time ~ 21-4%11 2649.5 Leaf); e ;t)i ) 0.98+0.01 0.95+0.04
(day) ry ght (g
() gl 6.53£2.7°  65742.6' Bl S22 0 0.34=0.16*  0.36+0.15"
Height 1 (cm) Stem dry weight (g)
() Sz sl 5.5£0.4° 5.9:2° o & o) Sod 249+40.88"  2.53+0.89°
Number of leaves 1 Root/shoot
(1) gl 7294276°  7.2142.67° PS5 SE O 1.4440.64°  1.55£0.71°
Height 2 (cm) Biomass dry weight (g)
(1) Sz sl 494227 5.0742.1° S 3 Sl 0.75£0.06°  0.75+0.08"
Number of leaves 2 Fv/Fm
) éLD)l a a W}d QJSJA.C ua}l‘d b a
Heleht 3 8.47+3.23 8.0+2.69 Performance index of 7.48+2.89 7.97+2.82
e (cm) Photosystem II (PI)
it il ysld B oo
i) Job 39.4+11° 41.3+£9.5° Time to max. 1.89+0.87° 1.89+0.89*
Length of root (cm) fluorescence
SR POk 0.24031°  0.17£0.11° JeboS pamla 523+632°  53.846.6°
Leaf fresh weight (g) SPAD
Sl 5 039 0.64:0.34°  0.70£0.29"
Stem fresh weight (g)

aled] I sime Dglis simsyLis Lo, ,a 40 Siglite gy

Different letters in each row indicate significant differences between them.
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Table 2. Mean comparison of seed emergence and growth traits of Persian oak seedlings between Trichoderma-
treated and control groups in the natural forest site

o g S0 3l wlaws sl Loyog50
Trait measurements Control Trichoderma
2% G 020 64+37" 50+35°
Seed emergence percentage
L5 |
& 6.25+2.1° 6.51£2.4°
Height (cm)
x_?).g Slows a a
6.44%2.3 6.8912.98

Number of leaves

aled] I sime Dglis simsyLis Ly, ,a 40 Siglite gy

Different letters in each row indicate significant differences between them
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