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Article Info ABSTRACT

Avrticle type: Background and Objectives: Corylus avellana L. (hazelnut) from the
Full Length Research Paper  Corylaceae family is a pioneer species in early-stage hazel forests. It plays
a crucial role in restoring degraded forests. However, land-use changes,
livestock grazing, fires, and tree cutting have significantly damaged these
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Accepted: 05.19.2024 programs. This study investigated the effects of Trichoderma harzianum

(T. harzianum) on the establishment, growth, and nutrient content of
hazelnut seedlings under field conditions.
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Fungal inoculation, Materials and Methods: In May 2016, new, potted hazelnut seedlings
Seedling nutrition, from three seed sources Fandoglou (Ardabil Fandoglou forest), Makeh
Seedling quality, (Aghvalar Guilan forest), and Makidi (Arasbaran forest) were inoculated
Seed origin with T. harzianum at the Ardabil hazelnut nursery. In April 2017, uniform,

one-year-old seedlings were transferred to a 4050 m2 plot in the Fandoglou
forest. Seedlings were planted in a randomized complete block design with
three replications of 25 in a factorial arrangement under dryland conditions.
Growth traits were measured over four years (2017-2020).

Results: After four years, all measured characteristics were significantly
affected by fungal inoculation. Inoculated seedlings from all three origins
displayed higher values for all investigated traits compared to controls.
Seedlings of Fandoglou origin inoculated with T. harzianum exhibited the
greatest growth. These seedlings had the highest survival rate (65.8%),
collar diameter growth (52.2%), and height growth (54.6%). Additionally,
the dry biomass of roots, stems, and leaves increased by 48.60%, 46.5%,
and 37.40%, respectively. Leaf nutrient concentrations of nitrogen
(27.81%), phosphorus (23.23%), and potassium (34.7%) were also higher
compared to uninoculated Fandoglou seedlings.

Conclusion: This study demonstrates that T. harzianum inoculation
enhances survival, vegetative growth, and nutrient uptake in seedlings from
all three origins. However, the greatest positive effects were observed in
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Fandoglou hazelnut seedlings. We recommend using inoculated Fandoglou
seedlings to improve afforestation success in vulnerable areas and establish
hazelnut orchards in the drylands of this region.
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Table 1. Habitat characteristics of hazelnut seeds collection areas.

sl S sl r Jsb sBlpe e ) Lo e Sl gl oSy
Geographical direction Longitude Latitude Above sea level (m) Habitat
Southern 48° 36’ 28" 38°19' 16" 1430-1470 A
Fandoglou
Southern and Southwest 47° 53" 10" 37° 43' 02" 1550-1620 A
Makesh
1
Southwest 48° 39’ 17" 38° 51’ 15" 1470-1620 S
Makidi
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Table 2. Mean of quantitative and qualitative characteristics of fruits collected from three forest habitats.

_)JJA:.ALY&)ﬁ jsud_)} ASJJQ_)} 45.).,304]9 ASMJJL T
W)
(Ao 3) (€9 (€59) (e 5l) (e L) Oriéin
Seed viability% Kernel weight (g)  Nut weight (g) Nut width (cm) Nut length (cm)
LR
86.90 +10.08 0.57+0.21 1.71+0.21 1.55+0.14 1.61+0.09
Fandoglou
90.10 +8.90 0.66 +£0.09 2.42 +£0.29 1.45+0.12 1.88+0.11 S
Makesh
ShSe
72.12+8.61 0.38+0.19 1.42+0.41 1.42+0.23 1.48 £0.15
Makidi
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Table 3. Physical and chemical characteristics of Soil used for pots.
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ey grie S Jree s S sl e S_I" o 4 deus| s
K(mg/kg) P (mg/kg) N% Oc% Soil texture  Sand% O}t Clay% pH )
0 Ec (ds/m)
172 9.44 0.13 1.44 Loam - clay 25 39 36 6.55 0.386
Galis UK olldlg s bl S 5l e ol =ik wl osea T. harzianum oG
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Table 4. Growth characteristics of T. harzianum T1 inoculated on hazelnut seedlings.

NPURNE R Sl S (S - e Dl (SS - oSt M5
Skl 3 - ACC G 2 e Sk G 2 p Sk (A 2 p S k)
+ 10.6 66.3 21.80
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Table 5. Physical and chemical characteristics of the soil of study area.

: e Sl L Segha Sk
ol JENCRNT I I I R RS o e o o
K(mgky) Pmgky) N & ol gndo  Sie  Clays S Soil depth
0% texture EC (ds/m) (cm)
123 11.23 011  0.95 Ic'ay' 33 31 36 0.422 6.15 0-20
oamy
147 12.82 014  0.80 ?a“dy' 44 39 17 0.219 6.32 20-40
oamy
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Table 6. Percentage of survival and vegetative growth of seedlings of three origins of hazelnut during the years

2016 to 2019.
CL_;'J)‘ 42 J]“"’ et J S AW

T:Irg;] t Colla(rrgrlg? eter Survival% Year Treatment Origin
15.22+1.90 5.15+0.66 100 2017 Control
18.09+2.22 6.65+0.93 100 2017 T. harzanium
23.22+4.56 10.25+1.45 64.4+5.44 2018 Control
25.20+3.78 12.06+1.54 81.1+10.90 2018 T. harzanium S
30.60+4.11 18.32+3.70 49.51+5.55 2019 Control Fandoglou
42.10+5.89 23.35+3.87 72.3+8.80 2019 T. harzanium
43.81+5.70 25.40+3.90 45.5+£3.87 2020 Control
62.70+8.80 43.22+5.09 65.82+7.70 2020 T. harzanium
15.10+1.82 4.85+0.95 100 2017 Control
21.35+2.89 6.04+0.90 100 2017 T. harzanium
22.3743.302 9.45+1.56 57.4+4.56 2018 Control
28.90+3.85 10.05+2.01 64.52+7.32 2018 T. harzanium K
26.92+3.30 16.15+2.25 45.40+5.51 2019 Control makesh
36.30+4.21 19.11+3.45 52.5+6.09 2019 T. harzanium
38.81+4.55 26.24+4.20 40.82+4.21 2020 Control
51.5046.60 33.10+3.78 51.60+7.34 2020 T. harzanium
14.78+1.80 4.08+0.59 100 2017 Control
18.39+2.67 6.25+0.78 100 2017 T. harzanium
21.3243.33 9.03+1.01 46.50+5.55 2018 Control
27.38+4.20 11.15+1.90 63.66+7.89 2018 T. harzanium S
28.24+3.90 14.33+2.09 40.41+3.90 2019 Control Makidi
30.56+4.89 19.62+2.67 57.21+6.56 2019 T. harzanium
35.98+4.11 19.88+3.11 37.45+3.32 2020 Control
43.81+5.54 25.08+3.32 47.23+5.65 2020 T. harzanium
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Table 7. Variance analysis (Mean of squares) of the effect of seed origin and Fungi inoculation on the studied
traits of hazelnut seedlings.

o - A G a5
Spepes  Sleegies 4o e5d FEN S TRty Slesdi 3 S IeLS
. - 1 l
Leaf mass Stem mass Root mass . Height Co!lar diameter Survival e Variation Source
increment increment df
ns ns ns ns ns ns )ngj
49.12 11.09 70.05 98.55 60.70 122.11 2
Replication
Jg T
123.39* 65.71* 402.32* 168.09* 69.11** 442.09* 2
Seedling origin
G
93.02* 79.73* 296.12* 65.24** 102.57* 168.12* 1 &
Fungi
« B x Jl T
69.52* 19.37 566.30** 100.68* 66.14* 542.11** 2 gt de s
Seedling origin x Fungi
2losl glas
411 9.90 5.34 6.16 2.22 9.30 12 oS
Error
(Ao y3) Sl s 5
9.69 12.04 9.83 13.80 10.56 14.45 G

CV%

g;.w‘é)b&ur.kajwj.:\‘.,\.,0)30j\ﬁrs‘suaﬁch.»J:é)lJ&M%)@nS} ¢
* ** significant at 5 and 1% respectively, ™ non-significant
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Figure 1. Control seedling (left side) and seedling inoculated with T. harzianum (right side).
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Figure 2. Comparison of the mean of the interaction effect of seedling origin x fungi on survival (%) of hazelnut
seedlings. Means that the same letters do not have a statistically significant difference at the 5% error level.
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Figure 3. Comparison of the mean of the interaction effect of seedling origin x fungi on the growth of the collar
diameter increment of hazelnut seedlings. Means that the same letters do not have a statistically significant
difference at the 5% error level.
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Figure 4. Comparison of the mean of the interaction effect of seedling origin x fungi on height increment of hazelnut
seedlings. Means that the same letters do not have a statistically significant difference at the 5% error level.
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Figure 5. Comparison of the mean + standard error of the interaction effect of seedling origin x fungi on root,
stem, and root dry mass of hazelnut seedlings.
Means that the same letters do not have a statistically significant difference at the 5% error level.
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Figure 6. Comparison of the mean + standard error of the interaction effect of seedling origin x fungi on root,
stem, and stem dry mass of hazelnut seedlings.
Means that the same letters do not have a statistically significant difference at the 5% error level.
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Figure 7. Comparison of the mean + standard error of the interaction effect of seedling origin x fungi on root,
stem, and leaf dry mass of hazelnut seedlings.
Means that the same letters do not have a statistically significant difference at the 5% error level.
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Table 8. Comparison of the mean + standard error of the interaction effect of seedling origin x fungi on
nutritional elements of hazelnut seedlings.

Sl Sk i
Mean of squares @l ars2 S e
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* ** significant at 5 and 1% respectively, ™ non-significant
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Table 9. Comparison of the mean + standard error of the interaction effect of seedling origin x fungi on
nutritional elements of hazelnut seedlings.

e . 550 )
o o = s g e
(05 A 02 05 ) (054 02 05 ) (o) Treatment Seedling origin

K (mg/kg) P (mg/kg) N (%)
4.32+0.033" 1.42+0.010* 3.02+0.120° Control o
5.82+0.079 1.75+0.036 ° 3.86+0.165° T. harzanium Fandoglou
4.06+0.043 ° 1.32+0.009 ¢ 2.80+0.078 ¢ Control i
5.10+0.049 ® 1.54+0.033° 3.44+0.108 ® T. harzanium Makesh
d d d

3.81+0.023 0.89+0.015 2.21+0.055 Control i
4.47+0.078 ° 1.04+0.068 2.65+0.225 @ T. harzanium Makidi
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In each column, the averages that have common letters do not have a statistically significant difference at the five
percent error probability level
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