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Table 1. Geographical and habitat characteristics of the place where hazelnut seeds were collected
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Cold humid with two months of dry and Southwest 10 53°47 02 1550-1620 Makesh
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sS.....} ULAB oLo )LQ.‘> L\ QJ....J us.lafcm . ) ’ 19038 915&...9
Semi-humid cold with four months of dry southern 28" 36°48 W 1430-1470
16 Fandoglou
season
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Table 2. Average quantitative and gualitative traits of fruits collected from forest habitats
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Nut blankness (%) Kernel weight (g) Nut weight (g) Nut width (cm) Nut length(cm) Habitat
8.0 £1.92 0.66 +0.09 2.42 £0.29 1.45+0.12 1.88 £0.11 e
Makesh
PIERW
17.20 £6.65 0.57 +0.21 1.77 £0.21 1.55+0.14 1.61 +0.09
Fandoglou

Mean = standard error
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Table 3. Physical and chemical teaits of the soil site located in the agricultural lands on the edge of Fandglou forest
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Figure 1. Measuring the height of hazelnut seedlings in the field
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Figure 2. A view of the height growth of hazelnut seedlings with the origin of Ardabil hazelnuts with the
combined inoculation of three bacteria in the field in the fourth year of planting (October 2021)
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Table 4. Variance analysis of the effect of seedling origin and type of bacteria on growth traits of hazelnut
seedlings in the fourth year

Mean of square  Slw o (25ls
¢ s o L R ady 5l g, PV
S 835355 48l 80435 A, 854555 < S omD Collar Sleows; )., Sl mlio
height h . &l L
leaf mass stem mass Root mass increment diameter Survival variation Source
increment df
123.39" 65.71" 402.32" 323.66" 23.01 136.09" 1 Je lae
Seedling origion
93.02" 79.73" 296.12" 98.03™ 49.83" 167.22* 4 S L’_
Bacteri
* . o o . . &AL b e
69.52 19.37 566.30 51.72 10.24 840.60 4 Seedling origionx
Bacteri
6.38 5.80 10.83 0.18 3.31 1521 20 hlejl sl
Error
_ _ _ _ _ _ 29 JS GL"}
Total error
~)IOGAA yes 39,5 :NS ‘._\.a)ob P \ @QM,)Q 6)‘563-’-4 o iy :aenessaa

“and * ™ significant at 1 and 5% respectively, ns: non-significant.
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Figure 3. Comparison of the mean of interaction effect of seedling origin x bacteria on survival (%) of hazelnut
seedlings. Means with 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 interaction effect of seedling origin x bacteria on the growth of the collar
diameter increment of hazelnut seedlings. Means with the same letters do not have a statistically

significant difference at the 5% error level

OControl BF putids W5 subtilis BE cloacae #PprEBs+Ec

30
iE w
31 w0
3 g 20
b8
1.8
=W 10

1]

olEas 5
Fandoglou Malcesh

33 sl ol ] gy Sl x Jlag Toae Jolise 31 o Sibes dylio -0 JSC5
.AS)MS )iZAS.i L Qo )0 O sl Jtabl C_Ia.w BN L_g)LoT Ll )‘l 6)1‘3(5;” s ‘QLMSQ. sz 6‘)“> 6Lmo.:i§l¢4
Figure 5. Comparison of the mean of interaction effect of seedling origin x bacteria on height increment of hazelnut
seedlings. Means with the same letters do not have a statistically significant difference at the 5% error level
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Table 5. Comparison of the mean = standard error of the interaction effect of seedling origin x bacteria on root,
stem and leaf dry mass of hazelnut seedlings

S 634355 i
dry mass (g) o
Treatment
Sy adle Ay, - —
Leaf Stem Root st Ji e
Bacteri Seedling origion
4.82+0.44 9 12.79+2.10 ¢ 15.26+2.83 9 seLlzControl
7.34+0.63 20.3243.72 P 26.84+3.89 0 P. putida
4.86+0.55° 18.13+4.29 ¢ 24.13+4.33 ¢ B. subtilis ol80:3 Fandoglou
5.13+0.42°¢ 16.45+2.87 ¢ 19.34+3.14 ¢ E. cloacae
8.11+0.81 2 22.04+4.23 28.33+5.07 2 eSbaw gl
Combination of three bacteria
4.09+0.23 9 12.11+2.70 ¢ 14.09+3.04 P slsControl
6.36+0.46 ° 17.71+4.15°¢ 24.30+4.95 ¢ P. putida
5.90+0.82 ¢ 15.09+2.03 ¢ 21.05+2.50d B. subtilis UiSe Makesh
4.21+0.3214 11.73+1.90 ¢ 16.16+2.23 f E. cloacae
7.60+1.01 20.64+3.22 1 26.07+4.91° 7S A Gl

Combination of three bacteria
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In each column, the averages that have common letters do not have a statistically significant difference at the five percent

probability level.
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Table 6. Analysis of variance (mean square) of the effect of seedling origin and bacteria on physiological traits
of hazelnut seedlings

oropny ater G omata otosyn sl L
content efficiency transpiration conduction hesis df variation Source
25.62* 3.39"s 65.61* 54.90% 33.02* 1 Je e
Seedling origion
28.98* 228" 23.65%* 4.44"s 63.35%* 4 St
Bacteria
17.67* 19.45%* 61.12% 49.08* 30.50% 4 AR
Seedling origionx Bacteri
bl slas
1894.8 123.11 101.85 0.05 343.76 20
Error
- - - - - 29 S sl
Total error
16.40 17.54 23.33 19.12 12.65 ki 02

*and " ™ significant at 1 and 5% respectively, ns: non-significant.

Coefficient of variation
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Table 7. Comparison of the mean + standard error of the interaction effect of seedling origin x bacteria on the

physiological traits of hazelnut seedlings

Lg)‘lf QY&L.»
Gas exchanges e
Jo )l Glgime Ol Gpae oIS . . Mg, Salaa Treatment
Chlorophyll Water transf)?;tion Stomatal Phom};; ri;;esis ] .
content (%) efficiency P conduction Y st J lowe
(umol mmol™?) (mmol m™s™ (mol m?s™) (umol m™* s Bacteria Seedling origion
18.70+£2.05 ¢ 3.04+0.95 ¢ 3.51+0.41%® 0.143++/++9¢ 10.66+1.11 °f Control sals
26.66+2.56 6.15+0.51% 2.30+0.11f 0.201+0.002 ® 15.08+2.22 ® P. putida
24.35+2.98 ° 5.89+0.40° 2.44+0.56 °f 0.197+0.009 ® 14.39+1.89 ° B. subtilis Fandoglou sls.:s
24.32 £3.76 ° 5.25+0.41 2.49+0.89 %f 0.17440.007 © 13.08+1.21 E. cloacae
S w Goils
27.45+3.42° 6.740.76 2.38+0.23" 0.226+0.009 * 15.882.67 2 Combination of
three bacteria
17.22+2.40F 2.36+0.41°¢ 3.85+0.112 0.159+0.007 ¢ 9.11+1.34fF Control sals
23.49+2.43 % 4.861.76 2.80+0.43% 0.181+0.009 ° 13.63+1.22°¢ P. putida
22.82+2.62° 4.100.97° 2.8940.51 « 0.181+0.013" 11.85+1.11 % B. subtilis Makesh :5a
20.16+2.56 ¢ 3.86+1.01 2.9340.45° 0.178+0.012° 11.24+1 57%f E. cloacae
S  Gails
24.84+2.62°  455:0.97 " 2.84+0.51 % 0.181+0.013° 13.88+1.11° Combination of

three bacteria
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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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Abstract

The slow growth of hazelnut seedlings, particularly during the initial years of afforestation, hampers
the rehabilitation and development programs of hazelnut forests. In this context, biological fertilizers,
especially plant growth-promoting bacteria, can be an effective strategy to enhance the growth and
physiological traits of hazelnut seedlings. In May 2017, new hazelnut potted seedlings from two seed
sources - Fandoglou (Ardabil Fandoglou forest) and Makesh (Aghvalar Guilan forest) - were
propagated in an Ardabil hazelnut nursery. These seedlings were inoculated separately and in
combination with Pseudomonas putida DSM291, Bacillus subtilis FzB24, and Enterobacter cloacae
E1l. In November 2017, the one-year-old hazelnut seedlings were transferred to agricultural lands
bordering the Fandoglou forest. The seedlings were planted in rain-fed conditions following a
randomized complete block design with three replications of 12 based on two factors: fertilization and
seed origin. After four years, it was observed that inoculated seedlings from both origins outperformed
non-inoculated ones in all investigated traits. The largest parameters of the studied variables were
attributed to the Fandoglou-origin seedlings inoculated with a combination of three bacteria. These
seedlings showed a survival rate of 49.7%, collar diameter growth of 51.1%, height growth of 60.4%,
and dry mass increases in roots (85.6%), stems (75.1%), and leaves (68.2%). Additionally,
photosynthesis increased by 49.9%, stomatal conductance by 58.04%, water consumption efficiency
by 121.7%, and chlorophyll content by 46% compared to non-fertilized Fandoglou-origin seedlings. In
conclusion, considering the role of the studied growth-promoting bacteria (especially the combined
treatment) in enhancing the growth characteristics and physiology of hazelnut provenances,
inoculating hazelnut seedlings with bacteria in nurseries can be a beneficial strategy for successful
field transplantation.
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