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mosseae, R. irregularis, G. etunicatum); FM + PF: F. mosseae + P. fluorescens; Mix + PF: (( F.

mosseae, R. irregularis, G. etunicatum) + P. fluorescens)

Figure 1. Means of arbuscular mycorrhizal colonization (%) of the wild pistachio seedlings. Similar letters do
not express significant diffrences at P < 0.05. (NM: non-microorganisms; PF: P. fluorescens; FM. F.
mosseae; Mix: (F. mosseae, R. irregularis, G. etunicatum); FM + PF: F. mosseae + P. fluorescens;
Mix + PF: (( F. mosseae, R. irregularis, G. etunicatum) + P. fluorescens)
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Table 1- Variance analysis of the effect of moisture levels and microorganisms inoculation on measured traits

Slaye (Sl
Mean Squares
Sl s wolie d e el 5 ¢ss
Source of sl s ) 4y o Spolas o, b Ak, S0l s
variation df - Plant Root collar Leaf Root Root fresh Shoot
Colonization - - .
height diameter number length weight fresh
weight
Moisture levels 1 7.149" 3.8m 0.066"™ 2.017" 43.69" 2.996" 0.018"
Microorganisms 5 315.98™ 188.27™ 2.473™ 48.937" 298.345™ 28.54™ 25.04™
Moisture levels
x 5 37.89" 29.461™ 0.544m 8.377" 72.203™ 4.183™ 2.896™
Microorganisms
Total 60
Slaye (Sl
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Ol s 7) . .
& RN ) SiS (38 _ . ce IS _
Source of e , S N AU BV U B Sroden
variation df e g plal Leaf Total Carotenoid Leaf
Root dry Shoot dry phosphorus  chlorophyll proline
weight weight
Moisture levels 1 1.105" 0.115m 0.001" 0.047"s 5.922* 21.266"
Microorganisms 5 5.486™ 6.105™ 0.006™ 0.383" 5.195" 22.79™
Moisture levels
x 5 1.004™ 0.604" 0.002m 0.094ns 3.434m 0.695"
Microorganisms
Total 60
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**Significant at the 1% probability level; * Significant at the 5% probability level and ns not significant.
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Table 2- Effect of AMF, bacteria and irrigation on growth of wild pistachio seedlings (mean + SE)

Sk T s (cm) ¢t (mm) o 13 ok (em) aze, Jsbo
Moisture . . Root collar Leaf number
AMF  Bacteria Plant height (cm) . Root length (cm)
levels diameter (mm)
NM NPF 11.4 + 2.48f0 5.11+0.12° 8.4 +2.07% 46.32 + 4.04¢%
O g Fm 16.6 +2.19 5.58 + 0,532 10.2 + 1.64¢cd 44.82 + 4.99¢%
Non-stress Mix 22.4 + 4,9 5.6 +0.68% 13.6 +2.5% 59.8 +3.472
NM PF 14.06 + 2.08¢f 5.77 £ 0.64% 10.8 +0.8304 4758 + 4.63¢¢
Fm 23.5+3.92 5.89 +0.682 12 +1.87b¢ 49.28 +3.91¢
Mix 17.8 £2.9¢¢ 5.79 + 0.592% 13 +3.24% 54.86 + 3.312
NM NPF 8.8+1.39 4,34 +0.23¢ 7.2 +1.64¢ 47.26 + 4.56%¢
Fm 15.8 + 2de 5.62 £ 0.3 10.6 + 2.2°d 52.02 + 2.06%
P ST ; +9 1ce + b + 9 3bd + ab
Mix 178+2.1 5.24 £0.46 114+23 5758 £1.94
Drought NM PF 19.02 + 2.4b4 5.6 £0.972 12.8 +1.78% 41.98 £ 3.758
stress Fm 21.6 £2.75° 6.4 +0.76 12.6 +2.3% 57.68 + 3.03%
Mix 19.6 + 2.62d 6.14 £ 0.422 156 +2.72 56.38 + 2.86%
. ; ; @) o ol 5 o35 (@) at, 5 ogy e el Sas o5y T o
Shsk) zolaw el et _ @)
Moisture levels AMF  Bacteria Shoot fresh weight Root fresh @) Root dry weight
(9) weight (g) Shoot dry weight (g) (Z]/) g
NM NPF 2.47 £0.71f 3.15+0.76®8 1.26 +0.43¢ 1.55 + 0.39¢f
o Fm 4.88 +0.76%¢ 6.82 +1.15% 2.4 + 0.59¢bc 2.92 £0.418¢
O 09 Mix 5.41 + 0.85%¢ 5.39 £ 0.95%¢ 2.62 +0.37b° 2.33 +0.45b¢
Non-sress NM PF 4.54 +0.9% 4.53 +0.64¢° 2.45 +0.68 3.21 +0.88%
Fm 6.86 £ 1.442 6.56 + 1.01b° 3.43£0.75% 3.49+£0.672
Mix 5.17 +0.880-¢ 5.22 +0.42% 2.52 +0.49b¢ 1.99 +0.33¢
NM NPF 1.33 £0.37¢ 1.83 £ 0.61f 0.61+0.14® 0.9 +0.31f
Fm 416 £ 1.01° 5.95 + 1.1b¢ 2.05 £ 0.46° 2.73 +0.54ad
S S Mix 5.88 £ 0.572¢ 6.18 + 0.88bc 2.77 £0.22%¢ 2.52 +0.430d
Drought stress NM PF 6.26 + 1.072 5.13 +1.8¢% 3.04 + 0.54% 2.20£0.73%¢
Fm 6.04 £ 1.06%°¢ 8.17 £0.792 2.92 +0.75% 3.46 £0.622
Mix 5.46 + 0.480d 7.08 +1.292 2.77 £0.22%°¢ 2.78 +0.4924

(NM, non-mycorrhizal; NPF non- P. fluorescens; sl aoyo O Jlaiz! glaw 10 )lo gme Sglas 095 sasmo)lid (gt o 50 LSy g 3
PF: P. fluorescens; FM. F. mosseae; Mix: (F. mosseae, R. irregularis, G. etunicatum))

* Similar letters within each column do not express significant differences at P < 0.05. (NM, non-mycorrhizal; NPF non- P. fluorescens; PF:
P. fluorescens; FM. F. mosseae; Mix: (F. mosseae, R. irregularis, G. etunicatum))
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Table 3. Effect of AMF, bacteria and irrigation on total chlorophyll, carotenoids, leaf phosphorus and proline (mean + SE)

. Ma/a) s . (MY/g) sy S
ST s o) < (M99) 5 esa. s Carotenoids (umolfg) ¢,
Moisture AMF  Bacteria (ma/g)phosphorus Total chlorophyll / I (umol/g) roliné
levels (mg/g) (Mg/g) wmotig)p
NM NPF 0.087 % 0.008° 1.82 +0.15% 10.49 + 0.31P° 157 +0.129
Fm 0.103 + 0.005 2.09 + 0,220 11.05 +1.21% 1.71 +0.88°
N"““ “t”“' Mix 0.113 + 0.005% 2.1+0.14° 12.02 +1.08% 2.17 +0.491
ON-stress — Nm PF 0.112 + 0.007% 2.31+0.41% 11.89 + 0.95% 3.94 +0.31%
Fm 0.118 + 0,12 2.33+0.41° 11.65 + 0.82% 2.08 +0.81
Mix 0.11 + 0.004% 2.11+0.17% 10.9 + 0.87% 3.57 + 1.42¢f
NM NPF 0.084 + 0.003° 1.7+0.1¢ 9.63 + 0.43° 4.84 +1.06%
Fm 0.105 +0.018" 1.95 +0.21%¢ 12.87 +1.89° 6.12 + 1.386"
Sis i Mix 0.109 + 0.008% 2.39 +0.22%¢ 11.41 +0.99% 6.46 + 0.49
Drought NM PF 0.104 +0.007° 2.28 +0.328 12.46 + 1.46° 6.5+ 0.9
stress Fm 0.112 + 0.006% 2.31+0.128 12.29 +2.13 8.87 + 1.03°
ab
Mix 0.107 +0.007 2.2+0.17%¢ 11.79 + 1.32% 6.53 + 0.66°

(NM, non-mycorrhizal; NPF non- P. fluorescens; cowl auoy0 O Jlim| mhaw o o g Sglad 098 sasao)lis (ygiw ;o 50 LSy Bg >
PF: P. fluorescens; FM. F. mosseae; Mix: (F. mosseae, R. irregularis, G. etunicatum))

* Similar letters within each column do not express significant differences at P < 0.05. (NM, non-mycorrhizal; NPF non- P. fluorescens; PF:
P. fluorescens; FM. F. mosseae; Mix: (F. mosseae, R. irregularis, G. etunicatum))
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Abstract

Wild Pistachio (Pistacia atlantica var. mutica Rech. f.) is an important tree species in the forests of
Iran that has faced many challenges in its natural restoration. This study investigated the interaction
effects of Funneliformis mosseae, MycoRoot biofertilizer, and Pseudomonas fluorescens on Pistacia
atlantica seedlings under two water treatments: 100% field capacity as a non-stress treatment and 50%
field capacity as a drought stress treatment. Decreased soil moisture reduced the growth (root collar
diameter, shoot and root fresh weight, shoot dry weight) of Pistacia atlantica seedlings. The
interaction of mycorrhizal fungi and phosphate-solubilizing bacteria on seedling growth, as well as
chlorophyll, carotenoid, and leaf proline content, was significant at the 5% level. The highest stem
height was observed in the combined treatment of Funneliformis mosseae and Pseudomonas
fluorescens (24.54 cm) under non-stress conditions, while the shortest belonged to the control
treatment (8.8 c¢cm) under drought stress conditions. Proline content in seedlings inoculated with
Funneliformis mosseae in the presence of Pseudomonas fluorescens was higher (8.87 pmol/g) than
other treatments, and this treatment was more effective in reducing drought stress symptoms than
other treatments. Under non-stress conditions, the presence of Pseudomonas fluorescens alone did not
play a significant role in improving seedling growth, but its positive effects on growth appeared when
interacting with mycorrhizal fungi and during drought. Although this research observed that
mycorrhizal and bacterial seedlings had better growth than control seedlings and that microorganisms
had the same effect as irrigation on some growth characteristics, it is necessary to conduct similar
additional experiments in nurseries and natural habitats on P. atlantica seedlings using different
irrigation levels to confirm these results.

Keywords: Phosphate-solubilizing bacteria, drought stress, arbuscular mycorrhizal fungi, wild
pistachio seedling.
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