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Abstract

Introduction

Environmental stresses are serious threats to agricultural production. Abiotic stress too is a
serious threat to agricultural products. Pistachio is one of the most important agricultural
products in Iran and United States and is grown in other countries as well. Pistachio has good
yields in rain fed condition and increases the flush and quality of yield by irrigation. Arbuscular
mycorrhizal fungi (AMF) are among the most useful microorganisms in soil, and most plants can
become symbiotic with mycorrhiza, that help improve nutritional conditions and other functions
such as photosynthesis and osmotic regulation under stress conditions.

Materials and Methods

AMF, (Funneliformis mosseae) were grown using corn (Zea mays). Four pistachio rootstocks in
symbiosis with mycorrhiza were subjected to drought and salinity stress in two separate
experiments. Plants were divided randomly into three treatments (three replications and 6 plants
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per treatment), Treatments included drought, salinity, mycorrhiza and rootstock (In Shahrekord
University 32° 21 N 50° 49 E, 2017-18). At the end of the experiment, the plants were harvested.
Then all parts of the plant, including roots, shoots and leaves, were separated and weighted. The
amount of phosphorus was measured using a spectrophotometer (UV-Vis Spectrometer) at a

wavelength of 470 nm (Olsen et al., 1954). Data were evaluated by Three-way analysis of variance
(ANOVA) with SPSS 25.0.0.

Results and Discussion

The rootstock biomass in this experiment were influenced by different treatments (mycorrhiza,
rootstock type and stress). P content of both leaves and root tissues of pistachio rootstocks was
affected by both drought and salinity stress (Not shown in the data). Mycorrhiza increased root,
stem and leaf fresh weight under drought and salinity stress and leaf area ratio and specific leaf
area under salinity stress. Mycorrhiza-inoculated plants had lower phosphorus use efficiency and
more tolerance to drought and salinity stresses. Growth indices and phosphorus use efficiency of
root, leaf and total, decreased under both drought and salinity stresses. The Sarakhs rootstock was
more salinity-sensitive than other rootstocks. In this research, pistachio rootstocks showed
differences in biomass and biomass reduced under salinity and drought stress. Biomass
reductions under abiotic stress (drought and salinity stress) conditions in previous studies on
almond, peaches, olives, apple and pistachio fruit trees are also reported here. Biomass was higher
in +M rootstocks, which could have been due to effects of mycorrhizal symbiosis on P
absorption. The difference between rootstocks is related to rootstock absorption capacitywhich
has to do with root condition. Therefore, rootstocks with better roots growth may develope root
survival under stress condition. They can also be better in mineral uptake and more tolerant to
stress statue, because the ability of plants to withstand stresses depends to a large extent on roots.

Conclusion

The use of beneficial soil microorganisms is one of the best strategies contributing to sustainable
agriculture and the environment. Among the most beneficial soil microorganisms with which
plants may establish a symbiotic relationship are arbuscular mycorrhizal fungi (AMF). AMF can
improve soil physicochemical properties that generate plant growth and elevate the status of
plants in terms of water and mineral nutrition, leading to improved plant growth maintenance.
Based on these findings, AMF in symbiosis with pistachio rootstocks helped increase drought and
salinity stress tolerance.
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Table 1. Results of physical and chemical analysis of used soil in the experiment

EC ds.m™! pH N% Kmg.kg? Pmgkg? Znmgkg?! Mnmgkg?! Femg.kg!
0.9 7.54 0.10 273 10.3 0.49 8.91 4.21

B mg.kg? Sand (%) Silt (%) Clay (%) F.C. (%) P.W.P CEC Texture
2.39 28.62 32.6 375 27.7 9.2 20.9 CL
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Table 2. Mean comparison of simple and two factor effects of treatments on some growth traits of
pistachio rootstocks [Badami riz (B), Sarakhs (S), Qazvini (Q) and UCBI1 (U)] symbiosis with mycorrhiza
(M and NM) under drought stress conditions [Control (C), Low (L), Mild (M) and High (H)

Root fresh Stem fresh Leaf fresh LAR SLA SLW
Treatments weight (g) weight (g) weight (g) (cm3g?h) (cm?g™h (gcm?
NM 19.0° 6.7° 7.1b 2.39 5.06 0.25?
M 26.3? 8.92 9.82 2,51 5.01 0.24°
Badami Riz (B) 25.7° 11.28 10.72 1.95¢ 3.90° 0.29?
Sarakhs (S) 16.2¢ 2.1° 4.5°¢ 3.622 4.17° 0.16°
Qazvini (Q) 18.9¢ 5.8° 8.1p 2.54b 5.11° 0.272
UCB1 (U) 29.6° 11.82 10.32 1.90¢ 6.97° 0.25?
Control (C) 26.62 10.12 11.18 3.462 6.222 0.21°
Low Stress (L) 23.6° 8.2b 9.5 2.82° 5.53% 0.22°
Mild Stress (M) 24.1% 7.1bc 8.1° 1.97¢ 4.35% 0.26%
High Stress (H) 16.0° 5.6° 5.0¢ 1.76°¢ 4.04¢ 0.28?
M x R
BNM 23.20c 10.3 9.7 1.94 411 0.29
SNM 13.2¢ 15 3.7 3.82 6.43 0.16
QNM 15.8¢e 4.0 6.6 2.30 3.73 0.29
UNM 23.55¢ 10.5 8.2 1.97 5.88 0.24
BM 28.1° 12.2 11.7 1.97 3.68 0.28
SM 19.3¢¢ 2.8 5.3 3.42 7.51 0.16
QM 22.0bd 7.7 9.6 2.79 4.61 0.24
UM 36.8? 13.4 12.7 1.81 4.19 0.26
M x S
CNM 24.7% 10.62 10.5 3.21 5.63 0.23
LNM 18.1b¢ 6.12 7.2 3.11 6.39 0.21
MNM 19.2b¢ 5.980 6.8 1.89 4.13 0.27
HNM 14.4¢ 4.2b 4.1 1.83 414 0.27
CM 28.62 9.62 11.8 3.72 6.82 0.19
LM 29.22 10.32 11.7 2.52 4.67 0.23
MM 29.1@ 8.3 9.3 2.04 4.56 0.25
HM 17.86¢ 7.3 5.9 1.69 3.92 0.29
R xS
BC 36.1% 15.0 16.42 2.28 3.64 0.28
BL 28.1¢%d 12.1 12.0b¢ 2.46 5.20 0.25
BM 23.1°f 10.4 8.6% 1.69 3.73 0.27
BH 15.4f 7.4 5, 7df 1.38 3.02 0.34
SC 15.7fh 2.4 4.69f 5.46 10.10 0.11
SL 21.1% 2.8 6.1df 3.63 6.22 0.17
SM 17.8¢h 2.1 4.3¢f 2.76 6.18 0.17
SH 10.4" 1.3 3.0f 2.61 5.38 0.20
QC 25.8% 7.1 10.0bd 3.17 455 0.24
QL 19.74 6.1 8.6% 2.95 4.68 0.24
QM 17.2¢h 5.3 8.0c 2.18 4.18 0.27
QH 12.79" 4.9 5.9df 1.86 3.26 0.33
ucC 29.0P¢ 15.9 13.5% 2.93 6.60 0.22
UL 25.7¢ 11.8 11.1b¢ 2.22 6.03 0.21
UM 38.42 10.8 11.4%¢ 1.23 3.29 0.33
UH 25.3%® 8.9 5.1¢f 1.21 451 0.25

Means having the same letter in traits are not significantly different by Duncan’s multiple range test at 5%.
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Table 3. Mean comparison of simple and two factor effects of treatments on some growth traits of
pistachio rootstocks [Badami riz (B), Sarakhs (S), Qazvini (Q) and UCB1 (U)] symbiosis with
mycorrhiza (M and NM) under salinity stress conditions [Control (C), Low (L), Mild (M) and High (H)

Root fresh Stem fresh Leaf fresh LAR SLA SLW
Treatments weight (g) weight (g) weight (g) (cm?g?t) (cm?gY) (g cm?)
NM 20.7° 7.3 7.5b 2.09° 4.83P 0.29?
M 27.52 8.4 9.12 2.772 6.742 0.20P
Badami Riz (B) 26.1° 9.3b 10.02% 2.28° 4.64°¢ 0.23°
Sarakhs (S) 15.6¢ 2.6¢ 4.2¢ 3.512 8.852 0.16°
Qazvini (Q) 21.1°¢ 8.1¢ 10.72 1.80P 2.97¢ 0.43?
UCB1 (U) 33.42 11.32 8.5p 2.09P 6.60P 0.17¢
Control (C) 30.28 11.02 11.82 2.992 6.062 0.23%
Low Stress (L) 26.4° 8.9b 9.5° 2.662 6.252 0.21°
Mild Stress (M) 23.6° 7.4°¢ 7.3¢ 2.10° 6.032 0.272
High Stress (H) 16.0° 4.1¢ 4.7¢ 1.93° 4.72° 0.282
M xR
BNM 23.9 8.3 9.2 2.27° 4.50P¢ 0.24b¢
SNM 12.5 2.2 4.0 2.67° 5.95P 0.20°¢
QNM 18.6 6.4 9.1 1.34¢ 2.05°¢ 0.572
UNM 27.3 12.0 7.7 2.07%¢ 6.65° 0.17¢d
BM 28.4 10.4 10.7 2.30P 4.77°¢ 0.23b¢
SM 18.7 3.0 4.4 4342 11.752 0.11d
QM 23.6 9.7 12.2 2.27° 3.89kc 0.29°
UM 40.5 10.6 9.4 2.11bc 6.55° 0.17¢d
M xS
CNM 26.4 10.52 11.5 2.60 4.68 0.27
LNM 23.1 8.4¢ 8.2 2.39 5.89 0.24
MNM 21.4 7.4b¢ 6.9 1.65 4.53 0.34
HNM 12.7 3.4¢ 3.8 1.72 4.26 0.32
CM 34.0 11.52 12.1 3.38 7.44 0.19
LM 29.8 9.3 10.7 2.93 6.60 0.18
MM 25.8 7.4b¢ 7.7 2.54 7.53 0.20
HM 19.9 5.0 5.8 2.18 5.27 0.23
RxS
BC 31.4bc 12.4P 13.82 2.62bd 4.33 0.24°f
BL 30.2vd 10.1b¢ 10.5b¢ 2.84bc 6.24 0.17¢f
BM 24.9¢% 9.0vd 9,2¢d 1.98¢ 4.28 0.24°f
BH 18.0% 5.9df 6.3df 1.69¢¢ 3.70 0.28¢¢
SC 16.7%9 3.1 4,98 5.142 11.33 0.12f
SL 16.7%9 3.4 5.4% 3.320 7.64 0.14¢f
SM 17.2% 2.59" 3.8f¢ 2.85b¢ 10.10 0.17¢f
SH 11.79 1.59 2.79 2.71bd 6.34 0.19¢f
QC 26.0°¢ 10.4b¢ 13.32 2.22bd 3.59 0.34bd
QL 24.1¢% 10.4°b¢ 13.7% 2.01bd 2.95 0.38b¢
QM 21.8¢°f 7.9 10.6b¢ 1.42¢ 2.34 0.522
QH 12.7f 3.6M 5.1¢% 1.57¢ 2.99 0.47%
uc 46.6° 18.22 15.22 2.00%d 4.99 0.224f
UL 34.8P 11.5° 8.3% 2.47" 8.16 0.13¢f
UM 30.5M 10.3b¢ 5.6% 2.12bd 7.40 0.14¢f
UH 21.64 5.3% 4.8% 1.76% 5.86 0.18¢f

Means having the same letter in traits are not significantly different by Duncan’s multiple range test at 5%.
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Table 4. Mean comparison of simple and tow factor effects of treatments on P use efficiency (PUE)

under drought and salinity stress condition

Drought Salinity
Tratments Root PUE Leaf PUE Total PUE Rroot PUE Leaf PUE Total PUE
NM 0.452 0.40 0.41 0.502 0.442 0.472
M 0.43° 0.40 0.42 0.47° 0.41° 0.43°
Badami Riz (B) 0.42° 0.36¢ 0.39P 0.46° 0.40P 0.42°
Sarakhs (S) 0.452 0.42° 0.432 0.512 0.462 0.482
Main effects Qazvini (Q) 0.44% 0.38°¢ 0.40P 0.46° 0.40P 0.42°
uCB1 (U) 0.462 0.442 0.442 0.502 0.442 0.478
Control (C) 0.35¢ 0.29d 0.31¢ 0.39¢ 0.29¢ 0.33¢
Low Stress (L) 0.42° 0.39¢ 0.40¢ 0.43°¢ 0.39¢ 0.41°
Mild Stress (M) 0.46° 0.42b 0.44P 0.51P 0.47° 0.48P
High Stress (H) 0.53¢2 0.49a 0.518 0.602 0.552 0.57¢8
BNM 0.42 0.36 0.39 0.492 0.44 0.47%
SNM 0.44 0.40 0.42 0.542 0.492 0.512
QNM 0.43 0.38 0.40 0.45° 0.38° 0.41°
M x R UNM 0.45 0.44 0.43 0.509 0.45% 0.47%
BM 0.42 0.36 0.39 0.42° 0.35P 0.38P
SM 0.46 0.44 0.45 0.48% 0.43% 0.45%
QM 0.44 0.38 0.41 0.47% 0.41@ 0.44@
UM 0.47 0.43 0.45 0.49a 0.44 0.46%
CNM 0.33¢ 0.30¢ 0.29¢ 0.39 0.28° 0.33¢
LNM 0.42¢d 0.39¢ 0.40¢ 0.444 0.40¢ 0.42¢
MNM 0.47b¢ 0.41bc 0.44b¢ 0.52¢ 0.49b 0.50°¢
M xS HNM 0.51% 0.492 0.508 0.622 0.58? 0.608
CM 0.38¢ 0.29¢ 0.33¢ 0.38f 0.30¢ 0.33¢
LM 0.42¢4 0.39¢ 0.40¢ 0.42% 0.38¢ 0.40¢
MM 0.46° 0.43b 0.45P 0.49¢ 0.44¢ 0.47°
HM 0.548 0.508 0.522 0.57° 0.51° 0.54°
BC 0.36" 0.26" 0.31! 0.35! 0.25! 0.29K
BL 0.40f 0.349 0.379" 0.419" 0.359" 0.38M
BM 0.43% 0.40¢f 0.42%9 0.48¢ 0.45¢ 0.47¢f
BH 0.48% 0.44% 0.46°% 0.58° 0.548 0.56¢
SC 0.39™ 0.32¢ 0.35" 0.40¢ 0.31N 0.35¢
SL 0.41f 0.419f 0.41% 0.44%9 0.41¢f 0.42f9
SM 0.46°f 0.43¢ 0.44°f 0.53¢ 0.52d 0.52¢
RxS SH 0.54% 0.51° 0.52'ab 0.68% 0.59° 0.63%
QC 0.379" 0.25" 0.30' 0.38N 0.27' 0.31
QL 0.43¢" 0.39f 0.40f 0.43f9 0.38f9 0.419"
QM 0.45¢f 0.42¢ 0.43¢f 0.49¢% 0.43¢f 0.45%
QH 0.50¢d 0.47¢ 0.48Pc 0.54bc 0.51¢d 0.52¢d
ucC 0.29 0.349 0.29! 0.42%" 0.33% 0.37N
UL 0.44% 0.419f 0.43¢f 0.45% 0.41¢f 0.43f9
UM 0.52be 0.44% 0.48¢ 0.53¢ 0.47¢% 0.50¢%
UH 0.59 0.552 0.572 0.59° 0.57@ 0.58°

Means having the same letter in traits are not significantly different by Duncan’s multiple range test at 5%.
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Figure 1. Mean comparison of the effects of treatments on percentage of drought (A) and salinity
(B, C) tolerance
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Figure 2. Mean comparison of the simple effects of rootstock and stress on Mycorrhizal growth
response (MGR) under drought (A, B) and salinity (C, D) stress
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