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Almond (Prunus dulcis Mill.) Rootstocks in Drought Stress Condition

FE T

M. Mohammadi =1

Received: 11-11-2021 How to cite this article:
Revised: 22-11-2021 Mohammadi M. 2022. The Effect of Mychorhizae Symbiosis on Nutrient
Accepted: 07-03-2022 Concentration in Common Almond (Prunus dulcis Mill.) Rootstocks in

Available Online: 20-05-2022  Drought Stress Condition. Journal of Water and Soil 36(1): 81-94. (In Persian
with English abstract)
DOI: 10.22067/jsw.2022.73354.1110

Introduction

Almond (Prunusdulcis Mill.), native to West Asia to the Mediterranean. Iran after the United States and
Spain has been ranked third among this plant production across the world. Drought stress is one of the most
important factors limiting the yield and production of agricultural products. Many morphological, physiological,
enzymatic, nutritional, quantitative and qualitative characteristics of almonds can be impaired by drought stress.
There are a lot of micro-organisms in soil which can help the plant nutrition and uptake of nutrient elements
through different ways and can be mentioned by the dual symbiotic relation between micro-organism and plant.
Mycorrhizae fungi are one of these microorganisms. The most important beneficial effects of mycorrhizal
symbiosis is increasing the nutrient uptake, leaf gas exchange, photosynthesis, water use efficiency, productivity,
improve plant nutrition and resistance to environmental stresses. It also helps the plant to absorb more water and
nutrients by modification of rhizosphere environment, improvement of soil structure through formation of stable
aggregates, expansion of external filaments and change of root morphology. The results of mycorrhizae
symbiosis research in different plants show that the higher uptake of nitrogen (N), phosphorus (P), potassium
(K), iron (Fe), zinc (Zn), copper (Cu) and manganese (Mn). The aim of this study was to evaluate the ability of
mycorrhizal fungi, a symbiotic and environmentally friendly agent, under drought stress condition on increasing
growth and absorption of water and nutrients on almond rootstocks commonly consumed in Chaharmahal-va-
Bakhtiari province.

Material and Methods

This field experiment was carried out as a factorial based on a randomized complete block design (RCBD)
with three replications. The treatments consist of two level of mycorrhizal fungus (Mo: without and M; with
using of mycorrhizal fungus), four kinds of rootstock (bitter, local Shorab 2, GF and GN) and four levels of
drought stress (without stress as a control, slight, moderate and severe water stress which based on ratio of
depletion of plant available water). Inoculation of mycorrhizal fungi at the rate of 100 g of a mixture of three
species of mycorrhizal fungi (Clariodeoglumus etunicatum, Rhizophagus intraradices and Funneliformiss
mosseae) was placed under the roots for each rootstock with a population of at least 100 active fungal organs
including spores, vesicles, and hyphae per gram. The plants were exposed to drought stress for six weeks. Leaf
samples were taken to measure the amount of nutrient elements. Nitrogen by Kjeldahl method, P by
spectrophotometer, K by flame method with flame photometer and nutrients of iron, zinc, manganese, boron and
copper were measured by atomic absorption spectrophotometry with an atomic absorption spectrometer
(PerkinEImer Analyst 400, Waltham, United States of America). Statistical analysis was done with SAS 9.3
statistical software. Duncan’s multiple range test was used to separate means.

Results and Discussion

1- Assistant Professor, Soil and Water Research Department, Chaharmahal and Bakhtiari Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Shahrekord, Iran

(- Corresponding Author Email: m.mohamadi@areo.ac.ir)


https://jsw.um.ac.ir/
https://doi.org/10.22067/jsw.2022.73354.1110
mailto:m.mohamadi@areo.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir
https://www.orcid.org/0000-0002-5795-0117

Vo) g o)l = (05958 ) o)led FF Wl S g T @ jni AY

The results revealed that there were significant differences between four cultivars in terms of nutrient
concentrations except B. The maximum amounts of the studied characteristics were obtained from GF rootstock.
The GN rootstock was in the second ranking. Water deficient treatment showed a significant effect on the
examined nutrient elements except Mn and Cu concentrations. The maximum amounts of measured nutrient
elements, except K, were obtained from I; treatment. The highest rate of K was obtained from Is and I4
treatments. With increasing drought stress the decreasing trend of nutrient elements, except K was observed.
Mycorrhizae fungi treatment increased nutrient elements except B. The maximum amounts of N, P, Fe and Zn
were obtained from GF +l1. Using of mycorrhizae fungi in drought treatments caused significant increase in N,
K, Fe, Mn and B. The maximum amount of nutrients was obtained from GF + M; treatment. The maximum
amounts of N, Fe and B were obtained from I; + M; + GN. Inoculation of mycorrhizae fungi caused higher
rootstock growth under drought stress. The change in the shape, volume and number of root branches of the root
caused by the consumption of mycorrhizae fungi was due to increased nutrient uptake and changes in the amount
of plant hormones such as auxin. Growth and absorption of water and nutrients decreased under water deficient
stress. Therefore, the effect of symbiosis with mycorrhizae fungi under water deficient stress conditions was
more important than non-stress conditions. This has been reported in the research of various researchers.

Conclusion

The results of this study showed that with increasing water deficient stress, the amount of nutrient elements
decreased except K. The importance of GF rootstock to mycorrhizae fungi inoculation was higher due to higher
growth potential and root velocity. Nutrients that were measured in inoculated rootstocks were higher than those
without inoculation. Under drought stress conditions, the amount of nutrients measured was higher in inoculated
rootstocks. Inoculation of mycorrhizal fungi can lead to increase nutrients absorption with some mechanisms
such as effective increase in root uptake, root length, number of lateral roots, proton production, and secretion of
organic acids, siderophores, chelating compounds, and acid phosphates. Consumption of mycorrhizae fungi
increased nutrient uptake and improved almond rootstock resistance to drought stress.
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Table 2- Anova table for the effects of rootstock, drought stress and mycorrhizae fungi on nutrient elements
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Table 3- Mean comparison of simple effects of rootstock, drought stress and mycorrhizae fungi on nutrient elements
concentration
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Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.
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Table 4- Mean comparison of the significant interaction effect of rootstock and drought stress on nutrient elements
concentration

. . ST $95 o2 ) s O
@
- o (B) (zn) (Fe) (K) (P) (N)
Rootstock Stress N —
(Mg Kg™) e Soks ;3 05 o (%) 203
11 49.8? 34,52 7452 1.41 0.282 3.342
12 46.72 328 722 1.47b¢ 0.27% 2.68¢f
GF
13 46.6° 28.5P 68.5° 1.48bc 0.260¢ 3.10abcd
14 48.72 332 732 1.752 0.23¢f 3.18%®
11 492 32.28 72.28 1,3¢defg 0.25¢ 3.18®
GN 12 46.42 34.28 74.28 1,340def 0.24cde 3.142¢
13 46.22 33.18 73.18 1.642 0.23¢f 2.840ef
14 47.92 2.20 68.2° 1.682 0.19hi 2.80¢f
11 48.42 26.2bc 64.2¢ 1.15 0.23¢% 2.94bcde
12 49.6° 25,65 60.8¢de 1.220efg 0.21f 2.88cdef
Shorab2 )
13 46.12 21.6° 58.2¢f 1.38cde 0.19N 2.72¢f
14 46.12 22.3¢% 58.3¢f 1.44b¢ 0.18 2.43h
11 30.6° 24 5eed 62¢d 1.12¢f9 0.22¢f 2.63fn
12 33.3bc 22.3¢« 57.3f 1.209 0.19hi 2.92abe
Talkh )
13 34,50 21.8° G1cde 1.32¢ 0.2 2.450def
14 29.3¢ 30.8° 59, 5def 1.429 0.18 2.26!
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Means in an each column by a different letter are significantly different (P < 0.05) by Duncan’s Multiple range test.
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Table 5- Mean comparison of the significant interaction effect of rootstock and Mycorrhizae fungi on nutrient elements
concentration

b 15155500 By (€0 g (Fo) o ) ool () o
Rootstock Mycorrhizae (mg Kg) 0,55LS 13 0,5 Juo (%) 2oy

GE M1 48.52 36.32 76.42 1.632 3.132
Mo 48.4b 31.4¢ 67.7¢ 1.44° 3.07%

GN M1 46.8¢ 34.7° 74.5° 1.622 3.08
Mo 48° 30.3¢ 69.3° 1.35% 2.85%
M1 47.5¢ 31.2¢ 6251 1.25¢ 2.75%

Shorab2
Mo 46.6f 28.6¢ 58.29 1.24% 2.73b¢
M1 32.949 30.6° 63.4¢ 1.25% 2.660¢
Talkh

Mo 30.95" 27.5° 56.5" 1.2¢ 2.48¢
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Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.
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Table 6- Mean comparison of the significant interaction effect of drought stress and Mycorrhizae
fungi on nutrient elements concentration

! sty (K)

S5t (Mn) (Fo) oi O
Stress Mycorrhizae (g Kg) 0,55k 13 0,5 oo (Yo) o >
1 M1 44,13 712 71.82 1.3« 3
Mo 44.8® 70.22 64.6° 1.24¢ 2.92%
2 M1 462 70.92 97.8° 1.40% 2.90%
Mo 42° 61.5% 64.5¢ 1.19¢ 2.93%
i3 M1 43,8%c 65.5%¢ 68.5° 1.50% 2.94%
Mo 42.9¢ 66.230¢ 62d® 1.47% 2.73%
" M1 41.8° 67.1% 68.7° 1.572 2.78%%¢
Mo 44 3¢ 58.4¢ 60.8° 1.433%¢ 2.55°
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Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's

Multiple range test.
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Table 7- Mean comparison of the significant interaction effect of rootstock and drought stress on nutrient elements
concentration

ab e 3455w (B) sg2 (Fe) oo (K) paliy (N) o394
Rootstock Stress Mycorrhizae (mg Kg?) o,55kS 13 0,5 Lo (%) w0y
11 M1 52° 81 1.4 efani 342
Mo 51.2 defohi 68 oni 1.43 defghi 3.15 bde
12 M1 46.6 9ni 74 1.673bcde 3.32%®
Mo 46.8 foni 70 fon 1.330hik 2.64
GF
13 M1 493 bedef 72.3¢ 1.65 acd 3.20 @
Mo 441 64.7 i 1.32fhijk! 3.020cdef
14 M1 45.8 K 78 1812 3.060c0ef
Mo 51.6%® 68 " 1.70 @c 2.73fhik
11 M1 45.9 ikl 73.6 ¢ 1.47 defgh 3.30%®
Mo 48.30efani 70.6 % 1.13m 3.06 Pede
12 M1 48.9°0¢fo 7770 1.53 bedefy 3.23 ¢
Mo 43.8 foni 70.7 oefo 1.16 Kim 3.05 bedef
GN .
13 My 46490k 76t 173 3.03bedef
Mo 46 i 70.3 €10 1.55 bedefy 2.661Nk
14 M1 45.7 I 70.7 oefo 180¢ 2.97cdefon
Mo 50 abede 65.71 1.56 bedef 2.63'k
11 M1 48.9 cefo 66.6 1.12m 3 bedeg
Mo 47 gefoni 61.6'm 1.19 Jm 2.89 defohi
12 My 50.8 acd 58.4 nop 1.28 hilkim 3.14 bed
Mo 48.59%fgh 63.4 Jim 1.164m 2.62 1k
Shorab 13 Mz 47 foni 62 "op 1.12m 2.78 efohii
Mo 45.2 54.34 1.64 abed 2.66 ik
14 M1 47 foohi 63.3 Jkim 1.50 cdefgn 2.62 1k
Mo 451 53.31 1.40 efoni 2.24'm
11 M1 331" 66 Uk 1.22 iikim 2.68 ohik
Mo 28.3° 58 o 1.19 Jim 2.60
12 M1 375M 61 me 11.13m 2.96 cdefgn
Mo 29° 53.6 df 1.12'm 2.90 defohi
Talkh _ _
13 M1 3240 63.6 Jim 1.460%f0n 2.50
Mo 36.7M 58.3 P 1.40 efonii 2.42m
14 M1 29.8° 63 Kim 1.18 Jkim 2.50
Mo 28.7° 569 Lwom 2.02™
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Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.
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