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ABSTRACT

To evaluate the effect of two species of mycorrhiza on physiological characteristics and yield of two
wheat cultivars under salinity stress, a field experiment was conducted as split plot based on a randomized
complete block design with three replications during two cropping years (2014-2016) in lIsfahan.
Irrigation of plants with two saline water (3 and 11 dS/m electrical conductivity) were main plots and
mycorrhiza (G. intraradices, G. mossea and non-application) and two wheat cultivars (Arg and Parsi)
were subplots. The results of combined analysis showed that salinity decreased the maximum leaf area
index, SPAD index, root colonization and yield by 8.5, 20.7, 17 and 35.5%, respectively, and increased
the shoot sodium 84%. Application of mycorrhiza decreased shoot sodium by 33% and an increaseed
SPAD, proline and yield by 10, 21.5 and 14.4%, respectively. Salinity caused 22% reduction in the
maximum leaf area index of Parsi cultivar. Mossea species caused 6% reduction in the Arg maximum leaf
area index and 37% increase in the total leaf protein of both cultivars. In most of the studied traits, both
species of mycorrhiza showed high usefulness in comparison with non-inoculation treatment, and of
course, the species of G. mossea had a significant effect on increasing grain yield. In general, under
salinity stress, mycorrhiza fungus application, especially mossea and Arg cultivar, is recommended.
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Table 1. The rainfall and air temperature average in two years in the exprimental site

The amount of rainfall (mm)
Month

The average air temperature (°C)

2014-2015 2015-2016 2014-2015 2015-2016
November 26.2 2 9.8 11.4
December 1.6 7 7.2 5.7
January 8.1 0.4 74 6.6
February 3.8 0.2 9.6 9.5
Marrch 213 8.5 14.2 11.7
May 7 215 19.7 175
June 24 5 24.5 24.7
Total 70.4 44.6 The average 13.2 12.4
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Table 2. Physiochemical properties of experimental site soil in two years
_ Organic Electrical Total Absorbable  apsorbable Depth of
soil texture matter (%) pH conductivity Nitrogen potassium  phosphorus sampling (cm)
(dS/m) (%) (mg/kg) (mg/kg)
Silty clay loam
0.95 7.6 6.83 0.09 370 26.6 0-30
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Figure 1. Leaf area index (LAI) changes of wheat cultivars affected by fungus inoculation under salinity

stress conditions in the two years. (a) G. intraradices, (b) G. mosseae, (c) non-inoculation.T1= non
salinity- Parsi cultivar, T2= salinity- Parsi cultivar, T3= non salinity- Arg cultivar, and T4= salinity- Arg

cultivar.
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Table 3. Combined variance analysis of the effect of fungal inoculation on some of physiological traits of
two wheat cultivars under salinity stress.

Means of Squares

Sources Change df LAI oy Leaf sodium SPAD index  Colonization Leaf proline Leaf protein Seed yield
content content content
Year (Y) 1 296**  11.29** 457" 255.38** 7812.5™ 0.76"™ 47611.48*
Block error within year 4 0.076 0.45 1.34 6.57 29790.5 6.43 1714.24
Salinity (1) 1 11.34** 518.9** 3409.3** 974.2**  6716466.8** 1332.2** 882788.3**
Main error 4 0124 2.42 63.32 10.59 80691.1 12.53 2734.90
YxI| 1 0.247™ 1.25™ 49.82" 21.36™ 26607.4™ 0.07ns 17750.90™
Cultivar (G) 1 473 7.94%* 141.20* 40594** 1158.1" 22.48** 530.84™
YxG 1 0.975™ 0.39"™ 7.11™ 84.89™ 10139.8™ 17.95ns 1805.00"
I1xG 1 0.692™ 6.19** 78.56™ 59.51™ 56963.3™ 0.46ns 1347.67™
Inoculation (T) 2 93.38** 57.81** 0.94" 8006.89**  219414.1**  92.11**  37582.20**
YT 2 0.097™ 1.42m 30.50™ 8.40™ 32251.9™ 12.29™ 2620.92™
IXT 2 0.163™  12.05** 185.86** 14.31" 41187.7™ 18.99™ 6834.57"
GxT 2 0.992* 0.29" 210.91** 84.88* 23064.3™ 2.12™ 1479.14™
YxIxG 1 463** 0.45" 3.96"™ 396.68** 8015.0™ 4.20™ 2363.28™
YXIXT 2 0.180™ 0.40™ 12.06™ 15.38"™ 11625.6™ 8.56™ 2426.71™
YxGxT 2 0.254™ 0.59" 12.05™ 21.94™ 2755.3™ 2.03™ 741.23"™
IXGxT 2 0.252™ 0.14" 13.13™ 21.45™ 38550.3™ 16.71™ 5322.57™
YXIXGXT 2 0.028™ 0.52™ 25.06" 2.55™ 32015.3™ 0.05™ 6571.64™
Sub error 40 0.213 0.77 21.23 18.33 34146.6 6.36 5408.91
Coefficient of variation (%) - 10.8 9.71 7.77 10.7 21.07 20.28 14.23

SIS gire e gduo S iy g SO haw [0 Ll Jre Ay NS g %

*** and ns: significant at 1% and 5% of probability levels, and non significant, respectively.

$hoslS s Sy (S 23l Il a3l 1 el Gl 7B L QLS bl 236 -F Joue
Table 4. Effect of mycorrhizal fungi inoculation of plant on LAI max, SPAD and colonization.

Cultivars Inoculation LAI max SPAD Colonization (%)
G. intraradices 5.61+0.16a 61.30+1.65ab 41.61+1.5¢c

Parsi G. mosseae 5.23+0.24b 60.18+1.99ab 51.41+2.2b
Non-inoculation 5.56+0.18a 58.20+3.24b 19.24+1.7d
G. intraradices 5.40£0.22ab 62.04+2.29a 45.79+2.1c

Arg G. mosseae 5.53+0.18a 62.78+2.42a 60.17+1.7a
Non-inoculation 5.21+0.19b 57.18+3.36b 20.54+1.8d

Al e doyd gy s O LSD ygesl ulasl y jlo me glas pas saimd «ylid gt ,o 40 ailie g,
Means with the same letters in the same column indicates no significant difference based on LSD test at 5% of probability level.

LAI max
O P NN W b O1 O N
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Figure 2. Effect of salinity stress on maximum leaf area index of two wheat cultivars. Different letters
indicate significant difference based on LSD test at 5% of probability level.
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Table 5. Effect of salinity stress and mycorrhizal fungi inoculation of plant on sodium content and SPAD

index

Salinity stress Inoculation Sodium content (mg / kg) SPAD
G. intraradices 5.77+0.28c 64.53+1.74ab
Non-salinity G. mosseae 4.88+0.39¢ 64.72+2.11ab
Non-inoculation 8.46+0.32b 69.28+1.53a
G. intraradices 10.14+0.27ab 53.82+1.12¢
Salinity G. mosseae 11.88+0.20ab 54.33+1.57¢
Non-inoculation 13.20+0.35a 49.10+1.28d

b ce dopd gy s 10 g LSD ygej] Lulusl o Jlo sine ST pas sazaslis gt po 50 alie g >
Means with the same letters in the same column indicates no significant difference based on LSD test at 5% of probability level.
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Figure 3. Effect of salinity stress on sodium content of two wheat cultivars. Different letters indicate
significant difference based on LSD test at 5% of probability level.
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Figure 4. Effect of salinity stress on colonization rate of two wheat cultivars in two years. Different letters
indicate significant difference based on LSD test at 5% of probability level.

lz,B &5 O (Jg b (2al38l 7,6 b iy 1 o
aS ol glas bl culad vgzg (g lo s glas
S 2o )3V F ey sy Rl ce 555
G. 3 G. mossea z,B g0 L olS il (F Jgo)
YY Gl o lawgie jebas 5o intraradices
J 3 orl s i pas @ Cosd (g (s
Sl 350 (pl 10 60,5 Slag,B g5 (o aS oy

(F Jguz) Cuilad 092y
Ghal3 b LS oy Jlscsine ial5él oxas Yo
Sl Jobo (ol jLid oela ey gl )3 (5595
Jols 5 BsSTs )0 reml aijlgn jslaieds Wilg oo a5
sk 0s5UsS izl 5 medlgion om (Siand
Mirmohammadi ) ail loore (5,58 4 o
Sy S odep Llidl (Meibodi et al., 2002
Olme Gl coms 4 wll (558 sl i3S
Slodnl (SISl Hgey90 (ul DL SG gl apl

Seryso A ped Jlo o 8L SelS 4 ez g L
Sl b Sl el ook o) boalie o
(iiSTly ol ol 155600 b s jen 50 (5 yien
4 1,050k Seajen blxd 4 1) pass ol Sglis
T8 Oseeliiols Sl oo 598 w3 0 (LIS (229>
oS i, gals by cae od, 2als b legdis |,
Porras-) aes &5 (Olyae S 505 olas))
oS LYs ale> 51 .(Soriano et al., 2009
9 a5l (BT S8l 6558 SRl L gl islS
<wl (Garg & Manchanda, 2009) ie o,
2l bwg )98 S50 Gamlidsls wo s Ghals
Girietal., 2004; ) cwl ouls (5,155 50 o), Kiwg s
.(Scheloske et al., 2004; Habibi et al., 2015
oo

S5 kol Dl b s s S el Oliee
Odon Ol (V7 Jguz) <85 )18 2B L il



9 Gy SR A gl 50 paiS o) 90 STSglr b Sleogas cw) pildlbgl 5 (S o G0gee AY

e (G950 Gelgn dale sl el
Rabie & ) (Vicia faba) ML oL3 o a5 jgbods el

Feng et ) (Zea mays) < ,3 LS ¢ (Almadini, 2005
cod 15,0500 sz, B L oous =il (al., 2002
A8 ogian 95 4 oalsn e w5l

ol ada) 5o oS ol Olnd Glie g el ol
el 005.3 cj).: )‘ J...of uLbLf

w2zl ol Dygots (dgn g ple O jgon atl
&S wiuee See [ st b hile g 0ed o
oLlLS 5o Gedsn Gl Y 5 (S cel (S
ol b S den Gl Al g eile
5wl Glasl pexd Glgn slompl ool
OFsn 9 Sy JdelS e (Rl 5 pggal
B b a5 wes o lis Slaslin .ol ol an

poiS o8, 9o ails 0, Slee 5 S x5 9 Oedsn Oliee 2 o955 9 el WS P Jgu
Table 6. Effects of inoculation and salinity on leaf proline and protein and grain yield of two wheat

cultivars.
Treatment Level Leaf proline content (ug/g FW) Leaf protein content (mg /g)  Grain Yield (g/m 2
Salinity Non- Salinity 571.5+19.7b 16.74+0.62a 624.1+16.1a
Salinity 1182.3+42.1a 8.14+0.40b 402.6+9.8b
Cultivars Parsi 872.9+57.5a 11.88+0.86b 510.6+23.0a
Arg 880.9+64.7a 13.00+0.92a 516.1+22.7a
G. intraradices 922.5+79.0a 12.38+0.80ab 492.7425.2b
Inoculation G. mosseae 941.2+72.7a 14.43+1.30a 559.0+32.6a
Non-inoculation 767.0+69.2b 10.51+1.00b 488.4+23.4b

Db ce a0y gzl 10 5 LSD ygej] Lulusl 1 o sire ST pas sozesLis gty 50 dlie g >
Means with the same letters in the same column indicates no significant difference based on LSD test at 5% of probability level.
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