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Extended abstract

Introduction

Soybean (Glycine max L.) is one of the most important oilseeds in the world due to its 18 to 22% seed
oil and high protein content (36-38%). Meanwhile drought stress is one of the important factor limiting
its growth and yield. Drought stress limits root growth and reduces the mobility of important micro-
nutrients especially zinc in the soil. Application of zinc sulfate fertilizer increases physiological growth
parameters, grain yield and water use efficiency in soybeans. Also mycorrhizal colonization in plants
increases growth, improves yield, and increases the plants resistance to drought stress. This study aims
to evaluate the effect of mycorrhiza and zinc sulfate fertilizer application method on some soybean
growth physiological indices and its water use efficiency under soil moisture deficit stress.

Materials and methods

The experiment was performed as a factorial experiment in the form of randomized complete blocks
with three replications. First factor was moisture stress at three levels of no-stress, mild stress and severe
stress (irrigation after 60, 90 and 120 mm evaporation from Class A pan, respectively). Second factor
was arbuscular mycorrhiza (Funneliformis mosseae) in two levels of application and no-application and
third factor was the application method of zinc sulfate fertilizer in three levels of no-application, soil
application and foliar feeding. To evaluate the response of growth indices of soybean, plant samples were
prepared during the growing season and their leaf area and dry matter were measured. Water use
efficiency was also obtained from the ratio of grain yield to the volume of water consumed. During
flowering stage, the percentage of mycorrhiza colonization was measured and grain yield was obtained
by harvesting two square meters from each plot.

Results and discussion

In this experiment, severe moisture stress shortened the growth period of soybeans. The results showed
that at all levels of moisture stress, inoculation with mycorrhiza increased leaf area index, crop growth
rate, water use efficiency and grain yield. Application of mycorrhiza and foliar feeding of zinc sulfate
increased maximum leaf area index, maximum crop growth rate and water use efficiency by 69, 98 and
112%, respectively. In the absence of mycorrhiza, soil application of zinc sulfate had no effect on
maximum leaf area index and maximum crop growth rate, but the use of mycorrhiza led to a 15 and 20%
increase in these indices by soil application of zinc sulfate compared to no zinc sulfate use. Severe and
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moderate moisture stresses in no-application of mycorrhiza and no zinc sulfate reduced the total dry
matter by 47.22 and 63.04%, respectively, but the application of mycorrhiza in these treatments has
reduced the severity of these effects and led to increase of 111.20% in total dry matter. The highest
colonization of mycorrhiza occured in moderate moisture stress (65.33%). Soil application of zinc sulfate
reduced the colonization of mycorrhiza even compared to the no-application of zinc sulfate fertilizer. In
this study, the highest percentages of mycorrhizal colonization occured in moderate moisture stress and
foliar application of zinc sulfate by 64 and 59%, respectively. Foliar feeding of zinc sulfate compared to
no-zinc sulfate, under severe moisture stress increased grain yield by 68% (1100 kg ha-*). No-application
of mycorrhiza led to no difference between soil use and no-application of zinc sulfate in soybean yield.
Mycorrhiza in no-moisture stress, moderate stress and severe stress increased water use efficiency by
80.49, 183.33, 275% respectively, compared to no-application of mycorrhiza.

Conclusion

According to the results, foliar feeding of zinc sulfate is more efficient than soil application of zinc sulfate,
but this efficiency decreases during moisture stress. Application of mycorrhiza in addition to reducing
the effects of moisture stress can increase the efficiency of zinc sulfate fertilizer especially under foliar
feeding conditions.

Keywords: Colonization percent, Crop growth rate, Grain yield, Leaf area index, Total dry weight
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& Soil S Epac 5112014 0.17£0.005  -0.001£0.00004  0.0004  0.99
Inoculation .
No use b pao pae -5.082+0.08  0.17+0.0028  -0.001+0.00002  0.0001  0.99
920
il oug Yoliar b Jelxo  -5.8320.31 0.20010.01 -0.001£0.0001 0.002  0.99
ZP-“J-’.. ©
No Soil S Gpa 6633034  0.24+0.012 -0.002+0.0001 0.002  0.99
Inoculation N yge oo pde -0.53+£024  0.24+0.008  -0.002+0.00007 0.001 0.99
Foliar ool -5.14£027  0.171£0.01  -0.001+0.00008 0.001 0.99
& Soil S Spae -4.64£0.09  0.15£0.003  -0.001+0.00003  0.0002  0.99
Inoculation X
No use G pas -5.89+0.16  0.214+0.006  -0.002+0.00005  0.0006  0.99
120
il oug Yoliar b Jelxe  -5.7420.99 0.21+0.04 -0.002+0.0003 0.02 0.89
ZP-“J-’.. ©
No Soil S Spa0 -5.60£0.11 0.21£0.004  -0.002+0.00003  0.0002  0.99
linoculation Ng yse SGpan pas -0.44+£1.13 0.24+0.041 -0.002+0.0004 0.03 0.90
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Table 4. Total dry matter prediction coefficients a + SE, b + SE, ¢ + SE, mean square error (MSE) and coefficient of

determination (R?)

S

b Zinc
Moisture sulfate S yucro 0 gy
stress 2385k application .
(mm) Mycorrhiza  method &%) Oligw a +SE b +SE ¢ +SE MSE R?
Foliar  5UJslxe -1.67£0.06  0.20£0.002  -0.001+0.00002  0.00006  0.99
il Soil S Gpac -1.15£0.13  0.18£0.005  -0.001£00004  0.0004 0.9
Inoculation .
Nouse  Gypaopac -1230.11  0.18£0.004  -0.001+0.00004  0.0003  0.98
60
5 s Foliar o4 Jslxe -1.7280.55  0.19£0.02  -0.0010.0002  0.006  0.99
" No Soil W SG Gpac -1282026  0.18£0.01  -0.001£0.00008  0.001 097
inoculation  Nguse  Gpacpeac -1.030.12  0.17£0.004 -0.0013x0.00004  0.0003 0.9
Foliar &b Jslxe -1.49£0.10  0.19£0.004  -0.001x0.00003  0.0002  0.99
Tl Soil S Gpac -1.16£0.13  0.18£0.005  -0.001£0.00004  0.0003 0.9
Inoculation .
Nouse  Gyaopac -1.06£0.19 0.18£0.007  -0.001x0.00006  0.0007  0.99
90
5 a Foliar &b Jslxe -1.86£0.40 021£0.015  -0.0010.0001  0.003  0.99
" No Soil S Gpae 2.04£0.57 02242002  -0.002£0.00019  0.007 098
inoculation  Ngyse = Gpacpac 2362058 0.23x0.02  -0.001£0.0002  0.007 0.98
Foliar &b Jglxe -1.10£0.16  0.1840.006  -0.001x0.00005  0.0005 0.9
Tl Soil S Gpan -073£030  0.17£0.011  -0.001£0.0001  0.002  0.99
Inoculation .
Nouse  Gpaspac -1.60£0.16 0201£0.006 -0.001£0.00005  0.0005  0.99
120
— Foliar 5L Jslxe -2.120.56  023%0.02  -0.002%0.0002  0.006  0.97
ZP“"b‘. I
No Soil SB Gpac -137£038  0204£0.01  -0.002£0.0001  0.003 098
inoculation  Noyuse  Gpacpac  245£0.56  024+0.02  -0.002£0.0002  0.006  0.97
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T 69y g Sl Jslxe 5 1 595ale 1)l
Application of mycorrhiza and foliar application
of zinc sulfate
69y Slguw (S B pan g 13,8500k o 0,8
Application of mycorrhiza and soil application
of zinc sulfate
69y ©llgw B pas pas 915,950k o 2,8
Application of mycorrhiza and no consumption
of zinc sulfate

T sy Sl Bl Jalxa 5 1525550l 0,15 e
No application of mycorrhiza and foliar
application of zinc sulfate
$9) ©lilgw (B Span g 15,6500 2,0l pus
No application of mycorrhiza and soil
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69y Gl B pas pas 915,95 Lo 0 2,5 pus
No application of mycorrhiza and no
consumption of zinc sulfate
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Fig. 2. Trend of changes in soybean crop growth rate under the influence of mycorrhiza, zinc sulfate application method

and moisture stress
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Table S. Comparison of the mean of the dual interaction, moisture stress and mycorrhiza (A), application
method of zinc sulfate and mycorrhiza (B), moisture stress and application method of zinc sulfate (C) on the

maximum leaf area index of soybean

A Moisture stress (mm) Jugb, gios
Mycorrhiza 138k 60 90 120
Inoculation it 4.53¢ 4.05° 3.14¢
No inoculation il pos 322¢ 2324 1.49°¢

B Zinc sulfate application method (59 &lgw & pao 0gui
Mycorrhiza 13585k  Foliar oob Jelxo Soil S5 & pao No use & pao pus
Inoculation Foiy 4427 3.88° 341°¢
No inoculation Tl pos 2614 2.26° 2.15°¢

C Moisture stress (mm)  ugb,y pod
Zinc sulfate application method

595 i gus B o 0 g 60 90 120

Foliar b Jelxo 442 3.48¢ 2,66
Soil SB G pas 3.75° 3.214 2.27¢
No use S pan pos 346° 2.87°¢ 2.02"

At 0,0 B Jlxl s 50 (5,5 gime NS glls (SSls g03T bl yp S e g, 6llo sla Silie (gm0 40
Values followed by common letters are not significantly different according to Duncan test, P=0.05.

Haby 5 (B) 1325950 Lo 9 (59) g B pan 09ail ((A) 1325950 o g (Sugby (5 il 9 1 (1aSSloo dunnlilo £ Jgur

9y 2® &y 5 p)5) Jparmo wd)y Cas pw (LD iy 2 (C) (59, Ollgw B pao 0gad g
Table 6. Comparison of the mean of the dual interaction, moisture stress and mycorrhiza (A), application
method of zinc sulfate and mycorrhiza (B), moisture stress and application method of zinc sulfate (C) on the
maximum growth rate of soybean (g.m2.day™)

A Moisture stress (mm) ugb, o
Mycorrhiza 13,595k 60 90 120
Inoculation vt 20.49* 18.09° 13.47°¢
No inoculation Tili poc 13.79 ¢ 8.214 5.51°¢

B Zinc sulfate application method (g9, &g U pao oguls
Mycorrhiza 13,5850k  Foliar oib Jolxo Soil S G pao No use b pao poc
Inoculation Foe iy 19972 17.23° 14.85 ¢
No inoculation Tl pos 10.46 ¢ 8.82°¢ 8.22°¢

C Moisture stress (mm) ugb ) s
Zinc sulfate application method

595 Ui gu B o 0 g 60 90 120

Foliar b Jelxo 19.91* 14.69 ¢ 11.05°¢
Soil S G pan 16.89 13.05¢ 9.14f
No use S pan pos 14.62 ¢ 11.71°¢ 8.28F

At a0, B Jlasl o 48 (5l0 gime WS Gl)ls S5lo yg03T bl 5 S e gy slls slanSiloe gt ya 40
Values followed by common letters are not significantly different according to Duncan test, P= 0.05.

Pt QA A D)0 g ddy ) e drwgd o SAS (LD J«Js (Rahbarian et al., 2011) |,Ken 5 b pun,
35 b 15550k odleay ailes S lsie oldd olse 5

Ll o 1) 1ysle Jawg olS ol 0y50 Jsbo ialisl



VEY lie; OF alo o ol psle o lame sla i

ARRY4

5o (5 USE) 0o, S Kt osle 4o gdumys VIVY -
7 5 o] Sl collad Gl A5 sle I S
5 adyy by Gl cage o Cul (SlaST LT o 5]
cool sad oS S S ele 5 ol slapll
pae byl 40 500 sew 3l (Habibzadeh et al., 2012)
Sl pled )3 (55, Slilgm (2L Joloxe 12,550k 5 2,8
ORI s (2S5le jsboty (S B pae a4 S (Sugb
@i o plis a5 ol S Sis osle gusys Ve
@ o b5 & (59, S Oy e Sy (Plgle
3 89y Sllgw (SB Gras andlogd oo (S Sras
325 e Ll )0 5 395 b U5 St (5 2 ilis
cxge (el jebar Susb) sla i ples ) g 1 00l

(F US8) al S Sas oole (gm0 VITA o3l

800 -
700
600
500
400
300
200
100 -

e pus
Lack of stress

U5 S oole

Total Dry Matter (g m2)

20 40 60 80
The day after planting cuils 51 o 39,

Severe stress

800 -
700 -
600 -
500 -
400 -
300 -
200 -
100 -

J5 Sis solo

Total Dry Matter (g m2)

80 100

The day after planting <uils 51 w 39,

100

5 o JAA  aeyep alexl ol Syme olge
Cge Osrw CuS Gloe S Slaad Rl g S g
9y eaiS s glilailr ) ple isu S Gl
(Srikantaiah et al., 2014) 545 o powsss, (oeas4
ol 3 IS S oole aion il )ly ajen gl

55 aslrgs 1 sy anleair 5 ol Sl ples o ol
oy S ghe 0 g5, Slge Bras 0gd 5 Sugb,
oole iy (Sl duslie zolis (¥ Jauz) ol jlo sine
Gl jles 1o edle gyl gla i aS ols las 5 S
c2ge S9) Sl Bpan pae g [0S0l 008 pas
05 0oy BV F 5 FVIYY i ay S Sis eole tals
o i Sl ous bleg ol 5o laysSabe 0,08 s
Sl rse efils g 5 ol als 1, gk,

800 -
700 -
600 -
500 -
400 -
300 -
200 -

o i
Gentle stress

ISz oobo

Total Dry Matter (g m2)

(=]

100

The day after planting  cuils 31 Ly 39,

T 69y Slidg (3l Jalro g 125950k 318
Application of mycorrhiza and foliar application of
zinc sulfate
69y g (S Span g 155550 o 0,18
Application of mycorrhiza and soil application of
zinc sulfate
69y Gl B pao pas g 132565k o 2,
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Fig. 3. Trend of changes in total soybean dry matter under the influence of mycorrhiza, zinc sulfate application method

and moisture stress
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Fig. 4. Comparison of the mean interaction of moisture stress, mycorrhiza and zinc sulfate application method on the
total dry matter of soybean (Values followed by different letters are significantly different according to Duncan test, P=

0.05)
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Table 7. Comparison of the mean of the dual interaction, moisture stress and mycorrhiza (A), application
method of zinc sulfate and mycorrhiza (B), moisture stress and application method of zinc sulfate (C) on

the soybean yield (kg ha™)

A Moisture stress (mm) cugby i3
Mycorrhiza 13,5965k 60 90 120
Inoculation il 2360 * 2042° 1264 ©
No inoculation Tili poc 1314 ¢ 7304 347 ¢

B Zinc sulfate application method g9) &lgw OB pao oguis
Mycorrhiza 135859 L  Foliar oL Jolxo Soil S & o No use U pao poc
Inoculation oy 23012 1831° 1534 ¢
No inoculation il pos 1028 ¢ 726 ¢ 636 ¢

C Moisture stress (mm) Jugb, (s
Zinc sulfate application method

595 il gus B o 0gus 60 90 120

Foliar ol Jolxo 2302¢ 1691 ° 1001 f
Soil SB G pan 1734° 1317 ¢ 786 ¢
No use OB o pis 1476 ¢ 1150 ¢ 629N

At 40,0 O Jlazis | mhas 45 (g0 sire B glls (SGls ygesT bl o S yiiie Bgyo slls slonSilos (gt y2 40
Values followed by common letters are not significantly different according to Duncan test, P= 0.05.

a0y 5 (B) 135850k g 59y Sllgw B pan 0guld (A) 1335650k g (Sgby i auilrge §1 Sl sl A Jouz

133950k b ado y (S o

Table 8. Comparison of the mean of the dual interaction, moisture stress and mycorrhiza (A) and
application method of zinc sulfate and mycorrhiza (B) on the percentage of root colonization with

mycorrhiza

A Moisture stress (mm) cugb, o5
Mycorrhiza 13595 60 90 120
Inoculation oy 48.4°¢ 6532 53°
No inoculation il poc 6.91¢ 5¢ 34f

B Zinc sulfate application method (gg) &lagw G pao oguis
Mycorrhiza 13599k  Foliar Job Jelxo Seil S G pao No use U pao puc
Inoculation oy 5942 50.7 ¢ 56.7°
No inoculation il pos 524 47¢ 544

At 0,0 B Jlasil s 50 (55l0 gime M (ghls (SSIs 903 ulusl o S yrie By (s slanSile gt 2 50
Values followed by common letters are not significantly different according to Duncan test, P= 0.05.
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Table 9. Comparison of the mean of the dual interaction,
moisture stress and mycorrhiza (A), application method
of zinc sulfate and mycorrhiza (B) and moisture stress
and application method of zinc sulfate (C) on the soybean
water use efficiency (kg m~)

A Reby G
Moisture stress (mm)

Mycorrhiza 60 90 120
1325950
Inoculation 0.742 0.51°b 0.34
“..]“ . ° ’
No inoculation 041°¢ 0.18¢ 0.08f
N..lu P“ * : ’
B 9y SWgm S pao ogels
Zinc sulfate application method
Mycorrhiza e -
ssale Mdole  (SB Gpan
Foliar Soil No use
Inoculation O 63 a 0 5 b 0 42 c
.‘..].. . * :
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