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Fig 1. Interaction effect of cultivar x fertilizer sources on shoot Zn content at tillering stage in two dryland

wheat cultivars
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Table 4. Combined analysis of variance (MS) for shoot micronutrients content of two dryland wheat cultivars as affected by cultivar treatment and fertilizer sources

S35 Fy
/n Mn
5 e &sl3T 4o s &£, P e Sy g L i
S.0.V d.f Tillering Leaf Stem Spike Tillering Leaf Stem Spike
oﬂ\. 1 41.04" 14.70s 18.5m 30.5" 2703.7* 728.9* 29.2ns 116.08*
Location (L)
R CV.._u aW‘wr o5
Block (location) 4 15.8 5.7 6.6 9.6 207.6 85.9 4.1 13.7
.ﬂ& 1 13.7** 11.9%* 17.06** 147.03** 1063.003** 393.5%* 6.4%* 115.3**
Cultivar (C)
.. s g 7 37.01** 67.2%* 177.8%* 382.01** 2283.1** 1625.8** 50.1%* 260.1**
Fertilizer sources (FS)
%»mmmm@ 7 0.83* 2.5% 1.5 20.08%* 2143%% 55.9%% 42%%  103%*
imw,m%» 1 0.33 0.54%** 0.20 0.25 57.9%* 1.8 0.48 3.7*
@255 ghxolsa 7 0.30 0.22 0.16 0.30 18.9* 7.6 2.9 4 4%
LXFS
©355 ﬂ.@xo%\,
LXCxFS 7 0.09 0.06 0.07 0.29 11.08 3.5 0.62 0.67
e 60 0.28 0.29 0.15 0.84 8.6 3.1 0.34 0.76
Error
(Ao 33) Sl yuds s i )
CV (%) 4.7 8.05 3.8 6.5 7.2 5.06 22.7 11.05

ns: non-significant, * and **: significant at 5% and 1%, respectively. Ao ;3 ) 50 ez o 55 5l5 dnn 5 5l3 dme b o 5 4 bk 5 % (NS
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Fig 2. Interaction effect of cultivar x fertilizer sources on Zn leaf content in two dryland wheat cultivars
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Table 5. Combined analysis of variance (MS) for shoot micronutrients content of two dryland wheat cultivars as affected by cultivar treatment and fertilizer sources

ol

[ o
Fe Mg Cu
S e ,wvumu._ Sy ey sL dew Sy < sL dow S S, sl dow
S.0.V d m Tillering Leaf Stem Spike Tillering Leaf Stem Spike  Tillering Leaf Stem Spike
oﬂ» 1 271.27  4399.1%* 5510 382.2m 0.86** 0.79** 0.90** 0.61**  0.0003™ 027"  8.8™ 12.8"
Location (L)
Oe Jo1s rWur 4 176.1 1294 2153 1319 0.00029  0.0020  0.0.0035 0.0023 37 25.6 26.9 44.9
Block (location)
g 1 77401*%*% 2019.6%* 763.3** 929.3**  0.00018* 0.0093*  0.0040*%  0.0025%* 19.7¥* 93%* 12.7%¥* 103.6%*
Cultivar (C)
. @25 ke 7 3768.1%* 8032.7** 1477.5%* 6424.09**  0.015%*  0.025%*  0.024** 0.028**  181.3%*% 43.7** [11.5%% 1509.1**
Fertilizer sources (FS)
%&Mxm%‘%l; 7 102.1* 104.5%%  42.2%* 69.01**  0.00018** 0.00046** 0.00052** 0.00049ns 3.7**  1.8%*%  2.5%* 20.7%*
lmxxr.mﬁm 1 5.7 8.7 4.5 7.6 0.0000017 0.000033 0.00066**  0.00010 0.09 0.013 048 0.45
rm&wwmw,m@?_ 7 15.9 26.7%*%  44.07%* 5.4 0.0375** 0.0049**  0.0043**  0.017** 0.19 0.012  0.68 7.6
G»gﬂhmmxxﬂwwéﬁs 7 16.8 7.8 6.6 4.1 0.000023  0.00019  0.000036  0.00012  0.020 0.047  0.13 0.34
m”a 60 36.6 10.6 12.5 7.2 0.000028 0.00022  0.00015 0.00030 034  0.15 0.44 1.01
(o) Sleb mrd g 25 72 46 1.9 6.05 58 7.1 3737 6l 6.6

C.V (%)

ns: non-significant, * and **: significant at 5% and 1%, respectively.
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o B 5 Db oS o sl 5 STt ST

23 08 (5555 glps Glaplbl 5 Sany A e );ﬁ}:;.};&“_;)ul@mijo&ui@j;w&pwm % Jgd>
Table 6. Mean comparison for interaction effect of locationx cultivar sources on shoot Zn, Mn and Mg contents at tillering
stage in two dryland wheat cultivars

S e P
Zn Mn Mg
&, e o sl
Leaf Tillering Spike Stem
Ri¥ o ((‘f(}l:s g (Jfg}:") (L))
Location Cultivar (mg.kg™h) (%)
M OVl
£ Pherls 3.9 (£0.43)° 32.7 (£2.8)¢ 5.7 (£0.94) 0.1 (£0.0065)"
Ilam Keras Sabalan
b N . . 0.12
i 5.1 (£0.5) 37.8 (£3.1) 7.5 (£1.1) (£0.0065)
bl O
i Pl 4.9 (+0.45) 41.8 (£2.6)° 7.9 (£0.67) 0.3 (£0.012)
Sarableh ~ Keras Sabalan
L
;” ) 5.4 (£0.55) 50.06 (+3.02)* 10.5 (£0.96) 031 (£0.012)*
aji

I ls gae oD 70 Jlez| CL“ 53 LSD 505T bl s el o &5 i o (6115 457 (O g2 a5 ﬂ:_l.as@i?l.:a
Means within each column with a letter in common are not significantly different at a=0.05 by LSD test.
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Table 7. Mean comparison for simple effect of location on leaf Mn content in two dryland wheat

cultivars
oS (r 558 05 k)
Location (mg.kg™")
i
£~ 32.2 (£1.7)b
Tlam
al
" 37.7 (£1.5)
Sarableh

I (15 gre D1 D Jle c]a..: 53 LSD 05057 Jolal il g0 S ke O Sl)ls 45T WO s pa s c@_l.as&:fdl:.a

Means within each column with a letter in common are not significantly different at o= 0.05 by LSD test.
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Table 8. Mean comparison for interaction effect of locationx fertilizer sources on shoot Mn content at

tillering, stem and spike stages in two dryland wheat cultivars

Fe o5 ke oL L e
Location Fertilizer g:ources Stem Spike Tﬁlerlng
(%4 (:15 P
mg.kg ™)
g;;;:l 0.13 (£0.086)" 0.57 (£0.29)f 13.8 (£1.2)2
tbast o8 s s 0 £ S0
i 0.97 (£0.23)d% 4.4 (£0.85)¢ 28.2 (£2.1)°
50 kg/ha P
Mx w”;;éf“ O 1.07 (+0.035)d 4.9 (+0.72)2 29.01 (x1.6)°
e ﬁ;f et 1.09 (£0.1)d 4.5 (£0.77) 29.4 (£2.7)°
By lisns s 55U
Y s seslE 1.23 (£0.23)¢ 4.5 (£1.03) 30.2 (22.5)°
PSB+GM
G My s ng'sﬁ
Tlam > ;’i A L'f;‘“;@f"/ 3.9 (+0.83)¢ 11.5 1.1y 51.1 (24.5)°
@ AP
PSB+GM+25 kg/ha P
Yoridiy lisosrpe s SY
st oS f:) S 3.7 (£0.38)° 10.4 (+0.15) 492 (22.4)°
PSB+25 kg/ha P
$5 S YOt so e ol
b et 5 a5 3.9 (£0.78)¢ 11.7 (x1.4)° 50.8 (£6.1)°
GM+25 kg/ha P
P 0.4 (£0.012)cf 1.1 (£1.3) 20.3 (x1.1)f
bt 35 a5 0 €S B
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50 kg/ha P
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by lisasrse 6 ST
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Gy lisesre s S
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lors 255 )k
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$5 S YOt e ol
s et 55 S8 s 6.2 (+0.54)* 15.3 (£1.3)° 59.01 (£4.5)°
GM+25 kg/ha P

Means within each column with a letter in common are not significantly different at o= 0.05 by LSD test.
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Table 9. Mean comparison for interaction effect of locationx fertilizer sources on Fe contents in
leaf and stem in two dryland wheat cultivars
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> ;).Lf YO+ /s L go 9 )fb
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A; = s ;,\5 YO+ 4w }L( &
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Means within each column with a letter in common are not significantly different at a=0.05 by LSD test.
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Table 10. Mean comparison of simple effect of cultivar and fertilizer sources on Mg contents in
leaf and spike
in two dryland wheat cultivars

gﬁ 41...»
Leaf Spike
Vj) (M)ﬁ
Cultivar (%)
ol
kel 0.25 (+0.015)? 0.23 (+0.014)
Keras Sabalan
L
il 0.23 (20.014)® 0.24 (£0.014)?
Saji
255 ple
fertilizer sources
Aol s d d
P 0.14 (+0.015) 0.13 (+0.015)
S a3 5 JBSS 5 ;}l;b' c c
| 0.22 (+0.03) 0.21 (+0.026)
ol o5 0.25 (£0.031)" 0.25 (£0.027)°
ol g 0.25 (£0.03)° 0.25 (+0.028)°

go o slS g Bt iy olisess e S
PSB+GM
sl g B4y rlisesrpe s S
Sd bt 35 S 53 0 8 SLS Y0+ s
PSB+GM+25 kg/ha P
S 53 ¢ S A X0+ polisespme 5 5
b il 55
PSB+25 kg/ha P
355 s 53 p B S Y0kt po o pn sl 56

S (o leacd
GM+25 kg/ha P

0.25 (£0.03)"

0.28 (£0.028)
0.28 (£0.029)*

0.28 (+0.029)

0.25 (£0.027)®

0.28 (£0.027)?
0.28 (£0.027)*

0.27 (£0.028)?

1 (5513 e DN 7 ezl el 55 LSD 0 3a5T bl iy oo 257 280 O3 (115 o5 (00 52 53 2l S0k
Means within each column with a letter in common are not significantly different at o= 0.05 by LSD test.
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Table 11. Mean comparison of interaction effect of locationx fertilizer sources on shoot Fe content

at tillering, leaf, stem and spike stages in two dryland wheat cultivars

o 8355 G\;«

&5
Leaf

aslw
Stem

alow
Spike

ey

Tillering

Location Fertilizer sources

Lo ))(%)

dals les
Control

b 355 518 s 0 S LS 00

jﬂ_d
50 ke/ha P
Iigy polisnss s s ST
PSB
tgo g sl o8
GM
G iy lisass s 5 S
g puseslS
PSB+GM
G iy lisass s 5 S
230 8 S Y0t arpo gl
S pliasd 38 1S
PSB+GM+25 kg/ha P

YO+/di gy olipo g3 50 6 ;SL

¢3!

Ilam

0.1 (£0.0049)¢ 0.12 (0.0042) 0.08 (£0.0042)¢

0.12 (£0.0046)"

0.15 (£0.0074)¢

0.15 (£0.0078)¢

0.15 (£0.0046)¢

0.19 (20.013)¢

S glot 355 51 530 £k 0.19 (£0.0073)°

PSB+25 kg/ha P

23 05 S Y0+t go o po sl 7 56

S gl 38,18
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0.16 (£0.0099)¢
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0.19 (20.010)¢
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0.19 (£0.10)¢

0.13 (£0.022)"
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0.16 (£0.0057)’
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0.16 (£0.0059)

0.19 (£0.0052)e
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bt 38 1S 3 p SST0:

jdm.ﬂ
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I gy polisnss s 5 ST
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g o055 2 56
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230 8 kS Y0b s e slS
S gt 3 8 518
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0.35 (+0.0047)b
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0.38 (+0.0039)?

b ot 35 S8 30 £ S 0.38 (0.0038)°
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23 05 S Y0+t po o po sl 7 6

Sied plard 3 S s
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0.38 (£0.012)*

0.22 (£0.004)°
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0.36 (0.009)°

0.36 (+0.007)°
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Means within each column with a letter in common are not significantly different at o= 0.05 by LSD test.
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Extended Abstract

Naseri, R., Barary, M., Zare, M.J., Khavazi, K., Tahmasebi, Z., Effect of phosphate solubilizing
bacteria and mycorrhizal fungi on shoot accumulation of micronutrient elements in Keras Sabalan and Saji
wheat cultivars under dryland conditions

Applied Research in Field Crops Vol 32, No. 01, 2019- Page: 10-12: 50-80(in Persian)

Introduction: Microorganisms are common inhabitants of the rhizosphere in
the soil. The function of microorganisms such as phosphate-solubilizing bacteria
(PSB) in agriculture has been well known, including enhancements in growth and
crops yield (Young et al., 2013). The ability of PSB to convert insoluble forms of
phosphorus to an accessible form is an important trait in plant growth-promoting
bacteria for increasing crops yield. The use of PSB as inoculants increases the
P uptake by plants (Chen et al., 2006). Mycorrhizal fungal (MF) symbiosis is
widely believed to protect host plants from detrimental effects of drought. Possible
mechanisms for improving drought resistance of the mycorrhizal plants could be
due to an increase in root hydraulic, enhanced water uptake at different soil moisture
levels as a result of extraradical hyphae, osmotic adjustment which promotes
turgor maintenance even at low tissue water potential, proline and carbohydrate
accumulation, and increased nutritional status in mycorrhizal plants. The intra-
radical mycelium of these soil fungi proliferates in root cortex of the host plant.
Extraradical AM hyphae spread in the soil around the root and make available a
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surface area by which the AM fungus absorbs nutritional elements such as P, N,
Zn, Cu and transports and transfers them to the host plant (Asrar & Elhindi, 2011).
The objective of the present study was to investigate effect of PSB and MF on
shoot accumulation of micronutrient elements in wheat under dryland conditions.

Materials and Methods: The experiment was carried out in a factorial
arrangement using randomized complete block design with three replications
at agricultural research station of Ilam university and Sarableh agricultural and
research, resources center during 2013-2014 cropping season. The experimental
factors consisted of two dryland wheat cultivars (Keras Sablan and Saji) and fertilizer
sources treatment including; 1- without application of phosphorous chemical
fertilizer, 2- use of 50 kg/ha phosphorous chemical fertilizer, 3- pseudomonas
putida (PSB), 4- Glomus mosseae (GM), 5-PSB+GM, 6-PSB+GM+25 kg/ha
phosphorous chemical fertilizer, 7- PSB+ 25 kg/ha phosphorous chemical fertilizer
and 8- GM+25 kg/ha phosphorous chemical fertilizer. The data were subjected to
statistical analysis using SAS program and the means were compared by LSD test.

Results and Discussion: Results indicated that the interaction between
cultivarx fertilizer sources had a significant effect on accumulation of micronutrient
elements in shoots of dryland wheat cultivars. In the two wheat cultivars grown
under dryland conditions, the application of PSB and GM resulted in increased
concentrations of Zn, Mn, Fe and Mg, at tillering, leaf, stem and spike stages ,
so that the highest Zn content at tillering (13.9 mg/kg), leaf (11 mg/kg), stem
(15.6 mg/kg) and spike (24.09 mg/kg) stages, Mn at tillering (238.5 mg/kg), leaf
(56.1 mg/kg), stem (6.2 mg/kg) and spike (16.5 mg/kg) stages, Fe at tillering (2.5
mg/kg), leaf (163.5 mg/kg), stem (35.7 mg/kg) and spike (90.2 mg/kg) stages
and Mg at tillering (0.3%) and leaf (0.26%) stages were obtained from Saji
cultivarxGM+25 kg/ha phosphorous chemical fertilizer. The lowest accumulation
of nutrient trace elements in shoots was observed in Keras Sabalan cultivar under
control treatment. Therefore, the results indicated that PSB and GM had a positive
effect on micronutrients accumulation in wheat cultivars under dryland conditions.
There was significant difference between the cultivars in their response to the
application of phosphate solubilizing bacteria and mycorrhizal fungi, so that Saji
cultivar gave the best response to mycorrhizal fungi treatment. Hence, given the
fact that wheat production often encounters drought and heat stresses, inoculation
of Saji cultivar with mycorrhizal fungi could be recommended to achieve the best
yield performance under dryland growing conditions.

Conclusion: The results of this study indicated that PSB and GM had positive
impacts on shoot accumulation of micronutrient elements in wheat under dryland
conditions. The bacterial-inoculated wheat cultivars exhibited improved leaf
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nutritional status, which led to increased grain yield. In fact, under dryland growing

condition, PSB and GM promoted root growth and consequently increased

moisture availability for the wheat cultivars, resulting in enhanced amounts of
the micronutrient elements in various shoot parts at different developmental and
reproductive stages.

Keywords: Fertilizer sources, Mg, microelements, Zn.
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