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Effect of antiperspirant and nitrogen biofertilizers on wheat cultivars
in rainfed conditions of Lorestan province
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Table 2. Combined analysis of variance for rainfed bread wheat traits in 2016-2017 and 2017-2018

5 gl oI5l a3

Sl jasls a5 Sles g s Shas

G,a};a):dhﬂ.w

Sy b Harvest index
8.0V foirjin‘if Peduncle length ~ T\umber fnfzg“’i“ per Grainyield  Biological yield
o 1 0.018644™ 53559141832+ 0.02916™ 1355338 %+ 14915048+
Year (Y)
(Jlﬂ))‘,{; . 50.52234 6368820.11 0.52247 6983.988 15386.16
R(Y)
55 ) 407.023%* 363461441.12% 0.34554" 286918%* 4095647+
Cultivar ©
i‘j)*JL" s 1.172138 ™* 170042346** 0.173198 ™ 381]0;1.121* 3733204%*
Y*C
U S5, b 0.332083 ™ 26564610.56 0.138484 ™ o 813358
C*R(Y)
G ks 1 0.023427 " 1368128846.09%* 125.123%* 15669384 L674434%*
Anti-transpirant (A)
Y 5 0.085593 ™* 5900359.56 ™* 0.44964 ™ 5829.533 1 14834.66™
Biofertilizer(B)
PR * L . 0.174168 ™* 36759008.21 ™ 1.03726 ™* 27756.11 23237.81™
Y*A
. S5 JL 5 0.130062 ™* 5759850.45 ™ 0.03100 ™* 67.676™ 1988.23 ™
Y*B
G A Vj’ ) 0.395681 ™* 4745638.46 ™ 0.08966 ™* 199.432 ™ 1389.51 ™
C*A
. 3 5* (’jJ . 0.517838 ™* 24519990.56 "* 0.01495 ™ 1153.749 ™ 6909.83 ™
C*B
5 35 5 Ao " 0.108648 ™* 39909907* 6.12.087* 83598%* 106573.01*
A*B
PR *V';)* Ju R 1.098208 ™* 26583575.13 ™ 1.24725 ™ 23889.83 ™ 32171.05™
Y*C*A
Yy *V';J * A 0.75026 ™* 844921.30 ™* 0.24628 ™* 3111.992 ™ 10146.46™
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e 5 F 3 s L ) 159267 24210449.54 ™ 1392227 26308.01™ 495074475
Y*A*B
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Error
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CV
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Y: Year, C: Cultivar, R: Replication, A: Anti-transpirant, B: Bio-Fertilizer
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* % Significant difference at the 5% and 1% probability levels, respectively and ™* no significant difference
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Table 3. Mean comparison for peduncle length, number of grain per m* and harvest index as affected by
cultivarx anti-transpirant x bio-fertilizer interaction

Treatment e 3 4l ol Sl ey
- P ; JSl J b ber of erai 2 : 0
3] 6,5 A oske ) 35S Peduncl Number of grain per m Harvest index (%)
h ceduncle
Anti-transpirant Bio-fertilizer length 2016-17 2017-18 2016-17 2017-18
Cultivar mm
dali
41.35
g a7 Control 10259 11480 28.60 29.825
- aals pscks 55T
Azar2 .. 41.1
Control Azospirillum 14982 12448 30.85 29.425
SLgsl
e 41.175
Azotobacter 10487 12070 29.725 29.70
dald
41.175
Control 19477 17223 32.125 31.25
il 5T 5T
= (25 40.85
Atrazine Azospirillum 16282 18379 30.675 31.85
SLg sl
7k 41.95
Azotobacter 18897 16955 32.175 31.30
dald
e 453
Control 15263 17191 29.675 29.275
‘5‘*’". Control sk 3T
Ohadi . 44.8
Azospirillum 15579 21955 30.00 30.25
SLg sl
AL 44.45
Azotobacter 13595 19694 29.125 29.3
Controls: 4.9 20579 30066 3145 31.925
- 5T
2317 fortess 45.175
. Azospirillum 20043 26735 31.225 31.025
Atrazine s
e 45.525
Azotobacter 23408 26165 31.825 31.375
dals
46.5
Control 15431 15880 30.20 28.80
oLt Control.sls sl e 3T
Baran ~ ﬂ” 47.125
Azospirillum 12235 19856 29.625 30.45
S
e 47375
Azotobacter 12584 15694 29.825 28.90
35T L
s - 47.075
Atrazine Control 15173 25950 30.60 32.05
a3t 46.875
Azospirillum 17988 22245 31.725 30.575
S
s 46.075
Azotobacter 17553 28186 31.50 32.675
LSD (0.05) 1.0593 6089.8 4220.7 2.12 1.51
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Continued
o lass als s Ses 32 Slae
Treatments Grain yield Biological yield
o EF WP )5S (Kg/ha) (Kg/ha)
Anti-transpirant Bio-fertilizer 2016-17 2017-18 2016-17 2017-18
Cultivar
dals
. Control 2080.2 2127.68 70002  7127.7
° aals ekt 55T
Azar2 Control Azospirillum 2232.7 2082.68 72326  7082.6
AL
Azotobacter 2000.2 2112.68  7000.1  7112.7
dals
Control 2367.7 227773 73677 72777
o) AT gk st
Atrazine Azospirillum 2210.2 2337.65 7210.2 7337.6
Al
Azotobacter 2375.1 22777 73751 72717
Aals
dals Control 2112.7 2277.68  7112.6  7802.6
“5'*’"' Control ¢ 5ok 5T
Ohadi Azospirillum 2142.7 2472.63 71427 81726
S
Azotobacter 2052.7 2360.18 70527  8060.2
Aals
Control 2300.2 267523 73002 83752
oI AT p kst
Atrazine Azospirillum 2270.2 2562.7 7270.1 8262.7
S
Azotobacter 2420.1 2607.63  7595.1 8307.6
Aals
" Control 2165.2 2300.2 7165.1 8000.2
. bl pscks 55T
Baran Control Azospirillum 2105.3 249523 71052 81952
S
Azotobacter 21277 2300.15  7127.7  8000.1
i1 dals
Atrazine Control 2210.2 2765.18  7210.1 8465.1
Azospirillume,t 55T 93577 251018 73226 82102
Azotobacter 5, 2300.2 2690.13 73002  8390.1
LSD (0.05) 230.43 161.83 287.99  206.45

oS deglin (Y Jgr) 255 15 e
o35 sl o 53 6 515 0L a3 i sy 4
e AU s AT 5,8 L il
5 &I YFA o S0a b o e 3 &5 sl

J;)Jﬁwobu.\jjgiu.b.*)s-"r;)

Yo

a Sl a5 &ils sldas o iju)_ad?;,,,
3o dloosle 31 5 Cont (15 ame 5 b
308555 8 53 blize f1 53 5 A osle
Sler Bl Sl w338 )3 8,8 Ls esle

35 53 8, A esbe ‘.5) s Jl iy



VFoY Olaa WA Lo ly =) o)l — Y9 0,95 « (155 (SO Il (S sd9 5 4 >

5 kS ol slge Ay O e Blge oyl
wil o OLLE 3 &ls s Shee 5 iy il 55l
S Ay o k5 4 (Ahmad er al., 2004)
ahyy drm g Rl s a4 di) oS e gl
33 e slge Cda Rl caw OLS s
M5 Bl s ol ] S s e olE
I e Ll 5 ol 55 (g g e
sy VL als 5 Shee w5 5 5 Shee
5 Sdas g jw g 2ol 3l .(Vaez et al., 2016)
B 5 b o3le 3l eslinnd L eSS I8 w5 4 45 4ils

Bagheri et al.,) Sl ods i)l il 5T

.(2012
O gl gm & Klos
M&)‘bﬁ)}b@&}}s‘}ﬁ}&

36,85 b sk 5035 Wl esle S G
éﬁwosijé))sdudlf}s&\iu;‘
5 b 6B Sler Jlize J1 s a5 258 o
AP s 35S 53 B8 LS ool 5 o
Jlize 51 Kl duglin ((YJgds) <55
23 5 b osle 53 085 s Jl s& Ll
S sl Olad A S ey 4 gew) 35S
5 AT 2 L sl 085 ol Jlu s
b &S5 5 Nes o it S50 0508
Y 3T 55 S s p S AS V00 Sk
S s 355 5 AT 2 O
e SAS Ve Sl b S5 3 Shee
v-;) £ Il 53 (¥ Jgu) Cils |y ,bSa s
355 5208 Os 5 5T 8 Lol
e b &S5 3 e o i (e
Osk ¥ 53T (35 5 s o pf,l;/\\%

(‘}:‘L_.j:"“’ﬁ)T JJ{)L{L,LSJ": Lo osbe JJ{‘)L{

\td

N b g pa e 93 3 SIS 2eST en
DL ¢85 pss Jle o3 .Zuls 1y ails 18]
S o e S5 23T 5,08 L
Wy s 88 Kilo b e e s 4l
5 OB (o gl b (gyls sme Doglis &7 5 S
;;j@ﬂuuugﬁ,\so,.w)ﬁ@
G NPVA ke b s sl o 208 e
(¥ dsd) s Sl g1,
415 & Slos
Ga.sjgl.g.o;\k\.x;{\'ﬁ¢4;fdbsjﬂw
b o (gl gme ysb 4 4ils 5 Slas il
A5 8,5 A esle 5 03,5 o esle
)sdﬂwosb}vé))zdudlfjsh}{l.&»
05552 dlo 68 Sl i 15 (s 55
S5 8 S5 g 35S 53 B8 A esle s
S8 Hlem blize 31 o Ske dlin (Y Js>)
&j;ﬁpdﬁsue:u);rj)ﬁdb
V.S)JﬂJLN)JJJ\JQLiJ@JJZJ{JJ)A{
AUl 5 23157 5,8 L gu sl
eSS VY o Sile bl 5 Shas oy 2l
Lo ool sj)lfQ)JeYJSijjﬁ)l:ﬁ)s
4133 Slos o 208" U551, b5 6%
@‘b‘))&*‘ﬁp?ﬂ:f*“' oS b
308 L oLk o35 pss Jl 5 (7 Jsi)
e () 355 3208 O 5 ol 5T
S 53 S AS VIS o Kila b wls 5 Shee
3208 Ly 35T 28 05 Y 53T 635
o b s 3 Shes 20 s T
o) sy 1y s s rfjx; YA
sl 05050 SUssl i b S
LS o o e 5 S e S



SalS (¥ Jad) il 1y deys YA/A
GRS 45 53 a8 il e
S 05 iy g 5 SalS Ll el
5 Shes 5 abiw 55 415 3lda caliw Jsb (il
Sl e s 2l ulg s 5 pdS il
Sl ods 58 Ses imo 1 st
56 swyp 5> (Mohammadi ef al., 2012)
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Table 4. Analysis of variance for some photosynthetic traits of rainfed bread wheat cultivars as
affected by the studied factors

Photosynthetic traits

= e b3l 4o
S.0.V df S Slo
wlsrplula s i stlo el b s IS wilso ot JS7 J35 4 sl el 43 53,8
Shoot chl a Shoot chl b Total shoot chl Shoot carotenoid
content content content
<
).’g‘ 3 0.040962 "* 0.002316"* 0.025198 "¢ 0.0029*
Replication
f'ﬁ) 2 0.068452 "* 0.032%%* 0.009017"* 0.0027*
Cultivar ©
) gl
6 0.069574 0.004181 0.091725 0.000565
Errorl
S5 LS
Anti-transpirant 1 68.012%* 6.03%%* 114.6%* 0.283%*
(A)
ESETS
Bio-fertilizer 2 5.504** 1.46%* 12.65%%* 0.046%*
B)
N LS o3 .
2 0.243% 0.007304"* 0.328% 0.00659*
AxC
S35 # By i
BaC 4 0.052024"* 0.0429%%* 0.127505 0.0025%*
355 # G A
] 2 2.2812% 0.077%%* 2.191%* 0.078%*
AxB
# O S S
ESEY 2 4 0.101804 "¢ 0.0263* 0.031734"* 0.001019"*
AxBx«C
Ysles
45 0.0499 0.004389 0.054478 0.000843
Error 2
Ol s o
R (%) 4.1 6.5 3.6 11.05
CV

*o0% ns

.'/.\;'/.oJL:.:>-\ijs)ls@njj\:@najwr»%j@:# 5 ¢

n.s, * and ** not significant, significant at the 5% and 1 % probability levels, respectively.
Sladaadly S5 (S )3 b
SIS sl (Sl by afss S L
Js IS o 5 Al or 2 238 5
Kafier al, Ll o o5 b s S 4 a
sl g0 3l oslazal &S ol o 0515 0Lz .((2009
St s Mg (o Ol sS B8 LS
3 es 5 per pAS (G5 Dl e
Monsef) s i é":" O sl s s als

.(Afshar et al., 2020
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Table 5. Mean comparison for photosynthetic properties of rainfed bread wheat at different levels of cultivar,
anti-transpirant and biofertilizer

b les EUE NPty ol S b 47 5,8
Treatments ol el slsn el
o 38 A eske ) 35S Shoot Total shoot Shoot
Cultivar Anti-transpirant Bio-fertilizer chl a content chl content carotenoid
(mg/g FW) (mg/g FW) content (mg/g
FW)
4.421 5.0766 0.201
Azar2 Control
3l 5T
M 6.568 7.8424 0.330
Atrazine
o - 4.526 5.2849 0.190
Ohadi Control ‘ . .
il 5T
g 6.270 7.5839 0.312
Atrazine
oL dals
4.435 5.1682 0.209
Baran Control
5l 5T
it 6.378 7.6745 0.334
Atrazine
LSD (0.05) 0.219 0.241 0.032
dals dals
4.309 4.7488 0.1188
Control Control
5T
“’1’“”;”,” 4384 5.1776 0.1831
Azospirillum
S5 5l
e 4.689 5.603 0.2974
Azotobacter
3T L
- - 5.548 6.612 0.3053
Atrazine Control
5T
s 6.593 7.836 0.3795
Azospirillum
S50
e 7.074 8.6525 0.2912
Azotobacter
LSD (0.05) 0.149 0.166 0.0264
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Table 6. Mean comparison for shoot chlorophyll b content as affected by triple interaction of cultivar, anti-
transpirant and biofertilizer

bsles @lsn gl b s i
Treatments Shoot chl b content
S 2S Y (mg/g FW)
Bio-fertilizer Bio-fertilizer
Aals 0.4142
. Control
Y3 b k3T 0.77388
Azar2 Control Azospirillum
Sl 0.77708
Azotobacter
als 1.14423
Control
il pd 3T 1.11173
Atrazine Azospirillum
Sl 1.5670
Azotobacter
als 0.4111
dal Control
s Control 35T 0.8269
Ohadi Azospirillum
Sl 1.037
Azotobacter
als 0.9733
Control
ol psks e 55T 1.3215
Atrazine Azospirillum
Sl 1.6458
Azotobacter
als 0.4939
) Control
bt b b s 3T 0.7782
Baran Control Azospirillum
Sl 0.9268
Azotobacter
o 5T dals 1.0723
Atrazine Control
p sk 5T 1.2957
Azospirillum
Sl 1.5207
Azotobacter
LSD (0.05) 0.093

(Tarang et al., 2013) L& &, &l
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Table 7. Analysis of variance for biochemical traits of wheat grain

sl =
et e " puS wls plasd s Dlis
Bl
S.0.V 6de Biochemical traits of wheat grain
4l 038 4l i Grain 4l ol &3 s Gls T als ;8
Grain N Grain K Grain Cu Grain Fe Grain Mn
<
R )1,.§u . 3 0.011921 0.00003945 0.036087  1.999311 7.55426 3.939815
eplication
o 0.041606
Cultivar © 2 0.0536 ™ 0.0051%** s 81.9"¢ 46.02722* 12.013*
Vel
Error] 6 0.015338  0.00082142 0.044961 1.0162 18.23537 3.759259
rror
Anti tdﬁ M fA) 1 5.556%* 1.5501** 56.3%* 8075.5%*  29467.032%* 728.311%*
i-transpiran
Bi TT; ®) 2 1.80%* 0.0728%* 0.859%* 2654.1%*  2038.065%* 16.812%*
io-fertilizer
N LS oS,
CoA 2 0.065™* 0.0032%** 0.0818* 116.0"* 39.09389"* 7.388889"*
SRR S
CeB 4 0.342"* 0.0019* 0.113"¢ 209.0™¢ 1157.234%%* 2.680556 ™
e
BeA 2 0.422"* 0.0285%* 0.216* 411.7%* 35.25972™¢ 4.347222"™°
S 35S # G AS ) , _ _
CiBx A 4 0.393"¢ 0.0028%* 0.081"* 92.1" 168.112"¢ 5.513889"*
Yol
Error 2 45 0.009213  0.00056358 0.017765  10.19688 32.52922 2.508333
Sl kS o
ng i (%) 3.76 6.41 6.04 8.46 6.24 4.02
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Biochemical traits of wheat grain
o3
SOC; &3l 4 C"‘)“\:ﬁflhjf ‘ )
df [HERESY) 4ls Grain Al o
GrainZn  charbohy  Grain protein
drates
<
”_g‘ ) 3 21.812%* 6.125 0.107407
Replication
)
Cultivar © 2 35.901** 34.112%* 0.133889™¢
Vel
6 12.949074  12.23611 0.032407
Errorl
S S | 1050.657 112?1.45 30.112%*
Anti-transpirant (A)
) *
ST 5 11.0:.53889 133.334 5. 610%*
Bio-fertilizer (B)
RPN
~ ) 9.76‘3889 7.625m 0.268889"
CxA
335 % o
s 4 8'6§,(_2556 11.812* 0.182847"*
CxB
)28 G A
2 10'939556 12.512% 0.650%*
BxA
E SRV TIE NV L
N 4 2222222 7'97,2167 0.142847"*
Cx«Bx A
Y ellas
Error 2 45 5.143519  3.643519 0.101407
[GB] U U
St (%) 5.60 2.68 2.46
CV

TN 30 Szl o )3 s gme 5 line Sl ple csiar T ns
ns, * and ** not significant, significant at 5% and 1 %, respectively.
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Table 8. Mean comparison for biochemical traits of wheat grain at different levels of simple effects of cultivar,
anti-transpirant and biofertilizer
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Table 9. Mean comparison for grain phosphorus as affected by triple interaction of cultivar, anti-transpirant and

biofertilizer
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Table 10. Mean comparison for biochemical traits of wheat grain at different levels of interaction effects of cultivar, anti-
transpirant and biofertilizer
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Introduction

Most of the cultivated cereals are deficient in micronutrients. Deficiency of
these elements in soil not only reduces crop yield but also results in their limited
consumption by humans and livestock through reducing the concentration of
these elements in foods such as wheat grains, leading to various diseases, and
thus reducing public health (Cakmak et al, 2012; Shi et al., 2010). The low
concentration of minerals such as sulfur, calcium, magnesium, iron, manganese,
zinc and copper in the country’s food supply has a detrimental effect on health as
these micronutrients are required by the human body. Drought stress, one of the
most important factors limiting crop production, can cause damage to the plant,
especially in relation to the content of chlorophyll and carotenoids, increase in
lipid peroxidation and proline (Hayat et al., 2012).

Material & Methods

In order to investigate the morphological and biochemical response of rainfed

Email address of the corresponding author: Ma_dyanat@yahoo.com
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wheat cultivars to anti-transpirant and nitrogen biofertilizers, an experiment
was carried out in a randomized complete block design with split-factorial plot
arrangement with four replications in the cold temperate zone (Kamalvand
Khorramabad) in the cropping seasons of 2016-2017 and 2017-2018. The main
plot was allocated to rainfed wheat cultivar (Azar2, Ohadi and Baran) and anti-
transpirant (no application and application of atrazine) and nitrogen biofertilizer
(no application, application of Azospirillum, application of Azotobacter) were in
sub-plots in a factorial arrangement. Prior to field cultivation, Azospirillum and
Azotobacter fertilizers were applied to the seeds of wheat cultivars in the relevant
treatments. Atrazine anti-transpirant at a concentration of 400 ppm was used at two
stages, first at stalking stage in late March and second at the time before pollination
using a 20-liter sprayer and in a guided manner. Peduncle length, number of
grain per m?, harvest index, chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids in the shoot and macro and micro-nutrients, carbohydrates and protein
in the grain were measured.

Results & Discussion

In the first year, Ohadi cultivar, with atrazine and Azotobacter application, had
the highest grain yield (2420 kg ha™') and Azar 2 cultivar, without anti-transpirant
and with Azotobacter application, had the lowest grain yield (2000 kg ha'') and in
the second year, Baran cultivar, with atrazine and without biofertilizer application,
produced the highest grain yield (2765 kg ha') and Azar 2 cultivar, without atrazine
and with Azospirillium application, had the lowest grain yield with an average of
(2083 kg ha'').

Baran cultivar with atrazine had the highest total chlorophyll content with an
average of 7.8 mg g' fresh weight and Azar2 cultivar without anti-transpirant
application had the lowest total chlorophyll content with an average of 5.5 mg
g'fresh weight (Table 5). Also, the use of atrazine and azotobacter gave the highest
amount of total chlorophyll and carotenoids (Table 5). The lowest amount of grain
nitrogen was obtained from non-application of biofertilizer with an average of
1.77% and the highest amount was obtained from the use of Azotobacter with an

average of 2.38%. Ohadi cultivar with atrazine and Azofobacter had the highest
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grain phosphorus content with an average of 0.50% and Baran cultivar without
anti-transpirant and biofertilizer had the lowest grain phosphorus content with an
average of 0.22% (Table 9). Ohadi and Baran cultivars using atrazine similarly
contained the highest amount of potassium with an average of 0.52% and Azar
2 cultivar without anti-transpirant had the lowest amount of potassium with an
average of 0.45% (Table 10). The highest amount of grain copper with an average
of 7.7 mg kg was obtained from using atrazine and Azotobacter. Ohadi cultivar,
when treated with Azotobacter, produced the highest amount of iron grain with an
average of 63 mg kg'and Azar2 cultivar had the lowest amount of iron grain with
an average of 58 mg kg

Conclusion

The application of nitrogen biofertilizers and anti-transpirant atrazine improved
morphological, photosynthetic traits and grain quality of the wheat. The highest
amount of total chlorophyll, copper and grain carbohydrates was obtained by
atrazine and Azotobacter, but the highest amount of carotenoids and grain protein
was obtained by atrazine and Azospirillum. Thus, under the dryland conditions of
Lorestan province, the use of nitrogen biofertilizers and anti-transpirant atrazine is
recommended.

Key word: Atrazine, Azotobacterirom, potassium, rainfed wheat, seed protein
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