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Introduction

In the pursuit of a resilient and progressive agricultural system, the incorporation of diverse fertilizers is
deemed essential. This practice not only enhances product quality but also aids in cost reduction. However, over-
reliance on a specific type of input can inadvertently lead to unintended repercussions. The unrestricted
utilization of chemical fertilizers, for instance, can precipitate adverse outcomes such as imbalanced pH levels,
the accumulation of heavy elements, soil structure deterioration, and environmental contamination. Conversely,
organic fertilizers, while environmentally friendly, often release nutrients at a slower rate, potentially disrupting
optimal plant growth. To attain a balanced and sustainable agricultural approach, the combined application of
organic and chemical fertilizers is advocated. Moreover, harnessing the biological potential inherent in soil
ecosystems, including beneficial microbial communities encompassing bacteria and fungi, emerges as a
promising avenue in cultivating sustainable agriculture. Acknowledging the adverse impact of late-season heat
stress on wheat production in Khuzestan and recognizing the significance of reducing chemical fertilizer usage
while augmenting organic and biological fertilizers to foster ecological health, this experiment undertakes the
exploration of the effects of a synergistic approach. Specifically, it delves into the combined utilization of
nitrogen and compost fertilizers, complemented by the incorporation of plant growth-promoting rhizobacteria.
This endeavor aims to shed light on how this combined strategy operates within the context of terminal heat
stress, assessing its influence on the physiological attributes and yield of the wheat cultivar Chamran 2.

Materials and Methods

This experiment was carried out as split-split plots based on a randomized complete block design with three
replications in the crop year of 2021-2022 in the research farm of Agricultural Sciences and Natural Resources
University of Khuzestan. The experimental factors include three planting dates: December 1st, December 20th,
and December 10th in the main plots; Six levels of combined use of nitrogen fertilizer with compost fertilizer
include control (without nitrogen and organic), 100% nitrogen, 75% nitrogen+ 25% compost, 50% nitrogen+
50% compost, 25% nitrogen+ 75% compost and 100% compost in sub-plots and two levels of application and
non-application of plant growth promoting rhizobacteria in sub-plots. Each sub-plot was 3 meters long and 2
meters wide (with an area of 6 square meters) and included 10 crop lines at a distance of 20 cm from each other.
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The distance between the main and secondary plots was considered to be half a meter and the distance between
the blocks was two meters. After physiological maturity, the plants were harvested and the physiological traits
and grain yield were measured.

Results and Discussion

Variance analysis showed that the interaction effect of planting date, combined use of nitrogen with compost,
and plant growth promoting rhizobacteria, on the traits of relative leaf water content, planting to flowering, and
grain yield were significant at the 1% probability level. Also, the interaction effect of planting date and the
combined use of nitrogen with compost on all traits except the length of the grain filling period and the length of
sowing to physiological maturity was significant at the probability level of 1%. The mean comparison showed
that the highest relative leaf water content, cell membrane thermostability, and canopy temperature depression
were obtained from the treatment of 100% compost, and the highest traits of the length of sowing to flowering
and length of sowing to physiological maturity were obtained in the use of 100% nitrogen. Also, the longest
grain filling period, grain filling rate, and grain yield were obtained in the combined use of 50% nitrogen+ 50%
compost and plant growth-promoting rhizobacteria, and the lowest value was obtained in the control of not using
nitrogen and compost. In general, the delay in planting and the occurrence of terminal heat stress caused a
decrease in grain yield, but on different planting dates, the combined use of 50% nitrogen+ 50% compost
compared to the treatment of 100% nitrogen increased wheat grain yield.

Conclusion

According to the obtained results, in areas with terminal heat stress, the combined use of 50% nitrogen+ 50%
compost and plant growth-promoting rhizobacteria can be considered to increase the growth and yield of wheat.
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in growing season of 2021-2022
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Table 3- Variance analysis (Means of squares) of the effect of combined use of nitrogen with sugarcane residue compost and
plant growth promoting rhizobacteria in late season heat stress conditions for the measured traits of wheat

Means of squares (MS) s po cmikeo

8,93 Job
L o yp Lo glyoe o R sld pials 093 dob ey Job Gewls  RCEre e aldalag Sl o
’g‘:)é\'/“ &l Spol ol 2L iy bewl gy g £ s Al youd &0 &l &1 5,51
o DF Relative Cell membrane Canopy ‘9")5 C?r_aln ‘S‘ASJ?'}": Gr.aln Number of 1000- Grain yleld
leaf water thermostabilit temperature Sowingto filling =977~ filling  grains per grain
content y depression (C) flowering duration Sowingto rate square meter wight
maturity
. ’I’S.J 0.93 2.74 0.20 459 1.00 43.36 0.006 363142 17.65 314854
Replication (R)
sl Gl
Sowing date 2 1215.477 969.81" 83277 235556° 200248 8401.197 0.137 587592286 492.41" 19644945
(SD)
Gl slas
2.76 3.44 0.29 1.92 1.64 35.68 0.0001 61300 049  3560.66
Error (a)
““"E"I\Slg)’”‘“ 5 357.60" 758.65™ 29.88"™ 112.32™ 42347 339.887 0.077 283986232 271.45" 19980879
SDxNC 10 3.227 11.05™ 033" 3.90™ 0.44" 535"  0.003" 4627362  3.86" 256507.47"
o uls 30 2.06 3.38 0.04 1.24 0.27 27.29 0.0006 541707 142"  4830.02
Error (b)
o . n . - . - - . - n
- ® g;%’s : 1 14237 250.55 3.06 14.81 4.89 10.70™  0.03 54063114~ 100.53" 965828.28
SDxPGPR 2 0.05™ 0.12™ 0.05™ 0.28" 0.03" 223" 0.0009" 361099™ 1.03™ 61478.39"
NCxPGPR 5 0.67™ 1.63" 0.04™ 0.30™ 0.03™ 46.63™ 0.0005°  336043™ 1.14™  2685.61™
SDxNCxPGPR 10  0.66 0.59"™ 0.02" 0.20" 0.07™ 1.29™  0.0002"™ 121737  0.55" 16315.20"
o ks
i 36 0.31 0.81 0.03 0.08 0.26 23.37 0.0002 267481 0.53 6924.6
Error (c)
(%) sy
. 1. 21 . 11 . 1. . 1. 2.4
oV (%) 0.8 3 0.3 35 8 35 8
Jo)d S5 g doyd gy Jlein] o )3 5 gime g I pixe e BT o0 LS (e ks g % NS

ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively

O ity i ecel (oo o)l cobies (ulil g sy
Sy o 2 Slgimo o 4 13 9 0ud Jsho eudlygi Lawgs
Uibgi 5o (Malakooti & Homaee, 2004) sl o 3900 oS
Eisapournakhjiri, Ashuri, Sadeghi, ) ¢, jo (s
Bynms yiul3 8l Ly (Mohamadian Roshan, & Rezaei, 2022
s o Slyme (LS 13 p Sl Ve w b jhoo Sl gyt 568
Ol by Sy 5SL S abaly o .cdl libl @iy Sy
)y (Hassanpour & Zand, 2014) 155 ¢ y5 s gl
G 31 36 s Sy s sladgS b a8 s el 1
9 Ll Al 52y 93 b )k ply gl oS 08" )5S (Sas
pAS Sy o O lgime (g0 )d WA il 8l coms iry95ee
L ols 3 )5k augl slacJolio Mg (o Sh L il 00
oleS 31 55 (el Jousily (oL donis 53 9 03903 b
Db S rizan g lie polie g Ol Cla Il gl )
1S o ol p Sy s O (lgime (1331 T o 4 g laady

(Arvin, Vafabakhsh, & Mazaheri, 2018)

Ol oo oy (63 V1) pg S ) 3 (ppinen
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Lyl 53 (30 0ANVY) o Jlade (2S5 43 Sy (551,
Bl ) hlen 5 (2leS 392 48 S oo (681 Bpuae pis 5 als
297 9 $9) el (b glxe Sl (o) b (Kamaei al., 2018
L) ol ciS e puS Sujglnnjed 9 (o8 Slao By
bS5 31 5 a8 538 S (Lo Ui Jles] Lot
plal g SlowaY gaoal.ccdl ials Sy s ol glaze
Sl 48" ol 5135 (Ahmadi Lahijani & Imam, 2013)
St G 51 o8 paS Sy (e O dlgime § S
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Table 4- Mean comparison of the interaction effect of sowing date, nitrogen fertilizer with compost fertilizer, and plant
growth promoting rhizobacteria for relative leaf water content, length of sowing to flowering period, and grain yield

o o o Slgiee A U el .
sl &b CuwgroS U 595 (Aadli A pao iy S e (5 55L Sy (305) Al 3 Slos
Sowing date  Combined use of nitrogen with Plant growth promoting Relative leaf s 93 ¢ Grain yield
(SD) compost rhizobacteria (PGPR) water content l owing Od (kg ha)
(%) owering (d)
(F1) sals inoculation gl 72.83 97.66 2936.47
Control Non inoculation xils pas 70.86 96.33 2705.67
(F2) o395 doy Vo - inoculation gl 77.53f 102.66 4942.30
100% nitrogen (F2) Non inoculation gl pas 75.23 101.66 4636.07
(F3) cusgnoS 210> Y0 #5955 Ao yd YO inoculation gl 77.86 101.00 5007.13
0, i 0, . .
) 5% nltroger(1;3§5 /o compost Non inoculation il pue 75.86 100.66 4800.77
31
22)Nov. (FA) Caasgia 10y3 D+ + 555 5 2o yd B inoculation b 78.76 100.66 5864.40
0, i 0, . .
50% nltrogerz;4!;0/0 compost Non inoculation b sse 76.66 99.66 5462.00
(F5) cungnoS 210> Y #0159y daoyd YO inoculation gl 82.60 99.00 3864.63
0, i 0, . .
25% nltroger(1;5;5/o compost Non inoculation b e 79.66 08.00 3627.00
(FB) cousioS 20y 1+ inoculation et 87.30 98.33 3277.33
100% compost (F6) Non inoculation gl pas 85.23 97.33 3069.13
LSD (5%) 1.57 1.07 123.05
(F1) s inoculation et 69.03 87.66 2291.57
Control Non inoculation zab pas 64.80 86.66 2066.60
(F2) 3955 duoy V- inoculation gl 72.56 92.66 4438.70
100% nitrogen (F2) Non inoculation b sas 71.10 92.33 4483.03
(F3) cusgpoS 1ioy> Y0 #0559y Auoyd VO inoculation gl 72.76 92.33 4632.63
0, i 0, . .
) 5% nltroger(1;3§5 /6 compost Non inoculation xals pae 70.76 92.00 4443.10
Y.
11 Dec. (FA) CaasgioS Lmys B+ + 555 s 2uoyd B inoculation wat 73.36 91.00 487350
i 0, 0, . .
nitrogen+ 50({(:);:)ompost 50% Non inoculation b sse 70.50 90.33 4873.87
(F5) cusguoS 210> Y #0159 52 daoyd YO inoculation gl 76.36 89.00 3245.23
0, i 0, . .
. n|troger(1;5;5/o compost Non inoculation xils pas 74.36 88.33 3161.30
(FB) CusgpaS 210y 1+ inoculation gt 80.56 88.33 2718.00
100% compost (F6) Non inoculation b s 78.83 87.66 2564.33
LSD (5%) 2.34 0.91 178.14
(F1) aals inoculation gt 61.70 79.33 1193.90
Control Non inoculation xab pas 59.23 78.33 1115.83
(F2) 5955 duoy Vo » inoculation gl 65.60 88.00% 3393.83
100% nitrogen (F2) Non inoculation b sas 63.23 87.66 3173.87
(F3) cuguoS 210> Y0 #0559y Ao yd VO inoculation gl 67.10 86.33 3694.30
0, I 0, . .
75% n|troger(1;3§5 % compost Non inoculation xils pae 65.00 85.33 3410.80
SRS
31 Dec. (FA) oo 2amys De 4035555 2umys B inoculation gt 69.30 84.66 3723.33
i 0, 0, . .
nitrogen+ 50({2;:)ompost 50% Non inoculation b sse 66.36 83.66 352053
(F5) cawgpoS 2103 YD + )55 Juyd YO inoculation xab 69.36 83.33 2699.37
0, i 0, . .
25% n|troger(1;5;5m compost Non inoculation xils pae 67.50 82.33 2423.93
(FB) cusgsoS 2oy V- inoculation gl 74.30 80.33 2235.07
100% compost (F6) Non inoculation gl sas 72.36 80.66 2089.47
LSD (5%) 1.24 1.81 67.07
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Table 5- Mean comparison for the interaction effect of sowing date and integrated use of nitrogen fertilizer with
compost for cell membrane thermostability, canopy temperature depression, grain filling rate, number of grains per
square meter, and 1000-grain weight of wheat

e e s ae oy . . S aild dlaxy
0595 Il Bpae U )l ol Gy gl plals ’ i
cudls .@)13 CuawgreS Jobw P2 A Gy yy o g Nf;:;gjof byl O.}S
Sowing Combined use of Cell membrane Canopy Grain filling rate (mg d*) rains per 1000- grain
date (SD) nitrogen with thermostability temperature g s uarF:e wight (g)
compost (%) depression (°C) r?]eter
F1) wls
() ol 65.18 8.05 0.74 12485.5 36.35
Control
(F2) oyjgpms 2o 1o+
100% nitrogen 69.28 9.01 0.80 18821.2 43.68
(F2)
VO 48y 2oy> VO
(F3) cougeos 0 70.55 9.10 0.84 20833.2 46.20
75% nitrogen+
25% compost (F3)
A O+ + )59y duoyd O
22 Nov. (F4) cosgeaS 02 73.50 1026 0.85 25499.3 4771
50% nitrogen+
50% compost (F4)
YO + )59 5 Lo yd YO
(FS) cuugea w0 7655 1093 0.7 182875 42.46
25% nitrogen+
75% compost (F5)
(F6) canguaS dumyd Voo
100% compost 82.93 11.21 0.79 15203.0 41.05
(F6)
LSD(5%) 133 035 0.01 716.73 102
F1) o
() ol 61.78 7.01 0.82 10074.6 35.50
Control
(F2) o595 2oy Vo
100% nitrogen 63.98 7.75 0.90 16679.9 41.40
(F2)
YD 4558y doys VO
(F3) st a5 66.31 8.55 0.95 168.7.0 43.38
75% nitrogen+
25% compost (F3)
Ay O+ + )59y duoyd O
11 Dec. (F4) cuugeeS 22> 71.10 8.76 0.97 21331.1 45.36
50% nitrogen+
50% compost (F4)
YO + 559 5w Loy YO
(FS) cungse w0 71.65 9.56 0.84 12960.3 38.28
25% nitrogen+
75% compost (F5)
(F6) cnguaS duoyd Voo
100% compost 76.86 10.30 0.84 11493.1 36.90
(F6)
LSD(5%) 2.09 0.17 0.02 1002.7 1.19
F1) 2ol
() ol 53.81" 4.80° 0.83 6388.7 30.35°
Control
(F2) 05955 2oy Vo
P 100% nitrogen 56.55 5.60 0.95 10687.4 37.46
(F2)
31 Dec. YO +0y59 5 Lo pd VO
(F3) st 25 58.73 6.31 0.99 12089.4 30.46

75% nitrogen+
25% compost (F3)



YEY b O o)lowd VY ala oyl (515 Gloidgiy apmis YV

Be 4045950 Moy O
(F4) cangoS aioy> 65.23
50% nitrogen+

50% compost (F4)
YO + 59y doy> YO
(F5) cangueS aoys 66.80
25% nitrogen+

75% compost (F5)

(F6) cunguaS duoyd Voo

100% compost 74.85% 8.63"

(F6)

1.03* 15471.4 41.76°

0.82° 9244.4 32.53

0.89 7948.1 33.45

LSD(5%) 1.54

0.09

0.03 409.2 1.25
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Table 6- Mean comparison of the effect of plant growth promoting rhizobacteria for cell membrane thermostability, canopy
temperature depression, grain filling duration, number of grains per square meter, and thousand-grain weight

oL ) S yme 5
Plant growth promoting

ol sl )yl Ol
Cell membrane

P Linigs sbod LialsCanopy &l

OMS 2 0599 Jgb . ; 5
&0 o yd &l Dl

Number of grains per

rhizobacteria thermostability (%) temperature depression (°C) Grain filling square meter
duration (d)
Inoculation b 69.60 8.56 46.03 15342.99
Non inoculation b pas 66.56 8.22 45.61 13902.01
LSD(5%) 0.35 0.06 0.20 201.86
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G5 S o p)lS pae g aald 5 4y S e (8L 2 )8
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Table 7- Mean comparison of the effect of sowing date for grain filling duration and the length of the sowing to physiological

maturity
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Sowing date (SD) Grain filling duration (d) Sowing to maturity (d)
22 Nov. 30 53.69 152.38
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31 Dec. ¢V 38.86 122.02
LSD (5%) 0.84 3.90
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Table 8- Mean comparison of the effect of combined use of nitrogen fertilizer with compost fertilizer on the grain filling
duration and the length of the sowing to physiological maturity
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Combined use of nitrogen fertilizer with compost e - . .
- Grain filling duration (d) Sowing to maturity (d)
fertilizer
(F1) sal 43.66 132.72
Control
(F2) 3o oy Ve 46.44 140.72
100% nitrogen (F2)
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25% nitrogen+ 75% compost (F5)44.
(F) cuugeo 2021 - 44.16 129.83
100% compost (F6)
LSD (5%) 0.36 3.55
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Table 9- Correlation coefficient between traits (n=108)

Trait Céw 1 2 4 5 6 7 8 9 10
Relative leaf water content (1) 1
Cell membrane thermostability (2) ~ 0.93™ 1
Canopy temperature of depression (3)  0.94™  0.93" 1
Sowing to flowering (4) 0.677 046" 0617 1
Grain filling duration (5) 0717 0547 0697 096" 1
Sowing to maturity (6) 058" 037" 0557 093" 0.93” 1
Grain filling rate (7) 0357 -0267 -0.34" -036" -0447 0377 1
Number of grains per square meter (8) 051" 0.41™ 0547 077" 078" 073" 0.12™ 1
1000-grain wight (9) 050" 0397 0497 0767 0747 0717 026" 0947 1
Grain yield (10) 039" 028" 0417 0717 066" 066 025" 0947 0927 1
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ns and ** are non-significant and significant at the level of one percent error probability
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