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Abstract

Introduction

Under terminal heat stress conditions, several traits such as the number of spikes per unit area,
the number of grains per spike, 1000-grains weight, and grain yield are significantly reduced.
Nitrogen, the main limiting mineral nutrient in agricultural production, plays a fundamental role
in enhancingyield by maintaining photosynthetic capacity. Therefore, nitrogen is widely applied
as a chemical fertilizer to improve crop production. The excessive application of chemical
fertilizers in recent decades has led to significant economic and environmental concerns.
Sustainable agriculture increasingly relies on the incorporation of organic fertilizers to improve
soil health, nutrient availability, and environmental compatibility. However, the slower nutrient
release from organic amendments may limit plant growth. Thus, integrating organic and chemical
fertilizers is recommended to create optimal growth conditions.

Materials and Methods

A field experiment was carried out during the 2021-2022 cropping season at the Agricultural
Sciences and Natural Resources University of Khuzestan, using a split-plot randomized complete
block design with three replications. The main plots consisted of three planting dates (21
November, 10 December, and 30 December). Subplots included six fertilizer treatments: control
(no nitrogen or organic fertilizer), 100% nitrogen fertilizer, 75% nitrogen+ 25% compost
fertilizer, 50% nitrogen + 50% compost, 25% Nitrogen f+ 75% compost, and 100% compost.
Growth-stimulating bacteria were applied at two levels (with and without). After harvest, swheat
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grain yield and key soil physicochemical properties, including electrical conductivity (EC), pH,
bulk density, porosity, temperature, organic matter, and organic carbon were measured.

Results and Discussion

Planting date significantly affected all measured soil traits (EC, pH, and specific gravity). The
combined application of nitrogen and compost, as well as the use of growth-stimulating bacteria,
significantly influenced all measured parameters. Notable interactions were observed: The
interaction of planting date and nitrogen/compost combination significantly influenced organic
matter, soil temperature, and porosity, grains per square meter, 1000-grain weight, and grain
yield. The interaction of planting date and bacterial inoculation significantly affected soil organic
carbon and grain yield. The interaction of nitrogen/compost fertilizer and bacterial inoculation
significantly affected soil organic carbon, pH and specific gravity. Ultimately, the three-way
interaction of planting date, nitrogen/compost fertilizer and bacteria was significant for soil
organic carbon and grain yield. The highest soil porosity (0.49), EC (4.56 dS m -!) and organic

carbon (1.12 %) were obtained with 100% compost treatment. Delayed planting, and the
associated increase in terminal heat stress, resulted in reduced grain yield. However, across
planting dates, the integrated application of 50% nitrogen fertilizer+ 50% compost significantly
enhanced wheat grain yield compared to 100% nitrogen fertilizer application.

Conclusion

The results of the experiment indicate the appropriate ability to use sugarcane compost as an
organic fertilizer in combination with chemical fertilizers in wheat cultivation. In this experiment,
the use of sugarcane compost increased wheat grain yield through its effect on the physical and
chemical properties of the soil. Combined application of nitrogen fertilizer and sugarcane residue
compost in the presence of growth-promoting bacteria, significantly improves soil properties and
optimizes wheat grain yield under terminal heat stress. Sugarcane compost particularly enhances
soil organic matter, porosity and EC.

Keywords: Organic fertilizer, Soil EC, Soil nitrogen, Soil organic carbon
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Table 1. Monthly average of minimum, mean and maximum temperatures and precipitation during

wheat growth cycle in growing season of 2021-2022

Month Minimum temperature ~ Mean temperature ~ Maximum temperature Precipitation (mm)
U9 (C) C)

Dec. 10.7 17.2 23.7 44.1

Jan. 6.5 12.5 18.2 65.1

Feb. 7.8 13.6 20.6 13.4

Mar. 11.7 18.4 215 43

Apr. 14.7 23.6 325 0

May 20.1 277 36.3 0

Jun. 23.8 34.0 44.1 0
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Table 2. Physical and chemical properties of soil (0-30 cm) and sugarcane residue compost

Physical and chemical properties Soil Sugarcane residue compost
EC(dSm) 2.6 4.1

pH 7.9 8.8

Organic matter (%) 0.4 535

N (%) 0.03 0.95

P (mgkg!) 50

K (mgkg!) 119 1050

Bulk density (g cm™) 1.21 -

Soil texture

Loam silty clay -
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Table 3. Variance analysis for the effect of a combination of nitrogen with sugarcane residue compost and
plant growth stimulating rhizobacteria under terminal heat stress conditions for soil nitrogen, soil organic
carbon, soil EC, soil pH, soil specific gravity, soil porosity and grain yield
Means of squares (MS)

. Soil . Specific

5.0V DF .SOll organic Soil EC  Soil pH Soil grfl)vity of Soil porosity Grain yield

nitrogen temperature :

carbon soil

Block (R) 2 0.0002 0.004 0.003 0.05 0.30 0.001 0.0001 3148
Sowing date (SD) 2 0.006™ 0.18" 0.01ns 0.006ms 409" 0.0001m  0.000021s  19644945™
Error (a) 4 0.00005 0.0002 0.009 0.0002 0.08ns 0.0001 0.00001 3560
Nitrogenxcompost (NC) 5  0.44™ 0.99* 3.55™ 5.8 61.54™ 0.72* 0.10%* 19980879
SDxNC 10 0.000027 0.0008™  0.009»  0.0003ns 0.43* 0.000041s  0.000005" 256507
Error (b) 30 0.0001 0.0001 0.009 0.004 0.15 0.0002 0.00003 4830
Plant growth promoting o - - - - - - -
thizobacteria (PGPR) 1 0.03 0.05 0.47 1.10 27.50 0.05 0.007 965828
SDxPGPR 2 0.00020s  0.001* 0.008"  0.0001rs  0.009ms 0.0009  0.00001ms 61478
NCxPGPR 5 0.0004* 0.0006** 0.01ns 0.009" 0.12ns 0.003** 0.0004™* 2685ns
SDXNCxPGPR 10 0.00005" 0.0001™  0.0097  0.0004ns 0.08ns 0.000011s  0.000002ns 16315*
Error (¢) 36 0.00009 0.00004 0.009 0.003 0.12 0.00007 0.00001 6924
CV (%) - 0.83 0.89 2.41 0.83 2.54 0.55 0.77 2.36

Ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 4. Mean comparison for the effect of planting date for soil nitrogen

Sowing date Soil nitrogen (%)
22 Nov. 1.152
11 Dec. 1.16°
31 Dec. 1.17¢

Il e D3l Aoy ey Jlez e 53 LSD g0 3T bl ksl 5 2t 5 o7 ola 0ls gt 2 55
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level
using LSD Test

PH a5 059 53 (ST 0LS Ay & o0 (S 5L § CawganS” 3957 b 939 i 095 Al B pan 1 paSlo duslin -0 J 9o
S SRS 9 o pl (ogatte 039
Table 5. Mean comparison for the average effect of combined application of nitrogen and compost
fertilizers with plant growth stimulating bacteria for soil nitrogen, pH, specific gravity and soil porosity

Combined use of nitrogen Plant growth promoting Soil nitrogen Specific gravity of Soil
with compost rhizobacteria (PGPR) (%) pH soil (gem-) porosity
Application 0.96! 7.57°0 1.81° 0.31i
Control L
Not application 0.95% 7.842 1.832 0.30k
o) Application 1.18fF 7.164 1.744 0.34h
100% nitrogen Not application 1.22¢ 7.37¢ 1.76¢ 0.33
75% nitrogen+ 25% Application 1.264 6.84f 1.51f 0.42f
compost Not application 1.31¢ 7.01¢ 1.60¢ 0.39¢
50% nitrogen+ 50% Application 1.35b 6.57¢ 1.41h 0.464
compost Not application 1.382 6.80t 1.48¢ 0.44¢
25% nitrogen+ 75% Application 1.11h 6.271 1.35 0.48b
compost Not application 1.15¢ 6.48h 1.401 0.47¢
100% compost Application 1.02i 6.11i 1.32k 0.492
Not application 1.051 6.241 1.35i 0.49b

1 1 e gl o3 gy Jaim! e 55 LSD 0 pa5T bl s eyl &5 2 O o8 ol ibe O 0 55
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level using LSD test
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Teble 6. Mean comparison for the average interaction effect of planting date and nitrogen and compost
fertilizers with plant growth promoting bacteria for soil organic carbon and grain yield

Sowing . . . Plant growth promoting Soil organic Grain yield
date Combined use of nitrogen with compost rhizobacteria (PGPR) carbon (%) (kgha')
Control Application 0.43! 2936i
ontro Not application 0.47% 2705k
. Application 0.61J 4942¢
0,
100% nitrogen Not application 0.65 4636¢
75% nitrogen+ 25% compost75% Application 0.70h 5007¢
nitrogen+ 25% compost (F3) Not application 0.772 48004
22 Nov. S g
50% nitrogen+ 50% compost N?tp;)pl:)cl?ctﬁ?on 83 i‘c giggz
icati d f
25% nitrogen+ 75% compost Nﬁp;);;i?éﬁ?on {8& ;25;
Application 1.070 3277h
0,
100% compost Not application 1.122 30691
Application 0.39! 2291f
Control Not application 0.42k 20668
. Application 0.58i 4438¢
o,
100% nitrogen Not application 0.62i 4483be
icati h b
75% nitrogen+ 25% compost N?tpe?hcl?ctz?on 8?? . fflfé@
11 Dec. . Appri?cation 0.79¢ 48730
50% nitrogen+ 50% compost Not application 0.85¢ 4873a
icati d d
25% nitrogen+ 75% compost NoAtp;);:ocl?;;Ot?on 83; g%g?d
Application 0.990 2718¢
0,
100% compost Not application 1.042 2564¢
Application 0.32! 1193i
Control Not application 0.34k 1115
. Application 0.48i 3393¢
0,
100% nitrogen Not application 0.51i 31734
1 1 h a
omaion o
31 Dec. . Appr;]iocation 0.71° 37230
>0% nitrogent 50% compost Not application 0.72¢ 35200
1 1 d e
25% nitrogen+ 75% compost N?tpe?[}:)cl?ctz?on 82; %gggf
Application 0.93b 2235¢
[
100% compost Not application 0.962 2089h

I s e sl MJ>@Ju;>tc)a.U>LSD Osa5T ool igls &5 e 5 oS oo Sols €Ot o
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level using
LSD test
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Teble 7. Mean comparison for the average interaction of planting date and the combined consumption of
nitrogen fertilizer with compost fertilizer for soil temperature

Sowing date Combined use of nitrogen with compost Soil temperature (°C)
Control 12.752
100% nitrogen (F2) 9.83d
22 Nov 75% nitrogen+ 25% compost (F3) 9.664
’ 50% nitrogen+ 50% compost (F4) 7.66¢
25% nitrogen+ 75% compost (F5) 10.66¢
100% compost (F6) 11.83"
Control 15.332
100% nitrogen (F2) 12.664
11 Dec 75% nitrogen+ 25% compost (F3) 12.664
) 50% nitrogen+ 50% compost (F4) 10.66°¢
25% nitrogen+ 75% compost (F5) 13.91¢
100% compost (F6) 14.66°
Control 19.662
100% nitrogen (F2) 16.664
31 Dec 75% nitrogen+ 25% compost (F3) 16.584
’ 50% nitrogen+ 50% compost (F4) 13.58¢
25% nitrogen+ 75% compost (F5) 17.66¢
100% compost (F6) 18.58"

I Sl e gl A..aﬁ@dl.»;:-lc]aM):LSD O30T olal ki yls &S 2ie (o > S$u¢§p O g A >
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level using
LSD Test

S S S lon (Sl Cawgans” 395 1 059 55 095 (Al B pan S il dwlio-A Jeu
Table 8. Mean comparison for the effect combined use of nitrogen fertilizer with compost fertilizer

for soil EC
Combined use of nitrogen fertilizer with compost fertilizer EC (dSm)
Control 3.37f
100% nitrogen 100% nitrogen 3.70¢
75% nitrogen+ 25% compost 4.034
50% nitrogen+ 50% compost 4.26°
25% nitrogen+ 75% compost 4.35b
100% compost 4.562

I Sl sre gl .\.;ﬁ@du;’tc)M);LSD Osa5T ool igls &5 e 5 oS oo S0l €2 o
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level
using LSD test

S Sld § (O S Colad (g ol wby & o (S TL ST Ol Ao -1 Jeu>
Table 9. Mean comparison for the average effect of plant growth stimulating bacteria for soil EC and
soil temperature

Plant growth promoting rhizobacteria EC (dSm'!) Soil temperature (°C)
Application 3.98b 13.11°
Not application 4.112 14.128

I Sl e gl MJA@JWICEM):LSD 35T bl ki yls &S 2ie (o > Sbg_u;,:ﬁ'l:.u;)}:..»,n):
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level
using LSD test
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