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Introduction

One of the main challenges of modern agriculture in ensuring food security is development of strategies to
deal with potential negative impacts and adapt to climate change. To address this challenge, it is crucial to
investigate the effects of climatic factors on agricultural production at a spatiotemporal dimension, develop and
utilize crop management decision-support tools, and support targeted agronomic research and policy. These
endeavors necessitate the availability of accurate and standardized meteorological data.

Studying growth degree days and wheat phenology can significantly enhance our understanding of how
wheat growth responds to climate change and aid farmers in adapting to and effectively mitigating its influence.

Materials and Methods

To determine the environmental and management factors affecting the yield of irrigated and rainfed wheat in
different regions of North Khorasan province, we investigated the trend of yield changes from 1980 to 2009.
Subsequently, we simulated the wheat plant growth stages using the DSSAT model and analyzed the impact of
temperature and rainfall changes on yield through panel data analysis. Panel data analysis is a widely used
statistical method in social science, epidemiology, and econometrics for analyzing two-dimensional (typically
cross-sectional and longitudinal) panel data. This method involves collecting data over time from the same
individuals and conducting regression analysis across these two dimensions.

Results and Discussion

According to the results of this study, 63% of the changes in irrigated wheat yield between the years 1980-
2009 can be attributed to environmental factors (temperature and precipitation), while 37% can be attributed to
management factors. When comparing environmental parameters, it was observed that the number of
temperatures above 30°C (N30TMAX), mean temperature (GSTMEAN), interaction of amount and frequency of
precipitation (TPRAT * NPRAT) significantly affect yield (p < 0.05). Bojnord, Shirvan, and Esfarayen regions
exhibited significant positive cross-sectional effects in terms of environmental parameters, whereas Farooj, Raz-
Jargalan, Maneh Semelghan, and Jajarm regions displayed negative cross-sectional fixed effects.

A study examining the critical stages of wheat growth during good years (with high wheat grain yield) and
poor years (with low wheat grain yield) revealed that in all weak years, the minimum temperatures fell below the
critical level (-11°C). The occurrence of very low temperatures during the early stages of growth and primary
leaf production, which is the plant establishment stage, resulted in reduced photosynthesis levels and
subsequently severe yield reduction.

In all regions and for 100% of the studied years, irrigated wheat in the grain-filling stage experienced
temperatures above 30°C, leading to negative cross-sectional effects in Farooj, Raz-Jargalan, Maneh-Semelghan,
and Jajarm. The frequency of temperatures above 30°C during the hard dough stage of irrigated wheat was
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higher than that during the soft dough stage in all regions. Therefore, delaying the planting date from October
(the common planting date in the studied areas) would result in conflicts with high temperatures during the soft
dough stage and negative temperatures during the primary leaf production stage and plant establishment at the
beginning of the growing season, severely reducing yield.

Conclusion

In general, the results of this study demonstrated that implementing effective management methods,
particularly selecting the appropriate planting date, can lead to better adaptation of wheat's phenological stages to
environmental conditions. This, in turn, has the potential to enhance wheat yield.

Keywords: Climate adaptation, Panel data analysis, Phenology, Simulation model, Yield variability
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Figure 2- Comparison of observed and predicted average yield of irrigated wheat in Bojnord
The bold line and dotted line represent the 1:1 line and the regression line, respectively.
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Figure 3- The trend of changes in the average yield of irrigated wheat in Bojnord during the years 1980-2017
Bold and dotted lines indicate the annual average and regression line, respectively.
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Figure 4- Changes in environmental variable (the growing season length, a; maximum temperature, b; precipitation, c;
harvest index, d; minimum temperature, e; mean temperature, f) of irrigated wheat in Bojnord, Grid 109) during the years

1980-2017
Bold and dotted lines indicate the annual average and regression line, respectively.
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Table 1- Comparison of environmental variables affecting wheat yield in Bojnord (Grid 109) in the good (2002) and the weak

(2007) years about grain yield during 1980-2017

Environmental variable/ wheat growth characteristics

2002 (Good)

2007 (Weak)

P ) (S [ e ke op Jw dprd Jlo
Amount of precipitation (mm) during booting to the end of grain milk stage 36.1 13
£ Sed bl b bt )55 o 5l (S ke '
Number of precipitations during booting to the end of grain milk stage 5 3
Py Syt bl b dliw pyg loj 51 (Sl cleds dlass
Amount of precipitation in the flowering phase (mm) 0 0
2556 5 (SNl ol
Number of precipitation s during the growing season 59 49
Ay Juad Jobo 53 (S85,b ggecme
Amount of precipitation during the growing season (mm) 359.4 ey
2y Jad Jobo > (S5 ggexe ' '
Maximum temperature in flowering phase ("C) 1 21
2l als o o Sl glod 89 '
Minimum temperature during the growing season ("C)
. . -15.1 -21.29
by Jad Job jd JBls sles
Average temperature during the growing season ('C) 584 582
Wby Jad Job jd 5:0ke (glod ’ ’
The number of occurrences of temperatures above 30 °c during the growing season g8 sluss 1 3
Ay ad Jobo j0 0l)S ol ax Ve 5l 5YL clales
Maximum temperature during the growing season (°C) 33.9 307
a3y Jab Jsb 5o ks oo ' '
growth season (day)
. . 295 269
13y Jab g
Harvest index (%)
Y s 0.68 0.39
Cawld ua>Lu
The average yield of the grid (kg ha™
gey grid (kg ha") 3537 2082
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Figure 5- Changes in maximum temperature and growing degree days of developmental stages during the growing season of
irrigated wheat in Bojnord (Grid 109) in the good year (2002) and in the weak year (2007)
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Figure 6- Changes in minimum temperature growth degree days of developmental stages during the growing season of
irrigated wheat in Bojnord (Grid 109) in the good year (2002) and in the weak year (2007)
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Figure 7- Changes in precipitation growth degree days of developmental stages during the growing season of irrigated wheat
in Bojnord (Grid 109) in the good year (2002) and in the weak year (2007)
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Table 2- Comparison of environmental variables affecting wheat yield in Bojnord (Grid 110) in good (2002) and weak (2007)
years about grain yield during 1980-2017

Environmental variable / wheat growth characeristics 2002 (Good) 2007 (Weak)
P by Sy [ e piie o Jlw s Sl
Amount of precipitation (mm) during booting to the end of grain milk stage

. e . 46.1 15.39
PP e bl b aliw pysi ploj 5l (S5,b Jlade
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Figure 8- Changes in maximum temperature and growing degree days of developmental stages during the growing season of
irrigated wheat in Bojnord (Grid 110) in the good year (2002) and in the weak year (2007)
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Figure 9- Changes in minimum temperature and growing degree days of developmental stages during the growing season of
irrigated wheat in Bojnord (Grid 110) in the good year (2002) and in the weak year (2007)
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Figure 10- Changes in precipitation and growth degree days of developmental stages during the growing season of irrigated
wheat in Bojnord (Grid 110) in the good year (2002) and in the weak year (2007)
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Table 3- Frequency of climatic variables accident during growth stages of irrigated wheat in Bojnord (Grid 109) during 198-

Environmental variable Frequency (%)
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Figure 11- Coefficient of mechanization across north Khorasan province during 2005-2019
Bold and dotted lines indicate the annual averaged and regression, respectively.
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Introduction

Food security is one of the basic needs of any society. Studies have been conducted on the foliar application
of elements, especially silicon, calcium, and potassium, to reduce the adverse environmental effects on the
physico-mechanical properties of cereals and improve their growth and development in order to maintain food
security. Lodging, which is caused by a decrease in the mechanical properties of the plant stem's flexural
strength, is characterized by bending or fracture that changes the angle of the grain stem from the vertical
position. Due to the important factors involved, an important aspect of performance is directly and indirectly
related to the occurrence of fungal diseases and nutrient-related issues affecting the physico-mechanical
properties of the plant, such as flexural strength. The efficacy of silicon, calcium, and potassium in addressing
these concerns is notable.

Materials and Methods

This research was conducted at the research farm of the Faculty of Agriculture, Shahroud University of
Technology, located in Bastam. The seeds of the Reyhan cultivar, a high-yielding and early spring-type barley
plant suitable for regions with mild winters and short springs, were used in this study. Planting operations
followed agricultural principles, and irrigation was carried out using atmospheric and ridge methods. The first
irrigation took place after planting, and subsequent irrigations were performed at eight-day intervals. Harvesting
was done manually at the end of the growing period, specifically 115 days after planting.

The experiment followed a factorial design and utilized a randomized complete block design with three
replications. On July 11 (115 days after planting), a harvest sample measuring 50 cm? was taken from each
experimental plot, accounting for the margins, to determine the yield.

For the barley stem bending test, a three-point bending test was conducted using a material testing machine.
The probe applied a loading speed of 5 mm.min™. A specially designed jaw was used for the barley stem cutting
test, taking into consideration the characteristics of the barley plant. The incision test was performed on the
second median, and the loading speed was set at 20 mm.min™.

Results and Discussion

The main axial stem serves as a storage organ, supporting the filling grains through stock re-transference. A
desirable trait is having a higher dry weight in the stem. Among the treatments, foliar application of 6 mM
calcium chloride, along with sodium silicate at all three levels and spraying with 12 mM silicon at concentrations
of 150 and 300 mg.L™, showed statistically superior results.
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Stem diameter is an important attribute related to plant strength, stability, resistance to lodging, and certain
fungal diseases. The control plants had a stem diameter of 2.63 mm, which significantly improved with the
treatment compounds. Barley stem wall thickness increased significantly with both 150 and 300 mg.L™ levels of
calcium chloride, combined with all three levels of sodium silicate spraying. These factors play a role in
determining the ultimate photosynthetic destination, as well as the efficiency and economic production of the
target seed cultivar or crop.

The results indicated a significant increase in grain yield when simultaneously applying 10 mg.kg™ silicon
with 6 mM calcium chloride, showing a 65% improvement compared to the control. Treatment with three
potassium sulfate variations, combined with either 6 or 12 mM calcium chloride, or 12 mM calcium chloride
alone, enhanced the flexural strength of the stem by 75%, 60%, and 62%, respectively. Among the treatment
compounds studied, the shear strength of barley stems ranged from 2.63 MPa to 5.43 MPa. Plants treated with
sodium silicate at concentrations of both 150 and 30 ml.L™, in conjunction with 6 mM calcium chloride foliar
application, exhibited higher shear strength compared to other treatments.

Conclusion

This study demonstrated the tripartite effect of the treatments. The treatment composition derived from a
surface area of 300 ml.L™* of sodium, combined with 6 and 12 mM calcium chloride without potassium sulfate,
had the greatest impact on flexural strength and stem diameter.

Keywords: Calcium chloride, Cutting test, Potassium sulfate, Sodium silicate, Yield
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Sand Percentage 20.2
Clay Percentage 30.7
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Nitrogen Percentage 0.1
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Electrical conductivity dsS.m* 15

The acidity of the saturated extract - 7.8
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Table 2- Mean squares of dry matter in stem and Sheath, stem diameter, thickness of the stem wall and yield affected by
sodium silicate, calcium chloride and potassium sulfate foliar application

BYve iy IO eyl anys adle SUis 2ok e SUis ke a8lw yhd aBlw 8ylged Cwlns &y 3 Slos
S.0.V. d.f Stem dry matter Sheath dry matter Stem diameter  Stem wall thickness  Grain yield
)"S_J_ 2 42375.82 317.34 0.01 0.014 80749.86
Repetition
@) "_’*"\“ u o 2 2907.52 754.07 0.14** 0.0014 94920.52
Sodium silicate
(b)_ i J)’Js 2 292802.53* 642.17 0.095** 0.02** 49999.48
Calcium chloride
(©) WLJ s 1 31795.72 2695.39 0010 0.003 26781.37
Potassium sulfate
axb 4 77485.44** 2747.03 0.05** 0.012** 121240.05*
axc 2 235251.88** 2075.76 0.17** 0.0018 213002.02*
bxc 2 25182.07 1192.66 0.009 0.0027 10170.26
axbxc 4 586139.99** 9444.01** 0.33** 0.0059 92041.04
Erroris 34 16650.30 1047.33 0.009 0.0026 40542.75
Ol pds
P 1.00 22.82 3.39 13.48 19.17
CV (%)
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*and ** are significant at the probability level of 5% and 1%, respectively
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Figure 3- The effect of sodium silicate and calcium chloride foliar application on stem dry weight
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Figure 4- The effect of sodium silicate and potassium sulfate foliar application on stem dry weight
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Figure 5- The effect of sodium silicate and potassium sulfate foliar application on stem diameter
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Figure 6- The effect of sodium silicate and calcium chloride foliar application on stem diameter
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Figure 7- The effect of sodium silicate and calcium chloride foliar application on stem wall thickness
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Figure 9- The effect of sodium silicate and potassium sulfate foliar application on Grain yield
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Table 3- Mean squares of flexural and shear strength of stem under foliar application of sodium silicate, calcium chloride and
potassium sulfate

i aalio @il anyd Bl (ool Cuoglile a8l o 0 Croglio
S.O.V. d.f Stem flexural strength  Stem shear strength
Repetition ,I,s5 2 0.013** 1.54
(@) o 2L 2 0.005%* 139.88**
Sodium silicate
(B) el 15 2 0.003 36.77
Calcium chloride
© oy g 1 0.001 2354
Potassium sulfate
axb 4 0.001 162.02**
axc 2 0.0003 24.83
bxc 2 0.005** 35.13
axbxc 4 0.003* 27.28
Error s 34 0.00095 21.80
S S 26.7 25.2
CV (%)
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*and ** are significant at the probability level of 5% and 1%, respectively
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Table 4 - Mean comparison for stem and sheath dry matter, stem diameter, and stem flexural strength affected by the
interaction of foliar application of sodium silicate, calcium chloride, and potassium sulfate
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12 zero 449.20%" 175.90® 2.59 0.10%

20 889.80 141.200%% 2.90" 0.10%

Zero zero 875.10° 211.20° 3.15% 0.11b™

20 200.40' 9457 2.75Y 0.08%

150 6 zero 645.301 134.90°® 3,084 0.12°
20 1147.00° 164.50% 2.92%" 0.14%¢

19 zero 735.80%" 138.10°® 2.75Y 0.10%

20 1038.00% 108.40°% 3.19¢ 0.11°

Zero zero 546.30™" 173.50% 3.09%f 0.11°

20 626.00" 150.50 3.07%1 0.116°

300 6 zero 893.10¢ 105.70%%f 3.56" 0.119°«
20 702.90%" 149.10° 3.05%" 0.19%

19 zero 1098.00% 160.40% 3.98% 0.16%®

20 666.20°" 144,20 3.37° 0.099%
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Introduction

Covering a staggering 215 million hectares, wheat stands as the world's most extensively cultivated crop
plant. Just like its botanical counterparts, wheat operates as an obligate aerobic organism, implying its reliance
on absorbing oxygen from the surrounding environment to facilitate growth, proliferation, and the successful
completion of its life cycle. Annual instances of waterlogging stress inflict harm upon wheat crops, attributed to
inadequate irrigation practices, subpar drainage systems, uneven field leveling, elevated groundwater levels, the
presence of unyielding impermeable layers, and bouts of intense, abrupt rainfall. This adverse impact is
progressively escalating, potentially influenced by the ongoing shifts in climate patterns. Consequently, the
adoption of resilient cultivars and the genetic enhancement of bread wheat assume critical importance. These
strategies are aimed at augmenting the wheat's capacity to effectively cope with waterlogging stress, aligning it
with the mounting demands of a burgeoning global population.

To achieve these goals, it is necessary to understand the factors causing waterlogging stress damage in wheat
and to know the mechanisms of tolerance in this plant. The survival of root terminal meristem cells under
waterlogging stress conditions is very limited, and their ability to grow again after removing the stress is also
restricted. Waterlogging stress leads to the death of primary roots and reduced growth of lateral roots in wheat.
However, there is variation among wheat cultivars concerning these traits. Reduced access to oxygen hampers
root growth and nutrient absorption, including nitrogen. Consequently, photosynthesis and carbohydrate
availability decrease, further restricting root growth.

Materials and Methods

An outdoor pot experiment was conducted to investigate the effect of waterlogging stress on shoot and root
dry matter, as well as some physiological characteristics. The experiment followed a split-plot design based on
randomized complete blocks with three replications. The stress was applied at the three-leaf stage, and three
control levels were used: no waterlogging stress, mild stress (48 hours of waterlogging stress), and severe stress
(120 hours of waterlogging stress) as the main factors. Cultivars and genotypes were also included as secondary
factors.
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During the stress period, the water level was maintained at approximately 5 cm above the soil level. The
cultivation took place outdoors in plastic pots. Data analysis was performed using SAS software, and graphs
were generated using Excel software. Comparisons between treatments were based on the standard error. After
testing different models, the linear regression model was ultimately employed.

Results and Discussion

Mild and severe waterlogging stress resulted in a significant decrease in shoot dry matter of 14.06% and
38.37%, respectively, across all cultivars and genotypes. Different cultivars and genotypes exhibited varying
responses to waterlogging stress. To further understand the reasons for these differences, among the 21 cultivars
and genotypes, Mehrgan and Sarang cultivars, as well as ms 93-16 and ms 93-6 genotypes, were selected due to
their contrasting tolerance levels and yield potential. These selected cultivars and genotypes were studied to
analyze specific root traits.

Amidst severe waterlogging stress, a significant 38% reduction in root dry matter and a corresponding 29%
decrease in root volume were recorded when compared to stress-free conditions. This closely mirrored the
decline evident in shoot dry matter. Evaluation of the susceptibility index during the three-leaf stage unveiled
that sole resilience was exhibited by the Aflak cultivar. In contrast, the remaining cultivars and genotypes were
stratified into semi-tolerant and semi-susceptible categories.

Notably, regression analysis underscored that even brief periods of waterlogging stress ushered in a reduction
in dry matter. Furthermore, the elongation of the waterlogging duration magnified this decrease in dry matter,
thereby mitigating the disparities across various cultivars and genotypes.

Conclusion

In general, cultivars that were able to sustain higher levels of photosynthetic activity during waterlogging
stress demonstrated a lower percentage decrease in dry matter. Although the Mehrgan cultivar experienced a
significant reduction in dry matter yield and fell into the semi-sensitive group, it consistently exhibited
significantly higher dry matter yield compared to other cultivars and genotypes across all treatments.
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Table 1- Selected physical and chemical properties of soil
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Table 2- Metterological statics of Ahvaz Research Station during the experiment in 2020-2021
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Figure 1- Effect of severe and mild waterlogging stress on Shoot dry matter in 21 cultivars and genotypes of bread wheat at
the three-leaf stage
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Table 3- Variance analysis of traits 21 cultivars and genotypes of bread wheat under waterlogging stress at the three-leaf

stage
©la e n0be
i ke '
< ,:g 3.» d"}‘ oy Mean square —
o df S o3lo sl B3 15, Gl FogS S g
Dry matter Spad number Stomatal conductance Photorzzthesw
1S5)
b ')Q o* 2 0.867™ 3.02™ 1769.1"™ 2253.3"™
o 2 58.03 30124 934412"" 50141
Stress
@) O“E" ol 4 0.232 8.89 3320.2 1292.4
.a
%) 20 6.96 712" 41289 40118~
Cultivar
wé)xu:,ﬁ ,k * Hk *k
CulthvarStress 40 1.01 24.09 17193 896.7
(b) JEg g‘““ 120 0.287 10.98 420.8 349.6
Sl 114 6.1 12.9 148
C.V (%)

Al gas Yo e NS g Cawl Yo gine o yd S g gty o )3 i iy FF 4 *

*and ** are significant at the level of five and one percent, respectively, and ns is not significant.



Yol g lee el Sufslensed s She F 2 o Fls B8 T Jai b))l (o0 g LS

oo g Soke (B)5 S5 Jlesl loj e daym 09 0 RETTES)

Z

P8 SRS b lagss) g pB)l oli (Sis ole Sk halS bad Sgody i Jlasl floj e g Sid 3lo (ygs S

(OIS 2 33 0,5) s odle

(OIS 32 33 0,5) s odle

Dry matter (g pot?)

Dry matter (g pot?)

(Y JS8) 25 O Sy 5 oluolyy ety ) Sl 3l Ao £y bl
s ool LialS 4 oo 0 0By GeolisS sla i o>

40
35 . y =-0.102x + 26.152
30 ‘ R2=0.6088

0 20 40 60 80 100 120 140

(celw) 2B ye i Jles! Gloj oo
Time: duration of waterlogging stress (hours)

tByE OIS 2l 3 QU oS cigif 9 08, 1Y (atleh elail SWld o3ke 3,8Mes (ygaw 5, Y SIS
Figure 2- Regression of shoot dry matter yield of 21 cultivars and genotypes of bread wheat against waterlogging stress

40
35
30
25
20
15
10

5

0

y =-0.1255x + 28.499
R?=0.7235

4

0 20 40 60 80 100 120 140
(ceslw) 6,8 Li5 Jlos! loj e
Time: duration of waterlogging stress (hours)

S Tl 33 U oaiF lwsdond Coigi g pdy VY (2lgR eIl SUEA 23l 3,Ses (ygaw Sy —Y SO
Figure 3- Regression of shoot dry matter yield of 11 semi-sensitive cultivars and genotypes of bread wheat against

waterlogging stress
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Table 4- Ranking of different wheat cultivars and genotypes in terms of mild and severe waterlogging stress tolerance in the
three-leaf stage based on susceptibility index
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Aflak tolerant Jozcio Aflak tolerant Joie
Setareh semi tolerant Joociodos ms 9114 semi tolerant  Jesciodes
ms 9015 semi tolerant Jooriodass Khalil semi tolerant Jooriodess

Narin semi tolerant  Joociodas Narin semi tolerant  Joociodews
ms 928 semi tolerant Jexiodes ms 9316 semi tolerant Jooriodess

Barat semi tolerant  Josciodoss ms 9219 semi tolerant  Josciodss
ms 925 semi tolerant Jexiodes ms 925 semi tolerant Jooriodess
Sarang semi tolerant Joiodoss ms 9314 semi tolerant  Jesciodes
ms 9316 semi tolerant  Joociodn,s ms 928 semi tolerant  Jooxiodas
ms 933 semi tolerant  Joociodn,s ms 9015 semi tolerant  Josxiodas

Mehregan semi tolerant  Josciodes Sarang semi susceptible olusaos
ms 936 semi susceptible olusdss Chamran semi susceptible olusaos
ms 9114 semi susceptible olusass dh 8618 semi susceptible olusaos

Khalil semi susceptible jolusdo,s Mehregan semi susceptible olusaos
Chamran semi susceptible julusaoy Setareh semi susceptible _slusdos
ms 9314 semi susceptible olusacs ms 933 semi susceptible slusacs

Chamran 2 semi susceptible olusacs ms 936 semi susceptible olusdcs
Tiregan semi susceptible _ulusdos Tiregan semi susceptible olusdcs

Sirvan semi susceptible olusacs Sirvan semi susceptible olusdcs
ms 9219 semi susceptible olusacs Chamran 2 semi susceptible olusdcs
dh 8618 semi susceptible olusdas Barat semi susceptible olusacs

& oy Jesiie | el gy Sl gandids ulus ¥ B VD 5 olusdas VO B Y ¢ ostiodass VB +/0 ¢ Jozxio /0 be Camlus adls gl slacysss 5 o)

QAo
Cultivars and genotypes with a susceptibility index of 0 to 0.5 were classified as tolerant, 0.5 to 1 semi-tolerant, 1 to 1.5 semi-
susceptible, and 1.5 to 2 susceptible. in order from the most tolerant to the most susceptible
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Figure 4- Effect of severe and mild waterlogging stress on SPAD number in 21 cultivars and genotypes of bread wheat at the
three-leaf stage.
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Figure 5- Effect of severe and mild waterlogging stress on stomatal conductance in 21 cultivars and genotypes of bread wheat
at the three-leaf stage
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Figure 6- Effect of severe and mild waterlogging stress on photosynthesis rate in 21 cultivars and genotypes of bread wheat at
the three-leaf stage
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Figure 7- Effect of mild and severe waterlogging stress on root dry matter of bread wheat at the three-leaf stage
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Figure 9- Effect of mild and severe waterlogging stress on root-to-shoot dry matter ratio of bread wheat at the three-leaf
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Introduction

In recent decades, the introduction of high-yielding cultivars under optimal conditions has been the main
focus of grain research programs. The identification of wheat cultivars that have acceptable yields on different
planting dates has been taken into account.

Materials and Methods

The present split-plot test was performed with three replications in two cropping years, 2016-2017 and 2017-
2018. The main factor included three planting dates (October 20, November 20, and December 20 as early,
normal, and delayed planting dates), and the sub-factor included six wheat cultivars (Zare with winter growth
habits, Heidari, Pishgam, and Alvand with facultative growth habits, and Sirvan and Pishtaz with spring growth
habits). The soil was sampled from a depth of 0 to 30 cm before the experiment, and the physical and chemical
traits of the soil were determined. Land preparation steps were performed before the experiment. For this
purpose, a land area of 1500 m? was plowed by a reversible plow and then leveled. Fertilizer application was
performed based on the soil experiment results as 100 kg.ha™ of triple superphosphate, 100 kg.ha™ of potassium
sulfate, and 100 kg.ha™ of urea before planting. The rest of the urea fertilizer (200 kg.ha™) was applied at the
stage of stem emergence and the beginning of anthesis wheat. Iron, zinc, and manganese fertilizers were also
used from their sulfate sources at the rate of 0.2%, which were sprayed in two stages at the beginning of stalking
and spiking. Each plot was 5 m long and 2 m wide and consisted of 8 planting rows at a distance of 25 cm. A
distance of 50 cm was considered between the two sub-plots and 1 m between the two main plots. The required
seed for each experimental plot was determined and distributed based on the density of 400 seeds per m2 based
on the weight of 1000 seeds of each cultivar. Irrigation was performed immediately after planting. Agricultural
care was applied uniformly, including pest, disease, and weed control. In each subplot, 50 cm from the beginning
and end of the rows was considered as the margin. All data were subjected to ANOVA using the GLM procedure
of SAS (SAS 9.1) and means were compared by using the Duncan test at 5% probability level.

Results and Discussion

The results showed that delayed planting reduced nutrient uptake and increased the extinction coefficient.
Radiation use efficiency on the planting date of December 20 showed a reduction of 27% and 25%, compared to
the planting date of October 20 in 2016-2017 and 2017-2018, respectively. Also, on December 20, Sirvan and
Pishtaz cultivars with spring growth habits showed lower extinction coefficients and higher photosynthesis rates
than winter and facultative cultivars. On October 20 and November 20, the highest grain yield was obtained in
cultivars with winter and facultative growth habits. On December 20, the grain yield was higher in cultivars with
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facultative and spring growth habits than in winter cultivars. Late planting of wheat cultivars with winter growth
type, which must receive low temperatures for Vernalization, is very risky. Because delaying planting may lead
to a sharp decrease in yield .These negative consequences of the delay in planting may have occurred through
disruption of absorption of water, nutrients, and absorption of active photosynthetic radiation. Late cultivation
shortens the vegetative growth period and the plant enters the reproductive stage prematurely, and then the plant
faces a lack of photosynthetic resources. Also, the grain filling period is faced with drought and heat stress at the
end of the season and this final stress causes a sharp decrease in yield.

Conclusion

In general, the delayed planting significantly reduced grain yield, especially in cultivars with winter growth
habits. Therefore, it is recommended to use intermediate and spring cultivars for delayed cultivation.

Keywords: Growth habit, Harvest index, Leaf nitrogen, Radiation use efficiency
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Table 1- Weather variables of Mobarakeh city during the growing season of wheat plants in the years 2015-2016 and 2016-

2017
o, by glis anyd il Slas (15ke Sl (105Le Sl r’w ol
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Jl Month sl it M. il Average Average sl Monthly
Year Total Cumula'tlve Average minimum maximum sunny  evaporati
rainfall snow height  temperature
(mm) (cm) (Celsius) temperature  temperature hours on rate
(Celsius) (Celsius) (mm)
October 0 0 17.8 75 28.2 302.7 201.7
November 0.6 0 13.0 34 22.6 255 109.2
December 28 0 5.4 -1.8 12.6 211.6 3.2
January 6.6 0 5.9 -2.5 143 2311 0
2015-2016  February 12.8 0 44 -2.7 11.4 232.6 0
March 13.4 0 8.1 0.2 15.9 245.3 17.7
April 19.8 0 14.4 7.0 219 244.4 186.1
May 18.6 0 195 114 27.6 268.5 224.4
June - - - - - - -
October 0 0 17.8 7.3 28.3 303 199.3
November 0 0 12.3 2.4 22.1 258.9 113.9
December 0.7 0 55 -34 14.4 244.6 3.3
January 3.2 0 5.6 -2.9 14.2 226.3 0
2016-2017  February 14.9 0 6.7 -14 14.8 235.8 0
March 11.2 0 11.3 3.6 19.1 255.7 112.8
April 7.4 0 15.2 7.0 233 234.9 198.2
May 26.8 0 175 10.5 245 2255 210.6
June 8.4 0 24.9 16.6 33.2 346.1 323.8
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Table 2- Analysis of soil physical and chemical testing
Year Depth Texture EC_l pH O.C TNV N P K Mn Fe Cu Zn
(cm) (ds.m™) (%) (mg.kg™)
1395-96 0-30  Loam Silty 1.3 7.8 087 28 0.09 93 168 41 54 21 19
1396-97 0-30  Loam Silty 1.2 7.8 091 30 0.06 102 182 36 47 16 22
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Chlorophyll a = (mg.g™") = (12.7x0D.663) - (2.69x0D.645)xV/1000xW (v)
Chlorophyll b = (mg.g™) = (22.9x0D.645) - (4.680D.663)xV/1000xW (v)
Chlorophyll a+b = (mg.g™) = (8.02x0D.663) + (20.2x0D645)xV/1000xW (¥)
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Table 3- Analysis of variance (mean square) for studied traits elements and physiological of wheat influenced by different planting dates
and cultivars

st A a8 395 .. B . . . )
Jl O s 2o o4 . Syt hd Srewly  addyls Dby 5 JS Jedg i
Year S.0V &3 » Leaf P Leaf K Chla Chib Chla+b
DF Leaf N
"_’5“" . 2 0.146"™ 0.0002"™ 0.237"™ 2.68" 0.567" 0.887™
Replication
““5 &b 2 0.260" 0.001" 0.033"™ 0.617™ 0.314™ 1.813"
Planting date
Ve 4 0.053 0.0002 0.010 0.044 0.067 0.050
Error 1
1395-96 ) 5 0.0009 " 0.0001" 0.025™ 0.014" 0.017™ 0.055™
Cultivar
SSEEXE 19 00009™ 0.0001" 0.005™ 0.102"™ 0.001™ 0.016™
Interaction
Y 30 0.031 0.0001 0.015 0.005 0.005 0.015
Error 2
Sl e 9.0 56 95 33 6.3 112
CV (%)
’_"“' . 2 0.036" 0.000005"™ 0.203" 0.888™ 0.217" 0.252"
replication
““‘5 &b 2 0.394" 0.001" 0.075™ 0.618™ 0.694™ 0.620™
Planting date
M 4 0.079 0.00009 0.117 0.023 0.041 0.109
Error 1
~13% % 5 0.003" 0.0001" 0.043" 0.034™ 0.035™ 0.123™
97 Cultivar
”““5 ab x w4 10 0.012" 0.00005™ 0.021"™ 0.007™ 0.003"™ 0.010"
Interaction
Yl 30 0.021 0.0001 0.038 0.009 0.007 0.020
Error 2
et 75 5.7 156 9.9 7.9 9.2
CV (%)

ol Hly e pie gl yd w9 S Jlois ] e )3 (4l pxe i NS o FF X
#, %%, and ns are significant at the 1 and 5 percent probability level and non-significant, respectively.
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Table 4- Mean comparison of planting dates for leaf N, leaf P, chlorophyll a, chlorophyll b, chlorophyll a+b, and radiation use
efficiency of wheat

e e 1 e .. s . A b4 8
Culdls g, S5 059 S 51 yhund Jeds,lS Jed,lS S5 a8
- Chlorophyll a Chlorophyll b Chlorophyll a+b
Planting Leaf N Leaf P (mg g™ leaf fresh (mg g™ leaf fresh (mg g™ leaf fresh
date (%) (%) 99 99 " 99"
weight) weight) weight)
1395-96 1396-97  1395-96  1396-97 1395-96 1396-97  1395-96  1396-97  1395-96  1396-97
2o 2.10° 2.13° 0.2002 0.1972 251° 24872 1.292 1.252 3.80° 3.74°
120ctober
ol 1.97%® 194%™ 0.197%  0190®  236° 2.352 1.20%® 1.09 2 3.56° 3.44°2
11November
A 1.86° 1.83° 0.181° 0.182° 2.14° 2.12° 1.03° 0.86° 3.17°¢ 2.98°
11December

A5 gl hxe Caglis oy g Jlein] aaws 53 Sl g0l b (gt oy LS By b slaSile
Means followed by the same letters in each column are not significantly different by the Duncan test at 5% probability level.
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Table 5- Mean comparison of cultivars for chlorophyll a, chlorophyll b, and chlorophyll a+b of wheat

) by S b by 5 JS Undg S
~) Chlorophyll a Chlorophyll b Chlorophyll a+b
Cultivar (mg g’* leaf fresh weight) (mg g’* leaf fresh weight) (mg g* leaf fresh weight)
1395-96 1396-97 1395-96 1396-97 1395-96 1396-97
el 233 233 119 1.13° 3,52 3462
Zare
S 2.33% 2.34% 1220 1.13° 3.56 2 3.47°
Heidari
P 237 2.34® 1.21° 1.08% 358° 343°
Pishgam
9l 2.39° 2.40° 1.18% 1.08% 358° 3.48°
Alvand
u'_'”’”“ 2.29° 2.23¢ 1.13° 0.98°¢ 3.42° 3.22°
Sirvan
)L‘“’ 229" 2.26 "% 1.11° 1.00 3.41° 3.26°
Pishtaz
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Means followed by the same letters in each column are not significantly different by the Duncan test at 5% probability
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Table 6- Analysis of variance (mean square) for radiation extinction coefficient, radiation use efficiency, photosynthetic rate, biological
.yield, grain yield, and harvest index of wheat influenced by different planting dates and cultivars
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Table 7- Mean comparison of interactions of planting dates and cultivars for radiation extinction coefficient, photosynthetic
rate, biological yield, grain yield, and harvest index of wheat
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Introduction

Rice (Oryza sativa L.), as one of the most important cereals, is the main food of more than 50% of the
world's population. Excessive use of chemical fertilizers in paddy fields has caused many environmental
problems. Therefore, the application of biological fertilizers instead of chemical fertilizers to increase the yield
of crops and produce more food is one of the important goals of sustainable agriculture, which is necessary for
human life. Bacteria is an example of biological fertilizer used in agriculture, which plays an important role in
improving soil structure, improving plant growth, and increasing the quantitative and qualitative yield of crops.
Another biological stimulant of plants is amino acids, which can increase plant growth, improve nutrients
uptake, and increase grain yield and grain quality of crops. Methionine is the precursor of growth regulators such
as auxin, cytokinin, and brassinosteroids and is known as the most important growth-limiting amino acid in
plants. Lysine is an essential amino acid that is involved in the germination of pollen grains, chlorophyll
synthesis, and crop production. Therefore, the present study aimed to evaluate the effects of different strains of
plant growth-promoting bacteria and amino acids on growth, yield, and concentration of nutrients in rice.

Materials and Methods

The field experiment was arranged as a split-plot in a randomized complete block design with three
replications at the farmer's field located in Mazandaran province, Amol during 2019-2020 cropping seasons. In
the present research, the plant growth-promoting bacteria at five levels (control or without bacteria [Bg], P.
agglomerans strain O4 [B,], P. putida strain P13 + P. agglomerans strain P5 [B,], P. koreensis strain S14 + P.
vancouverensis strain S19 [B3] and combination of different strains [B4]) as the main factor and amino acids
foliar application in four levels (control or without amino acids [Ao], methionine [A4], lysine [A,] and
methionine + lysine [Az]) as the sub-factor were considered. The plant growth-promoting bacteria at the rate of
100 g.ha™* and amino acids at a concentration of 2.5 per thousand were applied in this study. At physiological
maturity, the growth, yield components, grain yield, and nutrients uptake (NPK) in grain were measured. A
combined analysis of variance was performed using SAS software version 9.2. Mean values were compared using
least significant difference (LSD) test at 5% probability level.

Results and Discussion

The outcomes established that the bacteria treatment exerted a notable impact on all examined traits,
excluding the count of fertile tillers per hill. Equally noteworthy, the amino acid intervention displayed
significance in terms of 1000-grain weight, grain yield, and nitrogen concentration in rice grains. However, the
interaction between bacteria and amino acids exhibited no significance across the quantitative and qualitative
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characteristics of rice. The concurrent utilization of bacteria strains, specifically B4, yielded substantial
enhancements in panicle length (24.22 cm), the count of filled grains per panicle (60.30 filled grains), 1000-grain
weight (28.52 g), grain yield (5097.50 kg.ha™), and the amelioration of nutrients concentrations. Notably,
nutrients like nitrogen (1.61%), phosphorus (7.04%), and potassium (1.53%) exhibited improvements in rice
grains, in comparison to instances involving separate strain applications and the control group. Simultaneous
foliar application of methionine and lysine amino acids resulted in maximum 1000-grain weight (26.90 g),
highest grain yield (4844.73 kg.ha'), and production of the greatest nitrogen content in grain (1.40%). In the
present research, the increase in grain yield by combined application of different bacteria strains might be due to
enhancing growth, improving yield components such as 1000-grain weight and filled grains number per panicle,
and increasing nutrients concentration (NPK) in rice. Also, the simultaneous foliar application of methionine and
lysine led to an increase in rice grain yield through increasing 1000-grain weight and improving nitrogen uptake
in rice grains.

Conclusion

According to the results of this experiment, the combined application of the bacteria strains (P. agglomerans
strain O4 + P. putida strain P13 + P. agglomerans strain P5 + P. koreensis strain S14 + P. vancouverensis strain
S19) and simultaneous foliar application of methionine and lysine can play an important role in improving
growth, yield and nutrients uptake in rice grains.

Keywords: Grain yield, Lysine, Methionine, NPK concentration, Plant growth promoting bacteria
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Table 1- Physicochemical properties of soil at a depth of 0 to 30 cm
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Table 2- Growth characteristics of Hashemi cultivar
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Table 3- Combined analysis of variance for morphological traits, yield components and grain yield of rice under treatments
of bacteria and amino acids
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Source of i Ao - M”_‘J’b as PRIY > 5 O Ly s, Sdes
variation P adi ] 8! Panicle e ) ) 1000-grain Grain vield

af length No. fert_llg No. filled grains weight y
tillers hill panicle
Year (Y) J 1 0.48™ 0.005™ 67.96" 1.07"™ 1201200.3"
ReplicationxY Jlx)|,S5 4 0.72 0.67 4.53 0.092 22786.8
Bacteria (B) &L 4 12.37" 0.040™ 615.11™ 35.12™ 1580853.3"
YxB &S Lo 4 0.018™ 0.078™ 0.50™ 0.082"™ 114522.3"
Error s 16 0.44 0.69 9.68 0.63 25638.8
Amino acids (A) ol spusl 3 0.070™ 0.011™ 3.81"™ 1.33" 192183.1"
YxA il e JLo 3 0.003™ 0.014"™ 0.056"™ 0.103™ 2261.9™
BxA el dlbk g S 12 0.005™ 0.005™ 0.150™ 0.058"™ 15131.0™
Spobx g 7S¢ Jlo
Yx BxA ; 12 0.012™ 0.030™ 0.065™ 0.019™ 18793.5™
Error s 60 0.46 1.08 6.97 0.32 43687.5
CV (%) Ol S G s - 2.9 55 4.9 21 4.4
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" *and ~: Not-significant and significant at 5% and 1% probability levels, respectively
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Table 4- Mean comparison of morphological traits, yield components and grain yield of rice under treatments of bacteria and

amino acids
- Pl dlan 3y dild dlasd . .
sl s ko awgs Job s s 4> 415 439 4> 3 Slos
Ex erirr;ental treat“ments Panicle length o S 1000-grain Grain yield
p (cm) No. fe;ti::?ltlllers No.g!:]eiglgflams weight (g) (kg ha®)
(Year) Ju
(First) Jo! 23.29 18.98a 53.24b 26.56a 4639.98b
(Second) g 23.41a 18.97a 54.75a 26.75a 4840.08a
(Bacteria) ¢ zSL
Bo 22.32d 18.93a 47.54e 25.13c 4487.04d
B, 23.76b 18.94a 57.53b 26.70b 4889.88b
B, 23.10c 18.99a 51.10d 26.50b 4520.96d
Bs 23.35¢c 18.97a 53.51c 26.42b 4704.79¢c
B, 24.22a 19.03a 60.30a 28.52a 5097.50a
(Amino acids) aiel sl
Ay 23.29a 18.96a 53.58a 26.39b 4651.67b
Ay 23.33a 18.95a 53.84a 26.63ab 4719.33b
A, 23.38a 18.98a 54.16a 26.70a 4744.40ab
A; 23.40a 19.00a 54.40a 26.90a 4844.73a
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Means followed by similar letters in each column are not significantly different at 5% level of probability according to the LSD test.
B,: control or without bacteria, B,: P. agglomerans strain O4, B,: P. putida strain P13 + P. agglomerans strain P5, B: P. koreensis
strain S14 + P. vancouverensis strain S19, B,: combination of B; + B, + B;
Ay: control or without amino acids, A;: methionine, A,: lysine, As: methionine + lysine
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Figure 1- Mean comparison of interaction between year x bacteria on grain yield of rice
By: control or without bacteria, B;: P. agglomerans strain O4, B,: P. putida strain P13 + P. agglomerans strain P5, B;: P. koreensis
strain S14 + P. vancouverensis strain S19, B,: combination of B, + B, + B;
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Table 5- Combined analysis of variance for concentration of nutrients in grain of rice under treatments of bacteria and

amino acids
Source of ~ ) Wil 4D (594w clalé aily 45 phud clale Al 45 pawly cdals
variation i gl <3 N concentration in P concentration in K concentration in
df grain grain grain
Year (Y) Jus 1 0.225™ 0.018™ 0.191™
ReplicationxY Jlox 1,5 4 0.033 0.147 0.004
Bacteria (B) e 4 1.133" 5.443™ 0.295™
YxB &S x 4 0.023™ 0.019™ 0.003"™
Error s 16 0.032 0.160 0.019
Amino acids (A) el Sl 3 0.098" 0.173"™ 0.024™
YxA aigol i JLo 0.002™ 0.013™ 0.001™
BxA el Sl g Sy 12 0.014™ 0.012™ 0.005™
Yx BXA debics Sl 12 0.002" 0.005™ 0.000"
Aol
Error s 60 0.024 0.182 0.022
CV (%) Sl o 5 - 11.9 6.6 10.5
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, “and ™: Not-significant and significant at 5% and 1% probability levels, respectively
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Table 6- Mean comparison of concentration of nutrients in grain of rice under treatments of bacteria and amino acids

1> 43 gy Cals

by ud clils A1 43 el Cdale

oibojl (S jlosi AR o .
Experimental treatments N concentration in grain P concentration in grain K concentration in grain
P (%) (%) (%)
(Year) J
(First) Js| 1.28b 6.49 1.37b
(Second) 45 1.36a 6.52a 1.45a
(Bacteria) ¢S\

Bo 1.10d 6.01c 1.29¢c

B, 1.48b 6.45b 1.41b

B, 1.15d 6.95a 1.32c

Bj 1.27c 6.08c 1.52a

B, 1.61a 7.04a 1.53a

(Amino acids) auel sl

Ay 1.27b 6.42a 1.39

A 1.30b 6.49a 1.40a

A, 1.31b 6.51a 1.41a

Az 1.40a 6.60a 1.45a

sl e Hld gxe M 331 oy gy Jlein] aws 3 LSD (905l (ol (ygias s p3 il By 5 Jolis (gl (sl pSibee
Means followed by similar letters in each column are not significantly different at 5% level of probability according to the LSD test.
B,: control or without bacteria, B;: P. agglomerans strain O4, B,: P. putida strain P13 + P. agglomerans strain P5, B3: P. koreensis
strain S14 + P. vancouverensis strain S19, B,: combination of B; + B, + B3
Ay: control or without amino acids, A;: methionine, A,: lysine, Az: methionine + lysine
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Introduction

Salinity stands as a significant environmental stressor that profoundly curtails the growth and yield of crop
plants. This adversity also extends to the impairment of pigments and plastids, leading to diminished chlorophyll
indices, rates, and grain-filling durations. To counteract the deleterious impact of such stressors on plant growth,
a spectrum of strategies has been devised. Prominent among these strategies are plant growth-promoting
rhizobacteria, exemplified by azospirillum, and the utilization of nanoparticles like zinc and silicon. These
factors play a pivotal role in elevating yield outcomes. Zinc's pivotal involvement spans protein metabolism,
photosynthetic activities, and diverse physiological traits within plants. Particularly noteworthy is its
contribution to rectifying zinc deficiency, a particularly critical concern in plants cultivated in high-pH soils.
Notably, recent research has illuminated the potential of applying minute quantities of micronutrients, notably
zinc via foliar spraying, in bolstering plant resilience against salt stress. Likewise, silicon emerges as a
supplemental micronutrient that imparts heightened resistance to environmental stresses, fostering increased
resilience within biological systems. Therefore, this study aimed to evaluate the effects of application of plant
growth-promoting rhizobacteria and nanoparticles (zinc and silicon) on the yield, photosynthetic pigments, and
filling components of triticale grain under salt stress.

Materials and Methods

This experiment was conducted as factorial based on a randomized complete block design with three
replications in greenhouse research of the Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili in 2022. Factors experimental included salinity at three levels (no salinity as control,
application of 60, 120 mM salinity) by NaCl, application of PGPR at two levels (no inoculation as control and
seed inoculation with Azospirillium), and foliar application of nanoparticles at four levels (foliar application with
water as control, foliar application of 0.8 g.L™* nano zinc oxide, foliar application 50 mg.L™ nano silicon, foliar
application both of nano zinc oxide (0.4 g.L™) and nano silicon (25 mg.L™). The strains and cell densities of
microorganisms used as PGPR in this experiment were 1x10’ bacteria per milliliter (10" cfu.ml™). A two-part
linear model was used to quantify the grain-filling parameters. In this study, grain dry weight and number were
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used to calculate the average grain weight for each sample. Total duration of grain filling was determined for
each treatment combination by fitting a bilinear model:

_(a+ bty t <ty
GW_{a+bt t=>to

where GW is the grain dry weight; a, the GW-intercept; b, the slope of grain weight indicating grain filling
rate; t, the days after earring; and to, physiological maturity. The effective grain filling period (EGFD) was
calculated from the following equation:

EGFD = the highest grain weight (g)/rate of grain filling (g day™).

Results and Discussion

The results showed that application of Azospirillium and foliar application of nano zinc-silicon oxide under
no salinity increased chlorophyll a (38.42%), chlorophyll b (41.76%), total chlorophyll (39.39%), carotenoids
(53.99%), root weight (62.61%), grain filling rate (16.37%), grain filling period and effective grain filling period
(21.28 and 29.78%) and grain yield (47.23%) in compared to no application of Azospirillium and nanoparticles
under 120 mM salinity. Application of Azospirillium and foliar application nano zinc-silicon oxide under 60 mM
salinity also increased chlorophyll a (31.4%), chlorophyll b (34.35%), total chlorophyll (32%), carotenoids
(45.68%), root weight (57.14%), grain filling rate (15.21%), grain filling period and effective grain filling period
(21.29 and 28.16%) and grain yield (35.67%) in compared to the application of Azospirillium and nanoparticles
under 120 mM salinity. According to this study, application of Azospirillium and nanoparticles (zinc and silicon)
can increase yield of ftriticale grain under salinity stress such as no salinity due to the improvement of
photosynthetic pigments content and grain filling components.

Keywords: Azospirillium, Chlorophyll content, Grain filling period, Root weight
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Table 2- Variance analysis of the effect of Azospirillum and nanoparticles (zinc and silicon) on the content of photosynthetic
pigments under salinity stress

o a Ol o (5o Mean Square
i gl g - : : -
d.f  Chlorophylla Chlorophyllb Total chlorophyll Cartenoeide
Replication 1,5 2 2.051" 1.54™ 7.167 0.096™
Salinity (S) s 2 0.62" 0.307™ 1.79” 0.04™
Azospirillum (A) pacdpessi/ 1 0.22" 0.16™ 0.76" 0.016™
Nanoparticles (N) 1356 3 0.508™ 0.083™ 0.99” 0.015™
SxA 2 0.057" 0.0142" 011" 0.00015™
SxN 6 0.018™ 0.0149" 0.032™ 0.00077"
AxN 3 0.013™ 0.0024™ 0.0202"™ 0.0012™
SxAxN 6 0.071™ 0.028™ 0.18" 0.0034™
Error s 46 0.016 0.0052 0.027 0.0009
CV (/) &lys cnpd 43 5.1 38 73

o pd S5 g g Jlein] pdaw ) 5 e g )b Sxe juE i w9 % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

S 3988 i Cod (g himgd (SIS, (lgxe i (55l 9 (§9,) 13393 5 oards yewrs i U (pSile Ao —Y Jga
Table 3- Mean comparison of effect of Azospirillum and nanopatrticles (zinc and silicon) on photosynthetic pigments contents
under saltinity stress

Sl a Jidg i b Judg i5 JS Jsdy i Mgy,
Treatments Chlorophylla Chlorophyll b Chlorophyll total Carotenoid
(mg. g FW™)
SixAxN; 2.76"" 1.292°™ 4.052" 0.379™™
S1xAxN, 2.92mm 1.366%" 4.286%" 0.429°"
S1xA;xN; 3.21%°¢ 1.495%" 4.709¢ 0.468%¢
S1xAxN, 3.29%°¢ 1.589¢ 4.879%° 0.488°
S1xAXN; 3.13%¢ 1.475°9 4.605%f 0.442%9
S1xAXN, 3.25%¢ 1.567%°¢ 4.817%4 0.464%¢
S;xA,xN,g 3.31"9 1.659% 4.969% 0.478%¢
S1xA XN, 3.35° 1.626% 4,982 0.482%°
SxAxN; 2.86"" 1.400%7 4.264%7 0.398%%
S,xA1xN, 2.79%" 1.327"" 4.120" 0.339™
S,xA;xN;g 2.83" 1.350™ 4.180™ 0.364™
SxAxN, 3.17%9 1.448%" 4.618°" 0.437""
SxAxN; 2.77%" 1.276<™m 4.053" 0.353%"
S,xAxN, 3.01¢ 1.392M 4.405™" 0.422%1
S,xA,xNjg 3.07" 1.514"¢ 4.584°%" 0.448%f
Sx AN, 3.18%f 1.541%¢ 4.721%¢ 0.456*°
SgxAxN; 2.42° 1.147" 3.574% 0.313"
S3xAxN, 2.96%" 1.290"™ 4.257% 0.371m
S3xA; XN, 2.91m 1.214™ 4.131" 0.348""
SaxAxN, 2.98™ 1.304™ 4,287 0.400"*
SgxAxN; 2.71™ 1.407°% 4.120" 0.377"™™
SgxAxN, 2.70" 1.229™ 3.936/ 0.373"™
S3xA,xNg 2.86"" 1.248"" 4.111" 0.390™
SxAxN, 3.09%" 1.422% 45199 0.411°%)
LSD 0.01 0.20 0.118 0.273 0.049

Na 5 Ng No Ny pplsouos T 55 L ks gl 5 anld plsicas il pas oot Ag g AL V5o ke Ve 570 (693 9 395 Jlosl pias <0y S35 52 Sy
5 89y 1nS1l pls (2L Jslowo g (sSelwsih 2 )3 p 5 e B+ il Jlxe 59 2SIl 2 1 p 5 A il Jlme canld lgieds Ol b 2L Jslowe (o ey
Ll e b LSD O}"j ool 3 (gl gime d)bj BN gy 53 aliie Bgy b (olo (1:S0ke 58w i
S1,S; and S are no salinity, salinity of 60 and 120 mM respectively. A; and A, are no inoculation as control and seed inoculation
with Azospirillum. N;, N5, N3 and N, are foliar application with water as control, foliar application of 0.8 g.L™* nano Zn oxide, 50

mg.L™ nano Si oxide, foliar application both of nano zn-si oxide respectively. Means with similar letters in each column are not
g pp P y
significantly different based on LSD test.
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L basye liv g (Jsho Oloud g jiwgid (ials corge et
Bandeh Haq, Kazemi, Valizadeh, & )i o 3, Sles
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sleg S ap)ls as s S oLy (Kale Sarlou et al., 2021
9 ddey 2 9 09 S0 Gkl 6pgd Laulpd 3 8 Sye
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Sl s 1 e dge Doty o go il Cuomw 4y (g wgid
2o dois &S Wb 4 laclymg S0 Js] o M) s IS 5
dbe (g JLS 2058 en 2 (rimen 9 olS )3 pde el
Aol i bl s g il 5 il s o ere Gl (1Sa
Ad5e5 less (Khalilzadeh et al., 2017) -l ,)LSan 4 o3lj s
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Table 4- Variance analysis of the effect of Azospirillum and nanoparticles (zinc and silicon) on grain filling components,
volume and root weight of triticale under saltinity stress

Mean Square <las po  wSilw

a» s g

2,95 Job

Oy g0 093

&l ‘5‘,,.; &> 59 Sl . . . S 039 Al ) e
SOV d f) Maximum grain as "’M’J M"_ "’M’J ?"’b . Ay Root
. weight . Grain Grainfilling  Effective grain Root weight volume
illing rate period filling period
Replication 1,5 0.000395™ 5.6x107" 3.22™ 8.045™ 0.028796™  1201.5901"
Salinity (S) 9 0.000394™ 3.82x10%" 65.62" 83.122™ 0.043315™  970.6334™
(A) sl s/ 1 0.000204" 1.56x10%" 35.29" 47.303" 0.0412802"°  496.6501"
Azospirillum
N) C"”_’“ 3 0.000214™ 1.79x10°%" 35.66" 47.63" 0.027622  355.1916™
Nanoparticles
SxA 2 0.0000056"™ 6.51x10720 0.776"™ 0.93™ 0.0004044"™ 8.6468"™
SxN 6 0.00001395" 5.13x10°" 2.496"™ 1.871"™ 0.0016933" 4.0649™
AxN 3 0.00000416"™ 6.48x10°°" 1.0003™ 1.955" 0.0024082" 8.5949™
SxAXN 6 0.0000325™ 7.56x10°%" 7.701™ 5.996™ 0.0024895™  58.686™
Error s 46 0.000006 1.75x10° 1.322 1.02 0.000644 12.7594
CV () &y 5.1 2.7 2.9 3.2 55 4.4

o )d S5 g gy Jlein] gdaw p3 3 gxe g ) Gre pE iy w9 % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 5- Comparison of the average effect of Azospirillum and nanoparticles (zinc and silicon) on grain filling components

and dry weight and root volume of triticale under salt stress

SWid 459

o RECTRET 295 Jgb . Ay o>
&l (59 810 . 1D o 1 590 0,90
. : . &l FHEORW O . e ety Root
Lows Maximum grain o G Effective grain-filling ;
/ . fill fill . Root weight volume
Treatments weight Grain filling Grain filling period 3
rate period g per) cm® per )
(@) . (day)

(g.day™) (day) (plant (plant
S xA XN, 0.0438%" 0.001506%¢ 37.53% 29.066% 0.409™% 74.23kM
S xA XN, 0.0492"¢ 0.001586%¢ 39.60"¢ 31.062° 0.465%¢ 85.26%¢
SxAxN; 0.0535° 0.001583%*¢ 41.82° 33.838° 0.515%¢ 88.10%°
SxAxN, 0.054° 0.001583%*¢ 41.82° 34.176° 0.524% 91.46%
SxAXN; 0.0509%¢ 0.00155%¢ 40.89% 32.877° 0.474%f 87.40%¢
SxA XN, 0.0542° 0.001603%® 41.89° 33.860° 0.529° 89.53%¢
S;xA%Nj 0.0546° 0.001606% 41.94% 34.083° 0.532° 90.46*°
S1xAXN, 0.0549° 0.001613° 41.86° 34.094° 0.535° 92.83°
SoxAXN; 00.0461°" 0.001566*° 38.89°¢ 29.501"7 0.393" 73.96™
S,xA XN, 0.0409' 0.00142" 36.70f 28.472M 0.372% 72.93'M
SpxAxN; 0.0481°" 0.001553*¢ 39.44"¢ 30.982" 0.454°°9 72.76™
S,xA XN, 0.0524% 0.00156%° 41.63° 33.679° 0.503%¢ 80.30%
SpxAXN; 0.0463%" 0.001523%9 38.75%¢ 30.428™ 0.432¢%" 70.93™
S,xAXN, 0.0514%¢ 0.001573%¢ 41.21%® 32.778° 0.486%¢ 83.40°"
S;xAyxN; 0.0531%® 0.00158%¢ 41.71° 33.535° 0.508%° 84.56"
S,xAXN, 0.0537° 0.001593% 41.91° 33.789° 0.517%® 86.80""
SaxAxN; 0.0363" 0.001386' 34,589 26.270° 0.329' 66.40"
S3xAxN, 0.0449"" 0.00154"9 38.22°" 29.196% 0.380¢ 75.56"™
SyxAxN; 0.0426" 0.001493"" 37.07%" 28.497¢ 0.403™ 71.93™
SexA;xN, 0.0471%¢ 0.001543"" 38.95% 30.534% 0.442"" 78.86™
SaxApxN; 0.0418i 0.001483"™" 37.01° 28.277° 0.444™ 73.80%™

SaxA XN, 0.0417" 0.001473%" 36.53" 28.310° 0.388% 76"
S3xAyxN; 0.0048" 0.00151%9 38.04%" 29.685"¢ 0.423%1 77.80"
S3xAXN, 0.0518%¢ 0.001573%¢ 41.31% 33.008° 0.495%* 81.30"

LSD 0.01 0.004 0.0001 1.889 1.6603 0.0417 5.87

N, 9 N3 N, [Ny f}:.éﬂ}/[d).fb Lyd zudls g ald lgicay il pae Co gy A, 5A1 DY se o VYe 550 6y g (69 Jlosl pas i ey S3 9 S, S
9 92 2SI plgi B Jplone 5 (5Sebuwgli 12 13 £)5 s B4 (Bl Jalone (59 2SIl 2 )3 )5 I (Bl Jplone cals lisar T b (b Jgous i i
35yl oo L LSD 05,4)'1 ool o (gl gime &bl M3 o5 5 50 dlie By b gl 1Sk . y5Slungil
S1, Sy, and S; are no salinity, salinity of 60 and 120 mM respectively. A; and A, are no inoculation as control and seed inoculation
with Azospirillium. Ny, No, N3 and N, are foliar application with water as control, foliar application of 0.8 g.L™* nano Zn oxide, 50

mg.L™ nano Si oxide, and foliar application both of nano zn-si oxide respectively. Means with similar letters in each column are not
significantly different based on the LSD test.

b odnlie (6)98 Jlosl pas kulys ) ldgil plg 3k Joloce
Sye 6558L 0,5 pas b duolie 3 (ghoyd YV/A 158l 51 &S
Joiz) 392 53095 50 Voo den W (6)58 o )b iU 5 )
5 59y STl plgs (B glons g pacls s/ 328 <iman (Y
A s a0b Ao (59 (o > YFIF ol i8l coge (eSidiw

(A Jgi2) 48 @39l 5 Ay S e (538 L 3 ) pas Lalys

s Jodo mls 1l do (39 9 dlaiw 4> 15 dlad

b sdore ) Syzme (685 JiS ey 45 Ob LS i)l
F Jodn) by ixe aliw 3 &l aluw y (5508 5 5 el
Slydglb (Bb Jeloe iy Syme (6581 0 )8 Cod &l ko 58
5 M) Sy 538k G 5 osd BB 5 (LsSeke 5 55))
(7 Joaz) 9= o me (0S5 9)) @390 (8l Jgles
5 Sy 658 0,8 pae o aliiw p ash olas ) i



A~} 2 Oy slizl g Griawed ailass, p ,a,,,.é):,.wjj/’g (095w 9 69)) ©ly3gil Jil () Sod g 00 juoxo

S i Cod ISy 5 5 S (sl 9 3,50es 12 (oSl 9 (59,) 1)393U g ol sy i/ 13U uily g @355 =T Jgaa
Table 6- Variance analysis of the effect of Azospirillum and nanoparticles (zinc and silicon) on yield and yield components of
triticale under salinity stress

e 4, Mean square  la wo (35bo
Sé:)V el Al Job Ao 45 Ald dlaxs &l s 39 &15 5 Shas
df  Spike length  Number of grains per spike  100grain weigh  Grain yield
Replication ,,$5 2 16.25™ 309.79™ 404" 1.84™
Salinity (S) (5,9 2 9.55™ 271.61" 481" 1.099™
(A) f’f@_’?‘”’)'/ 1 6.66" 128.53™ 2.48" 0.072"
Azospirillum
Nanoparticles (N) wlgt 3 479" 99.22" 1.48" 0.56™
SxA 2 0.52" 1.59™ 0.12" 0.051™
SxN 6 0.44™ 13.53" 0.03™ 0.03™
AxN 3 056" 11917 0.14" 0.015™
SxAxN 6 0.98™ 38.67" 0.11™ 0.06™
Error s 46 0.13 3.88 0./05 0.017
CV (1) ol cups 4.1 4.7 5.1 5.3

o pd S5 g g Jlein] pdaw ) 5 e g )b Sxe juE i w9 % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

S (A5 L0 A 5 3,Shes (gl g 3,Mas 2 (9w 5 595) ©,39U 5 opalr vy i/ U (0le drmlie -V Jgo
Table 7- Mean comparison of the effect of Azospirillum and nanoparticles (zinc and silicon) on yield and yield components of
triticale under salinity stress

aouw Job 41> 3 Slos

sos Spike length 5 d'f" 31z ) Grain yield
Treatments (cm) Number of grains per spike (g per plant)
S1xAxN; 7.73° 39.20™ 2.23M
S1xAxN, 8.80"« 43.10%9 2.67%f
S1xA;xN; 9.46°9 47.06%° 2.73%¢
S1xAxN, 107° 48.60° 2.89%°
S1xAXN; 9.33%" 45.20¢ 2.60%"
S1xA%N, 9.86%¢ 46.46%° 2.76%¢
S1xA%N; 10.40° 47.43%° 2.91%
S1xAxN, 10.20% 48.03% 2.93%
S,xAxN; 8.40%" 40.23% 2.4497
S,xAxN, 8.56™ 35.50™ 2.36"™
S,xA;xN, 8.70" 37.46M 2.459%"
S,xAxN, 9.20°%" 44 56T 2.64%9
S,xAXN; 8.20"° 36.90%™ 2.15™°
S,xA%N, 8.96%* 42.10°" 2.48™
S,xA,xNg 9.63"f 45.63%¢ 2.56%1
S,xA XN, 9.76"° 46.16% 2.70"¢
SexAxN; 6.90° 32.86" 1.99™P
SgxAxN, 8.80M« 41.80" 251
S3x AN 7.86™ 35.96"" 2.21mP
SgxA XN, 8.40%" 40.73% 2.41™m
SaxAxN; 8.63"™ 41.13% 2.10p
SxAxN, 7.96™ 38,73 2.27%°
Sax AN, 8.10™° 40.039% 2.307°
S3xAXN, 9.06" 41.33% 252
LSD 0.01 0.59 3.23 0.219

Ng s N3 Ny N; ~/°}t~é,t.‘-‘“}J'/-d)5LI b il 5 el lgieds il pas cuipiay Ag 9 Ap jYo0 Lo WWe 50 (55 5 59 Jlos! pae i ey S;3 9 S, S
5 89y STl pls (3L Jslowo g (9Sebessih 2 )3 5 ee B+ (L3 Sslxe g9 AemSTol ) 1 5 A (LBl Jplre i plyisas O b (3L sle e
Ll e b LSD O}"j ool o (gl gime d)bj BN gy 53 aliie Bgy b (olo (1:S0ke 5w i
S1, S, and S; are no salinity, salinity of 60 and 120 mM respectively. A; and A, are no inoculation as control and seed inoculation
with Azospirillium. Ny, N5, N3 and N, are foliar application with water as control, foliar application of 0.8 g.L™ nano Zn oxide, 50

mg.L* nano Si oxide, and foliar application both of nano zn-si oxide respectively. Means with similar letters in each column are not
significant.
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5 9) 9Ll (Bl sloxe 5 ok gl 3,8 piman

Fo/o¥ ialidl crge V5o hio o 6y9-d baalyd 53 (Sl
(HY g0 eoIV+) (sy0 gam 4 Conas Al )d &b Dl (ghuoyd
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23 (K 40l> b 0)93 Jo-bo g 03)9 dlge JUSI sy
2,5 sl 4 .(Jongkaettana, Geng, Hill, & Miler, 1993)
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Table 8- mean comparison of the main effects salinity, Azospirillum and nanoparticles (zinc and silicon) on hundred grain
weight of triticale

Treatments ;Lo 4 2o 49
Salinity levels (g, gl 100 grain weight (g)

S; 4.871°

S, 4.499°

S; 3.98°

LSD 0.01 0.133
Bacteria ¢ s 100 grain weight (g) 4l xo 39

A 4.264°

A, 4.636°

LSD 0.01 0.108
Foliar application _sbJsl=e 100 grain weight (g) b so (34

N, 4.153°

N, 4.217°

N 4.602°

N, 4.827°

LSD 0.01 0.153

Ny g Na No Ny sl 578k b sk gudls 5 a0ls Glsisd; ol pis oia Ag g AL Vool We 570 (698 5 50 Jlosl pas 554835, )
5595 2pST5l pla (o3l Jglome 5 ()3Sebesih 2 53 25 o B0 (Bl slo ccs9) 4pmSTgl 1) )3 25 A il Jsle el lgieas T L kgl o iy
)15 o0 1 LSD (5051 ol y2 5l sino olel MBI (ygts yo0 5 it By o b sloseSilie - 1gSekowsil
S1, S, and S; are no salinity, salinity of 60 and 120 mM respectively. A; and A, are no inoculation as control and seed inoculation
with Azospirillium. Ny, Ny, N3 and N, are foliar application with water as control, foliar application of 0.8 g.L™* nano Zn oxide, 50
mg.L™ nano Si oxide, and foliar application both of nano zn-si oxide respectively. Means with similar letters in each column are not
significant.

B3 S byl g Cosi WISy 5 D o (359 2 (oSl 9 (59)) ©1y3930 5 ol smaws ] U (ko dmnnilile -4 Jgo
Table 9- Mean comparison of the effects of Azospirillum and nanoparticles (zinc and silicon) on the hundred-grain weight of

triticale
o AxNy  AxNy  AiXN3 ANy ApxNp AN, AXN3  AxN,  LSD 0.01
Treatments
b 2o 0js 3.958%  3.907%  4.47° 47220 4348 4527® 4.735® 4.932°  0.434
100 Grains Weight (g)

52 )5 TN 3l glxe canlis plyisas Ol b (o3l Jslome < iar Ni 5 Ny Np Ny mpelspaos 6581 byl il 9 4l lyisas il pas cuiya Ag 9 Ag
T S gt 0 )3 alite Gy b (slaSibis - 3Subostl 9 (555 2SIl plsi B Jolons 5 3Sebeogth 52 13 15 s 00 (ol Jloms 55 STl
)5 o2 L LSD fyg0j olely (sl gize
A; and A; are no inoculation as control and seed inoculation with Azospirillium. Ny, N,, N3 and N, are foliar application with water

as control, foliar application of 0.8 g.L ™ nano Zn oxide, 50 mg.L™ nano Si oxide, and foliar application both of nano zn-si oxide
respectively. Means with similar letters in each column are not significant.

53 2200 el )59y 0aiiS ot (6,58L il cov g i
S it ol in Gl B 4 s 51 o)y

Hassan Zadeh, Mazaheri, Chaichi, ) ,Sa2 g 030y
b ol (sho)d WY iliel 55158 s (& Khawazi, 2016



o4 Ll Oy slizl g Griawed ailass, p ,a,,,.é):,.wjj/’g (095w 9 69)) ©ly3gil Jil () Sod g 00 juoxo

sl by 093 Jobo Il izman 9 Jidg S Lo 5 ady)
(055 5 59)) > 96 (B Jglone gcnl )0 Cons paiS
(" Jgia) Jdg)lS slgime (B Jgio) ) oo 9 (g ]38 L
Ol e (¥ Jgaz) 4l (1080 0)93 Jobo g a8
Dadashzadeh et al., ) ,LSen g oalj jbloly i asly 5 Slas
9 ol A uS16l 3 LS 13 g > aly >, Slee yil;81 (2018
Ay o g (39 S9e 4o oy ($9 balpd oS mpels g/

905 s 13 05y slnilga 5 IS Lubg S Slgimo 33

8 5 4o

gy S yome S ol pas 5 ()9 5 YL golaw
o b g GlaaliS) lgie (il cage gk
2 05Ssb 5 g9y SIS (S lme 5 pacd gl 308
Jdg IS Slye ialjal g ) e 9 019 S b ()90 Laal
b b laadlpe sgup (e S dg)lS D byl @
e e (&> (A8 B0 093 9 0)9 Jsb il (A o)
5 (AFV/R) aliws y> aiils sl (AFAAY) aliw Jobo yiol58l
Sy 658 3,5 pae bulyd a4 cans (AFVIYY) il 5,Slos
Orped b Yoo e Ve (6998 bl cou l)3gil 5 )
Fe a5 bl 1> Sl 5 59 9L 5 padsgil 3,8
b Jods )5 (AYVS) @ Jodg)lS slyime Sl cge Y go i
aiey Ojy (AYOIFA) 3593)lS (YY) S S S (ATFIYD)
oo )93 90,93 Jobo (ZNDIYY) 4y (ad s oo (£OV/VY)
(AYDIEY) asls 5, Sdos 5 (AYMEY o VNN b pa) by ad
Alod sy oo pLSan AD Ysa LWV e (5)58 paw ) Capd
gl g by S o slogs Sl 3,8 sysd Jlae! pis Ll
Slpoe d90 b Sl 3 )98 baalpd cod (sSibew 5 55))
ash oy Slos sl b 1 clad dgo g (sjimgd claailiss,
S iliel ) Al

&3 3wl

Jol oy 3yl (lid )l asbbly I s Baios (ol

9 ool lye Al o0 398 Aty Bty & bl e dlia
il glaisn ) e ) )LSes SISl 095 S5
Syl pMel Loyl g o8l xobe mlio 5 (5y5liS sasliils

References

copmiorod Aol o S aliis (0 (b 4 sl o udolj A,
L) Sye Glaogeygn Wy g ogde (s adgS L,k s
a0l (i Rl cage slada) oo 5 (g B pS L
e el 8l g A gy el o dng) by (il 2lie polie
b dliw Job g aliw o ab olaw alos 1 Lol slaplul
Mayak et al., ) o,Ken 5 SLL .(Khalilzadeh et al., 2017)
byl by dliw Jobb g aliw ;0 4l slaws zals” cde (2004
o Jgome Lol pd 4 o pidin Gl g5 @ oy 1 (590
sl

aS ol lis (wilboyly dn o Jads ol : a1y 3 Shos
Mime a5 S5 5oy (o 390 Jols o (LS en
plo (Bl glone el ppurnT3)87 53 &l 3 Shos (5 Jgaz) 45
YV il 5l )9 Jlosl pie bl 53 (19Subew 9 (559 STl
o lydgls g ddy Syme (658 L 055 pie 4 Cund (gduoyd
zmen (Y Joaz) 390 510,05 0 Y ga e W (598 Ll
2 O 5 59y CPU el (b gle 5 mad s/ )
3y Slos (g0 YOIFY Linlidl Cogo ;Yoo Lo £r (g9 baylyid
oial38l 5l iz s ([ a0 o)V ) (o)ee pdaw 4 Cuns &l
o les e ly sy Syme 65850 0 )8 dawlydy ails 5 Slos
9 (V Joiz) Jdo)lS (lgime (B Joiz) aia) w2 9 09 Ol
5 59550 O Cuud (B Jgan) il 4 1y slad algs dau
Borzouei, Kafi, Khazaei, & Mousavi Shalmani, ) ,Kex
g Laaordiiw (53,57 55)Lb L ()95 i & 2038 ol (2012
il olaw dadily g didyy 4 (g 5tuwsid dlge Jlanl ials ioeen
Coleg pasob ials ) diy, SLis (ig 5 po> b (g
9 ‘_5.:1_91 L._M:]) u_’{] Jr u_]9 b PJ._A? 4l .))Slo& uM.tblf 90
JLebs! (Aghaei, Seyedsharifi, & Narimani, 2020) Lo
Soupe b (6y9u LS Ja:‘).w 5O AS, J);m d)ﬁb b).g)lf PLERVIN
oy I3 o gy (slsiee IS 5 Ay 2 5 039
A ad paS w0 Slos il Coge ily a p 0y9d Jsb o
g iy 5L sy 35 L gk (ol Jgloe sy o
ege 4l G lipl BRI yed < Jide)lS lgiee a4l
oas asly 5y Slas i3 8l 5 olS 4y (g 3ttwgid slge JWE! ol 58
Gl oad ()35 Lz , K bwgy 50 (ol guld .Cow!
ohlSen 9 oLL (Ahmadi Nouraldinvand et al., 2021)
Soo Lias bylyd > by 5 Slee iul33l (Babaei et al., 2019)
55 Jl @S ole )3 paie cpl G 4] 59y STl 3 )5 L

1. Aghaei, F., Seyedsharifi, R., & Narimani, H. (2020). Evaluation of yield, chlorophyll content and filling
components of wheat grain under soil salinity conditions, application of uniconazole and biofertilizers. Journal of



V€Y 5l oF oylowd F Y o ol ] (oly5 Sluidg iy dg i A\

o a

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

Crop Improvement, 22(2), 269-282. (In Persian). https://doi.org/10.22059/jci.2020.286632.2252

Ahire, M. L., Mundada, P. S., Nikam, T. D., Bapat, V. A., & Penna, S. (2021). Multifaceted roles of silicon in
mitigating environmental stresses in plants. Plant Physiology and Biochemistry, 169, 291-310.
https://doi.org/10.1016/j.plaphy.2021.11.010

Ahmadi Nouraldinvand, F., Seyedsharifi, R., Siadat, S., & Khalilzadeh, R. (2021). Effects of nano silicon
concentrations and bio-fertilizer on yield and grain filling components of wheat in different irrigation regimes.
Iranian Journal of Field Crops Research, 19(1), 91-105. (In Persian).
https://doi.org/10.22067/JCESC.2021.67258.0

Alpaslan, M., Inal, A., Gunes, A., Cikili, Y., & Ozcan, H. (1999). Effect of zinc treatment on the alleviation of
sodium and chloride injury in tomato (Lycopersicon esculentum L. Mill. c.v.lale) grown under salinity. Turkish
Journal of Botany, 23, 1-10.

Arnon, A. N. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal, 23, 112-121.

Ansari, S., Mirmohammady Maibody, S. A. M., Arzani, A., & Golkar, P. (2018). Evaluation of Different Triticale
(X Triticosecale Wittmack) Genotypes for Agronomic and Qualitative Characters. Iranian Journal of Field Crops
Research, 15(4), 872-884. (In Persian). https://doi.org/ 10.22067/GSC.V1514.55994

Babaei, Kh., Seyed Sharifi, R., & Pirzad, A. (2019). Effect of biological fertilizers and iron and zinc nano oxide on
quantum yield and filling process of wheat grain under soil salinity conditions. Agricultural Science and
Sustainable Production, 30(1), 73-94. https://dorl.net/dor/20.1001.1.24764310.1399.30.1.5.6

Bandeh Hag, A., Kazemi, H., Valizadeh, M., & Joanshir, A. (2004). Resistance of spring wheat cultivars to
salinity stress in vegetative and reproductive stages. Iranian Journal of Agricultural Sciences, 135(1), 61-71.
Baniabbass, Z., Zamani, G., & Sayyari, M. (2012). Effect of drought stress and zinc sulfate on the yield and some
physiological characteristics of sunflower (Helianthus annuus L.). Environmental Biology, 6, 518-525.
https://doi.org/10.22077/escs.2012.108

Bashan, Y., Holguin, G., & De-Bashan, L. E. (2004). Azospirillum-plant relationships: physiological, molecular,
agricultural, and environmental advances (1997-2003). Canadian Journal of Microbiology, 50, 521-577.
https://doi.org/10.1139/w04-035

Bezabih, A., Girmay, G., & Lakewu, A. (2019). Performance of triticale varieties for the marginal highlands of
Wag-Lasta, Ethiopia. Cogent Food and Agriculture, 5, 1-11. https://doi.org/10.1080/23311932.2019.1574109
Borzouei, A., Kafi, M., Khazaei, H., & Mousavi Shalmani, M. A. (2012). Effect of irrigation water salinity on root
traits of two salt-sensitive and salt-tolerant wheat cultivars and its relationship with yield in greenhouse. Journal of
Science and Technology of Greenhouse Culture, 2(8), 95-106.

Copetta, A., Lingua, G., & Bert, G. (2006). Effect of three AM fungi on growth, distribution of glandular
facilitation of plat phosphate acquisition by Arbuscular mycorrhiza from enriched soil patches roots and hyphae
exploiting the same soil volume. New Phytologist, 133(3), 453-460. https://doi.org/10.1007/s00572-006-0065-6
Dadashzadeh, S., Seyed Sharifi, R., & Farzaneh, S. (2018). Effects of bio-fertilizer and nano iron oxide on yield,
chlorophyll content and modeling of some components of grain filling period of barley (Hordeum vulgare L.)
under salinity stress levels. Iranian Journal of Field Crops Research, 16, 493-509. (in Persian).
https://doi.org/10.22067/GSC.VV1612.68224

Ellis, R. H., & Pieta-Filho, C. (1992). The development of seed quality spring and winter cultivars of barley and
wheat. Seed Science Research, 2, 19-25. https://doi.org/10.1017/s0960258500001057

Eneji, A. E., Inanaga, S., Muranaka, S., Li, J., Hattori, T., An, P., & Tsuji, W. (2008). Growth and nutrient use in
four grasses under drought stress as mediated by silicon fertilizers. Journal of Plant Nutrition, 31(2), 355-365.
https://doi.org/10.1080/01904160801894913

FAO. (2017). Food and agriculture organization of the united nation. Quaterly bulletin of Statistics. Remote, Italy.
Hassan Zadeh, A., Mazaheri, D., Chaichi, M. R., & Khawazi, V. (2016). The effectiveness of using phosphorus
absorption bacteria and phosphorus chemical fertilizers on yield and yield components of barley. Research and
Construction, 75, 111-118.

Imtiaz, M., Rizwan, S., Mushtaq, M. A., Ashraf, M., Shahzad, S. M., & Yousaf, B. (2016). Silicon occurrence,
uptake, transport and mechanisms of heavy metals, minerals and salinity enhanced tolerance in plants with future
prospects: A review. Journal of Environmental Management, 183, 521-529.
https://doi.org/10.1016/j.jenvman.2016.09.009

Jongkaettana, S., Geng, S., Hill, J. E., & Miler, B. C. (1993). Within panicle variability of grain in rice cultivars
with different maturities. Journal of Agronomy and Crop Science, 171(4), 236-242. https://doi.org/10.1111/j.1439-
037X.1993.th00135.x

Kamari, H., & Seyed Sharifi, R. (2017). Effects of Nano-Zinc oxide and plant growth promoting rhizobacteria on
zinc and protein content, phosphatase activity and related traits to grain growth of Triticale. Iranian Journal of
Seed Science and Technology, 6(1), 151-163. (in Persian). https://doi.org/10.22034/1JSST.2017.113549
Khalilzadeh, R., Seyed Sharifi, R., & Jalilian, J. (2017). Study the interaction of cycocel and bio-fertilizers on
yield and some agro-physiological traits of wheat under soil salinity condition. Journal of Environmental Stresses


https://doi.org/10.22059/jci.2020.286632.2252
https://doi.org/10.1016/j.plaphy.2021.11.010
https://doi.org/10.22067/jcesc.2021.67258.0
https://doi.org/%2010.22067/GSC.V15I4.55994
https://dorl.net/dor/20.1001.1.24764310.1399.30.1.5.6
https://doi.org/10.22077/escs.2012.108
https://doi.org/10.1139/w04-035
https://doi.org/10.1139/w04-035
https://doi.org/10.1080/23311932.2019.1574109
https://doi.org/10.1007/s00572-006-0065-6
https://doi.org/10.22067/GSC.V16I2.68224
https://doi.org/10.1017/s0960258500001057
https://doi.org/10.1080/01904160801894913
https://doi.org/10.1016/j.jenvman.2016.09.009
https://doi.org/10.1111/j.1439-037X.1993.tb00135.x
https://doi.org/10.1111/j.1439-037X.1993.tb00135.x
https://doi.org/10.22034/IJSST.2017.113549

A4l

1 s sl g (g gd AT p}:.é):,.wjj/’g (095w 9 69)) ©ly3gil Jil () Sod g 00 juoxo

2

w

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

in Crop Sciences, 10(3), 425-443. (in Persian). https://doi.org/10.22077/escs.2017.22.1010

Khanzadeh, P. (2016). The effect of seed inoculation with cyclocel and biofertilizers on the duration of wheat
grain filling period at different soil salinity levels. Master's Thesis. Mohaghegh Ardabili University.

Kheirizadeh Arough, Y., Seyed Sharifi, R., Sedghi, M., & Barmaki, M. (2016). Effect of zinc and bio fertilizers on
antioxidant enzymes activity, chlorophyll content, soluble sugars and proline in Triticale under salinity condition.
Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 44(1), 116-124. https://doi.org/10.15835/nbha44110224
Leon, A. E., Rubielo, A., & Anon, M. C. (1996). Use of Triticale Flours in Cookies: Quality Factors. Cereal
Chemistry, 73, 779-784.

Mayak, S., Tirosh, T., & Glick, B. (2004). Plant growth-promoting bacteria confer resistance in tomato plants to
salt stress. Plant Physiology and Biochemistry, 42, 565-572. https://doi.org/10.1016/j.plaphy.2004.05.009
Mehdipour-Moghaddam, M. J., Emtiazi, G., & Salehi, Z. (2012). Enhanced auxin production by Azospirillum pure
cultures from plant root exudates. Journal of Agricultural Science and Technology, 14, 985-994.
http://dorl.net/dor/20.1001.1.16807073.2012.14.5.16.4

Mohammadi Kale Sarlou, S., Seyed Sharifi, R., Sedghei, M., Narimani, H., & Khalilzadeh, R. (2021). Effects of
salinity, vermicompost, humic acid and seed inoculation with flavobacterim on grain filling of Triticale.
Agricultural Science and Sustainable Production, 31(2), 251-269. https://doi.org/10.22034/SAPS.2021.13108
Nabati, J., Kafi, M., Masoumi, A., & Mehrjerdi, M. (2013). Effect of salinity and silicon application on
photosynthetic characteristics of sorghum (Sorghum bicolor L.). International Journal of Agricultural Science,
3(4), 483-492.

Nazari, Z., Seyed Sharifi, R., & Narimani, H. (2021). Effect of Bio fertilizers, nano silicon and water limitation on
current photosynthesis and dry matter remobilization of Triticale. Crop Physiology Journal, 13(51), 5-24.

Pan, B., Bai, Y. M., Leibovitch, S., & Smith, D. L. (1999). Plant growth promoting rhizobacteria and kinetin as
ways to promot corn growth and and yield in a short growing season area. European Journal of Agronomy, 11,
179-186. https://doi.org/10.1016/S1161-0301(99)00029-5

Rashidifard, A., Chorom, M., Norouzi Masir, M., & Roshanfekr, H. (2020). The effect of humic acid and zinc
application on some vegetative traits and anti-oxidant enzymes of corn seedling under salinity stress. Iranian
Journal of Soil and Water Research, 51(9), 2393-2403. https://doi.org/ 10.22059/1JSWR.2020.303784.668638
Ronanini, D., Savin, R., & Hal, A. J. (2004). Dynamic of fruit growth and oil quality of sunflower (Helianthus
annuus L.) exposed to brief interval of high temperature during grain filling. Field Crop Reserch, 83, 79-90.
https://doi.org/10.1016/S0378-4290(03)00064-9

Saleem, M., Nawaz, F., Hussain, M. B., & Ikram, R. M. (2021). Comparative effects of individual and consortia
plant growth promoting bacteria on physiological and enzymatic mechanisms to confer drought tolerance in Maize
(Zea mays L.). Journal of Soil Scince and Plant Nutrition, 21, 3461-3474. https://doi.org/10.1007/s42729-021-
00620-y

Schutz, M., & Fangmeir, E. (2001). Growth and yield responses of spring wheat (Triticum aestivum L. cv.
Minaret) to elevated CO, and water limitation. Environmental Pollution, 114, 187-194.
https://doi.org/10.1016/s0269-7491(00)00215-3

Seleiman, M. F., Aslam, M. T., Alhammad, B. A., Hassan, M. U., Magbool, R., Chattha, M. U., Khan, I., Gitari,
0. S., Uslu, R, Roy, T., & Battaglia, M. L. (2021). Salinity stress in wheat: effects, mechanisms and management
strategies. Phyton-International Journal of Experimental Botany, 1-28.
https://doi.org/10.32604/phyton.2022.017365

Seyed Sharifi, R., & Namvar, A. (2016). Bio fertilizers in Agronomy. University of Mohaghrgh Ardabili press.
Ardabil. Iran. 282 pp. (in Persian).

Shakouri, M. D., & Kermanshahi, H. (2007). Effect of enzyme supplement to wheat and triticale based - diets on
performance and digestive tract characteristics of broiler chickens. Journal of Water and Soil Science, 11(40), 351-
361. https://doi.org/20.1001.1.24763594.1386.11.40.29.9

Taibi, K., Taibi, F., Abderrahim, L. A., Ennajah, A., Belkhodja, M., & Mulet, J. M. (2016). Effect of salt stress on
growth, chlorophyll content, lipid peroxidation and antioxidant defence systems in Phaseolus vulgaris L. South
African. Journal of Botany, 105, 306-312. https://doi.org/10.1016/j.5ajb.2016.03.011

Yan, G., Nikolic, M., Ye, M., Xiao, Z., & Liang, Y. (2018). Silicon acquisition and accumulation in plant and its
significance for agriculture. Journal of Integrative Agriculture, 17(10), 2138-2150. https://doi.org/10.1016/S2095-
3119(18)62037-4


https://doi.org/10.22077/escs.2017.22.1010
https://doi.org/10.15835/nbha44110224
http://dorl.net/dor/20.1001.1.16807073.2012.14.5.16.4
http://dorl.net/dor/20.1001.1.16807073.2012.14.5.16.4
https://doi.org/10.22034/SAPS.2021.13108
https://doi.org/10.1016/S1161-0301(99)00029-5
https://doi.org/%2010.22059/IJSWR.2020.303784.668638
https://doi.org/10.1016/S0378-4290(03)00064-9
https://doi.org/10.1007/s42729-021-00620-y
https://doi.org/10.1007/s42729-021-00620-y
https://doi.org/10.1016/s0269-7491(00)00215-3
https://doi.org/10.32604/phyton.2022.017365
https://doi.org/20.1001.1.24763594.1386.11.40.29.9
https://doi.org/10.1016/j.sajb.2016.03.011
https://doi.org/10.1016/S2095-3119(18)62037-4
https://doi.org/10.1016/S2095-3119(18)62037-4




Iranian Journal of Field Crops Research

Homepage: https://jcesc.um.ac.ir it

Research Article
o Vol. 21, No. 3, Fall 2023, p. 363-383

Study the Response of Physiological Traits and Grain Yield to Integrated Use of
Chemical Nitrogen Fertilizer with Sugarcane Residue Compost in Heat Stress
Conditions

M. Makvandi*, A. M. Bakhshandeh?, A. Moshatati®*", M. R. Moradi Telavat®, A. Khodaei Joghan®?

How to cite this article:

Received: 21 March 2023 | Makvandi, M., Bakhshandeh, A., Moshatati, A., Moradi Telavat, M. R., & Khodaei
Revised: 20 May 2023 Joghan, A. (2023). Study the Response of Physiological Traits and Grain Yield to
Accepted: 24 May 2023 Integrated Use of Chemical Nitrogen Fertilizer with Sugarcane Residue Compost in Heat

Stress Conditions. Iranian Journal of Field Crops Research, 21(3), 363-383. (in Persian

with English abstract). https://doi.org/10.22067/jcesc.2023.81634.1236

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.

Keywords: Biological fertilizer, Heat stress, Khuzestan, Sugarcane compost, Wheat
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Table 1- Monthly average of minimum, mean, and maximum temperatures and precipitation during the wheat growth cycle
in growing season of 2021-2022
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45
0 b BT loS 5
~ Terminal heat stresg
3
1
o 30
3E =
;‘1 ug)_ 20 i > ;M.fwlalp
33 Harvesting of
& 15 delay sowing
s Boe & culS by
10 Harvesting of timely sowing
5
0

- a
a, ) i
8 c
D
©
(]
- g
L

; K Py 4

N : A

S 2

5 3 : S

= 2 %\ -
=

Growth duration (month) (sb) s, 2,92

Y€ e VEeY oly5 Jlw pd 5l 13 oS uiiy 0y9 Job 10 bod (Sl — Y JSUS
Figure 1- Mean temperatures during wheat growth duration in Ahwaz in growing season of 2021-2022
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Table 2- Physical and chemical properties of soil (0-30 cm) and sugarcane residue compost
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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
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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)
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(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
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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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Table 7- Mean comparison of the effect of sowing date for grain filling duration and the length of the sowing to physiological

maturity
s &b WIS s 5 0595 Jgb 2392308 (S ey U S 095 Job
Sowing date (SD) Grain filling duration (d) Sowing to maturity (d)
22 Nov. 30 53.69 152.38
11 Dec. > y- 4491 134.25
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

Sy 35 b 3o 35 A e Al o 053 S Sajgaeid Sy U S 09 Jsb
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)
(F3) cawguoS 2o yd YO + 59 55 Lo pd YO 46.66 140.05
75% nitrogen+ 25% compost (F3)
(FA) cusgeeS 22> O+ + 35955 duoyd B 47.50 138.61
50% nitrogen+ 50% compost (F4)
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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
oy S gl Jlassl pdaw )3 5 e g )b dxe juE Cud g4 w9 NS
ns and ** are non-significant and significant at the level of one percent error probability
Okl )3 45 85w g el pl S 4 425 & S A

Ll CugeeS +(0)39 55 355 (Al B pae (b el slo)S
‘La)fu.“_:)ﬂ JJ..\xJumo ols BV J)m Lglmd)lflg9 ySlis
5 paiS Al 3 Sas 5 So5elgr i Olao S el

Sl Sl

Cigles g (oSS a5 Djgel Coglee 3 Abwog s
Oliwjsd b mlio g (65,0liS pole olSiiils (gy9lid o g}
Spiign oy 5 55

References

lod Ll adlS o b L o8 o ol gl LIS ooy

witdisen So5elg b o Juad 31 oS (35 g989 9 Lama
oialS 4l 5, Slos (lial g 3, Sos 9 903 9 23 (slooygd Jsbo
Js @) Sl CangpeS g (Jgxk (i 0 )8 bl b cdly
Job 3> s 3900 omelS oRgd (o13E yolie iy enl)d
9 1295 il his polis (om0 Giladlil s 4 0y Juad
Ady Syome 5L 5 (S olerd 5 (b Sluogasd S5

Sgo g Ol jidin gy (oliiod § Sl ) i drwgd > 4)
L i) i pasS 5 Slae 5 Soflonsud lis g el o lic

1. Abbaspour, S. (2013). The effect of nitrogen amount and seed priming with growth stimulating bacteria on yield
and some agricultural characteristics of triticale. Faculty of Agriculture. Mohaghegh Ardabili University,



VET sl oF oyloud ) sl ol (1)) Sy ar s TAS

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

Ardebil. (In Persian).

Abd EI-Mageed, T. A., EI-Samnoudi, I. M., Ibrahim, A. M., & Abd El Tawwab, A. R. (2018). Compost and
mulching modulates morphological, physiological responses and water use efficiency in Sorghum bicolor L.
Moench  under low  moisture  regime.  Agricultural ~ Water  Management, 208, 431-439.
https://doi.org/10.1016/j.agwat.2018.06.042

Abedi, T., Alemzadeh, A., & Kazemeini, S. A. (2010). Effect of organic and inorganic fertilizer on grain yield and
protein banding pattern of wheat. Australian Journal of Crop Science, 4(6), 384-389.

Aberkane, H., Belkadi, B., Kehel, Z., Filali-Maltouf, A., Tahir, 1. S. A., Meheesi, S., & Amri, A. (2021).
Assessment of drought and heat tolerance of durum wheat lines derived from interspecific crosses using
physiological parameters and stress indices. Agronomy, 11(4), 659. https://doi.org/10.3390/agronomy11040695
Acevedo, E., Nachit, M., & Ortiz-Ferrara, G. (1991). Effects of heat stress on wheat and possible selection tools
for use in breeding for tolerance. PP 401-421 in D. A. Saunders ed. Wheat for non-Traditional Warm Areas.
CIMMYT, Mexico.

Ahmadi-Lahijani, M. J., & Emam, Y. (2013). Response of wheat genotypes to terminal drought stress using
physiological indices. Journal of Crop Production and Processing, 3(9), 163-176. (In Persian with English
abstract).

Alikhani, H., & Sawaqgabi, G. R. (2013). Compost Production for Sustainable Agriculture. Tehran University
Press, Tehran. (In Persian).

Altenbach, S. B., DuPont, F. M., Kothari, K. M., Chan, R., Johnson, E. L., & Lieu, D. (2003) Temperature, water
and fertilizer influence the timing of key events during grain development in a US spring wheat. Journal of Cereal
Science, 37(1), 9 -20. https://doi.org/10.1006/jcrs.2002.0483

Arvin, P., Vafabakhsh, J., & Mazaheri, D. (2018). Study of plant growth promoting rhizobacteria (PGPR) and
drought on physiological traits and final yield of cultivars of oilseed rape (Brassica spp. L.). Journal of
Agroecology, 9(4), 1208-1226. (In Persian with English abstract). https://doi.org/10.22067/jag.v8i1.53250

Ashna, M., Kafi, M., Jafar-Nejad, A., & Sharifi, M. R. (2015). Investigating the effect of planting and nitrogen on
the developmental stages of wheat cultivars and its relationship with yield and yield components in Neishabur
region. Crop production Journal, 8(4), 143-162. (In Persian with English abstract).

Aghaee Sarbarzeh, M., & Amini, A. (2011). Genetic variability for agronomic traits in bread wheat genotype
collection of Iran. Seed and Plant Improvement Journal, 27(1), 581-589. (In Persian with English abstract).
Ahmadi Lahijani, M.J., & Imam, Y. (2013). Reaction of wheat genotypes to drought stress at the end of the season
using physiological indicators. Journal of production and processing of agricultural and horticultural products.
3(9), 163-176. (In Persian with English abstract).

Arvin, P., Vafa bakhsh. J., & Mazaheri, D, (2018). Study of plant growth promoting rhizobacteria (PGPR) and
drought on physiological traits and ultimate yield of cultivars of oilseed rape (Brassica spp L.). Journal of
Agroecology, 9(4), 1208-1226. (In Persian with English abstract). https://doi.org/10.22067/jag.v9i4.61808
Bhattacharyya, P. N., & Jha, D. K. (2012). Plant growth-promoting rhizobacteria (PGPR): emergence in
agriculture. World Journal of Microbiology and Biotechnology, 28, 1327-1350. https://doi.org/10.1007/s11274-
011-0979-9

Bilal, M., Ayub, M., Tariq, M., Tahir, M., & Nadeem, M. A. (2017). Dry matter yield and forage quality traits of
oat (Avena sativa L.) under integrative use of microbial and synthetic source of nitrogen. Journal of Saudi Society
of Agricultural Sciences, 16(3), 236-241. https://doi.org/10.1016/j.jssas.2015.08.002

Chauhan, M. K., Chaudhary, S., & Kumar, S. (2011). Life cycle assessment of sugar industry: a review.
Renewable and Sustainable Energy Reviews, 15(7), 3445-3453. https://doi.org/10.1016/j.rser.2011.04.033

Davis, J. G., Westfall, D. G., Mortvedt, J. J., & Shanahan, J. F. (2002). Fertilizing winter wheat. Agronomy
Journal, 84, 1198-1203.

East, R. (2013). Microbiome: Soil science comes to life. Nature, 501, 18-19.

Eisapournakhjiri, S., Ashuri, M., Sadeghi, D. M., Mohamadian Roshan, N., & Rezaei, M. (2022). The effect of
drought stress and different levels of nitrogen fertilizer on morphological, physiological and material traits Total
dryness in Hashemi and Gilane varieties of rice. Environmentai Stresses in Crop Sciences, 15(2), 315-325. (In
Persian with English abstract). https://doi.org/10.22077/escs.2021.3819.1921

Esitken, A., Hilal, Y., Ercisli, S., Figen Donmez, M., Tyran, M., & Gunes, A. (2010). Effects of plant growth
promoting bacteria (PGPB) on vyield, growth and nutrient contents of organically grown strawberry. Scientia
Horticulturae, 124, 62-66. https://doi.org/10.1016/j.scienta.2009.12.012

Eskandari, H. A., & Kamyar, K. (2016). Response of yield and source activity of wheat (Triticum aestivum L.)
cultivars to post anthesis water deficit. Environmental Stresses in Agricultural Sciences, 9(3), 303-306. (In Persian
with English abstract). https://doi.org/10.22077/escs.2016.420

FAO: Food and Agriculture Organization. (2014). FAOSTAT Production Statistics of Crops. Available:
http://faostat3.fao.org/download/Q/QC/E

Gabhane, J., Prince William, S. P. M., Bidyadhar, R., Bhilawe, P., & Anand, D. (2012). Additives aided


https://doi.org/10.1016/j.agwat.2018.06.042
https://doi.org/10.3390/agronomy11040695
https://doi.org/10.1006/jcrs.2002.0483
https://doi.org/10.22067/jag.v8i1.53250
https://doi.org/10.22067/jag.v9i4.61808
https://doi.org/10.1007/s11274-011-0979-9
https://doi.org/10.1007/s11274-011-0979-9
https://doi.org/10.1016/j.jssas.2015.08.002
https://doi.org/10.1016/j.rser.2011.04.033
https://doi.org/10.22077/escs.2021.3819.1921
https://doi.org/10.1016/j.scienta.2009.12.012
https://doi.org/10.22077/escs.2016.420
http://faostat3.fao.org/download/Q/QC/E

YA\

o 959 5 (o Laos 395 (i 51 )5 4 S 5 5o 9 K el g9 b Dlao STy axdllae ] 0R 9 (GuigSe

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

composting of green waste; Effects on organic matter degradation, compost maturity, and quality of the finished
compost. Bioresource Technology, 114, 382-388. https://doi.org/10.1016/j.biortech.2012.02.040

Ghanbari, A., Roshani, H., & Tavassoli, A. (2012). Effect of sowing date on some agronomic characteristics and
seed yield of winter wheat cultivars. Journal of Crop Ecophysiology, 6(2), 127-144. (In Persian with English
abstract).

Goda, D. (2019). Response of wheat to integrated nutrient management. Journal of Plant Science Research, 6(1),
183-189.

Hassanpour, J., & Zand, B. (2014). Effect of wheat (Triticum aestivum L.) seed inoculation with bio-fertilizers on
reduction of drought stress damage. Iranian Journal of Seed Sciences and Research, 1(2), 1-12. (In Persian with
English abstract).

Heydari Siah Khalki, M. S., Seyed Sharifi, R., & Sedghi, M. (2012). The effect of seed inoculation with growth
promoting bacteria (PGPR) and time of nitrogen fertilizer application on yield, speed and length of wheat grain
filling period. Journal of Seed Research (Seed Science and Technology), 2(3), 64-78. (In Persian with English
abstract).

Hosseini, R., Galeshi, S., Soltani, A., & Kalateh, M. (2012). The effect of nitrogen on yield and yield component
in modern and old wheat cultivars. Journal of Crop Production, 4(1), 187-199. (In Persian with English abstract).
Jahan, M., Koocheki, A., Ghorbani, R., Rejali, F., Aryayi, M., & Ebrahimi, E. (2009) .The effect of biological
fertilizers application on some agroecological characteristics of corn under conventional and ecological cropping
systems. Iranian Agricultural Research Journal, 7(2), 390-375. (In Persian with English abstract).

James, E. H., & Paulsen, G. M. (2004). Nitrogen assimilation and protein synthesis in wheat seedlings as affected
by mineral nutrition. Plant Physiology, 44(5), 636-640. https://doi.org/10.1104/pp.44.5.636

Joudi, M., Ahmadi, A., Mohammadi, V., Abbasi, A., & Mohammadi, H. (2014). Genetic changes in agronomic
and phenologic traits of iranian wheat cultivares in different environmental conditions. Euphytica, 196, 237-249.
https://doi.org/10.1007/s10681-013-1027-7

Kalate-Arabi, M., Sheikh, F., Souqi, H., & Hivechi, J. (2011). Effects of sowing date on grain yield and its
components of two bread wheat (Triticum aestivum L.) J. Seedling and Seed, 2(3), 285-296. (In Persian with
English abstract).

Kamaei, H., Isvand, H. R., Daneshvar, M. E., & Nazarian, F. (2018). Investigating the effect of planting date,
phosphate biofertilizer and zinc and boron foliar application on grain yield and some physiological and agronomic
traits of wheat. Plant Process and Function, 8(29), 59-73. (In Persian with English abstract).

Kamari, H., & Seyed Sharifi, R. (2015). The effect of seed inoculation with growth-promoting bacteria and foliar
spraying with nano-zinc oxide on the yield, speed and filling period of triticale seeds. Science and Techniques of
Greenhouse Crops, 6(4), 141-154. (In Persian with English abstract).
https://doi.org/10.18869/acadpub.ejgcst.6.4.141

Kamran Gooje Baglo, F., Javanshir, A., Syed Sharifi, R., & Farhosh, F. (2012). Evaluation of yield, speed and
effective seed filling period of four varieties of barley (Hordeum vulgaris L.) in different planting dates. Research
Achivements for Field and Horticulture Crops, 1(2), 163-149. (In Persian with English abstract).
https://doi.org/10.22092/rafhc.2012.100126

Karimi, N., Goltapeh, E. M., Amini, J., Mehnaz, S., & Zarea, M. J. (2021). Effect of Azospirillum zeae and seed
priming with zinc, manganese and auxin on growth and yield parameters of wheat under dryland farming.
Agricultural Research, 10, 44-55. https://doi.org/10.1007/s40003-020-00480-5

Karimi, N., Zarea, M. J., & Mehnaz, S. (2018). Endophytic Azospirillum for enhancement of growth and yield of
wheat. Environmental Sustainability, 1(2), 149-158. https://doi.org/10.1007/s42398-018-0014-2

Kim, Y. C., Glick, B. R., Bashan, Y., & Ryu, C. M. (2012). Enhancement of plant drought tolerance by microbes.
PP 383-413 in Plant Responses to Drought Stress. Springer, Berlin. https://doi.org/10.1007/978-3-642-32653-0_15
Kordzangeneh, R., & Marashi, S. K. (2018). Studying the effects of combined application of chemical and
biological fertilizers of potassium on yield and yield components of wheat (Triticum aestivum L.) under soil
moisture shortage. Environmental Stresses in Crop Sciences, 11(4), 863-872. (In Persian with English abstract).
https://doi.org/10.22077/escs.2018.935.1183

Lee, D. G., Ahsan, N., Lee, S. H., & Kang, K. Y. (2005). A proteomic approach in analyzing heat-responsive
proteins in rice leaves. Proteomics, 7(18), 3369-3383. https://doi.org/10.1002/pmic.200700266

Lloyd, A., Webb, J., Archer, J. R., & Bradly, R. S. (1997). Urea as a nitrogen fertilizer for cereals. Journal of
Agronomy Sciences, 128(3), 263-271. https://doi.org/10.1017/S0021859697004267

LotfAli-Ayeneh, G. A., Naderi, A., & Andarzian, B. (2013). A Guide to Planting, Growing and Harvesting of
Wheat in Khuzestan Province. Khuzestan Agriculture and Natural Resources Research Center, Ahwaz. (In
Persian).

Malakooti, M., & Homaee, M. (2004). Fertility of Soil in Arid and Semiarid Areas (Problems and Solutions).
Tarbiat Modares University Publications, Tehran. (In Persian).

Malihipoor, A., Esmaeilzade Moghadam, M., & Najafian, G. (2020). Iranian Wheat Cultivars. Ministry of


https://doi.org/10.1016/j.biortech.2012.02.040
https://doi.org/10.1104/pp.44.5.636
https://doi.org/10.1007/s10681-013-1027-7
https://doi.org/10.18869/acadpub.ejgcst.6.4.141
https://doi.org/10.22092/rafhc.2012.100126
https://doi.org/10.1007/s40003-020-00480-5
https://doi.org/10.1007/s42398-018-0014-2
https://doi.org/10.1007/978-3-642-32653-0_15
https://doi.org/10.22077/escs.2018.935.1183
https://doi.org/10.1002/pmic.200700266
https://doi.org/10.1017/S0021859697004267

YELY sl O oylowd FY ala oyl al (£ly5 Gidoiy 4 puis  YAY

45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Agriculture Jahad, Tehran. (In Persian).

Mitra, R., & Bhatia, C. R. (2008). Bioenergetic cost of heat tolerance in wheat crop. Current Science, 94(8), 1049-
1053.

Modarresi, M., Mohammadi, V., Zali, A., & Mardi, M. (2010). Response of wheat yield and yield related traits to
high temperature. Cereal Research Communication, 38, 23-31. https://doi.org/10.1556/crc.38.2010.1.3

Modhej, A., Naderi, A., & Siadat, S. A. (2007). Effect of heat stress after anthesis on source limitation of wheat
and barley cultivars. Journal of Agricultural Science, 13, 393-403.

Modhej. A., & Fathi, Gh. (2008). Wheat Physiology. Islamic Azad University, Shooshtar Branch Press, Shooshtar.
(In Persian).

Mohamad, M., Thalooth, A., Elewa, T., & Ahmed, A. (2019). Yield and nutrient status of wheat plants (Triticum
aestivum) as affected by compost and biofertilizers under newly reclaimed soil. Bulletin of National Research
Center, 43, 31-39. https://doi.org/10.1186/s42269-019-0069-y

Mojtabaie Zamani, M., Nabipour, M., & Meskarbashee, M. (2014). Resposes of bread wheat genotypes to heat
stress during grain filling period in Ahvaz conditions. Journal of Plant Productions, 37(4), 119-130. (In Persian
with English abstract).

Mosavian, S. N., Akbari, N., Eisvand, H. R., Ismaili, A., & Moshatati, A. (2020). Effect of different nitrogen and
zinc levels on grain yield and yield components of wheat (Triticum aestivum L.) cv. Chamran under late season
heat stress conditions in Ahvaz. Scientific Journal of Crop Physiology, 12(46), 25-44. (In Persian with English
abstract).

Moshatati, A., Siadat, S. A., Alami Saeed, Kh., Bakhshande, A. M., & Jalal Kamali, M. R. (2019). The effect of
terminal heat stress on grain growth and quantitative and qualitative yield of spring bread wheat in Ahwaz.
Journal of Crop Production and Processing, 8(4), 45-57. (In Persian with English abstract).
https://doi.org/10.22077/escs.2017.355.1067

Naseri, R., Barary Zarea, M. J., Khavazi, K., & Tahmasebi, Z. (2017). Effect of plant growth promoting bacteria
and Mycorrhizal fungi on growth and yield of wheat under dryland conditions. Journal of Soil Biology, 5(1), 49-
66. (In Persian with English abstract).

Nazeri, M. (2017). In developmental stages Changes and canopy temperature depression of bread wheat under
different environmental conditions due to differential sowing dates. Applied Research in Field Crops, 30(1), 18-
32. (In Persian with English abstract).

Obidiegwu, J. E., Bryan, G. J., Jones, H. G., & Prashar, A. (2015). Coping with drought: stress and adaptive
responses in potato and perspectives for improvement. Frontiers in Plant Sciences, 22(6), 542.
https://doi:10.3389/fpls.2015.00542

Prasad, S., Srivastava, A., Kumar, A., Tiwari, A., Singh, R. P., & Yadav, R. K. (2014). Identification of heat stress
traits in wheat (Triticum aestivum L.) in the way of tagging major gene(s) for heat stress tolerant. Plant Archives,
14(1), 465-468.

Radmehr, M., Ayeneh, Gh. A., & Mamaghani, R. (2005). Response of late, medium and early maturity bread
wheat cultivars to different sowing dates. 1: Effect of sowing date on phonological, morphological and grain yield
of four bread wheat cultivars. Journal of Plant and Seed, 21, 175-189. (In Persian with English abstract).

Raei, Y., Eshaghi Sardroud, S. N., & Pirouz, A. (2013). The effect of chemical and biological fertilizers on the
yield of fodder sorghum (Sorghum bicolor L.), Speedfeed cultivar, in different Chinas. Journal of Agricultural
Ecology, 5(3), 231-242. (In Persian with English abstract).

Reynolds, M. P., Orits-Monasterio, J. I., & Cnab, A. M. (2001). Application of Physiology in Wheat Breeding.
Cimmyt, Mexico.

Rezaizadeh, A., Mohammadi, W. E., Siapoosh, M. R., & Ahmadi, A. (2020). The response of iranian spring wheat
cultivars to heat stress at anthesis and grain filling stages. Journal of Crop Breeding, 12(33), 102-109. (In Persian
with English abstract). https://doi.org/10.29252/jcb.12.33.102

Ritchie, S.W., & Nguyen, H. T. (1990). Leaf water content and gas exchange parameters of two wheat genotypes
differing in droght resistance. Crop Science, 30, 105-111.
https://doi.org/10.2135/cropsci1990.0011183x003000010025x

Rostami, M., Ahmadi, A., & Mohammadi, H. (2017). Effect of late season drought stress and foliar application of
nitrogen on yield and some physiological traits of wheat (Triticum turgidum L. subsp. durum). Journal of Plant
Ecophysiology, 9(30), 1-12. (In Persian with English abstract).

Safi, S. N., Moshatati, A., Gharineh, M. H., & Khodaei Joghan, A. (2022). The response of physiologic and
qualitative traits of triticale to sugarcane residue compost in drought stress condition. Crop Production, 15(2), 53-
74. (In Persian with English abstract). https://doi:10.22069/EJCP.2022.19356.2443

Sarikhani, M. R., & Amini, R. (2020). Biofertilizer in Sustainable Agriculture: Review on the Researches of
Biofertilizers in Iran. Journal of Agricultural Science and Sustainable Production, 30(1), 329-365. (In Persian
with English abstract).

Saxena, M. J., Chandra, S., & Nain, L. (2013). Synergistic effect of phosphate solubilizing rhizobacteria and


https://doi.org/10.1556/crc.38.2010.1.3
https://doi.org/10.1186/s42269-019-0069-y
https://doi.org/10.22077/escs.2017.355.1067
https://doi:10.3389/fpls.2015.00542
https://doi.org/10.29252/jcb.12.33.102
https://doi.org/10.2135/cropsci1990.0011183x003000010025x
https://doi:10.22069/EJCP.2022.19356.2443

YAY

o 959 5 (o Laos 395 (i 51 )5 4 S 5 5o 9 K el g9 b Dlao STy axdllae ] 0R 9 (GuigSe

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

arbuscular mycorrhiza on growth and yield of wheat plants. Journal of Soil Science and Plant Nutrition, 13(2),
511- 525. https://doi.org/10.4067/S0718-95162013005000040

Sayahi, S. S., & Kamaei, F. (2017). Evaluation of 38 varieties of bread wheat in heat stress tolerance is calculated
based on the season of the untamed STI farm. Journal of Agronomy and Plant Breeding, 13(3), 39-49. (In Persian
with English abstract).

Shahnazari, M., Golkar, P., & Mirmohammady Maibody, A. M. (2018). Effects of drought stress on some
agronomic and bio-physiological traits of Trtiticum aestivum, Triticale, and Tritipyrum genotypes. Archive of
Agronomy and Soil Sciences, 64(1), 140-155. https://doi.org/10.1080/03650340.2018.1472377

Shahsawari, N., & Saffari, M. (2005). The effect of different levels of nitrogen on the function and elements of the
varieties of wheat in Kerman. Journal of Pajouhesh and Sazandegi, 18(1), 82-87. (In Persian with English
abstract).

Shirkhani, A, Nasralzadeh, S., & Zahtab Salmasi, S. (2019). The effect of biological and chemical fertilizers on the
yield and quality of corn seeds under conditions of full irrigation and drought stress. Environmental Stresses in
Crop Sciences, 12(3), 781-791. (In Persian with English abstract). https://doi.org/10.22077/escs.2018.542.1332
Soqi, H. A., Taghi Feyzbakhsh, M., & Rezvantalab, N. (2020). Evaluation of yield and grain filling rate of bread
wheat promising lines (Triticum aestivum L.) to growth degree days (GDD). Journal of Crop Science Research in
Arid Regio, 2(1), 97-11. (In Persian with English abstract). https://doi:10.22034/csrar.2020.119140

Tatar, O., Bruck, H., & Asch, F. (2015). Photosynthesis and remobilization of dry matter in wheat as affected by
progressive drought stress at stem elongation stage. Journal of Agronomy and Crop Sciences, 12(2), 1-8.
https://doi.org/10.1111/jac.12160

Tilling, A. K., O’Leary, G. J., Ferwerda, J. G., Jones, S. D., Fitzgerald, G. J., Rodriguez, D., & Belford, R. (2007).
Remote sensing of nitrogen and water stress in wheat. Field Crops Research, 104(1), 77-85.
https://doi.org/10.1016/j.fcr.2007.03.023

Ting, L. Z., Yang, J. Y., Drury, C. F., & Hoogenboom, G. (2015). Evaluation of the DSSAT-CSM for simulating
yield and soil organic C and N of a long-term maize and wheat rotation experiment in the Loess Plateau of
Northwestern China. Agricultural Systems, 135, 90-104. https://doi.org/10.1016/j.agsy.2014.12.006

Turan, M., Gulluce, M., Cacmakei, R., Ostas, T., & Sahin, F. (2010). The effect of PGPR strain on wheat yield
and quality parameters. World Congress of Soil Science, Brisbane, Australia.

Valentovic, P., Luxoval, M., Kolarov, L., & Gasparikova, O. (2006). Effect of osmotic stress on compatible
solutes content, membrane stability and water relation in two maize cultivars. Plant, Soil and Environment, 52(4),
186-191. https://doi.org/10.17221/3364-pse

Vaziri, H., Dadashi, M. R., Ajamnorozi, H., Afshin Soltani, A., Yarahmadi, S. (2022). Effects of nitrogen rate and
supplemental irrigation time on yield and agro-morphological traits of spring wheat. Iranian Journal of Field Crop
Science, 53(1), 159-172. (In Persian with English abstract).

Wei, W.,, Yan, Y., Cao, J., Christie, P., Zhang, F., & Fan, M. (2016). Effects of combined application of organic
amendments and fertilizers on crop yield and soil organic matter: An integrated analysis of long-term experiments.
Agriculture, Ecosystem and Environment, 225, 86-92. https://doi.org/10.1016/j.agee.2016.04.004

Wu, S. (2009). Enhanced phytoremediation of salt-impacted soils using plant growth-promoting rhizobacteria
(PGPR). Department of Biology, University of Waterloo, Ontario, Canada.

Zadeh-Omidi, F., & Marashi, S. K. (2019). Effect of amount of sugarcane compost and nitrogen on quantitative
and qualitative yield of corn (Zea mays L.). Journal of Plant Environmental Physiology, 54(14), 12-20. (In Persian
with English abstract).

Zahedi, M., Sharma, R., & Jenner, F. C. (2003). Effect of high temperature on grain growth and on the methabolite
and enzymes in the starch-synthesis pathway in the grains of two wheat cultivars differing in their responses to
temperature. Functional Plant Biology, 30(3), 291-300. https://doi:10.1071/FP02205

Zahir, Z. A., Arshad, M., & Frankenberger, W. T. (2003). Plant Growth Promoting Rhizobacteria: Applications
and Perspectives In Agriculture. Advances in Agronomy, 81, 97-168. https://doi.org/https://doi.org/10.1016/S0065-
2113(03)81003-9

Zeynali, H., Mirlohi, A. F., & Safaei, L. (2006). Evaluating the relationship of plant grain yield with yield
components of sesame genotypes. Journal of Agronomy and Crop Scirnce, 2, 1-9.


https://doi.org/10.4067/S0718-95162013005000040
https://doi.org/10.1080/03650340.2018.1472377
https://doi.org/10.22077/escs.2018.542.1332
https://doi:10.22034/csrar.2020.119140
https://doi.org/10.1111/jac.12160
https://doi.org/10.1016/j.fcr.2007.03.023
https://doi.org/10.1016/j.agsy.2014.12.006
https://doi.org/10.17221/3364-pse
https://doi.org/10.1016/j.agee.2016.04.004
https://doi:10.1071/FP02205
https://doi.org/https:/doi.org/10.1016/S0065-2113(03)81003-9
https://doi.org/https:/doi.org/10.1016/S0065-2113(03)81003-9

Contents

Research Articles

Study of Changes in Long-term Wheat Production Trend and Factors Affecting it in North Khorasan
Province: I- Irrigated Wheat
M. Jahan, M. Farhadi, M. Bannayan, M. H. Fallah, F. Yaghoubi

The Effect of Foliar Application of Silicon, Calcium, and Potassium Fertilizers on Yield and Some of the
Agronomic and Physicomechanical Traits of Hordeum Vulgare
R. Nodehi, M. Baradaran firozabadi, H. Mirzaee moghaddam, A. Gholami

Evaluation of Waterlogging Tolerance in Twenty-One Cultivars and Genotypes of Bread Wheat (Triticum
Aestivum L.) and its Effect on some Physiological Characteristics of Shoot and Root System at the Three-
Leaf Stage

S. B. Fazeli, M. Meskarbashee, A. Rahnama Ghahfarokhi

The Effect of Photosynthetic Characteristics and Grain Yield of Different Growth Habit of Wheat
Cultivars to Early, usual and Delayed Planting Dates
N. Ziaei Ghahnavieh, F. Bazrafshan, D. Amin Azarm, O. Alizadeh, M. Zare

Effect of Application of Plant Growth Promoting Bacteria and Amino Acids Foliar Application on
Growth Characteristics, Yield, and Nutritional Value of Rice (Oryza sativa L.)
R. Ashouri, H. Fallah, Y. Niknezhad, D. Barari Tari

Effects of Nanoparticles (Zinc and Silicon) and Plant Growth Promoting Rhizobacteria on Yield,
Photosynthetic Pigments and Grain Filling Components of Triticale under Salinity Stress
Z. Mohammadzadeh, R. Seyed Sharifi, S. Farzaneh

Study the Response of Physiological Traits and Grain Yield to Integrated Use of Chemical Nitrogen
Fertilizer with Sugarcane Residue Compost in Heat Stress Conditions
M. Makvandi, A. M. Bakhshandeh, A. Moshatati, M. R. Moradi Telavat, A. Khodaei Joghan

265

285

303

319

333

347

363



Iranian Journal of Field Crops Research

Ferdowsi University of Mashhad
Center of Excellence for Special Crops (CESC)

Vol. 21

Publisher
Managing

Editor- in-chief

Editorial Board

AghaAlikhani, M. Weed-Crop Ecophisiology
Ehsanzadeh, P. Plant Physiology

Emam, Y. Crop Physiology

Bagheri, A. Genetic and Plant Breeding
Behdani, M.A. Crop Ecology

Banayan Awal, M.
Jami Alahmadi, M.

Agro-Environment Modeling
Crop Physiology

Raee, Y. Plant Eco physiology
Rahimian-Mashhadi, H.  Crop Physiology
Zamani, Gh.R. Crop Physiology

Zare- Feizabadi, A. Crop Ecology

Shahriari-Ahmadi, F. Genetic and Plant Breeding

Kafi, M. Crop Physiology
Nezami, A. Crop Physiology
Khazaei, H.R. Crop Physiology

Eyshi Rezaei, E. Crop modeling
Lashakri, A.

Bazrgar, A.B. Ecological Modeling

Ferdowsi University of Mashhad

H.R. Khazaei (Crop Physiology)

Environmental Plant Physiology

No. 3 2023

P. Rezvani Moghaddam (Agroecology) Prof., Ferdowsi University of Mashhad

Prof., Ferdowsi University of Mashhad

Prof., Tarbiat Modares University, Tehran

Prof., Isfahan University of Technology

Prof., Shiraz University

Prof., Ferdowsi University of Mashhad

Prof., University of Birjand

Prof., Ferdowsi University of Mashhad

Assoc. Prof., University of Birjand

Prof., Tabriz University

Prof., Tehran University

Assoc. Prof., University of Birjand

Prof., Agriculture and Natural Resources Research
Center of Khorasan Razavi Province

Prof., Ferdowsi University of Mashhad

Prof., Ferdowsi University of Mashhad

Prof., Ferdowsi University of Mashhad

Prof., Ferdowsi University of Mashhad

Leibniz Centre for Agricultural Landscape Research:
Mincheberg, Brandenburg, Germany

John Innes Centre, Norwich Research Park, Norwich,
UK

School of Environmental Sciences, University of
Guelph, Canada

Address: Iranian Journal of Field Crops Research Ferdowsi University of Mashhad Faculty of Agriculture

Mashhad, Iran
P.O.Box: 91775-1163
Email: cesc@um.ac.ir

Web Site: https://jcesc.um.ac.ir



‘\
/.fi///\

) Iranian Journal of

A==
/

-
Field Crops Research

ISSN:2008-1472

Contents

Research Articles

Study of Changes in Long-term Wheat Production Trend and Factors Affecting it in North
Khorasan Province: I- Irrigated WReEat......cccovceeeiiiircrinnrerinnnirrenseissneseessnesssessssnesessssnssssasssasssssssssasssssese 265
M. Jahan, M. Farhadi, M. Bannayan, M. H. Fallah, F. Yaghoubi

The Effect of Foliar Application of Silicon, Calcium, and Potassium Fertilizers on Yield and
Some of the Agronomic and Physicomechanical Traits of Hordeum Vulgare ..................ouuuneeueennne... 285
R. Nodehi, M. Baradaran firozabadi, H. Mirzaee moghaddam, A. Gholami

Evaluation of Waterlogging Tolerance in Twenty-One Cultivars and Genotypes of Bread

Wheat (Triticum Aestivum L.) and its Effect on some Physiological Characteristics of

Shoptand. Root Systemi atithe Bhree - Lheal Stase s, 303
S. B. Fazeli, M. Meskarbashee, A. Rahnama Ghahfarokhi

The Effect of Photosynthetic Characteristics and Grain Yield of Different Growth Habit of
Wheat Cultivars to Early, usual and Delayed Planting Dates........cccocceveicviiinirininnennscinnenncesscnisecnsnens 319
N. Ziaei Ghahnavieh, F. Bazrafshan, D. Amin Azarm, O. Alizadeh, M. Zare

Effect of Application of Plant Growth Promoting Bacteria and Amino Acids Foliar
Application on Growth Characteristics, Yield, and Nutritional Value of Rice (Oryza sativa L.).......... 333
R. Ashouri, H. Fallah, Y. Niknezhad, D. Barari Tari

Effects of Nanoparticles (Zinc and Silicon) and Plant Growth Promoting Rhizobacteria on
Yield, Photosynthetic Pigments and Grain Filling Components of Triticale under Salinity Stress ..... 347
Z. Mohammadzadeh, R. Seyed Sharifi, S. Farzaneh

Study the Response of Physiological Traits and Grain Yield to Integrated Use of Chemical
Nitrogen Fertilizer with Sugarcane Residue Compost in Heat Stress Conditions .........cccooeeeeereieiriucnnee 363
M. Makvandi, A. M. Bakhshandeh, A. Moshatati, M. R. Moradi Telavat, A. Khodaei Joghan



	first.pdf (p.1)
	zerae content fa.pdf (p.2)
	01-2208-1192.pdf (p.3-22)
	02-2212-1208.pdf (p.23-39)
	03-2212-1209.pdf (p.40-55)
	04-2302-1226.pdf (p.56-68)
	05-2302-1230.pdf (p.69-82)
	06-2302-1231.pdf (p.83-97)
	07-2303-1236.pdf (p.98-118)
	zerae content en.pdf (p.119)
	onvan.pdf (p.120)

