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Comprehensive abstract 

Introduction 

Drought stress is one of the most important factors affecting crop yield especially in irrigated 

agriculture in arid and semiarid regions. Application of some stress modulators (vermicompost, 

mycorrhiza, putrescine and zinc nanooxide) increases growth, yield and the resistance of plants against 

various environmental stresses such as drought. However, the effect of these compounds alone has 

been investigated on modulating the effects of stress, there are fewer reports about their interaction 

effects. In this experiment, the interaction effects of organic, biological and mineral fertilizers and 

stress modulators were investigated on the improvement of current photosynthesis, dry matter 

remobilization process, grain filling components and grain yield of barley under water deficit 

conditions.  

Materials and methods 
To investigate the interaction effects of some stress modulators (vermicompost, mycorrhiza, zinc 

nanooxide and putrescine) on the contribution of dry matter remobilization and grain filling 

components of barley under water deficit stress conditions, a factorial experiment in randomized 

complete block design with three replications was conducted in research greenhouse of Faculty of 

Agriculture and Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran, in 2022. The 

experimental factors were included irrigation in three levels (full irrigation as control, irrigation 

withholding at 50% of the heading and 50% of the booting stages, equal to codes 55 and 43 of BBCH 

scale, as moderate and severe water limitation, respectively), application of biofertilizer, and organic 

and inorganic fertilizers in four levels (no application of fertilizers as control, application of 

vermicompost, application of mycorrhiza, combined application of vermicompost and mycorrhiza), 

and foliar application of putrescine and zinc nanooxide in four levels (foliar application of water as 

control, foliar application of 0.4 g.L-1 Zn nanooxide, foliar application of 0.8 mM putrescine, 

combined foliar application of Zn nanooxide and putrescine). Mycorrhiza fungus (mosseae species) 

was purchased from Zist Fanavar Turan company and according to copany’s protocol, 10 g per kg soil 

was used. Vermicompost was purchased from Gilda company and according to copany’s protocol, 50 

g per kg soil was used. Zinc nanooxide production of China, with an average particle size of less than 

30 nm, a specific surface of more than 30 m2.g-1, a Zn content of about 65.21% and a purity of 99%, 

was purchased from Jahan Kimia company, Urmia, Iran. The barley variety used in the experiment 

was Nobahar variety, which was cultivated with a plant density of 400 seeds per m2. 
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Research findings 
The results showed that the combined application of stress modulators (vermicompost, 

mycorrhizal, Zn nanooxide and putrescine) under irrigation withholding at booting stage conditions 

decreased dry matter remobilization from shoot and stem (22.32% and 25.65%, respectively) and their 

contribution in grain yield (52.92% and 56.95%, respectively) compared to the no application of 

biofertilizers and no foliar application of putrescine and Zn. In contrast, application of stress 

modulators under irrigation withholding in booting stage conditions increased total chlorophyll 

(24.91%), current photosynthesis (62.57%), contribution of current photosynthesis in grain yield 

(30.54%), grain filling rate (6.62%), grain filling period (18.06%), effective grain filling period 

(27.67%) and grain yield (25.18%) compared to the no application of biofertilizers and no foliar 

application of putrescine and Zn. 

Conclusion 

The findings of the current experiment showed that the application of stress modulators 

(vermicompost, mycorrhizal, Zn nanooxide and putrescine) can increase grain yield of barley under 

water limitation conditions by improving the current photosynthesis and grain filling components. 
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 Table 1. Vermicompost characteristics used in this experiment 

Cd Pb Zn Cu Mn Fe EC 

dS.m-1 pH 
mg.kg 

-1 

1 19 110 20 275 5000 1.12 7.64 
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Mg Ca K P N Organic carbon Organic matter 
Percent 

0.95 2.73 0.4 0.4 1.55 32.9 56.8 
  

2��B 2 - K�YZ�� 9�G H
.�=�� � X�8 D ��-@ : � #	 �	�Q��� 	#
� 
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Table 3. Analysis of variance of the effect of stress modulators on chlorophyll content and grain filling 

components of barley in various irrigation levels 

Effective grain 

filling period 

Grain filling 

period 

Grain filling 

rate 

Maximum 

grain weight 

Chlorophyll 

content 
df Source of variation 

24.36** 32.87** 0.449** 141.8** 5.98** 2 Replication 

150.68** 123.26** 0.621** 829** 6.99** 2 Irrigation (I) 

20.98** 14.64** 0.108** 114.9** 1.13** 3 Fertilizer (B) 

79.64** 41.67** 0.0006ns 248.7** 1.56** 3 Foliar application (F) 

3.3ns 3.54* 0.024ns 18.7* 0.14** 6 I×B 

1.93ns 3.54* 0.004* 18.5* 0.2** 6 I×F 

4.84** 5.51** 0.005** 31** 0.099* 9 B×F 

3.18* 3.62** 0.0038* 18.4** 0.21** 18 I×B×F 

1.51 1.58 0.001 6.84 0.047 94 Error 

4.07 3.41 2.4 4.94 5.09 - CV (%) 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 4. Comparison of means of the effect of stress modulators on chlorophyll content and grain filling 

components of barley in various irrigation levels 

Estimated equation 
Effective grain 

filling period  

(day) 

Grain filling 

period (day) 

Grain 

filling rate  

(mg.day-1) 

Maximum 

grain weight 

(mg) 

Chlorophyll 

content  

(mg.g-1 FW) 

Treatment † 

Y=0.00179x-0.0129 29.53j-r 36.65g-n 1.79a-e 53i-o 4.307i-o I1×B1×F1 

Y=0.00179x-0.0120 31.17e-j 37.83c-j 1.76b-k 54.6f-l 4.395f-m I1×B2×F1 

Y=0.00174x-0.0112 31.59c-i 38.77a-e 1.83a 57.8b-g 3.9p-w I1×B3×F1 

Y=0.00173x-0.0102 29.04l-s 35.54l-p 1.73e-n 50.4m-t 4.836a-e I1×B4×F1 

Y=0.00176x-0.0120 31.58c-i 38.15b-i 1.78a-g 56.3d-j 4.696c-g I1×B1×F2 

Y=0.00179x-0.0117 29.96i-p 36.4h-n 1.8a-e 53.8g-m 4.026n-u I1×B2×F2 

Y=0.00181x-0.0116 32.81a-f 39.3a-d 1.83a 60.1a-d 4.722c-g I1×B3×F2 

Y=0.00179x-0.0109 33.48a-c 39.62a-c 1.81a-c 60.6a-c 5.076ab I1×B4×F2 

Y=0.00179x-0.0126 31.04f-l 37.4d-l 1.74d-m 53.9g-m 4.461f-k I1×B1×F3 

Y=0.00183x-0.0120 32.88a-f 39.25a-d 1.82ab 56. 8a-d 4.93a-e I1×B2×F3 

Y=0.00180x-0.0116 32.6b-g 38.97a-e 1.8a-d 58.7a-f 4.871a-e I1×B3×F3 

Y=0.00178x-0.0106 33.34a-d 39.41a-d 1.8a-d 60.2a-d 4.983a-c I1×B4×F3 

Y=0.00171x-0.0111 32.62b-g 38.34b-h 1.73e-n 56.4c-j 4.596e-j I1×B1×F4 

Y=0.00180x-0.0111 33.86b 39.62ab 1.8a-e 60.9ab 4.899a-e I1×B2×F4 

Y=0.00179x-0.0109 33.03a-f 40ab 1.79a-f 59.2a-e 4.96a-d I1×B3×F4 

Y=0.00179x-0.0103 34.79a 40.57a 1.8a-e 62.5a 5.151a I1×B4×F4 

Y=0.00174x-0.0129 27.91q-u 35.2m-q 1.74d-m 48.5p-u 3.732t-z I2×B1×F1 

Y=0.00173x-0.0122 28.91m-s 36.12i-o 1.77a-i 51.2k-r 3.794s-y I2×B2×F1 

Y=0.00175x-0.0126 28.53o-t 35.67k-p 1.74d-m 49.7m-t 3.988o-v I2×B3×F1 

Y=0.00163x-0.0092 28.05p-t 35.22m-q 1.75c-l 49.2o-t 4.146k-s I2×B4×F1 

Y=0.00177x-0.0130 28.62n-t 35.57l-p 1.72f-o 49.4n-t 4.017n-u I2×B1×F2 

Y=0.00178x-0.0125 31.49c-j 38.39b-h 1.79a-f 56.4c-j 4.673c-h I2×B2×F2 

Y=0.00175x-0.0117 28.4o-t 34.76n-r 1.69l-p 48q-v 4.425f-l I2×B3×F2 

Y=0.00176x-0.0109 31.05f-k 37.64c-k 1.75b-l 54.3g-l 4.341h-o I2×B4×F2 

Y=0.00174x-0.0127 29.11k-s 36.19i-n 1.75c-l 50.9k-r 4.083l-t I2×B1×F3 

Y=0.00167x-0.0106 31.42d-j 37.99b-j 1.75b-l 55e-k 4.329h-o I2×B2×F3 

Y=0.00170x-0.0111 29.6i-r 35.98j-p 1.7i-p 50.5l-s 4.369g-n I2×B3×F3 

Y=0.00177x-0.0108 29.04m-s 34.95n-r 1.68m-p 48.8o-u 4.642d-j I2×B4×F3 

Y=0.00174x-0.0126 29.86i-q 35.48l-q 1.65p 49.3n-t 4.118k-s I2×B1×F4 

Y=0.00175x-0.0118 32.49b-h 38.66a-g 1.77a-i 57.5b-h 4.222k-p I2×B2×F4 

Y=0.00166x-0.0097 32.63b-g 38.69a-f 1.77a-h 57.9b-g 4.652c-i I2×B3×F4 

Y=0.00178x-0.0108 3307a-e 39.11a-e 1.79a-f 59.1a-e 4.748b-f I2×B4×F4 

Y=0.00166x-0.0124 25.37w 32.61s 1.66op 42.2w 3.424z I3×B1×F1 

Y=0.00170x-0.0126 26.75t-w 34.1o-s 1.72f-o 46.1t-w 3.892p-x I3×B2×F1 

Y=0.00173x-0.0127 26.05u-w 33.45q-s 1.72g-o 44.8u-w 4.145k-s I3×B3×F1 

Y=0.00168x-0.0105 27.41s-v 34.73n-r 1.72f-o 47.3r-v 3.864q-x I3×B4×F1 

Y=0.00171x-0.0128 25.9vw 33.02rs 1.69k-p 43.9vw 3.508yz I3×B1×F2 

Y=0.00170x-0.0121 28p-u 35.01n-q 1.7j-p 47.7r-v 4.332h-o I3×B2×F2 

Y=0.00175x-0.0127 28.02p-u 34.94n-r 1.71h-p 48.1p-v 3.657v-z I3×B3×F2 

Y=0.00173x-0.0111 30.53h-n 35.37l-q 1.7i-p 52k-q 4.05m-u I3×B4×F2 

Y=0.00172x-0.0128 30.28i-o 37.74c-j 1.76b-k 53. h-n 3.541x-z I3×B1×F3 

Y=0.00172x-0.0122 28.96m-s 36.12i-o 1.76b-k 51k-r 4.411f-l I3×B2×F3 

Y=0.00176x-0.0131 29.75i-r 37.15e-m 1.78a-h 53i-o 3.613w-z I3×B3×F3 

Y=0.00170x-0.0107 28.82m-s 35.3m-q 1.7j-p 49.1o-t 4.178k-r I3×B4×F3 

Y=0.00173x-0.0129 27.81r-v 33.97p-s 1.66n-p 46.3s-w 3.696u-z I3×B1×F4 

Y=0.00171x-0.0113 30.14i-o 36.43h-n 1.72f-o 52k-q 3.829r-x I3×B2×F4 

Y=0.00170x-0.0112 30.73j-m 36.72f-n 1.7j-p 52.3j-p 4.187k-q I3×B3×F4 

Y=0.00176x-0.0109 32.39b-g 38.5b-g 1.77a-j 57. 2b-i 4.277j-o I3×B4×F4 

- 1.9978 2.0384 0.0001 0.0042 0.3539 LSD5% 

Means followed by similar letter (s) in each column are not significantly different based on LSD test. 
† I1, I2, and I3, Normal irrigation, irrigation withholding at heading and booting stages, respectively;  B1, B2, B3, and B4, 

no-application of biofertilizers, application of vermicompost, application of Mycorrhiza, and joint application of 

vermicompost and Mycorrhiza, respectively; F1, F2, F3, and F4, no-foliar application, foliar application of putrescine, 

foliar application of Zn nanooxide, and joint foliar application of putrescine and Zn nanooxide, respectively.  
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Table 5. Analysis of variance of the effect of stress modulators on dry matter remobilization and grain yield of 

barley in various irrigation levels 

Grain 

yield 

Contribution  

of current 

photosynthesis 

in grain yield 

Current 

photosynthesis 

Contribution 

of stem 

reserve in 

grain yield 

Dry matter 

remobilization 

from stem 

Contribution of 

shoots 

remobilization 

in grain yield 

Dry matter 

remobilization 

from shoot 
df 

Source of 

variation 

0.504** 5.56ns 0.279** 39.3** 0.0397** 5.5ns 0.0339** 2 Replication 

1.19** 1076.83** 1.731** 552.9** 0.0271** 1076.8** 0.0507** 2 Irrigation (I) 

0.163** 200.22** 0.262** 104.5** 0.0065** 200.2** 0.0117** 3 Biofertilizer (B) 

0.164** 226.7** 0.28** 126.3** 0.01** 226.7** 0.0173** 3 
Foliar 

application (F) 

0.018* 8.82ns 0.022ns 4.24ns 0.0004ns 8.8ns 0.0009ns 6 I×B 

0.018* 17.51ns 0.023* 15.1** 0.0012** 17.5ns 0.0017* 6 I×F 

0.002ns 7.95ns 0.006ns 4ns 0.001** 7.9ns 0.0016* 9 B×F 

0.018** 27.19** 0.028** 11.3** 0.0012** 27.1** 0.0021* 18 I×B×F 

0.0072 8.24 0.01 4 0.0003 8.2 0.0006 94 Error 

4.83 4.34 8.79 8.41 4.55 8.47 4.45 - CV (%) 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 6. Comparison of means of the effect of stress modulators on grain filling components of barley at various 

irrigation levels 

Grain 

yield  

(g / plant) 

Contribution of 

current 

photosynthesis in 

grain yield (%) 

Current 

photosynthesis 

(g / plant) 

Contribution 

of stem reserve 

in grain yield 

(%) 

Dry matter 

remobilization 

from stem 

Contribution of 

shoot 

remobilization in 

grain yield (%) 

Dry matter 

remobilization 

from shoot 

(g / plant) 

Treatment† 

1.772h-o 66.62h-n 1.181g-n 23.45j-r 0.415f-o 33.37j-p 0.59f-p I1×B1×F1 

1.85d-j 66.25h-n 1.228g-k 23.38k-r 0.431c-k 33.74j-p 0.621b-h I1×B2×F1 

1.883b-h 70.55b-h 1.33c-g 20.45r-v 0.385p-y 29.44p-v 0.553p-y I1×B3×F1 

1.954a-e 72.45a-f 1.417a-f 19.23t-w 0.376s-y 27.54r-w 0.537t-z I1×B4×F1 

1.811f-l 69.08d-k 1.252f-j 21.55o-u 0.39o-w 30.91m-t 0.559n-w I1×B1×F2 

1.986a-d 73.58a-d 1.462a-d 18.44u-w 0.366v-z 26.41t-w 0.524w-a I1×B2×F2 

2.009ab 74.36a-c 1.494a-c 17.93vw 0.36w-z 25.63u-w 0.514x-a I1×B3×F2 

2.006a-c 74.63ab 1.497ab 17.73vw 0.356yz 25.36vw 0.509za I1×B4×F2 

1.649n-w 61.02p-v 1.03n-u 27.52c-f 0.438b-h 38.97b-h 0.619b-i I1×B1×F3 

1.97a-d 72.35a-g 1.426a-e 19.35s-w 0.381q-y 27.64q-w 0.543r-z I1×B2×F3 

1.93a-g 68.05f-l 1.318d-h 22.75l-r 0.436b-i 31.94l-r 0.612b-l I1×B3×F3 

1.976a-d 73.27a-d 1.448a-d 18.7u-w 0.369u-z 26.72t-w 0.527v-a I1×B4×F3 

1.943a-f 72.14a-g 1.402a-f 19.48s-w 0.378r-y 27.85q-w 0.54s-z I1×B1×F4 

1.996a-c 74.06a-c 1.479a-d 18.23vw 0.364w-z 25.93u-w 0.517w-a I1×B2×F4 

2.02ab 74.61ab 1.507a 17.74vw 0.358x-z 25.38vw 0.512y-a I1×B3×F4 

2.024a 75.65a 1.531a 16.97w 0.344z 24.34w 0.493a I1×B4×F4 

1.571s-z 58.71t-v 0.923r-v 29.07b-d 0.457a-d 41.28b-d 0.649ab I2×B1×F1 

1.627p-x 62.07n-v 1.01o-u 26.65c-j 0.433b-j 37.92b-j 0.617b-k I2×B2×F1 

1.654n-w 63.28m-t 1.046n-u 25.85d-l 0.427d-m 36.71d-k 0.607b-m I2×B3×F1 

1.719j-r 64.53k-r 1.11i-q 24.87f-n 0.427d-m 35.47f-m 0.609b-l I2×B4×F1 

1.606q-y 61.19p-v 0.983p-u 27.34c-g 0.439b-h 38.8b-h 0.623b-h I2×B1×F2 

1.648n-w 64.58l-r 1.067k-s 24.77f-o 0.407i-r 35.42f-m 0.581h-s I2×B2×F2 

1.744i-p 66.45h-n 1.16h-o 23.5i-r 0.409h-q 33.54j-p 0.584g-r I2×B3×F2 

1.902a-h 70.18b-i 1.336b-g 20.77q-v 0.395n-v 29.81o-v 0.566m-v I2×B4×F2 

1.664m-v 63.6l-s 1.059l-t 25.57e-m 0.425e-m 36.39e-k 0.605c-m I2×B1×F3 

1.731j-r 66.02h-o 1.143i-p 23.87h-q 0.413g-p 33.97i-p 0.587f-q I2×B2×F3 

1.635o-w 61.38o-v 1.017n-u 26.94c-h 0.432c-k 38.61b-i 0.617b-j I2×B3×F3 

1.784h-n 67.7g-m 1.208g-m 22.58m-s 0.402k-t 32.29k-q 0.575j-u I2×B4×F3 

1.69k-t 64.57k-r 1.091j-q 24.88f-n 0.42f-n 35.42f-m 0.598d-o I2×B1×F4 

1.871c-i 70.2b-i 1.315d-h 20.72q-v 0.387o-x 29.79o-v 0.556o-x I2×B2×F4 

1.797g-m 68.13e-l 1.225g-l 22.25n-t 0.399m-u 31.86l-s 0.572l-u I2×B3×F4 

1.96a-e 72.72a-e 1.426a-e 19.06t-w 0.374t-z 27.27s-w 0.534u-a I2×B4×F4 

1.457z 53.76w 0.783v 32.93a 0.48a 46.23a 0.674a I3×B1×F1 

1.487yz 61.46o-v 0.912s-v 26.82c-h 0.4l-t 38.53b-i 0.575k-u I3×B2×F1 

1.494y-z 59.96r-v 0.895t-v 30.92ab 0.462ab 40.03b-f 0.599d-n I3×B3×F1 

1.529v-z 58vw 0.887uv 29.73a-c 0.455a-e 41.99ab 0.642a-c I3×B4×F1 

1.594r-z 60.71q-v 0.968q-u 27.69b-f 0.441b-g 39.28b-g 0.626b-g I3×B1×F2 

1.712k-r 64.99k-q 1.119i-q 27.1c-h 0.46a-c 35g-m 0.593e-p I3×B2×F2 

1.558t-z 59.19s-v 0.922r-v 26.63c-k 0.415f-o 40.8b-e 0.635a-e I3×B3×F2 

1.617p-y 62.72n-u 1.014n-u 26.17d-k 0.423f-n 37.27c-j 0.602c-m I3×B4×F2 

1.74i-q 65.6i-p 1.151h-o 24.06h-p 0.41h-q 34.4h-o 0.588f-q I3×B1×F3 

1.545u-z 58.58uv 0.905s-v 26.71c-i 0.413g-p 41.41bc 0.639a-d I3×B2×F3 

1.696k-s 62.81n-u 1.067k-s 26.31d-k 0.445b-f 37.18c-j 0.629b-f I3×B3×F3 

1.706k-s 63.61l-s 1.086j-r 25.63e-m 0.436b-i 36.38e-l 0.62b-i I3×B4×F3 

1.523w-z 59.28s-v 0.903s-v 28.62b-e 0.436b-i 40.72b-e 0.62b-i I3×B1×F4 

1.643o-w 62.7n-u 1.031n-u 26.19d-k 0.43d-l 37.29c-j 0.612b-l I3×B2×F4 

1.675l-u 65.44j-p 1.096j-q 24.18g-p 0.405j-s 34.55h-n 0.578i-t I3×B3×F4 

1.824e-k 70.18b-i 1.273e-i 20.98p-v 0.382q-y 30.23n-u 0.551q-z I3×B4×F4 

0.1376 4.6557 0.1668 3.2488 0.0303 4.6557 0.0422 LSD 

Means followed by similar letter (s) in each column are not significantly different based on LSD test. 
† I1, I2, and I3, Normal irrigation, irrigation withholding at heading and booting stages, respectively;  B1, B2, B3, and B4, 

no-application of biofertilizers, application of vermicompost, application of Mycorrhiza, and joint application of 

vermicompost and Mycorrhiza, respectively; F1, F2, F3, and F4, no-foliar application, foliar application of putrescine, 

foliar application of Zn nanooxide, and joint foliar application of putrescine and Zn nanooxide, respectively.  
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