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Table 1. Meterological statistics of the crop year 2018-2019 of Khorramabad Airport Meteorological Station 

(nearest station to the farm)  

 Mean of air temperature (°C)  

Month Maximum Minimum Average Rainfall (mm) 

September 30.7 13.6 22.2 9.0 

October 19.2 8.4 13.8 139.1 

November 14.1 3.1 8.6 150.8 

December 11.7 0.5 6.1 127.0 

January-February 12.01 1.0 6.5 115.2 

February 13.5 1.3 7.4 89.3 

March 18.3 6.2 12.3 309.1 

April 26.3 9.3 17.8 6.1 

May 36.3 16.6 26.4 0.0 

Jun 40.4 19.6 30.0 0.0 
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Table 2. Soil analysis 

P (mg kg-1) N (%) CaCo3 (%) 
Organic 

carbon (%) 
EC dsm-1

 pH Soil texture 

4.8 4.8 42.5 0.86 0.41 7.1 Clay 

Mg (mg.kg-1) Na (mg.kg-1) Zn (mg.kg-1) Fe (ppm) Mn (mg.kg-1) Cu (mg.kg-1) K (mg.kg-1) 

0.6 39.6 0.92 3.252 5.77 0.87 356.4 

 

 C4+H3 - G9S�/  ���4�(5E#%  
Table 3. Analysis of vermicompost 

(%)Moisture C / N OM (%) OC (%) K2O (%) P2O5 (%) K (%) P (%) N (%) 

50.15 20.09 26.33 15.01 1.18 1.12 0.5 0.45 1.25 

Cd 

(mg.kg-1) 

Zn 

(mg.kg-1) 

Cu 

(mg.kg-1) 

Mn 

(mg.kg-1) 

Fe 

(mg.kg-1) 

Mg 

(mg.kg-1) 

Ca 

(mg.kg-1) 

EC 

(ds.m-1) 
pH 

1.5 27.5 6.5 125 92 0.2 4.34 1.5 7.5 
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 �D
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Table 4. Analysis of variance of phonologic, morphologic and yield of wheat under moisture limitation, 

vermicompost and zinc foliar application 

   ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 

  

 C4+H5 -   ?9T/�9� =e��U��,
 �B� *+,- c,9S�� �+$ 4 >�i5S5�G9� �-+9(� �
 �4� �� �!23  
Table 5. Mean comparison of the drought effect on days to physiological maturity and Falling number of wheat.  

Means followed by similar letters in each column are not significantly different at 5% probability level. 
 

C4+H6- �U��=e �9T/�9? �,!#��� ��56� ���4+D�× ���4�!23 )�(5E#%× ���4 4 )84�5E#%�(4× *+,- A�;F �3�� �� 84�  
Table 6. Mean comparison of the interations of moisture limitation × vermicompost, drought × zinc and 

vermicompost × zinc on some traits of wheat. 

Means followed by the similar letters in each column are not significantly different at 5% probability level. 
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 ��!"#$ ���<e�� �,^��5� ���  C4+H)8( ���4 .

C5"D� 4 �(5E#%�� b$�� 84� �.�� ��!"#$ ���G
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Harvest index Grain yield 
1000-seed 

weight 
Spike per m2 

Days to 

physiological 

maturity 

df Source of variations 

23.16ns 441398.79ns 18.93ns 8355.29 ns 11.62 ns 2 Replication (R) 

160.38* 5414050.04* 118.73* 8550.37ns 228.17* 1 Moisture limitation (A) 

9.09 200756.29 6.41 1960.12 11.54 2 R×A (Ea) 

87.59** 11262770.04** 47.71** 23625.37** 181.5 ns 1 Vermicompost (B) 

41.09* 2331890.04** 27.95* 4676.04* 37.5 ns 1 A×B 

26.36ns 1549908.37** 1.5ns 2035.04ns 10.67 ns 1 Zinc sulfate (C) 

19.43ns 1334345.04** 0.11ns 330.04ns 10.67 ns 1 A×C 

3.63ns 50508.37 ns 0.11ns 287.04ns 32.67 ns 1 B×C 

0.00002ns 487635.04* 1.33ns 759.37ns 0.67 ns 1 A×B×C 

7.34 105098.65 4.61 907.32 61.69 12 Eb 

7.84 7.16 5.21 5.75 4.5 - CV (%) 

Days to physiological maturity Falling number Drought stress 

204.83a 260.42b* Control 

198.67b 291.25a Moisture limitation stress 

Harvest 

index (%) 
Biological  

 yield (kg.ha-1) 
Grain yield 

(kg.ha-1) 
1000-seed 

weight (g) 
Spike per 

m2 Treatments 

33.94b 11833.2c 4008.2c 40.97b 497.0b* Without vermicompost Control 

40.38a 14816.2a 6001.7a 95a.45 587.67a Vermicompost 

31.38b 11743.7c 3681.7c 36.68b 487.17b Without vermicompost Moisture limitation 

stress 
32.59b 13584.3b 4428.3b 34.39 b 522.0b Vermicompost 

35.21a 12756.7b 4515.0b 43.28a 536.83a Water foliar application Control 

39.10a 13892.7a 5494.8a 43.64a 547.83a Zinc foliar application 

31.84a 12651.7b 4036.7c 38.69a 491.67a Water foliar application Moisture limitation 

stress 
32.13a 12676.3b 4073.3c 33.39a 517.50a Zinc foliar application 

31.22a 11695.0a 3636.7a 39.64a 86.33a Water foliar application Without 

vermicompost 
34.10a 11881.8a 4053.2a 40.01a 84.97a Zinc foliar application 

35.82a 13713.3a 4915.0a 42.33a 542.17a Water foliar application Vermicompost 
37.14a 14687.2a 5515.0 a 42.96a 567.5a Zinc foliar application 
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Figure 2. Mean comparison of the interaction of moisture limitation × vermicompost × zinc foliar application on 

wheat biological (A) and grain yield (B). Means followed by at least a similar letter are not significantly different 

Duncan's multiple range test (p≤0.05). 
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Table 7. Analysis of variance of some qualitative traits of wheat under moisture limitation, vermicompost and 

zinc foliar application 

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.  

Falling number Zeleny sedimentation Grain protein df Source of variations 

798.17ns 0.54ns 0.23ns 2 Replication (R) 

2604.17** 6.0ns 5.64ns 1 Moisture limitation stress (A) 

450.17 0.87 0.43 2 R×A (Ea) 

0.67ns 48.17** 0.43** 1 Vermicompost (B) 

0.17ns 2.66** 0.29** 1 A×B 

0.67ns 32.67** 0.23** 1 Zinc sulfate (C) 

0.17ns 1.5* 0.18** 1 A×C 

0.000ns 2.67** 0.03* 1 B×C 

0.17ns 1.5* 0.22 ** 1 A×B×C 

0.22 0.32 0.04 12 Eb 

1.16 0.5 1.65 - CV (%) 
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Table 8. Analysis of variance of biological yield and grain zinc content of wheat under moisture limitation, 

vermicompost and zinc foliar application 

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.  
 
 

  
 

 

  

  

 0!.2-  ?9T/�9� =e��U��,!#���  ��56� ���4+D� �,
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) �,S�B(  .*+,-?9T/�9�8��  8���� >� 0L�+1Q�<2� z�1) �,^� zl<3� 8����� �� �5��  [\( �� ?!/ C�#<1�+F�� _,� ��+/.+/  
Figure 2. Mean comparison of the interaction of moisture limitation stress × vermicompost × zinc foliar 

application on grain protein (A) and Zeleny sedimentation (B) of wheat. Means followed by at least a similar 

letter are not significantly different Duncan's multiple range test (p≤0.05). 
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Biological yield Grain zinc content df Source of variations 

177632.17ns 3.49** 2 Repliction (R) 

2618882.67ns 0.07ns 1 Moisture limitation stress (A) 

231308.17 0.05 2 R×A (Ea) 

34901640.17** 0.01ns 1 Vermicompost (B) 

1957388.17** 0.17ns 1 A×B 

331562.67 0.071 2 R×B 

2020720.67** 43.82** 1 Zinc sulfate (C) 

1852592.67* 0.68* 1 A×C 

929053.50ns 0.95* 1 B×C 

2797568.17 ** 0.16ns 1 A×B×C 

243531.39 0.14 10 Eb 

4.00 1.88 - CV (%) 

(A) 

(B) 
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Table 9. Mean comparison of the interactions of moisture limitation stress × vermicompost, moisture limitation 

stress × zinc foliar application, and vermicompost × zinc foliar application on wheat grain qulity  

Means followed by the similar letters in each column are not significantly different at 5% probability level. 
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Zeleny sedimentation 

(mm) 

Grain zinc content 

(mg.kg-1) 

Grain protein 

(%) 
Treatment 

31.33c 19.69a 12.0c Without vermicompost Control 

34.83b 19.91a 12.49b Vermicompost 

33.0c 19.52a 13.19 a Without vermicompost Moisture limitation 

stress 35.17a 19.39a 13.23 a Vermicompost 

31.67c 18.28c 12.06c Water foliar application Control 

34.5a 21.32a 12.43b Zinc foliar application 

33.17b 18.27c 13.2a Water foliar application Moisture limitation 

stress 35.0a 20.64b 13.22a Zinc foliar application 

31.33c 18.06b 12.46c Water foliar application Without vermicompost 

33.0b 21.16a 12.73b Zinc foliar application 

33.5b 18.5b 12.8b Water foliar application Vermicompost 

36.5a 20.8a 12.92a Zinc foliar application 
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Abstract 
In some regions of Iran, drought stress generally reduces yield at the final stages of wheat growth. 

This experiment was performed to investigate the effects of vermicompost and zinc foliar application 

on yield, yield components and quality traits of bread wheat (Chamran 2) under terminal moisture 

limitation stress, during 2018-19 in the research farm of the faculty of Agriculture of Lorestan 

University. The experiment was carried out as split-factorial based on a Randomized Complete Block 

Design with eight treatments and three replications. The main factor was moisture limitation stress 

(full irrigation until the end of the growing season and cessation of irrigation from the beginning of 

grain filling) and sub-factors were vermicompost (no application, and application of vermicompost 5 t 

ha-1) and foliar application of zinc (distilled water and zinc sulfate solution 3/1000 (w/v) equals to 0.36 

g zinc sulfate m-2). The results showed that moisture limitation stress significantly reduced the 1000-

grain weight, grain yield, harvest index, and Falling number. Interaction of moisture limitation × 

vermicompost × zinc was significant for grain protein and Zeleny sedimentation. Application of 

vermicompost increased grain yield, biological yield, harvest index, grain protein and Zeleny 

sedimentation thereby improved quantity and quality of wheat grain particularly under non-moisture 

limitation condition. Zinc foliar application also significantly increased the grain yield, biological 

yield, grain zinc content, protein percentage and Zeleny sedimentation. Combined and separate 

application of vermicompost and zinc foliar application reduced the damage of moisture limitation 

stress on the quantitative and qualitative yield of wheat. Therefore, use of them is recommended as a 

crop management practice in Khorramabad climatic condition particularly where terminal moisture 

limitation stress is usually occur.                                                                                                    
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