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Comprehensive abstract 

Introduction 
Rice is a valuable and strategic cereal that plays an important role in providing food security for 

more than 50% of the world's population. New rice production systems require stable management 

operations. The role of nitrogen as a key determining factor is necessary to achieve optimal yield. As a 

synthtic growth regulator, mepiquat chloride is one of the important management tools in reducing 

stress damage and overcoming many agricultural problems, such as lodging. Mepiquat chloride 

reduces the distance between nodes in the main stem and tillers. The objective of this experiment was 

to investigate the effect of nitrogen fertilizer and mepiquat chloride on yield, yield components and 

lodging resistance indicators in rice. 

Materials and methods 
To investigate the effect of nitrogen fertilizer rates and the foliar application of the growth retardant 

mepiquat chloride on lodging resistance and grain yield of rice cv. Hashemi, a factorial experiment 

based on a randomized complete block design with three replications was carried out during the spring 

of 2020 in the experimental field of Agriculture and Natural Resources Research Center in the village 

of Keshel Varzal in Rasht County, Guilan province, Iran. The experimental treatments included 

mepiquat chloride at four levels (no foliar application, and foliar application at the maximum tillering 

stage, stem elongation stage, and maximum tillering + stem elongation stages) and  nitrogen (N) 

fertilizer at three levels (13 kg.ha-1, 32.5 kg.ha-1, and 52 kg.ha-1). The studied traits also included the 

morphological characteristics (bending moment of internodes) related to the third and fourth 

internodes lodging, breaking resistance at the middle point of third and fourth internodes and lodging 

index, grain yield, number of panicles per plant, total number of grains per panicle, number of filled 

and unfilled grains per panicle and 1000-grain weight. 

Research findings 
The results showed that the highest grain yield (3999 kg.ha-1) was obtained from the foliar application 

of mepiquat chloride at the maximum tillering stage along with the application of 52 kg.ha-1 N and the 

lowest (2169.6 kg.ha-1) from no foliar application along with the application of 13 kg.ha-1 N. The 

maximum number of panicles per plant, number of total grains and filled grains per panicle were 

recorded in the mepiquat chloride foliar treatment at the maximum tillering stage and the application 

of 52 kg.ha-1 N. The lowest number of panicles per plant (and the number of filled grains per panicle) 

was obtained in the treatment of mepiquat chloride foliar application in the treatment of stem 

elongation and application of 13 kg.ha-1 N. The highest bending momentum of the third and fourth 
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internodes (1563 and 1663.9 g.cm-1, respectively) was related to the foliar application of mepiquat 

chloride at the maximum tillering stage. Among the N fertilizer levels, the highest bending momentum 

of the third and fourth internodes (1521.1 and 1581.6 g.cm-1, respectively) were obtained from the 

application of 32.5 kg.ha-1 nitrogen. 

Conclusion 
Application of growth regulators and optimal use of nitrogen fertilizer are ways to prevent decline 

in rice grain yield. Foliar application of plant growth regulators and nitrogen chemical fertilizer on the 

plant characteristics of rice can help to improve resistance to plant lodging. According to the results of 

this experiment, it seems that foliar application of mepiquat chloride at the stage of maximum tillering 

and consumption of 52 kg.ha-1 nitrogen is the most suitable treatment for Hashemi rice cultivar in 

terms of increasing grain yield and resistance to plant lodging in climatic conditions of Rasht. 
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Table 1. Physical and chemical properties of soil of the experimental soil 

Soil texture 
EC 

(dS.m-1) 

Organic matter 

(%) 
pH 

P 

(mg.kg-1) 

K 

(mg.kg-1) 
Total N (%) Year 

Clay loam 1.2 1.4 7.4 17.8 280 0.18 2020 
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 2��F2 – W
�� :�I7#� ?�)���� �>��� OS� <�#7 �� �!�7 ����7��
 �7 g8!#� *��#�V�! -X! 2�%X� *����>�!'��#	�� ��� � �,�#%� :����M� ���G  
Table 2. Mean squares of plant loading indices in rice cv. Hashemi affected by mepiquat chloride application and nitrogen foliar treatments 

Source of variation df Plant height 
3th internode 

diameter 

4th internode 

diameter 

3th internode 

bending 

moment 

4th internode 

bending 

moment 

3th internode 

loading index 

4th internode 

loading index 

3th internode 

length 

4th internode 

length 

3th internode 

breaking 

resistance 

4th internode 

breaking 

resistance 

Block 2 35.57 0.045 0.0556 11452.7 86115 131.5 33.5 3.81 13.75 1.2 0.0259 

Foliar application (F) 3 47.8* 0.166* 0.265** 147961* 171019** 26.7 25.8* 28.5** 2.6 2.89** 3.57** 

Nitrogen (N) 2 18.4* 0.184* 0.114* 179077** 170209** 89.8* 65.9** 31.8** 15.4** 3.22** 0.088 

F×N 6 27.5* 0.11 0.141** 8855 25116 25.4 51.12** 5.7 10.01** 0.753 1.28** 

Error 22 16.8 0.041 0.024 8639.8 13980 18.8 8.49 3.28 1.44 0.386 0.108 

CV (%) - 3.2 4.9 3.1 6.7 8.04 15.1 10.2 6.44 9.32 24.5 6.26 

* and ** Significant at 5% and 1% probability levels, respectively. 

 

 2��F3-  :�fD :�I7#� ?�)�����&��+ 2�%X� *����>�! �� �>��� OS� <�#7'��#	�� ��� � �,�#%� :����M� ���G  
Table 3.  Mean squares  of agronomic traits in rice cv. Hashemi affected by mepiquat chloride application and nitrogen fertilizer treatments 

Source of variation df Grain yield 
No. of panicles per 

plant 

No. of grains per 

panicle 

No. of filled grains per 

panicle 

No. of unfilled grains 

per panicle 

1000-grain 

weight 

Block 2 14672 0.36 0.75 1.82 2.52 2.8 

Foliar application (F) 3 2908995** 6.7** 213.9** 215.4** 0.356 5.13 

Nitrogen (N) 2 784398** 14.1** 111.6** 135.3** 1.62** 3.27 

F×N 6 103270** 2.4** 2.77 2.55 0.132 3.21 

Error 22 23459 0.331 2.08 2.85 0.406 1.84 

CV (%) - 5.5 4.6 1.4 1.79 9.2 5.3 
** Significant at 1% probability level. 
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 (?!���O� �-���=� ?,#!  ��>�! ��13 ��#	�� $#��%�� '

 ��	�� ��)99/1  (?!����7 2��F) �� -��4.(  

?�)���� �4,�=� 2�%X� ���>�#7 ���G :����M�

,�#%� �'��#	�� ��� �  �� ��� '��� N����7-���=� ?,#! 
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2�%X��T�G #a���b �%b#� �� ���G U#H� � ��+52 

 '��#	�� $#��%��� O�-���=� ?,#! �7  �#)���� �)	4��

$��"` )24/4 2�%X� '��7 ��>�! �� (?!��� U#H� � ���G

52 �� $#��%�� 2��F) �� -8V ��	�� �� '��#	5.(   

  

 2��F4- 2�%X� ���� #V� :�fD #7 '��#	�� ��� � �,�#%� :����M� ���G�&��+ �>��� OS� <�#7  

Table 4. Simple effect of foliar  application of mepiquat chloride and nitrogen fertilizer on agronomic traits of 

rice cv. Hashemi  

Treatment 

3th internode  

breaking 

resistance 

(N) 

3th internode  

bending 

moment 

(g.cm) 

4th internode  

bending 

moment 

(g.cm) 

3th 

internode  

loading 

index (%) 

3th 

internode  

thickness 

(mm) 

4th 

internode  

thickness 

(mm) 

3th 

internode  

diameter 

(mm) 

3th 

internode 

length (cm) 

     Foliar application time        

Maximum tillering 3.37 a 1563 a 1663.9 a 26.7 a 2.11a 2.32 a 4.3 a 27.5 ab 

Maximum tillering 

and stem elongation 
2.30 b 1296 b 1360.3 b 28.3 a 1.94 b 2.01a 4.0 b 25.8 b 

Stem elongation 2.30 b 1357 b 1473.2 b 29.9 a 1.85 bc 1.9 a 4.19ab 29.3 a 

No foliar application 2.10 b 1288 b 1384.4 b 30.5 a 1.78 c 1.8 a 3.99 b 29.8 a 

     Nitrogen fertilizer (kg.ha-1)        

13 1.99 b 1275 b 1344.7 c 32.0 a 1.6 b 1.72 b 4.26 a 27.4 b 

32.5 3.02 a 1512 a 1581.6 a 27.6 b 2.11 a 1.95 b 4.15 ab 26.9 b 

52 2.56 a 1342 b 1485.0 b 26.9 b 2.06 a 2.33 a 4.0 b 29.9 a 

Means followed by common letter in each column are not significantly different by LSD test at 5% probability level. 
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 2��F5 - 2�%X� ���>�#7���G �,�#%� :����M�  :�fD #7 '��#	�� ��� ��&��+ W
�� ��>��� OS� <�#7 �� �!�7 ����7��
 *��  

Table 5. Interaction effect of foliar application of mepiquat chloride and nitrogen fertilizer on agronomic traits 

and plant loading indicators in rice cv. Hashemi  

Foliar application 

time 

Nitrogen 

fertilizer 

(kg.ha-1) 

Plant 

height 

(cm) 

Grain 

yield 

(kg.ha-1) 

No. of 

panicles 

per plant 

4th 

internode 

diameter 

4th internode 

length (cm) 

4th internode  

breaking 

resistance (N) 

4th internode  

loading 

index (%) 

Maximum tillering 13 129.7a 2993cd  12d 5.17ab  11.9cd 5.64ab 26.2c  

 32.5 123.4bc  3402b  13bc  5.03b  10.9de  5.96ab  31.2ab  

 52 125.5b  3999a  15a  4.9bc  16.5a  6.84a  24.7cd  

Maximum tillering 

and stem elongation 
13 120.6cd  2698ef  12d 5.26a  10.2e  4.71c  25.1cd  

 32.5 124.6b  3066cd  13bc  5.15ab  12cd  4.8c  32.4ab  

 52 126.3bc  3130cd  12d  4.69de  14.6b  5.93ab  22.6d  

Stem elongation 13 124.3b 2172h  10e 4.96bc  13.1bc 5.31b 26.6c  

 32.5 127.8ab  2321fg  11de  4.81cd  14.7b  5.07b  30.1b  

 52 129.9a  2556ef  13bc  4.86cd  12.6c  4.33cd  34.3a  

No foliar application 13 122.3c  2169h  11de 4.41f  12.3cd  5.12b  25.6cd  

 32.5 127.6ab  2177h  12d  4.9bc  12.7c  4.89c  28.2bc  

 52 128.5ab  2396fg  14b  4.72de  12.7c  4.24cd  34.5a  

Means followed by common letter in each column are not significantly different by LSD test at 5% probability level. 

 

 

 2��F6 -  #V�2�%X� �����>��� OS� <�#7 ����� :�fD #7 '��#	�� ��� � �,�#%� :����M� ���G  
Table 6. Simple effect of foliar  application of mepiquat chloride and nitrogen fertilizer on plant traits of 

Hashemi rice cultivar 

Treatment 
No. of total grains 

per panicle 
No. of filled grains 

per panicle 
No. of unfilled grains 

per panicle 
1000-grain weight 

Foliar application time     

Maximum tillering 106a 99.6a 6.8a 26.1a 

Maximum tillering and stem 

elongation 
104b 96.9b 7a 25.7ab 

Stem elongation 98c 88.6d 7a 25.2ab 

No foliar application 95d 92.2c 6.6a 24.4b 

Nitrogen fertilizer (kg.ha-1)     

13 93c 90c 4.7c 25.7a 

32.5 101b 94.3b 6.7b 25.6a 

52 104a 97.7a 7.3a 24.7a 

Means followed by common letter in each column are not significantly different by LSD test at 5% probability level. 
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