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ABSTRACT 

This experiment was conducted to investigate the influence of integrated management of nitrogen fertilizers on growth, 
yield and quality characteristics of potato (Solanum tubersom cv Savalan) in Behbahan Agriculture Research Stations from 
2014 to 2016. This research was carried out in randomized complete block design including four treatments: lack of nitrogen 
fertilizer (control), plots that received 50% nitrogen from chemical fertilizer (as urea) plus 50% nitrogen from vermicompost 
(50%U+50%V), plots that received 75% nitrogen from chemical fertilizer plus 25% nitrogen from vermicompost (75% 
U+25%V), and plots that obtained 100% nitrogen from chemical fertilizer (100% urea) and three replications. The Results 
of growth analysis showed that the haulm and tuber growth rate increased during the early stages, while reached a maximum 
value, following decline in the late season. In the most sampling periods, the highest tuber and crop growth rate were 
recorded in 75% urea +25% vermicompost. Therefore the highest yield was observed in this treatment. Application of 
vermicompost significantly increased tuber number, total and marketable yield, nitrogen use efficiency and agronomic 
nitrogen use efficiency in 75% urea +25% vermicompost and 50% urea +50% vermicompost as compared with 100% urea. 
The tuber nitrate content in   75% urea +25% vermicompost and 50% urea +50% vermicompost was significantly lower 
than 100% urea. According to results, the yield and qualitative characteristics of potato (Savalan cultivar) and farmers’ 
incomes can increase in Khuzestan province by supply of 75% required nitrogen fertilizer through urea and 25% nitrogen 
from vermicompost.  
 
Keywords: Benefit to cost ratio, growth indices, nitrate, urea, vermicompost. 
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6 7 �$�SF.*!)� ; <� :� �8� �8 #9 G�1E) �I �$�9
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�#"8
��.  

c��8# ��1# �<I �1k	� �+87 �14  ��"P# �)�1 C
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 "$�!b r1']#(Malakuti & Tehrani, 1999).   

= #|� ��	 � ��50 "0��  9� G� b 9� ) ��1# �*�!+ )

� G��� cE8#50 "0�� �#�� cE8# 9� e�� J$ �%71l	4
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�4 9� ;EB ^�- �$� 	 
 � ��$K Q .��.  

Table 1. Some physical and chemical properties of soil before planting in two years of experiment. 

Year Texture 
EC  

(ds m-1) 
pH 

Available P  

(mg kg-1) 

Available K  

(mg kg-1) 

Organic Carbon  

(%) 

2015 Silty clay loam 2.3 7.8 8.9 279 0.70 
2016 Silty clay loam 2.2 7.7 7.9 269 0.80 

 

 T�"L2. �bh$� �-!� �$� 	 
 .���#��_$�#9I T�7 �� �� %71l	4.  
Table 2. Some chemical properties of vermicompost (two years of experiment). 

Year EC (ds m-1) pH Total P (%) Total K (%) Total N (%) Organic  matter  (%) 

2015 3.2 6.7 3.5 1 2 30 

2016 2.1 7.4 3 1 1.5 26 
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Figure 1. Trend of potato haulm dry matter accumalation with different nitrogen sources. 
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Figure 2. Trend of potato tuber dry matter accumalation with different nitrogen sources. 
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Figure 3. Trend of potato plant dry matter accumalation with different nitrogen sources. 
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Figure 4. Changes trend of potato haulm growth rate with different nitrogen sources. 
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Figure 5. Changes trend of potato tuber growth rate with different nitrogen sources. 
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Figure 6. Changes trend of potato crop growth rate with different nitrogen sources. 
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Figure 7. Changes trend of potato crop growth rate with different nitrogen sources. 
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Table 4. Mean comparison effect of nitrogen fertilizer lack, plots that received 50% nitrogen from urea plus 50% 
nitrogen from vermicompost, plots that received 75% nitrogen from urea plus 25% nitrogen from 

vermicompost and plots that obtained 100% nitrogen from urea on some traits of potato. 
Mean tuber weight (g) Mean tuber number Marketable tuber yield (t ha-1) Total tuber yield (t ha-1) Nitrogen sources 

56.29c 5.10b 12.34c 14.49c Control 
74.04b 6.50a 22.64a 24.99a 50% U+50%V 
85.28a 6.13a 22.52a 25.24a 75% U+25%V 
82.10a 5.23b 18.56b 22.39b 100% U 
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In each column, values with same letter does not have significantly difference with each other.  
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 ���� �a+`�)Poberezny et al., 2015( .@�8q = e!Q 

) �*�!+ �!���4. ) K �|� ! �K`��$ �� c	M� ) 3�!+ �� 

b ���� ���� � 9� �$= !Y) e!Q��. <I� � C� ��$ 

) �*�!+ !M8# ) c	M� :� 3�!+ :�  6��!#!+	4. 

e!Q :� %E`)��. )"U#� `4� � ". ) �*�!+ #�")�!b 

)Souri et al., 2019; Souri et al., 2017 ~$�+) �� :4 (

.���� �)�1]	� n (P� =$�  

 

 T�"L5��*�!+ ) X!2# e"/ !�� = a)� # :`$�(# . = #|�50 "0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )50 "0��  cE8# 9�

�#��  �%71l	475 "0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )25 "0�� �#�� cE8# 9�%71l	4  � = #|�100 "0��  ��1# �*�!+ )

6 7 3�&0 �-!� !� G��� cE8# 9� 9� )�8 #9.     

Table 5. Mean comparison effect of nitrogen fertilizer lack, plots that received 50% nitrogen from urea plus 50% nitrogen 

from vermicompost, plots that received 75% nitrogen from urea plus 25% nitrogen from vermicompost and plots that 

obtained 100% nitrogen from urea on some traits of potato. 

Tuber dry matter 

content (%) 

Tuber nitrate 

content (ppm) 
Tuber protein 

content (%) 
Tuber nitrogen 

content (%)  

Leaf nitrogen 

content (%) 
Nitrogen  

sources 

19.04a 74.70d 9.11c 1.46c 3.32c Control 
19.23a 91.85c 10.28b 1.56b 3.82b 50% U+50%V 
19.19a 107.60b 10.79ab 1.72ab 4.00ab 75% U+25%V 
20.00a 134.00a 11.13a 1.78a 4.11a 100% U 

�� !� �1+7 X�!C ��`�$ G"8�")�Z) e"/ 3��&� �8U#��� �#"
��.  
In each column, values with same letter does not have significantly difference with each other.  
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 =$� ;��(+# !�� � �14 cE8# �T�7 !�� n (P� =$� ��

 ;#�/ ���8U# G"F JZ- G��# "0�� !� "Z) ���

 T�"L)5 �n (P� =$� ~$�+) �� �8��	� .(Alam et al. 

(2007) �#�� �!���4 :4 ")�1	) R��Kb K ) %71l	4

�8U# ! �|�  :+
�") G"F JZ- G��# "0�� !� .���

 .%7�  

 :� T12P# " <1� !a)� � �*�!+ ) X!2# �$���4

�# �*�!+ ) "C�� !� .�9� "
��)Moll et al., 1982(  .

 X!2# �$���4 �1E� @# ��4�� 9� ��$ �*�!+ )

�# ��"$�? .9���Z4 :(\8# 9� 3�!+ ) �"
 ���- ."
��

6E7 :Z$� R!+`b �b�1<I WI � �8 #9 !$9 .��

:8$K� _$�KB� �# " <1� ��!b)Souri et al., 2019(. 

�#�� cE8# 9� �*�!+ ) 9� �Z]� = #��  !� �� %71l	4

 �� ��	 � = #|�50 "0��  cE8# 9� 9� ) ��1# �*�!+ )

 � G���50 "0�� �#�� cE8# 9� � %71l	4  = #|�75 

"0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )25 "0��  9�

�#�� cE8#  X!2# �$���4 _$�KQ� 6E7 %71l	4

 = #�� ��	 � �� :`$�(# �� �*�!+ )100 "0��  �*�!+ )

 T�"L) "$�!b G��� cE8# 9� 9� ) ��1#6 .(Nyiraeza & 

Snapp (2007)  ��1# e�1� �!���4 ")�1	) R��Kb K )

� 6E7 �$� 	 
 �14 � �<I X!2# �$���4 �1E

6 7 �� �*�!+ ) .%7� G"
 �8 #9Lynch et al.  

(2008)  �*�!+ ) X!2# �$���4 �1E� ")�1	) R��Kb

6 7 �� �<I ��1# �!���4 !�� �� ! ��� :M +) �8 #9

 �� WI .��"a) % Q!f _$�KQ� �� G��# =$� %E�#

�# 3�!+ ) �$1Z�I _��4 :M +) �� � ^�- ."
��  

 ��K # _$�KQ� !a)� � �*�!+ ) �/��9 �$���4

G"F �!�'	/ !�) .�9� :� (��+�� �� e!b1' 4 6`C

3!4�� �9�!+ ) "C�� !� X!2# �*�!+ ) :4 �$��

3!4 :� %E`) G"
 X!2# X!2# �*�!+ ) :4 �$��

�# %7� G"Z)   "
��2004) (Sinebo et al..  "8)�	�

��*�!+ ) X!2# �$���4  9� �*�!+ ) 9� �Z]� = #��

�#�� cE8# �� !� �� %71l	4 ��	 � = #|�50 "0�� 

� G��� cE8# 9� 9� ) ��1# �*�!+ )50 "0��  cE8# 9�

�#�� � %71l	4  = #|�75 "0��  9� ) ��1# �*�!+ )

 � G��� cE8# 9�25 "0�� �#�� cE8# 9�  6E7 %71l	4

 :`$�(# �� �*�!+ ) X!2# �/��9 �$���4 _$�KQ� ��

 = #��100 "0��  G��� cE8# 9� 9� ) ��1# �*�!+ )

 T�"L) "$�!b6(.  �� �*�!+ ) �/��9 �$���4 _$�KQ�

 e�1� X!2# j71� �$� 	 
 � �<I .���14Sikora & 

Enkiri )2000 (K )  .%7� G"
 R��Kb  

�8U# XN+-� �1L� e"/ :� :L1� �� = � ���

� ;4 G"F �!�'	/  ��	 � �� �� R�!Q ;��B G"F

= #��50 "0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )

50 "0�� �#�� cE8# 9�%71l	4  � = #|�75 

"0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )25 "0��  9�

�#�� cE8#%71l	4 -�
 9� :� %U&8# %E`) ,

,]Z# .�!� :8$K�  ."$�!b G��&+7� !�!� ��	 � �"


 =$� �7�!� ��1# ;$K8� .�� �!) w�7� !� ,-�


 :� %U&8# %E`) =$!+Z � :4 ��� ��Z) �7�!�

 ��	 � :� :8$K� = #��75 "0��  9� ) ��1# �*�!+ )

�#�� cE8# 9�  � %71l	425 "0�� G��� cE8# 9� 

:+
�� n'U� ��	 � !� ��	 � =$� .��2+B� !Y) 9� � 

= #��50 "0�� ��1# �*�!+ )  � G��� cE8# 9� 9� )

50 "0�� �#�� cE8# 9� %71l	4  ���� .!�!�

 T�"L)7.(  

  

 T�"L6��*�!+ ) X!2# e"/ !�� = a)� # :`$�(# . = #|�50 "0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )50 "0��  cE8# 9�

�#�� %71l	4� 75 "0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )25 "0�� �#�� cE8# 9�%71l	4  � = #|�100 "0��  ��1# �*�!+ )

6 7 3�&0 �-!� !� G��� cE8# 9� 9� )�8 #9.     
Table 6. Mean comparison effect of nitrogen fertilizer lack, plots that received 50% nitrogen from urea plus 50% nitrogen 

from vermicompost, plots that received 75% nitrogen from urea plus 25% nitrogen from vermicompost and plots that 

obtained 100% nitrogen from urea on some traits of potato. 
Agronomic nitrogen use efficiency  

(kg tuber N kg–1) 

Nitrogen use efficiency  

(kg tuber N kg–1) Nitrogen sources 

65.01a 156.40a 50% U+50%V 
64.92a 158.30a 75% U+25%V 
48.69b 139.20b 100% U 

�� !� �1+7 X�!C ��`�$ G"8�")�Z) e"/ 3��&� �8U#��� �#"
��.  
In each column, values with same letter does not have significantly difference with each other.  
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 T�"L7. �7�!� ��1# ;$K8� .�� �!) w�7� !� v!d :8$K� :� %U&8# %E`)  ����*�!+ ) X!2# e"/ = #|�50 "0��  �*�!+ )

 � G��� cE8# 9� 9� ) ��1#50 "0�� �#�� cE8# 9�%71l	4� 75 "0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )25 "0��  cE8# 9�

�#�� %71l	4  � = #|�100 "0��  G��� cE8# 9� 9� ) ��1# �*�!+ ) 6 7 ���8 #9.  
Table 7. Benefit to cost ratio based on studied discount rate in nitrogen fertilizer lack, plots that received 50% nitrogen 

from urea plus 50% nitrogen from vermicompost, plots that received 75% nitrogen from urea plus 25% nitrogen from 

vermicompost and plots that obtained 100% nitrogen from urea in potato. 

Ranking 30% 25% 18% 15% 12% 
Discount rate 

Nitrogen sources 

4 0.96 1.14 1.12 1.09 1.14 Control 

3 1.10 1.48 1.45 1.42 1.35 50% U+50%V 
1 1.36 1.57 1.54 1.51 1.44 75% U+25%V 
2 1.20 1.54 1.51 1.48 1.41 100% U 

    
  

  

�%�4���0 '��(  

�# _��K? =$� ~$�+) w�7� !�:M +) ��1� �1	) .! b

 = #|� ��	 � �� !� �� %71l	4 �#�� X!2#75 

 "0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )25 "0��  9�

�#�� cE8# = #�� � %71l	450 "0��  ��1# �*�!+ )

� G��� cE8# 9� 9� )50 "0�� �#�� cE8# 9�%71l	4 

_$�KQ� 6E7  ;��B G"F �!�'	/ � ;4 G"F �!�'	/

R�!Q �:�1� �� G"F ��"U� � � �*�!+ ) X!2# �$���4

 �� G"F 3�!+ ) _��4 � �*�!+ ) X!2# �/��9 �$���4

��  = #�� ��	 � �� :`$�(#100�*�!+ ) %  9� 9� ) ��1#

."$�!b G��� cE8#  � ;4 G"F �!�'	/ XN+-� :q !b�

;��B G"F �!�'	/  R�!Q = #|� ��	 � �� ��75 "0�� 

 � G��� cE8# 9� 9� ) ��1# �*�!+ )25 "0��  cE8# 9�

�#��= #�� � %71l	450 cE8# 9� 9� ) ��1# �*�!+ ) %

� G���50 "0�� �#�� cE8# 9� %71l	4 �8U# �1E) ���

 �<�=$� :� :L1� �� ��	 � �� :8$K� :� %U&8# %E`) :4

 = #|�75 "0��  � G��� cE8# 9� 9� ) ��1# �*�!+ )25 

"0�� �#�� cE8# 9� ��	 � �� :`$�(# �� %71l	4

= #��50 "0�� � G��� cE8# 9� 9� ) ��1# �*�!+ ) 50 

"0�� �#�� cE8# 9� %71l	4  �1Y8# :� ��1� !+Z �

4�"C 6`4 = #�� ��	 � ��9���Z4 "#I�� !�75 "0�� 

 � G��� cE8#  9� 9� ) ��1# �*�!+ )25 "0��  cE8# 9�

�#��:� %71l	4 �Q!U# _$�#9I !�!� ��	 � ��18/

�#.�1
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