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Table 1. Physical and chemical properties of the soil used in the experiment 

Parameter† 
Organic carbon Lime Clay Sand Silt Soil texture pH EC 

(dS/m) Percent (%) 

Content 0.74 31.5 40 30 30 Clay loam 7.92 0.78 

†: EC, electrical conductivity; pH, acidity; Zn, zinc; Fe, iron; Mn, magnesium; Cu, copper; P, phosphorus;  

K, potassium; mg/kg, milligrams per kilogram; dS/m, deci-Siemens per meter. 

 

 6�$<1 -                                                                                                                         I�#�# Table 1. Continued 

Parameter† 
Organic matter  

(%) 

Zn Fe Mn Cu P K 

   mg/kg   

Content 1.28 0.11 11 10.3 1.3 7.24 102 
†: EC, electrical conductivity; pH, acidity; Zn, zinc; Fe, iron; Mn, magnesium; Cu, copper; P, phosphorus;  

K, potassium; mg/kg, milligrams per kilogram; dS/m, deci-Siemens per meter. 

 

I
*& 8(E��= $K�) $K� (��� -N "# T� � �K#��& �W
 +��� �& ��9 �� -�#*W ^#$!#72  I<�� A$� -N L* �R2

48 $K ZX? �1�2;� 29 "# T� .  ���=3v& #*W8-� 
���� �[R. I&+�5�= �� A#$G 5*� ��" ~!�) +���

A#��!#� '���2� ()Westerman, 1990 (J2*
 (�`�2� 
���*��*�Ow2#  z*� 6*N �&470 ���*!�! ("#$!# �& .$K +� )

(�#� "# (����2#I& +�W($�9 �2� 8 �*= I& 	2�� >?�K
 (+�����*=) � �`��>?�K +�W -�#��= ���� L�2# �&

) J&#��1) �
 (7 (:$!$K IG2�C�   
1 -  �*= I& 	2�� >?�K :Q�?# "# :(+�����*=) �"�

?�K ZX?�) ���� -HW#�� J�#�K �� (��PSSDW � (
) ���� ����$C� J�#�K �� �9 �#$4�PDSDW ( IG2�C�

K) $Williams, 2000; Gunes et al., 2006(:   
)1(                            

PDPS SDWSDWFR −=  
2- ;�< E= ����) ($KTP( :Ed�n "# I= ;�,

) ���� �[R.PC) (���?�K ZX? �"� �� (SDW (
2�C�IG K) $Ozturk et al., 2005:(   

)2(                                      PCSDWTP ×=  

3 - ) ���� ;�< -�#��= >?�KPACE :�n +#�& :(
'�@ -O �!� I0 �" 34! ;�< ���� �#U � �� �W "# ($K

 ���� -G�! ;�< MQad#I&K �#*01 ;�< -�#��= >?�
 � (����2# ���� ����$C� J�#�K �� E= ���� �G�!

���� )PDTP( I& �#U � �9 �� J�#�K -HW#�� ���� )PSTP( 
$K IG2�C� )Sepehr et al., 2009b:(   

)3(                                         
PS

PD

TP

TP
PACE =  

4 - ) ���� :�/� -�#��=PUTE (��� $ 5*
 �`!� & :(
I& ZX?#"#+  Z�;�< ���� $n#� ($K �G�! "# � �2#

) (���?�K ZX? �"�SDW ( I& ���� E=;�<($K 
$K ���9�& )Bridgham et al., 1995 :(  

)4(                                        
TP

SDW
PUTE =  

5 - -�#��= ���� )PE:( "# �G�! (��� ZX? t 
*!� �W
J�#�K �� ���� ����$C� )PDSDW( I& �#U � �9 �� 

) ���� -HW#�� J�#�KPSSDW (I&�9 �2�) $et  Ozturk

al., 2005 :(  

738  



                                                                              �#��OHW � *V�"�A�4 4C
  /AQ.��! (���/  (��HK �����" /^���m1398 

)5(                                          
PS

PD

SDW

SDW
PE =  

6 - IG2�C� -�#��=) ���� ($KCPEEd�n "# :( ;�,
) $K IG2�C� ���� :�/� � ;�< -�#��=Sepehr et 

al., 2009b( :  
)6(                             PUTEPACECPE ×=  

7 - ���� Z��*5*�U � -�#��= )PPE:(  "# A���
 �G�!
�*= +��n ��H 
 �� ZX? (��� )FTMD( $W�K � 

)CTMD( A���
 I&  ���� ($K ;�<�*= +��n ��H 
 �� 
)FTTP(  $W�K �)CTTP ( Ia&#�) ^�)*R = �& ^�) c�n �&
7IG2�C� ( $K )Abbasi et al., 2010 :(  

)7(                            
CTFT

CTFT

TPTP

DMDM
PPE

−
−=  

 ���">?�K '�# +�$1 �#$4� ��*&  ;*Ra� �5�n �W
-�K�& .$UV
�I (�#� +���9+�W &I ($�9 �2����2# �& (� "#
^�!�#U�#SAS   Iv�!2/9  $K ^�V!# ��4� +#�&�I� 

� `!� '�W  �*�"9 "#LSD  (����2#K$ c��, .-`��GHW 

 U !^�! "# (����2# �& �#U�#R  Iv�!0/6/3 IG2�C� K$ .  

  

M�E � N$���  

'�@ ' & �#� ��X! T!���#� I�UV
 S���! "# A�B +�W
>?�K Y�C5 +���9 :Q�?# -�#��=���� uR�v� +�W

-0%� ��#� �*<� $d�� Z� 6�H�n# }a2 �� +�#�
6�$<)+�W 2  �3.( �,�c _
  A#� C�) a- 6�$< �� (

UV
�I �#��T!� & ' 14/11  �
61/59 _�� �  $0m �W .�*&
�, �#$4� ��*& @�&�c _
  A#� �� ^*��� I& �'  �F� ��*&

��"9�3 �2# )100
..X

MS
CV

2
E ×=(5� 8- 
�*d��-  I=


) E�#*1 �o# �W��HUV
 6�$< �� (�I �#��T!�  �� �&
0%�-�#� $K�&8 ! "�+ #U<# I&+ ��"9 �$V��3 �� ! m�* 
# ���' #�K�J & A���
 ' " �$4!9 E�#*1 M*a2���  �2#

�a? ��*& @�& �*<� �& I=+ ��"9�X8- :Q�?#�W "�& �W 
0%�- �#�$K $0W#*?� :�N "# .��`8 �, �#$4��c _
  A#� 
��&-` W�� I& �  A��d� ��#� 
��d-  �#$%
 J2*
 I=

"���+ � 6��0= ��-$!*K H= A��d)- ��  A��d
-!�$0m 8(3 & � o�
 �C
 �
C� J -� �#�F$!� )  �� �

�! IV �, �2# 'OH��c _
  A#� @�& -�I�K#� 0K�&$.  

  

 6�$<2 -  T!���#� I�UV
���� Z��*5*�U � -�#��= � ���� �[R.ZX? �"� 8 ?�K�(�� � ;�< E= ����($K  � I0 �& J�#�K �C

���� �*GH= A�B ��  

Table 2. Analysis of variance of phosphorous physiological efficiency as well as phosphorus concentration, 

shoot dry weight and total phosphorus under phosphorus sufficient and deficiency conditions in maize  

Source of 

variations  
df  

Mean squares   

Phosphorus concentration Shoot dry weight Total phosphorus Physiological 

efficiency Normal  Stress  Normal  Stress  Normal  Stress  

Line 92 **0.0492 **0.0500 **25136.5  **14183.4  **41748.6  **5477.40  *0.0956 

Error 186 0.0140 0.0193  1740/28  708.82  6519.24  732.78  0.0705 

CV (%) - 11.39  23.50  17.50  15.86  30.52  27.72  39.22  
* and **: Significant at 5% and 1% probability levels, respectively. 
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�J �& I0 ���� �*GH= � A�B �� 

Table 3. Analysis of variance of phosphorus acquisition efficiency, phosphorus utilization efficiency, 

phosphorus efficiency, calculated phosphorus efficiency and fertilizer response under phosphorus sufficient and 

phosphorus deficient conditions in maize 

Source of 

variations 
df 

Mean squares 

Phosphorus utilization 

efficiency 
Phosphorus 

adsorption efficiency 

Phosphorus 

efficiency 

Calculated 

phosphorus efficiency 

Fertilizer 

response 
Normal Stress 

Line 92 0.0368** 0.112** 0.0605** 0.0425** 0.119** 5248.1** 

Error 186 0.0118 0.0409 0.0283 0.0119 0.0493 1761.4 

CV% - 11.14 14.96 40.62 19.74 31.55 59.61 
* and **: Significant at 5% and 1% probability levels, respectively. 
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Table 4. Phosphorus concentration, shoot dry matter, total absorbed phosphorus and physiological efficiency of 

phosphorous in different maize lines 

Code Origin 

Phosphorus concentration 

(mg/g DW) 

Shoot dry matter 

(g/pot) 

Total absorbed 

phosphorus (mg/pot) 
Physiological 

efficiency 
Normal Stress Normal Stress Normal Stress 

1 Kermanshah 0.69 0.50 415.33 324.00 286.53 159.02 0.72 

2 Kermanshah 1.47 0.43 436.00 212.33 650.00 89.96 0.40 

3 Mashhad 0.89 0.51 297.33 198.33 262.21 98.15 0.60 

4 Mashhad 0.93 0.62 345.67 220.67 310.62 135.31 0.71 

5 Mashhad 0.92 0.69 272.00 245.23 244.07 170.92 0.37 

6 Mashhad 0.92 0.60 328.67 275.23 304.29 163.72 0.38 

7 Mashhad 1.54 0.66 390.33 241.13 609.97 159.96 0.33 

8 Mashhad 0.82 0.66 270.33 241.00 222.74 160.00 0.47 

9 Mashhad 0.81 0.73 323.67 305.33 260.02 220.36 0.46 

10 Kermanshah 0.83 0.49 489.33 354.67 408.01 172.09 0.57 

11 Kermanshah 1.24 0.77 469.33 308.67 574.84 236.44 0.47 

12 Kermanshah 0.97 0.53 352.67 275.00 341.75 147.39 0.40 

13 Kermanshah 1.19 0.56 448.00 304.00 535.02 170.36 0.39 

14 Kermanshah 1.01 0.44 265.33 201.67 269.38 88.36 0.35 

15 Kermanshah 0.86 0.54 321.00 170.00 279.56 91.30 0.80 

16 Kermanshah 0.85 0.61 183.33 145.00 155.86 89.80 0.58 

17 Kermanshah 0.79 0.57 226.00 159.00 180.88 87.43 0.72 

18 Kermanshah 0.88 0.62 227.23 164.00 203.38 104.56 0.64 

19 Kermanshah 0.93 0.72 313.33 205.67 295.01 145.62 0.72 

20 Kermanshah 1.05 0.55 253.67 227.43 269.12 126.56 0.18 

21 Kermanshah 1.07 0.58 450.00 269.67 479.51 156.21 0.56 

22 Kermanshah 1.27 0.45 359.67 319.00 465.24 138.10 0.12 

23 Kermanshah 1.20 0.46 294.33 235.33 347.74 108.36 0.25 

24 Kermanshah 0.91 0.34 382.67 213.33 349.92 71.26 0.61 

25 Kermanshah 1.31 0.57 356.33 281.80 462.79 158.82 0.25 

26 Kermanshah 0.81 0.67 341.33 258.57 275.75 174.23 0.82 

27 Kermanshah 0.98 0.67 374.33 265.00 363.07 171.98 0.57 

28 Kermanshah 0.90 0.69 392.00 206.80 343.44 141.32 0.92 

30 Kermanshah 1.86 0.67 214.67 137.67 396.58 91.88 0.25 

31 Kermanshah 0.99 0.65 155.00 106.33 160.00 70.26 0.54 

32 Kermanshah 0.65 0.49 172.67 98.67 109.98 46.98 1.17 

33 Kermanshah 0.91 0.62 182.33 119.67 165.33 72.59 0.68 

34 Kermanshah 0.88 0.70 126.00 101.33 111.53 72.36 0.63 

35 Kermanshah 1.59 0.68 197.00 125.67 311.21 83.33 0.31 

36 Kermanshah 1.18 0.47 248.33 148.67 290.28 69.86 0.45 

37 Kermanshah 0.95 0.55 194.67 126.33 187.04 69.76 0.58 

38 Kermanshah 0.93 0.43 113.67 72.67 106.65 31.65 0.55 

39 Kermanshah 1.28 0.74 180.67 139.33 238.87 100.31 0.30 

40 Kermanshah 1.05 0.56 178.33 131.33 179.20 76.44 0.46 

42 Kermanshah 1.21 0.67 146.67 88.67 183.54 57.78 0.46 

43 Kermanshah 0.84 0.62 182.67 147.33 150.44 95.13 0.64 

44 Kermanshah 0.95 0.58 203.00 189.33 194.88 110.17 0.16 

45 Kermanshah 1.53 0.61 158.00 131.67 242.30 80.78 0.16 

46 Karaj 1.86 0.32 191.00 118.00 354.35 36.29 0.23 

48 Karaj 1.04 0.73 167.67 127.00 173.60 93.64 0.51 

49 Karaj 0.94 0.60 182.00 67.00 165.70 39.31 0.91 

50 Karaj 1.34 0.65 130.33 71.33 180.78 46.21 0.44 

51 Karaj 1.74 0.67 145.33 83.00 252.11 56.03 0.32 

52 Karaj 1.03 0.64 175.67 140.67 190.56 86.19 0.34 

53 Karaj 0.84 0.24 297.10 217.33 250.24 53.25 0.40 

54 Karaj 1.87 0.80 158.33 123.00 294.81 100.77 0.18 

55 Karaj 0.81 0.68 167.33 79.67 138.62 53.70 1.03 

57 Karaj 1.30 0.72 167.33 117.67 221.82 86.76 0.37 

60 Kermanshah 1.25 0.53 273.33 195.33 349.49 102.62 0.32 
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 6�$<4 -                                                                                                                    I�#�#Table 4. Continued 

Code Origin 

Phosphorus concentration 

(mg/g DW) 

Shoot dry matter 

(g/pot) 

Total absorbed 

phosphorus (mg/pot) 
Physiological 

efficiency 
Normal Stress Normal Stress Normal Stress 

62 Karaj 0.99 0.77 168.33 133.67 166.06 102.14 0.54 

64 Karaj 1.53 0.68 376.87 255.33 581.63 175.22 0.30 

65 Karaj 1.41 0.77 122.67 58.50 173.58 44.88 0.50 

66 Karaj 1.02 0.62 240.33 173.00 245.16 103.57 0.48 

72 Karaj 1.11 0.68 178.33 73.17 196.83 50.17 0.72 

73 Karaj 1.42 0.64 275.00 195.00 396.43 123.60 0.29 

74 Karaj 1.19 0.47 203.80 119.57 244.30 54.06 0.44 

75 Mashhad 0.88 0.42 139.00 97.67 123.38 42.27 0.51 

76 Kermanshah 1.06 0.71 233.00 189.00 248.07 135.69 0.39 

77 Mashhad 1.40 0.65 191.33 125.67 276.33 81.92 0.34 

79 Mashhad 1.44 0.34 104.33 60.00 159.07 20.42 0.32 

80 Mashhad 1.91 0.56 265.67 181.00 510.53 100.86 0.21 

83 Mashhad 1.18 0.74 181.00 152.33 208.25 112.95 0.30 

85 Mashhad 1.12 0.68 141.00 117.00 154.27 78.54 0.32 

89 Mashhad 1.17 0.64 179.33 126.00 203.75 79.39 0.43 

91 Mashhad 1.75 0.59 176.67 163.67 309.11 96.25 0.06 

96 Kermanshah 1.30 0.59 158.33 109.00 210.53 63.39 0.34 

98 Mashhad 1.07 0.69 137.00 61.67 151.20 42.54 0.69 

100 Mashhad 1.21 0.77 146.67 116.00 178.90 87.73 0.34 

104 Mashhad 1.05 0.50 263.00 207.33 278.52 102.86 0.32 

105 Mashhad 1.07 0.32 227.33 203.33 245.01 65.26 0.13 

106 Mashhad 0.87 0.70 126.00 110.67 109.39 76.24 0.46 

107 Kermanshah 0.86 0.51 164.67 111.67 147.40 57.99 0.59 

108 Mashhad 0.88 0.67 173.67 117.33 153.53 77.98 0.75 

109 Mashhad 1.06 0.48 210.33 165.33 220.11 81.06 0.32 

110 Mashhad 0.88 0.35 187.67 147.00 162.72 53.65 0.37 

111 Mashhad 1.01 0.40 227.67 168.00 231.49 65.25 0.36 

112 Mashhad 0.98 0.42 235.00 198.00 231.81 85.17 0.25 

113 Mashhad 0.97 0.84 214.90 121.00 207.66 101.15 0.88 

114 Mashhad 0.81 0.33 250.67 148.33 203.18 50.22 0.67 

115 Kermanshah 0.89 0.62 173.67 142.33 157.36 88.47 0.45 

116 Mashhad 1.27 0.43 279.23 220.33 343.62 94.96 0.24 

117 Mashhad 1.43 0.73 161.33 82.67 239.61 59.46 0.44 

118 Mashhad 0.94 0.58 178.67 126.00 168.64 74.99 0.56 

119 Mashhad 1.49 0.61 254.67 179.67 380.83 111.09 0.28 

120 Kermanshah 1.27 0.91 155.67 100.67 200.21 91.20 0.50 

121 Mashhad 1.03 0.64 250.33 154.00 257.32 98.27 0.61 

122 Mashhad 1.24 0.69 311.67 189.67 381.02 131.03 0.49 

123 Mashhad 0.94 0.53 205.23 178.33 194.68 96.21 0.27 

Mean  - 1.11 0.59 238.26 167.86 264.53 97.63 0.46 

LSD5%  - 0.41  - 67.19  - 130.06  -  - 

CV (%)  - 11.39  - 17.50  - 30.52  -  - 
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Table 5. Phosphorus acquisition efficiency, phosphorus utilization efficiency, phosphorus efficiency, calculated 

phosphorus efficiency and fertilizer response in different maize lines 

Code Origin 
Phosphorus 

adsorption efficiency 

Phosphorus consumption 

efficiency (g APDW/mg P) 
Phosphorus 

efficiency 

(%) 

Calculated 

phosphorus 

efficiency 

Fertilizer 

response 

(g/pot) Normal Stress 

1 Kermanshah 0.56 1.46 2.06 0.78 1.15 91.33 

2 Kermanshah 0.15 0.72 2.43 0.49 0.35 223.67 

3 Mashhad 0.37 1.13 2.13 0.67 0.76 99.00 

4 Mashhad 0.44 1.13 1.63 0.64 0.72 125.00 

5 Mashhad 0.72 1.14 1.46 0.91 1.03 26.77 

6 Mashhad 0.54 1.09 1.78 0.84 0.92 53.43 

7 Mashhad 0.30 0.68 1.66 0.63 0.44 149.20 

8 Mashhad 0.72 1.22 1.52 0.89 1.08 29.33 

9 Mashhad 0.85 1.24 1.39 0.95 1.17 18.33 

10 Kermanshah 0.43 1.22 2.07 0.73 0.89 134.67 

11 Kermanshah 0.43 0.84 1.32 0.66 0.55 160.67 

12 Kermanshah 0.44 1.08 1.96 0.78 0.81 77.67 

13 Kermanshah 0.35 0.87 1.91 0.70 0.60 144.00 

14 Kermanshah 0.32 0.99 2.41 0.76 0.76 63.67 

15 Kermanshah 0.35 1.20 1.87 0.53 0.66 151.00 

16 Kermanshah 0.59 1.19 1.71 0.79 0.94 38.33 

17 Kermanshah 0.54 1.27 1.99 0.72 0.91 67.00 

18 Kermanshah 0.58 1.15 1.65 0.75 0.88 63.23 

19 Kermanshah 0.51 1.08 1.40 0.66 0.72 107.67 

20 Kermanshah 0.48 0.96 1.93 0.90 0.87 26.23 

21 Kermanshah 0.33 0.94 1.78 0.61 0.57 180.33 

22 Kermanshah 0.34 0.85 2.36 0.89 0.76 40.67 

23 Kermanshah 0.34 0.88 2.27 0.81 0.71 59.00 

24 Kermanshah 0.21 1.10 3.19 0.56 0.61 169.33 

25 Kermanshah 0.36 0.78 1.82 0.80 0.62 74.53 

26 Kermanshah 0.64 1.24 1.49 0.76 0.94 82.77 

27 Kermanshah 0.48 1.06 1.60 0.71 0.76 109.33 

28 Kermanshah 0.41 1.16 1.54 0.54 0.61 185.20 

30 Kermanshah 0.24 0.54 1.53 0.66 0.36 77.00 

31 Kermanshah 0.49 1.11 1.62 0.70 0.80 48.67 

32 Kermanshah 0.42 1.55 2.42 0.62 0.94 74.00 

33 Kermanshah 0.48 1.19 1.65 0.69 0.77 62.67 

34 Kermanshah 0.64 1.15 1.49 0.80 0.92 24.67 

35 Kermanshah 0.28 0.63 1.56 0.66 0.41 71.33 

36 Kermanshah 0.25 0.88 2.23 0.60 0.53 99.67 

37 Kermanshah 0.40 1.07 1.82 0.66 0.72 68.33 

38 Kermanshah 0.34 1.11 2.74 0.64 0.72 41.00 

39 Kermanshah 0.48 0.81 1.42 0.79 0.65 41.33 

40 Kermanshah 0.46 1.08 1.84 0.76 0.79 47.00 

42 Kermanshah 0.38 0.90 1.54 0.64 0.59 58.00 

43 Kermanshah 0.61 1.22 1.77 0.81 0.97 35.33 

44 Kermanshah 0.56 .05 1.74 0.93 0.98 13.67 

45 Kermanshah 0.34 0.66 1.67 0.84 0.55 26.33 

46 Karaj 0.11 0.54 3.43 0.65 0.35 73.00 

48 Karaj 0.56 0.98 1.39 0.77 0.75 40.67 

49 Karaj 0.26 1.10 1.69 0.40 0.44 115.00 

50 Karaj 0.29 0.80 1.54 0.54 0.44 59.00 

51 Karaj 0.23 0.58 1.49 0.58 0.34 62.33 

52 Karaj 0.58 1.02 1.67 0.82 0.85 35.00 

53 Karaj 0.22 1.19 4.66 0.74 0.89 79.77 

54 Karaj 0.36 0.54 1.33 0.81 0.43 35.33 

55 Karaj 0.43 1.24 1.54 0.50 0.62 87.67 

57 Karaj 0.51 0.84 1.41 0.74 0.66 49.67 

60 Kermanshah 0.33 0.85 1.91 0.75 0.65 78.00 

62 Karaj 0.64 1.05 1.31 0.80 0.83 34.67 

64 Karaj 0.30 0.66 1.49 0.68 0.45 121.53 

65 Karaj 0.26 0.71 1.30 0.48 0.34 64.17 
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 6�$<5 - I�#�#                                                                                                                        Table 5. Continued 

Code Origin 
Phosphorus 

adsorption efficiency 

Phosphorus consumption 

efficiency (g APDW/mg P) 
Phosphorus 

efficiency 

(%) 

Calculated 

phosphorus 

efficiency 

Fertilizer 

response 

(g/pot) Normal Stress 

66 Karaj 0.43 1.00 1.79 0.73 0.75 67.33 

72 Karaj 0.29 0.99 1.46 0.43 0.42 105.17 

73 Karaj 0.33 0.72 1.63 0.71 0.51 80.00 

74 Karaj 0.26 0.89 2.37 0.59 0.45 84.23 

75 Mashhad 0.39 1.14 2.47 0.76 0.87 41.33 

76 Kermanshah 0.55 0.96 1.41 0.81 0.77 44.00 

77 Mashhad 0.32 0.78 1.61 0.67 0.54 65.67 

79 Mashhad 0.16 0.76 3.60 0.61 0.48 44.33 

80 Mashhad 0.21 0.53 1.85 0.68 0.36 84.67 

83 Mashhad 0.64 0.98 1.38 0.84 0.84 28.67 

85 Mashhad 0.60 1.03 1.58 0.84 0.86 24.00 

89 Mashhad 0.42 0.91 1.59 0.75 0.66 53.33 

91 Mashhad 0.31 0.57 1.73 0.93 0.53 13.00 

96 Kermanshah 0.38 0.83 1.81 0.71 0.59 49.33 

98 Mashhad 0.33 0.95 1.46 0.48 0.48 75.33 

100 Mashhad 0.51 0.85 1.36 0.80 0.69 30.67 

104 Mashhad 0.39 1.03 2.28 0.80 0.86 55.67 

105 Mashhad 0.29 0.95 3.52 0.90 0.85 24.00 

106 Mashhad 0.70 1.15 1.46 0.88 1.01 15.33 

107 Kermanshah 0.51 1.18 2.21 0.73 0.90 53.00 

108 Mashhad 0.52 1.14 1.52 0.70 0.80 56.33 

109 Mashhad 0.37 0.97 2.09 0.81 0.78 45.00 

110 Mashhad 0.31 1.15 3.40 0.79 0.91 40.67 

111 Mashhad 0.29 1.01 2.55 0.73 0.72 59.67 

112 Mashhad 0.35 1.02 2.86 0.85 0.87 37.00 

113 Mashhad 0.51 1.04 1.20 0.58 0.60 93.90 

114 Mashhad 0.28 1.41 3.17 0.60 0.87 102.33 

115 Kermanshah 0.59 1.13 1.61 0.83 0.94 31.33 

116 Mashhad 0.28 0.83 2.45 0.80 0.65 58.90 

117 Mashhad 0.32 0.76 1.38 0.54 0.44 78.67 

118 Mashhad 0.44 1.06 1.89 0.71 0.75 52.67 

119 Mashhad 0.32 0.67 1.88 0.73 0.49 75.00 

120 Kermanshah 0.47 0.79 1.11 0.67 0.53 55.00 

121 Mashhad 0.40 0.99 1.57 0.63 0.62 96.33 

122 Mashhad 0.35 0.84 1.52 0.63 0.52 122.00 

123 Mashhad 0.50 1.10 1.91 0.87 0.96 26.90 

Mean - 0.41 0.97 1.89 0.71 0.70 70.39 

LSD5%  - 0.27 0.35  - 0.22 0.35 67.60 

CV%  - 40.62 11.14  - 19.74 31.55 59.61 
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Figure 1. Frequency distribution and correlation among fertilizer response, calculated phosphorus efficiency, 

phosphorus adsorption efficiency and phosphorus efficiency in maize lines  
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Abstract 
After nitrogen, phosphorus is the most important and essential nutrient for plants, and plays the 

most important role in the process of energy production and transmission. In this sttudy, the efficiency 

of phosphorus adsorption and consumption in 93 maize inbred lines were assessed based on a potted 
experiment in a completely randomized design with three replications under phosphorus sufficient 

(optimum) and deficient conditions. The results of analysis of variance revealed that there was a 

significant difference among maize lines in terms of shoot dry weight, total phosphorus content and 

concentration, fertilizer response index, phosphorus adsorption efficiency index, phosphorus 

consumption efficiency index and calculated phosphorus efficiency index. The fertilizer response 

index of maize lines varied from 13 to 223.67 g with an average of 70.39 g. The phosphorus 
adsorption efficiency index in the studied lines ranged from 0.11 to 0.85 and its average was 0.41 

mg/kg. The phosphorus consumption efficiency index varied from 1.10 to 4.65 g dry matter per mg 

phosphorus and its average under sufficient (optimum) and deficient conditions were calculated 0.97 
and 1.89 g, respectively. The phosphorus efficiency index ranged from 0.40% to 0.95% with an 

average of 0.71%. Based on the evaluated indices under soil phosphorus deficiency conditions, the 

maize lines 1, 9, 10, and 26 are introduced as phosphorus-efficient genotypes and the lines 65, 46, 49 
and 79 as phosphorus-inefficient genotypes. The phosphorous-efficient lines introduced in this 

research can be potentially used to produce phosphorus-efficient maize varieties in the future breeding 

programs.  
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