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ABSTRACT 
In order to investigate the effect of farmyard manure application on phytoremediation of blanket flower a split factorial 
experiment based on a randomized complete blocks design with four replications was carried out. The factor year was in 
main plots and lead factors at four levels (0, 40, 80 and 120 mg/kg soil) and farmyard manure application at three levels (0, 
25 and 50 g/kg soil) was in sub plots. Oxidative stress caused by increasing the concentration of lead in the soil reduced the 
chlorophyll content, which ultimately led to reduction of plant growth as well as plant biomass. With increasing of Pb 
concentration in soil, activities of catalase and peroxidase in leaves, first increased and then declined, while superoxide 
dismutase enzyme activity ascending up to highest level of Pb concentration. The application of farmyard manure by 
increasing the activity of antioxidant enzymes reduced the peroxidation of membrane lipids and hydrogen peroxide in the 
plant and thus reduced the intensity of stress in blanket flower. Application of farmyard manure increased the lead 
concentration in the roots and shoots of blanket flower, so that the the highest lead content of shoots and roots was founded 
in 50 g/kg of farmyard manure under 120 mg/kg of lead in rate of 0.72 and 1.96 mg/kg, respectively, and the highest leaf 
proline content was obtained in this treatment. So, it can be concluded that manure fertilizer play a promising role in 
increasing the Pb uptake and reducing its phytotoxicity on blanket flower.  
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Table 1. Some physical and biochemical properties of 

soil and farmyard manure used in the study. 

Soil Texture 
Soil 

(Sandy loam) 

Manure  

fertilizer 

Total N (%) 0.031 1.69 

exchangeable P (mg kg-1) 12.5 170 
exchangeable K (mg kg-1) 195 3812 

Fe (mg kg-1) 2.05 5.73 

Mn (mg kg-1) 3.30 3.67 
Zn (mg kg-1) 1.16 9.5 

Pb (mg kg-1) BD* 3.04 

Organic carbon (%) 0.28 25 
pH 7.6 7.8 

Electrical conductivity (dSm-1) 0.9 2 

-1��8� 5��\ *.�+�8 �	'� MKO -�ND�� !?(�� !� B)(,  

*It could not be measured by an atomic absorption spectrometer. 
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 ^��O2 . �0�D8 ��01�2 � �0�(	(
+(� � ��0Q+#+0<(= 6�]9 �;)� )� �%�� �+* � M)� F2' )&� w8�0��� !0<T'  
^�� �� B��1398  �1399.  

Table 2. Results of variance analysis effect of lead stress (Pb) and farmyard manure (FYM) on some physiological 
and biochemical traits of gaillardia during 2019 and 2020. 

Source of variation 
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Year (Y) 1 0.0001 ns 0.005 ns 15.87 ns 0.0001 ns 0.0004 ns 0.00001 ns 15.18 ns 

Y(R) 3 0.0006  0.035  0.16  5.14  0.002  0.0002  5.04  

Pb 3 0.532 *** 24.35 *** 189.33 *** 267.89 *** 0.388 *** 0.0834 *** 753.76 *** 

Y × Pb 3 0.0008 ns 0.030 ns 2.94 ns 0.71 ns 0.0001 ns 0.00001 ns 2.86 ns 

FYM 2 0.048 *** 5.91 ** 32.04 *** 90.34 *** 0.017 *** 0.0046 *** 455.10 *** 

Y × FYM 2 0.0001 ns 0.005 ns 0. 0001 ns 0.0001 ns 0.0001 ns 0.00001 ns 0.003 ns 

Pb × FYM 6 0.001 ns 2.38 ** 3.60 ns 10.19 * 0.001 ns 0.0003 * 420.93 * 

Y × Pb × FYM 6 0.0003 ns 0.011 ns 1.18 ns 2.82 ns 0.0003 ns 0.00001 ns 1.10 ns 

Error 66 0.001  0.022  1.84  2.99  0.001  0.0001  33.50  
C.V (%) - 5.63 2.56 3.52 6.40 4.43 8.19 6.89 

ns P(')' !� *** � ** � * � 6��]' �+�8�2"% ��� 6��]' � �2"% �9�� C�� U0 � U0 ��2/ ^�	D@� j$� �� ���.  
ns, *, **, ***: Non-significantly difference and significantly difference at 5, 1 and 0.001% of probability levle, respectively. 

  
 ^��O3)&� S(N8�(% !J0�V% .  �+#�% �5(=�)?* B�+Da% )� �%�� �+* � M)� F2' ��01�2 � 1.�'�* � �(g�#4 B�  

^�� �� B��1398  �1399.  
Table 3. Mean comparison effect of lead stress (Pb) and farmyard manure (M) on chlorophyll content, 

malondialdehyde and catalase of gaillardia during 2019 and 2020. 

Treatments Chlorophyll content  
(mg g-1 FW) 

Malondialdehyde (nmol g-1 
FW) 

Catalase  
(Units g-1 FW) 

Pb levels (mg kg -1)    
0 0.76a 24.27d 0.44d 

40 0.70b 33.94c 0.52c 
80 0.47c 42.44b 0.84a 
120 0.30d 53.83a 0.67b 

Farmyard manure (g kg-1)    
0 0.50c 39.79a 0.58c 

25 0.55b 39.02a 0.62b 
50 0.61a 37.05b 0.65a 

S(N8�(% �+D� )� �� 5\��@ �� �0���2"% 6��]' �9�� �2/ ^�	D@� j$� �� �A)DH% x)@ U0.�8���8 B���  
In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
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1 .F2' 5��VD% )&� S(N8�(% !J0�V% ��01�2 � })� S(#�)/ ��<(% )� �%�� �+* � M)�.  

Figure 1. Mean comparison interaction effect of Pb stress and farmyard manure on proline content of gaillardia leaf. 
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�<=�0F 0D=�F2' .�2 #+' M)�(� ROS �<=� ��0F %� -

� G �� !* ����0��T F2' J*�('��(+ �
0� ^+?� ��-

��B ,(��� %��8�+' .�+
�0 S(N2� 6�<?= �4 ��(P-

T81 !� ��8���(-) )O � ��)D�#� ^�VD8�0�� K
+  S�	%

Z�� W0)X 1� #+'(� ���0^���� BOH �O
-
2

 � H2O2  �

�
8 ��0Z ����(p(# �+(���(J*�)/ , ��(���� .�
��  

  

 
 5�
2.  �%�� �+* � M)� F2' 5��VD% )&� S(N8�(% !J0�V%��01�2 � })� �Q���(� �(J*�)/ ��<(% )�.  

Figure 2. Mean comparison interaction effect of Pb stress and farmyard manure on H2O2 of gaillardia leaf. 
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S0�)��2� F0�<=� MDA F0�<=� F2' +('��(J*� �� 

��H8 �%��� � �0�
 S0� S�	% Z�� ��0 1� 

CJ(8��%B�� �#�	D@� �
�� !* l�+' �4 Z(	� 

�
�8 1� F2' M)� �%�8�+' �� Z=��B�� -�(, )��s 

��+
 j$� �+(���(J*�)/ ���(p(# 1� )d8 MDA 

-1��8� B)(, �% �+
)Hu et al., 2012.(  !* �#�@ ��

 � �
� B��)R )9�2  S(%�' W0)X 1� �%�� �+* �)���*

 �� F2' l0�)
 �� S(#�)/ �(#+' � �
� l0�)
 �+�
�

 �(#+' F��* G �� ��01�2 � -�(,ROS -�
 -�(, �� ��

 S0� 1� � Z�� �� �HL B���(p(# �+(���(J*�)/ W0)X

B�+Da% .Z�� -��� F��* �+#�%�(g�#4 B� �� �)���* 

�#4 B���+* �� ����(, k�2, Za' F2' k�)* F��* 

Z=�0 .S0� )&� S�	% Z�� !� 5(#� F��* P(�4 �HL 

l�+' MKO ^��0���B�� ��14 Za' �
�� �#4 ��+% 

)Ali et al., 2018 .(!� �+X !��H% Kaya et al. 

(2018) I��<, �8�)* !* B)0K/h+]8 �HL Za' 

�)���* �#4 ��+% �� l0�)
 F2' �+�
� Z=�0.  

  
;�6�7 <�+�0&�'�7 �����
��/$
  

C0<84 Z(#�"=1�'+	J0��(J*�)/+� � �(J*�)/ �1.�'�* B�� 

!� })��2"% �+X � M)� B����	(' )(&�' Za' B���

C0<84 S(2b	� ��2D=), ��)\ �%�� �+* B�� 1��(J*�)/

 M)� F2�	�)� )(&�' Za' 1�'+	J0� �(J*�)/+� �× 

 ^��O) �2D=), ��)\ �%�� �+*2 .( ��	(' F0�<=� ��

 S0� �� �Z=�0 F0�<=� 1.�'�* C0<84 Z(#�"= �M)� F2'

 ��	(' !� y+�)% C0<84 S0� Z(#�"= S0)DH(� �+O�80 

�?(% F0�<=� !* �+� M)� k),+?(* )� k),91 

' !� Z�J8 B�9�� .��� ��H8 M)� F2' k�  ��	(

 �)���*25  �50  !� <(8 �%�� �+* k),+?(* )� k),

 F0�<=� G �� P(')'7  �12  C0<84 Z(#�"= B�9��

 ^��O) �8�
 �%�� �+* k�  ��	(' !� Z�J8 1.�'�*

3 �� M)� ��	(' F0�<=� �� 1��(J*�)/ C0<84 Z(#�"= .(

 j$� �' A�;80 �?(%�0 F0�<=� k),+?(* )� k), � Z=

 j$� �� �"�120 �?(% F��* M)� k),+?(* )� k),

 1��(J*�)/ C0<84 Z(#�"= S0)'.�� .��� ��H8 B�0�


 v+$� !� y+�)%25  �50  �%�� �+* k),+?(* )� k),

 F2' Za'80 �?(% !* �+� M)� k),+?(* )� k),

 .�2D
�� ���
 ��	(' !� Z�J8 B)��)� F
 F0�<=�

S(0�/�)/ C0<84 Z(#�"= S0)' k�  !� y+�)% <(8 1��(J*

 F2' Za' �%�� �+* �)���*120 �?(% )� k),

 F��* !* �+� M)� k),+?(*59  !� Z�J8 B�9��

 5�
) Z
�� ���
 ��	('3.(  

 F0�<=� �� 1�'+	J0��(J*�)/+� C0<84 Z(#�"=

 �+* �)���* � Z
�� B�+"9 )(� M)� B����	('

S0� Z(#�"= F0�<=� G �� F2' v+$� k�	' �� �%�� 

B�+X !� �
 C0<84 v+$� !*25  �50  )� k),

 ��	(' Za' �%�� �+* k),+?(*120 �?(% )� k),

 �(J*�)/+� C0<84 Z(#�"= S0)'.�� 1� M)� k),+?(*

 B)��)� C(8 � !� F0�<=� � �8�+� ����+;)� 1�'+	J0�

 5�
) �2D
�� ���
 ��	(' !� Z�J84.(  

  

 
5�
 3 .� �%�� �+* � M)� F2' 5��VD% )&� S(N8�(% !J0�V%��01�2 � })� 1��(J*�)/ C0<84 Z(#�"= ��<(% ).  

Figure 3. Mean comparison interaction effect of Pb stress and farmyard manure on POX activity of gaillardia leaf. 
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!"#�$% % ��H8 )R�@�	� !* ���(Z  )T2% M)�

)a' !�0U ;)�� <84 1�0C��B ?9�� �(CDJ  �=�� 

D84� J*�(8�� �J*�)/+� �1.�'�* !?	O 1�(� �01�'+	J 

� J*�)/(1�� , ��(-� ��01�2 � �
�)� .B  �� Z%��V%

�4 )��)�(P J*�('��(+<84 �0C��B D84� J*�(���  �

;)�� #+��D%(Z , �� �+O+% ��(����HV8 �� @('�� 

��,1�� !� )T2% !* �8���B �V� �B �
8�0 ,(����  ��

�)
0l % F2'�) �+
Malar et al., 2014 .( !e),�

C0<84 Z(#�"= )� �n\�2D% �0�D8�D84 B�� �8��(J*�

 S0� !* �Z�� -�
 I��<, +('��(J*� F2' )(&�' Za'

�% ��!8+, S(� 6��]' !� ��+'Z=�� ��� ���(, B��

 ��+% <?= z)"% �� SD=), ��)\ -��� �0 � !"#�$%

) ��� Z�J8Zouari et al., 2018 .(J*�)/+�(� 

�01�'+	J #��(S  �=� l;+('��(J*� F2' )��)� �� � 

Z�� � 0�+��B J*�)/+�(� )O
-
2 ()n%  �� -�
 �(#+'

Z�[/�)?* � ^�1+D(�  ���% <(#�'�*�2* �4 � !� �� ��

H2O2 ^+�#+% ���B J*�(�_ ��' )$; C*05 %� .�2*

1��(J*�)/ � 1.�'�* ��' ��05 H2O2 ) M4 !�H2O � (

^+�#+%��B J*�(�_ )O2C� �� (��1�0 �()DH  U	*

%�2*2� )Usman et al., 2020(. �2e)� Z(#�"= C0<84 

1.�'�* � 1��(J*�)/ Za' j$� B.�� M)� F��* 

�2D=�0 .S0� F��* �%�8�+' �� !T(D8 )(L ^�"=��
 S0� 

C0<84�� !� 5(#� F2�	�)� C(VDJ% �4 �� �+0B�� <?= � 

ROS � S(2b	� F��* <D2� C0<84 S0� S(o'�)/�� 

Z�J8 -��� �+
 )Li et al., 2016( 1� �S0� )� -�[  .

 !?	O 1� BK`%<0� )9�2  B��@ �%�� �+* !* �0�T84

C0<84 S0� !�20� SDJ8�� �� � Z�� S�4 1.�'�* -_0� !� ��

 B��@�% �+; ��D;�� �� S�4 Z(#�"= F0�<=� S0� ��
��

C0<84 <D2�+(� B�)� )9�2  S0� S(%�' 1� �
�8 .�	D@� ��

C0<84 S0�) �
�� ��Kumar et al., 2010.(  

  

@�. �
�'()  

!� A�; � !H0� ��0�+� k��8� M)� B�+Da% �+X

�2"% � �%�� �+* �M)� B����	(' )(&�' Za' B���

 M)� F2�	�)�×  ^��O) �2D=), ��)\ �%�� �+*4  .(

M)� F2�	�)� S(N8�(% !J0�V%×  ��H8 �%�� �+*

 ��0�+� k��8� M)� B�+Da% �M)� ��	(' F0�<=� �� ���

.Z=�0 F0�<=� A�; � !H0�  

S0� ��  Za' !H0� � �0�+� k��8� M)� B�+Da% �^�@

 ��	(' .�+� )'.�� �%�� �+* �)���*50  k),+?(* )� k),

' �%�� �+* Za120 �?(% 1� M)� k),+?(* )� k),

 �� P(')' !� !H0� � �0�+� k��8� M)� B�+Da% S0)'.��

72/0  �96/1 �?(% �+� ����+;)� k),+?(* )� k),

^��O)6.(   

  �+� w� )� A�; M)� B�+Da% B�)� �0�D8 S0�

!� �%�� �+* �)���* �F2' v+$� k�	' �� !* B�+X

� .�
 A�; M)� B�+Da% F��* G �� S0)DH(

 �%�� �+* �)���* k�  !� y+�)% A�; M)� B�+Da%

 F2' Za'120 �?(% �� M)� k),+?(* )� k),

98/106 �?(% ^��O) �+� k),+?(* )� k),5 .(�D80�  �%

 !���� ��H8 ��+; �<=� �� !*0F  -�
 ^�	 � M)� Zd?L

� ��(CDJ �<=� M)� MKO �A�;0F %�0���	T' .m 

Z	J\ �� M)���B , �?D>%(-�  �� M)� Zd?L ��

a%(l ���� y��'�� �
� )Hu et al., 2019(. 

  

 
 5�
4.  �%�� �+* � M)� F2' 5��VD% )&� S(N8�(% !J0�V%��01�2 � })� 1�'+	J0� �(J*�)/+� C0<84 Z(#�"= ��<(% )�.  

Figure 4. Mean comparison interaction effect of Pb stress and farmyard manure on SOD activity of gaillardia leaf. 
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 ^��O4 . �0�D8 w8�0��� !0<T' �%�� �+* � M)� F2' )&� � �0�+� k��8� UH; -��% �A�; � !H0� ��0�+� k��8� M)� B�+Da% )�

^�� �� ��01�2 � !H0� B��1398  �1399.  
Table 4. Results of variance analysis effect of lead stress (Pb) and farmyard manure (FYM) on Pb content in shoot, 

root and soil, shoot and root dry matter of gaillardia during 2019 and 2020. 

Source of variation df 
Mean of squares 

Pb shoot Pb root Pb soil Shoot dry matter Root dty matter 

Year (Y) 1 0.0001ns 0.013ns 0.37ns 0.059ns 0.46ns 

Y(R) 3 0.0003 0.001 2.30 0.041 0.63 

Pb 3 0.868*** 8.42*** 233.68*** 285.69*** 154.63*** 

Y × Pb 3 0.0002ns 0.016ns 1.35ns 0.02ns 1.02ns 

M 2 0.059*** 0.233*** 67.88*** 64.64** 4.22** 

Y × M 2 0.0001ns 0.017ns 1.47ns 0.02ns 0.68ns 

Pb × M 6 0.009** 0.053*** 15.60** 2.70** 2.86** 

Y × Pb × FYM 6 0.0002ns 0.009ns 5.39ns 0.02ns 0.53ns 

Error 66 0.002 0.006 3.05 0.15 0.31 

C.V (%) - 12.36 6.13 3.55 4.33 8.87 

ns P(')' !� *** � ** � * � 6��]' �+�8�2"% ��� 6��]' � �2"% �9�� C�� U0 � U0 ��2/ ^�	D@� j$� �� ���.  
ns, *, **, ***: Non-significantly difference and significantly difference at 5, 1 and 0.001% of probability levle, respectively. 

  

 ^��O5 . �%�� �+* � M)� F2' 5��VD% )&� S(N8�(% !J0�V% �0�+� k��8� UH; -��% �A�; � !H0� ��0�+� k��8� M)� B�+Da% )�

^�� �� ��01�2 � !H0� � B��1398  �1399.  
Table 5. Mean comparison interaction effect of Pb stress and farmyard manure on Pb content in shoot, root and soil, 

shoot and root dry matter of gaillardia during 2019 and 2020. 
Pb levels 
(mg kg -1) 

Farmyard manure (g 
kg-1) 

Pb shoot Pb root Pb soil Shoot dry matter Root dry matter 

(mg kg-1DW) (g) 

0 
0 (control) BD*

 BD BD 12.29e 7.64c 

25 BD BD BD 14.84b 
10.29ab 

50 BD BD BD 15.36a 11.65a 

40 
0 0.36g 

1.33f 31.08f 8.78f 6.12d 

25 0.45ef 1.60de 30.49f 13.15d 
8.20c 

50 0.49de 1.57f 29.05g 
13.80c 9.59b 

80 
0 0.43f 1.47e 67.78d 

3.19i 4.45e 

25 0.53cd 
1.77b 

63.09e 7.46g 
5.55d 

50 0.60b 
1.76bc 62.03e 7.87g 

5.87d 

120 
0 0.53cd 

1.63cd 
106.98a 2.60j 1.06g 

25 0.56bc 1.88ab 
101.25b 

4.36h 
1.68g 

50 0.72a 1.96a 98.63bc 4.32h 
2.84f 

S(N8�(% �+D� )� ���2"% 6��]' �9�� �2/ ^�	D@� j$� �� �A)DH% x)@ U0 5\��@ �� �0��.�8���8 B��� 

-1��8� 5��\ * �	'� MKO -�ND�� !?(�� !� B)(,.�+�8  
In each column means followed by at least a common letter, are not significantly different at 5% probability level. 
* It could not be measured by an atomic absorption spectrometer. 

 

 

 ^��O6.  k��8� UH; -��% �A�; � !H0� ��0�+� k��8� M)� B�+Da% )� �%�� �+* � M)� F2' 6�)&� F2�	�)� S(N8�(% !J0�V%

^�� �� ��01�2 � !H0� � �0�+� B��1398  �1399. 

Table 6. Mean comparison interaction effect of lead stress (Pb) and farmyard manure (FYM) on Pb content in shoot, 
root and soil, shoot and root dry matter of gaillardia during 2019 and 2020. 

Pb levels 
(mg kg -1) 

Farmyard manure 
(g kg-1) 

Pb shoot Pb root Pb soil Shoot dry matter Root dry matter 

(mg kg-1DW) (g) 

0 

0 (control) BD*  BD  BD  12.29e  7.64c  

25 BD  BD  BD  14.84b  10.29ab  

50 BD  BD  BD  15.36a  11.65a  

40 

0 0.36g  1.33f  31.08f  8.78f  6.12d  

25 0.45ef  1.60de  30.49f  13.15d  8.20c  

50 0.49de  1.57f  29.05g  13.80c  9.59b  

80 

0 0.43f  1.47e  67.78d  3.19i  4.45e  

25 0.53cd  1.77b  63.09e  7.46g  5.55d  

50 0.60b  1.76bc  62.03e  7.87g  5.87d  

120 

0 0.53cd  1.63cd  106.98a  2.60j  1.06g  

25 0.56bc  1.88ab  101.25  4.36h  1.68g  

50 0.72a  1.96a  98.63bc  4.32h  2.84f  

S(N8�(% �+D� )� ��^�	D@� j$� �� �A)DH% x)@ U0 5\��@ �� �0�� �2"% 6��]' �9�� �2/.�8���8 B��� 

 *-1��8� 5��\.�+�8 �	'� MKO -�ND�� !?(�� !� B)(, 

In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
* It could not be measured by an atomic absorption spectrometer. 
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� �� M)� Zd?L0!H �V% ��0!J Z	J\ ����B 

�+��0 ,(-� 
O+' 5��\ �+X !�� �D8 .Z�� )'.��0� 


��H%� J� l�+'(��B Z�� -�
 I��<, ��VVa% 1� 

)Mallhi et al., 2019; Zouari et al., 2018; Hu et 

al., 2019(� .0S � !� Z�� S�	%#(5 �8�+'�0  �� M)�

�8+(/ 5(�H' ?/ �����*��0����0 �� � �2\ �28�%0) 

^+�#+%�)*�%  �� !H0� �� .�
��S0� !(R)=  Z�� S�	%

�
�� !D
�� �+O� !* !H0��� �%�28�+' �� B)(,+?O 1� 

m	T' F(� 1� �@ � �	� !;�
 �� M)���� FV8 

�	
% Z(#�"= �� �,�8���1�� 6�<?= !D
��  �2
��

)Chaab et al., 2016 �� �%�� �+* �)���* �-�[  !� .(

 F��*pH  P�� �#4 B���8�N(# F0�<=� � A�;

 !� �4 ^�VD8� � -�(, !H0� l�+' M)� MKO F0�<=�

F>��% -�(, �0�+� B��) �+
Kabata Pendias & 

Pendias, 2001 S(2b	� .(Prabha et al. (2007)  ��

�� ��H8 �+; !"#�$% �28�% �#4 6��(*)' !* �8�

 ���V% B��@ �"(�X �+X !� B��, �+* �0 � Z�+p	*

!O+' 5��\ Z?  !� !* �2DJ� x):% C* )9�2  1� B�

Z(#+��D% � ��01 �#4 ��+% �+O� 6�+9 !� ���)�(% B��

6[*-�%4 �� �#4 B�� Z(#[@ F0�<=� G �� � �8�

!H0� 6���T% �� 6�<?= � MKO Z(?��\ � -�
 ��

��% F0�<=� �� ����(, l�+' ��)D� S0� �� .�2��

 S(2b	� !"#�$% 1� -��]D���%�� �+* �<=� G ��0F 

� �� M)� MKO0!H !;�
 ���B ��01�2 �  .�
 ��

�%�� �+* �)���* m\�� �T��O C� � MKO C��0 M)� 

, �� ��(���� �<=�0F %�.���  !"#�$% ��Baghaie et 
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