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Abstract

&URS� SURGXFWLRQ� LQ� WURSLFDO� VRLOV� LV� FRQVWUDLQHG� E\�
ORZ�IHUWLOLW\��7KH�VFDUFLW\�DQG�KLJK�SULFHV�RI�FKHPLFDO�
IHUWLOL]HUV�KDYH�DGGHG�WR�WKH�H[LVWLQJ�FKDOOHQJHV��7KLV�
VWXG\� H[DPLQHG� WKH� LQÀXHQFH� RI� GLႇHUHQW� W\SHV� RI�
ELRFKDU� DQG� FRZ� GXQJ� FRPSRVW� RQ� VRLO� SURSHUWLHV��
JURZWK� DQG� FRE� ZHLJKW� RI� PDL]H�� $� SRO\WKHQH� SRW�
H[SHULPHQW� ZDV� FRQGXFWHG� DW� WKH� VFUHHQ� KRXVH�
RI� WKH� ,QVWLWXWH� RI� (FRORJ\�� 2EDIHPL� $ZRORZR�
8QLYHUVLW\�� ,OH�,IH��1LJHULD��7KH� H[SHULPHQW�ZDV� ODLG�
RXW�LQ�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��$PHQGPHQWV�
used were: (CDC), (CDB) and (MCB), which were 
DSSOLHG� VLQJO\� DW� WKH� UDWHV� RI� ��� ��� ��� ���� ��� W�KD-1��
7KH� SURGXFWLRQ� RI� ELRFKDU� IURP� FRZ� GXQJ� FRPSRVW�
DQG� PDL]H� FREV� ZDV� GRQH� XVLQJ� D� ORFDO� FKDUFRDO�
¿UHG� UHDFWRU��7KH� IHHGVWRFNV�ZHUH�VORZO\�S\URO\]HG�
DW� ���� �&� DQG� UHPRYHG� DIWHU� �KUV�� 7KH� WUHDWPHQWV�
ZHUH�UHSOLFDWHG�WZLFH��6RLOV�DPHQGHG�ZLWK�&'&�KDG�
the highest growth parameters compared to other 
DPHQGPHQWV�� ,Q� WKH� ¿UVW� VHDVRQ�� &'&� KDG� D� ����
LQFUHDVH� LQ� KHLJKW� FRPSDUHG� WR� 0&%�� &'&� KDG� D�
KHLJKW� RI� ��� FP� ZKLOH� 0&%� KDG� WKH� ORZHVW� KHLJKW�
ZLWK� ��� FP�� 7KH� JURZWK� UDWH� ZDV� DV� IROORZV�� &'&�
!� &'%� !� 0&%�� &'&� DOVR� LQFUHDVHG� FRE� ZHLJKWV�
ZKHQ� FRPSDUHG� WR� RWKHU� DPHQGPHQWV�� $W� �� W�KD-1, 
&'&�KDG� ������J��&'%�KDG������J�ZKLOH�0&%�KDG�
�����J��6LJQL¿FDQW�GLႇHUHQFHV�ZHUH�REVHUYHG�DPRQJ�
WKH� WUHDWPHQWV��+RZHYHU�� LW�ZDV�REVHUYHG�WKDW�&'%�
increased soil chemical properties compared to other 
DPHQGPHQWV��6RLO�SURSHUWLHV�VXFK�DV�RUJDQLF�FDUERQ�
DQG�WRWDO�QLWURJHQ�ZHUH�VLJQL¿FDQWO\�LPSURYHG�LQ�VRLOV�
WUHDWHG�ZLWK�&'%��7KLV�VWXG\�FRQFOXGHG�WKDW�FRZ�GXQJ�
ELRFKDU�ZDV�EHWWHU�VXLWHG� WR� LPSURYH�VRLO�SURSHUWLHV�
while also improving crop growth compared to other 
DPHQGPHQWV��
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IHUWLOLW\��DJULFXOWXUDO�IHHGVWRFNV

Introduction

0DL]H�UDQNV�DORQJ�ZLWK�ZKHDW�DQG�ULFH�DV�WKH�WKUHH�
PRVW� LPSRUWDQW� FHUHDOV� LQ� WKH� ZRUOG�� :LWK� QHDUO\�
�������PLOOLRQ�07�RI�PDL]H�EHLQJ�SURGXFHG�E\�RYHU�
���� FRXQWULHV�� DQG� ZLWK� DQ� DYHUDJH� SURGXFWLYLW\�
RI� ����� W�KD-1� RYHU� DQ� DUHD� RI� ������ PLOOLRQ� KD�� LWV�
LPSRUWDQFH� FDQQRW� EH� RYHUHPSKDVL]HG� �)$267$7��
������� ,Q� 6XE�6DKDUDQ�$IULFD�� PDL]H� LV� FRQVLGHUHG�
PRUH�LPSRUWDQW��%DGX�$SUDNX�HW�DO���������

0DL]H� LV� D� VWDSOH� FURS� LQ� 6XE�6DKDUDQ� $IULFD�� ,W�
provides food security and serves as a source of 
OLYHOLKRRG�IRU�PDQ\�IDPLOLHV��<DFRXERX�HW�DO����������
,W� LV� HYDOXDWHG� WKDW� PRUH� WKDQ� ���� PLOOLRQ�$IULFDQV�
GHSHQG�RQ�PDL]H�DV�WKHLU�PDMRU�IRRG�FURS��,Q�������
the total maize production in Africa was estimated to 
EH�DERXW����PLOOLRQ� WRQV��7KLV�DFFRXQWV� IRU������RI�
WKH�WRWDO�PDL]H�SURGXFWLRQ�LQ�WKH�ZRUOG��,,7$���������

,Q�PDQ\�FRXQWULHV�LQ�WKH�VXE�6DKDUDQ�UHJLRQ��PDL]H�
DOVR�VHUYHV�DV�D�PDMRU�VRXUFH�RI�QXWULWLRXV�GLHW��)RU�
LQVWDQFH������RI�WKH�SRSXODWLRQ�FRQVXPHV�PRUH�WKDQ�
����J�RI�PDL]H�SHU�GD\�� ,W� VXSSOLHV�DW� OHDVW�����RI�
WKH�WRWDO�FDORULH�LQWDNH�WR�WKH�FRQVXPHU��D�VLJQL¿FDQW�
DPRXQW� RI� HQHUJ\� �*RUHGHPD�0DWRQJHUD� HW� DO���
�������0DL]H�LV�D�PDMRU�VRXUFH�RI�FDUERK\GUDWHV��DQG�
supplies other nutrients such as: protein, starch, fat 
DQG�YLWDPLQV��$SDUW�IURP�WKDW��PDL]H�LV�FXOWLYDWHG�IRU�
other economic purposes such as animal feed and 
LQGXVWULDO�SURGXFWV� �$JDUZDO�HW�DO��� �������+RZHYHU��
GHVSLWH� LWV� REYLRXV� HFRQRPLF� DQG� QXWULWLRQDO�
LPSRUWDQFH��PDL]H�SURGXFWLRQ�LQ�WKH�UHJLRQ�KDV�EHHQ�
WKUHDWHQHG�E\�ORZ�VRLO�IHUWLOLW\��

2QH� RI� WKH� FKDOOHQJHV� RI� VXVWDLQDEOH� DJULFXOWXUH� LQ�
tropical regions is low soil nutrients due to intense 
weathering and increased mineralization of soil 
RUJDQLF� PDWWHU� �'DOOLQJ� HW� DO��� ������� 7KH� UDSLG�
PLQHUDOL]DWLRQ� RI� VRLO� RUJDQLF� PDWWHU� LV� FDXVHG� E\�
continuous cultivation, low soil organic matter, 
DQG� VRLO� QXWULHQW� LPEDODQFH� �(UEDXJK� HW� DO��� ������
:DPDOZD� HW� DO��� �������7KH� QXWULHQW� GH¿FLHQFLHV� LQ�
theese soils constrain productivity and pose a threat to 
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IRRG�VHFXULW\��/RZ�VRLO�RUJDQLF�PDWWHU�UHGXFHV�FDWLRQ�
H[FKDQJHDEOH� FDSDFLW\�� RUJDQLF� FDUERQ� DQG� DႇHFWV�
WKH� VRLO� VWUXFWXUH�� 7KLV� UHGXFHV� WKH� DYDLODEOH� VRLO�
nutrients needed for crop growth and yield (Fageria, 
������� 7KLV� LV� D� FKDOOHQJH� WKDW� FDQ� EH� VROYHG� ZLWK�
DSSOLFDWLRQ�RI�DQ�DSSURSULDWH�IHUWLOL]HU�

0DQ\� VPDOOKROGHU� IDUPHUV� DUH� H[SHULHQFLQJ� ORZ�
FURS� SURGXFWLYLW\� GXH� WR� LQDELOLW\� WR� DVVHVV� VXLWDEOH�
IHUWLOL]HUV��7KLV�KDV�DGGHG�WR�WKH�H[LVWLQJ�FKDOOHQJHV�
(such as climate change and agricultural pest) faced 
E\�IDUPHUV��&OLPDWH�FKDQJH�� IRU� LQVWDQFH�� LQFUHDVHV�
YRODWLOLW\�RI�FURS�\LHOG��ZKLOH�RQH�RI�WKH�PDMRU�FDXVHV�
of crop losses in Africa are agricultural pests (Botha 
HW� DO��� ������� )RRG� DQG�$JULFXOWXUH� 2UJDQL]DWLRQ� RI�
WKH� 8QLWHG� 1DWLRQV� IRUHFDVWLQJ� WKDW� IRRG� LQVHFXULW\�
LQ� WKH� UHJLRQ� LV� SRLVHG� WR� LQFUHDVH� IRU� WKH� QH[W� ���
years, so it is necessary to ensure that necessary 
HVVHQWLDOV� VXFK� DV� IHUWLOL]HUV� DUH� DYDLODEOH� �)$2�
�������+RZHYHU��FKHPLFDO�IHUWLOL]HUV�DUH�VFDUFH��ZKLOH�
WKH�DYDLODEOH�RQHV�DUH�VROG� IRU�D�KLJK�SULFH��0DUWH\�
DQG� .XZRUQX�� ������� +RZHYHU�� WKHUH� DUH� EHWWHU�
DOWHUQDWLYHV��([DPSOHV�RI� WKRVH�DOWHUQDWLYHV� LQFOXGH�
organic fertilizers such as composted manure and 
ELRFKDU��

Many studies have reported that application of 
ELRFKDU� KDV� LPSURYHG� VRLO� SURSHUWLHV� VXFK� DV�� S+��
PRLVWXUH�FDSDFLW\��DQG�PLFURELDO�DFWLYLWLHV� �0DQVRRU�
HW� DO��� ������� %LRFKDU� LV� DOVR� VDLG� WR� EH� D� FRVW�
HႇHFWLYH�PHWKRG�RI�VHTXHVWHULQJ�FDUERQ� LQ� WKH�VRLO��
,W�KHOSV�SUHYHQW�SRWHQWLDO�ORVV�RI�FDUERQ�DQG�UHGXFHV�
OHDFKLQJ�LQ�DJULFXOWXUDO�VRLOV��<DQJ�HW�DO����������2WKHU�
VWXGLHV� DOVR� LGHQWL¿HG� ELRFKDU� DV� D� JRRG� VRXUFH� RI�
UHWDLQLQJ�VRLO�QXWULHQWV� �.DUDP�HW�DO����������+HQFH��
ELRFKDU� FRXOG� EH� D� VXLWDEOH� UHSODFHPHQW� RI� SDUW� RI�
WKH� LQRUJDQLF� IHUWLOL]HU� UHTXLUHPHQW�� +RZHYHU�� WKH�
HႇHFWLYHQHVV�RI�ELRFKDU�LQ�WKH�VRLO�FRXOG�EH�GHSHQGHQW�
RQ�LWV�FKDUDFWHULVWLFV�

%LRFKDU� FDQ� EH� GHULYHG� IURP� GLႇHUHQW� VRXUFHV��
%LRFKDU� FRXOG� EH� SURGXFHG� IURP� SODQW� UHVLGXHV��
grasses, wood wastes, animal manure, and wastes 
IURP�VOXGJH��*KRGDNH�HW�DO����������6LQFH�ELRFKDU�FDQ�
EH�SURGXFHG�WKURXJK�GLႇHUHQW�IHHGVWRFNV��WKH�ELRFKDU�
SURGXFWV� ZLOO� DOVR� KDYH� GLႇHUHQW� FKDUDFWHULVWLFV�
�'DV�HW�DO���������� �)RU� LQVWDQFH��ELRFKDU�IURP�SODQW�
UHVLGXHV�DUH�VDLG�WR�EH�ORZ�LQ�SRWDVVLXP��SKRVSKRUXV�
DQG�QLWURJHQ�ZKHQ�FRPSDUHG�WR�ELRFKDU�IURP�DQLPDO�
ZDVWHV�� 7KHLU� SURSHUWLHV� FDQ� DOVR� EH� LQÀXHQFHG�
E\� IDFWRUV� VXFK�DV� WHPSHUDWXUH�DQG�GXUDWLRQ�RI� WKH�
S\URO\VLV� �.RFKDQHN� HW� DO��� ������� 7KHLU� SURSHUWLHV�
could also determine their various functions (Hassan 
HW�DO����������)RU�H[DPSOH��ELRFKDU�ZLWK�KLJK�FDUERQ�
FRQWHQW� FDQ� EH� XVHG� DV� FDUERQ� ¿[DWLRQ� PDWHULDOV�
ZKLOH�RWKHUV�ZLWK�KLJKHU�QXWULHQWV�FRXOG�EH�XVHG�DV�
VRLO�IHUWLOL]HUV��

Composted manure is a more popular alternative 
ZKHQ� FRPSDUHG� WR� ELRFKDU�� 7KH� HDV\� DFFHVV� WR�
PDQXUH�� DQG� WKH� DEVHQFH� RI� S\URO\VLV� SURFHVVHV�
PDNHV� LW� SUHIHUDEOH� DPRQJ� ORFDO� IDUPHUV��2YHU� WKH�
\HDUV�� FRPSRVWHG� PDQXUH� KDV� EHHQ� HVWDEOLVKHG�
as a good source of nutrients for soils and plants 
�$QWRQLRXV�� ������� &RPSRVWHG� PDQXUH�� GHYRLG� RI�
pathogens found in fresh manure, helps reduce 
OHDFKLQJ�RI�QLWURJHQ�LQ�VRLOV�DQG�ÀRZ�RI�ZDWHU�DFURVV�
DJULFXOWXUDO� VRLOV� �6LHGW� HW� DO��� ������� &RPSRVWHG�
manure also increases soil organic matter and 
KHOS�PLWLJDWH� JUHHQKRXVH� JDVHV� �)OLQW� HW� DO�� �������
These have led to increased soil nutrients (macro 
and micronutrients) and improved soil physical 
SURSHUWLHV�� :KHQ� FRPSDUHG� WR� FKHPLFDO� IHUWLOL]HUV��
soils treated with composted manure have higher 
VRLO�RUJDQLF�PDWWHU��PRUH�VRLO�PLFUREHV�DQG�LQFUHDVHG�
VRLO� QXWULHQWV� �/LX�� HW� DO��� ������� 6WXGLHV� KDYH� DOVR�
reported a higher calcium, potassium, magnesium 
and phosphorus in compost treated soils (Almeida et 
DO����������$SSOLFDWLRQ�RI�FRPSRVW�DOVR�KHOSV�LPSURYH�
soil structure, lead to increased soil air, and improve 
VRLO� ZDWHU� LQ¿OWUDWLRQ� DQG� UHWHQWLRQ�� 2WKHU� EHQH¿WV�
RI� DSSO\LQJ� FRPSRVW� LQFOXGH� ORZHU� EXON� GHQVLW\��
KLJKHU� VRLO� SRURVLW\�� LPSURYHG� DJJUHJDWH� VWDELOLW\�
DQG� K\GUDXOLF� FRQGXFWLYLW\� �2]OX� HW� DO��� ������ 6LHGW�
HW�DO����������+RZHYHU��PDQ\�VWXGLHV�KDYH�UHSRUWHG�
WKDW� FRPSRVWHG� PDQXUH� XQOLNH� ELRFKDU� GHFRPSRVH�
UDSLGO\� LQ�WURSLFDO�VRLOV��+HQFH��WKLV�VWXG\�FRPSDUHG�
WKH�HႇHFW�RI�ELRFKDU�IURP�GLႇHUHQW�VRXUFHV��FRZ�GXQJ�
DQG�PDL]H�FREV���DQG�FRPSRVWHG�PDQXUH��FRZ�GXQJ��
RQ�VRLO�SK\VLFRFKHPLFDO�SURSHUWLHV��,W�DOVR�DVVHVVHG�
WKHLU�HႇHFWV�RQ�JURZWK��DQG�FRE�ZHLJKW�RI�PDL]H�

Materials and Methods

The study was carried out at the screenhouse of 
the Institute of  Ecology and Environmental Studies, 
ORFDWHG� DW� ODWLWXGH� ����¶� ������¶¶� 1� DQG� ORQJLWXGH 
����
���������(��ZLWK�D�PHDQ�HOHYDWLRQ�YDOXH�RI�����
P� DERYH� VHD� OHYHO�� 2EDIHPL� $ZRORZR� 8QLYHUVLW\�
�2$8���,OH�,IH��

Collection and Preparation of  Soil Amendments

7KH�DPHQGPHQW¶V�IHHGVWRFNV��PDL]H�FREV�DQG�IUHVK�
cowdung) were collected from the cropping site and 
EHHI�XQLW�RI�WKH�7HDFKLQJ�DQG�5HVHDUFK�)DUP��2$8��
,OH�,IH��7KH�IUHVK�FRZGXQJ�ZDV�FRPSRVWHG�DHURELFDOO\�
IRU� WKUHH� PRQWKV�� 7KH� SURGXFWLRQ� RI� ELRFKDU� ZDV�
GRQH�XVLQJ�D� ORFDO�FKDUFRDO�¿UHG�UHDFWRU��0HDVXUHG�
quantities of the composted cow dung and maize 
FREV� ��� NJ�HDFK��ZHUH� FKDUUHG� WR�SURGXFH�ELRFKDU��
7KH�IHHGVWRFNV�ZHUH�VORZO\�S\URO\]HG�DW������C, and 
WKH�¿QDO�SURGXFW��ELRFKDU��ZDV�UHPRYHG�DIWHU���KRXUV�
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Seed Collection and Viability

6HHGV� RI� WKH� WHVW� FURS�� PDL]H� YDULHW\� $57����
6:��ZDV�REWDLQHG� IURP� WKH� ,QVWLWXWH� RI�$JULFXOWXUDO�
5HVHDUFK� DQG� 7UDLQLQJ�� ,EDGDQ�� 6HHG� YLDELOLW\� ZDV�
SHUIRUPHG�RQ�WKH�PDL]H�VHHGV�XVLQJ�JHUPLQDWLRQ�WHVW��
&RWWRQ�ZRRO�ZDV�PRLVWHQHG�ZLWK�ZDWHU�����UDQGRPO\�
selected seeds of maize were placed inside, spread 
DQG� FRYHUHG� LQ� D� SHWUL� GLVK�� 7KH� WUHDWPHQWV� ZHUH�
UHSOLFDWHG�WKUHH�WLPHV�DQG�WKH�WRWDO�QXPEHU�RI�VHHGV�
WKDW�JHUPLQDWHG�ZDV�FRXQWHG�RQ�WKH�IRXUWK�GD\��7KH�
mean percentage of the maize seed that germinated 
ZDV������

Experimental Design and Procedure

Surface soil was collected from an intensively cropped 
ODQG��DLU�GULHG�IRU���GD\V�DQG�WKHQ�VLHYHG�XVLQJ�D���
PP�PHVK��7KH�DLU�GULHG�DQG�VLHYHG�VRLO�PHDVXULQJ����
NLORJUDPV�ZDV� ¿OOHG� LQWR� HDFK� SRO\WKHQH� SRW±VSDFH�
ZDV� OHIW� DW� WKH� WRS� WR�PDNH�DOORZDQFH� IRU�ZDWHULQJ��
(DFK�SRO\WKHQH�SRW�ZDV�ZDWHUHG�WR�D�¿HOG�PRLVWXUH�
FDSDFLW\��7KH�WUHDWPHQWV�FRQVLVW�RI�WKUHH��WUHDWPHQWV��
FRZ�GXQJ�FRPSRVW��FRZ�GXQJ�ELRFKDU�DQG�PDL]H�FRE�
ELRFKDU� ZKLFK� ZHUH� DSSOLHG� RQFH�� 6RLO� DPHQGPHQW�
ZDV�LQFRUSRUDWHG�LQWR�WKH�VRLO�DQG�LQFXEDWHG�IRU�VHYHQ�
GD\V��$OO�WUHDWPHQWV�ZHUH�DSSOLHG�DW�GLႇHUHQW�UDWHV�����
������������� � � � W�KD-1) and replicated thrice to give a 
WRWDO� RI� ��� H[SHULPHQWDO� XQLWV��7KH� H[SHULPHQW�ZDV�
DUUDQJHG� LQ� FRPSOHWHO\� UDQGRPL]HG�GHVLJQ��$�ZHHN�
DIWHU�PDQXUH�LQFXEDWLRQ��WKH�VHHGV�RI�WKH�WHVW�FURSV�
were sown and each of the pots was perforated at the 
EDVH�WR�DYRLG�ZDWHU�ORJJLQJ�DQG�WR�LQFUHDVH�WKH�VRLO�
DHUDWLRQ��6HHGV�RI�WKH�WHVW�FURS�ZHUH�VRZQ�DW�WKUHH�
seeds per polythene pots and seedlings thinned to 
WZR�VWDQGV�SHU�SRW�WZR�ZHHNV�DIWHU�VRZLQJ��'DWD�RQ�
WKH�JURZWK�SDUDPHWHUV�VXFK�DV�WKH�QXPEHU�RI�OHDYHV��
SODQW� KHLJKW� DQG� VWHP� JLUWK� ZDV� WDNHQ� IRUWQLJKWO\��
1XPEHU�RI�OHDYHV�ZHUH�FRXQWHG�DQG�VWHP�JLUWKV�ZHUH�
measured using a pair of vernier calipers, and plant 
heights were measured with a graduated straight 
HGJH� �UXOHU�� IURP� WKH� EDVH� RI� WKH� VKRRW� DW� WKH� VRLO�
surface to the tip of the highest leaf in the foliage of 
WKH�FURS��7KH�H[SHULPHQW�ZDV�UHSHDWHG�WR�GHWHUPLQH�
WKH�UHVLGXDO�HႇHFW�RI�WKH�WUHDWPHQWV�

Soil Sample Collection and Preparation

&RPSRVLWH� VRLO� VDPSOHV� ZHUH� FROOHFWHG� EHIRUH�
SODQWLQJ�DQG�DIWHU�KDUYHVWLQJ�GXULQJ�WKH�H[SHULPHQW��
7KUHH�VRLO�VDPSOHV�ZHUH�FROOHFWHG�EHIRUH�SODQWLQJ�WR�
PDNH�XS�D�FRPSRVLWH�VDPSOH�ZKLOH�VRLO�VDPSOHV�ZHUH�
DOVR�FROOHFWHG�IURP�HDFK�H[SHULPHQWDO�SRW�DW�WKH�HQG�
RI�WKH�VFUHHQKRXVH�H[SHULPHQW�IRU�SRVW�SODQWLQJ�VRLO�
DQDO\VLV�� 7KH� VRLO� VDPSOHV� ZHUH� DLU�GULHG�� FUXVKHG�
DQG�VLHYHG�XVLQJ�D���PP�PHVK��

Soil Analysis

3DUWLFOH� VL]H� GLVWULEXWLRQ� ZDV� GHWHUPLQHG� XVLQJ� WKH�
K\GURPHWHU� PHWKRG� �%RX\RXFXV�� ������� 6RLO� S+�
was determined in a 1:1 soil to water suspension 
using the Dwyer model WPH1 waterproof pH 
WHVWHU�� 2UJDQLF� FDUERQ� ZDV� GHWHUPLQHG� XVLQJ� WKH�
'HJWMDUHႇ�PHWKRG� �:DONOH\� DQG�%ODFN�� ������� 7RWDO�
QLWURJHQ� ZDV� GHWHUPLQHG� XVLQJ� WKH� PDFUR�.MHOGDKO�
PHWKRG� �-DFNVRQ���������$YDLODEOH�SKRVSKRUXV�ZDV�
determined using the Bray method (Bray and Kurtz, 
������� ([FKDQJHDEOH� DFLGLW\� ZDV� GHWHUPLQHG� XVLQJ�
WKH�PHWKRG�E\�$QGHUVRQ�DQG�,QJUDP���������6HOHFWHG�
heavy metals ZHUH� GHWHUPLQHG� E\� PHDVXULQJ two 
JUDPV� RI� VRLO� VDPSOHV� LQWR� D� GLJHVWLRQ� WXEH�� 2QH�
WDEOHW� RI� VHOHQLXP� FDWDO\VW� ZDV� SODFHG� LQVLGH� WKH�
WXEH��7HQ�PLOOLPHWUHV�RI�FRQFHQWUDWHG�SHUFKORULF�DFLG�
DQG� ���PO� RI� FRQFHQWUDWHG� QLWULF� DFLG� LQ� UDWLRQ� �����
7KH�WXEHV�ZHUH�SODFHG�LQVLGH�D�GLJHVWLRQ�EORFN�DQG�
VORZO\�GLJHVWHG��7KH�GLJHVW�ZDV�ZDVKHG�LQWR�����PO�
YROXPHWULF� ÀDVN� DQG� PDGH� XS� ZLWK� GLVWLOOHG� ZDWHU��
7KH� ¿OWUDWH� REWDLQHG� IURP� WKH� SUH�WUHDWHG� GLJHVWHG�
samples were analysed for some heavy metals using 
DWRPLF� DEVRUSWLRQ� VSHFWURSKRWRPHWHU� �$$6�� %XFN�
6FLHQWL¿F�0RGHO������9*5����

Chemical Analysis of The Soil Amendments

The total nitrogen present in the compost and 
ELRFKDU� XVHG� IRU� WKH� H[SHULPHQW� ZDV� GHWHUPLQHG�
XVLQJ� PDFUR�.MHGDKO� PHWKRG� �-DFNVRQ�� �������
$YDLODEOH� 3KRVSKRUXV� ZDV� GHWHUPLQHG� E\� DVFRUELF�
DFLG�PRO\EGDWH�EOXH�PHWKRG�DV�GHVFULEHG�E\�0XUSK\�
DQG�5LOH\���������7KH�S+�ZDV�GHWHUPLQHG�LQ�D�������
soil to water suspension using Dwyer model WPH1 
ZDWHU� SURRI� WHVWHU��2UJDQLF� FDUERQ�ZDV� GHWHUPLQHG�
IROORZLQJ� ZHW� GLJHVWLRQ� PHWKRG� DV� GHVFULEHG� E\�
:DONH\� DQG� %ODFN� �������� $IWHU� GLJHVWLRQ� ZLWK� �0�
DPPRQLXP� DFHWDWH�� 3RWDVVLXP� ZDV� GHWHUPLQHG� E\�
UHDGLQJ�ZLWK�WKH�ÀDPH�SKRWRPHWHU��&DOFLXP�DQG�0J�
ZDV� GHWHUPLQHG� XVLQJ� WKH� %XFN� 6FLHQWL¿F� ��������
9*3�$$6�PRGHO�DIWHU�H[WUDFWLRQ�ZLWK��0�DPPRQLXP�
DFHWDWH��0RLVWXUH�DQG�DVK�FRQWHQW�ZHUH�GHWHUPLQHG�
XVLQJ�VWDQGDUG�PHWKRGV�

Statistical Analysis

'DWD�FROOHFWHG�ZHUH�VXEMHFWHG�WR�DQDO\VLV�RI�YDULDQFH�
�$129$��DQG�WKHLU� WUHDWPHQW�PHDQV�ZDV�VHSDUDWHG�
DW�����FRQ¿GHQFH�OLPLW�XVLQJ�*UDSK3DG�3ULVP�Y���

Results

Properties of Soil Used for Experiment

The physical and chemical properties of soil used for 
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WKH�VFUHHQKRXVH�VWXG\�DUH�VKRZQ�LQ�7DEOH����7KH�VRLO�
was sandy loam (proportions of sand, silt and clay 
ZHUH�����������������������J�NJ-1��UHVSHFWLYHO\���6RLO�
S+�ZDV�QHDU�QHXWUDO��RUJDQLF�FDUERQ�ZDV�PRGHUDWH��
DYDLODEOH�SKRVSKRUXV�ZDV�PDUJLQDO��DQG�WRWDO�QLWURJHQ�
������ J�NJ-1�� ZDV�PRGHUDWHO\� ORZ�� &DWLRQ� H[FKDQJH�
FDSDFLW\�ZDV� DOVR�PRGHUDWH� ��� FPRO�NJ-1) with Ca2+  
GRPLQDWLQJ�

Properties of Amendments Used 

5HVXOWV�VKRZHG�DOO�DPHQGPHQWV�ZHUH�KLJKO\�DONDOLQH�
�7DEOH������+RZHYHU��PDL]H�FRE�ELRFKDU�KDG�WKH�KLJKHVW�
S+� �������� FRPSDUHG� WR� RWKHUV� DV� VKRZQ� LQ� 7DEOH�
��� 2UJDQLF� FDUERQ� ZHUH� KLJK� ZLWK� �������� ��������
�������J�NJ-1� IRU�&'&��&'%�DQG�0&%� UHVSHFWLYHO\��
&�1�ZDV�KLJK�LQ�DOO�DPHQGPHQWV��KRZHYHU�0&%�KDG�
WKH� KLJKHVW� ZLWK� ����� 7RWDO� QLWURJHQ� DQG� PRLVWXUH�
contents were low in MCB when compared to other 
DPHQGPHQWV�

(௺HFWV�RI�6RLO�$PHQGPHQWV�RQ�*URZWK�RI�0DL]H�

The results indicated that application of amendments 
increased the growth rate of maize when compared 
WR�FRQWURO��)LJXUH�������6RLOV�DPHQGHG�ZLWK�&'&�KDG�
the highest plant height when compared to other 
amendments with MCB showing a lower height 
LQ� FRPSDULVRQ� �)LJXUH� �� DQG� ���� )RU� LQVWDQFH�� DW� ��
W�KD-1��VRLOV�WUHDWHG�ZLWK�&'&�KDG�D�KHLJKW�RI����FP�
ZKLOH�VRLOV�WUHDWHG�ZLWK�0&%�KDG�D�KHLJKW�RI����FP��
D� ���� GHFUHDVH� LQ� KHLJKW�� 7KH� VDPH� REVHUYDWLRQV�
ZHUH� PDGH� GXULQJ� WKH� VHFRQG� SODQWLQJ�� 7KH� VWHP�
JLUWKV� IRU� VRLOV� ZLWK� GLႇHUHQW� VKRZHG� QR� VLJQL¿FDQW�
GLႇHUHQFH� GXULQJ� ERWK� SODQWLQJ� VHDVRQV� �)LJXUHV� ��
DQG�����$FURVV� WKH� WZR�SODQWLQJ�VHDVRQV�DQG� OHYHOV�
RI�WUHDWPHQWV��WKHUH�ZHUH�YDULHG�YDOXHV�LQ�WKH�QXPEHU�
RI�OHDYHV��)LJXUHV���DQG����ZKHQ�DPHQGPHQWV�ZHUH�
FRPSDUHG��+RZHYHU��QR�VLJQL¿FDQW�GLႇHUHQFHV�ZHUH�
REVHUYHG�DPRQJ�WKH�WUHDWPHQWV�

7DEOH��� Chemical properties of soil amendments used in the study
Chemical properties Cowdung compost &RZGXQJ�ELRFKDU 0DL]H�FRE�ELRFKDU
pH ���� ���� �����
7RWDO�1LWURJHQ��J�NJ-1) ����� ����� ����
2UJDQLF�&DUERQ��J�NJ-1) ������ ������ ������
&�1 ����� ����� ������
7RWDO�3KRVSKRUXV�PJ�NJ-1) ������ ������ ������
3RWDVVLXP��FPRO�NJ-1) ����� ����� �����
$VK�FRQWHQW���� ����� ����� �����
0RLVWXUH�&RQWHQW���� ���� ���� ����

7DEOH����3K\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�VRLO�XVHG�LQ�WKH�VFUHHQKRXVH�VWXG\
Parameter Value
pH (1:1 Soil: H2O) ����
2UJDQLF�&DUERQ��J�NJ-1) �����
7RWDO�1LWURJHQ�����J�NJ-1) ����
$YDLODEOH�3KRVSKRUXV��PJ�NJ-1) �����
([FKDQJHDEOH�$FLGLW\��FPRO�NJ-1)
 H+ ����
Al3+ ����
([FKDQJHDEOH�&DWLRQ��FPRO�NJ-1)
Ca2+ ����
Mg2+ ����
1D+ ����
K+ ����
6DQG��J�NJ-1)
6LOW�����J�NJ-1)

������
������

&OD\���J�NJ-1) �����
7H[WXUH sandy loam
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(௺HFW�RI�$PHQGPHQWV�RQ�6RLO�3URSHUWLHV

7KH� HႇHFW� RI� GLႇHUHQW� VRLO� DPHQGPHQWV� RQ� VRLO�
SURSHUWLHV�DIWHU�SODQWLQJ�LV�VKRZQ�LQ�7DEOH����6RLO�ZLWK�
amendments had higher nutrient levels compared 
WR� FRQWURO�� 6RLO� S+� LQ� DPHQGHG� VRLOV� EHFDPH�PRUH�
DONDOLQH� ZKHQ� FRPSDUHG� WR� FRQWURO� VRLOV�� 6RLO�
SURSHUWLHV�VXFK�DV�RUJDQLF�FDUERQ�DQG�WRWDO�QLWURJHQ�
DOVR� LQFUHDVHG�� +RZHYHU�� VRLO� SURSHUWLHV� VXFK� DV�
DYDLODEOH� SKRVSKRUXV�� DQG� PLFURQXWULHQWV� VXFK� DV�
Fe, Cu, and Mn were higher in controls compared 
WR� VRLOV� WUHDWHG� ZLWK� DPHQGPHQWV�� ,W� ZDV� REVHUYHG�
WKDW� VRLOV� WUHDWHG� ZLWK� FRZGXQJ� ELRFKDU� LQFUHDVHG�
VRLO�SURSHUWLHV�FRPSDUHG� WR�RWKHU�DPHQGPHQWV��)RU�
H[DPSOH��DW���W�KD-1��VRLO�S+�ZDV�KLJKHVW�LQ�&'%��������
FRPSDUHG� WR� &'&� ��������$W� �� W� KD-1, soils treated 
ZLWK�&'%� DOVR� KDG� D� KLJKHU� RUJDQLF� FDUERQ� ���������������������������������������������������������������������������������������������������������������
J�NJ-1��DQG�&(&����FPRO�NJ-1) compared to soils treated 
ZLWK�0&%�ZKLFK�ZDV������DQG�������ORZHU�LQ�ERWK�

SDUDPHWHUV�UHVSHFWLYHO\��6RLOV�WUHDWHG�ZLWK�&'%�DOVR�
KDG� KLJKHU� WRWDO� QLWURJHQ� DQG� DYDLODEOH� SKRVSKRUXV�
YDOXHV�ZKHQ�FRPSDUHG�WR�RWKHU�DPHQGPHQWV�

(௺HFW�RI�$PHQGPHQWV�RQ�&RE�:HLJKW�

7KH�HႇHFW�RI�VRLO�DPHQGPHQWV�RQ�FRE�ZHLJKW�LV�VKRZQ�
LQ� 7DEOH� ��� 7KH� FRE� ZHLJKW� RI� PDL]H� ZDV� KLJKHVW�
under soils treated with CDC when compared to 
RWKHU�DPHQGPHQWV��7KH�ORZHVW�YDOXHV�ZHUH�UHFRUGHG�
LQ�VRLOV�WUHDWHG�ZLWK�0&%��)RU�LQVWDQFH��XQGHU���W�KD-1, 
&'&�WUHDWHG�VRLOV�ZDV�����KLJKHU�WKDQ�WKDW�RI�0&%�
WUHDWHG� VRLOV�� 6LJQL¿FDQW� GLႇHUHQFHV� ZHUH� REVHUYHG�
EHWZHHQ�WUHDWPHQWV�

Discussion

2UJDQLF�IHUWLOL]HUV�DUH�NQRZQ�WR�LPSURYH�VRLO�FKHPLFDO�

7DEOH����&RE�ZHLJKW��J��RI�PDL]H�XQGHU�VFUHHQKRXVH�FRQGLWLRQV�
Treatments Control    ��W�KD-1 ��W�KD-1 ���W�KD-1 ���W�KD-1

Cow dung compost ����D ����D ����D ����D ����D
&RZ�GXQJ�ELRFKDU ����E ����E ����E ����E ����E
0DL]H�FRE�ELRFKDU ����F ����F ����E ����E ����F
1RWH��PHDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�ZLWKLQ�D�FROXPQ�LQ�HDFK�EORFN�GR�QRW�GLႇHU�VLJQL¿FDQWO\�DW�Sޒ�������DFFRUGLQJ�WR�

%RQIHUURQL¶V�0XOWLSOH�&RPSDULVRQ�7HVW�

)LJXUH����3ODQW� KHLJKWV� RI� PDL]H� GXULQJ� ¿UVW� SODQWLQJ� XQGHU� VFUHHQKRXVH� FRQGLWLRQV�� 3ODQWV� KHLJKWV� ZHUH�
PHDVXUHG�ZLWK�D�JUDGXDWHG�VWUDLJKW�HGJH�UXOHU�IRUWKQLJKWO\��
$��FRQWURO��%����W�KD-1��&����W�KD-1��'�����W�KD-1��(�����W�KD-1��([SHULPHQW�ZDV�FRQGXFWHG�WZLFH�XVLQJ�D�
FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��%DUV�LQGLFDWHV�VWDQGDUG�HUURUV�
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)LJXUH����3ODQW�KHLJKWV�RI�PDL]H�GXULQJ�VHFRQG�SODQWLQJ�XQGHU�VFUHHQKRXVH�FRQGLWLRQV��3ODQWV�KHLJKWV�ZHUH�
PHDVXUHG�ZLWK�D�JUDGXDWHG�VWUDLJKW�HGJH�UXOHU�IRUWKQLJKWO\��
$��FRQWURO��%����W�KD-1��&����W�KD-1��'�����W�KD-1��(�����W�KD-1��([SHULPHQW�ZDV�FRQGXFWHG�WZLFH�XVLQJ�D�
FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��%DUV�LQGLFDWHV�VWDQGDUG�HUURUV�

)LJXUH����6WHP�JLUWKV�RI�PDL]H�GXULQJ�¿UVW�SODQWLQJ�XQGHU�VFUHHQKRXVH�FRQGLWLRQV��6WHP�JLUWKV�ZHUH�PHDVXUHG�
XVLQJ�D�SDLU�RI�YHUQLHU�FDOLSHUV�IRUWKQLJKWO\��$��FRQWURO��%����W�KD-1��&����W�KD-1��'�����W�KD-1��(�����W�KD-1��
([SHULPHQW�ZDV�FRQGXFWHG�WZLFH�XVLQJ�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��%DUV� LQGLFDWHV�VWDQGDUG�
HUURUV�
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)LJXUH����6WHP� JLUWKV� RI� PDL]H� GXULQJ� VHFRQG� SODQWLQJ� XQGHU� VFUHHQKRXVH� FRQGLWLRQV�� 6WHP� JLUWKV� ZHUH�
PHDVXUHG�XVLQJ�D�SDLU�RI�YHUQLHU�FDOLSHUV�IRUWKQLJKWO\��$��FRQWURO��%����W�KD-1��&����W�KD-1��'�����W�KD-1, 
(�����W�KD-1��([SHULPHQW�ZDV�FRQGXFWHG�WZLFH�XVLQJ�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��%DUV�LQGLFDWHV�
VWDQGDUG�HUURUV�

)LJXUH����1XPEHU�RI� OHDYHV�RI�PDL]H�GXULQJ�¿UVW�SODQWLQJ�XQGHU�VFUHHQKRXVH�FRQGLWLRQV��1XPEHU�RI� OHDYHV�
ZHUH�PHDVXUHG�E\�FRXQWLQJ�HDFK�OHDYHV�SHU�VWDQG�IRUWKQLJKWO\��$��FRQWURO��%����W�KD-1��&����W�KD-1, D: 
���W�KD-1��(�����W�KD-1��([SHULPHQW�ZDV�FRQGXFWHG�WZLFH�XVLQJ�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��%DUV�
indicates standard errors
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SURSHUWLHV�DQG�VHUYH�DV�D�VRXUFH�RI�QXWULHQWV�WR�SODQWV��
7KLV�VWXG\�DLPHG�DW�HYDOXDWLQJ�WKH�HႇHFWV�RI�GLႇHUHQW�
amendments such as composted cowdung, cowdung 
ELRFKDU� DQG� PDL]H� FRE� ELRFKDU� RQ� VRLO� SURSHUWLHV�
DQG�ZHLJKW�RI�PDL]H�FREV��7KLV�VWXG\� UHYHDOHG� WKDW�
VRLO� DPHQGPHQWV� XVHG� ZHUH� KLJKO\� DONDOLQH� �7DEOH�
����PRVW�HVSHFLDOO\� WKH�ELRFKDU�DPHQGPHQWV��ZKLFK�
DJUHHV�ZLWK�WKH�ZRUN�RI��$JHJQHKX�HW�DO����������+H�
QRWHG� LQ� KLV� VWXG\� WKDW� FRPSRVW� DQG� ELRFKDU� KDG� D�
KLJK�VRLO�S+��+RZHYHU�� LW�ZDV�REVHUYHG�WKDW�ELRFKDU�
amendments had a higher pH when compared to 
FRPSRVW�� 7KLV� DJUHHV� ZLWK� WKH� ZRUN� RI� �&R[� HW� DO���
������ZKR�UHFRUGHG�D�KLJKHU�S+�IRU�ELRFKDU�FRPSDUHG�
WR�FKLFNHQ�PDQXUH�FRPSRVW��7KH�KLJKHU�S+�UHFRUGHG�
IRU�ELRFKDU�FRXOG�EH�GXH�WR�WKH�S\URO\VLV�WHPSHUDWXUH��
3\URO\VLV�UHGXFHV�WKH�DPRXQW�RI�FDUER[\O�JURXSV�DQG�
DQ�LQFUHDVH�LQ�FRQMXJDWHG�EDVHV�ZKLFK�VXVEVHTXHQWO\�
OHDGV�WR�D�KLJKHU�S+�RI�ELRFKDU��7DJ�HW�DO����������7KH�
KLJKHU�S+�REVHUYHG�LQ�PDL]H�FRE�ELRFKDU�FRPSDUHG�
WR�RWKHU�DPHQGPHQWV�FRXOG�EH�GXH�WR�LWV�KLJKHU�DVK�
FRQWHQW��1\DPER�HW�DO����������7KLV�LV�LQ�OLQH�ZLWK�WKH�
¿QGLQJV�RI��%HUHN�DQG�+XH���������7KH\�QRWHG�LQ�WKHLU�
VWXG\�ZKLOH�LQYHVWLJDWLQJ�WKH�FDSDFLW\�RI�VL[�GLႇHUHQW�
ELRFKDU�WR�LPSURYH�WKH�SURGXFWLYLW\�RI�DFLG�VRLOV��WKDW�
VRLO�S+�LQFUHDVHG�ZLWK�DQ�LQFUHDVH�LQ�DVK�FRQWHQW��

)LJXUH��. 1XPEHU�RI�OHDYHV�RI�PDL]H�GXULQJ�VHFRQG�SODQWLQJ�XQGHU�VFUHHQKRXVH�FRQGLWLRQV��1XPEHU�RI�OHDYHV�
ZHUH�PHDVXUHG�E\�FRXQWLQJ�HDFK�OHDYHV�SHU�VWDQG�IRUWKQLJKWO\��$��FRQWURO��%����W�KD-1��&����W�KD-1, D: 
���W�KD-1��(�����W�KD-1��([SHULPHQW�ZDV�FRQGXFWHG�WZLFH�XVLQJ�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��%DUV�
LQGLFDWHV�VWDQGDUG�HUURUV��
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D        E 

Figure 6. Number of leaves of maize during second planting under screenhouse conditions. 
Number of leaves were measured by counting each leaves per stand forthnightly. A: control, 
B: 4 t.ha-1, C: 8 t.ha-1, D: 12 t.ha-1, E: 16 t.ha-1. Experiment was conducted twice using a 
completely randomized design. Bars indicates standard errors.  

Discussion 

Organic fertilizers are known to improve soil chemical properties and serve as a 
source of nutrients to plants. This study aimed at evaluating the effects of different 
amendments such as composted cowdung, cowdung biochar and maize cob biochar 
on soil properties and weight of maize cobs. This study revealed that soil 
amendments used were highly alkaline (Table 2), most especially the biochar 
amendments, which agrees with the work of (Agegnehu et al., 2015). He noted in his 
study that compost and biochar had a high soil pH. However, it was observed that 
biochar amendments had a higher pH when compared to compost. This agrees with 
the work of (Cox et al., 2021) who recorded a higher pH for biochar compared to 
chicken manure compost. The higher pH recorded for biochar could be due to the 
pyrolysis temperature. Pyrolysis reduces the amount of carboxyl groups and an 
increase in conjugated bases which susbsequently leads to a higher pH of biochar 
(Tag et al., 2016). The higher pH observed in maize cob biochar compared to other 
amendments could be due to its higher ash content (Nyambo et al., 2018). This is in 
line with the findings of (Berek and Hue, 2013). They noted in their study while 
investigating the capacity of six different biochar to improve the productivity of acid 
soils, that soil pH increased with an increase in ash content.  

,W�ZDV�DOVR� UHFRUGHG� WKDW�RUJDQLF�FDUERQ�FRQWHQW� LQ�
ELRFKDU� ZHUH� KLJKHU� ZKHQ� FRPSDUHG� WR� FRZGXQJ�
FRPSRVW�� 7KLV� LV� GXH� WR� D� KLJKHU� GHJUHH� RI�
polymerization that leads to a more condensed 
FDUERQ� VWUXFWXUH� FRPSDUHG� WR� FRZGXQJ� FRPSRVW��
)RU� LQVWDQFH�� LQ� WKLV� VWXG\�� PDL]H� FRE� ELRFKDU� KDG�
D� ���� LQFUHDVH� LQ� RUJDQLF� FDUERQ� FRPSDUHG� WR�
FRZGXQJ� FRPSRVW� �VKRZQ� LQ� 7DEOH� ���� 7KLV� DJUHHV�
ZLWK�'RPLQJXHV�HW�DO���������ZKR�VWDWHG�LQ�KLV�VWXG\�
WKDW�S\URO\VLV� OHDGV� WR�D�KLJKHU�RUJDQLF� FDUERQ�GXH�
WR� KLJKHU� GHJUHH� RI� SRO\PHUL]DWLRQ�� %LRPDVV� ZKHQ�
VXEMHFWHG� WR� S\URO\VLV� LV� FRQYHUWHG� WR� ELRFKDU� ZLWK�
KLJK� ¿[HG� FDUERQ� FRQWHQW�� +RZHYHU�� WKH� KLJKHU�
RUJDQLF� FDUERQ�DQG�DVK� FRQWHQW� REVHUYHG� LQ�PDL]H�
FRE� ELRFKDU� PD\� EH� GXH� WR� WKH� IHHGVWRFN�� 0DL]H�
FREV�KDYH�D�KLJK�FHOOXORVH��OLJQLQ�DQG�KHPLFHOOXORVHV�
ZKLFK�ZLOO��FRQWULEXWH��WR��WKH��WKHUPDO��GHFRPSRVLWLRQ��
RI��FRUQ��FRE�IHHGVWRFN��DQG��UHOHDVHG��RI��WKH��YRODWLOHV�
�'DQMH���������)HHGVWRFNV�ZLWK�KLJKHU�OLJQLQ�FRQWHQW�
could produce higher char yield during the pyrolysis 
SURFHVV� FRPSDUHG� WR� IHHGVWRFNV� ZLWK� ORZHU� OLJQLQ�
FRQWHQW��6KDULႇ�HW�DO����������

This study revealed that soil amendments increased 
crop productivity compared to control (Figures 
������ $JURQRPLF� SURSHUWLHV� VXFK� DV� SODQW� KHLJKW��
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VWHP� JLUWK� DQG� QXPEHU� RI� OHDYHV� ZHUH� LPSURYHG�
FRPSDUHG� WR�FRQWURO��7KLV�FRXOG�EH�DWWULEXWHG� WR� WKH�
improved characteristics of the soil due to addition 
RI�DPHQGPHQWV��+RZHYHU��ELRFKDU�SHUIRUPHG�SRRUO\�
ZKHQ� FRPSDUHG� WR� FRZGXQJ� FRPSRVW�� 7KLV� FRXOG�
EH� GXH� WR� WKH� VORZ� PLQHUDOL]DWLRQ� UDWH� RI� ELRFKDU�
FRPSDUHG� WR� FRZGXQJ� FRPSRVW�� /HKPDQQ� HW� DO��
������� SRLQWHG� RXW� WKDW� ZKHUHDV� FRPSRVW� LV� HDVLO\�
GHJUDGDEOH�� ELRFKDU� KDV� DQ� DURPDWLF� VWUXFWXUH� DQG�
a recalcitrant nature and is therefore very resistant 
WR� GHFRPSRVLWLRQ�� 7KH� ORZHU� DJURQRPLF� SURSHUWLHV�
RI�PDL]H�VKRZQ�E\�VRLOV� WUHDWHG�E\�PDL]H�FRE�FKDU�
FRPSDUHG� WR�RWKHU�DPHQGPHQWV�PD\�EH�GXH� WR� WKH�
DPHQGPHQW¶V�ORZHU�QXWULHQW�FRPSRVLWLRQ�FRPSDUHG�WR�
other amendments (cow dung compost and cow dung 
ELRFKDU���&RE�ZHLJKWV�ZHUH�DOVR�ORZHU�LQ�SODQWV�JURZQ�
RQ�PDL]H�FRE�ELRFKDU��$�ORZ�QXWULHQW�FRPSRVLWLRQ�RI�
DQ� DPHQGPHQW� FRXOG� OHDG� WR� D� ORZ� QXWULHQW� XSWDNH�
E\�SODQWV��/HKPDQQ�HW�DO����������7KLV�FRXOG�OHDG�WR�
ORZHU�SODQW�JURZWK�DQG�ORZ�\LHOG�RI�FURSV���

7KLV�VWXG\�HVWDEOLVKHG�WKDW�DOO�DPHQGPHQWV�LPSURYHG�
WKH�VRLO�SURSHUWLHV�FRPSDUHG�WR�FRQWURO��7DEOH�����7KH�
S+�RI�VRLOV�LQFUHDVHG�GXH�WR�WKH�DONDOLQH�QDWXUH�RI�WKH�
DPHQGPHQWV��7KLV� DJUHHV�ZLWK�6KHWW\� HW� DO�� �������
ZKR�VWDWHG� LQ�KLV�VWXG\� WKDW�ELRFKDU�DSSOLFDWLRQ�FDQ�
LQFUHDVH�WKH�S+�RI�DFLG�VRLOV�GXH�WR�LWV�DONDOLQLW\��7KLV�
VWXG\� DOVR� REVHUYHG� WKDW� VRLO� RUJDQLF� FDUERQ� DQG�
total nitrogen were increased in the soil compared 
WR�FRQWURO�VRLOV��7KH� LQFUHDVH� LQ�RUJDQLF�FDUERQ�FDQ�
EH� GXH� WR� WKH� DGGLWLRQ� RI� FDUERQ� IURP� WKH� FRPSRVW�
DQG� ELRFKDU� DPHQGPHQWV�� )ULPSRQJ� HW� DO�� �������
also revealed in their study that C accumulation 
DQG�VHTXHVWUDWLRQ� LQ�VRLOV�DUH�VWLPXODWHG�E\�ELRFKDU�
DQG�PDQXUH� DSSOLFDWLRQ��7KLV� SURYHV� WKDW� ERWK� FRZ�
GXQJ� DQG� ELRFKDU� HQKDQFHG� FDUERQ� DFFXPXODWLRQ�
DQG� VHTXHVWUDWLRQ� LQ� WKH� VRLO�� 7KH� LQFUHDVH� LQ� WRWDO�
QLWURJHQ�ZRXOG�EH�VLPSO\�GXH� WR� WKH�DGGLWLRQDO�1� LQ�
WKH� FRPSRVW� DSSOLHG� ZKLOH� ELRFKDU� FDQ� UHOHDVH� D�
small amount of nitrogen add up to the total nitrogen 
SRRO��DV�UHSRUWHG�E\�&XL�HW�DO����������

7KH� VWXG\�DOVR�GHPRVWUDWHG� WKDW� FRZ�GXQJ�ELRFKDU�
enhanced the soil pH, total nitrogen and organic 
FDUERQ� FRPSDUHG� WR� RWKHU� DPHQGPHQWV� �7DEOH� ����
7KLV�FRXOG�EH�GXH�WR� WKH�W\SH�RI� IHHGVWRFN�XVHG�IRU�
WKH� ELRFKDU�� 1XWULHQW� FRPSRVLWLRQ� RI� ELRFKDUV� DUH�
GHSHQGHQW�RQ�WKH�W\SH�RI�IHHGVWRFNV��7KLV�DOVR�UHODWHV�
WR�WKHLU�XVH�IRU�DJULFXOWXUDO�SXUSRVHV��7KLV�GLVDJUHHV�
ZLWK� WKH�VWXG\�E\�*XQDPDQWKD�DQG�:LGDQD� ��������
7KH\�VWDWHG� LQ� WKHLU�VWXG\�WKDW�ELRFKDU� IURP�SLJ�DQG�
FRZ�PDQXUH�ZDV�QRW�FRQVLVWHQW�ZLWK�WKHLU�IHHGVWRFNV��
+RZHYHU��WKLV�VWXG\�DJUHHV�ZLWK�WKH�HDUOLHU�UHSRUWV�E\�
&HO\�HW�DO����������7KH\�FRQFOXGHG�LQ�WKHLU�VWXG\�WKDW�
ELRFKDU� SURSHUWLHV� ZHUH� VWURQJO\� LQÀXHQFHG� E\� WKH�
IHHGVWRFN��

+LJKHU�PLFURQXWULHQWV��VXFK�DV�)H��ZHUH�REVHUYHG�LQ�
FRQWURO� VRLOV� FRPSDUHG� WR� RWKHU� WUHDWHG� VRLOV� �7DEOH�
���� 7KLV� FRXOG� EH� DWWULEXWHG� WR� LWV� SDUHQW� PDWHULDO���
7KH�PLFURQXWULHQWV�LQ�WKH�VRLO�DQG�WKHLU�DYDLODELOLW\�WR�
SODQWV� DUH� GHWHUPLQHG�E\� WKH�PLQHUDOV� FRQWDLQHG� LQ�
WKH� RULJLQDO� SDUHQW�PDWHULDO�� DQG� E\� WKH�ZHDWKHULQJ�
SURFHVVHV� WKDW� KDYH� WDNHQ� SODFH� RYHU� WKH� \HDUV��
+RZHYHU��WKH�DPHQGPHQWV�XVHG�ZHUH�DEOH�WR�UHGXFH�
WKH�DPRXQW�RI�PLFURQXWULHQWV��7KLV�FRXOG�EH�UHODWHG�WR�
WKH�LQFUHDVHG�VRLO�S+�IRXQG�LQ�WKH�DPHQGHG�VRLOV��$V�
VRLO�S+�LQFUHDVHG��WKH�DYDLODELOLW\�RI�LURQ��PDQJDQHVH��
FRSSHU� DQG� ]LQF� GHFUHDVHV�� ,W� ZDV� DOVR� UHYHDOHG�
WKDW�DPHQGPHQWV�DW���W�KD-1 improves soil properties 
DQG�FURS�JURZWK�FRPSDUHG�WR�RWKHU�UDWHV��7KLV� LV� LQ�
FRQWUDVW�ZLWK�&KLYHQJH�HW�DO����������ZKR�VWDWHG�WKDW�
continuous increase in organic fertilizer application 
UDWH� PLJKW� LPSURYH� VRLO� SURSHUWLHV�� $Q� DSSURSULDWH�
rate of fertilizer application is necessary for optimum 
FURS�SURGXFWLYLW\�

Conclusion

This study revealed that cowdung compost and 
ELRFKDU� �FRZGXQJ� ELRFKDU� DQG� PDL]H� FRE� ELRFKDU��
improved crop growth, such as plant height, stem girth 
DQG� QXPEHU� RI� OHDYHV�� 6RLO� SURSHUWLHV� VXFK� DV� S+��
RUJDQLF�FDUERQ�DQG�WRWDO�QLWURJHQ�ZHUH�DOVR�KLJKHU�LQ�
WUHDWHG�VRLOV�FRPSDUHG�WR�FRQWURO�VRLOV��+RZHYHU��VRLO�
FKHPLFDO� SURSHUWLHV� VXFK� DV� DYDLODEOH� SKRVSKRUXV�
and micronutrients: Fe, Cu, and Mn, were lower in 
XQWUHDWHG� VRLOV� FRPSDUHG� WR� DPHQGHG� VRLOV�� &RE�
ZHLJKW�ZDV�DOVR�VLJQL¿FDQWO\�KLJKHU�LQ�DPHQGHG�VRLOV�
FRPSDUHG�WR�FRQWURO��7KLV�VWXG\��KRZHYHU��REVHUYHG�
WKDW�FRZGXQJ�ELRFKDU�ZDV�EHWWHU�VXLWHG�WR�LPSURYLQJ�
soil properties and crop growth compared to other 
DPHQGPHQWV�� 7KLV� VXJJHVWV� WKDW� LW� FRXOG� KDYH� D�
VORZHU�PLQHUDOL]DWLRQ�UDWH�FRPSDUHG�WR�LWV�IHHGVWRFN�
(cow dung compost) while also improving crop 
SURGXFWLYLW\��+HQFH�� WKHUH� LV� D� QHHG� IRU�PRUH� VWXG\�
on the rate of mineralization of each amendment 
DQG�KRZ�LW�FDQ�DႇHFW�WKH�FURS�JURZWK�RQ�D�ORQJ�WHUP��
This study also suggests that organic amendments 
DSSOLHG�DW���W�KD-1�LV�WKH�EHVW�DSSOLFDWLRQ�UDWH�IRU�FURS�
DQG�VRLO�SURGXFWLYLW\��:H�SURSRVH�D� ORQJ�WHUP�VWXG\�
WR�H[DPLQH�WKH�ORQJ�WHUP�HႇHFWV�RI�WKH�WUHDWPHQWV�RQ�
VRLO�SK\VLFRFKHPLFDO�SURSHUWLHV�DQG�\LHOG�UHVSRQVHV�
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