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Abstract
Aim of study:�7R�FRPSDUH�WKH�ÀRZHULQJ�RI�VD൵URQ�EHWZHHQ�RSHQ�¿HOG�DQG�FRQWUROOHG�HQYLURQPHQW�DQG�WR�VWXG\�WKH�SRVVLELOLW\�RI�VD൵URQ�

transplanting.
Area of study: 8QLYHUVLW\�RI�%LUMDQG��,UDQ�
Material and methods: ,Q�D�¿UVW�H[SHULPHQW��VD൵URQ�\LHOG�DQG�TXDOLW\�SURGXFHG�E\�WUDGLWLRQDO�SURGXFWLRQ�V\VWHP��736��DQG�E\�VRLOOHVV�

RQH��636��ZHUH�FRPSDUHG��,Q�D�VHFRQG�H[SHULPHQW��WKH�H൵HFWV�RI�WKH�SURGXFWLRQ�PHWKRG��E\�GLUHFW�SODQWLQJ��'3��RU�E\�WUDQVSODQWLQJ�SODQW�
�73��LQ�RSHQ�¿HOG�ZHUH�VWXGLHG�

Main Results: 3HUFHQWDJH�RI�ÀRZHULQJ�FRUPV�JURZQ�E\�636�ZDV�����DQG������ZKLOH�E\�736�ZDV����DQG�����LQ������DQG�������
UHVSHFWLYHO\��)ORZHU�DQG�VWLJPD�\LHOGV�ZHUH�VLJQL¿FDQWO\�KLJKHU�E\�636�WKDQ�E\�736��6WLJPD�REWDLQHG�IURP�636�KDG�KLJKHU�L��OLJKWQHVV��
DQG�FURFLQ��6DIUDQDO�FRQWHQW�ZDV�KLJKHU�LQ�VWLJPD�SURGXFHG�E\�736��/HDI�DQG�URRW�QXPEHUV�DQG�FRUP�ZHLJKW�ZHUH�KLJKHU�IRU�636��EXW�DIWHU�
WUDQVSODQWLQJ�WKHUH�ZDV�EHWWHU�VWDWXV�IRU�'3�WKDQ�IRU�73��$W�WKH�HQG�RI�WKH�¿UVW�JURZLQJ�VHDVRQ������������PHDQ�UHSODFHPHQW�FRUPV�ZHLJKW�
���� vs�����J���UHSODFHPHQW�FRUPV�\LHOG�������vs������J�SHU�SODQW���ZHLJKW�RI�PDLQ�UHSODFHPHQW�FRUP������ vs�����J��DQG�QXPEHU�RI�ODUJH�
UHSODFHPHQW�FRUPV������vs�����FRUPV�SHU�SODQW��IRU�'3�ZHUH�VLJQL¿FDQWO\�KLJKHU�WKDQ�IRU�73��+RZHYHU��GXULQJ�WKH�VHFRQG�JURZLQJ�VHDVRQ�
�����������WKH�SODQWV�LQ�73�SORWV�LPSURYHG�WKHLU�SHUIRUPDQFHV�

Research highlights: 6D൵URQ�SURGXFWLRQ�ZDV�PRUH�IDYRUDEOH�XQGHU�FRQWUROOHG�HQYLURQPHQW��7UDQVSODQWLQJ�LV�SRVVLEOH��EXW�WKHUH�LV�D�QHHG�
WR�LPSURYH�PHWKRGV�WR�JDLQ�PRUH�IDYRUDEOH�UHVXOWV�

$GGLWLRQDO�NH\ZRUGV��FURFLQ��ÀRZHU��K\GURSRQLFV��VDIUDQDO��VWLJPD��WUDQVSODQWLQJ�
$EEUHYLDWLRQV�XVHG��'3��GLUHFW�SODQWLQJ���30��SURGXFWLRQ�PHWKRGV���36��SURGXFWLRQ�V\VWHPV���636��VRLOOHVV�SURGXFWLRQ�V\VWHP���73�
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7KH�6D൵URQ�,QVWLWXWH��8QLYHUVLW\�RI�7RUEDW�+H\GDULHK��,UDQ�� 3������

Introduction
6D൵URQ��Crocus sativus�/���SODQW�LV�QDWLYH�WR�WKH�0H-

GLWHUUDQHDQ�UHJLRQ�DQG�LV�FXOWLYDWHG�PRVWO\�LQ�,UDQ��ZKLFK�
KDV� QHDU� ���� RI� WKH�ZRUOG� SURGXFWLRQ� �%HKGDQL�	� )D-
OODKL���������6D൵URQ�JURZLQJ�]RQHV�DUH�VSUHDG�IURP����:�
WR����(�ORQJLWXGH�DQG�������1�ODWLWXGH��EHWZHHQ�&HQWUDO�

$VLD�LQ�WKH�HDVW�WR�6SDLQ�LQ�WKH�ZHVW��7KLV�SODQW�FDQ�EH�FXO-
WLYDWHG�LQ�YHU\�GLYHUVH�HQYLURQPHQWDO�FRQGLWLRQV��EXW�WKH�
EHVW�FOLPDWH�IRU�LWV�JURZLQJ�LV�WKH�0HGLWHUUDQHDQ�FOLPDWH�
�.RRFKHNL�	�.KDMHK�+RVVHLQL���������6D൵URQ�VWLJPD�DQG�
FRUROOD�KDYH�PDQ\�DSSOLFDWLRQV�LQ�FRVPHWLF��IRRG��KHDOWK�
DQG�PHGLFDO� LQGXVWULHV� �.RRFKHNL� et al.�� ������� &URFLQ�
�UHVSRQVLEOH�IRU�WKH�FRORXU��DQG�SLFURFURFLQ��UHVSRQVLEOH�



FI
R

ST
 P

R
O

O
F

2 Mahsa Aghhavani-Shajari, Hamid-Reza Fallahi, Hossein Sahabi et al.

Spanish Journal of Agricultural Research March 2021 • Volume 19 • Issue 1 • e0901

FI
R

ST
 P

R
O

O
F

IRU�WKH�WDVWH��DUH�WZR�PDLQ�FRPSRQHQWV�LQ�VWLJPD��ZKLFK�
FRQVWLWXWHV�������DQG�������RI�VD൵URQ¶V�GU\�PDWWHU��UHV-
SHFWLYHO\��,Q�DGGLWLRQ��VDIUDQDO��UHVSRQVLEOH�IRU�WKH�DURPD��
LV� WKH�PRVW� LPSRUWDQW� FRPSRXQG� DPRQJ�PRUH� WKDQ�����
YRODWLOH�FRPSRQHQWV�DQG� UHSUHVHQWV��������RI�HVVHQWLDO�
RLO� DQG� �����±������� RI� VD൵URQ� GU\� PDWWHU� �.LDQL� 	� 
0LQDHL���������

6D൵URQ� ERWDQLFDOO\� LV� DQ� DQQXDO� SODQW�� EHFDXVH� HDFK�
PRWKHU�FRUP�ODVWV�IRU�RQO\�D�VLQJOH�\HDU��)ORZHULQJ�RFFXUV�
LQ�DXWXPQ�EHIRUH��FRQFXUUHQW�RU�HYHQ�DIWHU�OHDI�DSSHDUDQ-
FH��7KH�UHSODFHPHQW�RI�WKH�LQLWLDO�FRUP�DQG�LWV�SURSDJD-
WLRQ�RFFXUV�DIWHU�ÀRZHULQJ�XS�WR�WKH�HQG�RI�WKH�JURZLQJ�
VHDVRQ� LQ�PLG�VSULQJ��ZKHQ� UHDO� GRUPDQF\�RI� SURGXFHG�
FRUPV�FRUPOHWV�VWDUWV��DQG�LW�FRQWLQXHV�ZLWK�SVHXGR�GRU-
PDQF\�GXULQJ�WKH�VXPPHU�VHDVRQ��.RRFKHNL�et al.��������

7KH�VD൵URQ�KDV�EHHQ�WUDGLWLRQDOO\�JURZQ�E\�SHUHQQLDO�
JURZLQJ�F\FOH�DQG�LWV�\LHOG�KDV�D�VWURQJ�FRUUHODWLRQ�ZLWK�
WKH�FRUP�VL]H��%UDQFD�	�$UJHQWR���������7KH�RQO\�PHWKRG�
RI� WUDGLWLRQDO� VD൵URQ� FXOWLYDWLRQ� LV� LWV� SURGXFWLRQ� XQGHU�
RSHQ�¿HOG�FRQGLWLRQV��5HFHQWO\��KRZHYHU��PDLQO\�GXH� WR�
FOLPDWH�FKDQJH�RXWFRPHV�DWWHQWLRQ�KDV�EHHQ�SDLG�WR�LWV�SUR-
GXFWLRQ�XQGHU�FRQWUROOHG�FRQGLWLRQV��%HKGDQL�	�)DOODKL��
�������,Q�WKH�ODVW�WZR�GHFDGHV��GHFUHDVH�LQ�SUHFLSLWDWLRQ��
LQFUHDVHG� WHPSHUDWXUH�GXULQJ�ÀRZHU� LQLWLDWLRQ�VWDJH�DQG�
FRQVHTXHQWO\�WKH�DERUWLRQ�RI�VRPH�LQLWLDWHG�ÀRZHUV��GHOD\�
LQ�VXSSO\LQJ�WKH�SURSHU�WHPSHUDWXUH�IRU�ÀRZHU�HPHUJHQFH�
LQ�DXWXPQ��SRRU�VRLOV�TXDOLW\�ZKLFK�UHQGHUV�GL൶FXOW\�WKH�
ÀRZHU�HPHUJHQFH��KDYH� OHG�SURJUHVVLYHO\� WR� WKH�GHFOLQH�
LQ� WKH�ÀRZHULQJ�FDSDFLW\�RI� VD൵URQ� LQ� VHYHUDO� FRXQWULHV�
�)DOODKL�et al.������������D���$FFRUGLQJO\��LWV�SURGXFWLRQ�
XQGHU�FRQWUROOHG�HQYLURQPHQW�FRQGLWLRQV�FRXOG�UHSUHVHQW�
D�SRVVLEOH�VROXWLRQ�IRU�UHGXFLQJ�WKH�DERYH�FLWHG�SUREOHPV��
GXH�WR�WKH�ODFN�RI�VRLO��WKH�SURSHU�WHPSHUDWXUH�OHYHOV��DQG�
SURYLGLQJ�DSSURSULDWH�ZDWHU�DYDLODELOLW\�LQ�WKLV�SURGXFWLRQ�
V\VWHP��%HKGDQL�	�)DOODKL���������6D൵URQ�SURGXFWLRQ�XQ-
GHU�WKH�FRQWUROOHG�HQYLURQPHQW�EDVHG�RQ�WKH�K\GURSRQLF�
PHWKRG�OHDGV�WR�DQ�LQFUHDVH�LQ�ZDWHU�XVH�H൶FLHQF\��ZKLFK�
LV� D� JUHDW� DGYDQWDJH� LQ� DUHDV� D൵HFWHG� E\� GURXJKW� VWUHVV�
�6DGHJKL�� �������7KH�PLFURFOLPDWH� DQG� QXWULWLRQ� RI� WKH�
SODQWV�FDQ�DOVR�EH�FDUHIXOO\�FRQWUROOHG��UHVXOWLQJ�LQ�KLJKHU�
\LHOG� DQG� SHUKDSV� EHWWHU� SURGXFW� TXDOLW\� �0ROOD¿ODEL��
�������3UHYHQWLQJ�WKH�QHHG�IRU�WKH�ODERU�IRUFH�LQ�D�VKRUW�
RI�WLPH��E\�H[WHQGLQJ�WKH�ÀRZHULQJ�SHULRG���ORZHU�ÀRZHU�
FRQWDPLQDWLRQ�� IDVWHU� DQG� HDVLHU� KDUYHVWLQJ� RI� ÀRZHUV��
UHGXFLQJ�WKH�SUHYDOHQFH�RI�ZHHGV�DQG�SDWKRJHQV�DQG�UH-
OHDVLQJ�ODUJH�YROXPHV�RI�ZDWHU�DQG�ODQG�IRU�WKH�SODQWLQJ�
RI� RWKHU� SODQWV� DUH� WKH� RWKHU� EHQH¿WV� RI� K\GURSRQLFDOO\�
VD൵URQ�SURGXFWLRQ��%HKGDQL�	�)DOODKL��������

6D൵URQ�FRUP�KDV�WZR�VHSDUDWHG�VWDJHV�WR�ÀRZHU��7KH�
¿UVW� VWDJH� LV� FDOOHG� ÀRZHU� LQLWLDWLRQ�� ZKLFK� WDNHV� SODFH�
GXULQJ� SVHXGR�GRUPDQF\� VWDJH� LQ� VXPPHU�� 8QGHU� WKH�
FRQWUROOHG� HQYLURQPHQW�� FRUPV� PXVW� EH� VWRUHG� LQ� GDUN�
FRQGLWLRQV� �WR� DYRLG� HWLRODWLRQ�� DQG� WKH� GLVSURSRUWLRQD-
WH�JURZWK�RI�OHDYHV�DQG�ÀRUDO�WXEH��IRU��������GD\V��WKH�
EHVW���������GD\V���DW�a������&��WKH�EHVW������&��DQG�UHOD-

WLYH�KXPLGLW\�RI�a�����IRU�SURSHU�ÀRZHU�LQLWLDWLRQ��0R-
lina et al.��������$ORQVR�et al.��������0ROOD¿ODEL���������
7KH� OHYHOV� RI�&2� �FDUERQ�PRQR[LGH��ZKLFK� VKRXOG� QRW�
H[FHHG������SSP��DQG�HWK\OHQH��ZKLFK�FDQ�EUHDN�FRUP�
GRUPDQF\��DUH�WKH�RWKHU�LPSRUWDQW�IDFWRUV�GXULQJ�WKLV�VWD-
JH��$ORQVR�et al.���������7KH�VHFRQG�VWDJH�RI�ÀRZHULQJ�
LV�QDPHG�ÀRZHU�HPHUJHQFH�RU�ÀRZHU�DSSHDUDQFH��'XULQJ�
WKLV�VWDJH��ÀRZHUV�DSSHDU�RQ�WKH�VXUIDFH�RI�WKH�VRLO�DQG�QD-
WXUDOO\�KDSSHQ�DURXQG�PLG�DXWXPQ��ZKDW�PDLQO\�GHSHQGV�
RQ�WHPSHUDWXUH�DQG�VRLO�KXPLGLW\��)RU�SURSHU�SHUIRUPDQFH�
RI�WKLV�VWDJH�XQGHU�WKH�FRQWUROOHG�HQYLURQPHQW��LW�LV�QHFHV-
VDU\�WR�UHGXFH�WKH�WHPSHUDWXUH��a�������&���SURYLGH�ZDWHU�
DQG�OLJKW�ZLWK�DQ�LQWHUYDO�RI�a��K�OLJKW�DQG����K�GDUNQHVV�
�0ROLQD�et al.��������%HKGDQL�	�)DOODKL��������

0ROOD¿ODEL� ������� FRQFOXGHG� WKDW� WKH� UHDO� GRUPDQF\�
SHULRG�RI�FRUPV��DURXQG�-XQH��LV�WKH�EHVW�WLPH�IRU�FRUP�
FRUPOHWV�GLJJLQJ�XS��ZKLFK�DUH�JRLQJ�WR�EH�XVHG�LQ�VD൵URQ�
FXOWLYDWLRQ�XQGHU� WKH� FRQWUROOHG� HQYLURQPHQW��7KH� VDPH�
DXWKRU�DOVR�IRXQG�WKDW�������GD\V�LV�DQ�DSSURSULDWH�GXUD-
WLRQ�IRU�FRUP�LQFXEDWLRQ�GXULQJ�VXPPHU��6DGHJKL��������
DOVR�IRXQG�WKDW�DSSOLFDWLRQ�RI�FRFR�SHDW�DURXQG�WKH�LQFX-
EDWHG� FRUPV� DQG� LQFXEDWLRQ� SHULRG� RI� ������� GD\V� FDQ�
LPSURYH� VD൵URQ� ÀRZHULQJ� XQGHU� FRQWUROOHG� FRQGLWLRQV��
Maggio et al.��������UHYHDOHG�WKDW�VD൵URQ�ÀRZHULQJ�LQ�D�
VRLOOHVV�V\VWHP�ZDV�KLJKHU�LQ�SHUOLWH�FRPSDUHG�WR�WKH�PL[-
WXUH�RI�SHDW�DQG�SHUOLWH�DV�JURZLQJ�PHGLD��%HVLGHV��VD൵URQ�
\LHOG�LQ�JODVVKRXVH�DQG�JURZWK�FKDPEHUV�ZDV�GRXEOH�RI�
WKRVH�REWDLQHG� LQ� WUDGLWLRQDO�¿HOG� FXOWLYDWLRQ��0ROLQD�et 
al.��������DOVR�UHSRUWHG�WKDW�ZLWK�WKH�SODQWLQJ�GHQVLW\�RI�
����FRUPV�P-2��LW�LV�SRVVLEOH�WR�SURGXFH�����NJ�RI�VD൵URQ�
VSLFH�LQ�RQH�KHFWDUH�RI�D�JUHHQKRXVH��)DOODKL�et al.������D��
REVHUYHG�WKDW�ÀRZHULQJ�LQ�WKH�VRLOOHVV�FXOWXUH�RI�VD൵URQ�
ZDV�����WLPHV�KLJKHU�WKDQ�LWV�VRLO�FXOWLYDWLRQ�LQ�WKH�¿HOG��
6RXUHW�	�:HDWKHUV��������REVHUYHG�WKDW�VWLJPD�\LHOG�DQG�
TXDOLW\� RI� VD൵URQ�ZHUH� VLPLODU� LQ� WKUHH� SURGXFWLRQ� V\V-
WHPV��DHURSRQLFV��K\GURSRQLFV��DQG�VRLO�FXOWXUH���3RJJL�et 
al.��������IRXQG�WKDW�VWLJPD�REWDLQHG�IURP�WKH�FRQWUROOHG�
HQYLURQPHQW�ZDV�VXSHULRU�LQ�\LHOG�DQG�TXDOLW\�WR�WKDW�SUR-
GXFHG�LQ�WKH�¿HOG��*DUFtD�5RGUtJXH]�et al.��������UHSRUWHG�
WKDW�FROG�VWRUDJH�DQG�WKH�LQFXEDWLRQ�RI�FRUPV�LPSRVHG�D�
QHJDWLYH�H൵HFW�RQ�WKH�TXDOLW\�RI�VWLJPD��

$IWHU�FRPSOHWLQJ�WKH�VHFRQG�VWDJH�RI�ÀRZHULQJ�XQGHU�
WKH�FRQWUROOHG�HQYLURQPHQW��VD൵URQ�FRUPV�PRVW�SUREDEO\�
FDQ�EH�WUDQVSODQWHG�LQ�WKH�¿HOG�IRU�WKH�SURGXFWLRQ�RI�UH-
SODFHPHQW�FRUPV��$ORQVR�et al.��������6DGHJKL���������$W�
WKH� HQG�RI� WKH� JURZLQJ� VHDVRQ� LQ�PLG�VSULQJ�ZKHQ� OHD-
YHV�EHFRPH�VHQHVFHQW��ODUJH�SURGXFHG�FRUPV�ZLOO�EH�XVHG�
IRU� VWDUWLQJ� D� QHZ� F\FOH� RI� ÀRZHULQJ� XQGHU� WKH� FRQWUR-
OOHG�HQYLURQPHQW� �6DGHJKL���������+RZHYHU�� VR� IDU�� WKLV�
SURFHGXUH�KDV�QRW�EHHQ� IXOO\� LQYHVWLJDWHG��0ROLQD�et al. 
�������UHSRUWHG�WKDW�OHDYHV�RI�WUDQVSODQWHG�SODQWV�JURZQ�
LQ� WKH�JUHHQKRXVH�ZHUH� ORQJHU�EXW�KDG� ORZHU�SKRWRV\Q-
WKHVLV�UDWH�WKDQ�WKH�¿HOG�JURZQ�RQHV�DQG�¿QDOO\�REWDLQHG�
ORZHU�QXPEHU�RI�FRUPV�DW�WKH�HQG�RI�WKH�JURZLQJ�VHDVRQ��
2YHUDOO��GHVSLWH�WKH�IHDVLELOLW\�RI�VD൵URQ�SURGXFWLRQ�XQGHU� 
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WKH� FRQWUROOHG� HQYLURQPHQW�� WKHUH� DUH� VWLOO� GRXEWV� DERXW�
WKH�TXDOLW\�RI�SURGXFHG�VWLJPD��DV�ZHOO�DV�DERXW�WKH�SRVVL-
ELOLW\�RI�FRUP�SODQW�WUDQVSODQWLQJ�LQ�VRLOOHVV�V\VWHPV��7KLV�
VWXG\�DLPHG�WR�FRPSDUH�VWLJPD�\LHOG�DQG�TXDOLW\�SURGX-
FHG�XQGHU�QDWXUDO�RU�FRQWUROOHG�FRQGLWLRQV�DQG�WR�LQYHVWL-
JDWH� WKH�SRVVLELOLW\�RI� WUDQVSODQWLQJ� WKRVH� FRUPV��ZKLFK�
ÀRZHU�LQ�VRLOOHVV�FRQGLWLRQV�

0DWHULDO�DQG�PHWKRGV
6D൵URQ� \LHOG� DQG� TXDOLW\� LQ� UHODWLRQ� WR� WKH� 
production system 

,Q� WKLV� H[SHULPHQW�� WKH� H൵HFW� RI� SURGXFWLRQ� V\VWHPV�
�36��DQG�RI�LWV�HQYLURQPHQWDO�FRQGLWLRQV�ZDV�HYDOXDWHG�RQ�
WKH�\LHOG�DQG�TXDOLW\�RI�VD൵URQ�GXULQJ�ÀRZHULQJ�VHDVRQV�
RI� ����� DQG� ������ 7KH� WUHDWPHQWV� ZHUH� FRUP� SODQWLQJ�
XQGHU�WUDGLWLRQDO�SURGXFWLRQ�V\VWHPV��736��LQWR�WKH�VRLOV�
RU�XQGHU� VRLOOHVV�SURGXFWLRQ�V\VWHPV� �636��� ,Q�SUHYLRXV�
VWXGLHV��0ROLQD�et al.��������6DGHJKL��������0ROOD¿ODEL��
������RQ�VRLOOHVV�SURGXFWLRQ�RI�VD൵URQ��ERWK�ÀRZHU� LQL-
WLDWLRQ� �GXULQJ� VXPPHU�� DQG� ÀRZHU� HPHUJHQFH� �GXULQJ�
PLG�DXWXPQ��VWDJHV�RFFXUUHG�XQGHU�FRQWUROOHG�FRQGLWLRQV��
+RZHYHU��LQ�WKH�SUHVHQW�VWXG\��WKH�¿UVW�VWDJH�RI�ÀRZHULQJ�
WRRN�SODFH� LQ� WKH�VRLO� LQ�RSHQ�¿HOG�FRQGLWLRQV��DQG�RQO\�
WKH� VHFRQG� VWDJH� RI� ÀRZHULQJ� RFFXUUHG� LQ� D� FRQWUROOHG�
HQYLURQPHQW��7KHUHIRUH��WKH�ÀRZHU�LQLWLDWLRQ�VWDJH�RI�DOO�
FRUPV�ZDV�FRPSOHWHG�XQGHU�¿HOG�FRQGLWLRQV� LQ�6DUD\DQ�
)DFXOW\�RI�$JULFXOWXUH��8QLYHUVLW\�RI�%LUMDQG��,UDQ��'DLO\�
DLU�WHPSHUDWXUHV�GXULQJ�WKLV�VWDJH�DUH�SUHVHQWHG�LQ�)LJ�����

&RUP�EDWFKHV�ZHUH�OLIWHG�IURP�WKH�VRLO�RQ���th�2FWR-
EHU������DQG�������WKHQ�FRUPV�ZHUH�VHSDUDWHG�DQG�WKRVH�
ZKLFK�ZHUH�KHDOWK\�DQG�ZHLJKHG�����J�������FP�KRUL]RQ-

WDO�GLDPHWHU���VHOHFWHG�WR�EH�XVHG�IRU�HVWDEOLVKLQJ�WKH�H[-
SHULPHQW��(DFK�36�KDG�WKUHH�UHSOLFDWLRQV��,Q�HDFK�UHSOLFD-
WLRQ������FRUPV�ZHUH�SODQWHG�RQ�2FWREHU�����LQ���î��î���
FP�WUD\V�RU��î�P�SORWV�LQWR�WKH�VRLO��3ODQW�GHQVLW\�RI�����
corms per m-2�ZDV�XVHG�LQ�WUD\V�UHODWHG�WR�636��ZKHUHDV�
IRU�736� WKH� FRUPV�ZHUH� SODFHG� DW� ��� FP� GLVWDQFHV� EH-
WZHHQ�DQG�DORQJ� WKH�VLQJOH�URZV�UHDFKLQJ� WKH�FURS�GHQ-
VLW\� RI� ���� FRUPV� SHU�P-2�� ,Q� 636�� VLQFH� WKH� FRUPV� DUH�
RQO\�LQ�WKH�SODQWLQJ�WUD\V�GXULQJ�WKH�ÀRZHULQJ�SHULRG�DQG�
WKH�FRUP�SURSDJDWLRQ�GRHV�QRW�RFFXU�LQ�WKLV�HQYLURQPHQW��
KLJK� SODQWLQJ� GHQVLW\� FRQVLGHUHG� IRU� WKH� SURSHU� XVH� RI�
VSDFH��:KLOH� LQ�736�� LQ�DGGLWLRQ� WR� WKH�ÀRZHULQJ�VWDJH��
WKH�FRUPV�JR�WKURXJK�WKH�YHJHWDWLYH�JURZWK�VWDJH�DQG�WKH�
SURGXFWLRQ� RI� UHSODFHPHQW� FRUPV� LQ� WKH� VDPH� HQYLURQ-
PHQW��DQG�SODQWLQJ�GHQVLW\�VKRXOG�EH�UHGXFHG��%HKGDQL�	�
)DOODKL���������+RZHYHU�� WR�DFFXUDWHO\�FRPSDUH� WKH� WZR�
WUHDWPHQWV��WKH�QXPEHU�RI�FRUPV�SODQWHG�LQ�HDFK�SORW��IRU�
736��ZDV�HTXDO�WR�WKH�QXPEHU�RI�FRUPV�SODQWHG�LQ�HDFK�
SODQWLQJ� WUD\� �IRU�636���7KH� FKDUDFWHULVWLFV� RI� VRLO� XVHG�
LQ�WKH�736�SORWV�DUH�SUHVHQWHG�LQ�7DEOH����ZKLOH�IRU�636�
WKH�FRUPV�ZHUH�JURZQ�LQ�DEVHQFH�RI�VRLO�RQ�D�OLQHQ�IDEULF�
EHORZ�FRUPV�SOXV���J�V\QWKHWLF�VXSHUDEVRUEHQW��7DEOH����
SHU�WUD\�WR�KROG�ZDWHU�DQG�QXWULHQWV�IRU�URRWV�

,Q�ERWK�SODQWLQJ�HQYLURQPHQWV��WKH�¿UVW�LUULJDWLRQ��QH-
FHVVDU\�IRU�ÀRZHU�EXG�VSURXWLQJ�DQG�ÀRZHU�HPHUJHQFH��
ZDV� GRQH� RQ� WKH� ��WK� 2FWREHU��$IWHU� FRUPV� LUULJDWLRQ��
H[SHULPHQWDO� WUD\V� ZHUH� WUDQVIHUUHG� WR� D� URRP� ZLWK� D�
WHPSHUDWXUH�RI� �����&�GXULQJ�GD\V� DQG������&�GXULQJ�
QLJKWV��VLPLODU�WR�GDLO\�WHPSHUDWXUH�WUHQG�LQ�QDWXUH���7KH�
SKRWRSHULRG�ZDV�VHW�ZLWK���KRXUV�RI�OLJKW�DQG����KRXUV�RI�
GDUNQHVV��0ROLQD�et al.���������ZKLOH�LQ�736�FRUPV�ZHUH�
JURZQ� XQGHU� QDWXUDO� WHPSHUDWXUH� DQG� SKRWRSHULRG� �)LJ��
����7KH� OLJKW� LQWHQVLW\� LQ� 636�ZDV� DURXQG� ����PRO�P-2 
s-1��ZKLFK�ZDV�SURYLGHG�E\�ÀXRUHVFHQW�ODPSV��8QGHU�636��
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Figure 1. $LU�WHPSHUDWXUH�WUHQG�GXULQJ�ERWK�ÀRZHU�LQLWLDWLRQ�DQG�ÀRZHU�HPHUJHQFH�VWDJHV���������&3 �&RUP�
SODQWLQJ�LQ�¿HOG�RU�ÀRZHULQJ�URRP��6) VWDUW�RI�ÀRZHULQJ
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FRUPV�ZHUH� LUULJDWHG� HYHU\� WZR�GD\V�ZLWK� ��� VROXWLRQ��
ZKLFK�ZDV� SUHSDUHG�ZLWK�'DOIDUG� ���� FKHPLFDO� IHUWLOL-
]HU��D�VSHFL¿F�IHUWLOL]HU�IRU�VD൵URQ�FRQWDLQLQJ�����1�����
3225�����.22�������SSP�)H�������SSP�=Q�������SSP�
0Q��DQG�����SSP�&X���)RU�736�WKHUH�ZDV�QR� LUULJDWLRQ�
XS�WR�WKH�HQG�RI�WKH�ÀRZHULQJ�VWDJH��EXW�D�FUXVW�EUHDNLQJ�
ZDV�DSSOLHG�¿YH�GD\V�DIWHU�SUH�ÀRZHULQJ�LUULJDWLRQ�WR�KHOS�
HDVLHU�ÀRZHU�HPHUJHQFH�WKURXJK�WKH�VRLO�

'XULQJ� WKH�ÀRZHULQJ� VHDVRQ� �VWDUWHG� IURP��th�RI�1R-
YHPEHU��� ÀRZHUV� ZHUH� FRXQWHG� DQG� KDUYHVWHG� GDLO\� E\�
KDQG��DQG�WKHQ�ZHUH�WUDQVIHUUHG�WR�WKH�ODERUDWRU\�IRU�PHD-
VXUHPHQWV�RI�WKHLU�OHQJWK�DQG�ZHLJKW��$IWHU�WKDW��WKH�VW\OH�
DQG�SHWDOV�ZHUH�VHSDUDWHG�DQG�GULHG�XQGHU� URRP�WHPSH-
UDWXUH� �a����&�� DW� VKDGH� IRU����GD\V��$W� WKH� HQG�RI� WKH�
ÀRZHULQJ�SHULRG��aWZR�ZHHNV���WKH�GDLO\�VXP�RI�ÀRZHUV�
ZHLJKW�ZDV� FRQVLGHUHG� DV� ÀRZHU� \LHOG��0RUHRYHU�� WRWDO�
GULHG�VW\OHV�DQG�SHWDOV�ZHUH�ZHLJKHG�ZLWK�D�SUHFLVLRQ�RI�
������J�DQG�FRQVLGHUHG�DV�WKHLU�\LHOGV�

7KH�GULHG�VWLJPDV�ZHUH�XVHG�IRU�TXDOLWDWLYH�HYDOXDWLRQ�
LQFOXGLQJ� SLFURFURFLQ�� FURFLQ�� DQG� VDIUDQDO� FRQWHQW� DQG�
+XQWHU
V�FRORU�SDUDPHWHUV��,62������ZDV�XVHG�IRU�SLFUR-
FURFLQ�� VDIUDQDO�� DQG� FURFLQ� FRQWHQW�PHDVXUHPHQW� XVLQJ�

WKH�89�YLV� VSHFWURPHWULF�PHWKRG� �,62�76������� �������
7KHLU� FRQWHQWV�ZHUH� H[SUHVVHG� DV� GLUHFW� UHDGLQJV� RI� WKH�
DEVRUEDQFH� RI� ��� DTXHRXV� VROXWLRQ� RI� GULHG� VWLJPD� DW�
����������DQG�����QP�� UHVSHFWLYHO\�� ,Q�DGGLWLRQ��VD൵URQ�
FODVVL¿FDWLRQ�ZDV�GRQH�EDVHG�RQ�,62�QRUPDWLYH��,62�76�
�������������ZKLFK�FODVVL¿HV�WKH�VD൵URQ�LQWR�WKUHH�FDWH-
JRULHV�DFFRUGLQJ�WR�FURFLQ��SLFURFURFLQ��DQG�VDIUDQDO�FRP-
SRXQGV��&RORU�SDUDPHWHUV��+XQWHU�FRORU�YDOXHV�L, a, and 
b��RI� VWLJPD�ZHUH�GHWHUPLQHG�XVLQJ�D�FRORULPHWHU� �7(6�
�����6KHQ]KHQ�<RXIX�7RROV�&R���/WG���7DLZDQ���)DOODKL�et 
al.������E��.KD\\DW�et al.��������

6D൵URQ� YHJHWDWLYH� JURZWK� LQ� UHODWLRQ� WR� WKH� 
production method

&RUPV� ZKLFK� ÀRZHUHG� LQ� WUD\V� E\� 636� �LQ� WKH� ¿UVW�
H[SHULPHQW���ZHUH�WUDQVSODQWHG�WR�SORWV�LQ�WKH�RSHQ�¿HOG�
EHVLGH�WKH�SORWV�RI�WKH�736��RQ�WKH���th�RI�'HFHPEHU��$F-
FRUGLQJO\��ZH�FRPSDUHG� WZR�SURGXFWLRQ�PHWKRGV� �30���
���� VD൵URQ�JURZLQJ� LQ� WKH�QDWXUDO� HQYLURQPHQWDO� FRQGL-
WLRQV�E\�GLUHFW�SODQWLQJ� �'3��� ���� VD൵URQ�JURZQ� LQ�636�

Year 6RLO�WH[WXUH 3KRVSKRURXV��SSP� 2UJDQLF�FDUERQ���� 7RWDO�QLWURJHQ���� pH (&��G6�P-1)
����[1] /RDP ��� ���� ����� ���� ����
����[2] /RDP\�VDQG ��� ���� ����� ���� ����

6XSHU�DEVRUEHQW�SRO\PHU�FKDUDFWHULVWLFV

'HQVLW\��J�FP-3) *UDLQ�VL]H��PP� :DWHU�KROGLQJ� 
FDSDFLW\��J�J-1)

0D[LPXP� 
GXUDELOLW\��\UV� pH (&��G6�P-1)

1.1-1.5 ����� ��� � ��� ����

7DEOH����6RLO�FKDUDFWHULVWLFV�RI�WKH�¿HOG�XWLOL]HG�IRU�WKH�WUDGLWLRQDO�SURGXFWLRQ�V\VWHP��736��DQG�WKH�PDLQ�SURSHUWLHV�RI�VXSHUDEVRU-
EHQW�SRO\PHU�XVHG�IRU�VRLOOHVV�SURGXFWLRQ�V\VWHP��636�

[1]�)LUVW�ÀRZHULQJ�VHDVRQ��DXWXPQ��������[1]�6HFRQG�ÀRZHULQJ�VHDVRQ��DXWXPQ������

Figure 2. &OLPDWLF�SDUDPHWHUV�IRU�WUDGLWLRQDO�SURGXFWLRQ�V\VWHP��736��IURP�FRUP�SODQWLQJ�GDWH�XS�WR�WKH�HQG�
RI�ÀRZHULQJ�������
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DQG�DIWHU�LQ�736�E\�WUDQVSODQWLQJ��73���7KH�VRLO�XVHG�ZDV�
VLPLODU�IRU�ERWK�36��7DEOH�����

)RU� FRPSDULVRQ�RI�YHJHWDWLYH� WUDLWV�RI� VD൵URQ�JURZQ�
E\�WKH�WZR�30��VL[�VDPSOLQJ�GDWHV�ZHUH�FRQVLGHUHG�GX-
ULQJ�WKH�YHJHWDWLYH�JURZWK�VWDJH�RQ�WKH���th RI�'HFHPEHU�
����� DQG� RQ� ��th� -DQXDU\�� ��th� )HEUXDU\�� �th�0DUFK�� �th 
April, and 4th�0D\������� �2Q� HDFK� VDPSOLQJ� GDWH�� IRXU�
SODQWV�ZHUH�UHPRYHG�IURP�WKH�VRLO�RI�HDFK�SORW��DQG�WKHQ�
WKH\�ZHUH�ZDVKHG��7KH�PHDVXUHG�WUDLWV�ZHUH��QXPEHU�RI�
OHDYHV�SHU�SODQW��OHDI�OHQJWK��FDWDSK\OO��OHDI�VKHDWK ZKLWH�
DQG�QRQ�SKRWRV\QWKHWLF�OHDYHV��OHQJWK��QXPEHU�RI�¿EURXV�
URRWV�SHU�SODQWV��PHDQ�OHQJWK�RI�URRWV��WKH�WRWDO�OHQJWK�RI�
URRWV�SHU�SODQW��QXPEHU�RI�FRQWUDFWLOH�URRWV�SHU�SODQW��WKH�
ZHLJKW�RI�PRWKHU�FRUP��QXPEHU�RI�UHSODFHPHQW�FRUPV�SHU�
SODQW��ZHLJKW�RI�DOO�UHSODFHPHQW�FRUPV�SHU�SODQW�DQG�ZHL-
JKW�RI�PDLQ�UHSODFHPHQW�FRUP��WKH�ODUJHVW�FRUP�LQ�HDFK�
SODQW��ZKLFK�KDV�WKH�PRVW�ÀRZHULQJ�FDSDFLW\���,Q�DGGLWLRQ��
DW�WKH�HQG�RI�WKH�JURZLQJ�VHDVRQ��WKH�UHSODFHPHQW�FRUPV�
RI�¿YH�SODQWV�ZHUH�UHPRYHG�IURP�WKH�VRLO�WR�FRPSDUH�WKHLU�
¿QDO�JURZWK�VWDWXV�FRQFHUQLQJ�WKH�30��7KHQ��WKH�QXPEHU�
RI�UHSODFHPHQW�FRUPV�LQ�GL൵HUHQW�ZHLJKW�JURXSV�����������
�����������DQG�!���J���PHDQ�ZHLJKW�RI�UHSODFHPHQW�FRUPV��
PDLQ�UHSODFHPHQW�FRUP�ZHLJKW� �ODUJHVW�FRUP���DQG� WRWDO�
\LHOG�RI� UHSODFHPHQW� FRUPV�SHU�SODQW��ZHUH�GHWHUPLQHG��
+RZHYHU�� EHFDXVH� WKH� SURGXFHG� UHSODFHPHQW� FRUPV� LQ�
ERWK�30V�ZHUH�QRW�LQ�WKH�DSSURSULDWH�VL]H�DW�WKH�HQG�RI�WKH�
¿UVW�JURZLQJ�VHDVRQ����DQG�����J�IRU�73�DQG�'3��UHVSHFWL-
YHO\���WKH�H[SHULPHQW�ZDV�FRQWLQXHG�IRU�DQRWKHU�JURZLQJ�
VHDVRQ������������2XU�K\SRWKHVLV�ZDV�WKH�QHZ�UHSODFHG�

FRUPV�ZHLJKW�ZRXOG�EH�PRUH�IDYRUDEOH��LI�WKH�WUDQVIHUUHG�
SODQWV�VWD\�LQ�WKH�VDPH�¿HOG�IRU�DQRWKHU�\HDU��$W�WKH�HQG�
RI� WKH� VHFRQG�JURZLQJ� VHDVRQ�FRUP�JURZWK�SDUDPHWHUV��
LQFOXGLQJ�WKHLU�QXPEHU�DQG�ZHLJKW��ZHUH�DJDLQ�PHDVXUHG�
LQ�ERWK�30�

'DWD�DQDO\VLV

,Q�ERWK�H[SHULPHQWV��6$6�����ZDV�XVHG�IRU�GDWD�DQDO\-
sis. The t-test�ZDV�XVHG�WR�FRPSDUH�UHVXOWV�EHWZHHQ�36�DQG�
30��LQ�WHUPV�RI�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�SDUDPHWHUV����

5HVXOWV�DQG�GLVFXVVLRQ
6D൵URQ� \LHOG� DQG� TXDOLW\� LQ� UHODWLRQ� WR� WKH� 
production system

Flowering traits

7KHUH�ZHUH�VLJQL¿FDQW�GL൵HUHQFHV�EHWZHHQ�DOO�ÀRZH-
ULQJ�SDUDPHWHUV�RI�VD൵URQ�SODQWHG�LQ�WKH�WZR�36�LQ�ERWK�
ÀRZHULQJ�VHDVRQV��7DEOH�����,Q�WKH�¿UVW�ÀRZHULQJ�VHDVRQ��
E\� ¿[LQJ� WKH� SODQWLQJ� GHQVLW\� LQ� WKH� SODQWLQJ� SORWV� DQG�
WUD\V��ZKLOH�RQO\����RI�SODQWHG�FRUPV�SURGXFHG�ÀRZHU�
E\�736�� WKH�ÀRZHULQJ�SHUFHQW� IRU�636�ZDV��������7KH�
FRQVLGHUDEOH�KLJKHU�ÀRZHULQJ�SHUFHQWDJH�LQ�636�FRPSD-
UHG�ZLWK�736�LV�GXH�WR�RSWLPDO�HQYLURQPHQWDO�FRQGLWLRQV�� 

)ORZHULQJ�SDUDPHWHUV Year SPS TPS t�YDOXH p�YDOXH
3HUFHQWDJH�RI�ÀRZHUHG�FRUPV ���� ����� ����� ������ ������

���� ����� ����� ����� ������
)ORZHU�OHQJWK��FP� ���� ���� 5.25 ������� ������

���� ���� ���� ����� ������
0HDQ�ÀRZHU�ZHLJKW��J� ���� ���� ���� ����� ������

���� ���� ���� -3.13 ������
)ORZHU�\LHOG��J�SHU�����SODQWHG�FRUPV�[1] ���� ����� ����� ������ ������

���� ����� ����� ����� ������
6WLJPD�OHQJWK��FP� ���� ���� ���� -11.11 ������

���� 2.51 2.34 -2.54 ������
3LVWLO�IUHVK�\LHOG��J�SHU�����SODQWHG�FRUPV� ���� ���� ���� ������ ������
3LVWLO�GU\�\LHOG��J�SHU�����SODQWHG�FRUPV��[1] ���� ����� ����� ������ ������

���� ����� ����� -5.13 ������
3HWDO�GU\�ZHLJKW��J�SHU�����SODQWHG�FRUPV��[1] ���� ���� ���� ������ ������

���� ���� ���� ����� ������

7DEOH����(൵HFW�RI�SURGXFWLRQ�V\VWHP�RQ�VD൵URQ�ÀRZHULQJ�GHVFULSWRUV�GXULQJ�ÀRZHULQJ�VHDVRQV�RI������DQG�
�����

636��VRLOOHVV�SURGXFWLRQ�V\VWHP��736��WUDGLWLRQDO�SURGXFWLRQ�V\VWHP���)RU�HDFK�GHVFULSWRU��WKH�YDOXH�RI�S�UH-
SUHVHQWV�WKH�VLJQL¿FDQW�GL൵HUHQFHV�EHWZHHQ�WZR�SODQWLQJ�V\VWHPV���[1]7KHVH�����FRUPV�ZHUH�SODQWHG�LQ������
m2����î���FP�WUD\V��DQG���P2�����î����FP�SORWV��IRU�636�DQG�736��UHVSHFWLYHO\��7KHUHIRUH��WR�UHSRUW�\LHOG�
YDOXHV�LQ�636�EDVHG�RQ�XQLW�DUHD��WKH�WDEOH�QXPEHUV�PXVW�EH�PXOWLSOLHG�E\�����
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HVSHFLDOO\�SURSHU�WHPSHUDWXUH��GXULQJ�WKH�ÀRZHU�HPHUJHQ-
FH�VWDJH��.RRFKHNL�	�.KDMHK�+RVVHLQL��������DQG�WKH�DE-
VHQFH�RI�VRLO�SK\VLFDO�UHVLVWDQFH�DJDLQVW�ÀRZHU�HPHUJHQFH�
�%HKGDQL�	�)DOODKL���������,W�KDV�EHHQ�UHSRUWHG�WKDW�DERXW�
���� RI� VD൵URQ� ÀRZHULQJ� YDULDWLRQ� LV� GHWHUPLQHG� ZLWK�
WHPSHUDWXUH�SDUDPHWHUV��$�UHODWLYH�LQFUHDVH�LQ�DLU�WHPSH-
UDWXUH� WKH�GXULQJ�ÀRZHU�HPHUJHQFH�VWDJH��ZLOO�SRVWSRQH�
EORRPLQJ�DQG�ZLOO�UHGXFH�WKH�SHUFHQWDJH�RI�ÀRZHUHG�FRU-
PV��$VNDUL�.KRUDVJDQL�	�3HVVDUDNOL��������5H]YDQL�0R-
JKDGGDP���������,Q�WKH�SUHVHQW�VWXG\��DLU�WHPSHUDWXUH�RQ�
VRPH�GD\V�ZDV�QRW�RSWLPDO�IRU�VD൵URQ�ÀRZHU�HPHUJHQFH��
ZKLFK�UHVXOWHG�LQ�ORZHU�ÀRZHULQJ�LQ�736��,Q�DGGLWLRQ��VRLO�
VWUXFWXUH�RI�WKH�H[SHULPHQWDO�SORWV�LQ�WKH�¿UVW�\HDU�RI�VWXG\�
ZDV�QRW�VXLWDEOH�HQRXJK�IRU�ÀRZHU�HPHUJHQFH��7DEOH�����
7KHVH�WZR�IDFWRUV�SUREDEO\�FDXVHG�D�VHYHUH�GL൵HUHQFH�LQ�
WKH�ÀRZHULQJ�SHUFHQWDJH�RI�FRUPV�EHWZHHQ�WKH�WZR�36��

7KH� ÀRZHULQJ� SHUFHQWDJHV� IRU� WKH� VHFRQG� JURZLQJ�
VHDVRQ�ZHUH� ���� DQG� ���� IRU� 636� DQG�736�� UHVSHFWL-
YHO\��7DEOH�����&RQVLGHUDEOH�LQFUHDVH�LQ�ÀRZHULQJ�RI�736�
LQ� WKH� VHFRQG� ÀRZHULQJ� VHDVRQ� FRPSDUHG�ZLWK� WKH� ¿UVW�
ÀRZHULQJ�VHDVRQ�LV�SUREDEO\�UHODWHG�WR�WKH�EHWWHU�VRLO�SUR-
SHUWLHV�XVHG�DV�FRUPV�VXEVWUDWH�LQ�WKH�VHFRQG�JURZLQJ�VHD-
VRQ��ZKHUH�WKH�VRLO�ZDV�OLJKWHU�ZLWK�KLJKHU�RUJDQLF�FDUERQ�
DQG�VOLJKWO\�OHVV�HOHFWULFDO�FRQGXFWLYLW\��7DEOH�����,Q�VX-
SSRUW�RI�WKLV�K\SRWKHVLV��)DOODKL�et al.������E��FRQFOXGHG�
WKDW�VD൵URQ�ÀRZHUV�HPHUJHG�PRUH�HDVLO\�ZKHQ�FRUP�SODQ-
WLQJ�ZDV�GRQH�LQ�D�VRLO�ZLWK�D�OLJKWHU�WH[WXUH�DQG�KLJKHU�RU-
JDQLF�PDWWHU�FRQWHQW��7KH�UHVXOWV�RI�&DUGRQH�et al.��������
DOVR� UHYHDOHG� WKDW� VD൵URQ� FRUP� SODQWLQJ� LQ� D� ORDP� DQG�
VDQG\�ORDP�VRLO��QRW�YHU\�FDOFDUHRXV��ZLWK�D�VXE�DONDOLQH�
DQG�QHXWUDO�S+��ORZ�HOHFWULFDO�FRQGXFWLYLW\�ZLWK�D�FRQWHQW�
RI�RUJDQLF�PDWWHU�EHWZHHQ������DQG������J�NJ-1, is more 
IDYRUDEOH�WR�LPSURYH�LWV�JURZWK�DQG�\LHOG��,Q�DGGLWLRQ�WR�
VRLO�SURSHUWLHV��WKH�PHDQ�DLU�WHPSHUDWXUH�GXULQJ�WKH�ÀRZH-
ULQJ�VWDJH�ZDV�DURXQG�����R&�ORZHU�LQ�WKH�VHFRQG�ÀRZH-
ULQJ�VHDVRQ��ZKLFK�LV�FRQVLGHUHG�DV�D�PRWLYDWLRQ�IDFWRU�LQ�
ÀRZHU�HPHUJHQFH��%HKGDQL�	�)DOODKL���������

+LJKHU� ÀRZHULQJ� RI� VD൵URQ� XQGHU� WKH� FRQWUROOHG� HQ-
YLURQPHQW� FDQ� EH� FDXVHG� E\� ODFN� RI� KHDW� VWUHVV� GXULQJ�
ÀRZHU�LQLWLDWLRQ�VWDJH��DURXQG�PLG�VXPPHU���SURSHU�WHP-
SHUDWXUH�WR�VWLPXODWH�ÀRZHU�HPHUJHQFH��LQ�PLG�IDOO���DQG�
UHPRYDO�RI�VRLO�SK\VLFDO� UHVLVWDQFH�DJDLQVW�ÀRZHU�HPHU-
JHQFH�WKURXJK�WKH�VRLO��0ROLQD�et al.��������)DOODKL�et al., 
����D���&RQVLGHULQJ�WKDW�LQ�WKH�SUHVHQW�UHVHDUFK��LQ�ERWK�
36�� WKH�SODQWV� DW� WKH�ÀRZHU� LQLWLDWLRQ� VWDJH�ZHUH�JURZQ�
XQGHU�RSHQ�¿HOG�FRQGLWLRQV��KLJKHU�ÀRZHULQJ�XQGHU�636�
PDLQO\� DULVHV� IURP� WKH� ODVW� WZR� UHDVRQV��$VVXPLQJ� WKDW�
DOPRVW�DOO�FRUPV�FDQ�SURGXFH�ÀRZHU�ZKHQ�ERWK�ÀRZHULQJ�
VWDJHV� �ÀRZHU� LQLWLDWLRQ� DQG� ÀRZHU� HPHUJHQFH�� EH� SDV-
VHG�XQGHU�D�ZHOO�FRQWUROOHG�HQYLURQPHQW��%HKGDQL�	�)D-
OODKL���������ZH�IRXQG�WKDW�DERXW��������RI�WKH�LQFUHDVH�
LQ�ÀRZHUHG�FRUPV�LQ�636�LV�UHODWHG�WR�SURYLGLQJ�RSWLPDO�
HQYLURQPHQWDO� FRQGLWLRQV� GXULQJ� ÀRZHU� HPHUJHQFH� VWD-
JH��$FFRUGLQJO\��LW�LV�SRVVLEOH�WR�JDLQ�D�KLJKHU�ÀRZHULQJ�
SHUFHQWDJH��LI�PRWKHU�FRUPV�JHW�RXW�IURP�WKH�VRLO�GXULQJ�

WKH�UHDO�GRUPDQF\�SHULRG�DQG�WKHQ�NHSW�XQGHU�DSSURSULDWH�
FOLPDWLF�SDUDPHWHUV�XS� WR� WKH�HQG�RI� WKH�ERWK�ÀRZHULQJ�
SKDVHV��0ROOD¿ODEL���������$V�UHSRUWHG�E\�0ROLQD�et al. 
������������ÀRZHUV�SHU�FRUP�ZHUH�SURGXFHG��ZKHQ�FRU-
PV�ZHUH�NHSW�LQ����R&�IRU�����GD\V�WR�SDVV�WKHLU�ÀRZHU�
LQLWLDWLRQ�VWDJH��IRUPDWLRQ�RI�ÀRZHU�SULPRUGLDO��DQG�WKHQ�
ZHUH� WUDQVIHUUHG� WR� D� JURZWK� FKDPEHU�ZLWK� DSSURSULDWH�
WHPSHUDWXUH����R&���&RPSDUHG�ZLWK�0ROLQD�et al.���������
WKH� ÀRZHULQJ� FDSDFLW\� RI� FRUPV� XQGHU� 636� ZDV� ORZHU�
������DQG������ÀRZHUV�SHU�FRUP�LQ�WKH�¿UVW�DQG�WKH�VHFRQG�
ÀRZHULQJ�VHDVRQV��UHVSHFWLYHO\���2QH�UHDVRQ�IRU� WKLV�GL-
൵HUHQFH�LV�WKH�ORZHU�ZHLJKW�RI�WKH�FRUPV������J�ZLWK������
FP�KRUL]RQWDO�GLDPHWHU���ZKLFK�ZHUH�XVHG�LQ�WKH�SUHVHQW�
VWXG\��+RZHYHU��WKH�PRUH�LPSRUWDQW�UHDVRQ�LV�WKDW�LQ�WKHLU�
H[SHULPHQW�ERWK�ÀRZHULQJ�VWDJHV�ZHUH�FDUULHG�RXW�XQGHU�
IDYRUDEOH�FRQWUROOHG�FRQGLWLRQV�

Molina et al.� �������VWDWHG�WKDW� LW� LV�SRVVLEOH�WR�JDLQ�
�������� NJ� KD-1� VSLFH� GXULQJ� ���� KDUYHVWV� IURP� 6HS-
WHPEHU� WR�0D\� XQGHU� JUHHQKRXVH� FRQGLWLRQV�� ZKHQ� DOO�
ÀRZHULQJ�VWDJHV�ZHUH�SDVVHG�XQGHU�DQ�RSWLPXP�FRQWUR-
OOHG� HQYLURQPHQW��0ROOD¿ODEL� ������� DOVR� UHSRUWHG� WKDW�
�����ÀRZHUV�SHU�FRUP��DYHUDJH�ZHLJKW�RI������J��ZHUH�
SURGXFHG�ZKHQ� VD൵URQ� FRUPV�ZHUH� NHSW� XQGHU� FRQWUR-
OOHG� FRQGLWLRQV� IRU� ��� GD\V� GXULQJ� WKH�ÀRZHU� LQLWLDWLRQ�
VWDJH�DQG�WKHQ�WUDQVIHUUHG�WR�WKH�ÀRZHULQJ�URRP�GXULQJ�
ÀRZHU�HPHUJHQFH�VWDJH��3RJJL�et al.��������NHSW�VD൵URQ�
FRUPV� XQGHU� WKH� FRQWUROOHG� FOLPDWH� GXULQJ� ERWK� ÀRZH-
ULQJ�VWDJHV�DQG�WKHQ�KDUYHVWHG������DQG������ÀRZHUV�SHU�
FRUP��ZKHQ�WKH�ZHLJKW�RI�SODQWHG�FRUPV�ZDV����DQG����
J��UHVSHFWLYHO\��0DJJLR�et al.��������SODQWHG�FRUPV�ZLWK�
D�GLDPHWHU�RI���FP�LQ�JUHHQKRXVH��DPELHQW�WHPSHUDWXUH�
LQ�WKH�GDUN�FRQGLWLRQV�XQGHU�EODFN�PXOFKLQJ�GXULQJ�LQFX-
EDWLRQ�DQG�QDWXUDO�VXQOLJKW�GXULQJ�ÀRZHULQJ��DQG�JURZ-
WK� FKDPEHU� ���� DQG� ��� �&� GXULQJ� ÀRZHU� LQLWLDWLRQ� DQG�
ÀRZHU�HPHUJHQFH�VWDJHV��UHVSHFWLYHO\�DQG�DUWL¿FLDO�OLJKW�
GXULQJ�ÀRZHULQJ���7KHLU�UHVXOWV�UHYHDOHG�WKDW�WKH�QXPEHU�
RI�ÀRZHUV�SHU�FRUP�ZDV�����DQG�����IRU�WKH�JUHHQKRXVH�
DQG�JURZWK�FKDPEHU��UHVSHFWLYHO\��ZKHQ�SHUOLWH�ZDV�XVHG�
DV�VXEVWUDWH��7KHVH�YDOXHV�ZHUH�����DQG������UHVSHFWLYHO\��
ZKHQ�YHUPLFXOLWH�ZDV�XVHG�DV�FRUPV�VXEVWUDWH��7KH\�DOVR�
REVHUYHG�WKDW�WKH�PHDQ�JUHHQKRXVH�WHPSHUDWXUH��DYHUDJH�
PLQLPXP� DQG�PD[LPXP�GDLO\� WHPSHUDWXUHV� GXULQJ� WKH�
FRUP�LQFXEDWLRQ�SHULRG��IURP�WKH���th�$XJXVW�WR��st�RI�1R-
YHPEHU��ZHUH����DQG����&��UHVSHFWLYHO\��ZDV�YHU\�VLPL-
ODU�WR�WKH�VD൵URQ�UHTXLUHPHQWV��7KLV�VKRZV�WKDW�LQ�VRPH�
DUHDV�KLJK�\LHOGV�RI�VD൵URQ�FDQ�EH�REWDLQHG�XQGHU�FROG�
JUHHQKRXVHV��ZLWK�QR�QHHG�WR�FUHDWH�IDFLOLWLHV�WR�FRQWURO�
HQYLURQPHQWDO�IDFWRUV�

,Q� WKH�¿UVW�DQG� WKH�VHFRQG�ÀRZHULQJ�VHDVRQV��ÀRZHU�
OHQJWK�����DQG������UHVSHFWLYHO\���ÀRZHU�ZHLJKW�����DQG�
�����UHVSHFWLYHO\���DQG�VWLJPD�OHQJWK�����DQG�����LQ�636�
ZHUH�KLJKHU�WKDQ�WKH�RQHV�SURGXFHG�XQGHU�736��7DEOH�����
7KLV�REVHUYDWLRQ�SUREDEO\�DULVHV�IURP�WKH�ODFN�RI�SK\VL-
FDO�UHVLVWDQFH�RI�WKH�SODQWLQJ�EHG�DJDLQVW�WKH�HPHUJHQFH�
RI�ÀRZHUV�LQ�636��,Q�D�SUHYLRXV�VWXG\�RQ�VD൵URQ��DOVR�WKH�
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SRVLWLYH�UROH�RI�UHGXFWLRQ�LQ�VRLO�UHVLVWDQFH�DJDLQVW�ÀRZHU�
HPHUJHQFH� KDV� EHHQ� SURYHG� �$JKKDYDQL�6KDMDUL� et al., 
�������2QH�SUREDEOH�UHDVRQ�IRU�ORQJHU�ÀRZHUV�XQGHU�636�
LV�GXH�WR�ORQJHU�FDWDSK\OOV��)LJ���&���WKH�RUJDQV�WKDW�WKH�
ÀRZHUV�ZLWKLQ�WKHP�UHDFK�WR�WKH�WRS�RI�WKH�VRLO��7KH�¿-
QDO�RXWFRPH�RI�LPSURYHG�UHSURGXFWLYH�JURZWK�RI�VD൵URQ�
XQGHU�636�ZDV�REVHUYHG�DV�LQFUHDVHG�IUHVK�ÀRZHUV������
DQG�����IRU�WKH�¿UVW�DQG�WKH�VHFRQG�ÀRZHULQJ�VHDVRQV��
UHVSHFWLYHO\��DQG�GU\�SLVWLO�\LHOGV������DQG�����IRU�WKH�
¿UVW�DQG�WKH�VHFRQG�ÀRZHULQJ�VHDVRQV��UHVSHFWLYHO\��� LQ�
FRPSDULVRQ�ZLWK�736��ZKLFK�PDLQO\�ZDV�UHVXOWHG�IURP�
DQ� LQFUHDVH� LQ� WKH�SHUFHQWDJH�RI�ÀRZHUHG�FRUPV� �7DEOH�
���� 3RJJL� et al.� ������� VLPLODUO\� UHSRUWHG� WKDW� VWLJPD�
SURGXFWLRQ�SHU�FRUP�XQGHU�636�FRQGLWLRQV�ZDV�WZLFH�KL-
JKHU� WKDQ� WKDW�REWDLQHG� LQ� WKH�¿HOG��7KH\�DOVR� UHSRUWHG�
WKDW� DOWHUQDWHG� ÀRZHULQJ� DQG� KLJKHU� FRUP� GHQVLW\� �����
WLPHV�� XQGHU� FRQWUROOHG� FRQGLWLRQV� UHPDUNDEO\� LQFUHDVH�
WKH�JUHHQKRXVH�SURGXFWLRQ�SHU�P-2�� ,Q�WKH�VWXG\�RI�0R-
OOD¿ODEL� �������� PHDQ� ÀRZHU� ZHLJKW� RI� VD൵URQ� LQ� WKH�
FRQWUROOHG�HQYLURQPHQW�ZDV������J��ZKLFK�LV�DURXQG�����
KLJKHU� WKDQ� LQ�RXU�REVHUYDWLRQV��6LPLODUO\��ÀRZHU�\LHOG�
ZDV�DURXQG���WLPHV�KLJKHU�WKDQ�RI�WKRVH�REWDLQHG�LQ�RXU�

VWXG\��7KLV�GL൵HUHQFHV�RQ�RQH�KDQG�LV�GXH�WR�PRUH�FRUP�
ZHLJKW�XVHG� LQ� WKHLU�H[SHULPHQW�������J vs ��J� LQ�RXUV��
DQG�RQ�WKH�RWKHU�KDQG�DJDLQ�VKRZV�WKH�YLWDO�UROH�RI�ÀRZHU�
LQLWLDWLRQ�VWDJH�RQ�ÀRZHULQJ�SDUDPHWHUV��EHFDXVH�LQ�WKHLU�
VWXG\�ERWK�VWDJHV�RI�ÀRZHULQJ�SDVVHG�RXW�XQGHU�DSSUR-
SULDWH�FRQGLWLRQ�LQ�WKH�FRQWUROOHG�HQYLURQPHQW��&RQVLGH-
ULQJ� KHDW� VWUHVVHV� RFFXUUHG� GXULQJ� WKH� ÀRZHU� LQLWLDWLRQ�
VWDJH��PLG�VXPPHU���)LJ������ZKLFK�ZDV�KLJKHU�WKDQ�WKH�
UHVXOWV�RI�0ROLQD�et al.��������������RQ�WKH�DSSURSULDWH�
WHPSHUDWXUH�IRU�WKLV�VWDJH��a���&���WKH�DSSURSULDWH�UHVXOWV�
RI�VD൵URQ�SURGXFWLRQ�LQ�636��HVSHFLDOO\�LQ�DUHDV�ZLWK�KRW�
VXPPHUV��FHUWDLQO\�ZLOO�JDLQ�ZKHQ�ERWK�VWDJHV�RI�ÀRZH-
ULQJ�SDVVHV�RXW�XQGHU�FRQWUROOHG�FRQGLWLRQV��

4XDOLW\� RI� VWLJPD� LQ� UHODWLRQ� WR� WKH� SURGXFWLRQ�
system

7KH� SURGXFWLRQ� V\VWHP� KDG� D� VLJQL¿FDQW� H൵HFW� RQ�
L DQG� D� FRORU� SDUDPHWHUV�� DQG� DOVR� VDIUDQDO� DQG� FURFLQ� 
FRQWHQW�RI�VWLJPD�DW�OHDVW�GXULQJ�RQH�ÀRZHULQJ�VHDVRQ��7D-
EOH�����6WLJPDV�REWDLQHG�IURP�636�KDG�KLJKHU�L and crocin 
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Figure 3.�(൵HFW�RI�SURGXFWLRQ�PHWKRG�RI�VD൵URQ�RQ�QXPEHU�RI�OHDYHV��$���OHDI�OHQJWK��%��DQG�FDWDSK\OO�OHQJWK��&��GXULQJ�
LWV�YHJHWDWLYH�JURZWK�VWDJHV��7KH�JUHHQ�SDUWV�RI�OHDI�FRQVLGHUHG�LQ�PHDVXUHPHQWV��'DWH�RI�WUDQVSODQWLQJ����th�'HFHPEHU������
�7KH�¿UVW�VDPSOLQJ�ZDV�DOVR�GRQH�RQ�WKLV�GD\���)RU�HDFK�GHVFULSWRU�DQG�VDPSOLQJ�GDWH��WKH�YDOXH�RI�p�UHSUHVHQWV�WKH�VLJQL¿FDQW�
GL൵HUHQFHV�EHWZHHQ�WZR�SODQWLQJ�PHWKRGV�EDVHG�RQ�t-test.
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YDOXHV� ZKLOH� VDIUDQDO� FRQWHQW� ZDV� VLJQL¿FDQWO\� ORZHU� LQ�
FRPSDULVRQ�WR�736��7DEOH�����7KLV�PHDQV�WKDW�VWLJPD�SUR-
GXFHG�XQGHU�736�ZDV�VRPH�GDUNHU�LQ�DSSHDUDQFH�EXW�KDG�D�
KLJKHU�DURPD��7KHUH�LV�ORZ�LQIRUPDWLRQ�DERXW�WKH�TXDOLW\�RI�
VD൵URQ�SURGXFHG�LQ�636��,Q�D�SULPDU\�UHVHDUFK�RQ�VD൵URQ��
LW�ZDV�UHSRUWHG�WKDW�FURFLQ�DQG�FURFHWLQ�FRQWHQW�ZHUH�KLJKHU�
LQ� VWLJPD�REWDLQHG�E\� DHURSRQLFDOO\�JURZQ�FRUPV��ZKLOH�
SLFURFURFLQ�ZDV�D� OLWWOH�ELW�JUHDWHU� LQ� VRLO� FXOWXUH� �6RXUHW�
	�:HDWKHUV�� ������� ,Q� WKH� VWXG\� RI�*DUFtD�5RGUtJXH]� et 
al.� ������� WKH� FRUPV�ZHUH�¿UVW� NHSW� LQ� XOWUD�ORZ�R[\JHQ�
FRROLQJ�FKDPEHUV�IRU����DQG����GD\V�� WKHQ�WUDQVIHUUHG�WR�
GL൵HUHQW�LQFXEDWLRQ�SHULRGV���������DQG����GD\V��DQG�¿QDOO\�
ZHUH�JURZQ�LQ�K\GURSRQLFV�LQ�D�ÀRZHULQJ�URRP��7KHLU�UH-
VXOWV�VKRZHG�WKDW�WKH�FROG�VWRUDJH�DQG�WKH�LQFXEDWLRQ�WLPH�
SURYLGHG�D�QHJDWLYH�H൵HFW�RQ�WKH�TXDOLW\�SDUDPHWHUV�LQFOX-
GLQJ�VDIUDQDO��FURFLQ��DQG�SLFURFURFLQ�FRQWHQWV�WKDQ�FRQWURO�
WUHDWPHQW� �FRUP�SODQWLQJ� LQ� WKH�ÀRZHULQJ� URRP�DW���� �&�
ZLWKRXW�DQ\�XOWUD�ORZ�R[\JHQ�RU�LQFXEDWLRQ�SUH�WUHDWPHQW���
,Q�WKHLU�VWXG\��WKHUH�ZDV�QR�FRQWURO�¿HOG�JURZQ�WUHDWPHQW��
+RZHYHU�� VDIUDQDO� FRQWHQW� RI� K\GURSRQLFV� VDPSOHV� ZDV�
KLJKHU��ZKLOH�SLFURFURFLQ�FRQWHQW�ZDV�VLPLODU�WR�WKRVH�UH-
SRUWHG�LQ�RWKHU�RSHQ�¿HOG�VWXGLHV��)LQDOO\��WKH\�VWDWHG�WKDW�
VRPH�WUHDWPHQWV�ZHUH�DEOH�WR�SURYLGH�VWLJPD�RI�KLJK�TXD-
OLW\�DFFRUGLQJ�WR�WKH�,62�VWDQGDUG��0ROOD¿ODEL��������DOVR�
IRXQG�WKDW�VD൵URQ�SURGXFHG�LQ�VWRQH�ZRRO�DQG�SHDW�PRVV�
EHGV�XQGHU�WKH�FRQWUROOHG�HQYLURQPHQW��ZDV�JUDGHG�DV�H[-
FHOOHQW�DFFRUGLQJ�WR�,UDQLDQ�QDWLRQDO�VWDQGDUGV�IRU�VWLJPD�
TXDOLW\��3RJJL�et al.��������FRPSDUHG�WKH�TXDOLW\�RI�VWLJPD�
SURGXFHG�XQGHU� JUHHQKRXVH�ZLWK� RWKHUV� REWDLQHG� LQ�¿HOG�
DQG�FRQFOXGHG� WKDW�FURFLQ��SLFURFURFLQ��DQG�VDIUDQDO�FRQ-
WHQWV�RI�VD൵URQ�SURGXFHG�LQ�WKH�FKDPEHU�ZDV�EHWWHU��YDOXHV�
a���� KLJKHU�� DFFRUGLQJ� WR� ,62� ������� VSHFL¿FDWLRQ�� ,Q�
WKH� SUHVHQW� VWXG\�� EDVHG� RQ� ,62�QRUPDWLYH�� VWLJPDV� SUR-
GXFHG�LQ�ERWK�SURGXFWLRQ�V\VWHPV�EHORQJHG�WR�,,��,��DQG�,�
FDWHJRULHV�LQ�WHUPV�RI�FURFLQ��SLFURFURFLQ��DQG�VDIUDQDO�FRQ-
WHQWV��UHVSHFWLYHO\��7DEOH�����2YHUDOO��LW�VHHPV�WKDW�VD൵URQ�
SURGXFWLRQ�XQGHU�636�FDQ�PHHW�WKH�LQGLFHV�GH¿QHG�LQ�VD-
൵URQ�TXDOLW\�VWDQGDUGV��DOWKRXJK�PRUH�VWXGLHV�DUH�UHTXLUHG� 
WR�MXGJH�DFFXUDWHO\�

6D൵URQ�JURZWK�LQ�UHODWLRQ�WR�WKH�SURGXFWLRQ�PH-
thod

The aerial parts growth trend

%DVHG�RQ�W�WHVW�UHVXOWV�� WKHUH�ZHUH�VLJQL¿FDQW�GL൵HUHQ-
FHV�EHWZHHQ�'3�DQG�73�PHWKRGV� LQ� WHUPV�RI� WKH�QXPEHU�
RI�OHDYHV�SHU�SODQW�LQ�PRVW�VDPSOLQJ�GDWHV�GXULQJ�VD൵URQ�
JURZLQJ�VHDVRQ��3URGXFWLRQ�RI�QHZ�OHDYHV�LQ�'3�FRQWLQXHG�
XS�WR�HDUO\�$SULO��ZKLOH�WKH�PD[LPXP�QXPEHU�RI�OHDYHV�LQ�
73�ZDV�REWDLQHG�LQ�PLG�)HEUXDU\��)LJ���$���7UDQVSODQWHG�
SODQWV�KDG�VLJQL¿FDQWO\�PRUH�OHDI�OHQJWK�XS�WR�ODWH�-DQXDU\��
EXW�DIWHU�WKDW��WKHUH�ZHUH�QR�VLJQL¿FDQW�GL൵HUHQFHV�EHWZHHQ�
WKH�WZR�SODQWLQJ�PHWKRGV��)LJ���%���,Q�D�VLPLODU�VWXG\�RQ�
VD൵URQ��OHDYHV�RI�WKH�WUDQVSODQWHG�SODQWV�ZHUH�ORQJHU�ZLWK�
KLJKHU� OHDI�DUHD�EXW�KDG�D� ORZHU�SKRWRV\QWKHVLV�UDWH� WKDQ�
WKH�'3�RQHV��0ROLQD�et al.���������,Q�ERWK�'3�DQG�73�WUHDW-
PHQWV�� WKH�KLJKHVW�YDOXHV�RI� OHDI� OHQJWK�ZHUH�REWDLQHG� LQ�
HDUO\�$SULO�� WKHQ�� VLPXOWDQHRXVO\� ZLWK� WKH� RQVHW� RI� OHDI�
DJLQJ�� VKRZHG�D� VKDUS�GHFUHDVLQJ� WUHQG� �)LJ���%��� ,Q� VD-
൵URQ��DW�WKH�HQG�RI�WKH�JURZLQJ�VHDVRQ�VLPXOWDQHRXV�ZLWK�
DQ� LQFUHDVH� LQ� WHPSHUDWXUH�DQG�GHFUHDVH� LQ�VRLO�PRLVWXUH��
SKRWRDVVLPLODWHV� UHDOORFDWH� IURP� WKH� OHDYHV� WR� WKH� QHZ�
FRUPOHWV�DQG�WKH�OHDYHV�VWDUW�WR�VHQHVFHQFH��/RSH]�&RUFR-
les et al.���������7KH�FKDQJH�LQ�VLQN�VRXUFH�UHODWLRQV�DQG�
UHDOORFDWLRQ� RI� SKRWRDVVLPLODWHV� GXULQJ� WKH� ODVW� JURZLQJ�
SKDVH�RI�VD൵URQ�KDV�DOVR�EHHQ�UHSRUWHG�E\�%HKGDQL�et al. 
�������DQG�)DOODKL�	�0DKPRRGL� �����D���6LPLODU� WR�RXU�
¿QGLQJV��*KRODPL�et al.��������LQ�DQ�RSHQ�¿HOG�VWXG\�IRXQG�
WKDW� VD൵URQ� OHDI� OHQJWK� UHDFKHG� LWV�KLJKHVW�YDOXH� �IURP���
WR����FP��EHWZHHQ����DQG�����GD\V�DIWHU�HPHUJHQFH��ZKL-
OH�GXULQJ�WKH�WZR�ODVW�PRQWKV�RI� WKH�JURZLQJ�VHDVRQ�ZDV�
FRQVWDQW��5HGXFWLRQ� LQ� OHDI� OHQJWK�GXULQJ� WKH�¿UVW�PRQWK�
RI� VDPSOLQJ� �)LJ�� �%�� LV� GXH� WR� WKH� KLJK�SURGXFWLRQ� UDWH�
RI�QHZ�OHDYHV�GXULQJ�WKH�HDUO\�SKDVH�RI�YHJHWDWLYH�JURZWK�
�%HKGDQL� 	� )DOODKL�� ������� &DWDSK\OO� OHQJWK� LQ� 73� ZDV�
KLJKHU�WKDQ�LQ�'3�WKURXJKRXW�WKH�YHJHWDWLYH�JURZWK�VWDJH��
DOWKRXJK�WKLV�GL൵HUHQFH�ZDV�VWDWLVWLFDOO\�VLJQL¿FDQW�RQO\�DW�
WKH�¿UVW�VDPSOLQJ�GDWH��)LJ���&���7KHVH�ZKLWH�PHPEUDQRXV�

L a b 6DIUDQDO��Ȝ Ψࢉ�)  
�����QP��[1, 4]

&URFLQ�Ȝ
Ψ

ࢉ
�) 

�����QP��[2, 4]
3LFURFURFLQ��Ȝ

Ψ

ࢉ
�)

�����QP��[3, 4]

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2019
636 44.2 ����� ���� 16.46 ���� ���� 44.2 ����� ����� ����� ����
736 ���� ����� ���� ����� ���� ���� 54.2 ����� ����� ����� ����

t�YDOXH ����� ����� 3.25 ����� ���� ����� ���� ���� ����� ����� �����
p�YDOXH�[5] ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ �����

7DEOH����(൵HFW�RI�SURGXFWLRQ�V\VWHP�RQ�VD൵URQ�VWLJPD�TXDOLW\�GXULQJ�ÀRZHULQJ�VHDVRQV�RI������DQG�������

636��VRLOOHVV�SURGXFWLRQ�V\VWHP��736��WUDGLWLRQDO�SURGXFWLRQ�V\VWHP���[1]�$EVRUEDQFH�RI����DTXHRXV�VD൵URQ�H[WUDFW�DW�����QP���[2] 
$EVRUEDQFH�RI����DTXHRXV�VD൵URQ�H[WUDFW�DW�����QP��� [3]�$EVRUEDQFH�RI����DTXHRXV�VD൵URQ�H[WUDFW�DW�����QP�� [4]�%DVHG�RQ�,62�
QRUPDWLYH��VWLJPDV�SURGXFHG�LQ�ERWK�SURGXFWLRQ�V\VWHP�EHORQJHG�WR�,,��,�DQG�,�FDWHJRULHV�LQ�WHUPV�RI�FURFLQ��SLFURFURFLQ�DQG�VDIUDQDO�
FRQWHQW��UHVSHFWLYHO\��VHH�PRUH�LQIRUPDWLRQ�LQ�&DUGRQH�et al.���������[5]�)RU�HDFK�GHVFULSWRU��WKH�YDOXH�RI�S�UHSUHVHQWV�WKH�VLJQL¿FDQW�
GL൵HUHQFHV�EHWZHHQ�WKH�WZR�SODQWLQJ�V\VWHPV��
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VWUXFWXUHV�FRYHU�DQG�SURWHFW�WKH�WUXH�JUHHQ�OHDYHV�RI�VD൵URQ�
DV�VXFK�DV�WKH�YHJHWDWLYH�DSH[��%HKGDQL�	�)DOODKL��������
UHSRUWHG�WKDW�HDUO\�LUULJDWLRQ�FDXVHV�FDWDSK\OOV�WR�PDQLIHVW�
EHIRUH�EORRPLQJ�WKHUHIRUH��PRUH�ZDWHU�DYDLODELOLW\� LQ� WKH�
73��ZKHQ�WKH\�ZHUH�XQGHU�FRQWUROOHG�FRQGLWLRQ��PD\�EH�WKH�
UHDVRQ�IRU�ORQJHU�FDWDSK\OOV��

6D൵URQ�URRW�JURZWK�LQ�UHODWLRQ�WR�WKH�SURGXFWLRQ�
method

7KH�H൵HFW�RI� WKH�SODQWLQJ�PHWKRG�ZDV� VLJQL¿FDQW�RQ�
WKH�QXPEHU�RI�URRWV�SHU�SODQW�IRU� WKH�¿UVW��WUDQVSODQWLQJ�
GD\�� DQG� WKH� VHFRQG� VDPSOLQJ� GDWHV��73� SODQWV� VKRZHG�
PRUH�URRWV�WKDQ�'3�RQHV��DQG�WKH�ODWWHU�VKRZHG�WKH�VDPH�
DPRXQW�RI�URRWV�RQH�PRQWK�DIWHU�WUDQVSODQWLQJ��7KLV�LQGH[�

KDG� VLPLODU� DPRXQWV� LQ� WKH� WZR�SURGXFWLRQ� V\VWHPV�� DI-
WHU�PLG�)HEUXDU\��)LJ���$���,Q�UHODWLYH�VLPLODULW\�ZLWK�WKH�
¿QGLQJV�RI�5HQDX�0RUDWD�et al.���������WKH�WUHQG�RI�QHZ�
URRW�SURGXFWLRQ�GXULQJ�YHJHWDWLYH�JURZWK�ZDV�LQFUHDVLQJ�
XS�WR�)HEUXDU\�DQG�WKHQ�IROORZHG�E\�D�UDSLGO\�GHFUHDVLQJ�
WUHQG�LQ�ERWK�PHWKRGV�RI�SODQWLQJ��)LJ���$���$FFRUGLQJO\��
)DOODKL�	�0DKPRRGL������E��IRXQG�WKDW�IROLDU�QXWULWLRQ�
LV�PRUH�H൵HFWLYH�WKDQ�VRLO�DSSOLFDWLRQ�RI�QXWULHQWV��ZKHQ�
WKH�JURZWK�RI�WKH�URRW�V\VWHP�VWDUWV�WR�GHFUHDVH��$YHUDJH�
URRW�OHQJWK�KDG�D�GL൵HUHQW�WUHQG�EHWZHHQ�WKH�WZR�SURGXF-
WLRQ�PHWKRGV��&RUPV� WKDW� HPHUJHG�XQGHU� WKH� FRQWUROOHG�
HQYLURQPHQW�KDG� ORQJHU� URRWV� �LQ� WUDQVSODQWLQJ�GD\��EXW�
WKHLU�HQODUJHPHQW�VWRSSHG�DIWHU�WUDQVSODQWLQJ��ZKLOH�URRW�
WKH�OHQJWK�LQ�FRUPV�WKDW�ZHUH�SODQWHG�GLUHFWO\�LQ�WKH�VRLO�
LQFUHDVHG� XS� WR� WKH� PLG�)HEUXDU\� DQG� WKHQ� GHFUHDVHG�
�)LJ���%���7KHUHIRUH��WKH�URRW�ZDV�ORQJHU�LQ�WKH�FRQWUROOHG� 
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Figure 4.�(൵HFW�RI�SURGXFWLRQ�PHWKRG�RI�VD൵URQ�RQ�WKH�QXPEHU�RI�URRWV��$���URRW�OHQJWK��%���WRWDO�URRWV�OHQJWK��&��DQG�QXPEHU�
RI�FRQWUDFWLOH�URRWV��'��GXULQJ�LWV�YHJHWDWLYH�JURZWK�VWDJH��'DWH�RI�WUDQVSODQWLQJ����th�'HFHPEHU�������7KH�¿UVW�VDPSOLQJ�ZDV�
DOVR�GRQH�RQ�WKLV�GD\����)RU�HDFK�GHVFULSWRU�DQG�VDPSOLQJ�GDWH��WKH�YDOXH�RI�S�UHSUHVHQWV�WKH�VLJQL¿FDQW�GL൵HUHQFHV�EHWZHHQ�WZR�
planting methods based on t-test.
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HQYLURQPHQW�EXW�XS�WR�D�VKRUW�SHULRG�DIWHU�WUDQVSODQWLQJ��
$FFRUGLQJO\�� LW�VHHPV�WKDW� WUDQVSODQWLQJ�FDXVHG�D�VWUHVV��
ZKLFK�UHVXOWHG�LQ�D�UHGXFWLRQ�LQ�URRW�V\VWHP�JURZWK��6RX-
UHW� 	�:HDWKHUV� ������� VWDWHG� WKDW� URRW� GHYHORSPHQW� RI�
VD൵URQ�XQGHU�K\GURSRQLF�FRQGLWLRQV�GHFUHDVHV�LI�R[\JHQ�
VXSSO\�IRU�WKH�URRW�V\VWHP�LV�ORZ�RU�LI�WKH�URRW�LV�H[SRVHG�
WR�OLJKW��2YHUDOO��URRW�OHQJWK��HVSHFLDOO\�GXULQJ�)HEUXDU\�
DQG�0DUFK�ZLWK�VLJQL¿FDQW�GL൵HUHQFHV��ZDV�KLJKHU�LQ�'3�
GXULQJ�PRVW�SDUW�RI�WKH�YHJHWDWLYH�JURZWK�VWDJH��)LJ���%���

5RRW�QXPEHU�DQG�OHQJWK��FDOFXODWHG�DV�WRWDO�URRW�OHQJWK�
SHU�SODQW��VKRZHG�DQ�LQFUHDVLQJ�WUHQG�XS�WR�PLG�)HEUXDU\�
DQG� WKHQ� GHFUHDVHG� IRU� ERWK�'3� DQG�73��$OWKRXJK� WRWDO�
OHQJWK�RI�WKH�URRW�V\VWHP�ZDV�KLJKHU�XQGHU�WKH�FRQWUROOHG�
HQYLURQPHQW�FRPSDUHG�ZLWK�'3��WKH�73�VKRZHG�UHGXFHG�
YDOXHV� RI� WKH� DERYH�FLWHG� FKDUDFWHULVWLFV�� HVSHFLDOO\� GX-
ULQJ�-DQXDU\�DQG�)HEUXDU\��ZKHQ� WKHVH�GL൵HUHQFHV�ZHUH�
GL൵HUHQW�VLJQL¿FDQWO\��)LJ���&���7KH�QXPEHU�RI�FRQWUDF-
WLOH�URRWV�KDG�D�VLPLODU�WUHQG�EHWZHHQ�WKH�WZR�PHWKRGV�RI�
VD൵URQ� SODQWLQJ�� EXW�ZLWK� KLJKHU� DPRXQWV� LQ�73� GXULQJ�
WKH�ZKROH�SODQW�JURZLQJ�VHDVRQ��7KH�GL൵HUHQFHV�EHWZHHQ�
WKH� WZR� SODQWLQJ�PHWKRGV�ZHUH� VLJQL¿FDQW� GXULQJ� SODQW�
JURZLQJ�VHDVRQ�DQG�WKH�KLJKHVW�YDOXHV�ZHUH�JDLQHG�GXULQJ�
)HEUXDU\� �)LJ���'���6RXUHW�	�:HDWKHUV� ������� UHSRUWHG�
WKDW�VD൵URQ�SODQWV�ZHUH�JURZQ�K\GURSRQLFDOO\�RU�DHURSR-
QLFDOO\�KDG�VKRUWHU�DQG�WKLFNHU�URRWV�DQG�PRUH�FRQWUDFWLOH�
URRWV� WKDQ� VRLO� FXOWXUHG� SODQWV��7KH\� VWDWHG� WKDW� WKH� XQ-
XVXDO�PRUSKRORJ\�RI� URRWV� LQ� WKHLU� H[SHULPHQW�ZDV�GXH�
WR�PHFKDQLFDO� LPSHGDQFH� DVVRFLDWHG�ZLWK� WKH�1)7� �QX-
WULHQW�¿OP�WHFKQLTXH��FKDQQHO�LQ�K\GURSRQLF�DQG�WKH�ZDOO�
RI�PLVW�FKDPEHU�LQ�DHURSRQLFV�FXOWXUH�V\VWHPV��0RUHRYHU��
WKH\� VDLG� WKDW� FRQWUDFWLOH� URRWV� SURGXFWLRQ��ZKLFK� UHGX-
FHV�FRUPV�JURZWK��PD\�EH�UHODWHG�WR�SODQWLQJ�GHSWK�DQG�
OLJKW� LQWHQVLW\�� ,Q� DQRWKHU� VWXG\�� WKH� KLJK� VRLO� KXPLGLW\��
LQDSSURSULDWH�SODQWLQJ�GDWH��DQG�DOVR�XQWLPHO\� LUULJDWLRQ�
�GHOD\HG�VSULQJ��VXPPHU��DQG�HDUO\�IDOO�LUULJDWLRQV��ZHUH�
FRQVLGHUHG�DV� WKH� UHDVRQV� IRU� WKH� LQFUHDVH� LQ�FRQWUDFWLOH�
URRWV�GHYHORSPHQW�LQ�VD൵URQ��.RRFKHNL�et al.��������

6DৼURQ� FRUP� JURZWK� LQ� UHODWLRQ� WR� WKH� SURGXFWLRQ�
method

'L൵HUHQFHV�EHWZHHQ�WKH�WZR�SODQWLQJ�PHWKRGV�LQ�WHU-
PV�RI�PRWKHU� FRUP�ZHLJKW�ZHUH� VLJQL¿FDQW� RQO\� LQ� WKH�
¿UVW�VDPSOLQJ�GDWH����th�'HFHPEHU� �WUDQVSODQWLQJ�GD\���
$IWHU�WZR�PRQWKV�IURP�WKH�¿UVW�LUULJDWLRQ�WLPH�������DQG�
������RI�PRWKHU�FRUP�UHVHUYRLUV�ZHUH�GHSOHWHG�E\�ERWK�
73� DQG� '3�� UHVSHFWLYHO\� �)LJ�� �$��� 7KH� PDLQ� UHVXOW� RI�
WKLV� HYHQW�ZDV� DQ� LQFUHDVH� LQ� ÀRZHULQJ� SHUFHQW� LQ� 636�
�7DEOH� ���� EHFDXVH� ÀRZHUV� SURGXFH� RQO\� E\� UHO\LQJ� RQ�
SODQWHG�FRUPV� UHVHUYHV� �.RRFKHNL�et al.���������5HVXOWV�
RI�5HQDX�0RUDWD�et al.��������XQGHU�¿HOG�FRQGLWLRQV�DOVR�
UHYHDOHG� WKDW��������RI� WKH�PRWKHU�FRUP�UHVHUYRLUV�DUH�
XVHG�IRU�WKH�ÀRZHULQJ�DQG�WKH�HPHUJHQFH�RI�WKH�URRWV�DQG�
OHDYHV��+RZHYHU��DIWHU� WUDQVSODQWLQJ�RI� WKRVH�FRUPV�WKDW�

ZHUH�ÀRZHUHG�XQGHU�FRQWUROOHG�FRQGLWLRQ��73���WKHUH�ZDV�
QR�VLJQL¿FDQW�GL൵HUHQFH�EHWZHHQ�WKHP�DQG�WKH�'3�RQHV�
LQ�WHUPV�RI�PRWKHU�FRUP�ZHLJKW��)LJ���$���0RWKHU�FRUP�
UHVHUYRLUV�ZHUH�XVHG�WR�SURGXFH�ÀRZHUV��OHDYHV��DQG�URRWV�
�%HKGDQL�et al.���������5DSLG�EUHDNGRZQ�RI�UHVHUYRLUV�RI�
PRWKHU�FRUPV�LQ�VRLOOHVV�FXOWXUH�OHG�WR�IXUWKHU�JURZWK�RI�
DHULDO��)LJV���$��%��&��DQG�XQGHUJURXQG��)LJV���$��%��&��
'��SDUWV�RI�VD൵URQ�DW�WKH�EHJLQQLQJ�RI�WKH�JURZLQJ�VHDVRQ��
7KLV�LV�D�XVHIXO�RFFXUUHQFH�EHFDXVH�D�KLJKHU�UDWH�RI�YHJH-
WDWLYH�JURZWK�DIWHU�ÀRZHULQJ�ZLOO� OHDG�WR�IXUWKHU�JURZWK�
RI� UHSODFHPHQW� FRUPV�� SURYLGHG� WKDW� WKLV� FRQGLWLRQ�ZDV�
FRQWLQXHG�DIWHU�WUDQVSODQWLQJ��

&RUP� SUROLIHUDWLRQ� D൵HFWHG� QHJDWLYHO\� E\� WUDQVSODQ-
WLQJ�� VR� WKDW�� QXPEHU� RI� FRUPV� SHU� SODQW� LQ�'3� DQG�73�
ZHUH������DQG����UHVSHFWLYHO\��RQH�PRQWK�DIWHU�WUDQVSODQ-
WLQJ�ZKLFK�ZHUH��UHVSHFWLYHO\������DQG�����KLJKHU�WKDQ�
WKH�GDWH�RI� WUDQVSODQWLQJ��+RZHYHU�� WKHVH� VLJQL¿FDQW�GL-
൵HUHQFHV�GLVDSSHDUHG� LQ� WKH�QH[W� VDPSOLQJ�GDWHV�GXULQJ�
YHJHWDWLYH� JURZWK� DQG� UHDFKHG� WR� ����� DQG� ����� UHSOD-
FHPHQW� FRUPV� SHU� SODQW� IRU�'3� DQG�73�� UHVSHFWLYHO\�� DW�
WKH�HQG�RI�WKH�JURZLQJ�VHDVRQ��)LJ���%���7KH�KLJKHVW�UDWH�
RI�FRUP�SUROLIHUDWLRQ�IRU�'3�ZDV�GXULQJ�-DQXDU\��EXW�IRU�
73�ZDV�ZLWK� D� RQH�PRQWK� GHOD\�� GXULQJ� )HEUXDU\� �)LJ��
�%���ZKLFK�LQGLFDWHV�D�VWUHVV�LPSRVLWLRQ�RQ�WKH�WUDQVSODQ-
WHG�SODQWV�H[DFWO\�DIWHU�WUDQVSODQWLQJ��7KLV�WLPH�GHOD\�LQ�
FRUP�SUROLIHUDWLRQ� UHVXOWHG� LQ� D� OHVV� VLJQL¿FDQW� \LHOG� RI�
UHSODFHPHQW�FRUPV� �)LJ���&��DQG� ORZHU�ZHLJKW�RI�PDLQ�
UHSODFHPHQW�FRUP��)LJ���'��LQ�73�FRPSDUHG�ZLWK�WKH�'3��
GXULQJ�WKH�ODVW�WZR�PRQWKV�RI�WKH�JURZLQJ�VHDVRQ��5HDOO\��
WKH� DFWLYH�SHULRG� IRU� FRUP�¿OOLQJ� LQ�73�ZDV�RQH�PRQWK�
VKRUWHU�ZLWK� D�GHOD\� LQ� FRUP�SUROLIHUDWLRQ��7KH�\LHOG�RI�
UHSODFHPHQW�FRUPV�SHU�SODQW�DQG�WKH�ZHLJKW�RI�WKH�PDLQ�
UHSODFHPHQW� FRUP�DW� WKH� HQG�RI� WKH� JURZLQJ� VHDVRQ� IRU�
'3�ZHUH�����DQG�����KLJKHU�WKDQ�73��UHVSHFWLYHO\��)LJ��
�&��'���$FFRUGLQJO\�� WUDQVSODQWLQJ�RI�FRUPV� WKDW�ÀRZH-
UHG�XQGHU�WKH�FRQWUROOHG�HQYLURQPHQWDO�FRQGLWLRQV�FRXOG�
QRW�SURGXFH� UHSODFHPHQW�FRUPV�ZLWK� WKH�GHVLUHG�ZHLJKW�
ZKLFK�FDQ�EH�XVHG�LQ�WKH�QHZ�ÀRZHULQJ�F\FOH�XQGHU�636��
,Q�RXU�UHVHDUFK��WKHUH�ZDV�QR�VSHFL¿F�QXWULWLRQDO�PDQDJH-
PHQW�IRU�WUDQVSODQWLQJ�WUHDWPHQW�GHVSLWH�ORZ�DYDLODELOLW\�
RI�QXWULHQWV�LQ�WKH�VRLO��7DEOH�����7KHUHIRUH��LW�VHHPV�WKDW�
ZH�QHHG�DQ�DSSURSULDWH�QXWULWLRQ�SURJUDP�ERWK�EHIRUH�DQG�
DIWHU�WKH�73�RU�ZH�VKRXOG�WU\�WR�¿QG�QHZ�VWUDWHJLHV�WR�UH-
GXFH�WKH�QHJDWLYH�H൵HFW�RI�VWUHVV�FDXVHG�E\�WUDQVSODQWLQJ��
6LPLODUO\�WR�%HKGDQL�et al.���������RXU�UHVXOWV�DOVR�UHYHD-
OHG�WKDW�WKH�ODVW�WZR�PRQWKV�RI�YHJHWDWLYH�JURZWK��ZKHQ�
WKH�SURGXFWLRQ�UDWH�RI�QHZ�FRUPV�ZDV�YHU\�VORZ��)LJ���%���
LV�D�FULWLFDO�SHULRG�IRU�UHSODFHPHQW�FRUPV�JURZWK��)LJ���&��
'���,Q�WKH�VWXG\�RI�)DOODKL�	�0DKPRRGL������D��DOVR�WKH�
KLJKHVW� UDWH� RI� FRUP� SUROLIHUDWLRQ� �PLG�)HEUXDU\� XS� WR�
PLG�0DUFK��ZDV�REVHUYHG�EHIRUH�WKH�KLJKHVW�UDWH�RI�FRUP�
¿OOLQJ��(QG�0DUFK�XS�WR�PLG�0D\���5HQDX�0RUDWD�et al. 
�������IRXQG�WKDW�LQ�VD൵URQ�ZKHQ�OHDI�DQG�URRW�GHYHORS-
PHQW�HQGV�� WKH�H[SRQHQWLDO�JURZWK�VWDJH�RI�UHSODFHPHQW�
FRUPV�VWDUWV��,Q�DQRWKHU�VWXG\�RQ�VD൵URQ��DOVR�WKH�KLJKHVW�
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FURS�JURZWK�UDWH�ZDV�REWDLQHG�GXULQJ�WKH�ODVW�WZR�PRQ-
WKV�RI�WKH�JURZLQJ�F\FOH��)DOODKL�	�0DKPRRGL������E����
*KRODPL�et al.��������DOVR�UHSRUWHG�WKDW�UDSLG�UHSODFHPHQW�
FRUPV�JURZWK�VWDUWV�DERXW����GD\V�DIWHU�OHDYHV�HPHUJHQFH�

Final growth of replacement corms in relation to the 
production method

7KH�SODQWLQJ�PHWKRG�KDG�D�VLJQL¿FDQW�H൵HFW�RQ�PRVW�
FULWHULD� UHODWHG� WR� WKH�¿QDO�JURZWK�VWDWXV�RI� UHSODFHPHQW�
FRUPV��7DEOH�����5HSODFHPHQW�FRUP�JURZWK�SDUDPHWHUV�LQ�
WHUPV�RI�QXPEHU��ZHLJKW��DQG�SHUFHQWDJH�RI�ODUJH�SURGX-
FHG�FRUPV�LQ�'3�ZHUH�KLJKHU�WKDQ�73�PHWKRG�DW�WKH�HQG�
RI� WKH�¿UVW�JURZLQJ�VHDVRQ��7DEOH����� ,Q�D�VLPLODU�VWXG\�
RQ�VD൵URQ��0ROLQD�et al.��������FRQFOXGHG�WKDW�WKH�SODQW�
GU\�ZHLJKW�DQG�QXPEHU�RI�UHSODFHPHQW�FRUPV�DW�WKH�HQG�

RI� WKH�YHJHWDWLYH�JURZWK�VWDJH�LQ�VSULQJ��ZHUH�KLJKHU� LQ�
WKH�¿HOG�JURZQ�SODQWV� FRPSDUHG� WR�73�RQHV��0RUHRYHU��
WKH�UHSODFHPHQW�FRUPV�LQ�73�SODQWV�ZHUH�VR�VPDOO��ZKLFK�
ZDV�XQOLNHO\�WR�SURGXFH�ÀRZHUV�LQ�WKH�IROORZLQJ�VHDVRQ��
7KH� VDPH� DXWKRUV� DOVR� IRXQG� WKDW� ORZHU� SKRWRV\QWKHVLV�
LQ�WUDQVSODQWHG�SODQWV�PD\�EH�WKH�UHDVRQ�IRU�WKDW�REVHUYD-
WLRQ��,Q�WKHLU�VWXG\��DOWKRXJK�WUDQVSODQWLQJ�RI�SODQWV�IURP�
WKH�JURZWK�FKDPEHU�WR�WKH�¿HOG�UHVXOWHG�LQ�D�KLJKHU�SKR-
WRV\QWKHWLF�UDWH��LW�GLG�QRW�UHDFK�WKDW�RI�WKH�'3�SODQWV��,Q�
DGGLWLRQ��VWRPDWDO�FRQGXFWLYLW\�LQ�WKH�¿HOG�JURZQ�SODQWV�
ZDV�FRQVLGHUDEO\�KLJKHU�WKDQ�LQ�WKRVH�WKDW�ÀRZHUHG�LQ�WKH�
FRQWUROOHG�HQYLURQPHQW��0ROLQD�et al.���������7RWDOO\��DW�
WKH�HQG�RI�WKH�¿UVW�JURZLQJ�VHDVRQ�ZH�IRXQG�WKDW�ZLWKRXW�
D�SURSHU�VWUDWHJ\��WUDQVSODQWLQJ�RI�FRUPV�WKDW�ÀRZHUHG�XQ-
GHU�FRQWUROOHG�FRQGLWLRQV�FDQQRW�OHDG�WR�D�IDYRUDEOH�RXW-
FRPH�LQ�WHUPV�RI�UHSODFHPHQW�FRUPV�JURZWK��7KHUHIRUH��
ZH�JXHVVHG�WKDW�PRUH�IDYRUDEOH�UHVXOWV�ZRXOG�EH�DFKLHYHG�

p=0.0025

p=0.2976

p=0.4530

p=0.5853

p=0.0217

0

1

2

3

4

5

6

7

8

9

Befor
planting

25-Dec 25-Jan 15-Feb 6-Mar 9-Apr 4-May

M
ot

he
r c

or
m

 w
ei

gh
t (

g�

Sampling date

Direct planting

Transplanting

A

p=0.422

p=0.0533

p=0.2302

p=0.3739

p=0.3739

p=0.2508

0

1

2

3

4

5

6

25-'HF 25--DQ 15-)HE 06-0DU 09-$SU 04-0D\

N
um

be
r o

f r
ep

la
ce

m
en

t c
or

m
s p

er
 p

la
nt

Sampling date

Direct planting

Transplanting

B

p=0.0102

p=0.0010

p=0.0014

0

5

10

15

20

25

06-0ar 09-$SU 04-0ayR
ep

la
ce

m
en

t c
or

m
s 

w
ei

gh
t p

er
 p

la
nt

 (g
)

Sampling date

Direct planting

Transplanting

C

p=0.0025

p=0.0115

p=0.0021

0

2

4

6

8

10

12

14

06-0ar 09-$Sr 04-0ay

W
ei

gh
t o

f m
ai

n 
re

pl
ac

em
en

t c
or

m
 (g

)

Sampling date

Direct planting

Transplanting
D

)LJXUH����(൵HFW�RI�SURGXFWLRQ�PHWKRG�RQ�WKH�PRWKHU�FRUP�ZHLJKW��$���QXPEHU�RI�UHSODFHG�FRUPV��%���ZHLJKW�RI�DOO�UHSOD-
FHG�FRUPV��&��DQG�ZHLJKW�RI�PDLQ�UHSODFHG�FRUP��'��GXULQJ�VD൵URQ�YHJHWDWLYH�JURZWK�VWDJH��'DWH�RI�WUDQVSODQWLQJ����th 
'HFHPEHU��)RU�HDFK�GHVFULSWRU�DQG�VDPSOLQJ�GDWH��WKH�YDOXH�RI�S�UHSUHVHQWV�WKH�VLJQL¿FDQW�GL൵HUHQFHV�EHWZHHQ�WZR�SODQWLQJ�
methods based on t-test.
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LI�WKH�WUDQVSODQWHG�SODQWV�VWD\�LQ�WKH�VDPH�¿HOG�IRU�DQRWKHU�
\HDU��$W�WKH�HQG�RI�WKH�VHFRQG�JURZLQJ�VHDVRQ��DOWKRXJK�
WKH�PHDQ� UHSODFHPHQW� FRUP�ZHLJKW� LQ�73� LQFUHDVHG� E\�
����FRPSDUHG�ZLWK� WKH�HQG�RI� WKH�¿UVW�JURZLQJ�VHDVRQ�
�7DEOH�����EXW�WKH�UHVXOWV�ZHUH�VWLOO�QRW�DV�GHVLUHG��,W�VKRXOG�
EH�QRWHG�WKDW�QR�QHZ�VWUDWHJ\�OLNH�QXWULWLRQDO�PDQDJHPHQW�
ZDV�DOVR�DSSOLHG�GXULQJ�WKH�VHFRQG�JURZLQJ�VHDVRQ��,Q�DG-
GLWLRQ��LQ�WKH�'3�PHWKRG�WKH�PHDQ�ZHLJKW�RI�UHSODFHPHQW�
FRUPV�DW� WKH�HQG�RI� WKH�VHFRQG�JURZLQJ�VHDVRQ�UHGXFHG�
VHYHUHO\�PDLQO\�GXH�WR�LQFUHDVLQJ�FRPSHWLWLRQ�IRU�UHVRXU-
FHV�UHVXOWHG�IURP�D�FRQVLGHUDEOH�LQFUHDVH�LQ�WKH�QXPEHU�RI�
UHSODFHPHQW�FRUPV�������SHU�SODQW�LQ�WKDW�\HDU�FRPSDUHG�
ZLWK�WKH�HQG�RI�WKH�¿UVW�JURZLQJ�VHDVRQ��7DEOH�����7KHVH�
UHVXOWV� DUH� LQ� D� JRRG� DJUHHPHQW�ZLWK� WKRVH� UHSRUWHG� E\�
Fallahi et al.������E��ZKR�UHYHDOHG�WKDW�WKH�HQG�RI�WKH�¿UVW�
JURZLQJ�VHDVRQ�LV�PRUH�VXLWDEOH�WLPH�IRU�REWDLQLQJ�ELJ�UH-
SODFHPHQW�FRUPV�ZKHQ�ODUJH�PRWKHU�FRUPV����J��DUH�XVHG�
IRU�SODQWLQJ��ZKLOH�WKH�HQG�RI�WKH�VHFRQG�ÀRZHULQJ�VHDVRQ�
LV�D�PRUH�IDYRUDEOH�WLPH�WR�REWDLQ�ELJ�UHSODFHPHQW�FRUPV��
ZKHQ�SODQWHG�PRWKHU�FRUPV�DUH�VPDOO�����J���

2YHUDOO��DOWKRXJK�ZH�IRXQG�WKDW�VD൵URQ�WUDQVSODQWLQJ�
LV�SRVVLEOH��EXW�PRUH�UHVHDUFKHV�DUH�QHHGHG�RQ�KRZ�LW�LV�
SRVVLEOH�WR�RYHUFRPH�WKH�SUREOHP�RI�WKLV�PHWKRG��,Q�D�UH-
FHQW�VWXG\�RQ�VD൵URQ�WUDQVSODQWLQJ��)DOODKL�et al.������D��
IRU�LQFUHDVLQJ�WKH�ZHLJKW�RI�UHSODFHPHQW�FRUPV��XVHG�WKH�

LQSXWV��VXFK�DV�ZDWHU�DQG�IHUWLOL]HUV�� LQ� ODUJH�TXDQWLWLHV��
FRPSDUHG� WR� WKH�FRQYHQWLRQDO� �WUDGLWLRQDO�� VD൵URQ�FXOWL-
YDWLRQ��7KH�UHVXOWV�VKRZHG�WKDW�DW�OHDVW�RQH�WKLUG�RI�WKH�UH-
SODFHPHQW�FRUPV�\LHOG�LQ�WUDQVSODQWLQJ�PHWKRG�ZDV�DW�WKH�
GHVLUHG�ZHLJKW��7KH�VDPH�DXWKRUV�DOVR�SURSRVHG�WKDW�RWKHU�
LWHPV�VXFK�DV�WUDQVSODQWLQJ�GHSWK��VRLO�RUJDQLF�PDWWHU�FRQ-
WHQW��VRLO�WH[WXUH��WUDQVSODQWLQJ�DV�EDVLQ�RU�LQ�IXUURZ��HWF��
PLJKW� SUREDEO\� D൵HFW� WKH� VXFFHVV� RI� VD൵URQ� WUDQVSODQ-
ting. Maggio et al.� ������� IRXQG� WKDW� D�PL[WXUH�RI� SHDW�
DQG�SHUOLWH�DV�VXEVWUDWH�ZDV�PRUH�VXLWDEOH�IRU�LQFUHDVLQJ� 
VD൵URQ� FRUP� JURZWK� XQGHU� FROG� JODVVKRXVH�� FRPSDUHG�
ZLWK�SXUH�SHUOLWH��,W�VKRXOG�EH�QRWHG�WKDW�YDULDWLRQ�LQ�QX-
WULHQWV�� S+�� DQG�(&� FRXOG� VWURQJO\� D൵HFW� VD൵URQ� JURZ-
WK� LQ� VRLOOHVV� V\VWHPV� WKDQ� VRLO�EDVHG�FXOWXUH�GXH� WR� WKH�
EX൵HULQJ�FDSDFLW\�RI�VRLOV��7KHUHIRUH��SUHFLVH�UHJXODWLRQ�
RI�WKHVH�IDFWRUV�LQ�WKH�SODQWLQJ�EHG�RI�636�LV�FUXFLDO�IRU�
RSWLPDO� SODQW� JURZWK� �$VNDUL�.KRUDVJDQL�	� 3HVVDUDNOL��
�������,Q�DQRWKHU�VWXG\�RQ�VD൵URQ��FRUPV�WKDW�ZHUH�ÀRZH-
UHG�LQ�LQFXEDWRU�ZHUH�WUDQVIHUUHG�WR�SRWV�¿OOHG�ZLWK�SHUOL-
WH��LQ�DQ�RSHQ�URRP��7KH�K\SRWKHVLV�ZDV�WKDW�LW�LV�SRVVLEOH�
WR�REWDLQ�UHSODFHPHQW�FRUPV�ZLWK�WKH�VXLWDEOH�ZHLJKW��E\�
LPSURYLQJ� WKH� SK\VLFDO� SURSHUWLHV� RI� WKH� SODQWLQJ� EHG��
+RZHYHU��WKH�SURGXFWLRQ�RI�FRQWUDFWLOH�URRWV��HDUO\�GU\LQJ�
RI�WKH�DHULDO�SDUWV��LQ�PLG�0DUFK��DQG�QR�IXOO�DOORFDWLRQ�
RI� PRWKHU� FRUP� UHVHUYRLUV� WR� SODQW� YHJHWDWLYH� JURZWK�� 

Parameter Weight 
Group Year DP TP YDOXH p�YDOXH

1XPEHU�RI�UHSODFHPHQW�FRUP�SHU�
SODQW�LQ�GL൵HUHQW�ZHLJKW�JURXSV ���J ���� 3.16 ���� ����� ������

���� ���� ���� ����� ������
3-6 g ���� ���� 1.15 ����� ������

���� ���� 2.12 ����� ������
����J ���� ���� ���� -2.24 ������

���� � � - -
�����J ���� ���� ���� ���� ����

���� � � - -
!���J ���� ��� ��� ����� ������

���� � � - -
Total ���� ���� 4.33 -1.34 ������

���� ���� 4.16 ���� ������
0HDQ�UHSODFHPHQW�FRUP�ZHLJKW��J� ���� 4.41 ���� ������ ������

���� 1.36 3.45 -6.46 ������
<LHOG�RI�UHSODFHPHQW�FRUPV�SHU�SODQW��J� ���� 21.33 ����� ����� ������

���� ����� ����� ����� ������
:HLJKW�RI�PDLQ�UHSODFHPHQW�FRUP��J� ���� ����� ���� ����� ������

���� 2.62 5.52 ����� ������

7DEOH����(൵HFW�RI�SURGXFWLRQ�PHWKRG�RI�VD൵URQ�RQ�¿QDO�JURZWK�VWDWXV�RI�UHSODFHPHQW�FRUPV�DW�WKH�HQG�RI�¿UVW��������DQG�VHFRQG�
�������JURZLQJ�VHDVRQV

'3��GLUHFW�SODQWLQJ��73��WUDQVSODQWLQJ��)RU�HDFK�GHVFULSWRU�DQG�IRU�HDFK�\HDU��WKH�YDOXH�RI�p�UHSUHVHQWV�WKH�VLJQL¿FDQW�GL൵HUHQFHV�
EHWZHHQ�WZR�SODQWLQJ�PHWKRGV�EDVHG�RQ t�WHVW�UHVXOWV�
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OHG� WR� WKH� UHMHFWLRQ� RI� WKH� K\SRWKHVLV� �)DOODKL� et al., 
����E���7KH�VDPH�DXWKRUV�SURSRVHG�WKDW�FRPELQHG�DSSOL-
FDWLRQ�RI�RUJDQLF�DQG�PLQHUDO�VXEVWUDWHV�DQG�FRUP�SODQ-
WLQJ�IURP�WKH�EHJLQQLQJ�LQ�QRQ�VRLO�VXEVWUDWHV��WR�UHPRYH�
WKH�VWUHVV�FDXVHG�E\�WUDQVSODQWLQJ��FRXOG�SUREDEO\�OHDG�WR�
PRUH�IDYRUDEOH�UHVXOWV��

,Q�FRQFOXVLRQ�� WKH�DUWLFXODWHG�SODQ�RI� WULDOV�FDUULHG�RXW�
SURYLGHV�LQIRUPDWLRQ�RQ�WKH�H൵HFWV�RI�SURGXFWLRQ�V\VWHPV�
DQG�PHWKRGV�IRU�VD൵URQ�SURGXFWLRQ��7KH�JUHDW�LQWHUHVW�IRU�
UHGXFLQJ� WKH� VXUIDFH� DQG� WR� LQFUHDVLQJ� WKH� \LHOG� DQG� WKH�
TXDOLW\�RI�WKH�SURGXFWV�VXJJHVWHG�XVLQJ�VRLOOHVV�JURZLQJ�LQ�
VRPH�JURZWK� VWDJH��7KH� WUDGLWLRQDO� SURGXFWLRQ� V\VWHP� LQ�
WKH�RSHQ�¿HOG�FRXOG�EH�LQWHJUDWHG�GXULQJ�WKH�¿UVW�JURZLQJ�
F\FOH�IURP�WKH�VRLOOHVV�FXOWLYDWLRQ�RI�WKH�FRUPV�DQG�LQFUHDVH�
WKH�SURGXFWLRQ�RI�SURSDJDWLRQ�RUJDQV�GXULQJ�WKH�IROORZLQJ�
\HDUV��6D൵URQ�KDG�D�PXFK�KLJKHU�ÀRZHULQJ�FDSDFLW\�DQG�
VWLJPD�\LHOG�LQ�636�WKDQ�LQ�WKH�736�XQGHU�¿HOG�FRQGLWLRQV��
,Q�WKH�636��WKH�YDOXH�RI�WKH�FKURPDWLF�SDUDPHWHU�/�LQFUHD-
VHG�EXW�WKH�YDOXHV�UHJLVWHUHG�IRU�D�FKURPDWLF�SDUDPHWHU�DQG�
IRU�WKH�VDIUDQDO�FRQWHQW�GHFUHDVHG�FRPSDUHG�ZLWK�736��7KH�
636�VXSSRUWHG�PXFK�EHWWHU�JURZWK�RI�VD൵URQ�SODQW��ERWK�
IRU�HSLJHRXV�DQG�K\SRJHRXV�RUJDQV��EXW�WUDQVSODQWLQJ�LW�LQ�
WKH�RSHQ�¿HOG�UHGXFHG�DOO�WKHVH�SDUDPHWHUV�FRPSDUHG�ZLWK�
the direct planting method. 
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DQG�GLUHFW�FRUP�SODQWLQJ�XQGHU�¿HOG�FRQGLWLRQV��-�+RUW�
3RVW�5HV��,Q�3UHVV�

)DOODKL�+5��$EEDVL�$YDO�%RKORROL�6��1RIHUHVWL�(��+RVHLQL�
60��6HGGLJK�0DNRR�6��0RRGL�0��.KH]UL�0������E��
(YDOXDWLRQ�WKH�SRVVLELOLW\�RI�VD൵URQ�WUDQVSODQWLQJ�DQG�
FRUP�SURGXFWLRQ�LQ�VRLOOHVV�SODQWLQJ�V\VWHP��-�6D൵URQ�
5HV��,Q�3UHVV��,Q�3HUVLDQ�ZLWK�(QJOLVK�6XPPDU\��

*DUFtD�5RGUtJXH]� 09�� /ySH]�&yUFROHV� +��$ORQVR� */��
������ (൵HFW� RI� WKH� K\GURSRQLF� JURZLQJ� RI� IRUFHG�
Crocus sativus� /�� RQ� WKH� VD൵URQ� TXDOLW\��$FWD� +RUW�
������ ��������� KWWSV���GRL�RUJ����������$FWD+RU-
WLF�������������
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*KRODPL�0�� .D¿�0�� .KD]DHL� +5�� ������ 6WXG\� RI� WKH�
UHODWLRQV� RI� VLQN� DQG� VRXUFH� LQ� VD൵URQ� E\�PHDQV� RI�
FRUUHODWLRQ� FRH൶FLHQWV� XQGHU� GL൵HUHQW� LUULJDWLRQ� DQG�
IHUWLOL]DWLRQ�OHYHOV��6D൵URQ�$JURQ�7HFK����������������

,62�76�������������6D൵URQ��Crocus sativus�/����7HVW�PH-
WKRGV��(G��,62��*HQHYD��6ZLW]HUODQG�

.KD\\DW�0��-DEEDUL�0��)DOODKL�+5��6DPDG]DGHK�$��������
(൵HFWV�RI�FRUP�GLSSLQJ�LQ�VDOLF\OLF�DFLG�RU�SRWDVVLXP�
QLWUDWH�RQ�JURZWK��ÀRZHULQJ��DQG�TXDOLW\�RI�VD൵URQ��-�
+RUW�5HV� ��� ����� ������� KWWSV���GRL�RUJ���������MRKU�
���������

.LDQL�6��0LQDHL�6��������3RWHQWLDO�DSSOLFDWLRQ�RI�PDFKLQH�
YLVLRQ�WHFKQRORJ\�WR�VD൵URQ��Crocus sativus�/���TXDOL-
W\�FKDUDFWHUL]DWLRQ��)RRG�&KHP���������������https://
GRL�RUJ���������M�IRRGFKHP������������

.RRFKHNL�$��.KDMHK�+RVVHLQL�0�� ������ 6D൵URQ�� VFLHQ-
FH��WHFKQRORJ\�DQG�KHDOWK��:RRGKHDG�3XEOLVKLQJ��3S��
��������

.RRFKHNL�$��5H]YDQL�0RJKDGGDP�3��)DOODKL�+5��$JKKD-
YDL�6KDMDUL� 0�� ������ 7KH� VWXG\� RI� VD൵URQ� �Crocus 
sativus�/���UHSODFHPHQW�FRUPV�JURZWK�LQ�UHVSRQVH� WR�
planting date, irrigation management and companion 
FURSV��6D൵URQ�$JURQ�7HFK�������������

.RRFKHNL�$�� 5H]YDQL�0RJKDGGDP� 3��$JKKDYDL�6KDMDUL�
0��)DOODKL�+5��������&RUP�ZHLJKW�RU�QXPEHU�SHU�XQLW�
RI� ODQG��:KLFK� RQH� LV�PRUH� H൵HFWLYH�ZKHQ� SODQWLQJ�
FRUP��EDVHG�RQ�WKH�DJH�RI�WKH�¿HOG�IURP�ZKLFK�FRUPV�
ZHUH�VHOHFWHG"�,QG�&URSV�3URG�������������https://doi.
RUJ���������M�LQGFURS������������

/RSH]�&RUFROHV� +�� %UDVD�5DPRV�$��0RQWHUR�*DUFtD� )��
5RPHUR�9DOYHUGH� 0�� 0RQWHUR�5LTXHOPH� )�� ������
3KHQRORJLFDO� JURZWK� VWDJHV� RI� VD൵URQ� SODQW� �Crocus 
sativus�/���DFFRUGLQJ�WR�WKH�%%&+�6FDOH��6SDQ�-�$JULF�
5HV��������������KWWSV���GRL�RUJ���������VMDU���������
����

0DJJLR�$��5DLPRQGL�*��0DUWLQR�$��'H�3DVFDOH�6��������
6RLOOHVV� FXOWLYDWLRQ� RI� VD൵URQ� LQ� 0HGLWHUUDQHDQ� HQ-
YLURQPHQW�� $FWD� +RUW� ����� ��������� https://doi.
RUJ����������$FWD+RUWLF������������

0ROLQD�59��*DUFtD�/XLV�$��9DOHUR�0��1DYDUUR�<��*XDUGLR-
OD�-/��������([WHQGLQJ�WKH�KDUYHVW�SHULRG�RI�VD൵URQ��
$FWD�+RUW���������������KWWSV���GRL�RUJ����������$F-
WD+RUWLF������������

0ROLQD�59��5HQDX�0RUDWD�%��1HEDXHU�6*��*DUFtD�/XLV�$��
*XDUGLROD�-/��������*UHHQKRXVH�VD൵URQ�FXOWXUH�7HP-
SHUDWXUH� H൵HFWV� RQ�ÀRZHU� HPHUJHQFH� DQG� YHJHWDWLYH�
JURZWK�RI�WKH�SODQWV��$FWD�+RUW�������������https://doi.
RUJ����������$FWD+RUWLF������������

0ROOD¿ODEL�$��������(൵HFW�RI�QHZ�FURSSLQJ�WHFKQRORJLHV�
RQ�JURZWK�FKDUDFWHULVWLFV��\LHOG��\LHOG�FRPSRQHQWV�RI�
ÀRZHU� DQG� FRUP� FULWHULD� RI� VD൵URQ� �Crocus sativus 
/����'RFWRUDO�WKHVLV��)HUGRZVL�8QLY�RI�0DVKKDG��)DF�
$JULF��0DVKKDG��,UDQ���,Q�3HUVLDQ�ZLWK�(QJOLVK�VXP-
PDU\��

3RJJL� /0�� 3RUWHOD�$-�� 3RQWLQ� 0$�� 0ROLQD� 59�� ������
&RUP� VL]H� DQG� LQFXEDWLRQ� H൵HFWV� RQ� WLPH� WR� ÀRZH-
ULQJ�DQG� WKUHDGV�\LHOG�DQG�TXDOLW\� LQ�VD൵URQ�SURGXF-
WLRQ�LQ�$UJHQWLQD��$FWD�+RUW���������������https://doi.
RUJ����������$FWD+RUWLF������������

5HQDX�0RUDWD�%��1HEDXHU�6*��6iQFKH]�0��0ROLQD�59��
������(൵HFW�RI�FRUP�VL]H��ZDWHU�VWUHVV�DQG�FXOWLYDWLRQ�
FRQGLWLRQV� RQ� SKRWRV\QWKHVLV� DQG� ELRPDVV� SDUWLWLR-
QLQJ�GXULQJ�WKH�YHJHWDWLYH�JURZWK�RI�VD൵URQ��Crocus 
sativus�/���� ,QG�&URSV�3URG������������https://doi.or-
J���������M�LQGFURS������������

5H]YDQL�0RJKDGGDP�3��������(FRSK\VLRORJ\�RI�VD൵URQ��
,Q��6D൵URQ��VFLHQFH�� WHFKQRORJ\�DQG�KHDOWK��.RRFKH-
NL�$��.KDMHK�+RVVHLQL�0��HGV����SS�����������:RRG-
KHDG� 3XEOLVKLQJ�� KWWSV���GRL�RUJ���������%���������
����������������

6DGHJKL�%��������$SSOLFDWLRQ�RI�K\GURSRQLF�PHWKRG�IRU�
ÀRZHULQJ�RI�VD൵URQ��)LQDO�UHSRUW�RI�UHVHDUFK�SURMHFW��
,UDQLDQ� 6FLHQWL¿F� DQG� ,QGXVWULDO� 5HVHDUFK� 2UJDQL]D-
WLRQ��0DVKKDG��,UDQ������SS���,Q�3HUVLDQ��

6RXUHW� ))�� :HDWKHUV� -3�� ������ 7KH� JURZWK� RI� VD൵URQ�
�Crocus sativus�� LQ� DHURSRQLFV� DQG� K\GURSRQLF�� -�
+HUEV� 6SLFHV� 0HG� 3ODQWV� �� ����� ������� https://doi.
RUJ���������-���Y��Q��B��


