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{Â] �f�Ì] ZË �f» Ê¸Ì» Á{ ZÆ¿M Äq Ä�Ë� µÂ�.ºÅ{�Ì� �Á�5�Ë{ É�fa �Y Y� Ã{� Ä¿YÂm ÉZÅ�~] �Y {|�Á Äq Ä«Z� Á Ã{�¯ k�Zy
|¿|� Y|m �´Ë|°Ë �Y Ê°Ë�Â·Â§�Â» ÉZÅ�f»Y�Za �nÀ� dÆm Äq Ä�Ë�.�Y Äq Ä�Ë� µÂ� Á ÊËZÆf¿Y Ä¿YÂm Ze Ä¬Ë �Y Äq Ä«Z� µÂ�

�{ ½ÁM �{ ZÅ Ä¿Â¼¿ ½|� ®�y �Y | ] Äq Ä�Ë� Á Äq Ä«Z� ®�y ½�Á Á �¯ �y Z] �f¼Ìf¿Z� \�u �] Ê¸�Y Ä�Ë� ­Â¿ Ze Ä¬Ë
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|Àf§�³ �Y�« Ã{Z¨f�Y {�Â» �Ë{ É�fa �Å ½Á�{ ÉZÅ ÄrÅZÌ³ ¶¯ ,.Ä¿Â¼¿ ºÌ�Zfa Á ºË|� Ê¿| » ��ZÀ� d�¸£ É�Ì³ Ã�Y|¿Y dÆm
º�Å ®Ë�|Ë�¸¯ |Ì�Y �{ ®�y ½|¿Y�Â� �Y �a ZÅºnu Ä] ��¬» [M Z] �b� Á100�Y Ã{Z¨f�Y Z] Á |¿|� Ã|¿Z�� �fÌ· Ê¸Ì»

|� É�Ì³ Ã�Y|¿Y ºÌ�Zfa Á ºË|� ÉZÆ¿ÂË d�¸£ �f»Âf§ ºÌ¸§ ÃZ´f�{)2.(
Ä�]Y� �Y Ê¿� Ä¿YÂm |��{1|Ë{�³ Ä^�Zv»

%G = (n/N)*100
Ä�]Y�1)3(

½M �{ Ä¯G,Ê¿� Ä¿YÂm |��{ n{� Ä¿YÂm ÉZÅ�~] ÊËZÆ¿ {Y| eÁ ÃNÊ» Ã|� d�¯ ÉZÅ �~] {Y| e|�Z].�] Ê¿� Ä¿YÂm d���
Ä�]Y� �Y �Á� �{ Ê^�¿ Ê¿� Ä¿YÂm \�u2|Ë{�³ Ä^�Zv».

Ä�]Y�2)3Á7(
GR = x1/y1+ (x2-x1)/y2+…+ (xn-xn-1)/yn 

½M �{ Ä¯GR,Ê¿� Ä¿YÂm d���x1ZexnZe º°Ë ��Z¼� �{ Ã{� Ä¿YÂm �Á~] |��{nÁ ¹Yynf]Y �Y ½Z»�Ze d�Z¯ ÉY|
��Z¼�nd�Y �Á� \�u �] ¹Y.

�Y�§Y ¹�¿ �Y Ã{Z¨f�Y Z] ZÅ Ã{Y{SPSSlÀa t�� �{ Á ¾°¿Y{ ÉY ÄÀ»Y{ |Àq ½Â»�M �Z�Y �] ZÅ Ã{Y{ ¾Ì´¿ZÌ» Ä�ËZ¬» Á |¿|� ÄË�ne
|� ¹Zn¿Y |��{.
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�Ì¿ ÄrÅZÌ³ |�� Á Ê¿� Ä¿YÂm d��� Ä] ,Ê¿� Ä¿YÂm |��{ �] ÃÁÔ� Êf�ËZ] ,{{�³ Ê» ÄrÅZÌ³ ¶»Z¯ �Y�¬f�Y �ÅZ¯ \^� ¾ËY�]ZÀ]

{Â¼¿ µÁ~^» Ê�Zy ÄmÂe.Â�] Ê¿� Ä¿YÂm ÊËZÆ¿ |��{ Á Ê¿� Ä¿YÂm d��� {Y{ ½Z�¿ ZÅ Ã{Y{ �¿ZË�YÁ ÄË�ne lËZf¿ÊÀ » �ZÌ�] �
|Àf§�³ �Y�« ®¼¿ d�¸£ �ÌiZe dve É�Y{)µÁ|m1(|¿{Y{ ½Z�¿ Y� Ê�ÅZ¯ |¿Á� d¨� Á{ �Å É�Â� �ËY�§Y Z] Á)µÁ|m2.(

�Z¼Ìe Ä] �Â]�» Ê¿� Ä¿YÂm d��� �ÅZ¯ ¾Ë�f¼¯4Á d�Y|¿ É�Y{ ÊÀ » ¥ÔfyY |ÅZ� �Z¼Ìe Z] Ä¯ {Â] �f» �] �À¼Ë� Ê�{
¿YÂm d��� �ÅZ¯ �Y|¬» ¾Ë�f�Ì]�Z¼Ìe Ä] Ê¿� Ä16|ÅZ� Ä] d^�¿ Ä¯ d�Y{ ª¸ e �f» �] �À¼Ë� Ê�{2/77%{Y{ ½Z�¿ �ÅZ¯.

Ê¿� Ä¿YÂm ÊËZÆ¿ |��{ �ÅZ¯)38%|ÅZ� Ä] d^�¿(d�¸£ �{ ZÆÀe16¾Ì] ÊeÁZ¨e pÌÅ Á Ã{Â] �Y{ ÊÀ » �f» �] �À¼Ë� Ê�{
|�¿ Ã|ÅZ�» �´Ë{ d�¸£ �ZÆq)µÁ|m2.(M d�|] lËZf¿ �Z�Y �] ¾ËY�]ZÀ]ÊËZÆ¿ |��{ Ä¯ {Â¼¿ �Z^Àf�Y ¾ÌÀq ½YÂe Ê» Ã|»

�{ Ä¿Y{ ÃZÌ� ÃZÌ³ Ê¿� Ä¿YÂm ÉY�mY ¾Ë�f�Z�u �Y Ê°Ë Ê¿� Ä¿YÂm d��� Á ¾Ë�f»ÁZ¬» �Y Ê°Ë É�Â� �Àe �ËY�� �{ Ê¿� Ä¿YÂm
|�Z] Ê» É�Â� �Àe �ËY��.�] Á �¸¯ Á ºË|� ½Âr¼Å ÊËZÆ¿ÂË dÌ¼� ,Ê¿� Ä¿YÂm �] É�Â� �iY ÉZÅ º�Ì¿Z°» �Y Ê°Ë½{� ºÅ

|�Z] Ê» ºË|� Ä] ºÌ�Zfa d^�¿ Ä¸¼m �Y Ê¿ÂË µ{Z e)5.(Ê¿| » ÉZÆ¿ÂË d�¸£ {Y{ ½Z�¿ ZÅ{Y{ �¿ZË�YÁ ÄË�ne �Y ¶�Zu lËZf¿
|Àf§�³ �Y�« ®¼¿ d�¸£ �ÌiZe dve É�Y{ ÊÀ » �ZÌ�] �Â�] �Ì¿ ºË|� Ä] ºÌ�Zfa d^�¿ Á ºË|� ,ºÌ�Zfa)µÁ|m1.(¾Ì´¿ZÌ» Ä�ËZ¬»

Z] {Y{ ½Z�¿ ZÅ Ã{Y{t�� Ä] ®¼¿ d�¸£ �ËY�§Y4|ÅZ� �Z¼Ìe Ä] d^�¿ É�Y{ ÊÀ » �Â�] ºÌ�Zfa ½ÂË d�¸£ �f» �] �À¼Ë� Ê�{
Ä] ®¼¿ d�¸£ �ËY�§Y Z] Äq �³Y Á d§ZË �ËY�§Y8d�¸£ ¾ËY Z»Y |� Ã|ÅZ�» ºÌ�Zfa ½ÂË d�¸£ �{ �ÅZ¯ �f» �] �À¼Ë� Ê�{

{Â] |ÅZ� �Z¼Ìe �Y�f�Ì] ºÅ �Z] Ê¿ÂË)µÁ|m2.(Y�§Y Z]�eÓZ] ÉZÅ d�¸£ Ä] É�Â� �Àe �Ë)12Á16�f» �] �À¼Ë� Ê�{(
|Ë{�³ Ã|ÅZ�» ºÌ�Zfa ½ÂË d�¸£ �{ É�Y{ ÊÀ » �ÅZ¯.�]Y�] �{ ºÌ�Zfa �¼ne �ËY�§Y Z] d�Y Ã{Â¼¿ Ê � ÃZÌ³ ¾ËY Êe�Z^� Ä]

|À¯ d»ÁZ¬» É�Â� �Àe ��» cY�iY.Ì¿Z°» ¾ËY Äf�¿YÂf¿ �Ìv» �{ ®¼¿ d�¸£ �f�Ì] �ËY�§Y Z] Z»Y|ËZ¼¿ �¨u Y� º�.Ä�ËZ¬»
�Y{ ÊÀ » �ËY�§Y �Y Ê¯Zu É�Â� ¦¸fz» sÂ�� �{ ºË|� d�¸£ ¾Ì´¿ZÌ»7/7�Àe dve ÉZÅ ÄrÅZÌ³ �{ ºË|� ½ÂË É�]Y�]

É�Â�16{Â] |ÅZ� �Z¼Ìe Ä] d^�¿ �f» �] �À¼Ë� Ê�{)µÁ|m2.({Y{ ½Z�¿ ºË|� Ä] ºÌ�Zfa ½ÂË d^�¿ ¾Ì´¿ZÌ» Ä�ËZ¬» ¾ÌÀr¼Å
¿ d�¸£ �ËY�§Y Z]ÄrÅZÌ³ �{ d^�¿ ¾ËY ®¼ÉZÅ �Z¼Ìe �{ Êfu Á d§ZË �ÅZ¯ ZÅ4Á8d�¸£ �ËY�§Y �f» �] �À¼Ë� Ê�{

{Y{ ½Z�¿ É�Y{ ÊÀ » �ÅZ¯ ZÅ �Z¼Ìe Ä¼Å �{ d^�¿ ¾ËY Á |ËZ¼¿ ½Y�^m Y� ZÅ �Z¼Ìe ¾ËY �{ ºË|� d�¸£ �ËY�§Y d�¿YÂf¿ ºÌ�Zfa
)µÁ|m2.(¼Ìe �{ d^�¿ ¾ËY �Y|¬» ¾Ë�f�Ì] �´Ë{ c�Z^� Ä]�Z¼Ìe �{ ½M ¾Ë�f¼¯ Á |ÅZ� �Z16|� Ã|ÅZ�» �f» �] �À¼Ë� Ê�{

�ËY�§Y µZ ¿̂{ Ä] ÃZÌ³ �{ ºË|� ½ÂË d�¸£ �ËY�§Y Á �Ìv» �{ ºË|� ½ÂË Z] d]Z«� �iY �{ ºÌ�Zfa [~m �ÅZ¯ �»Y ¾ËY d¸� Ä¯
|�Z] Ê» �Ìv» �{ ½ÂË ¾ËY d�¸£.|�Z] Ê» Ê�ËÁ� |�� �ÅZ¯ É�Â� �ËY�§Y ºÆ» �iY ®Ë.Zu lËZf¿Ã{Y{ �¿ZË�YÁ ÄË�ne �Y ¶�

d§�³ �Y�« ®¼¿ d�¸£ �ÌiZe dve É�Y{ ÊÀ » �ZÌ�] �Â�] Äq Ä«Z� µÂ� {Y{ ½Z�¿ ZÅ)P<0/001.(Z] ZÅ Ã{Y{ ¾Ì´¿ZÌ» Ä�ËZ¬»
t�� ¾Ë�eÓZ] Ä] É�Â� �ËY�§Y)16 dS/m(�Y{ ÊÀ » �ÅZ¯2/52{Y{ ½Z�¿ Y� |ÅZ� �Z¼Ìe Ä] d^�¿ Äq Ä«Z� µÂ� �{ É|��{.

Zf¿ ¾ÌÀr¼Å{Â] Äq Ä�Ë� µÂ� �] ®¼¿ d�¸£ �iY ½{Â] �Y{ ÊÀ » �Y Ê¯Zu lË.�ËY�§Y Z] Ä¯ {Y{ ½Z�¿ ZÅ Ã{Y{ ¾Ì´¿ZÌ» Ä�ËZ¬»
Ä] É�Â�dS/m8t�� Ze ®¼¿ d�¸£ �ËY�§Y Z] Ä°Ë�Â�] d§ZË �ÅZ¯ É�Y{ ÊÀ » �Â� Ä] Äq Ä�Ë� µÂ�dS/m16µÂ�

�ÅZ¯ Äq Ä�Ë�50{Y{ ½Z�¿ |ÅZ� Z] Ä�ËZ¬» �{ Y� |��{.�ÅZ¯ ÄnÌf¿ �{ Á É�¼�Y �Z�§ �ËY�§Y ªË�� �Y É�Â� Ä¯ Zn¿M �Y
�yZ� �ÅZ¯ ,|Å{ Ê» �Y�« �ÌiZe dve Y� Ê¿� Ä¿YÂm �¸¯ Á ºË|� ½Âr¼Å ÊËZÆ¿ÂË Ê¼� cY�iY ªË�� �Y ¾ÌÀr¼Å Á [M [~m

fa Ê¨À» �ÌiZe ¾ÌÀr¼Å Á [M ÄÌ·ÁY [~m d��� Á ½Y�Ì» �ÅZ¯ Ä] ½YÂe Ê» Y� Ä ·Z�» {�Â» Ê¿� Ä¿YÂm ÉZÅÁ º¯ É�¼�Y ÉZÅ ¶Ì�Z
®Ì·Â]ZeZ¯ ¶uY�» ÊËZÌ¼Ì�ÂÌ] ÉZÅ|ÀËY�§ �] ZÅ ½ÂË dÌ¼�)�~] ÉY Ã�Ìy} {YÂ» Ê¼Ë�¿M �Ì·Á�|ÌÅ(®Ì·Â]Z¿M Á)ÉZÆf§Z] dyZ�

Ã|� �Ì·�|ÌÅ {YÂ» �Y Ã{Z¨f�Y Z] |Ë|m({Y{ d^�¿ Ê¿� Ä¿YÂm µÁY Ä¸u�» �{)2.(
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e É�Y{ ÊÀ » �Â� Ä] �Ì¿ Äq Ä�Ë� Á Äq Ä«Z� ®�y ½�Á|Àf§�³ �Y�« É�Â� ¦¸fz» sÂ�� �ÌiZe dv)µÁ|m1.(�ËY�§Y Z]
Ä] �¨� �Y É�Â�4Á8Äq Ä«Z� ®�y ½�Á �f» �] �À¼Ë� Ê�{)Äq Ä«Z� µÂ� Ä]Z�»({�¯ Y|Ìa �ËY�§Y É�Y{ ÊÀ » �Ì£ �Â� Ä]

)µÁ|m2(µÂ� �ËY�§Y ÄnÌf¿ �{ Á ÄrÅZÌ³ �{ ºÌ�Zfa ½ÂË d�¸£ �ËY�§Y d¸� Ä] |¿YÂe Ê» �»Y ¾ËY ,�ËY�§Y Z] ÃY�¼Å Ä¯ Äq Ä«Z�
|�Z] ,{Â] Äq Ä«Z� ®�y ½�Á.¾ËY �] É|ÌËZe |¿YÂe Ê» ºÌ�Zfa Z] Äq Ä«Z� µÂ� Á ®�y ½�Á �Y{ ÊÀ » Á d^j» Ê´f�^¼Å {ÂmÁ

|�Z] \¸�»)µÁ|m3.(Ä] É�Â� �ËY�§Y Z] Äq Ä�Ë� ®�y ½�Á Z»Y4Ä¯ d§ZË �ÅZ¯ É�Y{ ÊÀ » �Â�] �f» �] �À¼Ë� Ê�{
u Ã|ÀÅ{ ½Z�¿|�Z] Ê» É�Â� �ËY�§Y �]Y�] �{ Äq Ä«Z� Ä] Äq Ä�Ë� �f�Ì] dÌ�Z�.®�y ½�Á �Y{ ÊÀ » Á Ê¨À» Ê´f�^¼Å {ÂmÁ

|�Z] ÄrÅZÌ³ �{ Äq Ä�Ë� ®�y ½�Á �] ºË|� ½ÂË �¼ne Ê¨À» cY�iY Ã|ÀÅ{ ½Z�¿ |¿YÂe Ê» ºË|� ½ÂË d�¸£ Z] Äq Ä�Ë�
)µÁ|m3.(Ä] É�Â� �ËY�§Y Z] dËZÆ¿ �{16f»�] �À¼Ë� Ê�{\Ìe�e Ä] Äq Ä�Ë� Á Äq Ä«Z� ®�y ½�Á d¨� Á{ �Å �3/88%
Á2/86%|Àf§ZË �ÅZ¯ |ÅZ� �Z¼Ìe Ä] d^�¿.½�Á Á Äq Ä«Z� µÂ� Z] Äq Ä«Z� ®�y ½�Á �Y{ ÊÀ » Á d^j» Ê´f�^¼Å Ä] ÄmÂe Z]

dve ÄrÅZÌ³ �{ Ê·Â¸� ºÌ�¬e Á |�� �ÅZ¯ Ä] Y� ®�y ½�Á �ÅZ¯ ½YÂe Ê» ,Äq Ä�Ë� µÂ� Z] Äq Ä�Ë� ®�y�Àe �ËY��
{Y{ d^�¿.

Ê¸¯ É�Ì³ ÄnÌf¿:É�Â� Ze Ê¿� Ä¿YÂm Ä¸u�» �{ Ä¿Y{ ÃZÌ� ÃZÌ³ d�Y{ �ZÆ�Y ½YÂe Ê» Ã|»M d�|] lËZf¿ Ä] ÄmÂe Z]12Ê�{
|� |ÅYÂy Á�]Á� Ê¿� Ä¿YÂm �{ �ÌyZe Z] Äq�³Y ,|� |ÅYÂz¿ Ã|ÅZ�» Ê¿� Ä¿YÂm |��{ �{ �ÅZ¯ Á |ËZ¼¿ Ê» ¶¼ve Y� �À¼Ë�.

ZÌ³ |�� ��¿ �YÉZÅ d�¸£ Ze \Ìe�e Ä] Á Ã{Â] �f�Ì] Äq Ä«Z� d»ÁZ¬» �Ì¿ ÉY ÄrÅ8Ze Á12�{ É�Y{ ÊÀ » �ÅZ¯ �À¼Ë� Ê�{
|�Z] Ê» ÊÅZÌ³ ¹Y|¿Y �{ ºÌ�Zfa ÉZÆ¿ÂË �¼ne º�Ì¿Z°» {ÂmÁ �»Y ¾ËY d¸� Á {Y{ |ÅYÂz¿ ½Z�¿ Äq Ä«Z� µÂ� Á ®�y ½�Á.
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Effect of Salinity stress on germination, Seedling growth and Ion relation of Black cumin  
 

Abstract. 
General Responses to salt stress were investigated in Black cumin (Nigella sativa). Seeds were treated 
with aqueous solutions of 0, 4, 8, 12 and 16 dsm-1 NaCl. Variance analysis showed that seed germination, 
Rate of germination, root and shoot length, root and shoot weight, Na+, K+ concentration and Na+/K+ were 
strongly affected with increasing salinity. Increasing salinity was accompanied with significantly 
decreasing in all germination traits except Na+, K+ concentration which was highest in control and lowest 
in 16 dsm-1. Na+ concentration was increasing in root and shoot only until 8 dsm-1. It seems that in 
germination stage, Black cumin can endurance salinity between -8 to 12 dsm-1 salinity, although it was 
experienced delay in germination in this condition and probably this resistance would be due K+ 
accumulation ability of this plant in shoot.   


