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����������l�n�s� t�� t��� Fa�ily� P�ac�a�,� ���fa�ily� Panic�id�a�,� ��p��t�i��� And��p���n�da� ,� T�i���
And��p���n�a�,� ���t�i��� �acc�a� ina� ,�G�n�s � �������� and � �p�ci�s� � �������� �ic�l�� � (L.)�M��nc� .�
Tax�n��ica lly �it �was �fi�st �d�sc�i��d��y�Li nna��s� in�1753��nd���t���na������c�s .�O�i�inally� ���d� lin�at �d�
s�v��al�sp�c i�s ��f����c�s ,�s�����f�w�ic���av� ����n�lat�����v�d�t��t�� �t�i���Av�na�,�w���� �t�����n��ic �na���
��� c�s� n�w� ��l�n�s.� In� 1794,� M��nc�� distin��i s��d� t�� � ��n�s� �������� f���� ��n�s� ���c�s.� It� is�
a���ass�sp�ci�s� c�ltivat�d� f��� its ���ain ,� w�ic�� is� �s�d� f��� f��d� f��� ���ans ,� ani�al� f��d ,� and� �t�an�l�
p��d�cti�n.��������� is� nativ��t��Et�i�pia.���v�nt ��n��f� t��� 25�sp�ci�s� a��� nativ� �t ��A�st �a lia ,�wit��t���
�an����f�s�����xt�ndin��t��Af�ica,�Asia, �M�s�a���i ca ,�and�c��tain�i slands�in�t�� �Indian�and�Pacific �Oc�ans.�
All�t�� �c�ltivat�d�s������� taxa��f� t���w��ld��av�����n� classifi�d�� y�infl ���sc�nc��typ�,���ain �and��l���s�
int�� fi v�� �ac�s�(D���a,�Bic�l�� ,�Ca�dat��,�Kaffi��and�G�in�a)�and� int ����diat�s �inv�lvin��all��f�t���pai�-
wis��c���i nati�ns��f�t����asic ��ac�s.���������is�c�nsid���d�as�an��ft�n�c��ss-p�llinat�d�sp�ci�s,�wit����t -
c��ssin�� �p �t��6� %�d�p�ndin�� �n� t�� ���n�typ� � and� ���win�� c�ndit i�ns.� T�����a ��� f���� �ain� typ�s��f�
s������� viz.,�G�ain�s ������,�F��a���s������,��w��t �s�������and� Bi ��ass�s������.�F��it �is�a� ca�y�psis�
(��ain)�pa�tially �c�v���d��y��l���s,����nd �and��l�ntly�p�int�d�c�nsists��f�����y�;��nd�sp����and�s��d�c�at�
c�nsis ts�� f� p��ica �p�and� t�sta.� C�l��ptil�s�and����ts ��������f����t���� ���inatin��s��ds.�����������ain�is�
�s�d�f������an�f��d�and�as �f��d�f���ani�als;�t���plant�st���and�f�lia�� �a����s�d�f���� ���n�c��p,��ay,�sila��,�
and�past���.�In�s���� a��as�t��� st��� is� �s�d�as���ildin�� �at��ial ,�and�pl ant����ains� (aft��� t�����ad� is�
�a�v�st�d)��ay��� ��s�d�f��� f��l.��It �is �a�C4�plant�wit���i�����p��t�synt��tic�� ffici�ncy�and ��i���� � a�i�tic�
st��ss�t�l��anc� � adapt�d �t� � a��an�� ��f��nvi��n��nts�a���nd�t ���w��ld .�Its�s�all���n�����ak�s�s�������an�
att�activ����d�l� f���st�dyin� � t��� f�ncti�nal���n��ics � �f� C4���ass�s.� D�����t�t�l��anc�� �ak�s� s�������
�sp�cially�i �p��tant�in �d�y����i�ns�s�c��as�n��t��ast �Af� ica�(its�c�nt�� ��f�div��sity),�India,�and�t���s��t���n�
plains� �f�t� ��Unit�d � �tat�s.�G�n�tic �va�iati�n � f��� �ic��n�t�i �nt�c�nc�nt�ati�n� and� its � a�ility� t� � a�s���,�
t�ansl�cat�,�and�acc���lat� ��i���� ��ic��n�t�i�nts�in ���a in ��ak�s�it�an�i�p��tant���d�l� f���� i�f��tificati�n�
��s�a�c�.�Its��i�� �l�v�l��f�in����din� ��ak�s �it �an �att�activ� �ass�ciati�n���n�ti cs�syst��.���������is��n��� f�t���
c��ap�st�s���c�s� �f��n���y�and��ic��n�t�i�nts, �and �a�vast��aj�� ity��f�t���p�p�lati�n� in�s��-�a�a�an�Af� ica�
and�India �d�p�nd ��n �it �f�� �t��i��di�ta�y ��n���y �and ��ic��n�t�i�nt���q�i����nt.���������p��vid�s����� �t�an�
50�%��f� t�� �di�ta�y��ic��n�t�i�nts ,�pa�tic�l a�ly�F� �and �Zn,�t��t���l�w-inc��������p,�pa�t ic�la�ly� in� ���al�
India�w�������t��p�ysica l�and��c�n��ic�acc�ss�t� �n�t�i�nt -�ic��f��ds�is�li�it�d.�T��s,�s�������is�a ��niq���
c��p�wit� ���ltipl���s�s�as�f��d ,�f��d,�f�dd��,�f��l,�and�fi���.�T���c��p�i�p��v���nt���t��ds�d�p�nd��n�t���
p�llinati�n�c�nt��l ���c�anis�s �and�c�ltiva� ��pti�ns. �As ���nti�n�d��a�li��,�s�������is �a�����d��-f�i�ndly�
c��p.�On� �can���pl�y �t�������din�� ��t��ds �t�at� can�����s�d�t�� i�p��v����t� �s� lf-�and�c��ss -p�llinat�d�
c��ps�wit� ��as��in �s������.�T�is� is� t�����as�n �w�y� �n��can�find�s������� p��� �lin��va� i�ti�s,��y��ids,�and�
p�p�lati�ns �as �c�ltiva� ��pti�ns �in �diff���nt �pa�ts ��f�t�� �w��ld.�N�a�ly �all���ain� s�������is��a�v�st�d�as�a�
standin��c��p�wit��a �c���in�.�C���inin��ti���will�d�p�nd��n�t���fa ll�w�at��� �and�t���availa�ilit y��f���ain�
d�yin�� faciliti�s.� ����������ain� can�� ��t���s��d� f�����f�t�����ad�w��n�t���s��d���ist��� �is �20 -25�p ��c�nt.�
T���s� �d�is ��ysi�l��ically��at��� �at��v�n��i�������ist����l�v�ls.� T���� �ain�s�������c��p�can�����a�v�st�d�
f��� �i��-��ist� ��� ��ain� sila�� .�W��n� f�d� t�� liv�st�ck,� its� di��s ti�ility� wi ll���� inc��as�d� �y���indin�����
��llin� .�Hi��� ��ist��� � ��a in� s������� can���� c���in�d� and ��nsi l�d�w��n� t��� ��a in� is� a���t� 25-30%�
��ist��� .�In� t��� �a �ly� sta��s� �f�plant����wt�,� s���� s������� sp�ci�s� �ay� c�nt ain �l�v�ls ��f ��yd����n�
cyanid�,����d�nin�,�and �nit�at�s �l�t�al�t����azin��ani�als. �Plants �st��ss�d��y�d�����t������at�can�als��c�ntain�
t�xic�l�v� ls ��f�cyanid��and�nit�at�s�at�lat���sta��s�in����wt�.�In�t�i s���vi �w�a�ticl���n �O�i�in,�D���sticati�n,�
Tax�n��y,� B�tanical� D�sc�ipti�n ,� G�n�tics� and� Cyt���n�tics,� G�n�tic� Div��sity,� B���din�,� Us�s,�
N�t �iti�nal�Val���and�H�alt��B�n�fits��f���������a���disc�ss�d.�
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�N��ODU���ON�
�
�������� ��l�n�s� t��t��� Fa�ily�P�ac�a�, � ���fa�ily�Panic�id�a� ,���p��t�i��� And��p���n�da� ,� T�i� �� And��p���n�a� ,� ���t�i��� �acc�a�ina� ,�
G�n�s� �������� and � �p�ci�s� � ��������bi c���� � (L.)�M��nc� � (Insp�cti�n,� 2021;� Wikip �dia,�2023).� Tax�n��ically �it �was � fi�st �d�sc�i��d��y�
Li nna��s �in�1753��nd���t���na������ c�s. �O�i�inally ����d�lin�at�d�s�v��al�sp�ci �s ��f����c�s ,�s�����f�w� ic�� �av��� ��n�l at� ����v�d�t� �t�� �t�i���
Av�na� ,�w� ��� �t�� ���n��ic �na������c�s�n�w�� �l�n�s.�In�1794 ,�M��nc��dis tin��is� �d�t�����n�s ���������f������n �s ���� c�s�(K��a�,�2016).�T���
w��d�“ s������”�typically�� �f� �s�t� �c�ltiva t�d�s�������(�������� bic���� �[L.]�M��n c��s��sp.��ic�l��),�a�������� �f� t�����a ss� fa�ily� P�ac�a� ,�
t�i ���And��p���n�a�, �and�s��t�i��� �����in a� �t� at �is����wn� f���i ts�� �ain� (� �ain�s������),�its�s��a�y�sap�(sw��t�s������)���� as� a�f��a���(f��a���
s������)�(OE CD,� 2017).�It� is �a���ass�sp�ci�s�c �ltivat�d� f���i ts���ain ,�w�ic��is��s�d� f���f��d�f��� ���ans ,�ani�al� f��d ,�and�� t�an�l�p��d�cti �n�
(Wikip�dia,� 2023).� ��v�nt��n ��f�t��� 25 �sp�c i�s�a ���nativ�� t� �A�st �alia ,�wit�� t����an����f�s�����xt�n din�� t��Af�ica,�A sia ,�M�s�a���ica,�and�
c� �tain� is lands � in� t�� �Indian�and �Pac ific�Oc�ans� (Wikip�dia,� 2023) .� All� t��� c�ltiv at�d� s������� taxa� � f� t�� �w� �ld� �av�� ���n� classifi�d� �y�
in fl���sc�nc��typ�,���a in�and��l���s�i nt��fiv� ��ac�s�(d���a ,��ic�l��,�ca�dat��,�kaf fi��and���in�a) �an d�int ����diat�s �inv�lvin� �all��f�t� ��pai �-wis��
c���inati�ns��f� t� �� �asic� �ac�s�(d�� W�t,�1978;�Ha�lan� and�d�� W�t,� 1972). � �������� bic���� � is� c����nly� kn�wn� in�En�lis�� as� �����c��n,�
c�ick�n -c��n,�c����n�wil d�s������,�d ���a ,�f� t��ita,�i�p���,�j�wa�,� f��a���s������,�� �ain�s������,�sw�� t�s������,��� �a t��il l�t, ��il�,�G�i n�a�
c��n,�Indian��ill�t,� c� �la�,�j�nna,� kafi��c��n,�ka�lian�,��ta�a,�sw��t� s� �����,�R� �d�sian���dan���ass,�s�all�,�s�att� �can�,�s��dan,� s������,�
s������-��dan�� �ass ,�and���dan�� �ass.�F��nc� �c����n�na��s�incl�d�����s��il ,�s������d�����dan ,�s��������n� ,�and�s������(Insp�cti�n,�2021;�
Wikip�dia,� 2023;�B�it annica,� 2023).� L�cal� na��s� in� di ff���n t� lan��a��s� a��� as� f�ll�ws:� �wa�i li: � �ta�a;� �pani s�: �s����; �F��nc�:� s�����;�
G���an:� s������;� Italian: �s����;�P��t����s�:�s����; �C�in�s �� (Manda�in ):��ā��li án�;� Japan�s�: �����k�s�i ;�Hindi:� jwa�); �A�a�ic:�al-d��� �a��a l-
sawda� (Plantvilla��,�2023 ).���������is �c�nsid ���d�as �an ��ft�n �c��ss-p�llinat�d �sp �ci�s ,�wit�� ��t c��ssin���p�t��6 �%�d�p �ndin�� �n�t�� ���n�typ��
and����win� �c�nditi�ns�(Ha�ip� asanna� and�Patil, �2015 ). �T�����a���f��� ��ain �typ�s��f�s�������viz .,�G�ain�s������,�F��a���s� �����,��w��t�s �������
and�Bi��ass �s�������(V�nkat�swa�an�et�a �. ,�2019).�T�� �f��� ��aj� ��typ�s ��f�s� ������a�� �as�f�ll�ws:�
�
Gr����S�rghum:�G�ain�s�������can�tak���any �s�ap�s�and�siz�s�f����a�ti��t -��ad�d,����nd�panicl��t��an��p�n,�d���py�p ani cl��t �at�can����s���t�
���ta ll.�G�ain�s �������c���s�i n���d ,���an� �,����nz�,�tan ,�w�it�,�and��lack �va�i�ti�s.�R�d,���an���������n z��s�������a���v��y�v��satil��an d�can����
�s�d�in�all�s����nts��f�t� ��s�������in d�st�y.�Tan,�c��a��and �w�it��c�l���d�s� ������va� i�ti�s�a���typically��ad��int� �fl����f���t���f��d�ind�st �y.�
Black�and������ndy�va�i�ti�s�c�ntain���n�ficial�anti�xid ant�p��p��ti�s�and�a����s�d�i n��t����f��d�applicati�ns.�
�
F�r� ge�S�rghum :�D�p�ndin� ��n�w�i c��sp�ci�s �and� va�i� ty�is� s�l�ct�d ,�s�������can���� �s�d� f�����azin��past���,��ay� p��d� cti�n ,�sila���and�
����n-c��p.�F��a���s�������typically�� ��ws �8-15�f��t�ta ll�and�is���s t�p�p�la��f����s��as�sila���f���f��din��liv�st�ck .�
�
B ��m�ss� S�rghum :�Did� y���kn�w�s������� can �����s�d� t�� �ak���t�an�l?� Bi��ass �s��������as�t���la���st�s tat�����f�all�t���s�������va� i�ti�s,�
��ac�in��a���i��t��f�20 �f��t�in�a�n���al�� ��win� �s�as �n.�Bi��ass �s��������as ����n�� ��d�t��p ��d�c��a�la �� ��a���nt�� f�n�n -��ain��i��ass.�T��s ��
�y��ids �a����s�d�p�i�a�ily�f���t���p��d�cti�n��f��i��n���y .�
�
Swee�� S�rg hum:��w��t�s�������i s�p��d��inantly����wn�f��� s� ������sy��p .�Unlik����ain�s ������,�sw��t� s�������is��a� v�st�d� f���t���s talks�
�a t����t�an�t�����ain�and�is�c��s��d�lik�� s��a�can���� ����ts�t ��p��d�c�� a�sy��p.��w��t�s�������was ��nc��t���p��d��ina t�� ta�l�� sw�� t�n�� �in�t���
U.�.�T�d ay,�sw��t� s�������is��s�d �as�a ���alt�y�alt� �n ativ�� sw�� t�n�� �t� �p��d�c��w�isk�y�and� ����typ��p ��d� cts �and� f����i�f��l �and� c���ica l�
p��d�cti�n.�
�
In�Indi a,�t����ainy -s�as�n�s���������ain�i s��s�d��ainly�a s� ani�al/p��lt �y�f��d,�w�il��t���p�st -�ainy-s�as�n�s ���������ain�is�� s�d�p �i�a� ily�f���
���an� c�ns ��pt i�n �(R�ddy ,�2017).� ��������is �a�t��pi cal�� �ass�t�at�is����wn�p�i�a� ily�f���its�� �ain,�al t������sw��t�s�������(s����)�is����wn�
f���t���s��a�-�ic��j�i c��in�i ts�st��,�and���� ��c��n �is��� �wn �f���its���anc� �s.���������p��d�c�s�s�all,����nd���ains�t�at�a����ft�n �w�it������ �d�in�
c�l�� .�T�� �s ci�ntific�na�in���f�wild�and�d���st icat�d�s�������sp�c i�s�is�c��pl icat�d ,�alt����� �t���d���s ticat�d� f���s�a ��� n�w� �s�ally�plac�d�
in ���������bic���� �s��sp�c i�s�bic����� �(Ev�l�ti�n,�2023 ). ��������,�a� C4���ass�t�at�div ����d �f�����aiz�� a���nd�15��il li�n�y�a�s� a��,� is� t���
fift����st�i�p��tant �c���al����wn�w��ldwid�.���������is �w�ll�adapt�d�t ��t ��pica l�and�s ��t ��pical �cli�at�s,���t �t���� ��at���pa�t�� f�t� ��a��a��f�t���
c��p�fa lls�in�d�����t-p��n�,�s��i-a�id�t� �pical���� i�ns�� f�t ���w��ld.�In�t� �s��� a�s���nvi��n��ntal�c�nditi�ns�s �������is �p��d��in antly��� �wn�f���
���an�c�ns��pt i�n�f�ll�w�d ��y�ani�al�f��d �and �f�dd��.����� ����c��ld�als��p lay�an�i�p��tant���l��in�its �alt��nat���s�s�in����win��ind�st �y�f�� �
t���p��d�cti�n��f��t�an�l ,�sta�c��and�sy��p�(Balak�is�na�and�B�at,� 2016).� �C�lti vat�d�s��������an ks �fi ft� �in� w�� ldwid�� c���a l�c��p�p��d�cti�n�
���ind��aiz�,��ic� ,�w� �at �an d��a�l�y.�It�is�a�wid�ly�adapt�d�sp�ci�s�capa�l���f����win��in�s��ia�id,�s� �t ��pical,�t��pical�and�t��p��at��cli�at�s.�
An��xt�nsiv�����t�syst ���and�t���a�ility� t��� �c���� d���ant �d��in� �wat���st��ss� �ak��c�ltiva t�d�s �������d�����t-��si stant, � typically� ��q�i�in��
�nly��n�-�alf�t��tw� -t�i �ds �t���a��� nt��f��ainfa ll�as��aiz��(OECD,�2017 ).��������,�a�c�ltivat�d�dipl�id�(2n �=�20)�t��pi cal�c���al �C4���ass�plant ,�
is �t���fift� ���st �i�p��tant �c���al �c��p����wn�in �t�� �w��ld.�It�is �a���n�c�tyl�d�n �plant ��f�t��pical ���i�in �(Na�a�a,�2017).���������is �call �d�as�ca��l�
�f�c��ps�d���t��t� ���i�� �t�l��anc���f�wat�� �and �t��p��at��� �st��ss�and�als� ��i�� �p��t�synt��sis ��ffici�ncy;�it�is�c�nsid ���d�as�an �i�p��tant �plant �in�
a� id�and�s��i -a�id� ���i�ns �(Ana���li �et�a�. ,�2000).��
�
Ad�as�and� T�sfay��(2018)�d�sc�i��d�t�at� s�������is�nativ��t��E t�i�pia� and �it �� as� ���a�ka�l����n�tic�div��sity�as��vid �nc�d�� y� �any �land�ac��
c�ll�cti�ns� �ad��in�t��� c��nt �y.� It� is� w�ll� adapt�d�t�� a�wid���an����f� �nvi��n��ntal� c�nditi �ns�in�s��i-a�id�Af�ica .�T��� la���st�div�� sity� �f� t���
c��p�����plas�� p��vid�s ����a t����pp��t �niti �s� f��� i�p��v���nt� ���a�din� �its��nvi��n��ntal�adapta�ili ty� and� acq�i �in�� ��tt �� �a���n��ic� t�a its�
f���� t��� c��p�sp�ci�s .�Id�nti fyin� � and� s�l�ctin�� t��� ��st �va� i�ti �s� ��� tin�� sp�cific� l�cal� f��d� and �i nd�st �ial � ��q�i����nts� f����t� is� ���a t�
�i�div��sity �is ��f��i�� �i�p� �tanc� �f���t���f��d �s�c��i ty�ass� �anc� ��f�any ��iv�n �c��nt �y �(Da�l���� �et �a�. ,�2002).��������s�a �� ��f�t�� pica l���i�in,���t�
�av�� sp��ad� all ��v ���t���w��ld ,�wit��c����nt �p��d�cti�n �in ��any �c��nt �i�s �incl�din��Af�ica ,�C�ina,�C�nt�a l�and ����t��A���ica,�India,�and�t� ��
Unit�d��t at�s �(U�DA,�2023).�
�
G�n�ti c�va�i a�ility�is�p�� ��q�isit��in�t����xistin��p �p�lati�n� f���va�i�tal�i�p��v���nt .�L�ss��f� ��n�tic�va� ia�ility �l�adin��t� ���n �tic����si�n��as�
l�d � t� � ���at�� � ��p�asi s ��n�����pl as�� c�ll �c ti�n� and� c�a�act��i zati�n� f��� p��s�nt� and� f�t��� �plant�����di n�� p����a���s� (P�asanna,�2010).�
Kn�wl�d����f���n�tic�div��sit y��f�a�c��p�� s�ally���l ps�t���� ���d���i n�c���sin��d �si�a�l��pa��nts�f���t�������din��p����a��and���n ��int �����ssi �n�
f����distant ly���lat�d�����pl as�.�T��������div��s��� �n�typ�s��� �acc�ssi�ns�can��� �c��ss�d �t��p��d� c��s�p�� i�� ��y��ids�wit����sistanc��t��a�i�tic�
and��i�tic�st��ss�s.�Und��s tandin��t���w �a lt� ��f���n �ti c�div��sity �in�s������� wi ll� facilitat� �t�� �f��t����i �p��v���nt ��f�t�is �c��p�f�� �its���n�tic�
a�c� it�c t���� (Elan��van�and�Ba��,�2015).�It �is �a�C4�plant�wit� ��i�����p��t�synt�� tic �� ffic i�n cy�and ��i����� a�i�tic�st��ss �t�l��an c� � adapt�d �t� � a�
�an�� ��f��nvi��n��nts�a���nd�t���w��ld.�Its�s�all ���n�����ak�s�s�������an�att �activ����d�l�f���s t�dyin� �t���f�ncti�nal���n��ics ��f�C4���ass�s.��
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D�����t �t�l��anc���ak�s� s��������sp�cially �i�p��tant�in�d�y ����i�ns �s�c� �as �n��t��ast �Af�ica �(its �c�nt�� ��f�div��sity ),�In dia,�and �t� �� s��t���n�
plains� �f� t�� � Unit�d � �tat�s.� G�n�t ic�va� iati�n� f��� �ic��n�t�i�nt� c�nc�nt�ati�n� and� its � a�ility � t� � a�s��� ,� t�ansl�cat� ,� and� acc���la t�� �i�����
�ic�� n�t� i�nts �in ���a in ��ak�s�it�an�i�p�� tant� ��d� l�f��� �i�f��ti ficati�n���s�a�c�.�Its��i�� �l�v�l��f�in����din� ��ak�s �it �an�att�activ��ass�ciati�n�
��n�tics �syst��� (K��a�,�2016).��������� is� a�stapl��f��d�c��p�f����il li�ns��f �p����p��pl��in�t���s��ia�id�t��pics��f� Af�ica �and� Asia .�It�is� �n�� �f�
t���i�p��tant�d�yland �c��ps����wn� in� �a��inal� s�ils� and�a �s���c� ��f�f��d,�f�dd�� �and��i�f��l �apa� t�f����f��d.� It�is �a�s���t-day �C4�plant,�and�its�
�asy�adapta�ility �t� ���t�and �d�y�a����c�l��i �s��ak�s�it �a� cli �at�� c�an��-c��pliant �c��p�(Ha�ip�as ann a�and�Patil,� 2015 ).���������is �t� ��fift� ���s t�
i�p��tant �c���al� c��p�aft��� w��a t,� �ic�,� �aiz�,�and�� a�l�y�ac ��ss� t���w��ld.�It�is� ��stly�c�ltivat�d�in�t���a�id�and�s��i -a�id �t��pics�f���its���tt� ��
adaptat i�n� t�� d�����t ,� ��a t,� salinity, � and� fl��din�.� It � is �t� �� �ain �stapl�� f��d� f��� t��� p�� ��st�and� ��st� f��d-ins�c���� p��pl�� �f�t��� w��ld�
(P�a�� aka�� et�a� .,�2022).�F��it� is� a�ca �y�psis� (��ain)�p a� tially �c�v ���d��y��l���s,� ���nd�and��l�ntly�p�int�d�c�nsi sts ��f�����y�;� �nd�sp����and�
s��d�c�at�c�nsists ��f�p��i ca�p�and�t�sta.�C�l��ptil�s �and����ts��������f����t�������inatin��s��ds �(Balak�is�na�and�B� at,�2016).���
�
����������ain�is�� s�d� f������an�f��d�and� as� f��d� f���a ni�als;� t���p lant�st��� and�f�lia���a��� �s�d� f��� ����n� c��p ,��ay ,�sila��,�and�past� ��.�In�
s����a��as�t���st���is��s �d�as ���il din���at��ial ,�and�plant����ain s�(aft���t�����a d�is��a�v�st�d )��ay�� ���s�d�f���f��l �(H��s� ,�1985).���������is�
�n���f� t���c��ap�st� s���c�s��f��n���y�and ��ic��n�t �i�nts ,�and�a�vast ��aj��ity��f�t���p�p�lati�n�in� s��-�a�a�an� Af�ica� and �India �d�p �nd ��n�it�f�� �
t��i� �di�ta�y ��n���y�and ��ic�� n�t�i�nt ���q�i����nt.���������p��vid�s ����� �t�an �50�%��f� t���di �ta�y��ic��n�t�i�nt s,�pa�tic�la� ly �F��and�Zn,�t��
t���l�w-inc��������p,�pa�tic�la�ly�i n� ���al� India �w�������t��p�ysi cal�and��c�n��ic �acc�ss �t� �n�t�i�nt -�ic��f�� ds�is �li�it�d.� T��s,�s������� is�a�
�niq���c��p�wi t����ltipl�� �s�s�as�f�� d,� f��d,�f�dd�� ,�f��l ,�and� fi��� �(K��a�,�2016).�T����aj������anis ati�ns/c��nt �i�s�w�ic���aintain�s �������
��n�tic���s���c�s�a ���t���Int ��nati�nal �C��ps �R�s�a�c��Instit�t�� f���t��� ���i -A� id�T��p ics�(ICRI�AT) ,�India,�t��� Nati�nal�P lant� G���plas��
�yst���(NP G�)�i n�Unit�d��tat�s,�Et�i �pia,���dan,����t��Af�ica,�India�and�C�ina,�p�i �a�ily���ca�s���f�t�� �la �� ��c��p�i �p�� v���nt �p����a���s�
(R�ddy ,�2017).� T�� � c��p �i�p�� v���nt� ��t��ds� d�p�nd ��n �t� �� p�lli na ti�n� c�nt��l � ��c�ani s�s �and� c�ltiva���pti�ns.� As� ��nti�n�d� �a�li ��,�
s�������is �a�����d�� -f�i�ndly�c��p.�On� �can���pl�y �t�� �����din����t��ds�t �at�can�����s�d�t��i�p��v����t��s�lf-�and �c��ss-p�ll inat�d �c��ps�wit��
�as��in�s������.�T�is�is�t�� ���as�n �w�y ��n��can �find �s�������p����lin��va�i�ti�s,��y��ids,�and�p �p�lati�ns�as�c�lt iva� ��pti�ns�in �diff� ��nt �pa�ts ��f�
t���w��ld.�H�w�v��, �s��������y��ids�a���s�p��i���t��p��� �lin�s�and�p�p�lati�ns� f���yi�l d�and��t��� �i�p��tant�a���n��ic�t�aits.�T�� �disc�v ��y ��f�
cyt�plas�ic-n�cl�a� � �al� � st��ility� in� s���������lp�d�t��p��d�c�� �y��id� s��ds��n� a� �ass �scal� ��sin�� a�t����-lin� � syst��� (A,� B,� and� R)� f�� �
c�����ci al� c�ltivati�n��f��y��ids� (K��a� ,�2016) .�T�ait -�as�d� app��ac�� f��� t��� ��n �tic�i�p��v���nt��f�s��������as� ���n� ad�pt�d��y��s� �� f�
c�ttin�-�d�� �t�c�n�l��i�s ��f�plant��i�t�c�n�l��y�and ���l �c�la ���i�l��y� t�� d�v�l�p ���n�typ�s�wit�� i�p��v�d�p�� f���anc�� �nd�� �st��ss�d��in��
c��p����wt��and��n�an c�d�q�alit y��f�t���p��d�c��wit� ��xt�nd�d �s��lf�li f���f� s��d,���ain ,�and�n�v �l�s �������p��d�c ts�(P�a��aka��et�a� .,�2022).�
�
N�a�ly� all ���ain�s�������is��a�v�st �d�as�a�standin��c ��p�wit��a�c���in�.�C���inin��ti���will�d�p�nd��n�t ���fall �w�at��� �and� t���availa�ility��f�
��ain�d�yin��facil iti �s.�����������ain �can����t��� s��d �f���� �f� t�����ad�w� �n�t��� s��d���ist���� is�20-25� p��c�nt .�T��� s��d�is �p�ysi�l��ically�
�at��� �at� �v�n��i����� ��ist����l �v�ls.�F��st�will�� �n��ally�k ill� t���t�p� �f�t���plant� and���lp�t��l �w�� �t�� ���ist��� �c�nt�nt. ������ �y��ids��av�� a�
l��s�,��p�n�typ����ad�w�ic���ast�ns�fi �l d�d�yin�.�T���� �ai n�s��� ����c��p �can�����a�v�st�d�f����i�� -��ist��� ���ain�sila��.�W��n�f�d�t��liv�s t�ck ,�
it s�di��sti�ility�will ��� �in c��as�d��y� ��indin�� �����lli n�.�Hi�����i st� �����ain�s�������can���� c���in�d�and� �nsil�d�w��n�t�����ain�is�a���t� 25-
30%���i st����(Ca�t��� et�a�., �2023).�Ha�v�st�is �d�n� ���stly�� y�� and�i n�d�v�l �pin� �c��nt�i�s .�T�� �panicl��c�ntai nin��t���� �ains �a���c�t� f����t���
stalk�w��n� app��p�iat ����ist���� c�nt�nt� �f� 16-20�%�is � ��ac��d.����d� �at��ity� can� ��� ��c��niz�d��y� t��� app�a�an c�� �f�a ��lack� sp�t� at� t���
c�nn�cti�n� ��tw��n�s��d�and�plant .� �T���s�in�� can�t��n�� ��d�n�� �it�����an�ally��� ���c�anically.�B�f����st��in��t���s��ds,�t��y� n��d�t����ac��a�
��ist���� c�nt�nt ��f� �nly� 10%,� as� �i�� �� � ��ist���� c�nt�nt �c�nt�i��t�s �t �� t������wt �� �f� ���ld� as� w�ll � as � t�� t��� ����inati�n� �f�t�� �s��d s�
(Wikip�dia,� 2023).���������is��a�k� t�d�acc��din��t��U����ain�standa�ds�in�f��� �class�s:�s������,�w�it ��s������,�tannin �s������,�and� �ix�d�
s������.�T���s �������clas s�cann�t�c�ntain������t �an�3%�s�������wi t��a�pi���nt�d �t�sta �(�nd��c�at ).�Tannin�s������s�� av��a�pi���nt�d�t�st a�
��n�at� �t� � �p��ica�p .�T���pi���nt�d�t �st a�i s�s ��n�as�a�da�k�lay�����tw��n� t���l i��t ��nd�sp����and �t�� �p��ica�p�w��n� t�� �ca�y�psis �is�sc�ap�d�t��
����v��t��� p�� ica�p.�Bl�ac�in��� sin��t���c�l� ��x� �l�ac��t �st�ca�s�s�t���c�nstit��nts�in�t ���p��ica�p�and�t�st a�t���xidiz��a nd��iv�s�a �p��n��nc�d�
�lack�c�l� �� t��t ����l�ac��d�k��n�ls� w�il��n �ntannin�s������s��av��a�w�it�� app�a�anc�.�T���w�it�� class�c�ntains�s�������wit��a�w�it��p�� ica �p�
wit���t�a�pi ���nt�d�t �sta�and�cann�t �c�ntain ������ t�an� 2%��f�s�������wit��pi���nt�d� t�sta ���� c�l� ��d�p��ica�p.�Mix�d�s������� c�n tains �a�
�l�nd ��f�k��n�ls� wit�� and�wit���t�pi���nt�d� t�sta .�T�� �U��a ls���a�k�ts�“F��d -G�ad�” �w�it��s������,�a�w�it ��k��n�l �wit��tan�p lant� and��l����
c�a�act��isti cs.�T���a���nts�� f�ant��cy anin�pi���nts �t�at�da �k �n�t��s� ���ains �a���l�ss�t� an�t��s� �f������ai n�w it ��p��pl ��� ����d��l���s�(Wanis ka�
et�a�.,�2004). �
�
��������is�class ifi�d�in�N��t��A���i ca�acc��din��t��it s��s�� as� a���ain�s� �����,�sw��t�s������,���ass�s������,�� ����c��n,����sp�cial�p ��p�s�.�
T��� statistics�p��s�nt�d�i n�t �is �a�ticl��f���s��������� f�� ��nly�t��t��� ��ain�s������s.��������� is��s�d�in� N��t��A���ica �p� i�a�ily� as�an�ani�al�
f��d.�� �all�q�antiti �s�a�� �als���s�d �f���f�� d��an�fact����(fl���) �and�still�s�all ���q�antiti�s��f�s�������a����s�d�f��� f��d�(� ��ads,���its, ����akfast�
c� ��als),� �t���� �s�s � (sta�c�),� and�plantin�� s ��d�(L�k�w�and� McV�tty,�2004).� T��� p�ll�n ���a ins � ����inat �� i���diat�ly� aft��� c�n tact�wit��
��c�ptiv � �st i��a.�It� is� ��p��t�d� t�at� s�������p�ll �n� ��q�i��s� li��t �and� ����inat�s� �nly� aft�� �day���ak .�T��� p�ll�n� t�� �s� ���w� t�������t���
st i��atic �papi�a� �d�wn� t�� ��va�y,� t�������s tyl �.�F��ti lizati�n���tw ��n���� -c� ll�and�sp���� tak�s �plac��wit�i n�tw������s� and�d�v �l�ps �i nt��an�
����y��(2n).���c�nd�f��t ili zat i�n��cc��s� ��tw��n�p�la�� n�cl �i� and�sp����and �d�v�l�ps�int��an� �nd�sp����(3n ).�T���s ��d�d�v�l�p��nt� ��ac��s�
p�ysi�l��ical��at��ity�wit��30�t��4 0�days�aft��� f�� tiliza ti�n.� T��� �ip��s��d�(��a in) �� f�s�������is ��s�al ly�pa�tially��ncl�s�d ��y��l���s,�w�ic��a ���
����v�d� d��in��t���s�in�� and/����a�v �stin�.� T��� s�ap��� f�t�� �s��d �is ��val�t�����nd� and �t� � �c�l�� ��ay���� ��d,�w�it�,� y�ll�w,����wn,�� ��s�ad�s�
t�����f.�I f��n ly �t���p��ica �p�is�c�l���d ,�t���s��d�is��s� al ly�y�ll�w������d.�Pi���nt �in���t��t���p��ica �p�and�t�sta�a�� �in �a�da�k -���wn ������d-���wn�
c�l�� .�T���s ����� ����a in�c�nsists ��f�t� ��t�sta,�����y�,�and ��nd�sp���.�T���s�� d�c�at�c�nsists ��f�t�� �p��ica�p�and�t�sta.�P ��ica�p�is �t�����t ����st�
lay� ���f�t���s��d�and �c�nsists��f�t�� ��pica�p,��yp�d���i s,���s�ca�p,�and��nd�ca�p.�T���t�st a�is �sit�at�d�d i��ctly���l�w �t� ���nd�ca�p�and��ncl�s�s�
t����nd�sp���.�T���s��ds ��f�s�������sp �ci�s�can����sp��ad�via�wind,�wat�� ,�ani�als,�������ans �(cl�t�in� ,��a�v�st��ac�in ��y,�v��icl�s)�and�can�
t�av�l�t ��l�n��distan c��w��n�ca�� i�d��y ��i�ds�� ��liv �st�ck�(Balak�is�na�and�B�at,�2016).���
�
T��� s�������c��p�s���ld�����a�v�st �d�i ���dia t�ly� aft ��� ��ain��at� �ity.� T����i��t� ti���f��� �a�v�st�is�w��n�� �ains���c�����a�d�and� c�ntain�l�ss�
t�an� 25%���ist� �� .�G�n��a lly� 2���t��ds� �f� �a�v�stin�� i.e.,� stalk�c�t� and� c�ttin���f� �a���ads��y� sickl�s� a�� �ad�pt�d.�H�w�v�� ,�in� advanc�d�
c��nt�i�s ,�s� �������a�v�st� �s �a����s�d.�In�cas ���f�s talk�c� t���t��d,�t�� �plants�a�� �c�t�f����n�a��t�������nd�l�v�l.�T���stalks�a���ti�d �int����ndl�s�
�f�c�nv�ni�nt�s iz�s�and�s tack�d�� n�t�� �t� ��s�in��fl ���.�Aft���2-3�days,�t����a���ads�a�������v�d�f����t���pl ants.�In�� t������t��d ,��a �� �ads��n ly�
a�������v�d�f����t���standin��c��p�and�c�ll�ct�d�at�t���t���s �in��fl����f���t ���s�in��aft���3 -4�days��f�s�n-d�yin� .�T���s�in���f��a���ad s�i s�d�n��
�it�����y ���atin��t����wit� �sti cks ��� ��y�t �a�plin���nd�� ���ll�ck �f��t.�T���s�in�� is� als�� d�n� �wit�� t��� ��lp��f�� t� ��s���s.�T�� �t���s��d���a in�
s���ld����c l�an�d�and�d�i�d�in� s�n�f���6 -7�days �t����d�c��t��� ��ist����c�nt�nt�d�wn�t�� 13-15%�f���saf�� st��a���(Bal ak �is�n a�and� B�at,�2016) .��
��������s��d�is��asily�da�a��d�in�t���t���s�in���p��a ti�n,��sp�cially �w��n �t�� ���ain �is �d�y.�T���c���in��platf����s���l d����� p��at�d �as�� i���as�
p�ssi�l ��t���ini�iz��t��� �ass ��f�st��s� �nt�� in��t��� c���in�.� If�n�c�ssa�y,� t���cylind��� sp��d�can������d�c�d�t ���n�-�alf�t� at� �s�d� f���w��at� t��
p��v�nt �c �ackin��t�� �s��d.�H�w�v��,���a in���is t���� wi ll�n ���ally�� ���i���� �and�fast� ��cylind���sp��ds� can�����s�d.�T�����c����nd �d� cylind���
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sp��d�is� 750 -1300�R.P.M.���t� l�ss�d�t���i nati�ns� s���ld� ����ad��t�� ��fin��t�� �c���in�� adj�st��nts.� An �av��a��� l�ss� �f� 19-22�k��n�ls�p�� �
sq�a���f�� t�i s��q�al�t���n����s��l�p���ac ���l�ss�(Ca�t���et�a� .,�2023).�
�
G�ain�s�������can ����d� i�d�wit� �c��n�d�yin� ��q�ip��nt.�H�w�v��,� ��ca�s ��t��� ��a in�is�s�all� ��in�siz� ,�fans ��ay�n��d �t��� ���p��at�d�at��i�����
stati c�p��s s��� �t�an� �s�d �f��� c��n.�Als�,���ain�s �������n��ds�t�����s���w�at�d�i��� t�an�c��n�f���saf�� st� �a���si nc��t�����i s�l �ss�a i�� ��v���nt �
t� ����� �t�����ain.�G�a in�s ���ld����st���d �at�13%���ist��� �and�in�cl�an ��ins .�T�����ain�s���ld�n�t����� �at�d��v���200°�F�sinc��f��d in��v al��s�a���
��d�c�d��y��i���t��p��at� ���(Ca�t ��� et�a�. ,�2023).�In�t��� �a �ly�sta� �s� �f�pl ant����wt� ,�s����s� ������sp�ci �s��ay� c�ntain� l�v�ls��f��yd����n�
cyanid�,����d �nin� ,�and �nit�at �s�l�t�al�t����azin�� ani�als.�P lants�st��ss�d�� y�d�����t������at�can�als��c�ntain�t�xic�l �v�ls��f� cyanid��and�n it�a t�s �
at�la t�� �st a��s�in�� ��wt��(Wikip�dia ,�2023)�
�
T��� �l�� al� a��a��nd ���s�������c�ltiv ati�n�is� �sti�at �d �at�42.12��il li�n� ��c ta��s,�and�t���p��d� cti�n� �f�s� �������as����n��sti�at�d�t ��� ��at�t���
l�v�l�� f�61 .38��il li�n�t�nn�s.�India�stands�s�c�nd��l��ally �f���t ���a��a��nd�� �s�������c�l tiv ati�n �(6.18��il li�n�� �cta��s )�and�its�p ��d�cti�n�(5.28�
�illi�n�t�nn �s)�(Balak�is�na�and�B�at,�2016).��������� is� a��n��t���t�p�10� c��ps�t�at �f��d �t���w��l d.�It� is�t���d i�t a�y�stapl�� �f� ���� �t� an �500�
�illi�n �p��pl��in ��v�� �30 �c��nt�i �s,�p�i�a� ily � in � t�� � d�v�l�pin�� w��ld.� It � is � ���wn� �n� 40 � �� � a� i n� �� ��� t� an� 90 � c��nt �i�s� in� Af�ic a,� Asia,�
Oc�ania,� and� t��� A���icas.� T��� t�p� 10�s �������p��d�c��s��l��ally �a���t���Unit�d ��tat�s ,�India,�M�xic� ,�Ni���ia,���dan,�Et�i�pia,�A�st�alia ,�
B�az il, �C�ina,�and �B��kina �Fas�.���������acc��nts �f���6 �%��f�t����l��al�c�a�s��c� ��als�p��d�cti�n�in�t ���w��ld�an d�is�pa�tic�la�ly�w �ll�s �it �d�t��
��t� and � d�y�a����c�l��i�s �in�t��� w��ld.� Gl��al� s������� p��d�ctivity�is �l�w� (1.4� t��a−1)�wit� �wid ��va�iati�n�i n� diff���nt�pa�ts� �f� t�� �w� �ld.�
Alt����� �p��d�ctivity �is ��i���in�t�� �A���icas,�C�ina,�and�A�st �alia ,�it �is�l�w�in �India,�Ni ��� ia, � and � ��dan�(K��a�,�2016).� B��adly,�t���w��l d�
s��������c�n��y �c�nsists ��f�tw��d istin ct� p��d�cti�n�syst��s:� a� t�aditi�nal, �s��si st�nc�,�s�all��ld���fa��in��p��d�cti�n�syst���w���� ���st ��f�
t���p��d�cti�n �is �c�ns���d�di��c tly�as �f��d�(�ainly�in�Af� ica �and �Asia)�wit��li �it�d����n���a�k�ta�l� �s��pl�s,�and�a���d��n,���c�aniz�d ,��i��-
inp�t,� la��� -sca l��s�c t���w�������tp�t� is��s�d�la���ly� as� ani�al�f��d �(�ainly�in�t ���d�v�l�p�d�c��nt�i �s�and�in�Latin �A���ica ).�T�� �f�t�����f�t���
s��������c�n��y�is�link�d�wit�� it s�c�nt �i ��ti�n�t �� f��d�s�c��ity�i n�Af� ica ,�inc���� ���wt��and�p�v��ty�all�viati�n�in� Asia ,�and� t���� ffici�nt ��s��
�f�wat�� �in �d�����t -p��n�����i�ns�in���c�� �f�t���d�v�l�p �d�w��ld� (K��a� ,�2016) .���������bic��a��(2n-2x-20)�c���s� fift�� aft�� �w��at,��aiz�,�
�ic�,�and� �a�l�y� in� ��t�� a��a� and� p��d�ct i�n .� It� is� �n���f� t�����s t� i�p� �tant� f��d� c��p�in �t��� s��i� and�t��pics� �f� India,� Af� ica.� A�st�alia,�
A���nt ina,���xic� .�In�India�it� is�c�ltiv at�d��n�la����scal ��in�Ma�a�as�t�a,�G�j�a t,�Ta�il �Nad�,�Ka�n ataka,�Rajast�an �and�M.P.�(A��i in f�,�2016). �
�
��������is �t� ��fift� ���s t�i �p��tant �c���al� c��p�in�t���w��ld�n�xt�t ���aiz� ,��ic�,�w��at,�and��a�l�y�in�t���s� �f���t ��p��d�cti�n�and ��a�v�st�d�
a��a.�It� is �a ��aj���f��d�c ��p�f��������t�an�500 ��illi�n�p��pl��ac��ss�A f�ica, �Asi a,�and�Latin�A���ica ,�pa� tic�la�ly�f���t��s�� in�t��� s��i -a� id�
t��pical����i�ns.�It�is����wn�in�d�����t-p��n��a��as �w�����s�v��al��t��� �c��ps�cann�t���lia�ly ����w.���������c�v���d�a���t�4 0��i lli�n��a��f�land�
and� p��d�c�d���ains��f� ca� 57.9� �ill i�n� ��t�i c�t �ns� (MMT).�T��� Unit �d� � tat�s ,�Ni���ia,� and� Et�i�pia� a�� �t��� l�adi n�� s������-p��d�cin��
c��nt�i�s �in �t���w��ld�wi t��a�t�t al�p��d�ct i�n ��f�8.6 ,�6 .7,�and�5.2�MMT,��� sp�ctiv�ly.�In�Af�ica ,�s�������is �t� ��s�c�nd���st�wid�ly�c�lti va t�d�
c� ��al� c��p,��nly�s��pass�d� �y��aiz�� (Eny �w �et�a �., �2021).��� �������� can���� ���wn�in�l a����pa�ts� �f�t���t ��p��at��z�n����ca�s��it�is� an�ann�al�
c��p�t�at�d��s� n�t���q�i���an� �xt ����ly� l�n�����win� �s�as�n .�T�day,�s�������is �t���w��ld 's�n ������ fiv��cere�l�(��ass���ain)�c��p ,�af t����aiz�,�
w��at,� �ic�,�and��a�l�y.� T��� t�p� p��d�c��s� �f� s� ������ a�� �t��� Unit�d� �tat�s� and� Ni� ��ia,� f�ll�w�d� �y�Et�i�pia,� India,� M�xic�,� and� C�ina�
(Ev�l�ti�n,�2023 ). �In�2021 ,�w��ld� p��d�cti�n��f�s�������was �61��illi�n �t�nn�s ,�l �d��y�t��� Unit�d��tat�s�wit��19%��f�t���t�t al. �India, �Et �i�pia ,�
and� M�xic� � w���� s�c�nda�y� p��d�c��s � (F�g .1)� (Wikip�dia,� 2023) .�In� t�is� ��v i�w� a�ticl�� �n �O�i�in,� D���s ticati�n,� Tax�n��y,� B�tanical�
D�sc�ipti�n ,�G�n�tics�and�Cyt���n�tics,�G�n�tic �Div��s ity ,�B���din�,�Us�s,�N�t�i ti�nal�Val���and�H�alt��B�n�fits��f���������a�� �disc�ss�d.�
�
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ORIGIN�AND�DOMETI�ATION��

�
Et �i�pia �is �t�� �Vavil�vian �c�nt��s���i�in/div��si ty�f�� �s�������(Vavil�v, �1951). �����������i �inat �d�in�Af� ica,������ kn�wn� in� Et�i�pia,� ��tw��n�
5000�and �7000�y�a �s� a���(ICRI�AT,�2005 ).�C����nt ly� s�������is�wid �ly�f��nd� in�t���d�y�l�wland�a��as��f� Af�ica,�A sia �(India� and�C�ina) ,�t���
A���icas�and�A�st�alia.�It�is�an��c�n��ically ,�s �cially�and�c�lt��ally�i�p�� tant�c��p����wn��v���a�wid���an����f��c�l��ical��a �it ats�in�E t�i�pia ,�
in �t����an ����f�400-3000��.a.s.l�(T�s� ����et�a�.,�2007).�T��n ,�it�was �dist�i ��t�d �al�n��t�� �t�ad ��and�s�ippin�����t�s �a���nd�t���Af� ican�c� ntin�nt,�
and� t�������t���Middl� �East�t�� India�at �l�ast�3000�y�a�s� a��.� It� t��n� j���n �y�d �al�n��t�� ��ilk�R��t�� int�� C�ina.� It�was �fi �st �tak�n�t� �N��t ��
A���ica �in �t�� �1700-1800's�t�������t���slav� �t�ad� �f����W�st �Af�ica �and�was ��� -int ��d�c�d �in �Af� ica�in�t���lat� �19t� �c�nt��y�f�� �c�����c ial�
c�ltivat i�n�and�sp��ad �t� ����t��A���ica �and �A�st�a lia �(Y itay��,�2019).�
�
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T��� ��i�in�and��a�ly�d���sticati�n��f�s������� t��k� pl ac� �in�N��t��ast��n�Af� ica ,�n��t���f�t���Eq�at ��� and��ast ��f�10º�E�latit�d�� app�� xi�at�ly�
5000�y �a�s� a�� .�N�w� �vid�nc� ,���w�v �� ,��ay�p lac��t�� ���i�in� at�8000� y�a�s�� �f��� �p��s�nt�(BP ),�3000�y �a�s��a �li� ��t�an�p ��vi��sly� t�����t�and�
10-15�º�latit�d��f��t����n��t��t� an��ad� ���n� ��p� �t�d��a�li�� ,�sinc�� ca���niz�d�s��ds� �f� s������,�wit��c�nsis t�nt��adi�ca���n�d at�s�� f�8000� y�a�s�
BP,�w��� ��xcavat�d�at�an��a�ly� H�l�c�n ��a�c� a��l��ical�sit��E-75-6,�at�Na�ta�Playa,�n�a��t���E�ypti an-��dan�s��� ��d��.�Ea� ly�d���sticati�n� �f�
s��������cc����d�f����Et� i�pian����d��s��xt�n din��w�st�t���������dan�an d��p�t��Lak��C� ad.�T�����is����at �p��val�nc���f�div��sity�i n�t�is�a��a �
as�apa�t�f����t���p��s�nc�� �f�t� ��p�i �itiv ���ac���ic�l��� (Ha�lan� and� d�� W�t,�1 972).�It �is �lik�ly�t�at �t�is��ac�� a��s� �f����t ���d���st ica ti�n� �f�
Et �i�pic��� ve�tici��if� �����c��pl�x�s����3000� t��5000�y�a�s�a�� .�T���findin��a t�Na�ta�Playa ��ay�ca�s��s���� ��t�inkin��� f�dat�s;���w�v��,�i t�
is �n�t�cl�a ��if�t� �s��8000�y�a���ld�s��ds�w����f����p lants�t�at �did�n �t�s�att�����ains,�alt������al t���d�c���ical �c��p�siti �n�w��ld�indicat� �s����
s�l�cti�n.�Bi c���� �s��������as�sp��ad�ac��ss���c���f�t�� ��ld�s���������� win��w ��ld �incl�din��In di a.�It�is�t���lik�l y�p����nit����f�t���ka�li�n�s�
�f�C�ina�(Mann�et�a�. ,�1983).�
�
T��� �ac�� ��in�a�a��s��f����bic���� �wit��p�ssi�l� �int��ac ti�n�wit��t�� �wild��ac�� a��ndinace�� �in�t�� ��i��� �ain fall �a��as� �f� W�st �Af�ica .�T���
��in�a �is �n�w� t�� �d��inant�s��������f�W�st�Af� ica���t��as�sp��ad�a ls��a ���n d� Tanzania�and�Malawi.�T���� �i n�a��ac��a��s�� ���� �t�an�2000�
y�a�s�a��.�T����ac�� ca�dat���als��p�ssi�ly� �v�lv�d�f����bic���� .�T�day,�t��� ca�dat��s�a�����st�a��nd ant�f�����ast �Ni���ia�t���ast ��n���dan�
and� s��t�w a�d� int�� U�anda.� T��� �ac�� d���a �was� s �l�ct�d� f���� �a� ly� bic����� t�at� �ad � ��v�d� int�� India� s����3000� y�a�s� a��.�Wit��A�a��
�i��ati�n�t���d���a ���v�d�int ��Et�i�pia�a���nd�615�A.D�and�is�t�day�t ���d��inant��ac��in �India,�Et�i �pia,�t� ��Nil��Vall�y�� f���dan,�and�E�ypt.�
Rac�� kafi��was� p���a�ly �d�� iv�d�f���� bic�������t� t���� �is �als���vid�n c� ��f�ass�ciati�n� wi t��t���wild��ac� �v��tici lli fl� ���.�T��� kafi� � is� f��nd�
p�i�a�ily� in��ast��n�and� s��t���n�Af�ica�(Mann�et�a�., �1983).�Lat� ��s�������f��nd�its�way �int��t���A���icas� aft ��� 1850 .�Af� ica��as �la���st�
div��sity�� f�c�ltivat �d�an d�wild�s������.�In�Indi an�s ��c�ntin�nt,��vid�nc��f����a�ly�c� ��al�c�ltivati�n �was�dis c�v���d�at�an�a�c�a��l��ical�sit� �in�
w�st��n �pa�t s��f�R�jdi�(�a��as�t�a) �da t�s�� ack �t��a���t �4500���f����p��s�nt�(Da�ania,�1980)�and� c�nsid���d� t�����s�c�nda�y�c�nt� ���f� ��i�in��f�
s������.� Vavi l�v�(1951 )�indicat�d �t�at �Et�i�pia� was� a�c�n t�� ��f�div��s ity;�and� t���c�nt����f� ��i �in ��f�s������.�Ha� lan�( 1971) ��xpand�d��n�
Vavi l�v’s�w��k�and�p ��p�s�d�t�at�a��ic�lt� �� ���i�inat�d�ind�p�nd�nt ly �in�t�����diff���nt�a��as�and�t�at,� in ��ac��cas�,�t���� �was �a�c�nt���� f���i�in�
and�s�v��al�n�n-c�nt��s�in� w�ic��activit i�s�� f�d���st icati�n�w����disp��s �d��v�� �a�spatial�span��f�5000 �t��10000� kil����t��s.� ���t���n�E��asi a,�
�ast�t��India�is�t���nativ���f�������� ��a�ep ense,�a�p���nnial�plant�wit� �w�ll�d�v�l�p�d,�c���pin����i z���s,�and��as ����n �int��d�c�d�as�a�w��d�t��
all�wa���t��p��at��a��as��f�t���w��ld �(d��W� t,�1978).��������� �p��pinq��� �is�an�t����p���nnial�wit��st��t���iz���s�and�� cc��s �p�i�a�ily�in��� i�
Lanka� and� ���t���n �India.�It�is�als�� f��nd���tw��n �B���a��astw a�d �t��t���islands� �f����t� �ast� �n�Asia .��.�bic������as� tw��wild�s��sp�c i�s �
ass�c iat�d �wit��it ,��.�bic�����s��sp.�d�����ndii �and��.�bic���� �s��sp.�ve�tici� �if����� .����sp�ci �s�d�����ndii �is�an�ann�al�w ��d�ass�ciat�d�wi t��
��t��c�lti vat�d�s������s�and�t��i��wild� ��lativ�s.����sp�ci�s �d�����ndii ��cc��s�p�i�a�ily�i n�A f� ica�and��y��idiz�s�w it ��s��sp�ci�s�bic����;� all�
wild���lativ�s�t��p��d�c� �s�att��can��typ ��w��ds�(Balak�is�na�and�B�at,�2016).����������� i�i nat�d�in�Et��pia�and����t��Asia.�T���p����nit����f�
�.�bic��a� � is���������a��ndinace�� �(� 2n=2 0)�(A��iin f�,�2016 ). ��������� is�a�t��pical���ain����wn�p�i �a�ily�in� s��i-a�id�pa �ts��f�t���w��ld.�In�
Af�ica,�a� �aj������win� �a��a���ns �ac ��ss�W�st�Af� ica�s��t�� �f� t����a�a�a ,�t������ ���dan,�Et�i�pia,� and����alia .�It�is����wn�in�E�ypt�and�
U�and a,�K�nya ,� Tanzania,� B���ndi ,�and�Za��ia .�It�is�an�i�p�� tant� c��p� in� India,�P akistan,�T�ailand�i n� c�n t�al �and� n��t���n�C�i na,�A�st �alia ,�in�
t���d�i ��� a��as��f�A���ntina�and�B�azi l,�V�n�z��la ,�U�A,� F�anc�� and�I taly.� Gl��ally ,���������is�c�ltivat�d�in�an� a��a��f� 42-43��il li�n���c ta��s�
t� �p��d�c��59-60��illi�n �t�nn�s�(Balak�is�na�and�B�at,�2016).���
�
�e��re � �f� d�mes��c������ ��d� ��c�e�� �ge�gr� ph�c� d�s�r�bu������ �������’s� c�nt����f� d���sticati�n� is�l ik�ly� t��� Et�i�pia-��dan ����i�n� in�
N��t� -�ast� Af�ica� ��ca�s� � t��� ���at �st�plant� div ��sit y� and �va�iati�n� in� �c�l��ical ��a�itats� �cc��s� t����.� A�c�a��l ��ical� �vid�n c�� s����sts�
s�������was���i�inally�c�lt ivat�d� a���nd�5000 �B.P.���t�di�s�c ��pa�in� �t������p��l ��y��f�anci�nt�a nd���d��n���ain� and�data�f������l�c�la��
�a�k��s�a�� ���t�a t�t���di ff���n t� �ac�s��� �clas sifi�d �as�t ��� sa����i�l��ical�sp�ci�s.�It� is� p�ssi�l��t� at� a�sin�l�� d���st icati�n� �v�nt��cc����d�and�
t�at� t�� �va� i��s� �ac�s�w����d��iv�d�f���� it.� Alt� �nativ�l y,� ��lti pl�� d���sticati�n� �v�nts� �ay��av�� �cc����d,�l�adin��t�� t���d �v�l�p��nt ��f�
di ff� ��nt��ac�s� t�at�s ��s�q� �ntly �anast���s�d�int� �t���c����nt,��xtant��.�bic�����lin�a���(OECD,�2017).�C�ltivat�d�s�������was�t�ansp��t�d �f����
Af�ica� t��Indi a� via� t�ad�� ���t�s��v��� t��� A�a�ian�P�nins�la� and�t��� Indian�Oc�an.� D� ��a� va�i�ti�s� ���an������ in��in� India�as� t��� c��p�was�
adapt�d �t��t��� �nvi ��n��ntal� c�nditi�ns� and�n��ds� �f� p��pl�.�T��� �a� li�st� a�c�a��l��ical��vid�nc���f�d���sti ca t�d� s������� in �India�i s�dat�d�
a���nd �4000�B.P .�D���sticat�d �s� ������c�n tin��d�t� ��� �sp��ad�f����India�t ��t���P ��pl�’s�R�p��lic��f�C�ina� al�n�� �v��land�t �ad �� ���t�s.�In�
C�ina,�t���c��p�was�adapt�d�t��t�l��at ��t ��p��at�� c�nditi�ns� and�va�i�ti�s�kn�wn �as�t���ka�lian�s �w��� �d�v�l�p�d� t�at�a �� �t�l��ant��f�c��l���
�a �ly�s �as�n�t��p��at���s.� ��������ca��� f���� Af�ica� t��A���ica���lativ �ly�� �c�ntly�t������ �t� ��slav��t�ad�.�In�t ���Unit�d ��ta t�s,� t���c ��p��as�
���n ����d�f��� c�����cial� p��p�s�s� sinc�� its �int��d�cti�n ,���s�lt in� �in� t��� d�v�l�p��nt � �f� dwa� f� �y��ids�w�ic�� a��� �asi� ��t�� c�ltiv at���n� a�
c�����ci al� sca l��(OECD,� 2017).��������’s �adapta�il ity �t� �a��an����f��nvi��n��ntal�c�ndi ti�ns� all�ws�it�t����� c�ltivat�d �in���ltipl�� ���i�ns�
a���nd �t���w��ld�wit��s��st antia lly �va�i�d�cli�at�s .�T�����a���c�� ��ntly�tw� ��ain ���lts��f�c�ltivati�n�i n�Af�ica .�T���n��t���n���lt��an��s�f����t ���
Iv��y�C�ast�n��t� �t� �t����a� a�a,�and��ast �t�wa�ds���dan�an d�Et �i�pia.�T����ac�s�bic����,�d���a,���inea�and �ca�dat���a���p�i�a�il y����wn �in�t� is�
��lt. �T��� s�c�nd�Af�ican�s���������l t���ns�n ��t��t��s��t� �f����Et�i�pia�t�����t��Af�ica .�Rac�s ����wn�in cl�d��kafi �,�bic���� �and� ca�dat��.�In�
India ,�s�������is��ain ly�c�ltivat �d ��n�t���D�ccan �Pl at�a� ,�wit���nly��in ���p��d�cti�n�i n�n��t���n�India .���������is �p��d�c�d �t��������t�C�i na�
��t�t���c�����f�p��d�c ti�n�i s�i n�t���n��t ���n� ���i�n,� �sp�cially�t���a��as� n��t���f�t���Qinlin� ����ntains,� and���tw��n� t���Y�ll�w�and�Yan�tz��
Riv��s�(H��s� ,�1985;�OECD,�2017) .��
�
�������� is �an� anci�nt� c ��p� �f� Af�ican� ��i�in � and � �sp�cially �i�p�� tant�in� t���s��ia� id�t��pics� �f� Af�ica � and � ���t�� Asia,�wit�� si�ni fican t�
p��d�cti�n� als��in�C�ina,����t��ast�Asia,� and�t���A���icas.�Q��sti�ns����a�din��t���ti�� �and�plac� ��f�it s�� �i�in�and�d���st icati�n��av�����n�
l�n��d�li���at�d�� n�and�d��at�d.�T����a� li�st��vid�nc���f�wild�s ������s�c���s�f������nt�� -�at�����s�i n�t����a�a�a�datin��t��a���t �8000�BC,���t�
t����a� li�st�kn�wn�d���sticat�d�s��������ntil �n�w�d at �d�t��2000–1700�BC�was���p��t �d�f����Lat��Ha�ap pan �India �w�����it�is�n�t �a�nativ� �c��p .�
R�c�nt � a �c��� -��tanical� �vid�nc�,� ��w �v��,� p�ints � t�wa�d � t��� East��n� ��dan�s � �savanna� �as� a�c�nt��� �f� ��i�i n��f� s������� c�ltivati �n�
(V�nkat�sw a�an� et�a�. ,�2019).�
�
�.�bic���� ���i�inat �d�in�N��t��ast��n�A f�i ca ,�w�����la����va�ia�ility�in�wild �and�c�lti vat �d �f���s��� �ains.�A�c� a��l��ical ��vid�nc��f����n�a��t���
E�ypti an -��nd an�s �����d�� �s�pp��ts�t�at� �.�bic�����was� fi�st� c�ltivat�d �8,500�t�� 4,000�y�a�s�B.P .�d��in��t��� �a�ly�H�l�c�n� �p��i�d .��.�bic�����
c�ltivat i�n� lik �ly� sp��ad� f����Et�i�pia,� w����� it � is ���li�v �d�d���sticati�n��cc����d,� t�� Af�i ca ,� t�� � Middl� �East,� and� India� al�n��t�ad ��and�
s�ippin�� ���t�s��v���3,000� y�a�s�a��.�C�lt ivati�n� t��n� sp��ad� f���� India�t��C�ina� al�n� �t��� silk����t�,�and�t��s��t��ast�Asi a�wit��s��d���vin��
t� ����� �c�astal�s�ippin�����t�s.��.�bic�����was� int��d�c�d� int��t�� �Unit �d�� tat�s� (U.�.)�f��� c�����cial� c�ltiv at i�n �f����N� �t� �Af�ica ,����t��
Af�ica,�and�India�t������ �t���s lav�-t�ad��at�t ����nd��f�t�� �19t� �c�nt��y .��.�bic���� �c�ltivati�n �in����t��A��� ica�and �A�st �ali a���ca���s��stantial�
���innin��a ���nd�1950.�C����ntl y,��.�bic���� �is�wid�ly�c�ltivat�d�i n�d �y� a��as�� f�Af�ica ,�Asia ,� t���A���icas,�E���p�,� and�A�st�alia .���������is�
c�ltivat �d� ��tw��n� t��� latit�d�s� �f� 50°N� in �N��t�� A��� ica� and� R�ssia � and �40°� � in� A���ntina� (Vavil�v,�1951;� Ha�lan�and� D� �W�t,� 1972;�
Insp�ct i�n,�2021) .�T�����is�littl��inf���ati�n�� n�t���c�ltivati�n��f��.�bic���� �in �Canada �� �ca�s��p��d�cti�n �is��i ni�al.�Canad ian�fi�l d�t �ials�w����
c�nd�ct�d �in�t���1970s�and�1980s�ass�ssin��t ���s�ita�ility��f�d���st ica t�d�s�������as�a�c��p.�Int���st�in��.�bic�����f��� f��a��,���ain�p��d�cti� n,�
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and��s��f����i� �n���y��as �inc��as �d �in�t���past�d �cad�,��sp�c ially�in����t�w�st��n �Onta�i ��and�Q����c .�App��xi�at�ly�5 ,000�t� �8,000�ac��s ��f��.�
bic���� �a������wn�ann�ally�in��ast��n� Canada�and�p��d�cti�n� and�d���nst �ati�n �pl�t s� �av�� als�����n�plant�d �in �w�st��n�Can ada.� On��a��in al�
land� in � �ast��n� Onta�i� ,� f��a��� s������� �y��i d� CF�H -30� was� ���wn� at� 1.1� �illi�n �plants� p��� ��cta��� and� yi�ld�d � 14.5� M�/�a/y�a��
(���a��a�s/�a/y�a� )�i n��n��st�dy�and�1.6�t ��4.8�M�/�a/y�a��i n�an�t����st�dy �w�����c��p��sta�lis���nt �was�p���.�F����t�an�l �c��ps,�a �st�dy�wit��
t� ����sw��t� s������� va� i�ti�s �and�f����plantin�� d�nsi ti�s�s��w�d� a�p��d�cti�n�p�t�ntial ��f��p �t��16�M�/�a� (wit� �cv.� 'B�lld�z��' )�and� s��a��
c�nt�nt�as��i���as�22�B� ix�(wit��cv .�' ���a���az�') .�Yi�lds �can��an ���c�nsid��a�ly�a��n��sit�s �and�y�a�s�(Insp�c ti�n,�2021).�Et�i�pia�is� t���c�nt ���
�f���i�in� f���s� ������w�����t�� �distinct�a���-�c�l��ical�z�n �s�si�ni ficantly�c�nt�i��t�d�t�� t�����n�tic�div ��s ity ��f�t��� c��ps.�A�la����n ������ �f�
s������� lan d�ac��acc�ssi�ns� �av�� ���n�c�ns��v�d �ex�sit� .�M�l�c�la� �c�a�act��izati�n��f� t�is�div ��s������pl as��can� c�nt �i��t� �t� �its�� ffic i�nt�
c�ns��v ati�n �and��tilizati�n�in�t������ �din��p ����a�s�(Eny�w �et�a� .,�2021 ).����������s�a����f�t��pical���i�i n,���t��av��s p��ad�al l��v���t�� �w��ld,�
wit��c����nt �p��d�cti�n� in ��any �c��nt �i �s �in cl�din� �Af�i ca,�C� ina,�C�nt�al �and � ���t� �A���ica,�Indi a,� and�t���Unit�d ��tat �s� (U�DA,�2023 ).�
O�i�inatin� �in �Af�ica�and�s��s�q��nt ly�sp��adin��t��diff���nt�c�ntin�nts,�s��������as��xp��i�nc�d���lt ipl ���ns�ts ��f�d���sticati�n�and�
in t�nsiv������din��s�l�cti�n�f���va�i��s��nd��s�s�(W��et�a �., �2022).���������was�d���stica t�d�f����it s�w ild �anc�st������� �t� an�5,000�y�a�s�
a���in�w�at�is� t�day���dan .�T��� n�w�st��vid�nc�� c���s�f����an� a�c� a��l��ical �sit��n�a� �Kassa la �in�East��n���d an,�datin��f����3500� t�� 3000�
BC,�an d� is� ass�ciat�d�wi t��t���N� �lit�i c�B�t an a�G���p�c�lt���.�It�was �t� ��stapl��f��d��f�t�� �kin�d����f�Al�dia�(Wikip�dia,�2023).��� ������
c�a�act��is�d��y�a �t����nd��s �a���nt�� f����p��l��ical�v a�ia�ility�is�l �adin��t��disp�t���v�n �in�t���a��a ��f����at�s t�div��sity.�Vavil�v�plac�d�i ts�
��i�in� in�t�� �n��t��ast�Af�i ca .�T����� is ��vi d�nc�� �f�s� ������ in �Assy�ia��y� 70 0�BC�and �in�India�and �E���p���y� fi�st�AD.� D���s ticati�n� �f�
s�������is���li�v�d �t���av��c����nc�d�in�t���a��a�c��p�is in� �Et�i�pia�and�E�ypt�a���nd�3000�BC.�It�is��ft�n �acc�pt�d�t�at�t�� ��ac�s��f�d���a,�
��inea �and� caff�a �w���� d��iv�d �f�����.aet� i�pic��,� �.a��ndinace�� �and� �.ve�tic i��if��������sp�ctiv�ly,� as�p����nit� �s.�Caff�a� is� c���� n� in�
s��t���n� c�nt�al� (Bant�)�Af�ica,�ca�dat��s� in�c�nt�al�� �dan�and���inea �in�W�s t�Af� ica �(Pallavi,�2023).���������p���a�ly���v�d� ��t��f�Af� ica �
t� �India �and�C�ina�t ������ �sa ilin��s�ips .�Evid�nc� �s����sts� t�at�s�������was��sta�lis��d�i n� India���f����t���ti �� ��f�C��ist ���t�n�t��a �li���t�an�
1500�BC.�C�ltiv at�d�s������s�w���� fi�st� int ��d�c�d �t� �A���ica �and�A�st �ali a� a���t �100� y�a�s�a��.���������was �int ��d�c�d�int�� t���Midd l��
East� and�M�dit���an�an� a��as�f����Et�i �pia� and�E�ypt .�T����aj���s� ������p�� d�cin��a��as�t�day�i ncl �d��t���G��at�P lains�� f�N�� t�� A���ica,�
��� -�a�a�an�Af�ica ,�N��t��ast��n�C�ina ,�D�ccan�Pla t�a���f� India,�A���ntina,� Ni���ia,�E�ypt �and�M�xic�.�T��� U��R,� F�anc�� and��pain�a���t���
l�adin��s�������p�� d�cin� �c��nt�i �s�in�E���p��(Pallavi ,�2023).��
����������i�i nat �d�in�Af�ica,�and�is�n�w� c�ltivat �d�wid�ly�in�t��pi cal�and� s��t��pical�� ��i�ns�(Wikip�di a,�2023).�T��� plant�lik�ly� ��i�inat�d�in�
Af�ica,�w�����it�is� a��aj�� �f��d�c��p,� and��as�n������s�va�i�ti�s,�incl�din����ain �s������s,��s�d�f���f��d;���ass�s������s,� ���wn�f��� �ay�and�
f�dd��;�and������c��n ,��s�d�in��akin� ������s�and����s��s�(B�itannica ,�2023). ��c i�ntists�t�i nk�t�at�s� ������was �d���sticat�d�f����a �wild�f����
�f�s� ���������� �t�an �5000�y �a�s�a�� �in�t��� ���i�n��f� p��s�nt -day� ��dan .�C�lti vati�n��f�s�������lat���sp ��ad�t���t�������i�ns,� incl�din�� India,�
�t����pa�ts��f�Af� ica ,�Eas t�Asia,�and�t���M�dit�� �an �an���� i�n,���f����s�������was�������t�t��t���A���icas�(Ev�l�ti�n,�2023 ).�
�
T��� fi�s t� a�c�a��l��ical����nants��f�s�������a��� at�Na�ta�Playa ��n�t���Upp�� �Ni l�,�c.�8000�BC.�H�w�v�� ,�t��s�� a�� �wild�s������,�wit��s�all�
��ains� and�a���ittl� ��ac�is .��������� was� d���sticat �d�f����it s�wi ld� anc�st��������t� an�5,000�y�a�s� a���in�w�at�is� t�day���dan .�T���n�w�st�
�vid�n c�� c���s� f���� an �a�c�a��l��i cal� sit ��n�a�� Kassala� in� �ast��n� �� dan,� datin�� f���� 3500� t� � 3000 � BC,� and �is� ass�ciat�d �wit�� t���
n��li t�ic�B�tana�G ���p�c�lt���.�It�was�t��� stapl��f��d��f�t���kin�d��� �f� Al �dia .�And ��� st� ��� -�a�a�an� c�lt���s�p�i� ��t��E���p�an�c �l�ni ali s�.�
����������ain�cann�t����c�ns���d��nl�ss�t� ��indi��sti�l����sk�is� ����v�d.� D��in� �t� ��t�ansatlantic �slav ��t�ad�,�"t ����nly �way �t� �����v��t���
��sk�was��y�� and ,�wit�����ta��and�p�stl �."�In�t ���Unit �d��t at�s��nsl av�d �w���n�did���st�� f�t���w��k�in�p ��pa� in� �t���s�������and �w����task�d�
wit��cl�anin��t�����ain�and �t� �nin� �it� int��fl ���.���������in �t��� Unit�d� �tat�s�was �fi�st���c��d�d��y�B�n�F�anklin �in�1757.������ va�i�ti�s��f�
s�������w����i�p��tant�t�� t���s��a� �t�ad�.� In� 1857�Ja��s� F.C.� Hyd� �w��t�,�"F�w�s ��j�cts� a����f����at���i�p��t an c�� t�� �s ,�as�a �p��pl� ,�t�an�t���
p��d�cin���f�s��a�;�f���n��c��nt�y�in�t���w��ld�c �ns���s� s�� ��c��as�t ��� Unit�d� �tat�s,�in� p��p��ti�n�t��its�p�p�lati�n."�T��� p�ic���f�s��a��was�
�is in����ca�s� ��f�d�c��as�d�p��d�cti�n�i n�t���B�it is� �W�st�Indi�s �and� ���� �d��and �f���c�nf�cti�n��y �and �f��it�p��s��v�s,�and�t ���U nit �d� �tat�s�
was�activ�ly�s�a�c�in� �f��� a�s�� a��plant �t� at� c��ld����p��d�c�d� in� n��t���n �st at�s.�T��� "C� in�s��s��a�-can�"� as�it �was� call�d�was�vi�w�d�as�a�
plant �t�at� w��ld���� p��d�ctiv�� and� �i�� -yi�ldin�� in� t�at ����i�n .�� In� 19t�-c�nt��y �Et�i�pia ,�d���a �was� "�ft �n � t��� fi�st� c��p �s�wn��n� n�wly�
c�ltivat �d�land",��xpl ain in��t�at�t�is �c���al�d id�n�t���q�i���t���t��������pl����in� ��t����c��ps�did,�and�its ����ts �n�t��nly�d �c��p�s�d�int ��a����d�
f� �tiliz��, ���t�t��y �als� ���lp�d �t�����ak�� p�t���s�il�w�il� �n�t��x�a� stin� �t�� �s��s�il .�In�19t� -c�nt��y�E���p�an�acc��nts,��any �w��ld��s��t���t����
"�il l�t "�t� ���f���t� ���t��p�a�l��i ll� t�and�s�������(Wikip�dia,�2023).���� �
�
TAXONOMY�
�
��������was�fi�s t�d�sc�i��d�� y�Linna��s�(1753)�� nd���t�� �na���H� lc�s.�Adans�n��s�d�t ���na�����������as�an�alt ��nat iv��f������c�s.�M��nc��
lat�� �s�pa�at�d�t�����n�s��������� f���� ��n�s���� c�s�(Clayt�n,�1961).�O� i�inally ��� �d�lin�at�d�s �v��al�sp�ci�s��f���� c�s,�s�����f�w�ic�� �av��
���n�lat�� ���v�d �t� �t�� �t�i���Av�na�,�w���� �t�� ���n��ic �na������c�s� n�w� ��l�n�s.� In�1794 ,�M��nc�� distin��is��d�t �����n�s�������� �f����
��n�s����c�s �(K��a�,�201 6).����������������is�clas si fi�d��nd �� �t�� �fa�ily �P�ac�a�, �t�i�� �And��p���n �a� ,�s��t�i����� ���ina� ,���n�s�������� �M��nc��
and� �p�ci�s � �������� bic���� � (L.) � M��n c�.� . � ����� a�t���s� f��t ���� divid�d �t��� ��n�s� int�� fiv�� s����n��a: � s������,� c�a et�s������ ,�
�ete��s������ ,� pa�as������, �and �stip�s������ .�Va�iati�n� wit�in� t��s �� fiv� �s����n��a � �xc�pt � t��� s����n��a�s������� �as ����n�d�s c�i��d .�
������� �bic�����s��spp.�bic�����c�ntains �all ��f�t���c�ltivat�d �s������s�(K��a�,�2016).����������as ����n �va�i��sly �cl assi fi �d .�In�1737�Linna��s�
d�sc �i��d�tw�� sp�c i�s��f�s� �����,��n�� as���� c�s�q���is� ��ab�is �and� t����t���� as� �����s� ����is� vi���s is. ��n �wd �n�(1936,1955)�d�sc �i� �d�31�
c�ltivat �d�sp�c i�s�and�17���lat �d �wild�sp�c i�s.��n�wd�n���c��niz�d�t�at� t���c�ltivat�d�s������s�c��ld����c�nsid���d�� ac�s��f� �n��vast� sp�ci�s ,�
��t���� �av��sp�ci�s�stat�s�t ��t���48�di ff���n t� typ �s �t��st��ss�t��� fact�t�at�t��y�a ���w�ll�d�fin�d��y�a�n����� ��f�dist inct�c�a�act��s.�At�p��s�nt��is�
sp�ci�s �a��������app��p�iat �ly �c�nsid���d�t������ac�s ��f��n��sp�c i�s.��n�wd�n�(1936)�la t�� �s��divid�d�t ���s������s�int��t���f�ll�win� �s�cti�n s,�
s��s�cti�ns,� and�s��i�s,�l �avin�������ast���� as�a �s �pa�at����n�s �t��c�ntain� ���� �di stinct�typ�s.� C�la�i���(1959) �and� D��W� t�( 1978)��av��t� ��
f�ll�wi n�� fiv�� s�c ti�ns� �f� ���� ���:� �tip�s������ ,� Pa�as ������,� E�s������,� �ete��s������,� C�aet�s������.� �������� c��p�i s�s�
app��xi�at�ly� 25�sp�c i�s ,�and�is�divid�d�int� �fiv� �s����n��a:�C�aet�s������ ,��ete��s������ ,�Pa�as������ , ��tip�s������,�an d�E�s������ .� �
In� additi�n� t�� �.� bic���� ,�t��� s��� �n�s�E�s ������� c�nt ains� t���a���n��ica lly -i�p��tant� sp�c i�s���������p��pinq���� (K�nt� )� Hitc�c.� and�
������� ��a�ep ense �L.�(P��s.)�(d��iv�d �f����past ��y��idizati�ns���tw ��n��.�bic���� �and ��.�p��pinq����(Insp�cti�n ,�2021).��
�
C����ntly,��.�bic���� ��as �t�������c��niz�d �s��sp�ci�s:�s ��sp.�bic���� ,�s��sp.�ve�tici��if����� �(�t��d.) �d� �W�t��x�Wi ��s��a�&�J.�Da�l� ,�and �s��sp.�
d�����ndii �(�t��d.) �d��W�t��x�Davids�.�T��� s��sp�ci�s�bic���� �incl�d�s�t���d���st icat�d�s��������s�d�f���� �a in.�It �is�di vid �d�� as�d��n �fl� �al�
���p ��l��y�int�� fiv��int��f��t il���ac�s�(bic����,�kafi� ,�ca�dat��,� d���a ,�and� ��inea )�t� at�can�p��d�c� �10�int����dia t�� �ac�s .�Wi ld� typ �s��f��.�
bic���� �a���incl�d�d�in �t� ��s��sp�ci�s �ve�tici��if����� .�Ann�al� w��dy� d��ivativ�s�a�isin��f���� t����y��idizati�n��f� d���st icat�d�s�������and�
s��sp�ci�s� ve�tici��if����� ��ak�� �p�t��� s��sp�c i�s�d�����ndii .�T���int����ad�s��f�t� ��s��sp�ci�s�d�����ndii�a��� �i��ly� va�ia�l��d��� t����n��
s�����ati�n�an d�incl�d��s �att��can��(a �f��al �f���)�and ���d an���ass �(Insp�c ti�n,�2021).�
�

26256���������������Swam�,�O����n,�d�mes��ca� ��n,��ax�n�m�,�b��an�cal �desc� �����n,��ene� �cs �and�c� ���ene��cs,��ene� �c�d�ve�s ����and��
b�eed� n���f�s����um�(S����um�b�c�l���(L.)� M�enc�)�

�



T��� w��d�“s������”�typically� ��f��s� t �� c�ltivat �d� s������� (�������� bic���� � [L.]�M��n c�� s��sp.� bic����),�a � ������� �f� t��� ��ass �fa�ily�
P�ac�a�,� t�i���And��p���n �a� ,�and�s��t �i��������ina��t�at�is�� ��wn�f��� its� ��a in�(��a in�s ������),�its�s��a�y�sap�(sw�� t�s������) ����as�a� f��a���
(f��a���s������)�(F�g.��) �(OECD,�2017).��
�

�
� �

Gr����s�rghum� swee��s�rghum� f�r�ge�s�rghum�
F�g.��.Types��f �S�rghum�

�
C�ltivat�d� s������� is� �nly� �n�� �� ����� �f� t��� ��n�s� s������ ,� �ad�� �p� �f� 25 � sp�ci�s� and� s�pa�at �d � int� � fiv� �t ax�n��ic� s�cti�ns:�
C�aet�s������,� �ete��s������,�Pa�as������,� �tip�s������ � and� E�s������.�� A���n��ica lly� i�p��t ant� E�s ������� sp�c i�s� and �in cl�d��
c�ltivat �d�s������,�its �wild�p ����nit� ��(��������bic���� �[L.]�M��nc��s��sp.�ve�tici�� if����� �[�t��d.]�d��W�t� �x�Wi��s��a�&�J.�D a�l� .),� ��dan�
��ass�(��������bic���� �n�t���s��sp.� d�����ndii�[� t��d .]�d� �W�t��x�Davids �) ,�and�w��dy��� lativ�s�s�c��as�J��ns�n��ass �(���������a�epense�
[L.]� P��s.),� s�att� �can��(a�f��al� f����� f� ��������bic�����n�t��� s��sp.� d�����ndii �[�t��d.] �d��W�t� �x�Davids�)�and� �.�p��pinq��� �(K�nt�)�
Hitc�c.�T���divisi�n��f�c�ltivat�d� s�������int� �s��sp�ci�s� and��ac�s��v��� t���past �c�nt��y ��as����n �s���w�at�a �c�aic,� wit���any �c��p�tin��
classificati�ns�t�at� a���n�t� p��p��ly�validat�d� (OECD,�2017).��yn�ny�s� a����ft�n� �s�d� �v�n� at�t���sp�ci�s� l�v�l .�On��s�c�� �xa�pl��is� t���
�n��in���s� ��f� �������� caff������and���������v���a�e ��y�a��nc i�s�t��������t� t���w��ld� t�� indicat� ���������bic����.�C��p�tin��na��s�and�
p�i��iti �s�w����c�nsid���d�and� t�����s��sp �ci �s�w��� �validat�d�f��� �.�bic���� :��.�bic���� �s��sp .�bic���� , ��.�bic�����s��sp.�ve�tici��if����� �and��.�
bic���� �s��sp .� d�����ndii .��.�bic������ s��sp.�bic���� �c��p�i s�s�t�� �c�ltivat�d�s������s;� �.�bic���� �s��sp.�ve�tic i��i f������ c��p�i s�s�ann�al�
wild���lativ�s��f�c�l tivat�d�s �������nativ��t� �Af�ica,�Mada� asca�,�t� ��Masca��n�s,�and�int��d�c�d�v a�i�ti�s �t��India,�A�st�al ia�and�t���A���icas ;�
�.� bic���� �s��sp.� d�����ndii � c��p� is�s� ann� al� w��dy� d��ivativ�s� a �isin� � f���� �y��idi sati�n� �f� c�ltivat�d� s�������and ��.�bic���� �s��sp.�
ve�tici��if����� �(OECD,�2017).�
�
Pa �as������ �incl�d�s�fiv��sp�c i�s�(�.���ande,��.��ei� c�ad��,��.��ata�ankense,��.�nitid��,�and ��.� ti���ense);�
�t ip�s�������c�ntains�10�sp�ci�s�(�.�a�p���,��.�an��st�� ,��.�b�ac�yp�d�� ,��.�b��b�s��,��.�eca�inat��,��. �exstans,��.�int e�ject��,��.�int� ans,��.�
p����s�� �and��.�stip�ide�� ),�C�aet�s������ �(�.��ac��spe����)� and��ete��s������ �(�.�axif����� )�a�����n�typic� (Laza� id�s� et�a�.,�1991).�
Ha�lan� and�d��W�t�(1972)�and� d��W�t �(1978)�f��t��� �classifi�d �and� ��c� �niz�d� t���� �sp�c i�s�in �t��� s����n��a�E�s �������(�.��a�epense,�� .�
p��pinq���,�and��.�bic���� )���p��s�ntin�� all�ann�al �wild,�w��dy�a nd�c�ltivat�d�taxa.� �.�bic���� �f��t����divid�d�i nt ��t�����s��sp�c i�s��.�bic�����
s��sp.� bic���� ,� d�����ndii� and � ve�tici��if������ (d�� W�t, �1978;� Mann� et� a� .,� 1983 ).� ���������a�ep ense� and� ��������p��pinq��� � a���wild�
s������s,� and � �������� bic�����s��sp.� d�����ndii� and� ve�tici� �if������ a��� ann�al�w��ds.� ��������bi c���� �s��sp.� bic����� c�ntains� all� t���
c�ltivat �d�s� �����s.� �
�
It�was���li�v�d �t�at�t� ����w���� 20 �t��30�sp�ci�s��f� ��n�s� ������� �t�at� a�����c��niz�d� �ntil�n�w,�and �t��s�� a�� �classifi�d �int��fiv� �s�cti�n s:�
st ip�s������,� pa�as������,�e� -s������,��et e��s�������and�c�aet�s������ .�Und���t��� s�c ti�n� e�-s������ , �t����� sp�c i�s�a ��� ��c��niz�d:� �.�
�a�epense �(L.)�P��s. ��cc���in��in�Indi a,��.�p��pinq����(K�nt� )�Hitc�c�f��nd�in ����t� �ast �Asia �and��.�bic�����(L.) �M��nc�,�w�i c�� ��i�inat�d�in�
Af�ica �(D��W�t,�1978).�All �classifi�d��nd�� ���n�s��������.�D��W�t’s���c� �niz�d��.�bic���� �(L.)�M��nc����p ��s�ntin��all�ann� al �c�ltivat�d ,�wild�
and�w��dy�s������s� al�n��wit��tw����iz��at��s �taxa ,��.��a�epense �and ��.�p��pinq��� .�All�typ�s ��f�t�� ��.�bic�����(t�� �p�i�it iv�s)�p��pa�at�d�
wit��s��ds��xc�p t�t�����iz��at��s�taxa’s�w�ic����p��d�c�s�t������ ���t��s� �d �and���iz����p��d�cti�n .����������ic�l� ��was�f��t �������k�n�d�wn�
in t��t�����s��sp�c i�s:��.�bic���� �s���sp�bic���� ,��.�bic���� �s���sp �d�����ndii �and��.�bic���� �s�� �sp �ve�tici��if�����. �T���c�ltivat�d�s������s�a �� �
classifi�d �as ��.�bic���� �s�� �sp�bic���� �and���p��s �nt�d��y�a���n��ic �typ�s �s�c� �as ���a in�s������,�sw��t �s������,���dan ���ass�and�������c��n�
(Wikip�dia,�2023)�
�
������� ���������c��n �is� a ���n�s ��f�a���t�25� sp�ci�s � �f�fl �w�� in�� plants �in� t��� ��ass� fa�ily� (P�ac�a�).������ �f� t��s�� sp�c i�s�a��� ���wn�
as �c� ��als �f��� ���an� c�ns��pti�n,� in�past���s �f��� ani�als � as�f�dd�� ,� and� as� ��istl �s� f�� ������s.��������� ��a in� is� a �n�t�iti��s� f��d� �ic��
in �p��t�in ,�di�ta�y�fi��� ,�B�vita�ins ,�and��in��als���v�nt��n�� f�t ���25�sp�c i�s�a���nativ ��t��A�st�alia,�wit��t����an����f�s����� xt�n din� �t� �Af�ica,�
Asia,�M�s�a���ica ,�and�c� �tain�islands�in�t�� �Indian �and �Pac ific �Oc�ans �(Wikip�dia,�2023).�
�
�yn�ny�s�f��� ������� �bic�����a���n������s �(T�ble �1)�(Insp�cti�n,�2021).�
�

T�ble �1.�Sy���yms�f �r� S����um�b�c�l�� �
�
�

1)� And��p���n�a��ndinace�s �Willd.�
2)� And��p���n�d�����ndii ��t��d. �
3)� And��p���n�s�������(L.)�B ��t .�
4)� And��p���n�stapfi i�H��k.�f. �

5)� And��p���n�s�b��ab�escens ��t��d. �
6)� And��p���n�ve� tici�� if����s��t��d. �
7)� ���c�s�bic�����L. �
8)� ���c�s�ce�n��s �A�d.�
9)� ���c�s�d�c�na �F��ssk. �

10)� ���c�s�d���a �F��ssk. �
11)� ���c�s�sacc�a�at�s �L.�
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12)� ���c�s�s������ �L. �

13)� Mi�i���ni��icans �R�iz�&�Pav. �
14)� Panic���caff����� �R�tz. �
15)� R�ap�is�a��ndinacea �D�s v.�
16)� ��������aet �i�pic�� �(Hack.)�R�p�.��x��tapf �
17)� ��������a��ndinace�� �(D�sv.)��tapf�
18)� ��������bas�t������n�wd�n �
19)� ��������b�evi ca�inat����n�wd�n�
20)� ��������caf f������(T��n�.)�P.�B�a�v.�
21)� ��������ca�dat���(Hack.)�� tapf �
22)� ��������ce�n��� �(A�d.)�H�st �

23)� ��������c�ns pic��� ��n�wd�n�
24)� ��������c�� iace�� ��n�wd�n�
25)� ��������d�c�na �(F��ssk.)��n�wd�n �
26)� ��������×�d�����ndii �(�t��d.)�Mil lsp.�&�C�as��
27)� ��������d���a�(F��ssk.)�� tapf �

28)� ��������e� e�ans �(Kö�n.)��n�wd�n�
29)� ���������a�bic�� ��n�wd�n�
30)� ����������ineens e��tapf �
31)� ���������ewis�nii�(Pip��)�L�n�l�y �
32)� ��������jap�nic�� �(Hack.)�R�s��v. �

33)� ���������ance�� at����tapf �
34)� ���������ac��c�aeta ��n�wd�n�
35)� ���������a��a�i tife��� ��tapf �
36)� ���������e�a�e�c�� ��tapf�
37)� ���������e��it����n�wd�n �

38)� ���������e�b�anace�� �C�i�v. �
39)� ���������i� iif���e �(Hack.)��n�wd�n�
40)� ��������ne� v�s�� �B�ss����x��c��l t.�&��c��lt .�f.�
41)� ��������ni��icans�(R�iz�&�Pav.) ��n�wd�n�
42)� ��������ni ��tic�� �(�tapf��x�Pip��)��n�wd�n�

43)� ��������n�tabi�e ��n�wd�n �
44)� ��������p��i�nif�� i����n�wd�n �
45)� ����������xb����ii��tapf �
46)� ��������sacc�a� at���(L.)�M��nc��
47)� �������� si���ans��n�wd�n �

48)� ��������sp�endid���(Hack.)��n�wd�n �
49)� ��������s tapfii �(H��k.�f.) �C.�E.�C.�Fisc�. �
50)� ��������s�b��ab�escens �(�t��d.)��c�w�inf.�&�Asc�.�
51)� ��������s�danense �(Pip��)��tapf.�
52)� ��������tec�ni c�� �Bat t.�&�T�a�.�

53)� ���������sa�ba�ens e��n�wd�n�
54)� ��������ve� tici�� if������(�t��d.)�� tapf �
55)� ��������vi ��at�� �(Hack.)�� tapf �
56)� ��������v��e �ian�� �(Pip��)��tapf�
57)� ��������v�� �a�e�P��s.�

�
�

.�

�yn�ny�s�(100)�f�����������bic�����a����iv�n�in �T�b le��� �(Wikip�dia,�2023)��

�

T�b le��� .�S y���yms�f�r �S����um�b�c�l���
�

1)� A���stis �ni��icans �(R�iz�&�Pav.) �P�i�.�

2)� And��p���n�besse� i�K�nt��
3)� And��p���n�bic�����(L.)�R�x�.�
4)� And��p���n�caff������(T��n�.)�K�nt��
5)� And��p���n�c��pact�s �B��t.�
6)� And��p���n�d��cis�B���.f.�

7)� And��p���n�ni�e� �(A�d.)�K�nt� �
8)� And��p���n�sacc�a� at��s�K�nt��
9)� And��p���n�sacc�a� at�s�(L.)�R aspail �
10)� And��p���n�s�������(L.)�B ��t .�
11)� And��p���n�s�b��ab�escens ��t��d. �

12)� And��p���n�t��c��en�����Walp.�
13)� And��p���n��s������t��d. �
14)� And��p���n�v���a�e �(P��s .)�Balansa�
15)� And��p���n�v���a�is�Raspail�
16)� ���c�s�a�d�inii�J.F.G��l. �

17)� ���c�s�bic�����L. �
18)� ���c�s�caf e� �A�d.�
19)� ���c�s�caf f������(R�tz.)�T��n�. �
20)� ���c�s�ce�n��s �A�d.�
21)� ���c�s�ce�n��s �M��l.�n��.�il l��.�

22)� ���c�s�ce�n��s �Willd.�n��.�i ll��. �
23)� ���c�s�c��pact �s�La� .�
24)� ���c�s�d�c�na �F��ssk. �
25)� ���c�s�d��a �Mi�� �
26)� ���c�s�d�na �J.F.G��l.�
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b�eed� n���f�s����um�(S����um�b�c�l���(L.)�M�enc�)�

�



27)� ���c�s�d���a �F��ssk. �

28)� ���c�s�ni�e� �A�d.�
29)� ���c�s�ni�e� �i��s�A�d.�
30)� ���c�s���bens �Ga��tn.�
31)� ���c�s�sacc�a�at�s �va�. �tec�nic�s �(Kö�n.) �Fa�w.�
32)� ���c�s�s������ �L. �
33)� ���c�s�s������ �B��t.�n��.�ill��.�
34)� Mi�i���bic�����(L.)�C av.�
35)� Mi�i���c��pact�� �(La�.)�Cav.�
36)� Mi�i����axi��� �Cav.�
37)� Mi�i���ni��icans �R�iz�&�Pav. �

38)� Mi�i���s�������(L.)�C av.�
39)� Panic���caff����� �R�tz. �
40)� Panic���f ���entace�� ��alis�.�n��.�i ll��.�
41)� R�ap�is�s�������(L.)�R����ty �
42)� ��������abys sinic�� �(Hack.)�C�i�v.�n��.�ill��. �

43)� ��������ank��ib�(Hack.)�� tapf �
44)� ��������an��a��� �D�s v.�
45)� ��������a�d�inii�(G��l.)�J .Jacq.�
46)� ��������bas ip�icat�� �C�i�v. �
47)� ��������bas�t������n�wd�n �

48)� ��������caf f������(R�tz.)�P.B�a�v.�
49)� ��������ca�pan�� �T�n.�& �G�ss. �
50)� ��������ca�dat���(Hack.)�� tapf �
51)� ��������cent��p�icat���C�i�v. �
52)� ��������ce�n��� �(A�d.)�H�st �

53)� ��������c��pact ���La�.�
54)� ��������c�ns pic��� ��n�wd�n�
55)� ��������c�� iace�� ��n�wd�n�
56)� ��������d�c�na �(F��ssk.)��n�wd�n �
57)� ��������d��a�(Mi��)�C��c��

58)� ��������d��cica�� e��n�wd�n�
59)� ��������d��a�G�i s��.�
60)� ��������d���a�(F��ssk.)�Batt.�&�T�a�.�
61)� ��������e� e�ans �(Kö�n.)��n�wd�n�
62)� ��������ep� icat���C�i�v. �

63)� ��������exse� t����n�wd�n�
64)� ���������a�bic�� ��n�wd�n�
65)� ���������i�ante�� �Ed��w.�
66)� ����������ab�escens �(�t��d.)��c�w�inf. �&�Asc�.�
67)� ����������ycyc�y����Pass.�

68)� ����������ineens e��tapf �
69)� ��������jap�nic�� �(Hack.)�R�s��v. �
70)� ���������a��a�i tife��� ��tapf �
71)� ���������edi�p�icat�� �C�i�v. �
72)� ���������e�a�e�c�� ��tapf�

73)� ���������e�an�ca�p�� �H���� �
74)� ���������e��it����n�wd�n �
75)� ���������e�b�anace�� �C�i�v. �
76)� ���������i� iif���e �(Hack.)��n�wd�n�
77)� ��������nankinense �H���� �

78)� ��������ne� v�s�� �B�ss����x��c��l t.�&��c��lt .f.�
79)� ��������ne� v�s�� �C�i�v.�n��.�i ll��.�
80)� ��������ni��icans�(R�iz�&�Pav.) ��n�wd�n�
81)� ��������ni�����(A�d.)�R���.�&��c��l t.�
82)� ��������n�tabi�e ��n�wd�n �

83)� ��������pa��id�� �C�i�v.�n��.�i ll��. �
84)� ��������papy�ascens ��tapf �
85)� ��������� i�id����n�wd�n �
86)� ������������ii �C�i�v. �
87)� ����������xb����ii�va�. ��ians�(H��k.f.) ��tapf �

88)� ��������sacc�a� at���H�st�n��.�ill��.�
89)� ��������sacc�a� at���(L.)�P��s .�n��.�i ll��. �
90)� ��������sativ���(Hack.)�Batt.�&�T�a�.�
91)� ��������sc�i�pe� i�(Hack.)�C�i�v.�n��.�ill��. �
92)� ��������s i���ans��n�wd�n �
93)� ��������sp�endid���(Hack.)��n�wd�n �

94)� ��������s�b��ab�escens �(�t��d.)��c�w�inf.�&�Asc�.�
95)� ��������tata�ic�� �H���� �
96)� ��������tec�ni c�� �(Kö�n.)�Batt.�&�T�a�.�
97)� ��������tec�ni c�� �(Kö�n.)�R�s��v.�
98)� ��������t��c��en�����K.K�c��

99)� ���������s�����N��s���������v���a�e �P��s.�n��.�i ll��.�
�

�
All� t��� c�lt ivat�d� s������� taxa� �f�t ���w��ld� �av� � ���n�classifi�d��y� in fl� ��sc�nc�� typ �,�� �ain� and��l���s� int �� fiv���ac�s � (d���a,�bic����,�
ca�dat��,�kaffi� �and���inea)�and�int ����dia t�s�inv�lvin��al l��f�t� ��pai� -wis� �c���inati�ns��f�t����asic ��ac�s�(d��W�t,�1978;�Ha�lan�and�d ��W�t,�
1972).� T��� �nti�� � �ac�s�w��� �diff� ��ntiat �d� ���p��l��ically� �as�d��n� t��i�� infl� ��sc�nc�,� ��ain� and� �l ���s .�T��� �ac��bic���� ��as� its���ain�
�l�n� at�d,�wit���l���s�claspin� �t� ����ain, �w�ic�� �ay� ���c��pl� t�ly�c�v�� �d��� ��xp�s�d .�T�is ��ac��is���stly����wn�w�st ��f�t���Rift �vall�y�and�
als� ��n �a��in���sca l��al��st ��v��yw� ����in�Af�ica .��
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G�inea �is �p�i�a�ily �W�st �Af� ican�wit��a�s�c�nda�y�c�nt �� �in �Malawi�and�Tanzania.�T�� ���a in�is�flatt�n�d�d��s�-v�nt�ally,�twistin�� at��at��ity�90�
d�����s���tw��n��l���s� t�a t�a���n�a�ly� as� l�n�� as����l�n���� t�an�t�����a in.� T��� ca�dat�� ���a in� is� asy���t�ical,�wit��� l���s� �alf�t���l�n�t�� �f�
t�����a in ����l�ss.�T�is��ac��is ���s t�a ��ndant�i n��ast�Ni��� ia,���dan� and�U� anda .�Kafi� � is���stly�a ��ac� ��f��as t� and����t���n �Af�ica.�It��as�
sy���t�ical ���a in,�wit� ��l���s��f�va� ia�l ��l�n�t��claspin��t�����ain.�D���a�is �d��inant �in �Et�i�pia �and �w�stwa�d�ac��ss �t�� �c�ntin�nt, �c�v��in��
t���d�i�s t�pa�ts �n�a��t�� ��a�a�a.�Its���a in�is����nd�d�and �t��� �l���s� a���v��y �wi d��(H��s�,�1985).�T����� a���fi v���asic� �ac�s�and�t�n�int� ���diat��
�ac�s��nd�� �c�ltivat �d�taxa��as �d ��n�f�n da��ntal�s pik �l�t��typ�s�(Ha�ip� as anna� and �Patil, �20 15 ). �
�
F����any �y�a�s ,�s�����������d��s��av��classifi�d�c�ltivat �d�s�������i nt���ac�s����w��kin������ps�acc��din� �t� ����p ��l��ical �c�a�act��is tics.�A�
syst���was �t��n �d�v�l�p�d �dividin�� c�ltivat �d �s� ������int�� fiv���asic� int ��f��til� ��ac�s�(bic����,� kafi� , �ca�dat��,�d���a�and ���in ea )� and�t�n�
in t����di at���ac�s,��as�d ��n�fl��al����p ��l��y.�T�i s�cl assificat i�n�syst���was �wi d�ly�ad�pt�d.�A������d�t ail �d�d�sc�ipti�n�� f�t���c�a�act��is tics�
�f��ac���f �t���fiv ���ain��ac�s��f�c�l tivat �d �s�������can����f��nd �in �Ta� l��3.�Dia��a�s��f�spik�l�t�and���ad�typ�s��f�t����ac�s�a �� ��iv�n�in�Fi�.�3�
(�n�wd�n,�1936;�H a�lan�and�d ��W�t,�1972; �OECD,�2017).�

�
T�ble �3.�S�rghum �r�ce �ch�r�c�er�s ��cs �

�
Bic�l��: �Op�n�infl���sc�nc�s�wit��p�nd�l��s���anc��s .�L�n��claspin���l���s.�Elliptic� ��ai n.�
G�in�a: �La���,��p�n�infl���sc�nc�s�wit��p�nd�l��s���anc��s.�L�n�,�s�pa�at�d��l���s�t�at ���xp�s����ains.�O�liq��ly�twist�d���a ins.�

D���a: �C��pac t �infl���sc�nc�s.�Flat,��vat��s�ap�d�s�ssil��spik�l�ts.�Middl�-c�as�d�l�w�� ��l���s.�Distinct�t�xt�����f � tip��f�l�w����l���.�

Ca�dat ��:�C��pac t �t���p�n�infl���sc�nc�s.�G�a ins�wit���n��sid��flat ,��pp�sit��sid��c��v�d.�����t����l���s�t�at��xp�s����ains.�
Kafi�:�M�d��at�ly �c��pac t ,�cy l ind�ical�infl���sc�nc�s .�El lipt ic��spik�l�ts.�Ti��tly�claspin�,�l�n���l���s.�

�

�
�

F�g.3��V�r� �����s����p���c le�m� rph�l�gy��f ��he�f �ve �pr�m�ry�s� rghum �r�ces�� ���he ��ss�c �������m �pp��g�p��el ��IS�608 �h�s �sem� -c�mp�c��
p���c les;�I S�7�50�h�s�l��se �p���cles ;�IS4631,�IS�409� ���d�IS�1 �937�h�ve�c�mp�c��p���cles��

�
Ha�lan� and�d��W�t�(1972 )�d�v �l�p�d�a�si�pli fi�d�classificati�n ��f�c�l tivat �d� s�������t�at �p��v�d�t�� ��� �f� ��al� p�actical ��tility� f�� �s�������
��s�a�c���s. �T��y �classi fi�d ���������bic�����(L.) ��M��n c�,�s��spp.�bic���� �int��fiv���asic�and�t�n ��y��id ��ac�s�(Ta �l �4 ). ��

�
T�ble �4.�Fve�b�s�c�� �d��e��hybr�d �r�ces��f�S�rghum �

�
B�s�c�r�ces� I��ermed���e/hybr�d�r�ces �
1.� Rac� �bic�����(B)�
2.� Rac� ���inea �(G)�
3.� Rac� �ca�dat��� (C)�
4.� Rac� �kafi��(K)�
5.� Rac� �d���a(D)�

6.� Rac� ���inea -bic���� �(GB)�
7.� Rac� �ca�dat��-bic�����(CB)�
8.� Rac� �kafi�-bic���� �(KB)�
9.� Rac� �d���a-bic�����(DB)�
10. �Rac� ���inea -ca�dat��� (GC)�
11. Rac� ���inea-kafi��(GK)�
12. Rac� ���inea -d���a�(GD)�
13. Rac� �kafi�-ca�dat�� �(KC)�

14. Rac� �d���a-ca�dat���(DC)�
15. Rac� �kafi�-d���a�(KD)�

�
T��� d�sc �ipt��s�f��� fiv���asic��ac�s�in�s�������a����iv �n�in�Ta�l��5 �and�Fi�.�4�(Ha� lan�and�d� �W�t,�1972) .�
�

T�ble ��5.�Descr�p��rs �f�r �five�b�s�c �r�ces��f�S�rghum�
�

1. � B�c�l�� :�G�ai n��l�n�at�,�s���ti��s�sli��tly ����vat�,�n�a�ly �sy���t�ical �d��s�v�nt�ally , ��l���s �claspin��t�����ai n,�w�ic� ��ay ����c��pl�t�ly�

c�v���d�����xp�s�d�as���c��as ��n�-f���t ���f�i ts�l�n�t��at �t���t ip,�spik�l�ts�p��s ist�nt. �

2. � Gu��e�� �G�ain�flatt�n�d�d��s�v�nt�ally ,� s��-l�nt ic�la� � in� ��tlin�, � twistin�� at ��at��i ty � n�a�ly � 90° ���tw��n��apin�� inv�l�t�� �l���s � t�at �a�� �
n�a� ly �as�l�n��as�t��l�n����t �an�t�� ���ain.�T��y �a����asily �distin��is�a�l���y �t�� �p��s�nc���f� �p�n ��l���s.�

3. � �auda�um:�G�ain��a�k�dly �sy���t�ica l ,�t���sid��n�xt �t��t���l�w�� ��l��� �flat ����in��xt�����cas �s�s���w�at�c�ncav�,�t����pp�sit��sid�����nd�d�

and ���l�in�,�t���p��s ist�nt �styl� ��ft�n�at�t���tip��f�a���ak�p�intin��t�wa�ds �t���l�w����l ���,��l���s��alf�t���l�n�t���f�t�� ���ai n� �� � l�ss .�

4. � Kafi���G�ain�app��xi�at�ly �sy���t�ical,�������� �l�ss�sp��� ical,��l���s�claspin��and �va�ia�l�� in� l�n�t�. �

5. � Du��a:�G�ain����nd�d����vat�, �w�d��-s�ap�d �at �t����as� �and ����ad�s t�sli��t ly�a��v��t����iddl�; ��l���s�v��y �wid�,�t���tip��f�a�diff���nt �t�xt��� �

f��� �t����as� �and��ft�n �wit��a�t�ans v��s� �c��as� �ac��ss�t����iddl�.�

�
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b�eed� n���f�s����um�(S����um�b�c�l���(L.)�M�enc�)�

�



All�15� �ac�s ��f�c�lti vat �d �s�������can����id�ntifi�d��y��at��� �spik�l�ts �al�n�,�alt��������ad� typ��is�s���ti��s���lp f�l .�T�is�c lassificati�n�is�
cl�a��and �si�pl� �and� p�acti ca lly �all��f�t ���va�iati�n �in �c�ltivat�d �s�������can����acc��nt�d �f����y �t���fiv���asic��ac�s� and� t��i�� int ����diat��
c���inati�ns.�T��� int����diat�� �ac�s�inv�lvi n����inea ,�f�� ��xa�pl �,��av� ��l���s �t�at ��p�n�pa� tially�and�s��ds�t�at �twist� n�tic�a�ly,���t�n �t �as�
��c� �as� in� p���� ��inea .�Int����diat�� �ac�s�inv�lvin� �ca�dat�� ��av� �asy���t�i cal �s��ds,���t�t��� c�a�act���is�n�t� as�f�lly ��xp��ss�d�a s� in�p����
ca�dat�� .�Ot��� �int����dia t��c���inati�ns�can������c��niz�d �in�a�si�ila� ��ann��. �T�����t��d�is�s��s�nsi tiv ��t�a t��v�n�t����-way�and�p�ssi�ly�
f��� -way � c���inati�ns � can� als� � ��� ��c��niz�d,� ��t� t��s �� a��� �s�ally � p��d�cts � �f� ��d��n� plant���� �din�� and� n�t� pa�t� �f� t��� va� iati�n� �f�
indi��n��s�va�i�ti�s.�If�t��y��cc���in�si�ni ficant�n�����s,�t��y�c��ld������st �t��at�d�as�s���ac�s ��f�t����ai n��ac�s�(Ha�l an �and�d ��W�t,�1972 )�
�
T��� distin��is�in�� c�a�act��istics��f�t���fiv�� int ��f��til��d���st ica t�d�s ��������ac�s�a����iv �n�i n� Ta�l ��6�(Ha�lan� and�D��W�t�1972; �Insp�ct i�n,�
2021).�

�
F�g.�4.� �P�� �cles���d �sp�kel e�s ��f�f� ve�b�s� c�r�ces� ���S� rghum��1.�B�c�l��,��.��auda�um,�3.�Durr�,�4 .�Gu�nea,�5.�Kaf���

�

T�b le�6. ��h�r�c�er�s ��cs��f�d �mes��c��ed�s�rghum�r�ces�

�
R�ce � D�s���c���h�r�c�er� s��cs�

Bic�����

�� Op�n�i nfl���sc�nc�s �wit��p�nd�l��s���anc��s�

�� L�n�,�claspin���l���s�

�� R�lativ�ly�s�all�and��lliptic���ains �

Kafi� �

�� M�d��at�ly �c��pac t ,�cy l ind�ica l �infl���sc�nc�s�

�� Ellipt ic�spik�l�ts �
�� Ti��tly �claspin�,�l�n���l���s �

Ca�dat�� �

�� C��pac t�t���p�n�infl ���sc�nc�s�

�� G�ains�wit���n��sid��flat,��pp�si t��sid��c��v�d�
�� ����t����l���s�t�at��xp�s����ains�

D���a�

�� C��pac t�infl���sc�nc�s�
�� Flat,��vat��s�ap�d�s�s sil��spik�l�ts�

�� Middl� -c��as�d�l�w�� ��l����

�� Distinct�t�xt�����n�tip��f�l�w�� ��l����

G�inea �

�� La���,��p�n�infl���sc�nc�s �wit��p�nd�l��s���anc��s�

�� L�n�,�s�pa�at�d��l���s �t�at ��xp�s����ains�

�� O�liq��ly�twist�d���ains�

�
BOTANI�AL�DES�RI PTION�
�
Gr�w�h�S��ges ��R�c��nizin�� t��� k�y�d�v�l�p��nt al�sta��s��f� s� ������can�a id� in��akin��c�itical��ana����nt�d�cisi�ns.�T���sta� �s �a����as�d�
�n�s�������st��ct���s�as�t��y�d�v�l�p�� v���t���lif� ��f�t� ��plant.�A�s�������pl ant ��as�1 0��ffici al�sta��s��f����wt ��and�d �v�l�p��nt ,�st a�tin��wit��
������nc�� –��ta�� �0� –�and��ndin��wit�� t��� p�ysi�l��ical��at��ity ��f�t�����ain,�� ta���9� (F i�.� 5)�(GD ,�2023 ).�D��in��t���v���tativ� �sta����f�t�� �
s������� plant, � t���n �������f� l�av�s�is�� ft�n��s�d�t��d� t���in��t��� sta����f �t���plant. �G�ai n�s�������l�av�s� a�� �n������d�� y� c��ntin��t���f�l ly�
�xpand�d�l�av�s� t�at� �av�� a�d�v�l �p�d �c�lla �.�W��n� c��ntin��l�av �s,�k��p� in� �i nd�t�at�t���fi�s t�l �a f�is� s���t� wi t�� a����nd�d �tip�and�l�av�s�
alt��nat �� f�����n�� sid�� �f�t ���st alk� t��t ����t���.�On c� �s� ������ �as �p��d�c�d �app�� xi�at�ly�fiv��f�lly��xpand�d �l �av�s ,�c��nti n��can ���c����
di ffic�lt���ca�s��l�w���l�av�s�will�di�� and�fall ��ff� t���plant .�F���instanc�,�t�� �fi�st� l�af �lik�ly �will�fall ��ff�t���plant� wit�in� 25�days��f�������nc��
(GD,�2023).�
�
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�
F�g.�5.�S��ges��f�gr�w�h����S�rghum�

�
T���f�l l�win��a�� �d�s c�ipti�ns��f��ac�����wt��sta���al�n��wit� �ti��ly��ana����nt�s����sti�ns� (F i�.�6)�(GD,�2023):�
�
S��ge�0�� Emerge�ce�� T���p lant�is�v isi�l ��w� �n�t���fi�st� l�af, �kn�wn�as�t���c�l��ptil�� l�a f,� ���aks�t �������t�� �s�il�s��fac� .�T��� c�l��ptil�� l�af� is�
s���t�� �t�an�t���lat ��������in��l�av�s�and ��as� a����nd�d�l�af�tip .�E�����nc��ti ���can��an���f����t�����t�� 14�days,�d�p�ndin� �la���ly ��n�s�il�

t��p��at��� ,���i st� �� ,�s��din� �d�pt��and�s��dlin��vi���.�
�
S��ge�1��Three-Le�f ��T���c�ll a���f�t���t�i�d�l �af�is �vi si�l�.�N�t��t �at�� nc� �a�l�a f’ s�c�ll a� �f���s,�t���l�af�n� �l� n�����xpands .�T�is�sta����cc��s�10�

t� �15�d ays �aft�� ������ �nc�,�d�p�ndin� ��n�w �at����c�nditi�ns ,�w��n�t�� �pl ant�is�typically�3�t��4 �inc� �s�tal l.�
�
S��ge���� F�ve-Le�f �� T��� c�lla���f�t���fift ��f�l ly� �xpand �d� l�af�i s�visi�l�,�and�t��� ���win�� p�int�is�at���� j�st� ��l �w�t��� s�il�s��fac�.� T�is� sta� ��

�cc��s� app�� xi�at�ly�20� t��25�days� aft���������nc�� w��n �t��� plant�is�7�t��9� inc��s�tall .�Fa����s� s���ld�apply���st�p �st -������nt�����icid�s�at�
�����f����t�is�ti��.��id �d��ss�f��t iliz�� �applicati�ns�a�����st��ad��at�t�is �sta������wit�in �t���f�l l�win��10�t� �15 �days .�

�
S��ge�3��Gr�w��g� P�����D�ffere�� ��� ����(GPD)��T��� plant�is��nt��in�� a��apid� p�� i�d��f����wt�.� T���� ��win� �p�int�can��� �f��nd� j�st�a ��v��t���
����nd��y�s pli ttin��t���stalk,�and�t���n������ �f�s��ds�p�� ���ad�will��� �d�t� ��in�d� �v���t���n�xt�c��pl���f�w��ks.�T�is�st a���typically� �cc��s� 30�

t� �40�days�aft���������nc�,�w��n�t��� pl ant� is�1 2�t��15�inc��s�tall .�At�t�is�sta� �,� �n�����tw���f�t�����tt��� l�av�s��ay�� av��fall �n�� ff,�and�till ��s�
�ay� ���p��s�nt�at�t����as��� f�t���pl ant.�P �i ���t��GPD,�t ��� plant�can�wit�stand� c�nsid��a�l��st��s s�wit� ��ini�����ff�ct� �n �yi �ld .�H�w �v��,�s t��ss�
d��in��GPD�can�aff�ct�t���p �t�ntial �n�������f�s��d s�p�����ad�at�fl�w�� in�.��ta�� �3�i s�a �k�y�ti���t��apply�i� �i�ati�n�if�s� il���ist����c�nditi �ns�a���

d�y�and�i��i�ati�n �is�availa�l�.�
�

S��ge� 4�� Fl�g� Le�f�V�s� ble��T��� last �l�af�t���������p�i���t�� ��adin� �is� ca ll�d�t���fla��l�af,� w�ic��is� s���t ��� t�an� t���p�� c�din�� l�av�s.�T���
s������� plant�is�in�t���fl a� �l�af� sta���w��n�t���l�af� tip�is�visi�l� �in�t���w���l .�T���last�tw����� t�����l�av�s�w ill�f�lly��xpand�d��in��t�is�p��i�d.�
Typically,�t� ��plant�p�����ss�s�f����t���fla��l�af�t��t������t�sta�� �in�5 �t��7�days.�

�
S��ge� 5��B���� �T��� ���t�sta���is�w��n �t� ��s�������pan icl�,�als� �kn�wn�as�t�����ad,�is�in�t���fla� �l�af �s��at��and� can���� s��n� as �a� ��l�� ��� �

sw�llin�.�L�af�c�l la�s��f�all �l�av�s�a �� �visi�l �,�and�t���p anicl��i s�p�s� �d�� p�t�������t� ��fla� �l�af�c�lla���y�t����pp���stal k,�kn�wn�as�t���p �d�ncl� .�
T���l �n�t���f�t���p�d�ncl��can ����aff�ct�d��y�st��ss�a t�t �is �ti�� �and�is�in fl��nc�d��y��y��id���n�tics.�Wit� ���s t�� �ai n�s��������y ��ids ,�t� �����t�
sta��� �cc��s� app��xi�at�ly� 50� t�� 60� days � aft��� ����� �nc� .�M�ist���� and ���at�st ��ss�d��in�� t�� � ���t� s ta��� and� f��� t ���n�xt � 14� days� wi ll�

si�ni ficantly �l�w ���yi�ld.�T���plant �p�����ss�s �f����t������t�sta�� �t��t�����adin��sta���in�3� t��5�days.�
�
He�d��g� (N�� � A�� Off�c��l � S��ge) ��H�adin�� �cc��s �w��n� t���panicl����c���s� visi�l�� as� it� ������s� f���� t��� fla�� l�af�s��at�.� �������� is�
c�nsid���d�“��ad�d”�w��n�50%��f�t���panicl�s �in� a�fi�ld�a���vis i�l �.�T���plant�can�p�����ss �f������adin��t�� �i d-�l����v��y�q �ickly .�In�fac t,�
s�����y��ids����in��l���in��as �s��n�as�t���panicl���as�c��pl �t�ly �������d�f����t���l�af�s��at�.�

�
S��ge�6�� Fl�wer��g �� Fl�w��in�� ����l���i n��is�t�����s t�c �itical�sta� �� in� t���l if� ��f �t� ��s�������plant.�A�p lant ����ins� fl�w��in�� f����t���t�p� �f�

t���panicl �� and�p�����ss�s�d �w nwa�d.�A�fi�ld��f� s�������i s�in�t��� fl� w��in��sta�� �w��n� �l���in ��� as�p�����ss�d� �alfway �d�wn�t ���pani cl��in�
50%��f�t��� plants .�At�t�is�s ta��,�t���p�d�ncl��is� still��l�n�atin�,� and�it �typically�tak�s�4� t��9�days�f���a� sin�l��panicl ��t��c��pl� t�� t���fl�w�� in��
p��c�ss .�Hy��ids�a�� ��at�d ��n�t��i���at�� ity �la�� �ly ��as�d��n�t���l�n�t� ��f�ti���t���plant�tak�s�t����ac��t���fl�w� �in��s ta�� .�

�
M�lk�(N���A��Off �c��l�S��ge) ��G�ain����ins�f���i n��as �s� �n�as�fl�w�� in��and�p�llinati�n�a�� �c��pl�t�.�T�����a in ��� �k��n�l�q�ickly ��xpands�and�
c�nta ins�a��ilky�fl� id.�At�t�is�p�int ,�t���s�������is�in�t �����ain �fill�p��i�d�t�at �will�n�t����c��pl�t�d��ntil�p�ysi�l��ica l��at ��ity�is���ac� �d.�T���

�ilk�sta����s� ally�l asts�7�t��10 �days .�
�
S��ge�7�� S�f��D�ugh�� ����������ac��s�t���s�ft� d�����sta� ��w��n� t�����ain�can����c��s��d���tw��n�t��� t�����and �ind�x�fin��� ���t� n��l�n����
c�nta ins� a��il ky� liq�id.�At �t�is� sta��,�sta�c� �is ��apidly �acc���la tin�,�50%��f�t�����ain’s� final�w�i��t ��as����n� ac�i�v�d,� an d�t���w��l� �plant�
��ist���� is� app��xi�at�l y� 65-68%.� �t ��ss� at� t�i s�t i���c an �si �nifican tly� l�w�� �yi �ld .� By� t��� �nd��f� t��� sta� �,�t �����ain� �as� c�l���d,�and� t���

26262����������������Swam�,�O����n,�d�mes��ca� ��n,��ax�n�m�,�b��an�cal �desc� �����n,��ene� �cs�and�c� ���ene��cs,��ene� �c�d�ve�s ����and��
b�eed� n� ��f�s����um�(S����um�b�c�l���(L.)�M�enc�)�

�



s������� is� ��ady�t���a�v�st �as �sila� �.�T���s�ft�d �����s ta���will �l ast�7�t��10�days�����ntil�t �����ain�can�n��l�n���� ���c��s��d��� tw��n�t��� t�����
and�ind�x�fin���.�

�
S��ge�8��H�rd�D�ugh ��At�t����a�d�d���� �sta�� ,���a in��as���ac��d�75�p��c�nt ��f�its�fina l�d�y �w�i��t,�and �n�t�i�nt��ptak��is�al��st�c��pl� t�.�T���
��ain�can �n��l�n�������c��s��d ���tw��n�t���t�����an d�ind�x�fin���.�T���s�� d�c�at�is �n��l �n��������n�and�� as�t��n�d �its �fin al�c�l� �,�w�ic��can ����
w�it�,� tan ,�� ��nz����� ��d.�T���t�ta l���ist��� �c�nt�nt� �f�t��� plant �is�n�w�d�c��asin��daily,�and�wat ���st��ss �d��in� �t�is� ti��� t�nds �t� �p����t��
l�d�in� .�T����a�d�d�����sta���typically�lasts�10 �t��14�days.�

�
S��ge�9�� Phys��l�g�c�l�M��ur��y��At�t�is�s ta��,�t���� �a in��as�ac�i �v�d�its ��axi����d�y �w�i��t .�P�ysi�l��i cal��at��ity�is���c��niz�d��y�a�da�k�
sp�t��� ��lack�l ay��� �n�t�����tt����f�t���k��n�l.�G�ain���ist��� �c�nt�nt�typically� �an��s���tw��n�25-35%.�D�siccant s�can����saf� ly� �s�d� t�� aid�in�

�a�v�st �wit���t���d�cin����ain�yi�ld.�T���t�tal�ti�� �f����fl�w�� in��t ��p�ysi�l��ical��at��ity�i s�app��xi�at�ly�40�t��45�days.�

�

�
�

�
S��ge�0��Emerge�ce �
�

S��ge�1��Three-Le�f� S��ge����F�ve-Le�f�

�

�

�
S��ge� 3�� Gr�w��g� P����� D�ffere���������
(GPD)�
�

S��ge�4��Fl �g�Le�f�V�s�ble �
�

S��ge�5��B����
�

�
�

�
S��ge�5��B����
�

He�d��g�(N���A��Off�c��l�S��ge)�
�

S��ge�6��Fl�wer��g �

�

� �
S��ge�6��Fl �wer��g �
�

M�lk�(N���A��Off�c��l�S��ge) � S��ge�7��S�f��D�ugh�
�
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S��ge�8��H ARD�DOUGH�
�

S��ge�9��Phys��l�g�c�l �M��ur��y�
�

�

F�g.�6.�Gr�w�h�s��ges ��f�S�rghum�

�
T�ble �7.�S�rghum �Gr�w�h�S��ges�

�
I� E�����nc� ,�d�p�ndin���n�ai��t��p��at��� �and�s�il ���ist��� ���tw��n�3�&�10� days �aft ���s��din��

II� C�lla���f�t�i�d�l�af�visi�l��

III� C�lla���f�fi ft��l�af �visi�l�,�~21�days �af t���������nc� �

IV� C�an���f ����v���tat iv��t����p��d�ctiv�����wt�,�7�t��10�l�av�s��xpand�d,�fl��al�initiati�n�
V� All�l�av�s �f�lly ��xpand�d�

VI� Hal f��f�plants��l���in��(in�fi�ld,����i ndivid�al�plant)�

VII� "��ft�d����" :�acc���lati�n��f�~50%��alf���ain�d�y�w�i��t�
VIII� "Ha�d�d����" :�acc���lati�n��f�~75%��al f���ain�d�y�w�i��t,�n�t �i�nt��ptak��c��pl�t��

IX� P�ys i�l��ical ��at��i ty:��axi����d�y �w�i��t��f�plant ���ac��d�

�
Descr�p�� ���� ��������is�ann�al/ �p���nnial�� �ass,�t������ts� a�� �adv�ntiti��s�and�fi� ���s ,�st ���is����ct�and��ad���p��f� n�d�s�and�int� �n�d�s ,�t���
pi t���ay� ���sw�� t,� j�icy����d�y.�T�� �l�av�s� a�� �7� and �28 �a��an��d� alt��nat in��t���pp�sit��si d��wit� �pa�a ll� l�v�n ati�n .�P��s�nc� ��f�waxy� lay���
li�it s�t���wat��� l�ss.�T���panicl�� va�i�s�l��s�� t��c��pact,� in �s����va� i�t i�s�panicl �����ain �s�����nd�d ��y� s��at� �and�s���ti��s�p�nd�ncl ��
��c� ���d,��ivin��p�nd�nt���ad���f����d �as�“ ���s��n�ck”.�Panicl��c�nsists��f� sp ikl�ts�in�p ai�s;� t���s�ssil��is�� ���ap���dit ��and�f� �ti l�� w�il���t�� ��
p�dicill at��is�s t�� il�.�T���s�ssil��spi kl�t�c�nsists� �f�inn���and���t� ���l���s��ncl�s in��tw��fl�w��s ,��pp ����n��is�p�� f�c t�a nd�l�w����n��is���d�c�d.�
T��� p��f�ct� fl�w��� �as� t�in� na� ��w��ai �y�l���a� and� s�all �p�lia� �ncl �sin�� t�����sta��n,� tw�� l�dic�l�s� and� �if��cat�d� f�a t���y�(���s��lik� )�
st i��a.�T��� p�di cillat ��fl�w�� �is�wit���t �p�lia�and��va�y.�G�ain�is�ca�y�psis,��nd�sp ����is�sta�c�y,�and� ����y��c�nsists�� f�p l���l� ,�c�l��ptil �s,�
�adical� c�l����iza�� �� f����d�as �sc� t�l���(A�� iinf�,�2016).����������as� a�w�l l -d�v�l�p�d ����t �syst���and� in �additi�n�t��i ts� s��t� ��an�an� ���t�
syst��,�s�������f���s � st��n�� a��ial� ���ts�p����atin�� t� ����� �t���s�il � and � �ns�� in� ���tt�� �sta�ility .� T�� � st��� is�st��n�,� �a�d,� s���t� ,�and�
divid�d��y�n�d�s�and����ws ��p�t��1–1.8��,���t�sw��t �s������s �and��i����i��ass �s������s �a�� �tal l�� �(2.5 –4��).���������l�av �s�a���7�and�28�in�
n����� �a ��an��d�alt��natin� �t���pp�sit ��sid�s� wit��p a�a ll� l�v �nati�n .�T��� l�av�s�a���50–100����wid��and�0.5–0.8���l�n� �d�p �ndin� ��p�n� t���
��n�typ � .� L�av�s � and �st��s� a����ft�n�c�v���d�wit� �a�wax�l ay�� �w�ic� �is �an�adaptati�n� ��c�anis��t��t�l ��at ��d�����t�and�ins�ct�a ttacks.�T���
panicl��va�i�s�f����l��s� �t� �c��pact ;�in�s����va�i�ti�s �t���panicl� ����ains�s�����nd�d ��y �s��at�,�alt������t�is�is�n�t�d�si �a�l� �f����an��c�n��ic�
yi�ld �p�int� �f� vi�w. �In �s������n�typ�s�t�� �p�d�ncl� �is ���c����d���s�ltin�� in� a�p�ndant� ��ad���f����d�t��as�“ ���s��n�ck”.�T��� s������� panicl��
c�nsists��f�spik�l �ts �in�pai�s,�s�ssil ��and�p �dicill at��typ�s;� t���s�ssi l��is �����ap���dit�� and� f��til��and� t���� t��� �p�dicillat��c�ntains��nl y�ant���s.�
T�� ���ain �is�ca �y�psis; �t�� ��nd�sp���� is�sta�c�y;� t��� ����y� � c�nsists� �f�pl���l�,�c�l��pt il�s,�and��adical�c�l����iza� ��� f� ���d�t� �as �sc�t �ll���
(K��a�,�2016).�
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C�ltivat�d�s�������is�a�can�-lik����ass�wit��div��s �� ���p ��l��y.�Plant ���i��t� �an��s� f����0.5 ���t ��s� (�)�t� �6� �.�C�l�s �(stalks )�a��� ���ct�and�
�an���f���� sl�nd���t�� st��t .�Till ��s�(adv�ntiti��s�st��s� ��i�inatin��f����t���plant��as�)� can��an���in�q�ant ity�f���� n�n��t��p��f�s �.�L�af� �lad�s�
va�y�f����lin�a��t� �lan c��lat�,�and�can����s���t� �����ai�y,���as ��in���p�t��100 �c�nti��t��s�(c�)�l�n� �and �10 �c�� wid��wit�� s�� �t��t��t�in ly�
pi l�s�� s��at�s.�T���infl���sc�nc� �c�nsists�� f�a�sin�l��pani cl��w it� ��any�� ac���s.�P anicl �s��ay� ����it����c��pact�����p�n ��p�t��5 0� c��l�n��and�
30�c�� wid�;�p anicl ����anc��s�a���sti ffly �as c�ndin��� ��sp��adin��and�p�nd�l��s ,�wit ��t �����tt�����anc����in��al��st ��a lf� as�l� n��as�t ��� panicl�.�

26264����������������Swam�,�O����n,�d�mes��ca� ��n,��ax�n�m�,�b��an�cal �desc� �����n,��ene� �cs�and�c� ���ene��cs,��ene� �c�d�ve�s ����and��
b�eed� n���f�s����um�(S����um�b�c�l���(L.)�M�enc�)�

�



At��at��ity ,��ac���s��av���n��t� ��i��t�n �d�s �and�can �����it����f�a�il �����t���� .��pik�l �ts ��ay�����la����s�����i �s�t�,��l liptic �t�����vat�,�and�� p�
t� �6����l�n�.�Gl���s�(��ac ts)��an���f����l�a t���y �t�������an��s,��ft�n �wit��w in��d�k��ls.�L�w���l���as�a ���app��xi�at�ly�6����l�n��w�i l��
�pp��� l���as� a��� sli��tly� s��� t��� and� �ft�n�awn�d .�B�t�� �pp��� and�l�w ��� l���as� �f� s�ssil� � spik�l �ts� a���s���w�at � ci lia t�� and�t�ansl�c�nt�
(�n�wd�n,�1936;�H a�lan�and�d ��W�t,�1972; �OECD,�2017).�
�
�.�bic���� � is� a�C4�ann�al����s�� �t-liv�d� p���nnial���ass �t�at�t ypically�� as��n�� ��n�� ati�n�p���� ��win��s�as�n.�It�can�p��d� c��ti ll� �s� (adv�ntiti��s�
st��s���i�inatin� �f����t� ��plant��as�)���t �n�t�� �i z���s.� T���c�l�s�(stalks)� typically���ac����i��ts�f����50 �t���v�� �240 �c��and�a���1� t��5�c��
t� ick,�s���ti��s� ��anc�in� �a��v��t ����as�.�T���n �d�s� a�� ��la� ���s��� ��av��app��ss�d �p���sc�nt��ai�s.�T���int� �n�d�s� a�� ��la����s.�T��� li��l�s�
a���1�t� �4����l�n�.�T���l �af��lad�s�a���5�t��100 �c��l�n��and�5�t��100����wid�.�T���i nfl� ��sc�nc��(panicl� )�is�5 �t��60�c��l �n�,�3�t��30�c��wid�,�
and� �ay� ����p �n���� c�nt�act�d .�T���p�i�a�y �panicl�� ��anc��s�a �� �c��p��nd,� t���inatin�� in��ac���s�wit�� 2�t��7� spik�l�t� pai�s. �T��� s�ssi l��
spik�l�ts� a����is�x�al �and�3� t��9���� in �l�n�t� .�T����l���s�a ��� c��iac���s� t�������an��s �and ��la� ���s� t�� d�ns�ly ��i �s�t�����p���sc�nt.�T���
k��ls��n� t����l���s�(��acts)� a����s�ally �win� �d.�T����pp��� l���as� va�y�f������in�� awnl �ss�t���avin� �a� ��nic�lat�,�twist�d,� 5�t� �30����a wn.�
T��� ant���s�a���2� t��3����l �n�.�T��� p�dic�ls�a���1�t��3���� l�n�.�T��� p�di c�llat��s pik�l�ts�a���3�t ��6����l�n�� and�a �� ��s�ally�s���t���t�an�t���
s�ssil��spik� l�ts.�T���p �dicill at��spi k�l�ts��ay�� ��s ta�i nat����� st� �il �.�D���sticat�d�s ������s�p��d�c��l a���� ca�y�ps �s� t�at� a����ft�n ��xp�s�d�at�
�at��ity.�C�ltiva�s� and ��nvi��n��nt al� c�nditi�ns� aff�ct� t��� n�t �iti�nal �c��p�siti�n ��f�t���ca�y�ps�s �and� t��� c��p�siti�n��f�t�� i�� c��p�n�nts�
incl�din� �t���p�� ica�p�(��t���l ay��),�t����nd�sp����(st��a���tiss ��),�and�t��������(����y �).�T���p��t�in�c�nt�nt��f�t� ��ca�y�psis ��an��s�f����7.3�
t� �15.6%;�fi����f����1.2� t��6.6%;�l ipids �f����0.5�t��5.2%;�and�sta�c�� f���� 55 .6�t��75.2%�(Insp�cti�n,�2021).����������s�d�f�� ���ain�� as�s���t�
panicl�s�and�p anicl����anc� �s�w�il� �s��������s�d�f���f��a���is�typically�l�afi��,�and �lat� ��at��in�.����������s�d�f���� �a in �typically�� ��ws �60�t��
120� c��tall� and�is��s� ally�s ���t ���t�an�s������s��s�d�f��� f��a���t�at�can����w��v���150�c��tall.���dan���ass �and�s������-��dan���ass��y��ids�
a��� int� ���diat�� in� ��i��t� in� ��tw��n���a in� s������s � and� f��a��� s������s � (Insp�c ti�n,� 2021).� ��.� bic�����is�t ypically� an�a nn�al,� ��t�s����
c�ltiva�s� a���p���nnial.�It ����ws�in�cl��ps �t�at ��ay���ac���v���4���t��s��i��.�T�� ���ain�i s�s �all, ��an�in��f����2� t ��4����in �dia��t��. ��w��t�
s������s �a���s�������c�ltiva�s�t�at�a ���p�i�a�il y����wn� f���f��a��,�sy��p� p��d�ct i�n,�and ��t� an�l; �t��y� a�� �tall� ��t�an�t��s�����wn� f��� ��a in .�
������� �bic���� �is�t ���c�ltivat�d �sp�c i�s�� f�s� �����;�its�wild���lativ�s ��ak���p�t�����tanical���n�s�������� �(Wiki p�dia ,�2023).����� ����is�an�
�p�i��t ,�s���t -day,�s����� �ann�al �t�at�i s�a���������f�t�� �P�ac�a�� fa�ily.�T��� ��ass ��lad�s�a���flat,�st��s� a��� �i�id,�and� t���� �a���n��c���pin��
��iz���s. ����������as � a�l��s�,� �p�n�panicl���f�s���t , �f�w-fl �w���d� �ac���s.�As �s��d��at���s,� t���panicl �� �ay�d���p .� Gl���s�va�y�in �c�l���
f������d������ddis� ����wn�t��y�ll�wis��a nd�a ��� at�l�ast� t���� �q�a� t��s� as�l�n� �as� t�� ��llipt ica l���ain.�T��� ��a in�i s�p ��d��ina t�ly� ��d���� ��ddis��
���wn.��� �����s��x�i�it�diff� ��nt� ��i��ts �and��at��ity�dat�s �d�p�ndin���n�w��t����t� �y�a�����ain�s������s �(������� �bic����� ssp.� bic���� ),�
f��a��� s������s� (��������bic���� ),���dan��ass �(�������� bic����� ssp.� d�����ndii ),� �� �s������-��dan���ass� �y��ids� (��������bic����� x�
������� �bic���� �va�.�s�dan ense).�G��wt��c�a�act��istics�als��va �y �d�p�ndin� ��n�t���l�cati�n ����wn,�in p�ts,�and �a���n��ic�p�act ic�s.�In�� �n��al,�
f��a��� s������s� a�� �tall ���pl ants�wit�� lat��� �at��ity �dat�s� and������ v�� �tativ�����wt� �t�an� ��ain�s������s.���dan ���ass�a nd�s������-���dan�
��ass��y��ids�fall � in���tw��n� ��ain�s������s �and�f��a���s������s �in���i��t �(U�DA,�2023).��������� is �a�st��n����ass� and��s�ally����ws�t ��a�
��i��t� �f�0.6 �t��2.4���t��s,�s���ti��s� ��ac�in�� as� �i���as�4 .6� ��t��s.��talks� and �l�av�s �a���c�at�d�wit� �a�w�it� �wax,�an d�t ���pit� ,�� ��c�nt �al�
p��ti�n,��f�t�� �st alks��f�c��t ain�va� i�ti�s�is� j�icy�and� sw�� t.� T���l�av�s �a��� a���t�5� c�����ad� and�76�c���l �n�.� T���tiny �fl �w��s�a��� p��d�c�d�in�
panicl�s�t�at�� an���f����l��s��t��d�ns�;��ac� �fl�w���c l�st�����a �s�800 –3,000�k��n�ls.�T���s��ds�v a�y�wid�l y�a��n��d iff���nt �typ�s�in�c �l���,�
s�ap�,�and �siz� ,���t�t��y�a�� �s�all���t� an�t��s���f�w��at �(B�itannica,�2023).���������is�a�ta ll, ����ct,�ann�al���ass�t�at�typically����ws�t��a��� i��t�
�f�1 -2���t��s.� It� �as�l�n�,� na���w�l�av�s�and� p��d�c�s �la �� �,�c��pac t�cl�st��s��f� ��a in� �n�t�p ��f�it s�st ��s.� T��� ��ains�a �� �typica ll y�s�all�and�
���nd,�wi t� �a��a�d���t ���lay���t�a t�is�d iffic� lt�t������v�.���������pl ants�c����in ��any �diff���nt�c�l��s,�incl�din����d,����wn,�w�it �,�and�y �ll�w,�
and�s����va�i�ti�s�� av��a�sw ��t�tast��(Plantvilla� �,�2023).���������is�an�ann�al ����p���nnial�� �ass .�T������t�syst ���i s�fi� ���s.�T���st���is����ct�
wit��l�av�s �alt��n atin� ��n ��pp�sit� �sid�s��n� n�d�s.�Basal �till�� s� a�� �f����d� at� t��� fi�s t�n�d �.�N�.�f�l�av�s� �an��� f���� 7-28.�T��� l�av�s��av��

d�����t�t�l��anc� ���ca�s���f:-���all �si z���f�st ��ata�c�lls�d��in��d�����t .��A� waxy�l ay���w�ic� �li �i ts� wat���l�ss .�And��P��s�nc� ��f ���t���
c� lls�w�ic� �ca�s ����llin���f�l�av �s ��nd ��� d�����t� st��ss.� Infl� ��sc�nc��is��ac���� typ�� (P anicl �).�T��� panic l��va�i�s�f���� ��in� �v��y�l��s�� t��
c��pac t.�T���panicl��c�nsis ts��f�sp ik�l �ts�w�ic� ��cc��s �in �pai�s .�On� �p ai��is�s�ssi l�,�����ap���dit��and�f��til� .�Ot����pai��is �p�dic�llat�,��al��an d��
st��il �. �T��� s�ssil �� spik�l �t��as�2��l ���s� wit��2 �fl ���ts.�On� �is� f�� til �,��is�x�al�c�nsists��f� a������an��s�l ���a�and �a� s�al l�t�in�d� lica t��pal�a .�
Tw� �l�di cl�s�a���p��s�nt �adjac�nt �t�� f�� til��l ���a.�L�dic�l �s� a�� �fl�s �y� and� t��ncat�.��ta��ns :�3.�Pistil:� an��va�y�wit�� tw� �l�n� �styl�s�wit�� a�
f�at���y�sti��a.�Tw��l�at���y���at �s� ap�d ��l���s�� ncl�sin��2�fl���ts.�T���l�w��� fl���t�is���p��s�nt �d� �y�l���a�and� �pp���fl�� �t�is�sta�inat��
wit��s��� t�awn�d�l���a.�Pal�a:� a�s�nt.� �t a��ns:�3.�Pistil :�a�s �nt .�Fl�w��in���cc��s�30 -40�da ys� aft�������ina ti�n�i.e. ,�2-4�days�aft���������nc��
�f�panicl��f�������t�l�af.�Fl�w��in�� sta �ts �in�s� ss il� �spik�l�ts� at� tip ��f�in fl� ��sc�nc��and �p�����ss�s�t�wa�ds���tt��.�T���p �dic�llat��spilk �l�ts�
�p�n�lat�� �and�c��pl�t��fl� w��in���a� li���t�an �in�s �ssil��spik�l�ts. ���������is�a�s�l f�p� ll inat�d �c��p���t�2-10%�c��ss�p�llinati�n��ay��c c� �.�T���
ant���s �&�st i��as�p�s����t� as�t���� l���s� �p�n.�T�� �ant���s �d��isc��and��� l�as��p�ll �n.� R�c�ptivity��f�sti��a�sta �ts�2�days ���f��� ��p�nin��and�
���ains�f���s �v��al�days. ���������is�a�s� ��t�d ay�plant �and��ast�n�d�� y�s���t�day�li��t�p�� i�ds�and��i���t��p��at ���s.�Aft���f� �ti lizati�n,�����y��
is �d�v�l�p�d.�T���d �p�sit i�n��f�sta�c����ains�� ��in �a���t�10�days�aft���f�� tili za ti�n.����d�d�v�l�p��nt �is�in�3�sta��s:��il k�sta� �,�s�ft�d���� �sta���
and� �a�d�d����� sta��.�T�� �s��d�c�n sists��f� p��ica�p�(��t���c�at,�6%��y �w�i ��t),� �nd�sp����(st��a���tiss� ��84%) �and� ����y��(����,�10%) .�
E���y ��is��ad���f�70 %�fat�and�1 3%�in�t �����ain�(�� s�it�a,�2023)�
�
��������is�an�ann�al �plant,���n��ci��s ,�tall ,�wit���n��t� ��any �t ill ��s���i�inatin� �f����t�� ��as���� �st ���n� d�s.�R��ts�a ���c�nc�nt�at�d �in�t���t�p�
�f�t���s�il�� �t�s ���ti��s��xt�ndin��t��twic ��t�at�d�pt�,�sp ��adin� �lat��ally.�T���st���(c�l�)�is �s�lid,��s�ally����ct ;�l�av�s �alt��nat�,�si�pl� ,�l�n��
l�af�s��a t���ft�n�wit��waxy��l����wit���and�� f�s� ��t�w�it� ��ai�s �at��as��n�a� �att ac���nt�and�a� tic�lat�d,�l i��l� �s���t,��lad��lanc��lat� ����lin�a �-
lanc��lat�,�initially� ���ct�lat �� �c� �vin� ,��a��ins� flat����wavy� (F i�.7)�(Balak� is�na�and�B�at,�2016). �Infl� ��sc�nc��is�a�t���in al�p anicl�� c���s���t�
�f�fla� -l�a f�s ��at��at� ��adin� �ti��.�P anicl ��is�l �n�,�c��pac t�� ��l��s� ,��p�n .�Rac�is�is�s�� �t����l�n��wit��p�i�a�y,�s�c�nda�y,�and �s���ti��s�
t��tia�y���anc��s�wit��spi k�l�ts�i n�pai�s�and�in�� ���ps�� f�t ����� at� t����nds�� f���anc��s.��pik�l�t�is�s�s sil��and��is�x�al����p�dic�ll�d�and��al���� �
st��il ��wit��2�fl� ��ts;�s�s sil��spik�l �t� is�l�n��wit���l���s� app��xi�at�ly�in��q�al�l �n�t�,�l�w��� �l����is�v�in�d��s�ally�wit��a� c�a�s��k�� l-lik��
v�in� �n ��ac��sid �,��pp�� ��l�����s �al ly�na� ��w�� �and ������p�int�d�wit��c�nt�al�k�� l�f��� pa�t��f�its�l�n�t�,�l�w��� fl� ��t� c�nsistin���f�a �l���a �
�nly,��pp�� �fl� ��t��is�x�al�wit�� l���a�cl�ft� at� ap�x,�w it��� ��wit���t�kn��d,� twist�d �awn,�p al�a�w��n�p��s�nt �is �s�al l�and� t�in,�2�l�dic�l�s,�3�
sta��ns,� �va�y� s�p��i� �,�1 -c�ll �d �wit� �2� l�n� �styl�s � �ndin��in� f�at���y� sti��as.� P�dic� ll�d� spik� l�t � is� p��sist�nt� ��� d�cid���s,� s�all� ��and�
na���w���t�an�s�ssil �� spik�l �t,��ft�n�c�nsistin���f� �nly�tw���l���s,�s���ti��s�wit��l�w���fl� ��t�c�nsistin���f�l���a��n ly �and��pp ��� fl� ��t�wit��
l���a,�2 �l�dic�l�s �and�3� sta��ns� (Fi�.8�)�(Bal ak�is�na�a nd� B�at,�2016).� � �F��it� is�a�ca�y�psis� (��ain)�pa�tially �c�v ���d� �y��l���s,����nd�an d�
�l�ntly�p�int�d�c�nsists� �f� ����y�;� �nd�sp���� and� s��d�c�at�c�ns ists� �f� p��ica�p� and�t�sta � (Fi�.9� ). � C�l��ptil�s� and� ���ts������ �� f���� t���
����in atin��s��ds�(Ba lak�is�na�and�B�at,�2016).���
�
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1.�P�r� ��f�p���cle���.�I��er��de��f �r�ch�s,�b.�N�de�w��h �br��ches,�c.�Br��ch�w��h�sever�l�Recemes.�

�.�R�ceme���.�N�de,�b.�I��er��de,�c .�Sess�le�sp �kele�,�d .�Ped�cel ,�e.�Ped�celled�sp�kele�,�

f.�Term���l �ped�cel led�sp�kele�s,�g.�Aw�.�

3.�Upper �gl�me���.�Keel ,�b.�I�curved�m�rg��. �

4.�L�wer�glume���.�Keel ,�b.�Keel �w��g,�c.�M��u�e�����h��erm������g�kee l .�

5.�L�wer�l emm����.�Nerves. �

6.�Upper �lemm����.�Nerve,�b.�Aw�.�

7.�P�le�. � �

8.�L�d�cules . �

9.�Fl�wer���.�O v�ry,�b.�S��gm�,�c .�A��hers .�

10.�Gr������.�H�lum. �

11.�Gr������.�Embry��m�r k,�b.�L��er�l �l��es �

�
F�g .�8.�I�fl �resce�ce ���d�sp� kele�s��f �S�rg hum�

�
�

F�g .9.����ry�ps�s �(gr���)��f �s�rg hum��� �l��g��ud� ��l�sec��� �,��0�d�ys��f �er �fl �wer ��g�
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26266����������������Swam�,�O����n,�d�mes��ca� ��n,��ax�n�m�,�b��an�cal �desc� �����n,��ene� �cs�and�c� ���ene��cs,��ene� �c�d�ve�s ����and��
b�eed� n���f�s����um�(S����um�b�c�l���(L.)�M�enc�)�
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Hand -�a�v�s tin��s������� M�c�aniz�d�s���������ain��a�v�stin��
�

Cat tl����az in���n�s�������s talks ��in�a�fi�ld�
�

F�g.10.�B�����c�l �Des cr�p�����

�
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�

F�g.11 ���S�rghum �f�l��ge�le�ves .�Lef ���hree�p��els��Three �d�ffere���v�ews��f���le�f �sh�w��g��he �she��h ���d�bl�de.�R�gh� ���l�se-up��f���le�f �
sh� w��g ��he�l�g ule�m�de�up��f �h��rs���d���bl�de �

�
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F�g.1� ���Tw��s�des��f ���gr�����f �s�rg hum.�The�depress���������e�s�de�sh�ws�where ��he�embry���s. �The�h�lum�� ���he���her �surf�ce��s��he�
���� chme�� �p������f��he �gr����
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Fl�r�l� b��l�gy� ��d� p�ll����� ���� T��� �any� �ac���s� and �spik�l�ts� t�at �c��p�s�� t��� panicl�� d�v� l�p �a���t� 21� days� aft ��� t��� �ns�t� �f�t���
��p��d�ctiv� �p �as�.�A� sin�l� �pani cl ���ay�� �a� �6�000�fl� ��ts�in�t�tal.��pik�l�t s�al�n� �t����ac���s�� cc���in �s�ssil ��and�p �dic�ll�d �pai�s .�T���s�ss il��
spik�l�ts�a���f� �ti l��w�il� �t���p �dic�ll�d�spik�l�ts�a �� �st a�ina t��and�a�� �f����d��n�a�s� ��t�p�dic�l.�T����l���s�� f�t���s�ssi l��spik�l�ts��ncas��tw��
fl��� ts. �W�il��t���l�w ���fl���t�is�st� �il��and�c�ns ists�� f�a�l���a ��n ly ,�t����pp�� �fl� ��t�is�p��f�ct,�c�n sistin���f�a�l� ��a,�tw��l�dic�l�s�flankin��t ���
l���a,�t�����sta��ns �and�a�sin�l�-c�ll �d ��v a�y�wit��tw��pl���s� �sti��as.�Ant ��sis �can����in� as�s��n�as �t���panicl�� ���ins�t�� ����� �� f���� t���
c�l�,� ��t��s�a lly� ���ins� s�v��al� days�l at��� aft ��� t���p�d�ncl���as� ��ac��d� its� �axi���� ���wt� .� T��� fi�st� fl�w���t�� �l���� is� t����pp����st�
fl�w��, �and��l���in ��c�ntin��s�d�wn�t���panicl��in�a�����la��patt��n .���ssil��s pik�l�ts��l���� fi�s t�w it��p�dic�ll�d�spik�l�t s��l���in��tw��t��f����
days�lat�� .��T��p��at� ��,�siz� ��f�panicl��and �va�i �ty �a���t�� �p�i�a�y� fac t��s�t�at�d�t���in�� d��ati�n��f�fl�w��in� ,�w�ic� �is �typically� a���t��n ��
w��k,� ��t�va�i �s� f����2� t��15� days.�R�p��t s�in�t��� lit ��at� ��� �n� �l���� ti��� �v���a�24 -����� cycl ��a���inc�nsis t�nt.�It�was�s tat�d �t� at�t�� �t i����f�
�l���in��is �aff�c t�d��y�da�kn�ss�an d�t��p��a t���,���t�� �n��a lly��cc��s ���tw��n�10�p��and �8�a�.�H�w�v�� ,�c��l�ni��ts �wit����avy�d�ws �in����� �
t��p��at��latit�d�s�a��� ass�ciat�d�w it��d�l ay�d� fl�w��in�,�f����8�a��t�� 4�p�.�T��� fl�w����p�ns�in� a���t�t�n� �in�t�s,� all�win��t���s ti��as� and�
ant���s �t�� ������.� P�ll�n� �ay� d��is c�� f����t ��� ant���s�i���diat�ly� �p�n� ������nc����� �ay� d�l ay� s���tly� d�p�ndin�� �p�n� �nvi ��n��ntal�
c�nditi�ns.� T���ti�����t w��n�t��� �p�nin�� and �cl�sin���f�t� � ��l���s��an��s �f�����alf�an������t ��f��������s ,���t �av��a��s �a���t�tw�� ����s.�
C�ltivat�d�s �������panicl�s��ay�p��d �c���p�t��24��illi�n�� �ains ��f�p�ll�n,�w�ic��is�s�nsit iv��t� �d�siccati�n�and����ains�via�l� �f���� nly�t�����t ��
six���� �s.�H�w�v ��,�in��n��st�dy,� p�ll �n�k �pt�a t�4 °C�and �75%���lat iv�����idity ����ain�d�via�l�� f���94�����s ,�and �p�ll�n� st� ��d�in�p�lli na ti�n�
�a�s�in�t���s�ad��in�t���fi �l d�i n�D avis,�Calif��nia����ai n�d�via�l��f����v�� �20�����s.�W�il��sti��as�can ������c�ptiv��tw� �days ���f����and��p�t��a�
w��k�aft���fl�w�� in�,�t����pti�al�ti ��f�a ���f���p�l li nati�n�is�wit�in �t���fi�s t�72�����s.�P�ll�n �����inat�s�i���dia t�ly�� p�n ���ac�in��a���c�pt iv��
st i��a�and�f��tili sati�n��f�t�������c�ll�� cc��s�a���t�tw��� ���s�lat��� t��initiat��s��d�d �v�l�p��nt .�C�lt ivat �d�s �������is �p� i�a�ily�s� lf-p�llinatin�;�
��w�v ��,�wind -��diat�d�c ��ss-p�llin ati�n� d��s��cc��.� Ins�ct� p�llinati�n� �ay� als���cc��,� �as�d� �p�n� � ��s ��vati�ns� �f� ��n�y����s,�wi ld����s�
(s���ti��s� kn�wn� as�s�lit a�y����s)� and ��n��sp�c i�s��f���� tl� �visit in��s�v��al�s�������fl�w��s� c�ns�c�tiv �ly .�Up�n� c�ll�cti�n� �f�t��� ins�c ts,�
p�ll�n�� �ains�id�nti cal�t��t� ����ains �c�ll�ct�d�f����t���s�������ant���s �w����f��nd��n�all ��f�t���ins�cts,�wit��t�����n�y���� �ca ��yin��t�����st�and�
t������tl��ca ��yin��t���l�ast .�H�w�v�� ,�n��att��pt�was��ad��t��d�t���in� �if�ins�c t���v���nt���s�lt�d�in�c� �ss -p�llin ati�n �(OECD,�2017) .�
�
�.�bic���� �is�p ��d��inantly�s �lf-p�llinatin�,���t ��nd���s p�cific�c�nditi�ns�wind-��diat�d�c��ss -p�llinati�n �can��cc����v�� �60%,�d�p �ndin���n�t� ��
��n�typ � ,�and� av��a� ��a���t �6%.��As �a���s�lt��f� s�l f-p�llinati�n �and���t -c��ssin�,� ��st� s� ������l an d�ac�s� ���wn��y� s��sist�nc�� fa����s� a���
�ixt���s� �f�in� ��d� and�pa�tially�in���d�lin�s.� T���l �v �l��f���t -c��ssin�� va� i�s�and�is�infl� �nc�d��y�t��� pani cl��typ� ��f�t���c�l tiv a�;�typically���t -
c��ssin�� is� �i�����in�l��s�-panicl �d ���assy �s� ������and �l�w��� in�c��pac t -panicl�d�d���sticat�d �s� �����.�T��� �st i�at�d� ��t -c��ssin�� �at��in�
d���st ica t�d�s��������nd���fi�ld�c�nditi�ns ��an��s�f����5%�t ���v���40%.����v��al�p� llina t�� �sp�c i�s��av �����n�� �s ��v �d�c� ns�c�t iv�ly�visiti n��
d���st ica t�d�s�������fl�w��s .�Up�n�ins �ct�c�ll �c ti�n,�s�������p�ll�n ���ains�w� ���f��nd��n�all��f�t���ins�cts .�H�w�v�� ,�it �was �n�t�d�t���in�d�if�
ins�ct� ��v���nt ���s�lt�d�in� c��ss-p�ll inati�n.�M����st�di�s�a �� �n��d �d�t��d �t���in��t� � ��xt�nt��f�i ns�ct�p�llina ti�n� in��.�Bic�����(H��s��198 5;�
Insp�ct i�n,� 2021).�T��� fl�w��in��and�p�llinati�n��f��.�bic����� is �d�sc�i��d�in �H��s��(1985).� Infl� ��sc�nc��d�v�l�p��nt ����ins �w��n�a �fl� �a l�
in itial� f���s�30 �t�� 40� days�aft�� �����inati �n.�D���sti cat �d�s������� n���ally� fl� w��s�55�t��70�days�aft��� ����inati�n�in �wa���cli�at�s,���t�
d�p�ndin���n�t�� ���n�typ�,�fl �w��in���ay��cc���30�t��100 �days�a ft������ �ina ti�n.� W�t� and �c��l�w�a t���� can�als��d�l ay �fl�w��in� .�Fl�w��s�
���in � t�� �p�n� tw�� days � aft��� t ��� ������nc�� �f� t��� in fl� ��sc�nc� � f���� t��� ���t.�Fl�w ��in�� sta�ts� in� t��� s�ssil�� spik�l�ts� (��l ti fl�w���d�
s��divisi�ns�� f�t���infl���sc�nc�)�at�t ���tip��f�t�� �in fl� ��sc�nc�� and�p�����ss�s� d�wnwa�ds��v���4�t�� 5�d ays.� A�sin�l��panicl�� �ay��av�� �p� t��
6,000�fl���ts .�All ���ads�d��n �t �fl�w�� �at�t���s a���ti���in�a�fi�ld,�s��p�ll�n�i s��s�ally�availa�l��f���1 0�t��15�days.�Fl�w��in��ti���va� i�s�� as�d��n�
t�����n�typ��and�cli�at�,��s� ally��cc���in�� f�����idni��t� t�� �id -���n in�� and�p�akin�� a���nd�s �n�is�.� T���sw�llin��� f�t��� l�dic�l�s�fac ilitat�s�
fl�w�� -�p�nin�.�W� �n�t���sti��a���c���s�vi si�l�,�t���sta��n�fila��nts��l�n�at��and�t���ant���s���c����p�nd�nt.�W��n�t ���ant�� �s�a� ��d�y�t��y�
d��isc��and� p�ll �n� is� s��d� t�������t��� apical�p���.�M�st �p�ll �n� f����a� ��ad�f� �ti liz�s� ���s��n�t���sa�����ad.�C��ss -p�llinati�n� can��cc���if�
p�ll�n�i s��l�wn �int��t���ai�. �T���sti��a�is�p�llin at�d���f����t ���������nc���f�t� � �ant���s�f����t���s pik�l �ts .�P�l l�n ���ains �d�ift �t��t���sti��a�and�
����in at�.�A�p�ll �n�t��� �d�v�l�ps�wit��tw��n �cl�i�and����ws�d�wn�t���styl��t ��f��tiliz��t ���� ��.�A�sp����n�cl ��s� f�� tiliz�s�t�������t��f����a�2n�
����y��and�t����t����n�c l��s� f�s�s�wit��t���p�l a�� n�cl �i�t ��f���� a�3 n��nd�sp���.�Aft��� p�llinati�n,�t��� �l���s�cl�s�� and� t�����pty� ant���s�and�
st i��as��s�ally�p��t��d�.������l�n�-�l���d�va�i�ti�s �a��� cl�ist��a���s� (t���fl���ts�d��n�t� �p�n�f���f��t ili zat i�n ).� Unp�llinat�d�sti��as�� ��ain �
��c�ptiv � �f����p�t ��1 6�days.�Aft���f��t ili za ti�n ,����an�diff� ��nti ati�n ��cc��s��v�� �app��xi�at�ly�12�days .����ds �pass �t�������t�����d�v�l�p��nt�
sta��s:��ilk,��a�ly �d����,�and �lat ��d���� ,�and���ac���at�� ity �aft���a� ��t�30�days.��.�bic���� ���p��d� c�s �t�������s ��ds�(Insp�cti�n,�2021).�
�
�������� is� c�nsid���d � as � an� �ft�n� c��ss-p�llinat�d� sp�ci�s,�wit����tc ��ssin� ��p � t�� 6� %�d�p�ndin���n� t�� ���n�typ� �and� ���win�� c�nditi�ns�
(Ha�ip �asanna� and � Patil,� 2015 ).�T��� fl�w��in���cc��s�p�i� ��t�� s�n�is� �and� �xt�nd�d��p� t� ��id -day ,�t�� ��l ���i n��sta�ts� f���� tip��f�t ���panicl��in�
d�wnwa�d �di��cti�n .� T��� sti��a�is� ��c�ptiv����f��� �fl�w�� in�� and� ���ains� ��c�ptiv�� f��� 6�t�� 8�days.� P�ll �ns� a���via�l�� f��� f�w� ����s� and�
f� �tilizati�n �is�c��pl� t�d�wit�in�2�t��4���� �s�� f�p� llinat i�n ,�jawa� �is�n� ��ally�s�lf�p� llina t�d�c�� p���t�sti��as��xp� s�d�� �f��� �d��isc��l�ad�t��6�t��
30%�c��ss�p�llin ati�n .�T����l���s��p�n �d���t ��sw �llin��� f�l� dic�l�s�and�an�t����c������ t�sti��a.�T���s ti��a����ains���c�p tiv ��f���8 �t��16�days�
aft����l���in��(A� �iinf�,�2016).�P�llinati�n�is�d�n���n�n�xt�d ay���tw��n�9�t��10�a.�.�all�fl�w�� �c����t���l���.�Ins ��t in� �and�s�adin��t� ����ad�i n�
t����a��c�ll �ct�t���p�ll�n .�An�t���� t�c�niq���is� cli ppin��t�����ads ��a�ly�in�t ������n in��and�p lac�d�in�t���� �x�s� t��fl�w���in�p��t�ct�d�plac� .�T���
c�ll�ct �d� p�ll�ns �a���d�st�d��v����xp�s�d �st i��a���� t���p�ll�n�p��d�cin����ad ����s��d ��v�����asc�la t�d���ad�(A��iin f�,�2016 ). ���������is�a�
s�lf-p�llinat�d �c��p�wit� �t���nat��al�c��ss -p�llinati�n� f���� 0.6�t�� 15� %�d�p�ndin���n�t�����n�typ�,�panicl��typ�,�and�wind� di��cti�n �and �v�l�city.�
T�� �in fl���sc�nc� �is �a��ac���,�c�nsistin�� �f��n��t��s� v��al�spik�l�ts. �T��� spik�l�ts��s� ally�� cc���in�pai�s ,��n����in��s�ssil� �and� t���s �c�nd����n��
�n�a�s���t�p�dic�l, ��xc�pt�t���t���inal �s�ssil��spik �l �t, �w�i c� �is�acc��pani�d��y� tw��p�dic�ll�d�s pik�l�ts.� T�� �s�ssil� �spik�l �t�c�ntains�a�p��f�ct �
fl�w�� �w� ���as�t���p�dicilla t��spik�l �t �p�ss�ss�s��nly �ant���s ���t ��ccasi�nally� �as� a� ��di��nta�y� �va�y�a nd� ��pt y��l���s� (K��a�,�2016).� In�
s������� ant��sis�sta�ts�wit��t ��� �xs�� ti�n��f�t���c��pl�t��panicl� �f����t������t�l�a f. �Fl�w��s����in�t ���p�n� tw��days� aft��� c��pl �t��������nc��
�f�t���panicl�. �T�� �s���������ad����ins�t��fl�w�� �at �it s�tip�and�ant��sis�p��c��ds�s�cc�ssiv�ly �d�wnwa�d.�Ant ��sis �tak�s�plac��fi�st�in�t���s�ss il� �
spik�l�ts.� It�tak�s�a���t�6�days�f��� c��pl �ti�n��f�ant��s is �in �t� �� panicl��wit� ��axi����fl�w��in��at �3� ���4�days� aft�� �ant��sis����ins .�Ant��s is�
tak�s�plac��d��in��t�� ����nin������s ,�and�f��q��n tly ��cc��s�j�st ��� f���� ���j�st �aft�� �s�n�is�, ���t��ay ����d�l ay�d ��n�cl��dy �da�p����n in�s.�
Maxi����fl�w��in� �is ���s��v�d���t w��n�06:00 �and�09:00��.�B�ca�s� �all ���ads�in �a�fi� ld�d��n�t�fl �w���at�t���sa���ti��,�p� ll�n�is��s�ally�availa�l��
f���a �p��i�d��f�10 –15� days .�At�t��� ti� �� � f� fl� w�� in� � (ant� �si s ),� t� �� �l�� �s � �p�n� and �all �t� ��� �ant���s�fall �f��� ,�w�i l��t���tw��sti��as�p��t ��d�,�
�ac� ��n �a�sti ff�styl�. �T�� �ant���s�d��isc�� w��n� t��y�a���d�y�and�p�ll�n�i s��l�wn�int��t ��� ai�.�P�ll�n �in�t��� ant���s� ���ains�via�l�� s�v��al � ����s�
aft��� s��ddin�. � Fl�w��s����ain ��p�n�f��� 30–90��in .�D��is c�nc� ��f�t�� �ant���s� f�� � p�ll�n �diff�s i�n�tak �s� plac� � t�������t ���apical� p���.�T���
p�ll�n�d �ifts �t��t���s ti��a,�w� ��� �it �����inat�s; �t���p�ll �n �t��� ,�wit��tw� �n�cl �i,����ws�d�wn�t���st yl�,�t��f��t ili z��t������ �and�f����a�2n�n�cl��s.�
�ti��as���t��xp�s�d���f��� �t���ant ���s�d��isc� � s��j�ctin� � t���� t� � c��ss -p�llinat i�n�(K ��a�,�2016).�P�l lin ati�n �f�� �c��ssin��p��p�s�s �s��� ld�
sta�t �s��n�aft�� �n���al�p�ll�n�s��ddin��is�c��pl �t �d�d��in� �t�� ����n in������s.���������is �a�����d�� -f�i�ndly�c�� p�as �it�is�a��na�l� �f���c�� ssi n��
and� s�l fin�� q�it�� �asily. �F���s�lfin�,�aft���pan icl� ��xs��ti�n, ��a��in� �s���ld ����d�n� ��y �snippin� ��ff�t���fl�w���d �fl ���ts �at� t���tip .�C��ssin� �is�
d�n�� �y� ��asc�lati�n� �f� s�l�ct�d� pani cl�s�and �d�s tin���f� p� ll�n� f���� id�ntifi�d�plants.� Hand � ��asc�lati�n�is� ��st� c����nly� p�actic�d� in�
s������.�B�ca�s� ��f�t�is��as��i n�c ��ssin� ,��y��idi zati�n�is���st �c����nly �f�l l�w �d �in �s�������f���t�ai t� i�p��v���nt .�F��� �ff�c tiv����s�lts �in�
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a� tificial ��y��idizati�n �t���p�ll �n� is� c�ll�ct�d� in� p�ll�n��a�s�and� t�������ly�d�st�d ��n�t�����asc�lat�d���� �al �-st��il�� panicl �s� (K��a� ,�2016) .�
���������ic�l�� �is�p��pa�at�d �t�������s ��ds�p��d�c�d��y�s�lf-p�llinati�n,���t���t -c��ssin���a t�s �a���in�t����an���� f�l �s s�t�an �10%�t��73%�and�t��
n�a�ly�1 00%�in�individ�al���dan���ass�plants .�Wind�i s�an�i�p� �tant�v�ct���f���si�nificant��at �s��f��� t-c��ssi n��an d�ins �cts�(��n�y���s ,�wild����s,�
���tl�s )��ay�al s� �c�nt�i��t� �t��c��ss�p �llin ati�n .���������p� ll�n�is���n��ally��i��ly�f�ncti�nal�f���a���t�30��in�t�s�a ft���t ���ant���s�d��isc�,��� t�
it s�l�n��vity�is�li�it�d�t��tw��t��f������� �s.�P�ll�n�k�pt� �nd�����f�i���ati�n�is�c apa�l���f� f��tili zati�n�f��� t���� �t� �f����days .�P�ll�n�via�ility� and�
a�ility�t� �����in at��a ���infl ��nc�d��y�t��p��at ��� ,����idity,�and�cl��d� c�v��.��ti��as� a�����c�ptiv��f��� a�day����tw�� aft����l���in �,���t ��ay�
���ain ���c�ptiv���p�t��a�w��k��������.�T���av��a���n����� ��f�s�ssil��spik �l�ts�in� a� sin�l��in fl� ��sc�nc���f�s�������i s��sti �at�d��y�as�2000� t��
4000�and ��ac��spik�l�t��as�3�ant���s�wi t��an� av��a���� f�5000 �p�ll�n� ��a ins�in� �ac�.� T���a���nt��f�p�ll �n�s��d ��y� ant���s� is� a��i��ly�va�ia�l��
t�a it, �d�p�ndin���n�t �����n�typ��(Balak�is�na �and�B�at ,�2016).�Plants� a�� �p�i�a� ily�s�lf-p�llinat�d ,���t�s ����wind�p �llinati�n� �cc��s.� C�ltivat�d�
s������� is�p�ysi�l��ically�a�p���nnial�t �at �is�typically� ���wn�as� an� an n�al .�In�s �����nvi��n��nts�a�s�c�nd� �at ��n�( ��sp���t�d)�c ��p�is�p ��d�c�d�
f����t����n�a�v�st�d����ts�and �st�l�ns��f�t� ��fi�s t�c �� p�(OECD,�2017).�
�
�rossing� �
�
Em�scul�������s �d��e ����3�me�h�ds�
�
1)�I��H��d�Em�scul������ �Only�t���pa� t��f�t� ��p�nd�n cl��is���asc�lat�d .�F l�w���d�tips �and�l �w�� ���anc��s�a �� �����v�d��y�clippin�.�A���t�50�
fl��� ts�t�at�w��ld�fl�w����n�n�xt�day�a �� �s� l�ct�d�and���asc�lat�d �and�c�v���d�wit��s�ita�l� �pap ����a� .��
�
�)�I��H���W��er �Me�h�d�� T���s ���������ad�is�i����s�d�in�w at���at�4 5�0�t��48 �0C�f���1 0��in�t�s,�wit���t �inj� �y�t��t�� �sti��a.��
�
3)�I��Pl�s�� c�B�g �Em�scul�� ����� ����������ads� a���c�v ���d�wit�� plasti c��a��t�n� c��a t���i������idity�i n�sid��t����a�.� Und ����i������idity�
fl��� ts��p�n ,�ant� �� ������ �s ,���t �s��d �n� �p�ll �ns�and�t� ��ant��������v�d��asily��y �tappin��(A��iinf�,�2016).�
�
Enla�� �d�spik�l�t �and�spik�l�ts�in �tw� �vi�ws�a����i v�n�i n�Fi�.��13,�14.�
�

�
�

F�g. 13.�Sp�kele�s��f�cul��v��ed�s�rghum.�S�rghum�h�s� sess� le���d�ped�cell ��e�sp�kele�s.�The�sess� le� sp�kele�s��re� �

b� sexu�l�(m�le���d�fem�le),�where�s��he�p ed�cell��e��sp�kele�s�m�y�be�m�le��r�s�er�le.�N���ce��he�fe��hery��

purple�s ��gm�s���d� �he�yell �w����hers��� ��he�b�sexu�l� fl�re�s�

�

�
�

F�g.14 .�S�rghum�sp�ke le�s�� ���w��v�ews.�S�rghum�h�s�ses s�le���d�ped�cell��e �sp�kele�s .�The�sess� le�sp�kel e�s�� re �b�sexu�l �(m�le�� �d�
fem�le),�where�s ��he�ped�cell��e�sp�kele�s�m�y�be�m� le��r�s�er�le.�I���h�s�ex�mpl e,��he����hers��ppe� r����h�ve�bee��l� s�,�pr�b�bly�bec�use�

�he�fru��s�� re �re l���vely�m��ure �
�

GENETI� S�AND��YTOGENETIO�S��
�
�.�bi c���� � is� a���n �tically�di v��s��dipl�id �(2n�=� 2x�=�20).�T��� classificat i�n��f� �.�bic���� ��as����n�c�nt��v��sial� and� c�all�n�in��d���t��� i���
va�ia�i lity �wit�in� t��� sp�ci�s .� �n�wd�n �(1936 )�d�f in�d� a� c��pl �x�wit�� ann�al � ������s� �f� ������� � M��n c�� s��� .��������� c��p�i sin�� 7�
w��dy,�13 �wild,�and �28�c�ltiva t�d�s p�ci�s.�Al l��f�t� �s��s p�ci�s,�in�ad dit i�n�t��p ���nnial�������s,�w��� �lat�������p�d�wit�i n�t ���sin�l��sp�ci�s,��.�
bic���� .�� In� t��� p��� -��vi�w�d�lit� �at ����and� s���c�s� �f� ���w��� in f���ati�n� ( s��d� c��pani�s,� �xt�nsi�n� p��l icati�ns )� t���in �l��y� �s�� is�
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inc�nsi st�nt �and� it� is� �ft�n �c�all�n�in�� t� �d� t���in�� t���sp�ci�s ,�s��sp�ci�s ,�and��ac� ��� �w��kin� �����p���in�� ��f���nc�d �(Insp�cti�n ,�2021) .�
��������is�t���C4�f��d�c ��p�f���w�i c��c��pl �t ����n����s �q ��nc��availa�l� �and�t���c��pl�t��� �n����s�q��ncin� ��f�s� ��������n �typ��Btx�623�
�sti�at�d �t�����n����siz��as�730 �M�� and�t���GC�c�nt�nt� is��sti�at�d�at�37.7%.�In� s���������t��� c����at in��cc�pi�s� at� l�ast� 460�M��and�252�
M�� is� ��c� ���atin.� T�� �s������� ��n���� c�ntains� 55%��� t��t�ansp�s�ns ,�7 .5%� �f� DNA� t�ansp�s�ns� and� 1.7%��f��in iat����inv��t �d -��p�a t�
t�ansp�sa�l���l���nts.�App�� xi�at�ly�2 7,640�p ��t�in�c�din��� �n�s�f��nd�in�s�������f�l l�w�d��y�5,197 ���n �s�c�nta in�l�ss�t�an�150 �a�in��ac ids�
�av��f�w� �x�ns�and�7 27� p��c�ss�d� ps��d���n�s.�A�t�tal�� f�67� kn�wn��ic���RNAs�(�iRNAs)�and� 82�additi�nal��iRNAs�id�ntifi�d�in�s�������
��n���.�Cyt ���n�t ic��aps��f�s�������c�����s���s�w��� �c�nst��ct �d��n�t����asis��f�t� ��fl����sc�nc��in�sit� ��y� �idizati�n�(FI�H )��sin� �BACs.�
BTx62 3�an� �lit��in���d�lin� �was��s�d� t���sti �at��t�����l�c�la�� siz���f� t����ac��c�����s���� and ��sta�lis��d �a���n��ally�acc�pt�d�siz���as�d�
n���nclat� ��� f���s� ������ c�����s���s� (�BI-01�t�� �BI-10)� and� linka� �� ����ps� (LG -01�t��LG -10)� (Ki��� t� al.,�2005a;�Ki��� t� a l., �2005�) .�
Ext�nsi v���ff��t s �in �c��p �i�p�� v���nt��av����s�lt�d�in �t���d�v�l�p��nt��f�a�n�������f��i�� -yi�ld in��c�lti va�s�wit� �s��stanti al �yi�ld �inc����nt �
�v�� �t��� y�a�s.� T�� �disc�v��y� and��tilisati�n� �f� t����al��st��ility� syst��� �av��l�d� t�� t�� �s�cc�ssf�l� c�����c ial� �xpl�itati�n � �f� ��t���sis. �A�
n����� � �f� �i�ti c� and � a�i�ti c� yi� ld-li�it in�� fact��s� and� c�an��s�in�c�ns��pti�n� patt� �n� � � and�d��and� �av�� ��s�lt�d�in� a�st�ady�d�clin�� � in�
c�ltivat �d� a ��a� and ���ain� p��d�cti�n ��v���t ��� y�a�s.� M�c�� p�����ss� �as� ���n� ac� i�v�d �in � �t��� fi�ld� �f� s��������i�t �c�n�l��y,� incl�din���
��n��ics ��v ���t���last�tw�� d�cad�s .�Ad�pt i�n��f���n��ic �t��ls �and ���l�c�la������din� ��st�at��i�s� can�� �lp �in�t ail��in�� s�������c�ltiva�s�wit��
d�si��d�t�ait s�t���n�an c��t���p��d�ctivity��nd �� �va�i��s�li�itin��fact��s �in � t���y�a�s�t� �c����(Ha� ip �as ann a�and �Patil ,� 2015 ). ���������is �a�s� lf-
p�lli natin�,�dipl�id �(2 n� =�2 x�=�20)�sp�ci�s���l�n�in��t��t ���P�ac�a��fa�ily�wit��a���n����siz� ��f�730�M�,�a���t�25�%�t���siz� ��f��aiz�� (K��a� ,�
2016).�M�st��f�t���c�ltivat�d�s�������va� i�ti �s�and� land�� ac�s���l�n��t�� �.�bic���� �s��sp .� bic���� ��f�t���E�-��������s��� ��n��ic� s�cti�n��f�t���
������� ���n�s�and�� t����f���,�C�aet�s������ ,��et e��s������ ,�Pa�as������ �and��tip�s������ �c�ntai n�19,�wild �sp�c i�s�n ati v��t� �Af�ica,�As ia�
and� A�st�al ia.� T��� �.bic����� is�dipl�i d� (2n�=�20),�C�a�t�s������� and�H�t���s������� c�n tain� t���t �t�apl�i d�(2n� =�40).�T��� pl�idy� va�i�s�in�
Pa�as�������f����2n�=�10�t��2n �=�40 �and���st ��f�sp �c i�s�in ��tip�s�������a�� �dipl�id�wit� �2n�=�10,�w�il� ��.�inte�ject ����as�2n�=�30 ,�40�and��.�
p����s�� ��as�2n�=�10,�20 ,�30�(Ba lak�is�n a�and�B� at,�2016).����������is �an�int� ��stin����n�s ��avin� �a�l a����n����� ��f�w�ll -��c� �niz�d�sp�ci�s�
tax�n��ical ly�classifi�d�int��fiv��s� ���n ��a.�Cyt���n�tic�an alysis�l� d�t��t�� ��nd��standin���f�t���nat��� ��f�c�����s��al�v a� iati�ns,���i�ins ,�and�
p���a�l�� �� lat i�ns�ips ��as�d ��n�c�����s���� ���p ��l��y.�P�����ss� in�t�� �sci �nc�� �f�c�nv�nt i�nal �and� ��l�c�la�� cyt���n�tics,� and ���n��ic�
��s�a�c�� p��vid�� a� d�tail �d �insi��t �int�� t��� ��n���� ���anizat i�n��f� an� individ�al� ��� sp�ci�s,� l�adin�� t�� �n�anc�d��tilizati�n��f���n �tic� and�
p�ysical� inf���ati�n�t�wa�ds� i�p��v���nt��f�t ���c��p .�T���int���ati�n� �f� ��n�tic ,�p�ysical, �and� cyt ���l�c�la ���aps ��f�t�������������n�s� is�
�s�f�l� t�� sci�ntists� w��kin� ��n���n��ics��f� ��ass �sp�c i�s.�La� ��-scal� ���l�c�la�� ka�y�typin���f���a ss ���n���s�w��ld� fac ilitat�� ali�n��nt� �f�
�� lat�d� c�����s��al� ���i�ns�a��n��d iff���nt� ��ass�s p�ci�s� and �als��facilit at�� ��n� tic �and� cyt�� �n�tic�st�di�s�� f�c�����s �������aniza ti�n�and�
�v�l�ti�n .�As� c��pa��d�t� ��t���� c��p� sp�ci�s� li ttl� �i s�kn�wn � a���t �t��� ka�y����p ��l��y�in� s��������ainl y� d���t�� t�� �s�all� siz�� �f�i ts�
c�����s���s� (Raks�it� et� a�. ,� 2016).� � C�ltivat�d� s������� is� a� ��n �tically� div��s�� dipl�id� (2n �=�2x� =� 20)�wit �� 200� c lassifi�d� p��n�typic,�
��n�typic�and �cyt�� �n�tic� t�ait���n�s .�It�is�s�x�ally �c��pati�l�� wit��s�����f�it s� wi ld����w��dy���l ativ�s,�and�t��� l�v�l� �f�c��ss-c��pat i�ility�
d�t� ��in�s�its�p �i�a�y�and�s�c�nda�y ���n��p��ls.�T���p �i�a�y���n��p��l�li�s�wit�in �s�cti�n �E�s�������and�incl�d�s �t����t� ���dipl�id�sp�ci�s��.�
p��pinq���,��.�bic���� �s��sp.�ve�tic i��i f�����, �and�s �att� �can�.�C��ss�s�wit�in�t �is ���n��p ��l�a ���f�lly�int ��f��t il� .�T����i���l� v�l��f�f� �ti lity�and�
sp�ntan���s���tc��ssin���f� t���p�i�a�y� ��n�� p��l �l�ads�t� �f��q ��nt� int �����ssi�n�w��n�dis t�i��ti�ns�� v��lap� and�c�ndi ti�ns� a��� fav� ��a�l�.�T���
s�c�nda�y���n��p��l�c�nsists��f� t���t�t�apl�id�(2n�=�4x�=�40)� ������s��f� E�s������:�C�l����s���ass� (��������a���� �Pa��di)�and�J��ns�n�
��ass.�D���stica t�d�s������� is �capa�l� ��f���t -c��ssin��wit�� ������ s� �f� t���s�c�nda�y� ��n�� p��l� d�spi t��pl�idy� l�v�l �di ff� ��nc�s,�p��d�cin��
�it����st� �il ��t� ipl �ids ���� s���w�at �f� �ti l��t�t�apl�ids.�T���t��tia�y���n ��p��l� incl�d�s�sp�ci�s� f�����t ��� �s�cti �ns��f�s������.�O�tc��ssin���f�
c�ltivat �d�s�������wit��������s�� f�t�is ���n� �p��l�is��i��ly ��nlik�ly�� nd���nat��al�c� nditi�ns, �and �c��ss�s�p��d�c�d �t� ���������an�i nt��v �nti�n�
a��� an��al��s ,� l�t�al� ��� al��st� c��pl �t�ly� st� �il �.� T��� c�ltivat�d �s������� ��n ���� �as� ���n� s�q��n c�d.� T��� �apl�id� ��n���� siz�� is�
app��xi�at�ly�730�M��a��as��pai�s �(M�p),�la �����t �an���t��A�a�id�psis�and��ic� �(155�M�p�and�510�M�p,���sp�ctiv�l y)�(OECD,�2017) .���������
is �a�p��d��inantly�s �lf-p�llinat�d�dipl�id�sp�ci�s�wit� �2n�=�2×�=�20�c�����s���s.�It��as�a�s�all���n������ lat iv� �t��� t����c���al �c��ps,�w�ic��is�
a���t�730�M�p.�Its�w��l��� �n����was�s�q��nc�d� and��ad��acc�ssi�l��f��� p��li c��s�,�w�i c�� facilitat�d� t���d �v�l�p��nt��f� DNA��a�k��s,�s�c��
as� sin�l�� n�cl ��tid �� p�ly���p�i s��(�NPs)� f��� va�i��s� applicati�ns,� incl�din�� analys�s� �f� p�p�lati�n� ��n�tics� and�id�ntificati�n��f���n��ic�
���i�ns�ass�ciat�d �wit��c��pl�x�t�a its �t� ����� �q�antitativ� �t�ait�l�ci�(Q TL)�and�ass�ci ati�n��appin��(Eny�w �et�a �., �2021).���In �t���p��s�nt�st�dy,�
p�p�lati�n���n��ics �analys�s�w�� ��p��f���� d��n�a�w��ldwid��c�ll�cti�n��f�445�s�������acc�ssi�ns,�c�v��in��wild �s����� ��and�f����
�nd-�s�� s��p�p�lati�ns �wit��div��s�� a���n� �ic� t�ait s.�F� �q��nt � ��n�tic� �xc�an��s �w���� f��nd�a��n�� va�i��s� s��p�p�lati�ns ,�and�
st ��n�� s�l�cti v��sw��ps �aff�ct�d� 14.68%�(~107.5 �M�)��f�t���s���������n� ��,�incl�din��3649,�4287,�and�3888���n�s� d��in��s�������
d���sticati�n,�i�p��v���nt��f���ain�s������,�and�i�p��v���nt��f�sw��t �s������, ���sp�ctiv�ly.�Ei��t�di ff���nt���d �ls ��f��apl�typ��
c�an��s�in �d���sticati�n� ��n�s� f�� �� wi ld � s������� t�� land�ac�s�and�i�p��v�d�s�������w ������s��v�d,� and� ��1-�and� �bTB1 -typ��
��n�s�w������p��s�ntativ���f�tw��p���in�nt���d�ls,��n���f�s�ft�s�l�cti�n������lti pl����i�ins�and��n���f��a�d� s�l�cti�n����an��a�ly� sin�l��
d���st icati�n��v�nt.�W��als��d���nst �at�d� t�at�t�� �D�y ���n�,�w�ic�� ����lat�s�st���j�icin�ss ,�was ��nc�nsci��sly �s�l�ct�d �d��in��
t��� i�p��v���nt ��f� ��ain�s������.� Tak�n�t���t���,�t��s �� findin�s �p��vid��n�w���n��ic�insi��ts�int��s�������d���sticati �n�and�
����din�� s�l�cti�n,� and�will� facilit at�� f��t���� di ss�cti �n� �f� t���d���sticati�n� and� ��l�c�la������din�� �f� s������� (W�� et� a�.,� 2022).�
G�n��ics � �as� �ad�� �apid� advanc�s� d��in�� t���past� d�cad�.� T���s������� ��n���� �as����n� s�q��nc�d,�and�i�p��tant ���n �� t�ans c�ipt s� and�
����lat ��y ���c�anis�s�a�����in��d�cip����d��n�a� la��� �scal��w��ldwid�� (P �a��aka� � et�a �., �2022).�T�����n�����f��.�bic�����was�s�q� �nc�d.�It� is�
��n��ally� c�ns id���d�dipl�id� and�c�ntains�2 0� c�����s���s,���w�v��, �t� ����is ��vid�nc� �t��s����st�a�t�t �apl�id���i�in�f����.�bic���� .�T�����n����
siz��is�app��xi�at�ly�8 00�M�p�(Wikip�dia,�2023).��
�
GENETI� �DIVERSITY �
�
G�n�ti c�div��sity�is�t����as��f��� s��vival ��f�plants�in� nat���� and� f��� c��p�i�p��v���nt.�Div��sity�i n�plant���n�tic� ��s���c�s�p��vid�s ��pp��t �nity�
f���plant�����d��s�t��d�v �l�p� n�w� and�i �p�� v�d� c�ltiva�s �wit��d�si �a�l� �c�a� act��istics ,�w�ic� �incl�d����t� �fa����-p��f����d �t�aits� (�i���yi�ld�
p�t�nti al,� la��� �s��d)�and �����d��-p�� f�� ��d �t�aits �(p�st�and�dis�as ����sistanc� �and�p��t�s�nsitivity). �F����t���v��y����innin���f�a��ic�lt���, �nat��al�
��n�tic �va�ia�ility ��as����n��xpl�i t�d �wit�in �c��p�sp�ci�s �t� ����t �s��sist�n c�� f��d� ��q�i����nt .�Lat��� t��� f�c�s� s�ift�d �t�����w�s��pl�s� f��d� f���
���win�� p�p�lati�ns.�P��s�ntl y�t�� �f�c� s� is� �n���t�� yi�l d�a nd�q�ality�asp�cts��f� �aj� ��f��d�c��ps �t��p��vid���alanc�d� di�t �t� ����an ���in�s�
(B�anda�i �et �a� .,�2017).�G�n �tic�div ��s ity �faci litat�s �����d��s� t� �d�v�l�p�va� i�ti�s �f��� sp�cific�t�aits�li k��q�al ity �i�p��v���nt �and� t�l ��anc�� t��
�i�tic�and�a�i�tic�st��ss�s .�It�als��facil itat�s �d�v�l�p��nt��f�n�w�lin�s�f���n�n -�c�nv�nti�nal ��s�s �lik��va� i�t i�s�f���� i� f��l�in�s ������,��aiz� ��tc.�
Div��sity�is�als��i�p��tant�w it ����sp�c t�t��adapta�ili ty��f�c��p �plants �t� �va�i�d ��nvi��n��nts �wi t� �sp�cial ���f� ��n c� �t� �c�an�in� �cli�ati c�c�nditi�ns�
(B�anda�i �et �a� .,�2017).� ��������is���li�v �d�t�� �av�� a� wid ���an����f�div��s� �����pl as�.� Plant ���n�tic� ��s���c�s� pl ay � an� i �p��tant� ��l��in�
��n��atin� �n�w� �i��� yi� ldin� �c��p �va�i �ti �s�wit��d�si��d �t�aits.� C�a�act��i zati�n �and�id�nti ficati�n��f�s���������n �t yp�s �c�nf��� in��i�p��tant�
t�a its �f�� ���n�tic �i�p��v���nt�is �a�p����q�isit�� in �pl ant�����din��ac tiviti�s.�Ki���� � et� a� �(2013)�p��s�nt �d�d�t ail s��f�t ����aj� �� w��ld �s�������
c�ll�cti�ns� and�����din� �lin �s�t�at �t�tal ��v�� �150,000� acc�ssi�ns.� �������� i�p�� v���nt� d�a ls�wit� �p��d�cti�n��f�n�w �c��p�c�ltiva�s�t� at� a���
s�p��i���t ���xistin� �c�lt iva �s� f� ��t �aits�� f�in t�� �s t.� Availa�il ity� �f� ��n� tic�va�ia� ility �f���t��s��t�aits ,�kn�wl�d���a���t �t��i� ����ita�ility�an d�in���itanc� ,�
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and� availa�ility��f��ff�ctiv� �p��n�typin����t��d�l��i�s� a�� �f�nda��ntal �f�� �s�cc�ss ��f�any�c��p�i�p�� v���nt �p����a�.�In �fact, �t����ffici�ncy��f�
p��n�typin� �and�its �����stn�ss�d�c id�s �t��� s�cc�ss� �f� t�� � c��p�i�p��v���nt� p����a�� in� t���s� �f� p��d�cin�� a� tan�i �l �� p ��d� ct� ��� t �c�n� l�� y�
(K��a�,� 2016).� �t�dyin� �t�����n�tic �div��sity� �f�a �c ��p�is� v��y� i�p� �tant� f��� �ff�ctiv�� ����plas�� �ana����nt ,��tilizati�n,� an d� ��n�typ��
s�l�cti�n�f���c ��p�i�p��v���nt .�It� is� t��� ��st�i �p��tant�st�p�f��� c�ns��vin��and�inc��asin� �t����at ���f���n�t ic��ain� in� c��p-����din�� p��� �a�s.�
T��� l�v �l��f� ��n �tic� div��sity� wit�in� a� sp�c i�s �is� c����nly� �s�d� t����as���� t��� l�v� l� �f� sp�ci�s� adapta�ility� and�s��viv al� in� �np��dicta�l��
�nvi��n��ntal� c�nditi �ns.��i�ila �ly,�t���l�v�l��f���n �tic�va�i ati�n�w it�in� a�p�p�lati�n�is�t����asis�f�������pl as��s�l �cti�n� in�plant�����din��and�
is �vital�f���c��p�i�p�� v���nt .�H�nc�,�t���c�ns��vati�n�and��tili zati�n ��f�plant�� �n�tic�va� iati�n�a���c��ci al�t�����an�f��d�s�c��ity�(Eny�w �et�a� .,�
2021).���T���� �n�tic�div ��s ity �in�s �������p��vid�s�an��pp��t�nity�t ��s�a �c��f���n�w���n�s�and�all �l�s �t�at �a�����sp�nsi�l��f���c�nf�� �in��d�s i�a�l��
p��n�typ�s.�G�n���� p�� fil in� ��sin�� ��l�c�la� ��a�k ��s�w��ld�p��vid�� a�la���� n����� ��f�DNA��a�k��s.�G�n��ic�s�l�cti�n� p����a�s� w��ld�
pav��way�f����f f�ctiv���ti lizati�n��f�s� ����������plas��f���c�� p�i�p��v���nt �(P�a��aka��et�a� .,�2022).��
�
�������� s��d� ��� ��a in� is� a� ca�y�psis� f��it� a���t� 3 -4���� in �dia��t�� ,�sp���i ca l� and���l�n� �in �s�ap�� and� �l ack ,� ��d� and� y�ll�w �in� c�l���
(B�tanical,2023) .�T���s��ds��f���������va�y�wid�ly�a��n��diff� ��nt� typ�s�in�c�l��� ,�s�ap�,� and�siz�,���t�t ��y�a ���s�all �� �t� an�t��s� ��f�w��at .�
�������� ��ains� a����f� diff���nt � c�l��s:�w�it�,� ���wn,���d ,�y�ll�w,� l���n�y�ll�w,� c��a�,� and � �lack � (Fi� .�15)� (B�it annica ,�2023).���������
panicl�s�can��an���f����v��y�ti��t �and�c��pac t�d �t� �sp��adin��wit��l�n� ���anc��s�(Fi�.�16)�(GD ,�2023).��
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F�g .�16�� �V�r��b�l� �y�f�r�c�mp� c��ess��f �S�rghum�p���cle�

�
D��in��1960s�R�ck�f� ll� �� F��ndati�n�wit��Indian�A��i c�lt� �al� R�s�a�c��P����a��c�ll�ct �d�a�t�t al� �f� 16,138�acc�ssi�ns�f����diff� ��nt� c��nt�i�s�
and� Int��nat i�nal ���������(I�)�n�����s�w����assi�n�d �t� �t���.�At�p� �s�nt,�ICRI�AT�is�a��aj�����p�sit��y �f���t���w� �ld� s�����������plas��
c�ll�cti�n�wit� �a�t�tal ��f�36,774�ac c�ssi�ns �f����90�c��nt �i�s.�T����xis tin��c�ll�cti�ns�� f�s� ����������plas��c�ns��v�d�at�ICRI�AT��av �����n�
�sti�at�d �t����p��s�nt �a���t�80%��f�t���va�ia�ility�p��s�nt�in�t ��� c��p.�A���t� 90%��f�t��s��c�ll�cti�ns��av�� c����f����d�v �l�pin�� c��nt�i�s� in�
t���s��i -a� id� t��pics.�A���t�6 0%��f�t ��s� �c�ll�cti�ns�� av��c���� f����si x�c��nt �i�s:� India,�Et�i�pia,� ��dan,� Ca���� �n,��waziland,�and�Y���n.�
T��� la���st� c�ll�cti�n�is �f����India.� In�addi ti�n�t�� t�i s,�t�������plas���aintain�d�at�ICRI�AT,�India,�a���classi fi�d� int �� fiv���ac�s:��i c�l��,�
��in�a ,�ca�dat��,�kafi��and�d� ��a�and �t��i��d� �ivativ� �(G�pal �R�ddy �et�a� .,2002; �Balak �is�na�and�B�at,�2016) .��
�
��������is �t���i�p��tant� c���al �c��p �a���nd �t� ��w��ld �and ���nc���nd��standin� �and��til izi n��t� ����n �tic�va�iati�n�in�s�������acc�ssi�ns� a�� �
�ss�ntia l� f���i�p��vin��t��� c��p .�A����d�� nd��standin���f���n �ti c�va�i a�ility� a��n�� t���acc�ssi�ns�will��na�l ��p��c isi�n�����din� .����p��filin��
t�����n�tic�div��sity��f�s� ������is�i��in�nt .�In�t�� �p��s�nt�inv�sti�at i�n,�f��ty�s�������acc�ss i�ns�c�nsisti n���f�sw �� t�s������,���ain�s������,�
f��a���s ������,���tant�lin�s,��ain tain���l in�s,�and���st�����lin�s�w����sc���n�d�f�����n�tic �div��sity��sin� �q�antitativ��t�aits.�O� s��vati�ns �w����
��c��d�d��n�1 4�q�antita tiv ��t�aits,���t��f� w�ic��9�div��s��t� aits� c�nt�i ��tin�� t�� �axi���� va� ia�ility �w��� �s�l �ct�d�f�����n�tic�div��sity� analys is.�
T��� p�i ncipl�� c��p�n�nt �analysis� ��v�a l�d�t �at� t��� panicl��wi dt�,� st��� �i �t� ,�and�l�af����adt��c�nt �i��t�d��axi����t �wa�ds �div����nc�.�By�
�sin� ��i� �a�c�ical�cl�st���analysis, �t���40� acc�ssi�ns�w��������p�d ��nd ���6�cl�st��s.�C l�st�� �I�c�nta in�d ��axi�� ��n�������f�acc�s si�ns�and�
cl�st �� �VI�c�ntain�d�t����ini���.� T�� � �axi����int ��c l�s t���dist anc� �was� ��s��v�d� ��tw��n �cl�st� ��VI� and�cl�st��� IV.�Cl �st���I II� �ad�t���
�i���st ���an�val ���f��� ��nd��d-s��d�w�i��t� and�yi�ld.�H �nc�� t���s�l�cti�n��f�pa��nts���st� ����as�d� �n �t���wid��� int� �cl �st �� �dis tanc��and�
s�p��i�����an�p��f���anc��f��� yi�l d�and�y i�l d�c��p�n�nts.�T��s�in�t���p��s�nt �inv�sti�ati�n �q�antitativ� �data�w����a�l�� t����v�al� t����xist�nc� �
�f� a � wid�� ��n�tic� div��sity� a��n�� t��� s������� acc�ssi�ns� �s�d� p��vidi n�� sc�p� � f��� f��t��� � ��n� tic � i�p��v���nt� (�w�ta � �in�a � and�
�K��a�av adiv�l ,�2016).�
�
T��� ai���f� t�is�st�dy�was�t�� �val�at��t���l�v�l��f� ��n� tic�div��sity� wit�i n� and�a��n��s�����������plas�s� c�ll�ct�d� f���� div��s��insti t�t�s�in�
Ni���ia � and� Mali� �sin� � � in�l�� N� cl��t id�� P�ly���p�ic� �a�k��s.� G�n �tic � div��sity� a��n�� t��� ����plas��was � l�w� wit�� an� av��a���
p�ly���p�is��in f���ati�n� c�nt�nt �val����f� 0.2 4.�Ana lysis� �f�M�l �c�la��Va�iati�n���v �al�d�6%�va� iat i�n�a��n ��� ���plas��and� 94%�wit� in�
����pl as�s.�D�nd����a����v�al �d�t���������ps ��f�c l�st� �in��w�ic��indi cat�� va� iati�ns�wi t�in�t�������plas�s.�P�ivat��a ll�l �s�id�ntifi�d�in�t���
s������� acc�ssi�ns�f����Nat i�nal�C�nt ��� f���G�n�t ic� R�s���c�s� and�Bi�t�c�n�l��y,� I�adan,�Ni���ia �and�Int��nati�nal�C��p�R�s�a�c��Instit� t��
f���t�� ����i-A�id �T��pics,�Kan�,�Ni���ia�s��ws �t� �i��p��s p�ct�f��� s������� i�p�� v���nt�and�dis c�v��y�� f�n�w �a���n��ic �t�aits.�T���p ��s�nc��
�f�p�ivat��a ll�l �s� and���n �tic�va�iati�n�wit�in� t�������plas�s� indica t�s�t �at�t��� acc�ssi�ns �a ���val �a�l����s���c�s �f���f�t��������din�� p����a�s�
(Af�lay an�et�a� .,�2019). ���������is�a�d�����t-t�l� �ant�stapl� �c��p�f���� alf�a��illi�n�p��pl��in�A f�ica �and�As ia,�an�i�p��tant�s���c� ��f�ani�al�f��d�
t� �������t�t���w��l d�and�a��i�f��l�f��dst�ck��f����win��i�p��tan c� .�C�lt ivat�d �s�������and�its �int��-f��t il� �wild���lativ�s�c�nstit�t ��t�� �p�i�a�y �
��n��p��l�f���s��� ���.�Un d��st andin��and�c�a�ac t��izin� �t���div ��sity�wit�in�t�is�val�a�l����s���c��is�f�n da��ntal�f���it s��ff�ctiv���tilizati�n�in�
c��p�i�p��v���nt.�H���,�w����p��t �analysis�� f� a�s�������pan -��n����t� ��xpl� �����n �tic�div ��sity�wit�in �t� �� s�������p�i �a�y� ��n��p��l .�W��
ass���l�d�13���n���s���p��s�ntin��c�lt ivat �d�s �������and�its�wild��� lativ�s,�and �int���at�d�t����wi t��3��t����p��lis��d���n���s�t��� �n��at��a�
pan-��n�����f�44,079� ��n�� fa�il i�s �wit� �222 .6 M� ��f�n�w �s�q��nc� �id�ntifi�d .�T���pan -��n����di splays�s��stantial���n�-c�nt�nt�va�i ati�n,�
wit��64%��f���n��fa�ili�s�s��win� �p��s�n c�/ a�s�n c� �va�iati�n�a��n����n���s.�C��pa�is�ns���tw��n�c������n�s�and�disp�nsa�l���� n�s�s����st�
t�at� di sp�nsa�l����n�s� a��� i�p��t ant�f��� s� ������ adaptati�n .� Ext�nsiv �� ��n�tic �va�iati�n � was� �nc�v���d � wit�in� t��� pan -��n���,� and� t���
di st�i��ti�n� �f�t��s �� va� iati �ns�was�infl ��nc�d��y �va� iat i�n��f� ��c���inat i�n� �at��and�t�ansp�sa�l�� �l���nt� c�nt�nt � ac ��ss� t��� ��n���.�W��
id�ntifi�d �p��s�nc�/a�s�n c�� va�iant s�t�at�w���� �nd��� s�l�cti�n�d��in��s������� d���sticati�n� and�i�p��v���nt,� and� d���nst�at�d�t�at�s�c��
va�iati�n��ad�i�p� �tant�p��n�typic ���tc���s�t�at �c��ld� c�nt�i ��t�� t� �c��p �i�p��v���nt.�T��� c�nst��ct�d�s�������pan -��n������p ��s�nts� an�
i�p��tant ���s���c��f���s�������i�p�� v���nt �and���n��disc�v��y�(Y�n�f��Ta� �et�a� .,�2021).�T�is�s t�dy�ai ��d�t ��inv�sti� at��t�����n �ti c�div��sity�
�f�Et�i�pian� s������� �sin�� ��n�-�as �d� si n�l�� n�cl��tid�� p�ly���p �is�� (�NP)� �a�k��s.� In� t�t al,� 359� individ�als� ��p��s�ntin�� 24�land�ac��
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acc�ssi�ns�w���� ��n�typ�d ��sin��3,001� �NP��a�k ��s.� T����NP��a�k��s��ad� ��d��a t�ly ��i���p�ly���p�is��inf���at i�n�c�nt �nt�(PIC� =�0.24)�
and���n ��div ��sity� (H�=�0.29) ,��n�av��a��.�T�is �st�dy�� �v �al�d�48��NP�l�ci �t�at�w����si�nificantly�d�vi at �d� f���� Ha�dy–W�in������q�i li��i���
wit���xc�ss ���t���zy��sity�and�13�l �ci�p ��s���d�t��� ���nd �� �s�l�cti�n�(P�<�0.01) .�T���analysis ��f���l�c� la��v a�ianc� �(AMOVA)�d �t���in�d�t�at�
35.5%� �f�t��� t�t al� va�iati�n� �cc����d�wit�in� and �64.5%�a��n�� t��� acc�ssi�ns.� �i�il a�ly,�si�nifican t� diff���nt iat i�ns� w������s��v�d� a��n��
�����ap�ic� ���i�ns� and�p �d�n cl��s�ap �-�as �d�����ps.�In�t���latt���cas�,�acc�ssi�ns� wit��� �nt� p�d�ncl �s� �ad�� i�������n �tic�va� iati�n�t�an�t��s��
wit�����ct �p�d�ncl �s.�M����all�l�s�t�at�a�� �p�ivat� �w����f�� nd�in�t����ast ��n���� i�n �t�an �in�t����t�������i�ns ��f�t� ��c��nt �y,�s����stin��a����d�in�
si t� �c�ns��vati�n� stat �s�in �t��� �as t.� Cl �st�� ,�p�incipal �c�� �dinat�s� (PC�A),� and� �TRUCTURE� analys�s � ��v�al �d �disti nct� acc�ssi� n�cl�st��s.�
H�nc�,�c��s s�����din� ���n�typ�s� f����di ff���nt� cl�st��s� and��val�atin��t��i�� p����ni�s� f���d�s i�a�l� �t�aits�is�a dvanta����s.� T��� �xc�pti �nally�
�i�����t���zy��sity���s��v�d�in� acc�s si�n��B4 �and��B21 �f����t��� w�st��n������a p�ic� ���i�n�is�an�i nt� i��in��findin���f�t�is� st�dy ,�w�i c����� its�
f��t��� �inv�s ti�ati�n�(Eny�w �et�a�.,�2021).����
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BREEDING�
�
Germpl�sm�
�
T��� �aj� �����anisati�ns/ c��nt�i�s�w�ic���aintain� s������� ��n� tic���s���c�s�a��� t���Int��nati�nal�C��ps �R�s�a�c��Insti t�t ��f���t��� ���i -A�id�
T��pics�( ICRI�AT),�In dia,�t���Nati�nal �Plant �G� ��plas���yst���(NPG�)�in �Unit�d�� tat�s,�Et�i�pia,���dan,����t��Af� ica,�India �and�C�ina,�
p�i�a�ily� ��ca�s���f�t��� la����c��p�i�p��v���nt� p��� �a���s� (R�ddy ,�2017) .�T���Int��nati�nal�C��ps �R�s�a�c�� Instit�t��f��� ���ia�i d� T��pics�
(ICRI�AT)� at�Hyd��a�ad ,�India� is�t����aj �������plas��c�ll�cti�n� c�nt���and �s��v ��t��diss��inat��s������� acc�ssi �ns�all��v���t���w��ld.�T���
Nati�nal�C�nt���f��� ��������at�Hyd��a�ad�in� India�and��n�� at�A��ad��B�ll�� Univ�� sity,�Za�ia ,�Ni���i a�a���t���nati�nal�����plas����p�sit�� i�s�
(Pallavi,�2023).�
�
Breed��g�Objec� �ve���������� ���016���
�
1)�H i�� ���ain�and�f�dd���yi�ld .�
2)�E a�ly��at�� ity�
3)�R�sistanc��t��d�����t ,�l�w�HCN�c�nt�nt ,�l�afy,�sw ��t�j�icy�f�d d�� .�
4)�R�sistanc��t��dis�as� -�Bli��t ,�d�wny��ild�w,���st,�s��t ,�c�a�c�al, ��tc.�
5)�R�sistanc��t��ins�ct�p�sts -�Mid� �,�st�������� �and�s���t �fly ,�� tc�
6)�B��ad��akin��q�ality.�
�
Breed��g�Me�h�ds �� T��� c��p�i�p��v���nt� ��t��ds�d�p�nd��n�t�� �p�llinati�n�c�nt��l ���c�ani s�s�and�c�lt iva� ��pti�ns.�As���nti�n�d��a�li ��,�
s�������is �a�����d�� -f�i�ndly�c��p.�On� �can���pl�y �t�� �����din����t��ds�t �at�can�����s�d�t��i�p��v����t��s�lf-�and �c��ss-p�ll inat�d �c��ps�wit��
�as��in�s������.�T�is�is�t�� ���as�n �w�y ��n��can �find �s�������p����lin��va� i�ti�s,��y��ids ,�and�p�p�lati�ns �as�c�lt iva� ��pti�ns�in �diff� ��nt �pa�ts ��f�
t���w��ld.�H�w�v��, �s��������y��ids�a���s�p��i���t��p��� �lin�s�and�p�p�lati�ns� f���yi�l d�and��t��� �i�p��tant�a���n��ic�t�aits.�T�� �disc�v ��y ��f�
cyt�plas�ic-n�cl�a� � �al� � st��ility� in� s���������lp�d�t��p��d�c�� �y��id� s��ds��n� a� �ass �scal� ��sin�� a�t����-lin� � syst��� (A,� B,� and� R)� f�� �
c�����ci al�c� ltivati�n��f��y��ids�(K��a�,�2016).�
�
Pure�L��e�Selec����� �In� t�is���t ��d�s�p�� i�� �land��ac�s�a ���s�l�ct�d �f����l�cal� �ni f����va�i�ty �and����wn�as�plant� p��� �ni�s�in�t���n�xt�y�a�.�
Unif���� s�p�� i�� �p����ni�s� �a�v�st�d�a nd� ��lk �d� as�i�p�� v�d� st�ain�f��� f��t���� �val�ati�n .� In� va� i�tal� �val�ati�n ,�if� i�p��v�d� st�ain� s��ws�
s�p��i��ity��v���t����xistin� �va� i�ty �,�it� is���l �as�d �f��� c�����cia l�c�ltiv ati�n ��n�la ����sca l�.�e.�., �1)� M-35-1,�2)� ��l -3,�3)�Yas�da� ,�4 )�Ma�l��(�
R�LG -262)� (A��iinf�,� 2016 ).�P����lin��s�l�cti�n �is �t�����s t�c����n ���t��d ��f�c��p� ����din�� pa� tic�la �ly �in� s�lf-p�llinat�d� c��ps .�P��� �lin��
s�l�cti�n�is�p�actic�d��nd�� �tw� �sit�ati�ns:�(i)�w��n�t�����is �a�n��d �t� �d�v�l�p �a�va�i�ty� f����a�l an d�ac��p�p�lati�n,�and� (ii )�w�i l��d�v�l �pin� �a�
va�i�ty �f����a�s�� ���atin� �p�p�lati�n .�F����xa�pl �,�in�s������,�f��� p�st -�ainy�s�as�n� adaptat i�n �in�India,�t�� �l�cal�land�ac�s �f����t���stat���f�
Ma�a�as�t�a �w��� �c�ll�ct�d �and�sin�l� �plant�s�l�cti�ns�w�����ad��f���a�c�� pl���f���n��ati�ns�and �t���p��f���anc��f�� ���ain�and�st�v�� �yi�lds ��f�t���
s�l�ct�d �lin�s �was �c��pa��d.�T�� �lin� �s��wi n����tt���p��f���anc��t�an �t�� �c��ck�va�i�ty �f�� �yi�ld �t�aits�ac��ss �l�cati�ns �was ���l�as�d�f�� �c�����c ial�
c�ltivat i�n .�In �t���cas���f�s�����atin�� p�p�lati�ns,�t���i ndivid�al�plants � a�����t ���zy���s �in �t��� ���innin� �as� t��y �a��� t���p��d�cts ��f�c��ssin��
��tw��n�tw������zy��t�s�and �attain�� ���zy��sity�in�s �cc�ssiv����n��ati�ns ��p�n�s�lf-p�llinati�n .�Indivi d�al� plant �s�l�cti�ns��av��t�����ca� �i�d���t�
f���a t�l�as t� fiv�� t�� six���n ��ati�ns�t�� ac�i�v� �t��� d�si ��d � l�v�l � �f� ����zy ��sity� �f�a� p����lin�.� A��i����� n����� ��f�plants �(3000–10,000)��f�
s�����atin� �p�p�lat i�n �a�� ��val�at �d� and � s�l�cti�n � is � p�actic�d � t� � ��tain� t���d�si��d �plants �(K��a�,�2016).�
�
Ped�gree �Me�h�d�� T�is���t��d �c�nsist s��f��y ��idizat i�n ���tw��n� d�si�a�l�� c��pl���nta�y�pa��nta l�lin �s,� f�ll�w�d� �y� s�l�cti�n ��f�s�p��i� ��
plants,�in� t���s�����at in����n��ati�n,� till �����zy��sity �is�ac�i�v�d.� i.e.,�F5 -F6.�T�� �s�l�ct�d�p lants�a����a���d�t��p��v�nt ���t�c ��ssin��va�i�ti�s�
d�v�l�p�d ��y�p�di�������t��d �a����PV-86�(R-24�X�R-16),��PV-504�(�wati) �(�PV�86 �X�M-35-1),�C�V�-15�R,�(��PV-475�X��PV-462 )�(A��i inf�,�
2016 ).�
�
B�ck��r�ss�Breed��g �� It�is�� s�d�t ��t �ansf� �� �n��� ��f�w�in���it�d� t�aits�f����d�n� ��t�� an�t� ��� d�si�a�l����n�typ��(� ��cipi�nt�pa��nt )� ��sistan c�� t��
di s�as��lik�� ��ai n� ��ld,�d�wny� �ild�w,� ��st ,�s��t ,�and� ��sis tanc�� t�� ins �ct�p�st� lik���id ��,�s���t� fly ,� st����� ��� � c��ld� ��� int��d� c�d�� in�
d�si�a�l��st�ain ��y ��ack�c ��ss�����din� .�� i�il a�l y�cyt�plas�ic�� �n�tic��al��st��ility�c��ld�als�����int��d�c�d ��y �t�is���t��d�(A��iinf�,�2016 ).�
�
Hybr�d�Breed��g �� ���ds��f��y��id�s������� a�� �p��d�c�d��sin�� cyt�plas�ic���n�t ic� �al��st��ility�typically� kn�wn� as�A,�B�and�R�lin��syst��.�
Ka��i n��K afi� -�60�(�.s) �was �in iti al��.s�lin��is��s�d �in��y��id�s��d �p��d�ct i�n.�Mal��st��il��lin� �is�kn�wn�as�A�lin��its ��aintain���i s�kn�wn�as�B�
lin�.�Lin��A�and� B�a���is���nic� �xc�pt�t�at �lin��A�is��al�� st��il �� lin ��and�B�is��al��f� �til�.� T���d iff���nc��lin�s� �nly�in�cyt�plas�,�w�����lin�� A�
�as� st��il�� cyt�plas��ands� lin�� B� �as� f��t il�� cyt�plas�.� Any� f� �til�� lin �� can� ��� c�nv ��t�d �int�� �al��st��i l�� �y ��ackc��ss� ����din����t��d�
(A��iinf�,�2016 ). �
�
Ma�n�a�nce ��f�A,�B�and�R�L�nes :�A�p lantin� �A�and�B�li n��in�4:2��ati�s�in�is�la t�d�fi�l d�Maintainc� ��al��st ��il� �lin��A.����d�p��d�c�d��n�A�lin��
is ��al��st��il�. �Lin��B�is�s�lf�f��til��� ��win�� c��p� is�lati�n���� �a��in��t�����ads ��f�B�lin � �plants,� �ain tains� B�lin�.� �i�il a�ly� lin �� R� is�als��s�lf�
f� �til�,�is �als�� ��ltipli�d ��y�pl anti n��in �is�lat�d� fi�ld.� In�c�����c ial�s��d�p�� d�ct i�n,�i.���� lk� p��d�cti�n� �f�A,� B� and�R� lin��is� ��f����d �as�
f��ndati�n�s��d�p��d�cti�n�and�p��d�cti�n ��f�A�X�R���f����d �as�c��ti fi�d�s��d�p��d� cti�n .��
�
A�Lin��(�s�s) �X�B �Li n��(��s�s)�=�A�lin ��(�s�s) �

26273�����������������������������������������In�e�na���nal�J�u�nal ��f��u��en��Resea�c�,�V�l.�15,�I ssue,� 10,���.�26251-26285,�Oc��be�,�2023 �
�



Mal���t��il� ��� �X��� �Mal��F��ti l�� ���=�Mal���t��il ����
A�Lin��(�s�s)�X�R �Lin ��(MsMs)�=�(�Ms�s)�Hy� �id����d�
Mal��s t�� il� �������X�Mal��F��ti l�� �������=�Mal��F�� til ��
�
N�w��y��ids�can��� �d�v�l�p�d��y� i�p��vin��p��f���anc� ��f�‘A’ �and�‘R’�lin�s������t ���y�t�� ��ack�c��ss�� ���din����t ��d.� Ev��y�y �a��c ��ssi n��
p����a���� �f� ��st��� �s�wit�� p���isi n���al�� st�� il� �li n�s�is ��nd��tak �n�and��y��ids�a��� t�st�d �f��� p��f���anc�. �I f�p�� f���anc�� �f�pa�ti c�la ��
�y��id� f��nd�s�p��i��, � it� is���ltipli�d��n�l a�� ��s ca l�� f���c�����c ial�c�ltivati�n.�T���p �p�la���y��ids�a���C�H-1,�C�H -5,�C�H -12,� C�H-15�and�
C�H -16�(A� �iinf�,�2016).�
�
Hybr�d����� �� -B�sed � Me�h�ds�� T���t�����y� �idizati�n� ��f��s�t��t��� c��ssin���f�tw����n �tically �di ff���n t� individ�als�as�it�c��-��in�s�t ��� t�a its�
�f�tw�� va�i�ti�s� and �p��vid�s�an��pp��t�nity�t��s�l�ct �plants�wit��d�si�a�l��f�at���s� �f���t� �pa��nts �t�������� �c���inati�n�in �t���s�����ati n��
p����ny.�As �t�� �nat��al �va� ia�ili ty�f�����s t�t�ai ts�is �li �it �d ����al��ady ��xpl�it �d, �t���� �is �a�n��d �t��c��a t��n�w �va�ia�ility ��y��akin�� a�tific ial �
�y��ids �t�� �ak�� any� f��t����d�nt�i n� d�v�l�pin��i �p�� v�d�va� i�ti�s�t������ �s�l�cti�n �in �t�� �s�����at in� �p�p�lati�ns.�As ���s t��f�t��� t�a its� �f�
in t���st� in�s �������a���q�antitativ� ly�in���it�d,�s� ����������d��s���n��a lly��s� �t���p�di�������t��d��f�s�l�cti�n�in�s�����atin��p�p�lati�ns.�In�
t���p�di���� ���t��d,�t�����c��ds��f�t���anc�st�y����p �di���� ��f��ac��p����ny�is��aintain�d �and �it �is ��asy�t��t�ac���ack�t�� �pa��nta� ��and �s�l�cti�n.�
Wit��t��� p�di���� �sys -�t��,�t���F2���n ��ati�n� ��p��s�nts �t� �� fi�st�and� t����axi�����pp��t�nity �f�� �s�l �ct i�n .���l�ct i�n �f�� �s�p��i��ity �is��as�d��n�
t���vi����and��t����a���n��ic �f�at� ��s��f�p����ny�(fa�ili �s) .�In�F2,�s�l�cti�n�is �li�it�d �t� �individ� als .�In�F3�and�s��s�q��nt ���n��ati�ns,��ntil�a�
��as�na�l�� l�v�l� �f� ��n� tic �����zy��sity� is� ��ac��d,�s�l �cti�n�is� p�actic�d� ��t��wit�in� and���tw��n� fa�i li�s. �O f� t��� >700�s������� f� �al��
pa��nts �(A -/B-pai�s ) �d�v �l�p�d��y�ICRI�AT�f�� �va�i��s�t�aits��f��l��al �i�p��tanc�,����� �t�an�600 �pa��nts�a����s�d�in�c��ssin��t��d�v�l�p �t����
�sin� �t���p�di���� ���t��d� (K��a� ,�2016).�P�p�lati�n� i�p��v���nt�is�an�t����i�p��tant ���t��d �f���s�������i�p�� v���nt ,�w�i c��incl�d�s: �(i)�
t���d�v�l�p��nt ��f���� ad ���n �tic-�as �d���n��p ��ls,� and�( ii)� its�i�p��v���nt �t������ ���c����nt�s�l�cti�n ���t ��ds .�In �s������� a� sin�l����n��in�
��c�ssiv � �����zy���s �c�nditi�n�c�n f��s��al�� st� �ility�and� �i��t�diff� �-��nt���n �s���p��t�d�in�s�������a��� inv�lv�d�in�c�nt��l��f���n�tic ��al� �
st��ility. �Usin��t��s� ���n �s,�p�p�lati�n �i�p��v���nt ���t��ds� can����s�cc�ssf�l ly �d�pl�y�d �in �s�������w�i c� �p�� -�vid�s�a�l�n�-t��������din��
st �at��y � t� � d��iv� �div��s� � and ���� ad� ��n�tic-�as�d �s�p��i�� �va�i�ti �s/�y��i d� pa��nts. � M��� � t�an� 50� s������� �y��id � pa��nts� (A -/� B-pai�s )� at�
ICRI�AT�w��� �d�v�l�p�d ��sin� �p�p�lati�n �i�p�� v���nt ���t��ds�(K��a�,�2016).�
�
H�t���sis � ����din� �is � ��st �i�p��tant� as��y��ids � a���t��� c�ltiva� � �pti�ns � in � s������� w� ���v��� t��y� a���availa�l�.� Al t������ ��t���sis�was�
d���n st�a t�d�as��a�ly �as�1927�in�s������,�its�c�����ci al ��xpl�itati�n �was �p�ssi �l���nly �aft�� �t�� �disc�v��y��f�a�sta�l��and����ita�l��cyt�plas�ic-
n�cl�a� � �al�� st��ility� (CM�)� ��c�anis�� (K��a� ,� 2016) .� In� s������,� c�����cia l� �xpl�itati�n� �f� ��t���sis� �as� ���n� p�ssi�l�� �win�� t��
availa�ility� �f�a�sta�l��and�� �� ita�l�� CM����c�anis���na�lin��la���-scal�,��c�n��ic��y��id�s��d�p��d�cti�n� and�s�ffici �ntly��i����a�nit�d���f�
��t� ��s is�ac ��ss�a��an����f�p��d�cti�n ��nvi��n��nts �f����c�n��ic�c�a�ac t��s.�T������ at���c�nt�i��ti�n�� f��y��ids�t ��yi� ld,�c��pa��d�t��i�p��v�d�
and�land�ac� �va�i�ti�s ,��as����n�d���nst�at�d�i n�al��s t��v��y�sit�ati�n/c�nditi�n.� T����y� �ids���sid�s� ��in�� s�p ��i ��� f�����a in�yi�ld�a nd��t����
t�a its ��f�int���s t�a��� sta�l��ac��ss��nvi��n��nt s.� In�India ,��any �i�p��v�d��i���yi�ldin���y��ids�and� va� i�ti�s ��f�k�a�if ,�� abi,�f��a��,� and�sw��t�
s������,�s� ita�l� �t��diff���n t�z�n�s/st at �s,��av�����n���l�as�d�f���c� ltivati�n ,�w�ic����s�lt�d�i n��i�����p��d�cti�n�and�p��d�ctivi ty �(P �a��aka��et�
a� .,�2022 ).�
�

M� ss � Se le c���� �� �Mass �s�l�cti�n �di ff��s� f����p��� �lin�� s�l�cti�n ,�w����in�a�n�������f� d�s i�a�l��plants �(inst�ad� �f��nly ��n�) �a���s�l�ct�d�and�
c��p� sitin� �is�d�n� ��n�t�� ��a�v�st�d�s��d�t��p��d�c��t�� �n�xt ���n��ati�n�..�T�is ��� t��d ��as � a� f�w�d�aw�acks.� It�is�n�t �kn�wn�w��t��� �t�� �plants ��� in��
����p�d�a���������n���s� and�s�����f�t ���� i f� ��t�����n���s�w��ld� s�����at�� f��t����in� f�l l�win����n ��ati�ns ,�and ���p�at�d�s�l�c ti�n�w��ld����
��q�i��d. �Mass �s� l�cti�n�is���n��ally� p�act ic�d� t��p��ify� a� v a�i� ty. �A� l a��� � n��� ��� �f� sin� l�� plants � a���s�l �ct �d�f����an�i�p����va� i�ty �p�p�lati�n,�
�ac� �lin� �p����ny �t�st�d ,�and�si�ila ��typ��p����ny���lk �d�t�� f�� ��t� ��p�� ��s ��d� l �t. �T �� �s �cc�s s� �f �t �� ���t��d �d�p�nds��p�n��i�� ����ita�ility, �t�at �is,�
t���p��s�nc�� �f�additiv� ���n�� acti �n�and ��ini�al�in fl��nc� ��f���n �typ� � �nvi��n��nt �int��ac ti�n ��n�t����xp��ssi�n��f�t���s�l�c t�d�t�ait .�Mass�
s�l�cti�n �is ���lativ�ly �l�ss ��s�d�in�s��������xc�pt�f�� �t���i�p��v���nt ��f�plant ���i��t ������a in �siz��(K��a�,�2016).�
�
Breed��g�f�r� �u�r������c���e�� ��Q�ality� s���������a in� is�s�ally��a�d�( vit ����s),�w�it ��wit� �a�p�a� ly� l�st� �,���ld� and����nd,�wit��a �t�in� s��d�
c�at�(p ��ica�p),�and�w it���t�a�c�l���d �s��c�at �(t �st a). �H�w�v �� ,�t���� �a����any�va�iati�ns �in�c�l�� ,��a�dn�ss ,�and�s�ap��� f�t�����ain��s�d �f���f��d�
in �diff� ��nt� pa� ts��f�til ��w�� ld.�T�� �q�ality��f�s������� p��t�in�is� d�f ici�nt,� lik ��t� at�� f�s�v��al��t����c���al�c��ps,� ��ca� s���f�a l�w�c �nc�nt�ati �n�
�f�t��� �ss�ntial�a�in��acid, �lysin� .�Hi��-lysin��s������� typ �s��av��� ��n�f��nd� ���win��In�t���w�ll���av��d ist �ict��f�Et�i�pia ,�and�s�v�� al��t����
s���c�s�n�w����n�Id �ntifi �d .�B���din� �p����a�s�a���act iv�ly�st�dyin��t���p�ssi �ility��f�Inc� �p��atin��t�is�t �ait�int��t� �i��� �tt� ��li n�s�and�va� i�ti�s�
f���fa������s �.�Many�p���l��s�a ���inv�lv�d,�p���a�l y�l i�itin���i�� -lysin��s�������t��sp�c ial��s�s�(H��s�,�1985).�
�
Res�s���ce� Breed��g ��T��� ��sistanc��c��ld ��� �inc� �p��at�d �i n� �iv �n�st�ai n�w��n�d�si �a�l��d�n���p��s�nt �is�availa�l ���y��ack �c��ss�����din�.�
Ef f�ctiv�� id �ntificati�n��f�d�n���and� sc���nin� �t�c�niq����f���d�� �f� in��� itanc��in�n��d�d,� t���c�a�ac t��s� c�nt��ll �d ��y���c�ssiv����n��c��ld�
�asily���� t�ans f����d��y�� ack�c��ss�����din��t�an� c�a�act� �� c�nt��ll �d� �y�d ��in ant ���n�s.� T��� i�p� �tant� ��si stanc��s ���c��f��� p�st� and�dis�as��
a����iv�n���l�w�(A� �iinf�,�2016).�
�
B���ech��l�gy�� T�ait -�as�d �app��ac��f���t �����n�tic�i�p��v���nt� �f� s� ������ �as ����n�ad�pt �d� �y��s�� �f� c�tti n�-�d���t�c�n�l��i�s� �f� plant �
�i�t�c�n�l��y� and� ��l�c�la���i�l��y� t��d�v�l�p���n�typ �s�w it��i�p��v�d�p��f���anc���nd ���st��ss �d��i n��c��p����wt��and� �n�anc�d� q�alit y� �f�
t���p��d�c��wit� ��xt�nd�d�s ��lf�lif���f �s��d ,���a in,�and�n�v�l �s�������p��d�cts �(P�a��aka�� et�a� .,�2022).�Pl ant��i�t �c�n�l��y �is �inc��asin�ly��s�d�
f��� �.�bic���� � i�p��v���nt �wit��t��� appli cat i�n��f���l �c�la ����n�tics ,���n��ics ,�and�plant�t �ansf���ati�n .�T�ans��nic�t�aits�� av��� ��n� add�d �t��
�.� bic����� �sin� � A���bacte�i��-��diat�d � t�ansf���ati�n� and� pa�ticl� � ����a�d��nt .� �.� bic���� � �as� ���n� �i��ly� ��cal cit�ant� t�� ��n�tic�
t�ansf���ati �n�and��nt il���c�ntly�t���t�ansf���at i�n��ffi ci�ncy�was�l�ss �t�an �10%�(Insp�cti�n,�2021).�
�
Breed��g�
�
M�st�i�p��v���nts�t���.�bic������av��� ��n�ac�i�v�d�� sin�� c�nv�nt i�nal �����din�.�C�nv�nti�nal�s�����������din����t��ds�incl�d������plas��
�val�at i�n�and��n�anc���nt,��ackc��ssin� ,�p�di���� �s� l�cti�n,���c����nt� s�l�cti�n� and ��y��id�d�v�l�p��nt��sin�� cyt�plas�ic� and���n�tic��al��
st��ility.� Li�it�d���n�tic �va�iati�n �is �f��nd�i n�s������s�i n��any �l� cati�ns� (i.e.,�t������ �plas���as��is�na���w),�s��c ��ss�s���tw��n,����s�l�cti�n�
f����c�ll �cti�ns��ad��wi t�in�t���sa���a��a��s� all y���s�lt� in��ini�al�y i�ld�inc��as�.�T��i nc��as��d�si�a�l��t�aits ,�c�ll�cti�ns �f�����t��� �����din��
p����a�s,� and� ����din�� p��c�d���s� incl�din�� t��� f���ati�n� �f� c��p� sit�s,� w�ic� ���tai n� ����� va�ia�ility� a ��� �ft�n ��s�d.� On�� �aj���c�� p�
i�p��v���nt�was�t��� int ��d�cti�n��f� c���icall y�ind�c�d����wn��id�i����tants�t�a t��av ��l�ss�li�nin�in� t�� �st alk �and ,�t� ���f��� ,��av��i�p��v�d�
fi��� �di��sti�il ity�(H��s��1985;�Insp �cti�n,�2021).��

26274����������������Swam�,�O����n,�d�mes��ca� ��n,��ax�n�m�,�b��an�cal �desc� �����n,��ene� �cs�and�c� ���ene��cs,��ene� �c�d�ve�s ����and��
b�eed� n���f�s����um�(S����um�b�c�l���(L.)�M�enc�)�
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��������is�p ��d��inantly�s�lf-p�llinat �d� c��p,�in�w�ic��c��ss -p�llinati�n� �an��s�f����5%�t��15%�wit��an�av��a����f� a���t�6%.�T��s,�����di n��
p��c�d���s� appli ca�l��t����t��s�lf-�and �c��ss-p�llinat�d �c ��ps� can� ���d�pl�y�d�t�� s������� i�p�� v���nt .�D�finin�� ����din� ���als�is���st�f���
any �plant�� ���d�� ���f����sta�t�� f�t� ��w��k.�In�cas ���f�s�����������din�,�fi�s t, �t� ������d���n��ds �t� ��nd��stand�t�����q�i ����nts�� f�t� ��fa ����s,�t���
�ill��s ,�t����ak ��s,�t� ��ta ���t� �nvi��n��nts,�i ncl�din��t���l�v�l ��f��i�tic� and�a�i�ti c�st��ss�s,�c�ns����� p��f���n c� ,�t���p��c�ssin�� ind�s t�y ,�and�
t���p��d�cti�n�p�actic�s� �f� t���fa����s.� G�als��f� s� ����������din� �alw ays ���v�lv ��a���nd�yi� ld� and�yi�ld�sta�ility,���si stanc��t��dis�as�s�an d�
p�sts ,�t�l� �anc�/��sistanc��t �� d�����t ,�s alinit y� and��i��-t��p��at��� �st ��ss�s,� ��d� cti�n�in �anti n�t �iti �nal � fact� �s,�i�p��vin�� t��� ��ain�p��t�in�
q�ality ,�id�ntifyin� �pa�tic�la�� ��n�typ�s�t��sp�c ifi c��nd��s�s ,��a�lin�ss,�p��t� -�and�t����� -ins�nsitivity,�wid���adapt a�ility ,��i����i��ass ,��i���
s��a�� c�nt�nt, � and� s�v��al �a���n��ic� t�ait �i�p��v���nts.� C��ic�� �f� ����din�� ��t��d�l��y� in� s������� d�p�nds� �n� t��� typ �� �f� c�ltiva ��
(va�i�ti �s/�y��ids )�int �nd�d�t� ����d�v�l�p�d.� In�t ���d�v�l�p��nt��f�lin�s� and�va� i�ti�s�in ��ft�n�c��ss�p�llinat�d� c��p�l ik�� s������,��� ��din��
p��c�d���s� applica�l��t��s�lf�p�llinat�d� c��ps�a��� f�l l�w�d.� H�w �v��,�as� it� all�ws�c��ss -p�llinati�n �t��s�����xt �n t,�availa�ility��f��al��st� �ility�
s���c�s��ad��it ��asy�f���� ���d���t���xpl�it ���t���sis �in�t���f�����f��y ��i ds .�In�t�is �c�apt���di ff���nt�c�nv�nti�nal �and�s �l�cti�n�p ��c�d���s,�w�ic��
a���c����nly��s �d�in�s������� i�p��v���nt,�a�� ���p��s �nt�d�wit�� d�tai l�d �disc�ssi�n�and�sc���atic���p��s�nt ati�n�(Raks�it�and �B�ll�nda�i,�
2019.).�
�
The�m�j�r�m� les ���es ��� �s�rghum �breed��g��� �I�d����
�
�� Di v��sificati�n ��f���n�tic��as���f�c�lti va�s��sin� ��x�tic�����plas�.��
�� D�v �l�p��nt��f��y��id �pa��nts�and���l�as���f��y��ids�t���xpl�it���t���sis�f�����a in ,�f�dd�� �and��i��ass �yi�lds.��
�� P�p�lati�n�i�p��v���nt�app�� ac��t ��a����nt�t���� ���din���at��ial�wit��d�si�a�l��t�ai ts�and�all�l �s.��
�
��������is ��n ���f�t���fi �s t�c��ps� in� w�ic����t ���si s�c��ld������n�ficially��xpl�i t�d � in� India.�C�����c ial�� xpl�ita ti�n��f���t ���sis��as����n�
p�ssi�l ���win��t��t��� availa�ility��f�a�s ta�l� �and� ���it a�l�� CM����c�anis�,��na�lin��la��� -sca l�,��c�n��ic� �y� �id �s��d �p��d�cti�n� and�� i���
�a�nit�d���f� ��t ���s is� f��� �c�n��ic � t�aits.� T��� �y��id� p��� �a����in � India�was�initia t�d�in ��a�ly� 60s��y � at t��ptin�� c��ss�s� �f� Indian� tal l�
c�ltiva�s� as�w�ll� as�t��p��at��dwa�f�pa��nts�as��al�� pa��nts��n��x�tic�CM��lin�s�(C�H� 1�t��4).�Wit� �t�������din���ff��t s� in�t���Indi an�s�������
i�p��v���nt�p����a�,�i�p��v�d �and�p���isin��pa��ntal�lin�s ���ca���availa�l��and �w�����s�d�t��d�v�l�p �f�t����s�t�� f��y��ids�(C�H�6��nwa�ds )�
aft��� 1975 .�F����C�H�13�t�� t�� �lat�st��y��id �C�H� 30,�div��sificati�n ��f��y��ids���ca���a�p�i ��ity�and�t�aits�s�c�� as ��a �lin�ss,���ain�siz��and�
��ld�t�l�� anc� �w����inc� �p��at �d �in�n�w��y��ids.�T�����l ti -c�t�f��a���s ��������y��id�C�H�24MF�p ��vid �s�f���t ����i ���st �f��a���yi�ld�(9 1�t�n�
f��s��f��a��/�a)�c��pl�d�wit��s�p�� i��� f��a���q�al ity�(8%�p��t�in�and�50%�di��sti�ility).��w��t�s�������c�ltiv a�s �wit� ��i���st���s��a�� c�nt�nt�
w����als��id�ntifi�d�and���l�as�d .�N�ta�l���n�s�a�� �t� ��va�i�ti�s �s�c��as���V�84�(�i�� ���ix),�C�V�24���(Hi���s talk�and�s��a��yi�lds) �and��y��i d�
C�H�22����(Hi���s talk �and �s��a��yi�lds) �(Bal ak�is�na�and�B�at ,�2016).� �
�
Adv��cem e��s���d��h�lle�ges�
�
B���din� ��ff��t s� �f�n�a�ly�50�y�a�s� �av��cat ap�lt �d� t���yi�lds ��f �s� ������ �y��any� f�lds �f�����t�� ��a in� and�f�dd����s�.�H�w�v��,�c�all �n��s�
���ain �in�t���a��as��f�i�p��vi n����sis tanc� �t���i�t ic� and�a�i�tic�s t��ss�s,� si�ni ficant�i�p��v���nt�in�t ���s ��f�n�t�iti �nal� q�ality,� �i �availa�ili ty,�
and�c�ns�����acc�pta�ility .�F���t�� �past �s�v��al �d�cad�s,�s�v ��al�p����a�s�i n�India �att��pt�d�t��i�p��v��v a�i �ti �s�an d/� ���y��i d�pa��nt s�t�������
p�di���������din� �app��ac�.�M����d �a�atic�acc��als�in �t���s�� f���a in �yi�ld �and�f�dd��/��i��ass�yi�l d�ca���t������ �in�t���initial�y �a�s�and��av��
��ac��d�a�plat �a��t����aft��.�W�il� �t� ��inc��as�� in�p��d�ctivity�was�p�ssi�l� ��y�int�����ssin���x�tic ��at��i al�in� k�a�if���ain�s �������typ�s,� it�
��s�lt�d�in� ���at��� s�sc�pti�ility��f�t ���c�ltiva�s�t��s� d�v� l�p �d�t���i�tic� st��ss�s�and� l�ss��f�c�ns����� p��f� ��n c� ,�in� �any �instanc�s.�W�il��
c��pl�t��i���nity�a�ainst��aj���p�s ts�and�dis�as�s�a�� �n�t�av aila�l�,�t���� �is��n �����sc�p��t����ild�fai��l�v�l�� f�t�l��anc��a�ainst ���s t�� f�t��s ��
p�sts �and�dis�as�s� �y�c�nv �nti�nal�����din� �and� �i�� ���sistanc� �a�ai nst���ain� ��ld�and� �aj���p�s ts� �y ��i �t�c�n�l��ical �app��ac��and ���n��
py�a�idin�.�G�n�tic���sistanc��in� c�nj�ncti�n�wi t�� �t����c��p�n�nts ��f�in t���a t�d� plant� p��t�cti�n��ana����nt�c��ld ��ff��� las tin�� l�w�c�st�
s�l�ti�ns .�Inc����nts� in� p��d�ctivity �w���� ��c� �sl�w��� in� �a�i -adapt�d � c�ltiv a�s� c��pa��d� t�� k�a�if-adapt�d� �n�s �(K��a�� et� a�.,� 2010).�
T��p��at��p�� t�-ins�nsitiv������plas��c�� ld �n�t���lp�d �v�l�p��nt��f��a�i�(p�st -�ainy)�c�ltiva �s ��f���a in �s�������adapt�d�t����c�d in� ���ist����
c�nditi�ns�w�����l�cal�va�i�ti�s�( s�c��as�M35-1�t�at�was���l�as �d�in�1937)�a�� �la ���ly�c�ltivat�d�(R�ddy �et�a �., �2008; �Raks�it �et�a� .,�2012).��
T��� advanc�d� ����din��p����a���s�i n� f��a�������din���sin� �div��s� �����plas��lin�s� �as���s�lt�d� in� ���� �t�an�d ���lin� ��f� f��a���yi�lds� in�
�y��ids �c��pa��d�t��va�i�ti�s.�H�w�v��,�a�s�nc���f���t ��� sis �f����i��ass �p��d�cti�n��ad�li�it �d�t���p�����ss �in ��n�anc���nt�� f�f��a���y i�l ds��f�
lat�. �T�����is�n�� �asy�answ���t ���n�an c��f��a���p ��d�cti�n�p�t�ntial� �t����t�an�l��kin��a t�div��s����n�tic��ack����nds�t ��yi�ld� ���� ��i��ass����
��n��at�� �i��� ��t���sis�f��� f��a���yi�ld� t�aits .�T��� �nly�sw��t�s��������y��id�C�H�22� �����l�as�d�i n�t���c��nt�y�is�t �����nc���a�k�f��� sw�� t�
s������� p�� d�ct ivity.�T���� �is�a� n��d�t� �d�v�l�p�n�w ���c�ltiva �s� t�at�p��d�c���i�� �st alk�yi�ld�and �������n���y�in�d iff� ��nt� a���-cli�ati c�a��as�
�f�t��� c��nt �y.�T��y �s���ld�als��p�ss�ss� ��si stanc�/t�l� �anc� �t��va�i��s�st��ss�s� and �s���ld�� ���f�sta�� ���d��at��ity�ti ��s�t��wid�n�t����a�v�st�
wind�w,� �ns��in�� c�ntin���s �s�pply ��f�f��d �st �ck �t� �t��� sw�� t�s�������p�� c�ssin��plants.� Any� inc��as��i n� �i��ass ���s�ltin��f���� t��s��
����din��p ����a���s�w ��ld�als� ��ns��� �an�i�p��tant���l��f���sw��t�s�������as��� t��fi�s t�and�s�c�nd���n��ati�n ��i�f��l�(Balak�is�na�and�B�at ,�
2016).��
�
M�j� r �Types��f �S�rghum �
�
Gr����S�rghum:�G�ain�s�������can�tak���any �s�ap�s�and�siz�s�f����a�ti��t -��ad�d,����nd�panicl��t��an��p�n,�d���py�panicl��t�at�can����s���t�
���ta ll.�G�ain�s �������c���s�i n���d ,���an� �,����nz�,�tan ,�w�it�,�and��lack �va�i�ti�s.�R�d,���an���� �����nz��s�������a���v��y�v ��satil��and�can�� ��
�s�d�in�all�s����nts��f�t� ��s�������in d�st�y.�Tan,�c��a��and �w�it��c�l���d�s�������va�i �ti �s�a���ty pi cally��ad��in t� �fl ����f� ��t�� �f��d�i nd�st �y.�
Black�and ������ndy�va�i�ti�s�c�ntain�� �n�fi cial�anti�xidant �p��p��ti�s�and�a����s�d�in��t����f�� d�applicati�ns.�
�
F�r� ge�S�rghum :�D�p�ndin� ��n�w�i c��sp�ci�s �and� va�i� ty�is� s�l�ct�d ,�s�������can�����s�d�f��� ��azin� �past���,��ay�p��d�cti�n ,�sila���an d�
����n-c��p.�F��a ���s�������typically����ws�8-15�f��t�ta ll�and�is���s t�p�p�la��f����s��as�sila���f���f��din��liv�st�ck .�
�
B ��m�ss� S�rghum :�Did� y���kn�w�s������� can �����s�d� t�� �ak���t�an�l?� Bi��ass�s��������as�t ��� la���st�stat�����f� all� t���s �������va�i�ti �s,�
��ac�in��a���i��t��f�20�f��t�i n�a �n� ��al ����win��s�as�n.�Bi ��ass �s��������as����n�� ��d�t��p ��d�c� �a�l a�� ��a���nt ��f�n� n-��ain��i��ass.�T��s ��
�y��ids �a����s�d�p�i�a�ily�f���t���p��d�cti�n��f��i��n ���y .�
�
Swee�� S�rg hum:��w��t�s�������i s�p��d��inantly����wn�f��� s� ������s y��p .�Unlik����ain�s ������,�sw��t� s�������is��a� v�st�d� f���t���s talks�
�a t����t�an�t�����ain�and�is�c��s��d�lik�� s��a�can���� ����ts�t ��p��d�c�� a�sy��p.��w��t�s�������was ��nc��t���p��d��ina t��ta�l��sw�� t�n�� �in�t ���
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U.�.�T�d ay,�sw��t� s�������is��s�d �as�a ���alt�y� alt��nativ��sw��t�n���t��p��d�c� �w�isk�y�and�����typ��p��d�cts� and�f��� �i�f��l �and� c���ical�
p��d�cti�n.�
�
Types�� f �S�rghum��(Pl���v�ll�ge,��0�3).�
���������is�a�v�� satil� �c�� p�t�at�c���s�in��any�diff���nt�v a�i�ti �s,��ac��wit��its��wn��niq���c�a�act��isti cs�and��s�s.��
Gr����s�rg hum ,�a ls��kn�wn�as ��i l�,�is �t�����st�wid �ly����wn�typ� �and�is��s�d�f���f��d,�ani �al �f��d,�and ��i�f��l �p��d�cti�n.��
�
Swee��s�rghum ��as�a��i���s��a��c�nt�nt�and�is��s �d�f���t���p��d�cti�n�� f�s�������sy��p,���lass�s ,�and ��t����sw��t�n��s.��

�
F�r� ge�s�rghum ,�w�ic� �is�p�i�a�il y��s�d�f���an i�al�f��d,�is��a�v�st�d�f���its�l�av�s�and�stalks��at����t�an�i ts���ain. ��
Br��mc�r��s�rg hum ����wn�f���t ���p��d�cti�n��f���� ��s�an d�� ��s��s,�w�ic��a����ad��f����t� ��plant's�l �n�,�sti ff�fi�� �s .��

�
Du�l -purp�se�s�rghum ,�as�t���na���s����sts ,�is ����wn�f���� �t��� �ain �and�f��a���an d�is��s�d �t� �f��d���t� ����ans�and�an i�als.��

�
H�gh-�������s�rg hum ,��n �t����t� �� ��and ,�is�� ��wn�f���its��i���t annin �c�nt�nt,�w�ic���ak�s�it���sist ant �t� ��i �d �and�ins�ct �da�a��.�
�
T��� �� a��� �any� sp�c ialty�va� i�t i�s� �f�s�������t� at� a ��� ���wn� f��� sp�cific� �s�s,�s�c�� as� �r��me���l� purp�ses,� �r�d������l �med�c��e,� and�
cu l�ur�l�pr�c��ces.�
�
H�rves�� �g�( Pl���v�ll�ge,��0�3).�
T���� a�v�stin� �p��c�d��� �f���s �������can�va�y�d�p�ndin� ��n�t ���sp�c ific�v a�i�ty,�cli�at�,�and �s�il�c�nditi�ns.�H�w�v��,�t�����a���s������n��al�
st �ps �t�at �can���lp��ns����a�s�cc�ssf�l �and��ffici �nt��a�v�st:�
D�t���in ���at��ity:���������s���ld�����a�v�st�d�w��n �it ���ac��s�p�ysi�l��ical��at��ity ,�w�ic��is�w��n�t���s ��d���ad�t��ns �f�������� n� t��
y�ll�w,����wn ,������d �and �t���s ��ds���c�����a�d �and�diffic� lt �t��d�nt .�
T�m��g :�T�� �ti�in���f�t����a�v�st�w il l�d�p �nd��n� t���cli�at��and �va�i �ty,���t���n��ally,�s�������is��a�v�st�d�d� �in��t ���d�y�s�as�n,�w��n�t���
s��ds��av���at���d�and�d�i�d���t.�

�
Equ�pm e�� :�Us��app��p� iat���q�ip��nt ,�s� c��as �a�c���in���a �v �st �� ����sickl �,�t��� a�v�st�t���s������.�

�
�u�� ��g:�Us��a�sickl�� ���c���in� ��a�v �st�� �t��c�t� t���stalks� n�a��t����as���f�t� ��plant .�T���stalks� can����c�t� at� a���i ��t��f�10 -15�c�� a��v��t���
����nd�t��l�av ��s����st���l��f������s i�n �c�nt��l�and �s�il�c�ns��vati�n.�
Dry��g :�All�w�t���s�������t� �d�y�i n�t�� �fi�ld�f���a�f�w�days �t� �a�w��k�t����d�c����ist����c�nt�nt�and�i�p��v��s t��a� ��q�ality.�

�
Thresh��g:�Us��a�t���s��� �����t �����q�ip��nt� t������v��t� ��s��ds�f����t�� �s ��d���ad.�Al t��nat iv�ly,�t���s��d���ads �can������at �n�wit�� a�stick�t��
�� l�as� �t���s��ds.�
�
V�r� e� �es�
�
Hybr�ds���d�v�r �e ��es�rele�s ed��hr�ugh�AI�RP����N� �����l�Level�� re�g�ve�����T�ble�8.�
�
�
�

T�ble �8.�Hybr�ds ���d�v�r�e�� es �re le�sed ��hr�ugh�AI�RP����N� �����l�Level�
�
� Hybr�d � � �e��re� Rec�mme�ded�f�r��he�s ���es��f� Rem�rks �

� C�H�26 � �
D�v�G�n����ds�
��

Ma�a�as�t�a � ,� Ka�nataka,� MP,� ���t�� G�ja�at,�
and�n��t ��AP�&�TN�

K�a�if�Hy��id,� 205� c���t ,�W�it���id�i��c�l���,� s��i����ct�
l�av�s,�s��i�c��pac t�panicl�.�T�l��ant�t��C�a�c�al���t ,�E���t,�

R�st,�s���t�fly,�ap�ids�and�s t��������.�

� C�H�27 � � ICAR-IIMR�
Rajast�an,�N��t��G�ja�at,� UP,� AP� and� Ta�il�

Nad��

K�a�if�Hy��id,� 205� c���t ,�Tan�plant�c�l���wit��cy l ind�ica l�
s��i�c��pact�panicl��and�w�it����ld��lliptica l �s��d.�M �di���

�at��i ty �����p.� T�l��ant �t����ain����ld�dis�as���nd�� �nat��al�
c�nditi�ns�

� C�H�28 � � N�zv��d��s��ds�
Ma�a�as�t�a � ,� Ka�nataka,� MP,� ���t�� G�ja�at,�
and�n��t ��AP�(Z�n� �II)�

K�a� if�Hy��id,� 203� c�s ,���di��� tall,� M�di���Mat��ity � ,�
L�n����ld�panicl �,���ld���ains,�t�la��nt�t��s���t�fly �and���ai n�
��ld.�Hi�����ai n�and�f�dd���y i�lds,��i�����s p�ns��t��nit����n�
f�� tiliz�� . �

� C�H�29 � � Ma��daya����ds�
Ma�a�as�t�a � ,� Ka�nataka,� MP,� ���t�� G�ja�at,�
and�n��t ��AP�(Z�n� �II)�

K�a� if�Hy��id,� 220�C�� tall,�W�it���i d�i��c�l���,� s��i����ct�
l�av�s,� s��i� c��pac t � panicl�,� l�st���s� ��ain,� M�di���
�at��i ty ,�R�sistant� t��f�li a�� dis�as�s ,���d��at�ly ���s istant� t��
��ai n���ld.�

� C�H�30 � � ICAR-IIMR�
Ma�a�as�t�a ,� Ka�nataka,� MP,� ���t��
G�ja�at ,�������������N��t ��AP �� �nd�� ��a inf�d� K�a�if�
c�ltivat i�n�

R�s istant� t��l�d�in�.�N�n -s�att��i n�.�Tan,� 216�c��tall,�plant�
c�l���wit��sy���t�ic� s�� i�c��pac t �panicl�� and� w�it�� ��ld�
�lliptica l �s��d.�

� C�H�31R � � D�v�G�n�s��ds� All��a�i �s����������win��stat�s ��f�India�
Ra�i ��y��id�wit���i�����ain�y i�ld�and� f�dd�� �yi�ld.�T�l��ant�
t��d�����t .�

� C�H�32 � � D�v�G�n�s��ds�
Ma�a�as�t�a � ,� Ka�nataka,� MP,� ���t�� G�ja�at,�
and�n��t ��AP�

K�a�if� �y��id,� 221� c��tall,�W�it���id�i��c�l���,� s��i����ct�
l�av�s,�s��i�c��pac t�panicl�,�T�l��ant�t��C�a�c�al���t ,�E���t,�
R�st,� s���t�fly ,�ap�ids�and� s t�������� .�N�n -l�d�in�,�&�n�n-

s�att��i n�,��i��ly ���sp�nsiv��f���D��p�s�ils. �

� C�H�33 � � N�ziv��d��s��ds�
Rajast�an,� UP,� N��t�� G�ja�at ,� ���t�� And��a�
P�ad�s��& �TN�

K�a�if� �y��id,� 185�c�,� �a� ly ��at��ity,�w�l l��x�� t�d� c��pac t�

panicl �,���di�����ld���ain,�N�n -l�d�in�,�&�n�n� s�att��i n��
t�l��ant �t���aj ���p�s ts�and�dis�as�s .�

� C�H�34 � � Hit�c��s ��ds� Ma�a�as�t�a � ,�Ka�nataka,� MP,�AP,�C�at tis�a���K�a�if��y��id,�210�c��tal l,���di�� ��at��ity,��a ����ad�–�s��i�
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b�eed� n��� f�s����um�(S����um�b�c�l���(L.)�M�enc�)�

�



G�ja�at ,�and�Rajas t�an� c��pac t ,,�awn�l�ss,�l�n����l�in��panicl�,���a�d�in��pp���pa�t�

t�� sy���t�ical� in� s�ap� ,� w�it�� ��di��� l�n�t�� s ti��a,�
c��a�y �w�it����di�����ld���ai n,���sistant�t��d�wny ��ild�w ,�
�nd��� nat��al �c�nditi�ns��scap�s ���a in��ld�d��� t��l itt l�� �i t�
������at��i ty�d��at i�n.�

� C�H�35 � � Ak�la �
Ma�a�as�t�a � ,� Ka�nataka,� MP,� ���t�� G�ja�at,�
and�T�lan�ana �

K�a�if��y��id,�215�c��tal l,���di�� ��at��ity,��a ����ad�–�s��i�
c��pac t ,���l�n��wit��tap�� in�� ap�x; �int��n�d�s� c�v���d� �y�
l�af � s��at�,� d�l l�����n��id��i�,� n�n -l�d�in��n�n�s�att��i n�,�
��d��at�ly �t�l��ant�t���aj���p�s ts�and�dis�as�s .�

�

� C�V�24��� � ICAR-IIMR� All�s����������wi n��a��as��f�India.� �w��t �s�������va�i�ty�

� C�V�26�R � � ICAR-IIMR�(CR�)�
Ra�i � s�as �n.�Und��� s�all�w� s�il� c�nditi�ns�
�f��a�i�s����������win��a��as��f�India.�

M�di��� tall� (183� c� )� s��i� c��pac t � �a� � ��ad,� p�a� ly � w�it�,�
l�st���s� s��d,� t�l��ant �t�� c�a�c�al� ��t� s���t�fly ,� s t��������,� s���t�
����and�s��a�can��ap�id�And ��t�l��ant�t��t���inal �d�����t�

� C�V�27 � � ICAR-IIMR� All�s����������wi n��a��as��f�India.�
D�al � p��p�s�� k�a� if� va� i�ty� ��s istanc� � t�� ��ain� ���lds� n�n -
l�d�in��&�n�n -s�att��i n��

� C�V�29R � � Bijap�� �
Ra�i � s������� ���win�� a��as � �f�
Ma�a�as�t�a , �� Ka�nataka� and� And��a�
P�ad�s���nd���D��p��lack� s�ils �

Tal l�(210� c�),� s��i�c��pact �cy l ind�ical ��a� � ��ad,� p�a� ly �w�it�,�
l�st���s�s��d,�t�l��ant�t��c�a�c�a l���t ,��s���t�fly,�s t�������� ,s���t�
����and�s��a�can��ap�id.�

� C�V�30F � � Ra���i � All�f��a���s������ ����win��a��as��f�India.�
F��a��� �������,� G��s�� n�ck� t�nd�ncy � �f� panicl�� ��s��v�d�
s���ti��s�d���t ���nvi��n��nt al�fl�ct �ati�ns �

� C�V�31 � � Pal���
Und�� � �ainf�d� c�nditi�ns�in�K�a�if� s�as �n�
in�And��a �P�ad�s�,�Ta�il�Nad�,�Rajast�an�

and�G�j a�at�

K�a� if�va�i�ty ,�210 -250�c��tall,�j�icy �s t��,�w�it��c�l �����id-�i�,�
waxy � �l���,� s�ni-c��pac t �sy���t�ic� panicl�,� p�a �ly�w�it�� s��d�
and����y �y�ll�w��nd�sp��,�t�l��ant �t����ain���ld�and���sistant�t��
ant��acn�s��and�l�af ��l i��t.�

� C�V�32F � � ICAR-IIMR�
All� f��a�� � s������� ���win�� a��as � �f�
Ma�a�as�t�a ,� Ta�ilnad�� and� Ka�nataka�
(Z�n��II)�

F��a�����������

� C�V�33MF � � TNAU� All�f��a��� s����������win��s tat�s� (Z�n� -
1&II)�

F��a��� �������,�Tall,� t�in�s t��,� �i���t ill��i n��,� fi�st�c�t �aft��� 62�
days� s��s�q��nt� c�t�aft���50�days ,�1039�q/�a�� ����n�f�dd���yi �ld,�
280�q/�a�d�y�f�dd���y i�ld���sistant�t��l�af ��li��t,�ant��acn�s� �

�
USES���
�
In�Indi a,�t����ainy -s�as�n�s���������ain�i s��s�d��ainly�a s� ani�al/p��lt �y� f��d,�w�il� �t���p�st -�ainy-s�as�n�s ���������ain�is�� s�d�p �i�a� ily�f���
���an� c�ns��pt i�n� (R�ddy ,� 2017).� �������� c�ltivati�n� �as� ���n� link�d� �y� a�c���l��ical � ��s�a�c�� t�� anci�nt� ��dan� a���nd� 6,000� t��
7,000�BP .�On��s p�ci�s, ��.�bic����,�nativ��t��A f�i ca�wit� ��any �c�lt ivat�d�f���s, �is �a�c����n�c��p �w��ldwid�,��s�d �f���f��d�(i n�t���f����� f���ai n�
���s�������sy��p ),�ani�al� f�dd��,�t���p��d�cti�n� �f�alc���lic ���v��a��s,�and ��i�f��l s.�In �Ni���ia ,�t���p�lv��i z�d���d �l�af-s��at�s��f� s�������
�av�����n�� s�d�t��dy��l�at���,�and�i n�Al� ��ia ,�s� �������as ����n ��s�d �t��d y��w��l�(Wikip�dia,�2023).���������is �c�ltivat�d�i n��any�pa�ts ��f�t� ��
w��ld� t�day.�T��� ��a in�finds ��s�� as����an�f��d,�and� f����akin��liq���,� ani�al� f��d,�����i� -�as�d ��t�an�l.��� ������ ��ain�is ��l�t �n� f���,��i���
in ���sistant�sta�c� ,�and��as����� �a��ndant �and�div��s��p��n�lic�c��p��nds�c��pa��d�t���t�����aj���c� ��al�c��ps�(Wikip�dia,�2023) .�
�
�ul���ry�uses �� �w��t�s������� is �t����nly� c��p� p��vidin�� ��a in�and� st���t�at� can���� �s�d�as�s��st�at�s �f��� t�� �p��d�cti�n� �f� s��a�,�alc���l,�
sy��p ,� f�dd��,� f��l, ���ddin�,� ���fin�,�f�ncin�,� and� pap�� �(La�pai���n� �t� al., � 2007).� T�� �j�icy �stalks��f� sw��t� s������,� w�ic�� is�si �ila�� t��
s��a�can��is��tili zin�� f���p��pa�ati�n��f�sy ��p� and�j a����y.� �������� ��a in�is ��� ��inat�d,�d�i�d,�and �����nd�t��f���� �alt, �w�ic��i s��s�d �as� a�
s��st�a t���f��� f� ���ntati�n�in������p��d�cti�n.�A�waxy�s �������id �ntifi�d�in�M�xic��(a���tant�v a�i�ty�t �at �is�n�a�ly�100%� a�yl�p �ctin)��ay�
���a dvanta����s� f������win�;���w�v��,�n���al� s�������(ap p��xi�at�ly�75%�a�yl�p�ctin�and�25%�a�yl�s�)�i s������ c����nly��s�d �f��������
p��d�cti�n.��
�
����������ain�is�� s�d�f������an�f��d� and�as�f��d �f��� ani�als;�t���plant �s t��� and�f�l ia��� a����s�d�f�������n�c��p ,��ay ,�sila��,�and�past���.�In�
s���� a��as�t� ��st��� is� �s�d� as���ildin���at��ial,� and�plant� ���ains�(aft��� t��� ��ad�is��a�v�st�d)� �ay� ��� �s�d� f��� f��l � (H��s� ,� 1985).� An�
�nl�av �n�d����ad� p��pa��d� wit�� fl ��������nd� f���� t�����ain�is� �n� � �f� t��� ��s t� c����n� f��ds� �ad���f� s������.�����ti��s� t� �� d����� is�
f� ���nt�d���f����t��� ���ad�is�p��pa��d.��������� is� als����il�d�int��ap���id��a� ����� �l.�B����is�c����nly��ad���f�t��� ��ain�in ��any �pa�ts� �f�
Af�ica,��ft�n �wit� ���ain� �f�va�i��s�c� l��s .�T�����a���"sp �cialty"�s������s,�s�c��as�p�p�s�������and�sw��t�s������,�t�at �can� ���pa�c��d�and�
�a t�n.� T��s �� sp�cialty� s������s� a ��� f��q��ntly ����wn�as��� �d��s� �f�la�� �� fi�l ds�(H��s�,� 1985).� �������� ��a in/ fl���� is ��s�d�t� � �ak��R�t i�
(�nl�av �n�d����ad),� �ankati, � Ann a�,� P�ps ,�and �Ganji� (t�in� p���id��)� in� ���al� India.�������f� t���val��-add�d �s������� p��d�ct s� availa�l��
c�����ci ally� in�India�a���s� �����-�ic� ���l ti��a in� Atta,� s� ������ Rawa�( fin �� and �c�a�s���awa�f�� �Up�a,�D�sa �and �Idli) ,��xt ��d�d �p��d�cts�
(V���ic� lli�and�P asta), �flakin� �(���akfast� c���al),��ak�d�p��d�cts� (Bisc�it s�and�C��ki�s)�and� instant��ix�s�(D�sa��i x,�Id li��ix�and�P�da��ix) �
(Dayaka� �Ra�� et�a� .,�2014).�����������ain�is�a�stapl��f��d�f��� �illi�ns��f�p��pl� �in�t���s��ia�i d����i�ns��f� Af�ica�and �Asi a�w�����it �is��s�d� t��
�ak��f�� d�p��d�cts�s�c��as�t��ti lla s,����ads,� cak�s,�n��dl�s,�c��s c��s,����� �and�p���id�� .� �w��t�s������� sap�can����p��c�ss�d�int��sw��t�n��s�
f���t�� �f��d�ind�st�y����f����nt �d�i nt��� t�an�l.�N�a�ly� all�s������� p��d�cti�n�(97%)�in� t���w�st ��n����isp�����is �f���l iv�st� ck�f��d �and� f��a���
��ca�s��i t�is�a�l�w���c�st�al t��nativ ��t���ai z��and���q�i��s �l�ss�wat�� �t�����w.�D�v�l�pin� �c��nt� i�s�al s���s ��s �������plant�p��d�cts�f���c��kin��
f��l, �c�nst�� cti�n ��at��ials, �l�at��� �dy�s �and�as�p�ysical�s�pp��t�f���v inin��c��ps�lik��ya�s�(OECD,�2017).���
�
��������is �c�lti vat �d�f��� its���ain,�w�i c� �is �an�i �p��tant�f�� d� s���c�� f���p��pl� �livin�� in� d�y �t��pical �and �s��t��pi cal� ���i�ns� �f�t� ��w��ld.�
����������ain ,�st��s,�and �l�av�s� a�� �als� ��s �d� as�l iv�st�ck� f��d� and� f�dd��.�����������a in� can���� f����nt�d�t���ak�� ��v� �a��s .�F����nt�d�
s������� ��v ��a��s� a���t�aditi�n ally�� ��w �d�i n�pa� ts� �f� Af�ica�( f����xa�pl�,�d��� ,�iki �a�e,��� �tc�apa��).�C�����c ial����w��s� a�� �als���xpl�itin��
s������� f����s��i n�� l�t�n -f��� �����s�(Ev�l�ti�n,�2023 ). ��w��t �s����������s���� �acc���lat�s �s�c��s� �(a�s��a� )�in �it s�st��.��w��t �s�������st��s�
can� ��� c��s��d�t���xt�ac t�t��� s��a�y� j�i c�,�w�i c��an�� ��p�� c�ss�d� int�� s������� sy��p .�T��� j�ic��can�als�� ��� f����nt�d� and �distill�d�t�� �ak��
s����������.��w��t �s� ������ is� �f�in t���st�f��� p��d� cin�� �i�f��ls,� alt������i t�is�n�t� y�t�wid�ly� �xpl�it�d �f��� t�at� p��p�s� ,��nlik� ��aiz� �and�
s��a�can��(Ev�l�ti�n,�2023 ).�W��ldwid� ,�s�������is �a�f��d���ain�f���� ��ans.�In�t���Uni t�d ��tat �s,�s� ������is��s�d�p�i �a�ily�as�a�f��d ���ai n�f���
liv�st�ck.� F��d�val ��� �f� ��ain� s������� is� si�ila ��t �� c��n.� T��� ��a in��as ����� �p��t�in� and � fat�t �an� c��n,���t� is� l�w���i n�vita�in �A.�W��n�
c��pa��d�wit� �c��n�� n�a�p���p ��nd��asis,���a in�s�������f��din ��val�� ��an��s �f����90%�t��n�a�ly� �q�al �t��c� �n.�T�����ain�is��i ��ly�palata�l��t��
liv�st�ck,�and�intak��s�ld���li�its�l iv�st�ck�p ��d�ctivity.�H�w�v ��,�s����s�������va� i� ti�s �and��y��i ds�w�ic��w ����d�v�l�p�d�t� �d�t� ���i�ds�a�� �
l�ss� palat a�l��d� ��t��tannins� and �p� �n�l ic� c��p��nds�i n�t���s��d.�T�����ain� s���ld����c�ack�d������ll�d� ��f����f��din��t��ca ttl�;�t�is�i�p��v�s�
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t���p��ti�n�di��st�d����(Ca�t��� et�a�.,�2023).�In��any�pa�ts��f�Asia �and �Af�ica,�s���������a in� is��s�d� t���ak��flat ����ads� t�at�f����t�� �stapl��
f��d��f��any� c�lt���s .�P�pp �d���ains �a��� a�p�p�l a�� snack�in�pa�t s��f�W�st� �n�India.� In �India ,�w����� it�i s� c����nly �call�d�jwaa�ie,� j�wa�,�j��a,�
���j�nd�a�aa ,�s������� is � �n� � �f� t���stapl�� s���c�s ��f�n�t �iti�n� in �Rajast�an ,�P�nj a� ,�Ha�yana ,�Ut ta�� P�ad�s�,�and� t�� �D�ccan� plat�a��stat�s�
�f�Ma�a�as�t�a ,�Ka�nataka ,�and�T�l an�ana.�An� Indian ���� ad� ca ll�d �b�ak�i ,�j�wa� ���ti ,��� �j��ada���tt i�is�p�� pa��d� f���� t�is���a in.�In �T�nisia,�
w����� it� is� c����nly �ca ll�d�d��ô,�a�t�ad iti�n al�p���id���dis��is �p��pa��d� wi t� �����nd�s�������p�wd�� ,��ilk,�an d�s�� a�.�T���dis�� is� a�stapl��
���akfast� ��al�c�n s���d�in�wint��� ��nt�s.� In�C�nt�al�A��� ica,�t��till as� a���s���ti��s��ad���sin�� s������.�Al t������c ��n�i s� t���p��f����d�
��ain�f��� �akin� �t��tillas ,�s�������is �wid�ly ��s�d�and �is �w�ll�acc�pt�d�in �H�nd� �as .�W�i t��s� ������i s�p��f�� ��d�f�� � �akin� �t��tillas.��w�� t�
s�������sy��p �is�kn�wn �as���lass �s �in �s����pa�t s�� f�t���Unit�d��t at�s,�alt����� �it�is�n�t�t��� ���lass�s.�In����t���n�A f�i can�c��nt�i �s,�s� �����,�
al�n� �wit���il k,�s��a��and ���tt�� , �is��s�d �t� ��ak��Mal ta��lla,�a�va� iati�n�� f��ill�t�p���i d���(Wikip �dia,�2023).��
�
Alc�h� l�c � bever�ge :� In �C�ina,�s� ������ is � kn�wn� as��a��ian��and� is �f����nt�d �and �distill �d �t�� p��d�c�� �n�� f���� �f� cl�a �� spi�its� kn�wn�
as �baiji� ��f�w�ic��t �����st�fa���s�is�Ma�tai �(��� M��tai).�In�Taiwan ,��n�t�� �island� call�d�Ki n��n ,�plain�s�������is��ad��i nt��s������� liq���.�
In� s�v ��al� c��nt �i�s�in� Af�ica,� incl�din� �Zi��a�w�,�B���ndi,�Mali ,�B��kina � Fas� ,�G�an a ,�and �Ni ��� ia,�s������� �f� �� t��t��� ��d� and� w�i t��
va�i�ti�s�is��s�d�t���ak��t�aditi�nal ��paq�������.�R�d�s�������i�pa�ts �a�pi nkis� -���wn�c�l����t��t��������(Wikip�dia ,�2023).��
�
B�� -b�sed� e�h���l :�In �A�st�ali a,����t��A���ica,�an d� t�� �Uni t�d�� tat�s ,�s���������ain� is� �s�d� p�i�a�ily� f���liv�st� ck�f��d�and� in �a� ���win��
n����� � �f��t�an�l �pl ants. �In�s����c��nt�i �s,� sw��t�s�������st alks� a����s�d�f���p��d� cin���i�f��l��y�sq���zin��t��� j�ic��and� t��n� f����nt in��it�
in t� ��t�an�l .�T�xas�A&M�Univ��s ity �in�t ���Unit�d��tat�s�is�c��� �nt ly ���nnin��t�ial s�t ��find�t�����st�va�i �ti �s�f����t �an�l �p��d� cti�n�f����s�������
l�av�s�an d�stalks�in�t� ��U�A�(Wikip�di a,�2023).��
�
Agr�cul�ur�l�uses ��It�is� �s�d�in�f��d�and�p ast ��a���f��� liv �st�ck .� Its� �s��i s�li�it�d,���w�v��,���ca�s� �t���s ta�c��and� p��t�in� in� s�������is���� ��
di ffic�lt�f���an i�als �t��di��st �t �an�t ���sta�c��s�and�p��t�in�in�c��n.�On��st�dy��n�cat tl��s��w�d �t�at �st�a�-flak �d�s� ������was�p��f� �a� l��t��d�y -
��ll�d�s���������ca�s��i t�i�p�� v�d�d ail y�w�i��t ��ai n.�In����s,�s��������as����n �s��wn�t�����a�������ffici �nt�f��d �c�� ic��t�an �c��n�w��n���t��
��ains�w����p�� c�ss�d�in�t���sa���way �(Wi kip �dia ,�2023).��
�
A��m�l�f eed:���������is�an��xc�ll�nt�f��d�f���liv �st�ck �and�c��pani�n�ani�als .�T���f��din��v al����f�s�������f���liv�st�ck�sp�ci �s�is���n ��ally�
c�nsid���d�95%����������f�t���f��din��v al����f�y�ll�w �d�nt��aiz� .�B��w n�s������s�a���c�nsid���d �t��� av��80–85%�t���f��din��val�� �� f��a iz�.�
�� ��������st����p��p��ly�p ��c�ss�d�t ���n�an c� �it s�di��sti�ility .�P�ppin� ,�st�a�� flak in�,�and���c�nstit�ti�n �a����s�d�t��p ��pa�� �s���������ain �in�
���f� cattl�� f��dl�ts� in �t��� U�A.� G�indin� ,� ��llin� ,�c ��s�in� ,�and �p�ll�tin�� a ��� �s�d� f��� p��lt�y� and�swi n�� f��ds.� �������� �as� a �p�� xi�at��
c��p� siti�n,�a�in�� acid �c�nt�nts,�and�n�t�iti�nal �val���si�il a��t��t��s���f��aiz�.�H�w�v ��,�d���t�� its �l�w��� fat�c�nt�nt ,�s ��������s�ally ��as� a�
sl i��tly�l�w������ss,�di��sti�l �, �and���ta� �l iza�l���n���y.�Lysin �� and �t����ni n��a���t�� �fi�st� and�s �c�nd�l i�iti n��a�in�� acids .�M�st�s�������
�y��ids �d��n�t� c�nt ain�c�nd�ns�d�tannins�in�c�nt�ast� t��i�p��ssi�ns��iv�n�i n�s���� p��licati�ns.�K��n�ls� t�at �c�ntain�c�nd�ns�d�tannins��av�� a�
cl�a�ly� pi���n t�d,�t�i ck� t�sta.�T��s �� s������s� a�� �class�d �as�� ��wn����tannin�s������s.�T�� ����wn�s������s�a������wn�in�s���� a��as �w�����
�i �ds �and ���lds �a����aj���p���l��s.�Bi�ds�will�c�ns�������wn� s������s� w��n��t��� �f��ds �a���sca�c�.�Ani�als� f�d�� ��wn �s� �������ati�ns��at�
���� � f��d�and�p��d�c��a���t �t� ��sa��� a���nt ��f��ain�s��f��d�� ffici�ncy� is� ��d�c�d�si�nificantly.� ���������s�d� as� a� f��d���a in �is ���n��ally�
s�ft��� t�an� t�at� �s�d� f��� f��d� ��ain;� its ���ain�is� �ft �n� c�l���d.� It� is�s�ld��� f�d� wit ���t� c�a�s�� ��indin����� ���aki n�-�t���� p��c�ss�s� inv�lv��
va�i��s�s�akin��p��c�d���s,�flakin�,�and�p�ppin�.�T���p��p�s� �is�t�� �xp�s�� a�la�����p��t i�n�� f�t���s��d�t��t�� �ani�al 's� di� �s tiv ���nzy��s.�I f�n�t�
t��at�d,� s������a in�(w��n��s�d� as� f��d)�will� pass� t�������t��� ani�al��ndi� �st�d�(H��s�,�1985).�T���s�������plant ��ak�s� ���d� f��d.�It �can� ���
c��pp�d� f���si la� � ���� f�d�di��ctl y�t��t���ani�al s.��� dan�� �ass� is� �s�d� as�past� ���and��ad��int���ay.�T���st�v��-t���p��ti�n ����ainin��a ft�� �t���
��ad�Is�����v�d -is��ft�n ��s�d�as� �ay.�T�i s,� ��w�v��,�Is� p������In�q�ality� t�an�st�v���f���� s��������ana��d �as�a �f��d �c��p�(H��s�,� 1985).�
Cyanid��can��� �p��d�c�d �in �p�is�n��s�q�antiti�s��y�s����s�������and���dan ���ass .�T���cy anid ��c�nc�nt �ati�n �is����at �st �in �s��dlin��p lants�and�
d�clin�s�as�t���plant����ws:�it �is�l�w�aft���3 0�t��40�days��f����wt��and�vi �t�ally�a�s�nt �j�st���f������adin�.�T���c� nc�nt�ati�n ��f�cyanid��is���st�
s��i��s�in�n�w����wt�� f�ll�wi n��c�ttin� .�T���� ��at�st�dan�����cc��s�if������wt�� is�da�a��d� �y�f��st.�T�� �cyanid��p ���l��� can�����ana��d��y�
ca ��f�l �att �nti�n�t��s �l�cti�n��f�va�i �ti �s �l�w�in�cyanid�,�and��y�p� �p�����azin�.�P��s�n c���f�cyanid��n��d�n �t ��� �a�s��i��s ���st�i cti�n �t��t����s���f�
s������� f��a���f��� f��d�(H� �s �,�1985).�
�
T��� st�v���(�at����c���d�stalks��f�c��n�wit��t��� �a�s �����v�d�t�at�a ��� �s�d �as�f��d �f���l iv�st� ck)� ���ainin�� aft����a�v�stin� �t��� ��ain�is� c�t�and�
f�d�t�� cattl� ,�s���p� and���ats ,�� ���ay� ���� �az�d.������fa ����s���ind ��a�v �st �d� st�v��� and��ix�it �wit� �s� ��������an����s alt�t�� f��d �li v�st�ck .�
B��wn��id�i� �(BMR)�lin �s��f���������bic���� �w�����s�d�a s� f��a���s���c�s �f���liv�st� ck���ca�s���f� t��i�� ��d �c�d�li�nin� c�nt�nt �and� �i�����
di��sti�ili ty��f�t��� st�v��.�B�����s�������(�����c��n,� �.�v���a�e)�is�als� ��s�d�as� a�s ���c���f�ani�al �f��d�in �s������� i�ns,�alt������ it� is�l �ss�
di��sti�l��t�an��.�bic����� .���dan���ass �and�its��y��ids ��ay�����s �d�as �past���,��ay,�����n�c��p,����sila� ��f���liv�st�ck.��w��t�s������s�a�� ��s�d�
f���t���p��d�cti�n��f�sy��p������lass�s,�and�a�����in��c�nsid���d�as�p�t�nti al�s���c�s�f���f��l ��t�an�l.�P��d�cti�n��f��t�an�l�f����s���������ain�
���sw��t� s��������i��ass �(stalks) ��as� �ain�d� inc ��asin� �int���st�in� ��c�nt�y�a� s.�T��p��d�c�� �t�an�l� f���� s���������a in ,�t��� w��l� ���ain�is�
����nd,���l atiniz�d,� and�c�nv��t �d�t �� f����nta�l�� ca����yd�a t�s��sin�� �nzy��s.� T��� p��d�ct ,�distill��s’ ���a ins,�c�ntains �app��xi�at�ly�30%�
p��t�in,�and �is�c����nly ��s �d �as �f��d�f���l iv�st�ck �in ��it����w�t����d�y �f����(Balak �is�na�and�B� at,�2016).���
�
Past� �in��cattl� ����s ���p��n�s�������st���l� ,�aft���t��� ��ain�� as��� �n ��a�v�st�d,�is�a�c����n�p�actic�.�B�t�� �����a� �� and�d��pp�d���ads�a ���
�t iliz�d.��t���l��w it��s�c�nda�y����wt����st ��� �past���d� ca ��f�l ly���ca�s���f�t���dan�����f�p��ssic�acid�(HCN )�p�is�nin��(Ca�t���� t�al.,� 2023).�
G�ain� s������� �ay� als����� �s�d� as�w��l�-plant� sil a��,� ��w�v�� �an�t���� s������,� sw��t� s������,� was� d�v�l�p�d� as� a�sila�� �c ��p.� �w�� t�
s������� p�� d�c�s���c���i �����f��a���yi�lds�t�an���ain�s ������,���t� f��d� q�ality�w ill�lik�ly��� �l�ss� ��� �ca�s��t���� �is�n��� �a in.������ ���w��s�
�ix���ain�s�������wit��s �y��ans�t��p��d�c��a��i�����p��t�in�sila���c��p�(Ca�t��� et�a� .,�2023).�In�t����a� ly�sta��s��f�plant����wt�,�s����s�������
sp�ci�s ��ay�c�n tain �l�v�ls��f��yd��� �n�cyanid�,����d�nin�,�and �nit�at�s �l�t �al�t����azin�� ani�als .�P lants� st��ss�d� �y�d�����t������a t� can�als��
c�nta in�t�xic�l�v�ls ��f�cyanid��and�nit�at�s�at�l at� ��sta� �s�in����wt��(Wikip�dia,�2023). �
�
I�dus�r��l�uses :�����������a in����sw��t �s��������i��ass�is��s�d� f�� ��t�an�l �p��d�cti�n .�Yi�lds��f�alc� ��l�(182°� p���f)�p�� �t�nn���f�s�������
��ain�a���c��pa�a�l ��wit���ai z� �(387�vs.�372�L).�T���c�����c ial�t�c�n�l��y ���q�i��d�t��f����nt�sw��t�s��������i��as s�int��al c���l�� as����n�
d�v�l�p�d �in�B�azil� t���xt�nd �t����il l�s �as�n�and� c��pl���nt�s��a�can��p��d�cti�n.� On��t�nn ���f�sw��t� s��������i��ass ��as�t���p�t�ntial� t��
yi�ld �74 �L��f�2 00°�p���f�alc���l.�In����t���n�and�W�st�Af�ica,�s��������alt�is��s�d� f���alc���lic�and�n �n-alc���lic�� �v��a��s,�w�anin� �f��ds,�
and����akfast�f��ds .���� � -�paq�������s�a���p��d�c�d�c�����c ially�in����t���n�Af�ica .�Opaq��������is�p��d�c�d�f�l l�win��t ���� asic�st�ps��f�t���
t�aditi�nal�p��c�ss.�B��w��i �s�in�M�xi c� ,�Af�ica ,�and �Asia ��s ��s���������its�as �an�adj�nc t�in ����wi n��la��������.�In�Ni���ia ,�s�������and��aiz��
a��� �s�d� t�� p��d�c� �la������� cl�a� ������wit���t��a� l�y� �alt.�Ni��� ian����w��i�s� p��d�c� � cl�a ������� f����a �c���inati�n� �f� �alt�d�s������,�
s������,�and/ ��� �aiz����its�wit��c�����cial�� nzy��s�t�� c�nv��t� t� ��sta�c��t� �f� ���nta�l�� s��a�s� ��ca�s��s������� �alt� �as� a�l�w�dias tatic�
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p�w��.� T��� sa��� app��ac�� is� n�w��s�d� �y �s�v� �al�U.�.-�as�d� ���w��s �t�� p��d�c�� a� s������-�as �d� �l�t�n -f��� � la�� ����� �� f��� ta���t�d� t��
individ�als�wit��all ���ic���acti�ns�t���l�t�n.�T���q �ality��f�c l�a�� ����� is� ���d,���t�t���tast ��diff��s�f�����a� l�y ��alt �����.�����������its,���al,�
and� fl���� can���� �s�d�al�n������ix�d�wit�� w��at �fl���� t��p��d�c�� an� a� �ay�� f��ak�d� ���ds .�H�w�v ��,�s������� d��s �n�t� c�ntain� �l�t�n�s�� t���
a���nt ��f�s�������fl ��� �in�t ����l �nds �d�p�nd ��n�t���q�ality��f�t ���w��at�fl���, ��akin��p��c�d���,�f����lati�n ,�and�q�ality��f�t�� ��ak �d�p��d�cts�
d�si��d.�N�w�f��d -typ�� s������s� t�at �p��d�c� ��xc� ll�nt� yi�lds��f�fl���� wi t� �a��land �flav��� and�li��t� c�l ���a���availa�l �.�T��y �can�����s�d� t��
�xt�n d�w ��a t-�as�d �p��d�cts �wit���t�aff�c tin� �flav��.� �������� can���� p�ff�d,� p�pp�d,� s� ��dd�d,�and�flak�d�t��p��d� c� ���ady -t� -�at����akfast�
c� ��als .�Ext��si�n ��f�s�������p��d�c�s�acc�pta�l ��snacks�and �p��c��k�d�p ��d� cts .�In�t�����dan ,�s������� is �w�t-�ill �d �t��p ��d�c��sta�c��wit��
p��p��t i�s �and��s�s �si �ila��t�� t��s� ��f��aiz�� sta �c�.�C�����ci al� w� t��il lin�� �f� s�������in� t���U�A�was�di sc�nt in� �d�in�t ���1970s���ca�s�� �f�
p�����c�n��ics.��p�ci fic�typ�s��f�s�������a����s�d� t��p��d�c� �a�sw��t�s �������sy��p�c��p�is�d�� f�s�c��s�,��l� c�s� �and�f��ct�s�.�T�i s�s ��a��is�
�xt�act�d �f����t� �� stalk�and�c��k�d�t�� c�nc�nt �at ��t���s�l��l��s��a�s� in�t���j�ic�.�T��� �nzy�atic�c�nv��si�n��f� sta �c��f���� s���������a in� t��
liq�id��l�c�s��sy ��p �is�al s��p�ssi�l� .�
�
O�her� uses �� It� is� als�� �s�d � f��� �akin�� a� t�aditi�nal� c��n ������.�T��� ��clai��d� stalks� �f� t�� � s ������� plant� a��� �s�d � t�� �ak�� a�
d�c��ativ� ��illw��k ��at�� ial��a�k �t �d �as�K i��i���a�d� (Wikip �dia,�2023).� B����c��n� infl���sc�nc�s�a ����s �d �in �s����typ�s ��f�d�c��a ti�ns,�as�
w�ll�as �in�nat��al -��istl�������s�(Ev�l�ti�n,�2023 ). ��������f�t���p�� d�cts�p� �pa��d�f������������is��iv�n�in�Fi� .17��
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Gr��s �(gr�u�d�m�� �e) ���d�m�lk�w�� h�s�rghum�syrup� P�pped�s�rghum� B��led�

�
� �

RTS�S�rghum�b�sed�bever�ge� T�m�r��d-S�rghum�s�uce � S�rghum�b�sed�m�xed�j�m �
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NUTRITIONAL�VALUE�
�
��������is ��n ���f�t���c��ap�st �s���c�s��f��n���y �and��ic��n�t �i�nts ,�and�a�vast ��aj��ity ��f�t���p�p�la ti�n� in� s��-�a�a�an�Af�ica�and�Ind ia�
d�p�nd ��n �it �f�� �t��i� �di�ta�y��n���y �and ��ic�� n�t �i�nt ���q�i����nt .���������p��vid�s ������t�an�50�%��f�t� ��di�ta�y��ic��n�t�i �nts,�pa�tic�la� ly�
F� �and�Zn,�t� �t���l�w -inc������� �p,� pa� tic�la�ly�in����al� India�w��� ����t��p�ysi cal �and ��c�n��i c �acc�ss�t��n�t�i�nt -�i c� �f��ds�is �li�it�d.�T�� s,�
s�������is�a��niq� � �c��p�wit����ltipl� ��s�s �as �f��d,�f��d ,�f�dd�� ,�f��l ,�and �fi����(K��a�,�2016).�
�
C�nstit��nts�� f����� ����a����iv �n�i n�T�ble �9�(Balak �is�na��and�B�a t,�2016).�
�

T�ble �9.����s���ue��s��f �S�rg hum�
�

�
�

�
N�t�iti�n al�val���p���100 �������������ain�i s��iv�n�in�T�ble�10 �(Wikip�dia,�2023).�
�

�
�
E�ergy � 329�kJ �(79 �kca l)�

�

��rb�hydr��es � 72.1���

���a�s � 2.53���
Di�ta�y�fi��� � 6.7���

�

F�� � 3.46���
�at��at �d� 0.61���

M�n��nsat��at �d� 1.13���

P�ly�nsat��at�d� 1.56���
�
Pr��e� �� 10.6���

�

V���m��s � Qu�����y�%DV
†
�

Vita�in�A��q�iv.� 0%�0�μ��

T�ia�in��(B1)� 29%�0.332����

Ri��flavin�(B2)� 8%�0.096����
Niaci n�(B3)� 25%�3.69����

Pant�t��nic�ac id�(B5)� 7%�0.367����

Vita�in�B6 � 34%�0.443 ����
F�lat��(B9) � 5%�20�μ��

Vita�in�C� 0%�0����

Vita�in�E� 3%�0.5����

�
M��er�l s� Qu�����y�%DV

†
�

Calci��� 1%�13����

C�pp�� � 14%�0.284����
I��n� 26%�3.36����

Ma�n�s i��� 46%�165����

Man�an �s�� 76%�1.6����
P��sp����s� 41%�289����

P�tassi��� 8%�363����

��l�ni��� 17%�12.2�μ��

��di�� � 0%�2����
Zinc� 18%�1.67����

�

O�her�c��s���ue��s� Qu�����y�
Wat ��� 12.4���
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T�ble �11 .�Nu�r� �����l �c�m p�s� ������f��S�rg hum�gr���s�per�100 �g�
�

�

T��� ��a in�is��di�l��and�n�t�iti��s.�It� can�� ���at �n� �aw�w��n �y��n�� and ��ilky ,���t� �as�t�������il�d ��������nd�int��fl ��� �w��n��at���.� ��������
��ain �is �72%�ca����yd�at �s �incl�din��7%�di �ta �y�fi��� ,�11%�p�� t�in ,�3%�fat ,�and�12%�wat ���(ta�l�).�In�a��� f���n c� �a���nt ��f�100���a�s�(3.5��z),�
s������� ��a i n� s�ppli�s�79 �cal��i�s �and��i c� �c�nt�nts� (20%����������f� t�� �Daily�Val�� ,�DV) ��f�s�v ��a l�B�vit a�ins�and �di �ta�y ��in ��a ls. �A ll�
s������s� c�ntain� �ix�d �p�lyp��n�ls ,� s�c�� as �p��n�lic� acids �and �flav�n�ids.��������� ��ains� a��� �n�� �f� t�� � �i���st� f��d� s���c�s�
�f�p��ant��cyanidins � (Wiki p�dia ,� 2023).��.� bic�����is� � ic�� in� �in��als � lik� � p��sp����s,� p�tassi��� and � zi nc.�T��� n�t�iti�nal� val� �s� �f��.�
bic���� �a���c��pa�a�l��t��t��s ���f��ic� ,�c��n�and�w��at. �T����n ���y�val����f�100�� ��.�bic���� ���a ins ��an��s�f����296 .1�t��356.0 �kcal. �T�����ains�
c�nta in� 60� –� 75%� ca����yd�at �s,� 8� –� 13%� p��t�in� and� 4� –� 6�%� fat. �T�� �sacc�a��s� �and ��l�c�s��c�nt�nt� in � t��� stalk� is� 10� –� 16%.�In�
c��pa� is�n �s��a��can� ��as�a� s��a��c�nt �nt��f�10� -�20%.�T��s ��.�Bi c���� �can���� �s�d�as�an�alt ��nat iv��t� �s�� a�� can�.�T���l�w�sta�c�� di��sti�ility�
�f�s� ������is� ca�s�d� �y�t���ass� ciati�n��� tw��n�t ���st a�c����an�l�s�wit��t�� �p��t�ins �and �tannins .�T���d i��sti�ility ��f�t ���p��t�ins �is�l�w���t�an�
t��s���f� w� �at� and � c��n .�In� c�nt�ast� t�� t���p��la�ins��f�w� �at,� �y�� and� �a� l�y,� t�� �kafi�ins ��f� s�������d�� n�t� p��v�k�� all���i c� ��acti�ns� ���
a�t�i���n����sp�ns��in����ans.�F��t�������,�t ���p��p��ti�s� �f� s� ������in�i�it�t�� ��xp��ssi�n��f�t �xic �p�ptid�s ���lat�d�t� ��liadin ,��akin� ��.�
bic���� �a� saf����a in� f���c�ns��pti�n��y� p��pl��wi t��c�liac� dis �as�.�J�wa�� is� t���fin�st� s��sti t�t��f���w��a t�and ��i c� �w��n�it�c���s� t��n�t�iti�n�
��ca�s��i t��as��i���l �v�ls��f�t� ia�in�,�ni ac in,��i��flav in,�and �f�l at��(Wikip�dia,�2023).�
�
H����H�B�N�F��S� �
�
��������is�a�c�a�s����ain,�p�i �a�ily�� s�d�as�f��d�in�s��i -a� id�t��pics�an d�s���t��pics ��f�As ia�and�Af�ica�and �an�i�p��tant�f��d ���ai n�an d�f�dd���
c��p�in�t���A��� icas� and�A�st�a lia .���������is�t���p �incipl��s�� �c���f ��n���y ,�p��t�in,�vit a�in ,��i n��als,�and�t �ac�� �l���nts�f����il li�ns��f �t���
p����st� p��pl� .� �������� ��a in� �as� c��t ain�p��p��ti�s� t�at��ak�� it� s�ita�l��t�� ��� c�ns���d� �y�p��pl�� s�ff� �in�� f����c ���nic� dis��d�� s.� T���
n�t�iti�nal�val��� al�n��wit��sp�cifi c� n�t�i�nt s�in�t�����ain�� as��� �n �f��nd�t��p��v�nt�and� c�nt ��l�lif��styl��dis�as�s �and �dis��d��s.�Gl�t�n-f��� �
s������� f��d�i s���c����nd�d�f���� l�t�n-int�l��anc� �and�c�li ac �pati�nts,���lativ�l y�l�w��lyc��ic�ind�x�and �l�w��lyc��ic�s �������f��d���d�c�s�
t����isk ��f�dia��t �s.����������as �l� w�fat�c�nt�nt�and��i c��s���c���f�ant i�xidants,�p�lyp��n�ls ,�di�ta�y �fi���,�and��a�n�si���(Ciacci�et�a�.,�2007;�
Dayaka��Ra��et�a�. ,�2014)�
�
The�f�ll�w��g�he�l�h�be�ef ��s �h�ve�bee��rep�r�ed�by�D�y�k�r �e��al. �(�014)� �
�
�el��c �d�se�se�(�D)�is�an�i���n�-��dia t�d��nt���pat�y�t�i�����d��y�t��� in��sti�n��f��l�t�n�in���n�tically� s�sc�pti�l��i ndivid� als�and�i s��n� ��f�
t��� ��st� c����n�lif�l�n� �di s��d��s�w��ldwid�.�C�ns��pt i�n ��f��l�t�n�f����s������� p�� d�cts �can���� s�ita�l�� f���individ�als� s�ff� �in��f����
c� liac�dis �as�.���������is��ic��in�di�t a�y�fi ����and ��as�l�w ��lyc��ic�ind�x,�w�ic� ���lp �in�t���l�w�� �plas�a��l �c�s ��l�v�l �and �c�nt��l ��f�dia��t�s .�
C�ns��pti�n��f�s��������ay��av��p� si tiv ����a lt� �i�pact��n �p��pl��s�ff� �in��f����canc��. �
�
N��ur�l� ��x�c� ��s�� ��S�rghum����������can�c�ntain�a� cyan���nic��lyc�s id��t�at �can�p��d�c� �Hyd����n�cyanid��(HCN)�d��in��ti��s� �f� st��ss�
���if�da�a��d�� y�f��st�����asticati�n.���������can�als��acc���la t��t�xic�l�v�ls��f�nit�at�s.�Cattl ��and ��a��ly����s�s�� av�����n�p�is�n�d.�
��
Allerg e�s����S�rghum ����������p�ll�n�s�nsitivity�� as ����n���c��niz�d�as�a �p�t�nti al���alt��p���l ���in�ca�sin� ����nc�ial �ast��a.��
�
Allel�p��h�c�pr�per��es���� S�rghum����������is�w�ll���c��niz�d� f��� its �all�l�pat�ic��ff�cts��n��t ����c��ps� and��at����s�������plants� p�ss�ss�
a�n�������f�wat �� �s�l��l��all �l�c� ��icals�
�
�The�f�ll�w��g�he�l�h�be�ef��s�h�ve�bee��rep�r�ed�by�WMDE��(� 0��)� �

�
A��� -��fl�mm���ry�effec�s����������is�k n�wn�t������ic��in�p��n�lic� c��p��nds,� �any ��f�w�ic��act�as�anti�xidants.� It� �as�als���� �n�s��wn� t��
���� ��d �at���d�cin��s����f���s�� f�infla��ati �n �d���t��its�an ti�xidant�p��p��ti �s. �
�
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A��� -c��cer �effec�s�� ��v��al ��f� t���p� �n�lic �c��p��nds �in �s��������av� ����n�link�d�t��anti -canc����ff�cts .�T���t annins� in� s������,�w�ic��
c�nt� i��t� �t��t��� ��ain’s� pi���ntati�n ,��ay�in�i�i t�an� �nzy��� link�d� t�� t���d�v�l�p��nt��f� ���ast�canc�� .�An�t��� �s� t��f�p��n�lic �c��p��nds�
f��nd�in�s������,�kn�wn �as�3-d��xyant��cy anidins ,��av��� ��n�s��wn�t���av ��a�d�st��ctiv���ff�ct�� n�s�������an�canc���c�lls.�
�
We�gh��l�ss:�T���sta�c��s�in�s �������a��� diffic�l t�f���t��� ���an� ��dy�t��d i��st, �c��pa��d�t���t������a ins .�As� a���s�lt ,�s� ������ is� an��xc� ll�nt�
addit i�n�t ��any ���al,���lpin��y���f�� l�f�ll�w it���t�c�nt�i ��tin��t ����any�cal��i�s�t��y����di�t. �
�
S�fe�f�r� ce l��c�d�se�se:���������and�its ��yp��d�cts,�inc l�din��s�������fl���,��av �����n �d�t ���in�d�t�����a�sa f��alt ��n ativ� ���ai n�f���t��s��wit��
C�li ac’s�dis�as�. �T����i���st���a lt� ��isk��f�s� ������is�ti�d �t��its �p�t�ntial �as�an�all����n.�
�
S�rghum��llergy:�All���i�s�as s�ciat�d �wit��� �ass�s �and���ass �p�ll�n�a�� ��xt����ly �c����n .�Unf��t �nat �ly ,���������is�a���ass�and�is�k n�wn�t��
p��d�c��an� all ���ic���acti�n�in�s����p��pl�.�F��d� all���y� sy�pt��s�incl�d��tin�lin�� ��� itc�in��� f�t ������t�,�sw�llin�� in� and�a���nd�t������t�,�
a�d��inal�pain ,�na�s�a ,�v��itin�,�and ��v�n� fai nti n�.���v����a ll� ��ic���acti�n����anap�ylaxis �can���s�lt�i n�any�f�� d�a ll���y� and�can ��� �lif� -
t� ��at�nin�. �
�
The�f�ll�w��g�he�l�h�be�ef ��s �h�ve�bee��rep�r�ed�by�HBS�(�0�3)��
�
S�rghum� m�y� ��h�b� �� c��cer� �um�r� gr�w�h� � C��p��nds�in�s�������call �d� 3 -D��xyant��xyanins� (3-DXA)� a ��� p��s�nt �in�da�k�� -c�l���d�
s�����s,�and�t�� a�l�ss��� �xt�nt�in�w�it� �s������.��c i�ntists� at�t���Uni v��sity� �f�Miss���i�t �st�d ��xt�acts��f��lack ,���d,�and�w�it��s ������s�and�
f��nd�t�at�all�t������xt �acts��ad�st��n��an tip ��lif� �a tiv��act ivity�a�ainst����an�c�l�n�canc���c�lls. �
�
S�rghum�m�y�pr��ec���g���s��d��be�es���d���s ul ��� res�s ���ce:�Advanc�d� �lycati�n ��ndp��d�cts �(AGEs)� a��� inc��asin�ly �i�pl icat�d �in�t���
c��plicati�ns� �f�di a��t�s.� A�st�dy�f����t� ��Univ��sity� �f� G�� ��ia�N��t�ac��t ica l�R�s�a�c��Li��a� i�s�s��w�d�t�at�s������� ��ans�wit��a ��i���
p��n�li c� c�nt�nt� and��i���anti-�xidant� p��p��ti �s�in�i�it� p��t�in� �lycati�n,�w� ���as�w��at ,��i c���� ��a t���an,�and�l �w-p��n�lic� s���������an�did�
n�t.�T��s �� ��s�lt s�s����st� t�at�“ c��tain�va�i� ti�s� �f��s���������an��ay�aff�ct �c�itical ��i�l��i ca l�p��c�ss�s�t�at�a��� i�p� �tant �in�dia��t�s�and�
ins�lin ���sistanc� .”�
�
S�rghum��s �s�fe �f�r�pe�pl e�w��h�cel��c�d�se�se:�Up�t� ��n��p��c�nt ��f�t� ��U.�.�p�p�l ati�n�(and�a���t�½%�w��ldwid �) �is���li�v�d�t ��� av��C�liac�
Dis�as �,�an� a�t�i���n�� ��act i�n�t���l�t�n� p��t�ins� f��nd�in�w��at,��a�l �y�and� �y�.�W�il��s� �������as�l�n�����n� t�����t �sa f�� f���c�li acs,�n��
clinical�t�sti n���ad�� ��n�d �n���ntil���s �a�c���s�in�I taly��ad��a�st�dy .�F i�st,�t��y �c�nd�ct �d�la���at��y �t�sts; �aft���t ��s��t�sts ��sta�lis��d�t ���lik�ly�
saf�ty,�t��y �f�d�c�liac�pati�nts�s������-d��iv�d� f��d�p��d�cts�f��� fiv�� days.�T��� pati�nts��xp��i �n c�d�n�� sy�pt��s �and �t���l�v �l� �f� di s�as��
�a�k��s�(an ti -t�ans�l�ta�inas ��anti��di�s )�was��nc�an��d�at�t����nd��f�t���fiv�-day�p��i�d .�
�
S�rghum�m�y�help�m���ge�ch� les�er�l:��c i�ntists �at�t���Univ��si ty��f�N���aska���s��v�d �t�at �s�������is�a��i c��s���c���f�p�yt� c���icals,�and�
d�cid�d �t��s t�dy�s ������’s�p�t�nti al�f����ana�in��c��l �st���l. �T��y �f�d�diff���nt�l�v �ls ��f�s� ������lipids �t��� a�st� �s �f���f��� �w��ks,�and�f��nd�
t�at� t��� ��a lt�y� fats� in� s�������s i�nificantly� ��d�c�d� “�ad”� (n�n-HDL)� c��l�st���l. �� R�d�cti�ns��an��d� f���� 18%� in ��a�st��s� f�d� a� di�t�
incl�din� �0.5%� s������� lipids,�t ��69%�i n��a�st��s� f�d� a�di�t�in cl�din� �5%�s������� lipids.��“G��d”� (HDL)� c��l�st���l� was� n�t �aff�ct�d .�
R�s�a�c� ��s�c�ncl�d�d �t�at �“��ain�s������� c�ntains���n�ficial�c��p�n�nt s�t�at�c ��ld� ����s�d�as �f�� d�in���di �nts ����di�ta�y�s�ppl���nts� t��
�ana���c� �l�st���l �l�v �ls �in����ans.”�
�
Adv����ges��f �s� rghum��ver �m���e� ���s�u�h��fr �c�� �d� e�s �� �������� �as����n�wid�ly�c�ns���d� as� a�stapl ��f��d�and�in� ��v��a��s�t� �������t�
Af�ica.�M�� ����c�n tly,�c� �n��as� ��plac�d�s�������in �s���� a��as .�R�s�a�c���s�f����t�� �Univ ��sity ��f�Wi twat��s �and� M�dical� �c���l� in� ���t��
Af�ica���l i�v��t�a t�“ t���c�an���� f�t� ��stapl��d i�t ��f�Black����t��A f�icans�f����s�������t� ��aiz� �(c��n )�is�t���ca�s��� f�t� ���pid��ic��f�sq�a���s�
ca �cin��a��f�t�� ��s�p�a��s .”� T��y �link�t���canc��s�t�� F�sa�i��� f�n�i �t� at����w�f���ly�� n��aiz� ���t� a���fa�� l�ss�c����n� �n� s������� and�n �t��
t�at�“ c��nt�i�s �in�Af�ica,�in �w�ic��t���stapl��f�� d�is�s ������,��av ��a�l�w�incid�nc���f�sq�a���s�ca�ci n��a��f�t� ���s� p�a��s .”�
�
A��� �x�d���s����s �rghum �h�gh�rel ��� ve������her�g r���s�� �d����f ru��s ��J�s�p� �Awi ka�and�Ll�yd �R��n�y,�at�T�xas�A&M�Univ��sity ,�c�nd�ct�d�
an��xt�nsiv� ���vi�w��f�sc���s��f�st�di�s �inv�lvin��s������,�and� c�ncl�d�d�t�at� t���p�yt�c���ica ls�in�s�������“ �av��p�t�ntial �t��si�niciant ly�
i�pact����an���alt�.”��In�pa�tic�la�, �t��y �cit �d ��vid�nc��t�at �s� �������ay���d�c� �t����isk ��f�c��tain�canc��s�and �p����t ��ca�di�vasc�la ��he�l�h.�
�
S�rghum�m�y�help��re� ��hum���mel���m��� �ci�ntists �in�Mad�id� st�di�d� t����ff�ct��f�t� ����diff���nt� c��p�n�nts �f����win��and��n� �f����
s������,�t���a����t��i�� �ff�cts��n� t�� ����wt���f����an���lan��a�c� lls.�W�il����s�lts�w�����ix�d,� t��y�c�ncl�d�d�t �at�a ll� f���� c��p�n�nts�
(p��n�lic �f�acti�ns)�“�av��p�t �ntial�as�t���ap��tic� a��nts�i n� t���t� �at ��nts��f����an���lan ��a”�alt������ t���way�in�w�i c���ac��sl�w �d� canc���
���wt���ay�di ff��.�
�
The�f�ll�w��g�he�l �h�be�ef��s�h�ve�bee��rep�r�ed� by�Amer�c��s�rg hum�(�0�3)��Hi���n�t�iti�nal�val��:��������� �as�a �w��ppin��2 2���a�s�
�f�p��t�in�in�a�1�c�p �(192 ���a�)�s��vin���f�t���c��k�d,�w��l��� �ain.�A�w��an’ s�daily���c����nd�d�p ��t�in�intak��is�4 6���a�s�an d�a��an’s�is �56�
��a�s.�On �av��a��,�t�at� ��ans�s�������c�n tains �43 �p�� c�nt��f� y���� daily�p��t �in �intak � .�On��s��vin��als� �c�ntains �47�p��c�nt� �f� y���� daily�
��c����nd�d� i�� n� and�55� p��c�nt ��f�y���� p��sp�� ��s �intak�. �It’s� als�� a����d� s���c���f� �a�n�si��,�c�pp��,�calci��,�zinc�and �p�tassi��.�A�
s��vin���f�s�������als��c�ntains� a���nd�30� p��c�nt� �f�y������c����nd �d� int ak��� f���t��niac in�and�t�i a�in .�T��s��tw��B-vita�ins ���lp ��s�t��
��ta��liz��and�p��p�� ly�a�s����ca����yd�a t�s�an d�n�t�i �nts.�
�
R�ch������� ��x�d���s�� ��������c �ntains� a� wid��va�i�ty��f���n �ficial� p�yt� c���ical s� t�at�act� as� anti�xidants�i n�t�����dy ,�s�c�� as�tannins,�
p��n�li c� acids,�ant��cyanins,�p�yt�st���ls� and�p�lic�san�ls.� In�fact, � t�����an�l ay����f�s��������as�si�nificantly� �i���� �a���nts� �f� anti�xidants�
t�an� f��its�s�c��as�� l��� ���i�s ,�st�aw��� �i�s�and�pl��s.�Anti�xidants ���lp�t� �sl�w�d�wn� a�in��and �anti� xidant-�ic�� f��ds�� av�����n�link�d�t��a�
l�w����isk��f���a� t�dis�as�,�can c��,�typ��II�dia� �t �s,�and�s����n����l��ical�d is�as�s�as�w�ll.�Many �st�di�s�indicat��t �at�w��l� ���ain �c�ns��pti�n�
si�ni ficantly �l�w��s����tali ty�f���� ca�di�vas c�la� �dis�as�.�Anti �xidant �p�yt�c���icals� a�����li�v�d�t�����t� ���ain� ��as�n� and�t��y ��av �����n�
s��wn �t� ���d�c���l��d �c��l�st���l�and�p��v�nt�a�t� �ial �cl�ttin�.�
�
Impr�ves� d�ges��ve� he�l�h�� ��������i s��n� ��f� t�� ���st� s���c�s � availa�l� � f��� di�ta�y� fi��� .�On� �s��vin�� c�nt ains �48�p�� c�nt� �f� y����daily�
��c����nd�d� intak�� �f� fi���.� Fi���� is � vita l� f��� �v��all� di��stiv�� f�ncti�n .� It� k��ps� y���� di��st iv�� t �ac t� ��vin�� and� �f� c���s�� p��v�nts�
c�nstipati�n.�B�t�it�als��� �lps�t������l at���l��d�s��a� ,�l�w ���c��l�st���l,�and �p��v�nt�div��ti c�litis,���������ids,��allst�n �s �and �kidn �y�st�n�s.�

26282����������������Swam�,�O����n,�d�mes��ca� ��n,��ax�n�m�,�b��an�cal �desc� �����n,��ene� �cs�and�c ����ene� �cs ,��ene��c�d�ve�s����and��
b�eed� n���f�s����um�(S����um�b�c�l���(L.)�M�enc�)�
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I�h�b��s� c��cer�� C��tain�p�yt� c���icals�in�s ������� �av� �als�� ���n�s��wn�t���av� �canc�� -in�i�itin�� p��p��ti �s,�pa�tic�l a�ly �in��ast ��int�stinal�
and�skin�canc��s.� �t�di�s ��av��s ��wn�t�at�s������� c�ns��pt i�n �is�link�d� t�� l�w���incid�nc�s��f��s�p� a��a l�c anc����l�� al ly,�incl�din��pa�ts��f�
Af�ica,�R�ssia ,�India,�C�ina� and� I�an .�W��a t�and �c��n �c�ns��pt i�n��av �����n �link�d� t�� �l�va t�d��a t�s�� f��s�p�a� �al� canc�� .�W��l����ai ns� in�
��n��al�a ��� c����lat�d�wi t����d�c�d�� isks� �f� �t��� �f���s� �f� di��stiv� �t�act�can c�� ,��sp�ci ally� c�l�n�canc��.�It � is ��nkn�wn�if� t� is� is�d���t��t���
p�yt�c���ical s����di�t a�y�fi����in���ai ns,���t�as�s�������is��i���in���t� ,�it�w��ld �c� �tainly�p��vid��t���sa�����n �fi ts�as ��t������ains .�
�
Glu�e�-free�� ��������i s� saf�� t�� �at� f��� t��s��wit�� C�li ac�dis�as�.� T��� J���n al��f�A��ic�lt� �al� and� F��d�C���ist �y �p��lis��d� a� st�dy�t�at�
analyz�d� t� ����n���� �f� s� ������ t�� d�t���in� �i f�i t�c �ntain�d� any� �l�t�n�p��t�ins.� T��y � c�nfi���d� t�at��l�t�n� is� a�s�nt�in� all �va�i�ti �s� �f�
s������. �
�
�urre��l y����-ge�e��c�lly�m�d�f�ed��An�t������n�fit��f�s� ������i s�t�at �it’s�a�n�n -��n�tically ���difi�d �c��p.�
�
Alt�����,�t��� c��pan y�D�P� nt�Pi �n��� �is�w��kin��t��d�v�l�p �a���n�tically���difi�d �(GM)�va�i�ty.�M�st� plant�� �n�tic� �n�in���in��t ��dat��� as�
���n�t��i�p��v�� a� c��p’s �����icid� �t�l��an c� �and ���sis tanc� �t��p�sts.� D�P�nt� is� w��kin���n �a�n�w �typ���f���n �tic� �n�in���in��t� ��n� anc��t�� �
�ic�� n�t� i�nt� c�nt�nt��f�s� �����.�T��i� ���al �is �t��d �v�l�p�a �“�i�f��tifi�d ”� st�ain��f�s�������wit���i����� vit a�in�A,������ �asily�a�s����d�i� �n�
and� zinc,�and� an� i�p��v�d��alanc� ��f�a�in��acids.�T��y��av��al��ady����wn�t�ial�GM�s �������c��ps�in� Af�ica.�GM�s�������is �n�t ����wn� in�
N��t�� A���ica� y�t,� ��t� always� ��y� c��tifi�d����anic� s�������p�� d�cts�w��n� y��� can� find�t���.�T�is� will � �ns� ��� t�����is�n��GM� �at�� ial�
p��s�nt ,�as�w�ll�as�av�idin���a��f�l �p�sticid����sid��s.�
�
M��y�uses� ���������is�a�v��y�v��s ati l����ain .�I t�is���st ��a t�n�in�its�w��l����ain �f����t� ���t�t�����s t�n�t �iti �n.�It�can����p��p a��d�si�ila��t���ic�.�
T�y� s�akin��w��l��s�������f��� 8�����s���� �v��ni��t� t�� fi�st� ���ak�d�wn�t����nzy��s� and��ak��it� �����di��sti�l�.�T��n�� �il�it �in� t� ����ti��s� as�
��c� �wat �� �f���a���t�an������ ����ntil� t�nd��.� It� can �als����� c��k�d� in �a� �ic��st�a������� sl�w�c��k�� .���������fl ����is ���c��in��a �p�p�la ��
�l�t�n-f����s��stit�t�� f���w��at� fl����in��ak �d� ���ds.�Mak ��s����y�����y� t�� �w��l����ain�f�����f� s� ������fl���,� w�ic�� is� si�ply� t��� w�� l��
��ains� ����nd� int�� fl���.� R�fin�d�s������� fl���� is�a ls� �avai la�l�,� ��t �lik�� ��st� ��fin�d�p��d�cts ,�t���n�t�i �nt�c �nt �nt� is� ��d�c�d.� In� s����
c��nt�i�s ,�s� ������is��at�n�as�p��� id� �������il�d�d i��ctly�int��va�i��s�dis��s.� T���Et�i�pian����ad�inj ��a�can�����ad�� f���� s������,�as�w�ll� as�
�any ��l�t�n -f��������s� and��v�n��i�f��ls .�As� its �p�p�la�ity��is�s ,�s�������is ���c��in����c������� c����n�i n���� c��y�st���s�and��a�k �ts .�I t’s�
d�finit� ly�a���a in�t�at�d �s��v �s�a�plac� �at�����t a�l�s.�
�
The�f�ll�w��g�he�l�h�be�ef ��s �h�ve�bee��rep�r�ed�by�PPP�(�0�3)��
�
S�rghum���ds����d�ges������Addin�� a�s ��vin�����tw� ��f�s�������t��y�� ��daily�di�t�can�d�� y����di��sti v��syst��� a�w��ld� �f����d!�A�s��vin�� �f�
s������� c�n tains�48%��f�t�����c����nd�d�d aily�int ak ���f�fi���! �Fi����is�t���� lti�at��� �dy�����lat��,���lpin��f�� d� stay�its� c���s��t�������y ����
di��stiv�� syst��.�Ad�q� at��fi����intak��al s�� p��v�nts� c�nstipati�n,�dia ����a,��l�atin�,�c�a�pin�� and��t���� di��stiv��iss��s.�F i��� �als�� ��lps�t��
�li�inat���ad�c��l�st���l�f����t�����dy,�w�ic��c�nt�i��t �s�t����a� t�� �alt�.�
�
S�rghum�b��s�s �e�ergy��W� il�� all� ��ains�t �c�nically ��iv� �y��� �n���y,�s������� wi ns� t����l� ���i���n �in �������a�ts. ���������is �an�� xc�ll�nt�
�n���y�s���c����ca�s��it�is�c�nsid���d �a�c��pl �x�ca����yd�at�,�w�ic��p��vid �s�s�sta in�d��n���y�f���s�v��al�����s.���������als��c�ntains �niac in ,�
���vita�in �B3,�w�ic��i s�kn�wn�t����lp�c� nv�� t�f��d�t ���n���y.��
�
S�rghum�pr�m��es �b��e�he�l�h��W�’v����t ����d�n�ws�f���y�� ��v���ta�i ans���t �t����:�s��������ak�s�it��as i���f���p ��pl��w�����ly�� n�a�plant -
�as�d�di�t �t� �c�ns����and� a�s����k�y�n�t�i�nts� t�at �c�nt �i��t�� t����n����alt�.���������c�ntains���t���a�n�s i��� and �cal ci��,�w�ic����lp� t��
p����t����n ����a lt� .�Ma�n�si���in c��as �s�t�� �a�s��pti�n��f�cal ci���in �y������dy,�w�il� �ca lci���act�ally�� �ilds �y������n�s. ��
�
S�rghum� preve��s� c��cer�� ��������t �an sf���s� y���� pant�y �int�� y���� ��dicin� � ca�in�t,� sinc� � it�c�ntai ns� dis�as�-fi ��tin�� n�t�i�nts�lik��
anti�xidants. ��� ������is� f�ll� �f�p� yt�c� ��icals,�w�ic� �a��� anti�xidants �t�at�p��v�nt�c��t ain�typ�s��f� can c���(sk in� canc��, �c�l�n� canc�� ,�and�
�s�p�a��a l�canc��,�t��n a���a�f�w).�P �yt�c� ��icals�a���als���xc�ll �nt�f����aintainin��ca�di�vasc�la����alt�.��
�
S�rghum� �s�s� fe �f�r�glu�e��� ���ler� �ce�� T��� U�DA���c��niz�s� s������� as� 100%� �l�t�n -f��� ,���anin��i t’s� saf�� f��� p��pl�� wit�� C�liac’s�
Dis�as ��and��l�t�n� int�l��anc��t�� �at ��n�a �����la ���asis. �B�t��s�������fl����and �w��l� -��a in�s�������a�� ����a t�s��stit�t�s� f���w� �a t-�as�d�
��cip�s.�Wit��t��i �,�li��t , �n�tty �flav��, �s� ������als ��� as �n��p���l���tak in� �t���sp�tl i��t�in �t�aditi�nal�dis��s.��
�
S����um��nc�eases �c��cula���n: ���������c�ntains� i��n,�c�pp �� ,�zinc ,�and��a�n�si��,�w�ic��all� �av� �a� �and� in�i�p��vin��ci�c�l ati�n.�C�pp���
��lps �t�����dy�a�s��� �i��n���tt�� ,�w�ic� �can�p��v�nt�an��ia.�Havin��pl�nty��f�i��n�and �c�pp���in �y������dy�� �lps�wit��ci�c�la ti �n�an d�sti��lat�s�
c� ll����wt��and ���pai�. �I��n �and�c�pp���als��� �lp��ain tain��n���y�l�v �ls .��
�
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