
 

 



 

 

INFLUENCE OF MODIFICATION OF MORPHOFRAME 

ON PHYSIOLOGY AND YIELD IN COTTON 

 

A 

THESIS 

                                SUBMITTED TO THE 

NAVS ARI AGRICULTURAL UNIVERSITY 

NAVS ARI 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

 

FOR 

  

THE AWARD OF THE DEGREE 

OF 

DOCTOR OF PHILOSOPHY  

 

IN 

CROP PHYSIOLOGY 

BY 

 

DINESH PARASHRAM NAWALKAR  

M.Sc. (Agri.) 

 

DEPARTMENT OF GENETICS AND PLANT BREEDING  

N.  M.  COLLEGE OF AGRICULTURE 

NAVSARI AGRICULTURAL UNIVERSITY 

NAVSARI - 396 450 

 

MAY-2014 

(Registration No. 04-0748-2010) 

 

 



 

 

 

 



 

INF L U EN CE OF  M OD IF I C ATI O N OF  MO RP HOF R AM E  

ON P H YS I OL OG Y AN D YI E LD I N CO TTO N  

  

     Name  o f St ude nt                                          Major Advi sor  

     Di nes h P . Naw al kar            Dr.  V.  Kumar  

 

        DEP AR TMENT OF  G ENETICS AND P LAN T B REEDING  

 N.M. COLLEGE OF AG RICULTURE  

NAVSARI AG RICULTUR AL UNIVERSI TY  

NAVSARI-396  450  

 

A B  S T R A C T  

 

 Si nc e  mo s t  pl a nt  gr o wt h an d de ve l o p me nt  pr o c e s s es 

ar e  r e gul at e d  b y n at ur al  pl a nt  ho r mo ne s ,  t he s e  pr o c e s s e s  may  

be  m a ni p ul at e d  e i t he r  b y al t e r i ng t he  pl a nt  ho r mo ne  l e ve l  o r  

by c h a ngi n g t he  c ap ac i t y o f  t he  pl a nt  r e s po ns e  t o  nat ur al  

ho r mo ne s .  In  r e c e nt  ye ar s ,  pl ant  gr o wt h r e g ul at o r s  ( P GRs ) ,  

whi c h ar e  s ynt he t i c  ho r mo ne s ,  ha ve  be e n i n ve s t i g at e d f o r  

t he i r  abi l i t y t o  al t e r  c o t t o n gr o wt h a n d de ve l o pme nt  i n a n  

at t e mpt  t o  i mpr o ve  pr o d uc t i o n.  P l ant  gr o wt h r e gul at o r s  ha ve  

po t e nt i al  t o  pr o mo t e  s qu ar e ,  f l o we r s  a nd bo l l  r e t e nt i o n,  

hi g he r  nut r i e nt  u pt a ke  an d ke e pi n g ve ge t at i ve  an d  

r e pr o duc t i ve  gr o wt h i n h ar mo ny t o  i mpr o ve  yi e l d a n d q u al i t y.  

As  t he  pr e s e nt  da y c o t t o n ge no t ype s  ar e  p ho t o  i ns e ns i t i ve ,  

t he y i ni t i at e  pr o d uc i n g r e pr o d uc t i ve  par t s  i r r e s pe c t i ve  o f  t he  

e n vi r o nme nt al  a nd p hys i c al  c o n di t i o ns  b y 4 0 - 4 5  days  af t e r  

s o wi n g.  He nc e ,  s uf f i c i e nt  mo r p ho f r ame  do e s  no t  de ve l o p  o n  

t he  pl ant  t o  ho l d  t he  r e pr o d uc t i ve  p ar t s .  Bt  c o t t o n by  vi r t ue  o f  

e ar l y s wi t c h  o ve r  t o  r e pr o d uc t i ve  p has e ,  o f t e n  do  no t  e x pr e s s  

f ul l y as  f ar  as  ve ge t at i ve  gr o wt h i n c o nc e r ne d.  F ur t he r ,  l at e  

i n t he  s e as o n,  m an y Bt  h y br i ds  s ho w e xc e s s  ve r t i c al  gr o wt h i f  

f i r s t  fl us he s  ar e  l o s t  due  t o  nat ur al  s he d di n g be c aus e  o f  

abe r r a nt  we at he r  c o ndi t i o n un de r  s uf f i c i e nt  s uppl y o f  

nut r i e nt s  an d mo i s t ur e  bo t h s i t u at i o ns  ar e  no t  de s i r a bl e .  I n  



 

c o t t o n,  ne w s q uar e s  ar e  f o r me d o nl y  o n ne wl y e me r ge d  

s ym po di al  br a nc he s  b ut  t he  pr o mo t i o n o f  ve r t i c al  gr o wt h t ha n  

ho r i zo nt al  gr o wt h u nde r  c e r t ai n  c o ndi t i o n m ay  l e a d t o  t he  

l o s s  of  pho t o s ynt hat e s  d ur i n g t he  ve ge t at i ve  p has e  an d  

c o ns e que nt l y s m al l  s i ze  bo l l s  a nd  ul t i m at e l y r e s ul t  i n l o w 

yi e l d.  Mo di f i c at i o n o f  mo r pho f r a me  b y Et h yl e ne  a n d M al e i c  

hy dr a zi de  a p pl i c at i o n c o ul d gr e at l y  he l p  i n di s pe ns i ng a w a y  

t he s e  l i mi t at i o ns .  Thi s  i nt e r ve nt i o n ma y i nc r e as e  s o ur c e  s i ze  

an d t he n i m pr o ve  s i n k ac t i vi t y.  He nc e  ke e pi n g t he s e  f ac t s  i n  

mi n d,  a f i e l d e xpe r i me nt  we r e  c o nd uc t e d at  Mai n Co t t o n  

Re s e ar c h St at i o n,  N a vs ar i  Agr i c ul t ur al  U ni ve r s i t y,  S ur at  

dur i ng t he  Kh a r i f  2 01 1 - 12  and 2 0 1 2 - 1 3  t o  s t udy t he  I nf l ue nc e  

o f  Mo di f i c at i o n o f  Mo r p ho f r ame  o n P hys i o l o g y an d  Yi e l d  i n  

Co t t o n.  The  e x pe r i me nt s  we r e  l ai d o ut  i n R an do mi ze d Bl o c k  

De s i gn ( Fac t o r i al  c o nc e pt )  wi t h t we l ve  t r e at me nt s  v i z . ,  f i r s t  

f ac t o r  ( Gr o wt h r e g ul at o r s )  ( T1 )  -  Co nt r o l  ( 0 0  ppm) ,  ( T2 )  -  

Et h yl e ne  4 5  ppm at  s q u ar i n g s t age ,  ( T 3 )  -  MH 5 0 0  ppm at  8 5  

D AS a nd ( T4 )  -  Et h yl e ne  +  MH a nd s e c o nd f ac t o r  ( Co t t o n 

hy br i ds )  ( V1 )  -  RC H 2  ( BG- I I) ,  ( V2 )  -  Vi kr am 5  ( B G- I I) ,  ( V3 )  

-  G. Co t  H y- 1 2  an d r e pl i c at e d t hr e e  t i me s .   

 The  r e s ul t s  i n di c at e d  t h at  ap pl i c at i o n o f  gr o wt h  

r e gul at o r s  s i gni f i c a nt l y af f e c t  t he  phys i o l o gi c al ,  

mo r pho l o gi c al ,  bi o c he mi c al ,  phe no l o gi c al  c h ar ac t e r s ,  yi e l d  

an d yi e l d at t r i b ut i n g c h ar ac t e r s  an d e c o no mi c s  o f  t he  hy br i ds  

o ve r  t he i r  u nt r e at e d c o nt r o l .  Si ngl e  ap pl i c at i o n  o f  Et h yl e ne  

an d  MH  was  f o u n d s i gni f i c a nt l y e f f e c t i ve  i n  e n ha nc i n g mo s t  

o f  t he  par ame t e r s  o ve r  c o nt r o l .  Et h yl e ne  ap pl i c at i o n r e c o r de d  

s i gni f i c ant l y gr e at e r  pl ant  he i ght ,  L AI ,  R GR , r e duc i n g  

s ug ar s ,  yi e l d,  s e e d  i n de x  a n d l i nt  i n de x  be s i de s  t h at  i t  

r e duc e d d a ys  t o  5 0  pe r  c e nt  bo l l  bur s t i ng,  mat ur i t y,  t o o k  

l e s s er  gr o wi n g de gr e e  da ys  a n d he l i o t he r mal  uni t s  c o mp ar e d  



 

t o  t he  c o nt r o l .  Appl i c at i o n  o f  M H at  8 5  D AS s i gni f i c a nt l y  

i nc r e as e d c hl o r o phyl l  c o nt e nt  a nd r e q ui r e d mo r e  days  t o  5 0 

pe r  c e nt  bo l l  b ur s t i ng ,  m at ur i t y ,  t o o k mo r e  gr o wi n g de gr e e  

da ys  a n d he l i o t he r m al  u ni t s  wi t h l o we r  s e e d a nd l i nt  i n de x  

be s i de s  us ual  i nc r e as e  i n ph ys i o l o gi c al  par ame t e r s ,  gr o wt h  

an d yi e l d as  c o mp ar e d t o  r e mai ni n g t r e at me nt s .  I n t e r ms  o f 

ne t  r e t ur n an d c o s t  be ne f i t  r at i o  bo t h Et h yl e ne  an d MH we r e  

muc h ad va nt age o us  o ve r  c he c k .  

 Ap pl i c at i o n o f  Et hyl e ne  ( 4 5  ppm)  at  s q uar i ng s t a ge  

f o l l o we d b y M H ( 5 0 0  ppm)  at  8 5  D AS r e c o r de d s i gni f i c a nt l y  

hi g he r  L AI ,  L AD,  C GR , RG R,  N AR , dr y  m at t e r ,  s q uar e s ,  

f l o we r s ,  gr e e n bo l l s ,  s ympo di a,  m ai ns t e m no de s ,  c hl o r o p hyl l  

c o nt e nt ,  GD D, H TU, n um be r  o f  bo l l s  ( at  har ve s t ) ,  bo l l  

we i ght ,  bi o m as s  an d yi e l d,  an d br o ug ht  a bo ut  be t t e r  ne t  

r e t ur n a nd be ne f i t  c o s t  r at i o  o ve r  c o nt r o l  and o ve r  Et h yl e ne  

an d MH  al o ne .  

 Amo n gs t  t he  t hr e e  c o t t o n h ybr i ds ,  Vi kr a m 5  ( BG- I I)  

r e c o r de d s i gni f i c ant l y hi ghe r  L AI ,  L AD, C G R, R GR, N AR,  

dr y m at t e r  ac c um ul at i o n ,  f r ui t i n g f o r ms  ( s q u ar e ,  f l o we r s  an d  

bo l l s ) ,  s ympo di a,  m ai ns t e m no de s ,  c hl o r o phyl l  c o nt e nt ,  

r e duc i n g s ug ar s  c o nt e nt ,  nu mbe r  o f  bo l l s ,  bo l l we i g ht ,  

bi o mas s ,  s e e d c o t t o n yi e l d,  s e e d a nd l i nt  i n de x t ha n  

c o n ve nt i o n al  h ybr i d      G.  Co t  Hy- 1 2 .  Bt  hy br i ds ,  RC H 2  

( BG- I I)  was  o bs e r ve d s i gni f i c a nt l y l e s s  d a ys  t a ke n t o  5 0  pe r  

c e nt  bo l l  b ur s t i ng ,  m at ur i t y,  gr o wi n g de gr e e  da ys  an d  

he l i o t he r mal  uni t s  c o m par e d  t o  G.  Co t . Hy- 1 2 .        

  On t he  b as i s  o f  t wo  ye ar s  e xpe r i me nt al  r e s ul t s ,  i t  c an 

be  c o nc l ude d t h at  t hr o ug h mo di f i c at i o n o f  pl a nt  mo r p ho f r ame  

by a ppl i c at i o n o f  4 5  ppm  Et hyl e ne  at  s q u ar i n g s t a ge  o r  5 0 0 

pp m MH  at  8 5  D AS,  i t  i s  po s s i bl e  t o  i m pr o ve  var i o us  

ph ys i o l o gi c al ,  mo r p ho l o gi c al ,  bi o c he mi c al ,  mo r p ho -



 

phe no l o gi c al  e ve nt s  i n de s i r e d di r e c t i o n t o  har ve s t  hi g he r  

yi e l d wi t ho ut  i mp ai r i n g f i br e  q ual i t y .  The  t wo  P GR ’s  whe n  

us e d i n  s uc c e s s i o n o f f e r  addi t i o nal  a d va nt a ge  i n yi e l d o f  t he  

hy br i ds  whe t he r  Bt  o r  no n- Bt  a nd  c a n be  ut i l i ze d as  a vi abl e  

t e c hno l o gy t o  e nh a nc e  c o t t o n yi e l d.  
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I  INTRODUCTION 
 

 

 Co t t o n ( Go s s y p i u m s p p  L.)  i s  o ne  o f  t he  pr e do mi n a nt  

f i br e  c ro ps  pl ayi ng a pi vo t al  r o l e i n agr i c ul t ur e ,  i n dus t r i al  

de ve l o pme nt ,  e mpl o y me nt  ge ne r at i o n a nd e c o no m y o f  Indi a .  

It  i s  al s o  c al l e d as  ki ng o f  f i br e  due  t o  hi ghe r  e c o no mi c al  

val ue  amo ng al l  c as h c r o ps  i n In di a .  Co t t o n i s  t he  mo s t 

i mpo r t a nt  c as h an d c o m me r c i al  c r o p c o nt r i b ut i n g ne ar l y  7 5  

pe r  c e nt  o f  t o t al  r aw m at e r i al  ne e ds  o f  t e xt i l e  i nd us t r y i n  

In di a.  Te xt i l e  i n dus t r y  i s  t he  nu mbe r  o ne  e xpo r t  e nt e r pr i s e  i n  

t he  c o unt r y e ar ni n g r e ve n ue  o f  o ve r  $  8 .5 bi l l i o n.  He nc e ,  i t  i s 

al s o  c al l e d as  'W hi t e  go l d ' .  

 Co t t o n be l o ngs  t o  t he  ge nus  Go s s y p i u m  unde r  t r i be  

Go s s ypi c e ae  o f  Mal vac e ae  f ami l y.  The r e  ar e  f o ur  s pe c i e s  o f 

c o t t o n unde r  c ul t i vat i o n i .e .  Go s s y p i u m h e r ba ce u m L. ,  G.  

a r b o re u m L . ,  G.  h i r s u t u m L.,  a nd  G.  b a r b a de n s e L .  In di a i s  

t he  o nl y c o u nt r y whe r e  al l  f o ur  c ul t i vat e d s pe c i e s  o f  c o t to n 

ar e  gr o wn.  Co t t o n i s  mul t i pur po s e  c r o p t hat  s up pl i e s  bas i c  

pr o duc t s  l i ke  f i br e ,  o i l ,  s e e d me al ,  o i l  c a ke ,  h ul l s  a n d l i nt e r s .  

 It  i s  c ul t i vat e d o n abo ut  3 3 .0  mi l l io n he c t ar e  ac r o ss 

t he  wo r l d.  I ndi a has  t he  di s t i nc t i o n o f  h a vi ng  t he  l ar ge s t  ar e a  

un de r  c o t t o n c ul t i vat i o n i n t he  wo r l d r a ngi n g be t we e n 1 1 - 1 2 

mi l l i o n he c t ar e .  It  ac c o unt s  f o r  abo ut  3 3 % o f  t he  gl o bal  

c o t t o n ar e a a nd  c o nt r i but e s  2 1 % ( 5 .8 6  mi l l i o n t o nne s )  o f  t he  

gl o b al  c o t t o n pr o duc e ,  c ur r e nt l y r an ki n g s e c o nd af t e r  Chi n a.  

The  yi e l d pe r  he c t ar e  i s  ho we ve r  t he  l o we s t  i .e .  4 8 1 kg h a
- 1

 

ag ai ns t  t he  wo r l d a ve r a ge  7 6 3  kg ha
- 1  

an d m aj o r  c o t to n 

pr o duc i ng c o u nt r i e s  v i z . ,  Br azi l  ( 1 6 0 0  kg ha
- 1

) ,  C hi n a ( 1 3 1 1 

kg  h a
- 1

) ,  U S A ( 9 4 5  kg  h a
- 1

) ,  U z be ki s t a n ( 8 5 9  k g ha
- 1

)  an d  

P aki s t a n ( 6 8 4  k g ha
- 1

)  ( C I CR,  2 0 1 3 ) .  
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 In I n di a,  Guj ar at  i s  t he  l ar ge s t  pr o d uc e r  o f  co t t o n 

ha vi ng 2 .6  mi l l i o n he c t ar e  u nde r  c o t t o n c ul t i vat i o n pr o d uc i n g  

1 1 .3 5  mi l l io n  bal e s  a n d r a nks  f i r s t  i n pr o d uc t i o n ( C IC R,  

2 0 1 3) .  Co t t o n pr o vi de s  e mpl o yme nt  an d s us t e n anc e  t o  a 

po p ul at i o n o f  ne ar l y 4 2  mi l l i o n pe o pl e ,  who  ar e  i n vo l ve d  

di r e c t l y o r  i ndi r e c t l y i n c o t to n pr o duc t i o n,  pr o c e s s i ng,  

t e xt i l e s  and r e l at e d ac t i vi t i e s .  It  i s e s t i mat e d t hat  mo r e  t han  

6 .0  mi l l i o n f ar me r s  c ul t i vat e  c o t t o n i n In di a a nd a bo ut  3 6  

mi l l i o n pe r s o ns  ar e  e m pl o ye d di r e c t l y b y t he  t e xt i l e  i n d us t r y.  

The r e  ar e  mo r e  t h a n 1 .7  mi l l i o n r e gi s t e r e d l o o ms ,  1 5 0 0 

s pi n ni n g uni t s ,  an d a n e s t i mat e d 2 8 0  c o mpo s i t e  mi l l s .  

The r e f o r e ,  c o tt o n pr o duc t i o n i n I ndi a i s  c o ns i de r e d t o  ha ve  a  

wi de  r e ac hi n g i m pac t  no t  o nl y o n t he  l i ve l i ho o d o f  f ar me r s  

an d e c o no m y o f  t he  c o unt r y,  b ut  al s o  o n  i nt e r n at i o n al  t r a de .  

 Maj o r  l o s s e s  i n c o t t o n pr o duc t i o n ar e  due  t o  i t s  

s us c e pt i bi l i t y t o  pe s t s  an d di s e as e s .  O ut  o f  t o t al  i ns e c t i c i de s 

us e d i n t he  c o unt r y whi c h c o s t s  US $  60 0  mi l li o n,  mo r e  t han  

hal f  ar e  us e d o n c o t t o n.  Re al i zi ng i m po r t a nc e  o f  se ve r i t y o f  

t he  l o s s o f  c o t to n c r o p due  t o  i ns e ct  pe s t ,  Bt  co t t o n hybr i ds  

ha d be e n ap pr o ve d  f o r  c o mme r c i al  c ul t i vat i o n i n I n di a f r o m  

2 0 0 2 .  Bt  c o t t o n i s  a ge ne t i c al l y  mo di f i e d  var i e t y o f  c o t t o n 

pr o duc i ng  a n  i ns e c t i c i de .  The  ge ne  c o di ng  f o r  Bt  ( Ba ci l l u s  

t h u r in g i en s i s )  t o xi n h as  be e n i ns e r t e d i nt o  c o t t o n,  c a us i n g  

c o t t o n t o  pr o duc e  t hi s  n at ur al  i ns e c t i c i de  i n i t s  t i s s ue s .  W hi c h  

ki l l  l e pi do pt e r o n pe s t  pr o vi di ng  r e s pi t e  i n pe s t  c o nt r o l .  

 Due  t o  po pul at i o n e x pl o s i o n a n d al s o  t he  s at ur at i o n  

i n c o t t o n ar e a,  ne w e f f o r t s  s ho ul d be  i ni t i at e d  t o  e n ha nc e  t he  

pr o duc t i vi t y.  De s pi t e  i m pr e s s i ve  gr o wi ng  i n  c o t t o n 

pr o duc t i o n,  I n di a i s  3 3
r d

 r an k i n pr o d uc t i vi t y amo n gs t  c o t t o n 

gr o wi n g c o unt r i e s  o f  t he  wo r l d.  I nc r e as i n g p o p ul at i o n,  

gr o wi n g de m a nd a nd  e x po r t  po t e nt i al  al l  war ne d t h at  ne w 
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vi s t as  m us t  be  e x pl o i t e d t o  i nc r e as e  t he  pr o duc t i vi t y t hr o ug h  

mai nl y  b y ma n age me nt .  

 The r e  i s  wi de  po s s i bi l i t y s t i l l  t o  e xpl o i t  f ul l  ge ne t i c 

po t e nt i al  o f  e xi s t i ng ge no t y pe s  whi c h i s  e vi de nt  f r o m s t ar k  

di f f e r e nc e  i n yi e l d o f  s ame  var i e t y  at  di f f e r e nt  m an a ge me nt  

l e ve l s .  P h ys i o l o gi c al  m a ni p ul at i o n  o f  c r o p gr o wt h an d  

de ve l o pme nt ,  t he r e b y e nh a nc i ng t he  pr o duc t i vi t y pe r  uni t  

ar e a,  i s  o ne  s uc h ap pr o ac h ,  no t  ma n y e f f o r t s  we r e  put  i n  t o  

un de r s t an d t he  ph ys i o l o gi c al  f ac t o r s  f o r e nha nc i n g be t t e r  

yi e l d t hr o u g h j u di c i o us  us e  o f  l and i n p ut s ,  pl ant  ar c hi t e c t ur e  

an d i t s  ma n de ve ur .   

 Abo ut  6 5  pe r  c e nt  co t t o n c ul t i vat i o n i n I n di a i s  un de r  

r ai nf e d c o n di t i o ns .  Co t t o n s uf f e r s  f r o m var i o us  bi o t i c  an d  

abi o t i c  s t r e s s e s  ri ght  f r o m t he  ge r mi nat i o n  t o  m at ur i t y .  The  

gr o wt h dur i ng t he  s e e dl i ng e s t abl i s h me nt  ph as e  pl a ys  a n  

i mpo r t a nt  r o l e  i n yi e l d r e al i zat i o n.  A go o d pl a nt  f r ame  

pr o vi de s  s uf f i c i e nt  s pac e  f o r  ho l di n g a n d c at e r i ng t he  ne e ds  

o f  t he  r e pr o duc t i ve  par t s  d ur i n g t he  l at e r  p ar t  o f  gr o wt h.  

Un de r  In di a n c o ndi t i o ns ,  t he  c r o p e xpe r i e nc e s  i ni t i al  wa t e r  

l o ggi n g f o l l o we d b y s uc ki n g pe s t s .  Bo t h t he s e  s t r e s s es  c aus e  

c o ns i de r abl e  d a ma ge  t o  t he  pl a nt  l e adi n g t o  s t unt e d  gr o wt h.  

As  t he  pr e s e nt  da y c o t t o n ge no t ype s  ar e  p ho t o - i ns e ns i t i ve ,  

t he y s t ar t  pr o d uc i ng r e pr o d uc t i ve  p ar t s  i r r e s pe c t i ve  o f  t he 

e n vi r o nme nt al  a nd p hys i c al  c o n di t i o ns  b y 4 0 - 4 5  days  af t e r  

s o wi n g.  He nc e ,  s uf f i c i e nt  mo r p ho f r ame  do e s  no t  de ve l o p  o n  

t he  pl a nt  t o  ho l d t he  r e pr o d uc t i ve  p ar t s .  Thi s  i s  mo s t  s o  i n Bt  

c o t t o n whe r e  t he n i s  e ar l y s hi f t  t o  r e pr o duc t i ve  ph as e  d ue  t o  

i nb ui l t  pr o t e c t i o n f r o m i ns e c t  d am a ge .  Thi s  ma y  l e ad  t he  

pl a nt s  f o r c e d m at ur i t y  o r  t o  r e duc t i o n i n bo l l  s e t t i ng.  

Whe r e as  i n  i r r i gat e d a n d hi ghe r  r ai nf al l  r e c e i vi n g ar e as ,  

de ve l o pme nt  o f  e xc e s s i ve  ve ge t at i ve  gr o wt h  l e ads  t o  l o w 
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r e pr o duc t i ve  l o a d a n d f r ui t  s e t  t hus  b y whi c h  t he  yi e l d i s  

r e duc e d.  Si mi l ar l y p hys i o l o gi c al  di s o r de r s  l i ke  nat ur al  

s he ddi n g o f  f r ui t i ng bo di e s ,  l e af  r e dde ni n g,  ba d o pe ni n g o f  

bo l l s  c o nt r i but e s  t o  l o w yi e l d .   

 The  c o t t o n pl ant  h as  pe r h a ps  t he  mo s t  c o mpl e x  

s t r uc t ur e  o f  an y m aj o r  f i e l d c r o ps .  It s  i nde t e r mi n at e  gr o wt h  

an d s y mpo di al  br anc h o f t e n de f i e s  anal ys i s .  P h ys i o l o gi c al  

e f f i c ie nc y o f  t he  pl a nt  ho l ds  t he  ke y f o r  i de al  pe r f o r manc e  o f  

t he  c r o p i n t er ms  of  gr o wt h,  de ve l o pme nt  an d yi e l d .  Ho we ve r ,  

e f f i c ie nc y i s  go ve r ne d  b y m an y bi o t i c  a nd  a bi o t i c  i nf l ue nc e s .  

Onc e  a n i de al  ge no t y pe  f o r  a par t i c ul ar  r e gi o n i s  i de nt i f i e d i n  

t e r ms  o f  dur at i o n,  pr o d uc t i vi t y ,  gr o wt h h a bi t  an d  

c o mpat i bi l i t y i n t he  o ve r al l  c r o ppi ng s ys t e m,  t he  e n de a vo ur  

s ho ul d o pt i mi ze  t he  yi e l d r e al i zat i o n t hr o u gh ap pr o pr i at e  

ma n age me nt  me t ho do l o gi e s  i nc l udi ng nut r i e nt ,  mo i s t ur e ,  

i ns e c t  pe s t s ,  di s e as e s and ph ys i o l o gi c al  mal adi e s  af f e c t i ng  

t he  c r o p.  P l a nt  gr o wt h r e g ul at o r s  h a ve  t he  po t e nt i al  t o  

pr o mo t e  c r o p e ar l i ne s s ,  s qu ar e  an d  bo l l  r e t e nt i o n,  hi g he r  

nut r i e nt  u pt a ke  an d ke e pi n g ve ge t at i ve  an d r e pr o duc t i ve  

gr o wt h  i n h ar mo n y t o  i mpr o ve  l i nt  yi e l d an d q ual i t y ( Ke r b y e t  

a l .  1 9 93 ) .  Se ve r al  nat ur al l y o c c ur r i ng ho r mo ne s  wo r k i n t he  

c o t t o n pl a nt  t o  adj us t  pl a nt  gr o wt h.  W he n  pl a nt  gr o wt h  

r e gul at o r s  ar e  ap pl i e d t o  t he  c ot t o n pl ant ,  t he y wo r k i n m uc h  

t he  s ame  way as  t he  n at ur al  r e gul at o r s  al r e ad y pr e s e nt .  I n  

ma n y wa ys ,  t he y s u ppl e me nt  o r  de s t r o y t he  n at ur al  ho r mo ne .  

The y o f t e n wo r k t o ge t he r  i n r at i o s  an d c o nc e nt r at i o ns  t o  

r e gul at e  gr o wt h.  R e l at i ve l y  l i t t l e  i s  kno wn a bo ut  ho r mo n al  

c o nt r o l  of  c ut - o ut  but  bas e d o n e s t a bl i s he d e f f e c t s  o f  t he 

ho r mo ne s ,  i t  i s  t ho u ght  t h at  a u xi n,  c yt o ki ni ns  an d  

gi b be r e l l i ns  pr o mo t e  gr o wt h a n d de l a y c ut - o ut .  Abs c i s i c  ac i d,  

o n t he  o t he r  han d,  pr o mo t e s  c ut - o ut  as  i t  i nhi bi t s  gr o wt h an d  
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pr o l o ngs  bu d do r m anc y.  Et hyl e ne  i nc r e as e s  bo l l  a bs c i s s i o n 

an d ma y r e s t r i c t  gr o wt h,  b ut  m ay  no t  i n d uc e  do r m anc y.  

Var i o us  gr o wt h r e gul at o r s  ha ve  be e n ap pl i e d i n c o t t o n i n  

at t e mpt s  t o  s e t  mo r e  bo l l s ,  l i mi t  ve ge t at i ve  gr o wt h  o r  

t e r mi nat e  f r u i t i n g.   

 Whe n bo l l  l o ad i s  l i mi t e d by c ar bo h ydr at e  

a vai l a bi l i t y,  e xo ge no us  mo di f i c at i o n o f  ho r mo nal  b al a nc e  t o  

i nc r e as e  bo l l  s e t  may  be  f ut i l e .  Mo r e  bo l l s  ma y be  s e t ,  b ut  o f  

s mal l e r  s i ze  an d pl ant  gr o wt h t e r mi nat e d  pr e mat ur e l y.  

The r e f o r e ,  a pl ant  t y pe  wi t h  a go o d mo r p ho f r ame  wo ul d  

s us t ai n  mo r e  bo l l  l o a d  wi t h  s y nc hr o no us  bo l l  de ve l o p me nt  

an d bo l l  bur s t .  Thi s  wi l l  he l p i n e nh a nc i ng t he  yi e l d an d  

e f f e ct i ve  h ar ve s t i ng i n o ne  o r  t wo  pi c ki n g.  In Bt  c o t t o n,  t he  

pl a nt  mo r p ho f r ame  do e s n ’t  de ve l o p f ul l y d ue  t o  r e te nt i o n o f 

pl a nt  t o ps .  C he mi c al  i nt e r ve nt i o n m a y i nc r e as e  s o ur c e  s i ze 

an d t he n i mpr o ve  s i nk  ac t i vi t y.  Mal e i c  h y dr a zi de  i s  a  

ho r mo ne  l i ke  s ubs t a nc e  whi c h h as  be e n f o un d t o  ha ve  s t r i ki n g  

e f f e ct s  o n pl ant  gr o wt h,  de ve l o p me nt  a n d f l o we r i n g.  P r e s e nc e  

o f  t hi s  gr o wt h  s u bs t a nc e  r e s ul t s  i n i n hi bi t i o n i n  gr o wt h o f  o ne  

t i s s ue  o r  o r gan .  Suc h i nhi bi t i o n i s  us u al l y  ac c o m pa ni e d  b y  

r e j u ve n at i o n an d ac t i vat i o n o f  t i s s ue s  i n s o me  o t he r  p ar t  o f  

t he  pl ant  ( Aubr e y  a n d Ed wi n ,  1 9 5 0 ) .  

 Ne ar l y  9 0  pe r  c e nt  c o t t o n ar e a i n t he  c o unt r y i s  un de r  

Bt  c o t t o n.  Bt  c o t to n by vi r t ue  o f  e ar l y s wi t c h o ve r  t o  

r e pr o duc t i ve  ph as e ,  o f t e n do  no t  e x pr e s s  f ul l y as  f ar  as  

ve ge t at i ve  gr o wt h i n c o nc e r ne d .  Fur t he r ,  l at e  i n t he  s e as o n,  

ma n y Bt  h y br i ds  s ho w e xc e s s  ve r t i c al  gr o wt h  i f  f i r s t  f l us he s  

ar e  l o s t  due  t o  n at ur al  s he ddi ng  be c aus e  o f  abe r r a nt  we at he r  

c o ndi t i o n un de r  s uf f i c i e nt  s u p pl y o f  n ut r i e nt s  a n d mo i s t ur e .  

Bo t h s i t u at i o ns  ar e  no t  de s i r abl e .  I n c o t t o n,  ne w s q uar e s  ar e  

f o r me d o nl y  o n ne wl y e me r ge d s y mpo di al  br anc he s  b ut  t he  
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pr o mo t i o n o f  ve r t i c al  gr o wt h t h a n ho r i zo nt al  gr o wt h  u n de r  

c e r t ai n c o ndi t i o n m ay l e a d t o  t he  l o s s e s o f  pho t o s ynt hat e s  i n  

ve ge t at i ve  gr o wt h an d c o ns e q ue nt l y s m al l  s i ze  bo l l s  an d po o r  

yi e l d.  Mo di f i c at i o n o f  mo r pho f r ame  b y a gr o c he mi c al s  c o ul d  

gr e at l y he l p i n di s pe ns i n g a wa y t he s e  l i mi t at i o n s .  Ke e pi n g  

t he s e  f ac t s  i n mi nd,  t he  pr e s e nt  i n ve s t i g at i o n i s  pr o po s e d t o  

i n ve s t i g at e  t he  i nf l ue nc e  o f mo di f i c at i o n o f  mo r pho f r ame  

t hr o ug h gr o wt h  r e t ar d a nt s  ( Et h yl e ne  a nd  M al e i c  h ydr azi de )  o n  

c o t t o n wi t h t he  f o l l o wi n g o bj e c t i ve s .  

1 .  To  s t u d y t he  i nf l ue nc e  o f  m o di f i c at i o n o f  pl ant  

mo r pho f r a me  o n va r i o us  p h ys i o l o gi c al  p ar a me t e r s ,  

gr o wt h a n d yi e l d o f  c o t t o n.  

2 .  To  s t u dy  t he  e f f e c t  o f  mo di f i e d mo r p ho f r a me  o n  

e c o no mi c  c har ac t e r s  a nd  f i br e  qu al i t y.  

3 .  To  wo r k  o ut  e c o no mi c s  o f  di f f e r e nt  t r e at me nt s .  
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II   REVIEW OF  LITER ATURE  
 

 

 Che mi c al s  t hat  ar e  s ynt he s i ze d wi t hi n t he  pl a nt  ar e  

c al l e d P hyt o ho r mo ne s ,  whi l e  c he mi c al s  t h at  ar e  ar t i f i c i al l y  

s ynt he s i ze d b ut  ha ve  s i mi l ar  f u nc t i o ns  ar e  c al l e d  pl a nt  gr o wt h  

r e gul at o r s  K ur t  e t  a l .  ( 1 9 9 4 ) .  P l ant  gr o wt h r e gul at o r s  t hat  

pr o mo t e  pl a nt  gr o wt h a nd de ve l o p me nt  ar e  wi de l y us e d i n a  

nu m be r  o f  c o mme r c i al  c r o ps ,  i nc l u di n g c o t t o n.  

 Cl i mat i c  f ac t o r s  s uc h as  hi g h t e m pe r at ur e ,  l e n gt h  o f  

da yt i me  a n d r e l at i ve  h umi di t y c an h a ve  ne g at i ve  e f f e c t s  o n 

t he  s ynt he s i s  o f  s o me  pl ant  ho r mo n e s  ( Abs c i s i c  ac i d,  

Gi b be r e l l i c  ac i d an d C yt o ki ni ns ) .  Thi s  di r e c t l y af f e c t s 

ph ys i o l o gi c al  pr o c e s s es  o f  t he  pl ant  a n d,  as  a  r e s ul t ,  gr o wt h  

po t e nt i al  i s  l i mi t e d.  Ho we ve r ,  e xt e r n al  ap pl i c at i o n o f  

s ynt he t i c  pl a nt  gr o wt h r e gul at o r s  c an h a ve  s uc h s i mi l ar  

f unc t i o ns  an d h a ve  e f f e c t  as  P hyt o ho r mo ne s ,  t he r e by al l o w 

ph ys i o l o gi c al  pr o c e s s e s  to  c o nt i nue  at  t he i r  no r mal  p ac e  

( Gul l uo gl u,  2 0 0 4 ) .  

 In r e c e nt  ye ar s ,  Sc i e nt i s t s  ha ve  gi ve n at t e nt i o n t o  

r e gul at e  pl a nt  gr o wt h b y e xt e r n al  a p pl i c at i o n o f  gr o wt h  

r e gul at o r s  vi z. ,  Et hr e l ,  M al e i c  hydr azi de ,  P i x,  Me pi qu at  

c hl o r i de ,  N AA a nd  C CC as  t hi r d mo s t  i mpo r t a nt  f ac t o r  i n  

i mpr o vi ng t he  gr o wt h,  yi e l d a n d q u al i t y.  Wi t h t he  ap pl i c at i o n  

o f  pl ant  gr o wt h s ubs t anc e s  i n var i o us  wa ys  i t  he l ps  i n 

e f f i c ie nt  ut i l i zat i o n  o f  me t a bo l i t e s  i n c e r t ai n p h ys i o l o gi c al  

pr o c e s s es  go i ng  i n t he  c o t t o n pl a nt  s ys t e m.  

 The  r o l e  o f  pl ant  gr o wt h r e g ul at o r s  ( P GR’s )  o n 

var i o us  p h ys i o l o gi c al  pr o c e s s es  o f pl ant s  i s  we l l  k no wn,  

whi c h  e n a bl e s  a r api d c ha n ge  i n  t he  p he no t y pe  o f  t he  pl ant  

wi t hi n o ne  s e as o n t o  ac hi e ve  de s i r abl e  r e s ul t s .  P l ant  gr o wt h  

r e gul at o r s  ar e  kno wn t o  af f e c t  r i ght  f r o m s e e d ge r mi nat i o n  t o  
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s e ne s c e nc e  by e nh a nc i n g t he  gr o wt h ( gr o wt h  pr o mo t e r s ) ,  

r e duc i n g t he  pl a nt  he i g ht  ( gr o wt h r e t ar d a nt s ) ,  al t e r e d 

f l o we r i ng ,  f r ui t  s e t ,  s e e d de ve l o pme nt ,  f r ui t  r i pe ni ng an d  

yi e l d.  Co t t o n o f t e n pr o d uc e s  mo r e  ve ge t at i ve  gr o wt h t h a n i s  

ne e de d  f o r  ma xi m u m bo l l  pr o d uc t i o n an d  yi e l d  e s pe c i al l y  

whe n c l i mat i c  c o n di t i o ns  f a vo ur  ve ge t at i ve  gr o wt h ,  t he r e b y  

di r e c t i ng t he  p ho t o - as s i mi l at e s  t o war ds  t he  ve ge t at i ve  gr o wt h  

r at he r  t h a n r e pr o d uc t i ve  gr o wt h .  Ho we ve r ,  i n t he  r e c e nt  p as t ,  

di f f e r e nt  wo r ke r s  h a ve  e m ph as i ze d t he  us e  o f  var i o us  gr o wt h  

r e gul at i ng c he mi c al s  f o r  t he  c o nt r o l  of  ve ge t at i ve  gr o wt h i n  

c o t t o n.  Thi s  c h apt e r  r e vi e ws  s a me  r e c e nt  wo r k o n pl ant  

gr o wt h r e g ul at o r s  i n c o t t o n an d t he i r  e f f e c t  o n mo r pho -

ph ys i o l o gi c al  p ar ame t e r s ,  yi e l d  a n d yi e l d at t r i but e s .  

 Si nc e  mo s t  pl a nt  gr o wt h an d de ve l o p me nt  pr o c e s s es 

ar e  r e gul at e d  b y n at ur al  pl a nt  ho r mo ne s ,  t he s e  pr o c e s s e s  may  

be  m a ni p ul at e d  e i t he r  b y al t e r i ng t he  pl a nt  ho r mo ne  l e ve l  o r  

by c h a ngi n g t he  c ap ac i t y o f  t he  pl ant  t o  r e s po nd t o  i t s  nat ur al  

ho r mo ne s .  In  r e c e nt  ye ar s ,  pl ant  gr o wt h r e g ul at o r s  ( P GRs ) ,  

whi c h ar e  s ynt he t i c  ho r mo ne s ,  ha ve  be e n i n ve s t i g at e d f o r  

t he i r  abi l i t y t o  al t e r  c o t t o n gr o wt h a n d de ve l o pme nt  i n a n  

at t e mpt  t o  i m pr o ve  pr o d u c t i o n.  

 Et h yl e ne  i s  a gas e o us  mo l e c ul e  t hat  c aus e s  l e af 

be n di n g,  ac c e l e r at i o n o f  a bs c i s s i o n,  s t e m s we l l i n g,  i n hi bi t i o n  

o f  s t e m and r o o t  gr o wt h,  f r ui t  r i pe ni n g,  de hi s c e nc e  a nd l e af  

de f o l i at i o n.  In c o t t o n,  e t he p ho n ( Et h yl e ne )  h as  be e n us e d  

s uc c e s s f ul l y an d i s  wi de l y ac c e pt e d as  a h ar ve s t  ai d t o  

ac c e l e r at e  bo l l  de hi s c e nc e  pr i o r  t o  har ve s t i ng ( Cat he y e t  a l . ,  

1 9 8 2) .  Et he p ho n was  al s o  us e d t o  r ai s e  t he  no de  l e ve l  o f  t he  

f i r s t  f l o we r  i n c o t to n t o  hi ghe r  po s i t i o n,  t hus  po t e nt i al l y  

i nc r e as i ng t he  e f f i c i e nt ,  pl ant  g r o wt h an d de ve l o pme nt  o r  l i nt  

yi e l d.  H us ma n e t  a l .  ( 1 9 9 4 ) . 
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 Mal e i c  Hy dr a zi de  i s  a ho r mo ne  l i ke  s u bs t a nc e  whi c h  

has  be e n f o u nd t o  ha ve  s t r i ki ng e f f e c t s o n pl ant  gr o wt h,  

de ve l o pme nt  a nd f l o we r i ng .  P r e s e nc e o f t hi s  gr o wt h  

s ubs t a nc e  r e s ul t s  i n i nhi bi t i o n i n gr o wt h o f  o ne  t i s s ue  o r 

o r gan .  S uc h i n hi bi t i o n i s  us u al l y ac c o m pa ni e d b y  

r e j u ve n at i o n an d ac t i vat i o n o f  t i s s ue s  i n s o me  o t he r  p ar t  o f  

t he  pl ant  Aubr e y an d E d wi n,  ( 1 9 5 0 ) .  

 Mal e i c  H ydr a zi de  ( M H)  h ad  be e n r e po r t e d t o  r e d uc e  

t he  a pi c al  do mi na nc e  i n  var i o us  c r o p pl ant s  ( Si n g h an d  

J au har i ,  1 9 6 5 ) .  In m an y c r o p pl a nt s  i t  i s us e f ul  t o i nc r e as e 

t he  n um be r  o f  l at e r al s ,  whi c h r e s ul t e d  i n hi ghe r  f l o we r i n g an d  

f r ui t i ng a nd  ul t i m at e l y t he  yi e l d.  

 Co t t o n pl a ys  a do mi na nt  r o l e  i n t he  i ndus t r i al  a nd  

agr i c ul t ur al  e c o no m y o f  t h e  c o unt r y .  The  pr o d uc t i vi t y  o f  

c o t t o n i n In di a i s  l o w as  c o mp ar e d t o  wo r l d a ve r a ge .  

Int r o d uc t i o n o f  Bt  c o t to n i n In di a af t e r  2 0 02  pr o ve d t o  be  a  

t ur ni n g po i nt  f o r  c ot t o n pr o duc t i o n a nd pr o duc t i vi t y i n  

c o unt r y.  Mo r e  an d mo r e  f ar me r s  ar e  r e s o r t i ng t o  Bt  c o t t o n 

l e a vi n g be hi nd t r adi t i o n al  h y br i ds .  Bt  h y br i ds  ar e  e x pe c t e d t o  

r e t ai n mo r e  bo l l s  at  e ar l y gr o wt h s t age  be c a us e  o f  be t t e r 

i ns e c t  co nt r o l  o ve r  t he i r  no n - Bt  c o unt e r p ar t s .  De ve l o pi n g  

bo l l s  ha ve  a g r e at e r  de m an d f o r  p ho t o s ynt he s i s  an d t hus  

pl a nt s  wi t h hi ghe r  bo l l  l o ad h a ve  gr e at e r  i nt e r - o r gan  

c o mpe t i t i o n f o r  pho t o - as s i mi l at e s  ( Gui n n,  1 9 8 5 ) .  Thi s  hi g he r  

f r ui t  l o ad a ppe ar s  t o  be  a m aj o r  f ac t o r  whi c h c aus e s  s l o w 

gr o wt h o f  f l o we r i ng an d de c r e as e d bo l l  r e t e nt i o n f ur t he r  

P e t e rs o n e t  a l .  (1 9 78 ) .  It  i s  i mpo r t ant  i n vi e w o f  f ac t  t h at  i n  

Bt  c o t t o n,  t he  pl ant  f r a me  do e s n ’t  de ve l o p f ul l y d ue  t o  e ar l y  

s wi t c h  o ve r  t o  r e pr o d uc t i ve  p h as e .  An at t e m pt  has  be e n m ade  

t o  pr e s e nt  a br i e f  r e vi e w o f  r e s e ar c h wo r k do ne  i n I ndi a an d  

abr o ad  o n t he s e  as pe c t s  he r e u nde r .  
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2 .1  Ef fe c t  o f P G R o n ph ys i ol ogi c al  c har ac t e r s  

 P e t t i gr e w e t  a l .  (1 9 93 )  o bs e r ve d t h at  s pr a yi ng o f  

Et he p ho n 0 .2 8  kg ha
- 1

 r e s ul t e d i n s i gni f i c ant l y l o we r  Cr o p  

Gr o wt h Rat e  ( C GR) ,  Re l at i ve  Gr o wt h Rat e  ( R GR)  an d Ne t  

As s i mi l at i o n R at e  ( N AR)  as  c o mp ar e d t o  c he c k pl o t s  i n 

c o t t o n ge no t ype s .   Hu n nn ur  e t  a l .  ( 2 0 1 1 )  r e po r t e d i nc r e as e d 

i n gr o wt h par ame t e r s  l i ke  L AI,  C GR an d L AD wi t h t he  

ap pl i c at i o n o f  gr o wt h r e t ar d a nt  i .e .  Me pi q uat  pe nt abo r at e  @  

1 0 0 0  ppm i n c o t t o n cv .  J K- 9 9 .  

 Th a kar e  e t  a l .  ( 2 01 1 )  hi ghl i g ht e d f r o m a n e xpe r i me nt  

t hat  i nc r e as e d l e af  ar e a i nde x ( L AI)  d ue  t o  a ppl i c at i o n  o f  

Et h yl e ne  ( 4 5  p pm)  at  s qu ar e  i ni t i at i o n  s t a ge  i n  Bt  c o t t o n.  

 Ko l e r  e t  a l .  ( 20 1 1)  s t at e d t hat  t he  f o l i ar  s pr a yi n g o f  

Me pi q u at  c hl o r i de  ( 5 0  pp m)  at  9 0  D AS i nc r e as e d l e af  ar e a  

c o mpar e d  wi t h  c yc o c e l  an d c o nt r o l  i n c o t t o n.  Ho we ve r ,  

P r akas h a n d P r as a d ( 2 0 0 0 )  s ho we d t h at  t he  gr o wt h r e t ar d ant  

Chl o r o me q uat  c hl o r i de  @ 5 0  and 1 0 0  pp m r e duc e d t he  L AI  

o ve r  c o nt r o l  i n c o t t o n.  P r as a d a nd  P r as a d ( 1 9 9 4 )  f o und t h at  

t he  l e af  ar e a was  l o we s t  whe n a p pl i e d wi t h C yc o c e l  @ 5 0 

pp m o n c o t t o n cv .  P us a  3 1 .  

 Zh ao  a n d Oo s t e r hui s  ( 2 0 0 0 )  i ndi c at e d t hat  t he  

ph ys i o l o gi c al  pr o c e s s e s  l i ke  pho t o s ynt he t i c  r at e ,  s t o mat al  

c o nduc t anc e ,  t r a ns pi r at i o n r at e  a nd s pe c i f i c  l e af  we i ght  

i nc r e as e  wi t h s pr aye d gr o wt h  r e t ar da nt  P i x pl us  @ 2 9 3  ml     

ha
- 1

 i n c o t t o n.  

Ku mar  e t  a l .  ( 2 0 0 1 )  f o und t hat  p ho t o s ynt he s i s  r at e ,  

t r ans pi r at i o n r at e  a n d s t o mat al  c o nd uc t a nc e  de c r e as e d whe n  

ap pl i e d 5 0  mM wi t h Et hr e l  at  6 0  da ys  af t e r  s o wi ng i n c o t t o n 

cv .  H- 7 7 7 .  The  a p pl i c at i o n o f  gr o wt h r e t ar d ant  M e pi qu at  

c hl o r i de  @ 5 0  ppm 9 0  DAS i mpr o ve d p ho t o s ynt he s i s ,  

t r ans pi r at i o n,  s t o m at al  c o nd uc t a nc e  a n d ne t  as s i mi l at i o n r at e  
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( N AR)  c o m p ar e d wi t h C hl o r me q u at  c hl o r i de  i n h ybr i d  c o t t o n 

cv .  DH H- 1 1  ( Ku mar  e t  a l . ,  2 0 0 5 ) .  

2 .2  Ef fe c t  o f P G R o n mo r p ho l o gi c al  c har ac t e r s  

2 .2 .1  Ef fe c t  o n g r o w t h c h ar ac t e r s   

Hal l  e t  a l .  ( 1 9 5 7 )  no t i c e d t hat  i nt ac t  c o t t o n pl a nt s  di d no t  

pr o duc e  s i g ni f i c ant  a mo u nt s  o f  Et hyl e ne  unt i l  t he  i ni t i at i o n  

o f  r e pr o duc t i ve  s t a ge  i n di c at i n g t hat  s q u ar e s  an d yo u ng f r ui t s  

po s s i bl y pr o d uc e d s i g ni f i c ant  a mo u nt s  o f  e t hyl e ne .  

 De - Si l va ( 1 9 7 1)  no t i ce d de c r e as e d num be r  o f 

mo no po di al  br a nc he s  i n c o t t o n cv .  St at o - 6 5  whe n pl ant s  we r e  

t r e at e d wi t h gr o wt h r e t ar d ant  CC C @ 1 2 5  o r  2 5 0 ppm  3 8 ,  5 9  

an d 8 5  da ys  af t e r  e me r ge nc e .  

 Le o nar d a nd P i n k as  ( 1 9 72 )  s t at e d t hat  a n a ppl i c at i o n  

o f  0 .0 3 2  M Et he pho n o n Ame r i c a n c o t t o n pl ant  cv .  P i m a S- 4  

r ai s e d t he  no de  l e ve l  o f  t he  1
s t

 f l o we r  t o  abo ut  4
t h

 no de s  i n a  

gr e e n ho us e  e x pe r i me nt .  

 Ro wl a n d ( 1 9 7 4 )  s t udi e d t he  e f f e c t  o f  fo l i ar 

ap pl i c at i o n o f  gr o wt h r e t ar da nt s  v i z . ,  M H, CC C, TI B A, N AA  

an d Et hyl e ne  i n c o t to n.  In t he  i n ve s t i gat i o n ,  MH a n d CC C  

we r e  f o u n d mo r e  e f f e c t i ve  i n  de c r e as i n g pl a nt  he i g ht .  

Ap pl i c at i o n o f  MH i n var i o us  c o nc e nt r at i o ns  h as  be e n  

r e po r t e d t o  re duc e  pl a nt  he i ght  i n Okr a ( Ve r m a a n d Si ng h  

1 9 7 8) ,  So ybe an ( Me he t r e  and L ad 1 9 9 5 ) ,  Su nf l o we r  ( K ul k ar ni  

e t  a l .  1 99 5 ) ,  Ri c e  ( Manj ul a a nd I br a hi m 1 9 9 9 ) ,  Mai ze  

( Abr a m ya n e t  a l .  1 9 7 2 )  a nd  P e a ( R a ka va  an d Mi no r ,  1 9 7 0 ) .  

 Ano ny mo us  ( 1 9 7 7 )  fo und t h at  f o l i ar  ap pl i c at i o n o f  

Et he p ho n  @ 2 0 0 ,  4 0 0 ,  1 0 0 0 ,  o r  2 0 00  pp m c a us e d  s he d di ng  o f  

yo u ng  l e a ve s ,  bo l l s  a nd  f l o we r  b u d.  Ho we ve r ,  b o l l s  o n  t r e at e d  

pl a nt s  i nc r e as e d t o  gr o w a n d m at ur e d r a pi dl y c o m par e d  t o  

unt r e at e d c o nt r o l  i n c o t t o n.  
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 Ab d al l a h a n d Mo hmo u d ( 1 9 7 8 )  r e po r t e d t hat  

ap pl i c at i o n o f  gr o wt h r e t ar d a nt  CC C @ 5 0 ,  1 0 0  and 2 0 0  ppm  

i n c o t t o n cv .  Gi z a- 7 5  de c r e as e d t he  i nt e r no d al  l e n gt h  an d  

nu m be r  o f  s ym po di al  br a nc he s  i n c o t t o n.  

 Re d dy  e t  a l .  ( 1 9 9 0 )  re po r t e d t hat ,  a p pl i c at i o n o f  

Me pi q u at  c hl o r i de  @ 4 9  g  h a
- 1

 r e d uc e d pl a nt  he i g ht ,  nu m be r  

o f  mai n s t e ms ,  ve ge t at i ve  br a nc he s ,  f r ui t i n g br a nc he s  an d  

no de  f o r mat i o n  i n  c o t t o n.  

 P e t t i gr e w e t  a l .  ( 1 9 9 2 )  s t udi e d t he  e f f e c t  o f  Et he p ho n  

o n t wo  ge no t y pe s  ( DLP - 5 0  an d MD- 6 5 - 1 1 )  o f  c o t to n.  The  

r e s ul t s  i ndi c at e d t hat  Et he p ho n ( 2 .8  k g h a
- 1

)  ap pl i c at i o n  

i nc r e as e  mai n s t e m no de s  an d de c r e as e d pl a nt  he i g ht  o ve r  t he  

c o nt r o l  t r e at me nt .   

 Ma hm a ud  e t  a l .  ( 1 9 9 4 )  i n a po t  e x pe r i me nt  o n c o t t o n 

s pr a ye d wi t h 1 0 0 ,  3 0 0 ,  5 0 0 ppm Et hr e l  an d 1 0 0 0 ,  3 0 00 ,  5 00 0 

pp m Al ar  f o un d  de c r e as e d pl ant  he i g ht  at  8 0  o r  9 4  da ys  af t e r  

s o wi n g.  

 Ano t he r  e x pe r i me nt  c o nd uc t e d by Ah me d ( 1 9 9 4 ) 

o bs e r ve d t h at  t he r e  was  i nc r e as e d i n n um be r  o f  s ym po d i a an d  

nu m be r  o f  f l o we r s  pl a nt
- 1

 whe n  pl ant s  we r e  s pr a ye d wi t h CC C  

1 0 0  ppm  i n c o t t o n.   

 P r as ad a nd  P r as a d ( 1 9 9 4 )  i ndi c at e d t hat  pl a nt  he i g ht  

was  l o we r  wi t h CC C at  5 0  p pm  s pr ay whi c h di f f e r e d 

s i gni f i c ant l y f r o m o t he r  pl a nt  gr o wt h r e gul at o r s  an d wa t e r  

s pr a y o n  c o t t o n  cv .  P us a 3 1 .   

 Si n gh a nd Br ar  ( 1 9 9 9 )  o bs er ve d hi g he r  l e af  

de f o l i at i o n whe n  a p pl i e d wi t h  Et hr e l  a nd  Thi di a z ur o n @  7 5        

g ha
- 1  

as  c o m p ar e d t o  unt r e at e d c o nt r o l  i n c o t t o n.  

 Zh ao  a n d Oo s t e r h ui s  ( 2 0 0 0)  s t udi e d t he  e f f e c t  o f  t wo  

gr o wt h r e t ar d a nt s  o n p hys i o l o gi c al  t r ai t s  i n c o t t o n an d f o un d  

t hat  t he  f o l i ar  s pr ay o f  P i x P l us  an d Me pi q uat  c hl o r i de  @ 2 9 3  
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ml  h a
- 1

 de c r e as e  pl a nt  he i ght  t h an  u nt r e at e d c o nt r o l  i n  c o t t o n 

cv .  Sur e gr o w 1 2 5 .  

 Zul f i q ar  e t  a l .  ( 2 0 0 3 )  f o und t h at  pl a nt  he i g ht  

i nc r e as e d wi t h  Et hyl e ne  a ppl i c at i o n  ( 6 0  kg  h a
- 1

)  i n c o t t o n cv .  

BH- 3 6 .  K um ar  e t  a l .  ( 2 0 0 5 )  r ec o r de d i nc r e as e d pl a nt  he i ght  

an d l e af  ar e a whe n ap pl i e d wi t h Me pi q u at  c hl o r i de  @ 5 0  p pm  

at  9 0  D AS  i n c o t t o n.  

 But t ar  a n d Ag ar wal  ( 2 0 0 4 )  r e po r t e d t he  r e duc t i o n i n  

ve ge t at i ve  gr o wt h s uc h  as  pl ant  he i ght ,  l e af  ar e a,  i nt e r no d al  

di s t anc e  d ue  t o  appl i c at i o n o f  gr o wt h r e t ar d a nt s  l i ke  Et hr e l  

( Et he p ho n) ,  P i x ( Me pi q u at  c hl o r i de ) ,  C yc o c e l  ( Chl o r me qu at  

c hl o r i de )  an d Al ar  ( D a mi no zi de )  i n c o t t o n.  P r ak as h an d  

P r as ad ( 2 0 0 0 )  no t i c e d t hat  t he  f o l i ar  s pr a y o f  C hl o r o me qu at  

c hl o r i de  @ 5 0  a n d 1 0 0  p pm r e d uc e d t he  pl a nt  he i ght  

s i gni f i c ant l y o ve r  t he  c o nt r o l  i n c o t t o n.  

 No r t o n e t  a l .  ( 2 00 5 )  r e po r t e d t hat  a p pl i c at i o n o f  2 0 

gal l o ns  ac r e
- 1

 P i x t o  c o t t o n pl a nt s  pr o vi de d  b al anc e  be t we e n  

r e pr o duc t i ve  ( S q uar e s ,  f l o we r s ,  bo l l s )  an d ve ge t at i ve  ( l e a ve s ,  

s t e m,  r o o t s )  c o mpo ne nt s .  

 An e xpe r i me nt  c o nd uc t e d b y G u pt a a nd  C h au h an  

( 2 0 05 )  t e s te d t hat  f o l i ar  s pr a ys  wi t h di f f e r e nt  c o nc e nt r at i o ns  

o f  Et hr e l  de l a ye d f l o we r i ng  whe n t he  a ppl i c at i o n o f  0 .3  pe r  

c e nt  Et hr e l  as  c he mi c al  hy br i di zi n g age nt  f o r  f o l i ar  s pr ay o n  

Go s s y p i u m  h i rs u t u m  L.  var .  P us a 8 4 6 .  Ho we ve r ,  al l  t he  

t r e at me nt s  o f  0 .2  and 0 .3  pe r  c e nt  e t hr e l  e xhi bi t e d s i g ni f i c ant  

i nc r e as e  i n t he  nu m be r  o f  f l o we r s  pe r  pl ant  i n G . h i r s u t u m .  

Si mi l ar l y,  Gu pt a a n d Ch a uh a n ( 2 0 0 6 )  o bs e r ve d  t hat  f o l i ar  

ap pl i c at i o n o f  0 .2  and 0 .3  pe r  c e nt  Et hr e l  s i gni f i c a nt l y  

i nc r e as e d t he  n u mbe r  o f  f l o we r s  pe r  pl ant  i n G . h i r s u t u m  var .  

P us a 8 4 6  whe n t wo  var i e t i e s  ( G. h i r s u t u m var .  P us a  8 4 6  an d  

G. a r b o r e u m  L.  var  RG  8 )  we r e  t e s t e d.  P a n de y  e t  a l .  ( 2 0 0 3 ) 
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r e c o r de d t hat  m axi mu m n u mbe r  o f  f l o we r s  whe n t he  f o l i ar  

ap pl i c at i o n o f  Et hr e l  5  μM at  r e pr o d uc t i ve  s t a ge  ( 5 5 - 60  days  

af t e r  s o wi ng)  i n c o t t o n cv .  H- 7 7 7 .   

 Bar dh a n a nd K u mar  ( 2 0 1 0 ) s t udi e d t he  f o l i ar 

ap pl i c at i o n  o f  Et hyl e ne  ( 3 0  a nd  4 5  p pm)  at  s q uar e  i ni t i at i o n  

s t age .  The  r e s ul t s  i ndi c at e d t hat  ap pl i c at i o n o f  4 5  ppm  

e t hyl e ne  s i g ni f i c a nt l y i nc r e as e  pl a nt  he i ght  as  c o mp ar e d  t o  

c o nt r o l  i n c o tt o n hy br i ds .  Si mi l ar l y,  Th ak ar e  e t  a l .  ( 2 0 11 ) 

o bs e r ve d t hat  f o l i ar  ap pl i c at i o n o f  Et hyl e ne  @ 4 5  ppm at  

s qu ar e  i ni t i at i o n s t a ge  r e s ul t e d i n i nc r e as e  i n pl a nt  he i g ht  as  

c o mpar e d  t o  c o nt r o l  i n Bt  c o t t o n h y br i ds .  K um ar i  a n d Ge o r ge  

( 2 0 13 )  r e po r t e d t hat  i nc r e as e d  pl ant  he i g ht  an d n um be r  o f  

s ym po di a pe r  pl a nt  whe n s pr a ye d wi t h Et hr e l  4 5  ppm at  3 5 - 4 5 

D AS as  c o mp ar e d  t o  c o nt r o l  i n Bt  h ybr i ds .  

 A s t u dy  was  c o nd uc t e d o n t he  e f f e c t  o f  di f f e r e nt 

pl a nt  gr o wt h r e g ul at o r  v i z . ,  Me pi q uat  pe nt a bo r at e ,  

Chl o r o me q uat  c hl o r i de ,  Me pi q uat  c hl o r i de  i n Bt  c o t t o n cv .  

J K- 9 9  by H u n nn ur  e t  a l .  ( 2 0 1 1 )  whi c h r e ve al e d t h at  

ap pl i c at i o n o f  Me pi q u at  pe nt a bo r at e  at  1 0 0 0  ppm  

s i gni f i c ant l y i nc r e as e d pl a nt  he i g ht  c o mp ar e d wi t h  al l  o t he r  

t r e at me nt  i n  c o t t o n.  

2 .2 .2  Ef fe c t  o n fr ui t i ng  fo r ms  

 P e t t i gr e w e t  a l .  ( 1 9 9 2 )  i n a s t u d y a n e f f e c t  o f 

Et he p ho n o n t wo  c o t t o n ge no t y pe s  i ndi c at e d t h at  Et he p ho n  

( 2 .8  kg ha
- 1

)  a p pl i c at i o n i nc r e as e d m ai n s t e m no de s  as  

c o mpar e d  t o  c o nt r o l  t r e at me nt  i n  c o t t o n.  

 El - Ant a bl y a n d El - At t a ( 1 9 9 2 )  me nt i o ne d  t h at  t he  

ap pl i c at i o n o f  M H 1 0 0  pp m i n 1 9 9 0  an d 5 0  p pm  o f  t he  s ame  

s ubs t a nc e  i n 1 9 9 1  s ho we d s i g ni f i c ant l y i nc r e as e d n um be r  o f  

f r ui t i ng br anc he s  an d ve ge t at i ve  br a nc he s  pl a nt
- 1

 t ha n o t he r  

t r e at me nt s  a n d t he  c o nt r o l  i n Gi z a 7 5  c o t t o n .   
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 He n ne be r r y e t  a l .  ( 1 9 9 2 )  r e po r te d t h at  nu mbe r  o f  t he  

no de s  o f  f i r s t f r ui t i ng br a nc he s  wi t h a n o pe n o r  gr e e n bo l l  

we r e  hi g he r  i n  1 .1 2  k g  h a
- 1

 Et he p ho n  t r e at e d pl o t s  as  

c o mpar e d  t o  c o nt r o l  i n c o t t o n cv .  De l t a pi ne  6 1 .  

 Zh ao  an d  Oo s t e r hui s  ( 2 0 0 0 )  r e po r t e d t hat  f o l i ar  s pr ay  

o f  P i x P l us  an d Me pi q u at  c hl o r i de  at  2 9 3  ml  h a
- 1

 de c r e as e d  

mai n s t e m no de  t ha n u nt r e at e d c o nt r o l  pl a nt .  

 But t ar  a n d Ag ar wal  ( 2 0 0 4 )  f o und i nc r e as e d n um be r  

o f  s ympo di a pl a nt
- 1

 i n c o t to n wi t h t he  a p pl i c at i o n o f  Et hr e l ,  

P i x,  C yc o c e l  an d Al ar .  

 Bar dh a n a n d K um ar  ( 2 0 1 0 ) o bs e r ve d t he  e f f e c t  of 

f o l i ar  ap pl i c at i o n o f  Et hyl e ne  ( 3 0  a n d 4 5  p pm)  at  s q u ar e  

i ni t i at i o n s t a ge  a nd r e po r t e d s i g ni f i c ant l y i nc r e as e d nu m be r  

o f  mai n s t e m no de s ,  n um be r  o f  s ympo di a a nd nu mbe r  o f  

f r ui t i ng f o r ms  wi t h t he  a ppl i c at i o n o f  Et h yl e ne  @ 4 5  p p m as  

c o mpar e d t o  c o nt r o l  an d Et h yl e ne  @ 3 0  pp m i r r e s pe c t i ve  o f  

c o t t o n hy br i ds .  Si mi l ar l y ,  Th a kar e  e t  a l .  ( 2 0 1 1 )  f o un d t h at  

t he  f o l i ar  s pr a yi n g o f  Et h yl e ne  @ 4 5  pp m at  s q u ar e  i ni t i at i o n  

s t age  i nc r e as e d t he  n um be r  o f  f r ui t i ng f o r ms  a n d n um be r  o f  

s ym po di a c o m par e d t o  c o nt r o l  i n Bt  co t t o n cv .  J KCH- 9 9 .  

Ku mar i  a nd Ge o r ge  ( 2 0 1 0 )  no t e d t hat  s i g ni f i c ant l y hi g he r  

nu m be r  o f  s ympo di a  pl a nt
- 1

 whe n f o l i ar  s pr a ye d wi t h 3 0  pp m  

Et hr e l  at  s q uar e  i ni t i at i o n s t a ge ,  b ut  i t  was  at  p ar  wi t h  

ap pl i c at i o n o f  4 5  pp m Et hr e l  i n  Bt  c o t t o n.   

 The  f o l i ar  s pr a yi n g o f  5 0 0 ppm M al e i c  hy dr a zi de  at  

8 5  DAS r e c o r de d s i gni f i c ant l y r e d uc e d pl ant  he i ght  an d  

i nc r e as e d n um be r  o f  s ympo di a as  c o m par e d t o  c o nt r o l  i n 

c o t t o n cv .  B u nn y Bt  ( Ano n y mo us  2 0 1 1
h
) .   

 Hu n nn ur  e t  a l .  ( 2 01 1 )  f o und t h at ,  t he  nu m be r  o f 

s ym po di al  br anc he s ,  nu mbe r  o f  no de s  a n d s t e m gi r t h i nc r e as e  

wi t h Me pi q u at  pe nt abo r at e  a ppl i c at i o n  ( 1 0 0 0  ppm)  i n c o t t o n.  
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 Th a kar e  an d Ku mar  ( 2 0 1 2 )  s t udi e d t h e  e f f e c t  o f 

f o l i ar  appl i c at i o n o f  Et h yl e ne  @ 4 5  ppm an d f o un d hi g he r  

nu m be r  o f  bo l ls  i n t he  f i r s t and s e c o nd po s i t i o n o f  t he 

f r ui t i ng br a nc h i n Bt  h y br i ds  as  c o mp ar e d t o  no n Bt  h ybr i d.  

Si mi l ar l y,  K u mar i  e t  a l .  ( 2 0 1 2)  o bs e r ve d i nc r e as e d n um be r  o f  

s ym po di al  br anc he s  whe n  a p pl i e d wi t h Et hr e l  3 0  p pm  at  3 5 - 4 5 

da ys  af t e r  s o wi ng i n c o t t o n h y br i ds .  K um ar i  a n d Ge o r ge  

( 2 0 13 )  s ho we d t h at  a p pl i c at i o n o f  Et hr e l  4 5  pp m at  3 5 - 4 5 

D AS r e s ul t e d i n i nc r e as e d n um be r  o f  bo l l s  pe r pl ant ,  s e e d  

c o t t o n yi e l d and dr y mat t e r  pr o duc t i o n ( k g h a
- 1

)  DAS as  

c o mpar e d  t o  c o nt r o l  i n Bt  h y br i ds .  

 But t ar  a nd Si n g h ( 2 0 1 3 )  al s o  r e po r t e d i nc r e as e  i n 

nu m be r  o f  s ympo di a wi t h a ppl i c at i o n o f  Et hr e l  2 5 0 0  ppm at  

1 4 5  DAS i n Bt  c o t t o n hybr i d cv .  R CH 1 3 4 .  Ch a ud h ar i  e t  a l . 

( 2 0 13 )  no t e d s i mi l ar  e f f e ct  wi t h 5 0 0  p pm M al e i c  hy dr azi de  at  

8 5  D AS  i n  B un n y Bt .   

2 .3 .  Ef fe c t  o f P G R o n bi o c he mi c al  par ame t e r s    

 Bh at t  a nd R a ma n uj a n ( 1 9 7 0 ) r e po r te d t hat  c o t t o n 

l e a ve s  t r e at e d wi t h 5 0  ppm c yc o c e l  i nc r e as e d c hl o ro phyl l  

c o nt e nt  i n c o t t o n.   

 P an de y e t  a l .  ( 2 0 03 )  re po r t e d t hat  Et hr e l  @ 5  μM  

r e s ul t e d i nc r e as e d c hl o r o ph yl l  c o nt e nt  i n c o t t o n ( Go s s y p i u m 

h i r s ut u m  L.  cv .  H- 7 7 7 ) .  I n c o nt r as t ,  Ge t ha nj al i  e t  a l . ,  ( 2 0 1 2 ) 

o bs e r ve d i nc r e as e d  i n c hl o r o ph yl l  c o nt e nt  whe n ap pl i e d wi t h  

Et hr e l  4 0 0  pp m at  2 5  a n d 4 5  da ys  af t e r  s o wi n g  i n gr o u nd n ut .  

 Ku mar  e t  a l .  ( 2 0 05 )  re po r t e d t hat  f o l i ar  s pr ayi n g  o f  

Me pi q u at  c hl o r i de  @ 5 0  ppm 9 0  DAS i mpr o ve d c hl o r o phyl l  

c o nt e nt  i n h ybr i d  c o t t o n cv .  D HH- 1 1 .  

 No r t o n e t  a l .  ( 2 0 05 )  o bs e r ve d i nc r e as e d c hl o r o ph yl l  

c o nt e nt  an d f r ui t i n g no de s  wi t h t he  ap pl i c at i o n o f  P i x  2 0 

gal l o ns  pe r  ac r e  i n c o t t o n.   
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 Mo ha me d  ( 2 0 0 9 )  s ho we d  t h at  i nc r e as e d  r e d uc i ng  

s ug ar  whe n a ppl i c at i o n  o f  Et hr e l  1 0  pp m c o m par e d  t o  

unt r e at e d c o nt r o l  i n t wo  s e as o ns  i n  c o t t o n cv .  Br a k at - 9 0 .   

 Na wal a gat t i  e t  a l .  ( 2 0 1 1 )  s t at e d t hat  c hl o r o ph yl l  

c o nt e nt  i nc r e as e d wi t h  a p pl i c at i o n o f  gr o wt h r e t ar d ant  

Me pi q u at  pe nt a bo r at e  at  1 0 0 0  pp m i n c o t t o n  cv .  J K- 9 9 .   

2 .4 .  Ef fe c t s  o f P G R o n  c r o p p he no l o gi c al  c har ac t e r s  

 Ac c o r di ng  t o  Li pe  a n d Mo r ga n  ( 1 9 7 3 ) ,  Et hyl e ne  a  

gas e o us  ho r mo ne  i s  t he  mai n c a us e  o f  pr e mat ur e  f l o we r  an d  

f r ui t  s he d di n g i n c o t t o n.  

 Ag a ki s hi e v an d P al ’ va no va ( 1 9 7 6 )  r e po r t e d t hat  

s pr a yi n g o f  Et hr e l  0 .0 5 % o n c o t to n pl a nt  d ur i n g f l o we r i n g  

s t age  ac c e l e r at e d c r o p m at ur i t y  i n c o t t o n.  

 Ka n das am y ( 1 9 8 0 )  i ndi c at e d t h at  s pr a yi n g o f  

Gr amo xo ne  1 .5  t o  3 .5  l it  ha
- 1  

as  de f o l i ant  o n c o t t o n cv .  M CU-

9  ha d s i g ni f i c ant l y a d va nc e d t he  h ar ve s t i ng a n d i nc r e as e d  

e ar l i ne s s  i nde x o f  c o t t o n t h an  c o nt r o l .  

 Ki n g e t  a l .  ( 1 9 9 0)  r e po r t e d t hat  Et he pho n a p pl i e d t o  

pr e bl o o m c o t t o n at  r at e s  o f 0 .3 4 an d 0 .6 8  kg  h a
- 1

 de l a ye d  

f l o we r i ng  f o r  a p pr o xi m at e l y 3  we e k,  af t e r  whi c h r at e s  o f  

f l o we r i ng we r e  hi g he r  i n e t he pho n t r e at e d as  c o mpar e d t o  

unt r e at e d pl o t s  i n c o t t o n.  Si mi l ar l y,  He n ne be r r y  e t  a l .  ( 1 9 9 2 ) 

r e c o r de d de l aye d f l o we r i n g d ue  t o  ap pl i c at i o n o f  Et he p ho n  

1 .1 2  kg h a
- 1

 i n c o t t o n.  Ke n ne d y e t  a l .  ( 1 9 9 1 )  o bs e r ve d t h at  

f o l i ar  s pr a y o f  Et he p ho n  ( 0 .2 8  kg  h a
- 1

)  o n  s u pe r  o kr a  c o t t o n 

r e mo vi ng e ar l y s q u ar e s  an d r e s ul t e d de l a ye d t he  i ni t i at i o n o f  

f r ui t i ng,  whi c h  c o nt i n ue d  i nt o  a de l a ye d  c r o p m at ur i t y.  

Fr ui t i n g o c c ur r e d mo r e  r api dl y i n s qu ar e  r e mo val  t r e at me nt s  

t ha n c o nt r o l .  Le o nar d a n d P i nk as  ( 1 9 7 2 )  r e po r t e d t hat  ap pl i e d  

t he  C 2 H 2  pr o d uc i ng c he mi c al  Et he p ho n e i t he r  di r e c t l y t o 

s qu ar e  o r  o ve r  e nt i r e  pl ant  t o  a bs c i s e  s quar e s  o n l o we r  
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f r ui t i ng br a nc he s  a nd f o un d t hat  a p pl i c at i o n o f  Et he p ho n  

pr o mo t e d s qu ar e s  s he ddi n g an d de l aye d f l o r al  i ni t i at i o n by  

ap pr o xi m at e l y f o ur  m ai n  s t e m no de s  i n t he  mo s t  e f f e c t i ve  i n  

c o t t o n.   

 A s t ud y o n t he  e f f e c t  o f di f f e r e nt  gr o wt h r e g ul at o r  

an d de f o l i ant  v i z . ,  C yc o c e l ,  N AA,  G A3 ,  Et hr e l  an d  

Thi di a z ur o n ( 0 ,  7 5 ,  1 50  and 2 2 5  g  ha
- 1

)  i n c o t t o n c ar r i e d o ut 

by Si n gh an d Br ar  ( 1 9 99 )  at  Ludhi an a r e po r t e d t hat  

ap pl i c at i o n o f  Et hr e l  a n d Thi di a zur o n 7 5  g  h a
- 1

 s i gni f i c a nt l y  

i nc r e as e  e ar l i ne s s  i nde x an d c r o p  m at ur i t y  i n c o t t o n.  

 Br o wn  e t  a l .  ( 1 9 9 9 )  e val u at e d t he  e f f e c t  o f  f o l i ar 

ap pl i c at i o n  o f  M al e i c  hy dr azi de ,  Et he pho n,  C hl o r me qu at  

( CCC)  an d C yc l a ni l i de  an d o bs e r ve d t h at  Et he pho n at  0 .2  l b  

ac r e
- 1

 an d C yc l a ni l i de  at  0 .1  l b  ac r e
- 1

 was  gi ve n s i gni f i c a nt l y  

hi g he r  u p pe r  c ano py  f r ui t  s he d di ng pe r c e nt a ge  a n d bo l l  

we i ght  t h an  t he  c o nt r o l  i n  c o t t o n cv .  N uCo t n3 3 B.  

 Mo ha me d  ( 2 0 0 9 )  re ve al e d t h at  ap pl i c at i o n o f  Et hr e l  

@ 5 ,  1 0  a n d 2 0  pp m i nc r e as e d n um be r  o f  f l o we r s  i n t wo  

s e as o ns  i n c o t t o n cv .  Br a kat - 9 0 .  

2 .5 .  Ef fe c t  o f P G R o n G D D an d he l i o t he r mal  uni t s   

 St r i nge r  e t  a l .  (1 9 89 )  re po r t e d t hat  af t e r  c ut - o ut 

whe n c r o p r e c e i ve d e ar l i e r  t han 7 5 0  o r  8 5 0  de gr e e - days ,  

r e duc t i o n i n yi e l ds  a nd mi c r o nai r e  val ue s  we r e  o bs e r ve d wi t h  

c r o p t e r mi nat i o n.  The  yi e l d r e d uc t i o n a ve r a ge d 1 4  pe r  c e nt  

f o r  e ac h 1 0 0  de gr e e  d a y i nc r e me nt  o f  e ar l i e r  t e r mi nat i o n.  

 Bo ur l a n d e t  a l .  (1 9 97 )  s ugge s t e d t h at  de f o l i at i o n 

wi t h f e we r  t h an 8 5 0  de gr e e - days  m ay be  ad vi s a bl e .  Ho we ve r ,  

pr e mat ur e  c r o p t e r mi n at i o n m ay  r e d uc e  l i nt  yi e l ds  an d  

mi ni m um he at - u ni t  r e qui r e me nt  f o r  bo l l  mat ur at i o n an d  

s ubs e q ue nt  de f o l i at i o n t i mi ng  i n c o t t o n.   
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 G wat h me y a nd H aye s  ( 1 9 9 6 )  r e p o r t e d t hat  

ap pl i c at i o n o f  Et he p ho n r e q ui r e d mo r e  t h an s e ve n d a ys  ( 5 2  t o 

1 0 8  de gr e e days )  af t e r  t r e at me nt  t o  s i gni f i c ant l y i nc r e as e  t he  

bo l l  o pe ni n g o f  De l t a pi ne  5 0  c o t t o n ,  ho we ve r ,  t he  bo l l  

o pe ni n g r e s po ns e  t o  Et he pho n i s  hi g hl y c o r r e l at e d wi t h  

de gr e e  d ays  ac c um ul at i o n af t e r  Et he pho n t r e at me nt  ( b as e  

1 5 .6
0
C) .  

 G wat h me y a n d H aye s  ( 1 9 9 7 ) s ho we d t h at  i nt e r ac t i o ns  

be t we e n Et he pho n an d de f o l i ant s  o c c ur r e d u nde r  c o o l  

c o ndi t i o ns  t h at  pr o vi de d o nl y 2 4  t o  4 7  de gr e e  da ys  af t e r  

t r e at me nt  t o  f i r s t  har ve s t .  Et he p ho n e nh a nc e d de f o l i at i o n but  

di d no t  i nc r e as e  bo l l  o pe ni ng u n de r  t he s e  c o ndi t i o ns .  O ve r al l ,  

t he  bo l l  o pe ni ng  e f f e c t s  of  Et he p ho n a nd de f o l i ant  mi xt ur e s  

t e nde d  t o  be  mo r e  var i a bl e  u n de r  c o o l  c o ndi t i o ns  t ha n  u n de r  

t he  mo r e  o pt i m al  t e m pe r at ur e  r e gi me s .  

 Lo g an an d G wat hme y ( 1 9 9 8)  s ugge s t e d t hat  bo l l  

o pe ni n g was  af f e c t e d mo r e  wi t h t he  a p pl i c at i o n o f  Et he p ho n  

i n c o o l er  e nvi r o nme nt s  ( but  a bo ve  t he  c r i t i c al  mi ni mum o f  

6 0
0
F o r  1 5 .6

0
C)  t ha n i n war me r  e n vi r o nme nt s  whe r e  he at  uni t  

ac c um ul at i o n  i s  mo r e  i nf l ue nt i al  i n c o t t o n.  

 Le ge  e t  a l .  ( 19 9 7)  fo un d t hat  f o l i ar  a ppl i c at i o n o f  

Et he p ho n de f o l i at e d mo r e  e ff e c ti ve l y t h a n a Tr i buf o s  an d  

Fi ni s h mi xt ur e  b y s e ve n d ays  af t e r  t r e at me nt  ( D AT)  u n de r  

c o o l  i n we t  c o ndi t i o ns  at  So ut h  E as t e r n Co as t al  P l ai ns .  

 P e ar s o n ( 1 9 85 )  pr o po s e d t hat  c o u nt i n g de gr e e - da ys  

f r o m f l o we r i ng unt i l  m at ur i t y o f  t he  l as t  e f f e c t i ve  bo l l  

po p ul at i o n  as  a de f o l i at i o n t i mi n g i n c o t t o n.  
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2 .6  Ef fe c t  o f P G R o n yi el d c o nt ri but i ng  c har ac t e r s  

 Si n gh  ( 1 9 7 1 )  fo und  t h at  o nl y H - 1 4 ,  o ut  o f  t hr e e  

c o t t o ns  H- 14 ,  F- 3 2 0  and J - 3 4  ( G.  h ir s u tu m L.)  was  gi ve n  

s i gni f i c ant l y i nc r e as e  yi e l d o f  ka p as  whe n t r e at e d wi t h CC C  

af t e r  8 0  days  o f  s o wi ng .  Ho we ve r ,  Si n gh a nd Si n g h ( 1 9 7 7 ) 

f o und  t h at  t he  f o l i ar  a ppl i c at i o n  o f  Et hr e l  at  5 0 0  pp m g a ve  

s i gni f i c ant l y i nc r e as e d n um be r  o f  bo l ls ,  bo l l  we i ght  a n d s e e d 

c o t t o n yi e l d c o mp ar e d t o  u nt r e at e d c o nt r o l  i n c o t t o n cv .  H- 1 4 .   

 Ki t t o c k e t  a l .  (1 9 73 )  o bs e r ve d t h at  s pr a yi n g o n  

c o t t o n pl ant s  wi t h Et he p ho n at  1 .1 2  kg h a
- 1

 r e duc e d t he  gr e e n  

i mmat ur e  bo l l s  r e mai ni n g af t e r  h ar ve s t  b y 9 8  pe r  c e nt  i n  

c o t t o n.   

 Ag a ki s hi e v a n d P al ’ Va no va ( 1 9 7 6 )  f o und t h at  t he  

f o l i ar  ap pl i c at i o n o f  Et hr e l  0 .0 5  pe r  c e nt  s ho we d i nc r e as e  

yi e l d i n 1
s t

 pi c ki n g o f  c o t to n.  Ho we ve r ,  s e e d c o t t o n yi e l d was  

no t  af f e c t e d.  Si mi l ar l y,  Sc o t t  ( 1 99 0 )  no t e d t hat  t he  f o l i ar  

ap pl i c at i o n o f  Et he pho n i nc r e as e d  s e e d c o t t o n yi e l d i n t he  

f i r s t  har ve s t  o f  c o tt o n cv .  D ES 1 1 9  a nd DP L 2 0  a nd f o l i ar  

ap pl i c at i o n o f  Et hr e l  3 0 0 0  ppm  at  1 4 5  da ys  af t e r  s o wi n g  

i nc r e as e d s e e d c o t t o n yi e l d i n f i r s t  pi c ki ng a n d r e c o r de d 

hi g he s t  e ar l i ne s s  i nde x as  c o mp ar e d t o  c o nt r o l  i n c o t t o n cv .  

Bu n ny  Bt  ( Ano ny mo us  2 0 1 0
a
) .  

 Si n gh  a n d Tr i pat hi  ( 1 9 7 7 )  no t e d i nc r e as e d bo l l s  

o pe ni n g pe r c e nt a ge ,  n u mbe r  o f  bo l l s  and s e e d c o t t o n yi e l d 

wi t h de f o l i ant s  Et hr e l  7 .5  l  h a
- 1

 at  4 0  a n d 6 0  pe r  c e nt  bo l l  

o pe ni n g i n c o t t o n cv .  J - 2 0 5 .  Si n gh an d Tr i p at hi  ( 1 9 7 6 ) 

s t udi e d t he  e f f e c t  o f  s pr ayi n g o f  c he mi c al  de f o l i ant s  l i ke  

P ar aq u at  at  1  t o  2  l it  ha
- 1

,  Am mo ni um t hi o c y a nat e  at  8  t o  1 0 

kg ha
- 1

 a nd bo l l  e ye  at  1 .5  t o  3  l it  ha
- 1  

i n c o t t o n ( var .  J - 2 0 5 ) 

an d s ho we d t h at  s pr a yi ng o f  P ar a qu at  at  2 .0  l i t  h a
- 1

 

s i gni f i c ant l y i nc r e as e d s e e d c o t t o n yi e l d,  nu mbe r  o f  bo l l  an d  
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o pe ne d bo l l s  at  4 0  days  af t e r  s pr ay as  we l l  as  e nh a nc e d t he  

mat ur i t y as  c o mp ar e d  t o  c o nt r o l  i n c o t t o n.  

 Oo s t e r hui s  ( 1 9 7 7)  f o und t h at  c o t t o n yi e l d was  

s l i ght l y i nc r e as e d wi t h Et hr e l  ap pl i c at i o n ( 1 0  o r 1 00  g ha
- 1

)  

as  c o mp ar e d t o  c o nt r o l .  In a no t he r  e x pe r i me nt  c o nd uc t e d b y  

Ano ny mo us  ( 1 9 7 7 ) no t e d t hat  f o l i ar  ap pl i c at i o n o f  Et he p ho n  

2 0 0 ,  40 0 ,  1 0 00 ,  o r 2 00 0  ppm s l i ght l y i m pr o ve d m at ur e d bo l l s ,  

bo l l s  we i ght  a nd  f i be r  q u al i t y b ut  bo l l s  we i ght  was  de c r e as e d  

i n i mm at ur e  bo l l s  i n c o t to n.  Si n g h a nd K u mar  ( 1 9 7 8 ) 

o bs e r ve d t hat  a p pl i c at i o n o f  de f o l i ant s  ( Et hr e l ,  P ar aq u at  an d  

So di u m C ac o d yl at e )  i nc r e as e d t he  yi e l d i n c o t t o n cv .  LSS ,  J  

2 0 5 ,  BN an d H ybr i d 4  c o m par e d  t o  t he i r  r e s pe c t i ve  c o nt r o l .   

 We i r  an d G a g ge r o  ( 1 9 82 )  r e po r te d i nc r e as e  i n yi e l d  

o f  c o t to n cv .  Ac al a SJ - 2  whe n t he  c r o p was  t r e at e d wi t h 2 0 0  

pp m Et he p ho n  c o mp ar e d t o  c o nt r o l .  Si mi l ar l y,  P r o ko f e x an d  

Ras ul o v ( 1 9 7 9 )  me nt i o ne d t hat  s pr a yi n g o f  c o t t o n pl ant s  wi t h  

Et he p ho n  0 .0 4 ,  0 .2  a nd  0 .4  pe r  c e nt  af t e r  1 9  t o  2 1  bo l l s  pe r  

pl a nt  we r e  f o r me d,  e n ha nc e d bo l l  r i pe ni n g a n d i nc r e as e d s e e d  

c o t t o n yi e l d s pe c i al l y  wi t h l o w r at e  o f  Et he pho n.  

 Th a kr al  e t  a l .  (1 9 91 )  no t e d i nc r e as e d se e d c o tt o n yi e l d 

wi t h de f o l i ant  t r e at me nt s  i .e .  Et hr e l  a nd  Dr o p  c o mp ar e d  t o  

c o nt r o l  at  4 0  and 6 0  pe r  c e nt  o f  bo l l  o pe ni n g i n c o t t o n.  

Si mi l ar l y,  S a wa n e t  a l .  ( 1 98 4 )  no t e d t hat  s pr ayi n g o f  Et hr e l  

( at  5  a n d 1 0  p p m)  af t e r  9 0  da ys  f r o m pl a nt i n g l e d  t o  i nc r e as e d  

t he  n um be r  o f  o pe n bo l l s ,  l i nt  pe r c e nt age ,  bo l l  we i g ht  an d  

s e e d c o t to n yi e l d pl ant
- 1

 i n Gi z a 6 6  an d Gi z a 7 0  c o t to n 

var i e t i e s .  

 P hi l l i p e t  a l .  ( 2 0 0 0 )  re po r t e d i nc r e as e  s e e d c o t t o n 

yi e l d d ue  t o  me pi qu at  pr o duc t s  i n c o t t o n.  Si mi l ar l y ,  S a wa n    

e t  a l .  ( 20 0 1)  al s o  fo und t h at  f o l i ar  ap pl i c at i o n o f  gr o wt h  
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r e t ar da nt s  ( P i x,  c yc o c e l and Al ar  at  3 0 0  ppm)  r e s ul t e d i n 

i nc r e as e d c o t t o n s e e d yi e l d ,  s e e d i nde x an d s e e d  o i l .  

 Smi t h e t  a l .  ( 1 9 86 )  r e c or de d r e duc e d s e e d c o t t o n 

yi e l d whe n t r e at e d c o t t o n wi t h Et he p ho n 1 .1 2  k g  h a
- 1

 at  4 8  t o  

6 2  pe r  ce nt  o pe ne d bo l l s  i n f i r s t  ye ar .  Ho we ve r ,  i n ne xt  ye ar  

whe n Et he pho n a ppl i e d t o  c o t t o n at  1 2 t o  2 5  pe r c e nt  o pe ne d 

bo l l s  i t di d no t  r e duc e  s e e d co t t o n yi e l ds  re l at i ve  t o  

ap pl i c at i o n wi t h 4 8  t o  7 2 pe r  c e nt  o pe ne d bo l l s  i n c o t t o n cv .  

St o ne vi l l e .  Do n al d e t  a l .  ( 2 0 01 )  re po r t e d t hat  t he  ap pl i c at i o n  

o f  pl ant  gr o wt h r e g ul at o r s  i n c o t t o n c a us e d s i g n i f i c ant  

i nc r e as e  i n l i nt  yi e l d an d f i br e  yi e l d i n c o t t o n.  O we n an d  

Cr ai g ( 2 0 0 3 )  o bs e r ve d  t h at  me pi q u at  c hl o r i de  s i gni f i c a nt l y  

has t e ne d t he  pr o gr e s s  o f  f l o we r i ng,  i nc r e as e d f r ui t  har ve s t  

pe r c e nt age  r e l at i ve  t o  u nt r e at e d c o t t o n.  

 Ab de l  e t  a l . ( 1 98 7 ) o bs e r ve d  t h at  whe n c o t t o n pl a nt s  

cv .  Gi z a 8 1  we r e  t r e at e d wi t h Et hr e l  ( 4 0  pp m)  at  t he  

be gi nni ng o f  f l o we r i n g i t  s ho we d i nc r e as e d s e e d c o t t o n yi e l d 

f r o m 2 5 .0 1  g t o  3 7 .6  t o  4 2 .0  g  pl ant
- 1

.  

 Ke n ne d y e t  a l .  ( 1 9 9 1 )  de t e r mi ne d e f f i c i e nc y o f 

Et he p ho n  ( 0 .2 8  k g  ha
- 1

)  o n  r e mo vi ng  e ar l y  s q u ar e s  an d  f o un d  

l o we r  a ve r age  yi e l d d ue  t o  s quar e  r e mo val  as  c o mp ar e d t o  

c o nt r o l  i n s upe r  o kr a l e af  c o t t o n.  

 Ac c o r di ng t o  P e t t i gr e w e t  a l .  ( 1 9 92 )  fo l i ar 

ap pl i c at i o n o f  Et he p ho n ( 2 .8  k g h a
- 1

)  de c r e as e  s ee d c o t to n 

yi e l d a nd bo l l  we i g ht  as  c o mp ar e d t o  c o nt r ol  i n t wo  c o t to n 

ge no t y pe s  ( D LP - 5 0  an d M D- 6 5 - 1 1 ) .  Ho we ve r ,  l e af  ar e a i n de x  

an d ve ge t at i ve  dr y we i g ht  was  no t  af f e c t e d by  t he  s pr a y.  

 El - Ant a bl y an d El - At t a ( 1 9 9 2 )  re ve al e d t h at  a ppl i e d  

wi t h 5 0  p pm MH  ( Mal e i c  h y dr a zi de )  o n  c o t t o n s ho we d  

i nc r e as e d n um be r  o f  bo l l s  pe r  pl ant  i n bo t h 1 9 9 0  an d 1 9 9 1 
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s e as o n.  Ho we ve r ,  c h an ge a bl e  r e s ul t s  we r e  o bt ai ne d  f o r  t he  

f i nal  yi e l d o f  s e e d c o t t o n i n  Gi za  7 5  c o t t o n.   

 Me he t r e  e t  al .  ( 1 99 3 )  r e po r t e d t hat  ap pl i c at i o n o f  

5 0 0 0  ppm  Et he p ho n at  4 0  pe r  c e nt  bo l l  b ur s t i n g s t a ge  g a ve  

hi g he s t  me an s e e d c o t t o n yi e l d o f 1 .2 7 t / ha i n c o t t o n cv .  Ko p-

4 9 8 .  Si mi l ar l y,  W a nk h a de  e t  a l .  ( 19 9 4 ) o bs e r ve d t h at  

Et he p ho n  ap pl i c at i o n s i gni f i c a nt l y  i nc r e as e d s e e d  c o t t o n 

yi e l d c o m par e d  wi t h c o nt r o l  i n c o t t o n cv .  AH H- 4 6 8 .  

 P r as ad an d P r as a d ( 1 9 9 4 )  re po r t e d t hat  t he  n um be r  o f 

bo l l s  pe r  pl ant  we r e  l o we s t  wi t h 5 0  pp m C CC whi c h di f f e r e d 

s i gni f i c ant l y f r o m o t he r  P GR’s  t r e at me nt  a nd wat e r  s pr a y i n  

c o t t o n cv .  P us a 3 1 .  W hi l e ,  P a war  an d Gi r i  ( 1 9 7 6 )  r e po r te d 

t hat  t he  ap pl i c at i o n o f  CC C at  4 0  an d 8 0  pp m i n c r e as e d t he  

nu m be r  o f  bo l l s  pe r  pl a nt  s i g ni f i c ant l y o ve r  c o nt r o l  i n  c o t t o n 

cv .  CJ - 7 3 .  

 Sni pe s  a nd Bas ki n ( 1 9 9 4 )  t e st e d t he  di f f e r e nt 

de f o l i at o r s  v i z . ,  Tr i buf o s  1 .2 6 ,  Thi di a z ur o n 0 .2  a nd  Et he p ho n  

2 .2 4  kg ha
- 1

 an d r e po r t e d t hat  t he  f o l i ar  a ppl i c at i o n  o f  

Et he p ho n  i nc r e as e d  s e e d c o t t o n yi e l d a nd  l i nt  yi e l d  as  

c o mpar e d t o  Tr i b uf o s ,  Thi di a zur o n a nd unt r e at e d c o nt r o l  i n 

c o t t o n cv .  D E S 1 1 9 .  Ahme d ( 1 9 9 4 )  o bs e r ve d  i nc r e as e d  

nu m be r  o f  bo l l s  pe r  pl ant  b y us i n g gr o wt h r e t ar da nt s  l i ke  

CC C, P i x an d Al ar  at  di f f e r e nt  c o nc e nt r at i o ns  i n  c o t t o n.  

 Ba b u e t  a l .  ( 1 9 9 5 )  r e po r t e d t hat  t he  a p pl i c at i o n o f  

de f o l i ant s  ( Et he p ho n 4 0 0 0  pp m an d 2 0 0  g Th i di az ur o n h a
- 1

)  

s i gni f i c ant l y i nc r e as e  s e e d c o t t o n yi e l d i n c o t t o n cv .  AH 1 0 7 .  

Ta n- Qi l i n g e t  a l .  ( 1 9 9 5 )  r e po r te d t h at  bo l l  we i g ht  was  

s l i ght l y i m pr o ve d d ue  t o  Et he p ho n ap pl i c at i o n ( 2 0 0 - 2 00 0 

pp m)  c o mp ar e d  t o  c o nt r o l  i n c o t t o n.  

 Si n gh a nd Br ar  ( 1 9 9 9 ) s t at e d t hat  a ppl i c at i o n  o f  

Et hr e l  an d Thi di a zur o n 7 5  g h a
- 1

 i nc r e as e s  bo l l s o pe ni ng  
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pe r c e nt age ,  n um be r  o f  bo l l s  a nd  s e e d c o t t o n yi e l d i n  c o t t o n 

cv .  F- 8 4 6 .  Si mi l ar l y,  P r as ad e t  a l .  ( 19 9 7 ) f o und t hat  Et hr e l  

2 .0  kg  h a
- 1

 whe n s pr a ye d at  6 0  pe r  c e nt  bo l l  bur s t i n g r e c o r de d  

s i gni f i c ant l y hi g he r  bo l l  o pe ni n g pe r c e nt age ,  bo l l  we i g ht ,  

s e e d c o t t o n yi e l d a nd  hi g he s t  e ar l i ne s s  i n de x o bt ai ne d  i n      

G .  h i r s u t u m  var i e t y R S T- 9 .   

 Br o wn e t  a l .  ( 1 9 99 )  te s t e d Mal e i c  hydr a zi de  a t  2  l b 

ac r e
- 1

 an d Et he p ho n  0 .2  l b ac r e
- 1

 an d f o u n d i nc r e as e  s e e d 

c o t t o n yi e l d and a ve r a ge  bo l l  we i ght  as  c o mp ar e d t o  

Chl o r me q u at  i n  c o t t o n cv .  De l t a pi ne  2 0 B.  

 Zh ao  a nd Oo s t e r hui s  ( 2 0 0 0 ) no t e d t ha t  f o l i ar  s pr ay o f 

P i x pl us  at  2 9 3  ml  ha
- 1

 i nc r e as e d t o t al  dr y mat t e r ,  bo l l  we i ght  

an d l i nt  yi e l d c o mp ar e d  t o  c o nt r o l .    

 An e f f e c t  o f  Me pi quat  c hl o r i de  ( P i x) ,  Be n z yl  a de ni ne  

( B A) ,  Et he pho n ( P r e p)  a n d t he i r  c o m bi n at i o ns  o n t he  gr o wt h  

an d yi e l d o f  c o t t o n cv .  Gi za 8 3  was  de t e r mi ne d i n a f i e l d 

e xpe r i me nt  b y Abe d  ( 2 0 0 1 ) .  Al l  t he  t r e at me nt s  i nc r e as e d t he  

nu m be r  o f  bo l l s ,  ave r age  bo l l  we i g ht ,  yi e l d o f  s e e d c o tt o n,  

l i nt  yi e l d pe r  pl ant  a nd  1 0 0  s e e d we i ght  whi l e  r e d uc i n g t he  

nu m be r  o f  ba d bo l l s  i n c o t t o n.  

 Zul f i q ar  e t  a l .  ( 2 0 0 3 )  no t e d t hat  nu mbe r  o f  bo l l s  

pl a nt
- 1

 i nc r e as e d wi t h Et h yl e ne  a p pl i c at i o n ( 6 0  kg  ha
- 1

)  i n  

Co t t o n cv .  B H- 3 6 .  But t ar  a nd Ag ar wal  ( 2 0 0 4 )  f o und t h at  

Et hr e l ,  P i x,  Cyc o c e l ,  a nd Al ar  i nc r e as e d n u mbe r  o f  bo l l s  pe r  

pl a nt ,  bo l l  we i g ht ,  bo l l  o pe ni n g pe r c e nt a ge  a n d s e e d c o t to n 

yi e l d.  

 Gu pt a an d C ha u h an ( 2 0 0 6 )  o bs e r ve d t h at  o ne  

s pr a yi n g 0 .1  pe r  c e nt  Et he p ho n o r  Et hr e l  be f o r e  f l o r al  bu d  

i ni t i at i o n s i gni f i c a nt l y i nc r e as e d bo l l  we i ght ,  nu m be r s  o f 

s e e d pe r  bo l l ,  1 0 0  s e e d we i g ht  an d l i nt  we i g ht  i n G. h i r s u t u m  

var .  P us a 8 4 6  an d G. a r b o r e u m  var .  R G 8 .  At  t he  s ame  t i me ,  
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Gu pt a  a n d C h au h an  ( 2 0 0 5 )  t es t e d t hat  e f f i c ac y o f  Et hr e l      

( 2 - Chl o r o e t hyl  p ho s pho ni c  ac i d)  a nd  Be nzo t r i a zo l e  ( 1 ,  2 ,  3 -

be n zo t r i azo l e )  as  c he mi c al  h y br i di zi n g age nt s  o n Go s s y p i u m  

h i r s ut u m  var .  P us a  8 4 6 .  The  r e s ul t  i n di c at e d t hat  t he  bo l l  

we i ght  a n d 1 0 0  s e e d we i ght  was  s l i g ht l y  e n h anc e d  b y  s i ngl e  

s pr a y o f  0 .1 % Et hr e l  i n c o t to n.  Th us ,  e t hr e l  c o ul d be  us e d as  

a po t e nt i al  hy br i di zi n g a ge nt  f o r  Go s s y p i u m h i r s u tu m.  

 Mo ha me d ( 2 0 0 9 )  s ho we d t hat  ap pl i c at i o n o f  E t hr e l  

1 0  ppm i nc r e as e d n u mbe r  o f  bo l l s  pe r  pl ant ,  s e e d c o t t o n yi e l d 

an d e ar l i ne s s  i n t wo  s e as o ns  i n  c o t t o n cv .  Br ak at - 9 0 .   

 Bar dh a n an d Ku m ar  ( 2 0 1 0 )  e val u at e d t he  f o l i ar  

ap pl i c at i o n o f  Et hyl e ne  at  s q uar e  i ni t i at i o n s t age  an d  

o bs e r ve d t h at  a ppl i c at i o n  o f  Et hyl e ne  at  4 5  pp m s i gni f i c a nt l y  

i nc r e as e d nu m be r  o f  bo l l s  pl ant
- 1

 an d s e e d c o t t o n yi e l d up t o  

2 5  pe r  c e nt  as  c o mpar e d t o  c o nt r o l  and Et h yl e ne  at  3 0  pp m i n  

i r r e s pe c t i ve  o f  hy br i d  t y pe .  Ho we ve r ,  K um ar i  a n d Ge o r ge  

( 2 0 10 )  r e po r t e d t hat  3 0  p pm Et hr e l  s i g ni f i c ant l y g a ve  hi g he r  

nu m be r  o f  bo l ls  pl ant
- 1

a nd s e e d c o t t o n yi e l d,  but  i t  was  at  par  

wi t h 4 5  pp m Et hr e l  at  s qu ar e  i ni t i at i o n s t a ge  i n Bt  c o t t o n 

hy br i ds .  

 Sar l ac h e t  a l .  ( 2 0 1 0 )  s t udi e d t he  e f f e c t  o f  Et hr e l 

( de f o l i ant )  o n a l at e  mat ur i ng Bt  c o t t o n hy br i d var .  R CH 1 3 4  

Bt  an d r e po r t e d t hat  ap pl i c at i o n o f  8 0 0 ppm Et hr e l  at  1 4 5 

da ys  af t e r  s o wi n g i nc r e as e d n um be r  o f  pi c ke d bo l l s ,  s e e d 

c o t t o n yi e l d,  l i nt  yi e l d wi t h m a xi m um bo l l  o pe ni n g  

pe r c e nt age  as  c o m par e d wi t h c o nt r o l .   

 An e xpe r i me nt  c o nd uc t e d at  ANG R AU, Gu nt ur  

s ho we d t h at  5 .7  o r  8 .5 6  mM Et hr e l  a ppl i c at i o n s i gni f i c a nt l y  

i mpr o ve d yi e l d at t r i b ut i n g c h ar ac t e r s  l i ke  nu mbe r  o f  

s ym po di a ,  n um be r  o f  fr ui t i ng p ar t s ,  s e e d c o tt o n yi e l d and l e af  
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ar e a c o mp ar e d t o  c o nt r o l i n Bt  c o tt o n hybr i ds  ( Ano n y mo us ,  

2 0 1 0
d
) . 

 The  ap pl i c at i o n o f  5 .7  mM Et hr e l  at  s q uar e  i ni t i at i o n  

r e c o r de d s i gni f i c ant l y i nc r e as e d yi e l d at t r i but i ng  c h ar ac t e r s  

l i ke  n um be r  o f  f r ui t i ng par t s  an d s e e d c o t t o n yi e l d  as  

c o mpar e d t o  c o nt r o l  i n Bu nn y Bt  an d B u nn y no n- Bt  ge no t y pe s  

i n c o t t o n ( Ano n ymo us ,  2 0 1 0
b
) .  

 The  a ppl i c at i o n  o f  M al e i c  hy dr a zi de  5 0 0  pp m at  8 5  

D AS r e c o r de d s i gni f i c a nt l y l o we r  pl a nt  he i ght  an d  

s i gni f i c ant l y hi g he r  s e e d c o t t o n yi e l d o ve r  c o nt r o l  i n  Bt  

c o t t o n hybr i ds  whe n t e s t e d at  ARS ,  Gu nt ur .  Si mi l ar l y,  

s i gni f i c ant  va r i at i o n was  no t i c e d a mo n g t he  t r e at me nt s  f o r  

pl a nt  he i ght ,  n u mbe r  o f  mo no po di a pe r  pl a nt ,  n um be r  o f  

s ym po di a pe r  pl a nt ,  n um be r  o f  no de s  pe r pl ant ,  nu m be r  o f 

s qu ar e s  pe r  pl a nt ,  n um be r  o f  f l o we r s  pe r  pl ant  a n d bo l l  

we i ght  ( Ano n y mo us ,  2 0 1 0
e
) .  The  a ppl i c at i o n o f  MH 5 0 0  p pm  

at  8 5  D AS m a xi m um nu m be r  o f  bo l l s  pe r  pl a nt ,  bo l l  we i ght  

an d mo r e  s e e d c o t t o n yi e l d t h a n c o nt r o l  t r e at me nt  i n  c o t t o n 

hy br i ds  t e s t e d at  Dh ar wa d ( Ano n ymo us ,  2 0 1 0
f
) .  

 Mal e i c  h y dr a zi de  5 0 0  p p m at  8 5  D AS  r e c o r de d 

s i gni f i c ant l y i nc r e as e d nu mbe r  o f  bo l l s  pe r  pl a nt ,  bo l l  we i g ht ,  

bi o mas s ,  h ar ve s t  i n de x a n d s e e d c o t t o n yi e l d as  c o mp ar e d  t o  

unt r e at e d c o nt r o l  i n c o t t o n cv .  B un n y Bt  at  M CR S,  S ur at  

( Ano n ymo us  2 0 1 1
h
) .  An d t he  a no t he r  r e s ul t s  s ho we d b y f o l i ar  

s pr a yi n g o f  M al e i c  h ydr a zi de  at  5 0 0  p pm  c h an ge d  t he  pl ant  

mo r pho l o g y wi t h r e d uc e d i nt e r no d a l  e l o ng at i o n an d i mpr o ve  

Le af  ar e a i nde x ( L AI)  wi t h Le af  ar e a  d ur at i o n  ( L AD)  an d  

s e e d c o t to n yi e l d as  c o mp ar e d t o  c o nt r o l  i n c o tt o n ge no t y pe s  

( Ano n ymo us ,  2 0 1 0
g
) .  

 Ko l e r  e t  a l .  (2 0 11 )  s t udi e d t he  e f f e c t  of  pl ant  gr o wt h  

r e gul at o r s  v i z . ,  Cyc o c e l  an d Me pi q uat  c hl o r i de  i n c o t t o n cv .  
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DH B- 2 9 0  and r e po r t e d t hat  t he  s pr a yi ng o f  Me pi q uat  c hl o r i de  

5 0  pp m at  9 0  D AS  i nc r e as e d  n um be r  o f  bo l l s  pe r  pl ant ,  bo l l  

we i ght ,  s e e d c o t t o n yi e l d,  har ve s t  i nde x a nd t o t al  dr y we i ght  

c o mpar e d wi t h Cyc o c e l  an d c o nt r o l  i n c o t t o n.  Si mi l ar l y  

Ku mar  e t  a l .  ( 2 0 0 5 )  r e po r t e d t hat  a p pl i c at i o n o f  Me pi qu at  

c hl o r i de  5 0  ppm at  9 0  D AS i m pr o ve d bo l l  we i ght ,  s e e d c o t t o n 

yi e l d an d t o t al  dr y mat t e r  i n  c o t t o n cv .  DH H- 1 1 .  Ke r b y e t  a l .  

( 1 9 86 )  o bs e r ve d t h at  t he  a ppl i c at i o n o f  me pi q u at  c hl o r i de  at  

4 9  g ha
- 1

 s i gni f i c a nt l y i nc r e as e d t he  nu m be r  o f  bo l l s  pe r  pl ant  

an d n um be r  o f  no de s  pe r  pl a nt .  

 Th a kar e  e t  a l .  ( 2 01 1 ) r e po r t e d t hat  f o li ar  appl i c at i o n  

o f  Et hyl e ne  at  4 5  p pm at  s q uar e  i ni t i at i o n s t a ge  i nc r e as e d  

bo l l  we i g ht ,  s e e d c o t t o n yi e l d  a n d bi o mas s  as  c o mp ar e d  t o  

c o nt r o l  and  3 0  p pm Et h yl e ne  i n Bt  c o t t o n cv .  J K C H- 9 9 .  

Si mi l ar  c o nc e nt r at i o n r e c o r de d hi g he s t  n um be r  o f  bo l l s  pe r  

pl a nt ,  bo l l  we i ght  an d s e e d c o t t o n yi e l d i r r e s pe c t i ve  o f  t he  Bt  

c o t t o n hy br i ds  ( Ano n y mo us  2 0 1 1
j
) .  

 Raj ni  e t  a l .  (2 0 11 )  r e po r t e d t hat  de f o l i at i o n wi t h  

Et hr e l  1 .5  l  ha
- 1

 at  6 0  bo l l s  o pe ni ng pe r c e nt a ge  ( BOP )  g a ve  

hi g he r  nu mbe r  o f  pi c ke d bo l l s  pe r  pl ant  an d bo l l  o pe ni n g  

pe r c e nt age  as  c o mp ar e d t o  c o nt r o l i n Bt  co t t o n hybr i d cv . RC H  

1 3 4 .  Ho we ve r ,  ma xi m um  bo l l  we i g ht  an d s e e d  c o t t o n yi e l d  

was  o bt ai ne d i n t r e at me nt  Et hr e l  at  1 .0  l i t  ha
- 1

,  f o ll o we d b y  

Thi di a z ur o n 1 0 0  g l i t  h a
- 1

 a ppl i e d  at  6 0  BOP .  

 Hu n nn ur  e t  a l .  ( 2 0 1 1 )  re ve al e d  t h at  a p pl i c at i o n o f  

Me pi q u at  pe nt a bo r at e  at  1 0 0 0  ppm i nc r e as e d t o t al  dr y m at t e r  

c o nt e nt  a n d s e e d c o t t o n yi e l d as  c o mp ar e d  t o  al l  o t he r  

t r e at me nt  i n c o t t o n.  N a wal ag at t i  e t  a l .  ( 2 0 1 1)  al s o  o bs e r ve d  

t hat  Me pi q u at  pe nt a bo r at e  at  1 0 0 0  ppm g a ve  s i gni f i c a nt l y  

hi g he r  dr y m at t e r ,  nu m be r  o f  bo l l s  pe r  pl ant ,  bo l l  we i g ht ,  
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s e e d c o t to n yi e l d an d har ve s t  i n de x o ve r  c o nt r o l  i n c o t to n 

var .  J K- 9 9 .  

 Ku mar i  a n d Ge o r ge  ( 2 0 1 2 ) s ho we d t hat  f o l i ar  

ap pl i c at i o n o f  Mal e i c  hydr azi de  at  5 0 0  ppm at  8 5  days  af t e r  

s o wi n g r e c o r de d i nc r e as e d n u mbe r  o f  bo l l s  pe r  pl ant ,  s e e d  

c o t t o n yi e l d,  bo l l  we i g ht  a nd  dr y mat t e r  pr o duc t i o n  as  

c o mpar e d t o  c o nt r o l  i n c o t to n hybr i ds  cv .  Kas hi n at h Bt  an d  

Bu n ny  No n  Bt .  

 Th a kar e  an d Ku m ar  ( 2 0 1 2 )  fo un d i nc r e as e d n um be r  

o f  bo l l s  pe r  pl a nt  an d s e e d c o t t o n yi e l d i n  Bt  c o t t o n hy br i ds  

whe n t he  f o l i age  we r e  s pr a ye d wi t h Et h yl e ne  4 5  p pm at  

s qu ar e  i ni t i at i o n s t age  i n c o t t o n hy br i ds .  K um ar i  e t  a l .  (2 0 12 ) 

r e c o r de d s i gni f i c ant l y hi g he r  n um be r  o f  bo l l s  pe r  pl ant ,  s e e d  

c o t t o n yi e l d a n d dr y  m at t e r  pr o d uc t i o n wi t h 3 0  p pm  Et hr e l  i n  

c o t t o n hy br i ds .  

 But t ar  a n d Si ng h ( 2 0 1 3 )  s t at e d t h at  t he  f o l i ar  

ap pl i c at i o n o f  Et hr e l  2 5 0 0  ppm at  1 4 5  D AS  i n Bt  c o t t o n 

hy br i d  cv .  R CH  1 3 4  i nc r e as e d n um be r  o f  bo l l s  pe r  pl a nt  an d  

s e e d c o t to n yi e l d as  c o mp ar e d t o  c o nt r o l .  The  hi g he r  s e e d 

c o t t o n yi e l ds  at  al l  t he  l e ve l s  o f  Et hr e l  we r e  o bt ai ne d whe n  

de f o l i ant  was  a ppl i e d  at  1 4 5  as  c o m par e d  t o  1 3 0  da ys  af t e r  

s o wi n g i n c o t t o n.  Ku m ar i  e t  a l .  ( 20 1 3 ) go t  s i mi l ar  r e s ul t  wi t h  

Et hr e l  3 0 0 0  ppm at  1 4 5  DAS i n Bu n ny BG - I c o t t o n.  Ho we ve r ,  

f o l i ar  s pr aye d o f  Et hr e l  1 5 0 0  an d 2 0 0 0  ppm  at  1 3 0  D AS  

i nc r e as e d bo l l  we i g ht  i n  c o t t o n.  

 Ch a ud h ar i  e t  a l .  ( 2 01 3 )  re po r t e d t hat  f o l i ar  

ap pl i c at i o n o f  MH 5 0 0  ppm at  8 5  D AS s i g ni f i c ant l y i nc r e as e d  

nu m be r  o f  bo l l s  pe r  pl a nt ,  bo l l  we i g ht  an d s e e d  c o t t o n yi e l d  

as  c o mpar e d t o  c o nt r o l  i n c o t to n cv .  Bu n ny Bt .  Si mi l ar  r e s ul t s  

we r e  o bt ai ne d CI C R N a gp ur  ( Ano ny mo us ,  2 0 1 0
i
) .    
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2 .7  Ef fe c t  o f P G R o n e c o no mi c al  c har ac t e r s   

 Ba n gar wa e t  a l .  ( 1 9 8 1 )  e val u at e d t he  a p pl i c at i o n o f  

var i o us  gr o wt h r e t ar d a nt s  v i z . ,  Et he p ho n ,  P ar aq u at  an d Bo l l s  

e ye  a n d r e po r t e d t hat  Et he p ho n at  2  t o  3  l i t  h a
- 1

+  P ar a qu at  2 .5  

t o  3 .5  l i t  ha
- 1

 i nc r e as e d o i l  co nt e nt  an d s e e d i n de x i n f i r s t  

pi c ki n g a nd  gi nni n g pe r  c e nt  i n s e c o nd  pi c ki n g i n  c o t t o n cv .  

H.1 4 .  M a var kar  e t  a l .  ( 1 9 9 2 )  no t e d l o we r  s e e d i n de x a nd  o i l  

pe r c e nt age  whe n s pr a ye d  wi t h  de f o l i ant  t r e at me nt s  i .e .  Et hr e l  

an d Dr o p at  3 0  an d 6 0  pe r  c e nt  o f  bo l l  o pe ni n g i n c o t t o n.  

Ho we ve r ,  Sa wa n  e t  a l .  ( 1 9 9 3 )  re po r t e d t hat  a ppl i c at i o n  o f  

Cyc o c e l  o r Al ar  wi t h di f f e r e nt  c o nc e nt r at i o n i nc r e as e d o i l 

c o nt e nt ,  s e e d i nde x an d s e e d c o t t o n yi e l d c o mpar e d t o  c o nt r o l 

i n E gy pt i a n c o t t o n cv .  Gi za- 7 5 .  P r as a d a n d P r as a d ( 1 9 9 4 ) 

s ho we d t h at  s pr a yi n g o f  5 0  ppm Cyc o c e l  i nc r e as e d l i nt  i nde x  

s i gni f i c ant l y o ve r  wat e r  s pr a y i n  c o t t o n cv .  P us a- 3 1 .  

 But t ar  an d Agar wal  ( 2 0 0 4 )  e xhi bi t e d t h at  f o l i age  

s pr a ye d wi t h  Et hr e l ,  P i x,  C yc o c e l  a nd  Al ar  i nc r e as e d gi n ni n g  

pe r c e nt age ,  s e e d o i l ,  l i nt  i n de x an d 1 0 0  s e e d we i g ht  i n  

c o t t o n.  

 Mo ha me d ( 2 0 0 9 )  c o nc l ude d t h at  l i nt  pe r c e nt a ge  was  

hi g he s t  i n pl a nt s  t r e at e d wi t h Et hr e l  1 0  and 2 0  ppm at  s t ar t  o f 

f l o we r i ng  a n d al s o  s ho we d t hat  we i g ht  o f  1 0 0  s e e ds  at  t he  

s t age  o f  m axi mu m f l o we r i n g i n  c o t t o n cv .  Br a k at - 9 0 .    

 Sar l ac h e t  a l .  ( 2 0 1 0 )  r e po r t e d t hat  yi e l d c o m po ne nt  

t r ai t s  l i ke  bo l l  we i g ht ,  s e e d i n de x ,  l i nt  i nde x a nd  gi nni n g o ut  

t ur n di d no t  e x hi bi t  an y i m p ac t  wi t h  t he  ap pl i c at i o n o f  Et hr e l  

i n c o t t o n cv .  R CH  1 3 4  Bt .  

 Ku mar i  an d Ge o r ge  ( 2 0 1 2)  f o und i nc r e as e d gi nni ng  

pe r c e nt age ,  l i nt  i n de x an d s e e d i n de x i n c o t t o n h ybr i d s  cv .  

Kas hi n at h  B u nn y  Bt  a nd  No n Bt  whe n ap pl i e d  wi t h  M al e i c  

hy dr a zi de  5 0 0  pp m at  8 5  d a ys  af t e r  s o wi n g i n c o t t o n.   
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 Si n gh  an d Si ng h ( 1 9 7 7 )  o bs e r ve d i nc r e as e  i n gi nni ng  

o ut  t ur n  a n d f i br e  s t r e ngt h whe n  c o t t o n pl a nt  s pr a ye d wi t h  

Et hr e l  at  5 0 0  pp m.  

 Ku mar i  an d Ge o r ge  ( 2 0 1 3 )  s ho we d t h at  i nc r e as e d  

har ve s t  i n de x,  s e e d i n de x  ( g) ,  l i nt  i nde x ( g)  a n d gi n ni n g  

o ut t ur n whe n a p pl i c at i o n o f  Et hr e l  4 5  pp m was  gi ve n at  3 5  t o  

4 5  D AS  whi c h was  c o mp ar a bl e  wi t h c o nt r o l  i n Bt  h ybr i ds .  

2 .8  Ef f e c t  o f  P GR o n f i br e  q ual i t y  p ar ame t e r s  

 Smi t h e t  a l .  ( 1 9 86 )  re po r t e d t hat  a ppl i c at i o n o f  

Et he p ho n at  1 .1 2  kg  ha
- 1

 di d no t  h a ve  a n y a d ve r s e  e f f ec t  o n 

f i br e  pr o pe r t i e s i n c o t to n cv .  St o ne vi l l e .  Tha kr al  e t  a l .  (1 9 91 ) 

s t at e d t h at  t he r e  we r e  no  s i g ni f i c ant  di f f e r e nc e s  i n f i br e  

qu al i t y p ar ame t e r s  d ue  t o  de f o l i ant  t r e at me nt  ( Et hr e l  an d  

Dr o p t r e at me nt )  at  4 0  a nd  6 0  pe r c e nt a ge  o f  bo l l  o pe ni ngs  i n  

c o t t o n whi l e  S ni pe s  a n d B as ki n ( 1 9 9 4 ) no t e d t hat  f o l i ar  

ap pl i c at i o n o f  Et he p ho n 2 .2 4  k g  h a
- 1

 i nc r e as e d s t r e n gt h        

( g t e x
- 1

)  c o mpar e d t o  Tr i b uf o s ,  Thi di a z ur o n a n d u nt r e at e d  

c o nt r o l  i n c o t t o n cv .  DE S 1 1 9 .  

 P e t t i gr e w e t  a l .  ( 1 9 9 2 )  f o und t h at  t he  f o l i ar  s pr ayi ng  

o f  Et he p ho n  2 .8  k g h a
- 1  

de c r e as e d f i br e  q u al i t y p ar ame t e r s  as  

c o mpar e d  t o  c o nt r o l  i n t wo  c o t t o n ge no t y pe s  ( DLP - 5 0  an d  

MD- 6 5 - 1 1 ) . 

 P r as ad e t  a l .  ( 1 9 9 7 )  r e ve al e d  t h at  no ne  o f  t he  f i br e  

pr o pe r t i e s  we r e  s i gni f i c ant l y af f e c t e d whe n c o t t o n var i e t y  

RS T- 9  was  t r e at e d wi t h 2 .0  kg  h a
- 1

 Et hr e l  ( Et he pho n- 3 9 ) .  

Al s o  s i mi l ar  r e s ul t s  o bt ai ne d b y P r as a d a nd P r as a d ( 1 9 9 4 ) 

al s o  i ndi c at e d t h at  no ne  o f  t he  pl a nt  gr o wt h r e g ul at o r s  

s ho we d a ny s i gni f i c a nt  c h a nge  i n f i br e  qu al i t y p ar a me t e r s  i n 

c o t t o n cv .  P us a- 3 1 .  
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 Ta n- Qi l i n g e t  a l .  ( 19 9 5 ) f o und i nc r e as e  an d s l i ght l y  

i mpr o ve d f i br e  q ual i t y c o m p ar e d t o  c o nt r o l  i n c o t to n wi t h t he  

f o l i ar  ap pl i c at i o n o f  Et he pho n ( 2 0 0 - 2 00 0  ppm) .  

 Si n gh a nd Br ar  ( 1 9 9 9 )  o bs e r ve d t hat  t he  f o l i ar  

s pr a yi n g o f  Et hr e l  a n d t hi di a zur o n 7 5  g  h a
- 1

 as  a de f o l i ant  

ha d no n- s i gni f i c a nt  e f f e c t o n f i br e pr o pe r t i e s ( s pan l e ngt h,  

bu n dl e  s t r e ngt h  a n d mat ur i t y c o e f f i c i e nt )  i n c o t t o n cv .  F- 8 4 6 .  

 Mo ha me d ( 2 0 0 9 )  s ho we d t h at  l o we r  c o nc e nt r at i o n o f  

Et hr e l  ( 5 ,  1 0  ppm)  i nc r e as e d mi c r o nai r e  val ue  whe n ap pl i e d  

at  s t ar t  an d m a xi m um f l o we r i ng .  Whi l e  hi ghe r  c o nc e nt r at i o n  

( 2 0  ppm)  de c r e as e d mi c r o nai r e  val ue  at  bo t h s t age s  i n c o t t o n 

cv .  Br a kat - 9 0 .  

 Bar dh a n an d Ku m ar  ( 2 0 1 0 )  fo und  t h at  no  a d ve r s e  

e f f e ct  o n f i be r  qual i t y p ar a me t e r s  o f  hybr i d c o t t o n whe n  

ap pl i c at i o n o f  3 0  a n d 4 5  p pm Et h yl e ne  at  s q u ar e  i ni t i at i o n  

s t age .  

 Sar l ac h e t  a l .  ( 2 0 1 0)  r e po r te d t hat  hi g he r  

c o nc e nt r at i o n o f  Et hr e l  (8 0 0 ppm)  a ppl i c at i o n di d no t  s ho w 

an y a d ve r s e  e f f e c t  o n  f i be r  q ual i t y  i n  c o t t o n h ybr i ds .  

 Hi g he s t  s e e d co t t o n yi e l d,  s e e d i nde x,  l i nt  i nde x a nd  

gi n ni n g pe r c e nt a ge  was  o bt ai ne d i n 8 .5 6  mM Et h yl e ne  at  

s qu ar e  i ni t i at i o n c o m par e d t o  c o nt r o l  i n c o t t o n cv . ,  RC H- 2  Bt  

at  ANG R AU,  G u nt ur  ( Ano ny mo us ,  2 0 1 0
c
) .  

 Ku mar i  e t  a l .  ( 2 01 3 ) f o und no  a d ve r s e  e f f e c t  o n f i be r 

qu al i t y p ar a me t e r s  whe n c o t t o n was  t r e at e d wi t h Et hr e l  3 0 0 0 

pp m at  1 4 5  D AS a n d Et hr e l  3 0  ppm at  s qu ar e  i ni t i at i o n s t a ge ,  

s i mi l ar  r e s ul t s  o bs e r ve d by  K um ar i  e t  a l .  ( 2 0 1 2 ) .  
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2 .9  Ef fe c t  o f P G R o n e c o no mi c s  

 Si n gh a nd Si ng h ( 1 9 7 7 )  r e po r te d t hat  ap pl i c at i o n o f  

5 0 0  ppm Et hr e l  was  f o u n d t o  be  hi g hl y pr o f i t a bl e  ( ne t  pr o f i t )  

c o mpar e d  t o  u nt r e at e d c o nt r o l  i n  c o t t o n.  

 P r as ad  e t  a l .  ( 1 9 9 7 )  o bs e r ve d hi g he r  ne t  r e t ur n a nd  

be ne f i t  c o s t  r at i o  whe n t he  a p pl i c at i o n o f  Et hr e l  at  2 .0  k g h a
- 1

 

as  c o mp ar e d t o  wat e r  s pr a y i n c o t t o n cv .  R S T- 9 .  

 Ano ny mo us  ( 2 0 1 1
j
)  s ho we d t h at  a p pl i c at i o n o f  4 5  

pp m Et h yl e ne  at  s q u ar e  i ni t i at i o n  i n di c at e d  t h at  e n h anc e d  ne t  

r e t ur n,  be ne f i t  c o s t  r at i o  and gr o s s  r e t ur ns  c o mpar e d  t o  

unt r e at e d c o nt r o l  i n Bt  hy br i ds .  

 Raj ni  e t  a l .  ( 2 0 11 )  re po r t e d t hat  hi g he s t  ne t  r e t ur n 

an d be ne f i t  c os t  r at i o n was  o bt ai ne d whe n Bt  c o t t o n hy br i d  

cv .R CH  1 3 4  t r e at e d wi t h Et hr e l  1 .5  l  h a
- 1

 as  c o m par e d  t o  

unt r e at e d c o nt r o l .  

 Ch a ud h ar i  e t  a l .  ( 2 0 1 3)  f o und t hat  be ne f i t  c o s t  r at i o 

was  s u pe r i o r  wi t h t he  ap pl i c at i o n o f  Mal e i c  hy dr a zi de  5 0 0 

pp m at  8 5  D AS c o m par e d t o  unt r e at e d  c o nt r o l  i n c o t t o n.  

Si mi l ar  o bs e r vat i o ns  we r e  m ade  at  S ur at .  

      Go bi  a n d Vai y ap ur i  ( 2 0 1 3 )  s t udi e d t hat  e f f e c t  o f 

pl a nt  gr o wt h r e gul at o r  ( 4 0  ppm N AA at  4 5  an d 6 0  D AS)  o n  

e c o no mi c s  of  c ot t o n  cv . ,  L R A- 5 1 6 6  r e co r de d hi g he s t  ne t  

r e t ur n a n d r e t ur n r u pe e  c o mp ar e d t o  u nt r e at e d c o nt r o l .  
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III   MATERIALS AND METHODS  
 

 

 Gr o wt h r e gul at o r s  ha ve  be c o me  t o o l s i n t he  han ds  

o f  agr i c ul t ur al  s c i e nt i s t s  i n r e c e nt  ye ar s ,  a s  t he y ar e  c a p abl e  

o f  al t e r i ng t he  c ano py  s t r uc t ur e  a n d r e di s t r i but i o n  o f  

pho t o s y nt he s i s  i nt o  var i o us  o r ga ns  o f  t he  pl ant .  To  ac hi e ve  

o pt i mu m ve ge t at i ve  gr o wt h a nd t o  h a ve  be t t e r  t r ans l o c at i o n 

o f  pho t o s ynt hat e s  i nt o  r e pr o d uc t i ve  par t s ,  us e  o f  s ynt he t i c  

gr o wt h r e g ul at o r s  ap pe ar s  t o  be  an e f f e c t i ve  ap pr o ac h .  He nc e ,  

f i e l d e xpe r i me nt s  we r e  c o nduc t e d t o  s t u dy t he  “i nf l ue nc e  o f  

mo di f i c at i o n o f  mo r pho f r ame  o n ph ys i o l o gy a n d yi e l d i n  

c o t t o n” d ur i n g 2 0 1 1 - 1 2  and 2 0 1 2 - 1 3 .  The  de t ai l s  o f  m at e r i al s  

us e d an d me t ho ds  a do p t e d d ur i n g t he  c o ur s e  o f  i n ve s t i g at i o n  

ar e  e mbo di e d i n t hi s  c h apt e r .  

3 .1  G e ne r al  

3 .1 .1  Ex pe r i me nt al  si t e  

 The  f i e l d e xpe r i me nt  was  c o nd uc t e d at  M ai n  

Co t t o n Re s e ar c h St at i o n,  N a vs ar i  Agr i c ul t ur al  U ni ve r s i t y,  

Sur at  dur i ng  Kh a r i f  2 0 1 1 -1 2  and  2 0 1 2 - 1 3 . 

 The  M ai n Co t t o n Re s e ar c h St at i o n,  S ur at  i s  

s i t uat e d i n So ut h G uj ar at  at  a c r o s s  po i nt  of  20
0
-1 2

’
 N 

l at i t ude  an d 7 2
0
- 5 2

’
 E l o ngi t ude  at  e l e vat i o n o f  1 1 .3 4  me te r s 

abo ve  t he  me an  s e a l e ve l  an d i s  a bo ut  1 8  Km a wa y f r o m t he  

Ar a bi a n s e as ho r e .  

3 .1 .2  Cl i mat e  an d w e at he r  c o ndi t i o ns  

 The  c l i m at e  o f  So ut h G uj ar at  i s  t ypi c al l y t r o pi c al ,  

c har ac t e r i ze d b y f ai r l y ho t  s um me r ,  mo de r at e l y c o o l  wi nt e r  

an d mo r e  h umi d a nd war m mo ns o o n wi t h he a vy r ai nf al l .  I n  

ge ne r al ,  mo ns o o n  c o mme nc e s  f r o m t he  s e c o nd  f o r t ni ght  o f  
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J une  a n d c e as e s  i n t he  s e c o nd f o r t ni g ht  o f  Se pt e mbe r .  P r e -

mo ns o o n r ai ns  i n t he  f i r s t  we e k  o f  J une  an d po s t  mo ns o o n  

r ai ns  i n t he  mo nt hs  o f  Oc t o be r - No ve m be r  ar e  no t  c o mmo n.  

The  r ai n i s  r e c e i ve d m ai nl y f r o m t he  So ut h We s t  mo ns o o n 

c o nc e nt r at i ng i n t he  mo nt hs  o f  J ul y an d Au g us t .  T he  wi nt e r  

s e t s  i n t he  e nd o f  mi d - No ve m be r  a nd l as t s  u p t o  Fe br uar y.  

The  t e m pe r at ur e  s t ar t s  de c r e as i n g f r o m t he  e n d  o f  No ve mbe r .  

Ho we ve r ,  De c e mbe r  a nd J a n u ar y ar e  t he  c o l de s t  mo nt hs  o f 

s e as o n.  The  s um me r  s e as o n c o mme nc e s  f r o m t he  e n d o f  

Fe br u ar y an d pr o l o ng s  u p t o  f i r s t  we e k  o f  J u ne .  Apr i l  an d  

Ma y ar e  t he  ho t t e s t  mo nt hs  d ur i ng  s u mme r .  

 The  me a n me t e o r o l o gi c al  dat a o n m axi mu m a nd  

mi ni m um  t e mpe r at ur e ,  r e l at i ve  h umi di t y,  r ai nf al l  an d  

s uns hi ne  ho ur s  d ur i ng  t he  c o ur s e  o f  i n ve s t i g at i o n r e c o r de d at  

t he  me t e o r o l o gi c al  o bs e r vat o r y,  Mai n Co t t o n Re s e ar c h  

St at i o n,  N a vs ar i  Agr i c ul t ur al  Uni ve r s i t y,  Sur at  ar e  pr e s e nt e d  

i n Ap pe n di x- I an d I I a nd  gr a phi c al l y de pi c t e d i n F i g ur e - 1 &2 . 

 It  c o ul d  be  o bs e r ve d f r o m t he  d at a pr e s e nt e d i n  

Ap pe n di x I a n d I I t h at  t he  me a n ma xi m u m t e mpe r a t ur e  r an ge d  

be t we e n 3 7 .5  t o  2 8 .4
o
C an d 3 6 .0  t o  3 0 .0  dur i n g 2 0 1 1 - 1 2  and  

2 0 1 2- 1 3 ,  r e s pe c ti ve l y .  W hi l e  t he  me a n mi ni mu m t e m pe r at ur e  

r an ge d be t we e n 2 8 .8  to  13 .2
o
C and 2 7 .8  t o  1 4 .6

o
C dur i ng  

2 0 1 1- 1 2  and  2 0 1 2 - 13 ,  r e s pe c t i ve l y.  D ur i n g 2 0 1 1 - 1 2  and  2 0 1 2 -

2 0 1 3 ,  t he  me an mo r ni n g r e l at i ve l y hu mi di t y r a n ge d be t we e n  

9 1 .0  t o  5 8 .0  and 9 2 .9  t o  5 8 .0  pe r  c e nt ,  r e s pe c t i ve l y ,  whe r e as ,  

t he  e ve ni ng  h u mi di t y  f r o m 8 5 .0  t o  2 3 .1  pe r  c e nt  a n d 8 9 .0  t o  

2 3 .7  pe r  c e nt ,  r e s pe c t i ve l y.  

 The  t o t al  r ai nf al l  r e c o r de d d ur i n g 2 0 1 1 - 2 01 2  and  

2 0 1 2- 2 01 3  amo u nt e d t o  1 1 4 2 .0  mm i n 5 2  t o t al  r ai n y da ys  an d  

7 8 1  mm i n 4 5  t o t al  r ai n y d ays  d ur i n g  t he  c r o p gr o wt h pe r i o d,  

r e s pe c t i ve l y.
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Fig .1 :  M e te oro log ica l  da ta  d u ri ng  t he  e xpe ri me n ta l  pe r io d (2011 -12 )  a t  M ain Cotto n R e se arch S ta t io n,  

N AU,  S u rat   
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Fig .2 :  M e te oro log ica l  da ta  d u r ing  t he  e xpe ri me nta l  pe rio d (2012 -13 )  a t  M ain Cotto n R e se arch S ta t io n ,  

N AU,  S u rat  
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3 .1 .3   So i l  c har ac t e ri s ti c s  

 The  e x pe r i me nt al  s i t e  c o nt ai ns  de r ai ne d c l aye y  

s o i l s  whi c h r e pr e s e nt  t he  t y pi c al  bl ac k c o t t o n s o i l  o f  So u t h  

Guj ar at  ha vi ng pr e do mi n ant  mo nt mo r i l l o ni t e  c l ay mi ne r al s  b y  

i t s  o r i gi n a nd  i s  me di um i n f e r t i l i t y.  The s e  s o i l s  c r ac k 

ve r t i c al l y u po n dr yi n g up t o  a de pt h o f  8 0  t o  12 0  c m t he 

de t ai l s  o f  s o i l  phys i c o - c he mi c al  pr o pe r t i e s  and me t ho ds  

ado pt e d f o r  a n al ys i s  ar e  pr e s e nt e d i n Ta bl e  3 .1  

Tabl e  3.1 : P hysi co -chemi cal  pro perti es o f e xperi me nt al  si te  

Sr . 

No .  
Parti cul ar s  

Anal yti cal  met ho ds  

ado pte d 

A)  Mec ha nic a l co m pos itio n  
1.  Sand ( %)  22.15  

Bo uy o uco s hy dro met er  
met ho d (P i per , 1966)  

2.  Silt  ( %)  17.50  

3.  Cl ay ( %)  60.35  

4.  Te xt ure  Cl aye y 

B) Phys ica l C om po sitio n  
1.  Bul k de nsit y ( Mg m

-3
)  1.375  Clo d met ho d (Pi per,  1966)  

C)  Che mi cal  compo si ti on 

1.  Or ganic  c ar bo n ( %)  0.465  
Wal kle y and Bl ac k’s r api d 
titr atio n me t ho d (1934 )  

2.  
Soil  pH 

(1:2.5  soil  : wat er r atio)  
8.15  

Gl ass  electro de  pH me ter 

(Jac kso n,  1967)  

3.  
Electr ic al co nducti vit y  

(dSm
-1

)  at  25 
0
C 

0.37  
Co nducti vi t y meter  

(Jac kso n,  1967)  

4.  
Avail able  Nitro ge n  

(kg ha
-1

)  
250.53  

Al kali ne  per manganate  

met ho d 

(Subbi ah and Asij a, 1956)  

5.  
Avail able  P 2 O5   

(kg ha
-1

)  
40.97  

Olse n’s  met ho d  

(Olse n and Sommers ,1982)  

6.  Avail able  K2 O ( kg ha
-1

)  368.40  

Fl ame  e missio n 

spectro pho tome ter 

(Knudse n and Pe terso n, 

1982) 
  

 Wi t h a vi e w t o  de t e r mi ne  t he  p h ys i c o - c he mi c al  

pr o pe r t i e s  o f  e xpe r i me nt al  f i e l d,  t he  r e s pe c t i ve  s o i l  s am pl e s  

we r e  dr a wn f r o m 0  t o  22 .5  c m and 2 2 .5  t o  4 5 .0  c m de pt hs  
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r an do ml y c o ve r i n g t he  e nt i r e  e xpe r i me nt al  ar e a be f o r e  t he 

l ayo ut  o f  t he  e x pe r i me nt .  A c o m po s i t e  s ampl e  was  pr e p ar e d  

f o r  bo t h t he  so i l de pt hs  a nd an al y ze d f o r  var i o us  P hys i c o -

c he mi c al  pr o pe r t i e s  an d t he  a ve r a ge  val ue s  o bt ai ne d  ar e  

pr e s e nt e d i n  Ta bl e -3 .1 

3.2   Experi me nt al  det ai l s 

I Experi me nt al  desi gn  : Rando mi ze d Bloc k Des i gn 

(Factor i al)  

II Cro p : Cotto n 

III Re plic at io ns  : Three  

IV Spaci ng  : 120 x 45  c m 

V No . of  ro ws/ plo t  : 5 

VI  No . of  pl ants /ro w  : 16 

VII  No . of  plots  : 36 

VII

I 

Plot si ze  : Gross  plot  :  6.0  x 7.2  (43 .2)  

Net  plot     :  3.6  x 6.3  (22 .68)  

IX Tre at me nts  : 12 ( Twel ve)  

A.  Factor  -  A 

(Gro wt h re gul ators )  

: T1  = Co ntrol  (00  ppm)  

T2  = Et hyle ne  45  ppm  
(at  s quari ng st age)  

T3  = Maleic  Hydr azi de  500 ppm 

(at  85  DAS)  

T4  = T2  +  T3  

 
 

B. Factor  -  B 

(G. hi rsutu m hybr i ds)  

: V1  = RCH-2 (BG- II)  

V2  = Vi kr am-5  ( BG- II)  

V3  = G.Co t.Hy-12  
 

3 .3  Fi el d o pe r at i o ns   

3 .3 .1  P r e par at i o n o f l and  

 The  f i e l d was  pl o u g he d wi t h  t r ac t o r  dr a wn  pl o ug h  

an d was  br o ug ht  t o  f i ne  t i l t h by  f o l l o wi ng  s uc c e s s i ve  

har r o wi ng .  The  r e s i due  o f  pr e vi o us  c r o p was  c o l l e c t e d an d  

de s t r o ye d as  we l l  as  f i e l d was  l e ve l e d wi t h t r ac t o r  dr a wn  

pl a n ke r .  The  f i e l d was  l ai d  o ut  as  pe r  pl an  o f  l a yo ut .  
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Tabl e  3.2 : Sc he dul e o f c ul tur al  o per ati ons  

S r. 

No.  
Fie ld ope ra t ions  

2011 -12  2012 -13  

Fre q.  Date  Fre q.  Date  

A.  Pre para tory t i llage   

1 P lough ing with t ractor  1 10-5-11  1 08-5-12  

 App lica t ion o f F YM  1 20-5-11  1 15-5-12  

2 Harrowing and pank ing  1 22-5-11  1 21-5-12  

3 

F ie ld  layout and  
prepara t ion o f p lots,  

bunds and  ir r iga t ion 
channe ls  

1 23-6-11  1 27-6-12  

B. Sowing and post -sowing ope ra t ions  

1 Sowing (Dibb ling)  1 06-07-11  1 07-07-12  

2 Gap fi l l ing  1 15-07-11  1 14-07-12  

3 Thinn ing  1 23-07-11  1 25-07-12  

C.  Weeding  

1 F irs t Weed ing  1 19-07-11  1 17-07-12  

2 Second Weed ing  1 14-08-11  1 12-08-12  

3 Third  Weed ing  1 13-10-11  1 03-10-12  

D. Inte rcultura l  ope ra t ion  

1 F irs t Hoe ing  1 16-07-11  1 15-07-12  

2 Second Hoe ing  1 12-08-11  1 17-08-12  

3 Third  Hoe ing  1 01-09-11  1 05-09-12  

E.  Fe rti l ize r applicat ion  

1 30-07-11  1 01-08-12  

1 26-08-11  1 29-08-12  

1 24-09-11  1 25-09-12  

F.  Irriga tion 

1 F irs t ir r iga t ion 1 09-10-11  1 14-10-12  

2 Second ir r iga t ion 1 05-11-11  1 14-11-12  

G.  Spraying sche dule  

1 
Imidac lop r id 200 S L @ 

0.70% 
1 16-08-11  1 22-08-12  

2 F ip ronil 5 % SC  1 27-09-11  1 20-09-12  

3 
Quino lphos 25% EC  @ 
0.05% 

1 15-10-11  1 23-10-12  

4 Acepha te 75 % SP  1 04-11-11  1 09-11-12  

H.  Harvesting  

1 P ick ings  o f seed  co tton  

1 24-11-11  1 25-11-12  

1 09-12-11  1 10-12-12  

1 24-12-11  1 25-12-12  

2 Remova l o f  co tton s ta lk s  1 03-03-12  1 25-02-13  

 

3 .3 .2  Cul t ur al  pr ac t i c es  

 The  c al e n d ar  o f  c ul t ur al  o pe r at i o ns  c ar r i e d o ut  f o r 

t he  c ul t i vat i o n o f  t he  e xpe r i me nt al  c r o p i s  pr e s e nt e d i n Tabl e  

3 .2 .  The  de t ai l s  o f  t he  o pe r at i o ns  ar e  as  u nde r .  
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3 .3 .3  La yo ut   

  The  e xpe r i me nt  was  l ai d o ut  i n  r a ndo mi ze d bl o c k  

de s i gn  ( f ac t o r i al )  wi t h t hr e e  r e pl i c at i o ns .  The  pl a n o f  l a yo ut  

an d al l o t me nt  o f  t r e at me nt  c o m bi n at i o ns  t o  di f f e r e nt  pl o t s  i s  

de pi c t e d i n fi g ur e - 3  o t he r  e xpe r i me nt al  de t ai l s  ar e  as  

f o l l o ws .  

3 .3 .4  Se e d an d So w i ng   

 In t he  pr e s e nt  i n ve s t i gat i o n ,  G.  Hi r s u t u m c o t t o n 

hy br i ds  RC H- 2  Bt  ( B G- II) ,  Vi kr a m- 5  Bt  ( B G- I I)  an d  

G.Co t . Hy- 1 2  we r e  s t udi e d  f o r  t he i r  r e s po ns e  t o  gr o wt h  

mo di f i e r s .  The  s e e d o f  R C H - 2  Bt  ( BG- II)  was  o bt ai ne d f r o m  

Ras i  Se e ds  ( P vt . )  Lt d . ,  S al e m Di s t r i c t ,  Tami l na d u,  Vi kr a m- 5  

Bt  ( B G- I I)  f r o m Vi kr a m Se e ds  Lt d.  N a vr ag p ur a ,  Ah ma d ab a d,  

Guj ar at  a n d G.  Co t .H y- 1 2  f r o m t he  Mai n Co t t o n Re s e ar c h 

St at i o n,  N . A.U. ,  Sur at .  

 The  r i dge s  we r e  ma de  1 2 0  c m apar t  b y us i n g a  

t r ac t o r  dr a wn r i d ge  ma ke r  a n d di bbl i ng was  do ne  at  4 5  c m 

s pac i n g wi t hi n r o w at  3  t o  4  c m  de pt h wi t h  t wo  s e e ds  pe r  hi l l .   

3 .3 .5  Thi nni ng  a n d g a p fi l l i ng  

 The  s e e dl i n g e me r ge d o ut  c o mpl e t e l y wi t hi n 7  t o  8  

da ys  af t e r  s o wi n g a n d t he  o pt i m um pl a nt  po p ul at i o n was  

mai nt ai ne d b y ga p f i l l i n g a nd  s u bs e que nt l y  b y t hi n ni n g  

ke e pi n g o ne  pl ant  pe r  hi l l  at  1 0  t o  1 5  D AS .  

3 .3 .6  F e r ti l i ze r  ap pl i c ati o n  

 The  e xpe r i me nt al  s o i l  was  f e r t i l i ze d @ 1 0  t o n ne s  

F YM h a
- 1

 uni f o r ml y at  t he  t i me  o f  l a nd pr e p ar at i o n .  The  

c he mi c al  f e r t i l i ze r s we r e  ap pl i e d NP K @ 2 4 0 : 4 0 :0 0  kg ha
- 1

 i n  

t he  f o r m o f  ur e a  at  2 5  t o  3 0  d a ys  i nt e r val  s t ar t i ng  f r o m 2 0  

D AS an d S SP  as  b as al .  
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3 .3 .7  We e di ng  an d i nt e r c ul t ur al  o pe r ati o ns 

  At t e m pt s  we r e  ma de  t o  ke e p e xpe r i me nt al  f i e l d 

we e d f r e e  t hr o u gho ut  t he  c r o p s e as o n.  Thr e e  h an d we e di n g  

an d t wo  i nt e r c ul t ur al  o pe r at i o ns  we r e  do ne  d ur i n g t he  t wo  

ye ar s  o f  e x pe r i me nt at i o ns .  

3 .3 .8  G r ow t h r e g ul at or s  

 P l ant  gr o wt h r e gul at o r s  i .e . ,  Et h yl e ne  r e q ui r e d f o r  

t he  i n ve s t i gat i o n was  o bt ai ne d f r o m mar ke t  whi c h i s  a vai l abl e  

i n t r ade  na me  Et he p ho n ( 3 9 % S L Kr i s hi  R as a y an E xpo r t  P vt .  

Lt d. )  a nd  M al e i c  hy dr azi de  ( 9 8 % G Lo b a Che m) .  Ac c o r di n g  

t o  t he  pe r c e nt age  o f  ac t i ve  i n gr e di e nt  i n t he  c o mme r c i al  

pr o duc t ,  do s e s  we r e  c al c ul at e d a nd  us e d  i n  pr e s e nt  s t u d y.  

3 .3 .9    Ir r i g ati o n 

 Cr o p was  i r r i gat e d t wi c e  af t e r  t he  wi t h dr a wal  o f  

mo ns o o n as  pe r  r e qui r e me nt  d ur i n g t he  t wo  ye ar s  t hr o ug h  

c an al  i r r i gat i o n  wat e r .  

3 .3 .1 0 Pl ant  pr o t e c t i o n me as ur e s  

 Fo r  t he  c o nt r o l  o f  i ns e c t  pe s t  and di s e as e s ,  al l  t he  

ne c e s s ar y pl a nt  pr o t e c t i o n me as ur e s  we r e  t ake n as  a n d whe n  

r e qui r e d.  In ge ne r al ,  t he  f i e l d was  f r e e  f r o m any s e r i o us  pe s t s 

an d di s e as e s .  Var i o us  pl a nt  pr o t e c t i o n me as ur e s  un de r t a ke n  

dur i ng  t he  t wo  ye ar s  al o n g wi t h t he i r  f r e q ue nc i e s  an d d at e s  

ar e  gi ve n i n Ta bl e  3 .2   

3 .3 .1 1   Pi c ki ng 

 P i c ki ng o f  c o t t o n f r o m bo r de r  r o ws  was  do ne  a nd  

ke pt  as i de  Se e d  c o t t o n f r o m f i ve  r a n do ml y  s e l e c t e d pl a nt s  an d  

ne t  pl o t  was  pi c ke d a n d we i g he d s e par at e l y f o r  e ac h 

t r e at me nt .  The  we i g ht  o f  s e e d c o t t o n o f  fi ve  s e l e c t e d pl ant s  

was  a d de d t o  t he  ne t  pl o t  s e e d c o t to n we i g ht .  Thr e e  pi c ki ngs  

we r e  do ne  i n bo t h t he  ye ar s .  To t al  we i ght  o f  t he  t hr e e  
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pi c ki n gs  al o n g wi t h t hat  o f  f i ve  pl a nt s  was  us e d t o  c o mput e  

s e e d c o t t o n yi e l d pe r  he c t ar e  a n d an al ys i s .  

3 .4 .   Sa mpl i ng  t e c hni que  a n d de t ai l s  o f bi o me t ri c 

 o bs e r vat i o ns 

 The  e xpe r i me nt al  pl o t s  we r e  s o wn  at  1 2 0  x 4 5  c m  

s pac i n g c o ns t i t ut i ng  5  r o ws .  The  o ut e r  mo s t  1
s t

 r o w o n  e i t he r  

s i de  as  we l l  as  o ne  pl ant  o n e i t he r  e n d o f  ne t  pl o t  r o ws  was  

ke pt  as  bo r de r  r o w t o  e l i mi n at e  t he  bo r de r  e f f e c t  and  t o  

s e par at e  t he  ne t  pl o t .  I n o r de r  t o  r e c o r d t he  var i o us  bi o me t r i c  

o bs e r vat i o ns ,  f i ve  pl a nt s  we r e  s e l e c te d r an do ml y  f r o m e ac h  

ne t  pl o t  ar e a,  l abe l e d an d o bs e r vat i o ns  we r e  r e c o r de d o n t he m 

at  pe r i o di c  i nt e r val s .  The  de t ai l s  o f  o bs e r vat i o ns  r e c o r de d 

dur i ng 2 0 1 1 - 1 2 and 2 0 1 2 - 1 3  and ar e  gi ve n i n Tabl e  3 .3  and  

me t ho ds  f o l l o we d f o r  r e c or di ng e ac h p ar a me t e r  ar e  de s c r i be d 

be l o w.  

Tabl e 3.3:  Parti cul ars of bi ometric observati ons recorded duri ng 

2011-12 and 2012-13 at di fferent growth stages wi th thei r 

frequency  
S r. No  Part iculars  Fre q Days  afte r sowing  (DAS)  

A Morpho-physi ologi cal  parameters  

1 Leaf a rea index (LAI)  5 45,70,95,120 and  145 DAS  

2 Leaf a rea dura t ion (LAD)  4 45,70,95,120 and  145 DAS  

3 
Crop  growth ra te (C GR)  
(gm-2  day-1)  

4 
45-70,71-95 ,96-120  and  
121-145 DAS  

4 
Rela t ive growth ra te  

(RGR)  (g g-1day-1p lant-1 )  
4 

45-70,71-95 ,96-120 and  

121-145 DAS  

5 
Net ass imila t ion ra te  
(NAR)  (mg cm-2  day-1)  

4 
45-70,71-95 ,96-120 and  
121-145 DAS  

6 Dry matte r accumula t ion  

(g p lant-1)   
5 45,70,95,120 and  145 DAS  

B Growth and Morpho-physi ol ogi cal  characters  

1 P lant  he ight  (cm)  6 
45,70,95,120,145DAS  and at  
harves t  

2 No. o f ma in s tem nodes  6 
45,70,9 5,120,145DAS  and at  

harves t  

3 No. o f monopod ia  p lant- 1  -  At harves t  

4 No. o f sympod ia  p lant-1  -  At harves t  

5 Height  to node ra t io  6 
45,70,95,120,145DAS  and at  

harves t  
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Tables  3.3 Continue… ..  

S r.  No Particulars  Fre q Days  afte r sowing  (DAS)  

C Fruit  production  

1 No. o f squares p lant-1  5 45,70,95,120 and  145 DAS  

2 No. o f f lowers p lant-1  5 45,70,95,120 and  145 DAS  

3 No. o f bo lls  p lant-1  5 45,70,95,120 and  145 DAS  

D Bioche mica l  s tudies   

1 Chlo rophyll content  4 60,90,120 and  150DAS  

2 Reduc ing suga rs   4 60,90,120 and  150DAS  

E Crop phe no log ica l characte rs  

1 Days  to 50% squar ing  1 - - 

2 Days  to 50% flowering  1 - - 

3 Days  to 50% bo ll burs t ing  1 - - 

F Morpho -phe no logica l 

events  

(Based  on Growing degree  
days and He lio the rmal 
units )  

1 
From emergence to 50 % 
squar ing.  

1 
From emergence to 50 % 

flowering.  

1 
From emergence to 50 % 
bo ll bus t ing.  

1 
From emergence to 

ma tur ity.  

G Yie ld and y ie ld contributing characte rs  

1 No. o f p icked bo lls  p lant -1  1 At harves t  

2 Bo ll we ight  (g)  1 At harves t  

3 Seed  cotton yie ld   
(g p lant-1)  

3 
At 140,  155 and 170 days  

4 Seed  cotton yie ld  (kg ha
-1

)  1 At harves t  

4 Biomass  (g)  1 At harves t  

5 Par t it ion ing e ffic iency(HI)  1 At harves t  

H Economic  characte rs   

1 Ginn ing pe rcentage  1 After  harvest  

2 Seed  index (g)  1 After  harvest  

3 Lint  index (g)  1 After  harvest  

4 O il content  (%)  1 After  harvest  

I  Fibre  qua lity paramete rs   

1 2.5% span length (mm)  1 After  harvest  

2 F ib re  fineness  
(10- 6 g inch-1 )  

1 
After  harvest   

3 Unifo rmity ra t io (%)   After  harvest  

4 Matur ity ra t io  1 After  harvest  

5 F ib re  s trength (g tex-1)  1 After  harvest  

6 F ib re  e longa tion (%)  1 After  harvest  

7 S ho rt  fib re index (mm)  1 After  harvest  

J Economics  o f the  trea tme nts   

1.  Gross re turn Rs .ha-1  1 After  harvest  

2.  Net return Rs.ha - 1  1 After  harvest  

3.  Benef it  cos t ra t io  (BC R)  1 After  harvest  

 

41 



 

3 .4 .1    Mo r pho - p hys i o l o gi c al  par ame t e r s   

3 .4 .1 .1   Le a f ar e a i nde x  ( L AI)   

 It  i s  t he  r at i o o f l e af  ar e a pe r  pl ant  t o  t he  l and ar e a  

e xpr e s s e d i n t he  s a me  u ni t .  The  l e af  ar e a i n de x f o r  e ac h  

t r e at me nt  was  wo r ke d  o ut  b y us i n g  t he  f o l l o wi n g f o r m ul a  as  

pr o po s e d by  W at s o n ( 1 9 5 2 ) .  

L AI  =  
Le af  ar e a  

Gr o un d ar e a  

3 .4 .1 .2   Le a f ar e a dur at i o n ( L AD)  

 Le af  ar e a d ur at i o n o r  t he  pe r s i s t e nc e  of  t he 

as s i mi l at o r y s ur f ac e  was  de t e r mi ne d by t he  f o l l o wi ng f o r mul a  

( P o we r  e t  al .  1 9 6 7 )  a nd  e x pr e s s e d as  d ays .  

LAD  =  
L1  + L2  

X  (t2-t1)  
2 

Where ,  

          L1  and L2  are le af are a i ndices of t ime  t 1  and t2 ,  

respect i vel y  

3 .4 .1 .3   Cr o p g r o w t h r at e  ( CG R)  

 Cr o p gr o wt h r at e  i s  t he  r at e  o f dr y mat t e r  

pr o duc t i o n pe r  u ni t  gr o u nd ar e a pe r  u n i t  t i me  ( Wat s o n,  1 9 5 2 ) . 

It  was  c al c ul at e d b y us i n g t he  f o l l o wi ng f o r m ul a an d  

e xpr e s s e d as  g m
- 2

 d ay
- 1

.  

CGR = 
W2  -  W1  

X 
1 

t2  -  t1  P 

 

Where ,  

W1  

W2  

t2-t1  

P 

- 

- 

- 

- 

Dr y wei ght  of t he  pl ant  ( g)  at  ti me  t 1  

Dr y wei ght  of t he  pl ant  ( g)  at  ti me  t 2  

Ti me  i nter val  i n days  

Unit  l and are a  
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3 .4 .1 .4  Re l ati ve  g r o wt h r at e  ( RG R)  

 Bl ac k m an ( 1 9 1 9 )  po i nt e d o ut  t hat  an i nc r e as e  i n 

dr y m at t e r  o f  pl a nt  i s  a pr o c e s s  o f  c o nt i nuo us  c o mpo un d  

i nt e r e s t  whe r e i n t he  i nc r e me nt  i n an y i nt e r val  a dds  t o  t he  

“C a pi t al ” f o r  s ubs e q ue nt  gr o wt h.  Thi s  r at e  o f  i nc r e me nt  i s 

c al l e d as  r e l at i ve  gr o wt h r at e  ( RG R) ,  whi c h was  wo r ke d o ut  

as  pe r  f o r mul a gi ve n b y Fi s he r  ( 1 9 2 1)  and e x pr e s s e d i n g g
– 1

 

da y
– 1

 pl a nt
- 1

 

RGR = 
log e W2  – lo g e W1  

t2  - t1  

Where ,    

W1  and W2  -  The  i niti al  and fi nal  pl ant  dr y wei ght  ( g)  

t1  and t2  -  The i niti al and fi nal day of o bser vat io n 

i.e . Ti me  i nter val s i n days  

Lo ge  -  Nat ur al  lo gari t hm to  t he  base  e  

(e =  2.3026)  

3 .4 .1 .5   Ne t  as s i mi l ati o n r at e  ( N AR)  

 Ne t  as s i mi l at i o n r at e  i s  t he  r at e  o f  dr y we i g ht  

i nc r e as e d pe r  u ni t  l e af  ar e a pe r  uni t  t i me .  It  was  c al c ul at e d  

by f o l l o wi ng t he  f o r mul a o f  Ra df o r d ( 1 9 6 7 ) and e x pr e s s e d as  

mg c m
- 2

 d a y
- 1

.  

NAR  = 
W2  -  W1  

X 
log e A2  -  lo ge  A1  

t2  -  t1  ( A2-  A1)  

 

  

 

 

 

 

 

Where ,  

       A1  and W1  - Le af are a (c m²) and tot al dr y wei ght  

of pl ant  ( g)  res pecti ve  at  ti me  t1  

       A2  and W2  - Le af are a (c m²) and tot al dr y wei ght  

of pl ant  ( g)  res pecti ve  at  ti me  t 2  

t2-t1  - Ti me  i nter val  i n days  

Lo ge  - Nat ur al  lo gari t hm to  t he  base  e  

(e =  2.3026)  
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3.4.1 .6   Dr y mat ter acc umul ati o n (g/ pl ant)  

 Ra n do ml y  s e l e c t e d pl a nt  f r o m e ac h pl o t  was  us e d  

f o r  t hi s  s t udy.  Af t e r  r e mo vi n g t he  r o o t s ,  pl ant s  we r e  ai r  dr i e d  

i n s u n f i r s t  a nd  l at e r  o n dr i e d i n ho t  ai r  o ve n at  6 5 + 2
0
C u nt i l  

c o ns t ant  we i g ht  was  o bt ai ne d.  

3 .4 .2  Bi o me t ri c  o bs e r vat i o ns  

3 .4 .2 .1   Pl ant  he i g ht  ( c m)  

 The  pe r i o di c al  pl a nt  he i ght  o f  t a gge d pl a nt s  we r e  

me as ur e d  i n  c m f r o m  t he  b as e  o f  t he  pl a nt  ( gr o un d  l e ve l )  t o  

t he  t i p o f  mai n s ho o t  an d t he  a ve r age  val ue s  we r e  r e c or de d at  

4 5 ,  7 0 ,  9 5 ,  1 2 0 ,  1 4 5  DAS an d  at  h ar ve s t .  

3 .4 .2 .2  Nu mbe r s  o f  no de s  o n m ai n s t e m  

 The  n u mbe r  o f  no de s  o n mai n s t e m was  c o unt e d  

f r o m f i ve  s a mpl e  pl a nt s  a nd a ve r age  val ue s  we r e  r e c o r de d f o r 

e ac h t r e at me nt .  

3 .4 .2 .3   Nu mbe r  o f  mo no po di a pe r  pl ant  

 The  t o t al  nu mbe r  o f  mo no po di al  ( ve ge t at i ve )  

br a nc he s  o f  f i ve  o bs e r vat i o n al  pl a nt s  f r o m e ac h  ne t  pl o t  w as  

c o unt e d at  har ve s t  a n d me an  was  wo r ke d o ut .  

3 .4 .2 .4   Nu mbe r  o f  s y mpo di a pe r  pl a nt   

 The  t o t al  n u mbe r s  o f  s ym po di al  ( f r ui t i n g)  br a nc he s  

we r e  r e c o r de d f r o m t he f i ve  s e l e ct e d pl ant s  at  h ar ve s t  an d  

a ve r age  nu mbe r s  o f  s ympo di al  br a nc he s  pe r  pl a nt  we r e  

wo r ke d o ut  by  di vi di ng  t he  t o t al  n um be r  b y f i ve .  

3 .4 .2 .5   He i g ht  t o  no de  r at i o   

 The  he i ght  t o  no de  r at i o  f o r  e ac h t r e at me nt  was  

wo r ke d o ut  by  us i n g t he  f o l l o wi ng  f o r mul a.  

Hei ght  to  no de r atio  = 
Plant  hei ght  

Numbers  of no des  o n mai n ste m  
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3 .4 .2 .6   Le a f ar e a pe r  pl ant  ( dm
2
)  

 Le af  ar e a was  me as ur e d b y us i n g l e af  ar e a  me t e r  

( LI- C O R U S A, Mo de l  L I-  3 0 0 0 )  a nd  e x pr e s s e d i n dm
2
 pl a nt -

1
.  

3 .4 .3    F r ui t  pr o duc ti o n  

3 .4 .3 .1   Nu mbe r  o f  s q uar e s  pe r  pl ant  

 The  n um be r  o f  s qu ar e s  o f  pr e vi o us l y t a g ge d f i ve  

pl a nt s  f r o m e ac h p l o t  was  c o unt e d a n d t he  a ve r a ge  s q u ar e  

nu m be r  o f  pl a nt
- 1  

was  r e c o r de d s e p ar at e l y f r o m e ac h pl o t .  

3 .4 .3 .2   Nu mbe r  o f  fl o we r s  pe r  pl ant  

 The  n um be r  o f  f l o we r s  o f  pr e vi o us l y t a g ge d f i ve  

pl a nt s  f r o m e ac h pl o t  was  c o unt e d  a n d t he  a ve r age  nu m be r  

f l o we r  o f  pl ant
- 1  

was  r e c o r de d s e par at e l y f r o m e ac h pl o t .  

3 .4 .3 .3  Nu mbe r  o f  g r e e n bo l l s  pe r  pl ant  

 The  n um be r  o f  gr e e n bo l l s o f pr e vi o us l y t ag ge d  

f i ve  pl ant s  f r o m e ac h  pl o t  was  c o unt e d  an d t he  a ve r age  

nu m be r  o f  gr e e n bo l l s  pl a nt
- 1  

was  r e c o r de d s e par at e l y f r o m  

e ac h pl o t .  

3 .4 .4   Bi o c he mi c al  st udi e s  

3 .4 .4 .1   Es t i mat i o n o f c hl o r o phyl l  c o nt e nt  o f l e af  

 Fo r  u ni f o r mi t y i n s am pl i n g,  3
r d

 l e af  f r o m t he  t o p o f  

t he  pl a nt  was  ut i l i ze d f o r  c hl o r o ph yl l  e s t i mat i o n.  E xt r ac t i o n  

was  do ne  i n D MS O ( Di me t h yl  s ul pho xi de )  ac c o r di ng  t o  

Hi s c o x a n d Is r ae l s t am ( 1 9 7 9 ) .   

 Le af  s a m pl e  we i g hi n g 5 0  m g was  p ut  i nt o  1 0  ml  o f  

t he  e xt r ac t a nt  a nd was  he l d f o r  2  hr s  at  6 0  
0
C. The  

s upe r n at a nt  was  us e d  f o r  e s t i mat i o n o f  c hl o r o ph yl l .  

Abs o r b anc e  was  r e c o r de d at  6 5 2 nm o n ‘s pe c t r o pho t o me t e r ’.  

The  amo u nt  o f  c hl o r o ph yl l  c o nt e nt  was  c al c ul at e d by us i n g  

f o r mul a.   
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Chloro phyll  ( mg g
- 1

)  =  
(O.D.  at  652 nm)  x 1000  

X  
V  

34.5  1000 x W  

 

Where ,  

 V - Fi nal  vol ume  of DMSO  

 W - Fres h wei ght  of  s ample ( g)  

 O.D - Optic al  de nsit y  

3 .4 .4 .2   Es t i mat i o n o f r e d uc i ng  s ug ar s  ( μ / g  g  fr e s h w t )  

 The  r e duci ng s ugar  was  e s ti mat e d usi ng t he  l e af  as 

me t ho d des cr i be d by Ne l so n - Somo gyi ’s  met ho d ( Nel so n,  19 44 )  

Re ag e nt s :  

A.  Al k al i ne  c o ppe r  r e ag e nt  

So l uti o n A:  

 2 5  g An hy dr o us  s o di um  c ar bo n at e ,  2 5  g So di um  

po t as s i um  t ar t ar at e ,  2 0  g o f  So d i u m bi c ar bo n at e  a nd  2 0  g  o f  

So di u m s ul p h at e  was  di s s o l ve d i n abo ut  8 0 0  ml  o f  di s t i l l e d 

wat e r  an d di l ut e d  t o  1  l i t r e .  

So l uti o n B :   

 1 5  g of  co ppe r  s ul ph at e  was  di s s o l ve d i n di s t i l l e d 

wat e r  t o  t hi s ,  o ne  o r  t wo  dr o ps  o f  c o nc e nt r at e d s ul ph ur i c  ac i d  

was  a dde d an d ma de  up t o  1 0 0  ml  wi t h di s t i l l e d wat e r .  

So l ut i o ns  A an d B we r e  mi xe d i n 2 4 : 1  ( v/ v)  pr o po r t i o n j us t  

be f o r e  us e .  

B .  Ar s e no mo l ybd at e  r e ag e nt    

 2 5  g o f  ammo ni u m mo l y b d at e  was  di s s o l ve d i n 4 5 0  

ml  o f  di s t i l le d wat e r ,  t o  t hi s  21  ml  o f c o nc e nt r at e d s ul ph ur i c  

ac i d was  a d de d  a n d mi xe d  we l l .  I n a no t he r  ve s s e l  3  g  o f  

s o di um o r t ho ar s e n at e  was  di s s o l ve d i n 2 5  ml  wat e r .  Bo t h t he  

s o l ut i o ns  we r e  mi xe d wi t h s t i r r i ng an d pl ac e d i n an  i nc u b at o r  

at  3 7 º C f o r  2 4 - 4 8  hr s .  The  r e a ge nt  was  s t o r e d i n br o wn bo t t l e .  
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C. St o c k s t a nd ar d  s o l uti o n  

  1 0 0  mg o f  D- gl uc o s e  was  di s s o l ve d i n di s t i l l e d 

wat e r  i n  a 1 0 0  ml  vo l u me t r i c  f l as k.  Thi s  s o l ut i o n c o nt ai ns  

1 mg o f  gl uc o s e  pe r  ml .  

D.  Wo r ki ng  s t an dar d s o l uti o n  

 1 0  ml  of  st o c k s t andar d s o l ut i o n was  di l ut e d t o  1 00 

ml  wi t h di s t i l l e d wat e r  i n vo l ume t r i c  f l as k.  Thi s  s o l ut i o n  

c o nt ai ns  1 0 0  μ  g o f  gl uc o s e  pe r  ml .  

P r o ce dur e :  

  Al i q uo t  o f  wo r ki n g s t an d ar d ( 1 0 - 1 0 0  μg)  was  

pi pe t t e  o ut  i n a s e r i e s  o f  l abe l l e d t e s t  t ube s  an d m a de  u p t o  1  

ml  wi t h di s t i l l e d wat e r  al o ng wi t h r e age nt  bl an k wi t h 1  ml  

di s t i l l e d wat e r .  

  1  ml  f r e s hl y pr e p ar e d al k al i ne  c o p pe r  r e a ge nt  was  

ad de d t o  al l  t he  t ube s  i nc l udi n g r e age nt  bl a nk an d t he  t u be s  

pl ac e d i n bo i l i n g wat e r  b at h f o r  e xac t l y 2 0  mi n,  af t e r  t hi s  t he  

t ube s  we r e  ke pt  i n i c e  f o r  c o o l i ng wi t ho ut  s h aki n g an d  a d de d  

wi t h 1  ml  o f  ar s e no mo l y b d at e  r e age nt  f o l l o we d by t ho r o ug h  

mi xi n g t i l l  e f f e r ve s c e nc e  di e .  

  Ma de  up  t he  vo l u me  t o  2 0  ml  wi t h di s t i l l e d wat e r  

an d r e a d t he  % t ho r o ug h o f  s t an dar d a nd t he  s am pl e  ag ai ns t  

r e age nt  bl an k at  5 1 0  n m.  

  Re d uc i ng s ug ar  c o nt e nt  was  c al c ul at e d b y  us i n g  

gl uc o s e  s t an d ar d c ur ve  a nd  e x pr e s s e d i n μ / g  g f r e s h wt .  
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3 .4 .5   Cr o p phe no l ogi c al  c har ac t e r s  

3 .4 .5 .1  Da ys  t o  5 0  pe r  c e nt  s q u ar i ng   

 To t al  nu m be r  o f  days  f r o m t he  dat e  o f s o wi ng t o  

t he  d at e  o n 5 0  pe r  c e nt  s q u ar i n g i n  a  pl o t  was  r e c o r de d.  

3 .4 .5 .2   Da ys  t o  5 0  pe r  c e nt  fl o we ri ng   

 The  d ays  r e q ui r e d f o r  f l o we r i ng o f  5 0 % pl a nt s  i n  

t he  t wo  r o ws  i n e ac h pl o t  was  c o ns i de r e d as  d ays  t o  5 0 % 

f l o we r i ng  o f  t he  pl o t .  Two  r o ws  we r e  s e l e c t e d f r o m e ac h pl o t  

an d al l  t he  pl ant s  we r e  mo ni t o r e d d ai l y  a n d t he  d a y o n  whi c h  

hal f  o f  t o t al  pl ant s  s ho we d f i r s t  f l o we r  was  c o ns i de r e d as  

da ys  t o  5 0  % f l o we r i n g.   

3 .4 .5 .3   Da ys  t o  5 0  pe r  c e nt  bo l l  bur s t i ng  

 The  da ys  r e q ui r e d f o r  bo l l  o pe ni n g o f  5 0 % pl a nt s  

o f  t he  t wo  r o ws  i n  e ac h pl o t  was  c o ns i de r e d as  d ays  t o  5 0 %  

bo l l  b ur s t i ng  o f  t he  pl o t .  Two  r o ws  we r e  s e l e c t e d f r o m e ac h  

pl o t  an d d a ys  r e qui r e d f o r  f i r s t  bo l l  bur s t i ng i n 5 0 % pl a nt s  o f  

t he  r o ws  we r e  mo ni t o r e d b y dai l y o bs e r vat i o n.   

3 .4 .4  Mo r pho - p he no l o gi c al  e ve nt s   

 Fi ve  pl a nt s  pe r  ne t  pl o t  f r e e  o f  me c ha ni c al  o r  

t e r mi nal  d am age  w i t h  o b vi o us  de f e c t s  and  wi t h pl a nt s  o n  

e i t he r  s i de  wi t hi n t he  r o w we r e  i n di vi du al l y s e l e c t e d f o r 

r e c o r di ng d at a dur i ng t he  s e as o n .  The  f o l l o wi n g Mo r p ho -

phe no l o gi c al  e ve nt s  we r e  r e c o r de d a n d e x pr e s s e d bas e d o n  

de gr e e  d a ys  a n d he l i o t he r mal  uni t s .   

Mo r pho - p he no l o gi c al  e ve nt s   

1 ) Da ys  f r o m e me r ge nc e  t o  s qu ar i n g  

2 ) Da ys  f r o m e me r ge nc e  t o  5 0  % f l o we r i ng   

3 ) Da ys  f r o m e me r ge nc e  t o  5 0  % bo l l  bur s t i n g  

4)  Da ys  f r o m e me r ge nc e  t o  mat ur i t y  
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3.4.4 .1   Growi ng degree days  (GDD) were cal c ul ate d by 

 for mul a de vel ope d by Jo nes  and Wel l s  (1998)  

GDD (
0
C day)  =     b

b

a

TTT  2/minmax

 

Where ,   

Tm a x  - Dail y maxi mum te mper at ure (
0
C)  

Tm in  - Dail y mi ni mum t emper at ure (
0
C)  

Tb  - Base  te mper at ure  as  15.5  
0
C for c otto n 

crop ( Si ngh et  al . ,  2007)  

a - St art i ng date  of  phe no phase  

b - Endi ng date  of t hat phe no phase  

3 .4 .4 .2   He l i o t he r mal  uni t s  ( HTU)   

 He l i o t he r mal  u ni t  ma ke  us e  o f  ac t u al  n u mbe r  o f  

br i g ht  s uns hi ne  ho ur s  i ns t e ad o f  da y l e n gt h us e d i n  

c al c ul at i n g p ho t o  t he r mal  u ni t s .   

 Dai l y s u ns hi ne  ho ur ’s  d at a d ur i n g c r o p gr o wt h  

pe r i o d we r e  o bt ai ne d f r o m t he  me t r o l o gi c al  o bs e r vat o r y.  

Me an s uns hi ne  ho ur s  pe r  d ay be t we e n t wo  s t a ge s  o f  c ro p 

gr o wt h we r e  c al c ul at e d by f o r m ul a de s c r i be d b y Khi c h ar  an d  

Ni was ,  2 0 0 7 .  

HTU (
0
C day ho ur)  =    

b

a

BSHdayC0

 

Where ,   

BS H - Bri ght  s uns hi ne  ho urs  

    0
C    - day’s  ho ur  

a - St art i ng date  of  phe no phase  

b - Endi ng date  of t hat phe no phase  
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3 .4 .7   Yi e l d an d yi el d c o nt ri but i ng  c har ac t e r s  

 Fo r  t he  e nt i r e  yi e l d at t r i but e s  s t u di e d  d ur i n g t he  

c o ur s e  o f  i n ve s t i gat i o n,  pr e vi o us l y s e l e c t e d f i ve  t a g ge d  pl ant s  

f r o m e ac h ne t  pl o t  we r e  us e d.  The  o bs e r vat i o ns  we r e  r e co r de d 

f r o m t he s e  pl ant s  an d me an val ue  was  wo r ke d o ut  an d  

r e c o r de d f o r  e ac h pl o t .  

3 .4 .7 .1   Nu mbe r  o f  pi c ke d bo l l s  pe r  pl ant   

 Nu mbe r  o f  pi c ke d bo l l s  pe r  pl a nt  was  c o unt e d at  

e ac h pi c ki n g a nd  r e c o r de d .  The  t o t al  n um be r  o f  pi c ke d bo l l s  

pe r  pl ant  d ur i n g c r o p d ur at i o n was  wo r ke d o ut  b y a ddi t i o n  o f  

t he  t o t al  num be r  o f  bo l ls  pi c ke d pe r  pl ant  at  e ac h pi c ki n g  

s uc c e s s i ve l y.   

3 .4 .7 .2  B ol l  wei g ht  ( g )  

 The  s e e d c o t t o n we i ght  o f  f i ve  s e l e c t e d pl ant s  i n 

e ac h pl o t  was  r e c o r de d.  Fi n al l y t he  a ve r age  bo l l  we i g ht  was  

wo r ke d o ut  b y di vi di n g t he  t o t al  we i g ht  o f  s e e d co t t o n wi t h  

nu m be r  o f  pi c ke d  bo l l s .   

3 .4 .7 .3  Se e d c o t t o n yi e l d ( g )  pe r  pl ant  

 The  we i g ht  o f  s e e d c o t t o n pi c ke d  o ut  f r o m f i ve  

pl a nt s  was  we i ghe d s e p ar at e l y  an d a ve r age  s e e d  c o t t o n yi e l d  

pe r  pl a nt  was  wo r ke d o ut  b y di vi di n g t he  t o t al  we i g ht  o f  s e e d 

c o t t o n wi t h nu mbe r  o f  pl a nt s .  

3 .4 .7 .4   Se e d c o t t o n yi e l d ( kg / ha)  

 Se e d c o t t o n f r o m e ac h ne t  pl o t  was  pi c ke d a nd  

we i ght e d s e p ar at e l y  as  pe r  t r e at me nt s  at  e ac h pi c ki ng .  T he  

t o t al  yi e l d pe r  ne t  pl o t  ( kg)  was  wo r ke d o ut  by a d di n g  

t o ge t he r  t he  q ua nt i t i e s  o f  s e e d c o tt o n o bt ai ne d f r o m al l  

pi c ki n gs  i nc l us i ve  o f  t he  yi e l d o f  f i ve  t ag ge d  pl ant s  f r o m  

e ac h c o r r e s po ndi n g t r e at me nt s .  The  ne t  pl o t  yi e l d ( k g)  was  

t he n c o n ve r t e d i nt o  s e e d c o t t o n yi e l d kg  h a
- 1

 bas i s .    
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3 .4 .7 .5   Bi o mas s  ( g / pl ant )  

 Fi ve  s e l e c t e d pl a nt s  us e d f o r  r e c o r di ng yi e l d pe r  

pl a nt  we r e  p ul l e d o ut  f r o m e ac h pl o t  af t e r  c o mpl e t i o n o f  

pi c ki n g a nd  dr i e d  u p t i l l  c o ns t a nt  we i g ht  a n d a ve r age d.  

3 .4 .7 .6   P ar t i ti o ni ng  e ffi c i e nc y ( %)  

 The  p ar t i t i o ni n g e f f i c i e nc y r e f er s  to  t he  e ff i c ie nc y 

o f  t r ans l o c at i o n o f  dr y m at t e r  i nt o  e c o no mi c  par t s .  It  i s  

de f i ne d as  t he  pe r c e nt age  o f  e c o no mi c  yi e l d t o  bi o lo gi c al  

yi e l d ( J ai n,  1 9 7 2 ) .    

P ar t i t i o ni ng e f f i c i e nc y  =  
Ec o no mi c  yi e l d  

X  1 0 0 
Bi o l o gi c al  yi e l d  

3 .4 .7 .7  Sy nc hr o n y s t udi e s  

 The  we i g ht  o f  s e e d c o t t o n pi c ke d o ut  f r o m f i ve  

pl a nt s  was  we i ghe d s e p ar at e l y  at  1 4 0 ,  1 5 5  an d 1 7 0  D AS s e e d  

c o t t o n yi e l d pe r  pl a nt  was  wo r ke d o ut  t o  k no w t he  e ar l i ne s s  

i n bo l l s  bur s t i n g.  

3 .4 .8   Ec o no mi c al  c har ac t e r   

3 .4 .8 .1   Gi nni ng  pe r c e nt ag e  

 La bo r at o r y mo de l  gi n was  us e d f o r  gi n ni n g t he  

s e e d c o t t o n s ampl e s  f o r  e s t i mat i o n o f  gi nni ng  pe r c e nt a ge .  

The n hu n dr e d gr a m s e e d c o t t o n f r o m bul k pr o d uc e  o f  e ac h  

pl o t  was  gi n ne d.  The  l i nt  was  we i ghe d an d  gi nni n g pe r c e nt age  

c al c ul at e d  b y us i n g t he  f o l l o wi ng  f o r mul a .  

   Gi n ni n g ( %)  =  
We i ght  o f  l i nt  ( g)  

X  1 0 0 
We i ght  o f  s e e d c o t t o n  

3 .4 .8 .2   Se e d i nde x ( g )  

 Fr o m t he  s e e d c o t t o n s am pl e s  t ake n t o  de t e r mi ne  

gi n ni n g pe r c e nt a ge ,  1 0 0  s e e ds  f r o m e ac h i ndi vi d u al  s a mpl e  

we r e  pi c ke d u p r a ndo m l y an d we i g ht e d i n gr am a n d e x pr e s s e d 

as  s e e d i n de x .  
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3 .4 .8 .3   Li nt  i nde x ( g )  

 The  l i nt  i nde x r e pr e s e nt s  t he  a bs o l ut e  we i g ht  o f  

l i nt  pr o d uc e d  b y 1 0 0  s e e d i n gr a ms .  It  was  c o mp ut e d us i n g  

t he  f o r mul a  o f  H ut c hi s o n a nd  R ami a h ( 1 9 3 8 ) .   

Li nt  i nde x ( g)  = 
See d i nde x ( g)  X Gi nni ng perce nt age  

100 - Gi nni ng perce nt age  

3 .4 .8 .4   Oi l  c o nt e nt  ( %)   

 Oi l  c o nt e nt  was  de t e r mi ne d by Ne ar  I nf r ar e d  

Re f l e c t anc e  ( NI R- Mo de l  No .  I ns t a La b -  6 0 0  Di c ke y J o h n  

Co r p)  a n d e xpr e s s e d i n  pe r c e nt a ge .   

3 .4 .9  Fi br e  qu al i t y par ame t e r s  

 The  Fi br e  q ual i t y was  e val u at e d i n t he  Ce nt r al  

Ins t i t ut e  f o r  Re s e ar c h o n  Co t t o n  Te c h no l o gy  ( C I RC O T)  

r e gi o nal  s t at i o n,  S ur at  us i n g f ul l y a ut o m at i c  H VI mac hi ne  

( P r e mi e r E vo l vi c s  P vt .  Lt d.  Co i mb at o r e )  at  R.H .  6 5  ± 2  and  

Te mp .  2 7 .2
0
C i n IC E mo de .   

3 .4 .9 .1   2 .5  pe r  c e nt  S p an l e ng t h ( m m)  

 It  c a n be  de f i ne d as  t he  di s t a nc e  s p an ne d b y a  

s pe c i f i e d pe r c e nt age  o f  f i br e s  i n t he  s pe c i me n be i ng  t e s t e d 

whe n t he  f i br e s  ar e  par al l e l i ze d a n d r an do ml y di s t r i but e d.  

The  mo s t  c o mmo nl y us e d me as ur e  i n I n di a i s  2 .5 % s pa n  

l e ngt h .   

3 .4 .9 .2   Fi br e  fi ne ne s s  ( mv)   

 The  mi c r o nai r e  val ue  i n di c at e s  t he  e xt e nt  o f  

r e s i s t anc e  o f ai r  f l o w f i br e  pl u gs .  It  i s  e xpr e s s e d as  

mi c r o gr ams  i nc h
- 1

 ( 1 0
- 6

 g i nc h
- 1

) .  The  hi g he r  val ue  o f  

mi c r o nai r e  ( abo ve  4 .5  m v)  i ndi c at e s  c o ar s e ne s s  o f  f i br e whi l e  

l o we r  val ue  ( be l o w 4 .5  m v)  i n di c at e s  f i ne r  f i br e s .   
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3 .4 .9 .3   Uni fo r mi t y r at i o  ( %)  

 It  i s  o bt ai ne d f r o m t he  hi gh vo l ume  i ns t r ume nt  

r e adi n gs .  It  i s  t he  r at i o  o f  5 0  % s p a n l e n gt h  t o  2 .5  % s pa n  

l e ngt h  a n d e x pr e s s e d as  pe r c e nt a ge .   

Unifor mit y r atio  ( %)  = 
50 % s pan le ngt h 

X 100 
2.5 % s pan le ngt h  

3 .4 .9 .4   Mat ur i t y r at i o  

 It  i s  a uni t  o f  e x pr e s s i o n s i gni f yi ng t he  m ul t i pl e  

c har ac t e r  o f  f i br e  mat ur i t y us u al l y  r e pr e s e nt e d by  t he  

pe r c e nt age  o f  mat ur e  a n d i m m at ur e  f i br e s .  

3 .4 .9 .5   Fi br e  s t r e ng t h ( g  t e x
- 1

) 

 The  m axi mu m l o ad whi c h m at e r i al  c an t ake ,  whe n  

s t r e t c he d i n o ne  di r e c t i o n,  be f o r e  i t s  br e aks  i s  t e r me d as  

t e ns i l e  s t r e ngt h.  

3 .4 .9 .6   El o ng at i o n ( %)   

 Co t t o n f i br e  e lo ngat i o n i s  t he  e xt e ns i bi l i t y at  

br e a ki n g l o ad me as ur e d wi t h Hi g h Vo l u me  Ins t r u me nt  ( H V I)  

an d e xpr e s s e d i n  pe r c e nt age .  

3 .4 .9 .7   Sho r t  fi br e  i nde x  

 Thi s  val ue  i s  t he  pe r c e nt age  b y we i g ht  o f  f i br e s  i n  

a s a m pl e  whi c h ar e  s ho r t e r  t ha n 1 2 .7  mm.  

3 .4 .1 0   Ec o no mi c s  s t udi es   

3 .4 .1 0 .1   Co s t  o f c ul t i vat i o n  

 The  i n put  c o s t  was  wo r ke d o ut  by c o ns i de r i n g t he  

amo unt  r e qui r e  f o r  pur c has e  o f  i nput s  l i ke  s e e ds ,  gr o wt h  

r e gul at o r s ,  f e r t i l i ze r s and i ns e c t i c i de s ,  et c .  and a mo u nt  s pe nt  

o n t he  l abo ur  c h ar ge s  f o r  al l  t he  o pe r at i o ns .  

3 .4 .1 0 .2   Gr os s  mo net ar y re t ur ns  

 The  gr o ss  mo net ar y r et ur ns  ( Rs  ha - 1 )  we re  wo r ke d 

o ut  by c o ns i de ri ng t he  s ee d co t to n yi e l d fro m di f fe re nt 

t r e at me nts  and pr e vai l i ng mar k e t  pr i ce s  i n bo t h t he  s e as o ns .  
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3 .4 .1 0 .3   Ne t  mo ne t ar y r et ur ns  

 The  ne t  mo ne t ar y r et ur ns  ( Rs  ha - 1)  we re  wo r ke d o ut 

by s ubt r ac t i ng t he  t ot al  c os t  of  c ul t i vat i o n f ro m t he  gro ss 

r e t ur n o f  t he  co rr es po ndi ng t r e at me nt s . 

3 .4 .1 0 .4 B e ne fi t  cos t  r ati o  

 It  i s  t he  r at io  of  gr os s  mo ne t ar y re t ur ns  t o  t he  co st 

o f c ult i vat i o n,  whi c h c an al so  be e xpre ss e d as re t ur ns per  r upee 

i nve s t e d.  The  be ne f i t  cos t  r at io  was  wo r ke d o ut  by c o ns i de ri ng 

t he  pe r hec t are  val ue s  o f gr os s  mo net ar y re t ur ns and c o st  o f 

c ul t i vat i o n. 

3 .5 . St ati sti c al  anal ysi s  

 St at i s ti c al  anal ys i s  of  t he  dat a o f  var i o us  gr o wt h and  

yi e l d at t r i bute s  st udi e d i n t he  pr e s e nt  i nve s t i gat i o n we r e 

c ar r ie d o ut  t hro ugh t he  s t at is t ic al  anal ys is  of  var i o us 

t ec hni que s  as  de sc ri be d by P ans e  and Su khat me  ( 1 96 7) .  

 The  me t ho d o f  anal ys i s  o f  var i anc e  fo r  r ando mi ze d 

bl o c k de s i gn wi t h f ac to r i al co nce pt  was  use d and t r e at me nt 

e f fec t  o n al l  t he  c har ac t er s  s t udi e d was  f ur t her  co mpar e d by 

e mpl o yi ng ‘F’ t e st  at  f i ve  pe r ce nt  le ve l  o f  s i gni fi c ance  o f  t he 

r es ul t s .  The  c ri t ic al  dif fe re nce  ( CD)  was  c al c ul ate d whe r e  t he 

di f fe re nc es  amo ngs t  t he  t re at me nt s  we re  f o und s i gni fi c ant .  
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IV EXP ER IM EN TAL  RE S UL TS  
 

 

 A f i e l d e xpe r i me nt  was  c o nd uc t e d d ur i n g Kh a r i f  

2 0 1 1- 1 2  and  2 0 1 2 - 1 3  to  s t ud y t he  i nf l ue nc e  o f  mo di f i c at i o n  o f  

mo r pho f r a me  b y Et h yl e ne  a n d M al e i c  hy dr a zi de  o n  

ph ys i o l o gi c al  t r ai t s ,  gr o wt h at t r i but e s ,  c r o p phe no l o gy,  yi e l d,  

yi e l d c o mpo ne nt s ,  f i br e  pr o pe r t i e s and s o me  bi o c he mi c al  

c o ns t i t ue nt  o f  t hr e e  c o t to n hy br i d s  v i z . ,  R CH 2  ( B G- I I) ,  

Vi kr a m 5  ( BG- I I)  a nd G.Co t  H y- 1 2  at  Mai n Co t t o n Re s e ar c h  

St at i o n,  N. A. U. ,  S ur at .  The  o bs e r vat i o ns  o n i m po r t ant  

c har ac t e r s  we r e  r e co r de d,  t ab ul at e d a n d a nal y ze d s t at i s t i c al l y.  

The  r e s ul t  pe r t ai ni n g t o  e ac h c h ar ac t e r  h as  be e n e xpl ai ne d  i n  

t hi s  c ha pt e r  u n de r  di f f e r e nt  he adi n gs .  

4 .1 .  M OR PHO- PH YS I OL OGI CA L CH AR AC T ER S   

4 .1 .1  Le a f ar e a i nde x ( L AI)   

 The  d at a o n l e af  ar e a i n de x ( L AI)  as  i nf l ue nc e d by  

di f f e r e nt  t r e at me nt s  and var i e t i e s  at  var i o us  s t a ge s  o f  c ro p 

gr o wt h ar e  pr e s e nt e d i n Ta bl e  4 .1  an d gr ap hi c al l y de pi c t e d  i n  

Fi g ur e  4 .1  

 In  ge ne r al ,  l e af  ar e a  i n de x i nc r e as e d wi t h t he  a ge  o f  

t he  c r o p t i l l  1 2 0  days  af t e r  s o wi ng  ( D AS)  an d s h ar pl y  

de c r e as e d t he r e af t e r .  

 Le af  ar e a i n de x was  s i g ni f i c ant l y af f e c t e d by f o l i ar  

ap pl i c at i o n o f  Et h yl e ne  4 5  pp m  at  s q u ar e  i ni t i at i o n  a n d M H  

5 0 0  ppm at  8 5  D AS i n i ndi vi d u al  ye ar s  as  we l l  as  i n po o l e d at  

t he  al l  s t age s  v i z . ,  7 0 ,  9 5 ,  1 2 0 ,  an d  1 4 5  D AS,  b ar r i n g 4 5  D AS .  

The  dat a i ndi c at e d ( Tabl e  4 .1 )  t hat  a p pl i c at i o n o f  Et h yl e ne  

( T2 )  r e s ul t e d i n s i g ni f i c ant l y hi g he r  L AI t h a n u nt r e at e d  

c o nt r o l  at  7 0 ,  9 5  and 1 2 0  D AS.  Appl i c at i o n  o f  MH at  8 5  D AS  

( T3 )  al s o  br o u g ht  a bo ut  s i g ni f i c ant  i nc r e as e  i n L AI  at  1 2 0  an d  

1 4 5  D AS  o ve r  c o nt r o l .  Ap pl i c at i o n o f  Et h yl e ne  +  MH  has  
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Table  4 .1 : Effec t of  Ethy lene  and Male ic hydrazide  (M H) on Leaf  area index  a t differe nt  growth s tages  in co tton 

hybrids   
 45 DAS 70 DAS 95 DAS 120 DAS 145 DAS 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   0.61 0.65 0.63 0.78 0.82 0.80 1.07 1.16 1.11 1.90 1.91 1.91 1.26 1.29 1.27 

T2 - Ethylene  45 ppm 0.63 0.64 0.63 0.91 0.96 0.94 1.30 1.32 1.31 2.14 2.25 2.19 1.35 1.36 1.36 

T3 - MH 500 ppm 0.64 0.65 0.65 0.80 0.81 0.81 1.14 1.20 1.17 2.04 2.10 2.07 1.47 1.59 1.53 

T4 - T2 + T3 0.58 0.64 0.61 0.92 0.94 0.93 1.36 1.39 1.37 2.20 2.36 2.28 1.47 1.57 1.52 

S. Em. ± 0.02 0.02 0.02 0.03 0.04 0.02 0.06 0.04 0.04 0.07 0.08 0.05 0.06 0.07 0.05 

C.D. at 5% NS NS NS 0.08 0.11 0.07 0.18 0.13 0.11 0.22 0.24 0.15 0.17 0.21 0.13 
B. Variety (V) 

V1 - RCH 2 (BG-II) 0.60 0.65 0.63 0.86 0.89 0.87 1.24 1.25 1.25 2.10 2.21 2.16 1.40 1.45 1.43 

V2 - Vikram 5 (BG-II) 0.65 0.69 0.67 0.93 0.96 0.95 1.33 1.39 1.36 2.23 2.26 2.25 1.48 1.59 1.54 

V3 - G. Cot Hy-12 0.59 0.60 0.60 0.77 0.81 0.79 1.07 1.15 1.11 1.87 1.99 1.93 1.27 1.33 1.30 

S. Em. ± 0.02 0.02 0.01 0.02 0.03 0.02 0.05 0.04 0.03 0.06 0.07 0.04 0.05 0.06 0.04 

C.D. at 5% 0.05 0.06 0.04 0.07 0.09 0.06 0.16 0.11 0.10 0.19 0.21 0.13 0.15 0.18 0.11 

C. Interaction 

V x T 

S. Em. ± 0.03 0.04 0.03 0.05 0.06 0.03 0.11 0.08 0.06 0.13 0.14 0.08 0.10 0.12 0.07 
C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Y x T 

S. Em. ±   0.02   0.03   0.05   0.08   0.07 

C.D. at 5%   NS   NS   NS   NS   NS 
C.V.%  9.40 11.0 10.3 9.68 12.5 11.3 15.6 10.6 13.2 10.6 11.3 11.0 12.8 14.6 13.8 
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Fig .  4 .1 :  E ffe c t  o f  E t hy le ne  an d M H o n L AI a t  d if fe re nt  g ro wt h s tage s  in co tt on hy b ri ds  
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s yne r gi s t i c  e f f e c t  o n L AI o ve r  Et hyl e ne  o r  MH a p pl i c at i o n.  

L AI at  9 5  D AS  i n  Et h yl e ne  +  M H  t r e at me nt  ( T4 )  was  1 .3 7  

ag ai ns t  1 .1 7  i n MH al o ne  ( T3 )  o r  1 .3 1  i n Et h yl e ne  ( T2 ) .  The  

c o r r es po ndi ng  val ue s  we r e  2 .2 8 ,  2 .0 7  an d 2 .1 9  at  1 2 0  D AS.  

 The  di f f e r e nc e s  i n L AI a mo n gs t  t he  hy br i ds  we r e  

s i gni f i c ant  i n i n di vi d ual  ye ar s  as  we l l  as  i n  po o l e d at  al l  t he  

s t age s .   Vi kr a m 5  ( B G- I I)  r e c o r de d s i g ni f i c ant l y hi g he r  L AI  

t ha n R C H 2  ( BG- II)  an d G. Co t  Hy- 1 2  at  al l  t he  s t age s  o f  c r o p 

gr o wt h  i .e . ,  4 5 ,  7 0 ,  9 5 ,  1 2 0 ,  a n d 1 4 5  D AS .   O nl y  at  1 2 0  D AS  

i t  was  at  p ar  wi t h R C H 2  ( B G - I I) .  Lo we s t  L AI was  r e c o r de d i n  

G.Co t  H y- 1 2  al l  t hr o ugh .  The  i n t e r ac t i o n o f  hybr i ds  an d  

t r e at me nt s  was  no t  s i gni f i c ant  i mpl yi n g t h at  al l  t he  hy br i ds  

r e s po nde d t o  t r e at me nt s  s i mi l ar l y.  The  i nt e r ac t i o n o f  

t r e at me nt  wi t h ye ar  was  al s o  no t  s i gni f i c a nt  i n di c at i ng  i n  

r e s po ns e  t o  t he  e n vi r o nme nt  t he  e f f e c t  o f  tr e at me nt  r e mai ne d  

t hat  s ame .  Ot he r  i nt e r ac t i o ns  we r e  al s o  no t  s i gni f i c a nt .  

4 .1 .2  Le a f ar e a dur at i o n ( L AD)  

 The  d at a  pe r t ai ni n g t o  l e af  ar e a dur at i o n ( L AD)  as  

i nf l ue nc e d b y di f f e r e nt  gr o wt h mo di f i e r s  an d c o t t o n hybr i ds  

ar e  pr e s e nt e d i n Ta bl e - 4 .2  an d gr a p hi c al l y  de pi c t e d i n  Fi g ur e  

4 .2 .  The  di f f e r e nc e s  due  t o  t re at me nt s  a nd h ybr i ds  we r e  

s i gni f i c ant  i n i n di vi d ual  ye ar s  as  we l l  as  i n po o l e d at  al l  

s t age s  o f  t he  c r o p.  

 In ge ne r al ,  L AD i nc r e as e d wi t h t he  a ge  o f  t he  c r o p 

t i l l  1 4 5  days  af t e r  s o wi ng  ( D AS) .   

 The  d at a i n di c at e d t h at  t he  a ppl i c at i o n o f  Et hyl e ne  

( T2 )  at  s q u ar i n g s t a ge  s i g ni f i c ant l y  i nc r e as e d L AD o ve r  

c o nt r o l  at  4 5 - 7 0  DAS  ( 1 9 .9 )  whi c h was  m ai nt ai ne d t i l l  1 2 1 -

1 4 5  DAS.  Ap pl i c at i o n o f  MH at  8 5  D AS ( T3 )  al s o  s ho we d  

i nc r e as i ng  e f f e c t  o n L AD  at  9 5  t o  1 4 5  D AS o ve r  c o nt r o l .  

Su p pl e me nt al  e f f e c t  o f  MH wi t h Et h yl e ne  ( T4 )  was  o bs e r ve d  
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Table  4 .2 : Effec t of  Ethy lene  and M H on Leaf  area duration (days) at  dif fe rent growth s tages  in cotton hybrids  

 
 45 -70 DAS 71 -95 DAS 96-120 DAS 121 -145 DAS 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   17.2 18.1 17.7 23.1 24.8 23.9 37.1 38.3 37.7 39.5 40.0 39.7 

T2 - Ethylene  45 ppm 19.4 20.4 19.9 27.5 28.5 28.0 43.0 44.5 43.8 43.6 45.1 44.4 

T3 - MH 500 ppm 17.5 18.0 17.7 24.2 25.2 24.7 39.8 41.3 40.5 43.9 46.1 45.0 

T4 - T2 + T3 19.8 20.1 19.9 28.5 29.1 28.8 44.5 46.9 45.7 45.8 49.1 47.5 

S. Em. ± 0.60 0.65 0.43 0.79 0.72 0.52 1.58 1.32 0.99 1.30 1.47 0.96 

C.D. at 5% 1.77 1.90 1.22 2.31 2.10 1.48 4.64 3.87 2.84 3.82 4.32 2.74 
B. Variety (V) 

V1 - RCH 2 (BG-II) 18.3 19.2 18.7 26.2 26.8 26.5 41.8 43.3 42.5 43.8 45.7 44.8 

V2 - Vikram 5 (BG-II) 19.7 20.6 20.2 28.2 29.4 28.8 44.6 45.7 45.1 46.5 48.2 47.3 

V3 - G. Cot Hy-12 17.4 17.6 17.5 23.1 24.5 23.8 36.9 39.3 38.1 39.3 41.5 40.4 

S. Em. ± 0.52 0.56 0.38 0.68 0.62 0.45 1.37 1.14 0.89 1.13 1.27 0.83 

C.D. at 5% 1.53 1.65 1.07 2.01 1.82 1.29 4.02 3.35 2.54 3.31 3.74 2.37 
C. Interaction 

V x T 

S. Em. ± 1.05 1.12 0.74 1.37 1.24 0.87 2.74 2.28 1.68 2.26 2.55 1.60 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 
Y x T 

S. Em. ±   0.63   0.75   1.46   1.39 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 9.81 10.2 10.0 9.17 8.00 8.58 11.6 9.25 10.4 9.05 9.79 9.44 
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Fig .  4 .2 :  E ffe c t  o f  E t hy le ne  an d M H o n L AD  a t  dif fe re n t  g ro wt h s tage s  in co tt on hy b ri ds  
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o n L AD p ar t i c ul ar l y 9 5  D AS.  The  L AD i n t hi s  t r e at me nt  ( T4 )  

was  4 5 .7  a g ai ns t  4 0 .5  i n MH  a n d 4 3 .8  i n Et h yl e ne .  Thi s  t r e n d  

was  o bs e r ve d e ve n i n t he  l at e r  s t a ge  d ur i n g 1 2 0 - 1 4 5  D AS .      

 The  di f f e r e nc e s  i n L AD amo ng t he  h y br i ds  we r e  

f o und s i g ni f i c ant  at  al l  t he  s t age s  o f c ro p gr o wt h d ur i n g bo t h  

t he  ye ar s  a nd i n po o l e d.  Vi kr a m 5  ( BG - I I)  r e c o r de d 

s i gni f i c ant l y hi ghe r  val ue  o f  L AD t h an r e m ai ni n g h y br i ds  at  

al l  t he  p has e s  o f  c r o p gr o wt h .  At  1 2 1 - 1 45  DAS,  t he  L AD i n  

Vi kr a m 5  ( BG- I I)  r e ac he d t o  t he  hi g he s t  ( 4 7 .3 )  but  i t  was  at  

par  wi t h RC H 2  ( BG - I I)  at  9 6 - 1 2 0  and 1 2 1 - 1 4 5  DAS.  The  

mi ni m um L AD was  r e c o r de d i n G .Co t  H y - 1 2  at  al l  t he  s t a ge s  

o f  c r o p gr o wt h.   

 The  i nt e r ac t i o n e f f e c t  be t we e n Et h yl e ne  a n d MH  

t r e at me nt s  wi t h h ybr i ds  i n r e l at i o n t o  l e af  ar e a dur at i o n was  

f o und no t  s i gni f i c ant  at  al l  t he  s t age s  o f  c r o p gr o wt h d ur i n g  

bo t h t he  ye ar s  a n d i n  po o l e d.  

4 .1 .3  Cr o p g r o w t h r at e  ( g m
- 2

 da ys
- 1

)   

 The  d at a o n c r o p gr o wt h r at e  ( CG R)  r e c o r de d at  

di f f e r e nt  gr o wt h  s t a ge s  as  i nf l ue nc e d b y gr o wt h  r e gul at o r s  

an d hy br i ds  ar e  pr e s e nt e d i n Ta bl e - 4 .3  and gr a phi c al l y  

de pi c t e d i n Fi g ur e  4 .3  

 Gr o wt h r e gul at o r s  i .e . ,  Et h yl e ne  an d M H a ppl i c at i o n  

ha d t he  s i gni f i c a n t  e f f e ct  o n CGR at  al l  s t age s  dur i n g bo t h  t he  

ye ar s  as  we l l  as  i n po o l e d .  The  d at a i n di c at e d t h at  f o l i ar  

ap pl i c at i o ns  o f  Et h yl e ne  ( T2 )  at  s q uar e  i ni t i at i o n s i gni f i c a nt l y  

e nh anc e d  C GR ( 0 .0 4 1 3  gm
- 2

 d a ys
- 1

)  o ve r  c o nt r o l  ( 0 .0 3 38  gm
- 2

 

da ys
- 1

)  at  4 5 - 7 0  D AS wh i c h was  m ai nt ai ne d u nt i l  1 2 0  D AS.  

MH a p pl i c at i o n at  8 5  D AS ( T3 )  al s o  ha d s i g ni f i c ant  e f f e c t  o n 

CG R at  7 1 - 9 5  an d 9 6 - 1 2 0  D AS o ve r  c o nt r o l .  A p pl i c at i o n  o f  

Et h yl e ne  at  s q uar i ng a nd  M H at  8 5  D AS  ( T4 )  h a d s y ne r gi s t i c  

e f f e ct  an d s i g ni f i c ant l y e nh a nc e d CG R at  7 1 - 9 5  ( 0 .0 6 07  gm
- 2
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Table  4.3: Effec t o f Ethy lene  and MH on Crop growth ra te  ( gm-2  day-1) a t dif fere nt growth s tages  in co tton 

hybrids  
 45 -70 DAS 71 -95 DAS 96-120 DAS 121 -145 DAS 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 
A. Treatments  (T) 

T1 - Control (00 ppm)   0.0334 0.0343 0.0338 0.0490 0.0487 0.0488 0.0621 0.0619 0.0620 0.0248 0.0225 0.0237 

T2 - Ethylene  45 ppm 0.0427 0.0398 0.0413 0.0517 0.0556 0.0536 0.0791 0.0734 0.0762 0.0202 0.0227 0.0215 

T3 - MH 500 ppm 0.0311 0.0341 0.0326 0.0567 0.0535 0.0551 0.0686 0.0729 0.0707 0.0319 0.0251 0.0285 

T4 - T2 + T3 0.0419 0.0404 0.0411 0.0593 0.0621 0.0607 0.0780 0.0818 0.0799 0.0240 0.0217 0.0228 

S. Em. ± 0.0024 0.0019 0.0015 0.0021 0.0026 0.0017 0.0043 0.0043 0.0031 0.0016 0.0008 0.0019 

C.D. at 5% 0.0070 0.0056 0.0043 0.0062 0.0076 0.0048 0.0126 0.0126 0.0087 0.0047 0.0023 NS 
B. Variety (V) 

V1 - RCH 2 (BG-II) 0.0371 0.0350 0.0360 0.0552 0.0575 0.0563 0.0724 0.0749 0.0737 0.0234 0.0214 0.0224 

V2 - Vikram 5 (BG-II) 0.0415 0.0406 0.0410 0.0569 0.0573 0.0571 0.0788 0.0783 0.0786 0.0218 0.0222 0.0220 

V3 - G. Cot Hy-12 0.0333 0.0358 0.0345 0.0503 0.0501 0.0502 0.0646 0.0642 0.0644 0.0306 0.0253 0.0279 

S. Em. ± 0.0020 0.0016 0.0013 0.0018 0.0023 0.0014 0.0037 0.0038 0.0026 0.0014 0.0007 0.0014 

C.D. at 5% 0.0059 0.0047 0.0037 0.0053 0.0067 0.0041 0.0109 0.0111 0.0075 0.0041 0.0021 0.0019 
C. Interaction 

V x T 

S. Em. ± 0.0041 0.0032 0.0025 0.0037 0.0045 0.0028 0.0075 0.0075 0.0035 0.0027 0.0014 0.0012 
C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 
Y x T 

S. Em. ±   0.0021   0.0024   0.0043   0.0013 
C.D. at 5%   NS   NS   NS   0.0036 

C.V.%  19.0 14.9 17.1 11.8 14.3 13.1 18.0 17.9 18.0 18.7 10.7 15.6 
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Fig .  4 .3 :  E ffe c t  o f  E t hy le ne  an d M H o n C GR  a t  d if fe re nt  g ro wt h s tage s  in co t ton hy b r i ds  
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45 -70 DAS 71 -95 DAS 96 -  120 DAS 121 - 145  DAS 



 

da ys
- 1

)  c o mpar e d t o  Et h yl e ne  ( 0 .0 5 3 6 g m
- 2

 da ys
- 1

)  and M H  

( 0 .0 0 55 1  gm
- 2

 days
- 1

) .  A s i mi l ar  t r e nd was  o bs e r ve d at  9 6 - 1 2 0 

D AS,  al t ho ug h t he  di f f e r e nc e s  o ve r  Et h yl e ne  we r e  no t  

s i gni f i c ant .  Ho we ve r  ye ar  x t r e at me nt  i nt e r ac t i o n was  

s i gni f i c ant  at  1 2 1 - 1 4 5  D AS .   

 The  di f f e r e nc e s  i n CGR amo ng t he  h y br i ds  we r e  

f o und  s i g ni f i c ant  at  al l  t he  s t a ge s .  Bt  h y br i d  Vi kr a m 5  ( B G- I I)  

mai nt ai ne d hi g he s t  c r o p gr o wt h r at e  u nt i l  1 2 0  DAS whi c h was  

s i gni f i c ant l y hi ghe r  t h an t hat  i n G. Co t  Hy- 1 2  an d at  p ar  wi t h  

t hat  i n  R CH  2  ( B G- I I)  e xc e pt  i n  t he  i ni t i al  s t age  ( 4 5 - 7 0  D AS) .  

It  was  i n t he  l a t e  c r o p gr o wt h s t a ge  ( 1 2 1 - 14 5  DAS)  t h at  t he  

CG R o f  c o n ve nt i o n al  hy br i d  G .Co t  Hy- 1 2  ( 0 .0 2 7 9  gm
- 2

 da ys
- 1

)  

s i gni f i c ant l y e xc e e de d t ho s e  o f  t wo  Bt  h y br i ds  ( 0 .0 2 2 0  an d  

0 .0 2 2 4  gm
- 2

 da ys
- 1

) .   

 The  i nt e r ac t i ve  e f f e c t  be t we e n gr o wt h r e g ul at o r s  a nd  

hy br i ds  o n c r o p g r o wt h r at e  was  f o un d no t  s i gni f i c a nt  at  al l  

s t age s  d ur i n g bo t h  ye ar s  a nd  i n  po o l e d.    

4 .1 .4  Re l ati ve  g r o wt h r at e  ( g  g
- 1

 da y
- 1  

pl ant
- 1

)  

 The  dat a pe r t ai ni ng  t o  r e l at i ve  gr o wt h r at e  ( RG R)  as  

i nf l ue nc e d b y di f f e r e nt  gr o wt h mo di f i e r s  and h ybr i ds  at  

var i o us  s t a ge s  ar e  pr e s e nt e d i n Ta bl e  4 .4  an d gr a phi c al l y  

de pi c t e d i n Fi g ur e  4 .4  

 It  was  o bs e r ve d f r o m t he  dat a t h at ,  r at e  o f 

ac c um ul at i o n o f  dr y m at t e r  pe r  gr a m o f  e xi s t i ng dr y m at t e r  

was  t he  hi g he s t  be t we e n 4 5  t o  7 0  D AS a nd t e nde d t o  de c r e as e  

s ubs e q ue nt l y as  t he  c o t t o n c r o p pr o gr e s s e d t o war d mat ur i t y.   

 The  d at a r e ve al e d t hat  t he  ap pl i c at i o n o f  gr o wt h  

r e gul at o r s  ha d s i gni f i c a nt  i nf l ue nc e  o n RG R i n i n di vi du al  

ye ar s  as  we l l  as  i n po o l e d bar r i ng 1 2 1 - 1 4 5 DAS i n 2 0 1 2 - 1 3 . 

Ap pl i c at i o n o f  Et hyl e ne  ( 4 5  ppm)  at  s qu ar i n g s t age  ( T2 )  was  

e f f e ct i ve  an d s i g ni f i c ant l y i nc r e as e d  R GR ( 0 .0 4 7  g g
- 1

 d a y
- 1
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Table  4 .4 : Effec t of  Ethy lene  and M H on Rela t ive  growth ra te  (g  g -1  day-1  pl ant
- 1

)  at dif fe rent growth s tages  in 

cotton hybrids  

 45 -70 DAS 71 -95 DAS 96-120 DAS 121 -145 DAS 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   0.042 0.040 0.041 0.026 0.026 0.026 0.021 0.020 0.021 0.007 0.006 0.007 

T2 - Ethylene 45 ppm 0.049 0.044 0.047 0.030 0.028 0.029 0.024 0.021 0.023 0.005 0.005 0.005 

T3 - MH 500 ppm 0.039 0.038 0.038 0.036 0.031 0.033 0.025 0.026 0.025 0.008 0.006 0.007 

T4 - T2 + T3 0.049 0.047 0.048 0.032 0.035 0.033 0.024 0.024 0.024 0.005 0.005 0.005 

S. Em. ± 0.003 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.0004 0.0004 0.0003 

C.D. at 5% 0.008 0.007 0.005 0.007 0.005 0.004 0.002 0.004 0.002 0.0012 NS 0.0009 

B. Variety (V) 

V1 - RCH 2 (BG-II) 0.044 0.038 0.041 0.032 0.033 0.033 0.024 0.022 0.023 0.006 0.005 0.005 

V2 - Vikram 5 (BG-II) 0.049 0.043 0.046 0.035 0.029 0.032 0.025 0.026 0.025 0.005 0.005 0.005 

V3 - G. Cot Hy-12 0.041 0.045 0.043 0.026 0.027 0.026 0.022 0.021 0.021 0.008 0.007 0.007 

S. Em. ± 0.002 0.002 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.0003 0.0004 0.0003 

C.D. at 5% 0.007 0.006 0.004 0.006 0.004 0.003 0.002 0.003 0.002 0.0009 0.00012 0.0008 

C. Interaction 

V x T 

S. Em. ± 0.004 0.004 0.002 0.004 0.003 0.002 0.001 0.002 0.001 0.0007 0.0008 0.0006 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.002   0.002   0.001   0.0004 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 17.1 15.8 16.5 23.0 17.8 20.7 10.2 16.4 13.5 19.3 25.0 22.1 
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  Fig. 4.4: E ffe c t  o f  E t hy le ne  an d M H o n R GR  a t  d if fe re nt  g ro wt h s tage s  in co tto n hy b ri ds  
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45 -70 DAS 71 -95 DAS 96 -  120 DAS 121 - 145  DAS 



 

pl a nt
- 1

)  at  4 5 - 7 0  DAS o ve r  c o nt r o l  ( 0 .0 4 1  g g
- 1

 da y
- 1

 pl a nt
- 1

)  

whi c h was  mai nt ai ne d t i l l  9 6 - 1 20  DAS.  Ap pl i c at i o n MH 5 0 0  

pp m ( T3 )  at  8 5  D AS  al s o  s i g ni f i c ant l y i nc r e as e d  R GR  d ur i n g  

7 1 - 95  ( 0 .0 33  g g
- 1

 da y
- 1

 pl a nt
- 1

)  an d 9 6 - 1 2 0  ( 0 .02 5  g g
- 1

 da y
- 1

 

pl a nt
- 1

)  D AS o ve r  c o nt r o l  ( 0 .0 26  and 0 .0 2 1  g g
- 1

 d ay
- 1

 pl ant
- 1

,  

r e s pe c t i ve l y) .  Su p pl e me nt i n g  5 0 0  p pm MH s pr a y o n Et h yl e ne  

t r e at e d pl a nt s  ( T4 )  di d no t  de pi c t  a n y s i g ni f i c ant  ad va nt a ge  i n  

RG R o ve r  Et h yl e ne  o r  MH at  an y o f  t he  s t age s  but  o ve r  

c o nt r o l . 

 The  d at a i n  Ta bl e  4 .4  r e ve al e d t hat  t he  di f f e r e nc e s  i n 

r e l at i ve  gr o wt h r at e  a mo n g s t  t he  h ybr i ds  we r e  f o und t o  be  

s i gni f i c ant  at  al l  t he  s t a ge s  i n bo t h t he  ye ar s  as  we l l  as  i n  

po o l e d.  Vi kr a m 5  ( BG- I I)  s ho we d s i gni f i c a nt l y  hi ghe r  RG R  

( 0 .0 4 6  g g
- 1

 day
- 1

 pl a nt
- 1

)  at  4 5 - 7 0  and 9 6 - 1 2 0 DAS whe r e as ,  

RC H 2  ( B G- II)  s ho we d t he  hi ghe s t  RG R at  7 1 - 9 5  D AS.  B y an d  

l ar ge ,  mi ni m u m R GR  was  r e c o r de d i n G. Co t  Hy - 1 2  whi c h  

s ho we d an  e d ge  o ve r  Bt  hy br i ds  dur i ng  l at e  s t a ge  ( 1 2 1 - 14 5 

D AS) .   

The  i nt e r ac t i o n be t we e n gr o wt h  r e g ul at o r s  a n d h ybr i ds  o n  

r e l at i ve  gr o wt h  r at e  was  f o u n d no t  s i g ni f i c ant  at  al l  s t a ge  o f  

c r o p gr o wt h  d ur i n g bo t h ye ar s  a nd  i n  po o l e d.  

4 .1 .5  Ne t  as s i mi l ati o n r at e  ( mg  c m
- 2

 d a y
- 1

)  

 The  d at a  o n t he  ne t  as s i mi l at i o n  r at e  ( N AR)  r e c o r de d 

at  di f f e r e nt  gr o wt h s t age s  as  i nf l ue nc e d b y gr o wt h r e gul at o r s  

an d hy br i ds  ar e  pr e s e nt e d i n Ta bl e  4 .5  and gr a phi c al l y  

de pi c t e d i n Fi g ur e  4 .5  

 In ge ne r al ,  c o t t o n hybr i ds  s ho we d t he  hi g he s t  me an  

ne t  as s i mi l at i o n r at e  be t we e n 7 1  t o  9 5  DAS a n d de c r e as e d  

t he r e af t e r  as  t he  c r o p pr o gr e s s e d t o war ds  m at ur i t y d ur i n g bo t h  

t he  ye ar s .   
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Table  4.5 : Effec t of Ethy le ne  and M H on Net ass imila tion ra te  (mg cm-2  day-1) a t diffe re nt growth s tages  in cotton  

hybrids  
 45 -70 DAS 71 -95 DAS 96-120 DAS 121 -145 DAS 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   0.0057  0.0051  0.0054  0.0053 0.0054 0.0053 0.0051 0.0047 0.0049 0.0011 0.0012 0.0012 

T2 - Ethylene  45 ppm 0.0068  0.0064  0.0066  0.0064 0.0072 0.0068 0.0048 0.0057 0.0052 0.0013 0.0010 0.0011 

T3 - MH 500 ppm 0.00 51  0.0054  0.0052  0.0065 0.0055 0.0060 0.0061 0.0060 0.0060 0.0017 0.0021 0.0019 

T4 - T2 + T3 0.0068  0.0067  0.0067  0.0075 0.0071 0.0073 0.0065 0.0049 0.0057 0.0019 0.0015 0.0017 

S. Em. ± 0.0004  0.0004  0.0003  0.0005 0.0004 0.0003 0.0004 0.0003 0.0002 0.0001 0.0001 0.0002 

C.D. at 5% 0.0013  0.0011  0.0008  0.0014 0.0012 0.0009 0.0012 0.0010 0.0007 0.0004 0.0004 0.0008 
B. Variety (V) 

V1 - RCH 2 (BG-II) 0.0062 0.0050 0.0056 0.0055 0.0055 0.0055 0.0048 0.0051 0.0049 0.0012 0.0009 0.0011 

V2 - Vikram 5 (BG-II) 0.0067 0.0061 0.0064 0.0065 0.0072 0.0068 0.0062 0.0063 0.0061 0.0013 0.0014 0.0014 

V3 - G. Cot Hy-12 0.0053 0.0066 0.0059 0.0073 0.0062 0.0067 0.0059 0.0046 0.0054 0.0020 0.0020 0.0020 

S. Em. ± 0.0004 0.0003 0.0002 0.0004 0.0004 0.0003 0.0004 0.0003 0.0002 0.0001 0.0001 0.0001 

C.D. at 5% 0.0011 0.0009 0.0006 0.0012 0.0010 0.0008 0.0010 0.0009 0.0007 0.0003 0.0004 0.0002 
C. Interaction 

V x T 

S. Em. ± 0.0008 0.0006 0.0004 0.0008 0.0007 0.0005 0.0007 0.0006 0.0003 0.0002 0.0002 0.0001 
C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 
Y x T 

S. Em. ±   0.0004   0.0005   0.0004   0.0001 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 21.7 18.4 20.2 22.7 19.7 21.3 22.0 19.4 20.9 25.2 28.5 26.9 
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Fig .  4 .5 :  E ffe c t  o f  E t hy le ne  an d M H o n N AR  ( mg  c m- 2  day - 1 )  a t  dif fe re nt  g ro w th s tage s  in co tto n hy b r ids  
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 P l ant  gr o wt h  r e gul at o r s  s i gni f i c a n t l y  i nf l ue nc e d ne t  

as s i mi l at i o n r at e  at  al l  t he  s t a ge  i n bo t h t he  ye ar s  a nd  i n  

po o l e d.  The  d at a i ndi c at e d ( Tabl e - 4 .5 )  t hat  ap pl i c at i o ns  o f  

Et h yl e ne  ( T2 )  at  s quar i ng s t a ge  r e c o r de d s i gni f i c ant l y hi g he r  

N AR ( 0 .0 0 6 6 mg c m
- 2

 da ys
- 1

)  o ve r  c o nt r o l  and c o nt i nue d u nt i l  

9 5  DAS.  Appl i c at i o n o f  MH at  8 5  D AS ( T3 )  e nh a nc e d N AR  

al t ho u g h t he  i nc r e as e  was  s i gni f i c ant  o nl y dur i ng 9 6 - 1 2 0 

D AS.  Ap pl i c at i o n o f  MH  af t e r  Et h yl e ne  ( T4 )  was  f o u nd  t o  

s ho w hi g he r  N AR  ( 0 .0 0 7 3  mg c m
- 2

 da y
- 1

)  at  7 1 - 9 5  D AS t ha n  

r e s t  of  t he  t r e at me nt s  an d s i g ni f i c ant  o ve r  c o nt r o l  dur i n g 9 6 -

1 2 0  DAS.     

 The  di f f e r e nc e s  i n ne t  as s i mi l at i o n r at e  a mo n g s t  t he  

hy br i ds  we r e  f o u nd  s i gni f i c a nt  at  al l  t he  s t age s .  Vi kr am 5  

( BG- I I)  r e c o r de d s i gni f i c a nt l y  t he  hi g he s t  ne t  as s i mi l at i o n  

r at e  at  al l  t he  s t a ge s  e xc e pt  1 2 1 - 1 4 5  DAS whe r e  hi g he s t  N AR  

was  r e c o r de d i n G. Co t  H y- 1 2 .  Mi ni m u m ne t  as s i mi l at i o n r at e  

was  r e c o r de d i n RC H 2  ( B G - II)  at  al l  s t a ge s .  

 The  i nt e r ac t i o n be t we e n gr o wt h r e g ul at o r s  and  

hy br i ds  o n ne t  as s i mi l at i o n  r at e  ( N AR)  was  f o un d t o  be  no t  

s i gni f i c ant  at  al l  t he  s t a ge s  d ur i n g bo t h t he  ye ar s  a nd  i n  

po o l e d.  

4 .1 .6  Dr y mat t e r  ac c u mul at i o n ( g / pl ant )  

 The  d at a o n t he  dr y m at t e r  ac c umul at i o n ( g/ pl a nt )  

r e c o r de d pe r i o di c al l y ar e  gi ve n  i n Ta bl e  4 .6 .  Dr y m at t e r  

ac c um ul at i o n as  i nf l ue nc e d b y var i e t i e s  an d t r e at me nt s  has  

al s o  be e n i l l us t r at e d i n Fi g ur e  4 .6 .  

 The  dr y m at t e r  ac c um ul at i o n pl a nt
- 1

 i nc r e as e d 

pr o gr e s s i ve l y  a n d r e ac he d t o  i t s  ma xi m um  ( 2 8 4 .5  g  pl ant
- 1

)  at  

1 4 5  DAS.   

 The  d at a i ndi c at e d ( Tabl e  4 .6 )  pr o no unc e d i nf l ue nc e  

o f  gr o wt h r e g ul at o r s  o n dr y m at t e r  ac c um ul at i o n  a n d t he  

65 



 

Table  4.6: Effec t o f Ethyle ne  and MH on D ry matte r accumula tion (g /plant) at dif fe rent growth s tages  in co tton 

hybrids  
 45 DAS 70 DAS 95 DAS 120  DAS 145 DAS 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   32.0 34.6 33.3 77.0 80.8 78.9 144.3 146.5 145.4 228.2 230.1 229.1 254.8 260.5 257.7 

T2 - Ethylene  45 ppm 32.2 37.6 34.9 89.9 91.2 90.6 158.4 166.3 162.3 265.1 265.4 265.2 285.6 296.0 290.8 

T3 - MH 500 ppm 32.6 35.6 34.1 74.6 81.7 78.1 151.1 153.9 152.5 243.6 252.3 248.0 279.9 286.1 283.0 

T4 - T2 + T3 31.4 35.8 33.6 87.9 90.4 89.2 167.9 174.3 171.1 273.2 284.7 278.9 298.8 313.9 306.4 

S. Em. ± 1.28 2.02 1.19 3.64 3.12 2.34 4.73 6.18 3.78 9.09 8.95 6.21 8.05 8.57 5.71 

C.D. at 5% NS NS NS 10.7 9.14 6.66 13.9 18.1 10.8 26.7 26.2 17.7 23.6 25.1 16.3 
B. Variety (V) 

V1 - RCH 2  (BG-II) 31.9 36.9 34.4 82.0 84.1 83.0 155.6 161.3 158.4 253.3 262.4 257.9 278.1 291.3 284.7 

V2 - Vikram 5 (BG-II) 34.1 38.6 36.3 90.1 93.4 91.7 164.5 170.4 167.5 270.9 276.1 273.5 293.5 306.2 299.9 

V3 - G. Cot Hy-12 30.0 32.3 31.1 74.9 80.6 77.8 146.1 149.0 147.6 233.3 235.7 234.5 267.8 269.9 268.8 

S. Em. ± 1.11 1.75 1.02 3.15 2.70 2.04 4.09 5.35 3.30 7.87 7.75 5.41 6.97 7.42 5.02 

C.D. at 5% 3.25 5.12 2.91 9.25 7.92 5.81 12.0 15.7 9.40 23.1 22.7 15.4 20.5 21.8 14.3 
C. Interaction 

V x T 

S. Em. ± 2.21 3.49 2.01 6.31 5.40 3.93 8.19 10.7 6.33 15.7 15.5 10.4 13.9 14.8 9.61 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Y x T 

S. Em. ±   1.69   3.39   5.50   9.02   8.31 

C.D. at 5%   NS   NS   NS   NS   NS 

C.V.%  12.0 16.9 14.9 13.3 10.9 12.1 9.13 11.6 10.5 10.8 10.4 10.6 8.63 8.90 8.77 
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Fig .  4 .6 :  E ffe c t  o f  E t hy le ne  an d M H o n D M A (g / pla nt )  a t  di f fe re nt  g ro wt h s ta ges  in co tto n hy b r i ds  
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di f f e r e nc e s  we r e  s t at i st i c al l y s i gni f i c ant  at  al l  t he  s t age s ,  

e xc e pt  i ni t i al l y at  4 5  DAS i n bo t h t he  ye ar s  as  we l l  as  i n 

po o l e d.  The  po o l e d d at a r e ve al e d t h at  a ppl i c at i o n  o f  Et h yl e ne  

( T2 )  at  s q u ar i n g s t age  s i g ni f i c ant l y e n ha nc e d dr y m at t e r  

ac c um ul at i o n at  7 0  D AS whi c h was  m ai nt ai ne d t i l l  1 4 5 DAS  

o ve r  c o nt r o l .  Appl i c at i o n  o f  M H ( T3 )  at  8 5  D AS al s o  

e nh anc e d  dr y m at t e r  ac c um ul at i o n f r o m 9 5  D AS t i l l  e n d.  

Ho we ve r ,  s i g ni f i c a nt  i nc r e as e  was  di s c e r ni bl e  at  1 2 0  ( 2 4 8 .0  g 

pl a nt
- 1

)  a nd1 4 5  D AS  ( 2 8 3 .0  g pl ant
- 1

) .  Su p pl e me nt al  e f f e c t  o f 

MH was  s e e n i n Et h yl e ne  t r e at e d pl a nt  ( T4 ) .  The  dr y m at t e r  

ac c um ul at i o n at  9 5  DAS i n t hi s  t r e at me nt  was  1 7 1  g pl ant
- 1

,  

ag ai ns t  1 6 2  g pl a nt
- 1

 i n  Et hyl e ne  a n d 1 5 2  g  pl a nt
- 1

 i n MH . The  

c o r r es po ndi ng val ue s  at  1 2 0  D AS we r e  2 7 9 ,  2 6 5  and 2 4 8  g  

pl a nt
- 1

,  r e s pe c t i ve l y ,  whi l e  at  1 4 5  D AS  t he s e  we r e  3 0 6 ,  2 9 1 

an d 2 8 3  g  pl a nt
- 1

,  r e s pe c t i ve l y .   

 Co t t o n hy br i ds  u n de r  s t ud y s ho we d s i g ni f i c a n t  

di f f e r e nc e s  i n dr y mat t e r  ac c um ul at i o n i n i n di vi d u al  ye ar s  an d  

i n po o l e d me an .  Vi kr a m 5  ( BG - I I)  ac c u m ul at e d s i gni f i c a nt l y  

hi g he r  dr y m at t e r  pl a nt
- 1

 t han o t he r  h ybr i ds  al mo s t  t hr o ug ho ut  

t he  gr o wi ng  pe r i o d .  Si g ni f i c ant l y  l o w dr y  m at t e r  ac c u m ul at i o n  

was  r e c o r de d i n c o n ve nt i o n al  hy br i ds  G. Co t  H y - 1 2 .  

 The  i nt e r ac t i o n be t we e n t r e at me nt s  a n d c o t t o n 

hy br i ds  was  f o u nd  t o  be  no t  s i g ni f i c ant ,  t he r e b y me ani n g t h at  

hy br i d ’s  r e s po ns e  t o  t r e at me nt s  was  t he  s a me  i n t e r ms  o f  dr y  

mat t e r  ac c u m ul at i o n .  

4 .2  GR OW T H AN D  M OR PHO LO GIC A L C HAR A C TER S  

4 .2 .1  Pl ant  he i g ht  ( c m)  

 The  d at a  o n pl ant  he i g ht  ( c m)  r e c o r de d at  var i o us  

gr o wt h s t a ge s  as  i nf l ue nc e d b y gr o wt h r e g ul at o r s  i n di f f e r e nt  

c o t t o n hy br i ds  i s  pr e s e nt e d i n  Ta bl e  4 .7  an d gr a phi c al l y  

de pi c t e d i n Fi g ur e  4 .7   
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 In  ge ne r al ,  pl ant  he i g h t  i nc r e as e d wi t h t he  age  o f  t he  

c r o p t i l l  har ve s t .  The  e f f e c t  o f  gr o wt h r e g ul at o r s  o n  

mo r pho f r a me  as  r e f l e c te d o n pl a nt  he i g ht  was  f o un d  

s i gni f i c ant  at  7 0 ,  9 5 ,  1 2 0 ,  1 45  DAS an d at  h ar ve s t  i n bo t h t he  

ye ar s  as  we l l  as  i n po o l e d a nal ys i s .  Fo l i ar  a ppl i c at i o n  o f  

Et h yl e ne  ( 4 5  pp m)  at  s q uar i n g s t age  ( T2 )  r e s ul t e d i n  

s i gni f i c ant  i nc r e as e  i n t he  pl a nt  he i ght  ( 7 9 .3 )  o ve r  c o nt r o l  

( 7 0 .6  c m)  at  7 0  DAS a nd t hi s  t r e nd was  mai nt ai ne d u nt i l l  

har ve s t .  Ap pl i c at i o n o f  MH at  8 5  D AS h ad a de pr e s s i ng e f f e c t 

o n pl a nt  he i ght .  Si g n i f i c ant  r e duc t i o n i n pl ant  he i g ht  o ve r  

c o nt r o l  was  o bs e r ve d at  1 2 0  D AS t i l l  har ve s t .  Us e  o f  MH  o n  

pr e vi o us l y Et hyl e ne  t r e at e d  pl a nt  ( T4 )  r e f l e c t e d s o me 

i nt e r e s t i ng r e s ul t s .  Te n da ys  af t e r  ap pl i c at i o n o f  MH i .e .  9 5  

D AS,  t he  pl a nt  he i g ht  s ho we d de pr e s s i ng  e f f e c t s  e .g .  ag ai ns t  

1 0 5 .7  c m i n Et hyl e ne  al o ne ,  i t  was  1 0 1 .4  c m i n Et hyl e ne  +  

MH ( T4 ) .  Thi s  e f f e c t  was  mo r e  pr o no unc e d  at  1 2 0  D AS  whe r e  

i n t he  pl a nt  he i ght  i n Et h yl e ne  ( 1 1 9 .6  c m)  was  r e d uc e d t o  

1 0 7 .7  c m i n Et h yl e ne  +  M H whi c h was  at  p ar  t o  u nt r e at e d  

c o nt r o l  ( 1 11 .3  c m) .  

 The  pl a nt  he i g ht  di f f e r e d s i gni f i c ant l y a mo n gs t  t he  

hy br i ds  at  al l  t he  s t age s  o f  gr o wt h ,  e xc l u di n g at  4 5  D AS  

dur i ng bo t h t he  ye ar s  a n d i n po o l e d .  I ni t i al l y ( 7 0  D AS) ,  

Vi kr a m 5  ( BG- I I)  s ho we d s i gni f i c a nt l y gr e at e r  pl ant  he i ght  

( 8 0 .3  c m)  t han o t he r  hy br i ds  b ut  s u bs e que nt l y,  G.  Co t  H y- 1 2  

at t ai ne d ma xi m u m  pl a nt  he i g ht  at  9 5  D AS ( 1 0 4 .9  c m)  an d  

mai nt ai ne d t i l l  m at ur i t y a nd s i gni f i c a nt l y mo r e  t ha n R CH 2  

( BG- I I)  a n d Vi kr am 5  ( BG- I I) .  Mi ni mu m pl ant  he i g ht  was  

r e c o r de d i n Vi kr a m 5  ( B G- II) .  

 The  i nt e r ac t i o n e f f e c t  be t we e n h y br i ds  a nd gr o wt h  

mo di f i e r  t r e at me nt s  o n pl a nt  he i g ht  at  al l  gr o wt h s t a ge s  was  

f o und  t o  be  no t  s i g ni f i c ant .
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Tabl e  4.7 : Effect  o f Et hyl ene  and MH o n Pl ant  hei ght  (c m)  at  di ffere nt  growt h st ages  i n co tto n hybri ds  

 

 

 
45 DAS 70 DAS 95 DAS 120 DAS 145 DAS At harvest 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

2011-

12 

2012-

13 
Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm) 40.3 44.1 42.2 69.3 71.9 70.6 89.3 96.1 92.7 107.4 115.2 111.3 118.5 123.1 120.8 126.3 128.3 127.3 

T2 - Ethylene 45 ppm 39.4 44.4 41.9 77.9 80.7 79.3 102.7 108.7 105.7 116.0 123.1 119.6 127.8 134.3 131.1 132.9 138.9 135.9 

T3 - MH 500 ppm 40.5 41.4 40.9 70.0 72.3 71.1 86.5 92.5 89.5 97.0 102.9 100.0 106.8 109.4 108.1 111.5 113.9 112.7 

T4 - T2 + T3 40.1 43.4 41.8 77.0 81.2 79.1 99.2 103.7 101.4 105.4 110.1 107.7 115.5 116.6 116.0 117.0 118.8 117.9 

S. Em. ± 1.86 2.15 1.39 2.59 2.53 1.75 3.81 3.82 2.61 3.32 3.71 2.41 3.81 4.15 2.74 4.00 4.46 2.91 

C.D. at 5% NS NS NS 7.58 7.43 4.99 11.2 11.2 7.44 9.75 10.9 6.88 11.1 12.16 7.80 11.74 13.08 8.28 

B. Variety (V) 

V1 - RCH 2 (BG-II) 38.9 41.3 40.1 73.7 75.7 74.7 92.9 97.9 95.4 104.5 110.5 107.5 114.9 118.4 116.6 120.6 123.7 122.2 

V2 - Vikram 5 (BG-II) 41.6 45.5 43.5 78.6 81.9 80.3 88.7 94.7 91.7 101.0 107.4 104.2 112.0 114.8 113.4 115.7 118.3 117.0 

V3 - G. Cot Hy-12 39.8 43.2 41.5 68.3 71.9 70.1 101.7 108.1 104.9 113.9 120.5 117.2 124.6 129.3 126.9 129.5 133.0 131.3 

S. Em. ± 1.61 1.86 1.20 2.24 2.19 1.53 3.30 3.31 2.29 2.88 3.22 2.11 3.30 3.59 2.38 3.47 3.86 2.53 

C.D. at 5% NS NS NS 6.57 6.44 4.37 9.69 9.69 6.52 8.45 9.44 6.01 9.67 10.54 6.79 10.17 11.33 7.23 

C. Interaction 

V x T 

S. Em. ± 3.22 3.73 2.47 4.48 4.39 2.99 6.60 6.61 4.39 5.76 6.43 4.10 6.60 7.18 4.62 6.93 7.73 4.92 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   2.01   2.56   3.82   3.53   3.98   4.24 

C.D. at 5%   NS   NS   NS   NS   NS   NS 

C.V.%  13.9 14.9 14.5 10.6 9.94 10.2 12.1 11.4 11.8 9.40 9.88 9.65 9.75 10.3 10.0 9.85 10.7 10.3 
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Fig .4 .7 :  E ffe c t  o f  E t hy le ne  an d M H o n P la nt  he igh t  (c m) a t  d if fe re n t  g ro wt h s tage s  in co tto n hy b ri ds  
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4 .2 .2  Nu mbe r  o f  m ai ns t e m no de s  pe r  pl ant  

 The  dat a o n  n um be r  o f  mai n s t e m no de s  pe r  pl a nt  

r e c o r de d at  pe r i o di c al  i nt e r val  as  i nf l ue nc e d b y f o l i ar  

ap pl i c at i o n o f  Et h yl e ne  4 5  pp m at  s q u ar e  i ni t i at i o n  a n d M H  

5 0 0  ppm  at  8 5  D AS i s  pr e s e nt e d i n Ta bl e - 4 .8 .  The  n um be r  o f  

no de s  i nc r e as e d  wi t h  t he  a ge  o f  t he  c r o p t i l l  h ar ve s t .   

 The  d at a i n di c at e d t hat  a p pl i c at i o n o f  Et hyl e ne  ( T2 )  

s i gni f i c ant l y  e nh a nc e d n um be r  o f  mai n s t e m no de s  ( 1 6 .4 ) o ve r  

c o nt r o l  ( 1 3 .9 )  at  7 0  D AS  an d t hi s  t r e n d was  s e e n t i l l  h ar ve s t .  

Fo l i ar  a p pl i c at i o n o f  M H at  8 5  D AS  ( T3 )  al s o  h ad  i nc r e as i n g  

e f f e ct  o n t he  mai ns t e m no de s  at  9 5  D AS o n war d ,  an d  

s i gni f i c ant  i nc r e as e d o ve r  c o nt r o l  was  o bs e r ve d at  1 2 0 ,  1 4 5 

D AS a nd at  h ar ve s t .  A ppl i c at i o n o f  Et h yl e ne  at  s q u ar i n g s t age  

f o l l o we d by  M H at  8 5  D AS ( T4 )  e xhi bi t e d t he  hi ghe s t  nu m be r  

o f  mai n s t e m no de s  f r o m 9 5  da ys  o n war d.  It  was  s i gni f i c a nt l y  

hi g he r  t ha n MH al l  t hr o u g h an d o ve r  Et h yl e ne  at  1 4 5  DAS an d  

at  har ve s t .  

 The  di f f e r e nc e s  i n nu mbe r  o f  mai n s t e m no de s  pe r  

pl a nt  a mo n gs t  t he  hy br i ds  we r e  f o und s i g ni f i c ant  at  7 0 ,  9 5 ,  

1 2 0 ,  1 45  D AS a nd at  har ve s t .  Vi kr am  5  ( BG- II)  r e c o r de d  

s i gni f i c ant l y hi g he r  nu m be r  o f  mai n s t e m no de s  at  7 0  ( 1 6 .5 ) ,  

9 5  ( 2 2 .9 ) ,  1 2 0  (2 7 .0 ) ,  1 4 5  ( 29 .1 )  D AS  a n d at  h ar ve s t  ( 3 0 .1 ) ,  

but  at  par  wi t h R CH 2  ( BG - I I)  at  1 2 0 ,  1 4 5  DAS an d at  har ve s t  

dur i ng bo t h t he  ye ar s  o f  e xpe r i me nt at i o n.  Mi ni m um nu mbe r  o f  

mai n s t e m no de s  was  o bs e r ve d i n G.  Co t  H y - 1 2 .  

 The  i nt e r ac t i o n e f f e c t s be t we e n gr o wt h mo di f i e r  

t r e at me nt s  a nd  h y br i ds  f o r  n um be r  o f  mai n s t e m no de s  we r e  

f o und  no t  s i gni f i c a nt  at  al l  t he  gr o wt h s t age .  
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Tabl e  4.8 : Effect  o f Et hyl ene  and MH o n Mai n ste m no de s at  di ffere nt growt h stages  i n cotto n hybri ds   

 45 DAS 70 DAS 95 DAS 120 DAS 145 DAS At harvest 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   11.0 11.7 11.3 12.9 14.9 13.9 18.9 19.6 19.2 21.2 23.3 22.3 23.0 25.1 24.1 23.9 25.5 24.7 

T2 - Ethylene 45 ppm 10.2 11.7 11.0 15.5 17.3 16.4 21.8 23.1 22.5 26.4 26.7 26.6 27.0 28.6 27.8 28.2 29.2 28.7 

T3 - MH 500 ppm 10.1 12.6 11.3 13.0 14.7 13.8 19.2 20.5 19.8 23.4 24.9 24.1 26.3 27.8 27.0 27.2 28.3 27.8 

T4 - T2 + T3 11.1 11.7 11.4 15.4 17.5 16.5 22.2 23.8 23.0 27.1 28.2 27.7 29.8 31.1 30.4 30.3 31.9 31.1 

S. Em. ± 0.46 0.63 0.39 0.73 0.67 0.48 0.88 0.82 0.58 0.99 0.92 0.66 1.01 0.85 0.64 1.00 0.90 0.65 

C.D. at 5% NS NS NS 2.13 1.97 1.37 2.58 2.40 1.65 2.91 2.70 1.89 2.96 2.50 1.82 2.92 2.65 1.86 

B. Variety (V) 

V1 - RCH 2  (BG-II) 10.4 12.4 11.4 14.2 16.0 15.1 20.2 21.3 20.7 24.6 25.7 25.1 26.5 28.3 27.4 27.4 28.9 28.1 

V2 - Vikram 5 (BG-II) 11.4 11.9 11.7 15.6 17.4 16.5 22.2 23.5 22.9 26.2 27.9 27.0 28.3 30.0 29.1 29.5 30.8 30.1 

V3 - G. Cot Hy-12 10.0 11.4 10.7 12.9 14.9 13.9 19.1 20.5 19.8 22.9 23.8 23.3 24.8 26.3 25.5 25.3 26.6 26.0 

S. Em. ± 0.40 0.54 0.34 0.63 0.58 0.41 0.76 0.71 0.51 0.86 0.80 0.58 0.87 0.74 0.56 0.86 0.78 0.57 

C.D. at 5% 1.17 NS NS 1.85 1.70 1.19 2.23 2.08 1.44 2.52 2.34 1.64 2.56 2.17 1.59 2.53 2.29 1.62 

C. Interaction 

V x T 

S. Em. ± 0.80 1.09 0.64 1.26 1.16 0.82 1.52 1.41 0.98 1.72 1.59 1.14 1.75 1.48 1.07 1.73 1.56 1.13 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.55   0.70   0.85   0.96   0.93   0.95 

C.D. at 5%   NS   NS   NS   NS   NS   NS 

C.V.%  13.1 15.8 14.7 15.4 12.5 13.9 12.8 11.3 12.0 12.2 10.7 11.4 11.4 9.09 10.2 10.9 9.42 10.2 
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4 .2 .3  Nu mbe r  o f  mo no po di a pe r  pl ant  

 The  d at a  o n me a n nu mbe r  o f  mo no po di a pl a nt
- 1

 

r e c o r de d at  har ve s t  as  i nf l ue nc e d b y pl a nt  gr o wt h r e gul at o r s  

i s  pr e s e nt e d i n  Tabl e - 4 .9 

 The  r e s ul t s  o n  nu mbe r  o f  mo no po di a  pe r  pl a nt  d ue  t o  

di f f e r e nt  t r e at me nt s  we r e  f o und t o  be  s i gni f i c a nt .  The  dat a  

i ndi c at e d t h at  f o l i ar  ap pl i c at i o n o f  Et hyl e ne  ( 3 .2 8 )  an d M H  

( 3 .0 6 )  re c o r de d s i gni f i c ant l y hi ghe r  nu m be r  o f  mo no po di a pe r  

pl a nt  at  har ve s t  o ve r  c o nt r o l  ( 2 .6 4 ) .  Ap pl i c at i o n o f  Et h yl e ne  +  

MH ( T4 )  r e c o r de d t he  hi ghe s t  nu m be r  o f  mo no po di a pe r  pl ant  

( 3 .5 7 )  whi c h was  at  p ar  wi t h Et h yl e ne  ( 3 .2 8 )  but  s i gni f i c a nt l y  

gr e at e r  t h an  M H ( 3 .0 6 ) .   

 The  d at a  pr e s e nt e d i n  Ta bl e - 4 .9  i ndi c at e d s i g ni f i c a nt  

di f f e r e nc e s  i n num be r  o f  mo no po di a pe r  pl a nt  amo ng s t  t he  

hy br i ds .  Vi kr am 5  ( BG- I I)  r e c o r de d hi g he s t  nu mbe r  o f  

mo no po di a ( 3 .5 0 )  whi c h was  s i g ni f i c ant l y gr e at e r  t ha n t h at  i n  

RC H 2  ( BG- I I)  a n d G .  Co t  Hy- 1 2 .  Mi ni m um n um be r  o f  

mo no po di a was  o bs e r ve d  i n  G.  Co t  Hy - 1 2  dur i ng  bo t h  t he  

ye ar s  an d i n po o l e d .  

 The  i nt e r ac t i o n e f f e c t  be t we e n gr o wt h r e g ul at o r s  a nd  

hy br i ds  was  f o un d t o  be  no t  s i gni f i c a nt .  

4 .2 .4  Nu mbe r  o f  s y mpo di a pe r  pl a nt  

 The  d at a  pr e s e nt e d  i n Ta bl e  4 .9  s ho we d  t h at  t he  me an  

nu m be r  o f  s ympo di a pe r  pl a nt  r e c o r de d at  har ve s t  as  

i nf l ue nc e d  d ue  t o  f o l i ar  a p pl i c at i o n o f  gr o wt h r e g ul at o r s  an d  

hy br i ds ,  gr a phi c al l y de pi c t e d i n Fi g ur e  4 . 8 .   

 The  r e s ul t s  o n nu m be r  o f  s ympo di a pe r  pl ant  due  t o  

di f f e r e nt  t r e at me nt s  we r e  f o und t o  be  s i gni f i c a nt .  The  dat a  

i ndi c at e d t hat  Et hyl e ne  a p pl i c at i o n at  s qu ar i n g  s t age  ( T 2 )  an d  

MH at  8 5  D AS ( T3 )  r e c o r de d s i gni f i c a nt l y hi g he r  n um be r  o f  

s ym po di a  pe r  pl a nt  o ve r  u nt r e at e d c o nt r o l .  Ap pl i c at i o n o f   
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Tabl e 4 .9: Effect o f Et hyl ene and MH o n Mo no po di a and 

Sympo di a per pl ant  at  har vest  i n cotto n hybri ds  

 
 No.of Monopodia No. of Sympodia 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   2.27 3.01 2.64 17.3 18.1 17.7 

T2 - Ethylene 45 ppm 2.91 3.64 3.28 21.5 22.6 22.1 

T3 -MH 500 ppm 2.75 3.38 3.06 21.0 21.4 21.2 

T4 - T2 + T3 3.22 3.91 3.57 23.1 23.8 23.5 

S. Em. ± 0.17 0.20 0.13 0.94 0.94 0.64 

C.D. at 5% 0.49 0.58 0.37 2.77 2.74 1.83 

B. Variety (V) 

V1 - RCH 2  (BG-II) 2.89 3.48 3.18 21.1 21.8 21.4 

V2 - Vikram 5 (BG-II) 3.14 3.87 3.50 22.5 23.1 22.8 

V3 - G. Cot Hy-12 2.34 3.12 2.73 18.6 19.5 19.1 

S. Em. ± 0.14 0.17 0.11 0.82 0.81 0.56 

C.D. at 5% 0.42 0.51 0.32 2.40 2.37 1.60 

C. Interaction 

V x T 

S. Em. ± 0.29 0.35 0.25 1.63 1.62 1.11 

C.D. at 5% NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.25   0.93 

C.D. at 5%   NS   NS 

C.V.% 17.9 17.1 17.6 13.7 13.1 13.4 
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Fig .  4 .8 :  E ffe c t  o f  E t hy le ne  an d M H o n N u mbe r o f  s ympo d ia  a t  ha r ve s t  in co t ton hy b r i ds  
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Et h yl e ne  at  s qu ar i n g s t a ge  f o l l o we d b y MH at  8 5  D AS ( T4 )  

ha d s up pl e me nt al  e f f e c t  o n t he  nu mbe r  o f  s y mpo di a  whi c h  

r e c o r de d gr e at e r  nu mbe r  o ve r  Et hyl e ne  ( T2 )  an d M H ( T3 ) .  

Thi s  i nc r e as e  was  ho we ve r ,  s i g ni f i c ant  o ve r  MH a nd at  par  

wi t h Et h yl e ne .  

 Di f f e r e nt  c ot t o n hybr i ds  s ho we d s i g ni f i c ant  var i at i o n  

i n n um be r  o f  s ym po di a at  h ar ve s t  i n i n di vi du al  ye ar s  as  we l l  

as  i n po o l e d .  The  d at a r e ve al e d t h at  Vi kr a m 5  ( BG- I I)  

e xhi bi t e d hi ghe r  nu m be r  o f  s ympo di a ( 2 2 .8 ) ,  whi c h was  

s i gni f i c ant l y mo r e  t ha n G.  Co t  Hy- 1 2  an d al t ho u gh RC H 2  

( BG- I I) .  Mi ni mu m a nd  s i gni f i c a nt l y  l e s s e r  num be r  o f  

s ym po di a  was  r e c o r de d i n G .  Co t  H y - 1 2  ( 1 9 .1 ) .   

 The  i nt e r ac t i o n e f f e c t o f gr o wt h r e gul at o r s  wi t h  

var i e t i e s  f o r  num be r  o f  s y mpo di a w as  f o un d t o  be  no t  

s i gni f i c ant .   

4 .2 .5  He i g ht  t o  no de  r at i o   

 The  d at a o n he i g ht  t o  no de  r at i o  ar e  pr e se nt e d i n 

Ta bl e - 4 .1 0 .  In ge ne r al ,  he i g ht  t o  no de  r at i o  s ho we d  

s i gni f i c ant  var i at i o ns  d ue  t o  gr o wt h  r e g ul at o r s  a n d hy br i ds  i n  

bo t h t he  ye ar s  a n d i n  po o l e d at  al l  t he  s t age s  e xc e pt  4 5  D AS .   

 The  dat a r e ve al e d t h at  a p pl i c at i o n o f  Et h yl e ne  at  

s qu ar i n g s t a ge  ( T2 )  r e s ul t e d i n s i g ni f i c ant  r e d uc t i o n i n  he i ght  

t o  no de  r at i o  ( 4 .6 8 )  o ve r  c o nt r o l  ( 5 .2 6 )  at  7 0  D AS a n d t hi s  

t r e nd was  o bs e r ve d t i l l  h ar ve s t .  Appl i c at i o n o f  M H at  8 5  D AS  

( T3 )  al s o  h ad r e d uc i n g e f f e c t  o n he i ght  t o  no de  r at i o .  

Si g ni f i c ant  r e duc t i o n i n t he  r at i o  o ve r  c o nt r o l  was  o bs e r ve d at  

9 5  D AS t i l l  har ve s t .  Te n  d a ys  af t e r  a p pl i c at i o n o f  MH  o n  

Et h yl e ne  t r e at e d pl a nt  ( T4 )  at  9 5  D AS ,  t he  he i g ht  t o  no de  

r at i o  s ho we d r e d uc i ng e f f e c t ,  a gai ns t  4 .7 3  i n Et h yl e ne  an d  

4 .5 7  i n MH i t  was  4 .4 1  i n Et h yl e ne  +  MH ( T4 ) .   Thi s  e f f e c t 

was  mo r e  pr o no u nc e d at  1 2 0  D AS  ( 4 .0 0 ) ,  1 4 5  DAS ( 3 .8 3 )  an d  
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Tabl e  4.10 : Effect  o f Et hyl ene  and MH o n Hei ght  to  no de r ati o at di ffere nt gr owth st ages  i n co tto n hybri ds  

 45 DAS 70 DAS 95 DAS 120 DAS 145 DAS At harvest 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   3.68 3.83 3.76 5.57 4.94 5.26 5.02 5.06 5.04 5.26 5.00 5.13 5.21 5.13 5.17 5.46 5.14 5.30 

T2 - Ethylene 45 ppm 3.92 3.84 3.88 4.88 4.49 4.68 4.70 4.76 4.73 4.44 4.68 4.56 4.53 4.26 4.39 4.73 4.81 4.77 

T3 - MH 500 ppm 4.08 3.35 3.72 5.62 5.36 5.49 4.55 4.58 4.57 4.17 4.16 4.16 3.98 4.18 4.08 4.14 4.06 4.10 

T4 - T2 + T3 3.64 3.76 3.70 4.95 4.54 4.74 4.49 4.34 4.41 3.99 4.01 4.00 3.78 3.88 3.83 3.99 3.74 3.86 

S. Em. ± 0.20 0.25 0.16 0.20 0.15 0.12 0.14 0.15 0.10 0.24 0.19 0.15 0.17 0.17 0.12 0.24 0.17 0.14 

C.D. at 5% NS NS NS 0.57 0.44 0.34 0.40 0.45 0.29 0.71 0.56 0.43 0.49 0.48 0.34 0.70 0.50 0.41 

B. Variety (V) 

V1 - RCH 2  (BG-II) 3.79 3.37 3.58 5.17 4.62 4.90 4.64 4.64 4.64 4.32 4.35 4.33 4.23 4.15 4.19 4.45 4.32 4.38 

V2 - Vikram 5 (BG-II) 3.66 3.88 3.77 4.91 4.56 4.74 4.00 4.05 4.02 3.92 3.90 3.91 3.88 3.80 3.84 4.01 3.88 3.95 

V3 - G. Cot Hy-12 4.04 3.83 3.93 5.68 5.31 5.49 5.44 5.36 5.40 5.15 5.14 5.15 5.01 5.14 5.07 5.28 5.11 5.20 

S. Em. ± 0.17 0.22 0.14 0.17 0.13 0.10 0.12 0.13 0.09 0.21 0.17 0.13 0.15 0.14 0.10 0.21 0.15 0.12 

C.D. at 5% NS NS NS 0.50 0.38 0.29 0.34 0.39 0.25 0.62 0.49 0.38 0.43 0.42 0.29 0.61 0.43 0.35 

C. Interaction 

V x T 

S. Em. ± 0.35 0.43 0.27 0.34 0.26 0.21 0.23 0.27 0.17 0.42 0.33 0.26 0.28 0.29 0.20 0.41 0.30 0.24 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.23   0.17   0.15   0.22   0.17   0.21 

C.D. at 5%   NS   NS   NS   NS   NS   NS 

C.V.%  15.7 20.2 18.0 11.1 9.28 10.3 8.68 9.93 9.32 16.3 13.0 14.8 11.5 11.4 11.4 15.6 11.5 13.8 
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at  h ar ve s t  ( 3 .8 6 )  whe r e i n t he  r at i o  i n unt r e at e d c o nt r o l  was  

5 .1 3 ,  5 .1 7  an d 5 .3 0 ,  r e s pe c t i ve l y .   

 The  d at a o n he i ght  t o  no de  r at i o  amo n g s t  t he  hybr i ds  

s ho we d t hat  Vi kr am 5  ( B G- I I)  ha d s i g ni f i c ant l y l o we r  r at i o  

t ha n r e s t  o f  t he  hybr i ds  at  al l  t he  s t a ge s  d ur i n g bo t h t he  ye ar s  

an d i n po o l e d an al ys i s .  G.  Co t  H y- 1 2  e xhi bi t e d  t he  hi g he s t  

r at i o  at  al l  t he  s t a ge s .  

 No ne  o f  t he  i nt e r ac t i o n s  we r e  f o u nd  s i g ni f i c ant  f o r  

he i g ht  t o  no de  r at i o  at  any o f  t he  c r o p gr o wt h s t a ge s  dur i n g  

bo t h t he  ye ar s .  

4 .3  FR UI T PR OD UC TI ON   

4 .3 .1  Nu mbe r  o f  S q uar e s  pe r  pl a nt  

 The  d at a o n n u mbe r  o f  s q uar e s  pl a nt
- 1

 r e c o r de d at  

pe r i o di c al  i nt e r val  as  i nf l ue nc e d by f o l i ar  ap pl i c at i o n gr o wt h  

r e gul at o r s  i s  pr e s e nt e d i n Ta bl e - 4 .1 1  and f i gur e  4 .9   

 In ge ne r al ,  n u mbe r  o f  s qu ar e s  i nc r e as e d u p t o  1 2 0 

D AS a nd de c r e as e d af t e r war ds  dur i ng bo t h t he  ye ar s  an d i n  

po o l e d.   

 The  d at a ( Ta bl e - 4 .1 1)  re ve al e d t h at  f o l i ar  appl i c at i o n  

o f  Et hyl e ne  ( 4 5  ppm)  at  s q u ar i n g s t a ge  ( T2 )  r e s ul t e d i n mo r e  

nu m be r  o f  s qu ar e s  pl a nt
- 1

 de pi c t i n g s i g ni f i c a nt  i nc r e as e  ( 2 3 .4 )  

o ve r  u nt r e at e d c o nt r o l  ( 2 0 .1 )  at  7 0  DAS an d m ai nt ai ne d  

s i mi l ar  t r e nd t i l l  har ve s t .  Ap pl i c at i o n o f  5 00  ppm MH ( T3 )  at  

8 5  DAS al s o  h ad i nc r e as i ng e f f e c t  o n num be r  o f  s quar e s  at  

1 2 0  (1 0 8 .9 )  and 1 4 5  D AS ( 2 6 .9 )  was  s i g ni f i c a nt l y hi g he r  t ha n  

c o nt r o l  i .e .  9 6 .0  an d 2 0 .2 ,  r e s pe c t i ve l y.  A p pl i c at i o n  o f  

Et h yl e ne  at  s qu ar i n g s t a ge  f o l l o we d b y MH at  8 5  D AS ( T4 )  

ha d s u ppl e me nt al  e f f e c t  o n t he  pr o duc t i o n o f  s quar e s  whi c h  

r e c o r de d gr e at e r  num be r  at  9 5  ( 3 7 .0 ) ,  1 2 0 ( 12 1 .7 ) and 1 4 5  

D AS ( 3 0 .3 )  o ve r  Et hyl e ne  a n d M H al o ne .  Thi s  i nc r e as e  was  

ho we ve r  s i gni f i c a nt  o ve r  MH a n d at  p ar  wi t h Et h yl e ne .    
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Tabl e  4.11 : Effect  o f Et hyl ene  and MH o n Number  o f s quare s at  di ffere nt gro wth st ages  i n co tto n hybri ds  

 45 DAS 70 DAS 95 DAS 120 DAS 145 DAS 
2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   7.30 7.15 7.22 19.2 21.0 20.1 27.3 28.9 28.1 92.4 99.6 96.0 19.2 21.2 20.2 

T2 - Ethylene 45 ppm 7.04 7.37 7.21 21.9 24.8 23.4 33.4 35.4 34.4 111.6 117.3 114.4 24.3 24.7 24.5 

T3 - MH 500 ppm 7.08 6.81 6.95 18.7 21.2 20.0 30.5 30.8 30.7 105.8 112.0 108.9 24.9 28.8 26.9 

T4 - T2 + T3 7.33 6.96 7.15 22.2 24.7 23.5 35.4 38.7 37.0 118.9 124.4 121.7 28.4 32.3 30.3 

S. Em. ± 0.35 0.44 0.28 0.89 1.03 0.66 1.37 1.43 0.97 3.80 4.10 2.70 1.43 1.16 0.92 

C.D. at 5% NS NS NS 2.60 3.03 1.88 4.01 4.19 2.76 11.16 12.01 7.70 4.18 3.41 2.62 

B. Variety (V) 

V1 - RCH 2   (BG-II) 8.08 6.67 7.38 20.7 22.5 21.6 32.2 33.3 32.7 108.6 116.3 112.4 24.4 26.5 25.5 

V2 - Vikram 5 (BG-II) 7.11 8.17 7.64 22.9 25.2 24.1 35.4 37.7 36.6 115.7 124.1 119.9 27.1 32.5 29.8 

V3 - G. Cot Hy-12 6.36 6.39 6.38 17.9 21.1 19.5 27.3 29.4 28.4 97.2 99.6 98.4 21.1 21.3 21.2 

S. Em. ± 0.31 0.38 0.62 0.77 0.90 0.58 1.18 1.24 0.84 3.29 3.55 2.39 1.23 1.01 0.82 

C.D. at 5% 0.90 1.12 NS 2.25 2.63 1.65 3.47 3.63 2.39 9.66 10.40 6.81 3.62 2.96 2.35 

C. Interaction 

V x T 

S. Em. ± 0.61 0.76 0.48 1.53 1.79 1.13 2.37 2.47 1.63 6.59 7.09 4.68 2.47 2.02 1.58 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.40   0.96   1.40   3.95   1.30 

C.D. at 5%   NS   NS   NS   NS   NS 

C.V.%  14.7 18.7 16.8 13.0 13.5 13.3 13.0 12.8 12.9 10.7 10.8 10.7 17.7 13.1 15.3 
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Fig .  4 .9 :  E ffe c t  o f  E t hy le ne  an d M H o n N u mbe r o f  s q ua re s  a t  dif fe re nt  g ro wt h s tage s  in co tto n hy b ri ds  
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 The  di f f e r e nc e s  i n nu mbe r  o f  s qu ar e s  amo n gs t  t he  

hy br i ds  we r e  f o un d s i gni f i c a nt  at  al l  t he  s t a ge s  o f  c r o p gr o wt h  

dur i ng  bo t h t he  ye ar s  an d i n po o l e d.  Vi kr am  5  ( B G- I I)  

r e c o r de d t he  hi ghe s t  n um be r  o f  s quar e s  pe r  pl ant  ho we ve r ,  

whi c h was  s i gni f i c a nt l y mo r e  t ha n  RC H 2  ( BG- I I)  an d G.  Co t  

Hy- 1 2 .  Mi ni m um  n u mbe r  o f  s q u ar e s  was  r e c o r de d i n  G .  Co t  

Hy- 1 2  at  al l  t he  s t a ge s  o f  c r o p gr o wt h dur i n g t he  bo t h ye ar .  

 The  i nt e r ac t i o n  e f f e c t be t we e n gr o wt h r e gul at o r s  wi t h  

hy br i ds  o n n um be r  o f  s qu ar e  at  al l  gr o wt h s t a ge s  we r e  f o un d  

no t  s i gni f i c a nt  dur i ng  bo t h t he  ye ar s .    

4 .3 .2  Nu mbe r  o f  fl o we r s  pe r  pl ant  

 The  d at a o n n u mbe r  o f  f l o we r s  pl a nt
- 1

 r e c o r de d at  

pe r i o di c al  i nt e r val  as  i nf l ue nc e d by gr o wt h mo di f i e r s  and  

hy br i ds  i s  pr e s e nt e d i n Ta bl e -  4 .12  and gr ap hi c al l y de pi c t e d  

i n Fi g ur e  4 .1 0  

 In ge ne r al ,  nu m be r s  o f f l o we r s  pl ant
- 1

 i nc r e as e d up t o  

1 2 0  DAS a nd  de c r e as e d t he r e af t e r  d ur i n g bo t h t he  ye ar s .   

 The  d at a  ( Tabl e - 4 .1 2 )  i ndi c at e d t h at  f o l i ar  

ap pl i c at i o n  o f  Et hyl e ne  ( T2 )  at  s q u ar i n g s t a ge  r e s ul t e d  i n  

s i gni f i c ant l y gr e at e r  n um be r  o f  f lo we r s  pl a nt
- 1

 ( 7 .1 2)  o ve r  

c o nt r o l  ( 5 .6 1)  at  7 0  D AS whi c h  was  m ai nt ai ne d t i l l  1 4 5  D AS.  

Ap pl i c at i o n o f  M H at  8 5  D AS ( T3 )  al s o  r e s ul t e d i n  

s i gni f i c ant l y gr e at e r  nu mbe r  o f  f l o we r s  pl ant
- 1

 at  1 2 0  ( 1 5 .5 ) 

an d 1 4 5  D AS  ( 4 .0 6 )  o ve r  1 3 .4  a nd  3 .1 3 ,  r e s pe c t i ve l y i n  t he  

c o nt r o l .  Ap pl i c at i o n o f  Et hyl e ne  at  s qu ar i n g s t age  f o l l o we d  

by MH at  8 5  DAS ( T4 )  h ad s up pl e me nt al  e f f e c t  o n nu mbe r  o f  

f l o we r s  whi c h s ho we d t he  hi g he s t  num be r  o f  f lo we r s  at  9 5 

D AS t i l l  e nd o ve r  Et h yl e ne  a n d MH al o ne .  Thi s  i nc r e as e  was  

ho we ve r  s i gni f i c a nt  o ve r  MH a n d at  p ar  wi t h Et h yl e ne  at  9 5  

an d 1 2 0  D AS .  Af t e r  1 2 0  D AS,  a  de c l i ne  i n nu mbe r  o f  f l o we r s  

was  o bs e r ve d  at  1 4 5  D AS i n bo t h t he  ye ar s .
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Tabl e  4.12 : Effect  o f Et hyl ene  and MH o n Number  o f fl owers at  di ffe re nt gro wth st ages  i n co tto n hybri ds  

 45 DAS 70 DAS 95 DAS 120 DAS 145 DAS 
2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   1.67 1.66 1.67 5.00 6.22 5.61 10.1 11.6 10.9 13.1 13.6 13.4 3.19 3.07 3.13 

T2 - Ethylene 45 ppm 1.74 1.63 1.69 6.51 7.73 7.12 12.4 13.7 13.1 16.4 16.9 16.6 3.53 3.48 3.51 

T3 - MH 500 ppm 1.70 1.48 1.59 5.22 6.19 5.70 11.2 12.4 11.8 15.3 15.7 15.5 4.00 4.11 4.06 

T4 - T2 + T3 1.52 1.81 1.67 6.70 7.29 7.00 13.6 14.8 14.2 17.3 18.2 17.8 4.00 4.19 4.09 

S. Em. ± 0.11 0.09 0.07 0.32 0.30 0.21 0.54 0.54 0.37 0.64 0.66 0.45 0.16 0.18 0.12 

C.D. at 5% NS NS NS 0.93 0.88 0.61 1.59 1.58 1.05 1.89 1.95 1.28 0.46 0.53 0.33 

B. Variety (V) 

V1 - RCH 2 (BG-II) 1.64 1.67 1.65 6.00 6.69 6.34 12.0 13.2 12.6 15.5 16.4 16.0 3.72 3.67 3.70 

V2 - Vikram 5 (BG-II) 1.89 1.83 1.86 6.55 8.25 7.40 13.2 14.6 13.9 17.8 18.2 18.0 4.10 4.31 4.20 

V3 - G. Cot Hy-12 1.45 1.44 1.44 5.03 5.64 5.33 10.4 11.6 11.0 13.2 13.8 13.5 3.22 3.16 3.19 

S. Em. ± 0.10 0.08 0.06 0.27 0.26 0.19 0.47 0.47 0.32 0.56 0.58 0.39 0.14 0.16 0.10 

C.D. at 5% 0.29 0.22 0.18 0.81 0.76 0.54 1.38 1.37 0.92 1.63 1.69 1.11 0.40 0.46 0.29 

C. Interaction 

V x T 

S. Em. ± 0.20 0.15 0.12 0.55 0.52 0.37 0.94 0.93 0.63 1.11 1.15 0.75 0.27 0.31 0.21 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.10   0.31   0.54   0.65   0.17 

C.D. at 5%   NS   NS   NS   NS   NS 

C.V.%  20.4 15.9 18.4 16.2 13.1 14.5 13.8 12.4 13.0 12.4 12.3 12.4 12.8 14.6 13.7 
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Fig .  4 .10 :  E ffe c t  o f  E t hy le ne  an d M H o n N u mbe r o f  f lo we rs  a t  di f fe re n t  g ro wt h s tage s  in co tto n hy b ri ds  
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 The  di f f e r e nc e s  i n n um be r  o f  f l o we r s  pl a nt
- 1

 a mo n gs t  

t he  hy br i ds  we r e  f o un d s i gni f i c a nt  at  al l  t he  s t a ge s  o f  c ro p 

gr o wt h  i n i n di vi du al  ye ar s  as  we l l  as  i n  po o l e d .  The  dat a  

r e ve al e d t hat  Vi kr a m 5  ( BG- I I)  r e c o r de d t he  maxi m um nu m be r  

o f  f l o we r s  pl a nt
- 1

 whi c h was  s i g ni f i c ant l y mo r e  t h a n G .  Co t  

Hy- 1 2  an d R C H 2  ( BG- I I)  at  al l  t he  s t a ge s .  G.  Co t  H y- 1 2  

r e c o r de d mi ni m um nu m be r  o f  f l o we r s  pl ant
- 1

 at  al l  t he  gr o wt h  

s t age s  o f  c r o p.   

 No ne  o f  t he  i nt e r ac t i o ns  o f  gr o wt h r e g ul at o r s  wi t h  

c o t t o n hy br i ds  we r e  f o un d s i gni f i c a nt  at  an y o f  t he  gr o wt h  

s t age s  o f  c r o p.  

4 .3 .3  Nu mbe r  o f  g r e e n bo l l s  pe r  pl ant  

 The  d at a o n me an n um be r  o f  gr e e n bo l l s  pl ant
- 1

 

r e c o r de d at  pe r i o di c al  i nt e r val  as  i nf l ue nc e d b y pl a nt  gr o wt h  

r e gul at o r s  a n d h ybr i ds  i s  pr e s e nt e d i n Ta bl e  4 .1 3  an d  

gr a phi c al l y de pi c t e d i n Fi g ur e  4 .1 1  

 In ge ne r al ,  t he  nu m be r  o f  gr e e n bo l l s  was  i nc r e as e d  

f r o m 7 0 t o  1 2 0 DAS a n d de c r e as e d t he r e af t e r  dur i n g bo t h t he  

ye ar s .   

 The  di f f e r e nc e s  i n n um be r  o f  gr e e n  bo l l s  pl a nt
- 1

 d ue  

t o  gr o wt h r e gul at o r s  we r e  f o un d s i g ni f i c ant  i n bo t h t he  ye ar s  

as  we l l  as  i n po o l e d an al ys i s .  The  d at a ( Tabl e - 4 .1 3 )  i ndi c at e d  

t hat  f o l i ar  a p pl i c at i o n o f  Et h yl e ne  ( T2 )  at  s q uar i ng s t age  

r e c o r de d hi ghe r  nu mbe r  o f  gr e e n bo l l s  pl a nt
- 1

 ( 6 .7 0 )  at  7 0 

D AS o ve r  c o nt r o l  ( 4 .7 2 )  an d t hi s  t r e n d was  mai nt ai ne d  t i l l  

e nd.  M H a ppl i c at i o n  ( T3 )  at  8 5  D AS al s o  h a d po s i t i ve  e f f e c t 

o n t he  n u mbe r  o f  gr e e n bo l l s  at  9 5  ( 1 1 .2 ) ,  1 2 0  (1 8 .5 )  and 1 4 5  

D AS ( 1 3 .3 )  and r e c o r de d s i gni f i c ant l y mo r e  gr e e n bo l l s  t han  

t ho s e  i n u nt r e at e d  c o nt r o l  ( 1 0 .2 ,  1 5 .7  an d 1 0 .8 ,  r e s pe c t i ve l y) .  

Ap pl i c at i o n o f  Et h yl e ne  at  s qu ar i n g s t a ge  f o l l o we d b y M H at  

8 5  DAS ( T4 )  h ad s yne r ge t i c  e f fe c t  o n pr o duc t i o n o f  bo l l s  
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Tabl e 4 .13: Effect o f Et hyl e ne and MH o n Number o f gree n bol l s at  di ffe rent growt h st age s i n cotto n 

hybri ds  

 70 DAS 95 DAS 120 DAS 145 DAS 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   4.48 4.96 4.72 9.78 10.6 10.2 14.8 16.7 15.7 10.1 11.6 10.8 

T2 - Ethylene 45 ppm 5.93 7.47 6.70 12.0 13.0 12.5 19.0 21.0 20.0 13.7 14.3 14.0 

T3 - MH 500 ppm 4.37 5.11 4.74 10.7 11.6 11.2 17.4 19.6 18.5 12.1 14.4 13.3 

T4 - T2 + T3 5.67 7.09 6.38 12.9 14.1 13.5 20.8 23.2 22.0 14.5 16.8 15.6 

S. Em. ± 0.25 0.34 0.21 0.41 0.39 0.28 0.61 0.75 0.47 0.56 0.59 0.41 

C.D. at 5% 0.74 0.99 0.60 1.20 1.17 0.80 1.80 2.20 1.33 1.65 1.73 1.15 

B. Variety (V) 

V1 - RCH 2  (BG-II) 4.97 6.13 5.55 10.9 12.2 11.6 17.7 20.3 19.0 12.6 14.4 13.5 

V2 - Vikram 5  (BG-II) 5.81 7.00 6.40 13.6 14.4 14.0 20.0 22.2 21.1 14.5 15.9 15.2 

V3 - G. Cot Hy-12 4.56 5.33 4.94 9.56 10.4 10.0 16.3 17.9 17.1 10.7 12.6 11.7 

S. Em. ± 0.22 0.29 0.18 0.36 0.34 0.25 0.53 0.65 0.41 0.49 0.51 0.35 

C.D. at 5% 0.64 0.85 0.52 1.04 1.02 0.70 1.56 1.91 1.18 1.42 1.50 0.98 

C. Interaction 

V x T 

S. Em. ± 0.44 0.58 0.37 0.71 0.69 0.48 1.06 1.30 0.82 0.97 1.02 0.67 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.30   0.40   0.69   0.58 

C.D. at 5%   NS   NS   NS   NS 

C.V.%  14.9 16.4 15.9 10.9 9.57 10.3 10.2 11.2 10.8 13.4 12.4 12.9 
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Fig .4 .11 :  Effe c t  o f  E t hy le ne  an d  M H on  N u mbe r o f  g re e n bo lls  a t  d if fe re nt  g ro wt h s tage s  in co t ton  

hy b ri ds  
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whi c h r e c o r de d gr e at e r  n um be r  o f  gr e e n bo l l s  pl ant
- 1

 at  9 5 ,  

1 2 0  and 1 4 5  D AS .  Thi s  was  s i g ni f i c ant  o ve r  Et h yl e ne  an d  

MH.    

 The  d at a i ndi c at e d t h at  di f f e r e nc e s  i n num be r  o f 

gr e e n bo l l s  amo ngs t  t he  hy br i ds  we r e  f o un d s i g ni f i c ant  at  al l  

t he  s t age s  o f  c r o p gr o wt h i n i n di vi du al  ye ar s  a nd i n po o l e d .  

Vi kr a m 5  ( BG- I I)  e x hi bi t e d mo r e  n um be r  o f  gr e e n bo l l s  whi c h  

was  s i g ni f i c ant l y hi ghe r  t h a n t ho s e  i n G.  Co t  Hy- 1 2  at  an d  

RC H 2  ( BG- I I)  at  7 0 ,  9 5 ,  1 2 0  and 1 4 5  DAS.  G.  Co t  H y - 1 2  

r e c o r de d mi ni m um  n u mbe r  o f  gr e e n bo l l s  at  al l  t he  s t a ge s  o f  

c r o p gr o wt h .  

 The  i nt e r ac t i o n o f  gr o wt h  r e gul at o r s  wi t h  h y br i ds  f o r  

nu m be r  o f  gr e e n bo l l s  was  f o un d t o  be  no t  s i gni f i c a nt  at  al l  

t he  s t age s  d ur i n g bo t h ye ar s  an d i n po o l e d.   

4 .4  B IOCH EM IC AL S TUD I ES  

4 .4 .1  Chl o r o phyl l  co nt e nt  ( mg  g
- 1

)   

 The  d at a o n c hl o r o ph yl l  c o nt e nt  ( mg g
- 1

)  r e c or de d 

pe r i o di c al l y i n di f f e r e nt  hy br i ds  t r e at e d  wi t h gr o wt h  

r e gul at o r s  ar e  pr e s e nt e d i n Ta bl e  4 .1 4 and gr a phi c al l y  

de pi c t e d i n Fi g ur e  4 .1 2  

 It  a p pe ar s  f r o m t he  d at a t h at ,  i n  ge ne r al ,  t he  

c hl o r o phyl l  c o nt e nt  i nc r e as e d f r o m 0 .5 7 9  at  6 0  DAS t o  1 .7 6  

mg  g
- 1

 at  1 2 0  D AS a nd  de c l i ne d  t he r e af t e r .  The  r at e  o f  

i nc r e as e  was  t he  hi g he s t  f r o m 6 0  D AS t o  9 0  D AS  d ur i n g bo t h  

t he  ye ar s .  

 Us e  o f  gr o wt h mo di f i e r s  i .e . ,  Et h yl e ne  4 5  p pm a nd  

MH 5 0 0  p p m s i g ni f i c ant l y i nf l ue nc e d  c hl o r o ph yl l  c o nt e nt  i n  

bo t h t he  ye ar s  as  we l l  as  i n po o l e d .  A pe r us al  o f  t he  dat a  

i ndi c at e d ( Ta bl e - 4 .14 )  t hat  f o l i ar  ap pl i c at i o n  o f  Et h yl e ne  at  

s qu ar i n g s t a ge  ( T2 )  s i g ni f i c ant l y  i nc r e as e d  c hl o r o ph yl l  c o nt e nt  

( 0 .5 9 4  mg g
- 1

)  o ve r  c o nt r o l  ( 0 .56 7  mg g
- 1

)  at  6 0  DAS an d t hi s  
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Table  4 .14 : Effect  o f Ethy le ne  and MH on Chlorophy ll content (mg /g - 1)  a t diffe re nt growth s tages  in cotton 

hybrids  

 60 DAS 90 DAS 120  DAS 150 DAS 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   0.544 0.590 0.567 1.39 1.40 1.40 1.66 1.67 1.66 1.53 1.56 1.54 

T2 - Ethylene  45 ppm 0.573 0.614 0.594 1.44 1.48 1.46 1.76 1.77 1.76 1.56 1.57 1.57 

T3 - MH 500 ppm 0.553 0.582 0.567 1.40 1.43 1.41 1.79 1.82 1.80 1.60 1.62 1.61 

T4 - T2 + T3 0.561 0.619 0.590 1.46 1.50 1.48 1.79 1.84 1.81 1.61 1.62 1.62 

S. Em. ± 0.007 0.008 0.005 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.01 

C.D. at 5% 0.021 0.023 0.015 0.06 0.07 0.04 0.06 0.08 0.05 0.06 0.05 0.04 

B. Variety (V) 

V1- RCH 2   (BG-II) 0.560 0.597 0.579 1.41 1.46 1.44 1.76 1.78 1.77 1.58 1.63 1.61 

V2-Vikram 5 (BG-II) 0.570 0.624 0.597 1.48 1.52 1.50 1.80 1.85 1.82 1.62 1.65 1.63 

V3- G. Cot Hy-12 0.543 0.583 0.563 1.37 1.38 1.37 1.70 1.69 1.69 1.53 1.49 1.51 

S. Em. ± 0.006 0.007 0.005 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.01 

C.D. at 5% 0.018 0.020 0.013 0.05 0.06 0.04 0.05 0.07 0.04 0.05 0.05 0.03 

C. Interaction 

V x T 

S. Em. ± 0.012 0.014 0.010 0.03 0.04 0.03 0.04 0.05 0.03 0.04 0.03 0.02 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.007   0.02   0.02   0.02 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 3.79 3.96 3.88 3.98 5.11 4.59 3.51 4.43 4.01 4.00 3.42 3.72 
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Fig .  4 .12 :  Ef fe c t  o f  E thy le ne  an d  M H o n Ch lo ro p hy l l  co n te nt  ( mg /g - 1 )  a t  di f fe re nt  g ro wt h s tage s  in co tto n  

hy b ri ds  
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t r e nd was  m ai nt ai ne d at  u pt o 1 2 0  DAS af t e r  whi c h t he  i nc r e as e  

was  no t  s i gni f i c a nt .  Ap pl i c at i o n o f  M H at  8 5  D AS  ( T3 )  al s o  

r e f l ec t e d i nc r e as e d i n  c hl o r o ph yl l  c o nt e nt  at  1 2 0  ( 1 .8 0  mg g
- 1

)  

an d 1 5 0  D AS ( 1 .6 1  m g g
- 1

)  o ve r  c o nt r o l  ( 1 .6 6  and  1 .5 4        

mg  g
- 1

,  r e s pe c t i ve l y) .  Ad di t i ve  e f f e c t  o f  MH wi t h Et h yl e ne  

( T4 )  was  o bs e r ve d o n c hl o r o ph yl l  c o nt e nt  par t i c ul ar l y at  9 0  

an d 1 2 0  D AS.  The  c hl o r o ph yl l  c o nt e nt  i n t hi s  t r e at me nt  was  

1 .4 8  and 1 .8 1  mg g
- 1  

ag ai ns t  1 .4 1  and 1 .8 0  mg g
- 1  

i n MH an d  

1 .4 6  an d 1 .7 6  m g g
- 1  

i n Et h yl e ne  at  9 0  a nd  1 2 0  D AS,  

r e s pe c t i ve l y.  Ef f e c t  o f  MH wi t h o r  wi t ho ut  Et hyl e ne  was  mo r e  

pr o no u nc e d i n l at e r  c r o p s t age .  

 Di f f e r e nc e s  i n c hl o ro phyl l  c o nt e nt  a mo n g s t  t he  

hy br i ds  we r e  f o und s i g ni f i c ant  at  al l  t he  s t age s  d ur i n g bo t h  

t he  ye ar s  as  we l l  as  i n po o l e d.  The  d at a i n di c at e d          

( Ta bl e  4 .1 4)  t hat  Vi kr a m 5  ( B G- I I)  r e c o r de d s i g ni f i c ant l y t he  

hi g he s t  c hl o r o ph yl l  c o nt e nt  at  6 0  ( 0 .5 9 7  mg g
- 1

) ,  9 0  ( 1 .5 0  mg  

g
- 1

)  a nd  1 2 0  ( 1 .8 2  mg g
- 1

)  D AS  f o l l o we d  b y  R CH  2  ( B G - I I) .  

Lo we s t  c hl o r o ph yl l  c o nt e nt  was  o bs e r ve d i n G.  Co t  H y - 1 2  at  

al l  t he  s t a ge s  o f  c r o p gr o wt h.    

 No ne  o f  t he  i nt e r ac t i ve  e f f e ct  o f gr o wt h r e g ul at o r s  

an d c o t t o n hy br i ds  was  f o u nd  t o  be  s i g ni f i c ant .   

4 .4 .2  Re d uc i ng  Sug ar s  ( µ / g  g  fr e s h  w t )  

 The  r e d uc i ng s ug ar s  c o nt e nt  i n t he  l e a ve s  r e gi s t e r e d  

s i gni f i c ant  c h a nge s  d ue  t o  gr o wt h r e g ul at o r s  an d h y br i ds  i n  

i ndi vi d u al  ye ar s  a s  we l l  as  i n po o l e d.  The  d at a i s  pr e s e nt e d i n  

Ta bl e  4 .15  and gr a phi c al l y de pi c t e d i n f i gur e  4 .1 3  i ndi c at e d  

t hat  a ve r a ge  r e d uc i ng  s u g ar  c o nt e nt  i nc r e as e d f r o m 0 .1 6 3  at  

6 0  D AS  t o  1 .2 9 8  µ/ g  g  f r e s h wt .  at  1 5 0  D AS.   

 The  d at a i n di c at e d t h at  f o l i ar  a p pl i c at i o n  o f  Et hyl e ne  

( T2 )  at  s q u ar i n g s t age  s i g ni f i c ant l y i nc r e as e d r e duc i n g s u gar s  

c o nt e nt  ( 0 .1 6 8  µ/ g  g  f r e s h wt . )  o ve r  c o nt r o l  ( 0 .1 6 0  µ/ g g f r e s h  
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Table  4 .15 : Effect  o f Ethy le ne  and MH on Re duc ing s ugar (µ/g g  fres h wt. ) at  dif fe rent  growth s tages  in co tton 

hybrids  

 60 DAS 90 DAS 120  DAS 150 DAS 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   0.152 0.167 0.160 0.203 0.204 0.203 0.669 0.489 0.579 1.444 1.058 1.251 

T2 - Ethylene  45 ppm 0.159 0.177 0.168 0.229 0.225 0.227 0.738 0.539 0.638 1.519 1.147 1.333 

T3 - MH 500 ppm 0.154 0.166 0.160 0.214 0.219 0.217 0.696 0.507 0.602 1.481 1.104 1.293 

T4 - T2 + T3 0.158 0.174 0.166 0.224 0.222 0.223 0.721 0.525 0.623 1.498 1.139 1.315 

S. Em. ± 0.002 0.003 0.002 0.004 0.005 0.003 0.007 0.008 0.006 0.016 0.018 0.012 

C.D. at 5% 0.005 0.008 0.005 0.011 0.014 0.008 0.021 0.025 0.016 0.048 0.054 0.035 

B. Variety (V) 

V1- RCH 2 (BG-II) 0.155 0.170 0.162 0.218 0.224 0.221 0.711 0.519 0.615 1.472 1.111 1.292 

V2-Vikram 5  (BG-II) 0.160 0.178 0.169 0.226 0.222 0.224 0.718 0.539 0.628 1.520 1.151 1.335 

V3- G. Cot Hy-12 0.153 0.164 0.159 0.208 0.206 0.207 0.689 0.488 0.589 1.459 1.074 1.267 

S. Em. ± 0.002 0.002 0.001 0.003 0.004 0.003 0.006 0.007 0.005 0.014 0.016 0.011 

C.D. at 5% 0.004 0.007 0.004 0.009 0.012 0.007 0.018 0.021 0.014 0.042 0.047 0.030 

C. Interaction 

V x T 

S. Em. ± 0.003 0.005 0.003 0.006 0.008 0.005 0.013 0.015 0.010 0.028 0.032 0.020 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.002   0.004   0.008   0.017 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 3.25 4.71 4.11 4.93 6.31 5.65 3.06 4.91 3.84 3.29 4.94 4.00 
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Fig .  4 .13 :  Effe c t  o f  E t hy le ne  an d M H on re d uc i ng  s uga rs  (µ/g  g  f re s h wt. )  a t  di f fe re n t  g ro wt h s tage s  in 

co tto n hyb r i ds  
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wt .)  at  6 0  D AS a nd t hi s  t r e nd was  c o nt i nue d u nt i l l  1 5 0  DAS.  

Ap pl i c at i o n o f  M H at  8 5  D AS ( T3 )  al s o  i nc r e as e d r e d uc i n g  

s ug ar s  o ve r  c o nt r o l  at  9 0  DAS an d o n war d.  Ap pl i c at i o n o f  

Et h yl e ne  at  s qu ar i n g s t a ge  f o l l o we d b y MH at  8 5  D AS  ( T4 )  

al s o  s ho we d e nh a nc e d r e d uc i n g s u g ar s  c o nt e nt  at  9 0  ( 0 .2 2 3  

µ/ g g f r e s h wt . ) ,  1 2 0  ( 0 .6 23  µ/ g g f r e s h wt . )  a n d 1 5 0  DAS  

( 1 .3 1 5  µ/ g g f r e s h wt . )  o ve r  c o nt r o l  ho we ve r ,  t he  e n ha nc e me nt  

was  no t  s i g ni f i c ant  o ve r  Et hyl e ne .   

 Amo n gs t  t he  hy br i ds ,  Vi kr a m 5  ( BG- I I)  r e c o r de d 

hi g he r  r e duc i n g s ug ar s  t h an RC H 2  ( BG- I I)  a nd G.  Co t  H y- 1 2 .  

Lo we s t  r e duc i n g s u gar s  c o nt e nt  was  r e c o r de d i n G .  Co t  H y- 1 2  

at  al l  t he  gr o wt h  s t age s .   

 The  i nt e r ac t i o n be t we e n gr o wt h r e g ul at o r s  t r e at me nt  

an d h ybr i ds  was  f o u nd  no t  s i gni f i c a nt  at  al l  t he  s t a ge s  o f  

c r o p.   

4 .5  CR OP P HEN O LO GI CA L C HAR AC T ER S  

4 .5 .1  Da ys  t o  5 0  pe r  c e nt  s q u ar i ng  

4 .5 .2  Da ys  t o  5 0  pe r  c e nt  fl o we ri ng 

4 .5 .3  Da ys  t o  5 0  pe r  c e nt  bo l l s  bur s ti ng  an d mat ur i t y  

 The  dat a o n  n um be r  o f  d ays  t o  5 0  pe r  c e nt  s qu ar i n g ,  

5 0  pe r  c e nt  f lo we r i ng ,  5 0  pe r  c e nt  bo l l  bur s t i ng a nd mat ur i t y  

ar e  pr e s e nt e d i n Ta bl e - 4 .1 6 

 The  dat a i ndi c at e d t h at  ap pl i c at i o n o f  Et h yl e ne  at  t he  

t i me  o f  s qu ar e  i ni t i at i o n a nd  M al e i c  hy dr a zi de  at  8 5  D AS  ha d  

no  s i gni f i c a nt  e f f e c t o n 5 0  pe r c e nt  s quar i n g as  we l l  as  5 0  pe r  

c e nt  f l o we r i ng.  M ar gi n al  e f f e c t o n da ys  t o  5 0 pe r  c e nt 

f l o we r i ng  was  o bs e r ve d d ue  t o  Et h yl e ne  ap pl i c at i o n .  D ays  

r e qui r e d f o r  5 0  pe r  c e nt  bo l l  bur s t i ng an d m at ur i t y we r e  

s i gni f i c ant l y af f e c t e d by bo t h t he  c he mi c al s .  The  da ys  we r e  

s i gni f i c ant l y r e d uc e d  b y a ppl i c at i o n  o f  Et h yl e ne  ( 1 1 1 ,1 6 9 
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Tabl e  4.16 : Effect  o f Et hyl ene  and MH o n Cro p phe nol ogi cal  stages  i n cotto n hybri ds   

 
Days to 50 % Squaring Days to 50 % Flowering Days to 50 % Boll bursting Maturity 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   47.7 48.0 47.8 74.4 74.2 74.3 120 119 119 176 172 174 

T2 - Ethylene  45 ppm 47.8 47.6 47.7 75.8 76.4 76.1 111 111 111 169 168 169 

T3 - MH 500 ppm 47.4 47.3 47.4 74.3 74.3 74.3 126 127 126 188 193 190 

T4 - T2 + T3 47.6 48.1 47.8 76.2 76.0 76.1 123 123 123 179 182 181 

S. Em. ± 1.41 1.46 0.98 1.78 1.88 1.25 2.6 2.5 1.7 4.3 5.8 3.6 

C.D. at 5% NS NS NS NS NS NS 7.6 7.2 4.9 12.7 17.0 10.3 

B. Variety (V) 

V1 - RCH 2   (BG-II) 46.8 47.6 47.2 73.4 74.1 73.8 115 116 115 172 171 172 

V2 - Vikram 5  (BG-II) 47.3 47.2 47.2 74.5 74.2 74.3 118 118 118 176 176 176 

V3 - G. Cot Hy-12 48.8 48.5 48.7 77.7 77.5 77.6 127 126 126 186 189 188 

S. Em. ± 1.22 1.26 0.86 1.54 1.62 1.09 2.2 2.1 1.5 3.8 5.0 3.1 

C.D. at 5% NS NS NS NS NS 3.12 6.6 6.3 4.3 11.0 14.7 8.9 

C. Interaction 

V x T 

S. Em. ± 2.44 2.53 1.64 3.08 3.25 2.11 4.5 4.3 2.9 7.5 10.0 5.8 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   1.43   1.83   2.5   5.11 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 8.88 9.16 9.02 7.09 7.48 7.29 6.47 6.18 6.33 7.3 9.7 8.6 
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da ys )  o ve r  c o nt r o l  ( 11 9 ,1 74  days )  whe r e as ,  M H s i gni f i c a nt l y  

e nh anc e d  t he  s ame  ( 1 2 6 ,  1 9 0  d ays ) ,  r e s pe c t i ve l y.  

 The  di f f e r e nc e s  i n a ve r a ge  d a ys  t o  5 0  pe r  c e nt 

s qu ar i n g o f  hy br i ds  RC H 2  ( BG- I I) ,  Vi kr a m 5  ( BG - I I)  a nd G.  

Co t  Hy- 1 2  we r e  f o und no t  s i gni f i c ant .  P o o l e d r e s ul t s 

i ndi c at e d t h at  d ays  r e q ui r e d f o r  5 0 pe r  c e nt  f lo we r i n g we r e  

s i gni f i c ant l y hi g he r  i n  no t - Bt  h y br i ds  G.  Co t  Hy- 1 2  ve r s us  Bt  

hy br i ds  Vi kr am  5  ( B G- II)  a n d RC H 2  ( BG- I I) ,  t he  l at t e r  t wo  

we r e  s t at i s t i c al l y at  p ar .   

 An i de nt i c al  t r e n d was  o bs e r ve d i n d a ys  r e qui r e d f o r  

5 0  pe r  c e nt  bo l l s  bur s t i n g an d mat ur i t y whe r e i n G.  Co t  H y- 1 2  

r e qui r e d s i g ni f i c ant l y mo r e  d ays  t ha n t he  t wo  Bt  hy br i ds  

whi c h  we r e  at  p ar .  Mi ni m um  d a ys  r e qui r e d  f o r  5 0  pe r  c e nt  

bo l l s  bur s t i n g a nd  m at ur i t y  was  r e q ui r e d i n RC H 2  ( B G- I I) .  

 No ne  o f  t he  i nt e r ac t i o n s  o f  pl a nt  gr o wt h r e g ul at o r s  

wi t h h ybr i ds  was  f o un d t o  be  s i gni f i c ant  d ur i n g bo t h t he  ye ar s  

an d i n po o l e d an al ys i s  wi t h r e s pe c t  t o  d a ys  t o  5 0  pe r  c e nt  

s qu ar i n g,  5 0  pe r  c e nt  f l o we r i n g,  5 0  pe r  c e nt  bo l l  bur s t i n g  an d  

mat ur i t y .  

4 .6  MORP H O- P HE NO LOG AL E VE N TS  

4 .6 .1  Mo r pho - p he no l o gi c al  e ve nt s  bas e d o n g r o wi ng       

de g r e e  days  ( G .D. D
o
C)  

 In t he  pr e s e nt  s t udy ,  t he  who l e  l i f e  c yc l e  of  co t t o n 

hy br i ds  f r o m s o wi n g t o  ph ys i o l o gi c al  m at ur i t y was  di vi de d  

i nt o  f o ur  di s t i nc t  phe no l o gi c al  s t age s  v i z . ,  s qu ar i n g,  

f l o we r i ng ,  bo l l  b ur s t i ng  a n d mat ur i t y.  Agr o - me t e o r o lo gi c al  

i ndi c e s  l i ke  gr o wi ng de gr e e  da ys  ( GD D)  an d he l i o t he r m al  uni t  

( H TU)  r e q ui r e d f o r  at t ai n me nt  o f  phe no p h as e s  o f  c o t to n 

c ul t i var s  un de r  var i a bl e  we at he r  c o n di t i o ns  c al c ul at e d ar e  

pr e s e nt e d i n  Ta bl e .4 .1 7  

88 



 

 Ef f e c t  o f appl i c at i o n o f  Et hyl e ne  at  s qu ar i n g s t a ge  

an d M H at  8 5  D AS ha d no  s i g ni f i c ant  be ar i n g o n gr o wi n g  

de gr e e  da ys  r e qui r e d f o r  e me r ge nc e  t o 50  pe r  c e nt  s quar i n g  

an d e me r ge nc e  t o  5 0  pe r  c e nt  f l o we r i ng i n i n di vi du al  ye ar s  as  

we l l  as  i n po o l e d.  Ho we ve r ,  G. D. D.  r e q ui r e d f r o m e me r ge nc e  

t o  5 0  pe r  c e nt  bo l l  b ur s t i ng  was  s i g ni f i c ant l y af f e c t e d.   

 Et h yl e ne  a ppl i c at i o n at  s qu ar i n g ( T2 )  r e qui r e d 

s i gni f i c ant l y l e s s  de gr e e  d a ys  f o r  5 0  pe r  c e nt  bo l l  bur s t i n g  

( 1 4 17
o
C)  an d mat ur i t y  ( 2 0 1 9

o
C)  t ha n u nt r e at e d c o nt r o l  ( 1 5 2 1 

an d 2 1 2 6
o
C, r e s pe c t i ve l y) .  MH a ppl i c at i o n at  8 5  D AS ( T3 )  

r e qui r e d s i g ni f i c ant l y mo r e  de gr e e  d a ys  f o r  5 0  pe r  ce nt  bo l l  

bur s t i n g ( 1 6 0 2
o
C)  an d m at ur i t y  ( 2 2 4 9

o
C) .  Appl i c at i o n  o f  

Et h yl e ne  f o l l o we d b y M H ( T4 )  i nc r e as e d r e q ui r e me nt  o f  

de gr e e  d a ys  f o r  5 0  pe r  c e nt  bo l l  b ur s t i n g ( 1 5 6 3 )  an d mat ur i t y  

( 2 1 50
o
C)  o ve r  Et h yl e ne  but  de c r e as e d o ve r  MH .  

 It  i s  e vi de nt  f r o m t he  po o l e d d at a  ( Tabl e - 4 .1 7 ) ,  t hat  

o n an a ve r age  t he  c o t t o n hy br i ds  r e q ui r e d 5 7 5
o
C days  f o r  

e me r ge nc e  t o  5 0  pe r  c e nt  s q uar i n g,  9 2 6
o
C d ays  f o r  e me r ge nc e  

t o  5 0  pe r  c e nt  f l o we r i ng,  1 5 2 5
o
C da ys  f o r  e me r ge nc e  5 0  pe r 

c e nt  bo l l  b ur s t i ng  a n d 2 1 3 6
o
C d ays  f o r  e me r ge nc e  t o  m at ur i t y .   

 The  po o l e d d at a i n di c at e d t h at  gr o wi ng de gr e e  da ys  

( GDD)  r e q ui r e d f o r  mo r pho - phe no l o gi c al  e ve nt s  di f f e r e d 

s i gni f i c ant l y amo n gs t  c o t t o n hy br i ds ,  e xc e pt  f o r  e me r ge nc e  t o  

5 0  pe r  c e nt  s quar i n g .  R CH 2  ( BG- II)  a n d Vi kr am 5  ( BG - I I)  

r e qui r e d l e s s  de gr e e  da ys  t o  at t ai n  a de f i ni t e  s t age  o f  gr o wt h  

an d de ve l o p me nt ,  c o m par e d t o  G.  Co t  Hy- 1 2  dur i n g bo t h t he  

ye ar s  a n d i n  po o l e d.  The  l at e r  r e qui r e d 1 6 0 1  an d 2 2 4 3
o
C d ays  

t o  at t ai n  5 0  pe r  c e nt  bo l l  b ur s t i ng a nd  m at ur i t y r e s pe c t i ve l y,  

as  c o mpar e d t o  1 4 7 2  and 2 0 5 5
o
C de gr e e  days  o f  RCH 2 ( BG-

I I)  f o r  t he  s i mi l ar  e ve nt s .  
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Tabl e  4.17 : Effect  o f Et hyl ene  and MH o n Growi ng  degree  days (G DD)  at  di ffe rent  st ages  i n cotto n hybri ds  

 Emergence to 50 %  squaring Emergence to 50 %   flowering Emergence to 50 %  Boll bursting Emergence to maturity 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   561 595 578 893 935 914 1517 1525 1521 2137 2115 2126 

T2 - Ethylene 45 ppm 562 589 576 911 965 938 1396 1438 1417 2005 2032 2019 

T3 - MH 500 ppm 558 586 572 892 937 914 1595 1609 1602 2264 2233 2249 

T4 - T2 + T3 558 596 577 916 959 937 1556 1571 1563 2167 2134 2150 

S. Em. ± 17.5 19.7 12.8 22.6 24.6 16.2 34.1 26.6 21.6 59.9 46.8 36.9 

C.D. at 5% NS NS NS NS NS NS 99.9 77.9 61.6 175.6 137.4 105.2 

B. Variety (V) 

V1 - RCH 2  (BG-II) 549 590 569 881 934 907 1452 1492 1472 2046 2063 2055 

V2 - Vikram 5  (BG-II) 555 584 569 894 934 914 1492 1518 1505 2127 2094 2111 

V3 - G. Cot Hy-12 575 602 588 934 978 956 1604 1597 1601 2257 2228 2243 

S. Em. ± 15.2 17.1 11.2 19.5 21.3 14.2 29.5 23.0 18.5 51.8 40.6 32.3 

C.D. at 5% NS NS NS NS NS 40.3 86.6 67.4 52.6 152.1 119.0 92.1 

C. Interaction 

V x T 

S. Em. ± 30.4 34.1 21.4 39.1 42.6 27.3 59.0 46.0 35.3 103.7 81.1 61.8 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   18.7   23.6   30.6   53.7 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 9.40 9.99 9.72 7.49 7.79 7.65 6.74 5.19 6.01 8.38 6.60 7.55 
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 The  i nt e r ac t i o n e f f e c t  be t we e n gr o wt h  r e g ul at o r  

t r e at me nt s  wi t h h ybr i ds  was  f o un d no t  s i gni f i c a nt  d ur i n g bo t h  

t he  ye ar s  a nd  po o l e d.  

4 .6 .2   Mo r p ho - phe no l o gi c al  e ve nt s  bas e d  o n  he l i o t he r mal  

 uni t s  ( H TU
o

C)  

 Dat a pr e s e nt e d i n Tabl e  4 .1 8  re ve al e d wi de  

de vi at i o ns  i n ac c u mul at i o n o f  he l i o t he r mal  uni t s  ( H TU)  t o  

r e ac h a p ar t i c ul ar  mo r p ho - p he no l o gi c al  s t a ge  be t we e n t he  t wo  

ye ar s .  I n ge ne r al ,  t he  H TU  ac c u m ul at e d  d ur i n g 2 0 1 1 - 1 2  was  

mo r e  t ha n t hr e e  t i me s  t ho s e  i n 2 0 1 2 - 1 3  due  t o  l o n g r ai nf al l  

s pe l l  an d o ve r  l as t  s ki e s  dur i ng  t he  l at t e r .   

 The  dat a r e ve al e d pr o no u nc e d i nf l ue nc e  o f  gr o wt h  

r e gul at o r s  o n he l i o t he r mal  u ni t  f o r  bo l l  bur s t i ng a nd m at ur i t y.   

The  di f f e r e nc e s  we r e  s i gni f i c ant  dur i n g bo t h t he  ye ar s  a n d i n  

po o l e d.  Ap pl i c at i o n o f  Et hyl e ne  ( T2 )  s i gni f i c ant l y r e qui r e d  

l o we s t  he l i o t he r mal  uni t  ( H TU)  f o r  e me r ge nc e  t o  5 0  pe r  c e nt  

bo l l  bur s t i ng ( 2 9 5 4
o
C)  and e me r ge nc e  t o  mat u r i t y ( 6 2 0 8

o
C) 

o ve r  r e s t  o f  t he  t r e at me nt s  whe r e as  a ppl i c at i o n  o f  MH ( T 3 )  

r e qui r e d hi ghe s t  H TU  i .e .  3 7 3 2
o
C day a n d 7 2 9 7

o
C fo r  t he 

s ame  e ve nt  t o  o c c ur .  Ap pl i c at i o n o f  Et h yl e ne  +  MH ( T4 )  

r e c o r de d i nc r e as e d he l i o t he r mal  u ni t  f o r  50  pe r  c e nt  bo l l 

bur s t i n g a nd  m at ur i t y  o ve r  c o nt r o l  a nd  Et hyl e ne .   

 Co t t o n hy br i ds  di f f e r e d s i gni f i c ant l y i n ac c um ul at i o n  

o f  he l i o t he r mal  uni t s  t o  at t ai n a de f i ni t e  s t a ge  o f  gr o wt h an d  

de ve l o pme nt  d ur i n g bo t h t he  ye ar s  as  we l l  as  i n po o l e d  

an al ys i s .  Bt  hy br i ds  RC H 2  ( B G- I I)  an d Vi kr am 5  ( B G- I I)  

r e c o r de d s i gni f i c ant l y l o we r  he l i o t he r mal  u ni t s  f o r  5 0  pe r  

c e nt  bo l l  bur s t i n g ( 3 1 7 0  an d  3 3 5 0
o
C)  an d m at ur i t y  ( 6 3 5 3  t o 

6 5 8 2
o
C)  c o mpar e d  t o  G.  Co t  Hy- 1 2  ( 3 7 8 3  t o  7 16 5

o
C) . 

 Di f f e r e nt  mo r pho - p he no l o gi c al  e ve nt s  b as e d  o n  

he l i o t he r mal  u ni t s  we r e  no t  i n f l ue nc e d s i g ni f i c ant l y d ue  t o  
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Tabl e  4.18 : Effect  o f Et hyl ene  and MH o n Hel i othermal  uni t ( HTU)  at di ffere nt st ages  i n cotto n hybri ds  

 Emergence to 50 % Boll bursting Emergence to maturity 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   5236.4 1648.1 3442.3 9753.8 3228.79 6491.3 

T2 - Ethylene  45 ppm 4429.6 1478.6 2954.1 9376.6 3039.36 6208.0 

T3 - MH 500 ppm 5701.2 1761.8 3731.5 10188.3 4404.95 7296.6 

T4 - T2 + T3 5477.6 1741.8 3609.7 9840.5 3768.26 6804.4 

S. Em. ± 313.3 57.8 159.3 190.8 318.39 185.6 

C.D. at 5% 919.0 169.6 454.4 559.6 933.86 529.3 

B. Variety (V) 

V1 - RCH 2  (BG-II) 4765.6 1574.7 3170.2 9508.6 3197.65 6353.1 

V2 - Vikram 5  (BG-II) 5067.6 1632.4 3350.0 9732.7 3430.73 6581.7 

V3 - G. Cot Hy-12 5800.4 1765.7 3783.0 10128.2 4202.64 7165.4 

S. Em. ± 271.3 50.1 138.0 165.2 275.73 160.7 

C.D. at 5% 795.9 146.9 393.5 484.7 808.75 458.4 

C. Interaction 

V x T  

S. Em. ± 542.7 100.2 215.2 330.5 551.47 239.9 

C.D. at 5% NS NS NS NS NS NS 

Y x T 

S. Em. ±   225.3   262.5 

C.D. at 5%   NS   NS 

C.V.% 14.0 12.5 13.3 12.4 11.0 11.8 
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i nt e r ac t i o ns  o f  gr o wt h r e g ul at o r s  a nd hy br i ds  dur i ng bo t h t he  

ye ar s  an d po o l e d.  

4 .7  YIE LD  AN D  YI E LD  CON TR IB U TIN G CH AR A CT ER S  

4 .7 .1  Nu mbe r  o f  bo l l s   

 The  dat a o n nu m be r  o f  bo l l s  pl ant
- 1

,  bo l l  we i g ht  ( g) ,  

yi e l d ( g  pl ant
- 1

) ,  yi e l d ( k g h a
- 1

) ,  bi o mas s  a nd p ar t i t i o ni ng  

e f f i c ie nc y ( H I)  as  i nf l ue nc e d  b y gr o wt h  r e gul at o r s  was  

r e c o r de d at  har ve s t  a nd  pr e s e nt e d i n Ta bl e  4 .1 9 .   

 The  di f f e r e nc e s  i n nu mbe r  o f  bo l l s  we r e  f o und  

s i gni f i c ant  i n  bo t h  t he  ye ar s  as  we l l  as  i n  po o l e d .  The  d at a  

i ndi c at e d t h at  f o l i ar  a ppl i c at i o n  o f  Et hyl e ne  at  s qu ar i n g s t age  

( T2 )  a n d M H at  8 5  D AS ( T3 )  r e c o r de d s i gni f i c a nt l y hi g he r  

nu m be r  o f bo l l s  pl ant
- 1

 i .e . ,  4 6 .9 and 4 5 .6 ,  r e s pe c t i ve l y  t ha n  

t he  u nt r e at e d c o nt r o l  ( 3 9 .5 )  Ap pl i c at i o n  o f  bo t h  Et hyl e ne  at  

s qu ar i n g an d  MH  at  8 5  D AS ( T4 )  h a d s u p pl e me nt al  e f f e c t  o n 

nu m be r  o f  bo l l s  whi c h r e c o r de d  t he  hi ghe s t  n um be r  o f  bo l l s  

( 5 1 .0  pl ant
- 1

)  a nd s i gni f i c a nt l y hi g he r  t h an  MH , Et h yl e ne  as  

al s o  t he  c o nt r o l .  

 The  d at a o n me an nu m be r  o f  bo l l s  har ve s t e d i n t he  

t hr e e  hybr i ds  d ur i n g t he  t wo  ye ar s  a n d i n po o l e d a n al ys i s  i s  

pr e s e nt e d i n Tabl e  4 .1 9 .  Vi kr am 5  ( BG- I I)  r e c o r de d ma xi m um  

( 4 8 .6 )  numbe r  o f  bo l l s  whi c h  was  at  p ar  wi t h R CH 2  ( B G - I I)  

( 4 7 .0 )  but  s i gni f i c ant l y hi g he r  t h an no n - Bt  G.  Co t  H y- 1 2  

( 4 1 .6 ) . 

 The  i nt e r ac t i o n e f f e c t  be t we e n gr o wt h r e g ul at o r s  

t r e at me nt  an d c o t t o n hy br i ds  f o r  nu mbe r  o f  bo l l s  was  f o un d  

no t  s i gni f i c a nt  dur i ng  bo t h t he  ye ar s  a nd  i n  po o l e d .  

4 .7 .2  B ol l  wei g ht  ( g )  

 The  dat a o n  me a n bo l l  we i g ht  ( g)  as  i nf l ue nc e d by  

gr o wt h r e gul at o r s  t r e at me nt s  i s  pr e s e nt e d i n Ta bl e - 4 .1 9   
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 The  d at a r e ve al e d t h at  f o l i ar  a p pl i c at i o n o f  Et h yl e ne  

at  s qu ar i n g s t a ge  ( T2 )  a n d MH at  8 5  DAS ( T3 )  r e s ul t e d i n  

s i gni f i c ant l y hi g he r  bo l l  we i g ht  ( 3 .5 8  and 3 .6 3 g ,  r e s pe c t i ve l y)  

t ha n u nt r e at e d c o nt r o l  ( 3 .2 9  g) .  Ap pl i c at i o n o f  Et h yl e ne  at  

s qu ar i n g s t a ge  f o l l o we d by  M H at  8 5  D AS  ( T4 )  al s o  r e s ul t e d 

i n hi g he r  bo l l  we i ght  ( 3 .6 4  g)  b ut  wi t ho ut  s i g ni f i c ant  e dge  

o ve r  Et h yl e ne  ( T2 )  o r  M H ( T3 ) .    

 The  di f f e r e nc e s  i n bo l l  we i g ht  amo n gs t  t he  h ybr i ds  

we r e  f o un d s i g ni f i c ant .  Vi kr am 5  ( B G - I I)  ( 3 .6 4  g)  r e c o r de d 

hi g he s t  bo l l  we i ght ; R CH  2  ( B G- I I)  was  at  p ar  ( 3 .6 1 g)  t o  i t .  

Si g ni f i c ant l y l o w bo l l  we i g ht  was  o bs e r ve d i n G.  Co t  H y- 1 2  

( 3 .3 5  g) .  

 No ne  o f  t he  i nt e r ac t i o n be t we e n gr o wt h r e g ul at o r s  

an d hy br i ds  was  f o u n d s i gni f i c a nt  d ur i n g bo t h ye ar s  a n d i n  

po o l e d.  

4 .7 .3  Yi e l d pe r  pl ant  ( g / pl ant )  

 The  d at a o n s e e d c o t t o n yi e l d ( g pl ant
- 1

)  as  

i nf l ue nc e d b y gr o wt h  mo di f i e r s  a nd  h y br i ds  i s  pr e s e nt e d  i n  

Ta bl e  4 .1 9 .   

 The  d at a r e ve al e d t h at  gr o wt h r e gul at o r  t r e at me nt s  o n 

s e e d c o tt o n yi e l d  we r e  f o und t o  s i gni f i c ant l y i nf l ue nc e  yi e l d  

pl a nt
- 1

 d ur i n g bo t h  t he  ye ar s  as  we l l  as  i n po o l e d.   The  dat a  

s ho we d t h at  ap pl i c at i o n o f  Et h yl e ne  at  s q uar i n g  s t a ge  ( T2 )  an d  

MH at  8 5  D AS ( T3 )  i nc r e as e d s e e d c o t t o n yi e l d  b y s i g ni f i c ant  

mar gi n o ve r  c o nt r o l  whi c h w as  1 6 7 .4  g a nd 1 6 3 .9  g,  

r e s pe c t i ve l y ,  i n t he  f o r me r  t wo ,  a gai ns t  1 3 1 .7  g i n t he  c o nt r o l .   

Ap pl i c at i o n o f  Et h yl e ne  at  s qu ar i n g s t a ge  f o l l o we d b y M H at  

8 5  D AS  ( T4 )  f ur t he r  e n ha nc e  s e e d c o t t o n yi e l d ( 1 8 3 .5  g)  o ve r  

Et h yl e ne  o r  M H.  

 The  di f f e r e nc e s  i n s e e d c ot t o n yi e l d  i n t he  t hr e e  

hy br i ds  we r e  f o un d s i g ni f i c ant  i n i ndi vi d u al  ye ar s  as  we l l  as  
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i n po o l e d.  The  dat a i n di c at e d t h at  Vi kr a m 5  ( BG- I I)  r e c o r de d 

s i gni f i c ant l y hi ghe s t  s e e d c o t t o n yi e l d  ( 1 7 5  g pl ant
- 1

)  

f o l l o we d b y R CH 2  ( BG- II)  ( 1 6 9  g pl a nt
- 1

) .  Bo t h we r e  

s i gni f i c ant l y hi g he r  t h a n G .  Co t  H y- 1 2  ( 1 4 0 .8  g pl a nt
- 1

) .  

 Int e r ac t i o n e f f e c t  be t we e n gr o wt h r e g ul at o r s  wi t h  

hy br i ds  was  f o un d no t  s i gni f i c a nt  dur i ng bo t h t he  ye ar s  as  

we l l  as  i n  po o l e d.  

4 .7 .4  Se e d c o t t o n yi e l d ( kg / ha)  

 The  d at a o n s e e d c o t to n yi e l d ( kg h a
- 1

)  as  i nf l ue nc e d  

by  pl a nt  gr o wt h r e g ul at o r s  i s  pr e s e nt e d i n Ta bl e  4 .1 9   

 The  d at a i n di c at e d t h at  f o l i ar  a p pl i c at i o n o f  Et hyl e ne  

an d M H was  f o un d t o  s i gni f i c ant l y i nf l ue nc e  s e e d c o tt o n yi e l d 

dur i ng bo t h t he  ye ar s  an d i n po o l e d an al ys i s .  Ap pl i c at i o n o f  

Et h yl e ne  at  s q u ar i n g s t age  ( T2 )  a n d MH at  8 5  D AS ( T3 )  

r e c o r de d s i gni f i c ant l y hi ghe r  s e e d c o t t o n yi e l d  o f  2 4 5 3  and  

2 4 0 0  kg h a
- 1

,  r e s pe c t i ve l y ,  o ve r  u nt r e at e d c o nt r o l  ( 2 1 58  kg  

ha
- 1

) .  The  f o r me r  t wo  we r e  s t at i s t i c al l y at  p ar .  A p pl i c at i o n  o f  

Et h yl e ne  at  s qu ar i n g s t a ge  f o l l o we d b y MH at  8 5  D AS ( T4 )  

ha d s up pl e me nt al  e f f e c t  o n s e e d c o tt o n yi e l d whi c h was  

i nc r e as e d b y s i g ni f i c ant  m ar gi n ( 2 6 4 5  kg h a
- 1

)  o ve r  MH an d  

Et h yl e ne .   

 The  di f f e r e nc e s  i n s e e d c o t t o n yi e l d  amo ngs t  t he  

hy br i ds  we r e  f o un d s i g ni f i c ant  i n i ndi vi d u al  ye ar s  as  we l l  as  

i n po o l e d.  Vi kr am 5  ( BG- I I)  r e c o r de d t he  hi ghe s t  s e e d c o t to n 

yi e l d ( 2 6 4 5  kg h a
- 1

)  whi c h  was  s i g ni f i c ant l y  hi g he r  t ha n RC H  

2  ( BG- I I)  ( 2 4 8 2  kg h a
- 1

)  as  we l l  as  G .  Co t  Hy- 1 2  ( 2 1 1 5  kg) .  

Th us  l o we s t  s e e d c o t t o n  yi e l d  was  h ar ve s t e d  i n G.  Co t  Hy- 1 2 .   

 Int e r ac t i o n e f f e c t s  be t we e n  gr o wt h r e g ul at o r s  a nd  

hy br i ds  was  f o un d no t  s i gni f i c ant  d ur i n g bo t h  t he  ye ar s  an d i n  

po o l e d.  
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4 .7 .5  Bi o mas s  ( g / pl ant )  

 The  dat a o n me a n bi o mas s  ( g pl a nt
- 1

)  r e c o r de d at  

har ve s t  as  i nf l ue nc e d gr o wt h r e gul at o r s  an d h y br i ds  i s  

pr e s e nt e d i n Ta bl e -4 .1 9  and gr a phi c al l y de pi c t e d i n Fi g ur e  

4 .1 4   

 The  t r e at me nt s  r e c e i vi ng  Et h yl e ne  an d MH  r e s ul t e d i n  

s i gni f i c ant  i nf l ue nc e  o n me an bi o m as s  d ur i n g bo t h t he  ye ar s  

an d i n po o l e d .  The  d at a i n di c at e d t hat  ap pl i c at i o n o f  Et h yl e ne  

( T2 ) ,  MH ( T 3 )  a n d Et hyl e ne  +  MH  ( T4 )  s i g ni f i c ant l y  e n ha nc e d  

bi o mas s  pr o d uc t i o n ( 3 0 1 .1 ,  2 9 5 .1 and 3 1 5 .8  g pl ant
- 1

,  

r e s pe c t i ve l y)  o ve r  c o nt r o l  ( 2 6 7 .1 g) .  Of  t he  t hr e e  t r e at me nt s  

Et h yl e ne  at  s qu ar i n g s t age  +  MH at  8 5  DAS r e c o r de d t he  

hi g he s t  bi o m as s  pe r  pl ant  whi c h was  s i g n i f i c ant l y hi g he r  t ha n  

MH a nd  at  p ar  wi t h Et h yl e ne .  

 Amo n gs t  di f f e r e nt  h y br i ds ,  Vi kr am  5  ( BG- I I)  

r e c o r de d hi g he r  bi o m as s  ( 3 1 1 .5  g  pl ant
- 1

)  whi c h was  

s i gni f i c ant  o ve r  G.  Co t  H y- 1 2  ( 2 7 5 .4 g)  and R CH 2  ( B G- I I)  

( 2 9 7 .5 g) .   

 The  i nt e r ac t i o n be t we e n gr o wt h r e g ul at o r s  and  

hy br i ds  dur i ng bo t h ye ar s  a n d i n po o l e d a nal ys i s  was  no t  

s i gni f i c ant .  

4 .7 .6  P ar t i ti o ni ng  e ffi c i e nc y :  H ar ve s t  i nde x ( %)  

 The  d at a pr e s e nt e d i n Ta bl e  4 .19  i ndi c at e d t h at  

ap pl i c at i o n pl a nt  gr o wt h r e g ul at o r s  di d no t  e x hi bi t  s i g ni f i c ant  

e f f e ct  o n har ve s t  i nde x d ur i n g i n di vi d u al  ye ar s  but  i n po o l e d  

an al ys i s .  P o o l e d r e s ul t s  i ndi c at e d t hat  a p pl i c at i o n o f  Et h yl e ne  

at  s qu ar i n g s t age  ( T2 ) ,  MH at  8 5  D AS ( T3 )  an d Et hyl e ne  +  MH 

( T4 )  r e s ul t e d i n hi g he r  t r ans l o c at i o n i .e . ,  har ve s t  i n de x ( 3 5 .7 ,  

3 5 .6  and 3 6 .6 ,  r e s pe c t i ve l y)  o ve r  u nt r e at e d c o nt r o l  ( 3 3 .0 ) . 

Hi g he s t  har ve s t  i n de x was  o bs e r ve d i n Et h yl e ne  +  MH  

t r e at me nt  but  was  at  p ar  t o  Et h yl e ne  a nd  M H .   
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Table  4 .19 : Effect  o f Ethy le ne  and MH on Yie ld and Yie ld contributing characte rs  in co tton hybrids  

 Number of bolls plant-1  Boll weight (g) Yield g plant-1 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments   (T) 

T1 - Control (00 ppm)   36.8 42.1 39.5 3.38 3.19 3.29 129.9 133.5 131.7 

T2 - Ethylene 45 ppm 44.7 49.1 46.9 3.62 3.55 3.58 162.2 172.6 167.4 

T3 - MH 500 ppm 43.5 47.7 45.6 3.66 3.61 3.63 157.1 170.7 163.9 

T4 - T2 + T3 48.9 53.1 51.0 3.67 3.60 3.64 177.6 189.3 183.5 

S. Em. ± 1.72 1.72 1.17 0.08 0.11 0.07 6.98 6.74 4.72 

C.D. at 5% 5.03 5.06 3.35 0.22 0.33 0.20 20.5 19.8 13.5 

B. Variety (V) 

V1 - RCH 2 (BG-II) 44.8 49.3 47.0 3.64 3.58 3.61 163.6 174.5 169.0 

V2 -Vikram 5 (BG-II) 46.6 50.6 48.6 3.68 3.61 3.64 170.9 179.1 175.0 

V3 - G. Cot Hy-12 39.2 44.1 41.6 3.43 3.28 3.35 135.6 145.9 140.8 

S. Em. ± 1.49 1.49 1.03 0.07 0.10 0.06 6.05 5.84 4.11 

C.D. at 5% 4.36 4.38 2.93 0.19 0.29 0.17 17.7 17.1 11.7 

C. Interaction 

V x T 

S. Em. ± 2.97 2.99 2.02 0.13 0.20 0.11 12.1 11.7 8.01 

C.D. at 5% NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   1.72   0.10   6.87 

C.D. at 5%   NS   NS   NS 

C.V.%  11.8 10.8 11.3 6.45 9.77 8.23 13.4 12.2 12.8 

                                                  Table 4.19 Conti... 
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 Seed cotton yield (kg ha-1) Biomass (g) plant-1 Harvest Index (%) 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T)  

T1 - Control (00 ppm)   2110 2206 2158 264.2 270.1 267.1 32.9 33.1 33.0 

T2 - Ethylene 45 ppm 2352 2553 2453 295.4 306.9 301.1 35.4 36.0 35.7 

T3 - MH 500 ppm 2301 2499 2400 290.7 299.4 295.1 35.0 36.2 35.6 

T4 - T2 + T3 2588 2701 2645 309.1 322.6 315.8 36.4 36.9 36.6 

S. Em. ± 73.1 80.1 52.9 8.40 8.57 5.81 1.17 1.29 0.84 

C.D. at 5% 214.4 235.0 150.7 24.6 25.1 16.5 NS NS 2.40 

B. Variety (V)  

V1 - RCH 2 (BG-II) 2420 2545 2482 291.2 303.8 297.5 35.8 36.4 36.1 

V2 - Vikram 5 (BG-II) 2590 2700 2645 308.9 314.0 311.5 35.6 36.1 35.9 

V3 - G. Cot Hy-12 2004 2226 2115 269.3 281.5 275.4 33.4 34.1 33.7 

S. Em. ± 63.3 69.4 46.3 7.27 7.42 5.10 1.02 1.11 0.75 

C.D. at 5% 185.7 203.5 132.0 21.3 21.8 14.5 NS NS NS 

C. Interaction  

V x T  

S. Em. ± 127 139 89.4 14.5 14.8 9.76 2.03 2.23 1.42 

C.D. at 5% NS NS NS NS NS NS NS NS NS 

Y x T  

S. Em. ±   76.7   8.48   1.23 

C.D. at 5%   NS   NS   NS 

C.V.% 9.38 9.65 9.53 8.69 8.58 8.63 10.1 10.9 10.5 

 

 

Table 4.19... Conti..... 
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Fig .  4 .14 :  E ffe c t  o f  E t hy le ne  an d M H o n  B io mas s  (g /p la nt)  i n co tto n hy b r i ds  
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 The  d at a pr e s e nt e d i n Ta bl e  4 .1 9  r e ve al e d t hat  c o t t o n 

hy br i ds  di d no t  s ho w a n y s i g ni f i c ant  di f f e r e nc e s  i n har ve s t  

i nde x i n i n di vi du al  ye ar s  as  we l l  as  i n po o l e d a n al ys i s .  

Lo we s t  har ve s t  i n de x was  r e c o r de d i n G .  Co t  Hy- 1 2  ( 3 3 .7 %) ,  

whe r e as  hi g he s t  i n R CH 2  ( BG- I I)  ( 3 6 .1  %) .   

 No ne  o f  t he  i nt e r ac t i o ns  o f  gr o wt h mo di f i e r 

t r e at me nt s  a n d hy br i ds  was  f o un d s i gni f i c a nt .  

4 .7 .7     Se e d c o t t o n yi e l d pe r  pl ant  at  1 4 0 ,  1 5 5  an d 1 7 0  d ays   

 The  dat a o n s e e d c o t t o n yi e l d r e c o r de d at  di f f e r e nt  

i nt e r val s  as  i nf l ue nc e d b y gr o wt h r e gul at o r s  an d hy br i ds  ar e  

pr e s e nt e d i n  Ta bl e  4 .2 0  

 The  d at a  r e ve al e d  t h at  gr o wt h  r e g ul at o r  we r e  f o u nd  t o  

s i gni f i c ant l y i nf l ue nc e  yi e l d pl a nt
- 1

 at  1 4 0 , 1 55  and 1 7 0  DAS  

dur i ng bo t h t he  ye ar s  as  we l l  as  i n po o l e d.  The  d at a i n di c at e d  

t hat  a p pl i c at i o n o f  Et hyl e ne  ( T2 )  r e c o r de d s i gni f i c ant l y hi g he r  

( 1 0 9  g pl ant
- 1

)  s e e d c o t t o n yi e l d o ve r  MH a nd c o nt r o l  at  1 4 0  

D AS.  Ap pl i c at i o n o f  Et h yl e ne  +  M H ( T4 )  r e c o r de d 

s i gni f i c ant l y hi ghe r  s e e d c o t t o n yi e l d ( 1 0 1 .6)  o ve r  c o nt r o l 

( 8 2 .5  g pl a nt
- 1

)  an d r e m ai ne d at  p ar  wi t h MH  ( T3 )  ( 9 3 .7  g  

pl a nt
- 1

) .  

 Ap pl i c at i o n o f  MH  r e c o r de d s i gni f i c a nt l y hi g he r  s e e d 

c o t t o n yi e l d at  1 5 5  an d 1 7 0  D AS o ve r  Et h yl e ne  ( T 2 )  an d  

c o nt r o l  whe r e as  a p pl i c at i o n o f  bo t h  Et hyl e ne  a n d M H ( T 4 )  

r e c o r de d s i gni f i c ant l y hi ghe r  yi e l d o ve r  al l  o t he r  t r e at me nt s .  

Mo r e  o r  le s s ,  a s i mi l ar  t r e nd was  o bs e r ve d at  1 7 0  D AS t hus  

Et h yl e ne  r e s ul t e d i n e ar l i ne s s  whe r e as  MH c a us e d de l a y i n  

har ve s t i ng  b ut  i n bo t h c as e s  i t  br o ug ht  a d va nt a ge  i n  yi e l d .    

 The  di f f e r e nc e s  i n s e e d c ot t o n yi e l d i n t he  t hr e e  

hy br i ds  we r e  f o un d s i g ni f i c ant  i n i ndi vi d u al  ye ar s  as  we l l  as  

i n po o l e d.  The  dat a i n di c at e d t h at  at  1 4 0  D AS ,  RC H 2  ( BG - I I)  

r e c o r de d s i gni f i c ant l y hi ghe r  s e e d c o t t o n yi e l d ( 1 0 7  g pl a nt
- 1

)  
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Table  4 .20 : Effect  o f Ethy le ne  and MH on See d cotton y ie ld pe r plant  a t dif fere nt inte rva l in co tton hybrids  

 140 days (g plant-1) 155 days (g plant-1) 170 days (g plant-1) 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   81.9 83.2 82.5 29.7 32.6 31.1 18.3 19.9 19.1 

T2 – Ethylene 45 ppm 106.6 111.3 109.0 32.9 36.8 34.9 22.3 24.2 23.2 

T3 - MH 500 ppm 89.5 97.8 93.7 40.7 42.0 41.3 26.9 29.2 28.1 

T4 - T2 + T3 99.1 104.1 101.6 46.6 51.1 48.8 31.6 32.3 32.0 

S. Em. ± 4.60 5.60 3.62 2.09 1.86 1.40 1.52 1.74 1.16 

C.D. at 5% 13.5 16.4 10.3 6.12 5.47 3.99 4.47 5.11 3.30 

B. Variety (V) 

V1 - RCH 2  (BG-II) 103.8 110.2 107.0 33.0 38.8 35.9 26.8 25.1 26.0 

V2 - Vikram 5 (BG-II) 86.6 93.7 90.2 50.7 50.7 50.7 33.3 34.7 34.0 

V3 - G. Cot Hy-12 92.5 93.4 92.9 28.7 32.3 30.5 14.2 19.5 16.8 

S. Em. ± 3.99 4.85 3.14 1.81 1.61 1.21 1.32 1.51 1.00 

C.D. at 5% 11.7 14.2 8.95 5.30 4.74 3.46 3.87 4.42 2.86 

C. Interaction 

V x T 

S. Em. ± 7.98 9.69 3.82 3.62 3.23 2.93 2.64 3.02 1.03 

C.D. at 5% NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   5.12   1.98   1.64 

C.D. at 5%   NS   NS   NS 

C.V.% 14.7 16.9 15.9 16.7 13.8 15.2 18.5 19.8 19.2 
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t ha n G .  Co t  H y- 1 2  ( 9 2 .9 g)  an d Vi kr a m 5  ( BG - I I)  ( 9 0 .2  

g/ pl ant )  whe r e as  at  1 5 5  and 1 7 0  D AS,  Vi kr a m 5  ( BG - I I)  

r e c o r de d s i gni f i c ant l y hi ghe r  s e e d c o t t o n yi e l d ( 5 0 .7  an d 3 4  g  

pl a nt
- 1

)  t han RC H 2  ( BG- I I)  ( 3 5 .9  an d 2 6  g) .  Bo t h we r e  

s i gni f i c ant l y hi ghe r  t h a n G.  Co t  H y - 1 2  i n t he  l as t  t wo  pi c ki n g  

at  1 5 5  a nd  1 7 0  D AS.  

 Int e r ac t i o n e f f e c t  be t we e n gr o wt h r e g ul at o r s  wi t h  

hy br i ds  was  f o un d no t  s i g ni f i c ant .  

4 .8  EC ON OM IC AL  C H AR AC TER S  

4 .8 .1  Gi nni ng  pe r c e nt ag e   

 The  d at a pe r t ai ni ng t o  gi n ni n g pe r c e nt a ge  as  

i nf l ue nc e d b y gr o wt h  mo di f i e r s  a nd  h y br i ds  i s  pr e s e nt e d  i n  

Ta bl e  4 .2 1   

 The  d at a  i n di c at e d  t h at  gi n ni n g pe r c e nt a ge  was  no t  

s i gni f i c ant l y af f e c t e d b y  Et hyl e ne  ( T2 ) ,  M H ( T3 )  a n d Et h yl e ne  

+  MH ( T4 )  i n bo t h  t he  ye ar s  an d i n po o l e d.   

 In  r e s pe c t  o f  h ybr i ds ,  no  s i g ni f i c ant  di f f e r e nc e s  we r e  

o bs e r ve d i n  gi n ni n g pe r c e nt a ge .   No ne t he l e s s ,  RCH 2  ( BG- I I)  

r e c o r de d hi g he s t  gi nni ng  pe r c e nt age  ( 3 3 .8 )  a n d Vi kr a m 5  

( BG- I I)  l o we s t  gi n ni n g pe r c e nt a ge  ( 3 2 .1 ) .  

 The  i nt e r ac t i o n o f  gr o wt h r e g ul at o r s  wi t h c o t t o n 

hy br i ds  was  f o un d no t  s i g ni f i c ant  d ur i n g bo t h ye ar s  a nd  i n  

po o l e d.  

4 .8 .2  Se e d i nde x ( g )  

 The  d at a  pe r t ai ni n g t o  s e e d  i n de x  as  i nf l ue nc e d by  

gr o wt h r e gul at o r s  a nd  h y br i ds  i s  pr e s e nt e d  i n Ta bl e  4 .2 1  

 The  d at a i n di c at e d s i g ni f i c ant  di f f e r e nc e s  due  t o 

gr o wt h r e g ul at o r s  dur i ng t he  t wo  ye ar s  an d i n po o l e d .  It  

r e ve al e d t h at  a p pl i c at i o n o f  MH at  8 5  D AS ( T3 )  s i gni f i c a nt l y  

l o we r e d s e e d i nde x ( 9 .5 4  g)  c o mp ar e d t o  Et h yl e ne  ( T2 ) ,  
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Et h yl e ne  +  MH ( T4 )  an d t he  c o nt r o l  ( 10 .5 g) .  Et h yl e ne  t e n de d  

t o  i nc r e as e  s e e d i nde x ( 1 0 .8 g)  c o mp ar e d  t o  c o nt r o l .  

 The  po o l e d d at a s ho we d t h at  Vi kr am 5  ( BG- I I)  

r e c o r de d hi g he r  s e e d i nde x ( 1 1 .9  g)  whi c h was  s i g ni f i c ant  

o ve r  G.  Co t  Hy- 1 2  ( 9 .6 1  g)  and RC H 2  ( BG- I I)  ( 9 .2 8  g) .  The  

l at e r  t wo  we r e  s t at i s t i c al l y at  p ar .   

 The  i nt e r ac t i o n o f  ye ar  wi t h var i e t y was  s i gni f i c a nt  

whi c h  i n di c at e d  t h at  c o nt r ar y t o  po o l e d r e s ul t s ,  G .  Co t  H y- 1 2  

r e gi s t e r e d s i gni f i c ant l y hi g he r  s e e d i nde x t ha n R C H 2  ( BG- I I)  

i n 2 0 1 2 - 1 3 .   

 The  i nt e r ac t i o n be t we e n  gr o wt h r e g ul at o r s  a n d c o t t o n 

hy br i ds  f o r  s e e d i nde x was  f o u n d no t  s i gni f i c a nt .  

4 .8 .3  Li nt  i nde x ( g )  

 The  d at a pe r t ai ni n g t o  l i nt  i n de x  ( g)  as  i nf l ue nc e d by  

Et h yl e ne  a nd M H as  we l l  as  hy br i ds  i s  pr e s e nt e d i n Tabl e  

4 .2 1 

 The  r e s ul t s  i ndi c at e d  t h at  Et h yl e ne  a nd M H h ad  

s i gni f i c ant  e f f e c t  o n l i nt  i n de x  dur i ng bo t h t he  ye ar s  a nd  i n  

po o l e d.  The  d at a r e ve al e d t h at  a ppl i c at i o n o f  Et h yl e ne  at  

s qu ar i n g s t a ge  ( T2 )  s i g ni f i c ant l y  i nc r e as e d  l i nt  i n de x ( 5 .5 3 g)  

whe r e as  t h at  o f  MH at  8 5  D AS ( T3 )  de c r e as e d t he  s ame  ( 4 .7 0 )  

o ve r  c o nt r o l  ( 5 .09 ) .  De t r i me nt al  e f f ec t  of  MH o n l i nt  i nde x  

was  mo de r at e d i n pr e vi o us l y Et h yl e ne  t r e at e d pl ant s  5 .0 0  g  

( T4 ) .   

 Co t t o n  h ybr i ds  s ho we d s i gni f i c a nt  di f f e r e nc e s  i n l i nt  

i nde x d ur i n g bo t h t he  ye ar s  an d i n po o l e d me an .  H y br i d  

Vi kr a m 5  ( BG- I I)  r e c o r de d t he  hi g he s t  l i nt  i nde x ( 5 .6 1  g)  

whi c h  was  s i g ni f i c a nt  o ve r  RC H 2  ( BG- I I)  ( 4 .7 4  g)  a nd  G .  Co t  

Hy- 1 2  ( 4 .8 8  g) .  

 The  i nt e r ac t i o n be t we e n  gr o wt h r e g ul at o r s  a n d c o t t o n 

hy br i ds  was  f o u nd t o  be  no t  s i gni f i c a nt .
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Table  4 .21 : Effect  o f Ethy le ne  a nd MH on Economica l characte rs  in cotton hybrids   

 Ginning percentage (%) Seed index (g) Lint Index (g) Oil content (%) 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2011-12 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   31.9 33.1 32.5 9.88 11.1 10.5 4.68 5.51 5.09 17.9 17.5 17.7 

T2 - Ethylene 45 ppm 32.7 33.3 33.0 10.0 11.6 10.8 4.86 6.19 5.53 18.2 18.2 18.2 

T3 - MH 500 ppm 33.1 33.9 33.5 8.63 10.5 9.54 4.24 5.15 4.70 17.2 17.0 17.1 

T4 - T2 + T3 33.1 33.6 33.4 9.64 10.7 10.2 4.79 5.21 5.00 17.9 17.5 17.7 

S. Em. ± 1.14 1.26 0.82 0.35 0.29 0.23 0.16 0.19 0.13 0.55 0.51 0.37 

C.D. at 5% NS NS NS 1.02 0.86 0.65 0.46 0.57 0.36 NS NS NS 

B. Variety (V) 

V1 - RCH 2 (BG-II) 33.0 34.6 33.8 9.08 9.48 9.28 4.46 5.02 4.74 17.5 17.2 17.4 

V2 - Vikram 5 (BG-II) 32.1 32.2 32.1 11.0 12.8 11.9 5.18 6.05 5.61 18.0 18.1 18.0 

V3 - G. Cot Hy-12 33.0 33.7 33.3 8.54 10.7 9.61 4.29 5.47 4.88 17.8 17.4 17.6 

S. Em. ± 0.99 1.09 0.73 0.30 0.26 0.19 0.14 0.17 0.11 0.47 0.44 0.32 

C.D. at 5% NS NS NS 0.88 0.75 0.61 0.40 0.49 0.32 NS NS NS 

C. Interaction 

V x T 

S. Em. ± 1.97 2.18 1.39 0.60 0.51 0.44 0.27 0.34 0.23 0.95 0.89 0.67 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   1.20   0.32   0.18   0.53 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 10.5 11.3 10.9 10.9 8.05 9.42 10.2 10.6 10.5 9.24 8.73 8.99 
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4 .8 .4  Oi l  c o nt e nt  ( %)  

 The  d at a  o i l  c o nt e nt  as  i nf l ue nc e d b y pl a nt  gr o wt h  

r e gul at o r s  a n d hy br i ds  i s  pr e s e nt e d i n Ta bl e  4 .2 1 

 The  d at a i ndi c at e d t h at  gr o wt h r e gul at o r s  di d no t  

ha ve  an y s i gni f i c a nt  i m p ac t  o n o i l  c o nt e nt  i n i n di vi d ual  ye ar s  

as  we l l  as  i n po o l e d .  Nu me r i c al l y,  Et hyl e ne  ( T2 )  r e c o r de d t he  

hi g he s t  o i l  c o nt e nt  ( 1 8 .2 %)  a n d MH  l o we s t  o i l  c o nt e nt  

( 1 7 .1 %) .   

 Co t t o n hy br i ds  di d no t  r e ve al  a ny s i g ni f i c a nt  

di f f e r e nc e s  i n o i l  c o nt e nt  d ur i n g t he  t wo  ye ar s  a nd  i n  po o l e d .  

No ne t he l e s s ,  Vi kr am 5  ( BG- I I)  s ho we d hi ghe r  o i l  c o nt e nt  

( 1 8 .0 %)  whe r e as ,  RC H 2  ( BG- II)  l o we r  o i l  c o nt e nt  ( 1 7 .4 %) .  

 The  i nt e r ac t i o n o f  gr o wt h r e gul at o r s  and h y br i ds  was  

f o und  no t  s i gni f i c a nt  i n  bo t h t he  ye ar s  as  we l l  as  i n po o l e d.  

4 .9  FIB R E Q U ALI T Y P AR AM E TER S   

4 .9 .1  2 .5  pe r  c e nt  S p an l e ng t h ( m m)  

 The  d at a o n 2 .5  pe r  c e nt  s p an  l e ngt h ( m m)  as  

i nf l ue nc e d by gr o wt h r e g ul at o r s  an d h ybr i ds  i s  pr e s e nt e d i n 

Ta bl e  4 .2 2 .  The  d at a  i n di c at e d t hat  Et h yl e ne  a nd MH h a d no  

s i gni f i c ant  i nf l ue nc e  o n 2 .5  pe r  c e nt  s pa n l e n gt h  a nd t he  f i br e  

be l o nge d t o  l o ng s t apl e  c at e go r y ( i .e . ,  mo r e  t han 2 7 .5 mm) .  

Ap pl i c at i o n o f  Et h yl e ne  at  s qu ar i n g s t a ge  f o l l o we d b y M H at  

8 5  DAS ( T4 )  yi e l de d s l i g ht l y l o n ge r  f i br e  ( 3 0 .2  mm)  o ve r  r e s t  

o f  t he  t r e at me nt s .  

 The  d at a pr e s e nt e d i n Ta bl e  4 .22  i ndi c at e d t h at  

di f f e r e nc e s  i n 2 .5  pe r  c e nt  s pan l e n gt h ( m m)  amo ngs t  t he  

hy br i ds  we r e  s i gni f i c a nt  d ur i n g bo t h t he  ye ar s  a nd i n po o l e d.  

Vi kr a m 5  ( BG- I I)  yi e l de d l o nge r  f i br e  ( 3 1 .2  mm)  whi c h we r e  

s i gni f i c ant l y be t t e r  t ha n G.  Co t  Hy- 1 2  ( 2 8 .4 )  and R CH 2  ( BG-

I I)  ( 3 0 .5 ) .  
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 The  i nt e r ac t i o n be t we e n  gr o wt h r e g ul at o r s  a n d c o t t o n 

hy br i ds  was  f o un d t o  be  no t  s i gni f i c ant  d ur i ng bo t h t he  ye ar s  

an d i n po o l e d.  

4 .9 .2  Fi br e  fi ne ne s s  ( µ g  i nc h
- 1

) 

 The  dat a o n  f i br e  f i ne ne s s  ( mi c r o nai r e )  i s  pr e s e n t e d 

i n Tabl e  4 .2 2 .  It  i ndi c at e d t h at  gr o wt h r e gul at o r  t r e at me nt s  

di d no t  h a ve  a ny  s i gni f i c a nt  e f f e c t  o n t he  mi c r o nai r e  val ue  

dur i ng  bo t h  t he  ye ar s  a nd  i n  po o l e d an al ys i s .  U nt r e at e d  

c o nt r o l  r e co r de d mi ni m um  f i br e  f i ne ne s s .  Al l  t he  t r e at me nt s  

di s pl a ye d  a ve r a ge  f i br e  f i ne ne s s .   

 The  c o t t o n  h y br i d r e ve al e d s i g ni f i c a nt  di f f e r e nc e s  i n 

f i ne ne s s  dur i n g 2 0 1 2 -1 3  and i n po o l e d a nal ys i s .  The  po o l e d  

r e s ul t s  s ho we d t hat  f i br e s  o f  G.  Co t  Hy- 1 2  we r e  l e s s  f i ne r  

( 4 .7 0  µg i nc h
- 1

)  t ha n RC H 2  ( BG- I I)  ( 4 .4 3 )  al t ho u gh al l  t he  

t hr e e  hy br i ds  we r e  a ve r a ge  i n f i br e  f i ne ne s s .  

 Int e r ac t i o n be t we e n gr o wt h r e g ul at o r s  a nd h ybr i ds  

was  f o u n d no t  s i g ni f i c ant  i n i n di vi d u al  ye ar s  a n d i n  po o l e d .  

4 .9 .3  Uni fo r mi t y r at i o  ( %)  

 Dat a pe r t ai ni n g t o  u ni f o r mi t y r at i o  ( %)  pr e s e nt e d i n  

Ta bl e  4 .2 2 .  i ndi c at e d t h at  gr o wt h r e gul at o r  t r e at me nt s  di d no t  

s i gni f i c ant l y af f e c t  u ni f o r mi t y r at i o  ( %)  i n  i n di vi du al  ye ar s  o r  

i n po o l e d.  Ho we ve r ,  unt r e at e d c o nt r o l  r e c o r de d be t t e r  

uni f o r mi t y  r at i o  ( 4 7 .4 %)  t h a n i n  Et h yl e ne  ( T2 )  ( 4 6 .4 )  whi c h  

s ho we d l o we r  u ni f o r mi t y r at i o .  The  uni f o r mi t y r at i o  was  

c o mpar at i ve l y  hi ghe r  d ur i ng  2 0 1 2 - 1 3  t han 2 0 1 1 - 1 2 .   

 The  c o t t o n h y br i ds  r e ve al e d s i g ni f i c ant  di f f e r e nc e  i n 

uni f o r mi t y  r at i o  ( %)  i n i ndi vi d u al  ye ar s  as  al s o  i n po o l e d .  The  

hy br i d  G .  Co t  H y- 1 2  e xhi bi t e d e xc e l l e nt  u ni f o r mi t y r at i o  

( 4 8 .5 %)  whi c h was  s i gni f i c a nt l y o ve r  Vi kr a m 5  ( BG- I I)  an d  

RC H 2  ( B G- II)  whi c h e xhi bi t e d go o d ( 4 6 .8 )  a n d a ve r age  

( 4 5 .8 )  f i br e  uni f o r mi t y r at i o ,  r e s pe c t i ve l y .  
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 The  i nt e r ac t i o n be t we e n  gr o wt h r e g ul at o r s  a n d c o t t o n 

hy br i ds  was  f o un d no t  s i g ni f i c ant .  

4 .9 .4  Mat ur i t y r at i o   

 The  d at a f o r  mat ur i t y r at i o  o f  c o t to n i s  pr e se nt e d i n 

Ta bl e  4 .2 2 .  It  r e ve al e d t hat  a ppl i c at i o n o f  pl a nt  gr o wt h  

r e gul at o r s  di d no t  c a us e  a ny  s i g ni f i c ant  c ha n ge s  i n mat ur i t y  

dur i ng t he  t wo  ye ar s  o f  e xpe r i me nt at i o n.  Go o d m at ur e  f i br e s 

we r e  pr o d uc e d i n al l  t he  t r e at me nt s  an d i n u nt r e at e d c o nt r o l  

( 0 .8 5 1 ) . 

 The  d at a  i n di c at e d  t h at  ( Ta bl e  4 .2 2 )  hybr i ds  s ho we d  

s i gni f i c ant  di f f e r e nc e s  i n  f i br e  mat ur i t y r at i o  dur i ng t he  t wo  

ye ar s  o f  e xpe r i me nt at i o n an d i n po o l e d .  G.  Co t  H y- 1 2  

r e c o r de d hi ghe r  mat ur i t y r at i o  ( 0 . 8 5 7 ) t han t h at  i n Vi kr a m 5  

( BG- I I)  a nd  RC H 2  ( BG - II) .  Si g ni f i c ant l y l o we r  m at ur i t y r at i o  

( 0 .8 4 1 )  was  r e c o r de d i n  R CH  2  ( B G - I I)  al t ho ug h  f i br e  o f  al l  

t he  h y br i ds  f e l l  i n go o d mat ur i t y c at e go r y.  

 The  i nt e r ac t i o n be t we e n gr o wt h mo di f i e r s  an d c o t t o n 

hy br i ds  was  f o un d t o  be  no t  s i gni f i c a nt  i n i n di vi d ual  ye ar s  as  

we l l  as  i n  po o l e d .  

4 .9 .5  Fi br e  s t r e ng t h ( g  t e x
- 1

) 

 Me an  f i br e  s t r e ngt h ( g  t e x
- 1

)  as  i nf l ue nc e d  b y gr o wt h  

r e gul at o r s  i s  pr e s e nt e d i n Ta bl e  4 .22 .  The  d at a i n di c at e d t h at  

ap pl i c at i o n o f  Et h yl e ne  at  s qu ar e  i ni t i at i o n an d MH  at  8 5  D AS  

s i gni f i c ant l y af f e c t e d f i br e  s t r e ngt h  d ur i n g bo t h t he  ye ar s  an d  

i n po o l e d an al ys i s .  Et hyl e ne  ( T2 )  s i gni f i c a nt l y i m pr o ve d  

s t r e ngt h o f  t he  f i br e  (2 3 .7 ) whe r e as  M H h ad s l i g ht l y  

de t r i me nt al  e f f e c t  o n t he  s ame  ( 2 2 .7 )  c o mpar e d t o  c o nt r o l 

( 2 2 .9 ) .  The r e f o r e  t he  f i br e  s tr e ngt h i n Et hyl e ne  t r e at me nt  was  

s i gni f i c ant l y be t t e r  t han t h at  i n MH . Ap pl i c at i o n o f  Et h yl e ne  

+  MH ( T4 )  r e c o r de d s i gni f i c ant  hi g he r  f i br e  s tr e ngt h ( 2 3 .3  g 

t e x
- 1

)  t ha n M H a nd  at  p ar  t o  t he  Et h yl e ne  a nd  c o nt r o l .   
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 The  dat a i n di c at e d t h at  ( Tabl e  4 .2 2 )  f i br e  s tr e ngt h o f  

c o t t o n hybr i ds  s i g ni f i c ant l y di f f e r e d dur i ng bo t h t he  ye ar s  but  

po o l e d r e s ul t s  i t  di d no t  de pi c t  s i gni f i c anc e .  Ye t  c o t t o n 

hy br i d  G.  Co t  Hy- 1 2  s ho we d be t t e r  f i br e  s t r e ngt h  ( 2 3 .9  g t e x
-

1
)  t han t he  o t he r  t wo .  The  i nt e r ac t i o n o f  ye ar  wi t h var i e t y was  

s i gni f i c ant  whi c h i ndi c at e d t h at  d ur i n g 2 0 1 1 - 12 ,  RCH 2  ( BG-

I I)  yi e l de d f i br e  wi t h s i g ni f i c ant l y l o w s t r e n gt h ( 2 1 .2  g  t e x
- 1

)  

vi s - a- vi s   Vi kr am  5  ( B G- I I)   ( 2 3 .2 )  a n d G .  Co t  H y- 1 2  ( 2 3 .1 ) 

whe r e as  i n 2 0 1 2 - 1 3 ,  G.Co t  Hy- 1 2  yi e l de d f i br e s  wi t h  

s i gni f i c ant l y hi g he r  s t r e ngt h ( 2 4 .8 )  vi s - a- vi s  RC H 2  ( B G- I I)  

( 2 3 .3  g t e x
- 1

)  a nd  Vi kr a m 5  ( B G- I I)  ( 2 3 .4 g t e x
- 1

) .  

 Int e r ac t i o n be t we e n pl ant  gr o wt h  r e g ul at o r s  a nd  

c o t t o n hy br i ds  was  f o u n d no t  s i g ni f i c ant .    

4 .9 .6  Fi br e  el o ng at i o n ( %)  

 The  dat a f o r  f i br e  e l o ngat i o n ( %)  pr e s e nt e d i n Ta bl e 

4 .2 2 .  i ndi c at e d t hat  gr o wt h mo di f i e r s  di d no t  s ho w an y  

s i gni f i c ant  i nf l ue nc e  o n f i br e  e l o n gat i o n  dur i n g t he  t wo  ye ar s  

an d i n po o l e d .   

 The  d at a f ur t he r  r e ve al e d t h at  ( Tabl e  4 .2 2)  

di f f e r e nc e s  i n f i br e  e lo ngat i o n o f  t he  c o t t o n h ybr i ds  we r e  

f o und  s i g ni f i c ant  d ur i n g 2 0 1 1 - 1 2  an d i n po o l e d.  The  po o l e d  

r e s ul t  i ndi c at e d t hat  hy br i ds  Vi kr am 5  ( B G- I I)  a n d R CH 2  

( BG- I I)  r e c o r de d gr e at e r  f i br e  e l o ngat i o n  ( 6 .2 5  an d 6 .2 1 %)  

whi c h  was  s i g ni f i c ant  o ve r  G .  Co t  H y- 1 2  ( 6 .0 0 ) .   

 The  i nt e r ac t i o n be t we e n  gr o wt h r e g ul at o r s  a n d c o t t o n 

hy br i ds  was  no t  s i g ni f i c a nt .  

4 .9 .7  Sho r t  fi br e  i nde x ( SF I)  

 The  d at a f o r  s ho r t  f i br e i nde x ( S FI)  pr e s e nt e d i n  

Ta bl e  4 .22  i ndi c at e d t hat  gr o wt h r e gul at o r s  di d no t  s ho w an y  

s i gni f i c ant  e f f e c t  o n s ho r t  f i br e  i n de x d ur i n g bo t h t he  ye ar s  

an d i n po o l e d .  Ap pl i c at i o n o f  Et h yl e ne  at  s q uar i n g s t a ge  ( T2 )  
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Table  4 .22 : Effect  o f Ethy le ne  and MH on Fibre  qua lity traits  in co tton hybrids  

 2.5 % Span length (mm) Fibre fineness (µg inch-1) Uniformity ratio (%) Maturity ratio 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   28.6 31.3 29.9 4.67 4.63 4.65 44.7 50.1 47.4 0.849 0.853 0.851 

T2 - Ethylene 45 ppm 28.7 31.2 30.0 4.57 4.36 4.46 43.4 49.4 46.4 0.848 0.850 0.849 

T3 - MH 500 ppm 29.0 31.1 30.0 4.58 4.68 4.63 44.0 50.1 47.1 0.844 0.852 0.848 

T4 - T2 + T3 29.1 31.3 30.2 4.62 4.52 4.57 44.1 50.2 47.2 0.848 0.852 0.850 

S. Em. ± 0.33 0.31 0.23 0.09 0.09 0.06 0.39 0.54 0.33 0.003 0.002 0.002 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

B. Variety (V) 

V1 - RCH 2 (BG-II) 29.4 31.5 30.5 4.54 4.31 4.43 42.8 48.9 45.8 0.839 0.843 0.841 

V2 - Vikram 5 (BG-II) 30.0 32.4 31.2 4.60 4.63 4.61 43.8 49.7 46.8 0.850 0.851 0.850 

V3 - G. Cot Hy-12 27.1 29.8 28.4 4.68 4.71 4.70 45.6 51.3 48.5 0.853 0.862 0.857 

S. Em. ± 0.29 0.27 0.20 0.07 0.08 0.05 0.34 0.47 0.29 0.003 0.002 0.002 

C.D. at 5% 0.84 0.79 0.56 NS 0.22 0.15 1.00 1.37 0.81 0.007 0.006 0.005 

C. Interaction 

V x T 

S. Em. ± 0.57 0.54 0.38 0.15 0.15 0.11 0.68 0.93 0.61 0.005 0.004 0.005 

C.D. at 5% NS NS NS NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.32   0.09   0.47   0.003 

C.D. at 5%   NS   NS   NS   NS 

C.V.% 3.44 3.00 3.21 5.63 5.76 5.69 2.68 3.23 3.01 1.04 2.06 0.91 

 Table 4.22: continues …. 
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Table 4.22: continues …. 

 Fibre strength  (g/tex) Fibre elongation (%) Short Fibre Index (SFI) 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

A. Treatments  (T) 

T1 - Control (00 ppm)   22.1 23.8 22.9 5.96 6.37 6.16 11.9 5.53 8.74 

T2 - Ethylene 45 ppm 23.1 24.2 23.7 5.96 6.49 6.22 12.5 6.03 9.26 

T3 - MH 500 ppm 22.1 23.3 22.7 5.94 6.27 6.11 12.0 5.86 8.91 

T4 - T2 + T3 22.7 24.0 23.3 5.90 6.34 6.12 11.6 5.39 8.48 

S. Em. ± 0.24 0.20 0.16 0.07 0.06 0.05 0.49 0.33 0.30 

C.D. at 5% 0.69 0.60 0.44 NS NS NS NS NS NS 

B. Variety (V) 

V1 - RCH 2  (BG-II) 21.2 23.3 22.3 5.97 6.46 6.21 12.4 6.04 9.20 

V2 -Vikram 5 (BG-II) 23.2 23.4 23.3 6.11 6.38 6.25 10.7 4.81 7.75 

V3 - G. Cot Hy-12 23.1 24.8 23.9 5.74 6.26 6.00 12.9 6.26 9.59 

S. Em. ± 0.20 0.18 0.48 0.06 0.06 0.04 0.43 0.29 0.26 

C.D. at 5% 0.60 0.52 NS 0.19 NS 0.12 1.26 0.84 0.73 

C. Interaction 

V x T 

S. Em. ± 0.41 0.35 0.32 0.13 0.11 0.08 0.86 0.57 0.37 

C.D. at 5% NS NS NS NS NS NS NS NS NS 

Y x T 

S. Em. ±   0.22   0.07   0.42 

C.D. at 5%   NS   NS   NS 

C.V.% 3.14 2.57 2.86 3.75 3.05 3.40 12.4 17.4 14.3 

 

109 



 

r e s ul t e d i n gr e at e r  S F I ( 9 .2 6 )  whi l e  t hat  o f  Et h yl e ne  at  

s qu ar i n g s t a ge  an d M H at  8 5  D AS ( T4 )  r e s ul t e d i n  mi ni m um  

s ho r t  f i br e  i nde x  ( 8 .4 8 )  o ve r  u nt r e at e d c o nt r o l  ( 8 .7 4 ) .  

 The  di f f e r e nc e s  i n SF I o f  t he  t hr e e  hy br i ds  we r e  

f o und  s i g ni f i c ant .  G .  Co t  H y- 1 2  s ho we d  s i g ni f i c ant l y  hi g h SF I  

( 9 .5 9 )  co mpar e d t o  Vi kr a m 5  ( BG- I I)  whi c h r e c o r de d l o we s t  

SF I ( 7 .7 5 ) .  The  SF I  i n RC H 2  ( BG- II)  ( 9 .2 0 )  was  s t at i s t i c al l y  

at  par  t o  t hat  i n G.  Co t  H y- 1 2 .     

 The  i nt e r ac t i o n be t we e n pl a nt  gr o wt h r e g ul at o r s  a nd  

hy br i ds  was  f o un d no t  s i gni f i c ant  d ur i n g bo t h t he  ye ar s  an d i n  

po o l e d.  

4 .1 0 Ec o no mi c s  St udi e s  

 The  dat a o n e c o no mi c s  o f  t he  us e  o f  gr o wt h  

r e gul at o r s  i n  c o t t o n h ybr i ds  i n pr e s e nt e d i n Ta bl e - 4 .2 3  

 Dat a pe r t ai ni n g t o  gr o s s mo ne t ar y r e t ur ns  ( GM R)  

r e ve al e d t hat  a p pl i c at i o n o f  Et h yl e ne  at  s qu ar i n g s t age  

f o l l o we d b y MH at  8 5  D AS ( T4 )  r e s ul t e d i n t he  hi ghe s t  gr o s s  

mo ne t ar y r e t ur ns  ( Rs  1 ,1 6 ,  4 93  ha
- 1

)  vi s - a- vi s  a p pl i c at i o n o f  

Et h yl e ne  at  s q u ar i n g s t a ge  ( T2 )  ( Rs  1 ,0 8 ,1 19  ha
- 1

)  an d M H at  

8 5  DAS ( T3 )  ( Rs  1 ,0 5 ,7 9 8 ha
- 1 ) an d u nt r e at e d c o nt r o l  ( Rs  

9 5 ,0 4 1 ha
- 1

) .  

 Amo n gs t  t he  h ybr i ds ,  Vi kr am 5  ( BG- I I)  g a ve  G MR  

( Rs  1 ,  1 6 ,48 0  ha
- 1

)  fo l l o we d by RC H 2  ( BG- I I)  ( Rs  1 ,  0 9 ,33 5 

ha
- 1

) .  Mi ni m u m G MR was  i n c o n ve nt i o n al  h ybr i d  G .  Co t  Hy-

1 2  ( Rs  9 3 ,  2 7 3  ha
- 1

) .   

 In t e r ms  ne t  r e t ur ns ,  a s i mi l ar  pi c t ur e  e me r ge d a nd  

hi g he s t  ne t  r e t ur n i n t he  gr o wt h r e gul at o r s  w as  wi t h Et h yl e ne  

+  MH ( Rs  6 6 ,44 9  ha
- 1

) .  Mi ni mum ne t  r e t ur ns  we r e  o bs e r ve d i n  

unt r e at e d c o nt r o l  ( Rs .  4 8 ,3 3 8  h a
- 1

)  whi c h we r e  m uc h  l o we r  

t ha n Et hyl e ne  ( Rs  5 9 ,3 3 5  ha
- 1

)  and MH ( Rs  5 7 ,  3 7 5 ha
- 1

)  

al o ne .  
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 Amo n gs t  t he  hy br i ds ,  Vi kr a m 5  ( BG- I I)  r e c o r de d 

hi g he s t  ne t  mo ne t ar y r e t ur ns  o f  Rs  6 6 ,2 2 6  ha
- 1

 whe r e as  G.  Co t  

Hy- 1 2  t he  l o we s t  ( Rs  4 7 ,5 5 4  h a
- 1

) .  

 The  d at a o n be ne f i t  c o st  r at i o n ( BCR)  r e ve al e d t h at  i t  

was  i nf l ue nc e d  b y pl a nt  gr o wt h  r e gul at o r s .  Appl i c at i o n  o f  

Et h yl e ne  +  MH ( T4 )  r e c o r de d hi g he r  BC R ( 2 .3 2 )  c o mpar e d t o  

Et h yl e ne  ( 2 .2 1 )  and MH al o ne  ( 2 .1 8 ) an d o ve r  u nt r e at e d  

c o nt r o l  ( 2 .0 3) .  

 Amo n gs t  t he  hy br i ds ,  Vi kr a m 5  ( BG- I I)  r e c o r de d 

hi g he r  be ne f i t  c o s t  r at i o ( 2 . 31 )  v is - a- v i s  G.  Co t  Hy- 1 2  ( 2 .03 ) 

an d R CH 2  ( BG- I I)  ( 2 .2 1 ) .   

     Si nc e  t he  i nt e r ac t i o n o f  hy br i ds  wi t h gr o wt h  

r e gul at o r s  f o r  mo s t  t he  t r ai t s  s t u di e d we r e  f o u n d no t  

s i gni f i c ant  i t  i n as s ume d t hat  Bt  h ybr i ds  o r  c o nve nt i o nal  

hy br i d bo t h r e s po nde d t o  t he  gr o wt h r e g ul at o r s  s ame  wa y an d  

be ne f i t s  o f  us e  o f  gr o wt h r e g ul at o r s  c an be  ac c r ue d i n al l  

t ype  c o t t o n hy br i ds .  
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Table  4 .23 : Economics  o f modifica t ion o f morphoframe in co tton hybrids  (Average  of 20 11-12 and 2012 -13 )  

 Seed cotton yield 

kg/ha 

Stalk yield  

(Rs ha-1) 

Total cost of 

production 

Gross return 

(Rs ha-1) 

Net return 

(Rs ha-1) 
B. C. Ratio 

A. Treatments  (T)  

T1  - Control (00 ppm) 2158 4316 46653 95041 48388 2.03 

T2  - Ethylene 45 ppm 2453 4905 48764 108119 59355 2.21 

T3  - MH 500 ppm 2400 4800 48423 105798 57375 2.18 

T4  - T2 + T3 2645 5290 50045 116493 66449 2.32 

B. Variety (V) 

V1  - RCH 2  (BG-II) 2483 4964 49441 109335 59895 2.21 

V2  - Vikram 5  (BG-II) 2645 5289 50254 116480 66226 2.31 

V3  - G. Cot Hy-12 2115 4230 45719 93273 47554 2.03 
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V  DISCUSSION 
 

 

 Co t t o n h ybr i ds  ge ne r al l y ha ve  r o b us t  ar c hi t e c t ur e ,  

gr e at e r  ho r i zo nt al  ( p ar t i c ul ar l y 1
s t

 i nt e r no de  o f  s ympo di a)  

an d  vi go r o us  gr o wt h wi t h  mo r e  pl a nt  he i ght  whi c h  l e ads  t o  

mo r e  ve ge t at i ve  gr o wt h a nd  m ut u al  s ha di n g  r e s ul t i ng  i n  

s he ddi n g o f  r e pr o d uc t i ve  p ar t s .  The r e  ar e  s e ve r al  o t he r  

pr o bl e ms  as s o c i at e d wi t h t he  gr o wt h an d  de ve l o p me nt  

l i mi t i ng t he  yi e l d.  Abs c i s s i o n o f  l e ave s  a n d r e pr o duc t i ve  

par t s  i s  o ne  o f  t he  maj o r  pr o bl e ms  i n i r r i gat e d an d he a vy  

r ai nf al l  ar e as .  E xc e s s i ve  ve ge t at i ve  gr o wt h al s o  r e duc e s  

yi e l d.  P l a nt  gr o wt h r e gul at o r s  ar e  k no wn t o  mo di f y t he  

s o ur c e  t o  s i nk r e l at i o ns hi p an d i nc r e as e  t he  t r ans l o c at i o n an d  

pho t o s y nt he t i c  e f f i ci e nc y r e s ul t i ng i n i nc r e as e d s q u ar e  an d  

bo l l  r e t e nt i o n a nd  bo l l  s e t t i ng  pe r  c e nt  ( Ku mar ,  2 0 0 1 ) .  

 Co t t o n i s  a pe r e n ni al  pl a nt  wi t h a n i nde t e r mi n at e  

gr o wt h h a bi t  wi t h bo t h ve ge t at i ve  a nd r e pr o d uc t i ve  gr o wt h  

o c c ur r i ng s i mul t a ne o us l y.  W hi l e  ve ge t at i ve  gr o wt h i s  

ne c e s s ar y t o  s up po r t  r e pr o duc t i ve  gr o wt h ,  e xc e s s i ve  

ve ge t at i ve  gr o wt h c an  be  de t r i me nt al .  U n de r  e xc e s s i ve  

ve ge t at i ve  gr o wt h ,  f r ui t  a bs c i s s i o n ma y i nc r e as e ; c r o p  

mat ur i t y m ay be  de l a ye d a n d r e duc e  t he  har ve s t .  Gr o wt h  

ha bi t s  o f  co t t o n ge no t ype s  ar e  i nc o ns i s t e nt ,  r angi n g f r o m 

we l l  b al a nc e d gr o wt h t o  ag gr e s s i ve  ve ge t at i ve  gr o wt h .  The  

gr o wt h  h a bi t  o f  t he s e  var i e t i e s  c o mbi ne d  wi t h hi g h  

a vai l a bi l i t y o f  n ut r i e nt s ,  t i me l y r ai nf al l  o r  i r r i gat i o n an d  

de l a ye d f r ui t  r e t e nt i o n c an e nc o ur age  e xc e s s i ve  ve ge t at i ve  

gr o wt h.  Co t t o n pl a nt s  pr o duc e  s e ve r al  n at ur al  gr o wt h  

r e gul at o r s  o r  pl a nt  ho r mo ne s  whi c h mo di f y pl a nt  gr o wt h an d  

di ve r t  e ne r gy al l o c at i o n wi t hi n t he  pl ant .  Re g ul at o r s  ar e  
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be i n g ap pl i e d t o  t he  f o l i age  i n an e f f o r t  t o  mai nt ai n a b al a nc e  

be t we e n ve ge t at i ve  an d r e pr o d uc t i ve  ph as e .  One  o f  t he  mo s t 

c o mmo nl y  us e d  gr o wt h r e gul at o r  i s  M al e i c  hy dr a zi de  whi c h  

de c r e as e s  t he  ve ge t at i ve  gr o wt h  b y i nt e r f e r i ng i n t he  

bi o s ynt he t i c  pat h wa y o f  gi bbe r e l l i ns .  U n de r s t an di n g t he  

ph ys i o l o gy o f  e xc e s s i ve  ve ge t at i ve  gr o wt h f o r  t he  us e  o f  

Mal e i c  hy dr a zi de  b as e d r e gul at o r s  i s  e s s e nt i al  fo r 

s at i s f ac t o r y ma na ge me nt  o f  ve ge t at i ve  gr o wt h.  Be ne f i t s  f r o m 

t he  us e  o f  s uc h  a c he mi c al  de pe n d o n  t he  c o nc e nt r at i o n,  t i me  

o f  ap pl i c at i o n,  var i e t al  be h a vi o ur  a n d e n vi r o nme nt al  

c o ndi t i o ns .  

 P l ant  gr o wt h a n d de ve l o p me nt  i s  a c o mpl e x pr o c e s s 

an d t wo  c l as s e s  o f  me c h ani s ms  t h at  i nf l ue nc e  an d r e g ul at e  

t he  de ve l o pme nt al  p at t e r n o f  a pl ant  h a ve  be e n r e c o gni ze d.  

The  f i r s t  i s  a s ys t e m o f  e n do ge no us  c he mi c al  me s s e n ge r s ,  

c al l e d ho r mo ne s  t h at  c o - o r di nat e  t he  de ve l o pme nt  o f  

i ndi vi d u al  o r ga ns  as  we l l  as  t he  pl a nt  as  a who l e .  The  s e c o nd  

c l as s  o f  me c hani s m  c o mpr i s e s  o f  e xt r i ns i c  f ac t o r s  s uc h as  

l i ght ,  wat e r ,  t e mpe r at ur e  an d gr a vi t y whi c h o r i gi n at e  o ut s i de  

t he  o r gani s m an d c o n ve y t he  i nf o r mat i o n a bo ut  t he  

e n vi r o nme nt .  Thus ,  t he  f i nal  p at t e r n o f  de ve l o pme nt  an d  

be h a vi o ur  o f  e ac h i ndi vi d u al  pl a nt  i s  t he  r e s ul t o f c o mpl e x 

i nt e r pl a y be t we e n ge ne t i c ,  ho r mo n al  a n d e n vi r o nme nt al  

f ac t o r s .  Ap pl i c at i o n o f  gr o wt h r e t ar d a nt s  wi l l  r e duc e  yi e l d  

due  t o  al t e r e d s o ur c e  s i nk  r e l at i o ns hi p,  r e duc e d  pl a nt  he i ght  

an d c ano py s i ze .  B ut ,  o p t i mu m c o nc e nt r at i o n  a n d s i n gl e  

ap pl i c at i o n o f  r e t ar da nt s  at  a ppr o pr i at e  s t age  wi l l  i nc r e as e  

t he  yi e l d b y o pt i mi zi ng s o ur c e  s i nk r e l at i o ns hi p .  Mul t i pl e  

ap pl i c at i o n a nd  hi g he r  c o nc e nt r at i o n wi l l  r e d uc e  yi e l d  b y  

al t e r i ng e n z yme / ho r mo nal  c o nc e nt r at i o n t hr o ug h pr o t e i n 

s ynt he s i s  al o n g wi t h s e c o n dar y me s s e nge r s .  Re g ul at i n g  
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s ubs t a nc e s  bo t h t he  n at ur al  a n d s y nt he t i c  ho r mo ne s  o pe r at e  

by i nd uc i n g s uc h c h a nge s  i n t he  ac t i vi t y o f  e nzy me s  di r e c t l y 

o r  i ndi r e c t l y.  C h an ge s  i n pl ant  gr o wt h an d de ve l o p me nt  ar e  

br o ug ht  a bo ut  by c h a ngi ng e nz yme  p at t e r n i n t he  pl a nt  c e l l s . 

Cur t ai l i ng e xc e s s i ve  pl a nt  gr o wt h i n Bt  c o t t o n hy br i ds  b y us e  

o f  gr o wt h r e g ul at o r s  c o ul d pr o ve  t o  be  us e f ul  s tr at e gy t o  

au g me nt  c o t t o n pr o d uc t i o n t o  me e t  t he  e ve r  gr o wi n g de m an d  

o f  bur ge o ni n g po p ul at i o n  i n t he  c o u nt r y.   

 Wi t h t hi s  vi e w,  a n e xpe r i me nt  e nt i t l e d “Inf l ue nc e  o f 

mo di f i c at i o n o f  mo r p ho f r ame  o n ph ys i o l o gy a nd  yi e l d  i n  

c o t t o n” was  un de r t a ke n at  M ai n Co t t o n Re s e ar c h St at i o n,  

N AU, S ur at  dur i n g k h a r i f  20 1 1- 1 2 and 2 0 1 2 - 1 3  t o  s t udy t he  

e f f e ct  o f  f o l i ar  ap pl i c at i o n  o f  Et hyl e ne  a n d Mal e i c  h y dr a zi de  

o n var i o us  Mo r p ho - p h ys i o l o gi c al  t r ai t s  o n yi e l d  a n d qu al i t y  

par ame t e r s  o f  c o t t o n hy br i ds .   

 In t he  pr e s e nt  i n ve s t i g at i o n t wo  Bt  a n d o ne  no n- Bt  

hy br i ds  o f  c o t t o n we r e  s ubj e c t e d t o  f o l i ar  appl i c at i o n o f  

Et h yl e ne  a n d Mal e i c  h ydr a zi de  a n d mo ni t o r e d f o r  gr o wt h,  

yi e l d a nd qu al i t y c h ar ac t e r s .  The  we at he r  c o ndi t i o ns  

pr e vai l e d dur i ng  t he  e nt i r e  c r o p gr o wt h pe r i o d ar e  

r e pr e s e nt e d i n Ap pe n di x - I a n d I I.  Fur t he r ,  t he  t r e at me nt s  

var i at i o ns  whi c h we r e  f o un d s i g ni f i c ant  h a ve  be e n  di s c us s e d  

t o  e s t abl i s h t he  c aus e  an d e f f e c t  r e l at i o ns hi p wi t h e xi s t i ng  

e vi de nc e  a nd l i t e r at ur e .  The  r e s ul t s  o bt ai ne d f r o m t he  

i n ve s t i g at i o n ar e  di s c us s e d i n t hi s  c h apt e r .  

5 .1  MORP H O- P H YS IO LOG IC AL CH AR AC TE R S  

 Gr o wt h p ar a me t e r s  l i ke  L AI,  L AD, CG R,  R GR a nd  

N AR h a ve  be e n e xt e ns i ve l y us e d f o r  pas t  s e ve r al  ye ar s  f o r  

be t t e r  un de r s t an di n g o f  ph ys i o l o gi c al  b as i s  o f  yi e l d va r i at i o n  

i n c r o p pl ant s .  I nc r e as e  i n yi e l d i s  no t  as s o c i at e d wi t h  

i nc r e as e  i n p ho t o s ynt he t i c  r at e  al o ne  t he r e  ar e  ma ny  mo r e  
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whi c h go ve r n t he  pl a nt  o u t put  i n t e r ms  o f  yi e l d a n d i t  i s  

di f f i c ul t  t o  f i nd o ut  c l e ar  c ut  ans we r  f o r  i mpr o vi n g t he  yi e l d  

po t e nt i al .  An  at t e mpt  h as  be e n  m a de  i n  t he  f o l l o wi ng  p a ge s  t o  

f i nd an  a ns we r  o r  at  l e as t  t o  j us t i f y .  The  yi e l d i n t he  l i g ht  o f  

di f f e r e nt  ph ys i o l o gi c al  an d gr o wt h par ame t e r s  us e d i n t hi s  

s t ud y:  

5 .1 .1  Le a f ar e a i nde x ( L AI)   

 Dr y m at t e r  ac c um ul at i o n an d s u ppl y o f  r e qui r e d 

pho t o s y nt h at e s  f o r  t he  de ve l o pi n g bo l l s  l ar ge l y de pe nd  o n  

l e af  ar e a i n de x .  The  p ho t o s ynt he t i c  e f f i c i e nc y o f  cr o p pl a nt s  

as  me as ur e d b y ne t  as s i mi l at i o n r at e  i s  de pe n de nt  u po n  

pho t o s y nt he t i c  c a pac i t y  e x pr e s s e d as  l e af  ar e a i nde x ( W at s o n,  

1 9 5 2) .  Un de r  f i e l d c o ndi t i o ns ,  a n i nc r e as e  i n L AI ma y  

t he r e f o r e  i mpr o ve  t he  yi e l d,  pr o vi de d s uc h a n i nc r e as e  i s  

c o mme ns ur at e  wi t h an i nc r e as e d r at e  o f  dr y m at t e r  

ac c um ul at i o n i n r e pr o d uc t i ve  p ar t s .  Le af  ar e a o ve r  uni t  

gr o un d ar e a  gi ve s  a  f ai r l y go o d  i de a  o f  t he  pho t o s y nt he t i c  

s ur f ac e .  In  t he  pr e s e nt  s t u d y,  l e af  ar e a i nde x i nc r e as e d wi t h  

t he  age  o f  t he  c r o p t i l l  1 2 0 da ys  af t e r  s o wi n g ( D AS)  an d  

de c r e as e d t he r e af t e r  whi c h was  d ue  t o  age i ng  a n d s e ne s c e nc e  

o f  l e a ve s .   

 Le af  ar e a i nde x was  s i gni f i c a nt l y e n h anc e d b y t he  

ap pl i c at i o n o f  Et hyl e ne  at  s qu ar i n g s t age  o ve r  c o nt r o l  unt i l l 

1 2 0  D AS .  Et h yl e ne  r e s ul t e d  i n  s he d di ng  o f  s q uar e  a nd  t he  

s i nk de ma n d f o r  pho t o s ynt h at e s  de c r e as e d a nd pho t o s y nt h at e s  

we r e  t r a ns l o c at e d t o  ve ge t at i ve  p ar t s  r e s ul t i ng i n gr e at e r  

L AI.  The s e  f i ndi ngs  we r e  s i mi l ar  t o  t he  f i n di n gs  o f  Mc ar t hur  

e t  a l .  ( 1 9 75 )  an d Th a kar e  e t  a l .  ( 2 0 1 2 ) .  

 Ap pl i c at i o n o f  MH at  8 5  D AS al s o  br o u g ht  abo ut  

s i gni f i c ant  i nc r e as e  i n L AI o ve r  c o nt r o l .  L AI was  f ur t he r  

e nh anc e d b y t he  ap pl i c at i o n o f  MH i n Et hyl e ne  t r e at e d pl ant  
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e s pe c i al l y at  9 5  D AS unt i l l  1 4 5  D AS.  It  was  mo r e  l i ke  a  

c o mpl i me nt ar y e f f e c t  o f  t he  t wo  c he mi c al s .  A r e l at i ve l y  

hi g he r  L AI was  m ai nt ai ne d i n MH t r e at me nt s  vi s - a- vi s  

Et h yl e ne  o t he r  t ha n c o nt r o l  dur i n g m at ur at i o n p h as e  i .e .  

be yo n d 1 2 0  D AS .  Thi s  i ndi c at e d t hat  p ho t o s ynt he t i c  s ys t e m 

r e mai ne d ac t i ve  f o r  a l o n ge r  t i me  r e s ul t i ng i n gr e at e r  

as s i mi l at i o n a nd t he  yi e l d .  I nc r e as e  i n LAI b y M H s pr a y was  

be c aus e  o f  ho r i zo nt al  gr o wt h p ut t i n g i n mo r e  l e af  ar e a,  

s ym po di al  br a nc he s  s u bs e q ue nt l y gr e at e r  L AI.  MH i nd uc e d  

i nc r e as e d i n L AI h as  be e n r e po r t e d e ar l i e r  ( Ano n ymo us  

2 0 1 0
g
) .   

 The  hi ghe r  L AI r e c o r de d i n Vi kr am 5  ( BG - I I)  a nd  

RC H 2  ( B G- I I)  was  o bs e r ve d t h an  i n G. Co t  H y - 1 2 .  S uc h  

var i at i o ns  i n gr o wt h h a bi t  o f  hybr i ds  ar e  c o mmo n d ue  t o  t he i r 

di f f e r e nt  ge ne t i c  b ac k gr o u nd  ( He b b ar  e t  a l . ,  2 0 0 7 ) .   

 Hi g he r  L AI mai nt ai ne d u p t o  pe ak f l o we r i ng i n  

pr e s e nt  s t ud y i n di c at e d hi g he r  p ho t o s ynt he t i c  s ur f ac e  ar e a  

r e s ul t i ng i n be t t e r  pl a nt  gr o wt h .  Hi g h e r  L AI  at  f l o we r  

i ni t i at i o n an d pe ak  f l o we r i n g ar e  de s i r abl e  f o r  hi ghe r  s e e d  

c o t t o n yi e l d be c a us e  s uc h a s i t u at i o n wo ul d no t  l e ad  t o  

c o mpe t i t i o n f o r pho t o - as s i mi l at e s .  Si mi l ar  r e s ul t s  we r e  

r e po r t e d by  As hl e y e t  a l .  ( 1 9 6 5 )  an d J an a go u dar  ( 1 9 8 0 ) .   

5 .1 .2  Le a f ar e a dur at i o n ( L AD)  

 L AD i s  a us e f ul  c o nc e pt  no t  o nl y i n de pi c t i ng  

e f f i c ie nc y o f  pho t o s ynt he t i c  s ys t e m but  al s o  t o  r e pr e se nt  t he  

l i ne ar  r e l at i o ns hi p wi t h dr y  m at t e r  ac c um ul at i o n.  L AD was  

s i gni f i c ant l y i nc r e as e d b y t he  ap pl i c at i o n o f  Et hyl e ne  at  al l  

t he  s t age s  o ve r  c o nt r o l .  Si mi l ar  i nc r e as e  was  o bs e r ve d d ue  t o  

MH a p pl i c at i o n at  8 5  D AS o ve r  c o nt r o l .  The  r e s ul t s  al s o 

r e ve al e d t hat  MH  f ur t he r  e nh a nc e d t he  L AD whi c h was  

al r e ad y i nc r e as e d by Et h yl e ne .  The  e nt i r e  pat t e r n o f  L AD ha d  

117 



 

c o r o ll ar y wi t h L AI .  P e r s i s t e nc e i n l e af  ar e a i .e . ,  L AD wi t h  

t he  a ppl i c at i o n o f  Et h yl e ne  c a n be  as c r i be d t o  be t t e r  

ve ge t at i ve  gr o wt h d ue  t o  s he ddi ng o f  e ar l y s q uar e s .  In c as e  

o f  MH, t he  ve r t i c al  gr o wt h was  ar r e s t e d f o l l o we d b y  

ho r i zo nt al  gr o wt h i n t e r ms  o f  br a nc hi n g,  l e af  ar e a an d  

c hl o r o phyl l  c o nt e nt  he nc e  t he  L AD . Le af  ar e a r e t e nt i o n 

pe r i o d d ue  t o  ap pl i c at i o n o f  Et h yl e ne  was  o bs e r ve d b y  

Th a kar e  e t  a l .  ( 2 0 1 2 )  an d al s o  MH was  s ho we d b y  

( Ano n ymo us  2 0 1 0
g
) .  

 Amo n gs t  t he  hy br i ds ,  Vi kr a m 5  ( B G - I I)  a n d RC H 2  

( BG- I I)  r e c o r de d hi ghe r  L AD t ha n G. C o t  H y- 1 2  ( no n- Bt )  at  

al l  s t a ge s  o f  c r o p gr o wt h  c o r r o bo r at i ng  L AI .   

5 .1 .3  Cr o p g r o w t h r at e  ( g m
- 2

 da ys
- 1

)  

 A s i gni f i c a nt l y hi g h CG R was  o bs e r ve d wi t h t he  

ap pl i c at i o n  o f  Et h yl e ne  at  s q uar e  i ni t i at i o n o ve r  c o nt r o l  an d  

mai nt ai ne d u nt i l l  1 2 0 DAS.  Ap pl i c at i o n o f  MH at  8 5 DAS  

al s o  e nh anc e d  C GR i n s u bs e q ue nt  s t a ge s .  Ap pl i c at i o n o f  bo t h  

Et h yl e ne  a n d MH at  r e s pe c t i ve  s t a ge s  ha d s y ne r gi s t i c  e f f ec t 

an d hi ghe r  CG R o ve r  Et h yl e ne  a nd  M H al o ne  was  o bs e r ve d  

dur i ng 7 1 - 9 5  an d 9 6 - 1 2 0  D AS .  A hi ghe r  L AI  i n t he s e  

t r e at me nt s  c o ul d be  po s s i bl e  ac c o unt  f o r  t he  e n ha nc e d  C GR .  

5 .1 .4  Re l ati ve  g r o wt h r at e  ( g  g
- 1

 da y
- 1

 pl ant
- 1

)  

 The  r e l at i ve  gr o wt h r at e  ( RG R)  was  mo r e  d ur i ng  

e ar l y s t a ge  a n d gr ad u al l y de c r e as e d t he r e af t e r .  Thi s  i n di c at e s  

t hat  R GR i n c o t t o n i s  mo r e  c l o se l y as s o c i at e d wi t h ve ge t at i ve  

gr o wt h t h an  s e e d c o t t o n yi e l d  ( Co y ,  1 9 7 6 ) .  

 An i nc r e as e d R GR due  t o  Et h yl e ne  a p pl i c at i o n o ve r  

c o nt r o l  was  o bs e r ve d t i l l  1 20  DAS.  Si mi l ar l y M H Ap pl i c at i o n  

al s o  i nc r e as e d R GR  d ur i n g s ubs e q ue nt  s t age s  at  7 1 - 1 2 0  DAS.  

Su p pl e me nt i n g M H s pr ay o n Et hyl e n e  t r e at e d pl ant s  di d no t  

de pi c t  a n y s i g ni f i c a nt  a d va nt age  i n RG R o ve r  Et h yl e ne  o r  MH  
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but  o ve r  c o nt r o l .  Thi s  i nc r e as e d RG R b y t he  ap pl i c at i o n o f  

gr o wt h r e g ul at o r s  c o ul d be  at t r i b ut e d t o  i nc r e as e d  

pho t o s y nt he t i c  e f f i c i e nc y as  a r e s ul t  o f  i nc r e as e d l e af  ar e a  

i nde x a nd hi g he r  c hl o r o phyl l  c o nt e nt .  J o s e ph a n d J o hns o n  

( 2 0 06 )  al s o  o bs e r ve d i nc r e as e d RG R i n c o t t o n i n r e s po ns e  t o 

P GR ap pl i c at i o n.  

 The  r e s ul t s  ( Ta bl e - 4 .4 ) s ho we d t h at  Vi kr am 5  ( B G-

I I)  a n d R CH  2  ( BG - I I)  s ho we d s i g ni f i c ant l y hi g he r  RG R t ha n  

G.Co t  H y- 1 2  at  al l  t he  s t age s  an d t he i r  r e s po ns e  to  gr o wt h  

r e gul at o r s  was  s a me  as  e vi de nt  f r o m no t  s i gni f i c ant  

i nt e r ac t i o n.    

5 .1 .5  Ne t  as s i mi l ati o n r at e  ( mg  c m
- 2

 d a y
- 1

)  

 Ne t  as s i mi l at i o n r at e  ( N AR)  e x pr e s s e d as  t he  r at e  of 

dr y we i ght  i nc r e as e  at  an y i ns t ant  pe r  uni t  p e r  u ni t  l e af  ar e a  

an d l e af  r e pr e s e nt i n g an  e s t i mat e  o f  t he  s i ze  o f  t he  

as s i mi l at o r y s ur f ac e  ar e a.  The  N AR de c r e as e d c o nt i n uo us l y  

f r o m 9 6  i n al l  t he  t r e at me nt s .  Et h yl e ne  s pr a y c aus e d gr e at e r  

ne t  as s i mi l at i o n r at e  whi c h was  pr i m ar i l y d ue  t o  e nha nc e d  

L AI.   

 Ap pl i c at i o n o f  MH al s o  e nh a nc e d N AR  at  s t a ge s  

l at e r  t ha n t h at  i .e . ,  9 6  D AS.  Gr e at e r  l e af  ar e a  i n de x c o u pl e d  

wi t h p ho t o s ynt he t i c  pi g me nt s  c o ul d e xpl ai n t he  e n ha nc e d  

N AR d ue  t o  MH. Ap pl i c at i o n o f  MH af t e r  Et hyl e ne  was  f o un d  

t o  f ur t he r  i nc r e as e  N AR  e s pe c i al l y at  7 1 - 9 5  D AS t ha n  

Et h yl e ne  an d MH  al o ne .   

 The  r e s ul t  i ndi c at e d t h at  Vi kr am  5  ( BG - I I)  r e c o r de d 

s i gni f i c ant l y hi g he r  N AR at  al l  t he  s t a ge s  e xc e pt  1 2 1 - 1 4 5 

D AS whe r e  i n t he  c o n ve nt i o n al  h ybr i d G. Co t  Hy - 1 2  r e co r de d 

hi g he r  N AR  d ue  t o  hi g he r  RG R i n t hi s  h ybr i d i n t he  l at e r  

s t age s .    
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5 .1 .6  Dr y mat t e r  ac c u mul at i o n ( g / pl ant )  

 Co t t o n i s  bas i c al l y an i nde t e r mi n at e  c r o p whe r e  t he  

ve ge t at i ve  a nd r e pr o d uc t i ve  p h as e s  o ve r l a p r e s ul t i ng i n i nt r a -

pl a nt  c o mpe t i t i o n f o r  pho t o s ynt h at e s  be t we e n t he  de ve l o pi n g  

bo l l s  and ve ge t a t i ve  par t s  ( mai nl y s t e m,  l at e r al  br a nc he s  an d  

l e a ve s ) .  As  s uc h t he  dr y m at t e r  ac c um ul at i o n we nt  o n  

i nc r e as i ng wi t h c r o p a ge  but  t he  r at e  o f  dr y m at t e r  

ac c um ul at i o n  de c r e as e d as  t he  c r o p gr o wt h a d va nc e d.  

 The  r e s ul t s  i ndi c at e d t h at  ( Ta bl e  4 .6 )  Et hyl e ne  

s i gni f i c ant l y e n ha nc e d dr y mat t e r  ac c u mul at i o n at  7 0  D AS  

unt i l l  m at ur i t y .  Thi s  hi g he r  dr y mat t e r  ac c u m ul at i o n was  

bas i c al l y d ue  t o  c ur t ai l me nt  o f  i ni t i al  r e pr o duc t i ve  p has e ,  

gr e at e r  L AD,  N AR,  R GR  a n d pr o mo t i o n o f  ve ge t at i ve  

de ve l o pme nt .  Si mi l ar  r e s ul t s  we r e  r e po r t e d by Ku mar i  an d  

Ge o r ge  ( 2 0 1 3 ) .   

 MH a ppl i c at i o ns  al s o  i nc r e as e d  dr y mat t e r  

ac c um ul at i o n .  Thi s  i nc r e as e d dr y mat t e r  ac c um ul at i o n was  

due  t o  i nc r e as e d l e af  ar e a ,  gr o wt h r at e  a nd pr o f us e  

r e pr o duc t i ve  gr o wt h o c c ur r e d af t e r  MH s pr aye d at  8 5  DAS.  

Ku mar i  a nd  Ge o r ge  ( 2 0 1 2 )  al s o  r e po r t e d s i mi l ar  f i ndi n gs .   

 Su p pl e me nt al  e f f e c t o f  MH o n dr y mat t e r  

ac c um ul at i o n was  s e e n i n Et hyl e ne  t r e at e d pl ant  c o mp ar e d t o  

MH a n d Et hyl e ne  al o ne  whi c h was  s u bs t ant i at e d by gr e at e r  

L AI a nd  R GR .  

 It  was  o bs e r ve d  t h at  Vi kr a m 5  ( B G - I I)  ac c um ul at e d  

s i gni f i c ant l y hi g he r  dr y m at t e r  t hr o ug ho ut  t he  gr o wi ng pe r i o d  

c o mpar e d  t o  r e mai ni n g h y br i ds  whi c h was  e vi de nt  f r o m i t s  

hi g he r  L AI ,  RG R a nd  o ve r al l  gr o wt h .  

 

 

120 



 

5 .2  GR OW T H AN D  M OR PHOLO GI CA L C HAR A CT ER S

 The  e f f e c t  o f  f o l i ar  ap pl i c at i o n  o f  pl ant  g r o wt h 

r e gul at o r s  o n var i o us  mo r p ho l o gi c al  c h ar ac t e r s  s uc h as  pl ant  

he i g ht ,  nu m be r  o f  no de ,  nu mbe r  o f  s ym po di al  an d mo no po di al  

br a nc he s  has  be e n  di s c us s e d he r e  u n de r .   

5 .2 .1  Pl ant  he i g ht  ( c m)  

 P l ant  he i g ht  ( c m)  i s  a n  i m po r t ant  mo r p ho l o gi c al  

c har ac t e r  i n c o t t o n whi c h pr o vi de s  s i t e s  f or  no de s  an d  

i nt e r no de s  f r o m whi c h s y m po di al  br a nc he s  e me r ge  an d t hus  

pl a ys  an  i m po r t ant  r o l e  i n de t e r mi ni n g t he  mo r pho l o gi c al  

f r ame  wo r k r e l at i ng t o  pr o duc t i vi t y  ( P at i l ,  1 9 8 9) .  Se ve r al  

s t udi e s  h a ve  i ndi c at e d t h at  t he  pl a nt  he i gh t  i s  af f e c t e d b y t he  

ap pl i c at i o n o f  pl ant  gr o wt h r e gul at o r s  i .e . ,  Et hyl e ne ,  M al e i c  

hy dr a zi de ,  P i x,  Me pi q uat  c hl o r i de ,  G A3 ,  C hl o r o me q uat  

c hl o r i de  a nd  N AA.  P e t t i gr e w e t  a l .  ( 1 9 9 2 ) ,  Ma hm au d e t  a l .  

( 1 9 94 ) ,  Zh ao  an d  Oo s t e r hui s  ( 2 0 0 0 ) ,  Zul f i q ar  e t  a l .  ( 2 0 0 3 ) , 

But t ar  an d Ag ar wal  ( 2 0 0 4 ) ,  Kumar  e t  a l .  ( 20 0 5 ) ,  Bar dh an an d  

Ku mar  ( 2 0 1 0 )  an d Th a k ar e  e t  a l .  ( 2 0 1 1) .  In  t he  pr e s e nt  

i n ve s t i g at i o n,  s i g ni f i c ant  di f f e r e nc e s  i n pl a nt  he i g ht  we r e  

no t i c e d d ue  t o  gr o wt h r e g ul at o r  t r e at me nt s .   

 Ef f e c t  o f  s qu ar e  s he d di n g  b y Et h yl e n e  was  s e e n o n  

pl a nt  he i g ht  l at e r  t ha n 4 0  D AS whi c h i s  qui t e  o b vi o us  s i nc e  

t he  t r e at me nt s  we r e  s pr a ye d 4 0  da ys  af t e r  s o wi ng .  The r e  af t e r 

Et h yl e ne  s i g ni f i c a nt l y i nc r e as e d pl a nt  he i g ht  o ve r  u nt r e at e d  

c o nt r o l .  Inc r e as e d pl a nt  he i g ht  d ue  t o  e ar l y s quar e  r e mo val  

by Et h yl e ne  was  be c a us e  o f  par t i t i o ni ng o f  as s i mi l at e s  i n 

f a vo ur  o f  ve ge t at i ve  s t r uc t ur e s  d ue  t o  e ar l y r e pr o d uc t i ve  s i nk  

l o s s es .  It  i n di c at e s  t hat  f r ui t  l o s s  c ha nge s  p ar t i t i o ni n g o f  

pl a nt  r e s o ur c e s  i n f a vo ur  o f  ve ge t at i ve  gr o wt h.  Thi s  s hi f t  i n  

par t i t i o ni n g i nc r e as e s  t he  abi l i t y o f  t he  pl a nt  t o  ac q ui r e  mo r e  

pho t o s y nt h at e s  t o war ds  ve ge t at i ve  s t r uc t ur e s .  The s e  r e s ul t s 
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ar e  s i mi l ar  t o  t ho s e  o f  Ke nne dy e t  a l .  ( 1 98 6 ) ,  Sadr as  ( 1 9 9 5 ) , 

Ku mar i  an d Ge o r ge  ( 2 0 1 0) ,  Th ak ar e  e t  a l .  ( 2 0 11 )  and Ku m ar i  

an d Ge o r ge  ( 2 0 1 3 ) . 

 Ap pl i c at i o n o f  M H at  8 5  D AS  r e d uc e d pl a nt  he i g ht  

t ha n t he  c o nt r o l  at  s ubs e q ue nt  s t a ge s .  The  M al e i c  hy dr a zi de  

( MH)  i s  kno wn as  gr o wt h r e t ar d ant .  I n c o t t o n,  Mal e i c  

hy dr a zi de  ac t s  as  a gr o wt h i n hi bi t o r y s u bs t a nc e  a nd i m p ar t s  

i t s  i nhi bi t o r y e f f e c t  i n t he  bi o s y nt he s i s  o f  G A3  t h us  c aus i n g  

s ho r t e ni ng o f  pl a nt  he i g ht .  No o de n ( 1 9 6 9 ) ,  Ro wl a nd  ( 1 9 7 4 ) 

an d Bu wa  e t  a l .  ( 2 0 0 7 ) .  Co pur  e t  a l .  ( 2 0 1 0 )  and Tho r at  e t  a l .  

( 2 0 12 )  o pi ne d s i mi l ar  mo de  o f  ac t i o n f o r  MH i n c r o ps  pl ant s .  

Ano nymo us,  (2010
e
) a nd Ku mar i  a n d Ge o r ge  ( 2 0 1 2 ) r e po r te d 

MH i nd uc e d  r e duc t i o n i n pl a nt  he i g ht  o f  c o t t o n.   

 The  r e s ul t  i ndi c at e d ( Ta bl e -4 .7 )  t hat  at  e ar l y s t age  

Vi kr a m 5  ( B G- I I)  r e c o r de d gr e at e r  pl ant  he i g ht  whi l e  at  l at e r  

s t age s ,  G.  Co t  Hy- 1 2  a no n- Bt  h y br i d at t ai ne d m uc h gr e at e r  

pl a nt  he i g ht  at  9 5  D AS t i l l  h ar ve s t .  It  wo ul d be  d ue  t o  t he  

f ac t  t hat  t hi s  h y br i d ha d l i mi t e d s i n k d ue  t o  e nt o mo l o gi c al  

s he ddi n g an d p ar t i t i o ne d o f  mo r e  o f  i t s  pho t o s ynt h at e s  t o  t he  

ve ge t at i ve  par t s  r e s ul t i ng i n gr e at e r  he i g ht .  Tha k ar e  e t  a l . 

( 2 0 11 )  an d S ar l ac h an d S har ma ( 2 0 1 2 )  r e po r t e d s i mi l ar  

f i ndi n gs .  

5 .2 .2  Nu mbe r s  o f  m ai n s t e m no de s  pe r  pl ant  

 Nu mbe r  o f  no de s  o n t he  mai ns t e m i s  an i m po r t a nt  

mo r pho l o gi c al  c h ar ac t e r  whi c h i s  di r e c t l y r e l at e d t o  yi e l d.  

Si g ni f i c ant  di f f e r e nc e s  we r e  no t i c e d amo n g t he  t r e at me nt s .  

Ap pl i c at i o n o f  Et h yl e ne  s ho we d  s i g ni f i c ant  i nc r e as e  i n m ai n  

s t e m no de  o ve r  u nt r e at e d c o nt r o l  whi c h mi g ht  ha ve  be e n due  

t o  t he  i nc r e as e d ve ge t at i ve  gr o wt h  as  e vi de nt  b y L AI an d  

pl a nt  he i g ht  c aus e d by e ar l y s qu ar e  r e mo val  wi t h t he  

ap pl i c at i o n o f  Et h yl e ne .  P e t t i gr e w e t  a l .  ( 1 9 9 2) ,  Ku mar i  an d  
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Ge o r ge  ( 2 01 0 ) and Th ak ar e  e t  a l . ( 2 01 2 ) al s o  r e po r t e d s i mi l ar 

f i ndi n gs .  Ap pl i c at i o n o f  M H r e c o r de d s i gni f i c a nt  i nc r e as e  i n  

nu m be r  o f  mai ns t e m no de s  o ve r  c o nt r o l .  Thi s  r e s ul t  i s  i n 

c o nf o r mi t y wi t h  t he  f i n di ng  o f  Ano nymo us , (2010
e
).   

 Ap pl i c at i o n o f  Et hyl e ne  at  s qu ar i n g s t a ge  f o l l o we d  

by  M H at  8 5  D AS r e c o r de d hi g he s t  n um be r  o f  m ai n s t e m  

no de s  o ve r  Et h yl e ne  an d MH  a n d c o i nc i de d  wi t h pl a nt  he i ght .  

5 .2 .3  Nu mbe r  mo no po di a pe r  pl ant  

 The  n u mbe r  o f  mo no po di a pe r  pl a nt  ( Ta bl e - 4 .9 )  was  

s i gni f i c ant l y af f e c t e d b y t he  a p pl i c at i o n o f  Et h yl e ne  at  

s qu ar i n g s t a ge  ( T2 ) ,  M H at  8 5  D AS ( T3 )  as  we l l  as  t he  t wo  

t o ge t he r  ( T4 )  o ve r  unt r e at e d c o nt r o l .  The  i nc r e as e  i n t he  

nu m be r  o f  br a nc he s  wi t h a ppl i c at i o n  o f  MH  mi ght  be  d ue  t o  

s up pr e s s i o n o f  api c al  do mi na nc e  whi c h i ni t i at e s  f unc t i o ni ng  

o f  s e ve r al  me r i s t e ms  at  a t i me  le adi n g t o  mo r e  num be r  o f 

br a nc he s  whi c h  i s  i n  a gr e e me nt  wi t h t he  f i n di n gs  o f  Ve r ma  

an d Si ng h ( 1 9 7 8 )  and Ano nymo us (2010
e
).  As  f o r  t he  ef f ec t  o f 

Et h yl e ne  i s  c o nc e r ne d,  an e xpl an at i o n s i mi l ar  t o  s ympo di a  

c an j us t i f y t he  i nc r e as e d n u mbe r  o f  mo no po di a due  t o  

Et h yl e ne .  

 Nu mbe r  o f  mo no po di a  s i g ni f i c ant l y  var i e d  a mo n gs t  

t he  hy br i d .  S uc h var i at i o ns  i n t he  n um be r  o f  mo no po di a ar e  

c o mmo n an d h a ve  be e n  r e po r t e d b y K ha di  e t  a l .  ( 2 0 0 8 ) .  

5 .2 .4  Nu mbe r  o f  s y mpo di a pe r  pl a nt  

 Sy mpo di al  br a nc he s  f o r m t he  pr i nc i p al  s e g me nt  o f  

s upe r  s t r uc t ur e s  o f  c o t to n pl a nt s  o n whi c h t he  f r ui t i n g bo di e s  

de ve l o p.  P r e s e nt  i n ve s t i gat i o n c o nf i r me d t h at  hi g he r  n um be r  

o f  s ympo di a  r e s ul t e d i n  t he  f o r m at i o n mo r e  f r ui t i n g bo di e s .   

 Ap pl i c at i o n o f  E t h yl e ne  at  s q u ar i n g s t a ge  pr o mo t e d 

f o r mat i o n o f  f r ui t i ng br a nc he s .  At  e ar l y s t a ge  f i r s t  st i mul at e d  

ve ge t at i ve  gr o wt h b y ar r e s t i ng r e pr o duc t i ve  gr o wt h an d  
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s ubs e q ue nt l y br anc hi n g o n t he  m ai ns t e m ,  he nc e  i nc r e as e d  

s ym po di al  br a nc he s .  Si mi l ar  r e s ul t s  we r e  o bs e r ve d b y  

Ke n ne d y e t  a l .  (1 9 86 ) ,  Kumar i  a n d Ge o r ge  ( 2 0 10 ) ,  Th a k ar e  e t 

a l .  ( 2 0 1 1)  an d Ku m ar i  a nd  Ge o r ge  ( 2 0 1 3 ) .  

 Ap pl i c at i o n o f  MH al s o  ha d po s i t i ve  e f f e c t  o n 

nu m be r  o f  s ym po di a whi c h  was  i nc r e as e d o ve r  c o nt r o l .  The  

MH i nhi bi t e d ve r t i c al  pl a nt  gr o wt h a nd  s u bs e que nt l y  

pr o mo t e d l at e r al  gr o wt h i nc l u di n g br anc hi n g.  The s e  r e s ul t s 

ar e  i n c o nf o r mi t y wi t h t he  f i ndi n gs  o f  El - Ant abl y a nd El - At t a  

( 1 9 92 ) ,  Ano n y mo us  ( 2 0 1 0
e
)  an d Ku mar i  a nd  Ge o r ge  ( 2 0 1 2 ) .  

 In  t r e at me nt  r e c e i vi ng  Et h yl e ne  at  s qu ar i n g s t age  a nd  

MH at  8 5  D AS  h a d s up pl e me nt al  e f f e c t  o n n um be r  o f  

s ym po di a o ve r  Et h yl e ne  an d M H al o ne .  The  i nc r e as e  i n  

nu m be r  o f  s ympo di a m a y be  d ue  t o  i nc r e as e d num be r  o f 

no de s  a n d pl a nt  he i g ht .   

 Br a nc hi ng  i s  a ge ne t i c al l y  go ve r ne d t r ai t  u nt i l l  a nd  

unl e s s  t he r e  ar e  a br u pt  c ha n ge s  i n  t h e  e n vi r o n me nt .  So  

wh at e ve r ’s  di f f e r e nc e  i n t he  hybr i ds  ar e  s e e n bas i c al l y due  t o  

t he i r  he i g ht  a n d nu mbe r  o f  no de s .  The s e  r e s ul t s  ar e  i n  

ac c o r da nc e  wi t h t he  r e s ul t s  o f  Khar g ade  an d E k bo t e  ( 1 98 0 ) , 

P at i l  e t  a l .  ( 2 0 0 9)  an d Sar l ac h a nd  S h ar m a ( 2 0 1 2 ) .  

5 .2 .5  He i g ht  t o  no de  r at i o  

 The  e f f e c t  o f  Et hyl e ne  a n d M H r e c o r de d o n t he  pl a nt  

he i g ht  a n d m ai n s t e m no de s  an d r e po r t e d e ar l i e r  o ug ht  t o  

r e f l ec t  o n he i ght  t o  no de s  r at i o .  Ac c o r di ngl y,  t he  hi g he s t  

he i g ht  t o  no de  r at i o  was  r e c o r de d i n  t he  u nt r e at e d c o nt r o l  an d  

l o we s t  wi t h a ppl i c at i o n o f  Et h yl e ne  pl us  MH.  Thi s  i n di c at e d  

t hat  de pr e s s e d pl ant  he i g ht  was  m ai nl y d ue  t o  s ho r t e r 

i nt e r no dal  l e n gt h .  Thi s  ha ppe ne d be c aus e  o f  mo di f i c at i o n o f 

mo r pho f r a me  b y  Et hyl e ne  a n d M H i n di vi du al l y  as  we l l  as  

t o ge t he r .  
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 Hi g he r  he i g ht  t o  no de  r at i o  was  r e c o r de d i n 

c o n ve nt i o n al  h y br i d G .  Co t  H y - 1 2  c o mpar e d t o  Bt  h ybr i ds  

RC H 2  ( B G- I I)  a nd  Vi kr a m 5  ( B G - I I) .  

5 .3  F RUI T P R OD UC TI O N  

 Nu mbe r s  o f  s q uar e s ,  fl o w er s  and  g r e e n bo l l s / pl ant  

 Ap pl i c at i o n o f  Et hyl e ne  at  s qu ar i n g s t a ge  r e s ul t e d i n  

gr e at e r  nu mbe r  o f  s qu ar e s  pe r  pl a nt  de pi c t i ng s i g ni f i c ant  

i nc r e as e  o ve r  unt r e at e d  c o nt r o l .  Si mi l ar  f i ndi n gs  we r e  

r e po r t e d by P e t t i gr e w e t  a l .  ( 1 9 92 ) ,  Tha k ar e  e t  a l .  ( 2 01 1 )  and 

Ku mar i  a nd  Ge o r ge  ( 2 0 1 2 ) .  

 Ap pl i c at i o n o f  M H ( 5 0 0  pp m)  at  8 5  D AS al s o  h ad  

i nc r e as i ng e f f e c t  o n n um be r  o f  s qu ar e s  o ve r  c o nt r o l .  Si mi l ar  

r e s ul t s  we r e  o bs e r ve d by Ano nymo us (2010
e
) and Ku m ar i  an d  

Ge o r ge  ( 2 0 1 2 ) .   

 Ap pl i c at i o n o f  Et hyl e ne  at  s q u ar e  i ni t i at i o n f o l l o we d  

by MH at  8 5  DAS h a d s u ppl e me nt al  e f f e c t  o n t he  pr o duc t i o n 

o f  s qu ar e s  whi c h  we r e  r e c o r de d i n  gr e at e r  nu mbe r  t ha n  

Et h yl e ne  a n d M H al o ne .  It  i ndi c at e s  t hat  pr o f us e  ve ge t at i ve  

gr o wt h,  mo r e  s y mpo di a pr o vi de d be t t e r  r o o m f o r  mo r e 

f r ui t i ng f o r ms .   

 The  r e s ul t  i ndi c at e d t h at  Vi kr am  5  ( BG - I I)  r e c o r de d 

hi g he r  nu mbe r  o f  s quar e s  at  al l  s t age s  o f  c ro p gr o wt h t ha n  

RC H 2  ( B G- I I)  an d G.  Co t  H y- 1 2  whi c h mi g ht  be  d ue  t o  

gr e at e r  L AI a n d s ym po di al  br anc he s .  A c o mp ar a bl e  var i at i o n  

amo ngs t  di f f e r e nt  hy br i ds  i n f r ui t i n g c ap ac i t y was  o bs e r ve d  

by  He bb ar  e t  a l .  ( 2 0 0 7 ) .   

 As  f ar  as  n um be r  o f  f l o we r s  i s  c o nc e r ne d 

s i gni f i c ant l y hi g he r  nu m be r  was  r e c o r de d due  ap pl i c at i o n o f  

Et h yl e ne  an d MH  as  we l l  as  Et hyl e ne  pl us  M H ( T 4 ) .  I nc r e as e d  

nu m be r  o f  s ym po di a an d s qu ar e s  r e s ul t e d i n  i nc r e as e d  i n  

f l o we r s  pe r  pl a nt  d ue  t o  Et hyl e ne  a n d M H an d r e po r t e d  
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e ar l i e r  by G upt a a nd  C h au h an  ( 2 0 0 6 ) ,  Mo ha me d ( 2 0 0 9 )  an d  

Th a kar e  e t  a l .  ( 2 0 1 2 ) .  

 Si mi l ar l y,  Et h yl e ne  a nd  M H i nc r e as e d  n u mbe r  o f  

gr e e n bo l l s  pe r  pl a nt  o ve r  unt r e at e d c o nt r o l .  Thi s  m a y be  

be c aus e  o f  t he  f ac t  t hat  mo di f i c at i o n o f  mo r pho f r ame  by  

t he s e  c he mi c al s  l e ad t o  i nc r e as e d s qu ar e s  a nd f l o we r s  

pr o duc t i o n l e a di ng t o  mo r e  bo l l s .  P ut t i n g t he  t wo  gr o wt h  

r e gul at o r s  i n t he  s ame  pl o t s  ( T4 )  s ho we d s yne r gi s t i c  e f f ec t 

an d t he  gr e e n  bo l l s  we r e  s i g ni f i c ant l y  mo r e  t h an  t ho s e  i n  

Et h yl e ne  o r  MH al o ne .  Re s ul t s  ar e  i n c o nf o r mi t y wi t h t he  

f i ndi n gs  o f  Ki t t o c k e t  al .  ( 1 97 3 ) ,  Mo hame d ( 2 0 0 9 ) ,  Tha k ar e  

e t  a l .  ( 2 0 1 2) ,  Ku m ar i  a n d Ge o r ge  ( 2 0 1 2 )  and  K um ar i  an d  

Ge o r ge  ( 2 0 1 3 ) .   

 The  dat a  c l e ar l y i n di c at e d gr e at e r  n um be r  o f  gr e e n 

bo l l s  i n Bt  hy br i ds  t h a n i n no n- Bt  hy br i d.  Thi s  c a n be  

as c r i be d t o  t he  i nc r e as e d num be r  o f  s quar e s  and f l o we r s  i n 

t he  f o r me r  by vi r t ue  o f  pr o t e c t io n f r o m e nt o mo lo gi c al  

s he ddi n g.  P at i l  e t  a l .  ( 2 0 0 9 ) ,  Tha k ar e  e t  a l .  ( 2 0 1 2 )  and  

Sar l ac h an d Sh ar m a ( 2 0 1 2 )  al s o  r e po rt e d hi g he r  f r ui t i ng  

bo di e s  i n Bt  h ybr i ds  c o mp ar e d t o  c o n ve nt i o n al  hy br i d .  

5 .4  B IOC HE M IC AL S TU DI E S   

5 .4 .1      C hl o ro phyl l  c o nt e nt  ( mg  g
- 1

)   

 Ac c o r di ng t o  Bh at t  an d R am a nuj am ( 1 9 7 1 ) , 

pho t o s y nt he t i c  pi g me nt s  ar e  c a pa bl e  o f  abs o r bi ng l i ght  

e ne r gy  f o r  t he  s y nt he s i s  o f  c ar bo hy dr at e s .  C hl o r o phyl l  

c o nt e nt  de t e r mi ne s  t he  p ho t o s ynt he t i c  c ap ac i t y o f  t he  c o t t o n 

ge no t y pe s  an d i nf l ue nc e s  t he  r at e  of  pho t o s ynt he s i s ,  dr y  

mat t e r  pr o d uc t i o n an d t he  yi e l d ( Kr as i c hko va  e t  a l . ,  1 9 8 9 ) .  

 Fo l i ar  a ppl i c at i o n o f  Et hyl e ne ,  MH a nd Et h yl e ne  +  

MH s ho we d i nc r e as e d c hl o r o p hyl l  c o nt e nt  o ve r  c o nt r o l .  Thi s  

var i at i o n i n c hl o r o ph yl l  c o nt e nt  due  t o  gr o wt h r e gul at o r s  may  
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be  at t r i b ut e d  t o  de c r e as e d c hl o r o ph yl l  de gr a d at i o n an d  

i nc r e as e d c hl o r o ph yl l  s ynt he s i s  e s pe c i al l y t he  MH whi c h i s  

kno wn t o  gi ve  d ar k gr e e n c o l o ur  t o  f o l i age .  Si mi l ar  f i ndi ngs  

we r e  r e po r t e d by  B h at t  a n d R a ma n uj a m  ( 1 9 7 1 )  an d Re dd y     

e t  a l .  ( 1 9 96 ) .  

 The  r e s ul t s  s ho we d t hat  Vi kr a m 5  ( BG - I I)  h ad  

hi g he s t  c hl o r o ph yl l  c o nt e nt  whe r e as  G.  Co t  Hy - 1 2  l o we s t  

c hl o r o phyl l  c o nt e nt .  It  i n di c at e s  t h at  Bt  hy br i ds  r e t ai ne d  

mo r e  c hl o r o phyl l  c o nt e nt  t ha n no n - Bt .  S ar l ac h a nd Sh ar m a  

( 2 0 12 )  al s o  f o und hi g he r  c hl o r o ph yl l  c o nt e nt  i n  Bt  hy br i ds  

t ha n no n- Bt .   

5 .4 .2  Re d uc i ng  Sug ar s  ( µ / g  g  fr e s h  w t )  

 The  r e s ul t s  r e ve al e d s i g ni f i c ant  i nc r e as e  i n r e d uc i n g 

s ug ar s  c o nt e nt  due  t o  t he  appl i c at i o n o f  Et hyl e ne  at  s q uar i ng  

s t age .  It  was  t he  c o ns e que nc e  o f  Et h yl e ne  a ppl i c at i o n  whi c h  

e nh anc e d  an d s t i m ul at e d t he  c hl o r o ph yl l  c o nt e nt ,  

pho t o s y nt he t i c  ac t i vi t y a n d i nc r e as e d me t a bo l i t e s  r e qui r e d 

f o r  mo r e  c ar bo hydr at e  bi o s y nt he s i s .  Thi s  al s o  m ay be  d ue  t o  

i ndi r e c t  e f fe c t  o f  Et hyl e ne  o n e nz yme  ac t i vi t y .  Si mi l ar  

i nf e r e nc e  was  dr a wn  by  Mo h ame d ( 2 0 0 9 ) .      

 MH a ppl i c at i o n  al s o  i nc r e as e d r e d uc i n g s u g ar  

c o nt e nt  o ve r  c o nt r o l  at  90  DAS o n war d whi c h c a n be  as c r i be d  

t o  i nc r e as e d c hl o r o phyl l  c o nt e nt ,  pho t o s y nt h at e s  a nd gr o wt h  

r at e s .  It  i s  us u al  t h at  wi t h a d va nc e me nt  i n t he  c r o p gr o wt h,  

me t abo l i c  ac t i vi t y o f  t he  pl ant  i s  i nc r e as e d t o  s up po r t  t he  

r e pr o duc t i ve  gr o wt h.  

 The  r e s ul t s  s ho we d  t h at  Vi kr a m 5  ( BG - I I)  r e c o r de d 

s i gni f i c ant l y hi g he r  r e duc i n g s u gar s  c o m par e d t o  r e mai ni n g  

hy br i ds  i .e . ,  RC H 2  ( BG- II)  a n d G .  Co t  H y- 1 2 .   
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5 .5  MORP H O P H EN O LOG I C AL E VEN TS  

5 .5 .1  Da ys  t o  5 0  pe r  ce nt  s quar i ng ,  5 0  pe r  c e nt 

fl o we ri ng ,  5 0  pe r  c e nt  bo l l  bur s t i ng  and  m at ur i t y  

 De ve l o pme nt  p at t e r n i n c o t t o n i s  a n i m po r t ant  as pe c t  

as  t he  phe no l o gi c al  c h ar ac t e r s  ar e  var i e d a n d di s t i nc t .  Se e d  

c o t t o n yi e l d i s  de pe n de nt  o n m a ny f ac t o r s ,  o f  whi c h t he  r at e s  

o f  f l o we r i ng,  l e n gt h o f  f l o we r i n g pe r i o d,  t he  pe r c e nt a ge  o f  

bo l l s  s e t t i ng ar e  i mpo r t ant .  Thi s  was  kno wn t o  be  i nf l ue nc e d  

by e n vi r o n me nt al  c o n di t i o ns  s uc h as  gr o wi n g s e as o n,  P G Rs ’  

f e r t i l i ze r appl i c at i o n ,  i r r i g at i o n e t c .  Ear l i ne s s  o f c ro p 

mat ur i t y i n  c o t t o n m ay be  de f i ne d as  t he  e xt e nt  t o  whi c h  

s qu ar e  i ni t i at i o n,  f l o we r  o c c ur r e nc e ,  co mpl e t e  bo l l  bur s t i ng  

an d m at ur i t y o c c ur  i n r e l at i o n t o  t he  t i me  o f  pl a nt i n g.  

 The  r e s ul t s  i n di c at e d t hat  a ppl i c at i o n  o f  Et h yl e ne  a t  

t he  t i me  o f  s qu ar e  i ni t i at i o n a nd M al e i c  hy dr a zi de  at  8 5  D AS  

ha d no  s i g ni f i c ant  e f f e c t  o n 5 0  pe r  c e nt  s qu ar i n g.  M ar gi nal  

e f f e ct  o n d ays  t o  5 0  pe r  c e nt  f l o we r i ng was  o bs e r ve d d ue  t o  

Et h yl e ne  whi c h  mi ght  be  t he  r e s ul t  o f  r e duc e d a vai l abi l i t y  o f  

e ndo ge no us  gi b be r e l l i ns .  ( Ki ng  et al . 1990).  The  f i n di n gs  ar e  

i n a gr e e me nt  wi t h t ho s e  o f  Du be y a n d Si n gh  ( 1 9 6 7 ) , 

He n ne be r r y e t  a l .  ( 1 9 9 2 )  an d Gu pt a an d C ha u ha n ( 2 0 0 5 ) .   

 Et h yl e ne  ap pl i c at i o n ho we ve r ,  s i g ni f i c ant l y e n h anc e d  

bo l l s  bur s t i ng an d r e d uc e d m at ur i t y o ve r  c o nt r o l  an d r e qui r e d  

l e s s er  da ys  f o r  t he s e  e ve nt .  Et hyl e ne  k no wn as  r i pe ni n g  

ho r mo ne  was  bo o s t e d up  i n t he  bo l l s  d ue  t o  e xt e r nal  

ap pl i c at i o n l e a di ng t o  we a ke ni n g a nd di s s o l vi n g o f  c e l l  wal l s  

an d b ui l d up o f  i nt e r nal  pr e s s ur e  c aus i n g c ar pe l s  t o  s pl i t 

ap ar t  a nd al l o wi ng t he  bo l l s  t o  o pe n nat ur al l y e ar l y.  We i r  an d  

Ga g ge r o  ( 1 9 8 2)  an d Raj ni  e t  a l ,  ( 2 0 1 1 )  al s o  o bs e r ve d s i mi l ar  

r e s ul t s  and ac c o u nt e d f o r  i t t o i nc r e as e d l e ve l  o f Et hyl e ne  i n  

bo l l s .  On t he  o t he r  h an d,  a ppl i c at i o n o f  MH at  8 5  DAS  
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s ho we d s i g ni f i c ant l y d e l a ye d bo l l  b ur s t i ng an d m at ur i t y o ve r  

c o nt r o l  as  we l l  as  o ve r  Et hyl e ne .  MH i s  a k no wn gr o wt h  

i nhi bi t o r s  and an ant i - gi b be r e l l i n whi c h de l a ye d s e ne s c e nc e  

an d r e t ai ne d gr e e n ne s s  t hr o ug h gr e at e r  c hl o r o phyl l  c o nt e nt ,  

L AI a n d L AD whi c h r e s ul t e d i nt o  de l aye d bo l l  b ur s t i ng an d  

mat ur i t y.   

 The  r e s ul t s  i ndi c at e d t h at  d a ys  r e qui r e d f o r  5 0  pe r 

c e nt  f l o we r i ng we r e  s i gni f i c a nt l y hi g he r  i n no n - Bt  hy br i d G.  

Co t  H y- 1 2  ve r s us  Bt  h ybr i ds ,  Vi kr a m 5  ( B G - I I)  a nd  R CH 2  

( BG- I I) .  Thi s  c o ul d be  un de r s t o o d i n t he  l i ght  o f  t he  f ac t  t hat  

i n Bt  h y br i ds ,  e ar l i e s t  s qu ar e s  t ur ne d i nt o  f l o we r s  b y vi r t ue  

o f  i nbui l t  pr o t e c t i o n due  t o  Bt  to xi n whi c h was  no t  t he r e  i n 

c o n ve nt i o n al  h ybr i d G.  Co t  Hy- 1 2 .  Mo r e o ve r ,  e ar l y s e t t i ng o f  

mo s t  s quar e s  al s o  i mp ar t e d  de t e r mi nat e ne s s  i n Bt  h ybr i ds  an d  

mat ur e d e ar l i e r  c o mpar e d t o  no n- Bt  h ybr i d.  An i de nt i c al  

t r e nd was  o bs e r ve d i n d a ys  r e qui r e d f o r  bo l l s  b ur s t i ng an d  

mat ur i t y whe r e i n G .  Co t  Hy - 1 2  r e q ui r e d s i g ni f i c ant l y  mo r e  

da ys  t h an t he  t wo  Bt  hy br i ds .  I n ge ne r al ,  i t  was  o bs e r ve d t hat  

as  Bt  h y br i ds  we r e  e ar l y w he n c o mp ar e d wi t h c o n ve nt i o nal  

c o t t o n,  as  a  c o ns e q ue nc e  t he y  ar e  e ar l y i n pe a k s q u ar i n g,  

f l o we r i ng ,  bo l l  bur s t i n g an d m at ur i t y.  The  pr e s e nt  f i ndi ngs  

ar e  i n l i ne  wi t h t he  r e s ul t s  o f  Vi l l ar e al  ( 1 9 9 1 ) .   

5 .5 .2  G r owi ng  de g r e e  days  a nd  He l i o t he r mal  uni t  

 Ap pl i c at i o n o f  gr o wt h  r e gul at o r s  h ad  no  s i gni f i c a nt  

be ar i n g o n gr o wi n g de gr e e  d ays  ( G DD)  r e qui r e d f o r m  

e me r ge nc e  t o  5 0 pe r  c e nt  s quar i n g a n d e me r ge nc e  t o  5 0  pe r 

c e nt  f l o we r i ng  ( Tabl e - 4 .1 8 ) .  Ho we ve r ,  Et hyl e ne  ap pl i c at i o n  

r e s ul t e d i n s i g ni f i c ant l y  l e s s  de gr e e  da ys  f o r  5 0  pe r  c e nt  bo l l  

bur s t i n g a nd m at ur i t y t h an u nt r e at e d c o nt r o l  whe r e as ,  MH  

ap pl i c at i o n r e s ul t e d i n  s i gni f i c a nt l y mo r e  de gr e e  da ys  f o r  

t he s e  mo r pho - p he no l o gi c al  e ve nt s .  The s e  ar e  i n t u ne  wi t h  
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mo r pho - p he no l o gi c al  e ve nt s  di s c us s e d e ar l i e r .  Tr e at me nt  

wi t h bo t h Et h yl e ne  a n d M H r e qui r e d s i g ni f i c ant l y mo r e  

de gr e e  da ys  t ha n Et hyl e ne  b ut  l e s s  t han MH f o r  5 0  pe r c e nt 

bo l l  bur s t i n g a nd mat ur i t y.  Si mi l ar  r e s ul t s  was  o bt ai ne d b y  

G wat h me y an d Ha ye s  ( 1 9 9 6 )  who  r e po r t e d t h at  a p pl i c at i o n o f  

Et he p ho n s i g ni f i c a nt l y i nc r e a s e d t he  bo l l  o pe ni ng o f  c o t t o n,  

ho we ve r ,  t he  bo l l  o pe ni n g r e s po ns e  t o  Et he p ho n  was  hi g hl y  

c o r r el at e d wi t h  de gr e e  d ays  ac c u mul at i o n.  

 The  r e s ul t s  i ndi c at e d t h at  t he  Bt  h ybr i ds  RC H 2  ( BG-

I I)  an d Vi kr am 5  ( BG - II)  r e q ui r e d s i gni f i c ant l y l e s s  de gr e e 

da ys  t o  at t ai n 5 0  pe r  c e nt  bo l l  bur s t i ng a nd m at ur i t y t ha n  

no n- Bt  G.  Co t  Hy- 1 2  whi c h m at c he s  wi t h  t he  d ays  r e q ui r e d  

f o r  5 0  pe r  c e nt  bo l l  b ur s t i ng b y t he s e  hy br i ds .  

 He l i o t he r mal  u ni t  ( H TU)  f o r  mo r pho - phe no l o gi c al  

e ve nt s  di f f e r e d s i gni f i c ant l y ( Ta bl e - 4 .19 )  due  t o  gr o wt h  

r e gul at o r s .  Lo we r  H TU due  t o  Et h yl e ne  a ppl i c at i o n an d  

hi g he r  H TU due  t o  MH a ppl i c at i o n we r e  r e qui r e d t he  hi g he s t  

f o r  50  pe r  c e nt  bo l l  bur s t i ng a nd mat ur i t y.  Ap pl i c at i o n o f  

Et h yl e ne  +  MH r e c o r de d i nc r e as e d he l i o t he r mal  uni t  f o r  5 0 

pe r  c e nt  bo l l  bur s t i n g a n d m at ur i t y o ve r  c o nt r o l  an d Et hyl e ne  

but  l e s s  t han M H a ppl i c at i o n s i n gl y f o r  t he  s ame  e ve nt s  t o  

o c c ur .  Lo g a n a n d G wat h me y ( 1 9 9 8 )  s ugge s t e d t hat  bo l l  

o pe ni n g was  af f e c t e d mo r e  whe n a ppl i c at i o n wi t h Et he p ho n  

i n c o o l e r  e n vi r o nme nt s  t ha n i n war me r  e n vi r o n me n t s  whe r e  

he l i o t he r mal  u ni t  ( he at  uni t )  ac c u m ul at i o n i s  mo r e  i nf l ue nt i al  

i n c o t t o n.  

 Bt  hy br i ds  r e q ui r e d s i gni f i c a nt l y l e s s  H TU t o  at t ai n  

5 0  pe r  c e nt  bo l l  bur s t i n g a n d m at ur i t y c o mp ar e d t o  no n - Bt  

hy br i d G .  Co t  Hy- 1 2 .  Mo r pho - p he no l o gi c al  e ve nt s  i n t he s e  

hy br i ds  c o r r o bo r at e d wi t h t he i r  he l i o t he r mal  u ni t s  c o ns u me d.  

 

130

2 



 

5 .7 .  YI EL D CO N TR IB U TI NG  CH AR AC TE R S  

 Yi e l d i s  t he  f i nal  pr o d uc t  o f  al l  t he  ph ys i o l o gi c al  

an d gr o wt h pr o c e s s  t hat  t he  pl a nt  we nt  t hr o u gh .  In c o t t o n t he  

yi e l d i s  t he  pr o d uc t  o f  n um be r  o f  bo l l s  pe r  pl a nt  an d bo l l  

we i ght .  Bo t h  t he s e  ar e  t he  r e s ul t  o f  pe r c e nt a ge  o f  bi o m as s  

t r ans l o c at e d t o  r e pr o d uc t i ve  p ar t s  ( H. I. ) .  The r e f o r e  i t  wi l l  be  

pe r t i ne nt  t o  di s c us s  e ac h o f  t he se  i n t he  l i ght  o f  f o r e go i ng 

di s c us s i o n.  

5 .7 .1  Nu mbe r  o f  bo l l s   

 The  n u mbe r  o f  bo l l s  t hat  a c o t t o n hy br i ds  be ar s  at  

har ve s t  o r  mat ur i t y i s  an  i m po r t ant  yi e l d  c o mpo ne nt  ha vi n g  

t he  gr e at e s t  di r e c t  e f f ec t  o n yi e l d.  Thi s  c h ar ac t e r  i s  gr e at l y  

i nf l ue nc e d  bo t h  b y p hys i o l o gi c al  pr o c e s s  an d e n vi r o nme nt al  

f ac t o r s .  Ap pl i c at i o n o f  Et h yl e ne  at  s q uar i ng s t a ge  i nd uc e d  

hi g he r  p ho t o s ynt he t i c  e f f i c i e nc y as  i n di c at e d  by  gr e at e r  l e af  

ar e a,  gr o wt h r at e ,  N AR , R GR, hi g he r  bi o mas s  pr o d uc t i o n,  

hi g he r  s y mpo di a pe r  pl a nt  an d pr o vi di n g be t t e r  r o o m f o r  mo r e 

f r ui t i ng f o r ms  whi c h  i n  t ur n  i nc r e as e d  t he  nu m be r  o f  bo l l s .  

Sa wa n e t  a l .  ( 2 0 0 6 ) ,  Zul f i q ar  e t  a l .  ( 2 0 0 6 ) ,  Th ak ar e  e t  a l .  

( 2 0 11 )  and Ku m ar i  an d Ge o r ge  ( 2 0 1 3)  al s o  r e po r te d hi g he r  

bo l l s  due  t o  Et h yl e ne .  

 Ap pl i c at i o n o f  MH al s o  i nc r e as e d n u mbe r  o f  bo l l s 

whe n c o mp ar e d  wi t h t he  c o nt r o l .  I nc r e as e d n um be r  o f  bo l l s  

due  t o  gr o wt h i n hi bi t o r  we r e  bas i c al l y d ue  t o  i nc r e as e d l e af 

ar e a,  gr o wt h  r at e  a n d bi o mas s  pr o duc t i o n d ur i n g ac t i ve  

r e pr o duc t i ve  p h as e .  The s e  r e s ul t s  ar e  i n har mo ny wi t h t he  

f i ndi n g o f  El - Ant a bl y a n d El - At t a ( 1 9 9 2 )  and Ano nymo us  

(2011
h
). Ku mar i  a n d Ge o r ge  ( 2 0 1 2 ) al s o  o b s e r ve d hi ghe r  bo l l s  

pe r  pl ant  d ue  t o  M H ap pl i c at i o n i n c o t t o n.  

 Et h yl e ne  ( 4 5  pp m)  a nd  MH ( 5 0 0  p pm)  ap pl i e d at  

s qu ar i n g s t a ge  an d 8 5  D AS ,  r e s pe c t i ve l y s ho we d a ma zi n g  
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e f f e ct  o n n um be r  o f  bo l l s ,  whi c h was  s i g ni f i c a nt l y mo r e  t ha n  

t hat  r e c o r de d due  t o  ap pl i c at i o n o f  t he s e  c he mi c al s  s i ngl y.  

The  p h ys i o l o gi c al  ad va nt a ge  o f  e ac h o f  t he s e  c he mi c al s  

pr o ve d c o m pl i me nt ar y  i n c o m bi ne d ap pl i c at i o n.  Th i s  c a n be  

s ubs t a nt i at e d b y hi g he r  gr o wt h r at e ,  c a no p y,  pho t o s y nt he t i c  

pi g me nt s ,  pl ant  s t at ur e  an d bi o m as s  o bs e r ve d i n t hi s  

t r e at me nt  o ve r  t he  t wo  c he mi c al s  us e d al o ne  whi c h was  

e no ug h t o  s us t ai n  i nc r e as e d  n um be r  o f  bo l l s .    

 Mo r e  bo l l s  i n Bt  hy br i ds  c o mp ar e d t o  c o n ve nt i o n al  

hy br i d  G.  Co t  Hy- 1 2  we r e  be c a us e  o f  i nc r e as e d n um be r  o f  

s qu ar e s  an d f l o we r s  i n t he  f o r me r .  P at i l  et  a l .  ( 2 00 9 ) , 

Th a kar e  e t  a l .  (2 0 11 )  and S ar l ac h an d S h ar m a ( 2 0 1 2 ) al s o 

r e po r t e d s i mi l ar  r e s ul t s .  

5 .7 .2  B ol l  wei g ht  ( g )  

 Bo l l  we i g ht  i s  r e l at i ve l y l e s s  af f e c t e d by  gr o wi ng  

c o ndi t i o ns  t h an  bo l l  n um be r .  It  i s  s t r o ngl y ge ne t i c al l y  

go ve r ne d a n d s m al l  c h an ge s  i n e n v i r o n me nt ,  c ul t ur al  

ma no e u vr e s  do  no t  af f e c t  bo l l  we i g ht  u nl e s s  a c ha n ge  at  

c e l l / mo l ec ul ar  l e ve l  o r  an abr upt  c h an ge  i n e n vi r o n me nt  t a ke s  

pl ac e .  Et h yl e ne  a n at ur al l y o c c ur r i n g pl ant  ho r mo ne  i s  kno wn  

f o r  var i e d e f f e c t  o n pl ant  s ys t e m v i z . ,  pl a nt  he i ght ,  s y mpo di a  

an d bi o m as s .  Si ng h a nd Si n g h ( 1 9 7 7) ,  Sa wan e t  a l .  ( 1 98 4 ) , 

Ta n- Qi l i n g e t  a l .  ( 1 9 95 )  and Br o wn e t  a l .  ( 1 99 9 ) .  In t he  

pr e s e nt  s t udy Et hyl e ne  ap pl i c at i o n r e s ul t e d s i gni f i c ant  

e nh anc e me nt  i n  bo l l  we i g ht .  I nc r e as e d s o ur c e  s i ze  ( L AI) ,  

s ubs e q ue nt  gr o wt h a nd  b i o m as s  pr o d uc t i o n c o ul d  we l l  e x pl ai n  

i nc r e as e d s i nk n um be r  an d s i ze  ( bo l l  we i g ht )  due  t o  Et hyl e ne .  

Th a kar e  e t  a l .  ( 2 0 1 1 )  al s o  r e po r t e d s i mi l ar  r e s ul t s .  

 Mal e i c  h ydr azi de  a gr o wt h r e t ar d ant  al s o  i nc r e as e d 

bo l l  we i ght  whi c h c a n be  as c r i be  t o  i nc r e as e d c a no p y  

de ve l o pme nt ,  c hl o r o ph yl l  c o nt e nt ,  gr o wt h r at e ,  bi o m as s  
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ac c um ul at i o n  s u bs e q ue nt  t o  MH  s pr ay .  Suc h r e po r t s  b y  

Ano ny mo us  (2010
f
) and Ku m ar i  a n d Ge o r ge  ( 2 0 1 2 )  s uppo r t  t he  

pr e s e nt  f i ndi n gs .   

 Ap pl i c at i o n o f  Et h yl e ne  f o l l o we d  b y MH  al s o  

e xhi bi t e d s i g ni f i c ant l y  hi ghe r  bo l l  we i g ht  o ve r  u nt r e at e d  

c o nt r o l .  Thi s  mi g ht  be  t he  r e s ul t  o f  i nc r e as e d pho t o s y nt he t i c  

ac t i vi t y whi c h c a n be  vi e we d  i n t he  l i g ht  o f  f o r e go i ng  

di s c us s i o n but  u nl i ke  n um be r  o f  bo l l ,  i t was  no t  as  

ad va nt a ge o us  o ve r  t he  t wo  c he mi c al s  us e d  al o ne .   

 Vi kr a m 5  ( BG- I I)  r e c o r de d hi ghe r  bo l l  we i g ht  t h an  

RC H 2  ( BG- I I)  an d G.  Co t  H y- 1 2 .  The  var i at i o ns  i n bo l l  

we i ght  a mo n gs t  ge no t y pe s  ar e  c o mmo nl y k no wn.  K h a n e t  a l .  

( 2 0 09 )  and P at i l  e t  a l .  ( 2 0 09 )  r e po r te d hi g he r  bo l l  we i g ht  i n  

Bt  c o t t o n c o mp ar e d t o  no n Bt  c o u nt e r par t .  

5 .7 .3  Se e d c o t t o n yi e l d  

 The  s e e d c o t t o n yi e l d pe r  pl a nt  as  we l l  as  pe r  he c t ar e  

was  s i gni f i c a nt l y e nh a nc e d due  t o  o ne  s pr ay  o f  Et h yl e ne  

( 4 5 ppm)  at  s q u ar i n g s t a ge  o r / a n d o ne  s pr a y o f  MH  ( 5 0 0 ppm)  

8 5  D AS .  Thi s  c o ul d s i m pl y be  e x pl ai ne d  as  a pr o d uc t  o f  

nu m be r  o f  bo l l s  and/ o r  bo l l  we i g ht  whi c h t he  pr e s e nt  f i ndi n g  

f ul l y s ubs t ant i at e .  Bo t h Et h yl e ne  a nd  M H t r i g ge r e d/ e n ha nc e d  

ph ys i o l o gi c al  r e ac t i o ns  an d a s e r i e s  o f  gr o wt h  pr o c e s s e s 

l e adi n g t o  gr e at e r  bi o m as s  pr o duc t i o n i n t he i r  o wn wa y as  

e xpl ai ne d  e ar l i e r .  Ef f i c i e nt  t r ans l o c at i o ns  o f  bi o m as s  t o  

f r ui t i ng bo di e s  b y t he s e  c he mi c al s  l e a d t o  hi g he r  yi e l d.  

Li t e r at ur e  abo un ds  wi t h s e ve r al  r e po r t s  o n t he  be ne f i c i al  

e f f e ct  of  Et hyl e ne  o n c o t t o n yi e l d.  Si mi l ar l y,  t he r e  ar e  r e po r t 

whe r e  i n MH h as  be e n r e po r t e d t o  e nha nc e  s e e d c o t t o n yi e l d.  

Si n gh  a n d Si n gh ( 1 9 7 7 ) ,  Si ngh and Tri pat hi (1977) , P r o ko f e x  

an d Ras ul o v ( 1 9 7 9 ) ,  Weir and Gaggero (1982 ),  S a wa n e t  a l .  

( 1 9 84 ) ,  Sc o t t  ( 19 9 0) ,  Thakr al e t al . (1991) , P r as a d e t  a l .  
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( 1 9 97 ) ,  Mo ha me d ( 2 0 0 9 ) ,  Ano nymo us (2010
a
) , Tha k ar e  e t  a l .  

( 2 0 11 )  and But t ar  a nd Si ng h ( 2 0 1 3 ) .  ( Ano nymo us 2010
f
,  

Ano nymo us,  2010
g
 and K um ar i  an d Ge o r ge ,  2 0 1 2 ) .    

 A c o mpl i me nt ar y e f f e c t  o f  Et hyl e ne  a n d M H o n  s e e d 

c o t t o n yi e l d was  o bs e r ve d whe r e  bo t h we r e  ap pl i e d at  

ap pr o pr i at e  s t age .  Hi g he r  yi e l d i n t hi s  t r e at me nt  was  i n t une  

wi t h hi g he r  gr o wt h  r at e s  a n d bi o m as s  r e c o r de d i n t hi s  

t r e at me nt .   

 Bt  h y br i ds  Vi kr a m 5  ( B G - II)  a nd  R CH  2  ( BG - I I)  

we r e  s i gni f i c a nt l y s u pe r i o r  to  G.  Co t  Hy - 1 2 ,  whi c h m ay be  

be c aus e  o f  i nc r e as e  i n nu m be r  o f  s ympo di a,  s q u ar e s ,  f l o we r s  

an d bo l l s  due  t o  i n bui l t  pr o t e c t i o n f r o m e nt o mo l o gi c al  

da m age  an d r e t e nt i o n o f  mo r e  e ne r gy was  ut i l i ze d i n  

r e pr o duc t i ve  de ve l o pme nt  i n t he  Bt  c o t t o n r at he r  t ha n  

ve ge t at i ve  de ve l o p me nt  i n no n - Bt  c o t t o n.  P at i l  e t  a l .  ( 2 00 9 ) , 

Sar l ac h a nd  Sh ar m a ( 2 0 1 2 )  an d  K um ar i  an d Ge o r ge  ( 2 0 1 2 ) 

al s o  r e po r t e d hi g he r  yi e l d  i n Bt  c o t t o n t h an  c o n ve nt i o nal  

c o t t o n.   

5 .7 .4  Bi o mas s  ( g / pl ant )  

 The  r e s ul t s  r e ve al  t h at  Et h yl e ne  ap pl i c at i o n at  

s qu ar i n g s t a ge  r e c o r de d e nh a nc e d bi o mas s  o ve r  u nt r e at e d  

c o nt r o l ,  t hi s  i nc r e as e d bi o mas s  was  d ue  t o  i nc r e as e  i n pl ant  

he i g ht ,  s y mpo di a ,  no de s  a n d n u mbe r  o f  bo l l s ,  pr e c e di n g  

s e r i es  phys i o l o gi c al  pr o c e s s e s as  e vi de nt  by L AI,  N AR an d  

RG R. Th a k ar e  e t  a l .  ( 2 0 1 1)  al s o  o bs e r ve d  i nc r e as e d bi o m as s  

due  t o  Et h yl e ne  a ppl i c at i o n  i n c o t t o n hy br i ds .   

 Ap pl i c at i o n o f  MH at  8 5  D AS i nc r e as e d bi o m as s  

( g/ pl a nt )  o ve r  unt r e at e d c o nt r o l  whi c h mi g ht  be  due  t o  

i nc r e as e d r e pr o d uc t i ve  gr o wt h o c c ur r e d af t e r  MH  s pr a y  

ac c o mp ani e d  by  hi ghe r  c hl o r o ph yl l  c o nt e nt ,  be t t e r  c ano p y  

de ve l o pme nt  ( L AI) ,  i t s  r e t e nt i o n ( L AD) ,  s u bs e q ue nt  gr o wt h  
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l e adi n g t o  bi o m as s  pr o d uc t i o n.  The  f i n di n gs  ar e  i n  

c o nf o r mi t y wi t h  t ho s e  o f  K um ar i  a n d Ge o r ge  ( 2 0 1 2 ) .  

 Su p pl e me nt al  e f f e c t o f MH ap pl i c at i o n o n bi o m as s  

was  s e e n i n Et hyl e ne  t r e at e d pl a nt  c o mpar e d t o  MH an d  

Et h yl e ne  i ndi vi d u al l y whi c h was  s ubs t a nt i at e d by gr e at e r  

L AI,  L AD , N AR,  gr o wt h r at e s  a nd  pl a nt  s t at ur e .  Hi g he r  

bi o mas s  i n t hi s  t r e at me nt  was  r e t ai ne d wi t h hi ghe r  s y mpo di a  

an d f r ui t i ng  bo di e s .    

 The  r e s ul t s  i ndi c at e  t hat  Vi kr am 5  ( B G - I I)  a n d R CH  

2  ( BG- I I)  r e c o r de d hi ghe r  bi o m as s  ( g/ pl ant )  c o mp ar e d t o  G.  

Co t  H y- 1 2 ,  whi c h ma y be  par t l y  d ue  t o  hi g he r  L AI ,  L AD an d  

par t l y  d ue  t o  r e t e nt i o n o f  f r ui t i n g s i t e s .    

5 .7 .5  P ar t i ti o ni ng  e ffi c i e nc y ( %)  ( H ar ve s t  i nde x)  

 Har ve s t  i n de x i n di c at e s  t he  t r ans l o c at i o n e f f i c ie nc y 

o f  pl ant s  a nd i s  me as ur e d i n t e r ms  o f  pe r  c e nt  o f  dr y m at t e r  

ut i l i ze d f o r  t he  pr o d uc t i o n o f  e c o no mi c  yi e l d.   

 Si n gl e  a ppl i c at i o n o f  Et hyl e ne  an d/ o r  MH i nc r e as e d 

har ve s t  i nde x o f  c o t to n.  Be t t e r  s i nk de ve l o p me nt  bo t h i n  

t e r ms  o f num be r  an d s i ze  as  we l l  as  s o ur c e  i .e .  LAI an d i t s  

pho t o s y nt he t i c  e f f i c ie nc y as  i ndi c a t e d b y N AR , R GR an d  

CG R l e a d t o  e f f i c i e nt  t r ans l o c at i o n due  t o  t he s e  c he mi c al s .    

 The  h ybr i ds  di d no t  s ho w s i g ni f i c a nt  di f f e r e nc e s  i n 

har ve s t  i nde x .  Re l at i ve l y l o w H. I was  o bs e r ve d i n  

c o n ve nt i o n al  hy br i d G.  Co t  Hy - 1 2  t h a n Bt  h y br i ds  whi c h  i s  

qui t e  o b vi o us  Bt  hy br i ds  po s s e s s e d hi ghe r  H .I .  val ue s  

c o mpar e d t o  t he i r  no n - Bt  c o unt e r p ar t s  i s  we l l  do c ume nt e d  

( P at i l  e t  a l .  2 0 0 9  and He b b ar  e t  a l .  2 0 0 7 ) .  

5 .7 .6  Se e d c o t t o n yi e l d/ pl ant  at  1 4 0 ,  1 5 5  an d 1 7 0  d ays  

 The  r e s ul t s  c l e ar l y i ndi c at e d ( Ta bl e  4 .21 )  t hat  t he 

Et h yl e ne  no t  o nl y r e s ul t s  i n hi ghe r  yi e l d b ut  al s o  br o u g ht  i n  

e ar l i ne s s .  Si mi l ar  r e s ul t s  we r e  o bs e r ve d b y Ag a ki s hi e v an d  
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P al ’ Va no va ( 1 9 7 6 ) ,  Sc o t t  ( 1 9 9 0)  an d Mo h ame d  ( 2 0 0 9 )  who  

r e po r t e d i nc r e as e d s e e d c o t to n yi e l d i n f i r s t pi c ki ng due  t o  

Et h yl e ne  a p pl i c at i o n.  W h e r e as  MH c a us e s  de l a y i n har ve s t i n g  

by  vi r t ue  t o  gr e e n ne s s  a nd  L AI  de ve l o pme nt  o f  l at e  s t a ge  but  

ul t i mat e l y  hi g he r  yi e l d ,  t he r e  ar e  s i mi l ar  r e po r t  whe r e  i n MH  

has  be e n r e po r t e d t o  e nh a nc e  s e e d c o t t o n yi e l d.  ( Ano ny mo us ,  

2 0 1 0
f
,  Ano ny mo us ,  2 0 1 0

g
 a nd  K um ar i  an d Ge o r ge ,  2 0 1 2 ) .  

5 .8 .  EC ON OM IC AL  C H AR AC TER S  

5 .8 .1  Gi nni ng  pe r c e nt ag e   

 It  was  o bs e r ve d ( Ta bl e - 4 .2 2)  t hat  gi nni ng pe r  c e nt  

di d no t  s i gni f i c a nt l y di f f e r  e i t he r  due  t o  t he  gr o wt h  r e gul at o r  

t r e at me nt s  o r  h ybr i ds .  

5 .8 .2  Se e d i nde x ( g )  

 The  pr e s e nt  r e s ul t s  i ndi c at e d t hat  Et hyl e ne  t e nde d t o  

i nc r e as e  s e e d i nde x o ve r  c o nt r o l .  Thi s  mi g ht  be  d ue  t o  

i nc r e as e d p ho t o s ynt he t i c  ac t i vi t y an d dr y m at t e r  

ac c um ul at i o n r e s ul t i n g i n t o  s us t ai ne d s u ppl y a n d f o r mat i o n  

o f  f ul l y mat ur e d s e e ds  a nd t he r e by i nc r e as e d s e e d we i g ht .  

An al o go us  r e s ul t s  we r e  r e po r t e d by Ba n gar wa e t  a l .  ( 1 9 8 1 ) , 

Sa wa n  e t  a l .  ( 1 9 9 3 ) ,  Mo ha me d ( 2 0 0 9 )  an d Ano n ymo us  

( 2 0 10
c
) .    

 On t he  o t he r  h an d,  ap pl i c at i o ns  o f  MH r e c o r de d a 

s i gni f i c ant  r e duc t i o n  i n  s e e d i n de x .  Si mi l ar  r e s ul t s  f o r  Mal e i c  

hy dr a zi de  we r e  o bt ai ne d  b y K um ar i  a n d Ge o r ge  ( 2 0 1 2 ) .   

 The  r e s ul t  s ho we d s i g ni f i c a nt  var i at i o n i n s e e d i n de x  

o f  hybr i ds .  Se e d i n de x i s  a ge ne t i c al l y go ve r ne d c h ar ac t e r  

t he r e f o r e  s uc h di f f e r e nc e s  do  o c c ur  amo n gs t  Bt  h y br i ds .  

Be t t e r  r e pr o duc t i ve  gr o wt h  a n d bi o mas s  i n  Bt  hy br i ds  

pr o ba bl y i s  r e s po ns i bl e  fo r  t he  hi ghe r  s e e d i nde x whi c h  

Ku mar i  a nd Ge o r ge  ( 2 0 1 2 )  and P at i l  e t  a l .  ( 2 0 09 )  al s o 

r e po r t e d i n Bt  h y br i ds  c o m par e d  t o  t he i r  no n - Bt  ve r s i o n.  
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5 .8 .3  Li nt  i nde x ( g )   

 The  r e s ul t  s ho we d t h at  Et hyl e ne  s i g ni f i c ant l y  

i nc r e as e d l i nt  i n de x ( g)  whe r e as  M H de c r e as e d t he  s a me  o ve r  

c o nt r o l .  But t ar  an d Ag ar wal ,  ( 2 0 0 4 ) al s o  re po r t e d hi ghe r  s e e d 

i nde x d ue  t o  Et h yl e ne .  A l o we r  s e e d i nde x  d ue  t o  MH has  

be e n r e po r t e d e ar l i e r  ( Ano n ymo us ,  2 0 1 0
c
) .   

 The  l i nt  i n de x ( g)  s i g ni f i c ant l y di f f e r e d amo n gs t  t he  

c o t t o n hy br i ds  due  t o  t he i r  di f f e r e nt  ge ne t i c  bac kgr o u n d.   

5 .8 .4  Oi l  c o nt e nt  ( %)  

 The  r e s ul t s  i ndi c at e d t h at  ( Tabl e - 4 .2 2 ) gr o wt h  

r e gul at o r s  di d h a ve  an y s i gni f i c a nt  be ar i ng o n o i l  c o nt e nt .  

Et h yl e ne  ap pl i c at i o n  r e s ul t e d i n s l i g ht l y  hi ghe r  o i l  c o nt e nt  

whi c h c o ul d  be  t he  r e s ul t s  o f  i ts  hi ghe r  s e e d we i g ht .  Si mi l ar  

r e s ul t  was  o bs e r ve d by Ba n g ar wa e t  a l .  ( 1 9 81 ) .  On t he  o t he r  

ha n d,  l o we r  s e e d i nde x i n MH t r e at e d pl a nt s  mi g ht  be  t he  

po s s i bl e  c aus e  o f  l o we r  o i l  c o nt e nt .  The  hy br i ds  di d no t  

di f f e r  i n o i l  c o nt e nt .  

5 .9  F IB RE QU AL I TY P AR AM E TER S  

 Gr o wt h r e gul at o r s  t r e at me nt  ( Ta bl e - 4 .23 )  ha d no  

s i gni f i c ant  be ar i n g o n  s p a n l e n gt h  an d f i ne ne s s  o f  t he  f i br e .  

Fi br e s  i n  al l  t r e at me nt s  i nc l u di ng  c o nt r o l  we r e  l o ng ( 2 7 .5 -

3 2 .5  mm)  a nd a ve r age  i n f i br e  f i ne ne s s  ( 4 .0 - 4 .9  µg i nc h
- 1

)  

ve r y go o d t o  e xc e l l e nt  i n uni f o r mi t y  r at i o  ( 4 7 % -  a bo ve )  an d  

e xc e l l e nt  i n m at ur i t y r at i o  ( 0 .8 1 - 0 .9 0 ) .   

 It  i n di c at e d t h at  q u al i t y o f  t he  f i br e  de c r e as e d wi t h  

t he  a p pl i c at i o n o f  gr o wt h r e g ul at o r s  but  u ni f o r mi t y r at i o ,  

f i br e  f i ne ne s s ,  m at ur i t y  r at i o  an d e l o n g at i o n  di d  no t  s ho w an y  

s i gni f i c ant  di f f e r e nc e  amo ngs t  t he  t r e at me nt s .  Thi s  i s  i n 

agr e e me nt  wi t h Bo m a n a nd We s t e r ma n ( 1 9 9 4 )  and Mo n di no   

e t  a l ,  (2 0 0 4 ) .  
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 Ap pl i c at i o n o f  Et h yl e ne  s i g ni f i c ant l y i m pr o ve d  

s t r e ngt h o ve r  M H al o ne .  Si mi l ar ,  r e s ul t s  we r e  r e po r t e d by  

Ke r by ( 1 9 8 5 ) ,  Me he t r e  e t a l .  ( 19 9 0) ,  Re dd y e t  a l .  ( 1 99 0 ) , 

Sni pe s  a nd  B as ki n ( 1 9 9 4 )  and  K um ar i  a n d Ge o r ge  ( 2 0 1 3) .  On  

t he  o t he r  han d ap pl i c at i o n o f  MH at  8 5  D AS r e c o r de d 

s i gni f i c ant l y de t r i me nt al  e f f e c t  o n f i br e  s t re ngt h o ve r  c o nt r o l  

was  al s o  r e po r t e d s i mi l ar  r e s ul t s  b y Ku m ar i  a n d Ge o r ge  

( 2 0 12 ) .  Appl i c at i o n o f  Et h yl e ne  +  MH s i g ni f i c a nt l y i nc r e as e d  

val ue  o f  f i br e  s t r e ngt h t h a n MH a nd  at  p ar  t o  t he  Et hyl e ne .  

 Fi br e  q ual i t y par ame t e r s  as  de l i ne at e d i n Ta bl e  4 .23  

s ho we d t h at  al l  t he  h ybr i ds  f e l l  i n l o ng s t apl e  c at e go r y ( 2 7 .5 -

3 2 .5 mm)  wi t h  go o d m at ur i t y r at i o  ( 0 .8 1 - 0 .9 0) .  Ho we ve r ,  

uni f o r mi t y r at i o  was  e xc e l l e nt  i n G.  Co t  Hy - 1 2 ,  Vi kr a m 5  

( BG- I I)  a nd  go o d  i n  R CH  2  ( BG - I I) .  I n t e r m o f  f i br e  f i ne ne s s ,  

G.  Co t  Hy- 1 2  an d Vi kr a m 5  ( BG - I I)  yi e l de d f i ne  f i br e  ( 4 .0 -

4 .9  µg  i nc h
- 1

)  whe r e as  R CH  2  ( BG - I I)  was  a ve r a ge  i n f i br e  

f i ne ne s s  whe r e as  al l  hy br i ds  we r e  a ve r age  i n f i br e  s t r e ngt h  

( 2 1 - 24  g t a x
- 1

) .    

5 .1 0 EC ON OM IC S S TUD I ES  

 The  d at a  o n e c o no mi c s  o f  t he  us e  o f  gr o wt h  

r e gul at o r s  i s  pr e s e nt e d i n Ta bl e - 4 .2 4 .  In di vi du al  ap pl i c at i o n  

o f  Et h yl e ne  at  s q uar i ng  s t a ge  a n d M H at  8 5  D AS  i nc r e as e d  

gr o s s  mo ne t ar y r e t ur ns  ( G MR) ,  ne t  mo ne t ar y r e t ur ns  ( N MR)  

an d be ne f i t  c o st  r at i o ( BCR)  o ve r  unt r e at e d c o nt r o l .  Si mi l ar  

r e s ul t s  we r e  r e po r te d by Si n g h  a nd Si n gh ( 1 9 7 7 ) ,  P r as ad e t  

a l .  ( 1 9 9 7 ) ,  Ano n ymo us  ( 2 0 1 1 j )  and  C h au d har i  e t  a l .  ( 2 0 1 3 ) .  

 Ap pl i c at i o n o f  Et hyl e ne  f o l l o we d b y M H r e s ul t e d i n  

hi g he s t  gr o s s  mo ne t ar y r e t ur ns  ( GMR) ,  ne t  mo ne t ar y r e t ur ns  

( NMR)  a nd  be ne f i t  c o s t  r at i o  ( BCR)  o ve r  M H an d Et hyl e ne  

al o ne .  Thi s  was  as s o c i at e d pr i m ar i l y t o  hi ghe r  s e e d c o t t o n 

yi e l d i n t he s e  t r e at me nt s .  He nc e  ap pl i c at i o n  o f  4 5  p pm  
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Et h yl e ne  at  s qu ar i n g i ni t i at i o n s t age  f o l l o we d b y ap pl i c at i o n  

o f  5 00  ppm MH at  8 5  D AS was  f o u n d t o  be  mo s t  c o s t 

e f f e ct i ve  an d e c o no mi c al l y vi a bl e  t e c hno l o g y .  

 Amo n gs t  t he  hy br i ds ,  Vi kr am 5  ( BG- I I)  g a ve  hi g he s t  

GM R, NM R a nd BC R f o l l o we d b y RC H 2  ( BG- I I) .  Mi ni m um  

GM R, N MR a nd B CR we r e  i n c o n ve nt i o n al  hy br i d G.  Co t  Hy-

1 2 .  Ho we ve r ,  t he  t e c h no l o gy was  f o u n d e q u al l y e f f e c t i ve  f o r  

Bt  c o t t o n h ybr i ds  as  we l l  as  c o n ve nt i o nal  c o t t o n h ybr i d .   
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VI   SUMMAR Y AND CONCLUSION  
 

 

A f i e l d e x pe r i me nt  was  c o nduc t e d o n bl ac k c o t t o n s o il 

at  M ai n Co t t o n Re s e ar c h St at i o n ,  N . A. U. ,  S ur at  d ur i n g k h a r i f 

2 0 1 1- 1 2  t o  20 1 2 -1 3  t o  s t udy t he  i nf l ue nc e  o f  mo di f i c at i o n  o f  

mo r pho f r a me  o n  p h ys i o l o gy a nd  yi e l d i n  c o t t o n.  The  

e xpe r i me nt  was  c o n duc t e d i n R an do mi ze d Bl o c k De s i gn wi t h  

f ac t o r i al  c o nc e pt  ( FRB D)  h a vi ng t hr e e  r e pl i c at i o ns .  

Obs e r vat i o ns  o n va r i o us  p ar ame t e r s  pe r t ai ni ng  t o  

ph ys i o l o gi c al  t r ai t s ,  gr o wt h at t r i b ut e s ,  bi o c he mi c al  

c o ns t i t ue nt ,  c r o p phe no l o g y,  mo r p ho - phe no l o gi c al  e ve nt ,  

yi e l d an d yi e l d c o m po ne nt s  we r e  t a ke n  at  di f f e r e nt  t i me  

i nt e r val s  an d t he i r  i nt e r - r e l at i o ns hi ps  we r e  wo r ke d o ut .  The  

r e s ul t s  o bt ai ne d f r o m t he  pr e s e nt  i n ve s t i g at i o ns  ar e  

s umm ar i ze d be l o w.  

1 .   The  L AI a nd L AD i nc r e as e d c o nt i n uo us l y wi t h t he  a ge  

o f  cr o p unt i l  1 2 0 and 1 4 5  DAS,  r e s pe c t i ve l y a nd de c r e as e d 

t he r e af t e r  dur i n g bo t h  t he  ye ar s  as  we l l  as  i n  po o l e d.  

In di vi d ual  a ppl i c at i o n  o f  Et h yl e ne  at  s q uar i ng s t age  a nd MH  

at  8 5  D AS r e c o r de d i nc r e as e d L AI a n d L AD o ve r  c o nt r o l .  

Su p pl e me nt al  e f f e ct  o f MH o n Et h yl e ne  t r e at e d pl a nt  was  

o bs e r ve d o n  L AI  a nd  L AD  whi c h  was  hi g he r  t h a n t h at  i n MH  

an d Et h yl e ne  al o ne ,  p ar t i c ul ar l y 9 5  D AS  o n war d.   

 Appl i c at i o n o f  Et h yl e ne  a n d M H i nc r e as e d C GR , R GR  

as  we l l  as  N AR  o ve r  c o nt r o l .  Ap pl i c at i o n o f  Et h yl e ne  a n d MH  

bo t h h ad s y ne r gi s t i c  e f f ec t  and s i gni f i c a nt l y e n ha nc e d C GR  

an d N AR o ve r  r e s t  o f  t he  t r e at me nt s .  Ho we ve r  di d no t  de pi c t  

an y s i gni f i c a nt  ad va nt a ge  o n RG R.   

2 .   Et h yl e ne  a n d MH e x hi bi t e d s i g ni f i c ant l y e nh anc e d dr y  

mat t e r  ac c um ul at i o n  o ve r  u nt r e at e d c o n t r o l .  Su p pl e me nt al  

e f f e ct  o f  MH o n Et hyl e ne  t r e at e d pl a nt  was  o bs e r ve d as  
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hi g he r  dr y m at t e r  ac c um ul at e d i n t hi s  t r e at me nt  a gai ns t  MH  

an d Et h yl e ne  al o ne .   

3 .  Et h yl e ne  a ppl i c at i o n e x hi bi t e d s i g ni f i c ant l y gr e at e r  

pl a nt  he i ght  o ve r  r e s t  o f  t r e at me nt s .  Co n ve r s e l y,  MH  

ap pl i c at i o n h a d de pr e s s i ng e f f e c t  o n pl ant  he i g ht  o ve r  

c o nt r o l .   

 Et h yl e ne  s i gni f i c a nt l y e nh a nc e d t he  n u mbe r s  o f  

s ym po di a ,  mo no po di a ,  s qu ar e s ,  f l o we r s  an d gr e e n bo l l s  o ve r  

c o nt r o l .  MH a p pl i c at i o n al s o  di s pl a ye d s i g ni f i c a nt  e f f e c t  o n 

t he s e  c har ac t e r s  o ve r  c o nt r o l  e s pe c i al l y  at  1 2 0  D AS.  

Ap pl i c at i o n o f  bo t h Et hyl e ne  a n d M H h ad  s u p pl e me nt al  e f f e c t 

o n t he  n um be r  o f  s y m po di a ,  mai ns t e m no de s ,  s q uar e s ,  f l o we r s  

an d gr e e n bo l l s  o ve r  MH  a n d Et h yl e ne  al o ne .   

4 .   C hl o r o ph yl l  c o nt e nt  s ho we d  s i g ni f i c ant  i nc r e as e d d ue  

t o  Et hyl e ne  a nd  M H o ve r  u nt r e at e d c o nt r o l .  Ap pl i c at i o n o f  

Et h yl e ne  +  M H r e s ul t e d i n f ur t he r  i nc r e as e  i n c hl o r o ph yl l  

c o nt e nt  o ve r  Et hyl e ne .   

 Et h yl e ne  as  we l l  as  MH  a p pl i c at i o n al l  al o ng  

s i gni f i c ant l y i nc r e as e d r e d uc i n g s u g ar s  c o nt e nt .  

5 .   D ays  r e qui r e d  f o r  5 0  pe r  c e nt  s qu ar i n g a nd  f l o we r i ng  

we r e  no t  i nf l ue nc e d b y Et h yl e ne  a p pl i c at i o n.  Ho we ve r ,  d a ys  

t o  5 0  pe r  c e nt  bo l l  bur s t i ng a nd mat ur i t y we r e  s i gni f i c a nt l y  

r e duc e d.  MH , c o nt r ar y t o  i t ,  i nc r e as e d d a ys  r e qui r e d f o r  5 0  

pe r  c e nt  bo l l  b ur s t i ng  a n d m at ur i t y.  Ap pl i c at i o n  o f  Et hyl e ne  

r e qui r e d s i gni f i c a nt l y l e s s  de gr e e  da ys  a nd he l i o t he r mal  u ni t s  

f o r  e me r ge nc e  to  5 0 pe r  c e nt  bo l l  bur s t i ng a n d m at ur i t y  

c o mpar e d  t o  o t he r  t r e at me nt s  whe r e as ,  M H a ppl i c at i o n  

r e qui r e d s i gni f i c a nt l y mo r e  de gr e e  da ys  an d he l i o t he r mal  

uni t s  f o r  t he  s ame  e ve nt s .  Ap pl i c at i o n o f  Et hyl e ne  +  MH  

r e c o r de d hi ghe r  de gr e e  d ays  an d he l i o t he r mal  uni t s  o ve r  
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Et h yl e ne  a n d l o we r  GD D a n d H TU o ve r  MH f o r  t he  s a me  

e ve nt s .  

6 .  Bo t h t he  gr o wt h r e g ul at o r s  Et hyl e ne  a n d M H s ho we d  

i nc r e me nt  i n yi e l d o ve r  u nt r e at e d c o nt r o l  d ur i n g bo t h t he  

ye ar s  a n d i n po o l e d,  dul y s u bs t a nt i at e d b y n u mbe r  o f  bo l l s ,  

bo l l  we i g ht ,  bi o mas s  a n d h ar ve s t  i nde x.  Ap pl i c at i o n o f  bo t h 

Et h yl e ne  +  MH  s ho we d f ur t he r  e n ha nc e me nt  i n  yi e l d  

at t r i but i ng  a n d yi e l d o ve r  Et h yl e ne  an d MH us e d  

i ndi vi d u al l y.   

7 .   Si g ni f i c a nt l y hi ghe r  s e e d i nde x a n d l i nt  i nde x ( g)  we r e  

o bt ai ne d wi t h t he  ap pl i c at i o n  o f  Et hyl e ne  o ve r  u nt r e at e d  

c o nt r o l .  Whe r e as  MH s i gni f i c a nt l y l o we r e d s e e d i nde x a nd  

l i nt  i nde x.  De t r i me nt al  e f f e c t  o f  MH o n l i nt  i nde x was  

mo de r at e d i n pr e vi o us l y Et h yl e ne  t r e at e d  pl ant .  Gi n ni ng  

pe r c e nt age  an d o i l  c o nt e nt  we r e  no t  s i gni f i c ant l y i nf l ue nc e d  

by  gr o wt h r e g ul at o r s .  

8 .   Fi br e  qu al i t y p ar a me t e r s  l i ke  2 .5  pe r  c e nt  s pan  l e ngt h,  

f i br e  f i ne ne s s ,  u ni f o r mi t y r at i o ,  m at ur i t y r at i o ,  f i br e  

e l o ngat i o n an d s ho r t  f i br e  i nde x di d no t  s ho w a ny di f f e r e nc e s 

due  t o  Et hyl e ne  o r  MH. Ho we ve r ,  Et h yl e ne  s i gni f i c a nt l y  

i mpr o ve d  s t r e ngt h o f  t he  f i br e  whe r e as  MH  h a d s l i g ht l y  

de t r i me nt al  e f f e c t  o n t he  s ame  o ve r  c o nt r o l .   

9 .   Et h yl e ne  a n d MH a p pl i c at i o n br o u g ht  abo ut  s ubs t a nt i al  

i nc r e as e  i n gr o s s  r e t ur n,  n e t  r e t ur ns  an d be ne f i t  c o s t r at i o 

t ha n unt r e at e d  c o nt r o l .  Ap pl i c at i o n o f  Et hyl e ne  f o l l o we d by  

MH r e s ul t e d i n hi ghe s t  gr o s s  r e t ur n,  ne t  r e t ur ns  a nd be ne f i t  

c o s t  r at i o  c o mpar e d t o  Et h yl e ne  an d MH  al o ne .    

1 0 .   Amo ngs t  t he  t hr e e  h ybr i ds  Vi kr am 5  ( B G- I I)  f o l l o we d  

by  R CH  2  ( BG- I I)  was  s u pe r i o r  t ha n no n - Bt  G.  Co t  H y- 1 2  

wi t h r e s pe c t  t o  var i o us  gr o wt h,  mo r p ho l o gi c al  c h ar ac t e r s ,  

bi o c he mi c al  c h ar ac t e r s ,  e c o no mi c al  c h ar ac t e r s  l i ke  s e e d 

143 



 

i nde x,  l i nt  i n de x,  o i l  c o nt e nt ,  2 .5  pe r  c e nt  s pa n l e ngt h a nd  

f i br e  e l o ngat i o n e xc e pt  s o me  f i br e  q ual i t y  p ar a me t e r s  i .e . ,  

f i br e  f i ne ne s s ,  u ni f o r mi t y r at i o ,  m at ur i t y r at i o ,  f i br e  

s t r e ngt h,  s ho r t  f i br e  i n de x  whe r e  hi g he r  i n  G .  Co t  Hy- 1 2 .  

        The  Bt  hy br i ds  RC H 2  ( BG- I I)  a n d Vi kr a m 5  ( BG- II)  

we r e  e ar l y i n  t e r ms  o f  da ys  t o  5 0  pe r  c e nt  bo l l  b ur s t i n g a nd  

mat ur i t y r e qui r e d l e s s  de gr e e  days  a nd he l i o t he r mal  u ni t  t o 

at t ai n a par t i c ul ar  gr o wt h a n d r e pr o d uc t i ve  s t a ge  an d f i nal  

mat ur i t y c o m par e d  t o  G .Co t  H y- 1 2 .   

 Vi kr am 5  ( B G- I I)  an d RC H 2  ( BG- I I)  g a ve  hi g he r  yi e l d  

due  t o  gr e at e r  L AI,  L AD , CG R, R G R a s  we l l  as  N AR, mo r e  

nu m be r  o f  fr ui t i ng f o r ms  an d s ym po di a c o nt r i but i n g t o  hi g he r  

yi e l d v i s - a - v i s  G.Co t  H y- 1 2 .  

1 1 .   The  i nt e r ac t i o ns  o f hybr i ds  wi t h gr o wt h r e g ul at o r s  f o r 

mo s t  o f  t he  i m po r t ant  p ar ame t e r s  we r e  f o un d no t  s i g ni f i c ant  

i mpl yi n g t h at  t he  r e s po ns e  o f  Bt  and no n- Bt  hy br i ds  t o  

c he mi c al  gr o wt h mo di f i e r s  was  t he  s ame  an d t hat  us e  o f  4 5 

pp m Et h yl e ne  at  s qu ar i n g s t age  f o l l o we d b y a ppl i c at i o n  o f  

5 0 0  ppm MH at  8 5  D AS s i gni f i c a nt l y i nc r e as e d s e e d c o t t o n 

yi e l d br i n gi n g i n hi g he r  ne t  r e t ur n i n  c o t t o n.  

CO NC LU S IO N  

Inf l ue nc e  o f  mo di f i c at i o n o f  mor pho f r ame  t hr o u g h 

ap pl i c at i o n o f  Et h yl e ne  ( 4 5  pp m)  at  s qu ar e  i ni t i at i o n  

f o l l o we d b y ap pl i c at i o n o f  MH ( 5 0 0  p pm)  at  8 5  D AS r e s ul t e d  

i n hi ghe r  l e af  ar e a i n de x ,  be t t e r  as s i mi l at i o n o f  

pho t o s y nt h at e s ,  i m pr o ve d f r ui t i ng  bo di e s ,  n um be r  o f  

s ym po di a ,  n um be r  o f  bo l l s ,  c hl o r o phyl l  c o nt e nt ,  bo l l  we i g ht ,  

bi o mas s  an d s e e d c o t t o n yi e l d ul t i mat e l y be t t e r  ne t  r e t ur ns  

an d be ne f i t  wi t ho ut  af f e c t i ng t he  q ual i t y o f  t he  pr o duc e .  As  

s uc h t hi s  t r e at me nt  was  be ne f i c i al  i n  t e r m o f  e ar l i ne s s ,  

mat ur i t y c o m par e d  t o  t he  c o nt r o l .   
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  Amo ngs t  t he  t hr e e  hy br i ds  t e s t e d Vi kr am 5  ( BG - I I)  was  

hi g he s t  yi e l di ng  dul y s ubs t ant i at e d b y gr e at e r  p h ys i o l o gi c al  

par ame t e r s ,  n u mbe r  o f  f r ui t i n g f o r ms ,  c hl o r o ph yl l  c o nt e nt ,  

r e duc i n g s ug ar s ,  f r ui t i n g br anc he s  an d bi o m as s .  No n - Bt  G.  

Co t  Hy- 1 2  was  l o we s t  yi e l de r  as  was  e vi de nt  f r o m r e l at i ve l y  

l o w val ue s  f o r  al l  t he  abo ve  c har ac t e r s .  The  t hr e e  hybr i ds  

r e s po nde d t o  c he mi c al  mo di f i c at i o n o f  mo r p ho f r ame  i n  

s i mi l ar  m an ne r .   

F U TU RE  L IN E OF  WOR K  

1 .  The  t wo  P G Rs  t e s t e d i n  t he  pr e s e nt  s t u d y ne e d t o  be  

de mo ns t r at e d  o n l ar ge r  s c al e  a n d i n o t he r  a gr o e c o l o gi c al 

s i t uat i o ns .  

2 .  A f e w mo r e  Bt  an d no n- Bt  c o t t o n hy br i ds  s ho ul d be  

e val uat e d t o  c o nf i r m t he  t e c hno l o gy s o  t h at  i t  c o ul d ma ke  a  

r e c o mme nd at i o n f o r  f ar me r s .  
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Ap pe n di x- I:  Me t e o r ol ogi c al  dat a d ur i ng  t he  e xpe r i me nt al  

pe r i o d (2 0 11 - 1 2)  at  Mai n Co t t o n Re s e ar c h St at i o n,  N AU,  

Sur at  

Sr. 
No 

Month 
Std. 

week 
no. 

Temp. RH (%) Sun   
shine 
hrs/da

y 

Rainfall 
(mm) 

Rainy 
days 

Evap. 
(mm) 

Max. 
(0C) 

Min. 
(0C) 

Mor Even 

1 
June -
2011 

22 37.5 28.8 77 76 10.19 10.0 1 2.1 
23 36.2 27.5 76.0 69.6 4.70      0.0 0.0 3.4 

24 34.2 27.3 79.0 70.7 5.64 21.0 2 2.6 
25 33.7 27.8 80.1 69.1 0.50 0.0 0.0 4.0 

26 34.1 28.3 79.0 75.0 0.0 0.0 0.0 2.9 

2 
July -
2011 

27 34.7 26.4 83.9 62.3 0.0 121.0 7 2.8 

28 30.6 25.3 85.0 72.3 0.0 65.0 3 3.2 
29 31.6 25.6 88.7 68.7 0.0 75.0 5 1.1 

30 31.1 25.9 90.0 70.3 0.86 64.0 2 1.0 

 
3 

Aug -
2011 

31 31.5 26.1 86.9 79.0 0.0 39.6 3 0.6 

32 30.9 26.5 85.0 81.0 0.0 70.0 6 0.3 
33 32.1 26.3 85.0 75.0 0.0 201.0 5 0.1 

34 30.7 25.1 88.0 73.0 0.0 90.0 3 0.3 

35 30.6 24.8 91.0 85.0 0.0 195.0 6 - 

4 
Sept-
2011 

36 30.7 25.4 85.0 78.0 1.63 76.4 4 1.5 

37 30.4 25.3 89.0 72.0 2.31 124.0 5 2.3 
38 31.2 25.0 88.0 79.0 4.19 0.0 1 4.1 

39 32.3 24.7 85.0 74.0 7.41 0.0 0.0 4.3 

5 
Oct -
2011 

40 33.7 24.4 85.0 75.0 8.11 0.0 0.0 4.9 

41 36.3 25.1 82.0 51.0 8.07 0.0 0.0 6.0 

42 36.6 24.6 90.0 68.0 7.64 0.0 0.0 5.3 
43 36.4 20.7 78.0 74.0 8.57 0.0 0.0 5.7 

44 34.7 23.0 69.0 56.0 8.79 0.0 0.0 5.9 

6 
Nov-
2011 

45 36.8 20.2 74.0 33.0 7.57 0.0 0.0 4.7 

46 36.6 19.9 63.0 41.0 7.57 0.0 0.0 4.9 
47 35.0 19.6 66.0 35.0 3.57 0.0 0.0 4.0 

48 34.7 21.2 70.0 48.0 7.71 0.0 0.0 4.1 

7 
Dec- 
2011 

49 34.6 18.4 71.0 40.0 8.41 0.0 0.0 4.3 
50 32.4 17.2 69.0 29.0 7.29 0.0 0.0 5.0 

51 32.3 17.1 77.0 35.0 6.21 0.0 0.0 4.1 
52 31.2 15.0 71.0 37.0 4.44 0.0 0.0 2.0 

8 
Jan-
2012 

1 29.3 13.6 77.4 36.9 6.1 0.0 0.0 2.3 
2 28.7 14.4 65.0 31.9 6.6 0.0 0.0 2.9 

3 28.4 13.2 74.9 52.4 6.7 0.0 0.0 3.0 
4 30.5 15.8 75.1 37.7 6.5 0.0 0.0 3.1 

 
9 

Feb-
2012 

5 31.6 16.1 58.0 32.4 6.9 0.0 0.0 4.3 

6 28.4 14.2 58.0 37.3 0.0 0.0 0.0 5.0 
7 31.0 14.6 58.9 28.4 0.0 0.0 0.0 3.1 

8 35.5 17.7 61.1 23.1 0.0 0.0 0.0 2.9 
Total 

      
1142.0 52  

 

 

I 



 

Ap pe n di x- I I:  Me t e o r ol ogi c al  dat a d ur i ng  t he  e xpe r i me nt al                   

pe r i o d (2 0 12 - 1 3)  at  Mai n Co t t o n Re s e ar c h St at i o n,  N AU,  

Sur at  

Sr. 
No 

Month 
Std. 

week 
no. 

Temp. RH (%) Sun   
shine 
hrs/da

y 

Rainfall 
(mm) 

Rainy 
days 

Evap. 
(mm) 

Max. 
(0C) 

Min. 
(0C) 

Mor Even 

1 
June -
2012 

22 35.0 27.8 75.4 56.9 7.7 0.0 0. 0  3.9 
23 34.8 27.8 73.3 58.9 5.2 60.0 3 2.1 

24 35.5 26.9 79.4 58.7 5.1 26.0 5 2.0 
25 35.0 27.5 80.9 58.9 7.4 0.0 0.0 2.6 

26 34.5 27.6 76.1 60.1 9.3 0.0 0.0 3.6 

2 
July -
2012 

27 30.0 26.6 82.1 69.1 5.4 106.0 4 1.1 
28 33.9 26.5 81.4 69.1 3.8 57.8 4 1.1 

29 32.7 27.3 87.6 71.6 0.0 60.0 1 1.7 
30 31.9 27.6 92.3 86.0 0.0 2.6 2 2.1 

 
3 

Aug -
2012 

31 31.2 26.5 91.4 88.7 0.0 8.0 5 2.1 
32 31.9 26.6 81.0 79.1 0.0 66.0 5 0.7 

33 31.3 25.6 80.3 70.9 0.0 18.0 2 3.4 

34 31.9 25.7 86.6 76.6 0.0 29.4 2 2.4 
35 32.5 25.9 82.9 77.0 0.0 55.8 1 1.7 

4 
Sept-
2012 

36 30.6 25.6 92.9 87.4 0.0 218.2 5 0.1 
37 30.3 25.0 91.9 86.7 0.0 77.8 5 0.4 

38 31.9 25.9 82.0 61.3 0.0 0.0 0.0 4.1 
39 33.1 24.9 83.4 55.4 0.0 30.6 3 4.3 

5 
Oct -
2012 

40 34.4 26.1 84.7 63.6 0.2 13.6 2 3.4 

41 35.4 22.6 82.4 45.7 3.3 0.0 0.0 5.0 
42 36.0 21.4 70.6 33.3 7.2 0.0 0.0 6.4 

43 36.0 20.4 68.0 36.0 5.3 0.0 0.0 7.4 
44 34.9 18.9 58.0 37.3 2.2 0.0 0.0 4.0 

6 
Nov-
2012 

45 33.2 18.7 69.0 47.7 0.0 0.0 0.0 6.9 
46 31.6 18.5 79.3 44.0 0.0 0.0 0.0 4.1 

47 33.9 16.7 69.0 23.7 0.0 0.0 0.0 3.9 

48 33.2 16.7 74.3 30.9 2.0 0.0 0.0 4.9 

7 
Dec- 
2012 

49 33.5 21.3 67.0 32.0 5.7 0.0 0.0 5.6 

50 31.7 17.4 85.6 37.0 5.0 0.0 0.0 4.9 
51 32.7 20.7 62.9 30.6 5.3 0.0 0.0 4.9 

52 32.9 17.1 64.8 28.4 6.0 0.0 0.0 4.4 

8 
Jan-
2013 

1 30.0 14.6 64.3 80.6 7.2 0.0 0.0 4.0 

2 30.9 16.9 87.6 84.7 9.0 0.0 0.0 4.7 

3 31.1 16.7 82.7 79.1 7.6 0.0 0.0 5.9 
4 31.1 17.4 92.6 89.0 8.3 0.0 0.0 6.9 

 
9 

Feb-
2013 

5 33.1 18.3 92.1 77.7 9.4 0.0 0.0 7.2 
6 32.0 18.8 64.4 30.4 8.9 0.0 0.0 7.9 

7 33.1 20.5 65.7 33.4 7.0 0.0 0.0 7.3 
8 34.8 20.8 75.4 59.6 8.8 0.0 0.0 7.5 

Total 
      

781.00 45  
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Appe ndix- III: Particula rs of expenditure and income  

 

Particulars  
Amount (Rs  ha -1 )  

2011 -12  2012 -13  

A)  Fixe d cos t:  

1.  Land prepara t ion (9 hrs p lough ing + 3  hrs  
harrowing +  2  hrs p lank ing)  

4150  4150  

2.  FYM @ 10 tonne ha - 1  + app licat ion (2  labours )  7740  10240  

3.  Lay out and preparat ion o f p lo ts , bunds and  
ir r iga t ion channe ls  (8  labours )  

960  960  

4.  Sowing and  fer t i l ize r app lica t ion (8 labours )  960  960  

5.  Cos t o f fe r t il ize r (240 :40 :0  kg NPK ha -1)  

(15  labour)  

5019  5335  

6.  Thinn ing and gap  fi l ling (5  labours )  600  600  

7.  Weed ing 3 (15  labours )  1800  1800  

8.  Inte rcult ur ing (3 hoe ing 6 hrs)  840  840  

9.  Ir r iga t ion (2 ir r iga t ion + 2 labours)  940  940  

10.  P lant  p ro tec t ion (4  spraying +  8 labours)  2171  2310  

11.  Sta lk  uproo ting (6)  and S ta lk  co llec t ion (5)  1320  1320  

12.  Land  revenue  Rs  50 /ha /annum (7  month)  29  29  

13.  To ta l work ing cap ita l  26529  29484  

14.  Inte res t on wo rk ing cap ita l @  12% (7  month)  3183  3538  

15.  S upervis ion charges @ 10% o f to ta l work ing  

cap ita l (7  month)  
2653  2948  

 Fixe d cost  (A)  32365  35970  

B)  Variable  cos t  

1.  Growth regula tors  

 T1-  Contro l (00 ppm)  00  00  

 T2-  Ethylene  45  ppm (2  labours )  585  689  

 T3-  Male ic  hydrazide 500 ppm (2  labours )  526  592  

 T4-  Ethylene  45  ppm + MH 500 ppm (2 labours )  871  1041  

2.  Seed 

 V1-  RCH-2  (BG – II) (1125  gm ha -1)  2325  2325  

 V2-  Vik ram- 5 Bt (BG –II) (1125 gm ha -1 )  2325  2325  

 V3-  G.Co t Hy-  12  (1125 gm ha -1)  439  439  

C)  Rates  use d for cult iva t ion and inputs  

1.  Tractor  cult iva t ion (Rs  hr -1)  350  350  

2.  Tractor  p lank ing (Rs hr -1 )  200  200  

3.  Ir r iga t ion cha rges  (Rs.  I r r iga t ion-1 )  350  350  

4.  Harrowing charges (Rs . hr -1)  200  200  

5.  Hoe ing (Rs. hr-1 )  200  200  

6.  Labour  charges (Rs . day-1)  120  120  

D)  Se ll ing rate  o f produce  

1.  Seed  cotton (Rs . kg -1)  40  44  

2.  Cotton s ta lk (Rs . kg - 1)  1.00  1.00  

3.  P ick ing cos t Rs kg -1  5.00  5.00  
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Appe ndix - III : contd… 

Price  ra tes  

A Inputs  
            Cost  

      2011 -12  2012 -13  

 1.  Growth reg ul ators  

  
Ethylene  

Rs. 

100 /100ml.  

Rs. 

130 /100ml.  

  Male ic  hydrazide  Rs. 447 /250g Rs.550 /250g 

 2.  See d  

  RC H- 2   (BG – II)  Rs. 930 /450g Rs. 930 /450g 

  Vikram- 5   (BG – II)  Rs. 930 /450g Rs. 930 /450g 

  G.C ot Hy-  12  Rs. 390 /K g Rs. 390 /K g 

 3.  Fertil i zers  

   2011 -12  2012 -13   

  Urea   Rs 292/50kg  (Rs.  305/50 kg)  Rs. 11.68  Rs. 12.26  

  SSP  Rs 260/50 kg  (Rs.  370/50 kg)  Rs. 10.40  Rs. 14.80  

  FYM (Rs.  0. 75/kg)  (Rs.  1. 00/kg)  Rs. 0.75  Rs. 1.00  

 4.  Pesti ci des  

  Imidac lop r id 200 S L @ 0.70%  650 /250ml  750 /250ml  

  F ip ronil 5 % SC  1070 /l it  1100 /l it  

  Quino lphos 25% EC  @ 0 .05% 300 /lit  400 /lit  

  Acepha te 75 % SP  430 /kg 500 /kg 
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Ap pe n di x-  I V:  Ec o no mi c s  ( Ave r ag e  2 0 1 1 - 1 2  and 2 0 1 2 - 1 3 ) 

Tr e at me nt s  
Co mmo n  

c o s t  ( a) 

Tr e at me nt  

c o s t  ( b) 

To t al  

( c  =  a+ b)  

Growth regulators 

T1  - Control (00 ppm) 34168 1696 35864 

T2  - Ethylene  45 ppm 34168 2333 36501 

T3  - MH 500 ppm 34168 2255 36423 

T4  - T2 + T3  34168 2652 36820 

Hybrids 

V1 - RCH 2 Bt  (BG-II) 34168 2863 37031 

V2  - Vikram 5 Bt (BG-

II) 34168 2863 37031 

V3  - G. Cot Hy-12 34168 977 35145 

 

Ap pe n di x-  I V:  C o nt …  

Tr e at me nt s  
Co mmo n  c o s t  

( a)  

Tr e at me nt  

c o s t  ( b) 

To t al  

( c  =  a+ b)  

T1V1  34168 2325 36493 

T1V2  34168 2325 36493 

T1V3  34168 439 34607 

T2V1  34168 2962 37130 

T2V2  34168 2962 37130 

T2V3  34168 1076 35244 

T3V1  34168 2884 37052 

T3V2  34168 2884 37052 

T3V3  34168 998 35166 

T4V1  34168 3281 37449 

T4V2  34168 3281 37449 

T4V3  34168 1395 35563 
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