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I NTRODUCTION

Solar r ad ia t io n  is one of  the  p r i m a r y  f a c t o r s  governing t h e  ult i

m a t e  yield of  any crop.  In i n t er cr o pp ed  s i t uat i on s involving a main-  

crop like coconut  if w a t e r  and n u t r ie n ts  are avai lable in amoun ts  

a d e q u a t e  enough to  ens ure  lack of  co mp et i t i on  for  t h e s e  two  f a c to rs ,  

light b e c om e s t he  sole l imit ing f a c t o r  for  i nt e rc rop  gr owt h  and pr odu

ct ivi ty.

The p r a c t i c e  of  inter cr opping or mixed cropping in coconut  

garden has been in vogue since ear ly  t i m es  and is a co mmon  p r a c t i c e  

in Ker al a  wh er e t h e r e  is an intense pressure  on land. This s y s t e m of 

far mi ng  not  only i ncreases  t he  pr oduct i vi ty  p e r  unit a r e a  and per  

unit t i m e  but  also e nha nce s  agr ic ul tur al  labour  r e q u i r e m e n t .  Added 

to this ,  is t he  f a c t  t h a t  land a t  p r es e nt  is bec oming a shrinking r e 

source for  ag ri cu l t ur al  use owing to  c om pe t i n g  n on- agr i cul t ur al  de

mands.

Ginger  and t u r m e r i c  ar e  two  among the r e c o m m e n d e d  crops 

for  i nt er cr opping in coconut  gardens  and a r e  included in t h e  crop 

c a f e t a n a  for  mul t iple  cropping.  These two ar e also valued as i mp or t an t  

sp ic e  crops o f  t he  world.  F rom ages pas t ,  India is in t he  unique 

posit ion of being the  largest  pr oduce r  and e x p o r t e r  of  ginger  account  

ing for  nea r l y  hal f  of t he  t o t a l  world t r a de .

Studies on crop p e r f o r m a n c e s  at  gr ad e d shade levels of  a few 

c ommon i nt er cr op s o f  t h e  coconut  belt  w e r e  t a k e n  up a t  t he  Col lege 

of H o r t i c u l t u r e ,  Vel lanikkaia , Trichur ,  during 1981 to 1 9 83 .  Based 

on t h e  yield t r en d ,  ginger  and t u r m e r i c  w er e  cl assed as shade loving. 

Only one v ar i e t y  e a c h  of  t he s e  crops was included in t ho se  studies.  

D i f fe re n t i a l  response of  g en ot ypes  to t h e  d if fe r ent  levels of  light 

p e ne t r a t i o n  is to  be cons ider ed a def ini te  possibil i ty and hence the
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scope for  se le c t i ng  v ar i et ie s  wi th abi l i t i es  t o  p e r f o r m  b e t t e r  under  

shade.  The p r es e nt  s tudy was t a k e n  up wi th  t h e  p r i ma ry  obj ect i ve  

of  se lec t i ng  v a r i e t i e s/ ge n ot yp es  of  t h e s e  t wo crops for  d i f fe r en t  

shade s i t uat i on s.  Study of  t h e  changes  in qual i ty  of  e c o no mi c  produce 

induced by shading was also a no t h e r  i m p o r t a n t  o bj ect i ve  of  this  

study.
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2. REVIEW OF LITERATURE

Light det er mines  the r a t e  of growth of any crop at  any s tage of 

development .  Crop plants di f fer  markedly in thei r  ada ptat ion to 

light intensi t ies.  Shadmq of crop plants a t  various s tages  of  growth 

and development  is an important  f a c t or  which a f f e c t s  t he  plant 

growth,  yield and qual i ty o f  the  produce.  The influence of shade 

on various as pec ts  such as vege ta t i ve  c h ar ac t er s ,  photosynthesis ,  

d r y m a t t e r  accumulat ion,  flowering and fruit ing has been studied 

in many crops of co mmer ci al  impor tance.  However,  published data 

on t he  growth,  development ,  yield and qual i ty of  ginger and t u r m e r i c  

are scanty.  Hence l i t er at ur e available on the  subject ,  i r respect ive 

of the  crops is brief ly reviewed.

2.1 Light Requirement

Singh (1 967 )  observed t h a t  exposure to intense light is d et r i menta l  

to photosynthesis .  According to Minoru and Hori (1 969 )  Zingiber mioga 

Rose,  in par t i cu la r  required a sa tura t ing light intensi ty  of  20  klx. 

Nair  ( 1 9 6 9 )  r ep o r t ed  t ha t  ginger p re fe rr ed  light shade for  b e t t e r  

p er formance .  Aclan and Quisumbmg ( 1 9 7 6 )  r epor t ed  from t h e i r  study 

of light a t te nua t io n on the  yield and qual i ty of ginger t h a t  plants 

grown under full sunlight wer e shor ter  and had f ew er  leaves per  

t i l ler.  The yields, however  wer e just as high as those obta ined from 

plants grown under 25 and 50 per cent  shade intensit ies.  This indicated 

t hat  ginger p er f o r m e d  best  when grown under slight shade but not 

in excess  of  50 per  cent .  This supported the observation of Dai and 

Nair  ( 1 9 8 2 )  t ha t  ginger  could ef f ici ent l y grow under low light intensi 

ties.  They also found t h a t  growth and yield of t u r me r i c  were highest  

at  50 per cent  of  full i l lumination.  Relat ively lower than full light 

intensity in combinat ion with lower soil and air t e m p e r a t u r e  and 

high rela t ive humidi ty were more condusive for the successful  cul t i

vation of ginger (Ravisankar  and Muthuswamy,  1987) .
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Based on t h e  above r esu l t s  it can be n o t e d  t h a t  ginger  and t u r 

me ri c  can be grown in shade as in te r cr o ps  . To support  t his  view, 

se ver al  ear ly  w or ke rs  r e c o m m e n d e d  ginger  as an i nt er cr op  in mango 

o r c h a r d  ( R an d h a w a  and N a n d a p u n ,  1 9 7 0 ) ,  grap evi ne  ( R a n g a  r e ddy 

and S a t h ya n ar ay a na ,  1 9 72 ) ,  pigeon p e a  and c a s t o r  ( Purs eglove,  1 9 75 )  

and chilli ,  okra,  ma ize  and t o m a t o  (Singh e ^  a h ,  1981) .

2 .2  Growth and Growth A ttribu tes

2.2.1 P lant  height

Coope r  ( 1 9 6 6 )  in his a t t e m p t  to  find out  t h e  response of  birds- 

foot t r ef o i l  and a l fa l fa  to  various levels of  shade ( 5 1 ,  76  and 92  p er  

ce nt  sh ade)  found t h a t  p lant  height  d e c r e as e d  p r o p or t i on at e l y  with 

increasing levels  of  shade.  C o n t r a d i c t o r y  to this ,  se ver al  o t h e r  workers  

r e p o r t e d  an i nc re ase  in plant  height  wi th  increasing levels of  shade 

in crops like m a i z e  (Moss and Stinson, 1 9 6 1 ) ,  e a s t e r l i ly  (Kohl  and 

Nelson,  1 9 6 3 ) ,  L ihum  longiflorum  ( E m e r t  and Box, 19 67 ) ,  c r ow n ve t ch  

(Langil le and Mc kee ,  1 9 7 0 )  and a l fa l f a  (Wolf and Blaser ,  1 9 7 2 ) .  While 

e x pe r ime nt i ng  wi th  t u b e r  and r h i zo m at ou s  crops,  Bai and Nair  ( 1 9 8 2 )  

ob se rve d posi t ive inf luence of  shading on s t e m  length  in ginger,  

coleus and s w ee t  p o t a t o  w h e r e a s  height  of  col ocasia  was  not  a f f e c t e d  

by shading.  In groundnut ,  G eo r ge  ( 1 9 8 2 )  r e p o r t e d  an i nc re ase  in plant  

height  due to  shading while t h e  e f f e c t  was opposi t e in r ed g ra m.  

In her  e x p e r i m e n t ,  plant  hei ght  of  cowpea and bl a ckgr am was un

a f f e c t e d  by shading.  Posi t ive  i nf luence of  shading was also not ic ed  

in t o m a t o  ( Ka ma ru ddi n,  1 9 83 ) ,  winged bean (Sorenson,  1 9 8 4 ) ,  Ca s sa va  

(R a ma n u j a m  et  a h ,  1 9 8 4  and Sre ekuma ri  e t  a h ,  1 9 8 8 ) ,  swee t  r ed  

p epper  (Rylski and Spigelman,  1 9 86 ) ,  br oadb ean  (Xia,  1 9 8 7 )  and r ice  

(Singh _et__ah, 1988) .

2 . 2 .2 .  L e a f  d ev el op me nt

Birdsfoot  t ref oi l  had a lower  pr oport i on o f  leaves  to  s t e m when 

grown under  low light in te ns i t y  (Rh yk er d  et_ aL,  1 9 5 9 ) .  Under  condit ions
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of  m o d e r a t e  shading,  leaf  a r e a  per  plant  of  red  clover  was found 

to i ncrease  while leaf  a r e a  in a l fa l f a  r e m a i n e d  c o n s ta nt  and t h a t  

of  birdsfoot  t r ef o i l  d e c r e a s e d  (Mc kee ,  1 9 6 2 ) .  A m a rk e d  reduct ion 

in t he  r a t e  of  l eaf  d ev el opme nt  and leaf  a r e a  was  n o t i c e d  in two 

drybean (P h aseo lu s  vulgaris.  L ) c ul t i va rs  grown in c on t ro l le d  e nv ir on

ment  c h a m b e r s  under  s t a n d a r d  light (39oJ/fE m ^s ^ approx.  2 2 , 0 0 0 ! x  

at 4 0 0  700  n m)  and s haded light (55  ^  E m ^ approx 3 , 200  Ix, 

at 4 0 0 - 7 0 0  n m)  intens i t ies  ( Crookst on £t_ jiL,  1975) .  Vlcia fa b a  plants  

su bj e ct e d  to  50 and 20  per  ce nt  shade e xhi bi te d 3 0  per  ce nt  r educ tion

in t h e  n umb e r  of  leaves  per  plant  (Xia,  1987) .

2 . 2.3  D r y m a t t e r  product i on

Langille and Mc kee ( 1 9 7 0 )  s ub j e c t e d  t h r e e  v a r ie t ie s  of  crown 

v et c h ( Coromlla  v a n a h )  to  six levels of  shading (31 to  100 per  ce nt )  

to e v a lu a te  the  response of  t he s e  v a r ie t ie s  to r e d u c e d  light under  

f ield condit ions.  C o m p a r e d  to unshaded top gr owt h t r e a t e d  as 1 0 0  per  

c ent ,  p la nts  s haded to 3 0  per  c e nt full day light yielded 4 0  p er  cent  

as much d r y m a t t e r .  C o m p a r e d  to  root  gr owt h  in t he  open t r e a t e d  

as 100  per  c e n t ,  plants  sha ded  a t  equi valent  o f  31 per  ce nt  o f  full 

day light yielded only 22 p e r  cent  as much.  Shading r i ce ,  r e su l t e d  

in 25 per  cent  r ed u ct io n  in t o t a l  dry weight  a t  har ve st  (Rai  and

Murthy,  19 77 ) .  Venka tes wa ra lu  and Srinivasan ( 1 9 7 8 )  also obse rve d

a dec r ea s e  in t o t a l  d r y m a t t e r  c on t en t  in r ice .  X an th o s o m a sa g g ittifo h u m  

was r e p o r t e d  t o  produce t he  highest  d r y m a t t e r  yield under  shade 

and C o lo casia  e s c u le n ta  under  full sunlight  ( C e a s e r ,  1 9 80 ) .  Soybean 

plants  grown under  70  per  ce nt  shade did not  show any reduct ion 

in d r y m a t t e r  (Er iksom and Whitney,  1984) .

Although s e v er a l  crops showed r e du c t io n  in t o t a l  d r y m a t t e r  

c o n t e n t ,  ginger  crop grown at  r e du ced  light  r e c o r d e d  t h e  highest  

d r y m a t t e r  ( R a vi s an ka r  and Mut hus wa my ,  1 9 8 6 ,  1987) .  Singh ( 1 9 8 6 )  

s tudi ed t he  response of  four c o t t o n  g enot ypes  to  r e du c ed  light intensi ty.  

D r y m a t t e r  of  all t h e  genot ypes  i nc re ase d wi th 35 p e r c e n t  reduct ion 

in l i ght  i nte ns i t y.  P e a n u t  plants  grown under  higher  i r radiance a c c u 
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m ul a te d  t h r e e  t i m e s  mor e d r y m a t t e r  th an  p l a nt s  under  low i r ra di ance .  

( F a r n h am  et_ a h ,  1 9 8 6 ) .  Vijayalakshmi et^ al. 1 9 8 7 )  n ot ic ed  a dr as t i c  

r educ tion in d r y m a t t e r  a c cu m u l a t i o n  in some r ice  v a r ie t ie s  due to 

shading.

2 . 2.4  Gr ow th  analysis

R a m a d a s a n  and S at he esa n ( 1 9 8 0 )  r e c or de d  highest  leaf  a r e a  index, 

crop g r owt h  r a t e  and n et  as simi l at i on r a t e  wi th  t h r e e  t u r m e r i c  cul t i -  

vars grown in open condi t ions c o m p a r e d  to  t he  s a m e under  shade.  

The net  as simi l at i on r a t e  and absolute  gr owt h r a t e  of  chickpea wer e 

found to  d e c r e a s e  wi th  a d e c r e a s e  in sunlight  f ro m 100 per  ce nt  

to 1 5 p e r  cent  while the  leaf  weight  r at i o,  r e la t iv e  g r ow t h r a t e  and 

r el a t ive  l e af  g r ow th  r a t e  r e m a i n e d  u n a f f e c t e d  ( P an de y et^ al .,  1 9 8 0) .  

Sorenson ( 1 9 8 4 )  obse rve d an i nc re ase  in l e af  a r e a  r a t i o  in winged 

bean (P so p h o carp u s te trag o n o lo b u s. L )  by i m p o s i n g  s h a d e .  An 

increase in shoot : root  ra t i o  was also r e p o r t e d  in t h r e e  v ar i et ie s  of  

crown vet cKCoronil la v a n a l i ) under  low light i n te n si t y  (31 per  ce nt  to 

100 per  ce nt  full day l ight )  (Langil le and M c k e e ,  1 9 7 0) .  Low radia t ion 

(78 p e r c e n t  and 32  per  cent  of  full solar  r ad ia t io n )  led t o  product i on 

of  leaves  wi th high spe cif ic  l eaf  a r e a  in c as sa va  while l e af  a r e a  

index under  full sun i nc re ase d (Fukai  _et_ al_., 1984) .  R e d u c t i o n  in 

solar  input upto 32 per  ce nt  r edu ce d crop gr owt h  r a te  to about  half  

t h a t  of  c ont rol .  A ra b i c s  c of f e e  seedl ings in full sunlight  had the 

lowest  r a t e  o f  gr owt h and d ev el opme nt  and showed s y mp t oms  of 

sunscorch ( Sant os  and Napoles,  1985) .

2 .3  Chlorophyll C ontent

Shade p la nt s  g ene ral ly  have a higher  chlorophyll  c on t e n t  than 

t he  sunplants  (Coo per  and Qualls,  1 9 6 7 ,  Bj orkman,  1 9 6 8 ) .  Chlorophyll  

a/b r a t i o  is an i m po r t a nt  p a r a m e t e r  in light int ens i ty  studies.  It 

is con st ant  in all v ar i et ie s  of  a species  under  a p a r t i c u l a r  se t  of  

e n vi r on me nt a l  condi t ions.  But this  m a y  vary considerably depending
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upon the  light i nte ns i t ies  to  which leaves have been exposed ( Tug na wa t ,  

19 77 ) .  While co mp ar ing  t he  e f f e c t  of  r e d u c e d  light in tens i t ies  (3 5,  50 

and 70 per  ce nt  of  nor mal  sunl ight )  on t wo r ice  cu l t iva rs  Vijaya,  

a shade t o l e r a n t  one and IR-8,  a shade su sc ept i bl e  one,  t h e  shade 

t o l e r a n t  c ul t iva r  had higher  chlorophyll  c on t e n t  ( Nayak _et  ̂ a h ,  19 78 ) .  

Bai ( 1 9 8 1 )  r e p o r t e d  an inc re ase  in chlorophyll  c o nt e nt  wi th  increasing 

shade levels (2 5,  50  and 75  p er  c e n t  shade)  in crops  like ginger  and 

t u r m e r i c .  G ra n t  and Ryug ( 1 9 8 4 )  r e p o r t e d  f rom t h e i r . s t u d i e s  on in

f luence of  within canopy shading on chlorophyll  c o nt e nt  t h a t  leaves 

of  kiwifrui t  grown under  shade had signi f icant ly  lower  chlorophyll  

a:b r at i o.  R e d u c t i o n  in chlorophyll  c on t e n t  of  exposed leaves upto 

4 4  pe r  c e n t  was  n o t e d  by Vi jayakumar  et_ aL ''19 8 5 )  in black p epp er  

as c o m p a r e d  to  t h e  shaded leaves.  Lamina  f rom t ob a c c o  grown under  

i ntense shade had higher  levels of chlorophyll  a and chlorophyll  b 

than t hose  f rom p la nt s  grown wi thout  sha de  ( Anderson,  19 85 ) .

With i ncreasi ng l e af  m a t u r i t y  chlorophyll  a was found t o  r educe 

but chlorophyll  b inc re a se d  r esul t ing in t h e  inc re as e d  t o t a l  chlorophyll  

co n t e n t  ( C h i t t i r a i ch e l va n  et_ aL, 1 9 07 ) .  They also obse rve d t h a t  with 

i ncrease  in l e a f  s e ne s c e n c e ,  chlurophyl!  b s how ed  a d ras t i c  r ed uc t i on  

but chlorophyll  a in c re a se d  margi nal ly wi th  a net  resul t  o f  r e du c ed  

t o t a l  chlorophyll  c o n t e n t .  An i nc re ase  in chlorophyll  c ont ent  with 

d ec reas e in light in t ens i ty  was  also r e p o r t e d  in crops  like winged 

bean (Sorenson,  1 9 8 4 ) ,  r ice (Singh e t  ah,  1 9 8 8 )  and p o t a to  (Singh,  1988) .

Al though s ev er al  w or ke rs  r e p o r t e d  an i nc re ase  in chlorophyll  

c o n t e n t  with i nc re ase  in int ens i ty  of  shadina P andey et_ a h ( 1 98 0)  

in chi ckpea  and G ra n t  and Ryug ( 1 9 8 4 )  i n fleaves  o f  kiwifrui t  observed 

the s a m e c o n c e n t r a t i o n  at  varying shade.

2 . 4  Physiological  A ct i v i t i e s

E f f e c t  of  shade on physiological  p r oce sses  like photosynt hesis ,  

r espir at ion,  n i t r og en  f ixat ion and enz y me  a c t iv i t i e s  had been s tudi ed 

in many a gr i cu l t ur al l y  i m po r t an t  crops.  A d a pt a t i on  to  low light
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in te ns i t y  includes g r e a t e r  l eaf  a r e a  per  l e af  weight  ra t i o  ( Blackman,  

1 9 56 ) ,  lower ed shoot  rroot  ra t i o  ( Brouwer,  1 9 6 6 )  and r e du c ed  r a t e s  

of  dark respi ra t i on  ( Ku mu r a,  1 9 68 ) .

A c o m p a r a t i v e  s tudy on light and shade on l e af l e t s  o f  a common 

f lowering plant  Vicio o me r i c ono  r e v e a l e d  s t r i k i n g  d i f f e r e n c e s  in 

le af l et  f o r m,  s ize,  th ic knes s  and inter nal  s t r u c t u r e .  The m a rk e d 

thinness  of  sh aded  l e af l e t s  was supposed to  b e due t o  t h e  f ai lure 

of  t h e  mesophyll  cel ls  to e nl a rg e  ( C o r m a c k ,  1 9 55 ) .  Ni t r ogen me ta bo l is m 

of t h e  corn plant  was  f ound to be adver sly  a f f e c t e d  by low light 

intensi t y (K ni pm ey er  et_ _al_., 19 62 ) .  Co ope r  ( 1 9 6 6 )  n o t i c e d  d i f fe r en ce s  

in t h e  p a r t i t io n  of  d r y m a t t e r  under  d if fe r ent  in tens i t ies  o f  shade.  

The shade p la nts  gener al ly  had a muc h l ower  car boxy d i smu tase  

a c t i v i t y  t h a n  t he  sunplants  (Bjorkman,  1 9 68 ) .  In soybean t he  low 

a c t i v i t y  of  r ibulose 1, 5 diphosphate  car bo xyl ase  had been r e p o r t e d  

at low i nte ns i t ies  of light ( 3 0 ,  58 and 70  p er  cent  l ight )  by Bowes

et  al .  ( 1 9 72 ) .  It was also obse rv e d t h a t  under  r e d u c e d  light n i t r a t e

r e d u c t a s e  a c t i v i t y  of  t e a  l eaf  was  s igni f ic ant ly  in cr ea se d  c o m p a r e d  

to those grown under  full sunlight  ( Bar ua  et_ _aL, 1 9 8 4 ) ,  Consider abl e 

d i f fe ren ce s  b e t w e e n  v ar i e t i e s  in t h e i r  p h ot o s y n t h e t i c  r a t e  per  unit 

l eaf  a r e a  had been found in many crop p l a nt s .  In t h e  e x pe r im en t  

of  Willey and Holl iday (1971 a,  1971 b) shading g r ea t ly  r e d u c e d  yield 

in w h e a t  indicat ing sour ce l imi ta t ion .  P h ot osy nt he si s  and d r y m a t t e r  

a c c u m ul at i on  had been r e p o r t e d  t o  be a dve rsely  a f f e c t e d  by shade 

in ma ny  s pecies  of  plants .  But in t h e  ca se  of  ginger  and t u r m e r i c  

posi t ive inf luence of  shade had been r e p o r t e d  (Bai and Nair ,  19 82 ) .

K ri s hn an ku t t y  ( 1 9 8 3 )  o bse rv ed  d i f f e r en ce s  in t h e  t r an s i o c a t i o n  of

as simi l ates  in brinjal  grown under  varying intens i t ies  o f  light (2 5,  

50 and 75 p e r  ce nt  light ) .

Shading r e d u c e d  t he  r a t e  o f  photosynt hesis  in crops such as 

al fa l f a (Wolf  and Blaser ,  1 9 7 2 ) ,  beans  (Cro okst on  et_ £ h ,  1 9 7 5 ) ,  grapes  

( Vasundara,  1981 and M a th ai ,  1 9 87 ) ,  p i geonpea ( L ut hr a  e t  a h ,  1 9 8 5 ) ,  

c o t t o n (Singh,  1 9 8 6 )  and gr oundnut  (Se na g up th a  and J a d h av ,  1988) .
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Farnham et_ aL,  (1986)  studied t he  e f f ec t  of light level on dmi- 

t r ogen fixat ion and ca rbohydrate  dist ribut ion in Virginia peanuts.  

Plants  grown under higher ir radiance fixed t hr e e  t i me s  more nitrogen 

and had g r e a t e r  r eproduct ive potent ia l  than plants  under low ir radiance 

Carbohydr ate  cont ent  in root ,  s t e m and leaf  t issue was maximum 

in sunplants than in shadeplants.

Investigations on cut icular  res is tance to t ranspi ra t ion as a f f e c t e d  

by dif ferent  densities of shade namely 75 ,  50 and 25 per  cent  of  

full sunlight in t wo t e a  clones revealed t ha t  t he r e  was a progressive 

increase in the  cut icul ar  r es is tance with increasing densit ies of  shade 

( Hankrishnan and Sharma,  1980) .  Handique and Manivel ( 1 9 8 7 )  also 

recorded lower s t om at a l  r esis tance in te a  under full sun compar ed  

to leaves under shade.

2.5 Yield

Shade is one of  t h e  many f actors  which limits the  product ivi ty  

in crop plants.  The dif ferent ial  response to shade is a response to 

a changed light condit ion.  Th er ef or e di f fe rence s  in p hotosynt het i c  

mechanism could conceivably account  for  the  di f fe rence s  in yield. 

Shading during t h e  period of s tor age  some t im es  red uc ed  yield sub

stant ial ly,  s ome t i mes  only slightly (Evans,  1973) .

In an early study,  maize  plants subject ed to shade during the 

ent ire  growing period (10,  40,  70 and 100 per  cent  light )  recorded 

r educed yield compar ed  to  those grown under full sun (Earley et  al., 

1966) .  With Solarium  pota to,  Gracy and Holme r  ( 1 97 0 )  found t hat  

shading at  the  beginning of t ube r  ini t iat ion reduced the r a t e  of tuber  

formation and growth while shading during the  early s tages  had no 

e f f e c t  on the number  of  tubers  though it reduced the final yield. 

Pepper  and Prine ( 1 9 7 2 )  r ep or t ed  a severe reduct ion in yield in sorghum 

due to  shading. Venkateswaralu and Snnivasan ( 1 9 7 8 )  f rom thei r  

studies on shading e f f e c t  (40  to 50 per  cent  of  normal  li ght) with 

Sona and R P - 4 - 1 4  i r r i gated n e e  r eve a le d  t ha t  var ie tal  reponses 

differed for panicle number  and gram yield. In a not her  study conducted
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with l a t e  dur at i on  indica r ice  va r i e t i e s ,  t h e  mean grain yield and 

h ar ves t  index w e r e  r e d u c e d  by 68  per  c e n t  and 60 per  c e n t ,  r es 

pec t i ve ly  (Rai  and Murthy,  1 9 77 ) .  They w e r e  of  t h e  opinion t h a t  

t he  r ed uc t i on  in yield was mainly b ec aus e  of  low dis t r ibut ion of 

d r y m a t t e r  to sink. Vijayalakshmi et_ _al_. ( 1 9 8 7 )  also r e c or de d  red uc ed  

grain yield in r ice  v ar ie t i es .  In soybean t h e  p e r  cent  gr ain  yields 

under  2 0 ,  4 7 ,  6 3 ,  80 and 93 per  c e nt  shade w e r e  9 0 ,  7 5 ,  4 8 ,  18 and 

2 per  c e n t  of  unshaded plants ,  r es pe c t i v e l y  (Wahua and Mil ler ,  19 78 ) .  

Numbe r  o f  pods and yield in c o t t o n  wer e dras t i ca l l y  r ed u c e d  when 

t h e  plants  w er e  shaded during t he  r e p r o du ct i ve  phase t hough  t he  

n umb er  o f  grains pe r  pod and 100 gr am weight  r e m a i n e d  u n a f f e c t e d  

(Pan de y et_ _al_., 1 9 8 0) .  P roduct ion of  f rui t  was  s t r ongly  a f f e c t e d  in 

black night shade (Solarium  nigrum  L . )  a l e a f  and f ru i t  v eg e ta b le  in 

West J a v a,  w h e r ea s  t h e  p roduct i on o f  edible l e af  was  not a f f e c t e d  

by 35  to 6 0  per  c e n t  shade and only m o d e r a t e l y  a f f e c t e d  by 75 to  85 

per  c e n t  shade ( F o r t u m  and O m t a ,  1980) .

X an th o so m a s a g g ittifo h u m  and C o lo casia e s c u le n ta  v a r . an tiq u o ru m  

wer e t e s t e d  in a pot  t r ia l  for  shade t o l e r a n c e  ( C a e s e r ,  19 80 ) .  X a n t h o -  

som a  p r oduce d only t h e  cor m under  shade and t h e  g ro wt h  o f  cor mels  

was negl igible.  Co lo ca si a  had highest  yield wi th  full light .

R a m a d a s a n  and S at he esa n ( 1 9 8 0 )  r e p o r t e d  t h a t  yield of  t u r m e r i c  

r hi zom e was s igni f icant ly  higher  in t h e  open t h a n  under  shade.  R e 

duct ion in yield due t o  inter cr opping wi th  p i geonpea,  m a i z e  or gr ee n 

gr am was  also r e p o r t e d  by Singh and Ra nd hawa ( 1 9 8 8 ) .  C o n t r a d i c t o r y  

to this Bai and Nai r  ( 1 9 8 2 )  r e c o r d e d  highest  yield o f  t u r m e r i c  wi th  

plants  grown under  50 per  cent  shade.

With Chi nese  c a bba ge ,  l e t t u c e  and spinach the  highest  f resh 

weights  w er e  wi th crops  grown in 35 per  c e n t  shade.  Cr o ps  grown 

in 70  per  c e n t  shade w er e  p oor er  th an  crops  in full sunlight  (Moon 

and Pyo,  1 9 8 1 ) .  G e or g e ( 1 9 8 2 )  obse rv ed  a d r as t i c  r ed uc t i on  in yield of 

pulse crops due t o  shading.  Barua and S a rma  ( 1 9 8 2 )  r e p o r t e d  in cr ea se d
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yields o f  t e a  bushes grown under  shade.  The a v e r a g e  f rui t  yields 

of t o m a t o e s ,  c uc u m b e r s ,  bean,  c aps ic um,  melons  and okr as  grown 

un der  sha de  t e n d e d  to  be higher  t h a n  t hos e  in t h e  open but  such 

t e n d e n c y  was  r e d u c e d  wi th  t h e  i nc re ase  in t h e  a m ou n t  of  shade 

(El. Aidy,  1 9 8 4 ) .  Accordi ng to  E n k s o n  and Whitney ( 1 9 8 4 )  response 

of  soybean t o  shade was  i n t e r m e d i a t e  wi th no r ed u ct io n  in grain 

yield a t  70  per  c e n t  sun.

E f f e c t  of  so l ar  r ad ia t io n  on t h e  gr owt h and yield o f  ca ssa va  

was s t udi ed  by many and it was  found t h a t  ca ssa va  will  r espond 

to r e d u c e d  light wi th  a s ignif icant  loss in t u b e r  yield ( R a m a n u j a m , e t a h ,  

1 984  and Okoli and Wilson, 1 9 8 6 ) .  Re d uc t io n  in solar  input  upto 78 

per  cent  was  found t o  r esul t  in 86 per  c e n t  r ed uc t io n  in t u b e r  yield 

in this  crop (Fukai  e t  19 84 ) .  Ra v i s a n ka r  and Mut hus wa my ( 1 9 8 6 ,  

1 9 8 7 )  f rom t h e  T amil  Nadu Agr i cu l t ur al  Uni ver si t y  r e c o r d e d  t he  

highest  yield o f  ginger  wi th  a low light i n te n si t y  of  1 5 . 3  klx. E a r l i e r ,  

Bai and N ai r  ( 1 9 8 2 )  also r ec o r d e d  highest  yield of  ginger  wi th  25  

per  c e nt  shade.  Shading r e su l t e d  in 32 per  c e n t  lower  yield in 'Vona'  

winter  w h ea t  due most ly  to  lower  spike d ens i t y  (Me Ma s t e r  et_ a h , 

1 9 87 ) .  Sreekumari  e t  ah ( 1 9 8 8 )  id ent i f ied  seven ca ssa va  genot ypes  

as shade t o l e r a n t  in r e s p e c t  of  t u b e r  yield.  Among t h e  d if fe r ent  

r ice  v a r ie t ie s  t r i e d  a t  C o i m b a t o r e ,  t h e  v ar i e t y  Ponni p e r f o r m e d  

b e t t e r  even in 25  per  cent  o f  n or mal  l ight  (Vijayalakshmi et_ a h , 

1987) .

2 .6  Quality o f  th e Produce

Light r e g i m e s  of  a p l ant  d e t e r m i n e  t h e  p r o d uc t i v i t y  and qual i ty  

of  i ts  pr oduce  (Tikhomirov j?t jsh,  1 9 7 6) .  The q ual i ty  of t h e  final  

pr oduct  depends on a n umb e r  of  f a c t o r s  mo st  i m p o r t a n t  among t h e m  

being t h e  cul t iv ar .  H e r e  again very l i t t l e  is known about  t h e  e f f e c t  

o f  shade on o t h e r  i m p o r t a n t  crops  ar e revie wed .

Corn p l a nt s  grown a t  lower  light i n t ens i t ies  r e c o r d e d  a d e c r ea s e  

in pr ot ei n  and sugar  c o n t e n t  ( Kn ip mey er ,  1 9 6 2) .  In ea st er l i l y ,  Kohl 

and Nelson ( 1 9 6 3 )  observed d et e r i o r a t i o n  in p lant  q ual i ty  under  low
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light intensity.  Shading was found advantageous in t o m a t o  as it reduced 

t he proportion of non-umformly coloured fruits (Cooper  et_ _§1_., 1964) .  

Comparing bet we en  s un a da pt e d  and s ha d ea d a p t e d  species  of  higher 

plants,  Bjorkman ( 1 9 6 8 )  observed compar at i vely  lower c ont ent  of 

soluble protein in shade plants.  Hopping ( 1 9 7 7 )  t r ie d  to find out 

the changes in berry qual i ty of palomino grapevine grown under 

ar t i f ic ial  shade (26  per cent  of full sun). No change in berry quality 

was observed because of  shading. Par t ia l  shade during t h e  s tage 

of  frui t  development  was found to  improve t h e  qual i ty of  pineapple 

( Nayar  et_ _al_., 1979) .  In anot her  study conducted on t he  same crop,  

tot a l  soluble solids showed an increase from 15 .3  per  cent  at  0 per 

cent  shade to  16 .05  per cent  at  75 per  cent  shade. The acidity of 

the fruit  juice i ncreased and sugar  c ont ent  dec reas ed  as t h e  intensi ty 

of  shade increased (Aravindakshan and Radha,  19 80 ) .  Shading to 

75 per  cent  for two to t h r ee  weeks was  found to  improve t he  quali ty 

of green t e a  (Fong et_ al.,  1980) .  The results  of  some shading exper i

ments  showed t h a t  growing Camell ia sinensis v ar. assamica,  C offea  

arab ica , Cinchona led g erian a  and Rauvolfia yunnanensis  under  the 

shade improved t he  qual i ty of  the ir  r espect i ve products  and made 

b e t t e r  use of available sunlight (Feng , 1982) .  Tobacco leaves

from i ncreased shade had more r ed colouration,  less yellow colouration,  

less brightness  and more t o t a l  colour change th an  those from plants
eA qJ

grown without  shade (Anderson,  1985) .  It was also s t a t e d  t h a t  shading 

during growt h c on tr i buted to  development  of  offcolour  in air cured 

tobacco leaves.  In sweet  r ed  pepper,  highest  yield of high quality 

fruits was obtained with 12 to  26 per cent  shade (Rylski and Spigelman,  

1986) .

Indian co mmer ci al  var ie t ies  of  ginger usually contain 0.5 to

2.5 per  cent  essent ial  oil and 4 to 6 per  cent  oleoresin ( Mathew 

et  al . , 19 73 ) ,  Natar ajan and Lewis,  1 980  and Sankar ikut ty j|t_ a l . , 

1982) .  Nybe et^ al. ( 1 9 8 0 )  observed significant  var iat ion in oleoresin 

cont ent  m 25 ginger cul t ivars  t he  maximum of  10.5 per  cent  being
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in R i o- de - je n ei r o  fol lowed by Maran ( 1 0 . 0  pe r  c e n t ) .  S r e e ku ma r  et^ 

_al.(198Q) n o t i c e d  wide v ar ia t ion in oleoresin c o n t e n t  in 30 ginger  

cul t ivars  t h e  r ang e being 3 . 0  (Poona)  t o  10 .8  per  c e n t  in Ri o- de -  

jeneiro.  The ginger  crop grown in shade provided qual i ty  r hi zo me s  

(Ra vi s an ka r  and Mu thu swa my,  1 9 87 ) .  They also r e p o r t e d  t h a t  volat i le  

oil and non vola t i le  a c e t o n e  e x t r a c t  showed a slow inc re a se  with 

increasing shade,  t h a t  s t a r c h  and  pr ot ei n  c o n t e n t  i n c r e a s e d  and t h a t  

crude f ibre c o n t e n t  was u n a f f e c t e d  by shading.  Philip ( 1 9 8 3 )  s ugg est ed  

highly s igni f icant  var ia t i on  among t h e  t u r m e r i c  t y p e s  in cu rc umin  

c o n t e n t .  R a t h n a m b a l  ( 1 9 8 6 )  observed t h e  var ia t i on  in cu r cu mi n  c o nt e nt  

as 2 . 3  per  c e n t  in c ul t iva r  Hahim t o  10 .9  p er  ce nt  in cu l t iv ar  Eda- 

p a l ay a m.  The es sen t i al  oil c on t e n t  in ginger  is posi t ively c o r r e l a t e d  

wi th oleoresin c o n t e n t  but  is n ega t i ve ly  c o r r e l a t e d  wi th  s t a r c h ,  in 

t u r n  oleoresin c o nt e nt  is c o r r e l a t e d  w i th  gingerol  ( R a t h n a m b a l  jit_ 

al . , 19 87 ) .  In t h e i r  s tudy,  oleoresin c o n t e n t  showed v ar i a t io n  f rom 

5. 30  t o  8 . 5 9  pe r  c en t .  Singh and Ra n d h a w a ( 1 9 8 8 )  r e p o r t e d  t h a t  

the  oil and cu rc umi n c o n t e n t  in t u r m e r i c  w e r e  not  a f f e c t e d  by i n t e r 

cropping.

The above l i t e r a t u r e  r ev ie w cl ear ly  in di c at e s  t h a t  considerable 

d i f f e r en ce s  exist  b e t w e e n  crops  and  v a r ie t ie s  in t h e i r  r esponse to 

shade.  O n e  of  t h e  most  p ronounced e f f e c t s  o f  r e d u c e d  light  int en si ty  

was on plant  h ei ght .  The e f f e c t  was  posi t ive in cr ops  like ma ize ,  

a l fa l fa ,  coleus,  ginger ,  groundnut ,  s w ee t  p o t a t o ,  t o m a t o ,  t u r m e r i c  

and ca ss a va ,  whi le  it was  n e g a t i v e  in r e d g r a m  and n eu t r a l  in colocasia.  

All r e p o r t e d  r es ul t s  in di c at e d  an i nc re ase  in l e a f  a r e a  index,  crop 

growt h r a t e  and n et  assimi l at i on r a t e  wi th  an inc re as e  in light intensi ty.

A n o t h e r  n o t i c ea b l e  t r e n d  was  an in cre ase  in chlorophyll  c o n t e n t
\

with i nc re ase  in shading.  E f f e c t  o f  shade on q ua l i t y  a s p ec t s  was 

found t o  be highly var iable.  A d e t er i o r a t i o n  in t h e  qual i ty  of  t he  

produce was  o bserved in crops  like corn,  ea s te r l i ly  and t o b a c c o  while 

it i mpr ove d t h e  qual i ty  of  t h e  pr oduce in crops like c of f e e ,  cinchona,
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p ineapple,  s w e e t  red  p ep pe r ,  t o m a t o  and t e a .  A n o t h e r  conclusion 

t h a t  can be dr awn f ro m t h e  r evi ew is t h a t  shading r e du c ed  yield 

considerably in c e re al s  and pulses.  It had also been ind ic a t e d  t h a t  

crops like ginger ,  c u c u m b e r ,  pineapple ,  spinach,  t e a ,  l e t t u c e ,  t o m a t o  

and melons can be grown sa fe l y  under  shade.  These a r e  however

only t h e  g ene ral  conclusions f rom mos t  of  t h e  r e p o r t e d  e xp e r i me n t s

and devi at i ons  in shade r esponse  had also been r e c o r d e d  in t h e  same

crop in s o me  ca se s,  pr esu ma bl y as a resul t  of  var i at io ns  in t he  level

o f  shade provided for  t h e  e x p e r i m e n t a l  s e t  up which was  not  r e p o r t e d  

in most  of  t h e  cases .



MdtezuL a.nd Method6



3 .  MATERIALS AND METHODS

A field e x p e r i m e n t  was  condu cte d wi th  a view to  s c re e n  out  

var ie t ie s  o f  ginger  (Z in g ib er o ffic in a le  Rose. )  and t u r m e r i c  ( C u r c u m a  

longa  L. )  f or  shade t o l e r a n c e  during t h e  y ea r  1 9 8 8 - 8 9 .

The e x p e r i m e n t  was  c a r r i e d  out  a t  t h e  Col lege  of  H or t ic u l t u r e ,  

Vel lanikkara,  Tri chur ,  K er a l a ,  India,  s i t u a t e d  a t  10 °32 '  N l a t i t ud e

and 7 6 ° 1 0 ' E  longitude and a t  an a l t i t ud e  of  22 . 25  m above mean

sea level.

3.1 Cropping H istory o f th e Field

The a r e a  was l ef t  fal low during t h e  previous  one or  t w o  years

and was  under  annual  crops  pr ior  t o  it .

3 . 2  Soil

The soil of  t h e  e x p e r i m e n t a l  s i t e  was  deep well  drained sandy 

c l ay  loam.  The d a t a  on physical  an d c h em i c al  p r o p er t i e s  o f  t h e  soil 

a re  given in Tabl e 1.

3 .3  Season and C lim ate

The e x p e r i m e n t  was  co nd u ct e d during t h e  per iod May 1 9 8 8  to  

F eb r ua ry  1 9 8 9 .  Ginger  v a r ie t ie s  w er e  p l a n t e d  on 2 9 t h  June and t u r 

me ri c  v a r i e t i e s  on 2nd July,  1 9 88 .  Ginger  v a r i e t i e s  w e r e  h a r v e s t e d  

19 7,  2 0 1 ,  2 0 4  an d 2 0 8  days a f t e r  plant ing and t u r m e r i c  v ar i et ie s  

w er e  h a r v e s t e d  2 1 7 ,  2 2 0 ,  224  and 2 2 8  days a f t e r  plant ing f r o m 0,  

25 ,  50 and 75 per  c e nt  shade,  r es pe ct i vel y.

The m e te o r o l o g i c a l  d a t a  for  t h e  crop per iods  f rom J une  1988  

to  F e b r ua ry  1 9 8 9  a r e  p r e s e n t e d  in Appendix 1.



Table 1 Physical and chemical properties of the Soil

1. Mechanical composition

Sand 77.5 per cent

Silt - 5.0 per cent (Hydrometer  Method)

Clay - 17.5 Per cent (Bocyoucos, 1962)

2. Chemical properties

Constituent Content Rating Method used for
estimation

Total nitrogen

Available
Phosphorus
(Bray-I)
ext ract )

Available 
potassium 
(Neutral normal 
ammonium acet ate  
ext ract )

0.2 per cent High Microkjeldhal
(Jackson, 1958)

19 ppm High Chlorostannous reduced
molybdo phosphoric 
blue col our  method 
( J a c k s o n ,  1 9 5 8 )

93.75 ppm Medium Flame photometry
(Jackson, 1958)

pH (1:2.5 
soihwater  ratio)

5.4 pH meter (Jackson,1958)
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The crops r eceived a to ta l  of  1952.8 mm o f  rainfal l  which was 

evenly dis t r ibuted during t he  act ively growing period.  There was 

almost  no rainfal l  a f t e r  D e c em be r .  The r e l a t ive  humidi ty ranged 

from 3 8 . 0  to  93 .0  per  cent .  In general  t he  w e a t h e r  condit ions as 

a whole w er e  condusive for the  normal  growth o f  ginger and tur me ri c .

3 .4  M aterials

3.4.1 Shading

Unplai ted coconut  leaves wer e used for  providing shade to the  

desired level.

3 . 4.2  Seeds

Thir teen var ie t ies  of  ginger and t wel ve var ie t ies  of  t u r m e r i c  

were used for the  expe rimen t .  Heal thy r hizomes f re e from pest  

and disease w er e  se lec ted.  These r hizomes w er e  soaked for  30 min 

in 0.3 per  cent  Captafol  solution and spread under shade to drain 

th e  w a t e r .  In t he  case  of  ginger,  r hizome bits of  15 g weight  each 

having one or two viable heal thy buds wer e planted in small  pits 

taken on raised beds o f  width 1 m at  a spacing of  25  cm x 25 cm. 

Finger  r hizomes o f  t u r me r i c  each weighing 20 to 25  g w er e  planted 

in small  pi ts  taken a t  a spacing of  15 cm x 30 cm on raised beds 

of 90 cm width.  Sufficient space (30 cm)  was provided b et we e n v ar i e

ties in both the  cases.  Plot  size in ginger was 1 x 1 m and in t u r me r i c ,

0.9 x 0.6 m 2 .

3.4 .3  F ertilisers

Both t he  crops rec ei ve d t he  resp ect i ve  cul tural  and manurial  

pr ac t i ce s  as per  t he  pac kag e of  p ra c t i ce s  r e c ommenda t i ons  of  the 

Kerala Agricul tural  Universi ty (19B6).  Nitrogen,  phosphorus and p o t a 
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ssium w er e  supplied t hr ough u rea ,  supe rp ho sp ha t e  and m u r i a t e  of  

potash,  r es pe c t i v el y .

3 .4 .4  Plant p rotection  m easures

As a p r e c a u t i o n  aga ins t  sof t  r ot  disease o f  ginger ,  soil drenching

wi th  D it ha ne  M 45  was done 60  days a f t e r  p l ant ing.  The crop was

the n s p r ay e d wi th  D ime cr on  ( 0 . 05  per  c e n t )  and C um a n (0 .3  per

c e n t )  aga ins t  shoot  bor er  a t t a c k  and le af sp ot  disease,  r e s p e ct i ve ly ,

when t h e s e  w e r e  not ic ed.

3.5  Methods

3.5.1  Lay out o f th e experim ent

The e x p e r i m e n t  was  laid out in a spli t  plot  design w i th  four  

r epl i cat ions .  The lay out  plan of  the  e x p e r i m e n t  is given in Fig 1. 

Shade levels  w er e  assigned t o  m a mp lo ts  and v a r i e t i e s  to  subplots.

3 .5 .2  D eta ils  o f  trea tm en ts

3. 5.2 .1  Ginger

Mainplot  t r e a t m e n t s  cons is te d of  f our  levels  of  shade as  indi cat ed  

below.

T1 -  0  per  c e nt  shade (open)

T2 - 25 per  c e n t  shade

T^ - 50  per  ce nt  shade

T^ - 75 per  ce nt  shade



Tig  1 Layout plan o f Lhe exp e rim e n ta l fie ld
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Subplot t r e a t m e n t s  consisted of 13 var ie t i es  o f  ginger as given 

below.

10
711

^13

Jorhat

Nadiya

J a m a i c a

Pottangi  Selection 667

Rio-de-jeneiro

Pot tangi  Selection 17

Kuruppampadi

Jugijan

Valluvanad

PGS 35

Ambal loor  Local 

PGS 10 

Nedumangad

3. 5.2 .2  T ur mer i c

Mainplot t r e a t m e n t s  wer e same as t h a t  of  ginger.  Subplot t r e a t 

me nts  included 12 var ie t ies  o f  t u r m e r i c  as l is ted below.

10

^11

^12

Myduckur 

Armoor  

PCT 2 

PTS 9 

E t ha m at a la  

PCT 8 

PTS 10 

PTS 24 

PCT 5 

CO 1 

B S R 1  

P T S 38

V

V

V

V

V

V

V

V
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3 . 5 . 3  Provision o f  shade

P an d als o f  s ize 27 m x 11 m we re  e r e c t e d  on wooden poles

to provide a r t i f i c a l  shade to  t h e  desired level .  U np la i te d  coconut

le av es  w er e  used for  providing shade.  Suff ici ent  spa c e (2 .5  m)  was 

provided b e t w e e n  t h e  t r e a t m e n t s  so t h a t  m u t u a l  shading o f  shade 

levels was  mini mised.  All sides w er e  also c o v e r e d  wi th  unplai ted  

coconut  leaves  ex c ep t  f or  1 m f rom t he  gr ound level  to avoid t he  

d i r ec t  e n t r y  o f  s lant  rays.  Ra ise d beds w e r e  t a k e n  leaving a bo ar de r  

a r e a  o f  1 m within t h e  shade levels to  avoid t h e  bo ar d er  e f f e c t .  

An Aplab l u x m e t e r  was  used for  adjust ing t h e  shade i nte ns i t ies  

a pp r ox im at e ly  to  t h e  r equi r ed  levels .  Ther e w e r e  var ia t io ns  upto 

a m a x i mu m level of  about  1D p er  c e n t  a t  d i f fe r en t  locat ions  within 

a P andal. F r e q u e n t  checks  w er e  ma de  t hr o ug h ou t  t h e  course of

t h e  e x p e r i m e n t  t o  mai nt ai n  t h e  shade i n t ens i t ies  t o  t h e  desired

level.

3 . 5 .4  O bs er vat i on s  

Sampling t e ch ni que

Ra ndom sampl ing t e ch ni qu e  was  a d op t ed  to s e l e c t  t he  s ample  

plants  for  studying t h e  various g rowt h c h a r a c t e r s .  Five p la nts  wer e 

s e l e c t e d  a t  r a nd o m as obse rv at io n plants  f or  r ec ording t h e  d i f fe re nt  

b io me t r i c  obse rva t i ons  at  bimont hly  i nte rvals .  These observat ion 

plants  w e r e  h a r v e s t e d  s e p a r a t e l y  for  r ec ording obse rva t i ons  of  this  

s t a g e  an d t h e  r e s t  o f  t he  p la nts  o f  e a c h  plot  w e r e  h a r v e s t e d  t o g e t h e r .  

P r e h a r v e s t  obse rv at ions  s t a r t e d  e xa c t l y  60 days a f t e r  plant ing and 

wer e c on t i nued  upto 1 8 0  days of  p l ant ing.  A t  1B0th day,  no gr owt h 

obse rv at io n was t a k en  for  ginger  a t  0 per  c e n t  sha de  (open)  since 

t he  drying up o f  t h e  above ground p a r t s  had a l r eady  s t a r t e d .

The obs er va t i on s  r e c o r d e d  w er e  t h e  following.
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A. B i o me t r i c  obse rva t i ons

1. Plant  height

The height  of  t h e  s e l e c t e d  plants  in bo th  t h e  cr ops  was  me a su r ed

f rom t h e  b as e of  t h e  main pse u do st em t o  t h e  t ip  o f  t h e  t op m o s t

l e af  and t h e  a v e r a g e  worke d out .

2. N u mb er  of  t i l ler s  p er  clump

The n u mb e r  o f  t i l ler s  was  d e t e r m i n e d  by count ing t h e  n umb er  

of  aer ial  sh oot s  ar ising ar ound a single plant  and t h e  a v e r ag e  of  

t he  five s a mpl e p l a nt s  worke d out  for  bo th  t h e  crops.

3.  Number  o f  le ave s  per  clump

The n um be r  o f  leaves  per  clump was  d e t e r m i n e d  by count ing

t he  n u mb e r  of  le ave s of  all t h e  t i l ler s  o f  t h e  five s amp le  clumps

o f  both  t h e  crops  and a v e r a g e  worked out .

4.  Chlorophyll  c o n t e n t  o f  leaves

Chlorophyll  a,  chlorophyll  b and t o t a l  chlorophyll  c o n t e n t  of 

le av es  of  both t he  crops w e r e  e s t i m a t e d  p er iodi cal ly  by s p e c t r o -  

p h o t o m e t r i c  m e th o d  as d es cr ibed by S t ar n es  and H ad le y ( 1 9 6 5 ) .  

Second t e r m i n a l  le ave s  o f  b o th  t h e  cr ops  dr awn a t  rand om from 

a few pla nts  c o n s t i t u t e d  t h e  samples .

5. Tota l  dry weight

P s eu d o s t e m  and r hi zo me s  of t h e  u pr oot ed  plants  w er e  s e p a r a t e d  

and dried to  c o n s t a n t  weight  a t  70 °C to  8 0 ° C  in hot  a i r  oven.  From 

t h e  dry weight  of  co mp onen t  p a r t s  f or  f ive plants ,  a v e ra ge  dry 

weight  pe r  plant  for t h e s e  p a r t s  was  w or ke d out.  The sum of  dry
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weight of components  gave t h e  t o t a l  d r y m a t t e r  yield and it was 

e xpr essed as g plant  ' 1 .

6. Rhizome yield

Yield o f  r hizomes m respe ct i ve  crops was r ecorded from the 

sample plants  and t he  r es t  o f  the  plants,  se par at e l y.  The sum of 

t hese was worked out  and expressed as t  ha of fresh produce.

7.  Haulm yield

The yield of  top (v eget at iv e par t )  in five observat ion plants
-1

was r ec ord ed  and expressed as t  ha of dry weight .

8. Dry weight  p e r c e nt a g e o f  rhizome

Dry weight  p er c en ta g e  was ca lc ula t ed  from fresh weight  and 

loss in weight  on drying.

9. Harvest  index

Harvest  index was ca lc ula t ed  as follows.

Y
Har vest  index = econ where

Ybiol

Y and Y, , were dry weight  of  r hizome and t o t a l  dry
econ biol 1 3

weight  o f  plant ,  respect ively.

B. Chemical  studies

1. Con ten t  of  f er t i l i ser  nutr ients

Samples of plant  components  col l ec te d for  recording t he  dry 

weight  w er e  used for  chemical  analysis.  The nit rogen and phosphorus 

cont ents  o f  rhizome and haulm wer e de t er mi ne d c ol or i met nc al l y



23

using Ness lers  r e a g e n t  (AOAC,  1 9 6 0 )  and by vanadomolybdo phosphoric 

yel low colour  m e t h o d  ( Ja c ks o n,  1 9 58 ) ,  r e s p e ct i ve ly .  Th e p ot as s i um 

c on t en t  was d e t e r m i n e d  f la me  p h o t o m e t r i c a l l y  ( J a ck s on ,  1 9 58 ) .

2. U pt ake  of  f e r t i l i se r  n ut r i e n t s

The t o t a l  up ta ke  values o f  ni t r og en,  phosphorus and potass ium

by t h e  plant  w e r e  c a l c u l a t e d  f r o m  t h e  n u t r i e n t  c o n t e n t s  and dry
1

weights  and express  as  kg ha .

3.  Qual i ty  analysis

Ginger  s amp le s  c ol l e c t e d  for qu al i ty  analysis  w e r e  chopped 

and sundried.  The  dr ied s ampl es  w er e  physical ly gr ound to  pass 

t hr ough a 60  mesh s ieve.  Grinding was  done on t h e  s a m e  day of 

analysis.

1. Oleor esin  c on t e n t  in ginger  r hizome

Oleor es in  c o n t e n t  in ginger  r h i z om e s w as  e s t i m a t e d  by cold 

per col at i on  m e th o d  using 100  per  ce nt  a c e t o n e  as solvent  (151, 19 74 ) .  

Deta i ls  of  t he  pr o ce d ur e  a r e  given below.

Ten g o f  t h e  ground sample  was t r a n s f e r r e d  t o  a special ly d e 

signed col umn,  t h e  o u t l e t  of  which was  plugged wi th  c o t t o n .  Twenty  

five ml o f  100  per  c e n t  a c e t o n e  was adde d and al lowed t o  s ta nd  

for  16 h. The drippings t hr ough t h e  c o t t o n  plug w er e  c o l l e c t e d  in 

a pre wei gh ed  b ea k er .  A f t e r  t h e  e nt i r e  solvent  was dr ained an addi

t ional  q u an t i t y  o f  25 ml was  add ed  t o  t h e  t op  o f  t h e  e x t r a c t e d  

spice in t h e  s ame glass column.  A f t e r  washing t h e  spice wi th  solvent ,  

the  solvent  e x t r a c t s  w er e  pooled up and oleoresin was  o bta ined 

by r emovi ng t h e  solvent  by e v a po r at io n  and e xpr essed  as p e r c e n t a g e .
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2.  Cu r cu mi n c o n t e n t  in t u r m e r i c  r hizome

R h i z o me  s ampl es  c ol l e c t e d  for  q u al i ty  analysis w e r e  cured 

and s u n d n e d .  The dried s ampl es  w er e  the n ground t o  pass thr ough 

a 60 me sh  s ieve.  Cu rcu mi n c o n t e n t  was e s t i m a t e d  by the  m e th o d 

s ug ge st ed  by (ASTA, 1968) ,

C.  Disease incidence

Severe  incidence of  b a c t e r i a l  wilt  o f  ginger  was  n o t i c ed  in 

t h e  0  per  ce nt  shade (open)  t r e a t m e n t .  The v ar i e t i e s  w er e  scored 

for  t h e i r  disease s uscept i bi l i t y  as t o t a l l y  a f f e c t e d  and u n a f f e c t e d .

D. S t a t i s t i c a l  analysis

The e x p e r i m e n t a l  d a t a  w e r e  s u b j e c t e d  t o  analysis of  var ia nce  

following t h e  m e t h o d  of  Pan se  and Suk hat me ( 1 9 7 8 ) .  In t h e  case  

of  ginger ,  w he re  some o f  t h e  v a r ie t ie s  w er e  lost in t h e  open,  r e s 

p e c t i v e  d a t a  w er e  an al yse d in t w o  ways,  one by d el et i ng t h e  mainplot  

in which t h e  d a t a  w er e  missing and second by delet ing t h e  missing 

v a r ie t ie s  f rom all t h e  r ep l i cat i on s.  One of  t h e  missing v ar ie t ie s  

in the  open ( V^)was  found t o  be the  bes t  in all shade levels and 

hence t o  have a c ompar ison of  this  va r i e t y  wi th o t h e r  v ar ie t ie s  

in t h e  open,  yield d a t a  w er e  also analysed by de le t i ng one r epl i cat ion.  

Account ing for  t h e  d i f f e r e n c e s  in mo is t ur e  c o n t e n t ,  yield d a t a  w er e  

analysed on dry weight  basis also.
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4. RESULTS

During t h e  course o f  t his  inv es t ig at io n,  ob se rv at io ns  on various 

plant  c h a r a c t e r s  w e r e  r e c o r d e d  t o  assess  t h e  p e r f o r m a n c e  o f  ginger  

and t u r m e r i c  v a r ie t ie s  and also t o  assess  t h e  e f f e c t  o f  shade on 

g rowt h,  yield and qual i ty  o f  t h e s e  va r i e t i e s .  The r esu l t s  o f  t h e  ex pe r i

me nt  ar e  p r e s e n t e d  in t his  c h a p t e r .

Ginger

Since some of  t h e  v a r ie t ie s  w e r e  lost in t h e  open (0 per  c e n t  

shade)  due to  s e v er e  disease incidence,  d a t a  w er e  analysed in t wo 

ways.  One excluding t h e  ma inplot  (open)  in which t h e r e  was da ma ge  

and t h e  o t h e r  excluding t h e  missing subplots  ( v a r i e t i e s )  f r o m all 

th e  r epl i ca t io ns .  Bot h  ar e p r e s e n t e d  in t h e  t a b l e .  No gr owt h  o b se r 

vat ion had been r ec o r d e d  a t  1 8 0 t h  day in t h e  open as t h e r e  was  

t o t a l  drying o f  shoots  by t h a t  t i m e .

4.1 B iom etric O bservations

4.1.1  Plant height (Table 2 , Appendix 2)

P lant  height  w e nt  on i ncreasi ng wi th  i ncreasi ng levels of  shade 

f rom t h e  low level  o f  0 p er  ce nt  shade t o  t h e  highest  level  o f  75  

pe r  c e n t  a t  60  days a f t e r  plant ing only, a f t e r  which p la nts  grown 

at  25 per  c e n t  shade had t h e  highest  plant  h ei ght .  Though t h e  plant  

height  was  f ound t o  be t h e  highest  a t  25 per  c e n t  shade,  it was 

s t a t i s t i c a l l y  on p a r  wi th  t ho s e  at  50  and 75 per  c e n t  a t  t h e s e  two 

s ta g es .  A t  all g r owt h  s t a g e s  p la nts  a t  0  per  c e n t  shade d if fe re d 

s ignif icant ly f rom o t h e r  t r e a t m e n t s  and r e c o r d e d  t h e  lowest  plant  

hei ght .
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Amon g t h e  v a r ie t ie s  V13 ( N e d u m an g ad )  s igni f icant ly  d i f fe red  

from o t h e r  v a r ie t ie s  and r e c o r d e d  t h e  highest  p la nt  hei ght  at  120 

and 10 0 days.  Plant  height  values of  (PGS 3 5 )  and (PGS 10 )  

wer e signi f icant ly  lower  t h a n those of all o t h e r  v a r i e t i e s . T h e  d i f fe r en ce  

b e t we en  t w o  v ar i et ie s  was  not  s ta t i s t i c a l l y  signi ficant .

Varie ty x shade i n t e r a c t i o n  was not  s igni f icant  a t  any s t a ge .

With advancing ag e,  plant  height  showed an in cr ea se  though 

a ma rgi nal  d e c r e a s e  was n o t i c e d  a t  1 8 0 t h  day  a t  all shade levels 

and in most  of  t h e  v a r i e t i e s .  The r esul t s  showed a s imilar  t r e n d  

when analysed in b o t h  ways,  wi th  r es p e c t  t o  shade levels  as well 

as var ie t ie s .

4 . 1 . 2  N u m b e r  o f  t i l l er s  {Tables 2 ,  3  and 4 ,  Appendix 2 )

Nu mb er  of  t i l ler s  d e c r e a s e d  progressively wi th  i ncreasi ng levels 

of  shade a t  all gr owt h  s ta ges .  Shade level  T^ (open)  r e c o r d e d  t h e  

highest  n umbe r  o f  t i l ler s ,  wi th  signi f icant  d i f fe r en ce  f rom t h e  r es t  

o f  t h e  t r e a t m e n t s .  C o m p a r e d  t o  open,  d e c r e a s e  in t i l ler ing  a t  T2 

level  of  shading was only 23 t o  2 4  per  c e nt .  T ^  gave t h e  lowest  

n umb e r  o f  t i l ler s  a t  all s ta g e s  and t h e  d e c r e a s e  in t i l ler ing was  38 

per  c e n t  and 47  per  c e n t  a t  60  and 12 0 days,  r es pe ct i vel y.

Among t h e  v ar i e t ie s ,  (P ot ta n gi  Select ion 1 7 )  r e c o r d e d  highest  

t i l ler  n umb e r  upto 1 2 0 t h  day. R e s t  o f  t he  t r e a t m e n t s  t h a t  had shown 

s t a t i s t i c a l  e qu al i t y  wi th  t h e  highest  t i l ler ing va r i e t y  w e r e  V ^ ,  V^2 , 

V9 , Vg and V y

Signif icant  i n t er a ct i o n  b e t w e e n  v ar i e t y  and shade levels was

ob se rve d a t  60  days and 1 8 0  days.  A t  60  days V10 r e c o rd e d t he  

highest  n u m b e r  o f  t i l ler s  ( 6 . 1 )  in t h e  open.  Variet ies  V0 , V12 and

V2 m a i n ta i n ed  highest  t i l le r  n u mb e r  at  2 5 , 5 0  and 75 per  c en t  shade,

r es pe c t i v el y .  At  1 8 0  days,  v a r ie t ie s  V1Q, V12 and Vfi had t h e  highest

t i l ler  n u mb e r  a t  25 , 50  and 75 per  c e n t ,  r es pe ct i vel y.



Table 2 Effect of shade on plant height and number of tillers of  ginger variet ea

Treatments Number of tillers
60 DAP 120 DAP 120_DA_P_ 100 DAP 60  DAP 120 DAP 120 DAP 180 DAF

(1) (2) - - . . .  .Q> (2)

Ley  els of shade %

T1 Q 

Tz 25

4B 3 66 2 4.7 14 0

50 5 02 5 02 3 81 6 3 6 10 6 1 0 6 11 0

T ,  50 58 6 79 7 79 7 79.1 3.2 6  6 8 4 10 0
H

 
O 

\

'•J 62 6 79 0 70 8 77 2 2.9 7 3 7 3 B 0

SEm+ 1 37 1 64 1 76 1 24 0 21 0 51 0.54 0 28

CD (0 05) 4 39 4 60 N5 N5 0.68 1 65 1 9 0.9B

Varieties

V, Jorhat 62 Q 73 2 75 8 71 7 3 1 9 2 0 4 7 7

V2
Nadiya 58 4 73 7 76 3 73 9 3 6 9 6 9 0 B 6

V3
Jamaica 65 4 77 4 60 2 77 4 3 7 10 4 9 8 9 8

v4 Pottangi
Select ton 6o7 62 6 62 0 05 9 82 9 3 1 9 0 7 7 7 9

V5
Rio de jeneiro 52 5 79 0 81.9 3.2 7 7 B 9

v6 Pottangi
Selection 17 60 4 82 6 87 6 85 9 4 2 12 3 10 8 12 5

V7
Kuruppampadi 60 6 60 6 84 3 79 8 3 2 9 2 7 9 7 5

V0
Jugijan 55 9 79 1 83 5 03 5 3 9 9 B 7 8 9 5

V9
Valluvanad 65 0 77 9 80 1 78 2 3 9 11 5 10 1 10 0

V10 PGS 35 39 2 63.0 66 7 73  7 4 0 11 2 8 9 13 4

V11
Amballcor

1 1
1 ocal 54 2 77 4 01 5 79 4 3 2 8 6 7 4 7 4

V12
PGS 10 41 9 65 6 68 8 72 9 4 a 10 9 9 8 13 2

h ,
Nedumangad 62 8 89 4 94 0 89 8 3 6 10 a 8 7 9 4

SEm- 1 42 1 50 1 9 1.9 0 20 0.52 0 45 0 5 4

CD (0 05) 3 94 4 14 5 3 5 3 0 54 1 45 1 27 1 52

_ _ _ _

(1) Data analysed by deleting one subplot (V,-)

(2)  Data analysed by deleting one mainplot ( T . )

Mainplot Subplot

Plant height 60  DAP
\  T5 TZ T1

V3 V9 V15 L  V,  V7 V6 V2 Vfl V1 1 ' V5 V12 h o

Plant height 120 DAP (1 )T2 T-j T d )  v 13 v6 v4 v ?  vg v 9 v „  v3 v2 Vl v 12 v 10

(Z)T2 (2)

13 6 4 7 6 11 3 9 v5 VZ V1 v 12 v 10

Plant height 180 DAP t 2 Vfi Vg ^  V? V „  Vg V3 V2 V,,, V, 2 V,

Number of f i le r s  60 DAP I 2 T3 V,,, V,2 V0 Vg V, V2 V? V„  V5 Vl

Number of tillers 
120 DAP

<T>T, Tz T3 T4 <1> V6 V9 V10 V12 V3 V13 V8 V2 V1 V7 V4 V11

<2)1,  I ,  t 3 T ,  (2)  V, Vg V12 V3 V, V1D V „  Vl V?  V0 V4 V,. V11

Number of tillers   V V V V V v v v t / u v
100 DAP T2 J 3 T4 10 12 6 3 3 B 13 5 V2 V4 V1 V7 V11



T able 3 In te ra c t io n  e f f e c ts  of shade levels and g inger  v a r ie t ie s  on n u m b er

of t i l le rs  at  6 0  days a f t e r  planting

Variet ies   Shade levels  ( per  cent )_______  Mean

0 25 50 75

V1
Jo r ha t 3.4 3.4 3.3 2.4 3.1

V2
Nadiya 3.9 3. 8 3.1 3.8 3.6

<
04

J a m a i c a 4 . 0 3.9 3.5 3.6 3.7

V4
P o t ta ng i  Select ion 66 7 4.3 2.9 2.8 2.6 3.1

V5
Rio-de-jeneiro 3.8 3.3 2.9 2.7 3.2

V6
P ot ta ngi  Select i on 17 5.3 4.3 3.8 3.6 4 . 2

V7
Kuruppampadi 4.4 3.0 3. 0 2.7 3.2

<
CO

Jugijan 5.7 4. 5 2.8 2.8 3.9

V9
Valluvanad 5.5 3.9 3.3 3.1 3.9

V10
PGS 35 6.1 4. 3 3.4 2.4 4 . 0

V11
Ambal l oor  Local 4 . 8 3. 2 2.4 2 . 5 3.2

V12
PGS 10 5.3 3.7 3.7 3.3 4. 0

V13
Neduma ngad 4. 8 3.4 3.5 2.8 3.6

Mean 4.7 3.6 3 . 2  2.9



T able 4  I n te r a c t io n  e f f e c t s  o f  shade levels  and g inger v a r ie t ie s  on n u m b er

o f  t i l le rs  a t  1 8 0  days a f t e r  p lan tin g

Variet ies  Shade levels  ( p e r  c e nt )_____  Me an

25 50  75

V1
J o r h a t 8 . 7 5 8. 65 5. 83 7.7

V2
Nadiya 9 . 1 9 8 . 8 0 7. 88 8.6

< J a m a i c a 11 .08 1 0 . 0 0 8 . 40 9.8

V4
P o t ta ng i  Select ion 6 6 7 8 . 9 3 7. 85 6 . 8 0 7 . 9

V5
Ri o-de -j enei ro 11.13 8 . 9 0 6 . 75 8.9

V6
P o t ta ng i  Select i on 17 13 .38 13.15 11.11 1 2 . 5

V7
fcjuruppatnpadi 7 . 2 3 7. 94 7 . 2 0 7.5

V8
Jugijan 1 1 . 8 0 8 . 7 4 8. 06 9.5

V9
Valluvanad 10.75 1 0 .55 8 . 8 0 1 0 . 0

V10
PGS 35 1 8 .18 1 3 . 8 0 8.31 13.4

V11
A mb al l oo r  Local 8 . 0 4 7. 15 7. 03 7. 4

V12
PGS 10 1 5 .49 1 3 . 90 1 0 .2 0 13 .2

_
<

I

Ned uma ng ad 8.B9 1 1 .16 8. 08 9. 4

Mean 1 1 . 0 0  1 0 . 0 0  B.00
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W ith advancing age, nu m b er  of t i l le rs  in c re a s e d  a t  all shade

levels and in m ost o f  th e  v a r ie t ie s .  T he r e s u l ts  an a ly sed  in both  

ways follow ed th e  sam e tre n d .

4 .1 .3  N u m b er  o f  le av e s  (T ab le  5 ,  Appendix  3 )

Highly s ig n ifican t  v ar ia t io n  was n o tic ed  b e tw e e n  t r e a t m e n t s  

w ith r e s p e c t  to  n u m b er  of  leaves. A d ec re a s e  in n u m b e r  o f  leaves  

was ob serv ed  a t  all s ta g e s ,  by increasing  t h e  in te n s ity  o f  shading 

from  0 to  75 p er  c e n t .  T r e a t m e n t s  T^ and T ^  s ignificantly  d if fe red  

f rom  t h e  r e s t  and r e c o rd e d  th e  highest num ber  o f  le av e s  a t  all s ta g es .  

The d e c re a s e  in n u m b e r  of  le av e s  a t  25  per  c e n t  shade was only

to t h e  e x te n t  of 16 per  c e n t  and 19 per  ce n t  a t  60  and 12 0  days,

r e s p e c t iv e ly .  A n o th e r  im p o rta n t  o b serv a tio n  w as t h a t  th e  e x te n t  

of d e c re a s e  was m ore at  l a t e r  s ta g e s ,  th e s e  being 16 , 23 and 25 

per  c e n t  a t  60 days while th e s e  w e re  19 ,  36 and 47 p er  ce n t  a t  120  

days a t  25 ,  50  an d  75 per  ce n t  shad e,  re sp e c tiv e ly .

A m ong th e  v a r ie t ie s ,  and d if fe red  s ig n ifican t ly  fro m  th e

o th e r  v a r ie t ie s  w ith  m axim um  n u m b e r  of  leaves  a t  6 0 th  and 120th  

days. A t 1 8 0 t h  day th e  p a t t e r n  w as d if fe r e n t  and th e  v a r ie t ie s  V ^ ,

and Vg w ere  found to  have th e  highest le af  n u m b e r,  th e s e  th r e e  

v ar ie t ie s  being s ta t i s t ic a l ly  a t  p a r .  D a ta  ana lysed  in both  w ays follow ed 

the sam e t r e n d .

4 .1 .4  D rym atter production (Table 5, Appendix 3)

D r y m a t t e r  p ro d u ctio n  also followed t h e  sa m e t r e n d  Df rh izom e 

yield and haulm yield, w ith  in c re ase  in shading. P la n ts  grown at 

25 per  ce n t  shade re c o rd e d  th e  highest d r y m a t t e r  yield. D ata  ana lysed  

m both  ways follow ed th e  sam e tre n d .

Among th e  v a r ie t ie s  V1 3 ’ V3 and w ere found to  be th e  highest 

d r y m a t te r  y ie lders  when ana lysed  a f t e r  d ele t in g  a few subplots while



Table 5 E ff ect  of  shade on number of  leaves and d r yma t te r  production o f  ginger variet ies

T reatm en ts   No of leaves__________ D ry m a tte r  production q p la n t‘ d
60  DAP 120D A P 12 0Q A P  180D A P CO ?2)

( 1 ) (2)

L ev els  of  s h a d eV.

T1
0 29 5 14 2  5 35 1

T2
25 24 7 115 1 114 4 81 0 40  5 42  0

T3
50 22 7 9 0  0 88 3 74 2 30 3 33 0

T4
75 22 1 74 8 74 0 62 4 22 2 22 9

SEm+ 1 45 5 8 6 56 4 9 0 92 0 96

CD (0 05) 4 66 18 51 22 71 NS 2 93 3 31

V1
Jorhat 23 6 96 a 37 9 48 1 - 33 1

V2
Nadi ya 24 8 100 9 93 7 60 2 31 9 30  8

V3
Jam aica 28 3 108 3 100 0 68 6 35 0 33 9

V4 Pottangi Selection 667 23 0 95 6 83 3 49 3 31 3 30 1

V5
Rio de ieneiro 20 2 81 8 79 5 34 6

V6
Pottangi Selection 17 30 0 130 9 20  4 103 6 41 9

V7 Kuruppampadi 23 2 95 4 82 9 54 7 34 9 33 4

V8
Jugijan 25 5 105 7 86 2 71 8 29 8 28 4

V9
Valluvanad 3 0  3 121 5 .07 .0 70  3 39 2

V10
PGS 35 22 8 103 6 35 0 106 4 27 6 27 2

V11
Amballoor Local 22 5 91 4 80 0 45 6 20 7 28 6

V12 PGS 10 22 3 103 9 92 8 115 6 30 a 20 9

V13 Nedumangad 25 5 113 10 0  5 69 4 39 37 8

5Em+ 1 30 4 99 4 7B 6 63 2 00 2 63

CD (0 05) 3 60 13 83 13 40 10 60 5 58 7 40

(1 ) Data analysed by deleting subplots (V^ V5 , V^, V? )

(2) Data analysed by deleting one mamplot (T ^ )

Mainplot Subplot

Number of  leaves 60 DAP T1 T2 T3 T4 V9 V6 V3 V13 V8 V2 V1 V7 V4 V1G V1 1 V12 V5

Number o f  leaves 120  DAP 1} T. T_ T ,  T, V, V„ V.-, V V V V V V V V V
1 2  3 4  6 9 13 3 v8 v 12 10 v 2 1 v4 7 11

2} t j  T ,  I ,
V« V9 h j  VJ V2 h z  V1 V8  V, 0  h ,  V7 h  h i

Number o f  leaves 100 DAP T, I, v „  h o Vfi V5 V8 V9 V1J V3 V2 V7 V4 h  h i

D ry m atter  production 1 )  T?  T1 J y V,-, V? V2 V̂, V12 Vg V
10
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these  were rep laced  by and when analysed a f t e r  deleting one 

mainp lot.

No s ignificant in te rac t io n  was noticed  b e tw e en  shade levels

and varie ties.

4.1 .5  Chlorophyll content (Table 6)

Total chlorophyll and its  f rac tio n s ,  chlorophyll a and chlorophyll 

b increased  progressively with increasing levels of  shade, a t  both 

th e  s ta g es  studied. Chlorophyll a to  chlorophyll b ra t io  was not found 

to be m arkedly a f f e c te d  by shading.

At 1DD days, v ar ie ty  (N a d iy a )  r e c o r d e d  th e  highest to ta l

chlorophyll co n ten t w hereas th e  v ar ie ty  (R io-de-jeneiro )  recorded

th e  highest value at  150 days. The ran g e  in to ta l  chlorophyll content

of varie ties  a t  th e se  s tag es  w ere from  1.59  to  1.81 and 1 .07 to  1 .54  
-1

mg g fresh w eight,  respectively .

With advancing age chlorophyll a and chlorophyll b d ecreased

though th e  ra t io  b etw een  th e  two increased.

4.1.6 Rhizome yield (Tables 7,  8, 9 and 10 ,  Fig 2 and 3, Appendix 4)

With in crease  in shading rhizom e yield increased  upto th e  light 

shade of 25 per cent and then  decreased. Though T ^  (25 per cent 

shade) reco rd ed  the highest yield, it  was found to  be s ta t is t ica lly  

on par  with T^ (0 per  ce n t  shade).  Rhizom e yields a t  25 , 50 and

75 per ce n t  shade w ere  1 1 5 ,  68 and 48  per ce n t  of  th a t  a t  0 per

cent on a fresh w eight basis, when analysed by deleting a few subplots. 

T h e  corresponding figures obta ined, when analysed by deleting one 

replication and one subplot (V? ) w ere  108 ,  68 and 42  per  cent.  Data



Table 6 E ff e ct  of  shade on cont ents  o f  chlorophyll f ract i ons  o f  ginger var iet ies

Chlorophyll a Chlorophyll b Chlorophyll (a+b)
-1 -1 1

T re a tm e n ts  mg g fresh mg g fresh mg g
weiqht weiqht fresh weiqht a/b

100 150 100 150 100 150 100 150
DAP DAP DAP DAP DAP , DAP 

t i
DAP DAP

Levels of sh ad e (p e r  cent) 

T1 0 0.58 0.42 0.44 0.21 1.03

$ ^  

0.63 1.31 2.00

T2 25 /0.83 0.80 0.64 0.54 1.48 1.34 1.29 1.48

T3
50 0.98 0.87 0.81 0.56 1.80 1.43 1.20 1.55

T4
75 1.12 0.93 0.84 0.56 1.96 1.43 1.33 1.66

Varieties

Jorhat 0.95 0.67 0.71 0.40 1.66 1.07 1.33 1.67

V2 Nadiya 0.92 0.80 0.89 0.49 1.81 1.29 1.03 1.63

V3
Ja m aica 0.94 0.82 0.78 0.42 1.72 1.24 1.20 1.95

V4
Pottangi Selection 66 7  0.81 0.69 0.76 0.43 1.51 1.12 1.06 1 .60

V5 Rio-de-jeneiro 0.91 0.98 0.65 0.56 1.57 1.54 1 .40 1.75

V6 Pottangi Selection 17 0.87 0.81 0.70 0.42 1.57 1.23 1.24 1.92

V7 Kuruppampadi 0.89 0.71 0.65 0.45 1.54 1.16 1.36 1.57

V8 Jugijan 0.81 0.73 0.69 0.41 1.51 1.14 1.17 1.78

V9
Valluvanad 0.94 0.71 0.68 0.3B 1.62 1.09 1.38 1.86

V10 PGS 35 0.78 0.74 0.60 0.44 1.39 1.18 1 .30 1.68

V11 Amballoor Local 0.90 0.66 0.62 0.50 1.52 1.16 1.45 1.32

V12 PGS 10 0.85 0.80 0.61 0.59 1.46 1.39 1.39 1.35

V13
Nedumangad 0.87 0.78 0.63 0.56 1.50 1.34 1.38 1.39
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analysed in th re e  ways followed a sim ilar t r e n d  in th e  case of shade 

levels, w h ereas  th e  p a t te r n  was d iffe rent among v ar ie ties .

Among the v ar ie ties ,  V, (J a m a ic a )  rec o rd e d  th e  highest yield 

(15 .5  t ha , )w h e n  analysed by excluding th e  missing varieties XAnalysisI) 

while Vg (Valluvanad) reco rd ed  th e  highest value (1 5 .9  t  ha ) when 

analysed by excluding one m ainplot (Analysis 2). The same varie ty  

Vg recorded  the highest yield when analysed by deleting one replication 

and one subplot (Analysis 3). It is, however to  be n oted  th a t  th e  

loss of  Vg (V alluvanad) in th e  open in a replication  ap p eared  to  arise 

from its nearness  to a highly susceptible v ar ie ty  V y

R esults  analysed in thrEe ways showed s ignificant in te ract io n  

b etw een  shade levels and v ar ie ties .  V ariety V^ ( J a m a ic a )  recorded 

th e  highest yield a t  all shade levels (Analysis 1). R e s t  o f  th e  v arie ties  

th a t  had shown s ta t is t ic a l  equality  w ith th e  highest yielding one 

at 25 per ce n t  w ere V^, Vg, V^ and Vy while only v ar ie ties  V^  and 

Vy were found to  be on par w ith this a t  50 and 75 per  cent.

Variety Vg (Valluvanad) gave th e  highest yield a t  all shade levels 

when analysed by deleting one mainplot T ^. The o th e r  v ar ie ties  th a t  

had shown s ta t is t ic a l  equality  with this  at 25 p er  cent shade w ere 

V y  V^ and V^. V arieties V^ and V^ continued to be on par  with 

this a t  50 and 75 per  cent also. As had been in d icated  ea rlier  in 

th e  case of Vg, varie ty  V^ was also lost due to  disease only from 

one of th e  four replications and this ap peared  to  be due to  i ts  nearness 

to  V,..

V ariety Vj continued to  be th e  best in th e  opn when analysed 

by excluding one replication  (R ^ )  and one subplot (V5 ). Variety V1 
gave th e  highest yield at  50 per  cent while Vg recorded  the highest 

yield at  25 and 75  per  cen t.  The lowest yielding v arie ties  at all 

shade levels were V12 and V ^ .



T a b l e  7 E f f e c t  o f  s h a d e  on r h r z o m e  y i e l d  o f  g i n g e r  v a r i e t i e s

-1  1Treatments Fresh weight basis [t Ha ) D ry  weight basis (t ha )
(1) (2) ® ' ' (1) (2) (3)

Levels o f shadefper cent)

T i D 11 7 - 14.1 1 6 1.7

T z 25 13 6 14 6 15 3 2 1 2 1 2.2

T3 50 8 0 9 0 9 6 1 3 1 4 1 5

T4 75 5 5 6 2 6 Q 1 0 1 0 1 0
SEm* 0 66 0 64 0 52 0.12 0 09 0 13

CD (0 05) 2 1 2 21 1 80 0.39 0 31 0 45

V1 Jorhat 13 1 14 6 2 2 2 1

V2 Nadiya 12 5 11 7 12 6 1 9 2 0 1 9

V3 Jamaica 15 5 13 8 16 1 2 1 2 1 2 2

V4 Pottangi Selection 667 10 9 1 0 8 11 5 1 6 1 7 1.7

V5 Rio-de jeneiro 8 6 1 0

V6 Pottangi Selection 17 10 0 10 5 1 z 1.1

V7 Ktiruppampadi 13 1 12 0 13 9 Z 2 2 1 2 2

V8 Jugijan 10 3 9 9 11 6 1 3 1 1 1 2

V9 Valluvanad 15 9 17 4 2 5 2 6

V10 PGS 35 2 8 2 9 31 0 6 0 6 0 7

V11 Amballoor Local 7 2 6 9 7 6 1 4 1 4 1 3

v tz PGS 10 4 0 4 0 4 4 0 5 0 5 0 6

v u Nedumangad io a 9 1 11 4 1 6 1 4 1 7
SFm+ 0 63 0 68 0 75 0 12 0 12 0 13

CD (0 05) 1 77 1 90 2 12 0 34 0 34 0 37

(1) Data analysed by deleting subplots (V ^  V5 , Vfi and V9)

(Z) Data analysed by deleting one mainplot (T^)

(3) Data analysed by deleting one replication (R^J and one subplot (V^)

Mainplot Slijplot

Fresh weight basis 1) T2 T 1 T3 T4 o>
~(V|

>>
”

>
CM

>r-
>

2) TZ T3 T4
V9 V3 V1 V7 V2 V4 V6 VB V13 V5 V11 V12 V10

3) T2 T 1 T 3 Ta v9 v ,  v , v 7 v 2 v w  v a v *  v6 v „  v 12 v 10

Dry weight basis 1) T2 V ^ 3  T4 V7 V3 V2 V4 V13 V11 V8 V10 V12

2) T2 T3 T4 v9 V1 V3 V7 V2 V4 V13 V11 V6 V8 V5 V10 V12

3) T2 T 1 T 3 T4 V9 V3 V7 V1 V2 V13 V4 V11 V8 V6 V10 V12



Table 8 I n t er ac t io n  e f f e c t s  o f  shade levels and ginger  v a r ie t ie s  on rh i zome

yield,  t ha  ̂ (Analysis 1)

V arie ties Shade levels  (p e r  c e n t )  

0 25  50 75

Mean

V?
Nadiya 14.8 16 .4 10.6 8.1 12 .5

V,
J a m a i c a 20.6 19.3 13 .2 9 .0 15.5

V4
P o tta n g i  S election 66 7 1 1 .4 18 .4 8.2 5.7 10.9

V7
Kuruppam padi 16 .5 16.1 10 .5 9.3 13.1

V8 Jugijan 11 .3 16.5 9 .4 3.8 10 .3

V10 PGS 35 2.6 5.0 2.9 0.95 2.8

V11 A m balloor  Local 8.1 10 .4 6.1 4.3 7 .2

V12 PGS 10 4.5 6.0 3 .0 2.8 4.1

V13
N edum anagad 16.1 13 .9 7.6 5.8 10.8

Mean 11.7 13 .6 8.0 5.5

SEm + 1.78

CD (0 .0 5 )  3 .54

0
V3 V7 V13 V2 V4 V8 V11 V12 V10

25

>

C
M

>

CD
>>>

V11 V1 2 V10

50
V3 V2 V7 V0 V4 V1 3 V11 V12 V10

75
V3 V7 V2 V4 V1 3  Vfl V11 V12 V10



Table 9 Interact ion e f f e c t s  of  shade levels and ginger var ie t ies  on rhizome

yield, t ha (Analysis 2)

Varieties Shade levels (p e r  cent)  

25 50 75

Mean

V1 Jorhat 18.2 13.6 7.4 13.1

V2 Nadiya 16.4 10.6 8.1 11.7

V3
Ja m a ic a 19.3 13.2 9 .0 13. B

V4
P ottangi Selection 66 7 18.4 8.2 5.7 10.8

V5
Rio-de-jeneiro 13.0 8.0 4.9 8.6

V6 Pottangi Selection 17 14.9 9.3 6.0 10.0

V7
Kuruppampadi 16.1 10.5 9.3 12.0

V8 Jugijan 16.5 9.4 3.8 9.9

V9
Valluvanad 21.3 14.4 12.1 15.9

V10 PGS 35 5.0 2.9 0.95 2.9

V11 Amballoor Local 10.4 6.1 4.3 6.9

V12 PGS 10 6.0 3 .0 2.8 4 .0

V13
Nedumangad 13.9 7.6 5.8 9.1

Mean 14.6 9 .0 6.2

5Em±

CD (0 .05 )

1.7

3,3

25 V , V, V, V, Ve V, V , V, 3 ^  v „  V, 2 V, 0

5°  V ,  V ,  V ,  v 2 V ,  v B v 6 v 4 v 5 v 15 v , 2 V , „

75 V9 V3 6 . V2 V7 V4 \  V8 V13 v 5 V11 v,2  V10



Table 10 Interaction  e f f e c ts  of shade levels and ginger v arie ties  on rhizom e 

yield, t  ha (Analysis 3)

Varieties Shade levels (per  cent) Mean

____ ____ ________________ 0 25 50 75

V1 Jo rh at 10.5 18 .0 14.9 7.2 14.6

V2 Nadiya 15.2 17.0 11.8 6.6 12.6

V3
Ja m aica 22.8 19 .0 13.6 8.9 16.1

V4
Pottangi Selection 667 11.8 19.9 8.5 6.0 11.5

V5
R io-de-jenetro - - - -

V6 P o ttan g i Selection 17 12.9 14 .4 9.5 5.2 10.5

V7
Kuruppampadi 19.3 16.5 10 .4 9.4 13.9

v a
Jugijan 13.7 17.3 10.6 4.6 11.6

V9
Valluvanad 21.7 23.2 14.3 10.6 17.4

V10 PGS 35 2.9 5.2 3.1 1.2 3.1

V11 Amballoor Local 7.9 10.7 7.3 4.5 7.6

V12 PGS 10 4.6 7.4 3.6 2.2 4 .4

V13
Nedumangad 17.4 14.6 7.6 5.9 11.4

Mean 14.1 15.3 9.6 6.0

SEm+ 2>13

CD (0 .0 5 )  4 .24

0 V3 V9 V7 V, v 13 V2 V8 V6 V4 Vl1 V12 v 10

25 V9 V4 V3 V1 V8 V2 v 7 V13 V6 V11 V12 V10

50 v ,  v 9 v 3 v 2 v 8 v 7 v fi v ,  v 13 Vl1  v 12 v 10

75 V9 V7 V3 V, V2 V4 V13 V6 V0 V l1  V12 V1Q



Fig 2 E f f e c t  of  shade on rh izo m e yield of  g inger v a r ie t ie s  (Analysis 3 )
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Fig 3 In te ra c t io n  effecLs of  shade levels and g inger v a r ie t ie s  on rh izom e yield
(Analysis 3 )
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Since th e  m o is tu re  c o n te n t  o f  th e  rh izo m e a p p e a re d  to  in c re ase  

w ith  increasing  shad e,  th e  d a ta  w ere  analysed  on dry w eight basis 

also. H ere  also w ith  increasing  shade in te n s i t ie s ,  rh izo m e yield in c re 

ased  upto th e  light shade o f  25  per  ce n t  and th e n  d e c re a s e d .  The 

t r e a t m e n t  had  shown s ta t is t ic a l ly  s ig n if ic an t  su p e r io r i ty  over

o th e r  t r e a t m e n t s ,  while and w e re  found to  be on p ar .  R hizom e 

yields a t  2 5 ,  50 and 75 p er  ce n t  shade w ere  1 3 1 ,  81 and 62  per  cent 

o f  t h a t  a t  0 p er  c e n t ,  when ana lysed  by d eleting  a few subplots.  

The corresponding  f ig u res  o b ta in ed  when ana lysed  by d ele tin g  one 

r e p l ic a t io n  and one subplot w ere  1 2 9 ,  88 and 58.

D a ta  an a ly se d  in t h r e e  ways follow ed a lm o st th e  sam e t r e n d  

in th e  ca se  o f  shade levels while th e  p a t te r n  w as d if fe re n t  am ong 

v a r ie t ie s .

A m ong th e  v a r ie t ie s  V.. (K u ru p p am p ad i)  r e c o rd e d  t h e  h ighest 

yield (2 .2  t ha ) (A nalysis 1). V arie ties  V^ and V^  w ere  also found 

to  be s ta t i s t ic a l ly  on p ar  w ith  th is  v a r ie ty .  In th e  analysis (2 )  v ar ie t ie s  

Vg and V^ w e re  found su p erio r  to  o th e rs  and th e  d if fe re n c e s  b e tw e e n  

th e s e  tw o  v a r ie t ie s  w e re  s ta t i s t ic a l ly  non s ig n if ic an t .  In analysis  (3 )  

also Vg co n tin u ed  to  b e  th e  b e s t .

L ow est yielding v a r ie t ie s  V^g and V ^  re c o rd e d  t h e  lowest yield 

h ere  also.

No s ig n ifican t  in te r a c t io n  was n o t ic e d  b e tw e e n  shade levels 

and v ar ie t ie s .

4 .1 .7  Haulm yield  (Table 1 1 ,  Appendix 5)

P la n ts  grown a t  25  p er  ce n t  shade gave th e  highest haulm yield 

and w as on p a r  w ith  th a t  a t  open.
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A m ong th e  v a r ie t ie s  and re c o rd e d  th e  highest haulm

yield  when an a ly sed  by excluding th e  missing v a r ie t ie s ,  while V^, 

gave t h e  highest value w hen ana lysed  by d ele tin g  one m ainplot  (T ^).  

R e su lts  ana lysed  in two ways showed sam e t re n d .

4 .1 .8  H a rv e s t  index (T ables  1 1 ,  12  and 1 3 ,  Appendix 5 )

P la n ts  a t  25 per  ce n t  shade re c o rd e d  th e  highest value and was 

s ta t i s t ic a l ly  on p ar  w ith  t h a t  a t 50  and 75 per  c e n t .  The p a t t e r n  

was a lm o st  sam e when analysed  in two ways.

A m ong th e  v a r ie t ie s  V^, and r e g is t e r e d  th e  highest h arv est  

index when an a ly sed  by d ele t in g  th e  missing v a r ie t ie s .

T hese v a r ie t ie s  continue to  re c o rd  th e  h ighest value when analysed  

in th e  o th e r  way also along w ith  V^, and V ^ .

S ignificant in te r a c t io n  w as n o t ic e d  b e tw e e n  shade levels , and 

v ar ie t ie s .

V arie ty  V-̂  re c o rd e d  th e  highest h a rv e s t  index a t  25 and 75  per  

ce n t  s h a d e ,  which w as re p la c e d  by v a r ie ty  Vj w h en  a n a ly s e d  in th e  

o th e r  w ay.

4 .1 .9  P e r c e n ta g e  dry age (T ab le  1 1 ,  Appendix 5 )

With in c re a s e  in shading t h e r e  was a  pro g ressiv e  in c re ase  in 

p e r c e n ta g e  d ryage. The shade level T ^  re c o rd e d  th e  highest value 

when an a ly sed  in both  ways.

A m ong th e  v a r ie t ie s  V ^ ,  V^, and w ere  found to  m ain ta in  

higher p e r c e n ta g e .



Table 11 Effect  of shade on haulm yield, harvest index and percentage dryage of ginger
Varieties

Treatments Haulm yield t ha-^- Harvest index Percentage dryage
11) (2) ( 1) {2) ( 1 ) (2)

Levels of shodefper ce n t )

T 1 0 3 7 0 33 11 7 -

T2 25 3 9 4 2 0 39 0 39 14 6 14 3

t 3 50 3 1 3 3 0 36 0 37 15 3 15 0

75 2 2 2 3 0 36 0.37 16 9 16 3

SEm* 0 12 0 12 0 01 0 009 0 40 0 45

CD (0 OS) 0 40 0 43 0 03 NS 1 29 NS

Var eties

V1 Jorhat 2 5 - 0 50 - 1 6 9

V2
Nadiya 2 6 2.4 0 49 0.50 16 5 i a  o

V3
Jamaica 3 1 2 9 0 45 0 48 14 3 15 4

V4
Pottangi Selection 667 3 0 2 6 0 4D <Q i,o 16 2

VS Rio de jeneiro 4 0 0 28 12 2

V6 Pottangi Selection 17 5 0 0 25 - 12 1

V7 Kuruppampadi 3 0 2 8 0 4B 0 50 16 9 16 1

VB
Jugijan 3 4 3 1 0 29 0 31 12 0 12 B

V9
Valluvanad 3 3 0 47 - 16 0

V10 PGS 35 3 7 3 6 0 IB 0 18 9 9 10 6

V11 Amaballoor Local 2 6 Z 4 0 43 0 47 18 9 20.4

V12 PGS 10 3 6 3 4 0 25 0 25 12 5 13 1

V13
Nedumangad 4 2 4 2 0 32 0 30 15 2 15 6

SEm* 0 21 0 27 0 02 0 01 0 59 0.67

CD (0  05) 0 60 0 76 0 04 0 045 1 62 1 88

(1 )  Data analysed by deleting subplots (V^, V^, and V^)

(2) Data analysed by deleting one mainplot (T^)

Mainplot Subplot

Hculm yield 1 )  r 2 T, T ,  T ,  V , ,  V)( )  Vj V , V4 V , V „  V;

Harvest index 1) T1

V6 V13 V5 V10 V12 V9 V8 V3 V7 V4 V1 V2 V11

V2 V7 V3 V11 V4 V13 VS V12 V10

Z> T2 T3 T4 V2 V1 V7 V3 V11 V9 V4 Vfl V13 V5 V6 V12 V10

Percentage dryage 1)
V11 V7 V2 V4 V13 V3 V12 VB V10



Table 12 In te ra c t io n  e f f e c t  o f  shade levels and g inger v a r ie t ie s  on h arv e s t  

index (Analysis 1)

V arieties Shade

0
levels

25

(per  ce n t )  

5 0 75

Mean

V?
Nadiya 0.45 0.51 0.48 0.50 0.49

V3 J a m a i c a 0.37 0.47 0.52 0.45 0.45

V4
P o tta n g i  S election 667 0.40 0.44 0.42 0.34 0.40

V7
Kuruppam padi 0.41 0.54 0.44 0.53 0.48

V0 Jugijan 0.23 0.29 0.36 0.28 0.29

V10 P G 5 35 0.15 0.20 0.15 0.22 0.18

V11 A m balloor Local 0.29 0 .5 0 0.47 0.45 0.43

V12 PGS 10 0.24 0.29 0.19 0.29 0.25

V13
N edum angad 0.39 0.33 0.27 0.20 0.32

Mean 0.33 0.39 0.37 D.37



Table 13 In terac tio n  e f f e c ts  o f  shade levels and ginger v arie ties  on harvest 

index (Analysis 2)

Varieties Shade

25
levels (per  

50

cent)

75
Mean

V1 Jo rh at 0.-14 0.57 0.51 0.51

V2 Nadiya 0.51 0.48 0.50 0.50

V3
Ja m a ic a 0.47 0.52 0.45 0.48

V4
P o ttan g i Selection 667 0.44 0.42 0.34 0.40

V5 Rio-de-jeneiro 0.30 0.24 0.31 0.28

V6 P ottangi Selection17 0.24 0.26 0 25 0.25

V7
Kuruppampadi 0.54 0.44 0.53 0.50

VB
Jugijan 0.29 0.36 0.28 0.31

V9
Valluvanad 0.48 0.48 0.46 0.47

V10 PGS 35 0.20 0.15 0.22 0.19

V11 A mballoor Local 0.50 0.47 0.45 0.47

V12 PGS 10 0.29 0.19 0.29 0.25

I 
_

<
1 

^
1 1 1

Nedumangad 0.33 0.27 0.28 0.30

Mean □.38 0.37 0.37
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No Significant interaction was noticed between shade levels  

and varieties.

4-2 C hem ical Studies

4.2.1  Content o f  fertiliser nutrients (Table 14 )

N itrogen  c o n te n t  of rh izo m e show ed an increasing  t r e n d  w ith  

increasing  levels  of  shade w ith  m axim um  c o n te n t  a t  25  per  ce n t  

shade level.  Though th e  n itro g en  co n te n t  te n d e d  to  d ec reas e  at 50 

and  75  per  c e n t  shade,  th e  c o n te n ts  a t  th e s e  shade levels w e re  higher 

th an  t h a t  o f  c o n tro l  (open).

V arie ty  w ith  m axim um  n itro g e n  c o n te n t  in th e  rh izo m e was 

V<j (V alluvanad) fo llow ed by ( J a m a ic a )  and V^g (PGS 3 5 ) .  The 

range in c o n te n t  o f  nitrogen  b e tw e en  v a r ie t ie s  w as from  0 .6 5  (A m b a llo r  1 
L o ca l)  to  1 .53  (V alluvanad). N itrogen  co n te n t  o f  th e  haulm , prgressively  

d e c re a s e d  w ith  in c re ase  in shade in te n s it ies  from  0 to  75  per  c e n t .  

The ran g e  in c o n te n t  o f  th is  n u tr ie n t  in haulm in th e  d if fe re n t  v a r ie t ie s  

was fro m  0 .6 8  (PGS 35 )  to  1 .4  (P o tta n g i  S election  17).

Phosphorus c o n te n t  o f  th e  rh izom e d e c re a s e d  s te ad i ly  w ith  in c re 

asing shade levels. The co n te n t  in th e  haulm , on th e  c o n t ra ry ,  was 

found to  in c re a s e  to  t h e  level o f  25 p er  c e n t  shading, th e n  d ec re a s e d  

sharply a t  50 per  cent and th e r e  a f t e r  r e m a in e d  s te a d y  upto th e  

in tense  level o f  75 per  c e n t .  B etw een  v a r ie t ie s  th e  v ar ia t io n  in m ean 

co n ten t  o f  phosphorus was from  0 .15  (N ed u m an g ad ) to  0 .2 7  (R io -d e -

je n e iro )  in haulm  and 0 .3 0  (A m balloor  L o ca l )  to  0 .4 2  (N ad iy a)  in

rhizom e.

Not m uch d i f fe re n c e  was n o t ic e d  in th e  p o tassiu m  co n ten t  o f

rh izom e a t  varying in te n s i t ie s  of  shade. H ow ever,  th e  c o n te n t  in

haulm  w as found to  in c re a s e  w ith  shade levels  and th e  highest value



Table 14 Effect  of shade on contents of N, P and K of ginger varieties at  harvest

Treatment Nitrogen % Phosphorous % Potassium %
Haulm Rhizome Haulm Rhizome Haulm Rhizome

Levels of shade (per cent)

T1 Q 1.40 1.00 0.22 0.48 5.06 4.18

T2 25 1.02 1.37 0.24 0.36 6.2D 3.80

T3
50 0.79 1.27 0.19 0.28 6.14 4.16

T4 75 0.60 1.09 0.19 '  0.25 7.10 4.19

Varieties

V1 Jorhat 1.03 0.74 0.18 0.31 6.70 3.90

V2 Nadiya 1.08 1.15 0.19 0.42 6.50 4.20

V3
Jamaica 0.88 1.51 0.21 0.34 5.80 4.05

V4
Pottangi Selection 667 1.10 1.08 0.19 0.31 5.80 3.25

V5 Rid-de-jeneiro 1.30 1.10 0.27 0.37 6.02 5.07

V6 Pottangi Selection 17 1.40 1.13 0.21 0.36 6.30 4.65

V7 Kuruppampadi 1.02 1.18 0.22 0.32 6.50 3.70

CO
>

Jugijan D.84 1.36 0.18 0.37 5.90 5.10

V9
Valluvanad 0.88 1.53 0.20 0.31 6.50 4.20

V10 PGS 35 0.68 1.51 0.26 0.33 6.60 4.20

V11 Amballoor Local 0.85 0.65 0.24 0.30 5.50 3.45

V12 PGS 10 0.95 1.23 0.20 0.34 5.30 3.95

V13
Nedumangad 0.76 1.20 0.15 0.41 5.90 3.47
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was re c o rd e d  a t  75 per  ce n t  shad e. Among t h e  v a r ie t ie s  potassium  

co n te n t  of  th e  rh izo m e ran g e d  from  5 .25  per  ce n t  (P o t ta n g i  S election 

6 6 7 )  to  5.1 per  ce n t  (J u g i ja n )  w h erea s  th e  ra n g e  w as from  5 .3  (PGS 10 ) 

to  6 .7  p e r  ce n t  ( J o r h a t )  in th e  haulm.

4 .2 .2  Uptake of nutrients (Table 15 )

The u p ta k e  of  n itro g en  in cre ase d  from 0 per  ce n t  shade to  25 

per  ce n t  and th en  showed a progressive an d  d r a s t ic  d e c re a s e .  E xpressed 

as p e r c e n ta g e  o f  t h a t  in th e  open th e  u p tak e  a t  2 5 ,  50  and 75 per  

ce n t  shade levels  w ere  10 9 ,  75 and 51 ,  re s p e c t iv e ly .  The t r e n d  was 

a lm ost sam e in th e  ca se  of p otassium  also, t h e  p e r c e n ta g e  u p tak e  

values a t  25 ,  50 and 75 per  ce n t  shade levels being 1 1 8 ,  95 and 65 , 

re s p e c t iv e ly .  H o w ev er,  th e  u p tak e  o f  phosphorus d e c re a s e d  w ith 

increasing  shade in te n s it ies  from  0 to  75 per c e n t .  The u ptake of  

th is n u tr ie n t  a t  75 p e r  ce n t  shade was only 26 p er  ce n t  o f  th a t  a t 

full i l lum ination . The corresponding  figures for  25 and 50 p er  cent 

shade levels  w ere  74  and 4 6 ,  re sp e c tiv e ly .

V arie ta l  d i f fe re n c e s  w ere  n o tic ed  in th e  u p tak e  o f  th e s e  n u tr ie n ts .  

Variety, V^ gave th e  m axim um  u p tak e  o f  phosphorus and po tassiu m . 

This v a r ie ty  re c o rd e d  high value in th e  case  o f  n itro g en  also, but 

only next to  V^.

4.2 .3  Oleoresin content (Table 15)

In g en e ra l ,  g inger grown w ith o u t shade yielded a h igher oleoresin  

follow ed by 25  per ce n t  shade im position. T h ere  was a progressive 

d e c re a s e  in th e  o leoresin  c o n te n t  upto 50 per  ce n t  level of  shade, 

a f te rw h ic h  a m arginal in c re ase  was n o tic ed .  The e x t e n t  o f  d ec re a s e  

in o leoresin  c o n te n t  a t  50  per  ce n t  shade w as about 25  per  ce n t  

as co m p ared  to  th e  open and th e  d ec re a s e s  w ere  9 and 19 per  cent 

only a t  25 and 75 p e r  c e n t  shade.



Table 15 E ff e ct  of  shade on uptake of  nutr ients  N, P and K and Oleoresin content

in ginger variet ies

T re a tm en t U ptake (k q h a ' ^ )

N P K

Oleoresin

(% )

Levels of shade (per cent)

T 1 0 90 .80 25 .30 27 7 .5 0 8.82

T 2 25 99 .1 0 18 .70 32 9 .7 7.95

T3
50 68.B0 11.7 264.1 6.49

T4
75 4 6 .6 0 6.7 183.0 7.06

Varieti es

V1 Jo rh at 64 .42 10 .50 236.7 5.82

V2 Nadiya 60 .43 16 .20 2 6 1 .0 5.62

V3
Jam aica 8 4 .38 15.4 27 8 .2 5.80

V4
Po ttan g i Selection 667 72.53 13 .10 23 6 .4 7.26

V5
Rio-de-jeneiro 82 .15 14 .70 250.B 9.23

V6 Pottangi Selection 17 105 .50 20 .40 372.8 8.76

V7
Kuruppampadi 79 .0 18 .20 291.1 6.38

V8 Jugijan 65.8 13 .10 23 6 .8 9.36

V9 Valluvanad 111.8 1 7 .10 3 0 8 .9 5.96

V10 PGS 35 58.6 16 .0 278.3 11.92

V11 Amballoor Local 50.3 12 .30 173.2 5.94

V12 PGS 10 72 .2 18 .50 256.3 9.69

V13
Nedumangad 84.8 1 7 .50 246.1 7.48



4 . 3  Dise ase  incidence

V arie ties  w ere  sc o re d  for  t h e i r  disease su sc e p t ib i l i ty  to  b a c te r ia l  

wilt. The v ar ie ty  w hich was found highly su scep tib le  was (R io -d e -  

je n e iro )  and th is  v a r ie ty  was lost in open, f rom  tw o o f  th e  fo u r  r e p l i

ca tio n s .  The o th e r  v a r ie t ie s  which w ere  a f f e c t e d  by th is  incidence 

w ere  V^, and V^. These th r e e  v a r ie t ie s  ap p e a re d  to  have acquired  

th e  disease  b ecau se  o f  th e i r  n ea rn ess  to  th e  su scep tib le  v ar ie ty ,  

V^. It is how ev er  to  be n o ted  t h a t  r e s t  of  th e  v a r ie t ie s  in th e  open 

and all th e  v a r ie t ie s  in th e  o th e r  th r e e  shade levels w ere  to ta l ly  

f re e  fro m  th is  disease .



T u r m e r i c

4 .4  Biom etric Observations

4.4 .1  Plant height (Tables 16 ,  17 and 1 8 ,  Appendix 6)

With increasing  shade in te n s i t ie s ,  p lan t h eig h t  in c re ase d  upto 

th e  m edium  shade o f  50 p er  ce n t  and th e n  progressive ly  d ecreased . 

T1 (o p en ) gave th e  s h o r te s t  p lan ts  and th e  d if fe r e n c e  w as s ig n ifican t 

at all s ta g e s .  A t  th e  init ia l  s ta g e  o f  60 days, th e  d if fe re n c e s  w ere  

not s ta t i s t ic a l ly  s ig n if ic an t  b e tw e e n  shade levels T ^,  T-j and T ^.  

A t  th e  next tw o  s ta g e s ,  how ever th e  intense  shade level o f  75 per  

cent re c o rd e d  s ig n if ic an t ly  low er  m ean  height values th a n  th e  low 

and m edium  shade levels . The d if fe re n c e s  b e tw e e n  th e  low an d  m edium 

shade levels w e r e  n ot s ig n ifican t a t  any of  th e  s ta g e s .

D if fe re n c e s  w ere  n o tic e d  am ong v a r ie t ie s  in p lan t  h eig h t,  th e

overall  ran g e  being 6 5 .2  to  7 7 ,  8 8 .3  to  1 1 6 .8  and 81 .8  to  118,1 cm

at th e  th r e e  s ta g e s  o f  o b serv a tio n .  V arie ties  V ^  and V^q had th e

m axim um  h eig h t  a t  th e  l a t e r  s ta g e s ,  though som e o th e r  v a r ie t ie s

re c o rd e d  higher height values in th e  in it ia l  period. V arie ty  V^ (PCT 8)
□

had shown lower values a t  all s ta g e s .

Variety x shade in te r a c t io n  was s ig n if ic an t  a t  120 and 18 0  days. 

V arie ty  V ^  (B S R I )  re c o rd e d  m axim um  height a t  25 and 50  per 

ce n t  shade w h ereas  v a r ie t ie s  V^ and V^ gave m a x im u m  a t  0 and 

75 per  ce n t  sh ad e, re s p e c t iv e ly  1 2 0  days a f t e r  p lan tin g .  At 1 8 0  days 

also V ^  re c o rd e d  m axim um  height a t  25 and 50  per  ce n t  shade. 

At 75 p er  ce n t  shad e,  V ^  re c o rd e d  th e  m axim um  height.

As e x p e c te d ,  p lan t  height showed an in c re ase  w ith  advancing 

age a t  all shade levels and in most o f  th e  v a r ie t ie s ,  though a m arginal



Table 16 Effect o f  shade an plant height and number of tillers of  turmeric varieties

Treatments
— ‘ “

Plant height (cm) Number o f  tillers

60 DAP 120 DAP 100 DAP ____ 60. D A P ......... I 2 9 P A p 180_DAP__

Levels o f  shade (per cent)

ri  “
60 4 93.0 91.7 1 6 3.8 3 3

T2 » 74 2 117.0 113 9 1.2 1 7 1.7

Tj  » 74 5 116.6 115.0 1 3 1 6 1 5

T4 75
71.2 90.0 95.0 1.2 1 3 1.4

SEm+ 2 70 2.60 3.00 0.08 0 12 0 1 2

CD (0.05) 0.09 8.56 9 63 0 26 0 40 0 39

Varieties

V.j Myduckur 76.4 109.7 106.2 1.3 1.7 1.6

V2 Armoor 72 1 97.6 93 5 1 2 1 9 1.9

V3 PCT 2 71.7 106.9 104.6 1 5 2.4 2.4

P T S 9 65.2 105.3 106 9 1.3 1.9 1.9

Ethamatala 67 0 108 0 107.3 1 5 2.6 2 3

V6 PCT 8 65.7 88.3 81 0 1 5 1.9 1.6

V? PTS 10 66.9 107.2 107 7 1.2 2 4 2.3

V8 PTS 24 68.9 110 3 100.4 1.2 2 1 2.1

V9 PCT 5 77.0 101.4 94.0 1.4 1.9 1.6

V10 CQ1 71.8 115.2 112.0 1.3 2 2 2.2

a s r 1 71.2 116.0 118 1 1.2 2 1 2.1

V12 PTS 30 66 5 109 6 105.5 1 1 2 1 1.0

SEm+ 2.16 2 55 2.59 0 09 0 14 D.15

CD (0.05) 6.00 7 . 0B 7.19 D.27 0.39 0 42

Mainplot Subplot

Plant height 60 DAP
T3 T2 T4 T1 V9 V1

V,
! V10 V3 V11 V0 V5 V7 V12 V6 V4

Plant height 120 DAD
W i V11 V10 VB V1 V12 V5 V7 V3 V4 V9 V2 V6

Plant height 100 DAP t3 t2 t4 Ti V11 V10 V0 V7 V5 V4 V1 V12 V3 V9 V2 V6

Number o f  tillers 60 DAP
T1 T3 T4 T2 V3 V6 V5 V9 V1 V4 V10 V2 V7 VB V11 V12

Number o f  tillers 120 DAP
T1 T2 T3 T4 V5 V3 V7 V10 V11 V12 V8 V2 V4 V6 V9 V1

Number o f  tillers 100 DAP T2 V3 V5 V7 V10 V0 V11 V2 V6 V12 V, V, V9



Table 17 I n t er a c t io n  e f f e c t s  of  shade levels and t u r m e r i c  v ar i e t i e s  on plant

height  a t  1 2 0  days a f t e r  planting

V arities  Shade levels_(% )_______  Mean

0 25 50 75
(c m ) (c m ) (c m ) (c m )

V1 M yduckur 90 .5 110.8 127.3 11 0 .3 10 9 .7

V2 A rm o o r 89 .7 107.3 10 4 .7 88.6 97 .6

V3
PCT 2 9 2 .5 120.0 1 0 7 .0 1 0 8 .2 1 0 6 .9

V4
PTS 9 9 8 .3 120.0 1 1 8 .2 8 4 .8 105.3

V5
E th a m a ta la 85 .6 1 2 4 .7 119.7 102.1 10B.0

V6 PCT 8 9 2 .2 101.6 81.1 78 .2 88.3

V7
PTS 10 9 4 .2 10 8 .8 1 2 6 .0 100.0 10 7 .2

V8 PTS 24 8 9 .0 1 2 7 .8 1 2 0 .4 1 0 3 .9 11 0 .3

V9
PCT 5 101.1 1 1 2 .3 1 0 4 .B 87 .5 1 0 1 .4

V10 C O I 100.1 122.7 1 2 7 .B 110.1 11 5 .2

V11 B S R I 99.1 1 2 8 .8 1 3 6 .3 102.8 11 6 .8

V12 PTS 38 9 3 .7 1 1 9 .9 1 2 5 .3 99 .5 1 0 9 .6

Mean 9 3 .8  1 1 7 .0  1 1 6 .6  9 8 .0



Table 18 I n t er ac t io n  e f f e c t s  o f  shade levels and t u r m e r i c  v ar i et ie s  on plant

hei ght  a t  18 0 days a f t e r  plant ing

Varieties  Shade levels (°/r) Mean

0 25 50 75

(an) (cm) (cm) (cm)

V1
Myduckur 8 8 . 0 106.8 1 2 5 .0 1 0 5 .0 106.2

V2
Armoor 89.4 100.4 100.5 8 3 .8 0 93 .5

V3
PCT 2 9 1 .4 115.8 1 0 6 .0 1 0 5 .2 0 1 04.6

V4
PTS 9 96 .9 1 2 2 .7 121.9 86.2 1 0 7 .0

V5
Ethamatala 8B.1 123.8 118.3 9 8 . B 107.3

V6
PCT 8 85.3 9 4 .7 76 .7 70 .6 81 .8

V7
PTS 10 9 4 .5 109.3 1 2 6 .4 100.9 107.7

V8
PTS 24 85.7 1 2 5 .2 1 1 9 .0 103.8 108.4

V9
PCT 5 97 .5 98 .7 9 8 .4 0 81 .2 9 4 .0

V10
col 96.6 1 2 2 .0 125.1 1 0 7 .4 112.8

V11
B S R 1 99.5 132.3 1 3 6 .7 10 3.9 118.1

V12
PTS 38 88.1 115.6 1 2 5 .7 92 .6 105.5

Mean 9 1 .7  113.9  1 1 5 .0  9 5 . 0
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d ec reas e  was n o t ic e d  a t  1 8 0 th  day.

4 .4 .2  Number of t illers  (Tables 1 6  and 19 ,  Appendix 6)

The g en e ra l  t r e n d  was a d ec reas e  in th e  n u m b e r  of  t i l le rs  w ith  

an in c re a s e  in shade. The d if fe re n c e s  w ere  s ig n if ic an t  a t  all th e

stag es  w ith  th e  n u m b er  of  t i l le rs  being s ig n if ic an t ly  h igher in th e

open. The d i f fe re n c e s  b e tw e e n  rem ain in g  th r e e  levels , how ever, 

w ere  not s ta t i s t ic a l ly  s ig n ifican t .

P e r c e n ta g e  ti l le r in g  at  25 p e r  cent shade w as 7 5 ,  4 5  and 52

a t  6 0 ,  120  and 180  days, r e s p e c t iv e ly .  The corresponding  figures

a t  50 and 75 p er  ce n t  shade w ere  82 ,  65  and 4 6  and 7 5 ,  35 and 63 

p er  c e n t ,  re s p e c t iv e ly ,  o f  full i l lum ination.

Significant d if fe re n c e s  w ere  n o tic ed  am ong th e  v a r ie t ie s  in t i l le r  

n u m b e r.  V ar ie t ies  V^ and r e c o r d e d  m ax im u m  t i l le r  n u m b e r  at  

all s ta g e s  s tu d ied  fro m  6 0  to  180  days.

V arie ty  x shade in te r a c t io n  was s ig n ifican t  a t  1 2 0  days. V arie ties  

V-j, V-j and Vg re c o rd e d  m axim um  t i l le r  n u m b er  a t  0 ,  25 and 50 per  

ce n t  shad e,  r e s p e c t iv e ly .  A t  75 per  ce n t  shad e,  v a r ie t ie s  V^ and 

Vg, gave th e  m axim um  num ber.

With advancing age t i l le r  n u m b e r  w as found to  in c re ase  a t  all 

shade levels and in m ost of th e  v a r ie t ie s  upto 120th  day, a f t e r  which 

it re m a in e d  alm ost sam e a t  2 5 ,  50  and 75 per  ce n t  shad e.  But th e  

p la n ts  grown in th e  open showed a d r a s t i c  d e c re a s e  in t i l le r  num ber  

a t  180  days.

4 .4 .3  Number o f  leaves (Table 2 0 ,  Appendix 7)

S ignificant e f f e c t  o f  shade on nu m b er  o f  leaves was n o tic ed  

at  120 days only, when th e  t r e a t m e n t  T 1 s ig n ifican tly  d if fe red  from



Table 19  I n te ra c t i on  e f f e c t s  o f  shade levels and t u r m e r i c  v a r ie t ie s  on n umb e r  o f

t i l lers  a t  12 0 days a f t e r  plant ing

V arie ties

0
Shade levels  (p e r  ce n t )  

25 50 75

Mean

V1 Myduckur 3.3 1.2 1.1 1.1 1.7

V2 A rm o o r 3.1 1.5 1.3 1.7 1.9

V3
PCT 2 3.9 2.5 1.8 1 .4 2 .4

V4
PTS 9 2.9 1.6 1.6 1.5 1.9

V5
E th a m a ta la 4.9 2.4 1.7 1.3 2.6

V6 PCT 8 2.8 1.4 1.8 1.7 1.9

V7
PTS 10 5.5 1.6 1.4 1.3 2.4

V8 PTS 24 3.6 1.5 1.9 1.4 2.1

V9 PCT 5 3.2 1.7 1.5 1.4 1.9

V10 C o 1 4.4 1.6 1.6 1.1 2.2

V11 B S R 1 4.1 1.5 1.8 1.1 2.1

V12 PTS 38 4 .0 1.7 1.5 1.2 2.1

Mean 3 .8  1.7 1 .6  1.3
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th e  re s t  w ith  m axim um  num ber of  leaves. A t 60  and 180  days, no 

s ig n ifican t d i f fe re n c e  was n o tic ed  b e tw e e n  t r e a t m e n t s  though the 

t r e n d  w as one o f  su p e r io r i ty  o f  (open) and o f  a s te a d y  decrease  

in le af  num ber  w ith  increasing  shade.

B etw een  v a r ie t ie s ,  th e  d if fe re n c e s  w ere  s ig n if ic an t  and and 

re c o rd e d  m axim um  num ber  of  leaves  a t  6 0  and 120  days. A t 180 

days, th e  p a t te r n  w as d if fe re n t  and h igher m ean  values w ere  re c o rd e d  

by and Vg.

With advancing age, n u m b e r  o f  leaves  in c re ase d  upto 120  days 

and th e n  d e c re a s e d ,  th e  e x te n t  o f  d ec reas e  being m a x im u m  a t  0 
p er  ce n t  shade.

No s ig n ifican t  in te r a c t io n  was n o tic ed  b e tw e en  shade levels 

and v a r ie t ie s  a t  any o f  th e  s ta g es .

4 .4 .4  D rym atter production (Table 20 ,  Appendix 7)

With in c re ase  in shading, a p rogressive d e c re a s e  was n o tic ed  

in d r y m a t t e r  p ro d u ctio n . The low est d r y m a t t e r  w as seen  in 75  per 

ce n t  shad e.  D r y m a t t e r  prod u ctio n  a t  2 5 ,  50  and 75  p er  ce n t  shade 

w ere  75 ,  63 and 46 per  cent o f  th e  dry w eight in th e  open, re sp e c tiv e ly .

Among th e  v a r ie t ie s ,  th e  m inimum  d r y m a t t e r  ac c u m u la t io n  was

n o tic ed  in V? as aga inst  th e  h igher value r e g is te r e d  in VQ. The ran g e
-1

was from  2 6 .4  to  38 .2  g plant .

4 .4 .5  Chlorophyll content (Table 21 )

Total chlorophyll c o n te n t  and its co m p o n en ts  chlorophyll a and 

chlorophyll b in c re ase d  s te ad i ly  w ith  increasing  levels  o f  shade at 

all s ta g es .



Table 20 Effect  of  shade on number  of  leaves and d ry mat ter  production of

turmeric  varieties

T reatm ents Number of  leaves
60 DAP 120  DAP 180 DAP

D rym atter  production 

g plant'^

Levels of shade (per  ce n t )

T1 0 8 9 16 5 3.1 45.9

T2 25 7 5 1 0 6 3 4 34.3

T3
50 7 7 11.0 2 8 28.8

T4
75 7.0 9.6 2.7 20.8

SEm+ 0 54 0.71 0.31 1.84

CD (0 05) NS 2 29 NS 2.24

Varieties

V1 Myduckur 8.0 10 3 2.0 27.6

V2 Armoor 6 8 9 2 3 1 26.4

<
 

04
 

1

PCT 2 8.6 13.3 3.6 35 4

V4 PTS 9 7.9 11 7 2 8 32.6

V5
E tham atala 9 3 15.2 3.4 35.0

V6 PCT 8 8.6 10 9 0.2 27 6

V7
PTS 10 7 4 12.2 3 5 32.0

V8 PTS 24 7.2 12 1 4.2 34 9

V9
PCT 5 8.2 11 1 1.6 38.2

V10 c o i 6.9 13 0 3 7 32.1

V11 B S R 1 7 3 12.6 4.4 37.1

V12 PTS 38 7.1 11.4 3.6 30.6

SEm+ 0.41 0.58 0.37 2 24

CD (0 05) 1 13 1 63 1.04 6.23

Mainplot Subplot

Number o f  leaves ^  T?  T£ T^ V,. V3 Vg V V^ V? V Vg V V V

6 0  DAP "

Number o f  leaves ^  T£ T^ V5 V3 V10 V11 V7 V8 V4 V12 V9 V6 V1 V2
120 DAP

Number o f  leaves T£ ^  T3 T^ v „  VQ V10 V3 V1Z V? Vg V2 V^ V, Vg Vfi

180 DAP



Table 21 E f f e c t  of  shade on c o n t e n t s  of  chlorophyll  f r a c t i on s  o f  t u r m e r i c  var ie t ies

T re a tm e n ts

L evels  of shade (% )

T„

4

0
25

5 0

75

Chlorophyll a

mg g  ̂ fresh 
w eight

Chlorophyll b

mg g fresh  
w eight

Chlorophyll a+b

mg g ^ f resh  
w eight

Chlorophyll a/b

I 00 
DAP

1 5 0
DAP

100
DAP

1 5 0
DAP

100
DAP

1 5 0
DAP

100
DAP

1 ] 1

0.48 0 .38 0.35 0.26 0 .83 0.64 1.37 1.46

0 .99 0.71 0.67 0.45 1.66 1.17 1.47 1.57

1.03 0.87 0.74 0.54 1.77 1.42 1.39 1.61

1.13 1.12 0.76 0.60 1.89 1.72 1.48 1.86

V arieties

V1 Myduckur 0.82 0.74 0.60 0.50 1.42 1.24 1.39 1.49

V2 A rm oor 0.85 0.77 0.61 0.52 1.46 1.29 1.36 1.44

V3
PCT 2 0.88 0 .90 0 .6 0 0.50 1.48 1 .4 0 1.48 1.82

V4
PTS 9 0.98 0.82 0.70 0 l49 1.68 1.31 1.45 1.59

V5
E th a m a ta la 0.96 0.74 0.67 0.36 1.64 1.10 1.47 1.97

V6 PCT 8 0.88 0.92 0.61 0.63 1.49 1.55 1.43 1.42

V7
PTS 10 0.84 0.83 0.57 0.46 1.41 1.29 1.49 1.83

V8 PTS 24 1.04 0.81 0.75 0.40 1.79 1.21 1.40 2.01

V9
PCT 5 0.85 0.83 0.61 0.43 1.46 1.26 1.38 1.90

V10 CO 1 0 91 0.64 0.65 0.48 1.56 1.12 1.45 1.54

V11 B 5 R 1 0.93 0.54 0.54 0.35 1.17 0.90 1.73 1.53

V 12 PTS 38 0.91 0.73 0.65 0.42 1.56 1.15 1.36 1.68

T
2

3
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V arie ty  Vg re c o rd e d  th e  highest t o t a l  chlorophyll c o n te n t  and 

its  f ra c t io n s  a t  100  days, w h ere  as at  150  days Vg had th e  highest 

co n ten t  o f  b o th  th e  f ra c t io n s  and h ence th e  highest chlorophyll co n te n t .

O ver  th e  s ta g e s ,  m a rk e d  d if fe re n c e s  ap p e a re d  in values w ith  

a fall  in both  th e  chlorophyll co m p o n en ts  a t  150  days. Chlorophyll 

b w as found to  d ec reas e  m o re  th an  chlorphyll a w ith  age, hence 

chlorophyll a to  b r a t io  te n d e d  to  in crease .

4 .4 .6  Rhizom e yield (Tables 2 2 ,  2 3  and 24 ,  Fig 4  and 5 ,  Appendix 8)

With in c re ase  in shading, th e r e  was a p rogressive d e c re a s e  in 

rh izo m e yield and th e  d if fe r e n c e  was highly s ig n if ic an t .  The yield 

a t  75 per  cent shade was only 30  per  ce n t  o f  t h a t  a t  full  illum ination . 

T h e  corresponding fig u res  a t  25 and 50  p e r  ce n t  shade w ere  74  and 

55 on f resh  w eight basis. D a ta  an a ly sed  on dry w eight basis also 

follow ed th e  sa m e t r e n d ,  th e  p e r c e n ta g e s  o f  yields a t  th e  increasing 

shade levels being 7 8 ,  63 and 3 6 ,  re sp e c tiv e ly .

A m ong th e  v a r ie t ie s  Vq (P C T  5 )  re c o rd e d  th e  h ighest yield (1 5 .9  

t ha ). The o th e r  v a r ie t ie s  th a t  had shown s t a t i s t i c a l  eq u a l i ty  w ith  

th is  w ere  V ^ ,  V ^ ,  V^, and V^. On a dry w eight Dasis also V^ gave

th e  highest value (3 .5  t  h a ’ ^ )  followed by V^, Vg and and th e s e

th r e e  v a r ie t ie s  w ere  found to  be s ta t i s t ic a l ly  on par .

R e s u lts  analysed  in both  f resh  and dry w eight basis show ed signi

f ican t in te r a c t io n  b e tw e en  v a r ie t ie s  and shade levels , shading' red u ced  

yield in all v a r ie t ie s  but one v a r ie ty  Vg re c o rd e d  th e  h ighest yield 

a t  25  per  ce n t  sh a d e ,  when an a ly sed  on a f resh  w eight basis. V arie ty

V?  (P C T  5 )  gave th e  highest yield a t  0 per  ce n t  shade while th e

highest yielding v a r ie t ie s  a t  25 ,  50  and 75 p er  ce n t  w e re  Vg ,  V ^  

and Vr
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V arie ty  Vg re c o rd e d  th e  highest yield a t  all shade levels when 

analysed on dry w eight basis e x c ep t  at  50  per  ce n t  when gave 

th e  h ighest value. It was re m a rk a b le  to  n o te  t h a t  w ith  increasing  

shade levels , m ore and m o re  v a r ie t ie s  cam e to  s t a t i s t i c a l  p a r i ty  

w ith  th e  highest yielding one.

Though th e  d a ta  a re  n ot s u ff ic ie n t  fo r  drawing f inal conclusions 

on th e  s e le c tio n  o f  v a r ie t ie s  for  th e  d if fe re n t  shade levels , v a r ie ty  

Vg m ay be ta k e n  to be th e  bes t  for th e  open based on th e  available 

d ata .  This v a r ie ty  a p p e a re d  good for  tw o  shade s i tu a tio n s  (2 5  and 

75  per  c e n t )  also on dry w eight basis.

4 .4 .7  Haulm yield (Table 22 ,  Appendix 8)

The t r e n d  o f  haulm yield v ar ia t io n  was sa m e as t h a t  o f  rh izo m e. 

The m axim um  shading re c o rd e d  th e  lowest yield.

Among th e  v a r ie t ie s  V ^  (B S R I) re c o rd e d  th e  highest haulm

yield as against  th e  lowest yield r e g is te r e d  in V^.
6

4 .4 .8  Harvest index (Table 2 2 ,  Appendix 8)

H arv est  index failed  to  show any s ta t is t ic a l ly  s ig n if ic an t  d if fe re n c e  

b etw e en  shade levels.

Among th e  v a r ie t ie s ,  hav rv est  index ran g e d  from  0 ,3 0  (B S R I) 

to  0 .56  (PCT 5).

4.4 .9  Percentage dryage (Table 22 ,  Appendix 8)

Shading in c re ase d  th e  p e r c e n ta g e  d ryage. T r e a t m e n t  T ^  d if fe red  

s ig n ifican tly  from th e  r e s t  and re c o rd e d  th e  highest value. The p e r

c e n ta g e  dryage at th is  level o f  shading w as 24  per  ce n t  higher than  

t h a t  a t  0 per  ce n t .



Table 22 E ffect  of shade on rhizome yield, haulm yield harvest index and percen 

tage dryage of turm eric  varieties

T ra tm en ts  Rhizome yield Haulm Harvest P ercentage
Fresh Dry Yield index Dryage
weight weight ^  1 )
basis basis

t ha"^ t ha ^

Levels o f  shade (per cent)

0 19 3 3.3 5 9 0 40 16 9

T2 25 14 2 2.6 4 .4 0 41 1B 5

Tx 50 10 7 2 1 3 9 0.38 19 0

75 5 8 1 2 2 8 0 39 21.0

SEm+ 0 08 0 12 0 21 0 01 0 54

CD (0  05) 2 82 0 41 0 68 NS 1 73

Varieties

V1 Myduckur 12 2 2 2 4 0 0 34 17 1

V2 Armoor 9 0 1 6 3 9 0 32 18 8

V. PCT 2 13 4 2 8 4 D 0 46 21 1

V„ PTS 13 0 2 2 4 2 0 42 17 4

v s Etham atala 13 1 2 6 4 1 0 44 20 4

v6 p c t  e 11 5 2 7 2 7 0 54 24.4

V7 PTS 10 11 3 1 9 4 5 0.37 17.9

VS
PTS 24 12 7 2 0 5 0 0 35 16 7

V9 PCT 5 15 9 3 5 3 6 0.56 23 2

v in
C0 1 13 4 2 1 4 8 0 33 16 2

V11 B S R 1 13 5 2 1 5 7 0 30 16 5

v i ? PTS 38 10.7 1 7 4 2 0 36 16 6

SEm+ 1 11 0 20 0 29 0 01 0 68

CD (0  05) 3 08 0 55 0 82 0 05 1 89

Mainplot Subplot

1 ) Rhizome yield
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Table 23 In terac tio n  e f f e c ts  of shade levels and tu r m e r ic  v ar ie t ie s  on rhizome yield 

on fresh weight basis ( t  ha ^

V arieties Shade levels (per  cent) Mean

0 25 50 75

IVyduckur 17 8 11 1 12 8 7 2 12 2

V2 Armoor 12 7 12 0 7 6 3 8 9 0

V3
PCT 2 20 4 18 0 8 0 7 2 13 4

V4
PTS 9 18 2 15 3 13 0 5.3 13 0

V5
E th a m ata la 22 6 13 0 10 7 6 2 13 1

V6 PCT a 21.0 12 8 7 0 4.9 11.5

< ■̂1 PTS 10 16.B 11 5 12 8 4 .0 11.3

V0 PTS 24 14 9 19 1 9 7 7 1 12.7

V9
PCT 5 31 .8 16 2 8 7 6 8 15 9

V10 C 0 1 20 2 16 1 11 5 6 0 13 4

V11 0 S R 1 18.4 15 6 13 4 6 8 13 5

V12 PTS 38 16 4 9 .0 13 0 4 2 10  7

19 3 14 2 10 7 5.8

SEm+ 3.14

CD (□  05) 6 .16

V5 V6 V3 V10 V11 V4 V1 V7 V12 V8 V2

25 V0 V3 V9 V10 V „  V ,  V5 V6 V2 V, Vl V12

50 V11 V9 V12 V7 V1 V10 V5 V8 V9 V3 V2 V6

75 V, V3 V8 Vg Vl1 V5 V1D V, V12 V7 V2



Table 24 Interaction effec ts  of shade levels and tu rm e ric  varieties on 

rhizome yield on dry weight basis (t  ha

Varieties
0

V1 Myduckur 2 12

V2 Armoor 2 05

V3
PCT 2 4 45

V4 PTS 9 2 05

1 
IT

i 
>

Ethamaiala- 4  34

V6 PCT 0 4 53

V7
PTS 10 2 40

C
O

>

PTS 24 2 36

V9
PCT 5 6 52

V10 C 0 1 2 98

V11 B S R 1 2 16

V12 PTS 38 2.59

Mean 3.28

5Em+ 0.56

CD (0 .05 )  1 10

Shade levelsfper cent)_______  Mean
25 50 75

2.00 3 54 1 26 2 24

2 11 1 53 0 80 1 63

3 47 1 60 1 65 2 00
2 84 2 D2 0 97 2 17

2 51 2 24 1 33 2 60

3 05 1 71 1 32 2 66
1.94 2 27 0 82 1 80

2 83 1 70 1 22 2 03

3 64 2 02 1 93 3 53

2 33 1.92 1 10 2.09

2 62 2 27 1.26 2 08

1.45 2 0 0 74 1 70

2 56 2 07 1 20

V9 V6 V10 V4 V12 V7 V8 V11

25 V6 V4 '0  V11 Vc V10 12

50
'11 V, V12 10

75 V, V3 V5 V, V, V „  Vg V1Q V* V7 V2 V12



Fig 4  Effect, o f  shade on rhizome yield o f  turm eric varieties
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Fig 5 In te ra c t io n  e f f e c t s  o f  shade levels  and t u r m e r ic  v a r ie t ie s  on rh izo m e yield
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V arie ta l  d if fe re n c e s  w e re  also n o tic ed .  V arie t ies  V^ V^ recorded  

th e  h ighest p e r c e n ta g e  dryage and th e s e  s ig n if ic an t ly  d if fe re d  from  

th e  r e s t  o f  th e  v a r ie t ie s .

4 .5  Chemical Studies

4.5 .1  Content o f  fertiliser  nutrients (Table 25 )

N itro g en  c o n te n t  o f  th e  rh izom e and  haulm  in c re ase d  w ith  shade 

in te n s it ies .  C o m p arin g  b e tw e en  rh izo m e and h au lm , rh iz o m e s  w ere  

found to  have m ore n itro g en  c o n te n t .

V arie t ies  V^ and V^ re c o rd e d  m axim um  rh izo m e n itro g e n  c o n te n t  

w hile V2 follow ed by V^ re c o rd e d  t h e  m ax im u m  c o n te n t  in haulm .

Not m uch d if fe r & r e n c e w a s  n o t ic e d  b e tw e e n  t r e a t m e n t s  o f  shade 

w ith  r e s p e c t  to  phosphorus c o n te n t .  H ow ever,  an increasing  t r e n d  

was n o t ic e d  in th e  case  o f  haulm and  a r e v e rs e  t r e n d  in rh izo m e.

V arie ty  V^ re c o rd e d  m axim um  c o n te n t  o f  phosphorus in rh izo m e, 

while V^ had th e  m axim um  in haulm.

P otassium  c o n te n t  of  th e  haulm w e n t  on increasing  w ith  increasing  

shade upt® th e  in ten se  level of  75  p e r  ce n t  while p la n ts  grown at 

50  per  cent shade had th e  highest p otassium  c o n te n t  in rh izom e. 

In g en e ra l ,  haulm co n ta in e d  m ore p otassium  th a n  rh izo m e.

D if fe re n c e s  w ere  n o tic ed  am ong v a r ie t ie s  in th e i r  co n ten t  of  

this  n u tr ie n t .  V ar ie ty  had th e  m axim um  co n te n t  in rh izo m e w hereas  

V ^  re c o rd e d  t h e  h ighest c o n te n t  in haulm .



Table 25 E f f e c t  of shade on c o n t e n t s  of  n ut r i e n t s  N, P and K of t u r m e r i c

var ie t ies

T r e a t m e n ts  N itro g en  (% ) Phosphorus (% )  P o ta s s iu m (% )
Haulm R hizom e Haulm R hizom e Haulm Rhizomf

Levels of  Shade{%)

T1 °
0.47 0.90 0.11 0.36 2.90 3.09

T2 25 0.60 0.90 0.11 0.31 3.92 2.71

T? 50 0.61 1.11 0.12 0.33 5.09 3.5

T4 75 0.60 1.17 0.15 0.33 5.92 3.15

V arie ties

V1 M yduckur 0.57 1 .18 0.15 0.34 3.75 3.4

V2 A rm o o r 0.72 0.95 0.13 0.32 4 .0 0 3.7

V3
PCT 2 0.52 1.02 0.13 0.37 4 .8 7 2.7

V4
PTS 9 0.64 1.27 0.12 0 .34 3.40 3.4

V ,-Etham atala 0.52 1.27 0.12 0.36 5.45 3.4

V6 P C T  8 0.49 1.16 0.10 0.43 2.65 3.2

V7
PTS 10 0.58 0.93 0.13 0.34 5.65 3.5

V8 PTS 24 0.55 0.77 0.13 0.34 3.15 3.2

V9
PCT 5 0.53 0.98 0.08 0.33 3.82 2.6

V10 CO 1 0.63 0.93 0.13 0.32 5.27 3.3

V11 B S R 1 0.55 0.81 0.13 0.27 5.62 2.2

V12 PTS 38 0.57 1.00 0.12 0.30 5 .9 0 3.2
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4 .5 .2  U p tak e  o f  n u tr ie n ts  (T ab le  2 6 )

U p tak e  o f  all th e  n u tr ie n ts  w as found to  d e c re a s e  w ith  shade
i |p

e x c e p t  p o tassiu m  w h ere  u p ta k e  w as m axim um  a t  5 0  P e r  ce n t  shade.

V arie tal  d if fe re n c e s  w e re  also n o t ic e d  in t h e  u p ta k e  of  n u tr ie n ts .  

V arie ty  V^ (E t h a m a ta la )  re c o rd e d  m axim um  u p ta k e  of  phosphorus 

and p otassium  but n i tro g e n  u ptake was m axim um  in th e  v a r ie ty  V^ 

(PTS 9 )  follow ed by V^ (E th a m a ta la ) .

4 .5 .3  C u rcu m in  c o n te n t  (T ab le  2 6 )

As th e  shade w as in c re ase d  from  0 to  75 per  c e n t ,  th e  curcum in  

c o n te n t  d e c re a s e d  fro m  5 .9  to  3 .9 .  The p e r c e n ta g e  d e c re a s e  in c u rc u 

min c o n t e n t  was only 5 .2  a t 25 per  ce n t  shade which in creased  to  

29  and 24 a t  50 an d  75 per  c e n t ,  re sp e c tiv e ly .

The cu rcu m in  co n ten t  o f  v a r ie t ie s  ran g ed  from  2 .3  (P C T  8) to  

6 .0  (PTS 24 ).



Table 26 E ff e c t  of shade on u p ta k e  of  n u tr ie n ts  

co n ten t  o f  t u r m e r ic  v a r ie t ie s

N, P and  K and curcun

T re a t m e n t s N itrogen

. -1 
k g  ha

Phosphorus
, -1

k g  ha

P otassium
, -1

k g ha

Curcum in

( % )

Leve 's o f  s h a d e (P e r cent)

T1 0 8 1 .26 19 .86 2 4 5 .8 5.9

T2 25 72.9B 12 .50 249.1 5.6

50 6 7 . B6 1 2 .4 0 2 5 9 .B 4.2

T4
75 6 5 .5 2 10 .15 210.8 3 .9

V arie ties

V1 Myduckur 6 6 .7 12 .3 2 1 5 .8 4.05

V2 A rm oor 6 3 .2 11 .3 2 6 2 .5 5.61

V3
P C T  2 8 1 .4 14 .2 2 3 8 .9 5.05

V4
PTS 9 93 .7 9.1 1 7 8 .3 5.2

LPi
>

E th a m a ta la 8 7 .9 23 .2 3 6 4 .2 5 .0

V6 PCT 8 69 .5 17.6 1 8 0 .2 2.3

< PTS 10 6 4 .0 10.9 2 6 7 .0 5.9

CO
>

PTS 24 58 .3 13.7 2 2 0 .4 6.0

V9
PC T  5 7 5 .6 17.6 195.1 2.9

V10 C 0 1 6 2 .3 11.6 2 6 9 .6 5.6

V11 B S R 1 6 3 .3 12 .5 28 8 .5 5.5

V12 PTS 38 6 0 .0 10 .9 2 6 2 .2 5.5
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5.  DISCUSSION

The p resen t investigation was designed to  find out how far  th e  

d iffe rent shade levels a l te r  th e  p erfo rm an ce  o f  ginger and tu rm e ric  

varie ties  as com pared to  full open light. An overall  assessm ent of 

the behaviour o f  th ese  v ar ie t ie s  m open as well as under varying 

intensit ies  of shade has been m ade to gain inform ation on these.

Ginger

Results  ind icated  th a t  in most of  the v ar ie ties  shading increased 

the rh izom e yield upto t h e  light shade of 25 per cent and th en  decre

ased. The maximum shading (75 per c e n t )  reco rd ed  th e  lowest yield 

in all th e  varie ties.  The yields at 25 ,  50 and 75 per  cent shade levels 

expressed as p erc en ta g es  o f  th a t  in th e  open w ere  115, 66 and 48

(Analysis 1) and 108 ,  68 and 42  (Analysis 3) on fresh  weight basis

and 131 ,  81 and 62 (Analysis 1) and 1 2 9 ,  88 and 58 (Analysis 3) on 

dry w eight basis, respectively .  As yields te n d  to be higher a t  a cer ta in  

level o f  shade th an  in th e  open, ginger varie ties  t e s te d  ap p ear  to 

fall generally  in th e  ca teg o ry  of  shade loving p lants . Similar results

w ere ea r l ie r  rep o r te d  by Bai and N air (1 982 ) .  Such a b e t t e r  p e rfo r

m ance under 25 per cent shade may be explained due to  th e  higher 

r a te  o f  photosynthesis ,  as indicated  by th e  highest dry m a t t e r  p ro 

duction coupled w ith  the highest harvest index reco rd ed  a t  th is  level 

of shading. B e t te r  perfo rm an ce  of this crop under shade th an  in the 

open has been rep o r te d  ea r l ie r  by Aclan and Quisumbing (1 976 ) .  In 

crops like to m a to e s  (El. Aidy, 19 04 ),  coffee  (Santos and Napoles, 

1985),  pineapple (N ayar  j i t  jab, 1 9 7 9 )  and te a  (Barua and Sarm a, 1982 )  

also such t re n d  has been rep o rted .  The explanation given by Hardy 

(1 958 )  for th e  b e t t e r  p erfo rm an ce  o f  crops under shade than in th e  

open is th a t  th e re  is o ften  a threshold  illum ination intensity  beyond
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which t h e  s to m a ta  o f  shade loving p lan ts  te n d  to  close. The sam e 

can be one of  th e  reasons for  t h e  b e t t e r  p e r f o rm a n c e  o f  g inger  under 

shade. H ow ever,  re p o r ts  on such a s to m a ta l  behaviour  of  ginger 

w ere  not available  from  l i t e r a tu r e .  Assuming t h a t  th is  was th e  f a c to r  

responsible for th e  shade response o f  th is  crop, i t  m a y  be  deduced 

th a t  t h e  s to m a ta l  closure  had th e  dom inant inf lu en ce  upto th e  light 

shade o f  25 p e r  c e n t ,  beyond w hich a v a ila b il i ty  o f  light for  p h o to 

sy nthesis ,  probably , b e c a m e  th e  decisive l im iting  f a c to r .

Since yield is a function  o f  h arv e s t  index and d r y m a t te r  a c c u m u 

lation t h e  t r e n d s  in th e s e  tw o p a r a m e te r s  have been analysed  to 

u n d ers ta n d  th e i r  r e s p e c t iv e  co n tr ib u tio n  to  yield. D r y m a t t e r  a c c u m u 

lation by p la n ts  follow ed s t r ic t ly  th e  sam e t r e n d  as t h a t  o f  rh izom e 

yield and  th e  p e r c e n ta g e  values a t  2 5 ,  5 0  and 75 per  ce n t  shade 

levels w e re  1 1 5 ,  86 and 6 5 ,  r e s p e c t iv e ly .  T hese d a ta  on d r y m a t t e r  

a c c u m u la t io n  show t h a t  shading did not resu lt  in any app reciab le  

d e c re a s e  in th e  r a t e  of  photo sy n th esis  upto 25  per  ce n t  shad e.  Not 

only t h a t  th e r e  w as no d e c re a s e  in p h o to sy n th es is ,  shading also te n d e d  

to  in cre ase  th e  d r y m a t t e r  ac c u m u la t io n  by p la n ts .  This is in co n fo rm ity  

w ith  th e  findings o f  R a v isan k ar  and M uthusw am y (1 9 8 6 ) .  As reg a rd s  

h avest  index, s ig n if ic an t ly  h igher values w ere  n o t ic e d  at  25 per  cent 

shade follow ed by 5 0  and 75  per  ce n t  th o u g h  th e  d if fe re n c e s  among 

th e se  th r e e  t r e a t m e n t s  w ere  not s ta t i s t ic a l ly  s ig n if ic an t .  H ence it 

ap p e ars  t h a t  t ra n s lo c a t io n  o f  c a rb o h y d ra te s  to  eco n o m ic  p a r t  was 

in c re ase d  by shading. This m a y  b e  an ex cep t io n  as th e  com m only 

re p o r te d  o b se rv a tio n  is one o f  su b s ta n tia l  d ec reas e  in havest  index 

in m ost crops (R am a n aju m  et^ a l .,  1 9 8 4  on c a ssa v a ,  Senaguptha and 

J a h a v ,  1 9 8 8  on groundnut, Singh, 1988  on p o ta to  and Rai and M urthy, 

1977  on r ice ) .  E v enthough th e  h igher  h arv e s t  index values w ere  n o te d  

a t  5 0  and 75 p er  c e n t ,  th e  inf lu en ce  o f  th is  w as not r e f l e c t e d  on 

rh izom e yield, presu m ab ly  b ecau se  o f  low er r a t e  o f  p h otosynthesis



69

at intense shade as indicated by lower d ry m a t te r  accum ulation.

An increase  in th e  ratio  of  leaf  are a  to  le af  w eight with shading 

has been rep o r ted  (C ooper and Qualls, 1967 ).  This may represent 

an adaptive m echanism , since for  each unit w eight of d ry m a t te r  

partioned  into leaves a g re a te r  amount o f  area  is exposed to  available 

light. Though details  on such as p ec ts  are not co l lec te d  in th e  present 

study, this  can also be one of  th e  reasons for th e  b e t t e r  growth and 

yield of this  crop under shade.

As com pared  to  d ry m a t te r  accum ulation  and yield, growth ch ar

ac te rs  like plant height,num ber  of leaves and num ber of  t i l le rs  followed 

slightly d iffe ren t p a t te r n .  In th e  case of  t i l le r  num ber and number 

of leaves th e re  was alm ost a s te ad y  decrease with increase in shade 

in tensities, while plant height went on increasing w ith  increase in 

shading. The increase in plant height under shade m ay be due to 

cell elongation and resulting in ternodal elongation. An increase in 

plant height under shade h a s  ea r l ie r  been rep o r te d  in ginger (Bat 

and Nair, 19 8 2 )  and cassava (R am anujam  et_ al.,  1984  and Sreekum ar 

et  a l . , 19 8 8 ) .  The relationship b etw een  shade levels and chlorophyll 

co ntent o f  ginger v ar ie ties  was d irect.  This is in ag reem en t with 

th e  general tren d  of  results  of  such studies as included in th e  review 

(Cooper and Qualls, 1967, G rant and Ryug, 19 84 ,  R adha, 1979, Bjorkman, 

1968 ,  Nayak et_ _al>, 19 78 ,  Bai, 19 81 ,  Vijayakumar et_ _aL, 1985 and 

Anderson, 1985).

Among th e  v ar ie ties ,  and recorded  s ignificantly  higher 

rhizome yield. Among the growth p a ra m e te rs ,  plant height, number 

of  t i l le rs  and num ber of  leaves also w ere found to  be generally  higher 

in th ese  varie ties. Significant yield d iffe ren ces  b etw een  varie ties  

were brought about mainly by th e  inability  to  t ra n s lo c a te  carbohydrate 

produced into rhizom e in v ar ie ties  V5 |  Vfi and as indicated  by
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th e  high d r y m a t te r  yield o f  th e s e  v a r ie t ie s  and low values o f  harvest  

index. The p h o to s y n th s te s  prod u ced  w as th u s ,  in e ff ic ie n t ly  u til ised  

by th e s e  v a r ie t ie s  in which case  m ore th a n  tw o th ird  o f  t o t a l  c a rb o 

h y d ra te  sy n th esised  c o n tr ib u te d  to w a rd s  haulm  yield. The low r a t e  

of  d r y m a t te r  prod u ctio n  w as found to  be th e  reaso n  for low yield 

in v a r ie ty  V ^ .  But both  p h o to s y n th a te  prod u ctio n  and ltb tra n s lo c a t io n  

w ere  found to  be th e  f a c to r s  responsible for  th e  low yield o f  v a r ie t ie s

V1 0 ’ V12 an d  V8'

Though th e  overall  t r e n d  a p p e a re d  to  be one o f  a d v a n ta g e  due 

to  mild shading in n early  all t h e  v a r ie t ie s ,  th e  shade resp o n ses  of  

th e s e  w ere  d if fe re n t  as in d ic a ted  by sig n ifican ce  of in te r a c t io n  e f f e c ts .  

The v a r ie t ie s  and V-j had proved t h e i r  su p e r io r i ty  o v er  o th ers  

by being high yielding in th e  open as well as  u nder  sh a d e ,  as evidenced  

from  t h e  in te r a c t io n  ta b le .  D if fe re n t ia l  response o f  th e s e  v a r ie t ie s  

to  shade m a y  be  explained  due to  th e  d i f fe re n c e s  in th e  p ar t i t io n in g  

of  as s im ila te s  b ec a u s e  no s ig n if ic an t  in te ra c t io n  w as n o t ic e d  b e tw e en  

shade levels  and v a r ie t ie s  in any o th e r  g ro w th  c h a r a c t e r s  o th e r  th a n  

h arv e s t  index.

One o f  t h e  m ain  o b je c tiv e s  o f  th e  p re s e n t  s tu d y  was to  find 

out w h e th e r  th e r e  ex is ts  ap p re c ia b le  in t e r v a r ie t a l  d if fe re n c e s  in 

shade response  and if  th e y  do, to  s e le c t  v a r ie t ie s  fo r  d if fe re n t  shade 

s i tu a tio n s .  Though such a f inal s e le c tio n  is d iff icu lt  b as ed  on th e se  

d ata  c o l le c te d  fro m  sm all  p lo ts ,  t h e  e x is te n c e  o f  ap p reciab le  v ar ie ta l  

d if fe re n c e s  is c lea rly  brought out fro m  th e  s ig n if ic an t  in te ra c t io n  

e f f e c t s  n o te d  in th e  analysis c a r r ie d  out in th r e e  w ays. Also, based 

on th e  av a ilab le  d a ta ,  it  was d if f icu lt  to  s e le c t  a  few su p e rio r  v a r ie t ie s  

following a s ta n d a rd  p ro ce d u re  b ec au s e  o f  v ar ia t io n s  n o te d  in th e  

ranking on f resh  and dry w eight basis. A dded to  th is  w as t h e  d if f icu lty  

induced by t h e  loss o f  a few  v a r ie t ie s  due to  d isease incid en ce.  Because
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of th e s e  a few  a r b i t ra ry  c r i te r ia  w ere  used to  s e le c t  th e s e .  The six 

v a r ie t ie s  w ith  s t a t i s t i c a l  p a r i ty  in rh izo m e yield w ith  th e  highest 

y ie lders  a t  all shade levels w ere  V-j, V^, and Vg (Analysis 3) .

All th e  v a r ie t ie s  w ith  p a r i ty  in analysis  (1 )  and (2 )  also a p p e ared  

as superior  in analysis (3 ) ,  w h e re v e r  th e s e  w ere  included in com parison, 

th e  only ex c ep t io n  being Vg. These six v a r ie t ie s  th u s  m ay be  te n ta t iv e l y  

se le c te d  as g en erally  su p erio r  for all shade levels and m a y  be carried  

fo rw ard  for f u r th e r  t r ia ls .  The b es t  single v a r ie ty  fo r  n ea r ly  all s i tu 

ations is V9 (V alluvanad). V arie ty  V^ ( J a m a ic a )  a p p e a r e d  to  be alm ost 

as good.

Though d a ta  a r e  not a d e q u a te  for  drawing final conclusions, 

b ased  on av a ilab le  d a ta  th e  bes t  v a r ie t ie s  for  th e  d if fe r e n t  shade 

s i tu a tio n s  a r e  as follows (based  on p a r i ty ) .

Open

25 per  ce n t  shade 

5 0  p er  ce n t  shade 

75 p er  ce n t  shade

V-j, Vg, V^ (A nalysis 3 )

Vg, V4 , V^ (A nalysis 2 and 3)

V.p Vg, V-j (A nalysis 2 and 3)

Vg, V-j, V1 (Analysis 2 and 3 )

When m o re  th a n  one mode o f  analysis  was done, th o se  v a r ie t ie s  

t h a t  w e re  com m on fo r  both  only a re  included in t h e  p re p a ra tio n  

o f  t h e  above list.

With re g a rd  to  co n te n t  o f  th e  th r e e  f e r t i l i s e r  n u tr ie n ts ,  th e s e  

followed d if fe r e n t  p a t te r n s .  The te n d e n c y  of  potassiu m  w as to  in crease  

or to  re m a in  s te a d y  w ith  increasing  shade levels , while th e  n itrogen 

c o n te n t  showed d e c r e a s e  in haulm  and in c re ase  in rh iz o m e .  Phosphorus 

c o n te n t  of th e  haulm  and rh izom e d e c re a s e d  s te ad i ly  in d icat in g  th e  

inability  to  absorb th is  n u tr ie n t  under shad e.  A d e c re a s e  in th e  'P' 

e f f ic ie n c y  r a t io  has been r e p o r te d  in w inged bean grown under shade 

(Sorenson, 1 9 8 4 ) .  U p tak e  o f  n u t r ie n ts  follow ed th e  sam e p a t t e r n  as 

t h a t  o f  d r y m a t t e r  production  ex c e p t  in phosphorus, and one valid 

conclusion out o f  th e  d a ta  is t h a t  th e  t r e a t m e n t  giving th e  highest



72

yield also recorded  th e  highest uptake values. C alcu la ted  as p erc en ta g es  

of th e  uptake in th e  open, th e  crop rem oval of nitrogen, phosphorus 

and potassium a t  25 ,  50  and 75 per  cent shade w ere  109 ,  75 and 

51 , 73 , 46 and 26 and 118, 95 and 66, respectively .  It may, th e re fo re ,  

be concluded t h a t  th e  req u irem en t of n itrogen and potassium at  

25 per cent shade will be around 115 per cent o f  th a t  in th e  open 

while th e  req u irem en t of  n itrogen is only about 75 per cent a t  50 

per ce n t  level of  shade. The uptake of potassium a t  th is  level of 

shading was almost same as th a t  in open. At th e  intense shade level 

of  75 per  cent th e  requirem ent of  th e s e  n u tr ie n ts  is only about half 

as m uch. The req u irem en t  of phosphorus a t  th e  increasing levels 

of  shade was in proportion, to  th e  light intensity , th e  values being 

74 , 46  and 26 respectively .  These results  indicate th e  scope fo r  bringing 

down th e  fe r t i l i s e r  doses a t  th e  medium and intense shade levels, 

w here yields are  com paratively  low and th e  n ec es s i ty  o f  slightly 

increasing th e  doses o f  nitrogen and potassium under light shade.

There was a progressive decrease  in th e  oleoresin co n ten t upto 

50 per cent level o f  shade, a f te r  which th e re  was a m arginal increase. 

The higher oleoresin co n ten t in no shade condition can be explained 

as due to  th e  unobstructed  photosynthesis leading to  accum ulation 

of th e  secondary m etab o li te s  like resins, resin acids, and unoxidised 

sugars which are  th e  major com ponents of  th e  aceto n e  e x t ra c te d  

oleoresin o f  ginger rh izom e. With th e  increase in shade beyond th e  

level of  mild shading (2 5% ) th e re  was a p ro p o rtio n ate  decrease  in 

th e  p h o tosynthetic  r a te  and th e  accum ulation  of abaove compounds. 

A m arginal increase in the oleoresin at  75 per  cent shade imposition 

may be explained by th e  re te n tio n  o f  the volatile oil molty which, 

o therw ise undergose oxidation, degradation, isom erisation and polym eri

sation (Z acharia  and Gopalany 1987).

Among d if fe ren t  v ar ie ites ,  th e  maximum oleoresin per  cent 

was in v ar ie ties  V1Q (PGS 35), V12 (PGS 10 ),  Vg (Jugijan ) and V5
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(R io -d e -jen e iro ) .  This m ay be due to  th e  low er co n te n t  o f  s ta rc h  

in th e s e  v a r ie t ie s ,  as  in d ic a ted  by th e  l im ite d  p h o to sy n th esis  and 

low er dry m a t t e r  p roduction . S tarch  c o n te n t  is known t o  be n eg a tiv e ly  

c o r r e la te d  to  o leo resin .  In v a r ie ty  th e  low er s ta r c h  c o n te n t  m ay 

be due to  th e  poor t r a n s lo c a t io n  of  p h o to s y n th a te s  to  rh izom e and 

ac cu m u la t io n  o f  resins and resin  acids.

The sa lie n t  f e a tu r e s  fro m  th e  above discussion m a y  be su m m arised  

as follows.

1. As th e  p e r f o rm a n c e  o f  m ost of th e  v a r ie t ie s  is b e t t e r  under 

shade th a n  in th e  open th is  crop m ay b e  co n sid ered  as  shade 

loving. Thus th is  crop is highly su ita b le  fo r  in te rcro p p in g  in coconut 

gardens.

2. Six v a r ie t ie s  J o r h a t ,  N adiya, J a m a i c a ,  K uruppam padi, Valluvanad 

and P o t ta n g i  se le c tio n  6 6 7  are  s e le c te d  as g en erally  superior  

v a r ie t ie s  fo r  all shade s i tu a tio n .

3 . Since th e  responses  o f  th e s e  v a r ie t ie s  to  varying shade levels 

a r e  d i f fe r e n t ,  as ev id en c ed  fro m  th e  s ig n ifican ce  o f  in te r a c t io n ,  

v a r ie t ie s  for  d if fe re n t  shade s i tu a t io n s  are  s e le c te d .  Thus th e r e  

is scope for using v a r ie t ie s  accordingly .

4 . Since d r y m a t te r  a c cu m u la t io n  and h arv e s t  index follow ed the 

sam e p a t t e r n  as th a t  o f  rh izom e yield, it m a y  be in fe r re d  t h a t ,  

both synthesis  o f  ca rb o h y d ra te  and its  t r a n s lo c a t io n  had m ajor 

role on th e  shade response o f  th is  crop.

5. D a ta  on u p tak e  o f  n u tr ie n ts  rev e a ls  th e  scope fo r  bringing down 

th e  f e r t i l i s e r  a t  in te n se  shade levels  w here  yields a r e  c o m p a ra 

tiv e ly  low and th e  n e c e s s i ty  o f  slightly  increasing  th e s e  under 

mild shade.
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6. G inger v a r ie t ie s  grown under shade give b e t t e r  yield as well 

as  q u al i ty  rh izo m es  upto 25  per ce n t  since t h e r e  w as no a p p re 

ciable re d u c tio n  in th e  q u al i ty  of  rh izo m es  due to  mild shading.



T u r m e n c

Shading d e c re a s e d  th e  rh izom e yield o f  all th e  t u r m e r ic  v ar ie t ie s .  

P la n ts  grown a t  0 p e r  ce n t  shade s ig n ifican t ly  d if fe re d  fro m  th e  

r e s t  and re c o rd e d  t h e  highest value. The yields a t  2 5 ,  5 0  and 75 

per ce n t  shade levels ex p ressed  as p e r c e n ta g e s  o f  t h a t  in th e  open 

a re  7 4 ,  55  and 5 0  on f re sh  w eight basis and 7E^>63 and 36 on dry 

w eight basis ,  resp e c tiv e ly .  As yields ap p e a re d  to  be in proportion 

to  th e  light in te n s ity ,  t h e  t u r m e r i c  v a r ie t ie s  s tu d ie d  seem  to  fall 

in th e  ca te g o ry  o f  shade in to leran t  p lants .  R e su lts ,  r e p o r te d  by 

R a m a d asa n  andj S a th e esa n  (1 9 8 0 )  and Singh and R andhaw a (1 9 8 8 )  

also ag re e  w ith  th is .  On th e  c o n tra ry ,  Bai and N air  (1 9 8 2 )  rec o rd e d  

th e  h ighest yield o f  tu r m e r ic  w ith  p la n ts  grown at 5 0  per  ce n t  shade.

D a ta  on d r y m a t te r  a c cu m u la t io n  and h arv est  index ju s t ify  th®. 

o bserved  t r e n d  in rh izo m e yield. The d e c re a s e  in yield w as co n sis ten t 

w ith  th e  g en eral  g row th  p e r f o rm a n c e  of th e  crop in te r m s  of  d r y m a t te r  

a c cu m u la t io n .  The above s im ila ri ty  in th e  t r e n d  of dry w eight and 

rh izom e in d ic a tes  t h a t  light had a dom inant role in deciding th e  

o bserved  response to  shade. As had been concluded  by Bai (1 9 8 1 )  

th e re  was p ra c t ic a l ly  l i t t le  inf lu en ce  o f  shade on t ra n s lo c a t io n  of

p h o to s y n th a te s  to  rh izo m es. T here  a re  re p o r ts  o f  d e c re a s e  in n et

carbon exch an g e due to  shading (Wolf and B laser, 1 972  on a l fa lfa ) .  

D e c re a s e d  le a f  a r e a  index, crop g ro w th  r a t e  and n e t  ass im ila tio n

ra te  have been r e p o r te d  m tu r m e r ic  under shade co m p ared  to  th e  

same under open conditions (R a m a d a s a n  and S a th e esa n ,  1 9 8 0 ) .  These 

reasons also ap p e a r  to  apply for  t h e  re su lts  n o te d  in th e  present 

study.

Among th e  v ar ie t ie s ,  (PCT 5 )  was found to  be th e  best  both

on fresh  and dry w eight ba is. Synthesis o f  c a r b o h y d ra te  and its 

t ra n s lo c a t io n  w ere  also found to  th e  highest in th is  v a r ie ty  as evidenced
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from  th e  d a t a  on d r y m a t t e r  ac c u m u la t io n  and h arv e s t  index. Significant 

yield d i f fe re n c e s  w e re  n o tic e d  am ong v a r ie t ie s  w ith  r e s p e c t  to  yield 

and yield co m p o n en ts .  All t h e  h ighest yielding v a r ie t ie s  e x c e p t ,  

and re c o rd e d  h igher  v alues  o f  h arv e s t  index and d r y m a t t e r  a c c u m u 

lation also. In and though th e  yield w as high, th e  h arv e s t

index was s ig n if ic an t ly  low er th a n  th e  r e s t ,  indicating  th a t  th is  low 

h arv e s t  index w as c o m p e n s a te d  by th e  higher r a t e  o f  p h otosynthesis  

and g r e a te r  d r y m a t t e r  ac cu m u la t io n .  A n o th er  point n o te d  was th a t  

th e  v a r ie ty  re c o rd e d  very  high h arv e s t  index. But th e  yield was 

co m p a ra t iv e ly  lower th a n  t h a t  of  o th e r  v ar ie t ie s .  H ence it ap p ears  

th a t  in th is  v ar ie ty ,  p h o to sy n th esis  w as responsible for  such a d ecrease  

in rh izo m e yield. But when t h e  yield d a t a  w ere  analysed  on dry w eight 

basis t h e  yield o f  this  v a r ie ty  was co m p arab le  w ith  th e  re s t  of  th e  

high yie lders.  R e s u lts  on p e r c e n ta g e  d ry ag e  also ju s t ify  th is .  H ence 

th e  low er m o is tu re  c o n te n t ,  in th e  rh izo m e in this  v a r ie ty  a t  th e  

t im e  o f  h arv e s t  m a y  also be a co n tr ib u tin g  f a c to r  fo r  th e  low yield

on f resh  w eight basis.

E f f e c t  of  shade on grow th  c h a r a c t e r s  like p lan t heig h t,  n u m b er

o f  t i l le r s  and  n u m b er  of  leaves follow ed th e  sa m e p a t t e r n  as  th a t

o f  g inger. Chlorophyll c o n te n t  and its  f ra c t i o n s  chlorophyll a and

chlorophyll b w e re  found to  in c re ase  w ith  shad e, but d e c re a s e d  with

age. With age chlorophyll a to  b r a t io  te n d e d  to  in c re ase  indicating

th a t  chlorophyll b was d eg ra d ed  m o re  th a n  chlorophyll a. Such resu lts

are  e a r l ie r  re p o r te d  (C ooper  and Qualls, 1 9 6 7 ,  Bjorkm an, 19 6 8 ,  Nayak

^  a h ,  1 9 7 8 ,  Bai, 1 9 8 1 ,  G ra n t  and R yug, 1 9 8 4 ,  V ijayakum ar et al.,  1985  
e l al

and A nderson, 19 8 5 ) .

A lthough th e  g en e ra l  t r e n d  was one o f  su p e rio r i ty  of  full light 

in m ost of  th e  v a r ie t ie s ,  th e  shade responses o f  th e s e  w e re  d if fe ren t  

as in d ic a te d  by sig n ifican ce  o f  in te r a c t io n  e f f e c t s .  H en ce, keeping

th e  o b jectiv e  in mind, an a t t e m p t  w as m ade to  s e le c t  six v ar ie t ie s
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as generally  superior a t  all shade levels for  th e  purpose of being 

ca rr ie d  forw ard for fu rth e r  tes t in g .  Basing th e  se lection  on s ta t is t ica l  

parity  with th e  best varie ty  at  all shade levels was difficult as p r a c t i

cally all v ar ie t ie s  would th en  be included. Selecting th e  best varie ties  

for each  shade level would m ean inclusion of V^, Vg, and V^.

Variety V^ was also included as this v ar ie ty  cam e to  be th e  second 

highest yielder at 25 and 75 per cent shade levels both on fresh and 

dry weight basis. V ariety V^ was included as this  gave th e  second 

highest yield at  50  per  cent shade and as no v ar ie ty  o th e r  than th e  

highest yielder was chosen to  rep resen t  this shade level.

With reg ard  to n u tr ien t co n ten ts  n itrogen and potassium  showed 

an increasing t re n d  w ith  increasing shade while th e  co n ten t  of phos

phorus rem ained  almost sam e. An in c re a s e / th e  p e rc en ta g e  o f  nitrogen 

due to  shading has been rep o r ted  in r ic e  (Rai and Murthy, 19 77 ).  

The role of potassium ions under stress  conditions, is well established. 

The requirem ent and uptake o f  this  n utr ient under shade may be 

high may be because its  role in th e  s to m a ta l  m ovem ent.

U ptake of n u tr ie n ts  followed almost th e  sam e tr e n d  of d ry m a t te r  

and yield except potassium, uptake of which was not much a l te red  

due to  shading. The p e rc en ta g e  crop rem oval of N, P and K a t  25 , 

50 and 75 per cent shade levels w ere 89 ,  83 and 80 , 62 , 62 and 51 

and 101 ,  105 and 85 . One valid conclusion t h a t  can be drawn from 

this is th a t  th e  application r a te  of fe r t i l i s e r  potassium is to  be nearly 

th e  sam e as th a t  o f  open, while th a t  o f  phosphorus is to  be only 

half as much. The req u irem en t  of nitrogen is also com parable to  

open. H ence th e re  is no scope for brining down th e  fe r t i l ise r  dose 

under shade, except for phosphorus.

Among th e  v a r ie t ie s ,  no relationship was n o ticed  betw een  uptake 

of  n u tr ie n ts  and yield, indicating th a t  th e  uptake values are  not
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a t  all indication  o f  yield. These are  just an index of  n u tr ie n t  re q u ir e 

m e n t.  T hese d i f fe re n c e s  in th e  req u ire m e n t m ay be due to  t h e  "diffe

ren c es  in th e  g e n e t ic  makeup.

The curcu m in  c o n te n t  had shown a pro g ressiv e  d e c re a s e  w ith  

in c re ase  in shad e.  As th e  g en e ra l  g ro w th  o f  th e  p la n t  is d ec reas ed  

w ith  in c re a s e  in shad e,  as in d ic a ted  by th e  low er  d r y m a t t e r  production , 

norm ally  th e  synthesis  o f  se co n d a ry  m e ta b o l i te  also should d ec reas e .

The sa lie n t  f e a tu r e s  from  th e  above discussion m ay be  su m m arised  

as follows :

1. Since th e  yield is in p ro p o rtio n  to  th e  light in te n s ity ,  th e s e  v a r ie 

t ie s  m ay be grouped under th e  class  o f  shade in to le ra n t  p lan ts .

2. V arie ta l  responses d if fe red  under shade as  evid en ced  fro m  th e

sig n ifican ce  o f  in te ra c t io n  e f f e c t s .

3. Six v a r ie t ie s  w ere  s e le c te d  as gen erally  su p erio r  for  all shade

s i tu a tio n s .

4 . R e su lts  in d ic a ted  t h a t  th e r e  is no scope for bringing down th e

f e r t i l i s e r  doses a t  th e  increasing  levels  o f  shade w h ere  yields

are  c o m p a ra t iv e ly  low .T he only e x c ep tio n  a p p e ars  to  be phosphorus.

5. At th e  increasing levels  of  shade th e r e  is q uality  d e te r io ra t io n  

along w ith  yield decline .
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SUMMARY

A field  ex p e r im en t  was designed for sc reen in g  v ar ie t ie s  of  ginger 

and tu r m e r ic  for  shade to le r a n c e  during th e  y e a r  1 9 8 8 - 8 9  a t  th e  

C o lleg e  o f  H o r t ic u l tu re ,  V ellam kkara ,  T rich u r,  K era la ,  India. The 

.objectives o f  t h e  study  w ere  to  s e le c t  v a r ie t ie s  su itab le  for  varying 

shade levels 3nd to  study  th e  changes  in g u al i ty  o f  crop produce

induced by shading.

O b serv a t io n s  on various p lant c h a r a c t e r s  w e re  re c o rd e d  to  assess 

th e  p e r f o rm a n c e  o f  th e s e  v a r ie t ie s  under shade. C h e m ic a l  s tudies

w ere also ta k e n  up to  assess th e  co n ten t  and u p tak e  of f e r t i l i s e r

n u tr ie n ts  and q u al i ty  changes induced by shading.

The r e s u l t s  of  th e  e x p e r im en t  c a r r ie d  out a r e  su m m arised  below:

The e f f e c t  o f  shade on plant height and chlorophyll c o n te n t  

was p o sit iv e ,  while it was n eg a tiv e  in th e  ca se  of  num ber  o f  t i l le rs  

and n u m b e r  of  leaves in all th e  g inger v a r ie t ie s  t r ie d .

Most of  t h e  g inger v a r ie t ie s  re c o rd e d  t h e  highest yield a t  25

per  c e n t  sh a d e . As yield te n d e d  to  be h igher at  a c e r ta in  level o f  

shade th a n  in th e  open ginger v a r ie t ie s  t e s te d  w ere  grouped  in th e  

ca te g o ry  o f  shade loving p lants.

G inger v a r ie t ie s  grown a t  25 per  c e n t  shade gave th e  highest

haulm  yield and dry m a t t e r  p roduction . H ighest value o f  h arv est

index was also n o tic ed  at  25 per  cent shad e.  Though th e  harvest

index was found th e  highest a t  25 per  ce n t  shad e, it was s ta t is t ic a l ly

on p ar  w ith  th o se  a t  5 0  and 75 per ce n t .

The p e r c e n ta g e  d ryage o f  g inger rh izo m e in c re ase d  w ith , increase  

in shading w ith  th e  m axim um  dryage a t  75 per  cent shade.
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With res p e c t  to  g inger quality , v a r ie t ie s  grown w ith o u t shade

y ie lded  th e  bes t  qu ality  rh izom es.

The u p tak e  of n itro g en  and p otassium  in cre ase d  from  0 p e r  cent 

shade to  25 per  c e n t  and th en  showed a d ra s t ic  d e c re a s e ,  while uptake 

of  phosphorus s te ad i ly  d e c re a s e d  w ith  increasing  shade in te n s it ies .

Six v a r ie t ie s  J o r h a t ,  N adiya, J a m a ic a ,  P o ttan g i  S electio n  6 6 7 ,

Kuruppam padi and Valluvanad w ere  t e n ta t iv e l y  s e le c te d  as gen erally  

su p erio r  fo r  all shade  levels and to  be c a r r ie d  fo rw ard  fo r  fu r th e r  

tr ia ls .

The bes t  single v a r ie ty  fo r  nearly  all s i tu a tio n s  w as found to

be Valluvanad. Ja m a ca  also ap p e a re d  to  be as good.

S ignificant in te r a c t io n  was n o tic e d  b e tw e e n  shade levels and 

v a r ie t ie s  on rh izo m e yield. The following v a r ie t ie s  w ere  s e le c te d

for varying shade s i tu a tio n s .

Open - J a m a ic a ,  Valluvanad and K uruppam padi

25 per  c e n t  shade - Valluvanad, P o ttan g i  Selection  6 6 7  and

All t h e  t u r m e r i c  v a r ie t ie s  re c o rd e d  th e  highest yield a t  0  per  

ce n t  shade e x c ep t  PTS 2k. As yields te n d  to  be in proportion  to  light 

in te n s ity ,  th e s e  v a r ie t ie s  w ere  grouped as  shade in to le ra n t.

P lan t height and chlorophyll c o n te n t  in cre ase d  w ith , increasing 

shade, while num ber  o f  t i l le r s  and n u m b er  of  leaves showed a d ra s t ic  

d ec reas e  in all th e  tu r m e r ic  v a r ie t ie s .

50  per cent shade 

75 per  ce n t  shade

J a m a ic a

J o r h a t ,  Valluvanad and J a m a ic a  

Valluvanad, J a m a i c a  and J o r h a t .
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T u rm e r ic  v a r ie t ie s  grown a t  0 per  ce n t  shade r e c o rd e d  th e  highest 

haulm yield and d r y m a t te r  p ro d u ctio n .  H arv es t  index w as not d l te red  

by shading.

The p e r c e n ta g e  d ry ag e  in cre ase d  w ith  in c re ase  in shading from  

0 to  75 p er  c e n t .

C u rcu m in  co n te n t  D f  rh izom e showed a progressive d ec reas e  

w ith  in c re ase  in shading.

U p tak e  of  all th e  n u tr ie n ts  was found to  d e c re a s e  w ith  shade 

e x c ep t  potassiu m  uptake of  which w as m axim um  a t  5 0  p er  ce n t .

S ignificant in te rac t io n  w as n o tic e d  b e tw e en  shade levels  and v a r ie 

t ie s  D n  rh izo m e yield ana lysed  on fresh  and dryweight basis.

The v a r ie t ie s  PCT 5 (Vg), PTS 24 (Vg), B S R I ( V ^ )  and M yducker 

(V.,) w ere  s e le c te d  as superior  v a r ie t ie s  for  0, 25 ,  5 0  and  75 per  

ce n t  sh ad e,  re sp e c tiv e ly .

V arie ties  M yducker (Vv ) PCT 2 (V3 ), PTS 9 (V4), P T S  2 4  (V Q) 

PCT 5 (Vg) and B S R 1 ( V ^ )  w ere  co n sid ered  as  g en erally  su p erio r  

for  p ra c t ic a l ly  all s itu atio n s.

R e su lts  in d ic a ted  th a t  th e  g inger Varieties t e s te d  a r e  highly 

su itab le  f o r  in te rcro p p in g  in coco n u t g a rd e n s  while tu r m e r i c  v a r ie t ie s  

will b e  su itab le  f o r  in te rcro p p in g  only under conditions o f  am ple 

light in f i l te ra t io n .
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Appendix 1 Meteorological data for the crop period (June 1988 to February 1989)

Week
No.

Month and date Maximum 
tempera 
ture °C

Minimum 
tempera 
ture °C

Soil temperature 
5 cm

FN AN

Rainfall
(mm)

Humidity

(%)

Sunshi
hours
(h)

26 June 25th to July 1st ' 29.7 22.6 26.6 31.3 154 3 84 5 3.9

27 2 8 30 4 23.1 27 4 33.5 19.7 82.5 6.6
26 9 15 29.6 23.4 26.0 32.9 105.4 86.5 4 □

29 16 22 28 2 22.8 25.0 28.8 245 9 93 0 0.3

30 23 - 29 27.6 23.3 24.8 30.5 134 9 88.0 0.5

31 30 - August 5th 29.9 24.5 25 8 33.3 89 9 86.0 3.6

32 6 ■■ 12 28.9 23 9 25.7 32 9 61 2 87.5 2.9

33 13 19 28.2 24.3 25 2 30.6 177.6 89.0 3.2

34 20 - 26 29.7 24 6 26.1 34.2 72.1 83.5 5.1

35 27th - September 2nd 29.6 23 6 25.3 32.8 200 8 84.0 3.9

36 3 9 29.6 23.6 26.0 33 6 153 7 84.5 4 9

37 10 - 16 30.5 23.4 25 9 34.7 113.7 85.0 6.1
38 17 - 23 29 6 23.4 25 6 33.1 240.00 85.5 4.5

39 24 - 30 24 7 22.4 22 5 23.3 123.2 85.0 4.3

60 October 1 to 7th 30.4 23.4 26.3 33.9 29.8 32.0 6.5

41 8 -■ 14 31.8 23.3 26 5 36.4 19.6 78.0 7.7

42 15 - 21 31.8 24.0 26 8 37.0 6 8 78.5 7.6

43 22 - 28 31 9 22.8 25 70 35.6 60 4 77.5 6.0
44 29 - November 4th 33.3 23.4 26 40 36.4 6.8 71.0 8.1
45 5 - 11 31 3 23.9 24.8 35.7 2.0 70.0 5.6
46 12 - 18 33.2 23.2 26 1 40.7 2 2 67.5 9 3

47 19 - 25 32.6 22.6 26.1 40.5 65.5 7.7

48 26 - December 2nd 32.6 20.1 23 9 39.8 65.0 7.9

49 3 - 9 31.9 22.7 25.6 39.3 77.5 7.2

50 10 - 16 33.4 22.8 25.3 41.4 62.5 9.3
51 17 - 23 -3 216 23.2 24.3 39 5 49.5 7.4

52 24 - 31 37.7 24 8 27.9 46.7 6.5 11 9

1 January 1st - 7 33.0 23 5 25 3 41 1 53 5 9 5

2 8 - 14 33.3 21.2 24.6 40.4 56.5 8.8
3 15 21 33.1 22.7 24.8 39.2 55.5 5.7

4 22 - 28 33.6 21.2 24 1 42.9 48.5 7.4

5 29 - February 4th 34.9 22.7 24 6 43.9 38.0 4 1
6 5 11 36.1 21 2 22.8 46.7 42.0 10.4

7 12 - 18 36 8 21 8 25.5 48.2 53.5 9.8

Source : Agromet observatory, College of Horticulture, Vellamkkara.



Appendix 2 Analysis of variance for plant height and number of tillers of ginger varieties

Source D r

Mean squares

Plant height Number of tilleis
60

DAP
120
DAP

120
DAP

180
DAP

60
DAP

120
DAP

120
DAP

180
DAP

(1 ) (2) (1 ) (2)

Replication 3 13.1 68.6 38.6 61.5 0.87 10.6 3.3 7.5

Mainplot (1 )3 1921.1** 2511.6** 32 .3 ** 400 .8**

(2)2 174.5 245.8 145.1** 118 .1**

Error (a) (1)9 98.1 99.6 2.3 12.8
(2)6 160.5 80.3 15.4 4.1

Subplot (1)11 844 .5** 20.1 * *

(2)12 1097.5** 6 5 3 .6**3 55 .6* * 2 .5** 14.2 53 .8 **

Interaction (1)36 20.9 0.94*

(2)24 23. B 22.5 2.0 7 .6 **

(3)33 29.0 5.2

Error (b) (1 )144 32.3 0.60

(2 )108 42.9 43.4 2.4 3.5

(3 )132 35.8 4.4

*  Significant at  5% level

* *  Significant at 1% level

(1) Data analysed by deleting ongsubplot ( V^)

(2 )  Data analysed by deleting one mainplot (T^)



A p e n d i x  3 A n a l y s i s  o f  v a r i a n c e  f o r  n u m b e r  o f  l e a v e s  a n d  d r y m a t t e r  p r o d u c t i o n  o f  g i n e r

Source DF

Mean squares

Number o f leaves D ry m a tte r production
60  D A P 120 DAP  

(1)
120 DAP 180 D A P  

(2)
(1) (2)

R eplication 3 135.7 1192.4 695.6 2324.9 274.0 3 09 .5*

Mainplot 1) 3 5 75 .1* 4 2 2 8 9 .4 ** 2 1 6 4 .4 **

2) 2 21659 .9* 4613.2 5 13 3 .2 **

Error (a) 1) 9 110.6 1614.7 30.2

2) 6 2239.9 1251.2 47.5

Subplot 1) 12 1 5 3 .8 ** 1 6 7 7 .8 ** 6 3 7 9 .1 ** 2 4 9 .3 **

2) 11 2 1 3 5 .7 **

3) 8 2 1 0 .**

In teraction 1) 36 28.3

2) 33 418.3

3) 24 269.8 563.9 42.4 80.8

Error (b) 1) 144 26.9

2) 108 274.6 527.5 83.1

3) 96 63.4

4) 132 328.3

*  Significant a t 5% level

* *  Significant at 1% level

(1) Data analysed by deleting subplots (V^, V^, and V^)

(2) D ata  analysed by deleting mainplot (T^)



Appendix 4 Analysis of variance for rhizome yield of ginger varieties

Mean squares

Source DF Fresh weiqht basis Dry weiqht basis

(1 ) (2) (3) ( 1 ) (2 ) (3 )

Replication (1) 3 88 .3* 41.2 0.61 0.53

(2) 2 6 5 .0 * 1.0
Mamplot (1) 3 4 7 2 .9 * * 646.B** 7 .7 * 9 .0 *

(2) 2 94 9 .9 * * 16 .8*

Error (a) (1) 9 15.5 0.52

(2) 6 21.2 9.7 0.42 0.61

Subplot (1 ) 8 28 1 .2** 5 .6 * *

(2) 12 1 6 4 .9 * * 4.8

(3) 11 2 2 8 .1* * 4 .9**

Interaction (1) 24 16 .4** 10.2* 0.26 0.18

(2) 33 14 .9** 0.24

Error (b) (1 ) 96 6.4 0.23

(2) 1 08 5.5 0.1 B

(3) 8B 6.8 0.20

*  Significant at 5 % level

* *  Significant at 1% level

(1) Data analysed by deleting a few subplots (V., Vc, V,, & V )
1 j  6 9

(2) Data analysed by deleting one mainplot (T^)

(3) Data analysed by deleting one replication (R ^) and one subplot (V^)



Appendix 5 Analysis of v ar ia n ce  for  haulm  yield, h arv e s t  index, and p e rc e n ta g e

dryage o f  ginger v a r ie t ie s

Source DF

Mean squares

Haulm yield H arv es t index P e r c e n ta g e  dryage

(1 ) ( 2) (1 ) ( 2) (1 ) (2 )

R ep lic a tio n 3 2 . 5 * 3 .2 0.01 0.01 13 .7 10.6
(1 ) 3 2 2 . 7 * * 0 . 0 3 * 1 6 8 . 0 * *

( 2) 2 5 1 . 2 * * 0.002 52.5

E rro r  (a ) (D 9 0.58 0 .003 5.9

( 2) 6 0.83 10.8
Subplot ( 1 ) 8 4 . 3 * * 0 . 1 9 * * 1 2 2 . 3 * *

( 2) 12 7 . 3 * * 0 . 1 6 * * 9 8 . 3 * *

In te ra c t io n (1 ) 24 0.93 1.3 0.01 . 0 0 6 * *  7 .3 6.5

E rror (b) (1 ) 96 0.73 0 .003 5.5

(2 ) 108 0.88 0 .003 5.4

_______________ _____________ _____ . . . . .  _ ___  ____  ____

*  S ignificant a t  5%  level

* *  Significant a t  1%  level

(1 )  D ata  an a ly sed  by d ele tin g  a few  subplots (V ^ , V,., V^, & V^)

(2 )  D ata  an a ly sed  by d ele tin g  a m ainplot (T )



Appendix 6 Analysis o f  variance for plant height and num ber of tillers o f  tu rm e ric

v arie ties

Mean squares

Source DF Plant height Number o f  t il lers
6 0  DAP 120  DAP 18 0  DAP 60  DAP 1 2 0  DAP\ 18 0 D A P

Replication 3 1106.3 2E6.4 2 0 4 .0 0.44 1.7 2.7

Mainplot 3 2110 .1 * 7 1 1 2 .1 * * 7 2 1 3 .3 * * 1 .7 * 6 3 . 8 * * 3 8 . 9 * *

Error (a ) 9 370 .9 3 4 4 .0 43 4 .8 0.32 0.76 0.70

Subplot 11 2 4 9 .9 * * 9 5 4 .5 * * 1 5 1 0 .4 * * 0 . 3 1 * * 1 .1 * * 1 .4 3 * *

In terac tio n 33 67.5 2 6 2 .6 * 2 7 5 .1 * 0.12 0 .8 9 * * 0.44

Error (b) 132 74 .9 10 4 .3 107.6 0.14 0.31 0.36

Appendix 7 Analysis of  variance for num ber o f  leaves and dry m a t te r  production 

of tu r m e ric  varie ties

Mean squares

Source DF    N um ber o f  leaves D ry m a t te r  production
60 DAP 120 DAP 180 DAP

Replication 3 8.79 34.6 42.6 44 0 .5

Mainplot 3 3 1 .02 4 6 0 . 9 * * 4 .4 5 3 3 9 .1 * *

Error (a) 9 14.1 24.5 4.7 1 6 2 .7 * *

Subplot 11 1 0 .0 6 * * 3 7 . 9 * * 2 2 . 7 * * 2 3 7 .4

In teraction 33 3.25 7.82 2 09 115.6

Error (b) 132 2.63 5.56 2.23 80 .9

*  Significant at 5% level

* *  Sigmcant a t  1% level



Appendix S Analysis of  v ar ia n ce  for rh izom e yield, haulm  yield, harvest  index 

and p e r c e n ta g e  dryage o f  t u r m e r ic  v a r ie t ie s .

Mean squares

Source DP Rhizom e yield Haulm H arv est P e rc e n t  agi
Fresh  w eight D ry  weight yield index dry ag e  -

R eplication 3 7 0 .4 3.3 6.9 0 .0 0 6 22 .3

Mainplot 3 1 5 4 7 . 5 * * 3 6 . 9 * * 7 8 . 7 * * 0 .009 1 3 3 . 6 * *

E rro r  (a ) 9 37 .2 0.79 2.17 0.008 14.1

Subplot 11 4 7 . 5 * * 4 . 6 * * 8 . 5 * * 0.12 * * 1 2 5 . 5 * *

In te ra c tio n 33 3 6 .9 * 2.1 * * 1.8 0 .005 5.8

E rro r  (b) 132 19 .8 0.63 1.4 0 .006 7 .4

*  Significant at 5%  level

* *  Significant at 1%  level
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ABSTRACT

The p rese n t  stu d y  'Screening  o f  v a r ie t ie s  o f  g inger and tu r m e r ic  

for  shade  to le r a n c e '  was co n d u c te d  during M ay 1 9 8 8  to  F eb ru ary  

19 89  a t  th e  C o lleg e  o f  H o r t ic u l tu re ,  V ellam kkara , T rich u r.  The ex p e r i

m en t  was laid out in a split p lot design w ith  four rep licatio n s.

T h ir tee n  v a r ie t ie s  of g inger and tw e lv e  v a r ie t ie s  o f  tu r m e r ic  

w ere ra ise d  a t  shade levels o f  0 ,2 5 ,  50  and 75  p er  c e n t .  For providing 

shade p andals  w ere  e r e c te d  on wooden f ra m e s  and co v ered  w ith 

coconut fronds to  provide th e  req u ired  levels o f  shade. These were 

co v ered  on all sides also leaving a c le a ra n c e  o f  1 m from  ground 

level. An Aplab lux m e te r  w as  used for  adjusting  th e  shade in te n s it ies .  

Most of  th e  g inger v a r ie t ie s  re c o rd e d  th e  highest yield at  25 per  

cent shade and h ence th e s e  w ere  grouped under th e  c a te g o ry  of 

shade loving p lan ts .  This wi l l  qualify th is  crop as highly suitable  

for in te rcro p p in g  in coco n u t gard en s.  O th e r  yield p a r a m e te r s  such 

as d r y m a t te r  prod u ctio n  and h arv est  index w e re  also found to  be 

th e  highest a t  25 per c e n t  shade G inger  v a r ie t ie s  grown w ith o u t  shade 

yielded th e  best  quality  rh izom es. Significant in te r a c t io n  was n o ticed  

b etw een  shade levels and v a r ie t ie s  on rh izo m e yield. Valluvanad was 

s e le c te d  as th e  best single v a r ie ty  for  all s i tu a tio n s .  J a m a ic a  also 

ap p e a re d  to  be alm ost as  good. T h re e  v a r ie t ie s  e a ch  w e re  s e le c te d  

as su itab le  for 0 ,  25 ,  5 0  and  75  per  cent shade. These a re  J a m a ic a ,  

Valluvanad and K uruppam padi for 0 per  ce n t  shade; Valluvanad, P ottangi 

S election 667  and J a m a ic a  for  25 p er  ce n t ,  J o r h a t ,  Valluvanad and 

J a m a i c a  for  50  per  cent and V alluvanad, J a m a ic a  and J o rh a t  for 

75 per  ce n t  shade.



All t h e  t u r m e r ic  v a r ie t ie s  t e s t e d  re c o rd e d  th e  highest yield at 

0 per  ce n t  shade thus enabling th e  t e s t e d  v a r ie t ie s  to  be c lassified  

as shade in to le ra n t .  All th e  yield p a r a m e t e r s  w ere  also found to 

be th e  highest in th e  open. H arv est  index w as, h o w ever, not a l te r e d  

by shading S ignif icant in te rac t io n  was n o tic ed  b e tw e en  shade levels 

and v a r ie t ie s  on rh izom e yield. Six v a r ie t ie s  w e re  s e le c te d  as superior  

for n ea r ly  all s i tu a tio n s .  V arie t ies  PCT 5,  PTS 24 , B S R I and Myduckur 

w ere  s e le c te d  for  0 ,  25 ,  5 0  and 75  per  ce n t  sh ad e,  resp e c tiv e ly .





Plate 1 General view of the experimental field showing frame constructed
for providing shade.

Plate  2 General view of the experimental field a f te r  providing shade.





P late 3  Ginger varieties at 0  per cent shade

P la t e  4  G in g e r  v a r ie t ie s  a t  2 5  p e r  c e n t  sh a d e







P late  7  Turmeric vgrteties a t 0  per cent shade

Plate 8 T^ffmenc yaneties at 25 per cent shade






