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INTRODUCTION

Research on m ultiple cropping in  coconut garden 

was taken up only elnce 1970, though the practice o f  

cu ltivatin g  crops in  the interspaces o f  coconut had been 
a common practice in  Kerala. Early studies conducted mainly 

a t  the Central Plantation Crops Research In stitu te , 

Kasaragodo, have indicated that there i s  enough scope 

fo r  intensifying cropping in  coconut gardens especia lly  
as the coconut roots  a ctive ly  ex p lo it only about 20 per 
cent o f  the land area. However, success o f  th is sort o f  

in ter and mixed cropping had been highly variab le. I t  
has been discerned that ouch d ifferen ces in  the success 

o f  crop combination arise  mainly out o f  d ifferences in  
the competition between crops fo r  the throe basic inputs 
o f  production v ia , l ig h t , water and nutrients. The com

p etit ion  fo r  these factors is  re flected  both in  terns o f 

a decrease in  y ie ld  o f  the mein crop because o f  competi

tion  fo r  water and nutrient and also in  terns o f  poor 

performance o f  associated crop mainly due to competition 

fo r  lig h t .

Preliminary studies conducted at the Central 

Plantation Grope Research Institu te have indicated that 
the amount o f  lig h t  that f i l t e r s  through the coconut canopy



la  markedly o ffooted  by o f  coconut palm. I t  has

been estimated that the lig h t  in fi lt r a t io n  can range 
from ao low as 10 per cent to as much ae 70 par cent 

depending upon age o f  the palm in  a spec© -  planted 
coconut plantation. Based on th is ind ication , the general 

recommendation had been that m ultiple cropping in  coconut 
garden can be taken up before the 10th year end a fter  20th 

year o f  planting. Even so, the illum ination intensity  in  

the interspace o f  coconut s t i l l  shove vide variations from 
about 20 to 70 per cent. With the ides o f  getting reason
able and pro fitab le  returns from the associated crop, the 

general recommendation again can bo to grow shado-loving 
and shade-tolerant plants in  situations o f  higher shade 

in ten sity . I t  was m  th is context o f  se lecting  crops that 
would be suitable fo r  intercropping in  various shade 

situations that the present study was taken up. Though 
such studies on the shade response o f  some crops have been 

reported, no work- on these lin es  has been done in  trop ica l 
crops that could be cultivated along with coconut.

The primary ob jectives  o f  the present study versa

i )  To study the y ie ld  response o f  common rainfod in ter

crops o f  coconut undor varying in ten sities  o f  shade.



i i )  To se le c t  crops suitable fo r  d iffe ren t in ten sities  

o f  shade and to pred ict their y ie ld s  under varying 
shade Situations*

i l l )  To categorise cropo ao shade-loving, shade-tolerant, 
ehade-intolerant end shade-sensitive.

iv )  To study the nutrient removal o f  crops under shade 
so that i t  could be used as a too l fo r  tentatively 

arriving a t f e r t i l i s e r  schedules fo r  these crope 
under eh ado.





REVIEW OJ LITSiiATUKk

Research work on the response o f  crops to varying 

in ten sities  o f  shade i s  re la tiv e ly  scanty especia lly  in  

the case o f  trop ica l opopa that are commonly cultivated 
as intercrops o f  perennial crops# The litera tu re  avai
lab le  on th is aspect on the common agricu ltu ra lly  important 

crops ie  reviewed in  th is chapter# The shade le v e ls  tried 
in  each o f  these experiments apparently had bean highly 
variable and these had not been mentioned in  many o f  the 
reports# Wherever the shade levs la  are mentioned, these 

are included in  the review. Where these are not avai

la b le , the overa ll e f fe c ts  o f  shade (irrespective  o f  i t s  

in ten sity ) are only presented.

The review i s  given cla ss ify in g  the e f fe c t  o f  shad© 

on the follow ing characters with a b r ie f summary o f  the 

general trend o f  reported roeu lts under each.

1. Plant height

The reported resu lts  indicate that the reeponse 

to shade on plant height mop be positive  as in  tobacco, 

ginger and cowpea or negative as in  grain sorghum or 
p os itiv e , negative or neutral ae in  tomato.
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Panikar at a l ,  (1969) noticed that in  tobacco 

plant height increased by 35.2 per cent under shade gb 

compared -to unshaded plento. Aclan and Quisunbing
(1976) observed that in  the case o f  ginger, plants grown 

under the f u l l  sunlight were shorter than those in  toe 

shade, la r i la  e t a l .  (1977) reported that in  cowpea, 
higher lig h t in tensity  reduced p leat height.

The height o f  grain sorghum plants was found to 

decrease with increasing leve ls  o f  shade frost 0 to 50 

per coat (P a lis  and B u strilloo , 1976).

Cooper (1969) observed in  to© case o f  tomato that 

shading either decreased or had no e f fe c t  on mean etea 

extension ra te . I t  was a lso  noticed that the e f fe c t  o f  

■hade on plant height was either p os it iv e , negative or 
neutral depending on toe time o f  year end age o f  the 

plant.

2 . Number o f  branches

She response to shade on number ox oranones pro

duced per plant is  negative ae reported in  peaches, 

c lov er, cowpea and many other plant©.

Bugger (1903) elucidated that,plants under shaded 
condition© exhibited reduced number o f  branches. Under
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shade, to© peach plants produced only lesser number o f  

branches which were willowy and Blender (Gourley, 1920)* 
Belnhert (196?) concluded tout increased lig h t  intensity 

resulted in  increased branching in  white c lov er. 
la r i  la  e t  a l . (1977) reported that in  cowpea, higher 

lig h t  Intensity increased branching o f  toe plants*

?* Modulation in  legumes

E ffect o f  shade on noduletion in  legumes is. generally 
adverse* However, increases in  nodulation cans eluent to 
increased illum ination had been reported to adversely 
a ffe o t  nodule a ct iv ity  and size*

lig h t  intensity had been shown to a ffe c t  growth, 

nodulation and symbiotic nitrogen fix a tion  in  legumes 

(Gibson, 1971; Bathlcnfalvoy and P h illip s , 1977* Wahua 
and M iller, 1976) and th is was related to toe photo ayn- 

toate supply to nodules (A llison , 1935; Wilson, 1935;
Hardy and Havelka, 1975 and Latlmore e t  a l . ,  1977)* Ilodu- 

la tion  o f  a lfa lfa  had been observed essentia lly  to stop 

at lig h t  in ten sities  o f  le ss  than 257 fo o t  candles 
(P ritch ett and Beleon, 1951). Rabio and Kuaazawa (1979) 
reported that In soybeans, size  and number o f  nodules 
decreased by shading* However, in  natural lig h t , the 
highest values o f  nodule size  corresponded to lower nodule
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nuaberc. E ffect o f  shade on soybean was studied by Trang 
and Gidfienc (1930) at four shade in ten sities  (0 , 18, 40 

and 62 per oent) and they reported that the plants with 
no shads produced higher nodule mass and number than 

those under shade. However, to ta l nodule a ctiv ity  (acety

lene reduction assay) was greatest a t 18 per cent shading* 

Wong and Wilson (1930) observed reduced nodulation o f 
Maoroptlliusi atroourpuraaa cv# Diratro under shade.

4* Loaf development

Ihe reported resu lts  on the response to shade on 

le a f  developaent generally indicated increased lea f expan

sion  and decreased le a f  thickness with shading* In the 
case o f  to ta l lea f area, there wore decreases in  some 
plants whereas in  apple and tonsto, there were increases 

because o f  shading* The resu lts  on vegetative growth were 
variab le ,, i t  generally decreasing with shading. In the 

case o f  tomato, the reports indicat© enhanced vegetative 

growth because o f  shading*

Eolfa (190J) reported that citru s plants which were 

grown under 50 per cent Bhade developed thinner leaves 
with a greater le a f area; however, the to ta l le a f  area per 

plant was less* In many horticu ltura l plants, Clark (1905) 
observed that fo r  le a f development, low lig h t intensity 
was most favourable and intense lig h t caused decreased lea f
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grow til resulting in smaller and thicker leaves* Gourley 
( 1920) reported that in appleo, shading reeulted in the 
production o f loosely packed aeeophyll tissues and thinner 
epidermal ce lls  in leaves and in increased leaf area* 
Increased leaf area consequent to shading had also been 
reported-by Porter (1937) in  tomato plants. Hardy (1950) 

studied the nature o f leaves o f oocoa seedlings? under 
varying intensities o f ehade end observed that leaves 
produced under heavy shade were much larger, often attained 
a length o f  20 to 24 inches and wore thinner, heavier and 
contained higher proportion o f water* In general, the 
leaves of shaded plants were thinner shoving poor develop
ment o f palisade tissue and spongy-mesophyll ce ll 
(Boardman, 1977)*

Oitrue plants grown under 50 per cent shade deve
loped considerably loss total lea f area per plant (Rolfs, 
1903) .  Beinhart ( 1963) reported that increased light 
intensity resulted in greater leaf area in clover though 
the mean number o f leaves produced per plant remained 
non-significant* Panlkar et al* (1969) observed that in 
tobacco, length and breadth o f leaves were increased by 
15.1 and 17*6 per cent, respectively, under shade aa com
pared to unshaded plants* STom the tria l on the effects 
o f  ahade on the growth and photoeynthotic capacity of the
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ex otic  noxious weed itciigrasa ( R ottboallla  exaltata L . f . ) 

Patter eon (1979) stated that le a f area production was not 
severely retarded by shading} the plants grown a t 2, 25 

and 60 per cent sunlight had respective ly , 1 .7 , 42 and 99 
per cent o f  the le a f area o f  the plant's grown a t 100 per

i
cent sunlight* In another experiment with three ecotypes 

o f  eogon grass ( Imeerata cy lin d rica l grown under three 

lig h t  in ten sitie s , v i z . ,  100, 56 end 11 per cent o f  f u l l  
sunlight, Patterson (1980) reported that a fter  89 days, 

the plants o f  a l l  the ecotypes produced, on an average, 

three times as much le a f area in  f u l l  sunlight as in  56 

per cent f u l l  lig h t  and 20 times as auoli as in  11 per cent 

f u l l  light* Jn a 50-year.: old T rin itario cocoa plantation, 
Boyer (1970) observed that the flushing in ten sity , lea f 
number and to ta l fo l ia r  surface per tree were greater in 

unshaded trees than those under lig h t or moderate shade* 

Tarila e t  a l .  (1977) reported that in  cowpea, higher lig h t 
intensity improved le a f area and plant size* Itadha (1979) 
observed that number o f  leaves in  pineapple was not in
fluenced by shading.

Porter (1937) studied the e f fe c t  o f  three lig h t 
in ten sities  v is ,  1159.9, 533.1 and 261 fo o t  candles on 
the photoeynthotic e ffic ien cy  o f  tomato plant and observed 
that with decrease in  lig h t  in tensity , there was increased
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vegetative srouth ce Booeurea by bom  free* « A  dry

WQigilt,

5. Chlorophyll content

Host o£ mo reported evidences show mat mo con
centration o f chlorophyll per chit weight o f loaf increases 
with shading ss reported in the caee o f plants like eocoa, 
tea, strawberry, bean, a lfa lfa , bjrdofoot tre fo il, etc.
But the ohloroplaet content por unit leaf surface hoe been 
found 1)0 dGOPSQso with shoding &® ih filffllfQ* foirdsfoov 
tre fo il and in eo&e other plants. In crops like cowpea, 
wheat e tc ., increasing shade intensities have been,found 

to decrease the chlorophyll content per unit lea f weight. 
Changes in the position o f chloroplast according to tho 
differences in light intensity have also been ^ o r ts d

Clark (1905) observed toot in the caw o f strawberry 

d ire ct  Guiilight o f  h i *  ir.ter.eity reemtod in the 49stru"

tion  o f  chlorophyll. Increased oh loropiyli ex tan t won 
noticed in  toa i oaves o f  ehadod c„ 00a plaato (

* « * r .  1953; Guero, 1971). Sto lic r  ^

aede by liaoaevmi (1950) ana Tentatasiani (1961) 

caeo o f  tea. Khoaeien (1970) n etted  r aauoti0Q to  ^  
le a f  pisaent  a* nigh intensity o f  in  tie _

Plants. Badha ( 1979) observed ^  ^

~  tota l chlorophyll contents o f  loaves were foulld *
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increase as the intensity o f  ahade increased in pineapple. 

Okali and Owueu (1975) noticed that, in  cocoa plants t tao 

ch lorophyll content per unit lo a f  freeh weight was sign i
fica n tly  greater in  deep shade. Chlorophyll content per 
unit weight o f  le a f  was found to increase in  the case o f  

plants grown a t lover lig h t In ten sities , but the chlorophyll 
content per unit area o f  le a f  surface was very often  lower 

than the plento grown in  open (Bjoriman and Holmgren* 1963). 
Similar observations were obtained by Cooper and Qualls (1967) 
in  the case o f  a lfa lfa  and b irdefoot tre fo il*

Contrary to too above reports, in  the case o f  cowpea, 

lligaay e t  a l .  (1975) observed that the concentratioii o f  

to ta l chlorophyll Q0 w ell as i t s  components 'a* end • b* 
decreased by increasing shade intensity* In wheat,
Mouroi e t  a l .  (1976a) observed that a l l  pigments decreased 

s ig n ifica n tly  with increasing shade in ten sities  v i s . . 100,

60, 40 or 20 per cent fu l l  sunlight; but toe ra tio  o f  
chlorophyll a#b remained constant a t a l l  shade in ten sitie s .

While disouesing too biology o f  liv in g  chloroplast, 

P riestly  (1929) stated that the chloropl&ste in  leaved 
would undergo changes In position  according to too d i f fe 
rences in  lig h t in ten sity . I t  was pointed out toot in 

leaves o f  plants grown under lower lig h t  in ten eitiee  the
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plastidn uero H alted  in  number and they were arranged 

a t r ig h t angles to the lig h t rays and were larger in 
s iz e , thuo increasing the area fo r  lig h t absorption.

6* Stamatal frequency and stomatal opening

In plants lik e  cocoa, a lfa lfa , b irdefoot t r e fo i l  

e t c .  response to shade on the number o f  © tomato per unit 
area o f  le a f  has been reported to be negative. I t  has 
a lso been observed that the lig h t  intensity at which stomata 

starts to open and close  in  plant© is  something which is  

highly variable between oropsj there are s p e c if ic  threshold 
values o f  lig h t  in tensity , fo r  each o f  the crops at which 

stomata start to open and c lo se . For example, in  the case 

o f  cocoa, the stomata sta rt closing  whenever lig h t Intensity 
f a l l s  below -500 to 700 fo o t  candles and remain fu lly  open 

at intense and d irect illum ination, whereas in  co ffe e , the 

stomata remain pa rtia lly  c lose  whenever the lig h t  intensity 
exceeded 8000 to 8500 fo o t  candles.

Hardy (1953) observed that in  the case o f  cocos, the 
leaves produced under ahade had less  number o f  stomata per 

unit area, ao the epidermal c e l ls  in  the leaves were longer. 
Cooper and Qualls (1967) observed that a lfa lfa  ( Iladicaffq 
sativa L .) end 1 Tana* b irdefoot t r e fo i l  ( Ictus com lculatus L .) 
had more stomata per unit area o f  le a f  when grown in  the 
shade. Humber o f  palisade and mesophyll cell©  and the
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c o l l  volume appeared greatest in leaves exposed to sun 
and palisade layer wee more clearly differentiated,
Holmgren (1963) reported that higher intensities o f light 
during the growth o f plents generally increased the 
stomatal frequency hut there was no significant changec 
either in the length of stomatal pore or in the sis© of 
guard ce lls ,

Ksrdy (1953) differed on the possibility o f cocoa 
being a shade-loving plant and reported the following 
results. By applying the o i l  in filtration  method for 
assessing the degree of stomatal closure, i t  had been 
shown that the stomata of cocoa leaves exposed to fu ll 
intense and direct illumination ( 13,500 foot candles) 
remained completely open and transpired freely as long 38 
water supply was plentiful, Ae against this, the stomata 
o f coffee leavee were reported to' partially close whenever 
the intensity o f illumination exceeded 8,000 to 8,500 foot 
candles and in the shade, they always romainod open provided 
the light intensity was not so less -  a characteristic 
phenomenon o f shade-loving plants* In the caee o f cocoa, 
the leaf stomata began to close when the light intensity 
was reduced to less than 500 to 700 foot candles, which 
was about 5 per cent of the fu ll  sunlight. It was aleo 
observed that under ordinary circumstances, the stomata 
began to open at about 6 AM and maintained their maximum
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alee between 0 AEd and 4 or 5 PH, a fter  which time i t  

started cloning because o f  diminishing lig h t  in  tens i t / .

7* Photosynthesis and dry matter accumulation

Photosynthesis end dry matter accumulation have been 
reported to bo adversely a ffected by shading in  many o f  

the plants,. while in  the case o f  ginger positive  influence 

was reported. The extent o f  decline in  dry matter accu

mulation wan however, varying between plants. In the 
case o f  pineapple, there was no appreciable decrease in  

dry matter accumulation even upto 75 per cent ohadlng.

Singh (1967) reported that exposure o f  ginger to 

Intense lig h t  i s  detrimental to photosynthesis. Accord
ing to Minoru and Hori (1969) £ in gib or mloga. Rose, 

requires a saturating lig h t  intensity o f  200 k ilo  lux. In 
the t r ia l  on potted arebica co ffee  seedlings shaded to 
provide 25, 50 or 75 per cent lig h t , S ilveira  and Uaeetri 

(1975) found that the best growth (as measured by dry 

matter production) was with 50 per cent lig h t . Radha (1979) 
noticed comparable dry matter accumulation in  the leaves 

o f  pineapple both in  shade and in  the open upto flowering 
stage. I t  was a lso seen that the reduction In to ta l dry 

matter 'accumulation was not considerable in  sp ite o f  shad
ing upto 75 per cent. Wong and Wilson (1960), from the 
studies on the e f fe c t  o f  shading to 100, 60 and 40 per cent
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o f  f u l l  sunlight on to© growth o f groen-pbaio grass and 
eirati'o in  pure and mixed' swards defoliated  at 4 weeks and 

3 weeks stage reported that individual loaves o f  shaded 
green-panic had greater photosynthetic a ctiv ity  then those 

from f u l l  sunlight*

I t  was reported by lugger (1903) that shading either 
partially or completely reduced •toe carbondioxlde assi
milation and thereby toe available constructive materials 
for plants* In tomato plants* Porter (1957) observed that 
total amount o f photosynthates decreased with decrease in 
light intensity. Benedict (1941) reported that planta o f 
Agropyron cristaturn* A. eaithll end Bouteloua gracilis  
grown in shade had smaller dry weight* ^ h r  and Saebo (1969) 

from the tr ia l on the effect© o f ©had© on growth, develop
ment and chemical composition in some grass species observed 
that shading greatly reduced dry matter yields particularly 
in  ffestuoa rubra. Loliua perenn© and ffhleum pratonss. 
Afbrostis tenuis, Poa palustrlB and Poa trivial!©  war© to© 
least affected* I t  was also observed that heading was 
retarded and deoreased by ©hading particularly in Bhleua 
pretense. At high light intensities, photo synthetic rat©, 
per unit chlorophyll in too caso o f cocoa was found to be 
highest for leave© in toe open which suggested that photo- 
eyntoetic efficiency was Increased by growth in fu ll  dey 
light (Baker and Hardwiok, 1973)- Moursi e t  a l. (1976b)
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found that the e ffic ie n cy  o f  colar energy conversion In 

wheat decreased with increasing ehade (100 to 20 per cent 

f u l l  sunlight) from 1*44 to 0.37* In the case o f  grain 
oorghun plants eubj eotcd to 0 , 25 or 50 per cent shadev 
i t  was found that to ta l dry matter decreased with increase 

in  ohade (P a lis  and SustrilloB , 1976)* The e f fe c ts  o f  

shade on the growth and photosynthetio capacity o f  the 

ex o tic  noxious weed itchgraes was studied by Patterson
(1979). I t  was found that shading markedly reduced dry 

matter production and that at 40 days a fte r  planting, 

plants grown in  2, 25 and 60 per cent sunlight had 0*3 >
16 and 55 per cent, respective ly , o f  the dry weight o f  the 

plants grown at 100 per cent sunlight. In shade experi

ments with cogon grass, Patterson (1980) observed that 
a fte r  89 doye, the plants o f  three ecotypes produced on an 

average three times as much to ta l dry weight in f u l l  avai
lab le  sunlight as in  56 per cent f u l l  lig h t and 20 times 
so much as in  11 per cent f u l l  l ig h t . The plants from the 
shaded and exposed habitats generally did not d if fe r  sign i

fica n tly  in  their responses to shading* Wong and Wilson

(1980) reported that leaves o f  shade-grown Siratro had a
V

lower photoeynthetio potentia l than in  the f u l l  sunlight 

treatment*

8* Growth analysis
Heview o f  work done indicates that e f fe c t  o f  shade on
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lo a f  area index ( I A i ;  or pianos varied w idely. In the 

case o f  green-panic, the response was p os itiv e , while in  

e lra tro , i t  vaa negative. ' In cocoa, net aeoiE ilation  
rate (SAR) was not influenced by shad© in  one o f  the 

experiments whereas in  another, decrease in  liATi with 

increasing shade was reported. Also, a negative response 
to shade on HAtl in  wheat had been reported. In cocoa, 

re la tiv e  growth rat© (RGB) has been p os itive ly  influenced 
by shading, w h ile 'lea f area-ratio (MR) showed a negative 

re la tion sh ip .

Wong and Wilson (1960) observed an increased LAI in 
shaded green-panic swards and a decreased LAI in  shaded 

e lra tro . When a crop o f  grain sorghum was subjected to 
0 , 25 or 50 per cent ehade, the LAI was found to decrease 
with increase in  shade (P a lis  and B u str lllos , 1976).

Hardy (1953) observed lowest !?AB a t  highest shade 

le v e l and vice-vcraa in  cocoa. In the case o f  cocoa seed
lin g s , Qopinaihan (1931) .observed that, HAH was not in 
fluenced by increase in  shade intensity ranging from 25 to 
75 per cent, fitourel e t  a l .  '-i 1976b) found that the liAR o f  
wheat decreased with increasing shade in ten sities  from 
5.7 to 3 .2  and froa 11,9 to 0 .8  g a**2 day*^ at 60 to 95 and 
9.5 to 100 days respectively  when the lig h t intensity was 
brought down from 100 to 20 per cent f u l l  sunlight.



18

From the studios on light and fe rtilise r  requiremente 
o f cocoa, Evans and iSurray (1955) recorded greatest fiGH 
at a light intensity"between 30 to 60 per cent o f fu ll day 
light® Okali and Qwuou (1975) observed that HGR was aaxlaal 
for cocoa plants grown andor medium shade.

Cooper and Qualls (1967) noticed that the increase 
in the ratio of leaf area to leaf weight which occurs due 
to shading of legume (a lfa lfa  end birdefoot tre fo il) was 
associated with changes in leaf morphology.

9. fie ld  and, yield attributes

She general effect, o f shade on fina l yield of crops 
was that o f a decrease in the case o f apple, pooches, 
sorghum, coybean, covpea and cocoa, Reports o f increaccs 
in yield  consequent to shading were noted in cocoa, tomato, 
tea and green-panic. In the case o f ginger, reduction in 
yield was reported only at very intense shades,*

Edmond et a l. (1964) conducted shade experiments in 
tomatoes and maximum yield was obtained from plsnts receiv
ing only 45 per cent of fu ll  sunlight. Joseph (1979) 
reported that the tea clones under ehade gave much higher 
yield then in exposed plots. Wong end Wilson ( 1930) from 
Hie studies on the e ffect or illumination at 100, 60 end 
40 per oent of sunlight on the growth o f elratro and green- 
panic in pure end 50:50 mixture swords, defoliated every



4 (2)^) or 8 (Dq)s wooks, observed that shading to 60 and 
40 per cent of fu ll  sunlight increased the shoot yield 
of green-panic in pure sward by 30 and 27 per cent, res
pectively in tho 3)̂ , but reduced i t  In the 2)̂  treatment 
by.three end 14 per cent,

Kreybill 0922'* observed decreased, fru it bud forma
tion in apple and poaches under shade. Freeman (1929) in 
the earliest recorded fie ld  experiment to determine Hie 
optimum degree o f shade for cocoa reported that lightly 
shaded cocoa gave higher yield than those under Internee 
shade* She number of flowers per tree was found to bo 
60 to 70 per cent more in cocoa under moderately shaded 
trees than in unshaded trees (Boyer, 1974). In the case 
o f tomato, Porter ( 1957) observed a decrease in fru it pro
duction with the decrease in li&ht intendty. In shading 
experiments with tomato in which the light intensity wae 
lowered to 50 or 2 3  per cent o f that o f the controls, 
Cakiyema (1963) noticed that the greater the shading, the

i

lower was the fru it weight. Boneta Garcia and Bosque Lugo
( 1975) observed that more yield was obtained when coffee 
was grown in  fu ll sunlight than when grown in partial 
shade (40 per cent). Buttrooe (1974) observed a decrease 
in the number of flower bud initiated in shaded cocoa com
pared to unshaded cocoa. Granen (1974) observed that
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decreasing the mount o f photoeynthetically active radia
tion by 40 to 60 per oent by shading in bean (Victa faba) 
planta resulted in decreased production of flowers, though 
i t  decreased the madding o f young pods, Experiments with 
wheat at shed© intenaitie© ranging from 20 to 100 per cent 
fu ll light showed that increase in shade intensity decreased 
the number o f tiller©  and spike©, dry weight, fruiting 
efficiency, grain weight per plant and yield of grain end 
straw (HoursI et a l . , 1976c). Aono ct a l . (1976) observed 
that shading tea bushes to about 45 per cent light inten
sity with cloth screen about 50 cm above the plucking 
tabla depressed new shoot growth and yield . It was also 
found that the shade intensity was inversely related to 
yield and this decrease in yield was highest during the 
f ir s t  plucking season, 2alis end Suetrillos ( 1976) found 
that, in sorghum, groin yield and grain-straw ratio decreased 
with increase in ehading ranging from 0 to 50 per cent.
Huong (1977) in a tr ia l in which rice  plants were grown with 
or without 90 per cent shading observed that shading 
deer eased spike le t  numbor per panicle by 54 per cent giving 
a higher proportion o f degenerated ©pikelets. Tarilo et a l.
( 1977) reported that in eowpea high light intensity delayed 
flowering, but increased blossom end pod numbers and 
improved seed yield* Wehua and Hiller ( 197Q) observed that
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seed y ie ld s  o f  soybean plants shaded to reduce sunlight 

by 20, 47, 63, 00 mid 93 per oent were 90, 75,48, 18 and 2 
per oent, respective ly , o f  that obtained from unshaded 

plants, They also found that number o f  pods per plant and 

seed y ie ld  were highly and negatively correlated with shade, 
Venkateowarlu and Srinivaoan (1978) conducted a t r ia l  to 

study the influence o f  low lig h t  in ten sities  on r ic e  end 

observed that y ie ld  loss  was greatest with continual 
shading at 40 to 50 per oent o f  natural lig h t .

In the case o f  wheat, reduction in  grain y ie ld  due 

to increasing ehade was ourvilinearly related to radiation  

such that sna il reduction had l i t t l e  e f fe c t  on y ie ld  at an/ 

developmental stage (Fisher, 1975), Aden and Quieumbiug

(1976) reported that y ie ld  o f  ginger under f u l l  sunlight 

was Just as high as those obtained under 25 and 50 per cent 

lig h t  attenuation. When lig h t  attenuation was over 50 per 
oent, the y ie ld  decreased* Radha (1979) observed that the 
fr u it  weight o f  pineapple with crown was not influenced by 

shading* But the contribution o f  crowns to the fr u it  weight 
increased as the intensity o f  Ehade increased* Consequently, 
there was a reduction in  f r u it  weight without crown* I t  

was also observed that shading above 25 per cent was bene
f i c i a l  to the extent o f  reducing peel and core weight o f  
the fru its*
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10. Quality o f  produce

She response to ehede on the quality o f  produce varies 
widely. In general, protein content increases and carbo
hydrate content decreases with shading.

iJyhr and Saebo (1969) observed that in sone grass 

species, the crude a eh end protein contents were approxi

mately doubled by shading to 10 to 15 per cent o f  the 

in tensity  o f  natural lig h t  whereas the sugar contents 
approximately halved; and serious lodging occurred ae a 

re su lt  o f  reduction in  fib re  content. Shading was found 
to increase the concentration o f  to ta l soluble and protein 

nitrogen in  the groin tie  cue when 20 to 100 per cent fu l l  

l ig h t  was Tirled on wheat (Moursi e t a l . ,  1976c). Pa l ie  end 

Buatrilloe (1976) observed in  thojbase o f  grain sorghum 
plants subjected to 0, 25 or 50 per cent ehado that protein 

increased while carbohydrate decreased with decrease in  
l ig h t . Aolan and Quleuabing (1976), In the case o f  ginger 
recorded lowest starch content in  rh i2oaee from the plants 

grown under 75 per cent shade. In an experiment where 
soybean plants were shaded at the fo u r -t r ifo l ia te  le a f stage 
to reduce sunlight by 20, 47, 65, 60 and 93 per cent, i t  
vac seen that shade had l i t t l e  e f fe c t  on' o i l  and protein 
contents o f  seed except that protein content was highest 
and o i l  content lowest at 93 per cent shade ( Uahua and 
M iller, 1978).
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Hwang (1968) reported that shading pineapple a fter  

flowering gave higher grade fru its  than unshaded; the 

unshaded fr u it  suffered from sunburn and gave lower canning 

ra tio s  than the shaded treatment due to sun scorch.
Radha (1979) observed that quality o£ fru its  in general 

decreased in  pineapple under shaded conditions. While 
the a cid ity  o f  fru its  increased, there waa a general 
reduotion in  sugar and ascorbic acid contents.

4ono e t a l .  (1976) found that shading tea bushes to 

about 45 por cent lig h t  intensity with cloth  screens about 
60 cm above the plucking table, inproved the green tea 
quality . I t  wa© noticed that the quality was d irectly  

related  to the shad© intensity and th is increase in  quality 
was the greateot in  the f i r s t  plucking season.

11. Hutrient content

In general, the mineral nutrient status o f  plants 

has been found to inprove under shading as in  the caae o f  

apple, cocoa, spinach and tea. In the case o f  soybean, on 

the contrary, nitrogen content was found to bo positively  

related to illum ination le v e ls . A lso, adverse e f fe c t  o f  
shade on nutrient content has been reported in  sira tro . 

oocca seedlings end pineapple.

tfyhr and Saebo (1969) found that ootassiuai anntunt*
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were approximate^ doubled by evading some grass cpecies 
to 10 to 15 per cent o f the intend'ey o f natural light.

A
Phosphorus, caloiua and magnesium contents also increased 
under shading. Krayblll 0922) observed higher contents 
o f moisture and nitrogen in shaded apple leaves. Guers 
( 1971) reported that cocoa leaves exposed to direct oun- 
light contained less moisture and nitrogen than shaded 
leaves. American Holly plant exhibited higher amounts of 
potassium and magnesium in leaf tissues when the plants 
were grown at 92 por cent ohade (Erots and Lunham, 1971). 
Contiliffe (1972) observed in spinach that the concentra
tion o f potassium in the tissue increased with reduction 
in the light intensity* Bracaena eonderiona plants grown 
at five shade i ntensities were analysed for fo lia r  nitrogen, 
phosphorus, potassium, calcium and magnesium and i t  was 
found that the different shades had l i t t le  e ffect on the 
leaf nutrient content except that high shade intensity 
increased potassium end magnesium especially in young leaves 
(Rodrigues et a l . ,  1973). Badha (1979) observed that the 
uptake pattern o f major nutrients in pineapple was not 
greatly influenced by shading. I t  was also noticed that 
shading increased the magnesium content o f leaves at a ll  
stages o f growth and nitrogen content at later stages of 
growth. Oladokun ( 1980) reported that in  'the oos© o f coffee,
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shade sign ifica n tly  a ffected  plant nitrogen, phosphorus 

and potassium contents. According to, Wong and Wilson 

( 19G0), nitrogen accumulation in a l l  the plant components 

o f  green-panic was markedly improved by shading.

Wahua and S il le r  (1973) in  their t r ia l  on soybean 

with shade lev e ls  o f  20, 47, 63, 80 or 93 per cent observed 
that to ta l le a f  end stem nitrogen contents were highly 

and negatively correlated u^ta shade. Wong and Wilson (1930) 

observed that the nitrogen y ie ld  o f  siratro  in  pure sward 
declined with shading. Trdng end Giddcno (1980) concluded 

from their shade experiment that soybean plants without 
shade had higher nitrogen content. In the case o f  cocoa 

seedlings, Gopinaihon (1981) noticed higher percentage o f  
nitrogen, phosphorus and potassium in  plants grown under 

d irect sunlight than in  the shaded plants. However, between 

the plants exposed to d iffe ren t shade in ten e itiee , the 
nutrient contents showed no s ign ifica n t d ifferen ces.

12. General growth o f plants

Vinson (1923) brought out the e f fe c t  o f  shading on a 

number o f  horticu ltura l plants such as apple, poaches, 
•cherry, strawberry, tomato# radish, potato and geranium. 
Slender stems, greater length o f  internode*, leaves with 
larger end smaller croea-section , increasea moisture contents
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were a l l  reported as general e ffe c ts  o f  evading on plant 

growth*

Svano (1951) described a shade experiment in  which 

cocoa was grown under d iffe ren t a r t i f i c ia l  ehade lev e ls , 

v iz .  15, 25, 50, 75 and 100 per oent day light* Results 
during the f i r s t  year showed that cocoa made the beat 

growth at 25 to 50 per cent sunlight but plants receiving 
50 par cent lig h t  were o f  bettor shape* As plants be cane 

'bigger and auto chad ins developed, the 75 per oent lig h t 
p lo t  improved i t s  position* With increasing lig h t in tensity , 

the need o f  nitrogen fe r t i l iz e r  became more apparent. The 
resu lt  o f  a ehade and fe r t i l iz e r  experiment on cocoa con

ducted in  Trinidad showed that 50 per cent shade gave the 
greatest early growth end highest in i t ia l  y ie ld s  o f  cocoa 

(Murray, 1953)* Evana and Murray (1954) from their studies 
on lig h t  end fe r t i l iz e r  requirements fo r  young cocoa re 

ported that optimum lig h t  intensity fo r  young cocoa during 
the f i r s t  year appeared to bo between 25 and 60 per cent end 
in ten sities  above 75 per cent retarded the growth* There 
was some indication  that the optimum lig h t intensity increased 

with size  o f  the plont end consequent self-shoding. Optimum 
growth o f  cocoa seedlings was attained in  shade rather than 
In fu l l  day lig h t (Goodall, 1935j fturd and Cunningham, 1961} 
Aeomaning and Kwakwa, 1965). The most favourable ligh t
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intensity fo r  cocoa seedlings had been etated to be about 

25 per cent o f  f u l l  sunlight (Hardy, 1950)* I t  was also 
stated that the amount o f  l ig h t  may gradually be Increased 

to f u l l  sunlight, when complete le a f  shading had been 
attained, the overhead ehade being system atically removed. 

The growth in  e lse  o f  plant vac generally least when ligh t 

intensity was greatest*

Contrary to the above reports, Curminghaa end 

Burridge (1960) stressed that high rates o f  growth may be 
attained by cocoa seedlings in  f u l l  day lig h t provided 

fe r t i l iz e r  is  applied to the s o i l ,  precautions are taken 
to maintain a favourable water balance and to minimise 
damage by wind and Insect pests. I t  was a lso observed that 

in  particu lar circumstances, shade may be beneficia l in

lim iting in sect pest damage, and suppressing weed growth.
/

Pieher (1975) found that ©hading always reduced growth o f  
wheat plants approximately in  d irect proportion to the 

reduction in  radiation . Gopinathan (1981) observed that 
intermediate ehade (50 to 55 per oent) was best fo r  the 
better growth o f  cocoa seedlings; with the advancing age 
o f  the plant, the intense ehade (75 per cent) which appeared 
to be superior in  the very early stages (upto two months) 
proved In fer ior  to the intermediate, shade lev e l o f  50 to 

55 per cent.
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MATERIALS AHD &JBTHOLS

A f ie ld  experiment was conducted to investigate 

the ohade response o f  common rainfed intercrops o f  
coconut viz* nweot potato ( Ipoaoea batatas ( 1 . ) Lem.), 
ooleue ( Coleus parvl. flo ra e  Benth.) ,  colocoeia  ( Colocaala 

esculents ( 1 , )  Schott), turmeric ( Curcuma longa L .) and 
ginger ( Zingiber o ff ic in a le  B ose.) under d iffe ren t inten

s it ie s  o f  shade, during the year 1980-81*

The experiment was carried out a t the College o f  
H orticulture, Vellanikkara, Trichur, Kerala, India, which 

i s  situated a t 10° 32'H latitude and 76° 10*£ longitude 

a t an a ltitude o f  22*25 meters above mean aea le v e l.

Cropping history o f the fie ld

The area was l e f t  fallow  during the previous four to 

f iv e  years and was under rubber prior to i t .

Soil

The s o i l  o f  the experimental s ite  was deep w e ll- 
drained sandy clay loam. The data on tne physical and 
cneaical properties o f  the s o i l  are given in  Table 1.

Season and oliaate

The experiment was conducted during the period



Table 1* Ms chemical composition end chesical 
properties o f  the s o i l

A* Mechanical ccmpoaitlon

Coarse sand 

fin e  Bend 

S i l t  
ClQy

B» Chemical properties

t 26.00 per cent 

i 23*10 per ce «t  

t 21*20 per oent 

» 29*70 per cent

Constituent Content Hating Method need fe r
estimation

0*072 medium 
per cant

Total nitrogen

Available phosphorus * fl97 
(B rsy-I extract) 1*027 ppa low

Available potassium 
(Heutral normal 
ansoniu* acetate 
extract)

pH
(1s2.5  so ilsvater 
ra t io )

143,60 ppm high

4*5

MicroKjeldahl 
(Jackson, 1950)

Ghloros tannous 
reduced aolyb&o' 
plioepGorio blue 
colour method 
(Jockeon, 1933)

Flame Photometric 
(Jackeon, 1950)

pH meter 
(Jackcon ,' 1953)
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May 19BQ to January 1961. Among the fiv e  crops grown, 
turmeric, colooaoia end ginger verb planted on 27th, 23th 
and 30th of-May 1980. Sweet potato and coleus were planted 

on 21st and 23rd June 1980, Individual crops were harves
ted a t the end o f  the maturity periods of. the respeotive 

crops* Thus sweet potato, coleus, cp locaela , turmeric and 

ginger were harvested 110, 123, 180, 220 and 223 deys 

a fter  planting or sprouting,-respectively*

The m eteorological data fo r  the crop periods are 

presented in  Appendix 1* The area hue a humid trop ica l 
clim ate, The weekly average daily range in  meteorological 

parameters rela tin g  to individual orope are given in 
Appendix 2* Turmeric and ginger crops underwent a drought 

period o f  about two and a h a lf months at the la ter stages 
o f  growth. .Coleus and eolocaoia had a short period o f  

drought fo r  about 13 and 25 days, respectively , at the later 

period o f  the crop growth, which was congenial fo r  the 

proper maturity o f  the crops.

The climate as a whole wob suitable fo r  the normal 

growth o f  a l l  th© crops tried*

Materials
Seeds

Local v a rie ties  o f  sweet potato, coloue and colocaeia ,



’Kaethuri thanak* variety o f turmeric and 'Juggljen* 
variety o f ginger were used for the tr ia l.

In the case o f  sweet potato, 45 days old 20 to 25 ca 
long vine cuttings were planted on ridges 60 cm apart, 

a t a distance o f  20 cm between cuttings in  4 m x 1*2 a 
area*' One month old coleus s lip s  (10 to 12 cm long) were 

planted on raised beds o f  e lse  4 m x 1 a at a spacing o f  

15 ca x 15 cm. Colocasia side tubers, each weighing 
40 to 45 g were planted on the ridges 60 cn apart at a 

spacing o f  45 cm on the ridges in  3 a x 4 a area* Finger 
rhizomes o f  turmeric each weighing 20 to 25 g were planted 
in  email p its  taieen at a spacing o f  15 cn x 30 cn on raised 

bods o f  size U  x 1 a .  In tho case o f  ginger, b its  o f  

rhizomes o f  s ize  15 g co llected  from healthy, disease free 
plants wore planted in  small p its  taken on ra ised bode o f  
s ize  4 a x 1 m a t a spacing o f  25 ca x 25 cm*

Fertilizers

Each o f the crops received the respective cultural 
and manorial practices as per the package o f praotices 
recommendations o f the Kerala Agricultural University 
(XAU, 1978). Nitrogen, phosphorus and potassium were supplied 
through ammonium sulphate, superphosphate and muriate o f 
potash, respectively.



n 3 . i .^  h s c d  M ock otasi^n.

So H i: st d -S* f t

at <Z
%ii

So Rd

**- "t" rtnjrn«i*i .■■
d SSI

•So, Q f^lczni s/iJtr/i, 

Z5

Um

$*, 50 

£3 - 75

// */

tr . n

So >2//

So d $z d Sf 4 3 . v

ct -. cofa u.s. 
b ~ bu>irnci*ic„ 
c  . ? / « ^ s  _
« S'.occt p^x-T-to. 
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Shading

Unplatted coconut leaves were uced for providing 
shade to the desired level.

Methods

lay out o f the experiment

The experiment vao laid out in a randomised block 
design with five replications. ihe ©hades were common 
for a l l  the five crops tested and thus five different 
crops were tooted .together in a contiguous area. The ley 
out plan o f the experiment is  given in Pig. 1 .

Treatments

The treatmenta consisted of four inteneitiee o f ehade 
as given below.

SQ -  0 per cent ehade (no shade)
S1 -  25 per cent shade (low shade)
8g "  50 per cent ehade (medium shade)

-7 5  per cent ehade (hlch shade)

Provision o f shad©

A rtific ia l shading to the desired level vac obtained 
by placing unplaited coconut leaves on erected pandals.
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Pandals o f ©ise 11 m x 6 a were individually ereoted 
for each ehade level by fixing wooden reapers on poets* 
Sufficient space (3 a) was provided between the treat
ments eo that mutual shading of ©hade levels were mini
mised to the extent possible- Bach pandnl was covered 
on a ll  the sides with unplaited coconut leaves except for 
60 cm from "the ground level to avoid the direct entry of 
slant rays* liaised beds were taken leaving a border area 
o f 1 a within the chado lavelc to avoid the border offset 
considerably* An Aplab luxmeter was used for adjusting 
the shade intensities* 5’rcquent' checks wore na&c through
out the course o f experiment to maintain the ehade inten
sities to the desired levels.

General growth of the crops

in general, the growth of the crops we© satisfactory. 
However, the growth and development o f coiocasia plant© 
were highly retarded during thefearly phase due to coiocasia 
blight (Pitytophthora palnivorn (Butler) Butler) in epite of 
the prophylactic end control measureb token.

Observations
I . -Plant characters
A* Biometric observations

£ho following growth characters were recorded at
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monthly intervale in  sweat potato, coleus and coiocasia .

In tiio case o f  ginger and turmeric, observations were 

taken a t bimonthly in terva le ,

1, Plant height

The height o f  ten randomly selected plants in  each 

o f  the crops wae measured from the base to the tip  o f  the 
longest vine or ta lle s t  t i l l e r  or branch ae the case may be, 

and the average worked out.

2, Girth a t co lla r

This observation was taken only in  coiocasia  where 
the circumference at the co lla r  o f  the moot vigorous t i l l e r  

o f  10 randomly selected plants was taken and the mean value 

computed.

5® 'Humber o f  branches or t i l  lo r  a

The number o f  a eria l shoots arising  around a single 

plant was noted in  10 randomly selected plants and the 
average worked out. In the case o f  coleus and sweet potato, 

the number o f  branches in  plants were recorded fo r  calcu la
ting the mean number o f  branches per plant.

4 . le a f  area index (M I )

Leaf area index o f  each o f  the crops wae worked out
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following the gravimetric method (Buck and Bolas, 1956). 
Destructive sampling vac followed and three plants in each 
of the crops were uprooted at different growth stages and
their leaves eeparotsd. Five leaves wore chosen at random

Hin^caso o f coiocasia .and turmeric and 10 leaves in sweet 
potato, colous and ginger and the leaf impressions were 
traced accurately on quality bond paper o f known area per 
unit weight. She traced portions of paper were then cut 
out end weighed. Proa this, the area of the sample leaf 
was calculated from the weight to area relationship.

The leaves were then dried, in a hot air oven at 70 to 
80° C to constant weight and the dry weight o f these loaves 
and the rest of the leaveb were recorded separately. Total
leaf ar©a.for three plants was then calculated using the
weight to area relationship and total dry weight of leaves. 
Thus LAX for each of the crops was calculated at different 
stages using the following equation.

L A i  a  Total leaf area of three plants
Land area occupied by three plants

5. Chlorophyll content o f leave©

Chlorophyll ’ a*, *b* and total chlorophyll content of 
each of the crops were estimated periodically by speotro- 
photomotrio method gs described by Starnes> and Hadley (1965).



Fully mature leaves were uced fo r  the estimation end second 

terminal le a f wae uced in  each o f  tue crop, except in  sweet 

potato where the second green le a f from the tip  was used, 
since the terminal leaves were tender and purple*

One'gran o f  the representative cample, co llected  fro* 

f iv e  plants chosen at random, was taken in  a mortar In the 
presence o f  excess acetone. A pinch o f  calcium carbonate 

was added to prevent phecpiiytin formation end the oontente 
were then ground w ell and filte re d  through a Buchner funnel. 

Tho fare! was washed roplatedly with fresh acetone (80 per 

cent) u n til the washing was colourless* The extract and 

washings ware then made upto 250 s i*  The op tica l density 
(A )  o f  an aliquot was measured using a spectrophotometer 

(Spectronio-20) a t wavelength o f  645 nm and 665 aa* The 
contents o f  chlorophyll 'a * , *bf and to ta l ch loroph yllGag g~ 
fresh weight) were than estimated using the follow ing 

relation sh ips.

Chlorophyll ft ® 12.72 Aggj-2«58 A g^

Chlorophyll b ** 22*87 ^663

Total chlorophyll a 8*05 Acc*. ♦ 20.29 Ac *nC c ^ o j^ i /Q ^ y j  643

6. Total dry weight

Leaves, stem + p etio le  (o r  paeudoetem), and tubere
1 *

' or rhizomes, o f  the uprooted plants were separated end



dried to constant weights at 70 to 00°C in  hot a ir  oven,

Proa the dry weight o f  component parte fo r  three plants, 

average dry weight per plant fo r  these parte was worked 
out. The 8U3 o f  dry weight o f  eompononta gave the tota l 

dry matter y ie ld , expressed as g p lant.

7 . Set assim ilation rate (NAB)

The procedure given by Watson (1958) as modified by 

Buttery (1970) was follow ed fo r  ca lcu lating tee HAH. ' The 
follow ing formula was used to arrive a t the HAH expressed 
as g a” 2 day"**

v2-wi
KAE -  T t ^ v u q s o  • wil0re*

< - 7 - )

Wg ® to ta l dry weight o f  plant g m"2 at

ŵ  »  to ta l dry weight o f  plant g a "2 a t

(t^ -t? )  «  time in terval in  days 

Ag * le a f  area m a t time t g

* le a f area a~^ a t time t^

0. Y ield (y ie ld  o f  rhizomes or tubers)

The y ie ld  o f  rhizomes o p  tubers in  respective crops 
was recorded from the net area marked fo r  recording the 
y ie ld . The net p lo t areas were.2.40, 1 #33* 6.00, 3.33 and 

3*25 o<i.a* respective ly , in  the case o f  eweet potato, coleus,

tima tg 

time t^
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co locaeia , turmeric end ginger end tho y ie ld  was expreesed 

as t  ha"*1 o f  fresh weight*

9. Y ield o f  haulm (top )

The y ie ld  o f  top (vegetative parts) in  individual 

crops was recorded from the not area and expressed as 

t  ha*^ o f  dry weight*

10. Harvest Index (HI)

Harvest index values fo r  tho- d iffe ren t crope were 
calculated as follows*

HI -  r f r i i :  •

Y econ. a dry weight o f  rhizomes or tubers

Y b io l . » to ta l dry weight o f  plants (excluding roots )

3 . Chemical studies

1* Content o f  f e r t i l iz e r  nutrients

Samples o f  plant components co llected  fo r  recording 

the dry weight were u©ed fo r  chemical analysis* The 
nitrogen, phosphorus and potassium contents o f  le a f ,  ©tern + 
p etio le  (or peeudostea; and tuber© :o r  rh isoaoc) at d i
ffe re n t stages o f  growth were.determined by using AutoanaJyzer 
(Technieon-II), colorim etrioa lly  (Vanadomolybdophoaphoric 
yellow  colour method) and Flame P hotom etrica lly , respecti
vely  (Jackson, 1950)*
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2. Uptake o f fe r tilise r  nu trier, to

The total uptake o f nitrogen, phosphorus and potassium 
by the plant end individual plant parts were calculated, 
at different stages o f growth, from the nutrient contents 
and dry weights o f plant parts at different stages of 
growth and expressed aa kg ha ,

I I . Soil characters

Content o f fe r tilise r  nutrients in eo il

Composite co il samples were taken replicntionwiee 
before Hie start o f the experiment* After the experiment, 
individual samples were collected from the area ocoupied 
by each crop. The total nitrogen, available phosphorus 
and available potoBaiun contente in those samples ware 
estimated using microbeIdahl method, Colorimetrically 
(Chlorastannous reduced molybdophoephoric blue colour method) 
and Plane Photometrically, respectively (Jackson, 195b).

S tatistical analye as

The data on different characters were subjected to 
statistica l analysis following the method of Snedooor end 
Cochran (1967)*



RESULTS AND DISCUSSION



RESULTS AMD DISCUSSION

As there are fiv e  crops involved in  the present 

etucSy and ae the responsesof theee orope to varying 

ahade in ten sitie s  were vastly  d iffe re n t, the resu lts  

are furnished and discussed separately fo r  individual 

crops* A b r ie f  summary o f  tho major conclusions 

drawn out o f  tho study succeeds each dieouseion*



S w eet p ota to



Sweet poTOto 
(Ipomoea batatas (L .)  Lea.)

RESULTS 

I* Plant characters

A* Biometric observations

1. Length o f  vine

The data are presented in  Table 2 end the analysis 

o f  variance in  Appendix 3 .

The e f fe c t  o f  ehade on the length o f  vine in  sweet 
potato was sign ifica n t only in  the intermediate stages 

o f  growth viz* 60 end 90 days a fte r  planting. No general 

trend with increasing lev e ls  o f  shade was observed except 
a t  90 days a fter  planting when the length o f  vine increased 
with increasing shade in ton e ities .

Over the stages, the vine length was found to increase 
with advancing, age. The extent o f  increase in vine length 

between stages was much greater at the intense shade o f  

75 per cent.

2, Number o f  branches

The data are presented in  Table 2 and the analysis
o f  variance in  Appendix 3*/
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Tho e f fe c t  o f  ehade on numoer o f  brciiciieo produced 

by a plant was highly perceptible and significant at a l l  

stages o f  plant growth, The nuaber o f  branches decreased' 

tremendously with increasing in ten sities  o f  ehade. At 

a l l  stages, the d ifference between the d iffe ren t shade 

lev e ls  and the plantB in  the open was highly perceptib le.

With advancing age, tho number o f  branches increased 
at a l l  shade le v e ls ,

3 . Leaf area index

Tho data are presented in  Table 2 and the analysis 

o f  variance in  Appendix 3*

Shore was sign ifica n t e f fe c t  o f  ehade on MX at a l l  

stages o f  growth with p lo ts  without ehade and highest 

shade lev e ls  recording the maximum and minimum values, 
respective ly , a t a l l  stages, The MX values decreased 

with increasing shade lev e ls  a t a l l  stages.

Between stages, the le a f  area index shoved on in 

creasing trend with advancing age a t a l l  shade lev e ls  but 
the extent o f  increase i s  much higher in  the p lo t  without 
shade,

4* Chlorophyll content o f  leaves

Tho data on the content o f  chlorophyll ’ a1, 'b * ,



Table 2„ Hffoct o f  shad© oii length o f vine, number of branches and leaf area index 
of eweot potato at different growth stage©

Shade inteiiFiity 
(per cent)

length o f vine (caa) 
(days' after planting)

Kuaber of bronche©
, plant"1(days after planting)

lea f area index 
(day© after planting)

30 60

0 (no shade) 73.3 185.3
25 (low shade) 98.5 246.0 
50 (aediua shade589.0 271,6 
75 (high shade) 78.6 222.4 
saa * 7.9 16.4
cd (0.05) as 50.6

90 30 60 90 Hnj*— 30 60 90‘ Harvest
>■ ii —— —„ „ —t i s a ! —
276.2 s 6 .5 20.7 21.3 22*7 2.72 0.01 7.55 11.09
356.3 3.0 0.9 14.6 12.3 1.56 4.84, 6.37 6.74
391.7 2.9 6 ,1 10.1 15.3 1.20 2.68 4.53 6.60
400.2 2.3 5.9 7.1 8 .8 1.18 2.45 3.03 2.74

17.8 0 .0 1 .0 1.4 1.7 0.32 0.69 0.59 0.90
54.0 2.3 3 .0 4.3 5.3 0.97 2.11 1.31 2*78

Table 3. Effect o f shade on 
total chlorophyll; 
growth stages

, 1
contents (ag g freeh weight) o f chlorophyll ’ aT, fb* end 
chlorophyll a-b ratio o f  eweet potato leave© at different

Sited e 
intensity 
(per cent)

Chlorophyll ■*&* 
(days after planting)

80 95 J m at

0 (no ahade)1.54 
25 (low 

ahade)
50 (oediun 

ahnds)
75 (high 

shade)C-Ds ■*-

(0.05)

1.53
1.53 
1.62
0.05
liO

1.62
1.58
1.65
1.52
0.07
llb̂

1.65 
1.50
1.70
1.66
0.04
0.13

■Chlorophyll ’ b* 
(days after planting)

Total chlorophyll Chlorophyll asb 
(days after planting) (days after

planting)
@0 95

1.90 1.S4 
1*87 1.02
1.97 1.07
2.00 1.79
0.07 0 .08
or. zz

J a M

1.95
1.70
2.00

1.94
0;06

et

st -2 °
3.44
3.40
3.58
3.62
0 .11

uz

95

3.46
3.40
3.52
3.31
0.14gg

3.39
3.21
3.71
3.60
0,12

s t 00 95 tsanaat

0.81
•0.82
0.81
0.61
0.01
no

0.83 0.65 
0.87 0.S9
0.33
0.85
0.02
b "j

0.G5
0.86
0.01 ro



to ta l chlorophyll and ra tio  o f  chlorophyll a-b  or© pre

sented in  Table 3 sad the analyses o f  variance- in  
Appendix 4 .

In general, the e f fe c t  o f  shade on to ta l ch loro- 

- phyll end i t s  components was not s ign ifica n t, at ^ory o f  

the stages o f  growth considered* Tho 'content ranged from 

1*50 to 1.70, 1.70 to 2.00 and 3.21 to 3.72 ng g "1 fresh 
weight, in  the case q f chlorophyll ' a* , 'b 1 and to ta l 

chlorophyll, respective ly . Til© content o f  these factors 
showed high v a r ia b ility  and no general trend could be 
noticed with increasing ehade lev e ls .

Tho ra tio  o f  oiilorophyll a -b  resained a lsost constant 
in  d iffe ren t shade densities a t a l l  growth stages.

5. Total dry weight

The data are presented in  Table 4 and Fig. 2* The 

analysis o f  variance i s  given In Appendix 5.

Shading had a s ig n ifica n t e f fe c t  on plant dry weight
i

at a l l  growth stages. The to ta l plant dry weight exhibited 
a steep decrease with increasing shade le v e ls . The dry 

weight in  the p lo t without shade was s ign ifica n tly  higher 
than at a l l  shade le v e ls .



Table 4 . E ffect o f  shacL« on iow u  ary aai»wr production, s e t  assim ilation ra te , 
tuber y ie ld ,  hauls y ie ld  sad harvest index o f  eweet potato

- ; r
Total dry weight Cg p leat )  
(dsye a fte r  planting)

Shad# in ton- .... —...............  ,■■
s ity  (per cant) 30 60 90 Harvest

ateo

Set QessiBila- Tuber Hauls Harvest
tion  rate - y ie ld , yield,. index
( 8 .  ^  ^ eh g-i

Between Between weight)
50 & 60 60 & 90

days days

0 (no ehade) 18.64,86.92 145.28 149.55 3.48 2.63 7.654
(0.9377)

16.00 0.263
(0.1012)

25 (low ehade) 7*10 38.54 74.46 73.00 2.79 2.25 1.631
(0.4201)

10.38 0.094
(0.0390)

50 (nedlua ehade) 5*61 18.62 48.48 66.76 1.84 . 1.78 0.137
(0.0557)

5.95 0,012
(0.0050)

75 (high shade) 4*61 12.68 24.56 18.70 1.24 1.25 0.000
(0.0000)

5.94 0.000
(0*0000)

S&a ♦ 2.04 4.09 8.76 11.35 0.26 0.82 0.17 0.40 0.032

CB (0*05) 6*28 12.61 .26.98 34.98 0.61 HS 0.53 1.24 0.097

HS ■ Sot s ign ifica n t
(Figures in  parenthesis represent. lo g la(y+1) transformed value®)
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sweet potato czi di^jekent stages ĉ kowlh.

o pat cent s4ac/t 
<S5 »
. 90 *
.7 5  »

u
rt
u

Fig. 3 - Tubz* atftof hotufm yield  of  su;eel potato as a^ecU d
6tf vakzrirtQ intensities ol shade.. , ,

— d --------------d — d ---------------------------------   d  * . . .  a d j r J m

d

.bet. yfeM'Q^ 1

l<3■<

1̂
 3 

"4*
*2 2

C\

(fi

14

1 . I-U*> * ‘ t

£
■Sf ̂  *

a

-rret-
25 50 T 5

a5 90 *9
shade intensity(pa* cent).



45

The plant dry weight increased with advancing age 

at a l l  the shade le v e ls . The extent o f  increase vae most 

marfced during the period between 30 and 60 days a fter  

planting*

6* Net assim ilation rate

The data are presented in  Table 4 and the analysis 

o f  variance in  Appendix 5*

There was sign ifica n t e f fe c t  o f  shade on HAH. in 
sweet potato only between 30 and 60 days a fter  planting*

The E3AR went on increasing with decrease in  shade intensi
ties* Though an id en tica l trend was noticed between 60 and 
90 days a fte r  planting# the d ifferences f e l l  short o f  

s ta t is t ic a l  sign ifican ce.

Over the stages# the NAE was found to decrease at 

a l l  shade lev e ls . The decrease was more conspicuous in 

the p loto  without shade*

7* Tuber y ie ld

The data are presented in  Taoic 4 ana fig *  3* The 

analysis o f  variance is  given in  Appendix 5*

The y ie ld  o f  tuber was s ign ifica n tly  influenced by 

shade* The y ie ld  'declined rapidly with increasing shade 
in ten sities  and the intense shade (75 par cent) leve l



. y ie ld  Response oj  Sareet potato to 
dij{e.le.nt intensities shade,.

« Bsilmated yield.

QO&SzkVzd yie Id.
VcvJJcab. X

£ o g io ( y + l ) =  t t . 2 0 3 9 — 0 .1 5 3 9  X  + 0 .0 2 Q 9  3C: 
& Z n 0 .9 9 5 1

25C-0 5 0  oj
shade intensity (p es  cent)-
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resulted in  no harvest-able produce* The plants without
•1ehade gave the highest y ie ld  o f  7*65 t  ha which was 

sig n ifica n tly  higher than that a t low (25  per cent) and 
medium (50 per cent) shade levels* Calculated as per-* 

centages o f  the y ie ld  in  the open, the y ie ld s  a t  low, 

medium and high shade in ten sities  were 2 1 *3 , 1*8 and 0*0 

per cent, respectively*

Response curve

The y ie ld  data were transformed to logarithms using 

the log  (y+1 ) transformation* - A quadratic polynomial was 

found to give a batter f i t  to the transformed data (P ig .4 

and the analysis o f  variance in  Appendix 48)* The equation 

o f  tiie curve is  given below*

Xog^Q (y+1) -  0.2089-0.1589x + 0*0289x2

The c o -e f f ic ie n t  o f  determination was found to be

0.9951 which showed that 99.51 per cent o f  the to ta l varia
tion  in  the response can bo explained by the f it te d  

polynomial.

8 * Yield o f  haulm

The data are presented in Table 4 and F ig .3 . The 
analysis o f  variance is  given in  Appendix 5.

As In the case o f  tuber y ie ld , there wee sign ifica n t
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a ffe c t  o f  shade on hauls* y ie ld  in  sweet potato* The 
maximum y ie ld  vao recorded in  the open end minimum y ie ld  

a t high ehade levels* 'The y ie ld  o f  haulm in  low, medium 
end high shade leve ls  ware found to he 64*9* 37*3 and 37*0 

per cent o f  that in  the open*

9* Harvest index

The data are presented in  Table 4 and the analysis 

o f  variance in  Appendix 9*

The response due to ehade on harvest index o f  eweet 

potato was highly perceptible and s ig n ifica n t. The maxi
mum and ninlaua values were in  p lo ts  without ehade end 

medium to high shade levels* respectively*

B* Chemical studios

1. Content and uptake o f  nitrogen

The data on the content o f  nitrogen In leaf* stem + 

p e tio le  and tubere along with the to ta l uptake o f  nitrogen 
ore presented in  Table 5 to 6 and Pig*5* She analyeee o f  
variance are given in  Appendix 6*

In general, shade hod a s ig n ifica n t e f fe c t  on these 
characters a t a l l  growth stages* The content varied from 
3*54 to 4*34-, 1*29 to 1*S9 and 0*36 to 0*61> per cent in



Table 5. .. Effect o f shade on nitrogen content o f  le a f and stem + p etio le  o f  
sweet potato a t d ifferen t growth stages

Shade intensity 
(per cent)

le a f  nitrogen content (per cent) 
(days a fte r  planting)

Stem ♦ p etio le  nitrogen 
content (per cent) 

(days a fter  planting)

0 (no shade)
25 (low shade)
50 (sodium ehade) 
75 (high shade) 
S&a +
G2> (3*05)

30 60 90 110 30 60 90 110
■ e w u w n (harvest) _______________ (harvest)

3.97 3.78 3*54 4.13 1.44 1.43 1.29 1.43
4 .10 4.16 3.99 4.35 1.77 1.62 1.45 1.56
3.38 4.23 3.84 4.05 1.0 2 1.76 1.40 1.57
4.15 4.01 4.34 4.18 1.84 1.89 1.49 1*62
0 .1 1 0.03 0 .12 0.05 0.03 0.03 0.06 0.01

hs 0.03 0*36 0.17, 0.08 0.03' HS 0.04
Lficant

Table 6.  E ffect o f  ehade on the nitrogen content o f  tuber and on the to ta l uptake 
o f  nitrogen by sweet potato a t d iffe ren t growth stages.

Shade intensify  
(per cent)

Tuber nitrogen content (per cent) 
(days a fte r  planting)

Total uptake o f  nitrogen (kg ha 
(days a fter  planting)

- 1

30

0 (no ehade)
25 (low shade)
50 (medium shade) 
75 (high ehade) 
S&t +
CD (S.G5)

60 90 110
(harvest)

30 60 90 110
(harvee

0.62 0.36 0.70 39.73 153.11 186.43 244.570.81 0.56 0.80 17.29 82.74 135.79 146.970.80 15.29 42.45 86.34 12S.44
11.27 30.13 48.45 38.534.22 8.58 10.80 22.37
13.00 26.45 33.29 68.92

HS « S o t s ig n i f i c a n t
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the ossa p f le a f , a tea ♦ p etio le  and tubsro, respectively , 
a t the d iffe ren t stagQB. the. variation  in  the content was 
wide and i t  ia  d i f f i c u l t  to derive a general trend. I t  
vae a lso  noted that the nitrogen content o f  leaves was 

found to be 2 .0  to 5*0 tines more than that o f  stem + 

petiole*

The uptake o f  nitrogen by le a f ,  atm + p e tio le  end 

tubers vere a lso calculated separately and a l l  these were 

found to be sign ifican tly ' influenced by shading a t a l l  the 

growth stages* The to ta l uptake o f  nitrogen close ly  
followed' the to ta l dry weight, a t  a l l  the growth stages*

The plants without shade and with high shade recorded the 

maximum and minimum uptake values, respectively* The uptake 
showed & drastic decline with increasing ehade intensities*

Over the stages,' the uptake went on increasing with 

advancing age; while the content remained almost at.the 

seme level*'

2* Content and uptake o f  phosphorus

The data on the content o f  phosphorus in  le a f , stem + 
p etio le  and tuber© along with the to ta l uptake o f  phos
phorus are presented in  Table 7 to 8 and F ig, 5. The 
nna2ysee o f  variance are given in  Appendix 7*



Table 7* E ffect o f  ehade on phosphorus content o f  le a f and stem + p etio le  o f  
sweet potato a t d iffe ren t growth stages

Shade Intensity 
(per cant)

le a f  phosphorus content (per cent) 
(days a fte r  planting)

Stem.+ p e tio le  phosphorus 
content (per cent) 

(days a fte r  planting)

0 (no shade)
25 (low shade)
50 (medium shade) 
75 (high shade) 
SEa +
CD (0*05)

50 60 90 110 50 60 90 110
_(harvest) _______(harvest)

0.55 0.55 0.50 0.58 0 .21 0.24 0.20  0.22
0.45 0 .56 . 0.29 0.37 0.51 0.25 0.19 0 .2 1
0.57 0 . 5 8 . 0.52 0.41 0.25 0 .2 1 0.19 0.25
0.40 0.29- 0.57 0.40 0.29 0.26 0.19 0 .2 1
0 .0 1 0. 0 2 - 0.01 0 .0 1 0.01 0.02 0.01 0 .0 1
0.02 BS 0.02 0.04 0.02 5SS NB 0.02

ES s Hot s ign ifica n t

Table 8 . E ffect o f  shade on phoephorue content o f  tuber and to ta l uptake o f  
phosphorus by aueot potato a t  d iffe ren t growth stages

Tuber phosphorus content (per cent) Total uptake o f  phosphorus (kg ha-1 )

Ehade intensity ~ 
(per cent)

0 (no ahade)
25 (low shade)
50 (medium shade) 
75 (highoshade) 
SQa *
CD (0*05)

(days a fte r  planting) (days a fter  planting)

30 60 90 110  50 60 90 110
(harvest) ____________ __ (harvest)

0.14 0.15 0 .1 1 0 .1 1  4*15 19.14 23.50 29.03- 0.15 0.16 0 .12  2.25 8.93 13.39 H .87— — — 0 .10  1.46 4.36 9.10 16 .62— — — 1.30 2.97 5.01 4.22- — — 0.50 1.33 1.2 2 2.27— — _ — 1.55 4.12 3.76 7.01

DS * Not s ig n i f i c a n t



Tho s ig n ifica n t e f fe c t  o f  shade on phosphorus content 

o f  le a f  and stem + p etio le  was noticed only at certain 
stages o f  growto but the to ta l uptake o f  phosphorus vss 

s ig n ifica n tly  influenced by shading a t a l l  the stages o f  

growth* The contents ranged from 0.2Sv to 0*43vt 0,19.' to 
0 * 3 1 and 0*1 Ou to 0*16■> per cent, respectively  in  toe 

caee o f  le a f , stem + p etio le  end tubers, at a l l  stages o f  

growth in  a l l  the shade level© . The variation  in content 
between treatments wae vide and no general trend could be 

observed.

In sp ite  o f  the non-sign ificant e f fe c t  o f  ehede on 

the phosphorus content o f  plant parte a t certain  stages, 

the uptake o f  phosphorus was found to be sig n ifica n tly  in
fluenced by shading at d iffe ren t stage© o f  growth. The 

to ta l uptake o f  phosphorus showed a sim ilar trend a© in  toe 

case o f  to ta l uptake o f  nitrogen and that o f  toe to ta l dry 
weight a t a l l  toe growth stages, with the plants without 

shade and a t intense shade recording toe maximum and minimum 

uptake values, respective ly . With advancing age, the uptake 
went on increasing at e l l  shade lev e ls  and the extent o f  
inorease wae more a t low and medium ehede levels*

3* Content and uptake o f  potassium

The data on the content o f  potassium in  toe lea f.



Table 9* E ffect o f  shade on potassium content o f  le a f  and stem + p e tio le  
o f  'sweet potato at d iffe ren t growth stages

Shade intensity 
(per cent)

Deaf potassium content (per cent) Stem + p e tio le  content (per cent) 
(days a fte r  planting) (days a fter  planting)

0 (no ahade)
25 (low ehade)
50 (medium shade) 
75  (high ehade) 
SBa +
CD tf). 05)

30 60 90 110 30 60 -90 110
(harvest) 1------- (harvest)

4.23 4.22 3.59 4.04 5.53 4.88 3.83 4.65
4.58 3.03 3.46 4.20 6.16 5.03 3.89 4.43
4.53 4.40 3.72 4.34 6.65 5.22 4.42 5.53
4.79 4.42 3.85 4.50 6.84 5.60 4.17 4.75
0.04 0 .10 0.04 0.02 0 .1 1 0.18 0.05 0.03
0 .12 0.30 0 .12 0.06 0.33 0.05 0.15 0.09

Table 10* E ffect o f  shade on potassium content o f  tuber and on to ta l uptake o f  
potassium by sweet potato a t d iffe ren t growth stages

Shade intensity 
(per cent)

0 (no shade)
25 (low shade)
50 (medium ahade) 
75 (high shade) 
SBa +
CD (U.05)

--------------------------------— — — — — - a . - .

Tuber potassium content (per cent) Total potassium uptake (kg ha ) 
(days a fte r  planting) (doys a fte r  planting)

30

1.54

60

1.45
1.15

90

1.61
1.43

110  30
(harvest)

60 90 110
(harvest)

1.47
1.55
1.64

73.83
32.13
26.36
22.11
3.92

27.48

318.29
147.61
75.23
54.65
1Q.05
55.64

390.66
226.42
168.55
82.57
22.60
69.64

499.49
249.33
286.71
72.02
42.67

131.49
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steal + p e tio le  and tubera along with "the to ta l uptsfte o f  

potassium are presented in  Tables9 to to and F ig .5. The 

analysis o f  variance i s  given in  Appendix 8 .

The e f fe c t  o f  shade on the above characters was found 

to be s ig n ifica n t at a l l  the growth stages* The content 

ranged from 3*46 to 4*?9, 3«BS to 6*04 end 1*15 to 1*64 
por cent in  the le a f , ateia + p etio le  end tubers, respectively , 

a t a l l  shade le v e ls , throughout the growth stages* As in  
the caso o f  nitrogen and phosphorus contents, the potassium 
content a lso showed high v a r ia b ility  between shade levels 
a t d iffe ren t stages o f  growth*

The potassium uptake by individual plant components, 

v is ,  le a f , stem + p etio le  and tubers, wee sign ifican tly  
influenced by shading at a l l  growth stages* Total uptake 

o f  potassium by the plant c lose ly  followed the trend o f 

to ta l uptake o f  nitrogen and phosphorus and the to ta l dry 

weight o f  plant.

XX* S o il  characters

S o il nutrient status

The data on the s o i l  nuTS’ienv eraiua axx>er cropping 

with sweet potato are presented in  the Table 11/ and the 
analysis o f  variance i s  given in  Appendix 9*

Shade had a sign ifica n t e f fe c t  on the contents o f
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Table 11* Nutrient eta tun o f  the e o i l  a fte r  the crop 
o f  sweet potato

Nutrient

Shade intensity 
(per cent) Total 

iiirogen  
(per cent)

Available
phosphorus

(ppa)
• «« i p * 4.w ( * * »  «»•* 1 —

Available
potassiua

(ppm)

0 (no shade) 0.106 1.4 0 69.88

25 (low shade) 0*125 2.77 95.23
50 (medlun shade) 0.067 1.51 97.15• r

75 (high shades 0.108 3.30 '*15.20

SBa + 0.004 0.202 1.472
CD (0 .05 ) 0.013 0.624 1.536
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to ta l n itrogen, available phoophoruo and available pota- 

eeiua In the s o i l  a fter  the cu ltivation  o f  sweet potato. 
The available potQs0j.ua content o f  Hie s o i l  showed an 
increasing trend with, increasing shade le v e ls . However 

such defin ite  pattern was not observed with to ta l nitrogen 
and available phosphorus,

On comparison with the, in i t ia l  nutrient status, the 
to ta l nitrogen showed a s lig h t increase while o decrease 

waa noted in  the case o f  available phosphorus and available 
potaesiuc contents.



DISCUSSION

The rssu lte  o f  the present study Indicated that there 
was a sharp decrease in  y ie ld  due to shading in  sweet 

potato. The percentage y ie ld s  a t 25 and 50 per cent shade 
leve ls  were 2 1 .3  end 1 . 8 , respective ly , o f  that in  the 

open and a t 75 per cent shade, there was no harveatable 

produce* The reoponee to increasing leve ls  o f  shade 
follow ed an exponential pattern. Based on the y ie ld  trend, 

sweet potato may be c la ss if ie d  as •shade-sensitive* and 
th is orop may not hence be considered suited for in ter
cropping.

The above drastic decrease in  y ie ld  i s  inconsistent 
with the general growth performance o f  the plant measured 

in  terms o f  dry matter accumulation and other growth obser
vations. In the case o f  dry matter y ie ld  a t harvest 

(Table 4 ) ,  the percentage values were 48*8, 44.3 end 12.5 
per cent, respectively  ( o f  that in  the open) a t 25, 50 and 

75 por cent shade. As mentioned e a r lie r , the pattern o f 
response In torso o f  moat o f  the othor growth characters 

was sim ilar to that o f  dry matter accumulation with minor 
individual exceptions. Assuming that to ta l dry matter 
y ie ld  may bo used as a measure o f  the photoeynthetio accu
mulation 'by toe plento, i t  may he concluded that the sweet 
potato plant fa ile d  to translocate the photoeynthatee to
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the economic plant Dart as shade In toneitics increased.

The decrease in' dry matter accumulation c once quant to a 

decrease in  illua in ation  must normally be expected as a 

larger proportion o f  loaves would tend to f a l l  below 
saturating lig h t  in ten sities  or oven below compensation 

points with increasing shade le v e ls .

An assessment o f  the extent o f  mutual shading that 
might have occurred can be had from the data on le a f area 
index (Table 2)* In general, the canopy was dense and 

LAI high. In the open, the LAI valueo were greater than 4*0 

even from 30 days a fte r  planting (and reached the peak o f
11.0 a t harvest. Though reports on. the optimum LAX o f  

sweet potato are not available from litera tu re , a coapari- 

son with an optimum o f ' 3*0 to 4*0 reported fo r  sesame with 
horizontally  oriented leaves (Amon, 1973) would indicate 

that LAX o f  th is sweet potato crop was probably euperoptimal. 

One o f  the important factors that decides the optimum values 

o f  LAI I s  the le a f  orientation* I t  has been reported that 

in  sweet potato, mutual shading i s  reduced to an extent 

through the scattering o f  leaves in  d iffe ren t positions because 
o f  the d ifferences In the length o f  p e tio les  (Onwueme, 1978). 
Even with such adaptations, there was presumably some para
sitism  by the lower leaves even in  the open a© evidenced by
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the near horizontal le a f orientation  and the high lea f 
area indices* As had been pointed out e a r lie r , with 

increase in  shade le v e ls , mutual le a f shading and para

sitism  would have gone up substantially• However, such 
excessive parasitical was counteracted to an extent by a 

steady and marked decrease in  M l with increasing shade 
levels*

The data on net assim ilation rate (Table 4) would 

further indicate the e ffic ien cy  o f  the leaves fo r  photo- 
synthate accumulation* I f  the above, mentioned counter

balancing by a decrease in  M I was complete and e ffe c t iv e , 
the HAH would have remained the same a t a l l  shade levels* 
The resu lts , on the contrary, shoved a decrease in  thie 

growth characteristic with increasing shade indicating 
again that the proportion o f  leaves at lower love3,e o f 

illum ination increased because o f  shading* oven though 
shading was accompanied*:by a decrease in  the le a f density* 

Baeed on the observations on Mil and HAE, i t  a^y thus be 
concluded that both decrease in  photosynthetic area end a 
lecrease in  the mean- e ffic ie n cy  o f  the leaves were respon

s ib le  fo r  the decrease in  dry matter accumulation because 
o f  shading*

While the above two would adequately explain the 
variation  in  dry matter accumulation and other growth
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parameters, those.would not explain the drastic d ifference 

in  the response in theo© characters with, that o f  tuber 
y ie ld . Presumably» there was soae other influence o f  
shade that decided the partition ing and, trehslocation  o f  

photosynth&tes to the tubers* A quantitative estimate o f  

cucih a d ifference in  the partition ing o f  assim ilates can 
be had froa  the data o f  harvest index (Table 4) which was 
to the tun© o f  26.0 per cent a t f u l l  illum ination and which 

dropped down to 9. 4f 1 .2  and 0 .0  per cent, respectively , 

a t 25, 50 and 75  per cent shade le v e ls .

While most o f  tuo growth characters followed the eaae 

trend as that o f  the dry matter accumulation, length o f  

vine increased with increasing..shade levels* Though reports 

and explanation fo r  such a behaviour o f  sweat potato ore 
not ava ilab le , increased length (height) because o f  shading 

has been reported in  crops lik e  tobacco (Panik&r e t a l . ■ 1969)» 

ginger (Aclan and Quieumbing, 1976) and cowpea (Tarila  
©t a l* , 1977). The chlorophyll content, o f  the le a f  was not 

a ffected  because o f  shading in  sweet potato, though the 
general trend o f  reported roou lts on other crops was that 
o f  an increased chlorophyll content because o f  ahodinc 
(Clark, 1965 in  strawberry; Evens and Murray, 19551 Guers, 
1971; Okali and Gwueu, 1975 in  cocoa; Hanmsweni, 1960 end 

Venkataaani, 1961 in  tea; Khoseien, 1970 in  bean; Cooper
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and Qualls, 1967 In a lfa lfa  and bird a foot t r e fo i l ,  Hadha, 

1979 in  pineapple).

The content o f  the nutrients, nitrogen, phosphorus 

and potassium in  tissues was nearly the some at a l l  shade 
lev e ls  barring protracted deviations a t certa in  stages.

The to ta l uptake o f  nutrients a t harvest, on the contrary, 

showed wide variation 'w ith  plants in  the open recording 
the highest up take and those at intense shade, the lowest, 
in  general, the uptake o f  nutrients followed the name 

expected trend ae that o f  dry natter accumulation* The fa c t  
that there woe no decrease in  the content o f  the nutrients 

because o f  d ilu tion  e f fe c t  aay be taken to Indicate that 
the supply nutrients was adequate from s o i l .  Tha t the 

extent o f  decrease in  y ie ld  i s  much more than the extent o f  
decrease in  uptake o f  nutrients in d irectly  indicates that 

the u t ilisa t io n  e ffic ien cy  o f  these nutrients would be less 

under shade than in the open,

lata  on the e o i l  nutrient status a fter cropping 
(Table 11) would indicate that the d ifferences in  the 

contents o f  nitrogen and phosphorus in  e o i l  between the 
oiisdo lev e ls , though were s ta t is t ic a lly  s ig n ifica n t, did not 
fo llow  eny d is tin ct pattern. In the case o f  potassium, 
there was a nearly steady increase in  the contents with



increase,in  shade le v e ls . A comparison with the uptake o f 

tiiis  nutrient at harvest (Table 10), would show that i t  
followed Just the reverse trend in  the case o f  uptake.

The larger uptake o f  potassium a t lower shade lev e ls  might 

have thus.contributed towards the observed variation  in 

the content o f  th is nutrient in  the s o i l  a fter  cropping.

As compared to the pre-experlmental nutrient statu® 

o f  the s o i l ,  there was a marked increase in  the content o f 

nitrogen and a decrease in  the case o f  potassium a fter  

the crop season. The change in  phosphorus content was 
inconsistent. While the decrease in  potassium content 

could be explained a® due to the substantial removal o f 

this nutrient from the e o i l  to the extent o f  72*02 to 
499.49 kg ha*1 a t the d iffe ren t ehade leve lo  (Table 10), 
the increase^ In nitrogen content is  d i f f i c u l t  to explain. 

The only reason fo r  tiiis  increase appears to bo that during 
the co lle c t io n  o f  post-harvest e o i l  samples, substantial 

quantities o f  organic debris from the organic manure 

in it ia l ly  added might have been included over and above 

the organic matter addition through le a f  f a l l .

The general trend o f  the resu lts and the co n c lu s io n s  

out o f  these may do summarised os follower



1 • There was an exponential decrease in  y ie ld  o f  ewe at 

potato with increasing shade leve ls  end hence thie 

crop may be c la ss ifie d  as 'shade-sensitive*# I t  say 
not therefore be a crop suited fo r  intercropping#

2# There appears to be some influence o f  shade on the 

partition ing end tranelocation o f  assim ilates. This 
i s  re flected  in  the marked d ifferences in  the responses 

to shading between dry matter accumulation and tuber 
yields#

3# Sweet potato appears to be a crop with adaptation 
fo r  substantial adjuatments in  le a f area to avoid 

excessive le a f  parasitism.

4 . I t  appears that the u t ilisa t io n  e ff ic ie n c ie s  o f  the 
nutrients added would be markedly le ss  under shade 
than in  the open.
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Ooleta*

tS2igafi Beam*)

a B S tn / c s

x . Vtes* cueractero

A .  B i o o e W i 0  o b s e r v a t i o n s

1. Plant. heigft*’ 
+OJ3 fablo 12 end the analysis a o  -tota » »  p r e s s e d  in i w  

o f  variinice In dppcttdix 10*

Shade had sitsninoaal e f fe c t  on fflart height only at 

95 daye a fter planting, though vnsjtoS. Slant height 
showed Bit increasing trend upto interned,." *» '.50 per cent)

shade level'and then deoreaead at the In tenet ehade o f
;

75 per cent* but was more than that in the ope*.

2* Number o f branches

The data arc presented in Table \2  and the analysfc? 
o f variance in Appendix 10*

Shade had significant effect on xhk number o f hranciieo 
only at the in itia l stage o f growth. The general trend vac 
one o f a docroaee in the number of branches with increasing 
shade intensities at a ll  etagec o f growth. The lowect valuoo 
were recorded at the intense (75 per cent) shade level.



The numb&r o f  tranche e increased with advancing age 

o f  the p len t.

5 . Loaf area Index

The data are presented in  fab le 12  and the analysis o f 

variance in  Appendix 10*

Leaf area index in  coleus, was not s ign ifica n tly  influenced 
by shade a t any o f  the growth ptagea. At 95 days a fter 

planting, the value went on increasing with increasing in 
ten sities  o f  shade upto the intermediate shade lev e l and 
than had a decrease at the intense shade le v e l, while at 
other stages the LAI values decreased with increasing shade 

le v e ls . At harvest, the maximum LAI was recorded by plants 
at low shade in tensity .

Over the stages, the LAI values increased witn advanc

ing .age upto 95 days a fter planting in  the case o f  low and 

medium shade lev e ls  while in  the case o f  no shade and intensei

ehade lev e ls , the value went on decreasing a fte r  65 days o f  

growth.

4 . Chlorophyll content o f leave©

The data on the content o f  chlorophyll *a*, 'b* and 

to ta l chlorophyll along with the ra tio  o f  chlorophyll a-b 
are presented in  Table 13 and the analyses o f  varianco in  

Appendix 11.



Table 12. E f f e c t  o f  shade on p la n t  h e ig h t , number o f  branches and l e a f  a re a  indexo f  co leu s  a t  v a rlo u o  grow th ' s ta g e s

Shade intensity^ 
(per cent)

0 (no shade) 
25 (low shade)

Plant height (cn ) 
(days a fter  planting)

Humber o f  branches plant 
(days a fte r  planting)

- r * Leaf area index 
(days a fte r  planting)

35

18*0
19.1

75 (high shade) 18*0 
SEn + 1,4
CD (t>*05) HS

65 95 (ha$$§et) 35 65 * 93 , 1 2 5  . . 35 (harveet) 65- 95 1

58.2 70.1 76.3 13.9 21.4 27.2 34.7 3.11 9*46 8.15
61.0 73.6 81.1 3.4 21.5 31.9 35.9 2.41 7.92 10.61
62.7 77.5 80.0 7.3 17.9 26.8 30.6 2.55 8.52 10.38
53.8 58.3 77.1 6 .1 16.3 18.2 27.7 1.65 6.42 5.59

2.6 3 .0 3.3 1 .6 1.7 3.6 4.6 0.42 1542 1.80
HS 9.4 . HS 4.9 HS US US HS HS HS

125
(harveet)

3.32 
4.53 
3.09
3.32 
1.05
HS

NS »  Hot sign ifica n t

Table 15. E ffect o f  shade on chlorophyll *a* t *bt and to ta l chlorophyll (eg  g 
fresh w eight); ra tio  o f  ch lorophyll a-b  o f  coleus leaves a t  various 
growth stages

- 1

Shade intensity 
(per cent)

Chlorophyll *a* 
(days a fter  

planting)
Chlorophyll *b* 
(days a fto r  
planting)

Total chlorophyll Chlorophyll a :b
(days a fte r  (days o fte r

planting) planting)

00 115 125
(harvest)

0. (no shade) 0.48
25 (low shade) 0,70
50 (nediua sh a d e )0,80 

75 (high shade) 0.95 
SEa + 0.06

CD (0705) 0.19

0.45
0.67
J0.84
0.91o.oa
0.24

0.47
0.47

0.61
0.88
0.03
0.10

80

0.57
0.86
"0 .97

1.13
0.05
0.13

115 125 80
(harvest)

115 125 80
(harveet)

115 125
(harvest)

0.63
0.77

* 0.88
1.19
0.07
0.21

0.81
0.83

0.94
1.20
0.08
0.25

0.99
1.56

1.77
2.07
0.03
0.24

1.03
1.44

1.83
2.10
0.14
0.43

■1.29
1.31

1.55
2.06
0.11
0.33

0.31
0.82

0.83
0.84
0.06

KS

0.72
0.85

0.04
0.77
0.05
HO

0.59
0.66
0.74
0.03
US

IIS* Hot s ig n i f i c a n t c nc n
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The chlorophyll ’ a* , f b# sad to ta l chlorophyll con
tents were found to be s ign ifica n tly  a ffected  by shade at 

a l l  stages o f  growth* The content o f  to ta l chlorophyll 

and i t s  components went on increasing with increasing 
lev e ls  o f  shade, with the plants in  the intense (73  per 
cent) shade le v e l and those without shade recording,the 

maximum end minimum contents, respectively*

Towards maturity o f  the crop, the contents o f  chloro

phyll 'a* end to ta l ch lorophyll, in  general, showed a 
declin ing trend, while that o f  chlorophyll 'b 1 remained 

nearly constant*

The e f fe c t  o f  shade on the ra tio  o f  chlorophyll a-b 
was H ot-sign ificant and i t  remained almost constant at the 

d iffe ren t shade levele* There was a drop in  the ra tio  at 
harvest as compared to that a t the early eta go a o f  growth*

5* Total dry weight

The data on the to ta l dry weight per plant are pre

sented in  Table 14 end Fig* 6* The analysis o f  variance 

i s  given in  Appendix 12 *

Total dry weight per plant was s ign ifica n tly  influenced 

by shading a t a l l  the growth stages* The general trend 
noticed was that o f  a decrease, with increasing shade levels*



The maximum and minimum values were recorded by p la its  

without shading and at intense shade respective ly , a t ai; 

stages o f  growth* The only exception was a t the 95 days 

a fte r  planting*

Over the stages, the value went on increasing with 

advancing age, a t a l l  shade levels* However, a t low and 

medium shade le v e ls , there wee a f a l l  in  dry matter accu

mulation a t harvest* The increasing trend was almost 
steady in  a l l  shade lev e ls , a t the other stages o f  growth*

6* Het assim ilation rate

The data ore presented in  Table 14 and the analysis 

o f  variance in  Appendix 12*

There was s ign ifica n t e f fe c t  o f  shade on HAH only 

between 33 and 63 days a fter  planting, when the highest 
and lowest values were recorded by plants without shads 
and at intense shade le v e ls , . respectively* The e f fe c t  0: 

shade on NAB. between 65 and 95 days a fter  planting was not 
s ig n ifica n t; there was however, a drastic decline in  mean 
HAH when shading was more than 50 per cent*

With advancing age, there wa© a sharp decline in  HAH* 

7* Member o f  tubers

The data are presented in  Table 14 and the analysis o f  
variance in  Appendix 12*



Table 14* E ffect o f  shade on to ta l dry weight* net assim ilation  rate* number o f  tubers* 
tuber y ie ld , hauls y ie ld  and harvest index o f  coleus

Total dry weight (g  p lant"1) Het aaslu l- Humber o f  tubers Tuber Hauls liar- 
(days a fter  planting) la tion  rate plant”  y ie ld , y ie ld  -v es t

Shade intensity d ^ l ’ (daya a fte r  Ct ha”1 ( t  ha" in -
(oer cent) • ' - O '  planting) fresh  dry dex

--------------- ------------------------ - ---------------- --- ----------------------- - -----  weight) weight)

iI
* 

1 i

65 95 fh„125n+^Between Between 65 tharvest; 55 & 6 5  &

_____________ __65 days 95 dqys __
95 125 

(harvest)i •

0 (no shade) 3.65 22.46 31.50 43.89 3.30 1.08 4.24 
(2 .18 )

17.7 27.1 34.10 4.80 0.61

25 (low shade) 1.97 16.65 35.10 31.95 3.34 2.26 1.56 
(1 .43 )

12 .6 .37.5 26.56 ' 2.89 0.60

50 (medium shade) 1,73 13.36 24.04 23.57 2.14 1 .3 6  0.86  
(1 .1 7 )

6.7 33.0 20.04 3.54 0.54

75 (high shade) 1.19 8.13 9.90 17.24 1.99 0.15 0.00  
(0 .7 D

1.7 39.8 9.92 2.24 0.49

GEo + 0.39 1.2 0 3.70 5.05 0.35 0.58 0.22 1 .2 3.9 2 .1 1 0.53 0.03
CD (0 ,05) 1.2 0 7.16 11.39 15.57 1.06 HS 0.68 3.6 1 2 .1 6.50 1.62 0.07

ES ■ Hot s ig n ifica n t
figures in  parenthesis represent J x + transformed values.
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Shade hud s ign ifica n t e f fe c t  on number o f  tubers 

a t the early stages o f  growth, at 65 and 95 deye a fte r  
planting. The maximum and minimum value a were recorded 

by plants in  the open ( 0.0  per cent shade) and at the 

intense (75  per cent) shade le v e l, respectively  a t these 

stagee and i t  showed a drastic decline with increasing 
shade den sities . The trend o f  resu lts  at harveet (125 

days a fte r  planting) was markedly d iffe ren t with the 
plants in  the open recording the lowest tutoar number mid 
those a t  the intense shads, the highest. The d ifferences 
between the various shade leve ls  were however, not s ta t is 

t ic a l ly  s ig n ifica n t. At 35 days a fte r  planting, no tuber 

wosii formed in  any o f  the ohade le v e ls , while e t  65 days 

a fter  planting no tuber was found a t the intense shads 

o f  75 per cent.

Over the stagee, the value went on increasing with 

advancing ago.

8 .  Tuber y ie ld

The data are presented in  Table 14- and Fig. 7* The 

analysis o f  variance i s  given in  Appendix 12.

There was s ig n ifica n t e f fe c t  o f  shade on tuber y ie ld  

in  coleus. She maximum y ie ld  was obtained from the plants 
without shade and the minimum y ie ld  from the Intensely 
Shaded plants. The y ie ld  data showed a decreasing trend
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with increasing shade in ten sitie s . Also the d ifferences 

between th® shed© lev e ls  were a ta t io t io a lly  s ig n ifica n t.

The y ie ld  obtained at low, nedium and high shade lev e ls , 

expressed as percentage o f  that at the open (no shade) 
were 77*7 » 53.3 and 29*1 per cent, respective ly .

Response curve

The tuber y ie ld  ae a function o f  chad© intensity 

showed a linear response (F ig . 8 and the analysis o f  
variance in  Appendix 4 3 ). The equation o f  the lin e  is  

given below.

y  -  22.66-3*95x

oThe c o -e f f ic ie n t  o f  determination R o f  the above 

lin e  being 0 . 9913* 99*13 per cent o f  to ta l variation  in  the 
response can be explained by the f it te d  polynomial.

9* Y ield  o f  haules

The data are presented in  Table 14 and the analysio 

o f  variance in Appendix 12.

The e f fe c t  o f  shade on haula y ie ld  o f  colsus was not
—1sign ifica n t and i t  ranged from 2*24 to 4.30 t  ha dry 

natter. Ho general trend with increasing shade in ten sities  
was n oticed .



T able 15, E f f e c t  o f  Ghad© on n it ro g e n  c o n te n t o f  c o leu s  l o a f  and stem  ♦ p e t io lea t  d i f f e r e n t  grow th ©tagea

Shade intensity  
(per cent)

0 Ino ©hade)
25 (low shade)
50 (jnediusi ©hade) 
75 (high ehode) 
SEa +,
CD (0*05)

le a f  nitrogen content (per cent) Stea + p etio le  nitrogen content
(per cent)

(days a fte r  planting) (days a fte r  planting)

35 65 95 125 35 65 95 125
(harvest) (harveet)

3*39 1.75 1.57 1.25 1*60 0.75 0.55 0.62
4.11 2*14 1.25 1.33 2.0 1 0.93 0.65 0.53
4.17 £.59 1.91 1.41 2.14 1 . 1 2 0.34 0.89
4.16 3.33 2.67 1.90 2.41 1.52 1.33 0.91
0.02 0.06 0.04 0.02  0.03 0.02 0.01 0.01
0*61 0.17 0 .12 0.07 C.OS 0.03 0.04 0.02

fab le  15* E ffect o f  shade on nitrogen content o f  tuber and on to ta l uptake o f  nitrogen 
by coleus a t  d iffe ren t growth stages

Shade-:; in tensi ty 
(per cent)

0 (no ©hade)
25 (low shade)
50 Caediaa shade) 
75 (high ©hade) 
SKa +
CD (3 .05 )

Tuber nitrogen content (per cent) Total uptake o f  nitrogen (kg ha 
(days a fter  planting) (days a fter  planting)

- 1 )

55 65 95 125 35 65 - 95 '125
»w  M~ r~ mrr\ m m ■m ̂  m TJ ( h a r v e e t ) ____ ____________ ( h e r v e i

0.52 0.53 0.67 21.52 23.91 25.23 26.93
0.64 0.61 0.65 11.71 21.18 25.39 19.54

- 0.62 0.85 12.96 20.31 24.36 13.23— 0.50 0.96 11.53 16.14 15.37 15.62
0.04 0.02 2.92 3.27 4.16 3.73* HS 0.06 NS HS HS HO

HS * H ot s ig n i f i c a n t
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10* Harvest index

The data are presented in  Table 14 end the analysis 

o f  variance in  Appendix 12.

Shade s ign ifica n tly  a ffected  the harveet index in  

coleue and the value went on decreasing with increasing 
shade in ten s itie s , v ita  plants in  the open and a t intense 

shade le v e ls  recording the aaxiaum end minimum values, 

resp ective ly ,

3 . Chemical studies

1. Content and uptake o f  nitrogen

The data on the content o f  nitrogen in  the le a f ,  stem +
i

p etio le  and tubers and the to te l uptake o f  nitrogen by 
plant oe a  whole are presented in  the Table 15 to 16 and 

J ig . 9« The analyses o f  variance are given in  Appendices 

13 to 14*

E ffect o f  shade on the nitrogen content o f  le a f, 
stem + p e tio le  and tuber was s ign ifica n t at a l l  the growth 

stages. The d ifferences in  the uptake o f  nitrogen between 
the various shade lev e ls  were not s ig n ifica n t a t any o f  tee 

stages o f  growth, Tho nitrogen content in  the plant com* 
ponents in  general, showed an increasing trend with increas
ing shade intensities* In the case o f  uptake, the general



Table 17,  E f f e c t  o f  shade on phosphorus c o n te n t o f  c o le u s  l e a f  end stem  + p e t io lea t  d i f f e r e n t  grow th s ta g e s
Leaf phosphorus content (per cent) 

(day a a fter  planting)
Shade intensity 

(per cent)

0 (no shade)
25 (low shade)
50 (uediua ehede) 
75 (high shade)
SEa ♦ '
CD (& 05)

Stea + p etio le  phosphorus 
content (per cent) 

(days a fter planting)

35 65 95 125 35 
(harvest)

65 95 125
(harvest)

0.38 0.23 0.23 0 .21 0.27 0.19 0.14 0.13
0.40 0.29 0.23 0.23 0.29 0.23 0.20 0.13
0.42 0.36 0.24 0.20  0.24 0.25 0.17 0.15
0.43 0.33 0.22 0.13 0.28 0.18 0 .21 0.14
0 .0 1 0.01 0.01 0 .0 1 0.01 0 .0 1 0.005 0.005
0.02 0.02 0.03 0.02 HS 0.04 0.02 0.01

NS * Not s ig n ifica n t

Table 18. E ffect o f  shade on phosphorus content o f  tuber and on to ta l uptake o f 
phosphorus by coleus a t  d iffe ren t growth stages

Shade intensity 
(par cent)

0 (no shade)
25 (low shade)
50 (isediUK shade) 
75 (high shade) 
SSa *
CD (5 .05 )

Tuber phoephorua content (per cent) Total uptake o f  phosphorus (kg ha"1) 
(days a fte r  planting) (days a fter  planting)

35 65 95 125 35 65 95 125
(harvest)

m  »  m  m t m
(herveat)

0.20 0.22 0.19 2.51 3.91 5.09 6.26
0 .21 0.22 0 .21 1.19 3.64 6.32 4.30

- 0 .2  2 0.22 1.35 3.37 4.21 3.71
— 0.17 0.17 1.18 1.82 1.84 2.33
- 0.01 0.01 0.32 0.56 0.67 0.70
- N3 0.02 0.99 HS 2.06 2.16

NS * Not s ig n i f i c a n t -o
CO



trend was that o f  a decrease with increaoing shade lev e ls , 
with the intense Ghade and that without shade leve ls  record
ing the maximum end minimum contents, respectively , end 

v ice  versa in the case o f  to ta l uptake o f  n itrogen.

Over the stages, the content in  the le a f and stem + 
p etio le  allowed a decreasing trend with advancing age until 

harvest. In the ease o f  tuber, a s lig h t increase was 

noticed at harvest. Total uptake o f  nitrogen showed on 

increasing trend upto the pre-harvest stage. At the time 
o f  harvest, i t  decreased except in  the case o f plants in 

the open.

2. Content and uptake o f  phosphorus

The data on the content o f  phosphorus in le a f, stem * 

p etio le  end tubero end the to ta l uptake o f  phosphorus are 
presented in  Tables 17 to 18 and F ig . 9 . The analyses o f 
variance are given in  Appendices 14 to 15.

There was sign ifica n t e f fe c t  o f  sheade on phosphorus 

content in  le a f , stem + petio le  and tuber ana on the to ta l 
uptoko o f  phosphorus at almost a l l  stage© o f plant growth. 

The content ranged from 0.18 to 0.43* 0*13 to 0.29 and
0 .17  to 0.22  per cent in  le a f , ©tea + p etio le  and tuber, 
respective ly , The resu lts  were highly variable and the 
only general trend that could be noticed was that the



Taole 19.  E f f e c t  o f  shade o k  po tassium  c o n te n t o f  coleu© l e a f  end n te e  + p e t io lea t  v a r io u s  g ro v th  s ta g e s

Shade Intensity 
(per cent) ,

le a f potassium content (per cent) 

(days a fte r  planting)

Stesi -f p e tio le  potassium 
contact (per cent) 

(deys a fter 'p la n tin g )

0 (no shade)
25 (lo v  shade)
50 (medium shade) 
75 (high shade) 
SEa ♦
CD (0 .05 )

35 65 95 125
(harvest)

35 65 95 125
(harveet)

4.50 2.37 2 .12 1.52 6.90 4.20 3.40 2.82
5.39 3.03 2.34 1.09 7.90 5.99 4.28 3.68
5.21 3.25 2.56 1.54 7.97 6.33 4.76 4.40
5.09 3.93 3.2 2 1.99 7.99 6.77 5.14 4.40
0.05 0.05 o .oa 0.05 0.05 0.05 0 .2 1 0.09
0.14 0.17 0.26 0.15 0.15 0.14 0.66 0.27

fable 20. E ffect o f  shade on potaosiua content o f  tuber and on to ta l uptake o f  
potassium by coleus a t  d iffe ren t growth stages

Tuber potassium content (per cent) Total uptake o f  potassium (kg ha"^) 
(days a fter  planting) (day© a fte r  planting)

35
Shade intensity 

(per cent)

0 (no ehade)
25 (low shade)
50 (medium shade) 
75  (high shade)
3 Em *
CD ($ .05 )

65 95 125 35 65 95 125
(harvest) (harves

2.35 2.04 2.20 32.77 59.82 84.81 84.98
1.80 2.16 2.30 18.07 63.19 90.05 71.93

- 1.95 2.30 19.39 52.61 60.89 57.95
- 1.86 2.30 15.57 36.42 33.50 43.05
— 0 .1 1 0.09 4.11 7.62 12.80 9.68
- HS US 12.68 HS 39.45 29.82

IS3 -  H o t  s i g n i f i c a n t
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phosphorus content showed an increasing trend with increas

ing shade in ten eitiee  a t the early stages o f  growth* The 

to ta l phosphorus uptake a lso did not show any d is tin ct  

pattern between the shade lev e ls  except a t 65 end 125 days 

o f  growth when the uptake went on decreasing with Increasing 

shade levels*

With age* the le a f  phosphorus content showed a d eclin 

ing trend a t a l l  stages o f  growth, sim ilar observation 
could be mad© in  the case o f  eten * p etio lo  at lower shade 

le v e ls ,' At medium end high shade levels* no d is tin ct trend 

could be n oticed . In general* the to ta l uptake o f  phosphorus 
went on increasing with advancing age* a t a l l  the shade le v e ls .

5 . Content and uptake o f  potassium

The data on the content o f  potassium in  leaf* etc® + 

p etio lo  and tubers and the to ta l uptake o f  potoeoiua ere 

given in  Table 19 to 20. and F ig , 9* The analyses o f  variance 
ore given in  Appendices 15 to 16,

S ign ificant e f fe c t  o f  shado on the potassium content 

o f  le a f  and stem + p e tio le  was observed at a l l  the growth 

stages* In the case o f  tuber potassium content* s ig n if i 

cance could be no tod only a t 35 days a fte r  planting and in  

the case o f  to ta l uptake a t 35 end 95 days o f  growth. Except 
a t 35 and 95 days a fter planting* in  the case o f  le a f  and
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phosphorus content showed an increasing trend with fncreae- 

ing shade in ten sities  at the early stages o f  growth. The 

to ta l phosphorus uptake also did not show any d is tin ct 
pattern between the shade lev e ls  except a t 65 and 125 days 

o f  growth when the uptake went on decreasing with increasing 

shade love la .

With age* the le a f  phosphorus content showed a declin 

ing trend a t a l l  stages o f  growth.' Similar observation 
could be made in  the ease o f  stea .+ p etio lo  at lover shade 
le v e ls .' At medium end high shade level® , no d is tin ct trend 
could be noticed.-' In general, the to ta l uptake o f  phosphorus 

went on increasing with Advancing age, at a l l  the shade le v e ls .

5 . Content and uptake o f  potassium

The data on the content o f  potassium in  lo a f , stem +■ 

p etio lo  end tubers and the to ta l uptake o f  potoeoiua ere 

given in  Table 19 to 20. and Fig. 9* 2he analyses o f  variance 

ere given in  Appendices 15 to 16.

S ign ificant ©ixeet ox saaao on the potassium content 

o f  le a f  and stem + p e tio le  was observed at a l l  the growth 
stages. In the caae o f  tuber potassium content, s ig n if i 

cance could be noted only a t 35 days a fte r  planting and in 
the case o f  to ta l uptake a t 35 end 95 days o f  growth. Except 
a t  35 and 95 doya a fter planting, in  the case o f  le a f  and



stem + p e tio le  the potassium content vent cn increasing 

with increasing shade le v e l at a l l  the growth stages. No 

d is t in c t  trend was noticed In the case o f  tuber potassium 

content and i t  ranged from 1 *60 to 2*35 per cent. The 
to ta l uptake o f  potassium did not show any d is t in c t  trend.

Over the stages, the content in  the le a f  and stem + 

p etio le  showed a declin ing trend while tuber potassium 

content, in  general, showed a Blight increase. Uptake o f  
potassium was increasing with advancing age upto 95 days 
a fter  planting and i t  showed a s lig h t decline at the in ter

mediate shade levels* I t  wont cn Increasing upto harvest 
in  the case o f  plants without shade and a t intense shade.

IX. S o il charactera 

S o il nutrient status

The data on the s o i l  nutrient statue a fter  the c u lt i 

vation  o f  coleus are presented in  Tabic 21 end the analysis 

o f  variance in  Appendix 17.

The d ifferences in  the content o f  to ta l nitrogen and 
available potassium in  the s o i l  at d iffe ren t shade leve ls  
were s ig n ifica n t. Ho d is t in c t  trend could be observed in  

to ta l nitrogen end available phosphorus content with 
increasing shade lev e ls  but the available potassium content 
in  the e o i l  was h i$ ier a t higher shade le v e ls .



Table 21. E ffect o f  ehed© on nutrient status o f  t o i l  
a fter  the crop o f  coleus

Shade intensity 
(per cent) r

Total 
nitrogen 
(per cent)

Available 
phosphorus 

___ (P P »>

Available
potassiua

(P P * )

0 (no shade) 0 .10 1.62 73.3*
23 (low shade) 0.07 2.30 77.57
30 (nodiuQ shade) 0 .10 1.92 82.56
73 (high shade) 0.08 1.29 101.57
S E a  ± 0.003 0.27 1.94
CD (0 .05 ) 0.009 0.83 5.98



Comparison with the pre-experiaental s o i l  nutrient 

status showed a s lig h t increase in  the to ta l nitrogen 
content a t a l l  the shade lev e ls  except a t low shade* 

Available phosphorus shoved a s lig h t increase a t low and 
medium ehs&c levels* Tao potassium content was much lower 

a fte r  the crop season* the extent o f  decrease being lower 

at higher shade levels*



DISCUSSION

She reoultD o f  the present study indicated that 

the decrease in  y ie ld  o f  tuber in  coleus wee proportionate 

to the intensity o f  shade and was almost lin ear. She 
maximum y ie ld  was obtained in  p lots without shade end the 

y ie ld s  obtained a t 25, 50 end 75 per cent eiiade leve ls  

wore 77.7* 56.Q and 29.1 per cent, respective ly , o f  that 
in  the open. As evidenced by the invercely proportional 

and lin ear response o f  tuber y ie ld  to shade, i t  may be 
concluded 'that coleus i s  a plant with no specia l adapta
tion  fo r  growth under ensue and cioy hence be c la ss ifie d  

as • shade-intolerant*. Such a shade response w ill  quality 

th is crop as suitable fo r  intercropping only under conditions 
o f  ample lig h t  in fi lt r a t io n . As a rough indication* i t  nay 

be noted that in  intercropping situations with about 

50 per cent lig h t in fi lt r a t io n , the y ie ld  w il l  be h a lf ae 
much as that in  the open.

Among the two components that contributed towards 

tuber y ie ld  v is .*  tuber number and tub or weight, there uae 

a p ositive  influence o f  shade on the number o f  tubers. 

However* the contribution by th is component towards the 
f in a l  y ie ld  was meagre and in  fact* the re la tion  between the 
tuber number and tubor v ie ld  aoDeared to be lawer-aa. Ah



indicated from the data on plant height (Table 12), the 

plant0 under shade tended to grow longer at lea s t  upto 
intermediate shade leve ls  and they apparently were Blender 
and weak* The shoots tended to t r a i l  on the s o i l  surface 
which induced tuber formation at the nodes in  contact 

with the so il*  Though this contributed substantially 
towards the tuber number (Table 14), these fa ile d  to 

develop properly and thus influence the f in a l tuber yield*

An insight in to  the probable mechanism responsible 

fo r  the shade response o f  th is crop con be had from the 

comparison o f  the response on dry matter accumulation o f  

the crop (Table 14)* Total dry weight o f  the plant at the 
d iffe ren t stages follow ed-on iden tica l decrease as that 

o f  tuber y ie ld , because o f  shading* Assuming again, that 
dry matter accumulation would be a measure o f  photocyiith©- 
t i c  accumulation, i t  may be considered that the photo syn
thetic factors were almost exclusively responsible fo r  the 
observed responses to shade.

I t  mey also be worthwhile to discuss the components 

that wore responsible fo r  the variation  in  dry v matter yield* 
Among the two components that contribute towards photo- 
eynthate accumulation via* lea f area and le a f  e ffic ie n cy , 

there was increase in  le a f  area because o f  ©hading upto the 
Intermediate (50 per cent) shade le v e l followed by a



conspicuous decline at Intense (75 per cent) shade, The 

increase in  le a f area index beoauea o f  shading may perhaps 
be a plant adaptation to expose larger pho to syn the t ic  

surface under lim ited Illum ination. However, as indicated 

by the high le a f  area indices and the alaoet inverse re la 
tion  between dry matter accumulation and the LAI upto the 
intermediate shade le v e l, i t  nay be concluded that such a 

plant adaptation was not advantageous in  plant communities 

o f  th is  crop* A comparison o f  the LAI values (Table 12) 
would reveal that the mean values were w ell above 4,00 at 

and beyond 65 days a fter  planting and the mean maximum o f  
9,46 was noted in  the open, 65 days a fter  planting* The

i ,
fa c t  that the le a f  orientation  in  coleua ie  apparently 
near-horizontal and that the lea f area indices were compara

tive ly  high indicate that there was probably strong mutual 

shading even in  the open* Since there was increase in  M I 

due to shading, there was probably much more o f  mutual chart

ing a t these shade levels* These would have normally 
deoreased the e ffic ie n cy  o f  leaves to photouyntheelse by 

making a larger proportion o f  lower le a f  surfaces either at 
sub-saturation or parasitic  levels* Therefore, even though 
there was increase in 'th e  photoeynthetio surface because 
o f  shading, i t  did not resu lt  in  cn increase in  dry matter 

y ie ld ,

A quantitative estimation o f  the e ffic ie n cy  o f  the
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leaves to photosynthesis© can be bad frost the data on 

net assim ilation rate ( Table 14). However# thee© figures 
are available only upto 95 day© a fter  planting as further 

ca lcu lation  o f  th is growth characteristic could not be 
done because o f  le a f  shedding a fter  th is  stage, Th© 
available data upto the period o f  95 day© a fter  planting# 
generally indicated a decrease in  th© e ffic ie n cy  o f  the 
loaves due to shading*

Even though the patterns o f  y ie ld  and dry natter 
accumulation followed a predictable decrease with increas

ing shade levels# the trend in  plant height ( Table 1 2 ) 

appeared to be d iffe ren t. With increasing shade levels# 

the plants tended to be ta lle r  and th is  e f fe c t  was nearly 

consistent. Such an induction o f  plant height increase by 

shade i s  in  conformity with the resu lts  reported on nary 

other crops (Psnikar# ©t a l.#  1969 in  tobacco} A den  and 
Quieumbing# 1976 in  ginger end Tarila e t  a I . , 1977 in  
covpea).

Iho contents o f  to 

(ch lorophyll *a* end *b*> (Table 13) were sign ifican tly  
iisfluGncod by sizeding and their contents vent on Increasing 
with increasing sha&o le v e ls . This is  in  agreement with 

the finding© o f  Clark (1909)# Evans and Murray (1953) 6 
Guers (1971)» Eamasrvaai (1960)# Venfcatamani (1961)#



Khoscien (1970)# Okeli and Owuea (1975)» BjorSaon and 

Holmgren (1963)* Cooper and Qualls (1967) and fiadha (1979).
The d ifferences in  the ra tio  o f  chlorophyll a-b remained 
non-aignifleant and i t  was lowest a t the la ter stages at 

a l l  shade lev e ls  which showed that the o on tent o f  chloro
phyll *b* increased while that o f  chlorophyll *a • decreased.

The contents o f  the nutrients nitrogen# phosphorus 
and potassium in  the plant parts showed a persistent increase 

because o f  shading. One reason attributable to this i s  tho 
d ilu tion  e f fe c t  a t high lig h t  in ten sities  because o f  higher 
dry matter production but the involvement o f  other physio

lo g ic a l  factors  on the accumulation o f  nutrients cannot be 

ruled out. The induction o f  an increase in  contents o f  
mineral nutrients by shading has been widely reported in  

several crope (fyhr and Saeho# 1969} Kray b i l l ,  1922}

Guers, 1971} Freta and Inmharn?, 1971} C an tliffe , 1972}
Rodriguez o t  a l.#  1973} Radha, 1979 and Wcng and Wilson, 1980). 
The uptake o f  these nutrients, on the contrary# registered 

a oonaplcuous decrease with increasing shaft© le v e ls , the 
d ifferences between shade levels being s ta t is t ic a lly  sign i
f ica n t  in  the case o f  phosphorus and potassium at most o f  
the stages. Though in the case o f  nitrogen# th is did not 
a tta in  lev e ls  o f  s ta t is t ic a l  sign ifican ce, the trend wae 
steady and conspiouous. These decreases in  uptake o f



n u tr ie n ts  because o f  shading would indicate that the e f fe c t  

o f  decreasing dry matter production had the dominant 
influence in  deciding to ta l uptake and i t  could more than 

compensate the increased contents o f  nutrients resulting 

from shading.

Another ancillary  conclusion i s  that the crop require
ment o f  nutrients would be substantially le ss  under shade.

I f  the uptake i s  taken as an index o f  crop requirement, 
the quantity o f  f e r t i l iz e r  needed by th is crop would be 

72 . 56, 67*86 and 58.0 per cent# respective ly , in  the case 

o f  nitrogen at 25* 50 and 75 per cent shade le v e ls . The 

corresponding values fo r  phosphorus would be 68.69, 59.27 

and 37*22 per cent and in  the case o f  potassium 34*64,
63.19 and 50.66 per cent, respective ly .

Analysis o f  the s o i l  a fter  harvest o f  the crop (Table 21) 

showed a steady increase in  the content o f  available pota

ssium with increasing chads le v e ls . There was no consistent 
pattern in  the case o f  to ta l nitrogen and available phos
phorus* As compared to pro-experimental e o i l  statue, the 

potassium content a fter harvest o f  the crop was markedly less 
and that o f  nitrogen conspicuously more. The available 
phosphorus content showed only s lig h t, but' protracted changes. 
The reasons fo r  the decrease in  the content o f  available 
potassium and fo r  the increase in  nitrogen content had been



diaeusoed already, while dealings with sweat potato

Tho general conclusion on the reeulta and discueeion

may be summarised as follows*

1* There was e s ign ifleant decrease in  the y ie ld  o f  tuber 

which was proportionate to the intensity o f  shade and 
was almost linear* Hence, i t  any be considered that 

coleus i s  a plant with no specia l adaptation fo r  growth 

under shed© and may therefore be c la ss ifie d  as 'shade- 

in toleran t'*  This would qualify  th is  crop as suitable 
fo r  intercropping only under conditions o f  ample ligh t 

in filtra tion *

2* Photosynthetic factors appear to be almost exclusively 

responsible fo r  the observed responses to shade*

3* There was on increase in  le a f  area because o f  shading 

upto the intermediate (50 per cent) shade le v e l, but i t  

did not resu lt  in  an increase in  dry matter y ie ld .

Strong mutual shading appeared to be probable even in  

the open.

4 . The f e r t i l iz e r  requirement by the crop would be substan
t ia lly  leso  under shading. Indications ore that the 

nutrient requirements o f  a crop upto 50 per cent shade 
intensity may be about 70 per cent o f  that fo r  a sole 
crop in  the open.
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Colocaela
( Colocaeia asculanta (L .)  Sohott.)

RESULTS 

X* Plant characters 

A. Biometric observations

1. Plant height

The dots are presented in  Table 22 and the analysis 

o f  variance in  Appendix 13*

Shade hud a s ign ifica n t e f fe c t  on plant height In 

oolocaaia only a t 60 and 90 daya a fte r  sprouting when 

the plant height went on decreasing with increasing shade 

intensity* The plants in  the intense (75  per cent) shade 
recorded the lowest height which wao s ta t is t ic a lly  in fe r io r  
to that a t other obodo levels*  The treatment receiving 
f u l l  illum ination (0  per cant shade) recorded the maximum 

height which was at par with 25 and 50 per cent shade*
At the ea rlie r  and Inter stages, the d ifferences between 

shade lev e ls  was not sign ificant*

Over the stages, the plant height increased upto
i

60 daye o f  sprouting and a fte r  th is stage a steady decrease 
in  height was noticed* The extent o f  decline a fter  60 days 
o f  sprouting appeared to be steeper at lower shade inten
s it ie s*



88

2* Girth a t co lla r

She data ore presented in  Table 22 and the anal?sia 

o f  ■variance in  Appendix 10.

Girth a t  co lla r  van sign ifica n tly  a ffected  only 
a t  60 doye a fter  oproutiiig, when, the highest and lowect 

values were recorded by plants without shading and at 
high shade intensities* The g irth  at intense shade was 

s ta t is t ic a lly  in fe r io r  to that a t other shade levels*

Collar g irth  was maximum a t 60 deya a fter sprouting 

in  a l l  shade le v e ls , and then alternate decrease and 

increase was noticed a fter  60 days o f  growth u n til 150 deys 

a fter  sprouting* Again, es in  the case o f  plant height, 
extent o f  doorcase in  girth  woe more conspicuous a t lower 

shade in tensities*

5* Humber o f  t i l l e r s

The data ere presented in  Table 23 and the analysis 

o f  variance in  Appendix 19*

Shade had a sign ifica n t e f fe o t  on th is character at 

a l l  stage® o f  plsnt growth excepting 30 days a fte r  sprout
ing. At these stages, the plants at f u l l  illum ination 
recorded the maximum value. Lowest value was noted at 
intense (75  per cent) shade le v e l a t a l l  stages* There



Height o f  plants (cm) Girth a t c o lla r  (cm)
in+jotjft* ±tt (days a fter  sprouting) (days a fte r  sprouting)

Table 22* E f fe c t  o f  shade on h e ig h t  o f  p la n t  and g i r t h  a t  c o l l a r  o f  c o lo c a s iaa t  d i f f e r e n t  grow th s ta g e s

(per cent) 30 60 70 120 150 30 60 90 120 150

0 (no shade) 55.3 82.6 73.5 51.3 45.6 1 1 . 2 16.3 8 .5 11.3 7 .9
25 (low shade) 59.1 73.1 65.9 39.2 52.0 10 .2 13.7 8 .7 10 .1 8.9
50 (medium shade) 63.2 63.6 62.4 57.1 51.2 11.4 12.4 3 .3 9.3 9 .0
75 (high shade) 57.5 51.9 50*8 55.1 51.9 9.4 9 .0 3.1 9.6 ' 3 .7
Si&a + 4.3 ■5.0 3 .5 3.2 3 .0 0.9 1 .0 0.4 0.7 0 .4
CD (0.05) HS 15.6 10 .6 HS HS HS 3.0 HS HS HS

MS a Hot s ig n ifica n t

Table 23* E ffect o f  shade on t i l l e r  production and lea f area index o f  colocasia  
at various growth stages

Humber o f  t i l l e r s  plant" 1 Leaf area index
(days a fte r  sprouting)

Shade intensity  -
(per cent) 30 60 90 120 150 30 60 90 120 150

0 (no shade) 4.3 1 1 .2 11.3 13.5 12.4 0.67 1.43 0.83 0.83 0.41
25 (low shade) 4.9 7 .7 9 .7 11.9 11.7 0.71 1.13 1.07 0.74 0.55
50 (medium ehade) 3.7 5.5 7 .0 10.3 8 .1 0.76 0.55 0.67 0.80 0.54
75 (high shade) 3.1 3.4 4.9 5.2 5*6 0.63 0.57 0.55 0.31 0.48
3S& ♦ 0.7 1 .0 1 .0 1.3 1.4 0 .10 0.30 0.13 0.09 0.07
CD (0 .05 ) HS 3.1 3.1 3.9 4 .5 HS m HS 0.29 HS

ITS * Hot s ign ifica n t



was a steady decrease in  the number o f  t i l l e r s  with 
increasing shade ln tenoitiea  a t a l l  the stage© o f  growth.

i

Though the d ifferences between the Individual treatments 
were not always s ig n ifica n t, the general trend was one o f  

decrease in  the number o f  t i l l e r s  with increasing shade 

levels*

With advancing age, the number o f  side sprouts 
showed an increasing trend upto 120 deye a fte r  sprouting 

followed by a s lig h t f a l l  between 120 end 150 days o f  growth 
except a t the intense shade le v e l.

4 . Leaf area index

The data are presented in  Table 25 and the analysis 

o f  variance in  Appendix 19*

S ign ificant e f fe c t  o f  shade on le a f  area index in  
colocasia  was noticed only a t  120 days a fter  sprouting 
when the M I in  the open was found to be sign ifica n tly  

lower than a t a l l  other shade lev e ls  which themselves were 
on par. Ho general trend o f  treatment difference© could 

be noted mainly because th is observation was v iolated  by 
'the damage o f  the crop.

Over tho stages, M I was found to bo muyflmug* a t  60 
day© a fte r  sprouting a t lower shade leve ls  and then there 
was a decreasing trend u n til 150 days a fter  sprouting*



Table 24* E f f e c t  o f  shade on c o n te n t o f  c h lo ro p h y ll *a’ end *b* (mg g"* f r e s h  w eig h t)o f  co lo co o ia  le a v e s  a t  v a r io u s  grow th s ta g e s

Chlorophyll *a* Chlorophyll #b*
Shade Intensity (days a fte r  sprouting) (days a fte r  sprouting)

SO 110 140 170 SO 110 140 170

1.51 1.70 1.44 1*29 1.85 2.18 1.90 0.91
1.30 1*70 1.4 8 1 .2 2 1.57 2.13 1.94 0.85
1.59 1.90 1.58 1.48 1.83 2.47 2.06 1 .1 0
1.58 1*78 1.71 1.58 1.92 2.24 2.29 1.28
0.04 0.04 0.03 0.03 0 .1 1 0.06 0.06 0.06
0 .12 0.13 0 .10 0.09 HS 0.20 0.17 0.18

(per cent)

0 (no shade)
25 (low shade)
50 (medium shade)
75 (high shade)
SHa
CD (0*05)

HS » Hot s ig n ifica n t

fable 25* E ffe ct o f  shade on to ta l ch lorophyll content (mg g~* fresh weight) and 
chlorophyll a -b  ra t io  o f  co locasia  leaveg at vsrioao growth stages

Total ch lorophyll Chlorophyll ash
Shad© intensity (doys a fter  sprouting) (days a fte r  sprouting)

(per cent)

0 (no shade)
25 (low shade)
50 (medium shade)
75 (high shade)*3 Sin +•
CD ( 0*05)

HO «  Hot s ig n ifica n t

80 110 140 170 80 110 140 170

3.34 3.88 3.34 2.20 0.84 0.78 0.76 1.43
2.87 3.83 3.42 2.07 0.83 0.80 0.77 1.44
3.66 4.36 5.64 2.58 0.79 0.77 0.77 1.36
3.50 4.02 4.00 2.86 0.82 0.79 0.75 1.27
0 .10 0 .1 1 0.09 0.07 0 .0 1 0 .01 0 .0 1 0.05
0.31 0.33 0.27 0 .22 0.04 0.02 HS HS
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Other than th is general observation, no va lid  conclusion 

on the trend could be drawn on the stage-wise variation  
o f  individual treatments.

5. Chlorophyll content o f  leaves

The data on contents o f  chlorophyll *e#, *b* end 

to ta l ch lorophyll[ ra tio  o f  chlorophyll a -b  are presented 
in  Table 24 to 25 and the- analyses o f  variance in  Annen- 
dices 20 to 2 1 .

At alraoot a l l  stages, the e f fe c t  o f  shade on the 

contents o f  chlorophyll ' a* , *b* and to ta l chlorophyll 
were found to bo s ign ifica n t. S t i l l  no general trend on 

the variation  with increasing shade lev e ls  could be d is

cerned. The e f fe c t  o f  shade on chlorophyll a lb  was found 
to bo sign ifica n t only a t early stages. Here again, no 

general conclusion could bo drawn on the trend o f  resu lts .

Stago-wiee comparison o f  the chlorophyll eon ten to 

showed that the content o f  chlorophyll 'a* regained the 
sane while that o f  chlorophyll *b* decreased a fter  140 days 
o f  growth. Consequently to ta l content decreased and the 
ra tio  increased.

6.  Total dry weight

The data are presented in  Table 26 and P ig . 10. Oho 
analysis o f  variance i s  given in  Appendix 22.



Table 26. E ffect o f  shade on to ta l dry weighty tuber y ie ld  t haulm y ie ld  and 
harvest index o f  co locasia

Shade, intensity 
(per cent)

Total dry weight (g  plant"^) 
(deyc a fte r  sprouting)

30 60 90 120 150 160

Yield o f  tuber 
( t  ha" 1 fresh 

weight)
(h a rv e s t)^  t e l  Side 

tuber tuber.

Y ield  o f  
haulm .
Ct ha" 1 
dry weight)

Harvest
index

0 (no ehade) 12 .6 54.7 66.6 99.3 105*4 131.4 17.51 12.54 0 .2 1 0.948

25 (low shade) 1 2 .1 35*6 . 55.0 70.3 95.5 112.5 18.77 11.06 0*23 0.947
50 (uedlua shade) 12 .2 15.3 23.6 61,4 75.3 109.2 15.77 9.75 0.41 0.922

75 (high shade) 9 .0 11.4 20.2 20.4 41.5 61.0 7.29 3*47 0.39 0.675
SB* ± 1 .6 6.9 6.4 7 .6 10 .0 12.9 1.81 1.34 0.07 0 .0 12

CD (0*05) HS HS 19.7 23.5 30.9 39.7 5.58 4.12 HS 0.038

IIS * Hot sign ifleant
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Tiae resu lts  indicated that chade had a s ign ifica n t 

o f fs e t  on plant dry weight throughout the growth stages 

except at the in i t ia l  stages* Barring the in i t ia l  stage, 
in  general, there was a decline in  plant dry weight with 

increasing in ten sities  o f  shade* However, the treatment 
d ifferen ces were sign ifica n t from 90th day onward©,

32ie plant dry weight showed e marked and btoady 
increase over the stages* The extent o f  such increase vae 

progressively higher with decreasing shade le v e ls •

7 . Hat assim ilation rate

NAR was also calculated between d iffe ren t stages 

hut the data are not presented since these were violated 
much by occasional dsaage ofthe crop by b ligh t ( Phytophthora 

oalaivora (Butler) Butler) and also by the attack; by wild 

boar*

8 . Tuber y ie ld

The data are presented in  Table 26 and Fig* 11. She 

analysis o f  variance i s  given in  Appendix 22.

The tuber y ie ld  was s ig n ifica n tly  a ffected  by shade* 

The plants in  the open recorded the highest y ie ld  o f  both 
to ta l tubers and side tubers, and that at the intense shade 
le v e l the lowest y ield* The y ie ld  showed a declin ing trend



Fitj .lZ -  'y ittd  G&spoKse oj  colocasia 4o vat 
shctda lev e ls .



»*th increasing shade internal tiea* However, the y ie ld  

a t f u l l  illum ination was s ta t is t ic a lly  at par with low 

(25 per cent) and medium (50 per cent) ahh&e levels* I t  
was also noticed that the proportion o f  side tubera to 
to ta l tuber y ie ld  tfecreaoed with increasing ehade inten- 

e it ie s  i*e* 71*62, 65*75, 61*33 and 47*6 per cent a t fu l l  
illum ination, low, medium and high shade le v e ls , respe
c t iv e ly . Calculated as percentage o f  the y ie ld  in  the 

open, the y ie ld s  a t low, medium and high shade lev e le  were 

95*6, 90*1 and 41*6 per cent, respectively*

Response curve

E ffect o f  d iffe ren t in ten eitiee  o f  shade on tuber 
y ie ld  o f  colocasia  was not linear but was exponential.

She logarithms o f  y ie ld  as a function o f  shade intensity 

wae found to give a parabolic f i t  to the data (Fig* 12 and 
the analysis o f  variance in  Appendix 43)* She equation o f  

the curve i s  as follow s*

X«S,oy * 1.23l1-0.0584x-0*0198x2

The c o -e f f ic lo n t  o f  determination o f  the curve woe 

found to bo 0*9103, which shoved that 91*03 per cent o f  
the to ta l variation  in  the response can be explained by 
the f it te d  polynomial*



9* Yield o f  haulm

She data ora presented in  Table 26 and the analysis 

o f  variance in  Appendix 22.

The influence o f  ehade on haulm y ie ld  wae not *JLg-
.1

n ifica n t and i t  ranged from 0,21 to 0.41 t  ha * Miniuua 

y ie ld  was obtained from the plants in  the open.

10. Harvest index

The data are presented in  Table 26 and the analysis 

o f  variance in  Appendix 22*

i t  was noticed that shade had a s ig n ifica n t e f fe c t  

on the harvest index o f  colocasia* The value showed a 
declin ing trend with increasing shade intensities#  The 

plants in  the open and at intense shade le v e l recorded 

the maximum and minimum values, resp ective ly , but the 
values at 25 and 50 per cent shade vere s ta t is t ica lly  a t 
par with that in  the open*

3* Chemical studies

1. Content and uptake o f  nitrogen

The data on the content o f  nitrogen In le a f , pseudo- 
stem and tub or a and the to ta l uptake o f  nitrogen by the 
plant are presented in  Tablee 27 to 28 and F ig. 13. The 
analyses o f  vorience are given In Appendices 23 to 24#



T able 27* E f f e c t  o f  ehado on n i t ro g e n  c o n te n t o f  l e a f  and paeudoBtea o f  c o lo c a s iaa t  d i f f e r e n t  grow th s ta g e s
I*eaf n i t ro g e n  c o n te n t (p e r  c e n t)  P eeu do stea  n i t r o g e n  c o n te n t (p e r

(doys a f t e r  sp ro u tin g )  (day s a f t e r  s p ro u tin g )  c e n t^
(per cent) 30 60 90 120 150 180 30 60 90 120

(harvest)
0 (no shade) 3.84 4.20 4.07 3.86 3.81 3.03 2.14 1.81 1.87 1.64-

25 (low ehade) 4.33 3.99 4.18 4.30 3.75 3.00 2.43 1.69 1.93 1.89
50 (oedlum ahade) 4.17 4.09 4.71 4.11 3.83 2.85 2.26 2.06 2.02 1.08
75 (h i gh shade) 4.01 4.89 4.75 4.44 4.25 3.07 2.06 .1.94 2.10 2.36
SEm + 0.03 0.07 0.11 0.06 0.07 0.04 0.03 0.10 0.03 0.02
CD ((5.05) 0.11 0.23 0.33 0.19 0.21 0.12 0.10 HS 0.09 0.07

150

1.50
1.53
1.34
1.85
0.03
0.08

180
(harvest)

1.63 
1.54 
1.38 
1.74 
0.03 
0 .10

HS * Hot sign ifica n t

Table 28. E ffect d f chad© ‘on nitrogen content o f  tuber and on to ta l nitrogen uptake 
o f  colocasia  a t various growth stages

Shade intensity 
(per cent)

0 (no shade)
25 (low shade)
50 (ncdlua shade) 
75 (high shade) 
SSa ♦
CD (0 .05)

Tuber n itrogen content (per cant) . Total n itrogen uptake (kg ha
(days a fte r  sprouting)

-1 )

30
(dayc a fte r  sprouting) 

60 90 120 150 130 30
(harvest)

60 90 120 150 180
(harvest)

0.44 0.47 1.22 1.16 1.26 14.38 30.30 34.48 55.32 53.62 63.79
0.45 0.44 1.34 1.18 1.24 15.37 25.72 32.41 44.95 49.22 53.65
0.60 0.46 0.44 1.14 1.38 14.39 13.68  20.70 25.61 38.81 56.90
0.56 0.48 0.67 1.26 1.49 10.56 12.12 16.15 12.14 26.25 35.08
0.02 0.01 0.03 0.01 0.03 1.94 5.40 4.03 4.25 5.20 5.85
0.05 0.03 0.03 0.03 0.03 ES 16.63 12.42 13.11 16.04 HS

HS * Hot s i g n i f i c a n t
CO
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In general, the content o f  nitrogen in  the le a f , 

peeudoeton end tubers and the to ta l uptake o f  nitrogen 

were found to be sign ifica n tly  a ffected  by the d ifferen t 

Shade le v e ls , throughout the growth stages* The average 

nitrogen content ranged from 2*35 to 4*39, 1*34 to 2*43 
end 0*4:&> to 1*Vi9 per cent, resp ective ly , in  the caee o f 

le a f ,  peeudo&tesn ond tubers* The mean to ta l uptake o f 

nitrogen ranged from 10*56 to 63*79 kg ha • Though the 
d ifferenceo in  nitrogen oontent between d ifferen t shade 
le v e ls  were s ta t is t ic a lly  s ign ifica n t at a l l  stages o f 

growth, the v a r ia b ility  in  the resu lts  were too high to 

draw any general conclusion* The to ta l uptake o f  nitrogen 

showed a trend o f  deoreaee with increasing shade inten

s it ie s *  I t  may be noted that the 'tota l dry matter coouau- 

la t ion  ty the plent also showed an id en tica l trend*

Over the stegea, the content did not show much 

reduction a t la ter stages o f  growth in  the oaee o f  lea f 

and pseudostem, while in  the tubers, a a ligh t increase was 

noticed a t the corresponding period, a t e l l  the shade 
in ten sities*  The to ta l uptake o f  the nutrients wont on 

increasing with advancing age, the maximum uptake values 
being recorded a t  the harvest stage, a t a l l  the ahade 
levels*



Shade intensity 
(per cent)

Table 29 . E ffe c t o f  shade on phosphorus c o n te n t o f  l e a f  and pseudostem  o fc o lo c a s ia  a t  d i f f e r e n t  grow th s ta g e s
l e a f  phosphorus c o n te n t (p e r  c e n t)  P ssu d o s tea  phosphorus c o n te n t ( p e r  c e n t)(d ay s  a f t e r  s p ro u tin g )  (day s a f t e r  sp ro u tin g )

30 60 90

0 (no shade) 0*46
25 (low shade) 0.52
50 (sediua chads) 0*54

0.57 
0*01 
0.04

75 (high shade) 
SEffl ♦
CD (0 .05 )

0*44
0.43
0*54
0*57
0*01
0.02

0*39
0.37
0.38
0*42
0.01
HS

120

0.43
0.45
0.43
0.51
0.01
0.04

150 180 30 
(harvest)

60 90 120 150 160
(harvest)

0.43
0.40
0.42
0.40
0.01
HS

0.56
0.59
0.45
0.60
0.01
0.03

0.60
0.48
0.73
0.61
0.03o.oa

0.48
0.43
0.39
0.40
0.01
0.03

0.43
0.47
0.46
0.53
0.01
0.02

0.57
0.51
0.45
0.43
0*01
0.04

0.38
0.43
0.32
0.35
0.01
0.04

HS ■ Hot s ign ifica n t

fable 30. E ffect o f  shads on tuber phosphorus content and on to ta l uptake o f  
phosphorus by colocasia  a t  d iffe ren t growth stages

Shaft© intensity 
(per cent)

0 (no shade)
25 (low shade)
50 (medium shade) 
75 (high shade)
CBn +
CD (O.05)

Tuber phosphorus content (per cent) Total uptake o f  phosphorus (kg ha’” *) 
(days a fte r  sprouting) (days a fte r  sprouting)

30 60 90 120 150

0.22 0.25 0*18 0.21
0.23 0.12 0.22 0.16
0.24 0.11 0,14 0.32
0.26 0.14 0.25 0.27
0.03 0.01 0.01 0.03HS 0.03 0.03 0.09

180 30 
(harvest)

60 90

0.33
0.29
0.19
0.16
0.02
0.06

2.42
2.49
2.26
1.97
0.30
HS

8.43
5.12
3.05
2.19
1.07
3.31

7.98
4.92
2.63
2.18
0.?3
2.24

120

8.60
7.93
5.02
2.851.11
3.42

150 180
(harvest)

9.03
7.40
9.51 
4.65 
1.14
3.52

16.16
11.91
7.64
3.72
1.14
3.52

HS * Hot s ig n i f i c a n t
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2* Content and up taka o f  phosphorus

Tne date on the content o f  phosphorus in  leaves, 

pseudoetea and tuber a along with the to ta l uptake o f  

phosphorus ore presented in  Tables 29 to 30 and Fig* 13*

The analyses o f  variance are given in  Appendices 25 to 26.

There use sign ifica n t • a ffe c t  o f  shade on the content 

o f  th is  nutrient in  the • le a f , psoudoetea and tuber in  
almost a l l  the growth stages. The average content ranged 

from 0 ,2? to 0.5-79, 0 .32} to 0.73^ end 0.11V to 0 .:33  
per cent, resp ective ly , in  the le a f ,  pseudostea and tuber* 

As in  the case o f  nitrogen content in  the plant parte, the 
v a r ia b ility  in  .the phosphorus content due to shading was 

a leo too high to draw out any general conclusion* Between 
the. plant components, tee content was the highest in  
psoudostem and tee lea st in  tubers, a t a l l  tee stages o f  

growth. Just lik e  nitrogen uptake, tee phosphorus uptake 

by plants also showed an id en tica l trend ae teat o f  to ta l 

drv weight.

Comparison between the stages, showed that the con

tent in  tee le a f and pseudostea decreased a fter  120 days 
a fte r  sprouting, while tee content in  the tuber remained 
nearly tee sane* The to ta l uptake o f  tee nutrient showed 

a steady increase upto 150 deys a fte r  sprouting followed by



Table 31. E f f e c t  o f  shade on l e a f  and peeudootom po tassium  c o n te n t o f  c o lo c a s iaa t  d i f f e r e n t  grow th s ta g e s

Shed© intensity 
(per cent)

0 (no shade)
25 (low ehade)
50 (aiediua ehade) 
75 (hig& ehade) 
SEa +
CD (0.05)

l e a f  potassium  c o n te n t (p e r  c e n t)  Pseudostem po tassium  c o n te n t (p e r  c e n t)(d^ys a f t e r  sp ro u tin g )  (days a f t e r  s p ro u tin g )
30 60 90 120 150 180 30 60 90 120 150 180

— — »iiw tm i (harvest) (harvest)

5.75 5.06 4.29 4.43 4.01 2.96 8.08 8.67 7.01 7.39 6.70 5.87
6.62 5.26 4.74 4.66 4.14 3.14 9.45 8.83 7.35 7.70 7.03 5.82
5.69 4.01 4.71 4.60 4.70 3.40 9.64 9.12 8.01 0.03 7.29 5.785.92 5.27 5.09 5.31 4.90 3.72 9.77 0.92 8.31 8.55 7.76 6,980.11 0.07 0.06 0.09 0.08 0.09 0.10 0.08 0.08 0.07 0.09 0.15
0.35 0.22 0.19 0;28 0.23 0.30 0.30 0.24 0.26 0.22 0.23 0.47

Table 52. Effect o f ehade on tuber potaeeiua content and on total uptake of 
potassium by colocasia at different growth stages

Shad© intend ty 
(per cent)

Tuber potassium content (per cant) Total uptake of potassium (kg ha 
(day© after sprouting) (days after sprouting)

-1

0 (no shade)
25 (low phade)
50 (nodiua shade) 
75 (high ahade) 
SBb +
CD ($ .0 5 )

30 60 90 120 150i
2.63 2.60 2.48 2.34— 2.81 2.'63 2.76 2.25— 3.26 2.54 2.49 2.28— 3.58 2.92 2*72 2.38- 0.03 0.07 0.06 0.070.10 0.22 0.17 HE

180 
(harvest)

2.89 
2.55 
2.62 
2.71
0.06

30 60 90 180 150 180
(harvest)

34.43 106.01 95.56 118.14 106.10 144.09
40.12 75.61 82.06 92.99 93.75 113.06
35.91 34.53 47.34 Q1.17 83.71 110.46
25.75 27.05 37.34 35.58 51.46 60.45
4.89 14.23 10.23 9.91 9.76 12.00

0.19 OS 43.96 31.52 30.55 30.06 36.98
US » Hot s i g n i f i c a n t
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a daorecee in  the cace o f  aedimc. and high shade levels 

and substantial Increase in  the case o f  plants in  the 
open and a t low ahade intensity*

3* Content and uptake o f  potaseius

The data on the potassium content in  the lo a f , 

pseudostem end tubers along with the to ta l uptake o f  

potassium are given in  Table 31 to 32 and Pig# 13* The 

analyses o f  variance are given in  Appendices 27 to 26*

The e f fe c t  o f  shade on the content ana uptake o f  

potassium was sign ifica n t at a l l  the stages o f growth* 

Barring the alight variations', a t sane o f  the stages, the 
le a f  and pseudoatea contents o f  th is element increased 
with increasing shade intensities#  The range in  poteeeiua 

in  the le a f , pseudostea and tubers were, respectively , 

from 2.96. to §#62, 3.78 to 9#77 and 2#25" to 3#58 per cent# 
The pseudostem and tuber potassium contents were almost 

one and a h a lf tines more and two tines lees  then that in  
the le a f ,  respectively  a t a l l  the growth stages# The 
potassium uptake c lose ly  follow ed the pattern o f  nitrogen 
and phosphorus uptake, which decreased with increasing 
shade intensities#

With advancing age, the content® in  a l l  the plant 
components showed a decreasing trend a t a l l  the shade



103

Table 33. nutrient Gtatus o f the s o i l  a fter the 
crop o f  colocasia

S o il nutrients
Shade intensity  --------  — ......     — ------------- —"

(per cent) Total Available Available
nitrogen phosphorus potaasiua 
(per ceijt) (pps) (ppia)

0 (no shade 0.101 1.08 117.12
25 (low shade) 0.113 3.05 127.37
50 (mediuia ahade) 0.098 1.57 137.09
75 (high Bhade) 0,117 2.93 144.0
SEso _+ 0.003 0.19 2.02
CD (0 .05 ) 0.003 0.59 6.25



104

in ton oities where&o the uptake showed on increaging trend f 

thus aaxiraus uptake was noticed at the harvest stage.

I I .  S o il character©

S oli nutrient statue

Sue data on tne s o i l  nutrient statue a fter tho crop 

o f  colocasia  are presented in  Table 53 and the analysis 

o f  variance In Appendix ?3<

There was sign ifica n t e f fe c t  o f  shade on c o i l  

nutrient statue a fte r  the crop o f co locasia . Ho general 

trend with increasing shad© leve ls  was noticed except in 

the case o f  available potassium, which increased with 

increasing JLntenoitiee o f  shade*

On comparison with the pre-sxperiaental nutrient 

status (Table 1) i t  wae observed that available plioophoruc 

content decreased while available potassium content in
creased. The to ta l nitrogen content was found to be 

s lig h tly  increased a fter  cropping with co locasia .



DISCB5SICH

The discussion o f  the resu lts  on ealoaoela misy bs 
done only with the reservation that there had been ecee 

demage o f  the experimental orop a t d iffe ren t stages. The 

damages occurred because o f  the incidence o f  b light 

(Phvtoohthora palaivora (B utler) But lo r )  that mainly 
a ffected  the leaves and because o f  damage to the tender 

leaves a t  the early stages by the wild boar* Attempt on 
indexing the degrees o f  damage was not made as i t  occurred 
at varying periods at widely varying in tensities* As i t  

was f e l t  that damage was grossly minor, the y ie ld  leve ls  

even with damage were reasonably high and the resu lts vere 
a t i l l  dependable» the data are presented and discussed*

Besults on tuber y ie ld  indicated that the y ie ld  
decreased because o f  shading* But the extant o f  decrease 

with increasing shade leve ls  followed a d ifferen t pattern 
from that o f  other crops, with the y ie ld  decrease being 

small upto 50 per cent shading* 'Substantial y ie ld  decrease 

occurred only a t  the intense shade lev e l o f  75 per cent. 
Expressed as percentage o f  the y ie ld  in  the open, the y ie ld  
a t 25, 50 end 75 per cent shade levels, were 95*3, 90*1 and 
41*6 per cent, resp ective ly . A major d ifference in  the 

tuber development pattern was that the contribution by side



tubers was higher a t lower ahade in tensities* The corres

ponding values o f  the percentage weight o f  side tubers 

(expressed ao percentage o f  the. to ta l tuber weight) vere 
71*6, 66*0, 61.Q and 47*6 per cent, respective ly , a t 

f u l l  illum ination, low, medium and high shade le v e ls .

The pattern o f  to ta l tuber y ie ld  with increasing shade 

lev e ls  followed an exponential trend and the equation j o f 

the curve vac as follows*

Log ,0y * 1.2311-0*0534x-0. 019Qx2

Ae would be evident from a graphical presentation 

o f  th is  function, the y ie ld  decrease was very small upto 
50 per cent shade and there was a sharp decline afterwards* 

S ta t is t ica l analysis o f  the y ie ld  data showed that the 

y ie ld s  in  the open, 25 end 50 per cent shades were a t par 
and the y ie ld  a t intense shade o f 75 per cent was sign i

fica n tly  lower* Based on th is y ie ld  trend i t  may be safe 

to assume that th is crop has coma mechanism by which y ie ld  
decrease i s  inhibited upto reasonable shade lev e ls  and 

that th ie crop nay therefore bo c la s s if ie d  as ’ shade-tole
rant** I t  would therefore qualify  thie crop to be a sui
table intercrop in  shade situations a tlca st upto 50 per cent 

lig h t  In filtra tion *

A discussion on the probable neons 

fo r  such a shade tolerance o f  th is crop say be made with
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the help o f  the other growth and growth emalyais observa

tion s . A comparison with to ta l dry matter accumulation 

(Table 26) would indicate that the patterns o f  response 

on ■ tuber y ie ld  and dry se t te r  accumulation were nearly 
id e n tica l. This sim ilarity  in  the trend along with the 

fa c t  that the d ifferences in  the harvest index vere minor 

between ehsde levels may be taken to indicate that photo- 
synthetio mechanism was mainly responsible fo r  the varia

tion  in  y ield* Unlike in  the case o f  sweet potato» there 
wao p ractica lly  l i t t l e  influence o f  shade on the traaelo

cation  o f  photosynthatoe.

An explanation fo r  the above dry weight end tuber 

y ie ld  responses msy be obtained from the date on le a f area 

index (Table 25)- Unlike in  the case o f  crops like  sweet 
potato and coleues where the canopies were dense , i t  was 
re la tiv e ly  a sparse canopy in  co locasia . The LAI values 

were w ell below 1*0 a t almost a l l  the stages with the mean 

maximum being only 1*43 in  the ooon, 60 days a fter  sprouting. 
Even in  th is  treataent, the LAI values were w ell below 1*0 at 
a l l  tho other stages. Ab indicated by such low le a f  area 

in d ices, there was practica lly  l i t t l e  chance o f  canopy over
lapping and mutual shading a t aiy o f  the ehede lev e ls .
Beports generally show that individual le a f  layers o f  most 
o f  the crop pl&nto reach pho toqyntho t i c  saturation at



one-fourth, the to ta l solar intensity (Wit, 1967)* In the 

absence o f  a s ign ifica n t mutual shading, rate o f  photosynthe
s is  cannot therefore be expected to decrease with reasonable 
shading* Aa indicated from the data, i t  vac only a t the 

intense shade o f  75 per cont, that the leaves functioned 
a t aub-eaturation lig h t in tensities*

Unlike in  the case o f  most o f  the other crops tested, 

le a f density in  colocasia  was almost unaffected by shading*
I t  vac th ie inherent in a b ility  o f  the plant to increase 

the photosynthetic surface under shad© that was probably 
responsible, a t  least partly , fo r  the lack o f  decreaee in  

y ie ld  because o f  shading. To put i t  in  other words, the 

colocasia  plant i s  inherently incapable o f  u t ilis in g  the 

solar radiation  e f f ic ie n t ly  when grown in  the open. I t  
would a lso follow  that when grown in  plant communities, 

there i s  scope fo r  substantial increaee in  the y ie ld  o f  the 
crop fcy'raising the plant population. To conclude, i t  i s  
the in a b ility  o f  the plant to produo© denae canopies and 
the wide ©pacing that was given, that verb responsible 
fo r  the shade tolerance o f  th is crop. One related conclu
sion that aty be drawn from the general y ie ld  reeponee and 
the general trend o f  LAI values la  that there la  scope fo r  
Increasing the y ie ld  o f  th is crop substantially by an 
increase in  plant population when planted in  the open*



A dependable measure o f  the degree o f  mutual shad

ing could have been obtained from the data on net assimi
la t ion  ra te , but because the values were highly violated 
Iy crop damage, the resu lts  wore highly variable end, hence, 

not presented.

Ae had boon indicated e a r lie r , the a b ility  o f  the 
plants fo r  translocating the carbohydrates to the economic 
part was not a ffected  by shading. The harvest index values 

in  the open, 25,' 50 and 75 per cent shade lev e ls  were, 

respective ly , 94.6 , 94.7 , 92.2 and 87.5 per cent. Though 
the d ifferences do not appear to b© conspicuous, the har

vest index values a t medium and high shade lev e ls  were 

s ig n ifica n tly  lower than those in  ’the open and in  the low 

shade le v e l.

The e f fe c t  o f  shade on the growth parameters was 
nearly sim ilar to that o f  dry weight and tuber y ie ld , 

llttlik© in  the case o f  sweet potato and coleus, there was
i

no per ©is tent trend o f  an increase in  plant height because 

o f  shading.

She chlorophyll content o f  leaves (Tables 24 and 25) 

was found to be s ig n ifica n tly  influenced £y shading and 
th© contents o f  to ta l chlorophyll and i t s  components were
found to be increased by shading upto 50 and 75 per cent.

\
Similar observations o f  increase in  chlorophyll content



beoaue© o f shading have been reported in  crops lik e  

strawberry (Clark, 1965), cocoa (Evano and Murray, 1953; 

Guera, 1971j Ofoali end Gwusu, 1975), tea (Rasasvami^ 1960 
and Vonkatmaani, 1961), bean (Khossien, 1970), a lfa lfa  and 
b irdafoot t r e fo i l  (Coopor and Qualls, 1967) and in  

pineapple (Rsdha, 1979)- With advancing age, the content 

was found to decrease. 2a© ra tio  o f  chlorophyll a-h at 
the la s t  stage o f  chlorophyll estimation (170 days a fter  

sprouting) was found to increase sharply a t D ll shade lev e ls . 
Probably, a fa cter  rata o f  destruction o f  chlorophyll *b* 
than *a* ie  thus indicated.

She contents o f  the mineraji nuwionxD, nitrogen, 

phosphorus and potaasitua in  the plant parts followed no 

d is t in c t  trend, though treatment d ifferonces were sign i

fica n t at soae stages. The fo o t  that the contents o f  the 

nutrients did not vary with d ifferences in  dry matter 

accum ulation , may bo taken to indicate that nutrient 

supplying power o f  the s o i l  was adeq.uato . Tha uptake o f 
nutrients, on the contrary, followod the son© expected 
trend an that o f  dry matter acouaulation, though the d i f f e 

rences in-uptakes upto intermediate (50 per cent) shade 
lev e l were not appreciable end often  not s ig n ifica n t. I t  
may therefore be reasonable to assume that the f e r t i l iz e r  

requirement fo r  th is crop grown as an intercrop, may also
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bo nearly the ©aae a® that o f  a eole crop cultivated In 

the open* The to ta l quantities o f  nutrient reaovtd by 

plants at harvest in  the open were 63*8* 16*2 and 
144. 1 k g  ha o f  nitrogen, phosphorus and potassium, 
respectively*

The nutrient content o f  the s o i l  a fte r  cropping 
(Table 33) followed the &me trend as that o f  sweet 
potato and coleus with, the potaoslua content increasing 

with increasing shade levels* Compared to pre-experiaental 
s o i l  analysis data (Table 1 ), there wee a general increase 

in  the content o f  nitrogen and a substantial decrease in  

the content o f  potaecdua. Variations in  phosphorus con

tent between shade leve ls  showed wide fluctuations* 
Discussion on these aspeots has been covered in  d e ta il 

while dealing with sweet potato*

The general conclusions on the result© and discuaoion 

nay be susaarised as follows*

1* There was a marginal non-sign ificant decrease in  y ie ld  

because o f  shading upto .50 per cent in  the case o f  
co locasia , though the highest y ie ld s  were obtained in  

the open* Thie crop nay therefore be considered as 
•shade-tolerant* and would be hitchl? suitable fo r  

Intercropping*
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2. Pho fcosynthetie aschaniaa appears to bo responsible 

fo r  the efrade response in  this crop. There appears 

to be no narked influence o f  shade on the traneloea- 

lion  o f  carbohydrates to the tubers.

%  At the normal planting density, colocasia  produces 
only a spare© canopy, though i t  appears that the crop 

con stand much denser canopies in  the open and that 
the y ie ld  can bo substantially increased by closer 

planting when grown as col© crop.

4. Unlike in  Hie case o f  sweet potato and coleus, lo a f 

area In colocasia  does not substantially increase 
beoausa o f  shading.

5. The crop requirement o f  f e r t i l iz e r  nutrient® does not 
appear to be very much a ffected  by shading upto

50 per cent. The fe r t i l iz e r  requirement fo r  Hie ©olo 

crop o f  colocasia  may ''therefore hold good in the ease 

o f  intercropped colocasia  also as long as shading la  

not intsnse.
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Turmeric 
( Curcuma longa L .)

EESULTS

I .  Plant characters

A. Bio no tr io  observations

1. Plant height

The data are presented in  Table 34 and the analysis 

o f  variance In Appendix 30*

S ign ificant e f fe c t  o f  shade on plant height was 

noticed  only at the Inter stages o f  growth* In general, 

the height o f  plants vent on increasing with increasing 

in ten sities  o f  ahade upto the intermediate (50 per cent) 
shade le v e l and Hi on chewed a deorease at the intense 
(75 per cent) shade level* As normally expected, the 

plant height vent on increasing with advancing age at a l l  
shade in tensities*

2* Number o f  t i l le r s

The data ore presented in  Table 34 and the analysis 
o f  variance in  Appendix 30*

S ign ifican t e f fe o t  o f  ahade on t i l l e r  production 
by the plant vas noticed at 60 and 1B0 doye a fter  sprouting*



ah these stages, the number o f  t i l le r s  per plant went or. 

decreasing with increasing shade in tensities* At 120 doys 

o f  growth, the maximum number o f  t i l l e r  was noticed at 

the low shade level*

Over the otagoc, no general trend in  the t i l l e r  

production was noticed .

3* Leaf area index

The data ere presented in  Table 34- and the analysis 

o f  variance in  Appendix 30.

The LAI in  turmeric wae s ign ifica n tly  influenced 

by shading only at 60 days o f  growth* The mean values 
varied widely duo to d iffe ren t shade leve ls  a t d ifferen t 
stages and i t  ranged from 2*21 to 15*77. The lowest LAIi,
values were noticed at the intense shade lev e l a t a l l  

stages o f  growth*

There wao sharp increase in  the LAI values with 
advancing age, the maximum extent o f  increase being 

noticed  a t the intermediate shade level*

4* Chlorophyll content o f  leaves

The data on the con ten t'o f chlorophyll *a*, *b*, 

to ta l chlorophyll and Hie ra tio  o f  chlorophyll st-b ore 
presented in  Table 33 and the analysis o f  variance in  

Appendix 31*



Sable 34. E ffe ct o f  shade on plant height, number o f  t i l le r o  and le a f  area Index 
o f  turmeric at d iffe ren t growth, stages

Height o f  plant (cat) le a f  area indexHumber o f  t ille r©  
p lan t"1

^ C p e r ^ c S t )^  ^ Q'5ra a fte r  sprouting) (days a fte r  sprouting) (days a fte r  sprouting)
.60 120 100 60 120 180 60 120 180

—««■—- — ---------
0 (no shade) 64.7 104.5 115.5 5.3 2 .5 4.1 4.05 9.57 15.7725 (low shade) 55.9 109.0 126*0 4.3 3.0 2.1 2,89 10.57 11.9750 (medium shads)65.7 119.4 144.0 3.9 2.1 2.2 2.39 11.46 13.4475 (high shade) 57*5 107.0 133.9 2.1 1.7 1.9 2.21 8*91 9.61SEn + 3.5 3.7 3.5 0 .6 0.4 0.4 0.27 1.18 2.00

CD <0.05) HD SB 10.8 1.8 HS 1.1 0.82 HS HS
HS a Hot s ig n ifica n t

Table 35< -1E ffect o f  shade on content (ag g fresh  weight) o f  chlorophyll *a*, 
end to ta l ch lorophyll; ra t io  o f  chlorophyll a-b  o f  turmeric leaves 
a t d ifferen t growth stages

b*

Shade intensity 
(per cent)

Chlorophyll •' 
(days a fte r  

sprouting)

Chlorophyll *b* 
(days a fter  
sprouting)

Total chlorophyll 
(days a fte r  ' 
sprouting)

Chlorophyll a-b  
(days a fte r  
sprouting)

0 (no shade)
23 (low  shade)
50 (medium shade) 
75 (high shade)
SEa+v 
CD ro .05 )

100 160 100 160 100 160 100 160
0.78 0.65 1.10 0.78 1.88 1.41 0.71 0.81
0.95 0.69 1.26 0.85 2.21 1.54 0.76 0.32
1.14 0.87 1.43 1.07 2.57 1.94 0.79 0.81
1.18 0.97 1.54 1.19 2.73 2.16 0.77 0.82
0.04 0.05 0.05 0.07 0.03 0.11 0.01 0.030.12 0.14 0.14 0.21 0.25 0.35 0.04 HS

KD ■ Hot s ig n ifica n t
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She content, o f  to ta l chlorophyll and i t s  component* 

-were s ign ifica n tly  influenced by shading a t a l l  ©tageo o f  

growth. -Mao the ra tio  o f chlorophyll a-b was s ig n if i 
cantly a ffected  by ©hading, except at 160 days o f  growth. 

She content o f  to ta l chlorophyll as w ell as1 i t s  components 
increased with increasing diodes in ten s itie s . She content 

a t  f u l l  illum ination was found to b© s ta t is t ica lly  lower 

than a t the d iffe ren t shade in ten sities  v ia . 25, 50 and 

75 per cent ehade levelB . The ra tio  o f  chlorophyll a-b 
a lso increased with increasing ahade intensity upto medium 
ahade and then decreased.

Comparison between the otagOB showed that the to ta l 

chlorophyll as w ell ms both o f  i t s  components decreased 

with advancing age o f  the crop in  a l l  shade le v e ls . But 

the ra tio  o f  chlorophyll a-b increased with advancing age.

5* Total dry weight

The data are presented in  Table 36 and Pig. 14* The 

analysis o f  variance is  given in  Appendix 32.

There-was sign ifica n t e f fe c t  o f  shade on to ta l dry 

weight o f  plant only at the 60 days o f  growth. The general 
trend noticed wq© that o f  a decrease in  to ta l dry weight 

with increasing shade intensity*. The dry weight at f u l l  
illum ination which woe s ign ifica n tly  higher than that at



Table 36.  E ffect o f  ahade on to ta l dry weight, net • assim ilation ra te , tuber y ie ld , 
hauls y ie ld  and harvest index o f  turmeric

lo ta l dry weight (g  p lsnt"^) Het aesiB ila - Tuber Haulm Harvest

<—  °tteg g s t *  g s - «  “
(per cent) 60 120 180 220 Harvest Between Between weight) weight)

(hsrveat)Ct ha"^) 60 to 120 to
120 days 100

days

C (no shade) 12.63 57.42 95.22 83.34 10.35 1.40 1.66 46.91 4.94 0.537

25 (low shade) 7.66 38.03 81.43 94.01 10.41 1.60 1.63 18.84 3.62 0.657

50 (medium shade) 7.24 57.72 78.41 89.62 12.05 1.53 1.54 53.26 5.10 0.577

75 (high shade) 4.67 24.99 62.49 55.69 7.89 1.36 1.49 28.89 2.75 0.649

SSh ± 0.94 3.99 11.02 7.05 0.755 0.1B 0.41 3.31 0.44 <5.025

CD (0 .05 ) 2.03 HS HS 21.72 2.327 ss HS 10.19 1.55 HS

IIS * Rot s ig n ifica n t
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other shade treatment8, a t 60 dayo o f  growth, f o i l  short 

o f  s ta t is t ic a lly  s ign ifica n t superiority a t la tsr  etagee.

Over the stages, the plent dry weight increased 

markedly with advancing age o f  the plant upto 180 days 

a fter  eprouting. Beyond thie stage, the change in  dry 

weight waa not impressive.

6 . Hot as aim lla t io n  rate

The data ere presented in  Table 36 and the emu lye io  
o f  variance in  Appendix 32.

The e f fe c t  o f  shade on FAR botween 60 and 120 days 

a fte r  sprouting was found to he not s ig n ifica n t. Ho 

general, trend in  HAH with increasing leve ls  o f  shade could 
ho noticed .

Sim ilarly, no marked at age-wise variation  in. HAH 

wae evident.

7 . f ie ld

She data are presented in  Table 36 end F ig. 15* The 

analysis o f  variance i s  given in  Appendix 32.

The rhizome y ie ld  was found to be s ign ifica n tly  in

fluenced by the ahade treatments. Maximum y ie ld  was 
recorded a t the intermediate (50 per cent) shade lev e l 
whioh was followed by that a t f u l l  illum ination. This was



119

c lose ly  followed by the low (25 per cent) shade intensity 

and the lowest y ie ld  was noted at the intense (75 per cent) 

shade le v e l. The y ie ld  at Intense shade was s ign ifican tly  
lower than that a t other shade in ten sitieo , which vere 

a t par,

3:ie y ie ld s  obtained - a t the low, medium and high 

shade lev e ls  were 93,66, 103,89 and 57,78 per cent respec

tively, o f  that in  the open,

Besponse carve

The y ie ld  o f  rhlseoae obtained at d iffe ren t ahade 

in ten sities  have been represented as a function o f  shade 

end a cubic polynomial f it te d  to the logarithm® o f  y ie ld  
was found to give a close  f i t  o f  the response curve ob

tained (P ig, 16, end the analysis o f  variance is  given in 

Appendix 4 8 ). She equation o f  the curve obtained i s  as 
fo llow s3

togl0y»1,7234*0.0267x-0,0165x2-0.Q072x5
9

The c o -e f f ic ie n t  o f  determination B was found to be 

0,9999, I t  showod that 99,99 per cent o f  to ta l variation  
in  the response can be explained by the f it te d  polynomial,

3 , Y ield o f  haulm

fhe data are. presented in  'Sable 36 and the analytic 

o f  variance in  Appendix 32,
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Table 3 7 . E f f e c t  o f  ehade on n itc o g e n  c o n te n t o f  l e a f  are a p e e u d o B te a  o f  tu r a e r i ca t  d i f f e r e n t  growth c isg e a

Shade intensity 
(per cent)

0 (no ehatie)
25 (low ahade)
30 (medium shade) 
75 (high shade) 
SEa +
c® (0*05)

le a f  nitrogen content (per cent) 
(daye a fte r  sprouting)

60

2*42
2.72
2.84
2.66
0.02
0.06

120

1.73
1.79
1.08
2.07
0.02
0.07

180

1.31
1.56
1.62
1.760.01
0.03

Fseudoetem nitrogen content 
(per cent)

(doya a fte r  sprouting)
220

(harvest)
0.72
0.84
0.33
1.02
0*04
0.72

60

1.20
1.55
1.67
1.51
0.02
0.07.

120

0.68
0.61
0.66
0.86
0.01
0.04

100

0.56
0.55
0.57
0.670.01
0.02

220
(harvest)

0.52 
0.67 
0.55 
0.64 
0.01 
0 .02

Table 38. E ffect o f  shade on nitrogen content o f  rhizome and on to ta l uptake 
o f  nitrogen by turmeric a t  d iffe ren t growth stages

Shade intensity 
(per cent)

Rhizome nitrogen content (per cent) 
(days a fter  sprouting)

0 (no shade)
25 (low shade)
50 (medium ahade) 
75 (high ehade) 
SSa *
CD (0 .0 5 )

Total uptake o f  nitrogen (kg ha 
(days a fte r  sprouting)

-1

60

1.47
1.71
1.80
2.02
0.04
0.14

120

0.83
0.87
0.96
1.06
0.02
0.05

180

0.82
0.80
0.90
0.97
0.02
0.07

220
(harvest)

1.39 
1.27 
1.38 
1.45
0.02 
0.06

60 120 180 220
(harvest)

52.12
36.50
37.96
22.95

4.39
13.52

96*50
100.08
107.52
70.84
10.45
n$

192.06
172.95
178.92
157.49
24.77
KS

186.70
215.42
216.35
139.82
17.50
53.93

HS « Hot s ig n i f i c a n t



The e f fe c t  o f  ehade on haulm y ie ld  was not s ign i

ficant* also 220 general trend with increasing shade leve ls  
could ba observed.

9 . Harvest index .

The data aro presented in  Table 36 end the analysis 

o f  variance in  Appendix 32.

The harvest index in  turmeric was not s ign ifican tly  

influenced by shading and the maximum value was noticed 

a t low (25 per cent) shade le v e l and the minimum at the 
intermediate (50 per cent) shade le v e l.

B. Chemical studies

1. Content and uptake o f  nitrogen

The data on the nitrogen content o f  le a f , paeudosten 
and rhizome along with the to ta l uptake o f  nitrogen are 

presented in  Tables 37 to 38 and F ig . 17* The analyses o f  
variance are given in  Appendices 33 to 34*

E ffect o f  shade on the nitrogen content o f  lo a f, 

pseudostem end rhizome woe sign ifica n t a t a l l  stages o f  
growth, but to ta l uptake o f  the nutrient was s ign ifica n t 
only a t the 60 sand 220 dayo o f  growth. In general, the 
lea f and rhizome nitrogen contents increased with increasing 

shade in ten s itie s , whereas the pseudostem content varied



Table 39• E f fe c t  o f  shade on phosphorus c o n te n t o f  l e a f  and poeudo&tea o ftu rm eric  a t  d i f f e r e n t  grow th stage©

Shade intensity 
(per cent)

le a f  phosphorus content 
(per cent)

(days a fte r  sprouting)

PsQudo&tem phosphorus content 
(per cent)

(days a fte r  sprouting)

0 (no shade)
25 (low shade)
50 (medium ehade) 
75 (high ehade) 
SEa +
CD ($ .05)

60 120 180 220
(horvcet)

60 120 180 220
(harvest)

0.25 0.20 0.15 0.11 0.27 0.21 0.13 0.14
0.28 0.20 0.20 0.11 0.53 0.22 0.22 0.13
0.26 0.22 0.21 0.11 0.39 0.24 0.18 0.15
0.28 0.25 0.25 0.14 0.33 0.25 0.16 0.12
0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01
HS 0.02 ******** » 0.04 0.01 0.02 0.03 HD I i 

O \b 1 K
> 

1 
1

i i

ES a Hot s ig n ifica n t

Table 40< E ffect o f  shade on phosphorus content o f  rhizoae and on to ta l uptake 
o f  phosphorus by turmeric a t d iffe re n t growth stages

Rhizone phosphorus content 
(per cont)

(dayo a fte r  sprouting)

Total uptake.of phosphorus 
(icg ha*1),

(dsye a fte r  sprouting)
(per,cen t) 60 120 180 220

(harvest)
60 120 180 220

(harvest)

0 (no shade) 0.21 0.18 0.23 0.41 6.96 16.35 37.71 37.58
25 (low shade) 0.23 0.25 0.21 0.30 4.82 18.54 36.91 45.34
50 (medium shade) 0.24 0.28 0.33 0.31 5.04 20.06 44.99 45.08
75 (high shade) 0.27 0.25 0.25 0.29 3.10 13*38 30.53 25.10
SDa ♦ 0.01 0.01 0.01 0.06 0.64 1.87 6.11 4.01
CD (0 .05 ) 0.03 0.04 0.04 HS 1.96 HS HS 12.35

HD * Not s ign ifica n t
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widely with increasing shade lev e l a and no general pattern 

could be n oticed . In the caea o f  uptake o f  th is nutrient, 

there was no perceptible d ifferences in  the mean values 

between f u l l  illun ination , low end medium ahade in ten sities , 

but that a t intense shade were generally lover.

The contents o f  nitrogen in  a l l  the plant components 

showed o declin ing trend with advancing age o f  the plant 

except that e t  harvest the rhizome nitrogen content shoved 

an increase ae compared to  the e a r lie r  stage. The uptake 
vent on increasing with advancing age upto harvest except 

at f u l l  illum ination in  which the increase was noted only 

upto 180 days o f  growth*

2. Content and uptake o f  phosphorus

Ihe data on the phosphorus content o f  le a f , peeudostem 

and rhisome and on 'die to ta l uptake o f  phosphorus by tho 
plant as a whole oro presented in  Toble 3s> to 40 and F ig . 17* 

The analysis o f  variance are given in  tho Appendices 55 to 56*

In general, s ign ifica n t e f fe c t  o f  shade on phosphorus 

content o f  d ifferen t plant components and the uptake o f  
th is nutrient wae observed at almost a l l  stages o f  growth.

j
The content was found to increase with increase in  sheds 
in  the cas« o f  le a f , whereae th is was noticed only upto 
120 days o f  growth in  the caes o f  pseudostem and rhiaoaes*



Table 41* E f f e c t  o f  ahade on po tassium  c o n te n t o f  l e a f  and pseudostem  o ftu rm eric  a t  d i f f e r e n t  grow th s ta g e s

Shad©1; intensity 
(per cent)

le a f  potassium content (per cent) 

(days a fte r  sprouting)

Fseudostea potassium content 
(per cent)

(days a fte r  sprouting)

60 120 180 220
(harveat)

60 120 180 220
^harvest^

5. OS 4*17 5.78 2.79 6.47 4.40 3*26 2.41
5.44 4*66 4*22 3.68 7.02 5.54 3.78 3.50
5.45 4*40 4.57 3*62 7.70 4.36 3*65 3*24
5.25 4.90 4.36 4.25 7.84 6.16 4.50 4.04
0.06 o .o s 0.12 0.07 0.12 0.06 0.07 0.09
0,19 0*26 0.36 0.22 0.37 0.19 0.22 0.27

0 (no shade)
25 (low shade)
50 (medium shade) 
75 (high ehade) 
SEo +
CD (0.05)

xable 42.

Shade Intensity
(per cent)

E ffect o f  shade on potassium content o f  rhizome and on to ta l uptake 
o f  potassium by turmeric at d iffe ren t growth stages

Bhisoae potassium content (per cent) Total uptake o f  potassium
(kg ha"1)

(days a fte r  sprouting) (deys a fte r  sprouting)

0 (no shade)
25 (low shade)
50 (medium shade) 
75 (high shade)
SEa +
CD (0*05)

60 120 180 220 60 120 180 220
»i ■! ■ >m -nvimeiia m (harvest) (harvest)

4.82 3.25 2.74 3.31 153.82 327.04 671.68 546.10
5U5 3.80 3.54 3.40 93.51 404.45 688.14 731.27
5.22 .3.70 3.45 3.34 102.19 369.56 660.23 677.04'
5.40 4.36 3.80 3.71 63.68 249.71 573.00 489.27
0.03 0.06 0.09 0.07 13.30 42.68 92.66 53.05
0.25 0.18 0.27 0.21 40.93 HS HS 163.78

HQ * H ot s ig n i f i c a n t
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In the case o f  uptake* the lowest values were noticed at 

the highest shade, though not s ig n ifica n t.

Over the stages, the content went on decreasing 

with advancing age in  a l l  plant parts including rhizomes 
whereas the uptake increased with tine at a l l  shade leve ls .

3* Content and uptake o f  potaceiun

She data on the potassium content in  le a f , pseudoetea 

and rhisoae and the to ta l uptake o f  potassium are given in 

Sables 4-1 to 42 and F ig. 17. The analyses o f  variance 

are given in Appendices 37 to 33*

The e f fe c t  o f  ehade on the potassium content o f  

le a f , pseudostem and rhizome was s ign ifica n t a t a l l  growth 
stages. She uptake was sign ifica n tly  influenced only at 

60 end 220 days o f  growth. Tho content increased with 

increasing in ten sities  o f  shade* In the case o f  to ta l 
uptake, tho low and medium shade leve ls  recorded higher 

values, those o f  intense oliade and that in  the open being 

low and comparable*

With advancing age o f  the crop the content in a l l  
the plant components decreased gradually so that by harvest 

tho components contained the lowest content o f  the nutrient, 

whereas the uptake went on increasing with advancing age 
upto the 190 deys o f growth* After this stage, there was
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Table 43- S o il nutrient otatus a fter  the crop o f 
turmeric

Hutrlents 
Ehade Intensity —  1 ■ ■■ ■

(per cent) Total
nitrogen
£ pirn can'0

Available
phosphorus

C

Available
potassium

0 (no shade) 0*139 2*93 92*53

25 (low shade) 0*112 2.42 110.98
50 (medium shade) 0*113 3.60 97.15
75 (high shade) 0*065 2.67 120*96
SSa + 0.002 0.37 2.20
CD (0*05) 0.005 1.16. 6*78



a a lig h t increase a t aon© in ten sities  o f  ehade and a 

decline in  s o k o  o there.

I I .  S o il  character©

S o il nutrient statue

The data on the content o f  to ta l nitrogen, available 

phosphorus and available potassium In tho e o l l  a fter  the 

crop are presented In Table 43 and the analysis o f  variance 

in  Appendix 39•

Tho e f fe c t  o f  shade on the nutrient statue o f the 

s o i l  thou$i VQ3 s ig n ifica n t, no general trend in  the 

nutrient content with", increasing in ten sities  o f  ehade 
could be noticed* Comparison with the pro-experimental 

nutrient status indicated that the available phosphorus 
content increased and that o f  available potassium decreased 

The to ta l nitrogen was lower at high shade leve ls  a fter  

the cropping as compared to tho pre-experimental s o i l  level*
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The y ie ld  o f  rhizomes in  turmeric was the highest 

a t 50 per cent ehade intensity  and ae compared to the 
y ie ld  in  the open, the percentage y ie ld  a t th ie ahade 

le v e l was 106*89* At the low ehade le v e l o f  23 per cent, 
the y ie ld  was nearly the same (99*86 per cent) as that

s

In the open* Intense (75 per cent) shading led to a 

substantial decrease in  y ie ld  to the tune o f  42*22 per 

cent* The d ifferences in  y ie ld  between the f u l l  illum i
nation , 25 end 50 per cent ehade lev e ls  were however, not 

s ta t is t ic a lly  sign ificant* Of the various regression 

nodols tested > to define the variation  in  y ie ld  as a func
tion  o f  ehade intensity  a cubic polynomial f it te d  to the
logarithm o f  y ie ld  was found to b© the best, the o o e f f i -

o
cien t o f  determination R being 0*9999* As there i s  an 
increase in  y ie ld  because o f  shading, th is crop may w ell 
be c la ss ifie d  as 'shade-loving* and as the y ie ld  even at 

the intense ehade lev e l is  reasonable, th is crop w il l  be
i

highly suitable fo r  intercropping*

A comparison with dry matter y ie ld  (Table 36) ind i

cated no s t r ic t  sim ilarity  with the trend in  rhiaoae yield* 
The data on harvest index indicated that there was a lso no 

improvement in  translooation o f  photoaynthatea towards the



economic part .because o f  shading* As these data on dry 

matter accumulation and harvest index did not ju s t ify  
the observed trend in rhizome y ie ld , i t  is  d i f f i c u l t  to 

interpret the resu lts . Assuming that the sampling error; 

in  dry matter estimation vao substantial, an attempt was 
made to extrapolate tho dry matter y ie ld  at harvest from 

the data on y ie ld  o f  rhizome and haulm and tho moisture 
percentage o f  cample plants a t harvest* Iheoe extrapolated 

data are a lso presented in  Table 36. On s ta t is t ic a l  analy
s is  o f  those data on dry matter y ie ld , i t  was also found 

that the co e ff ic ie n t  o f  variation  fo r  these data was lower 

(15.22) than that fo r  the cample (19*55).

A study o f  the extrapolated dry weight values would 

indicate that the dry mattor accumulation and rhizome y ie ld  

followed a nearly id en tica l pattern* Taking the y ie ld  In 

the open as 100 per cent, tho corresponding values for  
rhizome y ie ld  a t 25, 50 and 75 per cent shade leve ls  were 

99*86, 109.89 and 57*78 per cent, respectively  and thoee 
o f  dry matter y ie ld  95*9? 111*1 and 72*7 per cent respec
t iv e ly . The above sim ilarity  in  the trend o f  dry weight 
end rhizome y ie ld  indicates that the photo synthetic rate 
bed a dominant ro le  in  deciding the observed response to 
sheds*

An explanation fo r  the above variation  in  dry matter
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accumulation can be had from an evaluation o f  the data 

on le a f  area index (Sable 34) and net assim ilation rate 

(Table 36)* As would be evident from the re la tiv e ly  

high MX values esp ecia lly  a fter  120 days o f  .growth, the 

furaeric canopy was fa ir ly  dense. The cioan ccxiaua LAI 

value o f  15*8 was noticed a t f u l l  illum ination 130 days 

a fte r  sprouting. Even though the le a f  orientation  was 

apparently near v e r t ica l , as the M I values vere exce

ssively  high and much higher than the optimum reported 

fo r  cereals with near v e r t ica l lo a f  orientation  (4  to 7 for 

r ic e  as reported fcy Yoshlda, 1972), there was presumably 
substantial mutual shading and probably some le a f para

s i t i c a .  The extent o f  le a f parasitical would have normally 
increased because o f  shading, but ouch a probable e f fe c t  
la  not re flected  on tho dry natter accumulation end i t  may 
have to b© presumed that there were other fco tore  involved 

in  th ie . One o f  those factors  * could probably be the c io -  

matal closure at intense illum ination as hoe been reported 
in  the case o f  co ffee  (Hardy, 1958). However, reports on 

such a etoaatal behaviour o f  turmeric were not available 
from lite ra tu re . Assuming that th is was the fa ctor  respon
s ib le  fo r  the shade response o f  th is crop, i t  may be 

deduced from the data on dry matter accumulation that the 
otomatal closure had the dominant influence upto the 
intermediate shade le v e l. Beyond thie le v e l, a va ilab ility
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o f  lig h t  fo r  photosynthesis, probably, became tho decisive 
H a ltin g  factor*

A study o f  the data on LAI would a lso show that 
though not s ta t is t ic a lly  e ign iflean t, the mean LAI values 

were substantially low a t intense ehade level* An adapta

tion  o f  the plant to avoid excessive parasitica  by an 

adjustment o f  LAI is  thus indicated in  this orop also*

Lata on net acoim ilation rate indicated lack o f  
s ig n ifica n t d ifference between the d iffe ren t shade lev e ls . 

I f  the above explanation o f  a stomatal inh ib ition  a t higher 

Illumination was operative, the NAZI would have been the 
highest at 50 per cent shade* A comparison o f  the mean 

values indicated higher 1IAR values a t 50 and 75 per cent 

shade than in  the open between the f i r s t  two stages o f  

observation (60 and 120 days a fter  sprouting) yhereao bet
ween the second and third stages (120 and 180 doys a fter  

sprouting), the highest mean values were noted In the open. 
The only ju s t if ic a t io n  fo r  tho lack o f  persistent superio
r it y  in  HAR at the Intermediate shade lev e l appears to be 

that the sampling errors were high especia lly  in  the deter
mination o f  dry matter y ie ld  as had been Indicated e a r lie r .

Lata on harvest index did not show sign ifican t 
d ifferences between ahade le v e ls . Lata on harvest index 
recalculated from extrapolated values a lso did not chow 

s ta t is t ic a l  sign ifican ce. I t  mqy thuB be concluded that,
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In general, the extent o f  tremolo cation o f  carbohydrates 

to toe economic part was ziot a ffected  by shading*

Anong the otoer growth characters, plant height 
followed nearly to© came trend as that o f  dry matter 

accumulation and rhizome y ield* T ille r  number, on the 

contrary, showed a steady decrease wito increase in  suede 
in ten sity . However, as would be evident from the data on 

LAI, th is decrease In t i l l e r  number did not substantially 
influence toe lea f area.

Contents o f  chlorophyll *a*f *b* and to ta l chloro

phyll (Table 35) were found to increase steadily with 
increasing ehade levels and the d ifferences between too 

d iffe ren t shade leve ls  a lso were e ig n ificon t. Though 

reports on 'toe increased chlorophyll content beoaus© o f 
shading on tum eric were not available from .literature, 

increase in  chlorophyll content because o f  shading has been 
reported in  crops lik e  strawberry (Clark, 1965)* cocoa 

(Evans and Surrey, 1953} Guero, 1971) Qkali and Owueu, 1975), 
tea (Hazaaowaai, 1960 end Veckatamani, 1961), bean 

Khoecien, 1970), a lfa lfa  and birdafoot t r e fo i l  (Cooper and 
Qualls, 1967) end pineapple (Hadha, 1979)* The ra tio  o f 
chlorophyll a-b remained constant at 160 days a fter  sprouting 
though at the ea rlier  stage (120 days), an increase in 
ra tio  with shading was noted. With age, toe content o f
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chlorophyll end i t s  eoEponents chlorophyll *a* and *b*, 

decreased but the ra tio  o f  chlorophyll a**h increased*

She probable reasons fo r  such a phenomenon have been 

discussed already while dealing with colocasia*

Xn general, the contents o f  mineral nutrients, 

n itrogen, phoaphoruc and potassium in  the plant parte 
increased with increasing chad© In tensities and the 

d ifferences between d iffe ren t shade lev e ls  were s ig n if i 

cant a t almost a l l  the stages* This observation cannot 
be explained 0fa ^ue to the d ilu tion  e f fe c t  as the dry 

loubter accumulation and y ie ld  vere the highest a t the 
interned late shade level* Reports on euch en influence 
o f  shade are not available In literature* The only in d l-

V

cation  that can be given ie  that there appears to be a 

tendency to accumulate nutrients in  the tissues under 
shade in  turmeric* The tota l uptake o f  nutrients at 

harvest showed sign ifica n t d ifferences between the shade 

lev e ls  and the pattern o f  variation  was nearly the cane 
as that o f  dry matter accumulation end rhi&one yield* 

Calculated as percentage o f  the uptake in  the open, the 
to ta l crop romovale a t 30 per cent shade ware 116*2, 120*0 
and 124*0 per cent, respective ly , o f  n itrogen, phosphorus 
and potaeeium* As indicated by these percentage uptake 

valuse, i t  appears that a crop o f  tu m eric a t  50 per cent



ehade leve l would need an additional 20 per cent o f  the 

applied fe r t i l i s e r  nutrients, then that cultivated in  the 

open.

The nutrient statue o f  tho s o i l  showed s ta t is t ica lly  

s ig n ifica n t d ifferences a fter  the crop season. Though 

s ig n ifica n t, the d ifferences between increasing shad© 
leve ls  were highly variable . Comparison with the pre- 

oxperinental s o i l  nutrient status (Table 1) indicated 

an Increase in  tho content o f  to ta l nitrogen and available 

phosphorus and a decrease in  available potassium. The 
reeeono fo r  these have been discussed e a r lie r .

The conclusion© from the above dieousBlon nay be 
given as fo llow s:

1. Y ield o f  rhiinnes in  turmeric followed a cubio reopemee 

with increasing shade in ten sities  and the highsst y ie ld  
was noted at 50 per cent shade le v e l. Though there i s  
a substantial decrease In y ie ld  with further increase 

in  shade, the y ie ld  leve ls  ore s t i l l  high a t the intense 
(75 per cent) shade le v e l. Turmeric may therefore be 

c la ss if ie d  ao 'ehade-loving1 end i t  may be concluded 
either that th is crop is  highly suited fo r  intercropping 
or even that th is Is  more suited to intercropping thea 

fo r  cu ltivation  as a sole crop in tho open.
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2* D ifferences in  the photosynthetio rate appear to have 

the decisive  influence on the ehade response o f  this 
crop#

3# Turmeric produces a re la tiv e ly  donee canopy under 
natural conditions# But excessive lo a f  parasitism 

induced by shading in  th is  crop is  a t  lea st partly 
counter-acted by a decrease in  canopy density#

4# The harvest index o f  the crop i s  not very much influenced 
by shading upto intermediate shade levels#

3# I t  appears that the f e r t i l iz e r  requirement o f  turmeric 
shaded to 50 per cent nay be about 20 per cent more 

than the general recommendation given fo r  a sole crop 
in  the open#
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Ginger
(Zingiber o ffic in a le  Hose#)

I# Plant characters 

A# Biometric observation*

1# Plant height

The data arc presented in  Table 44 and the am lysie  
o f  variance in  Appendix 40#

E ffect o f  shade on plant height was s ign ifica n t 

a t a l l  stages o f  growth except a t  the f i r s t  stage# The 

value, in  general, went on increasing with increasing 
lev e ls  o f  ahade, and the plants in  the Opan recorded the 

lea st value which was s ig n ifica n tly  lover than that at 
the other shade levels#

2# Number o f  t i l l e r s

The data are presented in  Table 44 end the analysie 
o f  variance in  Appendix 40#

T ille r  production was sig n ifica n tly  influenced by 
shade only a t the in i t ia l  stage o f  growth, a decrease in  

the mean number o f  t i l l e r s  was noticed with increasing 
ehade in ten sitie s , a t a l l  stages o f  growth#

The t i l l e r  number showed sn increase with advancing
age#



3* Leaf area index

The data are presented in  Table 44 and the analysis 

o f  variance in  Appendix 40*

The e f fe c t  o f  shade on LAX in  ginger was not 

s ig n ifica n t a t  any o f  the growth eta gee. The mean LAI 

values ranged from 0.50 to 0 .75, 2 .1? to 3#45 end 5.48 to 
7.18 a t the 60, 120 and 160 deya a fte r  sprouting.

Over the stages, the LAI values showed a sharp 

increase, but th is  increase was more conspicuous at 25 

and 50 par cent shade le v e ls .

4* Chlorophyll content o f  leaves

The data on toe content o f  chlorophyll *a*i •to* 

end to ta l chlorophyll along with the ra tio  o f  chlorophyll 
a -b , are presented in  ia c is  45 and toe analyses o f  

variance in  Appendix 41*

E ffect o f  shade on toe content o f  to ta l chlorophyll 

as w ell as ita  components was s ig n ifica n tly  influenced 

fcy shading. The content o f  toeae oho wed an increasing 
trend with increasing shade intensities#  In spite o f  the 

sign ifica n t e f fe c t  o f  shade on to ta l chlorophyll cisd i t s  
components, toe e f fe c t  o f  shade on toe ra tio  o f  chlorophyll 
a -h  remained non-sign ificant a t both o f  toe stages#



Table 44* E ffect o f  shade on plant height, number o f  t i l l e r s  and le a f  area index 
o f  ginger a t d iffe ren t growth stages

Seight o f  plant (cm)

Shade intensity  (d$ye a fte r  sprouting) 
(per cent)

Humber o f  t i l le r e  le a f  area index
plant**

(days a fter  sprouting) (doye a fte r  sprouting)

0 (no shade)
25 (low shade)
50 (medium shade) 28.4 
75 (high shade)

+
£73) (S .05)

60 120 180 60 120 180 60 120 
«»• • » 3.%■

180

28.8 46.7 . 46.6 8.7 16.1 16.0 0,75 5.45 6.21
51.1 54.8 53.6 5 .0 15.5 14.9 0,50 3.11 6.56
28.4 57.5 .63.9 6.2 9.0 15.9 0,55 2,13 7.18
28.1 57.0 . 66.5 5.7 11.8 13.5 0.60 2,24 5.48

2.2 1.9 . £.4 0.3 ' 2.1 1.1 0.11 0,48 0.67
HS 5.8 7 .5 2.6 HS HS HS HS HS

HS a Hot s ig n ifica n t

Table 45. E ffect o f  shade on content (mg g fresh  weight) o f  chlorophyll 'a * , 
and to ta l ch lorophyll; ra t io  o f  ch lorophyll a-b o f  ginger leaves at 
d ifferen t growth stages

Chlorophyll ’ a* 
(days a fte r  

Shade intensity  sprouting)
(per cent)

0 (no shade)
25 (low ehade)
50 (medium ehade) 
75 (high shade) 
SEa +
CD (S.Q5)

Chlorophyll 'b '  
(days a fte r  
sprouting)

Total chlorophyll 
(days a fte r  

sprouting)
Chlorophyll a-b 

(days a fte r  
sprouting)

100 160 ; 100 160 100 160 100 160

0.95 0.84 1.22 1.Q4 2; 17 1.88 0.79 0.81
1.13 1.18 1.36 1.42 2.50 2.60 0.83 0.85
1.57 1.55 1.75 1.75 3.12 3-09 0.78 0.73
1.46 1.56 1.80 1.83 3.25 3.39 0.82 0.85
0.04 0.19 0.03 0.06 0.11 0.11 0.03 0.03
0.14 0.18 0.24 0.20 0.35 0.34 HS HS

HS a Hot s ig n ifica n t



The content o f  chlorophyll varied e rra tica lly  with 
advancing age, but toe ra tio  o f  chlorophyll a-b remained 
almost toe same a t a l l  toe stages o f  growth.

5. Total dry weight

The data are presented in  Table 46 end P ig. 18.
The analysis o f  variance i s  given in  Appendix 42.

The e f fe c t  o f  shade on to ta l dry matter production 

by a plant was s ig n ifica n t only a t 120 days a fter  sprouting. 
The maximum and minimum values vere noted a t f u l l  illum i
nation and a t intense shade le v e ls , respective ly . The 

value showed a decreasing trend with increasing ahade 
in ten sitie s  a t  a l l  toe stages o f  growth.

Over the stages, the to ta l dry matter production 
increased with advancing age, toe extent o f  increase 
being maximum at the low (25 per cent) shade le v e l.

6 . Net assim ilation rate

The data are presented In Table 46 and toe analysis 
o f  variance in  Appendix 42.

The e f fe c t  o f  Shade on net assim ilation rate in  
ginger was not s ign ifica n t between any o f  the growth stages.



Table 46. E ffect o f  shade on to ta l dry aatter production, net assim ilation  ra te , 
rhizome y ie ld , haula y ie ld  and harvest index o f  ginger

fo ta l  dry weight (g  plant*1) Net assim ilation 
ra te  (g  a "2 d a y " ')

Hhizoae Haul* Harvest
index

(pel' cent) g0

0 (no shade) 3*97
25 (low ehade) 2*11
50 (medium shade)2.40 
75 (high shade) 2*31
SEa + 0.55
CD (5 .05 ) HS

120 160 225 Between Between V fa QU *
fresh

atx
dry

(harvest) 60 & 120 120 & 180 weight) 
days days _____

weight)

23*48 66.66 54*62 2.44 2.39 21.05 2.38 0.642
20.90 62.70 60.92 2.77 2.26 22.22 3.32 0*566
12.92 61.47 49*63 1.69 2.82 19.54 3.31 0.524
12.72 42*48 47.75 1.96 1.96 14.03 2.31 0.500
2.72 6.07 5.48 0.24 0.41 1.40 0.37 0.030
8.38 HS HS HS HS 4.32 HS 0.092

SS ■ Hot s ig n ifica n t

fable 47. E ffe ct o f  shade on nitrogen content o f  le a f  and pseud os tern o f  ginger 
a t d iffe ren t growth stages

Shade in ten oiV  
(per cent)

0 (no shade)
25 (low shade)
50 (xediua shade) 
75 (high shade)
SEa
CD (0 .05 )

Deaf nitrogen content 
(per cent)

(days a fter  sprouting)

Fseudoetea n itrogen content 
(per cent)

(days a fte r  sprouting)

60^____ ___120____ —  1 0 0
_ 60____^ 120 180

4*10 2.85 2.54 3.03 1.14 0.93
4.04 2.97 2.66 2.64 1.26 1.00
3.84 2.65 2.70 2.75 1.38 0.92
3.99 3-64 3.02 2.86 1.43 0.81
0.06 0.01 0.05 0.06 0.03 0.09
HS 0.05 0.11 0.20 0.11 HS

HS * Hot s ig n i f i c a n t
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mO *1Tha valucc ranged from 1.89 to 2.82 g a da/ • Ho 

general trend in  HAR with increasing ahade lev e l could 
be noticed* With advancing age* the HAH showed a decrease 

a t low shade and in  the open,while i t  shoved an increase 

at mediua ehade lev e l and at high shade i t  regained 

nearly sta tic*

7* x ie ifi (Rhizome y ie ld )

Tho data are presented in  Table 46 and Fig* 19*

Tho analysis o f  variance 1b given in  Appendix 42*

Shade had a o ign iflean t e f fe c t  on the rhizome y ie ld  

In ginger* The y ie ld  increased with increasing ehade upto 
the low (25 per cent) ehade intensity  »and showed a declin 

ing trend with further increase in  shade intensity* Thus
*1the maxima y ie ld  o f  22*22 t  ha was recorded a t 25 per 

cent shade intensity* The y ie ld s  obtained at low, aefiium 
and high shade lev e ls  vere 105*6, 92*85 and 66*65 per cent* 

respective ly , o f  that a t f u l l  illualnation* The y ie ld  at 

intense (75 per cent) shade was eign lfioantly  lower than 
a t the other shade in tensities*

Response curve

Tho y ie ld  o f  rhisonea obtained e t  increasing inten
s it ie s  o f  shade have been represented graphically as a 
function o f  shade and a quadratic equation f it te d  to the
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logarithms o f  y ie ld  was found to be the bettor f i t  to the 

response curve-thuo obtained (F ig . 20 and the analysis o f  

variance in  Appendix 48). The equation o f  the curve is  

aa follows*

log*? “  1*3295-0.0292x-0.0105x2
2The c o e f f i c i e n t  o f  determination E was found to 

bo 0*9998 which indicate that the proposed model almost 

fu lly  describee the b io lo g ica l phenomenon* The optimum 

intensity  o f  shade fo r  ginger as worked out from the 

equation i s  20*12 per cent.

8* Y ield  o f  haulm

The data are presented in  Table 46 end the analysis 

o f  variance in  Appendix 42.

The e f fe c t  o f  shade on y ie ld  o f  haulm in  ginger was 

not sign ificant* The mean y ie ld  was, however, the lowest 

at intense shade le v e l and highest in the open*

9# harvest index

The data ore presented in  Table 46 and the analysis 

o f  variance in  Appendix 42*

The e ffect o f shed© on the harvest index in ginger 
was significant* However, values showed a decreasing trend 
with increasing intensities o f  shade, which ranged from 
50 to 64*2' por cent*



5* Chemical studies

1* Content and uptake o f  nitrogen

The data oh the' content o f  nitrogen in  le a f , 

paiudostea and rhizome along with the to ta l uptake o f  

nitrogen are presented in  Tables 47 to 43 and Fig* 21* The 

analyses o f  variance are given in  Appendices 43 to 44*

The e f fe c t  o f  shade on the nitrogen content o f  

le a f  and pssudostea was sign ificant, a t a l l  stages o f  

growth excepting one, while in  the base o f  rhisone sign i
fica n t e f fe c t  was noticed only a t the harvest stage* But 

the d ifferen ces in  uptake o f  nitrogen between the d i f fe 
rent Ghade lev e ls  was not s ig n ifica n t at a l l  growth stages* 

The content varied from 2.54 to 4*10, 0,81 to. 3*08 and 

0*93 to 3*71 per cent, respective ly , in  the le a f ,  pseudo- 
stem end rhizomes at d iffe ren t stages*

With ago, the content o f  nitrogen in  a l l  the plant 

components showed a decreasing trend upto 130 days a fter  
sprouting* But in  the case o f  rhizome, there was an in 

crease in  nitrogen content from 160th day to harvest*
Even so, the percentage content o f  th is  nutrient at harvest 
was only about h a lf as much as a t 60 days a fter  sprouting* 
The to ta l uptake o f  nitrogen by the plants went on increas
ing at a rapid rate with advancing ego o f  the plant upto



Bhizome nitrogen content (per cent) Total uptake o f  nitrogen (kg ha*"^) 
(dayo a fte r  sprouting) (dayo a fte r  sprouting)

60 120 1S0~ 225 60 120 180 225
(harvest) (harvest)

0.94 1.47
1.12 1.44

E f f e c t  o f  ahade on n i t ro g e n  c o n te n t o f  g in g e r  rh iz o n e o  and on t o t a lup tak e  o f  n i t ro g e n , by g in g e r  a t  d i f f e r e n t  g ro v th  s ta g e sTable 4 3 .

Shade intensity 
(per cent)

0 (no shade)
25 (low shade)
50 (medium shade) 
75 (high shade) 
SEs +
CD (5.05)

2.00 1.08
3.43 1.07
3.66 1.14
3.71 1.07

0.98 . 1.49
0.93 1.87
0.05 0.018 
US 0.056

23*03 62.87
11.63 60.53
13*29 36.75
12.75 41.36
3*04 7.21
HS US

134.00 118.95
144.37 123.39
135.12 107.69
98.35 125.80
14*29 14.73
US HS

0.33 0.03
HS ; HS

HS a Hot s ig n ifica n t

Table 49. E ffect o f  shade on phosphorus content o f  ginger le a f  and 
pseudostem a t d iffe ren t growth stsgc®

Shade intensity 
(per cent)

0 (no shade)
25 (low shade)
50 (nediua shade) 
75 (high shade)
S Ba +CD (5 .0 5 )

L8af phosphorus content (per cent) 

(days a fte r  sprouting)

Psoudoste* phosphorus 
content (per cent) 

(days a fte r  sprouting)

6° ^ 120 160 6 0 ___ 120 _180

Oi25 0.26 0.25 0.40 0.19 0.21
0.27 0.29 0.23 0.36 0.32 0.21
0.28 0.33 0.30 0.35 0.23 0.22
0.27 0.32 0.26 0.33 0.29 0.17
0.02 0.01 0.003 0.01 0.01 0.01
HS 0.04 0.024 HS 0.04 0.07

5S * Hot s ig n ifica n t



130 days and than i t  decreased excepting a t the intense 

shade level*  The rate o f  uptake with advancing age was 

greatest in  the case o f  plants which were grown at 25 per 

cent shade intensity*

2* Content and uptake o f  phosphorus

The data on the content o f  phosphorus in  the le a f , 

pseudoetem and rhizome end the to ta l uptake o f  phosphorus 

are given In Tables 49 to 50 and Fig* 21* The enalyet* 

o f  variance ere given in  Appendices 44 to 45.

The e f fe c t  o f  shade on the phoophorue content o f  

plant component and to ta l uptake o f  phosphorue remained 

sign ifica n t a t almost a l l  the growth stages* No general 
trend in  the variation  o f  the phosphorus content with 

increasing shade in ten sities  could be noticed* The content 

o f  th is element varied from 0*25 to 0*33. 0*17 to 0*40 and 
0*17 to 0*61 per cant, respectively  in  the le a f , pseudoctea 

and rhizomes a t d iffe ren t growth stages.

The changes in  the content o f  phosphorus with advanc

ing age was sim ilar to that in  the case o f  nitrogen con
tent in  the leaf* pseudostem and rhizome* Phosphorus uptake 
showed a discernible increase with advancing stages o f  

growth upto 100 deye o f  growth*



Sable 50. E f f e c t  o f  ehudo on  phosphorus c o n te n t  o f  g in g e r  rh is o n e s  and ont o t a l  up take o f  phosphorus by g in g e r  a t  d i f f e r e n t  grow th s ta g e s

Shade intensity 
(per cent)

fihisose phosphorus content 
(per cent)

(days a fte r  sprouting)

Total uptake o f  phosphorus 
, (kg ha” ' )

(days a fte r  sprouting)

0 (no shade)
25 (low shade)
50 (medium shade) 
75 (high shade) 
SEa ♦
CD (0*05)

60 120 180 225 60 120 180 225
(harvest) (harvest)

0.57 0.24 0.17 0.24 2.43 8.95 19.42 19.41
0.48 0.26 0.21 0.28 1.21 9.53 21.91 30.02
0.61 0.20 0.21 0.26 1.47 5.39 22.61 18*26
0.58 0.25 0.17 0.29 1.36 5.21 13*20 17.99
0.02 0.02 0.01 0.01 0.34 1.12 2.20 3*55
0.06 HS 0*03 0.02 HS 3-46 6.79 10.94

HS * Hot s ig n ifica n t

Table 51* E ffect o f  sheds on potassiua content o f  le a f  and pseudoeten o f  
ginger at. d iffe ren t growth ctageB

Shade in ten sity  
(per cent)

0 (no shade)
25 (low shade)
50 (medium' shade) 
75 (high chads) 
SEh +CD (5 .0 5 )

le a f  potassium content 
(per cent)

(days a fte r  sprouting)

Pseudostem potassium content 
(per cent)

(days a fte r  sprouting)

60 120 180 60 120 180

3.72 3.50 2.74 7.50 6.40 *5.86
4.20 3.76 2.98 7.50 6.90 5.90
4.72 3.92 2.95 7.80 6.74 6.30
4.40 4.32 5*55 8.48 7.47 6.61
0.03 0.12 0.03 0.07 0.09 0.09
0.25 0.36 0.24 0.21 0.29 0.29



3* Content and uptake o f  potassium

The date on the*content o f  potassium in  the le a f, 

.paeudostem and rhizome and on the to ta l uptake o f  pota

ssium are presented in  Tablets 51 to 52 and F ig . 21. The 

analyses o f  variance are given in  Appendices 46 to 47.

Influence o f  shade on the potassium content o f  

le a f , pseudostem and rhizome was s ign ifica n t a t a l l  the 
stages o f  growth. However, the e f fe c t  on to ta l uptake o f  

potassium remained non -sign ifican t. Ho general trend in  

the nutrient content with increasing shade lev e l wee 

apparent in  ary o f  the plant components. Yet, compara

tiv e ly  lower concentration o f  potassium in  plant parts 

were obtained almost always in  plants grown at f u l l  illum i

nation.

The change in  potassium content with age was sim ilar 

to that o f  nitrogc-n end phosphorus in  the d ifferen t plant 

ports. The to ta l uptake o f  phosphorus showed a sharp 
increase with advancing stages o f  growth a t a l l  shade 

le v e ls .

XI. S o il  characters 

S o il nutrient statue

The data on the to ta l n itrogen, available phosphorus 

and available potassium in  the s o i l  a fter  ths crop are



Table 52* E f f e c t  o f  ehede on po tassium  c o n te n t  o f  g in g e r  rh izom es and on t o t a lup tak e  o f  po tassium  by g in g e r  a t  d i f f e r e n t  grow th s ta g e s

Shade intensity 
(per cent)

0 (no shade)
25 (low shade)
50 (medium shade) 
75 (high shade) 
SEa ±
CD (0.05)

Hhizome potassium content 
(per cent)

(days a fte r  sprouting)

Total uptake o f  potassium 
(kg ha” ?)

(days a fte r  sprouting)
60 120 180 225 , 60 120 180 225

* (harveet) (harvest)

5.76 4.17 2.00 2.80 37.65 172.11 263.87 279.17
5.84 4.39 2.38 2.80 19.57 163*81 305.78 320.75
5.82 4.56 2.60 3*02 23.33 102.18 324.53 271.20
6.18 4.10 2.75 3.25 22.42 99.84 246.64 308.89
0.10 0.08 0.07 0.06 5.96 21.82 31.34 25.50
0*31 0.24 0.21 0.18 HS HS HS IIS

HS * Hot s ig n ifica n t

Table 55* S o il nutrient status a fte r  the crop o f  ginger

Sfutrient
Shade in  tensity 

(per cent)

0 (no shads)
25 (low shade)
50 (medium chads) 
75 (high shade) 
SE* 4
CD ((5.05)

Total nitrogen 
(per cent)

0.109
0.140
0.109
0.087
0.001
0.005

Available phosphorus 
(ppm)

2.12
2.24
1.S3
2.24 
0.50
HS

Available potassium 
(ppm)_

96.0 •
98.3 

112.0 
124.8

1.51 
4.19

KS a Hot s ig n ifica n t
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presented in  Table 53 and the analysis o f  variance In 

Appendix 47.

The d ifferences in  c o l l  nitrogen end available 

potassium contents between the shade lev e ls  were sign i
fica n t. In the case o f  potassium# the content were higher 

at higher shado levels*  She nitrogen contents In s o i l  
appeared to fo llow  the same trend as that o f  crop y ie ld  

with the highest content a t the low shade# follow ed by 

that In the open* The lowest nitrogen content was corres
ponding with the intense shade level*  The d ifferences in 

available phosphorus content were not sign ificant*

Comparison with the pre-experimental nutrient status 

Indicated a decrease In available phosphorus and available 
potassium and an insreaae in  the nitrogen content because 
o f  the cropping*
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DISCUSSION

Slier© w£b increase in  the y ie ld  o f  rhizomes in  

ginger with ohafling up to low (25 per cent) in tensity , 
i t  higher shade levels# a decreasing trend in  y ie ld  was 
noticed but the extent o f  decrease was marginal upto 

intermediate (50 per cent) shade. Even at intense 
(75 per cent) shade, the decrease in  y ie ld  was not as 

conspicuous as in  crops lik e  eo locssia  and coleus. Taking 

the y ie ld  in  the open as 100, the comparable y ie ld s  fo r  

25, 50 and 75 per cent shade leve ls  were 105*6, 92.8 and 

66.7 per cent, respective ly . S ta t is t ica l analysis o f  the 

data indicated that there wse no s ig n ifica n t d ifference 

in  y ie ld  upto 50 per cent shade in  tensity . Among the 
regression  models tested , the quadratic equation f it te d  

to the logarithms o f  y ie ld  was found to be the beet to 

define the variation  in  y ie ld  with increasing shade inten
s i t ie s .  The optimum shade le v e l calculated from the 
equation was 20.12 per cent. The fa c t  that the y ie ld  

trend i s  quadratic and that there i s  no s ta t is t ica lly  

s ig n ifica n t decrease in  y ie ld  upto 50 per cent shading 
may qualify  th lo crop to  be classed as 'shade-loving*.
I t  would thus make th is crop highly suitable fo r  in ter
cropping. The resu lts  a lso indicate that the crop would 
give reasonable returns even a t  in  tens© shade le v e ls .
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Bry matter accuMuletion by plants (Table 46) 

followed nearly the ease trend qb that o f  rhizome y ie ld  

and the percentage valuea at 25* 50 and 75 per cant shade 

lev e ls  were 111.53, 90.36 and 37.42, resp ective ly . These 

data on dry natter accumulation show that shading did 

not resu lt  in  any appreciable decrease in  the rate o f  

photosynthesis upto the Intermediate lev e le  o f  50 per cent 
shade. Hot only that there was no decrease in  photosyn

th esis , but shading also tended to increase the dry natter 

accumulation by the p lants. Ouch u better performance 
o f  th is  crop under shade than in  tho open has been reported 

e a r lie r  by A den and Quieumbing (1976). In crops lik e  

tomato (Edmond at o l . ,  1964), tea (Joseph, 1979)» siratro 
and green panic (Wong and Wilson, 1930) a lso , such trend 

has been reported. The explanation given fo r  the better 

performance o f  crops under shade than in  the open i s  that 

there i s  often  a threshold * illum ination intensity beyond 

which the stomata o f  such shade loving plants tend to 

close  (Hardy, 1953 on c o f fe e ) .  Though the involvement o f  
such a fa ctor  on ginger a lec cannot be exoluded, the 
influence o f  such a fa ctor had been necessarily meagre on 

th is crop.

An evaluation o f  the resu lts  on le a f  area index
1

(Table 44) would show that the crop produced reasonably
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dense canopies a fter  about 120 days o f  .growth* She mean 

LAI a t th is  stage waa v e i l  above 4*0 a t a l l  shade inten

s i t ie s ,  Unlike in  the case o f  sweet potato and coleus, 

the density o f  the canopy was not very high and the mean 
maximua LAI was only 7*2, She fa c t  that the LAX was not 

very high at any o f  the growth stages, and that ginger 
leaves are nearly erect In position , exclude tho possibi

l i t y  o f ,strong mutual shading and le a f  parasitism in  the 

open* even though a decrease in  the intensity  o f illum i

nation night have adversely affooted the photo synthetic 

rats a t increasing shade in ten sitie s , these e f fe c ts  were 
not probably conspicuous upto 50 per cent shade. I f  a t 

a l l  th is  was operating, the o f f  c o t  o f  th is  fa ctor  was, 

probably, more than compensated by the advantage o f  better 

atomatal opening a t .25 per cent shade in ten sity . At intense 
shade le v e ls , lig h t  bocaae tho dominant lim iting fa ctor 

ao expected and dry matter accumulation decreased substan

t ia l ly ,  Decreased y ie ld  in  ginger when shading waa over 
50 per cent had been reported by Minoru and HorA (1969) 
and Aolcn and Quisu&blng (1976), Another conspicuous 

observation from the resu lts  on LAI io  that there was no 
s ta t is t ica lly  s ign ifica n t increase in  canopy density because 
o f  shading,

The harvest index ranged iron a mean o f  50,0 to 
64*2 per cent a t the d iffe ren t shade le v e ls , the highest



value o f  64*2 per cent was noticed at f u l l  illumination, 

and there was a steady decline with increasing shade 
levels* There are thus indications o f  the influence o f  

shade on the partition ing o f  assim ilates by the crop*
Even though the highest HI values were noted in  the open, 

the influence o f  ouch high HI values was . not re flected  
on rhizome y ie ld , presumably because these vere more than 

compensated by the higher ra te  o f  photosynthesis a t the 

low shade le v e l,

The d ifferences in  mean net assim ilation rate at 

d iffe ren t shade lev e ls  were not s ig n ifica n t, The only 

conspicuous d ifference was between the intense shade lev e l 

and other shade regimes.

Other growth characters lik e  plant height and t i l l e r  

number followed s lig h tly  d ifferen t patterns as coapared 

to dry mutter accumulation and y ie ld . In the case o f  
t i l l e r  number, there was almost a steady decrease with

t
increase in  shads in ten sities  a t the la s t  stage o f  obser
vation  though the differences were not s ta t is t ic a lly  s ign i

f ica n t , In the case o f  plant height, there was steady 
increase with increase in  shade intensity upto the intense 

shade level*  The d ifferen ces in  plant height were also 
s ta t is t ica lly  s ig n ifica n t, Aolan end Quisuabing (1976) 
observed that ginger plants, grown under f u l l  sunlight vere



shorter and had lesser number o f  leaves per t i l l e r  but 
y ie ld s  vere ju s t  se high he those obtained under 75 and 

50 per cent lig h t in ten s itie s , When shading was over 

50 per cent, y ie ld  decreased. I t  was a lso  reported that
ginger performed best when grown under a ligh t shade but

*

not in  excess o f  50 per cent shading* The present resu lts  

ere a lso  almost in  agreement with that o f  the above one.
As had been mentioned e a r lie r , sim ilar report o f  increased 

plant height under shade are available on other crops lik e  

tobacco (Penlkar at a l . ,  1969) and coupes ( Torila e t  e l . .1979).

The to ta l chlorophyll and i t s  components 'a* end *b' 

increased with increasing shade in ten sities  and the d i f f e 
rences between the various shads lev e ls  vere s ta t is t ica lly  

sign ificant* This i s  in  agreement with the observations 

made by Evens end Murrey (1955); Hsmasvaai (1960),

Venkataaaai (1961); Clark (1965); Cooper ond Qualls (1967); 

Guers (1971); Okali ond Guusu (1975) ©nd Hadha (1979)* The 
ra tio  o f  chlorophyll a-b  did not show any d is tin c t  trend o f  

variation  with increasing shade in ten sities  and the d i f fe 

rences between the d iffe ren t shade lev e ls  remained non
sign ificant*

The d ifferences in  the content o f  nitrogen, phosphorus 
and potassium in  iho plant parts vere s ta t is t ica lly  s ign i
fica n t a t most o f  the stages* The resu lts  were however, 

highly variab le , though there was a tendency towards a
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higher content o f  these nutrients under ehodo att compared 

to that in  the open* The d ifference a in  the uptake o f

nutrients except in  the case o f  phosphorus vere s ig n i f i -
>

cant a t a l l  etagea o f  plant growth* Here again, variabi

l i t y  vao very high and the only va lid  conclusion out o f  the 

data i s  that the treatment giving the highest y ie ld  (low 

shade le v e l)  aleo recorded the highest uptake values* 
Calculated ae percentage o f  the uptake in  the open, the 

crop removal o f  n itrogen, phosphorus and potassium at this 

low ehed© le v e l vere 107*94, 194*66 and 114*89 per cent, 
respectively* At aediun and intense shade le v e ls , the 

uptake was nearly the same as that in  the open* I t  may 
therefore be concluded that the f e r t i l i s e r  requirement o f  
ginger under low shade w il l  bo around 110 per cent in  the 

case o f  nitrogen and potassium and about 190 per cent in  

the case o f  phosphorus* The resu lts  a lso indicate that 

there i s  l i t t l e  soopo fo r  bringing down the fe r t i l is e r  

doses a t  medium and intense shade le v e ls , though the y ie ld s  

are comparatively low.

The variation  in  the content o f  mineral nutrients 
in  e o l l  between shade lev e ls  and the general trend o f  
nutrient contents as compared to the pre-experimcntal s o i l  

analysis figures (Table 1) were nearly sim ilar to those 
o f  other crops lik e  coleus and colocaaia* The reaeons fo r  
such a trend hove beon discussed already*
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The sa lien t featureb froa the above discussion aay

be summarised as follows*

!• The shade response o f  y ie ld  o f  rhicoaaa in  gi&gor 
follow ed a quadratic pattern with the shade optimum 

at about 20.11 per cent* Aa the performance o f  the 

crop i e  better under shade than in  the open, thie crop 
fis&y be considered shade-loving* Even at intense shade 

le v e l, the rhizome y ie ld  i s  reasonable. These would 

males th is  crop highly su itable as an intercrop in  

coconut gardens.

2 . Bry matter accumulation by the plant follow ed nearly 

the same pattern as that o f  rhizome y ie ld . Indications 
are thus that photoeynthetlo mechanism had a decisive 

ro lo  on the shade response o f  th is  crop*

3 . In addition to the photo synthetic fa ctors , partitioning 

o f  assim ilates a lso appears to have been influenced by 

shade* ?  lento receiving more o f  Illum ination tended
to translocate a higher proportion o f  carbohydrate to 

the rhizome*

4* le a f  area in  ginger i s  not appreciably altered by 

shading.



5* Mutual shotting and tho consequent le a f  parasitise  
may not ho high in  a so le  orop o f  ginger when c u lt i 
vated in  tho open. These faotoro probably aseuae 

importance only a t intense shade lev e ls .

6. The f e r t i l iz e r  requirement fo r  intercropped ginger 

may be 10 to 50 per cent higher than that o f  a sole  

crop at the low shade le v e ls . A t the medium and high 

shade lev e l* , requirement o f  fe r t i l i s e r s  asy be alaoet 

the .same as that o f  a crop in  the open.



SUMMARY



S1MHAHT

An experiment was conducted a t th® College o f  

Horticulture^Voiianiicitara to  stuay the ©hade response 

o f  common raiafed  Intercrops o f  coconut, v iz* eweet 
potato, coleu©, co loca e io , turnerio and ginger* Results 

o f  the experiment ©re summarised below*

1* Based on shade responee o f  these cropa, eweet potato
'SbaJet - Sensitive. , CotaiS aS

may be c la ss ifie d  a©., ©hade-intolerant, colooaeia es 

ohade-tolerant; and ginger and tu m eric ©s shade- 

loving* Sweet potato shoved a drastic decrease in  

y ie ld  with increasing shade in ten sity , while in  c o lo -  

casio the decrease in  y ie ld  was not .marked upto 50 

per cent ©hade intensity* Coleus showed a linear 

decrease in  y ie ld  a boo at in  proportion to the increase 
in  shade intensity* Tumeric and ginger gave aaximua 

yield©  at 50 and 25 per ©eat saaao in ten sities^  

respectively*

2* Coleus showed a lin ear response to varying ©heee inten
s it ie s*  A quadratic equation f it te d  to  the, logarithm o f

i

Cy * 1 ), (where y  i s  the y ie ld  a t  d ifferen t shade in te n -,

s i t i e s ) ,  was found to give a c lose  f i t  to the y ie ld  pee-
\

ponae o f  sweet.potato to varying lev e ls  o f  shade# Ini

co lccasia  and ginger, a quadratic polynomial and in  

turmeric a cubic polynomial f it te d  to the logarithm o f 

y ie ld  were the better f i t  to the response curves obtained*



3* Photocynthotic aeohaniea appears to hew© dominant ro le  

in  the shade response o f  a l l  the crops excepting eweet 
potato. In the case o f  eweet potato, partitioning and 
translocation o f  assim ilates wqe adversely a ffsoted  by 

shading.

4... Grope lik e  eweet potato, coleus and turmeric produced 

dense canopies. The canopy density o f  ginger was 
re la tiv e ly  lower. Golocasia produced only a sparse 
canopy at the normal planting density even in  the open, 

thue indicating that there i s  scope fo r  in creasin g ' the 
y ie ld  o f  th is crop substantially by c loser  planting 
when grown ao a sole crop in  the op on* Sweet potato 
exhibited a narked decrease in  canopy deneity a t higher 

shade in ten s itie s .

5. Excepting co locasia , plant height (length o f  vine in  
eweet potato) in  a l l  the crops increased with increasing 

in ten sities  o f  shade*

o* Humber o f  branches ( t i l l e r s )  in  o i l  the crops s ig n if i 

cantly decreased with increasing lev e ls  o f  shads.

7* The e f fe c t  o f  shade on content o f  chlorophyll *a#, 'b*
and tota l chlorophyll in  leaves was s ign ifica n t in a l l

the crops excepting' sweet potato. In coleus, ginger and
tum erio the chlorophyll content increased with increas
ing shade in  ten s it ie s , while no general trend was noticed 
in  colocasia .
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6* The ra tio  o f  chlorophyll a-b remained almost a con

stant in  eweet potato, coleus and ginger, while in  
tum erio, the ra t io  increased with increasing shade in 
tensity upto median shade and then decreased* In the 

case o f  co locasia , no general trend was n oticed .

9* Contents o f  n itrogen, phosphorus and potassium in  a l l  
the plant components o f  the d iffe ren t crops increased 

witil increasing in ten sities  o f  shade,

10. The uptake o f  these nutrients by the individual crops 

followed an id en tica l pattern a« that o f  dry natter 
accumulation* Thus in  sweet potato, ooleus and 
co locasia , the uptake decreased with increased shade 

intensity while in  "tum eric and ginger, the maximum 
uptake values were recorded o t nodium and low shade 

In ten sities , respectively .

11, I t  appears that in  sweet potato, 'the u t ilisa t io n  e f f i 

c ien cies o f  the nutrients added would be markedly 
less  under shade than in  the open. The nutrient 
removal by o  crop o f  coleus grown under intermediate 
shad# lev e l vao about 70 per cent o f  that fo r  a sole 
crop in  the open. The nutrient removal by colocasia  
was nearly the same as that in  ths>. open upto the intsu. 

mediate (90 per cent) shade le v e l. Tumerio grown at 
about 90 per cent -shade removed about 20 per cent more



o f  f e r t i l iz e r  nutrients then a sole  crop in  the open* 
An additional 10 per cent o f  the nutrients was removed 

ty a crop o f  ginger under low (29 per cent) shade 
intensity* In a l l  the crops excepting ginger, nutrient 
uptake decreased considerably a t intense (79 per cent) 

shade levels* Ginger plants recorded higher uptake 
values a t th is shade lev e ls  as compared to the open*

12* I t  was concluded from the investigations that sweet 

potato i s  unsuitable fo r  intercropping* Coleus night 

be suitable only under conditions o f  ample lig h t  in f i l 

tration* The crops co locasia , turmeric and ginger may 
be considered highly suited fo r  intercropping*
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Appendix 1. Weather data (weekly average) fo r  the period 
May 1930 to January 1981

Month
and
date

Week
Ho.

Toaperature°c R ain fa ll Helative Sun- S o il teepera-
  ------------------ In (an) humidity shine 0

(per cent) (No. o f  < S ca depth) 
hours o f  Fore- A fter- 

ForQ Aftar"b f ight noon

M ax i- M in i-
mum mun

noon no 00. mu* noon

..—— - --------_ _ .. ehine)^
(1980)
May 28- 
June 3 22 31.9 23.1 1 1 .6 95*8 82.6 4 .0 25.6 32.8
June 4*10 23 31.2 23.3 45.4 94.3 87.6 1 . 1 24.9 29.2

11-17 U 32.2 22.9 14.5 95.0 76.8 ,5.8 26.1 30*518-24 25 29.5 23.2 40.8 95.3 94.3 1*7 24.9 28.325-du3y 1 26 29.3 22.7 36.2 94.3 93.6 1 .6 24*4 28.8
July 2-8 27 23.8 22.3 43.3 94.0 83.4 3.1 23.8 29*49-15 28 29.1 22.3 56.0 95.0 91.3 2.0 23*5 30.6

16-22 29 29.8 22.9 33.7 95.4 93*6 4*1 24*7 30*0
23-29 30 29.9 22.2 29 .1 95.7 82.7 2*5 24.9 28*730-August 5 31 29.0 22.3 7 .5 95.9 80.1 2*7 24.4 29*5

6 -12 32 30.2 22.5 12 .8 95.3 86.4 5*6 24.3 23.7
13-19 33 30.5 22;  1 50.6 97.1 82.3 2*4 24.3 30.6
20-26 34 29.7 22.6 12.9 93.1 84.1 4.7 25*0 30*127-Septea- - r  
ber 2 70 30.4 22.2 n ; i 95.9 73.4 5.6 24.7 31.9

Sept.3-9 36 30i7 22.4 2.9 95.7 67.4 6.3 24.7 35.1
10-16 31 3 1 .6 23.4 0 .0 95.7 61.4 8*2 26.1 41.2
17-23 3£ 32.4 22.8 2.9 39.9 62.4 9.1 28.4 39.2
24-30 32 32.1 23.2 13.4 95.8 74.5 6.3 25.3 32.0October

1-7 4C 31.7 23.8 12 .0 92.3 74.0 6.3 25.6 35.0
8-14 41 32.4 23.5 7.7 95.7 69.7 5.2 25.5 36.0

15-21 42 3 2 .2 2 1 .2 18.4 97.7 72.8 4*3 26.2 32.922-28 43 31.5 20.9 4.7 ,90.8 69.7 6.4 25.8 34*129-Hovem-
ber 4 44 32.7 20.6 3.2 87.3 49.8 9.6 24.9 33.0

5-11 45 32.8 23.0 4.0 90.5 62.8 8 .5 25.3 3 2 .1
12-18 46 32.0 23.0 12.7 92.2 70.9 5.4 26.9 37.519-25 47 31.6 23.1 14.2 8 9 .1 76.3 7.1 25.3 36.025-Dec em

ber 2 48 31.8 21.9 0:0 86.1 69.9 8.9 24.2 37.2
3-9 49 3 2 .1 20.8 0.0 87.6 67.4 9.3 24.6 36.910—16 50 33.0 22.6 0 .0 89.9 63.7 9.0 24.0 38.0

17-23 51 32.3 22.5 0.0 84.7 62.4 8 .2 23.9 38.7/ 24-31 
( 198 1)

52 31.9 21.3 0.0 65.2 65.1 7*6 24.1 38.5
Jan. ,1-7 1 33.5 20.4 0.0 82.7 56.1 9.0 24.0 33.0, 8-14 2 32.9 20.5 0 .0 82.1 46.0 9.7 24.1 39.115-21 3 33.1 2 2 .1 0.0 33.0 45.4 10 .1 24.1 39.322-28 • ■» e* m  ^  m

4 34.0 22 .2 0.0  
»  m  •* 0m ̂  «fr( 82.6 _49.1 9.9 24.0 39.2

Sources B Claes observatory, Vollenlkimra, Irichu r.



Appendix 2 . The weekly average daily range in  m eteorological 
parameters re la tin g  to  individual crops tried

M eteorological
Crop

parameters Sweet Coleus Colocasia Turmeric Ginger
potato

Temperature °C

Maximum 29.0
32.4

to 29.0
32.4

to 29.0 to
33.0

29.0
33.5

to 29.0
33.5

to

Minimum 22.1
23.3

to ' 20.9
23.B

to 20.3 to
23.3

20.4
23.8

to 20,4 to 
25,8

R ain fa ll
Inteneity (ma) 2679.4 2907.9 3754.2 3754.2 3754.2
Frequency (days) 75 32 104 104 104
Sunehine
Kumfcer o f  houre 
o f  bright 
sunshine

1.6
9.1

to 1.6
9.1

to 1.6 to
9.6

1.1
9.7

to 1.1
10.1

to

Relative humidity 
(per cent)

Forenoon 39.9
97.1

to 39*9
97,1

to 84.7 to
97.7

82.1
97.7

to 62,1
97.7

to

Afternoon 61.4
94.3

to 61.4 to 
94.3

61.4 to 
94.3

45.4 to 
94.3

45.4 to 
94.3

S o il temperature 
at 5 cm depth C6c )
Forenoon 23.5

23.4
to 23.5

23.4
to 23.5 to 

28.4
23.5 to 
23.4

23.5 to 
26.4

Afternoon 23*3 to 23.3 to 23.3 to 23.3 to 23.3 toAiternoon 39*2 39.2  J59.2 39.3 39.3

* A rainy day is  one in  which the r a in fa ll  in tensity
is  s  2 .3  *»•



Appendix 3* Analyses o f  variance fo r  the e f fe c t  o f  shade on length o f  v ine, number o f  
branches and le a f  area index o f  eweet potato

Mean sq u a res

Source d f

Block 4
Treatment 3 
Error 12

length o f  vine 
(deye a fter  planting)

Number o f  branches plant 
(days a fte r  planting)

Leaf area index 
(daye a fte r  planting)

30

602.03
462.44
310.31

60 90 30 60 90

2497.29 9514 . 2 !* 6.88
6727.35*15990.18* 41.63*

9.37 9.66«•* «* 
244.74 191.07

110  30
(hGrveot)____

15.48 0.63 #* ,■# 
172.35 2.62

60

2.07**
33.23

90 110 
«  (herveot)
8.59 5.70 ** *«■ 

19.75 58.18
1346.55 1583.70 2.72 4.75 9.64 14,80 0.50 2.36 1.72 4.07

* S ignificant a t 5 per cent le v e l 
** S ignificant o t 1 per cent le v e l

Appendix 4 . Analyse© o f  variance fo r  the e f fe c t  o f  shade on content o f  chlorophyll *&*v vbf 
and to ta l ch lorophyll; ra tio  o f  ch lorophyll a-b  o f  sweet potato leaves

Mean squares

Source d f
Chlorophyll *&’ 

(days a fter  planting)
Chlorophyll *b' Total chlorophyll Chlorophyll asb

(days a fte r  planting) (days a fte r  planting) (days a fte r  plant
ing)

80 95 110
(harvest)

60

Block 4
Treatment 3 
Error 12

0.01 0.02
0.01  0.02
0.01 0.02

0.003
0.036*
0.009

0.01
0.02
0.02

95

0,03
0.01
0.03

110
(harvest)

0.02 
0.09 
0.03

80 95

0.03
0.06
0.06

0.03
0.04
0.10

110
(harvest)

0.04 
0.24 
0.07

80 9 5 '  110
(harvest)

0.0014 0.004 0.002 
0.0001 0.002 0.002 
0.0009 0.002 0.001

* S ig n i f ic a n t  a t  -5 p e r  c e n t l e v e l



Mean (squares

Total dry weight plant* Nat assim ilation ra te  Tuber Haulm Harvest
Source d f (dsys a fter  planting) y ie ld  y ie ld  in d ex .

30 60 90 , 1 1 0  ^Between Between
(harvest^) s  60 days 60 & 90 days

Appendix 5.  A nalyses o f  v a r ia n c e  f o r  th e  e f f e c t  o f  shade on t o t a l  d ry  w eight*n e t  a s s im i la t io n  r a t e ,  tu b e r  y ie ld *  haulm y ie ld  end h a rv e s t  in dex ,o f  sw eet p o ta to

Block 4 15.64 215.03 348.17 997.42^ 0.72 0.40 0.06* 3.14* 0.005
Treatment . 3 212.32*5656.3?*13656.51*14637.3§V‘ 4.94** 1*90 0.93**113.80** 0.023*
Error 12 20.74 83.67 383.25 644.34 °*55_ 2 *2 ? ~  0.015 0.60 ^ * ° ° L

* S ign ificant a t 5 per cent le v e l 
** S ign ificant a t 1 per cent le v e l

Appendix 6. Analyse© o f  variance fo r  the e f fe c t  o f  shade on nitrogen content o f  le a f 
and etea ♦ petiole and fo r  to ta l uptake o f  nitrogen by sweet potato

Mean squares
le a f  nitrogen content Stem + p etio le  nitrogen Total uptake o f  nitrogen 
(days a fte r  planting) content

Source d f (days a fte r  planting) (day© a fte r  planting)
30 60 90 110 30 60 90 110 30 60 90 110

_________  ̂ (harve s t ) __________  (har vest) (ha rv e s t)^

Block 4 0.132 0.014 0.080 0.010 0.003 0.014 0.024 0.009* 72.31 803.17 1435.26 3024.41
Treatment 3 0.077 0.234* 0.552*0.030 0.178**0.19§*0.03S 0.035* 862.15*15360.43*17970.28*35766.60*
Error 12 0.065 0.004 0.068 0.015 0.004 0.004 0.019 0.001 89.04 368.25 583.58 2501.16

* S ig n i f ic a n t  a t  5 p e r  c e n t le v e ls# S ig n i f ic a n t  a t  1 p e r  c e n t  l e v e l



Appendix 7« Analyse© o f  v a r ia n c e  f o r  th e  e f f e c t  o f  shade on phosphorus c o n te n t o fl e a f  and a  te a  ♦ p e t io le  and t o t a l  up take o f  phosphorus btf sw eet p o ta to
Mean sq u ares

Source d f
le a f  phosphorus content Stem * p e tio le  phosphoruo Total uptake o f  phosphorus

content
(dayo a fte r  planting) (days a fter  planting) (days a fte r  planting)

30 60 90 110 30
(harvest)

60 90 110 30
(harvest)

60 90 110
(harvest)

Block 4 0.0012 0.0004 0.0002 0.0023 0.0050 0.0063 0.0005 0.00054 1.44 10.36 10.71_** _ _ _#*    _ „ _*»  **■■ a.54 267.85 315.34
30.89

Treatment 3 0.0063*0.0071 0.0067*0.0024 0.011**0.0017 0.0002 0.00241* 8.54* 267.85*315.34* 516. 5§* 
Error 12 0.0001 0.0021 0.0001 0.0010 0.0002 0.0017 0.0004 0.00015 1.27 • 8.88 7.46 25.85

9 S ign ificant at 5 per cent le v e l 
** S ign ificant a t 1 per cent lev e l

Appendix 8 . Analyses o f  variance fo r  the e f fe c t  o f  shade on potassium content in  le a f 
end 3tea + petio le  and to ta l uptake o f  potaeoiun ia  sweet potato

Mean equareu

Source d f

le a f  potassium content 

(days a fte r  planting)

Stem ♦ p etio le  potassium 
content 

(days a fte r  pleating)
Total uptake o f  potassium 
(days a fter  planting)

30 60 90 110 30
(harvest)

Block 4 0.17* 0.24 0.05* 0.033* 0.09 0.07 0.04 w* ,Wf 393-70 4024.15 5317.46 13664.70
Treatment 3 0.2?* 0.3** 0.14* 0 .1 9 3 *9 .5 9 *0 .4 8 *  0.35* 1.071* 2046.50*71673.86*84440.?! 15396535
Error 12 0.01 °*°5 m 0.01 0.002 0.06 0.014 0.012 0.004 397.75 J[629.76 s% ?*22 ^105.60

* S ign ificant e t  5 per cent lev e l 
** S ign ificant at 1 per cent le v e l

60 90 110 30 
(harvest)-----------------

0*10?®

60 90 110
(h a rv e st)



Appendix 9. Analyses o f  variance for the e f fe c t  o f  
aiiado on the c o i l  nutrient status a fter  
the crop o f  sweet potato

Source d f
Nutrient

Total nitrogen Available Available
phosphorus potassium

Block /4

Treatment 3 

Error 12

0.0001

0.0012*

0.0001

1.356 52.99
*■* _ _**10.228

0.475

756.56

13.52

* S ig n i f ic a n t  a t  5 p e r  c e n t le v e l
** S ig n i f ic a n t  a t  1 p e r  c e n t le v e l



Appendix 10. Aliases© o f  variance fo r  the e f fe c t  o f  shade on plant height, 
number o f  branches end le a f  area index o f  coIoub

£!ean sq u a res

Source d f Plant height 
(days a fter  planting)

Huaber o f  branchec 
(days a fte r  planting)

le a f  erea index 
(days a fter  planting)

35 65 95 125 35
(harvest)

65 95 125
(harvest)

35 65 95 125
(harvest)

Block 4 1.89 44.55 
Treatment 3 4*37 75.40 
Error 12 9.21 34*32

115.36 154.61 4.67 36.52 104.70 313.07 
342.94*126.03 59.81 33.10 162.07 32.60
46.51 52.85 12.76 14.04 64-98 104.24

0.87 9.79
1.81 S .18
0.86 10.10

2.77 5.50
27.43 1.85
16.25 5.51

* S ign ificant a t 5 per cent le v e l  
** S ign ificant at 1 per cent lev e l

Source

Appendix 11. Analyses o f  variance fo r  the e f fe c t  o f  shade on the contents o f
chlorophyll •a*, * to* rand to ta l chlorophyll ra t io  o f  chlorophyll e -b  o f  
coleus leaves

d f
Mean squares

80

Block 4 0.009 
Treatment 3 0.195 
Error 12 0*019

Chlorophyll *a* Chlorophyll *b* Total ch lorophyll Chlorophyll ash
(days a fte r  planting) (deyo a fter  planting) (days a fte r  planting) (deya a fter

planting)
110 125

(harvest)
80 110 125

(harvest)

0.05 0.01 0.01 0.05 0.0741 £- ‘M'lfr dHt- 41
0.20 0.18 0*28 3.06 0.16
0.03 0.005 0.01 0.02 0.03

80

0.02

110 125 80
(harvest)

110 125 
(harvest)

1.04
0.003

«« 0.17 0.11 0.012■**
0.99 0.67 0.001
0.10 0.006 0.014

0.02
0.02
0.01

0.01
0.03
0.01

*  S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t  l e v e l



Mean squares
Total dry weight Net assim ilation Number o f  tubers Tuber Haulm Harvest 

Source a t CO^c n « »  p l e n t y )  ^  “ “
35 55 W~, T25 „ Between between 6s 95 . 125 -

(harvest) 35 & 65 *  (harvest)
65dqy s 9 5 d e ja  __________*  '  *J“  r “  r  “ •* * • ' » * ■  ■ ■ • « > ■ » » ■ • ■ » • * * * ■ » « » « «  l - e  r i H M e a n a w M i n n n u w w B a e e M a i M M M e e  11 i- I *  *•»-

Block 4 0.54 30.43 31.22 58.32 0.35 1.82 0.12 5.05 681.87 24.03 0.31 0.GO3ftft 4444 4? 94 ft ft ftft ftft ft ft ft ftft
Treatment 3 5.53 180.09 621.91 663.78 2.66 3.78 1.38 241.96 155.69 525.46 5.50 0.017
Error 12 0.76 26.93 68.30 127.72 0.59 1.65 0.24 6. 8$ 76.70 22.21 1.3B 0.003

* S ign ificant a t 5 per cent lev e l 
** S ign ificant a t  1 per cent le v e l

Appendix 13. Analyses o f  variance fo r  the e f fe c t  o f  shade on nitrogen contents o f  
coleua le a f ,  stem + p etio le  and tuber

Mean squares

Appendix 12. A nalyses o f  v a r ia n c e  f o r  th e  e f f e c t  o f  shade on t o t a l  d ry  n a t t e rp ro d u c tio n , n e t  a s s im i la t io n  r a t e ,  nuaber o f  ta b  e r a ,  tu b e r  y i e l d ,haulm y ie ld  and h a rv e s t  in d ex  o f  co leu s

Nitrogen content o f  le a f  Stem ♦ p e tio le  nitrogen Tuber nitrogen content
«  (days a fter  planting) content
Source d f (dayo a fte r  planting) (days a fter  planting)

35 & T  95 125 35 65 95* 125 35 65 ~95  I 25
(harvest) (harvest) (harvest)

*• * , **
Block 4 0.01 0.04 0.03 0.003 0.006 0.004 0.002 0.002 -  -  0.005 0.004#* <** *9 ** a# ** ** ##
Treatment 3 0.73 2.30 1.85 0.407 0.579 0.554 0.664 0.152 -  -  0.004 0.118
Error 12 0.002 0.02 0.01 0.003 , 0.003 0.003 0.001 0.0003 -  -  0.008 0.002

* S ign ificant a t 5 per cent lev e l 
S ign ificant a t 1 per cent le v e l



Appendix 14* Analyeas o f  variance fo r  the e f fe c t  o f  shade on to ta l uptake o f
nitrogen by coleuo and fo r  the content o f  phosphor a a in  Coleus le a f  
and etea + p e tio le

Mean squares

Total uptake o f  n itrogen Phosphorus content o f  le a f  Stem + p etio le  phosphorus 
(days a fter  planting) (days a fte r  planting) content

Source « t ________________________________________________________________ (day , e ftar planting)
35 65 95 125 35 65 95 125 35 65 95 125

(harvest) (harvest) (harvest)

Block 4 269.50* 63.22 71.41 37.58 0.005 0.0004 0.001 0.0002 0.0003 0.0011 0.0003 0.0004*** «* *» «* #* »
Treatment 3 115.72 51.68 97.02 117.19 0.003 0.0233 0.0002 0.0021 0.0021 0.0059 0.0046 0.0005
Error 12 42.55 53.39 86.52 69.39 0.0001 0.0003 0.0006 0.0002 0.0008 0.0008 0.0001 0.0001

* S ign ificant a t 5 per cent le v e l 
** S ign ificant a t  1 per cent lev e l

Appendix 15. Analyses o f  variance fo r  the e f fe c t  o f  shade on phosphorus content o f
coleus tuber, to ta l uptake o f  phosphorus by coleue end potassium content 
in  coleus le a f

Mean squares
Tuber phosphorus content Total uptake o f  phosphorus Leaf potassium content 

Source d f  (days a fte r  planting) (days a fter planting) (days a fte r  planting)
95 125 35 65 95 125 35 65 95 125

(harvest) (harvest) (harvest)

Block 4 0.001 0.0007 3.09 1.63 2.24 1.30 0.04 0.02 0.02 0.03£9 ft ft# ft -ft# ft# ft# ##
Treatment 3 0.001 0.0025 2.04 4.38 17.90 13.34 0.74 2.05 1.18 0.29
Error 12 0.001 0.0001 0.52 1.56 2.23 2.46 0.01 0.01 0.04 0.01

* S ign ificant a t  5 per cent lev e l 
*® S ign ificant &t 1 per cent le v e l



Appendix 16* Analyses o f  variance fo r  the e f fe c t  o f  shade on potaaoiuss content o f  
coleus strn + p etio le  and tuberj and fo r  the to ta l uptake o f  
potasalun by coleue ..

I£ean squares

Source d f
Stan + p e tio le  potaaeiun 

content 
Cdaye a fte r  planting)

Total uptake o f  potcsaiimTuber potaseius 
content

(dqye a fte r  planting) (days a fte r  planting)

Block
Treat-

4

3aient 
Eferor 12

35 65 95 125(harveet) 95 125(harvest) 35

0.05 0.04* 0.05 0.14* 0.12 0.02
*«479.53

*  ** 1.59
»»

6.56
■»#

2.62
■*#

2.32 0.0 1 0.01 297.15*
0*01 0.01 0.23 I°

t 0.06 0.04 84*61

65 95 125
(harvest)

397*15 1703*84 350*60
703*96 3309.50* 1629.76 
290.21 819*60 468.16

* S ign ificant a t  5 per cent le v e l 
** S ign ificant a t  1 per cent le v o l

Appendix 17* Analysis o f  variance fo r  the e f fe c t  o f  shade on 
s o i l  nutrient status a fte r  the crop o f  coleue

nutrient
Source d f Total nitrogen Available

phosphorus
Available
potsesiua

Block 4 0.0001 2.23 87.84
Treatment 3 0.0011** 4.61 1211.98
Error 12 0.00005 1.96 29.33

** S ign ificant a t 1 per cent le v e l



Appendix 18. Analysts o f  variance fo r  the e f fe c t  o f  shade on plant height and 
dollar g irth  o f  co locasia

tfean sq u a re s
Source d f , Plant height Girth a t  co lla r

(days a fter sprouting) (days a fte r  sprouting)

30 60 90 120 150 30 60 90 120 150

Block 4 463.99 32 .35^33.05^55.53  47.54 17.53* 1.42 0.18 4.29 0.73
Treatment 3 159.17 859.74*446.01* 49.49 46.55 4 .30 46.40* 0.49 6.26 1.10
Error ^12^ 93.82 127.39 59.40 49.62 46.39 4.23 4.62 0.91 2.69 0.93

* S ign ificant a t 5 per cent lev e l 
** S ign ificant a t  1 per cent le v e l

Appendix 19. Analyses o f  variance fo r  the e f fe c t  o f  shade on number o f  t i l l e r s  
and le a f  area index o f  co locasia

Mean squares

Source d f Humber o f  t i l l e r s  plant Leaf area index
(days a fte r  sprouting) (days a fte r  sprouting)

"30 60 90 — -

Block 4 0.65 1.30 9.16#IF 40#
Treatment 3 2.80 55.28 40.12
Error 12 2.34 5.22 5.22

* S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t  l e v e l

120 150 30 60 90 120 150

7.32KM 1.33 0.21* 0.13 0.02 *  ̂ * 0.14 0.02
64.48 50.57 0.01 0.93 0.25 IHf0.29 0*02
8.15 10.46 0.05 0.44 0.09 0.04 0.02



Source

Appendix 20. AnaXyEe® o f  variance fo r  the e f fe c t  o f  shade on content o f  
ch lorophyll *a* and *bf o f  colooaeia  leave a

Mean squares
rh 1 iMf»Anh!r11 *«•

d f Chlorophyll *a® 
(days e f is r  sprouting)

Chlorophyll #b* 
(daye a fte r  sprouting)

Block
Treatment
Error

80 110 140 170 80 110 140 170

4
3

12

0.002««
0.053
0.008

0.005
0.043*
0.009

0.007
0.072
0*005

0.017*»#
0.138
0.005

0.024
0.117
0.060

0.023
0.111
0.021

0.010 
- ** 

0.153
0.016

0*057 
0.193*. 
0.018

* S ign ificant a t 5 per cent le v e l 
*» S ign ificant a t 1 per cant le v e l

Appendix 21. Analyaoe o f  variance fo r  the e f fe c t  o f  shade on to ta l chlorophyll 
content and ra t io  o f  chlorophyll a -b  o f  co locasia  leaves

Mean squares

Source df
Total chlorophyll content 

(days a fte r  planting)
Chlorophyll asb

(daye a fte r  planting)

- 80 110 140 170 80 110 140 170

Block 4 0.047 0.046 0.032 0.135* 0.004*- 0.0003*' 0.0004 0.023
Treatment 3 ' ~ **>0.583 0.290*

»»
0.434 -  **0.653 0.002 0.0009* 0.0003 0.032

Error 12 0.051 0.057 0.037 0.025 0.001 0.0002 0.0004 0.014

•  S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t  l e v e l



Appendix 22.  A nalyses o f  v a r ia n c e  f o r  th e  e f f e c t  o f  shade on t o t a l  d ry  n a t t e rp ro d u c tio n , y i e ld  o f  t o t a l  tu b e rs ,  ©ide tu b e re  and hulls*: f o r  h a r v e s tindex  o f  c o lo c a s ia
Mean sq u a res

to ta l dry weight Y ield Harvest
Source d f __________(fla re  a X te r sp ro u tin g )  To tal. S id e  H aul*------  in d e x

30 60 90 120 150 130 tuber tuber
(Harvest)

JLM
Block 4 109.93 115.14 297.15 536.67 589.67 285.75 17.27 8.56 0.033 0.001
Treatuent 3 14.03 1976.13* 2460.32*5375.29* 3980.57*4495.43 112.93*79.53*0.047 0.00§*
Error 12 13.53 237.96 205.01 291.07 501.22 828.89 16.39 8.93 0.023 0.0006

* S ign ificant a t 5 per cent le v e l 
** S ign ificant a t 1 per cent le v e l

Appendix 23. Analyses o f  variance fo r  the e f fe c t  of-shade on nitrogen content 
o f  le a f  and pseudosten o f  co locasia

Mean squares
le a f  nitrogen content Pseudosten nitrogen content

Source d f (dqye a fte r  sprouting) (daye a fter  sprouting)
30 60 90 120 150 180 30 60 90 120 150 180

__________________________  C£arr?eJi)____   J&SS3S&}

Block 4 0.04* 0.05 0.07 0.03 0.04 0.01 0.01 0.06 0.01 . 0.01 0 .0? 0.004«• ** *# ** «• «fr ** ** ** »*■ *»
Treatment 3 0*22 0.83 0.63 0.31 0.27 0.06 0.13 0.13 0 .05 0.45 0.23 0.118
Error 12 0.01 0.03 0.06 0.02 0.02 0.01 0.005 0.05 0.004 0.003 0.004 0.005

* S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p a r  c e n t  l e v e l



Appendix 24. Analyses o f  variance fo r  the e f fe c t  o f  ehade on n itrogen content o f  
tuber and fo r  to ta l uptake o f  nitrogen by colocasia

Source

Block 4
Treatment 3 
Error 12

Mean sq u ares

d f
Tuber nitrogen content 
(days a fter  sprouting)

Total uptake o f  nitrogen 
(days a fte r  sprouting:)

60 90 120 150 180 30 
(harvest)

60 90 120

0.002 0.0007 0.006 0.0001 
0.034* 0.0015 0.734* 0.013*

0.005
0*163

165.33* 18.77 76.95 140.08 
22.62 742.41*376.74 1869.85*

150 180
(harves t )

129.99 63.72 
741.88 752.59

0.0012 0.0004 0.004 0.001 0.003 18.82 145.55 81.22 90.49 135.42 234.67
* S ignificant a t 5 per cent le v e l 

** S ignificant a t  1 per cent lev e l

Appendix 25. Analyses o f  variance &r the e f fe c t  o f  shade on phosphorus content o f  
le a f  and pseudostea o f  colocasia

Mean squares

Source d f  ( jq y i s  content

30 60 90 120 150 180 30
(harvest)

60 90 120 150

Block
Treatment

## *# * #
4 0.002 0.002 0.002 0.001 0.001 0.0002 0. 0025 0.014 0.001 0.001 0.001
3

## #49
0.012 0.025 Q.003 0.003 0.001 0.0022 0.0248 0.049 0.008 0.010 0.018

180
(harvest)

0.001 «« 0.011
Error 12 0.001 0.0003 0.001 0.001 0.001 0.0005 0.0004 0.004 0.0005 0.0002 0.001 0.001

* S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t l e v e l



Appendix 26* Analyses o f  variance fox* the e f fe c t  o f  eiiada on tuber phosphorus content 
o f  co locasia  and fo r  the to ta l uptake o f  phosphorus by colocasia

Mean sq u ares
Source d f Tuber phosphorus content 

(flay© a fter  sprouting)
Total phosphorus uptake 
(daya a fte r  sprouting)

60 90 120

Block 4
Treatment 3 
Error 12

0*003
0.002
0.003

0.001 0.005 *# •* 
0.021 0.010

150 180 30
(harvest)

0.002 0.003 5.26 
0.025 0.033 0.27

60 90

1.62 2.79 ** '## 
39.19 55.24

120

2.58**
55.94

150

5.57
24.07

0.0004 0.0006 0*004 0.002 0.46 5.77 2.65 6.15 6.51

180
(harvest)

2.69,
144.27s

6*46

* S ign ificant a t  5 per cent le v e l 
** S ign ificant a t  1 per cent le v e l

Appendix 27.

Source d f

Slock 4
Treatment 3 
Error 12

Analyses o f  variance fo r  the e f fe c t  o f  ohade on potassium content o f  
le a f  end pseudooten o f  co locasia

Moon squares

Leaf potassium content 
(flays a fter  sprouting)

Pseudostea poteseltut content 
(flays a fter  sprouting)

50

0.16
0.92

60

«*
0.27

**0.23

90 120 150 180 30 
(harvest)

0.01 0.12 0.07 0.06*-»' ■»# #* ## 
0.54 0.74 0.92 0.58

*»
0.29___*#
0.77

60

0.25*
0.18

90

-  -** 0.19 *# 
1.77

120

0.13#
1.23*

150 .180
(harvest)

0.06 0.03 0.02 0.04 0.03 0.05 0.05 0.03 0.03 0.02

0.05
~  ** 0.98
0.04

0.03
1.63
0.12

*#

* S ig n i f ic a n t  a t  5 p e r  c e n t l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t l e v e l



Appendix 23. Analyses o f  variance fo r  the e f fe c t  o f  shade on potassium content o f  
co locasia  tuber end fo r  the to ta l uptake o f  potassium by co locasia

Source d f

Block . 4
Treatment 3 
Error 12

Mean sq u a res
Tuber potasaiua content 
(days a fte r  sprouting)

Total uptake o f  potaseiun 
(days a fter  sprouting)

60 90 120 . 150 160 30 60 90 120 
(harvest)

150 180 
(harvest)

0.05* 0.025 
0.09* 0.143

0.09*«0.11
0.006 0.027 0.015

0.05
.0.02
0.02

0.07*967*2?* 346i11 610.18 667.02 474.36 137.19 
0.12*182.07 6830.64*3333.71*5970.77*2934.60*6117.59* 
0.02 119.57 1017.70 523.00 491.43 475.79 720.04

* S ign ificant a t 5 per cent le v e l 
** S ign ificant a t  1 per cent le v e l

Appendix 29* Analyses o f  variance fo r  the e f fe c t  o f  shade on c o i l  
nutrient status a fter  the crop o f  co locasia

Source d f

Block 4
Treatment 3 
Error 12

jfam squares
Total nitrogen

0.000002
0.00044**

Available
phosphorus

3.99

0.00003
11.28
0.43

*«

Available
potaselun

84.67*
848.79

25.69
* S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t l e v e l



Appendix 30. Analyses o f  variance fo r  the e f fe c t  o f  shade on plant height, number 
o f  t i l l e r s  and le a f  area index o f  turmeric

Mean sq u ares l e a f

Source df Plant height Humber o f  t i l l e r s  plant1 le a f  area index
(days a fte r , sprouting) (days a fte r  sprouting) (days a fte r  sprouting)

Block
QTeataent
Error

4
3

12

60

152*5
122.5
61.2

120 180

1103^8* 124.7
215.4

68.0
730.3

61.7

*41'

60 120 180 60 120 180
___________ — —— — -  -  ■ll*1 —

1.34 1.01
^ * 

3.17
«

1.47 25.08* 411.11
6.94* 1.58

*#
5.34

**
2.94 6.28 33.47

1.66 0.79 0.62 0.35 6.99 20.04

* S ign ificant a t  5 per cent le v e l 
** S ignificant a t 1 per cent le v e l

Aooendlx 31. Analyses o f  variance fo r  the e f fe c t  o f  ehsde on content o f  
chlorophyll ’ a*, *b* and to ta l ch lorophyll; ch lorophyll a~b 
ra tio  o f  turmeric leaves

Mean squares

Source d f
Chlorophyll

content
•a*

(dayo a fte r  
sprouting)

Chlorophyll *b* 
content 

(days a fte r  
sprouting)

Total chlorophyll 
content 

(days a fter
sprouting)

Chlorophyll &sb
(days a fte r  
sprouting)

Block
Treatment
Error

4
3

12

100 160 100 160 100 160
-  * 0.04■**0.17

0.01

0.02 * **
0.13
0.01

**
0.09
0.18
0.01

0#? ! ~0.18
0.02

••
°* 25 .
0.71
0.03

0.61
0.06

J 0 0 _

0.002 
0 . ’ 007 
0.001  '

160__

0.0035
0.0001
0.0043

* S ig n i f ic a n t  a t  5 p e r c e n t l e v e l•* S ig n i f ic a n t  a t  1 p e r  c e n t l e v e l



Appendix 32. Analyses o f  variance fo r  the e f fe c t  o f  shade on to ta l dry matter 
production, net esolsnilation ra te , rhisoae y ie ld , hauls y ie ld , 
end harvest index o f  tum eric

Mean squares

Total dry weight(g plent"**) Het aesiE ilation  Shieone Haulm Harvest
Source d f (deye a fte r  sprouting) rate y ie ld  y ie ld  index

60 120 160 220 220 Between Between
( harvest )(hsx*vost) 60 & 120 &

_  * • „  _ t ha 120 ds^ G 100 days ._________________ _

Block 4 17.11 230.65 1301.71 619.37 6 .6  0*03 0.19 95.32 0.90 0.003*» _ ■» ** ■ ' ««  *» 
Treatment 3 55.32 203.61 902.54 1431.67 13.43 0*03 0.32 594.06 6.26 0.009
Error 12 4.38 79.70 607.39 246.64 2.85 0.15 1.10 54.73 0.96 0.003

* S ignificant at 5 per cent le v e l 
*# S ignificant a t 1 per cent lev e l

Appendix 33. Analyses o f  variance fo r  the e f fe c t  o f  shade on nitrogen content o f  
lea f end poeudostea o f  turmeric

Mean squares

le a f  nitrogen content Peeudootea nitrogen content
(days a fte r  sprouting) (daye a fter sprouting)

60 120 180 220 60 120 160 220

Block;
Treatment

4
3

0.012
0.162

0.000*e*
0.108

■ft*
0.003
0.174

0.001•**
0.077

0.003**
0.200

0.00003e*
0.057

0.0002
0.016

0.001*
0.026

Error 12 0.002 0.002 0.0004 0.007 0.003 0.001 0.0002 0.0002

•  S ig n i f ic a n t  a t  5 per. c e n t l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t l e v e l



Appendix 34. Analyse* o f  variance fo r  the e f fe o t  o f  shade on n itrogen content
o f  tunaorlo rhizoae and for the to ta l uptake o f  nitrogen by turmeric

Mean square*

Source a f
Rhizome nitrogen content 

(days a fte r  sprouting)
Total uptake o f  nitrogen 

(days e fte r  sprouting)
60 120 180 220

(harvest)
60 120 130 220

(Harvest)

Block 4
Treatment 3
Error 12

0.005*e
0.252

0.0001<**
0.052

0*010 0.001

0.002
0.029*
0.003

# S ign ificant a t  5 per cent le v e l 
** S ign ificant at 1 per cent le v e l

0.005 391.38 2470.18
0.030** 710.87**1287.94
0.002 96.30 546.12

6613.29
1027.53
3066.85

3605.94^
6493.52"
1531.21

Appendix 35. Analyseo o f  variance fo r  the u-affect o f  ehade on
phosphorus content o f  le a f  and pseudo stem o f  turmeric

Mean squares ■

Source flf

Block
Treatment
Error

PseudGStem phosphorus content (flays a fte r  engouting)

4
3

12

60 120 180 220 
^    (harvest)

0.001 0.0003 0.0003 0.0002
0.002 0. 003** 0.006** 0.0013**
0.001 0.0002 0.0003 0.0001

60 120

0.0001 0.0001 
0.011§* 0.0015* 
0.0003 0.0004

180
Hi

0.003
0.006
0.005

220
(harvaet)

0.0004
0.0003*
0.0002

* S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t  l e v e l



Appendix 3 6 . A nalyses o f  v a r ia n c e  f o r  th e  e f f e c t  o f  shade on phosphorus c o n te n to f  tu rm e ric  rh izom es end f o r  the t o t a l  up take  o f  phosphorus by tu rm e ric

Source d f

Mean sq u a re s
Shiaone phosphorus content 

(days a fte r  sprouting)
Total uptake o f  phosphorus 

(days a fte r  sprouting)
60 120 180 220 , 60 

(harvest)
120 180 220

(harvest)

Block
Treatment
Error

4 0.0003 
3 0.0029* 

12 0.0006

0.0007
0.0091*

0.001/#*-
0.015

0.0009 0.007

0,015
0.013
0.017

* S ignificant a t 5 per cent lev e l 
** S ign ificant a t 1 per cent le v e l

7.75^
12,47*
2.02

63.06 238.34 
36.18 175.20 
17.57 186.47

145.71
450.39"
80.32

Appendix 37. Analyses o f  variance fo r  the e f fe c t  o f  shade on potassium content 
• in  le a f  mid poeudoeton o f  turmeric

Mean squares

Source d f le a f  potassium content 
(days a fte r  sprouting)

Beeudoeteiu potassium content 
(days a fte r  sprouting)

Block
Treatment
Error

4
3

12

60

0.018
0.161
0.019

120

0.100
0.50**
0.036

180 220(harvest) 60 120 180 220
(harvest)

0.119 0.015
0.384
0.069

1.603
0.026

** 0.021 0.027
2.020
0.072

2.977
0.019

*•
^  *# 

0.174**
1.341
0.026

0.029
2.306
0.038

*•

*  S ig n i f ic a n t  a t  5 p a r  c e n t l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t  l e v e l



Appendix 33 . A nalyses o f  v a r ia n c e  f o r  th e  e f f e c t  o f  shade on po tassium  c o n te n to f  tu rm e ric  rhizom e end f o r  th e  t o t a l  up take  o f  p o ta a e iu a  by tu rm eric
Mean sq u ares

Source d f Bhirone potassium content 
(days a fte r  sprouting)

Total uptake o f  potassium 
(days a fte r  sprouting)

60 120 180 220 
 ---------------------      (JtaErautX.

60 120 180 220 
 —  Umcueetl.

Block
Treatment
Error

4
3

12

0.036 0.045 0.013 0.013 3039.02 42892.4* 98760.6 39894.0#Jt #*• #
0.409 1.040 1.028 0.170 6890.9322212.2 12021-3 63093.8
0.033 0.016 0.038 0.024 884.03 9107.4 42925.3 14124.1

* S ignificant a t  5 per cent le v e l 
** S ign ificant a t  1 per cent le v e l

Appendix 39* Analyses o f  variance fo r  the e f fe c t  o f  shade on e o i l  nutrient 
statue a fte r  the crop o f  turmeric

Source

Block
Treatment
Error

d f

4
3

12

Mean squares

Total nitrogen Available phosphorus Available potassium

0.00001
0.0048**
0.00001

* S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t  l e v e l

0.106
2.775*
0.711

52.76
1055.23

24.19

«*



Append la; 40* A nalyses o f  v a r ia n c e  f o r  th e  a f f e c t  o f  ehade on p la n t  h e ig h t ,n u ab e r o f  t i l l e r s  and l e a f  a re a  ind ex  o f  g in g e r

Hean square©
Source d f Plant height Humber o f  t i l l e r s  plant'' 

(days a fte r  sprouting) (days a fte r  sprouting)
le a f  area index 

(daya a fter  sprouting)

60 120 180

Block 4
Treatment 3 
Error 12

17.90 61.55* 15.17
8.93 125.o!* 387.74* 

24.57 17.04_ 29.23_

60

.4.06 
13.13* 
3.54

120 180 i i 1 c
r» 

1 O 120 180

21.13 22.11* 0.02 0.68 2.80
56.51 7.74 0.06 2.10 2.53
>1.87 5.09 0.06 1.13 2 . 24

• S ignificant at 5 per cent le v e l 
#* S ign ificant a t 1 per cent le v e l

Appendix 41. Analyses o f  variance fo r  the e f fe c t  o f  shade on content o f  
chlorophyll 'a 1,  *b# and to ta l ch lorophyll; ch lorophyll asb

Source d f

Block 4
Treatment 3 
Error 12

o f  ginger leaves

Menu squares
Chlorophyll ’ a1 
(day© a fter  

sprouting)
Chlorophyll •*>* Total chlorophyll Chlorophyll asb 
(days a fte r  (days a fte r  (days a fter

sprouting)sprouting) sprouting)

100

0.04*
0.26
0.01

160 100 160 100 160

«* 0.07
0.46
0.02

«*
0.40
0.03

«• 0.23
0.66
0.02

*«
«* 0.19

1.31
0.06

0.51
2.19'
0.06

*•
** 0.006

0.002
0.005

0.025
0.006
0.005

* S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l*e S ig n i f ic a n t  a t  1 -p a r  c a n t  l e v e l



Appendix 4 2 .

Source

Analyses o f  variance fo r  the e f fe c t  o f  eiiado on to ta l d r / matter 
production, n et aeoisillation  ra te , rhisoae / l a i d ,  hauls y ie ld  
and harvest index o f  ginger

Mean square*

d f
Total d r / weight 
(dh/e a fte r  sprouting)

Met a eo i* ila tion  ra te Hhisose
/ i e l d

Mania Harvest 
y ie ld  index

60 120 180 225
(harvest)

Between • 
60 &
120 days

between 
120 & . 
180 doye

■

Block .4.. .0.82 -- 25.32 153.61 245.49 0.14 0.11 2.73 0.22 0.00
Treatment 3 3.66 ,152.05* 582.38 1741-IS 0.37 0.63 65.59* 1.01 0.020
Error 12 1.58 36.95 164.12 149.97 0.28 0.83 9.84 0.72 0.005

* S ignificant a t 5 per cent le v e l

Appendix 43 • Analyses o f  variance fo r  the e f fe c t  o f  shade on content o f  nitrogen 
in  le a f ,  pceudostca and rhixone o f  ginger

Source

Block
Treatment
Error

Mean square©

d f
le a f nitrogen Paeudoaten nitrogen musoae nitrogen content

content content
(days a fte r  sprouting) (days a fte r  sprouting) (days a fte r  sprouting)

4
3

12

60

Q.101
0.05
0.02

120 180 60 120 180 60 120

0.007'*«■
0.919

0.018 0.007 0.006*# *# *• 
0.207 0.176 0.083

0.001 0.006 0.021 0.006

0.036 0.421 0.006 
0.027 0.733 0.007 
0,043 0.541 0.004

180 225
  (h a jr o u s t l

0.012 0.003*
0.039 0.211*
0.015 0.002

* S ig n i f ic a n t  a t  5 p e r  c e n t  l e v e l** S ig n i f ic a n t  a t  1 p e r  c e n t l e v e l



Appendix 44. Analyse a o f  variance fo r  the e f fe c t  o f  shade m  to ta l uptake o f  
nitrogen by ginger and fo r  the content o f  phosphorus on ginger le a f  
and pseudoeten

Mean sq u ares

Source d f
Total uptake o f  nitrogen 
(days a fter  sprouting)

le a f  phosphorus content Pseudoetea phosphorus 
(days a fte r  sprouting) content

(days a fte r  sprouting)

Block
Treatment
Error

4
3

12

60

30.32
137.02
46.35

120

175.79
876.52
260.17

180 225 60
(harves t )

120 130 60 120 180

612.11 1694*12 0.001 0.0001 0.0009 0.0006 0.002 0.0003
2058.26 419.22 0.001 0.0045* 0.0037* 0.0021 0.015* 0.0027

0.0007 0.0003 0.0007 0.001 0.0001021.03 1064.77 0.001 
** S ign ificant a t 1 car cent le v e l

Appendix 45. Analyses o f  variance fo r  the e f fe c t  o f  ehade on phosphorus content o f  
ginger rhizome and fo r  to ta l uptake o f  phosphorus by ginger

Mean squares

Source d f
Shisoae phosphorus content 

(days a fte r  sprouting)
Total uptake o f  phosphorus 

(days a fte r  sprouting)

60 120 180 225
(harvest)

60 120 180 225
(harvest)

Block 4 0.001 0.003 0.0001 0.1500 0.33 4.29 12.82 132.29
Treatment 3 0.015* 0.003 0.0029 0. 0030* 1.52 26.17* 91.59* 166.04
Error 12 0.002 0.001 0.0003 0.0002 0.58 6.31 24.24 63.01

* S ign ificant a t  5 per cent le v e l 
S ign ificant a t 1 per cent le v e l



Appendix 46. Analyses o f  variance fo r  the e f fe c t  o f  shade on potassium content in  
le a f , psQudootea end rhizoae o f  ginger

Keen sq u ares

Source d f
Leaf potassium content Pseudo stem potassium content 

(d^ys a fte r  sprouting) (days a fte r  sprouting)
Bhicoaa potaseiua 

content 
(days a fte r  sprouting)

60 120 180

Block 4 
Treatment 3 
Error 12

0.03
*  **0.88
0.03

0.25*«*
0.59
6.07

0.10
,  ** 0.60

0.03

60 120

««■ 
0.19^
1.07

0.04*»1.00

160

0.01«*
0.63

0.02 0.04 0.04

60 120

0.03 0.03
0.18* 0 .2g*
0.05 0.03

180 225
(harve s t )

0.01 0.001 . *» «#■ 
0.53 0.231
0.02 0.016

* S ign ificant a t 5 per cent le v e l 
■** S ign ificant a t 1 per cent le v e l

Appendix 47. Analyses o f  varienc© fo r  the e f fe c t  o f  shade on to ta l uptake o f  potasoiun 
by ginger and fo r  the s o i l  nutrient status a fte r  the crop o f  ginger

Kean squares

Source d f
Total potassium uptake 
(day© a fte r  sprouting)

S o il nutrient statue

60 120 180

Block 4
Traataent 3 
Error 12

96.75 1378.13
327.69 7531.54
177.33 2381.29

2576.78
6195.45
4909.63

225(harvest)

6447.87
2787.95
3251.06

Total
nitrogen

0.00004*
0.0024**
0.00001

Available
phoaphopuo

0.21
0.99
0.46

Available
potsssiua

1133.8
11.55

* S ig n i f ic a n t  a t  5 p e r  c e n t  le v e l
* *  S ig n i f ic a n t  a t  1 p e r  c e n t  l e v e l



Appendix 48. Analyses o f  variance fo r  the y ie ld  response o f  d iffe ren t crops to 
varying in ten sities  o f  shade

Crop

Source d f
Sweet potato 

( l o g j y  + D
Coleue
(y )

Jolocasia
< log loy )

Turmeric 
( l o g , v )

Ginger
< log ley )

sum o f  
  aquarea

Treatment 3 2.7965 
i )  Linear 1 2.5241 

t o  g a a r a - ,  0 > 2 6 7 0

l i i )  Cubic 1 0.0055 
Error 12 0.1736

mean sum o f  aeon sun o f aeon sun o f  . mean sou o f  aesn 
squares squares squares squares squares oquaresjaquares squares squaree

0.9322 ,1576.44 525.46 0.4865 0.1622 0.2144 0.714 0.1217 0.0406
»* •#

2.5241 1562.62 1562.62 0.3037 0.3037
«*

0.2670*

0.0055
0.0145

8.33
5.49

266.57

8.33 0.1630 0.1630

5.49 0.0198 0*0198
22.21 0.2264 0.0189

ft# ##
0*0995 0.0995 0.0817 0.0317

0.0850 0.0350* 0.0400 0.0400* 

0.0299 0.0299* 0.0000 0.0000 
0.0585 0.0049 Q.0619 0.0052

y » actual y ie ld s  
* S ignificant a t  5 per cent le v e l 

** S ign ificant a t 1 per cent le v e l
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ABSTRACT

An experiment was conducted at th© College o f 

H orticulture, Vellanikkara during 1930-81 to study the 

shade response o f  fiv e  common rainfed intercrops; o f 
coconut garden.

The experiment was la id  out in  randomised block 

design with four leve ls  o f  shade and fiv e  rep lica tion s .

The study revealed that sweet potato cannot be 

cultivated under shade ao i t  i s  a •shade-sensitive* crop, 

while coleus i s  oultable only where lig h t  in filtra t io n  
i s  high. Colocasia, turmeric and ginger were found sui

table fo r  intercropped situations. Colocasia appears to
i  *

be shade-tolerant while ginger and turmeric are indicated 

as T shade-loving' • These two shado-loving crops ore 
best suited under shaded eituatione upto 25 and 50 per 

cent chad©, respective ly . -Shotosynthotic nechanisia appears 
to hove a decisive ro le  on the shade response o f a l l  these 

crops excepting eweet potato. Excepting colocasia , plant 
height ( length o f  vine) in  a l l  the crops increased with 
increasing shade in ten sitie s . Humber o f  branches { t i l l e r o )  
in  a l l  the crops s ign ifican tly  decreased with increasing 
in ten sities  o f  shade. The content o f  to ta l chlorophyll and



i t s  components were o ign ifican tly  influenced by shading 
in  e l l  the crops.

The contents o f  n itrogen, phosphorus end potassium 

in  a l l  the plant components o f  e l l  the crops increased 
because o f  shading. The uptake o f  a l l  the nutrients 

followed an id en tica l pattern as that o f  dry matter 
accumulation in  a l l  the crops®


