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INTRODUCTION

In many of the crops solar energy available is a 
crucial factor determining the final yield. This factor 
is to be considered when recommending intensive cropping 
systems like intercropping and multiple cropping along 
with coconut, os the returns from the associated crops 
would depend on their response to shade. Results 
reported by the Central Plantation Crops Research 
Institute, Kasoragod, Kerala, indicate that intercropping 
in coconut gardens has bright prospects for maximising 
profitability of coconut gardens. But the species 
employed should be compatible and competition should not

i

deter the yield of either the main crop or the asaociated 
crop.

The profitability of intercropping in any cropping 
system is dependent on the extent of competition for the 
three basic inputs of production, vis., light, water and 
nutrients. Of these factors, the performance of the 
associated crops raised in the interspaces of tall 
perennial crops io mainly dependent on the competition 
for light. The growth habit and canopy disposition of ' 
coconut pain ie ouch that the quantum of light that 
infiltera through the canopy is markedly affected by the 
age of tho pain. It has been estimated to range, from



10 to 70 per am t depandlng upon the ago o f the palm in a 
apace-planted coconut plantation. To get reasonable profit 
from the associated crops* they have to be selected for 
ahedo tolerance and the extent of tolerance will be the 
criteria for fitting these crops under varying shado 9 

situations. In a similar study taken up during the previous 
year* five tuber crops were screened for their shade ij 
response. In the present study, four loguoinoue,crops 'ore 
included, ,,

, Tho primary objectives of the present study are si-' ” !i
T. To study the yield response of common rainfed 

leguminous crops under varying intensities of shade*
2. To select leguminous crops suitable for !' 

different Intensities of shade and to predict their yields 
under varying shade situations,

3* To categorise legumes os shade loving, shade 
tolerant* shade intolerant and shade ocneitivs,

4,. To study the nutrient removal'of the crops ; 
under ehadc so that it could be used as a tool for .! 
tentatively arriving at fertiliser echeduXea for these1 

crops under shade.





REVIEW OF LITERATURE

The experimental results on tho responoo of crops 
to varying intensities of shade are highly variable. A 
review pertaining to this aspect is given bolow, classifying

f

the effects on different, characters with a brief suanory 
of tho general trend. Since literature available on shade 
response of legumes alone is meagre, similar works on other 
crops ore also included in tho review,' The shade levels 
tried in each of these experiments apparently had been ■ 
highly variable and these had not been mentioned in many 
of the reports. Wherever tho shade levels are mentioned, 
these are included in the review. Where these are not 
available, the overall effects of shade (irrespective of 
its intensity) arc only presented*
1. Plant height

Review of work dono indicates that effect of shade
i

on plant height varies widely. Response to shade may be 
positive as in the case of soybean, ginger, cowpea etc • 
or negative as in grain sorghum. In tomato, tho response 
was reported as positive, negative or neutral.

Allen (1975) noticed that soybean grown under 
70 per cent shade grew much taller (120 os) than those in 
the open (CO cm). In ginger higher light Intensity reduced 
plant height (Aden end Quisunbing, 1976). Tarila et al.
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(1977) reported that in cowpea, plants grown under shade 
were taller than those in tho open. A. shade response study 
conducted by Balltha Qai (1981) revealed that plant height 
in all the crops studied, vis., coleus, colocaoia, sweet1 

potato, ginger and turmeric, increased with increasing 
intensities of shade.

Contrary to the 'above reports, height of grain sorghnn 
was found to be decreasing with increasing shade from 0 to

i 150 per cent (Palis and Bustrillos, 1976).
Cooper (1969) observed that in the case of tomato,

shading either decreased or had no effect on mean stem T_
extension rate. It was also noted that the of foot of shade 
on plant height was either positive, negative or neutral 
depending oh the time of the year and age of the plant.

2. Humber of branches
In general, the shade effect on branching is found

i '

to be adverse. But in chilli, branching was found to bo
more in plants shaded during their early vegetative growth.

Tarila et al. (1977) reported that in cowpea higher 
light intensity increased the number of branches. In rice, 
tillering was found to be greatly reduced by shading plants 
to 20 per cent of full sunlight (Kemp and Whingwiri, 1980)« 
But in chilli (Canoicum frutescmo L.) more flowers wore, 
produced os a result of increased branching, when they were 
exposed to low lig*it intensity of 800 foot candles than at
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1600 foot candles (Deli and Tiesoen, 1969)•
3. Modulation in legumes

Investigations have proved beyond doubt that the 
nodulation and nodule aotivlty in legumes are affected by 
light intensity, The three ■ components of total nodule 
activity (217A) that could account for the response pattern 
ore, number of nodules per plant, weight per nodule and 
specific nodule activity (VJahua aid liiller, 1973). In 
general 5 number of nodules per plant was more in unshaded 
plants, but the specific nitrogeaase activity was found ,to be 
affected differently in different crops,

i'ritchctt and Kelson (1951) observed that in alfalfa 
nodulation essentially stopped at light intensities below 
257 foot candles, Kahua and Miller (1978) reported that in 
soybean nitrogen fixation was highest at 20 per cent shade 
and it decreased in decreasing amountd as shading increased, 
Eabie and Kunazawa (1979) observed that in soybean, siso and 
number of nodules decreased by shading. However, in natural 
light the highest values of nodulo size corresponded to 
lower nodule numbers • The decrease in nodulation under low 
light intensity was associated with decline in canopy 
photosynthesis and reduced photosynthatc supply to nodules 
(Allison, 1935s l a m  and Drun, 1974 and Datinoro et aU»
1977), Trang end Gid&ens (1980) tried four shade intensities, 
vis,. 0, 19, 4-0 and 62 per cent, in soybean. The plants
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■ no shade produced higher nodule mass cad amber than 
those under shade. However total nodule activity (acetylene 
reduction assay) was greatest at 18 per cent shading, Lawn 
and Srun (1974) observed declining nodule activity at 50 
per cent light cat off in soybean,
4, Leaf development

Structural and morphological characteristics of loaves 
are reported to be influenced by shading. Generally leaf 
expansion increases end thickness decreases with shading.

Hardy (1958) studied the nature of leaves of cocoa
seedlings under varying intensities of shade and observed

\ ■

that leaves produced under heavy. shade were much larger,, 
often attained a length of 20 to 24 inches and wore thinner, 
heavier j and contained higher proportion of water. In clove, 
though the moon number of leaves produced per plant remained 
nonsigaifleant, increased light intensity resulted in greater 
leaf erea (Deinhart, 1963), Cooper and Qualls (1967) observed 
that leaves of both alfalfa and birdofoot trefoil (Lotus 
comiculatus L,) when grown in the sun were thicker than 
shade Xeavos* The thickness appeared to be related to both, 
a larger number end greater oise of palisade and nesophyll 
colls, Panlkar et al. (1969) observed that in tobacco ; 
length and breadth of leaves were increased by 15*1 and 
17,6 per cent respectively under shade as compared to unshaded 
plants. Observations on the epidermis of chilli



(Cauelcun s m )  indicated that shading increased leaf 
surface, cell division and cell expansion (Schoch, 1972)* 
Shading treatments caused some delay in the senescence of 
leaves in pigeongea, but the senescence retarding effects 
were far too loss spectacular than those observed with chick­
pea. (Sheldrake and narayonan, 1976). Tarila et al, (1977) 
reported that in cowpea, higher light intensity improved 
leaf area aid tho leaves of shaded plants were thinner, 
showing poor development of palisade tissue end spongy* 
Dosophyll cello.

5. Chlorophyll content
General observation was that high light intensity 

destroys chlorophyll in plants. But in crops like pea, and 
wheat, increasing shade intensities have been found to have 
adverse effects on chlogrophyll content. Changes in the ; 
position of chloroplaat according to the differences in 
light intensity have also been recorded.

IChossicn (1970) noticed reduction in leaf pigments' / '
at high light intensity "in the case of berm plants, M  - 
evaluation was mode of the chlorophyll concentration of 
desk green (normal) and pale green (chlorophyll deficient) 
phenotypes of a soybean mutant, when grown at 10 and 30 klux 
light intensities (Kollcr and DiiXey, 1974). At 30 klus 
chlorophyll concentration of tho pale green phenotype 
progressively declined to one tenth of the amount at 10 Iclux 
intensityf while that of the dark green phenotype remained



unaffected# Ckali s M  Gwuou (1975) observed that ,in cocoa 
pleats, the chlorophyll content per unit leaf fresh weight 
was sifyiificsntly greater in deep shade* Collard et al*
(1977) observed that in weeping fig (Ficus ben.lamina I*.) 
increasing shade levels increased chlorophyll content, plant 
oiso and visible quality, la rice cv. Vijoya, the chlorophyll 
content was high even under low light, suggesting the , 
positive association of tho trait with tho adaptability of 
the cultivar to subdued light conditions of the Kherlf 
(Hayalc and Marty, 1980), Bjorlaaan and Holmgren (1963) 
observed that chlorophyll content per unit weight of leaf, 
was found to increase in the case of plants grown at lower 
light intensities, but the chlorophyll content per unit 
area of leaf surface was very often lower than that in plants 
grown in open* Similar observations were nsdo by Goopor end 
Qualls (1967) in alfalfa sad birdofoot trefoil*1

Contrary to the above reports, Higasy et el. (1975) 
observed that in tho case of pea (Pi sun sativum), the 
concentration of total chlorophyll os well as its componentq 
9 a' end 'V decreased by increasing shade intensities* In 
whoat, all pigments dear cased sipiificmtly with increasing 
shade intensities vis** 100, 60, 40 and 20 per cent full 
ounHght, but tho ratio of chlorophyll asb remained constant 
at ell shade Intensities (Kouroi ot glL*» 1976a).
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Priestly (1929) opined that the chlozroplasts in 
leaves -under lower light intensities adjusted themselves for 
greater light absorption. Shaded leaves hod only United 
number of plootids and they were found arranged at right 
angles to the light rays* thus increasing tho area for light 
absorption. In bean* tho Qhloroplasjts had only reduced 
□torch in spite of extensive grona (Crooketon ot al., 1973).

6. Stomatal frequency and stonatal behaviour
In plenta like ooeoa, alfalfa, barley, Capsicum 

snnuuiru birdsfoot trefoil etc. the number of stomata per 
unit area of leaf was found to decrease with increasing shade 
levels. As for stomatal behaviour* there were specific 
threshold values of light intensity for each of the crops, 
at which stomata a tort to open and close.

Hardy (1958) observed that in cocoa leaves grown under 
shade, the epidermal colls were longer end they had lesser 
number of stomata per unit area, then those in the open. 
Cooper and Qualls (1367) observed that alfalfa and birdsfoot 
trefoil had less stomata per unit area of leaf in the shade • 
Umber of palisade and meeophyil colls and the coll volume 
appeared greatest in leaves exposed to sun end palisade 
layer was more clearly differentiated • Holmgren (1968) 
concluded that higher intensities of light during the growth 
of plants generally increased the stomatal frequency but 
there was no significant changes either in the length of the
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stomtal pore or in the slae of the guard cello. Stomata! 
frequency cm. the lower surface of the flag leaves of 649 

cultivsrs of barley was tested aid it was found that 
increased light intensity resulted in higher stomatal 
frequency (Mishin and Haemusoon, 1970). Sehoeh (1972) ,

2reported that shade decreased the number of stomata per m  
and the percentage of stomata in relation to other, cells « 
in Capsicum annum.

Hardy (195G) differed on the possibility of cocoa
: ?

being a shade loving plant. By applying the oil
iiinf lit oration method for assessing the degree of stomatal

closure, it had been shorn that the stomata of cocoa leaves
*exposed to full intense and direct Illumination (13,500 

foot candles), remained completely open and transpired
i

freely as long os water supply was plentiful. As against
I ' ■

this, tho stomata of coffee leaves were reported to
1partially close whenever the intensity of illumination 

exceeded 8,000 to 6,500 foot candles end in the shade, they 
stays remained open provided the light intensity was not, 
so less *- a characteristic phenomenon of shade loving 
plants. In the ;qaoe of cocoa, the stomata began to close 
when the ligjht intensity was reduced to less than, 500 to 
700 foot candles, which was about 5 per cent of the full 
sunlight. Under ordinary circumstances, the stomata began 
to open at about 6 A.M. end maintained their maximum sise
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between 8 A.U. end 4 or 5 P.M., after which tine they
started closing because of diminishing light intensity.

Sranopiratioo. measurements uere made on attached
2.eave3 of throe speciea - wheat, barley sad dandelion
end three 0. species - maise, green foxtail (Setaria 4 '
virldla L.) and pigweed (Anaranthua retroflexus 1 .) in | 
different light intensities,. Stomata of G» species were 
less prone to closure than were stomata of species, as 
the light intensity ids decreased. She greater water use 
efficiency of 0^ plants night bo. due in port to the better 
control of water loss* because the stomata were more 
responsive to environmental changes than were the otonata 
of species (Altita end Moss, 1972).
7 *’ Photosynthesis end dry matter accumulation

Sunlight being the source of energy for plants for 
photosynthesis, the rate and subsequent dry natter 
accumulation in general are found to be adversely affected 
by shading. But in ginger, coffee etc. positive influence 
was reported. Still in some other crops like pineapple, 
there was no appreciable decrease in dry natter accumulation 
even upfeo 75 per cent shading*

Singh (1967) noticed that exposure of ginger to 
intense light was detrimental to photosynthesis. In

I

aroMca coffee seedlings ohaded to provide 25, 50 or 75 

per cent light, the boat growth was ’with 50 per cent light
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(Silvoira and Maestri, 1973)* la pinonpple, dry patter 
accumulation io leaves was comparable both in open and under 
shade upto flowering stage (Badha, 1979)* Wong sod Wilson
(1980) from tho studies on the effect of shading to 100,
60 and 40 per cent of full sunlight on the growth of green 
panic grass end siratro in pure and mised swards defoliated 
at 4 weeks and 8 weeks stage, reported that individual 
leaves of shaded green panic had greater photosynthetici
activity than those from fall sunlight*

In pea (Horn sativum I>.) average dsy weight of tho 
plant was 7*2 g in full sunlight and it got reduced to 3.4 g 
in 50 per cent light (Dolan, 1972). Grookston et ol.
(1975) reported that in bean photosynthesis per unit area

■ i * 1

of shaded leaf was reduced by an average of 38 per cent. 
Ucrursi et cl. (1976b) observed that tho efficiency of solar

i

energy conversion in wheat decreased with increasing shade 
(100 to 20 per cent full sunlight) from 1*44 to 0.37. In 
shade experiments with eogcn grass (Imnera&a cylindrical. 
Patterson (1980) observed that after 89 days, the plants 
of three ecotypoa'produced on an average three tines as 
much total dry weight in full available sunlight as in 
56 per cent full ■ light end 20 times as much as in 11 per 
cent full sunlight. $he plants from the shaded and exposed 
habitats did not differ significantly in their response to 
shading.. Benjamin et al. (1981) observed that the starch
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concentration in the shaded leaves of soybean declined
steadily over 24 hour period. Further more* there was

14essentially no additional incorporation of 0 p into starch 
in the shaded leaves 9 indicating that starch synthesis had 
ceased within 50 minutes of shading. In soybean when the 
phot osynthet ieolly active leaf area woo decreased by 70 

per cent by shading* the rate of photosynthesis of unshaded 
leaflets increased by 50 per cent, within 2 days after shading 
and this compensated for 50 per cent of the loss in net
carbon assimilation which would have occurred without shy

!
• shading (Pcet and Kramer* 1981)*
8.. Gcrowth analysis

Experimental results on effect of shade on growth 
analysis factors show wide variation between pleats. 
Parameters lihe leaf area index (LAI)* relative growth rate 
(HOP.) * net assimilation rate (ITAPO * specific leaf weight 
(SIAJ) otc. are considered here.

I-Cooper end Qualls (1967) associated the increase in 
the ratio of leaf area to leaf weight which occurs due to 
shading of alfalfa and birdsfoot trefoil* with changes in 
their leaf morphology# In alfalfa* both specific leaf 
uei$it q?k1 set photosynthesis were higher under intense 
light than under shade (Pearce and Lea* 1969). These 
features of the leaves changed with changing light intensity 
at all the stages of maturity measured. Wolf and
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3loser (1972) reported that in alfalfa with 100 per cent
i

normal day light, the specific leaf weight (Shu) and net 
carbon exchange (HOB) values remained high through the 
growth cycles however these values declined sharply with 
light intensity of 27 and 43 per cent of normal light# She 
data suggested that tho decline of photosynthetic efficiency 
and SLU of the basal leaves were caused by lou light 
intensities in the lower layers of dense canopies# In shaded 
green panic swards* the LAI was found increased* while in 
siratro, the LAI decreased with increasing shade (Haag and 
Wilson, 1980)#

Hardy (1938) observed the lowest M R  at highest '
shade level and vice versa* in cocoa# In the esse of cocoa

11seedlings, M R  was not influenced by shade intensity ranging 
from 23 to 73 per cent (Gopinathsn, 1931)« la coleus, : 
there was a drastic decline in mean .UAH when trading was 
more than 30 per cent, whereas in tumeric, no general 
trend in UM with increasing levels of shade could be 
noticed (LaXitha Bai, 1981), In cocoa, Evens and Murray 
(1953) recorded tho greatest RGB at a light intensity 
between 30 to 60 per cent of full day light • OlroLi and 
Oi-josu (1975) observed that RGB was maximal for cocoa ; 
plants under medium shade. Jenardhan and Kurfey (1900) 
observed that in rice under low light conditions, the KGR, 
M B  end SLU were reduced whereas LAI, leaf area ratio (LAB) 
and relative leaf growth rate (HLGR), were increased#

i
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9* Yield ond yield attributes
Baaed an the lovel of shade tolerance, the final 

yield of crops is reported to either increase, decrease or 
remain unaffected under varying light intensities* In crops 
like tomato, tea, chilli, chickpea end ginger partial 
shading was found beneficial while soybean, cowpea, bean 
and groundnut recorded reduced yield under subdued light.

Bdmand et aL. (1964-) conducted shade experiments in 
tomato and naxism yield was obtained from plants receiving 
only 45 per cent of full sunlight. In Capsicum annum L, 
more flowers were produced on plants exposed to low light 
intensity (Bell and Tieseen, 1969). Aden and Quiouobing
(1976) reported that the yield of ginger under full sun-:: 
light was 3^st as high as those obtained under 25 end 50 

per cent illumination. Joseph (1979) noticed that the tea 
clones under shade gave much higher yield than in exposed 
plots. But In mother experiment it was reported that 
Shading the bushes to about 45 per cent light intensity 
with cloth screen, about 60 cm above tho plucking table 
depressed new shoot growth and yield of tea (Aono et al* 
1976)*

Major and Johnson (1974) recorded the effects of 
light intensity ranging from 2 to 100 klux cm days to 
flowering and post flower development on two soybean 
cultIvors. Bays from planting to flowering, final plant
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height find intemode number increased as light Intensity 
increased hut no detectable effects of light intensity was 
observed on days from flowering to beginning of pod till, 
flowering to termination of flowering, flowering to maturity 
and final seed yield, Prina (1976) reported that in soybean 
yield reduction was found maximum, when the plants wore 
shaded ijust prior to flowering. Uahua and Miller (1978) 
found that number of pods per plant and seed yield in 
soybean were highly and negatively correlated with shade.
Seed yields of soybean plants shaded to reduce sunlight by 
20, 47, S3, 80 and 93 percent were 90, 75# 4-8, 18 end 2 

per cent respectively of that obtained from unshaded plants.
Graoan (1974) observed that decreasing the amount of 

photosyathetically active radiation by 40 to 60 per cent by 
shading in beano (Vicia faba) resulted in decreased 
production of flowers, though it decreased the shedding of 
young pods, garlla et al, (1977) reported that in cowpea, 
high light intensity delayed flowering, but increased 
blossom and pod number and improved seed yield, leelavathi 
(1979) observed that in blackgram graded shading of 2D, 50 

and 75 per cent reduced plot yield by 5 .1 1, 22.35 and 
42.45 per cent respectively of the control value. Pod number, 
seed number and pod length were Improved at 25 per cent 
shading but with severe shading every attribute declined 
in value* Ssxena and Sheldrake (1976) reported that in
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chickpea, pod number per unit ore a was. found improved under 
shaded condition, in Hyderabad, while similar trials at 
Hissar with 77? 45 end 10 per cent light transmission 
resulted in yield reduction. In another experiment with 
chickpea Saxena ot al. (1960) observed that the flowering 
in ell the cultivars tried was enhanced by enriched light 
intensity, end that the critical intensity was higher for 
cultivars of late duration than the early cult Ivor s.
Williams (1900) reported that the growth of groundnuts 
during tho preflowering stage was varied by shading treat­
ments and that it influenced subsequent growth end

( )<
development by varying the establishment of reproductive
sink. An (1982) conducted a shod© response study in
gromdnut, shading the crop at flowering, pegging, pod filling 
and maturity* Shading at peak flowering reduced the number 
of flowers per plant, shading at pegging and pod filling 
stages reduced total peg and ped number aid reduced seed 
yield. Shading for 21 days during pod filling caused the 
greatest yield loss.
10. QuoXity of produce

j ■ '  l i

Effect of shade on quality aspects of cropb produce
*  '  1 i;

varies widely. In general, x̂370̂ 0^ 1 content increases and 
carbohydrate content decreases with shading,

Medipe aid Ororod (1974) reported the unfavourable 
effect of greater light intensities in cowpea in terms of
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i’cduced plant height* Increased leaf area and with a marked 
decrease in carbohydrate content. Graded oiied e levels of 
201 4-7 ® 63 f ©0 end 93 per cent on soybean was found to have 
little effect on oil and protein content□ of seeds, except 
that protein content woo highest and oil content lowest at 
93 per cent shade (IJahua and Eliller, 1978) * I»eelavathi 
(1979) reported that shading in blackgram resulted in 
increased carbohydrate status of the seed and a larger pool 
of soluble nitrogen. In pea, shading of the pericarp of

i

fruits increased the rate of uptake of assimilates into 
seed from leaves, slowed down the hydrolytic processes and 
increased the accumulation of sucrose in seeds 
(Cfhetverikova, 1981)* While investigating the li^it 
Intensity effects cm metabolism’, growth and development 
and yield components of groundnut, An (1982) observed that 
shade increased the oil content of older fruits, regardless 
of the date of fruit formation and the starch end reducing 
sugar contents of seeds. Total carbohydrate content was 
higher in the shaded fruits and it was correlated positively 
with oil content#

Hwang (1SS8) reported that shading in pineapple 
after flowering ©eve higher grade fruit them unshaded, the 
unshaded fruits suffered from sunburn and gave lower conning 
ratios thm shaded treatments due to sunscorch. Radha,(1379) 
observed that tho quality of fruits in general, 'decreased in



pineapple under shaded conditions* VJhila acidity of fruits 
increased, there was a general reduction in sugar and 
ascorbic acid content. Aono st al. (1976) found that 
shading the tea bushes to about 60 to 45 per cent light ; 
intensity with cloth screens about 60 cm above the plucking 
table inproved the green tea quality. She,. quality was 
directly related to the shade intensity and this improvement 
in quality was the greatest during the first plucking season
1 1* Kutrieut content ,

In general, the mineral nutrient status of plants, 
has been found to improve under shading as in the case of 
apple* cocoa, spinach and tea. <&i the contrary, the 
adverse effect of shade on nutrient content has been 
reported in soybeans simtro end cocoa seedlings.

Kraybill (1922) recorded higher contents of moisture 
and nitrogen in oU&ded leaves of apple, The potassium 
content of some grass species when under 65 to 90 per cent 
shade was nearly double than those in fuH dey light 
(Myhr and Saeba, 1969), In cocoa leaves also the nitrogen 
and moisture content was higher when the plants were grown 
under shade (Guoro, 1971). Contiliffc (1972) observed 
that in spinach j the concentration of potassium in the 
tissues increased with reduction in light intensity. 
Rodrigues et al.. (1975) analysed Dracaena gaafleriena plants 
groin at 5 ehode intensities for foil or nitrogen, phosphorus



potaocrim, calcium and magnesium end it was found that tlio 
different shades had littlo effect ■ on the leaf nutrient, 
content except that higjh shade intensity increased potassium 
and magnesium especially in young leaves. Lalitlia Bai 1

(1981) reported that in all the plant components of the . 
different crops tried, via#, coleus, colocaoia, sweet potato, 
tumeric and ginger, contento of nitrogen* phosphorus and 
potassium increased with increasing intensities of shade.

Wdhua end Miller (1978) reported that in soybean 
total leaf and atom nitrogen contents were largely and 
negatively correlated with shade. Trong and Giddeno (1980)

i

also got similar results with soybean. Wong and Wilson (19C0) 
observed that tho nitrogen yield of siratro in pure sward 
declined with shading* In tho case of cocoa seedling, 
Gopinathcn (1981) noticed higher percentage of nitrogen, 
phosphorus and potassium in plants grown under direct 
sunlight than in tho dheded plants.
12. Susceptibility to- diseases and pests

Tho slightly higher humidity and slower drying under 
the shade in some cases were found to favour disease end 
pest outbreak. But contrary results are also x'eported as 
in the cose of oil palm and hybrid noise.

Moos and Stinson (1961) while studying tho differential 
response of hybrid com to shade observed that stalk rot

j

attacked 66 per cent of the hybrids tolerant of thick planting
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in the open e M  55 par coat in the shade* In contrast# the 
intolerant hybrids were 7 per cent infested in the open and 
completely free of stalls: rot in tho shade* 2hns although,

t '

there was dramatic differences in tho degree of stalk rot 
infestation, the differences favoured the intolerant hybrids 
and did not explain the differential response in the shade, 
Eajagopalcn (1974) noticed > that in oil palm over a period

t

of 5 nursery seasons, shading of seedlings particularly 
during the hot dry period (September ■* January) uas highly 
effective to the control of blast diocese caused by 
Pythiua snlendcgis end Bhizootonia loaeHifem* Contrary to 
the above reports, the incidence of Ihytonhthora naloivoro. 
<m Amazon cocoa uas consistently and • significantly higher

i
on plots with medium end dense ehede regimes (Bakua, 1979) • 
Garcia-ci al, (1961)-reported that yield of tsmiier , . 
(XenthoGcma op») in a field affected by sebo* uhich 
destroys its root system, uas highex* under 55 per cent ; 
artificial shade when compared tQ' full sunlight# la 
another experiment inhere ’mol scco* did not occur, yields 
decreased under 55 and 70 per cent shade. Investigation 
on the incidence of coffee beny borer in coffee plantations 
revealed that the attack uas more severe in shaded plots 
(Greaer and Godoy, 1971)*
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MATE32 AL3 Aim METHODS

i
With a view to 000000 tho effect of shade on tho

1loguninoua crops and to study their suitability for 
intercropping in coconut gardens, a field trial was 
conducted with oono of tho common leguminous crops of 
Kerala, via,., cowpea (Vigyia unsuloulata (L.) Walp) j  ̂
blachgram (Vigna nungo (L.) Ilepper), groundnut (Arachls

1
hvnogaea L.) and redgram/pigeon pea (Ca.loimo onion (L.) 
Millop.), under different ahado intensities during the year 
1981.

i;

The experiment was conducted at the College of i 
Horticulture, VellaaiKkera, Trichur, Kerala, India, which 
io situated at 10“52’ W latitude and 76*10* E longitude 
at on altitude of 22.25 net ere above neon oea level.

i

Crouuing history of tho oicnericiental field
The present study was conducted in tho seme plot 

in which another ohade rcoponoe study was conducted during 
the previous year, with some tuber crops. !
Soil

The soil of the experimental site woo deep, well, 
drained sandy clay loam. The data on tho physical and 
chemical characteristics of the soil ore given in Table 1 •

i
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Table 1. Mechanical composition and chemical properties of the soil.

A* Mechanical composition 
Coarse sand 
Pine send 
Silt 
Clay

B. Chemical properties

29.05 per cent 
21,81 per cent 
25*19 per cent 
25.95 per cent

Constituent

Totalnitrogen
Availablephosphorus
(Broy-Iextract)

Available potassium 
(Heutral normal Anm. acetate 
extract)
pH (1 s2.5 soils water ratio)

Content in soil

0,103955

2.149 PP&

,4*5

Bating

Medium

low

Method used for 
estimation

105.565 ppo Medium

Low

Microk^eldahl (Jackson, 1958)
iChlor0 stannouo reduced molybdo- 

phosphoric blue colour method 
(Jackson, 1950)
Flame photo­
metric
(Jackson, 1958)

Tdi motor 
(Jackson, 1958)

Beaoon end climate
The experiment was conducted during the period from 

May to October 1981. Among the four crops grown, red gran 
was sown on May 29th, blockgram cn 50th May, cowpea on 2nd-; Juno
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end groundnut cm 12th June 19Q1* Harvesting of oil the j''i
crops was highly staggered mainly because the days to . 1 

maturity differed with levels of shade in all tho crops,
Tho meteorological data for the orop periods oro !■ .

i

presented in Appendix I • Tho area has a humid tropical 
climate. The weekly average range in meteorological para-imeters relating to individual crops ore given in Appendix II 
and the month-war details of olloatological parameters for

J

20 years are given in Appendix III, As evidenced from these
i

data, tho climatological conditions were normal with fairly 
well distributed rainfall, throughout the growing season, 
although the maximum' rainfall was recorded in the month of 
June in the present year, with a greater than average 
intensity. The temperature received ranged from 20.93* Q to 
30,66* C 9 during the cropping season •
Materials
Seeds

The following varieties of the crops wore used for 
the trial.

Cron Variety Varietal description Swacinn
iCowpea Kanokamani Released from Rice 30 x 15 cmResearch Station, Pattambi.

Medium duration. Dual 1
purpose - as grainand vegetable. ;
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Crop Voglet.v Varietal description Suaoiiig

Blackgrem T-9 Developed at Kanpur* 
Early maturing erect 
and black seeded*

50 x 15 csa

Groundnut THV-2 Bunch type; yield 1100 
to 1650 kg of pods per 
ha with 49*40 oil.

15 is 15 ca

A cosmopolitan variety*
Eedgrom COI Short otatured redgram variety released from Coimbatore.

45 x 15 cm

In all the coses, the seeds wore sown dibbled in • 
rows at opacingo specified above*
Fertilisers i

Bach of the crop received the respective cultural

recommendations of the Kerala Agricultural University 
(Anon, 1978) * nitrogen, phosphorus end potassium were 
supplied through urea, superphosphate and muriate of potash, 
respectively.

i'Shading
Unplaited coconut leaves were used for providing . 

shade to the desired level* I
Methods
Day out of the experiment

The experiment wao laid out in a randomised block 
design with five replications. The shade treatments wore

and manorial practices as per the package of practices
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common for all the crops tested end thus four different 
crops were tested together in a contiguous area. Tho ley

i
out of the experiment is given in Fig.I#

Treatments i
The treatments consisted of four intensities of 

diode as given belo'w,
0 per cent sheds (no shade) ■;

25 per cent shade (low shade - range 20-300)
50 per cent shade (medium ehade - range 45-550)
75 per cent shade (high shade - range 7O-CO0O

Provision of shade i
Artificial shading to the desired level was provided 

by placing unploited coconut leaves on erected pandalo.* 
Pandolo of size 11 n x 6 m wore individually erected for
each shade level by fixing wooden.reapers on wooden poets.
Sufficient space (3 d ) was provided between the treatments

i

so that mutual shading of shade levels wore minimised.
I

Each nnndal was covered on all the sides with unplaited 
coconut leaves except from the ground for 60 cm level, to 
avoid direct entry of slant rays. Haloed beds were I 
token leaving a border of 1 n within each shaded area! 
to avoid slant,rsy border effect. An 'Aplab* luxnotcr 
was used for adjusting the shade intensities. Frequent 
chocks were made throughout the course of experiment end
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appropriate adjustments node to maintain the shade 
intensities at the desired levels.

General growth of the crop
Growth of cowpea, blacfcgrem end groundnut in ! 

general was satisfactory• As for redgram, CO-I, a variety 
reputed for its short stature elsewhere, grew go tall 
in 75 days, that they overgrew the uandsl and so for 
this crop, the data on shade response during the early 
vegetative growth alone were recorded*

Observations
1* Plant characters |

i
A* Biometric observations

Sen plants were token at random after, eliminating 
the border rows end all the biometric observations were; 
recorded from these plants at 30 days intervals* A 
separate sampling area was marked for destructive sampling 
to record the nodulation counts end for growth analysis*

i

These samples collected were used for chemical analysis 
subsequently*
1. Plant height

Prom the observation plants marked for biometric 
observations, the height of the plant woo measured from 
the base of the plant to the growing tip of the longest

i(

vine or the tallest branch as the case may be and the 1



28

average worked out.
2. .Number of bronchos

i,Tho number of branches on the observation plants 
were counted and tho average worked out.

i
3. Modulation (

Plants for destructive sampling v;ere used for the 
nodule count. Plants wore dug out carefully after 
loosening tho soil around them with the help of a hand hoe.

i

The total number of root nodules and the effective nodules 
were counted and the average worked out. Grouping of 
nodule into effective and ineffective were Dade using 
visual observations of colour of the nodulo centre. Pink 
colour of tho cut surface of the nodulo waa taken, ao the 
indication of effectivmosa • This grouping was not done 
in the case of groundnut because of practical difficulties 
in making out the differences in colour.

4. Chlorophyll content of leaves i
Chlorophyll 'a*, ’b* and total chlorophyll contents 

of each of the crop3 was estimated periodically by 
speetrophotonetric method as described by Starnes and, 
Ilodley (1965). The last fully nature leaf from each of 
the crops was used for the estimation. |

A known weight of the representative sample, 
collected from tho plants at random, was taken in a

i‘
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mortar in the presence of excess acetone» A pinch of
!tcalcium carbonate uas added to prevent pheophytln 

formation and the contents were then well ground and , 
filtered through a Buchner funnel. The brei was washed 
repeatedly with fresh acetone (60 per cent) until washing
was colourless. The extract and washings were then node

1.upto 250 nl. The optical density (A) of an ollmiot was
measured using a spectrophotometer (Spectronle-20) at wave
length of 645 nn and 663 nm. The contents of chlorophyll

—1fla* and *b' and total chlorophyll (mg g fro oh weight)
i

were then estimated using the following relationships. !■
I

Chlorophyll a = 12.72 Agg^-2.50 Ag^g

Chlorophyll b = 22.07 Ag^-4.67 Agg^
Total chlorophyll
(Chlorophyll (a+b) ) a 8.05 Agg^+20,29 Ag^

5. leaf eroa index (1AI)
leaf area index of each of the crops was worked 

out following the gravimetric method (Euck and Bolaa,
1956). Destructive sampling was followed end five plents 
from each of the plots were uprooted at different growth 
□teges and their leaves separated. Ten leaves at random 
were chosen and their impressions traced accurately cn,| 
quality bond paper of known area per unit weight. The' 
traced portions of the paper wore then cut out and weighed •
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Prom this# the area of the sample leaf w b b  calculated from 
tho weight to area relationship.

The leaves were then dried, in a hot air oven at 
70*2*0 to constant weight and the dry weight of these leaves 
and the rest of the leaves were recorded separately. Total 
leaf area for the five plants sample was then calculated 
using the weight to area relationship end total dry weight 
of leaves. Thus the LAI for each of the crops was calculated 
at different stages using the following equation.

t,at - Total leaf area of five plants“ Land area occupied "by five plants
I 'i

6. Specific leaf area (SLA)
Specific leaf area was worked out as follows:

SItA = (LÂ /LVĴ ) * (LAg/LVJg)
2

Where,
LA^ = Total leaf area at 1st stage
LAg “ Total' leaf area at 2nd stage
Llij => Total.leaf weight at 1st stage
RJg = Total leaf weight at 2nd stage 1

7. Leaf weight ratio (LVJH)
Leaf weight ratio was calculated os follows:
LWR = (LVh/iO + (LWgAy
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Where*
IiVĴ - Total leaf dry veiglxfc at 1st at ago
ItVJg - Total leaf dry weight at 2nd stage
itj - Total dry weight of plant at 1st stage
Wg - Total day weight of plant at 2nd stage

8, Total dry weight \

Plants narked out for destructive sailing were ■
uprooted and oven dried to constant weights at 70*2*C, The
weight of the notorial woo found out and total day natter

•1yield was expressed os g plant .
9«. Het assimilation rate (UAH)

The procedure given by Watson (1958) as modified by 
Buttery (1970) was followed for calculating the BAR, The
following formula was used to arrive at the BAR expressed

-2 -1as g m day •

BAR V » 1

2
Whore,

—2Wg = Total dry weight of plant g n at time tg
««2Wj - Total dry weight of plant g m at time t-j

(tg-t^) = Time interval in days
-2 2Ag = leaf area n at tine t

A-j s* loaf area e at time t̂



10. Absolute growth rate (AGR)
Absolute growth rate was worked out as followss

AGR ^2^1 
V s i

tihoro, [ .
v]g t= Total dry wei^t of plant at tine tg '
vl«j = Total dry weight of plant at tine t̂  :

B. Yield and yield components 

1* Yield of pods
i

The pods harvested from the net plot area were sun 
dried to tbe desired moisture level for safe storage* in  

tbe case of blaekgram and cowpea, tbe pods were threshed, 
winnowed, cleaned and weight of tbe clean seeds was irecorded . In the case of groundnut the wei$it of tbe

—1unshelled pods was taken. Yield woo expressed in kg ha 
in all eases.

2. Bate of flowering
Tbe dates on which 50 per cent of tbe plants in thei

net plot area had flowered was recorded end tbe days front 
sowing to flowering were calculated as tbs date of ■I'
flowering.
5. Bays to maturity

Tbe date of harvest of each of the crops under each
i

treatment was noted and days from sowing to harvest were
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worked out*
4* Humber of pods per plant

Average number of pod a per plant was worked out &yi
counting the total number of pods from the observation 
plants.
5. Weight of pods per plant

Average weight of pods per plant was calculated from
the total weight of all the pods from the observation pleats.[
6. Number of seeds per pod

Twenty pods were selected at random from the i
observation plants, the total number of seeds counted and 
tho average worked out*

7. 100 seed weight '
Prom each plot, 100 dry seeds were taken at random, 

and their weight recorded.
G. Shelling percentage

Shelling percentage was calculated at harvest using 
tho following formula,

S h e l l s  x  100 ;

9. Yield of haulm
Stover obtained from each net plot was sun dried 

end total, weight was recorded. Yield was expressed in1 
kg ha •



10, Hardest index
liarvost index -values for tho different crops ucre

calculated as follows*
S' (

m &CQSX
biol i

Uhoro
i

^ceon “ Sry weight of seeds j
^biol “ -°tal dry weight of plants (occluding ,

roots)

C, Quality characters
1, Percentage of well forced grains

Fron each plot, 100 dry Deeds wore token at randoa
iend tho nunber of well filled grain was recorded by visual 

observable®.* Fron this, the percent age of well fomed ; 
grains uas calculated, i
2, Protein content of seeds

The protein content of seeds woo calculated by 
multiplying the nitrogen content of air dried seeds with 
tho factor 6.25 (A.O.A.C., 1950),

9, Protein yield
The protein yield was calculated fron the proteinI

content of seeds and total seed yield and expressed in ■
<•1kg ha . !■
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4* Oil content of seeds ;
In groundnut, the oil oontent of oven dried soedd

was estimated "by using cold percolation method and ii
expressed qg percentage (Nanbudiri et al», 1970)*

i
D. Chemical studies
1. nitrogen., phosphorus and potassium contents of plants*

Plant g  ample a collacted for recording dry weight 
were used for chemical analysis* The sample plants as a 
whole were ground aid total analysis was done. The nitrogen, 
phosphorus and potassium contents uere determined using 
microhm eldahl mothod, cqlorimetrlcoily (YandomolyMophop- 
phoric yellow colour method) and Plane photometrically 
respectively CJackson, 1958).
2. Uptake of nutrients

The total uptake of nitrogen, phosphorus and 
potassium by the plants was calculated from tho nutrient 
coat cats and dry weight of the plant and expressed as kg ha~^ •
II. Soil characters

Composite soil samples were token roplicatlGnwlse 
before the start of tho experiment• After the experiment, 
individual samples wore collected from the area occupied 
by each crop. The total nitrogen, available phosphorus 
and available potassium contents in these samples were ■ 
estimated using microk^eldahl method, colorimetrically



(Chlorostonnous reduced Qolybd ophoophoric blue colour 
method) end Flame photometrically, respectively (Jackson, 
1958)* i
Statistical analysis

The data on different characters were subjected to 
statistical analysis by using the analysis of variance 
technique for Randomised Blook Design (Ponse and Sukhatm#©

1 i
1978).

Response curves also vjoro fitted to describe the
relationship between intensities of shade and yield of
the crop os per the method suggested by Snedecor and
Cochran (1967). The total percentage variation in yield
explained by the fitted models was also evaluated by

2finding the coefficient of determination R •
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RESULTS im  DISC0S8I0H

Herein® the results on the shade response of 
the four crops involved in the present study are furnished 
end discussed separately for individual crops* A brief 
summary of the major conclusions dram out of the study

!suooeedg each discussion*



'ow pea
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Cowpea CVima ungniculata (L.) Wolp)

RESULTS

I. Plont characters
A* Biometric observations 1
1 • Float hel^t I

The data arc presented in Table 2 end the onalyola
i

of variance is given la Appendix 4*
There wes no significant difference in plant height 

due to different shade levels at any of the growth stages* 
It wad also noted that there was a three fold increase ini
plant height during the period between 30th and Goth days 
and that after 60th day, the increase in plant height was 
nominal*
2* ITuaber of broaches

The data ore presented in Table 2 end tho analysis 
of variance is given in Appendix 4*

The data revealed that tho number of broaches at 
all the stages of plant growth was reduced significantly

iby shading* During the early stage, vis*, one month after
sowing, branching was there only in plants grown in full!
suall^t* At all the shade levels, the number of brmolieo 
increased with advancing age,

3* Modulation
The data ere presented in Table 2 and fig.2* The

I



able 2. Effcet of abode on plant height# amber of brancheo and noftulatioa of coupon fit cliffcrcmt gyOCJfell DfcGGGO*
Shafto intcnnity (per cmti) Plant height (cn) 

(ft aye oft or geu
Ouabcr of branches « 

plant
ft or goulnfO

Sotal nuabor of 
•,1no&uleo plant

ZZZL 00

H O . O f  G f f G G t iV O•4noftuleo nlaat

0 (no nhnfto) 50.01 116.65 160.04 1.56 2.56 5.52 27.12 6.OB 10.64 1.20
(1.595) (1.83) (2.06) (5.265) (2.52) (4.37) (1.43)

25 (lou abode) 30.18 159.94 162.50 0 1.44 1.00 16.83 3.32 0*12 1.60
CD (1.55) (1.64) (4.19) (2.04) • (2.997) (1.59)

50 (nedlm 51.07 141.24 151.20 0 0.92 1.03 11.52 3.60 6.32 0.32
abode) (1) (1.39) (1.42) (3.3) (1.90) (2.586) (1.14)

75 (higi abode) 30.88 146.44 157.52 0 0.76 0.92 11.32 1.60 5.92 0.65
(1) (1.20) (1.35) (3.46) (1.60) (2.62) (1.27)

srn ♦ 0.24 9.40 5.50 0.03 0.08 0.10 0.23 0.32 0 *24 0.15
C.9 .(0.05) US US US 0 .09 0.26 0.32 0.70 no 0.74 m

no hot significant Ulgareo in parcnthealo indicate s+1 trnaoforood values.
fable 3. Effoet of ahclo chi contento (tig g"1 frcah uei^it) of chlorophyll *a', *b* t total chloraphyll and chlorophyll atb ratio of coupon loqveo at different grouth ctsgco.
Shade infecnoity (per cent) Chlorophyll *a* Ghlo ropbyll *b’ fotol chlorophyll Ciiloropl̂ yll m b  after sowing), (davo after .ocroinrO (ftays after qouing) 

vr ar 7R a*; 7‘i
0 (no abode)
25 (low abode)
50 (aoftiuQ abode) 
75 (high abode) 
S3n 6 ± 

_O.3.(0.G3)

1.04
0.59
1.27
1.17
0.99
IIS

1.05
1.22
1.T4
1.29
0.06
US

0.97
1.19
1.50
1.16
0.09
IIS

2L
0.96
1.16
1.09
1.27
0.10
US

M  
2.02
2.17
2.57
2.55
0.16
US

2.01
2.27
2.25
2.57
0.15
US

&L 
1.08
0.97
G.97
1.01
0.05
US

'JO.
1.09
0.95
1.04
1. 02.
0.05
US

US a Uot oiĉ iificont COGO
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nodules as well as nmber of effective nodules uao slgai-!i
ficantly influenced by shading during the early stages* -
TJodulation decreased steadily upto 50 per cent shade end
with more intense shading, the difference was not perceptible./ ,
Thou^i the trend in neon values regained the same, on 60th
day, the differences fell short of statistical significance*
The maximum nodule nmber was recorded on ,50th day and on
7 5 day very few if any, nodules uere found retained car
the plants*
4* Chlorophyll content of leaves

The data are presented in Sable 5 end the analysis 
of variance is given in Appendix 5 . ! ’

The effects of shade on total chlorophyll as well as 
its components *a' end *b* wore not significant at any of 
tho stages* Though the contents recorded uere minimum in

1
plants grown under full sunlight, no distinct trend could be 
eluoidated as to the response to increasing shade levels.
The ratio of chlorophyll a*b remained almost constant at 
different shade intensities over the stages.
5. Loaf area index (LAI)

The data ere presented in Table 4 m d  the analysis of
1variance is given in Appendix 6*

dialysis of variance is given In Appendix 4 ,
nodulation in terns of both tho total number of
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Shading foiled to influence leaf area index at any 
of the growth stages* But in general the LAI vjao found to 
increase with increasing intensities of light* Over the 
otegeof I>AI recorded was maximum on 6oth day end towards 
maturity it decreased substantially at all the shade levels*I
This decrease was nore distinct in plants grown under full 
sunlight.
6. Specific leaf area (SLA) ;J

i h

The data are presented in Table 4 aid the analysis
i

of varlomco is given in Appendix 6*
Tho specific leaf area of cowpea was found to be'i

significantly affected by shading at all the stages* The 
maximum end minimum SLA were recorded for plant□ under 75 
per cent shade and for plants without shade respectively.i
Comparison between stages Indicated a decline in specific 
leaf area with advancing ago. ,
7* Leaf wolgit ratio (LVJR)

The data ere presented in Table 4 and the analysis 
of variance is given in Appendix 6.

The data showed that the effeot of shade on leaf 
weight ratio was significant only between Goth and 75th'

idays of sensing, when it increased with increasing 
intensities of shade* It was also noted that the loaf , 
weight ratio decreased over stages, and this trend was more 
conspicuous under higher light intensities.



Table 4. Effect of shade on leaf area index, specific leaf area and leaf weight ratio ofcowpea at different growth stages,’ ......
Shade intensity (per cent) Leaf area index 

(days after sowing) Specific leaf area 
(cm""2 g"1)

Leaf weight ratio

3p' 60 . 75 Between 30th Between 60th .Between 30th Betwen 60th
and 60th ,day3_and_75,fch days' and 60th davs and^S?,̂ *1 davs

0 (no shade) 0.71 5.97 1*81 376,5.4 359.09 0.46 0.21
25 (low shade) 0.59 3.00 2.53 447.08 446.78 0.45 0.28 .
50 (medium shade) ,0.37 2*99 1.91 535*26 464.56 0.44 0.32
75 (high shade) 0.55 2.15 1.62 621.81 557.95 0.48 0.34
SEeh 0.08 0.64 0.38 20.24 ■26*12 0.02 0.02 '
C.D.(0.05) NS NS NS 62,36 81.67 NS 0.06

US =* Hot significant
Sable 5 • Effect of Bhade .on total dry matter production, net assimilation rate and absolute 

growth rate ■ of cowpea at different growth stages.
Total plait dry weight.
(g plant"1)(days after sowing)

Shade intensity 
(per cent)

&
J O 60 75 Harvest

Net assimilation rate , Absolute growth rate
g m" 2 day"1) (g day" 1 plant"1)etween 30th Between Between 30th Between
and 60th 60 th andTt?̂  and 60 th 60th anddavs _______ days_______ davs_________ 75th aavs

0 (no shade)
25 (low shade)
50 (medium shade) 
75 (high shade)
SEm _+ - * - -
C.L.(0.05)

0.95 15.94 17.04 17.04 
0.67 8*87 13.50 12.34 
0*45 6.02 6.29 6.55 
0.48 4*41 5.44 4.58
0.08 1.70 1.87 1 .56. 
0.20 5.20 5.77 4.82

4.76 
2.57 
1.90
1.76 
0*72 
2.23

3.27
1.65
0.84
1.11
0.96,
Ns’

0.48
0.23
0.17
0.12
0.12
0.16

0 . 2 0  

0.34 
0.04 
0.06 
0,13 
0.18

NS = Not significant
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8. Total pleat; dry weight
The data are presented in Sable 5 and Pig. 4. The 

analyoio of variance is given in Appendix 7. ■
Total dry weight of plant at all the stages of crop 

£P*owth use significantly higher for plants grown without 
shade and there was a steady decline with increasing shade 
intensities. At all the shade levels* there was a 
spectacular increase in total dry weight between 20th and 
60th days. i
9. Ilet assimilation rate (MAR)

The data are presorted in Table 5 and Pig. 3* The 
analysis of variance is given in Appendix 7. , '

During the period between 20th and 60th days* WAR 
was found affected significantly by shading. IJet > 
essinilaticsi rate was found naxiEun in plots without Shade 
and a low shade of 25 par cant resulted in roughly 50 :ii
pea? cent decrease in NAR value. With farther increase /In 
shade intensity the HAR decreased further. Thoû a. ' 
statistically Q& por* the net assimilation rate recorded 
between 60th end 75th days was also found njudiauia for > 
plants grown tzyier full sunlight.
10. Absolute growth rate (A0I1)

The date, are presented in Table 5 and tho analysis
Hof vnrience is given in Appendix 7*
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shacling hod significant; effect on absolute growth 
rate at all the growth stages* Slants without shade recorded 
a higher AGR, and the value was found decreasing with i
advancing ago. But between 60th and 75th days* the AGR was 
found to be the highest at 25 per cent shade and it was ;i
even higher than that of plants without shade.

B. Yield end yield components 
1 * Bate of flowering

The data are presented in Table 6 and the analysis 
of variance lo given in Appendix 0.

The data revealed that full light intensity hastens 
flowering in cowpea. The delay in flowering increased 
progressively with increasing intensities of shade*
2. Days to maturity .

i
The data arc presented in Table 6./
The maturity period was longer with increasing i

intend tie g of shade* Plants under 75 per cent shade tools 
18 days more to reach harvesting stage, when compared to 
plants grown under full sunlight*
5* Yield of grain

The data are presented in Table 6 and Fig* 5. The 
analysis of variance is given in Appendix 8*

The yield of grain was significantly influenced byI
Shade* The grain yield deolined drastically even with low



able 6*„ Effect of, shade cn date of flowering,, days to maturity, yield of groin, yield of koala and harvest Index of cowpea* '
Shod© intend ty (per cent) Bate of flowering 

(doys after
Days' to maturity 
(days after

Yield of groin
(hg ha”1)

Yield of hBUlO —I(leg ha )
Harvestindex

0 (no chode) 46 75 1582.22 3037.69 0.34
25 (low shade) 49 31 . . 664*79 ' 2118.31 0.26
50 (medium shade) 56 80 403.56 1111.24 0.27
75 (high shade) 59 95 145.78 976,14 0.13
SBa ♦, 0*46 76.90 308.30 0.03
C.B.(0.05), 1*41 237*13 950*14 0*10,

r
fable 7* Effect of shade on number.of pods per plant, weight of pods per plant, number of 

seeds per pod, 100 seed weight and shelling percentage of cowpea at harvest*
Shade intensity 
(per cent), Number of pods 

■plant” 1
Height of pods Number of seeds 100 oecd 
(<a -plant*1) -Dod"̂  weight

Shelling
percentage

0 (no shade) 0*92 9*82 15.56 11*96 75.15
25 (low .shade) 4.55 3.58 14.81 9.86 72.22
50 (medium dhaflo) 5.70 1 ,16 14.65 9.72 65 .88
75 (high shade) 2.42 0.27 12,94 8.98 65,01
SEb +_ 0,50 , 0.50 0.57 0.41 3.14
C*D*(0«05) 0.95 1,62 1.74 1.26 EJS

- ^ - - - = -- —  E3=- ̂ = ITot significant" -------
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shade of 25 per cent, end with fur&lior Increase la shading • 
intensity# tho decline continued* With intense shading of 
75 per cent# the ccononio produce obtained was veiy noagro*
Calculated op percentages of the yield in tho open# the ■

Iyields at 25# 50 end 75 pQ3? cent shade intensities wore
i

42.02# 25.51 end 9.21 per cent respectively^

Response curve • ,
A quadratic polynomial was found to give the best 

fit to the yield data (Fig* 6 and the analysis of veriaice 
in Appendix 35). The equation of the curve is given 
’ below.

Y a 495.13-22Q.40X+41.21S2

2 ' (The coefficient of determination E of the equation
being 0.9870# 98.7 per cent of the total variation in the
response can be explained by the fitted polynomial,

4* Xield of haulm
The data ore presented in fable 6 and Pig* 5. Ther

analysis of variance is given in Appondix 8.
Though not os conspicuous as the grain yield# the 

hauln yield also registered the maximum value when the 
plants were grown in full sunlight. When shading increased# 
the haulm yield declined progressively# the ninlom value 
being when the crop was receiving only 25 per cent light.



Fi<g,  e . Y IE L D  R E S P O N S E  OF C O H P EA  T p  
D IF F E R E N T  IN T E N S IT IE S  O F  SHADE".
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5. Harvest index (III)
She data are presented in-Table 6 and the analysis 

of variance in Appendix 8* ,
She harvest index showed significant variation duoh

to shading only between nodium end high shade levels. She 
rnxinun HI of 0,54 and ninioun of 0.13 ware registered 
under full sunlight and 75 per cent shade respectively. ,
6. Number of pods per plant

She data ore presented in Sable 7 and the analysis 
of variance is given in Appendix 9-,

. She pod numbers under low, medium and high shade i
yore found to be 40.76, 41*48 end 27-13 per cent of that 
in the open. Between 25 and 50 per cent shade, the value 
was found to bo statistically on par, end between other1 

shade levels, thero was significant difference in pod 
number per plant.

7 * Height of pods per plant
The data are presented in Table 7 end the analysis 

of variance is given in Appendix 9.
The weight of podo per plant decreased sharply with 

shading and it followed nore or less an identical trend as 
that of the groin yield.

t
0, limber of seeds per pod

The data aro presented in Table 7 and the enalysis
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of variance in Appendix g.
The number of seeds per pod regained almost the ! 

seine with varying shade intensities upto 50 per cent*
Further reduction in light intensity reduced the number,; 
significantly * 15.56 end 12*9 were the maximum and .
E&niEEsn values recorded in plots without shade end those 
shaded to 75 per cent respectively# .
9, 100 seed weight

The data are presented in Table 7 end the analysisi
of variance in Appendix 9#

The 100 seed weight was the highest in plots without 
shade. The value registered a significant decline at 25 
per cent shade, but with farther increase in shade intensity, 
the change in 100 seed weight was not statistically 
significant •,

i

10. Shelling percentage
The data ore presented in Table 7 and the analysis 

of variance is given in Appendix 9*
.Though the shelling percentage was highest in plots 

without shade, the differences between varying intensities 
of shade were not conspicuous end these remained i

5statistically at par* , r
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0.* Quality aspects
1. .Protein content of seeds

The data ©370 presented in Toblo 8 and the analysis 
of variance is given in Appendix 10*

Shading failed to influence the protein content ofi
cowpea seeds* The protein content remained sore or less 
constant at varying shade intensities*
2* Protein yield

The data are presented in Table 0 and the analysis 
of variance is given in Appendix 10*

The protein turnover from grain vjgo highly and
isignificantly influenced by shading. The plots under low,

medium and high shade. intensities recorded protoin yieldsI
of 34.97, 26.69 and 8.80 per cent of that in full sunlight.
3. Percentage of well formed groins.

The data are presented in Table 0’ and tho analysis 
of variance in Appendix 10*

Between open and low shade treatments, there was 
significant difference in the percentage of well formed 
grains; the value at low shade being only 69-38 per cent 
of that under full sunlight. Between low, medium and high 
shade levels, the percentages of well formed grains did 
not differ significantly.



Table 8. Effect of shale on protein content of seeds, protein, yield end percentage of - well formed groins of cowpea.
Shade intensity (per cent) Protein content (per eent)

Protein yield 
(kg ha"1)

Percentage of well formed grains
0 (no shale) 22.95 359.57 73.60
25 (low shade) 19.25 125.76 51.21
50 (medium shade) 21.00 95.98 46.84
75 (high shade) 21.18 31.64 48.64
SKa 2. 1.52 17.25 5.06

C.B.(0.05) its 53.15 15.58
US a Hot significant

Table 9 • Effect of shade on. nitrogen, phosphorus and potassium, content of cowpea.
Shade intensity (par cent) Uitrogcn content (per cent)

(davs after sowing)
Phosphorus content (per cent)(davo after sowing)

Potassium content (per cent)(davs after sowing)
75 Harvest 75 Harvest 75 Harvest

0 (no shade) 1.90 1 .98 0.23 0.23 1.50 1.50
25 (low shade) 1.92 2.03 0.21 0.23 1.66 1.70
50 (medium shado) 1 .82 1.60 0.23 0.24 1.74 1.81
75 (high shade) 2.02 2.02 0.21 0.21 0.82 1.87
S B a  1 0.21 0.22 0 . 0 0 0.00 0.12 0.06
C.D.(0.05) ■ TIS ITS OS US 0.13 0.18

-- - -  - - - IIS = Hot' significant' -



50

Dv Chenical studies 
1 * Content and. -uptake of nitrogen

The data on the content of nitrogen of the vjliolo 
plant dong with the total uptake of nitrogen by the plants 
are presented in Tables 3 end 10 arid Fig*7. Tho analysiG of 
variance is given in Appendices 11 end 12*

Effect of oho&o on tho nitrogen content of the whole 
plant was studied 7:3 days after planting os well as at 
harvest of the crop. Sinco plots under full sunlight wore 
harvooted on tho 75 th day# those stages coincided. The 
content of nitrogen did not differ significantly between 
shade intensities of any of the stages$ so also, over the 
stages tho values wore olnost constant.

As for total nitrogen uptoko by the rdLants# tho trend 
was identical with the effect of shade on total dry natter 
production. Tho uptake recorded was Eacdtnuni for plants 
grown under full sunlight» the reverse was true for plants 
inder heavy shade.

2. Content and uptake of phosphorus
The data on tho content of phosphorus of the plants 

along with tho total phosphorus uptake of the plants ore 
presented in Table 9 end 10 and Pig* 7« Tho analysis of 
variance is given in Appendices 11 and 12.

The general trend of the phosphorus content and total 
uptake was identical to that of nitrogen. Over the s togas# 
the phosphorus content incroaocd with advancing ago.



Table 10* Effect of abode an nitrogen, phosphorus and potassium uptake of coupea.
Shade intensity (per cent)

Potasalum uptakeNitrogen uptake Phosphorus uptake
(kg ha"1) (leg ha"1) _ „(days after sowing:) (davo after sowing) (davs after souing)(kg ha-1)
75 Harvest. . 75 Harvest 75 Harvest

0 (no shade) 70.64 ‘ ■ 70*64 8.95 9.05 53 .'43 55.43
25 (lot; shade) 54.52 53*76 5.56 6.34 45*80 47.35
50 (medium shade) 22.02 26.70 2.79 3.50 21.09 26.19
75 (high shade) 17.55 20.50 1.84 2.19 15.42 19.11
S S e  £ 2.35 5.94 1.07 0.82 6.22 6.16
G.B.(Q*05) 25*74 18.29 3 .3 0 2.53 19*19 10.97

Table 1 1. Nutrient status of soil after the crop of i i
i 

i

Shade intensity Nutrients
(per cent) Total nitron (uer cent.gen

Available phosphorus (t o )
Available potassium

C m ® ) .  _________

0 (no shade) 0.09 3.09 143*24
25 (low £&ade) 0.16 3.99 ' 152*83
50 (medium shade) 0 .11 5.14 154.41
75 (high shade) 0*11 4.25 ■ 163.22
SE5Q * 0.02 0.78 12.40
0.P.(0.05) NS OS . n s

IJot significant



F i c j _ 7 .  UPTAKE OF N ITR O G E N , P HO SPHORUS AND 
~  P O TA S S IU M  A-S APFECTED B Y  V A R Y IN G  SHADE-
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3* Content and uptafce of potasslta
Tbs data on the potassium content as well as total 

potassium uptake of tho plants ore presented in Table 9 and 
10 end Fig* 7* Eke analysis of variance is given in 
Appendices 11 and 12*

At both the stages studied* tho effect of shade on
i t

the potassium content of tho plants was significant.
Potassium content increased with increasing intensities of 
□hade. For plants under shade, the content increased with 
advancing ago*

Uptake of potassium increased with advancing 
intensities of light as well as with advancing ege, hut was 
not in direct proportion to the dry natter production, as 
the influence of shod© on content of potassium and the total 
dry matter production was just the reverse*
XX, Soil characters 
Soil nutrient status

She data on the soil nutrient status after the 
cultivation of cowpea are presented in Table 11 and the 
analysis of variance is given in Appendix 13*

tlone of the nutrients studied, vis., nitrogen, 
phosphorus, and potassium showed statistically significant 
differsices in plots maintained et varying shade intensities. 
As compared to the pre-experimental nutrient status of the 
soil, there woo a nursed increase in the content of all. 
the nutrients.
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The results of the present study indicated that thei
grain yield of cowpea fallo subst csit ially because of shading. 
Even the lou shade of 25 per cent reduced the grain yield 
by more than 50 per cent and with nore intense shading, the 
yieldo progressively deoroased. l/hen the light intensity 
was reduced by 75 per cent, the yield potential m s  only 9 
per cent of that at fall sunlight. It may he concluded , 
from ouch a shade respoaoo that cowpea is a legume with no 
special adaptation for growth under shade end that it cay 
be classified as ’shade sensitive*, This crop nay therefore 
not be suited for intercropping•

The above yield trend was, however* inconsistent 
with the extent of response of the crop in terms of dry 
natter accumulation and other growth character s. The dry 
natter accumulation under low, nediun end hi^i levels of 
shade when expressed as percentage of that under full 
illumination were 75.12, 59.79 and 27.91 per cent 
respectively, while the yields under these shade levels ; 
were to the tuno of 42.0, 25.5 and 9.2 per cent respectively 
of that in the open. Such a larger extent of decline of 
grain yield, than dry natter yield with increasing shade 
intensities nay be taken to indicate that cowpea failed to 
transloeato the accumulated carbohydrates to the economic

DISCG33IQI7
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part la proportionate amounts under Ghade. There were 
probably 0oae more factors that affected translocation of 
synthesised carbohydrates to the grain under shade, in 
addition to the availability of carbohydrates • The data on 
harvest index would further substantiate this. Another 
important conclusion that may be drown from the above is the 
better suitability of this crop for cultivation for fodder 
purpose than for grain*

The decline in dry matter accumulation is in agreement 
with the findings of Dolan (1972) in pea; Crookston at el* 
(1975) in bean and Benjamin et al. (1901) in soybean* This 
decline could be attributed to mutual shading and leaf 
parasitism. Since when shaded, the light reaching the 
canopy waa limited, a larger proportion of leaves would tend 
to fall below saturating light intensities or even below 
compensation point. An assessment of the extent of mutual 
shading that might have occurred can be had from the data 
on leaf area Index (Table 4) aid net assimilation rate ' 
(Table 5). Shading failed to influence DAI at any of the 
growth stages* With a canopy having the leaf area index 
on par with that of plants grown without shade, the lower 
loaves of the shaded plants oust have suffered substantial 
parasitica. The data on net assimilation rate would further 
indicate the extent of such mutual shading. Ao expected, 
there was a significant foil in UAH at higher shade levels.
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The canopy. was sparse daring the early stages ond became .
’  * /  '  r  idenser between 50th and Soth days. After that, there was. a 

drastic decline in LAI, which is attributable to the leaf 
seneDocnce end shedding- Contrary to the expected trend," 
the IJAR also went down during this period, presumably due to 
the deterioration of photosynthetic ability of the leaves of 
this stage* The specific loaf area showed a significant : 
increase with increasing intensities of shade. 'Tills being 
the ratio of leaf nroa to leaf weight, an increase In SLA 
with shading nay represent an adaptive mechanical, since for 
each unit weight of dry natter partitioned into leaves, a 
greater amount of area is exposed to available light 
(Cooper end Qualls, 1967) • The differences in leaf weight 
ratio remained nonsignificant during the early stages but it 
showed a substantial increase with shading between 60th and 
75th days which is attributable to low leaf senescence and 
leaf fall under shade, Slieldrake end Harayanaa (1976)

iobtained Dialler results in chickpea and plgeonpea. "
The data on harvest index revealed that partitioning 

of assimilates to the economic part was significantly 
influenced by shading. A quantitative estimate of the 
difference in the partitioning of aasinilatos can be hod1 
from the data (Table 6). The percentages of dry matter , 
translocated to the grain were 34*1, 26,2, 27,9 and 13 *6 
at 0, 25, 50 and 75 per cent shade, respectively.
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The above effects of lower rates of photosynthesis 
end translocation were reflected in all the primary yield 
components, via., number of pods per plant, seeds per pod 

. end test weight which registored significant decrease with 
increasing shade levels. Also, the plants under shade took 
more time to reach flowering stage. Both flowering end , 
harvesting were delayed progressively with increasing lovels 
of shade, intensity. This is however, contradictory to the 
evidence given by Tori la ct al. (1977).

As in tho case of yield components, the growth 
components and modulation also generally showed a decline 
with increasing shad© levels. The only exception was in the 
case of plant height which was not affected significantly, 
by shading. Both tho total number of nodules and the number 
of effective nodules g I g o  were low or under shade. A 
decrease in modulation and nitrogen filiation due to decreased 
availability of carbohydrates induced by shading has been 
reported widely (Allison, 1935; Wilson, 1935; end Hardy and 
ITavolha, 1975). Such a decrease in nitrogen fixation by 
legisaea under shade is cloo of practical importance especially 

. as on expected advantage of intercropping with legumes id
i'

. the gain in oymbiotically fixed atmospheric nitrogen. Though 
an assessment of the extent of contribution from soil 
nitrogen could not bo made from tho preocat study, a not 
loss of nitrogen, from the soil by removal by the legume under
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slieQo cannot, however, bo exoluded especially when this 
crop is raised for grain purpose*

Chlorophyll contents* both in terms of total 
chlorophyll as well os its components 9 a’ sad ’b* were not 
affected by shading, it say bo recalled that tho review 
also shows wide species differences in the ehedo response of 
crops in terns of chlorophyll content.

Of the quality aspects, the protein content of seed© 
remained nore or less the sane irrespective of the intensity 
of light received. Sliia is in agreement with the result 
obtained by ttahua end Killer (1970 in soybean.

Tho contento of nutrients* nitrogsi and phosphorus 
in tissues uere nearly the earns at all shade levels. Qa 
the contrary, the total nutrient nptefco followed the acme 
trend oo that of dry natter accumulation with plants in the 
open, recording the highest uptaho and those at intense shade, 
the lowest. The elution of the ejected dilution offeot 
nay be explained by tho better foraging capacity of the 
plant roots receiving full ©uhlight* In the case of nitrogen, 
the greater nitrogen fixing capacity of the plants in the 
open, a© evidenced by the better modulation mot have further!l
helped the plants getting full sunlight to maintain a high 
level of nitrogen. However, on identical trend uao not noted 
in tho caoe of potassium content which showed a poroistent 
increase with increasing shade intensities. Similar results
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of increase in content of pot as a! tin by aliasing have been 
widely reported in several crops (Myhr and Saebo, 1969; 
Gaatlliffe, 1972 end Bodrigues et al.. 1975)* The uptake 
of potassium on the contrary, registered significant 
decrease with increasing shade levels which indicated that 
the effect of decreasing dry matter production had tho 
dominant influence in deciding tho total uptake and that 
it could more than compensate the increased contents 
resulting frcn shading • Another point of importance is ■i
that the extent of decrease in yield is much more than the 
extent of decrease in uptake of nutrients which indirectly 
indicates that tho utilisation efficiency of these nutrients 
would be less under shade than in the open.

Bata on the analysis of soil after cropping 
(fable 11) indicated that they were statistically on peri 
between shade levels. But the available potassium content

* ;i
registered m. increase with increasing intensity of ©hade, 
which might be attributed to the lower uptake of potassium 
by the crop at higher shade levels. A similar trend was 
not noted in the case of phosphorus presumably because the

t
total crop removal of this nutrient was small as compared 
to potassium and in the case of nitrogen because of the 
interfering influence of nitrogen fixation. As compared 
to the pre-esperimental nutrient status of tho soil, there 
was a marked increase in the content of all the nutrients.
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Tills Is attributable to the shedding of loaves end 
consequent addition of organic debris uMch in turn (being 
a legume) was rich in the nutrients especially nitrogen.'
The added fertilisers must also have contributed to the i 
improvement of the soil nutrient statue.

The general conclusions on tho results and discussion 
may be summarised as follows•

1 • There was drastic decline in yield of cowpea 
even with low levels of shade and hence the crop may be 
classified ao ’shade sensitive*. It may not therefore bo

i

suited for intercropping for grain,purpose.
2. Since the reduction in the total phytomass 

production was not so sharp® this crop may be better suited 
for intercropping in coconut garden for fodder purpose.
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Blackgrcm (Yima muo^o (L.) llepper)

EE30LTS

1, Plant characters
A, Biometric observations 
1« Plant height

Tho data are presented in Table 12 mid the analysis 
of variance is given in Appendix 14.

Shading failed to have any significant influence on 
plant height at any of the stages. When compared to the 
early stage*- the increase in plant height between, 30th &nd 
60th days after sowing was very rapid at all the shade levels.i
2. Humber of branches

The data.are presented in Table 12 end the analysis 
of variance is given in Appendix 14.

Branching was significantly affected by shading at 
all the stages. During the first 30 days of plant growth* 
only the plants grown in full sunlight had branches.
Between 30th and 60th days, shaded plants also branched* 
but with intense shading of 75 per cent most of the plants 
remained single stemmed throughout the growth period.

3* Hodulaticn
The data are presented in Table 12 and S’ig.G. The 

analysis of variance is given in Appendix 14.

i



?able 12* Effect of abode an pleat height* number of branches and modulation in blackgrom at ■ different growth stages.
Shade intensity Plant height 
(per eent) (cm) (daysafter sowing

number of branches Total number of

I
lant-1 nodules plant

number of effective -1nodules plmtdavs after sowing) (davs after sowing) (davo after sowing)
. 30 60 ' 30 60 ! ' 30 .... 60 30 60

0 (no shade) 19.27 49.76 0.54 2.90 5.68 3.32 1.56 3.24
(1.23) (1.95) (2.08) (2.03) (1.56) (1.9)

25 (low shade) '21.57 55.50 0 1.24 4.96 2.52 1.24 1.08
(1) u . p (2*56) (1.8) (1.56) (1.4)

50 (medium 20.78 59.90 0 1.14 3.52 2.52 1.04 1
shade) (1) (1.46) (2.1) (1.79) (1.42) (1.38)

75 (high shade) 18.79 64.11 0 0.56 1.52 3.48 0.12 0.96
(1) (1.16) (1.52) (2.07) (1.05) (1.38)

SEq +; 0.95 0.05 0.04 0.24 0.28 0.09 0.23
C.E.(0.05) IIS US 0.09 0.11 . US US 0.29 0.71

HQ = 
Table 15.

Hot significant Figures in' parenthesis indicate 
-1

x+1 trsnoformati on
*a* • 'b1, total

bhade intensity (per cent)

Effect of shade on contents (rag g fresh weight) of chlorophyll c*. « chlorophyll and chlorophyll a* b ratio of blackgrem leaves at different growth stages
Total chlorophyll Chlorophyll ashChlorophyll *a* Chlorophyll ’b^(dav3 after oowln/y) (davo ofter sowing) (davs after sowing) (davs after sowing)

0 (no shade) 0.74 1.45 0.79 1.41 1.53 2.87 0.94 1.0325 (low shade) 0.8Q 1.61 0.89 1.81 1.77 3.44 0.99 0.90
50 (medium shade) 1.01 1.75 1.09 1.86 2.11 3.61 0.92 0.9475 (high shade) 1.03 1.73 1.10 1.82 2.22 3.55 0.09 0.95
SBa +, 0.03 0.08 0.05 0.09 0.07 0.15 0.03 0.04
C.0.(0.05) 0.08 0.24 0.14 0.28 0.21 _  Q.£L US US

m I3ot== significant
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~l~N BLACKGRAM AT DtFFEREKiT G R O W TH  STAGES-



62

In general, nodulation in bladtgrssa was sparse s M  
it did not show significant difference between the shede

vlevels in terms of total nodule amber. Bat effectiveness 
of nodules was significantly higher in pleat o got ting higher 
intensity of light at both the stages studied. Towards , 
harvest, the plants did not retain the nodules at all.
4. Chlorophyll content of leaves i-

Tho data ore presented in Table 13 end the analysis 
of variance is given in Appendix 15,

Both the total chlorophyll and its components *a* and 
*b* were affected by the varying intensities of light,
Visual observations also showed that pleats under shade hod 
greener leaves. It was ©Iso noted that the chlorophyll■. 
content increased conspicuously with advancing age, at ell 
the abode levels* At all the stages, the maximum and 
minimus values were recorded by plants under 75 per cent 
shad© and by those grown in open respectively, Tho ratio 
of chlorophyll a*b remained more or less unaffected by shading.

5* Iioof area index (MI)
The data are presented in Table 14 and the- analysis 

of variance is given in Appendix 16.
' l!The effect of Shade on leaf area index was significant , 

on 30th day of sowing but it remained statistically on par 
on tho 60th day. On 30th day, plants grown without diode 
had maximum LAI and. it progressively decreased with increasing



Table 14* Effect of shade on, leaf area index* specific leaf area end leaf weight ratio
of blaeltgrae at different growth stoges.

Shade intensity (per cent) leaf area index (days after sowing)
 5o““- - - - - - - - - - - - - - - - "30

0 (no shade) 0.35 2.37
25 (low shade) 0.25 1.92
50 (medium shade) 0,13 1.45
75 (high shade) 0,13 1.03
SEa * ' 0 .05 0 .44
G*D.(0*G:>) 0.15 US

Specifio leaf 
CTea Cob2 a'1)Between 30th and 6oth days_______

474.66 
525.77 
563.79 
602.01 
17.34 
US

HS = Uot significant

Leaf weight ratio
iietween 30tiTeal 
60th davo

0 .78
0.60
0.60
0.42
0.12
US

Table 15. Effect of shade on total dry matter production, net assimilation rate, 
absolute growth rate of blackgrom at different growth stages.

and

Shade intensity 
(per cent)

Total dry weight
t 1 "I

Net assimilation 
rate/ „ m-2 ,n„,“1>

Absolute growth 
rato„ plant-1

30 60 Harvest Between 30th and 
60th davs

Between 30th and 
60th davs

0 (no shade) 0.29 6.65 20.34 3.51 0.22
25 (low shade) ' 0,29 3.56 9.23 '2.02 " 0.10;
50 (medium shade) 0.30 2,6? 6.42 1,66 0.07
75 (high shade)" 0.38 . 1.37 4.45 1.24 *0.03
SBn + 4.9 0.95 1.40 0.11 0.07’
C,T).<:Q,Q5) . __ .-I..._____:__US____£ & &__ — ■■■  ̂ __ ____ ___________0.09_______,

US Uot significant
co
C O
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intensities of shade upto 50 per a eat shade. With none
i

intense shading, farther decrease in LAI waa not perooptible,

6, Specific leaf arcs (SLA)
She data are presented in fable 14 and the analysis - 

of variance is given in Appendix 16,
She specific leaf area had ea increasing trend with 

increasing intensities of shade, but the difference fell
short of statistical significance.\ /
7, Leaf weight ratio (LWE)

She data are presented in fable 14 and the analysis 
of variance is given in Appendix 16#

The data revealed that shading did not have any ■ 
significant influence on leaf weight ratio*
8,> Total plent dry weight

Tho data ore presented in Table 15 end the Pig *10 
(analysis of variance is given in Appendix 16,

Luring the firot 50 days of pleat growth, the dry 
natter production under varying Intensities of light 1 
remained more or less the same* But by 60th day, the plants 
in open recorded significantly higher dry weight end there 
was a steady decline in total dry weight with increasing 
shade intensities. The trend was the very sane at the tine 
of harvest as well. Dry weight at harvest when expressed 
os percentage of that in tho open was 45*4, 51*6 end 21.9 
respectively at low, medium end high shade* The gain in
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dry weight during the period between 30th and 00th days ;, 
after sowing was highly perceptible at all the shade levels,i1;

9. Het assimilation rate (EJAH)
The data on net assimilation rate between 30th end

6oth dayo after sowing are presented in Table 15 end 3?Ig,9,
The analysis of variance is given in Appendix 16, '

The ziet assimilation rate was significantly higher
—2in plants without shade. The maximum, value of 3«5 g m

—1 —P «»1day end minimum of 1,24 g n  day were recorded by ,
plants grown in open end plants under 75 per cent shade 
respectively.
10. Absolute growth rate (AGE)

The data are presented in Table 15 and the analysis 
of variance is given in Appendix 16,

Absolute growth rate was significantly higher ini
plants grown without shade* when, compared to shaded plants,i
But between the plants exposed to different shade 
intensities, the AGR showed no significant difference.

B, Yield and yield components
1, Date of flowering ;

The data are presented in Table 16 end the analysis 
of variance is given in Appendix 17.

The data revealed that plants getting full sunlight 
flowered much earlier* when compared to the shaded ones.



Table 16, Effect of shade 021 date of flowering, days to maturity, yield of grain, yield of haulm and harvest indes of bloclcgram.
Shade intensity Date of flowering Days to maturity Yield of grain Yield of Harvest
(per cent) (days after sowing) (days after sowing) /, w ^ \  haulm index ___________________ ' _______________________  iisg aa j______ (fog ha ')__________
0 (no shade 57 90 4 1500*74 1963.26 0.44
25 Clow shade) 40 99 ' 528*29 1184.25 ' 0*32
50 (medium shade) 45 105 ' '389*63 988.44 0*31
75 (high shade) 46 105 * 216.29 510.89 0.31
SEa + «*• 0*34 " 158.02 278.81 0.05
C.D.(0.05) 1.05 486*94 859*17 ITS

ITS a Hot significant
Table 17. Effect of shade on number of pods per plant, weight of pods,, per plant, number of seeds per pod, 100 seed weight and shelling percentage of blaekgrao. at harvest*
Shade Inteneity (per cent)

Humber of pods 
plant”*1

Weight of pods 
(g plant”1)

Humber of* seeds pod” 100 seed weight (g)
Shelling
percentage

0 (no shade) 44.36 10.93 6.83 4.40 61.82
25 (low shade) 20.04 3*96 6.50 4 .12 - 40.73
50 (medium shade) 13.60 3.16 \ 6.44 4.03 55.84
75 (high shade) 9.52 1.62 V 5.64 3.74 56.64
SEm + 4.30 1.79 0.26- 0 .12 - 3.67
G.D.C0.05) 13.24 3.59 0.50 0.36 . 12.00

B,l 1 1 1 11
\  _ _  - \ " - -  - -  = - - -

— r ~

CTi C>
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Dayo talcon for flowering wero progressively more as the ! 
intensity of □hade increased.
2. Days to maturity

The data are presented in Table 16. j
Attainment of maturity was hastened by sore intense 

sunlight in blaelzgram, The delay with shading was more 
conspicuous between plants in open and the plants shaded 
to 25 per cent*
3, Yield of grain

The data ore presented in Table 16 and H.g* 11. The'i
analysis of variance is given in Appendix 17*

The grain yield was significantly affected by 
shading. When expressed as percentage of the yield in the 
open, the yields at 25, 50 and 75 per cent shade were 
35.2, 26*0 cad 10.5 per cent respectively.v ii1Response curve i

The yield data were transformed to logarithms rising 
log^Q ? transformation. A quadratic polynomial was found 
to give the best, fit to the transformed yield data 
(IPig. 12 and the analysis of variance in Appendix 35) • ■
The equation of the curve is given below.

I>og10 7 = 2.6436-0,1328X+0.0125X2 ! ;;
* -■ i

2The coefficient of determination R of the above
equation, being 0.9929, 39*29 per cent of the total

i ■
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variation in tho response con ho explained by the fitted 
polynomial.
4« Tield of haulm

The data aro presented in Table 16 and Fig. 11. Tho 
analysis of variance io given in Appendix 17*

Sliading significantly decreased the haulm yield of 
bloclcgram. The haulm yields at 25, 50 and 75 per coat shade 
levels were 60.3» 50.4 end 26.0 per cent of the haulm yield 
in the open.

5* Harvest index
, i

Tho data are presented in Table 16 and the analysis- 
of variance is given in Appendix 17 •

. The data revealed that the hsrveot index was not 
significantly affected by shading.
6. Humber of pods per plant

Tho data arc presented in Tablo 17 and the analysis 
of variance io given in Appendix 17*

The pod numbers under low, medium and high shade 
wero found to be 45.2, 30.7 and 21.6 per cent of that in 
tho open. The decline in pod number woo sharper between, 
plots receiving full light intensity and those that were 
shaded to 25 per cent*
7. Height of pods per plant

The data are presented in Table 17 and the analysis
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of variance Id given in Appendix 17.
The declining trend in weight of pods per plont 

when shaded was more or less identical to the shade effect 
on grain yield. Tho plots getting full sunlight registered 
significantly higher pod weight per plant, and the value 
decreased drastically under low shade. Between different 
shade levels, the difference was not conspicuous.
8. dumber of seeds per pod |c ■

The data are presented in Table 17 end the analysis 
of variance is given in Appendix 17.

, i
The number of seeds per pod in open plots was 

significantly higher than that in plots which received 25 
per cent of full sunlight • With further increase in shading 
intensity, the differences wore statistically nonsignificant •

9. 100 seed weight
i

The data are presented in Tablo 17 and the analysis 
of variance is given in Appendix 17.

100 seed weight was the highest in plots receiving 
maximum light intensity. With decreasing light intensities, 
tho value Showed a decreasing trend. ;
10. Shelling percentage

i t
The data are presented in Table 1? and the analysis 

of variance is given in Appendix 17.
Comî ared to that of shaded plots, the shelling i



Table 18. Effect of shade on protein content of seeds, protein yield and percentage of 
ucll formed grains of blackgran.

Shade intensity (por cent) Protein content 
(per cent) Protein, yield 

(tes ha )
Percentage of ucll formed grains

0 (no shade) 18.38 276.10 33.83
25 (lou shade) 16.45 86.81 69.02
50 (medium shade) 16.10 64.47 60.64
75 (bif$i Shade) 17.46 37.17 67.60
3Bm _+ 1.26 24.47 5.72
3.D. (0.05) 5.90 34.60 17.62

Cable 19. Effect of shade on nitrogen, phosphorus and potassium content of blackgrom.
3hede intensity [per cent) nitrogen content (per cent)(days after sowing)

Phosphorus content 
(per cent)(davs after souin/s)

Potassium content 
(per cent)(days after sowing)

60 Harvest 60 Harvest 60 norvoot
0 (no shade) 2.15 2.42 0.25 0.28 1.59 1.03

25 (lou shade) 2.40 2.22 0.32 0.27 1.76 1.76
50 (medium shade) 2.57 2.17 0.34 0.28 1.69 1.78
15 (high shade) 2.46 2.34 0.35 0.29 1.73 1.80
3Bq + 0.11 0.12 0.01 0.01 0.03 0.18
).D.(0.05) US us 0.03 US 0.11 US

ITS = Uot significant
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percentage of open, plots was significantly higher. The 
value decreased sharply whan shaded to 25 per cent* hut with 
further increase in shading the shelling percentage remained 
statistically non-slgnifloont between varying shade 
intensities.
C# Quality aspects
1* Protein, content of seeds ",i1

The data are presented in Table 18 and the analysis 
of variance is given, in Appendix IB.

Shading did not have any influence on protein 
content of seeds. The content remained more or lea3 
constant at varying shade intensities.

2. Protein yield
The data are presented in Table 1G and the analysis 

of variance Is given in Appendix 18.
Unlike protein content» protein yield was signi­

ficantly influenced by shading. The plots under low* 
medium and high shade intensities had protein yields 
which were 31.7* 23.6 and 13.6 per cent of the protein 
yield under full sunlight.
3. Percentage of well formed grains

The data ere presented in Table 10 and the analysis 
of variance Is given in Appendix 18.



72

She percentage of well formed grains decreased 
sharply with shading. But between different levels of abode, 
the difference was not significant *
D. Chemical studies
1 * Content and uptake of nitrogen

The data on the content of nitrogen of the wholei
plant along with the total uptake of nitrogen by the plants 
are presented in Table 19 and 20 and Fig. 13. The analysis 
of variance is given in Appendix 19#

Effect of shads on the nitrogen content of tbs whole
i

plant was studied at 60 days after sowing as well as at ! 
harvest of the crop. At both the stages, the content 
remained unaffected by the light intensity. It was also 
noted that towards maturity, there was some dilution effect 
in nitrogen content, except in plots receiving full sunlight.

Total nitrogen uptake by the plants was significantly 
higher in unshaded plots and thio trend was more or less 
consistent with the dry natter production. There was 
conspicuous Increase in total uptake at harvest, when 
compared to the uptake values at 60th day.
2. Content cod uptake of phosphorus

The data on the content of phosphorus of the plantsi
along with the total phosphorus uptake of the plants are. 
presented in Table 19 end 20 and Fig. 13* The analysis ; 
of variance is given in Appendix 19.



Table 20. Effect of shade on nitrogen# phosphorus and potassium uptake of blackgram*

Shade intensity (per cent) nitrogen uptake
(kg ha"1)(days after coning)

Phosphorus uptake
. (kg ha"1)(davs after sowing

Potassium uptake 
(kg ha"1)(davo after sowing)*

' “ 60 Harvest 60 Harvest 60 Harvest
0 (no shade) 52,04 109.05 ‘ 3.76 15.10 23.32 91.18
25 (lou anode) 17.98 46 .04 2.50 5.46 15.66 34.86
50 (medium shade) 15-27 50.42 1.94 4.08 9.39 26.32
75 (high shade) 7.54 23.27 1.03 3.09 5.14 17.09
SEa + 5.05 9.60 0.63 1.05 3.55 6.00
C.I>.(0.05) 15.49 50.21 1.84 3.25 10.93 20.97

Table 21 • Hutrient status of eoil oft or the crop of blackgram.

Shade intensity (per cent)
■ Hutrients

—  — — » • — » ——— “ «*"
Total nitrogen (per cent) Available phosphorus (pjm) Available potassium

- (pro)
0 (no shade) 0.10 3.59 162.00
25 (lou shade) 0.11 5.39 160.00
50 (medium shade) 0.13 4.60 167.60
75 (high shade) 0.16 3.69 166.00
S B li  ♦ 0.02 0.99 4.99
C.h.(0.05) IIS US US

US a Uot significant
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The phosphorus content of the plant# showed*• . , . 'i
Glgni.fi.eent increase with increasing Intensities of shade 
on 60th day* hut at harvest shade failed to havo any
influence on the phosphorus content • On 30th day# the plots
without shade had a phosphorus content of 0.25 per cent 
while that increased to 0*35 per cent# when the plots wore 
Shaded to 75 per cent. But uptake values were still highest
for plots receiving full sunlight and It declined to a
minimum value at 75 per cent shade.

3* Content end uptake of potassium 1 '
y. The data on the potassium content as well as toted-

t Ipotassium uptake of the plants are presented in Table 19 
end 20 and Fig. 13. She analysis of variance Is given in 
Appendix 19.

The trends in po too alum content and uptake were 
similar to that of phosphorus. On 60th day# shaded plants 
had significantly higher potassium content# when compared

i

to the unshaded plants# but with increasing intensities, 
of shade# the content was found to decrease. At harvest# 
no distinct trend pould be made out end the values remained 
statistically on par.

Uptake at both the stages were higher for unshaded 
plants and it decreased with increasing shade levels.

74
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II:.. Soil characters
Soil nutrient s t a t u B

The data are presented in Table 21 and the analysis 
of variance Is given in Appendix 20.

Soil nutrient status after cropping of blackgraa 
did not differ significantly between varying shade levels. 
But when compared to the pre-esperlineatal status, a marked 
improvement woe noted in the content of all the nutrients •
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The results of the present study indicated that 
blackgram is still another leguminous crop for which high 
light intensity is essential for realising its full yield 
potential. The grain yield was found to decline so 
drastically with shading that the yield at low# medium end 
high shade when expressed as percentages of the yield in 
the open were only 55,2# 26,0 and 10*5 respectively, I?roa 
tho response curve, it is seen that this crop is highly 
shade sensitive and so may not be suited for raising under 
partial or heavily shaded conditions,

In this crop, the yield response seems to be nearly 
identical to tho dry matter production. This similarity 
in the trend along with the fact that the harvest index ■ 
was not affected by shading points out that the photo- 
synthetic mechanism was mainly responsible for the drastic 
decline in yield. An insight into the probable reasons 
for such differences in photosynthetic efficiency of the 
plants under varying intensities of shade can be had from 
the data on leaf area index and net assimilation rate 
(Table 14 and 15). She canopy was denser for the plants 
in tho open during the early stage, bub by Goth day, the-cshaded plants developed leaf area index on par with that 
of plants receiving full sunlight* Though the DAI still

DIS0USSI017
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remained low* more intense mutual shading oust hove been 
there under shade os evidenced by the lower not assimilation 
rate of the shaded plants* Tho HAH was distinctly higher 
in tho open, which indicated that the mean photooynthetlc 
efficiency per unit of leaf area was higher for plants 
receiving full sunlight. This higher mean efficiency along 
with the higher LAI, especially during the early stage ousti
have contributed to the signiflcently higher dry matter 
accumulation in the open. The dry matter production under

f

low, medium and high shade levels were 45 *4» 51*6 end 21.9 
per cent of that under full illumination. Such a drastici
decline in total dry matter production by shading at various 
levels is inconsistent with the trend of results on couponi
in this study and of the reported trend in similar shade- 
intolerant and sensitive crops like coleus and sweet potato 
(L all the Bai, 19B1), which generally registered dry matter 
accumulation in proportion to the intensity of light. Such 
a trend, of course, is possible if the degree of mutual 
shading is severe under shade. However, the occurrence of 
such a high degree of mutual shading is not probable in 
this easo, os the mean LAI were Quite low (in the range of
1.03 to 2.40) and were well below tho optimum reported for 
most of the crops. The only possible explanation could be . 
that even at low leaf densities, there hod been substantial 
effects of mutual leaf shading induced by tho low brandling
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of the crop under shaded conditions, leading thus to 
overlapping of leaves. It nay also bo recalled that ; 
observations on the branching of this crop indicated sigai- 
fleant branching suppression under shade. It should also 
be noted that there was no special adaptation in blackgroia 
in tera3 of specific leaf area. The leafiness as measured 
by the leaf weight ratio also was not influenced by shading.

Almost all the yield components were favoured by the 
receipt of full sunlight9 which in turn was reflected in 
the final grain yield recorded. The nunber of pods per 
plant, number of seeds per pod and 100 seed weight were 
significantly higher in the open. The shelling percentage 
was also higher in plants receiving full sunlight. Also, 
the flowering and attainment of maturity were hastened by 
higher light intensities.

An evaluation of the effect of shade on growth 
components indicated that branching was significantly. hi$aer 
in the open, which is in line with some other reports 
(Gourley, 1920 in peaches; Beinhart, 1933 in white clover 
and Tarila et ol.. 1977 in coupon). But pleat height was 
unaffected by the varying levels of light. Modulation in 
general was sparse which indicated that the native rhisobiua 
was not much Infective. The total number of nodules was 
not affected by shading but the effectiveness was definitely 
higher in- the open which indicated that for better nitrogen



fixation also, fall sunlight woo favourable. Tho roaaons 
for this hove been discussed already while dealing with 
cowpea.

The chlorophyll content of leaves (Sable 13) was 
found significantly affected by shading. She total 
chlorophyll and its components were found to be increasing 
steadily with shading. Similar observations of increasing 
chlorophyll ’content because of shading haws been reported in 
other crops like bean (Khosoicn, 1970), soybean (Holler and 
Dilloy, 1974), cocoa (Okali and Owusu, 1975), weeping fig 
(CoDLord et al., 1977) end alfalfa and birdofoot trefoil 
(Cooper and Qualls, 1907). The chlorophyll a*b ratio was 
found affected neither by shade -levels nor by tho advancing 
age.

Though the total dry natter accumulation woo „ 
significantly higher in plots in the open, the expected 
dilution effeot was not observed in the case of nitrogen 
content of plent tissue. This is attributable to the more 
effective nitrogen fixation under full sunlight. It may be 
noted that tho nunbor of effeotive nodules also was 
significantly higher in the open. Tho trend in the nutrient 
uptake however was similar to that of dry matter accumulation 
as exported. The phosphorus content increased steadily with 
increasing intensities of shade and the maximum was record®! 
at 75 per cent Shade. This is attributable to the above



mentioned dilution effect. On the contrary, the uptake was 
higher for tho plots in the open, which indicated that the 
greater dry matter production more then compensated for the 
decrease in the phosphorus content at higher light intensity 
Potassium content followed a trend more or less similar to 
that of phosphorus,, both in tamo of content and uptake.
The extent of decline in uptake of the nutrients by shading 
was found to be nearly the same as that of grain yield which 
indicated that the foraging ability and not the utilisation 
efficiency of nutrients was affected adversely by shading.

■ The data on the soil nutrient status (Table 21) i
revealed that the nutrient content was not influenced 
significantly by shading. This must be because, the greater 
uptake under full sunlight was counterbalanced by the 
significant shedding of leaves end consequent addition of 
organic debris into the soil. The marked increase in the 
nitrogen status of the soil when compared to the pre- 
oxuerlmental nutrient content can also be attributed to

** i

this. The addition of fertilisers must have helped the, 
soil to gain in the contents of phosphorus and potassium.

The general conclusions from the discussion can be 
summarised as followss~

i1* Based oh the shade response, blackgrea is to be 
classed. G3 1 shade sensitive”. It Is hence not suited for 
intercropping in coconut gardens.
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2. Tho photosynthetic oechoaieni waa nainly rGaponoiblG 
for the variation in the yield rnder varying shade intenoitios*

3. Harvest index waa not each affected by shading 
in blacligroia.
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Groundnut (AracM.e. hypogaoa I**)

HI'TJULTS

1. Plant characters
A, Dionotric observations 
1 . Plant height

Tho data arc presented in Table 22 and tho analysis 
of variance is givea in Append is 21 •

The plant height lucre oocd with increasing 
intcnoitios of shado at all tho stages, but tho difference 
was statistically significant only during tho first stage. 
It was also noted that tho rate of increase in plant height 
was sore or less steady between the stages.

2. Huober of branches
The data arc pienented in Table 22 and the analysis 

of variance is given in Appendix 21 •
Though tho plants under all levels of light 

intensities hod branches during the early stage itself» 
branching was significantly higher for the unshaded plants. 
The number of branches increased with advancing ago 
irrespective of light intensities received. At all the 
stages, the number of branches was significantly higher 
in the open.



Table 22. Effect of shade on plant height, number of branches and modulation in groundnut at
different growth stages.

Shade intensity Plant height (cm) Ember of branches Total number of nodules-(per cent) (days after sowing) f-1 plant1
_______________________f f l g £  a f t e r  o t I m )  ( a ^ °  s £ t e T  8 0 B l B e >

50 60 , .90 30 60 rJ%0 _ _ 30 r 60 -jap
0 (no shade) 20.9** 59.64 82,88 3.44 4.20 4,44 10.04(3.27)

39.12(6.28) 18.88
(4.19)

25 (low shade) 26 .52 60.16 84.35 2.21 3.72/■ 3.60‘ 8.42 ’ 
(3.03)-

29.12
(5.63)

17.73
(4.05)

50 (medium shade) 28.88' 63.84 88.04
a

1.94 2.96 3.72- 7.84 • (2.92) 30.36
(5.54) 19.45(4.47)

75 (high shade 29.53 60.04 86.64 1.04 , 2.24 2.32 7.28
(2.27)‘

25.60 
(5.14)

15.32(4.08)
SHa. _+ Vt f»(F> 1 •?? 2.26 0.22 0.26 " 0.20 0.22 0.34 0.28 0.41
C.3). (0.05) 4-.OB KB US 0.79 0.62 0.67 NS NS . HS
IJS =3 Not significant • Figures in parenthesis indicate - x+1 transformation
Table 23* Effect of sliode on contents (mg g fresh weight) of chlorophyll *a*, 'b'» totalchlorophyll and chlorophyll asb ratio of groundnut leaves at different growth stages.
Shale intensity Chlorophyll *©* Chlorophyll *bfl Total chlorophyll Ghloropjbyll a*b
(per cent) (davs of ter sowing) (davs after sowing) (davs after sowing) (days of ter .soiling).

45 75. 45 75 45 .. 75____ 45 75
0 (no shade) 2.25 . 1.24 2.28 1.26 4.53 2.49 0.99 0.95
25 (low shade) 2.33 1.30 2.46 1-.52 4.00 2.90 0.91 0.9150 (medium shade) 2.49 1.51 2.61 1.61 5.10 3.12 - 0.95 - 0.96
75 (high shade) 2.50 .. 1.51 2.65 1.63 5.16 3.14 0.94 0.93
3 Em _+ 0.05 0.07 0.07 0.05 0.09 0.10 0.03 0.03
C. I). (0.05) 0.14 "" 0.21 0,21 “ 0.14 0.29 0.31 ’ N5 1 NS'

oo
C O

US = Not significant



F i g .  1 4 .  E F F E C T  O F  SHADE ON T O T A L  N ODULE  N U M B ER  IK! 

GROUNDNUT AT D I F F E R E N T  GROWTH STAGED.

<9____ £i 5̂ 0 "tt"! ■ otay

F i g - 15- EFFECT O F  SHADE ON NET ASSIMILATION RATE OF 
GROUNDNUT a t  DIFFERENT GROWTH STA/SESL

_ ; S H A I > E  (M 'T E N i S C T > ' ( P E R  C 6 H T ) .



3. Ifodulation
The data .-.'are presented In Table £2 and Pig* 14. The 

analysis of variance io given in Appendix 21 •
■ Total number of nodules vaa not affected significantly

i

by varying Intensities of light at any of the stages. Module 
number was maximum on 60th day and by 90th day, the nodule 
number decreased at all the shade levels* Bata on effective 
nodules were not collected in this crop.

4. Chlorophyll content of leaves
The data are presented in Table 23 and the analysis 

of variance is given in Appendix 22*
Shading had significant effect an chlorophyll content 

of leaves both in terms of total chlorophyll as yell ae its 
components ’a* and *b* • The total chlorophyll end its 
components increased with increasing shade intensities and 
tho maximum value was noted when the plants were shaded to 
75 per cant. It was also noted-that touards maturity, the 
pigment content decreased conspicuously. Over the stages, 
the maximum value was recorded 45 days after sowing and on 
75th day, the content was visibly lower at ell the shade 
levels. The ratio of chlorophyll a:b remained nearly the 
same at all tho shade levels, at all the growth stages.
5. Leaf area index (LAI)

i
The data are presented in Table 24 and the analysis 

of variance io given in Appendix 23*

■ ■ 84
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fhe loaf area invest was significantly higher for 
plozitD growing unshaded, on 60th day. At other .stages, 
though the value was still higher for plants growing in the

> i

open, tho differences were not a t a t i o t l c a l l y  significant. 
There was a very conspicuous increase in LAI during the
period between 50th and 60th days after sowing. Towards

>
maturity, tlie LAI decreased substantially and this decrease 
was more perceptible for plants growing unshaded,

6, Specific leaf area (SLA)
The data are presented in Table 24 and the analysis 

of variance is given in Appendix 23*
Shading affected specific leaf area significantly 

at all the stages, SLA of plants increased with decreasing
intensities, of light, but between 50 per cent and 75 per« '
cent shade the specific leaf area was more or less the 
same. With advancing age, the SLA increased though not 
significantly.

i  t

7* Leaf weight ratio (XfflR)
The data are presented in Table 24 and the analysis 

of variance is given in Appendix 23.
Shading did not affect the leaf weight ratio at any 

of the stages.
8. Total plant dry weight? J

The data are presented in Table 23 and Pig,16. The 
analysis of variance io given in Appendix 24*



Table 24. Effect of shade on leaf area index, specific leaf area end leaf weight ratio ofgroundnut at different growth stages •
Shade intensity' (per cent) leaf area index (days after sowing) Specific leaf area. r 2 -1X

leaf weight ratio

50 60 90 Between 30th and 60th days Between 60th and 90th davs Between 30th Between 60th end 60th davs end 90th dave
0 (no shade) 0.30 6.30 3.14 251.23 263.64 0.45 0.28
25 (low shade) 0.71 4.22 3.95 291.32 321.39 0.48 0.36
50 (medium abode) 0.43 3.22 2.02 344.21 364.84 0.44 0.33
75 (high shade) 0.50 2.31 2.01 346.51 ■ 368.43 0.44 ■ 0.33
Sib _♦ 0.17 0.45 0.52 13.79 4 12.92 0.02 0.02
C.D.(0.05) ITS 2.27 US' 42.50 39.82 NS ■ ITS

Table 25.
ITS n not significant

Effect of shade on total dry natter production, net assimilation rate, end absolute growth rate of groundnut at different growth stages.
Shade intensity (per cent) Total' dry weight,- (g plant' ) (days after sowing)

ITet assimilation rate 
(g eT2 day"1)

Absolute growth rate 
(g day* plant"1)

30 60 90 Harvesti Between 30th and 60th 
davs

Between both end 90th 
davs

Between 30th BetweenTSotl and 60th and 90th 
davs davs

0 (no shade) 1.40 11.6O'17.70 15.88 ' 4.53 2.32 0.33 0.20
25 (low shade) 1.37 7.8S. 11.04 9.21 . 2.68 1.56 0.21 0.10
50 (medium dhnde) 0.88 4.94 5.69 7.52 2.64 1.10 6.10 0.0575 (high shade) 1.30 3.11 5 5.52 6.14 . 1.88 2.00 0.06 0.12
SDa j* 0.28 0.97 1.06 0.83 0.36 0.56 0.08 0.09
C.D.(0.05) US 2.98 3.28 2.57 1.10 US 0.11 0.12

US = Uot significant

QOco
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During the first 30 days after sowing tho total dry 
weight of plants remained statistically on par# later the 
gain in dry weight by plants grown in full sunlight wed 
oignifiesntly higher sad the maximum dry weight was recorded 
by the unshaded plants. The dry weight decreased 
progressively with increasing intensities of shade# At 
harvest* the plantg in open end under low shade level had 
a .slight decrease, in total dry weight when- compared to that 
on 90th day* but for plants under medium end high shade,, 
the dry weight was maximum at harvest. At all tho shade 
levels, the gain in dry weight was very conspicuous between 
30th and 60th days after sowing*

9* Het assimilation rate (HAH)
the data ore presented in Sable 25 end Pig. 15.' The 

analysis of variance is given in Appendix. 24#
Unshaded plots hod significantly higher net. 

assimilation rate between 30th and 60th days after sowing.
At other stages the difference remained statistically on 
par. In plants under full sunlight and also tinder low, 
and medium shade levels, the msi?±m.un I7AE was noted between 
30th and 60th days aftor soiling, but with intense shading, 
the change in MAE was small.
10, Absolute growth rate CAGR)

The data are presented in Table 25 and the analysis
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of variance is given in Appendix 24.
The absolute growth rate was slgriificenily higher 

for plants grown under full sunlight and it decreased 
steadily with increasing shade levels. The AGR decreased 
with advancing age in plots getting upto 50 per cent shade, 
hut under more intense shade, the value increased towards 
maturity.

B* Yield and yield components 
1» hate of flowering

The data ore presented in Table 26 end the analysis 
of variance is given in Appendix 25.

The data revealed that the flowering date wasi
lias toned with the receipt of full light Intensity. The delay 
in flowering in shaded plots increased steadily with 
increasing Intensities of shade,
2, Days to maturity

The data are presented in Table 26,
Groundnut, when shaded, required more tine to reach 

maturity* Tho plants under 75 per cent shade could be 
harvested only after 11 days of harvesting of plants in 
the open,
3, Yield of pods

The data ore presented in Table £6 and Fig, 17. The 
analysis of variance is given in Appendix 25.



T a b le  2 5 . Effect of shade on date of flowering:, days to maturityyield of grain, yield of haulm and hsi^st index-of groundnut;
Shade intensity (per cent) bate of 

flowering (days after sowing

bays to 
maturity (days after sowing)

Yield of 
pods
(kg ha )

Yield of 
haulm
(kg ha”1)

Harvestindex

0 (no shade) 16 105 1980i44 2556;15 0i44
25 (low shade) .19 111 . 688.44 1314.56 0;34
50 (medium ohede) 22 114 389.55 992i27 0.29
73 (high shade) 25 ■ 116 236.44 939 *04 0.25
s m  + 0.56 . 97*27 200.40 0.04
C.D.(0;05) 1.71 229.76 618.84 0.14

Table £7* Effect of shade on number of pods per plant i seeds per pod, 100 seed weight and shelling t weight of pods per plant, number of percentage of groundnut at harvest*

Shade intensity (per. cent) Number of pods 
(plant”1)

Weight of pods 
(g pleat”"1)

Percentage■of , 100 seed Shelling two seeded weight percentage 
. . pods ..... (fO

0 (no. shade) 14.62 4-46 07 *84 31^50 66*60
25 (low shade) 6*64 1.55 63.80 27.67 43.65
50 (medium shade) 4.64 0.83 52.81 22.68 41.18
75 (high ebbde) 'j .44 0*55 45.21 15.47 34;14
8 On 0.74 0.22 7.30 0.74 33.83
C.0.(0.05) . 2.28 - 0.67 22.51 2.26 11.79

oo
C D
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The pod yield woe significantly affected by shading. 
When expressed as percentage of yield in the open, the 
yieldo at 25s 50 end 75 per cent shade were 34.8, 19.7 and
11.9 per cent respectively.
Response carve

The yield data were transformed to logarithms using 
log-jQ Y transformation. A quadratic polynomial was found 
to give the hoot fit to the yield data (Pig. 10 and the 
analysis of variance in Appendix 35)* The equation of the 
carve is given below.

X.og10 Y * 2.6989-Q.1513X +0.0131s?

The coefficient of determination of the equation 
was 0.99BQ which showed that 99*68 per cent of the variation 
in response can be explained by the fitted polynomial.

4* Yield of hesdLra
The data are presented in Table 26 and Fig, 17* The 

analysis of variance is given in Appendix
With the shading the haulm, yield declined 

significantly but between different intensities of shade, 
the difference was not significant. The haulm yields at 
23, 50 and 75 per eent shade were 51.4, 38.8 and 38.7 
per cent of the haulm yield in the open.



F i a - 1 6 .  y i e l d  r e s p o n s e  o f  g r o u n d n u t  T O  d i f f e r e n t  
IN'TEN SIT IES OF SHADE.
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_ S H A D £  i N - r e M S f T y  ( p e r  c e M T ) „
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5 * H a r v e s t in d e x  (III)

She data are presented in Table 26 and the analysis 
of variance is given in Appendix 25.

The harvest index of the crop was maximum for the i
unshaded plots. It went down, with shading and was minimum 
for the plots receiving 25 per cent light.
6. Humber of pods per plant

The data, are presented in Table 2? and the analysis 
of variance is given in Appendix 26.

The masher of pods per plant was significantly higher 
in unshaded plants and it decreased with increasing 
intensities of shade.

7. Weight of pods per plant
The data are presented in Table 27 and the analysis 

of variance is given in Appendix 26.
The trend in effect of shade on weight of pods per 

plant was similar to the trend in pod yield. The plants 
growing in open end the highly shaded plots had maximum, 
and minimum weight of pods per plant respectively
8. Percentage of two seeded pods

The data are presented in Table 27 and the analysis 
of variance is given in Appendix 26.I .87.8 per cent of the pods produced under full sunlight 
were two seeded. It went down to 65.8 per cent by shading 
to 25 per cent, which was significantly lower than that in



the open. Under medium and high shade* the values were asi
low go 52*8 end 43*2 per cent* respectively.
9* -100 Deed weight

The data ore presented in Table 27 end the analysis 
of variance is given in Appendix 26.

> ■,Pods developed and or foil sun light recorded 
significantly higher 100 seed weight* The 100 oeed weight 
decreased steadily with increasing intensities of shade*

i10* Shelling percentage
The data are presented in Table 2? and the analysis 

of variance is given in Appendix 26.
The shelling percentage under low shade was 

significantly lower than that under full sunlight. But 
between plants exposed to low, medium and high intensities 
of shade, the difference was not statistically significant.

0* Quality aspects i
1 • Protein content of kamalo

The data ore presented in Table 28 end the analysis 
of variance is given in Appendix 27*

The protein content of kernels remained more or less
constant under different intensities of shade.

■ *

2. Protein yield
The data are presented in Table 28 and the analysis 

of variance is given in Appendix 27#



Table 20# Effect of shade on protein content of seeds, protein yield, parentage of woll formed grain) and oil content of groradizai.
Ohodo intensity (per cent) Protein content Protein yicM (per cent) lJsn m -1.t

Percentage of Oil content well formed seeds (per cent)
0 (no- ohodo) 26*25 228*72 06.80 44.68
23 (low shade) 25*13 62.01 66.00 46.66
50 (nodito shade) 25*73 29*30 39.40 50.30
75 (high shade) 26.60 19 .83 22.60 40.66
s m  ,♦ 0*91 '19*22 2.29 1.20
C.D.(G.05) 2*01 59.23 7.07 3.94

Table 29* Effect of shade on nitrogen, phosphorus and potaoolto. content of groundnut,
Shade intensity (per cent) SitrogCQ content (per cent)(davs after

Phosphorus content (per cent)after Bowing),
Potassim coat Gat (per cent)

i v s  a f t e r  so w 3

90 Harvest 90 Harvest . . .90 . . Horvaofe
0 (no diode) 1.65 2.02 0.19 0.19 1.42 1*37
25 (lou diode) 1.74 2.02 0 .20 0.20 1.56 1.31
50 (nedim shade) 1.60 2.08' 0.20 0.20 1.65 1.61
75 (high shade) 2.13 2.23 0.20 0.20 1*60 1.61
OBq * 0.22 0.21 0.004 0.02 0.04 0*04
G.D.<0.05) ns m DS DS 0.13 0.11
= 113 c= Dot significant - -



94

Protein content of seeds being almost constant* the 
protein yield followed a trend identical with that of pod 
yieldfl under varying intensities of ©bade. The plots in 
the open produced significantly higher amount of protein 
when compared to that of Shaded plots.

3* Percentage of well formed kernels
The data are presented in Table 28 and the analysis 

of variance is given in Appendix 27*
Pods developed under full sunlight had well formed

1 i 1 1kemale in-theo, and they registered the highest par cent age 
of well formed seeds* The value decreased steadily with 
increasing intensities of shade*
4. Oil content of kernels

The data are presented in Table 23 and the analysis 
of variance is given in Appendix 27*

The oil content of groundnut seeds increased with 
increasing shade upto 50 per coat* More intense shading 
decreased the oil content. The maximum value of 50*5 per 
cent was recorded at 50 per cent shade*
D* Chemical studies 
1 «r Content and uptake of nitrogen

The data on the content of nitrogen of the whole. 
plant along with the total uptake of nitrogen by the plants 
are presented in Table 29 and 30 and Pig* 19* The analysis 
of variance is given in Appendices 28 and 29*



nitrogen content end nutrient uptake values were 
studied 90 days after sowing os well as at harvest* The 
nitrogen content of the plant remained statistically on par. 
The content was higher at harvest when compared to that at 
30 days after sowing*

The uptake of nitrogen was significantly higher for 
unshaded plants at both the stages and it decreased 
steadily with increasing intensities of shade. The uptake 
values did not differ muck between stages for plants in 
open and those, under low shade but for medium and heavily 
shaded plots* the uptake of nitrogen at harvest was 
perceptibly higher*
2. Content and uptake of phosphorus

The data on the content of phosphorus of the plants 
along with the total phosphorus uptake of the pleats ere 
presented in Table 29 and 50 and Fig. 19*, The analysis of 
variance is given in Appendices 28 end 29*

The trend of phosphorus 'content and uptake t&ider 
varying shade intensities was sore or. less identical to 
that of nitrogen. The uptake was maximum for unshaded plots 
and it decreased with increasing intensities of shade*
Over stages, both the content and uptake values did not 
differ much.
5* Potassium content end uptake

The data on potassium content and uptake of plants



Table 30. Effect of shade on, nitrogen^ phosphorus end. potassium uptake of groundnut.
Shade intensity (per cent) Nitrogen uptake 

(kg ha"1)(days after oot-jinr;
Phosphorus upt alee 
(kg ha"1)(davs after sowing)

Pot as slum uptake 
(kg ha"1)(dava after sowing)

90 Harvest 90 Harvest 90 Harvest
0 (no shade) 154.97 148.33 14.52 13.69 18.82 ' 96;83
25 (low shade) 90*74 76.10 10.24 7.48 70.33 61.55 ,
50 (medium shade) 36.69 69.03 5.03 6.71 40.24 52.58
75 (high shade) 49.55 61.91 4.94 5.40 39.94 43*33
SEm +, 14.43 9.62 1.43 1.19 , 9.82 5.84
C.P.(0.05) 44*45 29.65 i

g.iii1 3.68 30.26 17.99

Table 31. nutrient status of soil after the crop of groundnut •
Shade intensity Nutrient
(per cent) Total nitrogen 

(ner cent)
Available phosphorus 

(Dm)
Available potassium 

. ..(pjaa) ....
0 (no shade) 0.77 3.30 160.00
25 (low shade) 0i15 . 7.19 180.00
50 (meefciua shade) 0.14 ,5.19 163.60
75 (high shade) 0.11 , 4.95 157.60
san ̂ 1.76 . 0.74 7.30
C.D.(0.055 HS 2.28 m

IIS s  H ot s l g i i f i c e n t i
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as© presented in Table 29 end 30 end Fig# 19# She analysis 
Of variance is given in Appendices' 28 and 29#

The potassium content of both the stages studied 
was significantly higher for shaded plots and over the ’ 
stages it did not differ conspicuously • She potassium 
content at harvest was 1*37 per cent in the open end the 
highest value of 1 #6 per cent woo recorded by plants 
receiving 75 per cent shade#

' The uptake values were higher for unshaded plots 
and it decreased with increasing intensities of shade* hut 
this decline was not as conspicuous as that of nitrogen: 
and phosphorus#
II. Soil characters 
Soil nutrient status

The data are presented in Table 31 end the analysis 
of variance is given in Appendix 30*

The total nitrogen content of soil did not show ony 
significant variation between different shade levels* 
though it showed an increasing trend with increasing 
shade levels. But the aveilabl© phosphorus was signifi­
cantly higher at 25 per cent shade# The available 
potassium content also was highest at 25 per cent shade 
but the difference fell short of statistical significance# 

Compared to pre-experimental nutrient status of the 
soil, oil the nutrients studied, showed a narked 
Increase after cropping with groundnut.
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Discussion

In the present study* groundnut registered a mean 
*•1yield of 1980.4 hg ha in the opon. When calculated as, 

percentage of the yield in the open, the moon yields at 25* 
50 end 75 per cent shade levels were 34*0* 19*7 and 11*9 
per cent respectively* fhis drastic decline in yield 
indicated that as in the case of cowpea and blachgroa* in 
terms of pod yield* groiaidnut Is also not suited for 
intercropping in coconut garden under partial or heavy 
shade* As evidemoed by the response pattern* groundnut cay 
he included in the class of shade sensitive crops which 
will not he generally suitable for intercropping*

In this crop, the dry matter accumulation under 
different shade levels was almost in proportion to the 
amount of light available to the plants on 60th dey 
(fable 25). At the other stages* there were considerable 
leaf shedding which affected the observations on total dry 
matter production* Even with such loss in plant parts* the 
extent of decline in dry matter production at this stage 
was considerably less than the extent of yield decline.1 
A decline in dry matter accumulation in proportion to the 
intensity of illumination is on expected trend os has been 
noted in the case of cowpes in the present study and in 
tho case of coleus end sweet potato as reported earlier



(Iialitha Bai, 1981)* The reason for this have bean 
discussed while dealing with cowpea. The fact that there 
had been ouch pore drastic decline in yield by shading than 
dry matter production naturally points to the involvement 
of some sort of inhibition of translocatian. of synthesised 
materials to the economic part induced by shading. The 
data on harvest index will support this conclusion further.
It may also be recalled that the same trend has been noted 
in the case of cowpea also in the present study and In 
sweet potato in the earlier study (Lalltha Dai, 1981).

The decline in dry Hatter yield with lower light 
intensities can be explained by studying the data on leaf area 
index (Table 24) and net assimilation rate (Table 25) wherein 
the trend was almost identical with that of cow tea. With 
the leaf area index well above 4.0, mutual shading would 
have been thero oven in the open. With increase in shade 
levels, mutual leaf shading and parasitism would have £one 
up substantially. However ouch excessive parasitism was 
counterbalanced to on extent by a steady and marked 
decrease in 1 M  with increasing shade levels (Table 24).
But this could not completely take care of the decreased 
availability of light as evidenced by the simultaneous 
decrease in net assimilation rate. Similar observations 
were made in cowpea in the present study and In sweet 
potato (Xralitha Bai, 1981) in the earlier work*- Another
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notable feat-tee is the increase la specific leaf area. 
According to Cooper and Qualls (1967) this is an adaptation 
for exposing larger area to available light • However, tliio 
probable advantage cay not be effective in crop canopies 
as it is a decrease in LAI that cay be beneficial to avoid 
parasitise under shade. Anong the factors responsible for 
bringing down LAI under shade, an important role probably . 
was ployed by branching behaviour. The number of branches 
was considerably lowered by shading.

The rolo of translocation efficiency in deciding 
the final pod yield can be quantitatively estimated from the 
data on harvest Index (Table 26). The harvest index ranged 
from a mean of 25.2 to 44.5 per cent at different shade 
levels. The maximum value of 44*5 per cent in the open 
declined steadily with increasing shade levels which 
indicated the influence of shade on partitioning of 
assimilates. The significance of this in contributing to 
the shade respohso of this crop had been discussed already.

As in the case of other legumes studied, the trend 
in yield components and growth components measured were 
nearly identical to the yield pattern. However, unlike in 
the case of eowpea, nodulation was unaffected by the levels 
of shade in terms of total nodule number. Flowering and 
attainment of maturity were delayed in this crop also as 
in the case of cowpea and blackgron.
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The total chlorophyll content end its components 
’a* end ’b1 increased with increasing intensities of shade* 
Such an increase in chlorophyll content with shading was 
noted in many other crops also as cited in the discussion 
on shade response of blockgram.

The quality of the kernels in terms of protein 
content was not Influenced by shade* Similar results had 
been obtained by Wehua and Miller (1973) in soybean. But 
the oil content increased with increasing intensities of 
shade upto 50 per cent and with more intense shading, the 
content decreased (Table 2G) • Tills is in agreement with 
the results of An (1932) in groundnut.

The trends in mineral nutrient content and the 
uptake by the plants were nearly identical with that of 
cowpea and so the possible reasons as discussed for that 
crop may be applicable for groundnut also.

In the case of nutrient content of soil, significant 
difference between shade levels was observed only in the 
case of available phosphorus. However, the trend was 
erratic and no valid conclusions could bo drawn. The 
marked improvement in nutrient status after cropping of 
groundnut may be attributed to the addition of organic 
debris through leaf fall end the addition of nutrients 
through fertilisers.
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She general conclusions from the discussion can "bo 
summarised as follows*-

1. Based on the shade response, groundnut nay be 
grouped as a 'shade sensitive' crop and lienee it is not 
suited for intercropping in coconut gardens*

2. The photosynthotlo mechanism along with the 
traaslocation efficiency was responsible for the decrease 
in yield under shade.

3# Excessive leaf porosities was counterbalanced 
to an extent by a steady and marfced decrease in SAI with 
increasing shade levels.
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Redgraa (Oa.ieauo ca.jan (L.) I-lillop.)

Ad already indicated in. Materials and Method89 for 
redgram* the data on shade response of early stages alone 
were recorded. So this part of the study may he treated 
as a trial to find out the effect of different intensities 
of shade on early vegetative growth and the Results and 
Discussion ere given accordingly. The probable indications 
of the response pattern obtained care also discussed.

RESULTS .1

I. Riant characters 
A. Biometric observations
1. Plant height

The data ore presented in Table 32 end the analysis 
of variance is given in Appendix 31*

The height of plants was found significantly 
affected by shade at both the stages studied (30 days 
©nd 60 days after sowing) • The height recorded was maximum

i

for the plants receiving full illumination end it decreased 
steadily with increasing intensities of shade.:

2. number of broaches
The data ore presented in Table 32 and the analysis 

of variance is given in Appendix 31 *



Table 32. Effect of shade on plant height, number of branches in redgram at early stages.
Shade intensity (per cent) Float. height (cm) (dave after olontino:)

Humber of branches plant" 
(days after.planting)

... . . ..... 3D *. 60 30 60
0 (no shade) 59-30 137-32 6.96 19.52. (2.818) (4-53)
25 (low shade) < 44-70 98.14 1*10

(1.414)
7.52(2.05)

50 (medium shade) .i 32 .48 71-48 . * 0 
(1)

1.60
(1-57)

75 (high shade) ' 32.20 61.15 0
(1)

0.40(1.10)
SBa •> 2.23 5.26 0.11 0.77
C.D*(0.05) 6.68 16.21 0.34 0.55

Figures in parenthesis Indicate x+1 tjrenoforraatice
Table 33* Effect on shade on contents (mg g"1 freeh weight) of chlorophyll *a*» *b*t total cialoropbyll aab ratio of redgaani. leaves at early growth stagea,
Shade intensity Chlorophyll *a’ Chlorophyll *b* Total chlorophyll Chlorophyll aab(per cent) (days after sowing) (daya after sowing) (days after sowing) (days after sowing)
 ___  45______ 75.  _45_______ 75 ■  .45________JS____ ___________ Z§----
0 (no shade) .1.54 1.34 1.64 1.25 2.82 2.59 0.98 1.06
25 (low shade) 1.69 1.48 1.60. 1.37 2.96 2.53 0.94 1.05
50 (medium shade) 1.73 1.47 1*69 1.42 3.32 2.89 0.92 1.01
75 (high shade) 1.53 1.71 1.90 1.59 3.44 3.29 0.80 0.06
SEJn + 0.11 0.03 0.09 0.03 0.19 0.06 0.08 0.02
C .S.(0*05) . ITS ' 0.13 US 0.09 " OS " 0.19 ' 0S ' . - m

133 » Dot significant
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the plant® in the open iinr] sigilfieontly higher• I
number of branches when compared to the shaded plants* On 
30th day, the fully illuminated planto hod on an average 
6*96 branches, while under low, medium and bigh. ohsde levels, 
the number of . branches was as low as 1.13, 0 and 0. respec­
tively* With advancing age, the shaded plants also branched, 
but the trend in branching behaviour remained more or less 
identical*
3* Modulation

In red gram, the native rhisobia were found non- 
inf active, in the present study* Only a few plants in the 
open had nodules if any. ftone of the plants in the shade 
had any nodules, irrespective of the intensity of shade*

4* Chlorophyll content
She data are presented in Table 33 and the analysis

of variance is given in Appendix 32*
The content of chlorophyll in terms of total

chlorophyll as well as its componento *a* end *bf increased
with increasing intensities of shade* The difference was
statistically significant only on 75th day when, the plants
in the open low, medium and high shade levels had 2*59,

—12.84* 2*89 and 3*29 mg g fresh weight of leaves, of 
chlorophyll in them respectively* The ratio of chlorophyll 
atb remained more or less the seme under different shade 
levels, but the ratio increased with advancing ago.i
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5* leaf area index (I»AI)
The data are presented in Table 34 and the analysis 

of variance is given in Appendix 33*
The data revealed, that the leaf area index was 

highly affected by shading. The leaf area index ranged ! 
from 0*16 to 1.16 on 30th day in the highly shaded and open 
plots respectively while on 60th day the range was 0.62 to 
9,12. The leaf area Index was maximum in open plots and 
it declined sharply with shading at all the stages. It 
was also noted that from 30th to 6oth days after sowing, 
the increase in M I  was very conspicuous especially in the 
open,
6. Specific leaf area (SM)

The data are presented in Table 34 and the analysis 
of variance is given in Appendix 33*

The specific leaf area was not influenced by shading 
in this crop.

7* leaf weight ratio (1WR)
The data are presented in Table 3 and the analysis 

of variance is given in Appendix 33*
The data revealed that shading failed to influence 

leaf weight ratio significantly.
8. Total plant dry weight

The data ere presented in Table 35 and the analysis



Table 34. Effect of shade on leaf area index* specific leaf. area and leaf weightratio of redgram at early growth stages*
Shade intensity (per cent) leaf area Index (days after sowing)

Specific leaf area 0 —1 (cm (T h_______ _
leaf woi^at ratio

30 60 Between 30th end,,Goth davs
Between 30tli and 
60th d avs

0 (no shade) 1.15 9.12 506*58 0.50 ■
25 (low shade) 0.39 2.63 530.89 0.44 ’ '
50 (medium shade) 0*26 1.98 518.71 0.50
75 (high Qhado) 0.16 0.62 540.40 0.48 "
SECi ♦ 0.09 0.69 38.90 0.03 , ;
C .3.(0 .05) 0.29 2.13 m US

s(3 => Hot significant
Table 35* Effect of Shade oh total dry matter production, net assimilation rate and 

absolute growth rate of redgram. ■
Shade intensity 
(per coat)

Total dry weight 
(a plant"*1)

Hot assimilation rate 
(g m"2 day-1)

Absolute growth rate 
(g dav“1 plant"’.1)

(days after planting) Between 30th and 
30 40 60th davo

Between 30th and .60tli days
0 (so shade) 4i37 22.11 2.01 0.59
25 (low shade) 1.38 6.79 :■ 2*32 0.18
50 (medium shade) 0.71 4.22 2.28 0.11
75 (high chad©) 0.32 2.24 2.44 0.06
SEm ± ■ .:' 0.29 2.33 ' 0.37 0.10 “
C.D.(0.05) 2.00 7.19 T35 0.32

HS Hot significant
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of variance ig clvon In Appendix 54.
The dry natter production dcoreaood significantly 

with dccrcaoo in intensity of light at both the otagoo*
UhGS o s p rc o s o tl  oo percentage of tho dry weight ‘i& o p en # 

that undar low* oodiun and high dhado levolo wore 50.7*
19.1 and 10.1 reepeotivoly on Goth day. At all tho ohode 
lovolo* the dry weight increaood conoplctmoly froa 59th 
day to Goth day of tor cowing*
9* Hot esoinilation rato (I7AH)

‘the data ore prooaated in Table 55 and the onalycio 
of varioaoo io given in Appendix 54*

The not oeoinilation rate uca not affected by shading 
botwooEi 50th end 60th dayo after eow'ing.

10. Abaoluto Growth rate (AGil)
'Tho data are p ro G o n tcd  in Tablo 53 and tho cnalyoio 

of v a r i a n c e  i a  G iv e n  i n  Appendix 54*
Absolute growth rate woo oi^ifioantly higher for 

the unshaded ploto and it doorcased otecdily with incroaaing 
intensitioo of abode.
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Discussion

In the present study, the effect of shading on the 
biometric growth components was very drastic indicating the 
possibility of redgran being highly shade sensitive. The 
general loos of vigour with low light availability woo 
evident in all the growth components measured.

The plant height was highest in the open and it i
decreased steadily with decreasing levels of light • Thisi
is in oonfirmity with the results of IJaliB and Buotrillos 
(1976) in grain sorghum. The adverse effect of shading on 
branching was very drastic. This morphological feature ! 
oust have had a very important role in deciding the leaf 
area index and canopy dispositions.

As discussed earlier in other three crops, if dry 
matter accumulation could be taken qb on indication of 
the final yield, the conclusion that could be drawn io 
that in redgram, the yield realisable would be very low 
under shade. The mean value of dry matter accumulation ; 
under lowrmediuo and high shade were only 30.7, 19*1 end
10.1 respectively of that in the open, which was less than 
proportionate to the amount of light available. The leaf 
area index was very high in the open, but the UAH was 
unaffected by the extent of light available. This allows 
that the plant hod developed on adaptation to reduoe the;



; * no
i ,

i
extent of mutual shading by bringing about a drastic 
decline in LAI, which uoo more or less effective in this'i
crop. Ho adaptive mechanism. in terns of SLA was noticed, 
and it say be concluded that tho extent of mutual shading 
in low light intensities was substantially low.

As in tho case of blscfcgran thus, growth of plant 
end canopy development appears to have been drastically " 
inhibited by shading in the case of red gram also. She ■: 
exbent- of depression of vegetative development of this ; 
crop woo the highest among all the crops included in the 
present study and those studied earlier (lalitha Bed* 1981) #

'I

Though the final yield trend of the crop could not be 
studied in the trial, it appears that the yield decline 
would be substantial under abode even if synthesised 
materials are translocated in proportionate amounts to the 
economic part. It would thus mahe this crop unsuitable ii 
for cultivation under shade both as a grain crop and also 
a green manure.





A field experiment was conducted at the College of 
Horticulture, VelleaiMsera, daring the period from May to 
October, 19S1 to study the shed© response of come leguminous 
crops, vis., cowpea, groundnut, blachgraa and red gram; She 
results of the experiment are summarised below.

1. All the legumes tried, via., cowpea, bladigran, 
groundnut and redgram were found shade sensitive. A 
quadratic polynomial fitted to the logarithm m o  found to 
give a close fit to the yield response of blackgrcn and ■i
groundnut. In cowpea, Quadratic polynomial with no

t
transformation was found to give a hotter fit to the 
response curve obtained. In all of them, the yield 1

v
decreased drastically oven with low shade of £5, per cent 
and with more Internee shading, the decline continued 
progressively. The early vegetative growth of redgpam ! 
also woo found highly suppressed by shading*.

2. In blachgran, the photosynthetic mechanism 
appears to have the dominant role in the shade response, 
obtained. In cowpea and groundnut the partitioning end' 
tranolocation of assimilates also were found to have a 
decisive role in deciding the final yield. In redgroa, 
all the biometric characters measured including branching 
and LAI were highly suppressed under shade which ua»

SGH3ABT
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reflected on the sharp decline In total dry natter 
production.

3* The declining effect of shade on photosynthesis
i

and translocation were reflected in all the primary yield 
components. In all the crops, tho number of pods per 
plant, number of seeds per pod, test weight and shelling 
percentage decreased significantly with increasing shade 
levels. The flowering and attainment of maturity in all 
the crops were delayed progressively with increasing i
intensities of shade.

4. Total dry matter production in all the crops 
studied went down with shading*. In cowpea and groundnut, 
it was proportionate to the amount of light available, ■

, i

while for bXackgs?on said redgrem, it was leso than
proportionate to the quantum of light available. !,

11
5. Plant height in cowpea and blackgraa was 

unaffected by the intensity of shade, for groundnut, 
plant height increased with increasing shade intensities, 
while the reverse was true for red gram.

6. Branching in all the crops vase adversely 
affected by shading, for redgrem end blockgram, the 
branching suppression was more conspicuous.

7. In cowpea* modulation both In terms of total<14  I ,  ,
number end number of effective nodules was higher in plots 
receiving full susalight • Por black£p?am, the total number
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was not effected by shading, while the effectiveness of» 
nodules was significantly higher in the open. The total 
number of nodules ves not influenced by shading in

i n

groundnut whereas in redgram there was practically no • 
modulation at oil. ''

8. Total chlorophyll end its components *a', *b* 
were unaffected by shade in cowpea# But for dll the otiicr 
crops, it Increased with increasing intensities of abode. 
The chlorophyll asb ratio was not influenced by shading Jin 
any of the crops# i

9. In general, the unshaded plants had denser 
canopy* But for cowpea, the difference in I>AI was non- , 
significant at all the stages. In bladfcgram on 30th day, 
it was significantly higher in the open , while in j! 
groundnut, significant difference was noted on 60th day.
For redgrsn at all the stages studied, the plots in the;! 
open had higher M I  # n

10. In cowpoa sad groundnut, specific leaf area was 
higher for shaded plots while for blaclcgroa and redgran
it was significantly higher in shaded plot a between 6oth* ri
mid 75th days after sowing# ,

S11. In all the crops except rodgrem, the HAH was 
significantly higher in unshaded plots. For re&graa, it 
remained unaffected. !



12. Of quality aspects, protein content was u 
unaffected "by the intensity of light received in all the 
crops, whereas the protein yield and percentage of i\rell f 
formed grains were significantly higher in the open. In' 
groundnut, the oil eontent increased with shading upto 50

1 i  iper cent and with more intense shading it came down* Si
13* The content of nitrogen in the plant tissue': 

was not affected by shading in any of the crops* Phosphorus 
content was also unaffected except for in blaekgram, where,

:ion 6oth day, phosphorus content was significantly higher 
in shaded plots. Potassium content showed a persistent ' 
increase with shading in all the crops.

14. The uptake of all the nutrients increased with1
increasing intensities of light in all the cases* It was 
also noted that the dry matter production had the dominant 
role in deciding the total uptake and that the higher dry 
weight of the unshaded ‘ plots more than compensated for the 
higher content of potassium in shaded plots.

15* There was marked improvement in the nutrient
. j

status of the soil after the cropping of all the legumes; 
when compared to the pre-experimental nutrient status. 1 
Gontent of nutrients in the soil was more or less unaffected 
by shading, except that in covrpea, available potassium,:il
content increased with increasing intensities of shade.

' ( 1 1 4
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Appendix 1* Weather data (weekly average) for the period May 1981 to October 1981*
M o n t h  a n d  W e e k  T e m p e r a t u r e  * c  R a i n f a l l  R e l a t i v e  h u m i d i t y  S u n s h i n e  S o i l  t e m p e r a t u r e  *0
d a t e  H o .  ' l - l a d d i i r i a a  M i n i m i s .  ( c a a )  ( p e r  c m t )  ( H o .  o f  ( 5  c m  d e p t h )  _

P o r e -  A f t e r -  h o u r e  o f  P o r e -  A f t e r -

n o  o n  n o o n  b r i g h t  n o o n  n o o nsunshine)
May 28 to
Jtme 3 22 29 ,.53 23.00 33.14. 92.07 87.63 1.70 24.41 29.21

4-10 23 29,.32 22.83 37.14 94.21 95.00 1.44 22.es 20.29
11-17 24 27.36 22.54. 55.86 94.86 ,86.25 2.26 2?.39 28.23
18-24 25 28.26 22.09 39.61. 95.17 ,83.36 1.26 22.68 20.40

25 to July 1 26 29.16 22.08 6.43, 90.77 77.79 3.59 23.40 30.29
July 2 - 8 27 29.06 22.80, 23.19 80.43 „ 01.00 ,5.37 24.73 ‘ 30.46

9-15 2B 29.10 22.00, 22.13 91.93 . 83.30 , 3.50 24.59 29.66
16-22 29 30.66 23.14 4-60. 08.70 69.07 6.64 24.38 31.13
23 *29 ■ 30 28.00 22.70 21.43 95.07 86.75 , 6.46 ' 23.60 27.29

30 to August 3 31 28.56 22.37 11.67 93.36 83.67 , 3.43 23.66 28.30
August 5-12 32 28.64 22.04 3.71 93.07 83.36 . 3.27 23.57 28.50

13-19 33 28.46 22.96 37.71 93.14 81.79 , 1.71 22.93 27.67
20-26 34 28.14 20.93 5.91 94.71 73.33 5.17 22.93 29.62,

27 to Sept. 2 35 29.66 23.27 1.27 93.57 70.29 5.07 23.90 31.00
Sept. 3-9 36 30.24 23.23 13.33 92.57 70.14 7.00 27.05 32.68

10-16 37 28.64 22.53 17.09 93.64 83.50 , 3.79 23.54 28.98
17-23 33 27.90 22.90 39.83 94.29 87.67 1.69 25.03 28.52
-24-30 39 30.24. 23.01 4.83 92.57 71.43 7.00 23.14 30.29

October 1-7 40 30.87 22.83 1.57 89.71 73i29 ' 6.97 24.37 » 32.61
Sources B Class Observatory, Vellonlhhara, Trlchur.



AppsnClls 3. Monthwar details of climatologies! parameters for 20 years from 1961 to 1930
- - (Average for 20 years taken together)

Month Temperature Masimm Minimum Humidity Forenoon Afternoon Sunshine
hours Rainfallin vm?

IJo. of
rainySave

January- 31.90 21.32 70.20 44.04 ' 8.45 10.6 3
February 34.37 21.97 77.33 38.61 8.33 275.0 24 ""
March 33.67 23.47 85.61 45.41 8.21 3585.0 27
April 35.54 ■ 25.00 ■ 05.75 54.59 7.29 . 1257.0 112
May 33.21; 24.78 89.07 , 64.37 5.20 4867.7 259
JlXIB 30.34 23.46 - 93.23 77.84 3.31 12646.8 524
July 28.53 22.95 94.69 62.24 2.02 17490.5 570
August 29.57 23.14 94.37 78.36 2.65 8803.5 476
September 30.15 23.47 • 92.68 71.71 4.32 4484.4 ' 1 . 340
October 30.78 23.34 90.70 70.49 4.66 5247.5 331
November 31.02 22.09 84.57 63.97 6.36 2912.9 170
December 30.77 22.22 ' 77.86 56.33 6.63 944.3 43

*2ot&L rainfall received for 20 years 
Sourcex Meteorological Station# Monmitky



Appendix 4* Analysis of variance) for the effect of chad© on plant height* number of branchesand modulation in cowpea at different growth stages*

Source df " Plant height 
(days after sowing)

T o t a l  n o *  o f  .  H u m b e r  o f

^ — + - 1  ar+nr> n o d u l e s  p l a i t  e f f e c t i v e  «
( a a y s  a f t e r  ( d Q y Q  ^ e r  n o d u l e s ,  p l a n t

s o w i n g ;  s o w i n g )  ( d a y s  a f t e r

'___________ ._________ sowing)________
60 60 JQL 60 -22. 60

Block
Treatment

4 - 
3

3.1121

0.7451
1629 .5*3 

690.66

723.08
276.31

0.0046

0.4431
0.0889

**0.2813
0.2212

•*»0.5138
0.7878
3.5611

0*4633
0.7064

0.0423
3.540^

0.0358
0.1899

Error 12 0.2861 443.27 151.63 O.O046 0.0361 0.0548 0.2557 0.5037 0.2867 0.1149
♦Significant at 5 per cent level • ♦ S i g n i f i c a n t  a t  1 p e r  c e n t  l e v e l

A p p e n d i x  5 . Analysis of variance for the effect of shad© on contents of chlorophyll 'a** 'b#* total chlorophyll end chlorophyll asb ratio of cowpea leaves at different growth stages*

Source df
Mean squares    :__

Chlo rophyll ’a' Chlorophyll Tbf Total chlorophyllChlorojhyll aib‘ " - — - - • ' (days after sowing) Cdavo after sowing)o iu L o  m p n y jL L  * a *  u m o r o p o y x A  o x o -g q j
(days after sowing) (days after sowing) (days

Block 4 0*0109 0.0217 0.0239 0.0313 0.0459 0.0776 0.0244 0.0129
Treatment 3 0.0439 0.0548 0.0917 0.0849 0.2553 '0.2622 0.0159 0.0081
Error 12 0.0396 0.0210 0.0402 0.0512 0.1302 0 .1142 0.0131 0.0134



Appendix 6. Analysis of variance for the effects of shade on leaf area Index,, specific leafarea and leaf weight ratio of cowpea at different growth stages*
Mean squaresSource df “ Leaf area index
. . w r M A  U ^ U L W  V V JSpecific leaf area Leaf welnht ratio

(days after sowing) Between 30th Between 60th and 60th days and 75th days Between 30th and Goth dayo Between 60th and 75 th days

Block 4 0.0332 3.8814 0.1416 3630.08 3987.14 0.0084 0.0065
Treatment 3 0.0982 2.7711 0.0532 54995.31** 40248.63** 0.0014* 0.0158s*
E&ror 12 0.0304 2.0703 0.716? 2047.75 3511.95 0.0025 0.0024

®Sl0iificant at 5 per cent level ^Si^yiifieent at 1 per cent level

Appendix 7. Analysis of variance for the effect of shade on dry matter production, net 
rate ond absolute growth rate of cowpea at different growth stages*

assimilation

Mean squares
Source df Iota! dry weight (days after sowing)

Net assimilation rate Absolute growth rate
30 60 75 Harvest Between Botween Between Between 

30th end 60th and 30th and 6oth and 60th davo 75th davo 50th days 75th davo
Block 4 0.1107* 31.83 11.26 25.37 2.87 5.64 0.1674 0.2526
Treatment 5 0.2004**130.23** 156.46**157.92** 9.63 5.98 0.6491** 0.4695*
Error 12 0.0312 14.42 17.56 12.23 2.62 4.63 0.0739 0.0689

^Significant at 5 per cent level **8Igoifleant_ at 1 per cent lovol



Appendix 8. Analysis of variance for the effect of shade on date of flowering* yield ofgrain, haulm yield and harvest Index of cowpea.

Source df Mean scruaresttate of flowering) (davs after sowing) 7ield of grain ■ Yield of haulm Harvestindex
Block 4 0.8751 68230.62 67945.58 0.0097
Treatment 3 181*6611** . 1957653-02** 4642895.62** 0*0372**
Error *2 1.0417 29606.84 475339.99 0.0053

♦♦Significant at 1 per cent level

Appendix 9# Analysis of variance for the effect of shade an number of pods per plant* weight of pods per plcnt* number of seeds per pod* 100 seed weight and shelling percentage of cowpea at harvest*
Mean squaresSource df Umber of pods 

piant
Weight of . pods plant

tiumber of - 
seeds pods .

100 seed 
wei^at

shelling
percentage

Block 4 0.9160 2.0093 1.0029 . 0.5232 56.17
Treatment 3 40.0032** 70.5910** 6.3210* 8*1611** 124*41
Error 12 , 0.4562‘ \ ►

1.2601 1.6010 0.8367 49.30

♦Significant at 5 per cent level ♦♦Significant at 1 por cent level .



Appendix 10. Analysis of variances for the effect of shade on protein, content of seeds,protein turn over and percentage of well formed grain of cowpea at harvest.
• Mean squaresSource df 1-Tot ein content Protein turn over Percentage of well formed srain

Block 4 6.4724 5083.99* 57.07
Treatment 3 11.2744 104362.21** 793*41**
Error 12 11.5974 1488.19 127.77

♦Significant at 5 per cent level **Sign±ficsnt at 1 per cent level

Appendix 11. Analysis of variance for the effect of shade on nitrogen, phosphorus and potassium content of cowpea.

Source df
Mean sauares

Hltrogen content 
(davo after sowing)

Phosphorus content 
(days after sowlna)

Potassium content (davo after sowing)
75 Harvest 75 •„ _ Harvest . 75 . „ _Harvest ,

Block 4 0.1179 0.1290 0.0005 0.0013 0.0032 0.0032
Treatment 3 0.0380 0.0562 0.0008 0.0047 0*0909** 0.1300**
Error. 12 0.2233 0.2405 0.0347 0.0014 0.0088 0.0171

♦♦Significant at 1 per cent level



Appendix 12. Analysis of variance for the effect of shade cn nitrogen*. phosphorus endpotassium uptake of cowpea*

Source

Block
Treatment
Error

df Hitrogen uptake (days after sowing:)llcrvee t
4 209*10
3 3282.96**
12 349.01

237-37
2752.56**

176.22

Mecsn oquoren
Phosphorus uptake (days after sowing)
33. Hsrvest
6.24
46.92**
5.73

7.99
46.72**
3.38

i'otassium uptake (days after sowing) HarvealT33-
182.16
1855.81

193.82

.357.04
1472.96**
189.47

♦♦Significant at 1 per cent level

Appendix 13. Analysis of variance for the nutrient status of soil after the crop of cowpea.

Source df Total nitrogen
Mean, squares

Amllabiephosphorus Available potassium
Block
Treatment
Error

4
3

12

0.0024
0.0052
0.0015

2.6340
3.5525
3 .010?

153.21
535.73
777.73



Appendix 14- Analysis of variance for the effect of shade on plant height, number of branchesand nodulation in blackgran.
Mean sauaresSource df Plant height Number of branches 

(days after sowing)
Total number of 
nodules plant"

Humber of effec- . 
tive nodules plant"

(davo after sowing) (davs after sowing) (davo after sowing)
30 60 30 60 30 60 30 60

Bloch 4 3.1156 163.63 0.0049 0 t 1575 0.2310 0.1259 0.0728 0.2725
Treatment 3 7.4462 205.21 0.0661** 5.4133** 0.6207 0.1126 0.2830** 0.3335
Error 12 4.7407 93.72 0.0049 0.2567 0.2929 0.3887 0.0450 0.2635

**SlgaifIcaat at 1 per cent level

Appendix 15. Analysis of variance for the effect of shade on contents of chlorophyll 'a*, *b'f total chlorophyll and chlorophyll a:b ratio cf blachgrcn leaves at different growth 
stages.

Meenanuares
Source df Chlorophyll *a' Chlorophyll ’b* (davo after sowing) (davs after cowing)

- Total chlorophyll Chlorophyll aib (davo after sowing) (davo after sowing)
- 45 75 45 75 45 . _ 75 45 . __ 75_

Bloch 4 0.0026 0.0088 0.0088 0.0364 0.0201 0.0239 0.0062 0.0163
Treatment p 0.0385** 0.0965 0.1634** 0.2145** 0.4923** 0.5813* 0.0089 0.0132
Error 12 0.0036 0.0291 0.0105 0.0413 0.0228 0.1164 0.0052 0.0019

^Significant at 5 per cent level ^Significant at 1 per cent level



Appendix 16. Analysis of variance for the effect of shade cm leaf area index, specific leafarea, leaf weight ratio, total dry matter production, nett assimilation rate and
absolute growth rate of blackgram at different growth stages.

Source
________________ Mean squares _________ ________

df Loaf area index Specific Leaf Total plant dry weight Uet oaoi- Absolute

30
leaf area weight (days after sowing) ratio______________So"50 Between BetweerT30th and 30th and 60th 60th
days days

mi1stion
rate

30 HarvestBetween 30th and 60th days

growth rate
Between 30th end 60th 
days

Block 4 0.0041 0.3556 8821.50 0.0159 0.0183 1.0504 25.99 0.2173 0.0073
Treatment 3 0.0558*1*6875 14768.54 0.1092 0.0096 27.29?? 251M  4.8903 0.1601**
Error 12 0.1157 0.9471 15032.21 0.0663 0.0083 4.5601 10.98 0,5340 0.0241

♦Significant at 5 per cent level 
♦♦Significant at 1 per cent level



Appendix 17. Analysis of varioaeo for the effect of shade on date of flowering, yield of grain,yield of haulm, harvest index, number of pods, weight of pods, ntober of meeds perpod, 100 eeed weight and shelling percentage of blackgraa at harvest*
Mean squarea

Source df Data of flowering (days from sowing)

Grain yield Keulia yield
*

Harvest Ho. of Weight No. of Index pods - of pods seeds
I*®4 plant'1 poa'1

100seedweight
Shelling
percen­tage

Block 4 2.7511 78837-55
. 1

477402.70 0,0088 116.72 4-02 0.0790 0.0303 5.01
Treatment 3 75.0000 1656929.27** 1827066.21* 0.0197 1216.?f.85,02** 1.3857* 3.7030* 269,18*
Error 12 0.5333 124348.39 300676.25 0.0109 92.24 6.79 0.3445 0.0699 73.61

♦Significant at 5 per cent level ^Significant at 1 per cent level

Appendix 13. Analysis of variance for the effect of shade on. protein content of seeds, protein turn, over a m  percentage of well formed grain of blsckgram*
‘Mean sduarcs ■

Source df I-rotedn ccntervb ^rotoin turn over Percentage of well formed p xain
Block 4 7.6162 3522.86 57.51
Treatment 3 5.2894 58915.51** 293.18
Error 12 8.0002 2994.05 163.61

^'Significant at 1 per cent 1 evel



Appendix 19. Analysis of variance for the content end uptake of nitrogen, phosphor110 and potassium in blackgrsm* --
...........'' _______ Mean snuaroa _____ _Source df Tlitrogen IhoepHoruD totassium Nitrogen PhosphorusPotassium !

content content content uptake uptake uptake(deya after (days after (days after (days after (days after (days aftersowing) sowing) sowing) sowing) sowing sowing) ..._ __

Block 4 0.0407 0.0603 0.0020 0.0066 0.0204 0.1358 ' 32.02 954.25 0.495 12.66 7.20 234.65
Treatment 3 0.1578 0.0657 0.0162 0.0005 0.033§ 0.0765 547.54 7633.57 6 .5S 105.§8 313.55 55559.3?
Error , 12 0.0557 0 .0698 0.0008 0,0005 0.0067'0.1546 126.45 480.53 1.99 5.58 62.93 231.63

♦Significant at 5 per cent level *#Significant at 1 per cent level

Appendix 20. Analysis of variance for,the nutrient stetua of the soil after the crop of blackgram. -
1 squares ______Source df Total nitrogen Available phosphorus Available potassium ■

Block 4 0.0004 3*1279 58.80
Treatment 3 0.0034 . 3.6119 42.33
Error 12 . 0.0011 . 4.9300 4 124.66



Appendix 21 • Analysis of variance for the effect of shade on plant height, number of branchesand no&ulatian in groundnut at different growth stages.
Mean squares

Source df
Plant height 

(davs after sowing)
Humber of branches - plant(davs after sowinsO

Total number of nodules .p lent (davs after sowing)
30 bO 90 '50 60 90 50 _ 00 90

Block 4 7.4080 28.3411 11.6351 0.2325 0.1050 .0,2031 0.3146 1.2357 2.8550

Treatment 5 84.0685 19*1914 10.9290 4.90S5 3.9600 3.8381 0,21®  1.1216 0.1623
Error 12 8.7812 25.4815. 4.6112 0.3297 0.2051 0.2363 0.5680 0.5950 0.8225

•Significant at 5 par cent level ^^Significant at 1 per cent level

Appendix 22. Analysis of variance for the effect of shade on contents of chlorophyll *a*, *b*, ° • total chlorophyll and chlorophyll a:b ratio of groundnut at different - growth stages.
______ Mean squaresChlorophyll kaf Chlorophyll * b Total chlorophyll Chlorophyll aib(dava after sowing) (davs after sowing) (days after sowing) (days after sowing)

Source df 4-5 75_________ £§_______ 75 45 75 45 75
Block 4 0,0047 0.00® 0,0183 0.0292 0.0286 0.0526 0,0440 0.0124
Treatment 3 0.0716** 0.0®8* 0,1452** 0.1414** 0.4179** 0.4568** 0.0040 0.0046
Error 12 0.0107 0.0228 0.0226 0.0107 0.0452 0.0511 .0.0044 0,0061

•Significant at 5 per cent level ••Significant at 1 per cent level



Appendix 23* Analysis of variance for the effect of shade on leaf area index, specific leafarea and leaf weight ratio of groundnut at different growth stages.

Source df leaf area Index (davs after sowing)
Mean, squares ""Specific leaf area leaf weight ratio

JO 60 90
between 3 0 t h  between b o t h  Between. 3 0 t h  between b o t hand G o t h  and 9 0 t h  and 6 0 t h  and 9 0 t hdavs davs davo davs

Bloclc
Treatment
Error

4  0 * 0 3 7 3  

3  0 . 0 6 2 0  

12 0.1468

1 . 5 6 5 6  

1 4 . 6 5 9 4 * *  

1 . 0 0 3 9

3.43®
4 . 4 5 2 2

1 . 3 6 1 2

2 7 1 7 . 6 8  

1 0 4 9 0 . 9 9 * *  

9 5 1 . 0 8

6 7 0 . 9 6

1 1 9 4 5 . 5 4 * *

8 3 4 . 9 9

0 . 0 0 0 7

0 . 0 0 1 5

0 . 0 0 1 6

0 . 0 1 0 9 *

0 . 0 0 6 5

0 . 0 0 2 7

^Significant at 5 per cent level ^Significant at 1 per cent level

Appendix 24. Analysis of variance for the effect of shade on total dry natter production, netassimilation rate and absolute growth rate of groundnut at different growth stages<

Total dry weight plait
Mean squares

Net assimilation Absolute growth rate

Source df . __30 _ . 60 90 Harvest

between 30th end 
60th dqys

Between 
60th and 
_90th doy*3__.

Between 30th and 
60th days

Between 60th and 90th d ays
Block 4 0.1529 10.2899 6.0139 1.6445 1.9053 4.7562 0.0692 0.0153
Treatment 3 0.3369 74.7465**167.050?* 93.1125** 6.3496** 2. £3837 0.3780** 0.1004
Error 12 0.3822 4.6855 5.6529 3.4758 0.6450 1.6734 0.0326 0.0404

♦^Significant at 1 per cent level



Appendix 25, Analysis of variance for the effect of shade on date of flowering, yield of pods, yield of haulm said harvest index of groundnut at harvest*

Source df J3at e of flowering Mean squares TTeld" of '"pod lield of hailin' Harvestindex
Block
Treatment
Error

4
3

12

3.3751 
75.0511** 
1.5416  ■

4951,03
3149825.52**
47310.18

•399112.01 
2®4315.98** 
’201643.50

•Significant at 5 per cent level ••Significant at 1 per cent level

0.0079
0.0349*
0.0100

Appendix' 26 • Analysis of variance for the effect of shade on number of pods per plant, weight of pods per plant, percentage of two seeded pods, 100 seed weight and shelling percentage at harvest.

Source
Block
Treatment
Error

df
4
3

12

Humber of 
pods plant-1

2.18
64.7Q*®
2.73

Weight of - 
pods plant

Mean scmareai’ercentage of
two o eeded pods.

TOO seed 
taeight

0.0250
15.9476*®
0.2394

10.05 ■ 
1844.66** 
22.53 .

0.4496
234.0110*®
2.7111

percentage
'142.09
986.82*®
73.25

••Significant at 1 per cent level



Appendix 27* Analysis: of variance for the off Get of shade on protein content * protein turn over, percentage of yell, formed grain and oil content of groundnut •
Mean seauares -

Source df
Proteincontent

Protein turn over Percentage of 
well formed CTain

Oil content

Block 4 . 4.0270 .  509.73 24.84 12.32
Treatment 3 . 2.7604 48903*67** 4031.01** , 81.02s*
Esror 12 .. 4.1785 .1647.33 26.33 . 8.17

^Significant at 1 per eent level

Appendix £8. Arnlysio of variance for the effect of shade on nitrogen,, phosphorus end potassium content of groundnut.

Mean oauaresNitrogen content (davs after sewin'?) Phosphorus content (davo~after sowing) Potassium content (davs after sowing)
Source df 90 Harvest 90 Harvest 90 Harvest
Block 4 0.0034, 0.3463 0.0002 0*0022 0.0133 * 0.0011
Treatment 3 0.1986 0.0533 0.0002 0,0001 0.0694** 0.0625**
Error 12 0.2354 0.2186 0.0001 0,0015 0.0089 0.0065

^Significant at 1 per eent level -



Apgmdix 29* Analysis of variance fop the effect of shade on nitrogan0 phosphorus o Mpotassium uptake of groundnut.
Moan ocsuaresnitrogen uptake 

(davs after sowing)
Phoopliorus uptake 
(davs after sowing)

Potassium uptake 
(davs after sowing)

Source df 90 Harvest 90 Harvest .90 . _ Harvest
Block 4 152,05 552.44 6.57 5*45 289.26 83.05
Treatment 5 9072.95** 8052 .51** 106.54** 67.81** 5114.49** 2698.10**
Error 12 1040.57 462.86 10.19 7.11 482.17 170.42

*»Sigjiificozit at 1 per cent level

Appendix 30. Analysis of variance for the nutrient status of soil after the crop of 
groundnut.

Moan sauares
Source df Total nitrogen Available nliooDliorua Available potassium
Block 4 0.0048 6.1569 197.84
Treatment 3 0.0031 12.7215* 510.61
Error 12 0.0043 2.7438 266.63

^Significant at 5 per cent level



Appendix 31. Analysis of variance for the effect of shade on plent height end number ofbronchos in redgron at early stages.

Source
Block
Treatment
Error

df
4
3

12

Mean aouareo
Plant height 

(davs after sowing)
3Q_ 60
55.60 
821.00* 
24.90

211.51
4913.19** 
" 138.31

Humber of broaches plent (davs after sowing)
30 60

0.0316
3.71Q4**
0.0601

0.3213 
11.0514** 
0.1605

•Significant at 5 per cent level ••Significant at 1 per cent level

Appendix 32. Analysis of variance for the effect of shade on contents of chlorophyll faf» *b*#
totol chlorophyll end chlorophyll ash ratio of red gram leaves at early growth stages*

  Mean sQuarosChlorophyll ’a1 Chlorophyll *V Total chlorophyll Chlorophyll a7b“"(davs after sowing) (davs after sowing) (days after so wing) (davs after sowing)
Source df______ 45 _____ 75 45_______  75 45______ 75 • 45 75
Block 4 0.0146 0.0170 0.1206 0.0134* 1.89®** 0.7113* 0.0239 0.0017
Treatment r»0 0.0541 0.1130** 0.0741 0.1030** 0.4870 0.4409** 0.0316 0.0025
Error 12 0.05B2 0.00® 0.0414 0.0030 0.1802 0.0192 Qi.0299 0.0023

^Significant at 5 per cent level * "Significant at .1 .per cent -level



Appendix 33-

Souree
Bloek
Treatment
"Error

Analysis of variance for the effect of shade on leaf area index* specificleaf area and leaf weight ratio of redgrom at early growth stages.

df
4
3

12

EeaF area index (days after sowing). 
30 60

Mean

0.1063
1.0221**
0.0445

10.1940 
71.5897** 

2.3802

^Significant at 5 per cent level

enuarogpccffic leaf area 
Between 30th end 60th days

T£eaf height ratio 
Between 30th and 60th d ays

4998.15
1592.92
7599.70

0.0071
0.0379
0.0043

"^Significant at 1 per coat level

Appendix 34* Analysis of variance for the effect of shade on total dry natter production, net assimilation rate and absolute growth rate of rodgram.

Source df

Block 4
Treatment 3
Error 12

Mean, squares
Total dry weight (davs after sowing)

30 60

1.4669* 
16.0210 
0.4156

72.75
408.08*
27.24

IIet assimilation rate Absolute growth rate ___
Between 30th and 60th
davs _______

Between 30th and 
Goth davs

0.4678
0 .1692
0.5118

0.1845
7.2031**
0.0545

^Significant at 5 per cent level **SIgnifIcant at 1 pea? coat level



Appendix 35. Analysis of variance for the yield response of different crops tovarying intensities of shade.

Source df Cowpeaa>
Mean squeros
Blackgrom(iog^Y) Groundnut(Ios q̂Y)

Total 3
Regression 2
Error 12

137030.16*
35190.81

1183032.00**
16691.66

1528618.40**
3607.05

<=■ Actual yield
a Significant at 5 per cent level
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A general view of the experimental field
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Effect of shade on redgrso in early growth stages
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ABSTRACT

An experiment was oonduetod at the College of 
Horticulture, Vcllarikkora, during the period from Kay to 
October 19G1j to study the shade roGponss of four common 
leguninouG crops of Kerala »

The experiment was laid out in randomised block 
design, with four levels of shado end five replications..

The study revealed that all the legumes tried, vis*, 
coupe a, blae&greo, groundnut end redgran, were oil shade 
sensitive* In redgrom, observations on the shade response 
of the crop, during the early vegetative growth alone wore 
taken* Those observations showed that the growth components 
were all highly suppressed under shade* In the other crops, 
pod yield was reduced by more then 50 per cent even by low 
shade of 25 per cent, end with more intense shading, the 
decline continued progressively» In blackgrsm and red gram,

r

the photo synthetic mechanism appeared to be mainly 
responsible for deciding the final yield whereas in cowpeai
end groundnut the partitioning and t ran si o c at ion of 
assimilates also appeared to have a decisive role. All the 
yield components like number of pods per plant, number of 
seeds per pod cad toot weight were higher for the unshaded 
plants* For cowpea end blackgram, the plant height was 
unaffected by shading* In groundnut, the plant height



increased with increasing shade intensity while the 
reverse was the case uith redgram. Branching'in ail the 
crops decreased significantly with increasing intensities 
of shade. The content of total chlorophyll increased with 
shading in blachgram, groundnut and redgran, while in 
eoepeas it vice not influenced by shading. Flowering and 
tine of maturity were hastened by the receipt of full 
sunlight in all the crops.

Tho contents of nitrogen and phosphorus in the plant 
tissues were unaffected by shading, whereas potassium shewed 
a persistent increase uith increasing shade. The 'pattern 
of nutrient uptahe was more or loss identical to that of 
dry matter accumulation. In all the eases*, the nutrient 
□tatuG of the soil after tho cropping of tho legumes 
showed a narhed improvement, when compared to the 
pre-experimental nutrient status.


