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The ICAR Ad.-~oc ScHeme '
Shade studies on COConutbased intercropping 	tuatj 	

was started on 1 1 A .-L99R to comn 
the performance of the available varieties of ginge 

	

are 

r tuerjc 
colocasia and Soybean Under varyjng levelsof shade and to 

select the Promising oneg for varyjn shade situations The 

other objectj5 were to predict the perfo
rmance of varieties 

Of these crops at different shade intensities to asses quality 

changes of crop produces indu
ced by shading and to quantj the age-population 

reltioflShI5 with light infi1trtjon through 
COCOflUt canopies 

Durirg the first
arIAoond year, field trials we conductender artjfjc 	

and durthg the th year, i " varjetjes of
QP the crops Were raised con 	plantations a150 to ascertain their oerfoance under atur  Conditions,

The present report. pertains to the ex' eri 
mental period from April 19g to September

, 1991 end it embodies the results and 
recornerdatjon based on the experiments Con 

ducted for 3 years 
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	_._.,_ -------- 
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8. Rajendra I3abu 
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7. Total Outlay 

Share of ICAR 	
Share of Participating agency 

4, 46, 000 
1'TI L 

8. Total amount spent 

Share of ICAR 	
Share of Participating agency 

4,51,783 
NIL 

9, Objectives: 

1. To compare the 
performance of the available varieties 

of ginger, 
turmeric colocasia and soybean under varying 

levels of shade and to select the promising ones for 

varying shade situations. 

2. 
To predict the performance of varieties of th2 above 

crops at different shade intensiti s. 

3. To assess quality changes, if any, of crop produce 
induced by shading. 

4. To quantify the 
age population relationships with light 

infiltration through coconut canopies. 

10 	Approved technical programme 

(a) Remarks of scientific panel on earlier Annual report 

(i) First annual report - The report is accepted 

(ii) Second annual report - The work arid 
this system was appreciated by the panel. The annual 
report was accepted. 
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(i) For the first year 

About 20 promising varieties each of four crops 

viz., Colocagia, ginger, turmeric and soybean are to be 

raised in small plots at shade levels of 0 (open), 25, 50 

and 75 per cent and their general performance will be 

assessed. For providing shade 'Pandals' will he erected 

on wooden/metallic frames and covered with coconut fronds 

or mats of suitable mesh to provide the required levels of 

shade. These will be covered on all sides also (to prevent 

entry of slant rays) leaving a clearance of 1 rn from the 

ground level (to facilitate air movement). The experiment 

will be conducted in a split plot design with shade levels 

as whole plot treatments and varieties as sub-plots. 

Number of replications 

Whole pluL treatments - Four shade levels of 

0, 25, 50 and 75 per cent 

Sub-plot treatments 	- About 20 varieties 

Observations 

A. Growth and yield observations 

1. Plant height - Height of 10 randomly selected plants in 

each of the crops to be measured from the base to the tip 

of the longest tiller or branch. 

2. Girth at collar - This is to be recorded in colocasja 

only, where circumference at the collar of the most 

vigorus tiller of 10 randomly selected plants will be 

recorded 
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3. Number of branches/tillers - Number of aerial shoots arising 

around a single plant to be noted in 10 randomly selected 

plants. 

4. Yield - (Yield of grain/rhizome/tuber) and yield Components, 

B. Chemical studies 

1. General fertility level of experimental field prior to 

planting. 

(ii) For the second year 

1. Repeating experiment of first year 

2. Survey of shade levels in coconut gardens 

This item of work which is to be taken up con- 

.7 
	 currently envisages measurements of shade intensities in 

coconut interspa.ces of ifferent age and plant por'ulation 

levels. The observations are to be taken up in farmers' 

fields using suitable sampling techniques. 

(iii) For the third year 

1. Comparison of varieties screened in, in larger plots 
and under coconut canopy. 

2. Survey of shade 

3. Statistical analysis and preparation of final report 

Based on the yield trends, a selection of 5 to 6 

varieties of each crop will be made for testing as a 
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replicated trial in larger plots under artiicj1 shade. Compa-

rison again, will be made at shade levels of 0, 25, 50 and 75 

per cent. Observations on growth and growth analysis parameters 

will be taken to explain the yield trends. Prediction equations 

will be developed based on yields of last year. 

These initially screened varieties will also be grown 

under an existing coconut plantation of uniform age. In addition 

to observations on the growth and yield of these crops, the 

growth and yield measurements of the main crop, coconut, also 

will he taken to find out the possible adverse/allelooathic 

effects. The plot size will be the area occupied by a coconut 

tree (7.5 rn x 7,5 m) excluding an area of 2 m radius around each 

tree (basin area). Measurement of the mean light infiltration 

through the existing coconut canopy will be made. There will be 

two types of control plots. One with coconut alone without 

intercrops andanyther with sole crops in the O:i.. Comparison 

of the extent of yield decline under coconut canopy will be made 

with the yield at identical artificial shade. 

Detailed field trial 

Whole plot treatments - Four shade levels of 0, 25, 50 

and 75 per cent. 

Sub plot treatments 	- 5 to 6 varieties 

Observations 

In addition to the growth and yield observations included 

in the initial screening trial the following are also included in 

this experiment. 
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A Growth and yield observations 

i. Leaf area index - To be recorded using measurements of 

length and width and from the number of leaves. 

2. Total dry weight and dry weight of plant parts - To be 

recorded using four sample plants at grand growth stage. 

3. Harvest index - To be recorded at harvest from data 

on economic yield and total dry weight corrected to 

moisture free 	lues. 

4. Stomatal size - To be recorded at monthly intervals 

to arrive at illumination thresholds for stomatal 

closure and opening, 

B. Meteorological observations 

Weekly observations of PAR at hourly intervals and of 

soil temperature and relative humidity twice daily. 

C. Chemical studies 

Estimation of quality parameters of crop produce, 

curcumin in turmeric, oleoresin in ginger, starch and 

oxalic acid in colocasia and protein in soybean. 

Field trial under coconut 

Design 	- Randomised block 

Replications 	- 4 

Treatments (varieties)- 6 

Plot size 	- Area around a coconut tree 

excluding the basin area. 

There will he separate experiments for all the crops 

included. 

-11 



Cbservati 

1. Same observation, as  
for the 1flItjal screening 

trial. 
2 	eaf

and number of 
Yield of CoCOflUt 	

fUflctionai leaves of 
COCoflt 

Detailed report 

All theSoybean varjties tes 
completely ted during 

the first Year 
failed under 50 and 75 per cent shade level and had 

a Poor PerformanceUnder the low shade of 25 per cent indicating that 	

is shade sensitive So, only three crop3 proposed for 

therefore covers 
the Study were raised during the 

SUbseq 	
years.The report gig 	

turmeric and 
and thirty day3 after 

Planting 	
COlocasia only. 

Hundred , 
COlocasia Under existing COCOflUt Plantation was Completely 

damaged by wild hoar.  measures taken Proved All Control 
ineffective Hence observation of 

not be 
Under existing COCOflUt 

 Plantationbeyond 30p could collected 

(a) Materials 

panda's f  size 27 m 

frames to provide artificial snade 

Tjnplaited  

Coconut leaves were used for Providing shade 

All the Sides were also covered with unpljt 
	COCOflUt 

rays An ordina  lux  

Of radiation for adjustment durin 

and methods 

Artificial Shade  

(1) Shade 

x 1 	
We erected on wooden 

to the desired level 

m from  the 
to avoid direct entry of Slant  

meter was used for measurement 

leaves except For 1 	
grou level which was done 
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first year and LI-190 SA Quantum Sensor and LI-191 SA Line 

(uanturn Sensor were used for adjusting shade intensities to the 
desired levels from second year onwards. The structures were 

erected by June 1988 and experimental planting was done by 
ay-June of 1988, 89 and 90. 

(ii) Planting material 

During 
the first year thirteen varieties of ginger, 

twelve varieties of turmeric and sixteen varieties of soybean  
were raised. Disease free, 

healthy rhizome bits of ginger each 

weighing 20 to 25 g were planted on raised beds of width 1 m at 

a Ppacing of 25 cm x 25 cm leaving 30 cm between varieties 

Finger rhizomes of turmeric each weighing 15 g were raised 
on 

beds of width 90 cm at a spacing of 15 cm x 30 cm, leaving 

sufficient Space (30 cm) between varieties. Soybean seeds were 
sown 

on raised beds of width 90 cm at a srecjng of 45 cm x 5 cm. 
Plot size for ginger was 1 rn x 

1 m, that of turmeric was 
0.9 x 0.6 m2  and that of soybean was 4,5 x 0.9 m2. 

During the second year, ten varieties of turmeric 
raised during 

the first year, eleven morphotypes of Colocasia 

and twenty soybean varieties were raised. Turmeric was planted 

on beds of width 90 cm at a spacing of 15 cm x 30 cm. Colocasia 

was raised on ridges formed 60 cm apart with a plant-to_p1t 

distance of 45 cm. Soybean was sown on raised beds of 90 cm 

width with a spacing of 45 cm x 5 cm. Plot size of turmeric 

was 0.9 m2, that of colocasia was 3.24 rn2  and that of soybean 
was 0.9 m2, 
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During the third year, six varieties each of ginger, 

turmeric and coloca.sja were raised 	Rhjzorr2s of turmeric and 

cormels of co1ocsia harvested during the previous year were 

stored and used 9s seed material for third year's experiment. 

Rhizomes of ginger were collected from various sources including 

research stations. Ginger was planted on beds of width 100 cm 

at a spacing of 25 cm x 25 cm. Turmeric was planted on raised 

beds of 90 cm width with a spacing of 15 cm x 30 cm. Colocasia 

was raised on ridges formed 1 m apart with a plant-to-plant 

distance of 1 m. Plot size of ginger was 4 m2, that of Colocasj8 
was 20 m2  and that of turmeric, 3.51 m2. 

(iii) Manures and fertilisers 

Manures and fertilisers were applied as per the package 

of practices recommendations of the Kerala Agricultural University 

(199) 	Urea, super Phosphate and muriate of potash were the 

fertilisers useei. Mulching was done using green leaves for 

retensjon of soil moisturo and to control wceds. 

(iv) After cultivation 

Weeding and earthing up were done one month and two 

months after planting. Paraquat was sprayed to control the 

weeds growing in between the main plots. 

(v) Plant protection 

One spraying with Ekalux was given for soybean, ginger 

and turmeric against shoot borer. Phorate was applied to ginger 

to control the attack of rhizome weevil. Cheshunt compound was 

applied for the control of soft rot of ginger. Periodical 

sprayings with Dithane were given to colocasia against leaf 

blight during the rainy season. 
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Methods 

Layout of the field - The experiment was laid out in 

a snlit plot design with four replications. The treatments 

included factorial combinations of four shade levels and varieties. 

The shade levels were assigned to main plots and varieties to 

sub plots. The number of sub-plot treatments varied over the 

years, 

Lain plot treatments 

Notation 	Shade level 

- 	0 per cent shade (open) 

25 per cent shade 

50 per cent shade 

75 per cent shade 

Sub plot treatments during the first year 

Ginger varieties 

Jorhat, Nadiya, Jamaica, Pottangi Selection 667, 

Rio-de-jeneiro, Pottangi Selection 17, Kurupparflmadj, Jugijan, 

Valluvanad, PGS-35, Amballoor local, PGS-10 and Nedurriangad. 

Turmeric varieties 

Myduckur, Armoor, PT-2, PTS-9, Ethamukulam, PCT-8, 

TS-10, PTS-24, PCT-5, CC-1, SR-1 and PT$-38. 

Soybean varieties 

PLSO-18, Morietta, Davis, KB-74, Pardee, Hirnso-1531, 

EC-6329E3, PK-471, KHS b-2, EC-39824, DS-79-277, EC-26691, 
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MACS-124, DS-76-1_37....1 KB-39 A and DS-83-20 

Sub plot treatments during the second year 

COloCasia morpliotypes 

M1, M2, M7 , M81  M91  M10, M12, M15, M16, M17  and 
Sree Rashmi (Details of the morphotypes are given in Appendix I). 

Turmeric varieties 

PCT-5, Par-g, BSR-1, PTS-9, EthaMukulam, PCT-2, co-1, 
PTS-24, PTS-10, PTS-39 

Soybean varieties 

EC 63298, Hardee, PK 471, Bragg 88, KB 74, Ankur, 

KB-38-A, Improved pelican, KHS b 2, DS-79-227, Monetta, EC-29824, 

D5-76-1-371 EC 39824, PLSO-18, MACS-124, Himso, DS*83-20, 

C-26691 and Davis. 

Subplot treatments during the third year 

Ginger varieties 

Marari 	Rio de jenejro 

Kuruppumpadi 	Medumangadu 

Himachal 	Amballoor local 

Turmeric varieties 

PCT-5 	PCT-8 

PTS-9 	PTS-39 

SR- 1 	Ethamukulam  

Colocasla morphotyes 

M, M, .. 	
10, M16  and M17. 



12 

Natural shade under coconut plantation 

Planting material 

Healthy rhizomes of ginger and turmeric and corrnels of 
C010Casj8 

stored for planting under artificial Shade were used. 

Manures and fertilisers 

Cultural 

under artificial 

Plant protection 

and manurial practjces followed for the crops 
shade were repeated. 

Soil drenching with chesht Co<>Jftnd 
was done for 

controlling soft rot of ginger and Ditharie spraying was given 

to colocasia to control leaf blight. 

Methods 

Layout - The six varieties of ginger, turmeric and Colocasia 

were planted in randomised block design with four replications. 

Each variety was planted around one coconut palm leaving a 
basin area of 12,56 m2. Met area around one palm planted with 
each crop variety was 30 m2, 

Treatments 

Six varieties of ginger, t'urmertcan colocasia planted 
under artificial shade were used for this trial also. 

Survey of shade 

The light infiltration under cocout canopy was 
measured during 
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second anttrd y&arsL19O SA Quantum Sensor and LI-191 SA 

Line Quantum Sensor were used for light measurement The 
average of hourly va

j*ues from 9 am to 5 pmwas taken as the 
mean light infiltrat ~on Percentage. Such

'measurements were 
made from different ocot situaUo 

Additional Observations 

In additi
on to the ohsertjons included in the 

technical Programme,
the following observations were also 

taken. 

(1) First year 

Ginger and turmeric 

1. Dry matter Production 
- Component parts of Sample 

Plants were dried to constant weight at 70 to 80
0c in hot air ov , en and average dry weight per plant was 

worked out and expressed as g 

2. Chlorophyll Content 
- Chlorophyll fractions 'a', 

total and ratio of a to b were 
estimated 150 DAP by 

the spectrophotometr.c method as described by Starmes 
and Hadley (1965). 

3. Harvest index
- Harvest index was Calculated as 

HI = f ° where Y econ and Y b1 are dry weight 
of rhizome 

hj 	
and total drY weight of 

plants, respectively.  
4. 

Quality of the produce 
- Curcjn content in turmeric (ASTA, 1964) and oleores
in Content in ginger (Isi, 1974) 

were estimated 
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(ii) Second year 

Colocasja and turmeric 

1. Dry matter proc5uctjor,  

2. Chlorophyll content 

3. Harvest index 

4. Quality of produce - Curcumjn content in turmeric 

(ASTA, 1964) and starch (AOAC, 1960) and oxalic acid 

content (CTCRI, 1983) in colocasja were estimated. 

(iii) Third year 

Ginger, turmeric and colocasja 

1. Chlorophyll content - Chlorophyll a, b and total 

chlorophyll content were estimated 170 DAP by the 

spectrophotometric method as described by Starmes 
and Hadley (1965). 

2. 171et assimilation rate - MAR was calculated as  
follows 

NAR = 
W2-W  1 -Wi 
t2-tl  

log e LA 2-loge LA1  
LA  -LA1  where 

and w1  are total dry weights of plants at time 
t2  and t1, t2-t1  is time interval in days and LA  
and. LA  are leaf area indices at time t 2  and t1. 

2tatistjcal analysis 

The data were subjected to analysis of variance following 
the method(-of Panse and Sukhatrne (1978). During the first year 
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since all the soybean varieties failed under shade, analysis 

was made as R1D for open only. Due to lack of sufficient seeds, 

two varieties were not sown in one replication, hence missing 

plot technique was adopted for the analyses. Besides this, 

there were differences in the plant population in various plots, 

because of some germination problem. For this, yield data were 

analysed following the method of analysis of covariance, taking 

plant population as x and yield as y. 

Since a few ginger varieties were lost in the open due 

to severe disease incidence, the data were analysed in two 

ways - one excluding the main plot in which there was damage 

(Analysis 2) and the other excluding the missing sub plots 

(Analysis 1). One of the missing varieties in the open (V13) 

was found to be the best in all shade levels and hence to have 

a comparison of this variety with other varieties in the open, 

yield data were also analysed by deleting one replication 

(Analysis 3). 

During the second year, since all the soybean varieties 

failed in 50 and 75 per cent shade and as the yields were 

drastically reduced in 25 per cent shade, the data were analysed 

for open and 25 per cent shade separately treating the design 

s randomised block. Since all the varieties of turmericand 

colocasia were not planted in all the four replications due to 

lack of sufficient planting material, the data were analysed 

in two ways, one deleting the missing sub plots (M12, M15  and 

M16  in the case of colocasia and V4, V5, V, V9  and V11  in the 

case of turmeric) and the other by deleting the two replications 

having missing sub plots. 

During the third year, the data from all the three crops 

viz., ginger, turmeric and colocasia planted under artificial 

shade and natural shade were subjected to analysis of variance. 
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Results and discussion 

A. GINGER 

I Trials under artificial shade 

As had been indicated elsewhere, experiments on ginger 

were conducted only for the first and third years. Results 

obtained are given below and discussed. 

1. Plant height (Tables 1 and 2) 

Between shade levels, the trend was one of increase 

in plznt height with increasing levels of shade during both 

the seasons. Amongthe varieties, Nedumangad (V2) recorded 

the highest height values during the first year and these 

values were significantly different from the mean of other 

varieties at 120 and 180 days after planting. Eventhough 

this shade response was apparent during the third year at 

the last stage 180 days after planting, it was not so at 

the earlier stages of 60 and 120 days. The interaction 

between shade levels and varieties was also significant. 

Over the seasons, the mean height values of varieties that 

were common for both seasons were distinctly higher during 

the first year than the third year. The effects of season 

and dates of planting were probably responsible for these. 

Such a better growth during the first year was however, 

not reflected in final yield and in fact the yield was 

better during the third year. 
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hle 1. 	Effect of shade on plant height (Cm) of ginger cultivars 

Treatments 60 
DAP 

1998 

120 DAP 

(1) 	(2) 
180 
DAP 

60 
DAP 

1990 

120 
DAP 

180 
DAP 

Levels of shade (per Cent) 

T1 	(0) 48.3 66.2 -- 41.9 48.2 51.2 
T 2 	(25) 58.5 82.5 82.3 81.6 39.7 55.8 69.7 

(50) 58.6 79.7 79.7 79.1 36.3 57,3 81.5 
(75) 62.6 79.0 78.8 77.2 47.5 60.1 82.7 

5n 1.37 1.44 1.76 1.24 2.47 1.45 3.95 
17,D 	(0.05) 4.39 4.60 NS 5.59 3.29 8.93 
Varieties 

Amballoor local 54.2 77.4 81.5 79.4 40.5 56,6 71.3 
2 Nedumangad 62.8 89.4 94.0 89.8 37.3 54.4 74.8 

J3  Rio-de-jenejro 52.5 -- 79.0 81.9 37.1 55.1 70.5 
Kuruppampadj V 4  60.6 80.6 84.3 79.8 47,0 61,0 72.9 

V5  rarari -- -- 43.0 51,5 69,0 
V ,.. Pimachal -- -- -- 43.3 53.5 69..0 
V7  Jorhat 62.0 13.2 75.8 71.7 
V8 	adiya 58.4 73.7 76.3 73.9 
V9  Jamaica 65,4 77.4 80.2 77.4 -- 
V10  Pottangi selection-667 62.6 82.0 85.9 82.9 
V11  Pottangi selection-17 60,4 82,6 87.6 85.9 
V12  Jugijan 83.5
V  

55.9 79.1 83.3 -- -- 
Valluvanad 13 65.0 77.9 80.1 78.2 -- -- -- 

V14  PGS-35 39.2 63.0 66.7 73,7 -- 
V15 	'GS-10 41.9 65.6 68.8 72.9 -- -- -- 
SEm + 1.42 1,50 1.90 1.90 1.45 2.63 2.06 
C.D 	(0.05) 3.94 4.14 5.30 5.30 2.90 5.27 4.13 

DAP - Days after planting 

(1) Data analysed by deleting one sub plot. (v3 ) 

(2) Data analysed by deleting one main plot (T1) 



Table 2. Interaction effect of shade levels and ginger cultivars on plant heighL (cn 

1990' 

60 DAP 	 180 DAP 

Varieties 	Shade levels (per cent) 

0 	25 	50 	75 	Mean 0 

Shade 

25 

levels (per cent) 

50 	75 	Mean 

V1 	mballoor loóal 	34.2 	39.0 44.1 	44.5 	40.5 45.3 72.3 83,6 	84.2 71,3 

2 	39.9 	36.1 2.l 	41,0 	37,3 50.0 78,3 81.6 	89.1 74,8 
V3  Rio-de-- enejro 	35.9 	39.4 27.1 	46.2 	37,1 51.1 61.9 83.1 	86.0 70.5 

V4  Kururpampadi 	45.4 	42.7 44.6 	55.6 	47.0 57.0 70.8 85.7 	78.3 72.9 

V 1 	Maran 	46.9 	37.4 35.2 	52.2 	43.0 52.2 61.9 80.8 	81.3 69,0 

V6  Himachal 	49.4 	43.6 34.6 	45.6 	43.3 51.6 72.7 74.5 	77.0 69.0 

Mean 	41.9 	39.7 3.3 	47.5 51.2 70,1 81.5 	82.7 

For 66 DAP 	SEm ± difference between 2 suh plot means at the same level of main plot = 2.90 
C.D for the above at 5 per cent level ='5.81 

3.E of difference between 2 main plot means at the same level of sub plot = 3.63 
C.D for the above at 5 per cent level = 7.69 

For 180 DA Pe 3.E of difference between 2 sub plot means at the same level of main plot = 4.13 

C.D for the above at 5 per cent level = 8.25 

3.E of difference between 2 main plot means at the same level of sub plot = 5.46 
C.D for the above at 5 -r-)er cent level = 11.66 
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2. Number of tillers (Tables 3, 4 and 5) 

During 1998, there was a steady decrease in mean 

tiller number with increasing levels of shade, the lowest 

number being at the highest shade intensity. This was so 

at all the three stages of observation, 60, 120 and 180 

days after plantinQ. During 1990, on the contrary, such 

a trend was not apnarent and the differences in mean values 

were not statistically significant. getween varieties, there 

were significant differences and the variety, Pottangi 

Selection 17 gave the highest tiller number at most of the 

stages during 1988. During 1990, Rio-de-jenejro had the 

highest tiller number among the six varieties tested. The 

interaction between shade levels and varieties was significant 

at 60 and 180 days after planting during 1988 and at 180 

days during 190 A comparison of the mean values of the 

two seasons would indicate that there was more profuse 

tillering during 1990. It is to be noted that unlike in 

plant height, yields were 	higher curing 1990. 

3. Number of leaves (Table 6) 

This observation was recorded during 1988 only. The 

trend of results was one of decrease ir, leaf number with 

increasing shade levels. This trend wes noted at all the 

three stages of 60, 120 and. 180 days after planting. As 

expected, varieties showed significant differences. Over 

the stages, there was a substantial increase in tiller 

number from 60 to 120 days and a decrease from 120 to 180 

days. In this extent of decline, there were substantial 

inter-varietal differences and in two varieties, PGS-35 and 

PGS-10, there was increase instead of a decrease over this 

period. 
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Table 3. 	
Effect of shade on nurnhr of tillers of ginger Cuitivars 

1988 1990 
Treatment 

60 	l20''pp 
DAD  	180 	60 	120 	180 

(1) 	(2) 	DAP 	DAP 	DP 	DP 

Levels of shade (per cent)  

rn 	I 	\ -Li 	\ 	I 

T2 	(25) 
4.7 14.0 -- -- 2.5 10.9 14 

T3 	(50) 
3,6 10.6 10.6 11,0 2,1 10,6 15 

(75) 
3.2 8.6 8.4 10,0 2.5 12.2 14,fl 

Ei 	... 
2,9 7,3 7.3 8.0 1.8 9.2 12,3 

C,D 	(0,05) 
0,21 

0.68 
0.51 

1.65 
0.54 

1.9 
0.28 

0.98 
0.43 

NS 
0.9 

NS 
0.75 

MS 
Varieties  

V1  Amballoor local 3.2 8.6 7.4 7.4 1.8 9.0 13.3 V2 	Tedu'nangaa 3.6 10.0 8.7 9.4 1.5 9.1 12.4 V3 Ric-de_jeneiro 3.2 -- 7.7 8.9 3,3 15.0 20.4 V4  Kuruppampdj 3.2 9.2 7,9 7.5 1.5 9.0 12.3 V5 	aran 
V6  F1imachl -- 2.2 10.3 12.6 -- -- -- 

-- 3.1 11.8 11.8 V7  Jorhat 3,1 9.2 8.4 7. -- -- -- V8  Nadiy 3.6 9.6 9,0 8,6 -- -- V9  Jamaica 3.7 10.4 9.8 9.8 -- -- -- V10  Pottangi Selection 667 3.1 9.0 7.7 7.9 -- V11  Pottangi Selection 17 4.2 12,3 10.9 12,5 
V12  Jugijan 3.9 9.8 7.8 9.5 -- -- -- 
13 Vali.uvanad 3.9 11.5 10.1 10.0 -- -- 

. 	PG$-.35 4.0 11.2 8.9 13.4 -- -- -- 
PGS-10 4.0 10.9 9.8 13.2 -- -- 
+ 0.20 0.52 0.45 0.54 0.21 0.99 1.19 

0.54 1.45 1.27 1.52 0.43 1.97 9.38 

- Days after planting 

i) 	Data analysed by deleting one sub plot (v 3 ) 
2) 	Data analysed by deleting one main plot (Ti) 
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Table 4. Interaction effects of shade levels and ginger cultivars 
on number of tillers at 60 DAP 

1988 
Varieties 

0 

Shade levels 

25 	50 

(per cent) 

75 Mean 

V1  ?mba11oor local 4.8 3.2 2.4 2.5 3.2 
v2  Nedumangad 4.8 3.4 3.5 2.$D 3.6 
V3  .Rio_re_jenejro 3.8 3.3 2.9 2.7 3.2 
T4 Kuruprampadi 4.4 3.0 3.0 2.7 3.2 

V7  Jorhat 3,4 3.4 3.3 2.4 3.1 
Nadiya 3.9 3.8 3.1 3.8 3.6 

V9  Jamaica 4.0 3.9 3.5 3.6 37 
V10  Pottangi selection 667 4.3 2.9 2.8 2.6 3.1 
V11  Pottangi selection 17 5.3 4.3 3.8 3.6 4.2 
V12  Jugijn 5.7 4.5 2.8 2.8 3.9 
V13  Valluvanad 5• 5 3,9 3.3 3.1 3.9 
V14  PGS-35 6.1 4.3 3,4 2.4 4.0 
v15  pcs-io 5.3 3.7 3.7 3.3 4.0 
Mean 4.7 3.6 3.2 2.9 

DAP - .Days after planting 



22 

Table 5. Interaction effects of shade levels and ginger cultivars 
on number of tillers 

Varieties 

198 

180 PAP 

Shade levels 	(per cent) 

25 	50 	75 	ean 

1990 

180 DAP 

Shade levels (per cent) 

0 	25 	50 	75 	mean 

V1 	Arnballoor local 8.0 7.2 7.0 7.4 14.3 1..0 13,8 11.2 13.3 
v2 	Nedurnangad 8.9 11,2 8.1 9.4 8.3 15.9 10.1 15.2 12.4 
.13 	Rio-de-jenejro 11.1 8.9 6.8 8,9 25.1 16.6 10.0 15.8 20.4 
V 4   uppampadi 7.2 7.9 7.2 7.5 10.8 19.4 10.2 8.6 12.3 
7- 	Maran -- -- -- -- 11.8 11.2 14.6 12.9 12,6 

Hirnacha]. -- -- -- -- 15.5 10.5 11.1 10.0 11.8 
V7 	Jorhat 8.8 8,7 5,8 7.7 -- - 

!jy 9.2 9.8 7.9 8.6 -- -- -- -- 

V9 	Jamaica 11.1 10.0 8.4 9.8 -- 

V10  Pottarigi 
selection-667 '  8.9 7.9 6 8 7 S  

V11  Pottarigi 
selection-17 13,4 13.2 11.1 12.5 

V12  Jugijn 11.8 8.7 8.1 9.5 

V13  Valluvanad 10.8 10.6 8,8 10.0 

V14  PGS-35 18.2 13.8 8.3 13.4 

V15  PGS-10 15.5 13.9 10.2 13.2 

Mean 11.0 10,0 8.0 14,3 14.6 14.0 12.3 

PAP - Days after planting 



Treatrpent 1Turnber of leaves 

  

6ODAP 
120 DAP 180 

   

    

(1) 	(2) 	DAP 
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Table 6. Effect of shade on number of. leaves and net assimilation 
rate of ginger cultivars 

1988 1990 

Levels of shade 
(per cent) 

(0) 
(25) 

(50) 
(75) 

SEm ± 

	

0.D 	(0.05) 

Varieties 

	

V 1 	Arnballoor local 

	

V2 	Nedumangad 

	

V3 	Rioc3.e_jenejro 

	

V4 	Kuruppampj 

	

V5 	Maran 

	

V6 	Himachal 

	

V7 	Jorhat 
V 8Nadiya 

	

Vq 	Jamaica 

' .-ottangi 
selection 667 

ii  
selection 17 

Jugijan 

	

., 	Valluvanad 

PG3-35 

	

15 	PGS-10 
Em ± 

	

C.D. 	(0.05) 

29,5 
24.7 
22,7 
22.1 
1.45 
4.66 

22.5 
25.7 

20.2 
23.2 

-- 

23.6 
24.8 
28.3 

23.0 

30.0 

25.5 
30.3 
22.8 

22.3 
1.30 
3.60 

100.0 	68.6
19 

-
V8 

142.5 

115.1 

90.0 

74.8 
5.8 

18.6 

91,4 

113,0 

95.4 
-- 
-- 

96,8 

100.9 

108.3 

95.6 

130,9 

105.7 
121.5 
103.6 
103.9 

4.99 
13.83 

114.4 	80.0 
8.8 	74.2 
74.0 	62.4 
6.56 	4•9 

22.71 	NS 

80,0 	45.6 
1005 	69.4 

81.8 	79,5 
82.9 	54,7 
-- 	-- 
-- 

87.9 	48.1 

93,7 	60.2 

83.3 	493 

120.4 	103.6 

86.2 	71.8 

107.0 	70,3 

85.0 106.4 
92.8 115.6 

4.T 	6.63 

13.40 18.6 

-- 

2.76 
2.52 
3.06 

0.44 
0.99 

3.20 

3.35 

2.98 
3.22 
2.29 
3.65 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

0.38 

0.76 

1.88 

2.05 

2.58 
2.26 

0.19 

0.43 

0.85 
2.21 
1.70 
3.33 
2.59 
2.46 

-- 
-- 

-- 

--
--
--
-- 

0.31 
0.62 

DAP - Days after planting 
(1) Data analysed by deleting one sub plot (V3) 
(2) Data analysed, by deleting one main niot (T1) 

Net assimiatjori rate 
m day  

60-12QDp 120-180DA: 



Table 7. Interaction O::L:c:: c: sh4: Ivels and ginger cultivars on net assimilation rate 

1990 

60-120 DAP 

Varieties 	Shade levels (per cent) 

120-180 DAP 

Shade levels (per cent) 

0 	25 	50 75 	Mean 0 25 50 	75 Mean 

Vi  Amballoor local 	2.8 	4.1 	2.2 3.7 	3.2 1.0 0.8 1.8 	1.8 0.9 

V 	Ned.uo a  igad 	4. 3 	3.3 	3.2 2.6 	3.4 1,7 1.4 4.0 	1.9 2.2 

V 3  Rio -de--jeneiro 	2. 	20 	1e 5.7 	3.0 1.1 2,4 2.5 	0.9 1.7 
Kuruopapadi 	6.41 	2.1 	2.9 1.6 	3.2 2.0 2.5 4.9 	3.9 3.3 

-1 V5  Yaran 	 3.7 	2.3 1.3 	2.3 4,8 2,6 0.8 	2.2 2,6 
V6  Himachal 	5.2 	2.9 	3.0 3.5 	3.7 2.7 2.7 1.5 	2.9 2.5 

Mean 	 4.1 	2.8 	2,5 3.1 1.9 2.1 2,6 	2.3 

DAP - Days after planting 
60DAP 	S.E of difference between two ub riot means at the same level of main plot = 0.76 

120 DAP  

C,D for the above 
S.E of difference 
C.D for the above 

of difference 

C.D for the above 

of difference 

C.D for the above 

at 5 per cent level = 1.52 
between 2 main plot means at the same level of sub plot = 0.82 
at 5 per cent level = 1.70 

between two s'b plot means at the same level of main plot = 0,62 
at 5 per cent level = 1.24 

between two main plot means at the same level of sub plot = 0.60 
at 5 per cent level = 1.21 
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4. Dry matter Produc-;0 (Tables 8 and 1)) 

Dirng 1988, dry matter product - 0 was the highest 
at the low shade level of 25 per cent. The trend as one 

of increase in dry weight uoto this level of shade followed 

by a Progre3sive decrease with further increase in shade 

intensity, the lowest values being at the highest shade of 

75 per cent During 1990, on the contrary, there was 

increase upto 25 per cent shade and with further increase in 

shade level, dry weight remained statistically at par. It 

is to be noted that yield response to shade was also similar. 

Among the varieties, Valluvanad had the highest mean dry 

weight in 1988. 
During 1990, Himachal Jas the variety with 

the highest dry matter yield. The intesaction between the 

shade levels and varieties was signifc 	during 1990 and 

in most of the vaoietjes, dry weight values were the lowest 

in the open, all he shade Jeveis recorjrg higher mean 

dry ;eiqb;; figure
-1.  

5. Net  assimilation rate (Tables 6 and 7) 

`is observation was recorded Only during 1990. 
The stages 

of observation were between 60 and 120 days 

after planting and between 120 and 180 days The values 

showed a general increase with increasing shade levels. 

Between varieties, there were variations from 2.29 to 3.65 

g m2day_1 
during the first stage and from 1.88 to 2.58 

g m2dayl during the period from 120 to 180 days. The inter 

actions were also significant at the two  stages. Over the 

stages, the values tended to decrease wth advancing age 
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L Effect of shade on dry matter production and harvest ±nde 
of ginger cu'.tjvrs 

T roitmentg 

Total dry weght 
(g Plant) 

1989 
1990 

Harvest index 

1988 
1990 

(1) (2) (1) (2) 

V€1S of shade 
cent) 

(C) 3.1 17.9 0.33 0.50 
(25) 405 42.8 28.7 0.39 0.39 0.64 

T3  (50) 303 33.0 31.6 0.36 0.37 0.61 
T4  (75) 22.2 22,9 29. 0.36 0.37 0.61 
SErn ± 0.92 0.96 2.32 -- 0.03 
C 	: (0,05) 293 3.31 5.24 0.11 
Varieties 

Amballoor local 28,7 28.6 25.9 0.43 0.47 0.54 
\7 Thdumangad 39.0 37.8 25.5 0.32 0.30 0.55 
V,  R io-de-jenejro 34.6 21.1 -- 0.28 0.40 

iurupparnpadj 34.9 33.4 27.1 0,48 0.50 0,68 
Naran -- 26.6 -- 0.63 

7 Himachal 35.2 0.71 
77  Jorht 33,1 0.50 

Nadiya 31.9 30.8 0.49 0.50 -- 
Jamaica 35.0 33.9 -- 045 0.48 -- 

10 Pottangi selection- 
667 

31,3 30.1 0.40 0..40 

V11  Pobtangi selection-
17 

41.9 0.25 

V12  Jugijan 29.8 28.4 0.29 0.31 
V13  Valluvanad 39.2 0.47 
V14  PGS-35 27.6 27.2 0.18 0.18 
V15  PGS-10 30.0 28,9 0.25 0.25 
SEm ± 2.00 2,63 0.03 
C.D. (0,05) 5.58 7.40 0,07 

(1) Data analysed by deleting sub plots (V3, 	V71  V11, V13) 

(2 	Data analysed by deleting one main plot (T1) 
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Table 9, Intcactjon offcc of shade levels and ginger cultivars on harvest index 

Varieties  

0 25 

(1) 

50 

Shade 

75 

1988 

levels 	(per cent) 

Mean 	25 	50 

(2) 

75 Mean 

V1 	Amballoor local 0.29 0.50 0.47 0.45 0043 0,50 0.47 0.45 0.47 
'2 	1Teduangad 0,39 0,33 0.27 0,28 0,32 0.33 0,27 0.28 0.30 
V3 	Iio-de-jeneiro - 0.30 0.24 0.31 0,28 V4 	Kuruppampadi 0.41 O.5Z 0,44 0.53 0.48 0.54 0,44 0.53 0.50 V7  Jorhet 

-- 0044 0.57 0,51 C') 0.51 -3 V8 N adiya 0.45 0.51 0,48 0,50 0.49 0.51 0,48 0.50 0.50 
V9 	Jamaica 0.37 0.47 0.52 0,45 0.45 0.47 0,52 0.45 0,48 

7ottangj selection-667 0.40 0.4 eA 0.2 0,40 0,44 0,42 0,34 0,40 
V11  Pottangi selection-17 

 0.26 0.25 0,25 
V12  Jugijan 0.23 0.29 0.36 0,28 0,29 0,29 0.36 0.28 0,31 
V13  Valluvanad -- 

-- 0,48 0,48 0.46 0,47 
V14  PGS-35 0.15 0.20 0,15 0.22 0,18 0,20 0.15 0.22 0.19 
V15  PGS-10 0,24 0,9 0.19 0,29 0.25 0,29 0.19 0.29 0025 
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Table 10. Interaction effect of shade levels and ginger cultivers 
on harvest index and total dry weight (1990) 

Varieties 

Arnballoor local 

0 

0.50 

	

Harvest in 	Total dry weight 

3hade levels (per cent) 

25 	So 	75 	Mean 	0 	25 	50 	75 

	

0.56 0.54 	0.57 0.54 	16.8 26.6 	33,5 26-.8 

Mean 

25.9 
V2  Nedurnangad 0.38. 0.48 069 0.56 0.55 10.3 41.3. 25.8 24.4 25.5 
/3 Rio-e-jenejro 0.27 0.52 0.42 0.41 0.40 14.6 19.4 25.0 25.6 21,1 
V4  I(urudj 0,65 0.66 0..69 0,74 0.68 25.1 23,7 30,4 29.0 27.1 
V 5  Maren 0.59 0.71 0.54 0,67 0.63 12.7 29,1 40.1 24,1 26.6 
V6  Himachal .59 0.82 0.76 0.69 0.71 28.0 31.9 34,2 46.6 35.2 
Mean 0.50 0.65 0,610.61 179 28.7 31.6 29.4 

Harvest' index 

SE of difference between 2 sub plot means at the same level of main plot = 0.07 

CD for the above at S per cent level = 0.13 

SE of difference between 2 main plot means at the same level of sub plot = 0.07 

CD for the above at 5 percent level = 0.14 

Total O ry weight  

SE of 'ifference between 2 sub plot means at the same level of main plot = 2.85 

CD for the above at 5 per cent level = 5.71 

SE of difference between two main plot means, at the some level 
of sub plot = 3.49 

CD for the above at 5 sr cent levl = 7.38 
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6. Chlorophyll content (Table 11) 

Chlorophyll fractions a and b and total chlorophyll 

content estimated in leaves 150 days after planting showed 

a trend of increase with increasing levels of shade during 

1988. The lange in total chlorophyll content was from 

0.63 mg g fresh weight in the open to 1.43 at 75 per Gent 

shade. In the case of ratio between the fractions of 

chlorophyll, there was no consistent trend with varying 

shade levels. Between varieties, there were some differences 

though these were relatively small. 

7. Yield (Tables 12, 13 and 14, Pig, a and B) 

In the case of yield of rhizome, there was a trend 

of increase in yield upto the low shade level of 25 per cent 

followed by a decrease with further increase in shade inten-

sity during 1998. During 1990 when only six varieties were 

included and when the plot sizes were bigger, the trend was 

again one of increase in yield upto 25 per cent shade, this 

yield level being maintained at the higher shade levels 

also. Clearly, errors were to be larger during the first 

season as the plot sizes were small. Yet it is difficult to 

neglect the clear trend shown by most of the varieties. 

Apparently, a reason for the differences in responses is 

seasonal in nature. In as much as the yields are higher 

under shade than in the open, this crop will qualify itself 

to he classed as 'shade-loving'. Expressed as percentages 

of that in the open, the rhizome yieldst 25, 50 and 75 

per cent shade were 115, 68 and 48 respectively, during 1988 
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Table 11. Effect of shade on contents of chlorophyll fractions of 
ginger Cultivars 

Treatments 
Chlorophyll a Chlorophyll h Chlorophyll Chiorophyl. 

M9 	M19 	
a+b 	a/b 

fresh weight 	mg g fresh weight 
fresh weight 

1988 1988 1988 1980 

Levels of shade 
(per cent) 

T1 	(0) 0.42 0.21 0.63 2.00 
T2 	(25) 0.80 0.54 1.34 1.48 
T3 	(50) 0.87 0.56 1.43 1.55 
T4 	(75) 0.93 0.56 1.43 1.66 
Varieties 

Vi 	Amballoor local 0.66 0.50 1.16 1.32 
V2 	Ne dum an gad 0.78 0.56 1.34 1.39 
V3 	Rio-de-j eneiro 0.98 0.56 1.54 1.75 
V4 	Kuruopampadi 0.71 0.45 1.16 1.57 
V5 	Maran 

V6  Himachal 

V7  Jo rhat 0.67 0.40 1.07 1.67 
V8 	N adiya 0.80 0.49 1.29 1.63 
V9 	Jamaica 0.82 0.42 1.24 1.95 
V10  Pottangi 

s'1ectjon-667 0.69 0.43 1.12 1. 60 

Pottangi -17 11 
selection 0.81 0.42 1.23 1.92 

V 2  Jugijan 0.73 0.41 1.14 1.78 
V13  Veiluvanad 0.71 0.38 1.09 1.86 
V 	PGS-35 0.74 0.44 1.18 1.68 
V15  PGS-i0 0.80 0.59 1.39 1.35 

Data collected 150 days after planting 

4. 
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Eble 12, 	Effect.øf shade on rhizome yield of ginger cultivars (t ha 

Treatments 

Fresh weight basis 

1988 

Dry weight basis 

1988 
990 

(1) 	(2) (3) 

Levels of shade 
(Per cent) 

T1 	(C') 11.7 14,1 8.8 1.6 1.7 1.5 
T2 	(25) 13.6 	14.6 15.3 17.9 2.1 2.1 2.2 3.0 
T3 	(50) 8.0 	9.0 9.0 17.7 1.3 1.4 1.5 3.0 
T4 	(75) 5.5 	6.2 6.0 16.6 1,0 1.0 1.0 2.8 
3En ± 0.66 	0.64 0.52 1.77 0.12 0.09 0.13 0.31 
C.D 	(0.05) 2.1 	2.21 1,80 5.50 0.32 0.31 0.45 0.70 

Varieties 

Arballoor local 7.2 	6.2 7.6 11.5 1.4 1.4 1.3 2.1 
Ne'3umangad 10.8 	9.1 11.4 15.3 1.6 1.4 1.7 2.4 
Rio-de-jenejro 8.6 11.4 -- 1.0 -- 1.4 

4 	Kuruppampadi 13.1 	12.0 13.9 17.2 2.2 2.1 2.2 3.0 
Maran -- 	-- -- 14.7 -- 3.0 
Hirnachal -- 	-- -- 21.6 -- -- -- 4.0 

V7 	Jorhat -- 	13.1 14.6 -- -- 2.2 2.1 -- 
V 	Nadiya S 12.5 	11.7 12.6 -- 1.9 2.0 1.9 

9 	Jamaica 15.5 	13.8 16.1 -- 2.1 2.1 2.2 -- 
Pottangi V10  
selecticM-667 10.9 	10.8 11.5 -- 1.6 1.7 1.7 

V11  Pottangi 
selection-17 10.0 10.5 1,2 1.1 

V12  Jugijan 10.3 	9.9 11.6 1.3 1.1 1.2, 
V13  Valluvanad -- 	15.9 17.4 -- 2.5 2,6 
V14  PGs-.35 2.8 	2.9- 3.1 0,6 0.6 07 
V15  PGS-10 4.0 	4.0 4.4 0.5 0.5 0.6 
SErn ± 0.63 	0.68 0.75 0.12 0.12 0.13 
C.D 	(0.05) 1.77 	1,90 2.12 0.34 0.34 0.37 

(1) Data analysed by deleting sub plots (V3. V7. V111  V13) 

(2) Data analysed by deleting one main plot (T1) 

(3) Data analysed by deleting one replication (R1) and one 
sub plot (V3) 



racto effect of shade levels and singer cultiVars on rhizome yield (t. 
- 

Vari.etje 

Q 

-----. 	 

- 

25 

(1) 

50 75 MeEn 

1980 

(2) 
Shade levels (pr cent) 

25 	50 	75 	mean 	0 	25 

(3) 

50 75 Mean 

V1 	Amb1Loor local 8.1 10.4 5.1 4.3 7.2 10.4 	6.1 4.3 6,9 7.9 	10.7 1 • 3 4.5 7,6 
Ndunngd 16.1 13.9 7.6 5.E' 10.8 13.9 	7.6 5.8 9.1 17.4 14,6 7.6 5.9 11.4 

V3 	o-de-jencjro -- -- 13.0 	8.0 4.9 8.6 -- -- 
V 4 	KuL'ua7np O.e 1 16.5 16.1 10.5 9.3 13.1 16.1 	10.5 9.3 12.0 19.3 16.5 10.4 9.4 13.9 
V7  -- 18.2 	13.6 7.4 13.1 18.5 ISCr 14.9 7.2 14.6 
Ve 	iy 1 ,1.2 16.4 10.6 8.1 12.5 16.4 	10.6 8.1 11.7 15.2 17.0 11.E 6.6- 12.6 
V9 	Jaaia 20,5 19.3 13.2 2.0 15.5 19.3 	13.2 9.0 13 22.8 19.0 13.6 8.9 16.1 
10 Pqttaogi 

fl 7 

1  

11.4 

-- 

19.4 8.2 5.7 

-- 

109 

-- 

	

18.4 	8 0 2 

	

14.9 	.3 

5.7 

6.0 

10.8 

10.0 

11,8 19.9 

12,2 	14.4 

8.5 

9.5 

6.0 

5.2 

11.5 

10.5 

V12  lug ijan 11.3 16.5 9.4- 3.8 10..3 1.5 	9.4 3.8 9.9 13.7 	11.3 10.6 4.6 11.6 
V 3  Va1wana -- 1.3 	14.4 12.1 15.9 21.7 	23,2 1,3 10.6 17.4 
111 14 PGS- 2.6 5,0 2.9 0,'5 2.8 5.0 	2.9 0.95 2.9 2.9 	5.2 3.1 1.2 3.1 
V ,5  PG$-10 4.5 6.0 3.0 2.8 4.1 6.0 	3.0 2.8 4.0 4.6 	7,4 3.6 2.2 44 

Yi can .1.7 13.6 P.O 5,5 -- 14.6 	9.0 6.2 -- 14.1 	15,3 q.6 6.0 

• - -I-, 	-I• 	---k--- -,----- - __________ 
-ç- 	:L78 SE-Al +1.7 S-Em 	± 2.1 3 

C.D 	(0,)5) 3.3 C.D 	(0.05) 4.24 
(1) tate 	ye6 y deleting 3 sub plots (V31  V7  and v11 ) 
(2) ata enled h 	e1eting one main plot (T1) 

Pete 	aled by deleting onc rep1 icaton (R 	eed one sub plot (V3) 



Table 14. Intoroctjon off ect of shad,'vls arid' ginger cultivars on rhizome yield (ta) 

1990 

Varieties 

  

Fresh weight basis Dry weight basis 

      

       

0 25 50 

Shade levels 

75 	Mean 

(per cent) 

0 	25 50 75 Mean 

mballoor local 7.14 12.34 14.56 12.07 11.53 1.37 2.41 2.87 1.92 2.14 
V2  Nedurnanga5 4.09 25.06 18.08 14.06 15.32 0.62 3.84 2.80 2.21 2.37 
V3  Rio-de-j E?OE iro 4.98 13.40 13.50 13.50 11.35 0.59 1.63 1.66 1.69 1.39 
V 	Kuruppampa ± 4 15.53 14.88 19.18 19.01 17.16 2.66 2.58 3.38 3.43 3.01 
V5  Maran 6.72 1E,62 19.01 14.26 14.65 1.19 3.33 3.42 2.61 2.64 
V6  Himachal 14.57 22.91 22.13 26.62 21.56 2.62 4.19 4.11 5.06 4.00 
Mean 9.84 17.87 17.74 16.6 1.51 2.99 3.04 2.82 

Fresh weht basis 

SE of '3ifference between two sub plot eens at the same level of main plot = 2.08 
C.D for the above at 5 per Cent level = .16 

SE of the difference between two main 'olct means at the same level of sub plot = 2.59 
at 5 per cent level = 5.5 

between two sub plot mens at the same level of main plot = 0.35 
at 5 per cent level = 0e71 
between two main plot m'ans at the same level of sub plot = 0.45 
et 5 per cent level = 0.96 

CD for the above 

Dry weight  basis 
SE of difference 
CI) for the above 

of Hiffc:rcnce 



00 
- 	- 

00 	0 	NJ 
b 	 b 	b 	 0 

00 
00 

YIELD OF RHIZOME t/ha 

J 

LOW SHADE 

0 

MEDIUM SHADE 

HIGH SHADE 

OPEN 

HIGH SHADE 

MEDIUM SHADE 

fl 

0 

OPEN 

LOW SHADE 



28 

26 

24 

22 

20 

 

MARAN 	S  
0-- 

/ 

     

    

$ 

 

18 

    

     

6 

4 

2 

R
H

IZ
O

M
E

  Y
IE

LD
 

14 

/ 

0 
0 
	

25 	 50 
	

75 

SHADE LEVELS [PER CENT] 

	  J 

Fig.b EFFECT OF SHADE ON THE YIELD OF GINGER VARIETIES (1990) 



34 

on fresh weight basis when analysed by deleting a few sub 

plots The corresponding figures For 1990 were 203, 201 

rd I89-. Thc trends remained the sama in tbP rncc vf yield 

on dry weight basis also. 

Among the varieties, the highest yielding variety 

was Valluvanad. during 1988. This variety, however, could 

not be included in the trial during 1990. Among the 

varieties tested during 1990, Himachal was the best followed 

by Kurupparnpar$i. The best variety of 1990, Himachal was, 

however, not included during 1988 thus making strict com-

parison and selection of varieties difficult. 

The interaction effects were significant during 1988 

and 1 90. During 1988, nearly all the varieties showed a 

trend of increase upto 25 per cent shade followed by a 

decrease at higher shade levels. During 1990, on the 

contrary, there was suhstartial yield increase upto the 

low level of shade in five out of six varieties. The trend 

beyond this was one of statistical parity in all these five 

varieties excepting Nedumatgad Which showed a significant 

yield decline beyond 25 per cent shade, 'The variety which 

registered no increase in yield by shading was Kuruppampadi 

which gave statistically comparable yield figures at all 

shade levels including the open. Thr highest yielding 

variety in the open during 1988 was Jamaica, Valluvanad 

giving the second highest yield. 4t 25 and 75 per cent 

shade, it was Valluvanad that recorded the highest yield. 

This variety also yielded high at 50 per cent and was very 
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close to the highest yielding variety, viz, Jorhat. Based 

on these results, the variety, \Talluvanad may be indicated 

as generally the best for all shade situations. During 

1990, the highest yielder was IKuruppampadi in the open, 

Nedumangad at the low shade and Himachal at the other two 

shade levels. If one variety among the six tested during 

1990 is to be selected as generally tha best for all the 

shade situations, it will he Himachal. 

Data on yield on dry weight basis also showed nearly 

an identical trend as fresh weight. 

S. Harvest index (Tables 8, 9 and 10) 

The pattern of variation in harvest index was nearly 

the same as that of yield in the case of shade levels during 

both the seasons and in the case of varieties during 1990. 

During 1988, there was, thus, increase upto 25 per cent 

shade followed by a decline beyond that level of shade. 

During 1990, the trend was one of increase upto the low 

level followed by a near stability beyond this level. Such 

a close relation with final yield was not apparent in the 

case of mean harvest index of varieties during 1988 when the 

varieties Nadiya, iuruppampadi and Jamaica gave relatively 

high values. In 1990, the variety with the highest value 

was Himachal which was also the highest yielder. The 

interaction was significant during both the seasons. A 

comparison between the values of the two seasons would 

indicate that these were substantially higher during 1990. 
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It is to be noted that the yields also were higher during 

this season. While better growth of the plant and higher 

total dry matter production were definitely important factors 

responsible for the higher yield of the second season, higher 

translocation of carbohydrates as is indicated by higher 

harvest index must also be recognised as important. 

9. Cleoresin content (Table 15) 

This estimation was done only during 1988. Content 

of oleoresin was more in the open and shading tended to 

decrease the content in rhizome though only slightly. There 

were quite some differences between varieties and some of 

the varieties which were superior in terms of quality were 

Rio-de-jeneiro, Jugijan and Pottangi selection 17. 

10, Uptake of nutrients (Table 15) 

Estimations of the uptake of the fertiliser 

nutrients N, p and K were made at harvest during 1988. 

The values followed nearly the same trend as that of 

rhizome yield in the case of mean values of shade levels 

and varieties. The only exception was in the case of 

phosphorus whe uptake values steadily decreased with 

increasing levels of shade, the highest values being in 

the open even though the yield increased upto 25 per cent 

shade. 

II Trial under natural shade 

This trial was taken up only during the last 

season and the objective was to confirm the results on 

varietal oerforrnance under natural shade of coconut. The 
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Table 15. Effect of shade on uptake of nutrients and oleoresin 
content of ginger cultiva,rs 

1988 

Treatment 
rutrient uptake (I<g ha) Oleoresin 

'evels of shade (per cent) 

P K (%) 

T,
I 	(0) 90,8 25,3 277.5 8.82 
(25) 

99.1 18,7 329.7 7.95 
T (50) 68.8 11.7 264.1 6.49 
T4  (75) 46,6 6,7 183.0 7.06 

Varieties 

Amballoor local 

2 	Tedumangad 
50.3 

84.8 

12.3 

17.4 

173,2 

246.1 
5.94 

7.48 
\73 	Rio-de-jenejro 82.2 14.7 250.8 .23 
V4 	I<uruppampaclj 79.0 18.2 291.1 6.38 
V5 	Maran 
V6  Himachal 
/7  Jorhat 64.4 10.5 236.7 5.82 
VQ 	Nadiya 60.4 16.2 261.0 5.62 

Jamaica 84.4 15.4 278.0 5.88 
V10  Pottangi selection-667 72,5 13.1 236.4 7.26 
V11  Pottangi seection17 105.5 20.4 372,8 8.76 
V12  Jugijan 65.8 13.1 236,8 9.36 
V13  Valluvanad 111.8 17.1 308.9 5.96 
V14  PGS-35 58.8 16.0 278.3 11.92 
V15  PGS-10 72.2 18,5 256.3 9,69 
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coconut palms were about 10 years old and an area of 

6.5mx 6.5m around each coconut palm excluding the basin 

area of 2.5 m radius constituted the pl't size s  All the 

six varieties included in the experiment of the final year 

under artificial shade were included, in this trial also. 

Measurements of the light intensity below the coconut 

canopy indicated it to be shout 50 per cent. This experi-

mental crop could he nlanted only about a month after the 

crop under artificial shade was planted. Also, only five 

out of the six varieties included in the trial under 

artificial shade could be included in this. 

Data collected included growth characters like plant 

height, number of tillers, net assimilation rate, total dry 

weight and yield of rhizome and yield components. Uptake 

of nutrients N, P and 1< and assessment of cruality parameters 

were also included (Tables 16, 17 and 1). An overall 

assessment of these data would indicate that the varietal 

differences in most of the characters including rhizome 

yield were not significant. A comprjson with the data of 

the crop under artificial shade during the same season 

would also show that in plant height, harvest index and 

oleoresin content, the values were comparable. In net 

assimilation rate the values under naucal shade were less 

and in tiller number, total dry weight, rhizome yield and 

nutrient uptake, substantially less. Clearly, the perfor-

mance of the crop was much better under artificial shade. 

The only two possible reasons for this are the delay in 
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Table 16, Plant height, number of tillers and net assimilation ratc 
of ginger varieties under natural shade 

Varieties 
Plant height 

60DP 120DAp 

(cm) 	No, 

180np 60PAP 

of tillers 

120DAP 180DAF 60-. 
120
DAP 

12C--- 7ö:
120 	180 

DAP 

V1  Amballoor local 41.8 59,9 74,9 0,5 4.2 6.9 0.4 3.4 
V2  Nedumangad 45.8 65.8 83,7 0,4 3.5 7,3 1.5 1,8 
V4  Kuruppampadj 44.8 68,7 80,8 0,3 3,0 8.0 4.2 1,0 
V5  Maran 42,8 55.5 79.4 1,4 5.4 9,7 3.4 1.2 
V6  Himachal 44.9 58,2 72.1 0.9 5,5 7.4. 3.5 1.6 
SEm ± 4.9 3.5 4.4 0.3 1.0 1.1 0.6 0.1 
C,D 	(0.05) ITS 7.6 Ns 0,7 NS ills 0,1 0.2 

DP - Days after planting 

Table 17. Haulm yield, rhizome yield, harvest index, percentage 
dryage and total dry matter production of ginger varieties 
under natural shade 

Varieties 
Faulm 
yield 1  
(t ha 	) 

Rhizome 
yield 1  
(t ha 

Harvest 8ercentage Total dry 
index 	'ryage 	weight 	- ) 	 1 (g plant 	) 

V1  Amballoor local 0.97 5.20 0.52 19.8 12.5 
V2  Nedumangad 1.36 3.51 0.29 15.6 11.9 
V4  Kuruppampadi 1.11 3.84 0.39 17.7 11.2 
V5  Maren 3.42 3.42 0,36 18.1 10.9 
V6  Himachal 1.05 3.47 0.36 18.8 10,6 
SEn 	± 0,21 1.07 0.08 0.10 2.0 
C.D 	(0.05' NS ITS MS 0.2 MS 
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Table 18. Uptake of nutrients, oleoresin content and oil content 
of ginger varieties uncer natural shade 

Varieties 
Total 

N 

uptake 

P 

(kg ha- 1 ) 

K 
Oleoresin 
(rer cent) 

Oil 
(per cent) 

V1  Arnhalloor local 40,9 10.1 37.8 9.6 3.0 

V2  Nedurnangad 15,6 10.0 34.3 6.3 3.5 

V4  Kuruppampadi 28,7 9.2 26.8 7.2 3.0 

V5  Maran 16,2 8.6 40.9 7.0 

V6  Himachal 22.9 8.5 30.9 6.0 2.5 

SEm ± 2.8 1.4 3.2 

C,D 	(0.05) 6.1 NS 7.0 
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Planting of the experimental crop under natural shade and 

the soil differences The site of the trial under artificial 

shade was under undisturbed natural vegetation immediately 

before whereas the area for the trial under natural shade 

was cleared much earlier and brought under coconut. A 

variety of crops were also raised in thc iriterspaces. 

The general lack of significant differences between 

varieties under natural shade alone is perhaps due to the 

above two restrtctjcns on the growth of the crop. 

1- 
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B. TURMERIC 

I 	Trials under artificial shade 

A total of 12 varieties were included in the 
case of 

turmeric for the initial screening trial during 1988 and only 

10 when this trial was repeated during 1989 The two varieties 

which could not be included during the second year were 

Myduckur and Aoor. Again, out of the 10 varieties included 

during the second year, five could not be planted in two out of 
four replications for want of adequate seed material. These five 
varieties were PCT-2, PTS-10, DTs-24, CO-1 and PTS-3e The data 
Of this season were analysed by two methods, 

viz7 one by 

deleting the missing subplots and another by deleting the two 

replications having missing subplots. Based on the results of 
these two seasons, Six varieties were selected as superior for 

different shade levels to be carried foar: for further testing 

in larger plots. These six varieties were CT-5, PTS-9, 
BSR-1, 

Etharnukularn PCT-8 and PTS-39. The results of the three seasons 

are given below and discussed. 

I. Plant height (Table 19) 

During 1989, height of plants increased with increasing 

levels of shade upto 50 per cent after which it tended to 

decrease. Among the varieties, BSR-i and Cr-1 recorded higher 

height values at later stages everithough tho values wee higher 

for other varieties at the earlier stages. Variety x shade 

interaction was significant at 120 and 190 days. Data on these 

appear in the First Annual Report and are ont reproduced here. 

During 1989, the trend was again one of increasing height with 



Tab1 	19. ffct of shade on plant height (cm) of turmeric varieties 

Treatments 60 
DAP 

19319 

120 
DAP 

180 
DP 

60 Dj 

(1) 	(2) 

1999 

120 DAP 

(1) 	(2) 

180 D1? 

(1) 	(2) 
60 
DAP 

1990 

120 
DAP 

180 
DAP 

She levels 
(ir Cent) 

T1 	0) 60.4 93.8 91.7 39.5 32.3 74.0 65.4 93.9 88.3 46.1 86.0 93.5 T 	25) 
4 74.2 117.0 113.9 45.6 42.8 86.3 83.1 98,9 101.2 52.8 99.8 105.6 

T 	'50) 74.5 116,6 115.0 49.2 44.5 89.2 93.2 101.2 112.4 52.8 107,8 114.3 
T4 	75) 71.2 98.0 95.6 56.3 E4.8 92.9 107.4 109.8 123.1 55.1 102.3 113.5 

2,79 2.68 3.00 3.7 5.0 6.1 9.5 7.9 10.8 3.0 3.8 4.3 
CD 	(0.05) 8.89 8.56 9.63 8.5 S 	13.7 NS :.S TS 
VarIeties 

VI 	Y'thckur 76.4 109.7 106.2 -- -- -- 

V2 	Arrnoor 72.1 97.6 93.5 -- -- -- -- 

V3 	0T-2 71.7 106.9 104.6 -- 88.8 -- 81.9 -- 103.6 -- -- 
V4 	PTS-9 65,2 105.3 106.9 39.,, 41.0 80.3 83.1 105.1 105.9 52.0 99.7 106.5 

L) 

Contd. 



Thic 	19 	(otd. 

Treatments 60 
DAP 

1988 

120 
DP 

180 
DAP 

5.i DIP 

1989 

120 DAP 180 DP 60 
DlP 

1990 

120 
DAP 

180 
fl  AP (1) (2) (1) (2) (1) (2) 

V5 	thamu- 
kularn 67,8 108.0 107.3 47.7 46.1 88.5 90.8 108.8 107.6 54.3 99.8 104.6 

V6 	PCT-8 55.7 88.3 81.9 4,5 48.6 84.7 89.4 86.1 90.3 51.6 102.5 107.6 
V7 	FTS-10 66.9 107.2 107,7 44.5 104.5 -- 126,9 
V 0 	P123-24 68.9 110.3 108.4 -- 37.8 - 79.3 108.1 
19 	PCT-5 77.0 101.4 94.0 55,2 55.8 92.9 90.2 91.8 88.9 55.6 101.7 109.7 

10  Co 1 71,8 115.2 112.8 37.6 -* 74.7 -- 105.4 -- -- 
BSR-1 71.2 116.8 118.1 47.2 48.7 89.8 93.5 112.9 109.8 51.0 97.4 106,8 

V 12  PT -38 66.5 109.6 105.5 37.3 85.3 -- 115.9 51.3 93.7 105.3 

3E 	± 2.16 2.55 2.59 3,0 3.6 4.7 7,3 4,3 4.3 1.9 2,1 3.4- 
CD(0.05) 6.00 7.08 7.19 6.3 7.3 

.4
CD 9.5 14.8 8.6. 13.1 NS NS NS 

DP - Days after planting 

(1) Data 	a1yse by deleting five subplots (V31  V71  \r, v10  and v12) 
(2) Data analysed by deleting two rop1ictjns 
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increasing shade levels. The treatment differences were, 
howeve, Statistically S'QnifiCa fYt ,0nlY eyt two stages qiid that 
too 	 ele -1nj five 	 erio 

were sicr.ifint eveth€ 	rit±e thet rccirca higher 
héiht•were d!ert nt tyll= thr ttoe 	Intj 	ws 
notsignfjcit. Thxring 10 whenon1-jx  varieties  

used, neither shade effects nor varietal effects assumed 

statistical significnc. Mean values were, however, higher 

under the shades situat •  Interaction between these two 

factors also was not significant.. 

An overall assessment of the results should indicate 

that there-were indications of the plants being taller under 

shade 4t.least uptô the intermediate shade level of 50 per cent. 

This shade effect was not ..consp±cuous enough to attain consistent 

tatistjl significac. 

Number of tillers (Table !O) 

•.The general tre ,f 	in till number with 

incre.a.e i &-rade leve± 	on& of decree diariiiq l9 

'891. During the second year, however,differe 	 were  

signic 	oly ,yhery the tnamber of repIicati,r was- taken  

four after dletinq five subplots. There was no such consistent 

trendntec. during1990.and.,the differences were iot ptati- 

stically significant, Varietal differences were significant 
during the first two years of.- initial screening, varieties, 

Ethamu)ii1arn, Co-1 and SR-1 being three of the most profusely 

tillering. During 1990 also, Etharnukularn and BSR-1 recorded 

generally higher values, hut the varietal differences were not 



Contd. 

1988 

Treatment 

1989 	 1990 

20 DAP 	180 DAP 

b1e 20. EEfeot, of shade on number o ti1ers o tuLyer1c varieties 

60 DAP 120 DAP 180 bAP 
(2) (1) (2) 

1.6 3.8 3.3 iS 1.5 i 3.2 3.0 

1.2 1.7 1.7 
f 

1.2 1.072.2 2.3 
1.3 1.6 1.5 1.2 1. 2.3 2.3 
1,2 1.3 1.4 1.2 0.7 2.0 1.9 
0.08 0.12 0.12 0.2 0.2 0.2 0.3 

0.26 0,40 0,30 0,4 NS 0.6 NS 

1.3 1.7 1.6 -- -- -- 
1.2 1.9 1.9 -- -- -- 
1.5 2.4 2.4 -- 08 -- 2.8 

1.3 1.9 1.9 161 1.3 2.2 2.2 

Shade levels 
:(per cent) 

T1 (0) 
(25) 

T 3  (0) 

T4  (75) 

± 
CD (0.05) 

Varieties 

V1  Myduckur 

V2  Armoor 

V3  PCT-2 

V4  rs-g 

60 DAP 120 DAP 180 DAP 

1.7 2.7 2.8 
1.4 1.9 1.9 
1.6 2.7 2.8 
1,5 2.3 2.4 

0.1 0.3 1.1 

NS NS 

1.6 	210 	2.4 



Table 20 (TciJ) 

1988 
4. 

1989 	 1990 

   

----'p..-'-. 

       

Treatment 

    

4. 

   

        

60 DAP 120 DAP 180 DAT 
.20 DAP 	10 DAT 

60 DAP 120 DAP 180 DAP 

       

  

1) 	(2) 	(1) 	(2) 

           

4. 

V 5  Etharnuku1rn 

V6  PCT-8 

V 7 	T3-O 

V8  PTS-24 

V9  PCT-5 

V ,0  Co 1 

V

IV 12 

11  BSR-1 

PTS-38 

SErn + 

CI) (0.05) 

	

1.5 	2.6 	2.3 	2.2 	1.8 	3.5 	3.4 	1.5 	2.0 	2.5 

	

1.5 	1.9 	1.6 	0.8 	0.6 	1.6 	1.0 	1.7 	2.6 	2.6 

	

1.2 	2.. 	3 	1.0 	-- 	2.3 	 -- 

	

1.2 	2.1 	2.1 	-- 	1.2 	2.5 	-- 	 - 

	

1.4 	1.9 	4.6 	0.7 	0.5 	1.5 	1.5 	1.3 	1.8 	1.9 

	

1.3 	2.2 	2. 	-- 	1,4 	-- 	3.1 	-- 	-- 

	

1.2 	2.1 	 2.0 	1.7 	3.2 	29 	1.6 	2.7 	2.8 

	

1.1 	2.1 	 -- 	1.1 	-- 	2.0 	1.4 	2.1 	2.2 

	

0.09 	0.4 	.1E 	0.3 	0.3 	0.3 	0.4 	0.04 	0.2 	1.0 

	

0.27 0.39 0.42 0.5 0.6 0.6 0.9 NS 	NS 	NS 

flAP - Days after planting 

(1) Data analysed by deleting five 	1ots (V31  V7 4- V9 0, V10  and V12) 
(2) Data analysed by deleting two replications 
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significant,, Among the interaction effects, the only stage at 

which it was found significant was at 120 (fays during 1983 

(Data on this are not presented). 

e 
	 Eventhough it:is not very much conspicuous and not always 

statistically significant, it is to be reckoned that there is at 

least some depressing effect of shade on tillering in turmeric. 

3. Number of leaves (Tabl 21) 

This observation was recorded in 1988 and 1990 only. 

Barring the exception of 120 days after sowing both in 198 and 

190, there was no significant effect of shading. At this stage 

which was also the stage of highest number of leaves on the 

plant, there was a near steady decrease in leaf number with 

increasing levels of shade, the highest number being in the 

open. Between varieties, the differences were significant 

excepting at 60 and 180 days in 1990. Ethamukularn was the 

variety with the highest leaf number at nearly all the stages 

during both the seasons. This variety also retained a sub-

stantial number of leaves for a longer period as indicated by 

a relatively large leaf number at the .last stage of obser-

vation 180 days after planting. Over the stages, there was 

increase upto 120 days followed, by a decline afterwards. 

Comparing between the seasons, the values were generally 

comparable excepting at the last stage, 180 days after planting. 

The values were very much lower in 1988 presumably as a result 

of delayed planting and the consequent earlier occurrence of 

dry season. 

4. Dry matter production (Table 22) 

The trend of dry matter production with shading varied 

between seasons. During 1988 and 189, the highest mean values 
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Table 21. Effect of spade on leaf number cf turmeric varieties 

6. 

Treatments 
198e 	1990 

60 DAP 	120 DP 	180 DAP 60 DA.") 120 DAP 180 D?T 

shade levels 
(per cent) 

T1 	(0) 8,9 16.5 3.1 6.8 16.6 10,1 
T2 	(25) 7.5 10.6 3.4 6.5 12,1 10.° 
T3 	(50) 7,7 11.0 2,8 6.1 11.8 9,1 
T4 	(75) 7.0 9.6 2.7 6.2 10.9 12,2 
Em 4 0.5 0.7 0.3 0.2 0.8 3.8 

CD 	(0.05) N S 2.3 NS NS 2.3 N3 

Varieties 

V1 	"yduckur 9.0 10.3 2.0 -- -- -- 
1\rmoor 6,8 9,2 3,1 -- 

V3 	PCT-2 9.6 13.3 3.6 -- -- 
V4 
	1-ITS-9 7.9 11.7 2.8 6.3 12.6 9.0 

V 5 	Etharnukulam 9.3 15.2 3.4 6.6 15.7 11.9 
V6 	PCT-8 8.6 10.9 0.2 6,4 10.5 9.2 
V7 	PTS-10 7.4 3.5
77 

12,2  -- -- 

p 	PT3-24 7.2 12.1 0.0 -- -- 
V9 	PCT-5 9.2 11.1 0.0 6.4 10,6 9.0 
v 10 CO-1 6.9 13.0 0.0 -- -- 
V11 	BSR-1 7.3 12.0 0.0 6.4 15.6 12.4 
v 
12 PTS-38 7.1 11.4 3.6 6.2 12.2 11,4 

SErn ± 0.4 0.6 0.4 0.1 0.7 4,7 
CD 	(0.05) 1.1 1.6 1.0 NS 2,8 NS 

DAP - Days after planting 
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Table 22, 	Effect of shade on dry matter pro uction of 
varieties turmeric 

1989 1989 1990 

Treatments Dry matter 
production 

(g plant- 1) 	 

Dry matter production 

(g plant- 1) 
Dry matter 
production 

g plant) 
(1) (2) 

Shade levels 
(per cent) 

T1 	(0) 45.9 74.2 65.0 36.6 
T7 	(25) 34.3 60.4 54.3 39.5 

(50) 28,8 52.6 51.0 43.5 
(75) 20.8 55.2 51.6 41,6 

$Ern # 1.84 8,1 13.0 2.0 
CD 	(0.05) 2.24 NS NS NS 

Varieties 

V1 	(Myduckur) 	27..6 
V2 	(Armoor) 	26.4 
V3 	(rc-2) 	 35.4 	 44.7 
V4 	(Ts-9) 	3.6 	59.0 	61.6 40.4 
V5 	(Etharnukulam) 	35.0 	59,6 	57.2 39.4 
V6 	PCT-8 	27.6 	51.9 	51.6 44.4 
V7 	PTS-10 	32.0 	48.4 
V8 	PTS-24 	34.9 	44.2 
V9 
	PCT-5 	38.2 	NO 	59.1 37.8 

V10  Co-i 	32.1 	44.2 
V11 	DSR-1 	37.1 	64.3 	57.5 39.0 
V12  PTS-38 	30.6 	4.1 42.6 
SEm ± 	 2.24 	3.5 	2.01 1.8 
CT9 	(0.05) 	6.23 	7.0 	4.1 NS 

(1) Data analysed by deleting five subplots (V31  
and v12) 

V7. V8, 
V 10 

(2) Data analysed by deleting two replications 
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were noted irt the open, there being a progressive deerese with 
increasing shade levels. The differences were significant 

during 1988 but not in 1989. ]During 1990 neither the trend nor 

statistical significance was noted 	etween varieties, there 

were significant differences during the first two seasons when 

the values were generally higher for the higher yielding 
varieties. The a.nteract.on was ignifjcant only during 1989 
(Data not presented).11 

venthough there are seasonal differences, a clear 

indiction Is that turmeric has the ability to grow under shade. 
Its g-roth aPAer 1&hade is to be reckened as enperable to the 
shade-free, open condition if not better. There are varietal 

differences also but these are either not consistent or are 

being masked by high error variation. 

5. Chlorophyll content of leaves (Table 23) 

There was a very consistent and Conspicuous trend of 
increase in contents of chlorophyll fractions, a and b and of 
total chlorophyll with increasing shade levels. During all the 
three seasons, this effect was,notjced. In the case of varjetal 

variations, on the contrary, the differences in percentages 

were not very high and even in exceptional cases where these 

were, the effects did not persist over the seasons. The con- 

sistent trend of increase in chlorophyll content with increasing 

shade levels was reported in several other crops and it is often 
attributed to faster photodestructjon of this pigment at higher 

levels of illumination. The higher leaf content of chlorophyll 

was also apparent in the visual appearance of the crop and it 

lced distinctly arker grsen under shade than in the open. 



T1  
T 
L 3  
T, 

/4 

(0) 
(25) 
(50) 
(75) 

Varieties 

Table 23, 	ffct of sao on chlorophyll contPn.t of turmeric leaves a  150 DAIP 

1988 1989 1990* 

  

reatrnent 

    

Chlorophyll (g 	fresh tissue) 

 

     

      

          

          

 

a b a+b a/b 

     

 

a 	b a+b a/b a 	b 	a/b 

 

Shade levels (Per cent) 

    

      

0.38 0.26 0.54 1.46 0.77 0.54 1.31 1.43 0.47 0.36 0.82 1.25 
0.71 0.45 3.17 1.57 0.85 0.64 1.49 1.33 0.73 0.58- 1.30 1.31 
0.7 0.54 1.42 1.61 1.14 0.82 1.96 1.39 0.93 0,77 1.69 1.18 
1.12 0.60 1.72 1.86 1.28 0,97 2.25 1.32 1.10 0.81 1.88 1.31 

V1 yduckur 
krrnoor 

V3 TCT-2 
4 PTS-9 

V5 Ethamukulam 
6 ?CT-9 

PT.S-10 
V8 PT-24 
V9  PCT-5 
V1000 -1 
V11B$Rl 
V12PTS3S 

0.74 0.60 1.24 1.49 
0.77 0.52 1.29 1.44 
0.90 0.50 1.40 1.82 
0.82 0.49 1.31 1.59 
0.74 0.36 1  .10 1.97 
0.92 0.63 1.55 1.42 
0.83 0.46 1.29 1.83 
0.81 0.40 1.21 2.01 
0.83 0.43 1.26 1,90 
0.64 0.48 1.1.2 1.54 
0,54 0.35 0.90 1.53 
0.73 0.42 1.15 1.68 

1.05 
1.08 
0.99 
0.98 
0.89 
1.05 
1.05 
1.02 
1.15 
0.99  

0,75 
0.73 
0.75 
0,71 
0,66 
0.78 
0.74 
0.72 
0,82 
0.72 

1.80 
1.86 
T. 74 
1.69 
1.55 
1.83 
1,79 
1.74 
1.97 
1,71 

1.40 
1.38 
1.32 
1.38 
1.35 
1.35 
1.42 
1.42 
1.40 
1.39 

0.78 0.62 1.34 1.24 

0.81 0.64 1.45 1.25 
0.79 0.62 1.41 1.26 

0.78 0.2 1.40 1.23 
0.80 0.63 1.43 1.30 
0.81 0.66 1.47 1.30 

* D ,.,P-ta of 1990 dvs ftor nianting, 
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6. t,ea 	rea in -,f-' ,no netaSSiMilatiOVI ratae,  4Tahle24) 

These ehscrvatons were recorded only during 19O when 

sufficient number of plants were a'Tailable for destructive 

sampling. The late collected showed lack of significant 

differences between shade levels and varieties. Over the stages, 

there was a substantial increase in lef area index from around 
11) 

1.0 at 60 days to about 3.0 at 120 days and 8.0 at 180 days 

after planting. In net assimilation rate, the change over the 
stages was not substantial. 

7. Yield (Table 25, Fig.c) 

The rhizome yield data followed slightly different 

patterns during the three seasons While the pattern of the 

first two seasons was one of decrease with increasing shade 

level, it was one o4  parity at all shade levels during the 

third year. On dry weight basis, there was even increase in 

Yield with increasing shade levels during this third season. 
It is difficult to explain these differencs as there were no 
major climatic variants between three seasons. "either were 
there attributable factors other than climate. The only 

conclusion that can be drawn from the results is that turmeric 
can come ut-' well under shade at least upto the intermediate 

level of about 50 per cent and give reasonable yields. It is 

also to be noted that many growth characters showed similarity 

in variation with yield. During the first two seasons when 

yield declined with shade, tiller number, leaf number and dry 

matter production also showed a similar trend. During igqo, 



54 

Table 24. Effect of shade on leaf area index and net assimi-
lation rate of turmeric varieties 

Treatments 
Leaf area index 	et assimilation rate 

      

       

 

60 LAP 120 LAP 180 LAP 	60-120 LAP 120.480 LAP 

Shade levels 
(per cent) 

T1 	(0) 0.92 2.94 8.42 1.47 2.53 
T 2 	(25) 1.23 3.70 8.12 1.65 2.28 
T 3 	(50) 1.22 3.40 7.38 2.00 2.04 
T4 	(75) 1.07 2.80 7.07 2.09 2.44 
SErn + 0.14 0.27 0.51 0.19 0.16 
CD 	(0.05) 

Varieties 

ITS NS NS NS NS 

V1  PCT-5 1.20 2.95 7.80 1.61 2.14 
V2  PTS -9 1,31 3.34 7.95 1.73 2.05 
V3  33R-1 1.05 318 8.26 1.60 2.60 

T 	Etl am, ukulam 0.91 3.30 7.28 2.05 2.29 
V5  PCT-8 1.18 3.40 7.30 1.83 2.91 
V6  PTS-38 1.5 3.02 7.82 1.96 1,99 
SErn ± 0.4 0.27 0.52 0.19 0.18 
CD 1 (0.05) 	NS 	NS 	NS 	NS NS 

DAP - Days after planting 
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Table 25. Effect oF shade on rhizome yield of turmeric varieties 

1988 

 

1989 	 1990 

    

    

Treatments 

Rhizome yield 	Rhizome yield 
(t ha) 	(t ha) 

 

R]Ttzome yield 
(t ha) 

    

Fresh wt Dry wt Fresh wt Fresh Fresh wt Dry wt 
wt 

basis basis basis(l) basis basis basis 
-------- (2) 

Thade levels 
er cent) 

(0) 	 19.3 	3,3 
(25) 	14.2 	2.6 
(50) 	10.7 	2.1 

T 4 	(75) 	 5.8 	1.2 
SEm ± 	 0.9 	0.1 
CD 	(0.05) 	2.8 	0.4 

21.0 
21.8 
25.7 
20.7 
1.5 
NS 

3.2 
4.1 
4.9 
5.1 
0.2 
0.7 

Varieties 

V1 	yduckur 	12.2 	2.2 
V2 	Armoor 	0.0 	1.6 
V3 	PCT-2 	13.4 	2.8 
V4 	TS-9 	13 . 0 	2.2 22.4 4.3 V5 	Ethamukularn 	13.1 	2.6 21.9 4.3 V6 	PCT-8 	11.5 	2.7 24,8 5.3 V7 	PTS.-10 	11.7 	1.9 
V 	PTS-24 	12.7 	2.0 

PCT-5 	15.9 	3. 21.9 4.0 
V10 CO-1 	13.4 	2.1 
V11  BSR-1 	13.5 	2.1 22.0 <1.2 V12  PTS-38 	10.7 	1.7 20.7 4.0 

p ± 	 1.1 	0.2 1.4 0.3 
Z3?4 (0.05) 	3.1 	0,6 NS 0.7 

(1) Data analysed by deleting five subplots (V3, V7, V, V & 
(2) Data analysed by deleting two replications 
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on the contrary all these parameters showed parity at all shade 

levels. In the case of leaf area index and net assimilation 

rate also, the mean values were comparable at all shade levels 

during 1990. 

Between varieties, there were significant differences 

during all the three seasons but the trends were far from 

censistent. Again the differences between varieties which 

were significant during 1988 and. 89 fell short of significance 

during 1990. The interactions were also significant during 

the first two seasons but not in 1990. During the two seasons 

when the interaction was significant, the trends were not 

consistent. Data on these are, therefore, not presented. It 

is concluded from the results on varietal differences that 

eventhough there are, perhaps, differences in yielding 

abilities, these are not high enough to offset the experimental 

errors. Similarly, it is to he concluded that varietal 

differences in shade resoonses in the tested varieties were 

not high enough to he consistent. 

8. Haulm yield (Table 26) 

Data on this were collected during 199 and 1990 only. 
o 

During both the seasons, shade effect was not significant. 

Varietal differences were significant in 1988 but not in 

1990. Comparing hetreen seasons, the values were higher in 
1999, 

9. Harvest index (Table 26) 

-7 
Between shade levels, differences in harvest index 

were not -significant during any of the three seasons. 



57 

Table 26, 	Effect o 	shade on hauirn yield and harvest index of 
turmeric varieties 

re trnents 
Percentage Hulm yield (thha 1) 

dryage 
1,990 	1989 

Harvest index 

1989 
1990 1988 	 1990 (1) (2) (1) (2) 

7, - cle levels 
cent) 

(0) 15.5 5.3 4.8 2.1 0.40 0.67 0.62 0.53 
(25) 18.6 4.2 3.8 2.9 0.41 0.64 0.65 0.51 

T 2 	(50) 19.4 4.3 4,4 3,1 0.38 0.63 0.61 0.55 
T 4 	(75) 24.5 4.6 5.0 2,5 0.39 0.63 0.56 0.65- 
S Em+ 0.5 0.6 

.65
SErn 0.8 0.2 0.01 0.03 0.02 0.03 
CD 	(0,05) 1.4 MS MS MS N3 N MS 

Varieties 

Vi 	Myduckur - - -- 0.34 -- 
Aoor -- -- 0.32 -- -- 

V3 	Pt-2 -- -- 3,8 -.- fl.46 -- 0.61 
V I PTS-9 19.1 5.2 5.6 2.9 0.42 0.57 0.54 0.55 
V5 	Ethamukulam 19.4 4.4 4.5 2,8 0.44 0.65 0.65 0.58 
V6 	PCT-9 22.4 3.9 4.1 2.4 0.54 0.65 0.62 0.66 
V7 	17TS-10 -- -* 5.8 -- 0.37 0.63 -- 

PT-S-24 -- -- 4.2 -- 0.35 -- 0.59 -- 
V 	PCT-5 18.8 4.6 3.8 2.5 0.66 0.69 0.69 0.55 

Co-i -- -- 4.3 -- 0.33 -- 0.55 -- 
V 11 BS.R-i 18.8 4.9 4.2 3.2 0.30 0.64 0.66 0.56 
IVT 12 ?TS-38 18.4 -- 4.8 3.1 0.36 -- 0.55 0.52 
SErn ± 0,9 0.4 0.6 0.2 0.01 0.05 0.05 0.22 
Cr, 	(0,05) 2.3 0.8 1.3 MS 0.05 0.10 0.10 MS 

(1) Data analysed by deleting five subplots (v3 , V71  V, V10  & V12 ) 
(2) Data analysed by deleting two replications. 
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Differences etwn varieties were significant during the 

first two seasons wbe PCT-5 gave the h*gfiest values. During 

the third veer, ifierences were not S1cnfjct It is to 
be noted that thig variety was riot included in the final 
testing during 1990, 

10. Quality of produce (Tables 26 and 27) 

Quality of turmeric was assessed during 1990 through 

estjrtion of Percentage dryage and curcumin content and 

during 1988 and 1 89 Using curcumin content. In percentage 

dryage of 1990, there were significant shade effects, there 

being a progressive increase from 15.5 to 24.5 with increasing 

shade levels. Among the varieties, the mean value was the 

highest in P08-9 (22.4 per cent) and. lowest in PTS-38 (18.4 

per cent). In curcumin content, the shade effects were not 

consistent Varjetes also showed some differences but the 

only consistent effect is the low value recorded in PCT-5. 

11. Uptake ofute1ts (Table 27) 

Uptake of the three fertiliser nutrients was esti-

mated during 1988 and 1990 only. Here again, pooled plant 

samples were used for estimation of contents of nutrients 

and the data could not, therefore, be subject to statistical 

analysis. The available data indicate that the uptake 

generally showed the same pattern as that of dry matter 

production and hence of rhizome yield. Thus, during 1988, 

there was a steady decrease in nutrient uptake with increasing 

shade levels whereas during 1990, there was steady increase, 



Table 2'7. Efct of 1le on uptake of nutrientsN, P and K and curcumin content of turjc 
varieties 

19R8 	1989 	 1990 

Treatments N uptake P uptake K uptake Curcurnin Curcurnin N uptak P Uptake 1< uptake Curci.in 
(kg ha') (kg ha- 1) (kg ha- 1) (percent) (percent) (kg ha ) (kg ha) (kg he 1) (per cent) 

Shade levels 
(per cent) 

T1 	(0) 81.3 19.9 5.9 4.15 76.9 14.2 158.4 1.7 
T 2 	(25) 73.0 12.5 249.1 5.6 3.78 114.6 16.0 215.9 2.1 
T 3 	(50) 67.9 12.4 259.8 4.2 3.76 137.4 20.3 304.1 3.1 
T4 	(75) 65.5 10.2 3.9 3.26 132.6 17.5 314.0 2.4 

Varieties 

V1 	Myduckur 66.7 12,3 215.8 4.05 
V2 	Annoor 63.2 11.3 262.5 5.61 
V3 	PT-2 81.4 14.2 238.9 5.06 3.79 
V 4 	PTS-9 93.1 9.1 17.3 5.20 3.33 119.1 22.4 225.1 2.8 
V5 	Ethamu- 

kularn 87.9 23.2 364.2 5.00 3.83 107,5 20.5 252.3 3.2 
V6 	PCT-8 6.5 17.6 1SC.2 2.30 3,43 129.0 23.3 285.0 2.4 
V 	PTS-.10 64.0 10.9 267.0 5.90 3.62 
V8 	PTS-24 58.3 13.7 220.4 6.00 3.63 
V9 	PCT-5 75.6 17.6 195.1 2.90 3.26 96.4 13,0 227,3 1.8 
V10  Co 1 62.3 11.6 269,6 5.60 3.63 
V11  ESR-1 63.3 12.5 288.5 5.50 3.66 127.8 22.4 250.6 2.6 
V17  2T5-38 50.0 10.9 262.2 5.50 4,22 110,5 10.3 234.4 1.4 
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The only exception to this was in the case of potassium which 

registered an increase with increase in shade level even in 

1998 and which showed a very much more than proportionate 

increase in 1990. This came about as a result of a lar2e 

increase in content of this nutrient because of shading (data 

not presented). This was the pattern reported in many other 

crops and actually noted in the other crops included in this 

trial. Between varieties, the pattern was nearly the same as 
that of dry matter production.  

II Trial under natural shade 

The area used for planting ginger under natural Conditions 

was also used for turmeric. Nearly all t}e growth and yield 

observations taken for the crop under artificial shade were 

included in this trialajso 	Unlike what it was under artificial 
shade, the number of varieties included 7as only five, the one 
excluded being PTS-38. 13ata collected are presented in 

Tables 2P-32. As the reujtg show, growth and yield of the 

crop were much noorer under natural shade. Such a poor per-

formance was also reflected on the uptake of nutrients. In 

characters like chlorophy1 content, harvest index and per-

centage of dryage, the vaies were comparable to those under 

artificial shade. In none of the characters, there was 

significnat difference between varieties. The only attri- 

butable reason for the ' poorer performance of the experimental 
crop under natural conr~ittons is the delay in Planting which 

also resulted in a sb.orte crop duration and the probable 
inferiority of the soil. 
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Tables 28. Plant height, number of tillers and net assimilation rate of turmeric 
varieties under natural shade 

Varieties 
60 DAP 

Plant height 

120 PAP 180 DAP 

Number of tillers 

60 DAP 	120 DAP 

V1  PT-5 32.5 100.1 104.5 0.7 2.9 

V2  PTS-9 32.8 83.3 111.7 1.1 3.2 

V3  BSR-1 35.35 103.4 109.2 1.1 3.3 

V4  Etharnukulam 38.2 101.3 104.9 0.6 3.0 

V5  PCT-8 34.3 Q4 	4. 97.7 0.6 3.0 

3Dm ± 4.0 5.5 0.97 1.04 

CD (0.05) NIS NS N$ NS NS 

DAP - Days after planting 



T&Dle 29. Number of Jeavs"net asrni.atton kate and ry matter production of 
turmeric varieties utdettietur1 shade 

4.- 

SQ DP 

7.9 

iber o 	1eve 

120 	AP 
.4.------d. 

11. 

Varieties 

v1 	cr-5 

idO 
-4- 

4. 

'et assimilation rate 
	-- 	------- 	 

? 	60-120 DAD 	120-180 DAP 

Dry tnatter 
prouctioa 
(g 

-. 

2.3 2.1 

V2  PTS-9 5.75 13.7 14.1 2.9 2.0 

V3  ESR-1 7.1 12. 8 4.4 2.2 1.6 
1 

27.0 

Etharnuku1ari -4 . 4 14.( 3.,1 2.0 17.4 
-c 

15  PCT-8 5.9 16.2 2.4 1.3 31.2 

CD 	(0.05) NS 

DAD - Days after olaritin 



Table 30. 	ntents of chlorophyll fractions of turmeric varieties at 135 days after 'Dianting under natural shade 

Varieties 
Chlorophyll 
a(ng g 1  

fresh weight) 

Chlorophyll 
L(rng 

£reh weight) 

Chlorophyll 
a+b (mg 
fresh weight) 

Chlorophyll 
a/b 

V1  PCI-S 0.81 0.E0 1.41 1.35 

V2  PTS-9 0.87 0.72 1.59 1.20 

V3  E.3R-1 0.90 0.70 1.70 1.28 

V4  2thamukularn 0.8,9  0.70 1.58 1.25 

V5  ?OT-8 0.83 O.€8 1.51 1.22 



Table .1. Rhyzcrne yield (fresh and dry weight) hauli,, yield, percentage dryage, and 
harvest index of turmeric varieties under natural shade 

Treatments 
Yield 	Yield 	Haulrn 	Farvest 	Percentage (fresh weight) 	(y weight) 	yield 	index 	dryage 
(t ha) 	(t ha) 	(t ha) 

V1  PCT-5 	 12.0 	2.4 	2.33 	0.51 	20.5 

V2  PTS-9 	 10.2 	2.09 	2.43 	0.46 	20.0 

V 3  BSR-1 	 12.8 	2.53 	2.19 	0.53 	19.8 

Ethamu3culan 	12.0 	2.46 	2.30 	0,51 	21.5 

V5  ?CT-8 	 9.3 	1.93 	2.25 	0.46 	20.5 

CD (0.05) 	 NS 	 NS 	NS 



Table 32. Content and uptake of nutriers N, P and K by turmeric varieties under 
ntural shade 

Treatment 
Nitrogen 
(per cent) 

HauIrn 	Rhizome 

Phosr;horus 
(per cent) 

Haul --n 	Rhizome 

(per cent) 

Haulm 	Rhizome 

Potassium 1 Uptake (kg ha 

N 	P 

) 

K 

ICT-5 1.25 2.4 0.20 0.26 3.4 3. 60,8 12.2 125,9 

PTS-9 1.23 1.90 0.16 0.18 3.zi 3.4 52.3 8.3 117.5 

1.19 1.8 0.13 0.14 3,9 3.9 59.9 10.6 165.3 

Ettiamukularn 1.19 2.2 0.23 0.27 4.4 4.5 42.3 8.2 160.4 

-CT-8 1.24 1.7 0.16 0.19 2,4 2.9 46.1 7.7 81.3 
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C COLOCASIA 

Experiments on colocasia were conducted only for two 

seasons, 199 and 1990. A total of 10 morphotypes received. 

from the National Bureau of Plant Genetic Resources, Regional 

3tation, Trichur along with 19ree 'ashmj, a released variety 

from the Central Tuber* 	Crops Research Institute, Trivandrum 

were used for the initial screening trial of 1989. These 10 

morphotypes were selected from a large number of types assembled 

from all over the country and this collection represented a 

fair assembly of variability available in the country. The 

. morphotypes included and their prominent characters are given 

in Areix I. During 1984, seed tubers o three morphotypes, 

NIS and 1,141 were not enough to plant all the four repli-

cations and as such,, these three were planted only in two 

reolications. Data collected were statistically analysed by 

two methods, one by deleting the three subplots (morphotypes) 

and another by 	leting two replications with missing subplots. 

From the data of the first year, six morphotypes were selected. 

for the trial of 1990 in larger plots. The same morphotypes 

were also grown under natural shade of coconut with a light 

infiltration of about 50 per cent in the interspaces. These 

could not, however, be taken to the stage of harvest because 

of damage of the crop by wild boar. Data collected from this 

trial therefore includsome early growth obsarvatioris only. 

These are not included in this report. RCE'ults of the 

experiments on colocasia are presented. and discussed below. 
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1. Plant height (Table 33) 

Barring a few exceptions, plant height went on increasing 

with increasing levels of shade, plants grown in the open being 

the shortest during nearly all the stages of observation and-

during 

nd

during both the seasons. Among the morphotypes, M7  recorded 

higher height values at nearly all the stages during both the 

seasons. The varietal responses to shade were not different 

s indicated by lack of statistically significant interaction. 

. Number of tillers (Table 34) 

There was no consistent trend of variation in tiller 

number with increasing shade levels though the treatment 

differences were significant at 120 days after planting in 

1989 and. at 60 days in 1990. On the contrary, differences 

between morphotynes were significant at all the stages during 

both the seasons. At the first stage of observation 60 days 

after nianting, the types with highest tiller number were N2  and 

At later stages, it was M and-M 10  that were having highest 

number of tillers. The interactions were generally not signi-

ficant. The only exception was at 120 days during 1989 by 

analysis (1) 	Data on this are not presented and discussed. 

3. Number of leaves (Table 35) 

This observation was taken during 1989 only when it 

was recorded at 60 and 120 days after planting. No significant 

effect of shade on this character was noticed at any of the 

stages of observation and in any of the methods of analysis. 

Among the morohotynes, N17  had the maximum number of leaves 

at both 60 and 120 days. Interaction was not significant at 

any stage. 
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T:n el 33 	Effect O 	ftC nn 
types 	 C 

Plant hiqht (cm) o 	Olocagja 

1989 

 

60 DAP 	120 DA,-- A2 

 

Treatment 

 

    

(1) (1) 	(2) 	(1) 	(2) 
60 120 DA: 10 :pt 

Shade levels 
(per cent) 

32,9 	33. 	54,3 	56.3 	60,3 	59,7 	01,0 
52,5 	57, j. 	92,2 	29,0 	74,: 	06,4 	93,5 
57,2 56,3 102,9 103,7 79,2 	860 	93,9 
62,8 6,2 104.5  114,9 
3,1 	4.2 	4.4 	5,3 	3,27 	6,99 	.42 7,Q 	12,3 	10,0 	17.0 	7,3 	15,79 

50.1 	54,4 	71,1 	735 	69,4 	62.6 	74, 
55,3 58. 105,7 111,9 784 100,3 105,3 
44,3 	45,2 	92,0 	95,5 	- 	 -- 
47,9 	48,7 	79,5 	75.C, -- 
54,o 	50,4 	92.8 	90,3 	77,6 	102,7 	106.1 
56.5 	62,7 	89.6 	02.2 	72,5 	83.0 80.6 
-- 	53,6 	-- 	p2,0 	- 	- 

44,9 	- 	03,6 	 - 

- 	5•4 	-- 	105,0 	67,4 	8.2 	94,1 
53.6 	55, 	7o,o 	80 	5,l 	 7503 
40,5 52.0 98,5 104,3 

2,5 	3,7 	3.5 	4.8 	2.3o 	2.84 	2.95 
5.1 	7. r. 	7.2 	9,7 	 6,06 	6,32 5,10 

- Days after Planting 
(1) 	Data fl&yed by e.lettha three SUhnlots 

Data anal. 	 12' ic and (2 	 ys 	by e1eting two  repiji:jfl5 
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Table 3. Effect of shade on tiller number of colocasia morphotype s 

Treatment 

1989 

60 DAr' 	120 DAP 
 	60 DkP 

1990 

120 DAP 180 DAP (1) (2) (1) (2) 

Shade levels 
(oar cent) 

T1 	(0) 1.2 1.1 4.4 4.5 2.8 5.8 6.2 
T 2 	(25) 1.9 1.8 4.2 4.1 3.3 6 .0 6.3 
J 3 	(50) 1.3 1.1 3.8 3.8 2.:1 6.0 6.2 

4 	(75) 1.2 0.8 3.3 2.9 2.1 1.6 4.8 
SEri 0.3 0.3 0.3 0.7 0.3 0.6 0.6 
CD 	(0.05) MS i'TS 0.7 MS 0.5 MS MS 
Mo rpho types 

1.0 1,0 4.8 4,9 3 • 3 7.6 0.0 

2.0 1.8 3.9 3.9 4.0 5.7 6.3 

0,6 0.7 4.4 4.8 

8 0.8 0.6 3.6 3.8 

0.5 0.8 3.3 3.8 1.3 6.2 6.3 

io 1.8 1.8 4.6 4.7 2,9 6.1 6.2 
M12 -- 1.3 -- 4.8 -- 

15 0.7 .- 2.5 -- 

M16  0.7 -- 2,5 1•1 2.8 3.1 
3.6 3.0 4.5 4.0 4.0 5.2 5.3 

•Sree Rashmi 1.0 1.1 2.S 2.4 -- -- 

S Em 0.3 0.5 0 q 4 0.6 0.26 0.49 0.55 

CD 	(0.05) 0.6 1.0 0. 1,2 0.56 1.04 1,17 

DAP - Days after planting 
(1) Data analysed by deleting three subplots (N12,M 15  and M16) 
(2) Data analysed by deleting two renlications 
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Table 35, Effect of shade on number of leaves and girth at the 
collar of Colocasla rnorphotypes (1989) 

	

Number of leaves 	Girth at the collar (cm) 

:rE?atrnents 	60 DAP 	120 DA 	60 DAP 	120 DAP 

(1) 	(2) 	(1) 	(2) 	(1) 	(2) (1) 	( 2 ) 

Shade levels 
(per cent) 

T1 	(0) 	5.5 	4.9 	12.7 	14.0 	10.0 	11.1 14.1 	15,0 
T2 	(25) 	6.2 	6.1 	12,7 	1.3 	13.5 	13.9 17.3 	18.2 
T3 	(50) 	5.8 	5.3 	12.4 	11.7 	13,1 	13.1 18.1 	18.3 
T4 	(75) 	5,9 	5.4 	11,6 	10,6 	113. 	13.8 18,5 	19.5 
SErn+ 	0.3 	0.3 	0.9 	0.9 	0,5 	0,7 0.7 	1.4 
CD 	(0.05) 	NS 	NS 	NS 	1.0 	NS 1.6 	NS 
Norphotypes 

N1 	4.4 	4.6 	11.3 	12.0 	11.6 	11.9 13.0 	12.9 

2 	6.0 	5.7 	12.1 	12.4 	12.4 	12.6 19.6 	19.5 

7 	5.2 	4.9 	13.2 	13.8 	10.2 	10.2 18.2 	18.6 

N8 	5.5 	5.3 	12.3 	12.5 	12.0 	12.2 15.4 	14,7 

9 	5.6 	5.9 	10.5 	12.5 	1t,3 	15.2 16.8 	17.3 

N 	5.8 	5.7 	14.2 	15.2 	14.3 	15.4 10 18.1 	18.5 
-- 	5.8 	-- 	17.0 	-- 	13.2 12 -- 	17.1 

15 	4.4 	-- 	8.6 	11.6 -- 	18.2 
N 	 3,7 	-- 	9.6 	14.0 16 -- 	23.9 

17 	8.7 	7.9 	15.0 	13.8 	1,O 	14,6 14.9 	14.5 

Sree Rashmj 	5.5 	5.5 	9.5 	9.2 	11.8 	12.1 20.0 	20.1 
SErTH- 0.5 	0.6 	1.2 	1.5 	0,6 	0.9 0.7 	1.0 
CD 	(0.05) 	0.9 	1,2 	2.3 	3.0 	1.2 	1,9 1.4 	2.1 

DP - Days after planting 
(1) Data analysed by deleting three subplots (N12  T114, and N16 ) 
(2) Data analysed by deleting two replications 
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4 	Girth at C011dL ('Lhle 3) 

This observation- also was recorded during 199o1y0 
In general, there was 

increase in girth at collar under shaded 

condition. The values in the open differed significantly from 

all other shade levels, both at 60 and 120 days after 
Planting.  Between the three shade Situations of 25, 50 and 75 per cent, the differences were not significant.The morphoypes with 

higher girth at the first stee of 60 days were 
	and M and that with highest value 	 10 

s at the second stage 120 days after 
Planting was N16. Interaction between 

mohotypes and shade 
levels was significant 

in the case of the observation at 120 

days Data on this are not presented 

5. Chlorophyll content of leaves (Tblp 36) 

Samples of leaves for estimation of chlorophyll content 

were co11ecte 10 days after Planting during 1989 and 130 days 
after during 1990. 

Wh1l it was pooled samples that were used 

for estimation in 1989, samples were drawn from all the olt 

during 1990 As such, statistical analysts of data could be 

dose in 1990 but not in 
1989 The components estimateci were 

chlorophyll a, chlorophyll b, chlorohylj a+b and chlorohy11 
a. Results showed a near Consistent effect of jncreae in 
chlorophyll a b and a+b with increasing levels of shade. 

During 1990, the treatment 
differences were also statistically 

significant.In the case of ratio 
between the Chlorophyll 

fractions, the resulta were not Consistent 	Such an increase 
in chlorophyll content by shading was noted in the other cros 
tested and the trend was apparent 

visually  also in that the 



Table 36. 	fect of shade on contents of chlorophyll fractions of colocasja 1eves 
I 

         

193) (15C DAP) 990 (130 D.P' 

 

   

Chioroohyll Chlorophyll Tctl Ta+b) Chlorophyll 
'a 	

-9
-1 	'b' rg 9 1 	g 91 	/b fresh weight fresh weight fresh weight 

 

Treatments Chlorophyll Chlorophyll Tota1(+bY Chioro- 
a' ng 9-1 	'b rrg 91 mg  g-1 	phyll 

fresh weight freshweight freshwejght 	/b 

           

             

Shade levels 
(per cent) 
T1 	(0) 	1 1 

T 2 	(25)- 
(50) 

T4 	(75) 
SEr- 
Morohotypes 

vi 

0 

10 
12 
15 
16 
17 

ree ?ashitj 
SET 
CD 	(0.05) 

1.30 
1 • 10 
1.56 
1.63 
-- 

1.80 
1.44-
1 .65 
1.51 
1.71 
1.58 
1.40- 
1.35 

.48
1.35 
1.32 
1.3 
1.53 

O.38 
1.05 
1.21 
1.35 

1.04 
1.10 
1.22 
1.10 
1.37 
1.23 
1.11 
1.01 
0.98 
0.99 
1.17 

2,18 
2.43 
2.77 
2.98 

2.42 
2.54 
2.87 
2 .61 
3.08 
2.86 
2.59 
2.36 
2.30 
2.35 
2.70 

1.48 
1.33 
1.2? 
1.21 

1.33 
1.31 
1.35 
1.37 
1.25 
1.23 
1.33 
1.34 
1.35 
1.37 
1.31 

0.94 
1.03 
1.18 
1.20 
0,01 

1.04 
0.99 
-- 

1.32 
1.23 

0,96 
0.99 

0.02 
0.04 

1.32 
1.34 
1.54 
1.52 
0.01 

1.38 
1.30 

1.66 
1.58 

1.33 
1.32 

0.03 
0.05 

2.27 
2.37 
2.72 
2.71 
0.02 

2.42 
2.29 

2.98 
2.81 

2.29 
2.32 

0.03 
0.06 

0.72 
0.77 
0.77 
0.79 
0.02 

0.76 
0.77 

0.79 
0.77 

0,72 
0.74 
-- 

0.02 
0.05 

- iys •after plant Inc 
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shaded crop looked darker green. Between varieties, there were some 

differences and the type with highest total chlorophyll Content 

during both the seasons was m 
91 

6. Cry matter production (Table 37) 

Total dry matter production using sample plants was 

estimated at harvest durtnrj 1989 and at 60, 120 and 180 days 

after planting and at harvest during 1990. The general trend 

was one of parity between 25 per cent shade and the open and a 

general decline towards the highest shade level of 75 per cent. 

Between varieties also, there were differences which attained 

levels Of statistical significance but the results were not 

always consistent. During 1989, the morphotypes, N2, 

and '16 gave relatively high values whereas in 1990, p4 was 

generally better at most of the stages. The interaction was 

significant in the data of 198Q only and that too only when 

analysed by deleting three subplots. ThssE data are therefore, 

not reproduced and discussed. 

7. Yield of tuber (Tables 38, 39 and 40, Fig. ) 

s was indicat'd earlier, trials with cojocasja were 

taken up during 1989 and 1990 only. The former was the initial 
screening trial with 11 m. ,orphotypes/varieties and the latter, 

the final test with selected six varieties in larger plots. 

The crop of the first season was very good and there were no 

serious problems of pests and diseases. During the second 

season, on the contrary, there was serious incidence of 

Photorhthore blight and even with all the possible fungicidal 

methods of control, damage continue' to be high and for the 



Table 37. 	FFct cf shace on 6ry matter ruction (g plant-') 
Of co1ocas1  morhotypes 

Treatments 

1989 

At harvest 
60 D 120 DAP 

1990 

180 DAP At 

levels 
(oar cent) 

(1) (2) harvest 

(0) 206.6 221.2 28,7 56.4 6.0 129,5 

(25) 222.9 220.3 36,4 54,6 72.6 145.0 
(50) 179.5 173,6 33.3 58.2 70.8 124.6 

- 4 	(75) 154,3 160.9 27.4 57.8 71.5 115.3 
6Em + 8,9 4.0 5.6 5.4 5.3 0.8 
CD 	(0.05) 20.1 12.7 NS MS NS 1.8 
Norphotypes 

177,4 196.8 24,3 36,1 51.1 107,3 
M2  248.1 246,4 3705 62,6 p2.8 169.8 

1 -- 

176,4 144,8 

M9  169,8 168.6 38.9 64.3 61.7 116.6 
M 
10 241,8 250.4 29.0 59.9 68.4 123.7 

12 148.7 -- 

"15 
M -- 

16 249,7 27.3 70.6 85.9 151.1 
U17  198.5 188.2 31.6 47.0 62.9 103.3 
Sree Rashrjij 176.6 175.1 -- -- 

SEm ± 14.7 26.9 4,14 6.13 4.94 1.04 

CD 	(0.05) 29.2 54.4 8,82 13.07 10.53 2.21 

DAP - Days after planting 
(1) 	Data, analysed by deleting three subplots (Al2,M 15 and 14 16(2) 	Data analysed by deleting two replications 



	

50) 	
21_5 19.4 5.1 6.6 262 25.3 1.44 2.39 383 

	

T4  (75) 	
17,7 15.5 5.1 6.7 22.5 221 1.47 2.49 3.96 

± 	1.3 1.3 0.4 O. 1.4 U.7 0.10 0.19 ,22 

	

CD (0.05) 	2.9 	4.0 0,9 	NS 	3.2 	2.1 	 TS rphotyes 

d levels 
per cent) 

1 0) 	22.9 23.5 3.4 5.0 27,0 28,5 1.54 2.11 3,65 
(25) 	

24.9 22.6 5,0 6.6 30.0 29.1 1.72 2.49 4,13 

75 

Tel-In 38, Effect of shade on total tuber yield, coel yield and Corn yield of Co.locsj morphotyp,5 

1989 - 
1990 

Treatments 	Coel Yield corm yield Total yield cormCoe1 Total 

	

(t h1) 	(t he-  1) 	(t ha- 
	 (t 

yield 
(t ha 	

yield yield 
(1) 	(2) 	(1) 	(2) 	(i) 	(2) 	

)(t ha 	)(t ha- 

il 

	 21,3 24.0 2,7 2.E 24,1 26,8 0.98 1.88 2.8 

33.8 32,6 6.0 6,3 39.6 38.9 2.02 3.29 5.31 

14,9 14.7 3.3 3.2 18.2 17,9 -- 	-- 	-- 
! 4 

8 	18.5 	16.3 4.1 	3.4 21,7 	17.9 	-- 	-- 	-- 

16.1 17.4 2.5 2.7 20,7 20.5 1,22 2.98 4,10 

io 	22.4 22.6 9.1 8,4 30,7 31.0 1.57 2.28 3.85 
112 	-- 14.6 -- 6.0 -- 20,3 -- 

-15 	-- 16.4 -- 12.7 -- 29.1 -- 

16 	-- 18,4 -- 13.2 	31.6 2.31 1.91 4.22 
17 	22.2 21.1 4,7 4.4 26,8 25,8 1.15 1.89 3.04 

$ree Rashmi 	24.6 	2,6 59 	5.3 29,5 	29,2 	-- 	-- 	- 
2,2 	3.7 0.6 1.5 2.4 4.5 0.10 0.20 0,24 
4.4 	7.4 1.2 	3.1 	4, 8 	2,0 0.20 	0,43 	0,51 

(1) Data analysed by deleting three subplots (N12, 	and M  15 	16) 
(2) Data analysed by deleting two replications 

:SEm + - 
CD (0.05) 
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Thle 39. Teleen cre1 
t djffr 

yield 	(t ha) 
shade levels 

OF CCJOCCSia 
(192) 

mohtyne 

'orhotyes 
0 

Shade levels 

25 

(per cent) 

50 	75 
Me-an 

22,3 24.8 22.4 15.9 21.3 
M 46.2 33.7 26.1 29.3 33.8 
IM 7 13.0 18.4 16.0 12.4 14.9 

11.9 26.1 20.6 15.5 18.5 
11.2 17,1 19.1 17.2 16.1 

10 20,7 19.8 25.4 23,8 22,4 
M 12 (15.3) (15.8) (8,4) (14,6) 
14 15 (21.9) (15.6) (16.4) 
M16  (25.8) (12.1) (1.4) 

17 32.7 27.8 15.6 12.7 22,2 
'Sree Rashmj 25.5 31.9 26.8 14.4 24,6 

ean 22 •9 2.,9 21.5 17,7 

SE f difference between two subplot means at the same level 
of main plot = 4.4 

CD for the above at 5 per cent level = 

E of difference between two main plot means at the same 
level of subplot = 1.3 

CJ for the above at 5 per cent level = 2.6 

(The figures in brackets indicate the mean yields ofM12 , 
and M16  in analysis 2 done by de1etiq two replications) 
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Table 4.0 Total tuber yield (t ha- 1) of coocasia morphotes 
at ifferert sha3e levels 

orphotypes 

l0 

12 
N15  

V 
16 

V 
11 

Srae Rashrni 

Mean 

0 

25.0 

50,9 

15.2 

14.6 

18.7 

26.7 

(18.2) 

(33.2) 

(39,1) 

36,0 

2P.9 

27,0 

Shade levels 

25 

27,6 

.39.5 

22.4 

30.9 

21.1 

26.3 

(26,3) 

(30,7) 

(26.9) 

13,7 

38.5 

20,0 

(per cent) 

50 	75 

	

25.4 	18.4 

	

32,8 	35.2 

	

19.4 	15.7 

	

21.9 	19.6 

23e9 	20.0 

	

36.3 	33.7 

	

(22.0) 	(14.7) 

	

(20.5) 	(31.8) 

	

(35,8) 	(31.6) 

	

20.0 	17.6 

	

30,9 	20,0 

	

26.2 	22.5 

Mean 

2.1 

39.6 

18.2 

21,7 

20.7 

30.7 

(20.3) 

(29,1) 

26.8 

29.6 

SE of difference between two subplot means at the sane level of 
rain plot = 4.8 

CD for the above at 5 per cent level = 9.6 

SE of difference between two main 'lot means at the same 
level of subplot = 1.4 

CD for the above at 5 per cent level = 2.8 

(Figures in brackets indicate the mean yields of '12' '15 and 
16 in analysis 2 done by deleting two reilicetions) 
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major part of th season, leaves Continued to be damaged, This 

was reflecte in all the growth characters an yield and in the 
latter, the extent of difference between 

the two seasons was as 
much as S to 8 times. Though plot sizes were larger during the 
second season, data of this season, therefore are to be 
Conceived with Caution and reliance has to be Primarily On the 
data of the first season, 1989 	Again, the exerjment of 1989 
was also handicapped by the inedecruacy of seed materials of 
three morphotyDes which were enough for Planting only two 

replications Details of statistical treatment given to 
Counter this were given earlier. As the results show, there 

WS highly significant variation among sheds levels with respect 

to cornel yield, Data analysed by deleting three subplots 
 

showed an increasing trend in yield upto 21,  per cent shade and 

a decrease thereafter. The yields at 25, 50 and 75 per cent 

shade expressed 
as percentage of the yield in the open were 

109, 94 and 77 per cent, respectively. The values at 0 and 25 

per cent shade levels were statistically at per whereas that 

at 75 per cent was significantly lower than the other two 

shaded SjtUtj0 5  (25 and 50 per cent). Data analysed by 
deleting two replications showed 8 slightly different trend. 
The yield values here decreased gradually with increase in level 

of shade, the percentages of yield at 25, 50 end 75 
per cent 

shade being 93, 83 and 66 per cent, respectively of the yield 
at full illumination 	As in analysis (1), the yields at 0 and 

25 per cent shade were on par e  ?mong the morPhotypes, 

recorded the highest yield and was significantly sunerior to 

all other types in both the methods of analysis. The next 

best yielders Common in both the methods of analysis and which 
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iere on par were '3ree Rashmi, M19, 17 and M1. Significant 
 

interaction between 
mohotypes and shade levels was noted when 

te data were analysed by deleting three suhnlots. ThE Variety, 

ee Rasbrnj gave the hiohest yiid at 50 per cent shade Whereas 
was the best yielder at all other shade levels; Also, at 

per cent, the coei yields of M2 ,M10  ard Sree Rashj were 
on per. Regarding the trends in yi-id of•Th tyres at the four 

shade levels, there were large diffOrences 
hatween the tested 

mOrphotypes. The types 	, 	and M8  record. 	an increase in 
yield upto 25 per cent shade and there was a gradual decrease 

in yield with further innrEse in shade inte:.sity. The type's  
17 hd the highest yield in the open whereas M 	d 

recorded the highest alues at 50 per cent shade. Among the 
morphotypes, y 

12' M15  and M 16 which wee not included in 
analysis 1, h12  gave the highet yield at 25 per cent shade and 
V. 

and16 
 m at full illumination 

In corm yield (Table 38), the values were significantly 
loer in the open than at all other shade levels (analysis 1). 

With decrease in light intensity, there was rrgre.ssjve increase 

in corm yield. Eventhoggh the highest yield was at 75 per cent 

shade level, there was n significant differonce in the values 
•:t 25, 50 and 75. Among the morphotypes, 	recorded the 
highest corm yield of 13.2 tonnes foilowe 	15 with. 12.7 

tonnes, N interaction between shade levels and morphotypes 

was noticed. 

Total tuber yield trend followed the same pattern a 

that of cormel yield with the highest value recorded at 25.- 
1rr cent she 	With iirther increase in shade intensity, 

Sc 



so 

tuber yield decreased. The percentages of yield at 25, 50 and 

75 per cent shade were 111, 97 and S3 analysis 1) ad 102, R9 

and 78 (analysis 2), respectively, of the yield at full illu-

mination. The shares of ctteJ: yield and corrn yield to the 
total tuber yield were, on an average, PI ind 19, per cent 

(analysis 1) and 77 and 33 per cent (anilysjs 2), respectively. 

Subiot treatments differed significantly. The morphotyoc, 

recorded the highest yield of 39.6 tonnes and this type was 

superior to all others in both the methods of analysis. M16, 
N10, Sree Rashmj and 	were the next best. Significant 15 

interaction between shade levels and morphotypes was noticed 

when the data were analysed by deleting three subplots. 

During 1990, when crop growth and yield were abnormally 

low, differences between shade levels were not significant in 

terms of corm yield, cormel yield and total tuber yield. 
Between varieties, there were some differences, r 16 recording 
the highest corm yield and M2  giving the highest cormel yield 

and total tuber yield. Interactions were not significant. 

As the yields were very low during 1990, as crop growth 

was extremely abnormal because of disease damage and as it is 

to he concluded that conditions were not at all favourable for 

full yield expression, all the discussion is made and conclusions 

M 
2 

recorded the highest yield at all shade levels except at 50 

per cent shade where M gave the highest yield. The trend 

in the total tuber yield of the different morphotypes at 

varying shade levels was exactly the same as that of cormel 
yield. 
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drawn based on the data of 1989. It is, however, to he reco-
gnised that the olot 9~±zes were sa1I., The ean yield of 
1989 at the low 

shade of 25 per cent was the highest, higher 

than even the open, shade free situation. Eventhough there 

'as decrease in yield with further increase in shade intensity, 

the crop gave an yield of 78 to 83 per cent even t the intense 

sY-
ade level of 75 per cent. As the yield was higher at a 

certain level of shade than in the open, Colocasia appears to 
Fall in the category of shade-loving p1nt. The responses 

of the different morhotypes to. varying levels of shade were, 

however, different a indicated by the significant interaction 

The mohotypes M, •M7, M, 	M10 and M52 and the variety 
Sree Rashjiij had the highest, yield under shaded Condition and 
are, hence, to be classed as shade-loving In the case of 
2' 115# M16 	M17, the highest yield was recorded in the 

open. Bai and Nair (1982) categorised colocasia as shade-

tolerant as the perccntage yields were greeter than the per-
centages of light intensity. Following this classification 
these four rnorphotypes will Come under the category of 
shade-tolerant pThnts. 

Most of the morphotypes performed better under 25 per 

cent shade than in the open. This can he exolajned as due to 

higher rate of Photosynthesis as indicated by the higher rate 

of dry matter accumulation couled with the highest harvest 

index recorded at this level of shading. Though better perfor-

mance of colocasja under shade than in the open is not reorted 

elsewhere, Bai and "air (1982) could obtain yield comparable 

to open at 25 per cent shade level, hardy (1958) explained the 
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hter performance of some crops under shade than in the open 

as due to the reason that there is often a threshold ilium!-

nation intensity beyond which the stomata of shade-loving 

olants tend to close. This may he one of the reasons for better 

performance of colocasia under shede. Pesid.es this, cholorophyll 

content and leaf ares o-( -olosia were also higher under 

shaded condition which are some adaptive methnisms of pls 

for shaded environments. 

The share of Conii yield to the total tuber yield 

showed a progressive increase with increase in intensity of 

shading. The values of nercentage share of corm yield were 

13, 17, 19 and 23 per cent (analysis 1) and 18, 23, 26 and 30 

per cent (analysis 2) at 0, 25, 50 and 75 per cent shade, 

respectively. The general increase in corm yield in analysis 2 

is due to the inclusion of the two morphotyres M15  arid M16  in 

which corm yield contributed about 43 per cent to the total 

tuber yield. In the rest of the morphotypes, the share of 

corm yield to the total tuber yield was, on an average, 17 

per cent only. 

One of the main objectives of the present study was 

to find out whether there exists appreciable inter-varietal 

differences in shade response and if they do, to select 

varieties for different shade intensities. Significant inter-

action effects were noticed only when the data were analysed 

by deleting three subplots. As  some of the morhotypes were 

not planted in all the replications, statistical analysis 
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Including all tho 	llCtjg and suhflotg was not possible. 

Based on the aVailable data on total tuber yield, the best 

morphotyneg for each of the shade levels are selected as follows, 

) per 

25 por 

30 per 

5 per 

cent 

can-b 

cent 

cent 

Shade 

shade 

shade 

J1T 	M 
2' "17' 

- 	Sree 

- 	2' 

- N2, N10  

Sree Rashrnj 

ashmi, H17  

Sree Iashrni 

Sree Ieshrnj 

and M10  

and N8  

and 

and 

Of the above selected types, M2  an3 Sree Rasbmi are to 

be reckoned as the same morphotype,gree RE3hmi being a selection 

from the morpho-type, M2  released by the Central Tuber Crops 

'eserch Institute. 	' 2 outyjelded Sree Rashmi in all cases, 

Sree Rasbrrii is to be excluded fro" the us: of superior types, 
thus leaving the types N1, N2, M, NQ, M 10 and N17  as the 

superior ones through analyse' 10 This list is incomplete as 

three morphotypes, 
12# 	and 16 were n)t included in analysis 1. 

Study of the yield d7-'-a by aelysis 2 would indicate that the 

Tr  highest yielders are M, 2' 
	t 15 	and N, 1617 .nut of 

these, D.11 J. M 2' 
P, 4. 10 and N17  are comon to both selections. Others 

are Mp. N 	is  and N16. As the yields of M15  and N16  were 

very much higher than those of M and P.I.J. these two may be 

included in the list of superior types and m  and 	excluded. 

The final list of types that are superior tna, thus, include 
N2, N1  M15, N16  and M. The best type of all these may 

be taken to he H2  which gave the highest ysid at 0, 25 and •75 

per cent shade and second highest at 50 pe cent. It is also 

to he noted that this morphotype has given the highest yield 

during 1990 also when restrictions on yiel 5 were high. 
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S. Haulm yield (Table 41) 

Differences between shade levels were not significant 

in both the seasons. Between rnorphotypes, on the contrary, 

differences were significant. During 1989, TT 16 gave the 

highest yield and 112  came next best. During 1990, M2  gave the 

higher mean haulm yield. In the first season, the interaction 

assumed statistical significance. Data on this are not 

presented. Comparing between the two seasons, the Values were 

higher during 1989 though the extent of difference was much 

less than in tuber yield. This observation is not to be given 

much of importance as it more often reflects the retention of 

above-ground plant parts rather than their total weight as a 

substantial portion of these plant erts dry much earlier than 

harvest and is lost, 

9. Harvest index (Table 41) 

During 199 there was no significant difference in 

harvest index between shade levels in analysts 2. In analysis 1 

where three subplot were deleted, these assumed significance. 

The trend was one of increase upto 25 per cent shade followed 

by a decrease. Even here, treatment differences were narrow 

and were in the range from 0.81 to 0,87. It may, perhaps, 

be safer to conclude that there are no consistent treatment 

differences. Even such a conclusion is very remarkable because 

the trend in most of the shade - intolerant and shade - 

sensitive plants is a sharp decline in harvest index because 

of shading. The fact that such a decline is not there in 

colocasia and that the proportion of photosynthates that is 
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Table 41. Effect of shade on heulrn yield and harvest index of 

Colocsia morphotyes 

Treatments 

Shade levels 
(per cent) 

Haul" yield 
(t  ha 1)  
(1) 	(2) 

1989 

Harvest index 

(1) 	(2) 

1990 

Haulm yield 
(t ha) 

Harvest 
index 

T1 	(0) 1.1 1.2 0.85 0.84 0.5 0,64 
T2 	(25) 1.0 1.1 0.87 0.97 0.5 0.62 
T 3 	(50) 1.2 1,2 0,81 0.82 0.5 0.59 
T 4 	(75) 0.9 1.2 0.82 0,78 0.5 0,56 
SEm 0,1 0,1 0.02 0.02 0.02 0.03 
CD 	(0.05) NS MS 0.04 MS MS MS 
Morphotypes 

M1  0.8 0.9 0.88 0.88 0.5 0.5 

1.3 1.3 0.85 0.86 0.6 0.7 

1.3 1.2 0.76 0.77 

1.0 0.0 0.3 0.82 

M9  0.8 0.9 0.96 0.86 0.4 0.6 

M 10 1.0 1.1 0.88 0.88 0.4 0.6 

-- 1.0 0.8112  -- -- 

is -- 1,4 -- 0.83 -- 

-- 

--

16   2.1 -- 0.77 0.5 0.6 

1-7 1.1 1.0 0.82 0.82 0.4 0.6 

ree Rshmj. 1.1 1.4 0.81 0.77 

sim ± 0.1 0.2 0.02 0.02 0.03 0.02 

CD 	(0.05) 0.2 0.4 0,04 0.05 0.07 0.05 

(1) Data analysed by deleting 3 sub plots 	12'  H15  and H17 ) 

(2) Data analysed by deleting two replications 
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translocateci to the tuber remains unaltered by shading is, 

Perhaps, one of the important reasons for the ability of this 

crop to perform well under shade. 

Between morphotypes, there were siriificant differences 

noted in both the methods of analysis and 	
10 recorded- 

the 

ecorded
the highest harvest index of 0.88 and 97. the lowest values of 

0.76 and 0.77 in analyses 1 and 2, respectively. No significant 

interaction was note. During 1990 also, shade levels were 

statistically at par and morphotypes significantly Aifferent. 

10. Content and uptake of nutrients (Tables 47 and 43) 

Data on these were collected only during 1989. Titrogen 

contents in both haulm and tubers were more under shaded 

conditions than in the open. Between the three shaded situations, 

the differences either were small or there was a tendency for 

the content to decrease with increasing shade levels beyond 

25 per cent. In the case of nhosphorus, there was no consistent 

trend. In potassium, there was a very consistent trend of 

increase in content of this nutrient with increase in shade 

in both haulm and tuber. Varieties showed some difference in 

the content of nutrients in tuber and large differences in 

haulm. 

Uptake of nitrogen increased from 0 to 25 per cent 

shade and then showed a Progressive and drastic decrease. 

TTptake values at 25, 50 and 75 per cent shade levels were 

110, 90 and 79 per cent, respectively of the uptake in the 

open. Phosphorus uptake also followed a similar pattern, the 
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Table 42. Effect of shade on nitrogen, phosphorus and potassium 
contents of colocasia tuber and haulm (199) 

N (ter cent) 	P (per cent) 	K (per cent) 
Treatment 

Shade levels 
(per cent) 

Haulm Tuber Haulm Tuber Haulm Tuber 

T1 	(0) 1.24 1.06 0.12 0.27 6.77 4.55 

T 2 	(25) 1.67 1.11 0.17 0.28 7.89 5.14 

T 3 	(50) 1.56 1.07 0.16 0.23 9.21 5.26 

T4 	(75) 

orphotypes 

1.52 1.12 0.15 0.22 10.96 5.39 

1.98 1.08 0.20 0.27 8.98 5.23 

2 1.45 1.15 0.15 0.22 8.68 6.18 

M7  1.03 1.05 0.10 0.24 9.85 4.45 

M8  1.23 1.00 0.12 025 10.93 4.63 

K 1.40 1.30 0.1 0.28 9.69 4.75 

N10  1.35 1.05. 0.14 0.21 9.23 4.18 

K12  1.90 1.05 0.19 0.25 9.23 4.28 

l5 1.33 1.15 0.13 0.24 6.40 5.00 

K1 r. 1.70 1.18 0.17 0.25 7.65 5.65 

17 0.75 0.95 0.12 0.29 8.80 4.95 

Sreo Rashmi 1.90 1.15 0.19 0.25 7.30 6.65 
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Table 43. Eect of shade on total untke of nitrogen, nhosphorus 
and rotassium and on the contents of starch end 
oxalic acid 

1989 	1990 

Treatments 	Uptake ftg ha- 1) 	Starch Oxalic Starch Oxalic 
(%) 	acid 	(%) 	acid 

Shade levels 
(per cent) 

N P K (%) (%) 

T1 	(0) 97.3 19.8 3Q8•0 28.6 0.39 27.57 0.34 

T2 	(25) 96.3 20.3 440.1 26.4 0.34 28.09 0.34 

T3 	(50) 78.6 13.5 379.1 27,6 0.28 26.97 0.37 

T 	(75) 69.2 11.6 408,1 21.6 0.31 28.24 0.35 

SErn ± -- -- 0.1'l 0.02 

CD 	(0.05) -- -- 0.32 NS 

Mo rrho types 

84.0 18,6 410.1 2',6 0.34 27.84 0.33 

107.2 19.8 749.0 25.2 0.38 28.58 0.39 

47  41.5 8.5 216.3 26.5 0.37 

.M8  57.2 13.2 322.6 21.4 0,29 -- 

76.7 15..1 318.n 30.6 028 . 27.75 0,32 

M10  90.1 16.9 397.4 29.4 0.30 27.87 0.33 

12 71.6 13.8 308.7 25.4 0.33 -- 

i5 99.2 19.2 435.2 24.8 0.31 

142.9 25.4 673.1 27.9 0.37 26.71 0.37 

M17  69.5 18.3 367.6 28.9 0.36 27.54 0.36 

Sree Rashrni 71.5 13.0 342.8 22.0 0.34 -- 

SErn ± -- -- -- -- 0.23 0.01 

CD 	(0.05) -- -- -- -- 0.48 0.02 
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values at 25, 50 and 75 per cent shade being 103, 69 and 59 

per cent, respectively of the uptake at 0 shade. 	ptke of 

potassium also was higher at the low shade as compared to the 

open, there being a decrease in it with further increase in 

shade. The corresponding oercentage values were 111, 91 and 

103, respectively of that in the open at 25, 50 and 75 per cent 

shade. There was wide variation between morphotypes in the 

uptake of all the three nutrients. The values ranged. from 

41.5 to 142.9 kg ha 	for nitrogen, 8.5 to 25.4 kg in phosphorus 

and 216.3 to 749.0 kg in potassium. 

The results on uptake of nutrients generally irvicate 

that there is necessity for suplementing a little of 

fertiliser nitrogen and phosphorus under low shade and of 

substantially bringing them down at intense shade. As for 

potassium, there is need for some supplementation at low shade 

and of maintenance at the same dose under all other levels of 

shade. 

11. °uality of tuber (Table 44) 

Thj3 was assessed through contehts of starch and 

oxalic acid in tuber. During 1989, there was a trend of the 

starch content being lower under shaded situations. However, 

during 1990, this trend did not persist and the overall 

conclusion may have to be that this character is not much 

influenced by shading. Between morphotypes there were some 

differences but these were not much consistent over the 

seasons. 
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In oxalic acid crntent of tuber, there were no 

indications of shade effect. P:et.ween mornhotypes, there were 

some differences and. the range was from O.3 per c(-pt in 

to 0.33 in M2  in 1989 and from 032 in ': to 0.39 in 

The highest yielding type, thus, is found to have tubers of 

a little inferiority with respect to oxalate content. 
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D. SCY9: 

I totel. of 18 soybean varieties were included in the 

trial during 1998 and 20 
during 1989. All the varieties 

failed to come up under shade during 1988 and their growth 

was abnormal under shade from the beginning, The branches 

were long and thin and they tended to fall on  the ground and 

after about 30 days, all the plants at 75 per cent shade and 

by about 40 days, most 0F the plants at  the other -wr shade 

levels decayed away. During 1989 when sowing was done before 

the onset of heavy rains, the croo was better and all the 
varieties came up at 25 per cent shade d  At higher shade levels, 

they failed. In the onen, on the contrary, soybean came up 

very well. The data collecteAl in the open in 1989 and in the 

open and at low shade. in 1989 were analysed treating the design 

as randomised block and varieties as the treatrents Data f 

1988, thus, had compnrjson of varieties in the open only and 

during 1999, both in the open and at 25 per cent shade. Also 

seeds of two varieties, onCtta and Him 1531 were not enough 

for 1anting in a replication during 1999 and as such, analysis  
was done by applying the missing plot technjue. resides this, 

there were differences in the plant Population in various plots 

because of Poor germination arising from delayed sowing. For 

this, yield data were analysed following the method of 

covariance taking plant population as the independent variable 

and yield as the dependent. During 1989, 20 soybean varieties 

were included, and sowing was done by the onset of monsoon. 
The crop 	grw and yielded better. The trial with soybean 

1as not Continued during the third year es it was not possible 

to raise the crop under shade. 
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I. Plant height (Table 44) 

Luring 193, highly significant variation was noticed 

among soybean varieties in plant height at all the stages. 

The mean height values ranged from 9,1 cm o 12.6, 21.4 to 

31,9 and 22.8 to 64.7 at 14, 40 and 70 days after planting, 

respectively. The varieties, D3-83-20 and Hirnzô 1531 recorded 

maximijT. height upto 40 days, The other two varieties that 

had shown stat istical equality  with these varieties at 40 days 
were IC 2661 and DS1-371. At 70 days, varieties, IC 26691 

and EC 63298 recorded the maximum height, Variety T 3 A 

recorded the lowest mean height at all the stages except at 

14 days after sowing. r3etween stages, there vas steady and 

contjnue5 growth upto the last stags, 70 days after snwing. 

During 199 also, the differences in niant height o varieties 

at 60 days after sowing were highly significant both in the 
open and at the low shade of 25 ncr cent. In the open, height 

of different varieties ranged from 379 cm in DS-e3-20 to 

81.4 Cm in TMSO 18. The other varieties that maintained 

statistical parity with 2LSO 18 in mean height were IC 26691. 

Bragg 88, Monetta, Ankur, Irrnmroved eijcan and IC 3924, The 

variety KB 38 A recorded the lowes height of 37.8 cm. The 
natterri •as nearly the same under shade also though nearly 

all the varieties grew taller under the shaded condition, 

Comparing between the two seasons, there was better growth 
during 198g. 

2. rumber of branches (Table 45) 

This observation wa taken during 1989 only at 40 and 

70 days after sowing. Significant and conspicuous differences 
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44 

Table 	Mean plant height (cm) of soybean 
shade le nls 	Tarietjes at iferent 

Varieties 

i 	(PL1so 	18) 

	

2 	(Monetta) 
V 	(Davis) 3 

(KB 74) 

	

V5 	(Iardee) 

(Hirnso 	1531) 

	

V 7 	CEO 63298) 

	

V8 	(PK 471) 

	

V9 	(ii-s 	b-2) 
V10 	(c 39824) 

	

V11 	(Js-79-277) 

	

V12 	(EC 26491) 

	

V13 	(Mcs-124) 
V1 	(DS 76-1-37-1) 

	

V 15 	(K-38 A) 

	

V16 	(Ds-93-20) 

	

V17 	(Bragg 8R) 
V18  (Ankur) 

	

V19 	(Improved pelican) 

	

V28 	(c 	29824.) 
(1) 

:Ir 	-- 	(2) 
1 -) 
\ 	.-) 

(1) 
) 	(0.05) 	(2) 

(3) 

14 DAS 

8.9 

8.4 

9.1 

10.3 

9.7 

11.7 

8.9 

9.8 

9.8 

8.,1 

9.8 

9.2 

10.2 

10.5 

9.8 

12.6 

0.46 

0.49 

0.42 

0.92 

0.98 

0.85 

1988 

Open 

40 DAS 

23.4 

22.3 

24.7 

23,9 

27,0 

31.5 

25.2 

21,6 

27.2 

23.7 

22.1 

29.6 

26.7 

29.1 

21.4 

31,9 

2,2 

2.4 

2.1 

4.5 

4.8 

4.1 

70 DAS 

55.8 

49.5 

57.4 

24.7 

32.4 

33.8 

58.3 

25.3 

39.9 

52.4 

30,3 

64,7 

53.7 

31,5 

22,8 

48,3 

-- 

-- 
4.7 

5.1 

4.4 

9.5 

10.2 

8.8 

Open 

60 DS 

81.4 

71.6 

61.1 

41.8 
43.0 

51.2 

61.9 

41.8 

55.2 

65.7 

46.6 

78.0 

63.7 

46.9 

37,8 

54.6 

'76.2 

68.1 

65.9 

63,2 

6,0 

17.0 

1989 

25% shade 

60 DAS 

97,7 

89.7 

98.2 

43.8 

47.5 

57.2 

90.7 

48.1 

56,4 

77.8 

45.7 

100.4 

63.3 

47.0 

41.1 

52,2 

90.2 

102.8 

90.0 

84.9 

5.3 

15,1 

(1) Standard error of the difference between a treatment mean that 
does not contain an etimate of a missing value and one that does, 

(2) Standard error of the difference between the means of the 
treatments containing estimates of the missing value. 

(3) Standard error of the difference between treatment means that 
do not contain an estimate of the missing value. 
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Table 45. I' 4ean number of branches and protein content of soybean 
varieties in the open (1988) 

Varieties 

Vi 	(:'Lso 	18) 
T 	( IT onetta) 2 

Number of branches 

40 DAS 	70 DAS 

	

7.2 	13,3 

	

3.4 	1.3.2 

Prtejn 	(%) 

32.81 

27.18 
V3  (Davis) 7,7 13,2 33.75 
V (Kr 	74) 8.4 8.9 28.12 
V5  (Pr(9ee) 9.1 11,6 33.75 
V6  (Himso 13l) 9.3 10.5 31,87 
V7  (c 63298) 7.3 12,4 32.81 
v8  ('i< 	4 7 1 ) 8.6 9,9 31.87 
V9  (1<1-IS 	b-2) 8.1 9,8 36.56 
V10  (c 	39824) 7.4 12.9 30.00 
V11  (Js-79-277) 9.7 11.3 33.75 
V12  (Ec-26691) 8.6 13,9 31.87 
V13  (MACS-124) 7.9 13.9 23.43 
V14 (Ds-76-1-37_1) 8.9 10,7 27.18 
V15  (K-3e A) 7.9 8.7 31.87 
v16  (Ds 83-20) 8.8 10.8 27.18 

(1)  0.89 1008 
SErn (2)  0,96 1.16 

(3)  0,82 .1.00 

(1). 1.80  
CD (o.os). (2)  1.94 2.35 

(3)  1.66 2,01 

(1) Standard error of the difference between a treatment mean 
that does not contain an estimate of a missino value and 
one that does. 

(2) Standa 11  rd error of the difference between the means of the 

treatments containing estimates of the missing value. 

(3) Standard error of the difference between treatment means 
that do not contain an estimate of the missing value. 
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were noticed among vartetjes in the number of branches. At 

40 days, JS-79-277 recorded the maximum number 0,7) and at 

70 days, it was EC 26691 that recorded the highest mean number 

of 13.9. Comparing the two stages of 40 and 70 days, there was 

increase with advancing age in all the varieties. 

3. Days to flowering (Table 46) 

Highly significant differences were noticed among 

varieties in this character. During 1988, PLSr 18 took the 

maximum number of days (51) and DS-83-.20, the minimum (33). 

During 1989 also, the varietal performance remained nearly 

the same. Ten out of 20 varieties included during this season 

flowered in a mean of 48.5 to 51.5 days after sowing. The 

varieties, Hardee, DS-76-1-37_1, KB-74 and KB 38 A took the 

minimum number of days in the rnge from 35,5 to 38,3. At 

25 per cent shade also, the trend remained the same eventhough 

most of the varieties flowered earlier under shade. Comparing 

between the two seasons, it took a little longer for nearly 

all the varieties to come to flower during 1989. The timely 

sowing that was done during 1.989 is attributable to this. 

4. Days to harvest (Table 46) 

The trend in this was nearly the samc- as in the days 

to flowering. In 1988, varieties Monetta, PLSO 18, Davis, 

EC 26691, EC 39824 and BC 63298 had taken maximum number of 

days. The differences between these six varieties were not 

statistically significant. KB-74 was the variety which took 

the shortest period of 85,5 days to come to harvest. During 

1989, BC 63298 had the longest growing period of 127 days, 
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Table 46, Effect of shade on days to flowerj, days to harvest and 
thousand seed weight of soybean varieties 

1923 1989 

 

Days to Days to Thousand Days to 
flower- harvest 	seed 	flowering ing 	weight 

(g) 	Open 

7 a rj a ties 

25% 
shade 

Days to T7 sand 
harvest 	ad 

: 
(PLSO 18) 

(Monetta) 

(Davis) 

(KB 74) 

(Hardee) 

(Himso 1531) 

(EC 63298) 

(PK 471) 

(KHS b-2) 

(BC 39824) 

(JS-79-277) 

(Ec-26691) 

(MACS-124) 

(Ds-76-1_37_1) 

(KB-38 A) 

(Ds-832o) 

(Bragg 88) 

(Ankur) 

(Improved Pelican) 

(BC 29824) 

(1)  

(2)  

(3)  

51.3 111.5 73,7 50.3 50.8 121.2 

49,4 112,4 74.8 49.8 40.5 120.0 

49.5 111.0 79.6 51.3 50.5 125.3 

	

33.8 	85.5 	122,4 	36.0 	32,0 	92.0 
35.8 106,5 146.0 38.3 34.5 114.0 

33.4 107.4 177,6 41.0 32.3 115,0 

49.0 109.5 77.7 50.8 49,3 127,3 

	

36.8 	95.8 	129.4 	39.8 	33.3 	99,8 
47.3 102,5 115,5 42.3 39.5 1070 

40.0 110,3 72.2 50.5 50.8 123,5 

34,5 106,8 131.4 42.0 33.8 111,3 

48.3 110,8 74.9 50.0 46,3 124,5 

37.8 104.0 115.7 44.5 36.8 117.3 

34,3 106.0 120,8 36.8 35.5 115.0 
34.3 	89.8 	138.7 	35.5 	32.3 	90,8 
33.0 103.0 158.8 39.5 33.3 124.5 

-- 	-- 51.0 50.0 120.3 

50.8 49,3 123.0 

48.5 44.0 119.5 

51,5 49,8 123,3 

	

0.82 
	

1.80 	6,3 

	

0.89 
	

1.94 	6,8 
	

1.4 	1.5 	1.7 

	

0.76 
	

1.66 	5.8 

11 

2 
V3  

V 
4 

V5  

V 
6 
V7  

V9  

V'0  

V11  

V12  

V13  

14 
V r  

6 
J17  

18 
T 
12 

7 
20 

g 

4 

12q 5 

132,0 

1, 2 

1 3 5.3 

71,7 

02. 1 

20.5 

117.0 

112,6 

113,4 

005 

7,9 

73 5 

3.5 

22,3 

(1) 
D (0.05) 	(2) 

(3) 

1.66 

1.79 

1.53 

	

3.64 	12.7 

	

3.96 	13,7 	4.0 

	

3.35 	11,7 
4.4 	4.8 

1) Standard error of the difference between a treatment mean that 

not contain an estimate of a missing value and one that does, 

2) Standard error of the difference between the means of the 

treatment containing estimates of the missing value. 

3) Standard error of the difference between treatment means that 

do not contain an estimate of the missing value. 

On B 
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Vdrjetjos Davis, EC 26691, EC 39824, EC 39824 and Ankur also 

recorded statistic ally comparable values. Varieties with the 

shortest periods of growth were KB 74 and KB 38 A (92 and 91 

days, respectively) 	Comparison with the two seasons would 

indicate that the varietal trends remained nearly the same. 
It would also indicate that it took much longer during. 1989 

for the crop to come to harvest_ Differences in the dates of 
Cojic rottribu;.ih10  to thj3 seasonal difference, 

5. Yield (Table 47, Fig, e) 

During 1988, date were analysed iri two ways following 

the analysis of covariance one excluding the missing varieties 

Monetta and Himo-1531 and the other excluding one replication. 
Whe analysis of covariance was done by excluding one repij.. 

cation, the F ratio for regression 'as found to he non-signi-

ficant and hence only analysis of variance was done. Data 

presented as (2), therefore, relate to actual yield values. 

Also, missing plot technique was not apnlied in the case of 

Yield data. The results of 1988 showed EC 26691 to be the 

highest yielder when analysed by both the methods. A number 

of varieties maintained statistical parity in yield with this 

highest yieldor. Varieties with the iowe3t yield were 

P1K 471, K9-74 and iCE 38 A. During 1989, ELSO 18 recorded the 

highest yield of 235 kg/ha in the open and many other 

varieties including the highest yielder o the first season 

maintained statistical parity with it. The variety with the 

lowest yierR Was S•-°320 whose yield was 770 kg/ha. Shading 

led to a marked decrease in yield of all the varieties. Under 

this condition, EC 26691 gave the highest yield of 1067 kg/ha, 

All the other varieties except KB 3. A and Davis maintained 

statistical parity withthj highest yielder. 
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Table 47. Mean yield of soybean varieties at different shade 
levels 

1988 	 1989 

Varieties Yield (kg ha t ) 

Open 	Open 
(1) 	(2)  

Yield (kg ha) 

Open 	25% shade 

V 	(PLSO 18) 
V2 	(Monetta) 
V3 	(Davis) 
V4 	(KB 74) 
V5 	(Hardee) 
V6 	(Himsc 1531) 
V7 	(EC 63298) 
Vs 	(PK 471) 
V9 	(1<1-is b-2) 
V 	(EC 39824) 10 

(Js 79-277) V11  
(EC 26691) V12  

(MACS-124) V 13  
V14 	(D$-76-1-37-1) 

(KB-38 i) VI 5 
(DS-83-20) V16  
(Bragg 88) V17  
(1nkur) V18  

V19  (Improved Pelican) 
V20  (EC 29824) 

SErn + 

CD 	(0.05) 

1233.4 

1323.6 
729.7 

1293.2 

1303.8 
928.5 

1401.6 
1071.0 
1462.0 
1592.2 
1507.0 
1234.0 

699.9 
1211.3 

68.9 

215.6 

1177.8 
1263.5 
1574.6 
637.0 

1113.1 
1139.0 
1413.3 
729.9 

1475.1 
1055.3. 
876.8 

1667.9 
1429.9 
1478.2 

951.4 
1188.7 

69.1 

199.8 

2354.0 
1734.3 
1815.0 
1415.3 
1114.7 
1771.0 
1404.3 
1529.0 
2196.3 
1510.7 
1631.7 
1793.0 
1785.7 
1408.0 
1305.3 

770.0 
1837.0 
1958 • 0 
1818.7 
1895.7 

325.7 

932.3 

949.7 
1004.7 

407.0 
715.0 
495.0 
557.3 
880.0 
718.7 

1019.3 
773.7 
872.7 

1067.0 
1026.7 
671.0 
326.3 
469.3 
916.7 
7:9.3 
597.7 
609.7 

228.3 

653.4 

(1) Data analysed by deleting two varieties, Monetta and 
Pirnzo 1531. 

(2) Data analysed by deleting one replication. 
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As all the soybean varieties tested failed under 25, 

50 and 75 per cent shade levels during 1988, as all of them 

failed at 50 and. 75 per cent shade during 198 also and as 

yields were substantially affected even at the low shade of 

25 per cent during 1989, soybean is to be classed as shade-

sensitive, Such a shade response also will make soybean 

totally unsuitable for intercropping under shaded conditions. 

As was pointed out elsewhere, growth of this crop under shade 

appeared abnormal from the very beginning. During 1988 when 

sowing was delayed and was done during the period of heavy 

rains after the onset of monsoon, the long and thin branches 
nroduced under shade tended to all on the ground. These later 

decayed. There was total crop failure, thus, at all shaded 

conditions. During 1989 also, the pattern was idential but 

as sowing could be done earlier, the crop at the low shade 

level survived and could be t--en to maturity. Yield levels 

were, of course, much lower than in the open. At the higher 

shade levels of 50 and 75 per cent, the crop failed during 

1989 also. 

In the open, all the varieties came up very well during 

both the seasons. The variety with the highest yield was 

EC 26691 during 1988 and PLSO 18 during 1989. Many other 

varieties like Monetta, Davis, EC 63298, EC 39824 and EC 26691 

were also of comparable performance. All these varieties were 

already tested earlier for their performence at the location 

and were all found suitable. They grew luxuriantly and their 

interspaces were fully covered in about 40 days. Varieties, 

K-74, Himzo 1531, rK 471, KHS b-2, Js 79-277, MACS 124, 

DS 76-1-37-1, (B-38 A and DS 83-20 were subsequent introductions 
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from the University of Agricultural Sciences, Bangalore and 

all these were shorter in growth and their canopy coverage 

was Poor. Their stand was also poor because of germination 

problem in 1988. During 1989 when sowing was done in time, 

when poor germination was compensated by higher seed rate and 

when the recuired crop stand could be maintained, at least 

some of these new varieties gave good, comparable yields 

eventhough their growth habits were different and canopies 

oor. The new varieties with good performance were KMS b-2 

which came up as the second best, Himzo 1531, P1< 471, JS 7277 

and MACS.-124. 

6. Thousand seed weight (Table 47) 

As expected, varieties showed a lot of difference in 

seed size, the range in thousand seed. weight being from 72 g 

in EC 39824 to 178 g in EC 63298 during 1988 and from 72 g 

in EC 63298 to 138 g in EC 63298 in 189. 

7. Quality of produce (Table 46) 

Quality of soybean was assessed as protein content 

in grain which ranged from 23.4 per cent in MACS-124 to 36.6 
per cent in I<HS b.-2. Quality assessment of soybean was not 

done during 1989. 
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E. LIGH INFILTR7\TTDJ THROUGH COCONUT CTTC..Y 

Measurements  of light infiltration through coconut 

canopy were taken since 1999 using line cruanturn sensor and 

oint ci-uantum sensor simultaneously. The component measured 

as photosynthetically active radiation (PAR). The line guantum 

%ensor was placed in the coconut interspace and the point 

uantum sensor outside in an open area. A data logger was 

•ttached to the two sensors to record the values at every five 

or ten seconds to finally work out the hourly mean and store 

them for subsequent retrieval. It was originally thought that 

measurements for short periods of about an hour would be taken 

from a situation and that a very large number of such situations 

would he covered. Each situation was to represent a given 

age/height of coconut palm and a spacing, A regression model 

to arrive at light iniltration as a function of these two 

factors was expected to he worked out. Cbssrvations on light 

intensity in the interspaces, however, showed that the values varied 

widely depending on time of day, direction of placement of the 

sensor and the location. It was also not possible to identify 

a time interval of the day when infiltration rate would remain 

steady. As such, measurements were made from morning to 

evening from three locations of the same situation. The 

locations were the two sides and the centre and the sensor 

was always kept in the east-west direction. Centre repre- 

sented the centre of pour coconut palms and the sides, to the 

two adjacent sides. From each situation, therefore, recording 

was done at intervals of five seconds from morning till evening 

and data were collected for three days. The mean radiation for 
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an hour from the values for five second intervals was worked 

out. These data along with those of point quantum sensor 

recorded in the open at the same intervals and those of percen-

tage light infiltration are given in Table 48 and are presented 

graphically in Fig. 1 to 5 for 1990 and Fig. 1 to 14 for 1991. 

The overall mean percentage infiltration given along with the 

figures were calculated from all the hourly values whereas 

those in Tables were from the mean LO and 0 values of each 

location (The hours given in the X-axis of figures stand for 

the preceding oe hour interval). The measurements were also 

handicapped by defective recording in some cases and leaving 

aside such values, there were only 19 situations from which 

dependable figures were available collected from 57 locations 

on 57 days. Data from five situations were collected in 1990 

and 14 situations in 1991. 

The results showed wide variations in the overall mean 

percentage light infiltration from as low as 28 to as ouch as 

82 for the different situations and from 9 to 90 for the 

different locations. From the available data, attempts were 

made to work out simple correlation of light infiltration 

Percentage with height of palms and spacing. Within the range 

of spacing from where measurements were made which was in the 

range from 6 m x 7 ii to 9.8 m x 9.8 m, the simple correlation 

coefficient was not significant. Similarly, correlation with 

plant heigt in the range from 0.7 rn to 16.3 m was also not A 

significant. Clearly, the number of situations included in 

the study was inadequate to work out such a relationship. 
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Fowever, it is also to be concluded that there are other 

vsriables that affect light infiltration, canopy size and 

canopy density being probably two of them. An important 

conclusion from these data collected using the best available 

ecuipment to measure light under crop canoties and over nearly 

the whole day at very frequent intervals is that the age - light 

infiltration relationship is not as simple as was reported. 

earlier. To exclude young coconut plantations of upto 20 

years from intercroppjng on the grounds that light penetration 

through the canopy will he low as is being now recommended also 

appears to be wrong. 



Table 48. ?a1Tiation in the interpaces of coconut and in the open 

Situation 

Spacing 	Fe i gh t 
(rn2) 

Location 	Date Measure-easure-
ment ment 9-10 

Radiation 

10-11 	11-12 

(micro moles r 2  

12-1 	1-2 	2-3 

s- 

3-4 4-5 
Me an 

120 232 342 299 1271 881 327 176 84 452 
Side I 16,1.90 , 1075 1329 1595 1708 1639 1508 1210 783 1356 

Pr cent 22 26 19 74 54 22 15 11 33 

7.7x7.7 4.6 LQ 28 919 414 21 839 618 14 431 

Side II 18.1.90 0 1112 1467 1553 1305 1630 1484 1126 640 1290 

Per cent 26 63 27 17 51 42 7 12 33 

tiQ 182 334 214 920 567 192 162 136 338 

Centre 17,1,90 0 1127 1439 1637 1173 1741 1513 1227 600 1382 

Per cent 16 23 13 52 33 13 13 23 24 

LO 634 1071 1732 1246 878 1420 639 1089 

Side I 13,3,90 0 1IY' 1 53 6 1766 1318 1578 1543 1195 1438 

Per cent 56 70 98 95 56 92 53 -- 75 

7 .8x9.8 16.3 528 1358 1681 1657 1620 492 713 1150 

Side II 14,3,90 0 1079 1498 1736 1735 1711 1587 1210 1507 

per. cent 49 91 97 96 95 31 59 76 

1• -- 1149 772 915 1428 1191 844 1048 

Centre 12,3.90 -- 1234 1148 1138 1492 1340 1174 1254 

Per cent -- 93 67 80 96 89 72 84 

CD 



Situation 

Spacng 	-eight 
(m) 

Location Date 4asure- 
ieni 9-10 

Radiation 

10-11 	11-12 

(rnicromoles rn 2 	s) 

12-1 	1-2 	2_3 3_4 
Mean 

4_5 

113 74 174 65 132 274 -- 	139 
Side I 27.3.90 149 1581 1873 1761 1256 1110 -- 	1512 

pr cent 8 5 9 4 11 25 9 
5.6x8.,8 4.0 1345 1435 1369 1001 419 176 -- 	958 

3ide II 31.3.90 1.614 1803 1822 165114 ll trS 894 1476 
r2r cent 83 90 75 62 38 20 -- 	65 
LO 222 343 425 624 920 377 154 -- 	438 

Centre 24.3.90 914 1395 1346 1049 1251 1037 723 -- 	1102 
Per cent 24 25 32 59 74 35 21 40 

LQ -- 267 577 855 640 357 236 489 
Side I 11.4,90 -- 889 1428 1772 1527 1336 738 -- 	1282 

?er cent 30 40 48 42 27 32 38 
7. 0x7.0 LO 733 808 856 662 698 1025 661 -- 	779 

Side II 3.5.90 0 1256 1318 1619 1272 1399 1471 1087 -- 	1346 
Per cent 58 61 53 52 50 70 61 -- 	58 

LQ 720 920 1468 1072 1452 819 564 -- 	1002 
Side III 2.5.90 Q 1119 1308 1670 1239 1668 1605 1254 1409 

Pr cent 64 70 88 87 87 51 45 -- 	71 



1-2 

m 2 	s) 

2- 3-4 4-5 
Ne an 

Situation 

Spacing 	Height 
LccLiofl Date I 1€- as ur e - 

me nt 9-10 

adj±On 

TO-li 	1142 

(7'iicromoles 

12-1 
(m2) (m)  

I -) 262 947 158' 1494 533 271 -* 849 
Side I 1.5.90 1307 1664 1934 1850 1583 1205 -- 1591- 

?Lr cent 20 57 82 81 34 22 53 

744 942 502 781 797 900 456 732 
7.0x7.0 2,9 3i,ae II 16.5.90 8 1024 1450 1645 1700 1896 1542 1275 1505 

Pe 	cent 73 65 11 46 42 58 36 -..., 4 

320 331 396 485 RIS 540 -- 481.. 

Centre 7.5,90 C 660 695 900 998 1441 1092 -- 946 

Pr 	cnt -- 48 48 50 49 57 49 51 

122 307 1115 394 151 227 267 25 326 

81e I .3.91 8 847 1070 1431 1736 1021 1088. 820 105 1015 
per cent 14 29 79 23 15 21 33. 24 32 

158 165 1000 827 328 133 18 376 

'7,5-7• 5 54 Side II 11.3.91 0 894 1281 1679 1496 1239 1065 216 1124 

Per cent 18 13 60 55 26 12 .8 33 

LQ 102 329 460 637 224 236 33 289 

Centre 8.3.91 0 251 703 376 1421 1247 994 117 801 

Per cent 41 47 53 45 18 24 28 36 



Situation 

Spacing 	I-eight 

	

 	Location Date Me  sure-
ment 9-10 

Radiation 

10-11 	11-12 

(Micromoles rn 	
sI) 

12-1 	1-2 	2-3 	3-4 4-5 
mean 

(2)  (m) 

-- 244 195 586 1259 543 255 7 441 

Side i 12.3.91 C) -- 1334 1409 1707 1775 1475 745 22 1221 
1'er cent -- 18 13 34 71 37 34 32 36 

Lc 1126 547 604 305 424 342 16 481 

1.5x7.5 5.2 .Sie II 14.3.1 C 1134 807 1040 1417 1539 1032 86 1008 

Per cent -- 99 68 58 22 28 33 9., 48 

LQ 363 630 1330 1055 1272 367 191 20 654 

Centre 13.3.91 o 899 1159 1555 1681 1544 1524 1128 100 1199 

Per cent 40 54 86 63 82 24 17 20 55 

Lç' 529 555 119 1014 644 418 76 634 

Side I 19.3.91 - 1460 1720 1695 1652 1322 987 105 1277 

P€r cent -- 36 32 71 61 49 42 72 50 

Ll 345 355 739 671 46 36 204 20 402 

7.5x7.5 4.4 3ide II 21.3.91 C) 912 985 1133 1297 1527 1247 940 95 1017 

Per cent 38 36 65 52 32 32 22 21 40 

LQ -- 435 1001 1393 1138 986 626 74 808 

Centre 20.3.91 -- 1163 1463 1590 1684 1472 1094 104 1224 

per cent 37 69 98 68 67 57 71 66 



Situation 

Spacing 	1-7 E>  

Location Date Meaur€ 
rnent 9-10 10-11 

adiation 

11-12 

(Micromoles m 

12-1 	1-2 	2-3 

s) 

3-4 4-5 
Mean 

(m2) (m) 

LZ 250 452 555 674 597 775 513 120 492 
Side I 23.3.91 Q 561 839 862 1269 1070 1053 990 230 859 

Per cert 45 54 64 53 56 74 52 52 57 

289 346 206 145 200 18 201 
6.0x7.0 2.7 Side II 1.4.91 1221 1188 1083 1010 863 92 910 

Per cert 24 29 19 14 23 20 22 

LO 391 418 1082 958 881 832 387 42 624 
Centre 2.4.91 Q 949 1321 1512 1093 1201 1362 1 007 92 1067 

Per cer.t 41 32 72 88 73 61 38 47 58 

713 1023 1039 1452 1191 1026 776 74 912 
side I 4.4.91 Q 968 1356 1355 1694 1472 1334 1043 119 1169 

Per cert 74 75 77 86 91 77 74 62 78 

LC 350 670 1106 640 623 483 394 48 539 

7.0x7.,0 1.9 Side II 5.4.91 0 1246 1190 1 567 952 1282 991 965 151 1043 

Per cert 28 56 71 67 49 49 41 32 52 

LO 709 1305 1721 1426 992 1374 85 4 54 1054 

Centre 6.4.91 1158 1607 1931 1595 1182 1541 1169 155 1292 

Per cert 61 81 89 89 04 8) 73 35 82 



Spacing -eight 
(m2) 	(m) 

3ituation 
I1oction IJte Yec surE - 

nt 

- -r" rn 	s) 

Lr 
SicTe I 	9. Ilk. 91 	Q 

Per cent 

7.5x7.5 	2.6 	Side II 10.491 

Per cent 

LC 

Centre 11.4.91 0 
Per cent 

Lr 
Side I 	19.4.91 	0 

Per cent 

LO 

7.5x7.5 	1.5 	Side II 20.4.91 	Q 

Per cent 

LQ 
Cntre 21.4.91 Q 

Per cent 

Radiation (Ticrorno1es 

9-10 10-11 11-12 12-1 1-2 2-3 
4 	 

3-4 4-5 
Mean 

515 1171 1121 1218 744 1093 575 51 811 

923 1474 1428 1509 1006 1303 93 120 1087 

56 79 79 81 74 84 43 7 5 

532 686 948 830 396 35 36 541 

1358 1790 1185 1125 1349 1048 88 1135 

39 38 80 7 4 29 34 41 48 

834 1065 1270 1243 1166 1051 565 49 905 

1088 1302 1497 1469 1409 1345 911 100 1140 

7<1 82 85 85 83 78 62 49 79 

354 797 1223 130 1097 820 524 20 776 

931 975 1320 1476 1188 1353 1105 34 1048 

38 81 93 93 92 61 47 59 74 

1025 983 994 904 899 1006 855 83 844 

1224 1152 1140 1020 1018 1216 1119 130 1002 

84 85 87 89 88 83 76 64 84 

-- 1245 1337 1324 1256 1203 69 64 1017 

1455 1484 1408 1311 1276 99 66 1142 

- 86 90 94 96 94 64 97 89 



Situation 

Spacing 	Height 
Location Date Medsure- 

meflt 9-10 10-11 

adiation 

11-12 

(Micrornoles m 2  

12-1 	1-2 	2-3 

s 1) 

3-4 4-5 
Mean 

(m2j  () 	 

263 '1 48 223 429 281 252 573 324 
Side I 25.4.91 787 1025 611 932 1237 1122 600 902 

Per cert 33 24 36 46 23 22 96 36 

195 481 590 207 277 197 120 10 260 
8.0x7.0 15.0 Side II 26.4.91 0 456 826 984 1048 1057 1027 704 35 767 

Per cert 43 58 60 20 26 19 17 29 34 

LC 218 472 420 833 227 212 129 24 317 
Centre 27.4.91 Q 529 872 1210 1405 1314 965 438 35 946 

Per cert 41 54 35 59 17 22 29 69 37 

169 252 219 434 434 45(3 403 13 298 
Side I 29.4.91 Q 898 1149 1031 1171 972 1104 739 39 888 

Per cert 19 22 21 37 45 41 55 33 34 

226 544 337 227 416 270 142 47 276 
8.3x2.3 Side II 30.4.91 C °28 978 1062 1230 1402 1173 839 188 963 

Per cert 27 56 32 18 30 23 17 25 29 

LQ 93 130 144 94 175 152 103 127 
Centre 3.5.91 252 331 367 230 652 527 380 391 

Per cert 37 39 39 41 27 29 27 32 



Situation 

Spacing 	Height 
(rn2) 	(ro)  

	

 	Location Date Near 
ment 9-10 

2ediation 

10-11 	11-12 

(Micromoles rn 	s 1) 

12-1 	1-2 	2-3 	3-4 4-5 
Mean 

463 942 436 274 165 140 72 -- 356 

Side I 7.5,91 12 913 1278 1104 1370 1527 1026 703 -- 1131 
Per cent 51 74 39 20 11 14 10 -- 32 

L. 117 131 139 460 350 399 305 16 240 

8.7x2.8 8.5 Side II 10.591 Q 107 1321 f205 1255 1094 949k q37 79 boo 
Per cent 11 10 11 37 32 42 33 21 24 

LQ 288 205 274 266 174 271 146 29 207 

Centre 13.5.91 0 608 928 1319 901 668 1004 870 160 795 

Per cent 4. 25 21 30 26 27 17 18 26 

629 752 869 1362 781 642 538 36 701 

Side I 17.5.91 Q 915 1002 1364 1557 1095 846 818 66 958 

Per cent 69 75 64 87 71 76 66 55 73 

LC 225 275 339 224 504 291 270 167 287 

8.0x7.0 17.0 Side II 20.5.91 0 842 1321 1069 809 1097 1252 1007 429 978 

Per cent 27 21 32 28 46 23 27 39 29 

LO 248 263 272 576 282 334 319 46 293. 

Centre 23.5.91 Q 762 1090 1298 1318 1200 1233 925 189 1002 

Per cent 33 24 21 44 24 27 34 24 29 



3ituatiofl 

Spacing 	Feight 
(rn2) 	(rn)  

	

 	Location Date Meat .ire- 
me nt 9-10 

Radiation 

10-11 	11-12 

- (:jcrorno1es rn 	s 

12-.1 	1-2 	2-3 

-T ) 
3-4 

Mean 
4-5 

Lc -- 438 440 379 332 284 375 

Side I 16.7,91 Q -- -- 693 818 713 1008 728 -- 	792 

Per cent -- 63 54 53 33 39 -- 	47 

LQ 210 291 208 308 593 345 215 -- 	310 

7. 5x7. 5 6.8 Side II 17.7.91 Q 493 575 531 924 1099 641 656 722 

Per cent 43 43 3 33 54 54 31 -- 	43 

110 275 85 125 219 169 142 -- 	169 

Centre 18.7.91 ) 518 190 295 631 473 417 -- 	421 

Per cent 53 45 42 35 36 34 -- 	40 

-- 236 242 311 1081 954 371 -- 	516 

Side I 24.7.91 Q 990 1084 1100 1603 1201 675 -- 	1109 

per cent -- 26 22 28 67 71 55 -- 	47 

DQ 326 495 468 439 588 173 -- 	415 

7.5x7.5 6.2 Side II 25.7.91 0 956 1079 1045 949 1071 506 -- 	918 
45 

Per cent 38 46 45 46 55 34 -- 
-- 159 335 401 258 168 126 241 

Centre 26 	17.91 -- 513 885 1011 853 550 403 - 	708  

Per cmt 31 38 40 29 31 31 34 



Situation 

Spacing 	Height 
(m) 	(rn) 

 	Location 	Date. Me as ure 
me nt 9-10 

-Radiation (Micrornoles m2S 

10-11 	11-12 	12-1 	1-2 	2-3 

_1) 

3-4 4-5 
mean 

228 370 	749 	815 	28 249 -* 450 
Side I 29.7.91 -- 759 1334 	;277 	10 	559 557 -- 932 

Per cent 30 28 	59 	73 	52 45 -- 48 

LQ 238 275 	276 	280 	289 234 -- 265 
7.5x7.5 6.6 Side II 1.8.91 0 -- 459 507 	497 	525 	533 435 -- 493 

Per cent 52 54 	56 	53 	54 54 54 

LO 188 268 353 	471 	308 	280 206 -- 296 
Centre 2.8.91 0 427 597 741 	968 	660 	626 439 -- 637 

Per cent 44 45 48 	49 	47 	45 47 46 

LQ 	* Line quantum s€nsor (shade) - Quantum sensor (open) 
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12. Summary 

L.. GINGER 

1. Anong the growth characters, height of plants and 

chlorophyll content increased because of shading. The 

characters that showed. a decline by shading were tiller 

number and number of leaves. 

2. The yield of ginger improved by shading. The shade 

optimum was, however, found to vary with season. As 

such, ginger is to be classed as 'shade-loving'. 

3. The charactersthat showed nearly identical trend as 

that of rhizome yield are total dry matter production 

and harvest index. 

4. There were substantial intervarietal differences in 

shade response of ginger. Based on the available 

results, Vailuvanad and Himachal are to he judged as 

the best varieties for most of the shade situations. 

5. Quality of rhizome as assessed through oleoresin 

content declined by shading. 

B. TUR'kERIC  

1. plant height and chlorophyll content increased by 

shading in turmeric and tiller number decreased. 

Leaf number, dry matter production, leaf area index 

and net assimilation rate were not affected by shading. 

2. Rhizome yield of this crop showed some decline at very 

intense shade level, but this cron could stand shading 
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without appreciable decrease in yield. eased on the 

yield trend1  this crop is to he classed either as 

'shade-loving' and as 'shade-tolerant'. 

3. Nearly all the growth characters including total dry 

matter production and. harvest index showed similarity 

in shade response to that of rhyome yield. 

4. There were neither 'Qery Conspicuous and consistent 

differences in the yield of the tested varieties nor 

were there such differences in their shade response. 

5. Quality of rhizome assessed through percentage of dryage 

and curcumin content showed improvement due to shading 

in terms of percentage of dryage. Curctiiin content was 

unaffected by shading, 

C. CCLOCA3I? 

1. In this crop, there was increase in plant height, girth 

and chlorophyll content of leaves by shading. Tiller 

number and leaf number remained unaffected. Ery matter 

production Follo-ied the same pattern as rh.i7ome yield. 

2. As a crop, colocasia is to be classed as shade-loving 

as the overall mean yield is higher under shade than in 

the open. 

3. Dry matter production at harvest showed nearly the same 

trend as tuber yield and harvest index was nearly 

unaffected by shading. 
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4. The were large inter-varietal differences in shade 

response, some varieties qualifying themselves to he 

classed as shade-loving and some others as shade-tolerant. 

The morphotype, pq was the highest yielder at nearly all 

shade Situations. 

5. 'u81ity of colocasia tuber is not much affected by 

shading. 

D. 3OYBEAN 

1. All the varieties of soybean tested failed to come up 

under shade. When sown early, it came up at very low 

levels of shade but even here, the growth was abnormal 

and yield very low. Based on this shade response, 

soybean is to he classed as shade -sensitive. Such a 

response also makes soybean totally unsuitable for 

cultivation under shaded intercropping situations, 

2. Varieties showed large differences in their performance 

at the location. All the varieties that were tested 

earlier for the location like PLSO 18, Monetta, Davis, 

Hardee, EC 63299, EC 39824, EC 39821, EC 29924 and 

Improved Pelican were of good performance in the oren. 

The performance of the newly introduced varieties was 

variable. TC- S b-2, Himzo 1531, P1< 471, IS 79-27 and 

MAC-124 were some of the superior ones of this group. 

E. LIGHT INPILTRATION THROUGH  COCONUT C.WOPY 

(i) Liqht infiltration through coconut canopy varies 

Widely and the range in percentage infiltration values 

for different situations was from 29 to 92 per cent. 



117 

(ii) NO significant correlation of iercentacTe light infil-

tration with height of palrs or with spacing was 

I 
	

noted. One o the reasons for this aonears to be the 
N 	

inaderuacy of the number of situations from which 

observations were recorded 

(iii) The present recornendatjons that intercroppjng in 

coconut niantattong which are younger than 20 years 

is not to he done apparently needs modification. 

13 Results which can be exploited in pilot or field scale 

(i) 	The crops ginger, turmeric and colocasia are highly 

suitable for shaded intercroppjng situations and 

soybean, totally unsuitable. 

Ginger varieties and colocasia morphotypes showed 

large differences in shade response s  Among the ginger 

varieties tested, Valluvanad and Himachal are the best 

for most of the shade situations and among Colocasia 

morphotypes, 2 was the best. The turmeric vrietjes 

tested showed very little of differences in shade 
response. 

(iii) Light infiltration through coconut canopies varied 

Widely from about 2E to as much as 82 per cent. In 

the range of coconut spacing from 6m x 7m to 9.8m x 

9.8m, there was no Consistent relation between 

spacing and light infiltration, 3irnilarly, no relation 

between height of coconut palms in the range from 

0.7m to 16.3m and light infiltration was found. In 

as much as these results are based on measurements 
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using line cruantum sensor and as there are larger 

number of observations involved as compared to the 

earlier results reported by Nelliat et al. (1974), 

it may be concluded that inter'mjxed croping in 

coconut may he one in any plantation of any age/ 

height and (within reasonable limits) of any spacing. 

14. apets/artjc1es prenared/uh)jshed 

P. Prarneela and R. Vilraman air. 1990. Screening of 

different morphoteg of colocaSia (Colocasia esculente L. 

Schott) for shade tolerance. National Symposium on Recent 

Advances in the Production and Utilisation of Tropical 

Tuber Crops 79 ov. 1990. Indian society for Roof Crops. 

( 7'bstract). 

15, Suggestions for future lines of work 

(i) In at least a few crops tested, there are found to 

exist large differences in shade response. There 

is, therefore, scope for screening varieties of other 

crops that are usually cultivated under coconut shade. 

(ii) Only a few crops that are possible to be cultivated 

in coconut inters-Paces have so far been screened for 

shade response. Other crops also need to he tested. 

(iii) There is score for breeding intercrop varieties 

Suitable for shade situations. 
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Appendix 

Prominent characters of morphotypes of Colocasia 

orphotype 1 

Plant semierect, medium tall, leaves drooping, petioles 
light green, margins of leaf medium wavy, tuherisation very 
high, cOrM sal1 to medium, -00rPrels oblong, snherical to 

thickly spat1ate, tubers non acrid North Indian type culti-

vated both under rainfed nd irrigated coitjons, 'edii 
thick leaves. 

Norphotype 2 

Plant type same as the ebove,leaves similar but 

Petiole with purplelligmentation, tuberjsatj very high 

other corm small to medium, tubers oblong, spherjcl to 

thickly spatulate, non acrid Leaf margin purple and similarly 

wavy as above. Distributed all over upto Northern Kerala and 

Temilnadu. To flowering has been noticed under Trichur 
Cfldjtjon5 	1edjum thick leaves. 

Morpho type 7 

Plant type is semierect and almost like mrnhotype 

12 but leaf shape is d&fferent Tubers are almost similar to 

broad 'Kanrian group', It is from 3ihar. 
Morohotype S 

D,'arf to meum tall, ornierect lant leaves semi 

drooping or horizntai, rral-gin iedium wavy,rurple margin, small 

to medium leaves with urple spot at the centre. Petiole gren 
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tuberisatjrn high., corm small., spherical, cormels small to 

medium, oblong, spatulate, irty and scaley. This belongs to 

'I<annan group' of varieties rid is from Kerala, Karnataka and 
Maharashtra. 

crphotye 9 

Dwarf to 7edium tall plants, •emjerect, leaves cup 

shaped in the early stages, semidrooping later on, margin 

highly wavy, purple coloured, petiole green, purple spot 

(spreading) present at the centre of leaf. Tuberisatjon high, 

corm and coxmels similar to mrphotype . Also belongs to 

'Kanneri group' and is from ICerala. 

Morphtype 12 

Medium to tall eret plants, sernerect to drooping 

leaves, leaf margin undulate, thin leaves, leaf centre with 

fading light purple brown spot, leaves are elongatem and boat 

shaped. Tuberisation high, mother crm spherical., small to 

medium in size, tubers spherical to oblong, thickly spatulate. 

Very Common cultivated type in central Kerala and belongs to 

'Kannan group'. 

MorThotyoe 10 

ediurn high to tall rlants, similar to plants in 
broad 'Kannan group' shaped drooping leaves with dark purple 

petiole tip tubers are similar to that of 'Kannen grou. 

It is also a cultivated type from:i(erala. 



Morphotype 15 
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A , 

This rnorphotype is very Tra.stica1ly different from all 

other by whitish green petiole, leaf margin and leaf centre. 

Semierect large plant type, leaves drooping and large compared 

to above described morphotypes. Tuberisation is less but mother 

corms are very large, spherical with a light rose pigmentation 

at the growing region, cormels oblong. This is found in North 

East India and in Kerala. This has edible, cormels. Corms are 

also sometimes used for edible purposes. No purple rigmentation 

is noticed anywhpA,  on the plant. It does not flower. 

Morphotype 16 

This is the largest plant tyd and is known as '(uda 

chembu' or 'Malararnan' in Keral. Found also in Tamjindu. 

It is characterised by purple netiols, very large drooping 

leaves, light purple leaf centre, urpie and less wavy leaf 

margin. Tuberisation is less but corms are very large and 

edible. Has light rose pigmentation on growing parts. 

Morphotype 17 

This is characterised by semierect small to medium 

plant type, very dark purple petioles, dark green leaves, purole 

leaf centre and dark purple leaf margin. This morphotype 

hails from Kerala. It is highly productive and highly tuberi-
sing. Mother corm small to medium, cormels oblong, spatulate. 

Known as 'Karutha chembu' in Kerala. It is susceptible to 

blight. 
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