203?0@

ICAR Ad-hoc Scheme

On
‘Shade Studies On Coconut-based
Intercropping Situations

IO ]

IR KAU/FRR 1988-91

L O . f v
(U N P o
\ o

o

n-a.,;;;;_q. 0

FINAL RESEARCE REPORT




2064 F00



PREFACE

The ICAR Ad-hoe Scheme Shage studies on Coconut-baseqd

intercropping situations! was started on 1.4.1938 to Compare

pgﬁﬁrg; conditions, The present Teport pertains to the exnery -
mental Period from April 1988 ¢, September, 1991 and it embodies
the resultsg and recommendations based on tha €Xperiments cop-

ducted for 3% vears.
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FINAL REPORT OF RESEARCH SCHEME

&

Project title Shade studies on coconut based

intereropping situation

[T

Sanction Number

LT3

F.8(9)/85/AFC dated 8.10.1087

Date of start : 1,.4,1988
Date of termination - H 30.9.1991
(a) ¥ame of institute ¢ €oallege of Horticulture

Vellanikkara - 680 654
- Thrissur, Kerala, India

(b) Diviston/Department/ Department of Agronomy

Section

(c) Location of work ¢ Vellanikkara

Technical personnel employed:
Name with designation Date of Date of Total number

Joining leaving of man months
spent

1. Geetha, S. 30,12.1988 10.1.1989 -
Research Associate

2. Pandidurai, V. 7.2.1989 12.12.1990 22
Research Associate (Resigned)

3. Sindhm, X, 20,2,1991 13.8.1991 )
Research Associate (Resigned)

4, Susan Varghese 1.4,1988 20,4,1989 12
Junior Research Fellow

5. Prameela, P. 21.,4,1989 3.4.1990 12
Junior Research Fellow

6. Hemalatha, S. 2.5,1990 31.3,1991 11
Junior Research Fellow

7. Natarajan, K.V,
Farm Assistant (agri) 11.5.1988 31.5,1989 12
Senior Grade .

8. Rajendra Babu
Farm Assistant (Agri) 1.6,1989 30.9.1991 28

Grade I :
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Total outlay

Share of 1cCaRr Share of Participating agency

4,46,000 NIL

Total amount spent

Share of ICAR Share of Participating agency

4,51,783 NIL

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,

To predict the performance of Varieties of tho above

crops at different shade intensiti. g,

To assess quality changes, if any, of crop produce

induced by shading.

To quantify the age population relationships with light

infiltration through coconut Canopies.

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 and

this system was appreciated by the panel. The annual
Teport was accepted. '



for the first year

About 20 promising varieties each of four crops
viz., colocasia, ginger, turmeric and soybean are to be
raised in small plots at shade levels cf o (open), 25, 50
and 75 per cent and their general performance will be
assessed, For providing shade 'Pandals' will be 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 rayé) leaving a clearance of 1 m 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 plot treatments - Four shade levels of
0, 25, 50 and 75 per cent

Sﬁb-plot treatments - About 20 varieties

Observations

Growth and yield observations

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,

Girth at collar - This is to be recorded in colocasia
only, where circumference at the collar of the mast
vigorous tiller of 10 randomly selected plants will be

recorded,



(ii)

(iid)

Number of branches/tillers - Number of aerial shoots arising
around a single plant to be noted in 10 randomly selected

plants,

Yield - (Yield of grain/rhizome/tuber) and yield components.

Chemical studies

General fertility level of experimental field prior to

planting.
For the second year

1. Repeating experiment of first year

2. Survey of shade levels in coconut gardens

This item of work which is tc be taken up con-
currently envisages measurements of shade intensities in
coconut interspaces of “ifferent age and plant porulation
levels. The observations are to be taken up in farmers:®

fields using =uitable sampling technigues,
For the third year

1. Comparison of varieties screened in, &n 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



replicated trial in larger plots under arti‘ficiual 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 vields 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 vield of these crops, the
growth and yield measurements of the main crop, coconut, also
will be taken to find out the possible adverse/allelopathic
effects, The plot size will be the area occupied by a coconut
tree (7.5 m x 7.5 m) e%cluding 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 and another with sole crops in the op.., Comparison
of the extent of vield 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 observaticns included

in the initial screening trial the following are also included in

this experiment,



A. Growth and yield observations

1. 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 walues,

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 be separate experiments for all the crops

included.



cbserVations

)

L of functional leaveg of Coconut
Yielqd of Coconut

Detailed 'eport

shade Sensitive
the Study were

All Contro}

Hence observations of
colocasia under exi

Sting Coconut plantation beyong 300Ap could
not be collected.

(a) Materiajg and methodg

1. Artificial shade
(i) Shade
Pangd



first year énd LT-190 sA ouantum Sensor and LI-191 SA Line
Quantum Sensor were used for adjusting shade intensities to the
desired levels from second year onwards, The structures were
erected by June 1988 and €Xperimental planting was done by

May-June of 1988, 89 and 90,
(ii) Planting material

During the first year thirteen varieties of ginger,
twelve varieties of turmeric ang Sixteen varieties of soybean
were raised. Disease free, healthy rhizome bits of ginger each
weighing 20 to 25 9 were planted on raised beds of width 1 n at
a Bpacing of 25 em x 25 cm leaving 30 cm between varieties,
Finger rhizomes of turmeric each weighing 15 g were raised on
beds of width 90 em at a spacing of 15 en X 30 cm, leaving
sufficient space (30 cm) between varieties. Soybean seeds were

Sown on raised beds of width 90 cm at a snacing of 45 cm x § cm,

During the second year, ten varjeties of turmeric
raised during the first Year, eleven morphotypes of colocasia
and twenty soybean varieties were rajsed. Turmeric was planted
on beds of width 90 cm at a spacing of 15 em X 30 em. Colocasia
was raised on ridges formed 60 cm apart with a plant-to-plant
distance of 45 cm, - Soybean was sown on raised beds of 90 cm
width with a spacing of 45 em x 5 cm. Plot size of turmeric
was 0,9 m2, that of colocasia was 3,24 m2 and that of soybean

was 0.9 m2.



During the thirgd year, six varieties each of ginger,
turmeric and colocasia were raised., Rhizor=s of turmeric and
cormels of colocasia harvested during the nrevious vear were
stored and used as 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 ¢m. 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 ¢ m% that of colocasia

was 20 m2 and that of turmeric, 3,51 mz.
(iii) Manures and fertilisers

Manures and fertilisers were applied &s per the package
of practices recommendations of the Kerala aAgricultural University
(1989). Urea, super phosphate and muriate of potash were the
fertilisers used, Mulching was done using green leaves for

etension of soil moisturce and to control weeds.
(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 split 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,

MYain plot treatments

Notatinn Shade level
T, - O per cent shade (open)
T2 - 25 per cent shade
T3 - 50 per cent shade
T4 - 75 per cent shade

Sub plot treatments cduring the first year
GCinger varieties

Jorhat, Nadiya, Jamaica, Pottangi Selection 667,
Rio-de-jeneiro, Pottangi Selection 17, Kuruppamnradi, Jugijan,

Valluvanad, PGS-35, Amballoor local, PGS-10 and Nedumangad,
Turmeric varieties

Myduckur, Amoor, PCT-2, PTS-9, Ethamukulam, PCT-8,

PTS-10, PTS~-24, PCT-5, CO-1, BSR-1 and PTS-38.
Soybean varieties

PLSO-18, Monetta, Davis, KB-74, Hardee, Himso-1531,

EC-63298, PK-471, KHS b-2, EC-39824, DS-79-277, EC-26691,
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MACS-~124, DS-76-1-37-1, KB-38 A and DS-83-20.
Sub plot treatments during the second vear
Colocasia morphotypes

Sree Rashmi (Details of the morphotypes are given in Appendix I).

Turmeric varieties

PCT>5, PCT-8, BSR-1, PTS-9, Ethamukulam, PCT-2, CO-1,
PTS-24, PTS-10, PTS-38.

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,

DS~76-1~37-1, EC 39824, PLSO~-18, MACS~124, Himso, DS-~83-20,
EC-26691 and Davis.

Subplot treatments during the third year

Ginger varieties

Maran : Rio de jeneiro
Kuruppumpadi Nedumangadu

Himachal Amballoor local

Turmeric varieties

PCT-5 PCT-8
PTS-9 PTS-38
BSR-1 Ethamukul am

Colocasia morphotypes

Ml' M2, Mg MlO' M16 and M17.
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Natural shade under coconut plantation

Planting material

Healthy rhizomes of ginger and turmeric and cormels of

colocasia stored for planting under artificial shade were used,

Manures and fertiliser; -

Cultural and manurial practices followed for the crops

under artificial shade were repeated,

Plant protection

Soil drenching with cheshont compound was done for
controlling soft rot of ginger and Dithane‘spraying was given

to colocasia to control leaf blight.

Methods

Layout - The six varieties of ginéer, 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 mz. Net‘area around one palm planted with

each crop variety was 30 mz.
Treatments

Six varieties of ginger, turmeric and colocasia planted

under artificial shade were used for this trial alse.
Survey of shade

The light infiltration uvnder coconut Ccanopy was

measured during . : -
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light infiltratiop percentage, Suchzmeésurements were

from different Qoconut situations.

Additional observations

taken,

(1)

First year
Ginger ang turmeric

1 Dry matter Rroductinn - Component parts of Sample

2y Chlorophyll'content - _Chlorophyll fractions ‘alt, 1pe
~ ) ; i _ :

total ang fatio of a to b were estimated 150 DAP by

and-Hadley’61965).

3. "Harvest index - Harvest index wag Calculategd as

4. Quality of the produce - Curcumin content in turmeric
(ASTA, 1964) ang oleoresin content in ginger (1s7, 1974)

were estimated,

6
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(ii) Second year
Colocasia and turmeric

1. Dry matter production

2. Chlorophyll content

3. Harvest index

4. Quality of produce - Curcumin content in turmeric
(ASTA, 1964) and starch (AOAC, 1960) and oxalic acid

content (CTCRI, 1983) in colocasia were estimated,
(iii) Third year
Ginger, turmeric and colocasia

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. fet assimilation rate - N2ZR was calculated as

follows:

Wo=W, log e LAz-log e LA1

NAR = where
t2-—t1 Lz‘-\z--LA1

Wy and W, are total dry weights of plants at time

tz‘and tl‘ t2—t1 is time interval in days and La

2
andLA1 are leaf area indices at time t2 and tl.

Statistical analysis

The data were subjected to analysis of variance following

the methodrof Panse and Sukhatme (1978). During the first year
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since all the soybean varieties failed under shade, analysis
was made as RBD 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 @ifferences in the plant populatinn in various plots,
because of some germination problem. For this, yield data were
anaiysed following the method of analysis of covariance, taking

plant population as x and yield as vy.

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,
yvield 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
as randomised block. Since all the varieties of turmericéand
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’ Mg and
Mls in the case of coloéasia and V4, VS' V6’ V9 and V11 in the
case of turmeric) and the other by déleting 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

I

a. GINGER

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 ohe of increase
in plant height with increasing levels of shade during both
the seasons., Amongthe varieties, Nedumangad (Vz) 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 coﬁmon for both seasonswere 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 howevef,
not reflected in final yield and in fact the yield was

better during the third year.
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Table 1. Effect of shade on plant height (cm) of ginger cultivars
1988 1990
TEERmeTS 60 _129DEP 490 80 120 180
DAP a Lap Dap DapP DAP
(1) (2)
Levels of shade (per cent)
Tl {0) 48.3 66,2 - - 41,9 48,2 51.2
T, (25) 58.5 82.5 82.3 81.6 39.7 55.8 69.7
T3 (50) 58.6 79.7 179.7 79.1 36,3 57,3 81.5
Ty (78} 62.6 79.0 78.8 77.2 47.5 60,1 82,7
Smm + 1.37 1.44 1,76 1.24 2.47 1.45% 3.95
. (0.05) 4,39 4,60 NS NS 5.59 3.29 8,93
Varieties
”1 Amballoor local 54,2 77.4 81.5 79.4 40.5 56.6 71.3
72 Nedumangad 62.8 89,4 94,0 89.8 37.3 54,4 174.8
V3 Rio-de-jeneiro 52.5 .- 79.0 81.9 37.1 B8B83 70.5
vV, Kuruppampadi 60.6 80.6 84.3 79.8 47.0 61.0 72.9
V. Fimachal - - - - 43.3 53.5 69,0
V7 Jorhat 62.0 73,2 75.8 71.7 - - -
Vg Nadiya 58.4 73,7 76.3 73.9 i e -
V9 Jamaica 65.4 77,4 80.2 77.4 - - -
V10 Pottangi selection-667 62,6 82,0 85.9 82.9 - - o
v11 Pottangi selection-17 60.4 82.6 87.6 85,9 - - -
V,, Jugijan 55.9 79.1 83.3 83.5 - s e
V13 Valluvanad 65.0 77.9 80.1 78,2 - - o v
V14 PG5-35 39.2 63.0 66.7 73.7 - - -
V15 PGS-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 (0,08 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 plotA(V3)

(2) Data analysed by deleting one main plot (T,)
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g , ‘. ; G
Table 2., Interaction effect of shade levels and ginger cultivars on plant height (cmy

L2990
-
Varieties  Shade levels (per cemt) Shade levels (per cent)
To 28 50 75 mean o 25 so a5 T Mean
vV, Amballoor local 34.2 39.0 4l 1 44.5 40.5 453 72,3 83.6 84.2 1.3
vV, -“edurangad 39,9 36.1 Sadl #1.0 373 50.0 78,3 81.6 89.1 T4.8
V4 Rio-de-jeneiro 35,9 39.4 adad 46,2 3.1 < 61.9 83.1 86.0 70.5
V, Kuruppamoadi 45.4 42.7 44,6 B5,.E Bl 57.0 78.8 85,7 78,3 7258
Ve Maran 16,5 37.4 352 52.2 3.0 52u 2 61.9 80.8 8l.3 69.0
Vg Himachal 49. 4 S B 34.6 45.6 43,3 31,6 72,7 74.5 Tiaid 69.0
Mean 4l 2 387 3E 4.3 4T .5 51.2 70+ 1 81.5 82,7
For 60 D2  SEm + difference between 2 sul plot means at the same level of main plot = 2,920

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 DAZ 3.E of difference between 2 sub plot means at the same level of main plot = 4,13
Z.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
Z”.D for the above at 5 ner cent level = 11.66

81
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Number of tillers (Tables 3, 4 and 5)

During 1988, 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 planting. During 1990, on the contrary, such

a trend was not appnarent and the differences in mean values

were not statistically significant. 3etween 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-jeneiro 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 1990. 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 cduring 1990.
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 w:ss noted at all the
three stages of 60, 120 and 180 days after planting. As
expected, varieties showed significant differences. Over
the stages, thére was a substantial increase in tiller
number from 60 to 120 days and a decrcase from 120 to 180
days. 1In this extent of decline, there were substantial
inter-varietal differences and in two varieties, PGS-35 and
PG5~-10, there was increase instead of a decrease over this

reriod.
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Effect of shade on numher of tillers of

ginger cultivars

Levels of shade (per cent)

Treatment

m
U

1
i
2

"
3
o

AT
DM

C.D

(0)
(25)
(50)
(75)
p
(0.05)

Varieties
Lotleties

<!
—

< <

< <<
B W N

. = X4 = = e
i e = e T ¢ « T
LN =D

L7

By

= N
I+

Amballoor local

Medumangad

Rio-de-jeneiro
Kuruppampadi

Maran
Himachal
Jorhat
Nadiya
Jamaica

Pottangi Selection 667
Pottangi Selection 17

Jugijan”

~ Valluvanad

PGS-35
»Gs~10

2 (0,05)

-—--.-—.._..-—-—..-——--....—-—..—.—-

4,7
3«6
£
2,9
0,21
0.68

. %
3.6

dad
3.6
347
Jad
4.2
2.9
32
4.0
4.0
0.20
0.54

198
120°Dap
(1) {2)

14,0 -a

10.6 10.6
8.6 8.4
7.3 7.3
0.51  0.54
1.65 1.9

8.6 7.4
10.0 8.7
- 967
9.2 7.9
9.2 8.4
9.6 9.0
10,4 9.8
9.0 7.7
12,3 10.8
9.8 7.8

11.5  10.1

11.2 8.9

10,9 9.8
0.52  0.45
1.45 1,27

S e v o r y e s e - v o~ o o

7.4
9.4
8.9

7.7
8.6
5.8
7.9

12,5

2.5

10,0
13,4
13,2
0.54
1:52

T T e e et 0w o - -

1.8
do 3
3.3

2.2

- gy

- - ——

14.2
15,
14,
12,3
0,75

oA

2,

AP - Days after planting

(1)
(2)

Data analysed by deleting one sub plot (V3)

Data analysed by deleting one main plot (Tl)
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Table 4. Interaction effects of shade levels and ginger cultlva*s
on number of tillers at 60 DaP
1988
VEIMBHEE = et md e S et i
Shade levels (per cent)
o 25 so 75 e
V1 Amballoor local 4,8 ) 2.4 2.5 342
5  Nedumangad 4.8 3.4 3:5 2.8 3.6
5 Rio-"e~jeneiro 3.8 (P 2.9 2.7 Fuld
4 Kuruprampadi 4.4 3.0 3.0 2,7 3.2
9 Jorhat 3.4 3.4 s 2.4 3l
Vg, Nadiya 3.9 3.8 3.1 3.8 3.6
Vg Jamaica 4.0 3,9 3.5 3.6 37
Vip Pottangi selection 667 4,3 249 2.8 2.6 3.1
V11 Pottangi selection 17 Bed 4,3 3.8 3.6 4,2
Vi, Jugijan 857 4,5 Z2+8 2.8 3.9
V,3 Valluvanad 5.5 3.8 : 3.1 39
Viq PGS-35 6.l 4.3 3.4 2.4 4,0
V.. PGS-10 5.3 3.7 3.7 3.3 4,0
Mean 4.7 3.6 3,2 2.9
DAP - Days after planting
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Table 5. 1Interaction effects of shade levels and ginger cultivars
on number of tillers

o s o o o o o o e v ™0 % 0 ks s - e R e S e Y . S = > o T s O (o - >

Varieties 180 Dap 180 pDAP

- G i o 2o v U Vot — bt 32— — e T s o D G S e " T v —— 05 > W T G W o S S B

S g S o - . " s - — o - — G e - G G S " S Owe e Sun W > =D W G Sy

.._-_-.-—-—---——-.-_—.._._.....——.-.._-—.-_...-.-...—.-.—-......-..._..—_...__.’.-...--—-.-.._—-_---...—.......,_._

V., amballoor local 8.0 7.2 7.0 7.4 14.3 14,0 12,8 11.2 13.3
v, Nedumangad 8.9 11.2 8.1 9.4 8.3 15.9 10.1 15.2 12.4

Vs Rio-de~jeneiro 11.1 8.9 6.8 8.9 25.1 16.6 10.0 15.8 20.4

v, Zuruppampadi 7.2 7.9 7.2 7.5 10,8 19.4 10.2 8.6 12.3
V5 Maran o - b o 11.8 11.2 14,6 12,9 12.¢
V. Himachal -— - - -~ 15,5 10.5 11.1 10.0 11.8
v, Jorhat 8.8 8.7 5.8 7.7 SRR
Vg Tadiya 9.2 8.8 7.9 8.6 SRR
V9 Jamaica 11.1 10.0 8.4 9.8 — — - = e ——
Vip Pottangi 8.9 7.9 6.8 7.9  —= oo o0 oo .

selectinn-~-667

Viq Pottangi 13.4 13.2 11.1 12,5  ec oo am o .

selection-17
V12 Jugijan 11.8 8.7 8,1 Hs 5 - - o s s
V,5 Valluvanad 10.8 10.6 8.8 10,0 —— mem E me we
V,, PGS-35 18.2 13.8 8.3 13.4 P e A S e
V, g PGS-10 15.5 13.9 10.2 13.2 c m ome ww —
Mean 11.0 10.0 8.0 14,3 14.6 14,0 12.3

DAP - Days after planting
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Table 6, Effect of shade on number of leaves and net assimilation
rate of ginger cultivars

1988 1990

" Wumer of tesvan Net assimjlaticy rate

SReAtment e §_T--_§§Z _______
120 DAP =
BODAP ~ e pap  60-120DAP 120~180DAT
(2} (2)
L.evels of shade
P (o) 29.5 142,5 s - o 1.88
v, (25) 24.7 115.1 114.4 80.0  2.76 2.05
T, (50) 22.7 90.0 88.8 74.2 2.52 2.58
T, (75) 22.1  74.8 74.0 62.4 3.06 2.26
SEm + 1.45 5,8 6.56 4.9 0.44 0.19
C.D (0.05) 4.66 18.6 22,71 NS 0.99 0.43
Varieties
Vi Amballoor local = 22.5 91,4 gp.o 45,6 3.20 0.85
V,  Nedumangad 25.7 113,0 100.5 69.4 3.35 2,21
V,  Rio-de-jeneiro 20.2 . 81.8 79.5 2.98 1,70
V4 Kuruppampadi 23,2 95.4 82.9 54,7 3.22 3,33
V5 Maran - - - - 2,29 2.59
V6 Himachal - -~ — - 3.65 2,46
V, Jorhat 23.6 96,8 87.9 48.1 e o
Vg Nadiya 24.8 100.9 93,7 60.2 e -
Vq Jamaica 28.3 108.3 100.0 68,6 - -
T ;gf:gggin 56 23.0  95.6 83.3 49,3 = -
11 igf;ggfﬁn . 30.0 130.9 120.4 103.6 - -
., Jugijan 25.5 105.7 86.2 7i.8 e e
", Valluvanad 30.3 121.5 107.0 70.3 -- --
., DGS-35 22.8 103.6 85.0 106.4 - -

/15 PGS=10 22.3 103.9 92.8 115.6 - -
3Em + 1.30 4,99 4.B 6,63 0.38 0,31
2.D. (0.05) 3.60 13.83 13.40 18.6 0.76 0.62

DAP - Days after planting
(1) Data analysed by deleting one sub plot (V3)
£2) Data analysed by deleting one main nlot (Tl)
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Table 7. Interattion efioc-

. v WD 4o > S dy " Gt b > - O s W W G 1 W S o o . -

Varieties

e e e R e e e e peap———

T S S A 6 SR M w e S A U e e i e Aen w2 Sup e AP N S GUR Gais v N AR e TR WD S Fw Y VS W WD WY WS GE SOS M P mp s S e W - -

V., Amballoor local 2.8

V2 Nedumnangad 4.3
V3 Rio~de-jeneiro 2.4
V4 Kuruopampadi 6.4
V5 Maran 37
Ve Himachal Daid
Mean 4.1

- N

(S N

TS M G 6 e A S G G S B S W oA S S S W T T S e G i T | T o S T — " S -

i SR S e S GSo W S e WP WP R VS S CE S o w T WE AN W G - . - S < I

S A vl e TS T e e e e W BUE G e T D S > i S - W . 50 w——

D S — — T — T — " —— — T —> G — — o~ w— S = mu- o~ G o w—

75 Mean
1.B 0.9
1.9 2.2
0.9 1+7
3.9 Jud
2w 2.6
4.9 2D

DAP -~ Days after planting
60 DAR

e o e -
Ial
-

O »n

120 DaP

QO
®
O td

i3

aQ w
°
w}

S.E of difference between two sdb rlot means at the same level of main plot

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

for the above at 5 per cent level = 1.70

of difference between two s'1b plot means at the same level of main plot

for the a2bove at 5 per cent level

cf difference between two main plot means at the same level of sub plot

€2

f»r the above per cent level

= (0,76

0.82

= 0.62

= 0,60

¥e
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Ory matter produ cton (Tables 8 and 107

Drring 1988, dry matter produc:: 5n was the highest
at the low shade level of 25 PEr cent. The tren~ Was one
of increase in dry weight vdto this level of shade followed
by a Progressive decrease with further increase in shade
intensity, the lowest values being at the highest shade 6T
75 per cent, During 1990, on the contrary, there was
ircrease upto 25 per cent shade and with further increase in
shade level, dry weight remained Statistically at par. It
is to be noted that yielg response to shade was also similar,
Among the varieties, Valluvanad had the highest mean dry
weight in 1983, vuring 1990, Himachal vas the variety with
the highest dry matter vield., The interaction between the
shade levels ang varieties was significant during 1990 and
in most of the varieties, dry weight values were the lowest
in the open, all thz shade levels recording higher mean

dry weigh: figures,
Net assimilation rate (Tables 6 and 7)

" "is observation was recorded only during 1990,
The stages of observation were between 60 ang 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 ks 3.853
g ﬁzday'l during the first stage and from 1.88 to 2,58
g.mzday—l 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 with advancing age,
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ol 8, Effect of shade on dry matter production and harvest #nde-
of ginger cultivars

ctal dry weight
(g plant~

__....__._.._....._.._.__....._._..__—...... S T e e T " 0 - e "o o e we e

Harvest index

P e . .ﬂ..»._‘._._,._.—...—~....—-._—....--..._.—_-—————_—_——‘.—.—-_——_——--..-—-._—..—-————_—.———.-—-—-..-

sevels of shade
pcr_cent)

T, (0) 35,1 s 17.9  0.33 - 0.50
T, {25) 40,5 42,8  28.7 0.39 0.39 0.64
L; (50) 30.3  33.0  31.6  0.36  0.37 0.61
T, (78) 99,2 22.9 29,¢ 0.36 0.37 0.61
SEm + 0.92 0.96 2432 - - 0.03
c.* (0.05) 2.9: 3,31 5.24  —- . 0.11
Varietics
V1 Amballoor local 28.7 28,6 25.9 0.43 0.47 0.54
V.,  Medumangad 39,0 37.8 25.5  0.32 0.30  0.55
V. Rio-fe-jeneiro - 34.6  21.1 e 0.28 0.40
v,  Kuruppampadi 34.9  33.4  27.1  0.48  0.50 0.68
V. Maran s - 26,6 - R
= Himachal - - 35,2 - - 0.71
V.. Jothas o 33.1 - e 0,80 =
. Nadiya 31,9 0.8  -= 0.49  0.50  --
Y, Jamaica 35,0 33,9 — 0.45  0.48  --
Vio~ Pottangi selection- 31,3 30.1 - 0.40 0,40 ==
667
vll Pottangi sedection- -- 41.9 - - 0.25 -
19
V12 Jugijan 29.8 28.4 - .29 0.1 -
V13 Valluvanad - 39,2 - - 0.47 -—
V., PGS-35 27.6 27.2 - 0.18 O.88 ==
Vs 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 - - - Q07

(1) Data analysed by deleting sub plots (V3, Vo Vll'

() Data analysed by deleting one main plot (Tl)
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Table 9. Interaction cffect of shade levels and ginger cultivars on harvest index

1988

'"“'”'"‘“"""'?15"“"*'"""_'"'“"“'"“""'-"""""?E5 """""""""""

varieties T TTTTTTTTTITToooe- Shade levely (por eomly L

o 25 50 75 " Mean 25 | 50 g5 T Mean
V, Amballoor local 0.28 . B0 BT 0.45 0.43 0. 50 0.47 0.45 0.47
vV, Nedumangad 0, 39 0, 33 0, 27 .28 0.32 033 Ued ¥ 0.28 .20
V3 Rio-de-jeneiro - - - -— - .30 0.24 0.31 0, 28
V, FKuruppampadi 0.41 0.5% 0.44 .53 0.48 0,54 0.44 0. 53 f, 50
V-, Jorhat - - - -~ - 0.44 O 57 0. 51 g.51
V8 Nadiya 0.45 0,51 0.48 0. 50 049 0, 51 0.48 0.50 0.50
Vg Jamaica 0.37 0.47 032 0.45 0.45 0.47 e 52 0.45 0.48
le Pottangi selection-667 0,40 0.4/ 0.42 0] 0.40 0,44 0,42 0.34 0.40
11 Pottangi selection-17 - - - - - 0.24 0,26 0,25 0,25
Vi, Jugijan . {23 0.29 0,36 0.28 0,28 D29 0,36 .28 0,33
V13 Valluvanad - - - - - 0.48 0.48 0.46 0.47
Vi4 PGS=-35 .15 0.20 € Bk .22 0.18 0.20 0,15 O.22 .19
v PG3-10 0.24 0.29 0.19 0.29 Ou25 Q.29 .19 Q.29 025

Le
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© 10. Interaction effect of shade levels and ginger cultivars
on harvest index and total dry weight (1990)

Harvest index Tatal dry weight
Varieties """“""*"'Zi;é;'{;;;s'Z;;E-E;QEI ““““““““““““
0 T s T e 0 25 50 75 mewn
Yy Amballoor local 0.50 0.56 0.54.0.57 0,54 16.8 26.6 33,5 26.8 25.9
vV, Nedumangad 0.38 0.48 0.69 0.56 0.55 10.3 41.3 25.8 24.4 25.5
V3 Rio-de-jeneiro  0.27 0.52 0.42 0.41 0,40 14.6 19.4 25.0 25.6 21,1
Vy Kuruppempsdi 0,65 0,66 0.69 0,74 0.68 25.1 23.7 30.4 29.0 27.1
V. Maran 0.59 0.71 0.54 0.67 0.63 12.7 29.1 40.1 24.1 26.6
Ve Himachal 0.59 0.82 0.76 0.69 0.71 28.0 31.9 34,2 46.6 35.2
Mean 0.50 0.6% 0.61 0.61 17.9 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 5 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 S.per.cent level = 0,14

Total dry weight

SE of Aifference 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 same level
of sub plot = 3,49 - :

CD for the above at 5 par cent level = 7,38
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Chlorophyll content (Table 11)

Chlorophyll fractions a and b and total chlorophyll
content estimated in leaves 150 days after planting showed
a trend of irncrease with increasing levels of shade during
1988. The range in total chlorophyll content was from

1 fresh weight in the open to 1.43 at 75 per cent

0.63 mg g~
shade. 1In 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.
Yield (Tables 12, 13 and 14, Fig. a and B)

In the case of yield of rhizome, there was a trend
of increase in yield Upté the low shade level of 25 per cent
followed by a decrease with further increase in shade inten-
sity during 1988, 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
vield 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 dis difrficult o
neglect the clear trend shown by most of the varieties.
Apparently, a reason for the differences in responses is
Seasonal in neture., In as mucb as the yields are higher
under shade than in the open, this crop will qualify itself
to be classed as 'shade-loving'. Expressed as.percentages
of that in the open, the rhizome vields: 825, S50 and 75

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

Chlorophyll a Chlorophyll b Chlorophyll Chlorophyl*

Treatments mg g"1 mg gt m§+g—1 /b
fresh weight fresh weight fresh weight
1988 1988 1988 1941
Levels of shade
(per cent)
T, (0) 0,42 0.2% 0.63 2.00
T2 (25) 0.80 0,54 1,34 1.48
T3 (50) Q.87 0.56 1.43 P
T4 (75) 0.93 0.56 1.43 1.86
Varieties
V1 Amballoor local 0,66 0.50 1.16 1.32
V2 Nedumangad 0.78 0.56 1.34 1.39
V3 Rio-de~jeneiro ~ U, 98 . 0.56 1.54 P L
V4 Kuruppampadi 0«71 0.45 1:16 dul
V5 Maran S - - -
V6 Himachal - - L _ -
V. Jorhat 0.67 0.40 1.07 1.867
V8 Nadiya 0.80 0.49 1.29 1.63
V9 Jamaica 0.82 0.42 1.24 1,95
V., ~ Pottangi A
10 cul sk an-BET 0.69 0.43 }.12 1:6
V,, Pottangi _ L 3 1.9
11 SELETE 1 i 17 0.81 0.42 1.2 .
V12 Jugijan 0.73 0.41 1,14 1s18
V13 Valluvanad C.71 e 38 1.09 1.86
Vlﬁ PGS-35 0.74 0.44 1.18 1.68
PGS-10 .80 0.59 1:39 1.38

Ve

Data collected 150 days after planting
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"=ble 12. Effect.of shade on rhizome yield of ginger cultivars (t ha

Fresh weight basis Dry weight basis
' Treatments 1988 1988
-------------------- 3090 mmme e -1900
(1) (2) (3)
Levels of shade
(Per cent)
T1 (0) 11,7 - 14,1 3.8 1.6 - 1.7 1.5
’I'2 (25) 13.6 14.6 15,3 17,9 2.1 2.0 242 3.0
T3 (50) 8.0 2.0 2.0 17.7 1.3 1.4 1.5 3.0
'I‘4 (75) 5.5 6 .2 6.0 16,6 150 1.0 1.0 2.8
SEm + 0.66 0.64 0.52 1.77 ¢ .12 0.09 013 0.31
c.D (0,05) Dreil 2,21 1,80 5.50 0.39 0.31 0.45 0.70
Vérieties

71 Amballoor local 7.2 6.7 7.6 11.5 1.4 1.4 1.3 2.1

7, MNedumangad 10.8 9.1 11.4 15,3 1.6 1.4 1.7 2.4
‘3 Rio-de-ieneiro  '-= 8.6  -= . 11.4  -= 1.0 - 1.4
vV, Kuruppampadi 13.1 12.0 13.9 17.2 Zel - P | ZTZ 3.0
'JS Maran - - - 14,7 - - - 3.0
Ve Himachal s e = 21.6 e - o~ &0
V7 Jorhat - 13.1 14,86 - - 2sl 251 -
Vg Nadiya 18,5 41.7 12.6 s 1.9 2.0 1.9 -
V9 Jamaica 15,5 13.8 16.1 - 2:1 2,1 22 -
Vip Eo¥tangl 109 10.8 11.5 - 1.6 1.7 1.7 -
Vi1 §Z§Z§2?§n_l7 - 10,0 10.5  -- I .
V12 Jugijan - 10,3 2.9 11.6 - L b P e, -
V13 Valluvanad - 15.9 17.4 - - 2+5 2.6 -
V4 PGS-35 2,8 2.9 3.1 ee 0.6 0.6 0.7 s
Vv, PGS-10 4.0 4.0 4.4 - 0.5 0.5 0.6 i
SEm + 0.63 0.68 0,75 -- 0,33 .82 0,13 =
c.D (0.05) 177 390 .13 == 0.34 0.34 0.37 --

(1) Data analysed by deleting sub plots (V3, V7, Vll’ V13)
(2) Data analysed by deleting one main plot (Tl)

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



Ele i;, Tanzeraction effect of shade levels and 9 inger cultivars on rhizome yield (t Ha 1)
e _— . . S
1988
O - S £
Varieties Shade levels (pér Cent}
0 25 50 75 Mesn 25 50 75 Mean 0 25 50 75  Mean
B S R o o e e e e e o o e e e e o U

v1 Ambglloor local 8.1 10.4 5.1 4.3 7.2 10.4 6.1 4.3 6.9 7.9 10.7 12.3 3.8 7.6
V2 Nedunangad 16.1 13.9 7.6 5.f 10.8 13,9 7.6 5.8 9,1 1?7.4 14.6 7.6 5.9 11.4
V3 Rio-de~jeneire - - —— ~- 13.0 8.0 4.9 8.6 —- —— — s ——
V4 Kurupbampaci i6.5 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
v, Jo¥hat -— - - e -- 18,2 13.6 7.4 13.1 18.5 18.0 14.9 P2 14,6
Vg Nadive 14,8 16.4 10.6 8,1 12.5 16.4 10.6 8.1 11,7 £5.2 17.0 11.& 6.6 12.6
vV, Jamaige 20.8 19.3 13.2 9.0 15.5 19.2 13.2 9.0 13,8 22.8 192.0 13,6 8.9 16.1
V., Pattapgi
% 4 0 - 2

10 selection-667 11.4 18, 8.2 5.7 10.9 18.4 8,2 5,7 10.8 11.8 19.9 8.5 6.0 11.5

V., Pottangi "
o - . o s C 9

11 selectinn-17 : 14,9 9.3 6.0 10.0 12.9 14.4 3.5 5.2 10.5
V4, Jugijen 11.3 16,5 9.4 3.8 10.3 16.5 9.4 3.8 9,9 13.7 17.3 10.6 4.6 11.6
v13 Valluvanad - - SR — -~ 21,3 14,4 12,1 15.9 21,7 23.2 14.3 10.6 17.4
Vié °GS-35 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
V15 PG3-10 4.8 6.0 3.0 2.8 4,1 6.0 3.0 2.8 4,0 4.6 7.4 3.6 2.2 4,4
Mean 11,9 13.8 8.0 5,5 == 14,6 9,0 6,2 «= 14,1 15,3 9.6 6,0 p—
sE+ 1 1.79 SEm + 157 SEm + 2.13
z.D (0.05) .0 (0,08) 3.3 g.b (6.05] 4.24

(1) Tata analysec by deleting 3 sub plots (V3, V7 and Vll)

t2) D

Data analysed by deleting one meain plot (T,)
Data analysed by deleting one replication (R,) =»nd one sub pleot (V3)

A



Table -$4. Intoraction cffect of shade ‘evels and)ginger cultivars on rhizome yield (t'hayl)

1990
— Presh weight basis Dry weight basis
Varieties = = = «;ewa- e e e e e e e e e e e e e e e e e m | e e e e i e e e e
Shade levels (per cent)

o 25 sa . 75 meam o 25 e T 75
vV, Amballoor local 7.14 12,34 14,56 12,07 11.53 1,37 2.41 2.87 1,92
V, Nedumangad 4,09 2206 18,08 12.06 15,322 0.62 3.84 2.80 2udl
Vs Rio-de-jeneiro” 4.98 13.40 13.50 13.50 11.35 0.59 1.63 1.66 1.69
V4 Ruruppampadi 15,52 14.88 1c.18 19,01 17,16 2.66 2.58 3.38 3.43
Vg Maran 6. 72 18,62 19.01 14,26 14.65 Sk 3.33 3.42 <% o
Ve Himachal 14,57 22.91 S 2e13 26,62 21.5%6 2,62 4.19 4,11 5,06
Mean 8.84 1787 17.74 16.6 1.51 <«99 3.04 2.82

e

—— - —

— - o o -

Fresh weight basis

SE of Jdifference between two sub plot me:ns at the same level of main plot = 2,08
C.D for the above at S per cent level = ¢.,16

SE of the difference between two main »lct means at the same level of sub plot = 2.59
CC for the above at 5 per cent level = 5.5

Dry weight basis
SE of difference between two sub plot mesns at the same level of main nlot

0.35

L}

CD for the above at 5 per cent level = 0,71
ST of Adiffecrence between two main plet means at the same level of sub plot = 0.45

w2y

o7e at 5 per cent level = 0,96

£E
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on fresh weight basis when analysed by deleting a few sub
plots. The corresponding figures for 1990 were 203, 201
and 189, The trends remained the same in the caecc of 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 Kuruppampadi. The best variety of 1990, Himachal was,
however, not included during 1988 thus making strict com-

parison and selection of variegties difficult.

The interaction effects were significant during 1988
and '90. During 1988, nearly all the varieties showed a
trend of increase upto 25 per cent shacde followed by a
decrease at higher shade levels., During 1990, on the
contrary, there was substantial yield incredse 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 Nedumangad which showed a significant
yield decline beyond 25 per cent shade, 7%he variety which
registered no increase in yield by shading was Kuruppampadi
which gave statistically comparable yield figures at all
shade levels including the opeén. The highest yielding
variety in the open during 1988 was Jamaica, Valluvanad
giving the second highest yield, At 25 and 75 per cent
shade, it was Valluvanad that recerded the highest yield.

This variety also yielded high a¢ 50 per cent and was very
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close to the highest yielding variety, viz. Jorhat. Based
on these results, the variety, Valluvanad may be indicated
as generally the best for all shade situvations., During
1990, the highest yielder was Kuruppampzdi in the open,
Nedumangad at the low shade and Himachal at the other two
shade levels. 1If one variety among the six tested during
1990 is to be selected as generally the best for all the

shade situations, it will be Himachal.

Data on yield on dry weight basis also showed nearly

an identical trend as fresh weight.
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 relatinn with final yield was not apparent in the

case of mean harvest index of varieties during 1988 when the

varieties Nadiya, Kuruppampadi and Jamaica gave relatively

high values. 1In 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 Adry matter productinn were definitely important factors
responsible for the higher yield of tre second season, higher
translocation of carbohydrates as is indicated by higher

harvest index must also be recognised as important,

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 guite some differences between varieties and some of
the varieties which were superior in terms of guality were

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

Uptake of nutrients (Table 15)

Estimatinns 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
rhosphorus whose uptake values steadily decreased witﬁ
increasing levels of shade, the highest values being in
the open even thouch the yield increased upto 25 per cent

shade,
Trial under natural shade

This trial was taken up only during the last
season and the objective was to confirm the results on

varietal performance under natural shade of coconut. The



37

Table 15, Effect of shade on uptake of nutrients and oleoresin
content of ginger cultivars

1988
Treatment rutrient uptske (Xg ha~!) oOleoresin

5 P K (%)
Levels of shade (per cent)
Tl (0) 90,8 25,3 271.5 8.82
T? (25) 9951 18,7 329.7 T.95
T4 (50) 68.8 14..7 264,1 6.49
T, (75) 46.6 6.7  183,0 7.06
Varieties
Vl Amballoor local 50.3 12.3 173.2 5.94
V2 Medumangad 84,8 17.4 246.1 7.48
V3 Rio-de~jeneiro 82.2 14.7 250.8 Ve 23
Vv, Kuruppampadi 79.0 18,2 291.1 6.38
Ve Maran - - - -
V6 Himachal - - - -
V., Jorhat 64.4 10.5 236.7 282
Vo Nadiya 60.4 16,2 261.0 5.62
V4 Jamaica 84.4 15.4 278.0 D88
Vlo Pottangi selection-667 2.5 13,1 236,4 7.26
V11 Pottangi setection-17 105.5 20,4 372.8 8.76
V,, Jugijan : 65.8 13.1 236.8 s 38
V,3 Valluvanad 113.8 171 308.9 5.96
V14 PGS-35 58.8 16.0 278.3 1].92
k% PGS~10 72.2 18.5 256,3 9.69




38

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 plot size, All the
vsix 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 about 50 per cent. This experi-
mental crop could be nlanted only about a month after the
crop under artificial shade was planted. 2lso, 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 rlant
height, number of tillers, net assimilation rate, total dry
weight and yield of rhizome and yield components, Uptake
of nutrients N, P and X and assessment of cuality parameters
were also included (Tables 16, 17 and 12). An overall
assessment of these data would indicate that the varietal
differences in most of the characters including rhizome
yield were not significant. A comparison 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 natural 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, Pplant height, number of tillers and net assimilation ratc
of ginger varieties under natural shade

Plant height (cm) No. 6f tillers NMAR
Varieties = = @ acaesee e e 35““'—-{?5'-
¥: > B).§ \T DAT P
60DAP 120DAP 180DAP 60DAP 120DAP 180DAT 120 180
____________________________________________________________ Dap__Dap_
V1 Amballoor local 41.8 59.9 74,9 0,5 4.7 6.9 0.4 3.7
V2 Nedumangad 45,8 65.8 B3,7 0.4 3.5 Vs 1.5 1.8
V4 Kuruppampadi 44.8 68.7 80,8 (e B 3.0 8.0 4,2 1.0
V5 Maran 42.8 hHeH 79.4 1.4 5.4 el 3.4 1.2
V6 Himachal 44,9 28,2 Tiel 0.9 Bigo 7e4 3.8 1.8
SEm + 4.9 S 4,4 Ded 1.0 Led g« 0,1
CaD [0.405) NS 7.6 NS 0.7 NS NS g.1 0.2

DAP - Days after planting

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

Haulm Rhizome Farvest Fercentage Total dry
Varieties yield_1 yield__1 index Aryage weight -1
(t ha ") (t ha™ ") (g plant™ ™)
V1 Amballoor local B 5420 0452 19.8 12:.5
V2 Nedumangad l.36 Jenl @29 15,6 11,8
V4 Kuruppampaci 1Ll 3.84 0.39 19 .7 e
V5 Maran 3.42 3.42 0.36 18,1 105
V6 Himachal 105 3.47 0,36 18.8 18,6
SEm + 0.21 107 0.08 0.10 20

C.I 10,05 NS NS NS 0,2 NS
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Table 18. Uptake of nutrients, oleoresin content and oil content
of ginger varieties under natural shade

Total wptake (<a b)) oteprestn  oi
- - " (rer cent) (per cent)

V1 Amballoor local 40.9 1041 37:8 8.6 3.0
V2 Nedumangad 15.6 10,0 34.3 B3 35
v4 Kuruppampadi 28,7 9.2 26.8 74 3;0
V5 Maran 16.2 8.6 40.9 Tetl -
Ve Himachal 22,9 8.5 14,9 6.0 g3
SEm + 2.8 1.4 3,2 - -
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planting of the experimental crop under natural shade and

the so0il differences, The site of the trial-under artificisl
shade was under undisturbed natural vegetation immediately
before whereas the area for the trial urder natural shade

was cleared much earlier and brought under coconut, A |

variety of crops were also raised in the interspaces.

The general lack of significant differences between
varieties under natural shade alone is rerhaps due to the

above two restrictions on the growth of the crop.
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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 angd only
10 when this trial was repeated during 1989, The two varieties
which could not be included during the second year were
Myduckur and Armoor, Again, out of the 10 varieties included
during the second yYear, five could not be planted in two out of
four replications for want of adequate seed material., These five
vérieties were PCT-2, PTS-10, DT35-24, Co-1 and PTS-38. The data
of this season were analysed by two methods, viz: 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 forward for further testing
in larger plots. These six varieties were PCT-5, PTS-9, B3R-1,
Ethamukulam, PcT-8 and PTS-38. The results of the three seasons

are given below and discussed.
1. Plant height (Table 19)

During 1988, height of plants increased with increasing
levels of shade upto 50 per cent after which it tended to
decrease, Among the varieties, BSR-1 and Cr-1 recorded higher
height values at later stages eventhough the values were higher
for other varieties at the earlier stages. Variety x shade
interaction was significant at 120 and 120 days. Data on these
appear in the First Annua)l Report and are nnt reproduced here.

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



Table 19. Zffect of shade on plant height (cm) of turmeric varieties

193¢ 1989 1990

Treatments . 120 180 e Lo par ~_f?gffi__ 60 120 180
Shade levels

{ner cent)

T1 (0) 60.4 93,8 91.7 39.5 2.3 74,0 65,4 93.9 88,3 46,1 86,0 93.5
T2 1257 74.2 117.0 113.9 45,6 42.8 26,3 83.1 98,9 101.2 52.8 99.8 105.6
s '50) 74,5 115.6 115.0 49,1 44,5 89,2 93.2 101.2 112.4 52.8 107.8 114.3
Ji 75} 71.2 98,0 95.6 56.5 £4.8 98.9 107.4 109.8 123.1 E%5:1 1092.3 113.5
SEm < 2,78 2.68 3.00 3.7 5.0 6.1 9.2 7.9 10.8 3.0 3.8 4.3
O (0,05) 82.89 ¢g,86 9,63 2.5 s 13.7 NS N3 NS NS NS NS
Varieties

Vl Myvduckur 76,4 169.7 106,2 - - - - - - - —-— -
Vé Zymoor T2, 97.6 93.5 - - - - - - - - -
V3 PCT -2 71.7 106.9 104.86 - ’82.8 - 81.9 -- 103,86 - - -
V4 PT3-9 55,2 105.3 106.9 39.¢ £1,.0 80.3 83.1 105,1 105.9 52.0 98,7 106.5

———__—~-—~—_—-m--—--——c-—.—.«—---_—.—-.——-—--Q——-—-t'o.—-—-———-—-—-—-—.—--—-——-—-——-—n—--—---—-—-—---—————-—-—--——u——-—.
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1983 1989 1990
Traatments ¢, 120 180 55 DIP 120 TaAP 180 DaD 60 120 180
DAP 157.5-JN - - R DAD DAD DAD

kulam :
V6 PCT-8 55,7 88,3 81.8 4.5 48.6 84,7 89.4 86.1 90.3 51.6 102.5 107.6
V7 PTS~10 o68.9 10%.2 1o07.7 - 44,5 -- 104.5 -~ 126,9 - = s
V8 FT35-24 68.9 110.3 108.4 - - 37.8 - 19:3 -- 108.1 - -— -
Vg PCT-5 77.0 101.4 94,0 55,2 25,8 92.9 90.2 91..8 88:9 55.6 101.7 109.7
VIO Co 1 71<8 115,2 112.8 - 37.6 - 74.7 -~ 105.4 -— - -
Vll 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
V12 PT5~38 66.5 109,68 105.5 - 373 - 85.3 -- 115.9 51.3 93.7 108,3
SEm 4 2.16 2.55 2,59 2.0 3.6 4.7 7.3 4.3 4.3 1.9 2.1 3.4
Th (0,05) 6,00 7.08 Zx39 6.7 Ta3 2«5 14.8 2B, 13.1 N3 NS NS

D2P - Days after planting

(1) Tata snalysed by deleting five subplots (VB‘ Vo, Vg, Vio and V

12)
(2) Data analysed by deleting two replications

14%
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increasing shade levels. The treatment differences were,
however, statistically significart only et two stages and that
too when analyged deletinmg five salbpiots, Tartetsgl dlfferences
were significant eventhough varietie’s that recorded higher
height were dlfferent at the three. stages. Intcraction was

ot -significant, During 1990 when only- six varieties were:
used, neither shade effects nor varietal ‘effects sssumed
statistical.significance. Mean values were, however, higher
under the shaded situatisns. Irteractlon between these two .

-actors also was not significant.

An overall assessment of the results should indicate
that there-were indications of the plants being taller under
shade at . least upto the intermediate shade level of 50 per cent,
VIblS shade effect ‘was not consplcuous enough te attain consistent

statistieal significance.
2. umber of tillers {Table 20)-

Ihe general trend of wariation in tiller number with
inCrease im shade level was one of decrease during 1988 and
'89. During the second year, however, differences were
significemt omly when the anumber of replications weas- taken ag
. four after déleting five subvlots. There was no such consistent
trend. nctice" ﬂurlng '1990..and. the differences were not stati-
s*ically signiflcant Varietal differences were significant
during the first two years of. initial screening, varieties.'
Ethamukulam, Co-1 and BSR-1 being three of the mosk profusely
tillering. During 1990 also, Ethamukulam and BSR-1 recorded

generally higher walues, but-the varietal differences were not
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Teble QO, Effect of shade on number of til?ers of turmeric varieties

'"d"fgww_“ | 1988 ' ) 1989 1990
Tréatment . i20pap 180 pa® T )

~ , 60 DAT® 120 DAP 180 DAP —wwt cmccmeno et ———— 60 DAP 120 DAP 180.DaP
) ’ (1) (2) (1) {2)

.................................. e s e e
' Shade levels :

_-(p_6r cent)

T1 (0) 1.6 3.8 3.3 i.é - 1.5 3.2 3.0 1.7 2.7 2,8
T, (250 1.2 1.7 1.7 1.2 2 1.0; 2.2 2.3 1.4 1.9 1.9
T4 (50) 1.3 1.6 1.5 4.2 1.y 2.3 2.3 1.6 2.7 - 2.8
Ty (i5)< 1,2 1.3 1.4 i.z | o.é 2.0 1.9 1.5 %3 2.4
SEm 4 ~ o.08 0.12 0.12 0.2 : 0.2 0.2 0.3 0.1 0.3 1.1
;éD (0.05)  0.26 0,40 owég 0.4 NS 0.6 NS NS NS NS

' V';'arieties .

V, Myduckur 1.3 1.7 1.6 - -— - -~ - s e
v, Srmene | 1.3 1.9 1.9 -- - -- - -- -- =t
V, PCT-2 1.5 2.4 2.4 ae oig i - 2.8 _— — .
v, PIS-9 1.3 1.9 1.9 1.1 1.3 2.2 2.2 1.6 2.0 2.4

9%
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Table 20 (Zontd.)

P T T gy e e et
Treatment T T Tlaooas T 180 oar ST
60 DAF 120 DAP 180 DA™ wcemmem—e——ee Smm—————— 60 DAFP 120 DA® 180 DaP
&) (23 (1) (2}
Ve Ethamukulam 1.5 2.6 2.3 2.2 1.8 3.5 3.4 1.5 2.0 2.5
V., PCT-8 1.5 1.9 1.6 0.8 0.6 1.6 1.8 1.7 2.6 2.6
V., FT5-10 1.2 2.4 il - " 1.0 . 2.3 - S -
Vg PTS-24 1.2 %, - I | - M s 2.5 s — i
Vg FCT-5 1.4 1.9 1.6 0.7 0.5 1.5 1.5 1.3 1.8 1.9
Vig Co 1 1.3 2.3 2.2 - 1.4 s 7% | et == -
vy, BSR-1 % ol o - 2.0 La'? 3.2 2.9 1.6 8.7 2.8
V,, PT3-38 1.4 . 2.3 1.8 - 1.1 - 2.0 1,4 2.1 e
SEm + 0.09 0.12 (.15 0.3 0.3 0.3 0.4 0.04 0.2 1.0
CD (0.05) 0.27 0.39 0.42 0.5 0.6 0.6 0.9 NS NS NS

DaP - Days after planting
(1) Data analysed by deleting five ¢ ibplots (V. V,, Vg, Vip @and v, )

(2)  Data analysed by deleting two replications

LYy
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significant. 2Among the interaction effects, the only stage at
which it was found significant was at 120 days during 1988.

(Data on this are not presented).

Eventhough itiis 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 tummeric.
3. Number of leaves (Table 21)

This ohservation was recorded in 1988 and 1990 only.
Barring the exception of 120 days after sowing both in 1988 and
'90, there was no significant effect of shading; At this stage
which was also the stage of highest number »~f 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. Ethamukulam 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 cof 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 occufrence of

dry season.
4. Dry matter production (Table 22)

The trend of Ary matter production with shading varied

between seasons. During 1988 and '89, the highest mean values
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Table 21. Effect of shade on leaf number oF turmeric varieties
1988 1990 A

ireatments e e e o et e 55

60 CAP 120 DaP 180 DAP 60 DAP 120 DAP 180 DaT
Shade levels
(per cent)
T, (0) 8.9 16.5 I 6.8 16.6 10.1
T2 (25) 7B 10.6 3.4 B.5 12,1 105
T, (350) 7.7 - 11,0 2.8 6.1 11.8 2,1
Ty {95} Te0 9.6 2ul B2 10.9 12.2
SEm 4 B.5 0.7 0.3 0.2 0.8 3.8
Ch (0,05) NS B NS NS 23 NS
Varieties
vV, "yduckur 8,0 1.3 2,0 - - =
VZ Armoor 6.8 9,2 c I | — - -
V3 PCT=2 8.6 13:3 3.6 - - —_—
V4 DTS~-9 7.9 137 2.8 6.3 12,6 2
V5 Ethamukulam s 15.2 3.4 6.6 15.7 11,
V6 PCT-8 8.6 10.9 0.2 6.4 10,5 9e2
V7 PT3-10 7.4 12.2 3.5 - S -
Ve PT3-24 Tud 12.1 0.0 - — -
Vo PCT-5 1.1 0.0 6.4 10.6 9.0
VlO Co-1 tde0 0.0 - - -
V11 BSR~-1 L3 12.0 0,0 6.4 15:6 12.4
Vlz PTS-38 7.1 11.4 3.6 6.2 12.2 11,4
SEm + 0.6 0.4 ¥ I 0.7 4.7
6B (0.05) .1 1.6 $ NS 2.8 NS

DAP - Days after planting
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Table 22, Effect of shade on dry matter production of turmeric

varieties
1988 1989 1990
o Dry matter Dry matter production Dry matter
+ CERuNents production -1 production
-1 (g plant™") : 21
(G PLERE ] e memmmmsommmimsm (g plant™")
(1) (2)
Shade levels
(per cent)
Tl (0) 45,9 74,2 65.0 X 36.6
T, (25) 34,3 60,4 54,3 39.5
?3 (50) 28.8 £2.6 81.0 43,5
T4 (75) 20,8 5.2 51.6 41.6
SEm + 1.84 8.1 13.0 2,0
cD {(0.05) 2.24 N3 NS NS
Varieties
Vl (Myduckur) 2726 - - -—
Vo (Armoor) 26,4 - - -
vy (PCT-2) 35,4 _ — 44,7 -
Vy (PTS-9) 32.5 59.0 61.6 40.4
V5 (Ethamukulam) 35.0 59.6 57:2 39,4
V6 PCT -8 ‘ 27.6 51.9 51.6 44,4
V. PTS-10 ‘ 32.0 — 48.4 g
V8 DTS-24 34.9 - _ 44,2 QR
V9 PCT-5 38,2 68,2 59.1 37.8
Vll BSR-1 37.1 64,3 57.5 39.0
Vi, PTS-38 30.6 - 48.1 42.6
SEm + 2.24 3.5 2.01 1.8
o (0,05) B3 7.0 4.1 NS

\'% Vv

(1) Data analysed by deleting five subplots (VB’ Ve Vg

and VvV

10

12)

(2) Data analysed hy deleting two replications
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were noted iwm the open, there beinéﬂa_brogressive decrease with
increasing shade levels. The differepces were significant
during 1988 but not in 1989, During 1990 neither the trend mor
statistical significance waéﬂnoteﬁ; Betﬁéen varieties, there
were significant differences duriﬁg the first two seasons when

the values were generally higher for the higher yielding

varieties. The 1nteract;on ‘was significant only during 1989
..'r," .

(Data not presente§}§

Eventhough there are'seasonal‘differences, a clear

. indication is that turmerié has the ability to grow under shade.
Its growth under shade is to be reckened as comparable to the
shade-free, oren condition if not better, There are varietél

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 Jlevels, During all the
three seasons, this effect was. noticed., 1In the case of varietal
variations, on the contréry, 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 1ncreasing
shade levels was reported in several other crops and it is often
attributed to faster photodestruction of this pigment atlhigher
levels of illumination. The higher leaf content of chlorophyll -
was also apparent in the visual appearance of the crop and it

lookedvdisttnctly—darker'graen under shade than in the open.

Q07700
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Table 234

Effzct

o

¢t shade on chlorophy

~
11 content of turmeric leaves at 150 Dap

1988 1989 1990%

Treatment Chlorophyll (mg g~ = fresh tissue) |

" —— - “ ———————————————————————————————————————————————————————— W — - v - R I

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

Shade levels (Per cent)
Tl (0) 0.38 0.26 0.54 1.46 0.77 0.54 1,31 1.43 0.47 0.82 1,25
T, (25) 0.71 0.45 1.17 1.57 0.85 0.64 1.49 1.33 0.73 1,30+ 1.31
T, (50} 0.87 0.54¢ 1.42 1.61 1.14 0.82 1,96 1,39 0.93 1.68  1.18
T, {78 1.12 0.60 1.72 1.86 1.28 0,97 2.25 1.32 1.10 1.89 - 1.31
Varieties
Vi myduckur 0.74 0.60 1,24 1,49 -- -- - -- -- - -
V, armoor 0.77 0.52 1.29 1,44 __ - - -- -~ -~ -
V3 oer-2 0.90 0.50 1.40 1.82 1.05 0,75 1.80 1.40 -- - -
V4 PT5-9 0.82 0.49 1.31 1.59 1.08 0.78 1.86 1.38 0.78 1.40 1,23
V5 Ethamukulam 0.74 0.36 ".10 1.97 0.99 0.75 ©.74 1.32 0.80 1.4% - 1,30
Ve 2CT-8 0.92 0.63 1.55 1.42 0.98 0.71 1.69 1.38 0.81 1.47  1.30
Vo PT5-10 0.83 0.46 1.29 1.83 0.89 0.66 1.55 1.35 . - -
Vo PT3-24 0.81 ©0.40 1.21 2,01 1.05 0.78 1.83 1,35 - - --
Vg PCT-5 0.83 0.43 1.26 1.90 1,05 0.74 1.79 1.42 0.78 1.34  1.24
Vi oCo -1 0.6¢ 0.48 1,12 1.54 1,02 0.72 1.74 1.42 - - -
V., ,BSR-1 0.54 0.35 0,90 1.53 1.15 0.82 1.97 1.40 o0.81 1.45  1.25
v, ,PTS-38 0.73 0,42 1,15 1.68 0.99 0.72 1.71 1.38 0.79 1.41.0" 1,26
* Data of 1990 reletn +¢ » days =fter nlanting,

¢S
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6. Leaf area index and net assimilation rate (Table 24)

These observations were recorded only during 1990 when
sufficient number of plants were available for destructive
sampling. The data collected showed lack of significant
differences between shade levels and varieties. Over the stages,
there was a substantial increase in leaf arga index from around
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 (Tabhle 25, Fiqg.c)

The rhizome yield Adata followed slightly different
patterns during the three seasons. While the pattern of the
first two seasons was one of decrease with ihcreasing shade
level, it was one of 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 differences as there were no
major c¢limatic variants between three seasons, Neither were
there attributable factors other than climate. The only
conclusion that can be drawn from the results is that turmeric
can come un well under shade at least upto the intermediate
level of about 50 per cent and give reasonable yields. It is
alsc to be no?ed that many growth characters ghowed similarity
in variation with yield. During the first two seasons when
vield declined with shade, tiller number, leaf number and dry

matter production also showed a similar trend. During 1990,
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Table 24, Effect of shade on leaf area index and net assimi-
lation rate of turmeric varieties

Leaf area index NMet assimilation rate

._...-.-—-._—-.—-._—-..---c--..-.-n-.-.——.-.--—..——-————--—-—.a—a.—-—-——.—-.-—-n—--—-—..-—--_———---.———

Shade levels
(per cent)

T, (0) 0.92 2.94 8.42 1.47 2,53
T, (25) 1.23 3.70 8.12 1.65 2.28
T, (50) 1.22 3.40 7.38 2.00 2.04
T, (75) 1.07 2.80 7.07 2.09 2.44
SEm 4 0.14 0,27 0.51 0.19 0.16
CD (0,05) NS NS NS NS NS
Varieties

v, PCT-5 - 1.20 2.95 7.80 1.61 2.14
vV, PTS -9 1,31 3.34 7.95 1.73 2,05
V, BSR-1 1,05 3.18 8.26 1.60 2.60
vV, Bthamukulam  0.91 3.30 7.28 2.05 2.29
Ve PCT-8 1.18 3.40 7.30 1.83 2.91
V. PTS-38 1.65 3.02 7.82 1.96 1,99
i & 0.14 0.27 0.52 0.19  o.18
CD- (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
Rhizome yield Rhizome yield Rhizome yield
(t ha™?) (t ha™1) (t ha™1)
STERERERES | ¢ e e e e D
Fresh wt Drvy wt Fresh wt FPresh Fresh wt Dry wt
basis basis basis(1) gzsis basis basis
L ) S
shade levels

~er cent)

: (D) 19,3 3.3 21,0 34l
T, (25) 14.2 2.6 21.8 4.1
T, (50) 10,7 2.1 25,7 4.9
Ty (75) BB 12 2047 Hal
SEm + 0.9 0.1 1.5 i B
Ch (0,05) 2.8 0.4 NS 0.7
Varieties
V1 Myduckur 12.2 2 - -
V2 Armoor 8.0 8 - -
V3 PCT-2 13.4 el -— ot
V4 FTS-9 13,0 2.2 22.4 4,3
V5 Ethamukulam 13,1 2.6 2.9 4.3
Ve PCT-8 11.:5 2.7 24,8 §.3
V7 PTS«10 1347 1.9 — —
V8 PTS-24 1257 2a0 - -
V9 PCT-5 15.9 3.5 21.8 4,0
V10 Co-1 13.4 2l - -
vll BSR=-1 13.5 2ul 22.0 4,2
V12 PTS-38 10.7 I 20.7 4.0
8Em + L4 0.2 1,4 0.3
€p, (0.05) Jed 0.6 NS 0.7

(1) Data analysed by deleting five subplots (V3, v

(2)

Data analysed by deleting two replications
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on the contrary all these parameters showed parity at all shade
levels. 1In 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 trendsvwere far from
consistent. Again the differences between varieties which
were significant during 1988 and 'S99 fell short of significance
during 1990, Tre interactions were alsc significant Auring
the first two scasons 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. Tt
is conclﬁaed from the results on varietal 3ifferences that
eventhough there are, perhaps, differences in yielding
abilities, these are not high enough to offset the experimental
errors. Similarly, it is to be roncluded that varietal
differences in shade resvonses in the tested varieties were

not high enough to be consistent,
8. FHaulm yield (Table 26)

Data on this were collecte” during 1989 and 1990 only.
Puring both the seasons, shade efféct was not significant.
Varietal differences were significant in 1988 but not in
1990. Comparing between seasons, the valucs were higher in

1928,
9. Harvest inder (Table 26)

Between shade levels, differences in harvest index

were not significant during any of the three seasons.
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Table 26. Effect of shade on haulm yield and harvest index of

turmeric varieties

Percentage Haulm yield'(thha-l) Harvest index

‘ Aryage eeeem e e

!reztments 1990 1989 1989
---------------- 1990 1988-=vemcmmec—o 1990
(1) (2) (1) (2)

‘hede levels

mar cent)

. (0} 15,5 8.3 4,8 2,1 0.40 0.67 0,62 0.52
ALY 18.6 4,2 3.8 2,9 0.41 0.64 0,65 0.51
T, (50) 19,4 4.3 4.4 3.1 0,38 0.63 0,61 0,55
Té (75) 24,5 4.6 5.0 2.5 0.39 0.63 0.5 0.65
SEm + _ 0.5 0.6 6.8 0.2 0,01 0,03 Q.02 0.03
CD (0.05) 1.4 NS N3 NS N3 NS NS NS
Varieties
Vl Myduckur - - - - 0.34 -- — -
V2 Armoor - -— = - 0,32 =~ - -
vV, PBCT-2 - - 3.8 - 0,46 == 0.61 =-
V, PTS-9 19.1 Hed 5.6 2.9 0.42 0.57 0,54 0.55
V. Bthamukulam 19,4 4.4 4.5 2.8 0.44 0.65 0.65 0.58
V6 PCT=-8 22.1 3.9 4.1 2.4 0,54 0.65 0,62 0,65
vV, PTS-10 - - 5.8 ~- 0.37 -- 0.63 -
Vg PTS-24 e - 4,2 - 0,35 -- 0.5% --
Vy PCT=5 18.8 4.6 3.8 2,5% 0.68 0.69 0.69 0.55
Vs il - o Aol == .37 = 0.55 --
Uzl BSR=~1 18.8 4.9 4.2 3,2 0.30 0.64 0.66 0.56
V12 PTS-38 18,4 - 4.8 3.1 0.36 -~ 0.565 0.52
SEm + 0.9 0.4 0.6 0.2 0.01 0,05 0.05 0.22
CC (0.05) 2.3 0.8 1.3 NS 0.05 0,10 0,10 ©ns
(1) Data analysed by deleting five subplots (v3, Voo Vg Vig & V12)

(2) Data analysed by deleting two replications.
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Differences *retweean varieties were significant during the
first two seasons when PCT-5 gave the highest values, Puring
the third year, “ifferences were not significant, It is to
be noted that this variety was not included in the final

testing during 1990,
10. Quelity of produce (Tables 26 and 27)

CQuality of turmeric was assessed during 1990 through
egtimation of percentage dryage and curcumin content and
Auring 1988 and '89 using curcumin content. In percentage
“ryage of 1990, there were significant shade effects, there
bz2ing a progressive increase from 15.5 to 24.5 with increasing
shade levels, Among the varieties, the mean value was the
highest in pca-g (22.4 per cent) and lowvest in PTS-38 (18.4
per cent). 1In curcumin content, the shadr effects vere not
consistent. Variet:es alse showed some differences but the

only consistent effect is the low value recorded in PCT-5,
11. TUptake of nutrients (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,
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Table 27.7 Effzct of shads on uptake of nutrients N, P and K and curcumin content of turmeric
varieties

S e - e wE T e s e D . — G S R S D TS (NN S iy D . S - ——— - e cov " o o — S ko e L D Y D G T s Tan D D P o G G - o T —— T > S - S W

Treatmants N uptake P uptake K uptake Curcumin Curcumin N uptagf P uptake K uptake Curcumin

0S5

(kg ha"l) (kg ha'l) (kg ha“l) (percent) (percent) (kg ha )} (kg ha'l) (kg ha"l) (per cent)
Shade levels
(per cent)
Tl (0) 81,3 19.9 245,92 5.9 4.15 76,9 14,2 158.4 o
T (25) 73.0 12.5 249,1 5.6 3.78 114.6 16.0 215.9 Zel
T, (50) 67.9 12.4  259.8 4,2 3.76 137.4 20.3 304.1 .
T4 {75) 85.5 - 10.2 210.9 3.9 3.26 132.6 17.5 314.0 2
Varieties
V1 Myduckur 66.7 12.3 215.8 4,05 - — oo . —
V2 Armoor 63,2 11,3 262.5 5.61 - - = == ; o
V3 PCT=-2 81.4 14.2 238.9 5.06 3.79 - - -_— -
v, PTS~-9 93,7 0.1 178.3 5.20 3.33 119.1 22.4 225.1 2.8
v Ethamu-

5 Tesahesm 87.9 23.2 364.,2 5,00 3.83 107.5 20.5 252.,.3 3.2
V6 PCT -8 69.5 17,6 18C.2 2 w0 3.43 129°O 23,3 285,0 2.4
V., DPTS-10 £4.0 10,9 267.0 5.90 3.62 - s - -
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 3.0 227,3 1.8
Y o 4 62.3 11.6 269,.6 5.60 3,63 e - —_— -
vll E3R-~-1 63.3 125 288,.5 5.50 3.66 127.8 22.4 250.6 2.5

V19 Pr5-38 ©0.0 : 10,9 26d.2 5«50 . 22 110.56 19.3 284.,4 N Y

O < e e s o g e . e g PR S TN = A = PR < S
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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
1988 and which showed a very mgch more than proportionate
increase in 1990, This came about as a result of a large
increase in content of this nutrient hecause of shading (data
not presented), This was the pattern rencrted 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.
IT Trial under natural shade

The area used for rlanting ginger under natural conditions
was also used for turmeric. Nearly all tte growth and yield
observations taken for the crop under artificial shade were
included in this trial also. tmlike what it was under artificial
shade, the number of varjeties include? was only five, the one
excluded being PTS-38. DBata collected are vnresented in
Tables 28-32, As the redults show, growfh and yield of the
crorp were much poorer under natural shade. Such a mroor per-
formance was also reflected on the uptake of nutrients. 1In
characters like chlorophyll content, harvest index and per-
centage of dryage, the valhes were comparable to those under
artificial shade. 1In none of the characters, there was
significnat difference between varieties. The only attri-
butable reason for the podrer performance of the experimental
crop under natural conditfons is the delay in planting which
also resulted in a shorteg crop “uration and the vprobable

inferiority of the soil.
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Tables 28. ©lant height, number of tillers and net assimilation rate of turmeric
varieties under natural shade

Varieties
Vl PCT-5
DTS
V2 PTS-9
V3 BSR-1

V4 Ethamukul&n

V5 PCT—B»
SEm *
CD (0.05)

T i -V > W A S Gy e W G D Gy S e v S S

32.3
32.8
3585
38.2

34.3'

Plant height

'83.3
163.4

103.3

Number of tillers

180.DA§ | 60 DAP 120 DAP
104.5 0.7 2.9
1157 14 3.2
109.2 1.1 | 3.3
104.9 0.6 3.0
97.7 0.6 3.0
5.5 0.97 1.04

NS NS NS

DAP - Days’after”planting

19



Table 29, Number of Jeavés, net assimilation ¥rate and 2ry matter production of
turmeric varieties utrlef nhaturzl shade

el o/ e S oo romiasn .‘_..u,...__“.-,...,.'._..... o R i T W
Numbar ol lezves Met assimilation rate Dry matter
Varieties i e e 1 o v s Wy o o k) e o —————— S e e o e e e proﬁuction
s $= = > ~-19 2] -
S0 DAP 120 BAP 130 L2z 80-120 DAF 120-180 DA fs plane X)
——————————————————— ﬁ—-——q—d—-—;—-——&b-‘-—v-d-Q'—-I—-‘hﬁ-q-b-—d-‘---—--~--—————-—-————m-—ﬂ—-—-*-——*—‘-———-
< o e LY ﬂ
\]1 ACI‘ 5 7.9 11.9 - J-:gl 2.3 2.1 25.8
V2 PTS-9 5.75 11.7 14.% 2.9 2.0 $8.2
v, BSR-1 7.4 12.8 14.4 2.2 1.6 27.9
V, Ethamukulam 3,4 2.9 14.¢ 3.1 2.0 7.4
Vo PCT-8 5.9 16,2 18,7 2.4 1.8 3.2
Ch (0.05) N3 N3 S NS s NS

PDAP - Days after planting

¥

(4]
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Table 30. Zontents of chlorophyll fractions of turmeric varieties at 135 days after
wlanting under natural shade
Chlorophyll Chlorophyll Chlorophyll Chlorophyll
Varieties almg gt L(mg gt a+b(mng g™t a/b
fresh welght) £fresh welght) fresh weight)
vy PCT-5 0.81 0.€0 121 1,35
v, PT3~Q 0.87 0.72 1.59 1.20
Vs BE3R-1 0.90 c.70 1.70 1.28
Va Zthamukulam 0.88 0.70 1.58 1.25
V. PCT-8 0.83 0.€8 1.51 1.22

£S



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

Yield Yield Haulm Farvest Percentage
Treatments (fresh weight) (¢ry weight) yvield index dryage
t ha~1y (t ha~ 1) (t ha~1y
V1 PCT-5 12.0 2.4 2.33 - 051 20,5
V2 PT3-9 10,2 2.09 2.43 0.46 20.0
V3 B3SR-1 12.8 , 2453 2.19 Ge53 19.8
V4 Ethamukulam 12.0 2.46 2.30 0,51 21 45
V5 2CT -8 943 1.93 2525 0.46 20.5

€D {D.05) NS NS NS NS NS

¥9



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

i e -

Nitrogen Phosrhorus Potassium -1

TR (ver cent) (per cent) (per cent) Uptake, (kg ha 7)
Heulm Rhizome Haulm Rhizome Haulm Rhizome N P K

PCP=5 1:25 2.4 0.20 0.26 3.4 3. .& 60.8 12.2 125.9
pT5--9 1.238 1.90 0.16 0.18 3.2 3.4 52.3 8.3 1175
BRSR-1 1,19 1.8 0.13 0.14 B 3.9 59.9 10.6 165,3
Ethamukulam 1.19 2.2 0.23 0.27 4.4 4.5 42,3 8.2 160.4
rCT-8 1.24 i 0.16 0.19 2.4 2,49 46,1 T 81,3

21
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C. COLOCASIA

Experiments on colocasia were conducted only for two
seasons, 1989 and 1990. A total of 10 morphotypes received
J‘I;.Crom the National Bureau of Plent Genetic Resources, Regional
Station, Trichur along with 'Sree Rashmi', 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 numnber of types assembled
from all over the country and this collection represented a
failr assembly of variahility available in the countrv. The
morphotypes included and their prominent characters are given
in Arpendix I. During 198%, seed tubers of three morphotypes,
M12, M15 and M156 were not enough to plant all the four repli-
cations and as such, these three were planted only in two
renlications. Data collected were statistically analysed by
/two methods, one by deleting the three subplots (morphotypes)
and another by;&gleting two‘replications with missing subplots.
FProm 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
infiitration of ahout 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 includedsome early growth observations only.
These are not included in this report. Results 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 both the seasons. 2mong the morphotypes, M, recorded

2
nigher height values at nearly all the stages during both the
seasons., The varietal responses to shade were not different

as indicated by lack of statistically significant interaction.
2. 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 &nd at 60 days in 1990. On the contrary, differences
between morphotyves were significant at all the stages during
both the seasons. At the first stage of observation 60 days
after planting, the types with highest til’'er number were M, and

2

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

B 1 10

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. MNumber 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 morphotyres, M17 had the maximum number of leaves

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

any stage.
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Effect of gshate on rlant height (en) oF colocasia
morrhotypes

) 1989 1290 )
SN DAY igppan T Tl
Treatment — .. __ . e B TEp 190 man 120 Tar
By (1) (2) (2] (2)
Shade levels
(per cent)
Tl (0) 32,9 33.3 54,3 £56.3 60, 2 69.7 81.0
T, (25) 52,5 57.1 92,2 0.0  T4.= R5.4 93.5
T4 (50) 57.2 26,3 103,49 103.7 78.2 6.0 23,9
T4 (75) 62.8 68.2 104.7 114,09 '3 P 04,3 95.0
SEm+ el 4.2 4,4 5.3 dad 7 5.98 (P
€D (0,05) 7,0 13,3 10,0 17.0 T43% 15.79 Mg
Horphotypes
My 50,1 54,4 71.1 73.5 69,4 62.6 74.7
. 32 55.3 58.8 1¢5,7 111.,9 78.4 1003 185,3
"1, 44,3 i85 2 92,0 8.5 o o o
Mg 47.8 48,7 9.5 Y8 g -— o —_—
”9 54,9 59,4 92,8 Q0 .3 FleB a0, 7 106.1
o 6.5 62,7 89,6 03,2 75 83.9 89.6
F12 - 53.6 - Fd<B —-— — =
MlS - 44,9 - H2.5 - - -
Nlé - 55,4 —_— 10,0 67,4 88,2 94.1
Yy 23.86 06,2 72.9 80,6 6%, 1 £6.9 o
S5rec Rashmi 12,5 92,0 98.5 104.3 - - -
Smmi 2.5 BT 3.6 4.8 2,39 2.84 2.96
CD (0.05) S P8 1s2 Rl 510 6.06 B2
;Dﬁ - Days after planting

analysed by feleting trree subnlots (le, "1 and Mlﬁ)

analysed hy “eleting two replicaiions
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Table 34, Effect of shade on tiller number of colocasia

morphotypes
1989 1990
Treatment 60 DA 120 Dap TS
------------------------ 60 DAP 120 DAP 180 DAT
(1) (2) (1) (2)
Shade levels
(per cent)
Tl (0) dwd 1:2 4.4 4,5 2.8 5.8 6.2
T2 (23) 1.8 1.8 4.2 I i P 6.0 643
T3 (50) 1g3 1.3 3.8 2.8 P 6,0 - By
Ty (75) fxd 4.8 3.3 2.9 2,1 4.6 4.8
SEm- 0.3 0.3 0.3 Qi > 0.3 0.6 0.6
CD (0.05) NS NS BT NS &6 MS NS
Morrhotypes
My 1,0 1.0 4.8 4.9 3.3 7B R4
Nz ' 2.0 1.8 3.9 3.9 4,0 57 Ba3
M., 0.6 0.7 4.4 4.8 - - -
M8 0.8 0.6 8 3B - - -
Mg U5 @8 33 3.8 . 6.2 B d
Nlo 1.8 1.8 4,6 4.7 2.9 6.1 6.2
M, - 1.3 - 4.8 -- -- -
Ml - 0.7 -— 2,5 - — -
M16 - 0.7 - 2a B el 2.8 0 |
M, - 3.6 38 4.5 4,0 4,0 Shgd =
Sree Rashmi 1.0 1.3 2:5 2.4 - - -
SEm- 0.3 0.5 0.4 0.6 0.26 0.49 0.55
£ (0.05) 0.6 1.0 0.8 152 0.56 1.04 Ledl

DAF - Days after planting
(1) Data analysed by deleting three subplots (Ml?' M15 and M16)
(2) Data analysed by deleting two replications
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Table 35. Effect of shade on number of leaves and girth at the
collar of colocasia morphotypes (1989)

Number of leaves

O . T " -y - Yo" et

e - " o - - ——

- -

——— -

Girth at the collar {(cm)

S e e - e Wy T G W Y TS . S - s

- e o

- s -

._-—..-.-—--—..——--—-q-—-——.——‘.—.--—-.-——-——‘——-.—.--.—-.--.—-—.—...—-—_--—.._. o S - ——

Shade levels
(per cent)

T, (0) 5.5 4.9 12,7
T, (25) 6.2 8.1 12,7
T3 (50) B8 5.3 12.4
Ty (75) 59 5.4 11.8
SEm+ .3 0.2 0.9
€0 {0.05) NS NS NS
Morphotypes
M, 4,4 4.6 11.3
_ B«8 5,7 12,2
M7 5.2 4.9 13,2
Mg 58 B8 - 12.3
MQ 5.6 5.9 10.5
Mlo 5.8 57 14,2
Mlz - B.8 -
Mg - 4.8 .
Mo -~ 3,7 -
M. 8,7 7.9 15,9
Sree Rashmi 5.5 S5 9 a5
SEm4- 0,5 0.6 1.2
cO (D.08) 0.9 1,2 Ze3

14,0
13,3
1Le7
10.6

0.9

12.0
12.4
188
12«5
1245
15,2

170

10.6
kd«o
13 sl

11.6
12.4
10.2
1.0
14,3

14,3

R
13,9
181
18.8

D7

NS

11.9
12.6
14,2

£9.2 -

15,2
15,4

13.2

Ll:8

14,0
14.6
L ed

0.8

120 DaP
W @
14.1 1h, 0
17.3 18,2
1.1 18,3
18,5 19.5

0.7 1.4
1.6 NS
13,0 12.9
19.6 IH. S
18,2 18,6
15.4 14,7
16.8 1%s3
18.1 (4=
- 171
- 18.2
- 23,9
14.9 14.5
20.0 20,1
0.7 i1
1.4 =)

DAP - Days after planting

(1) Data analysed by deleting three subplots (le, M, & and M

(2)  Data analysed by deleting two replications

16
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4. Girth at collar (Tﬂble AR

This observation also was recorded during 1939 only.
In general, there was increase in girth at collar under shadeqd

condition., The values in the oven differed significantly from

Between the three shade situations of 25, SG and 75 per cent,
the differences were not significant, The morpho;ypes with
higher girth at the firgt stage of 60 days were Mg and M10 and
that with highest values a8t the second stage 120 days after

planting was Mls‘ Interaction between morphotypes and shade

5. Chlorophyll content of leaves (Table 36)

after during 1990, While it wasg Prooled samples that were useqd
for estimation in 1989, samples were drawn from all the plots
during 1990, ag such, statistica] analysis of data could be
done in 1990 but not in 1989, The components estimated were
chlorophyll a8, chlorophyl1l b, chloronhyll a+b and chloronhyll
a’/b. Results showed a near consistent effect of increase in

chlorophyll a, b ang a+b with increasing levels of shade,

significant, In the Case of ratio between the chlorophyll
fractions, the results Were not consistent. Such an increase
in chlorophyll content by shading was nated in the other~crops

tested and the trend was apparent visually also in that the



Table 36. Iffect of shade on contents of chlorophyll fractions of colocasiz leaves

. A, - i ‘ ‘. » o
A o2 282 (15 DAP) _ 1990 (130 DaP
Treatments ?‘;}9;2?3211&1 Coroon Egrg:sr‘#&sma&%z ZhlorophyIT™"Chlorophy 117 ToEaT(375)  Chlors-
fresh'weight fresﬁgwgight fxé;hqweight Hias fiesggwgight égésﬁgeg;;t ggeggieight phgié
Shade levels e sem———— - —————— e o e e e
(per cent)
T, (Q) . .30 0.88 2.18 1.48 0.94 1.32 227 0.72"
Tg L2SE 1.40 1.05 2.45 1.33 1.03 1.34 2.37 0.77
Tg (BO) 1 ° 1.56 - 1.21 2, T7% 1,29 1.18 1.54 %.72 0.77
T, (75 1.63 1.35 2.92 1,31 1.20 1,52 2.71 0.79
SExg C - - -- - 0,01 0.01 0.02 0.02
Morohotypes
My f— 1.80 1.04 2.42 1.33 1.04 1.38 2.42 0.76 g
N, 1.4¢ 1.10 2.54 1.31 0.99 1.30 2,29 0.77 ©
M., 1.65 1.22 2.87 1.35 - — _— -
M, 1.51 1.10 2.61 1.37 - — _— _—
M. 173 1.37 3.08 1.25 1,32 1.65 2.98 0.79
M;O 1.58 1,28 2.86 1.23 1.23 1.58 2.81 0.77
S 1.48 1.21 2.59 %,53 - - - _—
My 1.35 1.01 2.36 1.34 — - — _—
Yig 1.32 0.98 2.30 1.35 0.96 1.33 2.29 0.72
S 1.35 0.99 2,35 1,87 0.99 1,32 2,32 .74
Sree Rashmi 1.53 1.17 2.70 1.31 — - - -
SEm - . - - . 0.02 0.03 0.03 0.02
CD (8.05) —— - e 2 - . 0.04 0,05 0.06 0,05

D2> = Days-.after planting
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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 Mg.

6. Cry matter production (Table 37)

Total dry metter production using sample plants was
estimated at harvést durinrn 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 morphotyves, M2, MIO’ M15
and M16 gave relatively high values whereas in 1990, MZ was
generally better at most of the stages, Tre interaction was
significant in the Adata of 1989 only and that too only when
analysed by deleting three subplots. These data are therefore,

not reproduced and discussed,
7. Yield of tuber (Tables 38, 39 and 40, Fig. @)

28 was indicatsd earlier, trials with colocasia were
taken up during 1989 and 1890 only. The former was the initial
screening trial with 11 morphotypes/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
Photorhthora blight and sven with all the rossible fungicidal

methods of control, damage continue? to be high and for the
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Table 37. Effect of shade on dry matter rreduction (g plant™ ")
of colocasia mornhotypes

1989 1290
Treatments ——;;“;;;;;;; ____________________________ ;; nnnnn
ToTTT e 60 Dar 120 DAP 180 Dap harvest
(1) (2)

snadse levels
{per cent)
™ (0) 206.5 221,2 28.7 56.4 67.0 129,5

(25) 222.9 d20.3 36.4 54,6 72.6 145.0
S, (50) 179.5  173.6  33.3 58,2  70.8  124.6
T4 (75) 154.3 160.9 27.4 £7.8 71.5 i1%5.3
SEm + 8.9 4.0 246 5.4 5.3 0.8
CD (0.05) 20.1 12.7 NS N3 NS 1.8
Morphotypes
My 177.4 196.8 24,3 3641 hlzd LOT 3
M, 248.1 246.4 37.5 62.6 92.8 169.8
M% 137.8 129.5 -- - - e
g 176.4 144.8 - = — e
Mg 169.8 168.6 38.9 64.3 61,7 116.6
M) g 241.8 250.4 29.0 59.9 68.4 123,7%
N12 —— 148.7 - ~— -— -
MlS - 235.7 - - -— -
Mg - 249.7 27 .3 70.6 85.9 151.1
M4~ 198.5 188.2 31.%6 47,0 629 103.3
Sree Rashmi 176.6 B e - — - ——
SEm + 14.7 26,9 4,14 b«13 4,94 .1.04
CD (0.05) 29,2 54.4 8.82 13.07 10,53 2udl

DAP - Days after planting

(1) Data analysed by deleting three subplots (Mlz, Mg and M16)

(2) Data analysed by Jdeleting two rerlications
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reatments

P

~ i ema ~«...--...‘.--..._-..-----.--—.-n--.u-.._—u.-.-----a-..-.

hade levels
{per cent)

; (0
f? (25)

Ty {50)

T, (75)

SEmn +

-—

€D (0.05)
N
Morphotypes

”1

1

2

e
7

T

8

Jv9
10
Myg

A

15
16
1
Sree Rashmi
SEm 4

- -

CD (0.05)

_——--—————..-—-.—_.-—_-——-—.———.._

75

n total tuber yield,
A morphotypes

cormel yield and corm

- w5t e o - — a0 -_—--.—.._-..—s—_—-——-_....-.._-n

Total yield corm

e

It e k. T SO, v v o = o R it o o o e o

(t ha~1)
(1) (2)
22.9  23.5
24,9 22,6
21.5  19.4
17.7  15.5

1.3 1.3
2.9 4.0
21,3 24,0
33.8  32.¢
14,9 12,7
18.5  16.3
6.1 17.4
22.4  22.6
- 14,6
- 16.4
-~ 18.4 -
22,2 21.1
24.6 24,6
2.2 3.7
4.4 7.4

yield

—‘—“-_----“—--—“——~-—--—w—-----~-——w—h-——---x-ons’

(t ha™t)
il (2)
34 8.0
5.0 6.6
Bl 6.6
5.1 6.7
0.4 0.9
0.9 NS
Zal 2.8
6.0 B3
3w 3.2
4.1 2 il
245 iy
2 8.4

-~ 6.0

-~ 12,7

- 13,2
4.7 4.4
5.9 L
0.6 15
- Zal

28.5
251
283
221

0.7

26.8
38,3
17,8
17.9
20,5
31,0
20,3

1.54

L T2 -

1,44
1.47
0.10

NS

.11 365
2.49 4.13
2.39 383
2.49 3.96
0.19 U.22

NS NS
1.88 2,86
3.29 30,
2.98 4,10
2.28 3.85
L | 4,22
1.89 3.04
0.20 0.24
0.43 &, 51

(1) Data analysed by deleting three

(2) Data analysed by deletin

g two replications

subplots (Mlz' M5 and Mls)
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Table 39, Mean cnrme] vield {(t ha"l) of Colocasia morphotypes
at different shade levels (1989)

Morrhotypes

-.---n-...-...-—-—-—-.-.—-——..-.-.-—-.-——_-o--.-.-.u——-—.._.—--...

ilo

My

i g

M6

A
My9
‘Sree Rashmi

—-...--—noﬁc---.—-—-.‘n-.._—.-.....--_.....-—w--u-.-...._-_....u--..—.—._-.—.--.....-—-—.—-‘.—-—-‘--—_--n—u—.-‘

Shade levels (per cent)

T . 4 o b an o

0 25
2243 24.8
46,2 33.7
13,0 18.4
L 26,1
11.2 17,1
20,7 19.8

(15,3) (18.8)
(21.9) (18.4)
(25.8) (16.1)
327 478
25,5 31.9
22,9 24,8

o o R 0 5t o 1 e o Mean
50 75
22.4 18.0 21.3
26.1 29,3 33.8
16.0 12.4 14.9
20.6 15,5 18.5
19.1 17.2 16.1
254 23.8 22,4
(15.8) (8,4) (14,6)
(9.9) (15.6) (16.4)
(19.7) (12.1) (18.4)
15.6 12.7 22.2
26.8 14,4 24,6
2t,.5 17,7

SE of difference between two subplot means at the same level

of main plot = 4

.4

CD for the above at 5§ per cent level = 3,8

SE of difference
level of subplot

CD for the above

(The figures in brackets indicate the mean yields of M

and M

between two main plot means at the same

= 1,3

at 5 per cent level = 2.6

12 Mg

'16 10 analysis 2 done by deleting two replications)

R
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Table 40. Total tuber vield (t ha'l) of co.ocasia morphotypes
2t 7ifferent shade levels

Shade levels (per cent)

MOXPhOLYDPESE e e e e e Mean
0 25 50 95
M, 25,0 27.6 25.4 18.4 24.1
M, 50,9 39.5 32.8 35.2 39.6
i, 18.2 22.4 19.4 15.7 18.2
Mg 14,6 30.9 21.9 19.6 217
Mg , 18,7 21.1 23.9 20.0 20.7
My 36,7 26.3 36.3 33.7 30.7
Myp (18.2) (26.3) (22.0) (14.7) (20.3)
M, g (F3.2) (30.7) (20.5) (31 .8) (29.1)
M (39.1)  (26.9) (35,8) (31.6)
M, 5 36.0 33.7 20,0 17.6 26,8
Sree Rashmi 2.9 38.5. 30.9 20,0 29,6
Mean 27.0 20,0 26,2 225

3E of difference between two subplot means at the same level of

main plot = 4.8
CD for the above at 5 per cent level = 9,6

3% 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 Myoe M15 and

M16 in 2nalysis 2 done by deleting two renlicatinns)
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major part of the season, léaves continued to he Jamaged, This
was reflecte”® in al} the growth Characters an? vield and in the
latter, the extent of difference between the two s3easons was as
much as 5 to 8 times, Though Dlot sizes were larger during the
second season, data nf this season, theref ‘ore, are to be
conceived with caution and reliance has to be Primarily on the
data of the first Season, 1989, Aagain, the eXperiment of 1989
was also handicapped by the inadecuacy of seed materials of
three morphotybes which were enough for nlanting only two
replications. Details of Statistical treatment given to
counter this were givén earlier, As the rcsults show, there
was highly significant variation among shacde levels with respect
to cornel yield. Data anzlysed by deleting three subplots
showed an increasing trend in yield upto 2% per cent shade and
a decrease thereafter. The vields at 25, 50 and 75 per cent |
shade expressed as percentage of the yield in the open were
109, 94 and 77 Der cent, respectively. The values at 0 and 25
Per cent shade levels were statistically at rar whereas that

at 75 per cent was Significantly lower than the other two
shaded situations (25 and 50 per cent)., Data analysed by
deleting two replications showed a slightly different trend,

The Yield values here decreased gradually with increase in level
of shade, the percentages of yield at 25, 50 and 75 per cent
shade being 93, 83 and 66 Per cent, respectively of the yvield
at full illumination., As in analysis (1), the vields at 0 and
25 per cent shade were on par. Among the morphotypes, M2
recorded the highest vield 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



Were on par were Sree Rashmi, Myne ¥y, and M,. Significant

interaction between morphotypes and shade levels was noted when
tne data were analysed by deleting three subplots, The variety,
3ree Rashmi gave the hichest yic1d at =0 Per cent shade whereas

a

", was the best yielder at all other shade levels: Also, at

<L

-

~U per cent, the cormel yields of My Mlo ard 3ree Rashmi were
0N par. Regarding the trends in yicld of +ha ty~es at the four
shade levels, there were large diffarences bztween the tested
morphotypes. Thre types VT, M7 and M8 recordad an increase in
vield uptn 25 per cent shade and there was a gradual decrease
in yvield wgth further increase in shade inteasity. The types
“2 and M17;had the highest vield in the open whereas Mq and M1o
recorded the highest values at 50 per cent shade, Among the
morphotypes, le,.415 and Mg which were not included in

anealysis 1, M12 gave the righest yield at 25 rer cent shade and

%15 and M16 at full illumination.

In corm &ield {Tazle 38), the values were significantly
lewer in the open than at all other shade levels (analysis 1), -
Witk decrease in light intensity, there was Nregressive increase
in corm yield, Eventhough the highest yield was at 7% per cent
shade level, there was n, significant differcnce in the values
at 25, B0 and 75, Among the morphotypes, Y45 Tecorded the

highest corm yield of 13.2 tonnes feollowed byr Myg with 12,7

-

tonnes. N~ interaction between shade levels and morphotypes

was noticed,

Total tuber yvield trend followed the same pattern as
that of cormel yield with the highest value recorded at 25..-.

per cent shade. With turther increase in shade intensity,
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tuber yield decreased. The percentages of yield at 25, 50 ang
75 per cent shade were 111, 97 and 83 (analysis 1) and 102, 89
and 78 (analysis 2), respectively, of the vield at full illu~
mination. The shares of dofmel vield and dorm vield to the
total tuber yield were, on an average, 2. nd 19 per cent
(analysis 1) and 77 and 33 per cent tanalysis 2), respectively.
Subrlot treatments differed significantly, The morphotype,

M, recorded the highest vield of 39.6 tonnes and this type was

Y
superior to all others in both the methods of analysis. M

16°
My Sree Rashmi and Mjg were the next best. Significant
interaction between shade levels and morphotypes was noticed
when the data were analysed by deleting three subplots. M2
recorded the highest yield at all shade levels except at 50
per cent shade where M1o 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

vield.

During 1990, when crop growth and vield were abnormally
low, differences between shade levels were not significant in
terms of corm yield, cormel vield and total tuber yield,
Between varieties, there were some differences, N16 recording
the highest corm yield and M2 giving the highest cormel vield

and total tuber yield. Interactions were not significant.

e

As the vields were very low during 1990, as cron growth
was extremely abnormal because of disease damage and as it is
to be concluded that conditions were not at all favourable for

full yield expression, all the discussion is made and conclusions
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drawn based on the data of 1989, 1t is, however, to be reco-
gnised that the nlot sdzes were small, The m~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

vas decrease in yield with further increase in shade intensity,
the crop gave an vield of 78 to 83 ber cent even at the intense
shade level of 75 ber cent. As the yield was higher at a
certain level of shade than in the open, colocasia appears to

tall in the Category of shade-loving rlants. Tre responses

The morphotypes Ml* M7, MS’ Mg, Mlo_and Mlz and the variety
Sree Rashmi had the highest yield under shaded condition and

are, hence, to be classed as shade—lovingn In the case of

T 7\1

T20 s

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

M16 and M17, the hichest yield was recorded in the
tolerant as the percentage yields were greater than the per-
centages of light'intensity. Following this classification,
these four morphotypes will come under the category of

shade-tolerant plants.

Most of the morphotypes performed better under 25 per
cent shade than in the open. This can be exnlained as due to
higher rate of nhotosynthesis as indicated by the higher rate
of dry matter accumulation courled with the highest harvest
index recorded at this level of shading. Though better perfor-
mance of colocasia under shade than in the open is not renorted
elsewhere, Bai and Mair (1982) coulé obtain vield comparable

to open at 25 per cent shade level. FHardy (1958) e¥plained the
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better performance of some crops under shade than in the open

as due to the reason that there is often a threshold illumi-
natinn intensity beyond which the stomata of shade-loving

plants tend>to close, This may be one of the reasons for better
performance 65 colocasia under shade, Besides this, cholorophyll
content and leaf area of cologesia were also higher under

shaded condition which are some adaptive mechanisms of plamts

for shaded environments.

The share of corm yield to the total tuber yield
showed a progressive increase with increase in intensity of
shading. The values of percentage 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 twn morphotyres Mg and Mg 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-wvarietal
differences in shade response and if they do, to select
varieties for different shade intensities. 3Significant inter-
action effects were noticed only when the cata were analysed
by deleting three subplots. As some of the mornhotypes were

not planted in all the replications, statistical analysis



including all the Z2nlications and subrlots was not possible,
Based on the available data on total tuber yield, the best

morphotypes for each of the shade levels are selected as follows.

@) 3 shade -~ M M I md }
per cent sha rz, 17° Sree Rashm; and M10
25 per cent shad - M 3 Ras i 1
2 o) cent shade MZ‘ Sree Rashmi, M17 and b8
50 per cent shade - MlO' Mz, Sree Rashmi and M1
"5 per cent shade - Mz, MlO' Sree Rashmi and Mg

0t the above selected types, M2 anl Sree Rashmi are to
be reckoned as the same morphotype,Sree Reshmi being a selection
from the morphotype, M, released by the Central Tuber Crops
“esearch Institute. As M2 outyielded Sree Rashmi in all cases,
Sree Rashmi is to be excluded from the lis: of superior types,
thus leaving the types Ml' Mo, MS' Mg Mlo and M17 as the
superior ones through analyci~ 1, This list is incomplete as
three morphotypes, Py MlS and Mig Were not included in analysis 1,
3tudy of the yield dn:a by enalysis 2 would indicate that the
highest yielders are M

M i cnd M out of

1 It M M L e
17 727 100 15 416 17
these, Ml‘ M, Mlo and M17 are common to bo*h selections. Cthers

4 Aa 1

are M, Mg, M15 and M16‘ As the yields of.M15 and M16 were
very much higher than those of M8 and Mg, these two may be
included in the list of superior types and Mo and My excluded.
The final list of types that are superior ma'y, thus, include
My M2, MlO’ M15’ M16 and M17. The best type of all these may
be taken to be M, which gave the highest yired &t O, 25 and 975
per cent shade and second highest at 50 per cent, It is also

to be noted that this morphotype has given the highest yield

during 1990 also when restrictions on yiel ; were high.

t
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8. Haulm yield (Table 41)

Differences hetween shade levels were not significant
in both the seasons. Between morphotypes, on the contrary,
differences were significant. During 1989, Mg gaVe the
highest yield and M2 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
rresented. 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 nf importance as it more ofter reflects the retention of
above-ground plant parts rather than their total weight as a
substantial portion of these plant narts dry much earlier than

harvest and is lost.
9. Farvest index (Table 41)

During 1989, there was no significant difference in
harvest index between shade levels in analysis 2. 1In analysis 1
where three subplots were deleted, these asSuméd significance,
The trend was one »f increase upto 25 per cent shade followed
by a decrease. Zven here, treatment differences were narrow
and were in the range from 0.81 to 0.87. It ray, perhaps,
be safer to conclude that there are no consistent treatment
cdifferences. 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 haulm yield and harvest index of
colocasia morphotypes

1989 1990

Treatments  Haulm yicld Harvest index Haulm yield  Harvest

Jenalh oo . (tha™h index
SPRLAILE | S . N S - S S
Shade levels
(per cent)
T, (0) 1.1 1.2 0.85 0.84 0.5 0.64
T, (25) 1.0 1.1 0.87  0.87 0.5 0.62
Ty (50) 1.2 1.2 0.81 0.82 0.5 0.59
T, (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
CDh (0.05) Ns NS 0.04 NS NS NS
Mor@hotypes
M, 0.8 0.9 0.88 0.88 0.5 0.5
M, 1.3 1.3 0.85 0.86 0.6 0.7
L 1.3 1.2 0.76 3 . — -
M 1.0 0.9 0.83 0.82 - -
My 0.8 0.9 0.86 0.86 0.4 0.6
My o 1.0 1.1 0.88 0.98 0.4 0.6
Mg - s <] = 0.81 - e
M’lS - 1.4 - g.83 -~ o
My - - i 0.77 0.5 0.6
o 1od 1.0 0.82 0.82 0.4 0.6
Sree Rashmi s 1.4 0.81  0.77 e ——
SEm + 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 (Mlz' M, g and M17)

(2) Data analysed by deleting two replications
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translocated to the tuber remains unaltered by shading is,
rerhaps, one of the important reasons for the ability of this

crop to perform well under shade.

Between morphotypes, there were significant Adifferences

1 and Mlo recorded

the highest harvest index of 0.88 and M., the lowest values of

noted in both the methods of analysis and ™

0.76 and 0.77 in analyses 1 and 2, respectively. No significant
interaction was noted. 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, MNitrogen
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. 1In the case of nhosprhorus, there was nn consistent
trend. 1In potassium, there was a very consistent trend of
increase in content of this nutrient with increase in shade
in both haulm and tuher. 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 vrogressive and drastic decrease.
Uptake 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 (1929)

N (per cent) P (per cent) ¥ {(per cent)
Treatment - ceccecccceme—- o o e e

Haulm Tuber Haulm Tuber  Haulm Tuber
Shade levels
(per cent)
T, (0) 1.24 1.06 0.12 G227 &. 71 4.55
Té {28) 1.67 [ & 017 0.28 7.89 5.14
T, (50) 1.56 1.07 0.16 0.23 9,21 5,26
T, {75) 1.82 1.12 0,15 0.22 10.96 5,39
Morphotypes
My 1.98 1.08 g.20 0,27 8.98 5.23
My 1.45 led5 .15 0.22 8,68 6.18
M, 1.08 1.05 0.10 0.24 83.85 4,45
Mg 1.23 1.00 0.12 0,25 10,93 4,63
Mg 1.40 1:30 0,14 0.28 9.6R% 4,75
Mo 1,35 1.08. 0.14 0.21 .23 4,18
My 1.90 105 0.19 0,25 Bord 1.28
Mic 133 s R . 0,13 0.24 6.40 5.00
M, . 1.70 1,38 0.17 0.25 7.58 S5.85
ﬂ17 0.758 0. 95 0.12 0.29 8,80 4.95

Sree Rashmi 1.90 1.15 n,19 D.25 7.30 6.65
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Table 43, Effect of shade on total uptake of nitrogen, rhosphorus

and rotassium and on the contents of starch and
oxalic acid

1389 1990
Treatments Uptake (g he-l)  Starch oxalic Starch Owalic
******************** (%) acid (% acid
N P K (%) (%)

Shacde levels

(per cent)
T, (0) 87.3 19.8 398,0 28.6 0.39 27.57 0.34

2 (25) 96,3 20,3 440.1 26.4 0.34 28,09 0.34
T3 (50) 78.6 o (0 - 3719.1 27.6 0,28 28, 97 e 37
T4 (75) 69,2 11.6 408,1 21:5 ;31 28.24 .33
SEm 4+ - -- -- e -- 0.14 0,02
CH -{0.95) -- - - -- - s 34 N3
Morrhotypes
Ml 84.0 18,5 410.1 24,6 0.34 27.84 De33
NZ 107 .2 19.8 745.0 25,2 0.28 28.58 0.39
M7 41.5 Be5 216,3 26,5 0.37 -- -—
MB 57w 13.2 L2 5 21.4 0.29 - e
Mg TE.7 182 31882 30,56 D, 48 27 .75 0,32
MlO 90.1 16.9 397.4 29.4 0,30 27,87 0,33
M12 71,6 i3.8 308.7 25.4 033 - -
M15 99.2 19.2 435,2 24.8 0.31 - -
M16 142.9 25.4 673.1 27.9 Q.37 26,71 Oudl
Miq 69.5 18.3 367.6 " 28,9 0.38 27.54 0.36
Sree Rashmi TLaB 12.0 342.8 2.0 0.34 - -—
SEm + — - - -~ - Dad3 0. 01
cD (0.05) - s ] - - 0.48 0,02
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values at 25, 50 and 75 per cent shade being 103, 68 and 59

per cent, respectively of the uptake at 0 shade. Uptake of
potassium alsn was higher at the low shade as compared to the
open, there being a decrease in it with further increase in
shade. The corresponding vercentage 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 Erqm

41,5 to 142.9 kg ha™t for nitrogen, 8.5 to 25.4 kg in phosnhorus

and 216.3 to 749.0 kg in potassium,

The results on uptake of nutrients generally in”icate
that there is necessity for supnlementing a little of
fertiliser nitrogen and phosvhorus under low shade and of
substantially bringing them down at intense shade. As for
potassium, there is need for some supnlementation at low shade
and of maintenance at the same dose under all other levels of

shade.
11. Ouality of tuber (Table 44)

Trig was assessed through contenhts 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 therevwere some
differences but these were not much consistent over the

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

indications of shade effect. Tetween morphotynes, there were

some differences and the range was from 0,28 rer cept in
Vg te 0.38 in M2 in 1989 and from 0.32 in Mg t6 0,39 in MZ’
The highest yielding tyne, thus, is found to bhave tubers of

a little inferiority with respect to oxalate content.



% total of 18 soybean varieties were included in the
trial during 1988 and 20 during 1289, All the varieties
faile? to come up under shade during 1982 and their growth
was abnormal under shade from the beginning, The branches
were long and thin ang they tended to fall an the ground and
after about 30 days, all the plants at 75 per cent shade and
hy about 40 days, most of the plants at the other *wn shade
levels decayed away. During 1989 when sowing was done before
the onset of heavy rains, the crop was better and all the
varieties caﬁe Up at 25 per cent shade., At higher shade levels,
they failed., 1In the Open, on the contrary, soybean came up
very well, The data collecte- in tre open in 1982 ang in the
open and at low shade in 1989 were analysed treating the design
as randomised hlnock and varieties as the treatments, Data of
1982, thus, had comparison of varieties in the oren only and
during 1929, both in the open and at 25 per cent shade, Also
seeds of two varieties, Monetta and Himzo 1531 were not enough
for vlanting in a renlication during 1982 and as such, analysis
was done by aprlying the missing rlot technicue. Besides this,
there were differences in the plant »rapulation in various plots
because of poor germination arising from delayed sowing. For
this, vield “ata were analysed following the method F
covariance taking plant panulation 3s the independent variable
and yield as the dependent. During 1989, 20 soybean varieties
were included and sowing was done by the cnset nf monsoon,
The crop grew and yielded better. The trial with soybean
was not continued during the third year as it’was not possible

te raise the crop under shade,
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1. Plant height (Table 44)

Turing 19883, highly significant variatisn was noticed
among soybean varieties in plant height at all the stages.
The mean height values ranged from 8.1 o 0 12.56, 21.4 +to
31.9 and 22.8 to 54.7 at 14, 40 and 70 davs after rlanting,
respeéﬁively. The varieties, D3-83-20 and Himzo 1531 recorded
maximur height upto 40 days. The other two varieties that
had shown statistica?l eguality with these varieties at 40 days
Nere ZC 26691 and DS-1-37-1. at 70 days, %hristics, mc 2655;
and EC 63298 recorded the maximum beight. Variety ¥B 39 a
recorder” the lowest mean height at all the stages excent at
14 days after sowing. Between stages, there vas steady and
continued growth upts the last stage, 70 days after sowing,
During 1999 also, the differences in nlant beight of varieties
at 60 days after sowing were highly significant both in the
open and at the low shade of 25 per cent, In the opén, height
of different varieties ranged from 37.8 c» in DS-23-20 to
81.4 cm in LSO 18. The other varieties that maintained
statistical parity with PLSO 18 in mean height were EC 26691,
Braég 88, Monetta, Ankur, Immroved Pelican and EC 39824, The
variety KB 38 A recorded the lowest height of 37.8 em. The
pattern was nearly the same under shade also though nearly
all thervarieties grew taller under the shéded condition,
‘ Comparing between the two seasons, there was better growth

during 1989,
2. Number of branches (Table 45)

This observation wag taken during 1938 only at 40 and

70 days after sowing. Significant and conspicuous differences
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ght (cm) of soybean varieties at Ai fferent

Varieties

.,.__-—_—.—....-...-—..—--—-—_.-—._.----—.-——_.————-—’—-—..----.

V14

o

(PLSO 18)
(Monetta)
(Davis)

(KB 74)
(Hardee)
(Himso 1531)
(EC 63298)
(PK 471)
(KH3 b-2)
(EC 39824)
(JS—79—277)
(EC 26491)
(MACS-124)
(Ds 76-1-37-1)
(KB-38 a)
(DS-83-20)
(Bragg 8%)
(2Znkur)
(Improved pelican)
(EC 29824)
(1)
(2)
(3)

(1)

1+

(0.05) (2)

(3)

TSR NS Ml et 5 G o i i

10,3
s
11,7
8.9
€8
9.8
8.1
.8
.2
10,2
10,5

0.46
1 0.49
0.42

0.92
0.98
0.85

22
2.4
2.4

"3
'8
i

EAE: N

i

T G e W o e - e S S oA - i o

22

4.4

9.5
10.2
8.8

- - -

TR T e e e o e e o e Bt o . o s A

Y . o - -

——-——..-t-——.-—-_—u—-o--—---—-——._

Standard errcr of the difference between a

does not contain an estimate of a missing value and

treatment mean that

one that does,.

3tandard error of the difference between the means of the

treatments containing estim

ates of the missing value.

Standard error of the difference between treatment means that

do not contain an estimate of the missing value,
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"able 45, 1Mean number of branches and protein content of soybean
varieties in the open (1988)

Number of branches

varieties e ____ O00CTES rotein (%)
40 DAS 70 DAS

71 (TLso 18) Tl 13,3 32.81
V2 (t"onetta) 3.4 13.2 A7.18
vV, (Davis) 7.7 13.2 33,75
s (KB 74) 8.4 3.9 28.12
Vé (Hardee) 2.1 11.6 33.75
Ve  (Himso 1531) 9.3 10,5 31.87
Vo (EC 63298) 7.3 12.4 32,81
Vg (PK 471) 8.6 9.9 31.87
Vg (KHS b-2) 8.1 9.8 36.56
V,o (EC 39824) Tt 12.9 30.00
Vi (I8=79-277) 9.7 11.3 33.7%
Vi, (EC-26691) 8.6 13,9 31.87
V,4 (MACS-124) 7.9 13.9 23 .43
V4 (DS=76-1-37-1) 8.9 16,7 27.18
Vig (KB-38 2) 7.9 BT 3%.87
Vig (DS 83-20) 8.8 10.8 27.18

(1) 0.89 1.08 -

SEm + T2 0.96 1 16 —

(3) 0.82 1 oo -

(1) 1.80 .2 18 -

CD (0.05) (2) 1.94 2%35 -~

¢3) 1.66 Za01 -

(1)

(2)

(3)

Standard error of the difference between = treatment mean

that does not contain an estimate of a missing value and

one that does,

Standard error of the difference between the means of the

treatments containing estimates of the missing value.

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 varieties in the number of branches., At
40 days, JS-79-277 recorded the maximum number (9,7) 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, PLSC 18 took the
maximum number of days (51) and DS-83-20, the minimum (33),
During 1989 also, the varietal performance remainer nesrly
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, KD 74 and KB 38 A took the
minlmum number of days in the range 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 1989 is attributable to this,
4. Days to harvest (Table 46)

The trend in this was nearly the same as in the days
to flowe;ing. In 1988, Qarieties Monetta, PLSO 18, Davis,
EC 26691, EC 39824 and EC 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, EC 63298 had the longest growing period of 127 days.
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Tab_e 46. Effect of shade on days to flowering, days to harvest and
thousand seed weight of soybean varieties

not contain an estimate of a missing value and one that cdoes.
«
'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,

19883 1989
Varieties ‘ Days to Days to Thousand Days to Days to T}wwsané
L flower— harvest sged _f}gyggigg_ harvest ?ed
ing w?é?ht Open 25% f%?ht
_______________ T e __8haGe_ T
71 (PLSO 18) 51.3  111.5 73,7 50.3 50.8 121.9 2a.6
7, (Monetta) 49,4 112.4 74.8 49.8 40.5 120.0 5,4
V5 (Davis) 49,5 111.0 .6 Hl.3 - 50.%5 125 3 ih, 4
vV, (KB-74) 33.8 85.5 122.4 36.0 32.0 92.0 L%l A
Ve  (Hardee) 35.8 106.5 146.0 38,3 34,5 114.0 129,5
s (Himso 1531) 33.4 107.4  177.6 41.0 32.3 115.0 123,0
V. (EC 63298) 49.0 109.5 TEHT  B0.8 49,3 1%9.3 1.5
Vg (PR 471) 36.8 95.8  129.4 39.8 33,3 9o99.g &
Vg (KHS b-2) 47.3 102.5 1155 42,3 39,5 107.0 125,3
Vio (EC 39824) 40,0 110.8 2.2 BO.5 Bo,p 133 % 7.7
Viq (05-79-277) 34,5 106.8  131.4 42,0 33,8 111.3 102.1
vy, (EC-26691) 48.8 110.8 74.9  50.0 46,3 124.5 20.5
V13.5MACS-124) 37.8 104.0  115.7 44,5 36.8 117.3 117.0
Vig (DS=-76-1-37-1) 34.3 106.0 120.8 36.8 35.5 115.0 112.6
Vi5 (KB=38 a) i B9.8 138.7 35.5 v MR 90.8 118.4
716 (D3-83-20) 33.0 103.0  158.8 39,5 33.3 124.5 .=
745 (Bragg &8) - -— - 51.0 50,0 1240.3 7.9
/15 (Ankur) - - - 50.8 49,3 123.0 73.5
719 (Improved pelican) -— -— — 48,5 44.0 119,5 73,5
’5o (EC 29824) - - - 51.5 49,8 123.3 29,3
(1) 0.82 1.80 6.3 i . e o
JEmd. (2) 0.89 1.94 6.8 i 1.5 1.7 -
§3) 0.76 1.66 5.8 - - e .
, (1) 1.66 3.64 12,7 - - - —~—
D (0.05) (2) 1.79 3.96 13,7 4,0 4,4 4.8 --
(3} 1.53 3.3% 11.7 258 - .y -
1) 3tandard error of the difference between a treatment mean that do=s
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Varieties, Davis, -EC 26691, EC 39824, EC 39824.and Ankur alsoe
recorded statistically Ccomparable values. . Varieties with the
shortest periods of growth were KB 74 and ¥B 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 CTOp to come to harvest. Differences in the dates of

sowing are attributable to this s=asonal difference.

5. Yield {Table- 47, Fig. e)

During 1983, data were analysed inm two ways following
the analysis of covariance, one excluding the missing varieties,
Monetta and Himzo-1531 and- the other excluding one replication.
When analysis of covariance was done by excluding one rebli—
cation, the F ratio for regre551on vas found to be noNn-signi-
ficant and hence only ana3y51s of variance was done, Data
presented as (2), therefore, relate to actual yield values,
Also, missing plot technigque Was not apnlied in the case of
vield data. The results of 1988 showed EC 26691 to be the
highest yielder when analysed by both the methods. 2 numbér
of varieties maintained statistical parity in yvield with this
highest yielder. Varieties with the lowaot vield were
PK 471, KB-74 and KR 38 A, During 1989, PLSO 18 recmrded the
highest yield of 2354 kg/ha in the open and many other
varieties including the highest yielder of thé first season
maintained statistical rarity with it. The variety with the
lowest yield was ©8-8320 whose yield was 770 kg’/ha. Shading
led to a marked decrease in vield of all the varieties. Under
this condition, EC 26691 gave the highest yield of 1067 kg/ha,
All the other varieties excent KB 38 2 and Davis maintained

statistical parity with this highest yielder.
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Takle 47. Mean yield of soybean varieties at different shade
levels
1988 1989
Varieties Yield (kg ha™%) Yield (kg ha™1)
_________________________ 25;?- N ig?n ) _ QOpfn 25% shade
v. (PL30 18) 1233.4 1177.8 2354,0 949.7
; (quetta) s 1263,5 1734.3 1004,7
5 (Davis) 1323.6 1574.6 1815.0 407.0
o (KB 74) 729,7 637.0 1415.3 - 715.0
5 (Hardee) 1293,2 11131 1114,7 495,0
g (Himso 1531) - 1132.0 1771.0 L I
» (EC 63298) 1303,8 1413.3 1404,3 880.0
g (PK 471) 928.5 729.9 1529.0 718.7
g (KHS Db=-2) 1401.6 1475.,1 2196.3 1019.3
V.o (EC 39824) 1671 .0 1055.3 1510.7 773.7
v,y (J5 79-277) 1462,0 876.8 1631.7 872,7
V,, (EC 26691) 1592.2 1667.9 1793.0 1067.0
V.5 (MACS-124) 1507.0 1429.9 1785.7 1026.7
Vi), (DS=76-1-37-1) 1234.0 1478.2 1408,0 671.0
V.o (XB-38 A) 699,9 951,4 1305.3 326.3
V,e (DS-83-20) 1211.3 1188.7 T78.0 469.3
Viq (Bragg 88) - - 1837.0 916.7
V,g (Rokur) - - 1958,0 799.3
V19 (Improved Pelican) —~— —-— 1818,7 597.7
V,o (EC 29824) - - 1895.7 608.7
SEm + 68.9 69.1 325.7 228.3
cD (0,05) 215.6 199.8 932.3 653.4

(1)

(2)

Data analysed by deleting two varieties, Monetta and

Fimzo 1531.

Data analysed by deleting one replication.
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As all the soybecan varieties tested failed under 25,
50 and 75 per cent shade levels during 1958, as all of them
failed at 50 and 75 per cent shade during 1989 also and as
vields 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
apreared abnormal from the very beginﬁing. During 1988 when
sowing was delayed and was done during the period of heavy
rains after the onset cof monsoon, the long and thin branches
nroduced under shade tended to fall 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?ken to maturity. Yield levels
were, of course, much lower than in the open. At the higher
shade levels of 50 and 75 per cenﬁ, the c¢rop failed during

1989 also.

In the open, all the varieﬁies 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, =C 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 coverzad in about 40 days. Varieties,
KB-74, Himzo 1531, PX 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
noor. The new varieties with good performance were KHS b2
which came wp as the second best, Himzo 1531; PK 471, JS 79=277

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 ¢

in EC 63298 to 138 g in EC 63298 in 1989,
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 36.5
per cent in KHS b-2,. Quality assessment of soybean was not

done during 1989,
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E. LIGHY INFILTRATIDN THROUGH CCCONUT CAMNCOY

Measurements of light infiltration through coconut
canopy were taken since 1989 using line cquantum sensor and
noint cuantum sensor simultaneously. The component measured
was photosynthetically active radiation (PAR). The line cuantum
sensor was placed in the coconut interspate and the point
~uyantum 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 be covered. TIach situation was to renresent a given
age/height of coconut valm and a spacing. A regression model
to arrive at light infiltration as a functinn of these two
factors was expected to be worked out. Obsarvations on Light
intensity in the interspaces, however, showed that the values varied
widely depending on time of day, direction of nlacement of the
sensor and the locatimn. It was also not possible to identify
a time interval ~f 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 alwayvs kept in the east-west direction. Centre repre-
sented the centre of four 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 guantum sensor
recorded in the open at the same intervals and those of vercen-
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 Q values of each
location (The hours given in the X-axis of figures stand for
the preceding o'e hour interval). The measurements were also
handicapped by defective recording in some zases and leaving
aside such values, there were only 12 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 much 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 m to 9.8 m x 9.8 m, the simple correlation
coefficient was not significant., Similarly, correlation with
plant heié%v in the range from 0.7 m to 16.3 m was also not

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
variables that affect light infiltration, canopy size and

cznopy density heing probably two of them. 2n important
conclusion from these data collected using the best available
ecuipment to measure light under crop canopies and over nearly
the whole day at very frequént intervals is that the age - light
infiltration relationship is not as simple as was reported
eariier, To exclude young coconut plantations of unto 20

years from intercropping on the grounds that light penetraticn
through the canopy will be low as is being now recommended also

appears to be wrong.



Table 48, Raciation in the interspaces of coconut and in the open

. . . . S
Situation . Measure- Radiation (micro moles m s 7)
———————————————— L.ccation Date B e e e e e S —— — — —— — ——— ———— e ————————  MEean
Spacing Feight b 9-10 106=11 11=12 13-4 1.2 2-~3 3-4  4-5
) )
i ¥) 332 342 299 19971 881 327 176 84 452
3ide T 16.1.90 ) 1075 1329 1595 1708 1639 1508 1210 783 1356
Tar cent 22 26 19 74 54 27 15 i1 33
7T T 4.6 LQ 298 919 434 218 839 618 26 74 431
side IT 18.1.90 - O 1112 1467 1553 1305 1630 1484 1126 640 1290
Der cent 26 63 27 17 51 42 7 13 33
Lo 182 334 214 920 567 192 162 136 338
Centre 17.1.90 7 1127 1439 1637 1773 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« 11731771536 1766 1318 1578 1543 1195 w1458
Der cent 56 70 98 g5 56 92 53 - 76
9.8%9.8 16.3 =5 528 1358 1681 1657 1620 492 T13 - 1150
3ide II 14.2.90 0 1079 1488 1736 1735 1711 1587 1210 _— 1507
ser. cent 49 91 97 96 95 31 59 i 76
50! — 1149 772 915 1428 1181 844 i 1048
Centre 12.3.90 © == 1234 1148 1138 1492 1340 1174 - 1254

DPer cent - 93 67 S0 96 813 72 - sS4

701
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Situation ’ Rp— Radiation (micromoles m s 7))
------------- ~== TLocation Date ent T R e e S a0 4t Mean
Spacjng  Height ' 9-10 10-11 11-12 12-1 1-2 2.3 3.4 4.5
SO - 0 ESEN . R L A T
O —t 113 74 174 65 132 274 - 139
Side T 27,3.90 ®) -- 1429 1581 1873 1761 1256 1110 - 1512
Per cent - 8 5 9 4 11 25 - 9
5.6x%x8.8 4,0 0 -= 1345 1435 1369 1001 419 176 — 958
2ide II 31.3.90 0 ~-- 1614 1802 1822 1618 1703 894 — 1476
T=r cent s 33 20 75 62 38 <73 S—— 65
Lo 222 343 425 624 920 377 154 - 438
Centre 24.,3.90 O 814 1395 13456 1049 1251 1037 723 - 1102
Per cent 24 25 32 59 74 35 21 - 40
L0 - 267 577 55 640 357 235 - 489
3ice I 11.4.90 o - 889 1428 1772 1527 1336 738 - 1282
Per cent - 30 40 49 42 27 32 - 38
7.0x7.0 j¥e) 733 808 856 662 698 1025 661 - 778
3ide II 3.5.90 @ 1256 1318 1619 1272 1399 1471 1087 - 1346
Per cent 58 61 53 52 50 70 61 - 58
0 720 920 1468 1072 1452 819 564 —— 1002
Side IIT 2.5.90 9] 1119 1308 1670 1239 1668 1605 1254 - 1409
Par cent 64 70 88 87 87 51 45 e 71

SOT
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Situation ' e S e Rad;é@iOn'(ﬂicrombles m < s ) |
________________ Location Date R B T ke i =T 2!
Spig%?g He%g?t 9-10 10-11 11-32 12~1 12 2-3 ,3'4 4-5
_________ i o e e e e e o o o e o s 0 o o e o o S e e s s 7 o o e o e Y o e 2 S o o o ot e e e s g B 2 e 8 B U = e e e o 2k e o e e e e o S e o

_ 7 - 262 947 1589 1494 533 271 0 - 849

Side I 18.5.90 & -- 1307 1664 1934 1850 #5%83 1205 - 1591.

Per cent - 20 57 82 81 34 22 - 53

In 744 942 502 781 797 900 456  -- 732

F 0T w0 2,8 Sije II 15.5.90 0 1024 1450 1645 1700 1896 1542 1275 - 1505
Pey cent 73 65 5 46 42 58 36 . =, 49

Lo o 320 331 386 485 8ts 540 ~ 481 .

Centre 7+5.90 ® - 660 635 800 998 1441 1092 - 946

Per cént - 48 48 50 49 57 49 - 51

9 122 307 1115 394 151 227 267 25 326

34%e 1T 9.3.91 0 847 1070 1431 17363 #1021 1088 820 105 1015

Ler cent 14 29 79 23 15 21 33 24 32

r - 158 165 1000 827 328 133 18 376

T oD%l :5 5.4 Side 11 11.3.91 Q - 894 1281 1679 ‘1496 1239 . 1065 216 1124
Per cent  -- 18 13 60 55 26 12 8 . 33

Lo - 162 329 460 637 224 236 33 289

Centre 8.3.91 Q ~— 251 703 376 1421 1247 994 157 801

per cent . 41 47 53 45 18 24 28 36

- PO — ettt
- = - - et o - — —- - e G W% G s T W D e e SR es W Gme Ghe WD GID TP G vAw Mas s W e Y e W www e e
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Situation
Spacing Feight
(m®) (m)
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L . S S
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69 75 64 87 71 76 66 55
225 275 339 224 504 291 270 167
842 1321 1069 809 1097 1252 1007 429
27 21 32 28 46 23 27 39
248 263 202 576 282 334 319 46
762 1090 1298 1318 1200 1233 925 189
33 24 44 24 27 34 24

21

29

< —— . - o w—_
o o o e o 1 — v P s A s s S YD an R R 74 e D Sw G Wk 5 e e Ghe S G e W P S S S S e W S e We- e e G S S O A G S W SR e G T LSS S S S S s o S ek e s S0 S S

T11



———-—----'-—ﬂ-—-—-'———-——-——--—-—-—-—--—-—-——-—-——.—_—..-_...m._-—-..——-———---—--———u—-——-—-——-———-———..——-———-.?--_— - o ————— e P T
i g

Situation Mn e gren Radiation (ficromoles m ° s )
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A WY ————— e ————— F S .

LC - - 438 440 379 332 284 - 375

Side I 16.,7.91 Q - - 693 818 713 1008 728 - 792

Per zent - - 63 54 53 33 39 - 47

Lo 210 291 208 308 563 345 215 - 310

Ts 5587 o5 6.8 3ide T 17.7.91 Q 493 578 531 924 1099 641 626 - 722
Per cent 43 13 39 33 54 54 31 - 43

Lo - 275 85 125 219 169 142 - 1569

Centre 18.7.91 9] - 518 190 295 631 473 417 - 421

Per cent - 58 45 42 35 36 34 - 40

LQ - 236 2472 311 1081 354 371 - 516

Side I 24,7.91 o] - 990 1084 1100 1603 1201 675 - 1109

Per cent - 26 22 28 67 71 55 - 47

10 - 326 495 468 439 588 173 e 415

7.5%7.5 6.2 Side II 25.7.91 Q - 256 1079 1045 949 1071 506  -- 918
Per cent - 38 46 45 46 55 34 - 45

0 - 159 335 401 258 168 126 - 241
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Situation o A Radiation (Micromoles m ~ s )
——————————————— Location Date p— T T e e e e e e e ————— e e ME@aDN
Spac%ng Height ' 9-10 10-11 11-12 12-1 1=2 2-3 3-4 4-5

(m*) (m)

1.9 - 228 370 749 815 2838 249 - 450

Side 1 29.7.91 5 - 759 1324 2272 1®10 559 557 - 932

Per cent - 30 28 59 73 52 45 - 48

o - 238 275 276 280 289 234 - 265

T« D%T B 6.6 Side IT 1.8.91 o) - 459 507 497 525 533 435 - 433
Fer cent - 52 54 56 53 54 54 - 5¢

Lo 188 268 353 471 308 280 206 - 296

Centre 2.8.,91 Q 427 597 741 - 968 660 626 439 - 637

Per cent 44 45 48 49 47 45 47 - 46

LO - Line guantum sensor (shade) 2 - Quantum sensor (oven)
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Summary

GINGER

1s

among the growth characters, height of plants and
chlorornhvll content increased because of shading. The
characters that showed a decline by shading were tiller

number and number of leaves,

The yield of ginger imporoved by shading. The shade
optimum was, however, found to vary with season. As

such, ginger is to be classed as ‘'shade-loving'.

The'characters‘that showed nearly identical trend as
that of rhizome yield are total dry matter production

and harvest index.

There were substantial intervarietal differences in
shade response of ginger. Based on the available

results, Valluvanad and Himachal are to be judged as

‘the best varieties for most of the shade situations.

Quality of rhizome as assessed through oleoresin

content declined by shading.

TURMERIC

i

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.

Rhizome yield of this crop showed some decline at very

intense shade level, but this crop could stand shading

3



IS

without appreciable decrease in yield. Based on the
yield trend, this crop is to be classed either as

'shade-loving' and as ‘shade~tolerant’.,

3. VNearly all the growth characters including total dry
matter production and harvest index showed similarity

in shade response to that of rhyzome yield.

4, There were neither Yery 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. Curcumin content was

uwnaffecte” by shading.
COLOCASIA

1. In this crop, there was increase in plant height, girth
and chlorophyll content of leaves by zhading. Tiller
number and leaf number remained unaftfected., ILry matter

production followed the same vattern as rhizome 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 an? harvest index was nearly

unaffected by shading.
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The were large inter-varietal differences in shade

response, some varieties qualifying themselves to be
classed as shade-loving and some others as shade-tolerant.
The morvhotype, M2 was the highest yielder at nearly all

shade situations.

Ouality of colocasia tuber is not much affected by

shading.,

SCYBEAN

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 be classed as shade-~-sensitive, Such a
response also makes soybean totally unsuitable for

cultivation under shaded intercropping situations.

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 63298, EC 39824, EC 39821, EC 29824 and
Improved Pelican were of good rerformance in the oven.
The performance of the newly introduced varieties was
variable. W¥HS b-2, Himzo 1531, PK 471, IS 79-27 and

MrCS-124 were some of the superior ones of this group.

LIGHT INFILTRATION THROUGH COCONUT CANQODY

(1)

Light infiltration through coconut canopy varies
widely and the range in percentage infiltratinn values

for different situvations was from 22 to 82 per cent,
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No significant correlation of percentage light infil-
tratinn with height of palws or with spacing was
noted. One of the reasons for this appears to be the
inaderuacy of the number of situations from which

nbsexrvations were recorded,

(iii) The present recomendations that intercropping in

coconut nlantations wrich are younger than 20 years

is not to bhe done apparently needs modificationn,

13. Results which can be exploited in pilot or field scale

(i}

(11)

{iid)

The crops ginger, turmeric and colocasia are highly
suitable for shaded intercropping situations and

SOybean, totally unsuitable,

Ginger varieties and colocasia morphotypes showed
large differences in shade response., Among the ginger
varieties tested, Valluvanad and Himachal are the best
for most of the shade situatisns and among tolocasia
morphotypes, Mz was the best. The turmeric varieties
tested showed very little of differences in shade

response,

Light infiltration through coconut canopies varied
widely from about 28 to as much as 92 per cent, 1In

the range of coconut spacing from 6m x 7m to 9,.8m x
9.8m, there was no consistent relatinn hetween

spacing and light infiltration. Similarly, 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 aquantum sensnr and as there are larger
nuvber of observations involved as compared to the
earlier results reported by Nelliat et al. (1974),
it may be concluded that inter/mixed cronping in

coconut may be done in any plantation of any age/

height and (within reasonable limits) of any smacing.

14, Papers’/articles prenared/nuhlished

15.

P. Prameela and R. Vikraman MNair 1990. Screening of

Jifferent morphoty~es of colocasia (Colocasia esculenta L.

Schott.) for shade tolerance, National Symposium on Recent

Advances in the Production and Utilisation of Troplcal

Tuber Crops 7-9 ¥ov, 1990, Indian 3ociety for Roof Crops.

(rbstract).

Suggestions for future lines of work

(1)

(ii)

(iii)

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 ccconut shade.

Only a few crops that are possible to be cultivated
in coconut interspaces have so far been screened for

shade resronse., Other crops also need to be tested.

There is scope for breeding intercrop varieties

suitable for shade situations,
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Appendix I

Prominent characters of morphotypes of colocasia

Morphotype 1

Plant semierect, medium tall, leaves drooping, petioles
light green, margins of leaf medium wavy, tuberisation very
high, corm small to wedium, cormels obleong, spherical to
thickly spatulate, tubers non acrid. North Indian type cuiti-
vated both under rainfed and irxrigated conditions. Medium

trick leaves,
Merphotype 2

Plant type same as the above,-leaves similar but
petidie'with purple rigmentation, tuberisation very high.
Mother corm small to medium, tubers oblong, spherical to
thickly spatulate, non acrid. Leaf margin purple and similarly
wavy as above, Distributed all over upto Northern Kerala and
Tamilnadu. ‘In flowering'has been noticed under Trichur

conditions. Medium thick leaves,
Morphatype 7

Plant tyne is semierect and almost like morphotype
12 but leaf shape is different., Tubers are almost similar to

broad ‘Kannan group', It is from Bihar.

Morphotype 8
Dvarf to medium tall, semierect pilant, leaves semi

drooping or horizontal, margin medium wavy, rurple margin, small

to medium leaves with ~urple spot at the centre. Petiole green,
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tuberisation high, corm small, spherical, cormels small to
medium, oblong, spatulate, dirty and scaley. This belongs to
'Kannan group' of varieties «nd is from Kerala, Karnataka and

Maharashtra,

Mernhotyre 9

P
B
<

Dwarf to mediuﬁ tall plénts, semierect, leaves cup
shaped in the early stages, semidrooping later on, margin
highly wavy, nurple coloured, petinle green, purple spot
(spreading) present at the centre of lea®. Tuberisation bigh,
corm and cormels similar to morphotype 2. Alsc belongs to

'Kannan group' and is from Kerala.
Mecrphetype 12

Medium to tall erect plants, semjerect to drooping
leaves, leaf margin undulate, thin leaves, leaf centre with.
fading light purple brown spot, leaves are elongated and boat
shaped, Tuberisation high, mother corm sphericai, small to
medium in size, tubers srherical te oblong, thickly spatulate.
Very common cultivated type in central Kerala snd belongs to

'Kannan group’.
Mernhotype 10

Medium high to tall plants, similar to plants in
broad 'Kannan group' shaped drooping leaves with dark purple
petiole tip tubers are similar to that of 'Kannsn grour'.

It is.alson a cultivated type f:omggerala{
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Mornhotype 15

‘This morphotype is very Arastically 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, corﬁels oplong. This is found in North
Fast India and in Kerala., This has edible, cormels. Corms are
also sometimes used for edible purposes. No purple nigmentation

is noticed anywher® on the plant. It does not flower.
Morphotype 16

This is the largest plant tyde and is knnwn as 'Xuda
chémbu' or 'Malaraman' in Kerala. Found also in Tamilnadu,
It is characterised by purple netioles, very large drooping
leaves, light purple leaf centre, ~urple 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
vlant type, very dark purple netioles, dark green leaves, purple
leaf centre and dark purple leaf margin, This morrhotype
hails from Kerala. It is highly productive and highly tuberi-
sing. Mother corm smali to medium, cormels oblong, spatulate.
Known as 'Karutha chembu' in Kerala. It is susceptible to

blight.
Y
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