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INTRODUCTION

'_,The duration and intensity of solar radiation received is
a critical factor in deciding crop production. To make best use
of the available solar r‘adi;tion, multiple cropping systems including
rapid sequencing of crops, relay cropping, intercropping etc. are
advantageous. Further, increased population pressure on land_ also
necéssitates, the intensification of cropping for increasing agricult-
ural production from unit area of land. In Kerala - the land of
coconut - intensive cropping in’ coconut garden can bring about
phenomenal increase in productivity per unit area and time. As
coconut is an integral part of ever‘y__ homestead, and is grown as
a widely spaced crop with the roots of individual palm confining
mainly to 2 m radius from the base, there is ample scope for
ir;tensive cropping involving inter/mixed érops. But the success

of any crop mixing programme under coconut depends mainly on the

selection of compatible crop combinations. The most promising inter-

crops in coconut were reported to be tubers and rhizome species.

Among the rhizome spp., turmeric is more important, for which
India is the largest producer and eXxport earner. Moreover, it is
shade tolerant and at the same time not affected by serious pests

and diseases under shade.

In the preliminary studies conducted at the College of

Horticulture, Vellanikkara all the available 'c_ultivar*s of turmeric



were screened for different shade levels ranging from 0 to 75 per
cent (Varughese, 1989). Based on the study, four cultivars suited

E

to different shade levels and two cultivars superior under all situat-
lons were selected. But the differential response of cultivars to
different shade levels together with the high variability of light

infiltration in coconut canopy with age of the palm necessitated

the present study with the following objectives.

1) To __evéluate the performance of different cultivars of turmeric -

also under existing coconut plantation.

2) To study changes in quality if any, of the crop produce as

influenced by shading.

"

. 3) To predict the vyield of the above cultivars at different shade

intepsities and to arrive at suitable prediction models for each

cultivar.
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REVIEW OF LITERATURE

Solar radiation unlike water and nutrients has to be used
instantaneously without storing for future use. Hence the harvest
of  as much solar energy as possible per unit, area and time Iis
more . important in intensive cropping systems involving inter/mixed
cropping. But all the crops used for ;ole cropping may not be
suitable for intercropping. Genotypig_ differences may also _occur‘.
Th’erefor'e., suitable genotypes are to be selected based on their
performance in actual intercropped situat_ioﬁs. Experimental evidences
on the growth and yield of different intercrops under various light
intensities - both artificial and natural - are available in plenty.
But literature regarding. the relative suitability of  turmeric under
such situations is limited. bHence an attempt is made hereunder to

~review the liter‘_gture pertaining to the subject irrespective of the

crop.

2.1, Response to light.-intensity

2.1.a., Under controlled light intensities

According to Singh A(19§7_)___¢‘xposure to intense light intensit-
iess 1s detrimental to photosynthesis. Significant reduction in tuber
vield of cassava was observed under mlow light intensities
(Ramanujam et al., 1984 and Okoli and Wilson, 1986). Ravis| ankar
and Muthuswamy (1986, 1987) recorded highest yield- of- ginger —\-Nith_

-

a low light intensity of 15.3 k lux. The average yield of tomato,



e .
cucumber and bean grown under shade tenqg'to be higher than

that in the open (El Aidy, 1984).

Shade tolerance in turmeric has been studied by many
workers. Ramadasan and Sathees an (1980) observed significant
yleld increase in the open than under shade in turmeric. On
the other hand, Bai and Nai: (1982) recorded bette: growth
and yield in turmeric grown under 50 per cent shade.
Varughese (1989) registered highest yield of turmeric. when

grown in the open.

2.1.b. Under natural shade - turmeric as an intercrop

Rao and Reddy (1990) observed beneficial effect of
turmeric and maiée mixed cropping. But Singh . and Ranahawa
(1988) noticed a reduction 4in rhizome yield due to
intercropping of turmeric in‘pigeon pea, maize and green

gram.
2.2. Genotypic response to light intensity

The varietal variability to shade tolerance has been

studied in several crops. Martin (1985) observed significant

difference in shade response of 18 cultivars of sweet potato.

Among the different rice varieties tried at Coimbatore,
the variety Ponni performed better even at 25 per cent of

normal light,



where as IR-20 was the most susceptible one to low light intensity

(Vijayaldkshmi et al., 1987).

Brian. et al. (1988) recorded highest tuber yield at high
light intensity of 500 u mol m % 7% PPF and. medium light intensity

of 455 u mol’ m_2 s—2 PPF in Norland and Russert Burbank respect-

ively. Differential response of cultivars to shade was reported in
gin—ger and ‘turmeric as well (Varughese, 1989). Response of different
morphotypes of colocasia to light intensity was found to be variable

!

(Prameela, 1990).

2.3. Growth and growth attributes

2.3.1. Plant height

increase in plant height due to shading has been reported
in several crops. Plant heig-"ntl increased in cocoa upto 35 per cent
shade an'c_i-thf-,‘n decreased with- further increase in shade (Gopinathan,
1981). In groundnut, George (1982) observed-_an increase in plant
height due to shading. Positive effect of siﬂade on plant height in
cassava was reported by Ramanujam et al. (1984) and Sreekumari
et al, (1988). Similar trend was reported in crops like ginger,
turmeric, coleus and sweet potato (Bai and Nair, 1982), sweet red
pepper {Rylski and SpigleTcman, 1986), rice (Jadhav, 1987), passion
fruit (Menzel and Simpson, 1989). Increase in plant height with

shading was 'also reported in colocasia (Prameela, 1990).



Negative influence of shade on  plant height was noticed
in red gram (George, 1982), bird's foot terfoil and alfalfa (Cooper,
1966). On the other hand plant height was unaffected by shading

in cowpea, blackgram and colocasia (George, 1982).

2.3.2, Leaf development

A reduction on the rate of leaf development and leaf area

was noticed in two dry bean (P. wvulgaris) cultivars grown in

controlled environmental chambers under standard light 390 E h m_2

s7' and shaded light 55 E . (Crook:{on et al., 1975). Vicea

faba planis subjeEted to 50 and 20 per cent shade exhibited 30 per

cent reduction in the number of leaves/plant (Xia, 1987). Varughese

(198q.) observed a decrease in the number of leaves with shading

in ginger and turmeric.

On the contrary leaf nrumber and leaf size of Amaranthus.
spp. were found greater - at the medium than at higher: levels of
shade (Simbolon and Sutarno, 1486). Venkataramanan and Govindappa
(1987) also ‘observed that clove seedlings kept under shade produced

more number of leaves than seedlings exposed to sun.

>

Sannamarappa and 3lb.znkar (1988) reported
no significant change in turmeri: due to inteicropping in arecanut.
Armose (1989) noticed increased leaf length bul decreased leaf width
in pineappleﬁ with increase in light intens{ty. No significant effect

of shade on number of leaves was noticed. in colocasia (Prameela,

1990) .



2.3.3. Dry matter production

Xanthosoma sagittifolium produced highest dry  matter product-
ion under shade (Caesar, 1980). Venkataramanan and Govindappa €687
also observed the same trend in coffee seedlings. Higher dry matter
production was noticed in ginger and colocasia under shade (Bai

and Nair, 1982, Varughese, 1989, Prameela, 1990),

A reduction in dry matter accumulation was reported in

several crops like Crown vetch, Coronialla varialli (Langillee and

Mckee, 1970), Colocasia esculenta (Caesar, 1980), rice
(Vijayalekshmi et al., 1987; Adhikari et al., 1989) and turmeric
(Varughese, = 1989). But Radha (1979) ob_ser.ved no significant
reduction in dry matter accumulation with increase in shade levels

.upto 75 per cent.
2.3.4. Growth analysis

An increase in shoot-root ratio was reported in 3 varieties

of Crown vetch (Coronialla varialli} at low light intensity (L angille

and Mckee, 1970). NAR increased with increase in shade in ginger
(Bai, 1981), Low light intensity led to production of leaves with
high specific leaf area in cassava (Fukai et al., 1984). Sor*enson‘

(1984) observed higher leaf area ratio in- winged bean (Psophocarpus

tetragonolobus) at shaded conditions. Jadhav (1937) opined that

in field pea, CGR, LAI and NAR are positively correlated with PAR.

According to Ono and Iwagaki (1987) satsuma mandarin trees



—

subjected to reduced light intensities increased SLA and LAD.
Vijayalak.shmi et al. (1988) reported higher harvest index under
low iight intensity in Ponni. An increase in nét Go2 assimilation
with increasing shade levels was _.noticed in mango (Schaffer and -

Gaye, 1989).

Contradictory to the above findings;"NAR and AGR of chick-

pea were found to decrease with a decrease in sunlight (Pandey

~et al., 1980). Ramadasan and Sétheeshan "(1980) recorded highest

leaf area index, crop growth rate and -net assimilation rate with

three turmeric cultivars grown in the open compared to that under

. shade. According to Jadhav (1987) RGR, LAR, LWR and SLA were

negatively correlated with shading in field pea. Decrease in light
intensity resulted in a -reduction in leaf area in passion fruit

’

(Mensal and Simpson, 1988).

Pandey et al. (1980) opined that LWR and RGR were
unaffected by different levels of shade in chickpea. } Harvest index
was unaffected by shading in ginger and turmeric (Varughese, - 1989)

as also In colocasia (Prameela, 1990). \ .

E-J

2.4, Chlorophyll content

It has been established by several workers that shaded

plants have a higher chlorophyll content compared to plants exposed



to sun. An increae in éhlorophyll content with increasing
shade levels was reported by Bai (1981) and Varughese (1989).
The same trend was also observed in crops like winged bean
(Sorenson, 1984), rice {(Singh et al., 1988), potato (Singh,

1988), colocasia (Prameela, 1990).

On the other hand, chlorophyll content was found to be
unaffected by shading in crops like chickéea (Pandey et al.,
1980), kiwi fruit (Grant and Ryug, 1984). Rao and Mittra
(1988} observed an inverée relationship between chlorophyll

content and shade levels in peanut.

2.5, Yield

Positive influence of shade on yield was reported in
many crops. With Chinese cabbage, lettuce and spinacﬁ, the
highest fresh weight were with crops grown at 35 per cent
shade (Moon and Pyo, 1981). Bai and Nair (1982) recorded
higher yield of turmeric at 50 per cent shade. Ravishankar
and Muthuswamy (1986, 1987) recorded the highest vyield of
ginger at a low light intensity of 15.3 k. 1lux. Varughese
(1989) observed highest yield of ginger at 25 per cent shade.

Similar trend was noticed by Prameela (1990) also in

colocasia.



10

Ramadasan and Satheeshan (1980) reported significantly
higher yields of turmeric in the open. The same trend was
noticed by Varughese (1989) in turmeric. A decre&? in yield
due to shading was reported in crops like Sorghum (Pepper and

Prine, 1972). Xanthosoma sagittifolium, Colocasia esculenta

var. antiquorum' (Caesar, 1980), taro (Bai, 1981), groundnuf
{(George, 1982), maize (Earley et al., 1966), and rice

(vijayalekshmi et al., 1987) also.
2.6. Quality of produce

Light regimes of a plant determine productivity and
quality of its produce (Tikhomirov et al., 1976). The guality

of the producté of Camellia sinenses var. assamica, Coffea

arabica, Cinchona ledgeriana and Rauvolfia gquannansis was

found to be improved when grown gnder shade. The quality of
pineapple was improved by partial shade at the stage of fruit
development (Nayar et al., 1979). Fong et al., (1980) also
observed an improvement on the quglity of green tea when
grown under 75 per cent shade. In sweet red pepper, highest
yield of high quality fruits was obtained at 12 tg 26 per
cent shade (Rylski and Spigelman, 1986). Ginger grown under

shade produced better gquality rhizomes (Ravishankar and

Muthuswamy, 1987).
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Céntr‘ar‘y. to the above findings a negative correlation of
shade .and quality of produce .was also noticed. Bjorkman f1968)
observed a co.mpalr'itivel,y lower content of soluble' protein in shade
planté. Protein yield of pulses viz., groundnut, cowpea, red gram
and black gram was high_ in the open when compared to 1_:hat under
shade (George, 1982). Ginger varieties grown in the open produced
the best quality rhizomes (Varughese, 1989). The starch and oxalic

acid -content were higher iIn colocasia grown in the open (Prameela,

1990) .

No difference in starch or total sugar contenis was observed
‘i kiwi grown underlshadé__(Snelgar‘ and Hepkirl 1988). Crude fibre
content of ginger was unaffected by shading (Raﬁshankar‘ and
lMuthuswamy, 1987). Philip (1983) r'.u;ti;:ed significant variation in

curcumin content among the turmeric varieties tested.- 'ﬂ&mdasan

and S"n;tkees:;a.m (1987) observed higher curcumin and oil in Dugerrala

and Cls-24 under intercropping in coconut than under monocropping.
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MATERIALS AND METHODS

Two separate field experiments were conducted to evaluate
the performance of turmeric cultivars under artificial and natural

shade. o

The trials were conducted at the College of Horticulture,
Vellanikkara, Thrissur, Kerala, India situated at 10° 32' N latitude

and 76° 10' E and at an altitude of 22.25 m above mean sea level.

3.1. Evaluation of turmeric cultivars for shade tolerance under artifi-

cial shade

3.1.a. Cropping history of the field

A trial on shade intensity was conducted with ginger. and
turmeric : as the crops during the year before last and a similar

E

trial with colocasia during the’ previous year.
3.1.b. Soil

The so0il of the experimental site was deep well drained
sandy clay loam. The data on physical and chemical properties

of the soil are given in Table 1.

-

3.1.c. Season and climate

The experiment was conducted during the period May, 1990
to February, 1991. Turmeric cultivars were planted on 22nd May.

Crop was harvested 240 days after planting.
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Table 1. Physical and chemical properties of the soil

1. Mechanical composition

Sand
S5ilt

Clay

2. Chemical properties

75.5 pér cent
6.0 per cent

16.5 per cent

(Hydrometer method)

(Bouyoucos, 1962)

Constituent Content Rating Method used for
estimation:
Total nitrogen 0.3 High Microkjeldahal
per cent (Jackson, 1958)
Available 18 ppm High Chloroéstannous reduced.
Phosphorus molybdo phosphorus
(Bray-1 extract) - blue colour method
(Jackson, 1958)
"Available 90 ppm Medium Flame photometry
Potassium (Jackson, 1958)
(NZutral normal
ammonium acetate
extract)
pH (1:2.5 5.3 pH meter
soil water ratio) (Jackson, 1958)
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The meteorological data for the period from May, 1990 to

February, 1991 are presented in Appendix-1,

The crop received a total 2643.%y mm of rainfall from May
1990 to February 1991, Relative humidity ranged from 51 to 88 per
cent. In general, the weather conditions "were conducive for the

normal growth of the crop.
3.1.d. Provision of shade

' Pandals of size 27 x 11 m were erected on wooden poles
to provide artificial shade to the desired level, using unplaited
coconut leaves. In order to minimise mutual shading of the shade
levels, sufficient space (2.5 m) was provided between the main
plot treatments. All sides of the pandal were also- covered with
unplaited coconut leaves leaving a clearance. of .one metre from
ground level, in order {fo avoid entry of slant rays, and to allow
wind movement. LI-COR integrating: quantum radiométer with line
quantum sensor was used for adjusting the shade intensity approxi-

mately to the required level. Frequent checks were made throughout

the course of the t#tal to maintain the shade intensities to the

desired level,
3.1.e. Seed material and planting

Six cultivars of turmeric were used for the experiment.

Healthy rhizomes free from pest and disease were selected. These
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rhizomes were soaked for‘ 30 minutes in 0.2 per cent ,Di.thane M-45
solution and spréad under shade in dry the rhizomes. Finger rhizomes
of turmeric each weighing 25 to 30 g were planted in small pits
taken at a spacing of 30 x 15 cm on raised beds of size 3.0 x
0.9 mz. Sufficieﬁt space w-as pr;c;v‘ided between beds of different

cultivars.

3.1.f. Manures and fertilizers

The crop received the respective cultural and Hmanun;ial
practices as per the package of practices r‘écommendations of the
Kerala Agricultural University (1989). Nitrogen, phosphorus  and
potassium .were applied in the form of urea (46 per cent) superphos-

phate (16 per cent) and muriate of potash (60 per cent),

respectively.

’

3.1.g. After cultivation

Mulching was done using green leaves for soil moisture
retention and weed control. Weeding and earthing up were done one

and two months after planting.

3.1.h, Plant protection measures

The crop was sprayed with Ekalux 0.25 per cent three

times at an interval of 25 days.
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Fig. 1. Lay out plan of the experimental field
cArtificial shade)
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3.1.i. Lay out of the experiment

Design 1 5plit plot

Number of replications ) HE

Details of treatments

Main plot treatments - Sub plot treatments -
4 shade levels Cultivars (6)
Notation Notation
T1 - 0 per cent shade V1 - PCT-5
T2 - 25 ;;er‘ cent shac;e V2 - PTS-9
T3 - 50 per c¢ent shade V3 - BSR-1
T4 - 75 per cent shade V4 - Ethamukulam
V5 - PCT-8
V(_3 - PTS-38

3.2, Evaluation of turmeric cultivars for shade tolerance under coconut
3.2.1. Cropping history of the field

The tiral was carried out in a coconut plantation of about
12 years old. The Iinterspaces of coconut .palms were previously

occupied by leguminous green manure crops.

3.2.2. Soil

-

The soil of the experimental site was deep well drained

sandy clay loam. The data on physical and chemical properties

of the soil are given in Table 2.
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Table 2. Physical and chemical properties of the soil

1. Mechanical composition (Hydrometer method

Bouyoucos,

1962)

Sand - 52.3 per cent
Silt -~ 22.5 per cent
Clay -°'25.2 per cent
Texture - Sandy clay loam
Constituent Content Rating Method used for
: estimation
Total Nitrogen 0.126 Medium  Microkjeldah! method
per cent (Jackson, 1958)
Available Phosphorus 7.5 ppm Low Chlorostannous reduced
molybdo phosphorus
¢ blue colour method
. (Jackson, 1958)
Available Potassium 159.8 ppm Medium  Flame photometr‘&
(NZutral normal {Jackson, 1958)
ammonium acetate
extract)
pH (1:25 5.0 pH meter method
soil water) (Jackson, 1958)
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3.2.3. Season and climate

The experiment was conducted during the period from May
1990 to February 1991. Turmeric cultivars were planted on June

17th, and was harvested dn February 14th.

The meteorological data for the crop periods from June

1990 to February 1991 are presented in Appendix-1,

3.2.4. Seed material

All  cultivars except PTS5-38 raised under artificial shade

were used for the trial. Seed treatment was the same as mentioned

under artificial shade.
3.2.5. Manures and fertilizers

Same practice as that under artificial shade was ~ followed.
3.2.6. After cultivation

Practices followed the same pattern as under artificial

shade.
3.2.7. Plant protection s

The same practice as that under artificial shade was follov;red.

3.2.8. Lay out and design

Design : RBD

Number of replications H !



Fig. 2. Lay out plant of the experimental field
C Natuval shade)
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Treatments - Cultivars (5)

Notation

V1'— PCT-5

V2 - PT5-9

V3 - BSR-1

V4 - Ethamukulam
V5 - PCT-8

Each of the turmeric cultivars was planted around a coconut
palm leaving a basin area of 12.56 m?'. Net area around one palm

planted with turmeric was 29.75 mz.

3.2.9. Shade

The light infiltration under coconut canopy was measured
" using LI-COR integrating quantum radiometer . with line quantum
sensor. The average of the hourly intervals was taken as the mean

light infiltration percentage.

3.3. Observations

"

3.3.A. Sampling technique

In order to select the ‘sample plants for studying the various
growth characters, random sampling technique was adopted. For
recording the different bi_ometr'ic observations at  bimonthly
intervals, five plants were selected at random as observation
plants. Pre-harvest' observations started 60 days after planting and

were continued upto 180 days after planting.
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The following observations were recorded:
3.3.B. Biometric observations

1. Plant height: The height of the selected. Pplants was measured
from the base of the main pseudostem to the tip of the top-most

leaf and the average worked out.

2. Number of tillers: The number of tillers was determined by
couhting the number of aerial shoots arising around a single plant

and the average of the five sample plants was worked out.

3. Number of leaves: The number of leaves was determined by
counting the number of leaves of all the tillers of the five

sample clumps and the average worked out.

!&.'Net assimilation rate (N.A.R.): This growth ratio refers to the
change in dry weight of the plant per unit leaf area per unit
time. Observations were recorded at 60 DAP and 120 DAP using
the. formula suggested by Williams (1946) and expressed as. g

m2 day_1 .

5. Chlorophyll content of leaves: Chlorophyll a, chlorophyll™ b,
total chlorophyll and ‘chlor'ophyll a to b ratio of leaves of
sample plants at 135 DAP were estimated by spec'trophotometry
(Starnes and Hadley, 1965). Second terminal leaf of five plants

from each treatment selected at random constituted the sample.
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Rhizome yleld: Yield of rhizomes was recorded from the sample
plants and rest of the plants, separately. The sum of these was

worked out and expressed as t ha_1 of fresh produce.

Haulm vyield: The yield of top (vegetative part) in five observat-

-1 .
ion plants was recorded and expressed as t ha of dry weight,

Harvest index: Harvest index was calculated as follows

. Y econ
Har‘ves'f index - Y biol where

Y econ and Y biocl were dry weight of rhizome and total dry

weight of the plant, respectively.

Percentage dryage of rhizome: Percentage dryage was calculated
from fresh weight and loss in weight on drying. It is the ratio

of dry weight and fresh weight of rhizome expressed as

percentage.

Total dry weight: Pseudostem and rhizomes of the uprooted
plants were separated and dried to constant weight at 70°C to
80°C in hot air oven. From the dry weight of component parts
for five plants, average dry weight per plant for these parts

was worked out. The sum of dry weight of component parts gave

total drymatter yield.
Chemical studies
Nutrient content of plants

Samples of plant components collected for recording the
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dry weight were used for chemical analysis. The nitrogen content
of haulm and rhizome \;ver'e determined by microkjeldahl digestion
and distillation method. Phosphorus content was determined
colorimetrically by vanado molybdp phosphoric yellow colour method
(Jackson, 1958). The potassium cor;tent in the plant components was

determined using flame photometer (Jackson, 1958} .

2. Uptake of fertilizer nutrients

"The total uptake values of nitrogen, phosphorus and
potassium by the plant were calculated from the nutrient content

and dry weight and expressed as.kg ha_1.

3. Quality analysis

Turmeric .samples collected were cured and sundried. The

dried samples were ground to pass through 60 mesh sieve.
1. Oleoresin contént in rhizome

Oleoresin content was estimated by cold percoiation method

using 100 pPer cent acetone as solvent (ISI, 1974).
2. Curcumin content of rhizome

Curcumin content was estimated. by the official analytical
method suggested by Amegrican Splce Tr‘ade Assoc1at10n (1968) usmg
methanol. Curcumin content was worked out and expressed as

percentage on moisture free basis.
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Disease incidence

Incidence of shoot borer attack was noticed about 100 days

of .planting. The extent of incidence was almost similar under shade
and in the open. However, the attack was kept under check by

spraying Ekalux (0.25 per cent) thrice at an interval of 25 days.
Statistical analysis

The experimental data were subjected to analysis of
variance for split plot dééign and Randomised block deéign following

the method of Panse and Sukhatme (1978) in the case of trial No.1l

and 2, respectively.



s sults
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RESULTS

Observations on various plant characters were recorded
-to assess the performance of turmet‘ic- cultivars with respect t.o
.growth, yield and quality b_oth' in the artificial and natural shade
trials to make a relative comparison between them. Different
prediction models were also attempted for each cultivar. The results

cbtained are presented in this chapter.

A. Under controlled light intensities
4.1. Biometric observations

4,1,1, Plant height (Table 3)

" Though no significant difference was observed between
shade levels with respect to plant height, taller plants were
- observed at 75 per cent shade in the initial stages and at 50 per

cent shade in the later stages.

Cultivars also exhibited the same trend. PCT-5 was taller

at 60 and 180 days after planting.

Cultivar x shade interaction was also not significant at

any of the stages.
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Table 3, Effect of shade on plant height and number of leaves of
turmeric cultivars

Plant height {cm) Number of leaves
60 DAP 120 DAP 180 DAP 60 DAP 120 . DAP 180_DAP_

Treatments

Levels of shade (%)

T1 0 46,1 86.0 83.5 6.8 16.6 10.1
T2 25 52.8 -69.8 105.6 6.5 12.1 10.9
T3 50 52.8 107.5 114.3 6.1 11.8 9.1
T4 75 55.1 102.3 113.5 6.2 10.9 12.2
SEmz 3.01 3.8 4.3 0.23 0.82 3.83
CD (0.05) NS NS NS NS 2.33 NS
Cultivars

.V1 PCT-5 55.6 101.7 109.7 6.4 10.6 9.0
Vz' PT5-9 52.0 98.7 106.5 6.3 12.6 9.0
\f3 BSR-1 51.0 97.4 106.8 6.4 15.6 12.4
Vz, Ethamukulam 54.3 99.8 104.6 6.6 15.7 11.9
V5 PCT—B_ 51.6 102.5 107.6 ° 6.4 10.5 9.2
V6 PTS-38 51.3 93.7 105.3 6.2 12.2 11.4
SEms 1.89 2.1.?, 3.4 0.13 0.70 4.74
CD (0.05) NS NS NS 2.82 NS NS
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4.1.2. Number of leaves (Table 3)

Shade levels had significant effect on number of leaves
only at 120 DAP. Plants in the open r‘ecor'deq more number of

leaves. All the other shade levels were comparable.

Cultivars also registered the same trend at 120 DAP where
in BSR-1 and Ethamukulam were comparable and superior to other

cultivars,

No significant shade x cultivar interaction was noticed.

4.1,3. Number of tillers (Table 4)

With regard to number of tillers, no significant difference
was observed between the shade levels, cultivars and shade x

.cultivar interaction.
L

4.1.4. Net assimilation rate (NAR) (Table 4)

Though significant difference was not observed between
shade levels, cultivars and shade x cultivar interactions at both
the stages, there was an increase in NAR with increase in shade

intensity at 120 . DAP. But -at 180 DAP no specific trend could be

noticed.

4.1.5. Chlorophyll content (Table 5)

Total chlorophyll and its components, chlorophyll a and

chlorophyll b increased steadily with increasing levels of shade



-

Table 4. Effect of shade on number of tillers, dry matter production and net assimilation rate

- Number of tillers Dry matter  Net assimilation
Treatments 60 DAP 120 DAP 180 DAP production 120 DAP 180 DAFP
Levels of shade (%) )

T, o 217 2.7 . 2.8 36.62 1.47 2.53

T, 25 1.4 1.9 1.9 39.46 1.65 2.28
T, 50 1.6 2.7 2.8 43.48 2.00 2.04
T, 75 1.5 2.3 2.4 £1.61 2.09 2. 44
SEmz : 0.05 0.25 1.05 1.98 0.19 0.16
CD (0.05) NS NS NS NS NS NS

Cultivars l

v, PCT-5 1.3 | 1.8 1.9 37.79 1.61 2.14
v, PTS-9 1.6 2.0 2.4 40.38 1.73 2.05
Vs BSR-1 1.6 2.7 2.8 39.03 1.60 2.60
v, Ethamukulam 1.5 2.0 2.5 39.43 2.05 2.29
Vg PCT-8 1.7 2.6 2.6 44 40 1.83 2.91

Ve PTS-38 - 1.4 2.1 2.2 42 .60 1.96 1.99
SEms |  0.04 0.24 1.04 1.82 0.19 0.18
CD (0.050 NS NS NS NS . NS NS,

6¢
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Table 5. Effect of shade on content of chlorophyll fractions of
turmeric cultivars at 135 DAP

Treatments Chlorophyll Chlorophyll Chlorophyll Chlorophyll
a mg 9_1 b mg 9_1 . a+b mg 9_1 a+b
fresh fresh fresh
weight weight weight

Levels of shade (%)

T, 0 0.47 0.36 0.80 1.23
T2 25 0.73 0.58 1.28 1.30
T, 50 0.93 0.77 1.58 1.15
T, 75 1.10 0.81 1.70 1.20
Cultivars

) V1. PCT-5 0.78 0.62 1.29 1.22
V, PTS-9 0.78 0.62 1.30 1.19
Vy BSR-1 0.81 0.64 1.35 1.20
Vy Ethamukulam 0.80 0.63 1.33 . 1,27
Vg PCT-8 0.81 0.66 1.37 1.26
Vg PTS-38 0.79 0.62 1.30 1.24

L]

Data wnot StqfisttCQu-B da.na.[.jSECl
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at 135 DAP. There was no definite trend with respect to chlorophyll

a to b.. ratio.

Cultivar PCT-8 recorded the highest chlorophyll content

and PCT-5 the lowest.

4.1.6. Drymatter production (Table 4)

Though no significant effect of shade on cultivars was
noticed, the drymatter production increased with increasing shade
intensity upto 50 per cent shade and then declined. Among the

cultivars, PCT-8 recorded the highest drymatter production at’ all

the stages.
4.1.7. Yield (Tables 6, 7, 11, 12 and Fig. 3, 4, 5, 6)

Shade levels had significant effect on .the rhizome yield
on dry weight basis only. All the shade levels gavle significantly
higher yields than that the open. Though 75 per “cent shade
recorded the highest yield on dry weight basis, it was comparable
with 50 per cent shade which in turn gave the highest yield'on

fresh weight basis.

Among the cultivars PCT-8 recorded the highest vyield of
254.8 t ha_‘r on fresh weight basis and 5.5 t haq on dry weight
basis. Though PCT-8 gave the highest yield in-the open, it appears

to be more suited to 50 per cent shade whereZ in it could record

1 (5.5 t ha | on dry weight basis) as against 24.8 t

Yy, At 25 per

28.1 t ha

ha™! in the open on fresh weight basis (3.7 t ha



' Table 6. Effect of shade in rhizome “yield (fresh and dry weight) percentage dryage, haulm
yvield and harvest index of turmeric cultivars

Treatments Yield Yield ' Haulm Harvest Percentage

(fresh (dry yielq' index dryage

weight) weight) t ha -

Tho! [
Shade levels (per cent)
T1 o 21.00 3.21 2.08 0.53 15.50
T2 25 ) 21.78 4.08 ©2.94 0.51 18.58
T3 50 25.70 " 4,90 3.08 0.55 19.41
T4 75 . 20.70 5.14 - 2.49 0.65 24.50
SEm# 1.45 0.23 0.21 0.027 0.51
CD (0.05) ' NS 0.66 NS: NS T.47
Cultivars l
V1 PCT-—-5_ ' 21.86 3.96 2.52 0.55 18.80
V2 PTS-9 22.40 4,25 2.87 0.55 19.10
V3 BSR-1 22.02 4.18 .3.15 0.56 18.80
V4 Ethamukulam . - ) 21.90 4£.25 2.82 0.58 19.40
V5 PCT-8 24.80 -5.30 2.35 0.66 22.40
V6 PTS5-38 20.70 4.00 3.08 0.52 18.40
SEmz# 1.41 0.28 0.20 0,22 0.86
CD (0.05) | NS 0'.66 NS NS 2.26

¢t
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cent shade PCT-5 recorded the highest vyield of 23.4 t ha_d| on

fresh weight basis while PTS-9 recorded the highest value of 4.5
t ha_1 on dry weight basis. At 75 per cent shade BSR-1 registered
the highest rhizome vyield of 22.2 t_ ha ' on fresh weight basis.
The highest rhizome vyield of 4.9 t ha_1 on dry weight basis was

also recorded by PTS-9 at 75 per cent shade.

Different prediction models such as quadratic cubic and
logarithmic models were tried and the fitted equations along with
R2 values are given in Table 7 No model was found to be a good
fit for the data, as could be inferred from the R2 values. Hence

only plot of the original data for shade levels are given in figure.
4,1.8. Haulm yield (Tables .6, 10)

Though no significant difference was observed between shade
levels and cultivars in haulm vyield, the mean values tended to
increase with shade intensity L;pto 50 per cent- and then decreased.
The highest value of 3.08 t ha\_'1 was recordsd at 50 per cent shade
while the lowest value of 2.49 t ha | at 75 per cent. The inter-

action effects were not significant.

>

Among the cultivars, BS5R-1 gave the highest mean value

of 3.15 t ha_‘l where as PCT-8 recorded the lowest value of 2.35

t ha-1.



Table 7. Predicthm1dmodels attempted to predict the influence of shade on yield of turmeric

Variety Model tried Fit for the data _ R2
2 2
v, a) y = atbx+c a) y = 13.73+0:1016x-2.2x <244
b) log y = at+b log{+1)+c log(x+1)2 b) log v = 1.303+0.728 log(x+1)-1.3 log(x+1)2 0.203
12 a) vy = atbx+ex a) y = 19.57+2.818x-0.51x" 0.023
b) log y = atb 109(X+1)+Clog(X+1)2+ b) log y = 1.34-0.9555 log(x+1)}+4.57 log(x+1)2— 0.072
d log(x+1)3 5.01 log(x+1)3
vy a) y =a+bx+cx? a) y = 19.08+1.760-0.216 .021
" b) log y = a+b log{x+1)+c log(x+1)2 b} log y = 1.312-0.004 log (x+1)+0.173 log(xﬂ)2 0.018
2 . 2
V4 a) v = a+bx+cx a) y = 10.98+0.123x-2.62x 0.305
b) log y = a+b log(x+1)+c log(><+1)2 b) log y = 1.303+0.736 log(x+1)-1.33 log(x+1)2 .234
Ve a) y = asbxicx’ a) y = 22.72+0.729x-0.022 | 0.201
b) log vy = a+b log(x+1)+c log(x+1)z+ b) log y = 1.38-2.29 log(x+1)+9.94 log(x+1)2— 0.016
d log(x+1)3 0.1017 log(x+1)3 '
2 2
Ve a) y = atbx+ex a) y = 0.791+0.1912x-3.48x 0.309
b) log y = a+b log(x+1)+c log(x+1)2 b) log y = 1.17-1.549 1og(x+1)+o.1oslx+1)2 0.336

8E
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4.,1.9, Harvest index (Table 6)

Shade levels and cultivars had no significant effect on the

harvest index. The _ highest values of 0.65 was noticed at 75 per

cent shade level.

Among the cultivars, PCT-8, gave the highest value of 0.66

and PT5-38, the lowest, 0.52.

4,1.10. Percentage dryage (Tables 6--13)

Shade levels, cultivars and shade x cultivar interactions
had significant effect on percentage dryage. The highest percentage
dryage of 24.5 was observed at 75 per cent shade where as the

lowest value of 15.5 was noticed under direct sun.

o

Among the cultivars, PCT-8 recorded -the highest value of

22.4 and PTS-38.the lowest, 18.4.

With respect. to shade x cultivar interactions, PCT-8 at

75 per cent shade intensity gave the highest value of 31.75.

£.2. Chemical studies

4.2.1, Content of fertilizer nutrients (Table 8) _

There was a progressive increase in N content of haulm
and rhizome with increase in shade intensities. Seventy five per

cent shade recorded the highest value of  1.6% N in -haulm..and ].79%‘—

3



Table 8. Effect of shade on N, P and K content of turmeric cultivars at harvest

Treatments N content N content P content P content K in K in
of haulm of rhizome of haulm in rhizome haulm rhizome

Levels of shade (per cent)

T, O 1.24 1.43 0.16 0.26 2.41 ' 2.77
T, 25 1.43 1.60 0.15 0.25 2.20 » 3.23
Ta 50 1.56 1.72 0.16 0.26 3.40 3.87
T, 75 1.60 1.79 0.15 0.26 4.00 4.00
Cultivars

v, PCT-5 1,42 1.58 0.16 0.24" 3.03 3.36
v, PTS-9 1.46 1.61 0.18 0.23 3.10 3.31
V, BSR-1 1.51 1.76 0.14 0.26 3.32 3.54
v, Ethamukulam 1.46 1.72 0.13 0.17 3.37 . 3.66
v, PCT-8 ‘ 1.48 1.63 0.15 0.20 3.17 3.46
Vg PTS-38 1.41 1.50 0.16 0.20 3.23. 3.60

Datae not st o.tbsr'-maj ana.‘.j sed,

0%
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in rhizome. Among the cultivars, BSR-1 registered the N contents

of 1.51 and 1.76 in haulm and rhizome, respectively.

No clear trend could be obtained in the P content of haulm
and rhizome at varying shade “intensities. Among the cultivars,
PTS-9 recorded the highest P content of 0.18 per cent in haulm

while BSR-1 gave the highest value of 0.26 per cent in rhizome.

Potassium content exhibited a progressive increase with
increase in shade intensity only in rhizome and the highest values
of 4.0 per cent was observed at 75 per cent shade. Among the
cultivars, Ethamukulam recorded the highest value of 3.66 per cent.

&

4.2.2. Uptake of nutrients (Table 9 and Fig. 7).

. Uptake .Of N and P increased with increase in shade
intensity upto 50 per cent and then declined, whereas the uptake
of N had a pr'ogressive increase with increase in shade intensity.
Expressed as percentage of that in the open, the N uptake at 25,
50 and__ 75 per cent shade levels were 150, 178 and 173,

respectively.

The P uptake at 25, 50 and 75 per cent shade were 114,

142 and 123, respectively of that under direct sun.

The K uptake® at 25, 50 and 75 per cent shade was found

to be 136, 191 and 198, respectively of that in the open.



Table 9. Effect of shade on uptake of nutrients N, P, K, curcumin and oleoresin content in
turmeric cultivars

Treatments . N P l K ((Zur‘cumin ) ?leoresin)
Kﬂha:' Ks b KE! hor per cent per cent
Shade levels (per cent)
TnI 0 76.9 14.2 158_4 1.7 0.4
Tz" 25 114.6 16.0 215.9 2.1 0.6
T:3 50 137.4 20.3 304.1 3.1 0.4
T4 75 132.6 17.5 314.0 2.4 0.9
Cultivars .
v, PCT-5 | 96 .4 13.0 227.3 1.8 0.8
V2 PTS-9 119.1 22.4 225.1 2.8 0.5
V3 . BSR-1 127.8 22.4 250.6 2.6 0.4
V4 Ethamukulam 107.5 20.5 252.3 3.2 0.4
V5 _PCT-8 129.0 23.3 285.0 2.4 0.5
V6 PTS-38 110.5 19.'3 284 .4 1.4 k 0.9

Data not | statist cc..l.lj .anaﬁﬂsed

¢



7

FIG.

Effect of shade on NPK uptake of

1

1

turmeric cu

ficial shade)

tivars(Art

kg/ha

et Ry

)

400
300

200 -

100 -

50

Shade(%)




44

Table 10. Interaction effects of shade levels and turmeric cultivars

on haulm yield

Shade levels (per cent)

Cultivars 0 25 50 75 Mean
V1 PCT-5 2,32 3.42 2.32 2.02 2.52
V2 PTS-9 2,82 2.70 3.50 2.40 2,87
V3 BSR-1 3.50 2.80 3.80 2.42 3.15
V4 Ethamukulam 2.65 3.10 3.10 2.50 2.80
V5 PCT-8 2.10 2.10 2.30 2.90 2.30
V6 PT5-38 2.70 3.50 3.40 2.60 3.10
Mean 2.68  2.94 3.08 2. 49
CD NS
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Table 11. Interaction effects of shade levels and turmeric cultivars

on yield (fresh weight basis)

Shade levels (per cent)

CD @ NS

Cultivars 25 50 75 Mean
V] PCT-5 23. 24, 16, 21.86
V2 PTS-5 20. "24, 22, 22,4
V3 B5R-1 21. 23. 22 22.0
V4 Ethamukulam 23, 25, 17. 21.9
V5 PCT-8 21. 28. 21. 24.8
V6 PTS-38 20.5 27. 19. 20.7
Mean 21. 25, 20,
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Table 12, Interaction effects of shade levels and turmeric cultivars
on ‘yiclet CG;ng wetght basis?)

Shade levels (per cent)

Cultivars #] 25 50 75 Mean
vV, PCT-5 - 2.9 .0 4.4 4.3 3.9
vV, PTS-9 3.0 .5 4.5 4.9 4,2
Vy BSR-1 3.5 .9 4.5 4.7 4:1
V, Ethamukulam 3.5 .3 4.8 4.3 4.2
vV, PCT-8 3.7 0 5.5 4.2 5.3
Vg PTS-38 2.5 .5 5.4 4.7 4.1
Mean 3.2 5.1

¢cDo @ OT2

.1 4.9
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Table 13. Interaction effect of shade levels and turmeric cultivars

on percentage

dryage

Cultivars

Shade levels (per cent)

0 > 25 50 75 Mean
v, PCT-5 13.5 16.7 20.0 24.3 18.8
v, PTS-9 14,0 21.0 18.0 23.2 19.1
V4  BSR-1 16.5 18.0 19.0 21.2 18.8
Vi, Ethamukuiam 16.7 17.0 19.5 24,2 19.4
Vs, PCT-8 16.0 22,0 19.7 31.7 22.3
Vg PTS-38 16.2 16.0 19.2 .22.3 18.4
Mean 15.5 18.5 19.4 24.5

Cn : 5\8'3
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Among the cultivars, PCT-8 recorded the highest “value of

N, P and K uptake.

4.2.3. Curcumin content (Table 9)

With shading, there was a progressive increase in curcumin
content upto 50 per cent shade, after which a marginal decrease
was noticed. The extent of Increase at 25: 50 and 75 per cent shade
levels as compared to that in the open were 12, 18 and 14 per

cent, respectively. Among the cultivaré, Ethamukulam recorded the

highest value of 3.2 per cent.

4.2.4, Oleoresin content (Table 9)

The highest oleoresin content of 0.9 per cent was observed

at 75 per cent shade intensity and in the cultivar PTS-38.

4,3, B. Under natural shade

4.3.1. Plant height (Table 14)

There was no significant difference between -cultivars “with
respect to plant height at any of the stages. Ethamukulam, BSR-1 and

PTS-9 were taller at 60 DAP, 120 DAP and 180 DAP, respectively.

" 4,3.2. Number of tillers (Table 14)

Cultivars did not show any significant difference in tiller
production. However, PTS-9 and BSR-1 produced more number of

tillers at all stages of plant growth.

=



Table 14. Plant height and number of tillers of turmeric cultivars under natural shade

) Plant height Number of tillers
Treatment | 60 DAP 120 DAP 180 DAP 60 DAP _ 120 DAP 180 DAP
v, PCT-5 32.5 100.1 104.5 0.7 2.9 6.8
vV, PTS-9 ' 32.8 83.3 111.7 1.1 3.2 7.1
V, BSR-1 35.35 103.4 109.2 1.1 3.3 7.0
v, Ethamukulam -' 38.2 101.3 104.9 0.6 3.0 6.8
Vs PCT-8 i 34.3 94 4 97.7 0.6 3.0 '6.5
SEms 4.0 5.2 5.5 0.97 . 1.04 1.09
CD (0.05) NS NS NS NS NS NS

b7



ol

of
4.3.3. Number leaves (Table 15)

N

-

No significant difference was noticed between cultivars with
respect to number of leaves also. At 120 DAP, Ethamukulam produced

more number while at 180 DAP PCT-8 recorded more number of leaves.
4.3.4. Net assimilation rate (Table 15)

There was no significant difference among cultivars in het
assimilation rate., PCT-8 and PTS-2 recorded the highest values

at 120 and 180 DAP, respectively.
4.3.5. Chlorophyll content of leaves (Table 16)

Chlorophyll a and total -chlorophyll were highest in BSR-1
at 135 DAP, whereas chlorophyll b and chlorophyll a to b ratio

- were highest in PTS5-9 and PCT-5, respectively.

4.3.6. Rhizome vyield (Table 17) (_Fiﬂ-ﬁ-)

In the case of rhizome yield also, no significant difference
was noticed between the cultivars. However, BSR-1 recorded the
highest mean vyield of 12.8 t ha_1 on fresh weight and 2.53 t ha"‘I
on dry weight basis. The lowest vyields of 9.3 t ha--_1 on fresh
weight and 1.93 t ha_1 on -dry weight basis were recorded by PCT-8
which In turn gave the highest yield under controlled light intensit-

fes.



Table 15. Number of leaves, net a551m11at10n rate and drymatter production of turmeric cultlvars
under natural shade

Number of leaves

Treatment s > Net assimilation rate g:géﬂ:;::f;n
-60 DAP 120" DAP 130 DAP 120 DAP 180 DAP of plant

V.l PCT-5 7.9 11.9 14.1 2.3 2.1 25.8

V2 PTS-9 6.75 11.7 14 .1 2.9 2.0 28.3

V3 BSR-1 7.1 12.8 14.4 2.2 1l.6 27.0 !

V4 Ethamukulam 8.2 12.9 14.0 3.1 2.0 27 .4,

V5 PCT-8 5.9 10.2 15.2 2.4 1.3 31.2

CD (0.05) NS

NS NS NS NS NS

1
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Table 16. Contents of chlorophyll fractions of ‘turmeric cultivars under

natural shade at 135 DAP

Treatment Chlorophyll Chlorophyll Chlorophyll Chlorophyll
a mg 9_1 b mg g_‘l a+b mg 9_1 a/b
fresh fresh fresh
weight - weight weight

V1 PCTl—5 ) 0.81 0.60 1.39 _ 1.25

vV, PTS-9 0.87 0.72 1.49 1.10

V4 BSR-1 ) 0.90. 0.70 1.68 ' 1.18

. Vg Ethamukulam 0.88 0.70 1.48 1.15

V5 PCT-8 . 0.83 0.68 1.41 1.12

Data .ot stalis t-"-c::\.llj Qnagise.c(,



Table 17. Rhizome yield (fresh and dry weight), haulm vyield, percentage dryage and
harvest index of turmeric cultivars under naturl‘al shade
Treatments Yield . Yield Haulm Harvest Percentage
(fresh (dry yield index dryage
we1gi—'1‘;*.) Welg:t) t ha !
t ha t ha
V.l PCT-5 12.0 2.40 2.33 0.51 20.50
vV, PTS-9 0.2  2.09 2.43 0.46 20.00
V, BSR-1 ' 12.8 2.53 2,19 0.53 19.75
V, Ethamukulam 12.0 2.46 ' 2.30 " 0.51 21.50
V5 PCT-8 9.3 1.93 2.25 0.46 20.50
CD (0.05) NS NS NS NS NS

£6
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Fhizome yield of. tu'}f”‘memc Cultwa’rs
under natural shade

t/ha

‘ . _ 1/ ) [
PCT-5 PTS-9 BSR-1 Ethamukulam

Cultivars

7S



4,3,7. Haulm yield (Table 17)

The cultivars did not show any significant difference . with
regard to haulm yield.. PTS-9 and Ethamukulam gave the highést

and lowest values, respectively.
4,3.8. Harvest index (Table 17)

Cultivars showed the same trend as that of rhizome yield

with BSR-1 recording the highest value of 0.53.
4.3.9. Percentage dryage (Table 17)

Though the cultivars did not exhibit significant difference

in percentage dryage, Ethamukulam gave the highest value of 21.5.

4.3.10. Dry matter -production (Table 15)

There was no significant difference between cultivars in

dry matter production. However, highest value of 28.3 t ha_‘| was
\,.

noticed in PTS-9.
4.4, Chemical studies

4.4.1. Content of fertilizer nutrients (Table 18)

No marked variation on the nutrient cbntent was observed
between cultivars. PCT-5 gave the highest N content in both rhizome
and haulm whereas PCT-8 and PTS-9 recorded the lowest values

in rhizome and haulm, respectively. P content in rhizome and haulm



Table 18. Content and uptake of nutrients N, P and K in turmeric cultivars under natural
shade )
Treatment Nitrogen % Phosphorus % Potassium % Uptake kg ha“1
Haulm Rhizome Haulm Rhizome Haulm Rhizome N P K
V‘I PCT-5 1.25 2.4 0.20 0.26 3.4 3.52 60.8 12.2 125.9
V2 PTS5-9 1.23 1.9 0.16 0.18 3.4 3.40 52.3 8.3 117.5
V3 BSR-1 1.19 1.8 |0.13 0.14 3.9 3.90 59.9 10.6 165.3
\/4 Ethamukulam 1.19 2.2 i0.23 0.27 4.4 4 45 42.3 8.2 160.4
V5'PCT—8 1.24 1.7 0.16 0.19 2.4 2.90 46.1 7.7 81.3

Ooafa nol sto,ti.s_ti—cau.j analySed
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was also more in PCT-5 with Ethamukulam giving slightly higher
values. On the other hand, Ethamukulam gave the highest value

anch

followed by BSR-1 7" * PCT-5 with respect to K content.

4.4,2, Uptake of nutrients (Table 18)

Regarding the uptake of all the three nutrients, PCT-5
recorded the highest values. The lowest values were registered by
Ethamukulam with respect to N and PCT-8 with respect to P and

K.

4,4.3, Oleoresin content (Table 19).

The highest oleoresin content of 1.5 per cent was recorded

in PCT-8 while the lowest of 0.9 per cent was noticed in BSR-1,

" ¥.4.4, Curcumin content (Table 19)

Curcumin content was highest in Ethamukulam (3.7 per cent)

and lowest in PCT-5 (2.5 per cent).



Table 19.

Curcumin and oleoresin content of furmeric cultivars under
natural shade

Treatments , 6@: (%) _ N Cuncumin > (%)
PCT-5 1.2 2.5
PTS-9 0.9 3.0
BSR-1 0.9 2.6
Ethamukulam 1.2 3.7
PCT-8 1.5 3.1
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DISCUSSION

The chapter gives an overall assessment of the
performance of turmeric cultivars under artificial shade and

under natural shade in coconut plantation.

From the results, all the cultivérs were found to
give higher yields at 50 per cent shade though the
differences were not statisfically significant; The yields
at 25, 50 and 75 per cent shade expressed as percentage of
that in the open were 103, 121 and 98 on fresh weight basis
and 127, 153 and 162 on dry welght basis, respectiveiy.
Similar results were repofted earlier by Bai and Nair
(1982). The increased yields of the cultivars at 50 per cent -
shade level indicates the ability of the crop to‘tolérate
shade. Thus turmeric can be classified . as a° shade
tolerant/shade loving crop and slight shade is needed for
the better performance of the crop. HardQ (1958) explained -
the better performance of some crops under shade due to the
presence of a threshold illumination intensity beyond which
the stomata of shade loving plants tend to close. Data on
dry matter accumulation substantiate observed trend in
rhizome yield. The increase in yield was consistent with the
general .growth performance of the crop in terms of dry
matter accumulation. The percentage value of dry matter
accumulation at 25, 50 and 75 per cent shade levels were
107, 119 and 113, respectively, when compared to that in the

open. The data on dry matter accumulation show that shading



did not result in any appreciable decrease in photosynthesis

upto 50 per cent. Not only that there was no decrease in
photosynthesis, shading also tended to increase the dry

matter accumulation by plants.

Regarding harvest index, higher values were found at
75 per cent shade. Hence itlappears that translocation of
carbohydrates to economic part was increased by shading.
This is in confirmation with the finding of Varughese (1989)
and Prameela (1990) where 1light shading increased the
harvest index of ginger and colocasia. Cultivar PTS-38
produced the lowest yield on fresh weight basis, with lowest
values of harvest index. Percentage dryage also increased
with increase in shade. This is in agreement with the

finding of Va:ﬁghese (1989).

On analysing the performance of different cultivars
atlvarying shade intensities it was found that PCT-8 and
PTS-9 performed better both .unde shade and in the open.
However, they were better suited to 50 per cent shade. All
the other cultivars also perormed better at 50 per cent
shade above whigh there was a declining trend on yield. In
generél, all the cultivars preferreé 5 medium shade level of
50 per cent. It is, however, +o0o be noted that the

/

differences neither of +the overall meaﬁs nor of the

interactions were statistically significant.
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Though different prediction models were tried, no

i
model was found to be a good fit for the data indicating
that vyield prediction in turmeric could not be effected

based on shade levels.

Among the cultivars, PCT-8 the highest yielder,
recorded greater values for dry matter production, harvest
index, chlorophyll content -and percentage d;yage. On the
other hand PTS-38 with its lowest yield recorded low value
for harvest index but high value for dry matter production.
Though the total dry matter production was high in PTS-38,
the poor translocation of photosynthates to the storage
organ might be the reason for low HI value and thereby poor

yield.

Plant charcters like plant height, number of leaves
and number of tillers followed different patterns. General

trend was an increase in height with increase in shading.
/

Taller plants were observed at intense shade levels of 75,

per cent in the initial stages and at 50 per cent in the
later stages, at which shade 1level all the cultivars
performed better with respect to the rhizome vyield. An
increase in blant height under éhade has earlier been

reported in giner (Bai and WNair, 1982) and turmeric

(Vvarughese, 1989).

62
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Significant effect of shade on number of leaves was noticed only
at 120 DAP, and plants in the oben recorded more number of leaves.
This is in confirmity with the findings of Xia (1987) and Varughese

(1989). The tiller number was not effected by shade levels.

No significant difference between cultivars was noticed in
the growth characters like plant height, tillers and NAR., But
regarding - the number of leaves,'significant differ’*ence was noticed

with BSR-1 and Ethamukulam recording comparable values in the

open.

With respect to chlorophyll content, an increasing trend
with increase in shade levels was noticed. The very low value of
total chlorophyll in the open when compared to that under shade

may be due to the photooxidation at strong light intensities. This

is in agreement with the .finding of Anderson (1985), Varughese

(1989) and Prameela (1990)--

With regard to the content of fertilizer nutrients, __'gtj_er‘e i
was a progressive Increase - in nitrogen in haulm- and. -r'hizome and
the highest value was observed at 75 per cent shade indicating
better absorption of nutrients under shade. The mean contents- in
the ca.se"of haulm’ ranged from "1.24 to 1.6 and from "1.43 to 1.79
in rhizome. No definite trend could be noticed in the P content

of haulm and rhizome at wvarying shade intensities. Increase in K
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content in the rhizome with shading was also noticed. Potassium
content was more in haulm at the most intense shade‘ le'velmof 75%,
though a definite trend could not be observed. Uptake of nutrients
followed the same pattern as that of dry matter production and
yileld and one valid conclusion out of the data is that the treatment
giving the highest vyield also recorded the highest-uptakg values.
Calculated as percentages of the uptaké in the open, the crop
removal of nitrogen, phosphorus and potassium at 25, 50 and 75
per cent were 149, 178, 172 for N, 112, 142 and 123 for P and
136, 191 and 198 for K, respectively. It can therefore be inferred
that requirements. of N and P incr‘ease: upto the medium shade of
50 per cent and then there is a general decr‘ease.(Requirement of
K increased with increase in shade intensity with. 75 per cent shade
* level recording the highest values. This agrees with the -finding
of Gopinathan (1981) who recorded higher uptake of K by cocoa
seedlings in shade compared to that in the open. Thus the results

reveal no scope for reducing the rate of application of fertilizer

nutrients with shading. )

Among the cultivars, PCT-8, which produced the highest
vield gave higher uptake values, but no specific trend could be

noticed between uptake of nutrients and vield of other cultivars.

There was no definite trend in oleoresin content, and the

highest values were recorded at 75 per cent shade. Higher values
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may be explained by the retention of volatile oil which otherwise
[ |

undergoes oxidation, degradation, isomerisation and polymerisation

(Zacharia and Gopalan, 1987). Increase in volatile oil, non volatile

acetone extract, starch and protein with shading was observed in

ginger with shading (Ravishankar and Muthuswamy, 1987).

Curcumin content showed a progressive increase upto 50
per cent after which a slight decrease was noted. Ramadasan and
Sathees' an (1977) reported differential response of cultivars in

curcumin and oil content under monocropping and under intercropping

with coconut.

Natural shade

In coconut plantations with a natural shade of about 50 per

cent, similar performance was exhibited by all the five cultivars

tested. Though no significant difference was noticed between

cultivars, BSR-1 recorded the highest rhizome vyield. But the

general performance of all the cultivars was poor under

intercropping in coconut garden. Among the cultivars, BSR-1, the
highest yielder recorded more chlorophyll content and high HI

value. However, the growth attributes such as plant 'h'ei'ght, tiller

number and NAR appears to have no direct influence on rhizome

yield in this cultivars.
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With regard to harvest index also cultivars showed the
same trend with BSR-1, recording the highest values, The highest
dry matter accumulation was noticed in PT5-9, which also produced
the lowest values of harvest index. The highest value of percentage

dryage was given by Ethamukulam.

With regard to plant characters like number of leaves,
tillers and plant height, no significant difference was noticed
between cultivars. Chlorophyll a and total chlorophyll content were

more in B5R-1 which recorded the highest yield.

With respect to nutrient content in both rhizome and haulm,
PCT-5, recorded higher values for N and P, whereas Ethamukulam
gave the highest values for K followed by 8SR-1 and  PCT-5. The
.N‘ancli P uptake also followed the same trend. But in the case of
K uptake, highest value was observed in the case of BSR-1 followed
by Ethaniukulam_ and PCT-5. Rhizome vyield and K uptake of the
above cultivars exhibited similar trend. The higher values for both
K uptake .and vyield under shade indicates the specific role of K
in increasing yields. In general uptake values_yvére much lower when
compared to that under controlled conditions. This might be due
to the comparitively lower dry matter production under intercropped
situation with low soil nutrient status. Late planting " of the crop
under natural shade might be another reason for reduction in
rhizome yield. Yield reduction in ginger due to late planting was

reported earlier by Aiyadurai (1966).
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Regarding curcumin and oleoresin content, PCT-8 and
Ethamukulam recorded the highest- and lowest values, respectively.
BSR-1, the best yielder recorded comparatively lower values for

oleoresin and curcumin.

The salient features of the above discussion may be

summarised as follows.

1) Not much variation in the performance of cultivars was noticed
under shaded conditions and in the open. However, the cultivars
preferred a medium shadé level of 50 per cent with respect

to rhizome vyield.

2) As the vyields of all the cultivars were more at medium shade
level compared to that under direct sun, turmeric can be

classified as a shade tolerant or shade loving crop.

3) Among _the cultivars, PCT-8 fq':r'ed well under artificial shade
while BSR-1 outyielded other cultivars under natural shade in

coconut plantation.

4) The curcumin content was highest at 50 per cent shade while

oleoresin content was highest at 75 per cent shade. h

5) The. oleoresin and curcumin contents were more under natural

shade than that under artificial shade.
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SUMMARY

TwWO field experiments were conddgted, one under
artificial shade and another under natural shade in coconut
plantation at the College of Horticulture, Vellanikkara,
Thrissur, Kerala, India during the year 1990-91. The tria;
under artificial shade was almed at evaluating the
performance of tufmeric cultivars under -different shade
levels and that under natural shade was to test the fitness
of .these cultivars as intercrops in coconut garden. The

results of the experiments are summarised below.

All the cultivars recorded highest rhizome yield at 50
per cent shade on fresh weight basis while on dry weight
basis highest yields were observed at 75 per cent shade. In
general the performance of the crop was better in termg of
‘rhizome yield under medium shade level of 50 per cent. Hence,

turmeric can be classified as a shade tolerant crop.

On analysing the performance'of different cultivars, at
varying shade intensities, all the cultivars were found to
perform better at 50 per cent shade, above which there was a

declining trend in yield. The treatment differences were,

however, not significant.
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Though a number of prediction models were tried, none of

the models seemed to be a good fit for the cultivars.

Effect of shade on plant height and chlorophyll content
was positive. More number of leaves were produced in the
open, whereas no definite trend could b%, observed in the

i
4

number of tillers.

Cultivars grown at 50 per cent shade gave the highest
haulm yield and drymatter production whereas highest value of

harvest index was noticed at 75 per cent shade.

Uptake of N and P increased with increase in shade
intensity upto 50 per cent, and then declined, whereas +the
uptake of K had a progressive increase with increasé in
shade. Fifty per. cent shade recorded highest values for
curcumin content while 75 per cent recorded highest values
fex curcsumin qontent while 75 ﬁeg esent recerded héghes%
values for oleoresin. Thus the quality of turmeric was found

to be improved when growm under shade.

Natural shade

In coconut plantation where there is a natural shade of
about 50 per cent all the five cultivars PCT-5, PTS-9, BSR—i,
Ethamukulam and PCT-8 tested exhibited similér performance in

terms of rhizome yield. Th7ough no significant difference was
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noticed between cultivars, BSR-1 recorded the highest rhizome
vield. The highest values of harvest index and chlorophyll
content were also recorded by this cultivar. Highest values
for drymatter accumulation was noticed in PTS-9, while the
highest valué of percentage dryage was seen in Ethamukulam.
With regard to plant height, no significant difference was
.noticed between cultivars. The highest value of ™ and P
" vptake was given by PCT-5,-and in the case of K uptake,
highest value.was observed in the case of BSR-1. 'Regarding
curcumin and oleoresin contents, PCT-8 and Ethamukulam
recorded the highest and 1lowest values, respectively.
However, the curcumin and oleoresin contents were more under
natural shaae than under artificial shade. In génerai,_ the

performance of all the cultivars was poor under intercropping

in coconut garden.



Plate 1. General view of the experimental field after

providing shade






Plate 2. Turmeric cultivars at 0 per cent shade

Plate 3. Turmeric cultivars at 25 per cent shade






Plate 4. Turmeric cultivars at 50 per cent shade

Plate 5. Turmeric cultivars at 75 per cent shade
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APPENDIX-I .
Meteorological data for the crop period (18-5-1980 to 25-2-1991)

<

Month and date Temperature oC Soil Humidity Rain Sun- Evpn
temperature % mm shine mm
at Smm . hours
Max . . Min. depth
FN AN FN AN

1 2 3 4 5 6 7 8 9 10
14-5-90 to 20-5-90 31.7 24.1  26.5 34.2 91 73  86.5 5.6 3.4
21-5-90 to 27-5~90 28.6 23.6  25.5  31.6 95 81  190.7 1.2 2.3
28-5-90 to 3-6-90 ° 29.5 23.5 25.9  31.6 93 82  129.3 2.7 3.0
4-6-90 to 10-6~90 29.9 23.1  25.8 33.3 93 75 72.4 2.5 3.1
11-6-90 to 17-6-90 29.1 23.1  24.9  30.8 95 80  215.3 2.9 2.2
18-6-90 to 24-6-90 29.7 23.3  25.7  31.5 9% 80 87.5 3.5 2.6
25-6-90 to 1-7-90 30.6 23.6  26.0 32.5 93 73 98.7 . 6.0 3.5
2-7-90 to 8-7-90 27.7 22.1  24.7  30.5 94 85  265.6 ' 1.3 2.3
9-7-90 to 15-7-90 - - 28.6 22.4 25.3 31.0 94 85  190.1 1.6 2.5
16-7-90 to 22-7-90 27.6 22.4  25.0 29.8 95 87  198.1 1.5 2.2
23-7-90 to 29-7-90 29.3 - . 22.5 25.8 28.7 93 71 178.0 4.2 3.1
30-7-90 to 5-8-90 28.9 23.0  25.2.  31.3 95 78  114.0 2.7 2.8
6-8-90 to 12-8-90 .  28.0 22.5 25.0 29.3 95 80 91.7 1.2 2.2
13-8-90 to 19-8-90 28.5 23.3  25.2  30.3 94 77  121.6 2.7 3.0
20-8-90 to 26-8-90 29.7 23.1  26.0 32.3 94 72 28.3 4.3 3.0
27-8-90 to 2-9-90 30.6 23.6  26.3  34.2 92 65 14.7 7.4 3.7
3-9-90 to ‘9-9-90 : 30.0 23.1 26.3 32.3 94 74 60.9 3.9 3.1
10-9-90 to 16-9-90 34.5 24.0 27.1  35.2 91 64 0 7.7 3.9
17-9-90 to 23-9-90 31.0 6.6 3.8

.23.4 27.2 34.2 90 65 6.9

Contd.



Appendix-1. Continued

1 2 33.‘ 4 5 6 7 8 9 10
24-9-90 to 30-9-90 31.1 23.1 25.5 35.2 89 69 16.6 6.5 3.5
1-10-90 to 7-10-90 30.6 22.5 25.4 33.3 93 70 26.9 6.3 3.6
8-10-90 to 14-10-90 32.4 23.7 26.9 39.5 92 63 14.4 8.8 4.1
15-10-90 to 21-10-90 33.5 23.2 26.5 39.0 88 62 22.3 7.3 4.1
22-10-90 to 28-10-90 31.8 23.3 26.0 33.4 92 78 133.9 5.5 3.0
29-~10-90 to-4=11-90 T 2901 22.4 24.9 30.4 95 76 184.2 3.1 2.1
5-11-90 to 11-11-90 31.2 21.1 24.6 33.9 89 62 o 7.8 3.5
12-11-90 to 18-11-90 31.1 22.8 25.4 ' 34.6 92 65 0.6 5.3 2.9
19-11-90 to 25-11-90 33.1 23.2 25.9 38.0 B4 "54 0 7.6 :’3.7
26-11-90 to 20-12-90 31.8 23.4 247 35.1° 75 52 0. 5.8 5.0
3-12-90 .to 9~12-90 31.9 24.8 25.2 36.0 71 48 1. 7.4 5.9
10-12-90 to 16-12-%0 31.9 22.3 24,3 37.7 70 43 0 8.3 6.3
17-12-90 to 23-12-80 32.7 22.0 24.8 37.9 76 46 0 7.7 4.4
24-12-90 to .30-12-90 32.5 23.7 25.4 38.9 79 44 0 8.2 . 7.0
1-1-91 to 7-1-91 33.1 22.1 24.8 26.3 83 50 -~ . 7.8 4.5
8-1-91 to 14-1-91 33.4 21.8 24.5 26.2 75; 44 - 9.3 5.5
15-1-91 to 21-1-91 33.4 23.6 25.4 27.0 72 44 - 8.4 6.9
'22-1.-91 to 28-1-91 34.2 22.1 24.6 26.7 66 28 - 9.8 8.4
29-1-91 to 4-2-91 34.5 21.4 25.2 27.3 76 39 - 9.2 6.7
5-2-91 to 11-2-91 35.2 21.4 24.9 27.4 66 23 - 10.2 8.0
12-2-91 to 18-2-91 36.4 21.0 24.9 27.4 77 22 - 10.5 8.4
19-2-91 to 25-2-91 36.5 22.0 25.9 .28.2 73 27 - " 10.6 7.4
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ABSTRACT

An expeyiment, 'Evaluation of turmeric cultivars for shade
toler‘ance'.was conducted during Méy 1990 to February 1991 at the
College of Horticulture, Vellani‘kkar‘a, Thrissur, Kerala, India. Two
separate trials were carried out one under artificial shade and the
other under natural shade in cocén_ut garden., The trial gr_ldér‘ ‘avlrtificial
shade was to assess the performance of turmeric cultivars under
different shade levels, whereas that under natural shade was to

test the fitness of these cultivars as intercrops in coconut garden.

Trial wunder artificial shade was laid out in split plot
design with four shade levels, 0, 25, 50 and 75 per cer;t in the
main plots and six cultivars PCT-5, BSR-1, Ethamukulam, PTS-9,
. PCT-8 and PT5-38 in the subplots. For providing shade, pandals
were erected on wooden frames and covered with unplaited coconut
fronds to provide desired levels of shade. LI-COR integrating
quantum radiometer with line quantum sensor was used fo;‘ adjusting
the shade intensities. Though no .significant difference was observed
between cultivars at different shaae levels, all cultivars gave
highest rhizome vyield at 50 per cent shade. Hence turmeric may
bg calssified as a shade toler:ar;t/shade loving crop. “Yield
parameters such as drymatter production and harvest index were
also more at 50 and 75 per cent shade, respectively. Among the
cultivars PCT-8, the highest yielder gave higher wvalues for

drymatter production, harvest index, chlorophyll content and



percentage dryage. On analysing the perforﬁance_pf different
cultivars at _varying shade intensities, all the cultivars
were found' to be better at 50 per cent shade, above which
there was a declining trend in yield. The treatment
differences were, however, not significant. In éeneral, PCT-8

and PTS-9 performed better both under shade and in the open. .,

Though different prediction models were tried, no mgdel
was found to be a good fit for the cultivars. Under natural
shade, similar performance was exhibited by all the " five
cultivars tested with respect to rhizome yield, growth and
yield attributes. However, BSR-1 outyiélded the other
cultivars. The same cultivar recorded more, content- of
chlorophyll,l curcumin and -oleoresin. In‘ general, the
performance of all the cultivars was poor under inﬁ?cropping

in coconut garden.





