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INTRODUCTION

The  Scenario of Agriculture in Kerala
presents special features with its own unique system of
homestead farming predominated by a variety of crops
like coconut, arecanut,mango, jack and other perennial
crops which form the base crops. The vast majority of
farmers in Kerala belong to the category of small and
marginal farmers, as 97.3 per cent of the total
holdings are having an area of less than two hectares
and the average size of the holding is about 0.36 ha
(Anon.y 1991). It is not practicable to increase the
income and employment potential of small and marginal
farmers 1if they continue to depend 64 monoculture of
perennial'crops. The only way of augmenting both is by
intrbducing compatible combinations of intercrops. The
space below the canopy of perennial crops like coconut
can accommodate intercrops to juydiciously exploit soil

and solar. radiation.

Solar radiation is considered to be the most
essential component in the photosyntﬁetic performance
of plants. Productivity of plant depends on its
-capacity to efficiently harvest solar energy for the
metabolic  production and also on the efficient

partitioning of the same. Under intercropped
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situations, adaptation of plants for better light wuse

efficiency may be important for attaining  higher

.yields. Hence, identification of suitable crops and
evolving suitable technologies for intercropping are
likely to be the major ways of improving’intercropping
performance. Selection of an appropriate combination
of crops for intercropping would ensure a built in
insurance against -price fluctuations and total crop
loss., At. the same time, small farmers should be
provided with the right farming package for
intercropping to maximise land productivity and thereby

maximise income from unit land area (Balram Jakhar,

1991). .

Ginger is one of the dimportant tropical
seasonal crops recommended for intercropping in coconut
and arecénut gardens. This is valued as one of the
important spice crop of the country. Kerala is the
largest ginger producing state, accounting for about 33
per cent of the production in India (Anon., 1990 a).
The area under the crop is 14,000 hectares with an
annual production of 45,000 tonnes (Anon., 1991).
Though  the exact statistics pertaining to the
distribution of the area wunder open and  shaded
conditions are not available, it is well understood

that ginger under partial shade as an intercrop and as



a crop component of the homestead cultivation occupies
a substantial area in Kerala. However it is to be
noted that there is a major proportion of land wunder
perennial monocrops which is still unexploited. As
ginger is found to perform better wunder partially
shaded condition, by intercropping ginger, the problenm
of low income of small farmers and disguised
unemployment of rural youth can be solved to some

extent.

The ability of ginger plants to tolerate
shaded conditions makes them suitable for intercropping
between taller tree crops so that light filtered
through the tree canopy is not wasted. Minoru and
Hori(1969) observed that ginger can efficiently utilise
low - light intensities for photochemical reactions. A
study conducted at the Philippines indicated that
ginger performs best when grown under slight shade.,
but not in excess of 50 per cent shade (Aclan and
Quisumbing, 1976). Increased efficiency to synthesise,
translocate and utilize more carbohydrates, when ginger
was grown under shade, was observed by Ravisankar and
Muthuswamy (1987). The screening of ginger <cultivars
for shade tolerance at Vellanikkara revealed that most
of the ginger cultivars were shade loving and gave more
yield and dry matter production under 25 per cent



shade and comparable 'yield under medium shade (Susan
Varghese, 1989). However work done in Kerala to develop
suitable management strategies for ginger with a view
Lo increase productivity under varying light regimes

are scanty and meagre. The shade studies conducted

under the ICAR Ad-hoc scheme on turmertic, colocasia
and soybean indicated the necessity for increasing
fertilizer dose ‘for plants under light shade and
reducing the same at intense shade levels (Anon., 1990
b). At present, evidences are lacking for increasing
or decreasing the recommended dose of fertilizers for
ginger under shaded situations. Hence, the present
investigation on 'Nutrient requirement of ginger

(Zingiber officinale R.) under shade," was taken up

with the following objectives:

To determine the fertilizer requirement of

ginger under varying levels of shade

To assess the influence of shade and manuring
on vegetative growth, rhizome yield and quality of
ginger

To estimate the uptake of major nutrients

under varying levels of shade

To determine the benefit : cost ratio of the

different treatments.
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REVIEW OF LITERATURE

This review is classified-under two sections. The
first section reviews the literature on the response of
different crops to varying intensities of shade; The
second section reviews the response to major plant
nutrients both in the open and under partially shaded
conditions.

A. Response of different crops to varying intensities

of shade.
Plant height:

Cooper (1966) in his attempt to find out the
response of birdsfoot trefoil and alfalfa to wvarious
levels of shade (Si, 76 and 92 per cent shade) found
that plant height was. decréasing proportionately with
increasing levels of shade. _ Panikar et al. (1969)
reported that in tobacco, plant height increased by 35.2
per cent under shade as compared to unshaded plants.
Ginger plants grown under full sunlight were found to be
shorter compared to shaded plants (Aclan and Quisumbing,
1976). Rose (1976) brought out the effect of light
intensity on growth of house plants. The plants grown

in full sun appeared stunted with stiff branches and



sparse foliage but were tall and lanky with abundant

foliage as shade increased.

Kulasegaram and Kathiravetpillai (1980) reported
that plant height was greatest under 60 per cent light
and least under 10 per cent sunlight in the case of

young tea plants. Viburnam opulus cv. Nanum was grown

in a shade house under 100, 70, 53 and 37 per cent of
available sunlight. The plénts receiving 70 and 53 per
cent of available sunlight grvew significantly larger
than plants in full sunlight or heavy shade (Robinson
and Hamilton, 1980).

Contradictéry to Cooper's findings several other
workers reported an increase in plant height with
increasing levels of shade in crops like maize (Moss and
Stinsbn, 1961), easterlily (Kohl and Nelson, 1963) and

Lilium longifolium (Einert and Box, 1967). While

experimenting with  tuber and rhizomatous crops,
Lalithabai and Nair (1982) observed positive influence
of shading on plant height/vine length in ginger, coleus
and sweet potato whereas height of colocasia was un-

affected by shading.

In Mentha piperita, plant height under 44 per cent

day light was significantly greater than that under 100



or 14 per cent daylight. Under 14 per cent daylight
growth was limited (Virzo and Alfani, 1980). In

Syngonium podophyllum, plant grown under 80 per cent

shade were taller than those grown under 47 per cent
shade. (Chase and Poole, 1987). An inérease in plant
height. under shade was also reported in cassava
(Sreekumari et al, 1988). Susan Varughese (1989)
reported that in ginger, plant height increased with
increase in shade intensity from zero to 75 per cent
shade at 60 days after planting only after which plants
grown at 25 per cent shade had the highest plant height
whereas in turmeric, with increase in shade, plant
heigHt increased upto the medium shade of 50 per cent
and then decreased. According to Hanada (1991) covering
the leafy vegetables with plastic net or non woven
fabrics reduced the radiation and prevented scorching or
wilting of leaves caused by marked temperature increases
within the leaf tissue from strong sunlight. A shade
intensity of about 30 to 40 per cent seemed to be

suitable for most of the leafy vegetables.
Number of tillers per plant:

Shading at the vigorous tillering stage retarded

tiller formation in rice (Oshima and Murayama, 1960).



In wheat also, a reduction in the number of tillers by
shading was reported by Moursi et al. (1976). According
to Aclan and Quisumbing (1976), in ginger tillering was
not affected by shade. Contrary te this report, Susan
Varughese (1989) observed a decrease in the number of
tillers with increasing levels of shade at all growth
stages both in ginger and turmeric. In colocasia there
was no significant difference in tiller production among
different shade levels. (Prameela, 1990). 1In a shade
experiment with turmeric, tiller production was found to

be reduced under 50 and 75 per cent shade (Jayachandran

-

et al., 1992) T

Number and size of leaves:

Panikar et al. (1969) observed that in tobacco
length and breadth of leaves increased by 15.1 and 17.6
per cent respectively wunder shade as compared to
unshaded plants. Aclan and Quisumbing (1976) reported
reduced number of leaves per plant in ginger grown under
full sunlight. Full sunlight was found detrimental to
the growth of begonia. The leaves developed scorch
marks on the margins. The best growth of plants was
obtained under 50 per cent day light (Aasha, 1986). 1In
sweet potato, leaf size increased as leaf number

declined in response to higher shade levels, thus leaf



areas were similar in all treatments {(Laura et al.,

1986). In Syngenium podophyllum, plants grown under &0

per cent shade had fewer leaves but produced” larger
leaves than those grown under 47 per cent shade (Chase
and Poole, 1987). Sreekumari et al. (1988) reported
that in cassava leaf size increased, 1leaf number
decreased and leaf longivity increased when grown under
shade in a coconut garden. Contrary to the observation
of Aclan and Quisumbing (1976), a decrease in number of
leaves was observed at all stages by increasing the
intensity of shading from zero to 75 per cent (Susan

Varughese, 1989).
Chlorophyll content:

According to Sh;rley (1929). shaded leaves generally
have enhanced chlorophyll levels Per unit weight. 1In
wheat, the total chlorophyli per unit area of leaf blade
increased with increasing nitrogen., the ratio of
chlorophyll 'a' to chlorophyll 'b' was constant. There
was no significant interaction between the effects of

nitrogen and shading on chlorophyll (Moursi et al.

3

1976). In  Ficus benjanina increasing shade and

fertilizer levels increased chlorophyll content (Collard
et al., 1977). Lalithabai (1981) reported an increase

in chlorophyll content with increasing shade levels (25,
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50 and 75 per cent shade) in crops liks gingar and

turmeric.

Hilton (1983) pointed ocut that in barley under
shaded conditions, the efficisncy of photosynthesis was
maintained by the absorption of more light by the
accessory pigments and by increasing the amount of
chlorophyll 'b'. Ramanujam and Jose (1984) found that
the cassava leaves grown under low light (6000 1lux)
recorded higher concentration of total chlorophyll per
unit leaf weight. They also observed that low light
favoured the concentration of chlorophyll 'b' and thus

the ratio of chlorophyll 'a' to chlorophyll 'b' was
reduced significantly. In ginger and turmeric total
chlorophyll and 1its fractions, chlorophyll 'a' and
chlorophyll 'b' increased steadily with increasing
levels of shade. Chlorophyll 'a' to chlorophyll 'b!
ratio was not found to be markedly affected by shading

(Susan Varughese, 1989).
Pﬁotosynthesis:
Shading either partial or complete was found to

reduce the carbondioxide assimilation and thereby the

available constructive ‘material for plants
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(Duggar,1903). According to Hardy (1958), shade loving
plants had a threshold illumination beyond which the
stomata tend to close. Gastra (1963) found a linear
relationship between photosynthesis and light intensity
at _iow intensities. Minoru and Hori (1969) observed
that giﬁger can efficiently utilize low 1light
intensities for photochemical reactions. In soybean the
low activity of ribulose 1,5 diphosphate carboxylase had
been reported at low intensities of light (30, 50 and 70
per cent light) by Bowes et al. (1972). Crockson et al.
(1975) recorded 38 per cent reduction in photosynthesis
of bean leaves due to shading, mainly because of
increase in stomatal and mesophyll resistance to

diffusion of carbon dioxide.

Photosynthesis and dry matter accumulation had been
reported to be adversely affected by shade in many
species of plants. But in the case of ginger and
turmeric positive influence of shade was reported
(Lalithabai and WNair, 1982). High light intensities
warm the leaves and may increase respiration and if
- warming become too high the .temperature rise may be
sufficient to cause thermal inactivation of enzynmes.
This effect s reborted in many plants. The

chloroplastic enzyme NADP malate dehydrogenase was



totally inactivated when chloroplasts of peas, maize and
spinach were illuminated with high 1light intensity

(Miginiac et al., 1990).
Growth analysis:

Leaf area indices of crops viz., ginger, turmeric
and coleus were observed to be not influenced by
different shade intensities (Lalithabai, 1981).
Ravisankar and Muthuswamy (1988) reported that LAI was
‘ highest when ginger was grown as an intercrop in two
year old arecanut plantatidn. According to Pushpakumari
(1989) maximum leaf area index was recorded at 50 per
cent shade in greater yam and at 25 per cent shade in

lesser yam, tannia and elephant foot yam.

A positive correlation has been reported between
net assimilation rate and irradiance (Blackman and
Wilson, 1951; Newton, 1963 and Coombe, 1966). Moursi et
al. (1976) noted 1in wheat, a reduction in NAR with
increase in shade intensity from 5.7 to 3.2 and 11.9 to
0.8 g — day_l at 80~95 and 95-100 days after planting
respectively. 1In sweet potato also NAR was found to be
lower under shade (Laura et al.;1986). Tao and Zhang
(1986) reported that at 28 C the net photosynthetic rate

of tea plants increased with light intensity and the
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light saturation and compensation points of shaded tea
plants were lower than that of unshaded plants.
Although the photosynthetic efficiency of plants under
open conditioen at higher light intensity was slightly
above that of shaded plants their photorespiration and
dark respiration at 80klx, 34738?0 and 40-60 per cent
relative -humidity were higher so that the net

photosynthetic rate decreased markedly.

Monteith (1978) reviewed maximum recorded crop
growth rates of C; and C, plants. He suggests that a
maximum for C, stands is in the range 34739.g mTz day -1

2

compared with 50-54 g m- day~-1 for C4 plants. Averaged

over a whole season he reports rates of 13.0 and 22.0
ngz dayfl, respectively. The maximum individual CGR
recorded in the study conducted by Wwhiley (1980) in

ginger was 39.6 ¢ 2 dayfl, C was 13.2 g w2 dayul.

Janardhanan and Murthy (1980) observed that in rice
under low light conditions LAI was increased whereas NAR
was reduced. Ramadasan and Satheesan _(1980) recorded
- highest LAI, CGR an NAR with three turmeric cultivars
grown in open conditions compared to the same under
shade. Reduction in solar input upto 32 per cent

reduced CGR to about half that of control in cassava



(Fukai et al., 1984). Ramanujam et al. (1984) observed
that the CGR and NAR of cassava gréwn under shade were
reduced significantly when compared to those plants
grown under normal 1light. In sweet potato NAR and
relative growth rate (RGR) tended to decline with
increasing shade, lower values were recorded in 73 per

cent shade. (Roberts_Nkrumah et al., 1986).

There are also reports of non significant influence
on growth analysis factors due to shade. Gopinathan
(1981) observed that in cocoa seedlings, NAR was not
influenced by increase in shade intensity ranging from
25 to 75 per cent. Turmeric and ginger showed no
general trend in NAR with dincreasing shade levels

(Lalithabai, 1981).
Dry matter production:

Monteith (1969) reported that the maximum amount of
dry matter production.by a crop was strongly correlated
with the amount of light intercepted by its foliage.
Myhr and Saebo (1963) reported reduction in dry matter

yield in Festuca rubra, Lolium perenne and Phleunm

pratense by shading. Similar results were reported in

crops like ginger, turmeric, colocasia, coleus and sweet



potato (Lalithabai, 1981).

Dry matter production of four sweet pgtato
cultivars was not significantly affected by 25 or 55 per
cent shade but was severely reduced in 73 per cent
shade. (Laura et al,, 1986). Ravisankar and Muthuswanmy
(1986) reported that dry matter production and recovery
of dry ginger increased when grown as an intercrop in
arecanut garden. A declining trend in total dry matter
production was observed in crops like tannia, elephant
foot yam (Pushpakumari, 1989) and turmeric (Susan
Varughese, 1989). But in ginger dry matter production

was found to be maximum under 25 per cent shade.
Yield and yield attributes:

Habfield (1968) reported that the yield of the tea
bush 1is limited by excessive 1leaf temperature in
unshaded conditions and by low light intensity in shaded
conditions. Aclan and Quisumbing (1976) oberved no
significant difference in rhizome yield among ginger
plants grown under full sunlight, 25 per cent and 50 per

cent shade. But heavier shading of 75 per cent reduced

the yeild. Xanthosoma sagittifolium and Colocasia

esculenta showed enhanced ability to survive stress
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condition when grown under shade but only with a low
yield of edible materials (Caesar, 1980). According to
Lalithabai (1981) colocasia did not show ‘any marked
decrease in yield with increase in shade upto 50 per
cent of full sunlight. As opposed to these results,
reduction in tuber yield due to shade was reported in

tapioca (Sreekumari et al., 1988).

Studies conducted in four sweet potato cultivars
showed that fresh weight of the tuber was not affected
in 25 per cent shade but in 55 per cent shade, values
were noticeably lower and in 73 per cent shade
tuberisation was almost completely suppressed in all
cultivars. The responses were resulted from slower
tuber growth in 55 per cent shade and from delayed tuber
initiation and slower tuber growth in 73 per cent shade

(Laura et al., 1986). Roberts_Nkrumah et al. (1986)
pointed out that fresh weight of the tuber in 50 per
cent shade was markedly lower and little tuberisation
occured in 75 per cent shade. Ravisankar and Mu&huswamy
(1988) observed that fresh ginger rhizome yield
increased when ginger was grown as an intercrop in
arecanut plantations. Pushpakumari (1989) reported that

tannia (Xanthosoma sagittifolium) recorded highest yield

under 25 per cent shade with an almost equal yield under
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50 per cent shade. The screening of ginger cultivars
for shade tolerance at Vellanikkara revealed that most
of the ginger cultivars were shade loving and gave more
yield and dry matter production under 25 ‘per cent shade
(Susan Varughese, 1989). In her study using turmeric a
steady decrease in rthizome yield with increase in shade
intensity was observed. As opposed to this,
' Jayachandran et al. (199&) found that the yield of
turmeric at 25 per cent shade was on par with that

under open condition.

Prameela (1990) reported that <colocasia gave
maximum tuber yield and dry matter production under 25
per cent shade followed by a reduction in yield with
further increase in shade intensity. According to
Hanada (1991) covering crops with plastic net or non
woven fabrics, increased the yield of wvegetables
especially of leafy vegetables in both tropical and
subtropiéal areas. The yield increases were found to be
the combined results of shading, suppression of
increases in soll temperature and conservation of soil
‘moisture. Soil temperature at a depth of 5 cm were
found to be lower by as much as 6?C under cover with a
shading intensity of more than 67 per cent compared to

the control and thus produced an underground environment

more suitable for root growth.
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Togari (1950) reported that in shade, cambial
activity and tuberisation were suppressed in sweet
potato roots. Zara et al. (1982), Martin (1985) and
Roberts Nkrumah et al. (1986) also reported the 'same

effect in sweet potato.

Root and bud growth as commonly inhibited by low
light intensities and this can lead to a reduction in
assimilate flow to the root system (Nelson, 1964). A
considerable delay in tubér initiation due to shade was
reported in tapioca (Ramanujam et al., 1984). In pot
experiment, shade delayed initiation of bulking by about
40 days and reduced dry matter diversion to tuberous

roots in tapioca (Kasele et al., 1986)

A0cording to Hirota and -Moritani (1980) in shaded
conditions top growth was maintained at the expense of
root growth. Ramanujam et al. (1984) observed that most
of the photosynthates of shade gfown cassava plants were
utilized for shoot growth at the expense of tuber
growth. 1In ginger, haulm yield at zero and 25 per cent
shade were found to be on par but significantly higher
when compared to that under 50 and 75 per cent shade
whereas in turmeric, a steady decrease in haulm yield

was observed (Susan Varughese, 1989).
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Susan Varughese (1989) reported that percentaée
dryage increased progressively with increase in shading
both in turmeric and ginger. According to Pushpakumari
(1989) the utiliéation index (UI) was not influenced by
shade in elephant foot yam whereas in greater yaﬁ, there
was marked decrease in the UI at intense shade level.
In lesser yvam, the highest UI was at full illuminatiocn.
But in tannia,she reported that UI was maximum under
intense shade. Ha;vest index failed to show any
statistically significant difference Dbetween shade
levels in turmeric whereas in ginger, plants at 25 per
cent shade recorded the highest harvest index and was
statistically on par with that under 50 and 75 per cent

shade (Susan Varughese, 1989).
Quality of the produce:

Light regimes received by blant determine the
productivity and quality of its produce. Graded shade
levels of 20, 47, 63, 80 and 93 per cent were found to
. have little effect on quality parameters of soybean
viz., 0il and protein content of seeds except at 93 per
cent shade where the protein content was the highest and
oil content was the lowest (Wahua and Miller, 1978). An

(1982) studied the effect of light intensity on



groundnut  and observed that shade increased the oil
content of fruits. Ginger cultivar Rio de Janeiro grown
as an intercrop in a six year old arecanut plantation
recorded highest volatile 0il and NVAE contents followed
by those grown in two year old plantation compared to
those grown in the open as a pure crop. (Ravisankar and
Muthuswamy, 1987). Contrary to this finding, ginger
showed a steady decrease in the oleoresin content upto

50 per cent level of shade (Susan Varughese,. 1989).

Myhr and Saebo (1969) observed that in some grass
species, fibre contents decreased by shading to 10 to 15
per cent of the light intensity. Aclan and Quisumbing
(1976) reported that in ginger fibre content was not
affected by shading. Ravisankar and Muthuswamy (1987)

also ‘'reported the same result in ginger.
Uptake of nutrients:

In cacao leaf nitrogen and phosphorus contents were
found to be influenced by shading. Shading increased
leaf N wﬁereas it decreased leaf P (Maliphant, 1959).
According to Robinson and Hamilton (1980) in Viburnam
opulus cv. EEEEE full sum .significantly decreased foliar:
N content from 3.7 per cent dry weight at the

intermediate 1light levels to 3.1 and 3.5 per cent



respectively, whilst P and K were contant at all light

levels.

In Mentha piperita under shaded conditions leaves

contained significantly higher levels on N and K than
leaves of sun plants (Virzo and Alfani, 1980).
According to Lalithabai (1981) contents of N,P and K in
all the plant components of coleus, colocasia, sweet
potato, turmeric and ginger increased with increase in

shade.

In turmeric, uptake of all the nutrients was found
to decrease with shade except potassium where uptake was
maximum at 50 per cent shade. In ginger, uptake of N
and K increased from zero to 20 per cent shade and then
showed a progressive decrease. However the uptake of
phosphorus decreased with increasing shade intensities

(Susan Varughese, 1989).

B. Response of different crops to varying levels of

fertilizers.

Shoot growth and leaf development:

Purewal and Dargon (1957) observed that in

colocasia plant height and Lleaf area were increased
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significantly with the application of nitrogen from 50
to 100 lbs acre<l, However N had no effect on the
number of leaves formed at various stages of growth.
Nitrogen application was found to significantly increase
the number of shoots per plant in ginger (Muralidharan
et al., 1974). According to Aclan and Quisumbing
(1976), there was a progressive increase in plant height

and number of tillers per plant with an increase in the

amount of N applied upto 90 kg haTl.

Container grown Ficus macrophylla was given three N

levels (225, 300 and 375 g n-2) and three shade levels
(20,60 or 80 per cent shade). Plant height was greatest
with 20 per cent shading and 300-375 g N m3 (Thomas and
Teoh, 1983). 1In sweet potato, Bourke (1985) reported

that N application inbreased number of leaves per plant.

Juliano and Ramos (1940) reported increased number
of vegetative and ear bearing tillers by the application
of nitrogenous fertilizers in rice. A unifornm low
rate of increase in number of tillers with increasing
dose of nitrogen upto 50 1bs per acre was observed by

Tomy (1963).

Purewal and Dargon (1957) have shown that

application of phosphorus had no effect on height of



plants, leaf area and number of leaves whereas
application of potash at the rate of 50 1bs acre™l
increased plant height and leaf area but it had no

effect on the number of leaves of colocasia.

According to  Chidananda  Pillai (1967}, in
colocasia, plant height and number of suckers were not
significantly influenced by application of nitrogen,
phosphorus and potash. The largest leaf area was
recorded under the combination of 80 kg nitrogen and 65
kg potash ha l. Saiev (1978) found that leaf area per
plant increased with increase in the rate of applied NP
and NPK in potato. Hafizuddin and Haque (1979) observed
that length of vine was not affected by N and K

" treatments in sweet potato,

In turmeric, an increasing trend in the number of
tillers as well as leaf production with increasing
fertilization upto 40:40:80 kg NPK ha™t in the shade was
observed. However NPK 30:30:60 kg haTl recorded the
maximum height in the shade and NPK 20:20:40 kg ha ! in
the open (Anon., 1983). Pushpakumari (1989) reported
that leaf number and plant height/vine length of lesser
yam, tannia and elephant foot yam were not significantly

influenced by the fertillizer levels but for greater yan



there was significant increase in the plant height w1th

increase in fertilizer levels.
Growth analysis:

Leaf area index was found to be increased by N
application in sweet potato (Bourke, 1985). In tannia,
fertilizer treatments did not show any significant
influence on the LAI at any of the growth stages whereas
in greater yam, LAI was found to be significantly
influenced by dlfferent fertilizer levels at 190 days
after planting and maximum LAI was observed for the
highest fertilizer dose ie., 80:60:80 kg NPK ha L
(Pushpakumari, 1989). She also reported that net
assimilation rate did not vary significantly due to
fertilizer levels in crops like lesser yam, greater yam,
elephant foot yam and tannia grown as intercrops in

coconut graden.

In sweet potato, N application increased CGR
(Bourke, 1985). In tannia there was no significant
" difference in CGR among the fertilizer treatments but in
greater yam the effect was significant and CGR was found
to be the lowest for the highest fertilizer dose (80:

60:80 kg NPK hafl)., CGR ranged from 1.80 to 2.89 g 2



day 1 and from 0.65 to 1.14 g n2 during the 1st and 2nd

years respectively. (Pushpakumari, 1989).
Dry matter production:

Nambiar et al.(1976) reported no significant effect
on the weight of vine in sweet potato due to increased
fertilizer application. Geetha (1983) opined that N ar
the rate of 60 kg ha"! and K at the rate of 120 kg ha !
were sufficient to produce the highest dry matter yield
in coleus, In sweet potato, N application increased
total plant dry weight of all plant components and K
application was found to increase total plant dry
weight (Bourke, 1985). In an experiment for comparing
the fertilizer levels viz., 60:60:90 , 80:80:120 and
100:100:150 kg NPK ha™t, no significant difference due
to fertilizer levels on the length of vine, LAI and-
total dry -matter production was observed (Sasidharan,
1985). 1In a study with potato variety Kufri Jyothi, the
dry matter production increased significantly due to the
application of different levels of N, P and K (Ra janna
et al., 1987). Total dry weight at harvest stage did
not vary significantly due to fertilizer levels in Crops

like lesser 'yam, tannia and elephant foot yam but in



greater yam dry matter production was found to be the
highest at the highest fertilizer dose ie., 80:60:80 kg
NPK ha"' (Pushpakumari, 1989).

Yield and yield attributes:

Wormer (1934) reported that abundant supply of
nitrogen will favour top growth and impair the process
of tuberisation by diverting more energy to vegetative
growth, while relaéively low doses of N can reduce
vigorous top growth and hasten process of tuberisation.

Wilson (1964) reported similar results in cassava.

Loue (1979) pointed out that N and K fertilizers
increased the size of tubers in potato. Fertilizer
levels were reportgd to influence the length and girth
of tuber in lesser yam (Sasidharan, 1985), Pushpakumari
(1989) observed no significant difference in the length
of tuber in lesser yam with varying fertilizer levels
whereas in greater yam, the plants receiving the highest
fertilizer dose (80:60:80 kg NPK ha™') recorded maximum

tuber length when grown as intercrops in coconut garden.

Sasidharan (1985) observed no significant influence
of different fertilizer levels on the bulking rate of

tuber in lesser yan. According to Pushpakumari (1989)
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bulking rate was not significantly influenced by
fertilizer levels for crops like lesser yam, tannia and
elephant foot yam but in greater yam significantly
higher bulking rate was observed at the highest

fertilizer dose.

In ginger, Samad (1953} reported no significant

response to fertilizer application in Malabar though

there was an increase in yield with 100 kg N ha™l,

Thomas (1965) obtained no significant response with 4

levels of N(0,50,100 and 150 kg ha”l) and 3 levels of

P,0s (0,45 and 90 kg ha™ 1)
(1964) observed significant increase in yield with the

application of 60 kg N, 40 kg P,0s and 60 kg K,0 ha L.

whereas Lokanath and Dash

Kannan and Nair (1965) recommended 36 kg N, 36 kg P,0c

L for opﬁiﬁum yield of ginger.

1

and 72 kg K,0 ha-

2
Application of N and P each at 57 and 114 kg ha~

increased the total yield by 18-~32 per cent and 13-19
per cent respectively in ginger (Aiyadurai, 1966). Nair
(1969) and Paulose (1970) recommended 60:60:150 kg NPK
ha-1 for economic yield of ginger. In an experiment to

study the effect of 3 levels each of N (50, 75 and 100

kg ha~l), P,0, (50, 75 and 100 kg ha-') )

and 200 kg ha 1) on the yield of ginger variety Rio-de-

and K,0 (100,150

Janeiro, it was observed that the application of N above
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1 reduced the yield of ginger significantly. P

50 kg ha-
and K had no significant effect on the yield at the
levels studied (Muralidharan, 1973). The yield of
ginger doubled with the application of 30 kg N ha™l.
Yield also increased slightlﬁ with that of potassium but

not with phosphorus (Aclan and Quisumbing, 1976).

In turmeric, the higher levels of fertilization
resulted in increased yields of raw turmeric from 24 to
30 t ha ! and decreased the curing percentage from 25 to
24 per cent (Ramakrishna Reddy and Rama Rao, 1978).
According to Lee et al. (1981) in ginger, fertilizer
nitrogen significantly increased the number of third
order shoots and fourth order rhizome branches and the
total yields of shoots and rhizomes and a N dose of

200-300 kg ha ™t gave.maximum yield.

Bourke (1983) reported that in ‘sweet potato, N
application increased tuber yield and mean tuber weight
and K application increased tuber yield, number of
tubers per plant and mean tuber weight. Trials with
* potato cv. Kufri Bahar using 75 or 150 kg N and 0-120 kg
K0 ha ' showed that 150 kg N and 120 kg K,o ha™1
resulted in larger tubers, higher bulking rates and

finally higher tuber yield. (Satyanarayana and Arora,
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1985). In a study conducted on potatoes, in west
Bengal, yield was found to be increasing with increasing
NPK rates and were highest with 225 kg ha™! each of N,
P,05 and K,0 (Roy and Tripathi, 1986).

Greater yam responded linearly to fertilizer levels
recording maximum yield at the highest fertilizer dose
given ie., 80:60:80 kg NPK ha™t when grown as an
intercrop in coconut garden whereas in lesser yam
maximum yield was at medium fertilizer level and in
elephant foot yam at lowest level (Pushpakumari, 1989),
Mahabaleshwar et al. (1990) reported that in tapioca
highest yield was obtained with Niog P6O K180 kg ha~l
beyond which vegetative growth was promoted., It was
also observed that the dry matter of the tubers were low
at higher rate of fertilizers and suggested that this
may be due to more retention of moisture in the soil and

tubers due to higher nutrient contents in soil.

Samad et al. (1956) observed in rice, substantial
increase in straw yield in heavily manured plots over
moderately manured ones. In sweet potato, K application
increased harvest index (Bourke, 1985). Greater yam and
elephant foot yam recorded significantly lower top

yields at lowest fertilizer level ie., at 40:30:40 and
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40:30:50 kg NPK hal respectively (Pushpakumari, 1989).

Quality of the produce:

Mandal et al. (1969) reported that crude protein

20
ha-_1 in Dioscorea esculents. Geetha (1983) observed

content showed an increase upto 80 kg N and 40 kg K

that the application of nitrogen and phosphorus at 90 ké
ha™l each enhanced the protein content and starch
content in coleus. Prakasha Rao et al. (1983) opined
that N has considerable influence on the yield of
coriander seed and its essential o0il content. According
to- Rahman et al. (1990). percentage essential oil content
of coriander seeds was found to be increasing with the

increase in N application from 0 to 60 kg ha .

Aclan and Quisumbing (1976) reported that none of
the three elements N, P and K influeﬁced fibre content
of ginger rhizomes. Carveho et al. (1983) observed no
significant effect of fertilizers on crude protein and
_fibre contents of sweet potato. In lesser yam, crude
fibre content was not influenced by different levels of

fertilizers (Sasidharan, 1985).

Nutrient uptake:

Pena  (1967) observed that application of N



increased the N content of taro leaves, but decreased
their P and K contents. At the same time application of
P increased the P content but decreased the K content
and application of K increased K content but decreased
Ca and Mg contents. Sobulo (1972) estimated that a yanm
crop of 26 t ha™l removed 133, 10 and 84 kg ha™l of N, P

and K respectively.

The total N in ginger shoots and rhizomes increased
with increasing fertilizer N application (Lee et él.,
1981).  According to Lee and Asher (1981) 1leaf N
concentrations and the yield of ginger shoots and
rhizomes increased with the total amount of N applied
upto the highest level studied ie., 336 kg N ha_l.
Forage N content 1increased with decreasing light
inteﬁsity from 1.0 to 1.6 and from 1.2 to 1.9 per cent
without and with N respectively. Phosphorus and
potassium contents tended to be higher under shade and
higher with applied N except of P (Eriksen and Whitney,
1981). The NPK concentration in plant tops and 'tubers
of potato increased with increase in NPK and irrigation
rates (Roy and Tripathi, 1986). Sharma and Grewal
(1991) reported that N, P and K uptake by potato crop
ipcféased progressively with increase in their rate of
application and the nutrient uptake was found closely

linked with productivity.
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MATERTALS AND METHODS

A field experiment was carried out to
determine the nutrient requirements of ginger under

varying levels of light intensitieg.

Experimental site:

The experiment was conducted at the
Instructional Farm Vellayani, Thiruvananthapuranm,
located at 8° 5° North latitude, 77° 1° East longitude

and at an altitude of 29 m above mean sea level.

The soil of the experimental location was red
loam belonging to the Vellayani series and Cexturally
classed as sandy clay loam. The physical and chemical

characteristics of the soil are given in Table 1.

Table 1. Soil characteristics of experimental field.

A.  Mechanical composition:
Coarse sand pA 63.2
Fine sand pA 13.5
Silc yA 2.5
Clay % 20.4
B. Chemical properties:
Available nitrogen (Kg ha 1) 184.4
Available P,0s (Kg ha 1) 33.7
Available K.,0 (Kg ha™1) 103.8
H
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Cropping history of the field;
The experimental field was under bulk cultivation of
vegetables for the last three years.
Season:

The experiment was conducted during June - February

1992.

MATERIALS

Planting materials:

Ginger cultivar Rio-de-Janeiro was used for the
experiment. Healthy and disease free rhizomes each

welghing 1l5g were used for planting.

Fertilizers:

Fertilizers with the following grades were used for

the experiment.

Urea 46 per cent Nitrogen

Superphosphate 16 per cent P,0g

Muriate of
potash 60 per cent K50

Shade Material:

Unplaited dry coconut leaves were used for providing

the required levels of shade.

METHODS

Layout of the experiment:

The experiment was laid out in strip plot



design with five replications. The plot size was 5 x 1

m. The layout plan is given in Fig.l.

Table 2. Treatments.

_..—.-.-.-——-.-.—_———._———-.—.—__._--—_—-._._.—_.——-.._———-.-.—_—-.o—.-———-—.-.

A, Shade levels:

—

0 per cent shade (open)

= 25 per cent shade (low)

50 per cent shade (medium)

/5 per cent shade (high)

B. PFertilizer levels:

v

F, = 75 per cent of the recommended dose of NPK

F, - 100 per cent of the recommended dose of NPK

F3 — 125 per cent of the recommended dose of NPK

F4 — 150 per cent of the recommended dose of NPK
Treatment combinations - 16:
T3 = Sofy Ts = 54Fg 9 ~ Safy T13 = 53y
Ty = 8oy Te = 51Fp 10 ~ S22 T14 = S5
T3 = Sgfy T7 = 84F;5 11 ~ Sof3 Tis = S5F
T4 = SoFy Tg = 51F,  Typ = SHF, T16 = S5Fy
Land preparation and planting:

of size 5 x 1 m and 25 cm height were

made

the beds.

Drainage channels were provided.

manuare was applied to each bed at the rate of 30

on previously dug soils with 40 cm spacing between

Farmyard

t

ha ™l by placing in small pits taken at a spacing of 25



FIG.1. LAY OUT PLAN - STRIP PLOT DESISN,
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X 25cm and seed rhizomes were planted in the pits at a

depth of 4-5 cm. The pits were then covered with soil.

Shading:

Artificial shading to the required level as per the
treatment was provided by piacing dry- coconut fronds on
erected pandals and arranged in such a way as to provide
shade intensities of 25, 50 and 75 per cent, respectively.
LI-COR §L1-188 B Quantum radiometer with a photometric
sensor was used for adjusting the shade. Pandals of size
6m x 6m were erected separately for each shade level.
Sufficient space (3m) was provided in between the pandals
to avold mutual shading. Each pandal was covered on all
the sides with unplaited coconut leaves except for 1 m from

the ground level to avoid direct entry of sun rays.

There were variations in 1light intensity upto a
maximum level of about_f 5 per cent at different locations
within a pandal. Frequent checks were_made throughout the
course of the experiment to maintain the shade intensities

to the requisite level .

Fertilizer application:

The recommended.fertilizer dose of 75:50:50 kg N,P50g
and K20 ha-las per package of practices (Anon., 1989) was

followed.



Seventy five, 100, 125 and 150 per cent of this
recommended dose ie.s 56.25:37.50:37.50, 75:50:50,

93.75:62.50:62.50 and 112.50:75:75 Kg N,P,05 and K, O

2

ha % were given as fert?lizer treatments Vizz,Fl, Fos
F, and F4 respectively. For all the treatments, full
dose of P,0g and half the dose of K,0 were given as
basal dressing, half the dose of N two months after

planting and remaining portions of N and K,0 four

months after planting.

Mulching:

Mulching was done immediately after planting
with green leaves at the rate of 15 t ha_1 and repeated
with green leaves twice at the rate of 7.5 t ha™L first

two months and the second four months after planting.

After cultivation:

Hand weeding was done before each mulching
and repeated weeding, according to weed growth during
' the 5th and 6th months after planting. Earthing up was

also done during the first mulch.

Plant protection:

The crop was comparatively free from diseases
and pests. However, incidence of leaf spot was noticed
and it was kept under check by periodic spraying of

Bordeaux mixture.

3b



OBSERVATIONS:

Random sampling technique was adopted to
select the sample plants for studying the various
growth characters. Five plants were selected at random
as observation plants for recording observations and
the mean worked out. Observations on plant height,
number of'fillers per plant and number of leaves per
plant were taken at 60,120 and 180 days after planting
(DAP) . bbservations on dry matter production were
taken at 90, 135 and 180 DAP. After 180 days no growth
observation was taken since the above ground parts
already started drying up in the treatment with no

shade.

The observations recorded:
1. Plant height: |

The height of the plant was measured from the
base of the plant to the base of the youngest fully

opened leaf and expressed in cm.

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

single plant.

3. Number of leaves per plant:

The number of fully opened leaves was taken.

Ly



4, . Leaf area index (LAI):

Leaf area index was computed at 90, 135 and

180 days after planting. Five sample plants. were
randomly selected in each plot and the number of leaves
was counted in each plant. The length and maximum
width of leaves in the middle tiller of all the sample
plants were ﬁeasured separately and leatf area was

computed based on the length breadth method.

The relationship between leaf area (Y) and
the product of length and breadth tX) was estimated
from a sample of 50 leaves. The relationship was found
to be

Y = 0.6695 x - 0.7607

This relationship-was utilized for estimating

the leaf area. Thereafter the LAI was computed using

the following relationship.

Leaf area index = sum of leaf area of N sample plants(cmz)

R TR A e v S el ek ey e T St s et S e T S S — Ak iy — ———

Area of land covered by N plants (cmz)
5. Rhizome spread:

The Llength of rhizomes was measured and the

mean value was expressed in cn.



6. Rhizome yield:

The yield of rhizome from each treatment was

1

recorded from the net area and expressed.in kg ha - of

fresh weight.

7. Top yield:
The yield of top in individual treatments was
recorded from the net area and expressed in kg ha™1 on

dry weight basis.

8. Utilization index:
It is the ratio of the rhizome weight to the
top weight. This was worked out from the dry weight of

rhizomes and dry weight of top parts.

Y. Harvest index:
Harvest index was calculated as follows.

Harvest index =Y econ

Y econ and Y biol were dry weight of rhizome

and total dry weight of plant, respectively.
10. Recovery of dry ginger:

Immediately after the harvest, the rhizomes
were cleaned thoroughly and the skin was scraped off,
They were chopped into small pieces for easy drying and
dried in a cross flow air oven at 55 + 2°C to a

constant moisture content of 10 per cent. The weight

33



of the dry ginger was recorded and expressed as

percentage of the fresh weight.

GROWTH ANALYSIS:

1. Net assimilation rate: {NAR):

) The procedure given by wWatson (1958) as
modified by Buttéry (1970) was followed for
calculating the NAR. The following formula was used

to arrive at the NAR and expressed as g n~2 day_l.

. Talk: S
2 7 f1) (Agrhy).
2
Wy = Total dry weight of plant g n 2 at time €ty

Wl = Total dry weight of plant g m_2 at time £y
(t2 - t;) = Time interval in days

A2 = LAI aF time to

Al = LAI at time =

2. Crop growth rate (CGR):
It was worked out using formula of watson
(1958). .
CGR = NAR X LAI, expressed as g m 2 day I.

3. Dry matter production (DMP):
Pseudostem and rhizomes of the uprooted
plants were separated and dried to constant weight at

70°C to 80°C in hot air oven. The sum of dry weight of

40
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components  gave the drymatter yield and it was

expressed as g per plant,

4. Bulking tate (BR):
The rate of bulking in rhizome was worked out
on the basis of increase in dry weight of rhizome (g)

per plant per day.

Bulking rate = W2 - wl where

€y = tg,
w2 = Dry weight of rhizome at time t,y
W, = Dry weight of rhizome at tinme ts

CHEMICAL ANALYSIS:
1. Chlorophyll content of leaves:

Chlorophyll - a, chlorophyll b and total
chlorophyll content of leaves were estimated 150 days
after planting by the spectrophotometric method as

described by starnes and Hadley (1965).

2. Uptake of NPK:

The samples collected for recording the dry
weight were used for chemical analysis. The nitrogen
content of haulm and rhizome was determiﬁed by modified
microkjeldahl method, phosphorus content by the wvanado

molybdo phosphoric yellow colour method (Jackson, 1967)
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and potassium by atomic absorption spectrophotometric

method as suggested by Perkin - Elmer Corporation (1982).

The total uptake of nitrogen, phosphorus and
potassium was computed from their contents in the plant

parts and dry weight. The values were expressed as kg

ha™ L,

3. Volatile oil:
The content of volatile o0il was estimated by
Clevenger distillation method (A.0.A.C., 1975) and

expressed as percentage (V/W) on dry weight basis.

4. Non volatile ether extract (NVEE) :

The content was estimated by  Soxhlet
distillation method (A.0.A.C., 1975) and expressed as

percentage on dry weight basis.

5. Fibre content:
The crude fibre was estimated by the A.0.A.C.
method (1975) and expressed as percentage on dry

weight basis.

6. Soil Analysis:

The soil was analysed for available nitrogen,
available phosphorus and available potassium before
and after -the experiment. Before the experiment,

composite soil samples from different replications and

(A



after the experiment, treatment wise soil samples were

collected for analysis.

Available Nitrogen:
.Available nitrogen was. estimated by alkaline

permanganate method (Subbiah and Asija, 1956).

Available phosphorus:
Available phosphorus was estimated by
chlorostannous reduced molybdophosphoric blue ~colour

method (Jackson, 1958).

Available potassium:
Available potassium was determined by

ammonium acetate method (Jackson, 1967).
ECONOMIC EVALUATION:

1. Net return:

Net return was worked out and expressed in
rupees per hectare. Labour charges of locality, cost
df inputs and the extra treatment cost were ‘taken
together as the expenditure. Price of dried ginger
rhizome at current local market rate was taken as the
total receipts and net return was calculated by
subtracting total (variable) cost of cultivation Ffrom

the gross returns for different treatments.
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2. Benefit cost ratio (Return per rupee invested):
This was calculated by using the relationship

Return per rupee Gross returns
invested = -

3. Return per rupee invested on fertilizers:
This was calculated by using the

relationship

Return per rupees invested on fertilizers =

Gross return - cost of cultivation except that incurred
on fertilizers

_._._.__.__._._.._...__.._...__._.._.._._.____....__._______._.__..___..____.__....____..__

Cost of fertilizers
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RESULTS

The results of the field experimentation- and

chemical analysi$ are presented below:

[

Plant height: _
The data on plant height as a result of
varying degrees of shade and fertilizer levels are

presented in Table 3,

Plant height went on increasing with
increasing shade levels at all the three growth stages-
studied 1ie., 60,120 and 180 days after planting and
differed significantly from each other. Plant height
at zero per cent shade was the lowest. Effect of
fertilizer on the plant height was also found to be
significant at all the.growth stages and an increasing
trend was observed at all the growth stages., maximum
height was recorded at F4 level. Shade-fertilizer
interaction was not significant at any of the growth

stages.

Number of tillers per plant:
Table 4 ‘'presents data on mean tiller

production per plant.

Tiller production in ginger was noticed to be

affected by shade at later growtn stages ie., at 120
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Table 3. Effect of shade and fertilizer levels on the mean height

of ginger plants (cm)

a. 60 DAP

Shade levels Fertilizer levels Mean sh.
______________ i S S . S
So 27.21 27.86 30.36 30.52 28.99
84 30.69 33.19 35.05 35.02 33.49
s, 35.85 37.50 40.41 39.36 38.27
S5 41.00 40.98 40.90 43,41 41.57
Mean Fer. 33.69  34.88 6.68 37.07 .
Fotest Sh-s Fer-s Sh.Fer-vs
CD (.05) 2.358 1.580

b. 120 DAP

so 34.73  36.28 37.15 37,48 36.40
Sy 39.21 42.21 42.74 44 49 42,16
S, 45.56 48.31 49.36 48.99 48.05
S, 49.70 50.56 52.45 52.73 57.36
Mean Fer. 42.30  44.33 45.42 45.92
Ftest Sh-s Fer-s Sh.Fer-ys -
CD(0.05)  1.683 1.216

C. 180 DAP

s, 41.02  42.44 45.31 45.93 43.68
84 51.08 57.54 53.59 54,43 52.65
S, 55.79 59.60 59.53 61.39 59.08
S4 61.03 61.05 63.57 64.19 62.46
Mean Fer. 52.23  53.66 55.49 s6.47
F test Sh-s Fer-s Sh.Fer-vs

CD{0.05) 2.045 1.391



Table &, Effect. of shade and fertilizer levels on the‘mean

number of tillers per plant (ginger)

a. 60 DAP

Shade levels  Fertilizer levels Mean sh.
_____________ Foo Py R
S, 2.75 3.05 3.50 3.35 3.16

S, 3.35 3,55 3.70 3.85 3.61

S, 3.50 3.30 3.45 3.65 3.48

sé 3.15 3.10 3.40 3.50 3.29
Mean Fer. 3.19 3.25 351 .60
F test sh-NS  Fer-us Sh.fer-ns
b. 120 DAP

so 5.0 408 5.95 5.90 5.510
Sy 5.45 6.33 6.83 6.40 6.25

S, 5.18 5,15 5.10 5.10 5,13

S4 4.78 4.73 4.90 5.00 4.85
Mean Fer.  5.15 529 s.69 s.e
F test Sh-s Fer-s Sh.Fer-NS -
CD(0.05)  0.612 0.404

C. 180 DAP

s,  12.08  12.03 15.58 15.8  13.87
8, - 16.20 16.43 17.78 19.2 17.40
S, 11.40 11.65 12.30 12.75 12.03
S4 9.45 8.70 9.55 8.53 9.06
Mean Fer. 12.28  12.00 13.80 14.07



and 180 DAP. Highest tiller number was recorded at 25

per cent shaue and was found to differ significantly

from all other shade levels at these two stages. The
highest shade level (83) gave the lowest tiller number
at 120 and 180 DAP. Tiller productioﬁ under 50 per
cent shade was found to be comparable with that under
open conditions at both these stages, but significantly

lower than that under 25 per cent shade.

Effect of shade and fertilizer treatments was
found to be nonsignificant at 60 DAP. At 120 DAP,
fertilizer level, F3 recorded highest tiller number and
.was significantly superior to F1 whereas at 180 DAP, F4,
showed maximum  tiller  production which . was
signifi;antly superior té F, and F, but was on par with

F Significant interaction between shade and

3
fertilizer levels was observed at 180 DAP. Maximum
tiller production was observed under 25 per cent shade
at the highest fertilizer level, Fy which  was
significantly higher than all other shade levels.
Under open conditions and 50 per cent shade, an
increasing trend in tiller number was observed with
increasing fertilizer levels whereas under 75 per cent
shade, no general trend was noticed in this aspect.

The data clearly shows that 25 per cent shade offers

maximum favourable conditions for tiller production and
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the response to major nutrients in terms of tiller

production is also notable at this shade level.

Number of leaves per plant:

The data presented in Table 5 indicate that
there was significant variation in the number of leaveg
per plant with varying shade levels at all the three
growth stages. Leaf number was found to be maximum
under 25 per cent shade and was significantly superior
to all other shade levels at 120 and 180 DAP. But at

60 DAP, leaf number was found to be minimum under open

conditions and was significantly lower than other shade
levels which were on par with each other. At 120 and
180 DAP, leaf number was found to be the lowest under
heavy shade (75 per cent) and that under open condition

and 50 per cent shade were comparable with each other.

At all stages, a general trend of increase in
leaf number was observed with increase in fertilizer
levels, F4 recording the highest leaf number except at
120  DAP where Fy recorded maximum leaf number.
Interaction between shade and fertilizer was found to
be significant at 120 and 180 DAP. At 120 DAP,
Fertilizer levei, F3 recorded the highest leaf number
per plant under zero, 50 and 75 per cent shade and Fus

under 25 per cent shade. But at 180 DAP, F, produced

4!
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Table 5. Effect of shade.and fertilizer levels on the mean

number of leaves per plant (ginger)

a. 60 DAP

Shade levels Fertilizer levels Mean sh.
______________ T
Sg 25.78 30.05 31.78 35.40 30.75
5 33.55 35.28 36.40 39.05 36.07
S, 32.28 33.35 34.08 37.30 34.25
s, 33.05 33.53 38.35 38.73 35.91
Mean Fer. 531.16  33.05  35.15  37.e2
F test Sh-s Fer-s Sh.Fer-ns
CD (0.05)  2.635 3.038

b. 120 DAP

S, 74.33  74.98  79.50  77.50  76.58
S, 87.58 94.50 90.73 95.50 92.08
5, 70.13 75.25 79.55 75.43 75.09
S, 49.78 56.28 62.23 60.75 57.26
Mean Fer. 70.45  75.25  78.00 77.29
F test Sh-s Fer-s sh.Fer-s
CD(0,05)  4.065 4.502 3.771

C. 180 DAP

s, 156.93  163.80  192.58 200.55  178.46
) 215.05  262.60 263.88 292.88 258.60
s, 162.13  171.68 178.30 182.18 173.57
S, 86.38 96.00 111.20 97.75 97.83
Mean Fer. 155.12  173.52  186.47 193.34
Ftest Sh-s Fer-s sh.rer-s

CD(0.05) 8.388 8.853 15.984



maximum leaves per plant at all shade levels except

under heavy shade where F3 recorded maximum leaf

production.

As in the case of tiller number, leaf number
was also found to be maximum under low shade (25 per
cent) and response to nutrients was also better under
this shade level when increase in leaf number was

considered.

Chlorophyll content:
Total chlorophyll and its fractions,

chlorophyll 'a and  chlorophyll 'b! increased

brogressively with increasing levels of shade at 150

DAP (Table 6 and Fig. 2). The ratio of chlorophyll
'a' to 'b' was found to be unaffected by shade and
fertilizer treatments. At all shade levels, fertiligzer
treatments showed a general trend of increase in total
chlorophyll as well as chlorophyll 'a' and chlorophyll

'p'. No significant interaction was observed between

shade and fertilizer treatments.
Leaf area index (LAI):

Table 7 depicts the leaf area index (LAI} as

influenced by shade and fertilizer treatments.



Table 6. Effect of shade and fertilizer levels on the mean content of chlorophyll fractions of
ginger leaves at 150 days after planting (mg g'1 fresh weight)
a. Chlorophyll 'a' and Chlorophyll 'b'

____...___._....__—-__..__.-.__..____._._.___......._....__..._....._.__....___..-...___,-.__..__..____._....__..._____..._......_.____..._..._._._..._....___.__..._._......._____

Shade levels Fertilizer levels Mean Sh

_____________________ S . . W
Ch.a Ch.b Ch.a Ch.b Ch.a Ch.p Ch.a Ch.b Ch.a Ch.b

so 0.393 0.180  0.408  0.205  0.580 0.283 0.38 o.zzn oy rann

Sq 0.445  0.213 0.575 0.278 0.678 | 0.330 0.735 0.350 0.608 0.293

S, 1.008 0.480 0.955 0.480 1.068 0.535 1.293 0.638 1.081 0.533

Sq 1.008 0.515 1.135 0.565 1.193 0.630 1.273 0.630 1.153 0.585

Mean Fer. 0.713  0.347  0.768  o0.385 0.876  0.444 0,972 0.a74 T

Fresc . sh-s _ sh-s Fer-S  Fer-S  Sh.fer-S Sh.pers

CD(0.05) 0.0503 0.0292 0.0430 0.0291

(a+b) a/b (a+b) a/b {a+b) a/b (a+b) a/b (a+b) a/b

s, . 0.573  2.205  0.613  2.010  o.843 1993 0.865  2.113  0.723  2.080
S1 - 0.658 2.078 0.853 2.090 1.008 2.055 1.085 2.110 0.901 2.083
82 1.488 2.100 1.435 2,003 1.603 2.008 1.930 2.028 1.614 2.034
33 1.523 1.978 1.700 2.003 1.828 1.900 1.903 2.015 1.738 1.974
Mean Fer. 1.060  2.090  1.150  2.006 1370 1.989  1.446  2.086 "
Fotest T Sh-S  Sh-NS  Fe-s Fer-NS Sh.Fer-NS Sh-Fer-Ns
CD(0.05) 0.0766 - 0.0635 - - -
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Effect of shade, fertilizer treatments and
their interactions were found to be significant at all
the three growth stages namely 90, 135 and 180 days
after planting. Leaf area index was found to be the
highest under 25 per cent shade at 135 DAP but it was
on par with that under 50 per cent shade at 90 DAP and
180 DAP. However at all the growth stages, LA was
found to be significantly loweér under open conditions

compared to shade treatments.

In general, an increasing trend in LAl was
observed with increasing fertilizer levels. At all
growth stages, LAI at F fertilizef level was found to
be significantly lower compared to other fertilizer
levels. At 90 and 130 DAP FZ’ F3 and F4 treatments
were found to be on par., but at 135 DAP, F4 produced
significant increase in LAI over FZ' Trends in LAI
with increase in fertilizer levels were different 1in
different shade levels. At full illumination, Frs
recorded maximum LAI at 90 and 180 DAP whereas at 135
DAP, F; recorded highest LAI. At all stages, F, sgave
maximum LAI under 25 per cent shade. Under 50 per cent
shade, F, produced maximum LAI at 90 and 135 DAP and F3,
at 180 DAP. Under heavy shade, F, gave highest LAI at

90 and 135 DAP and at 180 DAP, F2 recorded maximum LAI.
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Table 7. Effect of shade and fertilizer levels on the mean leaf

area index of ginger

e A
Shade levels Fertilizer levels Mean sh
______________ R
So 2.373 2.524 2.855 2.598 2.588

S, 2.878 3.008 2.965 3.635 3.121

S, 3.008 3.158 2.853 3.190 3.052

83 2.535 2.865 2.970 2.515 ) 2.721 .
Mean Fer. 2.698  2.890 2.911 2.985
Fotest Sh-s  Fer-s Sh.orer-s
CD (0.05)  0.183 0.125 0.247

b. 135 DAP

o 3.175  3.638 3.478 4.058 3.587
S, 4.375 5.095 5.195 6.048 5.178

Sy 4.000 5.128 5,420 5.428 4.994

S5 4.005 4.360 4.833 4.410 4.402
Mean Fer.  3.889  4.555 6731 soss
Fotest Sh-s Fer-s Sh.rer-s
CD(0.05) 0.106 0.298 0.280

C. 180 Dap

s 5,775 6.903 8.135  7.625  7.109
S, 11.158 11.660 13.078 14,935 12.708

S, 11.400 13.080 19.795 13.493 13.192

S, 8.205 12.240 10.385 10.775 10.401
Mean Fer. 9.134  10.971  11.598 .07
F test  Shes Fer-s  Sh.Fer-Ns T

CD(0.05) 1.031 1.020 1.450



The analysis of data reveals that LAI and the
capacity to respond to increased levels of major
nutrients in terms of LAI were more in low to medium

shade .compared to open conditions and heavy shade.

Net assimilation rate (NAR):
The .data on the net assimilation rate and the
results of the statistical analysis of the same are

shown in Table 8.

Net assimilation rate showed a decreasing

trend with increase in shade. Under open condition, NAR .

was found to be significantly higher compared to all
" other shade levels at both growth phases (90-135 DAP
and 135-180 DAP). Net assimilation rate under 25 and
50 per cent shade levels were found to be on par but
showed a drastic decrease under heavy shade (75 per

cent),

Effect of fertilizer was not significant in

the early growth phase (90-135 DAP} but in the later
phase, F4 was found to be significantly superior to Fl'
Shade~fertilizer interaction was also observed in this
growth phase; A positive response to  fertilizer
treatments was noticed under zero, 25 and 50 per cent

shade levels whereas under heavy shade NAR failed to

show any regular trend.
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Table 8. Effect of shade and fertilizer levels on net

assimilation rate of ginger plants (g n~% day 1)

a; Between 90 and 135 DAP

— e Ao S o T S T ey S S Ak S S S - Sk S A S A S S S S S St S e e e R T T e S Ak L e At

Shade Fertilizer levels Mean Sh.
lavels  —————m—mmmmm e m e e ————
___________ R T S WL S
S0 1.078 1.049 1.089 1.092 1.077
S1 1.056 0.933 0.936 0.861 0.946
S2 0.824 0.774 0.9169 0.900 0.854
83 0.682 0.657 0.698 0.674 0.678
Mean
Fer 0.910 0.853 0.911 0.882
F Test Sh.S Fer-NS ; Sh.Fer-NS

CD(0.05). 0949
b. Between 135 and 180 DAP

o e o et S b T g S P T o Ak Sk T o S St ot o oy i} A i S S T e S8 Ao L S S S A et e R

Sp 1.350 1.390 1.368 1.473 1.395

81 0.968 1.120 1.158 1.135 1.095

Sq 1.050 1.048 1.040 1.175 1.078

S3 0.850 0.655 0.745 0.765 0.754

veanm .o
Fer. 1.055 1.053 1.078 1.137

F Test Sh.s Fer-s  Sh.Fer-s

CD(0.05) 0.084 0.045 0.109



Crop growth tate (CGR}:

Table 9'depicts the crop growth rate wunder

varying levels of shade and fertilizer treatments.

At both the growth phases (90-135 DAP and
135-180 DAP), effect of shade as well as fertilizer
levels was significaﬂt. Crop growth rate was found to
be maximum wunder 25 per cent shade at both growth
phases followed by that under 50 per cent shade and
open conditions and was the lowest under 75 per cent
shade. During the early growth phase (90-135 DAP), CGR
at zero and 50 per cent shade was found ¢to be on par
_and during the later growth phase ie., from 135 to 180
DAP, CGR at 25 and 50 per cent shade was found to be on

par,

In the early growth phase, fertilizer levels
Fos Fg and F, were found to be on par with each other
but significantly superior to F1 and in the later
growth phase, there was significant increase in CGR
with each increase in fertilizer dose and F, was
observed to produce maximum CGR. At both growth phases
shade-fertilizer interaction  was found to be

nonsignificant.
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Table 9. Effect of shade and fertilizer levels on the crop growth
rate of ginger (g m 2 day™1)
a. Between 90 and 135 DAP

Shade levels Fertilizer levels Mean Sh.
_______________ o S S S
SO 2.998 3.235 3.453 3.640 3.331

S1 3.830 3.780 3.748 4,045 3.851

S2 2.878 3.208 3.800 3.703 3.397

83 2.295 2.418 2.728 2.318 2.437
Mean Fer 2.998 3.160 3.432 3.426

F test Sh.s Fer.§ sh.Fer-NS
CD (0.05) 0.392 0.329

._—-—..._._——._—.-._._—...—___.—._-._.—_———.—_————.__—.__.-._—.__...__—.__..-_—._-.__—._.-.__—_-._

So 6.013 7.075 8.000 8.613 7.425

S1 7.518 9.358 10.915 11.915 9.858

So 8.045 9.580 10.498 11.108 9.808

S3 5.268 5.388 5.678 5.833 5.541
Mean Fer 6.711 7.850 8.704 9.367

F test Sh-S Fer-S Sh.Fer-NS

CD(0.05) 0.856 0.615



Dry matter production (DMP):

Significant variation was noticed among shade
levels with fespect to the dry matter production.‘ Dry
matter production at 25 and 50 per cent shade were
found to be on par with each other but significantly
superior to zero and 75 per cent shade (Table 10 and
Fig.3). There was a drastic reduction in DMP at 75
percent shade both at 135 and 180 DAP, the extent of
décre?se being . 17.8 and 22.2 per cent respectively of

that under open conditions.

At all groﬁth stages, fertilizer levels
showed an 1increasing trend in DMP with increaéing
fertilizer levels. Significant interaction between
shade and fertilizer levels was noticed at 90 and 135
DAP. At these growth stages, from open conditions to
50 per cent shade, DMP was found to be increasing with
increaéing fertili;er level and recorded maximum value
at F4 level,, but under heavy shade Fq level produced
the highest DMP. Thus dry matter production and the
response to increased level of nutrients in terms of

DMP were found to be better under low to medium (25 to

50 per cent) shade.
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Table 10. Effect of shade and fertilizer levels on the mean dry

matter production of ginger

a 90 DaAP

Shade levels Fertilizer levels Mean Sh.
_______________ TR
S0 6.705 7.643 8.448 10.123 8.229

S1 6.733 8.735 9.165 10.138 8.693

S2 8.215 8.668 8.258 8.770 8.478

S3 7.398 7.228 8.143 7.813 7.695
Mean Fer.  7.263  8.068  8.505 | s.aii T
Fotest sh-s Fer-s Sh.Fer-S
Ch (0.03) 0.530 0.583 0.513

b. 135 DAP

so 14.988  16.740  18.150  20.363  17.550
S1 17.500 19.375 19.863 21.875 19.653

S2 16.313 17.688 18.963 19.525 18.122

S3 62.500 13.913 15.813 14.338 14.441
vean Fer.  15.625 16,020 | 18.197 | 19.025 T
F Test sh-s Fer-s Sh.Fer-s
CD(0.05) 0.794 0.834 1.296

c. 180 DAP

s, 32.02 3731 40.47  aneo 38.60
81 38.64 45.74 49.67 52.13 46.55

S, 38.97 44,57 48.38 50.81 45.68

S3 28.52 29.05 31.78 30.72 30.02
vean Fer. 3454 39.17  azuas | ansy T
F Test sh-s Fer-s Sh.Fer-5

cD(0.05) 3.263 2.022 4.022
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Bulking rate:

The data on bulking rate are furnished in
Table 11.

During both the g?owth phases bulking rate
was found to be maximum under 25 per cent shade and was
significantly superior to all other shade levels except
in the second growth phase (135 to 180 DAP) where Sl’

was found to be on par with SZ' Bulking rate was
significantly lower under Sq (75 per cent shade) at

both growth phases.

Bulking rate showed a positive response to
increasing levels of fertilizers and at both growth
‘phases the effect of fertilizer treatments were found
to be significant. During the growth phase from 135 to
180 DAP, significant interaction between shade and
fertilizer levels was observed. Under zero and 50 per
cent shade, fertilizer level F, showed significant
increase in bulking rate over Fis and was found to be
on par with Fq and-Fa. But under 25 per cent shade,
-bulking rate showed significant increase with each
increment in fertilizer dose. Under 75 per cent shade,
fertilizer treatments did not show any significant
effect on bulking rate. ‘Thus low shade was found to

provide optimum conditions for rhizome development.



Table 11. £ffect of shade and fertilizer levels on bulking rate

of ginger rhizomes (g day-l)
a. Between 90 and 135 DAP
Shade levels Fertilizer levels Mean Sh
_______________ o R S W S
0 0.114 0.122 0.141 0.162 0.135
1 0.144 0.143 0.157 0.171 0.153
S2 0.096 0.114 0.120 0.129 0.115
S3 0.077 0.092 0.097 0.084 0.087
Mean Fer 0.108 0.118 0.128 0.137
F test Sh. | Fer.S Sh.Fer-NS
cD (0.05) 0.0132 0.0102
b Between 135 and 180 DAP
S0 0.192 0.265 0.296 0.276 0.257
S1 0.227 0.278 0.319 0.373 0.299
82 0.210 0.260 0.278 . 0.306 0.264
83 D.118 0.116 0.120 0.118 0.116
Mean Fer 0.185 0.230 0.253 0.268
F test Sh-S Fer-S Sh.Fer-§

CD(0.05) 0.0198 0.0318 0.0319



Rhizome spread:

Rhizome spread showed significant difference
among shade levels (Table 12). Rhizome spread under 50
per cent shade was found to be significantly higher
than that under zero and 25 per cént shade but'was on
par with that under heavy shade. Fertilizer treatments
F; and F4 did not show any significant difference 1in
rhizome spread but were found to be statistically
superior to F; and F, levels., No significant
interaction was noticed between shade and fertilizer

levels.
Green ginger yield:

The highest green ginger yield was recorded
under 25 per cent shade followed by 50, zero and 75 per
cent shade (Table 13). The percentage yields at 25, 50
and 75 per cent shade levels were 119.1, 109.7 and 82.9
per cent of the yield at full illumination. There were
statistically significant differences among yields at
different fertilizer levels. The fertilizer level, Fups
had the ‘highest mean ginger yield and this was
statistically superior to all other fertilizer levels.
Fertilizer levels F2 and F3 were found to be on par but

superior to Fl' Shade-fertilizer interaction was not

significant.
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Table 12. Effect of shade and fertilizer levels on trhiz

spread of ginger (cm)

_—-.————._._——_-.-.._——_._———-—.-_—.——-————...-.—_._-.—_—-.—_—-.._._—-..—_—-.__—

Shade levels Fertilizer levels
______________ o S M. W P
S0 15.42 15.34 16.00 15.38

S1 15,25 15.90 16.11 16.18

82 16.31 16.42 17.15 17.27

S3 16.17 15.88 16.60 16.95

Mean Fer. 15.812 15.886  16.461 16.44

F test Sh-S Fer-§

CD(0.05) 0.548 0.565

Table 13. Effect of shade and fertilizer levels on green

-.-._—-.._._——_._—_-.——-_-.__...-._—-.._.__...-._——.—__._——-.——-———_——-—.——-—.——_

Shade levels Fertilizer levels
____________ fl_________fz________fz_______h__fé________h
S0 12705 13747 14453 14780

S1 15165 15820 16731 18585

82 14385 15102 15295 16294

S3 10457 11820 11900 11973

Mean Fer 13178 14122 14595 15408

F Test Sh-S | Fer-S§

CD(0.05) 1155 546
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Recovery of dry ginger:

The data on recovery of dry ginger 1is

presented in Table 14.

Percentage dry ginger recovery failed to
show any significant'difference between treatments.
Neither shade nor £fertilizer levels  significantly
influenced dry ginger Trecovery and no interaction

between shade and fertilizer levels was noticed.
Dry ginger yield:

The data on dry ginger yield as influenced by
shade and fertilizer levels are presented in Table 14

. and Fig.4.

Highly significant variation was noticed
among - shade levels with respect to total dry ginger
yield on a hectare baéié. The yield in 25,50 and 75
per cent shade expressed as percentage yield in the
open were 114.0, 104.1 and 78.4 per cent respectively.
The dry ginger yields at zero and 50 per cent shade was
statistically on par whereas that at 75 per cent shade

was significantly lower compared to other shade levels.

Among the fertilizer levels, F4 recorded the
highest yield and there was significant increase in
yield with each increment in fertilizer dose from F,,

to FA'

bhF
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Table 14. fffect of shade and fertilizer levels on dry ginger

recovery and dry ginger yield.

a. Dry ginger recovery (%)

---—-——.-.__—-._-.-.—_————.—_—-..-—_—_—-..-.._—_—-—._-.———.—_—-.-_————.—_———.————.—.——-—._-.—

Shade levels Fi . o SR - S 4 Mean Sh.
S0 20.19 19.38 19.40 19.23 19.55

S1 18.75 18.65 19.35 18.35 18.78

So 18.93 18.43 18.90 18.25 18.63

S3 19.55 18.85 18.13 18.25 18.70
wean Fer.  19.35  18.83  1s.0h  1aap T
F test Sh-NS Fer-NS Sh.Fer-NS
CD(0.05)

b. Dry ginger yield (kg ha™1)

s 2561.50  2656.50  2850.75  2840.75 272740
Sl 2843.25 2545.00 3233.75 3415.25 3109.30
Sy 2715.00 2779.50 2894.50 2971.75 2840.20
83 - 2044.75 2223.75 2102,25 2184.50 2138.80
Mean Fer. 254110 2651.20  2770.30 2853, T
F test Sh-S Fer-S Sh.Fer-§
CD(O:OS) 240.53 67.94 134.63
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Significant interaction between shade and

fertilizer levels was found. Under open conditions,

Fq, rtecorded maximum yield which was significantly
superior to F1 and F, but was on par with Fy- The
influence of fertilizer treatments on dry ginger yield

under open condition was explained by the linear

regression

Y = 22.598 + 0.0416 x with a coefficient of
determination (Rz) = 0.9455

Where x = 7 of the recommended dose at which N, P205,

and K,0 were applied.

Under 25 per cent shade, a significant
_increase Iiﬁ dry ginger yield with each increment in
fertilizer dose was observed upto the highest
fertilizer dose, F,. The effect of fertilizer levels
on the dry ginger yield under 25 per cent shade was

expléined by the linear regression equation

Y = 22.068 + 0.08022 x with a coefficient of
determination (R%) = 0.9858
Where X = 9% of the recommended dose at which N,

P,0c, and K,0 were applied.

Under 50 per cent shade also, dry ginger
yleld showed a general trend of increase with increase
in fertilizer dose. Under this shade level, yield as a

function of fertilizer was fitted by the linear

b7



regression
Y = 24.407 + 0.03555 x with a coefficient of

2

determination (R“) = 10,9973

where x = 7% of the recommended dose at which N, P2 55

and K20 were applied.

Fertilizer treatments F2, F3 and F4 were
found to be on par but sigﬂificantly superior to Fl’
under  heavy shade. The influence of fertilizer
treatments on dry ginger yield under 75 per cent shade

was given by the regression equation

Y = 19.797 + 0.01416 x with a coefficient of
determination (R2) = 0.5662
where x = 7 of the recommended dose at which N, PZOS’

and K20 were applied.

In short, low shade (25 per cent) was found
to have a beneficial effect on productivity of ginger
and also found to improve the capacity of the plant to

utilize higher doses of nutrients.

Top yield:

Top yield was the lowest in the open and was
significantly low compared to all other shade levels
(Table 15). With decrease in light intensity, there
was a progressive increase in top yield upto 50 per
cent shade. Top yields under 25 and 75 per cent shade

was found to be on par.

-)



Effect of fertilizer was significant at all
levels and the top yield was found to be increasing
with increase in fertilizer levels. Interaction
between shade and fertilizer levels was also
significant. At zero pérlcent shade, F, was observed
to be on par with F, but significantly superior to Fl’
and FZ‘ Under 25 and 50 per cent shade levels top
yields were maximum at F4 level and was significantly
superior to all other fertilizer levels. Under heavy
shade F,, Fq, and F4 were found to be on par but
superior to Fl' Analysis of data shows that both shade

and fertilizer treatments had a positive influence on

top yield.

Utilization index (UI):

Significant wvariation was noticed in the
utilization index under varying shade 1levels (Table
15). Utilization index was superior under open and
found to be steadily decreasing with increase in shade
though UI at 82 and 83 were on par. A décreasing trend
in UI was observed with increasing fertilizer levels
also., F3 and Fq, recorded significantly lower UI when
compared to Fl' Shade~fertilizer interaction was not
significant. In general the data indicates that both

shade and fertilizer had.an unfavourable effect on UI.

Harvest index:

Table 15‘provides data on harvest index.

69
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Table 15. Effect of shade and fertiligzer levels on top yield,

utilization index and harvest index of ginger

a. Top yield Kg ha™ 1)

_—-———.-.—_-..--—_-..—.__———_——._-——.————._——-.-.————.——-..——-.-.——-—.———-—_-..-__-..-.——-.-———

Shade levels . Fy o S Sy Fa Mean Sh.
S0 1007.50 1074;.75 1127.75 1194.50 1101.13
S1 1369.75 1438.75 1651.00 1801.75 1565.31
S2 1877.00 2043.50 2162.00 2334.75 210431
S3 1493.75 1672.25 1723.75 1685.75 1643.88
Mean Fer. 1437.00 1557.31 1666.13 1754.19

F Test Sh-8 Fer-§ Sh.Fer-NS
CD(0.05) 118.49 70.33 114,93

_———-.———-_——-._——-————-————-—._—-.-.._—_.__—-.——-._—-.._——-—-_-.———.——-._—-._—-___-.___

Sy 2.55 2.48 2.53 2.39 2.48

S1 2.08 1.98 1.96 1.89 1.98

So 1.44 1.36 1.34 1.27 1.36

83_ 1.37 1.33 1.25 1.29 1.31

Mean Fer. 186 1.9 177 11T
Ftest shs Fer-s Sh. Fer-NS
C.D(0.05) 0.0640 0.0882

c Harvest index

s 0718 073 ooms erros R
S1 0.675 0.665 0.663 0.655 0.664

S, 0.593 0.578 0.570 0.553 0.573

S3 0.578 0.573 0.550 0.565 0.566
Mean Fer. R Y Y TS —
Frest Shs Fer-s Sh.Fer-Ns

CD(0.05) 0.009 : 0.013



As in the case of utilization index, harvest
index (HI) was also found to be the highest under open
conditions and steadily decreasing with dincrease in
shade intensity. However harvest index at S2 and 83,
levels found to be on par HI at different fertilizer
levels also showed a declining trend with increasing
fertilizer levels, the values being 0.641, 0.632, 0.625
and 0.620 at Fl’ F2, F3 and F4 levels respectively.
Harvest 1iIndex at F1 and F2 and FZ’ F3 and F3 and Fus
were found to be on par. As observed in the case of

UI, the effects of shade and fertilizer levels on HI

were also independent.

Volatile oil:

Volatile o0il content was found to be the
highest under 25 per cent shade followed by that under
50 per cent shade which was on par with that under 75
per cent shade. Volatile oil content under ‘open
condition was found to be significantly lower when
compared to other shade levels. Effect of fertilizer
treatments and shade-fertilizer interaction were found

to be nonsignificant.

Non-volatile ether extract (NVEE):
Non: volatile ether extract content under 25
and 50 per cent shade were found to be on par with each

~other and significantly superior to that under zero and
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Table 16. Effect of shade and fertilizer levels on volatile oil,
non volatile ether extract and fibre content of ginger
rhizomes on dry weight basis

a. Volatile oil content (v/w)9

Shade levels ~ Fy e ok Fy__ Mean-Sh
Sq 1.525 1.875 1.875 1.900 1.794

s, 2.275 2.100 2.100 2.275 2.188

s, 2.075 1.825 1.900 2.000 1.950

S, 1.950 1.975 1.825 1.875 1.906
Mean Fer.  1.956 1.944  1.925 2.013

F test Sh-8 Fer-NS Sh.Fer-NS
cD(0.05) 0.200

b. NVEE content (%)

_—-—_——-—.—_—_—._—_._.__.—...-__._...__._._..-.—_——.__._.__—-..—-___.—.__._—_—-—-.—_—...—._——-..-—-._

Sg 5.125 5.075 4.725 4.750 4.919

5 5.450 5.700 5.125 5.250 5.381

s, 5.125 5.400 4.950 5.250 5.181

s, 4.750 4.550 4. 400 4.425 4.531
Mean Fer. 5.113  s.181 4.800  a.o10
Ftest sh-s- Fer-Ns Sh.Fer-NS
CD(0.05) 0.426

c Fibre content (%)

So 7.268  6.975 7343 aiere i
) 7.030 6.855 6.918 6.633 6.859

., 6.468 6.795 6.615 6.358 6.559

S, 6.523 6.373 6.255 6.598 6.437
Mean Fer. 6.822  6.750 6.780  6.68
Ftest sa-s Fer-ns Sh.Fer-NS

CD(0.05) 0.233



75 per cent shade (Table 16). The NVEE contents at 25

and 50 per cent shade were 5.381 and 5.181 per cent

respectively on dry weight basis. As cbserved in the
case of volatile o0il, effect of fertilizer treatments
on- NVEE and shade- fertilizer interaction were not

significant.

Fibre content:

Fibre content was the highest in the open and
was significantly high compared to all other shade
levels. Fibre content showed a decreasing trend with
increase 1in shade intensity though the fibre contents
at 50 and 75 per cent shade were observed to be on par.
Neither the effect of fertilizers on fibre content nor

shade-fertilizer interaction was significant.

Uptake of nutrients:
'Data presented 4in Table 17 reveals the
influence of shade and fertilizer treatments on the

uptake of major nutrients (Fig. 5).

The uptake of nitrogen increased from zero to
50 per cent shade and then showed a decrease under 75
per cent shade. The uptake of N at 25, 50 and 75 per
cent shade levels were 131.1, 148.8 and 125.7 per cent
respectively, of the uptake at zero per cent shade. N

uptake under 25 per cent and 75 per cent shade were



found to be on par. With each increase in fertilizer
dose there was a significant increase in N uptake.
Shade-fertilizer interaction were found to be
significant. Under zero, 50 and 75 per cent shade, N
uptake was found to be maximum at Fq level which was on
par with F4 but significantly superior to Fl and FZ'
Under 25 per cent shade, F4 showed maximum uptake and
there was significant increase in uptake with increase

in fertilizer dose.

The phosphorus wuptake was found to be the
highest under 30 per cent shade followed by 25 per cent
shade.. Pﬁosphorus uptake under open conditions and 75
per cent shade were on par with each other but
éignificantly lower when compared to that under 50 and
25> per cent shade. An increasing trend in P uptake was
observed with increase in fertilizer Llevels. The
effect of fertilizer on P uptake was found to be
different wunder varying shade levels. Under zero, 25
and 50 per cent shade levels, P uptake was found to be
maximum at F4 level which was statistically significant
over all other shade levels, but under 75 per cent
shade, there was no regular trend shown in P uptake

with increase in fertilizer levels.

Potassium wuptake was found to follow a

similar pattern as that of nitrogen, the uptake at 25,
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Table 17. Effect of shade and fertilizer levels on the N,P and K
uptake of ginger plants
a. N uptake (kg ha™t)

_.._.-_-._—_———---._—-__—__———._.-—.-.—-___———-..-.-.-_——__———.__._.—.____.__'_.—__.—-_-._.___—

Shade levels P . 2 ok I e Hean Sh-
SO 57.50 60.79 73.58 72.29 66.04

S1 72.71 75.19 92.92 105.45 86.57

S2 85.28 93.40 105.90 108.52 98.27

S3 70.61 83.30 88.26 91.58 83.44
Mean Fer.  71.52  78.17  90.17  Sa.46 .
F Test . Sh.s Fer-s Sh.Fer-s
CD(0.05) 4.786 3.459 5.844

b. P uptake (kg hanl)

So  9.390  10.41  11.89 1.4 11.58
S1 11.41 12.51 14.65 18.14 14.19

S2 13.91 15.52 17.32 19.49 16.56

53 10.29 10.85 9.65_ 11 20 10.50
Mean Fer. 11.25  12.33  13.38  1s.87
Ftest sh-s Fer-s Sh.Fer-S
CD(0.05) 1.140 0.706 1.152

c. K uptake (kg ha 1)

s,  62.81  68.03  75.12  81.93  71.97
S1 74.57 78.80 93.41 107.06 88.46

82 93.77 106.94 117.62 128.92 111.381

83 73.17 88.11 83.40 89.78 83.62
Mean Fer.  76.08  85.47  92.39  101.52
FTest shi-s Fer-s Sh.Fer-§

CD(0.05) 8.028 3.724 5.931



FIG. 5. EFFECT OF SHADE AND FERTILIZER LEVELS ON NUTRIENT UPTAKE OF GINGER PLANTS,
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50 and 75 per cent shade being 122.9, 155.4 and 116.2
per cent respectively, of the uptake at zero per cent
shade. Potassium uptake was found to be increasing with
increase in fertilizer levels. Under zero, 25 and 50
per cent shade leﬁels, fertilizef levels produced a
steady increase in K uptake upto F, level whereas under
75 per cent shade, no regular trend was observed in K

uptake.

Soil NPK content:
Table 18 presents data on soil NPK content as

influenced by shade and fertilizer treatments.

The soil nitrogen content was found to
increase steadily with increasing fertilizer levels.
Fertilizer levels F, and F, and F; and F, were found to
be on par. Effect of shade and shade-fertilizer
interaction were found to be nonsignificant. Soil
phosphorus content *as found to be influenced by both
shade and. fertilizer levels. Soil available phosphorus
content was found to be the highest under 75 per cent
shade followed by that under open condition. Soil
available P content under 25 and 50 per cent shade were
"on par but significantly lower to that under open .and
75 per cent shade. There was significant increase in
soil available P content with increasing fertilizer
levels. Soil potassium content also showed the same

trend with increasing fertilizer levels and was found

" 75
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Table 18 Effect of shade and fertilizer levels on the available

N, available PZOS and available K20 contents in soil

a. Soil N content (kghadl)

Shade levels £ By Fy Fy _ Meensh.
So 213.43 217.24 241.83 246.16 229.66

S1 221.05 222.34 243,01 251.30 234.42

S, 212.77 226.84 235.46 257.58 233.16

S4 221.90 238.42 260.89 262.69 245.97
Mean Fer.  217.29  226.21  245.30  254.43
Ftest  Sa-NS Fer-s Sh.Fer-NS
CD (0.05) 12.75

b. Soil P,0s content (kg ha™1)

se 38.09  44.11  46.50 5429 45.75
Sl 35.13 39.12 42.62 49.01 41.47

S5 36.49 37.09 41.48 48.23 40.82

S, 41.52 47.56 50.05 54.72 48.46
Mean Fer. 37.81  41.97  45.16  51.56
Fotest Sh-s Fer-s Sh.Fer-NS
cb (0.05) 2.801 2.785 7

¢. Soil K,0 content (kg haul)

i —— —— —— . —————— — T S Tt e e Ty W e o S g o o g . . S S P W S S T Wk e oy e R N A —

So 111.18 130.03 145.81 162.36 137.34
S1 102.46 122.69 130.06 129.33 121.14
Sy 105.55 115.90 116.77 148.80 121.75
S5 133.21 131.90 139.57 144.32 137.25
Mean Fer. 113.10  125.13  133.05  146.20
Ftest sh-ns Fer-S  Sh.Fer-N§

CD (0.05) C 10.593



to be wunaffected by shade levels. Shade-fertilizer

interaction was also absent.

Economics:
The data on economics of fertilizer
application to ginger under varying levels of shade are

presented in Table 19,

Net return, benefit : cost ratio and return
per rupee invested on fertilizers were found to be the
highest under 25 pef cent shade followed by 50 per cent
shade. Under open, 25 and 50 per cent shade levels,
return per rupee invested on fertilizers showed a
steady decrease with increase in fertilizer dose
whereas under heavy shade no regular trend was

observed.

Under open conditions maximum profit
(Rs.20849 ha™') was obtained for Fy level of fertilizer
application. Benefit : cost ratio was also maximum at
F3, level, but maximum return per rupee invested on
fertilizers was obtained for the lowest level of
fertilizer application (F;). Under 25 and 50 per cent
shade, F, level gave highest net return and benefit
cost ratio. There was a steady increase in profit and
benefit cost ratio and a decreasing trend in return per

rupee  invested on fertilizers with increase in



Table 19 Economics of fertilizer application to ginger under varying levels of shade

__-_..._..._—_-—-_._-.....—--——-_....__..._._._—.——-_-

Treatments ' Cost of culti- Mean vyield Value of
vation yield
Rs ps Kgha -1 Rs Ps
Open condition-. ,
F1 41279.15 2561.5 '56353.20
Fy 41573.50 2656.5 58443.00
F3 41867.85 2850.8. 62717.60
Fy - 42162.25 2840.8 62497.60
25 per cent shade
1 41279.15 2843.3 62552.6
Fa : 41573.50 2945.0 64790.0
F3 41867.85 3233.8 71143.6
Fy 42162.25 3415.3 75136.6
50 per cent shade
Fy 41279.15 2715.0 59730.0
Fy 41573.50 2779.5 61149.0
F3 : '41867.85 2894.5 £3679.0
F, 42162.25 2471.8 65379.6
75 per cent shade
F, 41279.15 2044.8 44985.6
Fy 41573.50 2223.8 48923.6
F3 41867.85 2102.3 46250.6
Fy 42162.25 2184.50 48059.0

Cost of inputs
Seed ginger - Rs.9/kg FYM - Rs.260/tonne N-Rs.7.60/kg P 0
Labour charge - Rs.53/head Price of dry ginge% ~

15073.85
16869.50
20849.75
20335.35

21273.45
23216.50
29275.75
32974.35

Benefit :
cost ratio

Return per

rupee
invested on
fertilizers

_.____._-_-._-.._..._.__-.._—.__.__..__._._.__.__—-_—_—--._——-___—-.__..._...__._—_._-...__._—.____.

18450.85
19575.50
21811.15

3706.45
7350.10
4382.75

- Rs.9.05/kg K
Rs.22/kg.

__—-_--_-._.__-.-——_..—.—_-.——_...—.__._—.__...—.__.__—_.—-_—_-._.__..__.__.__.__-_-_

_.__-.-_..._-.._..-_—-_-_._-.__.__.__.___...._..._._.__.———-——.—-.-._——__..._.__._-._-—-.

eyt ——

20 - Rs.310/Kg



G1)

fertilizer dose upto the highest dose given both under
low and medium shade. However under 25 per cent shade,
at F4 level of fertilizer application, net return and
benefit : cost ratio were Rs.32974 ha * and 1.782
whereas uﬁder 50 per cent shade values were only
Rs.23217 ha ' and 1.551 respectively. Under 75 per
cent shade, F,, registered the maximum profit and

benefit : cost ratio.
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DISCUSSION

The economic produce or yield of a crop plant
is mainly determined by light sirice the energy provided
by photophosphorylation plays a pivotal role 1in the
metabolicm reations of green plants, especially
photosynthetic efficiency, photorespiration and
translocation of photosynthates £rom source to sink.
Crop plants differ markedly in their adaptation to light
intensities. Shading of crop plants at various stages
of growth and development is a cultural operaﬁion which
influences plant growth, yield and quality of the
produce. Now it is well known that the crop yield 1is
the result of interaction among factors like heredity,

environment and plant nutrition.

Studies conducted at different locations in Kerala
and elsewhere revealed that ginger is a shade loving
plant giving increased yield under low shade (25 per
cent shade). The main yield components of the ginger
plants viz., height of the plant, number of tillers,
leaf number and area, and rthizome characters are found
to be influenced by varying shade levels. In the
present investigation, an attempt has been wmade to’

study the variation, * if in the fertilizer |use



efficiency of ginger plants under varying shade regimes
and so as to determine the fertilizer requirement of the

crop at each shade level.

_Based on the yield trends, the ability of the
plané to utilize higher levels of nutrients under
varying levels of shade has been worked out. Comp;rison
is also made among fertilizer treatments at each shade
level separately. Observations.on growth parameters are

taken to explain the yield trends at each shade level.
Plant height:

Plant height was found to be increasing with
increase in shade intensity from zero to 75 per cent
shade as evideﬁced By the data presented in Table 3.
Similar results were reported 1in crops like tobacco
(Panikar et al., 1963), maize (Moss and Stinson, 1961)
and easterlily (Kohi and Nelson, 1963). Ginger plants
grown under full sunlight were found to be shoréer
‘compared to shaded plants (Aclan and Quisumbing, 1976).
According to Meyer and Anderson (1952) high irradiance
may result 1in high rates of transpiration which are
likely to result in internal deficiencies of water and a

consequent retardation of cell division or cell

DS
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enlargement. This may be the possible reason for

reduced plant height under open condition.

Under all shade levels fértilizer treatments showed
a positive iqfluence'on plant height and no interaction
was observed between shade and fertilizer treatments.
Purewal and Dargon (1957), Aclan and Quisumbing (1976)
and Pushpakumari (1989) reported increase in plant
height with increase in fertilizer levels in different

crops.
Number of tillers per plant:

At later growth stages ie., 120 and 180 DAP, tiller
production was found to be influenced by shading (Table
4). Tiller productioﬁ at 25 per cent shade was found to
be significantly higher compared to all other shade
levels. In contrast to this observation, a reduction in
tillering due to shade was reported in rice (Oshima and
Murayama, 1960), wheat (Moursi et al., 1976), ginger and
turmeric (Susan Varughese, 1989). However in the
present experiment also, number of tillers was found to
be significantly reduced under heavy shade. Reduced
tillering under heavy shade may be due. to the low R: FR

ratio at the base of the plants caused by the shade. A



limitation in energy supply resulting from the decreased
proportion' of incident radiation available per tiller
may also be partly responsible for the decrease in

tiller formation (Attridge, 1990).

Increased tillering with increase in fertilizer
levels observed during the later growth phases in the
present experiment was in accordance with the reports
of Muralidharan et al. (1974) and Aclan and Quisumbing
(1976) in the same crop. The response to fertilizer
treatments was found to vary wunder varying light
intensities at 180 DAP. The increase in tiller number
obseried up to the highest fertilizer level, under
25 per cent shade may be due to the better microclimate
existing wunder low shade. But under heavy shade,
reduced ‘availability of photosynthates may be

suppressing the growth and development of tillers.
Number of leaves per plant:

Leaf number was also found to be the highest under
.25 per cent shade (Table 5) and leaf number under open
condition was found to be significantly Llower when
compared to low to medium shade levels. Aclan and
Quisumbing (1976) also observed a reduced number of

leaves per ﬁlant, in ginger, grown under full sunlight.

84



Contrary to this, a decrease in number of leaves wiﬁh
increase in shade intensity £from zero to /5 per cent was
observed in ginger by Susan Varughese (1989). But under
heavy shade, leaf number waé found to be considerébly
reduced in this case also. Under heavy shade, low
irradiance may lead to a retarded development of plant
because of the resulting low rate of photosynthesis
(Meyer and Anderson, 1952).

At all shade levels, leaf number was found to be
increasing with dincreasing fertilizer dose, Similar
" results were reported in turmeric (Anon., 1983) and
sweet potato (Bourke, 1985). Leaf number under 25 per
cent shade was found to be significantly increasing with
increase in fertilizer doses upto the highest fertilizer
dose and this may be due to better soil moisture status
énd moderate light' intensity available to the plant
which favoured increased uptake of nutrients. At all
other shade levels, above F3 there was no further

increase in leaf number.
Chlorophyll:
The increased chlorophyll content with increasing

shade levels observed in this experiment (Table 6 and

Fig.2) 1is in agreement with the finding of Shirley
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(1929), Collard et al. (1977), Lalithabai (1981) and
Ramanujam and Jose (1984) in different crops. In ginger
and  turmeric, Susan Varughese (1989) reported an

t

increase in chlorophyll 'a' and chlorophyll 'b' with
increase in shade intensity. . This increase in
chlorophyll content wunder shaded conditions is an
adaptive mechanism commonly observed in plants to
maintain the photosynthetic efficiency (Attridge, 1990).
The increased chlorophyll content under 25 and 50 per
cent shade might have contributed to the increased dry -
matter production under these shade levels whereas
under heavy shade, very low light intensity might have

limited the efficient utilization of increased

chlorophyll content.

Under all shade levels, increasing levels of
fertilizer produced a general trend of increase in
chlorophyll content and its fractions. 1In wheat, Moursi

-gE al. (1976) and in Ficus benjamina, Collard et al,

(1977) reported similar effects of fertilizer treatments

on chlorophyll content.

Leaf area index:

The tendency of the plants to increase the LAI

under low to moderate shading as observed in the present
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investigation (Table 7) may perhaps be a plant
adaptation to expose larger photosynthetic surface under
limited illumination (Attridge, 1990). Ravisankar and .
Muthuswamy (1988) reported similar results in ginger.
But according to Lalithabai (1981), LAI of ginger,
turmeric and coleus were not influenced by different
shade intensities. Under shaded conditions, reduced
radiation may prevent scorching or wilting of leaves
caused by marked increases in temperature within the
leaf tissue from strong sunlight (Aasha, 1986)  and
thereby increase the leaf life under shade resulting in
the retention of more number of leaves at any stage of
the crop. But under heavy shade, LAI was found to be
again decreasing and this is obviously due to decreased
rate of leaf production under heavy shade which may be

resulting from the lack of photosynthates.

As observed in the present experiment, an increase
in LAI with increase in fertilizer levels was reported
in sweet potato (Bourke, 1985) and greater vyam
(Pushpakumari, 1989). Leaf érea index also showed the
- same trend as leaf number with increase in fertilizer

level under each shade intensity since leaf number is

the most important factor determining leaf area index.



Net assimilation rate:

Net assimilation rate was found to be higher under
open conditions and low shade (Table 8). A positive
co?relation between NAR and irradiance was reported by
Blackman and Wilson (1951), Newton (1963), and Coombe
(1966). In sweet potato, Laura et al. (1986) observed
lower NAR under shade. With increase in shade, NAR was
found to be decreasing and this may be due to excessive
leaf parasitism caused by increased LAI along with shade
provided as treatments, thus reducing the photosynthetic
efficiency. In soybean, 1low activity of ribulose
1,5 diphosphate cdrboxylase was reported at low light
intensities (Bowes et al., 1972). Crockson et al.
(1975) reported 38 per cent reduction in photosynthesis
of bean leaves due to shading, mainly because of
increase in stomatal and mesophyll resistance to
diffusion of carbon dioxide. During the second phase of
growth ie., from 135 to 180 DAP plants showed a
differential response to fertilizer treatménts under
different shade levels. Net assimilation rate showed a
positive response to fertilizer treatments under zero,
25 and 50 per cent shade levels. But under heavy shade

no regular trend was observed and this may be due to the

reduced photosynthetic activity under very low light

intensity (Attridge, 1990).



Crop growth rate:

The higher crop growth rate observed under 25 per
cent shade (Table 9) can be attributed to .the increased
LAI and moderate NAR exhibited by the plant under this
shade level. Under open conditions, a fairly high rate
of NAR and under 50 per cent shade, high LAI may
contribute to a moderate rate of crop growth. But
under heavy shade, CGR was found to be very low and
might have resulted from low LAI and NAR maintained by
the plant under this shade level. Reduced CGR under
heavy shade is reported by many workers. Fukai et
al. (1984) reported 50 per cent reduction in CGR in
cassava when solar input was reduced upto 32 per cent.
Reduced CGR under shaded situations were also reported

in turmeric (Ramadasﬁn and Satheesan, 1980), Cassava

(Ramanujam et al., 1984) and in sweet potato (Roberts
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Nkrumah et al., 1986). Fertilizer treatments under all.

shade levels gave a regular trend of increase in CGR.
Bourke (1985) reported similar effect on CGR. But in
tannia, there was no significant difference in CGR among
‘the fertilizer treatments (Pushpakumari., 1989).
Interaction between shade and fertilizer treatments was
absent. Ginger plants showed maximum CGR and increased

response to nutrients in terms of CGR under 25 and 50
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per cent shade. Hence it can not be considered as an

obligate sun plant but as a shade loving plant.
Dry matter production :

Dry matter production was found to be high under
low and medium shade levels (Table 10 and Fig. 3). The
influence of the growth parameters like tiller number,
leaf number, LAI and NAR have been reflected in DMP of
the plant. Increased DMP in ginger under shaded
condition was reported bf Ravisankar and Muthuswamy
(1986). Susan Varughese (1989) observed maximum DMP in
ginger under 25 per cent shade. But under heavy shade
(75 per cent), DMP was found to be significantly lower
than that under open though the LAI~was found to be
higher than that under open condition. At this shade
level, leaf  parasitism would have substantially
increased. Thus at intense shade level probably the
parasitic effect would be maximum as the
photosynthetically active radiation falling on the
leaf surface was very less compared to that under open
conditions and this effect might have probably reflected

in NAR also, recording the lowest NAR under heavy shade.

Dry matter production showed a general trend of

increase with increase in fertilizer dose under zero, 25



and 50 per cent shéde and this can be attributed to the
beneficial effect of fertilizer treatments on both LAI
and NAR under these shade levels. Beneficial effect of
fertilizer treatments on DMP was reported in sweet
potato (Bourke, 1985), Potato (Rajanna et al., 1987) and
greater yam (Pushpakumari, 1989). But under heavy shade
fertilizer treatments failed to produce any regular
trend in LAI or NAR which might have reflected in DMP

‘also.
Yield and yield attributes:
Bulking rate:

The increased bulking rate observed under low shade
may be due to increased NAR and efficient assimilate
partitioning to rhizomes (Table 11). Under open- and
medium shade also, bulking rates were fairly high
compared to heavy shade (75 per .cent) and this may be
due to better carbon dioxide assimilation existing under
these light' intensities. A delay in bulking and
decreased rate of tuberization as observed under heavy
shade in the present investigation were_repdgted due to
shading in crops like sweet potato (Togari, 1950,
Zara et al., 1982, Martin, 1985 and Roberts Nkrumah et

al. 1986) and cassava (Ramanujam et al., 1984).

9



An increasing trend in bulking rate with fertilizer
levels was observed under all shade levels at ‘90 to 135
DAP and the possible reason for this effect may be the
increased availability of nutrients at higher doses of
fertilizers. Pushpakumari (1989) noticed "significantly
high bulking rate in greater yam at highest fertilizer
dose of 80:60:80 kg NPK ha 1 whereas in lesser yam, no
significant influence on bulking rate was observed.
However at the early growth phase (90 to 135 DAP), no
significant increase in bulking rate under heavy shade
was observed with fertilizer treatment above F, level
and in the 1later stage bulking rate was found to be
totally unaffected by fertilizer treatment under heavy
shade. This may be due to the inability of plant to
utilize increased fertilizer doses under heavy shade.
Thus low shade was found to provide most congenial
conditions for rhizome development probably due to
better soil conditions prevailing under low shade both

in terms of soil temperature and moisture.
Rhizome spread:

Increased rhizome spread .observed under medium to

neavy shade (Table 12) may be due to the increased soil

moisture status and reduced soil temperature existing:

under this shade levels. Under open conditions rhizome

spread was found to be more compact probably due to



higher soil temperature existing during day tinme.
Fertilizer levels were found not to influencé the length
of tuber in lesser  yam (Sasidharan,1985 and
Pushpakumari, 1989). But an increasing trend in rhizome
spread as observed in the present experiment was
reported in greater yam, the plants receiving highest
dose of fertilizer recorded maximum tuber length when
.grown as intercrop in coconut garden (Pushpakumari,
1989). Shade was not found to influence the effect of

fertilizer treatments on rhizome spread.
Green ginger yield:

High green ginger yield obtained under low to
medium (25 and 50 per cent) shade (Table 13) can be
attributed to high LAI and moderate NAR observed under
these shade levels. Under open conditions, yield was
found to be comparatively low and this may be due to low
LAI exhibited by the plants under open conditions
throughout the growth period, which could have reduced
the total photosynthates accumulated in the plant. At
intense shade, the availability of light may become the
decisive factor that 1limits the rhizome yield.
Ravisankar and Muthuswamy (1988) reported higher green

ginger yield when grown as an intercrop. Fertilizer
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treatments showed a positive influence on green ginger
yield and interaction between shade and fertilizer was

absent.
Dry ginger recovery:

Percentage dry ginger recovery was found to be not
influenced by shade. This is not in agreement with the
findings of Susan Varughese (1989) who reported an
ing;ease in percentage dry ginger recovery under shade.
Though not siénificant, maximum dryage was noticed under
open condition in the present experiment and this may be

due to the higher soil temperature as a result of more

intense and direct sunlight.
Dry ginger yield:

Highest dry ginger yield was produced under 25 per
cent shade (Table 14 and Fig. 4). Increased yields
under low shade was also reported in crops like tannia
(Pushpakumari, 1989), ginger (Susan Varughese, 1989) and
colocasia (Prameela, 1990). The yield increase under 25
per cent shade may be due to the combined effect of
reduced soil temperature, increased soil moisture

content and reduced leaf temperature by shading (Hanada,



1991). Contrary to this findings, a steady decrease in
rhizome yield with increase in shade was reported in
Cturmeric by Susan Varughese (1989). But Jayachandran et
al. (1992) found that the yield of turmeric under 25 per
cent shade was on par with that under open conditions.
As observed in the present experiment, Roberts Nkrumah
et al. (1986) reported very low yield in sweet potato

under heavy shade,

A general trend-qf increase in yield with increase
in fertilizer levels was noticed in the present
experiment., Similar results were reported in crops like
turmeric (Ramakrishna Reddy and Ranma Rao, 1978), and
greater yam (Pushpakumari, 1989). Differential response
to increase in fertilizer levels was observed under
varying shade levelé. Highest dry ginger yield was

produced at Fy level of fertilizer application (93.75:

J5

62.50:62.50 Kg NPK ha_l) under open conditions and with .

further increase in fertilizer dose, no significant
increase in yield was observed. It may be the poor soil
moisture status’ and high soil temperature prevailing
’under direct sun which limited the capacity of plant to
utilize higher doses of fertilizers. Under 25 and 50
per cent shade, highest yield was recorded at F4 level

(112.5:75:75 kg NPK ha 1) and the increase in yield
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were 20.1 and 9.5 per cent respectively with the
increase in fertilizer level fronm F, to F,. This result
clearly indicates that crop response to increased level
of fertilizer dose is more under 25 per cent shade and
this may be due to the existence of an optimum soil
condition and light intensity for effecient utilization
of available nutrients. Very high light intensity under
open conditions, may cause stomatal closure preventing
entry of carbon dioxide for assimilation as reported by
Hardy (1958) or inactivation of enzyme due to increase
in leaf temperature (Miginiac et al., 1990). Lack of
response to fertilizer treatments under heavy shade (75
per cent) might have resulted from reduced rate of
photosynthesis and poor partitioning. Duggor (1903)
suggested that shading reduced the carbon dioxide
assimilation and thereby the available constructive
material for plants. Bowes et al. (1972) reported low
activity of ribulose 1,5 diphosphate carboxylase at low
intensities of light., ‘Crockson et al. (1975) recorded
38 per cent reduction in photosynthesis of bean leaves
due to shading mainly because of increase in stomatal

and mesophyll resistance to diffusion of carbon dioxide.

Top yield:

The increase in top yield with the increase in

shade from zero to 50 per cent, can be attributed to the



promotion of vegetative growth under shade (Table 15).
Reduced radiation would have prevented scorching or
wilting of leaves caused by marked increases within the
leaf tissue from strong sunlight, thus promoting
vegetative growth. Enhanced top growth under shaded
conditions was reported by workers like Hirota and
Moritani (1980) and Ramanujam et al. (1964) in different
crops. Under heavy shade, though the top yield was
significantly lower than that under so per cent shade,

1t was significantly higher than that under open.

The general trend of increase in top yield observed
with increase in fertilizer treatments is in agreement
with the findings of Samad et al. (1956) who reported
in rice, a substantial increase in straw yield with
increased fertilizer application. Pushpakumari (1989)
recorded significantly lower top yield at lowest
fertilizer level ie., at 40:30:50 Kg NPK ha™1 in greater
yam and elephant foot yam respectively. From zero to 50
per cent shade, increase in fertilizer dose was found to

promote top growth whereas under heavy shade, above F2
llevel, top growth was found not to be significantly
increased and this effect may be due to the reduced rate
of photosynthesis under very low light intensity which
hinder the efficient uptake and utilization of

nutrients.
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Utilization index and harvest index:

Utilization index and harvest index were found to
show a decreasing trend with increase in shade levels.
Fertilizer levels also showed the same effect which
might have resulted from increased top growth at higher
fertilizer levels (Table 15). The efficiency of
translocation of assimilates to economic part was found
to be decreasing with increasing shade levels and
fertilizer levels. Eventhen rthizome yield was found to
be higher under 25 and 50 per cent shade because of
considerably increased dry matter production under these
shade levels as evidenced by the data given in Table 10.

Under heavy shade both UI and HI did not show any
further decrease compared to medium shade. But both top
growth and rhizome yield were equally suppressed by
further increase in shade. Thus at intense shade level
along with reduced NAR, poor assimilate partitioning was
also responsible for the reduced yield. However the
assimilate pértitioning under different levels of
fertilizer treatments were observed to be not influenced
by the existing shade intensity, The data clearly
indicate that, though the dry matter production was high

under low to medium shade, a major proportion of



assimilate was utilized for top growth ie.,
probortionate assimilate partitioning to rhizome was
lower than that under open. Sasidharan (1985) failed to
observe any significant influence of fertilizer
treatment on UI of leasser yam. But Ramanujam et al.
(1984) opined that most of photosynthates of shade grown

cassava plants were utilized for shoot growth at the

expense of tuber growth.

Quality of the produce:

Non volatile ether extract content was found to be
significantly high under 25 per cent shade whereas
volatile~oil content was significantly superior under 25
and 50 per cent shade. Ravisankar and Muthuswamy (1987)
reported that ginger, wunder intercropped conditions,
produced good quality rhizomes with high NVEE and
volatile oil content. However, a progressive decrease
in oleoresin content upto 50 pef‘cenf shade was reported
in ginger by Susan Varughese (1989). According to Aclan
and Quisumbing, (1976) fibre content of ginger rhizome
- was unaffected by light attenuation. But in the present
experiment, fibre content was found to be the highest
under open conditions and this may be due to the early

attainment of waturity under open conditions. This
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result is in agreement with the findings of Natarajan et
al. (1972) who reported an increasing trend in crude
fibre content during maturity stages. ﬁnder all shade
levels, effect of fertilizer treatments .on NVEE,
volatile o0il and fibre contents was found to be non

significant.
Uptake of nutrients:

NPK uptake was found to be maximum under 50 per
cent shade followed by 25, 75 and zero per cent shade
(Table 17 and Fig.5). Under open condition though plants
showed a regular trend of incréase in wuptake with
increase in fertilizer levels, this was not reflected in
rhizome yield beyond F3 level and this may be due to
excessive shoot growth as indicated by high top yield
and low utilization index at the highest fertilizer
level. This <clearly indicates that there 1is no
necessity of increasing fertilizer dose beyond F3 level
ie., 125 per cent of the recommended dose of NPK under
open conditions. Under 25 and 50 per cent shade, NPK
uptake was found to be increasing with increase in
fertilizer levels which was reflected in the increased
dry matter production under these shade levels. Yield

also showed the same trend as that of NPK uptake under

<
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these shade levels. This points out to the possibility
of increasing the fertilizer dose under low and medium
shade. But response to high doses of fertilizers was
found to be more under 25 per cent shade ie., when
fertilizer dose was increased from F, to F4, yield
increase was 20.1 per cent under 25 per cent shade
whereas it was only 9.5 per cent under 50 per cent
shade. The low response to nutrients under 50 per cent
shade may be due to poor partitioning efficiency of
assimilates under this shade level as indicated by the
higher top yield and lower UI. However, under low
shade, application of fertilizers at higher levels was
found to be beneficial for increasing yield. Contrary
to this, in turmeric, uptake of all the nutrients was
found to decrease with shade except potassium (Susan
Varughese, 1989). But in ginger, she reported an
increasing trend in N and K uptake from zero to 25 per
cent shade and then a decrease. Under heavy shade also,
total NPK uptake was found to be higher than that under
open conditions. Nitrogen showed an increasing trend
with applied fertilizers, P and K uptake increased only
'upto F2 level and dry ginger yield was also found to be
maximum at F, level. This result suggests that there is
no necessity of dincreasing fertilizer dose above F

2
level when ginger is grown under heavy shade. Hence,

THRISSUR
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the present recommendation (KAU, 1989) is sufficient
for the ginger crop when grown under heavily shaded

situations.

Although N, P and K uptake under 75 per cent shade
was higher than that under open, the yield was found to
be de;reased by 21.6 per cent when compared to open.
From this, it could be concluded that the increased NPK
uptake along with higher LAI can not ensure a high
yield., but the photosynthetic efficiency and efficient
partitioning are also equally important in determining

the final yield of a crop.
Soil NPK content:

"Soil NPK content showed a general trend of increase
with increase in fertilizer dose wunder all shade
levels. Such an increase in available nutrient status
subsequent to their application was reported by

Rajendran (1971).
Economics:
The gross and net return were maximum by growing

ginger under low shade (Table 19). The shade in the

decreasing order of benefit: cost ratio were 25, 50,
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zero and 75 per cent.

Among the fertilizer levgls tried, F3 gave maximum-
benefit: cost ratio wunder open conditions. This
indicates that even under open condition increasing the
fertilizer dose upto 125 per cent of the recommended
dose (F3) is beneficial. Under 25 and 50 per cent shade
it is economical to apply higher doses of fertilizers
ie., 150 per cent of the recommended dose. However
fertilizer use efficiency is more under 25 per cent
shade. The data clearly shows that when the crop is
grown under heavily shaded situations, there is no
necessity of increasing fertilizer dose above the

recommended dose (FZJ.
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SUMMARY

An  experiment was conducted at the College of
Ag;iculture, Vellayani for studying the effects of
different 1levels of fertilizers (75, 100, 125 and 150
per cent of Ehe recommended dose of NPK) on the
growth, yield and quality of ginger under varying shade
levels adopting strip plot design with five
replications. Nitrogen, phosphorus and potash were
supplied in the form of urea, single super phosphate
and muriate of potash respectively. The salient

findings are summarised below.

The height of the plant was found to be
significantly reduced under open conditions. There was
significant increase in plant height with increase in
shade intensity upto 75 per cent shade level. Under
all shade levels there was an increasing trend in plant

height with increase in fertilizer dose.

Low shade (25 per cent) was found to promote
tiller production whereas heavy shade (75 per cent)

inhibited tiller production.

At 180 -days after planting, maximunm tiller
production was observed under 25 per cent shade at the
highest fertilizer level. Under open condition and 50

per cent shade, an increasing trend in tiller number
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was observed with increasing fertilizer levels whereas

under 75 per cent shade no general trend was noticed.

Leaf number and response to nutients in terms of

leaf number were maximum, under 25 per cent shade.

Total chlorophyll and its fractions, chlorophyll

a' and chlorophyll 'b' were found to be increasing
progressively with increasing 1levels of shade and

fertilizers.

Leaf area index and the capacity te respond to
increased levels of nutrients in terms of leaf area
index were more in low to medium shade compared to open

condition and heavy shade.

Net assimilation rate showed a decreasing trend
with increase in shade and was found to be the lowest
under heavy shade. A positive response to fertilizer
treatments was noticed under open, 25 and 50 per cent
shade levels whereas under heavy shade NAR failgd to

show any regular trend.

Crop growth rate was maximum under 25 per cent
shade followed by that under 50 per cent shade and open
condition and was lowest under 75 per cent shade.
Under all éhade levels, a general trend of increase in
CGR  with 1increase 1in fertilizer treatments was

observed.
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Dry matter production was observed to be higher

under 25 and 50 per cent shade compared to open and 75

per cent shade. Under open condition DMP was found to
be higher than that under heavy shade. The response to
increased level of nutrients in terms of DMP was found

Lo be higher under low to medium shade,

Bulking rate was maximum under 25 per cent shade
and was found to be increasing with increase ip
fertilizer dose. During the growth phase from 135 to
180 days after Planting, fertilizer treatments showed a
positive influence on bulking rate except under heavy
shade where fertilizer Lreatments failed to show any

significant effect on bulking rate.

Rhizome spread was noticed to be the highest under
50 per cent shade'followed by that under 75 per cent
shade. Fertilizer treatments also significantly

increased rhizome spread under all shade levels,

The highest green ginger yield was recorded wunder
25 per cent shade followed by 50 per cent shade and
under these shade levels, significant increase in green
ginger yield was recorded with each increment in

fertilizer dose upto the highest fertilizer dose.

Dry  ginger recovery was not significantly

influenced by shade and fertilizer treatments.
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Dry ginger yield was maximum under 25 per cent
shadé followed by 50 per cent shade and open condition
and was lowest under heavy shade. Under open condition
fertilizer dose, F3 and under 25 and 50 per cent shade,
F4 recorded maximum yield. Under  heavy  shade,
fertilizer dose above F,, there was no significant

increase in dry ginger yield.

Tép yield was observed to be increasing with
increase in shade intensity upto 50 per cent. Under
open condition, fertilizer dose above F3 and under
heavy shade, above F2, there was no significant
increase in top yield. Fertilizer dose, F4 recorded

highest top yield under 25 and 50 per cent shade.

Utilization index and harvest index were found to
be ‘the highest under open condition compared to shaded
conditions. The proportionate assimilate partitioning
L0 economic part was observed to be decreasing with

increase in shade and fertilizer levels.

Volatile oil content was found to be the highest
under 25 per cent shade followed by that under 50 per
cent shade. Effect of fertilizer treatments was found
to be nonsignificant.

Fibre' content was the highest in the open and

showed a decreasing trend with increase in shade
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intensity. Neither the effect of fertilizer nor the

shade-fertilizer interaction was significant.

The wuptake of N, P and K showed an increasing

trend with increase in shade upto 50 per cent and then

showed a decrease. However nutrient uptake under 75
per cent shade was found to be higher than that under
open conditions. Nitrogen uptake was observed to be
increasing with fertilizer dose upto F4 under 25 per
cent shade whereas under zero, 50 and 75 .per cent
shade, only upto F3 level. Phosphorus and potassium
uptake were found to be increasing upto F4 level under
25 and 50' per cent shade. No regular trend was

observed under 75 per cent shade.

Soil N and K content were found to be unaffected
by shade whereas P content was found to be highest
under 75 per cent shade. Soil NPK content was found to

be increased with increased fertilizer application,

The economics worked out for the fertilizer
management  practices under varying shade levels
revealed that among the shade levels, 25 per cent shade
éave the maximum net return, benefit cost ratio and
return per rupee invested on fertilizer, followed by 50
per cent shade. Under open condition maximum profit

was obtained for F3 level fertilizer application and
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under 25 and 50 per cent shade F4 level gave highest

net return and benefit cost ratio. Under 75 per cent

shade F2 registered the maximunm profit and benefit cost

ratio.
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ABSTRACT -

An invéstigation was carried out to determine the
fertilizer requirement of ginger under varying shade
intensities at the College of Agriculture, Vellayani
.du;ing the year 1991-92. The experimenf using ginger
cv. Rio-de-Janeiro was laid out in strip plot design
with four shade levels (SO, Sl’ S2 and S3) and four
fertilizer levels (Fl’ Fo, Fq and F4) and was replica-
ted five timés. The shade levels were zero (open}, 25,
50 and 75 per cené and the fertilizer levels were 75,
100, 125 and 150 per cent of the recommended dose (75:-
50:50 N, P2Q5 and K,0 Kg ha_l) as per the package of

practices recommendations of KAU.

Under open conditions, plant height was found to
be the lowest. Leaf number, leaf area index,
chlorophyll content, crop growth rate, dry matter
production, bulking rate and green ginger yield were
found to be lower under open condition when compared to
25 and 50 per cent shade levels. However dry ginger
yield wunder open condition was found to be comparable
with that under 50 per cent shade and this might have
resulted from high net assimilation rate and better
partitioning under open condition as indicated by high
utilization index and harvest index. Fertilizer

treatments showed a positive influence on vegetative



growth, chlorophyll content, rhizome yield and NPK

uptake. Under open conditions, significant increase in
dry ginger yield was obtained only upto F3 and maximunm
profit was also obtained for F3. Quality of the
produce was found to be wunaffected by fertilizer

treatments.

Growth and yield of ginger were found to be the
highest under 25 per <cent shade. Response  to
fertilizer treatments in terﬁs of growth characters and
yield were found to be the highest under this shade
level. Significant increase in green and dry ginger
yield was obtained with each increment in fertilizer
dose upto the highest level, F&' Quality of ginger was
also superior under low shade and was wunaffected by

fertilizer treatments. .

Under 50 per cent shade,vegetative growth and dry
ginger yield were higher than that under open
conditions but lower than that under 25 per cent shade.
Though the leaf area index and dry mwatter prodﬁction
were comparable with that under 25 per cent shade, poor
éartitioning as indicated by lower wutilization index
and harvest index might have contributed to the lower
yield. Under this shade level, as fertilizer dose
increased from F, to F, significant increase in yield

was obtained. But the increment was only 9.5 per cent



as against 20.1 per cent obtained under 25 per cent

shade.

Under 75 per cent shade vegetative growth and
rhizome yield were found to be highly reduced compared
to open, 25 and 50 per cent shade. Response to
fertilizer treatments was also poor. There was no
significant increase in yield with application of

fertilizers above F2 level.

The study clearly indicates the necessity of
increasing the fertilizer dose to 150 percentage of the
recommended dose when ginger is grown under 25 and 50

per cent shade.
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