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CHAPTER I.
INTRODUCTION
Cardemom is onelof the most valuable and important spices

. all over the world. It is represented by the monotypic genus,

Elettarié cardamomum M. It belongs to the family Zingiberaceae,

under the order Scitaminae. Cardamom origineted in the moun-
tains of the southern parts of the Indian Peninsula and nearby
island of Ceylon (4braham, 1965). Among spices of India, it
occupies a unique position as the second largest foreign exchange

earner rarking next to black pepper.

Cardamom admired as "Queen of spices! is one of the most
valued spices of the world (Shanmugaveluomd Modhoy&aRAO,1977). India
produces nearly TO per cent of the world output of cardamom.

The annual prodﬁction,during 1978-79 was shout 4,000 metric tonnes
as against 1,000 metric tonres in Guatemala, 450 metric tcnnes in
Sri Lanka and 200 metric tonnes in Tanzania. In India, it is esti-
mated that_nearl& 86,000 hectares sre under cardamom cultivation

at presemt. Of these, 49,826 hectares in Kerala, 28,600 hectares
in Karnateka and 7,574 hectares in Tamil Nadu, accounting for the
production of 2,900, 800 aml 300 metric tonnes respectively.

India is the predominent supplier .of cardamom to0 the world
market with an export potential of 2,600 metric tomnes bringing
home nearly 60 crores of rupees as foreign exchange per annum.
Indian cardamom is considered to be superior to that of other

producing countries because of its higher oil content and pleasing



‘arOMae‘ It is exported to about 60 countries, the main importers
being Kuwait, Saudi Arabila, U, S¢S, R.. Japan, Qatar EI irucial Omen
and Bahrain Islands. '

Cardeamom is a perennial plant and has a tall pseudostem
iformed by'th encircling of leaf. sheaths, wrapped one over the
other. Dapending on the variety, a normal fully grown plant
would be about 2 to 4 metres in-height. The real stem is a
rhizome, which is sub-terranean in habit. Plants are Ishallow
rooted and are mostly confined to the top 15 to 20 cm lgyer. The
variety minor, comprising three important cultivars viz., Mysore,
Malabar énd Vazhukka, can be distirguished on the basis of certain
sﬁecifié morphological characters. :

In India, cardamom grows unier natural conditions in the
ever green forests of Western Ghats. The optimum growth and
devélonent is observed in the warm and humid conditions with
temperature ranging from 10°C to 35°C. It requires well distri-
buted annual rainfall of over 150 cm.l It can thrive well in
areas where the altitude ranges between 600 and 1200 met¥es.
Well drained sloping lands having pH 5.5 to 6.5, high organie
matter apd deeply'pgnetrated humis layer are highly suitable for
the growth. ' | .

Cardamom is grown in India from times immemorial. But
sclentific cultivation practices to improve growth and yield
have not been fully developed. Cardamom produeéssn.suckers

throughout the year with a reproduetive'growth in one stage or



the other, being present in the c¢lump over the entire period
of a2 year. A4s such, depletion of plant nutrients occurs all over
the year. Judicious application of fertilizers is of paramount

importance for cardamom.

It is reported that cardamom is responsive to both organie
and inorganic manures. ReSponée to nitrogen, potassium and to
trace elements 1ike'magneéium, have been indicated (Anonymous,
1977). But there are no experimeéntal data glving the growth or
yield résponse of the crop to various ingfgdients and their levels
or proportions. Although reports of fertilizer: trials being
conducted and continued, are made in annugl reports of Cardamom
Stationg, there are no conclusive results sbout the response of
the plant. But there issemeuseful ihformation on the uptake of
nutrients by mature cardamom plantse The t1ssue composition and
the total uptake figures diearly indicate the need for higher
supply of potassium (Kulkarni et al., 1971).

Studies on deficiency symptoms by-Despande and Kulkarni
(1971) have shown thatehm&ﬁﬂmsolutioh culture with minus K,
was the first to manifest the K deficiency. These reports
suggested that with an improved methodoiogy in this nutritional
trial, fertilizer response of cardamom could be determined. In
order to mimimise the leaching and also to study the quick
response of the plant to the foliar nutrients so that it could
be later on tried on the cardamom grown under natural conditions,

the experiment is planned. In view of this, present investigation



was undertaken with the following objectives:

1. .To study the efficacy of the mode of application
Iu - of soii apblication vs soil-cum=foliar agpplica-
tion of NPK on.proliferation of suckers in

cardamom.

2. To study the effects of different nutrients on the

production of suckers.

5. To assess the uptake of nutrients based on dry
matter projuction under the influence of N, P and

K and their combinations.
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CHAPTER II

. REVIEW OF LITERATURE,

The information ok the effects of manuring and different
method s 6f application of manures to cardamom is very meagre.
Hence, in addition fo cardamom, the liberature available on
other crops which are grown in similar ecological cqnditions
(coffee, tea and cocoa) or on those waich have structural simi-
larity (paddy, sugarcane and banana) has also been reviewed.

The chapter has been presented under the following heads.

1. Soil and plant analysis in cardamoﬁ

2. PFertilizer recommeniations to cardamom

%. #nade and nutrition

4, Soil application of nitrogens; phosphorus
and potassium

5. Foliar application of nitrogen, phosphorus

and potassium,

IX¥.1. Soil and plant analysis

Proper understanding of the chenical éomposition of the
Sbil and plant, and uptake of nutrients by the plant considerably
helps in improving the fertilization practice. Ratnaval gg‘gl;
(1968) analysed soil samples codllected from different cardamom
plantations for pH, organic cafbon. total P205, exchangeable
calcium and exchangeable magnesium, and reported ranges of the..

following values: pH 4.82—5;8; organic carbon 3.23 to 6.03 per



cent. total P205 0.0?8—0,126 per cents exchangeablevéalcium
4.12-11.42 nef100 g soil and exchangeable magresium 1.13-2.06
me/1OO g soil. They also analysed different heal thy leaves of
cardamom for their chemical composition.- Ahalysis of second
leaf from top revealed the tissue composition»astollows: '

2 5 0.423 per cent, K 0 2.76 per eent, Cal 0.297 per cent and
. Mg0 0:174 per cent. Fifth leaf from the tipﬁadP2 5 0.314 per cent,
K20 2,62 per cent,. Ca0 0.711 per cent and MgO 0.228 per cent.
Analysis'of;healthy,shoots indicated the presence of following
quantities’of K20 5.38 per cent, PEPS 0.302 per ceht,AQaO 0.93
per cent and MgO 0.109 per cent.. Based on these data, the follow-

ing inferences were drawn.

1) Potassium requirement of cardamom grown under shade
is high. y

2) Forest soils being riech in nitrogen bring about a
greater demand for potassium, so that nitrate may be reduced in

plant metabolism.

3) If K is low ard its content in the-plant'tissue is
diminished as a result, the total base content of the sap decrea-
. ses, eventhough the contentsof Ca and Mg may increase to substitute
to some extent, the: decreased uptake of K. Decreabe of total base
. ‘concentration of, éép upsets balanece in the nutrit¢on.' bor.these

reaspns, it was considered essential to maintain the level of

. potassium in sap solution at a highér level.
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'4) Low erop yield is due to_;ack’bf phosphorus than to
amy other nutrient. Phosphorﬁs is conéentrated not only in the
tissue of the. 'growing tips of roots, but &lso in the developing
kernels and seeds, Benéfieial effects of phosphorus is more in

seeds then in the leaves.

55‘Phosphorﬁs aids the uptake of K and tends to counteract
the effects of excess Y. For these reaéons, it was considered
beneficial to inerease and maintain a high 1§vei of phosphords

in the sap solution. ' '

6) Though calcium promotes greater soil aetivity and imp-
roves the soil, sap content of plant tissues should have proper
balénee of K andlMg. Deficiency of K may lead to excess of Ca.
The sap content may, to the best advantage of. the plants growing

under shade; be maintained at K> Cav Mg.

7) NWitrogen is4usuall& available in forest soil in sbundent
quantities. For every ﬁS“F‘decliqe in temperatﬁré, the aversge
N content of soil .increases two %o‘thfée_times.* Need for N . 1s
less undet conditions of low intefsity ST Iiéﬁt. In relatively
high elevations in the'ﬁountains? mogt of tﬁe available' W appears’

to be in the fbnﬂ of ammonia. Fbr fhesehreasons, aadition of &

fertilizers in cardamom may not be essential.

*

Srivastava et al. (1968) collected the leaf saﬁpleé of
~hea1thy~and infected plants from two important cardémom growing

areas in Karnataka viz.;'Coorg'and Sakaléshpur. Leaf samples



vere analysed for macro and micro nutrients. Nitrogen

in the varioug leaf samples ranged from 1.62 to 2.46 ppm.
There was no consistent trend in the N composition of leaves in
relation to the healthy and infected conditions of the plant.
Ihe X, PZOS’ K509 Ca and Mg contents of the Katte infected plants
from Appangala area were 1.62 ppm, 0.22 ppm, 0.96 ppm, 3.03%2 ppm
ani 0.63 ppm respectively, while these values for the Katte infec-
ted plants of Sakaleshpur area were 2.45 ppmy, 0.29 ppm, 3.01 ppm,
1.65 ppm and 0.70 pp@ respectively., The,heéithy plants from
Appangala area had 1,96 ppmy 0.29 ppm, 1.38 ppm, 3.26 ppm and
0.73 ppm and from Sakaleshpur area had 2.46 ppm, 0.28 ppm, 2.50
pom, 1.54 ppmland.Q.54 ppm of N, P205f K20, Ca and Mg respectively.

Kulkarni et al. (1971) have studied the uptake of nutrients
by cardamom, by analysing the plants collected from 10 year old
plantation (Malsabar prostrate) st Regional Hesearen Station, Mudi-
gere. The plants were fertilized with 34 -45 -45 kg of NPK per
ha, The 5611 type was clay loam, distinctly acidic (5.8 pH),
rich in organic matter (5.92%), low in available P (14.71 kg/ha)
andx(i56.2 kg/ha). dnalysis of the different parts of the plant
revealed that =~ . nitrogen.(2.452-2;52%), P (Q.23-O.37%) and
Ca (0.45-0.50%) contents of leaves increased from young to mature
stage; a general decrease in K (2,46-2.10%) and Mg (0.09—0.05%)‘
contents were seen. Howevery at bearing stege, ¥ (1.85-1.33%),

P (0.10-0503%) and K (2.04-0.48%) decreasedhﬁhe leaf tissues, but
a definite increase was’Observed in case of Ca‘(1.68-1.64%) and

Mg (0:12-0.22%).



~ -In case of pseg@ostemp there was .a gengralAreduction in
the ¥ (0. 63-0, 63%), (0. 46—0 10%); K ( .06;1 20%) and increase
in the Ca. (0. 18-0. 58%) and Mg (O. 06—0 13%) contenms which increa—
sed wlth age of the plants.

Considering 'the total uptake of nutrients by suckers at
different stages, rhizome and roots, it was seen that uptake of
K was maximum (52.11 kg/ha), followed by N (25.97 kg/ha) and Ca
(1396 kg/ha), P and Mg uptakd~domparatively in lesser quantity
(4.35 and 3.48 kg/ha). The ratio of N, P; K, Ca anl Mg in carda-
mom clone was 6 & 1°3 12 ¢+ 3 :.0.8 respectivelys It was also
seen that production of 1 kg of ‘cardamom capsules removed 0.122
kg Ny 0.014 kg P 2 0.20 kg K..

IT.2. Some fertilizer recoumendations to cardamom

" Most of the cardamom growing areas are situated in high
rainfall regions on hill slopes of high altitudes. A substantial
amount of plant nutfiehts leach 6ut.from soil in such conditions.
While fertilizing, one has to take care of nut rient remdvéliby
plants as well as its 1oss due to leaching and fixation. Consi-
dering the nutrients removal by the plénts,' giving allowances for
leaching and fixation losses, #bdul Khadher and Mohamed Sayed
(1977) recommended a fertilizer: dose of 75 kg N, 75 kg P O5 and
150 kg K,0 per ha. )

Kblolgi (1977) suggested appllcatlon of 75 kg N. 75 kg P2 5
and 150 Kg K20 per ha to a eardamom crop yielding a normal crop



of 100 kg of dry capsules. 4An additional doze of 0,65 kg N,
0.65-kg.P205.and 1.3 kg K,0 per ha for eVery'increase in yield
of 2.5 kg of capsules over the normal yield was recommended. In
another report based on a normel crop of 40 kg of capsules per
acre per year, application of 32.5 g N, 25.0 g P05 and 50 g K,0

per clump per year is recommended (Anon.g 1977).

According to Shanmugavelu and Madhava. Rao (1977) well
rotten cattle manure and sheep manure greatly enhancedyields
in cardemom. Manuring twice a year viz., in June-July and Sep-
tember-October is better. . They also recommended application of

30 kg N, 30 kg P205 and 40 kg KéO-per acre per year.

I1.%. Shade and nutrition

Shade serves as an insurance against drought and seorching
effect of sun. An optimum combination of shade and' nutrients will

result in better plant growth and increased yields.

wight (1951) found that an application of 80-100 1b (36 to
45%) per acre o sulphate of ammonia to tea plants under 50 per
cent light intensity, was most effective. XN became less effeétive
as'shade inereased and for some kinds of tea there was no benefit
in combining higher levels of N and shade. But tea grown in full
sun ﬁitﬁ ¥ would cause the exhaustion of soil. Murray (1954)
found thet as the ‘cocoa plants gréw in size, the effect of the
fertilizer‘applicéﬁion became inereasingly evident depending,.

however,fon the light intenéity under which plants were growing.



Under heavy shade thefe waé little difference between the tréat~
meﬁts, bﬁt in the absence of éhade; the plants receiving the full
NPK tieatments‘were larger and gregher than the con@rol receiving
no fertilizer. Beéring plénts under 15 and 25 per cent iight
inﬁensity (hea&y shade) gave low &ield.'irr¢8pectivé of fertiliéer
application. With inéreasing light,yieldlincreaéed upto 50 per
cent light but at light levels above this, the yield was mérkedly
affected by the presence or asbsence of fertilizer. In the absence
of fertilizer, yields fell at light intensity greater than 50 per
cent. " With fertilizers, yield increased to its maximum at 75 per
cent light, This showed that shade requirement for cacaa and the
response to fertilizers cannot be considered separately (i.e4y

inter-related).

A trial on tea was conducted with four forms of ¥ at two
levels under 50, 7O and@ 100 per cent light intensities. -It”was
found that there were no significant Aifferences in yield dueser
ligpt intensities, though yields from treatments receiving 100
and 70 per cent light tended to be higher than those receiving 50
per cent light intensity (4non., 1955). Gokhale (1958) found
that application of N as ammonium sulphate to tea plants growlng
under acid soil resulted in inereased absorption of K, and yield
responses to N were greater under unshaded conditions, compared
t o shaded conditions. Tea plants growing under low fertility
so0il with 50 per cent light intensity yilelded 65 to 135 per cent
higher than the full sun light.
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In another experiment, Barua (1960) reported greater pluck-
ing and pruning weights of tea in plants grown in richer soil and
full sun light compared to those under 35.per~cent,illuminatién.
The results of number of experiments showed that response to. ferti-
lizer rates are generally iess marked under éhade than :full dsy

light (Visser, 1961).

~ Montoya et al. (1961) conducted a trial on coffee consist-
ing of 3 levels of light intensity (100, 75 and 50% of full sun
light) and of urea (0, 100 and 200 g/plant/year) with a common

dose of 100 g P amd 200 g K,0. They found that increasing the

shade reduced the number of nodes per branch. Produection of

nodes was. correlated with jield. the correlation'being higher

- in plants under conditions of 75 per cent light. Suarez Decastro
et al: (1862) found that coffee seedlings grown under 36 to 52 per
cent shade produced a longer root system and had a betier aerial
development with thicker stems and more primary branches than either

those under full sun or under 81 per cent shade.

| In an experiment with cacao plants grown under light condi-
tion with combinations of 2 or more of the elements N, P and Mg
ﬁith N at twb levels, plant height and dry weight responded posi-
tively to W, P ani Mg and outstandingly to N, whereas K tended to
have adverse effect. Further, the responses of plant height to
weekly urea spray was significaht, but dry weight of cacao did
not differ significantly (Dorez Zamora ét al., 1965).
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Based on a long term shade and fertilizer experiment, Thung
Tjlang Pek (1966) found that shade is beneficial to tea grown
without fertilizers. It increased the nuamber of shoots per bush
and influencedthelr formation ami weight. Shade removal caused a
temporary yileld increase followed by a gradual decreasé?%o lack
of fertilizer. Tea in poor condition responded more gquickly to
fertilizer when shaded. Unshaded plants were sickly in appearance

and yielded only 80 per cent as much as shaded tea.

Denys' (1966) conducted a study providing 36, 52 or 81 per
cent of shade with 10, 5, 10 (%, P, K) fertilizer mixture on coffee.
He found that 52 per cent shade with NPK mixture, had significantly
high yields of cherry per plant than 36 and 81 per cent shade.

~

Sen (1967) summarized the series of NPK experiments céﬁduc~
ted since 1937 on mature shaded and unshaded tea. He reported that
with ¥ levels of 35-65 kg per ha r esponsé to P and k under Shade.
vere inconsistent on the various soil types. The overall effects
were ndn—significént but P alone and in combination with K generally
tended to dépress yiélds.' But at W levels of 90~135 kg per ha the
response to Py K and P plus K under shade were positive to all soil
types. Ihe overall responses to P anmd K being highly significant.
Phe addition of P at 35 kg per ha to tea under shade, inecreased the
yield of processed tea by 90 kg per ha. The response to K was
highly Variable*onldiffefent soil typess but the overall response
‘to P plus K was highly significant,



Hadfield (1968) conducted a manurial trial comprising
either normel N (100 kg/ha), high N (200 kg/ha) or high N in a
5 51 ; 2 WPK mixture with shaded and unshaded tea bushes. In
the first, he found an increase in yield amounting to 10, 15 and
T per cent respectively over shaded tea bushes. In the folloying.
yéar"the corresponiing yields of unshaded bushes were 11, 6 and 5
per cent,resﬁectively, less than those of the shaded bushes,
There was noe&videncelbetween shade and N, but there was marked
response to P plus K in terms of average increase'in yield for
the shaded and unshaded tea amounting to 14 per cent compared %o
N alone. He also reported that the bemeficial effects of no shade
were associated with temperatures below 30°C and concluded that
shade was an insurance against adverse climaﬁic conditions, parti-

cularly in case of heavy 1eafed types of tea bushes.

Anenkorihond Akrot#(1968) studied the effects of shade and
no shade combined with high, low and no NPK fertilizer on four
year old cacao trees. The fertilizers wgre'urea, providing. O,
67 or 112 kg N per ha, triple superphosphate at 0, 12 or 23 kg
per haand muriate'of potash at 0, 50 or 111 kg'KAper ha., K and
PK effects were highly significant. The unshaded cacao yielded
almost double that of caczo under heavy shade. No shade plus PK
treatment had uniformly highest yield followed by PK plus medium

shade. K effect was very much pronounced in the absence of sheade.

Wargadipura et &l. (1974)vconduct¢d a trial involving four
levels of shade and 5 levels of NP fertilization on tea. The
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highest ietdi of tea was recorded from bushes receiving the
highest level of WP viz., 1200 kg sulphate of ammonia, 400 kg
double -superphosphate per ha per year. The next highest yields
were from-unshaded tea receiving the next highest NP levels and

the yield for any given NP level decreased with inerease in shade.

.Lee (1975) dbsérvedlthat in an irrigated NPK fertiligzer
‘trial on young upper 4dnazon cacao grown under light shade, there
was no significant response to the main effect of W (2236 kg/ha),
P (2179 ke/ha) and K (2180 kg/ha) in terms of wet beans. N and K
in combination signifieantly increased the yield above that of ¥
or K alone. There was significant'reSponée‘to P in fhe absence
of K and to K in the ébsence of P. The effeet of N alone reduced
yields (13.91.kg/ha)qﬁet beans significamntly over the control |
(: 2222 kg/ha). The combination of MK resulted in an increase of
wet beans of 486 kg per ha over the control. |

Ii.4. Soll application of nitrogen, phosplhorus and potassium

Effect of nitrogen 7

- In a nutritional trial with different' formulation of N-
P205-K20,on banana Bangeo et al. (1962) reported that application
of 200 1b (90 kg) and 550.1b (157.7 kg) of nitrogen decreased the
5011 pH (5.57 to 5.53). The use of 650 1b (292.5 kg) of N alone

lowered the pH and increasedthe NO and NHy contents of soil. The

N content of leaf tissue increased withﬂincreasing,application of

\

N viZey. 1742, 17.6 and 21.1 per cent from 200 1b (90 kg), 750 1b
o . , 5
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(157.50 kg) and 650 1b (292.5 kg) of N respectively over the
control. The Ca and Mg content of leaf tissue were increased

over the contraol by all treatments_eicept 200 1b (90 kg) of N.

Faizullah et al. (1966) have stated that application of
40 1b (18 kg) and 80 1b (36 kg) N per acre Yerultedin teaYitldssigni-
ficantly higher than control upto 4 years of age. However, in
the first year, 80 1b (36 kg) N per acre gave a lower yield as
compared to 40 1b (18 kg) N per acre. In the fifth year the
yield increase due to 80 1b N was significantly greatef than that
due to 40 1b N.

In.various manurial trials conducted at Uganda with Robusta
and Arabica coffee,. Stephens (1967) confirmed that N fertilizers
‘increased coffeé yields. Jdpplication of urea pérticularly in
split doses tended to have greater effects on yields than ammo-

nium sulphates

AAccording to Gusejnov and Mirzojan (1967), the epplication
of high doses of nitrogen (360 kg/ha) to 20 year old tea planta-
tions increased yields significantly. However, for plantations
less than 10 years old,the most'effective nitrbgen rate waé

180-200 kg per ha.

Lin (1967) conducted a fertilizer trial on tea involving
treatments NbPK: N@oPKg NéOPK, NﬁzoPK’ NSOK and NBOP' He fbund
that tea yield increaSed‘with increasing epplication of nitrogen.
The application of higher levels of N increased leaf N but redu-

ced the leaf K.
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Krishnamurthy (1967) at. Dharwad, under rainfed comiition
with H22 fingermillet variety reported thaﬁ the number of tillers
produced per plant were @inearly related to levels of nitrogen
application. 4s a mean of all N levels in all, 7.92 shoots were
produced;

Inatén year fertilizer trials oﬁ Arabica coffee, Subra-
manian et al. (1969) have found that application of N at 90 kg
per ha as calcium, ammonium nitrate or urea raised yields by

700-900 kg per ha over the comtral (2200 kg/ha).

Talybly (1969) reported that épplication of 300 kg N per
‘ha as ammonium sulphate to tea, increased yield to 2622 kg per ha
during.the first six years and in the féllowing seﬁén‘years the
yield increased to 5491 kg per ha. Dey and Sharma (1970) found
in their seven years fertilizers trial on tea that application
of 110 amd 163 kg N per ha was superior in increasing tea yield.
Dale (1971) stated that application of 40 to 120 1b (54.00 kg)
of N per acre, resulted in a response of 11.2 1b (5.04 kg) of
mede tea per acre for each additionsl pourd (0.45 kg) of N
spplied. At the highest ﬁ level (200 1b/acre) the corresponding
respopse'émounted to 7.4 1b of made tea per aecre. There was a
little difference among the responses to ammonium sulphate, urea

and calecium ammonium nitrate.

decording to Ishigaki (1971), application of 25;-50 or 100

' ppm N as ammonium nitrete per plant resulted in higher growth rate
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and higher N content in coffee plants. 1In gerneral, N content

of plant was incresased with increasing N application.‘

Rao and Iyengar (1975) have studied * .: different nitrogen
levels (0, 45, 90, 135, 180, 225 kg/ha) on coffee. They found
that there were no significant différeqces in average yields of
coffeelin different treatments. However, the highest yield was
recorded in 135 kg N per ha (9273 kg/ha), followed by 180 kg N per
ha (8996 kg/ha) and lowest yield was recorded in 45 kg N per ha
(8647 kg/ha). Thé content of N in leaf rose significantly with
the levels of N application ViZe, 3 Oy 3255 3.3y 3.34, 3.52 and
%459 per cent respeetive1y.

Shavky et gl. (1974) conducted an,experimenﬁ with foliar
application of niﬁrogen and soil application of N on banana. They
observed no obvious variation between two methods of application
with regard to the burch shooting, bunch maturation and in the.
yield of two seasons. This indicates that each méfhod of appli-

cation was almost similar in its effeet.

- Ramkhub (1974) studied relative efficiency of soil and
soil—cum-foliar application of nitrogen in different doses (o,
40, 80, 120, 160 and 200 kg/ha) on wheat. He fourd that plant
receiving half soil plus half fdliar application of N resulted
in significantly shorter growth and had less tiller density per
unit area than those of soil anl three~fourth soil plus one-

fourth foliar application of N.



Effect of phosphorus

Unlike nitrogen, the:effects of phosphorus are not striking.
Pposphorus generally gives little respohse._ Experimental data are
sﬁill laéking wifh regard to the efficient use of phosphorus.
However, lack of response should not be taken as deciding factor

regarding its value.

Fernando (1967) reported that annual application of P at
30 and 60 1lb per acre resulted in increased coffee yields compared

to no P application.

In a fertilizer trial on tea,Lin (1967) observed that the
increase in tea yjeld was associated with P content (less then
0.26%) in the leafs | |

Lin (1967) conducted field tl_r'ials with NPX fertilizers on
cof fee. He found that application of 20 kg P,0g per ha vas suffi-
eient in increasing the yieid. The leaf analysis indicated that
P content of 0.25 per cent or lower would meke the applicatien of

P fertilization~worthwhile in case of coffee.

iecording to Daraselia (1968),deepplacement of P increased
the total root mass and encouraged the root development in deep
layers, so thét there was better uée of stb-soil water and P.

This resulted in 18 per cent increase in yield.

wilson and Choudhury (1969) conducted WPK trial imvolving
five forms of phosphorus. AppliCation of these forms, either

singly or in mixture; resulted in marked imprOvément in yield
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and quality of tea. Ranganathan (1971) stated that placement
of tea at 5-10 or 15-25 cum depth of soil would give better response
to tea than broadcasting it with or without dibbling in. Rock

phosphate was effective compared to other phosphorus sources.

In the WPK trial, Parra (1972) reported thet there would
be better correlation with dry weight of coffee and soll phospho-
rus. If soil is deficient in P dry matter production of coffee
fell markedly. .Aecerding to Aduayi (1972), application of varying
levels of P (50-800 ppm) to two and & half year old coffee plant
in green house, unler sand culture resulted in greater fresh and
dry weight. But, 100 ppm was found better compared to other levels
of phOSPnorus. Phosphorus content of leaf was inereased with

increasing levels of P application.

Bamaswamy (1976) reported them application of 60 g of P,0g
per banana plant resulted in an increase in pseudostem helght.
hand number per bunch. bunch welght and volume,as well as earlier

flowering compared to N (170 g/plent) and X' (170 g/plant ).

4 study was conducted at Banana Besearch Station with diffe-
rent levels of P,05 (0, 40 and 80 g) per plant on Basrai banana,
revealed that appllcation of 40 and 80 g P2 5 Der plant resulted
in better plant growth (155 and 154-cmlzespectively)_and girth

(61 cm each) compared to control (151 em height‘and 59.5% cm
girth) (4non., 1978). | "
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Effeet of potassium

T e

According to Lin (1967),increase in potassium content of
tea leaf was'significéntly related to yield., However; yield

responses to K occurred at leaf K level below 1.1 per cent.

Tn the NPK trial on banana, Jagirdar and Ansari (1966 )
have found that the'plants reeeiving'96 1b (43.2 kg)'pbtassium
sulphate per acre resulted in highest yield in terms of bunch
welght of fingers per unit area and highest monetary‘returns per
pouni of fgrtilizer,applied compared to other treatment comblna-

tions.

Relman and Eoy.(1970) have reported mean snnual increase
in the yileld of made tea per kg of K,0 applied, assessed over
a'five year period, They found that the lowest K50 application
of 22.5 kg per ha would inerease the emount between 4 and 6.5 kg
made tea per kg of K20.

Jambulingem and.éamaswamy (1975) obéerveq that application
of %60 g KZO per banana plant through soil application reéulted
in higher K content in the leaf associated with inerease in pseudo-
stem height, girth, leaf area and sﬁcker productions It also
resulted in earlier flowering and maturity with good graded
bunches. The results suggested that K content above 4.3 per

cent was optimum.

Rgnganathan ¢t al« (1975) reported that application of
120 kg K,0 per ha in four split doses enhanced the tea yield



" irrespective df’N‘ievel_ However, application of K,0 in two
split doses resulted in slight increase in téa yieids over single
‘application of Kzo;" ) S S |
| Lahav (1977) in a nutritional frial on banana reportéd that
no ahtégonism between N and K eéxisted with regard to upteke by the
plants;: But there was antag5ni$ﬁ betweén K and Ca, Becrease in the
'level of Ca was expedted to foilow én increése in K level. He &lso
fdund that éﬁ increase in the level of K fertiliZer was followed by
a decrease in the Mg leiel in the sueker, Anﬁagoﬁism betwéén’K
éni'Mg.(Bla&e; r = ~0,272, petiole r = -0.,377) was more compared
to Ca. . ’ I -

BamaswamyapdRoﬁg&ndWhmﬂiﬁconducted an experiment on owarf
Cavandish banana with five levels of K (0, 250, 350, 450 aﬁd 5508
bi/plant). They found that application‘of:350 g and 450 g per
plant ~ increased the pseﬁdostem height (107.55 em and 99;2 cm
respectively), girth (40.8 cm’ and 39.8 cm) amd number of sucker
production (3.6 and 5.1 respectively) compared to rest of-the
‘treatments. Also earliness in emergence of bunch was noticed at

-the levels .of 250 .and 350 g per plant.

A study was conducted at Banana Research Station, Yawal,

Maharashtra, with different levels of K,O0 per plant (0, 200 and

2
400 g) on Basrai banana, revealed that application of 400 g K,0
per plant resulted in highest plant height (156.5 cm) and girth

(62.0 cm) compared to control (15! em height and 59 cm girth):



Tissue anglysis indicated that increase in X content
incréased K,0 levels significantly. Uptake of N decreased with
increased levels of K application (4non., 1978).

Effeet of nitrogen and phosphorus

Kufatti (1963) reported thet the maximum number of tillers
were produced by giving N, level - (45 1b or 20.25 kg) * plus P,
level (30 1b or 13.5 kg) P in to doses (33 tillers) compared to

—~
v

no ﬁrtilizers (14 tillers) ’

-Depante gt al. (1965) conducted NPK fertilizer trial in a
coffee plantation established in red soil and.foung that there
vas a positive response to'P in the presence of high N. Gaspar
(1966) conducted series of exgeriments on nutrltion of coffee.
He fourd that high phosphorus levels, eSpecially in conjunction
w1th moderate N proved very beneficial in increasing yield. Study-
ing on WPK nutrition of drsbica coffee, Raju et al. (1069), high
N and P content in the leaf showed good correlation w1th yield.‘
Ramos (1969) conducted a fertilizer trial to compare the yield
of coffee with t wo 1evels of N, either alone or combined wdth |4
and K. He found that treatment receiving two levels of N alone,
one level of NP ¢ N1P1) and two levels of N and one level of
(N P1) gave 6 to 8 fold lncrease 'in yield. - )

In an NPK fertilizer trial, Wilson and Choudhury '(1969)
reported that balanced application of nitrOgen in the form of

Aammoni_u‘m nitrate rather than sulphate of ammonia and phosphorus

N
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was the best compromise between yield and quelity of tea.
decording to Wargadipura gt al. (1973); yield of tes was enhanced
'by NP fertilization in terms of 600‘kg per ha ammonium sulphate
am ?OQ”kg per ha phosphate fertilizer.

Effeet of nitrogéniand potassium

Aegording to Willson (1969) the response of tea plant was
greatly inereasedewhgn W and P levels were optimum. Martin-
Prevel (1969) studied the combinmations of N, Py K,' S, Ca and Mg
on bwarf éavandish baﬁana, during three produetion cyeles. Data
on gfoﬁth and fruit &ieid revealed that earliness of’the Crop was
found to be influencéd by N-supply ard yield, by‘an N”:'K equili—

brium. .

Lahav (1975-74) corducted a sand culture study with diffe-
rent nutrients on barana., He observed no antagonism between,
nitrogen and with regard to uptake by the plants. Labav (1977)
regorted that application of nitrogen as Cald,N0, (800 kg/ha)
and K as KC1 (500 kg/ha) on banena resulted in taller suckers
(f10 em) and earlier flowering (by 9410 days) compared to K or

K alone,

Effect of phosphorus and potassium

In a trial conducted Ey Jagirdhar and Ansar (1966) appli-
cation -of P'and K et thefrate'of 48 (21,60 kg) and 9 (43.40 kg)
pounds per acre in the fomm of'supefphospnate and pbtassium
éulphaté on banana ¢v. Basrai resulted in increased . . stem

girth and height, compared to control.

A



Ma;orova (1969) reported that application of PK +250 kg N
per ha to 4~-5 year old tea plantations resulted in an yield of
1000 kg of green leaf per ha compared to P and K in combination
(675 kg/ha).

Experiments vere conducted by Beridze et al. (1969) on
tea in different soils of humid sub-tropicel distriets of Georgisa.
Analysis of yield data indicated that tea plants grown on brown
earth soil required 50 mg P,0; and 20 mg K,0 per 100 g soil whereas
tea cultivar grown on a pbdzol required only 30 mg of P205 with
200 pg K20 per 100 g soil.

Lahav (1973%) found that combined application of P and K
fertilizers (1000 kg/ha) as superphosphate and KCl resulted in
increase in banana plant height (125 cm) end its yield (meen

48% over control).

In WPK nutritional trial on tea, Scarborough (1975) repor-

ted that application of 150 kg K2

in highest yleld compared to no P and K.

0 and 150 kg P205 per ha resulted

§§fect of nitrogen, phoﬁphorus and potassium

- Bangoo gf al. (1962) conducted nutritional trial on banana
with different formulations of N- P,05-K,0 and reported the nutrient
content of banana leaf (III leaf) at shooting stage increased in
“direct proportion to the amount of WPK' fertilizer applied. The
leaf compositiOQs were 2.8 per cent ¥, 0.95 per cenﬁ P205, 3445
'pér cent K0, 9.T3 per cent Ca0 amd 0.77 ﬁer cent Mg0.
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Godoy and Graner (1967) studied the fertilizer trial on
irrigated and non-irrigated coffee by giving treatments no manure
or fertilizer (control), only M, FY¥ with NPK and NPK alone.

The quantities of NPK applied were 75 g N, 50 g P205 ard 100 g K,0

2
and 10 kg ¥YM per plant. They obsérved that in non-irrigated
coffee, ﬁhe average annual yields due to MNPK treatments and NPK
plus FYM treatment were superidr to‘those of FIM and’control treat?
ments. In irrigated plots; the treatments FYM and TPK were

superior to control.

Aecording to Majorova'(1969). in ted, application of PK+200
kg N ber ha and PK+250 kg N per ha'to two year old and three
.year old plants respectiﬁely, resulted in lncreased yield (1000
kg/ba) compared to PK alone (675 kg/ha). Zurbeikij gt sl. (1969)
observed the best growth and development of tea treated with NPK
whereas absence of K considerably.reduced the mnmumber of flushes.
They also reported that fertiligzer had a signifieént influence on
the respiration rate; photosynthetic inténsity and pigment content.

Canukvadze (1970):conducted pot trials on tea with NPK
application at 0.15; 0.10 and 0.10 g per kg of soil. The growth
of youhg plants was inereased by 64 per cent. The addition of P
to the above doses increased shoot growth by 104 per cent and root
weight by 100 per cent compared to the control (unfertilized).

Similar results were also noted in field trials.

According to Gamkrelidze (1970), plants applied with NPK
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(0-700 kgfha) to tea plants, generally increased yleld by sbout
three to four times. Cesareguerra (1972) conducted a fertiliger
trial on tea invPeru over a period of 4 years. He found that the
most profiteble of application of NPK was 180 4 60 + 90 kg ver ha
per year vhich raised the yield by 100 per cent to 2600 kg.

In a 13 year trlal with different levels of X (00, 180 or
360 kg/ha), (90, 180 or 540 kg/ha) am k €100, 200 or 300 kg/ha)
on tea, Guseino (1973) found that the best growth and yield of tea
was more with NPK at 360 : 180 : 200 kg per ha respectively. But
leaf quality was better with lower N rates. Mahalkal and Guptha
(1973 ) stated that appllcation of N with P and K induced vigorous
‘growth in banena and high.Yiélds. Accprdiﬁg.to Maheran end Hdkamara
(1974), 18 months old rooted cuttings of tea cv. lsbukite were
planted out in'vhe autumn and NPK was applied in 10.split appli-
cations. 'One year after planting the dry veight of roots, stems
and leaves was increased by 17-7 and 34 fold respectively,

compared to control.,

Kimeu (1974) compsred the treatments N, NP and NPK at 20
sites in the Meru and Machskos districts of Kenyav"At Meru, a
single dressing of NPK (15:15:15) combined with two dressings of
N doubled the coffee yields. At Machakos feftilizef treatment
had no Significanf effeet on the yieldslfrom plots with higher
so0il P (more ﬁhan,ZOO ppm)ql In general, the use of compound ferti-

lizers were recommended for smell holdings producing on an average



™)
(@8]

2.5 tonnes of clean coffeefper ha (about 11 kg -of fresh cherry

per tree)s

Ina 5 year trial, banans spaced at 2.4.x 1.8 m or

2.4 x 2.4 m were fertilized with annual application of N at 90
té 270 g per plam in five'splitjaﬁplications, P at 15.5 to 46 g
per piantﬂin:ﬁhree split‘applicétions and K at 75 to 460.25 g per
,pléntAin'five split application, Kohli et al. (1976),'found that
the'highest pseudostem 1ehgth was obtained due to 180 g N and‘
275.5 g K per plant ﬁer year, However, the highest,yields.were
_obtained with a spacing of 2.4 x 1,8 m anl 180 g N, 15.5 g P.and
186,75 g K per plant per year.

Aice Abrahaman&ﬁpsﬁy(f978) conducted a comparative study
of foliar end soil application of complex fertilizers Vijay
(17-17-17) on paddy. The required amount of Vijay complex ferti-
lizer (0.4 g/Pot).was dissolved in 10 ml water and sprayed. on the
foliage for foliar application. The same amouﬁt of fertilizer

| applied around thefplants in the pots for soil application. They
found thes there was no significant difference in the yield of
~grain and straw due to foliar application of complex fertllizers,
partially or fully, at any growth stage. However, complete soll
applieaticn_of complex fertilizer was found superior to foliar

+  application.

- I1.5. Foliar application of nitrogen, phosphorus and potassium

One of fhe significant developments in the field of plant
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Anutrition is the use of foliar nutrition."Application of nutri-
tion through foliage results in rapid ebsorption and utilization
of nutrients; reduction in wastége as leaching, fixation and uti-
lization by other weeds as eomparéd to application of nutrients
through soil. Foliérlsﬁrays may be employed profitably-in relie~
ving the stress symptoms of the plants. This may be at best a
supplement to soil application but not a substitute to it (Ananth
ot l., 1965). |

IT.5.1. dbsorption

Nitrogen: Crogome (1959) fouﬁd thaé about 95 per cent of the

15N urea as foliar spray was absorbed

nitrogen applied in the form
within nine hours after appliqatidn in coffee. Cain (1957} in
trials using semi-microtechniaue reported complete absorption of

sprayed urea solution in less than 24 hours in coffee and cocoa.

Malaﬁoltamggcggd§(1957) £ ound én inerease in nitrogeﬁ
cohtent in foliage of coffee from 2.38 per cent to 3.42 per cent
and recovery of the’N deficient plants by aﬁplying 2:5 per cént
urea at 2 1it per bush. They al;o reported that ebsorption was
better in younger leaves. Ananth (1961) also obtained similar

results.

Ananth and Iyengar (1965) observed maximum absorption of
nitrogen between 4 and 8 hours after appliéation of urea at 2 per
cent. In those treated witﬁ urea at 1.per cent maximum sbsorp-

tlion took place between 8 and 24 hours after treatment. The leaf
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nltrogen was inereased frem 3 923 per ¢ent to 4.0 per cent.

| Krishnamurthy Rao et al. (1976 ) Sprayed 1. 2, 5 or 10 per
cent urea on 10 year old rsbice coffee plapts end found that
'makimum'absorﬁtion occurred:within 48 hours of spray. ihey répor—
ded sighifiéant increase in N content ofileaf at 2 per cent
(3.164W), 5 per cent (3.26% N) and 10 per cent (3.5% ). They
'further”indicéﬁed that éprays of urea upﬁov5 per cenﬁ were safe

as they did not ceuse amy injury to coffee plants.

géggggggg_: dnanth (1961) reported that the ebsorption of
-foliage épplied P ﬁés siowesy'than that of nitrogen in eaée of
;doffee and leaf age mede no differenee. The appllcation of higher

concentration of P lead to the hlghest 1eaf P content.

According to the work of Ananth and Iyengar (1965), higher
'pe?centage of P (0«42 %) in plants as a result of application of
NPK combiﬁation'mixture compared to that of'oniy NP (0.3%%)
combination indlcates that K has certain influence on the higher

uptake of P in plant tlssue.

.Aqeording to Kriéhnamﬁrthy Rao gt al. (1976), superphosphate.
Hwaé found to be sﬁitéblé for foliar'sprays.on coffee at concentra=-
'tioﬁsvéf 0.5 and 1.0 per cent. The P content in the leaf vas
significéntly increased éftef 48 hours of spray. There was not
‘much differerce in P content ‘betveen 48 hours (0.18% P,0g) and 98
’houés'(OQZO% P205) éfter treatment aé 5 per cent coneentration and

16.19'énd 0.20 per:cent P205 respectively at 1 per cent concentration.
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Potassium: In the preliminary experiment on coffeg, Ananth

(1961) reported that X absorption vas slower than that of nitrogen
and phosphorus. . Ananth and Iyengar (1965) have studied the absorp-
tion of potaééium by giving muriate of potash ét 0.5 and 1 per cent
on goffeé. They observed that maximum absorption of potassium
téok'place in young iegves'bétween 24 and 48 hours after the treat-
ment . Thé maximum K cohtent in ygung leaves was 3.90-4.35 per

cent compared to 2.96 to 3.54 per cent in old leaves.

II.5.,2. Effect of NPK

Anonymou s (1956)nreco}ded an increase in yield of sugarcane
by 1369 and 17.29 metric toﬁnes per acre reSpectiVely by spraying
N and P (10 1b or 4.5 kg/ecre each), as sulphate of ammonia and
superphosphate (2% each) after cessation of grain period.

deoy (1958) sprayed coffee seedlingS'fortnightly with 50 g
superphosphate, 25 g soddum nitrate and 10 g potassium chloride
per 10 1it water and 5 g per 1it water of a mixture of ammonium
ﬁhOSphate, 42 g potaésium nitrate an& 21 g urea,'aftérAfour'months
plants with treétments were markedly taller, greener aml uniform
than control (water sﬁray only). Final analysis showed that the
control was significantiy inferior in height, fresh weight, number
of leaves and number of branches compared to the plants sprayed
with 37”g ammonium phosphate, 42 g potassium anitrate and 21 g of

urea.

hChiéng (1960} reported an inerease in yield from tea bush



by[ségaying_urea.at avconcegtration of 1.2 per cent. However;
applicafion of both urea (1.2%) and manganese (Q.Z%)Aincreased
yield considerably by 28.2 per cent« But foiiar,application had
" no effect on the quality of either black or green tea.

It was reported tpat foliar application of urea at doses
higher than 25 kg N per ha was not effective on sugareane in
inereasing yield (Anon., 1966).  To verify this, Panje et 2l..
'(1966-67) conducted trial with application of 50 kg nitrogen as
uiéé éofsoil and 50 kg N as urea (4%) thfough foliar application.
They found'thaf the diffefehées in yield and juice quality due to
gradedqusgs'of fertilizef and mode of its application were non-
significant. Anothef expérimént Qas;qonducﬁed by Panje et gl.
(1967-68) by employing doses of O,'QS; 50 and 100 kg nitrogen per
ha as urea. This fertilizer was applied (1) all at planting,

(ii} half at planting in soil and ﬁal:_subséquently és foliar
sprays, and (iii) all as foliar'spraygﬁ For foliar sprays 4 per
eent aqueous solutionjof urea waé used aﬁ 25 kg N pef ha at a time.
' Statisticeal analysis of the yield and juice duality due to graded
déses of fertilizer and mode of "its application were found noh-
signifieant.

4 éo@parative study onvéffieacy of soil versus foliar
application on eoffeé. reﬁealéd that appiicétion of N (112 kg/ha)
in«3'§bses and P205 (51 kg/ha) in one dose as~soil application
increased the mean yield of T years (7347 kg/ha) over other treat-
ments viz., 30 kg ¥+ 51 kg P,0; as soil application + 40 kg N per
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ha'aé foliar application (6950 kg/ha). 38 kg N per ha as soil
application and 40 kg N+ 50 kg P2 5 kg per ha as foliar applica-
tion (6570 kg/ba), 72 kg N # 51 kg P; Oéper ha as soil application
+ 40 kg N’per ha.as foliar application (6522 kg/ha)y 72 kg N per
ha as sa311 appllcation and 40 kg W+ 51 kg, P205 as foliar appll-
‘c@@;on_(Gggz kg/ha) and 112;kg N per ha in three doseslas s0 i1
,appliqétion ¢,51&kg PZQé.per pg as_foligr appl%cagion (6348 kg/ha).
‘Eoﬁever; statﬁsfical analysis of the data of ore year. (1973-74)
‘indicated no significant. differences in yield between soil and
foliar applicat1on (Anon., 1967)

Kimeu (1970) studied the effect of NPK on totsl dry matter
production in coffee. The treatment imvolved two compound ferti-
Tizers (15 : 15.: 15 + 6% Mg and trece elements) viz., Delta foliar
feed and Wensal liquid NPK fertilizer (93 9 3 7 4+ frace elements).
It 'was found that 8elta alone (0.5% foliar spray) aml Aelta (0.5%)
+Wehasal spray (0.5%) increased the dry matter 40+.4 g and 49.9 g
.per plant réspectively Wehasal alone gave an increase of about
3.3 g per plant over the control. However, he found that éelta
spraying at 1 per eent concentration had é scraeching effeet on the
leaves. The WeHsal or delta’eombinafion.treatment produced signi-
ficant increase in the total N (796 mg)s P (92 mg) and K (12 o
6 mg) contents of the seedlings compared to control (¥- 383 mg,
P~ 53 mg and K 639 #ig).
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CHAPTER III

MATERTAL AND METHODS

The experiment was conductedotTeRegional Research Station,
Mudigere, Chikmagalore district, during the period between Jyne
1978 and May 1979. Mudigere is situated at 13°25' N latitude
and 75°25' E longitude and has an elevation of 975.6 m above mean

sea level.

IIT.1. Weather'condition:

The weather data recorded at the meteorclogical observatory
situated at the Regionai Research Stations Mudigere, is presented
in Appendix I. The total rainfall during the period of study was
2552.20 mms; The mean maximum and minimum temperatures were 30.70°C
and 12.88°C respeetively. The average annusgl rainfall ®r a
period of 15 yvears (2359 mm) was spread over a period of 7 months‘
from the month of May to November. 4n exeess rainfall of 192;47
‘mm over and sbove the average for 15 years was récérded during the

period.

ITT.2. Soil and its characteristics

The experiment was iocated on a gently sloping uniform sandy
loam soil. From the experimentsal site, composite soil samples were
drawn from the 0-30 cm depth and analysed for physical and chemical
properties. - &t the end of the experiment, treatment-wise soil

samples were drawn from 0-30 cm depth and for chemical analysis.



Both the results are presented in Teble I and Table XIV

respeétively.

II1I.3. Experimental details

The‘tréatments comprise of two methods of application and
two levels of NPKiin different combinations. The details are

as fllows:

i) Main treatments:

Hq = Complete soil application of N; P and K
M, = Soil-cum-foliar application of N, P and K

H

ii) Sub=treatments

ﬁutriéntg Two levels
R I IT
N 0 52,5 g N per plant
0. 25.0 g PZOS per plant -
K 0.

50.0 g K20 per plant

III.4. Design and layout of experiment:

. The experiment was laid out in the form of split plot design
(2 % 27 x3).

1) Replications . .. ' Three | |

ii) Plot size. .o a) Gross plot size 1.82 mX3.6 m

b) Net plot size 1.82 m X 2.44.m
11i) Spacing | e 1.82mX0.6nm
iv) Number of plants .. Four plants in each plot with a
per plot common guard row between treatments.

All the four plants were used for
observation.



Table I. Soil analysis of the experimental plot

Mechariicel _analysis
Coarse sand (per eent)
Fine sand (per cent)
811t (per cent )

Clay (per cent)
Texture

Chemical analysis"

pH

E.C.(nmhos/cm)

Organic carbon (per cent)

Total nitrogen (per cent)

CEC (mg/100 g)

ALvallable phosphorus (kg/ha)
Available potassium (kg/ha)
Exchangeable caleium (me/100 g)

Exchangeable magnesium (me/100 g)

Per cent

35.12
52.48

8,56
19.%6

Sandy loam

5. 10
200
1.60
0,1
6.5
6.5
169.5
2,74
0.85

36
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III.5.1. Preparation of the experimental field

After clearing the land free of serub growth, trenches
measuring 6.71 m in length, 0.67 m in width and 0.46 m in depth
were Opened to accommodate 11 plants. The trenches were left
for weatherlng for about onre month, then they were filled with
same 5011 after thoroughly mixing, leaving a gap of 7-8 em from

the tOp.

III.5.2. Lime aoplicaﬁion

Agricultural lime with an assay of T2 per cent calcium
carbonate was applied before planting, at the rate of 3 kg per

t;‘émh—s

IIT.5.5%, Erection of pendsl

An overhead pardel raised to a height of 1.75 m on stone
pillars was erected and a coir mat with a mesh was spread horizon-

tally over the support of galvanlzed iron wire network,

IiI.5.4._Preparetion of planting material

Monoclonal plant material obtained by dividing the clumps

of P5 clone was used in the experiment. Each vegetetive planting
unit consisted of a section of a rhizome with grown up shoot
having one or two growing shoots.' Tﬁe cut portions of rhizome and
roots were dipped in a solution of 0.2 per cent Captan for 10

" minutes before planting.



’Plafe 1. A view of the experimental plot

Plate 2. Interior view of the experimental plot

Plate 3. A4 vegetative unit of clonal planting
material



Plate 1




I1I1.5.5. Planting of suckers

The trenehes were filled with the soil leaving & head
space of 7-8 em. The suckers were planted to an appropriate
depth which consisted of retéining the swollen base of the stem
at the soil level in the trench. The newly planted suckers
were staked and irrigated. A thick polythene sheet measuring
1.5 m long and 0.9 m wide was retained as a sereen at the centre
of the long tremch to separate it into two sections for confining
the effeets of main treatments to the main plot only.

II1.5.6. Basin preparation and mulching

Small basins were prepared around each plant to minimise
transportation of surface soil during irrigation. A strip of
polythene sheet of natural colour and of 0.6 m width was spread

at the base of elumps to pregent soil erosion during monsoon.

IT1I.5.7. Fert 111!'1‘3
a) Soil application of NPK: In this study, 32.5 of Ny 25.0 g

of P205 and 50 g of K20 per plant per year were applied as
recommended by University of Agricultural Seiences, Bangalore
(4non., 1977). To supply thé ebove quantities of nutrients,
73.68 g urea (44%), 156.2 g of superphosphate (16%) and 85 g of
muriate of potash (60%) were applied. Out of the total quantity
of fertilizers, 1/8th of urea, 1/4th of superphosphate and 1/4th
of muriete of potash were applied one month after planting. The
remaining quantities were applied in 8 split doses at monthly



interval after planting. The fertilizers were applied in 2 ring
drawn 15 to 20 cm away from the clump and they were incorporated
into the soil by stirring.

b) Soil-sum-foliar application of NPKs In these treatments 50

per eent of the total quantity of NPK was applied through soil
and the remaining 50 per cent was given as foliar spray.

i) 50_per ceht soil applications To supply 16.25 g of N,
12.5 g of P205 and 25.0 g of xzo per plant, 36.93 g of urea,
78.1 g of superphosphate and 42.5 g of muriate of potash were
applied. Out of these quantities 1/8th of urea, 1/4th of super-
phosphate and 1/4th of muriate of potash were applied one month
vafter planting, and the remaining quantities were applied in
eight split doses at monthly interval. The same method of appli-

cation was follovwed as deseribed in soil application of NPK.

1i) 50 per cent folier applications Urea (44%), orthophos-
phoric scid (88.93%) and muriate of potash (60%) were used as

source of nitrogen, phosphorus and potassium respectively.

1i1i) Concentration of solution: A concentration of 1

per cent fertilizer solution imn each of urea, orthophosphorie acid
and muriate of potash, was selected for applying separately. The
individual ingredients N, P and K, a more dilute form of fertilizer
solution of 0.5 per cent for each of the ingredients was selected
in cases wnere more than one ingredients (viz., NP, NK, PK and NPK)

were to be applied in combination. Before using orthophosphorie
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acid the pH of the solution was adjusted to 6.5-7.0 by using
sodium hydroxide.

iv) Quantity of solution: 1In the early period, the canopy
of the cardamom clump was very much limited and the entire spray
materiel could not be applied at a2 streteh. Therefore, sprays
~ were repeated till tke entire quantity was applied. The quantum
of spray solution that could be applied at a time increased gra-
dually and a sprgy solution of 25, 30, 50, 80 and 90 ml was
required for the plants of the age of 4, 5 7y 9 and 10 months
after planting.

III.6. Other cultural operations
ITI.6.1. Weeding:

The plots were kept free from weeds by weeding periodiecally.

III.6.2. Irrigation

No irrigation was required upto the end of October as there
were regular showers. fegular irrigation was given from November,

at a rate of 20 litres per plant at weekly intervals.
III.6.5, Plant proteetion

Reguler plant protection measures were taken. During the
period of establishment of suckers, Dimethoate (Rogor) 30E at the
rate of 32 ml in 18 1it of water and Blitox 40 g in 10 11t of
water were sprayed once in 15 days. Later, the sprays were

restricted to 30-45 days interval.
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III.7. Biometrical observations

Observations recorded on all the four clumps in each treat-
ment were worked out as average per clump and presented in Tgble

concerned.

IIT.7.1. Sucker production

The number of suckers produced were recorded once in every
month (November to May) starting from the date of imposition of
the main and sub-treatments. ©Suckers which measured 5 cm and

more in length were included in the count.

III.7.2. Leaf produetion

The total number of leaves produced by the plant were

counted once in a month (November to April), treatment-wise ave-

rages per clump were worked out.

I111.7.3. Iotal helght of the plant

For recording the totel height of the clump, cumulative
effeet of the linear length of the individual suckers, measured
from the base of the pseudostem to the base of the freshly
opened leaf, was taken into consideration. This was recorded at

monthly intervals from November to April.

IIT.7.4. Ayerage height of the sucker:

This was expressed by dividing the total height of the clump

by the number of suckers.
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I11.7.5. Length and breadth of leaf

Third leaf from the top of the sucker was selected for
measuring length and breadth of leaf. For regcording length of
the leaf, length of the leaf tlade measured from the base to the
tip was taken. For noting the breadth of the leaf maximum
width was taken. This was recorded from November to 4pril.

III.7.6. Panicle production

The number of panicles produced in the plants were counted
at the end of experiment (11 months after planting) and it was

recorded as the number of panicles produced per treatment.

I11.8. Production of fresh weight and dry weight

Production of fresh weight and dry matter was estimated
at the end of the experiment. From each treatment one representa-
tive plant wes uprooted and its rhizome was washed free of soil.
Zhen the clunp was separated into leaves, shoot, rhizome and roots
and their weights were recorded. The samples were thoroughly
washed with clean water end air dried. The samples were dried im =
egn oven at 60°C to a constant weight. From these determinations
total dry matter production and its distribution into leaves,
shoot, rhizome and roots were wrked out. Besides, percentage
distribution was 2180 worked out from these figures. The seme

dried samples were used for chemical analysis.
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I1I.9. Soil analysis

III.9.1. Physical properties

IXI.9.1.1. Mechanical analysis of soil: It was carried out by
the International Pipette Methad deseribed by Piper (1%0)s Soil

texture was then computed 8s desailed in U.S.D.A. Survey Manual

(1956).

III.9.1.‘2. Chemical enslysis of soil

I11.9.2.1. Soil pH: It was measured in 1 : 2.5 s0il and water
suspension on pH meter fitted with combination eleetrode (Jackson,
19538).

III{9.2.2. E al co tivity: It was measured in the
filtrate of 1 : 2.5 s0il : water by using multiple range condue=
tivity bridge (Jacison, 1958).

II1.9.2.3. Organic carbon: It was determined by following the Wet

Oxidation method using potassium dichromate and sulphuric acid as
deseribed by Jackson (1958).

ITI.9.2.4. Total nitrogen: Total nitrogen was determined by Macro
Kjeldahl method. Copper-potassium sulphate and Selinium catalyst

mixture was used during the digestion process.

IXY.S.2.5. Availlable phosphorus: Availlable P205 was estimated
colorimetrically on "Speetrocel"” at 420 mm. Bray's No.1 (0.03KN
NH,F in 0,025 N HCl) extracted was used for extracting the soils

and molybdenum blue colour was developed by using ammonium molybdate



reagent and stannous chloride reductant as described by

Jackson (1958).

I11.9.2.6., Available potassium: Available potassium was deter-
mined on a suitable aliquot obtained by 1.0N neutral esmmonium
acetate flame - photometrically by using "AIMIL®™ model flame
photometer using K filter (Jackson, 1958).

IIT.9.2.7. sxchangeable calcium and maegnes ¢ Soil sample was
leached with 1.0N neutral ammonium acetate and in the leachate
exchangeable calcium and magnesium were estimated by Versenate

titration using appropriate indicatars (Jackson, 1958).

ITI.10. Analysis of plant samples

Plant semples were analysed for totel nitrogen, phosphorus,

potash, caleium and magnesium.

I11.10.1. Total nitrogen:

It was determined on one gram of dry sample after digesting
with sulphuric acid and digestion mixture. Ammonia vas distilled
by Micro Kjeldehl method as deseribed by Jaekson (1958).

I71.10.2. Wet ashing

camples weighing 1 gram were pre-digested with 15 ml nitrie
acid on water and sand baths, and digested with tri-acid mixture
of sulphuric acid, perchloric acid and nitric acid (1 : 4 s 10).
The clean digested material was made upto 100 ml volume and filter
paper to remove silica. This solution was used for estimating

ons ’ KZO ’ CA and Mg.



III.10.3. Phosphorus

4 characteristic yellow colour was developed on a suitsble
" aliquot by mixing Vanodo-molybdate. The resultant yellow colour
intensity was measured at 660 nm wevelength on "Spectronic-20"

spectrometer as described by Jackson (1958).
III.10.4. Potassium

This was detemined flame photometrically by using "AIMIL"®
model with K-filter (Jackson, 1958).

I11.10.5. Calcium end megnesium

The procedure followed for soil semples was adopted for
plant samples also.
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CHAPTER IV

EXPERIMENTAL RESULTS

The results ottained from the present investigation have

been presented.

IV.1. Sucker production

Date on number of suckers producetl per clump during dif fe~
rent months as influenced by NPK and their mode of application
are presented in Table IJa, IIb and IIec, and Fig.1.

The production of suckers under the influence of main
treatments was founmd to be non-siénificant while it was found to
be significant under the influence of sub-treatments, during all
the months from November to May.

The plants fertilized with N, Py K, recorded significantly
more number of suckers in all the monthly observations made com-
pered to rest of the treatments. The number of suckers in this
treatment showed an increase from 4.3 to 31.84 from November 1978
to Mé& 1979 respeetively. The plants in control produced lowest
number of suckers throughout the period of observation (November
to May). The following groups of treatments nesmely, N,P,, P4K,
and N1K1. which followed N,P,K, consistently throughout the period
of observation, did not differ amongst themselves.

The main effects of N, P and K showed significant influence
on the number of suckers produced from December to May compared to

that of control. None of the interactions was significant.
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Table ITa. Effects of NPK end their mode of application on the
number of suckers produced in cardamom

Months
Ireatments Nov. _Dee. Jen., Feb. Mar. Apr. May
Main treatment means
My (8) 5,05 3,91 T.21  9.99 13.04 17.27 21.28
M, (5 + F) 2,89 3.52 6,52 9.21 11,80 16.21 19,52
R EE R ORE R R OB
Sub-treatment means
NbPOKo 2.38 2.79 4.92 6.79 T.7% 10.41 12.31
NbP0K1 2.55 35.25 5.21 T7.75 10.16 14.62 18,09
NbP1K0 5020  3.58 T3  9.66 11.58 15.62 18,12
NoP 4 K4 3.0  3.70 6.92 10.20 13.58 17.91 22.31
Ny PoKq 2.44 3.08 4,92 T.26 9.85 12.87 17.51
N,PoKy 2.85 3.3T7 6.33 8.29 10.91 16.54 19.22
H1P1Kb 2,95 5.75 T7.56 10.33 13.97 19.66 23.74
N,P, K, 4,33 6,16 11.95 16.54 21.54 27.29 31.84
C.D. at 5% 0.85 1.03 2.25 3.03 3.48 4,05 4,95
C.D. at 1% 1.13  1.39 3.0 4,08 4.69 5.47 6.67

NS=Non-significant
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Table IIb. Main effects of N, P, K, NP, NK andi PK on the mumber of
suckers produced per cardamom clump
Effects Nov. Deec. Jan. Feb. Mar. Apr. Msy
No 2.77 3.33 6.04 8,46 10.80 14.39 17.T1
Ny 3.16 4,09 7.68 10,71 14.06 19.09 23%.08
C.D. at 5% C.43 0.52 1.12 1.50 1.74 2,03 2.48
Py 2.55 3.12 5.34 T7.50 9.T70 13.61 16.79
P1 5439  4.29 8,38 11,67 15.16 19,87 24.01
C.D. at 5 0.4 0.52 1.12 1.50 1,74 2.03 2.48
Ko 2,76 529  6.13 8,61 10.79 14.39 17.92
K1 217 4,12 T7.59 10.57 14.04 19,09 22,87
C.D. at 5% 0.4 0,52 1,12 1.50 1.74 2.03 2.48
NbPO 2.41 3.02 5,06 7.02 9,03 12.51 15.20
RbP1 3.14 5.64 T.02 S.90 12.58 16.86 20.22
N1PO 2.68 3,22 5.62 7.99 10.37 14,70 18.37
R5P1 3.64 4.95 9.T4 13.43 17.75 23.4T7 27.79
C.D. at 5% 0.61 0.73 1.59 2:13 2.46 2.89 3.50
Nbe 2.7 3.18 6.02 8.22 ¢©.68 12.51 1%5.22
NbK1 2.76 3.47 6,06 8.72 11.87 16.26 20.20
N1Kb 2.74 3.41 6.24 9.01 11,9 16.26 20.63
N1K1 3.58 4,76 9.15 12.41 16.22 21.91 25.53
C.D. at 5p 0.61 0.75 1.59 2.17 2.46 2.8 35.50
POKO 2.46 2.9 4.92 T.24 S8.81 11.64 14.92
POK1 2.64 3.41 5.T7 7T.77 10.54 15.58 18.64
P1Ko 5.07 3.66 T.34 9.99 12,77 17.14 20.9
P1KH 3.70 43593 9.42 13.37 17.56 22.60 27.08
CD. at % 0.61 0.75 1.59 2.13 2.46 2.89 3.50
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Table IIc. Effeets of sub x main interactions on the number of suckers
in cardamom
Sub x Main interaction means
Months _
Interaction Nov. Dec. Jan. Feb. Mar. 4pr. May _
NoPoKo M4 2,58 3.25 6.08 7.8 9.25 12.41 14.50
NoPoKy M2 2,19 2,33 3.T5 5.75 6.33 8.41 10.13
NoPoKy My 2,50 3.16 5.25 7.33 10.83 14.91 18.79
NoPoKy M2 2.41 3.35 5.16 7.16  9.50 9.50 17.41
N6P1Ko M1 3.58 4.16 9,00 12,00 13.91 15.91 20.69
P4 Ky Mé 2.83 3.00 5,25 T7.33 9.24 13.33 15.55
NyP 4K, M1 2.8 3.86 6.91 9.66 13.41 17,50 23,00
NoP 4K4 M2 5¢33 3458 6.91 10.75 13.75 18.33 21.63
NyPoKq M1 2,66 3.41 5.75 9.08 12,00 15.41 20.63
N1P0Kb M, 2.41 2.75 4,08 6.33 T.35 10,33 14.38
N*POK1 M, 2.9 5.41 6.25 T.91 10.00 16.91’ 19.25
N, PoKy Mé 2.75 3.35 6.41 B8B.66 1%.50 16.16 “19.16
NPy Ky M’ 2.83 3.75 6.75 9.91 13.13 17.83 21.61
NPy Ky Mé 3.85 5.T5 8.39 10.75 14.75 21.5%0 25.85
NHP1K1 M, 4.50 6.25 11.66 16.16 21.75 27.25 31.74
N’1P1K1 Mé 4,16 6.08 12.16 16.91 21.33 27.33 31.9
* C.D. at 5% NS NS NS NS NS NS NS
C.D. at 1% NS - - - - - -
#*C.D. at 5% NS NS NS NS NS NS NS
C.D. at 1% - - - - - - -

#*C.D. is for comparing two sub-treatment means at fixed level of
main treatment means

**C.Deis for comparing two main treatment means at fixed or diffe-
rent levels of sub-treatment means

NS=Non-significant
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Plate 4. Cardamom clumps in different treatments at

Plate 5.

the end of 11 months after planting
S = S0il application of NPK

Cardamom clumps in different treatments at the
end of 11 months after planting

S = soil-cum~-foliar application of NPK
(Left to right: NoPoKos NePoKos NoPoKes N,PoK,,
HoF1hor ToPyKes MyRykoe N FoXy






IV.2. Leaf production

Data on number of leaves produced per cardamom clump
during different months influenced by the treatment effects of
NPK and their mode of application are presented in Table IIla,
IIIb and IIIc, and Fig.IJa ami IIb.

Monthly observations as regards the number of leaves produ-
ced were taken from November 1978 onwards. The main treatment
effects significantly differed only during the months of March
and April. Dduring the month of Marech, the number of leaves
produced by the main treatment (€9.75) consisting of soil appli-
cation of NPK was significantly higher than that of soil-cum~faliar
application of NPK (59.95). &imilar trend continued during the
following months and it was observed that as against 110.62 leaves
produced by soil application of NPK, only 91.76 leaves were produ=-
ced per clump under soil-cum-foliar application of NPK. The diffe-
rences persisted during April when last observation was made before
lifting the clumps for the study of dry matter anmli nutrient uptake.
The number of leaves produced under sub-treatments differed signifi-
cantly in all the monthly observations made. The treatment N1P1K1
produced significantly higher mumber of leaves compared to that of
other treatments, throughout the observation period. The number of
leaves in this treatment in November and April were 22.75 and 171.20
respectively. The effects of P,K,» N,P, and P, ranked next to that
of N,P,K, with respect to number of leaves produced. The lowvest
number of leaves were recorded in the plants grown under control,

throughout the period of observation.
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Table IIIa. ELffects of NPK end their mode of application on the
number of leaves produced in cardamom
Mnnths
___gl‘eatments Nov . Dec. Jan . Feb . Mar. Apl’.
Main treatment means
M1 () 17.06 19.97 29.69 52.3%6 69.75 110.62
M, (8 + F) 16.21 17.95 26.51 45.31 59,95 91.76
C.D. at 1% - - - - NS NS
Sub-treatment means
NbPOKb 14.22 15.41 20,24 33.45 45.54 62,00
NOPOK1 14,33 15.46 22.58 38.38 52.33% 89.08
NbP1Kb 17.63 18,00 30,96 52,12 61,62 94.83
ﬂbP1K1 18.34 20.79 29.79 52.45 T73.36 116,66
NiPoKb 14,02 14.29 20.33 36.T9 51.12 72.96
RﬁPOKH 15.58 17.08  24.33 45.29 54.37 02.16
N5P1K1 22.75 50,29 45.08 82.67 111.16 171.20
C.D- at SP 4oj2 6059 9046 17061 21024 29090
C.D. at 1» 5.82 .89 12.76 25.76 28,65 40,33

NS = Non-significant



Table IITb. Main effeets of N, Py K, NP, NK amd PK on the number
of leaves produced per cardamom clump

oo

Months

Bffects Nov. Dec. Jan. Feb., Mar. Apr.
N, 15,79  17.41  25.96 40.17 57.71  90.64
N, 17.48 20.47 30.22 54.3% T1.99 111.74
C.D. at 5% 2,17 3.30 4.73 8,00 10,63 14.95
Py 14,06 15.55 21.92 38.47 50,33 79.05
P, 19.20 22,33 34,26 56,02  79.35 123.33
C.D. at 5w 24T 3,30 4.73 8.91 10,63 14,95
Ko 15.52 16,98 25,74 43,75 56,90 85.10
K, 17.74 20.90 30.44 50,77 72.80 117.28
C.D. at 5% 217 3.30 4.75 8,91 10,65 14,95
LN 13.50 15.43 21.56 35.91 47.93 75.54
KP4 18,08  19.39 30.37 44.43 67.49 105.74
N, P, 14.62 15.68 22.29 41.04 52,74 82.56
N1P1 20.33 25.27 38.15 67.62 91.24 140.91
€.D. at 5% 3405 4.67 6:T0 12,59 15.0% 21:14
NKo 15.25 16.70 25.75 42.78 52.58 78.42
N, K, 16.33 18.12 26.18 37.56 62.84 102,87
N, K, 15.79 17.27 25.74 44,68 61.22 91.79
N, K, 19,16 2%.68 34,70 63.98 82.76 131.68
C.D. at 5% 5,05 4,67 6,70 12.59 15,03 21.14
PoKq 13.27 14.85 20,39 35.12 47.33 67.48
PoKq 14.85 16.26 23.45 41.8% 53,35 90,62
P, Ky 17.77 19.12  31.09 52,35 66.47 102,72
P,K, 20.64 25.54 3T.43 59.T1 92.26 143.93

C.D. at 5% 3005 4.67 6-70 12, 59 15.03 21014




Table IIle.

Effects of sub x main interactions on the number of
leaves produced in cardamom clump

Months

Interaction Nov. Dec. Jan. Feb. Mar., Apr.
NbPoKo M1 13.335 14,00 23,50 38.00 50.00 74.83
NOPOKO M2 12.44 15.50 17.58 28.91 37.08 49.16
NoPoKy M4 13.08 15.66 25.33 38.58 55.33 98.16
NoPoKy M, 15.13 15.25 21.85 38.16 49.33 80,00
NbP1K0 M1 24,00 20.01 58.8% 63,91 T76.00 121.33%
NoPy Ko M, 14.58 16.00 23%.08 35.33 43,91 68,33
N PyKy M, 14.08 20.58 29.75 54,00 T1.15 116.90
Nol>11§1 M2 19.66 21.00 29.84 50.91 75.58 116.91
NyPoKy My 14.41 15.83 23.66 43.08 61.75 90.08
N1POKO M2 12.92 12. 41 16.83 30.41 40,50 55.55
N’,‘POK1 M1 15.75 18,00 22.58 58450 50.58 92,58
N;'POK1 M2 15.41 16.16 26.08 46.08 58.16 91.75
N1P1Kb M1 17. 19.08 29.83 55.41 69.85 110.66
N1P1Kb Hé 15.08 21.41 32.63 51.75 72:8% 110,66
1911-1311{1 M, 13.%53  3%.25 46.00 84.41 120,08 181.00
N1P1K1 M2 21.08 2733 44 .13 80,91 102,25 161.41
* C.D. at Sp NS N8 NS NS NS 42,95

C.D. at 1% - - - i - 59.18
**C.D. at 5% NS NS NS NS NS 42.18

C.D, at 1% - - = p -

53,20

* C.D., for comparing two sub-treatment means at a fixed level of
main treatment means.

*#*C.D. for comparing two main treatment means at a fixed or diffe~
rent levels of sub-treatment means

NS = Non-significant
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The main effects of N, P and K treatments produced signifi-
cantly more number of leaves during the period of observation from

December to April than control.

Interaction effects between main and sub-treatments wifh
respect to number of leaves produced was noticed only during the
month of 4pril (Teble IIIc). The plants provided with N,P,K,
(181.00) tarough soil application recorded significantly more
number of leaves compared to rest of the treatments. The number
of leaves produced by the plants grown under P1 - s0il application
(121.33) was significantly higher than that by control (74.83).
Treatments P,K,, W,P,K;, N,K,, N, and control (soil application)
did not differ in respect of leaf production.

The plants provided with N1P1K1 through soil-cum-foliar
application produced significantly more leaves (161.41) compared
to other treatments. At fixed level of M2 soil-cum~-foliar
application of P,K, (116.91) and N,P, (110.66) produced signifi-
cantly higher number of leeves than that of N,K, (91.75), K, (80.00},

Py (68.33), W, (55.83) and control (49.16).

The plants provided with N,P,K, through soil as well as soil-
cum-foliar application (181.00 and 161.41 respectively) recorded
significantly more number of leaves compared to that of other
treatments, irrespective of mode of application. It was followed
by soil application of P, (121.33). However, the lowest number of
leaves (49.16) was recorded in the control (soil-cum-foliar

application).



IV.>. Totel length of the suckers per clump

Data on total length of suckers as influenced by NPK and
their modes of application are presented in Table IVa, IVb and
IVe, and Fig.IIIa and IITb.

The total length of suckers significantly differed between
main treatments during the months of February, March and April.
The main treatment values of M, (soil application of NPK) for
totel length of suckers during the months of February (462.72 em),
March (718.18 cm) and 4pril 1045.32 cm) significantly differed
from the corresponding values of M, (soil-cum-foliar application
of NPK) during February (410.84 em), March (604,12 em) and April
(935,46 em) respectively.

The total length of suckers grown under different sub-
treatments differed significantly from December to April. The
total length of suckers in N1P1K1 was significantly higher for
December to April as compared to that of other treatments. The
total length of suckers in this treatment in December and April
were 209.€8 cm and 1791.70 cm respectively. The following group
of sub-=treatments viz., P1K1. N,P,» Pyy N,K; and K4+ which followed
N,P,K, consistently during the period of observation (December to
April) did not differ amongst themselves. The lowest total length
of suckers was recorded in the clumps grown under control (549.75)

and N1 (637095 cm)o

The main effects of N and K . significantly influenced : :



Table IVa. ELEffects of NPK and their mode of application
length (em) of suckers in a cardamom clump

on totel

Mont hs

Treatments Nov . Dec. Jan. Feb, Mar, Apr,

' Mein treatment means
My (o) 136.05. 149.34 235.94 462,72 718.18 1045.32
M, (&+F) 127.47 138,04 213.56 410.84 604.12 935.46
SR poon o E ey e ey

Sub-treatment means
NbPOKO 100.17 102.87 154.91 279,25 402,58 549,75
NoPoK, 115.29 118,97 185.87 342.00 549.60 902,58
KoP4Kq 168.00 164.12 248.12 464,62 657.41 903.16
NoP, K, 120.75  146.75 250,45 485,91  775.04 1184.37
N, PoK, 102.83 112.66 155.54 330.12 483.91 637.95
N,PK, 125.50 136.08 204.16 360.75 549.60 868,62
NPy Ky 137.92 141.00 240,66 442.95 686.60 1084.96
N,P,K, 157.88 209,08 358.25 442.95 1216.00 1791.70
C.D. at 5 NS 44.48 T79.38 167.83 255.44 338.00
C.D. at 1% - 60.01  107.09 226.45 3544.63 456.00

NS = Non-significant



Teble IVb. Main effeets of Ny P, K, NP, WK and PK on total length (em)
of suckers in a cardamom clump
Months
Lffects Nov . Dec. Jan. Feb. Mar, _Apr.
No 125.55 137.67 209.85 394,69 562.20 884,96
N, 125.55 149.70 239.65 2394.19 730.10 1045.70
C.D. at 5% 20,03 22.24 %9.69 83.91 125.59 169.00
Py 118.44 117,64 175.12 329.77 488.13 739.72
Py 138.63 169.73 277.36 45.10 833,76 1241.04
C.D, at 5 20,03 22,24 59,69 8%.91 125.59 169.00
Ky 124,72 150.16 199.80 379.23 557.62  T793.95
K, 124.55 157.22 249.68 40¢.65 764.68 1186.81
C.D, at 5» 20,03 22.24 59.69 83.91 125.59 169.81
NyPp 139.38 110,92 170.39 314.12 463.18 726.16
KP4 139.58 164.43 249.28 475.26 T16.22 1043.76
N1P0 113.16  124.37 179.85 345.43 508,91 753425
N5P1 ' 137.90 175,04 299.45 442.95 951.30 1438.33
C.D. at 5% 28,26 51.46 56.14 118,66 180.61 229,00
NoKo 129.08 133.49 201,51 3T71.93 528.99 T26.45
NoK4 118.02 141,86 218.16 417.45 654.41 1043.47
R‘Kb 120,37 126.83 198,10 386.53 585,25 861,45
N’,K1 130.69 172.58 2%1.20 401.85 874,95 1330,16
C.D., at 5 28.26 1. 46 56.14 118,66 180.61 229,00
POKO’ 101.50 107.76 155.22 304,68 433.24 593.88
POK1 119.39 127.52 195.01 354.87 533.85 855,60
Py Ky 147.96 152.56 244.39 453.78 672,00 994,06
PyKy 129.31 186.91 504,35 464.43 995.52 1488,03
C.D., at 5% 28.26 51.46 56.14 118,66 180,61 229.00




Teble IVe. Lffects of sub x main interactions on total length (em)
of suckers in a cardamom clump
Sub x Main interaction means
Months
_Interaction Nov. Dec. Jan. Feb. Mar. Apr .
NoPoKo M4 94.66 107.41 166.33 301,66 459,91 635.25
NOPOK0 M2 89.66 98,00 143.50 256.83 348.58 464.25
NoP oKy M1 99,75 115.41 183.58 351.41 574.16  97%.25
NOPOK1 M2 102.83 122.13 188,16 346.58 4°3.41 825,91
NbP1Kb M1 165.55 191.91 310.41 602.58 8635.41 1131.66
NP yKy M2 113,50 136.353 185.83 326,66 451.41 674 .66
N'OP1K1 M1 132.50 168.83 256.41 474,66 TT72.30 1168.7%
NP, K, M2 109.00 160.33 244.50 495.85 777.58 1200.00
N,PoK, M, ©8.91 114.25 173.75 386.00 573,08 T11.41
NyPoKq M2 97.14 111,08 137.35 274.25 394.75 564.50
N,PoKy M1 102.33 120.75 173.08 312,91 521.00 790.16
NyPoK, M2 154.66 151.41 255.25 408.58 546.%3 947.08
N1P1Kb M1 132.91 148.75 234.08 460,16 TO1.33 1079.33
NPy Kq M2 112.91 133.25 247.25 425.75 6T71.50 1090.58
N,P, K, M1 169.66 226.75 389.8% 809.08 1283.08 1866.75
N,P,K, Mé 151 .41 191.41 326.66 T54.25 1148.91 1716.66
* C.D. at 5% NS NS XS NS 365,85 NS
- CeD. at 1% - - - NS 500,97 -
**C.D. at 5% NS NS NS NS 542.54 NS
C.D. at 1% - - - - 469,96 -

* C.D. for comparing two sub-treatment means at fixed level of main

treatment.

**C.D, for comparing two main treatment means at fixed or different
levels of sub=-treatments.

NS = Non-significant
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Plate 6. Comparison of cardamom clumps within a pair
consi-sting of two main treatments at fixed
level of sub-treatments

a) Clumps provided with N through soil-cum-
foliar apglication (5+F) and soil appli-
cation (8

b) Clumps provided with P through soil=-cum-
foliar ?gslication (8+F) and soil appli=
cation ‘

¢) Clumps provided with K trough soil-cum-
foliar application (S+F) and soil appli-
cation (S
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Plate 6. Comparison of cerdamom clumps within a pair
consisting of two main treatments at fixed

level of sub=-treatments

d) Clumps provided with NP through soil-cum=-
foliar fS¢F) arnd soil application (S)

e) Clumps provided with NK through soil-cum-
foliar (S+F) and soil application (S)

f) Clumps %rovided with PK through soil-cum-
foliar (S+F) end soil application (S)
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Plate 6.

Comparison of cardamom clumps within a pair
consisting of two main treatments at fixed
level of sub-treatments

g) Clumps provided #ith NPK through soil-cum=
foliar (&+F) and soil application (S)

Plate Ta. Comparing of sub~-treatments at fixed level

Plate Tb.

of main treatments.
(s = Soil application)

Comparing of sub-treatments at fixed level
of main treatments.

(8+F = soil-cum-foliar application)
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total length of suckers during the months of March and April
cbmpared to that of control, vwhereas the mzin effect of P was
found to be significantly superior in total length of suckers
than that of control, throughout the period of dbservation.

Interaction effects of main x sub-treatments were found

to be significant during March only.l Application of fertilizer
mixture §,P4K4 through soil (1283;08 cm ) produced significantly
highest value for the total length of suckers compared to that

of other treatments namely, P1K%'(772.30 cH ), NP, (701.3% cm),

Ki (574.16), Nﬁ1(573.08 cm) and N1K1(521.00 cm ). supplied with N, Py K,
through a combihed mode of application, produced ﬁaximum total
length of suckers (1148;91 em) compared to that of other treatments.
The total length of suckers produced in P/K; (777.58 em) was signi-
ficantly higher compared to that of_l\}1 (394.75 em) and control
(348.58 cm) which however did not significantly differ from taat

of NyK, (546.83) ami P, (451.41 cm).

The soil application of N,P,K, (1283.08 ¢n) as well as soil-
cum-foliar application of NyP, Ky (1148;§1 cem) produced significantly
higher total length of suckers compared to the rest of the treat-
mehts,-irrespective of the mode of application. The minimum total
length (348.58 em) of suckers was recorded in the clumps grown
under control (soil-cum-foliar application).

W4, Average height of the sucker

Data on the average height of suckers ave presented in

Table v and Fig -IV.



Table V.. Effects of MWPK and their mode of application on average
‘height (cm) of sucker in cardemom ' '

60

Months

_Ireatment __Nov. __ Dec. Jan. . Feb., - Mar., . Apr.

< ‘Main treatment means

My (8) 42.91 39,14 33.05 45,28 52.86 60,38
M, (8 + F) L 43.50 40,55  35.31  44.22  51.49  55.46
€.D. at 5% R s NS NS WS

C.De at 1% - - - - - -

. Sub-treatment means

N-P~K - 41.54 37,02 32.63 40.63 50.44  50.51

o 0%0
NP1 g . 48,50 45,26 . 35,73  4T.72  55.14 61,77
NaPyKy o 44,72 4484 36.16 47,48 58.49. 65.53
NPoKy 42.63 37090 35.44 42,19 49.07  53.75
N, Py Ky 41.45 37.46 34,42  42.97 50.08 54,08
NPy L 56,98 34,84 31,04 46,16 - 55.52 64.46
¢.D. at 5% | NS NS NS NS §S - 9:7

_C_oDo‘at 1% - - - ‘ . - - :N'S

NS = Non-significant
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61

Significant differences were recorded amongst the sub-

treatments, 10 monfhs after planting. P1K1 and NP, K, (65.53 cm

- and 64.46 cm, respectively) recorded significantly higher average'
height of suckers compared to that of NPy (54.08 em), N, (53.75 cm)
MK, (52.08 cm) and control (50.51 cm), but these treatments did

not differ among themselves. The average height of suckers in the
plants receiving Py (61.77 em) érﬂ K, (60,30 em ) was on par with
E K, anmd N, P, K, . Interactions of treatments had no effeet on height

.0of suckers.

IV.5. Leaf length and breadth

The data on leaf length and breadth are presented in
Table VI and VIII ‘ '

IV.5.1. Leaf length

The leaf length did not differ significantly between main
treatments except for the 10th month (April). At the 10th month,
the length of leaf was 31.38 em in soil application of Ny P and K
as against 29.99 em in soil-cum~-fdliar application of Ny, P and K.

- Significant differences were recorded amongst different sub-
treatme nts only during Sth month (February) after planting. The
length of the leaves in treatments N, (25.83 cm), P, (25.72 cm),
Ky (25.47 cm) and P,K, (25.44 em) recorded significamtly higher
values compared to that of plants under treatments NyK, (22.71 cm )
and control (22.34 cm). However, there were no significant diffe-

rences among the treatments NyP4Ky s NHP1. N1K1 and control.
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Table VI. ' Effects of NPK and their mode of application on aversge
length of leaf (em) of cardamom

. . Months
Treatments NOov,. Dec. Jan. Febe. Mar, Apr.

Main treatment means

M, (8) 27.60 26,71 24.73 26,58 28:72 31.38
M, (§+F) 27.10 26,70 - 24.36 26.59 29.17 29.99
C.D. at 5% - NS NS NS NS NS 1.27

C.D. at 1% - - - - - NS

Sub-treatment means

NoPoky 28.70 27.60 25.47 26i80 30.13  3%1.20
FoPyKo ' 30,00 . 28.99 25,72 *27.50 - 30.62 - 31.27
NP4k, | © 30,00 28.61 25.44 - 28,49 30,81  32:12
N, PokK, ' + 27,00 26.51 25.8% 25,02 27.95 29.38
NP,Ky - 26,70 25.22 24,08 26.44 30,29 30.68
NP, K, ' 29.00 .27.32 24:68 28,06 31.23 32.82,
CsDs at 5% NS NS 2.64 NS - NS NS

COD. at 1% -~ e NS hay - -

NS = Non-siginficant



None of the interactions was faind significant.

; IV-5-20 Lgaf breadth

" The average leaf breadth of cardamom as influenced by

NPK and their mode of application is presented in Table VIZ.

There were no significant differences in the breadth of

leaves between main treatments.

The breadth of leaves of the plants which was recelving
sub-treatmgnts differed significantly at only 8th month (February)
after plamting. The maximum breadth of the leaves of the plants
receiving P, K, (6.1%3 em) ani NP, (5.79 cm) as against the plants
under treatments control (5.01 cm) and N, (4.79 em). There were
no significant aifferences among N1P1Kﬁ. Kys Py and N,K, in the
.breadth of leaves. The breadth of leaves of the plants under
treatments N%K1, control and Nﬁ were on par. None of the inter-

action effects wes: found to be significant.

IV.6. Panicle production

The data on the influence of NPK and their mode of appli-

cation off panicles proiuced per treatment are presented in Table VIII.

The maximum number of panicles per treatment (20.50) was
recorded in the plants fertilized-wdth-NﬁP"K1 gt the rate of 32.5
g of N+ 25.0 g of.P205' + 50 g of sz per plant through soil. It
was followed by éoil application of NHP1 (16,50) and lowest number
~of panicles (1.00) was found in control (soil application).
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Table VII, Dffects of NPK and their mode of application on average
leaf breadth (cm) of cardamom

: Months . .
Treatments oV . Dec. - Jan. Feb. Mar. ApT .
- “Main treatment means
¥y (s) 4,98 4.67 4,60 - 5.48 5. 54 5e 47
M, (S +F) 4,67 4,66 4,89 5,55  5.52 5,40
G.D. at 5% NS NS NS NS Ns NS
CDe at 1% - - - - - -

Sub-treatment means

NoP oo 4,01 4,00 4,09 5,01 5.60  4.86

WP Ky 5,00 - 5,00 5.20 . 5.54  5.53  5.44
N,PoK, 4.90  4.67  4.99 5,43  5.59  5.25
N,P,K, 5,00 4,62 5,17 5,79  5.65 5,52
N, ByKy 4385 4460 5431 5. 71 5. 66 5. T2
C.D. at 5% IS TS §s 0.737 S NS

C.D. at 1% - - - NS NS -

NS = Non-significant



Table VIII. Effects of NPK and their moie of application on
' the number of panicles produced per treatment
(11 months after planting) ,

Number of paniecles/treatment
- Main treatments

Sub-treatments M, (8) M,(5+F)
N6P1Kb 7.00 - -
NP4 Ky 1,00 1,00
NPoKg - 100 ‘ 2.-90

:-N1P1K% | | 20550 14.00




IV.7. Total fresh weight and dry weight of the cardamom
clump

The data on the influence of NPK and their mode of applica-
tion on the fresh weight and dry weight proluction of cardamom

plant are presented in Table IX anl Fig.Va and Vb.

IVeTe1. Fresh weighﬁ
. There were no significant differences in the fresh weight

of plants between the main treatments.

Significant differences were found in the fresh weight of
the plants grown under sub-treatments. The plants fertilized
with N,P,K, recorded significamtly higher fresh weight (2999.88 g)
coimpared to that of other treatments except P,K, (2065.47 g). The
fresh weight of the plants with P4Ky, N,P,» K4y Py» Ny and NK,
did not differ signjficantly. The iowest fresh weight was found
in control (481.70 5)9 but it was on par with K;» Pys N, and WK,
treatments. Interaqtion effects did not show any significant |

influence on the fresh weight of the plants,

IV.7.2. Dry weight

The effects of main treatments did not show any signifiéant
difference in the dry matter production. Significent differences
were recorded in the dry weight of plants grown under sub-treat-
ments. The dry weight of the plants fertilize@ with I\T1P1K1
(473%58 g) was significantly higher coﬁpared to rest of the treat-
ments. The dry weight of the.plants with NP, (241.56 g) was on
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par with that of PyK; (219.53 g) and Py (199.86 g), but differed
significantly with the dry welght of the plants réceiving Ky
(179.32 g)s N, (174,20'g), Ny, (136.76 g) and control (65.3% &).
However, there were no significant differences amongst P1KH, P1,

K, and Ny in the d4ry matter production. .The plants grown in
control recorded significantly lower. dry weight (65.39 g) éompared

to that of other treatments.
None of the interactions wos: found to be significant:

IV.8. Percentage contribution of weights of different parts
of the plant to the total iresh and ary welght of the
whole clump

- The data on the percentage contribution of different parts
of the plant viz., leaf, shoot, rhizome and roots to the total
fresh weight and dry weight of the cardamom clump are presented
in Table X and XI and Fig.VIg¢anngIb-

TV.8.1. Fresh welght

In genéral, the average contributions of different pafts
of the cardamom clump to the total fresh wéight of the clump were
as follows: leaves 23.10 per cent, shoot 45.94 per cent, rhizome

21.00 per cent and roots 9.96 per cent (Table X).

Fresh weight of leaves of control constituted 26.25 per cent

. of the total fresh weight of the clump. This percentage was found
to be the highest compared to that of other treatments for ‘the leaf
section. Fresh weight of leaves of the treatment 1\T1'P1 constituted
a lowest value' of 19.37 per cent to the total fresh wight.
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. While the percentage of fresh weight of shoots to the
fresh weight of whole clump was highest (51.34%) in case of N,P,K,
it was found to be the lowest (42.13%) in case of control.

The freéhzweight4of the rmizome of Ny accounted to 23.49 per
cemt as against only 16.66 ber cent in the plants groun vith N1P1K1
treatments. The percentage fresh‘weight of the roots of the plants
supplied wdth.N.P. constituted highest value of 13775 and a minimum

of 7.09 per cent of fresh weight of roots was fouﬁd in §HP1K1.

IV.8.2. Dry weight

In general, the:dry maﬁter pfoduced_by'ﬁhe different parts
of the plants that gonstituted a clump of cardamom consisted of
34,92 per cent asAleaf..42.30 pef,éent‘as shoot s, 14;05 per cent
as rhizome and 8:23 per cent as roots. These percentages were

worked out taking average of all -the treatments (Table XI):

The percentage dry weight;of 1eaveS'to'the dry weight of
vnole clump was highest in control (42.48) and this was followed
by N,PyK, (39.39% ), i\ (35;96%), K1 (34.%4%), and lowest percentage
was found 'in P4K, (30:83%). -

Shoots of the plants grown under P1cpnstituted_maximum of
48.65 per cent of -the total dry matter. A minimuﬁ of 31.31 per
cent of ary weight of shoot was fQun¢ in.contrél. The contribu-
tion of dry weight of shoots in other treatments namely, Ky»

N.P 4Ky P4Ky» N1K1 and N1P1 was.glose to the.ggneral‘average.
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In respect of percentage of dry matter of rhizome to the
clump, highest value of 16.87 per cent was observed in control
and this was followed by W,P, (15.48%), P,K, (15.39%) and WK,
(14.53% ). The lowest was in'that of W,P,K, (10.61%).

The dry matter prdduced by the roots was highest in the
plants under Ny Py (10.76% ), followed'by'P1K1 (9.98%), control
{9.30%) and N Ky (S.72%). The lowest percentage of dry matter
contribution was made by the roots of the plants fertilized with
NyPy K1 (5.3%2%).

IV.9. Chemical composition of different parts of cardamom
gmant

Data on chemical composition of different parts of the
plénts as influenced by NPK and their mode of application are
presented in Table XIIa, XIIb, XIIc, XIIﬂ and XIIe.

IV.9.1. Nitrogen (Table XIIa)

_ Sqil application of fertilizer mlxture N1K1 and soil-cum-
foliar application of N, resulted in higher percentage of N (3.76%)
in leaves, followed by 3.44 per cemt of N in case of 'soil appli-
cation of N,P,s soil-cum-foliar spplication of N;K, and NyP,Kj.

The lowest N content (1. 63 ) in leaves was found in the treatment
P1 applled through soil.

The percentage of N in shoots varied from 0.66 (P1K1-§oil
applicgtion) to 1.63 in case of W, through soil application,NyPy
and N3P1K1u through soil-cum-foliar epplication.
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Table XITa. Chemical .composition of the dry matter in different
parts of the cardamom elump as influenced by NPK and
their mode of application

Witrogen (Percentage dry weight basis)

«Leaf Shoot Roizome Root
Trestments My M, M, My M, My M, M,
T, PoKy 3.1 3.11  0.98  0.85 1.47 1.30 0.98 0.98
NoPoKy 2,78 2,94 0.82° 0.81 0.81 0.81 0.65 0.81
TP Ko 1,96 1.63 0.82 0,98 0,81 0.97 0.98 0.81
TP, K, - 2,94 3.11 0.66 0,81 0.81 0.81 0.65 0.48
T, Py 5,26 3.76 1,63 1,47 1.47 1.80 1.46 1,31
NP oK, 3,76 3.44 1,31  1.47 1,63 1.80 1.14 1.31
NP, Ky 5,44 3.27 1.31  1.63 1,65 1.64 1.14 1.31
N, P, K, 3.43 3.44 1.5 1,63 1,47 1.47 131 1.63

Average .09 3,09 1.09 1.20 1.26 1.3 1.04 1.08




In the rhizome, N percentage was highest in plants recei-
ving Ny through soil-sum-foliar application (1.8%) and N;K, through
soil-cum-foldar application (1.8%). It was followed by N,P,through
soil-cum=voliar application (1.64%). A minimum N (0.81%) was
recorded in the plants receiving K4y Py and PyK, {applied through
- soll and K4 and P1K1 (soil-cum-foliar application)‘ |

Plants reCeiving N1P1K1through soil-cum-feliar application
were found to have highest nitrOgen (1.55%) in their roots, while
plants receiving K1(through so il) and P Kﬁ (301l-cum—foliar appli-
cation) had 1owest N percentage (0. 65%) | o

IV49.2. Phosphorus (Table XIIb)

Percentage of P in the leaves varied from 0,32 (N, K, =501 cum - 2oliav
application) to 0.75 (soll-cum-foliar application of P, and N,P,).

In the shoots, maximum P;(b.?S%) was found in the plants
receiving soil-cum-foliar application of P, and minimum (0.15%)
was in the plants grown umler control (soil application).

Rhizome of the plants supplied with P,K, (s0il application)
had 0.47 per cent P, followed by the plants which received P K,-
soil-cum=foliar application (0.40%). A minimum P (0.20%) was
recorded in the plants receiving soil application K1, N1 and
soil-sum=foliar application of N1.

A maximum of 0.37 per cent P was recorded in the roots of
the plants with soil-cum-foliar application of P1 and N5P1. The

roots of the plants of the following treatments recorded minimum
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Table XZIbs Chemical composition of the dry matter in different
parts of the cardamom clump as influenced by WPK amd
their mode of application '

(Phosphorus Pereentage dry
weight basis)

Leaf Shoot . Rhizome Root

- Treatments My M, M’.l- M, My M, My Mg‘_
WP oKy 0:40 0.40 0415 0.20 0.37 0.35 0.25 0.20
NoP oKy 0.42 0.40 0.52 0.52 0.20 0.25 0.20 0.27
NoPiKy 0:60 0.75 0:67 0.75 0.37 0.37 0.27 0.37
NoPy K, - 0.55 0.50 0.42 0.60 0.47 0.40 0.27 0.32
NPoKg 0:40 0.42 0:37 0.27 0.20 0.20 0.20 0,20

| NPk, 0.40 0,32 0.42 0.55 0.35 0.25 0.20 0.20
N; Py Ky 0.60 0:75 0:40 0.32 0.37 0,37 0.27 0.37
N, PyK, 0.42 050 0420 0.22 0,27 0.37 0.25 0,20

Average 0.47 0.51  0.39 0.42 0,33 0.32 0.p24 0,27
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of 20 per cent of P namely, soil application of Ky and N;, -
soll-cum-foliar application of N;K,, N,P,K; and control. .
IV.9.5. Potassium (Table XIIc):

'Soil'application of fertilizer mixture N1K1 and‘K1 resulted
in higher percentage of K in the leaves (4.20% } as against the

lowest percentage of K inihe leaves of the plants receiving soil

application of N1Pﬁ (2.80w).

Potassium in the shoots varied from'3'5 per cent under
control (soil application) to 9.4 per cent in the plants which
recelved soil application of Ky

In the rhizome, maximum percentage of ¥ (4.90%) was found
in the plants.receiving K1 anﬂ’N1 treatment therough soil aleiCa-
tion and soil-cum-foliar application of N,P,K, followed by 4.80
per cent in the rhizome of the plants. with. soil application of
Nﬁ 1K1 and soil»cum;foliar application of Kq; PyK, end N,¢ 4
minimum percentage of K (3.60ﬁ) was found in the WP, (soil appli-

cation) treatment.

Plants receiving K1; N; througn soil, end P4K,; through soil-
cum-foliar application were'found to have highest K\(3.20%) in the
roots, while plant receiving Ny Py K, (soil-cum-foliar,application)
has 10west percentage of K (1;20%)f

-

IV.9.4. Calcium (Table XI1a)
Calcium percentage was found to be meaximum (1 40%) in the
leaves of lﬁ 1 (soil—cum-foliar application) which was closely



Table XIIc. Chémical‘compositidn'of the dry matter in different
parts of the cardemom clump as influenced by NPK and
their mode of application

Potassiuﬁ'(Pércentage'd:y welght basig)'

| Leaf Shoot Rhizome ___ Hoot

Treatmepts My ‘M2 My sz L : My M, M2
TPokg 350 3,90 3,50 4.90 4420 4.20 2.20 1.70
NoP oKy 4.20 3+90 9,40 8.40 4.90 4,80 3,20 3.00
NoPeKy 3,50 3,00 3,60 3,40 3,60 3,80 3,00 2,50
NP, K, 5,90 3,30 9,20 7,20 4,20 4,80 3,00 3.20
NPk, 3,70 3,60 9,40 8,40 4,90 4,80 3.20 3,00
N, Pok, 4,20 3,90 4,20 5,10 3,80 4,20 2.90 3.20
N, P, Ky 12.80 3.30 4,20 4410 3,60 3.80 2,40 250
»N;Pik1 3;50f'3.2o 470 4330 4,80 4,90 1,70 1:20

Ayerage 3.66 3.51 603 5.62 4.25 441 2,70 2.54




Table XIT¥d.  Chemical composition of the dry matter in different.
' parts of the cardamom elump as influenced by NPK and
their mode of application

Calcium (Percentage dry weight basis)

-3

@0

_leaf Shoot . __ FHhizome __Hoot

ITreatments. My Mo My ¥y My M, My M,
NP kg 1,10 1,15 0.60 0,66 0.46 0.40 0.40 0.39
NPk 0,95 0,73 0.60 0.50 0.66 C.70 0.49 0.60
HEKy 0.82 1,00 0.59 0.60 0.50 0.49 0.49 0.42
N R 1.20 .0.89 0,60 0.70 0,60 0,5  0.40 0.50
N, PoKg 1.19 1.18 0,50 0.49 0349 0.45 0.40 0.42
Ny Pk, 1.03 0,80 0,66 0.66 0.60 0.62 -0.43 0.40
N1P1Kb _ 1.23 1.40 0,66 0:66 0,66 _Q,56 0.39  0.39
NyP,K, { 1.10 0.80 0.66 0,66 0,60 0.42 0.40 0.45

iverage 1,07 0.99 0.61 0.62 0.57 0.52 0.43 0.45




79

followed by the leaves of the plants receivihg soii—cum—foiiar
applicafion‘of N1P1 (1.23%). & miniﬁum pereentage of Ca wae found
in the plants receiving K, (0.73%), N,P,K, (0.80%) and N,k, (0.80%)
through soil-cum-foliar application. |

In the shoots, calcium percentage varied from 0.49 (Nﬁ—soil—
cum~-foliar application) to 0.70. (P,K,-soil-cum-foliar application).

Maximum Ca pereentage ih the rhizome was recorded in the
plants fertilized with K1 through soil-cum-foliar application
(0,70%) followed by 0,66 per cent in the plants receiving K, (soi1
application) and N,P, (soil-cum-folier application). 4 minimum Ca
pereentage (0.40%) was found in the rhizome of the plants grown

under control (soil application)..

In the roots, highest percentage of calcium (0.60%) was
recorded in the plants fertilized with Ky (soil application),
vhich was followed by 6.50 per cent of Ca in'P1Ka (soil-cum=-foliar
ap@lication).l Lowest percentage of Ca (O.BQ%) was found in the
roots of the plants grown under control (soil-cum-foliar applica~
,tien). NPy (soil application) ard N,P, through soil-cum-foliar

application.

\

IV.9.5. Magnesium (Table XIIe)

Magnesium percentage in the leaves varied from 0.13 (P1K1
soil application) to 0.31 (control-soil-cum-foliar application).

In the shoots highest percentage of magnesium (0.17%) was
found in plahte fertilized with N,P, (soil-cum-foliar application)



0
=

Table XIIe. Chemical composition of the dry matter in different
parts of the cardamom clump as influenced by NPK and
their mode of application

'Magneéium (Percentage dry weight basis)

| ‘Leaf = ~ Shoot fthizome Boot
Treatments M, M, M1 Mé , M, ' M, M2
NP Ko 0,30 0.3t 0.16 0.15 0.10 o-;o'é 0.09 0.08
NP oy - 0,29 0.28 0.15 0.10 0.12 0.10 0.09 0.10
NP 4K o.‘25 0.22 0.13 0.12 0.10 0.09 0.90 0.10
NoP 4K, 0.13 0.20 0.14 0.13 0.12 0.11 0.09 0.07
N, PoKg 0.26 0.25 0.16 0.16 0.13 0.11 0.09 0.10
N, Pok, 0,20 0.24 0,16 0.15 0,13 0,12 0.10 0.09
N, P, Ky 0,30 0:28 0.15 0,17 0.10 0.12 0.12 0.09
N,P,K, 0.29 0.30 0:16 0.51 0.11 0.10 0.10 0.09

Average 0:25 0.26 0.15 0.14 0.11 0.11 0.09 0.09




and lowest (O.10%),guantity of Mg was noticed in the plants

receiving K, (soil-cum-foliar application)..

Mg content as high as 0.1 per cent was found in the rhizonme
of the plants receiving N, and N1K1vthrough soil epplication. A
minimum of 0.0S per cent Mg was noticed in the rhizome of the plants
under control (soil—cum—foliar.appliéation).and P1 through soll=-
cum-foliar application.

The roots of the plants fertilized with N,P, (soil applica-
tion) had 0.12 per cemt Mg wnich was the highest reqorded. The
lowest, 0.07 per cent of Mg was found in the roots of the plants
receiving P1Kﬁ through soil=-cum-foliar application.

IV.10. Uptake of nubtrilents by different parts of the plantsg
as_influenced by NPK and their mode of application

The data on the uptake of nutrients by different parts of
the plants namely, ieaves. shoots, rhizomes and roots are presented

in Table XTIa, XIITb, XIIIc, XITId and XIIIe.
IV.10.1. Nitrogen (Table XIIIa)

In general, the uptake of nitrogen in a cardamom clump of
11 months age was maximum in the leaves (2.358 g) compared to

shoots (1.093 g), rhizome (0.365 g) amd roots (0.185 g).

In the leaves of the plants receiving N1P1K1 through soil,
maximum uptake of nitrogen was recorded (6.398 g) as against the
leaves of the plents grown under control with soil=-cum-foliar

application (0.669 g).



Table XIIIa.

§2

Uptake of nutrients in different parts of cardamom clump

g5 influenced by NPK and their mode of application

Nitrogen (g)

__Leeaf

Rhizome

Treat- — Shoot: . Root . Wholeeclump  Ave-
ment s My Mg, My M2 M1 M2 M1 M2 My M2 rage
NOPOKO .17082 0.669 0.211 0.354 O,féS 0.164 0.070 0,042 1.491 1.0%6 1.260
N6P0K1 1:762 1.706 0.85 0.480 0.199 0.168 0.091 0.113 2.908 2.468 2.6858
NﬁPOKb 1.390 0,905 1.030 0,708 O.T91 0,237 0.148 0.106 2.759 1.956 2.357
NOP]Kj 13990 2;101 0.644 0,766 0,284 0,260 0,135 0.110 0.0%53 3.23%7 3.145
N,PoK, 2.000 1.918 1.000 0,997 0.368 0,388 0,155 0.154 3.523 3.457 3.545
mPoK, 1.725 1.393 0.804 0,811 0,355 0.345 0.123 0.167 2.983 2.716 2.849
NP Ky  2.524 2,450 14448 1.665 0:514 0,670 0,270 0,336 4.756 5.210 4.940
1\11191K1 6.3938 6:362 2.640 3.163 0.903 0,588 9.362 0:37210.30310.485 10,349
Average 2.358 2.230 1:079 1.093 0.365 0.352 0.174 0.185 3.972 3.809 3.893
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In the shoots, the plants fertilized with_N1P1K1 (soil-cum=-
foliar application) had highest uptake of N (3.163 g) vhile plants
grown under control (soil-cum-foliar application) were found to be

lowest in uptake of ¥ (0.154 g).

Tae maximum uptake'ole (0.903 g) was recorded in the rhizome
of the plants receiVing‘N&P1K1 through soil followed by soil=~-cum=
foliar application of N,Py (0.670 g} 4 minimﬁm uptake of nitrogen
(0.128 g) was noticed in the plants grown under control (soil
application)s |

In the roots, uptake cf nitrogén were found to be ﬁore in
the plants fertilized with NjP,K, through soil-cum-foliar applice=
tion (6.372 g). It was closely followed by the plants provided with
N1P1K1 through soil (0.362 g) anl soil-cum-foliar aﬁplieatign of |
N5P1,(0.336 g)e A minimum uptake was observed in the roots gf the
plants under control with scil-cum-foliar application (0.049 g).

IV.10.2. Phosghorug (Table XIITh)

In general, the maximum uptake of P was found in the shoots
(0.407 g) followed by leaves (0.365 g), rhii\me (O 092 g) and roots
(0.041 g).

In fhe leaves, the uptake,of P was highest in the plants ferti-
lized with NQP%KQ through soil-cum—fbliar application (0.924 g) and
lowest uptake of P (0.086 g) was found in the plants under control
( soil-cum~-foliar application). '



Table XIIIb.

influenced by NPK and their mode of application

Uptake of nutrients in different parts of cardamom clump as

Phosphorus (g)

af

Root

Treat- __Leaf Shoot Rhizome Whole clump JAve-
ments | M1 Mé M1 M2 M1 M2 M1 M2 Nﬁ M2 rage
NOPOKb 0.139 0.086 0.033% 0.037 0.032 0.044 0.018 0.010 0,222 0.177 '0.200
NoPoK4 - 0.266 0.232 0.543 0.308 0.049 0,052 0.028 0.034 0.886 0.626 0.756
NoP4Ko 0.426 0.417 0.842 0.542 0,088 0.090 0,041 0.045 1.397 1.094 1.250
‘WyP,K, 0.372 0.337 0.413 0.567 0.165 0,126 0,056 0,073 1,006 1.103 1.055
NiPOKb 0.284 0.214 0.30¢ 0.180 0.050 0.049 0.027 0.026 0.670 0.469 0.569
NﬁPOK1 0.211 0.116 0.257 0.304 0.071 0.048 Of021 0.025 0,560 0.493 0.526
N1P1Kb 0.440 0.562 0.442 0.327 0.117 0.151 0.064 0,096 1.063 1.136 1.099
NiE1EH . 0,783 0,924 0.419 0.426 0,166 0,147 0.069 0.045 1.437 1.543 1.490
dverage 0.365 0.3%61 0,407 0.336 0,092 0,088 0,040 0,041 0.905.0.83%0 0,868




The uptake of P in the shoots of plants provided with Py
through soil (0.842 g) recorded highest value, it was followed by
soil-cum-foliar application of P4K; (0.567 g); Py (0,542 g) and
soil application of K, (0.543 g). The lowest uptake of P (0.033 g)
was found in the shoots of plants under control (s0il application)

-In the rhizome of -the plants fértiliZe@ with N5P4K1 through.
soil (0.166 g) recorded meximum uptake of P as against the. olants

under control - soil application (O 032.g).

The uptake of P as high as 0.046 g was recorded in the roots
of the plaﬁﬁs recéiving N1P1'(soil¥cum-foliar application), followed
by soil—applicatlon of N1P1K1 (0.069 g) and soil-cum-foliar appli-
.cation of P1Ki (0,075 g). 4 minimum uptake of P (0.010 g)' was
noticed in the roots of the plants under control (soil-cum—foliar
applioatiom). |
IV.10.3. potassium (Table XIIIc)

In general, the uptake of K was meximum in shoots (5.966 g)
compared to leaves (2.767 g)y rhizome (1.208 g) and roots (0.421 g).

The uptake of K was maximum in the leaves of the plants

~ receiving N,P,K, through soil application (6.528 g), followed by
¥P,K,through soil-cum-foliar application (5.918 g). 4 minimum
-uptake of K (0.840 g) was recorded in the leaves of the plants under

- control (soil-cum-foliar application).

In the shoots, the plants fertilized with N1P1K1 through
soil application (10.793% g) recorded maximum uptake of K as against
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Table XITIe. Uptake of nutrients in different parts of cardamom clump as
influenced by WPK and their mode of application

Potassium (g) -

Tfeat; _Leaf ‘ oshoot - Rhizome ‘-’~Bob£ - Wnole clump Ave-
ment s M1 Mo My M, My M, My M, My N rage .
NoPoK, ©+886 0.840 0.761 0,779 0,365 0.531 0.159 0.086 2,171 2.236 2.204

TyPoky 2.661 2,263 9.430 4,973 1,206 1,002 0.450 O. 41813.‘747 8,656 11 200
NP Ky 2482 1.666 4.522 1.‘205 0.851 0.925 o.‘452 0,304 8 307 5. 349 6.825
,P,K, 2.460 2.230 8.984 6,512 1.476 1.555 0.624 0,73213.7241132712.525
N,PoKg 24661 1,935 6.025 3,551 0,903 04762 0.554 0.518 9,923 6.446 8.185
NyPokK,y 2225 1.580 2.576 2.827 o.'776 0. 802 0.314 0,409 5,889 5 618 5.754
N, Py Ky 2,055 2.472 4.644 4,188 1,137 1, (552 0,568 0.647 8.404 8.859 8.632
N,P.K, 6.528 5.91810.793 8,345 2,952 1.957 0.469 0.274 20.74216.495 18,625

Average 2.767 24350 5.966 4,240 1.208 1.135 0.421 039810363 8.161 9.244
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0.761 g in the shoots of the plants grown under control (soil
:applicatlon)

‘ Plants receiving 1\T1P1K1 through soil applicé%ion was found
to have maximum uptake of K in the rhizome (2.952 g) followeo by
'N5P1K1 through soii-cﬁm—foliér application (1. 9%1 g)e 4 minimum
uptake of K (O 365 g) wac noticed in the plants under control
'(soil application)

Roots of the piants'pfovided'with P1K1 through soil-cum-
foliar application recordedlmaximumAuptake of K (04732 g),and
minimum uptake of K'(0.086‘g)'was;observed in the'plants under

'control (soil-cum=~foliar application)
Iv 10 .4. Calcium (Table XIIId)

In generaly the uptake of Ca was m aximunm in the leaves
(0.857 g) followed by shoots (0.655 g)y rhizomes (0.171 g) and
roots (0.072 g).

The calciﬁm content of the leaves of the piants recéiving
P,K; through soil épplicafion (2.051.é) was found to be meximum.
It was followed by N,P,K, through soil-cum-foliar application
(1.276 g) and lowest uptéké of Ca (0.247 g) was ooéerved in‘the

léaves of plants under control (soil-cum-foliar application).

Uptake of Ca in the shoots varied from 0,130 g (control -
soil application) to 1.608 g (N5P1K1-soil application).

In the rhizo@e, the uptake of Ca (0.430 g)lwas‘maximum in
‘plants fertilized with N1P1K1tthrough soil application and minimum
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Table XIIId. Uptake of nutrients in different parts of cardemom clump as
influenced by NPK and thelr mode of application '

— - . . . e Calcium (g)
Treate Leaf . Shoot Rnizome . Root uhole clump Ave-
men ts ! My M My My My M, My M, rage

2 i

NoPoKg 0.382 0.247 0.130 0.133 0.040 0.050 0,029 0.020 0.581' 0.450 0.516
NPoKy 04552 0.422 0.549 0.386.0.137 0.114 0,070 0,082 1,308 1.004 1.156
NyPyKg 0.567 04555 0.750 0.431 0.118 0.122 0,073 0.051 1.508 1.159 1.334
NoP4Ky 0.812 0.608 0.585 0.662 04211 0.194 0,082 0,114 1.690 1.578 1.634
N,PoK, 0.863 0.612 0.418 0,333 0.125 0.124 0,053 0.0471.459 1.116 1.288
N,PoKy  0.529 0.324 0.426 0.347 0.122 0.115 0.043 0.05% 1.12% 0.837 0.960
N,PyK, 0.902 13049 0.774 0.7150,189 0,163 0.094 0.103 0.959 2.030 1.995

N1P1K1' 2,051 1,476 1.608 1.355 0,430 0,246 0.111 0.114 4.200 3.191 3.694

iverage 0.857 0.661 0.655 0.545 0.171 0.141 0.069 0.072 1.728 1:383 1.572
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uptake of Ga (0.040 g) was noticed in the rhizome of the plants
under control (soil application).

Plants recelving N,P,Ky through soil and W,P,K, through
soil-cum-foliar apblicatioh recorded higheyt quantitiesof Ca .0.111g’
and 0. 514 g reSpectivély) in thé roots, as against lowest quantity
of Ca (O 020 g) in the plants under control (soil—cum—voliar appli-

cation).
IV.10.5. Magnesium (Table XIIIe)

In general, the meximum quantity of Mg was cbserved in the
leaves (0,200 g) compared to shoots (0.156 g), rhizome (0.031 g)
and roots (0.014 g).

- Tne uptake of Mg by the leaves of the plants provided with
N,P, K, through soil-cum—foliar application (0.559 g) recorded maxi-
mum, followed by NP, K1 through soil application (0.540 g) and
minimum uptake of Mg (0.064 g) was noticed in plants under control
gsoil-cum;foliar‘application).

The meximum content of Mg in the shoots was recorded in the
plants fertilized with N}'P1K1 through soil application (0.367 g)
wnile the lowest content of Mg was found in the plants under

control = soil=eum-foliar application (0.030 g).

Bhizomes of the plants receiving N&P1K1 through soil epplica-
tion (0.067 g) recorded maximum uptake of Mg followed by NP4k,
through soil-cum-foliaf application (0.044 g) and minimum upteke
of Mg (0.012 g) was observed in control (soil application).



Table XIIIe. Uptake of nutrients in different parts of cardamom clump as

influenced by NPK and their mode of application

Magnesium (g)

. Leaf

Shoot

Rhizome

$2222-~ M Wy, T H M ,Whgﬁe C§:mv ﬁZZe
NP Ko . 0.104 0.064 0.054 0.030 0.008 0,012'0.066 0.452 0.110 0,131
NPoKy  0.182 0.168 0.156 0,059 0,029 0.021 0.012 0.379 0,260 04319
NoP4Ky 0.174 0.122 0.163. 0,095 0,280 0.029 0.013 0.378 0.257 0.317
NyP,K, 0.088 0.135 0.136 0.122 0,041 0,039 0.018 0.283 0.312 0.298
N,PoK, 0.187 0,127 0,134 0,106 0,032 0,027 0,012 0,365 0,272 04319
N,PyK, 0,106 0,097 0,098 0,100 0,027 0,025 0,010 0.241 0.233 0.237
W, By K, 0,220'0.209 0.166 0,170 0.031 0,041 0,023 0,440 0,446 0.443
N,P,K, 0.540 0.555 0.367 0.291 0,067 0,044 0,025 0.999 0,910 0.954
Average 0,200 0.185 0.156 0.121 0,030 0.029 0.014 0.404 0.350 0.577
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‘ The uptake of Mg in the roots varied from 0.004 g (econtrol
- soil-cum-foliar application) to 0,026 g (W,P; - soll-cum-foliar
appkication}. '

‘IV.11. Uptake of nutrients by plants af influenced by NPK and
- their mode of gpplication

Data on total uptake of nutrients by plahts-on dry weight
baéis and per ha basis are pfesenteq in Table XIV and Fig.VIT.

Mode of application of nmutrients did not show any signifi-
cant influence on the uptake of nitrogen by plants.

The uptaké of nitrogen by the plants grown under sub-treat-
mgnts‘differed significently: The uptake of N by the plants
provided with N,P,X, (10,35 g/plant and 93.78. kg/ha) and N,P,
(4.94 g/plant and 44,46 kg/ha) was found to be significantly higher
compared to rest of the.treatmeht55 Piants grbwn unier control
had significant;reduction in the uptake of W (1.26 g/plant and
11.61 kg/ha). . Treatments N,» P4Ky» MK, and K, did not differ
significantly. Further, none of the interéctions showed signifi—

cant difference with respect to nitrogen uptake.
IV}11.2.-PhosQQorus

The uptake of phosphorus by the plants grown under main
treatment did not differ significantly.

Significantly~higher uptake'of P was notlced in the plants
@rovidedfwith N5P1K1.(1.49 g/plant and 13»41 kg/ha), compated to



Table XIV. IEffects of NPK and their mode of applieation on uptake
o _ of different nutrients (kg/ha) in cardamom

Pota=-

C.D. at 1% . 12,42

S : Nitro- Phos- Cal- Mégne»
Treatments ‘ _Ben phorus _ssium cium_ __sium
Main treatments _ |
M, (5 + F) | 103,05 10,41 219,51 12.78 3.24
C.D. at 5% | NS NS NS NS NS
CeDo -at 1% NS NS NS NS NS
Sub~treatments’ _ _
NOPOKO_ 11.61 1,80 . 19,80 4,68 1.17
TPk, 24.21  6.84 100,80 10.35 2,88
HPoKg ~ 32,04 5.13  73.80 11.52  2.88
meky 44,46 9.90  TT.67 17.91 4,05
€.D. at 56 | 9,22 . 1098 30.42  3.69 1,62
2,70 41.04 4.95 2.16

NS = Non-_-é ignificant’
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rest Of thée treatments. The plants grown under épﬁtr@i (0:20 g/
plant and 1.80Ikg/ha) recorded significantly lower amount of P
compéred.to;all other tféatﬁérts._ However, the uptake 6f P by
thévplants grown under Pys N1P1 ahd P1K1 did not differ signifi-
eantly. Similar trend was also fournd in the following tieatments
namelys K4, N; and W.K4.

 None of the interactions wes: significant.
Iv.11.3. ggtassium

"The mode of application of N, P and K did not significantly

influence the uptake of K.

The uptake of K by the planté diffefed significantly'among
the sub-trestments. The plants fertilized with NPk, (13.62 g/
plant and 167.49 kg/ha) wefefound'to be maximum in the uptake of
'K‘compared to the rest of the ﬁréatments. The piants provided
with PyKy (12.53 g/plant and 112477 kg/na) and Ky (11.2 g/plant
énd'100.80 kg/ha) recorded significant;y more of K in the plants
cémpafed to_fhat of plants undef P{ (6.83 g/plant and 61.47 kg/ha)
add:N1K1-(5.75 g/plant and 51.84‘kg/ha);f There were no signifi-
cant differences in the uptake of K by the plants fertilized with
N5P1 » Ny» P, amd MK, treétments. The plants grown under control
(2.20 g/plant and 19.80 kg/ha) were significantly low in K uptake

compared to all other treatments,

None of the interactions we®: significants
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IVo 1 1 ods Calecium

Mode of application had no effect.on Ca uptake by the planss

under different treatments.

" The plants grown with NyP Ky (369 g/vlant and'33.48 kg/ha)
recorded significantly higher quantity of'Ga,compared to that of
otner treatmentso Ine uptake of Ca by the plants provided with
'N1P1 (1 99 g/plant and 17.91, kg/ha) and P1K1 (1.63 g/plant and
14, 76 kg/ha) was significantly more than that of plants grown
undef Ky (1.16 g/plant and 10.35 kg/ba) and W,K; (0.96 g/plant
and 8.91 kg/ha). To signlflcant difference was found in the plants
provided with Pyp WK, and WK, in the uptake of Ca. Plants under
control (0»5? g/plant and 4;68 kg]ha),recorded significantly lower

Ca eontént compared to that of.other'treatments.
Vbne of the interactions was signiflcant.
IV.11.5. Mag__s1um
' The main treatments had no. significent effect on the uptake
of Mg.

L The hiéhest uptake of Mg was found in the plants fertilized
with N,P,K, (0.95 g/plant and 8.55 kg/ha) which differed signifi-
cantly from that of gll other treatments. The plants grown under
‘eontrol (0.13 g/plant and 1.17 kg/ha) were low in the uptake of Mg

compared to that of other treatments. However, the.uptake of Mg

. by the plants grown under N1P1, N1?.P1, Kt and'P1K1 were on par.

There were no significant differences between interactions.



IV 12, Chemlcal analysis of the soil at the end of the
experiment

Data on chemicsl analysis of soil is presented in Table XV.
IV*I"’ZQQ.O RI:;:
The maximum pH (5.8) of soil was recorded in the treatment K,

folloved by P, (5 62)y P 4Ky (5.49), control (5.75) and minimum pH
of soil was observed in the treatment N5|(4,62)l

IV.12.2. Organic carbon

Higher percentage of organic carbon was fbuhd ih the treast-
ment Ny (1.76%). This was followed by NPy (1.64%), WP Ky (1.62%),
P1Kﬁ (1.50%) and' minimum percentage of organie'earboh was noticed

"under control (1w18%).

IVa.12.%. Total nitfogen

The treatments receivinglmﬁ, N1K1 and N1P1 recorded highest
value of 0.1% per cent of total nitrogen as against lowest value

of 0.06 per cent observed in control.

IV.12.4. 4vailable phosphorus

' Meximum quantity of P vas found in the soil fertilized with
NP, (16.00 kg/ha) followed by P, (14.00 kg/ha), P,K, (13.00 kg/ha),
NﬁP1Kﬁ_(13.OO kg/ha) and minimum quantity of P was observed in the
soil under control}(ﬁ.S keg/ha’).

IV.12.5. Available potassium

Max imum quantlty of potas31um (370 35 kg/ha) was recorded-
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Table XV. Chemical analysié aﬂ the soil at the end of the experiment

%

‘ Méin
treat-

Contents - ments.

bdb—treatments

NCPOKO NOPOK1prP Ko ToP4%s NPk,

TyPokq MP1Ko MiP1Ky

pH M1
, M
Averaée
Organic M1
c¢arbon (%)
Avera e

Total nitro- M1
gen (%) M
Averaée

" Availlable M

. phosphorus
Ekg /ha) . Averaée

4vailable M1
otassium
%kg /ha) Average

Calcium M1
(me/100 g) M,
Average
Magnesium NH
(me/100 g) M
Average

5,40
5.30
5435

1.26

1.10-
1.18

0,07
. 0.06
0.06

6,00
6.00
, 6,00

197.60
148.20
172,90

5.00
310
3.05
1.37

1.40
1.38

o

0w OO0 ;ifxes U1 ST Ut
. L ] [ 3 . . [ ] . .

QO OO= Phu\n

(@Yo

o
O

595 .20
545, 50
370,35

, 2.80
2,90

1.00
1.02
1.01

RN %;§8

WwVO

5,57 5.37 4.50
5.67 5.62 . 4.75
5.62 5,49 4,62
1,30  1.62 = 1,82
1.20 1,39 1,70
1.25 1,50 1.76
0,10 0.11 0.14
0.10 0.11  0.13
0.10 0.11 0.13
14,00 12.00 .10.00
14,00 14,00 8,00
14,00 13,00 9,00

190,25 296,40 190.25
170,25 222.30 180.25
180,25 259,35 185,25

5,00 4,00 4.00
4.00 3450 4,00
3,50  3.75  4.00
1,57 1.20 1.9
1.94  1.10 - 1.42
1.65 1.15 1.69

5.00
5.02
5,01

1 .40
1.20

1.30-

0.14
0.12
0.13

10.00
9.00
9,50

370. 50
296.40
535.45

2¢92
5.40
5.66

1.%2
1.08
1.20

197.60
148.20
172.90

4,80
4,70
4375

1.50
1.60
1:55

4.85
4,85
4,85

1.88




in the treatments. Ky and the lowest peféentage of 'K was found
in the soil umder control (172.90 kg/ha)

IV 12.6. Calcium

The treatment receiving NyPy (4:75 me) recorded maximum
quantity of Ca followed by NP4 K, (4627 me), Ny (4.00 me) ‘and
minimum quantity of Ca was noticed in the soils fertilized with
Ky (2.90 me).

IV.12.7. Magngsium

Méximﬁm quantity of Mg (1.88 me) was found in the soil

f’ertllized with ¥ P1K1 This was followed by N, (1.69 me),

'P1 (1 65 me ), N1P1 (1.55 me) and ‘minimum quantity of Mg (1,01 te)

was dbserved in the soil receiving K4 treatment.



DISCUSSION



CHAPTER V

DISCUSSION

Judicious application of adequate quantity. of well balanced
fertilizer brings abdut maximum increase in growth and yield of a
crop compared to any other input. In the present study, the
influence of N, P, K and their mode of application on growth para-
meters, dry weights, chemical composition and uptake of nutrients

in respect of cardamom, are evaluated and discussed here.

Vel. Vegetative growth parameters

On schbutinizing the data presented in Table IIa and IIb,
and Fig.I, it is seen that there was no significant difference
between the effects of two modes of application of NPK fertilizers
on.suckef production. Similar results were obtained when applica-
tionsof fertilizer through soil, foliar and soil-cum-foliar appli-
cation to Arabica coffee (4non., 1967) and N through soil and

foliage to banauna by Shewky et gl. (1974) were carried out.

The number of suckers produced among sub-treatments diffe~
red significantly. Plants fertilized with N1P1K1 recorded
significantly more suckers (31.84) compared to that of any other
treatments, throughout the period of observation. This accounted

for . two times amd a hélf more of suckers as compared to that
of control which recorded lowest number of suckers (12.31).
Production of significantly higher number of suckers as a result

of application of all the three ingredients (N,P, K1) gives a



th

positive indication of the response of the plants to all the

three major ingredients. Zurbickij et al. (1969) observed

better growth and development of tea when fertilized with NPXK.
Similar results were obtained in tea by Majorova (1960), Canukvadze

{1970), Guseino (1973? and Mahalkal and Gupta (1973 ).

Thé *sub~treatments NPy (23.74), P4Ky (22.31) and WK,
({9:22) which followed N4P,K, consistently di1d not differ amongst
themselves. Kuratti (1963) recorded maximum tillers in paddy
fertilized with Né levels of 45 1b (20.25 kg) + P2 level of 30 1b
(13,50 kg) compared to control imvolving no fertilizer.

The main effects of Ny (23.08), P, (24.01) amd K, (22.87)
were significantly superior in respect of the number of suckefs
produced -ceompared to that of control (Table ITb). Krishnamurthy
(1967) observed that linear increase in tiller production in H-22
ragl with increased levels of N frbm 0.00 to 90 kg per ha;

The data (Table IIIe and Fig.Ila amd ITb) on number of
leaves produced revealed that there was significant difference in
the leaf production between main treatments during March and
dpril. 'Soil application of WPK (110.62} produced significgntly
more number of leaves than that of soil-cum-foliar application
of WPK (91.76). 4Alice et al. (1978) reported that soil application
of complex fertilizers (Vijey, 17-17-17 NPK) to paddy resulted
in increased straw and grain yield than the foliar application.



169

'Sub-treatments significantly  influenced the leaf proiuc-
tion. :Plants'fertilize& with N'1P1K1 produced significantly higher
nimber of leaves (171.20) followed by that of P,K, (116.66), WP,
(110;62) etc., there being minimum number of leaves in control
(62.00). TIncrease in number of leaves is mainly due to increase
in the number of suckers. Cessare Guerra (1972) recorded maximum
tea yield with WPK 180 , 60and90 kg per ha respectively. Similar
results were obtalned by Mdnalkal and Gupta (1973), Guseinov (1973)
and Maeharan gt al. (1973) in tea. Decrease in number of leaves

is obviously due to less number of suckers.

The main effects of W (111.74), ‘P (123.33) ard K (117.28)
showed a positive response on the number of leaf production compa-

red to control.

It is seen from Table IIa amd ITb and Fig.IITa and IITb.
that the main tréatments significantly influenced the total le ngth
of suckers per clump during February, March ahd dpril. Soil appli-
cation of NPK recorded significantly higher total lengkh (1045.32
cm) compared to that of soil-cum-foliar appiiéation of NPK
(935,46 cm). This is mainly due-to better growth of suckers under
soil application. Fqliar'application of inorganic mtrients
caused some scorchiné effect‘and as a result the growth was retar-
déd. Ramkhurb (1974 ) observed .. shorter growth and less tiller
density in wheat by application of half soil and half foliar N.



Among sub-~treatments the plants provided with N, Py Ky

recorded significantly higher total-lengthf(1791.70 en¥. This

vas ‘followed by Pyl (1184.37 cm), NP, (1084.96 cm), Py (903.16"

cm), K (002 58 cm) and W 1% (863.62 cm) and minimum total length
of suckers per clump was found in the plants under control (549 15
cm). Increase in total length is malnly due to more suckefs
produced in the clump. -Canukvedze (1970) reported that tea app~
lied with NPKkmixtureAO.15, 0.10 am 0.10 g per kg of soil resulted

in inecreased plant. growth by 64 per cent over the control.

The main effects of N, (1045.70 cm), B. (1241.04 cm) and

K, (1186.81 em) significantly influenced the total length of .
suckers per clump, compared to that of control. The higher growth
rate of coffee plant was found with X application (Ishigake, 1971):
Similar results were.obtained in the studies conducted by . iJdmbu-
linganm and:Bamaswamy (1975) who reported the¢app1ication 360 g

K20 per plant resulted in increase in pseudostem height of banana.
Significant inerease in the pseudostem helght (151 cm) was Obser-
ved in banana with 40 g P205 per plant compared to.control (Anon.,

1978).

The sub=treatments significantly influenced fhe average
height of sucker at the emd of 4pril (Table V and Fig.IV).
plants fertilized with P,K, (65.53 cm) amd W,P,K, (64:46 cm)
‘recorded significantly’h;gher average heighﬁ as against the plants
under control (50.%1 cm), F¥or the same reasons discussed in the

preceding paragraph.



The main treatments were significantly influenéed the leaf
length at the emd of April (Table VI). The soil application of
NPK recorded significantly higher leaf length (3ﬁ.381cm)-cdmpafed
to that of>so&l—pum-foliaf application of NPK.(29.99 cm ).

- The leaf length and breadth were significantly influenced
by sub=treatments only dﬁring February but the differences did

not persist in the suﬁsequent mpnths.

V.2. Interaction effects

The number of leaves produced was significant;y influenced
by main x sub-treatment interaction at the end of Abril (Table IIIc).
Soil application of N,P,K, produced significantly more number of
leaves (181.00), nearly two thimes more compared to that of control
(74.83). Cesare Guerra (1972) reported that application of'NPK |
(180 + 160 + 90 kg/ha respectively) thrpugn soil resulted in an
increased tea yield.compared.to thet of control. Similar findings
were reported by Mahalkel and Gupta (1973), Guseinov (1973) and
Maeharan et al. (1974). ' |

‘The plants provided with NPK (161.41) through soil-cum-
foliar application produced nearly three times more 1eaves-com—
pared to that of control (49.16). This was followed by P,K,
(110.58) ete. Increase in cane yleld of sugarcane by 13.69 and
17.29 metric ténnes respectively by spraying of N and P as sul-
phate of ammonia and superphosphate (Anon., 1956). Godoy (1958’
reported that coffee seedlings sprayed with FPK resulted in mere
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nuhber of branches, leaves and height compared to control.
Similar findings in agreement with Chiang (1960) was observed in

tea.

‘The plants fertilized with WP,K, (181.00) through soil and
soil=cum~-foliar application of N5P1K1 (161 '41) produced more number
of 1eaves compared to that of other treatmentsg irrespective of
mode of application. The lowest number of leaves was produced
unier control.

The interaction effects on total length of suckers was found
significant only during tne_month oflMarcna But in the subsequent
month, it .was found to be non-significant. .

- A perusal of the data presented. in Table VIIT 4dndicated that
501l application of N,P,K, produced maximun number of'panicles |
(20.50) as against only one panicle under control—(soil applicafion).
This is attributed to the better growth of plant as:a'result of the
application of all the three major mutrients.

V.%. Total fresh welght and ary welght

4 careful study of the data préséntéd in Table IX and Fig.Va
and Vb 1nd1cated that the sub-treatment signlflcarmly in fluenced the
total ﬁ*esh and dry weight of cardamom plants.

| vThe plants fertilized with combination of N,P;K, recorded
siénificantly highést fresh weight (é999a88 g) compared to rest
of the treatmentss except P1K+ (2065.47 g); The increase‘in fresh

weight was nearly six'times more than that in control waich recorded
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minimum fresh weight of 481.7 g. The treatments P1K1'(2965.47 g)
NPy (1785.71 g),:K1 (1533.90 g), P, (1341.87 g)y N, (1224.55 g)
and WK, (1163.32 g) followed by NHP{K1. in descending order but
théy did not differ amongst themselves. Iﬁcrease’in fresh welght
is mainly due to more number of suckers codpled with higher total
lengfh,df suckers per clump. Kimeu (1970) reported ﬁha; apblica-
tion of NPK in terms of compound fertilizers (15 ¢ 15 5'15 + trace
elements) on coffee, resulted in increase in fresh welght ahd dry

weight of coffee.

Total dry weight of plant vas significantly influenced by

~ the sub~-treatments. 4dpplication of N1P1K1‘to cardamom plant was
most ‘effective in producing higheSt tbtai ary ﬁeight (473.53 g)
compared to. thet of other treatments. The level of N5P$K1fertili*
lizer increased dry yeight more than seven times compared to that
of control (65.37 g)» The high quantity of dry matter produced in
NP, K, 1s the result of high quantity of fresh weight and high
driasge; compared to that-of other treatments. Macharan et al.
(1974) dbserved that tea plants with (10 split applieatiéns of NPK
resulted in 17, 7 and 34 fold increase in dry weight of roots, stems
and leaves, respecti&ely as compared to control. The treatments.
receiving NP, (241.56 g), P4K, (219.55 g)s P, (199,86 g) K,
(179,32Ig) and KH'(174.20 g) Followed N1P1K1§'but they were on ’
par with/each other. The 16west dry weight under control is
mainlylattributed to inadequate supply of:nutrients.
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V. 4. Percentage oontributlon of fresh weig ht and dry welght
_of dlfferent parts to the whole clump

The,peroentage composition of different parts of. fresh
weight and dry weight of whole clump varied under different sub-
treatments (Tgble X and XI, and Fig.VIa and VIb). " In genersal,
" maximum percentage of fresh weight was contributed by'shoots
(45.94%) followed by leaves (23.10%),-rhizome (21700%) and roots
- (9.96%). 'It is mainly due to more of suckers with advancing growth

towards maturity.

The foliage of the plants grown undér control accounted for
26,25 per cent of the total fresh weight. followed by N,P,K,(25.91%),
N, (24.16% ), P, (23. 56%)s etc.; and lowest percentage contribution
of leaves vwas made by the plants applied with N1P1v(19,37%).

Highest percentage of fresh weight of shoots was recorded
by the plants fertilized with N,P,K, (51.34%) as against 42.13
per cent under control. Iﬁcrease in percentage of'fresh weilght
of shoots may be due to production of more of’ suckers with advan-

cihg growth. -

Rhizomes of the plants provided with'N1'developed higher .
percentage of fresh weight (23 49%)9 followed by“N1K1 (23.40%),
P1 (21 62p), K1 (20 48m)9 etc-, ‘and lowest percentage of fresh
weight of rhizome 1n plants fertilized with NﬁP1K1 (16 66%)

The meximum peroentaoe of fresh welght of roots was Drodu-
ced in the plants receiving N,P, (13.75%) treatment against lowest

percentage of roots (7.09%) in plants fertilized with N It

1P1%q -
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could be attributed to better development of root system under

1\I1 P1 treatment.

In general, maximum percentage of dry weight was contributed
by shoots (42.80) to the total dry weight. This was followed by
leaves (34.92%), rhizome (14.05%) and roots (8. 23ﬂ) This is
‘malnly attributed to increase in fresh weight.

The foliage of the plants under control accounted for 42.48
per cent of the total de«y weight, followed by Ny Py Ky (39,39%),
N (35:06%) ete. The lowest percentage contributiom of dry weight
of leaves was recorded in the pléntsxprovided with P4k, (30;83%)-
This is mainly due to inerease in fresh weight ndthlthe gbove said
nutrients. Macharan gt al. (1974) cbserved that tea plants ferti-
1lized with NPK resulted in increased dry weight of leaves.

ALl the tréatments showed higher percentage composition of
dry weight of shoots compared to that of ‘control: The higher per-
centage composition of dry. weight of shoots was observed in P1(48.65%).
K, (44.75%) am NP K, (44.687%) compared to control (31.31%). It
may be attributed to more of suckers with higher rate of driage.
Maeharan- et al. (1974) noted increase in dry weight of shoots of
tea with application of NPK fertilizer mixture.

~ The percentage composition of rhizome to the total dry weight
of the clump in case of control was highest (16.87%). This value
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was lowest in case of NPk, (10.61%).

The maximum percentage composition of dry weight of roots
ﬁas_accounted in the plants fertilized with N,P, (10.76%) followed
by F4K4 (9.99%) ete., and lovwest percentage was .found in the'plants
provided with NyP,K, (5.324). It is mainly attributed to high
peréentage of fresh weight as a result of better deveIOpment of

root system.

Vebe Ghemicél~composition

The chemical composition 6f differenf parts of the plants
wvas fourd to be influenced by NPK and their mode of application.
There wag maximum percentage of N (3.76%) in the leaves of.the“
piants fertilized wﬁth Nﬁ thréugh soil-cum-foliar application and
N1K1 through soil appliéation. This was iblloWe&-by 3444 per cent
in NP, (soil application) e soil-cum-foliar application of
N,Ky and MPyK . 4 minimum percentage of N (1.63%) was found in
the leaves of the plants provided with P, (soil=-cum-foliar appli=~
cation). Inerease in percentage of N is mainly due to N fertili-

zation.

Bangoo et al. (1962) found that nutrient: contents of banana
plant increasedin direct proportion to NPK fertilizer aspplied.
Ananth and Iyengar (1965) reported that leaf N increased from 3.3
per cent to 4.00 per cent in coffee by foliar applidaiion of urea.
Similar results were obtained by Iyshigaki (1971) in.coffee and
Rao and Iyengar (1975) also, in coffee. Krishnemurthy Rao et s&l.

(1976) reported signifieant increase in N contgnt,d? coffee leaves
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with increased concentration of urea sprays. Similar results

were observed from the firdings of Lin (1977) in tea.

4mongst the different sub-treatments at fixed level of mein
treatments consisting of soil-cum-foliar application of P, and N,P,
recorded meximum of 0.75 per ceﬁt‘of P. This was followed by Py
(0;60%) applied through soil.'NL'P1 (0.60%) = soil application,
soil-cum-foliar application of P,K, (0.50%) and N5P1K1_(O.5Q%).
A minimum percentage of N (0.32%) was recorded in soil-cum-foliar
application of N,K, treatment. Ananth (1961) stated that P content
in the coffee leaves imcreased with concentration of foliar applied
P solution: Decrease in percentage of P is attributed to 10@

content of P in the soil. Similar trend was ocbserved in the shoots,

rhizome and roots.

It is seen from Teble XITc that the meximum of. 4.20 per cent
of K was recorded in the leaves of the plants fertilized with K,
"~ and N, K4 applied through soil followed by 3.90 per cent in P1K1v
'(soil application), Kq» N,K; and control under soil-cum-foliar
application. It may be attributed to more availability of K due
to K fertilization. Jumbulingam and Ramaswemy (1975) reported
~ that soil application of 360 g K,0 per banana plant resulted in
higher K content in the leaf. Incfease in K percentége in control

mgy be due to limited growth, wherein the tissue composition is
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not subjected to dilution effects. 4 minimum percentage of K
(3.00%) was found in the leaves of the plants provided with P,

through soll-cum-foliar application.

In shoots, maximum percentage of K (9.40%) was recorded in
the treatments K4 andﬂmi applied through soll as agalnst 3.50 per
cent in control and %.40 perﬁcent‘in P;y. 1Increase in K percéntage
is mainly due to decrease in Mglqontent of.K treated plant. Lahav
(1977) reported that increase in the level of K fertilizer was
followed by a decrease in the Mg level in the suckerand antagonism
between K and Mg (blade r = -0.272 , petiole .r = -0.549) was found
to be greater than that of K and Ca (blade r = ~0.235, petiole r =
~0,377). It was confirmed with the results of Lahav (1973).

Maximum percentage of X (4.90%) was found in the rhizome
of the plants fertilized with_K1, N1 applied through soil and NﬁP1K1
(seil~-cum~foliar application). Minimum percentage of X (3.60%)

was noticed in the treatments P1 and N1P1 applied through soil.

Hoots of the plants fertilized with K,, N, through soil and
N&K1, P1K1 through soil=-cum-foliar application recorded maximum
percentage of K (5.20%) as against 1.20 per cent in W,P,K, (soil~
cum-foliar application). Decrease in percéntage of X is attributed

to more dilution effect due to better growth of plants.

On the whdle,ﬁhe average content of K in shoots, rhizome,
leaves and roots works out to be 6.03, 4.41, 3.66 and 2.70 respec-
tively. | |
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The data on Ca composition of the plant tissue revealed
that the meximum percentage of Ca (1.40%) was found in the leaves
of the plants fertilized with NHP1 through soil~cum~foliar applica-
tion followed by NP, (1.23%), P, K, (1.20%) and N, (1.19%)‘applied
through soil. & minimum percentage of Ca was observed in K, (0.73%)
N1K1 (0.80%) and N,P,K, (0.80%? applied through soil-cum-foliar
application. Lahav (1973) demongtrateq the artagonism between K
and Ca in_banéha. Tt was confirmed with the results of Lahav (1977)

in bamm.

The issue composition of Mg was confined to comparatively a
narroy limit ranging from 0.31 to 0.08. No definite trend was obser-
ved in case of shoots, rhizomes and roots of plants due to the

influence of NPK level with regard to percentage of Mg.

V.6. Uptake of nutrients by the plants

A perusal of the data furnished in Table XIIT and Fig.VII
reveals that the uptake of nutrients were significantly influenéed
by sub-treatments. )

V.6.1. Nitrogen

Significantly higher uptake of ¥ (95.78 keg/ha) was recorded
in the plants fertilized with N,P,K,. This was nearly nine times
more than that of control (11.61 kg/ha). The uptake of N in Nilei
treatments was nearly seveng'three and eleven times more than fhat

of P (13.41 kg/ha), Ca (3%.48 kg/ha) and Mg (8.55 kg/ha) respec-
‘tivelyuv But compared to potassium the uptaketof ¥ was less. This



111

indicates that N is next in importance to K from the point of

view of quantities of major ingredients held by the plant tissugs.
Based on plant analysis study, Kulkarni gg_gg.,(ﬂ971) reported .
that uptake of N by cardamom plant was more but next In importance

to K.

Lower uptake of N in'cqnﬁrol is expected in view of Llover
availability of N and also due to léss dry weight. The treatments
WP, (44.46 kg/ha), N, (32.04 kg/hed, P,K, (28.44 ke/ha) folloved
NﬁP1K1o '

V.6.2 Phosphorus

" Nearly six times more uptake of P was recorded by the plants
fertilized with NHP1K1 (13,41 kg/ha)’compared to that of plants
updér control (1.80 kg/ha). This was followed by P, (11.16 kg/ha),
NPy (9.90 kg/ha), P,K, (9.90 kg/ha). The uptake of P by plant was
iny onerseventh,.one-twelfth and one-half éompared to N, X and Ca
respectively, l%%,slightly more than that of Mg when compared to
NP, K, treatment. was recorded. Obviously P requirement of carda-
mom is very less and it is surprising that fhe plants give favoura-
ble response to added doses in initlal stage. Therefore, it is
hecessary to emphasise that supply of P\in available form im of
greater importance from the point of view of the plant growth, '
particglariy when soil pH is iow. Increase in uptake of P in N}P1K1

is mainly due to inerease in dry weight..
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VebeBe Potassium |

The data furnished in Table XIII and ﬁig.er revealed that
the uptake of K by the cardamom plants was max1mum -in all the
treatments compared to that of any other ingredjents such as N. P,
and others. The plants fertilized with 1 V}P1K1 recorded signifi-

cantly more uptake of K (167 49 kg/ha), which accounted nearly 2,
;'12. 5and 20 times to that of N (93.78 kg/ha), P (13.41 kg/ha),
Ca (3%.48 kg/ha) and Mg (8.55 kg/ha) The uptake of potassium
in NHP1K1 treatments increased nearly by eight times compared to
that of the uptake of X by the plants under control. Tt is evi-
‘dent that cardamom plant is a héavy feeder -of 'K than any other
" nutrients. Therefore, application of more of K fertilizers is
: justified: Kulkarni et al. (1971) stated that uptake of K by the -

' cardamon plant was more compared to any other nutrients.
JV 6. 4 Calcium

Slgnificantly higher uptake of Ca (%3,48 kg/ha) was found
‘in the plants provided with N& K1 This was nearly eight times
more than that of control (4.68 kg/ha). This was followed by
NPy (17.91 ke/had PK, (14.76 kg/ha)s P, (12 06 kg/ha), N,
U(11.52 kg/ha)vetc. Tnerease in uptake of Ca is mainly due to

¥

| iqi'gner dry weignt.

V.6 5. Magne sium -
Uﬁtake of Mg also followed the similar trend like that of

Ca, - Significantly higher uptake of Mg (8.55 kg/ha) was found in
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the plants fertilized with N,P,K, compared to that of control
(1,17vké/ha}. Increase in Mg in NHP1K1 accounted nearly eight times .

more than that of control.

' In the present investigation the uptake of Ny, Py X, Ca and
Mg by the plants fertilized with combi'ngtion of 1\11‘3_,1{,’1 was in the
ratio of 7:1:12.312.4:0.89, Kulkarni gt gl. (1971) reported that
the ratio of N, P,,K, Ca and Mg in cardamom was 61111213 :0,80,

V.7. Chemical analysis

On scrutinizing the data presented in-Table XV it is seen
that soil nﬁ, organic carbon, N, P, K, Ca and Mg were found to be
influenced by treatment effeet during the course of this experiment.

The deé¢rease in pH of soil from 5.10 to 4.62, 4.76 and 4.10
in the treatments receiving Nﬁ, NﬁPi and NﬁP1K1 vespectively was
observed due to addition of nitrogenous fertilizers in the form of
urea., It may help-in'the formation of acid during the nitrification
process and loss of bases due to the replacement of basic cations
of liberated 5 and M, ilons. Bangoo et al. (1962) reported that
application of 90-112.5 kg of N decreased the soil pH from 5,57 to
5.52 in banana. This indicates that whenever nltrogenous fertili=-
Zers are applled to acid soils, care should be taken to rectlfy the
soil pH by using sudtable‘amendments. Slight increase in pH of soil
ramging from 0.70 to 0.25 was found in the treatments K1, P1, P1K1
’and*eontrol. This is due to absence of nitrogenous fertilizers and

fthe residual effect of lime that was added at the time of planting.
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Only marglnal increase in organic carbon content in soils
recelvzng treatments N1. N1P1 and N5P1K1 respectively over the .

original status of soil.

Increase in_percentage of total N from 0.10 pef cent (origi-
nal status of eoil) to 0.13 per cent was observed in the soil
fertilized with N1, N1K1, N, P, and N{P1K1 treatments. Decrease
in percentage of total N was found .in control (0.04%) compared to
that of other treatments. Increase.in percentage of total N is

mainly'due to addition of N through fertilizers.

Just as in the case of N, there 'was inerease in P content
of soil, where soil fertiliz_ed with NP, (16.00 kg/ha), P1(14 00
kg/na), P4k, (13.00 kg/ha)‘and N,P, K, (13,00 kg/ha) as against
6.5 kg per ha in original ‘status of soil and control (6.00 kg/ha).
The difference is attributed to increase in P content zpplied

through fertilizers.

| Meximum quantity of K (370.35 kg/ha) was observed in the
soil fertilized with K,. It was followed by N,K, (333.45 kg/ha),
RHP1Ki (320.70 kg/he)} P K, (259,35 kg/ha) and lowest quantity
of K was found in comtrol (172.90 kg/ha). Increase in the quan-
tity of K in the soil is mainly due to application of K through
fertilizers. | |

In general. increase in Ca content of soil was dbserved in

V.

all the treatments. This was mainly due to application of lime at
the time of planting. The max imum increased.from 2.74 to 4.75,



2.74 to 4.27 and 2.74 to 4.00 me. was found in the treatments
N1P1, N}P1K1 and N1, respectively. ~dJust as in the case of Ca,
there was increase in Mg content of soil observed in 2ll1 the
treatments compared to that of original soil. Highest quantity
of Mg (1.88wme.;) wasﬁrecerded in the soil ferfilized with N1P1K1
as against 0.85 me: in original against 1.01 ppm in K1 treatment.

Decrease in Mg content 1s mainly due to antagonlsm between Mg and K.
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CHAPTER VI

SUMMARY -

| The experlment was conducted at, the Regional Research Station,
Mudigere, to study the effeets of various combinations of NPK and
their mode.of application on the production!of cardamom suckers. Ihe
ekperiment consisted Of-tWO main treatments viz., soil spplication |
'of NPK and soil-cum-folwar applieat1on of WPK with 8 sub=-treatments
namelys NbPOKO, N P ﬁ1, 1 0, NCP1K19 N1POK09 N'P0K1, N1P1K0,
and N‘P1K1, derived from 23 factorial combination. The Pirst level
was maintained at '0' for all the ingredients and second level was

mainteined at 32,5 g ¥ (N, )y 25.0 g of P,0. (P;) and 50 g of K,0

2
,(K1) as urea, superphosphate and muriate of potash, respectively.

"Main treatment e¥fects did not differ significantly in respect
of number of suckers produced till the last observation was made at
the erd of oné years But they revealed signifioant dif ferenees in
"respect of leaf production, total length of suckers per clump ani
average length of sucker, at the latter stages off%xperiment. Soilu
application of NPK produced significantly higher number of leaves h
(110.62), total length (1045.32 cm) and average leaf length (31.38
ci) as compared to that of soil-cum-foliar application of IPK
(91.76 cmy 935.46 cm and 29.99 cm respectively).

Among the sub-treatments, application of 32.5 g of N+ 25 g
of P,0; + 50 g of K0 per plant was found most effective in bringing

about better growth and development of cardamom plant. The,éombination
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of these ingredients promoted the plants %o produce suckers in
/sighificantly higher numbers‘(31,84). leaves (171.20), total length
7(1791.70 em) of suckers per clﬁmp and'average height (64.46 cm) of
suckef.,compared to that of control; The sucker pfoduc%ion, leaf
production and toteal tength of suckers in the clump under N1P1K1were
two and a half times more than that of control. .The treatments NiPy»

P,K, and MK, were félloweé"j N,P,K, consistently.

The main effeets of Ny, P and K were significantly superior
to those under control in respect of the number: of sucker production,

. leaf production and total length of suckers in a clump.

Interactions consisting of combination of NP, Ky with soil
application helped the plants to record significantly higher number

of leaves (181.00) compared to any other treatments.

The plants under treatments fertfilized with soil application
of N,P,K, produced maximum number of panicles (20.50/treatment)

" compared to any other treatments.

The plants fertilized with »N1P1,K1 recorded significantly
higher quantities of both’fresh matter (2999.88 g) and dry mafter
(473.58 g) amd this was followed by P,K, and N,P, treatments. The
fresh weiéhbs and dry welght ﬁroduction in'NHP1K1 were 6 and 7‘ |
times more than those of control, respectively.. This is mainly
attributable to the prodﬁctién of significantly ﬁore suckersy leaves
and highest total length of suckers in a clump as a result of the

application of three major ingredients.
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'SUb-freatménf effects influenced the clump s%ruéture of
plants as indicated by the peréentage compdsitién ef fresh wéight
'én& dry wéight of different parts to thie whole weight of clump.
Fresh and dry weights of foliage constituted 26.25 énd 42.438 per
cent to the whole clﬁmp, respectively. This proportion of 'foliage
'observed in case of:control was found to be the highest for ﬁhe
corresponding figures in case of dther_tréatmenté; Shoots of the
plants fertilized ﬂdth.N1B1Kﬁ contributed meximum of both fresh
weight (51.34%) and dry weight (44.68%) compared to that of con- .
trol, voerein 42.13 and 31.31 perié;nt of fresh and dry weight
respectivelyy were recorded. The rhizome of N; treatment wade
the highest contribution of fresh weight of 23.49 per cent as
against 16, 66 per cent In N1P1K% treatment. The highest percen-
tage of dry weight of rhizome (16. 88 ) was contributed by plants
under control.‘ The plents provided w1th N1P1 increased the percen~
tage freésh weight (13,75) and dry weight (10¢76%) of roots compared
to that of 7.09 and 5.32 per cent in W,P,K, treatments, respec-
tively. ’ | ' | |

~ The treatments consisting of Nﬁ (soil~cum-foliar application)
and ﬁHK1 (soil appllcation)increased the percentage of N in the
_leaves (3. 76&) as against 1.63 1n P, (501l~cum-follar application)-
The N percentage in the shoots was high (1 6%%) under the treat-
mentsN(soil application), NHP1,(soil-cum—foliar applicationO and
lN1P%K1 (sqii-cum—foliar application) compéred tb 0.66 per cent in
P1Kﬁ applied through soill, ©Similar trend was noticed in rhizome
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and roots. application of P, and N5P1 through soil-cum-foliar
applicatioh increased the P percentége in the leaves (0.75%) as
éompared to that of control (0.40%) and N,K, through soil-cum=
foliar spplication (0.32%). Similér trend was observed in shoots,

rhizome and roohs.

Higher percentage of K waé found in the leaves (4.20%),
shoots (9.40%), rhizome (4.907%) and roots (3.20%)-of the plants
fertilized with K1 throughgsdil as ggainst lowest percentage of
2.8 in the leaves (N1P1 - soil application), 3.40 per cent in
shoot (P1 - soil application) and 1.2 per cent in roots ( N,P,K,
soil-cum-foliar application)

The Ca percentage of leaves and shoots of the plants ferti-
lized with N,Py, N, and P,K, was higher compared to that of control,
K1 amﬂ.P1 treatments.

The percentage df.Mg in the tissues of various parts of the

plantrangéd within a narrow limit of 0.08 to 0.31 per cent.

Among the sub-treatments, application of W,P4K; influenced
the plants to draw significantly higher quantities of N (93.78 kg/ha),
P (13.41 kg/ha)s K (167.49 ke/ha), Ca (33,48 kg/ha) end Mg (8.55
kg/ha) as compared to the rest of the trestments. Significantly
very less uptake of N (11.61 kg/hé), P (1.80 kg/ha), K (19.8 kg/ha),
Ca (4.68 kg/ha) and Mg (1.17 kg/ha) was recorded by the plants

under control. ©



In general, the uptake ratio 1an1P1K1 was T:1:12.5:2.4:
~0.89 of Ny P , K, Ca and Mg respectively.

Marked decrease ih soil pH from 5.10 whichwas the initial
stage to 4.62 was observed in the treatments receiving Ny N;P1
ard NrPK, resgectivelyl

Marginal increase in the organic carbon content was noticed
in thg éoi;s‘receiving N{, N1P1, NL]K1 and N1P1K1 treatments, com-
pared to that of original status of soil and control.

Max imum pércentége 6f_total’nitrogen'(0.13%) was found in

' the goilsfbrtilized vith Ny, NK,» NP, and N,P.K, treatments.
The soils provided with NyPys Pys ByK, and N.,P.,K1 recorded maximum
amount of P content ranging from 16-13 kg per ha. Highest quan-
ity of K (370.35 kg/ha) was found in the soil fertilized wlth K,
treatment as compared to that of control (172.90 kg/ha).

In general, increasé in Ca_and Mg cohtent of soil was
observed in ail‘the treatmenfs'cempared to that of original status
of soil. This is the result of application of lime at the time

of planting.

Future line of work

1. Study of the effects of graded dose of NPK and their

mode of application on maturity, yield and yield components.

2. Determination of optimum dose of NPK fertilizers.
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'3, Study of the effeets of soil applieation of WPK'
vs split abplication in combination with soil « fbliar appli-

eation of NPKX on growth, maturity, yield and yield components.
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