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INTRODUCTION

Cardamom Is one of the most valuable and Important spices 

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

Elettaria cardamomum M. It belongs to the family 2ingiberaceae, 

under the order Scltaminae. Cardamom originated in the moun­

tains of the southern parts of the Indian Peninsula and nearby 

island of Ceylon (Abraham, 1965 ). Among spices of India, it 

occupies a unique position as the second largest foreign exchange 

earner ranking next to black pepper.

Cardamom admired as "Queen of spices" is one of the most 

valued spices of tbe world (Shanmugayeluanci Mo^ssdvaRao, 19.77) . Iriclia 

produces nearly 70 per cent of the world output of cardamom.

The annual production during 1978-79 was about 4 ,000  metric tonnes 

as against 1 ,000  metric tonnes in Guatemala, 450 metric tonnes in 

Sri Lanka and 200 metric tonnes in Tanzania. In India, it is esti­

mated that nearly 86 ,000 hectares are under cardamom cultivation 

at present. Of these, 49,826 hectares in Kerala, 23 ,600 hectares 

in Karnataka and 7,574 hectares in Tamil Nadu, accounting for the 

production of 2 , 900, 800 and 300 metric tonnes respectively.

India is the predominent supplier , of cardamom to the world 

market with an export potential of 2 ,600  metric tonnes 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

CHAPTER I,.
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aroma* It is exported to about 60 countries, the main importers 

being Kuwait, Saudi Arabia, U .S .S .E . ,  Japan, Qatar El Trucial Omen 

and Bahrain Islands.

Cardamom is a perennial plant and has a tall pseudostem 

formed by tbe encircling of leaf, sheaths, wrapped one over the 

other. Depending 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 shallow 

rooted and are mostly confined to the top 15 to 20 cm layer. The 

Variety minor, comprising three important cultivars v i z . ,  Mysore, 

Malabar and Yazhukka, can be distinguished on the basis of certain 

specific morphological characters.

In India, cardamom grows under natural conditions in the 

ever green forests of Western Ghats. The optimum growth and 

development is observed in the warm and humid conditions with 

temperature ranging from 10^G to It requires well d istri­

buted annual rainfall of over 150 cm. It Gan thrive well in 

areas where the altitude ranges between 600 and 1200 metres.

Well drained sloping lands having pH 5*5 to 6*5, high organic 

matter and deeply penetrated humus layer are highly suitable for 

the growth.

Cardamom is grown in India from times immemorial. But 

scientific  cultivation practices to improve growth and yield 

have not been fully developed. Cardamom produced on... suckers 

throughout the year with a reproductive growth in one stage or



the other, being present in the clump oyer the entire period 

of a year. As 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 organic 

and inorganic manures. Response to  nitrogen, potassium and to 

trace elements like magnesium, have been indicated (Anonymous, 

1977 ). But there are no experimental data giving the growth or 

yielGL"1 response of the crop to various ingredients and their levels 

or proportions. Although reports of fertilizer.- trials  being 

conducted and continued, are made in annual reports of Cardamom 

Station^ there are no conclusive results about the response of 

the plant. But there issprn&useful ihforaation on the uptake of 

nutrients by mature cardamom plants. The tissue composition and 

the total uptake figuresdtearly indicate the need for higher 

supply of potassium (Kulkarni et a l . ,  1971).

Studies on deficiency symptoms by Despande and Kulkarni 

(1971) have shown that Rlcwife?jrt;iR*solution culture with minus K,

■was the first to manifest the K deficiency. These reports 

suggested that -with an improved methodology in this nutritional 

tr ia l, fertilizer  response of cardamom could be determined. In 

order to minimise 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;

v.
1. ,Jo study the efficaey of the mode of application

of soil application vs soil-cum-foliar applica­

tion of KPK on proliferation of suckers in 

cardamom.

2. To study the effects of different nutrients on the

production of suckers.

3 . To assess the uptake of nutrients based on dry

matter production under the influence of IT, P and 

IC and their combinations. .
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CHAPTER 11 

■ .REVIEW OF LITERATURE(

The information ah the effects of manuring and different 

methods of application of manures to cardamom is very meagre* 

Hence, in addition to cardamom, the literature available on 

other crops which are grown in similar ecological conditions 

(coffee, tea and cocoa) or on those -which 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 cardamom

2 . Fertilizer recommendations to cardamom

2* .Shade and nutrition

4. Soil application of nitrogen', phosphorus

and potassium

5. Foliar application of nitrogen, phosphorus

and potassium.

I I . 1 . Soil and plant analysis

Proper understanding of the chemical composition of the 

soil and plant,, and uptake of nutrients by the plant considerably 

helps in improving the fertilization  practice. Ratnaval et a l . 

(1S68) analysed soil samples collected from different cardamom 

plantations for pH, organic carbon, total P ^0^,. exchangeable 

calcium and exchangeable magnesium, and reported ranges of the„s 

following values: pH 4 .82- 5 .8 ; organic carbon 3 .23  to 6 .03  per

$
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cent, total 0.088-0.126 per centi exchangeable calcium

4.12- 11.42 rae4.100 g soil and exchangeable magnesium 1.13~2'*06 

me/. 100 g soil. They also analysed different healthy leaves of 

cardamom for their.chemical composition. Analysis of second 

leaf from top revealed the.tissue composition as follows:

P2 0,- 0 .423  per cent, K^O 2 .76  per cent, GaO 0 .297  per cent and 

. MgO 0 .1 7 4  per cent. F ifth  le a f  from the tipfi»<AP20^ 0*314 per cent, 

Kg0 2 .62  per cent,. GaO 0.711 per cent and MgO 0 .228  per cent * 

Analysis of healthy., shoots indicated the presence of following 

quantities of KgO 5.38 per cent, £ 2̂ 5 °*302  per cent, GaO 0*93 

per .cent and MgO 0 .109  per cen t .. Based on these data, the follow­

ing inferences were drawn.

,1 ) .Potassium requirement of cardamom grown under shade 

is high.

2) Forest soils being rich  in nitrogen bring about a 

greater demand for potassium, so that 'nitrate may be reduced in  

plant metabolism.

• 3 )  I f  K is low ani its content in the plant tissue is

diminished as a result, the total base content of the sap.,decrea­

ses, event hough the contents of Ca and Mg may increase to substitute 

to some extent, the .decreased uptake of K* Decrease of total base

. concentration of vsap upsets balance in the nutrition. For. these

reasons, it was considered essential to maintain the level of 

potassium in  sap solution at a higher level.



4 ) Low crop yield is due to lack of phosphorus than to 

any otter nutrient. Phosphorus is  concentrated not only in the 

tissue of the. growing tips of roots, but also in the developing 

kernels and seeds. Beneficial effects of phosphorus is more in 

seeds than in the leaves.

5) Phosphorus aids the uptake of K and tends to .counteract 

the effects of excess N. For these reasons, it was considered 

beneficial to increase and maintain a high 'lqvel of phosphorus 

in  the sap solution.

6) Though calcium promotes greater soil activity and imp­

roves the soil, sap content of plant tissues should have proper 

balance of K and Mg. 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 > C a > M g .

7) Nitrogen is usually available in  forest soil in abundant 

quantities. For every 1S°F decline in temperature, the average 

N content of soil increases two to three times. Need for N is
y

less under conditions of low intensity of ligh t . In relatively

high-elevations in the mountains, most of the available 'N  app.ears
•>’, , '.i • ’•

to be in the form of ammonia. For these reasons, addition of N 

fertilizers in cardamon] may not be essential.

‘ *
Srivastava et a l . (1S6S) collected the leaf samples of 

h e a l t h  and infected plants from two important cardamom growing
* , 

areas in Karnataka v iz .i  Coorg and Sakaleshpur. Leaf samples



were'analysed for macro and micro nutrients. Nitrogen
I

in the various 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 healtfey and infected conditions of the plant.

The N, P2 0j-, K^0, Ca and Mg contents of the Katte infected plants 

from'Appangala area -were 1 .62  ppm, 0*22 ppm, 0 .9 6  ppm, 3 .032  ppm 

and 0 .6 3  ppm respectively, -while these values for the Katte infec­

ted plants of .Sakaleshpur area were 2 .4 5  ppffl* 0 .2 9  ppm, 3«01 ppm,

1 ,65  ppm and 0 ,7 0  ppm respectively. The healthy plants from 

Appangala area had 1.96 ppm, 0 .2 9  ppm, 1 .3 8  ppm, 3*26 ppm and 

0 .73  ppm and from Sakaleshpur area had 2*46 ppm, 0 .2 8  ppm, 2.50 

ppm, 1 .54  ppm and 0 .5 4  ppm of N, PgO^, KgO, Ca and Mg respectively.

Kulkarni et a l . (1971 ) have studied the uptake of nutrients 

by cardamom, by analysing the plants collected from 10 year old 

plantation (Malabar prosterate) at Regional Research Station, Mudi- 

gere. The plants were fertilized  with 34 “45 -45 kg of NPK per 

ha. The soil type was clay loam, distinctly acidic (5 .8  pH), 

rich in organic matter (5 «9 2 $ ) , low in available P (14.71 kg/ha) 

and*(156.2 k g /h a ). Analysis of the different parts of the plant 

revealed that . nitrogen (2 .452- 2*52$), P (0 .23- 0 .37$) 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. However, at bearing stage, W (1.85- 1.33$)>

P (0 .10- 0 .03$ ) and K (2 .04- 0 .48$ ) decreasedinthe leaf tissues, but 

a definite increase was observed in case of Ca (1 .03- 1 .64$) and 

Mg (0 .1 2 - 0 .2 2 $ ).
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In case of pseudostem* there was.a general reduction in 

the IT (0 .68- 0,63$ ) 9 P (0 .46- 0.10$)* K (3 .96- 1 .20$) and increase 

in the C&. (0 .18- 0.58$) and Mg (0 .06- 0 .13$) contents -which increa­

sed with 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 k g /h a ), followed by N (.25*97 kg/ha) and Ca 

(13.-96 kg /h a ), P and Mg Uptakeb*c?omparatively in lesser quantity 

(4*35  and 3 ,4 3 ,kg /h a ), The ratio of If, P s K , Ca and Mg in  carda­

mom clone was 6 : 1 ; 12 : 3 i .0 .8  respectively# It was also 

seen that production of 1 kg of cardamom capsules removed,0.122 

kg S', 0 .0T4  kg P aid 0 ,2 0  kg K ..

1 1 . 2 . some fertilizer  recommendations to cardamom

Most of the cardamom growing areas are situated in  high, 

rainfall regions on h ill slopes of high altitudes.’ A substantial 

amount of plant nutrients leach out from soil in such conditions. 

While fertilizing , one has to take care of nutrient removal by 

plants as well as its loss due to leaching and fixation. Consi­

dering the nutrients removal by the planks* giving allowances for 

leaching and fixation losses* Abdul Khadher and Mohamed Sayed 

(1977) recommended a fertilizer dose of 75 kg N* 75 kg P2°5  and 

1:50 kg KgO per ha. ' '

Kelolgi (1977) suggested application of 75 kg H, 75 kg P2C5 

and 150 kg KgO per ha to a cardamom crop yielding a normal crop



of 100 kg of dry capsules.. An additional doze of 0 ,65  kg I ,

0.65  kg an(i ^*3 &S KgO per ha for every Increase in yield

of 2 .5  kg of capsules over the normal yieldwas recommended* In 

another report based on a normal crop of 40 kg of capsules per 

acre per year, application of 32 .5  g IT* 25*0 g ^ 2^5 ar^  50 g K^O 

per clump per year is recommended (in o n ., 1977).

According to Shanmugavelu and Madhava, ftao' (1977) well
A

rotten cattle, manure and sheep manure greatly enhaneedyields 

in cardamom. Manuring twice a year v i z . ,  in June-July and Sep- 

tember-October is better. They also recommended application of 

30 kg 30 kg ? 2^5 an'̂  ^  Kg0-per acre per year.

11 ,3* Shade and nutrition

Shade serves, as an insurance against drought and scorching 

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 lb (36 to 

A5fo) per acre o® sulphate of ammonia to tea plants under 50 per 

cent light intensity, was most effective. 1  became less effective 

as shade increased and for some kinds of tea there was no benefit 

in combining higher levels of N and shade. But tea grown in full 

sun with IT would cause the exhaustion of soil. Murray (1954) 

found that as the cocoa plants grew in size , the effect of the, 

fertilizer application became increasingly evident depending, 

however, on the lighfc intensity under which plants were growing.

■I 10
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Under heavy shade there was little  difference between the treat­

ments, but in  the absence of shade, the plants receiving the flail 

HPK treatments were larger and greeoer than the control receiving 

no fertilizer. Bearing plants under 15 and 25 per cent light 

intensity (heavy shade) gave low yield , irrespective of fertilizer 

application. With increasing light,y ield  increased upto 50 per

cent light but at light levels above thisj the yield was markedly
j.

affected by the presence or absence 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 caeaa and the 

response to fertilizers cannot be considered separately ( i . e . ,  

inter-related).

A trial on tea was conducted with four forms of 1  at two 

levels under 50, 70 and 100 per cent light intensities. It was 

found that there were no significant differences in  yield olwatof 

light Intensities, though yields from treatments receiving 100 

and 70 per cent light tended to be higher than those receiving 50 

per cent light intensity (Anon., 1955)* Gokhale (1S53) found 

that application of 3ST as ammonium sulphate to tea plants growing 

under acid soil resulted in increased absorption of Iff, and yield 

responses to N were' greater under unshaded conditions, compared 

to  shaded conditions. Tea plants growing under low fertility  

soil with 50 per cent light intensity yielded 65 to 135 per cent 

higher than the ftall sun light.



In another experiment» Barua (I96 0 ) 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 illumination.

The results of number of experiments showed that response to. ferti­

lizer  rates are generally less marked under shade than;full day 

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 flill sun 

light) and of urea (0 , 100 and 200 g /plant/year) with a common 

dose of 100 g and 200 g KgO. They found that increasing the

shade reduced the number of nodes per branch. Production of 

nodes was^ correlated -with yield , the correlation being higher 

in plants under conditions of 75 per cent light. Suarez Decastro 

et a l ; (1962) found that coffee seedlings grown under 36 to 52 per 

cent shade produced a longer root system and had a better 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 

with U at two levels, plant height and dry weight responded posi­

tively to BV P and Mg and outstandingly to ST, whereas K tended to 

have adverse effect* Further, the responses of plant height to 

weekly urea spray was significant, but dry weight of cacao did 

not d iffer  significantly (Dorez Zamora et a l . $ 196 5).
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Based on a long terra shade and fertilizer  experiment, Thung 

Tjiang Peis: (1966) found that shade is beneficial to tea grown 

without fertilizers  »• It increased the number of shoots per bush 

and influenced their formation and weight. Shade removal caused a

temporary yield increase followed by a gradual decrease'/to lack

i
of fert ilize r . Tea in poor condition responded more quickly to 

fertilizer x-hen shaded. Unshaded plants were sickly in appearance 

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

Denys1 (1966) conducted a study providing 36, 52 or 31 per 

cent of shade with 10, 5 , 10 (N, 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.

s

Sen (1967) summarized the series of NPK experiments conduc­

ted since 1937 on mature shaded and unshaded tea. He reported that 

with N levels of 3 5^65 kg per ha response to P and K under shade, 

were inconsistent on the various soil types. The overall effects 

were non-significant but P alone and in combination with K generally 

tended to depress yields. But at N levels of 90-125 kg per ha the 

response to P , K and P plus K under shade were positive to all soil 

types. The overall responses to P and K being highly significant* 

The addition of P at 35 kg per ha to tea under shade, increased the 

yield of processed tea by 90 kg per ha. The response to K was 

highly variable- on different soil types, but the overall response 

to P plus K was highly significant.
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Hadfield (1963) conducted a manurial trial comprising 

either normal IT (100 kg /ha), high IT (200 kg/ha) or high IT in a

5 J 1 i 2 NPK mixture -with shaded and unshaded tea hushes. In 

the f ir s t » he found an increase in yield amounting to 10, 13 and

7 per cent respectively over shaded tea "bushes. In the following 

year the corresponding yields of unshaded bushes were 11» 6 and 5 

per cent Respectively, less than those of the shaded bushes.

There was noe-vidence between shade and IT, 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 to 

N alone. He also reported that the berEfieial effects of no shade 

were associated with temperatures below 30°C  and concluded that 

shade was an insurance against adverse climatic conditions, parti­

cularly in  case of heavy leafed types of tea bushes.

AhenkoriharidA*<T0't«''fc(l963) studied the effects' of shade and 

no shade combined with high, low and no NPK fertilizer  on four 

year old cacao trees. The fertilizers were urea, providing 0,

67 or 112 kg N per ha, triple superphosphate at 0 , 12 or 23 kg 

per ha  and muriate of potash at 0 , 50 or 111 kg K per ha. K and 

PK effects were highly significant. The unshaded cacao yielded 

almost double that of cacao 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 shade.

Wargadipura et a l . (1974) conducted a trial involving four 

levels of shade and 5 levels of NP fertilization  on tea. The



highest y(e)«sII of tea was recorded frora bushes receiving the 

highest level of HP v i z . ,  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 BP levels and 

the yield for any given HP level decreased with increase in shade.

■Lee (1975 ) observed that in an irrigated EPK fertilizer 

'tr ial on young upper .Amazon cacao grown under light shade, there 

was no significant response to the main effect of IT (2226 k g /h a ),

P (2179 kg/ha) and K (2130 kg/ha) in terms of wet beans. N and K 

in  combination significantly increased the yield above that of N 

or K alone. There was significant response to P in the absence 

of K and to K in the absence of P . The effect of If alone reduced 

yields (13*91 kg/ha)ojwet beans significantly over the control 

(.' 2222 k g /h a ). The combination of 1C resulted in  an increase of 

wet beans of 436 kg per ha over the control.

I X .4. Soil application of nitrogen, phosphorus and potassium

Effect of nitrogen /

In a nutritional triaL with different'formulation of. H- 

PgO^-KgO, on banana Bangoo et a l . (1962) reported that application 

of 200 lb (90 kg) and 550.1b (1 5 7 .7  kg) qf nitrogen decreased the 

soil pH (5 .5 7  to 5 .5 3 ) . The use of 650 lb (2 9 2 .5  kg) of F alone 

lowered the pH and increasedthe 3J0̂  and' BH^ contents of so il. The 

U content of leaf tissue increased with increasing, application of 

B v iz .,.  1 7 .2 , 17 .6  and 21.1 per cent from 200 lb (90 kg ), $50 lb



16

(157 .50  kg) and 650 lb (292 .5  kg) o f  N respectively over the 

control. The Ca and Mg content of leaf tissue were increased 

over the control by all treatments except 200 lb (90 kg) of I .

Faizullah et a l . (1966) have stated that application of 

40 lb (18 kg) and 80 lb (56 kg) 1  per acre-v<a«uitaci;i»ia&agieldasigni­

ficantly higher than control upto 4 years of age. Ho-wever, in 

the first yearf 80 lb (36 k g ) IT per acre gave a lower yield as 

compared to 40 lb (18 kg) N per acre. In the fifth  year the 

yield increase due to 80 lb IT was significantly greater than that 

due to 40 lb 1.

In  various raanurial trials conducted at Uganda with Bobusta. 

and Arabics coffee». .Stephens (1967) confirmed that IT fertilizers 

increased coffee yields. Application of urea particularly in 

split doses tended to have greater effects on yields than ammo­

nium sulphate.*

According to Gusejnov and Mirzojan (1967)* the application 

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 nitrogen rate was 

180i-200 kg per ha.

Lin (1967) conducted a fertilizer trial on tea  involving 

treatments BqPK, N^qPK* NqqPK* E j2qPK, ITqqK and UqqP . He fbund 

that tea yield increased with increasing application of nitrogen. 

The application of higher levels of H increased leaf IT but redu­

ced the lea f  K.
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Krishnamurthy (1967) at. Dharwad* under rainfed condition 

with.Hgg fingermillet variety reported that the number of tillers 

produced per plant were linearly  related to lev’els of nitrogen 

application. As a mean of a ll  IT levels in all^7«92 shoots -were 

produced.

In^tin  year fertilizer  trials on Arabica coffee, Subra- 

tnanian et a l . (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 control (2200 k g /h a ).

Talybly (1969) reported that application 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 .th e  following seven 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 a M  163 kg IT per ha was, superior in increasing tea y ield . 

Dale (1971) stated that application of 40 to 120 lb (5 4 .0 0  kg) 

of IT per acre, resulted in a response of 11 .2  lb (5*04 kg) of 

made tea per acre for each additional pound (0 .4 5  kg) of N 

applied. At the highest IT level (200 lb /acre ) the corresponding 

response amounted to 7 .4  lb of made tea per acre. There was a 

little  difference among the responses to ammonium sulphate, urea 

and calcium ammonium nitrate.

According to Ishigaki (1971 ), application of 25* 50 or 100 

ppm IT as ammonium nitrate per plant resulted in  higher growth rate



and higher IT content in coffee plants. In general, ST content 

of plant was increased with increasing N application.

Rao and Iyengar (1975) have studied J,.u different nitrogen

levels (Of 45, 90, 135, 130,. 225 kg/ha) on coffee. They found 

that there were no significant differences in average yields of 

coffee in different treatments. However, the highest yield was 

recorded in  135 kg U per ha (9273 kg /h a ), followed by 1 80 kg H per

ha (8996 kg /ha) and lowest yield was recorded in 45 kg IT per ha

(3647 k g /h a ). The content of N in lea f  rose significantly with 

the levels of U application v i z . ,  3 .0 , 3 .25» 3.3» 3 .3 4 , 3*52 and 

3 .59  per cent respectively.

Shawky et a l . (1974) conducted an, experiment with foliar 

application of nitrogen and soil application of i  on banana. They 

observed no obvious variation between two methods of application 

with regard to the bunch shooting, bunch maturation and in the, 

yield of two seasons. This indicates that each method of appli­

cation was almost similar in its effect.

Bamkhub (1974) studied relative efficiency of soil and 

soil-cum-foliar application of nitrogen in different doses (0 ,

40, 80 , 120, 160 and 200 kg/ha) on TAieat. He found that plant 

receiving half soil plus half foliar application of IT resulted 

in  significantly shorter growth and had less tiller density per 

unit area than those of soil and three-fourth soil plus one- 

fourth foliar application of N.



19

Unlike'nitrogen, the effects of phosphorus are not striking. 

Phosphorus generally gives little  response., Experimental data are 

still lacking -with, 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 lb  per acre resulted in increased coffee yields compared 

to no P application. .......................

In a fertilizer t r ia l ’on tea ,Lin  (1967) observed that the 

increase in tea yield was associated with P content (less than 

0.265b) in the lea f;

Lin (1967) conducted field trials with BPK fertilizers on 

coffee . He found that application of 20 kg P2°5  Per 118 yas su ffi­

cient. in increasing the y ield . The leaf analysis indicated that 

P content of 0 .2 5  per cent or lower would make the application of 

P fertilization  worthwhile in case of coffee.

According to Daraselia (1 9 6 8 ) ,displacement of P increased 

the, total root mass and encouraged the root development in deep 

layers® so that there was better use of sub-soil water and P .

This resulted in 18 per cent increase in  yield .

Wilson and Ghoudhury (1969 ) conducted 1PK trial involving 

five forms of phosphorus. Application of these forms, either 

singly or in mixture, resulted in  marked improvement in yield

Effect of phosphorus



and quality of tea. Banganathan (1971) stated that placement 

of tea at 5-10 or 15-25 cm depth of soil would give better response 

to tea than broadcasting it with or without dibbling in . Bock 

phosphate was effective compared to other phosphorus sources.

In ,the NPK trial? Parra (1972) reported that there would 

be better correlation with dry weight of coffee and soil phospho­

rus. I f  soil is deficient in P dry matter production of coffee 

fe ll  markedly. According to Aduayi (1 97 2 ), application of varying 

levels of P (50-800 ppm) to two and a half  year old coffee plant 

in green house, under sand culture resulted in greater fresh and 

dry weight. But, 100 ppm was found better compared to other levels 

of phosphorus. Phosphorus content of lea f  was increased with 

increasing levels of P application.

Bamaswamy (1976) reported that: application of 60 g of PgO^ 

per banana plant resulted in an increase in  pseudostem height* 

hand number per bunch* bunch weight and volume,, as well as earlier 

flowering compared to N (170 g/plant) and K (170 g /plant).

A study was conducted at Banana Besearch Station with d iffe ­

rent levels of P 20^ (0 , 40 and 80 g ) per plant bn Basrai banana, 

revealed that application of 40 and 80 g per plant resulted

in better plant growth (155 and 154 cm respectively) and girth 

(61 cm each) compared.to control (151 cm height and 59 .5^  cm 

girth) (Anon., 1978).



According to kin (1 96 7 ), increase in  potassium content of 

tea lea f  -was significantly related to yield . However, yield 

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

In t he HPK trial' on banana, Jagirdar and Ansari (1966) 

have found that the plants receiving 96 lb (43 .2  kg) potassium 

sulphate per acre resulted in  highest yield  in  terms of bunch 

•weight of fingers per unit area and highest monetary returns per 

pound of fertilizer applied compared to other treatment combina­

tions.

Rahman and Roy (1970) have reported mean annual increase 

in  the yield of made tea per kg of KgO applied* assessed over 

a five year period. They found that the lowest K^O application 

of 22 .5  kg per ha would increase the amount between 4 and 6 .5  kg 

made tea per kg of KgO.

Jambulingam and Ramaswamy (1975) observed that application 

of 360 g KgO per banana plant through soil application resulted 

In  higher K content in the le a f  associated with increase in pseudo- 

stem height, girth, leaf area and sucker production. 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.

Ranganathan et a l . (1975) reported that application of 

120 kg KgO per ha in four split doses enhanced the tea yield

Effect of potassium ,



irrespective of I  level. However, application of KgO in two 

split doses resulted in  slight increase in tea yields over single 

application of KgQ.

Lahav (1977) in a nutritional trial on banana reported that 

no antagonism between N and K existed with regard to uptake by the 

plants. But there was antagonism between K and Ca#0ecrease in  the 

level of Ga was expedited to follow an increase in K level. He also 

found that an increase in  the level of K fertilizer was followed by 

a decrease in  the Mg level in the sucker. Antagonism between K 

and Mg (Blade, r = -0.272, petiole r = -0 .3 77 ) was more compared 

to Ca. . ' ■

Bamas waiDyamdfianganaTRan^-^conducted an experiment on owarf 

Cavandish banana with five levels of K (C , 250, 350, 45O and 550§ 

KgO/plant). They found that application of 350 g and 450 g per 

plant ; increased the pseudostem height (107 .55  cm and 99.2 cm 

respectively), girth  ( 40 . S era' and 39*3 cm) and 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 Besearch Station, Xawal, 

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

400 g ) on Basra! banana, revealed that application of 400 g KgO 

per plant resulted in highest plant height ( 15 6 .5  cm) and girth 

( 62.0  cm) compared to control (151 cm height and 59 cm girth );
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Tissue analysis indicated that increase in K content 

increased KgO levels significantly. Uptake of N decreased with 

increased levels of K application (Anon., 1978).

Effect of nitrogen and phosphorus

Kuratti (1962) reported that the maximum number of tillers 

•were produced by giving Ug level (45  lb or 20 ,25  kg) plus 

level (50 lb or 13*5 kg) P in two doses (23 tillers ) compared to 

no fertilizers (14 t i l le r s ) .

Depante et a l . (1965) conducted HPK fertilizer  trial in a 

coffee pi ant at io n established in red soil and. found that there 

was a. positive response to P in the presence of high U. Gaspar 

(1966) conducted series of experiments on nutrition of coffee.

He found that high phosphorus levels, especially in conjunction
i

with moderate H proved very beneficial in increasing y ield . Study­

ing on HPK nutrition of Arabica c of fee , Raju et a l . (1969 ), high 

H and p content in the le a f  showed good correlation with yield. 

Bamos (1969) conducted a fertilizer tr ia l  to compare the yield 

of coffee with two levels of N» either alone or combined with P 

and K. He found that treatment receiving two levels of F alone, 

one level of MP ( N^P^) and two levels of IT and one level of 

(NgP^ ) gave 6 to 8 fold increase in y ield .

In an HPK fertilizer trial, Wilson and Choudhury (1969) 

reported that balanced application of nitrogen in the form of 

ammonium nitrate rat be r than sulphate of ammonia and phosphorus



■was the best compromise between yield and quality of tea. 

According to Wargadipura. e t  a l , C197.3)* yield of tee was enhanced 

by MP fertilization  in terras of 600 kg per ha ammonium sulphate 

and 100 kg per ha phosphate fertilizer*

Effeet. of nitrogen and potassium

According to Willson (1969) the response of tea plant was 

greatly increased 'when IT and P levels were optimum* Martin- 

Prevel (1969) studied the qoinbinations of !» p , K , ‘ S» Ga and Mg 

on bwarf davandish banana* during three production cycles. Bata 

on growth and fruit yield revealed that earliness of the crop was 

found to be influenced by IT supply and yields by an I  : K equili­

brium. .

Lahav (1973-74) conducted a sand culture study with d if fe ­

rent nutrients on banana., He observed no antagonism between, 

nitrogen and with regard to uptake by the plants. Lahav (1977) 

reported that application of nitrogen as CaM^lTO^ (300 kg/ha) 

and K as KG1 (500 kg/ha) on banana, resulted in  taller suckers 

(+10 cm) and earlier flowering (by 9-10 days) compared to K or 

N alone.

Effect of phosphorus and potassium

In a trial conducted by Jaglrdhar and Ansar (1966) appli­

cation of P 'and K at the rate of 43 (21 .6 0  kg) and 96 ( 4 3 *40 kg) 

pounds per acre in the form of superphosphate and potassium 

sulphate on banana cv. Basra! resulted in increased . - stem 

girth and height, compared to control.
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Major ova (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 lea f  per ha compared to P and K in combination 

(675 kg /ha ).

Experiments were conducted by Beridze et a l . (1969) on 

tea i n 1 different soils of humid sub-tropical districts of Georgia. 

Analysis of yield data indicated that tea plants grot® on bro-wn 

earth soil required 50 mg an^ rag K2® per’ 100 g whereas

tea cultivar grown on a podzol required only 30 mg of P20g 'with 

200 gig K2Q 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) and its yield (mean 

48^ over control).

In HPK nutritional trial on tea, Scarborough (1975) repor­

ted that application of 150 kg KgO and 150 kg P2 0^ per ha resulted 

in  highest yield compared to no P and K.

Effect of nitregent phosphorus and potassium

Bangoo et a l . (1962) conducted nutritional trial on banana 

with different formulations of IHPgO^-KgO and reported the nutrient 

content of banana leaf ( I I I  le a f ) at shooting stage increased In 

direct proportion to the amount of HPK’ fertilizer  applied. The 

leaf compositions were 2 .8  per cent N* 0 .9 5  per cent P20^, 3*45 

per cent KgO, 0 .73 per cent CaO and 0 .7 7  per cent MgO.



Godoy and Graner (1967) studied the fertilizer trial on 

irrigated and non-irrlgated coffee by giving treatments no manure 

or fertilizer  (control)# only F1£M» FIM with NPK and HPK alone.

The quantities of NPK applied -were 75 g N* 50 g PgO^ and 100 g K^O 

and 10 kg FIM per plant. They observed that in non-irrigated 

coffee* the average annual yields due to NPK treatments and NPK 

plus FBI treatment were superior to those of FXM and control treat 

ments. In  irrigated plots* the treatments FBI and HPK were 

superior to control,

According to Major ova (1969)* in tea* application of PK+200 

kg N per ha and PK+250 kg N per ha to two year old and three 

year old plants respectively* resulted in increased yield (1000 

kg /ha) compared to PK alone (675 k g /h a ). 2urbeikij et al. (1969) 

observed the best growth and developasnt of tea treated with NPK 

whereas absence of K considerably reduced the number of flushes. 

They also reported that fertilizer had a significant influence on 

the respiration rate» photosynthetic intensity and pigment content

Canukvadze (1970) conducted pot trials on tea with NPK 

application at 0 .15* 0 ,1 0  and 0 .1 0  g per kg of soil. The growth 

of young plants was increased 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 (un fertilized ). 

■Similar results were also noted in field t r ia ls .

According to Gamkrelidze (1970 ), plaftts applied with NPK'



(0-700 kg/ha) to tea plants* generally increased yield by about 

three to four times. Cesareguerra (1972) conducted a fertilizer 

tr ia l  on tea in Peru over a period of 4 years. He found that the 

most profitable of application of HPK was ISO + 60-5- 90 kg per ha 

per year which raised the yield by 1t)0 per cent to 2600 kg.

In a 13 year trial with different levels of N (90 , 130 or

360 kg /ha), P (90 , 130 or 540 kg/ha) ard K (100 , 200 or 300 kg/ha)
i i

on tea., Guseino (1973) found that the best growth and yield of tea 

was more with 1PK at 360 % 180 j 200 kg per ha respectively. But 

leaf quality was better with lower H rates. Mahalkal and Guptha

(1973 ) stated that application of H with P and K induced vigorous 

growth in banana and high yields. According to MaheranwdH.dKwmro.

(1974 ), 18 months old rooted cuttings of tea ev. Yabuklta were 

planted out in the autumn and HPK was applied in 10 split appli­

cations. One year after planting the dry weight of roots, stems 

and leaves was increased by 1-7-7 and 34 fold respectively, 

compared to control.,

Kiraeu (1974) compared the treatments H, HP and HPK at 20 

sites in the Meru and Machakos districts of Kenya. At Meru» a 

single dressing of HPK (1 5 :1 5 :1 5 )  combined with two dressings of 

H doubled the coffee yields. At Machakos fertilizer  treatment 

had no significant effeet on the yields from plots with higher 

soil P (more than 200 ppm). In general, the use of compound ferti­

lizers  were recommended for small holdings ^producing on an average



2 .5  tonnes of clean coffee per ha (about 11 kg of fresh cherry 

per tree).

In  a 5 year trial* banana spaced at 2 .4  x 1 .8  m or 

2 .4  x 2 .4  m were fertilised  with annual application of U at 90 

to 270 g per plant in five sp lit . applications, P at 15*5 to 46 g 

per plant in three split applications and K at 75 to 460.25 g per 

plant in five split application, Kohli et a l . (1976 ), found that 

the highest pseudostem length was obtained due to 180 g- IT and

2 7 3 .5  g K per plant per year. However, the highest yields were

v obtained with a spacing of 2.4  x 1 ,8  ra a M  180 g I ,  15 .5  g P and 

186,75. g K per plant per year,

Alice Abrahaman«i Kosay (1978) conducted a comparative study
i

of foliar and soil application of complex fertilizers Vijay 

(17-17-17) on paddy. The required amount of Vijay complex ferti­

lize r  ( 0 ,4  g /pot) was dissolved in 10 ml water and sprayed, on the 

foliage for fo liar  application. The. same amount of fertilizer

applied around the-plants in the pots for soil application. They
/

found that there was no significant difference in  the yield of 

grain and straw due to foliar application of complex fertilizers , 

partially or fully , at any growth stage. However, complete soil 

application.of complex fertilizer was found superior to foliar 

application,

I I ,  5, Foliar application of nitrogen, phosphorus and potassium 

One of the significant developments in the field of plant



nutrition is the use of foliar nutrition. Application of nutri­

tion through foliag.e, results, in  rapid absorption and utilization 

of nutrients, reduction, in -wastage as leaching» fixation and u ti­

lization  by other weeds as compared to application of nutrients 

through so il . Foliar sprays 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 

et a l .p 1965 ).

I I .  5 .1 . Absorption

Nitrogen; Orocome (1959) found that about 95 per cent of the
M

nitrogen applied in the form N urea as foliar spray was absorbed 

within nine hours after application in coffee . Cain (1957) in 

trials using semi-microtechnique reported complete absorption of 

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

Malav'oltattndC6uvy(1957) found an increase in nitrogen 

content in foliage of coffee from 2 .33  per cent to 3 .4 2  per cent 

and recovery of the N deficient plants by applying 2>5 per cent 

urea at 2 l it  per bush. They also reported that absorption was 

better in younger leaves. Ananth (1961) also obtained similar 

results.

Ananth and Iyengar (1965) observed maxi mum absorption of 

nitrogen between 4 and 3 hours after application of urea at 2 per 

centi In those treated with urea at 1 per cent maximum absorp­

tion took place between 8 and 24 hours after treatment.- The leaf



nitrogen was increased from 3*33 per cent to 4.0  per cent.

Krishnamurthy Eao et al. (1976) sprayed 1 > 2, 5 or 10 per 

cent urea on 10 year old Arab lea eoffee plant s and found that 

maximum absorption occurred within 43 hours of spray. They recor­

ded significant increase in  I  content of le a f  at 2 per cent 

(3 »1 6 ^ l ), 5 per cent (3 • 26$  U) and 10 per cent ( 3 . 5$  N ). They 

further indicated that sprays of urea upto 5 per cent were safe
• ? * _ 

as they did  not cause a w  injury to eoffee plants.

Phosphorus ; Ananth (1961) reported that the ^sorption  of 

foliage applied P was slowest than that of nitrogen in  ease of 

coffee and lea f  age made no difference. The application of higher 

concentration of P lead to the highest leaf P content.

According to the work of Ana nth and Iyengar (1965)» higher 

percentage of P (0 .4 2  $>) in  plants as a result of application of 

HPK combination mixture compared to that of oply UP (0 .3 3 $ )  

combination indicates that K has certain influence on the higher 

uptake of P in  plant tissue.

According to Krishnamurthy Eao et al. (1976 ), superphosphate' 

was found to be suitable for foliar sprays on coffee at concentra­

tions of 0 .5  and 1 .0  per cent. The P content in  the leaf was 

significantly increased after 43 hours of spray. There was not 

much difference in  P content between 43 hours (0,1-8$ PgO^) and 98 

hou£s (0*20$  P2O5 ) after treatment at 5 per cent concentration and 

0 .1 9  and 0.20 per cent respectively at 1 per cent concentration.



Potassium: In the preliminary experiment on coffee# Ananth

(1961 ) reported that K absorption was slower than that of nitrogen 

and phosphorus. Ananth and Iyengar (1965) have, studied the absorp­

tion of potassium by giving muriate of potash at 0 .5  and 1 per cent 

on coffee. They observed that maximum absorption of potassium 

took place in young leaves between 24 and 43 hours after the treat­

ment. The maximum.K content in young leaves was 3.90-4.3 5 per 

cent compared to 2 .96  to 3»54 per cent in old leaves.

I I . 5 .2 .  Effect of HPK

Anonymous (1956) recorded an increase in yield of sugarcane 

by 13*69 and 17 .29  metric tonnes per acre respectively by spraying 

H and P (10 lb or 4 .5  kg/acre each)# as sulphate of ammonia and 

superphosphate (2 $  each) after cessation of grain period.

Godoy (1953) sprayed coffee seedlings fortnightly with 50 g 

superphosphate* 25 g sodium nitrate and 10 g potassium chloride 

per 10 lit  water and 5 g per lit  water of' a mixture of ammonium 

phosphate# 42 g potassium nitrate and 21 g urea, after four months 

plants with treatments were markedly taller# greener and uniform 

than control (water spray only). Final analysis showed that the 

control was significantly 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 nitrate and 21 g of 

urea.

Ohiang (1960) reported an increase in  yield from tea bush
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by spraying urea, at a concentration of 1 .2  per cent. However, 

application of both urea ( 1 .2 $ )  and manganese (0 .2 $ )  increased 

yield considerably by 2 8 .2  per cent. But foliar application had 

no effect on the quality of either black or green tea.

It. was reported that foliar application of urea at doses 

higher than 25 kg N per ha was.not effective; on sugarcane in  

increasing yield  (Anon.j 1 966 ), To verify th is , Panje et al.. 

(1966-67) conducted trial with application of 50 kg nitrogen as 

urea to soil and 50 kg F as urea (4 $ )  through foliar application. 

They found that the differences in yield and juice quality due to 

graded doses of fertilizer and mode of its application were non­

significant. Another experiment was conducted by Panje et a l , 

(1967-68) by employing doses of 0 , 25» 50 and 100 kg nitrogen per 

ha as urea. This fertilizer was applied ( i )  a ll  at planting,

( i i )  half at planting in soil and half subsequently as fbliar 

sprays, and ( i i i )  all as foliar* sprays, For foliar sprays 4 per 

cent aqueous solution of urea was used at 25 kg N per ha at a time. 

Statistical analysis of the yield and juice quality due to graded 

doses of fertilizer  and mode of its application were found non­

significant,

A comparative study on efficacy of soil versus foliar 

application on eoffee, revealed that application of IT (112 kg/ha) 

in 5 doses and P2^ ,  (51 kg/ha) in one dose as soil application 

increased the mean yield of 7 years (7347 kg/ha) over other treat­

ments v i z . ,  JO kg W + 51 kg 1?2®5 as so:^  aPPlica^ion + 40 kg U per
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ha as foliar, application (6950 kg /h a ), J8 kg IT per ha as soil, 

application and 40 kg IT + 50 kg Pg^5 ka as .foliar applica­

tion (657Q kg /h a ), 72 kg, .IT + 51. kg PgO^per ha as soil application

4 -40 kg F ,per. ha, as foliar, application .(6522 k g /h a )y 72 kg IT per 

ha. as fsQilr application arid 40 kg 3f .+ 51. kg, PgO^ as foliar appli­

cation (6492 kg/ha.) and 112 kg IT per ha in three'doses as soil 

application ♦ 51 kg P20^ ,per ha ss foliar application (634S kg /ha ). 

However, statistical analysis of the data of. one year ,(1973-74) 

indicated no significant differences in yield between soil and 

foliar  application (Anon,, 1967 ).

. Kimeu (1970) studied the effect, of IPK on total dry matter 

.production in coffee. The treatment involved, two compound ferti­

lizers  (15 : 15 v 15 + ’ 6$ Mg and .trace elements) v i z . ,  Delta foliar 

feed and Wchsal liquid UPK fertilizer (9  : 9 5 7 + trace elements). 

It was found that Selta alone (0 ,5 $ foliar spray) ani ®elta ( 0 ,5 $ )  

4-Wcha.sal spray '(0 ,5 $ )  increased the dry matter 4 0 ,4 ,g and 49 .9  g 

per plant respectively Wchasal alone gave an increase of about 

3*3 g per plant over the control. However, he found that flelta 

spraying at 1 per cent concentration had a scraehing effect on the 

leaves. The Wctfsal or delta combination treatment produced signi­

ficant increase in the total IT (796 mg), P (92 rag) and K (12 to

6 rag) contents of the seedlings compared to control (u- 333 rag,

P- 53 mg and E 639 fflg).
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MATERIAL AM) METHODS

The experiment was conductedaUFk Regional Research Station* 

Mudlgere* Chikmagalore district, during the period between June 

1978 and May 1979* Mudigere is situated at 13°25* N latitude 

and 75t>2 5 f E longitude and has an elevation of 975.6  m above mean 

sea level.

I l l . 1. Weather condition:

The weather data recorded at the meteorological observatory 

situated at the Regional Research Station* Mudigere* is presented 

in Appendix I .  The total rainfall during the period of study was 

2552.20 mtQi The mean maximum and minimum temperatures were 30.70°C 

and 12,8S®G respectively. The average annual rainfall Ibr a 

period of 15 years (2359 mm) was spread over a period of 7 months 

from the month of May to November. An excess rainfall of 192 .47  

mm over and above the average for 15 years \*as recorded during the 

period.

I I I . 2 . Soil and its characteristics

The experiment was located on a gently sloping uniform sandy 

loam soil. From the experimental site,, composite soil samples were 

drawn from the 0-30 cm depth and analysed for physical and chemical 

properties. • At the end of the experiment* treatment*wise soil 

samples were drawn from 0-30 cm depth and for chemical analysis.
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Both the results are presented in Table I  and Table X I?  

respectively.

1 1 1 ,3 . Experimental details

The treatments comprise of two methods.of application and 

two levels of HPK in different combinations. The details are 

as follows:

i ) Main treatmentsi

M1 » Complete soil application of I* p and K 

Mg ® Soil-cum-foliar application of I ,  P and K

Sub-treatments

Two levels________'Nutrie nts

N

P

K

T T

0

0.

0,

T i
3 2 .5  g N per plant 

25*0 g PgC^ per plant

50.0 g KgO per plant

I I I . 4 . Design and layout of experiment.

The experiment was la id  out in the form of split plot design 

(2 x 2^ x 3 ) •

Three

a) Gross plot size 1*82 mX3.6 m

b ) Net. plot size 1 .82  m X 2 .44  m 

1 .82  m X 0 .6  m

i )  Replications 

i i )  Plot size.

i i i )  Spacing

lv) Number of plants 
per plot

Four plants in each, plot with a 
common guard row between treatments. 
All the four plants were used for 
observation.



Table I . Soil analysis of the experimental plot

Per cent

Mechanical analysis

Coarse sand (per cent) 55 .12

Fine sand (per cent) • 32 .43

Silt (per cent) 3.56

Clay (per cent) ' 19.56

Texture iSandy loam

Chemical analysis '

pH ! 5.10

E.G.(rmnhos/cia) 200

Organic carbon (per cent) 1 .60

Total nitrogen (per cent )' 0,1

GEC (mg/100 g) 6 .5

Available phosphorus (kg /ha) 6 .5

Available potassium (kg /ha) 169 .5

Exchangeable calcium (me/100 g) 2 .7 4

Exchangeable magnesium (me/100 g) 0 .8 5



I l l . 5 * 1 .  P r e p a r a t i o n  o f  t h e  e x p e r i m e n t a l '  f i e l d  ’

After clearing the land free of scrub growth* trenches 

measuring 6 .71  m in length, 0.61 m in width and 0 .4 6  tn in depth 

were opened to accommodate 11 plants. The trenches were left 

for weathering for about one month, then they were filled  with 

same soil after thoroughly mixing, leaving a gap of 7-3 cm from 

the top.

11 1 .5 *2 . Lime application

Agricultural lime with an assay of 72 per cent calcium 

carbonate was applied before planting, at the rate of 3 kg per 

trench*

I I I *5*3. Erection of peuidal

An overhead pandal raised to a height of 1 .7 5  sa on stone 

pillars was erected and a coir mat with a mesh was spread horizon­

tally over the support of galvanized iron wire network.

I I I . 5*4* P r e p a r a t i o n  o f  p l a n t i n g  m a t e r i a l

Monoclonal plant material obtained by dividing the clumps 

of Pj. clone was used in the experiment. Each vegetative planting 

unit consisted of a section of a rhizome with grown up shoot 

having one or two growing shoots. The cut portions of rhizome and 

roots were dipped in a solution of 0 .2  per cent Captan for 10 

miniates before planting.’



Plate 1* A view of the experimental plot

Plate 2. Interior view of the experimental plot

Plate 3 . A vegetative unit of clonal planting 
material





I I I .  5*5. Planting of suckers

The trenches were filled  with the soil leaving a head 

space of 7-9 cm. The suckers were planted to an appropriate 

depth -which consisted of retaining 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 screen at the centre 

of the long trench to separate it into two sections for confining 

the effects of main treatments to the main plot only.

1 1 1 .5 .6 . Basin preparation and mulching

fcimall 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 clumps to pregent soil erosion during monsoon.

1 1 1 .5 .7 .  Fertilizers

a ) aoil application of NPK: In this study, 32 .5  of N, 25 .0  g

of P205 and 50 g of KgO per plant per year were applied as 

recommended by University of Agricultural ^sciences, Bangalore 

(Anon., 1977). To supply the above quantities of nutrients,

73 .69  g urea (44> ), 156 .2  g of superphosphate (16>) and 95 g of 

muriate of potash (60l/») were applied. Out of the total quantity 

of fertilizers , l /9 t h  of urea, l /4th  of superphosphate and l/4th  

of muriate of potash were applied one month after planting. Tbe 

remaining quantities were applied in 9 split doses at monthly



interval after planting. The fertilizers were applied in a ring 

drawn 15 to 20 cm away from the clump and they were incorporated 

into the soil by stirring.

b ) boil-suin-follar application of NPK» In these treatments 50 

per cent of the total quantity of ?!PK was applied through soil 

ani the remaining 50 per cent was £iven as foliar spray.

i )  50 per cent soil application* To supply 16 .25  g of N»

12 .5  g of P2°5 and s K2 °  per Plan*» 36 .92 g of urea*

73.1 g of superphosphate and 42 .5  g of muriate of potash were 

applied. Out of these quantities l /3th  of urea* 1/4th of super­

phosphate and 1/4th of muriate of potash were applied one month 

after planting, and the remaining quantities were applied in 

eight split doses at monthly interval. The same method of appli­

cation was followed as described in soil application of NPK.

11) 50 per cent foliar application: Urea (4 4 /0 , orthophos-

phoric acid (3 3 .9 3 ^ )  and muriate of potash (60 j a )  were used as 

source of nitrogen, phosphorus and potassium respectively.

i l l )  Concentration of solution: A  concentration of 1

per cent fertilizer solution i-n each of urea, orthophosphoric 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 ( v i z . ,  ?JP, NK, PK and NPK) 

were to be applied in combination. Before using orthophosphoric
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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: In the early period* the canopy

of the cardamom clump was very much limited and the entire spray 

material could not be applied at a stretch. Therefore, sprays 

were repeated t ill  the entire quantity was applied. The quantum 

of spray solution that could be applied at a time Increased gra­

dually and a spray solution of 25, 30 , 50, SO and 90 ml was 

required for the plants of the age of 4, 5, 7, 9 and 10 months 

after planting.

111*6 . Other cultural operations

1 1 1 .6 .1 .  Weeding:

The plots were kept free from weeds by weeding periodically.

1 1 1 .6 .2 .  Irrigation

No irrigation was required upto the end of October as there 

were regular showers. Regular irrigation was given from November, 

at a rate of 20 litres  per plant at weekly intervals.

I I I . 6 .3 *  Plant protection

Regular plant protection measures were taken. During the 

period of establishment of suckers, Dimethoate (Rogor) 30E at the 

rate of 32 ml in 13 lit of water and Blitox 40 g in 10 lit  of 

water were sprayed once in  15 days. Later, the sprays were 

restricted to 30-45 days interval.



I I I .  7 . Biometrical observation

Observations recorded on all the four dumps In each treat- 

ment were vorked out as average per clump and presented in Table 

concerned.

1 1 1 .7 .1 .  Sucker production

The number of sudeers 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 can and 

more In length were included in the count.

1 1 1 .7 .2 .  Leaf production

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.

I I I . 7 .3 •  Total height of the plant

For recording the total height of the clump* cumulative 

effect 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.

I I I . 7 .4 .  Average height of the sucker:

This was expressed by dividing the total height of the clump 

by the number of suckers.
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I I I . 7 .5* L e n g t h  a n d  b r e a d t h  o f  leaf

Third leaf from the top of the sucker was selected for 

measuring length and breadth of leaf. For recording length of 

the leaf, length of the leaf blade 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 April.

I I I . 7 .6 . Panicle production

Tbe 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*

I I I . 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 was uprooted and Its rhizome was washed free of soil. 

Than the clump v&s separated into leaves, shoot* rhizome and roots 

and their weights were recorded. The samples were thoroughly 

washed with clean water and air dried. The samples were dried is  . 

an 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 worked out. Besides, percentage 

distribution was also worked out from these figures. The same 

dried samples were used for c hemic al analysis.



I I I . 9*1. Physical properties

111 .9 .1 .1 .  Mechanical analysis of so il* It was carried out by 

the International Pipette Method described by Piper (1950)? Soil 

texture was then computed as detailed in U .S .D .A . Survey Manual 

(1956).

111 .9 .1 .2 . Chemical analysis of soil

I I I . 9 *2 .1 .  Soil p H? It was measured in 1 * 2 . 5  soil and water 

suspension on pH meter fitted with combination electrode (Jackson*

19 59).

111 .9 .2 .2 .  Electrical conductivity: It was measured in the

filtrate of 1 s 2 .5  soil * water by using multiple range conduc­

tivity bridge (Jackson# 1953).

111*9.2*3* Organic carbon: It was determined by following the Wet

Oxidation method using potassium dichrornate and sulphuric acid as 

described by Jackson (1953).

111*9.2*4* Total nitrogen: Total nitrogen was determined by Macro

Kjeldahl method* Copper-potassium sulphate and Selinlum catalyst 

mixture was used during the digestion process.

I I I . 9 .2 .5 . Available phosphorus? Available vas «®timated

colorimetrieally on "Spectrocal” at 420 nm* Bray’ s Ho.1 (0.03H 

KH^F in 0.025 N HCl) extracted was used for extracting the soils 

and molybdenum blue colour was developed by using ammonium molybdate

111*9. Soil analysis
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r e a g e n t  a n d  s t a n n o u s  c h l o r i d e  r e d u c t a n t  a s  d e s c r i b e d  by-  

J a c k s o n  ( 1 9 5 9 ) .

1 1 1 . 9 . 2 . 6 .  A v a i l a b l e  p o t a s s i u m : A v a i l a b l e  p o t a s s i u m  w a s  d e t e r ­

m i n e d  o n  a  s u i t a b l e  a l i q u o t  o b t a i n e d  b y  1 . 0 J J  n e u t r a l  a m m o n i u m  

a c e t a t e  f l a m e  -  p h o t o m e t r i c a l l y  b y  u s i n g  " A I M I L "  m o d e l  f l a m e  

p h o t o m e t e r  u s i n g  K  f i l t e r  ( J a c k s o n ,  1 9 5 8 ) .

1 1 1 . 9 . 2 . 7 .  E x c h a n g e a b l e  c a l c i u m  a n d  magnesium: Soil sample was

l e a c h e d  w i t h  1 . O N  n e u t r a l  a m m o n i u m  a c e t a t e  a n d  i n  t h e  l e a c h a t e  

e x c h a n g e a b l e  c a l c i u m  a n d  m a g n e s i u m  w e r e  e s t i m a t e d  b y  V e r s e n a t e  

t i t r a t i o n  u s i n g  a p p r o p r i a t e  i n d i c a t o r s  ( J a c k s o n ,  1 9 5 3 ) .

I I I . 1 0 .  A n a l y s i s  o f  p l a n t  s a m p l e s

P l a n t  s a m p l e s  w e r e  a n a l y s e d  f o r  t o t a l  n i t r o g e n ,  p h o s p h o r u s ,  

p o t a s h ,  c a l c i u m  a n d  m a g n e s i u m .

I I I .  1 0 . 1 .  T o t a l  n i t r o g e n :

I t  w a s  d e t e r m i n e d  o n  o n e  g r a m  o f  d r y  s a m p l e  a f t e r  d i g e s t i n g  

w i t h  s u l p h u r i c  a c i d  a n d  d i g e s t i o n  m i x t u r e .  A m m o n i a  w a s  d i s t i l l e d  

b y  M i c r o  K j e l d a h l  m e t h o d  a s  d e s c r i b e d  b y  J a c k s o n  ( 1 9 5 9 ) .

I I I . 1 0 . 2 .  W e t  a s h i n g

• s a m p l e s  w e i g h i n g  1 g r a m  w e r e  p r e - d i g e s t e d  w i t h  1 5  m l  n i t r i c  

a c i d  o n  w a t e r  a n d  s a n d  b a t h s ,  a n d  d i g e s t e d  w i t h  t r i - a c i d  m i x t u r e  

o f  s u l p h u r i c  a c i d ,  p e r c h l o r i c  a c i d  a n d  n i t r i c  a c i d  ( 1 : 4 ?  1 0 ) .  

T h e  c l e a n  d i g e s t e d  m a t e r i a l  w a s  m a d e  u p t o  1 0 0  m l  v o l u m e  a n d  f i l t e r  

p a p e r  t o  r e m o v e  s i l i c a .  T h i s  s o l u t i o n  w a s  u s e d  f o r  e s t i m a t i n g  

P 2 0 ^  ,  K 2 0 ,  C A  a n d  M g .
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I I I . 1 0 . 3 . Phosphorus

4  characteristic yellow colour was developed on a suitable 

aliquot by mixing Vanodo-molybdate. The resultant yellow colour 

intensity was measured at 660 nm wavelength on ,,lSpectronic-2 0 ,, 

spectrometer as described by Jackson (1953).

I I I . 10.4* Potassium

This was determined flame photometrically by using "AIMH," 

model with K-fliter (Jackson, 1953).

I I I .  1 0 .5 . Calcium and magnesium

The procedure followed for soil samples was adopted for 

plant samples also*
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CHAPTER 17

T h e  r e s u l t s  o t t s i n e d  f r o m  t h e  p r e s e n t  i n v e s t i g a t i o n  h a v e  

b e e n  p r e s e n t e d .

IV • 1 • S u c k e r  p r o d u c t i o n

D a t e  o n  n u m b e r  o f  s u c k e r s  p r o d u c e d  p e r  c l u m p  d u r i n g  d i f f e ­

r e n t  m o n t h s  a s  i n f l u e n c e d  b y  NP K a n d  t h e i r  m o d e  o f  a p p l i c a t i o n  

a r e  p r e s e n t e d  i n  T a b l e  I l a ,  l i b  a n d  l i e ,  a n d  F i g . 1 .

T h e  p r o d u c t i o n  o f  s u c k e r s  u n d e r  t h e  i n f l u e n c e  o f  m a i n  

t r e a t m e n t s  w a s  f o u n d  t o  b e  n o n - s i g n i f i c a n t  w h i l e  i t  w a s  f o u n d  t o  

b e  s i g n i f i c a n t  u n d e r  t h e  I n f l u e n c e  o f  s u b - t r e a t m e n t s ,  d u r i n g  a l l  

t h e  m o n t h s  f r o m  N o v e m b e r  t o  M a y .

T h e  p l a n t s  f e r t i l i z e d  w i t h  N j P-j K^ r e c o r d e d  s i g n i f i c a n t l y  

m o r e  n u m b e r  o f  s u c k e r s  i n  a l l  t h e  m o n t h l y  o b s e r v a t i o n s  m a d e  c o m ­

p a r e d  t o  r e s t  o f  t h e  t r e a t m e n t s .  T h e  n u m b e r  o f  s u c k e r s  i n  t h i s  

t r e a t m e n t  s h o w e d  a n  i n c r e a s e  f r o m  4 . 3 3  t o  3 1 * 9 4  f r o m  N o v e m b e r  1 9 7 3  

t o  M a y  1 9 7 9  r e s p e c t i v e l y .  T h e  p l a n t s  i n  c o n t r o l  p r o d u c e d  l o w e s t  

n u m b e r  o f  s u c k e r s  t h r o u g h o u t  t h e  p e r i o d  o f  o b s e r v a t i o n  ( N o v e m b e r  

t o  M a y ) .  T h e  f o l l o w i n g  g r o u p s  o f  t r e a t m e n t s  n a m e l y ,  N ^ P ^ ,  P ^ K ^  

a n d  N | ,  w h i c h  f o l l o w e d  ^ P ^ K L j  c o n s i s t e n t l y  t h r o u g h o u t  t h e  p e r i o d  

o f  o b s e r v a t i o n ,  d i d  n o t  d i f f e r  a m o n g s t  t h e m s e l v e s .

T h e  m a i n  e f f e c t s  o f  N ,  P a n d  K s h o w e d  s i g n i f i c a n t  i n f l u e n c e  

o n  t h e  n u m b e r  o f  s u c k e r s  p r o d u c e d  f r o m  D e c e m b e r  t o  M a y  c o m p a r e d  t o  

t h a t  o f  c o n t r o l .  N o n e  o f  t h e  i n t e r a c t i o n s  w a s  s i g n i f i c a n t .

EXPERIMENTAL RESULTS



T a b l e  I l a .  E f f e c t s  o f  N P K  a n d  t h e i r  m o d e  o f  a p p l i c a t i o n  o n  t h e  
n u m b e r  o f  s u c k e r s  p r o d u c e d  i n  c a r d a m o m

M o n t h s

T r e a t m e n t s N o v . D e c  • J a n . F e b . M a r . A p r . M a y

M1 ( S ) 3 . 0 5 3 . 9 1

M a i n  t r e a t m e n t  

7 . 2 1  9 . 9 9

i m e a n s  

1 3 . 0 4 1 7 . 2 7 2 1 . 2 9

M2 ( S  + F ) 2 . 9 9 3 . 5 2 6 . 5 2 9 . 2 1 1 1 . 9 0 1 6 . 2 1 1 9 . 5 2

C . B .  a t 3p N S N S NS NS NS NS N S
C . D . a t 1* N S NS N S N S NS N S NS

N0P0KP
2 . 3 9 2 * 7 9

S u b - t r e a t m e n t  

4 . 9 2  6 . 7 9

m e a n s

7 . 7 9 1 0 . 4 1 1 2 . 3 1

w
2 . 5 5 3 . 2 5 5 . 2 1 7 . 7 5 1 0 . 1 6 1 4 . 6 2 1 9 . 0 9

3 . 2 0 3 . 5 9 7 . 1 3 9 . 6 6 1 1 . 5 9 1 5 . 6 2 1 3 . 1 2

V i * i
3 . 0 8 3 . 7 0 6 . 9 2 1 0 . 2 0 1 3 . 5 9 1 7 . 9 1 2 2 . 3 1

N ^ o K c 2 . 4 4 3 . 0 9 4 . 9 2 7 . 2 6 9 . 9 3 1 2 . 9 7 1 7 . 5 1

W l 2 . 9 3 3 . 3 7 6 . 3 3 9 . 2 9 1 0 . 9 1 1 6 . 5 4 1 9 . 2 2

*1*1*6
2 . 9 5 3 . 7 5 7 . 5 6 1 0 . 3 3 1 3 . 9 7 1 9 . 6 6 2 3 . 7 4

4 . 3 3 6 . 1 6 1 1 . 9 3 1 6 . 5 4 2 1 . 5 4 2 7 . 2 9 3 1 . 3 4

C . D .  a t 0 . 8 3 1 . 0 3 2 . 2 5 3 . 0 3 3 . 4 9 4 . 0 5 4 . 9 5
C . D .  a t 1jb 1 . 1 3 1 . 3 9 3 . 0 3 4 . 0 9 4 . 6 9 5 . 4 7 6 . 6 7

N S = N o n - s i  g n i f i c a n t
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T a b l e  l i b .  M a i n  e f f e c t s  o f  N» P» K ,  NP, NK a n d  P K  o n  t h e  n u m b e r  o f
s u c k e r s  p r o d u c e d  p e r  c a r d a m o m  c l u m p

E f f e c t s ____________

No 

N1
C . D .  a t

po 

P1
C . D .  a t

*0 

K1
C . D .  a t  5'je

V o  
H0P 1 
N1P0 
N1P1
C . D .  a t  5j»

*0*0 
B0Ki

B1K0 
NlKl

C . D .  a t  5/*

p0*0 

P0K1 

pi*b 

pi*i
C . D .  a t  J/o

Nov. D e c . J a n . F e b . M a r . Aor. M a y

2 . 7 7 3 . 5 5 6 . 0 4 9 . 4 6 1 0 . 3 0 1 4 . 5 9 1 7 . 7 1

2 . 1 6 4 . 0 9 7 . 6 9 1 0 . 7 1 1 4 . 0 6 1 9 . 0 9 2 3 . 0 9

0 . 4 3 0 . 5 2 1 . 1 2 1 . 5 0 1 . 7 4 2 . 0 5 2 . 4 3

2 . 5 5 5 . 1 2 5 . 5 4 7 . 5 0 9 . 7 0 1 3 - 6 1 1 6 . 7 9

3 . 5 9 4 . 2 9 9 . 5 9 1 1 . 6 7 1 5 . 1 6 1 9 . 3 7 2 4 . 0 1

0 . 4 3 0 . 5 2 1 . 1 2 1 . 5 0 1 . 7 4 2.03 2 . 4 3

2 . 7 6 3 . 2 9 6 . 1 5 9 . 6 1 1 0 . 7 9 1 4 . 5 9 1 7 . 9 2

P .1 7 4 . 1 2 7 . 5 9 1 0 . 5 7 1 4 . 0 4 1 9 . 0 9 2 2 . 3 7

0 . 4 2 0 . 5 2 1 . 1 2 1 . 5 0 1 . 7 4 2 . 0 5 2 . 4 3

2 . 4 1 3 . 0 2 5 . 0 6 7 . 0 2 9 . 0 5 1 2 . 5 1 1 5 . 2 0

3 . 1 4 3 . 6 4 7 * 0 2 9 . 9 0 1 2 . 5 3 16.26 2 0 . 2 2

2 . 6 8 3 . 2 2 5 . 6 2 7 . 9 9 1 0 . 5 7 1 4 . 7 0 1 3 . 5 7

3 . 6 4 4 . 9 5 9 . 7 4 1 5 . 4 5 1 7 . 7 5 2 5 . 4 7 2 7 . 7 9

0 . 6 1 0 . 7 3 1 . 5 9 2 * 1 5 2 . 4 6 2 . 9 9 3 . 5 0

2 . 7 9 3 . 1 3 6 . 0 2 3 . 2 2 9 . 6 9 1 2 . 5 1 1 5 . 2 2

2 . 7 6 5 . 4 7 6 . 0 6 9 . 7 2 1 1 . 3 7 1 6 . 2 6 2 0 . 2 0

2 . 7 4 5 . 4 1 6 . 2 4 9 . 0 1 1 1 . 9 0 1 6 . 2 6 2 0 . 6 5

3 . 5 8 4 . 7 6 9 . 1 5 1 2 . 4 1 1 6 . 2 2 2 1 . 9 1 2 5 . 5 5

0 . 6 1 0 . 7 2 1 .  5 9 2 . 1 3 2 . 4 6 2 . 9 9 3 . 5 0

2 . 4 6 2 . 9 5 4 . 9 2 7 . 2 4 9 . 9 1 1 1 . 6 4 1 4 . 9 2

2 . 6 4 5 . 4 1 5 . 7 7 7 . 7 7 1 0 . ^ 4 1 5 . 5 9 1 3 . 6 4

3 . 0 7 5 . 6 6 7 . 5 4 9 . 9 9 1 2 . 7 7 1 7 . 1 4 2 0 . 9 3

3 . 7 0 4 . 9 5 9 . 4 2 1 5 . 5 7 1 7 .  5 6 2 2 . 6 0 2 7 . 0 3

0 . 6 1 0 . 7 5 1 . 5 9 2 . 1 5 2 . 4 6 2 . 3 9 3 . 5 0



T a b l e  l i e .  E f f e c t s  o f  s u b  x  m a i n  i n t e r a c t i o n s  o n  t h e  n u m b e r  o f  s u c k e r s  
i n  c a r d a m o m

_____________ S u b  x  M a i n  i n t e r a c t i o n  m e a n s

Interaction

Months

Nov. Dec. Jan. Feb. Mar. Apr. May

Vo*o M1
2.53 5.25 6.03 7.35 9.25 12.41 14.50

VoKo m2 2.19 2.55 5.75 5.75 6.55 3.41 10.15

W l M1
2.50 5.16 5.25 7.55 10.35 14.91 19.79

V o Ki M 2.41 5.55 5.16 7.16 9.50 9.50 17.41

W o Mi 5.53 4.16 9 . 0 0 1 2 . 0 0 15.91 15.91 20.69

*0* 1*0 M2
2.95 5 . 0 0 5.25 7.55 9.24 15.55 15.55

W i 2.85 5.96 6.91 9 . 6 6 15.41 17. 50 2 5 . 0 0

N0P 1 K1 M2 5.55 5.58 6.91 10.75 15.75 13.55 21.65

W o M1
2 . 6 6 5.41 5.75 9.08 1 2 . 0 0 15.41 20.65

V o 1̂ m2 2.41 2.75 4.08 6.55 7.55 10.55 14.59

N1 P0 * 1 * 1 2.91 5.41 6 .25 7.91 1 0 . 0 0 16.91 19.25

NlPoKi
M2

2.75 5.55 6.41 3.66 U .5 0 16.16 1 9 . 1 6

N1 P1 * 0 *1 2.95 5.75 6.75 9.91 15.15 17.95 21.61

M2
5.95 5.75 3.59 10.75 14.75 21.50 25.95

*1 *1*1 M1
4.50 6 .25 1 1  . 6 6 16.16 21.75 27.25 51.74

*1 *1 *1 M2
4.16 6.08 12.16 16.91 21.55 27.55 51.91

* C.D. at Ns NS NS NS NS NS NS

C.D. at 1Jto NS - - - - - -

**C .D . at NS N*> NS NS NS NS NS

C.D. at 1> — - — — - - -

♦ C . D .  i s  f o r  c o m p a r i n g  t v o  s u b - t r e a t m e n t  m e a n s  a t  f i x e d  l e v e l  o f  
m a i n  t r e a t m e n t  m e a n s

* * C . D . i s  f o r  c o m p a r i n g  t w o  m a i n  t r e a t m e n t  m e a n s  a t  f i x e d  o r  d i f f e ­
r e n t  l e v e l s  o f  s u b - t r e a t m e n t  m e a n s

NS«Non-signifleant
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Plate 4» Cardamom clumps in different treatments at 
the end of 11 months after planting

S = Soil application of NPK
(Left to right • NqPqKq» N̂ PqKq» NqPqK̂ » N̂ PqK̂ »

V A *  W l '  NipiKo* NipiKi

Plate 5» Cardamom clumps in different treatments at the
end of 11 months after planting

S = Soil-cum-foliar application of NPK

(Left to r ig h t: NqPqKq* 0̂P0̂ 1* 1̂P0̂ 1 *

V i V  V i V  V i V





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 I lia ,

Illb  and IIIc, and Fig.Ila and lib .

Monthly observations as regards the number of leaves produ­

ced were taken ffrom November 1973 onwards. The main treatment 

effects significantly differed only during tbe months of March 

and April. Airing the month of March, the number of leaves 

produced by the main treatment (69.75) consisting of soil appli­

cation of NPK was significantly higher than that of soil-cum-foliar 

application of NPK (59.95). Similar trend continued during the 

following months and it was observed that as against 110.62 leave# 

produced by soil application of NPK, only 91.76 leaves were produ­

ced per clump under soil-cum-foliar application of NPK. ĥe d iffe ­

rences persisted during April when last observation was made before 

l ift in g  the clumps for the study of dry matter anl nutrient uptake. 

The number of leaves produced under sub-treatments differed sig n ifi­

cantly in a l l  the monthly observations made. The treatment 

produced significantly higher number 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-jKLj, NjP̂  and P̂  ranked next to that 

of N-jP^ with respect to number of leaves produced. The lowest 

number of leaves were recorded in the plants grown under control* 

throughout the period of observation.



Table I l ia .  Effects of NPK and their mode of application on the 
number of leaves produced in cardamom

Treatments
Mnnths

Nov. Dec. Jan. Feb. Mar. Apr.

Main treatment means

M1 (s) 17.06 19.97 29.69 52.36 69.75 110.62

m2 (S + F) 16.21 17.92 26.51 45.31 59.95 91.76

C.D. at Jfi NS NS Kb NS 5.03 10.02
C.D. at 1* - — — — NS NS

Sub-treatment means

N0P0K0 14.22 15.41 20.24 32.45 43.54 62.00

»0P0K1 14-53 15.46 22.59 29.29 52.23 99.09

V i* o 17.62 19.00 30.96 52.12 61.62 94.93

V i* ! 19.34 20.79 29.79 52.45 73.36 116.66

*iWb 14.02 14.29 20.33 26.79 51.12 72.96

Vo*! 15.59 17.09 24.33 45.29 54.27 92.16

H1P1*0 17.92 20.25 31.23 52.59 71.33 110.62

22.75 30.29 45.09 92.67 111.16 171.20

C.D. at % 4.22 6.59 9.46 17.61 21.24 29.90
C.D. at 5.92 9.99 12.76 22.76 29.65 40.33

NS » Non-significant



Table Illb . Main effects of N, P» K, HP, NK and PK on the number 
of leaves produced per cardamom clump

Effects

Months

Nov. Dec. Jan. Feb. Mar. Apr.

N0 15.79 17.41 25.96 40.17 57.71 90.64

N1
17.48 20.47 30.22 54.33 71.99 111.74

C.D. at 5* 2.17 3.30 4.73 8 . 0 1 10.63 14.95

P 0 14.06 15.55 21.92 33.47 50.33 79.05

P 1 1 9 . 2 0 22.33 34.26 56.02 79.35 125.33

C.D. at 5to 2.17 3.30 4.73 3.91 10.63 14.95

Ko 15.52 16.93 25.74 43.73 56.90 8 5 . 1 0

K 1 17.74 2 0 . 9 0 30.44 50.77 72.30 11 7.23

C.D. at 5i*> 2.17 3.30 4.73 3.91 10.63 14.95

V o 13.50 15.43 21.56 35.91 47.93 75.54

V i 18.03 19.39 30.37 44.43 67.49 105.74

N1P0 14.62 1 5.63 22.29 41.04 52.74 32.56

"ipi 20.33 25.27 33.15 67.62 91.24 1 4 0 . 9 1

C.D. at 5> 3.05 4.67 6*70 12.59 15.03 21*14

*0 * 0 15.25 16.70 25.75 42.73 52.53 78.42

^ > *1 16.33 13.12 2 6 . 1 8 37.56 62.84 102.97

N1 * 0 15.79 17.27 25.74 44.63 61 . 2 2 91.79

NlKi 1 9 . 1 6 23.63 34.70 63.98 82.76 131.69

C.D. at 5> 3.05 4.67 6.70 12.59 15.03 21.14

13.27 14.35 2O . 3 9 35.^2 47.33 67.49

P0K1 14.35 16.26 23.45 41.93 53.35 90.62

P1*0 17.77 19.12 31.09 52.35 66.47 102.72

p1*1 20.64 25.54 37.43 59.71 9 2 . 2 6 143.93

C.D. at 3.05 4.67 6.70 12.59 15.03 21.14

ro
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Table I I I c .  Effects o f  sub x main interactions on the number of 
leaves produced in cardamom clump

Interaction
Months

Nov. Dec. Jan. Feb. Mar. Apr.

W o M1 1 3 . 3 3 14.00 23.50 59.00 50.00 74.35

NopoKo
m2 12.44 13.50 17.59 29.91 57.09 49.16

W i Mi 13.09 15.66 23.33 59.59 55.55 99.16

W i m2 15.13 15.25 21.93 59.16 49.35 30.00

V i * b *1
24.00 20.01 39.93 69.91 76.00 121.33

V i * o M2
14.59 16.00 23.09 55.55 45.91 69.33

V i Ki M1
14.09 20. 59 29.75 54.00 71 .15 116.90

V * M2
15.66 21.00 29.94 50.91 75.59 116.91

NiP0K0
*1

14.41 15.93 23.66 45.09 61.75 90.03

N1P0K0 M2
12.92 12.41 16.93 50.41 40.50 55.35

*1*0*1 M1 15.75 13.00 22.59 59.50 50.59 92.53

W i M2
15.41 16.16 26.09 46.09 59.16 91.75

* 1 * 1 * 0 M1 17.75 19.09 29.95 55.41 69.95 110.66

Nipi«o m2 15.09 21.41 32.65 51.75 72*95 110.66

N1P 1 K1
M1 13.33 33.25 46.00 94.41 120.09 131.00

M1p1*1
m2 21.09 27.33 44.15 90.91 102.25 161.41

* C.D. at % NS NS NS NS NS 42.95
C.D. at 1* - - - - - 59.13

**C .D . at 5% NS NS NS NS NS 42.13
C.D. at 1 53.20

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

**C .D . for comparing tuo 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 with 

respect to number of leaves produced was noticed only during the 

month of April (Table H i e ) .  The plants provided with ^P^K^

(131 .00) tnrough soil application recorded significantly mor« 

number of leaves compared to rest of the treatments. The number 

of leaves produced by the plants grown under P^ - soil application 

(121 .33) was significantly higher than that by control (7 4 .3 3 ). 

Treatments P<jK.j, HjP^ICj* and control (soil application)

did not differ in respect of leaf production.

The plants provided with through soil-cum-foliar

application produced significantly more leaves (161 .41) compared 

to other treatments. At fixed level of Mg soil-cum-foliar 

application of P ^  (116 .91) and JTjP̂  (110 .66 ) produced signifi­

cantly higher number of leaves than that of (91.75)* (90 .00 ),

P-, (69 .33 ), N1 (55 .93 ) and control (49 .16 ).

The plants provided with ^P^ICj through soil as well as soil- 

cum-foliar application (191.00 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 P1 (121 .33 ). However, the lowest number of 

leaves (49 .16) was recorded in the control (soil-cum-foliar 

application).



Bata on total length of suckers as Influenced by NPK and 

their modes of application are presented in Table TVa, IVb and 

IVc, and F ig.Ilia  and I l lb .

The total length of suckers significantly differed between 

main treatments during the months of February, March and April.

The main treatment values of M̂ (soil application of NPK) for 

total length of suckers during the months of February (462.72 cm), 

March (713.18 cm) and April 1045*32 cm) significantly differed 

from the corresponding values of M2 (soil-cum-foliar application 

of NPK) during February (410.34 cm), March (604.12 cm) and April 

(935.46 cm) respectively.

The total length of suckers grown under different sub* 

treatments differed significantly from December to April. The 

total length of suckers in 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 209.08 cm and 1791.70 cm respectively. The following group 

of sub-treatments v iz . ,  P ^ ,  Ĵ P̂ , P ,̂ and , which followed

N̂ P̂ K̂  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 li, (637.95 cm).

The main effects of N and K significantly influenced c;:

IV .5• Total length of the suckers per clump
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Table IVa. Effects of NPK and their mode of application on total 
length (cm) of suckers in a cardamom clump

Treatments

Months

N o v  . Dec. Jan. Feb. Mar. A w .

Main treatment means

M1 U ) 136.03. 149.34 235.94 462.72 719.19 1045.32

m2 ( s+f ) 127.47 139.04 213*56 410.34 604.12 935.46

C .D . at 5fr NS NS NS 23.09 76.07 97.09
C .D . at 1> — — — NS NS NS

Sub--treatment, means

V o KC
100.17 102.37 154.91 279.25 402.*3 549.75

R0P0K1 115.2? 113.97 195.37 349.00 549.60 902.59

N0PlKp 156.00 164.12 243.12 464.62 657.41 903.16

W l 120.75 146.75 250.45 435.91 775.04 1134.37

H1P0K0
102.83 112.66 155.54 330.12 493.91 637.95

V o Ki
123.50 136.09 204.16 360.75 549.60 969.62

B1p1*0
137.92 141.00 240.66 442.95 696.60 1094.96

N1P1K1
137.95 209.09 353.25 442.95 1216.00 1791.70

C.D . at J/o NS 44.49 79.33 167.93 255.44 339.00
C.D. et 1jb 60.01 107.09 226.43 344.63 456.00

NS = Non-significant



Table IVb. Main effects of IT# P, K, HP, WK and PK on total length (cm)
of suckers in a cardamom clump

Months

Effects Nov. Dec. Jan. Feb. Mar. A p r .

N0 123-55 137.67 209.33 394.69 592.20 334.96

*1
125.53 149.70 239.65 294.19 730.10 1045.70

C.D. at 5/o 20.03 22.24 39.69 33.91 125.59 169.00

P0 113.44 117.64 175.12 329.77 433.13 729.72

P1 123.63 169.73 277.36 459.10 333.76 1241.04

C.D. at 5* 20.03 22.24 39.69 33.91 125.59 169.00

K0 124.72 120.16 199.30 379.23 557.62 793.95

124.25 157.22 249.63 409.65 764.63 1156.31

C.D. at 5> 20.02 22.24 39.69 33.91 125.59 169.31

N0P0 139.33 110.92 170.39 314.12 463.13 726.16

V i 139.23 164.42 249.23 475.26 716.22 1043.76

*1P0
113.16 124.27 179.35 345.43 503.91 753.25

»ipi 137.90 175.04 299.45 442.95 951.30 1433.33

C.D. at 5 * 23.26 21.46 56.14 113.66 130.61 229.00

N0K0
129.03 122.49 201.51 371.93 523.99 726.45

V i 113.02 141.36 213.16 417.45 654.41 1043.47

120.37 126.32 193.10 336.53 5 9 5 . 2 5 361.45

N1*1 130.69 1 72. 53 2q1 .20 401.35 374.95 1330.16

C.D. at 5)o 25.26 21.46 56.14 113.66 130.61 229.00

P0K0
1 0 1 . 5 0 107.76 155.22 204.63 433.24 593.35

P0K1 119.39 127.52 195.01 354.37 522.35 355.60

pi*b 147.96 152.56 244.39 453.73 672.00 994.06

pi*t 129.31 136.91 304.35 464.43 995.52 1493.03

C.D. at 5i> 23.26 31.46 56.14 113.66 130.61 229.00



Table IVc. Effects of sub x main interactions on total length (cm) 
of suckers in a cardamom clump

__  Sub x Main interaction means

Interaction
Months

NOv. Dec. Jan. Feb. Mar. Apr.

W o M1
94.66 107.41 166.33 5 0 1 . 6 6 459.91 655.25

V o Ko *2
99.66 93.00 143.50 256 . 33 348.58 464.25

V o Ki A 99.75 115.41 183. 58 551.41 574.16 979.25

N0P0Ki
*2

108.93 122.13 133.16 546.53 493.41 825.91

N0P1K0
Mi 165.53 191.91 310.41 602.^9 363.41 1151.66

V i * b M2
113.50 136.33 135.33 326.66 451.41 674.66

W i M1
132. 50 163.33 256.41 474.66 772.30 1163.75

V 1 K1 M2
1 0 9 . 0 0 160.33 244.50 493.33 777.53 1200.00

* 1 * 0 % A 95.91 114.25 173.75 386.00 575.03 711.41

M2 97.14 111 .03 157.33 274.25 594.75 564.50

N1P0K1 A 102.33 120.75 173.03 312.91 521.00 790.16

N1P0K1 m2 134.66 151 .41 235.25 403.53 546.35 947.08

H1P1*0 M1
132.91 143.75 254.08 460.16 701.55 1079.53

*IP1*0 M2 112.91 133.25 247.25 425.75 671.50 1090.58

N1p1*1 M1
169.66 226.75 339.85 309.03 1233.08 1966.75

V * * 2 151.41 191.41 526.66 754.25 1143.91 1716.66

* C.D. at 5* NS NS NS NS 565.85 NS
C.D. at 1* - - - NS 500.97 -

**C.D. at 5* NS NS US NS 542.54 NS
C.D. at Mo ** ** 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-treatment s.

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 application (&+F) and soil appli­
cation (S ;

b) Clumps provided with P through soil-cum- 
foliar application (S+F) ani soil appli* 
cation (tO

c) Clumps provided with K through soil-cum- 
foliar application (3*F) and soil appli­
cation (s ;





Plate 6. Comparison of cardamom clumps within a pair 
consisting of two main treatments at fixed 
level of sub-treatment#

d) Clumps provided with NP through soil-cum* 
foliar VS+F) and soil application (S)

e) Clumps provided with NK through soil-eum- 
follar (S+F) and soil application (S)

f )  Clumps provided with PK through soil-cum- 
foliar CS+F) and soil application (s )





Plate 6. Comparison of cardamom clumps within a pair 
consisting of two main treatments at fixed 
level of sub-treatments

g) Clumps provided Mth S!PK through soil-cum- 
fo liar (S+F) and soil application (s)

Plate 7a. Comparing of sub-treatments at fixed level 
of main treatments.
A pair snowing NqPqKq and P̂^K̂

(S = Soil application)

Plate 7b. Comparing of sub-treatments at fixed level 
of main treatments.
A pair showing NqPqKq ard Ĥ P1K1 

(S+F = Soil-cum-foliar application)
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to ta l length of suckers during the months of March and April 

compared to that of control, whereas the main effect of p was 

found to be significantly superior in total length of suckers 

than that of control, throughout the period of observation.

Interaction effects of main x sub-treatments were found 

to be significant during March only. Application of fe r t i l iz e r  

mixture P̂ K-j through soil (1233.03 cm) produced significantly 

highest value for the total length of suckers compared to that 

of other treatments namely, P̂ Kjjv (772.30 cm), ŴP̂  (701.33 cm),

K| (574.16), Iff ■«, (573.03 cm) and H,Kj (521.00 cm), supplied with KjP.jK., 

through a combined mode of application, produced maximum total 

length of suckers (1143.91 cm) compared to that of other treatments. 

The total length of< suckers produced in P̂ ICj (777.53 cm) was signi­

ficantly higher compared to that of (394.75 cm) and control 

(343.53 cm) which however did not significantljr d iffer from that 

of EjKj (546.33) and P1 (451.41 cm).

The soil application of' ftjP-jKj' (1233.03 cm) as well as soil- 

cum-foliar application of N̂ P̂ K̂  (1143.91 cm) produced significantly 

higher total length of suckers compared to the rest of the treat­

ments, irrespective of• the mode of application. The minimum total 

length (343.53 cm) of suckers was recorded in the clumps grown 

ur&er control (soil-cum-foliar application).

IV.4 . Average height of the sucker

Data on the average height of suckers ate-presented in 

Table V and Fig.IV.
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Table V*. Effects of 1PK and their mode of application on average
height (era) of sucker in cardamom

Treatment

■Months

Nov. . Dee. Jan . • Feb. Mar. Apr.

■ < 'Main treatment means

Mt (S) 42*91 39.14 33.03 45.2S 52.36 60.38

m2 (s + F ) 43*50 4 0 . 5 5 35.31- 44.22 51.49 55.46

C.D . at 5i ' NS NS NS NS NS NS
C*D*: 3t Mo — — ■»

*
' ‘ . .Sub-treatment means -

W o
41.54 37.02 32.63 40.63 50.44. 50.51

V o K1
42.01 39.42 39*82’ 47.90 50.82 60.30

43.50 45 .26  . 35.73 47.72 55.14 61 .77

Kg P1 Kt .44.72 44.34 36.1.6 47. 43 53.49. 65.53

V o S )
42.63 37*90 35.44 42.19 49.07 53.75

44.99 ■41,99 32*09 42.93 49.34 52.08

41.45 37.46 34.42 42.97 50.03 54.08

HIPifKf s ■ 36.98 34.'S4 31.04 46,16 55.52 : 64.46

C.D. at 5% ' NS NS NS NS NS 9". 76
C.D. at 1#

■
" NS

US « lon-significant
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Significant differences were recorded amongst the sub- 

treatments, 10 months after planting. P̂ Kj and (65.53 cm

and 64*46 cm, respectively) recorded significantly higher average 

height of suckers compared to that of (54.08 cm), ?Lj (53.75 cm)

N̂ Kj (52.08 cm) and control (50.51 cm), but these treatments did 

not d iffer among themselves. , The average height of suckers in the 

plants receiving P̂  (61.77 cm) aid (60.30 cm ) was on par, -with 

P, K, and 1, P, K, . Interactions of treatments had no effect on height 

of- 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 d iffer  significantly between main 

treatments except for the.10th month (April), At the 10th month, 

the length of lea f yas 31*38 cm in soil application of IT# P and K 

as against 29.99 cm in soil-cum-f oLiar application o f, IT, P and K.

Significant differences were recorded amongst different sub­

treatments only during 8th month (February) after planting. The 

length of the leaves in treatments (25.83 cm), P̂  (25.72 cm),

K-j (25.47 cm) and P-jK̂  (25.44 cm) recorded significantly higher 

values compared to that of plants under treatments (22.71 cm)

and control (22.34 cm). However, there were no significant d iffe­

rences among the treatments , N̂ P̂ , and control.
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Table VI. Effects of NPK and their mode of application on average
length of leaf (cm) of cardamom

Months

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

M-t (S )

■

27.60

Main

26.71

treatment means 

24.73 26.58 28*72 31.38

m2 (S + F) 27.10 26.70 • 24.36 26.59 29.17 29.99

C.D. at % NS
CO NS NS NS 1.27

C.D* at Vjo - ' - w — NS

V c Ko 27.60

Sub-

21.65

treatment

22.34

m eans 

24.41 26.37 27; 77

H0P0K1
28.70 27.60 25.47 26*30' 30.13 3 1 . 2 0

W o 3 0 . 0 0 23.99 25.72 * 27.50 30.62 31*27

V i * t
3 0 . 0 0 28.61 25.44 23*49 30.31 32*12

W o - 27.00 26.51 25.33 25.02 27.93 29.38

W l . 29.00 27*64 22.71 25.96 26.51 30.25

B1P1K0
26,70 25.22 24.08 26.44 30.29 3 0 . 6 8

29.00 ■27.32 24*68 28.06 31.23 32.32 .

C.D. at 5% NS NS 2.64 NS ■ NS NS
C.D . at 1 $ NS

NS = Non-siginficanfc
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None of the interactions was found, significant.

IV.5.2, Leaf breadth

The average leaf breadth of cardamom as influenced by 

MPK and their mode of application is presented in Table VII.

There were no significant differences in the breadth of 

leaves between main treatments.

The breadth of leaves of the plants viiich was receiving 

sub-treatments differed significantly at only 8th month (February) 

after plamting. The maximum breadth of the leaves of the plants 

receiving (6.13 cm) and (5.79 cm) as against the plants

under treatments control (5*01 cm) and Hj (4.79 cm). There were 

no significant differences among , P̂  and in the

.breadth of leaves. The breadth of leaves of the plants under 

treatments control and Ej were on par# None of the inter­

action effects found to be significant,

IV.6. Panicle -production

The data on the influence of HPK and their mode of appli­

cation ojB panicles produced per treatment are presented in Table VIII.

The maximum number of panicles per treatment (20 .50 ) was 

recorded in. the plants fertilized  with N̂ P̂ K̂  at the rate of 32.5 

g of I  + 25.0 g of P205 Hr 50 g of K20 per plant through so il. It 

was followed by soil application of Û P̂  (16.50) and lowest number 

of panicles (1*00) was found In control (soil application).
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Table VII. Effects of HPK and their mode of application on average
leaf breadth (cm) of cardamom

Treatments

Months

Nov. Dec. Jan. Feb. Mar. Apr.
Main treatment means

M1 (S ) 4,98 4.67 4.^6 • 5.48 5.54 5,47

Mg ( S + F } 4.67 4.66 4.89 5.55 5*52 5.40

C.D. at % NS IS NS IS NS is
C.D. at 1% — — — — — —

Sub-treatment means

W o 4.01 4 .'00 4,09 5.01 5.60 4.86

W t
5.00 4.95 4.99 5.71 5.75 5.54

W o 5.00 5.00 . 5.20 - 5.54 5.53 5.44

Vi^i 5.90 5.00 5-31' 6.13 5.86 5.72

IlP0K0 • 4.20 4.09 4.24 4.79 5.03 5.41

W l 4 .SO 4.67 4.99 5.43 5.59 5,25

W o 5.00 4.62 5.17 .5,79 5,65 5,52

N1P1^1
4 *'85 4i.60 5.31 5,71 5.66 5.72 .

C.D. at 5$ is is is 0.737 ®S NS
C.D. at 1 fo NS IS

NS = Non-significanfc
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Table V II I . Effects of NPK and their mode of application on 
the number of panicles produced per treatment 
(11 months after planting)

Sub-treatments
Main treatments

MjCs) m2(s+f )

W o
1>00 2.50

W i
-

V A
7.00

V i « i
1,00 1.00

V o K o a o o 2 .00

V A
4.00 1*50

IlPlK0 16,50 ' 13.50
/

H .P .K , 20.50 14*00
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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 production of cardamom 

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

I V . 7 . 1 .  F r e s h  w e i g h t

There were no significant differences in the fresh weight 

of plants between the main treatments.

Significant differences were found in the fre'sh weight of 

the plants grown under sub-treatments. The plants fertilized  

with KjP̂ K̂  recorded significantly higher fresh weight (2399*88 g) 

compared to that of other treatments except P-j  ̂ (2065*47 g). The 

fresh weight of the plants with P̂ K̂ , N̂ P̂ » K̂ , P ,̂ and N̂ iCj 

did not d iffer significantly. The lowest fresh weight was found 

in control (481.70 g ), but it  was on par with K̂ » P̂ » and 

treatments. Interaction effects did not show any significant 

influence on the fresh weight of the plants.

I V . 7 . 2 .  D r y  w e i g h t

The effects of main treatments did not show any significant 

difference in the dry matter production. Significant differences 

were recorded in the dry weight of plants grown under sub^treat- 

ments. The dry veight of the plants fertilized  with N^P^

(473*58 g) was significantly higher compared to rest of the treat­

ments. The dry wight of the plants with N-|P̂  (241*56 g) was on
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N|P|K| N0PfK , N|P|K0 NoPoXt NoP»Ko N,P0K0 N|PfeK| K e W o
TREAT M EW TS

fOTAl FRESH WEIGHT OF THE CARDAMOM CLUMP AS INFLUENCED BY 
N P K AT THE END OF 11 MONTHS AFTER PLANTING.



DR
Y 

W
E

IG
H

T
 

IN 
G

R
A

M
S
.

Fid.^T b. TOTAL DRY WEIGHT OF THE CARDAMOM CLUMP AS INFLUENCED 6 V 
55 N P K  AT THE END OF 11 MONTHS AFTER PLANTING.



OS

par -with that of P̂ jK̂j (219*53 g) and P-j (199*36 g ), but differed 

significantly with the dry weight of the plants receiving 

(179*32 g), E, (174*20 g), l^K, (136.76 g) and control (65*3*4)* 

However, there were no significant differences amongst P̂ KLj, P ,̂

K-j and Ej in the dry matter production. .The plants grown in 

control recorded significantly lower-, dry weight (65*39 g) compared 

to that of other treatments.

None of the interactions wrar: found to be significant;

IV.8. Percentage contribution of weights of different parts 
of the plant to the total fresh and dry weight of the 
whole clump

The data on. the percentage contribution of different parts 

of the plant v iz . ,  lea f, shoot, rhizome and roots to the total 

fresh weight and diy weight of the cardamom clump are presented 

in Table X and XI and Fig.Via. andVIb*

IV.8.1. Fresh weight

In general, the average contributions of different parts 

of the cardamom clump to the total fresh weight 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 26.2 5 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 HjP̂  constituted 

a lowest value'of 19*37 per cent to the total fresh weight.
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. IfiJhile the'percentage of fresh'■weight' of shoots to the 

fresh -weight of whole clump was highest (51.34$) in case of 

i t  was found, to be the lowest (42.13$) in case of control.

The fresh weight of the iftizome of E] accounted to 23*49 per 

cent as against only 16.66 per cent in the plants grown with N̂ P|K-j 

treatments. The percentage fresh weight of the roots of the plants 

supplied with IT, P, constituted highest value of 13 7̂5 and a. minimum 

of 7.09 per cent of fresh weight of roots was found in HjP.jK.j.

IU.S.2. Dry weight

In general, the dry matter produced by"the different parts 

of.the plants that constituted a clump of cardamom consisted of 

34.92 per cent as. leaf, .42.80 per cent ,as shoots, 14.05 per cent 

as rhiaome and 3:23 per cent as roots. These percentages were 

worked out taking average of all'the treatments (Table XI);

The percentage dry weight of leaves to the dry weight of 

whole clump was highest in.control.(42.48) and this was followed 

by (39.39$)* ftj (35.06$), K, (’34.34$), and lowest percentage

was found 'in P̂ ICj (30;83$).

Shoots of the plants growi under constituted maximum of 

48.65 per cent of the total dry matter. A  minimum of 31 3̂1 per 

cent of dry weight of shoot was’ found in control. The contribu­

tion of dry weight of shoots in other treatments namely, Itj,

P Î ,̂ -TLjRj and N̂P̂ j was. dose to the general 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 (15.43$)* P-jK-i 05.39$) and EjKj 

( 14.53$). The lowest was in that of (10.61$).

The dry matter produced by the roots was highest in the 

plants under IT̂ P̂  (10.76$), followed by P-jiCj (9.93$)* control 

( 9. 30$) and MjICj (3.72$>). The lowest percentage of diy matter 

contribution was made by the roots of the plants fertilized with 

E jP ^  (5.32fr).

IV.9. Chemical composition of different part's of cardamom 
plant -  ~

Data on chemical composition of different parts of the 

plants as influenced by BPK and their mode of application are 

presented in Table Xlla, Xllb, XIIc, Xlld and Xlle.

IV.9.1. Nitrogen (Table Xlla)

Soil application of fe r t i l iz e r  mixture EjK.j and soil-cum- 

fo liar application of ILj resulted in higher percentage of IT.(3.76$) 

in  leaves* folio-wed by 3.44 per cent of H in case o f 'so il  appli­

cation of N̂ P̂ » soil^-cum-foliar application of and Û P̂ ICj.

The lowest N content (1.63$) in leaves was found in the treatment 

P̂  applied through soil.

The percentage of IT in shoots varied from 0.66 ( P ^ - s o i l  

application) to 1.63 in case of ET| through so il application^N^P-j 

and SLjP-jK̂ / through soil-cum-foliar application.
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Table Xlla. Chemical .composition of the dry matter in different 
parts of the cardamom elump as influenced by NPK and 
their mode of application

________ • ____: _ Mtrogen (Percentage dry weight basis)

- Leaf ___  Shoot Rhizome________ Root

Treatments M1 ■ m2 M1 V / M1 m2 . Mi m2

V o * b
3,11 3.11 0.98 Q. 85 1.47 1.30 0.98 0.98

H0P0K1
2.79 2.94 0.S2 0.91 0.81 0.81 0.65 0.81

V i k g
1.96 1.63 0.S2 0.93 0,91 0.97 0.93 0.31

¥ i k i
2.94 3.11 0.66 0.31 0.81 0.81 0 .65 9.43

^ P qKo 3.26 3.76 1,63 1.47 1.47 1.80 1.46 1.31

W l
3,76 3.44 1.31 1.47 1.63 1.80 1.14 1.31

W o 3.44 3.27 1.31 1.63 1.63 1.64 1.14 1.31

W l 3.43 3.44 1.15 1.63 1.47 1.47 1.31 1.63

Average 3 .09 3 .09 1.09 1. 20 1.26 1.33 1.04 1.08
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In the rhizome, I  percentage m s  highest in plants recei­

ving E| through soil-sum-foliar application (1.3$) and EjIC| through 

soil-cum-foliar application (1.8Jo). It was followed by l^p^through 

soil-cum-voliar application (1.64$). A minimum N (0.81$) was 

recorded in the plants receiving and P̂ K̂  (applied through

soil and and P̂ K̂  (soil-cum-foliar application).

Plants receiving ILjP̂ Kj through soil-cum-f©liar application 

were found to have highest nitrogen (1.53$) in their roots* while 

plants receiving (through soil) and P̂ KLj (soil-eum-foliar appli­

cation) had lowest N percentage (0.65$).

I\T‘.9>2. Phosphorus (Table Xllb)

Percentage of P in the leaves varied fl?om 0..32 (Û K̂ -soil-c.um-?;oV'ftY

application) to 0.75 (soil-cum-foliar application of and N̂ P̂ ).
6 %

In the shoots, maximum P (0.75$) was found in the plants 

receiving soil-cum-foliar application of P̂  and minimum (0.15$) 

was in the plants grown urder control (soil application).

Rhizome of the plants supplied with P̂ K̂  (so il application) 

had 0.47 per cent P, followed by the plants which received 

soil-cum-foliar application (0.40$). A minimum P (0.20$) was 

recorded in the plants receiving soil application K̂ , $Lj and 

soil-sura-foliar application of N-j.

A maximum of 0.37 per cent P was recorded in the roots of 

the plants with soil-cum-foliar application of P̂  and Ĥ P̂  . The 

roots of the plants of the following treatments recorded minimum
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Table X2tlb» Chemical composition of the dry matter in different 
parts of the cardamom clump as influenced by T5PK and 
their mode of application

(Phosphorus .Percentage dry 
•weight basis)

Leaf __ Shoot Bhizoae Boot
Treatments Mg M-j Mg Mg Mlj M2

W o 0; 40 0-. 40 0-.15 0.20 0.37 0.35 0.25 0.20

W l 0;42 0.40 0,52 0.52 0.20 0.25 0.20 0.27

V i V  . 0.60 0.75 0*67 0,75 0.37 0.37 0*27 0.3T

W i 0.55 0.50 0.42 0.60 0.47 0.40 0.27 0.32

hjp0Ko .
0.40 0.42 0.37 0.27 0.20 0.20 0.20 0.20

^ P 0Ki 0,40 0.32 0.42 0.55 0.35 0.25 0.20 0.20

0.60 0*75 Oi 40 0.32 0.37 0,37 0.27 0.37

W l 0.42 0 j 50 0.20 0,22 0,27 0,37 0.25 0.20

Average 0 .47  0.51 0 .39  0 .42  0 .33  0 .32 0 .24 0 .27
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of 20 per cent of P namely, soil application of K.j and.Ej, • 

soil-cum-foliar application of JT.jK;j» U-jP̂ Kj and control.

I?*9,5» Potassium (Table XUe) *

Soil application of fertilizer  mixture ILjK-j and K-j resulted 

in higher percentage of K in the leaves ( 4 * 2 0 % )  as against the 

lo-west percentage of K in/the leaves of the plants receiving soil 

application of Û P̂  (2.80$)*

Potassium in the shoots varied from 3.5 per cent under 

control (soil application) to 9*4 per cent in the plants which 

received soil application of K̂ .

In the rhizome, maximum percentage of K (4.90$) was found 

in the plants receiving and treatment through so il applica­

tion and soil-cum-foliar application of followed by 4.80

per cent in the rhizome of the plants with, soil application of 

EjP̂ K| and soil-cum-foliar application of Kj, P̂ Kj and 3̂ .' A 

minimum percentage of K (3*60^) was found in the Û P̂  (so il appli­

cation) treatment.

Plants receiving K̂ » Ej through 3 oil, and P-jK̂  through so il-  

cum-foliar application were found to have highest K ^ ( 3 * 2 0 $ )  in the 

roots, while plant receiving Û P̂ K̂  (soil-cum-foliar application) 

has lowest percentage of K (1.20$).

J?.9»4- Calcium (Table Xlld)

Calcium percentage was found to be maximum (1*40^) in the 

leaves of l p̂̂  (soil-cum-foliar application) which was closely



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

■ ________  Potassium (Percentage dry -weight basis)
. Leaf Shoot' Rhizome_____ Boot

Treatments
M1 1

m2 Mt •
M2?

M1 . m2 Mi m2

W o 3 .’50 3.90 3.50 4.10 4*20 4.20 2.20 1.70

W i 4.20 3-. 90 9.'40 3.40 4.90 4 .SO 3.20 3.00

¥ t Ko 3.50 3.00 3,60 3,40 3,60 3.80 3.00 2.50

V i si 3.90 3.30 9.20 7,20 4.20 4,80 3.00 3.20

V gK0 3.70 3.60 9> 40 8 ,*40 4.90 4,30 3.20 3.00

W i 4.20 3.90 4,20 5.10 3, SO 4,20 2. SO 3.20

W o 2,80 3.30 4,20 4.10 3.60 3.30 2.40 2.'50

N̂ P1K1 3.50 3.20 4.70 4.30 4.80 4.90 1.70 1 .20

Average 3.66 3.51 6,03 5^62 4*25 4^41 2.70 2; 54



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

_____ ._______  Calcium (Percentage dry -weight basis)

Leaf Shoot Bhizoae ____ Boot

Treatments- M-j Mg Mg Mg Mg

V o ? o
1.10 1.15 0.60 0 ,66 0.46 0,40 0 .40 Q.39

W l 0,93 0,73 0.60 0.50 0.66 0 .70 0.49 0.60

V l K0
0.32

oo

0 .59 0.60 0.50 0.49 0.49 0.42

V i Ki '
1.20 . 0 .89 0.60 0 ,70 0.60 0,56 0.40 0.50

W o
1.19 1.13 0.50 0 .49 0i49 0.4-5 0.40 0.42

¥ ( * ■
1.03 0,30 0.66 0,66 0 .60 0 .62 0.43 0.40

*1*1*0
1.23 1.40 0,66 Ov.66 0.66 0,56 0.39 P.39

HfpJK, 1 .10 0 .80 Ov-66 0,66 0 ,60 0.42 0 .40 0.45

Average 1.07 0.S9 0.61 0.62 0,57 0.52 0.43 P.. 4 5
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foliovjed by the leaves, of the plants receiving soil-cum-foliar 

application of (1.23$). A minimum percentage of Ga -was found

in the plants receiving (0.73$), . N|P̂ ICj (0.80ft) and EjICj (0.80$) 

through soil-cum-foliar application.

In the shoots, calcium percentage varied from 0*49 (Mj-soil- 

cum-foliar application) to 0,70 (P^fCj-soil-cum-foliar application).

Maximum Ca. percentage in the rhizome was recorded in the 

plants fertilized  with Kj through soil-cum-foliar application 

(6 ,70ft) followed by 0.66 per cent in the plants receiving ILj (so il 

application) and N̂ P̂  (soil-cum-foliar application). A minimum Ca 

percentage (0.40ft) 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 Kj (so il application), 

which was followed by 0.50 per cent of Ca in P̂ ICj (soil-cum-foliar 

application). Lowest percentage of Ca (0.39$) was found in t he 

roots of the plants grown under control (soil-cum-foliar applica­

tion), HjP-j (soil application) and EjP.j through soil-cum-foliar 

application.

IV.9.'5. Magnesium (Table Xlle)

Magnesium percentage in the leaves varied from 0.13 (P̂ K̂ - 

soil application) to 0.31 (control-soil-cum-foliar application).

In the shoots highest percentage of magnesium (0.17$) was 

found in plants fertilized  with EjP̂  (soil-cum-foliar application)
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Table Xlle. Chemical composition of. the dry matter in different 
parts of the cardamom clump as influenced by HPK and 
their mode of application

• ■_____________  Magnesium (Percentage dry -freight basis)
Leaf Shoot____ iihizome Boot _

Treatments Mg M2 M2 M2

V o Ko 0.30 0.31 0.16 0.15 0 .10 0:09 0.09 O.OS

W l 0.29' 0.28 0.15 0.10 0.12 0.10 0.09 0.10

V i Kq 0.25 0.22 0.13 0.12 0.10 0.09 0.90 0.10

V lKi 0.1’3 0.20 0.14 0.13 0.12 0.11 0.09 0.07

W o 0.26 0.25 0.16 0.16 0.13 0 .11 0.09 0 .10

W l 0.20 0,24 0,16 0.15 0.13 0,12 0.10 0.09

*1* 1*0 0,30 0 ; 28 0.15 0.17 0.10 0.12 0.12 0.09

*1*1*1 0.29 0.30 0i16 0.51 0.11 0.10 0.10 0.09

Average 0,25 0.26 0.1 5 0.14 0.11 0.11 0.09 0.09
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arsi lowest (0.10$) ^quantity Mg was noticed in the plants 

receiving ICj (soil-cum-foliar application). .

Mg content as high as 0.13 per cent was found in the rhizome 

of the plants receiving and Kjltj through soil application. A

minimum of 0.09 per cent Mg was noticed in the rhizome of the plants
/

under control (soil-cum-foliar application). and through so il-  

cum-foliar application.

The roots of the plants fertilized  with N̂ P̂  (soil applica­

tion) had 0.12 per cent Mg which was the highest recorded. The 

lowest* 0.07 per cent of Mg was found in the roots.of the plants 

receiving P̂ ICj through soil-cum-foliar application.

IV. 10. Uptake of nutrients by different parts of the plants 
as influenced by fflPK and their mode of application

The data on the uptake of nutrients by different parts of 

the plants namely, leaves, shoots, rhizomes and roots are presented 

in Table X Ia , XIJib, XIIIc, XHId and XHIe.

IV. 10.1. Nitrogen (Table X llla)

In general, the uptake of nitrogen in.a cardamom clump of 

11 months age was maximum in. the leaves (2.355 g) compared to 

shoots (1 .093 g), rhizome (0*365 g) and roots (0.185 g)»

In the leaves of the plants receiving JLjP̂ K-j through soil, 

maximum uptake of nitrpgen w a s  recorded (6.398 g) as against the 

leaves of the plants grown under control with soil-cum-foliar 

application (0.669 g).



82

Table X llla . Uptake of nutrients in different parts of cardamom clump 
as influenced by HPK and their mode of application 

........ • ______ _________- ....... ■ ■ ■—
Treat- L e a f______ Shoot Rhizome___ Root _ Whole clump Ave-
ments 1̂ 2̂ 1̂ 2̂ 2̂ 2̂ 2̂ rage

H0P0K0 1 ;0S2 0.669 0.211 0.154 0.128 0.164 0.070 0.042 1 .491 1 .036 1 .260

1.762 1 .706 0.856 0.480 0.199 0.169 0.091 0.113 2.908 2.468 2*688

I^PqKq 1.390 0.905 1.030 0.708 0.191 0.237 0.149 0.106 2.759 1.956 2.357

1 'i990 2,101 0.644 0,76 6 0,284 0,260 0,13 5 0.110 0.0^3 3-237 3.145

HjPq ĵ 2.000 1.918 1.000 0,997 O.368 0,388 0,155 0.154 3*523 3-457 3.545

^PqKj 1.723 1.393 0.804 0.811 0.333 0.345 0.123 0.167 2.983 2.716 2.949

2.524 2o450 1.443 1.665 0.:514 0,670 0,270 0.336 4.756 5.210 4.940

6.398 6'.'362 2.640 3-163 O.9O3 0.538 0.362 0.372 10.303 10.485 ia349

Average 2.358 2.230 1.079 1.093 0.365 O.352 0.174 0.135 3.972 3.809 3.593
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In the shoots» the plants fertilized  with. N.^ Kj (soil-cum- 

fo liar  application) had highest uptake of N (3.163 g) -while plants 

grown under control (soil-cum-foliar application) were found to be 

lowest in uptake of' N (0.154 g).

The maximum uptake' of N (0.903 g) was recorded in the rhizome 

of the plants receiving I^ P ^  through soil followed by soil-cum- 

fo liar application of Û P̂  (0.670 g}* A  minimum uptake of nitrogen 

(0,128 g) was noticed in the plants grown under control (so il 

application).

In the roots, uptake of nitrogen were found to be more in 

the' plants fertilized  with through soil-cum-foliar applica­

tion (0.372 g). It was closely followed by the plants provided with 

Û P̂ K̂  through, soil (O.362 g) and soil-cum-foliar application of 

EjP.j (0.336 g)» minimum uptake was observed in the roots of the 

plants under control with soil-cum-foliar application (0.049 g). •

IV.10.2 . Phosphorus (Table XHIb)

In general, the maximum uptake of P was found in the shoots 

(0.407 g) followed by leaves (0.365 g)» rhiiome (0.092 g) and roots 

(0.041 g). '

In the leaves* the uptake of P was highest in the plants fe r t i­

lized with N;jP̂ K:j through soil-cum-foliar application (0.924 g) and 

lowest uptake of P (0.086 g) was found in the plants under control 

(soil-cum-foliar application).
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Table XUIb. Uptake of nutrients in different parts of cardamom clump as 
influenced by NPK and their mode of application

■ ____ __________-__________ Phosphorus (g)
Treat- __Leaf __Shoot____ Rhizome___ Root Whole clump Ave-
ments Mg Mg Mg 55̂  Mg" rage

IoPq̂  0.139 0.086 0.033 0.037 0.03,2 0.044 0.018 0.010 0.222 0.177 0.200

KqPqK,, 0.266 0.232 0.543 0.308 0.049 0.052 0.028 0.034 0.886 0.626 0.756

UqP ^ q 0.426 0,417 0.842 0.542 0,088 0.090 0.041 0.045 1.397 1.094 1.250

' 3̂>P1K1 0.372 0.337 0.413 0.567 0.165 0,126 0.056 0.073 1.006 1.103 1.055

NjPqKq 0.284 0.214 0.309 <5*180 0.050 0,049 0.027 0.026 0.670 0.469 0.569

HjPqK., 0.211 0.116 0.257 0.304 0.071 0.043 0.021 0.025 0.560 0.493 0.526

0.440 0.56,2 0.442 O.327 0.117 0.151 0.064 0.096 1.063 1 .1J6 1.099

. 0 . 783 0.924 0.419 0.426 0.166 0.147 0.06 9 0,045 1.437 1.543 1 *490

Average 0*365 0.361 0.407 0. 33,6 0.092 0.089 0.040 0.041 0.90 5 0.830 0.868
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The uptake of P in the shoots of plants provided with 

through soil (0.84-2 g) recorded highest value, it -was followed by 

soil-cum-foliar application of P-|K.j (0 .5 6 7  g)» P^ (0 .542  g ) and 

soil application of K-j (0 .545  g ) .  The lowest uptake of P (0 .033  g) 

was fbund in the shoots of plants under control (soil application)

• In the rhizome of the plants fertilized* with U^P^K^ through, 

soil (0 .1 6 6  g )  recorded maximum uptake of P as against the plants 

under control - soil application (0 .032  g ) .

The uptake of P as high as 0.096 g was recorded'in the roots 

of the plants receiving N^P^ ( soil-cum-foliar application)^ followed 

by soil-application of N^P^K-j (0 .0 6 9  g) and soil-cum-foliar appli­

cation of P^iCj (0 .073  g)« A minimum uptake of P (0 .0 1 0  g )'w as 

noticed in the roots of the plants under' control (soil-cum-foliar 

application).

1 7 .1 0 .3 .  Potassium (Table X I I Ic )

In general, the uptake of K was maximum in shoots (5*966 g ) 

compared to leaves (2 .7 6 7  g ), rhizome (1 .2 0 8  g) and roots (0 .421 g ).

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

receiving IT-jP̂ K̂  through soil application (6 .528  g ), followed by

through soil-cum-foliar application (5 .9 1 8  g ) .  A minimum 

•uptake of K (0 .8 4 0  g ) was recorded in the leaves of the plants under 

control (soil-cum-foliar application).

In the shoots, the plants fertilized  with ^P-jK^j through 

soil application (10 .793  g ) recorded maximum uptake of K as against
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Table X I I Ic . Uptake of nutrients in different parts of cardamom clump as
influenced by KPK and their mode, of application

...........  . . . .  ________  potassium (g )

Treat­
ments

Leaf
Ej Wr

Shoot 
T57 K

Rhizome Root
M.1 Mr M1 M,

Whole clump Ave-
M1 M,- rage

¥ o £o
W l
V l K0

V 1 * 1

W o
W i

* 1 * 1 * 0

*ipi*i

0 .3 86  

2.661 

2.432 

2 .460 

2.661 

2.223 

2 .055  

6.528

0 .840  0.761 

2 .263  9 .430 

1 .666  4 .522  

2 . 23O 8 .984  

1 .335  6.025

1 .530  2.576 

2 .472  4 .644  

5 .91310 .793

0 .779  0 .3 65  0.531 0 .159  0 .086  2.171 2.236 2.204 

4.973 1.206 1 .002  0 .450  0 .41813 .747  8,656 11 500

1.206 0.851 0 .925  0 .452  0 .3 04  3 .307  5 ,349  6 .325

6.812 1 .476 1.553 0 .6  2 4 0 , 732 1 3*72411.3 27 1 2.525

3.531 0 .903  0..762 0 .3 34  0 .3 13  9.923 6 .446  3.185

2 .827  0 .776  0 .302  0 .314  0 .4 09  5*889 5.613 5.754

4.188  1 .137  1 ,552 0 .563  0 .6 4 7  3 .404  8 .859  8.632

3 .345  2 .952  1 .957  0 .469  0 .274  20.74216.49518.625

Average 2 . 76 7 2 .350  5.966 4.240 1 .208 1 .135  0*421 0 .39810 .363  8.161 9.244



0.761 g in the shoots of the plants grown under'control (so il  

application).

Plants receiving F^P^K^ through soil application was found 

to have maximum uptake of K in the rhizome (2 .952  g ) followed by 

through soil-cum-foliar application (1.951 g ) .  A minimum 

uptake of K (O .365 g ) was noticed in the plants under control 

(so il  application).

Boots of the plants provided with P îCj through soil-cum- 

foliar application recorded maximum■ uptake of K (0*732 g ^a n d  

minimum uptake of K (0 .0 8 6 ' g) was observed in the plants under 

control (soil-cum-foliar application).

I V .10 .4 *  Calcium (Table XllldJ

In  general* the uptake of Ca was maximum in the leaves 

(O .857  g )  followed by shoots (0 .655  g )* rhizomes (0.171 g ) and 

roots (0 .072  g ).

The calcium content of the leaves of the plants receiving 

H^P^K] through soil application (2 .051 g ) was found to be maximum. 

It. was followed by ^P^IC^ through soil-cum-foliar application 

(1 .? 7 6  g) and lowest uptake of Ca (0 .2 4 7  g) was observed in the 

leaves 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 (ftjP-jK^-soil application).

In the rhizome,, the uptake of Ca (0 .4 3 0  g) was maximum in 

plants fertilized with K jP^Kj through soil application and minimum
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Table XXIId.* Uptake of nutrients in different parts of cardamom clump as 
influenced by NPK and their mode of application

____. ____ _____ ____ 1 . .......................  Calcium (g)_
Leaf Shoot Bhizome Boot ,Whole clump Ave­xi saii "* 

ments M, ■ m2 M1 h2 M1 -
M2- .

-m2 Mi
M2,

rage

”0*0*0 0 .332 0 .247 0.130 0 .133 0.040 0*050 0 .029 0*020 0 .531' 0 .450 0.516

W i 0 .552 0 .422 0 .549 0.336- 0,-137 0 .114 0 .070 0 .082 1 .303 1.004 1.156

0 .567 0 .555 0 .750 0.431 0 .119 0.122 0.073 0.051 1 * 508 1.159- 1.334

V i* i- 0 .812 0.608 0 .585 p. 662 0*211 0,194 0 .032 0 .114 1 .690 1 .578 1.634

M^qKo 0 .863 0 .612 0.418 0 .333 0,125- 0.124 0.053 0 .0 4 7 1 .459 1.116 1.233

W i 0 .529 0 .324 0.426 0 .347 0 .122 0 .115 0.043 0 .0  5t 1 .123 0 .8 37 0.960

*1*1*0 0.902 1*049 0 .774 0 .7 15 0 .189 0.163 0 .094 0.103 D .959 2.030 1.995

H,PlKi .2.051 1.476 1.608 1 .355 0 .430 0.246 0.111 0 .114 4 .200 3.191 3.694

Average 0 .857 0.661 0 .655 0/545 0.171 0.141 0 .069 0 .072 1.728 1*333 1 .'572



89

uptake of Ca ( 0.040 g) was noticed in the rhizome of the plants 

under control (soil application).

Plants receiving N^P^Kj through soil and IT^P^K^ through 

soil-cum-foliar application recorded higheyi quantitfesof Ca .0 .111  g : 

and 0 . 1 1 4  g respectively) in the roots, as against lowest quantity 

of Ca ( 0,020 g) in the plants under control ( soil-cum-voliar appli­

cation)*

I V . 1 0 . 5 * Magnesium (Table X llle)

In general, the maximum quantity Pf Mg was observed in the 

leaves (0,200 g ) compared to shoots ( 0.1 56 g )9 rhizome ( 0.031 g ) 

and roots (0 ,0 1 4  g,)»

■ The uptake of Mg by the leaves of the plants provided with 

EjP^K^ through soil-cum-foliar application (0 .559  g) recorded maxi­

mum, followed by N^P^K^ through soil application ( O . 54O g )  and 

minimum uptake of Mg (0 ,064  g) was noticed in  plants under control 

^soil-cum-foliar application).

The maximum content of Mg in the shoots was recorded in the 

plants fertilized  with N^P^K^ through soil application (0 .367  g ) 

while the lowest content of Mg was found in the plants under 

control - soil-cum-foliar application ( 0.030 g ) .

Rhizomes of the plants receiving ^ P ^  through soil applica­

tion  (0 .067  g) recorded maximum uptake of Mg followed by 

through soil-cum-foliar application (O .O 44 g ) and minimum uptake 

of Mg (0 .0 1 2  g )  was observed in control (so il application).
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Table X i l ie . ' Uptake of nutrients in different parts of cardamom clump as 
influenced by KPK and their mode of application

■ . _______  Magnesium (g )__

. Leaf Shoot Rhizome Boot lalhole clump Ave­XiC dt
naents . »1 m 2 Mi m2 Mr

M2 Mi m2 M1 " ^ 2 ...
rage

W o
0 .1 04 0 .064 0.034 0.030 0.008 0 ,012 0 ,006 0 ,004 0 ,152 0 .110 0.131

¥ o Ki
0 ,132 0 .163 0/156 0 .059 0 ,629 0.021 0 ,012 0,012 0 .379 0 .260 0.319

W o 0 .1 74 0 .122 0 . 163 0 .095 0,230 0.029 0 ,013 0,011 0 .378 0 .2 57 0.317

V i V
0 .083 0 .135 0.136 0 ,122 0,041 0,039 0 ,013 0,016. 0.233 0 .312 0 .298

V o K0 0 .187 0 .127 0.134 0 ,106 0;032 0 .027 0 ,012 0,012 0.365 0.272 0.319

^ P qKi 0 .106 0 .0 97 0,b93 0 ,100 0 ,027 0 ,025 0 ,010 0,011 0.241 0,233 0,237

1 ^ 1  Kq 0 .220 0 .209 0.166 0 .1 70 0,631 0,041 0 ,023 0,026

O•
0

0.446 0/443

H1P1K1 0 .540 0 .5 55 0 .367 0.291 0/067 0 ,044 0/025 0.020 0 .999 0.'910 0 .954

Average 0 .200 0 .185 0.156 0.121 0.030 0 .029 0 ,014 0 ,014 0 .404 O .35O 0.377



fll

Ths uptake' of Mg in the roots varied from 0 .004  g (control

- soil-cum-foliar application) to 0,026 g (H^P^ - soil-cum-foliar 

application). .

1 7 .1 1 . Uptake of nutrients by plants aS influenced by HPK and 
their mode of application

Data on total uptake of nutrients by plants on dry weight 

basis and per ha basis are presented in Table XIV  and F ig .V II .

IV..11..1. Hitrogen

Mode of application of nutrients did not show any signifi­

cant influence on the uptake of nitrogen by plants.

The uptake of nitrogen by the' plants grown under sub-treat­

ments differed significantly* The uptake of U by the plants 

provided with F^P^iCj (10*35 g/plant and 93*78. kg/ha) and B̂ P-j 

(4*94  g/plant and 44.46 kg/ha) was found to be significantly higher 

compared to rest of the. treatments. Plants grown under control 

haS significant reduction in the uptake of 1  (1 .2 6  g/plant and

11.61 kg /h a ). . Treatments ILj* P^Kj * and Kj did not differ

significantly. Further, none of the interactions showed s ig n ifi­

cant difference with respect to nitrogen uptake,

IV . 1 1 .2 . Phosphoru s

The uptake of phosphorus by the plants grown under main 

treatment did not differ significantly.

Significantly higher uptake of P was noticed in the plants 

provided'with (1 .4 9  g/plant and 13*41 kg/ha)* compared to
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Table XIV, Effects of NPK and their mode of application on uptake
of different nutrients (kg/ha) in cardamom

Treatments
Nitro- 

........ Men
Phos­
phorus

Pota­
ssium

Cal­
cium

Magne­
sium

Main treatments

M1 (S ) 108.63 11 .39 279.31 15.66 3 .6 8

M2 (S  + F ) 103>05 10,41 219.51 12 .78 3 .2 4

C .D . at 5?o ns NS NS NS NS
CA). -at 1 fo NS NS NS NS NS

Sub-treatments

W o 11.61

o
 

00 • - , 19 .80 4 .68 1 .17

W i 24.21 6 .8 4 100.80 10 .35 2 .3 3

W o 21.24 11.16 61.47 12,06 2.88

V lKi . 28.44 9.90 112.77 14i 76 2.76

W o 32.04 5.13 73.30 11.52 2.83

W l 26,91 4.77 , 51.84 8.91 2.34

■*1* 1*0 44.46 9.90 ■77.67 17.91 4.05

N ^ K f  . 93.73 ■13.41 ■167.49 33.43 3 .5 5

C .D , at 5t° 9.22 . 1.93 30.42 3.69 1.62
C.D* at 12.42 2.70 4.1.04 4.95 2.16

NS = non-significant
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rest of the treatments. The plants grown under control (0 ;20  g / 

plant and 1.30 kg/ha) recorded significantly lower amount of P 

compared to. all other treatments. However, the uptake of P by 

the plants grown under P^, N^P^ and P-jK̂  did not differ signifi­

cantly. Similar trend was also found in- the following treatments 

namely, , N.j and N-jK̂ .

None of the interactions wsxg.; significant.

IV . 1 1 .  3 • P o t a s s i u m

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

influence the uptake of K.

The uptake of K by the plants differed significantly among 

the sub-treatments. The plants fertilized with N̂ P-jI^i (13 .62  g/ 

plant and 167 .49  kg/ha) we*efound to be maximum in the uptake of 

K compared to.the rest of the treatments. The plants provided 

with P-jK̂  (1 2 .5 3  g/plant and 112*77 kg/ha) and (11 .2  g/plant 

and 100.80 kg /ha) recorded significantly more of K in the plants 

compared to.that of plants under P^ (6 .83  g/plant and 6 1 .4 7  kg/ha) 

and (5 .7 5  g/plant and 5 1 .3 4 'kg/ha). -l There were no sign ifi­

cant differences in the uptake of K by the plants fertilized with 

NjP,j , N j, P.j and EjKLj treatments. The plants grown under control 

(2 .2 0  g/plant and 19.80 kg/ha) were significantly low in K uptake 

compared to all other treatments.

None of the interactions w<a£: significants
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Mode of. application had no effect on Ca uptake by the plants 

under different treatments.,

The plants grown with ELjP-jKLj (3*69  g/plant and 33*43 kg/ha) 

recorded significantly higher quantity of Ca compared to that of 

other treatments. The uptake of Ca by the plants provided with

(1 .99 ; g/plant and 1 7 .9 1  kg/ha) and P .̂K  ̂ (1 .63  g/plant and 

14 ,76  kg /ha) was significantly more than that of plants grown 

under (1 .1 6  g/plant and 10.35 kg/ha) and (0 .9 6  g/plant

and 8.91 kg /h a ). No significant difference was found in the plants 

provided with P^, E jKj and in the uptake of Ca. Plants under

control (0 ,5 2  g/plant and 4 .68  kg/ha) recorded significantly, lower 

Ca content compared to that o f . other treatments. , , ,

lone of the interactions was significant..

'IV. 11.5. Magnesium

The main treatments had no significant effect on the uptake 

of Mg.

The highest uptake of Mg> was found, in the plants fertilized 

with EjP.|Kj (0 .9 5  g/plant and 3 ,55  kg/ha) which differed signifi­

cantly from that of all other treatments. The plants grown under 

control (0 .13  g/piant 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 U^P^, SLj,. P ^ , K-j and P^Kj were on par.

There were no■ significant differences between interactions.

IV. 11.4* Calcium
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IV . 12 . Chemical analysis of tbe soil at the end of the 
experiment “  “  “

Data on chemical analysis of soil is  presented in Table XV.

IV*l2.it. pHs

The maximum pH (5-8) of soil -was recorded.in tbe treatment ICj 

followed by (5 .6 2 ) ,  P-jK-j ( 5-49)», control (5 .7 5 )  and minimum pH 

of soil was observed in the treatment Ej (4 .6 2 ).,

IV , 1 2 .2 . Organic carbon

Higher percentage of organic earbon was found in the treat­

ment E j . (1 *76$.).' This was followed by K^P^ (1 .6 4 $ )»  EjP^iCj (1 .6 2 $ ) ,  

P^iCj ( 1 . 50$ )  and.minimum percentage of organic earbon was noticed 

under control (1 .1 8 ^ ) .

IV.12.3- Total nitrogen

The treatments receiving , I^ICj and N-jP̂  recorded highest 

value of 0.13  per cent of total nitrogen as against lox’jest value 

of 0 .06  per cent observed in  control.

IV .1 2 .4 .  Available phosphorus

Maximum quantity- of P was found in the soil fertilized with 

HjP .̂ (16 .00  kg/ha) followed by j y  (14 .0 0  k g /h a )9 P̂ IĈ  (13 .00  kg/ha)» 

U^P^K^ ( 13-00 kg/ha) and minimum quantity of P was observed in the 

soil under control ( 6 .5  kg /h a ).

IV , 12 .5 *  Available potassium

Maximum quantity of potassium (370 .35  kg/ha) was recorded
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Table XV. Chemical analysis of. the soil at the end of the experiment

Main ■ ____  Sub-treatments
t'reat- 

Contents merits W o W i : ¥ t K0 V l ^ l P0K0 ^ 1 % N<j P ̂  K-j

pH M1 
M ‘

Average

5.40
5.30
5,35

5.90
5.70
5 ,80

5 .57
5.6.7
5,62

5 .37
5.62
5 ,49

4.50 
 ̂ 4.,75 

4 ,6 2

5.00
5.02
5.01

4.75 
4 .77
4 .76

4 .35
4.35 
4,85

Organic; M1 
carbon {$) . Mp 

Average

1 .26  
1 .1 0  
1 . 1 s

1 .54  
1.33 

] n .'43

1.30
1 .20

1 .25

1 .62  
1 .39  
1 .5 0

1 .82
1 .70
1,76

1 .40 
1 .20  
1 .3 0

1 .6 5
1 .63
1.64

1.62
1 .63
1.62

Total nitro- M  ̂
gen ( $ )  ,M?

Average

0.07 
. 0 .06  

0 ,06

0 .1 0
0 .0 8

0.09

, 0 .10  
0 .10  
0 ,10

0.11
0.11
0.11

0 .1 4
0 .13
0 .13

0 .1 4
0 .12
0 .13

0 .1 4
0 .12
0.13

0.12
0 .12
0 .12

Available M.. 
phosphorus M„ 
(k g / ha) Average

6 .00  
6 .0 0  

, 6 ,00

8 .00
6 .00
7 .00

14 .00
14 .00
14 ,00

12.00
14.00
13 .00

• 10 .00  
8 .0 0  
9 ,00

,10.00
9.00
9,50

18 *'00
14 .00
16 .00

12.00
14 .00
13 .00

Available M«j . 
potassium M? 
(k g /h a ) Average

197*60 
1 4 S :20 
172.90

395.20 

345. 50 
370 ,35

190*25
170.25
180,2.5

296.40
222.30
259.35

190.25
180.25
185 .25

370.50
296.40

333.45

197.60
143.20
1-72.90

325 .65
314.75
320.70

Calc iutn M1
(me/100 g )  Mp

Average

3.00
3.10

3.05

3 .0 0  
, 2 .80  

2 ,90

3 .0 0
4 .00
3 .50

4 .0 0

3*50
3 .75

4 .0 0
4 .0 0
4 .0 0

3 .92
3 .40
3 .66

4 .80  
4 .70  
4:* 75

4.04
4 .50
4 .27

Magnesium M1 
( m e / 1 0 0  g )  Mp 

Average

1 .37  
1 .40
1 .38

1 .0 0
'1 .02 
1.01

1 .57
1.74
1 .65

1 .20  
1 .10 

1.1 5

1 .96 
1 .42  

1 .69

1.32 
1 .08
1 .20

1 .50  
1 .60  

1 i 55

1.78  
1 .98  
1 .88



in the treatments.K.j and the lowest percentage of K was found 

in the soil under control (172 .90  kg /ha ).

IV. 1 2 .6 . Calcium

The treatment receiving ITjP-j ('4.75 me) recorded maximum 

quantity of Ca followed by N^P^Kj (4 .2 7  me), E| (4 .0 0  me) and 

minimum quantity of Ca was noticed in the soils fertilized with 

Kt ( 2.90 me).

IV .1 2 .7 . Magnesium

Maximum quantity of Mg (1*33 me) was found in the -soil 

fertilized with IT^P^Kj. This was followed by (1 .6 9  me),

P-j (1 .6 5  me), N^P^ (1 .5 5  me) and minimum .quantity of Mg (1.01 Me) 

was observed in the soil receiving K  ̂ treatment.
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CHAPTER 7

DISCUSSION

Judicious application of adequate quantity, of well balanced 

fertilizer  brings about 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.

7 .1  . Vegetative growth parameters

On scrutinizing the data presented in Table Ila  and IBs, 

and F ig .I ,  it is seen that there was no significant difference 

bet\tfeen the effects of two modes of application of NPK fertilizers 

on sucker production. Similar results were obtained when applica­

tions of fertilizer  through soil, foliar and soil-cum-foliar appli­

cation to Arabica coffee (Anon., 1967) and N through soil and 

foliage to banana by Shawky et al. (1974) were carried out.

The number of suckers produced among sub-treatments d iffe­

red significantly. Plants fertilized  with E^P^K^ recorded 

significantly more, suckers (31 *34) compared to that of any other 

treatments, throughout the period of observation. This accounted

fos?. .. two times and a half more of suckers as compared to that 

of control which recorded lowest number of suckers (1 2 .3 1 )*  

Production of significantly higher number of suckers as a result 

of application of all the three ingredients (N^P^K^) gives a



positive indication of the response of the plants to all the 

three major ingredients. Zurbickij et a l . (1369) observed 

better growth and development of tea when fertilized with NPK. 

Similar results were obtained in tea by Majorova (1960), Ganukvadze 

(197 0 ), Guseino (1973) and Mahalkal and Gupta (1973 ).
4

The "sub-treatraents E|P.j (2 3 .7 4 ) ,  P-|K̂  (2 2 .3 1 )  and N-jK-j 

( 1.9^22) which followed N^P^K^ consistently did not differ amongst 

themselves. Kuratti (1963) recorded maximum tillers  in paddy 

fertilized  with U2 levels of 45 lb (2 0 .2 5  kg) + P2 level of 30 lb 

(1 3 .5 0  kg) compared to control involving no fertilizer.

The main effects of ( 2 3 .OB), P^ (24.01 ) and (2 2 .9 7 )  

were significantly superior in respect of the number of suckers 

produced compared to that of control (Table l ib ) . Krishnamurthy 

(1967) observed that linear increase in tiller  production in H-22 

ragi with increased levels of U from 0 .0 0  to 90 kg per ha.

The data (Table Ilia  and F ig .I Ia  and lib ) on number of 

leaves produced revealed that there was significant difference in 

the leaf production between main treatments during March and 

April. Soil application of MPK (1 1 0 .6 2 )  produced significantly 

more number of leaves than that of soil-cum-foliar application 

of EPK (9 1 .7 6 ) . Alice et a l . (1978 ) reported that soil application 

of complex fertilizers (V ijay , 17-17-17 NPK) to paddy resulted 

in increased straw and grain yield than the foliar application.

09

o



' 'Sub-treatinents significantly Influenced the leaf produc­

tion . Plants fertilized- with I^P^K^ produced significantly higher 

number of leaves (171 .20 ) followed by that of P^Kj (1 16 .6 6 ), N^P^

(1 1 0 .6 2 )  etc ., there being minimum number of leaves in control 

( 6 2 .0 0 ) .  Increase in number of leaves is mainly due to increase 

in the number of suckers. Cessare Guerra (1972) recorded maximum 

tea yield with HPK 150 ■, 60cm<i90 kg per ha respectively. Similar 

results were obtained by McHialsal and Gupta (1973 ), Guseinov (1975) 

and Maeharan et a l . (1975) in tea. Decrease in number of leaves 

is obviously due to less number of suckers.

The main effects of u (1 1 1 .7 4 ) , P (1 2 5 .5 5 )  and K (1 1 7 .2 3 )  

showed a positive . response on the number of leaf production compa­

red to control.

It is seen from Table Ila.and lib and P ig .Il ia  and Illb- 

that the main treatments significantly influenced the total length 

of suckers per clump during February, March and April. Soil appli­

cation of HPK recorded significantly higher total length (1045-52 

cm) compared to that of soil-cum-foliar application of NPK 

(955*46 cm). This is mainly due to better growth of suckers under 

soil application. Foliar application of inorganic nutrients 

caused some scorching effect and as a result the growth was retar­

ded* 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 EjP^Kj 

recorded significantly higher total length (1791.70  Cm). This 

was 'followed by (1134 .37  era), E,P., (1034.96 cm), P1 (903 .16 '

cm), .K.j (902 :53  cm) and EjK j (363 .62  ca) and minimum total length 

of suckers per clump was found in the plants under control (549 .75 

cm). Increase in total length is mainly due to more suckers 

produced in the clump. Canukvadze (1970.) reported that tea app­

lied  with HPK mixture 0.1,5* Q.10 and 0 .1 0  g per kg of soil resulted 

in increased plant, growth by 64 per cent over the control.

The main effects of E  (1045.70 cm), P, (1241«04 cm) and
J

K.; (1136.31 cm) significantly influenced the total length of 

suckers per clump, compared to that of control. The higher growth 

rate of coffee plant was found with I  application (Ishigake, 1971 

Similar results were, obtained in the studies conducted by . iJOrabu- 

1,ingam and Kamaswamy (1975) who rep.orted thotapplication 360 g 

KgO per plant resulted in increase In, pseuefcostem height of banana. 

Significant increase in the pseudostera height (151 cm) was obser­

ved in banana with 40 g P2 0^ per plant compared to. control (Anon:, 

1973).

The sub-treatments significantly influenced the average 

height of sucker at the erd of April (Table V and F ig .I ? ) .  The 

plants fertilized  with P̂ K-j (65 .53  cm) and E^P^K^j (64 :46  cm) 

recorded significantly higher average height as against the plants 

under control (50^51 cm), for the same reasons discussed in  the 

preceding paragraph.



The main treatments were significantly influenced the leaf 

length at the end of April (Table V i ) .  The soil application of 

SJPK recorded significantly higher leaf length (31*38 cm) compared 

to that of soil-cum-foliar application of HPK (29 .9 9  cm).

The leaf length and breadth were significantly influenced 

by sub-treatments only during February but the differences did 

not persist in the subsequent months.

V .2 .  Interaction effects

The number of leaves produced was significantly influenced 

by main x sub-treatment interaction at the end of April (Table I I I c ) .  

Soil application of produced significantly more number of

leaves (1 8 1 .0 0 ) , nearly two tbimes more compared to that of control 

(7 4 .8 3 ) .  Cesare Guerra (1972) reported that application of HPK 

(180 + 160 + 90 kg/ha respectively) through soil resulted in an 

increased tea yield compared to that of control. Similar findings 

were reported by Mahalkal and Gupta (1973)# Guseinov (1973) and 

Maeharan et a l . (1974 ).

The plants provided with HPK (1 6 1 .4 1 )  through soil-cum- 

foliar application produced nearly three times more leaves com­

pared to that of control (4 9 .1 6 ) . This was followed by P ^

(1 1 0 .5 8 )  etc. Increase in cane yield of sugarcane by 13 .69  and 

17 .29 metric tonnes respectively by spraying of N and P as sul­

phate of ammonia and superphosphate (Anon., 1956). Godoy (1958) 

reported that coffee seedlings sprayed with HPK resulted in more



number of branches, leaves and height compared to control*

Similar findings in  agreement with Chiang (1960) -was observed in 

tea.

The plants fertilized  -with EjP^IC] (131*00) through soil and 

soil-cum-foliar application of (1 61 .4 1 ) produced more number

of leaves compared to that of other treatments* irrespective of 

mode of application* The lowest number of leaves was produced 

under control*

The interaction effects on total length of suckers was found 

significant only during the month of March* But in  the subsequent 

month, it was found to be non-significant.

. A perusal of the data presented, in Table V I I I  vindicated', th&t

soil application of U^P^K^' produced maximum number of panicles

(20*50 ) as against , only one panicle under control-(soil application). 

This is attributed to the better growth of plant as a result of the 

application of all the three major nutrients*

V .3 •  Total fresh weight and dry weight

A careful study of the data presented in Table IX and Fig*Va 

and Vb indicated that the sub-treatment significantly influenced the 

total fresh and dry weight of cardamom plants.

The plants fertilized  with combination of T̂ P-jK-j recorded

significantly highest fresh weight (2999*33 g ) compared to rest 

of the treatments, except P^K^ (2065*47 g)* The increase in fresh 

weight was nearly six times more than thait in  control which recorded
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minimum fresh weight of 481 .7  g. The treatments (2065 .47  g)

N1P1 (1785.71 g ) ,  K, (1533 .90  g ) , P^ (1341 .87  g ), H, (1224 .55  g) 

and ILjK  ̂ (1163 .32  g) followed by E jP wjKLj , in descending order but 

they did not differ amongst themselves. Increase in fresh weight 

is mainly due to more number of suckers coupled with higher total 

length of suckers per clump. Kiraeu (1970) reported that applica­

tion of KPK in terms of compound fertilizers (15 * 1 5  * 15 + trace 

elements) on coffee, resulted in increase in fresh weight and dry 

weight of coffee.

Total dry weight of plant was significantly influenced by 

the sub-treatments. Application of to cardamom plant was

most effective in producing highest total dry weight (473*58 g ) 

compared to that of other treatments. The level of EjPljdCjfertill- 

lizer  increased dry weight more than seven times compared to that 

of control (6 5 .3 7  g ) .  £he high quantity of dry matter produced in 

lijP^Kj is the result of high quantity of fresh weight and high 

driagej compared to that-of other treatments'. Maeharan et a l .

(1974) observed that tea plants with 110 split applications of HPK 

resulted in 1 7, 7 and 34 fold increase in dry weight of roots, stems 

and leaves, respectively as compared to control. The treatments, 

receiving I^P^ (241 .56  g ) , P-jfĈ  (219*53 g ) , P<j (199 .36  g ) ICj 

(179 .32  g ) and (174 .20  g ) followed but they were on

par with each other. The lowest dry weight under control is 

mainly-attributed to inadequate supply of nutrients.



? .4 *  Percentage contribution' of fresh -weight and' dry weight
of. different part s. to the -whole clump .

The percentage composition of different parts of. fresh 

•weight and dry -weight of -whole clump, varied under different sub- 

treatments (Table X and X I , and S’ig .fla , and Y lb ) . In general# . 

maximum percentage of fresh weight was contributed by shoots 

(4 5 .9 4 $ )  followed by leaves (23*10 /0 , rhizome (2 1 .0 0 $ )  and roots 

(9 *9 6 $ ) . It is mainly due to more of suekers with advancing growth 

towards maturity.

The foliage of the plants grown under control accounted for 

26,25 per cent of the total fresh weight. followed by ^ P ^ K ^ (25 .91 $), 

JLj (2 4 .1 6 $ ) ,  P^ (2 3 .5 6 $ ) , e tc ., and lowest percentage contribution 

of leaves was made by the plants applied with S^P^ ( 1 9 *37$ ) .

Highest percentage of fresh weight of shoots was recorded 

by the plants fertilized with U^P^K^ (5 1 .3 4 $ )  as against 42.13 

per cent under control. Increase in percentage of fresh weight 

of shoots may be due to production of more of' suckers with,advan­

cing- growth.

Rhizomes of the plants provided with developed higher 

percentage of fresh weight (23 .49$  )t> followed by (23*40$),

P^ (2 1 .6 2 $ ) , K.j (20.4S$)<> etc ., and lowest percentage of fresh 

weight of rhizome in plants fertilized with I^P^K-j (1 6 .6 6 $ ) .

. The maximum percentage of, fresh weight of roots was produ­

ced in the plants receiving EjP^ (13*75$) treatment against lowest 

percentage of roots (7 .0 9 $ )  in plants fertilized  with H jP^Kj . It



could be attributed to better development of root system under 

N.jP«l treatment.

In general, maximum percentage of dry -weight m s  contributed 

by shoots (42*30) to the total dry weight. This was followed by 

leaves (34 *9 2$ ), rhizome (1 4 .0 5 $ )  and roots (3 ,2 3 $ ) •  This is 

mainly attributed to increase in fresh weight.

The foliage of the plants under control accounted for 42 .48 

per cent of the.total dxy weight, followed by (3 9 .3 9 $ ) ,

(35*06$ ) etc. The lowest percentage contribution of dry weight 

of leaves was recorded in the plants provided with P^fCj (3 0 .8 3 $ ) ,

This is  mainly due to increase in fresh weight with the above said 

nutrients. Maeharan et a l . (1974) observed that tea plants ferti­

lized  with NPK resulted in increased dry weight of leaves*

All the treatments showed higher percentage composition of 

diy weight of shoots compared to that of control. The higher per­

centage composition of diy weight of shoots was observed in  P.j(48 .65$)*  

K1 (4 4 ,7 5 $ )  and N^P^iLj (4 4 ,6 8 $ )  compared to control (3 1 .3 1 $ ) .  It 

may be attributed to more of suckers with higher rate of driage, 

Maeharan- et a l . (1974) noted increase in  dry weight of shoots of 

tea with application of KPK fertilizer mixture.

The percentage composition of rhizome to the total dry weight 

of the clump in case of control was highest (1 6 ,8 7 $ ) .  This value



was-lowest'in case of (10 .6 1% ),

■ The maximum percentage composition of diy weight of roots 

was accounted in  the plants fertilized  with N^P^ (10 .76$ ) followed 

by P-jK-} (9 .9 9 ^ )  etc.* and lowest percentage was found in the plants 

provided with E jP^Kj ( 5 .3 2 $ ) .  It is mainly attributed to high 

percentage of fresh weight as a result of better, development of 

root system.

V*5. Chemical composition

The chemical composition of different parts of the plants 

was found to be influenced by EPIC and their, mode of application. 

There wa§ maximum percentage of ,N (3 .7 6 $ )  in the leaves of the 

plants fertilized  with through soil-cum-foliar application and 

&|£j through soil application. This was. followed by 3 .4 4  per cent 

in ILjP.| (so il  application) and soil-cum-foliar application of 

IfyKj and 35̂ P  ̂iCj . A minimum percentage of N (1.63fa) was found in 

the leaves of the plants provided with P^ (soil-cum-foliar appli­

catio n ). Increase in percentage of U is mainly due to KT fe r t ili­

zation.

Bangoo et a l . (1962) found that nutrients contents of banana 

plant increasedin direct proportion to HPK fertilizer applied.

Ana nth and Iyengar (1965) reported that leaf .N increased from 3.3 

per cent to 4 .0 0  per cent in coffee by foliar application of urea. 

Similar results were obtained by Iyshigaki (1971) in coffee and 

Kao and Iyergar (1975) also* in coffee. Krishnamurthy Sao et al.

(1976 ) reported significant increase in  I  content 6^  coffee leaves



with increased concentration of urea sprays. Similar results

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

% ongst the different sub-treatments at fixed level of main 

treatments consisting of soil-cum-foliar application of and N^P^ 

recorded maximum of 0 .7 5  per cent of P. This -was followed by P^ 

(0.60J&) applied through soil, N^P^ (0*60%) - soil application, 

soil-cum-foliar application of P^Kj (0 .5 0 $ )  and (0 .5 0 $ ) .

A minimum percentage of N (0 .3 2 $ )  was recorded in soil-cum-foliar 

application of treatment. Ananth (1961 ) stated that P content

in the coffee leaves increased with concentration of foliar applied 

P solution; Decrease in percentage o f l  is attributed to low 

content of P in  the soil*, Similar trend was observed in the shoots, 

rhizome and roots.

It is seen from Table X IIc  that the maximum of 4 .2 0  per cent

of K was recorded in the leaves of the plants fertilized  with Kj

and E jKj applied through soil followed by 3*90 per cent in P-jK-j ■ 

(so il application), K^, N-jK j and control under soil-cum-foliar 

application. It may be attributed to more availability  of K due 

to K fertilization . Jumbulingam and Ramaswamy (1975) reported 

that soil application of 360 g KgO per banana plant resulted in  

higher K content in the le a f . Increase in K percentage in control 

may be due to limited growth, wherein the tissue composition is



not subjected, to dilution effects. A minimum percentage of I  

(3.00/s) -was found in the leaves of the plants provided with P^ 

through soil-cum-foliar application.

In shoots# maximum percentage of K (9 .4 0 ^ )  was recorded in 

the treatments and .Ej applied through soil as against 3. 50 per 

cent in control and 3.40 per cent in P ^ . Increase in K percentage 

is mainly due to decrease in  Mg content of K treated plant. Lahav

(1977) reported that increase in the level of K fertiliser was 

followed by a decrease in the Mg level in the suckez;a»»dAntagonism 

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 K (4 .9 0 $ )  was found in the rhizome 

of the plants fertilized with.ftj, Ej applied through soil and IJ,jP^K  ̂

( soil-cum'foliar application). Minimum percentage of K (3 .6 0 $ )  

was noticed in the treatments P^ and U^P^ applied through soil.

Hoots of the plants fertilized  with through soil and

HjKj» P^Kj through soil-cum-foliar application recorded maximum 

percentage of K (3 .2 0 io) as against 1.20  per cent in -ISF̂ P̂ K.j (soil- 

cum-foliar application). Decrease in percentage of K is attributed 

to more dilution effect due to better growth of plants.

On the whole, the average content of K in shoots, rhizome, 

leaves and roots wrks out to be 6 . 03, 4 .4 1 , 3*66 and 2 .70  respec­

tively.
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The data on Ca composition of' the plant tissue revealed 

that the maximum percentage of Ca ( 1 .4 0 $ )  was found in the leaves 

of the plants fertilized with through soil -cum-foliar applica­

tion followed by ( 1 .2 3 $ ) ,  (1.20?*). and ^  (1 .1 9 $ )  applied

through soil. A minimum percentage of Ca was observed in K^ (0 .7 3 $ )

(0 .8 0 $ )  and ^P^K^ (0 ,8 0 $ )  applied through soil-cum-foliar 

application. Lahav (1973) demonstrated the antagonism between K 

and Ca in.banana. It was confirmed with the results of Lahav (1977) 

in bam na.

The issue composition of Mg was confined, to comparatively a 

narrow limit ranging from 0,31 to 0 ,0 8 . 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.

Y .6 .  Uptake of nutrients by the -plants

A perusal of the data furnished in Table X I I I  and F ig .Y lI 

reveals that the uptake of nutrients were significantly influenced 

by sub-treatments,

¥ .6 .1 .  Nitrogen

Significantly higher uptake of N (93 * 78 kg/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 

treatments was nearly seven, three and eleven times more than that 

of P (13.41 kg/ha)» Ca (3 3 .4 8  kg/ha) and Mg (8 ,5 5  kg/ha) respec­

tively . But compared to potassium the uptake of N'was less. This



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

view of quantities of major .ingredients held by the.plant tissues. 

Based on plant, analysis study, Kulkarni et a l . (.1971) reported • 

that uptake of E by cardamom .plant was more but next in importance 

to K.

Lower uptake of $ in ’control is expected in view of lower 

availability  of I  and also due to less dry weight. The treatments 

H1P1 (44 .46  kg /h a ), Ej (32 .04  kg/ha}, P ^  (2 3 .4 4  kg/ha) followed 

.EjP^K, . '

¥ .6 .2 .  Phosphorus

Nearly six times more uptake of p was recorded by the plants 

fertilized  with ^ P ^  (13.41 kg/ha) compared to that of plants 

under control (1 .8 0  kg /ha). This was followed by P^ (11 .16  kg /ha), 

E jP.j (9 .9 0  kg /ha), P ^  C9.90 k g /h a ). The uptake of P by plant was 

only oneirseventh* one-twelfth and one-half compared to K and Ca 

respectively^ Bat.slightly more than that of Mg when compared, to 

3ST1PA treatment, was recorded. Obviously P requirement of carda­

mom is very less and it is surprising that the plants give favoura­

ble response to added doses in initial stage. Therefore, it is 

necessary to emphasise that supply of P in available form is of 

greater importance from the point of viexj of the plant growth* ■ 

particularly when soil pH is low. Increase in uptake of P in  E jP^ICj

is mainly due to increase in  dry weight.,
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The data furnished in Table X I I I  and F ig .v n  revealed that 

the uptake of K by the cardamom plants was maximum in all the 

treatments compared to that of any other ingredients such as N, P, 

and others* The plants fertilized  with ST̂ P̂ ICj recorded signifi­

cantly more uptake of K (167*49 kg /ha), x^hich accounted nearly 2, 

12, 5 and 20 times to that.of N (93 .7 8  kg /ha), P (13.41 kg/ha),

Ca (33*48  kg /ha) and Mg (8 .55  kg /h a ). The uptake of potassium 

in 3ff^P^K| treatments increased nearly by eight times compared to 

that of the uptake of K by the plants under control. It is evi­

dent that cardamom plant is a heavy feeder of K than any other 

.nutrients. Therefore, application of more of K fertilizers is 

justified . Kulkarni et a l . (1971 ) stated that uptake of K by the 

cardamom plant was more compared to any other nutrients.

V .6 .4 *  Calcium

Significantly higher uptake of Ca (33*48 kg/ha) was found 

in the plants provided with IT.|P|ICj. This was nearly eight times 

more than that of control (4*68  kg /h a ). This was followed by 

N1P1 (17*91 kg /h a ), (1 4 .7 6  kg /ha), P., (12*06 kg/ha), ^

(11 .5 2  kg/ha) etc. Increase in uptake of Ca is mainly due to
• ' i t

higher dry weight.

V . 6 . 5* Magnesium

TJftake of Mg also followed the similar trend like that of 

Ca. Significantly higher uptake of Mg (8 .5 5  kg /ha ) was found in

Y.6.3* Potassium



tbe plants fertilized with compared to that of control

(1>17 k g /h a ). Increase in Mg in l^P^K^ accounted nearly eight times 

more than that of eontrol.

In the present investigation the uptake of I-, P, K, Ca and 

Mg by the plants fertilized with combination of 3f^P.jK  ̂ -was in the 

ratio of 7*1 i12*5 :2 .4 :0 .8 9 .  Kulkarni et al . (1971 ) reported that 

the ratio of N, P, K» Ca and Mg in cai*damom -was 6 :1 r.12 ;3 :0 .8 0 .

V.7. Chemical analysis

On scrutinizing the data presented in Table JOT it is seen 

that soil pH, organic carbon, F, P , K» Ca and Mg were found to be 

influenced by treatment effect during the course of this experiment.

The decrease in pH of soil from 5.10 to 4 .6 2 , 4 .76 and 4 .10  

in the treatments receiving l^Pj and ^P ^K ^  respectively 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 H* and IH^ ions. Bangoo et a l . (1962) reported that 

application of 90-112.5 kg of I  decreased the soil pH from 5.57 to 

5*53 in banana. This indicates that whenever nitrogenous f e r t i l i ­

zers are applied to acid soils , care should be taken to rectify the 

soil pH by using suitable amendments. Slight increase in pH of soil 

raaging from 0 .70  to 0 ,2 5  was found in the treatments K^, P ^ , P-jK̂  

and-control. This is due to absence of nitrogenous fertilizers and 

;the residual effect of lime that was added at the time of planting.
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, . Only marginal increase in  organic carbon content in soils 

receiving treatments E«j, EjP| and E ^ K ^  respectively over the . 

original status of soil.

Increase in. percentage of total E from 0 .10  per cent (o rig i­

nal status of so il) to 0 ,1 3  per cent was observed in the soil 

fertilized  with E |, E jK.j , E jP.j and E jP.j treatments. Decrease 

in percentage of total E was found,in control (0 ,04$b) compared to 

that of other treatments. Increase.in percentage of total E is 

mainly due to addition of E through fertilizers .

Just as in  the case of E, there was increase in P content 

of soil, where soil fertilized  with E^P^ (16 .0 0  kg /ha), P^( 14 .00 

k g /h a ), P^K^ (13*00 kg/ha) and I^P^Kj ‘(1 3 .0 0  kg/ha) as against 

6*3 kg per ha in original status of soil and control (6 ,0 0  kg /ha ). 

The difference is'attributed to increase in  P content applied 

through fertilizers .

Maximum quantity of K (5 70 .3 5  kg/ha) was observed in the 

soil fertilized with . It was followed by E^Kj (333*45 kg /ha), 

EjP^Kj (320 ,70  kg /ha), P^Kj (259 .3  5' kg/ha) and lowest quantity 

of K was found in.control (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 mas observed in 

all the treatments. This was mainly due to application of lime at 

the time of planting. The maximum increased from 2 ,74  to 4*75,



2 .7 4  to 4 .27  and 2 .74  to 4 .00  -yn.e, was found in the treatments 

l̂ P-l 9 and -̂j» respectively. Just as in the case of Ca,

there was increase in Mg content of soil observed in all the 

treatments compared to that of original soil. Highest quantity 

of Mg (1 .88 ‘YviSj) was recorded in the s o i l . fertilized with KLj 

as against 0 .85  TUa. in original against -1.01 ppm in treatment. 

Decrease in  Mg content is mainly due to antagonism between Mg and K.



SUMMARY



CHAPTER YI

■ . . ■ SUMMARY'

The experiment -was conducted at. the Regional Research Station, 

Mudigere, to study the effects of various combinations of HPK and 

their mode, of application on the production of cardamom suckers. The 

experiment consisted of two main treatments v i z . ,  soil application 

of HPK and soil-cum-foliar application of IPK with S sub-treatments 

namely, BqPqKq * NqP ^ ,  ^ P qKqs ^ P q ^ ,  I ^ P ^ q ,

and EjP̂ jKLj.s derived from 2^ factorial combination. The first level 

was maintained at *0* for all the ingredients and second level, -was 

maintained at 32,5  g Iff (.1  ̂ )» 25 .0  g of P 2°5 (P-j ) 50 g of EgO

(K ^ ) as urea, superphosphate and muriate of potash, respectively.

Main treatment effects did not d iffer  significantly in respect 

of number of suckers produced t ill  the last observation was made at 

the end of one year# But they revealed significant differences in 

respect of leaf production, total length of suckers per clump and 

average length of sucker, at the latter stages of/experiment. Soil 

application of UPK produced significantly higher number of. leaves

(1 1 0 .6 2 ) , total length (1045 .32  cm) and average leaf length (31 .33  

cm) as compared to that of soil-cum-foliar application of BPK 

(91 .76  cm, 935.46 cm and 29 .99  cm respectively).

Among the sub-treatments# application of 32:. 5 g of Iff + 25 g 

of P20jj + 50 g of KgO per plant was found most effective in bringing 

about better growth and development of cardamom plant. The .combination



of these ingredients promoted the plants to produce suckers in 

.significantly higher numbers (3 1 .3 4 ) , leaves (1 7 1 .2 0 ) , total length
/

(1791 .70  cm) of suckers per clump and average height (64 .46  cm) of 

sucker, compared to that of control. The sucker production, leaf 

production and total length of suckers in  the clump under K^P^K^-were 

two and a half times more than that of control, .The treatments TLjP-j , 

P^K^ and were followed . - H^P^Kj consistently.

The main effects of N, P and 1C 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 N^P^KLj with soil 

application helped the plants to'record significantly higher number 

of leaves (18 1 ,0 0 )  compared to any other treatments.

The plants under treatments fertilized  with soil application 

of N.jP^Kj produced maximum number of panicles ( 20. 50/ treatment) 

compared to any other treatments.

The plants fertilized with l^P., ICj recorded significantly
i '

higher quantities of both fresh matter (2999 .88  g) and dry matter 

(473 .58  g) and this was followed by.P^K^ and ^ P ^  treatments. The 

fresh weights and dry weight production in H jP^ICj were 6 and 7 

times more than those of control, respectively.. This is mainly 

attributable to the production of significantly more suckers, leaves 

and highest total length of suckers in .a  clump as a result of the 

application of three major ingredients.



&ub-treatment effects influenced the clump structure of 

plants as indicated by the percentage composition of fresh weight 

and dry weight of different parts to the whole weight of clump.

Fresh and dry weights of foliage constituted 26 .25  and 42 .43 per 

cent to the whole clump* respectively. This proportion of foliage 

observed in  case of control was found to be the highest for the 

corresponding figures in case of other treatments. Shoots of the 

plants fertilized  'with F  ̂ICj contributed maximum of.both fresh

weight (5 1 .3 4 $ )  and dry weight (4 4 .6 3 $ ) compared to that of con- . 

trol, wherein 42 .13  and 31*31 per cent of fresh and dry weight 

respectively* were recorded. The rhizome of JLj treatment made 

the highest contribution of fresh weight o f .23 .49  per cent as 

against 1 6 .6 6 .per cent In treatment. The highest percen­

tage of dry weight of rhizome (1 6 .8 8 $ )  was contributed by plants 

under control. The plants provided with N^P^. increased the percen­

tage fresh weight (1.3*755®) and dry weight (10^76^) of roots compared 

to that of 7 ,0 9  and 5 .32  per cent in H^P^Kj treatments, respec­

tively.

The treatments consisting of Ify (soil-cum-foliar application) 

and 33̂  (so il application) increased the percentage of N in the 

leaves (3 .7 6 $ )  as against 1 .6 3  in P^ (soil-cum-foliar application )- 

The U percentage in the shoots was high (1 .6 3 $ )  under the treat­

ment s n a( soil application), 3I|P  ̂ (soil-cum-foliar application*) and 

SLjP.jK.| (soil-cum-foliar application) compared to 0 .66  per cent in 

P^ICj applied through soil, Similar trend was noticed in ihizome
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and roots. Application of and through soil-cum-foliar

application increased the P percentage in the leaves (0 .7 5 $ )  as 

compared to that of control (0 .4 0 $ )  and H jK.j through soil-cum- 

foliar application (0 .3 2 $ ) .  Similar trend was observed in shoots* 

rhizome and roots.

Higher percentage of K "was found in the leaves (4 .2 0 $ ) ,  

shoots (9 *4 0 $ ), rhizome (4 .9 0 $ )  and roots (3 *20 ^ ) of the plants 

fertilized  -with through' soil as against lowest percentage of 

2 .8  in the leaves (N̂ P-j - soil application), 3 .40  per eent in 

shoot (P<j - 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 J^P-j* E| and P̂ K-j was higher compared to that of control, 

ani i\j treatments.

The percentage of• Mg in the tissues of various parts of the 

planfc’"rang;ed within a narrow limit of 0 .0 8  to 0<>31 per cent*

Among the sub-treatments, application of HjP|K| influenced 

the plants to draw significantly higher quantities of IT (9 3 .7 8  kg /ha), 

P (13.41 kg/ha)» K (167 .49  k g /h a ), Ca (33 .4 3  kg/ha) and Mg (8 .55  

kg/ha) as compared to the.rest of the treatments. Significantly 

very less uptake of N (11.61 k g /h a ), P (1 .8 0  kg /h a ), K (1 9 .8  kg /ha ), 

Ca (4 .6 8  kg/ha) and Mg (1 .1 7  kg /ha ) was recorded by the plants 

underJ control. 0
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In general, the uptake, ratio in .’U^P^K^ was 7:1 :12 .3  *2.4 :

0 ,9 9  of iff, P , K, Ca and Mg respectivels'-.

Marked decrease in soil pH from 5 .10  whichwtts the initial 

stage to 4 .62  -was observed in the treatments receiving 

aiEd H^EyKj respect ivelyl

Marginal increase in the organic carbon content was noticed 

in the soils receiving and N-jP-jK j treatments, com­

pared to that of original status of soil and control.

Maximum percentage of total nitrogen (0 .1 3 fo) was found in 

the soils fertilized with H^P^ and ^ P ^  treatments.’

The soils provided with I^P^, P^, P^K^ and N^P^K^ recorded maximum 

amount of P content ranging from 16-13 kg. per ha. Highest quan­

tity of K (370 .35  kg/ha) was found in the soil fertilized with 

treatment as compared to that of control (172 .90  kg /h a ).

In general, increase in Ca and Mg content of soil was 

observed in all tbe treatments compared 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 HPK and their 

mode of application on maturity,, yield and yield components.

2. Determination of optimum dose of HPK fertilizers.



3. Study of the effects of soil application 'of 3SPK' ’ 

vs split application in combination with soil + foliar appli­

cation of M?K on growth, maturity* yield and yield components*
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