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IN TR O D U C TIO N

Black pepper ( P ip e r nigrum  L ) p o p u la rly  known as the

King of Spices is  one of the most im portant spices grown in

Ind ia  Among the  e x p o rt oriented spices com m ercially cultiva te d

in the  country pep per has a unique position and maintained its  

id e n tity  t i l l  1990 91 as the la rge st e xpo rtin g  crop both in 

qu an tity  and value T h e  average annual e xpo rt earnings from  black 

p ep p er during  the la st f iv e  years (1987 88 to 1991 92) is  Rs 146 95 

cro re s  w h ich  is  about 50 6% of the total earnings from spices

(Anon 1992)

Th e  m ajor producers of b la ck  pepper besides In d ia  are

Indonesia M alaysia  B r a z il  Madagaskar S r i  Lanka and Th a ila n d  

As p e r the  figu re s of 1990 the g lo b a l area under the crop is

3 62 la kh  hectares w ith  an annual production of 2 01 lakh tonnes

(Annon 1990)

In  In d ia  the cro p  is  grown in about 1 73 lakh ha w ith

a production  of 48 900 t w hich accounts fo r more than 47% of the 

area and 2^% of production under the  crop  m  the w o rld  (1990 91

s ta tis tic s ) Kerala accounts for n e a rly  97% of the total area in

In d ia  (1 69 lakh ha) (Anon 1991)

K erala  being the na tive  of the crop and its  cu ltiva tio n  

dates back to  tim e im m em orial i t  is  p ara doxica l th at the p ro du cti 

v i t y  of the crop is  v e ry  low (322 kg ha 1) as against 2750 kg



in Malaysia 1050 kg in B ra zil ar d 449 kg in Indonesia (Anon 

1990) Of the several reasons that are attributed to the low 

p ro d u ctiv ity  of pepper vines in Kerala the nutritional factors 

assume a great importance

Th e  crop is grown on plantation scale as w ell as in home 

steads in the State In va ria b ly  the vine is supported on liv e  

trees such as E ry th rin a  indica Garuga pinnata G rev ilea robusta 

or on any availa b le  crop tree Under such conditions the growth 

of the vine can be greatly influenced by the support tree in its

neighbourhood through regulation of shade a lle lopath ic effects 

competition for nutrients and water etc The so il milieu may also 

be altered by the decomposing lit te r  originating from the support 

tree w hich in turn can influence the growth of the vine No 

information is cu rre n tly  availa b le  on the decay rates of fallen 

leaves from the support tree how the decomposition products

influence the growth and nutrition of the vine etc T h is  informat 

ion is  necessary to explain the d ifferential p ro d u ctiv ity  of the

vines tra ile d  on different support trees In addition it  w il l  also 

reveal the re la tive  effects of the lit te r  materials and th e ir

decomposition products on the nutrition and growth of the vine 

The present study was therefore undertaken w ith the following 

objectives

To  examine the effects of soil incorporation of leaf m aterials 

from support tree/intercrop on the growth and nutrition of 

black pepper vine



T o  determ ine the  decom position rates of leaves of these

trees added to s o il and

T o  assess the effects of l i t t e r  decom position on nutrient a va ila b  

l l i t y  in the s o il
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REVIEW OF LITERATURE

The growth of black pepper vine can be greatly influenced 

by the presence of the support tree in its immediate neighbourhood 

The soil milieu may also be altered by the decomposing litte r 

originating from the support tree which m turn can influence the 

growth and nutrition of the vine The literature on aspects 

pertaining to the study are reviewed here under the following 

headings

1 Growth and nutrition of black pepper

2 Leaf litte r  decomposition

3 Allelopathic effects

1 Growth and nutrition of black pepper

In Sarawak experience and tradition led to the development 

of systems and methods of fe rtilize r application The jungle land 

which was cleared for pepper planting provided the raw material 

for the preparation of burnt earth (Harden and White, 1934 

Bergman 1940) which served as a fe rtilize r for the vine The 

addition of burnt earth to soil had three fold effects v iz  ( 1 ) 

i t  altered the physical characteristics of the rooting medium ( n )  

it  increased the pH value and ( i n )  it  supplied the nutrients m 

a fqrm ide ally  suited for uptake by the roots



De Waard and Sutton (1960) opined that the use of fe rt i 

liz e rs  by the farm ers of Sarawak lowered the pH in the so il 

reduced the uptake of Ca and Mg and increased the K/Ca + Mg

ra tio  m  black pepper leaf Th e y  also a ttrib u te d  the dropping 

and yellow ing of pepper growing m  h ig h ly  acid so ils  to A1 to x ic ity  

Severe Mg deficiency and A1 and Mn to x ic ity  were also reported 

by Sim (1974) in Sarawak pepper gardens A d d itio n  of a lkaline 

compounds to mounds p r io r  to planting resulted in an increase in 

grow th and e a rlie r  establishm ent of vines in Sarawak (De Waard 

1978) Sangakkara (1989) investigated on the effect of pH of 

propagating medium on root and shoot growth of black pepper and 

found th at greater root and shoot weights 70 days after planting 

were obtained on substrates w ith pH 7 8 and 8 1

Nybe (1986) could induce deficiency symptoms of macro

and m icronutrients by sand culture experim ents in  Kerala Deficiency

symptoms of macronutrients except Ca and S were f ir s t  manifested

on the o ld e r leaves Symptoms of N deficiency were expressed 

as uniform yellow ing follow ed by necrosis whereas p urp le  to bronze 

yellow  colour and ash coloured necrotic  areas were the symptoms 

of P deficiency Potassium deficiency was characterized by tip  

and m arginal necrosis w hich la te r progressed to the d ista l 2/3rd 

portion of the lamina Vegetative growth was considerably reduced 

due to deficiency of macro and m icronutrients Ca P N and S 

showed profound influence on shoot growth Visual symptoms of 

deficiencies occured w ith a marked reduction in the fo lia r le ve l 

of the concerned element



Sim (1974) found that leaf nutrient concentration had a 

better correla tion  w ith  y ie ld  than so il nutrients Th e  experim ents 

conducted by Geetha (1990) on nutritional aspects of black pepper 

revealed that N P K Ca Mg and S application  had influence 

on one o r more of the growth parameters of bush pepper as w ell 

as vine  pepper Calcium application  im proved the root characters 

m arkedly I t  was found that among the nutrients applied  only 

N and S increased th e ir  concentration in the stem and leaf of bush 

pepper and vine  pepper and treatments devoid of N produced 

ty p ic a l N deficiency symptoms She observed considerable v a r ia b ility

among black pepper va rie tie s  w ith  respect to growth f e r t i l iz e r

P u tiliza tio n  nutrient concentration and nutrient uptake Leaf was 

found to be better accumulator fo r N K Ca S Fe and Mn in

black pepper whereas P and Mg were more accumulated in the 

stem Concentration of Zn d id  not d iffe r m  both parts Th e  order

of nutrients removed by black pepper was K >  N >  Ca >  Mg 

>  P >  S >  Fe >  Mn >  Zn

De Waard (1969) also worked out the c r it ic a l le ve ls  of

N P K Ca and Mg as 2 70 0 10 2 00 1 00 and 0 20 per cent

re s p e c tiv e ly  below w hich deficiencies of the concerned elements

were expected to occur Sushama et  ̂ al (1982) reported that the 

f ir s t  mature leaf counting from the t ip  of the la te ra l could be 

considered as the best for the fo lia r  diagnosis of N P and K 

in pepper Th e  period  just p r io r  to flushing ( i  e l i s t  weel



of May) of pepper was the best suited for collection of leaf samples 

for fo lia r  diagnoses (Sushama et̂  al  ̂ 1984) Th e y  also found signi 

ficant p o sitive  correlation of y ie ld  with P and K of leaf whereas 

N content failed  to establish significant correlation with y ie ld

Geetha (1981) observed that the N P and K contents in 

the flow ering la tera ls  was highe r during flowering and spike 

development (from June to November) but the same was found to 

decrease from November to December The  Ca content was more 

in non flowering shoots from Ju ly  to December She attributed low

N and K content of flowering shoots during November December

as one of the reasons for spike shedding in pepper

Th e  fo lia r le ve ls  of N K Ca and Mg increased following

f e r t i l iz e r  application in the ra iny season F ive  nutrient elements 

P K Ca Mg and S were found to exert d ire c t and ind ire ct

effects on y ie ld  of green pepper Of these P and K were found 

to be of greater importance in enhancing y ie ld  The  period just 

p r io r  to flushing was found to be the most suitable time for leaf 

sampling (N ybe et ^  1989) Th e  P indices of both the youngest

matured and the next matured leaves gave significant correlation 

with pepper y ie ld  In case of youngest matured leaf h igh ly  signi 

ficant correlation in the o rd er of r  0 SI** was obtained

(Sadanandan and Rajagopal 1989) Th e  studies also revealed that
P

P index (P index N+P+K+Ca ) val-ue of 0 042 gave the highest

y ie ld  of d ry  pepper and hence they suggested that P index can



be used as a handy tool to find out the probable y ie ld  from any

p a rticu la r plantation

The nutrient removal by the v a rie ty  Kutchmg (1729 vines/

ha) was reported to be 252 04 kg N 31 75 kg P2 O5 anc*

kg per hectare (De Waard 1964) Removal of inorganic n u tn

ents from so il by seventeen year old vines was reported by Sim

(1971) as 233 kg N 39 kg P2 C>5  207 kg K20 30 kg MgO and 105

kg CaO per hectare Sim (1972) suspected to x ic ity  of Mn to black

pepper and id e n tifie d  the symptoms The  quantity of m icronutrients

re m o v e d  p e r  v in e  o f a b o u t one y e a r - o l d  was c a lc u la te d  as 36b mg

Fe 281 mg Mn 194 mg Zn 89 mg Cu and 60 mg B (Sim 1973)

P anniyur 1 is  more nutrient exhaustive  than K a llu va lly  and the

o rd e r of contents of nutrients removed was N >  K >  Ca >  Mg >

P (Nagarajan and P il la i  1975) One hectare of pepper vines

(num bering 1 2 0 0 ) w ith  an average y ie ld  of 1 kg d ry  pepper per

vine removed 34 0 kg N 3 5 kg P2 ° 5  and 3 2  0  k 9 K2° fo r the

production of b e rrie s  in Panniyur Kerala (P i l la i  and Sasikumaran

1976) Based on th is  a m anurial schedule of 100 g N 40 g P90
z 0

and 140 g K^O per vine was recommended by them Th e y also

studied the N P K Ca and Mg le ve ls  m  root stem leaf and

sp ik e  of the f o u r -  year o ld  Panniyur 1 pepper and reported that

N and K were the highest and P the lowest m  the leaves Annual

exhaust of nutrients by a f iv e  year old vine through ha rvest of

1 284 kg d ry  pepper was 38 5 g N 36 7 g K 14 9 g Ca 13 7 g



Mg 2 2 g P  1 37 g S 218 mg Fe 155 mg Mn 28 mg Zn and 

47 mg of Cu (Sankar 1985)

From an experiment to study the effect of organic and 

inorganic fe rtiliz e rs  on the y ie ld  of black pepper Raj (1972)

observed that there was significant difference between NPK mixture 

with trace elements and organic manure Raj (1973) further observed 

that 12 oz of Urea and 16 oz of muriate of potash/plant/year gave 

the highest economic y ie ld  in sandy soils of Sarawak Based on 

a study in the va rie ty  Panniyur 1 P illa i et al  ̂ (1979) concluded 

that h igh e r le ve ls  of N adversely affected the y ie ld  and accord 

ingly fixe d  60 g N/vine/year as the ma imum lim it The  nutrient 

requirem ent of pepper vines tra ile d  on dead standards was

adequately met w ith 75 g N and 50 g PgO^/vine/year (Kumar and

Cheeran 1981) Response of black pepper vine to lime application 

has been reported by Purseglove et̂  al  ̂ (1981)

De Waard (1979) referred to the key role played by 

nutrients especially K in the development of yellow leaf disease 

complex m  black pepper m  the islands of Bangka Indonesia and 

stated that a fe rt iliz e r  m ixture having 400 kg N 180 kg P 480

kg K 425 kg Ca and 112 kg Mg when applied to one hectare with 

a pp rop ria te  mulching controlled the disease and gave an average 

y ie ld  of 2 0 2 5 kg d ry  be rries per vine W hile studying the 

nutrition of slow w ilt  affected pepper vines Wahid et  ̂ al (1982)



found no difference in mi ronutnents le ve l m  the leaves although 

the healthy leaves had more K compared to the unhealthy T h e ir  

studies also indicated N deficiency as a cause for the yellow  leaf 

disease m  black pepper Mustica et̂  a l (1988) could reduce the 

s e v e n ty  of yellow  disease in black pepper by fe rt iliz e r  (NPK

15 15 15) application of 250 g/vm e/year and e ith e r a ld icarb  (50 g

1 1 plant ) or manozeb (12 g plant ) or both

Purseglove at al (1981) recognised the necessity of micro 

nutrient application to black pepper in Sarawak and recommended 

28 g trace elements per vine Th e  mean y ie ld  of d ry  pepper in 

Southern Bahia ranged from 2883 kg ha  ̂ m the unfertilized plots 

to 7413 kg ha 1 in plots receiving N P K at 200 240 160 kg ha 1 

+ dolomite limestone at 1 t ha 1 + fritte d  m icronutrients at 4 8 

kg ha 1 (Chepote et a l 1986)

Growth and y ie ld  of black pepper vine are influenced by 

the support tree Studies conducted on these aspects indicated 

that the growth and y ie ld  of the vine were much better when it  

was tra ile d  on non liv in g  standards lik e  teak pole than when tra ile d  

on l iv e  trees (Menon et al  ̂ 1982 Kurian et_ al_ 1985 Anon 

1987) Sankar et al_ (1988) observed that the nutrient uptake 

decreased when the vine was tra ile d  on liv e  trees According to 

them the two plant species namely the vine and the support 

tree are competing fo r nutrients and water as they share the same



so il resources Th e y  also suggested that besides com petitive inter 

action there  was also evidence of support tree exerting an 

in h ib ito ry  effect on the vine

Wahid (1987) studied the effect of fe rt i l iz in g  and pruning 

the l iv e  supports on pepper plant y ie ld  in Indonesia and the best 

results were obtained w ith pruning the support trees three times 

a year and the app lication  of 400 g f e r t i l iz e r  (12 N 12 P T 7 

K 2 Mg) per vine four times a ye ar Mathai and Sastry (1988) 

recommended that support trees should be pruned during the pre 

flow e ring  stage of black pepper vine which increase the lig h t 

a v a ila b ility  and produced greater leaf area and more compact canopy 

stru cture  w ith  sh orter la te ra l shoots T h is  allow ed the vine  to 

accumulate h igh e r le ve ls  of metabolites w hich led to greater 

production of la te ra l shoots during the second flush  more flow er 

spikes a greater number of b e rrie s  per vine and higher d ry  

weight of b e rrie s  per vine

Significant p o s itive  correlation between y ie ld  and leaf N 

was observed in case of black pepper (P anniyur 1) (Sadanandan 

et a l 1991) Sadanandan (1992) observed th at application of 

organic ammendments lik e  neem cake at one ton per hectare besides 

the scheduled fe r t i l iz e rs  resulted in significant increase in the 

a v a ila b ility  of nutrients in the so il increased y ie ld  of pepper 

and re s tric te d  incidence of foot ro t and slow decline of pepper



2 Leaf l i t t e r  decomposition

Leaf lit te r  incorporation in to the soil could be 

coordinated w ith periods of maximum nutrient demand by the crop 

based on the understanding of the rate of decomposition and 

nutrient release pattern The  advent of Chemical farming 

apparently reduced the importance of th is  typ e  of research in agri 

cultural ecosystem Some of the investigations on related aspects 

are review ed here

2 1 Factors affecting decomposition

Decomposition is  an oxidation process Th e  ra p id ity  with 

w hich a given substrate is  oxidised w il l  depend on its  chemical 

composition and the p h ysica l and chemical conditions in the 

sorroundm g environment (Donahue et  ̂ al  ̂ 1990) They reported 

that the maximum rate of decay of organic m aterial takes place 

at 30 to 40°C In the range below optimum generally 5 to 30°C 

ra ising temperature accelarates plant residue decompositnon Above 

about 40°C the ra p id ity  of decomposition declines except in those 

special circumstances where th erm oph ilic  decay is  initiated 

Decay of major plant constituents is  depressed as the supply of 

oxygen demimshes Moisture too must be adequate for decomposit 

ion to proceed Microorganisms grow re a d ily  in liq u id  media 

provided  the oxygen supply is ample Most common microorganisms 

grow best at pH 6 8 but are se vere ly inh ib ite d  below pH 4 5 

and above pH 8 5 Nirogen is the key nutrient substance for



m icro b ia l growth and hence fo r organic matter break down (R ai 

and S n v a s ta v a  1982 Donahue et  ̂ al  ̂ 1990 Kumar and Deepu 

1992) A lexander (1976) reported that C N ra tio  of 20 1 or narrower 

have sufficient nitrogen to su pply  the decomposing microbes and 

also to release nitrogen fo r plant use He also observed that 

P m ineralization  begins when C P ra tios are between 100 1 and 

300 1

M e lillo  et_ a l (1989) stated that LC I ( Lignocellulose index)

is  the index of the plant m aterials s u s c e p tib ility  to m icrobia l

attack L C I is the ra tio  of lig m n  concentration in plant l i t te r  

to the concentration of ligm n  plus acid soluble  carbohydrates

From th e ir  experim ents they concluded that different leaf 

m aterials of d ifferent in it ia l composition including different LCIs 

fa llin g  to the so il eventually reach a common chem istry with 

an L C I in  the 0 7 to 0 8 range through the a ctiv itie s  of the 

m icro b ia l community

2 2 Rate of decomposition and nutrient release

Consequent upon the decomposition of any organic matter

added to so il the native s o il organic matter also begins to 

decompose and in th is  process more quantities of nutrients are 

lib e ra te d  fo r use by the plant th is  is so called  prim ing action 

pointed out by Lohins (1926)



Th e  experiments by Dalton et  ̂ al  ̂ (1952) point out that 

organic matter added to the soil as an ammendment is effective 

in increasing the a v a ila b ility  of soil phosphate Ea sily  decomposible 

organic matter is more effective in th is  regard than those organic 

substances that decompose slow ly

A laboratory experiment for a period of 63 days was

conducted by Datta and Goswami (1962) at IARI to study the

14 32decomposition of C and P tagged organic matter (oat and berssem

tops) Th e  results obtained w ith loss of carbon from added organic 

matter indicated that the decomposition of oat was v irtu a lly

complete w ith in  46 days but that of berseem continued upto 63 

days the rate however decreased w ith time in both

Singh (1969) reported that generally 3 to 5 months are

required for almost complete decomposition of leaf l it te r  of 

important trees of tro p ica l deciduous forests at Varanasi

Decomposition rates and changes in the nutrient content 

of needle and leaf l i t te r  were examined in D oughlas-fir Western 

hemlock Pacific s i lv e r  f i r  and red alder ecosystem m  Western

Washington USA by Edmonds (1980) ^ne patterns of loss of

elements from lit te r  bags after 2 yearss va ried  from ecosystem 

to ecosystem red a ld er (KC> Mg Ca =» P ==■ N >  Mn) Douglas f i r

(K  >  P >  Ca ;=» Mg :=• Mn >  N) Western hemlock (K ?■ Ca >  Mg

?-N  Mn P) and Pacific s ilv e r  f i r  (K  Mg >  Ca Mn :=>■ P 

> -N )



O je m yi and Agbede (1980) observed a p ositive  regression

between coffee y ie ld  and soil organic C content in different Nigerian 

ecological zones Th e  investigations by Pandey et̂  al_ (1980) 

revealed that the decay rate constant (k )  va rie d  between 0 738 

and 0 888 indicating a ve ry  ra p id  lit te r  decomposition m  tro p ica l 

climate w ith  marked d ry  and wet seasons

Aranguren ^  al  ̂ (1982) studied nitrogen cycle  of trop ica l

perennial crops (cacao) under shade trees in northern Venezuela 

and found that l i t te r  on the so il surface contain from 24 kg N 

in November to 50 kg N ha 1 in May Shade tree leaves made 

up 61% of the total N m  the l it te r  on the soil

Th e  nutrient changes and release during decomposition of 

leaf l i t t e r  in Himalaya oak conifer forest indicated that the

total annual release of nutrients on the site through decomposition 

re la tiv e  to the total input through lit te r  fa ll amounted to 56% 

for N 83% Ca and 97% fo r water soluble compounds (Pandy and 

Singh 1984)

Baker and A ttiw a l (1985) studied the rates of loss of N 

P K Na Ca and Mg during decomposition of senescent foliage 

of Eucalyptus obliqua and Pinus radiata in the fie ld  using lit te r  

bag technique m  Gippsland V icto ria  In pine lit te r  N was

im m obilized for atleast two years after decomposition commenced 

but in  the eucalyptus leaf l it te r  there was a net release of N 

after one year About 20% of P was lost in the f ir s t  three months



after w hich there was a l it t le  change K and Na were characterised 

by ra p id  in it ia l rates of loss followed by changes which were

e ith e r weakly or not significantly correlated w ith loss of organic 

matter Ca and Mg were characterised by losses which were

re la tiv e ly  closely associated with losses of OM

Das and Ramaknshnan (1985) pointed out that m  case

of Pinus kesiya plantations in N E India  the d ry  weight loss 

of decomposing l it te r  for the 1st year was about 37% The 

nutrients released in terms of percentage of o rig inal nutrient mass

with in  f ir s t  12 months were 88% K 63% Ca 62% Mg 53% P and

32% N and after two years it  was 98% K 90% Ca 89% Mg 87%

P and 72% N

A study conducted at Maruteru (A  P ) to compare the

G ly n c id ia  leaf Ipomea leaf and paddy straw incorporation as 

a supplemental sources of nitrogen to rice  indicated that highest

gram  y ie ld  (53 2 q ha 1) w ith Ipomea leaf at 5 t ha 1 coupled

w ith  application of N in chemical form at active  t ille rin g  and

panicle in itiation  stages and it  was significantly superior to a ll 

other treatments Th e  conspicuous effect on y ie ld  due to ipomea

(5 t/ha) was attributed to the fact that those leaves are more 

succulent (70% moisture) and contain more N (1 83%) The infer

lo n t y  of both g ly r ic id ia  and paddy straw was attributed to be 

due to low N (1 05 and 0 54% re s p e ctive ly ) (Raju et  ̂ al 1987)



T h e  study b y  Sharma and Ambasht (1987) onn Alnus nephal 

ensis plantation m  the eastern Himalaya showed that at each 

sam pling nutrients (N  P K and Ca) remaining in  decomposing

li t te r  decreased s ig n ifica n tly  Th e  in it ia l percentage la b ile  fraction

of nutrien ts declined in  the sequence K >  P 5" Ca >  N Half life

( t ) was sh o rt fo r K (2 4 months) and phosphorus (2 7 months)
5

and a p p ro xim a te ly  10 times longer fo r nitrogen (21 months)

Incorporation of Lantena camera Eupatonum  adenophorum

and wheat straw  each at 5 t/ha on d ry  weight basis resulted

m  38 2 19 5 and 6 5% increase in  gram  y ie ld  of transplanted

ric e  re s p e c tiv e ly  o ve r control (T h a k u r and Singh 1987) Maize 

sorghum and groundnut grown in pots on forest influenced so il

produced h ig he r d r y  matter than on o rd in a ry  f ie ld  so il

(Verinum be 1987)

A n a s  (1988) rep o rte d  tha t m  Colombia the half life  of 

l i t te r  was 60 days fo r A lb iz ia  carb o n a n a  80 days for G l in c id ia

sepium and Sesbania gra n d iflo ra  120 days fo r E r y th n n a  sp and 

Ca.ianus ca.ian and 170 days fo r Cassia grandis and over 80% of 

nitrogen phosphorus and potassium were released in to the so il

w ith in  170 days

Beer (1988) studied l i t te r  production and nutrient cyclin g  

in coffee and cacao plantation w ith  shade trees at Costa Rice and

reported that the l i t te r  fa ll has potential importance fo r the cyclin g



of N P K Ca and Mg since the l i t t e r  inputs frequently exceeds 

nutrient inputs from inorganic fe rt i liz e rs  even when a p p lie d  at 

highest recommended Levels

Young (1989) observed that the maize and sorghum in pot 

samples from soils under trees in northern N igeria  grow two to 

three times faster than m  so il w ithout trees He also reported 

that in T la x c a la  Mexico (subhum id clim ate) trees w ith intercropped 

maize influenced so il prope rtie s to a 6 10 m radius under Prunus 

capuli and Juniperus sp N was 1 5 3 times h igh e r under trees 

a va ila b le  phosphorus 4 -7  times potassium 1 5  3 times and Ca 

Mg carbon and CEC were also increased Leucaena G lin c id ia  and 

Cassia prunings released most nitrogen w ith in  60 days of a p p lica t 

ion to s o il Leucaena decomposed m ainly w ith in  40 days

Th e  leaf l i t t e r  decomposition and nutrient release pattern 

in plantations of Shorea robusta (S a l) and Eucalyptus camaldulensis 

growing on s im ila r eco clim a tic  and edaphic conditions in Dun 

Valley indicated that the decomposition constant (k )  was 0 878 

and 1 547 re s p e ctive ly  for a period  of one year The rate of 

decom position was fast during monsoon months Elemental m o b ility  

of the nutrients from decomposing so il l i t te r  was m the o rd er 

of Mg >  K >  P >■ Ca > - N whereas fo r eucalyptus it  followed the 

o rd e r o f K > M g > P > C a > N  fo r 12 months duration (Bahuguna 

et a l 1990) M urthy et al  ̂ (1990) found that leaf meal inco rp o r

ation in combination w ith f e r t i l iz e r  im proved soil f e r t i l i t y



Prasad et  ̂ cd (1991) reported that incubation of tree leaves 

v iz  sal teak eucalyptus subabul and mixed w ith the so il 

fo r 12 months increased the a va ila b le  P K and exchangeable Ca 

and Na sign ifica ntly  In general the magnitude of nutrient a vailab  

i l i t y  increased w ith the increase in le ve l of application  of tree 

leaves

L itte r  production and decomposition dynam ics m  moist 

deciduous forests of the Western Ghats in Peninsular India  was 

studied by Kumar and Deepu (1992) The  time required  for 

complete disappearance of the o rig in a l biomass ranged from fiv e  

to e ig h t months Foliage nitrogen content and disturbance le ve ls  

strongly influenced li t t e r  decaly rates and m ineral nutrient release 

into the ecosystem

3 A lle lo p a th ic  effects

M olish (1937) coined the term a llelopath y to re fer to b io 

chem ical interactions between a ll  types of plants including m icro 

organisms His discussion indicated that he meant the term to cover 

both detrim ental and beneficial re c ip ro ca l biochem ical interactions 

Rice (1974) m odified the above defin ition  and defined a lle lopath y 

as any d ire c t or in d ire c t harm ful effect by one plant (inclu d in g  

m icroorganism ) on another through production of chem ical compounds 

that escape in to the environment



Our increasing knowledge of the conditions underwhich certain

crop residues cause a lle lopath ic  effects to subsequent crops w ill

enable us to guard against such effects

McCalla and Duley (1949) suggested that the detrim ental

effects of crop resudues on subsequent crops might be due to a 

combination of toxins from the residues and from microorganisms 

that were caused to grow more profusely by substances m  the 

residue

Lee and Monsi (1963) found a report by Banzan Kumazawa 

in a Japanese document some 300 years old that ra m  or dew washing 

the leaves of red pine ( Pinus densiflora) is harmful to crops

growing under the pine

Red clover ( Trifo lo ium  pratense) e xh ib its  allelopathy against 

its e lf (Tam ura &t jd  1967 and 1969) These workers isolated 

nine in h ib ito ry  isoflavonoids or related compounds from tops of 

red clover Webb et  ̂ al (1967) found that G rev ilea robusta A 

Cunn does not regenerate in G robusta plantations though other 

rain forests do They identified some water transferable factor 

as associated with the rhizosphere  of th is  species in which anta 

gonistic m icroflora may be involved

Chang et  ̂ al_ (1969) concluded that clover sickness results 

from the exudation by red c love r of isoflavonoids which decompose 

to phenolic compounds whi accumulate in soil to an in h ib ito ry  

level



Th e  importance of phenolic acids or a lle lo p a th ic  compounds

caused Glass to conduct a series of investigation on effects of

these compounds on ion uptake by b a rle y  Hordeum vulgare roots

(G lass 1973 1974 Glass and Dunlop 1974 Glass 1975) A l l

32phenolic acids tested in h ib ite d  P la belled  phosphate uptake and 

the degree of in h ib itio n  co rrelated w e ll w ith the l ip id  s o lu b ility

of the compounds Potassium uptake was in h ib ite d  also by tw elve

diffe ren t phenolic acids

A l Mousawi and A l Naib (1975) observed that leaf extracts 

decaying leaves and s o il collected under Eucalyptus canopies 

in h ib ite d  seed germination and seedling growth of associated species

Chou and L in  (1976) found that aqueous e xtracts of decomp 

osing ric e  residues in s o il in h ib ite d  ra d ic le  growth of ric e  and 

lettuce seedlings and growth of r ic e  plants Root in itia tio n  of

h yp o c o ty l cuttings of mung beans was also suppressed by extracts 

of decaying ric e  residues and extra cts of paddy s o il Chou and

P a tn c  (1976) id e n tifie d  18 compounds m  decomposing corn residues 

in s o il w hich  were p h yto to x ic  in the lettuce seed bioassay

Fourteen ph yto to xm s from leaf l i t te r  and the so il in a low

land fo rest community were isolated by Lo d h i (1978) Th e  accumulat 

ion of such ph yto to xm s corresponded w ith  the amount of l it te r

produced and the decaying rate These p hytotoxins continued to 

influence th e  s o il p ro p e rtie s  around the trees



Chou (1986) gave some examples of crops which are affected 

by (auto) a lle lo p ath ic  growth in h ib itio n  These crops include

ric e  sugarcane clo ve r crops in apple and peach orchards and 

conifers growing close to bamboo In 1986 Segwal reported that 

in pot t r ia ls  w ith maize irrig a tio n  with leaf leachate of Grewia 

o p tiva  through out the growth period increased the germination 

percentage and plant height as compared with water irriga tio n

In black pepper Geetha et  ̂ al^ (1990) observed browning 

of the explants (shoot tip s  nodal and m ternodal segments) and 

media because of the phenolic oxidation However phenolic inter 

ference was low fo r leaves and roots
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M ATERIALS AND METHODS

Th e  present investigation on the growth and nutrition of 

black pepper as influenced by decaying litte r  materials in soil 

was ca rrie d  out at Radiotracer Laboratory College of Horticulture 

Vellanikkara which is located at an altitude of 22 25 m above 

MSL at latitude 10°31 N and longitude 76°10 E and enjoys typ ica l 

humid warm climate The investigations reported here are 

concerned with three aspects

1 Effect of so il application of various leaf materials on the growth 

and nutrition  of black pepper

2 Determination of rates of decomposition of various lit te r  materials 

m  so il and its  effect on nutrient a v a ila b ility  and

3 Estimation of rates of decomposition of leaf materials in the 

fie ld

1 Effect of so il application  of various leaf materials on growth

and nutrition  of black pepper

To  study the effect of decomposition of leaf materials a 

pot culture experiment was conducted in the green house of the 

Radiotracer Laboratory from 25th Ju ly  1991 to 26th January 1992

1 1 Soil and planting material

Shifted la te ritic  so il (O x is o l) was used in the study Surface 

so il (0  25 cm depth) was collected and sieved through 2 mm mesh



fo r use m  the experim ent Earthen pots of 35 cm height 25 cm

diam eter at the top and 20 cm diam eter at the bottom (w ith o u t 

d ra in  h o le s) were f i l le d  w ith  4 kg s o il p e r pot

1 2 O rganic sources

F iv e  organic sources (le a f m a te ria ls) were tested in the 

experim ent These were the leaves of Coffea a rabica  (coffee) 

E ry th rin a  in d ica  Garuqa pinnata G re v ile a  robusta (s i lv e r  oak)

and leaf l i t t e r  of P ip e r nigrum  (b la c k  p ep p er) These were

selected because of th e ir  p ra c tic a l significance Th e  trees E ry th rin a  

in d ica  Garuga pinnata and G re v ile a  robusta are used as support 

trees fo r  the vine  and hence decom position of th e ir  l it te rs  can 

affect the  v in e  grow th Since the vin e  is  grown mixed in coffee

plantations coffee leaf was also included as one of the organic 

sources fo r the same reason Th e  collected leaf m aterials were 

d rie d  and choped into pieces of about 1 2 cm size  before use

1 3 Treatm ent d e ta ils

Th e  experim ent was la id  out in  com pletely random ised design 

T h e re  were sixteen treatm ents and each treatm ent was re p lica te d  

th ric e  Th e  treatm ents were



SI
No

T  reatment 
notation

Organic source A pp lie d  level* 
(le af m aterial) (p er cent)

1 C 1 Coffee 1

2 C2 2

3 C3 3

4 E 1 E ryth rin a 1

5 E2 2

6 E3 3

7 G 1
Garuga 1

3 G2 2

9 G3 3

10 S1
S ilv e r  oak 1

11 So 22

12 S3
3

13 B 1
Black pepper 1

14 B2 2

15 B3 3

16 Control Without any
organic source

* On d ry  matter basis with respect to quantity of soil

The d rie d  and chopped leaf materials from the fiv e plant species

were incorporated into the soil in pots separately at rates of one

two and three per cent of soil weight The pots were arranged

randomly on concrete benches inside the green house



Rooted black pepper (v a r  Panniyur 1) cuttings w ith  two

leaves were selected fo r planting in the pots A fte r removing the

polythene bag containing potting m ixture in w hich the cuttings

were ra ise d  (3 -4  cuttings per bag) the cuttings were separated

from each other and the roots were freed by adhering soil partic le s

ca re fu lly  by running water under a tap Th e y were then planted

to the pots containing so il and leaf m aterial at the rate of one 

cutting per pot Th e  planting was done on 25th Ju ly  1991

1 4 A fte r -c a re  of plants

Th e  vines were taken care of as per the Package of Practice 

Recommendations of KAU (Anon 1989) Th e  necessary plant protect

ion measures were follow ed against attack from pests and diseases 

The  vines also received uniform doses of N P and K at the rate 

of 100 50 and 100 kg ha  ̂ re sp e ctive ly  in the second month after

planting Each pot thus received 200 mg N 98 5 mg P2 ® 5  anc*

192 mg l<20 Nitrogen was supplied  through urea Phosphorus and 

potassium were su pplied  through analytica l grade KH2P0^ and KC1 

re s p e ctive ly

The  vine in each pot was tra ile d  on c o ir  rope suspended

from the ce ilin g  of the green house and tied  around the neck of 

the pot (P late  1) Th e  vines were allowed to grow for s ix  months 

before they were harvested on 26th January 1992



Plate 1 General v ie w  of the pot cu lture  experim ent
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1 5 Observations

1 5 1 D ry matter production

During harvest the shoot portion was separated into stem

and leaf The  roots were care fully  recovered from soil by

removing the adhering so il particles using running water The 

d ry  weight of leaves stem and roots on per plant basis were

recorded separately after d ryin g  in a cross flow a ir  oven at 

70°C + 2° t i l l  constant weights were obtained

1 5 2  Plant analysis

The  d rie d  leaves and stem samples were ground in a Wiley

m ill fitted  w ith stainless steel blades and passed through 40 mesh

sieve Th e  samples were analysed fo r macro and micronutrients

as detailed below

Tota l N was estimated by K je ldah l method (Jackson 1958)

For the analysis of other elements diacid  extracts were prepared 

by digesting 1 g of the sample in 15 ml of 2 1 concentrated n itric  

p e rch lo ric  acid m ixture (Johnson and U lric h  1959) Aliquots of

the digests were taken for the analysis of total P K Ca Mg

S Fe and Mn

Phosphorus was determined co lo rim e tn ca lly  by vanadomolybdo 

phosphoric yellow  colour method (Jackson 1958) The yellow

colour was read in a spectrophotometer (Spectronic 20) at a wave

length of 470 nm Potassium was estimated using flame photometer



(E E L  make) Total Ca and Mg were determined by EDTA titration  

method (Jackson, 1958) Sulphur In the diacid  digest was 

determined tu rb id im e tn c a lly  following barium chloride  method 

(H a rt 1961) The tu rb id ity  was read using a spectrophotometer 

(Spectronic 20) at a wavelength of 490 nm Iron was estimated

by KSCN method (Jackson 1958) and the colour was read at a

wavelength of 490 nm using spectrophotometer (Spectrom c-20) 

Manganese content of the diacid  digest was determined using an

atomic absorption spectrophotometer

1 5 3  Soil analysis

Th e  in itia l so il used m  the experiment and the soil samples 

collected fro n  the pots at the time of harvest of black pepppr

crop were analysed for pH organic carbon available  P exchange 

able K, Ca and Mg availab le  S Fe and Mn The details of

chemical analysis of so il are given in Ta ble  1

Soil used m  the experiment was also analysed for physical 

properties such as p a rtic le  size d istributio n  and water holding

capacity P a rticle  size d istributio n  of the soil was found out by 

Hydrom eter method (P ip e r 1942) Water holding capacity of the

so il was determined based on the method of Keen and Raczkowski 

(1921) using Keen Raczkowski boxes

1 5 4 Nutrient uptake

The uptake of N P K, Ca Mg S Fe and Mn were



Ta ble  1 Details of the methods used

Characteristic S o il-  Extra ction  Extractant
solution period  (m in ) used
ra tio

pH (H20) 1 2 5

Organic carbon 

A va ila b le  P 1 10 B ra y I

Exchangeable K

Ca

Mg

A va ila b le  S

Fe

Mn

1 10

1 10 
1 10 

1 10

1 10 

1 10

30

30

30

30

15

15

N Ammonium 
acetate (p H  7)

KH2P04 w ith  

50 ppm P

(Double a c id )
0 05 N HC1 +
0 025N H„SO, 2 4



Method of Instrument References
estimation used

for chemical analysis of the soil

Direct reading pH meter Jackson (1958)

W alkley-Black T itn m e tr ic Jackson (1958)

Ascorbic acid 
blue

Spectrophoto
meter

Watanabe and 
Olsen 1965

Direct reading 
after dilution

Flame photo 
meter

Jackson (1958)

EDTA method T  ltn m e tn c Jackson (1958)

EDTA method T itn m e tr ic Jackson (1958)

Tu rb id im etric Spectrophoto
meter

Fox et a l 
(1964) and 
Jones et al 
(1972)

KSCN method Spectrophoto Jackson (1958)
meter

Direct reading Atomic absorption Page (1982)
after dilution Spectrophoto

meter

co
<=>>



computed from the values of concentration of the nutrients in the 

above ground parts i  e leaf and stem and th e ir  d ry  weights

1 6 S tatistical analysis

Th e  sta tistica l analysis of the data was done using the 

methods suggested by Panse and Sukhatme (1985)

2 Determination of rates of decomposition of various l it te r  m aterials  

in  s o il and its  effect on nutrient a v a ila b ility

2 1 Materials

Th e  la te ritic  s o il collected for pot culture was used in 

th is  experiment Th e  leaf m aterials (coffee E ry th rin a  indica 

Garuga pinnata s ilv e r  oak and black pepper) collected for pot 

culture experiment were powdered in a Wiley m ill and seived 

through 40 mesh p rio r  to use m  the incubation experiment

2 2 Incubation experiment

Batch incubation experiment was conducted m  the laboratory 

using the f iv e  organic sources each at three le ve ls  There  were 

15 treatments w ith two replications for each treatment The e xpe ri 

ment was la id  as completely randomised design The  details of 

the treatments are



SI Treatm ent Organic source A p p lie d  level*
No notation (le a f m a te ria l) (p e r cent)

1 C 1 Coffee 1

2
C2 2

3 C3 3

4 E 1 E ry th rin a 1

5 E2 2

6
E3 3

7
G1

Garuga 1

8 G2 2

9 G3 3

10
S 1

S ilv e r  oak 1

11 S2 2

12 S3 3

13 B 1 Black pepper 1

14 B2 2

15 B3 3

* On d ry matter basis w ith respect to quantity of soil

Th e  powdered leaf m aterial was mixed w ell w ith 100 g 

so il (2  mm sieve d ) in p la s tic  containers of 8 cm height and 6 cm 

diam eter These so ils  were incubated at 60% WHC fo r d ifferent 

in te rva ls  of time



2 3 Chemical analysis

A t each in te rva l i e ze ro , 15 30 60 90 and 120 d

of incubation the organic carbon loss due to decomposition was 

assessed by determining the organic carbon content of so il by 

Walkley Black method (Jackson 1958) From the data so obtained

the rates of decomposition of the organic sources were determined 

mathematically

The so il samples collected after a period of two months 

(60 d ) of incubation were analysed chem ically for the major and

m icronutrient a v a ila b ility  The details of the chemical analysis

of so il are given m  Ta ble  1 These samples were also analysed 

for E value (is o to p ica lly  exchangeable P) based on isotope dilution 

technique (IA E A , 1976) following the equation

E t —  x 31pf 31P. ( ug g 1 s o il) 
r f f 1

31 31
where P is the amount of P m  the in itia l solution given in

ug P g 1 so il r  and r^ are the count rates per unit volume of

3 1 31the in it ia l and final P solutions re spe ctively and is the

31 1amount of P in the final solution ( ug P g s o il)

3 Estimation of rate  of decomposition of leaf m aterials using l it te r  

bag technique

The five  leaf materials (coffee E ry th rin a  indica Garuga 

pinnata s ilv e r  oak and black pepper) collected for pot culture



experiment were used in th is  experiment

L itte r decomposition studies were ca rried  out in the fie ld  

using the mesh bag technique described by Bocock and G ilb e rt

(1957)

Ten grams of oven dried  leaf of each species was transferred 

separately into 10 cm x 10 cm size nylon mesh bags (mesh size

2 mm) and the openings were closed firm ly  by stitching A total

of 12 such bags were prepared for in d iv id u a l species These litte r

bags were then kept in fie ld  randomly at 5 cm depth in soil on

15th February 1992

3 1 Observations

At monthly interva ls  between 15th February 1992 and

15th August 1992 two lit te r  bags of each species were recovered 

from the fie ld  The  lit te r  mass remaining in the bags were cleaned 

free of extraneous materials oven d rie d  at 60°C for 48 h and 

d ry  weight determined

From the data so obtained the rates of decomposition 

of different leaf m aterials were calculated mathematically
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RESULTS

Th e  data generated from the experiments in respect of the 

response of black pepper vine to applied organic sources changes 

in so il chemical characteristics and decomposition of the l it te r

m aterials in so il are presented in th is  section

1 Biomass production in black pepper

Th e  data pertaining to biomass production m  terms of d ry  

weights of leaf stem shoot and root are given in Tab le  2 The 

analyses of variance of the data are given in A ppendix-1  Biomass 

production in black pepper was s ign ificantly  increased following 

the incorporation of organic sources into the so il compared to the 

control vines which d id  not receive green manuring

1 1 Shoot production

Differences m  leaf biomass were observed among the different 

le ve ls  of a pplied  organic source Although there was significant 

increase in leaf production in plants receiving coffee leaves compared 

to the control vines at the highest le ve l of application (3 per

cent) a fa ll in leaf production was noticed The different rates

of applicatio n of e ry th rin a  d id  not show significant differences

among them although leaf production in the vines was sign ificantly 

im proved as compared to control A s im ila r effect was noticed



Table 2 Dry matter production (g plant ) in black pepper vine 
as influenced by the application of various leaf 
materials

Organic source
Shoot

Root TotalLeaf Stem Total

Coffee

C 1 7 50 4 67 12 17 2 44 14 61

C2 7 3A 4 45 11 79 1 65 13 44

C3 4 93 2 83 7 76 1 00 8 76

Erythrina

E 1 6 60 3 35 9 95 2 39 12 34

E2 8 67 5 13 13 80 2 47 16 27

E3 7 23 4 21 11 44 1 56 13 00

Garuga

G ! 4 72 2 90 7 62 1 26 8 88

G2 6 88 4 72 11 60 2 05 13 65

G3 9 35 5 73 15 08 2 51 17 59

Silver oak

S1 6 00 3 64 9 64 1 72 11 36

S2 6 62 3 83 10 45 2 03 12 48

S3 8 36 4 48 12 84 2 20 15 04

Black pepper

B 1 8 76 5 11 13 87 2 64 16 51

62 8 82 6 43 15 25 2 31 17 56

B3 6 76 3 87 10 63 1 76 12 39

Control 3 07 2 10 5 17 0 99 6 16

SEm± 0 81 0 61 1 37 0 42 1 75
CD (0 05) 2 34 1 76 3 95 NS 5 04

NS - Not significant
1 2 and 3 denote 
respectively

rates of application at 1 2 and 3 per cent



m  the case of application of leaves of black pepper With increas 

ing rate of application of garuga leaf leaf production increased 

ste a dily  and at the highest le ve l (3 per cent) of application the 

leaf production in the vine increased to 9 35 g plant  ̂ T h is  is 

the highest value obtained for leaf production S ilv e r oak leaf 

application at 3 per cent le ve l also increased leaf production m 

the vines

Stem biomass production followed more or less a s im ila r 

trend as in leaf production (Ta b le  2) Thus differences in stem 

growth were observed between the control vine and the vines 

receiving organic m aterial Among the organic treatments, the lowest 

stem production (2 83 g plant 1) was observed in vines receiving 

coffee leaves at the rate of 3 per cent w h ile  the highest (6 43 

g plant value was recorded by the vines receiving black pepper 

leaves at the rate of 2 per cent

To ta l shoot biomass was significantly  more m vines receiving

organic amendment compared to control plants (Ta b le  2) The general

trend in total shoot biomass production was s im ila r to that observed

for leaf and stem in respect of the rate of application of different
1

leaf m aterials Th e  highest shoot d ry  matter (15 25 g plant ) 

was recorded fo r the vines receiving black pepper leaves at the 

rate of 2 per cent w h ile  the lowest among the treated vines (7 62 

g plant 1) was for the garuga leaf application at the rate of 1 

per cent



1 2 Root production

Analysis of variance comparing the sixteen treatments did  

not show any significant difference in root production between 

control and organic sources as w ell as among the level of each 

organic source (Ta b le  2 and Appendix 1) However when the data 

of control vines were compared against the rest of the treatments 

taken together significant difference in root production was observed

1 3 To ta l d ry  matter production

The total biomass production was considerably increased

follow ing the application of leaf m aterials (Ta b le  2) The control

vines had the poorest growth (6 16 g plant ^) The  growth of

the vines receiving different organic amendments was influenced

by the quantity of the applied m aterial I t  was observed that

the vine growth decreased w ith  increasing le ve l of application

of coffee leaves Thus biomass production m  th is  case decreased

from 14 61 g plant  ̂ (a t 1 per cent le v e l) to 8 76 g plant 1 at

the highest le ve l (3 per cent) A reverse trend was observed

in the case of garuga leaf treatment In th is  case total biomass

produced by the vine increased from 8 88 g plant  ̂ (at 1 per
1

cent le v e l) to 17 59 g plant (at 3 per cent le v e l) On the other 

hand the different le ve ls  of application of e ryth rin a  and s ilv e r  

oak leaves d id  not show significant effect on the vine growth

When black pepper leaf was used as the organic source the growth



of the vine increased to 17 56 g plant (at 2 per cent le ve l) 

and then decreased to 12 39 g plant 1 at the highest le ve l of a p p li 

cation (3 per cent)

Although there were significant differences among the levels 

of organic amendments as w ell as between application of organic 

sources and control the differences among different leaf materials 

were not significant (Ta b le  3 and Appendix 1)

1 4 Partionm g of d ry  matter

The  data on biomass partitioning expressed as percentage

are given in Ta ble  4 Partitioning of shoot d ry  matter into leaf

and stem indicated that there was not much difference in the

proportions of leaf and stem among different treatments including 

control A s im ila r observation was also made w ith  respect to the 

partitioning of total d ry  matter In general leaf production accounted 

for 53 12 per cent of the total biomass The contribution of stem 

and root to the total biomass production was 32 12 and 14 76 per 

cent re sp e ctive ly  When shoot biomass was considered it  was seen 

that leaf and stem production accounted for 62 32 and 37 68 per

cent re spe ctive ly

2 N utrient composition of plant parts

2 1 Nitrogen Phosphorus and Potassium

Ta b le  5 gives N P and K concentrations in the leaf and 

stem of black pepper vines growing under different organic matter

1



Table 3 Dry matter production m black pepper vine (g plant )
as influenced by the application of various leaf
materials

Shoot
1— z---------r : --------------------_ . . Root TotalLeaf Stem Total

Coffee 6 59 3 98 10 57 1 70 12 27

Erythrina 7 50 3 90 11 40 2 14 13 54

Garuga 6 98 4 45 11 43 1 94 13 37

S ilve r oak 6 99 3 99 10 98 1 98 12 96

Black pepper 8 12 5 13 13 25 2 24 15 49

SEm± 0 47 0 35 0 79 0 24 1 01

CD (0 05) NS NS NS NS NS

NS Not significant



Ta b le  4 Partiom ng of d ry  matter 
vine

production (%) in  black pepper

O r g a n ic  s o u rc e Shoot d ry matter To ta l d ry  matter

Leaf Stem Root Leaf Stem

Coffee

C 1 61 5 38 5 16 0 51 7 32 3

C2 62 6 37 4 12 3 54 9 32 8

C3 63 7 36 3 11 5 56 4 32 1

E ry th rin a

E 1 65 7 34 3 17 8 53 8 28 4

E2 63 0 37 0 15 1 53 5 31 4

E3 63 7 36 3 11 9 56 2 31 9

Garuga

G 1 63 2 36 8 13 7 54 5 31 8

G2 60 4 39 6 13 7 52 2 34 1

G3 61 9 38 1 14 3 53 1 32 6

S ilv e r  oak

S 1 62 2 37 8 14 8 53 0 32 2

S2 63 5 36 5 16 0 53 4 30 6

S3 65 0 35 0 14 5 55 5 30 0

Black pepper

B 1 63 1 36 9 16 0 53 0 31 0

B2 57 8 42 2 13 2 50 2 36 6

B3 63 7 36 3 14 2 54 6 31 2

Control 59 5 40 1 15 9 50 1 34 0



Table 5 N P and K concentrations (%) in the above ground parts
of black pepper vine m relation to the application of
different leaf materials

Organic source
N P K

Leaf Stem Leaf Stem Leaf Stem

Coffee

Erythrina

Garuga

S ilver oak

3 19 0 67 0 146 0 142 3 94 3 67

2 57 0 86 0 192 0 183 4 25 3 67

2

CO<

1 24 0 146 0 171 4 44 3 42

E 1 2 33 1 14 0 150 0 183 3 73 3 25

E2 2 57 1 14 0 175 0 200 3 85 3 23

E3 2 71 1 38 0 167 0 167 4 38 3 79

G1 2 24 0 91 0 175 0 163 4 13 3 92

G2 2 36 1 21 0 194 0 207 4 31 4 00

G3 2 29 1 21 0 201 0 225 4 41 3 81

1 90 0 81 0 142 0 158 3 79 3 00

2 24 1 05 0 158 0 200 4 13 3 56

2 00 0 95 0 125 0 158 4 06 3 48

Black pepper 

B 

B

Control

1 57 0 61 0 138 0 144 4 16 3 44

1 78 1 71 0 163 0 194 3 97 3 56

1 71 1 52 0 167 0 208 4 29 3 92

0 71 0 81 0 129 0 104 3 56 2 33

0 11 0 11 0 010 0 010 0 17 0 24

0 32 0 32 0 028 0 028 0 49 0 69

SEm+

CD (0 05)

1

3

1 2 and 3 denote rates of application at 1 2 and 3 per cent
respectively



Significant increases were noticed in the N concentrations 

of leaf and stem consequent to the a pplication  of leaf m aterials 

compared to control H igher rates of application  of coffee leaves 

tended to decrease the N concentrations in the leaf w hile  a reverse 

trend was observed in the case of stem No significant differences 

were observed among the garuga leaf treatments both in leaf as 

w e ll as in stem N concentrations S ilv e r  oak leaf application at 

the rate  of 2 per cent s ign ifica ntly  increased the leaf N content 

w hich was more than at 1 per cent le ve l of a pplication  But there 

was no sign ifica nt difference among s i lv e r  oak leaf treatments in 

stem N concentration On the other hand a steady increase in 

the leaf and stem N concentrations was obtained w ith increasing 

le ve l of app lication  of e ry th n n a  leaf Th e  vines receiving black

pepper leaves d id  not show much va ria tio n  in leaf N concentration 

w ith  increasing rate of application  However there was a s ig n ifi 

cant increase in stem N concentration at h igh e r rates of application 

Among the organic treatments the highest concentration of leaf 

N (3 19%) was observed m  the vines rece iving  coffee leaves at 

the rate  of 1 per cent and the minimum (1 57%) was found in vines

re ce ivin g  black pepper leaves at 1 per cent le v e l In the case

of stem the highest concentration (1 71%) was observed in plants 

re ce ivin g  black pepper leaf at the rate of 2 per cent and the

minimum (0  61%) was found in vines re ceiving  the same m aterial 

at 1 p e r cent le ve l

treatments Th e  analyses of variance of the data are given in

Appendix 2



Soil incorporation of leaf materials significantly increased 

the phosphorus concentrations of leaf and stem A comparison of 

d ifferent le ve ls  of treatments indicated that the increase m  leaf 

P concentration occured up to the second le ve l of application (2 

per cent) in a ll the cases except in the vines receiving e ry th n n a  

and garuga leaf treatments In these two cases the differences 

were not significant among the three levels of application Among 

the different organic treatments the highest concentration of leaf 

P (0 201%) was recorded by the vines receiving garuga leaves at 

3 per cent le ve l w h ile  the lowest (0 125%) was recorded by the 

vines receiving s ilv e r  oak leaves at 3 per cent le ve l Phosphorus 

concentration of the stem was also significantly influenced by the 

levels of organic treatments Whereas application of coffee garuga 

and black pepper leaves increased the P concentration of the stem 

there was a decrease in P concentration at the highest le ve l of 

application of e ry th n n a  and s ilv e r  oak leaves The  maximum 

(0 225%) a minimum (0  142%) concentration of P in the stem of 

plants under organic treatments were recorded by the vines receiving 

garuga leaves at the highest le ve l (3 per cent) and by the vines 

receiving coffee leaves at lowest le ve l (1 per cent) respectively

Compared to control fo lia r  K le ve ls  of vines under organic 

treatments were considerably higher Nevertheless the effect of 

Increasing leve ls  of organic matter application was not marked 

except in the case of coffee and e ry th n n a  leaf treatments Among 

the treatments plants receiving coffee leaves at the rate of 3



per cent had the highest concentration of fo lia r  K (4 44%) w h ile

the minimum (3 73%) was observed in vines re ce iving  e ry th n n a

leaf at the rate of 1 per cent Potassium concentration in the vine

stem was also sign ifica ntly  h igh e r m  vines under organic treatments 

than in the control vines Th e  effect of va ry in g  le ve ls  of organic 

matter had a s im ila r trend to that found in leaf but significant 

differences were observed

A comparison of the effects of the various leaf m aterials

on N , P and K concentrations of the vine indicated that there were 

significant differences m  th e ir  effect on N concentrations of leaf 

and stem and P concentration of leaf (Ta b le  6 and Appendix 2)

T h e  differences m  stem P concentration as w e ll as m  K contents

in leaf and stem were how ever not significant A p p lica tio n  of coffee 

leaves increased the leaf N content to 2 75 per cent w h ile  fo lia r  

N le v e l was as low as 1 69 per cent m  vines receiving black 

pepper leaves A re verse  trend in the effect of organic m aterial 

was observed m  the case of stem N F o lia r P content was highest

(0 190%) in plants re ce ivin g  garuga leaf w h ile  it  was the least 

(0 142%) in the vines re ce ivin g  s i lv e r  oak leaf

2 2 Calcium magnesium and su lph ur

Th e  data pertaining to the Ca Mg and S contents of the

above ground parts of black pepper vine are given in Ta b le  7 

and Appendix 3



Table 6 Concentrations of N, P and K (%) in aerial parts of
pepper vine as influenced by the application of
various leaf materials

Organic source N P K

Leaf Stem Leaf Stem Leaf Stem

Coffee 2 75 0 92 0 161 0 165 4 21 3 58

Eryth nna 2 54 1 22 0 164 0 183 3 99 3 42

Garuga 2 30 1 11 0 190 0 198 4 28 3 91

Silver oak 2 05 0 94 0 142 0 172 3 99 3 35

Black pepper 1 69 1 28 0 156 0 182 4 14 3 64

SEm+ 0 06 0 06 0 006 0 006 0 10 0 14

CD (0 05) 0 18 0 17 0 017 NS NS NS

NS Not significant



T a b le  7 Ca Mg and S concentrations (% ) in the above ground
parts of black pepper vine as affected by the a p p li
cation of d ifferent leaf m aterials

flrnanir1 cnnrro Calcium Magnesium Sulphur

Leaf Stem Leaf Stem Leaf Stem

Coffee
1 33 1 15 0 192 0 112 0 132 0 07'

C 2 1 36 1 13 0 224 0 104 0 139 0 070

C3 1 41 1 15 0 256 0 104 0 152 0 074

E ry th rin a

E 1 1 63 1 24 0 368 0 168 0 137 0 072

E2 1 49 1 31 0 216 0 096 0 146 0 063

E3
1 53 1 27 0 232 0 144 0 145 0 074

Garuga

G 1 1 47 1 33 0 352 0 168 0 133 0 057

G2 1 34 1 24 0 262 0 096 0 137 0 067

G3 1 36 1 24 0 169 0 144 0 145 0 064

S ilv e r  oak

S 1 1 51 1 21 0 248 0 112 0 133 0 054

S2 1 53 1 35 0 232 0 184 0 150 0 033

S3 1 53 1 24 0 112 0 096 0 131 0 042

Black pepper

B 1 1 50 1 22 0 168 0 084 0 128 0 055

B2 1 64 1 35 0 120 0 078 0 142 0 070

B3 1 56 1 34 0 232 0 100 0 129 0 078

Control 1 48 1 21 0 113 0 120 0 119 0 048

SEm+ 0 04 0 03 0 040 0 020 0 010 0 003

CD (0  05) 0 12 0 09 0 116 0 057 0 028 0 008

1 2 and 3 denote rates of app lication  at 1 2 and 3 per cent
re s p e c tive ly



Calcium le v e ls  of leaf and stem and Mg content of stem

were not influenced by application  of organic m aterials as was 

e vident from  the lack of s ta tistica l significance between the control 

and treatm ent vines The  analyses of variance are given m 

A ppendix 3 On the other hand there  was significant differences 

in leaf Mg concentration between control and organic matter receiving 

vines (A ppendix 3) In the case of S application  of leaf m aterials 

s ign ifica ntly  altered the nutrient le v e ls  in leaf and stem (A ppendix 3)

B arring  three  treatments namely e ry th n n a  garuga and

black pepper leaf sources the le ve l of application  had no effect 

on leaf Ca le ve ls  In vines re ce ivin g  e ry th n n a  and garuga leaves 

fo lia r  Ca le ve ls  decreased w ith  increasing le ve l of application 

whereas in those re ce ivin g  black pepper leaves fo lia r Ca le ve l 

f ir s t  increased then decreased at the highest le ve l of application  

A p p lica tio n  of leaves of s i lv e r  oak and black pepper generally 

increased the Ca content m  the stem w h ile  there was a declining 

trend m  nutrient concentration in plants re ceiving  garuga leaf at 

h ig h e r le v e ls  of a pplication

F o lia r  Mg le ve ls  d id  not v a ry  w ith the le ve ls  of a p p lica t 

ion of coffee and black pepper leaves Higher le ve ls  of application

of e ry th n n a  garuga and s i lv e r  oak leaves generally tended to

decrease the fo lia r  Mg le ve l As in the case of fo lia r  Mg le ve ls  

the rate of a pplication  of coffee and black pepper leaves had no



effect on the Mg content of stem A p plica tion  of e ry th rin a  and

garuga leaves at 2 per cent decreased the stem Mg content w h ile  

the same le v e l of a pplication  of s i lv e r  oak leaf increased the stem 

Mg content

F o lia r  S le ve ls  d id  not v a ry  sign ifica ntly  w ith  the le ve l 

of a pp licatio n  of the leaf m aterials Stem S content d id  not va ry  

w ith  the le v e l of app lication  of coffee leaf In other cases the 

effect was ra th e r inconsistent

Among the sources (T a b le  8 and Appendix 3) application  

of black pepper e ry th rin a  or s i lv e r  oak leaf im proved the fo lia r 

Ca le v e ls  of the vine  compared to the application of e ither coffee 

o r garuga leaf Th e  effects of application  of e ry th rin a  garuga 

s ilv e r  oak or black pepper on stem Ca content were at par The

a pp lication  of any one of these m aterials increased the stem Ca 

content as compared to the a pplication  of coffee leaf In the case 

of fo lia r  Mg the effect of coffee e ry th rin a  and garuga leaves 

was more or less the same Th e  plants under these treatments 

showed a h igh e r le ve l of leaf Mg than those under s ilv e r  oak and 

black pepper leaf treatments H igher stem Mg was recorded fo r

the vines re ce iving  e ry th rin a  garuga or s ilv e r  oak leaf than those 

re ce iving  coffee o r black pepper leaf F o lia r S le ve ls  d id  not

v a ry  w ith  the organic source however stem S content was highe r 

in plants under coffee e ry th rin a  garuga and black pepper leaf 

treatments than those under s ilv e r  oak leaf treatment



Ta ble  8 Ca Mg and S concentrations (%) in the above ground
parts of black pepper vine as influenced by the a p p li
cation of various leaf materials

Organic source Ca Mg S

Leaf Stem Leaf Stem Leaf Stem

Coffee 1 37 1 14 0 224 0 107 0 141 0 073

E ry th n n a 1 55 1 27 0 272 0 136 0 143 0 070

Garuga 1 39 1 27 0 261 0 136 0 138 0 063

S ilv e r  oak 1 52 1 27 0 197 0 131 0 138 0 043

Black pepper 1 57 1 30 0 173 0 087 0 132 0 067

SEm+ 0 02 0 02 0 023 0 012 0 006 0 002

CD (0 05} 0 06 0 06 0 066 0 035 NS 0 006

NS -  Not significant



/ yo3ig
2 3 Iron and manganese

Th e  data relating to iron and manganese contents in leaf 

and stem of black pepper vines are given in Table  9

F o lia r Fe content was not influenced by green manuring 

w h ile  a higher Fe content was found in the stem portion of vines 

receiving organic sources than that of control plants (Appendix 4) 

In m ajority of these cases Fe content was more than 100 ppm 

whereas in control vines it  was 90 ppm

Th e re  was considerable increase in fo lia r Mn concentration 

following the application of leaf m aterials However the rate of 

application of the organic sources barring the garuga leaf d id  not 

influence Mn concentration Higher le ve ls  of application of garuga 

leaf decreased the fo lia r Mn content The  influence of organic sources 

on stem Mn content was not significant (Appendix 4)

I t  was also observed that there were no significant d iffe r 

ences among the organic sources on Fe and Mn contents of the shoot 

(Ta b le  10)

3 N utrient removal

The data pertaining to the nutrient removal by black pepper 

vines as influenced by organic treatments are presented in Tables 

11 and 12 The  analyses of variance are presented in Appendix 5 

I t  was observed that the vines absorbed significantly higher



Ta ble  9 Fe and Mn concentrations (ppm ) in the above ground 
parts of black pepper vine as influenced by the 
application of leaf materials

Iron Manganese
Organic source ------------------------------------- ----------------------------

Leaf Stem Leaf Stem

Coffee

C 1 87 123 483 104■ 
cs 

O

107 117 437 95

C3
117 150 597 115

E ry th rin a

E t 180 150 548 114* 
CS 

ID 183 137 415 100

E3 130 163 508 118

Garuga

G1 160 133 642 142

G2 120 170 299 63

G3 145 90 398 80

S ilv e r  oak

S1 147 133 552 132

S2 137 177 378 134

S3
163 107 373 122

Black peppe

B1 135 130 447 105

B2 125 100 381 101

B3
153 120 497 140

Control 117 90 290 114

SEm± 27 17 70 18

CD (0 05) NS 48 202 NS

NS Not significant

1 2 and 3 denote rates of application at 1 2 and 3 per cent
re spe ctive ly



Ta ble  11 Nutrient removal by black pepper vine as influenced by 
the application of leaf m aterials

Organic
source

K Ca

mg plant

Mg Fe

>ig plant

Mn
1

Coffee

C 1 265 4 17 69 466 4 153 0 19 70 13 38 1236 4032

227 7 22 31 468 4 149 7 20 74 13 39 1309 3710

C3
E ry th rin a

156 6 12 06 314 0 102 2 15 57 9 57 1002 3274

E 1 191 1 16 40 357 0 148 7 29 45 11 44 1753 3682

E2 282 6 25 74 495 3 195 9 23 35 16 08 2312 4018

Garuga
E3 255 4 19 16 474 2 164 6 23 03 13 63 1617 4148

G 1 130 4 12 85 295 2 106 9 21 19 7 87 1133 3337

G2 223 3 23 54 470 2 150 4 20 10 13 16 1644 2328

S ilv e r

G3

oak

282 2 31 56 631 5 197 9 23 86 17 23 1836 4260

S ! 141 3 14 37 332 6 134 1 19 02 9 90 1343 3753

S2 187 9 17 83 404 8 152 8 22 30 11 29 1601 3071

Black

S3

pepper

210 8 17 37 495 6 184 2 13 43 12 92 1857 3695

Bi 169 5 19 49 539 3 194 3 18 59 14 03 1844 4448

B2 266 8 26 84 578 7 231 2 15 52 16 94 1742 3984

B3 174 5 19 20 439 7 157 1 19 22 11 76 1509 3869

Control 37 9 6 26 157 9 71 3 5 93 4 68 553 1115

SEm± 26 4 2 92 44 9 18 2 2 93 1 79 284 559

CD (0 05) 76 1 8 42 129 3 52 5 8 44 5 16 817 1611



Ta b le  10 Fe and Mn concentrations (ppm ) in the above ground 
parts of black pepper vine  as influenced by the
a pp lication  of various leaf m aterials

Organic source
Fe Mn

Leaf Stem Leaf Stem

Coffee 103 130 506 104

E ry th rin a 154 150 490 111

Garuga 142 131 446 95

S ilv e r  oak 149 139 434 129

Black pepper 138 17 441 115

SEm+ 16 10 40 10

CD (0 05) NS NS NS NS

NS Not significant



Ta b le  12 Uptake of nutrients by the black pepper vine as 
influenced by the application of different leaf 
m aterials

Organic
source

N P K

mg

Ca 

plant ^

Mg S Fe Mn 

Jjg plant

Coffee 216 6 17 35 416 3 137 9 18 67 12 11 1182 3672

E ry th rin a 243 2 20 43 442 2 169 7 25 27 13 72 1894 3949

Garuga 211 9 22 65 465 6 151 7 21 71 12 75 1538 3308

S ilv e r oak 180 0 16 52 411 0 157 0 18 25 11 37 1601 3506

Black pepper 203 6 21 84 519 2 194 2 17 78 14 24 1698 4101

SEm± 15 2 1 69 25 9 10 5 1 69 1 03 164 323

CD (0 05) NS NS 74 6 30 3 4 87 NS NS NS

NS Not significant



quantities of N P K Ca Mg S Fe and Mn follow ing the a p p li

cation of organic materials compared to the control vines

Th e  effects of different le ve ls  of application of organic 

sources are presented below

The total quantity of N va rie d  w ith the le ve l of application 

of organic sources (Ta b le  11) With increasing le v e l of application 

of coffee leaves N recovery in the shoot decreased significantly

from 265 4 mg (a t 1 per cent le v e l) to 156 6 mg plant 1 (a t 3 

per cent le v e l) In the other cases notably in e ry th n n a  and 

garuga leaf treatments nitrogen uptake was enhanced at h igher le ve ls  

of application A pplication  of black pepper leaves increased the 

N uptake up to the second le ve l of application (2 per cent) beyond 

which there  was a decrease Nitrogen uptake was maximum (282 6 

mg plant 1) in vines receiving e ry th rin a  leaves at 2 per cent le ve l 

and was minimum (130 4 mg plant 1) fo r vines receiving garuga

leaves at 1 per cent le ve l

Th e  rate of application of leaf materials had a va ria b le  

effect on phosphorus removal by the vine (Ta b le  11) Phosphorus

removal was increased at h igher rates of application of coffee

e ry th rin a  and garuga leaves Nevertheless in the case of coffee

a significant decrease m  P removal was noticed when the rate 

of a pplicatio n  was 3 per cent The  differences in P uptake among 

the le ve ls  ot application of s ilv e r  oak and black pepper leaf treat

ments were not significant Highest uptake of P (31 56 mg plant- 1 )



was observed m vines receiving garuga leaves at 3 per cent level

w hile  the lowest (12 06 mg plant ^) was recorded in vines

receiving coffee leaves at 3 per cent le ve l

Potassium uptake was found to increase w ith increasing level 

of application of e ryth rin a  garuga and s ilv e r  oak leaves In the

case of coffee and black pepper leaf treatments the highest rate 

of application (3 per cent) had a negative effect Potassium uptake 

was maximum (631 5 mg plant and minimum (295 2 mg plant ^) 

in the vines receiving garuga leaf at 3 and 1 per cent levels 

re spectively (Ta b le  11)

Calcium uptake was not affected by the different levels

of application except in garuga and black pepper leaf treatments

(Ta b le  11) In the case of garuga leaf treatment, there was a

steady increase in the uptake of Ca w ith increasing le ve l of a p p li

cation Application  of black pepper leaves increased the Ca uptake

up to the second le ve l of application (2 per cent) beyond which
1

there was a decrease Maximum uptake of Ca (231 2 mg plant ) 

was observed for the vines receiving black pepper leaves at 2 

per cent le ve l w h ile  the least (102 2 mg plant ^) was recorded 

for the vines receiving coffee leaves at 3 per cent level

Removal of Mg by the black pepper vine also did not show 

significant differences among the le ve ls  of different treatments 

However a steep decline occured at 3 per cent le ve l of application



of s ilv e r  oak leaves (Table  11) Uptake of Mg was the highest 

(29 45 mg pLant ^) for vines receiving erythrina leaves at 1 per

cent level and was minimum (13 43 mg plant ^) for vines receiving

silve r oak leaves at 3 per cent level

In the case of S uptake two treatments namely garuga and

black pepper leaf application showed significant differences (Table 

11) While the application of garuga leaves tended to increase

the S uptake the application of black pepper leaves at 3 per

cent level decreased it  Sulphur uptake was maximum (17 23 mg

1 1 plant ) and minimum (7 87 mg plant ) for the vines receiving

garuga leaves at 3 and 1 per cent levels respectively

The differences m Fe and Mn uptake by the pepper vine 

at different levels of application of organic sources were not signi 

fleant (Ta ble  11) But in one case v iz  garuga leaf treatment,

the uptake of Mn increased significantly from 2328 jug plant  ̂ at

2 per cent level of application to 4260 jug plant '  at 3 per cent

level of application A maximum uptake of Fe (2312 jug plant ^)

was observed for vines receiving e ryth n n a  leaves at 2 per cent

level and the least (1002 jug plant ^) was observed for vines 

receiving coffee leaves at 3 per cent level Manganese uptake was

highest (4448 jug plant ^) in vines receiving black pepper leaves 

at 1 per cent level whereas it  was least (2328 jug plant 1) when

application of garuga leaf is done at 2 per cent level



A general comparison of d iffere nt organic sources m relation 

to nutrient rem oval by black pepper vine is  given in Ta b le  12 

Th e  analyses of variance are given in A p p en d ix -5  I t  was observed 

that the different sources had more or less s im ila r effect on the 

uptake of N P S  Fe and Mn A pp lica tio n  of black pepper leaf 

s ig n ific a tly  increased uptake of K Th e  lowest values for K uptake 

were observed for vines re ce iving  coffee and s i lv e r  oak leaves 

Calcium uptake was also enhanced by the application of black pepper 

leaves w h ile  that of Mg was not influenced

An evaluation of the nutrient rem oval by the experim ental 

vines indicated the fo llow ing o rd er K >  N >  Ca >  M g >  P > S  

>  Mn >  F e (Ta b le  13) Of these the major portion was contributed 

b y leaves (F ig  1)

4 In te r re la tio n sh ip s  between leaf nutrients and d ry  matter product

ion

Th e  correlations between d ry  matter production and leaf 

nutrient concentrations are given in Ta b le  14 Leaf nutrient concent

rations d id  not show significant re lationship s w ith biomasss 

production Th e  existence of significant re latio nship s among the 

concentrations of some of the leaf nutrients are however evident 

P ositive  correlations were obtained between the contents of N and

5 ( r  0 595*), P and K ( r  0 549*) K and S ( r  -  0 498*), Ca 

and Fe ( r  0 556*) and Mg and Mn ( r  0 678**) The  correlation



T a b le  13 N utrient re m oval by s ix  month o ld  black pepper vine  
grown in  pots

N utrient ____

Leaf Stem

Piant p a rt jQ tal

-m g -
N 153 78 46 41 200 19

(2 17) (1 08)

P 11 34 7 58 18 92
(0  16) (0  18)

K 284 96 147 57 432 53
(4  09) (3 50)

Ca 103 20 52 69 155 89
(1 48) (1 25)

Mg 14 64 4 80 19 44
(0 22) (0  12)

S 9 67 2 66 12 33
(0  14) (0  06)

Fe 974 00 543 00 1517 00
(138 00) (131 00)

Mn 3096 00 450 00 3546 00
(453 00) (111 00)

Values a re  means of fo u rty  e ight plants

Parentheses denote n u trie nt concentrations expressed as percentage 
d ry  m atter fo r m ajor nutrients and as ppm fo r m icronutrients



Fig.1. Partitioning of nutrient 
removal in six-month-old 

black pepper vine
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Ta ble  14 C o rre la tio n s ( r  values) among leaf nutrient concentrations and d ry  matter production in 
black  p ep p er v ine

D ry  matter Leaf nutrients

T o ta l Shoot Root N P K Ca Mg S Fe

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

P 0 2 0 6 0 2 2 7 0 0 6 8 0 4 5 0

K 0 2 2 5 0 2 7 6 0 0 6 6 0 3 9 0 0 5 4 9

C a 0 0 3 0 0 0 1 7 - 0 0 9 6 0 3 9 9 - 0 5 21 0 3 7 5

M g 0 3 4 4 - 0 3 6 6 0 185 0 4 0 7 0 3 8 0 0 0 9 8 0 0 1 6

S 0 271 0 3 0 0 0 0 8 8 0
ft

5 9 5 0 3 8 6 0
i*

4 9 8 0 0 4 9 0 2 3 3

F e 0 117 0 0 9 0 0 2 44 0 122 0 0 3 5 0 2 0 8 0
e

5 5 6 0 3 3 0

M n - 0 2 9 1 0 2 8 7 0 275 0 3 5 5 - 0 0 0 9 0 155 0 111 0 6 7 8

0  0 5 9  

0  168 0  2 0 7

** Significant at 1 per cent le ve l
* Significant at 5 per cent le ve l



between P and Ca was negative ( r  0 521*) Regression equations 

were worked out for the leaf nutrients showing significant corre la t

ions and are presented in Ta ble  15 Th e  h ig h ly  significant relation 

ships obtained between fo lia r N and S and Mg and Mn are dipicted 

in Figures 2 and 3

5 Changes in  chemical properties of so il

Physlco chemical properties of the so il used in the e x p e n  

ment and chemical characteristics of the soil after the experiment 

(pot culture) are given m  Tables 16 and 17 respectively

Th e  so il is  a cid ic  in reaction with an organic carbon content 

of 1 05 per cent and is  low m  major nutrient contents

Significant differences were observed in chemical charactei—  

istics  of the so il at the end of the experiment (Ta b le  17 and

A p p e n d ix -6 )

The  pH of the control soil decreased to 5 5 (Ta b le  17) from

the in itia l value of 5 7 (Ta b le  16) Application of different leaf

materials had a va ria b le  effect on so il pH compared to the control 

Soil pH decreased significantly  follow ing the application of coffee 

leaves at 3 per cent le ve l B a rring  th is  no regular trend was

observed in the changes m  so il pH due to the application of other 

leaf m aterials although s lig h tly  h igher pH was recorded for soil 

receiving black pepper leaves at 1 per cent le ve l of application



Table 15 Regression equations for the significant relationships between leaf nutrients

2
X Y Regression equation R r

S N Y 3 985 + 44 1620 X 0 617 0 595*

K P Y 0 299 + 0 0466 X 0 283 0 549*

Ca P Y 0 396 0 1563 X 0 359 0 521*

S K Y 2 070 + 14 6880 X 0 250 0 498*

Fe Ca Y 1 204 + 0 0020 X 0 296 0 556

Mn Mg Y 0 116 + 0 0007 X 0 708 0 678"*

** Significant at 1 per cent level
* Significant at 5 per cent level

CTl



Fig.2. Relationship between foliar 
N and S concentrations

Leaf N (%)

Leaf S (%)



Fig.3. Relationship between foliar 
Mg and Mn concentrations

Leaf Mg (%)

Leaf Mn (ppm)



Table 16 Physico chemical properties of the soil used in the 
study

Property Value

A Physical properties

1 Particle size analysis

Coarse sand (%) 8 8

Fine sand (%) 50 2

S ilt (%) 34 8

Clay (%) 6 2

2 Maximum water holding 
capacity (%)

37 7

B Chemical properties

1 pH 5 7

2 Organic carbon (%) 1 05

3 Available P (ppm) 3 58

4 Exchangeable K (cm ol(+) kg ) 0 27

5 Exchangeable Ca (cm ol(+) kg 1) 1 50

6 Exchangeable Mg (cm ol(+) kg 0 31

7 Available S (ppm) 44 0

8 Available  Fe (ppm ) 8 8

9 Available Mn (ppm) 69 7



Table 17 Chemical ch a ra cte ristics  of the soil at the end of pot culture  experiment as influenced by the 
application of va rio u s organic sources

Leaf pH Organic A v P Exch K Exch Ca Exich Mg Av S A v Fe Av Mn
material carbon(%) (p pm ) -  - cm ol(+) kg

1 _- - - ppm -

Coffee C1 5 58 1 22 7 05 0 393 2 67 0 460 74 7 13 3 69 8
C2 5 48 1 45 12 57 0 577 2 75 0 583 62 6 12 5 72 8
C3 5 22 1 48 10 76 0 963 3 08 0 417 73 8 11 7 73 3

E ryth rin a E1 5 47 1 16 6 76 0 323 2 33 0 417 57 6 9 3 59 9
E2 5 35 1 29 11 34 0 440 2 33 0 667 73 7 9 6 63 9
E3 5 47 1 42 18 86 0 707 2 75 0 583 67 6 11 2 75 9

Garuga G1 5 55 1 11 11 24 0 287 2 17 0 627 56 5 12 8 62 7
G2 5 35 1 28 9 29 0 500 2 38 0 627 81 8 11 6 72 1
G3 5 58 1 47 11 00 0 520 2 63 0 877 94 0 10 4 73 3

S ilv e r oak S1 5 45 1 22 7 24 0 287 1 92 0 583 76 8 12 3 64 4
S2 5 52 1 36 8 57 0 343 2 17 0 750 62 6 12 0 75 7
S3 5 62 1 46 10 10 0 483 2 83 0 667 66 6 14 4 81 8

Black pepper B1 5 68 1 25 7 43 0 347 2 25 0 627 72 7 11 2 65 6
B2 5 25 1 55 6 86 0 633 2 88 1 000 78 8 11 2 75 0
B3 5 57 1 49 10 29 0 833 3 08 1 167 76 7 12 8 80 9

Control 5 50 1 01 5 62 0 200 1 92 0 417 48 5 12 3 61 3

SEm+ 0 06 0 10 0 79 0 030 0 13 0 120 4 9 0 6 3 4
CD (0 05) 0 17 0 29 2 28 0 086 0 38 0 346 14 1 1 8 9 8

1 2 and 3 denote rates of application at 1 2 and 3 per cent respectively



Compared to control organic carbon content of the soil 

re ce ivin g  d ifferent leaf m aterials were much h ig h e r Th e  highest 

organic carbon content (1 55 per cent) was obtained follow ing the 

a pplication  of black pepper leaves at 2 per cent le ve l

A v a ila b le  P in the so il also increased substantia lly  consequent 

to the a pplication  of organic sources Th e  highest concentration 

of a va ila b le  P (18 86 ppm) was observed fo r the e ry th rin a  leaf 

treatment at 3 per cent le v e l whereas it  was only 5 62 ppm m  the 

control s o il In general w ith  increasing le ve l of application  of 

leaf m aterial a va ila b le  P content of the so il also increased

Substantial increases in exchangeable cations namely K , Ca 

and Mg were noticed as a re su lt of the a pplication  of the organic 

sources Exchangeable K content increased from 0 200 cm ol(+) kg 

in the control so il to 0 963 cm ol(+ ) kg 1 in the so il re ceiving  

coffee leaf at 3 per cent le ve l With increasing le v e l of application 

of leaf m aterials exchangeable K. content of the s o u  also increased 

Exchangeable Ca content increased from 1 92 cm ol(+ ) kg  ̂ (co n tro l) 

to 3 08 cm ol( + ) kg 1 at the highest le ve l of application of coffee 

and black pepper leaves In th is  case also there was an increasing 

trend w ith  increasing le ve ls  of application  of leaf materials 

Exchangeable Mg also showed a s im ila r trend Th e  exchangeable 

Mg content of the control so il was 0 417 cm ol(+ ) kg  ̂ w hich rose 

to 1 167 cm o l(+ ) kg follow ing the application  of black pepper 

leaf at 3 per cent le v e l Among the organic sources black pepper



Significant increases in a vailable  S concentration of the soil

was also observed following the application of leaf materials Soil 

availa b le  S increased from 48 5 ppm m  the control to 94 ppm in 

the so il receiving garuga leaf at 3 per cent le ve l Although a ppli 

cation of leaf materials increased the available  S content of the 

so il not much differences were observed among the levels of a p p li 

cation the only exception being the garuga leaf treatment in which 

higher rates of application increased the available  S substantially

A va ila b le  Fe content of the so il was not influenced by the 

application of coffee garuga s ilv e r  oak or black pepper leaves 

N evertheless, following the application of e ryth rin a  leaf, there 

was a tendency fo r the availa b le  Fe content of the soil to decrease

In the case of Mn a v a ila b ility  there was an increase

follow ing the application of organic sources Th e  effect was more 

pronounced in so ils  receiving e ryth rin a  garuga s ilv e r  oak and

black pepper leaves, w h ile  the increase was marginal due to coffee

leaf application

6 N utrient composition of the different leaf materials

Th e  nutrient composition of the different leaf materials used 

in the study are presented in Ta ble  18 A comparison of the nutrient

leaf was found to enhance the exchangeable Mg content more than

the other treatments



Ta ble  18 Nutrient compositions of the different leaf materials 
used m the study

Coffea E ry th rin a  Garuga G rev ilea P iper
Nutrient arabica indica pinnata robusta nigrum

N 3 43 4 07 2 96 1 96 2 64

P 0 150 0 275 0 213 0 075 0 125

K 2 63 2 13 1 84 1 25 2 41

Ca 1 04 1 88 1 22 1 30 1 68

Mg 0 168 0 156 0 192 0 060 0 708

S 0 125 0 170 0 125 0 072 0 117

Fe 65 95 230 250 310

Mn 25 16 12 8 1064

Note Fe and Mn are m  ppm

The concentrations of other nutrients are expressed in 
percentage



concentrations in these materials indicated that e ryth rina  leaf 

contained ve ry  high concentration of N (4 07%) whereas Grevilea 

robusta (S ilv e r  oak) leaves had the least (1 96%) A sim ilar trend 

was observed in the case of P also The  K content of coffee leaves 

was the highest (2 63%) E ry th rin a  leaf also recorded highest content 

of Ca and S Black pepper leaves recorded the highest values for 

Fe and Mn The lowest concentration of a ll the nutrients excepting

Ca and Fe were found for G revilea  leaves The  lowest value for

Ca was recorded by coffee leaves whereas that of Mn was recorded

by G re vile a  leaf Th e  most glaring observation is the wide d iffer

ence between the Mn content of black pepper leaves and the leaves 

of other trees While the former had a concentration of about 1000 

ppm the others contained less than 25 ppm

7 1 Decomposition of leaf m aterials m  soil in laboratory conditions

To study the decomposition of leaf materials in soil under 

laboratory condition soil was incubated separately for va rying  

lengths of time after incorporating different leaf m aterials at different 

le ve ls  Organic carbon was estimated at different interva ls  to 

p ro vid e  an index of decomposition

The  data were subjected to regression analysis based on

the exponential model suggested by Olson (1963) of the form X/X° 

—kt
e (w here X is the weight remaining at time t X° is the original



w e igh t, e is  the base of logarithm  k is  the decay rate constant 

and t is  tim e) for de scrib ing  decomposition of lit te rs  was evaluated 

for goodness of f it  to describe the disappearance of organic carbon 

w ith  time Rearranging th is  equation we have

X X°e kt

where X is the organic carbon remaining at time t X° is the 

organic carbon at time zero e is the base of the logarithm  k 

is  the decay rate coefficient and t is  time Th e  decay rate constants 

obtained were also tested for th e ir  s ta tis tica l significance using 

a nalysis of variance (A p pendix  7) Th e  results of the regression 

analyses of the data are presented in Ta b le  19

Th e  half life  values (0 693/k) indicated that 3 per cent

le ve l of garuga leaf a pplication  had lowest h a lf -life  value of 91
2

days (R  0 915) w h ile  the highest half life  of 193 days was

recorded fo r 2 p er cent le v e l of incorporation of black pepper
2

leaves (R 0 684) I t  was observed that decay rate coefficient 

(k )  was more at a ll  the three le ve ls  of incorporation of garuga 

leaf The  ha lf life  values of the different leaf materials added

to s o il at different le ve ls  va rie d  to some extent as evidenced from 

the date given in Ta b le  19

Th e  loss m  organic carbon content of the so il w ith  respect

to tim e (d a y s ) of different organic sources at different le ve ls  are 

presented m  Figures 4 to 8 The  decay rate coefficients fo r a ll



Ta b le  19 Rates of decomposition of different organic materials in 
laboratory incubation experiment

1 2 Leaf source Intercept k (day ) t^  R

( d )

Coffee

E ry th n n a

Garuga

S ilv e r oak

3
Black pepper 

B 

B,

0 4607 0

0 5653 0

0 8231 0

,NS

0 4373 0

0 7347 0

0 8290 0

0 5290 0

0 6976 0

0 9685 0

0 4249 0

0 6729 0

0 8936 0

0 5164 0

0 6811 0

0 9566 0

158 0 901

0 594

161 0 943

154 0 939

118 0 843

136 0 710

124 0 757

141 0 837

91 0 915

147 0 862

137 0 893

158 0 920

141 0 903

193 0 684

116 0 946

NS -  Not significant
* Significant at 1 per cent le ve l 
** Significant at 5 per cent le ve l

1
2
3

2

3

2

3

1 2 and 3 denote rates of application at 1 2 and 3 per cent
re sp e ctive ly



Fig.4. Organic carbon content of soil 
following incorporation of coffee 

leaves as a function of time

Organic carbon (%)

Days after application



Fig.5. Organic carbon content of soil 
following incorporation of erythrina 

leaves as a function of time

Organic carbon (%)

Days after application



Fig.6. Organic carbon content of soil 
following incorporation of garuga 

leaves as a function of time

Organic carbon (%)

Days after application



Fig.7. Organic carbon content of soil 
following incorporation of silver oak 

leaves as a function of time

Organic carbon (%)

Days after application



Fig.8. Organic carbon content of soil 
following incorporation of black pepper 

leaves as a function of time

Organic carbon (%)

Days after application



the organic matter sources at a ll  le ve ls  of incorporation were signi

ficant (Ta b le  19) except when coffee leaves at 2 per cent level 

was the organic source The organic carbon loss under garuga and

black pepper leaf treatments followed a sim ilar pattern in the sense 

that in both cases 3 per cent le ve l of application resulted in

higher decomposition rate coefficients (k )  of 0 0076 and 0 0060,

2
w ith R values of 0 915 and 0 946 re spe ctively In the case of

coffee e ryth rin a  and s ilv e r  oak leaf treatments no particular trend 

was observed in decay rate cofficients

On an average the rate of organic carbon loss was slowest

in so il w ith coffee or s ilv e r  oak leaf as the organic source and 

fastest when the garuga leaf was the source

7 2 Nutrient a v a ila b ility  in incubated soils

The chemical characteristics of the soil namely pH organic 

carbon availa b le  major and m icronutrients differed significantly 

at day 60 of incubation following incorporation with different leaf 

materials (Ta b le  20 and Appendix 8)

Soil pH ranged from 4 60 (at 3 per cent le ve l of application 

of e ry th rin a  leaves) to 5 73 (at 1 per cent le ve l of coffee and 

3 per cent le ve l of application of s ilv e r  oak leaves) A significant 

decrease in pH from 5 18 (at 1 per cent le v e l) to 4 60 (at 3 per 

cent le v e l) was recorded following the e ryth rin a  leaf treatment 

B arring th is  no p a rticu la r trend was observed in soil pH due to



Table 20 Chemical characteristics of the soil as influenced by the application of various leaf materials 
after 60 days of incubation

Organic pH Organic > < Exch K Exch Ca Exch Mg

I 
^

1 
><

Av Fe Av iMn
source carbon (%) (ppm ) ------ - cmol(+) kg-1 - - -  - — ppm - - - -

Coffee C1 5 73 1 13 5 00 0 680 1 88 0 88 66 7 34 0 124 3
C2 5 40 1 37 4 72 1 270 2 50 0 63 57 6 48 0 164 6
C3 5 55 1 71 4 43 1 790 2 88 0 88 54 5 34 4 118 7

Erythrina E1 5 18 1 10 5 58 0 650 2 38 0 75 51 5 20 0 106 9
E2 5 05 1 28 7 86 1 060 2 88 0 88 65 2 16 0 162 5
E3 4 60 1 40 9 87 1 480 3 00 1 19 75 8 10 4 129 9

Garuga G1 5 23 0 93 4 29 0 595 2 25 0 38 56 1 26 0 86 1
G2 5 10 1 34 5 43 0 935 2 63 0 88 63 6 14 0 113 9
G3 5 45 1 40 7 00 1 165 2 75 1 00 90 9 8 8 89 3

Silver oak S1 5 60 1 02 2 86 0 425 1 88 0 32 39 4 19 6 76 9
S2 5 58 1 43 2 57 0 670 2 19 0 82 42 4 8 4 57 1
S3 5 73 1 77 3 64 0 880 2 50 0 88 39 4 12 0 96 0

Black pepper B1 5 60 1 14 4 07 0 660 2 50 0 63 44 0 25 2 146 0
B2 5 58 1 34 4 29 1 180 3 07 0 76 45 5 11 6 96 8
B3 5 70 1 79 4 00 1 325 3 19 0 88 54 5 11 2 96 2

SEm+ 0 09 0 06 0 20 0 030 0 08 0 11 1 9 4 8 30 5
CD (0 05) 0 27 0 18 0 60 0 090 0 24 0 33 5 7 14 4 NS

NS Not significant 
1 2 and 3 denote rates of application at 1 2 and 3 per cent re sp e ctive ly



different le ve ls  of application of the leaf m aterials However except 

mg e ryth rin a  for a ll other organic sources the lowest pH was 

recorded at 2 per cent le ve l of application

Organic carbon content of the soil ranged from 0 93% (at

1 per cent le ve l of garuga) to 1 79% (at 3 per cent level of black 

pepper) In  a ll the cases increasing le ve ls  of application signifi 

cantly increased the organic carbon content of the soil

A va ila b le  P concentration in soil ranged from 2 57 ppm (at

2 per cent le ve l of s ilv e r  oak) to 9 87 ppm (at 3 per cent level 

of e rh ty rm a ) Following the application of e ryth rin a  garuga and 

s ilv e r  oak leaves an increase m  availa b le  P content m  so il was 

recorded at higher levels The re  were no significant differences 

in a vailab le  P content of soil due to application of coffee or black 

pepper leaf at different levels However lower values of available  

P were observed for the highest le ve l of application of coffee and 

black pepper leaves A va ila b le  P content of the so il was more or 

less same as that of in itia l soil value when the organic source 

was s i lv e r  oak

An attempt was also made to quantify the differences in 

Uab'le P pool based on the radiotracer technique using P-32 Since 

the concentration of P in the e q u illib n u m  solution was too small 

to be detected th is  parameter could not be evaluated



th e ir a v a ila b ility  fo llow ing the a pplication  of leaf m aterials at

h ig h e r le ve ls  Exchangeable K in so il was maximum (1 79 cm ol(+)

kg 1) fo r 3 per cent le v e l of app lication  of coffee leaf and was

minimum (0  425 cm ol(+ ) kg **) when s ilv e r  oak leaf was app lied

at 1 per cent le v e l Lower exchangeable K values were recorded

fo r the so il incubated w ith s i lv e r  oak leaf compared to other

“ 1sources Exchangeable Ca was maximum (3 19 cm ol(+ ) kg ) when 

black pepper leaf was a p p lie d  at 3 per cent le ve l and was minimum 

(1 88 cm o l(+ ) kg ) fo r coffee and s i lv e r  oak leaf applications at 

1 p e r cent le ve l R e la tive ly  h igh e r exchangeable Ca values were

recorded fo r the so il re ceiving  black pepper leaf and lower values

were observed for s i lv e r  oak leaf treatments Exchangeable Mg was 

the highest (1 19 cm o l(+ ) kg in  so ils  re ce ivin g  e ry th rin a  leaf 

at 3 per cent le ve l and the low er (0 32 cm ol( + ) kg m  soils

re ce ivin g  s i lv e r  oak leaf at 1 per cent le ve l An increase m  the 

a v a ila b ility  of Mg was noticed w ith increasing Level of application 

m  a ll the cases except in so ils  where coffee or black pepper leaf 

was used as the organic source R e la tive ly  h ig h e r exchangeable 

Mg values were obtained fo r so ils  re ce iving  e ry th rin a  leaf than 

other organic sources

Significant increase in a va ila b le  S was noticed with 

increasing le ve ls  of application  of e ry th rin a  and garuga leaf 

A v a ila b le  S content of so il decreased sing ifica ntly  w ith  increasing

Exchangeable K Ca and Mg showed an increasing trend in



le v e l) to 54 5 ppm (a t 3 per cent le v e l) No significant differences

in a va ila b le  S were observed due to va rying  leve ls  of application

of s ilv e r  oak and black pepper leaves The  availa b le  S content 

of so il receiving s ilv e r  oak leaf was more or less same as that

of in it ia l so il value (44 ppm) A va ila b le  S was maximum (90 ppm)

in so ils  receiving garuga leaf at 3 per cent le ve l and was the least

(39 4 ppm ) in soils receiving s ilv e r  oak leaves at 1 and 3 per

cent le ve ls

A va ila b le  Fe concentration m  soil d iffered signficantly with 

respect to different treatments Among the different levels of a p p li 

cation, only garuga leaf showed a significant decrease m available

Fe from 26 ppm (a t 1 per cent le v e l) to 8 8 ppm (at 3 per cent

le ve l) A va ila b le  iron content was highest (48 ppm) in soil

incubated with coffee leaves at 2 per cent le ve l whereas it  was

least (8 4 ppm) in so il incubated w ith s ilv e r  oak leaves at 2 per

cent le ve l

No significant differences were seen in the available  Mn 

content of the soils incubated w ith different leaf sources at different 

le ve ls  The  availa b le  Mn content of the soil ranged from 57 1 ppm 

(at 2 per cent le ve l of s ilv e r  oak) to 162 5 ppm (at 2 per cent 

level of e ry th rin a ) No p articu la r trend was observed with respect 

to le ve l of application of leaf sources

le ve l of application of coffee leaf from 66 7 ppm (at 1 per cent



Fsg.9. Decomposition of various 
leaf materials in the field

DRY WT REMAINING (g)

TIME (Days)

~ C o f f e e  

- s -  Garuga

Erythrina  Silver oak

Black pepper



The lit te r  bag method was used for studying the rates of 

decomposition of different leaf m aterials in fie ld  soil conditions

The  mass remaining in the lit te r  bags decreased with time for a ll 

species (F ig  9) The  data on the quantity of leaf material 

remaining in the lit te r  bags at different inte rva ls  were subjected 

to sta tistica l analysis for the goodness of f it  w ith exponential

kinetic model as followed in the case of laboratory incubation

experiment and described m  the Section 7 1 The  analyses of 

variance of the data are given in Appendix 9

The decomposition rate parameters and constants are

furnished in Ta ble  21 The half life  values obtained for coffee 

e ryth rin a  and black pepper leaves were 40 44 and 53 days

respe ctively

8 Decomposition of leaf m aterials m  the fie ld



Table 21 Rates of decomposition of different leaf materials in 
fie ld  soil

1 2 Leaf material Intercept k (day ) t R
2

( d )

Coffee 2 4171 0 0174** 40 0 832

Erythrina 2 4200 0 0158** 44 0 899

Garuga 1 3592
NS

0 0113 0 518

S ilve r oak 0 5147
NS

0 0070 - 0 085

Black pepper 2 7168 0 0131** 53 0 764

*v Significant at 1 per cent level
* Significant at 5 per cent level 

NS Not significant
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DISCUSSION

The results obtained from the pot culture experiment on the 

effect of application of organic sources on the growth and nutrition 

of black pepper vine as w ell as the results of incubation studies 

on the decomposition of applied organic sources to so il are discussed 

in th is  section

1 Biomass production

On an average leaf stem and root contributed about 53

32 and 15 per cent to the total biomass Application of leaves of

coffee e ry th rin a , garuga s ilv e r  oak or black pepper to black

pepper grown in pots had considerable effect on the growth of the 

vine as compared to control (Ta b le  2) Each of these treatments 

increased the stem leaf and root production leading to an o ve ra ll

increase in biomass production Application of organic material

enhanced the growth and biomass production by more than one 

hundred per cent m  most of the treatments A comparison of these 

different sources d id  not indicate su p e rio rity  of one over the other 

(Ta b le  3) Nevertheless a d ifferential response of the vine to the 

le ve ls  of application of different leaf materials was noticed The

three le ve ls  of application of each of the leaf materials trie d  in 

th is  study were 1 2 and 3 per cent (on d ry  matter basis) with

respect to the soil weight The response of the vine to e ryth rina

and s ilv e r  oak leaf treatments was more or less s im ila r irre sp e ctive



of the le ve l of application Garuga leaf on the other hand 

increased the biomass production of the vine with increasing level 

of application Biomass production was doubled (17 59 g plant 1)

by the application of garuga leaf at 3 per cent compared to 1 per 

cent le ve l of application (8 88 g plant 1) Both coffee and black 

pepper leaf treatments increased the biomass production up to 2 

per cent le ve l of application beyond which there was a decrease

These results indicate three types of reactions of the vine 

to the application of organic sources, (a ) a positive  reaction to 

higher le ve ls  of application (b )  a negative reaction with increasing 

le ve l of application and (c ) a neutral reaction showing neither

p o sitive  nor negative trend m  biomass production with increasing 

le ve l of application The  effect of garuga leaf treatment comes under 

the f ir s t  type that of coffee and black pepper fa ll under the 

second typ e  and that of e ryth rin a  and s ilv e r  oak come under the 

th ird  typ e  T h is  categorization im plies that the nature of influence 

of different organic sources and the le ve l of application on the

growth of the vine is va ria b le  Black pepper vine is generally

tra ile d  on different tree species availa b le  in mixed cropping 

systems or on a p a rticu la r tree species in pure stands In these 

situations, the growth pattern of the vine could be greatly influenced 

by the leaf l i t t e r (s )  that decompose in the soil floor Of the tree 

species included in the present study E ry th rin a  indica Garuga

pinnata and G revilea  robusta (s i lv e r  oak) are popular support trees



for black pepper vine Coffee leaf was included in the study 

because m  many of the pepper growing tracts especially in Wynad 

d is tric t  of Kerala State the vine is grown mixed with coffee 

In such situations the decomposition of coffee leaf lit te r  in the 

soil can influence the growth of the vine

The results generated from th is  study may be discussed 

in relation to the effect of l it te r  fa ll m black pepper gardens 

The accumulation of fallen e ryth rin a  and s ilv e r  oak leaves to the 

extent of 3 per cent with respect to so il may not have any 

adverse effect on the growth of the vine It  is  however not known 

whether fu rth e r accumulation of the lit te r  w ill  a lte r th is trend 

S im ila rly  i t  cannot also be said whether accumulation of garuga

leaves in the so il basin of the vine at more than 3 per cent le ve l

would continue to increase the growth of the vine Th e  most sign ifi 

cant observation m  th is  respect is the supression of growth in 

vines receiving coffee leaves at rates above 2 per cent The 

growth improvement observed at 1 and 2 per cent levels of a pp li

cation (about 14 g d ry  matter plant ^  came down to 8 76 g d ry

1
matter plant at 3 per cent le ve l of application T h is  is ve ry  

close to the growth observed in the control vines (6 16 g d ry

matter plant 1) I t  is  also su rp ris in g  to note that the black 

pepper vines treated w ith its  own leaves also showed a growth

decline at h igher le ve ls  of application although not to the same 

extent as m  the case of coffee leaf treatment The re  is sufficient



reason to suspect that the production of phytotoxic substances 

during the decomposition of these two m aterials may be responsible 

fo r the observed growth retardation in vines receiving these 

m aterials These materials contain tannins polyphenols etc Pearson 

(1977) reported that raw coffee contain about 9% tannins Geetha 

et al (1990) observed browning of the explants (shoot tips nodal 

and internodal segments leaves and roots) of black pepper because 

of the phenolic oxidation A lle lo p a th ic  effects of phytotoxm s such 

as tannins and polyphenols have been reported m  rice  fie ld s  

(Chandramohan et̂  al  ̂ 1973) c lover (Chang et  ̂ al  ̂ , 1969) in h ib it 

o ry  action of corn plant residue on wheat seedling growth (Guenzi 

and M cCalla, 1966) ric e  residues (Kuwatsuka and Shindo 1973)

Th e re  are several reports of a lle lopa th ic  effects of decaying residues 

observed in crop plants (Chou and Lin  1976 Chou and P a tn c  

1976 L o d h i, 1978 Tamura et  ̂ al  ̂ 1967 1969 Tang and Waiss,

1978 Segwal, 1986) Considering these aspects the growth 

retardation observed in the vines receiving coffee and black 

pepper leaf treatments could be possib ly  due to allelopathic effect 

exerted by the decaying materials

2 N utrient removal

A pplication  of the leaf materials irre sp e ctive  of the source 

increased the concentrations of a ll the nutrients m  plant parts

The exceptions are the Fe content of the leaf and Mn content of 

the stem However the effect of different levels of application



of d iffe re n t leaf sources was not s im ila r (Ta b le s  5 7 and 9)

S ig n ifica n tly  h igh e r quantities of N P K Ca Mg S Fe and

Mn were removed by the vines under organic treatments compared 

to the control vines (T a b le  11)

Th e  highest rate of application  of coffee leaf treatment 

suppressed the uptake of N P and K but not that of other nutrients 

Th e  effect could be p r im a rily  due to the growth retardation of 

the vines ra th e r than a decrease m  the nutrient composition of 

the plant parts (Ta b le s  2 and 5) Th e  removal of other nutrients 

was however not affected by growth retardation as the vine

tended to accumulate more of these nutrients m  the leaf and stem

Plants under e ry th rin a  leaf treatment showed higher uptake 

of N P and K upto the 2 per cent le ve l of application  (T a b le  

11) No differences were how ever noticed m the removal of other 

nutrients by the vine  w ith  increasing le ve l of leaf application 

Th e  greater uptake of N P and K by these vines can only be 

explained as a combined effect of d ry  matter production and nutrient 

accumulation in the vine tissues (Ta b le s  2 and 5) It  may also

be seen from Ta b le  18 that e ry th rin a  leaf is r ic h  in N P and 

K P ro b a b ly  th is  would also have helped in greater uptake of 

these nutrients by the vines under th is  treatment

A p p lica tio n  of garuga leaves increased the uptake of N 

P K, Ca and S w ith  increasing le ve ls  (T a b le  11) Increased



concentration of these nurients m  the aerial parts of the vine 

as w ell as enhanced plant growth with increasing rate of a pp licat

ion of garuga leaf would account fo r the observed trends in the 

uptake of these nutrients (Table s 2 5 and 7) In other three

cases namely Mg Fe and Mn such an effect was not evident 

p robably because of the lowering of the concentrations of these 

nutrients m  the leaf and stem at higher rates of application

(Ta ble s  7 and 9) Although garuga leaf has f a ir ly  good concentrat 

ions of Mg and Fe (Ta b le  18) its  application was not effective 

to im prove the absorption of these nutrients by the vine

In vines receiving s ilv e r  oak leaf uptake of nutrients 

remained more or less unaffected by higher levels of application

However two exceptions to th is  trend are the significant increase 

in rem oval of K and a significant decrease in removal of Mg at 

the highest le ve l of application (Ta b le  11) An increase in uptake 

of K and a decrease in uptake of Mg despite the lack of influence 

on biomass production could be due to the highe r concentration

of K and low er concentration of Mg m  the plant parts at higher 

levels of the applied  organic source (Ta bles 5 and 7)

When the vines were applied with the leaves of own species 

uptake of N increased upto 2 per cent le ve l of application and

decreased at h igher rate of application Significant decreases at 

3 per cent le ve l of application were also observed in the uptake 

of K Ca and S (Ta b le  11) indicating a close correspondence with



its  effect on biomass production (T a b le  2) rather than the nutrient 

composition of the plant parts (Ta ble s  5 and 7)

An o ve ra ll comparison of the fiv e  organic sources indicated 

that the uptake of K and Ca by the vine was greatly im proved 

when leaves of the same species were applied as an organic source 

(Ta b le  12) T h is  could be mainly due to the higher contents of 

these two nutrients m black pepper leaf (Ta b le  18)

The better performance of the vines receiving organic treat 

ments in terms of growth and nutrient removal compared to control 

plants is a reflection of the supplementation of the nutrients 

through th is  sources as could be evidenced from the nutrient 

composition of these organic sources (Ta b le  18) More im portantly 

the quantities of nutrients in the organics would have been slow ly 

made a vailab le  to the vines during th e ir decomposition in the soil 

T h is  contention is  also supported by the higher nutrient status 

of the so il amended with organic sources as evidenced from the 

Tables 17 and 20

Strong positive  relationships e xist among fo lia r concent 

rations of several nutrients (Ta b le  14) indicating th e ir compli 

mentary or antagonistic relationships during absorption Positive 

correlations were seen between N and S P and K K and S Ca 

and Fe and Mg and Mn w h ile  negative relationship  was seen in 

the case of P and Ca



3 Decomposition of organic materials in  the so il

The results generated from the laboratory incubation study 

as w ell as from the fie ld  study using lit te r  bag method indicated 

considerable differences in decomposition rates In th is  context 

it  may be noted that the assessment of organic carbon content 

formed the basis of evaluation of decay rates in the laboratory 

experim ent whereas m the fie ld  study it  was the leaf mass 

remaining at different time inte rva ls  that was considered for the 

determination of decay rates The Walkley Black method used m 

the determination of organic carbon remaining m  the soil essentially 

determines the oxidisa ble  part of the organic matter Nevertheless 

th e o n tic a lly  the decay rates for different leaf materials should 

be more or less same for the laboratory incubation as well as 

for fie ld  incubation However the decay of the organic materials 

proceeiisi at ve ry  faster rate in the fie ld  than in the laboratory 

(Ta ble s  19 and 21) On an average the t 2 values obtained for the 

laboratory incubation were 2 to 4 times higher than m the fie ld  

conditions In d ire c tly  it  shows that the decay of the materials 

was extrem ely fast in the fie ld  The  average rates of decomposit 

ion in the laboratory incubation study followed the increasing 

order garuga >  e ryth rin a  >  black pepper >  coffee or s ilv e r  oak
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SUMMARY

An investigation on the growth and nutrition of black pepper 

( P iper nigrum L ) as influenced by decaying U tte r  materials in 

soil was conducted during 1991 92 at Radiotracer Laboratory College 

of H orticulture Vellanikkara Th e  major objectives of the experi 

ment were to assess the effect of soil application of various leaf 

m aterials on the growth and nutrition of black pepper, to determine 

the rates of decomposition of different leaf materials and to evaluate 

its  effect on nutrient a v a ila b ility

In pot culture experiment w ith black pepper var Panmyur 1 

was in v a ria b ly  used The leaves of Coffea arabica E ryth rin a  indica, 

Garuga pinnata G revile a  robusta (s i lv e r  oak) and Piper nigrum 

were used as organic sources A laboratory incubation study and 

a fie ld  evaluation were also ca rrie d  out on the decomposition rates 

of various organic sources For chemical analysis of soil and plant 

samples spectrophotom etric flame photometric and atomic absorpt 

ion spectrom etric methods were adopted

Th e  salient findings from these studies are summarised below

Biomass production in black pepper was significantly 

increased follow ing the incorporation of leaf materials into the 

so il compared to the control vines

Significant difference in root production was observed when 

the control vines were compared against the rest of the treatments 

taken together



Biomass production by the v ine  decreased at highest le ve l 

of a pp lication  of coffee and black pepper leaves whereas a reverse  

trend was observed in case of garuga leaf treatment However 

the rate of a pplication  of e ry th rin a  and s ilv e r  oak leaves had 

no influence on the vine growth

Th e  contributions of leaf stem and root to the total biomass 

production were 53 32 and 15 per cent re s p e ctive ly  Leaf and

stem production accounted fo r 62 and 38 per cent re sp e ctive ly  

of the shoot biomass

Significant increases were noticed in N P and K concent 

rations of leaf and stem of black pepper vine consequent to the 

a pplication  of leaf m aterials compared to control Leaf Mg 

concentration s ig n ifica n tly  increased between control and organic 

matter re ce ivin g  vines In the case of S app lication  of organic 

m aterials su bstantia lly  im proved its  concentrations m  the leaf and 

stem Iro n  content of stem and fo lia r  Mn concentration increased 

in vines re ce ivin g  organic treatments

Leaf recorded h igh e r concentrations of a ll the nutrients 

as compared to stem except fo r phosphorus

Th e  vine removed sig n ifica ntly  higher quantities of N P 

K Ca Mg 5 Fe and Mn follow ing s o il incorporation of the organic 

m aterials as compared to the control vines



suppressed the uptake of N P and K but not that of other nutrients 

T h is  was attributed to allelopathic effect of the decomposing leaf

m aterial on the vine growth

The plants under e ryth rin a  leaf treatment showed higher

uptake of N P and K upto the 2 per cent level of application

A pplication  of garuga leaves increased the uptake of N 

P K Ca and S with increasing levels

In vines receiving s ilv e r  oak leaf uptake of nutrients

remained more or less unaffected by increasing le ve l of application

When the vines were treated w ith its  own leaves N uptake 

increased upto 2 per cent le ve l of application and decreased at 

h igher rate  of application In case of K Ca and S uptake sign ifi 

cant decreases at the highest le ve l (3 per cent) of application

were recorded

A general comparison of the different organic sources

indicated that they had more or less s im ila r effect on the uptake

of N P S, Fe and Mn Black pepper leaf application significantly

increased the K and Ca uptake by the vines

Th e  average nutrient removal by a six month old black 

pepper vine  grown in pots to produce 11 19 g of shoot d ry  matter 

was 200 19 mg N 18 92 mg P 432 53 mg K 155 89 mg Ca 19 44

Th e  highest rate of application (3 per cent) of coffee leaf



mg Mg 12 33 mg S 1517 pg Fe and 3546 pg Mn The nutrient 

removal by the experimental vines indicated the following 

decreasing order of K N Ca Mg P S Mn and Fe

The contributions of leaf to the removal of nutrients 

expressed in percentage were 87 31 78 43 76 82 75 31 66 20

65 88, 64 21 and 59 94 for Mn S N Mg Ca K Fe and P respect 

iv e ly

Significant relationships among the concentrations of some 

of the leaf nutrients were observed Positive correlations were 

obtained between N and S P and K K and S Ca and Fe and Mg 

and Mn Th e  correlation between P and Ca was negative

Significant differences were observed in chemical character 

istics  of the soil at the end of the experiment both m  pot culture 

and in laboratory incubation studies In general soil pH decreased 

follow ing the incorporation of leaf materials Compared to control 

organic carbon content of the soil receiving different leaf materials 

was much higher The re  were significant increases in the a va ila b il 

lty  of major and m icronutrients as a result of application of leaves 

of different organic sources

In the laboratory incubation experiment in which organic 

carbon was estimated at different in te rva ls  of time to p ro vid e  

an index of decomposition the rate of organic carbon loss was 

the slowest in soil w ith coffee or s ilv e r  oak as the organic source



and fastest when the garuga leaf was the source The half life 

values for organic carbon loss in soil ranged from 91 to 193 days

In fie ld  decomposition study the half life  values obtained 

for coffee erythrina and black pepper leaves were 40 44 and 

53 days respectively
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Appendix 1 A bstract of Anova

D ry  matter production in black pepper vine (g  plant "*) as influenced by application of leaf
m aterials

Source df

Mean square

1 2 3 4 5

Leaf Stem Shoot Root Total

Treatm ents 15 8 664** 3 775** 23 083"* NS
0 864 31 485**

Among the organic 
sources

4 3 122NS
NS2 034 NS9 467 NS

0 388 NS
13 207

C ontrol vs 
organic treatments

1 48 890*" 14 317** 116 002** 2 844* 155 167**

E rro r 32 1 977 1 124 5 647 0 522 9 166

NS Not
** Significant at 

* Significant at

significant
1 per cent 
5 per cent

le ve l
le ve l



Appendix 2 Abstract of Anova

N P and K concentrations (%) in the above ground parts of black pepper vine in relation to the
application of different leaf materials

Mean square

Source df 1 2  3 4 5 6

Leaf N Stem N Leaf P Stem P Leaf K Stem K

Treatments

Among the 
organic sources

Control vs 
organic treatments

Error

15 0 956** 0 279** 0 0016** 0 0030** 0 203* 0 520**

4 1 546~*

1

32

0 240 * 0 0030** 0 0013NS 0 154NS 0 430NS

6 771** 0 229* 0 0020** 0 0170** 0 878** 4 377**

0 038 0 034 0 0003 0 0010 0 083

NS Not significant

** Significant at 1 per cent level
* Significant at 5 per cent level

0 166



Appendix-3  Abstract of Anova

Ca Mg and S concentration (%) in the above-ground parts of black pepper vine m  relation to the
application of different leaf materials

Source df

Mean square

1 2 3 4 5 6

Leaf Ca Stem Ca Leaf Mg Stem Mg Leaf S Stem S

T  reatments

Among the 
organic sources

Control vs 
organic treatments

E rro r

15

4

32

0 0280** 0 015** 0 017** 0 0030** 0 0003* 0 0005"*

,NS
0 0790** 0 035** 0 158** 0 0040** 0 0001

0 0002NS 0 005NS

0 0040 0 004

0 035’

0 004

0 0002

0 0010

NS

NS Not significant

*" Significant at 1 per cent le ve l
* Significant at 5 per cent le ve l

0 0001

0 0013**

0 0011** 0 0005**

0 00003

1



Appendix 4 Abstract of Anova

Fe and Mn concentrations (ppm ) m  the above ground parts of black pepper vine in relation
to the application  of different leaf materials

Source df
Mean square

1 2 3 4

Leaf Fe Stem Fe Leaf Mn Stem Mn

T  reatments 15
NS

2079 7 2143 2 30706 7* 1355 0NS

Among the 
organic sources

4 4557 8NS
NS

1355 5 9311 b ns 1457 8NS

Control vs 
organic treatments

1 1430 9NS 5281 0* 84953 0* 18 5NS

E rro r 32 2223 4 835 4 14704 8 941 6

NS Not significant
** Significant at 1 per cent le ve l 

* Significant at 5 per cent level



Appendix 5 Abstract of Anova

Nutrient removal by black pepper vine (per plant) as influenced by the application of leaf materials

Source df 1
N

(mg)

Mean square

8
P

(mg)
K

(mg)
Ca

(mg)
Mg

(m g)
S

(mg)
Fe

(pg)
Mn

(pg)

Treatments 15

Among the 4
organic sources

Control vs 1
organic treatments

13012** 116** 42143** 4892**

4901 NS NS
60 17448* 4411*

84350** 513** 241402* 22879**

82**

90*

584**

32"* 518060* 2057992*

NS NS NS
12 613823 931796

187** 2977861* 18897948**

E rro r 32 2092 26 6037 996 26 10 241214 937123

NS Not significant
** Significant at 1 per cent le v e l

* Significant at 5 per cent le ve l



A ppendix 6 A b stra ct of Anova

Chem ical ch a ra cteristics  of the s o il at the end of pot culture 
experim ent as influenced by the app lication  of various organic

sources

Mean square

So il chem ical  '_________________________
ch a ra cte ristic  Treatm ents E rro r

at 15 df at 32 df

PH 0 051** 0 011

Organic carbon 0 074* 0 028

A v a ila b le  P 30 715** 1 862

Exchangeable K 0 133** 0 003

Exchangeable Ca 0 427** 0 047

Exchangeable Mg 0 133** 0 043

A v a ila b le  S 372 500** 71 752

A v a ila b le  Fe 5 197** 1 215

A va ila b le  Mn 139 667** 34 714

** Significant 
* Significant

at 1 
at 5

per cent 
per cent

le ve l
le ve l



Appendix-7 Abstract of Anova

Rates of decomposition of different organic matters in laboratory 
incubation experiment

Organic source

Mean square

Regression 
at 1 df

Residual 
at 4 df

Coffee

Eryth rina

Garuga

S ilve r oak

Black pepper

0 20887** 

0 10715NS 

0 20214**

0 21258** 

0 37815** 

0 27924*

0 33943*

0 25289*

0 61427**

0 23157** 

0 17025** 

0 20984**

0 25395** 

0 13950*

0 38356**

0 00572 

0 01833 

0 00307

0 00348 

0 01756 

0 02857

0 02720 
0 01232 

0 01433

0 00930 

0 00508 

0 00455

0 00679 

0 01610 

0 00548

NS Not significant

** Significant at 1 per cent level
* Significant at 5 per cent level

1



Appendix 8 Abstract of Anova

Chemical characteristics of the so il after 60 days of incubation as 
influenced by the application of various leaf materials

Mean square

So il chemical 1

characteristic  ---------------------------------------------------------
T  reatments E rro r
at 14 df at 15 df

2

pH 0 200** 0 016

Organic carbon 0 136** 0 007

A va ilab le  P 7 423** 0 078

Exchangeable K 0 294** 0 002

Exchangeable Ca 0 329** 0 014

Exchangeable Mg 0 100** 0 022

A va ila b le  S 411 372** 7 042

A va ila b le  Fe 266 011** 45 440

A va ila b le  Mn 1882 230NS 1854 057

NS Not significant
** Significant at 1 per cent level



Mean square

Leaf material  ̂ ~

Regression Residual
at 1 df at 5 df

Appendix 9 Abstract of Anova

Rates of decomposition of different leaf materials in field soil

Coffee 7 64903** 0 30903

Erythrina 6 32133** 0 14201

Garuga 3 21648NS 0 59827

S ilve r oak 1 24925NS 2 68665

Black pepper 4 29228** 0 26564

NS -  Not significant
** Significant at 1 per cent level
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ABSTRACT

An investigation on the growth and nutrition of black pepper 

( P iper nigrum L ) as influenced by decaying lit te r  materials m

soil was conducted at the College of H orticulture  Vellanikkara 

The black pepper va rie ty  Panniyur-1 was in va ria b ly  used for the 

study

Biomass production in black pepper was significantly 

increased follow ing the incorporation of organic materials into the 

so il compared to the control vines When the different levels of

organic sources were compared total biomass production of the

vine decreased at highest le ve l (3 per cent) of application of

coffee and black pepper leaves T h is  was attributed to allelopathic 

effect of the decaying material The re  was a steady increase in 

biomass production with increasing le ve l of garuga leaf application

Significant increases were noticed in the N P and K

concentrations of leaf and stem Mg concentration of leaf S concent 

ration of leaf and stem Fe content of stem and fo lia r Mn content

of the vine following the organic matter treatments as compared 

to control vines

The vine removed significantly  higher quantities of N

P K Ca Mg S Fe and Mn following the soil application of leaf

m aterials as compared to the control vines



Th e  average nutrient rem oval by a s ix  month old black 

pepper v ine  to produce 11 19 g of shoot d ry  matter was 200 19 

mg N 18 92 mg P, 432 53 mg K 155 89 mg Ca 19 44 mg Mg

12 33 mg S 1517 /ig Fe and 3546 jug Mn Th e  contribution of leaf

to the total nutrient rem oval was more compared to that of stem

Significant increases in m ajor and m icronutrient a v a ila b ility  

in s o il were noticed follow ing the incorporation of leaf materials

On an average the rate of organic carbon loss in la bora tory 

incubation was the slowest in so il w ith  coffee or s i lv e r  oak leaves 

as the organic source and was fastest when the garuga was the 

organic source Th e  h a lf life  values for organic carbon loss va rie d  

from 91 193 days

Th e  half life  values obtained for coffee e ryth rin a  and 

black pepper leaves in f ie ld  decomposition study were 40 44 and

53 days re s p e ctive ly


