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A B S T R A C T

Hevea brasiliensis, a native o f the A m azon basin , has been 

planted com m ercially in India since the early 1900’s. To m eet the ever 

increasing dem and o f natural rubber, plantations are being raised in non- 

traditional regions. Tripura in the N .E . India is in the forefront. Specific 

agrom anagem ent practices is needed to raise this crop in this environm ent 

which is different from that in the traditional rubber grow ing region. 

Keeping this in view , the present investigation was undertaken at RRS, 

Tripura to gather precise inform ation on the grow th o f young Hevea as 

influenced by soil m oisture and nutrients during different seasons. The 

various grow th param eters studied show ed that higher grow th w as obtained 

when soil m oisture availability w as high (-0.03 M Pa), the influence being 

m ore pronounced during w inter period. D ifferent levels and com bination of 

nutrients also influenced the grow th. H igher levels o f phosphorus in 

particular w as observed to m aintain a h igher grow th rate during w inter. In 

general, N PK  application at 40 kg ha ' with irrigation to provide a soil 

m oisture tension o f -0.03 M Pa, w as optim um  for the grow th of young 

rubber plants.

An experim ent w as taken up in the m ature phase in a nine 

year old planting at R RS, T ripura to m onitor the influence of irrigation and 

selected nutrient doses on the yield and yield com ponents. R esults o f the 

study show ed that irrigation at fortnightly interval m aintaining a soil 

m oisture tension in the range o f -0.03 to -0 .10 M Pa along w ith N PK



application o f 40 kg ha ' lias significantly  increased the yield o f latex. The 

in fluence o f irrigation on yield o f  latex w as m ore pronounced during the 

w inter period (O ct-Jan).

In terrelationship  o f  y ield, yield com ponents and 

m eteorological param eters w as w orked out. It was observed that yield o f 

latex is related to the yield com ponents and w eather. To understand the 

direct and indirect effects o f yield com ponents and m eteorological 

param eters on yield a path analysis w as perform ed. Correlation analysis 

pointed out that PI, latex sugar concentration, T .m ax, RH, W S, SSD and 

rain are the prim ary factors affecting yield. Path analysis how ever showed 

that PI, SSD  and evaporation are the prim ary factors directly affecting yield. 

Fifty six per cent variability in yield w as explained by factors considered in 

the study.



C H A P T E R  I 

IN T R O D U C T IO N

The para  rubber tree {Hevea brasiliensis M U ELL -A R G .) is a 

native o f  the A m azon river basin in South A m erica. This tree was 

introduced to tropical A sia in 1876 through the K ew  gardens in U K  w ith the 

seeds b rought from  B razil by Sir H enry W ickham . T he tree is now  grow n in 

the tropical regions o f  A sia, A frica and A m erica. N atural rubber a raw 

m aterial having  m ultifarious uses is obtained from  the latex o f  Hevea 

brasiliensis, the species w hich accounts for 99 percent o f  the w o rld ’s 

natural rubber (W ebster and B aulkw ill, 1989).

The Hevea  p lanting m aterial was first introduced to India in 

1878 from  C eylon and the com m ercial plantation started in the early 1900's. 

The rapid strides m ade in the w ake o f  the industrial revolution fostered a 

dem and for natural rubber w hich was m et by the plantation industry despite 

setbacks o f  price  fluctuation, threat o f  devastating diseases and challenges o f  

synthetic substitu tes. Com m ercial cultivation o f  rubber in general has been 

lim ited to the hum id tropics, w here the clim ate closely resem bles that o f  its 

centre o f  origin. In India, the developm ent o f  the rubber plantation industry 

was confined to a narrow  tract in the w estern  side o f  the w estern ghats in 

the state o f  K erala and adjoining districts o f  the neighboring  states, w hich 

accounts for 90 percent o f  the area. The rubber tree is adaptable to a wide 

range o f  clim atic conditions as evidenced by the grow th o f rubber in China 

under very low  tem perature conditions. Hevea  is also reported to thrive in a 

w ide range o f  soils.



The natural rubber production in India has not been able to keep 

up with the dem and in consum ption. The production / consum ption gap during 

the year 1996-97 was around 13,000 t (Rubber Board, 1997), this gap is 

projected to w iden further by the turn o f the century. By 2000 A.D the 

shortfall is expected to grow to 50, 000 tones and by 2011 to 3.5 lakh tones. 

Large scale expansion o f  area is required to increase production and to reduce 

the production/consum ption gap to the extent possible. As the area available in 

traditional region is limited, area expansion has to be taken up in the non 

traditional regions.

The N orth Eastern region o f  India (22°N to 29.5°N), though 

outside the traditionally recognized Northern limit, has been planted with 

rubber since 1950. Though this region is suitable for the growth o f 

Hevea brasiliensis, there are environm ental stresses o f  various kinds 

influencing grov/th and yield o f  the tree unlike in the traditional regions. 'I'hc 

major environm ental stress in N orth East India is the prolonged low

tem perature o f  less than 2 0 °c for nearly five m onths coupled with low soil 

moisture during this period. Only China cultivates rubber around this latitude. 

Limited inform ation only is available on the cultural practices to be adopted 

under low tem perature (Jiang, 1988) and prolonged drought conditions 

(Pushparajah, 1983 a ; Sethuraj e ta l,  1989) in the non-traditional regions.

A ppropriate m anagem ent practices are needed for this region to 

foster good growth during the im m ature period and in realizing the production 

potential in the m ature stage o f  growth. Irrigation to am eliorate drought 

effect is being pursued in the w estern and eastern region o f  India where 

rubber is -being cultivated on a trial basis (M ohankrishna et  al, 1991; 

Chandrashekar et  a l  1994). In Tripura the period from  O ctober to February



is characterized by low mean m inim um  tem perature and soil moisture deficit 

condition. Growth perform ance o f  young rubber plants in different moisture 

regim es during this period is lacking. N utrient m anagem ent has been found to 

influence growth and yield o f  Hevea  as is evident by the literature reviewed. 

Though a prelim inary study on the nutrient requirem ent o f  Hevea  in the young 

stage is reported (K rishnakum ar and Potty, 1989), detailed inform ation on 

the impact o f  nutrients during the early growth period from this region is 

also lacking.

In the m ature phase, the yield o f  rubber is related to How 

characteristics o f  latex. Latex is held under high hydrostatic  pressure in 

latex vessels in the phloem  region. C ontrolled w ounding o f  the bark o f  Ihc 

tree by tapping results in expulsion o f  latex held in the laticilerous 

vessels. Latex vessel tu rgor is m aintained by the entry o f  w ater from the 

surrounding tissues w hich m aintains latex flow until the vessels are plugged. 

Since this process involves w ater, the availability  o f  this com ponent from 

soil assum es im portance. P lugging o f  laticiferous vessels is governed by the 

ionic balance, particularly potassium  and m agnesium  in latex. During winter 

a reduction in dry rubber content followed by a prolonged latex flow is 

encountered as a result o f  w inter stress. Rubber plants experiences tAvo types o f 

stresses during w inter in Tripura viz. low tem perature and inadequate soil 

m oisture levels. Precise inform ation on factors leading to the situation 

m entioned above is not available. Reduction in dry rubber content can be 

attributed to slow  rubber biosynthesis. N utrients and w ater play m ajor role in 

the biosynthesis o f  latex. Sim ilarly two distinct grow th pattern is also noticed. 

Growth during period from N ovem ber to A pril is slow  and during M ay to 

October higher com pared to growth in the traditional region. N utrients and soil 

moisture could influence grov^h in the early grow ing phase also. N o system atic



dy has been taken up to study the influence o f  nutrients and soil moisture on 

wth and yield o f Hevea. The present study was therefore taken wilh ihc

following objectives.

1 To study the role o f  soil m oisture and m ajor nutrients viz. N , P and K and 

their interaction on the growth during early im m aturity period o f  Hevea.

2  To study the influence o f  irrigation and selected nutrient doses on yield and 

y i e l d  com ponents in m ature Hevea.

3 . To study the interrelationships o f  m eteorological param eters on growth, 

yield and yield com ponents o f  Hevea.



C H A P T E R  II 

R E V IE W  O F  L IT E R A T U R E

The early com m ercial rubber p lantations in India w ere started in 

the 1900’s. Since then m anagem ent practices adopted bore a close relation to 

those practiced in other countries. Research efforts in evolving suitable 

m anagem ent practices to suit local conditions started in the 1920’s. The 

traditional rubber grow ing belt in India is confined to the W est Coast region 

o f  the country extending from K anyakum ari d istrict o f  Tam il N adu in the 

South to Coorg district o f  K arnataka in the N orth  (Pushpadas and 

K arthikakuttyam a,1980). W ith over 5 lakh ha planted in this region 

additional area that could be brought under rubber from this region is 

negligible.

To keep up w ith the increase in dem and o f  natural rubber, non- 

traditional areas had to be identified and planted (Sethuraj et a /, 1989). 

Expansion activities in the non-traditional tract gathered m om entum  in the 

70 ’s particu larly  in Tripura w hich now  has the second largest area under 

rubber in India. The ecological conditions o f  this region being d ifferent , 

appropriate m anagem ent practices have to be defined. Though an ad  hoc 

recom m endation on nutrient m anagem ent o f  im m ature rubber has been m ade 

(K rishnakum ar and Potty, 1990), a detailed study on the nutrient and m oisture 

param eters on grow th and yield o f  rubber is lacking. In the follow ing 

sections, literature on m oisture , nutrients, tem perature, seasons and their 

influence on grow th and yield o f  rubber has been review ed.



N utrient supply and uptake is influenced considerably by Ihe 

soil m oisture status. M echanism s o f  uptake is either through m ass flow, 

diffusion or root interception. C alcium  and m agnesium  m ovem ent is through 

mass flow  and that o f  phosphorus and potassium  m ostly  through diffusion. 

W hen soil w ater potential is high, m ass flow  is unrestricted (N ye and 

Tinker, 1977) and hence rainfall pattern in a region has a bearing on the 

nutrient m ovem ent.

The effect o f  m oisture on N dynam ics and m ineralization has 

been investigated by many researchers (B ugakov, 1962; M iller and Johason, 

1964; S tanford and Epstein, 1974; C assm an and M unns.1980) and optim um  

moisture has been reported to vary from 0.015 to 0.05 M Pa. At low soil 

m oisture levels the reduction o f  phosphorus and potassium  uptake is greater 

than that o f  calcium  and m agnesium  (T alha et a/,1979). Soil m oisture is 

therefore an im portant param eter w ith respect to nutrient availability  to the 

plant. H ow ever in areas w ith long dry spells h igher values o f  exchangeable 

potassium  through addition o f  h igher quantities o f  fertilizer is required to 

com pensate for inadequate m oisture to m aintain a sufficiently  high diffusive 

flux (Paauw ,1978).

A  low  soil m oisture level has been reported  to reduce uptake o f 

potassium  and phosphorus and leads to absorption o f  m ore calcium  and 

m agnesium  (T alha et a l,\919). W hen p lants w ere stressed, uptake o f



nutrients particu larly  phosphorus, potassium , calcium  and m agnesium  

decreased (G ardner and Tanner, 1976). N utrien t effects on stom atal function 

can be direct, through the balance in guard cells, or indirect, through 

nutritional effects on abscisic acid production. Potassium  deficient plants 

have low er to lerance for w ater stress due to the role o f  K  + in stomata! 

regulation (M arschner, 1986). Ionic balance especially o f  cations are 

reported to play a significant role in the grow th and yield o f  Hevea. Studies 

conducted on the influence o f  soil m oisture on cation uptake revealed tliat 

application o f  higher levels o f  potassium  helps in m aintaining higher 

exchangeable potassium  and m agnesium  content in latex. D uring moisture 

stress period higher potassium  application w as found to m aintain higher water 

potential, longer flow, thereby higher yield and in m aintaining a better plant 

water status (Krishnakum ar,1989).

2.2. Influence o f  te m p e ra tu re  on g row th  an d  yield o f  ru b b e r .

Tem perature is a key environm ental factor influencing plant 

growth. Hevea  adapted to m oderate tem peratures are affected by extreme 

temperatures. In the traditional rubber growing regions tem perature ranges 

from 20-34 ° C but in N orth East India ,a non traditional tract, the minimum 

temperature is less than 20° C for nearly 5 months and T.m ax less than 34° C 

(Rao and V ijayakum ar, 1992). These areas norm ally pose stress conditions 

■like drought, low tem perature, high altitude and soil m oisture deficit (Sethui'aj 

and Raghavendra, 1984). Rao et (1993) has categorized the hydro thermal



region o f Agartala which has four months o f dry period and varying 

temperature conditions as moderate.

The effect o f  tem perature and altitude has been studied 

extensively by Zongdao and Y anging (1979) in China. R ubber grow ing areas 

in China lying betw een 18° and 24° N  are affected by typhoons, cold clim ate 

and m arginal rainfall. As distance from  the equator increases, m ean minimimi 

and annual m ean tem peratures decreases. A w ay from  the equator due to 

higher total annual input o f  rad ia tion  energy, there is a greater potential for 

photosynthesis and dry m atter p roduction  (O ldem an and Frere, 1982).

A t C ox’s B azzar in B angladesh  (23°N) w ith mean m inim um  

tem peratures o f  18 ° C in' Dec, Jan and Feb, Pushparajah (1983 a) reported 

that it m ight take 7 years or m ore to b ring  a young rubber plantation into 

tapping com pared to 6  years or less in M alaysia.

Perform ance o f  clones vary  in different clim atic zones. In 

traditional rubber grow ing regions in India  the im m aturity period could be six 

to seven years and in the non-trad itional regions it could be eight years or 

more (Sethuraj et al, 1989). In  C hina grow th o f  rubber is retarded during 

w inter , the grow ing period lim ited to  betw een June to O ctober (Zongdao and 

Xuequin, 1983). The h igher the tem perature, higher is the growth rate and 

the threshold tem perature for grow th is found to be in the range o f  20° C 

(Jiang ,1988).



In the tropical low  elevation regions like K ottayam  ( 9° N 

latitude in K erala, India) a m onthly  m ean tem perature o f  26-28° C with 

adequate soil m oisture and sunshine are associated w ith high latex 

• production. It has been show n by Shangpu (1986) tha t the optim um  

tem perature for latex production is 27-28°C , w hile an am bient tem perature 

o f 18-22° C is m ost ideal for latex flow. H igh tem perature was found to 

retard latex flow  and reduce yield (Lee and Tan, 1979).

2.3. In f luence  o f  m o is tu re  s tress  on w a te r  re la tions  an d  la tex  flow.

Prolonged dry period has an adverse effect on the establishm ent 

o f  young plants and yield o f  m ature rubber (Rao et al, 1990). Latex being 

predom inantly w atery, the p lan t w ater relations influences their flow (Buttery 

and Boatm an, 1976). Soil m oisture stress has significant effect on the yield 

com ponents such as initial flow  rate, PI and DRC. Besides the direct effect on 

turgor pressure, w ater deficit also triggers a series o f  biochem ical changes in 

latex (Prem akum ari et a /, 1980). C lones o f  Hevea vary in their sensitivity to 

m oisture stress (Sarasw athi A m m a and Sethuraj,1975) w ith duration o f  flow 

and am ount o f  latex being reduced during w ater stress conditions (Sethuraj 

and R aghavendra,1984). This w as attributed to enhanced plugging and 

restriction in the drainage area (Sethuraj and George, 1976). D rought tolerant 

clones have been shown to m aintain high solute potential in their C-serum  

even in sum m er m onths (Satheesan et a/, 1984). R aghavendra et al (1984) 

studying the pattern  o f  latex flow reported that pattern o f  latex flow was 

altered by soil m oisture. The duration o f  flow as well as the am ounts o f  latex



were reduced w hen trees w ere stressed. They m onitored tu rgor pressure using 

niini m anom eters, and recorded turgor pressures o f  0.75 to  1.2 M Pa. Sim ilar 

turgor pressure w as also reported by Buttery and B oatm an (1976). A high 

osmoticum content o f  sucrose, quebrachitol and m ineral ions in latex and 

sufficient available w ater to approach m axim um  turgor pressure in the 

laticiferous tissue are the conditions required for good expulsion o f  latex 

(Pakianathan, 1989).

C onceicao et al (1985) studying the effect o f  soil w ater 

potential on clones found that low er soil w ater potential reduced clone leaf 

water potential linearly and led to a fast increase in stom atal resistance and a 

sharp reduction in transpiration. I f  a crop suffers from  w ater stress in the 

early stages, it fails to develop a deep root system  that w ould  utilize w ater 

stored in deeper layers (R itchie et a/, 1972).

H evea  latex contains 60-70 % w ater apart from  the rubber 

fraction. H ence w ater availability form  a potential lim iting factor for 

production. Hevea  is adapted to a w ide range o f ecological sites and so 

tolerates extrem e conditions o f  soil m oisture. A  hydric  defich  in Hevea 

causes a low ering in turgor pressure w hich affects latex flow  at tapping 

(Pakianathan et al, 1989). The fact that PI displays very  m arked seasonal 

variation is probably connected w ith seasonal variation in rainfall i.e. 

availability o f  w ater to the tree (Paardekooper and Som osorn,1969). 'I'he 

increase in PI by m oisture stress can be considerably reduced by irrigating the



plants (Sethuraj and G eorge,1976). The w ork o f  H aridas(1980) also indicate 

the influence o f  irrigation on PI and yield.

2 4. Seasonal v a r ia t io n  a n d  p e r fo rm a n c e  o f  ru b b e r .

Introduction o f  rubber into regions o f  tropical w et dry clim ate 

has exposed the trees to dry seasons o f  upto 5 m onths. E ffect o f  this on ti'ce 

performance is confounded w ith  that o f  tem perature and other environm ental 

factors (W ebster, 1989). Ideally  Hevea perform s best in clim ates o f  tropical 

lowland, evergreen rainforest regions w ith an annual rainfall o f  2000-4000 

mm at latitudes o f  10° N  and S o f  the equator. In the equatorial regions o f  

rubber cultivation m ean annual tem perature is 28° C + or - 2° C and diurnal 

variation about 7° C (Barry and C horley,1976). D iurnal variation and mean 

minimum tem perature increases w ith distance from the equator. The flow o f  

latex varies both in volum e and in concentration according to the tim e o f  day 

and season o f  the year. The diurnal changes seem  to be m ainly due to 

changes in transpiration rate; seasonal effects can partly  be attributed to 

variation in rainfall, partly  to the physiological dem ands o f  w intering and 

refoliation (Buttery and Boatm an, 1976). N inane (1967) showed that 

transpiration o f  young rubber plants, being influenced both by tem perature 

and RH o f  the surrounding air, was highly correlated w ith saturation deficit 

o f the air.

R ainfall pattern  in the rubber grow ing countries show  wide 

variations. Southern M alaysia has no severe dry period com pared to ihe



north o f  the country (W ebster, 1989). In Thailand at latitudes 6-12 ° N rainfall 

is around 2000 m m  and at latitudes o f  around 18 ° N  it falls to 1200-1500 mm 

falling over 120 days (Saengruksow ong et al 1983). In India the traditional 

rubber grow ing belt enjoys both  South W est and N orth  East m onsoons w ith 

an annual range o f  2000-4000 m m  per year. H ow ever in the N orth Eastern 

regions, the N orth  East m onsoon is scanty (Pushpadas and 

K arthikakuttyam m a, 1980) and the region experiences nearly 4-5 m onths o f  

moisture deficit in the w inter m onths. Thus away from the equator, most 

regions in the N .E .India, China, Bangladesh and V ietnam  experiences severe 

cold and dry conditions (Rao and V ijayakum ar,1992).

A  uniform  annual distribution o f  rainfall is regarded as 

favorable for the grow th o f  Hevea  (Polham us,1962). M oisture stress o f  

different m agnitude is reported to adversely affect growth o f  young rubber 

(Sivanadyan et al, 1973; Sivanadyan et al, 1975; Pushparajah and H aridas, 

1977). G row th in the im m ature stages require sufficient m oisture particularly  

during shoot flush to m aintain  height increm ent (H aridas, 1980). Trials at 

Ivory Coast revealed  reductions in growth in areas w ith longer dry spells 

than the w etter areas (O m ont, 1982). Though rarely practical, irrigation has 

been shown to increase yields (H aridas, 1984) and alleviate adverse effects o f  

water stress (Sethuraj, 1986).

Y ield and yield  com ponents are influenced by different 

environm ental param eters. Seasonal variation in yield has been ascribed to 

variation in both  initial flow  rate and PI (M ilford et al, 1969;



Saraswathiam m a and Sethuraj, 1975). The increase in PI caused by drought 

was thought to be connected w ith a fall in the lipid com pound content 

(Premakumari et al, 1980). In the Ivory Coast, latex production reaches a 

peak in A ugust and a secondary peak o f  production occur in N ovem ber to 

early D ecem ber after the m inor rainy season (R ibaillier, 1971). In the wet 

districts o f  Ceylon, PI reaches a m axim um  after w inter defoliation and 

declines gradually until the onset o f  the next w intering period (W aidyanalha 

and Pathiratne, 1971).

2.5. A pp lied  nutrients  and its in fluence on p lant growth.

As early as in the 1900’s response o f  Hevea  to fertilizer addition was 

dem onstrated in V ietnam , Cam bodia, M alaysia, Indonesia and Sri Lanka 

(Com pagnon, 1962). The im portance o f  fertilizers on tree perform ance was 

noted by B olton (1960) and Ti et al (1972). Fertilizer application right from 

the tim e o f  p lan ting  is aim ed at bringing the plants ready for early tapping. 

Schedules o f  fertilizer application rate used in m any rubber grow ing countries 

are based on local trials (G uha, 1975; H ardjono and A ngkapradipta, 1976; 

Punnoose et al, 1976; K alam  et al, 1980; Om ont, 1981; Y ogaratnam  and 

Veerasuriya, 1984) and are sim ilar to those used in M alaysia. There are m any 

reports on the influence o f  m ajor nutrients on plant growth. R esults o f  multi- 

locational trials in the pre-tapping  stage indicated that response to applied 

fertilizers w ere dependent on initial soil fertility status (A nanth et al, 1966). 

In N orth Eastern  India a slash and burn type o f  cultivation is prevalent. This 

rapidly m ineralizes organic m atter reserves w ith levels o f  upto 1 0 0  ppm o f



nitrate N in the top soil , as w as seen in M alaysia(W atson et al, 1964). Ewen 

after ten years o f  p lanting there  w as continued m ineralisation accom panied 

by a downward m ovem ent o f  N 0 3 -N , fall in pH  and in levels o f  organic 

matter and exchangeable bases. This confirm ed the existence o f  a leaching 

process set about by jung le  clearing and soil exposure (Pushparajah and 

Chellapiah, 1969; Soong and Yap, 1976; Pushparajah, 1984).

2.5.1. N itrogen.

Owen et a l (1957) reported  that the influence o f  nitrogen on 

girth o f  plants becam e apparent w ith  tim e. G irth increm ent w ith the 

application o f  nitrogen w as also reported by B olton (1960), K alam  et al 

(1980) and Pushparajah et al (1983 b). Y ogaratnam  and W eerasurya (1984) 

reported a positive response in girth to application o f nitrogen. Potty et al 

(1980) reported that increasing  the level o f  nitrogen from 30 to 60 kg ha '' 

improved girth and girth increm ent o f  rubber trees.

2.5.2. P h o sp h o ru s .

Pushparajah et al (1977) observed that phosphorus fertilizers 

were required for m axim um  grow th o f  Hevea  trees. R ubber Research Institute 

o f M alaysia (1978) also reported  significant response to phosphorus 

application on girth. In the highly depleted soils o f  N orth E ast India, 

K rishnakum ar and Potty (1989) observed a m arked increase in the girth o f 

plants at higher levels o f  n itrogen, phosphorus and potassium . Reis et al



( 1 9 8 4 ) also reported girth increase w ith phosphorus application in the 

immature phase.

2.5.3. P otassium .

Im portance o f  potassium  in the nutrition o f  Hevea  is fairly 

well established and considerable research has been carried out in the various 

rubber producing countries. Potassium  plays a vital role in the growth and 

developm ent o f  plants (V on U exkull, 1985). Reports o f  the R ubber Research 

Institute o f  M alaya (1971 a) indicated that lack o f  potassium  resulted in poor 

girth. Pushparajah et al (1974) reported  good bark renewal w ith potassium  

application. R esponse o f  plants to potassium  nutrition has how ever been 

varied. Owen et al (1957) reported  lack o f  response in growth to potassium  in 

most trials and negative effects from  some. G row th responses to potassium  

nutrition from  the traditional rubber grow ing region as reported by Punnoose 

et al (1976) highlighted depressed growth o f rubber plants w ith higher 

potassium  levels.

D ie back sym ptom s o f  branch have been noticed in extrem ely 

potassium  deficient soils o f  Indonesia and application o f potassium  fertilizers 

was observed to restore the crow n o f trees (D ijkm an,1951). Increased 

application o f  potassium  and lov/ering the quantity o f  nitrogen before w inler 

increased cold hardness o f  rubber in C hina (Zongdao and X uequin, 1983).



2.5.4. Calcium .

C alcium  application in rubber plantations com es m ainly througli 

the rock phosphates applied. The role o f  calcium  in the m ineral nutrition o f 

fievea  is im portant. It has been noticed that the tree is adaptable to survive in 

a low calcium  environm ent (Bolton, 1960). C onsidering the Tact that 

genetically the tree being adaptable to the depleted A m azon tropical forest 

condition, this argum ent holds good (K rishnakum ar and Potty, 1992). 

Calcium/total cation ratio  is reported to be im portant for root growth. In acid 

mineral soils a ratio  low er than 0.15 may inhibit root growth. This is 

particularly im portant for sub soil penetration by roots (H ow ard and Adam, 

1965).

2.5.5. M agnes ium .

R ubber R esearch Institute o f  M alaya (1969a and 1969b) 

reported that m agnesium  incorporation in fertilizer m ixtures greatly im proved 

growth and that the rate o f  girth increm ent w as found to be higher in 

m agnesium  applied areas w hich had m agnesium  deficiency. Reports o f 

Rubber R esearch Institu te o f  Sri Lanka (1987) and Y ogaratnam  and 

W eerasuriya (1984) also have indicated increased girth v/ith m oderate 

m agnesium  application. In the traditional rubber grow ing regions in India, 

m agnesium  application is recom m ended only in regions w here it is deficient



N utrient interactions ^were seen to influence grow th o f  young 

rubber. Owen et al (1957) obtained both positive and negative N P interaction 

on growth. NK, PK  and N PK  w ere also h ighlighted by them . George (1963) 

also reported positive N K  interaction on plant girth. B olton and Shorrocks 

(1961) showed positive NP interaction helped in growth. W ith various 

nutrient interactions influencing plant grow th a balanced m anuring regim e is 

o f  vital im portance in bringing the trees to tappable girth early.

2.7. A pplied  n u tr ie n ts  an d  its influence on yield an d  yield com ponen ts .

M ajor nutrients viz. nitrogen, phosphorus and potassium  exert a 

positive influence on the yield o f  rubber. This could be due to a direct effect 

or m ediated through their effect on grow th o f bark, bark renewal etc. 

(Samsidar et al, 1976 ). Constable (1953) reporting on the Ceylonees long 

term fertilizer trial using clonal m aterial, show ed that use o f  N PK  fertilizers 

during the im m ature phase and in the early tapping years resulted in a 27% 

yield increase. G uha and Pushparajah (1966) obtained 22 per cent increase in 

yield from  com bined application o f  N , P and K  in M alaysia. Beneficial 

effects o f  m anuring on yield w ere also reported  by Potty et al (1980), Rubber 

Research Institute o f  Sri L anka (1988 and 1989) and M athew  et a / (1989).



2.7.1. N itrogen

O w en et al (1957) did not find significant influence o f  applied 

nitrogen on yield during the first four years. G eorge (1963), Guha (1975), 

Punnoose et al (1976), Potty et al (1976) and A ngkapradip ta et al (1986) on 

the other hand obtained yield  response to nitrogen application. Y ogaratnam  

and W eerasurya (1984) obtained response to h igher levels o f  N application 

and the response w as-reported to be m ore pronounced w ith tim e. The general 

nitrogen recom m endation  o f  R R Il for m ature rubber is 30 kg h a '’.

2.7.2. P h o sp h o ru s

Owen et al (1957) observed response in yield to phosphorus 

application during the first four years. W hen soil phosphorus was low 

response in yield to added P w as obtained (Punnoose et al, 1976). S im ilar 

results w ere obtained by Potty  et al (1976) and Pushparajah et al (1976 a). 

Haines and C rother (1940) reported that the effect o f  phosphorus applied 

during im m ature phase continued to early years o f  tapping.

2.7.3. P o ta ss iu m .

R eports from  M alaysia and Sri Lanka indicate varying 

responses to applied  potassium  during the m ature phase o f  rubber 

(Y ogaratnam  and W eerasuriya,1984; R ubber R esearch Institu te o f  M alaya, 

1971 b. P.unnoose et a l (1976) found significant y ield  increase w ith  K



application during the initial four years o f  tapping. T he residual effect o f  1C in 

the subsequent years also p roduced significant yield increase w ith 1 0 0  kg 

K 2O ha’', w hen soil M g was also very high. A pplication  o f  K  fertilizers has 

been show n to be particu larly  im portant in sustain ing yield  (S ivanadyan et 

al,\912). Potassium  is reported  to increase the potassium  and phosphorus 

level in the latex and at the sam e tim e suppressing the levels o f  m agnesium  

and calcium  (Pushparajah , 1969; Pushparajah et al, 1976 b). Philpot and 

W estgarth (1953) w orking  w ith centrifuged latex reported  that latex with high 

phosphorus/potassium  appeared to have high m echanical stability  w hile those 

with high m agnesium  had low stability. An increased addition o f  potassium  

in V ietnam  terrarosa soil has increased the yield by increasing  the P/M g ratio 

in the clone, GL 1 w hich is high in latex M g (B eaufils,1954). Pushparajah et 

al (1976 b) show ed that application o f  K increased flow  rate and yield. The 

beneficial effect o f  K possibly  through the low ering o f  M g and increase in P 

content or due to K increasing the stability o f  latex. Y ip and G om ez (1984) 

showed that K  has a d irect or indirect role in reducing pre-coagulation  and 

thus increasing flow  giving h igher yields w hich can be expected to be more 

stable.

2.8. Soil a n d  le a f  n u t r i e n t  s ta tus .

C ritical levels o f  nutrients have been fixed by the R ubber 

Research Institu te  o f  India (Pushpadas and A hm ed, 1980) for discriminator}' 

approach in fertilizer application for rubber. O rganic carbon is taken as the 

m dex o f available n itrogen. A  value o f  less than  0.75 p er cent is considered



j r and m ore than 1.5 per cent as high. The available phosphorus (extraclcd 

by Bray H reagent) content ranging from 1 to 2.5 m g/100 gm soil is 

c o n s i d e r e d  to be m edium  in relation to rubber nutrition. For available 

potassium the m edium  range is 5 to 12.5 m g/100 gm soil and for available 

magnesium the m edium  range is 1 to 2.5 m g/100 gm soil.

In T ripura (NE, India) application o f  fertilizers increased the 

available nutrient status o f  the soil w hich was also reflected  in the leaf 

nutrient content (K rishnakum ar and Potty, 1989).



C H A P T E R  III 

M a te r ia ls  a n d  M ethods.

A grom anagem ent practices can regulate  p lan t grow th during 

various seasons. T he agroclim atic condition prevailing  in T ripura is not 

typically tropical. R ubber is know n to thrive best in a tropical environm ent 

within 10° N orth  and South o f  the equator. Though the clim atic condition 

prevailing in T ripura  is different from  the recorded agroclim atic requirem ent 

o f Hevea, this tree has been thriv ing  reasonably w ell in T ripura during the 

last four decades. H ow ever analysis o f  the grow th pattern o f  Hevea  has 

revealed d istinct grow th patterns during different seasons. The present study 

was therefore undertaken to m onitor the influence o f  three m ajor nutrients on 

the grow th o f  young Hevea  plants at d ifferent grow ing seasons and under 

different m oisture regim es in the agroclim atic condition o f  Tripura.

3.1. Site Details.

The R egional R esearch  Station, A gartala  is situated at 23° 53' 

North and 91 ° 15' E ast latitude at an altitude o f  16.6 m above M SL. 

Experim ent in the im m ature phase w as laid out in a flat open area in the 

research farm  o f  RRS. The soil in the experim ental area is fine loam y, m ixed 

hypertherm ic T ypic D ystrochrept (B hattacharya et al, 1996) w ith a pH  o f 

4.45. In itial available nu trien t status o f  the soil show ed an organic carbon 

content o f  0.71 per cent, availab le content o f  0.24 P, 7.13 K, 14.04 C a and



7  2 4  mg ' surface 15 cm w as taken for filling

the polybags. S tones and debris w ere rem oved before filling. The 

m icrom eteorological param eters observed during the period o f  study is shown 

in appendix. 1 .

3.2. Im m a tu r e  phase.

To study the influence o f  irrigation and nutrients on the gi'owth 

o f young rubber plants, an experim ent was started in A ugust 1991. Polythene 

bags o f  size 60 cm w idth and 90 cm length o f  1000 gauge thickness was 

filled w ith soil and arranged in trenches o f  size 60 cm during A ugust 1991. 

The soil in these bags was allow ed to settle and budded stum ps o f  rubber . 

clone R RIM  600 w ere planted in these bags during O ctober 1991.

3.2.1. Design and layout.

The experim ent was laid out in a split p lot factorial design with 

three replications. Irrigation treatm ent to m aintain three m oisture regim es 

was allotted to the w hole p lo t treatm ent and a 3  ̂N PK  factorial com bination 

o f  nutrient application  constitu ted the sub-plot treatm ent (Fig 1). This 

experim ental design was chosen to get inform ation on the influence o f  soil 

m oisture reg im e alone and also on applied nutrients and their interaction on 

the grow th param eters o f  young rubber.



Fig 1. Layout of the experim ent in llie in u n a tu rc  phase

(One replication)

Whole plots 
Sub plots :

(M,) (M ,) ■ (M 3)
N P K N P K N P K
0  0  0 0 0 0 0  0  0

0  0  1 0 0 1 0  0  1

0  0  2 0 0 2  • 0  0  2

0  1 0 0 1 0 0  1 0

0  1 1 0 1 1 0  1 1

0  1 2 0 1 2 0  1 2

0  2  0 0 2 0 0  2  0

0  2  1 , ' 0 2 1 0  2  1

0  2  2 0 2 2 0  2  2

1 0  0 1 0 0 1 0  0

1 0  1 1 0 1 1 0  1

1 0  2 1 0 2 1 0  2

1 1 0 1 1 0 1 1 0

1 1 1 1 1 1 1 1 1

1 I 2 1 1 2 1 1 2

1 2  0 1 2 0 1 2  0

1 2  1 1 2 1 1 2  1

1 2  1 1 2 1 1 2  1

2  0  0 2 0 0 2  0  0

2  0  1 2  0 1 2  0  1

2  0  2 2  0 2 2  0  2

2  1 0 2 1 0 2  1 0

2  1 1 2 1 1 2  1 1

2  1 2 2 1 2 2  1 2

2  2  0 2 2 0 2  2  0

2  2  1 2 2 1 2  2  1

2  2  2 2 2 2 2  2  2

0 - No fertilizers 1- 40 kg ha’’ 2- 80 kg ha"' 
M, - Moisture regime o f -0.03 MPa 
M2 - Moisture regime of -0.10 MPa 
M3 - Moisture regime o f -0.50 Mpa



■*" 0-15 cm 

-^15-30 cm
»

■*" 30-60 cm 

— 60-90 cm 

■^90-120 cm

Soil moisture tension

Fig 2. Soil moisture characteristic curve



3.2.2. M oistu re  reg im es.

The three m oisture regim e treatm ents w ere upto -0.033, 

- 0  033 to -0.10 and -0.033 to -0.50 M Pa. A  soil m oisture characteristic  curve 

was prepared using the d isturbed  soil (Fig. 2) and the quantum  o f  w ater 

required to charge the po lybag  plants corresponding to -0.033 M Pa (the field 

capacity) was calibrated. For m aintain ing the other tw o m oisture regim es 

between -0.033 to -0.10 and -0.033 t o -0.50 M Pa the plots w ere allow ed to 

deplete to -0.10 and -0.50 M Pa respectively  and irrigated back to -0.033 MPa 

. The soil m oisture percentage in the treatm ents w ere m onitored em ploying 

the technique o f  T im e D om ain R eflectom etry (TD R) using a TRA SE 

SYSTEM  (Soil M oisture Corp. Inc. USA). Plants in the w hole plots were 

thus subjected to alternate w etting and drying cycles.The three m oisture 

regimes is designated as -0.033 (M i), -0.10 (M 2 ) and -0.50 (M 3 ) MPa 

henceforth. Irrigation im position in all treatm ents was done only during Ihe 

period from  O ctober - A pril in 1991-92 and in the sam e period during 

1992-93. The objective o f  im posing these m oisture regim es w ere to study the 

influence o f  irrigation during the early growth phase o f  plants which 

coincides w ith  the dry and w in ter period in this region.

3.2.3. Schedule o f fertilizer application.

A general fertilizer recom m endation has been adopted for 

young rubber in T ripura. This recom m endation has been evolved on an adhoc 

basis based on early  results o f  som e nutritional trials (K rishnakum ar and



poiiy>
d April - November which corresponds to summer and from 

mber to April corresponding to winter. Growth o f plants are reported to 

"nfluenced by the quantity o f various nutrients, during various seasons, 

fhe present study envisages to monitor the influence o f 3 major nutrients viz. 

jyj p and K on the growth of H e v e a  plants during the above two seasons in the

tiiree moisture regimes.

Nitrogen was supplied through urea (46 per cent N), 50 per ccnt 

of phosphorus was supplied in water soluble form (single super phosphate, 18 

per cent P2O5) remaining in water insoluble form (Mussourie rock

phosphate, 18 per cent P2O5). Potassium was supplied as muriate of potash 

(60 per cent K2O). The area available in polybags for applying these 

fertilizers was also taken into consideration while calculating the quantity of 

fertilizers. This aspect was considered because a larger application area is 

available for rubber plants grown in the field. The first application of 

nutrients for immature rubber is given two to three months after planting. In 

this experiment the first dose of fertilizers was given in November. 1 montli 

after planting. In the 2nd year during 1992, the fertilizers were applied in 2 

splits, during April and September. Fertilizer application in polybags was 

done in a band around the plant base and gently forked in.



3.2.4. Observations recorded.

3.2.4.1. Plant height.

Height of plants from the bud union was measured using a tape 

till the plants were 6 months old. Subsequent plant heights were not 

recorded. Height is reported in centimeter (cm).

3.2.4.2. Plant girth.

Diameter of plants from all the treatments were taken using a 

vernier caliper, at a height o f 10 cm from the bud union. Diameter readings 

were then converted and reported as girth (circumference) in cm.

3.2.4.3. Whori number.

The number of whorls which developed upto the 10th month 

after planting was recorded during the 6th and 10th month respectively.

3.2.4.4. Transpiration and stomata! conductance.

Recording of transpiration and stomatal conductance (g j was 

limited to nine nutrient combinations in all the three moisture regimes using a

portable steady state porometer (LI COR Inc. USA) and reported in
2 1mmol m' s' . Recording time was from 8.30 am to 10.30 am, during



pecember and April. The period of December represents winter and April the 

post winter period.

3.2.4.5- Biomass estimation.

The method of Shorrocks e t  a l  (1965) was used in the 

estimation of biomass

W = 0.002604 G where W= shoot weight and G= girth in cm.

3.2.4.6. Relative growth rate (RGR)

RGR was worked out using the natural logarithm of biomass 

values. Ln biomass 2 - Ln biomass 1 (kg season ')

3.2.4.V. Root biomass.

To study the influence of different moisture and nutrient 

treatments on the root biomass, plants from 18 nutrient combinations and 2 

moisture regimes were taken for sampling. After the above ground portion of 

the selected plants were cut back, the bags containing the roots were dug out 

from the trenches and apportioned into 3 equal parts to study the root 

biomass. Roots from each o f these soil strata was carefully extracted by wet 

sieving. These were then owen dried and the dry weight (g) recorded.



3.2.5. Analysis of soil and p lan t,

3.2.5.1. Soil.

Soil taken for filling the polybags were subjected to chemical analysis 

to determine the initial soil fertility status. Organic carbon was determined by 

the wet digestion method of Walkley and Black (Jackson, 1973). Available 

phosphorus in soils was determined colorimetrically using Bray II reagent 

(Bray and Kurtz, 1945). The available potassium, calcium and magnesium 

was determined after extraction with Morgans reagent, and read in a zeeman 

Polaroid atomic absorption spectrophotometer (Hitachi), the procedure used 

by Rubber Research Institute of India (Karthikakuttyamma , 1989).

3.2.5.2. Leaf and bark.

To study the uptake of nutrients at various moisture and 

nutrient regimes, foliar analysis was carried out for major nutrients v iz .  N, P, 

K, Ca and Mg. The assessment o f nutrient requirement through leaf analysis 

was reported by Chapman (1941), Beaufils (1955) and Shorrocks (1961). 

Basal leaves from the terminal whorl were selected for analysis. Bark 

samples taken from selected treatments were also taken and processed as per 

standard procedure (Karthikakuttyamma, 1989). Nitrogen was estimated by 

the Microkjeldhal method. Phosphorus, potassium, calcium and magnesium 

by method adopted by RRII as described by Karthikakuttyamma(1989).



The data collected from the immature phase on plant height, 

girth, biomass, RGR and leaf nutrients were analyzed statistically using the 

analysis of variance for 3̂  factorial split plot and the significance tested by 

the F-test (Cochran and Cox, 1965). The Least Significant Difference (LSD) 

was worked out for mean separation at the appropriate level o f probability 

where F-test was significant. LSD values was not worked out in cases where 

the F test was not significant. Data on transpiration, stomatal conductance 

(gs)> root biomass and bark nutrients were done on selected treatment 

combinations taken in a split plot design. The analysis o f variance was done 

for split plot and mean separation carried out using LSD when the F-test was 

significant. Growth and meteorological parameters were subjected to 

correlation analysis. The statistical analysis was done on a PC (Pentium, 

Acer) using the MSTAT package (Michigan State University, USA).

3.3. Mature phase

Yielding pattern of H e v e a  has been observed to be closely 

associated with agroclimatic conditions. During winter when the temperature 

drops, it has been observed that the dry rubber content (DRC) decreases and 

that there is a prolonged flow. This is a result o f various stress factors acting 

on the trees. Latex flow is governed by soil moisture and nutrients, 

particularly phosphorus, potassium and magnesium along with other factors. 

The present study was therefore taken up with a view to monitor the



influence o f irrigation and fertilizer doses on yield and yield components of 

rubber. A field experiment was laid out in an existing nine year planting at 

the Regional Research Station , Agartala of the RRII.

3.3.1. Experimental details

Though rainfall in Tripura is adequate to meet the water 

requirement o f H e v e a  on an annual basis, the distribution pattern leaves a 

period of around five months of dry period from November - April. This 

coincides with the winter period when trees are under cold as well as water 

stress. Occurrence of water deficit in N.E. India has already been rep.ortcd 

(Saseendran e t  a l ,  1993). During cold stress, the trees respond by dilution of 

DRC during tapping and latex continues to flow even after the usual plugging 

period. Plugging is related to the ionic balance and nutrient concentrations.

An experiment was therefore started during October 1991 to 

study the role o f irrigation in conjunction with nutrients to mitigate soil 

moisture and winter stress. The experiment was laid out in a nine year old 

rubber planting having clone RRIM 600 in a split plot design. The whole plot 

consisted of eight treatments involving two irrigation regimes viz.,

I]- With irrigation and

Iq- Without irrigation

and four nutrient combinations viz.

NPKq - No fertilizer application



j^pKi-NPK at 30 kg ha'

JSJPK2- NPK at 40 kg ha'

NPK3- NPK at 80 kg ha''

The treatment combination were as detailed below.

( l) I lN o  (2 )I iN P K i (3)I iN P K 2 (4) NPK3 

(5)IoNo (6)IoN P K , (7)IoNPK2 (8) Iq NPK3

The sub plot treatments were ten months starting from January 1992. viz.,

(1) Jan ’92 (2) Feb ’92 (3) Mar’92 (4) Sep’92

(5) O ct’92 (6) Nov ’92 (7) Dec’92 (8) Jan’93

(9) Feb’93 (lO)Mar ’93

Months were taken as the sub plot treatment to study the 

influence of irrigation and nutrients during different months. Each plot 

consisted of 20 trees with 6 net trees on which yield recordings were made. 

The experiment was replicated twice.

In the irrigation treatment plots, irrigation was given to charge 

the root zone depth of 15 cm to -0.033 MPa moisture potential. 240 1 water 

per tree was found adequate to meet the field capacity requirement of the soil. 

Soil moisture at the end of the fortnight was found to be depleted to -0.10 

MPa before the next irrigation. In the irrigated plots the soil moisture was

thus in the range of -0.03 to -0.10 MPa. Water was applied in the inter-row

spaces.

The general fertilizer recommendation for mature rubber in 

Tripura is 35 kg NPK h a '\ Nutrient doses higher than the general
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recommendation was considered in this experiment to know if higher 

nutrition under irrigated and unirrigated condition has a regulatory influence 

on latex flow during winter. The first nutrient imposition was in October

1991 when the total annual application was given in a single dose. During

1992 the nutrients as per treatment was given in 2 split doses, the first in 

April and'the second in August 1992. The experiment was continued upto 

March 1993. Layout of the experiment is given in fig 1(b).

3.3.2. Observations.

3.3.2.1. Soil available nutrients.

Available nutrients in the soil both in the pre and post treatment 

period was sampled and analyzed. Analysis o f organic carbon, phosphorus, 

potassium, calcium and magnesium was done using the methods described 

earlier (Jackson. 1973).

3.3.2.2. Tree Girth and length of tapping cut.

Tree girth (circumference) was measured periodically at a 

height o f 150 cm above the bud union using a tape. The length of tapping 

panel was also measured for assessing the mean flow per unit length o f cut.
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Soil moisture was estimated by the gravimetric metiiod. Soil 

moisture tension was estimated from a characteristic curve prepared using 

pressure plate apparatus (Richards, 1949) and soil moisture distribution 

pattern at various depths was ascertained (Fig. 4). Soil moisture tension in the 

unirrigated plots was in the range of 0.09 to 0.87 MPa and in the irrigated in 

the range of 0.03 to 0.10 MPa during Oct-Apr.

33.2.4. Meteorological parameters.

Daily recordings of the meteorological parameters viz. 

Temperature (max. and min.), relative humidity, sunshine duration, pan 

evaporation and rainfall was obtained from the agrometeorology station of 

RRS, Agartala. The mean monthly and weekly data was calculated.

332.5. Yield and yield components.

Yield and yield components were recorded on the 6 net trees 

from each plot at fortnightly intervals. Total latex volume, the dry rubber 

content and plugging index were recorded from January 1991 to March 1992. 

Dry rubber content was determined by talcing a small quantity of fresh latex, 

'veighing it and then coagulating it with 1 %  formic acid. The coagulum was 

then squeezed to separate the rubber which was dried at 70° c. The DRC is 

then expressed in percentage (w/w). Plugging index was calculated as per the 

formula of M ilford ef f l / (1969).



Mean flow within tiie first 5 minute (ml min"')
PI== _________________________________________ X 100

Total latex yield (ml)

The turgor pressure of latex vessels was monitored following 

the method outlined by Raghavendra e t  a l  (1984). Disposable mini 

manometers made of 21 gauge syringe needles ground at the tip attached to 

no 48 surgical poythene tubing which were sealed (the total length of the 

manometer was 20 cm) were used. The length of air space trapped was 

calibrated against known pressures (Fig 3). By measuring the air space the 

turgor was determined.

The latex potassium, calcium and magnesium were determined 

as follows. To 5 gm total solid (dried latex) HNO3 was added to wet Ihc 

sample and ashed at 555° C for 3 hours. The ash was digested in a waterbiith 

with 1 ml HNO3 and 5 ml distilled water for 30 min. and the contents 

transferred to a 100 ml volumetric flask and the volume made up. Calcium 

and magnesium in the. extract was determined by Atomic Absorption 

Spectrophotometer and potassium by flamephotometer by ISI method for test 

ofNR(ISI, 1966).

Total soluble sugars was estimated by the method of Scott and 

Melvin (1953). About 1 gm of latex was extracted with 2.5 per cent TCA and 

made upto a known volume. Aliquots were used for the estimation of sugar. 2 

gm anthrone was dissolved in a litre o f concentrated H2SO4. Iml of the TCA



extract was evaporated to dryness in a water bath. 1 ml of water was added 

and the tubes were kept in an ice bath. 4 ml of anthrone reagent was added 

and the tubes were kept in an ice bath. 4 ml of anthrone reagent was added 

and the tubes were kept in an ice bath for 10 min. The tubes were shaken 

well, heated in boiling water for 10 min. and cooled. The optical density was 

measured at 620 nm.

Inorganic phosphorus was determined by the method of 

Taussky and Shorr (1953). Reagents - Sulpho-molybdenum solution- 10 per 

cent. At the time of analysis, 5 gm of ferrous sulphate and 10 ml oi' 

sulphomolybdic solution were mixed in a 100 ml volumetric flask and ihe 

volume made upto 100 ml with distilled water. 0.2 ml of the latex extract 

prepared was pipetted and the volume made upto 2 ml with 2.5 per cent TCA.

2 ml of sulphomolybdic acid reagent was then added and the absorbance 

measured at 740 nm using potassium dihydrogen orthophosphate as standard.

To closely monitor the yield during winter, weekly yield was 

collected during Jan, Feb. and Mar ‘93. The weekly yield represents mean 

yield obtained from 2 tappings in a week.

3.4. Statistical analysis.

The data on yield and yield components were analyzed using the 

analysis of variance for the split plot design (Snedecor and Cochran, 1968). 

Mean separation when F-test was significant was done using LSD. The



statistical analysis was done on a PC (Pentium, Acer) using the MSTAT 

package (Michigan State University, USA). To study the interrelationship of. 

yield, its components and meteorological parameters, a path coefficient 

analysis was performed (Singh and Choudhury, 1985).



CHAPTER IV 

RESULTS AND DISCUSSION

4  1 Effect of moisture regimes on plant parameters and physiological 

functions: Immature phase.

4 .1 .1 . Plant height.

The height of plants under various moisture regimes is given 

in Table 1. There was significant difference in the height of plants v/ith 

moisture regimes, both at 3 and 6 months after planting corresponding to 

winter and post winter period. During the winter period from Oct-Jan, 

plants growing in moisture regime of -0.033 MPa (M l) recorded a 

significantly higher plant heigiit than those growing in the lower moisture 

regimes. The plants growing in M, moisture had 13.81 % and 18.76 per 

cent more height than the plants growing respectively in -0.10 MPa (M,) 

moisture regime -0.50 MPa (M,) moisture regime. The relative increase in 

plant height was observed to be greater during the winter period than 

during post-winter period. During winter the plant height at M, moisture 

regime was 18.76 % more as compared to 12.75 % during the post-winter 

period in M,. Plant height in moisture regimes of M, and M3 were on par,

3 and 6 months after planting . The impact of irrigation on plant height 

was conspicuous in the 10 th month after planting. Irrigation treatment 

was discontinued in April’92 and the plots started receiving monsoon rain 

thereafter. This may be the reason why plant height was on par in the three 

nioisture regimes.



Moisture
regime
(MPa)

January April 
3 6 
(Months after planting)

August
10

-0.033 (Ml) 54.52 78.38 183.76
-0.10 (M2) 46.99 72.94 176.96
-0.50 (M3) 44.29 68.39 166.61

LSD(P-O.Ol) 4.75 5.92 ns

Table 2. Influence of moisture regimes on plant girth (cm)

Moisture
regimes
(MPa)

Jan
3

Apr
6

Aug Oct Dec 
10 12 14 

(Months after planting)

Apr
18

-0.03 (Ml) 2.21 2.74 4.95 6.96 8.35 10.15
-0.10 (M2) 1.99 2.58 4.87 6.85 7.94 8.54
-0.50 (M3) 1.83 2.42 , 4.46 6.37 7.31 7.80

LSD(P=0.05) 0.22 0.17 ns ns 0.56 0.16



There was an overall advantage in plant height in the high 

soil moisture regime (M,). The height increment was more during April to 

August than during January to April in all the three moisture regimes, 

with the highest increment in M, plots. It is possible that during its early 

growth stages, H e v e a  plants follow a rhythmic growth pattern whereby 

rapid shoot elongation periods are separated by rest or stagnant periods. 

This may be the reason for a decreased growth rate during the period from 

winter to post winter. Though moisture status may not be the only limiting 

factor for plant growth in this region, adequate soil mtiisture during low 

growth period is important. The result obtained in the study are in 

conformity with the findings of Haridas (1980) on the height increase of 

y o n n g  H e v e a  plants in Malaysia.

4.1.2. Plant Girth.

The influence of irrigation on plant girth was evident three 

months after planting when the plants grown in moisture regime of M, 

registered nearly 18 per cent higher girth compared to those grown in M;, 

(Table 2). The girth of plants continued to be significantly higher in the 

higher moisture plots 6 months after planting. The impact of irrigation in 

terms of girth increment during the early growth phase is observed to be 

more prominent during the winter period than in the post winter period in 

the first year. Growth of plants in the wet season (Aug - Oct) that 

followed, was non significant. When the moisture regime was re-imposed 

from October in  the second year of planting, plants grown in M, moisture 

registered a 10 per cent increase in girth than those in M., moisture. Plants 

in the M, moisture regime 18 months after planting showed 23 per cent



increase in girth over the plants grown in M., as recorded in April’93. 

R e s u l t s  clearly show that irrigation during winter and post winter period 

i . e .  Jan to April was beneficial to plants by resulting in higher girth.

The early growth phase of plantations in Tripura coincidcs 

with the onset o f winter and there is a lag phase in growth during this 

period. Irrigation overcomes the stress experienced during the winter 

period which coincides with low soil moisture and helps the plants to 

maintain a steady growth rate during this period. Results indicate ihai 

irrigation during v̂ 'inter helps to mitigate stress factors to a cenain extent 

during the early immature phase of Hevea. This could help in achieving a 

uniform growth rate besides maintaining a higher growth rate, which 

would help in attaining tappable girth early, [n areas where rubber is 

grown and where moisture deficit exists in summer months, irrigation has 

been reported to help the plants attain a faster growth rate. (Jessy e i  

(7/.1994; Chandrashekar^r a l A 9 9 4 )

4 .U . Number of Whorls.

The influence of irrigation during the early growth period of 

six months after planting, though not significant, provided the plants with 

a higher number of whorls in the M, moisture plots (Table3). In the wet 

season following it, the plants, ten months after planting, growing in M, 

have maintained a higher growth rate as evidenced by a higher number of 

whorls. A higher number of whorls in the pre winter season would ensure 
■»

that these plants by virtue of having higher total leaf area will have a 

better photosynthctic activity which could promote a better growth rate
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^  during w inter that could follow. Increase in the num ber o f  whorls with 

_  ’ irrigatio*! w as reported from K erala. (Jessy et a / , 1996).

4.1.4. Biomass.

B iom ass  data show ed that during the early m onths, after the 

planting in w inter, h igher m oisture  regim es significantly enhanced 

biomass production (Fig. 5). The trend continued up to April, the post 

winter period. This  is in conform ity  with the findings o f  Madeira and 

Pereira (1990/91) and G upta  et al (1996) who show ed that irrigation 

during dry season increased biom ass production in the early growth 

stages. No significant d ifference in biom ass was observed in the rainy 

season (A ug-O ct) betw een the m oisture regimes. During D ecem ber, in the 

winter phase again , h igher moisture regim es helped in h igher biomass 

accumulation. The production o f biom ass at the end o f  April, 18 months 

after p lan ting  also show ed a significant increase. B iom ass increment 

during different seasons is shown in Fig, 6 . Though biom ass increment 

was observed to be h igher in M, p lo ts , the influence o f  soil moisture in 

consolidating the biom ass o f  plants was significant during the period from 

N ov-D ec’92 and Jan -A p r’93 . The inform ation that plants growing in M, 

produced a com parable  b iom ass as that o f  plants in M , by the end o f  the 

year, cou ld  be usefully explo ited  under field conditions during  dry spells 

when w ater  supply is lim ited. *
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During the early phase o f  grow th i.e. 3 to 6  months after 

planting, the m oisture  regim es could  not influence the RGR (Fig. 7). 

However, a fter 12 m onths the R G R  was h igher for the plants maintained 

at M,. A  significant impact o f  irrigation was seen only during D ecem ber to 

April, the period w hen there is a soil m oisture deficit. This period 

encounters stresses o f  two kinds, nam ely, low tem perature and soil 

moisture deficit resulting in the lowest growth rate o f  plants. Irrigation 

provided prior to the onset o f  this stress period has been observed to help 

the plants in m itigating the stress as m anifested by a higher biomass 

content. T hough  the influence o f  inoisture was not significant on the RGR 

taking the grow th rate on an annual basis, a higher RGR was observed at 

M, moisture regime during O ctober to April, This  period could be 

critically im portant to young rubber grow n in Tripura and could be 

exploited under field conditions by  irrigating only during this period to 

ensure a m odest grow th rate.

T here  are reports o f  reduced growth o f  young rubber under 

soil m oisture  deficit conditions from many rubber grow ing countries 

(Omont, 1982 ; Saengruksow ong  et al, 1983; Pushparajah and Harldas, 

1977; C handrashekar ei al, 1994). Increasing the m oisture  availability to 

plants by irrigation and  o ther conservation techniques have shown that 

problem s o f  initial estab lishm ent, grow th retardation and low yield can be 

controlled-to som e extent (Pushparajah and Haridas, 1977; V ijayakum ar t'/ 

1988). M ain tain ing  a h igher R G R  during  the w in ter when rate o f  

growth is m in im um  is im portant as this w ould  help the plants in



Moisture
reg im es

(MPa)

April August
6 10
(Months after planting)

-0.03 (Ml) 3.01 5.88

-0.10 (M2) 2.74 5.25

-0.50 (M3) 2.31 5.20

LSD(P=0.01) ns 0.36

Table 4. Effect of moisture regimes on transpiration 
stomatal conductance ( mmol m’̂ sec *').

and

Moisture
regime
(MPa) TR

December 
(14 MAP)

gs TR

April 
(18 MAP)

gs

-0.03 (Ml) 2.00 99.58 3.28 190.29

-0.10 (M2) 1.48 79.34 2.89 162.08

-0.50 (M3) 0.96 71.73 2.58 117.63

LSD(P=0.05) 0.73 14.58 0.68 29.92

Map - Months after planting. TR- Transpiration 
8s ‘ Stomatal conductance



i^giPfaining a higher grow th rate during  the subsequent seasons thereby 

j^^lpjng in achieving an overall h igher grow th rate. Such a growth pattern 

■ has been reported by C handrashekar et al (1994) during  dry and wet 

^ seasons in the non traditional rubber region viz ,, K onkan in W estern India.

4 .1 .6 . Transpiration-

Transpiration was recorded during the dry months (Table 

4 ). During D ecem ber *92 , 14 m onths after planting a significantly 

higher rate o f  transpiration was noticed in M, com pared to M, moisture 

regime. Transpiration in the M , regim e was also high. Soil moisture has a 

definite influence on transpiration during  w in ter as could be seen from the 

higher transpiration o f  plants m aintained at high soil moisture regime. 

While transpiration was on par in M, and M, m oisture regimes, it 

dropped significantly in the M.  ̂m oisture regime. This suggests that M, and 

M3 moisture regime is o f  significance to plant growth.

Transpiration w as 26 per cent less in soil m oisture tension o f 

M, than in M, during w inter, while  the reduction was only 11.89 per cent 

at the sam e soil m oisture tension in the post w in ter period. A 108 per cent 

reduction in transpiration w as observed in M 3 during the w inter period 

compared to M ,, the corresponding  percentage reduction in transpiration 

in this m oisture regim e during the post w in ter period was only 2 1  per cent. 

Transpiration in w in ter phase was about ha lf  that in post w in ter phase for 

both M, and M 2 m oisture regim e, the reduction, how ever was not 

. ^  statistically significant. The reduction in transpiration during w inter and 

post w in ter period in the M^ m oisture  regim e com pared  to M, was



. «ificant. T h e  data suggest that transpiration is regulated by soil si§
moisture deficit during winter and post winter periods. The extent of

i

r e d u c t io n  in  transpiration is also influenced b y  the soil moisture tensions. 

It  can be inferred that the plants suffer a greater degree of stress at M., 

during winter period than in the post winter period. The effect of water 

a v a i l a b i l i t y  on growth when investigated showed that leaf water potential, 

relative water content and canopy transpiration were reduced with 

increasing soil water stress (Ismail e t  a l ,  1994).

4.1.7. Stom atal conductance (g,).

Data on the influence of moisture regimes on stomatal 

conductance is given in Table 4. In M, the ĝ  during winter was 

significantly higher than that in Ms moisture regime. During December i.e. 

peak winter period, there was no significant difference in gs between M. 

and M,,. During April i.e. the recording after winter period, a comparison 

of gs between three moisture regimes showed that ĝ  Is highest in M, 

followed by M, and M, and the variation was significant. Stomatal 

conductance in M, was significantly higher than that in M , and that in M, 

was higher than that in M,; while gs in M, and M, varied significantly in 

December, the variation was not significant in April. At higher moisture 

tension during winter, the gs presumably got adjusted by stomatal 

regulation. The decrease in ĝ  from M, to a higher soil moisture tension 

level of M3 was not significant during December but when the moisture 

^evel dropped from M, to M, the ĝ  decreased significantly. Stomatal 

conductance is a physiological parameter which indicates the plant water 

status in relation to its growing environment. Non significant variation of



between M. and M, range suggest that plants can tide over winter period 

even at a higher soil moisture tension. Maintenance of a higher soil 

f  moisture tension of M, would be adequate to meet the water requirement. 

' Unlike in annual crops boundary layer conditions change frequently in 

tree crops due to canopy movement brought about by change in wind 

speed. Therefore ĝ  to a great extent in tree crops like rubber will be 

influenced by the atmospheric conditions also. During winter the air 

turbulence can be expected to be lower than that during the post winter 

period and a relatively low gj obtained during winter in the present study 

can be attributed to this.

The ĝ  during April in the three soil moisture regimes 

revealed that there was a significant reduction in the ĝ  as the soil moisture 

tension increased from M, to M, and from M, to M,. It can be said that in 

the post winter period a moisture range of M, appears to be of 

significance. Stomata play a significant role in water conservation, and 

soil moisture deficit can influence stomatal closure even though leaf water 

potential do not change significantly. (Mansfield e t  a l ,  1990). There arc 

reports which consider the deleterious effect of water stress on 

photosynthesis to be indirect, the primary effect being stomatal closurc 

(Jones, 1985 ; Cornice e t  a l ,  1987). Stomatal conductance is a 

phenomenon directly related to the opening of stomatal aperture. This 

indirectly has a bearing on growth as it results in an intake of carbon 

<iioxide. Maintenance of higher moisture level during post winter period 

therefore is expected to maintain a higher ĝ  and consequently a better



^ photosynthetic activity. Photosynthetic inhibition during water stress has 

been reported (Kaiser, 1984 ; Leegood e t  a l ,  1985).

i
ir

4  1^ . Effect o f  m oisture regim es on plants in the im m atu re  phase.

E'

Irrigation provided to maintain higher soil moisture 

availability has been observed to influence all the growth parameters as 

well as the physiological parameters namely, transpiration and ĝ  recorded 

during the study in the immature period of H e v e a .  The observation on 

biomass has revealed that the moisture regime of M, has helped in a 

significantly higher biomass build up than at M, and M, but there was no 

significant difference in biomass increment between M, and M, moisture 

regimes. This trend was observed in the second year post winter season 

also. In the case of g. also a similar trend was observed. Tlic data on all tlie 

parameters studied indicated that M, provided the best growing 

environment with respect to moisture i o i  H e v e a  irrespective of the season. 

However, a distinct difference in growth pattern at higher soil moisture 

tensions of M. and M, in the two seasons was noticed. Moisture 

management practices, distinctly different, may therefore be necessary 

during winter and pre / post winter period. Cost benefit and critical 

moisture levels need to be looked into for which further studies are 

necessary.



Treatments
(nutrients

kg ha'̂ )

(Jan’92) 
3 MAP

(Apr’92)
6MAP

(A ug’92
lONlAP

No
N ,

. 47.88 71.97 179.81
48.40 7437 19235
49.52 73.17 155.18

F ratio ns ns * *

Po 49.74 73.71 164.78

P.
P ,

47.03 73.01 176.97
49.03 72.99 18538

F ratio ns ns * «

K„ 49.50 72.12 178.27
K , 47.46 73.15 186.59
K , 48.84 74.44 162.47

F ratio 
LSD

ns ns * *

(N,P,K) - - 17.06

MAP- Months after planting
** - Significant at 1 %  level
N, P, K: 0- No fertilizer, 1- 40 kg ha ', 2- 80 kg ha '



Table 6.
Effect of applied nutrients on periodic girth o f plants (cm)

Treatments
(nutrients
kg ha‘‘)

(Jan’92)
3

(Apr’92)
6

(Aug’92) (Ocf92) 
10 12 

(Months after planting)

(Dec’92)
14

(Apr’93)
18

No 1.99 2.54 4.86 6.86 7.90 8.82

N. 2.05 2.62 5.06 7.07 8.29 9.29
2.06 2.58 4.36 6.26 7.42 8.38

F ratio ns ns ** >i<* ** **

Po 1.99 2.56 4.44 6.47 7.54 8.54
P. 2.01 2.59 4.81 6.72 7.89 8.93
P 2 2.03 2.58 5.03 7.01 8.17 9.03

F ratio ns ns ** ** ** *

iCo 2.02 2.57 4.69 6.07 7.59 8.52
K, 1.96 2.54 4.93 7.03 8.23 9.17
K, 2.07 2.63 4.65 6.46 7.78 8.80

F ratio
LSD
(N,P,K)

ns ns * ** ** **

(P=0.01) - - 0.32 0.40 0.47 0.47
(P=0.05) - - 0.24 - - 0.36

* - Significant at 5 % level. 
**- Significant at 1 % level.
N, P, K: 0- No fertilizer, 1- 40 kg ha'*, 2- 80 kg ha'
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 ̂ functions :lminature phase.

4.2.1. Plant height.

Nitrogen, phosphorus and potassium application did not 

influence the plant height up to 6 months after planting (Table 5). 

However nitrogen and potassium at higher levels increased the plant 

height, though the increase was non significant. Height of plants was 

significantly influenced by N, P and K addition, 10 months after planting. 

Plots with N at 40 kg ha ' (N,) recorded the highest plant height. This was 

however on par with plots where nitrogen fertilizer was not applied (N„) . 

The 80 kg N plots (N, ) showed lower height than N„. Higher dose 

appeared to have inhibited the growth. The height rccordcd in K applied 

plots also showed a similar trend, with height retardation observed in high
I

K applied plot of 80 kg ha ' . Plant height gained significantly with 

phosphorus application. Both 40 and 80 kg ha ’ P (P, and P,) gave better 

height than plots without P (P„). Phosphorus at P, and P, was on par. 

However the P, level can be considered as the optimum.

4.2.2. Plant Girth.

4.2.2.I. Nitrogen.

Plant girth recorded from 3 to 18 months after planting at 

different nutrient levels are given in Table 6 . The intervals represent 

winter period (Jan and Dec), post winter period (Apr and Aug) and pre­

winter (Oct). It can be seen that levels of nutrients did not have any 

significant effect on girth of plants during Januar>’ and April i.e. up to 6



alter plaining. An increase in girlh in general is however seen. 

^  T «ck of significant difference at higher level of N could be attributed to 

the early stage of plants when their root spread is not adequate for 

e x t r a c t io n  of nutrients. However N addition 10 months after planting 

significantly influenced plant girth. N, gave higher girth compared to N j . 

Girth in the N, and N„ plots were on par. However, the increase in average 

girth in the N, plots was nearly 5 per cent over the N„ plots during August 

to December. Nitrogen application of 40 kg ha'* has distinctly influenced 

the plant girth by April’93, which was significantly different from the N„ 

and Nj plots. Nitrogen at 40 kg ha ’ was observed to be adequate fpr 

young rubber plants up to 18 months after planting. The independent 

influence of N has been observed to be the highest for N, level. Growth 

depression at N, irrespective of the seasons has also been observed. 

Growth reduction at N, has been significant in 10, 12, 14 and 18 months 

after planting. Influence of N on girth increment also showed a similar
I

trend (Fig. 8) except during Jan-Apr’93 when girth increment was high in 

N, plots.

Influence of N on girth increment is shown in fig. 8 . 

Nitrogen did not significantly influence girth increment from Jan’92 to 

Apr’92. During May’92-Aug’92, N, gave higher girth increment compared 

to N„. A lesser girth increment in N, plots compared to N„ plots was also 

observed. Period from Nov-Dee also showed a similar trend, though the 

effect of N on girth increment was non significant. However during Nov- 

Dec’92 both N, and N, recorded higher girth increment than N„ plots. 

Highest girth increment during Jan-Apr’93 was observed in plots with N , , 

though girth p e r  s e  was lower in N, compared to N,. Increase in girth
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througli adclilioii o f iiiirogcn has been reported by many worKcrs ( Owen e t  

q I 1957 ; Kalam e t  a l ,  1980; Potty e t  a l  1980). Pushparajah and Haridas 

(1977) observed depressed growth in N applied plots without K 

application. Improved nitrogen nutrition is reported to lower water stress 

in trees and increase growth (Fife and Nambiar,1995).

4 2 2 2  Phosphorus.

Phosphorus at higher levels has been observed to increase 

the girth in general (Table 6). Increase has been found significant at P, 

level compared to PO plots. It has also been observed that girth increase 

from 10 to 18 months after planting particularly after 12 and 14 months, 

has been highest al P, level. Phosphorus is involved in various metabolic 

activities and also in root development. Higher levels of P would influence 

root proliferation and consequently a higher uptake of nutrients. Girth 

increment was observed to be ni.ore in P, and P, level of phosphorus 

application compared to P„ except during Sept-Oct period (Fig. 8). During 

the post winter period of May-Aug’92 when maximum growth was 

observed, girth increment was significantly higher in P, and P, plots. 

Young//evefl plants have been reported to respond to phosphatic fertilizer 

application (George, 1963), Phosphorus requirement in the traditional 

region during the first year is only 10 kg and during the second year at the 

rate of 40 kg ha"' and in N.E.lndia the present application rate is 40 

^g ha \  The soils of Tripura are deficient in P. Need for a higher level of 

P is therefore evident in Tripura as shown by the response data.



S  Response of plants to added potassium started becoming

significant by the tenth month after planting (Table 6). Potassium applied 

at 40 if^creased the girth significantly compared to 80 kg K.

application (K ,). By December, 14 months after planting, the K, and K, 

applied plots recorded significantly higher girth than K,, plots. Potassium 

at level was observed to inhibit the girth.

Soils of Tripura is predominantly illitic and the available K  

status of these soils are not satisfactory, may be due to fixation. 

Krishnakumar and Potty (1989) recommended a potassium dose of 14, 25, 

35 and 25 kg from the first to the fourth year. Krishnakumar e t  a l  (1993) 

suggested further work on K, taking into consideration the physico­

chemical aspects and stress conditions prevailing. A high native 

magnesium present in the soil is known to depress the available potassiurn 

content and hence a high level of K application is necessary to maintain a 

satisfactory level of available K. Increase in girth has been observed in K, 

plots. Girth increment was higher in K, plots from Jan-Dee,92 (Fig. 8). 

Period from Jan’93 -Apr’93 showed higher girth increment in K;. This 

period encounters low temperature during Jan and Feb and a higher girth 

increment observed in K, plots during this low growth period suggests a 

possible influence of K in offsetting winter effect to promote growth. 

Reviewing the work done in the traditional region on potassium, Punnoose 

^nd Mathew (’1993) concluded that in immature rubber, benefits from K 

^  application was observed only when the soil available K was poor and that
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F  injigcriininate application of K depresses growth. A similar trend as 

L ygported above was also indicated in the present study,

4 J  J .  N um b er o f  w horls .

The three levels of N and K were on par but at higher levels 

(80 kg) there was a decline in the number of whorls. Phosphorus was 

found to have contributed significantly to the increase in the number of 

whorls (Fig. 9). At iO months after planting N at higher levels did not 

increase number of whorls but a reduction was observed, the extent of 

reduction being significant. Regarding K there was a significant increase 

from K̂, to K, level but there was no increase in the number of whorls 

when K level was increased to the next higher level (K, ). The only 

nutrient which showed a consistent trend in influencing number of whorls 

with increasing dose was phosphorus. In other growth parameters also P 

has shown a similar trend in this study. Six months after planting, which is 

an initial establishment stage, is too early a stage to show a clear response. 

However at 10 months after planting all the three nutrients showed a clear 

response. Benecke and Gobi (1974) attributed increased needle length in 

P i n u s  to improved P availability.

4^,4. Biomass.

There was a marked effect of nutrients on biomass 

 ̂ production. The Influence of added nitrogen on biomass was not observed 

till the 10 th month after planting ( Table 7). Biomass in the N, plots 

though on par with N„ plots, was higher. Biomass of plants supplied with



Treatments 
(Nutrients 
kg h a ')

(Jan’92) 
3

(Apr’92) (Aug’92) (Oct’92) 
6  1 0  1 2  

( Months after planting)

(Dec’92) 
14 18

(Apr’93)

No 19.05 37.42 229.19 579.32 862.76 1199.47
N , 20.60 40.27 253.11 635.79 993.93 1376.35
N 2 19.27 38.15 171.34 465.17 749.06 1051.45
F ratio ns ns ** + * +* =<<*

Po 19.05 37.57 180.88 505.06 774.06 1087.72
P i 19.54 39.71 224.72 558.08 882.27 1254.97
? 2  _ 20.33 38.56 248.05 617.14 949.42 1284.58
F ratio ns ns ** ** *!|< **

Ko 19.50 38.21 206.06 550.60 833.77 1090.20
K . 18.01 36.74 236.19 623.12 975.73 1339.40 .
K 2 21.41 40.89 211.40 506.56 796.26 1197.67
F ratio 
LSD

ns ns ns ** ** **

(N,P,K)
163.45

2.50 38.89 87.75 135.45

* - Significant at 5 % level. 
** - Significant at 1  % level.
N, P, K: 0- No fertilizer, 1- 40 kg ha'‘, 2- 80 kg ha



go î g N was low. This trend continued during October and December. 

This pattern had changcd 18 month after planting when 40 kg N applied 

plots registered significantly higher biomass than N„ and N. plots. 

Significant retardation of biomass in the N, plots was seen. Phosphorus on 

the other hand had significantly increased the biomass of plants from the

10 th month after planting. Phosphorus at P, and Pj level helped in higher 

biomass production than P„. Potassium at K, level significantly improved 

biomass of plants from the 10th month after planting compared to K„ and 

K, levels. As in the case of nitrogen, potassium at 80 kg was seen to retard 

biomass production. A higher level of K suppresses the effect of N, 

leading to a lower biomass production. Moisture stress adversely affects 

dry matter accumulation and yield, though this could be overcome to some 

extent by application of potassium. Umar e t  a l  (1993) found plant growth 

to be significantly better with K under all moisture regimes.

4.2.5. Root biomass

The production of root biomass is dependent to a large extent 

on soil temperature, soil water and nutrition factors (Bowen, 1980). The 

effect of added nutrients on the feeder root biomass in three depths 

irrespective of the moisture regime is shown in table 8 . A higher root 

biomass was observed in the uppermost layer of 0-23 cm when the mean 

of all treatments were considered together. A mean root biomass of 12.34 

g was seen in this layer, compared to 11.18 and 9.76 g respectively in the 

23-46 cm _ and lowest layer of 46-70 cm. Reporting on the spatial 

distribution of roots, Philip e t  a l  (1997) reported a higher root length 

density in the top layer of 0-18 cm in a mature rubber plantation. Soong



Nutrient levels

N P K
0 - 23 cm 23 - 46 cm 46 -69 cm

0  0 0 5.41 f 6.91 ef 7.72 d

0 0 1 12.45 bcde 8.54 def 12.15 abed

0 0 2 9.52 cdef 10.67 cdef 15.45 ab

0 1 0 9.79 cdef 7.44 ef 6.15 d

0 1 1 11.97 bcdef 10.34 cdef 9.78 bed

0 2 0 1 2 . 0 2 bcdef 5.84 f 7.07 d

0 2 1 1 2 . 6 8 bed 8.18 ef 9.57 bed

0 2 2 8 . 0 2 cdef 8.18 ef 6.71 d

1 0 0 5.72 ef 10.72 cdef 7.34 d

1 0 1 8.07 cdcf 12.63 bcde 16.67 a

1 1 0 16.62 b 16.05 abc 10.57 abed

1 1 1 28.68 a 19.27 a 9.27 bed

1 2 0 16.93 b 12.50 bcdef 8.55 cd

1 2 1 24.02 a 18.54 ab 14.87 abc

2 0 0 7.11 def 8.37 def 7.77 d

2 2 0 11.54 bcdef 11.17 cdef 6.35 d

2 2 1 14.75 be 14.90 abed 7.95 d

2 2 2 6.93 def 11.09 cdef 11.69 abed

Mean
SE(d)

12.34
2 . 8 6

11.18
2.76

9.76
2.76

Means followed by a common alphabet are not significantly different at the 5% level 
using DMRT.
N, P, K: .0- No fertilizer, 1- 40 kg ha'', 2- 80 kg ha’’



Table 9.
Percent roots in moisture regime o f  -0.03 MPa (M,) at depth 
jjitervals o f  23, 46 and 69 cm given different nutrient doses.

n p k

000

Total Per cent roots in
roots 0-23 23-46 46-69
(g)

23.85 21.4 39.2 39.4

0 0 1  47.11 36.4 26 37.6

002 . 38.52 26.9 37.6 35.4

010 21.50 34.0 29.7 36.3

011 27.80 30.7 40.6 28.6

020 17.65 43.6 23.5 32.9

021 31.40 30.7 28.3 40.9

022 20.65 16.0 44.3 39.7

100 25.5 14.9 51.6 33.5

101 40.66 24.0 36.1 39.9

110 47.43 41.3 32.6 26.1

111 61.48 55.0 32.4 12.6

120 47.35 47.4 25.3 27.2

121 61.80 46.2 36.8 17.0

200 25.45 33.4 38.3 28.3

220 29.21 37.9 44.7 14.4

221 42.85 40.9 42.0 17.1

222 38.27 23.1 34.6 42.3

Mean 36.03 33.5 35.9 30.5
SD 13.43 11.2 7.5 9.7

N, P, K: 0- No fertilizer, 1- 40 kg h a ' , 2- 80 kg ha’



Table 10
Percent roots in moisture regime o f -0.50 MPa (M 3) at d 
intervals of 23, 46 and 69 cm given different nutrient d

Total Per cent roots in
n p k roots

(g)
0-23 23-46 46-69

0 0 0 16.24 35.2 27.6 37.2

0 0 1 19.17 40.5 25.2 34.3

0 0 2 32.74 26.5 20.9 52.6

0 1 0 25.27 48.6 33.6 17.8

Oil 36.37 42.3 25.8 31.9

0 2 0 32.22 50.7 23.3 26.5

0 2 1 29.47 53.3 25.3 21.4

0 2 2 25.19 50.6 28.7 20.7

1 0 0 22.09 34.6 37.6 27.8

1 0 1 34.08 18.7 31.1 50.2

1 1 0 39.07 35.2 42.5 22.3

1 1 1 52.96 44.5 35.1 20.4

1 2 0 28.63 39.9 45.4 14.7

1 2 1 53.05 36.7 27.0 36.3

2 0 0 21.07 27.1 33.2 39.6

2 2 0 28.90 41.6 29.0 29.4

2 2 1 32.35 36.9 36.6 26.4

2 2 2 21.15 23.6 42.3 34.0

Mean 30.56 38.1 31.7 30.2
SD 10.25 9.7 7.1

, -1 „ .

10.5 

, -1 ■ ■■



( 1 9 7 6 )  also reported a higher concentration of feeder root in the top 7.5

c m  depth.

In the treatment receiving no fertilizer (Nq Pq Kq), in -0.03 

IVlPa moisture regime (M l), the top 0-23 cm layer soil had only 21.4 per 

cent feeder roots compared to the deeper two layers of 23-46 and 46-69 

cm which had 39.2 and 39.4 per cent feeder roots, respectively (Table 9). 

In the N] P, K, treatment per cent roots were highest in the top surface 

layer followed by the lower two layers. In the treatment receiving N alone 

it was observed that the surface layer had the least per cent roots. In the 

treatment with P„ and K„ the roots have been observ'ed to move to deeper 

layers for extraction of nutrients. Maximum root biomass was observed in 

Ni P; K,. Distribution of root biomass in plots receiving optimum 

fertilization has helped in a buildup of higher root biomass in the surface 

layer. At very high concentration of nutrients (N2 P: K] and N2 P2 K2) root 

biomass was observed to be lower compared to N, P, K, or N, P2 K,. 

Lower root biomass observed in high NPK plots can be attributed to 

inhibition of root growth in the limited soil volume of the polybag. At 

lower soil moisture regime of -0.50 MPa (M,) the trend in root biomass 

buildup (Table 10) is similar to that of M, as described earlier. However 

as regards the distribution of roots in various depth zones in the tw'o 

moisture regimes, it is seen that at M, level the highest percentage of roots 

was in the middle layer (23-46 cm) followed by the top layer. Lowest 

percentage was observed in the lowest depth (46-69 cm). However in M, 

the percentage of roots was found the highest in the top layer which 

declined progressively as the depth increased.



A few selected nutrient combinations were taken up for the 

study of their role in influencing the transpiration of plants (Table IJ). 

No definite interrelationship could be obtained during winter and post 

winter; however it can be seen that transpiration increased in April 

compared to December, and the extent of increase was maximum for the 

treatment N2 Pt K2. In the winter the plot which received the highest dose 

of N and K (Nt Pq K2 ) registered the lowest transpiration suggesting that it 

had prevented water loss and helped in maintaining a higher plant water 

status. During post winter period, the lowest transpiration was again 

recorded with the highest level of K (Nq P2 K2). High levels of K in soil 

tends to promote potassium status of leaf and high foliar K has been found 

to be associated with reduced transpiration in several tree species. The 

rapid reduction in transpiration resulting from K fertilizer application 

suggests that K acts physiologically. (Bradbury and Malcolm,1977). As K 

plays a dominant role in stomatal opening, the nutritional status of the 

plant affects water loss by transpiration. The beneficial effects of K 

preventing water loss has been reported by Brag (1972). The observations
I

obtained in this study are in conformity with the above findings. These 

observations point to the fact that a closer attention to the K nutrition is 

required particularly for mitigating the various stress factors in Tripura 

condition.



gffect of nutrients on transpiration and stomatal conductance 
( mmol m'^sec'').

O rie n t
N P

levels
K

Dec(14MAP) 
TR SC

April(18MAP) 
TR SC

No Po Ko 1.65 109.54 3.48 179.68

No Po K, 1.72 108.80 4.04 166.03

No P2 K. 1.56 8 6 . 8 8 3.59 166.90

No P2 K, 1.23 57.85 2.76 144.09

N, P2 Ko 1 . 6 6 98.05 2.95 144.68

N, P. K, 1.39 71.71 2.93 143.82

N, Po K: 1.04 6 6 . 6 8 3.32 130.29

N, Po K. 1.74 78.54 3.34 155.36

N, P, K: 1.35 73.91 4.01 179.19

LSD(P=0.05) ns 21.78 0.71 30.26

MAP - Months after planting
N, P, K: 0- No fertilizer, 1- 40 kg ha'', 2- 80 kg ha’
TR - Traanspiration gg - stomatal conductance



Slomatal conductancc has been the highest in plots receiving 

jio fertilizer in December as well as in April (Table 11). A marginal 

reduction (non significant) was noticed when K alone was added at 80 kg 

ha'. When K was applied along with P and N there was a significant 

reduction in gs during winter and post winter period. Lowest gs was 

obtained for the treatment receiving 80 kg P and K (Ng ?2 K2) during 

winter. The treatment receiving 8Q kg N and K without P (Nj Pq K2) has 

also significantly reduced the gj during winter. During April also the 

treatment with the highest dose of N and K without P recorded the lowest 

gj. Addition of K alone was not found to significantly influence the ĝ  

probably because K absorption had not taken place to the level desired. 

This could be due to the fact that in the absence of the other two nutrients, 

root development and other physiological parameters may not have been 

active to ensure proper uptake of K. Potassium in the plant system plays a 

key role in the osmoregulation helping to check water loss. This is already 

observed from the data on transpiration. Stomatal conductance increased 

when N and P was applied without K. Transpiration has also shown a 

similar trend. However, the effect of K on g, has been different in winter 

and post winter period. At the highest dose of P and K the per cent 

reduction in ĝ  when compared to no fertilizer plots was 50 per cent in 

winter and was only 20 per cent, during post winter. This indicates that the 

influence of P and K was more pronounced in winter than during post 

winter. At the highest level of N, P and K (N2 P2 K2) the. ĝ  was 

significantly lower than that in the plots receiving Nq Pq Kq, Nq Pq K2 and 

N[ Pt Kg plots during winter. The nutrients appeared to have played a role



in regulating transpiration and ĝ . During April, the treatment of Ng P2 Kn 

did not significantly reduce the ĝ  when compared to the plots receiving 

the highest level of K alone (Nq Pq K2) as was observed in December, 

suggesting that influence of P and K in regulating gs is lesser in post 

winter than during winter. The lowest g; was recorded in April for the

treatm ent N j  Pq K 2 .

Stomatal conductance has been reported to be regulated by 

potassium. Nitrogen has also been reported to influence ĝ  through their 

role in regulating the stomata (Pleasants, 1930). Stomatal conductance and 

transpiration rate of K-sufficient rubber plants decreased with increase in 

soil moisture stress (Samarapulli el a l ,  1993). Nitrogen deficiency can lead 

to root resistance which causes leaf water stress. In the highest level of 

nutrients (Nt Pt Ki) the ĝ  was significantly lower than that in no fertilizer 

plot during winter. However during April this treatment resulted in almost 

similar ĝ  as that in no fertilizer plot. The difference in the response 

pattern under the two situations indicates that at higher nutrient levels in 

winter, ĝ  was reduced as a result of osmoregulation. During April at 

higher levels of all three nutrients, metabolic activity including the 

influence of N on cytokinin in increasing the root volume may have 

accelerated the ĝ . Comparing t̂ ie data of December and April it is 

observed that maximum ĝ  was seen in the treatment receiving highest 

level of N, P and K and the lowest in the treatment without K (N, P2 K,)). 

During summer as a result of possible faster metabolic activity 

maintenance of turgor in the guard cells as influenced by K would be more 

efficient, leading to higher stomatal conductance.
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Phosphorus and potassium interaction has been found to 

influence biomass of plants at various stages of growth (Fig. 10). While 

the straight effects of phosphorus and potassium were significant at the 80 

and 40 kg ha-1 levels, their interaction effects showed higher biomass at 

p̂ Q and Kgo levels during April’93. The increase was however on par with 

the other P and K combinations except Pq Kq and Pq Kro- The highest 

biomass was obtained at P80K40 level during the 10th and 18th month 

after planting. Significantly lower biomass during the 10th month was 

seen in Pq Kq, Pq Kj,o and P40K0 compared to other PK combinations. In the 

18th month however higher levels of PK combinations were seen to be 

significantly superior in terms of biomass production, with the highest 

biomass in P.soK̂ o • This is in agreement with the straight effects of 

nutrients. Phosphate absorbed by plant cells rapidly becomes involved in 

metabolic processes, while potassium is involved in meristematic growth. 

In the low K treatment, reduction in biomass may have been due to a 

reduction in cell size and growth rate.

4.4. Effect of moisture and nutrient interaction on plant growth 

and physiological functions: Immature phase.

4.4.1. Plant girth.

It is seen from Fig. 11 that at any level of moisture regime, 

the interaction with N at 3 levels does not significantly influence the girth. 

Phosphorus has been observed to significantly interact with moisture 

regimes from 12 months after planting (Table 12). At M,, girth has
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MAP Moisture Phosphorus levels
regime(MPa) 0 1 2 LSD(P=0.05)

3 0.033 2.17 2 . 2 2 2.24 ns
(Jan) 0 . 1 0 1.97 1.95 2.06

0.50 1.85 1 . 8 6 1.79

6 0.033 2.69 2.81 2.72 ns
(Apr) 0 . 1 0 2.56 2.55 2.63

0.50 2.45 2.41 2.40

1 0 0.033 4.44 5.15 5.25 ns
(Aug) 0 . 1 0 4.56 5.02 5.04

0.50 4.32 4.26 4.78

1 2 0.033 6.46 7.20 7.23 0.52
(Oct) 0 . 1 0 6.74 6.94 6.90

0.50 6 . 2 0 6 . 0 0 6.90

14 0.033 7.74 8.70 8.62 0.62
(Dec) 0 . 1 0 7.76 8.06 8 . 0 1

0.50 7.17 6.90 7.87

18 0.033 9.53 10.50 10.42 0.57
(Apr) 0 . 1 0 8.37 8 . 6 6 8.61

0.50 7.71 7.63 8.05

MAP- Months after planting
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increased at l*„ level. This was liowcver not sigiiiHcant. At liic same I* 

level at M., moisture regime, girth was observed to be significantly lower 

suggesting the direct influence of moisture regimes. At P, level of 

phosphorus application the highest girth was observed in the M, plot. As 

the moisture stress increased a gradual decline in girth was observed and 

the extent of decrease in girth from M, to M3 moisture regime was 

significant. At P, level of phosphorus application, moisture regime did not 

significantly influence girth of plants up to 14 months after planting. This 

indicates that at higher P level plants could maintain uptake of P even 

under moisture stress. At lower P level (P,), a significant reduction in girth

observed in M, moisture regime plots compared to M, moisture regime
t

plots suggests that at this level of P, its availability to the extent required 

for the growth could not be ensured at low soil moisture level. The data 

reveal that the influence of P on plant girth is dependent more on moisture 

levels and levels of P than on the growing season. Availability of P has 

been reported to be reduced in drier soils and under such situations P 

uptake has been higher under higher concentrations of P (Viets, J972). 

Higher uptake of P in higher moisture regime has also been reported by 

Viets (1972). While a II per cent increase in girth was seen in 40 kg P 

applied plots in the M, moisture regime compared to No- phosphorus 

application during December, the per cent increase in the same plots 

during April was only 9 per cent. This underscores the importance of 

adequate nutrition and maintenance of higher soil moisture status during 

the winter season, to tide over stress conditions prevailing at this time. 

Moisture in conjunction with phosphorus at moderate level (P,) is able to 

improve girth of young rubber plants at higher soil moisture level but a 

higher rate of P is required for attaining comparable girth in low soil



nioisture regimes to coiiipensale lor lower soil moisture. Increasing the 

dosage of fertilizers especially under stress conditions is known to 

decrease the quantity of water required to produce dry matter. In a nursery 

trial Leile e t  a l  (1985) obtained better girth when young H e v e a  plants 

were irrigated and fertilized compared to unirrigaled and unfertilized 

plants. Irrigation during the dry season increased the above ground 

biomass production more than what was obtained with nutrient supply 

without irrigation in the early growth stages.(Madeira and 

Pereira,1990/91).

The data on interaction of K and moisture regime is 

presented in fig. 12. Moisture levels did not influence the uptake of K as 

evidenced by tiic girtli of plants. Tlie different levels of K also did not 

interact with soil moisture in influencing the girth of rubber plants in the 

different growth seasons considered in this study.

4.4^. Root biuniass.

Data on the influence of moisture and nutrients on root 

biomass is given in Table 13. Overall mean of all treatments indicate that 

root biomass was significantly higher at M, moisture regime than at M, 

moisture regime. Root biomass in M, Nq Pu K, was 145 per cent higher 

than at M3 Nq P(j K, when roots in the three depth was considered 

together. The effect o f P under M,, moisture regime is more pronounced 

than that of P at M,. Root biomass was 82.5 per cent more in M^N  ̂ P7 K„ 

than in M, No Kq moisture regime. Phosphorus is reported to play a 

significant role in root proliferation in rubber (Philip e t  a l ,  1997). In



0-23 cm 23-46 cm 46.69 cm
• Moisture regime (MPa)

-0.033 -0.50 -0.033 -0.50 -0.033 -0.50
(M.) (MO (M,) (M,0 (M,) (M.)

h  0 ^ 0 5.10 kl 5.71 jkl 9.35 4.48 9.40 6.05

0 0 1 ]7.14 cdefgh 7.76 ghijki 12.25 4.83 17.72 6.58

0 0 2 10.37 efghijki 8.66 ghijk) 14.50 6.83 13.65 17.25

0 I 0 7.32 hijkl 12.27 efghijki 6.38 8.50 7.80 4.50

0 1- I 8.55 ghijki 15.39 cdefghij 11.30 9.38 7.95 11.60

0 2 0 7.70 ghijki 16.35 cdcfgh 4.15 7.52 5.80 8.35

0 2 1 9.65 fghijkl 15.71 cdefghi 8.90 7.46 12.85 6.30

U 2 2 3.30 i 12.75 efghijki 9.15 7.22 8.20 5.22

1 0 0 3.80 kl 7.65 ghijki 13.15 8.30 8.55 6.14

1 0 1 9,76 efghijki 6.38 ijkl 14.66 10.60 16.24 17.i0

I 1 0 19.57 cde 13.75 defghijk 15.44 16.60 12.42 8.72

I 1 i 33.79 a 23.57 be 19.94 18.59 7.75 10.80

1 2 0 22.45 bed 11.42 efghijki 12.00 13.01 12.90 4.20

I 2 1 28.55 ab 19.49 bcdcf 22.75 14.32 10.50 19.24

2 0 0 8.50 ghijki 5.72 jkl 9.75 7.00 4.20 8.35

2 2 0 11.07 efghijk! 12.01 efghijki 13.94 8.40 4.20 8.50

2 2 1 17.55 cdefg 11.95 efghijki 17.95 11.85 7.35 8.55

2 2 2 8.85 ghijki 5.00 kl 13.23 8.95 16.19 7.20

Mean

SE(d)

V l i-k

11.97 n .7 5  

4.04

12.71

ns 

. ■-! ■

9.66 10.20

ns

9.15

Mc;ms followed hv a common alphabci arc noi significantix J itlcrcm  a- \\\c 
 ̂ 'i !c \c l usinti D M R T



^  l^ighcrsoil moisture tension a higher concentration o f P would be required 

to maintain a higher uptake o f P and consequently a higher root biomass 

buildup. Phosphorus when applied with K  also showed a positive 

interaction with moisture regime. The treatment MjNq Pi Ki recorded a 

24 per cent increase in root biomass compared to M, Nq Pi Kj. Though the 

extent of increase in root biomass was less, the treatment Nq P? K2 also 

recorded higher root biomass in moisture regime.

The above trend was observed to change when N was 

applied. In all treatments at the 1st level of N (Ni), root biomass was 

higher in M, moisture regime. In treatments N, P̂ , and Po 1^, root 

biomass was higher in M, pointing to the fact that N uptake is greatly 

influenced by moisture regime and applied N is better utilized in root 

biomass buildup at higher moisture than at lower moisture availability in 

soils. Application of N and K  at 40 kg each (N, Py K,) gave 19.3 per cent 

higher root biomass in M, over M, moisture regime. The treatment N, P« 

Ki has also increased the root biomass by 59.45 at M, and 54.3 per cent in 

Mj moisture regime over the treatment N, P̂  Ko at corresponding moisture 

regime. The root biomass study suggests that the uptake of N and K and 

their role in root biomass buildup has been superior when applied 

together. Growth of rubber roots was reported to have improved with K 

nutrition (SamarapuHi e t  a/,1993).

Treatment N, Pi Kq registered 21.4 per cent increase in total 

root biomass, values being 47.43 g per plant in M, (Table 9) as against 

39.07 g in M, (Table 10). The reduction of total root biomass was 

negligibly small in moisture nutrient combination of M, N, P2 Kq as



against Ml N, Pi K„, but Ihc reduction was sizeable at the lower moisture 

potential of M,. A negative interaction of high level of P when applied 

^  with N is seen at M„

Of the various nutrient combinations studied Nj P j  K| 

recorded the highest root biomass in both moisture regimes (Tables 9 and 

10). There was an increase in root biomass by 13.86 per cent in M, 

compared to M., , suggesting that a better utilization of NPK occurred ai 

higher moisture regime. At higher levels of N a reduction of root biomass 

was seen when N| P j  K| was compared with N2 P2 Kt in M, and iVI, 

moisture regimes(Table 13). Higher levels of nutrients was not observed 

to offset the deleterious effect of moisture stress when N was raised to 80 

kg level. The behavior of P and K provides scope for considering the 

increase in dose of these two nutrients from the 40 kg level, which is the
«

current recommendation. The present fertilizer recommendation for 

rubber in N.E.India is 40:40:20 kg NPK ha '. The present study has 

indicated a much higher root biomass buildup at 40 and 80 kg K. and that 

80 kg K has helped in better utilization during moisture stress as 

evidenced by a buildup in root biomass.

Root biomass in moisture regime showed a decline with 

depth (Table 10). In the M, moisture regime higher root biomass was 

observed in the 23-46 cm depth followed by the top layer (0-23 cm) and 

lowest depth (46-69 cm). Highest root biomass was observed in N, P2 K(. 

Percentage of roots in this treatment at M, moisture was the highest in 0-

23 cm depth (47.4 per cent) and the lowest layer having only 17 per cent. 

But under moisture regime of M3 the per cent roots in the lower layer was



r
K  7 8  pe*" m o r e  than that in M, moisture. In treatments without P it was 

K  gggn that root biomass in surface layer (0-23 cm) was less than that of 

^  lower layers in M, moisture. In the absence of P, roots might have gone to 

deeper layers. This was the case with M3 moisture regime also. Need for a 

proper placement of fertilizer can also be deduced from this observation.

4 .4 3 .  T ransp ira lio ii .

Transpiration during winter (December), 14 months after 

planting, was not significantly influenced by moisture and nutrient 

interaction (Table 14). Higher transpiration was noticed in the higiier 

moisture plots. Nutrient combinations of Nj P2 Kj and N2 Po K.2 recorded 

low transpiration rates during winter. During post winter period of April, 

18 months after planting, moisture nutrient interactions significantly 

reduced the transpiration rales. Xu e t  a l  (1995) reported decrease in 

stomatal transpiration under high EC and or low soil water content. 

During April (Post winter) high dose of K applied plots in low moisture 

regimes has shown lower transpiration rates than other nutrient treatments. 

A lower transpiration rate recorded in plams well supplied with K may be 

due to the ability of K in osmoregulation during stress periods. Plants well 

supplied with K transpired less water per unit weight of dry matter than 

deficient plants. (Blanchet e t  a l ^  1969).

4.4.4. Stomatal conductance.

Stomatal conductance was significantly influenced by 

moisture and nutrient interaction during the winter period (Table 15). In



jjlurienl levels December(3 MAP) April (6  MAP)

N P K -0.033
(M.)

Moisture
-0.10
(M,)

regimes
-0.50
(M3)

-0.033
(M.)

-0.10
(M,)

-0.50
(MO

Ko Po Ko 2.26 1.43 1.25 3.74 4.12 2.57

No Po 2.70 1.52 0.94 4.59 3.49 4.05

Ko P2 K, 1.96 1.79 0.94 3.87 3.50 3.41

^̂0 Pj ^ 2 1.67 1.22 0.78 3.47 3.15 1.66

P: K,. 1.86 2.21 0.91 3.65 2.23 2.98

P: K. 1.65 1.57 0.95 3.17 2.85 2.77

^2 Po ^ 2 1.21 0.99 0.93 5.01 2.51 2.44

^2 P: K. 2.25 2.02 0.95 4.27 2.53 3.23

%  Pz *̂ 2 2.48 0.55 1.03 4.46 3.19 4.38

.SD(P=0.05) ns 1.22

VlAP - Months after planting

N, P, K: 0- No fertilizer, 1- 40 kg ha"', 2- 80 kg ha*



jsfutrient
levels

December (3  MAP) April( 3 MAP)

N P K -0.033
(M.)

-0 . 1 0

(M 3)

Moisture
-0.50
(M.)

regimes
-0.033
(M 3)

-0 . 1 0

(M.)
-0.50
(M3)

No Po Ko 157.23 78.82 92.58 215.83 173.67 149.53

No Po ^2 128.90 106.33 91.17 207.66 168.83 121.60

No P. K, 129.67 68.37 62.60 186.17 188.17 126.37

No P: K. 58.50 71.18 43.87 169.33 153.67 109.27

N. P: K., 103.47 112.97 77.72 184.17 148.27 101.60

Ni P. K, 76.92 69.85 68.37 162.33 147.83 121.30

N, Po K: 74.68 79.80 45.55 156.83 129.73 104.30

Ni P. 78.58 73.07 83.97 210.33 167.00 88.73

N: P, ^2 88.28 53.67 79.77 2 2 0 . 0 0 181.57 136.00

LSD(P=0.05) 36.67 ns

MAP- Months after planting

N, P, K: 0- No fertilizer, 1- 40 kg ha"', 2- 80 kg ha'



Ivi, and M.. moisture regimes, plots receiving no fertilizer recorded the 

highest g,. In general N,, P, Kj recorded significantly lower g, than no 

^  fertilizer applied plots in M, and M? moisture regimes. Reduced g, with 

increased P nutrition has been reported under well watered conditions 

(Ackerson,1985; Brandbury and Malcolm,1977 ; Dosskey e t  a l  1993) and 

under drought conditions (Hak and Natr,1984). N, Pt K, plots also gave 

low g, in all the moisture regimes during pre and post winter periods. 

However significant influence of moisture and nutrients on g, was not 

observed in April"93, the post winter period. Here too high g, values were 

observed in no fertilizer plots. Reduced g, could be interpreted as a 

mechanism ■which conserves plant water and enhances drouglit tolerance.

4.5. Effect of applied nutrients on nutrient content of plant parts.

4.5.1. Bark nutrient content.

Nutrients when taken up by plants are stored initially in
I

plant tissues, which may be released as the tissues mature or senesce, the 

major storage sites being bark, roots, shoots and leaves (Driesche, 1984), 

The effect of applied nutrients on bark nutrient content is given in Table

16. There was an increase in bark nutrient content when K was applied at 

40 kg (Ny Po K,) compared to treatment without K (N„ P̂  K j) plots. When 

K was applied at 80 kg alone (N^ Pq K 2), the bark N content was 

significantly higher compared to Nq Pq Kq plots. Application of K al 40 

and 80 kg did not influence the uptake of P. Applicatior^of K at 40 kg (No 

Pq Ki) however resulted in higher K in bark, the increase being significant 

when compared to treatment Nq Pq K q. Bark K content was also 

significantly higher (45 per cent) in No Pq Kt plots compared to Nq Po Kq.



■ N r> K N P K Ca Mg

0  0 0 1 .2 0 c 0.09 0.89 f 6.07 ab 0.38

0  0 ! 1.29 be 0.08 1.36 abed 3.05 cd 0.13

0  0 2 1.32 abc 0 . 1 2 1.62 ab 4.08 abed 0 . 2 1

0  i 0 1.25 be 0.09 1 . 0 0  def 3.95 bed 0 .8 !

0  1 1 1 . 2 0  c 0.09 1.7] ab 6.09 a 0 . 2 1

0  2 0 1.29 be O.II 0 . 8 8  f 4.7'4 abed 0.34

0  2 1 1.25 be 0.08 1.56 abe 3.89 ed 0.24

0  2 2 1.26 abc 0.13 1.76a 4.06 abed 0 . 2 1

1 0 0 1.31 abc 0 . 1 1 0.91 e f 5.13 abc 0.26

1 0 1 1.31 abc 0.09 1.14 cdef 3.54 cd 0 . 2 0

I 1 0 1.38 ab 0.09 0.95 dcf 2.84 d 0.18

] 1 1 1.29 be 0.08 1.45 abc 3.56 cd 0.16

1 2 0 1.30 be 0 . 1 0 0.89 f 4.49 abed 0.28

i 2 I I.37ab 0 . 1 1 1.28 bedef 4.69 abed 0.27

2  0 0 1.3! abc 0.08 0.85 f 4.84 abed 0.28

2  2 0 1.28 be 0.09 0.95 def 3.84 cd 0.19

2  2 I 1.35 ab 0.07 1.34 abed 3.74 cd 0.24

2  2 2 1,44 a o .l] 1.46 abc 5.08 abc 0.27

S li(u) 0.06 ns 0.19 O.S^)

N. P. K ; 0 - No fertilizer, 1- 40 kg ha*'. 2 - 8 0  kg ha''

N;l;u'is tolknvcd by a common alphabet are not significantly dift'crcnt at thi
5 S icvcl using DMRT



increase in bark K conicnt by 16 per ccnl was noticed when K 

application was raised from 1st to 2nd level. The increase was however 

non significant.

Calcium content in no fertilizer plot (Nq Pq Kq) was high 

Application of K at 40 and 80 kg ha ’ level has significantly lowered the 

bark Ca content. This may have been due to the increased concentration of 

K affecting uptake of Ca. Influence of applied K on the uptake of Mg 

resulted in lowering of bark Mg content at both levels of K. In soils with 

appreciable quantities of illite, available K shows a negative correlation 

with available Mg. In soils with the above mineral composition applied K 

tends to get fixed. To maintain the availability of K, higher doses will 

have to be applied. Soils of Tripura has a preponderance of illite with 

medium level of available K. Uptake of higher K in plots receiving 80 kg 

ha ' K and a consci]ucnl reduction in Mg in bark can be attributed to more 

of K becoming available resulting in lower uptake of Mg.

Treatment receiving phosphorus alone (Nq P| Ky and Nq Pt 

Kq) did not show significant changes in the bark N, P and K content. 

Calcium content in bark was however significantly lower than Ng Pq Ky. 

When P and K was added at 40 kg each (Nq Pi K,), their effect on bark N 

and P was not significant but the K content increased significantly. 

However when P was applied at 80 kg alongwith K at 40 kg (Nq P2 K,) 

the bark K showed a lower content than that recorded in Nq P] K] . Bark K 

content was high at P, level only when it was supplemented with K at 80 

suggesting a positive PK interaction. Addition of N at 40 kg (Nj PqKo) 

increased N and Ca in bark, while it has resulted in reduction of K when



^o^pared to N,j P,) Kq. Phosphorus content in bark was not influenced by 

jg when K was applied with N, each at 40 kg ha'^N, Pq Ki). The bark N 

content remained same when compared to Ni Fq but bark K increased 

from 0.91 to 1.14 percent. The increase was not significant. Calcium 

content in bark was observed to be reduced significantly (Table 24).

Nitrogen at the first level (N, P] K(, and N, P2 K,) recorded a 

significantly higher bark N compared to No Po plots. Nitrogen at the 

second level with and without P and K did not show any specific trend in 

the bark N content. Nitrogen at the second level (N2 ?o ^  ^^d N̂  P2 

gave comparable bark N and IC content compared to N„ P̂  K(,. However, N 

and K in bark was significantly higher in N̂  P2 K.) and N| Py Kq plots.

4.5.2. Leaf nutrient content.

Foliar nutrient status of a plant reflects the nutrient uptake 

from soils. Tlie quantities of nutrients contained in foliage may amount to 

more than 30 %  of the total nutrient in the tree (Driessche,I984). The 

effect of nutrients combined over the moisture regimes is given in table

17. Leaf nutrient content was seen to increase progressively with higher 

nutrient addition in soil. Leaf nitrogen in no N plots was 3.21 per cent. In 

the 40 kg N applied plots the leaf N value was 3.56, an increase in 10 per 

cent, and in 80 kg N applied plot, leaf N was 3.70 per cent, an increase of 

13 per cent over no N control. Leaf nitrogen values considered to be in the 

critical range is between 3 to 3.5 per cent. Values below and above this is 

considered to be either low or high (Pushpadas and Ahmed, 1980). Leaf N 

values recorded in plots where N was not given was in the medium range.



f^utrient
levels N

Leaf nutrient content (%) 
P K Ca Mg

0 3.21 0.19 0.94 0.83 0 . 2 1

N 1 3.56 0 . 2 0 0.93 0.76 0.23

2 3.70 0.19 0.89 0 . 6 8 0 . 2 2

F ratio ** * ns ns

0 3.47 0.18 0.90 0 . 6 8 0 . 2 1

P 1 3.47 0 . 2 0 0.94 0.80 0.23
2 3.54 0 . 2 0 0.93 0.79 0 . 2 2

F ratio ns ** ns ns

0 3.46 0.19 0.78 0.80 0.23

K 1 3.54 0 . 2 0 0.99 0.73 0 . 2 2

2 3.47 0.19 1 . 0 1 0.73 0 . 2 1

F ratio 

LSD

ns * ns ns

(P=O.OI) 0.08 O.OI 0.06 0.80 -

(P=0.05)

XT r» TV- - rt

• 0.009

, . -I « «« . , -1

• -



Calcium and nir.gncsiuni arc important clcmcnls in Ihc 

nutrition of H e v e a .  Calcium is not supplied directly. Calcium contained in 

(he rock phosphate is the main source of supply of this element. 

^  Nlagnesium is applied as magnesium sulfate in areas of deficiency only in 

^  the immature stage. Leaf calcium content in the 40 and 80 kg phosphorus 

applied plots was significantly higher than in the no P control plots (Table 

17). In the N and K applied plots leaf calcium did not show any specific 

trend. Leaf magnesium also did not show any particular trend. However 

leaf Mg was seen to be lower in. 40 and 80 kg potassium applied plots, 

suggesting a K, Mg interaction. Nutrient requirement based on leaf 

nutrient analysis was reported by Shorrocks (1961,62a and 62b) and the 

usefulness of leaf nutrient content as an indicator of fertilizer requirement 

fo r  H e v e a  has been summarized by Watson (1989).

4.6. Effect of moisture and nutrient interaction on nutrient 

content of plant parts.

4.6.1. Bark nutrient content.

Nitrogen content of bark in plots where N was not added (N(, 

Po Kq) showed that N was marginally higher in the Mj moisture regime 

compared to M, (Table 18). When K was applied alone (Ng Po Kj) the N in 

bark showed a significantly higher content in M3 moisture regime. 

Utilization of N seems to be better in the presence of K. Potassium may 

have favored a higher uptake of N made available from the native sourcc. 

Treatments Ny Po Kq and Nq Pq Ki had no influence on phosphorus level in 

bark. Treatment N„ Pg K n  could not also influence bark the N, P and K



j*jutrient
level

Nitrogen Phosphorus
(in moisture regimes of)

N P K -0.033
(M.)

-0.50
(M 3)

-0.033
(M,)

-0.50
(M 3)

0 0 0 l . I 7 h 1.23 fgh 0.09 0.09

0 0 1 1.24 efgh 1.34 bcdefgh 0.08 0.08

0 0 2 1.33 bcdefgh 1.32 bcdefgh 0.15 0.09

0 1 0 1.23 fgh 1.28 defgh 0.09 0.08

0 1 1 1.19gh 1 . 2 1  fgh 0.08 0 . 1 0

0 2 0 1.41 bcdef 1.18h 0.13 0.09

0 2 1 1.28defgh 1 . 2 2  fgh 0 . 1 0 0.05

0 2 2 1.26defgh 1.27 defgh 0.17 0.09

1 0 0 1.49 be 1.27 defgh 0.14 0.85

1 0 1 1.30 cdcfgh 1.33 bcdefgh 0.09 0.08

1 1 0 1.33 bcdefgh 1.44 bcde 0.09 0.08

1 1 1 1.29 cdefgh 1.29 cdefgh 0.08 0.07

I 2 0 1.33 bcdefgh 1.27 defgh 0.09 0 . 1 1

1 2 1 1.35 bcdefgh 1.39 bcdefgh 0 . 1 2 0 . 1 0

2 0 0 1.44 bcde 1.80a 0.09 0.06

2 2 0 1.34 bcdefgh 1.24 efgh 0.09 0.09

2 2 1 1.25 defgh 1.45 bed 0.08 0.05

2 2 2 1.52 b 1.37 bcdefgh 0.16 0.06

SE(d) 0.08 ns

Means followed by a common alphabet are not significantly different at the 5% level 
using DMRT. cont......



Hutrient
level

Potassium Calcium Magnesium
(in moisture regimes of)

N P K -0.033 -0.50 -0.033 -0.50 -0.033 -0.50

0 0 0 0.90 0.90 6.42 5.73 0.43 0.33

0 0 1 1.40 1.30 2.26 3.84 0.11 0.16

0 0 2 1.90 1.40 3.18 .4.99 0.17 0.25

0 1 0 1.30 0.70 3.68 4.23 0.13 0.23

0 1 I 1.80 1.60 7.05 5.13 0.23 0.19

0 2 0 0.80 0.90 5.50 3.99 0.45 0.24

0 2 1 1.80 1.30 4.50 3.27 0.31 0.18

0 2 2 1.90 1.96 3.08 5.05 0.17 0.25

1 0 0 0.90 0.90 5.41 4.85 0.36 0.17

1 0 1 1.00 1.30 4.09 3.00 0.24 0.17

1 1 0 1.00 0.90 3.16 2.52 0.19 0.18

1 I I 1.30 1.60 4.05 3.08 0.19 0.13

I 2 0 1.10 0.70 5.60 3.38 0.34 0.23

1 2 1 1.60 1.00 3.66 5.72 0.25 0.29

2 0 0 0.80 0.90 4.48 5.21 0.29 0.27

2 2 0 1.00 0.80 4.43 3.25 0.19 0.19

2 2 1 1.30 1.30 4.10 3.39 0.26 0.23

2 2 2 1.60 1.30 6.01 4.15 0.30 0.24

F ratio ns ns

N, P, K: 0- No fertilizer, 1- 40 kg ha'*, 2- 80 kg ha'



content significantly. However the bark K content in M, moisture regime 

recorded 26.7 per cent increase over that recorded in M,. There was a 

progressive increase in bark K content in the above treatments (Nq Kq , 

No Pq 3^^ ^0  Pq ^ 2) Ml 2nd M, moisture regimes.

Bark P was not influenced significantly in treatments 

receiving P at 40 and 80 Kg ha*'. Though no significant interaction of 

moisture regimes and nutrient level on bark K content was observed, wide 

variation in K contcnt of bark was observed in the two moisture regimes 

(Table 18). An increase in 40 per cent bark K content was observed in M, 

over M, moisture regime. Application of P and K at 40 kg (Nq P, K,) did 

not significantly influence N, P and K level of bark. The bark K conteni 

was nevertheless high in both moisture regimes. Retention of high K in 

cells of plants grojvn in low soil moisture regime of M, may be a drought 

avoidance mechanism of plants in presence of adequate K. Bark N 

content was significantly higher in plots with 80 kg phosphorus (Nq Pi K(,) 

in M,. Phosphorus and potassium content in bark was not influenced by 

the high dose of nitrogen. However when K was increased to 40 and to 80 

kg level (Nq P j K., and No P2 K,), the bark K content recorded 125 and 

126.5 per cent increase over Nq P7 Kq plots in M, moisture regime. An 

increase in bark K content in M., was also observed in these treatments.

Nitrogen, phosphorus and potassium at 40 kg each (NjPiKO 

influenced K uptake in bark particularly in the M3 moisture regime. 

Nitrogen application at 80 kg alone and in combination with P and K 

helped in acquiring igniflcantly higher bark N content. A higher bark N in



W  and N .  P2 K 2.

Moisture and nutrient interaction did not significantly 

influence calcium and magnesium uptake (Table 18). Calcium content in 

plots when fertilizers were not given was higher in both the moisture 

regimes than those in fertilizer applied plots. Maximum reduction in the 

uptake of calcium up to 101 % was noticed when the potassium level was 

80 kg ha-1 . This amount of reduction was not found when potassium was 

in combination with the other nutrients. Magnesium content in bark also 

showed a similar trend, with higher magnesium in the bark in plots with 

no fertilizer. Potassium depressed the uptake of magnesium in bark. This 

was more pronounced in M, moisture regime.

4.6.2. Leaf nutrient content.

Influence of moisture regimes and NPK interaction on leaf 

nutrient content is given in Fig, 13. Leaf N content in plants with no 

fertilizers was higher in Mi moisture regime, which declined progressively 

as the soil moisture tension increased. There was an increase in leaf N in 

M, moisture regime by 9.8 pei cent when N was applied at 40 kg ha '. An 

increase in leaf N was observed in M, also. In the low soil moisture
I

regime of M,, leaf N content of plants recorded 12 per cent higher values 

than unfertilized plots, the increase being significant. Nitrogen at 40 kg in 

combination with P and K in all the three moisture helped the plants in 

acquiring leaf N content in the high range of critical level. Leaf N content
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T.max T.min SSD Evaporation Rainfall

RGR

2 3 4 5 6 1

2 1.000

3 0.984 1.000

4 -0.644 -0.727 1.000

5 0.312 0.201 -0.274 1.000

6 0.985 0.976 -0.743 0.409 1.000

1 0.354 * 0.374 * -0.398 * 0.146 0.382 * 1.000

Significam at 5 % level

T.max - Maximum temperature 
T.min - Minimum temperature 
SSD - Sunshine duration



in the 80 kg N applied plots sliowed the highest value of N in M, moisture 

regime. Lower leaf N content observed in 80 kg N

applied plots in M, compared to M, may be due to N being less available 

as a consequence of the downward movement of applied N in presence of 

higher soil moisture level. Haridas (1980) however reported increased 

nutrient uptake with increased water availability.

Leaf phosphorus and potassium did not show significant 

changes as a result of soil moisture and NPK interaction (Fig. 13). Leaf P 

content was found to be in the low to medium range while leaf K content 

was in the medium range of critical value in M, moisture regime.

4.7. Growth in rclutioii to niclcorolugical parameters

To understand the influence of weather on relative growth, 

correlation analysis was carried out and the results shown in Table 19. 

RGR was positively correlated with temperature, both maximum and 

minimum. There is a distinct period of reduction in growth during winter, 

which could be attributed to the low temperature prevailing during the 

winter period. RGR having a positive significant correlation with 

minimum temperature shows that growth would be better at higher 

minimum temperature. Sunshine hours showed a negative correlation with 

RGR . The direct effect of sunshine hours also was negative which means 

that indirect effects may be the cause of correlation. A positive significant 

correlation was seen for rainfall also.



4 g Influence o f  irrigation and nutrients on yield and yield 

com ponents: M ature phase.

The role of moisture and nutrients in influencing the yield of 

Hevea has been studied in a field trial started in 1991 at the Regional 

Research Station, Agartala, Tripura of R.R.I.I. Yield of rubber is related 

mostly to volume of latex, duration of flow, dry rubber content (DRC) 

and plugging index (PI), which in turn is related to soil moisture and 

nutrient contcnt and weather parameters. The study conducted was aimed 

at monitoring the influence of irrigation and various doses of major 

nutrients viz. N, P and K on the yield and yield components of Hevea in 

Tripura. Results of the study are symmarizcd below.

4.8.1 Voiunie o f  latex.

irrigation at fortnightly intervals that maintained a soil 

moisture potential of -0.033 MPa (I,) increased the volume of latex 

significantly in plots receiving 40 kg ha"’ NPK (Table 20). Volume of 

latex in the unirrigated plots receiving 40 kg ha*' NPK was also high but 

not significant. Increasing the dose of fertilizers beyond the 40 kg level 

resulted in a yield depression. Treatments with irrigation registered a 

higher volume of latex compared to unirrigated plots. Comparing various 

treatments under irrigated and unirng.u.u conditions it is observed that I, 

NPKq had 1 5 , 7  per cent more volume of latex than Ig NPKq and 1, NPK, 

had 10.1 per cent more than Iq NPKi- The highest volume was recorded 

for treatment 1[ NPK2, which was 17.3 per cent higher than 1q NPK2. In



fable 20. Influence o f irrigation and nutrients on yield and yield 

components in a nine year old rubber planting.

Treatments Volume DRC PI Sugar

(ppm)

Inorganic P

(ppm)

IiNPKo 89.75 24.58 2.85 2970 115.66

I,NPK, 95.35 24.39 2.74 3370 124.86

I,NPK: 110.40 24.97 2.32 3450 201.04

IjNPK, 108.40 24.70 2.64 3140 152.06

loNPK, 75.65 25.44 3.09 2660 109.47

loNPK, 85.70 25.41 2.76 2660 120.47

loNFK. 91.30 26.97 2.74 2930 141.26

I0NPK3 77.25 25.69 3.23 2920 161.54

LSD 19.00 ns ns 410 41.56

(P=0.05) (P=0.05) (P=0.01)

11 - Irrigated 
Iq - Unirrigated

NPKq* No fertilizer applied 
NPK2 -N PK  at 40 kg ha''

NPK| -N PK  at 30 kg ha 
NPK3 -N PK  at 80 kg ha'



Table 21-

Changes in volume o f latex due to interaction o f irrigation, nutrients and months.

I  Irrigated Unirrigated

f  Months 0 30 40 80 0 30 40 80

%  __________________

1  January 84.0 91.0 99.0 103.0 58.5 71.0 97.5 63.5

W Februar>- 21.5 27.0 33.5 28.0 34.0 23.5 26.0 23.0

April 45.0 52.5 69.5 62.5 41.5 42.5 50.5 40.5

' September 63.5 72.0 72.0 74.0 61.5 56.0 67.0 68.5

jL October 98.0 106.0 140.5 144.0 102.0 117.5 97.0 97.5

S November 141.0 180.0 170.0 165.5 110.0 120.5 127.5 143.0

\  December 170.5 161.5 179.0 207.5 147.5 167.0 173.5 148.5

H  January 124.0 127.0 166.0 157.0 108.0 94.5 103.5 103.0
HT<
f  February 60.0 59.0 63.0 55.5 31.5 49.0 39.5 27.0

fc March 89.5 77.5 111.5 87.0 62.0 115.5 131.0 58.0

F ratio :



plots receiving 80 kg NPK, the depression in volume of latex was noticed 

in both irrigated and unirrigated plots, tiie magnitude of depression being 

iTiorc in plots which were unirrigated. The effect of irrigation was seen to 

be particularly evident from October to January where a yield increase of 

19.6 per cent was noticed in the irrigated plots compared to unirrigalcd 

plots(Table 21). Yield was significantly'high in plots receiving fertilizers 

at 40 and 80 kg ha ' with irrigation. Phosphorus and potassium has been 

reported to increase the volume of latex by delaying plugging. Higher 

levels of P and K can influence latex flow characteristics. Flow of latex is 

governed by P/Mg ratio (Yip and Gomez, 1980). High P is found to offset 

the ratio and delay plugging. Similarly high K will reduce the uptake of 

Mg, the combined effect resulting in delayed plugging and higlier volume 

of latex. Increasing ihc level of N, P and K beyond 40 kg has been 

observed to depress yield. At 80 kg of N the requirement of K  to maintain 

N/K balance will be higher. Similar is the case with phosphorus. As a 

result of this, P/Mg ratio is likely to affect flow of latex by changing 

plugging characteristics. The interrelationship of P/Mg, K/Mg ratios in 

latex and PI on yield of latex is depicted in figs 19 and 20. At low P/Mg 

values, PI was observed to be the highest resulting in the lowest yield. 

Highest volume of latex was obtained in a P/Mg of 1.31 to 1.37 at PI 2.32. 

K/Mg ratio in latex was obser\'ed to influence PI. At low K/Mg ratio, PI 

was the highest. Critical K/Mg ratio as evidenced by this study is 3.56 to 

3.80. Potassium when applied in larger quantities can result in higher 

uptake of K as a result of luxury consumption and can affect the use of 

nitrogen, thereby affecting production of biomass and consequently 

biosynthesis of latex.
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Irrigated Unirrigated

Fig. 17. Mean volum e of latex per cm tapping cut (ml/cm)
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To monitor the cliangcs in yield very closely, weekly yields 

were taken from Jan’93 to March ’93 (Fig. 14, 15 &16). Variation in yield 

was noticed in the different weeks during this period. During the first and
I

second week of February, Ii NPK3 registered the highest volume of latex 

(Fig.15). However during third week I) NPK3 was comparable with I, 

NPKo only, and in the fourth week the yield was low tliough not 

significant. Lowest temperature was recorded during the first week of 

February,93 and during this time the higher doses of nutrients with 

irrigation has helped to tide over winter stress as evidenced by the volume 

of latex generated by plants. Treatment 1, NPK3 was superior to I, NPK(,, 

Ii NPK, and I, NPK2. The positive influence of temperature gets 

narrowed down as temperature increased from second week of February 

and beyond. There was significant reduction in yield in all treatments 

during February (Fig. 15) compared to January (Fig. 14). The extent of 

variation being 23.4 per cent in I,. NPKt to 6.0 percent in I, NPK3. There 

was reduction in volume during March’93 also (Fig.16). While comparing 

the influence of irrigation it was observed that there was a higher volume 

of latex in irrigated plots in all the three months. Nutrient application at 40 

kg NPK has increased the volume of latex in both irrigated and unirrigated 

plots compared to no fertilizer applied plots during Jan, Feb and 

March’93. Further increase of nutrient dose reduced the volume of latex. 

The data suggests that efficacy of nutrient uptake and its influence on 

volume of latex was more pronounced when fertilizers were supplied with 

irrigation. In winter high level of nutrient did not help in maintaining 

higher volume of latex when soil moisture was a constraint. Influence of 

fertilizer alone has been observed to influence volume of latex favorably
I

up to 30 kg level of NPK. However the optimum nutrient combination



observed in this study is 40 kg' NPK with irrigation. Irrigation lias 

definitely helped plants to tide over the winter stress by maintaining a 

higher volume of latex in January. Reduction of yield during February and 

March can be attributed to the stress in plants as a result of annual leaf fall 

and consequent reflushing, carryover effect of low temperature and a 

sudden increase in air temperature from March.

Correlation studies performed using data of weekly yield 

(volume) during winter period (Jan, Feb and March) to assessthe influence 

of different treatments and meteorological parameters on volume of latex 

(Table 23) indicate that temperature both maximum and minimum and RH 

had a more pronounced influence on yield in January. The positive 

significant correlation of T.max during Jan and Feb'93 suggests tIuU 

increase in temperature during winter has helped to maintain a higher 

yield. During March meteorological parameters in general did not 

influence yield. It can thus be inferred that irrigation in conjunction with 

nutrients general helped to maintain a higher yield.

Irrigation was given at fortnightly interval and volume of 

latex monitored weekly during January’93 (Fig.14), it was observed that 

the yield during the first and third week was higher than the second and 

fourth week. This may be due to irrigation imposition during the first and 

third week. By February, high yields were again recorded in the irrigated 

plots in the first week(Fig.l5). Irrigation given during the first week was 

seen to influence the yield level in the second week also. Though there 

was a decline in the yield from the third week onwards the yield in the 

irrigated plots was 30 % higher than that in the unirrigated plots. Yield



Table 22. Seasonal variation of yield and yield components in a 

nine year old rubber planting given irrigation and nutrients.

Months Volume DRC PI Sugar Inorganic P

(ppm) (ppm)

January'92 83.44 15.64 1.96 4240 217.84

February 27.06 17.05 3.32 2870 235.55

April 50.63 31.82 5.38 2480 80.53

September 66.81 34.02 3.59 1840 58.64

October 112.81 35.36 2.38 2820 88.55

November 144.69 31.62 1.56 .3810 116.99

December 169.38 22.39 1.05 4420 154.37

January'93 122.87 18.93 1.31 4860 202.35

February 48.06 23.30 5.01 1420 206.96

March 91.50 22.56 3.24 2160 123.06

LSD (P=0.01) 15.74 1.46 0.55 600 49.80



Rda^ionship of total volume and meteorological parameters dunng Jan-March 93

January’93

I, NPKo 
l .NPK,  
I.NPKj
I.NPK3 
lo N PKo
IqNPK,
I0NPK2
I0NPK3

T.max
0.674**
0.636**
0.552*
0.539*
0.837**
0.549*
0.604*
0.834**

T.min
0.550*
0.533*
0.233
0.306
0.753**
0.335
0.460
0.626**

February’93

1 , NPKo 0.307 -0 . 0 1 1

I, NPK, -0.086 , -0.243
I ,NPK 2 0.539* 0.170
1 |NPK, 0.508* -0.017

lo NPKo 0.662** 0.315
IqNPK, 0.609* 0.232
I0 NPK 2 0.697** 0.407
I0 NPK3 0.568* 0.373

RH SSH
0.630** -0.233
0.674** -0.208
0.336 0.214
0.291 0.029
0.758** -0.432
0.413 0 . 0 2 2

0.520* -0.144
0.597* -0.225

0.231 -0.092
0.059 0.128
0.264 -0 . 2 1 0

0.286 ■ -0.089
0.542* -0.488
0.569* -0.454
0.191 -0.311
0.278 -0.369

March’93

1 , NPKo -0.315 -0.227 -0.233 ' -0.291

1, NPK, -0 . 2 1 0 -0.612* -0.068 -0.119

1 ,NPK 2 -0 . 2 0 2 -0.628** -0.029 -0.098

I ,NPK 3 0.089 0.239 -0.083 0.015

loNPKo
IqNPK,

0.426 0.479 0.014 0.276
0.474 -0.309 0.031 0.398

In NPKj 0.069 -0.401 0.271 0.184

I0 NPK3 0.199 -0.542* -0 . 0 1 2 0 . 2 0 0

I, - Irrigated 
Iq - Unirrigated

NPKo- No fertilizer applied 
NPKj - NPK at 40 kg ha’‘

sii:iii!u;imi .11 ^  level,
siiiniricani ;ii 1 <̂ level.

NPK, - NPK at 30 kg ha' 
NPKj - N PK a t  80 kg ha '



during March also showed a similar trend in all the four weeks (Fig. 16). 

Clearly the impact of irrigation was seen to be more pronounced during 

January which corresponds to peak winter period. In the traditional rubber 

growing region however a different seasonal pattern in latex yield is 

observed, with higher yield during wet months and lowest yield during 

dry season (Pakianathan e t  a l ,  1989). There are only a few reports from 

India on the infiuence of irrigation on yield from the traditional rubber 

growing region.

Yield was worked out on the basis of unit length of tapping 

cut to eliminate the variation in girth of trees and reported in ml cm (Fig. 

17). The volume of latex thus obtained was found to be 17.7 % higher in 

the plots which received irrigation along with nutrients, compared to 

unirrigated plots with nutrients. Nutrient addition of 40 kg ha"' NPK gave 

the highest yield irrespective of irrigation treatments when the data during 

the entire study period was analysed (Table 20). Increase in yield by 18 %  

was obtained in plots with 40 kg NPK in irrigated and unirrigated plots 

combined, compared to no fertilizer control. However application of 

higher nutrient level at 80 kg ha'' did not enhance the yield level. In the 

traditional rubber growing region Mathew e t  a l  (1989) observed 

significant yield increase in response to application of nitrogen at 80 kg 

ha"'. Where the soil phosphorus level was low the annual mean yield 

showed an increasing trend with 90 kg ha’’ P2O5 application (Potty e t  

a/,1976). Significant yield response to added potassium at 32 kg ha'’ K^O 

over the 16 kg level was reported by Punnoose e t  a l  (1994) during the 6 

th, 7 th and 8 th year after commencement of tapping. The influence of 

major nutrients on yield could be a direct effect or the effect mediated



through growth of bark, bark renewal etc. (Samsidar e l  a l ,  1976). Yield 

response to applied fertilizers was observed only after four years in some 

trials in Malaysia (Sivanadyan, 1973). The trial area under investigation 

was under the fertilizer schedule of 35 kg ha"' NPK, which is the general 

fertilizer recommendation for Tripura. Irrigation and nutrient treatments 

were imposed in the 9th year of planting. Mean yield observed in the of 

11th years show significant response to NPK application at 40 kg level. 

Soils of Tripura has been subjected to shifting cultivation and 

consequently most areas are degraded. Response to added nutrients as 

observed in this experiment proves that a higher nutrition than the one 

being followed will be beneficial to plants in these soils. The yield 

response of plants to application of 40 kg ha'* NPK in this experiment 

suggest that the ad hoc fertilizer recommendation for mature rubber in this 

region which is 35 kg ha'' NPK, needs to be refined for realizing the 

production potential of mature rubber.

4.8.2 Latex tu rgor  pressure.

The turgor pressure of latex vessels was monitored in 

January and February 1993 (Fig 18). Turgor recorded in January was 

significantly higher turgor in the irrigated plots compared to the 

unirrigated plots. However, during February this was not so. This suggests 

that the influence of irrigation is seen to be more during the winter period 

of January when there is a low mean minimum temperature. Irrigation in 

conjunction with nutrients thus enhanced the latex turgor which was also 

reflected in the volume of latex during January. January appeared to be 

more crucial and responding more to irrigation than February. The



irrigation regimen to be followed month wise need to be monitored more 

closely for evolving guidelines on the duration and period of irrigation to 

be followed during the winter stress period.

4.8 Dry rubber content (DRC %)

DRC was not significantly influenced by the irrigation and 

nutrient treatments (Table 20) when the mean DRC was evaluated over the 

entire period. However significant changes in DRC was seen during 

different months (Table 22). The irrigation, nutrient and monthly 

interaction on DRC content of latex was highly significant (Table 24). 

DRC obtained during Jan and Feb’92 irrespective of the treatments was 

significantly lower than that obtained between April to November ,92. 

During Jan and Feb’92, DRC was higher in I, NPK2 compared to I, NPK„. 

In the unirrigatcd plots however both 1„NPK, and I„NPK, plots recorded 

higher DRC than no fertilizer plots. In the post winter period of April the 

highest DRC in irrigated plots was observed in I, NPK,, while in the 

unirrigated plots the highest DRC was in I„ NPK,. During September’92 

when irrigation was withdrawn, higher DRC was observed in I, NPK, 

plots. However in I„, NPK. plots recorded the highest DRC the increase in 

DRC being 17.4 per cent over I„NPK„. A significant drop in DRC content 

was noticed from November onwards in treatments I, NPK,,, I, NPK, and I, 

NPK, compared to the content during October. The drop in DRC in the 

unirrigated plots was not so drastic. The drop has been mainly due to 

higher late,x volume obtained from Nov,92 to Jan,93, irrespective of 

treatments. In unirrigated plots NPK application of 30 and 40 kg ha' ' 

resulted in latex attaining a comparable DRC as that in the irrigated plots



Irrigated Unirrigated

Months 0 30 40 80 0 30 40 80

January 16.23 15.91 15.04 18.24 14.12 15.19 15.96 14.40

February 17.50 16.26 17.87 18.14 16.59 16.77 16.87 16.37

April 31.78 25.17 33.13 33.39 31.62 33.71 33.57 32.16

September 34.18 34.98 33.22 33.00 30.64 35.16 37.10 33.90

October 35.30 38.36 34.04 33.58 34.89 34.01 35.81 36.88

November 29.50 30.50 29.83 26.78 32.39 31.62 32.45 31.87

December 20.22 22.24 24.53 19.26 27.11 23.21 28.12 22.42

January 17.45 16.64 19.18 17.88 19.83 18.48 22.06 19.91

February 22.43 21.28 19.76 24.97 23.74 24.42 25.92 23.86

March 21.13 22.57 23.11 21.70 23.45 21.55 21.88 25.12

LSD(P=0.01) : Treatments x months = 4.13



(Table 20). However, the latex volume in unirrigated plots were lower 

than in irrigated plots. During winter months of Dec’92 and Jan’93 there 

was a significant drop in DRC (Table 22). Latex volume in these months 

was observed to be high. The normal variation in rubber content is to the 

extend of 5 % and may not exceed 10 % ,  whereas differences in the 

volume of latex collected in each tapping can vary from 50 to 100 % 

between trees and hence the direct effect of rubber content on yield can be 

masked by the large difference in volume of latex (Sethuraj,1992). 

Seasonal variation in yield is more a function of volume of latex than 

rubber content.

In the irrigated and unirrigated plots 40 kg NPK kg ha ' 

recorded the highest DRC in Dcc’92 and Jan’93. During Feb’93 DRC was 

higher in all treatments compared to Dec’92 and Jan’93 but the 

corresponding latex volume in Feb’93 was low. The low latex volume 

and DRC observed in Feb’93 may be due to stress conditions posed by 

low temperature during Feb’93 (Appendix 1) on latex biosynthesis. The 

direct effect of climate on biosynthesis of rubber has not been studied in 

detail. Fall in PI during winter in China is indicative of a fall in rubber 

content as well (Xu and Pan, 1990). This assumes importance when 

viewed in the context of Tripura which is situated near the same latitude 

and experiencing low temperatures during winter.

4.8 .4 . P lugging  index (PI)

PI (Milford e t  a l ,  1969) indicates the intensity of flow 

restriction mechanisms operating in the latex vessels after tapping.



Irrigated Unirrigated

Months 0 30 40 80 0 30 40 80

January’92 2.17 1.76 1.72 1.76 1.95 2.24 1.55 2.16

Februar}' 4.09 3.02 3.17 3.18 3.12 3.49 3.16 2.36

April 4.97 5.18 3.62 4.22 5.15 5.09 5.30 5.54

September 3.54 3.40 3.05 3.30 3.82 3.35 3.57 3.94

October 2.88 2.73 2.33 1.99 2.78 2.14 2.43 2.78

November 1.83 1.30 1.31' 1.24 1.72 1.43 1.34 1.34

December 1.11 0.96 1.02 1.03 1.15 1.16 1.04 1.12

January'93 1.21 1.18 1.33 0.98 1.33 1.63 1.37 1.46

February 4.08 4.20 3.50 4.38 6.00 4.81 5.18 7.11

March 2.59 3.64 2.22 4.31 3.93 2.24 2.42 4.57

LSD (P=0.05) Treatments x months = 1.55



Mathematically this index is a time flow constant. Irrigation and nutrients 

did not significantly influence the PI (Table 20). In general a lower PI was 

seen in the irrigated plots compared to the unirrigated plots. This is in 

agreement with the work of Haridas (1984) who showed that there is a 

deflnite influence of irrigation on the PI and yield. It is also seen that the 

40 kg ha ' NPK applied plots had lower PI. This could be due to the flow 

characteristics which increased the mean volume as a result of irrigation 

and nutrient addition. Influence of P and K has been observed to be more 

pronounced at 40 kg and the lower PI observed in this treatment may be 

due to the changes in P/Mg ratio brought about by P and K.,

Signiflcant seasonal variations in the PI was noticed between 

different months when values of all treatments were pooled (Table 22). Pi 

values of January, February and April’92 was signiflcantly different from 

each other, with lower PI in Jan which increased progressively up to April. 

In September also PI was high though this was significantly lower than 

April’92. The drop in PI continued up to December. Progressive decline in 

PI was accompanied by an increase in latex volume. Annual yield depends 

on the average values of initial flow rate, PI and rubber content over 

different seasons of a year. The environmental condition leading to lower 

initial flow and higher plugging will reduce yield. The wide fluctuation 

seen in PI can be considered the most sensitive yield component affected 

by environmental factors.

Influence of treatments and monthly interaction on PI was 

significant (Table 25). During October’92 to January’93 when PI started 

falling, lowest PI was observed in I, NPK,. High latex volume obtained in



Table 26. Changes in concentration o f sugar (ppm) due to 

interaction of irrigation, nutrients and months.

Months

Irrigated 

30 40 80

Unirrigated 

0 30 40 80

January’92 4650 4300 4800 3750 3950 3900 4500 4050

February 2250 4950 4350 3000 2200 2000 2150 2100

April 2150 2800 2800 2900 2200 2450 2400 2150

September 1900 1950 2100 2000 1650 1700 1850 1600

Octobcr 2250 3250 3100 2750 2100 3050 2800 3250

November 4000 4300 4000 3650 3500 3800 3900 3300

December 4750 4100 5300 ■ 4350 4500 5450 3100 3800

January'93 4250 4600 4950 5050 2950 6900 5100 5050

February m o 1350 1250 1400 1350 1550 1550 1500

March 2050 2050 1900 2550 2250 2100 1950 2400

LSD(P=0.05): Treatments x months = 1200



this treatment in Oct’92, Dec’92 and Jan’93 suggests tiiat NPK at 80 kg 

ha'' could be utilized by the plants effectively in presence of adequate 

moisture during this period. In the unirrigated plots however, lower PI 

was observed in NPK, and NPKj plots.

4.8.5.  T o t a l  s u g a r s

Concentration of sugar in latex was measured and the mean 

values are given in Table 20. Sugar content in latex was significantly 

higher in I, NPK| and I, NPKi coinpared to other treatments. Mean values 

presented show that irrigation and nutrients in general has enhanced the 

latex sugar concentration as compared to unirrigated plots with the same 

nutrients. There has been a significant variation in latex sugar 

concentration during different months. In general significantly higher 

sugar concentration in latex was observed during winter months (Jan’92, 

Nov’92, Dec’92 and Jan’93) compared to other months (Table 22). This is 

in conformity with the findings of Jacob e t  a l  (1989). The level of sucrose 

in latex together with inorganic phosphorus, Mg, thiols (R-SH), pH of 

latex and redox potential have been implicated in the biosynthesis of 

rubber (Sethuraj, 1992). The higher sucrose content observed in 40 and 80 

kg NPK application in irrigated as well as in unirrigated plots could be due 

to the fact that plants well supplied with K"̂  is capable of increasing the 

transport rate of sucrose in the phloem by a factor of ~ 2 (Marschner, 

1986). A high sucrose content in the laticifers can result in high turgor 

pressure and thus constitute a high potential force for the expulsion of cell 

contents (Pakianathan.e/ a l ,  1989).



A signil'icant treatment x month interaction was observed in 

the concentration of sugar in latex (Table 26). 40 kg ha'’ applied plots in 

irrigated  and unirrigated plots recorded significantly high sugar 

concentration in latex in February,92 compared to other treatments. In 

January’92 also these treatments showed high sugar content. A build up 

in concentration of sugar in latex started showing by October in I, NPK,

1, NPKt and Iq NPKj plots. High latex sugar was recorded during the 

period from November’92 to January’93 in 40 and 80 kg NPK applied 

plots. In February’93 a sharp decline in sugar was observed. A resultant 

decline in volume of latex suggests that sugar is important in latex 

production. Irrigation has helped in higher production of sugar. Many 

authors have demonstrated an important role for sucrose in latex 

production (Auzac and Pujarniscle, 1961 ; Esbach e t a l ,  1986 ; Low, 1978; 

Tupy, 1969 ; Tupy and Primot, 1976). A high contcnt of sucrose may 

indicate good loading of this precursor to the laticifers. Prevot e t  a l  (1984) 

has suggested that a high sucrose content in latex may also indicate low 

metabolic utilization of sucrose and hence low productivity .

4.8.6. I n o r g a n i c  p h o s p h o r u s  (Pi)

Tiic concentration of Pi in the latex was measured and tiic 

content was seen to be significantly influenced by the different treatments 

(Table 20). There was a higher content of Pi in the 40 kg NPK applied 

irrigated plots and 80 kg NPK applied in the unirrigated plots. Significant 

variation of Pi was seen during the different months. A higher content was 

observed during the winter period (Table 22). Since the Pi content 

indicates the energy metabolism of latex influencing energy transfer and



isoprcne synthesis (Jacob e t  «/,1989), higher Pi obtained during winter 

might have led to high yield during this period.

4.9. Interrelationsh ips am on g  yield , yield com pon en ts  and  

m eteorological param eters .

Yield is the integrated effect of yield components and their 

relationship with the environmental factors. In order to interpret variation 

in yield the interrelationship existing between yield and the component 

factors needs to be understood, information on yield of H e v e a  and its 

relation with plant and non-plant factors is available (d’ Auzac et al, 1989, 

Sethuraj and Mathew, 1992). Studies on the interrelationship of yield, its 

components and meteorological parameters are however scanty. Therefore 

the interrelationship of yield, yield components and meteorological 

parameters were worked out based on the results obtained from the 

experiment in the mature phase using correlation analysis (Table 27). 

DRC was not significantly correlated to volume of latex. Plugging index 

showed strong negative correlation with volume of latex. Correlation 

between PI and yield has been demonstrated by several authors (Milford e t  

a l ,  1969; Paardekooper and Somosorn, 1969). Seasonal variation in PI is 

noticed and this is considered as a sensitive yield component affected by 

environmental factors (Sethuraj,1992). Inorganic phosphorus did not 

show any significant relation with volume of latex. However, sugar was 

positively related to volume of latex. T.max showed a negative 

relationship- with volume. Production of latex has been reported to be 

optimum at a temperature of 26 - 28° C (Shangpu, 1986). High 

temperature was found to retard latex flow and reduce yield (Lee and Tan,
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1979). Minimum temperature did not show significant correlation witli 

volume. Sunshine duration (SSD) had a positive and strong relationship 

with yield. This assumes significance since the area experiences low 

temperature during winter. The availability of longer SSD during this 

period might have helped in the biosynthesis of rubber. Effect of SSD on 

crop growth and productivity is often mediated through its effects on 

photosynthesis and crop water requirement. In the traditional regions 

lower latex production during rainy season can be attributed to reduced 

sunshine hours (Rao and Vijayakumar,1992). The influence of RH on 

yield was also positive and significant. Evaporation and rainfall exerted a
I

negative influence on volume of latex. The trend in the relationship was 

similar when yield from individual treatments were correlated with the 

yield components and meteorological parameters (Table 29).

4.10. D irec t  a n d  in d i r ec t  elTects o f  yie ld co m p o n en t s  and  

me teoro log ica l  p a r a m e t e r s  on yield:  P a t h  ana lys is  .

Path analysis was performed to quantify the interaction 

between the independent variables and measure their contribution to the 

dependent variable. Direct and indirect effects of each variable 

contributing to the yield is established. A significant path coefficient 

between the dependent and independent variables indicate that a change in 

one will result in a relative change in the other when additional influences 

are removed (Chandrashekar, 1994),
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Table 29. Correlation coefficients of yield in relation to yield 
components and meteorological parameters.

D R C P I Pi S u g a r T .m ax T .m in RH W S SSD E v ap  R ain Yield

I, No O. l IO -0.767 0.117 0.695** -0.299 -0.175 0.215 -0.574* 0.402 -0.493 -0.544* 1.1)0

I . N , 0.175 -0.766** -0.093 0.329 -0.185 -0.032 0.361 -0.593 0.315 -0.455 -0.486 1.00

I, iN, 0.141 -0.721** -0.297 0.417 -0.162 0.024 0.278 -0.547* 0.356 -0.411 -0.453 1.00

I i N j -0.124 -0.788** 0.298 0.599* -0.239 -0.103 -0.068 -0.562* 0.295 -0 .449 -0.456 1.00

loNo 0.303 -0.720** -0.236 0.619* -0.208 -0.039 0.378 -0.581 0.240 -0.460 -0.406 1.00

loN, 0.017 -0.747** -0.045 0.524* -0.162 0.013 0.146 -0.485 0.419 -0.393 -0.362 1.00

lo N, 0.06! -0.743** -0.434 0.353 -0.262 -0.022 0.197 -0.523* 0.403 -0 .420 -0.546 1.00

I0N3 0.209 -0.696** 0.009 0.535* -0.132 0.053 0.437 -0.587 0.261 -0 .438 -0.427 1.00

I] - Irrigated Nq- N o fertilizer applied N, - NPK at 30 kg ha'
Iq - Unirrigated N 2 - NPK at 40 kg ha"' N3 - NPK at 80 kg ha’’



4.10.1. Direct eHects.

Path analysis results revealed that T.niax, PI, SSD, 

evaporation and rainfall are the major variables directly atTccting yield 

(Table 28). Comparison of “r” with direct effects of these variables 

indicated a true relationship of latex volume with SSD and rainfall 

because correlation coefficients and direct effects were similar both in 

sign and magnitude (Singh and Chouhhury,1985). While the direct effects 

of PI, evaporation and rainfall was negative, T.max, and SSD were 

positive. In the order of relative importance, evaporation was first 

followed by T.max, PI, SSD and rainfall. Direct effects of DRC, Pi, Sugar 

and T.min was not of much consequence.

4.10.2. Indirect effects.

Indirect effect of wind speed (WS) affecting volume of latex 

was through PI, T.max, (SSD) and evaporation. The direct influence of 

T.max was positive while the indirect effect of T.max via evaporation was 

negative. Indirect effect of RH on yield was through PI, evaporation and 

SSD. Though the direct effect of WS on yield was positive, the indirect 

effects were actually responsible in influencing yield through evaporation, 

PI and T.max. Indirect effects of PI via other yield components were 

negligible. However indirect of sugar via PI was good. A good indirect 

effect of sugar via PI indicates that PI is influenced by sugar.

Correlation analysis has pointed out that PI, latex sugar 

concentration, T.max, RH, WS, SSD and Rain are the primary factors



affccting yield. Mowcvcr, path analysis results showed that PI, SSD and 

evaporation are the primary factors directly affecting yield. The other 

variables are secondary, mainly acting through the primary factors.

4.10 Residuals.

Residual value of 0.46 obtained in path analysis in this study 

indicated that only 56 percent of the variability in yield was explained by 

the factors included and 46 percent due to factors not considered in this 

study. When the variables of latex yield, rubber content, initial flow rate, 

turgor pressure, latex solute potential and girth were included 

Chandrashekar (1994) reported 42 percent variability in yield.



CHAPTER V 

SUMMARY AND CONCLUSIONS

Rubber cultivation is taken up in Tripura in a big way 

to meet tlie growing demand of rubber. Rubber planted in this non- 

traditional region encounters stresses of various kinds unlike those in the 

traditional region. Specific agromanagement practices to overcome the 

stresses encountered in this region are therefore needed. A field experiment 

was taken up to study the influence of nutrients and soil moisture in 

modulating the growth of young H e v e a  plants in the early years of planting 

in Tripura.

5.1. Immature phase.

Higher moisture availability increased plant height. The 

influence of moisture on plant height was more pronounced during winter. 

Nitrogen, phosphorus and potassium application at 40 kg ha'' was found to 

improve plant height. Plant girth also responded to higher moisture regime 

during Jan-Apr’93. NPK application of 40 kg ha'' produced the highest 

number of whorls.

From the early growth period biomass production was 

significantly influenced by high soil moisture availability. The influence 

was higher during December to April. Biomass production was enhanced by 

NPK application of 40 kg ha‘'. A higher RGR was observed in -0.03 MPa 

moisture regime during Oct-Dec’92 and from Jan-Apr’93. RGR was also



found to be positively correlated with temperature both maximum and 

minimum.

In general root biomass was higher in -0.03 MPa compared to 

-0.50 MPa moisture regime. In the -0.03 MPa moisture regime highest root 

biomass was observed in 23-46 cm depth while in -0.50 MPa it was in the 

top layer (0-23 cm). Application of NPK at 40 : 80 : 40 kg ha’' registered 

the highest root biomass.

Availability of higher soil moisture level influenced the 

physiological processes of plants. Transpiration of plants was higher in 

-0.03 MPa and -0.10 MPa than in -0.50 MPa moisture regime. The extent of 

reduction in transpiration in -0.50 MPa was higher during winter. Nitrogen 

and potassium at higher doses showed a regulatory influence on 

transpiration. Stomatal conductance of plants growing in -0.03 MPa 

moisture regime was higher. A lower gs was recorded in plots receiving 

high P and K nutrition. The influence of soil moisture and nutrient 

interaction on ĝ  was significant during the winter period.

Bark nutrient content increased with higher level of nutrient 

application in the case of N and .K. Bark Ca was lower in NPK applied 

plots. Bark N was higher in -0.50 while bark K was higher in -0.03 MPa 

moisture regime.

.Leaf nutrient status was also observed to increase 

progressively with higher nutrient addition in soil. Leaf N values was in the 

high range of critical level when 40 kg ha'* NPK was applied. Leaf P v/as in



the low to medium range while leaf K was in the medium range even at the 

highest level of application (80 kg ha'').

The study revealed that during immature phase, the growth 

pattern of young H e v e a  plants which are subjected to environmental stress 

can be regulated to a certain extent by appropriate management of soil 

moisture and nutrients. Stress factors mainly, low temperature coupled with 

low soil moisture affect plant growth during the period from October to 

April. The extent of impact of stress varies from year to year. The results of 

the study in the immature phase show that maintaining a higher soil 

moisture level helps the plants to mitigate the stress factors as evidenced by 

the growth performance and higher physiological activity. Similarly 

different levels and combinations of nutrients also were seen to influence 

and regulate the growth pattern. The plants showed better response to 

phosphorus than the other two nutrients. Higher levels of P has been 

observed to maintain a higher growth rate during winter. Maintaining the 

soil moisture in the range of -0.03 to -0.10 MPa with higher doses of P can 

help plants tide over stress conditions. In N.E. India it has been observed 

that when the temperature drops below 10°C plant growth is affected 

considerably. The most promising high yielding clone RRII 105 is affected 

by winter stress in this region (Sethuraj e t  a l ,  1989). During the early 

establishment period moisture and nutrient management can offset the 

deleterious effect of winter. The results obtained in this study indicate that 

an NPK combination of 40 kg ha’’ has been effective when applied along 

with irrigation to a level of -0.03 MPa. Irrigation to maintain a soil moisture 

tension of -0.03 to -0.1.0 MPa at least during the years when temperature 

falls below 10°C would definitely help maintaining a satisfactory growth



rate. Irrigation could also be considered when there is late planting and 

when plants cannot be established before the onset of winter. Though the 

growth pattern of H e v e a  is inlluenced by the total rainfall, the distribution 

pattern is important. In Tripura after November there is a prolonged dry 

spell up to April. The soil moisture management through irrigation is 

therefore crucial for maintaining a steady growth rate.

5 2 .  Mature phase.

In the mature phase of H e v e a  yield is observed to be related to 

the climatic conditions. Latex flow pattern is altered when the temperature 

drops during winter. A field experiment was started in October 1991 at 

RRS, Tripura to study the influence of irrigation and selected nutrient 

combinations on the performance of mature rubber during different months.

Irrigation and NPK application of 40 kg ha’' significantly 

increased the volume of latex. Effect of irrigation was most evident from 

October-January when nearly 20 per cent yield increase was obtained. Yield 

of latex was found to be related to yield components and meteorological 

parameters. Irrigation helped in raising the volume yield of latex by 18 per 

cent over the entire period. Monthly variations in yield was noticed and 

higher volume of latex was obtained during October-January. Flow of latex 

is influenced by P/Mg ratio in latex (Yip and Gomez, 1980). In this study a 

critical P/Mg ratio of 1.31 to 137 and a K/Mg ratio of 3.56 to 3.80 in latex 

was found to be associated with high yield. Turgor pressure of latex vessels 

was found to be higher in the irrigated plots.



A lower DRC was observed during January, February and 

March. In the irrigated treatments the DRC content was lower than in the 

unirrigated plots but the volume of latex showed the opposite trend. 

Treatment effects on PI was not significant. However a lower PI ŵ as 

observed in the irrigated plots. Seasonal variation in PI was observed. Plots 

supplied with 40 kg ha'' NPK showed low PI. Concentration of sugar in 

latex showed that irrigation and nutrients enhanced the latex' sugar 

concentration in I, NPK30 and I] NPK40 plots. A higher inorganic 

phosphorus content was observed during winter period

The interrelationship of yield, yield components and 

meteorological parameters showed that PI was strongly and negatively 

correlated to volume of latex. T.max also showed negative relation with 

yield. Sugar concentration in latex, SSD and RH showed positive and 

significant relationship with yield. Results of path analysis to delineate the 

direct and indirect effects on yield revealed that T.max, PI, SSD, 

evaporation and rainfall are the major variables directly affecting yield, 

Direct effects of DRC, Pi, sugar and T.min was not of much consequence. 

Variability in yield up to 56 per cent was explained by factors considered in 

this study.

The study of the mature phase of H e v e a  has revealed that the 

influence of irrigation along with higher than the current 

recommended dose of nutrients, augment the yield level 

considerably. Irrigation is not normally practiced in the traditional 

regions during summer months, nor it is being done in N.E. India. 

Whenever higher productivity is targeted, irrigation to provide a soil



moisture regime in the range of -0.03 MPa at least during winter 

months will be necessary for trees to withstand stresses during this 

period. The present study has provided useful information which may 

be used for refining the present agromanagement practices in 

Tripura. The following guidelines are suggested.

1. Irrigation to provide a soil moisture regime of -0.03 to -0.10 MPa 

during winter period from Oct-Jan is necessary to promote uniform 

growth and yield.

2. The present recommendation of 35 kg ha’’ NPK for mature rubber 

need to be revised to 40 kg ha’’ NPK for realizing the production 

potential of rubber in Tripura.



BIBLIO G R APH Y .

Ackerson, R.C. (1985). Osmoregulation in cotton in response to water stress.
3. Effects of phosphorus fertility . P la n t  P h y s io lo g y , 77: 309-312.

Ananth, K.C., George, C.M., Mathew,M. and Unni, R.G. (1966). Report of 
the result of fertilizer experiments with young rubber in South India. 
R u b b e r  B o a r d  B u lle tin , 9: 30-42.

Angkapradipta, P., Tuti-Warsito and Nurdia, M.S. (1986). Testing the N. P 
and K fertilizer recommendation rates for clone GTl on latosol. M en u ra  
P erkeb iin a n , 4: 111 - 119.

d’Auzac. J., Jacob, J.L. and Chrestin. H. (1989). P h y s io lo g y  o f  r u b b e r  tree  
la tex . CRC Press Inc., Boca Raton, Florida. 470 p.

d'Auzac. J. and Pujarniscle,S. (1961). Aperscu sur I'etude des glucides de 
V H e v e a  et sur Icur variation. R e v iie  G e n e ra le  d e s  C a o u tc h o u c s  e t 
p la s t iq ite s .  38:1131.

Barry, R.G. and Chorlcy,R.J. (1976). A tm o s p h e r e .w e a th e r  a n d  c lim a te , Ed. 2. 
Mothucn.London, p.62.

Beaufils. E.R.(1954). Contribution to the study of mineral elements in field 
latex. P r o c e e d in g s  o f  th e  th ir d  R u b b e r  T e c h n o lo g y  C o n fe ren c e , 1953, 
London, U.K. pp 87-89.

Beaufils. E.R. (1955). Mineral diagnosis of some H e v e a  b ra s ilie n s is . A r c h ie f  
V oor d e  R u b b e r  C id tu iir , 32:1.

Benecke. U. and Gobl.F. (1974). The influence of different Mycorrhizae on 
growth, nutrition and gas exchange of P in u s  m iig o  seedlings. P la n t  
a n d  S o il , AQ-. 21-32.

Bhattacharya, T., Seghal, J. and Sarkar, D. (1996j. S o ils  o f  T r ip u ra  f o r  
o p tim iz in g  la n d  u se: th e ir  k in d s , d is tr ib u tio n  a n d  s u ita b i l i ty  f o r  m a jo r  

f i e l d  c r o p s  a n d  r u b b e r  . NBSS Publ. 65 a, c (Soils of India Series 6).



National Bureau of Soil Survey and Land Use Planning, Nagpur, India, 
154 p.

Blanchet, R., Bose, M. and Maertens, C.(1969). Some interactions o f cation 
nutrition and water supply o f plants. In : T ra n s itio n  f r o m  E x te n s iv e  to  
In te n s iv e  A g r ic u l tu r e  w ith  F e r tiliz e rs ,  International Potash Institute, 
Berne, Switzerland, Station d’Agronomic, Tolouse , France, pp 121- 
131.

Bolton, J. (1960). The response of H e v e a  to fertilizers on a sandy latosol. 
J o u r n a l  o f  R u b b e r  R e s e a r c h  In s t i tu te  o f  M a la y a , 16: 178-190.

Bolton, J. and Shorrocks, V.M. (1961). The effect of magnesium lime stone 
and other fertilizers on a mature planting of H e v e a  b ra s ilie n s is . J o u r n a l  
o f  R u b b e r  R e se a rc h  In s ti tu te  o f  M a la y a , 17:31-39.

Bowen, G.D. (1980). In: The Biology> o f  A u s tr a l ia n  N a tiv e  P la n ts . (Eds. 
J.S.Pate and A.J.McComb,) University of West Australia Press, pp 33- 
64.

Bradbury, I.K. and Malcolm, D. (1977). The effect of phosphorus and 
potassium on transpiration, leaf diffusive resistance and water use 
efficiency in sitka spruce {P ic e a  s itc h e n s is )  seedlings. J o u r n a l  o f  
A p p l ie d  E c o lo g y , 14: 631-641.

Brag, H. (1972). The influence of potassium on the transpiration rate and 
stomatal opening in T r itic u m  a e s tiv u m  and P is u m  s a tiv u m . P la n t  
P h y s io lo g y ,  26: 250-257.

Bray, K.H. and Kurtz, L.R. (1945). Determination of total organic and 
available form of phosphate in soils. S o il  S c ie n c e , 59 : 39-45.

Bugakov, P.S. (1962). A study of temperature, moisture and nutrient regimes 
of leached chernozem and derno-podzolic soil. T ru d y  K r a s n o y a r sk ,  14: 
3-32. (Original not seen).



Buttery, B.R. and Boatman,S.G. (1976). Water deficits and flow of latex. In: 
W a te r  D e f ic i ts  a n d  P la n t  G ro w th . (Ed T.T.Kozlowski). Academic 
press. New York, pp 234-282.
?

Cassman, K.G. and Munns, O.N. (1980). Nitrogen mineralization as effected 
by soil moisture, temperature and depth. J o u r n a l  o f  S o i l  S c ie n c e  Society! 
o f  A m e r ic a , 44 : 1233 - 1237.

Chandrashekar, T.R., Vijayakumar, K.R., George, M.J. and Sethuraj, M.R. 
(1994). Response of a few H e v e a  clones to partial irrigation during 
immature phase in a dry subhumid climatic region. In d ia n  J o u r n a l  o f  
N a tu r a l  R u b b e r  R e se a rc h , 7(2): 114-119.

Chapman, G.W. (1941). Leaf analysis and plant nutrition. S o il  S c ie n c e ,  
52:63-69.

Cochran, W.G. and Cox, G.M. (1965). E x p e r im e n ta l  d e s ig n s . Asia 
Publishing House, New Delhi, pp 51-110.

Compagnon.P. (1962). Mineral nutrition of H e v e a . R e v u e  G e n e ra le  du  
C a o u tc h o u c  e t d e s  P la s tiq u e s , 39: 1105-1 135. (Original not seen)

Conceicao. H.E.O.DA., Oliva, M.A., Lopes. N.F., Neto, R.O.G.DA. (1985). 
Drought resistance in rubber trees. 1. Water balance and primary 
production in six clones subjected to water deficit. P e s q u is a  
A g r o p e c u a r ia  B r a s ile ir a , 20 (9) : 1041-1050.

Constable, D.H.(1953). Manuring replanted rubber. 1938-1952. Q u a r te r ly  
c ir c u la r  o f  the  R u b b e r  R e s e a rc h  In s ti tu te  o f  C e y lo n , 29:16.

Cornice, G., Papageorgiou, L. and Louason, G. (1987). Effect of rapid and 
slow drought cycle followed by rehydration on stomatal and non- 
stomatal components of leaf photosynthesis in P h a s e o lu s  v u lg a r is  L. 
J o u r n a l  o f  P la n t  P h y s io lo g y , 126: 309-318.

Dijkman, M.J. (1951). H e v e a . T h ir ty  y e a r s  o f  r e se a rc h  in  the  F a r  E ast. 
University of Miami Press, Florida. 329 p.



Dosskey, M.G., Boersma, L. and Linderman, R.G. (1993). Effect of 
phosphorus-fertilization on water stress in Douglas fir seedlings during 
soil drying. P la n t  a n d  Soil, 150; 33-39.

Driessche, R.Van Den. (1984). Nutrient storage, retranslocation and 
relationship o f  stress to Nutrition. In : N u tr it io n  o f  P la n ta t io n  F o res ts . 
( Eds. G.D.Bowen and E.K.S.Nambiar ) Academic Press,New York, 
pp 181-209.

Esbach, J.M., Tupy, J. and Lacrotte, R. (1986). Photosynthate allocation and 
productivity of latex vessels in H e v e a  b ra s ilie n s is . 
B io lo g ia .P la n ta r u m ,  28:321.

Fife, D.N. and Nambiar, E.K.S. (1995). Effect of nitrogen on growth and 
water relations of radiata pine families. P la n t a n d  S o il,  168-169; 279- 
285.

Gardner. P.W. and Tanner, C.B. (1976). Leaf growth, tuber growth and water 
potential in potatoes. C ro p  S c ie n c e ,  16: 534-538.

George, C.M. (1963). A preliminary report of the permanent manurial 
experiments on rubber. R u b b e r  B o a r d  B u lle tin . 7; 37-40.

Guha. M.M. (1975). Fertilizer response from mature rubber in Liberia. 
P r o c e e d in g s  o f  In te r n a tio n a l R u b b e r  C o n fe r e n c e ,\9 1 6, Kuala Lumpur, 
Malaysia,3; 108-121.

Guha. M.M., and Pushparajah, E. (1966).Response of fertilizers in relation to 
soil type. P la n te r s  B u lle tin . Rubber Research Institute of Malaya. 87 : 
178-183.

Gupta, P.K., Kalyan, S., Singh, U.N., Singh, R.N. and Bohra, J.S. (1996). 
Effect o f  moisture regime and fertility level on. growth, yield nutrient 
turnover and moisture use by french bean (P h a s e o lu s  v u lg a r is ) . In d ia n  
J o u r n a l  o f  A g r ic u l tu r a l  S c ie n c e s , 66(6); 343-347.



Haines, W.B. and Crowther, E.M. (1940). Manuring H evea :  3. Results on 
young buddings in British Malaya. E m p ire  J o u r n a l  o f  E x p e r im e n ta l  
A g r ic u ltu re ,  4 : 300.

Hardjono, A. and Angkapradipta, P. (1976). Discriminatory nutrition in Java 
and South Sumatra. S y m p o s iu m  o f  th e  IR R D B .8 -9  N o v  1976, 
B o g o r ,In d o n e s ia .

Haridas. G. (1980). Soil moisture use and growth of young H e v e a  b ra s il ie n s is  
as determined from iysimeter studies. J o u r n a l  o f  R u b b e r  R e se a rc h  
In s t i tu te  o f  M a la y s ia , 28: 49-46.

Haridas. G. (1984). The influence of irrigation on latex flow properties and 
yield o f different H e v e a  cultivars. P r o c e e d in g s  o f  th e  In te r n a tio n a l  
C o n fe r e n c e  on  S o ils  a n d  N u tr it io n  o f  P e r e n n ia l  C ro p s, August 1984. 
Kuala Lumpur,Malaysia.

Hak. R. and Natr, L. (1984). Transpiration of spring barley under nitrogen 
and phosphorus deficiency during leaf wilting. B io lo g ia  P la n ta ru m . 
26.11-15.

Howard. D.D. and Adams. R. (1965). Calcium requirement for penetration of 
sub soil by primary cotton roots. S o il  S c ie n c e  S o c ie ty  o f  A m erica , 
P r o c e e d in g s , 29 : 550 - 562.

ISI. (1966). In d ia n  s ta n d a r d  m e th o d s  o f  tes t f o r  n a tu ra l r u b b e r  la te x  15. 3 7 0 8  
fP a r t I ) A S l ,  New Delhi.

Ismail. M.R., Burrage, S.W., Tarmizi, H. and Aziz, M.A. (1994). Growth, plant 
water relations, photosynthesis rate and accumulation of proline in 
young carambola plants in relation to water stress. S c ie n tia  
H o r tic u ltu ra e , 60(1&2): 101-114.

Jackson. M.L. (1973). S o i l  c h e m ic a l  a n a ly s is . Prentice Hall of India. Pvt Ltd. 
New Delhi. 488 p.



Jacob, J.L., Prevot, J.C., Roussel, D., Lacrotte. R., Serres, E., d’Auzac, J., 
Escbach, J.M. and Omont, H. (1989). Yield limiting factors, latex 
physiological parameters, latex diagnosis and clonal typology. In : 
P h y s io lo g y  o f  R u b b e r  T ree  L a te x  ( Eds. Jean d’Auzac, Jean Louis 
Jacob and Herve Chrestin ) CRC, Press, Boca Raton, Florida. pp,346- 
381.

Jessy, M.D., Mathew, M., Jacob, S. and Punnoose, K.I. (1994). Comparative 
evaluation of basin and drip systems of irrigation in rubber. In d ia n  
J o u r n a l  o f  N a tu r a l  R u b b e r  R e s e a rc h , 7(1): 51-56.

Jessy, M.D., John, J. and Punnoose, K.I. (1996). Effect of micro irrigation on 
the growth parameters of immature rubber. In: D r o u g h t  M a n a g e m e n t  
o f  P la n ta t io n  c ro p s. C W R D M , K o z h ik o d e , pp, IV 30-35.

Jiang, A.K. (1988). Climate and natural production of rubber {H evea  
b r a s il ie n s is )  in Xishuangbanna, southern part o f Yunnan Province, 
China. In te r n a tio n a l  J o u r n a l  o f  B io m e te o r o lo g y , 32: 280-282.

Jones. H.G. (1985). Partitioning of stomatal and non-stomatal limitations in 
photosynthesis. P la n t C e ll  a n d  E n v iro n m e n t, 8: 95-104.

Kaiser, W.M. (1984). Sites and mechanisms for the inhibition of 
photosynthesis by water stress. In: A d v a n c e s  in P h o to s y n th e tic  
R e se a rc h . (Ed. C Sybesma),Vol IV. Martinus Nijhoff/Dr W. Junk 
Publishers. The Hague, The Netherlands, 4: 341-348.

Kalam. M.A.. Karthikakuttyamma, M ., Punnoose. K.I. and Potty, S.N. (1980). 
Effect of fertilizer application on growth and leaf content of some 
important H e v e a  clones. R u b b e r  B o a r d  B u lle tin , 16: 19-30.

Karthikakuttyamma, M. (1989). P la n t  a n d  s o il  a n a ly s is :  A  la b o ra to r y  
m a n u a l. Ed 2. Rubber Research Institute of India, Kottayam. 106 p.

Krishnakumar, A.K. (1989). S o ils  u n d e r  H e v e a  in In d ia :  A  p h y s ic a l  c h e m ic a l  
a n d  m in e r a lo g ic a l  s tu d y  w ith  a  r e fe r e n c e  to  s o i l  m o is tu r e  c a tio n



in flu e n c e  on  y ie ld  o f  H e v e a  b ra s iilie n s is . PhD Thesis, Indian Institute 
of Technology, Kharagpur. 229 p.

Krishnakumar, A.K. and Potty, S.N. (1989). A new fertilizer recomendation 
for North Eastern Region . R u b b e r  B o a r d  B id le tin , 24(4): 5-8.

Krishnakumar, A.K. and Potty, S.N. (1990). Response of H e v e a  planted as 
polybag plants to fertilizers among immature phase in soils of Tripura. 
In d ia n  J o u r n a l  o f  N a tu ra l R u b b e r  R e se a rc h , 2(2): 193 - 196.

Krishnakumar, A.K. and Potty, S.N. (1992). Nutrition of H evea . In: N a tu ra l  
R u b b e r  : B io lo g y , C u ltiv a tio n  a n d  T e c h n o lo g y  (Ed. M.R.Sethuraj. and 
N.M. Mathew). Elsevier Science Publishers, Amsterdam, pp. 239 - 
262.

Krishnakumar, A.K., Potty, S.N., and Gupta C. (1993). Potassium in soils of 
rubber plantations. In: P o ta ss iu m  f o r  P la n ta tio n  C ro p s (Ed. M a h a tim  
S in g h  a n d  M .K . M ish ra )  Potash Research Institute of India. Gurgaon, 
Haryana, pp. 60 - 70.

Lee, C.K. and Tan. H. (1979). Daily variations in yield and dr}’ rubber 
content in four H e v e a  cloncs. J o u r n a l  o f  R u b b e r  R e s e a rc h  In s titu te  o f  
M a la y s ia , n : \ n - \ 2 6 .

Leegood. R.C., Walker. D.A. and Foyer, C.H. (1985). Regulation of the 
Benson-Calvin cycle. In '.Topics in  P h o to s y n th e s is .  (Eds. J. Barber and 
N.R Baker), Elsevier Science Publishers, Amsterdam. 6: 189-258.

Leite, J.A. and Medina, F.B. (1985). The effect of irrigation on the growth of 
rubber tree under nursery conditions. P e s q id s a  A g ro p e c u a r ia  
B ra s ile ira ,  20 (6): 683- 692.

Low.F.C. (1978). Distribution and concentration of major soluble 
carbohydrates in H e v e a  latex. The effect of Ethephon stimulation and 
the possible role of these carbohydrate in the latex flow. J o u r n a l  o f  
R u b b e r  R e s e a r c h  In s ti tu te  o f  M a la y s ia ,  26:21.



Madeira,M., and PerieraJ.S. (1990/91). Productivity, nutrient immobilization 
and soil chemical properties in an E u c a ly p tu s  g lo b u lu s  plantation 
under different irrigation and fertilization regimes. W a ter  A ir  a n d  S o il  
P o llu t io n ,  54: 621-634.

Mansfield, T.A., Hetherintox, A.M. and Atkinson, C.J. (1990). A n n u a l R e v ie w  
o f  P la n t  P h y s io lo g y , P la n t  M o le c u la r  B io lo g y , A \ : 55.

Marschner, H. (1986). M in e r a l  n u tr i t io n  o f  h ig h e r  p la n ts .  Academic Press. 
Harcourt Brace Jovanovich,Publishers, London. 129-130. (p.674).

Mathew, M., Punnoose, K.I., Potty, S.N. and George, E.S. (1989). A study on 
the response in yield and growth of rubber grown in association with 
legume and natural ground cover during the immature phase. J o u r n a l o f  
P la n ta tio n  C rops, 16: 433 - 441.

Milford, G.F.J., Paardekooper, E.G. and Yee, H.C. (1969). Latex vessel 
plugging, its importance to yield and clonal behaviour. J o u r n a l  o f  
R u b b e r  R e s e a rc h  In s ti tu te  o f  M a la y a . 21:274.

Miller, R.D. and Johason, D.D. (1964). The effect of soil moisture tension on 
CO2 evolution, nitrification and N- mineralization. S o i l  S c ie n c e  S o c ie ty  
o f  A m e r ic a ,  Proceedings, 28: 644-647.

Mohankrishna, T., Bhaskar, C.V.S., Rao, P.S., Chandrashekar, T.R.. Sethuraj, 
M.R. and Vijayakumar, K.R. (1991). Effect of irrigation on 
physiological performance o f immature plants of H e v e a  b r a s il ie n s is  in 
North Konkan. In d ia n  J o u r n a l  o f  N a tu r a l  R u b b e r  R e s e a r c h .  4(1): 36- 
45.

Nye, P.H. and Tinker, P.B. (1977). S o lu te  m o v e m e n ts  in  r o o t- s o il  s y s te m .  
Blackwell, Scientific Publications, Oxford. 342 p.

Ninane, F. (1967). Evapotranspiration reelle et croissance de jeunes H e v e a s  
soumis a differentes humidites du sol. R e v u e  G e n e r a le  d u  C a o u tc h o u c  
e t  d e s  P la s tiq u e s  , 44: 207-212.



Oldeman, L.R., and Frere, M. (1982). A  s tu d y  o f  the  a g r o c lim a to lo g y  o f  the  
h u m id  tro p ic s  o f  S o u th  E a s t  A s ia . FAO/UNESCO/WMO. Interagency 
Project on Agroclimatology, Technical report, FAO,Rome.230 p.

Omont, H. (1981). Some aspects of the mineral nutrition of young H e v e a  in 
the Ivory Coast. R e v u e  G e n e r a le  d u  C a o u tc h o u c  e t  d e s  P la s tiq u e s , 
610: 87-94. (Original not seen)

Omont, H. (1982). Plantation d’ H e v e a  en zone climatique marginale. R e v u e  
G e n e ra le  d u  C a o u tc h o u c  e t  d e s  P la s tiq u e s , 625: 75-79. (Original not 
seen)

Owen, G., Westgarth, D.R. and Iyer, G.C. (1957). Manuring of H e v e a  : 
Effects of fertilizers on growth and yield of mature rubber trees. 
J o u r n a l  o f  R u b b e r  R e s e a rc h  In s t i tu te  o f  M a la y a , 15: 29-52.

Paardekooper, E.G. and Samosorn, S. (1969). Clonal variation in latex yield. 
J o u r n a l  o f  R u b b e r  R e s e a rc h  In s t i tu te  o f  M a la y a , 21: 341-347.

Paauw. F. Van der (1978). Relation between potash requirement of crops and 
meterorological condition. P la n t  a n d  S o il, 9:254.

Pakianathan, S.W., Haridas, G and d’Auzac, J. (1989). Water relations and 
latex flow. In: Physiology of Rubber Tree Latex. (Eds. J.L. Jacob and 
H. Crestin) CRC Press Inc., Boca Raton, Florida, pp. 233-256.

Philip, V., Krishnakumar, A.K., Pothen, J., Potty, S.N. and Mathew, M.
(1993). Changes in foliar nutrient status of rubber {H e v e a  brasiliensis) 
and soil available nutrients due to application of fertilizers under 
Tripura conditions. J o u r n a l  o f  P la n ta t io n  C r o p s ,2 \  (Supplement) :86- 
91.

Philip, V., Rao, D.V.K.N., Deka, H.K., Verghese, M., Pothen, J., Sinha. R.R. 
and Krishnakumar, A.K. (1997). Spatial distribution of roots and 
nutrients in soils under rubber plantations in Tripura. I n d ia n  J o u r n a l  o f  
N a tu r a l  R u b b e r  R e s e a r c h ,  (Accepted for publication)



Philpot, M.W. and Westgarth, D.R. (1953). Stability and mineral composition 
of H e v e a  latex. J o u r n a l  o f  R u b b e r  R e s e a rc h  In s ti tu te  o f  
M<3/aya,14:133.

Pleasants, A.L. (1930). The effect of nitrate fertilizer on stomatal behaviour. 
J o u r n a l  o f  E l is h a  M itc h e l l  S c ie n c e  S o c ie ty , 46: 95-116.

Polhamus, L.G. (1962). R u b b e r . B o ta n y ,p ro d u c tio n  a n d  u til iza tio n . Leonard 
Hill, London.

Potty, S.N., Kalam, A.M., Punnoose, K.I. and George, C.M. (1976). 
Response of H e v e a  to fertilizer application in relation to soil fertility 
charecteristics. R u b b e r  B o a r d  B ulletin ,\'i{2> )\ 48-54.

Potty, S.N., Punnoose, K.I., Karthikakuttyamma, M. and George, C.M. (1980). 
Effect of fertilizers on growth, yield and nutrient status of four H evea  
clones. P a p e r  p r e s e n te d  in  In te rn a tio n a l R u b b e r  C o n feren ce , K o ttayam , 
Ind ia , 1980. pp.

Prcmakumari. D.. Sherief. P.M. and Sethuraj, M.R. (1980) Lutoid stability as 
factors iniluencing yield depression during drought in rubber. J o u r n a l o f  
P la n ta tio n  C ro p s . 8:43.

Prevot, J.C., Jacob, J.L. and Vidal,A. (1984). le Potential d’ Oxydo-reduction. 
Etude de sa Signification Physiologique dans le latex de 1’ H e v e a  
b ra s ilie n s is . Son Utilisation Comme Critere Physiologique. Rapport 
2/84, CIRAD, Montpellier, France. (Original not seen)

Punnoose, K.I., and Mathew, M. (1993). Response of rubber {H evea  
b ra s ilie n s is )  to applied potassium in India. In: P o ta ss iu m  f o r  p la n ta tio n  
c ro p s  (Eds. M a h a tim  S in g h  a n d  M .K . M ish ra ). Potash Research 
Institute, Gurgaon, Haryana, pp. 148-158.

Punnoose, K.I., Mathew, M., Pothen, J., George, E.S. and Lakshmanan, R.
(1994). Response of rubber to fertilizer application in relation to type 
of ground cover maintained during immature phase. In d ia n  J o u r n a l  o f  
N a tu r a l  R u b b e r  R e s e a r c h , ! { \ ) \  38-45.



Punnoose,K .I., Potty,S.N., M athew ,M . and George,C.M . (1976). Response o f  
Hevea brasiliensis to fertilizers in South India. Proceedings o f  the 
RRIM, International Rubber Conference, 1975, Kuala Lumpur, 3: 84- 
103.

Pushpadas, M.V. and Ahmed, M. (1980). Nutritional requirements and 
manurial recommendations. In: Hand Book o f  Natural Rubber
Production in India. (Ed. P.N. Radhakrishna Pillai). Rubber Research 
Institute o f  India, Kottayam, pp. 159-185.

Pushpadas, M.V. and Karthikakuttyamma, M. (1980). Agro-ecological 
requirements. In: Handbook o f  Natural Rubber Production in India.
(Ed. P.N. Radhakrishna PiliaiJ. Rubber Research Institute o f  India. 
Kottayam, pp. 87-109.

Pushparajah, E. (1969). Response o f  growth and yield o f  Hevea brasilien.si.s 
to fertilizer application on Rengam series o f  soil. Journal o f  Rubber 
Research Institute o f  Malaya, 21: 165.

Pushparajah, E. (1984). Discussant - 1. Nutrient availability in acid soils o f  
the tropics following clearing and cultivation with plantation crops. 
Proceedings o f  the International ' Workshop on Soils. 12-16 September 
1983, Townswile. Australia, pp. 47-51.

Pushparajah,E. (1983 a). Problems and potentials for establishing Hevea 
under difficult environmental conditions. Planter, 59: 242-251.

Pushparajah,E . (1983 b). M anuring o f  rubber {Hevea): Current global 
practices and future trends. Symposium o f  the IRRDB. Beiging, 12-14 
M ay, 1983, Peoples Republic o f  China.

Pushparajah, E. and Chellapiah, K. (1969) M anuring o f  rubber trees in 
relation to covers. Journal o f  Rubber Research Institute o f  Malaya, 21: 
126-139.

Pushparajah, E., Soong, N,K., Yew, F.K. and Eusof, Z. (1976 a). Effect o f  
fertilizers on soils under Hevea. Procceedings, International Rubber 
Conference, 1976, Kuala Lum pur, Malaysia, 3: 37-50.



Pushparajah, E., Sivanadyan, K., Subramanium, A., and Tan, K,T. (1976 b). 
Influence o f  fertilizers on nutrient content, flow and properties o f  
Hevea latex. Proceedings, International Rubber Conference, 1976, 
Kuala Lum pur, M alaysia, 1975, pp. 122-131.

Pushyparajah, E., Sivanadyan, K., and Yew, F.K. (1974). Efficient use of 
fertilizers. Proceedings, Rubber Research Institute o f  Malaysia, 
Planters Conference, Kuala Lum pur, Malaysia, pp. 102-114.

Pushparajah,E. and Haridas,G. (1977). Developm ents in reduction o f 
immaturity period o f  Hevea in Penninsular Malaysia. Journal oj 
Rubber Research Institute o f  Sri Lanka, 54: 93-105.

Pushparajah,E., Tan,K.H. and Soong,N.K. (1977). Influence o f  covers and 
fertilizers on m anagem ent o f  soil. In : Soils under Hevea in Peninsular 
Malaysia and Their Management. (Eds. E. Pushparajah and 
L.L.Amin.). Rubber Research Institute o f  Malaysia, pp 75-93.

Raghavendra. A.S., Sulochanamma, S., Rao. G.G., Mathew, S., Satheesan. 
K.V. and Sethuraj, M.R. (1984). The pattern o f  Latex flow in relation to 
clonal variation, plugging and drought tolerance. In : Proceedings o f  
IRRDB colloquim. July 1984, Montepellier. France, pp. 205 - 226.

Rao, P.S ., Jayaratnam , K. and Sethuraj, M.R. (1990). W ater balance studies 
o f  the rubber growing regions o f  South India. Journal o f  Applied 
Hydrology’, 3 (2) : 23-30.

Rao, P.S., Jayaratnam , K. and Sethuraj, M.R. (1993). A n index to assess areas 
hydrotherm ally  suitable for rubber cultivation. Indian Journal o f  
Natural Rubber Research, 6 (1&2): 80-91.

Rao, P.S. and Vijayakumar, M.R. (1992). Climatic requirements. In. Natural 
Rubber : Biology, Cultivation and Technology (Ed. M.R. Sethuraj and 
N.M. M athew). Elsevier, Amsterdam, pp. 2 0 0 -2 1 9 .



Reis, E.L., Souza, L.F. Das, Mello, F. De. A.I. De. (1984). The influence o f  
nitrogen, phosphorus and potassium application on the development o f  
rubber trees, in Southern Bahia. Revista Theobroma, 14(1) : 45 - 52.

Ribaillier, D., Jacob, J.L. and d ’Auzac, J. (1971). Surcertains eharecteres 
vocuoleires des lutoides du latex d'Hevea brasiliensis Muell. Arg. 
Physiologie Vegetale, 9, 423-437. (Original not seen)

Richards, L.A. (1949). M ethods o f  measuring soil moisture tension. Soil 
Science, 6 8 :9 5 -1 1 2 .

Ritchie. J.T., Burnett, E., and Henderson, R.C. (1972). Dryland evaporative 
flux in subhum id climate. 3. Soil water influence. Agronomy JournaL 
64: 168-173.

Rubber Board. (1997). Provisional estimate. Rubber Board, Kottayam, 
Kerala, India.

Rubber Research Institute o f  Malaya. (1969 a). Dicta o f  fertilizer usage. 
Planters Bulletin, 102 : 97 - 98.

Rubber Research Institute o f  Malaya (1969 b). Magnesium : Its role in rubber 
cultivation. Planters Bulletin. 102 : 99 - 102.

Rubber Research Institute o f  Malaya. (1971 a). Potassium : Its role in rubber 
cultivation. Planters Bulletin, 1 14:129 - 135.

Rubber Research Institute o f  Malaya. (1971 b). Nitrogen : Its role in rubber 
cultivation. Planters Bulletin, 114:250 - 258.

Rubber Research Institute o f  Sri Lanka. (1987). Annual Review, pp. 60 - 73.

Rubber Research Institute o f  Sri Lanka. (1988). Annual Review, pp. 57 - 72.

Rubber Research Institute o f  Sri Lanka. (1989). Annual Review, pp. 39 - 50.



Saengruksowong, C., D ansagoonpan, S. and Thammarat, C. (1983). Rubber 
planting in the North Eastern and Northern region o f  Thailand. 
Symposium o f  the IRRDB, Beijing 12-14 May, 1983, Peoples Republic 
o f  China, pp.

Samarapulli, L., Yogaratnam, N., Karunadasa, P., M itrasena, R  and 
Hettiarachchi. (1993). Role o f  potassium in water relations. Journal o f  
Rubber Research Institute o f  Sri Lanka. 73: 37 - 57.

Samsidar, H., M ohm ood, A.A., Sivanadyan, K and Gomez, J.B. (1976). 
Effect o f  mineral deficiencies on bark anatomy o f  Hevea brasiliensis. 
Proceedings, RRIM. International Rubber Conference.1915. Kuala 
Lum pur, M alaysia, pp. 165-180.

Saraswathiamma. C.K and Sethuraj, M.R. (1975). Clonal variation in latex 
flow charecteristics and yield in rubber tree {Hevea brasiliensis). 
Journal o f  Plantation Crops, 3: 14-15.

Saseendran, S.A., Krishnakumar, A.K.. Vijayakumar, K.R., Sinha. R.R., 
Potty, S.N. and Sethuraj, M.R. (1993). Drought in rubber {Hevea 
brasiliensis) plantations in Tripura (NE Region). Plant Physiology’ and 
Biochemistry. 20: 44-47.

Satheesan, K.V.. Rao, G.G. and Sethuraj, M.R. (1984). Clonal and seasonal 
variations in osmotic concnetration o f  latex and lutoid serums o f  Hevea 
brasiliensis. Muell. Arg. Proceedings o f  the Fifth Symposium o f  
Plantation Crops, 1982, Kasaragod, India, pp. 240 - 246.

Scott, T.A. and M elvin, E.H  (1953). Determination o f  dextran with anthrone. 
Analytical chemistry, 25 : 1656.

Sethuraj, M .R. (1992). Yield components in Hevea brasiliensis. In -.Natural 
Rubber. Biology,Cultivation and Technology. (Eds. M .R. Sethuraj and 
M athew ,N .M ). Elsevier Science Publishers, Am sterdam , pp. 137-163.



Sethuraj, M .R. (1986). Physiology o f  growth and yield in 
Hevea brasiliensis. In; Proceedings. International Rubber Conference , 
1986, Kuala Lumpur, Malaysia, 3; 3-19.

Sethuraj, M.R. and George, M.J. (1976). Drainage area o f  bark and soil 
m oisture content as factors influencing latex flow in Hevea 
brasiliensis. Indian Journal o f  Plant Physiology, 19:12-14.

Sethuraj, M.R. and Mathew, N.M. (1992). Natural rubber : biolog)>, 
cultivation and technology. Elsevier Publishers. Am sterdam . 610 p.

Sethuraj, M.R. and Raghavendra,A.S. (1984). The pattern o f  latex flow from 
rubber tree Hevea brasiliensis in relation to water stress. Journal o f  
Cell Biochemistry , 8B: S- 236.

Sethuraj, M .R., Potty, S.N., Vijayakum ar, K.R.. Krishnakumar, A,K.. Rao. 
P.S., Thapaliyal. A.P., Mohanakrishna. T.. Rao. G.G, Chaudhury. D.. 
George. M.J.. Soman. T.A. and Meenatoor. J .R  (1989). Growth 
perform ance o f  Hevea in the non traditional regions o f  India. 
Proceedings RRIM Planters Conference, Kuala Lumpur, Malaysia. 
pp.217-227.

Shangpu, L. (1986). Judicious tapping and stimulation based on dynamic 
analysis o f  latex production. Proceedings IRRDB Rubber Physiology: 
and Exploitation Meeting, SCATC, Hainan, Peoples Republic o f  
China, pp. 230-239.

Shorrocks, V.M. (1961). L e a f  analysis as a guide to the nutrition o f  
Hevea brasiliensis. 1. Sampling technique with mature trees. 
Principles and preliminary observations on the various leaf nutrient 
com position with position on the tree. Journal o f  Rubber Research 
Institute o f  Malaya, 17(1); 1-13.

Shorrocks, V .M . (1962 a). L e a f  analysis as a guide to the nutrition o f  Hevea 
brasiliensis. 2. Sam pling technique with mature trees. Variation in 
nutrient composition o f  the leaves with position to the tree. Journal o f  
Rubber Research Institute o f  Malaya, 17(3);91-101.



Shorrocks, V .M . (1962 b). L ea f  analysis as a guide to the nutrition o f  Hevea 
brasiliensis : 5. A  leaf  sampling technique for m ature trees. Journal o f  
Rubber Research Institute o f  Malaya, 17(5): 167-190.

Shorrocks, V .M ., Templeton,J.K . and Iyer, G.C. (1965). Mineral nutrition, 
growth and nutrient cycle o f  Hevea brasiliensis : 3. The relationship 
betw een girth and shoot dry weight. Journal o f  Rubber Research 
Institute o f  Malaya, 19(2); 85-92.

Sivanadyan, K., Chin, P.T. and Pushparajctter^E.(-l-97^-)r^utrition o f  
Hevea brasiliensis in relation to etheraLstimulation., Proceedings o f  
the RRIM Planters c o n f e r e n c e ' , Kuala Lum pur ,Malaysia, pp. 
83-96. '

Sivanadyan, K., Said,M .B.M ., W oo,Y.K., Soong, N.K. and Pushparajah, E. 
(1973). A gronom ic practices towards reducing the period o f  
immaturity. Proceedings o f  the RRIM Planters Conference, 1973, 
Kuala Lumpur, Malaysia, pp. 226-242.

Sivanadyan, K., Haridas. G. and Pushparajah, E. (1975). Reduced immaturity 
period o f  Hevea brasiliensis. Proceedings, International Rubber 
Conference. 1975. Kuala Lumpur. Malaysia. 3 ; 147-157.

Singh. R.K and Chaudhury, B.D. (1985). Biometrical methods in quantitative 
genitic analysis. Kalyani Publishers, N ew  Delhi, pp. 69-72.

Snedecor. G.W. and Cochran, W.G. (1968). Statistical methods. Oxford and 
IBH Publishing Co., New Delhi.

Soong, N.K. (1976). Feeder root developm ent o f  Hevea brasiliensis in 
relation to clones and environment. Journal o f  Rubber Research 
Institute o f  Malaysia,2A{5): 283-298.

Soong, N.K. and Yap, W .K  (1976). Effect o f  cover m anagem ent on physical 
properties o f  rubber growing soils. Journal o f  Rubber Research 
Institute o f  Malaysia, 24: 145-159.



Stanford, G. and Epstein, E. (1974). Nitrogen mineralization. Water relations 
in soils. Journal o f  Soil Science Society o f  America, 38 : 103 - 106.

Talha, M., A m berger, A. and Burkart, N .(1979). Effect o f  soil compaction 
and soil m oisture level on p lan t’s growth and potassium uptake. 
Zeitschrift feur Acker-und Pflanzenbau, 148: 156-164.

Taussky, H.H. and Shorr, E. (1953). A  microcolorimetric method for the 
determ ination o f  inorganic phosphorus. Journal o f  Biological 
Chemistry, 202; 675-685.

Ti, T., Pee, T.Y. and Pushparajah, E (1972). Econom ic analysis o f  cover 
policies and fertilizer use in rubber cultivation. Proceedings o f  the 
RRIM planters conference, 1971, Kuala Lum pur, Malaysia, pp 214- 
233.

Tupy, J. (1969). Stimulatory effects o f  2 ,4-dichlorophenoxyacetic acid and I- 
napthylactic acid on sucrose level, invertase activity and sucrose 
utilization in the latex oi'Hevea hrasiliensis. Planta, 88:144.

Tupy, J. and Primot, L. (1976). Control o f  carbohydrate metabolism by 
ethylene in latex vessels o f  Hevea hrasiliensis Muell.Arg. in relation 
to rubber production. Biologia Plantarum, 18: 373.

Umar, S., Rao, N.R. and Sekhon, G.S. (1993). Differential effects o f  moisture 
stress and potassium  levels on growth and K uptake in sorghum. 
Indian Journal o f  Plant Physiology, 36(2): 94-97.

Viets, F.G. (1972). W ater deficits and nutrient availability. In: Water deficits 
and plant growth. (Ed. T.T.Kozlowski). A cadem ic Press, New York. 
pp.217-236.

Vijayakum ar, K.R., Rao, G.G., Rao, P.S., Devakum ar,A .S., Rajagopal,R.. 
George, M.J. and Sethuraj, M .R. (1988). Physiology o f  drought 
tolerance o f  Hevea. Comptes Rendus du Colloque Exploitation 
Physiologic et Amelioration de I ’Hevea, M ontpellier,France, pp. 269- 
281.



V on Uexkull, H.R. (1985). Potassium  in nutrition o f  some tropical plantation 
crops. In: Potassium in Agriculture. Soil Science Society o f  America, 
M adison, USA. pp 929-954.

W aidyanatha, U.P.S. and Pathiratne, L.S.S (1971) Studies on latex flow 
patterns and plugging indices o f  clones. Rubber Research Institute o f  
Ceylon. Quarterly Journal, 48, 47-55.

Watson, G.A. (1989). Nutrition. In: Rubber. (Eds. C.C. W ebster and W.J. 
Baulkvvill). Longman Scientific and Technical, England, pp. 291 - 348.

W atson, G.A., W ong, P.W. and Narayanan, R. (1964). Effects o f  cover plants 
on soil nutrient status and on growth o f  Hevea. 5. Loss o f  nitrate 
nitrogen and o f  cations under bare soil conditions. A progress report 
on results from a small scale field trial. Journal o f  Rubber Research 
Institute o f  Malaya. 18: 161-174.

W ebster C.C., and Baulkwill, W.J. (1989). Rubber. Longm an Scientific and 
Technical. England. 604 p.

Xu, H.L., Gauthier. L. and Gossclin, A. (1995). Stomatal and cuticular 
transpiration o f  greenhouse tomato plants in response to high solution 
electrical conductivity and low soil water content. Journal o f  the 
American Society for Horticultural Science, 120(3): 417-422.

Xu, W. and Pan. Y. (1990). Progress in cold tolerance physiology o f  Hevea 
brasiliensis in China. Proceedings o f  IRRDB Symposium on 
Physiology and Exploitation o f  Hevea brasiliensis, 6-7 Oct. 1990, 
Kunm ing, Peoples Republic o f  China.

Yip,E. and Gomez, J.B. (1980). Factors influencing the colloidal stability o f  
fresh clonal Hevea latices as determined by the Aerosol O T test. 
Journal o f  the Rubber Research Institute o f  Malaysia, 28: 86-106.



Yip,E. and Gomez, J.B. (1984). Charecteristics o f  cell sap o f  Hevea and its 
influence on cessation o f  latex flow. Journal o f  the Rubber Research 
Institute o f  Malaysia, 32\ 1-19.

Yogaratnam, N. and W eerasuriya, S.M.(1984). Fertilizer responses in mature 
Hevea under Sri Lankan conditions. Proceedings o f  the International 
Conference on Soils and Nutrition o f  Perenial Crops, August, 1984, 
Kuala Lum pur, M alaysia, pp. 13-15.

Zongdao, H. and Xuequin, Z.(1983). Rubber cultivation in China. 
Proceedings RRIM Planters Conference. 1983, Kuala Lumpur, 
Malaysia, pp. 31-43.

Zongdao. H. and Yanging, P. (1979). Rubber Cultivation Science, Agriculuirc 
press, pp. 303.



Temperature RH Wind 
Max Min FN AN speed 

(“C) (%) (km/hr)

Sun- Evapo- Rain
shine ration fall
(hr) (mm) (m.m)

January 25.0 9.9 97 66 2.1 7.6 2.4 23.2
February 29.0 15.3 85 42 3.7 7.6 3.6 40.6
March 33.0 19.5 88 58 4.5 8.9 5.3 83.6
April 33.6 22.1 87 55 7.1 7.3 4.3 163.9
May 31.5 21.8 90 75 6.5 3.6 2.6 812.7
June 32.0 25.0 92 81 8.5 3.6 2.6 263.5
July 32.5 25.4 92 78 8.5 4.5 3.6 153.8
August 32.6 24.9 91 71 6.3 5.3 3.5 282.9
September 30.7 24.4 92 75 5.6 3.5 2.6 280.2
October 31.3 22.3 92 67 2.9 5.6 2.6 278.2
November 29.3 14.9 93 57 1.7 8.3 3.4 0.0
December 25.5 11.0 92 61 2.0 7.1 2.1 137.2

January 24.0 10.4 93 58 2.0 6.5 1.6 0.0
February 25.7 12.6 91 47 3.3 5.9 2.2 73.2
March 31.0 21.6 93 42 9.2 8.1 5.3 0.0
April 35.1 23.1 88 50 9.8 8.2 5.1 56.4
May 32.7 22.3 93 64 5.9 7.3 4.1 278.4
June 32.6 25.5 91 40 6.2 5.4 3.9 214.0
July 31.4 28.7 92 78 7.5 4.0 2.0 196.2
August 31.5 25.4 92 73 4.9 4.7 2.2 121.8
September 32.2 24.4 93 72 4.6 6.1 2.2 192.8
October 31.1 23.3 92 66 2.9 7.0 2.1 158.2
November 29.8 21.4 92 52 1.6 7.6 1.9 2.0
December 26.1 10.0 91 43 1.8 8.1 1.5 0.0

cont.



1993 January 24.7 10.4 91 43 2.4 6.6 1.5 0.0

February 28.5 8.5 88 45 4.9 7.7 2.1 153.4

March 28.6 20.8 88 37 4.7 7.7 2.5 48.6

April 32.8 19.7 88 56 4.4 7.7 2.7 115.2

M a y  30.7 20.6 89 75 5.1 7.2 2.2 723.4

June 31.7 23.2 90 75 7.9 4.8 1.9 523.4

July 31.4 28.7 86 97 7.5 4.0 2.0 196.2

August 33.6 25.0 90 82 6.9 3.2 2.3 196.2

September 31.5 24.4 93 78 3.8 4.5 1.7 235.8

October 32.0 22.9 94 72 2.1 5.9 2.4 104.4

November 29.0 16.9 94 59 1.4 8.1 2.2 82.0

December 27.5 11.8 93 44 1.4 8.3 1.6 0.0
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