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IRTRODUCTION

Pepper, the king of spices, is the dried matured
berry of tha evergreen climbing vine Piper pigruym L.
{(Piperaceas) a native of Malabar Coast of India. Pepper
contributes notably to the foreign exchange sarningsef the
country. Ipn 1980.81, India axported papper and pespper
products worth abous rupess 50 arores.

The major pepper predusing countries of the world
are Malaysia, Indenesia, Brasil and India. India has the
highest area under cultivation with about 1,11 lakh hectares
which gover nearly half of the total area under pepper ia
the world, However, India stands only fourth in produstion
contridbuting 27,700 tonnes of black pepper in 1980-81,

About %X of the total arvea under pepper in India is confined
to Kerala stats which shows the imporsance of the crop in
state eqonomy.

The average vield of m in Kersls i3 estimated
o be 279 kg/ha where as i is said 0 be as high as 4067 kg/ha
in Malaysia. Mamuring of pepper in Kerala is seldom practised
since originally pepper plantations were established in virgin
soils. Bgt the continuous eroppiag ever a number of yvears in
these soils without the sddition of manures has resulted in
the depletion of soil fertilisy and consequent decline in
vield,



Experissnts to work out the optimun doses of
nitrogen, phosphorus and petassium in pepper have been
initiated at the Pepper Ressarch Station, Panniyoor, The
gensral fertilizer recommendations have been brought out
from such fertilizer experimsnts. These recommendations
are to be further specifically modified based on specific
soil and plant conditions for which s0i)l and tissus testing
methods are to be followed. Tissus testing, especially
foliar dlegnosis, can better reflect the fertiliser
requirements of crops since this method gives an accurate
appraisal of the nutrient already taken by the plant and
the deficlency assessed., Standardization of tissue for
assessing the nutrient status of the crop and the determination
of eritical values of nutrients in pepper have been carried
out by DeWaard (1969) in Sarswak. Such basic studies for
practising foliar diagnosis in pepper have not been undertaken
in this country., 7The pattern of distribution of rain in the
phases of vegetative growth and flovwering of pepper in the
state are entirely different from that in Sarawak and therefore
the ¢ritical values and type of tissus recommended for foliar
diagnostic technique by DeMaard (1969) in Sarawak cannot be
adopted as such without examining the suitability of these
techniques under the agroclimatic conditions of the state.
The present study was therefore undertaken making use of the
experimsntal plants of a RPK trial at Pepper Rasearch Station,
Panniyocor in order to standardise



(1) the best tissue for detecting the NPK status
of the planty and
(i1) the most suitablo period for the collection
of tissue samples)
and alse to study the quality of pepper as influenced by
the application of fertilizer nutrients at differsnt stages
of maturity.
The results of this investigation are presented and
deseribed in the following pages.
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REVIEN OF LITTRATURE

1. Zeliax disceenis

Foliar dlagnosis can be employed as a suitabls
guide to assess the mutritional status of the erops.

Folisr dlagnosis, at a given moment is the chemical
condition, at that tims, of a properly chosen leaf taken
from a preserided position and ammual follar diagnosis is
the seriss of chemical status of that leaf as shown by
analysis at Aifferent times during the whole wvegetative
cycle (Forestier, 1968),

Lagatu and Maume (1926) in Franoe wers mwng the
first so develop foliar diagnostic techniques for a
perennial and an annual crop respectively, SsSince these
sarly developments, mmWo!wmmw
nukritionally by foliar diagnosis. It was Lous (19%1) in
the Ivary Coasts who £irst used the mathod for Rabusta
coffee.

Singh g al. (1973) stressed the necessity of a
detailed sxamingtion of the differsntes in foliar analytical
procedures in the differemt ladorstories. To arrive at
this ¢onclusion, they carried out Two ¢ress chaaks during
1972 in o4l paim and rubber leaf samples at 13 laberasories.
The results showed that very good inter-lasborstory agresment
was obtained in the determination of leaf nitrogen
(coefficient of veristion below 3 per eent)., In the case of



phosphorus, potassiwm, calcium and magnesium (coefficient
of variation about 10 per cent) the inter-laboratory
sgreoment was not satsisfactory.

During the confersnce on chemistry and fertility
of tropical soil, Kanapethy (1973) reported thas foliar
analysis was being used sxtensively for oil palm and
rubber, Hg also suggested thit it could be extended %o
pinsapple, coconut, maise, soxghum, rice and other crops,

As well as increasing the levels of nutrients
supplied, fertilisers also affected levels of other leaf
autrients. In a particular environment, maximuwm yield
could be obtained at only one specific combination of
leaf nutrient levels. In pragsise, it was first necessary
%0 determine leaf levels vhich correspondsd to maximum
yields in a particuler enviromment and then to deduce
those which corresponded %o the moat economic yield
{roster and Goh, 1977),

1.1

. Prevot and Ollagnisr (1957) compared the efficienay

of follar diagnosis and soil analysis for determining
nutritional requirements of groundmut and reported shat
anzlysis of plants nutrition on the spot could be done
through foliar Atagnosis. Foliar nutrient levels were
more closely correlated with yield than that of soil
autrient levels (Ollagnier and Gilles, 1968),



Leveringteon gk al.(1962) suggested that potassimm
content in leaf blade was dependent on the age of the
crop and the rate of potassiwm application in sugarcane.
No consistent relationship was found betwean leaf
potassiwm and the amount of potassiwm needed for yield,
It vas concluded that wnless potassium was very deficient,
s0il analysis was more reliabkle than plant anslysis fer
assessing potassivm requirements.

Acoerding to Jons (1963) soil and leaf smalysis
from lomg term field experiments and surveys on the
awkritional status in commsrcial fruit crops showed, in
genezal, a relationship betweean the macromwtrients in the
top s0il and thesse in the leawes.

Seil and tissue tests for predicting olive yields
in Turliey were examined by Fox g% 5).(1964). Leaf
conposition was better eorrsiated with yield than soil
tests. There was s relationship betwesan soil tests for

phosphexrus and potassium and leaf composition,

In a stwdy about the mineral nutrition of grape
vines, Nermado and Mendicla (1988) found that the anount
of aitregen, phespherus, potassium, calcium, magnesium
and sulphur in vine leaves at different stages of the
vegetative cycle corralated with coantent of these
elements in sell,



Champion (1968) epined that foliar diagnosis and
a0il anslysis wers Moth nesessary in judging the fertiliser
requirements of banana.

Brar gt gl. (1900) pointed out that if dlagnosis of
nutrient dificiency and its correction were not smade well
in time, myum:mumxmumum.‘

1.2. Ihe ergsn to be sssoled

It is impracticable to analyse the entire plant,
Henoe a smaller part or a separate orgen of she piant is
selected for the purpose., Leaf is considered as the plant
part where the mineral autrienss are converted into plant
food along with the producta of photosynthesis., For all
practical purposes, the leaf or a selectad portion of the
leaf appears to be suitable for represanting the over all
nutrient status of the plant,

Vandecavey (1947) analysed the leaf blades and
petioles of spinsch and respberry for nitregen, phospherus
potansium, calciwm and magnesium. The results revealed
that the chemical compesition of the leaf petiocles was
more iadicative of the nutritiomal status of the plant.

Rogers gt Al.(1933) compared different plant parts
of straberry for foliar diagnosis. It was dhawed that
leaf was as sensitive or even more sensitive than any ether
plant part as an iandex of nutritienal status of crop.



For specific investigationa other parts of the
plant may bes preferred, There ..are indications that
sodiun and heavy metals are more congentrated in the
rogtlets than in other parts, if these elements are
present in the soil in excess smoungs (Smish, 1962),

1.3. Jampling sechaique
A standardised sampling procedure should be worked

out to sslest & leaf sample which represents the
awkritienal condition of a erep, By employing standarvdised
methods, all factors that cause variation in leaf nutrient
levals can be eliminated.

Svans (1979) cited the following ten sourves of
variation,affeating foliar diaguosis, vis.,climate, seaseon
time of day, sge of the plant, age of folisge, variation
batwasns trees, position in erown, autrieat balarce, effects
of dissases and other fasters,

The climatic variations reflect the integreted
effect of influences such as rainfall and sunshize on the
chamical concentration of the leaves. The study condusted
by Malik (1966) on the nutrisnt content in the leaves of
apricot revealed that the nitrogen contant of leaf was
high during periods of low teaperature and high moisture
content,



Redbinson (1961) studiad the effect of rainfall and
season on the chemisal cemposition of odfee leaves.
Reasonably consistent trends ocould be estsblished by
partially eliminating thess factors by introducing ratios
bestwean nutrisats.

The influence of sunshine and shade was noted by
shorroaks (1961) in rubber and by Murray (1961) in
banana as a direct relationship hetween the potassium
congentration in the leaves and the number of sunhours
two years muar.‘

Detigard (1969) reported that sigaificent reduction
in leaf potassium consentration can be noticed in leaves
of pepper from desp shadas,

Virieh (1952) opined that the best tims for taking
sample was from 8§ a,m.%0 12 noon, Lin (1966) showed
that leaf samples should be taken befors noon to aveid
diurnal variation in leaf altrogen,

Ascording to DeNaard (1969) concentration of
potassium resained unchanged in leaves of pepper from
7 a.m,to 1 pem. The results of nitrogen reflected a
gradual decrease from early morning so late afternoon
which was not significant £from 7 a.m. to 10 am,
Gosnell gt al.(1973) reporsed that in the meraing, folisr
nitrogen, phosphorus and potassium were not affected, but
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there was a decline in nitrogen and rise in potassiwm
wvhen sampling was in afbernoon,

sseyn (1961) reported that thers was no apprecishle
offect of leaf sise on the nutrient concentration in the
tissus in citrus. Twyford and Couleter (1964) reported
a substantial gradient in nutrient countent over the
length of banana leaf, Lin (1963) suggestsd that twe
leaves of average sisme could be selected for sampling in
tea. The study on foliar dlagnosis of papper by DeMaard
(1969) revealed that conceatrations of aitrogen and
potassium were high £in leaves of aversge sise as compared
to small leaves. Hs also found that ingreasing thickness
of leaf depressed nitrogen and potassiwm concentration,

Physioclogical age is considered ¢to be s source of
variation., Preveh gt 3l1.(1966) confirmed that leaf
composition of aitrus was affected by orientation, sancpy
height and distance from the outside of the canopy.
According to Ballinger (1966) the optimum time to sawple
blue berry leaves appeared to a 32 to 3 week perisd
immedistely after hafvest.

In pear, considerimg the variation in leaf age,
Marro (1967) recoamended the selection of basal leaves
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from shoots less than 38 em long which were terminal or
subterminal on main or secondary hranches.

Dedagard (1969) stwiied the Atifferencss in
sutrient levels between the youngest mature, first mature
and secend mature leaf of the same branch in pepper,
Lesf nitvogen was sigaifigantly higher in second leaf and
theres was no ianfluence on potassiwm, The data indicated
a mild depressive sffeet of aging on phosphoxus,

Guha g al. (1969) reported that intexpresation of
leaf amalytisal data for determining nutritional status
of trees, required correction of leaf nutrient contsnts
for leaf age variation,

Preliminary foliar sampling and amalysis on eoconus
carried out by Kanapathy (1976) revealed shat nitrogesn
content incressed with the age wp %0 about frond ¢ and
thea slowly declined to fxead 16.

Deveani (1980) made an attempt to study the effect
of age and flush on the mineral content of mange leaves.
Leaf nitrogen asgcumulated during the period of slow growth
in shoots whereas phosphorus and petassium levels
deareased slightly.

1.3.4. fessens) veriasien
DeMaard (1969) identified the physiclogiecally

important months for pepper as Jamupy, April and July ia
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Saravak vhioh coincided with perieds of fruis iaitiatien,
berzy salargemsnt and harvest. Over the period from
January to May the aitrogen conesniration fell by 17 per
cent whereas in the menth of May, the content remained
approxinstely constant, fellewed by a small rise in June
to July. Sigunificaat rise in phosphorus content from
Jamsary 0 July was also recorded. Poptassium conceantration
was also found to be decressed with time after an initial
rise in January.

Champlin (1979) faitiated a study to determine the
ssasonsl changes in plant mutrient compesition so as to
identify the optimam time to collect leaf samples for
nutritional diagnesis. It was revealed that before
eritical leaf values could be established for a crop, &
speeific tissuwe must be idantified for sampling which had
an extended peried of minimsl insernsl flux,

31.3.5, gampling
The following procedure was recoswmended by DeNasard

(1969) ,

i. Apparently homogenous blocks should be selected with
respect to environmment and physioclogical condition
of vines.

i1. Each saaple sheuld be subdivided into compact
sub-blocks equivalent to 70 saaple vines in erder
0 ensure even contridution of each portion of the

area.



iv.

Ve

vi,

vii,

1.4.

With in each swb-hlock, the sample unit should be
selected at random.
Vines should he first sampled in January and
subsequently as frequant as nscassary.
From sach plant, 4 leaves should be collected fyom
a sampling population meeting the following
standardss
(a) The first older mature leaf from fruit
bearing lateral exposed to sunlight and
l1ocated on the lowar 2/3 of the canopy.
(d) Leaves 0f average size and thiciness with
the petiocle retained,
(e} Libaves representing nerth, east, seuth
and west gquarter aspects of the vine equally.
The leaves 80 collected should be mixed to form &
single composite semple representing a plant,
Sampling should be carxied osut betwesen 7 a.m.Se
1 pemm,

Correct interpretation of data odbtained by the

anslysis of leaves is the most essential and the most
camplex stage of this dlagmestic method, FToliar dfagnosis
is dased On the assumption that the applicaticn of &
limiting nutrient element causes on increase of its
congentration in a suitable standard lesaf with a concurrent
response in growsh ox yisld,
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Tynsr (1948) while pressnting the relstionship
betwesn corn yield and leaf aitrogen, phosphorus and
potassium in the sinth leaf at the bloom stage, satablished
the validity of the texm ‘eritical concentration of a
nutrisnt’ above which respense 2o further incremsnts was
doudkful or securred at rapidly diminishing rates.

Agoording to Shear gt al.(1948), the optimua
nutritional status of each crop as reflected by leaf

analysis differed and hence the standards of cooparises
must be set up f9r each orop.

Lepoldavin (1964) suggested that befors making any
recommendation on the basais of analysis, the results
must be interpreted with due consideration of the conditions
causing any particular nutrieant halance, These were
climate, previous field performancs and results of experiments
carried out in a particalar fiald,

The interpretation of chemical plant analysis should
be based on the total curves as 3 composites fumotion of
the abaorbed nutrient applied and growth fagtor
{(Fries-Nielson, 19568).

Faliar diagnosis a0 spplied to different crops has
basn suggested by scveral research workers, Soma ¢f the
important refarences are given here-under,



ESERSL? Deaard (1969) designated the first mature lsaf
vith petiole from fruit besring high order branches as

the bast reflect in she cass of pepper. The leaf status
of daficient to healthy leaves varied frca 2.7 to 3.1

per aent for nitrogem, 0.10 to 0.18 per ceat to phosphorus
and 2,62 to 3.40per cent for posassium,

Zear Lin (1963) in his work emtitled, ‘leaf analysis as
a guide to nitrogen fertilisation of the tea bushes,
remarked that the third laeaf from the apex on the young
shoot of tea feflocted altrogen status of the plant most
sensitively. The critical nitrogen, phosphorus aad
potassiun concentrations in leaf wvere appreximately 4.0,
0«26 and 1.5 per cent respectively. Almetov and Rsiramev
(1968) suggested the optimal nitrogen, phosphorus and
potassium contents Zor best harvest as 4.5 to 4.8 per eent,
0.3 t0 0,6 per cent and 2,2 to 2.4 per ¢ent respectively.
Cotiee: Baker gt al.(1963) shewed that sawples of leaves
from bearing nodes would provide the most suitable index
for the supply of nitrogen, phosphorus and potassium,
Malavolta gt 3l.(1964) recommended the third and fourth
pair of leaves of coffee for use in follar Alagnosis,
Sogog: From a study conducted in New Guinea, Schroo (1960)
found that second and third leaves fully green from nsar
apex of fan shoots taken in July were the best for detecting
phoaphorus status of the erop. The values for intermediate
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range for nitrogen, phesphorus and potassium were 2.32,
0.22 and 2,19 per cent respectively on dry matter basis
as given by MeDomald (1934).

Ciscuar Chapman (1936) repozted that the status of
potassium of orangs trees eould be deduced from the
potassium contsnt of thres %o seven month ocld spring
cycle lsaves, It has been reported that top three leaves
of fxuit bearing citrus plant (6 to 7 moath old leaves)
are the bess for foliar Jdiagnesis (Nadir, 1967),

Sugarcangs The detection of mitvogen, phosphorus and
potassivwm deficiency Srends in sugarcene by means of
foliar diagnosis was uadertakes in Maurisius by Halais
(1963) . Ne observed that the majer autrients in sugarcans
muammchymnhuumwmd
before flowering. He recorded that optimum levels of
1.93 per cent X, o.ummr,o,mz.smmt t‘o
as sritical levels in the cantral part of the third leat
onitting the midridb for ratoem areps of five months age.

Silpalms In the determinagion of mutrient ssatus of
oilpaia by leaf sampling, Smilds g% 3l.(1963) found shat
fivss, seventesnth and twenty £ifth leaves were best
suited for foliar diagnosis. ARwer (1968) could observe
visual daficiency symptoms in belew three month old
palms at a level 2.6 %0 2,7 per cent nitrogen and 0.6 %o
0.1 per cent magnesium in the niath leaf,



17

Aubbezs Poliar diagnosis of rubber for nitrogen,
phosphorus and potassive was dons by Shorrocks (1984).
He ®sslected four leaves ssch from Swo mature whoris
exposed to full swalight ea eutside of the canopy. Only
the leaf lanings without peticles and midridb were wsed
for anslysis, The oritical levels varied from 3.07 %o
3.34 par oent for nitrogen, lees than 0.27 per cent for
phwesphorus and 1.11 per ommt for potsssiwm,

Gagsavas Trem the nutritionsl studies on tapioca
Pushpadas gt al.(1974) suggested a sampling technique for
foliar diagnosis. The petiocles from middle one third of
total lesves would serve as the best tissus for nitregem,
phosphorus and potassium, Ths peticles from middlie ene
third of total leaves collected 4.5 months after planting
correlated well with yisld,

Cogopute Prevot sad Ollagnier (1957) studied the nitregenm,
phosphorus, potassium and ¢alciwm and magnesium status of
cocenut leaves, They secommanded that the critical levels
nitrogen, phosphorus, potessium, calcium and magnésium
were 1,7, 0.1, 0.3 and 0,38 per ecsnt respectively.
2iller and Prevot (1966) reperved that the 14" leaf of
mature palms could be selected for foliar diagnosis of
major nutrients. Oopi (1991} recemmended the second leaf
as the best reflect for the foliar diagnoais of nitregem,
phosphorus and potassium,
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Bisss Velasco gt 3l.(1983) studied nitrogen relation
in rice plant by foliar dlagnosis and recorded that moss
recently matured leaves wers the best indicator of the
nitrogen needs of the plant, Intermediaste valuss were
$.43, 0.046 and 0,036 per sent for nitrogen, phosphorus
and potassium respestively.

get potatot Leocnard gt al. (1949) reported that the
application of available phosphorus and availeble
potasalium was definitely associated with the content of
nitrogen and potassium in leaf blade of sweet pokate.
Plants with leaf blades varsying from 4.75 to S per eent
nitrogen in esarly swumer and firom 3 to 3.9 par eent
nigtrogen at harvest and with 2 per cent potassium during
all stages of growth prodweoed higher yields.

Gingexs Johnson (1978) reported that the group of fifth
to twelveth leaves appsared €0 be the best suited for
foliar diagnesis in ginger, The period between 90°" to
120“ day after planting was recommended as the optimum
period for the detection and amsndmant of ths nutrient
ssatus of the erop.

Turnerigs Acoording to Saifudesn (1981) the thizrd leaf
is the best sulited for foliar dlagnoeis of nitrogen,
phosphorus and potassium status of the cfop. The period
mn“mzm‘“mm;xmmwum
as the optimm period for she deteation and amendment of
the nutrient status of the crep,
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Aapagar Leaf snalysis #f bdanama plant was first originated
with the sampling of the lamina of the Shird youngest leaf

in the suocessisn of leaves from the top of plant since it
had the highest coassatration of nutrients (Hewits, 1958),
The aritical values of mmirients wers 3.8 per cent for
nitrogen, 0.45 par cent Fhospherus and 3.3.per cent pesassium.
Latax, the concentrations of aitrogea, phospherus and
potassium of third, £if¢h and maeventh leaves were detemined
by simmonds (1959) and he recerpended third leaf as the

atandazrd for foliar diagnoails.

groundnugs Prevok (1953) suggested that the iirst stage

of flowering was the most suitable time for leaf sampling

in groundnut. Mased on the resvits of fertilizer experiments,
the eritical levels in leaves were tentatively given as

4 per cent for nitrogen, 0421 per vent for phoaphorus amsd

1 per cent for potassium,

Deaard (1960) reported that the use of artificial
manures by the farmers of Sarawvak iowered thae pH of soil,
reduced uptake of calcium and mangesiua and inareased
K/Ca + Mg ratio in the leef,

The autrient removal of variesy Kuching (1,729
vines/ha) was 352.04 kg/ha ¥, 31,37 kg/ha P04 and
224.04 wg/ha K0 (Dadaard, 1964).
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Baved on the results, Departmsnt of Agriculture,
Sarswak reccmmendsd that compound fertilisers should
containr 11 0 13 pexr eent K, !to?mmt?aﬂ‘. 16 %
18 per ceat Kzﬂ and trage slements.

Dettaard (1969) outlined the history of black pepper
growing in Sarswak, In a f£isld trial on mature vines,
it was establiished that systematic consideration of leaf
concentrations and ratios derived fyom foliaxr analysis
was & satisfoetory hanis for fertlliser applications,
This was confirmed in a further trial in which physioclegical
axhaustion and yleld instability were prevented by
maintaining lea? nutrients at failr to normal levels,

A study was garried eut by Sim (1971 on the &ry
matter preoduction and major mutrients of both raproductive
tissuas in mature vines and vegetative tissues in vines
varylag in age from less than one year to ssvanteen yvears
in pepper. Ha astablished that 233 kg/ha N, 39 kg/ha P04
and:ﬂ?lqﬂuxtemomdﬁyvimaoz 3.9% to 17 years

of ags.

A comparison of the effects of organic and inexganie
fertilisers on the yield of pepper was Jdons by Raj (1973).
A f£ield trial was also condugted by Raj (1973) to study the
response of black pepper to inorganic fartilizers in
Sarawak. A fertilizer including 340.2 g ures, 113.4 g
superphosphate and 4%31,6 g muriste of potash per vine per
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yaar produced the highest yileld of sandy soil and a
fertiliser composed of same amounts of urea and muriate
of potash, but a higher smount of supsrphosphats produced
the highest yisld on a clayey soil,

8im (1974) conducted a nutrient survey of black
pepper in small holdings of Sarawak, It 1s revealed that
leaf nutrients gave a better correlation with yield data
than seil nutrients,

Dadaard (1973) conducted field trials with black
pepper vhich showed Shat sddition of slkaline compounds
to mounds prior to planting sesulted in an increass in
growth and sarlisr establishment,

According to Bataglia gt 2l 1976) the aitrogen
levels in the leaves of bhlack pepper ress in the autwan,
but declined in the winter, phospherus was highest in
the summer and deglined tharsaftar and potassium was high
in the susmer, reached,a peak in the sutumn and declined
in the winter,

Nitrogen, phosphorus, potassium, caleiwm and
magnision in root, stem, leaf and spike were detarmined
by Pillay and Sasikumeran (1977) with 4 year old plants
of wvaristy, Pganiyoer-l, Nitregen was highast ia leaves
followed by spikes and lowest in roots; potassaium showed
s similar Send except it was lowest in the stemy and
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phosphorus was less in leaves than roots, stem and spikes.
They have estimated that one hectare of pepper (1200 vines)
with an average yield of 1 kg dry pepper/vine removes
34,0 kg B, 3.5 kg P’l’ and 32,0 kg K’G for the production
of berries slone, Based on this ehbservation, a manurial
schedule of 100 g N, 60 g P,0, and 140 g K0 per vine was
recommended,

Belger (1977) epined that the bdacis of higher
yields of pepper was the application of compound fertilisers
st the rate of 1,32 ¢o 1,80 kg per vine, Raj (1978)
suggested a sound fertilisar pelicy based on the nutrieat
removal by crop, ¢rop siss, yiald per unit area and
nutrient composition of leaf as indicated by folier analysis.

Pillay gt al.(1979) studied the respense of
Panniyoor-1 variety of pepper o nitrogen and lime
application and pointed eut that higher levels of nisrogen
adversaly affected the yield, It is not necessary to
increase the nitrogen lavel aheve 60 g/vine/year.

Resent research on yellow disease coaplex of black
pepper on the Ialand of Bangks had shown that application
of complete fartilisers containing aitrogen, phospherus,
potassium, calcium, magnesium trace elements and dolomite
given in association with a denss layer of mmlch increased
the yields and spparantly conkrolled the symptoms
(Dedaard, 1979).
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3. Peppex oleoxesin

As a spice, the quality of pepper has to be judged
on its characteristic pumgenty and flavour due to the
presence of alkaloids and wlatile oi)l content respectively
(Jese and Nambiar,1972 a).

To obtain the pmagent principles of pepper in a
concentrated form, grownd black pepper is extracted
repeatedly with volatile selventas, 7The extract containing
the alkaloids and essential oils after the remeval of the
solvent is the oleoresin of papper. 7The quantitative
composition of it depends in the nature of the solvent and
variety of pepper used (Joss, 1978).

Namboodhiri gt al.(1970) reported that acetons was
the best solvent for the extraction of pepper oleotresin.

A osarse pewder of about 0,3 sm sime allowed sasy draining
of solvent and gave sstisfactory yisld of oleoresin,

Jose and lNgmbiar (1972 b) stedied the quality of
hybrid pepper, Panniyeoz~1 and repoxted that it was high
in volatile ethar extrast and medium in crude piperine.

The change in quality of pepper with the varying
age of the berry has been sxamined (Anon, 19738), It is
reported that pungency deoreased with maturation, Velatile
oil also decreased slightly with increasing maturity. The
oleoresin content increased from 3,5 to 5.3 months and
then decreased at 8.5 menths (anon, 1978).



MATERIALS AND METHODS



Papper phkants of varisty Panniyoor-1 of the
NPK fertilizer trial established in 1572 as the Pepper
Ressarch Sgation, Panniyoor, Cannanore District were made
use of for the present study. The details of the field
experimant maintained at the Pepper Rgsearch Station,
Panniyoor are as followss

1.1. Bite, climate and goll

The experimental field is located on a moderately
slopping terrain., The area enjoys a typical humid
tropical climate, The average altitude of the site is
95 m akove mean 3ea level. The data on the mateorological
parameters of the axperimental site are presented in
Appendix X.

The soil of the experimental £ield is acid laterite
(pH $.0) of clay loam texture (coarsesand 20 per cent, fine
sand 14.4 per cent, silt¢ 17.6 per cent and clay 48,0 pexr
cent), The nutrient status of the soil is given Appendix I1I.

1.2. Exzperimental design
The NPK fertiliser trial was started in 1975 as a 3°

factorial experiment totally confowmnding N szz. in a
randomised block design with two replications,
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The details of the layeut (Fig.I) are

Number of treatments - 27
Number of replications - 2
Total number of blocks - 6
Total mumber of plots - 54
Nusber of plants per plot - S
Spacing -2mx3.5nm
a ’
Levels of nitrogen

1. n, 50 g R/vlnq/r-nr
2. n, 100 g ¥/vine/year
3. n, 180 g N/vine/year
Levels of phespherus
1. Po 50 ¢ Paﬂ'/vim/yuax
2. py 100 ¢ Pze’/vmo/y:ur
3. py 150 g !ao’/viuo/your
Levels of potassium
L %50 g Kzo/vin./yoar
2. k¢ 100 g Kzolvino/ycu
Ky 1%0 g Kzelvm/yaar

1.3.

The plants wers established in 1971 on standards
of Exythrina indieg though the treatments were effected only
in 1978,
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The plants were supplied with fertilisers in
the form of urea, superphosphate and muriate of potash
in accoxdance with the treatmants as a single dose in
August-September, Over and above the fertilizer treatments,
a uniform dose of 10 kg green leaves and 500 g lime per
plant were given with the onset of M&h Nest monsoon,
The cultural operations and plant protection measures
were ¢arried out uniformally irrespective of the fertiliser
treatments.

2.

2.1. Selegtion of plants

out of the five plants receiving a single treatmsmt,
only two plants were sslected at random for the chemical
analysis of soil and plant materials, Thus samples were
gollected separately from 108 plants i.e., 2 plants per
plot x 27 treatments x 2 replications. Again to reduwce
the number of samples involved in chemical analysis, samples
from plants of the same treatment of the two replications
were pooled together to give rise to a composits sample
representing a single trsatment, In other words, the
effects of replication were completely pooled and there
were only 27 composite samples each representing a singls
treatment, though they were ssparately collected from 108

plants,



So0il samples at a Gspth of 0 to 15 om were collected
from diffarent aspscts of the basin of the plant at random

and composited to give a sample representing a single plant,

Samples of the four plants receiving the same
trestment as detailled adbove were pooled into a composite
sample and thus there were 17 s0il samples representing the
trestmants. 3o0ils were collected in March 1980 and also in
January 1981,

Leaves ware sampled for chemical analysis., The
following procedurs for collection was followed, Samples
were collected saparately from the 108 plants selected
for the study. Samples of the plants receiving the same
treatment were then pooled %0 give rise to composite samples
of the treatment. Sampling was carried out between 7 a.m,

to 12 noon.

For this purpose, four fruit bearing laterals
exposed to sunlight and located on the lower 1/3 of the
canopy representing the north, sast, south and west
quarter aspect of the vine were selected at random during
the third month after flushing (Date of sampling 9"
September 1980), The leaves of each laterals were numbered
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and the first older mature leaf, the second, the third
and the fourth wers collected separately, taking the
youngest fully matured leaf as leaf No.1. The four
leaves of the same position drawn from the four lasterals
of the same plant wvere pocled to represent a composite
leaf positional sample of the plant.,

In oxder to standardise the optimum season for
the collection of leaf intended for foliar diagnosis,
sampling of leaf was carried out at different periods

as follows:

Pexiods Bate of sampling
1. After the harvast of berriss - 31%P March 1980
2. Prior to flushing ~ 29" may 1980
3. One month after flushing - 9*® nay 1980
4. Two months after flushing - 9% august 1980
5. Three months after fiushing - 9 september 1980
6. Four months after flushing - 9% october 1980
7. Five months after flushing - 9> Hovember 1980
8. Six months after flushing - 9*® pecember 1980

th

9. Seven months after flushing -« 97 January 1981

For this purpose, the f£irst older mature leaf of
laterals exposed to sunlight and located on the lower
32/3 portion of the canopy was selected. JFour such leaves



possessing average thickness and sise, representing the
north, east, south and west quarter aspects of the vine
were collected along with the petiocles. These four
leaves constituted the composite sample of a plant.

2.4, GCollection of stem for analysis

In order to examine the suitabllity of stem
portion of the plant for tisswe analysis, the following
types of stems were sampled during the fourth month
atter flushing (Date of sampling - 9" October 1980),

1. Pruit bearing laterals (Plagiotropes)

2. Hanging shoots (Geotropes)

3. Runner shoots

4. Top shoots (Orthotrepes)

Samples of stems of length one foot from the point
of £irst mature leaf were cullected from the four quarter
aspects of the plant and sampled separately. The samples
were f£inally pooled in oxder to obkain composite samples
of the four types of stems for each treatment separately.

Por studying the variation in the quality of
pepper with respect to increasing periods of maturity,
pepper berries were collected from fruit bearing laterals
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at random from differsnt quarter aspect of the plansg,
located on the lower 3/3 of the canopy, during the
following stages.
1. Four months after flowering
(9" october 1980)
3. 8ix months after flowering
-
3. Soven months after flowering

(ﬂu‘ January 1981)

th December 1980)

3.  Asalytioal methods
d.1. 8Seil

The mechanical analysis of the s0il was conducted
using the hydrometer method (Piper, 1942), The piH the
s0il water suspension (1 s 2.3) was determined using &
pH mster. Total organic carbon of the s0il was estimated
by Walkley and Black method described by Piper (1942).
The Kjeldahl digestion and distillation method (Jackson,
1958) was followed for the determination of total
aitrogen. Available phpsphorus was determined in the
Bray No.l and sriple acid (Mathew, 1979) extracts of soil
by the chloro-stannous reduced molybdephosphoric blue
colour method in hydrochloric acid system (Jeckson, 1938).
Tha axchangeable potassium extracted by 1 N neutral
amonium acetate was deternined flamephotomstrically and
reported as available potassium (Jackson, 1938),
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3.2. Plant metecial

The total nisrogen content of the plant sample
was determined using Kjeldahl method (Jackson, 19%8).
For the determination of phosphorus and potassium, the
plant material was digested in a mixture of perchloric,
sulphuric and nitric scids (1:1249). In the triple acid
extract, phosphorus was dstermined by the vanadomolybdate
Yellow colour method and potassium using a flamephotomster
(Jackson, 19%8).

The counter-current extraction with acetone using
a soxhlet apparatus was carried out f£or the determination
of olecresin in freshly ground 4ry pepper (A.S,T.A. 1960),

4.  Statistical analysis

The data relating to growth and yleld characters
were analysed by applying tis analysis of varfiance
sechnique, suggested by Panse and Sukatme (1967) for
confounded factorial experimsants,

The degree of relationship between yield and
N, P and K contents of leaf at different leaf positions
was estimated by calculating the sinmple linear correlation
coefficients., Apart from the simple linsar correlation
coefficients, the partial linear correlation coefficients
were also calculated in oxder to £ind out the degree of
association of any two variables, eliminating the effects
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of ether variables acting in the casual mechanism., The
multiple correlation ceefficients were also calculated
in order t0 know the jeins relationship between the
dependent varisble and a sek of independent variables as
per the methods suggested by Snedecor and Cochran (1967),
he sams methods were also weed to find the relationship
betwesn yisld and nitrogen, phospherus and potassium
contents of first mature leaf at different periods of
sampling.

The distridution pattera of the nitrogen, phosphorus
and potassium at different periods of sampling was depicited
graphically by using meving average method 30 as to smooth
the sharp variations present in the data and to give a
statisfactory represantation of the general trend of
variation in the concentration of amtrients (Monga, 1978).



RESULTS



1.

Data on the yield of dlack pepper as influenced
by NPK treatment are furnished in Table 1. ZThe mesan values
are presented in Table 2 and the analysis of variance in
Appendix XIIXI. As alresdy pointed ¢k the yield data
presented in Table 2 form a pars of the NPK experiment
maintained at Papper Research Station, Pamniyoor. However,
it is presented here %0 provids the back ground informatsion
on the effect 0f NPK treatment on yield, which is necsssary
in interpreting she results of Sissus analysis undertaken,

TThe yisld of experissntal plants wvere grouped under
shres categories.

1) The eumulative yisld of pepper during the

five yesars from 1976-77 to 1980-81.

11) The yield of pepper during the year 1979-80,

$i1) The yield of pepper during tha year 1980.81,

The cumilative yield was Saken in order to reduce
the influsnce of yesr-wise variation on the effeets of WPK
Sreatments employed. The yields of 197980 and 1980-81
vere however axsmined separstely since tissus samples were
collected for chemical analysis after the 1979-80 harvess.

Gbservations revealed that the varying levels of
aitrogen, phosphorus and potassium empleyed in the experiment
could not inflwence the total yield of pepper for the period



J4

Table 1 Effect of NPK treatment on yield of black
pepper,
8l. Treatment Yield, kg/ha
NO. NPK 1976-77 to 1979-80 1980~81
1980-81
1 000 2996 563 73
2 001 4410 1223 106
3 002 5113 1050 239
4 010 6072 1239 127
5 011 4378 1599 45
6 012 7458 2326 220
7 020 3244 683 86
8 021 4519 1183 42
9 022 8690 2826 76
10 100 3614 632 70
i1 101 3995 1113 65
12 102 3397 1059 122
13 110 3909 1047 102
14 111 6407 1929 129
15 112 4029 1490 82
16 120 6167 1423 167
17 121 5334 1113 122
is 122 2905 875 102
19 200 4310 713 105
20 201 4010 1079 76
21 202 4576 1067 153
22 210 3587 1137 10
23 211 5538 1487 142
24 212 8449 1023 175
as 220 2311 462 85
26 221 $450 895 147
27 222 3972 1220 6

A -




Table 2 Effect of NPK treatment on yield of
black peppar.

Summary

Treatment yleld, kg/ha
groups 1976-77 to 1979-80  1980-81

1980-81
n, 5195 1409 113
n, 4416 1187 107
n, 4352 1009 100
F test NS 8ig NS
Pq | 4034 944 112
Py 5199 1475 115
P, 4731 1186 93
F test 48 Sig NS
kb 4007 878 92
k1 4892 1291 97
kz 5070 1436 131
F test NS 549 NS
cp (0.05) for
comparing levels NS 74 NS

of N, P and K




from 1976-77 to 1980.81, However, when the yileld of

1979-80 was examined, the levels of N, P & K significantly
influenced the yield. The mean yields of pepper during

this year corresponding to Ny n, & n, levels of nitrogen
application were 1409, 1187 and 1009 kg/ha were respectively
which showed that further increase in the levels of nitrogen
£rom the n, level of 30 g N/vine/year resulted in a significant
and continuous decrease in the yield and hence the n, level
was found to be the best. However it is not possible to

infer from this result whether further decrease in the

nitrogen application from the n, level iz possible to get
the maximum yield. In the case of levels of phosphorus

employed, the yleld increased from Py to Pye but declined
from Py to Pye the increase and decrease being statistically
significant. The p, lavel (100 g Pzes/vinn/70ar) was there-
fore superior to Pg (30 g ons/vinq/ybar) and pztxoo g 9205/
vine/year). The optimum dose of ons for maximum yileld was
worked out to be }07.38 q pzeg/ginq/?nar* Ag regards the
effect of levels of potas:zium, the yield contifmed to
increase significantly with increasing levels of potassium
applied. The mean yleld of pepper corresponding to RO‘ kl
and ky levels were 878, 1291 and 1436 kg/ha respectively
showing that the k, level (150 g Kzafvinq/year) was superior
to k, (30 g xzq/vina/Ycar) and k;, (100 g Kzolvinq/yea:)

levels, Hpwever the k, level cannot be considered optimum

2
since the yleld continuad to increase with:increasing

levels of potassium tried,
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Of the intersstiions hetwesn the levels of nitrogen
and pbesphwrus, the comdination By Py found to be
significantly suparior to other nitrogen and phospherus
combinations, Intsraction batweaen the lewvels of anitrogan
and potassium was also significant with the highest yield
at n, x: combination. Among the combinations of phosphorus
and potassium levels, the yislds at Py "1 and Py "2 wers on
par which were significantly superior to other combinations
of phosphorus and potassiua levels, The highest yield was
however regorded as 2826 mﬂnatnapzkzlml which was
significantly superior to the yieid obtained at other
combinations,

When the yield of 198081 was examinad, it was seen

that the levels of aitrogen, phosphorus and potassium
| tried, could not influence the yield significamtly.

It was observed that hthough the levels of application
of nitrogen, phosphorus and potassium could not sigaificantly
influence the cumulative yield of 197677 to 198081 and
alse the yield of 1980-81, the pattern of variation ia ’
vyield with the levels of nitregen, phespherus and potassium
was exactly similar with that of the result obtained for the
1979-80 yield, clearly showing the supremacy of the levels
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2.

(1) NiSseqen

Pata on the effect of NPK treatment and leaf position
on nitregen content of leaf are presented in Table 3. The
mean values are furnished in Table § and the analysis of
variance in Appendix 1V,

The content of nisrogen in leaf ranged from 1,0 %o
5.,0% with a mean value of 3,19, vhen all the tresatmeats and
pesitious weare pooled,

When the distribution of nitrogen in leaf over the
different leaf positions were examined, it was seen that
the nitrogen content of leaf continucusly decresased wish
inersasing number of leaf position (Fig.2). ihe first
older mature leaf recorded the highest velue for nitrogen
and the fourth leaf contained the least. The differences
in nitzogen content between adjacent leaf positions wvere
statistically significant, The mean values in peresntage
for nitregen in leaf corresponding to 1%%, 2™, 3% ,nq (™
position were 3.351, 3.33, 3.21 and 31.69 respectively,

The varying levels of aitrogen application influsnced
the nitregen percentage of leaves from different leaf
positions, The valus of nitrogen percestage in leaf 4did
not varxy significantly for n, aad n, levels. However, the
mean value for a, treatment (3.54%) was significantly
highar as compared to valuass corraespoanding o o, and By
levels (3,01X).
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Table 3 Rffect 0f NPK Sreatment and leaf position on
nitrogen content of leaf.
Nitrogen X on moisture fres basis
8l. Treatment Leaf p“u”
Ho. NPK 1 2 3 4
1 000 2.90 3.40 3,00 1.10
2 001 3.9% 3,50 2.70 3.50
3 002 4,00 2.60 2.90 2,60
4 010 2.80 3.20 2.80 3,20
5 011 4.00 3.00 3.10 3,00
¢ 012 3.7 2,90 a7 1.%0
7 020 4.10 2,70 3,10 3.20
] 021 4.10 3.3 3.00 3.00
9 022 2.50 3.00 2.80 1.0
10 100 2.90 3.00 3.00 3.20
1% 101 2.3%% 3,50 2.5 3,00
12 102 3.70 3,00 3.20 2.5
13 110 4.00 3,00 3.63 1.10
14 111 2.80 3.40 2,93 1.70
13 112 2.7 3.08 3.40 3,00
16 120 4.10 3.7% 3.5 2,80
17 121 4.00 3.00 3.30 2.9
i8 122 2,80 4,00 2.70 1.9
19 200 3.8 3.40 3,90 3.10
20 01 3.3 4,00 5$.00 3.30
21 202 2.60 4,00 4.20 3.30
az 210 3.80 4.90 3.00 3.20
a3 a1 3.0 4.7 2,60 3.40
24 212 3.7 4.78 2.40 3.10
23 220 5.00 3.00 3.% 2,90
26 an 3.3 2.90 4.10 3.20
27 222 4.00 2,00 3.80 3.20
ﬂe 3.” 3.07 2,90 2.’0
u1 30" 3.23 3.13 2.40
3.7 3.69 3.61 3.16
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As zegards the avefficients of correlation betwean
the nitrogen content of leaf from Aiffsrent positions and
the yield of pepper, it was sean that the content of nitrogea
failed %o establish sigaificant pesitive correlation with
vield irrespective of leaf positions.

(11) Phespherus

Deta on the effest of WPK treatmant and leaf position
on phosphorus content of leaf are presented in Table 4.

The mean values are presented in Table 6 and the analysis
of variance in Appendix IV,

The centent of phosphorus in leaf ranged from
0.085 to 0.163% vith mean valus of 0.128% when all the values
were pocled together,

The pattern of variation ian the phosphorus content
of leaf was similar to that of nitrogen though the tetal
gontents of phosphorus in the third and fourth leaf pesisions
vere on par (Fig.3). But the phesphorus content of firss
older mature leaf was significantly higher as compared to
that in the second pesition which differel significangly
with the third and fourth pesitions.

The levels of phosphorus epplication significankly
infiuvenced the phospherus content of leaf at diffaerent
positiona. In genaral, phosphorus percantage of leaf
increased with increasing levels of phosphorusz application,

it was sesn that the phosphorus content ¢f leaf alse
increased with increasing lwwels of nitrogen applicasien.



41

Table 4 Effect of NPK treatment and leaf position on
phosphorus content of leaf,

Phosphorus % on moisture free basis

Leaftposition

No. NPK 1 2 3 4
1 000 0,160 0.135 0.120 0.120
2 001 0,138 0.110 0,100 0.118
3 002 0.138% 0.110 0.095 0.105
4 010 0.145 0.150 0,090 0,100
5 011 0.135 0.130 0.110 0.115
6 012 0.165 0.140 0.115 0.110
7 020 0.155% 0,135 0.145 0.125
8 021 0.,130 0,125 0.105 0.110
9 022 0.1680 0.115 0.105 G.120
10 100 0.130 0.145 0.090 0.115
11 101 0.135 0.110 0.118 0,125
12 102 04130 0.110 0.085 0,100
13 110 0.158 0.140 0.090 0.120
14. 111 0140 0.160 0.115 0,105
15 112 0,135 0.,150 0.115 0.135
16 120 0,165 0.145 0.120 0.110
17 121 0.170 0,145 0.120 0.128
18 122 0.140 0,138 0,125 0.135
19 200 0.125 0.145 0.095 0.095
20 201 0.145 0.130 0.130 0.115
21 202 0,140 0,140 0.095% 0.130
22 210 0.140 0.145 0.110 0,135
23 211 0,145 0,135 0.100 0.125
24 212 0.150 0.140 0.135 0.125%
25 220 0.135 0.135 0.160 0.110
26 221 04160 0.150 0.128 0.110
27 222 0.145 0.125 0.120 0.130
Po . 0,137 0.126 0.107 0.111
Py 0.146 0.143 0.114 0.118

Py 0.151 0,134 0.126 0.119




Results showed that NX and PX interactions were
significant with respect to conteat of phosphorus in leaf.
mmmmmmtvumatlakzm
RK combination: and at P h' ameng PX combinations,

The ooefficient of simple linear correlation betwaen
the cumulative yield ef papper and phosphorus content of
first mature leaf was found %0 be significant at 35X level
(Table 20),

(111) Retassiwe

Data on the effect of NPK treatment and leaf pesition
on potassium centent of leaf are presanted in Table S, The
mean values are presented in Table 6§ and the analysis ef
varianee in Appendix IV,

The potassium content of leaf ranged from 0,83 %o
2.25% with a mean value of 1,34% vhen leaf pesitions and
treatments were pooled.

The pattera of variation of potassimm content of
leaf at differeat leaf positions was almost similar to that
of aitrogen and phosphurus as the potassium percvent
decrsased with increasing age of the leaf (Pig.4). Hewever,
the third and fourth pesitiens of leaf were on par with.
respect to potassium content of leaf, The highest parcentage
of potassium was recorded in the first older mature leaf
which was significantly higher than that of other leaf
positions,



Table 8 Effect of NPK treatment and leaf position on
potassium content of leaf.
Potassium X on moisture free basis

8l. Treatment Leaf position
Noe. NPK 1 2 3 4
1 000 1.8% 1.5% 1.3 1.18
2 001 1.83 1,78 1.40 1.48
3 002 2,18 1.78 1.5% 1.33
4 010 2.00 1.5) 1.10 1.43
] 011 1,63 1.40 1.13 1.19
6 012 2,13 1,78 1.13 1.30
7 020 1.58 0.93 0.98 0.98
8 o1 1.58 1,58 1.28 1.38
9. 022 2,2% 1.%0 1.23 1.68
10 100 1.40 1.9% 0 .88 0.93
11 101 1.5 1.08% 1.68 1.58
12 102 1.808 1.48 1.30 1.3
13 110 1.70 1.58 1.33 1.38
14 111 1.7% 1.78 1.50 1.28
18 122 2.2 2.18 1.70 1.73
16 120 1.9% 1.48 1.30 1.08
17 21 2,23 1.73 1.83 1.7
18 122 1.53 1.80 1.60 1,53
19 200 1.43 1.68 1.08 1.00
20 201 1,7 1.50 1.30 1.13
21 202 2,00 2,00 1.50 1.30
a2 210 1,80 1.63 1.3 1.38
a3 11 1,98 1.68 1,23 1.33
a4 213 1,98 2,05 1.68 1.33
as 220 1.7% 1,20 1.20 1.18
26 a 2.20 1,33 1.63 1.713
27 222 2.00 1.73 1.48 1.6%

ki 1,72 1.3 1.17 i1.16

L 1.78 1.5 1.44 1.41

k: 2,01 i.m 1.46 1.47




Table & Effect of NPK treatment and leaf position
. on nutrieat centent of leaf.

-+

Summary

,,..t,‘;t | Pexosntage on aa;;tux. f£ree basis
group " P X
n, 3.0 0.124 1,49
n, 3.01 0.129 1.58
B, 3.5 0.130 1,58
7 test 8ig sig NS
Pg 3.24 0.120 1.49
px 2.” GJJO 10”
pz 3,21 0.133 1.56
T test N8 8ig | 1]
kg 3.2¢ 0.129 1.39
31 3.32 0.127 1,58
kz 3.03 9.127 1.69
T test NS s sig
CsDs ‘000’) for »
comparing lovels 0.293 0.004 0.106
of N, P and X
Rosisions

1 3.51 0,148 1.84

2 3.3 0,138 1.63

3 3.21 0.116 1.38

4 2,69 0.116 1.3%

CeDs (0.08) yg:iti“. 0.33%8 0,008 0.120







The percentage of potassium in leaf ingreased
with increasing levels of potassium application irrespective
of the leaf position:: The interaction between levels of
phosphorus and potassiws was alse found to be significant
with the highest content of potassium in leaf being
recorded at p, Xk, level (1.76%) .

The coefficlient of correlation (simple linear)
betwveen potassium content of first mature leaf and yield
of pepper during 1979«-80 is presented in Teble 20. Results
showed that the coefficient of simple linear correlation
betwesn yiesld and peotassium content of the £first mature
leaf vas significant at 5% level, 7The simple linear
coefficient of correlation betwesn the cumulative yield
{(1976-77 to 1980-81) and potassiwm content of first mature
leaf was also significant at 1% level (Table 20).

3.

In order to standardise the eptimum season or periocd
for the sampling of leaf intanded for folilar diagnosis,
leaf samples were collected from experimental plants at the
following stages.

1. Afger the harvest of berries

2. Prior to flushing

3, Ope month after flushing

4. Two months after flushing



5. Three months after flushing
6. Pour months after flushing
7. Pive months after flushing
8. 8ix months after flushing

9. Seven months after f£flushing

These periods of sampling were referred to as period
i %9,

(L) Misgogen
Data on the effeot of WPX trsatment and pariod of

sanpling on nitrogen are pressnted in Table 7. The mean
valuss are furnished in Table 13 and the analysis of
variance in Appendix V.

The content of nitrogen in leaf ranged from 1.0
to 5.1% with a mean valus of 3,13%%, when the values fer
all the treatments and periods were considered. The
variation in the nitrogen content of leaf at differemt
periods of sampling is graphically represented in Pig, 3.
Wwhen the distribution of nitrogen in leaf over different
periods of sampling was examined, it vas seen that the
niszogen goontent of leaf remained high before flushing
and shazply declined till the period of twdo wmonth after
flushing, Tharsafiter the nitrogen content increased at
the %" and 6™ periods cerresponding to third and fourth
month after flushings but again deslined at the 7" pertod.
After the 7% period, the nitrogen content slightly increased
mmaammnm"“mtu.



Table 7

Effect of NPK treatmemt and period of sampling on nitrogen content of leaf.

Hitrogen % on moisture free basis

Period of sampling

sl. iTeatment
Ho. HpPK T 2 3 s 5 6 T 8 N
1 000 4.68 3.57 3.50  3.30 3.80 3.50 3.10 3.00 2.90
2 001 4.42 3.23 3.50 2.73 3.95 3.10 3.00 3.28  2.80
3 002 3.23 3.06 3.50 2.7 4.00 3.15 2.90 3.20 1.90
s 010 2.38 3.40 3,70  2.90 2.80 3.40 2.98 3.1  2.90
s 011 3.74 4.25 3.10 3.10 4.00 3.70 2.80 3.08 2.80
6 012 4.28 3.23 3.00 1.90 3.70 3.73 2.10 2.95 2.88
7 020 2.73 2.38 3.50  1.80 4,10 3.80 2.90 3.10  3.%0
8 021 1.70 4.25 3.1  2.80 4.10 1.88 1.00 1.20 3.00
Y 022 3.40 3.40 3.88 3.3 2.50 3.28 2.7 2.7  2.60
10 100 1.70 3.57 1.30  2.88 2.90 3.30 2.80 2.9  2.80
11 101 2.38 3.40 3.30  1.40 2,38 3.20 3.00 3.00 3.10
12 102 1.87 3.49 3.20 1.7 3.70 3.10 1.60 2.90 3.20
13 110 2.89 3.23 3.50 3.10 4.00 3.60 2.9% 2.60 3.20
16 111 2.89 3.40 3.20  3.20 2.80 3.25 3.08 3.60  1.20
18 113 3.40 4.93 3.0 1.40 2.7 3.08 1.00 2.40 2.90
16 120 3.40 3,40 3.7 3.20 4.10 2,60 3.00 1.40 1.60
17 121 3.57 4.34 3.60 1,80 4.00 3.30 2.90 3,25  2.90
18 122 3.57 4.59 3.30 1.70 2.80 3,28 2,70 3.00 2,80
19 200 3.57 4.51 2.85  2.00 3.80 3.50 2.40 2.80 2.0%
20 201 4.42 6.42 3.90  3.40 3.30 3,70 3.10 3.00  2.98
21 202 3.23 417 3.35 3.20 2.60 3,70 2.90 2.50 2.7
22 210 2.81 3.83 3.40  2.80 3.80 1,88 2.90 3,30  3.13
23 211 3.66 £.25 1.40  3.30 3.80 4.00 1.00 3.2% 2.7
24 212 3.40 4.08 3.70 3.20 3.70 3.20 3.00 3,08 2.80
2s 220 3.91 4.42 3.45  3.00 .00 3,30 2.30 3.10 3.10
26 211 3.40 5.10 3.50 3,20 3.30 4.05 3.00 3.00 2.90
27 222 3.23 4.28 2.90  3.00 4.40 3.85 3.00 3.10 3.05




Table 8 Effect of NPK treatment and period of sampling on nitrogen contsnt of
leaf (Average and 3 position moving average of WX on moisture free basis)

Treatasnt

empiing. %0 . | % e

Averags Moving Average moving Average Moving Average Moving

average average average average

1 3.39 2,08 .n 3.26
2 3.42 3.« 3.82 3.28 4.14 3.68 3.86 3.4%
3 3.39 3.18 3.17 3.09 3.13 3.49 3.23 3.28
4 2.73 J.22 2.37 2.90 3.01 3.29 2.67 3.14
] 3.58 3.19 3.28 3.9 3.74 3.49 3.53 3.19
6 3.28 3.15% 3.18 3.01 .n 3.3 3.37 3.19
7 2,61 2.9 2.58 2.8) 2.62 3.1 2.60 2.94
8 2.84 2.7 2.73 2.6% 3,00 2.8 2.86 2.72
2.69 2,63 2.82 2.72




4d

The nitsrogen content of leaves also differed with
respect to the levels of nitrogen application, The value
of nitrogen percentage ian leaf 4id not vary siganificantly
for ng and n, levels, HNewever, the mean valwe for a,
treatments vas signifieantly higher as compared teo values
corresponding to ng and n, favels. The pattern of variation
in the nitrogen conteant of leaf over different periods of
sampling was mﬁdymtano.. ant, levels.
It was seen that the nitrogen content of leaf increased
with inoreasing levels of nitrogen application, This was
observed only at the second perisd of sampling coerresponding
to the preflushing stsge wvhere She parcentage of nitrogea in
the leaf for Ry By and 'ﬁ wore 3.42, 3,82 anéd 4.34%
respectively. At all other periods, nitrogen content of
leaf corresponding to By level of application was lower than
the nitregen content of n, leve}, |

Results showed shat interagtion between the levels
of nitzogen and phosphorus was significant vith respect ¢to
content of nitrogen in the leaf, The highest nitrogen
content in leaf was obtained at the n, p, combination.

As reqgards the coetfficlients of corrvelation between
nitrogen content of leaf at different periods and yisld of
black pepper, it was seen that the content of nitrogen
retained in the leaf falled to estadblish significant pesitive
eorrelation with yield irrespecstive of periods of sampling.
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(11) Enosphorus

Table 9 presents the data on the effect of NPK
treatment and period of sampling on phosphorus, Tha mean
values are furnished in Table 13 and the analysis of
variance in Appendix V.

The content of phospherus in leaf ranged from
0,053 o 0.353% with & mean valus of 0,167%. The three
position moving average of phospherus content of leaf at
different periods of sampling are graphically represented
in ¥1q.6,

The pattern of variation in the phosphorus coatent
of leaf at different periods of sampling was almost
similar to that of nisrogen during the periods after
flushing though the total centent of phosphorus retained
in the leaf at any period of sampling was considexably
lower as compared to that of nitregen. In sharp contrast
with the pattern of variasion oi altxogyen, phosphorus
content of leaf during the £ixst two purieds prior to
£flushing weas relatively lower as compared to the phosphorus
conkent Of leaf afeer filushiags The phosphorus content of
leaf increassd with flushing but deq lined at the 5”‘ peried
cosresponding to 3°° month afer flushing, again inareased:
at the 6™ ana 7°" periods and thes declined. The phosphorus
content again increased at the last periocod of saupling.



Phosphorus % on moisture free basis

Effect of MPK treatment and period of sampling on phosphorus content of leaf.

8l. Treatasnt

No.

RPK

Period of sampling

1 2 3 4 s 6 7 8 9
1 000 0.118 0.136 0.164 0.208 0.160 0.230 0.210 0.133 0.1%3
2 001 0.130 0.130 0.138 0.1% 0.133% 0.180 0.200 0.166 0.179
3 002 0.128 0.126 0.168 0.174 0.13% 0.180 0.200 0.166 0.173
4 010 0.120 0.122 0.194 0.208 0.143 0.170 0.240 0.153 0.146
S 011 0.118 0.160 0.164 0,188 0.13% 0.200 0.280 0.139 0.173
6 012 0.122 C.108. 0.144 0,218 0.165 0.240 0.230 0.133 0.146
7 020 0.112 0.198 0.148 0,178 0.153 0.320 0.190 0.146 0.166
8 021 0.120  0.138 0.154 0,178 0.130 0.190 0.210 0.153 0.173
4 022 0.126 0.118 0.154¢ 0.220 0.160 0.350 0.210 0.153 0.1M
10 100 0.118 0.138 0.160 0.178 0.130 0.210 0.190 0.159 0.186
11 101 G.118 0.118 0.144 0,162 0.138 0.2%0 0.19%0 0.139 0.193
12 102 0.108 0.108 0.156 0.160 0,130 0.210 G.160 0.159 0.19)
13 110 0.132 0.098 0.160 0,204 0.15% 0.190 0,310 0.159% 0.19)
14 111 - 0.104 0.108 0.142 0.186 0.140 0.200 0.240 0.13% 0,179
1s 112 0.324 0.148 0.178 0.176 0.138 0.3240 0.240 0,173 0,183
16 130 0.148 0.108 0,150 0.302 0.163 0.200 0.220 0.166 0.219
17 121 0.128 0.108 0.176 0.178 0.170 0.230 0.200 0.186 0.226
18 122 0.124 0.148 0.15¢ 0.188 0.140 0.220 0.300 0.168 0,219
19 200 0.122 0.096 0.160 0.232 0.12% 0.210 0.210 0.093 0.239
20 201 0.124 0.134 c.174 0.180 0.145 0.190 0.180 0.23¢ 0.233
a1 202 0.126 0.152 0.184 0.100 0.140 0.180 0.200 0.159 0.199
a2 210 0.082 0.132 6.168 0,182 0.140 0.180 0.200 0.193 0.226
a3 211 0.108 0.059 0.164 0,198 0.148 0.190 0,200 0.179 0.233
a4 a2 0.126 0.063 0.160 0,196 0.150 0.230 0.220 0.179 0.23
as 230 0.110 0.05) 0.160 0.174 0.138 0.210 0.3210 0.186 0.210
26 a2l 0.116 0,061 0.150 0,194 0.160 0.25%0 0.210 0.213 0.3%3
27 222 0.124 0.058 0.146 0,190 0.145 0.210 0.190 0.193 0.226

bHNiiL )
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Table 10 Effect of NPK treatment and period of sampling on phosphorus content

of leaf (Average and 3 position moving average of PX on moisture

frees basis)
Treatmant

Period of Po Py Py

Average HMoving Average MNeving Average Moving Average lMoving

average average average sverage

| 0.121 6.113% 0.122 0.119
2 0.126 0.137 0.113 0.130 0,109 0.128 0.116 0.132
3 0.16) 0.154 0.162 0.1%¢ 0.15% 0.1%51 0.160 0.153
4 0.173 0.158 0.193 0.167 0.189 C.164 0.182 0.162
0.137 0.17 0.146 0.181 0.148 0.18% 0.144 0.178
¢ 0.202 0.177 0.3204 0.191 0.219 0,190 0.209 0.187
7 0.193 0.184 0.222 0,196 0.204 0.199 0.207 0.194
] 0.158 0.182 0.163 0.192 0.174 0.193 0.16% 0.190
0.194 0,190 0.208 0.198

26






When the ianfluenos of vacying levels of phosphorus
application en phospherus centent of leaf was examined,
it was seen that phespherus percentage of leaf for different
periods,ef sampling varied significantly with the varying
levels of phmspherus application. The mean values for
phosphorus percentage ian leaf corresponding to Py Py and
Py levels of applicatieon were 0.163, 0,167 and 0.174
respactively when the effect of periods were pooled. This
showed that in general, the content of phosphorus in leaf
increased with increasing lavals of phosphorus application,
the differences being statistically significant. Hewever,
this increase in ths phosphoxus applicetion was not feund
uniformly reflegtacd at &ll the periods of sampling
especially during early pericds, It was saen that the
phosphorus centent 0i leaf was ealso influsnced by levels
of nitrogen applicution. Phcesphorus content of leaf increased
with increasiag levels of nltrogen spplication though msan
values for ay and By were statistically on par., Also the
sffects of AP, KK and PK interaction were significant in
influencing the conteat of phosphorus in loaf,

Coefficients of simple linsar correlation between
the cusulative yield of pepper and the phosphorus content
of leaf (Table 14) were found to be significant for the
$P period (r = 0.462%) and 7 perica (r = 0,408%)
of sampling at 5% level of significence.
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(111) posassiom

Dats on the effest of WPK Sreatment and period
eof sampling on the potassium content of leaf are presented
in Teble 11, 7The mean values are furnished in Tgble 13
and the analysis of varianoe in Appendix V,

The potassium gontant of leaf ranged fyom 0,53 to
2.68% with a mean valus of 1,48, When the valuss for
treatments and perieds were pecled, the pattern of
variation in the potassiwm conteat of leaf over the
different periods ¢f sampling varied asignificantly as
represented graphically in Fig.7. In general the potassium
content Of leail increased with the lncreasing periods of
sampling wpto 5" period and declined thereafter.

The percentage of potassium in thae first peried was
1.44 which increased to a value of 1.84 at 5°® perica ana
- then deglinad €0 1.20 in the iast periocd.

Potassiun content of leaf irrespactive of period
of sampling lacreased with the increasing levels of potassium
application, wWhen the effeck of pariod of sampling is
pooled, the parceatage of potassiuxa in lemves corresponded
to u°. k‘ and Rz devals 0f application were 1,31, 1,51 and
1,64 respectively. Though, the lavels of potassium
application influenced the content of this alement in leaf,
the pattera 0f varistion over dliffsrant periods af ssmpling
remained the same for all the levels cf potassivm
application. #With the increase ia lavals a/t petassiom



Table 11 Effect of NPK treatment and period of sampling on potassium content of leaf,
Potassium %X on moisture free basis
si. Treatment Period of sampling
No. NPK 1 2 3 4 L. é 7 8 9
1 000 1.43 1.2% 1.45 1.93 1.88 1.23 1.10 1.5%0 0.9%
2 001 1.53 1.03 1.53 1.93 1.8 1.60 1.18 1.63 0,93
3 002 1.38 1,15 1.58 2.18 2.18 1.’5 1,60 1.9 1.78
] 011 1.3% 1.53 1.6% 1.93 1,63 1.4% 1.18 1.5% 1.43
6 012 2,13 1.58 1.23 2.10 2.13 1.53 1.68 0.63 1.18
7 020 0.85 0.85 1.2% 1.40 1.58 0.93 1.10 1.10 1.10
8 021 1.23 1.65 1.33 1.53 1,58 1.48 1.50 0,90 0,83
9 022 2,03 2.00 1.33 2.60 2.2% 2.18 1.50 o.M 1.18
10 100 1.33 1.18 1.3 1.53 1,40 1.20 0.88 1.4% 1,03
12 101 1.70 1.73 1.50 2.29% 1.5% 1.8% 1.58 1.%0 1.70
12 102 1.70 1.19 1.48 2,08 1.88 1.10 1.33 0.8 1.7
13 110 1.65 1.08 1.13 1.9 1.7 1.3 1.48 0.90 0.7%
18 112 1.93 2,323 1.48 1.33 2.20 .09 1.7% 0.8% 0.60
16 120 1,56 1.23 1.45 1.68 1.9% 1.28 1.60 0.83 0,63
17 121 2,03 1.%58 1.7% 2.03 2.23 1,688 0.73 1.20 1.88
18 122 1.70 1.78 1.93 1.68 1.53 1.7 1.65 1,08 1.7%
19 200 1.18 0.98 1.48 1.7 1.4% 0.85 1.45 0.5 0,95
20 201 1.38 1.63 1.48 1.18 1.7% 1,40 0.90 1.5% 1.28
21 202 1.23 1.93 1.95 1.23 2.00 1.78 1.4% 1.90 1.40
22 210 1.03 1.48 1.28 0.53 1.80 1.40 1.4% 1.50 1.3}
23 211 0.80 1.40 1.43 1.48 1.58 1.10 1.43 1.63 1.3%
24 212 1.13 1.85 1.30 1.65% 1.95 1.45 1.68 1,35 1.2%
a5 220 0.9% 1.18 1.58 1.88 1.7% 1.18 1.45 1,85 1.03
a6 221 1.58 1.90 1.33 2.68 2.20 2.0%5 1.85 1,10 1.20
27 222 1.43 1.28 1.33 2.18 2.00 2.10 1.68 1.73 1.63

o
(B3]



Table 12 Effect of NPX treatasnt and period of sampling on potassiom content
of leaf (Average and 3 position moving average of KX on moisture

fres basis)
Treatmant

Periocd of *
—oring % ky X k

Average Moving Average Koving Average Moving Average |JMoving

average average average average

1 1.26 1.46 1.58 1.44
2 1.16 1.26 1.54 1.50 1.66 1.57 1.46 1.48
3 1.37 1.3 1.50 1.60 1.47 1.67 1.44 1.56
4 1.64 1.50 1.7 1.68 1.9 .79 1.77 1.68
$ 1.72 1.50 1.78 1.72 2,01 1.89 1.84 1.7
¢ 1.13 1.3 1.61 1.57 1.7 1.7 1.50 1.59
7 1.32 1.22 1.32 1.41 1,61 1.5 1,42 1.38
8 1.22 1.20 1.7 1.32 1.17 1.39 1.23 1.39
9 1.06 1.34 1.39 1.2¢
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application, the potassium content of leaf increased
invariably at all sampling periods and variation due
to levels of application was found to be maximum at the

th

[ period. Values for the percentage of potassium in

h

leaf in the 6" period wers 1.13, 1.61 and 1.76 corresponding

to ko. ki and k2 levels respectively.

It is also seen that the level of potassium in
leaf was also influenced by interaction between lavels
of nitrogen and phosphorus applied., The potassium content
cf leaf of plant recoiving ng Py treatment was only 1.30%
while the corresponding value for n, P, combination was
1.62%,

The coefficients of correlation (simple linear)
between the potassium content of leaf and yield of pepper
during 1979-80 are presented in Table 14, Results showed
that the coefficients of simple linasar correlation between
yield and potassium content of leaf were significant for

nd h ,th h

the 135, 2", 6™, 7°P ana 8°P period of sampling at s¥

level of significance and between yield (1979-80) and the
first period of sampling at 1X level of significance.
Values for the partial linear correlation between the ylelad
(1979-80) and potassium content of leaf wese significant

st d h

for the sampling periods, 1 , 274 ana at at 1% level of

significance. Simple linear coefficients of correlation
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Table 13 Effect of NPK treatment and period of
sampling on nutrient content of leaf.

Summary
Treatment Percentage on moisture £ree basis
group
R P K

n, 3.09 0.164 1.48
ny 2,9% 0.167 1.50
n, 3.32 8.168 1.48
F test Sig sig NS
Po 3,09 0.160 1.47
Py 3.23 0.167 1.47
Pg 3.15 0.174 1.52
P test NS Sig NS
kD 3.13 0.167 1,31
kl 3.16 0.167 1,51
kz 3.08 04166 1,64
F test NS NS Sig
C.D.{0,08) for
comparing levels 0.182 0.003 0,092
of N, P and K
Perjods

1 3.26 0.119 1.44

2 3.66 0.136 1.46

3 3.23 0.160 1.44

4 2.67 0.182 1.77

-] 3,83 0.144 l1.84

6 3.37 0.209 1.50

7 2.60 0,207 1.42

8 2.86 0.165 1.23

9 2,72 0.198 1.26
F test sig Sig sig
C.D,(0.03) for 0.316 0.006 04160

comparing periods

- s N L



Table 14

Coefficients of correlation (simple linear) between yield and

nitrogen, phoaphorus and potassium X of first mature leaf in
relation to period of sampling.

Period of sampling

Coefficients of aorr;lvution (r)

Nitrogen Phosphorus Potassium
Prior to flushing -0.178 «0,204 0.336
Three months after £1 -0.332 O.462* 0,523
Five months after flushing -0 .008 G« 409% 0.307
Six months after flushing w0 664 0.093 0.178
Seqven months after flushing 0,407 0,10 0,045
Xield of 1979-80
After the harvest of berries 0.107 0,047 0,523
Prior to flushing -0,170 -0,218 0.423
Three moanths after flushing ~-0.262 0.295 0.422%
Four months after flushing -0,065 02192 De.413*
Five months after flushing -0.169 0.393* 0.327
Six months sfter flushing «0.106 0.112 0.421
Xield of 1980-8]1
Three months after £l ~ -0.027 0.3292 0.409*
Seven months after flushing -0, 437* -0.031 0.108

* Significant at 5% level.
s+ gignificant at 1% level.

£G



Table 13 Coefficisnts of correlation (partial and multiple) batween
yield and nitrogen, phosphorus and potassium % of first

mature leaf in relation to period of sampling.

Coafficients of correlation, partial Multiple

Period of sampling correlation
Hitrogen Phosphorus Potassium coreficient
Xield of }1976~77 to 1380-81
Prior to flushing -0.381 ~0,400 03712 0.469*
Three months after flushing «-0.,278 0.299 0.3%8 0.368
Pive months after flushing -0,058 0.347 0.340 C.209
8ix months after flushing -0 861 * 0.028 0.120 0.449
Seven months after flushing -0.404 0.268 0.073 0.3%0
Xield of 1979-80
After the harvest of berries 0.061 0.006 0.516** 0.276
Prior to flushing -0,382 -0, 8730% 07345 0. 456
Four moaths after f£lushing «0,053 9,081 0.374 0.17%
Five months after fiushing «-0,079 0.220 0.333 0,198
Sin months after flushing -0,063 0.07 0.568** 0.106
X
Three months after flushing -0.042 0.106 0.313 0l 79
Seven months after flushing ~J. 447 -0.,028 0.145 0.210

-

* significant at S$X level.
** gignificant at 1% level.

ng
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betwean the cumulative yisld (1976-77 to 1980.81)

and petassiwm content of leaf were significant for the
18%, 288 %0 ¢%h a 8™ peried of sempling while the
cosfficients of partial linsar cerrelation between the
ssme set of variables wers significant only for the 1°%
and 2™ periods at 1% level of significance.

4.

Data on the distribution of anitrogen in differeas
kinds of shoots as influenced by NPK treatment arxe presented
in Table 16, The mean valuss are furnished in Table 19 and
the analysis of variance in Appendix VI,

(1) Misgeqen

The content of nitrogen in stem ranged from 1,00 to
4.40% with a mean value of 2,93% when the values for all the
treatuents and shoots were pooled.

When the distridution of nitrogen in different Sypes
of shoots was examined, 1t was seen that the hanging sheoss
of the wpper cancpy recorded the highest nitrogen content
and the top shoot the least, The differences in nitregen
content between different types of shoots were statistically
significent. The msan values for percantage of nitregen in
hanging shoot; runner shoot, fruit bearing lateral and tep
shoot were 3.60, 3.14, 21,98 and 1,17 respectively,



Table 16

bd

Effact of RPK treatment and type of shoot
on nitrogen content of stem.

 Nitrogen % on moisture free basis

sl. Treatment

Type of shoot

- -

No. NPK Runner  Top Hanging Fruit bear-
shoot shoot shoot ing lateral
1 000 2,70 2.50 4.40 3,00
2 001 2.90 1,10 3.80 3,10
3 002 2.50 2,68 4.00 2.50
4 010 3.10 2,70 1.80 3.40
5 011 3.50 2.60 3.80 3.10
6 012 1.10 2,35 3.20 2.85
7 020 2.50 2.40 3.90 3.40
8 021 3.00 2.70 1.60 2.80
9 022 3.10 1,00 3.80 2.80
10 100 3.30 2.80 3.60 3.40
1 101 2.90 1.90 2.00 2,70
12 102 2.80 2.60 5.20 2,88
13 110 3.70 1.00 3.20 2490
14 111 3.50 3,00 4,20 2,90
15 112 3.50 2,70 3.30 3.10
16 120 3.60 1.40 4.40 2,58
17 121 3,90 2.20 4.10 3.18
18 122 4.20 1,50 4,00 3.30
19 200 2,85 2,70 3.80 2,95
20 201 3.40 1.00 4.60 3415
21 202 3.60 1,00 3.40 3.00
22 210 1.00 1,00 4.40 2.80
23 211 3.30 2.60 3.00 2.90
24 212 3.60 2,80 2,20 3,30
25 220 3.70 2.90 3,20 2,95
26 221 3.60 2,80 4,00 3.00
27 322 4.00 2,60 4.20 2,60
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The varying l.mh of nitrogen, phosphorus and
potasaium applied 444 not influence the nitrogen percentage
of shoot of differeat types. The interactions between the
fertiliner levels were mot significant. The nitrogen
percentage of stem failed to establish siguificant
correlation with yield irrespective of type of shoot
examined,

(11) Phospherus

Data on effect of NPK treatment and type of sheoot
on phosphorus content of stem are presented in Table 17,
The mean valuss are furnished in Table 19 and the analysis
of variance in Appendix VI,

The percentage of phosphorus in sten ranged from
0.14 %0 0,49 wvith a msan value of 0,264 when trestments
and type of shoots were pooled.

When the distribution of phospherus in shoots of
different types was oxamined, 1t was ohserved that the
percantage of phosphorus was 0,321 in rumner shoot, 0.273
in top shoot, 0,269 in hapging shoot and 0,194 in fruit
bearin; laseral. Statistical analysis of the data revealed
that ruaner shoot, t0p shoot and hanging sheot were om per
with respect %0 phosphorus content of shoos., There was no
significant difference in phesphorus content hetwesn the
hanging sheot and fruit dearing lateral and they contained



Table 17

Effect of NPK treatment and type of shoot
on phosphorus content of stem,

Phosphorus % on moisture free basis

Type of shoot

No. NPK Runner Top Hanging Fruit bear-
shoot shoot shoot ing lateral
1 000 0.310 0.270 0.270 0.170
2 001 0.300 0,260 0+260 0.210
3 002 0,290 0,260 0.300 0,150
4 010 04330 0.250 0.280 0.240
5 011 0,320 0.220 0.260 0.210
6 012 0.390 0.340 0.240 0.230
7 020 C+300 0.250 0.240 0.190
8 021 0.260 0.230 0.180 0.170
2 022 0.360 0.280 0.290 0.190
10 100 0.280 0.250 0.250 0.230
11 101 0.310 0.260 0.270 0.210
12 102 0.310 0.330 0.230 0.180
13 110 0,340 0.260 0.220 0.230
14 111 0,270 0.300 0,240 0.140
15 112 0.350 0.300 0.250 0.240
16 120 0.400 0.310 0,300 0,200
17 121 0.340 0,270 0,490 0.210
i8 122 0.340 0.330 0,290 0,160
19 200 0.230 0.280 0,200 0.210
20 201 0,280 0.270 0,300 0.180
21 202 0,380 0,250 0,210 0.160
22 210 0.290 0.220 0,250 0.180
23 211 0.320 0.280 04250 0.170
a4 212 0.320 0.330 0.310 0.220
25 220 0.370 0.270 0.240 0.180
256 221 0,360 0.29 0.330 0.190
21 222 0.340 0.240 0,270 0.190

!
1
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significantly less amoumt of phospherus as compared the

other types of shoots. The levels of phospheorus falled

t® influsnce the phosphorus content ¢f all the types

of shoot, Results also showed that the different combinations
of fertiliser levels were not significant with respect to
content of phosphorus in sheot.

The coefficient of simple linear correlation
between the phosphorus content ¢f runner shoot and yield
of pepper during 1980-81 was found to be significant at
$% level (Table 20). The coefficients of parsial linear
correlation £or the same set 0f variuables was also
significant at the % level,

(111) Pesassiwe
Data on the distridbution of petassium {n stem as

influenced by the type of shoot and NPK Sreatment are
presented in Table 18, The Tahle 19 presents the mean
values and Appendix VI, the analysis of variance.

The petassium content of sheot ranged from 0.$8 to
3,70 wish a mean value of 1,72% when types of shoots and
Sreatnents were considersd,

The potassium content of stem varied significantly
with types of shoot, The highest potassium content
(3,78%) was recorded for fruit bearing lateral and the
lovest value of 1.,25% was obtained in the cass of hanging
shoot, The content 9f potassiun in top shoot and rumner



Table 18
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Effect of NPK treatment and type of shoot
on potassium content of stem,

Potassium % on moisture free basis

sl. Treatment

L 2 2 -

Type of shoots

No. NPK Runner Top Hanging Fruit bear-
shoot shoot shoot ing lateral
1 000 1.48 1.25 1.18 2.60
2 001 1.45 1.23 1,25 2490
3 002 1.00 1.40 1.20 2.70
4 010 0.58 1.50 1.28 2485
5 011 1.30 1.18 1.13 3.15
6 012 0.78 1,93 1.63 2.35
7 020 1,18 1,15 0.380 2.79
8 021 0,95 1.48 1.23 2.10
9 022 1.3% 1.55 1.40 3.40
10 100 1,10 0.95 1.08 2.90
11 101 1.15 1.35 1.30 3.00
12 102 1.58 2,03 1.15 2,70
i3 110 1.75 0,98 1.40 2.30
14 111 0.80 1,73 0.98 3,05
15 112 1,53 1.70 1.45 2.55
16 120 1,53 1,80 1.18 3.40
17 121 1.60 1.45 1.45 2.00
38 122 1.70 1.45 1.40 3,30
19 200 1.75 1.28 1.00 2,00
20 201 1.40 1.20 1.10 3.00
21 202 1,95 1,185 1.35 2450
22 210 1.25 0.83 1.50 2,05
23 211 1,83 i1.48 1.05 2,90
24 212 1.63 1.78% 1.70 3.45
25 220 1,70 1.15 1.10 2.55
26 221 1,80 1.90 1.35 3,70
27 222 1.60 1.33 1,10 3.05

i



Table 19 Effest of NPK treatment and type of
shoot on matrient content of shoot.

Susmary
Treatment Percentage on moisture fres basis
group R 4 4
- e b e
n, a.e2 0.258 1,62
By 3.09 0.274 1,78
nz 3.00 0.260 1.76
7 test Hs s RS
Py 2.97 0,252 1.62
P, 3.08 0.274 1.80
F tost ns ns NS
ko 2.94 0.3258 1.%8
kl 2.92 0.262 1.72
k’ 3.0% 0.272 1,83
F test Rs ns NS
Zxpe of shooy |
Runner shoot 3.14 0.321 1.39
Top shoot 2.17 0.273 1.4
Hanging shoot 3.60 0.269 1.2%
Fruit besring 2,98 0.194 2.78
P test Sig Sig 8ig
CeDe (0.03) for
comparing type 0.098 0.082 0,288

of shooss




Table 20 Coefficients of correlation (simple linsar) betwean yield
and nitrogen, phosphorus and potassium %X of different
tissues of black pepper.

Tissuss sampled

Coefficients of correlation (r)

Ritrogen Phosphorus Potassium
Yield of 1976-77 to 198081
FPirst mature leaf -0,232 0.462* 0.523%
¥ield of 1979-80
First mature leaf -0 .262 0.29% 0.422*
Xield of 198081
First mature leaf "00@:7 0.292 0.409*
Runner shoot 0.129 0.,602% 0. 349

* Significant at 5X level.
*+ gignificant at 1% level.



Table 21 Coefficients of correlation (partial and smltiple) between
yield and nitrogen, phosphorus and potassium % of different

tissues of black pepper.

Correlation with yield Cosfificients of correlation, partial Mal

for tissues sampled Nitrogen Phosphorus Potassium ::‘:::1“' "“‘l
- - N

Xield of 1976-77 %o 19890-81

First mature leaf «0,27% 0.299 0.358 0.368

Xield of 1979-80

First mature leat «0.,329 0.038 0.347 0.238

Xield of 19580-81 |

Pirst mature leaf -0,042 0.106 0.313 0179

Runner shoot 0.083 0.530%* 0,014 0.366

* gignificant at 3% level.
** Significant at 1% level,.
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sheot ware 1,41% and 1,39% respectively. S8Statistically,
the potassium percentage of fruit bearing lateral was
umfutmly higher while other types of shoots were on
par.

The potassium percentage of stem did not correlate
significantly with yisld frzespective of types of shoot

(1) Mjtxogen
Data on the effect of WPK sreatment and peried of

sampling on aitrogen content of bexry are presented in
Table 22 and their mean values in Table 26. The Appendix VIX
furniahes the analyau of variance,

The content of nitrogen in berry varied from 1,00 %o
3,29% with a mean value of 2,49%, wvhen values for all
sreatments and periods were considered. The influence of
different pariods en aitrogen peresntage of berry was mot
statistically significant,.

The varied levels of nitregen, phosphorus and
potassium application 4id not Ainfluence the content of
nisrogen in berry sigaificantly. Hgwever, the combination
between phosphorus and potassium levels aignificantly
influeaced the aitrogen content of berry. The hichast



Table 22 Bffeets 0f NPK treatment and peried of
sampling en nitregen content of dberry.

Nitrogen % on moisture free basis

5l. Treatment Periods , months after flowering

No. NPK 4 P 7
1 000 3.00 2.%0 2.%0
2 001 3.00 3.25 2,45
3 002 2.30 1.10 2.40
‘ 010 3.10 1.20 1,00
s 011 1.00 3.38 1.10
6 012 3.10 3.50 2.50
7 020 2.80 3.08 2.60
s 021 2.60 2.28 2,80
9 022 2.90 2.85 2,50
10 100 2.95 2.8% 2.60
11 101 2,60 3.7 2,60
12 102 3.80 1.7 2,80
13 110 2.80 2,6% 3.1%
14 111 2,30 3.50 1,00
15 112 1,00 1.78 1.30
16 120 2.50 2,60 2420
17 121 3.10 2,00 3.00
18 122 3,00 3.20 2.60
19 200 2.60 2.85 2,70
20 201 3,00 1.80 2.60
21 202 3.30 1.40 2.08
22 210 2.90 3.38 3.20
23 211 3.30 1,00 2,88
2¢ 212 1.00 3.00 2,60
28 220 3.10 3.20 2.50
26 i 2.9% 2.15% 2.40
27 213 2.70 1.20 1,00
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nitrogen content in berry was odtained at the Py kl
combination. 7The interactions batween the level of
fertilizer application and period of sampling were not
statistically significant.

(10 Euespherus

Takle 23 presents the distribution of phosphorus
in bexry as influenced by period of sampling and MPK
treatment, The mean values are presented in Teble 26 and
the analysis of varianes 4in Appendix ViI,

Tha content of phosphezrus in berry ranged from
0.133% to 0.,439% with a mean value of 0.29ix%.

The period of sampiing sigaificantly infiluenced
the phosphorus content of berxy. The pattern of variation
in phosphorus content ¢f berry at different periods showed
that phosphorus content of barry increzsed with inereasing
pericds of sampling to register the nmaximm value at G'h
month after flowsxing and thersaftor dacreased.

(114) Patassive

Data on the potassium content of berry at varying
periods of sampling are presented in Tyble 24. The mean
values are furnished in Table 26 and the analysis of
variance in Appendix VII,



Table 23 Effect of NPK treatment and period of
sampling os phosphorus content of bherry.

Phosphorus X on moisture free basias

PON—

81. Treatment Period, . months after flowering
No. WK 4 6 7
) § 000 0.219 0.366 0.206
2 001 0.219 0.353 0.413
3 002 0.246 0.2%3 0.146
¢ 010 0.333 0.233 0.208
S 011 0.253 0.273 0.193
6 012 0.219 0.273 0.173
7 020 0.2%3 0.2668 0,193
8 o21 0.333 0.439 0.433
9 022 0,226 0.279 0.199
10 100 0,2%9 0.386 0.199
11 101 0,246 0.339 0.213
12 102 0.239 0.239 0.113
13 110 0.279 0,273 0.226
14 113 0,226 0.293 0.228
1s 112 0.226 0.299 0.186
16 120 0.226 0.273 0.173
17 21 0.226 0.266 0,186
is 132 0.339 0.313 0.21)
19 200 0.239 0.273 0.23
a0 201 0.2%9 0.266 0.206
21 202 0,273 0.339 0.193
a3 210 0.273 0.319 0.116
23 a1 0.286 0.299 0.208
24 212 0.233 0.299 0.253
as 220 0.22¢ 0.319 0.199
26 221 0.219 0.279 0.206
27 222 0,266 0.293 0.346




Table 24 Effect of NPK treatment and perxiod of
sampling on potassium content of berry.

Potassium X on moisture free basis

- s

P iod, :
8l. Tres . eriod, months after flowering

No, NPK 4 6 7
1 000 1.8% 1.90 0.48
2 00% 3.00 1.90 0.90
3 002 i1.70 1.88 0.92
4 010 i1.95 1.39 1.3
S 011 1,68 2,10 0.98%
6 012 0.93 4,08 1.32%
? 030 1.6% 1.80 1.55%
8 021 1.70 2.08 1,00
9 022 i.40 2.08 0.55
10 100 1.45 2.03 1.38
11 101 1.93 1.90 1,30
ia 102 1.8 2400 1,08
13 110 1,65 i.98 1.28
14 111 1.8% 1.60 0.63
1s il2 G.90 2,23 G50
ié 120 1,85 1.20 1.45
17 121 1.38 2.50 1.65
i 122 1.78 203 1.40
19 200 1.860 c.88 ¢.30
20 2013 1.65 C.90 C.98
4 3 203 1.7 2,238 C.90
22 210 i.88 2,15 C.78
a3 211 1,83 1.98 c.58
24 212 1.9% 2.05 1.9%
25 220 1.90 1,73 1.38
a6 az 2.2% 1.80 0.78
27 222 2.10 2.18% 1.73

!
!
|
i
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The potassium oonkent of bercy ranged from G.3%0 to
2.5% with a mean valus of 1,60X when treatmeats and perieds
were ypecled,

The potassium gontent of berry over different periods
of sampling varied sigaificently. This pattern of
variation was similar €0 that observed in the case of
phosphorus, The potassium content £irst increased with
periods of sampling, attained & Maxisum value of 1.96% at
6§ nonths after flowering am thercafter declined,

The different levels of petassium application could
not sigaificantly influsncs the potassiux content 0f berry.
However, the levels of phospherus application iaflusnced
the potassium content of bearwvies. The perceantage of
potassivm corresponding o pye Py and pg levels wers 1.47,
1.353 and 1,08 reapectively,

Data on the affect of HPK treatment and period of
saspliing on the oleoresia content of barry are presented
ia Table 25, 7he nean valums are furnished in Tgble 38
and analysis of variance in Appendix VXIi.

The oleoresin contant of berry ranged from 10,20 to
19.,34% with a mean value of 14,39%, Veriation ia the
olevresin contaat of berry at different pariods of sampling



)

Table 25 Effect of WPK treatnent and period of
sampling on oleoresin content of berry.

Oleeresin X on moissure free basis

- - .

s1. Treaf . o Period: wmonths after flowering
Ro. nPK 4 P 7
1 000 15.50 17.5)3 13.3%
2 001 13.29 12.%0 14,085
3 002 12.98 11.41 12,32
4 010 12.21 18,91 13.74
$ 011 12.98 19,03 4.7
¢ 012 12.57 19,07 13,86
7 020 12.92 19.30 14,07
8 021 14.27 18,14 14,08
022 12.9) 16,17 11,76
10 100 17,00 17.96 10,58
i1 101 14,88 18,25 12,96
12 102 16.69 18,87 11,01
13 110 15,81 19.34 11.27
14 111 17.00 11.70 12.59
18 112 17.2% 10,84 10,30
i¢ 120 17.18 11.57 14.38
17 121 14.47 10.20 10.03
18 122 15,40 17,20 16.74
19 200 13.90 17.63 13.06
20 201 16.38 15,64 13.06
21 202 17.30 17.32 14,38
a2 ai0 11.59 17.58 11,70
23 a1 185,24 18,03 11,23
24 a2 15.19 15.%3 11.74
as 320 17.23 11.99 11.49
2¢ 221 16.94 17,04 10,92
27 222 16.84 15.78 12,3
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Table 26 Effeot of NPK treatment and peried of

sampling on nutrient and ¢lecresin
content of berry.

| Summary

Preatment Percentage of mofsture free basis
group N P K Oleoresin
Ro 2.47 0.233 1.93 14,38
n, 2.%4 0.242 1.58 14.49
n, 2.47 0.258 1.%7 14.7%
F tast NS NS NS NS
Po 2,46 0,243  1.47 14,81
P, 2,32 0.251  1.53 14.48
P, 2,58 0,260 1.66 14.50
F test NS Ns 8ig NS
ko 2.68 0.242 1.52 14.77
k1 2.51 0.265% 1.58 14.43
kz 3.50 0.346 1.60 14.58
TP teat Hs Ns NS RS
C.D.(0,08) for
Comparing lavels NS NS 0.09% N8
of H,P,K.
Pesiods
 reverine ¥ 2.67 0.264 1.73 15.04
6 z“w".‘:i:g“" 2,48 0,209 1.8 16,09
7 months after 2.33 0.220 1.07 12,68

flowering
F test NS sig 8ig Sig
CsD. (0,08) for na 0.038  0.09% 1.16

comparing peciods




was statistically significant, In genersl, the oleoresin
content incrsassd with inoreasing periods of zampling
upto six months after flowering.

The varying levels of nitrogen, phosphorus and
potassivwm did not asignifisantly influence the ¢lesresin
content of pepper. The interactions hetween the levals
of nitrogen, phosphorus and potassium and periods of
sampling were not signifisant,



DISCUSSION



DXSCUSSION

Ia the present study, pepper plants of a NPX
fertiliser trial laid out at Pepper Ressarch Station,
Panniyoor are made use for ths collection of tissue samples,
The samples were analysed with a viev to select the tissue
most suitable for foliar diagnosis and to standardise the
period of sampling. Since the standardisation {8 %0 be
carried out bassd on the degree of relationship batwesn the
yield and nutrient content of the tissua at different
periods, the yield data collected and maintained Dy the
Pepper Research Station, Pamniyoor have bean prasented in

she foregoing chapter.
Since the eftect of fertiliser application on the

vield of pepper is the main aspect coversd under the
experiment maintained at Pupper Research Ssation, Panniyoor,
this aspect is not within the purview of the present
investigation and hence not discussed,

One of the objectives of the present investigaticn
was to sslect an index leaf for folliar diagnosis in relation
to nitrogen, phosphorus aand petessiun, For this purpose,
the leaves of fruiting laterals were mumbered anéd the firss
second, third and fourth leaves were collected separately
taking the youngest fulliy matuced leaf as leaf number 1.
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Por the selection of the index lesf, the following
atributes of an ideal reflect are kept in mind,

(1) As far as possible the nutrient percentage of the
leaf should correlate with the yield of ths erop.

(2) The reflect should contain sufficient amount of the
aatrient element for 1ts sasy detarmination,

{3) The reflsct should respond to varying levals of the
autrient slement supplied,

(& The sampling error should be minimum, shat is, the
index leaf should belong to the plateal. of the
curve when the nutrient percentage of the leaf is
plotted sgainst leaf positiona,

However, it is rather a4ifficult to meet all the above
requirements of an ideal reflect at a particular set of
eonditions and hence At becomes necassary to compromise
between the ideal atrilutes described.

Ix was obsarved that increasing dresaings of nitrogen,
phosphorus and potassium wers directly reflected in rising
eoncentrations of leaf aitregen, leaf phosphorus and lest
potassiun,

The nitsogen percentage in leaf decreased with inereasing
age of leaf with tho mean values being varied from 3.51 to 2,69
eorresponding to the firet and last leas respectively. The
differences in nitrogen percentage of l.at with respesct to
positions were found te be statistically significant,

Deaard (1969) aslso reported significant pesitional differences



with respect to nitregen centant, the highest being in the
youngest mature leaf, g8 the nitrogen content of the
leaf failed to establish siguificant peositive coxrelation
with yield irrespective of the leai pesitions. Ag regards
the influence 0f levels of anitrogen on the nitrogen
pereentage at differsnt lesf pesitions, it was seea that
the diiferences betwesn leaf positions were statistically
significant. The mesn valus for B, troatment (3.54% %) wanm
significantly higher as eompared to values coxresponding %o
By and n, levels (3.01% W),

Az in the case of nitrogen, maximum peresntage of
phosphorus vas neticed in the f£irst mature leaf which
progressively decreased with inoreasing nuswber of leaf
posisions, The phosphorus gonkent of the first mature
leaf was significantly higher with a mean valuae of 0,145
than the second leef with 0.13%%. There is no siganificant
differenas in the percentage of phosphorus betwesn the third
and fourth leaves, DeWaard (1969) could not notice mueh
differences in the contens of phesphorus in leaves of
different positions, though the phespheorus content was found
€0 be more in the youngest mature leaf, The phosphorus
percantage of leaves invreeded with incrsasing levels eof
phospherus application. fThe phosphorus content o the first
mature leaf established significant posisive corrslatioa
with cumlative yield of pappex (& = Q.462*%) .



Sinilar to nitregen and phosphorus, the highest
percentage of potassivm (1,84%) was observed in the first
mature leaf which siganificantly dropped at the second (1.63%)
thereafter maintaining almest a constant level. The
percentage of potassium in leaf increased with increasing
levels of potassium application irrespective of leaf
positions. Ascording to DeWaard (1969) there was no
apperent influsnce of leaf age on potassium in leaf, The
potassivm content of the first mature leaf established
significant positive correlation with cumulative yiadd of
pepper (& = 0.823*%).

These observations tend %0 conclude that the first
mature leaf is superior teo other leaves as an index for

foliar diagnesis in pepper in relation to aisreogen, phosphorus
and potassium status of the plant.

Standardisation of seasen or period of sampling for foliar
diagmesis.

Results presented in the Table 7,9,11 & 13 and
Appendix V showed that the period of sampling significantly
influsnced the nitrogen percentage of leaf, Leaf samples
collected during the £first period of sampling contained
relatively high amount of nitrogen which further incressed so
attain the maximum valus st the secend period., The nitrogen
content thersafter declined till Swo month after flushing
(4" period) and Shen increased at the 5" period and thea
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again decreasesd till harvest. The accumulation of nitrogen
in leaves prior to sampling is quite undarstandable since
the rate of growth and leaf production of the vine during
this period is considerably low, With the onset of flushing,
rapid increase in the tosal 4dry matter production of vine
takes place with a conseguent deersase or dilution in the
congentrgtion of this nutrient in the lsaf tissus. An
increase in the nitrogen content of the leaf at three month
after flushing is quite expeated since the experimental
plants received the anitrogen ferdliser application in
between the second and thiréd month after flushing., However,
the trend of variation in the aitrogen content of leaf during
different periods indicates that the increaseduptake and
acoumulation of aitrogen during the f£ifth period consegquent
to mitrogen fertiliser application is counteracted by the
increasing demand of this slement due to fast rcate of growth
in leaf tissus as well as the developmant of berries.
Consegquently, the nitrogen peresntage gradually declines from
the £1ifth period to final harvest (3° period).

Application of increasing levels of nitrogen resulted
in the increasing content of this elemsnt in leaves at
different periods of sampling followed in this study. Hoewever,
leaf nitrogen values for the By level of application eoverlapped
with the nitrogen values for ny ievel of application. 8till,
the superiority of the ny level of application over n, vas
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reflected in the first mature leaf collected during the
second period of sampling mamely prior to flushing. As
a rasult, the nitrogen contant of leaf at this period of
sampling was well ssparated in secordance with the levels
of application,

No significant correslation was observed between the
visld and nitrogen content of leaf of different periods of
sampling.

Since no significant ocorrelasion was established
betwesn the aitrogen content of leaf during different
periods of yield it i3 not pessible to salect the best
period based on this criterion, MNowever, the second peried
appesars to be a Detter ssason for sampling since at this
period the responss to level of application of nitzogen was
found to ke in order as compared to that at other periods,
Moreover, the maximum requiremsat of nitrogen takes place
at the onset of flushing., It will be ideal to diagnose the
nitrogen status of the plant before flushing se that the
application of fertilisers can ba effected as soen as flushing
is initisted with the receipt of sarly monsocon showers.

The results presentsd in Takle 13 showed that the
phesphorus content of first mature leaf at the first and
second periods was relatively low and Shen increased
gradually asd steadily, with ths inerease in peried to recoxrd



the maximun at 8 month after flushing (7°® period) and
thereafter the phosphorus content slightly declined in
subsequent periods, It is liksly that the inerease in the
content of phoaphorus with the onset of flushing is due to
the increased uptaks of phosphorus from soil after the receipt
of monsoon showers since fluashing usually cosmences after

the receipt of rains, The continuous inorease in the
phosphorus content of leaf after the fluahing is therefore
indicative of a period of active phosphorus absorption
synchronizing with tha Alstribution of rain over the different
periods of sampling tried, In the case of aitrogen content
of leaf, an inareased uptaks of nitrogen was noticed at $‘h
period since it was the sampling period suceeeding the period
of fertiliser spplication., But, in the case of phosphorus,
the increase with the increasing periods of sampling after
flushing was gradual and continuous till the 7°% perioa
probably due to the fact that s0ils were able to provide &
steady supply to plant irrespective of the period of fertilizer
application, Deljaard (1969) also observed a gradusl increase
in the content of phosphorus from the period of flowering teo
harvest,

In general, tho phosphorus content of the leaf at
varying periods of sampling increased with the level of
application.

The phosphorus content of leaf did not correlate with
the current yield of pepper irrespective of the period of
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sampling employed, When the relationship between the
aggregate yield and phosphorus contant of leaf over
different periods is examined, it is seen that the
coefficients of correlation for $'" period and 7" peried
wers statistisally significant at 35X level.

Data presentsd in Table 13 zevealed that in general,
potassium content of leaf increasses with increasing period
of sampling wpto 5t period and declined thereafter. The
high accusulation of potassium at 3'® period may be aue ¢o
the increased wuptake of potassium applied to the soil during
the pericd between 4*® and S*® sampling. As in the case of
phosphorus, the increased agcumulation of potassium with
advancing periods of sampling after flushing may be
attridbuted to the increased rate of absorption of this
nutrient frem the s0oil consegquent to the onset of monseon,
Potassium content of leaf of initsial sampling remains almost
stable, prebably due to the fact that growth of the plant
during this period is very limited since the period cerresponds
to the dry spell of the ysar. Plants receiving high levels
of potassium application refained high content of this mutrient
in the leaves.

T™he decline in the content of potassium in leaves froa
the S‘h period onwards may be due to withdrawal of the slemmnt
from the leaf tissue %o the developing berries. The presamt
observation is in conformity with the rsport of DeNaard (1969)
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who observed that mnm concentration signifigantly
mﬁuwmm;:mamtmaf full
flowering,

The foregoing observation teads to suggest that
the perioed just prior to flushing is the most suitable em
for the collection of leaf sample for foliar diagnosis, on
she grounds that,

(1) Leaf sample collected during this period is the
most sensitive to application for different
levels of nitrogen,

(3) The potassium content of the leaf collected during
this mt.od significantly correlated with yield.

(3 Oply if the nutrient status is diagnoised during
this period, it will be possible to supply the
fertilizers in time, synchronising with the onset
on South West monsoon,

{4) It is essential that the supply of nutrisnts to
the vine sheuld be made at a time vhen the tisswe
elaborasion is taking place at a faster rate
simultanecus with the spike initiation. This will
be possible, based on foliar diagnesis, only if the
autrient level of the vine is assessed prisr o
spike initiation.



Based on growth habits, morphological charaecters
and bioclogical functions, five distinct types of stem
portions ¢an be identified in the shoot of pepper vine,
They are termed as the main stem, top shoot, fruiting
branches (latezals), runner shoots and hanging shoots
(Chandy and Pillai 1980). Exsept the main stem, all the
different shoots ars examined for their suitability in
tissue testing in the present study.

The dissribution of aitrogen in shoots ranges from
1.00 t0 4.40% with a mean valus of 2,95X. Highest values
for nitrogen wers observed in hanging shoots while the
fxuis beariang laterals containsd the least. The hanging
shoots that found at the top portion of the vine are
lanky in appearence. AsS they 40 not produce fruiting
kranches or spikes, they retained the nitrogen content in
excess amsunts unliks the fruiting branches which preduce
spikes in the axil of every new leaf, In the latter case,
the translocation of nitrogen into spikes might have readily
sook place as the berry 'MWG coineided with the
period of asmpling, Runner shoots that readily produce
roots into the soil)l from every nods that touchss the grewad,
aml.n comparatively more ampunts of nitrogen as compared

to fruiting branches. 7The top shoots contained lesser amsunts
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of aitrogen as cempared to other stem portions except
frulking laterals, simce it almost attained a bushy
appearance with profuss branches thus diluting the contents
of nitzrogen in its tissue,.

The different levels of fertilisers coculd mot
infiuvence the percentage of aitrogen in the aifferent
stem portions studied. Thus they failed to serve as a
reflect of nutrient levels of the plant. Also no significant
correlation was observed between yisld and nitrogen eontent
of different types of shoot studied,

Pairly high valuss of phosphorus content are found
in the different stem portions of pepper vine as compared
to its leaves and spikes. As already explained in the case
of nitregen, the rumner shoot that strilkss roots into the
ground contained the highest percentage of phosphorus. The
top shoot that preofusly branches records the next highest
value of phosphorus in the tissues followed by the hanging
shoot, 7The fruit bearing lateral registered the least in
phosphorus content.

As in the case of nitregem, the different levels of
phosphorus could not influence the phosphorus content of
stem portions examined. A high degres of correlation
(r = 0,602) was sstablished between the phosphorus contemt
in runnexr shoot and the yvield obtained during 1980-81,

Thus the rumner shoot appeared %0 be the best tissus for
assessing the phosphorus status of the vine,
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Fruit bearing lateral recorded the highest content
of potassiwm and sigaifisantly differed with top shoot,
runner shoot and hanging shoot which registered comparatively
lower values.

The sampling of shoot was done at four month after
flushing of the vins which ceinsided with the eanlargesent
of barries in spikes produced in the axil of every tew leaf
of lateral branches, As a result during this period, the
potassium content of other plant parts would have besn
mobilised to the fruit bearing laterals in order %o swpply
this element to the developing spikes,

Application of different levels of potassium has ne
influsnece in determining the potassium content of different
types of shoot studied. Sigaificant corrvelation could not
established between the potassium content of stem and yield.
Thus the stem portions failed to sexve as good index of
nugrient levels of the plant,

The results revealed that the nitrogen percentage was
high 4in the berries with a mean valus of 3.49%., Though the
nisrogen centent found to decreass with the increasing
periods of sampling, it was not statistically significant.
The different levels of nitrogen employed in the fertiliser
trial could not infiuence the nitrogen content of berries,



Reo significant correlation was established betwesn yleld
and nitzogen content of berry.

The periods of sampling significantly influenced
the phosphorus content of the berry which increased from
4 months after flowering €0 § months after flowering
and then decreased. This trend of variation is almost
similar to that of potassium and oledresin content of the
barxy. As in the case of nitrogen, ths different levels
of phoaphorus could not influenace the phosphorus content eof

the berry.

The period of maturity excerted significant influwsnce
en the potassivum ceontent of berry st six msonths afser
flowering., The berry astained the maxisum content of
potassium and then decreased at the £final harvest. ZThe
different lavels of phosphorus significantly influsnced the
potassium cantent of berry. 7The relatively high content of
potassium at six month after flowering may be dus %o the
high damand for this nutrient during berry enlargement
which is saxisam at this period,

The results presented in Table 3% & 26 and the
analysis of variance in Appendix VIII revealed that the
gquality of pepper is influenced by pericds of sampling.

It is fouad that the percentage of oleworesin vas maximum at
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six month after flowering which did not differ asignificantly

with that st four month after flowering. But, the percentage
of oleoresin at harvest was significantly low as compared to

that of 4°" ana 6*® month after flowering.

The results also revealed that the levels of nitrogen,
phosphorus and potassium and their interaction had no
significant influence off the oleoresin content of papper.

It i3 probable that the synthesis of the compenents of
oleoresin is not significantly governed by the levels of

thesae nutrients available in the plant tissue.



SUMMARY



SUIARY

Pepper vines of a WPK fertiliser srial mainstained
at the Pepper RNsearah Sation, Panniyoos (Cannanore Qt.)
vere selested for the onllectien of tisswe sanples wader
this study. The field experimsat commenced frem 1975 and
1aid out 12 a 37 facterial design tetally confounding
wr3i? censisted of 3 levels sesh of attregen (30,100 and
150 g W/vim/year), phesphorus (30,100, 130 ¢ ”OM’
and potassimm (50,100, lucl'wwmﬂ.

In oxder to standardiss the best leaf ia relation
to lsaf position for foliar diagaosis, the sature leaves of
freit hearing laterals wesre mwmbated, csunting the yeumgess
fully mature leaf as she first and they were collested
separately. For the purpese of suggesting the mest suitable
seasen for she oollection of tissve samples intended for
foliar diagaesis, samples of first mature leaf were dram
for chanical anslysis st different stages of plant grewth
whieh coineided with the dififerent seasens., The suitability
of diffevent Sypes of stems of the plant for tisswe snalysis
vas studied making use of yvamer shoot, top sheet, hanging
shoot and fruit bearing leteral of the plant sampled at
shreoe months aftar flushing, Attampt was slae mede to
£ind out varistions in the cleeresin content of bercy as
influenced by stages of saturity. The ifsportent observations
are swwmarised below,
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1) The first meturs leaf of fruit besriag laterals
better refliectsd the variation in the content of
nitrogen, phesphorus and potassium ia leat
corvespoading to variations in the levels of shess
nutrients applied.

{2) Hitrogen content of leaf failed to establish
sigaificant positive correlation with yield
irrespective of leaf positions.

(3) Sigaificant positive correlation (£ = 0,463¢¢)
was ebserved hetwesn the cumulative yield snd
phosphorus content of first sature leaf,

Q) Potassium content of first wmature leaf established
sigaificant posisive cerrelation (r = 0,533*7) with
the cumulative yisld of pepper.

(s) Based on the showve findings the first mature leaf
is considered as the beet lesf for the foliar
diagnosis of aisregen, phosphorus and potassivm in
pepper.

() T™he pericd jues prior to flushing of vine was found
0 botter reflett varissions in the nitrogen contant
of leaf corresponding to varistions in the level of
aitrogen applied as campared %o that of other periocds.

N Potassiwm content of leef colleated just before
flushing of vine sigaificantly correlated with the
yisld.
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the period jwst defere flushing of vine thus
appeared £o be mere suitable for the collection
of samples fntended for foliar dlagnosis of
aisrogen, phoaphesus and potassium,

The variations in the level of spplication of
aitrogen were not found reflected in terms of the
concentration of this slement in the different
types of stens enamined.

A high degres of corrslatsion (¢ = 0,802**) was
oheerved batween the yield and phospheres conteat
of runner shoot,

™e highast content of potassiun vas sheerved ia
fzuit bearing latersl as compared %o other types
of sten,

The diiferent levels of nisrzrogen, phospherus and
potassiun applied aould not influeacs the
conceatration of thess sleasnts in the berrzy,
™he period of masurity sigaificantly influenced
the congentration of phosphorus, potassium and
slescesin ia the bercy. Thess components in the
barry increased from fourth €0 ainth month after
flovering snd then deareased,

™he lavels of anitzugen, phesphorus and potassium
and ¢heir interactien had no significans inflwence
on the sleoresin contant of pepper.
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APPENDICES



Weather datas
Total rain fall mm Tenperature C
Nintmum Kaxiwmm
MONTH
1979 1980 1976-1980 197 1980 19761900 1979 1990 1976-1980
Nean Nean Mean

Januaxry | { &% nil N1l 20,92 19,00 19.18 33.60 34.954¢ 34.23
February Ni) ni1 nil 20.50 21,00 21.30 34.24 324 35,10
March 18.00 31,00 12.20 23.0% 23,00 23.21 36.44 36,02 36.69
April 10.00 133,10 61,60 24.7% 23.00 23.95 36.40 36,00 36.29
Kay 65,50 123.00 147.% 24.56 24,00 a5.31 35.95% 36.11 3s.61
June 958,00 1443.5%0 1032.40 23.72 23.00 23.4 0.9 29.17 0.41
July 132¢.30 120,68 1074.90 22.48 24.76 19.28 0.20 29.27 29,09
August 843.00 884,90 $60.00 22.65 24.34 22.80 29.37 28.%2 29.18
Saptewber 331.50 272.40 197.50 23.57 24.37 23.1% 2%9.84 130.60 30.29
Ogtober 121,20 336,00 249.9%0 23.00 24,18 23.04 33.23 1.8 32.38
November 135,20 103.3 195,10 23.00 23.98 22.30 30,76 32.72 31.90
Degcember 8.% 23.00 13,00 21.00 22.95 21,19 34.27 133.66 33.7




APPEMDIX -~ XX

Butrieant status of experimental fisld

m}m 1981

‘I
Treatments  TBENG B  esshore Posasete | carbon m Depheres "orassiem
* 5o aeptoras 0 T (bpm) P % (ppm)

-c“ [

— - 5.
n 371 6,111 45 100 180 4.93 0.263 62 9 18
a, 3.87  0.138 89 140 200 4.86 0.259 S2 9 WS
ny 3.77  0.110 48 170 150 664 0,286 S5 91 164
% .M 0.8 & 100 190 475 0,252 S8 95 160
»y 3.06  0.118 49 180 170 693 0,260 ST #1  1st
Py 3.0 eua1r @ 100 17 77 0.286 S5 96 160
X 3.81  0.117 67 150 140 477 0.260 ST 94 126
X, 3.73  0.168 4§ 110 190 €7 0.275 36 95 178
X, 3.83  0.138 47 120 210 .09 0.272 36 93 201

s
)




Mgan squares

N OB N s N s NN W

o d
*»

17.43%
6., 97r%
14,874
1,43
18,73%*
3.1
0.68%*
- S.40%w
6.16

5.86%»
0.23

on of levels of H, P X
iu.an values are furnished in Table 2)

Yield of peppar {(xg/ha)

T M Bp

Py Py Py

due to lavels of N

Yield of pepper (kg/ha)
due to levels eof »

Yield of pepper (kg/ha)

ky ¥ X

due tc lavels of X



- - oy o ooy i -t -y
Py 636 , 1141 1089
Py 1142 1672 1613
Py 854 1064 1637
CoD, (0.,08) = 134
Py ) Py Py
ng 9283 1721 1561
ny 933 1489 1137
ny 983 1216 859
CeD. (0.08) = 134
% X3
n, 838 1338 3064
n, 1034 1388 1141
n, 7 1154 1103

2 VPR BB i TOui F Wy oo SRy g g A~

CeDs (0-0’) = 134



BRifect of NPK treatment and leaf pesition on nutrient content
of leaf,

m mrn

sourcs as -

] m a! P content of K contest

leaf leat of luf

Bleck 3 2.4 2.0002 0,04
Position 3 S 380 0.0060% 1,50
" 1 1,76 0.0004% 0.07
P 2 0.08 0,00180 0.07
np 4 0.7 00,0002 0.02
X 2 0.5 0.0001 O.81ee
K 4 Q.48 0.0004** 0.04
PK ¢ 0.7 0.0004%* C.l00e
Bl [ ] 0.48 0,0002 0.08
Pl -] 0.29 0.,0003 0,06
41 6 0.24 0.0002 0.08
Ezoor 66 039 00,0001 0,08

- o

** gignificant at 1% level
¢ gignificant at 5% lewvel

{Moan wvalues are furnished in Tedle §)

Conalyaion - —
N content 1 2 3 4
P sontent 1 2 3 ¢
K gontent 1 2 3.4

(m valm are !mim La rcbh O)

gezgiusiop
M cgontent of leaf position ug nx

n°
P coantent of lesf position "“‘“aa . By Ea ﬁl Py
K content of leaf poaision k’ ka

L



2
kg 0.131 0.127 0.128
X, 0.118 0,i30 Olil2
k, 0.123 0.128 0.13

Cabe (0.0” = 3,008

P content of loaf

L) Xy k)
Po 0.123 9.122 0.118
9y 04127 04126 0.136
Py 04137 0.131 0,130

C.D. (0,08) = 0,008

K content ¢l leuf

- At

% X %2
p° 1,38 1.49 1.64
Py 1.52 1.45 1.76
pa 10” 1.” 1.6’

- b - i s s

CeD (0.,05) @ 0,179




ARTRMREX =V

Bgfsct of NPK Sreatment and period of sampling on
sutrisnt content of leaf.

. . Py

-

souAcE ¥ centent W X content
of leaf of leaf of leaf

S - . S,

Block 2 0.73 0.0008%w 0.11

Period s 5.10% 0.0003%% 1.08v8

" 2 2,890e 0.0007%¢ 0.6

P 2 0.08 0.0016%% 0.06

NP ¢ 1.57%» 0.00750¢ 0. 370

X 2 0.11 ©.0003 2421%°

wK 4 0.26 0.0010%* 0.11

PK s 0.04 0.0018ew 0.16

T 15 .55 0.0025%* 1.08

PT 16 0.24 0,0006%* 0410

<T 16 0.21 0.,0006%* 0.12

Eroor 168 0.38 0.0001 0.09

- —

** Significant ak 1% level
* significant at §% level

e
3 b st . g

iehed in 13)

B, - R -
Tt e AR SR ALY —

Mesan values are furn

consiusion
N centeat of leaf in relation to pericd of ——e—
sampling 135613890247

¥ content of leaf in relation to pericd of
sempl ing ° N EENE R EEW]

K content of leaf in relation %o periocd of
sampling 1 T36233978



M conteat of leat

- e

% " |
'° 303‘ 3.?‘ ,03’
P, 3.17 3.27 3.23
Py 2.66 3.10 3.48

CuDe{ge0%) = 0,316

P content of leaf

P <
" SRR ot kg v

% o | '
Po 0.164 0.,1%8 0.167
Py 0.167 0.166 0,170
p: 0.16) 0,191 0.1‘7

- PO

CeD.(0,05) = 0,008



0.168 0.168
0.162 0.1685
0.163 0.187

0,169
0.17¢
0,168

P content of leaf

CuDe(0.08) = 0,008

% X *2
%o 0.166 0.168 0.158
P 0.167 0.162 0.173
Py 0.168 0.172 0.166

g

c:s-ahGS) bl 613”

% Ry o

1.54 1.48 1.61
1.98 1.40 1.3
1.3 1,88 1.64

CaDe0.08) = 0.6



P content of leaf

: 2 3 P s P 7 s ’

Ry 0.122 0.137 0.159 0.193 0.144 0,206 0O.212 0.15¢ 0.163
ny 0.122 0.120 0.138 0,168 0.144 0.214 0.208 0.1612 0.19%8
By 0.118 0.092 0.163 0,183 90.143 0.206 0.202 0.180 0,231

CoDe (0.03) = 0,009

P content of leaf

1 2 3 4 P ¢ 7 s »
P 0.121 0136 0.163 0.173 0.137 0.202 0.193 0.158 0.194
Py 04318  0.1313 0,162 0.193 0,146 0.204 0.223 0.163 0.190
Py 0.122 0,109 0,185 0,189 0.148 0.219 0.204 0.174 0.208

CuDe (0.03) = 0,000

i 2 3 4 S 6 7 s 9

0.118 0.122 0.163 0.19¢ 0,146 0.202 0,209 0.15¢ 0,210
0.118 0.112 0.15¢ 0.178 0,144 0,207 0,206 C.171 0,207
0.123 0.114 0.161 0.180 0,144 0,218 0,208 0,167 0,192

TS

CeDe “;‘5’ = 0,009



e

- . - - -~ —

Meoan aguares

Source as e - e -
B gontent P content K content
of shoos of shoot of shoot

- - e s —
Block 2 0.810 0.0010 0.41%
8hoot 3 9,503 0.,0750%  13,80%
" 2 0.672 0,000 0.211

3 0.388 0.0040 0,131
ny ¢ 0.381 0.0040 0.067

| 4 3 C.0270 0.0020 0.571
wx 4 C.378 0.,0020 0.146
PK 4 0,803 20,0030 0.0430
ns ¢ 0.427 0.0003 0.269
PS ¢ 0.620 0.0018 0.0970
XS ¢ 0.202 0.0028 0.59300
nrs 12 0.382 0.,0017 0.0180
NKS 132 C.212 0.0811 3.0000
PRS 12 0.51¢ 0.02%6 0.0400
Eroor » 0,648 0.0228 0.210

— J—

** gignificant at 1X level
* Sigunificant at 3% level

> - aaper



(Mean values are furaished in Table 19)

Senslysien
- Runner Y¥ult Bearing Top
X eontent Hanging 1
P content Em W Hanging Fruit bearing
m—-——m—-——

K content !Mt hurl.ng m mw nmtng
latersl : hoot

iy g

R By 22
Pq 1.64 1.69 1.64
Py 1.62 1,69 1,79
Py 1,61 1,94 1,86

AR - e -y "

C.B.(Q.OS) - 90”3

K content of leaf

Runner Top Ranging rxwmi
shoot shoot shoot lateral

e

h° 1.26 1.21 1.17 3.57
kz 1.3 1.44 1.20 3.87
k2 1.46 1.%9 1,38 2.90

C.D.(0.05) = 0.441



e oo L L

** gignificant at 1% level
* sigaificant at 5% level

B content of P conteat K gontent
leat of leaf of leat
Bloek 2 0469 0.008 0.030
Period 3 0.81 0.033%% 4, 87**
* 2 0.04 0,002 0,280%¢
» 2 0458 0,002 0.280%s
"P s .48 0.008 0,890
K 2 1.07 0.004 0,030
s 0.50 0,007 0+340%%
oK 4 2,310 0.011 042909
NT ¢ 0.34 0.001 04260
P ¢ V.48 0,002 De120%¢
xz ¢ 0408 0,004 0a120%%
Eroer 46 0.42 04003 04030

e




N !‘\

(Mean values are furnished in Teble 3¢)

sonslwaien
P content § months 4 months 7 months

(Mgan values are furmished in Table 19)

Senglusion
X content of berry P’ ’1 ’Q

e AR - o e
% X %3
Py .73 2.78 1.87
" 2.5 2.18 3.19
Py 2.73 2,56 2.44

- e

CeD (0,08) = 0,606



Pa 1.50
" 1.33
,’ 10“

1.83
1.4
1.89

1.28
1.68
1.7¢

.

iy

Ceboe (0;“5) = 016

L o
" ™ "2
Xy 1.54 1,87 1,44
X, 1461 1.63 1.41
Xy 1.4 1.3 1.86

Caby (QGO’) = 0,16

L - e o e e

* ® 3
» 1.38 1.48 1.58
Py 1.98 1.48 1.54
Py 1,61 1.68 1.68

CsDs {0 u”‘r' 0.16



K gcontent of berry

4 months u!;sr k;‘anuthsvaltcr 7 months after
flowering

S A

flovwering flowering
B -
1.67 1.90 0.99%
1.62 1.93 1,17
1,9 2.2 1.06
————a—

{

(CeDu(0,08) = 0.16

K contsnt of berry

¢ months after 6 months after 7 months after

flowering flovering £lewering
- » SO
Py 1,77 1.712 0.92
P, 1,63 1.94 1.02
P, 1.78 1,93 1.27

CaDe (0.08) = 0.16

K gontent of berry

-

¢ months after ¢ months after 7 months after

flevering flewering flowering
At A S
1.78 1,87 1.10
1,83 1.9% 0.97
1.99 2,08 1.4

CueDo ‘Q Dﬁ’, = 0,16



K content of berry

- 4 months after 6 mouths after 7 months after
llvu-rtng flowering tlov-ran

pe 1.77 1.72 0.92

?1 1,65 1.94 1.02

Py 1.78 1.9} 1.27

¢~Dh¢0095) = 0.160

K eontent of barry

4 wonths after 6 na;;ha after 7 months after

flowering flowering flowiting
kﬂ 1.78 1487 1,10
k1 1,83 1.8% , 0.97
kz 1.59 2.09 1.14

Ao ol SO " v,

Cebs (0.08) = 0,160



i4.41*

83.90**
D.29

af

4

2

2

3

4 6.86
2 0.79
4 7.28
4 1.808
16,73
4 3.52
4 1,87
4 4.91

Cloau'valu.a are furnished in Tahle 26)

’EN‘EH"‘!!'Q months alter i months a!i-r 7 months after
flowering

flowering

Gleoresin centent of berxy

4 months a!tct ¢ aputh: after 7 months nit.r
flevering

tlcwuttug’

flowering

o LS

13.31
16,18
15.63

16.90 13.5
13.10 12.20
16.28 13,21

L

eobofenos) = 2,08
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ABSTRACT

Pepper vines of variety, Panniyoor-1i, of the NPK
fertilizer trial maintained tﬁ the Pepper Research Station,
Panniyoor, Canncanore District were selected for the
collection of tissue samples under the present study during
197981, The experiments was laid out in a 3° factorial
design in a randomised block design, confounding the effect
of HP2R? totally.

In order to standardise the best leaf position for
foliar diagnosis, the mature leaves of fruit bearing
laterals were numbered from the youngest to the oldest,
taking the youngest fully matured leaf as the first and
they were collected separately. The most suitable season
for the collection of leaf intended for foliar diagnosis
was alsao standardised by drawing samples of first mature
leaf at different stages of growth of the vine. The
suitability of different types of stem of the plant such
a runner shoot, top shoot, fruit bearing lateral and
hanging shoot for tissus analysis was also examined. For
studying the variations in the oleoresin content of berry
as influenced by fertiliser nutrients, the berries vere
sampled at different stages of maturity.

The first mature leaf better reflected variation
in the levels of application of nitrogen to the vine,



As the phosphorus and peotassium contents of the first
mature leaf established significant positive correlation
with yield of pepper, it is recommended as an index for
foliar diagnosis in pepper in relation to nitrogen,
phosphorus and potassium status of the vine,

The period just priexr to flushing is the most
suitable season for the cellection of leaf samples intend
for foliar diagnosis. During this period, the first uatnfé
leaf is sensitive to application for different levels of/ ‘ﬁa
nitrogen and its potassium content established s.tqnus.ca#t k
positive cerrelation with yield. f

For assessing the phosphorus status of the vine, f
the rumner shoot appeared to be a better tissue as its
phosphorus content established a high degree of correlation
with yield, As compared to other types of stem, the
highest content of potassium inn found in the fruit bearing

laterals.

The periods of maturity siganificantly influenced
the phosphorus, potassium and oleoresin contents of the
berry. Their contents increased from four to six months
after flowvering and then decreassed. The graded doses of
nitrogen, phosphorus and potasasium and their interaction
failed to influsnce the percentage of oleoresin content

of pepper.
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