ALY 5&5’/ Ty 99/

FOLIAR DIAGNOSIS, NUTRITION
AND YIELD STABILITY OF BLACK PEPPER
(PIPER NIGRUM L.) IN SARAWAK

P. W. F. DE WAARD

SIBLIOTHEEK
DER

NN@SZB 1 ' 44 1 IDROUWHOGESCHOGR

WAGENINGEN.

(‘D



FOLIAR DIAGNOSIS, NUTRITION
AND YIELD STABILITY OF BLACK PEPPER
(PIPER NIGRUM L.)IN SARAWAK

Proefschrift ter verkrijging van de graad van
doctor in de landbouwwelenschappen
op gezag van de Rector Magnificus, Dr. Ir. F. Hellinga,
hoogleraar in de cultuurtechniek,
te verdedigen tegen de bedenkingen van een commissie uit de
Senaat van de Landbouwhogeschool te Wageningen
op vrijdag 7 maart 1969 te 16 uur

door

P. W. F. DE WAARD

KONINKLIK INSTITUUT VOOR DE TROPEN
' " 1969



STELLINGEN

I

De sterke vermindering van de opbrengst van de peperplant na de eerste
oogst moet worden toegeschreven aan de uitputting van de plant in het

eerste oogstjaar.
Dit proefschrift.

It

Indien kunstmest niet breedwerpig wordt gegeven, is de bladdiagnose de
meest betrouwbare routinemethode voor het vaststellen van de voedings-
behoefte van overjarige gewassen.

' Dit proefschrift.

: I
Het onderzoek naar de handhaving en verhoging van de bodemvrucht-
baarheid van tropische gronden moet veel sterker worden gestimuleerd
en gecodrdineerd.

4%

De nadelige gevolgen verbonden aan het introduceren van de teelt van
nieuwe, hoog producerende rijst-, tarwe-, en maisrassen in ontwikkelings-
landen worden te weinig belicht.

M. N. Harrison: Int. Development 10, 3, 10681 p. 9-13.
SamM-CHUNG Hsien: Int. Development fo, 3, 19682 p. 6-9.

v

. In het kader van de noodzaak tot kostprijsreductie is de cultuur van peper
(Piper nigrum L.) in 2 m hoge hagen te prefereren boven de traditionele me-
thode van teelt tegen 4 m hoge palen.

Annual Report of the Research Branch, Department of
Agriculture, Sarawak 1065.



VI

Afwezigheid van responsie van de plattelandsbevolking in ontwikkelings-
landen op economische prikkels is slechts schijnbaar; in dit verband is in-
schakeling van sociologisch veldonderzoek voor uitvoering van effectieve
ontwikkelingshulp onmisbaar en nog te weinig doorgevoerd.

G. VERHAEGEN: Cahiers Econ. et Sociaux 4, 1, 1968: p. 100-27.

VI

Opslag van informatie in passend gecodeerde vorm, welke bewerkt kan
worden met behulp van moderne computertechnieken, opent aantrekke-
lijke vooruitzichten voor een verantwoorde beoordeling en een geinte-
greerde planning van ontwikkelingsprojecten.

J-G. Apreu: Ceres, FAO Review 1, 3, 1968: p. 25-8.

G. Dusors: Paper presented at the conference on agri-
cultural research priorities for economic development in
Africa-Abidjan, Ivory Coast 5-1z April 1968, FAQ 1968.

: VII
In de strijd tegen de infectie door Phytophthora palmivora van de wortels van
Piper nigrum L. cultivar Kuching verdient toepassing van resistente onder-
stammen de voorkeur boven het inkruisen van resistentiefactoren met
behulp van de methode der herhaalde terugkruisingen.

Pepper section: Annual Report of the Research Branch of
the Department of Agriculture, Sarawak g6,

IX
Hoewel bij de opleiding van voorlichters in ontwikkelingslanden veel aan-
dacht wordt besteed aan landbouwvoorlichtingstechnieken, heeft in dit
kader de tussenmenselijke relatie van voorlichter en boer zeer onvoldoende
de aandacht; aan dit ernstige gebrek zijn waarschijnlijk de povere resul-
taten van het voorlichtingswerk in die landen toe te schrijven.

X

Effectieve landbouwvoorlichters worden gekenmerkt door hun natuur-
lijke aanleg voor dit werk; met deze karakteristieke eigenschap wordt in de
praktijk in de ontwikkelingslanden onvoldoende rekening gehouden.

Proefschrift van P. W. F. de Waard
Wageningen, 14 januari 1969
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VOORWOORD /PREFACE

Na de voltooiing van dit proefschrift wil ik gaarne mijn dank betuigen aan
allen, die hieraan hun onmisbare medewerking hebben verleend.

In de eerste plaats U, Hooggeleerde Schuffelen, Hooggeachte Promotor.
Uw interessante colleges hebben een bijzondere belangstelling bij mij ge-
wekt met betrekking tot de bladanalyse als criterium voor de minerale
voeding van gewassen. Ik beschouw het dan ook als een voorrecht Uw col-
leges te hebben kunnen volgen gedurende mijn studietijd. Enkele jaren
later hebt U mijn voorstel, een onderwerp te bewerken betreffende blad-
analyse en de minerale voeding van peper, zeer aangemoedigd. Uw aan-
wijzingen en kritische opmerkingen zijn van bijzonder veel belang geweest
voor een voorspoedig verloop van het werk. Ik ben U buitengewoon erken-
telijk voor de steun, welke ik van U mocht ontvangen.

Ada Hoogendijk en Marry van de Bospoort, jullie toewijding en accura-
tesse is van onschatbaar belang geweest voor de uitvoering van de vele
analyses.

Veel dank ben ik verschuldigd aan Ir. J. Th. van Schouwenburg voor de
gastvrijheid, welke ik heb genoten in zijn laboratorium. De Heer Walinga
ben ik zeer erkentelijk voor zijn hulp en praktische wenken tijdens het
analysewerk.

De kundige computerprogrammering van de statistische bewerkingen
door de Heer M. Keuls is van essentieel belang geweest. Ik ben U buitenge- -
woon erkentelijk ervoor, dat U hiervoor tijd ter beschikking hebt willen
stellen. Dr. fr. M. A.]. van Montfort dank jk voor zijn hulp met betrekking
tot de statistische verwerking van de gegevens,

Beste Rosanow, gaarne dank ik U voor de hulp en aanmoediging, welke
ik van U ontving, zowel hier als in Serawak.

De voormalige directeur van de Afdeling Agrarisch Onderzoek van het
Koninklijk Instituut voor de Tropen, Dr. R. Brink, en de huidige directeur,
Ir. H. Ph. Huffnagel, ben ik zeer erkentelijk voor de tijd en de faciliteiten,
die mij ter beschikking zijn gesteld voor de bewerking en de uitgave van dit
proefschrift. Gaarne wil ik mijn dank wvitspreken aan het bestuur van de
Stichting Gresshoff’s Rumphius Fonds voor de verleende subsidie.



Mej. A. B. Marschall en Mevr. Efthymiou-Marschall ben ik zeer erkente-
lijk voor de verzorging van het typewerk, evenals Mej. J. M. van der Horst
voor de verzorging van de graficken en Mevr. G. Duvert voor het persklaar
maken van het manuscript.

Voorts dank ik allen, die op enigerlei wijze hebben bijgedragen aan het
totstandkomen van dit werk.

Many people in Sarawak have been involved in the work for this thesis.
In the first place I wish to extend my gratitude to the former Director of
Agriculture Mr. J. Cook for permission to publish the results of this work.
Tam much indebted for his support.

Messrs. Philip Ong Boon Teck, Christopher Liew Chung Heng, Soo Tan
Kui and other assistants, your continuous dedication to this work was
absolutely magnificent. I am very indebted to each of you. You taught me
the essence of co-operation. ' '

Gardeners of Sarawak, to you my thanks for showing your faith in me by
making available your gardens for experimentation; your co-operation
under trying conditions has been highly appreciated.

Beste Ko Andriesse, mijn dank voor de veldbodemkundige opnamen van
de proefvelden en niet in het minst voor je altijd kritische opmerkingen.

John Dunsmore, Tam very grateful for your quiet background support
and for the co-operation which I have received from you.

John Bailey, 1 greatly appreciated your assistance,

Zeer veel dank ben ik verschuldigd aan mijn vader en moeder, die mij in
staat hebben gesteld de studie in Wageningen te volgen en te voltooien.

Tenslotte, ik ben jou, Marianne, bijzonder dankbaar voor je essentiéle

steun in het buitenwetenschappelijke vlak, waardoor dit proefschrift een
bijzondere dimensie heeft gekregen. .
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2. Potassium deficiency
3. Magnesium deficiency
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5. Calcium deficiency



. INTRODUCTION

The State of Sarawak in East Malaysia is one of the major pepper producing
countries of the world. Its black and white pepper of commerce is 2 differ-
“ently prepared forms of the fruit of the climbing vine Piper nigrum L. cv.
Kuching. Both types are produced for export, which amounts to some
17 000 metric tons per year, equivalent to 20-25% of the world production.
Smallholders cultivate pepper as a cash crop. Under optimal conditions the
commonly planted cultivar Kuching has a considerable yield potential.
Whereas prior to 1942 mature vines remained healthy and readily produc-
tive for 20 or more years, after 147 regular bearing decreased ever more
rapidly. Eventually, only in the first year of production of this perennial
Crop a satisfactory yield was obtained. This reduction of the economic life
cycle, the high cost of bringing a garden to maturity and the loss of yield
gaverise to much concern. .

A preliminary survey disclosed that a continuous healthy plant con-
dition can be maintained during the initial 2 years of vegetative develop-
ment, when local methods of cultivation are employed. In the subsequent

 third year when usually an abundant first production is obtained, a rapid
vine deterioration is observed during fruit development. This phenome-
non coincides with months of heavy rainfall. Mild foliar symptoms sug-
gesting incipient deficiencies in earlier stages, gradually increase in severity
and are frequently followed by acute leaf fall. Abscission of fruit spikes
takes seldom place under these conditions. Die-back of fruiting branches
may develop to an extreme degree. The occurrence of the adverse pheno-
mena entails an'abrupt fall of productivity in the fourth and subsequent
years, depending on the severity of the decline. In remarkable contrast, a
comparable abundance of production in prewar years was rarely, if ever,
followed by this pattern of decline. : :
The preceding observations seem to recognize the primary importance
of impr, oving methods of crop nutrition. Therefore, research was initiated
with the main emphasis on the nutritional aspect. As a first step a thorm.:gh
appraisal was made of the origine of the characteristic pattern of decline.
In view of the relative obscurity, hitherto existing as regards factors con-
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trolling nutrition and physiology of pepper, indispensable basic infor-
mation is presented somewhat comprehensively. In chapters rand 2 a de-
tailed description is presented of the major aspects of pepper cultivation. In
chapter 3 consideration is given to the choice of the methods of nutritional
diagnosis. In chapter 4 and following the selected method has been further
evaluated to serve as an instrument for the determination and control of
the nutritional condition of the crop.

LI THE COUNTRY

Sarawak is situated along the northern coast of the Island of Borneo,
between 2° and 5° latitude north and 11¢° and 115° longitude east. Approxi-
mately 80% of this country of 5.000 km? is covered by primary forests and
mangrove vegetation, secundary forests and extensive areas of sheet lalang
(Imperata cylindrica). The remaining 20% of the land is occupied by rivers,
beaches and land under permanent cultivation, Large rivers meander from
the mouatains and hills in the south and east on the border with Indone-
sian Kalimantan, across the country towards the South China Sea. With
their tributaries these rivers provide a natural drainage system to carry off
the excess amount of water which is precipitated by the abundant rainfall.
Approximately 60% of it falls within the period of the monsoon from early
December to late April. This distribution regularly causes floods in the
lower parts of the country, particularly when these border on rivers, or
when they are enclosed by hills or mountainous terrain.

From the coastal beaches inwards follows a wide area consisting of fresh
water swamp forest, river deltas, and,mangroves, alternating with forests
of nipah palms (Nipa fruticans Wurmb). Thereafter a flat to undulating
landscape arises with moderate to gently sloping terrain and ranges of hills,
reaching a height of up to 200 m. The land is largely covered with dense
primary and secundary jungle or with extensive stretches of sheet lalang.
Ne;lj'e; to and on the southern border the hills are approximately 660~1000
m high.

The majority of the weathering geological formations in this country
can be dated as Upper Jurassic, Cretaceous, and Tertiary. Erosive forces,
following earth-folding movements and fluctuations of the sealevel ex-
posed various sedimentary rocks, such as sandstones, metamorphic sand-
stones and grey to black shales of Cretaceous age.

The weathering processes have resulted in a prevailing landscape that



river banks alluvial deposits prevail; they are of varying composition, de-
pending on the material in the catchment area of the river concerned.

There is a large potential of suitable agricultural land present in Sarawak
(LeE). Extensive areas under communal ownership are still under shifting
cultivation, This method of land use is traditional with the native Dayak
tribes. Their farming, which is concerned predominantly with the culti-
vation of upland rice, is undertaken on slopes of hills and mountains.
Adequate measures to prevent soil exosion are usually omitted.

Chinese farmers have settled on relatively small areas varying from
4-8 ha in size; their land is usually partly cultivated and partly left under
natural vegetation. The majority of these farms are grouped in rather
isolated, small communities, scattered over the countrysidein places wher-
ever the Government has issued land titles. These growers mainly culti-
vate cash crops, such as rubber, pepper, oranges and vegetables for local
markets or for export.

In these much more intensive systems of Chinese crop cultivation clean-
weeding is normal practice, and effective methods of soil protection are
rarely applied. Sheet erosion is commonly observed. Normally soil depth
may vary from 5 to 7.5 cm on the upper slopes of hills with unprotected
soils, whereas in the valleys or on the river banks the soil may be 2.5 to 3 m
deep or more. Outside jungle areas and on land under permanent culti-
vation subsoil is usually exposed.

12 THE CLIMATE

Characteristic for the climate in this country are the high rainfall, a uni-
form temperature and a high relative humidity, which is typical for the
hot and humid tropical regions. There is little significant variation in day-
length and humidity throughout the year. According to Kérerex the cli-
mate can be classified as an Af climate. This climate may be considered as
* near-optimal for black pepper (CoBLEY, MAISTRE, RUTGERS).

The records discussed in the following paragraphs have been collected by
the meteorological station at Kuching Airport (Sear).

Rainfall

The average annual rainfall (fig. 1) over a period of 71 years equals 3950 mm.
Most of the rain is precipitated in the months from October to March,
during the north-east monsoon. A peak in the rainfall is attained in
January or February, when occasionally 1o00-1500 mm/month may be re-
corded. In the south-west monsoon from April to August less rain falls,
but in no month does the average fall below 175 mm/month. An average of
less than 250 mm/month is recorded in only 4 months. Occasionally
monthly precipitations below 7smm are recorded between June and
September in very dry years. The country falls well within the continuous
wet belt with an average rainfall of at least 100 mm in any one month ac-
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cording to Mour’s classification. However, the division into a drier and a
more humid season seems permissible.

The monthly totals may fluctuate considerably from year to year, but
within definite limits, as their extreme values maintain the division into 2
apparent seasons. Sharp periods of drought are largely confined to the
months of April to August. Continuous dry spells of 7-21 days or more
have been recorded in these months.

Sunshine

The daily mean tends to reflect the pattern of the annual rainfall distribu-
tion. The records show this mean to rise from 2.8 hours in December to a
peak of 7.0 hours in May with an annual mean of 4.9 hours. This seems in
fair agreement with records from elsewhere in this area; s-year means show
a maximum of 6-g hours within the period from May to August. Between
September to December the value remains steady at 5.3 to 5.5 hours per day.
In January the daily mean drops sharply to a minimum of .3 hours, fol-
lowed by an appreciable rise in March reaching 4.2 hours and 5.5 hours in
April ‘

Temperature

Air temperature shows little variation throughout the year. At osoo hours
the general range is 21-27°C; at 1400 hours 24-32°C and at 1800 hours 24-30°C.
Temperatures in the north-east monsoon tend to be slightly lower than in
the drier part of the year, as indicated by maximum/minimum ranges;
these are roughly 2:-32°C in the north-east monsoon as against 21-34°C in
the drier season. Day-to-day variations tend to mask this trend.

Soil temperature in a well-drained soil does not fall below 28°C, whereas

in a moisture-retaining clay soil this value may be in the range from
25-25.5°C at 30 cm below the surface,

Humidity :
The mean values of the relative hum
in May to 79.9% in December,
what reduced. -

Table 1 presents a climatological summary of a single, representative

year. The graphical presentation in fig. 1 shows the average rainfall distri-
bution over 71 years, including average and extreme values, -

idy at 1400 hours rnay rise from 63.5%
During dry spells percentages may be some-

L3. LAND UNDER SHIFTING CULTIVATION

Thf: land hz‘:ts been under shifting cultivation for centuries, which cult-
vation consisted of a short ric

otion ¢ planting/long bush-fallow rotation (LzE).
n system adequate regeneration of the soil fertility requires at least
20 years or more; it depends on the parent material, on the nature of the
vegetation and production of vegetative matter, and on losses sustajned
during the period of cultivation. Post-cropping weed growth pases a con-
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Tapie
Climatological summary over 1 reptesentative year (after Seal, 1958)

Jan. Febr. Mar. Aprili May June July Aug. Sept. Oct. Nov. Dec, Total Meanor

extremes
Mean 0800 hours
Air temp, in °C _
Maximum 297 292 304 317 327 320 312 308 301 315 313 293 30.8
Minimum 218 214 213 214 220 220 217 218 218 222 222 219 2138
Highest max., 323 324 326 338 343 339 339 329 329 B2 329 324 33.9
Lowest min. 206 196 186 204 207 203 197 206 - 192 211 212 208 . 18.6
Rainfall
Total in mm 1077 764 273 361 162 140 215 232 366 231 270 587 4687
Most in a day (mm} 125 211 88 35 a7 35 82 35 76 63 41 126 211
Number of days with precipitation 26 24 16 23 17 14 17 23 23 26 26 25 260
Bright sunshine .
Total hours 11495 100.58 16475 173.00 21640 187.20 181.00 142.60 107.10 16575 151.80 87.53 140.41
Daily mean (hrs) 3 360 53t 577 698 624 584 460 357 535 5060 282 4.90
Relative hurmnidity .
Mean at 1400 hours 765 761 717 689 635 643 679 678 138 665 702 799 70.6
Soil temperature :
Sand: 30 cm°C 276 272 281 289 297 292 288 283 272 217 276 269 2381

1.20 m°C 288 287 - 291 298 303 303 300 296 289 292 291 282 293




siderable problem. Cause and effect of the establishment of a weed associ-
ation can rarely be traced, although the immigration of grasses in particu-
lar may be caused by the presence of natural fertility levels which are too
low to support the development of shrubs and trees. The species I cylindrica
may be considered as the greatest menace. Once this grass has settled itself
in a clearing it suppresses the development of other plants. Natural regene-
ration of soils covered with sheets of lalang is practically impossible, mainly
owing to the relatively low production of green matter. Reclaimed lalang
areas are likely to contain little of the common plant nutrients.
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Figure 1

Average and exterme monthly rainfzll at Kuching over 7 years (after Szat, 1058)

Considering the Sarawak soils with respect to the presence of any degree
of natural fertility the following relevant points should be taken into ac-
count: :

a. The majority of soils have developed on a dissected peneplain.
b. The system of shifting cultivation, the high rainfall and the cultivation
of unprotected, sometimes excessively steep slopes renders the soils
subject to extremely strong erosive influences.

A reduction in the fallow period from a previous, desirable interval of

25 years to 4 current period of 6 years only, owing to a pressing shortage
~of ‘sultable land for shifting cultivation as a result of Government re-

strictive measures.

Th.e collective influence of these factors discourages the natural process
of soil regeneration. Tracts of this degenerated land usually covered with

;::I::eilang are issued for the purpose of permanent cultivation to Chinese

1.4. THE SOILS

Three major types of soil can be distinguished, which have developed on

shale, sand stone and on areas of alluvial origin. Each of these is repre-
6



sentative for extensive tracts of land under both permanent and shifting
cultivation. Although their parent materials and, to a certain extent, their
physical characteristics are different in several respects, they share one
common feature: their chemical nutritional status is inherently low.
Analyses of representative samples (ScorT and Baitey) have indicated that
the quantities of nutrients easily available to the plant are negligeable.
Nutrient reserves are present in relatively higher amounts.

In areas under shifting cultivation the humus content depends largely
on the length of rotation and the type of fallow cover. After some years of
permanent agriculture the soil contains little humic components: in the
sub-surface strata organic compounds are practically absent. The almost
exclusive presence of clay minerals of the kaolinitic type and the near-
absence of an adsorption complex of organic origin resultin a low adsorp-
tion capacity and a poor buffering capacity. The pH-IT,O value shows a
range between 4.0-4.5.

The internal drainage characteristics of the three soils are distinctly
different. The shale-derived heavy clay is classified as imperfectly to moder-
ately well drained, whereas the profile, developed on the sandstone parent
material reflects a good to very good drainage pattern. In alluvial soils the
rate of drainage is largely dependent on the origin and stratification of the
deposits. The strata below a depth of 60-90 cm of the shale and sandstone-
derived soils tend to be dense and relatively hard to penetrate. Few roots
are found in this solid mass of soil. Penetration up to a depth of 3 m or more
has only been observed in alluvial deposits (Annual Reports Depi. of Agr.
Sarawak).

5. BRIEF HISTORY OF PEPPER GROWING _
Organized pepper growing was firmly established as early as 1876 (pE
WaarD). The cultivar of pepper, which was cultivated entered the country
probably from Bangka Island in Indonesia; it is now named Piper nigrum cv.
Kuching. The data obtained from a variety trial tend to confirm this origine
(Annual Reporis Dept. of Agr. Sarawak). Sole vegetative multiplication from the
early beginning of the cultivation has rendered practically all commercial
pepper holdings planted monoclonal to the Kuching cv.

The cultivated area slowly expanded until 1942. After 1945 world demands
for pepper increased rapidly. The price rose to such high levels that exten-
sive planting of new areas was undertaken, mainly by Chinese planters. In
1956, the planted area was estimated at 3200~4000 ha and a production of
20,000 metric tons was attained in that year. However, the price offered in
the world market declined sharply, owing partially to increasing supplies
from elsewhere. This development discouraged the cultivation of the crop.
Moreover, the concurrent outbreak of a very contagious root disease in
monoclonal plantings rapidly decimated the number of vines. Planting
and production decreased until eatly 1960, when speculative buying in the
* pepper marketing centre of Singapore again raised the price appreciably.
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As in the early fifties, this stimulated the onset of another price rise/
planting/production cycle. From 1964 to 1966 the planted acreage rose from
oo ha to 2300 ha; the price increased by 25 to 33% over the same period,
while the export reached again 19,000 metric tons of dry produce in 196;.

2. THE CULTIVATION OF PEPPER

The pepper industry is mainly in the hands of the Chinese part of the
population. The growers tend their gardens with their families. The neces-
sary financial means are provided by middlemen or directly by exporters,
usually as an advance against the expected crop.

Before 1942 land occupation was relatively unrestricted and gardens were
relocated in fresh jungle areas after 10 to 15 years of production, in a system
of semi-shifting cultivation. A total of 1.6 ba of primary jungle was required
to meet the demand for topsoil and. wood fuel for the preparation of the
traditional fertilizer: burnt earth. The amount of this uncommon, but
effective fertilizer material obtained from this area was an essential factor
for the satisfactory maintenance of approximately 0.4 ha of pepper over a
period of 10 productive years (DE WAARD). Over the past 2 decades, periodical
replanting of the same pepper holding has been practised increasingly

more frequently, owing to compulsory, restrictive measures on unlimited
land use,

2.L CROP DETAILS

‘wood supports by means of adventitious Toots, arising profusely from the

nodes. In Sarawak no shade is provided. Pepper is multiplied commercially
by means of stem cuttings, which consist of 4~7 nodes, ‘

2.1.I. T?:erootsysrem :



growth is permitted. The greater portion of the system does not enter into
the subsoil any deeper than 0.6-0.9 m. The major part of it is confined to an
area within a radius of 1.2-1.8 m, which is approximately equal to the dia-
meter of the canopy of the average mature vine (Annual Reports Dept. of Agr.
Sarawak). These roots are relatively weak and appear very sensitive to both
excess and shortage of water. A mass of rootlets usually develops in the
topsoil layers, particularly near locations of fertilizer concentration. Under
Sarawak conditions the vines have a relatively small rootsystem and a high
shoot/root ratio.

2.1.2. The vegetative growth

Traditionally, 3 terminal shoots are usually guided up the post. Each
individual node of these stem shoots possesses an axillary bud, which may
only develop into a lateral branch in the early phases of stem elongation.
Frequently it remains dormant throughout the vine’s life, particularly
when 3 or 4 preceding laterals have developed on consecutive nodes. To
abtain a vine with a maximum number of fruiting branches, abortive
nodes are systematically removed by means of an appropriate stem pru-
ning technique. This practice also stimulates growth and branching of the
canopy.

Shortly before the vine is allowed to flower for the first time, approxi-
mately 22-24 months after planting, leaf pruning is carried out. This treat-
ment further promotes the development of laterals on existing nodes,
stimulating the emergence of flower spikes and leaves.

A well-maintained, mature vine with a maximum production potential
appears as a cylindrical shrub, almost 3.60 m high and 1.5-1.8 min diameter,
with a bushy well-branched frame and a close and dense canopy of leaves.

2.1.3. The generative phase :
Potential flowering capacity is fundamentally determined by the length of
the lateral fruit bearing branches, whereas actual flowering depends on the
number of newly developing leaves and the abortion rate of the immature
flower spikes, present within each unfolding leaf. This implies that pro-
ductivity is a function of the number of leaves, When cultivated com-
mercially, flowering is usually induced within the period from September,
at the onset of the rains, to January. After this period, little flower develop-
ment is observed. From January to July a variable proportion of the so-150
flowers per spike develop into berries. When red, the fruit is harvested for
the preparation of white pepper; when the berries are still green, just prior
to ripeness, black pepper may be prepared. The practice of the timing of
yield is essential in order to harvest, prepare and sun-dry the crop in the
period of minimum rainfall.

Leaf development and flowering, beginning 4 to 6 weeks after the pre-
ceding harvest has been completed, demands an adequate supply of nu-
trients, water and reserves of carbohydrates.



2.1.4. Soil data -

Pepper will grow satisfactorily on a wide variety of soil types provided these

meet 2 major conditions:

a. The soil should be well-drained; the excessive amounts of water pre-
cipitated during the peak period of the northeast monsoon in S_arawak
tend to saturate the soil and impeded drainage may do considerable
damage to the root system., 4

b. The soil should retain sufficient moisture to meet water dermands

during prolonged, sharp intervals of drought which in Sarawak oc-
casionally occur in June or July.

1.5, Cultivation data

After working the soil, mounds 0.6-0.9 m in diameter, elliptical in shape,
are prepared from topsoil and subsoil. The supports which are spa.cec'l at
2 X 2m1t024 X 2.4 m are located in one of the focal points of the elliptical
mounds,

Prerooted cuttings are preferably planted in the months preceding the
peak of the monsoon rainfall, Cuttings obtained from healthy, selecte_d
mother plants are placed at a shallow angle in the mounds. Fernshade is
supplied during the first six months of establishment. Over a period of 24
months after planting the nodes are regularly tied to the post to stimulate
the development of the adventitious raots to ensure lasting attachment.
Within this same interva) three terminal stems are pruned to form a dense
framework of branches. The mounds and the interrows are clean-weeded.

2.1.6." Traditional use of fertilizer materials
The system and methods
largely by tradition and through experience. The jungle land, which was

; HARDON and WHITE); after felling, a portion of
the top soil was stripped from the unoccupied land. This soil is used to
cover a pile of wood. Slow roasting for a period of 1 to 3 weeks, followed by
thorough mixing of the sterile soil and the wood ashes provided the “burnt
earth” which served as a fertilizer. This “burnt carth” has a pH-H,0 value
of 7-8 as compared with 4~5 for fresh soil. The percentage of CaQ is 0.3%.

Additions of 18 kg of this burnt earth per vine per year resulted in a 3-fold
effect on the soil environment.

a. Italters the physical characte
b. Ttincreases the pH value,
<. Itsupplies nutrients,

In the first instance the vine responds to this improvement of the me-
dium by the formation of

NEw roots. This is followed by increased uptake
of nutrients, : '

ristics of the rooting medium, -

The composition and the amount of wood fuel largely determine the
nutriti

onal value of the burnt earth. Additions of it supply phosphate and
n .



potassium in particular, in quantities equivalent to an amount in the order
of 2 g of double superphosphate and 14 g of sulphate of potash per plant
(Harpon and WiirE). Magnesium and calcium (25% HCl extractable) rise
three to fivefold in concentration. The actual quantities of nutrients are
rather small, but these are offered in a form ideally suited for uptake by the
roots. It becomes understandable that under conditions of physical and
chemical poverty of the soil, the application of burnt earth should have a
striking effect on vine performance.

Demands for nitrogen are met by rather heavy dressings of leal material
or press cakes of soy beans and groundnuts at rates of 1500 g per vine per
year (6-7% N, 1-2% P). This system of nutrient supply gave fair results. On
the other hand the preparation of burnt earth had a disastrous effect on the
preservation of fertility of surrounding land. After 1946 the Government
prohibited the preparation of burnt earth. As a consequence the farmers
were compelled to change their traditional system of fertilizer application.

2.1y, Difficulties with the use of new land and manufactured fertilizers

The transition from bulk applications of cheap burnt earth and organic

matter to relatively limited dressings of expensive fertilizers of manufac-

tured origin concurred with the appearance of die-back of branches,

symptoms of foliar disorders, low yields in the second and subsequent

years of production and a considerable reduction of the economic life of

the vines. The following factors contributed to the creation of apparently

adverse conditions of nutrition:

a. New land allocated for permanent cultivation largely consisted of soils
under lalang or ferns, highly acid and poor in nutrients.

b. Burnt earth and leaf material were not available in sufficient quantities.

¢. Inappropriate advice has been provided with respect to the alternative
use of various organic and inorganic manufactured fertilizers, which
were offered to the farmers.

d. The quantities of fertilizers applied are largely determined by the finan-
cial resources of the farmers.

e. With an average pepper crop large quantities of nutrients are removed
(MAISTRE; DE WAARD).

On many occasions the application of concentrated inorganic fertilizers
caused the death of vines owing to inexperience with these materials.
After some years of “experimenting” the farmers themselves decided that
“foolproof” but expensive organic fertilizers gave relatively the best results
under the prevailing set of conditions.

2L71. Types of fertilizer

To obtain some measure of success it was necessary to apply the low-
graded organic fertilizers at dressings of up to 6.3 tons per ha with or with-
out the addition of concentrated nitrogenous fertilizers. A typical dres-
sing in the maximum range contains z50 g of N, 360 g of P05 and 150 g of

i



K0 per plant per year in organic or enriched organic form. Sometimes
small quantities of N or K fertilizers in inorganic form are given as an extra
dressing, if the farmer can afford the expense.

As an example of widely used fertilizers one may point out a very popu-
lar proprietary brand of enriched organic fertilizer based on bonemeal, of
the following composition: 7% watersoluble N, 10% P,0s and 4% K;0, with
8.6 Ca0 and traces of magnesium and minor clements. Groundnut and
soy bean cakes, prawn refuse and similar compounds are also used on an
extensive scale, either alone or in combination with each other. The high
cost per unit of nutrient constitutes a major disadvantage by adversely
affecting the cost of production, pushing it to the marginal limit of returns.

As an inorganic fertilizer limited quantities of sulphate of ammeonia have
been used occasionally.

2.1.7.2. Ferfilizing, flowering and yielding

From area to area the dressings, types and schedules of application may
vary, depending on the individual experience of each farmer or group of
farmers and on their financial resources. The young vines receive their
fertilizer in split applications at intervals of 2-3 months, in accordance with
the size and stage of development of the plants; in the first and second
year, respectively, the total quantities vary from 1/4 to 1/2 of those applied
t0 mature vines. Practice had shown that intervals of longer duration
entailed development of deficiency symptoms.

As a rule the first dressing of fertilizer to mature vines is given early in the
northeast monsoon in the third year after planting, followed by, zors
more dressings at intervals of 40 days. In the subsequent years the fertilizers

the canopy is common

practice; contact between the concentrated fertilizers and the shallow-

planted underground stem i avoided in this way,

217.3. Physiological aspects of crop production
In the course of the first two years after
supplied by fertilizers are employed fo
and branches, to support a dense cano
within this period as fl

planting the majority of nutrients
r the building of a frame of stems



lowed by a progressively more severe leaf abscission during fruit ripening.
Still later, at the time of harvesting, mild to severe signs of die-back of the
lateral branches are frequently observed. The fruitbearing spikes are rarely
shed. After harvesting has been completed the vine may exhibit severe
defoliation, signs of extreme exhaustion, and partial or complete death of
lateral branches. This implies a reduced potential for future berry pro-
duction. Moreover, the effect of fertilizer dressings and the resulting abun-
dance of foliage and flower spikes seems to depend in part on the general
physiological condition of the vine at the end of the preceding season.

The yield expressed in units of white pepper varies from 0.75 to 3.25 metric
tons of dry produce per ha. Under good conditions the production may
exceed 10 tons per ha. The quoted yield figure suggests the presence of a
high production potential in the Kuching variety under satisfactory con-
ditions. The maximum potential of a vine is normally obtained in the
third year of production, some 5 years after planting.

2.2, EXPERIMENTAL RESULTS IN FEPPER

The agronomic research programme is concerned primarily with research
into improved methods of nutrition by using concentrated, inorganic
fertilizers of manufactured origin. Field experiments have established
beyond doubt that inorganic fertilizers applied at quantities equivalent to
those of manufactured organic fertilizers and expressed in terms of pure
nutrients, were at least equal but in the majority of cases superior in their
effects on yield. Calculations showed that the cost price per unit of pure
nutrient of inorganic compounds was half that of the organic fertilizer.

Trials (Annual Reports Dept. of Agr. Sarawak) demonstrated a high response to
potassium in each season, a response to nitrogen in some years and one to
phosphorus in the first year of production. Although the appearance of
the vines deteriorated somewhat with the advance of the season, die-back
of the laterals was absent. The appearance of mildly chlorotic and necrotic
foliar symptoms on most of the experimental plants indicates the presence
of (incipient) deficiencies of the nutrient concentrations, sometimes even
at the highest levels of application. This implies still subnormal nutrition.

The results of these trials demonstrated that, although fertilizer appli-
cations exert a favourable effect on the productivity of the vines, the pos-
sible development of physiological starvation demands a careful control of
the leaf tissues,

2.3. CONCLUSION _
Rehabilation of this important crop to its former standard of performance
appears to be principally a matter of rationalization of the current, ap-
parently inefficient modes of fertilizing, the cost of which demands some
40~50% or more of the annual recurrent budget. The preceding survey indi-
cates that problems associated with efficient nutrition of pepper in this
country should reccive high priority.
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The present work is essentially concerned with the evaluation ocf; a pratctli
cal solution to the problem of recovery of vine performance and contro

of yield stability at 2 high level of production on shale soils by the appli- -
cation of foliar diagnosis. :

3. FOLIAR DIAGNOSIS IN HUMID TROPICAL REGIONS

Supply of suitable fertilizers in accordance with accurate diagnostic d?{;a
would efficiently eliminate limiting effects on crops exertec? by_ spec c
nutrients. For this purpose soil analysis received much attent@n 1n1t1a11y;i
but later foliar diagnosis became more popular, Particula:rly in 0rcha1:

crops located in tropical and subtropical regions. No previous systemaEC
work in either of those diagnostic fields has been reported for pepper. The
absence of information on diagnostic aids in the nutrition of this FIOP
necessitates the urgent elaboration of an efficient method of diagnqsls. In
this context the author stresses that the method of fertilizer application to

3.I. EFFICIENCY OF CROP NUTRITION

Effective plant nutrition and efficiency of fertilizer applications dep‘ﬂ}d
essentially on the supply of the fequired quantity of nutrients to the soil/
root interface at the correct time. This interdependence is related in turn
to the movement of iong towards the roots and vice versa,

Reconciliation of recent views on the interrelationships of these pheno-
mena with the concentration of fertilizers will be discussed in some detail.

311 The influence of soif moisture

SALTER and Goopg have presented 5 Compi’ehensive review of the effects of

the moisture regime on the petformance of several annual and perennial,
tropical and temperate crops.

en recorded as desirable.
taken up by the plant in a dissolved



state, the mineral nutrition seems to be necessarily interrelated with
variations in the soil moisture status. The evidence seems to indicate that
the beneficial effect of an adequate supply of water is in part due to the
effect of increased or sustained availability of nutrients to the plant and
vice versa. When moisture stress develops, emptying capillaries and pores,
the mobility of nutrients is affected adversely. In this respect it is of interest
to examine in which manner dissolved nutrients reach the root surface.

312 The nutrient supply mechanism

The pathways along which the ions are likely to move from the soil
towards the sorbing roots have been studied by BARBER et alii; BRAY; JENNY;
Lewrs and Quirck (1967a). Recently Friep and BroesHART have presented a
comprehensive review on the subject. Three principal mechanisms may be
recognized.

Contact between plant roots and dissolved nutrients

The root system of a plant is able to come into direct contact with ap-
proximately 3% of the available nutrients. Calculations show that for crops
cultivated in a fertile soil, this contact ratio appears sufficient to satisfy the
requirements for calcium and magnesium only. Under these conditions
the demand for nitrogen, phosphorus and potassium could be met for
6-10% only. Moreover, in soil with a low exchange capacity root contact
with base elements would be reduced. Similarly, a poor soil structure inter-

feres with profuse development of the roots and reduces the contact
volume,

Movement by water flow

This passive mode of transport would supply most of the calcium, mag-
nesium and anions, such as nitrate, sulphate and chloride. Accumulation
and back diffusion of the base elements and of sulphate takes place at the
root surface. Calculations based on data obtained from analysis of a satu-
rated soil extract suggested that only a small portion of the demands for
phosphate and potassium can be supplied to the soil/root interface in this -
manner, even in soils which are apparently fertile.

Soil tortuosity which retards the flow of water also adversely affects the
speed of movement of nutrients. Similarly, if the concentration of the soil
solution is highly dilute, water flow may be considered less important as a
factor in the overall provision of nutrients. On these occasions supply by
contact may gain in relative importance (JENNT).

Supply by diffusion

Apparently neither phosphorus nor potassium are supplied in sufficient
quantities by the two preceding mechanisms to meet the plant require-
ments. Bray suggested that these less mobile ions are removed only from
the immediate vicinity of the root surface; the effective removal decreases
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rapidly with time. Due to depletion at the root surface a concentration
gradient is established providing a driving force for ionic diffusion. Patterns
supporting the existence of depletion phenomena have been observed
(BaxseR et alii; Lewis and QUIRCK, 1967 ¢ and b); autoradiographs showed a
rather wide area for the relatively fast moving rubidium ion, used as a
substitute for potassium, and a much narrower zone of depletion for the
slowly moving phosphate ion.

The velocity of these ionsis directly related to their respective coefficients
of diffusion, and is dependent on the concentration gradients between me-
dium and root sink and on the moisture status of the soil (BARBER et alii;
Nv), The phase geometry and the fixation power of the soil influence the
magnitude of the diffusion rate. Liwis and Quirck (1967 2 and b) found in
their work that soils with a high fixation capacity for P displayed a narrow
zone of depletion not beyond the length of a root hair. Uptake per unit
length of root increased considerably with rising P concentrations and
with decreasing root volume {WiIERSUM, 1967).

Replenishment radial to the root cylinder may be retarded. In soils
where fixation is mild, mobility of added phosphate is likely to be higher
and replenishment would extend from beyond the volume explored by
the root hairs. Nye suggested that ion uptake increased directly with the
concentration of the nutrients in the soil solution, with a rise in the soil
moisture content and with the root sorbing power until diffusion itself
becomes limiting. With respect to the last two aspects the soil structure
seems to hold a key-position; van Diest points out that the physical
characteristics of the soil might be considered as more significant in plant
nutrition than inherent presence of chemical fertility,

3.1.3. The role of the roots

Water supply and uptake of nutrients is considerably affected by prolifer-
ation of the roots. In particular the root hairs, present over a length of
approximately 2 cm behind the actively growing root tips (LuNpEGARDH,
fgsx). cons‘iderably enlarge the sorbing surface, These hairs are actively
1nv91ved in the uptake process for a relatively short time. Within this
period the soil volume enclosed by them is progressively exhausted {Lewis
and QUIRCK, 1967 4). Further uptake s likely to take place by a cylindrical

i:;fagle E;;txstituted by the outer tips of the hairs until their decay (Nve;

WiERsUM (Igsi) concluded fro
of soil, defined as the active sojl
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3.1.4. Efficient supply of nutrients to the soil froot interface

The preceding considerations imply that adequate supply of nutrients to
plants would be stimulated by each of the following factors:

a. Arelatively high concentration of nutrientsin the soil (water flow).

b. A relatively steep gradient between nutrient concentration in the soil
solution and the soil/root interface (diffusion).

. A high moisture content associated with a favourable arrangement of
soil particles (diffusion, water flow).

d. Root proliferation near the source of nutrients (contact, diffusion,
water flow).

. Alow rate of fixation (diffusion).

Taking into consideration the views of WiERSUM and Bray, it appears that
a satisfactory flux of nutrients would be sustained by the presence of a
sufficiently concentrated solution in relatively close proximity to a dense
and actively proliferating root system, under soil moisture conditions near
field capacity. The magnitude of the fixation power and of the adsorption
complex of the soil, however, exert also an influence of considerable
magnitude on the mobility of particular ions to the absorbing root surface.

(o}

[

32. METHODS OF FERTILIZER APPLICATION
It may be observed that at least four of the above preconditions (suba to d
in section 3..4.) may be present or can be influenced by the application of
appropriate agricultural techniques, for the formation of an integrated set
of apparently satisfactory nutritional conditions.

In humid tropical regions an even distribution of the total ann‘ual
rainfall or alternatively, supplementary irrigation measures or appropriate
mulching techniques would ensure the presence of sufficient moisture and
potentially uninterrupted fluxes of mobile nutrients, as required un.cler
31.4. Profuse root ramification is directly related to both favourable physical
characteristics and the presence of adequate nutrients and water (sub d)
The nutrient concentrations can be manipulated by the addition of suit-
able quantities of fertilizer and by applying appropriate techniques of
fertilizer concentration (suba and b). _

The fixation power (sub e) is a characteristic, inherent to the soil me-
fiiurn. In this respect band application of fertilizer is considered of es?entlal
Importance, particularly with regard to the effective concentratliorf of
nutrients in the soil, and also for its stimulation of root growth w1th1_n a
restricted volume of soil (sub d). This latter aspect is particularly im-
Portant for compensation of loss of effective root Jength under adverse
circumstances in teyms of poor soil structure. )

In the following paragraphs two essentially different methods of aPPh-
f?ation of fertilizer and their respective effects on the nutritional condition
in the root environment will be discussed.
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3.2.1. Broadcasting of fertilizer

Even distribution of fertilizer on soil and subsequent downward leaching
of the dissolved nutrients, as has been reported for potassium {Munsox and
NELsoN), results in the creation of a relatively dilute nutrient solution in
the surface and subsurface layers of the medium. Hence, severe compe-
tition for scarce nutrients between a large adsorption/fixation complex of
the soil and a relatively small volume of roots (usually less than 5%) may
mean, at least temporarily, that the majority of the added nutrients does
not reach the plant, to the advantage of the soil (van Diest). Thus, the
concurring concentration gradient between roots and solution would be
very gradual.

The adverse effect of nutrient dilution should be negligable if the root
density in the upper layers is relatively low. An example would illustrate
this: sod formation in grass land usually involves a root density of 100%
in the upper 5 cm (Wiersun, 1961). In this case uptake after broadcasting
may therefore be effective, whereas little response is observed, as a rule, in
the case of deep rooting tree crops.

Generally, it may be said that a small root system considerably reduces
adequate nutrient absorption when fertilizers are broadcast, amongst
other things because depletion in the vicinity of few roots is much more
intensive than would be the case with a well-developed root system.

3.2.2. Placement of fertilizer

The apparent discrepancy between nutrient distribution by broadcasting
and the conditions required to ensure an adequate supply of nutrients at
low. Ioot densities may be overcome in part by calculated placement of
fertilizers close to extreme tips of the rootlets. This technique, applied in

the presence of sufficient soit muoisture, would seem to entail the following
effects on the nutrition: '

a. A concentrated nutrient solution gradually permeates a soil column
close to the roots (Munsox and Netson). :

b. A dense mass of rootlets would proliferate preferentially around this
column (Duncan and Omrrocee); the presence of sufficient nitrogen
Zppears to generate this phenomenon (Mirrer and OHIROGGE).

c. Irreversxblej’ fixation of phosphorus would be relatively small; re-
covery of this element by the plant from concentrated fertilizers would
be more efficient (pe Wir). :

d. Nutrient supply by the flow of water, and diffusion to the newly de-
}relopmg mass of roots would be considerably enhanced, owing to the

ation of the soil solution and th,
€ C E-
velopment of steep diff; oncurrent d

iffusion gradij .
alsobeimprove 4 ton gradients; supply by root contact woul.d

e.. Adverse effects on the movement of nutrien
of roots may, at least in
hutrients and the develo
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In contrast to broadcasting the efficiency of nutrient supply by localized
placement seems consistent with recent views in the field. In this context
it may be mentioned that root hairs possess a considerable latitude in their
degree of sensitivity to injury at high salt concentrations (LUNDEGARDH
195T). ,

3.2.3. Tropical soils

Van Diest advances that in principle effective fertilizing would be much
simpler when starting with a medium without nutrients than when ill-
balanced concentrations of nutrients are present in the soil. In this concept
the inherent chemical potential of the nutrients of the soil appears to be
only of secondary importance. Manipulations to provide these nutrients
demanded by plants growing in a “nutrient free” soil medium would be
more simple than to supplement an existing potential. This approach
implies the application of the principle of “fecding the plant”. In the
humid tropical regions the chemically poor and acid soils seem to fit well
into the proposed concept to supply all nutrients.

In this system one should not attempt to equilibrate ratios of cations in
the soil to those present in the plant. Instead, natural powers of sclectivity
inherent to the plant should be taken into consideration (vax DiesT). A
similar view was advocated by FERRAND, PrévoT and OLLAGNIER (1956) and
others.

3.2.4. Concentrated placement in pepper
The conditions of pepper cultivation include the following aspects:

a. The rootsystem is shallow and the majority of feeder roots are located
at the edge of the mound up to a depth of 2030 cm (HuireMa; DE
WAARD),

b. The heavy-textured soil is poor in structure, poor in nutrients with a
high moisture holding capacity and with an intermediate to high rate
of P-fixation.

¢. The rainfall of 3750 mm is fairly evenly distributed over the year.

Integration of these aspects with the recent views on nutrient transpor-
tation, with the magnitude of the nutrient removal and with the concept
of “feeding the plant” implies a definite preference for concentrated
placement of fertilizers (3.2.2.).

3.3. DIAGNOSIS OF NUTRIENT REQUIREMENTS
Ideally, 2 method of diagnosis should be simple to apply and its data
should reflect the nutritional condition of the crop accurately at any time,
before signs of deficiency begin to develop. Simultaneously, the mFthOd
should enable the interpreter to formulate a suitable fertilizer policy to
ensure sustained supply of the required nutrients to the plant.

Historically, four major methods of diagnosis have been advocated for
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use under field conditions, either alone or in combination. The relative
metrits of each of those methods will be briefly reviewed.

3.3.1. Soil analysis

In this section special emphasis will be put on those aspects which render
diagnosis by soil analysis by nature unsuitable as a reliable indicator for the
nutritional status of tropical soils in the humid regions.

These soils under natural conditions may require more than 250 samples
per ha for routine determinations to obtain a reasonably good estimate of
the potential soil nutrient status. The number of samples depends on the
magnitude of the existing fertility gradients and nutrient distribution pat-
terns (LEo; Scorr and Bamey), Consequently, an accurate and reliable
picture of the nutrient status can only be obtained by intensive sampling at
great expense of time, money and effort. This sitvation is aggravated by
irregular distribution patterns of nutrients involved in concentrated
placement of fertilizers in cropped soils. In addition the nutrient concen-
tration in the immediate vicinity of plant roots within the zone of de-
pletion may be radically different from that in the volume of soil where no
roots have penetrated yet. This implies that the collection of Tepresenta-
tiv; samples under these circumstances is practically impossible (McKEnN-
ZIE).

The preceding considerations stress the inefhiciency of soil sampling. On

this ground it should be rejected for routine diagnosis in the pepper
cultivation in Sarawak.

3.3.2. Fentilizer experiments

Field experiments with annual or perennial crops serving as a permanent
reference for treatment effects on crop performance demand proper ac-
comodation, adequate financial resources and suitably trained personnel
for close supervision and maintenance, The results are, strictly speaking,
only valid under conditions comparable to those of the experiment. Extra-

In pot experiments the

physical conditions and the mois te
of the medium can be : ture contents

which are non-limit; maintained without major difficulties near values
non-limiting to nutrient flow and diffusion, Si
the root density is hi n. Simultaneously,

: gh within the Pot, and nutrient solution which is
regularly applied permeates aver the entire rooted volume, This would

provide conditions not unlike those found to surround a band of fertilizer
20 :



in the field. It would appear therefore, that reference values obtained in pot
experiments may be extrapolated to field conditions, provided the circum-
stances in the soil medium are conducive to unretarded movement of
nutrients to the absorbing root surface,

3.3.3. Visual symptoms

Extreme deficiency or excess of the essential elements usually results in
well-defined, characteristic patterns of symptoms on the foliage or other
parts of the plant. Frequently, the concurrent concentrations of the
nutrients in the affected leaves have been determined and compared with
those of healthy leaves of comparable order. From the data it appeared in
most instances that the presence of characteristic leaf symptoms could be
correlated with high or low levels of specific elements, as the case may be.
It was observed (FERwERDA) that partner elements in the nutrient complex
of such leaves may also deviate from their “normal” levels. Thus, con-
sideration of individual, apparently sub-optimal nutrient concentrations in
the leaves would not necessarily provide a correct guide to indicate the
presence of the corresponding nutritional disorders. On these occasions,
additional evidence such as the presence of subnormal growth performan-
cemay be valuable.

The preceding discussion suggests that considered interpretation of data
on the chemical composition of deficient leaves s essential. In combination
with detailed information on deficiencies or toxicities, these nutrient
levels may become of value for the determination of minimum levels of
nutrients in leaves.

3.3.4. Foliar diagnosis

The plant itself may be considered as an extracting agent of putrients from
the soil complex. Its tissues contain those elements which have actually
been taken up by the roots and which have been distributed within the
plant. Hence, the resulting composition is the integrated effect of all in-
ternal and external influences affecting uptake and distribution. Thus, the
plant itself serves as 2n indicator of the current nutrient demands. Usually
not the entire plant, but a suitable and representative part of it is selected
for sampling, -

Over the last 2-3 decades in particular, foliar diagnosis has evolved as a
practical and routine application of leaf analysis. As a rule, the results were
successful (Bourp). This was particularly true for perennial tropical anfi
subtropical crops. Since the plant is used as the extractant/indicator it
seems obvious that the interpretation by visual symptoms is only a special
case of foliar diagnosis carried out in the regions of extreme shortage, or
excess of one or several nutrients. '

3.4, FOLIAR DIAGNOSIS VERSUS SOIL ANALYSIS OR FIELD TRIALS
Foliar analysis as a method to predict fertilizer requirements of crops hasa
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number of pronounced advantages over other methods of diagnosis. The
most important of these are briefly re-iterated.

a. A number of important sources of external and internal variability,
which may have a significant influence on the chemical concentrations
in the leaves, can be traced in a relatively simple manner and each of
them can be controlled by appropriate definition and the application of
suitable techniques of stratification.

b. The result of foliar analysis may be extrapolated from one set of en-
vironmental conditions to another.

c. Results obtained in pot experiments may be simple to interpret by

means of leaf analysis in terms applicable to field conditions of compa-
rable order.

d. Leaf analysis registers the overall effect of uptake and supply mecha-
nisms in the soil/root complex.

e. The evaluation of the nutrient status can be followed throughout the
life of the plant; results are available at short notice for the timely cor-
rection of possible nutritional imbalances.

f. The development of deficiencies may be prevented as concentration
depressions of nutrients may be detected in an carly stage.

g Within the zone of “hidden hunger” when deficiency symptoms are
absent, foliar diagnosis is the only reliable method to diagnose incipient
deficiencies (Bourp). ' '

h. Foliar diagnosis avoids the problem of root distribution and excludes

" the difficulty of representative soil sampling in orchard crops; it pre-

" Feludes the difficult interpretation of the influence of selective uptake

B Fmechanisms and of the composition of the nutrient complex in the soil

T 7 (EMMERT). :

i From a practical point of view foliar diagnosis meets the majority of
conditions which are considered essential for the evaluation of a system
of routine analysis in most developing countries, such as rapidity,
reliability, a relatively simple analytical procedure, transportation of

light-weight samples, relatively simple sampling procedures suitable for
frequent application, '

Extensive basic studies on the factors affecting chemical leaf composition
and the establishment of the necessary empirical relationships are essential
prerequisities if the system is to have any practical value. After collection of
t}le.l}ecessary experimental data, and in the absence of non-nutritional
limiting factors, fertilizer programs may be adjusted; alternatively, diag-

nosis may indicate that no possible response can be expected and that
other causes of adverse performance should be examined. :
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4. REVIEW OF LITERATURE

4.I. NUTRITION OF BLACK PEPPER

Little or no concrete results are available on the nutrition of pepper. Some
incidental investigations have been carried out in Indonesia before 1942
(Hazrpon and Neutesoom; Harpon and Waite; Hurtema). These mainly
concerned the effects of burnt earth on the production of pepper on the
Island of Banka, some aspects of soil fertility, application of fertilizers of
mineral origin and the effect of physical soil conditions on the develop-
ment of yellowing disease. A comprchensive publication of BREGMAN dis-
cusses the traditional methods of fertilizing, amongst other aspects of
cultivation. Other publications (MAISTRE; MARINET) report on local
methods of cultivation and nutrition in several countries. Usually, organic
fertilizers are applied with or without small amounts of inorganic com-
pounds. No records of systematic research into the various aspects and
problems of the nutrition have been found. In India, data of trials involving
nitrogen, phosphorus, potassium and calcium have been reported by
MARINET, These results suggested that pepper requires applications of lime
if the soils are acid, but no definite pH limits have been stated. Until
recently, the farmers in Sarawak employed mainly organic manures with
little inorganic nutrient added (br WaA=D).

Early in 1959 systematic research has been initiated in Sarawak (Anmual
Reports of the Dept. of Agr. Sarawak). Results of field trials showed a need for
major as well as trace elements. Tentative commercial recommendations
include the application of 160 g N, 360 g P2Os, 500 g K;0, 60 g Mg and a fu.fll
range of trace elements per plant per year as a basic dressing applied in
inorganic form; 4,5 kg dolomite (15% MgO, 38% Ca0) per vine was Tecom-
mended as a single blanket dressing 3 weeks prior to the first appllc?nop.
In subsequent years dolomite was applied as 2 soil ameliorant to maintain
the pH-H,0 ata value of 5.5 approximately.

42. FOLIAR. DIAGNOSIS L | ‘
The first incidental information on this subject with regard to pepper IS
provided by results from work conducted in Sarawak (DE WaarD). A
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tentative average composition of the major elements in healthy, mature
leaves located on fruiting branches has been reported. The apparent
scarcity of published data on foliar diagnostic work in pepper demands an
alternative source of basic information on essential aspects of this method;
therefore relevant literature pertaining to selected perennial crops is
reviewed.

LaGaTU and MAUME (1926) in France, by their concept of foliar diagnosis
in grape vines, and LuNDEGARDH {1951) in Sweden, by his triple analysis and
later by the exclusive use of leaf analysis, were among the first to work out
a practical and apparently successful method for tissue analysis to predict
fertilizer requirements for a perennial and an annual crop respectively.
Since then, much work has been done, particularly for cropsin the tropical
regions of the world. Comprehensive information has been provided by
GoonaiL and Grecory. Their work covers nearly each of the fundamental
aspects related to the application of this diagnostic method. Other investi-
gators applied leaf analysis to rubber (SHorrOCKs 1961, 1962 @ and b, 1964;
SHORROCKS and RATNASINGAN), oil palm (BROFSHART 1955 and 1956), coffee
(Lout 1953, 1957 and 1962; MALAVOLTA et alii; MUELLER; Roemvson; RoBINSON
and FREEMAN), banana (Hewrtr; MURRAY 1960 and 1961); citrus (STEYN 1959
and 1961) 2nd to many other crops. FERRAND, LUNDEGARDH, PrivoT, REU-
THER et alii, REUTHER and Surrr, SMTH and others reviewed the concepts
and backgrounds of foliar diagnosis. It would appear from this and other
literature (Bourn) that leaf analysis may be applied with particular success
when nutrient deficiencies are present in the incipient stage. This situation

may be expected to develop frequently in crops cultivated on poor tropical
soils under high-rainfall conditions.

4:2.1. Plant specific factors influencing the chemical concentration

Leaf analysis demands an empirical approach as there is insufficient infor-
mation available on interrelationships of physiological and biological
processes within the living organism, to justify a fundamental approach.
Therefore, each crop should be examnined and investigated separately for

factors which influence the chemical composition of the plant part under
observation. ' '

4211 The organ to be sampled
Usually it is impracticable to analy:
Or a separate organ is selected for
this subject have been reviewed
BROESHART (1935) investigated th
THER and SMrra, and Smrry als

se the entire plant. Hence, 2 smaller part
the purpose of analysis. Various aspects of
by Goopart and Grecory. More recently
ese for oil palm. LuNprcirpr (z957), R¥U-
0 consider the leaf to be the most suitable |
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cations that sodium and heavy metals are more concentrated in the
rootlets than in other parts, if these elements are present in the soil in
excess amounts (Smirh). If such conditions prevail, rootlets instead of
leaves should be sampled for these elements. In grape vine, petioles are
frequently employed for the determination of the potassium status (BEssis;
SuaurL1s), whereas SHORROCKS (1962 b) found this portion of the leaves an
unsuitable indicator in the case of rubber.

4212, The effect of age and position of the leaf

Physiological age is considered to be a source of variation. This is shown by
BroesHART (1955) and by PrEvOT and O1raGNIER (1956) for oil palm, by Loug
(1953) and Ropinson (1g61) for coffee and by Twyeorn and CourTER (1964) for
bananas. The variation may be attributed, amongst other things, to trans-
location and accumulation phenomena which take place in the aging
plant. Considering these internal sources of variation Loui preferred the
sth pair of leaves in coffee to represent the nutritional status, whereas
"MuUELLER reported that the sth or 6th pair was more sensitive when the
plants suffered from incipient deficiencies. In Trinidad WeIr demonstrated
that at any time citrus leaves which are more than four months old do not
vary appreciably in their composition. Studies by Bouar et alii (1953} in olive
indicated that leaves of the same physiological age possessed a similar
mineral composition, when sampled at the same time of the year.

The effect of the morphological position is demonstrated by SHORROCKS
(1961) in rubber. In this crop, leaves develop at different heights of the tree
and on different parts of the shoots, viz. terminal and sidewhorl leaves. A
detailed examination revealed that considerable variability existed between
Ieaves located on different positions of the tree, but simultaneously the
composition of terminal and sidewhorl leaves did not differ. BOUAT et alii
(1951, 1953, 1954) also found in olive that leaves of different morphological
Positions varied in their chemical composition.

42.13. Effect of size and thickness of the leaves

SteYN (1959) found in citrus that there was no appreciable effect of leaf size
on the nutrient concentration in the tissue; Twyrorp and COULTER re-
ported a substantial gradient over the length of the banana leaf. There
appears to be no record in the relevant literature of studies concerning the
influence of the leaf thickness on the chemical concentration.

4-2.2. Seasonal effect affecting the chemical concentration ;
The seasonal variations reflect the integrated effect of individual contri-
butions of influences such as rainfall and sunshine on the chemical con-
Centration of the eaves.

42.2.1. Rainfall ' : .
Lout (1953, 1957) and Rogivson (1961) studied the effect of rainfall ar.1d season
on the chermical composition of coffee leaves. The overall results indicated
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2 fairly close interrelationship between rainfall, growth and flowering
cycles, and nutrient concentrations in the leaves. Reasonably consistent
trends could be established for coffee by incorporating rainfall, growth and
yield factors (LouE) or by partially eliminating these factors by introducing
ratios between nutrients (ROBINSON).

4222 Sunshine and light

The influence of these factors was studied by Smorrocks (1961, 1962 4) in
rubber and by MurraY (1961) in bananas. These investigators found a defi-
nite diminishing effect of increasing light intensity on the nutrient concen-
trations in general. In oil palm Ruer found a significant and direct re-

lationship between the potassium concentration in the leaves and the
number of sunhours two years earlier.

4.2.3. Theeffect of the planting medium

The pathways of the ions from the medium to the roots, and the factors
which are likely to impose restrictions on the nutrients flux would suggest
that for characteristic ecological conditions and for a specific crop variety
two fundamentally different values may be recognized for each individual
nutrient or combination of nutrients. These two values may be considered
as an “absolute optimum” and a “field optimum”. The “absolute opti-
mum” is approached under near-ideal conditions of unrestricted nuatrient
supply to the roots, viz. in pot experiments. This upper limit is universally
valid.

Between this “absolute optimum” and values under deficiency con-

ditions a range of “field optima” depends on the complex of restrictions

imp-o.sed on the nutrient supply by the environmental conditions. In
addition to this it is interesting to

consider the concept of Levy. He proposes

the establishment of an “experimental optimum” which is the concen-
tration associated with yields obtainable under controlled, experimental
conditions. His “economic optimum” depends on the influence of the soil
medium as well as on other external factors. This “economic optimum”
concurs with the production of profitable yields,
More evidence of the effect of the planting medium on the leaf concen-
tratlr.:)n has been presented by Bouar et alii (1951, 1053, 1954). They found a
consistent low variability of individual concentrations in irrigated olive for
three seasons in succession. It was interesting to observe that there was

These phenomena appear consistent
others with respect to the influence of
supply of adequate amounts of water an

26

ith the view of BARBER et alii and
unobstructed conditions for the
d nutrients to the soil /root inter-



face. It may also partly explain the relative success of foliar diagnosis in
humid, tropical regions.

4.3, SOURCES OF ERROR INTRODUCTION

Within the stages from leaf sampling to the presentation of the analytical
results large or small errors may be introduced. This uncontrolled vari-
ability may mask the true influence of nutritional treatments on the
chemical concentrations of the leaves; its effects should therefore be
eliminated as much as possible. Work on this subject is briefly reviewed in
the following sections.

4.3.1. Sampling phase

Most of the variability is being introduced during field sampling proce-

dures. Information on the nature of the variability of individual factors

would enable the investigator to eliminate sources of variation and to
develop a procedure for the collection of homogeneous leaf samples of
relatively low variability. Results of work by STeYN (1959), GOUNY, SHOR-

ROCKS (1964), by TwrrorD and CouLTER and others on this subject stress that

for this purpose a predetermined number of leaves should be collected

from well-defined locations on the plant.

Unaccountable variation may be substantially reduced by increasing the
sampling intensity of the area under investigation. STEYN studied this
problem for citrus and pine-apple, Snorrocks for rubber and BrOESHART
and Warp for oil palm. Each approached this problem of estimating the
optimum number of sampling units from a different angle:

3. By determining the standard deviation of the individual nutrient values
of an arbitrary number of plants and by calculating the standard error
(BROESHART 1955).

b. By using the concept of “permissible error” and a predetermined level
of precision between the population mean and the sample mean
(SHorrOCKS 1964).

C. By stating a desired level of precision of the difference between the
sample mean and the “true” mean (STEYN 1959). _

d. By determining the critical number of palms in a uniformity trial
(WaRD).

From their results Steyn and also Ward conciuded that the sampling area
should be divided into more homogeneous sub-sampling units, if there
€xists an apparent large variation in fertility from place to place; each_ of
these individual sub-units should be sampled at random. WILLSON studied
the effect of samplers on the coefficient of variation; he found this effect
negligible if sufficient plants were sampled. '

4.3.2. Preparative phase : '
In the pre-analytical phase error variation may be introduced by incorrect
storage of fresh material, omission of specific portions of the leaves,
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washing, drying, grinding and storage of the dried and crushed or pow-
dered leaf material. A comprehensive review on the majority of these
aspects has been presented by Goopair and GreGory. With respect to leaf
portions in oil palm BrorsHART (1956) showed that the composition of the
leaflets varied from the proximal to the distal end of the frond. In bananas
Twyrorp and CourTer were able to demonstrate considerable differences
of the chemical concentrations of the various portions of the laminae.
Petioles and/or midribs are sometimes removed from smaller types of leaves
to obtain more homogeneous material. Bourp et alii investigated the effect
of sub-sampling. He pointed out that the analysis of hand-crushed material
with intact petiole introduces a large measure of variability. This portion of
the leaf should therefore be discarded, if the material is not subjected to
grinding before analysis.

The effect of storage before drying was studied by SHorRROCKS and R ATNA-
SINGAN for rubber leaves and by STeYN in citrus leaves (1959). The authors
concluded that fresh samples should preferably be stored at a temperature
below —s5°C; alternatively the leaves must be dried within 48 hours after
collection. Cleaning and washing may be an additional source of error
(Goopar1 and GREGORY). The consensus of opinion suggests that individual
treatments may substantially affect the chemical composition. Careful
examination and standardization appears essential to prevent the intro-

duction of undesirable error variation. As a consequence, in each separate
crop individual procedures should be evaluated. '

4.33. Analytical phase

Error variability may be introduced by analytical procedures and techni-
ques. Tests have shown that this type of variation is usually small as
compared to the total sampling error. A coefficient of variation of 0,6-5,0%

was recorded by STEYN for his methods of analysis. BROESHART (1955) found
4-13% satisfactory in his work.

4.4. INTERPRETATION

Finally, correct interpretation of data obtain

& most essential and 2 most complex stage of this diagnostic method. Many
efforts have been made to form

rts ha ulate appropriate systems of interpretation
for individual crops, which would allow consistent and reliable results
from year to year. None of these appeared to be completely satisfactory
under all conditions. . :

Foliar diagnosis is based on the
Ilmiting nutritional element cause
suitable standard Teaf with a concu

ed by the analysis of leaves is

assumption that the application of a
s an increase of its concentration in a
rrent response in growth and/or yield.
Gooparr and GREGORY, SMITH and others bave presented ‘comprehensive

n;wlelws. on this sul‘)ject. Their consensus of opinion stresses the complexity
O the Interpretation of leaf analytical data, owing to the multitude of
Interacting factors. The successful

results obtained by application of leaf
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analysis in the control of crop nutrition, particularly that of sub-tropical
and tropical crops, show, thata practicable and workable method can well
be evaluated,

A brief review of the essential lines of thought of several of the current
methods of interpretation will be presented. Fundamentally, one can
distinguish univariate, bivariate, trivariate and multivariate approaches
(Horzanp).

Univariate approach

The chemical concentrations of limiting elements considered individually,
and the nutrient levels associated with maximum growth or yield are
determined. These threshold values are employed as reference levels. This
approach is based on the law of the minimum factors; it appeared particu-
larly suitable in those cases where marked nutrient deficits were present.
Results were less definite at those ranges, where fertilizer responses are less
pronounced. _

PrEvoT and Or1AGNIER (1954, 1956, 1961) applied this method successfully to
nutritional problems in oil palms, coconuts and groundnuts in West
Africa. They found later that a critical balance existed between Nand P, and
between Ca, Mg, K and Na, as a result of antagonistic and synergistic
phenomena. These aspects should also be incorporated for a correct and
Precise interpretation, Variants on the univariate approach are frequently
employed. Several different systems of nomenclature exist to describe the
status of the chemical composition in the leaves. Macy introduced the
concept of poverty adjustment. KexworTY delimited zones of deficiency,
hidden hunger, normal, approaching excess and excess. Other workers
preferred a simple division into deficient, low, medium, high and excess,
respectively (RruTHER and SmiTH). ,

Bessis and Fris-Niecsen discussed the use of STEENBJERG’S curve as 2
foundation for the establishment of threshold values. Its range is divided
into four distinct intervals, viz: deficiency section, minimum levels, inter-
val of accumulation and a section of maximum values, NIEESEN, working
with grass, stresses that in actual fact only the chemical concentrations
within the deficiency interval and that of the minimum levels possess
Practical importance. In the subsequent interval no appreciable response
in dry matter production could be observed in relation to leaf concen-
trations, provided other growth factors were maintained at their optimuu.
BEssis pointed out that visual symptoms of deficiency may still occur in
this interval until eliminated by accumulation. This implies that nutrient
concentrations should be maintained within the interval of accumulation,
above minimum values associated with absence of visual symptoms.

- NIELSEN stresses that the nutrient levels must necessarily be considered
In conjunction with growth and development of the crop. Slight changes
in leaf concentrations during short intervals due to application of growt

factors or dilution and translocation effects are only of minor importance.
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Steeply decreasing values, associated with specific elements, concurring
impaired growth and rising levels of other nutrients indicate the immi-
nence of incipient and finally of visual symptoms of disorders. -

Bivariate approach

Essentially, the bivariate approach acknowledges the need to consider de-
hnite nutrient equilibria between 2 nutriens within the plant as 2 measure
to predict nutritional requirements. Introduction of these ratios has an
advantage in thatit partly reduces the effect of environment on the chemi-
cal concentrations: :

A definite close relationship has been established between nitrogen and
phosphorus (Prévor and OLiAGNIER 1956) in a large number of crops.
BEAusiLs applied ratios in his concept of “diagnostic foliaire” in rubber in
Vietnam., FERWERDA suggested the use of ratios in oil palm, as some of these
seem to be reasonably constant, irrespective of time. However, in Malaysia
SHorroCKS (1964) favoured the concept of critical concentrations, in spite of

the complex interrelationships which are known to exist in the latter
(Horianp).

Trivariate methods

LaGaru and MauME were the first to introduce the concept of intensity and
balance of nutrition between 3 elements, notably for calcium, potassium
and magnesium. Later investigators stressed the balance concept and did
not pay much attention to the intensity aspect with the exception of Lou#
(1953, 1957) working in coffee. The concept of the balance of the bases Ca, K
and Mg found general application in those crops where the sum of the
percentages of individual concentrations remained reasonably constant.
PrevoT and OrtaGNIER (1954, 1956) worked this out for oilpalm and coconut.
The trivariate method is used by French workers in particular, by Lagaru
and MAUME (1926, 1927, 1933) and Livy for grape vine, by Bouar for olive, by
Lout (1953, 1957) for coffee, and in combination with the univariate approach
for cilpalm and coconuts. Several minor variations exist on this general
theme. The concurrent use of the univariate and trivariate approach has
been found to give satisfactory resultsin a considerable number of crops.

Mudtivariate methods

The chemical concentration ofan
measure of expected growth and/
limiting performance.
ent factors mutually
Under such conditio
sion techniques on
able to evaluate a

utrient in a leaf may provide a sensitive
or yield, if that nutrient is the sole factor
This concept usually does not apply if other nutri-
interact or when non-nutrient factors are limiting.
ns LEYTON suggests the application of multiple regres-
35 many nutritional factors as possible, This author was
multiple regression equation relating nitrogen and potas-
ons in the leaf of larch trees to their height increments.

- Hecouldalsorelate the N /P ratio to this height,
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Horianp suggested the application of a fundamentally different multi-
variate method. This “principal component analysis” may include the
concentrations of all elements. Such a method of analysis would be at-
tractive, considering the large number of variables which influence the
performance of a crop. The variates are usually confined to the chemical
concentrations of the leaves on the one hand and the application of nutri-
ents on the other hand. The “principal components” themselves include
the principal axes of an ellipsoid which defines the space, occupied by the
scatter diagram of the original variates. The axes are expressed as linear
functions of the original variates.

4.5. EXPRESSION OF¥ RESULTS

This subject has been comprehensively discussed by Goopair and GREGORY.
Research workers may apply different methods. Expression on ash and on
dry matter is commonly used; the latter is most widespread. The simple
wet-ashing method of analysis may be in part responsible for the prefer-
ence of dry-matter expression. Sometimes units of leaf area of fresh weight
may be desirable as a basis for the expression of results. The use of oxides of
nutritional elements has been largely abandoned.

5. ANALYTICAL METHODS

51 LEAP ANALYSIS

The numerous methods developed for the chemical analysis of plant tis-
Sues can be broadly divided into two groups. Those employed for fresh
tissues are less appropriate in tropical countries in view of rapid changes in
readily soluble fractions under these conditions. The alternative method
Prevents tissue deterioration by a suitable drying process prior to analysis.
Except for Mg the determinations of N, P, K, Ca in dried leaf material,
employed in this investigation have been refined and adapted by VAN
SCHOUWENBURG from established methods, particularly in view of rapid
Toutine determinations and the use of simple instruments. These methods
are characterized by speed and simplicity; 6 major elements can be deter-
ined accurately in a single wet-digested sample. .
Large-scale testing in a routine laboratory, applying advanced instru-
Ments and semi-automatic, eléctrically - operated pipetting rna.chlne:s
?ho“’ed that the methods were suitable and satisfactory for foliar analylsm
In a variety of crops. The results demonstrated that a good compromise
tween accuracy and speed could be obtained. S
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For this investigation, only the major elements N, P, K, Ca and Mg have
been determined. Preliminary tests indicated that the concentration of Na
appeared to be in the order of 0.03%, which is of little importance. Calcu-
lations of contents of elements were carried out by computer IBM 16z0.

Essential points of the analytical methods are briefly summarized below.

Preparation of extracts

A finely powdered sub-sample is digested according to Lindner-Harley. In
the digest N, P, K, Ca, Mg are determined.

Nitrogen determination

An aliquot of the digest is subjected to micro-destillation according to
Kjeldahl. NH, is collected into a mixture containing boric acid and 6 drops
of methyl-red, and titrated with KH(IO3).

Phosphate determination

To an aliquot of the digest NHs-molybdate is added for the formation of
yellow hetero-poly-molybdenic acid, which in turn is reduced to a phos-
phomolybdenum blue complex. KSbOC,H,O and ascorbic acid are added
to stabilize the rapidly developing colour for at least six hours. Colour
intensity is measured by means of a Beckman spectrophotometer (900 mg).

Potassium and calcium determination

An aliquot of the digest is prepared for measurement in an Eppendorf
flame photometer against an appropriate standard series of solutions.
Propane is used as fuel for the determination of K, whereas acetylene is
employed for Ca. Measurement may be completed in the same solution
for both elements, taking suitable precautions against possible contami-
nation. As arule X is measured separately, as addition of LiCl, is required to
obtain a straight reference curve for calculation by computer. This reagent
tends to interfere with the determination of Ca.

Magnesium determination

An ali(_luot of the digest is diluted 1 1.4 with a mixture of 2 parts of iso-
propylic alcohol and s parts of water. After shaking, the magnesium

content is measured against a standard series by means of an atomic-
absorption apparatus, '

52, vf\RlA'rmN INTRODUCED BY LEAF PREPARATION
In this section attention is drawn to variations which may be introduced
after the actyal

collection of leaves. Work in other perennial crops has
sugge.sted the presence of several factors in this stage which affect the
chemical conce '

- c ntrations. With regard to these aspects the effect of succes-
stve treatments applied to the leaves was examined,
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s Cleaning of the leaves

Within 4-6 hours after collection the leaves arrived in the laboratory.
Cleaning of extraneous matter was considered essential as the upper leaf
surface in particular tends to collect dust during dry spells, whereas both
the upper and lower surface are exposed to splashing mud during periods
of frequent rainstorms. Two separate sets of 1o batches of homogeneous
leaves of each of 10 vines have been collected. Each batch was split at ran-
dom into two equal subsamples. In one set of batches wiping of the leaves
with moist cotton wool dipped in a solution of 0.2% Teepol was compared
with cleaning by a clean dry cloth. In the parallel set washing by fingersina
0.2% Teepol solution was compared with simple wiping with moist cotton
wool as before, Excess Teepol was removed by means of clean cotton wool
which had been moistened with distilled water, followed by dabbing with
a clean dry soft towel to remove excess water. Leaves were subsequently
packed in muslin cloth of appropriate size and dried at a constant temper-
ature of 70°C -4 1° in a force-draught oven for 48 hours, followed by analy-
sis. The results are presented in table 2.

The data show that none of the treatment effects attains significance for
any of the elements, With regard to this result, cleaning of the leaves with
moist cotton wool (0.2% Teepol) has been adopted for routine cleaning
procedures.

522, Removal of the midrib
Regular and continuous translocation phenomena in this conducting
tissue suggest a large patential source of variation.

Appropriate homogeneous leaf samples containing 2 X 32 leaves were
collected from each of 10 healthy vines and divided at random into two
sub-samples of equal size. The results are presented in tablez. _

There is a significant difference apparent in the content of calcium
(P= 0.01). Leaves including the midrib contain 10.5% more of this element.
(All the percentages related to differencesin concentrations should be con-
sidered as relative.) A reversed effect was observed for nitrogen; this was
significant at P = o.05. There was no difference in concentrations of phos-
Phorus, potassium and magnesium. The results indicate either the presen-
Ce or absence of the midrib in leaf samples. For convenience the midribs
have been included.

5:23. Drying temperature i
When dried leaves show a black or dark brown edge or surface, roastng
and concurrent loss of nitrogen is very likely to have occurred, A proper
drying temperature should strike a balance between drying speed and
Prevention of N loss, : i
_Aset of 10 appropriate leaf samples was collected from healthy, um_fo‘rrn
vines. Each sample was separated at random into 2 sub-samples contajlnmg
an equivalent number of leaves. One sample of each pair was dried at
33



TABLE 2
The effect of preparation of leaves on the chemical concentration of the major nutrients (% dr. m.)

Effect of: Nitrogen Phosphorus Potassium  Calcium Magnesium
§f§ cclfg:lﬂg 323 0.18 1.04 };(5) g:gtll
Moist cottonwoal 322 0.18 1.08 . > 0305
M 3225 0.18 1.06 1.7 - oall

= 0.09 0.006 0.05 0.09 -24
; 0.08 1.50 388 2.15 3-7%
C'.“V. 28% 33% 49% Si% l\iS
Significance NS NS NS N
Vet 0.34
Waj;hingngith fingers 3.14 0.15 1.66 :gg 0ot
Moist cottonwaol 315 0.15 1.67 .67 ot
Mean 3.14 0.15 1.665 L 003
g 0.12 0.005 007 0.15 0-00
Fur 0.14 0.40 0.13 0.44 By
Cv. 37% 3.4% 4.4% 9.2% biS
Significance NS NS NS NS
Leaf veins
Re{noved 2.51 0.24 1.76 2.08 g- ig
Not removed - 244 0.23 1.30 2.28 0- 8
Mean 248 0.235 178 2.16 Py

a 0.05 0.016 0.07 0.14 0-09
Fore 8.63 0.32 1.50 1477 3%
C.v. 20% 7.0% 3.8% 6.5% 1
Significance * NS NS T
Drying at 65°C 27
Drying at ne*C 2.63
Mean 2.68
Fre 644

i ' 0.14
cv. | 52%

Significance *
Storage

Immediate analysis 2.51
Analysis 1 year fater 251
Mean 251
b 025
C.Vv. : 10.0%
70°C 4+ 1°C, while its

partner was dried at mo°C £ 1°C for 2 x 24 consecutive
hours. The results for hitrogen are presented in table 2. d
_ €nce was found. The higher temperature depresse
the concentration of nitrogen by 3.2% as compared with drying at 70°C. In
this latter cage the leay

€ retained a dark green colour and were crisp when
3



TABLE 2a

Errors due to analytical methods
Effect of: Nitrogen Phosphorus Potassium Calcium Magnesium

Anaiytical error
Standard sample 1
Mean 3.62 0.33 333 0.93 0.27
o 0.05 0.010 0.09 0.01 0.020
CV. 1.5% 3.0% 2.7% L3% 14%
Analytical error
Standard sample 2
Mean 2.58 0.17 1.71 1.76 0.28
¢ 0.02 0.008 0.04 0.02 0.015
C.v. 1.1% 47% 2.3% 1.3% 54%
Analytical error
Standard sample 3 :
Mean 1.19+ 0.13 0.61 0.18+ 0.05+
g 0.02 0.002 0.001 0.01 0.006
C.v. 1.8% 1.5% 16% 7.2% 120%

Presence of characteristic symptoms.

Fatr = F value for stratification
C. V. = Coefficient of variation
NS = Not significant
* == Significance at P = 0.05
** = Significance at P = 0.01

drying was completed; in contrast, leaves dried at 110°C displayed a brown
discolouration frequently accompanied by coal-black margins.

324, Losses upon storage

Hygroscopic absorption by dried leaf material may initiate break-down
processes, resulting in loss of N. Information on the effect of storage unde'r
conditions of excessive humidity and relatively high temperatures in tropi-
cal low-land, with respect to the concentrations of N was therefore con-
sidered important,

A study was carried out on 16 leaf samples which were randomly selecFed,
dried at 70°C and finely powdered. Each of these samples was analyzed im-
mediately after grinding. The remainder of the powdered material was
transferred to glass specimen bottles with ordinary tight-fitting corks.
These units were stored for 1 year under adverse conditions of humidlr.y
and temperature, on a shelf in a laboratory cupboard. At the end.of this
period, a second sample of each of the units was analyzed, employing the
same analytical methods as before. The results are presented in table z.

The data showed that there is no significant difference between the
Content of nitrogen immediately after drying and that found one year
later, Apparently, closed specimen bottles were sufficient to prevent
deterioration of eaf material and loss of N.
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The space occupied by these glass specimen bottles with the risk of
breakage, particularly when shipped over long distances constitutes major
disadvantages. Instead, polyethylene bags 8 X 12 cm in size and o0.07 mm
thick were employed successfully. After transferring hand-crushed leaves
from the muslin drying bags to the polyethylene bags the ends were sealed
air-tight. Packed and stored in darkness the material retained its original
dry colour for a considerable period.

Itappears that retention of the main vein, wiping with moist cotton wool
in Teepol, drying in muslin bags at 70°C and storage in polyethylene bags
provides asuitable procedure for the preparation of leaf samples.

5.3. S50IL ANALYSIS

The soil in the investigation was subjected to chemical and mechanical
analysis. Potential nutrient supplies were examined for their immediately
available contents of nutrients as well as for their reserves to obtain an
estimate of their chemical potential. In addition other standard charac-

teristics have been determined to describe the natural fertility status of the
soil,

Mechanical analysis

A sub-sample of soil was pretreated with sodium-pyro-phosphate to segre-
gate the aggregates into single particles. Subsequently individual particles
of a size > 50 . are separated from the silt and clay fraction < sou.The
coarser fraction is subdivided into a portion containing particles > 200 gz and
one ranging from 5o . to 200 , by means of a set of appropriate standard
sieves, The fraction < so . is separated by applying a pipet analysis.
Chemical analysis '
An extraction procedure using boiling 25% conc. HCl for a period of 3 hours
has been employed for the determination of nutrient reserves. Available
nutrients have been determined by a standard extraction with Morgan-
Venema solution (Na-acetate aceticacid PH 4.8; suspension 1 :2.5). Bases and
phosphate have also been determined in saturated soil extract,

Ot%ler soil characteristics included the determination of the pH in water
and in KCl, organic matter content by the method of Kurmies, using
chromic acid, the cation exchange capacity by slow percolation with 0.5 N

ammonium acetate solution, P retention, X retention under dry and moist
conditions, llme-requirement, and the pF curve .
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6. THE SAMPLING PROCEDURE

To obtain a leaf sample which adequately represents the nutritional con-
dition of a crop a standardized sampling procedure should be worked out.
A representative sample contains well-<defined leaves which are present at
the appropriate time in sufficient quantities. Ideally, these leaves should be
. Particularly sensitive to changes in soil nutrient conditions and reflect
these accurately in their chemical composition. Concurrently, the various
effects of other factors on nutrient concentrations should be small or
negligible. Part of the influence of these latter types of variation may be
climinated by suitable stratification, sampling of a physiologically uniform
population and employing standardized methods of preparation and a-
nalysis of satisfactory accuracy and precision. '

The first 2 of these aspects have been investigated by examining the
following sources of variability: '
4. Variation due to position, age, size, presence of petiole and thickness of

leaves and changes due to daily variations and weather effects.
b. Error introduction during sampling.
¢. Variation introduced by seasonal influences throughout the year. -
d. Variation related to the number of leaves, number of plants, represen-
tation of the sample, ete.. _ _ ' _

_ Inaddition, comparable leaves from plants with a different age may differ
in their composition; in the current work, the results are limited to those
of mature producing vines in which the variable “age” is eliminated.

All statistical procedures in this work have been carried out with refer-
ence to SNEDECOR. . ' S o

6.I. VARIATION OF CONCENTRATIONS DUE TO POSITION, AGE, PETIOLE,

ETC. o
6..1. Preliminary sutveyof N, P, K, Ca and Mg . e P
The effect of Jeaf age, type of branch, portion of the vine, presence of fruit
2nd of the petiole on the contents of nitrogen, phosphorus, potassiun,
calcium and magnesium was examined. The following comparisons were
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arranged in a split-plot design with a total of 240 observations for each

contrast.

. A. Branches of higher order versus the main branches directly emerging
from the stem nodes, and secundary branches.

B. Presence versus absence of fruit spikes on the branches.

C. The youngest mature leaf versus the next mature leaf (the latter is
defined as the 15t older mature leaf).

D. Presence versus absence of petiole.

E. The upper 4 ft of the vine versus the middle section of 4 ft versus the
lower portion of 4 ft (T1, T2, Ty).

The experimental vines were apparently healthy, vigorous and uniform
in appearance with fruit, and located within the same soil type in close
proximity to each other. The canopy supported abundant foliage so that
the ratio leaves removed/leaves retained is low, as is the case in all sub-
sequent work presented in this chapter. Separate plants received the same
treatment prior to the experiment. There were 5 replications. Fach sample
was collected between 7 a.m. and 12 noon on the same day and consisted of
32 leaves collected equally frequently from the north, east, south and west
quarter aspect of the plant. Before the sampling took place, the wheather
was dry and overcast and there had been no rain within 24 hours. In this
context it may be mentioned that in all subsequent work vines were not
sampled whenever rain was falling, within 24 hours after rainfall or when
the foliage was not dry. As often as possible samplings were carried out
under similar weather conditions.

After sampling individual leaves were prepared according to the es-
tablished procedure.

The analysis of variance is presented in table 3. The results of individual
treatment comparisons are given in table 4. The data show that there is no _
significant difference for any of the 5 elements with respect to the top,
middle and bottom portion of the vine. Other salient points of the results
arediscussed in the following paragraphs.

A small significant difference for N was found for the treatments B, C
and D, but not for treatment A, The main branch and removal of the
petiqle depressed leaf N. The content of this element in leaves located on
fruiting branches and the N concentration in the youngest mature leaf
was significantly higher than in those from non-fruiting branches and in
thta 1st older mature leaf, respectively. Only a single interaction in the
::fcdle section (T2), “with fruit x section of the vine” attained signifi-

€.

‘Leaf Pis slightly higher when there is no fruit on the branch. Similarly,
the youngest mature leaf contains more of this element than its counter-
part. T%le P levels in leaves located on side branches, and in the case when
the petioles are present, appear also to be slightly higher than in the leaves
of the. corresponding contrasting positions.

Positional differences appear again to be small for potassium. Absence or
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TABIE 3

The results of the analyses of variance of the preliminary survey work

Treatments Degrees Nitrogen Phosphorus Potassium Calciun Magnesium
of freedom

sum of  variance sum of variance sum of variance sumof  variance sumof  vatiance

squares squares squares squares squares
Replicates 4 10,426.00 29,491.00 6,003.60 27,088.00 56,132.00
Ty, Tz, Ts. 2 1,509.00 754.00 10,544.10 527205 28870 14435 1,370.00 683.50 23,641.00 11,820.30
Errorrest 1 8 7,185.00 898.00 14,201.90 1,775.24 1,161.60 14520 6,127.00 T766.00 101,229.00 12,653.50
A 1 462,03 462,03 6,657.00 6,657.06* 2.076.81 2,076.81* 12,427.20  12,427.20** 14,014.81 14,014.81**
AT 2 2,026,57 1,013.28* 5,854.15 2,927.08 83.60 4430 8.06 4,03 417.36 208.86
Error rest 2 12 2,210.38 184.20 12.674,77 1,056.23 2,288.17  190.68 10,650.76 887.56 2526445 2,122.04
B 1 1,246.70  1,246.70* 445481 4,454.81** 1,144.06 1,144.06** 2370093 23,700.93** 40,508.01 40,508.01*
BT 2 1,762.90 881.45* 1,584.80 79240 31580  157.90 1,271.10 635.55 1,077.44 538.72
AB 1 65.10 65.10 967.06  967.06 18026  180.26 262.50 262.50 2,076.81 2,076.81
Error rest3 26 3,196.28 122.89 12,067.21  464.12 2,663.25  102.43 12,136.43 466.78 61,496.74 2,365.26
C 1 12,168.50 12,169.50* 4,681.66 4,681.66* 627.26 62726 6,191.50 6,191.50* 3,067.35 3,06735
CT 2 28.30 14.15 01480  457.40 90.40 45.20 1,202.44 601.22 1,537.20 768.60
AC 1 73.70 73.70 59535  595.35 52.26 52.26 171.70 171.70 25215 252.15
BC 1 127.60 127.60 336.06 336.06 10935  109.35 2.20 2.20 093.75 93.75
Error rest 4 35 5,519.87 100.36 9.270.80  168.56 2,904.40 52.80 12,500.15 22127 7942055 1,442.19
D 1 210,93 210,93 777.60  777.60* 8.06 806 7,161.33  7,161.33* 40.01 40.01
DT 2 23.72 11.86 322.52 16126 10.50 525 372.10 186.05 2,373.22 1,186.61
AD 1 11.70 11.70 109.35  109.35 9.60 9.60 262.50 262.50 50.41 50.41
BD 1 3760 37.60 12326  123.26 375 3.75 817.70 317.70 135 1.35
CD 1 17.60 17.60 79.35 79.35 2.01 201 279.50 279.50 4,284.15 4,284.15
Error rest 5 114 5,250.42 46.05 . 17,486.90  153.39 5,121.05 44,92 27,267.85 239.19 145,727.85 1,278,31
Total: 239 : : -

* Significance

at

P = 0.05

** Significance

at  P=001
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presence of petioles has no apparent effect on leaf X. Leaves obtained from
branches which are bearing fruit, and the mature leaves appear to contain
more K than their respective contrasts. On the other hand, leaves collected
from the main branch have apparently a lower K level than those obtained
from side branches.

In contrast to the 3 preceding elements the differences in concentrations
of Ca are relatively large. The contents are at their highest in the mature
leaves, in leaves on the main branch, in the absence of petioles and in leaves
obtained from non-fruit bearing branches. Presence of fruit apparently
reduces the Ca concentration by approximately 8%; this value is 6% in the
case of main and side branches, and 5% for leaves and petioles.

Fruit depresses leaf Mg by approximately 7%, whereas the concentration
of this element is higher by 10% in leaves located on the main branch. Both
differences are highly significant. None of the other 2 comparisons showed
any appreciable effect.

Significant differences which have been observed for the 5 individual
elements occur at least twice within each of the comparisons. This indicates
the need for stratification to prevent the introduction of undue error.
Thus, intact leaves of a particular physiological age group should be col-
lected from strictly defined positions on the lateral branches whenever
representative leavesare required as indicators of the chemical composition
of the plant. The absence of differences between the top, middle and
lower section of the vine suggests that for all practical purposesand for
convenience the lower 2/5 of the canopy may be sampled without intro-
ducing undue error. Petioles should either be absent or present.

The apparently high power of discrimination of differences between
Contrasts may be attributed to the considerable number of observations

included in the computations, and to the precision of analytical methods
(table 2). ‘

6.1.2. Principal work

Further to the preliminary results the influence of a number of variables
h.:we been the subject of more detailed examination, A system of replicated
simple comparisons of 2, 3 or 4 selected alternatives of the same variate has
been employed. Other variates were kept constant. Interactions could
not be measured but this Was not considered a major disadvantage as
It V.vas_shOW.n in the Pfeliminal'}’ trial that only 1 out of 50 possible inter-
actions attained significance. On each occasion the same predefined leaf

population was employed for sampling. ; .
strictly standardized (Ch, 5. mping. Freparation and analysis were

6121 The sampling population

g;gl.pact grouPs of 10suitable experimental fmitbeﬁrmg vines were selected
earau:zcznl: sl eype. The'?e primary sample units were uniform in ap-
p ut not necessarily healthy; the vines were of the same age. A
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Tane4

Means of individual treaments (% dr. m.)

4

A B C D
T Ta T, Main  Side With No Older Young Petiole No
branch branch froit  -fruit leaft  leaf} petiole
Mean values 267 271 272 269 272 273 268 263 27 271 269
o 0.30 014 0.11 0.10 0.07
N. C.V, 11.1% 51% 41% 7% 2A4%
S.E. between means 0.05 0.018 0.014 0.013 0,009
Significance NS NS Sex . Sex S*
Mean values 0209 0200 0.194 0.196 0.206 0.197 0.206 0.197 0206 0203 0.198
o 0.042 0.033 0.022 0.013 0.012
P. C.V 20.9% 16.2% 10.7% 6.6% 6.2%
S.E. between means 0.007 0.004 0.003 0.002 0.002
Significance NS s* Sex S i
Mean values 132 133 1M 130 136 135 131 135 132 133 1.33
G 0.12 0.14 0.10 0.07 0.07
K. C.V. 9.0% 10.4% 7.5% 5.5% 5.5%
S.E. between means 0.02 0.018 0.013 0.009 0.002
Significance NS L S Sk NS
Mean values 240 243 245 2.50 2.35 233 232 248 237 237 248
6 0.28 0.30 0.22 0.15 0.15
Ca CWV. 11.0% 124% 8.9% 6.2% 6.2%
S.E. between means 0.04 0.039 0.029 0.02 0.02
Significance NS S i S Sex
Mean values 0270 0287 0203 0.291 0.276 0270  0.296 0280 0.287 0.283 0.284
a 0.113 0.046 0.049 0.033 0.036
Mg. C.V. 41.9% 16.3% 17.2% 13.2% 12.6%
S.E. between means 0.018 0.006 0.006 0.005 0.005
Significance NS S i NS NS
C. V. = Coefficient of variation + Mature * == Significance at P = 0.05 NS = Not Significant

8.E. = Standard error ** = Significance at P = 0.01



The influence of a number of major variables on the chemical concentration of
nutrients in the pepper leaves (% dr. m.)

TABLE 5

Effect of: Nitrogen Fhosphorus Potassium  Calcium Magnesium

Tnsolation
Sunshine 332 0.18 1.0 1.93 029
Shade 3.32 0.20 1.38 1.74 0.29
Mean 332 0.19 1.23 1.83 0.29
] 0.12 0.009 .15 0.22 0.019
Fote .00 9.94 19.63 376 (.00
C.V. 3.6% 4.7% 12.2% 12.0% 6.6%
Significance NS * e NS NS
Leaf age
Youngest mature leaf 2.80 0.23 0.80 1.9 0.24
Second mature leaf 2.88 0.21 0.71 1.93 022
Third mature leaf 2.81 0.19 0.72 185 0.19
Mean 2383 021 0.74 1.92 022
G 0.055 0.008 0.13 0.10 0.014
Fyte 7.30 59.80 1.65 5.56 23.80
C.V. 1.9% 3.8% 17.5% 5.2% 6.4%
Significance ** *x NS * **
Leaf size
Normal size 3.24 0,19 1.26 1.85 0.20
Small size 3.0% 0.19 122 195 0.20
Mean 316 0.19 1.24 1.80 0.20
o 0.06 0.006 0.04 0.13 0.008
Fatr 32.40 0.53 3.30 3.02 3.09
C.V. 19% 32% 32% 6.8% 40%
Significance il NS * NS NS
Number of leaves
4 leaves 2.80 0.14 1,79 1.72 0.35
32 leaves 2.34 0.14 1.82 1.68 0.35
128 leaves 2.80 0.14 183 1.74 0.35
Mean . 282 0.14 1.81 1.71 .35
a 0.07 0.010 0.06 0.11 0.027
7 0.92 0.18 0.39 0.63 0.10
C.v. 2.5% 7.1% 33% 6.4% 7.7%
Significance NS NS NS NS NS
Time of sampling .
13% am, 2.96 0.16 0.61 1.94 0.26

1.00 a.m. 2.86 0.13 0.53 2.01 0.27

4-00 p.m. 288 0.17 0,67 195 0.28
M‘ pam. .79 0.17 1.16 1.99 0.29

ean 2.87 0.17 C 074 197 0.27

Ic: 011 0.020 - 019 0.16 0.030
CE.“V gg% 1.23 22.72 0.46 1.55
Significance x Ilqlés% ] 23;7% iljé% 1;:;%
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Table 5: Continued

Nitrogen Phosphorus Potassium Calcium Magnesium

Effect of:

Leaf thickness

Normal thickness 2.68 0.16 141 2.15 0.32
Thin leaves 2.84 0.16 185 1.82 0.31
Mean 2.76 0.16 163 1.99 0.32
i 0.14 0.01% 0.15 0.12 0,036
Fyte 6.36 0.94 42.58 40.43 0.49
C.V. 52% 6.7% 52% 59% 11.3%
Signj_ﬁ(;ance * NS ok *k NS

* = Significance at P = 0.05
** — Significance at P = 0.01
NS = Not significant
C. V. = Coefficient of variation
Py = F value for stratification

basic sampling population was defined in accordance with criteria as sug-
gested by the results of the preliminary work (c.f. diagram):
a. First older mature leaves with petiole from fruitbearing higher order
branches only; leaves from the lower 2/3 of the vines.
The leaves also answered to the following preselected standards:
b. Similar average size, normal thickness, exposure to sunlight.
mogeneous leaves in

In practice, only this sub-sampling unit provides ho
adequate amounts.
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TARLE 6

The influence of the stem on the chemical composition of nutrients in pepper leaves

Effect of: Nitrogen  Phosphorus  Potassium Calcium  Magnesium
Treatment 1.
Stemn 1 2.91 0.21 211 1.50 0.13
2 2.67 0.17 1.83 1.37 0.09
3 2.64 0.17 1.88 1.25 .10
Mean 2.78 0.18 1.96 1.37 0.1
6 0.63 , 0.060 0.68 0.49 0.043
Fetr 0.26 0.89 0.26 0.48 1.25
C.V. 227% 333% MTE 35.8% 39.1%
Significance NS NS NS NS NS
Treatment 2.
Stem t 2.89 0.18 2.18 2.30 0.13
2 2.86 0.19 2.08 2.64 0.13
3 298 0.18 221 2.64 0.12
Mean 291 0.18 2.16 2.52 0.13
a 0.13 0.014 0.09 0.35 0.012
Py 175 0.72 35 212 1.78
C.V. 4.5% 7.8% 4.2% 13.9% 9.2%
Significance NS NS NS NS NS
Treatment 3.
Stem 1 2.80 0.22 2.01 1.57 0.13
2 2.9 0.19 2.05 1.43 0.13
3 2.87 0.20 1.94 1.48 0.13
Mean 2.85 0.21 2.00 1.49 0.13
5 0.15 0.026 0.16 0.11 0.024
Fae 0.69 2.06 0.81 3.33 0.23
C.V. 53% 12.4% 8.0% 7.4% 18.5%
Significance NS NS NS NS NS
Treatment 4,
Stern 1 2.79 0.21 1.94 1.65 0.15
2 281 0.21 185 1.58 014
" 3 275 0.20 1.96 153 0.16
ean 2.78 0.21 192 1.58 0.15
; 0.15 0.025 0.16 0.14 0.027
ate 029 038 0.93 123 1.29
C.V. 5.1% 11.9% 33% 89% 18.0%
Significance NS NS NS NS NS

Futr = Fvalue for stratification
C. V. = Coefficient of variation -
NS = Not significant
* = Significance at P = 0,05
™ = Significance at P = 0.01
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Table 6: Contimed

Treatment 5,
Stem 1 2.72 0.22 192 1.64 0.15
2 2.69 0.21 1.85 1.49 0.15
3 © 285 0.18 .91 149 0.15
Mean 2.75 0.21 1.89 1.54 6.15
s 0.14 0.030 0.23 021 0.036
Fr) 2.80 3.27 0.15 123 0.01
Cv. 5.1% 14.3% 122% 13.6% 24.0%
Significance = NS NS NS NS NS

Forr = F value for stratification
C. V. = Coefficient of variation
NS = Not significant
* = Significance at P = 0.05
** = Significance at P = 0.01

6122 Methods of examination .
The influence of thickness and size of leaves, shade, physiological age, ttime
of sampling and of 3 different stems, on chemical compositions was exam-
ined separately. The following contrasts were compared:

a. Small leaves versus leaves of average size.

b. Thin leaves versus leaves of normal thickness.

¢. Sunshine versus shade.

d. The youngest mature leaf versus the st older mature leaf versus the
_ and older mature leaf.

€. Stem 1 versusstem 2 versus stem 3.

£ Samplingatya.m.,10a.m., 1 p-m.and 4 p.m. '

To study the effect of each component of a contrast, 32 Star.id.ard lea:ves
were obtained from the basic sampling population on each individual vmei
This was followed by collection of an equal number of leaves of & paralle
Population on the same vine in which only the relevant component was
substituted by its contrast(s). There were 1o replicates in all. '

Leaves for treatments a, b, c,d and e were collected between 7 and 10 a.rrii
and in all cases a — f equally frequently from the north, east, south aI;;s
West quarter aspects of the vine. Collection was carried out at least."' wee

t fertilizer application when probable effects of increased nut_nent duf-
take on variability of the chemical concentrations may be considered to
have largely subsided. Suitable leaves were abundantly present each time
of sampling to allow random collection within the defined pOPuIanon.'
The results of analyses are presented in tablessandé. ©
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6.1.2.3. The effect of leaf size

Differences in leaf size may affect the nutrient concentrations in the tissue.
Markedly small leaves and leaves of normal average size were collected.

The data demonstrate, that the concentrations of nitrogen and potas-
sium are significantly higher in normal leaves. In contrast, leaf Ca and leaf
Mg show a tendency to be higher in small leaves, but this effect did not
attain significance. There was no effect of size on leaf P.

6.1.2.4. The effect of leaf thickness

This aspect was studied by comparing leaves of normal, average thickness

with markedly thin leaves present in the same vine canopy. The results are
presented in table s.

Significant differences were observed for nitrogen (P = o.05) and for
potassium and calcizm at P = o.or. There was no appreciable effect of
thickness of the leaf on the concentrations of magnesium and phosphorus.
Increasing thickness depressed N and K concentrations by 6% and 24%
tespectively, but that of Ca rose by 19%.

6.1.2.5. The effect of time of the day

Physiological and metabolical processes in plants are subject to a daily
change. Consequently, this source of variation is likely to influence the
nutrient composition of the leaves. For this study leaves have been col-

lected at 7a.m., 10a.m., 1 p.m. and 4 p.m. respectively. Analytical results are
presented in table 5.

The data show the presence of a difference in concentration only for N
and K in leaves collected at 7 a.m. compared with those collected at 4 p.m-
This is significant at P = 0.05 and o.01 respectively. The concentration of K
remains unchanged from 7 a.m. to 1 p.m., but it shows a sharp rise of 72%
from 1 p.m. to 4 p.m. In contrast, the results of nitrogen reflect a gradual
decrease from early morning to late afterncon, which is just not significant
from 7 a.m. to 0 a.m. The daily change in concentrations of P and Ca ap-
pears negligeable, There appears to be a tendency for a systematic rise of
the Mg level towards late afternoon, but it does not attain significance.

6.1.2.6. The effect of sunshine and shade

Planjc me'tabolism. growth and production depend for a major part on the

efficient interception of sunlight by the leaf surface. The period of exposure

may affect the chemical concentration of nutrients in the leaf tissue. Leaves

have been collected, which had been normally exposed to sunlight
46



throughout the day. Similarly, samples were collected from the same
vines, containing leaves from deep-shade positions inside the canopy. The
results of analyses are presented in table s.

The data show a significant reduction of the P concentration when
leaves are exposed to sunlight. A similar, but more pronounced efect can
be observed for the K concentration in exposed leaves. Leaf K is lower by
2% compared with leaves obtained from deep shade. There appears to be
noeffect on the concentration of N and Mg. Leaf Ca displays a tendency to
arising level in exposed leaves without reaching significance.

6127, The effect of leaf age .

The preliminary study showed a significant to highly significant differ-
ence between the arbitrarily selected youngest mature leaf and the st
successive older leaf for nitrogen, phosphorus, potassium, calcium, buF not
for magnesium. A second study was initiated to establish possible differ-
ences between the youngest mature, the 1st successive mature and the 2nd
Successive mature leaf on the same branch. Particular attention was paid
to the significance of the difference between the “older” mature leaves, in
view of pooled sampling, The 3 appropriate leaf samples were collected

from a single branch at the same sampling time. The analytical results are
Presented in table 5.

The data indicate a relatively mild, depressive effect of aging on the con-
¢entrations of N, P, Ca and Mg. Leaf N appears to be significantly higher in
thesecond leaf, There was no apparent influence of age on leaf K. Generally
Speaking, differences did not exceed 10%.

- Except for Ca these results do not essentially contradict those of the
simtt variates in the preliminary study, particularly when taking into
consideration that leaf sampling for the two studies was carried outin May
and_ December respectively, during fundamentally different physiological
Petiods of the crop, in two different years and using producing vines of
crent vegetative health located on basically different soil types. The Ca
anomaly may be attributed to an “antagonism”.
The data sy

ggest that all 3 types of leaves have already attained the zone
of relative st

onset of ability of concentrations (Wer, PrEvOT) coinciding wit_h the

s r'(? Senescence (Bessis). The development of early senescence is not

CQ;P lsufg if one considers the actual conditions of crop nutrition and the
Comitant nutrient demands.

ca;re}sle. PreslenCe of only small differences does not imply in this or in other
conc 0 this work that as a consequence the different types of the‘Ieaves
6 érhed may be pooled for sampling purposes. It will be shown in par.
42 that the acrya} degree of significance is decisive for application of

arti X ;
particular stratifications rather than the magnitude of the difference
tWeen strata, _
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61.2.8. The effect of different stems

Observations on the foliage behaviour following partial destruction of

the root system suggested the presence of apparent obstruction of water

supply and nutrients to that one of the 3 stems which maintains vascular
connection with the affected roots. Hence, variable fertilizer concen-
trations near the roots may result in an irregular nutrient distribution
pattern over the leaves.

To study the effect of nutrient location on distribution a twofold ap-
proach was made:

a. Fach of the 3 leaders of each of 7 homogeneous
healthy vines was sampled.

b. In each of 5 blocks accommodating 7 vines an ample
standard dose of fertilizer was placed in 5 different
positions as follows:

1. In 2 bands, approximately r m in length, 10 cm wide,
and 10 cm deep, which are located in a tangential
fashion at the edge of the mound, somewhat parallel
to the direction of the underground stem.

2. In a 3/, circle, 10 ¢cm wide and 10 cm deep, located
tangentially at the edge of the mound, beginning
and ending at a distance of 25 cm from the under-
ground stem.

3. As for (5), but left side only, when facing the under-
ground stem.

4. As for (3), but fertilizer and furrow at the opposite
side.

5. As for (3), but the furrow is shifted g0 in a clockwise
direction.

In this fashiop the effect of nutrient location of leaf concentrations could
bc? (‘:omprehensively studied. It is of practical importance to be able to
distinguish between the influence of the 5 most common methods of
fertilizer placement on the nutrient distribution in the vine, as the system
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of placement may vary from location to location in commercial pepper
gardens.

Appropriate samples were collected from 7 replicates in all. In this study
the sample standardization could not be strictly adhered to, for example
with respect to the aspect of the vine. The results are presented in table 6.

According to the data, the expected presence of asymmetrical distri-
bution of nutrients in the foliage is not substantiated. The supply of
nutrients to the extremities of the canopy appears to be well-balanced,
irrespective of the location of the fertilizer around the vine.

6.1.3. The analytical error

The preceding tables show that the relative standard error per observation
varies from 2 to 25%. A part of this is due to errors introduced by analyses,
and in order to obtain information as to their magnitude 29 and 30 sub-
samples were drawn at random from 2 different leaf samples. The samples
were analyzed for N, P, K, Ca and Mg according to the adopted procedures.
The results are presented in table 2a.

The data indicate that variability due to analyses may increase consider-
ably when leaf concentrations decrease toward lower levels in the case of
N, Ca and Mg. This implies that analyses on leaves with concentrations
near deficiency levels may have a somewhat reduced precision. .

The magnitude of the analytical error expressed as the coefficient of
variation varies from 1.5-2.5% for K and from 1.5-5.0% for P, irrespective of
tissue concentrations of these elements, In contrast, that of Ca showts
2pproximately a sixfold increase when the concentration of this element is
reduced 5 to 10 times; the error for Mg tends to double at 2 fivefold de-
trease of tissue concentration, whereas at twofold increase of leaf N, the
ertor is reduced by half.

Bearing in mind the range of concentrations in tables 2, 4 and 5 it may be
Seen that the mean analytical error of table 7 applies to the estimation o
the proportion from the total variance which is due to analytical errors. It

TABEE 7
N Analytical error and unaccountable variation
wnge of Ni i Calcium Magnesium

<o : Itrogen Phosphorus Potassium
Ranncmnatmm 252-311% dr. m. 0.16.023% dr. m, 0.78-1.05% dr. m. 1.56-2.40% dr. m. 0.15-047% dz. .

8¢ of sty 014-0.036
eviationg (cgd”d 0.055-0.15 0.008-0.03 0.09-025 0.10-0.22 0.0
“Eananal N )
Rosymmp s CLETEOr (0) 0.0 0.016 0012
:stmp"“mspresmt() N 0.04 |
m]ytic : K %
ofmmmme 4-30% 5.577% 4208 <2.5% 11-73
%“llacco

untgh) . 89-27%

Wm% 94.5-23% b80E . >97B
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appears that this type of error accounts for 2. 5-77% of the total variance. For
phosphate the entire variation may occasionally be equal to the analytical
error. These data show that generally the analytical techniques may be
considered to be of sufficient precision. The complementary fraction
within the total variance, the sampling error, amounting to some 97.5-23%
of the total variation may be attributed to unaccountable influences due to
differences between vines, between leaves, differences in soil environment,
micro-climate, sample preparation etc. The order of importance agrees
with that found for coffee (Ropinson and Fresman) and oilpalm (Brors-
HART, 1955).

6.1.4. The sampling error

6.14.1. The error of bulk sampling

In foliar diagnosis sampling of individual plants is usually considered im-
practicable. Instead, bulk sampling of a smaller or larger proportion of a
crop area is preferred. In this procedure the sample error of the composite
samples appears to be of major concern. The error of the concentration of
an element in a single bulk sample is related to the standard deviation of
the mean of concentrations of the individual sample units. In statistical
terms, this relationship may be formulated by oz = 6z/4/n.

¢z = standard error of bulk sample,

o = sample standard deviation for participating units,

n = number of units involved.

6z in the formula may be read as the “bulk sampling error”, which is
defined as the apparent difference between the population mean and the
sample mean. Thus, “bulk sampling error” = s,/+/#. (s, = best estimate
of ¢z). If a safety margin is required with respect to the reliability of the
results, a specified level of confidence may be selected, and the appropriate
value for Student’s “#* may be introduced into the formula. Thus the per-
mitted bulk sampling error finally becomes: £ x s,/+/2.

When values of s; can be estimated from appropriate sources, and suit-
able limits of accuracy are prescribed, acceptable estimates can be calculated
of the number of sampling units that should be included in a bulk sample,
under the prevailing conditions, to represent the chemical composition of

- the plant population within the range of required accuracy.

To obtain information on the bulk sampling of pepper vines, the stan-
dard deviations have been computed for the concentrations of N, P, K, Ca
and Mg of 8o randomly selected plants from a visually homogeneous group
of 400 individual vines. Each sample was collected from a single vine, and
included 32 leaves, which were picked at random from the predeﬁned
population on the canopy. The results of analyses are presented in table 8;
the bulk sampling error is given, expressed in terms of ¢ and as a percent-
age of the mean.

The data show that the errors of bulk sampling for P, Ca and Mg are of
the same order, irrespective of elements. For N this error is smaller by 50%
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as compared with P, Ca and Mg, whereas it is 3-4 times as high for X with
respect to the same elements,

A minimum accuracy may also be considered as the maximum “permis-
sible bulk sampling error”. Bearing in mind an analytical technique with a
precision of some 5%, with extreme values to some 0%, a “permissible
error” has been arbitrarily set at 10%. According to table 8 and assuming a
probability of P = .05, this limit requires the bulk sampling of some 1
vines out of 8o for N, P, Caand Mg and of 7o vines if K isincluded. Increasing
the boundary condition to 15% would entail reduction of the number of
sampled units from 7o to 30 vines.

The coeflicients of variation of the group of 8o vines were considered
with respect to those for corresponding elements in 4o batches of 10 vines.
Each lot of ten was obtained at random from different groups of some 400
visually homogeneous vines. The appearance showed a great variation
between groups with respect to nutritional and physiological condition.
Sampling was carried out at random times within the period of fruit de-
velopment. it was observed that the coefficient of variation for K did at no
time exceed that found in the group of so. In contrast, there was a large
variability for N (CV = 10%), for P (CV = 34%), for Ca (CV = 30%) and for
Mg (CV = 26%). With due regard to their origin these values, and that for K
in the group of 8o, may be considered close to the maximum, for all
practical purposes. The minimum number of vines to sample at a permis-
sible error of 1% can be computed at a specific level of confidence by
systematically introducing different values for 4, The results at P = o.05 are
presented in table o.

The data show that in practice, no more than so to 6o vines should be
sampled to provide an estimate of the mean values of N, P, K, Caand Mgin
order to represent those of the plant population to within 10% at P =~ o.05.

6.14.2. Reduction of error

From a practical point of view, grouping into 6 categories (see section
6.1.2.2.) renders routine sampling more complicated and lJaborious with each
further subdivision. Therefore, it would be of considerable interest to obtain
some measure as to the actual efficiency of each individual classification or
combination of several classes. Apart from the absence of mutual inter-
ference amongst classes (no interaction), fundamental to the method of
computation is the fact that the measurement of the effect of individual
categories is made after repeated subdivision has been carried out into the
other 5 categories, Thus, the standard leaf population is the same, when the
effect of each class is measured. Each category was replicated 1o tinaes.

As a measure for sampling efficiency the ratio of

62 + C2pap @)
62 4~ 62rep+- (sttr)i
has been introduced for each of the 5 major elements. The appropriate
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TadIE 8
The variability of N, B, Ca and Mg of s apparently healthy vinies within on type of soil

Standard Standard Error of
Elements Number of  deviation error of Coefficient bulk
vines (1) (a) the mean of variation sampling
o
Nitrogen 80 0.17 0.02 5.5% 0.6%
Phosphorus 80 0.020 0.002 11.2% 1.3%
Potassium 80 0.52 0.06 39.9% - 4.5%
Calcium 30 0.21 0.02 11.7% 1.3%
Magnesium 80 0.034 0.003 11.8% L3%
TABIE g
The influence of the number of vines, included in @ bulk sariple on the magnitude of the sample error at a
probability level of 0.05
Sample error (%)
Number of vines Nitrogen Phosphorus Potassium Calcium  Magnesium
i0 4.5 3.9 331 9.7 9.7
A 2.6 5.0 18.7 5.5 56
30 2.0 4.0 14.7 43 43
40 13 34 12.7 37 3.7
50 15 3.0 11.2 3.3 33
60 14 2.8 10.3 3.0 3.0
70 13 . 26 9.6 28 28
80 1.2 24 8.7 2.6 2.6
90 1.2 23 8.4 24 24
100 1.1 21 3.0 23 23
Coeflicient of variation . i
observed in 80 vines 5.5% 11.2% 39.9% 11.7% 11.8%
Number of vines
10 7.2 24.6 33.1 21.3 i8.8
20 5.0 172 18.7 15.0 13.2
30 4.1 14.1 147 12.3 10.8
40 3.6 122 12.7 10.6 9.4
50 3.2 10.9 11.2 " 95 84
Maximum coefficient of
variation observed 9.9% 342% 39.9% 29.6% 26.2%

data in tables 4 and 5 have been employed. In formula ),
ratio of variance of 2 sampling, o2 is the error mean square, o is the
mean square of replications (r =10), and (o%tz)s represents the mean

square of the effect of a stratum which Is omitted (i =1y,...,6). Ap-
propriate rearrangement of (j) yields: y :
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_
2,
I (Glstr)ilﬁ'z it | Is2 ] (5 ::r)i (11)
14 Grep 14 rep
a2 52

In order to evaluate a correct value for substitution in sZrep/s? the follow-
ing statistical treatment has been carried out fork =1s.
Freps? estimates 62 + koZrep (k = number of strata per category).
Summation over 6 categories:

6
F(oFreps?) esti 2 .
z 1(9 rops?) estimates 54 62 + 9 X 15 %rep (i)

E(FrepSz) estimates 6 o2 -+ 15 6%rep
Tt follows that:
i {Z(Frepsz) — 632} estimates 62%rep-

The value for 52 as the best estimate for 62 may be abtained by calculating
the pooled mean square over the 6 categories. Thus, a value for the ratio
$2rep/s2 may be found.

Similarly, a value for the ratio s2gtrg/5? may be obtained by the follow-
Ing treatment:

(Fatrs2); estimates o2 4 10 (a2ste ). Appropriate treatment provides:

(s (o) _ (Fawre— D) (i)

o2 52 10

Substitution of expression (iv)in (i) yields the efficiency formula:

: ™)
X . E (Fst.r - I)
Szrep I0
52

In formula (v) all quantities are known and may be substituted. The faffect
of omission of 1, 2 or more categories at the time on sampling efficiency
may be found by simple addition of the corresponding values of (Fstr —1)/10
and insertion in formula (v). If Fatr equals r.00 or less (cf. tables 2, 5 ar.u% 6),
the corresponding stratification has no effect on improvement of precision.

The results of this mode of treatment have been presented in ta}:le 10,
Introduction of all 6 categories in repeated subdivision gives maximum
sampling efficiency. If a value of oo is found in the column rnarkec.i . Eff.”,
this indicates that grouping for this class exerts no effect on precision of
sampling data. Values less than unity are associated with a lower efficiency
of sampling, if the corresponding class is omitted. The column marked
“comp. coefl.” presents the corresponding multiplication factor for ’.che
number of trees to allow compensation for Joss of precision due to omission
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of classes. Item 7 represents the extreme case when all classes are omitted
and it is consequently associated with minimum efficiency of sampling.
From the data in table 1o it may be observed that in the case of P and Mg 4
out of 6 classes appear to have no effect on sampling efficiency; for Ca and
N only 1 class has no influence, whereas in the case of X all classes exert a
considerable effect. Sampling efficiency following omission of a particular
class or combination of all classes varies considerably from element to
clement; it follows that for maximum efficiency all classes should be in-
corporated in the sampling procedure, if 5 major elements are of interest.
This is demonstrated by omission of 6 classes for the element K, when 5.5
times more trees should be sampled as compensation for loss of precision.
For Nand Ca omission of s classes would require bulk sampling of 4 and
6 times the number of trees that is necessary for completely effective
classification. Compensation coefficients of 4.0 and 2.3 have been recorded
for the elements P and Mg, respectively, but in this case the reduction of
sampling efficiency is largely due to contributions of leaf age and exposure
for P, and to leaf age and leaf size for Mg. Tt is interesting to note that only
omission of classification for leaf age already exerts a considerable effect on
efficiency of sampling for all elements. This agrees with results obtained in
other crops. Those results imply that it is not so much the magnitude of

TaAsBIE 10
The efficiency of stratification ,
Elements Nitrogen Phosphorus Potassium Calcium Magnesium
Subdivision Eff. Ef. Fff. Eff. Eff.
omitted of Comp. of Comp. of Comp. of Comp. of Comp.
- sam- Coeff.  sam- Coeff. gam- Coeff.  sam- Coeff sam- Coeff.
pling pling pling pling pling
1. Leaf age 074 13 027 37 095 11 072 1.4 047 22
2. Leafsize 037 26 100 1.0 070 1.4 085 1.2 090 Lt
3. Daily variation 0.86 12 098 10 040 25 100 10 095 11
4, Veins 070 1.4 .00 10 095 11 047 22 1.00 10
3. Leafthickness 077 1.3 Lo¢ 10 025 40 023 41 100 10
6. Insolation 100 1.0 071 14 0.4 25 081 12 Leo 10
7. Allomitted 025 49 025 40 0.18 55 0.16 6.1 043 23
Efficiency of sampling = !
14 Fem—t !
.oon 1+ CZpep1
at

where: Foyr = F value for stratification
# = nurnber of replicaties
O%tr = Imean square of replicates
6% = error variance
Comp, } = Compensation coefficient for number of plants
Coeff, by omission of corresponding subdivision,
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the difference between strata that should be considered as the decisive

criterium for pooling of classes (par. 6.1.2.), but the degree of significance

involved.

As, according to prior data, obtained following complete subdivision of
the leaf population, some 6o plants are required for bulk sampling to
represent the results to within 0% of the population mean (P = 0.05), the
data in table 1o show that without this complete repeated subdivision by
employing & classes 5.5 x 50 =275 plants should have been sampled to
obtain the same degree of precision for K. Itis self-evident thatinterestin a
particular element only alters the number of vines to be sampled in ac-
cordance with the influence of the subdivision on the sampling precision
for that element. Similarly, by appropriate application of formula (v),
variations of sampling efficiency due to combination of 2 to 5 or more
omitted classes may be computed. The data of table 6 imply that in tra-
ditional fertilizing (treatment r) sampling of 1 stem has no effect on the
number of sample trees. If methods are changed (treatments 2 to 5) sam-
pling of a single stem entails reduced sampling intensity. As a rule this
subdivision is impracticable under field conditions.

The data presented in this chapter so far, allow the following con-
clusions.

a. Division into main and side branches, normal and small leaves, and
presence or absence of petioles resulted in significant differences
between means of strata, but differences were 6% or Tess.

b. Classification for time of day, exposure to sunlight, leaf age, leaf thick-
ness, vein removal and presence of fruit appears to entail a significant

effect for 1, 2 or 3 elements at the same time and on each occasion; con-

current differences between strata vary from 10 to 90%.

¢. Despite sometimes small differences between means of strata the pro-
posed grouping is essential in order to reduce the number of vines
required for bulk sampling to 2 reasonable proportion of the vine
population. '

d. Calculations on data of categories pf&sented show that, within an ap-
propriately grouped population of leaves, bulk sampling of é0-70 vines
is adequate to represent the nutricnt concentrations in leaves to within
10% of the population in a pepper field.

6.2. SAMPLING TECHNIQUES _
Precision of reproduction of chemical concentration in leaves depends- in
fact on the number of units included to represent the mean concentration
of specific homogeneous areas. The minimum number of leaves per tree a
sample should contain to make up 2 representative composite sa-mple, is
also of major importance. In paragraph 3 it was found that collection of 32
leaves per vine and bulk sampling of 60 to 70 vines within each area i3
adequate to represent homogeneous groups of apparently healthy vines.
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However, inclusion of 600 leaves in each sample would be impracticable
and prohibitive for routine work. In order to obtain information on these
aspects of the sampling technique both factors have been studied.

6.2.1. Adequate representation

Leaf-to-leaf variation, even within appropriately stratified and well-defined
leaf groups, may occur to a greater or lesser extent. Thus, the practical
demand to limit the number of leaves, sampled per vine in each bulk
sample, may conlict with the need to collect representative samples of low
variability. :

Samples of 4, 32 and 128 leaves have been collected from each of 10 homo-
geneous vines. The results are presented in table 5. The data show that
there is no significant influence of the number of leaves collected from a
single vine on the chemical concentration, if leaves are collected from the
same stratified population on the canopy. As (Fatr — 1)/10 = o for each of 5
elements, sampling efficiency is 1.00 for omission of this classification
(formula v applies). Therefore, sampling of only 4 leaves has no effect on
Pprecision of data,

6.2.2. Sampling intensity in areas of different physiological condition
The question arises as to the importance of variation in the physiological
condition on the number of sample vines. To study this aspect more
systematically 3 separate blocks of some 700 vines were selected, located
within a single soil type. Areas were apparently homogeneous and includ-
ed vines of the same age, but differed with respect to Physiological con-
dition. Block 1 included healthy and vigorous vines; block 2 contained
vines of intermediate health, and the vines of block 3 were peor and ir-
regular,

Blocks were subdivided in 15 units of 20 vines each; within each sub-unit
asingle vine was sampled at random. This System ensures that each part of

TaBLE 11
The number of trees to sample within 4 homogeneous healthy, intermediate and poor garden
Healthy garden Intermediate garden Poor garden

NPKCaMgNPKCaMgNPKCaME
Mean®&dr.m. 3.03 0.18 1.26 19 022 295 0.19 1.30 202 0017 297 018 146 202 0.16
Standard
deviation 0.15 0.013 0.092 0.11 0.013 0.10 0.013 0.13 0.14 0.020 014 0020 002 0.28 0030
Coefficient of .
variation 49% T.5% 7.3% 54% 64% 5% 738 9.7% 7.1% 7% 48% 11.6% 12.0% 13.7% 19.8%
Permissible : _
sample 1o vines 10 vines 20 vines
error 0%
F =003
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the total area has got an equal chance to be represented in the bulk sample,

The results are presented in table . As expected, error in the chemical
concentrations due to vine-to-vine variation varies with physiological
condition of the area. With increasingly poor appearance the coefficient of
variation rises apparently for all elements except for N. Moreover, in
healthy areas this coefficient for the 5 elements ranges from 5-7.5%, whereas
in the intermediate and poor areas this is 3.5-12% and 5-20% respectively.

A desired accuracy of some 10% at a confidence level of 0.05 demands
sampling of 20 vines within the poorer areas, as compared with 10 in inter-
mediate and healthy vines. For this calculation, standard deviations have
been used of those elements which are associated with the fargest coeffi-
cient of variation (underlined). Their values appear not to exceed the maxima
observed for other random vine areas (c.f. table 5).

The data presented in this section give rise to the following conclusions.

a. Collection of 4 leaves per vine represents each contributing vine in a
bulk sample sufficiently.

b. The sampling of uniform groups of vines in poor physiological con-
dition may entail doubling of the number of vines to be included in a
bulk sample, however, these data give no rise to reconsideration of the

~ previous estimate of 60-70 plants.

¢. Sampling areas should at Jeast be homogeneous with respect to soil
type and appearance. :

6.3. SEASONAL VARIATION -
Variation of rainfall and soil temperature as well as characteristics such as
soil compaction and water-holding capacity are interrelated with chemi-
cal, microbiological, transportation processes and loss of nutrients in the
soil environment. This affects the availability of nutrients and conse-
quently their uptake by the roots. Similarly, air temperature, humidity
and fight intensity influence metabolic processes and ionic uptake. Hence,
the effect of meteorological factors and soil properties can be expected to
be reflected in the chemical composition of the leaf. Closely interacting
with this effect is the changing demand for nutrients due to the physiolo-
gical phases of the plant with the season. Information on each separate
effect is difficult to obtain, but the integrated effect of all influences may be
estimated. Understanding of this net seasonal variation is essential for the
choice of sampling time and for a correct interpretation.

To study this complex of variables, groups of 10 uniform healthy vines
were selected in January. Sampling of individual vines followed at monthly
intervals over 7 consecutive months. This period coincided with the
important time from full flowering to the end of the harvest, when severe
plant deterioration usually occurs.

Each vine was sampled within 3 days of the beginning of the month; this
was carried out for the first time 30 days after the last application of fertili-
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zer. Subsequent yields were fairly abundant. The results of chemical
analyses are presented in table rzand in fig. 2.

From January onwards there appears to be a regular and gradually
diminishing N content until May or June, followed by aslight rise from June
to July. The regression calculated on means of 10 vines is highly significant.
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Over the period from January to May the N concentration falls by 173,
whereas in the month of May the content remains approximately con-
stant, followed by a small rise from June to July. The amount of leaf N did
not fall below 2.4%.

The mean results for P suggest a gradual and significant rise of the P
content from fanuary to July. Subsequent computations showed a linear
increase to be present. The table shows a xise of 91% from January to July.

The K concentration significantly decreases with time, after an initial
rise in January. Of interest appears to be the maximum reached in February
followed by a sharp fall to a minimum in June. Over this period of only
4 months the K content decreases by some 20%, but the minimum value
does not drop below r.70%.

Similarly to P, the Ca concentration increases proportionally with time.
This rise is significant, and over the entire period of 7 months the Ca
content increases by some 20% from 1.5% to 1.8%.

The magnesium content falls by o% from 0.5% in January to 0.30% in
July. As for K, apparently there is a maximum value in February and a
minimum in June. Over this period the Mg concentration drops by some
9%, which is of similar order as for K.

Variability of monthly sampling

The data in table 1z indicate that the relative vine-to-vine variation tends to
increase with time. For N, K, and Ca the coefficient of variation increases
twofold, whereas that for P and Mg rises by some so—60%. This effect is
particularly pronounced from April to July in the case of N, P and K.
However, on no occasion the value of the coefficient of variation exceeds a
value of 20%, thus remaining within the maximum value presented in
table g.

Tasig 12
Results of month-to-month analysis of leaves of individually sampled vines (means of 10 vines)
Nitrogen Phosphorus Potassium Calcium Magnesium
Mean Mean Mean Mean Mean
Month: % SD. CV. % SD. cv. % SD. CV. g sD.CV. % SD. CV.
dr. m. % dr.m. % dr.m. % dr.m. % dr.m. %
January 290 040 35 018 0.018 100 203 011 54 142 008 56 033 0.035 10.6
February 267 005 19 022 0.020 9.1 199 010 50 152 016 105 0¥ 0.038 10.3
March 260 008 31 022 0023 105 212 009 42 159 048 113 034 0041 121
Apil 251 009 36 031 005 181 197 013 66 175 020 114 035 0046 131
May 240 007 29 032 0050 156 181 022 122 175 028 160 030 0032 107
June 240 011 46 028 005 193 170 016 94 170 022 129 030 0046 153
July 249 014 56 030 0.048 160 174 0.22 126 186 024 129 031 0.035 113

5.D. = Standard deviation
C.V. = Coefficient of variation
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The very regular and smooth path in relation to time is a most pro-
nounced feature common to the 5 curves. The phenomenon may at least
partially be attributed to even rainfall distribution, to a steady moisture
suction of pF=2.22.3 and to negligible variations of other physical soil
characteristics and climatical components. With due regard to the regular
climatic pattern from year to year, it seems reasonable to assume that in
principle the regression aspect of the curves can be generalized from one
year to the same period in the subsequent year, without introducing
appreciable adverse and confounding changes.

Despite the apparently significant influence of time, reflected in the
linear, quadratic or cubic regression components, the magnitude of their
respective standard deviations in table 13 indicates that little quantitative
meaning should be attached to the carvature of N, K and Mg as well as to
the linearity of the latter, unless ro0-150 vines are included in each bulk
sample (permissible regression sampling error ro-15%; confidence level P =
0.05). When 7075 vines are sampled assuming the same boundary conditions
the significant linear components of N, P, X and Ca, are valid (according to
data in table 13) with regard to the problem of time of sampling and regres-
sion of concentrations on time (fig. 2). The linear regression for Mg exhibits
too large astandard deviation for this nummber of vines. Alternatively, it may
bewarranted for thiselement to employ the mean concentration value over
7 months (table 12), particularly in view of the Jow coefficient of linear
regression. It is self-evident that the use of regression aspects is only valid
when the same group of vines is subject to successive samplings.

Ratios between elements

Undue variability of the chemical concentrations, caused by interactions
of seasonal influences of weather and of physiological development, may
atleast partly be eliminated by introducing the ratios of 2 or more elements
at the time. Farthermore, levels of nutrients should be considered with
respect to other elements as they are mutually balanced within the plant.
With regard to these aspects 1 trivariate and 9 bivariate combinations of the
5 major elements have been studied. The results are presented in figs. 3

and 4.
TapLE 13 o
Coefficients of variation of linear, quadratic and cubic components of regression on time for 5 elements, several ratios and logarithras of
. ratios :
N P K Ca Mg ?/Ca P/K N/KK/CaN/CaK/Mg mlog ©olog ®log
| N/Mg N/F Ca/Mg
Linear component 303 352 620 700 788 819 394 837 805 — — 1264 660
Quadratic component 125.3 19.0 1129 — 1358 — 1502 _ __ — - = = -
Cubic component 189.0 1594 8.1 — g77 1177 — 161.0 — — — 1895 —

Omission: Coeff. of Var, > 200%
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The data show that the ratios P/Ca, P/K and the value of 10log Ca/Mg
rise with time, whereas those of N/Ca and K/Ca decrease over the same
peried. P/Ca and P/K increase by 20% and 94% respectively from January to
July; log Ca/Mg rises by 22%. The values of K/Ca and N/Ca fall by 28% and
265 respectively. Only these relationships are linear and significant.

The path of the ratio P/Mg with time may be divided into 3 distinct
sections. A part at a constant value of o.60 approximately from January to
early March. A second part from March to early May with a steeply in-
creasing ratio value. There is a third part from early May to early July ata
constant value of 0.95, some 40% higher than the value of the stable section
eatlier in the season.

The value of 18log N/Mg remains constant at .87 from February to
July; there is a slight fall from January to February. The graph of 1olog

K /Mg
m
[=]

LINEAR REGRESSION % X

3 month F M A M 3 1

Figure 3 .
The relationship of bivariate nutrient ratios with time
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N/P with time may be subdivided into 3 separate sections: the first portion,
covering the period from January to early March, shows a slight, almost
negligeable fall from 115 to r.06, whereas the third portion from early April
to July shows an almaost constant value of 0.93. Thereis a relatively abrupt
fall of some 12% in the ratio value during the month of March.

The ratio K/Mg, when calculated on observed values shows an ap-
preciable variability around a value of 6 from January onwards; this vari-
ability gradually diminishes and from April to July a ratio value of ap-
proximately 6 is maintained.

A trivariate ratio was calculated for monovalent K and the divalents
Ca + Mg. The sum of concentrations of these 3 ions can be considered to
remain fairly constant between 3.69 and 4.07, throughout the period of
observation. When values of this ratio are plotted against time, the curve in
fig. 41is obtained.

According to the data in table 13 only the regressions of P/K and 10log
Ca/Mg have quantitative meaning as they are highly significant, while
simultaneously the bulk sampling error for j0-75 vines appears sufficiently
low to fall within the previously stipulated boundary conditions (a preci-
sion of 10-15% for the regression components; confidence level P = 0.05).

When considering the ratio values from month to month it appears that
N/K, K/Mg and 10log N/Mg each may conform to a constant value, since
neither linear nor quadratic nor cubic regression components attain signifi-
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Figure 4

The relationship of a trivariate ratio, and of several logarithmic values for bivariate
ratios with time
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cance. The“‘average standard deviation” of these ratios taken over 7 months
expressed as a percentage of the “overall mean” varies from 34-36% and
is of the same order as that found in earlier samplings. Thus, appar-
ently, each of the 3 ratios maintains its own specific value, irrespective of
time of sampling, if bulk samples are obtained consistently from the same
defined group of some 70 vines between January and July. The regression
of 10log N/P and P/Mg behaves slightly differently in that the periods from
January to March, and April respectively May to July each maintain con-
stant values. Major aspects of month-to-month variation have been sum-
marized in table 14.
The preceding data allow the following conclusions:

TABIE 14

Summary of the major aspects of the month-to-month variation of the concentrations of leaf N, P, K, Ca and
Mg, of several rativs and of logarithms of ratios

Elemnent/ Regression Period of Standard deviation as a
ratio sampling % of the coefficient regression
Nitrogen linear** January-July 30.0%
Phosphorus linear** January-July 352%
Potassinum linear** January-July 62.0%
Calcium linear** January-July 70.0%
Magnesium linear* January-July 78.8%
P/K linear** January-July 39.4%
itlog Ca/Mg  linear** January-July 66.0%
B/Mg constantat 0.60  January-March  40.8% Maximum coefficient

of variation observed
in anyone month.

constant at0.95  May-July 209% Maximum coefficient
of variation observed
in anyone month.

10 log N/P " constantat 111 January-March  15.6% Maxirum coefficient
of variation observed

in anyone month.

constantat .92 April-July 9.7% Maximum coefficient
of variation observed
in anyone month.

N/K constantat 1.33  January-July 339% Mean coefficient of
varistion over
7 months.

K/Mg constantat 5.8 January-July 350% Mean coefficlent of
) vatiation over
. 7 months,
1t log N/Mg constant at .88  January-July 33.9% Mean coefficient of
variation over
" 2 months.

** — Significant at P = (.05
* == Sjgnificant at P = 0.01
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a. Bulk sampling of some 70 vines allows a precision of 10-15% to be ob-
tained with respect to both the population mean value and regression
aspects of selected elements and ratios.

b. The high significance (P = o.o1) of the linear regression of N, P, K, Ca
and of P/K and 1elog Ca/Mg, in combination with the appropriate levels
for Mg, P/Mg, N/K, K/Mg, 1olog N/P and 18log N/Mg should facilitate
the interpretation of foliar diagnosis; relating performance data to
regression aspects of the above-mentioned relationships, allows a multi-
ple and semi-quantitative control of the chemical concentrations of
major elements from January to July.

c. Regular and frequent sampling for timely adjustment of leaf concen-
trations and ratios seems essential.

6.4. PROPOSED SAMPLING PROCEDURE

With regard to the findings in this chapter the following basic procedure
may now be laid down,

6.4.1. Apparently homogeneous blocks are selected with respect to en-
vironment and physiolegical condition of vines.

6.4.2. Each sample area is subdivided into compact sub-blocks, equivalentto

70 sample vines in order to ensure even contribution of each portion of the
area,

6.4.3. Within each sub-block the sample unit is selected at random.

6.4.4. Vines are first sampled in January and subsequently as frequently as
necessary.

6.4.5. From each plant 4 leaves are collected from a sampling population
meeting the following standards:

6.4.5.1, The 1st older mature leaf from fruit bearing sidebranches, exposed to
sunlight and located on the lower 2/3 of the canopy.

6.4.5.2. Leaves should be of average size and thickness and should retain
their petiole,

6.4.5.3. Leaves should be collected equally frequently from the north, east,
south and west quarter aspects of the vine.

6.4.5.4. Sampling should be carried out between 7 a.m. and noon.

6.4.6. Leaves are mixed to form a single composite sample.
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6.4.7. Preparation for analysis follows within 12 hours from sampling ac-
cording to the following procedure:

6.4.8. Wiping of the raw leaves with moist cotton wool, dipped in 0.2%
Teepol solution.

6.4.9. Wiping with a clean cloth moistened in destilled water.
6.4.10, Dabbing with a clean dry towel.

6.4.1. Loose packing in muslin cloth.

6.4.12. Drying at 70°C 4 1°for 48 hoursina force-draught oven.

6.4.13. Upon completion of drying the leaf material is hand-crushed inside
the muslin, packed in polyethylene bags and stored in a dark, dry and cool
place awaiting chemical analysis.

6.4.14. Prior to analysis the crushed leaves are dried appr. at 70°C and
ground in a Wiley-mill toa fineness of 40 mesh.

7. NUTRITIONAL DEFICIENCIES AND FOLIAR DIAGNOSIS

The general appearance of the vines becomes usually very poor towards
the end of the harvest. Since the phenomenon considerably and funda-
mentally influences productivity in subsequent seasons, the study _of the
internal and external aspects of deficiency concentrations in the foliage as
affected by nutritional variation constitutes the essential part of this
chapter.

7. PRELIMINARY CONSIDERATIONS B
The presence of excessive and well distributed rainfall, and 1.:he coinciding
poverty of soil environment, prevailing in Sarawak, t?nta.ll a mode of
supply of applied nutrients, unlikely to warrant the a.pp!lcatlon of the f:las-
sical concept of “critical level” associated with maximum Crop yields
(Smrra). Preliminary observations strongly suggested that attention musi:
be directed towards the problem of maintaining or raising nutrient leve
within the “zone of accumulation” of the Steenbjerg curve. ]
The ensuing need for appropriate chemical concentrations as s:tar}dar s
of reference associated with a healthy vegetative condition within the
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critical period of physiological development involves the examination of
the following aspects:

1. Information on deficiency symptoms.

2. Concentrations of nutrients associated with actual and incipient defi-
ciencies.

3. The establishment of suitable levels of nutrients and /or ratios between
the major elements, associated with a healthy and vigorous vegetative
appearance.

4. The influence of applications of nutrients on the chemical concen-
trations in the leaves.

To obtain information on these aspects several studies have been con-
ducted, which are presented in the following paragraphs.

72, POT EXPERIMENT

Specific patterns of disorders associated with the deficiency of one or more
clements usually develop when nutrient levels drop below certain thres-
hold concentrations in the leaves, Severe growth retardation and cropping
disorders, frequently observed under these conditions, stress the point
that visual symptoms must be prevented rather than cured.

No information concerning nutritional deficiencies in pepper could be
traced and a separate investigation in this respect was initiated. Data have
been collected by two different approaches:

a. A pot experiment using sand as 2 medium was carried out under con-
trolled green house conditions to study the symptoms associated with
the five major elements,

b. The symptoms and the concurrent nutrient levels of the sand experi-
ment have been compared with those of leaves collected from com-
mercial vines, showing apparently corresponding symptoms.

7.2.8. Details of the expetiment
Techniques

Cleaned polyethylene bags of appropriate strength were perforated at the
bottom. These perforations were covered with 2 layer of lead-free glass-
wool, prior to filling with acid-washed, coarse quartz-sand. The filled bags
were subsequently transferred to porous earthenware pots with a diame-
ter of 18 cm at the top, tapering to 7.5 at the bottom, The pot was provided
with a drainage hole. Prior to planting the sand was leached with destilled
water until the pH remained stable at a value of 5.5.

After leaching, selected prerooted, single-node cuttings, of clonal ori-
gins, of equal age and stage of development, and obtained from a selected
specimen of P. nigrum cv Kuching, were planted in the sand. Fach cutting
possessed a mass of healthy roots approximately t cm in length and a well-
developed dormant bud in the axi] of the single green leaf. One cutting
was planted per bag and the pot/bag combinations were placed in an en-
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vironment with a constant relative humidity of 95% until the adventitious
bud had resumed growth.

When the buds had reached a length of 1.5 cm the plants were hardened-
off and subsequently transferred to a concrete bench inside a well-venti-
lated green house. Sunlight was allowed to enter at s0% of its natural
intensity. Air-temperature and humidity were non-limiting. The pots were
placed on the bench ata spacing of 50 cm square, allowing adequate space
for unrestricted development of the plants for the duration of the experi-
ment. The surface of the sand was covered with finely perforated black-
coloured polyethylene discs to prevent the growth of algae and to reduce
excessive evaporation. This mode of control appeared effective. The large
number of tiny holes permitted adequate ventilation.

Throughout the preparative phase the plants were watered with destilled
water to prevent undesirable contamination. Care was exercised through-
out the experiment that the surface did not dry out, to ensure a non-
limiting moisture regime. One terminal shoot per pot was allowed to grow
up and was regularly tied to an uncontaminated string, which served as
support.

Treatments

The following treatments were included in the experiment:
Plants were watered every other day with 0.51 of 2 nutrient solution.
a. Complete nutrient solution

b. Complete nutrient solution
Ininus nitrogen.

¢. Complete nutrient solution
minus phosphorus. .

d. Complete nutrient solution
minus potassium.

e. Complete nutrient solution
minus calcium.

f. Complete nutrient solution
minus magnesium.

A single set of the treatments tabulated above was accommodated in a
randomized block; there was one plant per treatment withina block and 6
replicates in all.

The solutions

A preliminary test had shown that the original Hewitt solution somewhat
retarded the growth of pepper cuttings. After minor modifications and

67



adjustments a solution of the following composition gave satisfactory
results.

Elements Meq./1 mg pure element/L
NO, 168.00
PO, 3 31.00
S04 6 i 96.00
Ca 8 LA i 160.00
M; 3.5 i i 42.60
Kg S il <l 800
Fe (trivalent) .
Mn (bivaient)

Cu

Zn

B

Mo

In each treatment where a cation was omitted, Na was introduced as a
substitute; in the case of the anions S0, was used as the replacing ion. The
following analytical pure chemicals were used to prepare the solutions:
CﬂNOa; KNOa; N&HzPO;;.ZHzO; Mg504.7H20; MgCIZ; NaNO;; KzSO4;
Na;SO4.IDH20 H CaSO4; FeC.sH 501; MHSO4.4H20 i CuS04.5H0;
ZHSO4.7H20 H H3B03; and (NH4);MOO4. . )

Every other day fresh nutrient solutions were prepared by diluting
aliquots of appropriate stock solutions to the desired concentration. The
PH of these final solutions was adjusted to 5.0 by addition of concentrated
NaOH or HCL. After growth had resumed, treatments were initiated.

Stages of the experiments

Diagnosis of incipient levels of nutrient deficiency is considered desirable.

To study this aspect, the pot trial consisted of 2 major stages coupled by a
transitional stage as follows:

Stage 1:

The pots are watered with a solution containing 25% of the relevant defi-
cient nutrient. Six months after treatments were initiated, a sufficient
number of leaves of suitable age and position was present. Ten appropriate

leaves were sampled per plant to form a single sample. The leaves which
remained on the plant were marked. : : '

Stage 2: :
A gradual transition from stage 1 to the actual ful] deficiency treatments

was introduced. This intermediate stage at 107 of the full level was applied
for rweek only. No leaves were collected within this time, '

Stage 3:
Immediately followin
established for the dur
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readily appeared on both the marked leaves and on those developing anew.

The plants developed an adequate number of leaves to allow collection
of sufficient leaf material at random from each plant. No fruit was allowed
to develop during the period of experimentation.

The characteristic patterns from each visual nutrient deficiency were
photographed in colour. Subsequently appropriate leaf samples were col-
lected for analyses whenever a representative number of suitable leaves
was present.

7.2.2. Symptoms of deficiency in pepper leaves (Plate 1)

Nitrogen deficiency

No approaching of nitrogen shortage was observed in the first stage. The
leaves exhibited the uniform, healthy green colour of leaves on full nutri-
ent treatments. There was no visual evidence to indicate the presence of
nitrogen deficiency.

Approximately three weeks after the beginning of the third stage a clear
uniform yellowing of the leaves developed varying via an initial light green
to yellow, deep yellow or orange yellow. There was not much difference in
age nor in position of the leaves with respect to colour intensity. In more
advanced stages the extreme end of the leaf tip became black and necrotic;
occasionally abscission of a leaf took place. Concurrent with the develop-
ment of the symptoms, growth retardation and reduction in leaf size were
observed. Persisting deficiency leads to a condition when the entire plant is
bare except for tufts of immature leaves on the extreme ends of the
branches.

Phosphorus deficiency -
In the first stage no marked symptoms could be distinguished. Mature
leaves displayed a healthy, although slightly unusual shade of dark green,
but the average tinge was not obviously different from healthy leaves on
plants receiving full nutrient solution.

Four weeks after the beginning of the third stage mature leaves exhibited
a very dark bluish-green to purple discolouration on the upper surface.
There was a striking contrast with immature leaves in the upper portion of
the plants and on the Iateral branches. These leaves were comparatively
pale. Growth was retarded. This pattern appears consistent with that
found in other crops. :

Potassium deficiency o

Indications pointing to insufficiency were not observed in the first stage.

Growth was vigorous; the leaves displayed a healthy green colour.
Similarly, visual evidence of potassium deficiency was not observed after

treating the plants with a solution deficient in this element. In another pot

trial typical symptoms appeared to be a black necrosis beginning at the

extreme distal end of the, otherwise healthy, green mature leaf blade. This
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necrosis progresses initially along the leaf margins. In the advanced stages
the mesophyll in between the affected marginal areas turns progressively
more necrotic until approximately 1/; to 1/, of the distal portion of the
leaf blade becomes dead and brittle exhibiting a coal-black colour. The
proximal portion remains healthy and dark green in colour. Leaves show
no tendency for immediate abscission.

Calcium deficiency

In the first stage the leaves tend to a lighter shade of green than those
receiving full nutrients. Typical symptoms on the upper surface of mature
and immature leaves appeared to be initially a multitude of tiny, brown
necrotic spots, each spot surrounded by a yellow halo.

In the third stage the appearance becomes of a general light yellow with
chloraotic areas. These chlorotic areas tend towards the distal end of the
leaf, usually involving at least half of the leaf surface. Frequently the chlo-
rosis starts from the leaf edges. In more advanced stages acute black necrotic
strips develop on the leaf margins, particularly of the distal half or occasion-
ally at the tip. These marginal necrotic areas did not expand towards the
centre of the leaf blade. The proximal portion exhibited a pale green colour
with occasional scattered necrotic pin-head spotting. The undersurface of
the leaf displayed brown mecrotic spots between the main veins. The
petioles of the affected leaves snapped at a gentle touch. Finally only the
immature leaves remain attached to the plant. Retarded development
accompanied the presence of these symptoms.

Magnesium deficiency
Both in stage r and 3 oval-shaped interveinal yellow discolourations were
observed, particularly in the older leaves. '

These ovals expanded towards the leaf margin. After reaching the edge
the yellowing areas eventually coalesced around the extreme ends of the
5 major veins. Narrow bands of green tissue alongside the veinal bundles
contrast sharply against the yellow areas. These bands taper gradually to-
wards a sharp junction at the extreme end of the veins. The width of the
green stripes varies with the degree of deficiency. The major veins remain
green, while the higher order veins turn yellow. The green tissue coalesces
at the proximal end near the place where the major veins join to form the
midrib, With increasing severity of the disorder the chlorosis expands
gradually to the petiole, but before this final stage is reached abscission of
the leaf has usually taken place. Typical for this deficiency is that the bran-
ches of affected plants are almost bare in extreme cases, with only a small

Eumblt:r of immature leaves showing symptoms, present at the tip of the
ranch. .

Full mutrient solutions :
The plants which received full nutrient treatment throughout the 3 stages
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exhibited a vigorous growth and healthy development throughout. Leaves
retained a green colour, No symptoms of imminent deficiency could be
observed.

7.3. DEFICIENCY SYMPTOMS UNDER FIELD CONDITIONS

Nitrogen deficiency

Mature and immature leaves on the canopy show a characteristic, uniform
yellow to orange-yellow discolouration. This pattern shows a close simi-
larity to that observed in the leaves of potplants, receiving a solution defi-
cient in nitrogen. In severe cases a dark yellow to orange colour developed.
The patterns usually appear during the monsoon and become progressive-
Iy more severe with the advancing season.

Phosphorus deficiency

No patterns of symptoms associated with this element have been observed
under field conditions.

Potassium deficiency

The distal end of affected mature leaf blades was necrotic, brittle and light
gray in colour. The proximal portion beyond the slightly concave curving
boundary, separating necrotic and live tissue, displayed a uniform light-
green to yellow colour. This pattern deviates from that in the pot ex-
periment, where potassium was the sole limiting factor. The symptoms
have also been observed in plots showing N chlorosis and which received
low K dressings. The grey aspect may be attributed to the light green colour
of the leaves prior to the development of symptoms of K deficiency.

Calcium deficiency

Necrotic patterns and marginal scorch, found to be associated with calcium
deficiency, have occasionally been observed in commercial gardens.

Magnesium deficiency
In the course of the flowering only mild symptoms may occasionally
develop on the older leaves, particularly towards the end of this period.
Thereafter, symptoms identical to those found in the pot experiment
develop on the leaves. Severe and mildly affected leaves may be observed
on asingle branch.

Acute stages of severe deficiency are recognized by abrupt leaf abscission
in the latter stages of fruit development. Winds rapidly defoliate the vines.
The blades of the leaves exhibit clear-cut symptoms of magnesium de-
ficiency. Usually a fluff of 5 or 4 leaves is retained on the extreme end
of the branch. The fruit spikes remain attached to the vines. :

Possible multiple deficiency
A frequently recurring pattern of discolouration did not conform to any of
the hitherto observed symptoms or to the reference patterns of nutritional
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disorders. The distal portion to half-way the blade showed a fairly uniform
yellow colour; the proximal end retained a light shade of green. An abrupt
transition between these two areas was marked by a curved, concave line
with its hollow side facing the petiole. With time the greener portion
retreated centripetally.

7.4. CHEMICAL CONCENTRATIONS IN THE LEAVES
Complete deficiency

Recognition of visual symptoms of deficiencies allows a rough appraisal of
the initial status of the crop nutrient supply. Corresponding chemical
concentrations provide confirmatory evidence and permit evaluation of
lower limits as reference values.

Partial deficiency

The chemical concentrations in the leaves of plants in the first stage of the
pot experiments would reflect the influence of a partial deficiency on leaf
composition, without the presence of accompanying symptoms. Data are
likely to represent nutrient levels, corresponding with the stage of tran-
sition from non-visual to visual symptoms (par. 7.2.). This largely coincides
with the lower portion of the zone of incipient nutrient deficiencies (hidden
hunger) of the Steenbjerg curve (Bessis). Hence, the values essentially sub-
divide the “zone of accumulation” into portions associated with presence
and absence of external symptoms. '

TaBiE 15:  The effect of intermediate and complei
-

Nitrogen Phosphorus
D cD D cD
b % % %
drem. 4+ deem. 4 dr.m. <+ drm. &
Treatments

Fuil 3.41 3.10 0.18 0.16
Nitrogen omitted 200 —12.3% 2327 —252% 0227 4+222% 023 +439%
Phosphorus omitted 344 3.35 0.11% —388% 0.9+ —43.1%
Potassiutn omitted 355 3.14 0.18 0.17
Calcium omitted 3.53 331 0.18 0.17
Magnesium omitted 3.52 33 0.17 0.18
Standard deviation 0.2t 0.27 S0.023 0.025
Least significant
difference P == 0.05 0.25 _ 0.33 0.027 0.031
Least significant
difference P == 0,01 0.33 0.45 0.036 0.042
Coefficient of Variation ° 6.2% 2.8% 13.0% 15.0%

* = Significant at P = 0.05 with respect to “full nutrients”
** — Sjgnificant at P = 0.1
" ID = intermediate level of deficiency
CD = Complete deficiency
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Complete nutrition

Chemical concentrations associated with this particular stage would pro- -
vide an estimate of the nutrient levels for unretarded development of
plants.

Sampling details

From each of the individual pot plants in the 6 replicates standardized leaf
samples have been collected in stage 1 and 3. Each of these samples was
analyzed for the appropriate elements. The results were subjected to
analyses of variance and are presented in table s,

Similarly, individual samples have been collected containing standardized
leaves from g or 1o vines in the field which displayed symptoms of N, K, Ca,
Mg and 3 unidentified deficiencies. Appropriate samples of comparable -
healthy vines were obtained at the same time. These data are presented in
table 1o.

7.4.1. Treatment effects
On a full nutrient regime the chemical concentrations of N, P, Ca and Mg
are closely similar in both stages; the K content, particularly of the full
treatment and of the N treatment in stage 3, appears somewhat below
that observed in the first stage.

Omission of N is associated with a decrease in the leaf concentration of

deficiency of one efement on the foliar composition

Potassium Calecium Magnesium
ID CD D CcD m cD
% % 4 % % %
dem 4 drm. 4+ drm + dr.m. & drm. 4  drm. £
431 3.38 168 1.66 0.44 0.45
4.68 3.65 . 1.56 1.37 0.33* 038
4.06 3.52 1.66 . 166 0.42 0.47
262 —392% 1997 —411F 220" +136.3% 1.87 0.56* +27.2% 0.63** +-40.0%
416 3.46 LA2% _333% 0.86** —482%F 0.6 +56.8% 0.73** +62.2%
4.50 3.98 1074 +172% 2.22¢ +317% 014 —682% (.18 —60.0%
0.55 0.64 0.16 025 0.068 0.070
0.66 0.76 0.19 0.31 0.080 0.082
0.89 1.03 0.25 0.42 0.108 0.112
13.6% 19.3% 9.3% 15.7% 153% 14.8%




this element by some 1% in stage r and by 25% in stage 3 as compared with
full treatment. This fall is significant at P = o.01 on both occasions. Con-
currently, the concentration of P appears to rise by 22% and 44% in the
respective phases. The contrast suggests some antagonistic mechanism for
these 2 elements as found in other crops (Bessis). Neither the K nor the Ca
concentration reflects any significant influence in the absence of N. A
possible exception may be made for Mg in stage r. When P is omitted, this is
reflected by a significant reduction of the P content in the leaf only,
amounting to 3% and 43% in stage rand 3, respectively.

Absence'of the bases K, Ca or Mg in the solution is associated with a high-
ly significant depression of the concentration of the respective elements. A
fall in leaf K of some 40% in stages 1 and 3 concurs with a rise of the con-
centration of Ca by 36%, and of Mg by 27% and 40%, respectively. Deficiency
of Ca depresses the leaf concentration of this element by 33% in stage r and
by 48% in stage 3. This considerable reduction is compensated for by a rise
of some 60% for leaf Mg only. The reverse is observed when Mg is omitted
from the solution. A depression of leaf Mg by some 60-65% is accompanied
by a rise in leaf Ca of some 17-33%. The observed antagonistic mechanism of
Caand Mg in the leaves does not influence the concentration of N,PorKas
compared with complete nutrient solutions. There appears to be a Ca—Mg
“antagonism” present at high leaf K.

When considering bivariate and trivariate ratios (table 16), the data
suggest that those associated with specific deficiencies tend to deviate
appreciably from ratios related to full nutrient solutions, Of general inter-
est appears to be the fact that the bivariate ratios of clements in leaves of
plants receiving full nutrients and those of solutions deficient in a base
element, not represented in a ratio, are usually maintained at approxi-
mately the same value. An exception appears to be the K/Mg ratio, which
falls by 33%, if the plant receives —Ca treatment. This may be attributed to
antagonistic effects. The values of ratios of 1 or 3 elements, of which 1is
deficient in the nutrient solution show that a reduction of 4% or more
(underlined), or a rise of 100B or more (underlined) may be expected, as com-
pared with the same ratio in plants receiving full nutrients, irrespective of
stage. When the plants received a —N or —.p solution, only the value of
log N/Pissubject to appreciable variation. Its value falls by only 10-20% when
N is deficient, whereas it rises by some 20% with P deficient in solution,
compared with that of full treatment,

In figures 5 and 6 the relative contribution of K, Ca and Mg, and of N,
Pand K to their respective sum totals in leaves are presented in a triangular
diagram. The diagram related to N, Pand K shows that the relative compo-
sition of —Ca, —Mg and full nutrient plantsis rather similar irrespective of
the stage of the experiment. It is interesting to note that the relative P
. contribution remains stable at 2 value of 2, whereas simultaneously the N

and K contributions are mutually affected.
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Deficiency of N, P and K concurs with an appreciably low contribution of
each of these elements in intermediate and deficient stages with full treat-
ment. Concomitantly, changes of, usually, both other elements are ob-
served with respect to full treatment and intermediate deficiency. Thus,
absence of P is characterized by a change of N, P and K contributions from
full to intermediate treatment, whereas from stage 2 to stage 3an increasein
N contribution is observed at the expense of K at practically constant P. For
N deficiency a regular reduction of the N contribution from full treatment
to the intermediate and deficiency stages concurs initially with a gradual
increase of P and K contributions; in stage s the P contribution shows
an increase. Absence of K is associated with an initial sharp rise of N from
full to intermediate and a smaller increase when passing to stage 3; this
coincides with a reverse response of K. The P contribution rises somewhat.
Generally speaking, when moving from the intermediate to the deficient
stage one of the 3 elements tends to maintain a constant relative contri-
bution, whereas “false” antagonistic action occurs between the other 2
elements. The minor contribution of P to N+P+Kin general is interesting
to note.

The relative contribution of individual bases to their sum total does not
appear to be fundamentally different from that found for N, P, K. The
base composition of leaves of plants receiving full nutrients, N deficient and
P deficient solutions seems rather constant, irrespective of stage; there
tends to be some variation with respect to Mg, In contrast, K, Ca and Mg at
full treatment, intermediate and deficient levels, respectively, is associated
with a decreasing proportion of the respective contributions of these
elements to their total. As for N, P, K, when changing from full nutrients
to intermediate deficiency of one specific element, the 3 elements tend to
change their contributions. In the next step to complete deficiency, the K
and Mg contributions are altered in the case of K deficiency, and that of Ca
and Mg when Ca is deficient. The absence of Mg has a somewhat different

TasiE 16
The effect of intermediate and complete deficiency of one element on & ratios between the major elements

Treatments: X _ N/K P/K P/Mg  K/Mg logCa/Mg logN/Mg logN/P
Ca+Mg

IDCh IDCD ID ¢CD IDCD ID €D ID CD ID CD ID CD

Full 20.16 0809 004005 0404 98 75 058 057 089 085 128 128

Nitrogen omitted - 24 21 06 0.6 005 006 07 0.6 141 96 067 056 039 084 113 100

l

Phosphorus omitted 1.9 1.6 0.8 0.9 003 0.03 03 02 96 7.6 060 054 091 0.85 150 L57
Potassiur omitted 09 0.8 14 16 007 009 03 03 47 31 061 048 081 070 129 1.27

Caldumomitted = 23 22 08 10 004 005 0.3 02 60 47 020 0.08 07! 065 129 1.29
Magnesium omitted 2.1 16 08 0.8 004 005 1.2 10 321 221 115 109 140 127 132 1.27

ID = intermediate level of deficiency
CD = complete deficiency

75



effect, as from full nutrient to the intermediate deficiency it is largely K
that acts in an antagonistic fashion when Mg reduces its contribution un-
usually abruptly. Over the next step Mg remains practically constant
whereas Ca increases with a concurrent decrease in the contribution of K.
This anomalus behaviour may be attributed to the fact that intermediate
defidiency of Mg is associated with a sharp fall to alow leaf level.

The visual presentation largely reflects the behaviour of the concentra-
tion of the major elements as observed from the tabulated data, As ex-
pected, the composition of plants receiving deficient solution moves in the
triangle towards levels of relative deficiency for the respective elements,
taking into account mutual compensation effects. The pattern of move-

ment under influence of deficiencies appears to be relatively uncompli-
cated.

7.4.2. Vegetative health and foliar concentrations

The data from the pot experiments suggest that vegetative health of pepper
with respect to each of the 5 major elements may be characterized by
specific values for the absolute levels of N, P, X, Ca and Mg, for several
ratios between elements, and by specific locations in triangular diagrams
for N, P, K and K, Ca, Mg. This stresses the point that leaf concentra-
tions of elements are mutually interrelated and not dependent on the sup-
ply of a single element only. In table 17 characteristics for full, —N, —P,
—K, —Ca, and —Mg treatments have been presented. The blank spaces

Tazre 17
Summary of leaf characteristics associated with full nutrients and individual deficiencies

Treatment

: Full -Nitrogen ~ ~Phosphorus - FPotassium - Calcium -~ Magnesiumm

Element/ratic ID CD  ID cb D <D D cc

Nitrogen 341 310 299(—-2N32 ‘
Phosphorus .18 0.16 0.22(++23  0.11(——)0.04
Potassium 431 338 2.62(——)1.99
Calcum 168 166 220(++)187  L1A(——-)086 19%(++) 2
Maglgesium 041 0.45 0.56(+ 43063  0.6%(++)063 0.14(——) &8t
rova v IR _ 0.9 ()08
N/K 08 09 14 (+4+)16
P/K 0.04 0.05 : 0.07E+ +go.09
P/Mg 04 04 : 12 (++) 1
K/Mg 98 75 47 (—-31 321 (++)2
logCa/Mg 058 0.57 - S a0 L1S(++) 19
logN/Mg 089 0.85 : L T p40( ) 1
log N/P 128 128 - LI3(~-)100  1.50(:+)157 :

e —

(—~) deficient with respect to “full treatment”; difference > 405

(4+) above normal with respect to “full treatment”
ID = intermediate level of deficiency
CD = complete deficiency

76

; difference > 100%.



indicate that the respective values do not appreciably vary from those of
the full nutrient treatment (see tables 15 and 16).

From the data in table 17 it may be observed that with respect to vegeta-
tive condition a deficiency of N may be described by values for Nand P, and
by a value for log N/P, different from those associated with full nutrient
treatment. The severity of the deficiency may be visually estimated from the
location in the respective triangular diagrams. Similarly, deficiencies of P,
K, Caand Mg may be described by a number of sub-normal values.

“Normal” values of concentrations and ratios associated with a healthy
canopy may be represented by those of full nutrient solutions, In a similar
way, a lower limit for leaf nutrients may be related to values of incipient
deficiency, whereas values below these would indicate definite deficiency
conditions. The latter are usually associated with visual, foliar symptoms.
Thus, under the controlled conditions of the pot experiment 2 principal
ranges of values of nutrient concentrations may be distinguished: one
includes values between “normal” conditions and intermediate deficiency
(zone of accumulation), a second zone covers values below intermediate
deficiencies (zone of visual deficiency).

TABLE 18
Reference values for elements and ratios with respect o the vegetative condition of the vines

Classification

Elements/ratios: Normal Critical ++ Deficient +++ Indicating

N (% dr. m.) 3.40-3.10 2.80-2.70 < 2.70 N deficiency
log N/P 1.28 122-1.14 < 113 N deficiency
P(%dr.m.) 0.18-0.16 0.14-0.10 < 0.10 P deficiency
log N/p 1.28 1.34-1.49 > 149 P deficiency
K(%dr.m) 430-3.40 2.62-2.00 < 2.00 K deficiency
N/K 0.3 -0.9 10 13 >13 K deficiency
K/Mg 9.8 -7.5 6.5 4.8 <48 K deficiency
K ' )
m 20 -16 14 -1.0 < 1.0 K deficiency
Ca (% dr. m.) 1.68-1.66 1.20-1.00 < 1.00 Ca deficiency
log Ca/Mg 0.58-0.57 = 0.52-0.21 <021 Ca deficiency
Mg (% dr. m.) 0,45-0.44 0.30-0.20 <0.20 Mg deficiency
B/Mg - ~ 0.4 0.6 -0.9 >09 Mg deficiency
K/Mg 75 -98 110 -21.0 >210 Mg deficiency
log Ca/Mg 0.57-0.58 0.64-1.09 > 1.09 Mg deficiency
log N/Mg 0.85-0.89 - 0.93-1.26 >126 Mg deficiency

+ Values exceeding the upper limit of the normal value are classified as *‘above
normal” or “below normal” depending on diminishing or rising values re-
spectively in the critical range.

- 4+ Between the “normal” and the “critical” range at least 10~15% difference has
been established; values are to be associated with fair values,

+++ Deficient values follow immediately the lower limit of the “critical” range of
values,
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The relative contributions of N, P, K, Ca and Mg in healthy vines should
coincide with the appropriate locations in the respective triangular dia-
grams. The place of observed relative concentrations within the respective
diagrams appears to provide, by itsclf, an indication of the presence and of
the degree of deficiency of the 5 major elements. This mode of visual

TABLE 19
Foliar concentrations and ratios of 5 major elements in apparently healthy end deficient mature vines
Symptoms: N% P% K% Ca% Mg% K N/KP/MgK/Mg log log log Time:
dr.m. dr. m. dr. m.dr. m. dr.m. Ca Mg Ca/Mg N/Mg N/P

Healthy 1 23 027 208 144 022 13 &1 12 95 081 103 094 May
Visual Ndeficlency 131 008 153 104 030 12 09 03 51 054 061 121
Visual Kdeficiency 227 0.14 027 201 .25 01 84 06 10 090 095 121
Visual Cadeficiency 4.00 044 548 024 0.16 137 07 27 342 018 140 095
Visual Mg deficiency 2.37 025 182 239 0.09 07 12 28 200 142 142 098
Visuzl Mg deficiency

(ruild) 285 036 285 108 0.08 25 1.0 45 356 L13 155 090
Visuzl Mg deficiency

(intermediate) 260 035 294 112 0.06 25 09 60 49.0 127 164 087
Visual Mg deficiency

(severe) 254 045 3.00 1.08 0.05 26 08 90 600 133 171 075
Necrosisof vines 261 019 133 186 0.14 07 20 14 95 112 127 L4
Dual symptoms 197 014 147 173 008 083 t3 18 184 133 139 115
Healthy 2 217 029 173 106 0.26 13 12 11 66 061 092 086 Apri
Visual Ca deficiency 3.70 0.33 3.89 032 0.09 95 09 37 432 056 161 108
Healthe 3 240 021 211 112 021 16 11 10 100 072 106 106 Aprl
Visual Mg deficiency

(mild) 248 033 257 129 006 19 10 55 428 133 L6l 088
Visual Mg deficiency _

(severe) 278 034 324 097 005 32 09 70 648 129 175 091
Necrosis of vines 211 023 197 089 009 £9 11 14 116 072 108 096
Healthy 4 240 031 182 173 030 . 0% 13 10 60 076 090 089 May
dual symptoms 258 013 048 115 025 03 54 05 19 066 101 130
Scattered mottling! 2.6¢ 0.13 121 277 014 04 22 10 86 142 128 131
Mild mottling 244 013 132 241 (.18 05 18 07 73 119 113 127
Severe mottling 217 013 L79 245 0.0 07 12 3 179 130 134 122
Healthy 290 018 203 142 033 12 14 05 62 063 094 121 January .
Healthy 267 022 199 152 037 1 13 06 54 061 08 1.08 Februal,
Healthy 260 022 212 159 034 11 12 06 62 067 088 1.07 March
Healthy - - 251 031 197 1175 035 09 13 09 56 070 08 091 Aprl
Healthy © 240 032 181 175 030 09 13 11 60 076 090 088 May
Healthy 240 028 170 170 0.30 09 14 09 57 076 09 093 June
Healthy - 249 030 174 18 031 08 14 18 56 075 090 092 July |

! No apparently healthy vines present at comparable age.
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reference represents an independent check on the results of individual leaf
cancentrations, bivariate and trivariate ratios.

In the practice of pepper growing, when working in more tortuous
media, and when seasons and fruit development exert their influence
levels, these “normal”, more or less “ideal” concentrations, for the vege-
tative part of vines may only be approached. Therefore, “normal” values
should only be considered as a guide. As a matter of principle, nutrient
concentrations in leaves, associated with intermediate levels should be
accepted as the best estimate of lower limits, since beyond these concen-
trations visual symptoms of deficiency are likely to appear.

FIELDVINES POTPLANTS
+ HEALTHY -3 FULL NUTRIENTS
L] NITROGEN DEFICIENCY o] NITROGEN DEF
o POTASSIUM DEF @ PHOSPHORUS DEF
[ ] CALCIUM DEF [o] POTASSIUM DEF
X MAGNESIUM DEF e CALCIUM DEF
A NECROSIS 1 % MAGNESIUM DEF
A MNECROSIS 2
2 SCATTERED LEAF MOTTLING
% MILD LEAF MOTTLING
@ SEVERE LEAF MOTTLING
[ ] DUAL DEFICIENCY 1 i INTERMEDIATE DEF
[a] DUAL DEFICIENCY 2 [ COMPLETE DEF
N Nivo% S Niwow

[
FIELDVINES POTPLANTS
(means of 10) (means of 6)
. 0 —— o
& 15 10 5 C @ 5
Piooes Kico% Kioo%
Figure 5

Portion of the triangular diagrams of N, P and K for potplants and fieldvines
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I.

2.

The data in the preceding section lead to the following conclusions:

Symptoms occurring on plants grown in a solution deficientin N, P, K,
Ca or Mg, are characteristic for the element in question and correspond
with significantly low leaf concentrations for each of the respective
nutrients; K deficiency manifested itself by very low levels only; typical
necrotic symptoms begin to develop at K concentrations in the leaf of
less than 1%.

The significance of differences between the chemical concentrations of
N, P, K, Caand Mg in the leaves, separate or in multiples, of plants grown
in deficient and full nutrient solutions allow the establishment of
tentative reference intervals.

FIELDVINES : POTPLANTS
+ HEALTHY @ FULL NUTRIENTS
© NITROGEN DEFICIENCY © NITROGEN DEF
0 POTASS|UM DEF & PHOSPHORUS DEF
e CALCIUM DEF (o] POTASSIUM DEF
x MAGNESIUM DEF e CALCIUM DEF
Ao NECROSIS 1 x MAGNESIUM DEF
A NECROSIS 2 .
@ SCATTERED LEAF MOTTLING
% MILD LEAF MOTTLING
® SEVERE LEAF MOTTLING
w DULAL DEFICIENCY 1 { INTERMEDIATE DEF
b DUAL DEFICIENCY 2 ¢ COMPLETE DEF
100% 100%
5
1o/ %
el
so/ - #8
50 Ql
40
3
20,
POTPLANTS + FIELDVINES
1 (means of 6) g (means of 10 )
. 10 20 39 T0 20 30 d M
Cawo% Cawo%

—s Mgioo%
. Figure 6 '
Portion of the triangular diagrams of K, Ca and Mg for potplants and fieldvines

8o



3. An appropriate set of representative ratios for each deficiency may be
differentiated; for log N/Mg criteria must be set at a rise of s0-70%,
whereas for log N/P a rise of some 20% or a fall of some 1:% appears
appropriate.

All 5 elements should be taken into consideration in order to obtain a
reliable determination of the general nutritional condition of the plants.

5. Plotting of the relative contribution of N, P, K, Ca and Mg may serve asa
visual indicator for deficiencies of individual elements.
6. The sharp fall of leaf K and leal Mg with respect to total bases at inter-
- mediate deficiencies, suggests extreme sensitivity of these elements and
indicates a key-role in the nutrition of pepper in Sarawak,

4

7.5. CRITERIA FOR CHEMICAL CONCENTRATIONS IN LEAVES

Ideally, chemical concentrations of the major elements or their ratios in
field plants should conform to those associated with full nutrients to main-
tain a healthy foliage with an efficient photosynthetic power. In practice,
nutrient levels below those associated with intermediate deficiency must be
raised systematically; maintenance within the zone of accumulation should
coincide with appropriate adjustment of the respective ratios. With due
regard to these 2 preconditions, intervals of reference for N, P, K, Ca and
Mg and for several ratios may be established. It is assumed that healthy
foliage should be associated with “normal” concentrations. The construc-
tion of a critical range associated with near-visual symptoms and a deficient
range is based on the data in table 17, on the relation of stage of the ex-
periment (intermediate or deficient), when symptoms develop, and on the
concurring chemical concentrations of the respective nutrients. These
reference values have only validity in the absence of non-nutritional limit-
ing factors. The results are presented in table 18.

7.6 THE CHEMICAL LEAF COMPOSITION OF MATURE VINES
The analytical data compiled in table 19 represent the range of composi-
tions of mature producing vines which may be encountered in Sarawak.
They are associated with clear visual symptoms of known or unknown
nutritional origine or with apparent vegetative heaith.

Applying the reference intervals (table 18) to the field data presented in
table 19 and substituting the values by letters to mark above-normal,
normal, fair, critical and deficient concentrations of N, P, X, Caand Mg gives
rise to table 20, which presents a condensed picture of the nutritional status
of pepper in Sarawak.

Systematic classification of the nutritional condition of the vines is
obtained as follows: '

I Absolute deficiencies of each individual element are determined by
comparing observed field values with those in table rs.
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2, Relative deficiencies between 2 or more elements are determined in a

similar fashion, using the appropriate reference values for ratios.

In this work ‘“normal” and “fair” are considered to be satisfactory
values. For determinations of deficiency for 1 element the criteria in table 17

TaBLE 20
The results of applying the reference values to the leaf date of table 19 (rearranged)
Classification
Nshortage Pshort- K shortage Cashort- Mg shortage*
age* age*
1 2 3 4 5 6 7 8 9 10 11 12 13 14 B
log log K N K log P K log Iog
N P NP NP K CaMgCayMgK Mg G2 Mg Mg & ¥
Mg Mg Mg
Field condition:

1. Healthy * +n % —m x o x x x p+n % o Xx X
2. Healthy % +n % —m *x X X ¥ ¥ o 4n ¥ —m © °
3. Healthy % +n % —n X X X n x x 4+n *x o X X
4. Healthy % +n 4 -0 * +n x %« X X +n % —m X ©
5. Healthy January © B x —m X o a x * x +n o —m ©° °
6. Healthy February % +B * —m % 0 © X X x +n x —m © 8
7. Healthy March % +n % —m x o o X X X +n x —n x I
8. Healthy April * +n % —m - % +n o * % x +4n x —m x 10
9. Healthy May * +n % —n % 4n x * x x +n % -n X ©
10. Healthy June % +n % —n % +Nn X % * X +n X —n X 0
11, Healthy July * +n % —m % 4n o %« % x 4+n *x —m X ¢
12. Visual N deficiency % X —m % X X X n x ©o —mn —n-—a -1
13. Visual K deficiency * X X —n % +n x * ; % +n x —n X ¢
14, Visual Cadeficiency +n +n % —n +n % % +n o -n % * % —0 X
15 Viasul Cadeficiency +n 4n % —n 8 % % +4n n 4n o * * —n X
16. Visual Mg deficiency % +n % —m % +n % 4 X +n 4+n * K * X
17. Visual Mgdeficiency . x +n % —m © X% +n x 4n +n * % *x ¥
18. Visual Mg deficiency +* 4n % —n o X% +r n 4+n +n * * * ¥
19. Visual Mg deficiency % 4n % —m o X % +n n +n +n % * *x ¥
20. Visual Mg deficiency % 4+n % —m X x % n o +n 4n * *x *x ¥
21, Visual Mg deficiency X +n % —-n N %k %k +n n +n +n *x * *x ¥
2 ) a s
22, Visual necrosis * +n k —m %k  k % n x +n +n * x X ¥
23. Visual necrosis * 4N X —n % +n % ; * R +n % n % x
24, Scattered mottling X X 4n o % +n K X * n+n % n *k X
25. Mild mottling % +n o —m % +n % % % o +n x o % F¥
26. Severe mottling * 4n X —n % +n % %X +n +n % x * ¥*
27. Dual symptoms % +4+n +n o % +n x * % n +n o —n X :
28, Dual symptoms % 410 x —n %k 4n % * X +n 40 % x X X

above normal: +n normal: n critical: x

below normal: —n fair: o deficient: %

* Concentrations for leaf P, leaf Ca and leaf Mg in columnns 3, 6 and 7, respectively, apply.
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should be satisfied, otherwise multiple deficiencies are involved. Incipient
deficiencies are considered to be related to the presence of “critical levels™.
Deviations from the appropriate ratio value indicate relative deficiencies
between the respective elements. The term “above normal” relates to
situations when reference values decrease with increasing deficiency,
whereas “below normal” is associated with the opposite situation (table 18),

7.6.1. Treatment of data

7.6..1. Nitrogen and phosphate

Inspection of the data in table 20 indicates that in 25 out of 28 cases the
concentration of N has fallen to critical or deficient levels. Leaf P is critical
or deficient in 3 cases only. The nature of this deficiency is revealed by the
concurring values for the concentration of P and for that of log N/P. If
critical or deficiency levels concur with above-normal values for P and
deficient values for log N/P the element nitrogen is deficient. Its leaf con-
centration requires adjustment until the corresponding ratio value has
attained its normal value. :

Scrutiny of the various combinations of N, P and log N/P indicates that
complications may be expected with regard to the relations of these two
elements.

Case 2 shows an example of the,deficiency of both leaf N and leaf P; log
N/P appears as just critical, indicating a relatively low N concentration.
When the data for P deficiency are compared the value of log N/P is below
normal, confirming a relative P excess despite P deficient levels. The data
for N deficiency also indicate the need for a more rapid rise of the N con-
tent to normal levels as compared with that of leaf P.

If N and P concentrations are both above normal, N may still be relatively
deficient, as in cases 14 and 15. Although this situation is probably due to
decreased production of dry matter, adjustment towards normal levels
should coincide with a more rapid fall in P concentrations with probably a
concurrent increase in leaf N to maintain a proper ratio.

When P concentrations are normal (case 5) the log values for N and P
deficiencies indicate that adjustment of N levels should coincide with
careful observation of the P concentration to prevent the development of
deficiencies of this latter element. -

Interpretation using N, P and log N/P criteria agrees well with field
observations. The “healthy” vines of the cases 1-4 exhibited a light green
tinge on their foliage, which some months later developed into visual
symptoms of N deficiency. Similar observations were made on the cases
5-11. In January leaf N and P were not alarming, but log N/P inc.iicatfj-d
impending deficiency of N. Visual symptoms developed some time in
March, increasing in intensity with time. Typical symptoms of N deficiency
of different intensity were also observed on all other vines, with the ex-
ception of those displaying symptoms of Ca deficiency. In several cases
interactions occurred with symptoms of K deficiency, which tended to
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obscure clarity of individual N symptoms. Discolouration due to P deficien-
cy has not been observed. ‘

7.6.L2. Po tassium

A similar, somewhat more involved, procedure as for the elements N and
P may be applied to the data related to K deficiency in the leaves. The situ-
ation indicates the need for simultaneous correction of concentrations of 3
base elements in the great majority of cases. When considering the “heal-
thy” vinesin the table, it is interesting to note that on all occasions the con-
centration of leaf Kis either at critical levels, or associated with K deficiency.
The concurring concentrations of leaf Ca are at the expected 2bove-normal
level in some 45% of the cases, whereas it is fair in 35%; critical levels occur
in the cases 2 and 3, when concomitantly leaf X is critical. The corre-
sponding concentrations of leaf Mg appear to be critical or fair-to-critical.

Some complications with regard to relative deficiencies may be expected
amongst bases. The data in column 5 indicate the need for an appreciable
rise in leaf K, but from columns 7, 8 and 1o follows the need for a less rapid
rise of leaf Mg with or without a concurrent rise or fall of leaf Ca.

Relative deficiency of K with respect to N may be observed from column
9. The value associated with the critical and deficient interval of the N/K
ratio indicates the appropriate priority of adjustment.

Case 13 may be considered representative for K deficiency. The sample
contained only leaves with typical symptoms, but the simultaneous pre-
sence of a critical concentration of leaf Mg indicates a potential dual
deficiency of bases. This duality is even more pronounced in the cases 23-28,
where leaf Mg is deficient. The relative importance of K deficiency is
reflected by deficient values for K/Mg in case 13, and by fair, normal or
above-normal ratios of K/Mg in case 23-28. The ratio for N/X confirms re-
lative deficiencies of K with respect to deficient leaf N.

Finally, case 22 shows triple deficiency of K, Mg and Ca as reflected by
absolute levels, and by the normal and above-normal ratios of X/Ca+Mg,
and of K/Mg. On these occasions the value for N/K is critical, indicating the

need for some fall in this ratio by a rise of leaf K, and simultaneous adjust-
ment of the observed deficiency of leaf N.

Inall of the cases analyzed K deficiency could be diagnosed, frequently in
combination with apparent shortage of Ca or of Mg. These results agree
largely with field observations. These showed the presence of visual symp-
toms of K deficiency at sampling, or their development later in the season
in the healthy vines, as well as symptoms of Mg deficiency (leaf fall) in the
cases 23-28. Necrosis by Ca deficiency was not observed in case 22, probably
due to its development in approximately the same distal region of the
leaf blade, as the symptoms associated with K deficiency. No necrotic foliar
symptoms of K deficiency were observed in cases where K was present at
critical levels or above. Symptoms of N deficiency developed simultaneous-
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ly where levels were classified as deficient, but their clarity tended fre-
quently to be masked by the presence of other symptoms.

7.6.1.3. Calcium

From data in column 6 (table 20) it may be observed that in some 5% of
the cases leaf Ca is above normal, indicating relative excess of this element
and/or some base disorder. In 4 cases concentrations of Ca have fallen
below deficiency levels. The data in column 1 show that in 25 out of 28
cases the ratio log Ca/Mg has risen to above-normal values, irrespective of
the concentrations of leaf Ca. Consequently, leaf Mg is more deficient in
these cases. In the cases 14 and 15 there is a visual deficiency of Ca, but, in
accordance with table 18, only in case 14 it appears to be a “true” deficiency
with respect to Mg. In the cases 21 and 22 Ca is in relative excess, despite
necrotic margins.

When incorporating leaf Mg data in the respective cases, the nature of
the disorder is revealed, and the mode of adjustment may be deduced. For
example, the Ca concentration in case 5 should increase to normal levels;
the ratio suggests complications with respect to Mg. If the leaf Mg con-
centration is taken into consideration, it is self-evident that its level should
also be increased, but more rapidly than that of leaf Ca, in order to reduce
the ratio. The reverse may be observed in case 14, as shown by the deficiency
value for the ratio. In cases of above-normal levels of Ca the corre-
sponding ratio indicate the need for an increase of Mg.

When similar analyses are carried out for other data, it appears for the
cases 12-28 that the majority represents combinations of relative Ca excess,
-associated with absolute and relative deficiencies of leaf Mg, whereas in
4 cases, deficiency of Ca was present. The healthy vines in the cases 1-4 tend
towards deficiency of Mg and in 2 cases also towards Ca shortage, whereas
in the cases 511 mostly fair or above-normal levels are found.

Field observations generally support the results of this diagnosis. In the
cases 14 and 15 a clear necrosis was observed, characteristic for Ca deficiency,
accompanied by superimposed leaf patterns associated with Mg deficiency.
In other cases, which are more associated with the Mg deficient levels,
abrupt leaf fall had occurred or was observed at some later date. Character-
istic spotting in case 22 indicated early stages of Ca deficiency.

7.6.1.4. Magnesium

The concentrations of leaf Mg and its relation with respect to Ca have al-
ready been discussed in paragraph 7.6.1.3. The data in column 14 (table 20)
merely confirm these results. The ratios of Mg to N, Pand Kare presented
in the columns 12-15. .

In the majority of the cases 12-28 leaf Mg is present at critical or deficient
levels. In accordance with the ratio indices of table 18, Mg is under these
conditions the most important deficient element with regard to N, P, K
" and Ca. In contrast, deviations from the appropriate classification for
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single Mg deficiency would suggest the presence of potential complications
amongst elements. Case 14 and 15 show leaf Ca to be relatively most de-
ficient, whereas in cases 21 and 22 this is leaf Mg. For similar reasons, in case
27leaf K is most deficient. The fair or critical values of Mg concentrations in
the cases 1-m are associated with concomitant ratio values amongst cle-
ments varying from beyond normal to deficient. This suggests the possible
development of complicated multiple disorders following small concen-
tration changes at this level of nutrition.

The relative position of Mg with respect to the different elements indi-
cates the mode of supply adjustment. In the cases 511 a relative excess of P
and Ca, and a relative deficiency of K may be observed with respect to Mg,
whereas the value of log N/Mg seems fair to normal. This suggests that
leaf Mg should rise in proportion to N, but much more rapidly with respect
to Pand Ca, and slowly with regard toleaf K, A similar analysis can be made
for each individual cage.

Symptom patterns largely agree with respect to deficiency of leaf Mg.
Faint symptoms were present at critical levels, whereas definite character-
istic discolourations were present when levels dropped below deficiency
concentrations. Multiple symptoms of deficiency of leaf Mg, and/or leafK
and of leaf N were present in some cases, in agreement with the occurrence
of the respective deficient levels of these elements.

76.r5. Triangular diagrams

The relative contribution of N, P and X to their sum total is shown in fig. 5.
If the healthy range for the sand experiment is assumed as a reference near-
ly all cases of deficiency of N, Ca and Mg display a normal relative contri-
bution of N and K, whereas that of P is approximately twice that of the
reference vines. The cases r—ir (shaded area) show, on a similar basis, rela-
tive N and P excess, and a concurring shortage of K. Extreme deficiency of
K, and one case of “dual leaf colour” show both a very low K contribution
with concomitant P and N excess,

The relative contributions of the 3 base elements to their sum total have
been presented in fig. 6. The appropriate data from the sand experiment are
assumed as references,

The data suggest that changes of the relative base contributions are
reflected by appreciable shifts from their previous location. Similar results
were obtained for data of the sand experiment. The apparently normal
contribution in one case of veinal necrosis may be attributed to triple

deficiency of K, Ca and Mg. The results are, in general, a visual illustration
of table z0. :

7.6.1.6. Malnutrition and foljar composition

The cases 128 in table 20 may be subdivided into 3 groups receiving relatively
large amounts (s-11), intermediate (1-4), and low dressings of fertilizer (12
26). The state of health of the ¢anopy tends to coincide with these respec-
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tive groups; the normal and fair values for leaf concentrations are largely
limited to the “healthy” vines in the cases s-m, although corresponding
ratios are mostly critical or deficient. In the majority of other cases critical
or deficient levels prevail; ratios are sometimes fair to normal. The overall
data suggest both the presence of pronounced deficiencies as well as
fundamental disorders between elements. N—P, Ca—Mg and Ca—K
“antagonisms” may be observed on several occasions. This agrees with
the results of the pot study.

No entirely healthy vines are represented in table 20. The nearest compa-
rable vines (case 5) show marginally fair and critical leaf concentrations for
N, K and Mg, and sub-normal ratios. In subsequent months (cases 6-11)
visual deficiency of N, X and slight deficiency of Mg developed, whereas
ratios remained relatively unchanged. Apparently the large quantities of
early fertilizer applications alone are inadequate. More appropriate modes
of fertilizing should be able to ameliorate these critical or deficient levels to
normal; in this respect much attention should be paid to the time element
and to the maintenance of correct leaf ratios.

Characteristic symptoms of N, K, Ca and Mg were accompanied by
corresponding low leaf concentrations. Combinations of typical deficiency
patterns for Ca and Mg coincide with low concentrations of these elements.
The concentrations of complementary elements may increase to above-
normal values in the case of single or multiple deficiencies. Occasionally,
pronounced symptoms of one element tended to mask the shortage of
another element (cases 2r and 22); the observed leaf fall may be due to
deficiency of both Ca and Mg, Similarly, dual symptoms in cases 27 and 28
appear to be due to deficiency of N, K, Mg and probably P according to
corresponding leaf concentrations.

Values in table 17 determine the absolute deficiency of an element with
the other 4 elements at normal or above-normal concentrations. For
relative deficiencies, the deviation of the respective ratios constitutes a
broad measure with regard to the order of importance. )

Cases s-11 demonstrate the particular importance of early foliar diagnosis
and the need for continuous regular control. At first no clear visual pat-
terns can be discerned but application of the proposed intervals predicts the
potential danger of N, K and Mg deficiencies from the initial levels ar}d
ratios. This is confirmed by subsequent development of yellow leaves, tip
necrosis and leaf abscission. Similarly, case 1 exhibited initially the y ellow
leaves of N deficiency; leaf K and leaf Mg indicated potential deﬁaenc:e:s,
whereas K/Mg showed a normal value. Some months later K necrosis
developed, soon followed by abrupt leaf fall due to Mg deficiency. This
procedyre may be repeated for other cases with a similar predictive vaIue..

Triangular presentation suggests that those elements not presented in
the diagram have no influence on the location of the respective points.
This is not unexpected, bearing in mind the strong interactions ﬁll'nf?'ngSt
bases and the “antagonisms” between Nand P, whereas there is little inter-
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action between these groups. The overall results indicate that diagrams may
beemployed to provide a visual control for changes towards normal regions
when extreme deficiencies of single elements are adjusted and vice versa.

The results imply that consideration of both absolute concentrations and
ratios between elements is essential for correct interpretation.

7.7 CONCLUSION

The different groups of vines in this study appear to suffer from visual
single and multiple disorders as determined by comparison with the
results from the pot experiment. The nature of these symptoms, sugges-
tive for interaction of several deficiencies at the time, could be established
without much difficulty by consideration of the leaf data and application
of the proposed intervals of individual leaf concentrations and appropriate
ratios obtained from the pot experiment. In a much similar fashion the
presence of incipient or masked disorders could be established. The treat-
ment also allows a compreheunsive diagnosis of the expected development
of deficiencies in the future, An appropriate mode of fertilizer adjustment
may be deduced from the respective foliar concentrations and correspond-
Ing ratios.

From the data it may be concluded that foliar diagnosis for pepper offers
good possibilities with regard to early prediction of disorders between
major elements; in addition it appears to be a suitable guide to maintain or
to restore vegetative health. To prevent symptoms of deficiency, the con-
centration of leaf N, P, K, Ca and Mg must be maintained at least above the
proposed critical indices; for optimal vegetative condition of the canopy
leaf concentrations and ratios should he keptat normal levels.

8. THE INFLUENCE OF APPLICATIONS OF FERTILIZER
ON FOLIAR CONCENTRATIONS OF 5 MAJOR NUTRIENTS

Data analyses revealed the general need to raise the leaf concentration of
the 5 major elements, while simultaneously the ratios should be adjusted.
In ch.apter 7 it was shown that dressings of fertilizers initially improved the
nutrient concentrations in the leaves, whereas later N, K and Mg still
tended to fall to critical (Mg) or deficient levels (N and K). Concurring
levels of ratios generally seem to be at variance with the appropriate refer-
ence values. The influence of the application of fertilizers on foliar compo-
sition has been examined in more detail in a factorial field experiment with
mature, producing vines. : '
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8.1. S0IL CHARACTERISTICS

The experimental area waslocated on the same type of soil mentioned else-
where in this work. This shale-derived soil belongs to the red-yellow
podsolic group of soils (ANDRIESSE, ScoTT and Bamey). According to the
texture data in table 21 the soil may be classified as a clay to clay loam.
Tensiometer readings over a period of five years have indicated that the pF
value of undisturbed soil measured at a depth of 20 cm tends to vary
between 2.3 in the peak of the north-east monsoon to 2.9 in the relatively
drier part of the year (cf. rainfall, table1and par. r.r..).

The soil moisture-retention characteristic (fig. 7) indicates that some
5% of loosely bound moisture is nearly permanently available for the plant
throughout the year. '

The majority of active roots is located in the upper 60 cm of the soil;
below this depth appreciable penetration is impeded, due to the presence
of compact subsoil conditions.

After non-burning removal of lalang cover and scattered thin trees,
representative soil samples were taken and analyzed. The chemical com-
position of the upper 15 cm is presented in table 21. The results demonstrate
the inherent chemical poverty of the soil, a high P fixation, extreme acidity
and a low C.E.C. value. As may be expected immediately after a fallow
period, the organic-matter content is relatively high. Soon after cultivation
the organic material becomes much reduced, largely owing to heavy
rainfall and subsequent erosion. Horizons below 15 ¢cm possess 2 low
organic-matter content and only slight variations occur at greater depth
with respect to the other chemical aspects (ScoTT and BAILEY).

8.2, FIELD EXPERIMENT

Field observations had indicated the development of serious deficiency of
Mg, shortage of Ca and necrotic symptoms associated with trace element
deficiencies. To exclude these nutrients as factors limiting production, a
blanket dressing of 2800 kg/ha of dolomite (16% MgO, 38% CaO) has been
applied 3 weeks before planting. Dolomite raised the pH to a value of 5, at
which level it has been maintained throughout the experimental period.
Glass fritted trace elements were supplied at a rate of 60 g/vine. The frit
(standard mixture 253A, Ferro Enamels) contained 19.64% Fe, 2.75% Cu,
5.47% Zn, 8.69% Mn, 7.09% B and 0.22% Mo. The application was repeated
annually. No harmful effects were observed from the dolomite or the trace
elements during y consecutive years of the trial.

8.2.1. Details of the experiment

A 33 factoriaj experiment was accommodated in 3 blocks on a level area,
2 degrees of freedom for the N P K interaction were confounded w:ith
blocks. The trial was planted with a selected clone of P. nigrum cv. Kuc.hmg
early in 1960, Bach of the plots supported 4 vines. Around blocks a single
guardrow was maintained.

89



The vines of the trial and guardrows were planted at a density of
2.4 X 2.4 m square, equivalent to 1680 plants/ha. All vines received uniform,
standardized cultivation treatments based on the traditional system, but
only mild leaf pruning was carried out (see Ch. 2). The guardvines received
uniform dressings of a suitable fertilizer mixture. Disease and pest incidence
were controlled by appropriate measures. The environmental conditions
other than treatments were conducive to unretarded performance.

8.2.2. The treatments

The actual investigation on leaf concentration was postponed to the
fourth year of harvest. This delay was introduced since immediate interest
was particularly concentrated on the maintenance of a healthy vegetative
condition during full maturity of vines in order to ensure a maximum

TasLe 21

Characterization of the experimental soil
Characteristic Representative value
pH (H,0-1:2.5) 46
PH (KC1 IN) ‘ 38
Cation Exchange Capacity (C.E.C.) 11 me/100 gr soil
P retention 60%
K retention (dry) 2%
K retention (wet) 6%
Organic C (after bush-fallow) 1.7%
N (after bush-fallow) 0.12%
C/N 14
Al (pH 4.8; NH,-acetate-acetic-acid 1:2.5) 90 p.p.m.
Mn (pH 4.8; NHy-acetate-acetic-acid 1:2.5) 7 p.p.m.
Total P 120 p.p.m.
» K . 1,150 pp-m
w Ca 150 p.p.m
1) Mg 880 p.p.m
» Na ) 230 p.p.m.
Mergan-Venema (pH 4.8; NH,-acetate-acetic-acid 1:2.5)
K 27 p.p.m.
1?3 15p.p.m.
8 p.p.m.
Saturation extract PP
P 0p.p.m.
K 6 p.p.m.
Ca 19 p.p.m.
Mg . 2p.pam.
Na 7 p.p-m.
Texture
particles > o0y 21.0%
particles 200-50 . 334%
particles 50-2 . ' 24.5%
particles < 2 4 - 2L1%
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fruiting potential; within the period of improductiveness vines are usually
healthy and vigorous when they receive relatively heavy fertilizer dres-
sings. Nil treatment was not included since it was convincingly demon-
strated in preliminary observations that cuttings which received dolomite
and trace elements only exhibited retarded growth and complete die-back
soon after planting. This stresses the natural soil poverty with respect to
3 major nutrients and it implies in fact that initia] conditions were some-
what similar to those stated as desirable by van Diest for the regulation of
crop nutrition.
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Figure 7 ) _
The relationship of matric suction and soil moisture

_Over the entire period from planting to the year of leaf inv‘estigation the
vines received the following amounts of fertilizer (total oz* [vine):

" We have kept here the English ounce (= 28 g), s the experiments had been made
with this measure,
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Level 1 2 3 pure nutrient

Type

Urea 3 78 122 5% N
Double super phosphate 68 170 - 272 45% P05
Muriate of potash 16 44 102 60% K0

Average applications vary actually from some 3 to m oz of N, from some 6 to
23 oz of P05 and from some 14 to 13 0z of K0 per plant. At the end of the
season preceding that of the leaf investigations symptoms of N and K
deficiency could be observed on the foliage, but few associated with a
shortage of Mg, Ca or P. Apparently, residual effects from the heavy dres-
sings of the soluble forms of N and K were negligible. There were system-
atic variations from treatment to treatment with respect to the severity of
Nand X deficiency. As expected, the dressings of Ca, Mg, P and trace ele-
ments provided sufficient reserves of these elements.

For the foliar studies the following treatments were given to the vines
(oz/vine):

Level 1 2 3 pure nutrient
Type
Urea 4 12 20
Double super phosphate 0 4 8 as above
Muriate of potash 8 16 24

Vines received their respective dressings in 4 split applications, corre-
sponding to a ratio of 6:5:3 12, in 4 consecutive months respectively. The st
application was given in early September at the onset of the monsoon,
approximately r month after completion of the preceding harvest. Each of
2 furrows, 10-15 cm deep and located on the edge of the mound received
half of the dosage due. Furrows ended at least 15 cm away from the salt-
sensitive underground stem. Simultaneously the total 6o g/frit/vine was
applied. The fertilizer was covered with earth. Subsequent dressings were
given in approximately the same location and in a similar fashion. Appli-
cation of fertilizer under extremely wet conditions was avoided.

Abundant development was observed of foliage and flowers, during the
period from September to December and there was no appreciable abscis-

sion of spikes throy ghout the season; characteristic symptoms of deficien-
¢y were largely absent from the Jeaves,

8.2.3. Rating of visual symptoms

The incidence of symptoms of N and K deficiency has been recorded at

the end of September, in early March and at the end of June, corresponding

witha period of abundant nutrition, and with a period from the peak of the

monsoon to the harvest, Tespectively. The following arbitrary standards
were adopted for N deficiency:
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Colour

Even dark yellow
Necrotic tip }
Dark yellow

Even light yellow
Even light green
Even dark green

Score Grade ' Reference
1 very paor " complete N def. pot experiment
2 poor
3 medium
4 mild
5 healthy full nutrients pot experiment

Each vine was independently scored by different, trained recorders on the

same day.
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The relationship of time and incidence leaf discolouration due to N deficiency, as

affected by application of N, P and K fertilizers
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K deficiency
The percentage of necrotic leaves was taken as an indicator of the severity
of the disorder. The following standards were adopted:

% Healthy leaves Score Grade Reference
0- 25% 1 very poor preliminary pot experiment
25- 50% 2 poor
50~ 75% 3 medium
73-100% 4 mild
100% 5 healthy - full treatment pot experiment

The data of 4 individual recorders were pooled and the mean score per
vine was considered a reliable estimate of the N and K deficiency condition.
The values per plot for N and X were expressed as a percentage of the

maximum score for healthy vines, to provide a measure for the state of
health of the foliage.
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. Figure o
The relationship of ime and incidence of necrosis due to K deficiency as affected by
dressings of N, P and K fertilizers
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8.2.4. Leaf sampling

From each plot a total number of 7 bulk samples have been collected; the
first sample approximately 3 weeks after the last application of fertilizers,
and subsequently at 6 monthly intervals. The sampling procedure devel-
oped in chapter 6 has been applied. Samplers were allocated to the plots at
random to prevent the introduction of systematic errors.

8.3, THE EFFECT ON VISUAL DEFICIENCIES

The data are presented in the figures 8 and 9. During the period indicated
by the broken lines no recordings were made, but their path seems to be
justified, as observations indicated only mild symptoms of N deficiency
until January, and near-absence of K necrosis from September to March.

Ndiscolouration

Initially the new foliage which develops in September under the influence
of dressings of fertilizers tends to be healthy until January, with the ex-
ception of that at the lower N level. With advancing time the graphs show
that the intensity of the symptoms increases apparently on all occasions. P
and K applications do not seem to influence the observed intensity of the
;iiscolouration at any time during the period of observation, irrespective of
evels, .

It may be observed that at the lowest level of N application the dis-
colouration becomes very close to its maximum intensity as early as in
March; little further increase of the yellowing is seen towards July. The
influence of the high and intermediate N applications on the intensity of
discolouration is maintained until March at the same relative difference
with respect to low N. This effect is reduced by half in May and it is elimi-
nated in July, At this time, the severity of the disorder appears to be ap-

Proximately of medium intensity, irrespective of the level of application of
N: PorK.

K deficiency _

The trial vines seem to remain almost free of symptoms of K deficiency
until March, irrespective of N, P or the upper and intermediate Jevels of K.
The lowest dressing of K coincides with only mild incidence of necrosis
over the same period. From March onwards a different situation seems to
develop.

When considering the development of necrosis, in relation to increasing
dosage of K fertilizer, it may be observed that from March to July a bigh
dose of K fertilizer tends to delay the development of necrotic symptoms to
May. In contrast, over this same period severity of incidence increases
sharply at intermediate and low levels of K fertilizer. As may be exPected,
the incidence is dependent on the level of application and is proportionally
Mmore severe with the lower K supply. : .

In July the intermediate and low dressings of K are associated with
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maximum presence of necrosis (28%), whereas plants which received the
highest dose displayed only an incidence of 14%. There is no effect of
differential levels of N and P on the incidence of necrosis.

For mature, producing vines the demand for N is high throughout the

IN THIS AND SUBSEQUENT FIGURES
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The month-to-month variation of the concentration of leaf N and leaf P at differential
‘ applications of N, P and K fertilizers (% dr.m.) '
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entire season. Initially, this requirement is associated with leaf and flower
development until January, when the monthly dressings of N are able to
meet demands, Thereafter, fruit development and simultaneous mainte-
nance of healthy foliage requires considerable quantities of this element.
Since berries and healthy leaves contain some 2.3% (table 22) and 2.8-3.4% N
(table 18), respectively, severe competition and intensive redistribution
phenomena amongst fruit and leaves may be anticipated for this element.
Thisis aggravated by discontinuation of N applications.

N fertilizers are supplied in water-soluble form, prior to the period of
fruit development. Appreciable loss of N may be sustained during the
monsoon rains which coincide with the large demands made by the crop.
Thus, under the current system of nutrition, it is not surprising to observe
symptoms of N deficiency from January onwards, This occurs even at the
highest leve] of N dressings (some 10 oz of N per plant) and the intensity of
the discolouration ultimately reaches the same level as the one associated
with the lower applications of N. A problem of a similar nature seems to
exist for K. Fresh berries contain some 1.5% of K and this element is particu-
larly required during fruit development from February to July.

According to the data, in March leaf K becomes deficient. In this month
the berry begins to expand rapidly to its final size. Similar competition as
for N may be expected to occur between leaf and fruit; the appearance of
necrotic leaftips at the lower 2 levels is not unexpected, when bearing in
mind the heavy rains in the preceding month. At the highest level of
application (some 144 oz of K20 per plant) this adverse development is
iiellayed for some 2 months, but mild symptoms still develop from May to

uly.

The results imply that the timing of heavy applications of fertilizers
containing N and K and the actual demands of nutrients in the traditional
system of fertilizing are in disharmony, involving appreciable loss of
hutrients due to rainfall. Considering these aspects a further increase of
early applications does not seem to be an appropriate remedy.

8.4. THE EFFECT ON LEAF CONCENTRATIONS
Data on leaf concentrations of N, P, K, Ca and Mg are presented in graphi-
calform in the figures o and m.

N:'trogen

The path of 8 out of g curves (fig. 10), irrespective of type or level of fer‘tili_zer
Is in good agreement with the corresponding curve for seasonal variation
(chapter 6). On all occasions a minimum value of some 2.40% is reacl_led in
May, followed by a small rise towards July. During the entire period of
observation levels remain continuously within the deficiency zone ‘(Cf-
table 18). Early in January levels may occasionally be present in the critical
area. The lowest level of K seems to increase leaf N significantly in January
but thisis not continued in subsequent months. Only in January, just priox
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to the peak of the monsoon, an increase of leaf N is observed with in-
creasing levels of fertilizer; within the zone of deficiency at the highest
level a fair concentration may just be attained. At low N applications leaf N
remains within the zone of deficiency throughout, In February and follow-
ing months this divergence is eliminated, and leaf N attains similar values,
irrespective of levels of application; its value falls to a minimum in May.

Itis interesting to note the common tendency for increasing dressings of
Pand X to depressleaf N.

Phosphorus

The regression of P on time seems to be of the same order as the one
observed for seasonal variations (chapter 6), irrespective of types of ferti-
lizers. Differential dressings of K appear to have no significant influence on
leaf P, although it js interesting to observe that there s a consistent tenden-
cy for low K to be associated with high leaf P. At low dressings of N leaf Pis
significantly higher in January and February as compared with intermedi-
ate and high N, and vice versa; this effect tends to be continued in sub-
sequent months; this agrees with the data of the pot trial.

When considering the influences of differential dressings of P fertilizer on
leaf P the graphs show that the maximum application of P results in a
much higher concentration as compared with intermediate and low dres-
sings of P; in July this difference becomes non-significant. Itis most interest-
ing to note that in January leaf P, according to table 18 is 13 to 2 times that
of the normal level associated with healthy vegetative condition. With the
advance of time these limits tend to rise to 2.5-3 timesin July.

Potassium

In general the regression of most graphs is basically similar to that observed
for seasonal variation (chapter ). It may be observed that the lowest
dressing of N fertilizer is associated with the highest concentrations of leaf
K and vice versa. This order is maintained through the season until ].u'ne.
The effect is significant only in January and February, when Jeaf K is critical
atlow N, The K concentrations are depressed with time and the deficiency
levelis reached in March. . .
Somewhat different paths may be observed for the effect of P applications
on leaf K. On these occasions intermediate amounts of P tend to be as-
sociated with relatively high leaf K concentrations in the critical zone, At
thislevel of P dressings, deficiency of K developsin April. )
When considering the influence of the early K applications on leaf K it
may be seen that intermediate and high levels are able to maintain the le.af
concentration within the critical zone (shaded area) until March and April,

-

Figure 1 '
The month-to-month variation of the concentrations of leaf K, leaf Ca and leaf Mg at

difierential applications of N, P and K fertilizers (% dr m)
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respectively. The low level of application is consistently associated with the
region of deficiency. Differences remain significant until May.

Itis noteworthy that leaf K remains at, or close to, deficiency levels; high
Kand low N, and intermediate P seem to have a similar favourable effect on
leaf K. On all occasions a sharp decrease of leaf K may be observed, begin-
ning in the first half of March and ending in June, irrespective of levels of
N, P or K fertilizers.
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Figure 12
The month-to-month variation of K/Mg and N/K as affected by applications of N, P
and K fextilizers
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Calcigm

The regression of this element on time is not different from that found in
studies on seasonal variation (chapter 6), irrespective of levels of appli-
cation, Over the period of observation the concentration of leaf Ca remains
fair to normal. Applications of intermediate and high Jevels of Nsignificant-
ly increase Jeaf Ca in January, but in subsequent months the situation tends
to be reversed. At the highest dressings of P leaf Ca is increased in January
and February. This situation tends to be maintained to July. The phenome-
non may probably be attributed to the influence of calcium, present in the
fertilizer.

The influence of K is also demonstrated. The lower level of X fertilizer is

' Figure 13 ‘ . Iy
The month-to-month variation of P/Mg and K/Ca-+Mg as affected by applications ‘t.nf
N, P and K fertilizers :
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associated with high leaf Ca. This situation is maintained through01.1t the
period of observation, but without significance. This effect of K is not
unexpected because K and Ca are antagonistic ions. In this context it is also
interesting to observe that a sharp rise of leaf Ca from March to above-
normal levels in April coincides with the simultaneous depression of leaf K.

Magnesium

For this element the regression from January to April/May generally
coincides with that found for seasonal variation. From May to July leaf Mg
tends to fall near the critical level. In general, leaf Mg does not attain
normal levels, but varies within the region associated with fair concen-
trations.

The highest application of N fertilizer coincides with an increased level of
leaf Mg in the fair region. This is significant only in January. The situation
remains stabilized until May. From this month to July leaf Mg falls gradu- .
ally to reach the critical level. _

The effect of P and K fertilizers on leaf Mg concentration is rather similar.
Low dressings of P entail significantly higher levels of Mg throughout the
Season as compared with intermediate and high P. As for Ca this may be
attributed to the antagonistic effect of Ca in the P fertilizer. Similarly, the
lowest K level is associated with 2 much higher, almost “normal” concen-
tration of leaf Mg. The effect of K—Mg “antagonism” may be observed in
this case. At both other levels of K, the concentrations of leaf Mg are
of the same magnitude.

Most interesting appears to be the development of leaf Mg concen-
trations from April to July. Whereas for high and intermediate applications
of K the concurring lower concentration of leaf Mg does not vary ap-
preciably throughout the entire period of observation, the lowest level of
K dressing is associated with 2 relatively sharp fall over this period of leaf
Mg from relatively high levels to concentrations comparable to those
associated with the heavier K dressings, It is interesting to observe that the
paths of leaf K, Ca and Mg with time in fig. msuggest domination of K— Mg

and Ca~Mg antagonisms over that of Ca—K at values of leaf Ca between
r.5and 1.7% (cf. chapter 9).

8.5. THE BFFECT ON LEAF RATIOS

For each month and for each of the 5 major elements appropriate ratios
may be calculated (cf. table 18). The results are presented graphically in
figs. 12,13 and 14. Critical zones associated with the ratios have been included
for convenience. It should be noted that the presence or absence of treat-
ment effects on the various ratio values has no significant meaning, but is
rather an indication of the influence which may be expected from different
dressings of fertilizers op the variation of ratio values,

It may be observed thas the ratio values tend to be associated with critical
or deficient concentrations, Generally, the graphs seem to move towards
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values associated with more severe deficiencies with advancing time. An
exception appears to exist for the ratio K/Mgj it falls to a minimum in May
and rises again to reach critical levelsin July, irrespective of application.

The values for log N/P indicate 2 consistent relative deficiency of N and
an excess of leaf P. The heaviest dressing of N appears to be associated with
its highest value. Heavy P applications tend to depress the value, whereas
the nil treatment ameliorates the situation. Over the entire period, the
adverse influence of increasing levels of P seems to remain present; in
contrast, the influence of differential N levels apparently becomes neglige-
able with time.

K dressings seem to have no appreciable effect on log N/P.

When the ratios N/K, K/Mg, and K/Ca+Mgare considered in association
with K deficiency, the results suggest that high N tends to push the value of
these ratios beyond deficiency limits. The reverse tends to be true for low
and intermediate N.

Applications of the intermediate P treatment seem to have some favour-
able effect on the value for K/Mg. A similar influence may also be present
for K/Ca+Mg and for N/K.

As can be expected in cases of K deficiency, the heaviest dressing of K
should entail the most favourable effect on the 5 ratios. The effect of inter-
mediate and high K is largest in the case of K/Mg; ratio values at these
levels of application tend to fall somewhat from April to May, but they do
not seem to attain the zone of deficiency; in fact, at all levels a tendency to
rise towards fair levels may be observed as from May. This appears in its
most pronounced form for low K.

In contrast, values for N/K and K/Ca-+Mg seem to be associated with a
different trend. Heavy and intermediate K applications appear to be associ-
ated with a shift from fair to deficiency levels for N/K in July. Sirnilarly, the
higher 2 levels of K fertilizer may be related to K/Ca-+Mg values which are
deficient by April. These aspects indicate inadequate supply of K with
respect to N and Ca-+Mg during fruit development.

In the case of Mg the intermediate and high treatments of Ntend to lfave
a relatively mote favourable effect on the value of log Ca/Mg than light
dressings of N. For P/Mg there may bea similar effect of N, but in April and
at high N dressings the ratio value tends to pass abruptly into‘the zone of
deficiency. There appears to be no appreciable influence of differential N
applications on the value of log N/Mg, except in June.

The low P treatment tends to show the most favourable effect on .log
Ca/Mg. For this value each P treatment seems associated with a fairly
regular path towards July. At the lowest application of P the vah?e For
P/Mg appears to be maintained with the critical zone, wherea's a devxati'on
into the zone of deficiency is observed in Aprilat the intermediate and high
Plevels, o

The influence of dressings of K on P/Mg does not appreciably differ from
that of the upper two levels of P; a sharp deviation into the zone of de-
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ficiency appears to be present, irrespective of K levels, although low K
tends to have a more favourable effect. This may be explained by K-Mg
“antagonism”. Low K seems also associated with fair values for Jog Ca/Mg,
whereas high X tends to shift this value into the critical zone. The inter-
mediate and heaviest dressings of K tend to be associated with a shift of log
N/Mg from fair towards critical levels. As may be expected low K tends to
suppress the development of ratio values associated with Mg deficiency.
When the ratio K/Mg is considered with respect to Mg deficiency it appears
that high X, intermediate P and low N scem to push the value from below
normal to normal levels.

It is interesting to note that log N/Mg tends to be maintained at normal
values irrespective of levels or fertilizer, bearing in mind the apparent N
deficiency and fair levels of Mg concentration.

Log N/P indicates a large excess of P with respect to N. The value for log
Ca/Mg with respect to leaf Ca seems to indicate normal leaf Ca at low
supply of K.

8.6. DISCUSSION

The results of application of the reference values in table 18 to N, Kand Mg
data of the field trial fairly accurately coincided with the results of visual
deficiencies of these elements. The graphs indicate the time when N, K and
Mg supplies should be present in sufficient amounts to meet the physiolo-
gical requirements for fruit development and for the foliage. The N de-
mand remains at a high level throughout the season, whereas that for K
becomes most pronounced as from March and that for Mg from April
onwards. Under the prevailing mode of timing of the nutrition the rela-
tively high levels of N and K fertilizer and the dressing of dolomite were
unable to meet the nutrient demand associated with the yield and with the
maintenance of healthy vegetation.

Generally, the data show that the application of 1, 2, 3 or more nutrients
in fertilizers entails the onset of a dynamic process in which upward and
downward adjustment is possible. In accordance with the data, flifferent
levels of application may produce conflicting effects on concentrations and
ratios associated with one deficiency. This implies that the rise of leaf
concentrations depends on the net results of the interaction of direct,
antagonistic, synergistic and dilution effects brought about by the supply of
all elements.

Consequently indiscriminate application of nutrients may disrupt the
sensitive balance of nutrients within the plant. This may appear to be of
particular importance in the region of accumulation, where small changes

-
Figure 14 ’
The month-to-month variation of some logarithmic va

concentrations of major elements, as affected by application

lues of ratios between foliar
of N, P and K fertilizers
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in concentration are likely to coincide with relatively large changes in the
balance of elements.

8.7. CONCLUSION
From the data in this chapter the following conclusions may be drawn:

3. The selected sampling leaves are sufhiciently sensitive to reflect changes
in the supply of mineral nutrients caused by direct or interaction
effects of N, P, K, Caand Mg.

b. Leaf concentrations of N,P,K,Caand Mg may be satisfactorily adjusted

by considered applications of selected fertilizers, containing the re-
spective nutrients.

¢. The delicate nutritional balance within the leaf may be satisfactorily

controlled by systematic consideration of leaf concentrations and
ratios.

d. The timing of nutrient applications in the present system of fertilizing
does seem inconsistent with respect to the actual demands for specific
nutrients, and promotes a completely unbalanced leaf composition.

9. PHYSIOLOGICAL EXHAUSTION AND YIELD STABILITY

It was mentioned earlier in this work (chapter 2) that maintenance of an
adequate production potential of the vines constitutes the major cropping
problem at present. The occurrence of severe deficiency symptoms, mas-
sive leaf fall and die-back of branches of mature vines, grown under com-
mercial conditions, usually during the first season of abundant cropping,
Suggests excessive physiological exhaustion of the plants. These phenome-
Ba may entail a permanent reduction of the cropping potential. Thus, yield
stability at a high level of production does notseem quite possible under
present commercial conditions, Observations indicated that the prime
cause may be attributed to inadequate dressings of fertilizer, This was sup-
ported by evidence (Ch. 8); the overall data suggested poor timing of
fertilizer application in rela ion to the actual crop demands and loss of soil
nutrient (cf. par. 2.1.6.2.). ' '
In consequence of ‘this ill-timed nutrient application in traditional
modes of fertilizing the supply of nutrient will be unable to supporta high
yield, some 18 kg of green berties /vine /vear, simultaneously with a healthy
canopy. This unfortunate situation is further aggravated by appre‘:iable
loss of nutrients due to excessive rainfall prior to and during the period of
maximum demand when the fruit develops and ripens.
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In arder to examine the interrelationship of annual high productivity of
some 18 kg of green produce/vine, concurring physiological condition and
accompanying foliar composition, some simple studies have been made.
The principle underlying the approach concerned the relation of nutrient
concentrations in the leaves, the vegetative condition of the vines in the
physiologically important months of January, April and July, and the crop
yields in July and those in the following year. With regard to its morpho-
logical buildup and fruiting habit the production capacity of a pepper vine
may only be maintained, if the number and the length of the fruit-bearing
branches are not appreciably reduced.

9I. EXPERIMENTAL DETAILS

Six groups of vines were selected in January and April. Each group included
- 10 mature, producing vines of uniform age and external appearance, Five
January groups were selected in a single garden and yielded 410 kg of green
produce/vine, whereas 1 group was selected in a nearby garden, yielding an
average of 15 kg of berries/vine. All vines, irrespective of gardens, exhibited
abilealthy full canopy of leaves; symptoms of nutrient deficiency were
absent.

All vines selected in April were located in a single garden. The foliage
showed mild symptoms of N, K and Mg deficiency, but seemed otherwise
healthy. The crop-yields of the April groups ranged from 5-16 kg of green
berries /vine. In July, only 3 different types of vines were selected; each type
was represented by groups of 20 vines. Types differed by their rate of leaf
abscission and general appearance; all 3 groups displayed N deficiency, but
die-back of branches was almost absent. The vines of these groups were
selected in the garden adjacent to that of the April group.

At the time of selection all 15 groups possessed 2 maximum number of
main branches; the frame-work of secondary and higher order branches
was similar for all vines.

The vines selected in January have been sampled in January, ilpril, ]u.Iy
and the following January. These groups shall be referred to as the series
1. Vines selected in April were sampled in that month, in ']UI)F and in
January and are referred to as “the series 2”. Groups selected in I1;1,Iy were
sampled in July and January and shall be referred to as “the series 3° . Ylelfl;
were recorded in the st year and in the following year. Comm'ercna
fertilizers containing N, P, K, Mg and lime were supplied to 5 groupsin the
series 1in the traditional fashion at comparable rates; to a single group of
this series N, P and K were supplied only. All other groups of April and
July received N, P and K only. The values of table 18 have been used for
classification of leaf concentration. )

The results of analyses have been plotted against time of sampling ang
are present in figures 15 and 16. In addition for each series the yields, an
estimated leaf fall and die-back in July have been presented.
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9.2. BEHAVIOUR OF THE 5 MAJOR NUTRIENTS

Generally speaking, the foliar concentrations of N, K and Mg tend to be
critical to deficient except in January shortly after fertilizing. In contrast,
the concentrations of leaf P and leaf Ca tend to rise to excessive levels in
July; they fall again to more normal concentrations from July to January
following N, P and K applications of fertilizer.

Variations of leaf N with time

In January a normal level of N in the leaf (.14%) seems related to a yield of
14 kg of green berries/vine in July. At this latter time leaf N is low and the
tissue exhibits visual symptoms of N deficiency. After fertilizing, leaf N
rises to normal again in the following January.

Intermediate and low levels of yield in July are associated with critical N
levels in the preceding January, but also with a relatively less severe de-
ficiency in July. Concentrations are restored to fair in the following
January, but appear somewhat lower than those related to the highest
production in the preceding July. A similar path may be observed for the N
curve in the series 2, and values are of the same order, irrespective of time
and location.

Variations of leaf P with time

Leaf P in the series 1 seems to have a fundamentally different relation to
time from that of the series 2, at a production of more than 13 kg of green
pepper/vine. Whereas in the series 1 leaf P rises steeply from normal in
January to 0.32% in July and falls 10 0.24% in the following January, in the
series 2 leaf P falls slightly with time from 0.23% in April to 0.21% in July, and
to 0.17% in January, When comparing data for series 2 and 3 it seemns that the
depression of leaf P to levels below 0.20% is an important phenomenon
associated with production of substantial yields in consecutive years.

Intermediate and low levels of production seem associated with a leaf P
concentration of 0.20-0.25% in January, 0.27-0.35% in April, 0.30-0.36% ini Julys
generally falling to values above 0.20% in the subsequent January.

Generally speaking, it seems that normal leaf P in July and the following
January entails a high yield in the subsequent season; conversely, rising
concentrations to above-normal leaf P in April and July resalt in a low
yield in the following season. Sometimes this relationship is not clearly

differentiated, as may be expected, since P levels remain generally at above-
normal levels.

Variations of leaf K with time

What is most striking is the difference in leaf K in July and the accompa-~
nying rate of restoration of this level in January for series rand 2 at a similar
production of 14 kg of green berries/vine.

In both series leaf K appears to be too low in April; towards July leaf K
falls to 0.8:% in series 1 and rises to 1.30% in the following January, similar to
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the value found at the initial sampling. In the series 2 leaf K is depleted to a
level of 1.03% in July, while the level is restored to 2.03%; this is considerably
higher than in the preceding April, and some 50% more than in the series 1.
In series 3 a similar restoration may be observed. The difference in K de-
pletion for the series 1 and 2 may be attributed to the different original K
concentrationsin the leaves. :

Generally speaking, the graphs show that higher yields are associated
with lower leaf K, suggesting a non-compensated drain of this element
from the leaves. It is interesting to note that in the majority of cases in the
series 1, 2and 3 leaf K for both high and low yields in July is associated with
a rather restricted variation of levels of leaf K at the fourth sampling,
irrespective of the preceding yield, if leaf K in July is above 1.00%.

Variations of leaf Ca with time
In the series 1 the highest yield relates to a concentration of leaf Ca of 1.50%
in January. This rises to a maximum of 3.00% in July. After application of K
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Figure 17
Leaf K in relation to leaf Ca
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fertilizer leaf Ca is depressed to 1.70%, irrespective of preceding yields. Prior
to harvesting the lower yields in this series are related to relatively low
concentrations of leaf Ca. These concentrations are nevertheless well
above-normal.

In the series 2 leaf Ca in July and the depression to January are similar to
those of series 1, at a yield of 14 kg/vine. The peak in April of leaf Ca may be
attributed to a fresh application of lime in the preceding January. In the
series 3 leaf Ca in July is similar to that of the series 2. The concentration
reaches a level of 2.00-2.25% in January in most cases; this is of the same
order asin series1and 2.

The data of fig. 17 show the presence of K— Ca antagonism, but the effect
diminishes considerably at leaf K values of 2.00-2.30% and at leaf Ca levels of
1.65-1.75%. Fig. 18 demonstrates antagonism of Ca-Mg, which becomes
aperative particularly at a leaf Ca concentration below 1.75% and values
above 0.25% for leaf Mg. Apparently, antagonism of Ca—X and Ca—Mg
only functions when leaf K and leaf Ca, respectively, decrease in concen-
tration, subject to critical threshold values. Increased Ca uptake does not
necessarily actively depresses leaf K, if Ca fertilizer is applied. This indicates
thatlow leafK generates compensation by Ca uptake.

Variations of leaf Mg with time
High and low yields in the 3 series may be associated with leaf Mg concen-
trations varying from 0.15-0.35%. Leaf abscission is associated with critical
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The relationship of Ca and Mg in leaves

m



levels of Mg in the leaves. This phenomenon tends to increase with lower
levels of Mg and may become appreciable at levels of leaf Mg below o.20%8.

Leaf Mg concentrations show a general decrease from April to July, if
preceding levels are fair. This tends to agree with earlier observations
(chapter 6 and 8). If the Mg concentration is in the low-critical region
throughout, little appreciable variation in time is observed.

The observed decrease is relatively mild if the Mg supply maintains leal
concentrations above 0.25%; in this case restoration after harvesting to the
original levels may be seen (series ). The fall is pronounced and only minor
signs of the subsequent restoration may be observed, if leaf Mg decreases
below 0.25% (series 2 and 3).

The data of figure 19 suggest that a “synergistic” mechanism operates
between K and Mg in the leaf at values below K = appr. 1.90% and irre-
spective of time and location. This phenomenon is apparently reversed to
“antagonism” of the 2 elements above that level. Atliberal supply of Mgand
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K to the plant, the antagonistic relation is maintained, at higher levels of
leaf Mg and leaf X. Under these conditions the same critical level of leaf K
is associated with 0.66% leaf Mg as compared with 0.35% when Mg is in
relatively short supply.

9.3. LEAF COMPOSITION AND YIELD
9.3.1. Leaf N, leaf P and Iog N/P

In the figs. 20 and 21 the concentrations of N and P have been plotted against
the July yield in the season 1 and 2. This presents a more direct impression
of their interrelationship with time.

The path for leaf N in January appears to be positively related with the
subsequent yield (fig. 20). This effect is absent in April and is negative in
July. In the following January the leaf N relation may or may not be
clearly related to the effect of the fertilizer applications. It demonstrates
that recovered leaf N in January may be considered as largely independent
of prior yield.
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The relationship of leaf N in January and the yield in the second season
are somewhat at variance with those observed in the first season (fig. 2);
in this case N values show a non-systematic variation between 3.1 and 3.3%.

Leaf P shows a negative relation with the size of the first season’s yield,
irrespective of time of sampling. In April and July P levels increase up to
50% of their original value. In series 1 and 3, at a yield of some 14 kg of green
berries/vine, 2 marked difference may be noted: in the series 1 leaf P shows
an abrupt rise to approximately twice the value for lower yields, whereasin
the series 2 this effect is absent. In contrast to that of leaf N, January relation
of leaf P to preceding yield is much similar to that of the previous July.
This effect is independent of application of P fertilizers, as may be observed
by comparing series 1 and 2 in fig. 20. The severe yield reduction from the
highest yield in season 1 to the lowest in season z (fig. 15) is associated with
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the concentration to leaf P (figs. 20 and 21). It implies that foliar P may
largely influence potential yicld formation.

Negative relations may also be observed for leaf P during July and
January, when plotted against yield in season 2 (fig. 21), indicating con-
sistency of relationships irrespective of seasons. As according to the data,
leaf N concentrations are generally not consistently related to yield, this
refation is not suitable for yield prediction. With reference to N—P antago-
nism (Ch. 7) it scems appropriate to examine log N/P in relation to yield.

The value of log N/P and the first yield show most interesting, positive
and smooth relationships (fig. 20), irrespective of month of sampling, vine
location, season or of current fertilizer practices. Exceptions appear to exist
for the values of log N/P at the higher yields in series r. It may be observed
that in July and the following January the ratio value associated with
10-15 kg /vine tends to be appreciably lower when compared with the values
at yiecllds less than 1o kg /vine. At a similar yield in the series 2 this effect is not
found.

Plotting of log N/P, associated with the July and consecutive January
sampling, against the yield of the following season (fig. 2r) shows the same
consistent effect as observed before. It may also be noted that the deviating
value of log N/P in July (at the highest yield) is now associated with the
lg\.;vest yield in the approaching season and appropriately fits the relation-
ship.

Reviewing all data it seems that log N/P reflects yield expectation much
more consistently than N and/or P concentrations, both in qualitative and
quantitative respect. Thus, January values should be maintained at r.26 for
crop yields of 14 kg of green berries /vine in that year and should not fall
below a value of 1.0 in July to maintain a similar yield in the following
season. If the value falls below 1.0 in July, the approaching yield will be
much reduced. A production of only 7} kg of green berries/vine may be
induced when January values for log N/P equal 1.00; in this case July values
tend to decrease to a value of 0.85. This is associated with a value much
below normal in the subsequent January and with a similar low yield asin
the preceding year, under the given conditions of traditional crop nu-
trition. Essential seems to be maintenance of log N/P above 100 in July to
predict high yields in the following season. Crop production between

thase 2 extremes may be regulated by appropriate adjustment of log N/P
by considered fertilizer practices. Y #pprop ] 8

9.3.2. K, Caand Mg

The graphs in the figures 22 and 23 indjcate that within the yield range from

-5} kg of green berries /vine, the higher yields are related to lower concen-

tfanops of leaf X and vice versa. In the series 1 a yield of 14 kg of green ber-

ries/vine is associated with a leaf K concentration of 0.82 in July. This is 2

co.nsl.deral?le decrease from 1.20% in the preceding April. In the serjes 2 at

asimilar yield the April value is appreciably higher than that of series 1; this
ns



diﬂ'%rence is (fontinued towards July, when leaf K attains a minimum of
ifo . Tl.lere is a tendency for an increasing relative depressive effect of
igher yields on leaf X from January to July.

‘ll’(iflds'be_low 9 kg/vine show a positive relation with leaf K. Increasing
yie d.s within this range are associated with higher K concentrations. Ac-
cording to dat.a for leaf K in fig. 22 (series 2) this effect may probably be
:zVFIECS if A%rllllevels of lcaf K are 1.50% or below. Concentrations also tend
all towards lower levels i i i ith hi
production s in July relatively more rapidly with higher

t R.estor'amon of K levels after fertilizer application to only critical concen-
lzaﬁions in the following January seems similarly related to the preceding
%le as th_e l_evels of the eatlier samplings to the current year’s yield (series 1
. rgdzz) It is interesting to note that leaf K in the series 1 and 2, and under
akltlor‘lal modes of fertilizing, is restored to a value of 2.00% at a yield of
:fatigfv_lne, and to 2.10-2.20% at a yield of 4316 kg/vine, if the K concen-
restcz-n;in July was above 1.00%; when leaf K falls below 1.00% in that month,
. ; ons fail to reach the critical value. The yield/leaf K refations in the
cond year of study (fig. 23) seem largely consistent with those in the first
f:a;.- L}pr to appr. 9 kg/vine higher leaf K concentrations in July are related
nanclg efrlylelds, in the approaching season (series ). Moreover, mainte-
- o eaf. K above 1.7% seems to appreciably shift the Jower yields of
PA50T 1 to higher levels of production in season 2. The severely reduced
yield in season 2 due to extreme K deficiency in season 1 seems to fit the
general trend (figs. 22 and 23, series 1).

Wher} considering the serieszand 3 (fig.23)
at first SIgh.t’ to observean inverse relationship of leaf K inJuly and the yield
111 Sg:ason 2. Below 1.5% leaf K concentration yields of over 9 kg/vine appear
IO e related to decreasing levels of leaf K. After application of K fertilizer,
evﬁl§ are restored to above 2.0%. It may be observed that the ensuing
IelEltIO{'lship is similar to that in fig. 22 series 2. There is, however, also a
rbeducnon of some 25% of the highest yield in season I3 this may be attri-

uiied to die-back, which seems to be related particularly to low leaf K.
This effect is much more severe in series when extreme K exhaustion
feduces yield from 14 to s} kg/vine, when initial restoration of leaf K is
inadequate. It may therefore be concluded:

L that the inverse relation of leaf K and yield in's
when one observes that adequate restoratio
tt?wards January may essentially re-establish th
yield as given in fig. 22;

itmaybe somewhat surprising,

eries 2 and 3 is misleading
n of K concentrations
e situation of leaf K and

2. that more severe reduction of leaf K owing to abundant yields in the
essively more, de-

Preceding season tends to reduce productivity progr
spite considerable relative restoration of Jeaf K to concentrations compa-

rable to the preceding January;
19



3. that a concentration of 1.7 leaf K or more in July of season 1 tends to
increase the yields of season 2, particularly at lower levels of production.
The evidence presented suggests a close positive interrelation of yield
and leaf K. This seems to have no unfavourable consequences for an
annual production level of less than 9 kg of green berries/vine and at
relatively high concentrations of leaf K. This effect may be attributed to
relatively mild processes of translocation.

The situation may become more serious at yields increasing beyond
9 kg/vine, or at initial low concentrations of leaf K, or both owing to a
severe net drain of K from the leaves to the fruit. Despite a considerable
previous withdrawal of leaf K, its concentration is generally restored to
values above 2.0% in the subsequent January, which may be higher than at
the beginning of the preceding season; but values do not generally show a
shiftinto the fair zone.

The general situation may be very serious indeed if leaf K in July falls
below 1.00% since according to the data, leaf K cannot be simply restored to
critical levels or higher. Under conditions of a pronounced translocation
of leaf X to values > 1.00%, concentrations of this element in the leaf in the
subsequent January are related to the following relatively abundant yield,
whereas exhaustion of leaf K to values < 1.00% appears to be associated with
low yields in season 2.

In the series 1 leaf Mg remains within the limits of 0.30-0.35%. Increasing
yields up to some 447 kg of green berries seem to be associated with a
higher concentration of leaf Mg. In contrast, beyond this limit it may be
observed that the values for leaf Mg are, generally speaking, somewhat
lower and relatively less affected by the size of the yield. The abrupt fall of
leaf Mg to 0.20-0.25% in series x may be attributed to neglected Mg supply
rather than to an effect due to high yields. In this case, low leaf Mg is
associated with the highest yield and with concurrent leaf abscission fol-
lowed by a considerable yield depression in the subsequent season (figs. 22
and 23, series I).

In series 2 a higher concentration of leaf Mg is related to a higher yield
under conditions of critical or deficient levels of this element. When pro-
duction data of the consecutive season are plotted against the leaf Mg
concentrations of the preceding season (fig. 23, series 1, 2 and 3), a similar
trend may be observed asin fig. 2. From July to the following January some
restoration of Mg levels in the foliage may be observed in most graphs of
fig. 22 and 23; but generally speaking, recovered concentrations remain
below original levels in ]anuary.

Ca is excessively present with respect to K at the higher production
levels; the concentration tends towards normal and above normal values
at lower yields. _ .

_ With respect to vegetative condition the ratios of K, Ca and Mg seem to
lnd‘icate both deficiencies and excess of base elements (table 22). In the
series t deficiency of leaf K with respect to leaf Mg is indicated at all levels of
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production, whereas extreme deficiency is indicated by the July value of the
highest yield.

9.3.3. Deficiencies
In this investigation values of concentrations of elements or ratios are
seldom associated with classified normal or fair levels. Leaf N appears to
" be at fair levels in January only, but its concentration falls rapidly towards
deficient levels, the more so for the highest yield. Leaf P is frequently in
excess and log N/P indicates relative N deficiency. At any time between
January and July leaf N is highly deficient, presumably because of trans-
location to the developing fruit. Characteristic symptoms of N deficiency
are observed to develop.

Similarly leaf K seems to be present at critical levels irrespective of time
or yield. In the majority of cases visual deficiency symptoms develod,

Tapre 22
K/Mg, log Ca/Mg and in relation to crap yields in 2 successive seasons (the yield in kg green
Ca-+Mg
berries/vine)
Quantity K/Mg log Ca/Mg K/Ca+Mg
Month: Jan. Aprit July Jan.  Jan. April July Jam.  Jan. April July Jan.
Tdentity of Object:
Series 1:

Season1 Season 2
35kg  66kg 55 50 58 68 070 069 08 079 09 03 0.3 09
48kg G64kg 51 51 53 60 06 070 079 073 10 0B 07 10
54kg 78kg 52 51 53 60 066 071 076 071

78kg 92kg - 65 68 68 63 071 080 086 073 1.1 09 08 L
0.1kg 90kg 53 60 56 61 068 078 088 097 09 08 07 10
44k 59ks 58 59 35 63 080 106 110 091 08 05 03 07

S Series 2:
eason1 Season 2
56kg 78k 65 88 93 092 106 096 07 07 09
83kg  91kg 49 76 9.6 101 108 091 0.4 06 clfs
88kg 83kg = 54 84 856 092 107 098 0.6 07 08
100kg  10.6kg 54 70 93 003 Li4 092 05 05 19
l16kg 104kg 16 64 106 114 105 088 03 03 12
166kg  127kg 45 46 96 120 112 093 03 03 1
S Series kh
€ason 1 Season 2
6.5kg 89 11.5 1.00 1.00 g.; :5
6.9 kg 9.1 11.8 .12 1.07 07 10
1.1kg 63 938 106 1.02 05 09
11.9kg " 58 100 o112 102 01 09
4.1kg 58 86 115 091 03 03
— 149kg 53 88 113 094 4 09




particalarly from April onwards. High yields are associated with excessively
low concentrations of K in the leaves, if the original level in the preceding
January is already low. Developing fruits demand much X for their growth
and tend to drain all reserves, if an insufficient amount of this element is
available.

In all cases except in series 1 at high Mg levels leaf fall is observed, rela-
tively more severe with lower leaf Mg. Characteristic symptoms appeared
on the oldest leaves first; the element is probably also translocated from
these leaves to the first. In severe cases abrupt and uniform leaf fall may
leave the vines standing with fruit only.

The nutritional situation in all 3 series indicates the presence of serious
nutritional imbalances amongst major elements, particularly during the
period of fruit development.

9.4. NUTRITION, VINE DETERIORATION AND YIELD DEVELOPMENT

The evidence presented suggests a remarkable potential power of recovery
of pepper vines. This is demonstrated by recurrence of yields of some 123~
16 kg of green berries/vine in consecutive years. The yields in table 23
suggest that under the present, adverse conditions of cropping and an
upper limit of g-11 kg of green berries/vine, yields of a similar or increasing
size may be obtained in consecutive years. This low range is comparable to
that of yield prior to 1940, with this notion that at present this yield is
brought about at the annual expense of the vegetative appearance of the
vine. In contrast, more abundant yields and assuming the same environ-
mental conditions appear associated with mild to dramatic reduction of
production in the subsequent year and much more pronounced and
sometimes fatally severe plant deterioration.

The data indicate that physiological exhaustion develops due to a con-
flicting situation arising with respect to the mineral demand of the crop
yield and of the canopy on the one hand and, on the other hand, by pre-
vailing fertilizer practices under the influence of the monsoon rainfall. A
particular need for N seems to exist from January to some time in July in
all stages of berry development, according to the data in fig. 15 and chapter
6. Leaf concentrations rapidly fall to deficiency levels. Potassium, and to
some extent Mg are in great demand, particularly from April to July, when
berries rapidly increase in size and when they finally turn ripe. The fruit
has relatively low requirements for Ca and P. Only small quantities of

Tapize 23
Average composition of ripe berries (cv. Kuching).
_ (% dry matter)
N P K Ca Mg

227 0.096 1.38 0.45 0.13
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these elements are stored in the berries (table 23). This may partially account
for the appreciable quantities which are accumulated in the leaves with
progressing time. On the other hand, a proportion of this rise of leaf P and
leaf Ca is likely to be due to antagonistic effects with respect to N and K,
respectively. Storage of Mg in the berries, although limited, tends to de-
press the leaf concentration of this clement over the period April to July, if
leaf Mg is critical (fig. 1r, Ch. 8).

As expanding fruit generally competes successfully with other plant
organs to satisfy their demands for nutrients and carbohydrates, deficien-
cies are likely to develop in approximate proportion to the level of shortage
gf nutrition, if the supply of adequate nutrients to the leaves is obstructed
in some way. It has been shown in this study that increasing yields pro-
gressively drain away the reserves of N and K, frequently to levels of ex-
treme deficiency. This is reflected by the respective leaf concentrations.
When yields are relatively low, this drain was found to be markedly less, in
pi.lrticula.r for leaf K. For the range of yields of 237 kg green berries/vine
hfgher levels of leaf K in January, April and July were associated with
anher yields in that year. This result indicates that current yields can be
influenced by the K supply to the plant. This effect is less consistent for N
and yields in that range.

Characteristic symptoms of Nand K deficiency did develop on the leaves
F)f the vines under study. The leavesrapidly turn yellow, early in February,
indicating the development of acute deficiency. Dual symptoms have been
seen when tip necrosis of K deficiency also develops. The leaves weakened
and as a result of this their photosynthetic capacity is considerably re-
duced. In this situation carbohydrate reserves in the plant are to be tapped
and whatever amounts are available to meet crop demands are trans-
located to the growing berries. This translocation may entail die-back of
bran.ches, but at limiting supplies of reserve carbohydrates, the size of the
berries would also be adversely affected. ' .

Leaves of the above description may be retained on the branches ?snthou,t
Pronounced leaf abscission, although their photosynthetic efficiency 15
generally low. In those cases where <oncentrations of leaf Mg are critical
or below, light to dramatic leaf fall may be induced usually beginning some
time in April. This phenomenon may or may not be preceded by the
development of characteristic symptoms of Mg deficiency on the lea‘{ez
Mg shortage may be of a chronic or of an acute nature, if no Mgis supplie
tothe plant,
B When theinterrelationships of base elementsare con.?‘ide | anta-

synergism” of K—Mg below a particular concentration of K, an anl -
_ gonism” above this concentration, is not uncommon for othet l&ase cle
ments (Prévor and OLLAGNIER, 1956). For peppers reversion of t%lc e ect ap-
- . value coincides with
pears to occur at 2 K concentration of 1.90-2.00%, This valu bly be
the deficiency value found from the pot trial. The value may probably
independent of K and Mg supply conditions (par- 2

red, the observed
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The relation of X and Ca seems to be of an antagonistic nature at K
values below 2.00-2.30%. At higher levels of leaf K, concentrations of leaf Ca
seem to approach a fixed value of r.50-1.70% if Ca is not deficient. The range
compares appropriately with the normal value.

Atleaf Ca below this range Mg—Ca “antagonism” becomes operative.

In brief, the following scheme applies for K—Ca—Mg interrelationships,
if no visual symptoms are present.

1. Potassium
Concentration of leaf K < 2.00% K—Ca“antagonism”
K-—Mg “synergism”
Concentration of Ieaf K = 2.00% Ca constant
K—Mg “antagonism”
2. Calcinm
Concentration of leaf Ca <1 175 Ca—Mg “antagonism”
Concentration of leaf Ca ~ 15-1.7% Ca— Mg “antagonism” de-
creases; shortage of K and
of Mg

This generally agrees with the data of chapters 7 and s. Considering Mg
concentrations in relation to past and approaching yield, increasing values
of leaf Mg, when below 0.30% relate to higher yield in season r and 2. This
value agrees with the critical value from the pot trial. Extrapolation sug-
gests leaf Mg at a normal value of 0.45% for a yield of 15 kg /vine.

The datain fig, 22 suggest that leafK has no direct effect on actual number
of catkins, but its concentration appears to be in some way positively
associated with productivity in seasons 1 and 2. Probably K in the plant hasa
direct effect on fruit size. Production is positively related to carbohydrates,
subject to genetic limitation; normally, the flow of freshly produced

Considering the rate of translocation of leaf K in relation to yield size in
pepper and the inadequate resupply of this element, it is evident that
disruptions of the K relations in the plant bring into action a mechanism
causing a physiological exhaustion, Under normal crop conditions the
Production of fresh carbohydrates is sufficient to supply both developing
fr.uits as well as other reserve organs. Thus, low yields relate to relatively
high concentrations of leaf X, and demands for sugars can be met without
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{edpced and consequently, production of fresh carbohydrates is severely
limited. This implies that reserves must be tapped for minimum fruit
growth, At severe withdrawal this may lead to the pronounced die-back of
laterals, This evaluation suggests that, under these conditions, berries
shoul.d be smaller. This had indeed been observed on many independent
occasions. Apparently, maintenance of appropriate concentrations of leaf
Kin pepper plays a key-role in productivity. It is also evident that deficient
and subnormal concentrations of N and Mg in the leaves would aggravate
the situation.

Extrapolation of yield-K relations to more extreme yields indicates that
.fm' a yield of some 18 kg /vine, January concentrations of leaf K should be
in the range of 3.10-3.30% corresponding with the normal value for leaf K.
Translocation would reduce the level to approxirnately 2.30% in July.
Sub_stantial recovery for season 2 following application of fertilizer may be
anticipated. A serious depression to deficiency Jevels should be expected
(Se_l'les 2, fig. 22) if the preceding concentration of leaf K cannot be appro-
Pﬂat'ely restored to values corresponding with current or expected pro-
duction. This implies that storage of leaf K early in the season may be
worth considering,.

'Since X, Ca and Mg in the leaves act antagonistically or synergistically,
difficulties may arise when severe fluctuations to values below 2% leaf K
occur and when these elements are provided. In accordance with figs. 18
and 19, 3.30% leaf K in January coincides with a leaf Mg to 0.44%. Following
diminishing leaf X during translocation processes and a sufficient plant-
a}railable supply of Mg the concentration of this element in the leaves may
tise to 0.60%. Conversely, low supply of this element may lead to 2 level of
leaf Mg of 0.35% or below. These phenomena may initiate antagonistic
action of leaf Ca (fig. 17). The collected evidence on base relationships in
chapters 7 and 8 and in this chapter with respect to leaf K and leaf Mg at K
concentrations < 2.00% suggests that maintenance of a careful balance of
K_Ca'—Mg is essential to prevent internal nutritional and physiological
aberrationsin particularatalow level of nutrition.

.As a consequence of the preceding discussion it seems essential to main-
tain the crop plant carefully in a healthy vegetative condition; in case of
high production, leaf concentrations of the major elements should be
maintained at normal levels with concurrent control of ratios between

elements. |
It may be noted that yield was not adversely affected by steeply increasing
Jement may be related

levels of Ca. The high capacity for buffering of thise _
to the inherent high value for leaf Ca. A similar capacity for buffering has
beeil found for other clements in different crops (PREVOT and OLLAGNIER
I961).
A second important aspect of ¢
relation of leaf N and leaf P. Accord
log N/P determines the magnitude of the yield in the first instance.

rop production is concerned with the

:no to the data of all series the value of
oft Ahigh
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yield is systematically associated with a value of 1.26 for log N/P in January,
which corresponds with the normal value obtained in the pot experiment
(Ch. 7). For a high yield in the following season this value should not fall
below .00 in July. In contrast, the lowest yield appears to be associated with
avalue of some L.10in January and of 0.85 in July.

At high log N/P and assuming a vine with 2 maximum capacity, a high
yield may be present on the vine. Under adverse conditions of mineral
nutrition this situation results in a dangerous depression of leaf N, leaf K
and possibly Mg, whereas leaf Ca and leaf Pshow a concurrent, largein-
crease. This development is usually accompanied by leaf fall in case of Mg
shortage. Log N/P may fall to low valuesin July, owing to N-P “antagonism”.
This general physiological exhaustion may entail an appreciable degree of
die-back of branches. A case of this type has been found in series 1 (low K,
low Mg); log N/P reaches a level associated with a low yield in the follow-
ing season; leaf N, leaf K and leaf Mg attained deficient concentrations.
Concurrently, leaf fall and die-back could be observed. At lower yield this
effect was not observed. In these cases leaf N and leaf P interacted towards
induction of low yields, which did not drain leaf K concentrations.

The series 2 presented the opposite case. At a similarly high yield as that
in the seties 1 log N/P was maintained above r.00 in July and rose, after
fertilizing, to 1.6 in the subsequent January. During the first season the
vines suffered from relatively mild die-back of branches, which accounts
for afall in yield from 16 kg in the first season to 124 kg in the second season,
~ owing to a decreased production capacity of the vines. Generally speaking,

if leaf nutrient levels are allowed to fall below the accepted critical values,
complicated nutritional abberations may soon be expected to develop with
concurring adverse influence on present and future production.

9.5. CONCLUSION

Poor performance of vines was found to be associated with elevated leaf
concentrations of Cz and P, whereas those of N, K and Mg were generaﬂy
depressed to deficiency regions. Threshold values for N, P, K, Ca and Mg
with respect to vegetative performance found in the field studies largely
confirmed those of comparable denomination obtained independently
from the pot trial. This result corroborates the reference values proposed
in table 18; it also supports direct extrapolation of reference values from pot
trials to field conditions, Moreover, it seems that non-nutritional con-
ditions in the field were not limiting the performance. '
Foliar diagnosis can be employed as a suitable guide for early detection of
nutritional abberations in pepper. The leaf data indicate that throughout
thfe season the balance of base nutrients should be carefully controlled; in
this respect concentrations and ratios must be maintained in appropriate
relation to yield size. The level of productivity can be manipulated by
varying the value for log N/P, but simultaneously leaf K concentrations
and related Mg and Ca must be adjusted in relation to induced yield.
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Bearing this in mind, it appears that in principle appropriate control
lurgely amounts to maintenance of foliar concentrations and ratios within
the range of fair to normal concentrations. Considering the severe drain of
nutrients from the leaves and the serious consequences of it on vine life
and cropping, there seem to be reasons to advocate the maintenance of
leaf nutrients at probably above-normal levels by promotion of temporary
luxury consumption prior to fruit development. In this fashion the vege-
tative portion of the plant itself is being used for temporary storage ofa
buffer stock.

From the evidence presented it may be concluded that physiclogical
exhaustion and instability of yield may be prevented by adequate quanti-
tative and qualitative nutrition.

1o. AGRICULTURAL ASPECTS OF PEPPER NUTRITION

The development of serious physiological exhaustion of pepper vines,
discussed in Ch. ¢ is not surprising, if one considers the interaction of
certain aspects of the mode of cultivation, of the conventional applications
of fertilizers and of the environment. In this final chapter an analysis will
be presented with regard to the agricultural aspects of crop nutrition,
which are, since 1946, in actual fact based on a paradoxical combination of
- traditional views and the use of modern processed or semiprocessed
fertilizers (Ch. 2).

The results of this examination serve as
attempt to synthesize an alternative mode of crop nutrition with the
primary object to maintain a’ healthy vine condition, a high poten.tlal
Productivity throughout the years of production, and to regulate the yield
size, Finally, some basic recommendations will be presented in order to be
able to formulate a suitable fertilizer policy.

the points of departure for an

10.I. PATTERNS OF TRADITIONAL FERTILIZING '
The method of traditional pepper cropping using burnt earth gave satis-
factory results at a low, steady level of production, if there was sufficient
land available to prepare liberal quantities of burnt earth, and if adequate
amounts of organic matter were present. The yields rose from some 4&—5§f
kg of green berries /vine in the first year to some -1t kg in the third year 0

production. Within these two years the vine also supports vegetative
growth to the top of the post which is reached in the third year of pro-

duction.
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The level of production in the third year is usually maintained for some
12 consecutive years without much variation. From the fifteenth year on-
wards the vines show a gradual fall in productivity. In the twentieth year
the garden was usually abandoned. This final decline can probably be
attributed to the fact that the surrounding, cleared land was stripped of its
topsoil, to shortage of woodfuel and to lack of most of the essential organic
material. In those days the farmer moved to a fresh portion of land for
clearing and planting in a type of long-term shifting cultivation. Ap
interesting aspect of this purely traditional method of cultivation consti-
tutes the fact, that mild leal removal was practised; hereby inner leaves

were removed only to promote adequate ventilation to prevent diseases
of fungal origine.

The pattern of regular intermediate yields is probably caused by tl'le
interaction of 2 medium value for log N/P and the absence of systematic,
radical leaf removal at flowering time. An intermediate value of log N/_ P
is most likely due to regular application of relatively little N with organic
material on the one hand, whereas on the other hand extra Pis applied in
the burnt earth in easily available form, in addition to the substantial
amount present in the traditional cakes (Ch. 2).

The canopy retained a healthy appearance throughout. This indicates
that in the traditional system of applications an apparently adequate
supply of the nutrients N, K and Mg is available for uptake by a proliferated
rootsystem within a restricted space; however, itis unlikely that vines were
able to maintain leaf concentrations at elevated levels.

Under these traditional prewar conditions the vines appeared able to
strike a natural balance to meet nutritional demands of reasonable yields
and concurring vegetative health, without apparent disruption of nutrient
and carbohydrate metaholism. This assumption is supported by data in
figure 22. The relative success of traditional cultivation may be ateributed in
part to the fact, that in a somewhat artificial fashion a suitable rooting
medium was established, The rootsystem within this medium encounters
good physical properties and moisture conditions. This promotes root
proliferation enabling the roots to explore and utilize the nutrients in 2
most efficient way. This soil medium contains limited quantities of nitrf)-
gen, bases, phosphate and trace elements, but these nutrients are offered in
a form ideally suitable for efficient uptake. Additions of N and P in lea.t"—
mould or cakes stimulate active root development, while regular appli-
cations of this organic material and burnt earth ensure continuation ¢
hutrient replenishment and of a desirable soil structure,

10.2. BARLY POSTWAR NUTRITION

In the period after 1945 the important transition from immaturity to the

stage of productivity is marked by 4 interacting conditions with a P‘-'Ofc'und
effect on the course of the life of the vine:
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1. The drastic removal of healthy active leaves as an introduction to pro-
duction.

2. The fact that abundant yielding and further vegetative development
coincide.

3 :I‘he fact that usually the same type of manufactured organic fertilizers
is used as during immaturity, although in much larger quantities
amounting to some o kg/vine/year or more of a7/1o/5 fertilizer.

4. The fact that all the fertilizers are applied in 2, 3 or 4 split dressings at
monthly intervals during 4 consecutive months of flowering out of a
total of o months production season; the dosage decreases with each
dressing,

Vines respond to 1, 3 and 4 by forcing out a flush of 3 or 4 new leaves,
branches and flower spikes foreach leaf removed. This particular technique
entails a deliberate induction of abundant flower spikes to ensure a first
bumper crop. When emerging, these immature spikes may or may not
abort (Ch. 2). As evidence shows that a refatively high ratio of log N/P is
related to abundant yielding, it appears that the value of this ratio deter-
mines which of the two alternatives is to be realized. In general, it may be
stated that in any one year there are two interacting mechanisms viz the
number of developing leaves and the value of log N/P which controls the
ratio “actual abundance of flowering” to “potential abundance”.

The following general picture of postwar nutrition of pepper in relation
to cropping behaviour may now be evaluated. Leaf removal prior to first
flowering is followed by applications of usually excessive amounts of high
N/low P/low K fertilizer from September to December. This is frequently
accompanied by additional dressings of inorganic N. These excessiYe a-
mounts of Jargely N-containing fertlizers were placed in bands on either
side of the vine, This intentional stimulation of a portion of the root
system under adverse physical soil conditions creates a well-defined “effec-
tive rooting zone” and increases the «affactive soil volume” relative to the

root concentration (Friep and BROESHART). '

This technique results in an efhcient utilization of whatever nutrients
are available in the bands. Moreover, the band placement reduces loss of
nutrients by rainfall and soil fixation, which is of particular importance for
10\’\"~graded fertilizers, when soil poverty prevails.

Besides the band effect on root development, N uptake pushed the v#uc
of log N/P to levels associated with maximum spike development which
results in near-maximum flowering when considering the abundance (?f
leaves. Vines maintained a healthy appearance during the period of split

dressings of fertilizers. - )
In the subsequent period of monsoon rains and fruit develop}nent, when
ired, little or no nutrients are ap

abundant amounts of N and K are requ Y i

plied, as a rule, and rising demands are faced with diminishing supplics.

This implies that metabolism of the vine is entirely dependent for its
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mineral nutrition on annual applications of fertilizer early in the season
and, in the first year, on considerable plant reserves, built up during imma-
turity. Further aggravated by the additional effect of sub (2) this dis-
harmonious situation entails an imbalance of supply and demand of
nutrients,

The plant reserves of N, K and probably Mg become reduced to critical
or deficient levels. This implies that translocation from the leaves to satisfy
demands of the abundance of developin g fruit can only be partly compen-
sated by uptake from nutrients still present in the early dressings of the
fertilizer. This entails vegetative vine deterioration. The large volumes of
fertilizer, the relatively slow availability of nutrients and the efficiency of
uptake from the band-placed fertilizers may probably be held responsible
for the relatively limited degree of decline, without die-back of laterals, in
the period from 1945-1954.

Under these conditions the growing of a bumper crop is realized at the
expense of plant reserves; indeed, vegetative deterioration of the vine is
invarfably observed, whereas the fruit spikes and berries remain usually
firmly attached.

The bumper crop in the first year is followed by alight crop in the second
year, instead of the customary rise experienced in prewar cultivation. The
observed yield decrease may be associated with the threatening deficiency
of leaf N'in July of the preceding season and the accompanying increase of
leaf P with consequently a low value for log N/Pin that month.

The yield in the third year usually showed a smallincrease due to limited
vegetative recovery during the second year, of low yield, and to a terminal
increase in size of the vine. Within this second year a relatively high level of
N is probably maintained owing to a relatively low yield and similar
fertilizer dressings as in the initial year of production, resulting in a high
value for log N/P in July. For the third year of production this value for
log N/P in combination with some leaf fall entailed a higher crop com-
pared with the preceding year, but at any time lower than the bumper
crop. Vine deterioration during fruit development in this year is more
severe in relation to production than in previous years, and die-back may
be observed due to a further decrease of net reserves of N and K and carbo-
hydrates. Asa consequence the Production in the fourth year is again low.
Thus, the customary rise of production in eatly pepper growing was re-
placed by a systematic alternate bearing and gradual fall in yield. Apparent-
}y, the conventional mode of nutrition considered in relation to man-
induced yield patterns introduced the phenomenon of biennial bearing to
a perennial crop, which normally bears annually. ‘

10.3. PRESENT CROP NUTRITION
Afurther deterioration of

! theimbalance of nutrientsin the leaves from that
described under 10.2 must

necessarily have even more serious repercussions
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on crop performance. In the first productive year lower dressings of the
customary high N/low P/low K fertilizers in the order of 2 kg/vine/year
from 1954 onwards, instead of 9 kg in preceding years, in combination with
considerable reserves in the plant, still induced an initial high yield, all
other things being equal.

Apparently, the value for log N/P became still adequately high to pro-
mote abundant spike development in association with the mass of emer-
ging leaves. Vine appearance in carly stages is comparable with that of
Immature vines,

However, bearing in mind the heavy rainfall and soil poverty, soon after
substantial fruit development was observed, at some time in February a
rapid and severe deterioration begins to develop.

N, K and Mg are progressively drained from the leaves and probably
other storage organs, when fruit development demands their translocation.
In turn this leads to nutrient exhaustion. Considering that the vines are
§01ely dependent on the limited nutrients supplied in the season, this
implies that during nutrient competition, owing to development of the
fruit, the vines cannot tap sufficient resources for adequate nutrient

- replenishment to the leaves. The concurring reduction of photosynthesis
during this essential period results in a critical decrease of carbohydrate
reserves. The net result of the overall process of translocation and re-
plenishment amounts to severe physiological exhaustion in the first
productive years as revealed by die-back of branches.

The deficiency of N over the season of fruit development usually concurs
with 2 rise of leaf P; in consequence of log N/P decreases in July, which
entailsa low yield in the subsequent season. This one effect is further aggra-
vated by the serious reduction of basic flowering potential.

It is evident that numerous transitional cases of deterioration must exist
depending on amount and type of fertilizer and on degree of leaf removal.
Under less extreme conditions it is not unusual that the final state of
Physiological exhaustion is delayed to the second or third year of pr oduc-
tion. Under certain conditions leaf fall in May without die-back may be
effective as a natural form of leaf pruning, and, if subsequent conditions
are suitable, a second good yield may be obtained.

Thus, development after 1945is largely characterize
abundant flowers followed by a bumper crop at the expense of plal'l;
reserves. The applied pattern of crop nutrition presents 2 co_mplex o
limiting factors and results in a complete and injurious disruption of the
nutrient and carbohydrate metabolism in the plant.

The overall stiuation implies that the prematute decline afte:: 1?4_5 may be
attributed to the fundamentally incorrect policy to induce lfunal ov:r-
cropping without appropriate adjustment of the supply of putrients ;35
the prevailing conditions of soil poverty and climate. In consequence, yi¢
stability was seriously disrupted. '

d by the production of
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10.4. EVALUATION OF A NEW FERTILIZER POLICY

As a first step the agronomic implications arising from the experimental
results and the field observations presented in this work are discussed
below.

Manipulation of the value for log N/P prior to and during a period of
flowering in conjunction with an adjusted removal of leaves from the
lateral branches provides a suitable instrument to control the abundance
of flowerspikes and the approximate size of the yield in the subsequent
season. If an abundant yield is desired by the farmer, a value fox log N/P
of at least 1.00 (table 24) in July should be aimed at by suitable modes of
fertilizing; this should be followed by a relatively heavy removal of leaves
(80-90% of the leaves). In the period from September to January, the appli-
cation of fertilizer should be manipulated in such a way as to increase log
N/P to a final value of 1.26 in January. In contrast, if a low yield is wanted,
log N/P may be allowed to fall as low as 0.85; leaf removal should be
relatively light or entirely omitted. The concentrations of leaf N and leaf P
itself should be preferably maintained at normal levels although in prac-
tice values are more likely to vary within the fair range (table 18). Inter-
mediate yields may be obtained by appropriate interpolation of values for
log N/P (table 24) and by adjusting the degree of leaf removal.

In principle, control of log N/P may be assured by judicious manipu-
lation of application of both nitrogen and phosphate fertilizers to the
plant. The implications of soil poverty, high mobility of soil N, dependence
of the crop on applied nutrients and considerable translocation of leaf N
during fruit development suggest as the most appropriate policy to at-
tempt to maintain leaf N at the highest possible concentration, whereas
leaf P concentrations may be varied by suitable dressings of water-soluble
P fertilizers, when required. The tendency for N—P antagonism to develop
with net N depletion should be taken into due consideration.

Bearing in mind the origin of the present undesirable cyclical production
and the inelasticity of pepper demands, the possibility of an a priori control
of the abundance of lowerspike development by log N/P offers the im-
portant advantage for the grower to produce a crop consistent with

expected economic demands and to maintain simultaneously the vines ina
healthy condition,

TABLE 24
Reference values for log N/P and yield expectation
Abundant yield Intermediate yield Low yield
> 14 kg of green 5-14kg of green < 5kg of green
berries/vine berries/vine berries/vine
July Jan. July Jan. July Jom.
log N/P > 1.00 126 0.35-1.00 1.26-1.10 <085 110
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It seems apparent from numerous field observations that the customary,

frequenF applications of high N/low P/low K fertilizers during immaturit);
O.f the vines ensures the development of a vegetatively healthy, vigorous
vine, Ho.wever, the time-consuming practice of intensive removal of
ﬂO_Vver spikes has to be carried out at frequent intervals. Appropriate regu-
lation ‘of the value of log N/P seems to offer an advanced method to con-
trol.s[?lke emergence. If this value should be maintained at approximately
0.85it is most likely that very young inflorenscences abort. Asleaf Nshould
be maintained at normal levels for adequate vegetative growth, this implies
tha‘t variation of leaf P by suitable fertilizers seems to be here also the more
desirable practice.
_ When the aspect of the translocation of mineral nutrients under the
influence of developing fruitis considered, it is evident that the problem of
the nutrition of abundantly bearing vines seems essentially solved by the
permanent maintenance of appropriately balanced concentrations of N, P,
K, Ca. and Mg in the leaves to ensure both adequate nutrient reserves and
sufficient production of carbohydrates to meet substantial translocation
frme the leaves, and other organs, to the growing fruit. Net nutrient
withdrawal implies that the concurrent uptake of N, Kand Mg should be
PI’OP_Ortional to the intensive drain from the leaves as an alternative to
relative deterioration of the vines with, as eventual consequence, the
df:velopment of physiological exhaustion, and at best, the induction of
biennial bearing.

When attempting to maintain an adequate supply
to the plant with due regard to the changing requirements of the crop an

:;tlal. assessment with respect to the different components essentially
ecting this supply seems pertinent to the problem. In this context the
with the prevailing

genftral views outlined in Ch. 3 are being integrated
environmental and climatological conditions, which are used as the point
of departure for discussion.

In the acid, largely kaolinitic 1

of mineral nutrients

atosol referred to elsewhere in this work

the adsorption complex js of low capacity and generally occupied by
adsorbed Al and Fe, whereas the base saturation js usually low. The ad-
sorption capacity provided by organic compoundsin the mounds of clean-
weeded gardens is usually of negligeable importance.

The dilution of the soil solution in the periods of heavy rainfall tends to
promote the release of whatever little amount of monovalent ions are
Present on the adsorption complex in favour of those of bivalent nature.
In turn, bivalent iops are replaced by the trivalent type. This implies thatin
the acid soils the monovalent ions, and to a lesser extent the bivalent ones,
have little prospect, if any, of being adsorbed in sufficient quantities. Under
the prevailing conditions they may be subject to loss by Jeaching beyond

effective rooting volume, since during most of the season gross infiltration
loss of NHs+ and K+ may

exceeds evapotranspiration. Rapid leaching
2 ; 4 d conditions. This unfavourable

therefore be anticipated under non-adapte
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effect may be partially counterbalanced by appropriate techniques of ferti-
lizer application,

In practice, the downward leaching of nutrients may be less than might
be inferred from the rainfall data. This may be attributed to the relatively
limited net infiltration due to poor physical soil conditions. Instead, most
rainwater is subject to surface drainage and destructive erosion powers
may carry directly away both soil and applied fertilizers, bearing in mind
the traditional practice of clean-weeding. Protective measures to control
the effect of the excessive rainfall seem therefore of great importance.

The inherent properties of the soil type suggest, that applied water-
soluble P may largely be fixed. Moreover, loss of P due to net infiltration is
of little significance (Frixp and Broesuarr), This implies a gradual increase
of soil P. There is evidence from field trials (Annual Reports of the Dept. of
Agr. Sarawak) that there may exist a substantial residual effect of P applied
to the soil. This indicates that under the prevailing conditions the fixed
phosphate tends to be slowly released for uptake by the plant. No charac-
teristic symptoms of P deficiency have been observed on this soil type and
this suggests that the release of residual P is generally adequate to maintain
Ieaf P concentrations above v.10%. On the other hand, the situation also
indicates the danger that regular indiscriminate application of P containing
fertilizers may lead to excess supply to the leaf, thus disrupting N—P re-
lations,

A second aspect concerns the influence of the poor physical soil con-
ditions and of the presence of possibly toxic amounts of aluminium. The
roots of pepper are somewhat restricted in their development, which is
probably due to a dense soil structure and to retardation by toxic amounts
of Al. (Rosanow). The ensuing limited system of roots compared to the
above-ground portion of the vine must supply all nutrients for growth and
production. Despite the presence of water under low matric suction in soil
channels, the mass flow and diffusion of nutrients from some distance to
this limited root system is physically hampered; the poor phase geometry
offers only tortuous pathways for the movement of water and ions towards
the root system. The effect of this physical restriction on nutrient supply is
augmented by dilution of the concentration of the soil nutrients. In turn,
diffusion gradients are reduced and consequently less nutrient transport
takes place,

Judicious liming and measures to increase the organic-matter content of
the soil are likely to eliminate toxic concentrations of Al and to improve
physical conditions of the soil. This, in turn, stimulates root growth and
the formation of less obstructive pathways for the movement of nutrient
ions towards the soil/root interface. Sudan grass grown on this soil in 2
pot trial without lime showed a strongly retarded root system, whereas
additions of lime restored root and shoot growth to almost normal.

(Rosanow). Similar observations have been made of Kme stimulating
root developmentin pepper
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The : .
in direcst;;?ﬁzt ::i tl;l(;r[l)erai.nutnent§ from the soil to the roots may also be
bigh rainfall and an ylc imatological factors. The prevailing conditions of
reducing the rate fa most permanent high humidity are conducive to
consumption of w ? t;ansplratlon. This tends to diminish the rate of
of soil water and itsad?; ly tge Plaflt’ and, as a consequence, the mass flow

The evidently unf: olved nutrients to the root systemn is reduced.
stricted suppl Yf avqurable nut1_-1t10nal situation with respect to re-
Counterbalanc);di,or? 151011 reserves in relation to crop demand may be
and probably M Jho owing the principles of “feeding the crop” for N, K
increase soil res%rves erTe:.; P.and probabl.y Camay be applied, if necessary, to
minimization of the- h * mv‘;’_lves an increase of the active root volume,
the soil Jroot interfag Y?lcg_l ¢ ISta‘ncF over which solutes have to travel to
Afertilizers, establishme?t]ouf:sll:li::lmrl]fg I:(l)f S'lilpplememal. applications of
and prevention of excessive leaching%r igh soi concgntratlons of nutrients

A ; .
chagtirr(;’p:;a;i }::u.:on(il‘hat.mn of the int"orma.tion presented in preceding
Soﬂ-rﬂot-plant im:mp }lcat.tlons .Of recen.t information from the literature on
conditions of Soﬂerred an9nsh1ps cogmdered with respect to the prevailing
basic concent an climate entails the formulation of the following
eption for improved nutrition of pepper.

L STh}Leu 1C;u];mlcal concentrations of the 5 major ele
greeme :td{eflked by leaf sampling at frequent intervals, selected in
larly when with the d-evelopment of the physiological demand, particu-
in accordanappr'oachmg and during the stage of fruit maturation, and
The mret ce with th{.t procedure worked outin Ch. 6.
o er of samphng:? may be reduced, if it appears
lenge iy 'w mode oif fertjlizing sustains adequate nutrie

meet massive translocation.

ments in the leaves

from experience
nt supply to the

2. For sustaj . _
stained vegetative vigour, maintepance of fair to normal values of
nce values of table 18

sNh’ol:;lIé’bca and Mg in accordance with the refere

pro ductie used asa general guide for adjustment manipulations. High

wherea on requires normal levels of N,K and Mg early in the season,
but 1 5 ttJOWards the harvest, concentrations may be allowed to decrease
ofd ott elow critical values. This implies the continuous anticipation

; eviating concentrations and ratios and their timely correction.

' g;?lpf}ﬂaﬁOH of leaf P in relation to leaf Nmay be atilized to adjust the
cro ¢ for log N/P either to suppress spike development OF to regulate
- Psize in conjunction with judicious leaf removal. .

n {I)Itless Ca supply is inhibited, its concentration at Jeaf K above 2% Shol'l]:d
i present difficulties. Appropriate blanket applications of dolomitic
mestone should stimulate root growth vide slowly available

Mo s and pro
g simultaneously, whereas the increased uptake of Ca does not harm
Performance,

4
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5. Introduction of large scale mulching practices of the mound to increase
its organic-matter content, to retain soil N and to protect the soil and
applied fertilizers from the impact of rain and from the effect of erosion
forces.

6. The actual rates of application of fertilizers may be estimated by closely
following the evolution of the value of the relevant foliar concen-
trations and ratios with respect to those of tables 18 and 24. In view of the
appreciable loss of nutrients which may be sustained owing to prevailing
conditions and extreme soil poverty, relatively high total rates of appli-
cation are recommended. It seems of essential importance that dressings
are given at frequent, preferably monthly intervals in relatively small
dosages, and in time with actual requirements as indicated by the results
of leaf analysis. In this respect the accumulation of nutrients in the
leaves by promotion of “luxury consumption” should be considered as
an alternative to frequent applications.

7. As a rule high-grade, inorganic fertilizers should be employed. Their
nutrients should preferably be released at a slow rate to a dense and
compact roat system to reduce the possibility of nutrient escape from
the sphere of root absorption. If rapid adjustment of foliar concen-
trations is required, quick-acting fertilizers may be employed.

8. Consideration of conditions of climate, soil and crop growth imply that
fertilizers should be judiciously placed in bands at a depth of some
1015 cm in close proximity to the roots and should be covered with soil.

Provided non-nutritional limiting factors are absent, the basic approaCh
to adequate nutrition offers the possibility of manipulated control of crop
size, suppression of undesirable emergence of flower spikes during im-
maturity, the maintance of 2 continuously healthy condition, a sustained

high productivity and early correction of the disrupted balance of nu-
trition.

10.5. CONCLUSION

From the results in this work it has become evident that the physiological
exhaustion and the ensuing phenomenon of biennial bearing or even rapid
total deterioration of the vine in the initial year of maturity may be attri-
buted to the poor nutrition in relation to abundant production. The
development of this situation can be prevented by introduction of the
proposed policy of sustained su ply of nutrients guided by control of the
foliar concentrations, ' '

The new procedure entails a fundamenta] and radical change from the
hitherto followed “policy” to one based on actual demands and modern
principles of crop nutrition. The hecessary transition is likely to require
quite some adjustment of the largely illiterate farmers. In order to offer the
individual growers early benefits from the compilation of data in this work
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the following madification of the basic concept is suggested as a practical
fertilizer policy.

1. The farmers should be advised as to economic crop control by judicious
removal of leaves and control of log N/P.

2. Fertilizer should be applied at regular monthly intervals in relatively
small quantities, or abundant dressings prior to fruiting to promote
accumulation of nutrient reserves, or both.

3. Theintroduction of mulching and liming is essential.

4. The farmers should be advised as to the recognition of characteristic
symptoms of deficiency of N, K and Mg; they should be informed of the
need to prevent the appearance of these symptoms of malnutrition.

5. For greater simplicity a basic fertilizer mixture should be prepared in
advance; this should contain relatively high amounts of N, low 205,
low X,0 and intermediate MgO, e.g. u% N, 5% P,0s, 7% K20, 4% MgO.
1Q.Vhen necessary, individual adjustments may be made by the use of
single fertilizers, as indicated by the results of foliar analysis.

6. Farmers should be advised with regard to the time of major demands for
leaf N, leaf K and leaf Mg and to the need of timely application of these

elements.

7. Advice is essential with respect to t
and need for concurring heavy applications of fertilize
deterioration, and vice versa.

8. Leaf samples should be taken to check the vine condition and the ex-
pected evolution of the various concentrations under the applied re-
gime of nutrition; sampling is suggested, once or twice a year during
immaturity; then just before flowering and subsequently during maturi-
ty at the end of the period of flowering, again three months later,
and finally within the period of harvesting.

These field recommendations tend in essence towards appropriate re-

storation of the quality of nutrition before 1940.

Introduction of this new policy of fertilizing may initially still encounter
practical difficulties. In Sarawak, there is at present little scope for attention
and treatment to each individual smallholding of pepper. The geperal
level of agriculture is still low and implementation of modern agricultural

measures is therefore usually undertaken and subsidized by means of
lies that within this framework

official departmental activities. This imp

individual approach is rather impracticable.

In order to meet this major difficulty, it is suggested touse a transitional
petiod of some length within which the rather small individual gardens on
ple units of larger

one single type of soil are reallocated to convenient sam
dards of stratification. These groups are

size, employing appropriate stan

then treated as a single unit and sampled (Ch. 6). Subsequent results ar}d

the ensuing recommendations may be generalized for all gardens within
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the sample area. It is advisable to maintain a sample density of 175 vines/
hectare.

Alternatively, one or more demonstration gardens of a convenient size
may be established. These should be representative in most respects for the
various nutritional conditions for the commercial gardens within the
particular pepper growing area. These gardens are then treated in the ap-
propiate way by trained personnel and serve as a standard of reference for
the measures to be taken in the adjacent commercial gardens.

Although in this fashion the recommendations for individual gardens
are somewhat less accurate, the standard of agriculture is such that from
this transitional approach, an appreciable impulse towards continuous
bearing may be expected. Eventually, the final stage involving individual
sampling of gardens and interpretation of foliar diagnostic results by
trained gardeners should be the ultimate aim.

SUMMARY

.Until 1942 cultivation of pepper P. nigrum L. in Sarawak produced relatively
small but regular yields. High demands after 1945 and restricted use of
“burnt earth” compelled farmers to abandon the application of this tra-
ditional fertilizer. Instead, “fool proof” manufactured fertilizers of mainly
organic origin were successfully applied in massive volumes and large
yields were obtained. In 1954 and following years a sharp fall in price in-
duced a decline in production, in part owing to much reduced applications
of fertilizer. As a result the economic crop cycle of some 16 years was
limited to some 13 years; the bulk of the total yield was obtained in the
first year of production.

An initial survey on leaf symptoms and die-back indicated unbalanced
and inadequate mineral nutrition of the crop. The current system induced
severe deterforation of plant appearance in the period of monsoon rains,
which coincide with berry expansion. During this time no fertilizers are
applied asarule,

A method has been worked out to diagnose the nutritional demands of

» P, K, Ca and Mg by chemical foliar analysis. Major aspects involved in
the establishment of a sampling procedure were systematically studied.
The effect on chemical concentrations was investigated of the portion of
the vine, the presence of fruit, the branch, the age of the leaf, the presence
of the petiole, leaf size, leaf thickness, sunshine, different stems on a plant,
lc‘acation of fertilizer dressings and the number of leaves to be sampled per
vine. Similarly, the influence of the mode of cleaning of the leaves, of the
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drying temperature on loss of N and the effect of length of storage on the
content of N were studied. .

Studies on the error of bulk sampling and the effect of appropriate
stratification of the different leaves in the canopy on the reduction of this
error showed that suitable division into strata reduced the number of vines
to be included in a bulk sample up to 16 times as compared with random
sampling, assuming the same degree of precision. Furthermore the in-
clusion of 4 appropriately stratified leaves from each of 6070 vines in each
bulk sample obtained from homogeneous areas, would represent chemical
concentrations with a precision of 10% of the population mean (P = 0.05)
irrespective of physiological condition.

Data on seasonal variation indicated declining Jevels of Nand K within
the monsoon; this was accompanied by gradually rising levels of leaf P and
leaf Ca. Leaf Mg tended towards constancy. Bivariate ratios showed, on
most occasions, a regular relationship with time, but constant values were
observed only occasionally.

A sand experiment on deficiencies of nutrients showed characteristic
discolourations due to nutrient shortage. Concurring foliar concen-
trations and ratios associated with full nutrients, partial or complete de-
ficiency ofa single element allowed tentative registration of normal, fair, cri-
tical and deficient threshold values in the leavesfor each element (table IS?.
Singleand multiple deficiencies could be recognized by using an appropri-
ate grouping of concentrations and their ratios. Application of these values
to random field data showed a satisfactory power of discrimination. The
ratio values gave a good indication of the order of importance in the case of
multiple deficiencies.

The influence was studied of dressings of NFK fertilizers on leaf concen-
trations 2nd ratios. It was observed that increasing dressings of N,P,and K
were directlyreflected inrisising concentrations of leaf N, leaf P fa,ncl,,lcafK, re-
spectively. Simultaneously, N—P “antagonism” and “a.m'agomsm b'et“feen
bases was also operative. Apparently, considered balancing of applications
of different fertilizers is essential. The ratios between elements gave some
indication of prioritics of different dressings. It was also observed tl‘zat under
theinfluence of the very heavy, early applications Jeaf concentrations of 1.‘1»
K and Mg fall to deficiency levels. This indicates that the distribution in

time also requires adjustment. _
i i tion could be attributed to an
The development of physiological exbaustion e anslocation

inadequate net supply of N, K an - .
proce(slses of nutrifngs)zn the period of fruit development. Stal.nll'f)r('1 Of);lsl‘f
at a high level of production can be maintained by preventing f_"e : ﬂf
ment of nutrient shortages and ensuring fair to normal concent;‘; :r(:llues

N, P, K, Ca and Mg in the leaves throughout the year. Threshol ol w’
independently obtained from field vines corroborate the tentative :helrle—
for the normal levels found in the pot experiment. The latter may

fore be considered as fundamentally correct. Rather complicated inter-
' 59

d Mg to the leaves du



actions of “antagonisms” and “synergisms” may become operative if foliar
levels fall below these normal levels. The data have also shown convin-
cingly that the values for log N/P can be used as a satisfactory control for
abundance of flowers at a specific potential for flowering.

Finally, the agricultural implications of these findings are discussed in
Ch. 10. The data allowed a plausible interpretation of crop behaviour and
crop performance under the traditional system of cultivation before 1942
and that in the period after 1945. By integrating the leaf data of this work
with information concerning factors affecting the supply of nutrients to
the plant, it was shown that foliar diagnosis furnished a suitable foundation
to devise an appropriate fertilizer policy for pepper.

.

SAMENVATTING

Tot aan het jaar 1942 werden relatief kleine, maar regelmatige opbrengsten
verkregen in de cultuur van peper (Piper nigrum L) in Serawak. De sterk ge-
stegen vraag na 1945 enerzijds en de beperking van het gebruik van “ge-
brande aarde” anderzijds dwong de boeren om de traditionele methoden
van bemesting op te geven. In plaats daarvan werden grote hoeveelheden
relatief dure “fool proof” meststoffen op voornamelijk organische basis
met redelijk succes toegepast. Relatief grote opbrengsten werden verkre-
gen, hoewel symptomen met betrekking tot dreigende physiologische uit-
putting werden waargenomen. In 1954 en volgende jaren had een scherpe
prijsdaling een sterke afname van de produktie tot gevolg; dit had veel
lagere bemestingsgiften tot gevolg. Hierdoor verminderde het normale
aantal van 16 produktieve jaren tot 12 3 jaar.

Een voorlopig onderzoek op bladsymptomen en “die-back” wees in de
richting van onevenwichtige en onvoldoende minerale voeding van het
gewas. Het toegepaste cultuursysteem bleek de algemene toestand van de
planten ernstig te verslechteren in de periode van de moessonregens, welke
samenvallen met de hoofdperiode in de ontwikkeling van de bessen. Ge-
durende deze tijd wordt gewoonlijk ook niet bemnest. :

Een methode is ontwikkeld voor de diagnose van de behoefte aan N, 2, K,
Ca en Mg van het gewas door middel van bladanalyse. Een aantal factoren
die invloed kunnen uitoefenen op het vaststellen van een bemonsterings-
procedure zijn systematisch bestudeerd. De invioed werd nagegaan op de
chemische samenstelling in het blad van gedeelten van de plant, van de
aanwezigheid van vruchten, van de orde van de takken, van de leeftijd van
het blad, van de aanwezigheid van de bladsteel, van de grootte en dikte van
het blad, van het zonlicht, van verschillende stammen op een plant, van de
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plaatsing van de mestgift en van het aantal bladeren per plant dat bemon-
st(_e.r\d moet worden. Daarnaast werd ook de invloed onderzocht van de
wijze van reiniging van het blad, van de droogtemperatuur op N-verliezen,
en van de bewaring van droog materiaal op het N-gehaite.

Onderzoekingen betreffende de variabiliteit van de gehalten van de 5 ele-
menten in samengestelde monsters, en het effect van geschikte stratificatie
van de bladeren op de reductie van deze variabiliteit toonden aan dat, bjj
gelijkblijvende nauwkeurigheid, een geschikte verdeling in strata het aan-
tal planten, vertegenwoordigd in cen samengesteld monster, kon doen
verminderen met een factor 16, vergeleken met een willekeurig gekozen
blad. Er is ook gebleken, dat het bemonsteren van 4, op geschikte wijze ge-
stratificeerde bladeren van elk van go-70 planten, voor het verkrijgen van
een samengesteld monster representatief is voor chemische bladconcen-
traties met een nauwkeurigheid van 10% van het gemiddelde van de popu-
Iatie (P = o0.05), ongeacht de physiologische conditie. De volledige bemon-
steringsprocedure is gegeven in paragraaf 6.4.

Resultaten met betrekking tot seizoensvariaties toonden afnemende
concentraties van N en K in de moessonperiode. Dit gaat gepaard met
langzaam stijgende gehalten P en Ca in het blad. De Mg-concentraties
blijven vrijwel constant. In het algemeen gesproken bleken de verhoudin-
gen tussen 2 elementen een regelmatig verloop te hebben met de tijd,
maar constante waarden werden zelden waargenomen.

Een potexperiment voor de studie van gebrekssymptomen toonde ka-
rakteristieke verkleuringen, samenhangend met voedingstekorten (Plate
1). De concentraties en verhoudingen van elementen in het blad met be-
trekking tot een aanbod van alle voedingselementen, of van ecn gedeelte-
lijk, &f van een volledig gebrek aan een enkel element, opende de moge-
lijkheid tot het vastleggen van voorlopige waarden voor normale, ac-
ceptabele, critische en gebreksniveaus (tabel 18). Enkelvoudige en multipele
gebrekstoestanden konden worden herkend door een geschikte groepering
van concentraties en verhoudingen te gebruiken. Het toepassen van deze
waarden op willekeurige veldgegevens resulteerde in een goede onder-
scheiding van verschillende voedingsgebreken. De verhoudingswaarden
gaven een goede indicatie van relatief gewichtin gevallen van meervoudige
gebrekssituaties.

De invloed werd nagegaan van opklimmen
meststoffen op concentraties en verhoudingen in
hoeveelheden N, P of K als mest werden weerspiege
centratie van N, P en K respectievelijk in het blad. Tege
N—P-“antagonisme”, en “antagonisme” en “synergisme” tussen basen

an de verschil-

waarneembaar, Blijkbaar is een evenwichtige toediening v
an de verhoudings-

lende meststoffen van essentiee] belang. De variatie v
waarden van de elementen in het blad gaven enige indicatie met betrek-
king tot de prioriteit van verschillende mestgiften, en met betrekking tot
wederzijdse beinvloeding van verschillende soorten kunstmest. Ook werd
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waargenomen, dat met de zware, vroege giften de concentraties van N, K
en Mg in het blad dalen tot onder de gebreksniveaus. Dit wijst erop, dat de
distributie van de mestgiften in de tijd aznpassing behoeft.

De ontwikkeling van physiologische uitputting kan worden toegeschre-
ven aan een onvoldoende netto toevoer van N, K en Mg naar de bladeren
gedurende translocatie-processen van voedingselementen in de periode
van vruchtontwikkeling. Oogst-stabiliteit bij hoge produkties in opeenvol-
gende jaren kan worden hereikt door tekorten aan minerale voeding te
voorkomen en door normale concentraties van N, P, K, Ca en Mg in het
blad te handhaven over het gehele jaar. De drempelwaarden, welke onaf-
hankelijk zijn verkregen van veldplanten, bevestigen de voorlopige waar-
den voor normale concentraties verkregen in het potexperiment. Deze
laatste kunnen daarom worden beschouwd als fundamenteel juist. Tame-
liik gecompliceerde interacties van “antagonismen” en “synergismen”
kunnen gaan optreden, indien de bladniveaus beneden de normale waarden
dalen. De resultaten hebben ook aangetoond dat variatie van de waarde
van log N/P kan worden gebruikt voor de regulatie van de bloeirijkdom bij
een gegeven bloeipotentieel.

Tenslotte worden de landbouwkundige implicaties van de resultaten
besproken in Hoofdstuk r. De gegevens laten een plausibele interpretatie
toe van de gedragingen van het gewas onder het traditionele cultuur-
systeem, en dat in de periode na 1945. Integratie van de gegevens van blad-
concentraties en informatie samenhangende met factoren welke de toe-
voer van voedingsmineralen naar de plant beinvloeden, toonden aan dat
bladanalyse een geschikte basis verschafte om cen flexibel en aangepast
bemestingsbeleid te voeren.

RINGKASAN

Sampai penghabisan tahun 1942 keadaan hasil perkebunan lada (Piper ni-
grum) di Serawak dipandang setjara relatif ketjil, akan tetapi djalannja
dengan tertib. Kenaikan permintaan jang besar setelah tahun 1945 di satu
fihak dan dilain fihak pembatasan dalam hal mempergunakan “tanah jang
dibakar” menjebabkan para petani tak bisa lagi memupuk setjara jang
biasa dilakukan. Sebagai penggantinja jang agak memuaskan dipergunakan
setjara besar-besaran bahanz-pupuk “fool proof” jang terutama berdasar-
kan organis dan harganja relatif mahal. Relatif diperoleh hasil jang besar,
walaupun terasa adanja gedjala berkenaan dengan antjaman keletihan
fisiologis. Dalam tahun 1954 dan tahun? jang menjusul, karena turunnja
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harga jang terlampau maka hal ini menjebabkan sangat merosotnja
produksi. Sebagian besar perosotan ini mengakibatkan pamberiam oba,t-
pe;nuguk terlampat.J fedikit. Dan oleh karena itu maka turunlah djumlah
taPun. jang produktif jang biasanja 16 mendjadira 3 tahun.
bacir’l’]E:hdﬂ?an sementara jang dilakukan pada simton-daun dan “die-
ek menjatakan .bahwa.tar.larnam itu kurang diberikan pupuk-mineral
can ; :1 ga perbandingannja tidak benar. Sistimperkebunan jang dilakukan
hud!a a sangat .merusgk keadaan tapaman seumumnja selama musim
- ]arrll, jang djatuhnja bersamaan dengang periode-utama berkenaan
. gan pertumbuhan !Juah—buahnja. Diwaktu ini biasanja orang tidak
emupukpun: Telah dimadjukan suatu metode jang dilakukan dengang
gell'(antara analisa-daun, untuk menentukan diagnosa kebutuhan zat N,
d; . ’sfljs dan It\)/Ig bagi tanam-tanaman. Pun telah dipeladjari dengan tertib
e ’;Lma. eberapa fak.tor jang mungkin dapat mempengaruhi peneta-
Eefa asi Pfosedur pemel:lksaan (prosedur mengambil-tjontoh). Diperiksa
tarfara ter.tlb pen.garuh.n]a pada keadaan-daun setjara kimia dari bagian?
o n‘(lian .ltl.l, dari z_l.dan;a buahz?, dari tumbuhnja tjabang?, dari usia daun,
Lo 3;1 aI'l]]:; tanglfal'-daun, dari besar dan tebalnja daun, dari tjahaja mata-
4 , dar} -rbagal t]a:bang padasatu tanaman, dari penempatan obat-pupuk
ag dari fijumlahn]a daun setanaman jang harus diperiksa. Selain dari
ﬁz} a 1tu‘d1periksa djuga hasil pengaruh daritjara membersihkan daun, dari
ilangnja N dalam daradjat panas untuk mengeringkan dan dari penjim-
E_?lan bahan? kering atas kadar-N. Penjelidikan berkenaan dengan varia-
11tats kadar dari 5 unsur dalam tjontoh? jang bersusun dan dajaguna
§trat1ﬁkasi jang tepat dari daun? atas reduksi dari variabilitas ini menund-
jukkan bahwa, pada presisi jang keadaannja tetap sama, pembagian jang
chas dalam strata sedjumlah tetumbuhan, jang berada dalam suatu tjon-
toh-bersusun, bisa mengurangkan dengan faktor 16, djika diperbandingkan
dengan sebarang daun jang dipilih.
Telah ternjata djuga bahwa pemeri
tanaman jang distratifisir setjara jang tepa
bersusun adalah representatif untuk konse
gan kesaksamaan 10% dari populasi rata? {
fisiologinja. Djalan pemeriksaan jang lengkap tertjantum dalam fasal 6.4.
Hasil2 berkenaan dengan variasi-musim mempetlibatkan turunnja kon-
sentrasi N dan K dalam periode-musim. Hal ini diiringi dengan lambat?
naiknja kadar P dan Ca didalam daun. Keadaan konsentrasi Mg boleht

dikata tetap.

Umumnja dapat dikatakan telah ternjata bahwa djalannja perbandingan
antara 2 unsur ita tertib dengan waktu, akan tetapi nilai jang tepat djarang
terdapat, Suatu pertjobaan didalam pot untuk mempeladjari simton-
kekurangan menundjukan kelunturan jang chas perhubungan dengan

kekurangannja perbenihan (Plate D). .
£z didalam daun berhubungan den-

Konsentrasi dan perbandingan unsu
beri sebagian atau

gan memberi semua unsur-benih, auat dari hanja mem
14}

ksaan dari 4 daun dari tiap 60-70
¢ untuk memperoleh tjontjoh
ntrasi-daun setjara kimia den-
P=a.0s) dihiraukan kondisi



dari kekurangan jang lengkap dari suatu unsur, maka membawa kemung-
kinan akan menetapkan suatu nilaj sementara bagi tingkatan jang biasa,
jang bisa diterima, jang genting dan jang kekurangan (table 18). Keadaan
kekurangan tunggal dan jang berdjibah-djibah bisa dilihat dengan mem-
pergunakan penggolongan konsentrasi dan perbandingan jang tepat.
Dengan mempergunakan nilai ini disebarang pendapatan-ladang meng-
hasilkan dengan djelas pembadaan dari berbagai kekurangan pupuk. Nilai?
perbandingan itu memberi petundjuk jang baik dari kepentingan jang
relatip dalam hal keadaan kekurangan madjemuk.

Diperiksa pula pengaruhnja pemberian bertambah-tambah obatpupuk

N, P dan K atas konsentrasi? dan perbandingan? didalam daun itu. Pertam-
bahan obat-pupuk N, P atau K ternjata djuga pada pertambahan konsen-
trasi N, P dan K didalam daun. Berbarangan dengan itu nampak pula
petlawanan N - P serta “perlawanan” dan “synergisme” jang berada dian-
tara basaz. Agaknja pemupukan dengan bergagai matjam bahan-pupuk
jang seimbang merupakan kepentingan jang asasi.
Variasi nilai? perbandingan dari unsur? didalam daun memberikan bebe-
rapa petundjuk berkenaan dengan prioritas dari berbagai pemberian pupuk
dan berkenaan dengan mempengaruhi satu sama lain dari berbagai mat-
jam pupuk-buatan. Nampak pula bahwa pada pemberian jang amat
banjak dan sebelum waktunja, konsentrasiz N, X dan Mg didalam daun
merosot sampai dibawa deradjat-kekurangan. Hal ini menundjuk bahwa
lambat laun pembagian pemberian pupuk harus ditjotjokkan.

Timbulnja kelemahan fisiologis dapat disebabkan oleh pemberian bersih

N, X dan Mg jang tak tjukup kedalam daun dalam waktu proses trans-
lokasi dari unsur2-benih dalam waktu pertumbuhan buah. Stabilitas-hasil
pada produksi jang tinggi bertahun-tahun berturut dapat ditjapai dengan
djalan mendjaga supaja tak ada kekurangan bahan? mineral dan dengan
mempertahankan konsentrasi N, P, K, Ca dan Mg jang biasa didalam daun,
sepandjang tahun. Kadar2-batas jang diperoleh dari tanaman ladang set-
jara sendiri-sendiri membenarkan kadar? sementara untuj konsentrasi
normal jang diperoleh pada pertjobaan didalam pot. Maka keterangan
kadar? sementara ini dapat dianggapi keterangan jang benar asasi. In-
teraksi jang agak kusut dari “antagonismen” dan “synergismen” bisa
timbul djika deradjat-daun merosot sampai dibawah kadar jang normal
(biasa). Hasilz telah menundjukkan djuga bahwa variasi Log N/P bisa
digunakan untuk mengatur kekajaanberbunga pada suatu potensi akan
berbunga jang tertentu,
Achirnja implikasi berkenaan dengang perkebunan dari semua hasil
diuraikan difasal 10. Pendjelasan? jang diuraikan memberikan keluasan
untuk interpretasi jang dapat diterima baik mengenai kelakuan tanam-
tanaman dalam sistim perkebunan jang tradisionil dan sistim itu dalam
periode sesudah tahun 1945.
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