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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. 

II 
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. 

m 
Het onderzoek naar de handhaving en verhoging van de bodemvrucht-
baarheid van tropische gronden moet veel sterker worden gestimuleerd 
en gecoordineerd. 

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

M. N. HARRISON: Int. Development 10, 3,1968: p. 9-13. 
SAM-CHUNG HSIEH: Int. Development to, 3,1968: 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 1965. 



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 6, i, 1968: p. 100-27. 

VII 
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. ABREU: Ceres, FAO Review 1, 3,1968: p. 25-8. 
G. DUBOIS: Paper presented at the conference on agri­
cultural research priorities for economic development in 
Africa-Abidjan, Ivory Coast 5-12 April 1968. FAO 1968. 

vni 
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 1966. 

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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xi 



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 grafieken en Mevr. G. Duvert voor het persklaar 
maken van het manuscript. 

Voorts dank ik alien, 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. 
I am 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, I am very grateful for your quiet background support 
and for the co-operation which I have received from you. 

John Bailey, I 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 essentiele 

steun in het buitenwetenschappelijke vlak, waardoor dit proefschrift een 
bijzondere dimensie heeft gekregen. 

xu 





PLATE 1 

1 . 

. * * ' • ' . 

w 

1. Nitrogen deficiency 
2. Potassium deficiency 
3. Magnesium deficiency 
4. Phosphorus deficiency 
5. Calcium deficiency 



i. 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 1947 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 
gave rise 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 improving methods of crop nutrition. Therefore, research was initiated 
with the main emphasis on the nutritional aspect. As a first step a thorough 
appraisal was made of the origine of the characteristic pattern of decline. 
In view of the relative obscurity, hitherto existing as regards factors con-



trolling nutrition and physiology of pepper, indispensable basic infor­
mation is presented somewhat comprehensively. In chapters i and 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. 

I.I THE COUNTRY 

Sarawak is situated along the northern coast of the Island of Borneo 
between 2° and 50 latitude north and no" and 115° longitude east. Approxi­
mately 80% of this country of 125.000 km* is covered by primary forests and 
mangrove vegetation, secundary forests and extensive areas of sheet lalang 
(Imperata cylmdrica). The remaining 20% of the land is occupied by rivers! 
beaches and land under permanent cultivation. Large rivers meander from 
the mountains 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 
l o w e T n ^ V ^ P ^ d i s t r i b u t i o n "gul-rly causes floods in the 
w T X , ' T u T P a r t k u l a r l y w h e * these border on rivers, or 
when they are enclosed by hills or mountainous terrain 

T S Z 7 ^ 7 N ' T d e l t a ,S ' a n d m a n g r O T es , alternating with forests 
l a n Z n e a r i ^ ^ T ^ ^ ^ T h e r e a f t e r a fla< to undulating 
e a c S a S h T fm e m e t 0 ^ " ^ t e " a i n a n d r a ^ s of hills§ 

5££ iJSn?up to 7 m-The land is l a r g e l y c o v e r e d -ith den-
E l f 1 7 , U u g l £ ° r W i t h m e n s i v e s t r e t c h e * of sheet lalang. 
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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 erosion 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 countryside in 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. 

1.2 THE CIIMATE 

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 KOPPEN the cli­
mate can be classified as an Af climate. This climate may be considered as 
near-optimal for black pepper (COBIEY, MAISTRE, RUTGERS). 

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

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 1000-1500 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 75 mm 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-



cording to MOHR'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; 5-year means show 
a maximum of 6-8 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 3.3 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 0800 hours 
the general range is 2i-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 21-32'C in the north-east monsoon as against 2i-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 
*5-25.5°C at 30 cm below the surface. 

Humidity 

taZT V a l r n t H e ruk t iVe h U m i dy a t I4°° h o u r s ™y rise from 63.5% 
whSuced m C e m b e r > D U l i n g d r y S P d l S P e r C e n t ^ S ™ y b e — 

v e l r ^ E T T Y c l i m a t o l o 8 i c a l s u m ™ r y of a single, representative 
but on o v e f l ? ~ a t i ° n * %• > shows the average rainfall distri­
bution over 71 years, including average and extreme values 

1.3. LAND UNDER SHIFTING CULTIVATION 

I t n f o n ^ d T f " t " " ^ CU l t iVa t i°n f° r Centuries> which culti" 
InZ rtemtdi ? nC£ P k n t i ng/ l o ng bush-fallow rotation (LEE). 
^LlrZr^T iynen?* o f t h e S<*1 fertility requires at least 
veg^tat on ^ ^ t ^ T ^ ^ ^ o n t h e ™ u r e of the 
dSZ^S^T VTUtiVe ̂ ^ and ° n l0SSes sustained 
unng the period of cultivation. Post-cropping weed growth poses a con-
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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 i 
Average and exterme monthly rainfall at Kuching over 71 years (after SEAL, 1958) 

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. 

c. A reduction in the fallow period from a previous, desirable interval of 
25 years to a current period of 6 years only, owing to a pressing shortage 
of suitable land for shifting cultivation as a result of Government re­
strictive measures. 

The collective influence of these factors discourages the natural process 
of soil regeneration. Tracts of this degenerated land usually covered with 
sheet lalang are issued for the purpose of permanent cultivation to Chinese 
farmers. 

1.4. THE s o n s 

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-



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 respect's, they share one 
common feature: their chemical nutritional status is inherently low. 
Analyses of representative samples (SCOTT and BAUEY) 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 result in a low adsorp­
tion capacity and a poor buffering capacity. The pH-HaO 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 Dept. of Agr. 
Sar await). 

1.5. BRIEF HISTORY OF PEPPER GROWING 

Organized pepper growing was firmly established as early as 1876 (DE 
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 Reports Dept. ofAgr. 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 early i960, when speculative buying in the 
pepper marketing centre of Singapore again raised the price appreciably. 


