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INTRODUCTION

Gocoa ia Fast becoming the third-most: important.
wport orientated crop after rubber and oil palms in Malaysia.
'he majority of the plantings so far, in Paninsular Malaysia
has been under existing coconut stands on the coastal clays
\long the west coast, With over 180,000 hectares of coconuts
ln West and YWast Malaysia cuitable for underplanting cocoa
(lfassan, 1976), the expansion of cocoa “peage in this country
vill continue to be concentrated in this area.

This intensification of land utilisation will lead
to a more vapid remgbdl of soil nutrients, which unlesa
replenished adequately, would 1imit product{vify of the dual
cropping system,

Being a relatively new commercial arep, little
information on cocoa manuring is available in Malaysia, and
nach less of it in combination with coconuts. Ng (1968) has
mentioned the problem of manuring such a mixed planting due

the differential rvequivements fop nutrients of the two
Topse  This aspact of nutrition will assume increasing
nportance with the widespread planting of the high yielding
AWA hybrid coconut in place of the local tall variety, More
nformation is clearly needed to ensure an efficient use of
tartilisers and maximum returns Frpm a mixed cocoa-coconut
rlanting,

This paper presents the pesults from three trials

sited on coastal clays on an estate in the Lowerp FPerak district,
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RXPERIMENTAL

The pt MERGH Erdal (Exporiment 1) was initiated in
July 1971, on J=year old gecoa under A0=yoar old tall coconiit s
growing on Kangkong saries soil. - The cacoa was planted at
741 trees/ha. A basal, application of N aqual to 25% of the
1 level was given to the No plots in early 1975 to alleviate
the miserable condition of the trees. 1In the year prior to
the trial's commencement, 37 kd. ammonium sulphate, 22 kg.
CeloRePs, 15 kg. muriate of potash and 225 kg. limestone per
ha, were applied to the cocoa. The tall coconuts have received
no fertilisers Fot the past 30 years, i

The 3% 2 NKP trial (Experiment 2) éommenced in April
1973 on 7=year old cocoa underp 35=year old dwarf coconuts grown
on Selangor series sotl, The original cocoa density was 840
trees/ha, but was thinned to 630 trees/ha, prior to treatment.
Fertilisers applied in 1972 to the cocoa were 193 kg. ammonium
nitrate, 86 kg. CelsRePa, 150 kg. muriate of potash and 225 kg
Limestone per ha. The dwarf palms received 1 kg. muriate of
potash and 0.5 kg. limestone per palm,

the sources of N trial (Experiment 3) commenced in
April 1973 on S-year old cocca under 50 year old tall coconuts
m hangkong series soil.,

The planting material weed in all threa tiials consisted
of locally selected open pollinated (F2) crosses of Uppenr

Amazon origin,



The fertiliser rates in each of the trial are
summarised in Table 1, The nitrogenous fertilisers were
split into two applications per annﬁm i.e. in March/April and
in September/October, while the other fertilisers were applied
in a single application in March/April.‘ In the case of urea
in Experiment 3, the leaf litter was vigorously disturbed
immediately after application to ensure that the fertiliser
came into contact with the moist soil surfioce. The other

fertilisers were applied onto the leaf litter.

Pod production of individual trees was recorded and
nalyses of ﬁhe pod cﬁhponents wvere carried out twice a year,
tem diametar measurements were carriaed out annually. Leaf
amples (4th leaf) were collected Fpom recently matured flushes

or chemical analysis once a year prior to the application of

ertilisers in March/April.

RESULTS

Lanopy Gngwth

Nitrogen deficiency symptbms appeared in the trees
ot receiving N within a year of the last application. A
enepal yellowing of the foliage is followed by a decrease in
dha size as well ‘as numbers of leaves on the trees, resulting
4n spaése canopies. Dieback of twigs was common, Under the

1. wier shade found in Experiment 3, the symptoms are less

irkad,
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vield and Leaf Analysis

Experiment 1

N significantly increased the pod yield of individual
trees by an average of 42% over a S=vear period. The response
was significant in the first year itself (Table 2). The
difference between the N1 and NO treatments narrowed to only
25% in 1975/76 and this can be attributed to the basal N applied
in early 1975. A smaller but significant response was recorded
for two years only in 1972/73 and 1973/74, to limestone applied
in 1971 and 1972. Leaf Ca, however, remained significantly
higher in the limed plots (Table 3). Liming also improved the
girthing of thet thaas,

None of the treatments had any effect on the pod size,

. bean size or the pod value,

)
Applications of ammonium nitrate, C,I.R.,P, and

muriate of potash have resulted in higher leaf levels of N, P

and K respectively (Table 3). Leaf P was significantly depressed
by N application and this could be a dilution effect, as apart
from yield, the vegetative growth was also much greater as a
result of N application, 1In fact, leaf K was also significantly
lower in the presence of N, Leaf Mg was depressed by ammonium
nitrate and muriate of potash applications in 1975 and 1976,

Leaf Ca was raised by C.I.R.,P, in 1975 but depressed by muriate
of potash in 1974, 1975 and 1976.
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Experiment 2:

A significant increase in pod yield peﬁ tree was
rocorded, again, only to N applications., Over a 4-year period,
the mean advantage with N was 24% and 34% Ffor the Nq and Np
tpeatments, respectively (Table 4). The quadratic component
of the response was highly significant, indicating a falling
off in response at the higher level of N,

Ammonium nitrate and C.I.R.P. applications have
resulted in higher N and P status respectively, in the leaves.
Ammonium nitrate also depressed the leaf Mg and P levels, but
ﬁot that of X. The detailed leaf analysis results are given

in Table 5. vin

Experimne 31

All three sources of N tested significantly increased
the pod yield per tree over control by an average of . 37%. The
difPerences between the three sources were not significant
(Table 6)« The N status of the leaves was generally improved
by the treatments (Table 7). As expected leaf f was signifi-

cantly lower compared to the control.

Soil Apalysis

The analysis resulte are given in Appendix l. The

rpeatment effects on the soil are summarised thus:
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Liming raised the soil pH (Appendix la). Two years
yWter the treatment was offected, the pH was 6.2 in the top
7.5 cm, of soil and 5.3 in the 7.5-30 cm, layer.  The
corresponding pH for the unlimed soil was 5.4 and 448
respectively.

Of the N fertilisers in Experiment 3, ammonium
sulphate had the greatest acidifying effect on the soil pH,
lowering it to 4.5 in the 0-15 cm. layer (Appendix 1b), The
pH was only slightly affected by the other two N sources.
All three N sources, however, decreased the exchangeable Ca
and Mg with ammonium sulphate having the 1aggest effect., In

additioh. ammonium sulphate increased the available P. In

Experiment 2, exchangeable Mg was decreased by the treatments

(Appendix 1¢).  Weir (1974) in Jamaica, found similar effects

of ammonium sulphate on the soil pH and exchangeable Ca and Mg.
Pretreatment P status of the soils are generally high

with available P values above 40 ppms  Co.I.R.P, applications

increased both the total and available forms of P in Experiments 1

and 2, Muriate of potash increased the already high levels

ol total and exchangeable X (Appendix la and lc).
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The results obtained so Far on the two major coastal
o115 indicate nitrogen ta bo the main nutrient necessary to
<stain the high yields of cocoa. The importance of N can be
qauged Dy the fact that a yield responée was obvious at the end
nf the fivst year of treatment, In all cases, yellowing of the
foliage and reduction in leaf area were the first indications
of nitrogen hunger. The shade regime, however, affects the
magnitude of response to N (Murray, 1954). Dwarfs, generally,
provide more topsh?de than tall coconuts, and this may be partly
responsible for tﬁgﬁsmaller response recorded in Experiment 2.

The beneficial ePSacts-of 1iming is in accordance with
tne early observation on caleium requirement of cocoa on coastal
clays (Ng, 1968), The better girthing of the cocoa in the early
mature years also points to the importance of 1liming in soil
amelioration during the immaturity period. Mainsto&e et al (1973)
reported similar beneficial effects on immature cocoa on an

{nland so0il,

The absence of a response to K application even after
5 years reflects the inherently high ¥ status of these soils
(1g, 1965). The lowver 1imit of exchangeable K necessary to
support normal growth of cocoa has been reported as 0.2 me/100 e
esil (Hardy, 1958;  Smyth, 1966)., The exchangeable K in the
topsoil here is still well above 0.5 me, but it is interesting

ts note that/Experiment 3, the exchangeable X in the control Lin




plot was 0,72 me. =~ down from a pretreatment level of 1.l
na/100 g, soil.  This would indicate a jradual decline in
available K supply and the need for potash application

in due course,

The available P levels of these soils are above 30
ppm. = well above the 10 ppm. level below which a high response
to applied P can be expected (Egbe & Omotoso, 1972). Mainstone
ot al (1973) obtained growth responses to applied P on an
inland soil where the available P was between 5-9 ppm.

The result with urea in comparison with ammonium
nitrate and sulphate on coastal clays is in agreement with
findings of Puspagajah (1964) for rubber, It is however
necessary to disturb the leaf litter Ffollowing urea application
in order to reduce volatilisation losses as Watson et al (1962)
had shown that up to 18% of N can be lost as ammonia when ureca
is applied to rubber leaf litter. In view of its being the
cheapest source of N on the oné hand and its high N content on
the other, use of urea would incur savings both in material
as well as labour costs.

Tt is interesting to compare the leaf analysis data
‘btained in these experiments with the limits given by Murray
(1568)s Where significant responses to N were obtained, the
Jeal N lavels of controls ranged from 1,60-1,80% which agrees
wall with the deficient value of 1.80% set by Murray. However,

with ealeium, our data points to a higher critical value of 0,5%



e ot A

AV : x S EARY _
| _ . : # _.I. : .'I X 5 -3 i ':. 4 "hﬁ
M‘ﬁ;m % ‘{-!*1&!%:»' \ i) . : L Ea a __k- :'-_ _‘:'.‘ %’ . 5}# Al

wvhich is appreciably higher than Murray's Llimit of 0.3%,
whereas for P, most of the values recorded in these experiments
fall into his t'low! range of 0.13-0,20. = As for K and: Mg, our

values are well above his deficient Timits.
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RESPONSE OF COCOA TO FERTILISERS
: ON_COASTAT CLAYS
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Table 2 : Expt. 1. Yield and Girth Response to
N and Ca Applications.

Table 3 H Expts L.
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Table 4 : Expte. 2, Yield Response to N Application.

Table 5 : Expt. 2. Leaf (No, 4) Analysis Results (% d.m,)
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Table 6 H Expt. 3. Yield Response to Various Nitrogenous
Fertilisers,

Tahle 7 : Expt. 3. Leaf (No, 4) Analysis Results (% d.m.)

Appendix la ¢ Expt., 1, Soil Analysis Results,

Appendix 1b

Expts 3., Soil Analysis Results (0-15 cm.)
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Expte. 2, 8o0il Analysis Results (0=15 cm,)
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RESPONSE OF COCOA. UNDER COCONUTS TO FERTILISERS
ON COASTAL CLAYS IN PENINSULAR MALAYSIA

S.K. Ng and Chan

: Nutrient Rates Used (Kg/Ha.)

Sourca
Pt Aol AL S

Ammonium Nitrate
(26% N) in
Expt. 1 & 2,

Christmas Island
Rock Phosphate
CsIsRePe

= 36% Pp0s)

Muriate of
Potash (6&% K50)

Limestone Dust
(= 45% ca0)

97 1"72) only,

Level of Trial
Applica-
1 on Expt.l Expt.2 BExpt.3
0 5420 0 0
1 145 82 156
2 - 164 -
0 0 -
56% 96 -
0 0 0 -
1 333 151 -
2 - 302 -
0 0 - -
1 sp™* - -
Subsequently,

2,75 tonnes/ha. applied in 1971,
P20s was applied annually,

3 applied over the first 2 years
None applied subsequently,
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PAPER No.48 RESPONSE OF COCOA UNDER COCONUTS TO FERTILISERS
ON COASTAL CLAYS IN PENTNSULAR MALAYSTA

S.K. Ng and Chan

e

Table 2 3 Expt; 1. Yield and Girth Response to N and Ca

Applications
No. of Pods/lree/Year Stem
Diameter*t
1971= 1972= 1973~ 1974= " 1975 (em)
Treatmen L 2 7.8 74 {0 706 Total July 1976
No 7 23 33 25 39 127 8.8
N1 11 %% 30 *%* S50 %% 40 *% 40 %% 180 8.8
i% % 100, 7157 140 A152 4 A5 60 125 142 -
1%
cao0 9 24 37 gy S 43 144 B.6
Cal 9 28%%  42%% 34 45 158 8,9%*
2%% ¥ 100  ns 117 114 ns ns L10 -
.l!:.

% Significant at 5%

#* Significant au 1%

+ July=Tune,

++ Measured 30 cm. above ground level,
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PAPER No.d8 RESPONSE OF COCOA UNDER COCONUTS TO FERTILISERS

ON COASTAL CLAYS IN PENINSULAR MALAVSIA

S.k. Ng and Chan

Table 6 : Expt. 3. Yield Response to Various Nitrogenous
Fertilisei'yu

No. of Pods mron/Yoar+

rréatment
(Source of N) 1973=74 1974~75 1975=76 1976=77 Total

Control 34 23 : 20 39 116

AeN, 38 29 31 63 162
AsS, 41 29 30 56 161
Urea 39 27 36 - ¢ 154
8D« (P=0,05) ns 6 9 12 20
13D (P=0,01) ns 8 12 16 29
o,
+ April-March,

ANs -~ Ammonium nitrate
A.Ss = Ammonium sulphate.
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RESPONSE OF COCOA UNDER COCONUTS TO FERTILISERS
ON COASTAT. CLAYS IN PENTNSULAR MALAYSIA

§.K. Ng and Chan

Expt. 3. Soil Analysis Results (0-=15 cm)

‘5 wepeatment (1973)
Exch. (me/100 g
50i1)
Jource pH P ppm. 6N HO
§ of N (H20) _%C %N - 6N HCl K Mg ca K (me.. )
1
CONTROL 5.2 1657 10el2 2u4l 0.74 15.38 4,50 2+54
Aslle 5¢0  “ 153 10.11 323 0.79 14.58  4.34 2,90
AeSe 540 1,88 0.14 300 0475 15.50 4,36 3,10
Urea 5el) 1-75 Osk2 228 Ol?O 15016 4437 2040
j
past=treatment (1977)
e Exche (me/100 g
P ppm. So0il)
Source pH s 6N HCL
of N (H20)  %C %N Total™ Av.e* K Mg ca . X(me.')
Aolle 4:9 1,09 0,18 321 162 0,69 15,18 7.58 3.10
A.Ss 4,5 1,20 04,18 465 202 0,70 12.13 6499 2.88
Urea 4.9 1,13 0.,20 285 156 0710265418 74585 3.08
+ Perchloric=su’! hhuric.
* Acid Fluoride.
AN, = Ammonium nitrate
A.Se = Ammonium sulphate,

simbi s Lo b

T el
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pendix le ¢ Expte. 2, Soil Analysis Results (0=15 cm. )

treatment (1973)

Exch. (me/100 g

5011)
pH P ppits GN HOCY
% oatment (H20) Wi %N 6N HCL K Mg Ca K me.,
000 <4 . 12368 10,18 545 1.1) 7,48 4,46, 3.38
131 5¢4  2.67 0,20 500, 0496 7.92 4,51 . 2.81
221 5.2 2423 0414 e38 1.15  8.21 ! '3.84 3.23

st=tpeatment (1977)

Exch. (me/100 g

y ‘ 'h P ppm. 5011)

| pH : 6N HC1

y catment (Hp0) _%C %N Total ' Av.¥ K Mg ca ¥ moos

§ 000 4.7 87 D24 451 40 0472 6311706527 3.21
111 436 20! "0, 25 131895 = 88 1,65 5.04 9.30 3.94
221 4.3 2.0 0.26 636 98 2.56 3.48 6.26 5416

i + Perchloric=sulphuric,
* Acid Fluoride.

T L
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NUTRIENT RESPONSES OF PERENNIAL TREE CROPS ON A COASTAL CLAY
SOIL IN PENINSULAR MALAYSIA

by

Chew Poh Soon and Khoo Kay Thye®

INTRODUCTTION

The main tree crops grown on the coastal clay soils in
peninsular Malaysia are oll palms, coconuts, rubber and cocoas Rubber
does not perform as well as oil palms in these soils (Chan and
pushparajah, 1972) and many areas have been replanted with oll palmse

The coastal clay soils occur mainly on the west coast of the
country and cover apprqﬁimataly 963,000 acres (Wong, 1972)s Thelr
nutrient content is usually high and the main limitation to satisface-
tory growth is drainage. An important pre-requisite in the management
of these solls for perennial tree crops {g therefore adequate drainage.

In view of the imporéance of these soils, considerable research
{nto the agronomy and nutrition of the crops grown has been carried out,

pacticularly for oil palms (ege Cray and Hew, 1968; Hew and Poon, 1973

ran and Ng, 1973). However, most of the trials have been on selangor and
priah series soils and relatively less information is availablie on
performance and growth of crops grown on Kangkong series soils, the
tilrd important soil serles among the constal clayse

This soil series (Typic rTropaquept) is clay textured, plastic

in consistency and differs from the Selangor and Briah series by its

*Highlands Research Unit,
p,0, Box 209, Klang, Selancor,

MalaYSiﬂ -.-0/2-
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re coarse, angular blocky structures in the sub=soil and conséquent
(Law and Tan, 1975)

perfect to poor natural drainege and aeration./ Management of this soil
or satisfactory performance is therefore more demanding (Cheong and Ng,
973) than on the other coastal clay soils, Tt oceurs in large tracts
1 the Sabak Bernam and Bagan Datoh arcas which are the most important
oconut arowing araas in the country and now alzno the mont Ampor tant.
ocoa arede

Torkington Estate 'n Sabak Bernam grows the three principal tree
rops in the district l.e. coconuts (4,463 acres), cocoa underplanted
inder the coconuts (3,425 acres) and oil palms (1,784 acres)s The soil
on the estate is mainly Kangkong series and fertiliser trials were csited
to test nutrient responses of the three crops grown.

The nutrient respenses of the three crops are discussed in this
™

pjeperle

txperimental details

The trials were laid out in factorial arrangements as given below:=

Treialil |t 23 NPK trlal on mature Malayan Dwarf Red coconuts

trial IT 3 3%

NBKCa trial on y&ung cocoa underplanted under Tall
coconuts, .

Prial TII 3 4 x 3 NK trial on mature oll palmse

Pertiliser rates in the trials ﬁfe shown in Table 1.

In Trial I, the fertilisers are applied once a year hut in Trials

11 and III, nitrogen is split into two applications a years The other

- b
cortilisers are applied once a year.

Murther detalls of the trials are given in Appendix I. Pre~treat-

cent soil analysis results are shown in Appendix IT.

O..-.’tj‘-
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RESULTS
3 The yields of the palms and cocoa bushes were recorded at every

harvest as nuts (coconuts), pods (cocoa) and fresh fruit bunches or FFB

L

(oil palms)e Total pod yields in the cocoa including that diseased or

lnmaged by pests were counted, Conversions into economic products for

| coconuts and cocoa were checked periodicallye.
and measurements

Leaf analysis/tree and leaf/were also carried oute

| yeaetative growth

14 the coconut trial, nitrogen had the greatest effect on frond
growth and increased size of fronds (Table 2)e

Consistent detrimental effect on glrthing in cocoa was noted to
hich applications of nitrogen, Both potassium and calcium appeared to
increase girth at the first level of application but response was poorer
at the highest level bﬁ“application (Table 3)o Girthing rate in 1974/75
appeared to be very poore
] Nitrogen appeared to increase size of the fronds in oil palms.(Table 4)
potassium appeared to incroAse leaf area in the absence of nitrogen in
1975« This effect was not noted in 1976.

Frond production was increased by nitrogen.

Leaf nutrient levels

Nitrogen, phosphate and potaséium increased leaf levels of thelr
|  respective nutrients in coconuts (Table 5)s In addition, nitrogen and

potassium depressed magnesium levels in each yeare

Nitrogen decreased leaf P and K levels in cocoa in both 1974 and

1975, Leaf N levels were increased only in 1975 (Table 6)e

-c-./4—
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Phosphate increased leaf P levels in both 1974 and 1975, Hovm=
ever, leaf Ca level was depresseds. Potassium tended to increase K leaf
levels and in 1975, it depressed leaf N levels.

In oil palms, nitrogen increanéd leaf N lovels in 1975, AL the
highest N level, there was a decline in leaf Ps The 1976 results showed
the same trende In 1976, nitrogen appeared to increase leaf K levels but
at the highest ratey decreased leaf K level (Table 7). Potassium appli-
cations did not appear to affect leaf nutrient levels.
tields

The main yield responses are té nitrogen and pclassium. The
largest responses seen are in the coconuts to nut and copra yleld to
| pitrogen, However the highest rates of nitrogen depressed yields in the
| cocoa and oll palmse

Vb
Potassium increased yields in cocoa and possibly in oil palms
' although in the latter, high rates appeared to depress ylelds (Table B8)a

The conversion rates of coconuts and cocoa werc reduced by
nitrogene Copra conversion ;aa increased by potassium while a:??ﬁﬁﬁn
conversion appearcd to be reduced in fertilised plotse

A significant NK interaction effect was detected in the cocoa
triale Application of nitrogen or potassium alone reduced vieldse

vields were increased when the two nutrients were applied together (Table

9
caleium limestone application {ncreased yields in cocoa (Table 10).

DISCUSSICNS
Tn the three trials, the oil palms (Tria) II) was the only area
which received significant fertiliser applications prior to the trialse.

The coconut arcas were not fertilised at all.

..../5—
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An estimate of nutrient removal in the trial areas over the
eriod of the trials described is 5hown.in Table 11.
The respective nutrient removal by the three crops in the non-
ertilised plots may reflect their ability to take up nultrients and the
trient supplying power of the soil under the management systems
revailinge Although this presumpticn may not be totally correct as plant
omposition is expected to differ with different levels of soil fertility,
e oll palm appears best able to exploit the soils However the higher
roductivity of the oil palms and management including previocus fertiliser
pplications may also influence the differ@lices noted.
Nutrient requirements in the o:l;l palm exceead that of coconuts and
cocoa by about 2.531 for N, 231 for P, 1e5:1 for K, 2.531 for Mg and 6:1
for Cae When at their.h}ghest yields, the relative differences between
the crops are reduced especlally for potassium and the removal of nutrients
in cocoa and ccconuts are increaseda
The increased nutrieqt removal in the coconuts despite no
notassium application is indicative of the potassium supplying powers of
the soil as responses have been maintained in the trial to 1975 (Khoo et.
ale 1976)s The nutrient removal in cocoa is least although in combination
«ith the Tall coconuts, the nutrient removal excceds that of coconuts.
Cocoa and coconuts may not be able to exploit the soll as well
nossibly due to relatively less extensive roots ar};/u;-e:ot activity. 01l
palm roots have numerous large air spaces and produce pneumathodes which
ap ar more common in molst conditions (Purvis, 1956) and may t;;::t/‘fcﬁ:pt:tszd

to poorly aerated conditions and coconut -oots less so (Geisler, 1971,

sited in Kanapathy, 1973)s Dwarf cocanu't palms have been observed to be

.’B'/a-
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ore sensitive to poor drainage cor !itions. Unlike the fibrous root
systems of the palms, cocoa has a tap root system as in rubber (Hevea).
aeduced rooting volume due to high water-tables on the coastal soils
causes the poorer performance of Hevea (Chan and Pushparajah, 1972)e
soong (1976) reported poorer feeder root growth in rubber in Selanqgor .
gerles compared to lighter inland solls. Cocoa does not have a vigorous
rooting system (Smyth, 1975), so that they may be expected to be less
efficient in absorbing nutrients from the soile

The pre=treatment soll analysis results confirm the high nutrient
eontent of Kangkong series but in Trial T (coconuts),the soll nitrogen
level below O=6" is low and probably contributed to the good response to
nitrogen seen in the trial. .

Cheong and Ng &'23.973) have ohserved that oil palms on soils,
including Kangkong series, with high clay or silt content, low humus
content and poor permeability have very low leaf N levels, These soil
factors are probably :I.nhib:lt?ry to qood root growth and nitrogen uptake.
pasponses to nitrogen may therefore be expected on Kangkonqg series.
Nitrogen is the main limiting nutrient in Trial I (coconuts) and

tts application increased leaf Ny frond size and probably leaf area index

and ylelde Beneficlal effects to nitregen were also seen in cocoa and oil
palms but to a lesser extent probably because of the higher soil nitrogen
and lens competitive inter-row covers. Heavy grass, which is reqularly
slashed 7-8 times a year, are present in the coconutse. The grass immobi=
1ises nitrogen while slashing the grass increases the competition effecte.
spraying out the inter-row weeds improved nitrogen nutrition and incre:sed
yield (Hew, 1972). In the cocoa, the grasses are largely sprayed out and

only relatively light giass grows between the oil palms vhere shade is

0000/7-
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th the lower calcium upﬁke of the plants. It may he noted that in

»lation to critical or optimum . potassium levels normally

roposed tor the cropsy the levels of leal K in all trlals are lowe

The responsc of cocoa to calcium limestone applications ia
table as Lt 18 the only crop of the three which is known to respond to
3 nutrient on coastal clay solls which are not acid, The pH in the
ined plots were ralsed 03 units to pH 4,70 in 1976, Ng et al. (1970)
11qests that cocoa roots may be rather sensitivd to aluminium ions

hich are in greater abundance under more acid conditionse

CONCLUSTON

The main mtri.mi_:;.foquixomnt. of perennial tree crops grown on
‘anjkong serles soil is nitrogens If the crop removes large amounts of
otassium, uptake of which 1s poor on this soil, it is probably advisable
‘0 apply this nutrient as welly Excessive nitrogen should not be applied
nd care taken to avold Nutrient imbalances as reductions in yleld may
remilt,

Management practices should be geared to reduce compatition for
-itrogen and increase uptake of this nutrient by the crops planted.

Needs of crops with special mquiréimts such as cocoa which

emires higher pif for better yields should be checked,

...Qﬂ-
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Effect of nitrogen on Frond 14 size in coconuts (Trial 1)

1971 1977

if Weight (kq) _Length (cm) Weight (kg) Length (cm)
l‘i} 2,24 304 2.16 297
™ 2,39 315 $ 2,43 312
| I 0.10 4.3 .06 3.9
i

|

|

4

r.

1

1

H

| 53

| L

11

|
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e 3, Responses in girth size of cocoa to fertiliser application

(Trial IX)
Nitrogen Potassium - Calcium
ke Bl o e e G Ay A 1 cCal  Ca2 . SEZ

3 T T L Me72 . 148 757 i Ta 12 & 7468 51 7403 772 7.67 <12
I 8,01 8,06 7,76 785 8,03 7,96 7.87 B.05 7.91 .10

5 Boll 8009 7,68 7.87 8,06 7,95 7.87 8,08 7.93 012
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Table 4 o Frond 17 measurements and frond production in oil palms

(Trial III)

1975 1976 et
Leaf area bEstimated dry Leaf area Estimated dry

(m2) weight (kg) (mz} weight (kq)
no 14.3 3.11 15.8 3.32
nl 4.5 3.04 16.3 3.44
n2 145 2,98 161 3.49
nl 1.496 3.10 164 3-41
S Bimia3] 11 6 <10

.

Irond
production

1975 1976

22,4 21.0
23,6 20.9
24,6 21.5

23,6 21.8
.5 i
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Table 9 « NK interaction effect on cocoa yield, Oct. 1972-75 in Trial II

Pods/acre (x102) Dry beans kg/acre

No N1 N2 No BiiN1 Il N
Ko 352 346 365 Ko 1537 1408 1434
K1 349 397 378 K1 1486 1680 1537
K2 342 410 407 K2 1447 1783 1576

Table 10, Yield response to calcium in cocoa, (Trial II)

Pods/acre (x102) dry beans kg/acre
149
Cao 359 1447
Cal g1 1602
Ca2 378 1576

8.Ben 13 : 65
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: Nutrient responses of perennial tree crops on a coastal clay soil
in Peninsular Malaysin

tened title : Nutrient responses of tree crops

ABSTRACT

Mutrient responses of cocoa underplanted under coconuts, coconuts
0il palms on a heavy clay soil with coarse st ekures and imporfect to
- drainage are describeds The results of fertiliser applications on
nutrient levels, growth and yield are presented.

Nitroasen is the main limiting nutrient but depressed yield in
a and coconmuts when applied at the highest rateés. Responses vere
.4 to potassium in oil palms and cocoas The highest ylelds in these
crops were obtained when both nitrogen and potassium were applied.
ver, no yleld response to potassium was obtained in coconuts.

Calcium{iimestone applications increased yleld in cocoa.

The soil nutrient contehts and nutrient supplying power, nutrient
val by the érops and management practices are discussed in relation

he results seen. '
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PAPER No,4b NUTRIENT RESPONSES OF PERENNTAL TREE CROPS ON
COASTAL CLAY SOIL IN PENINSULAR MALAYSIA
P.8, Chew and K.T. Khoo

Table 14 Treatment rates in fertiliser trials at Torkington cstate

Trial I (Coconuts) ; Trial III (Oil Palms)
N 3 0, 1.8 kg N26/palm/year N : 0, 0.7, 1.4, 2.7 kg Urea/palm/year
P 1 0, 1e4 kg CIRP/palm/year Kt 0, 1.8y 3.6 kg Mapot/palu/year

K 2 0y 1.8 kg Mepot/palm/year

Trial I1 (Cocoa)

Yre 1 (1971) Yro 2 (1972) Yre 3-5 (1973-5)
N30y 57, 113 0, 170, 340 0, 284, 567 gm N26/bush/
year
P10, 43, 85 0, 43, 85 0, 57, 113 gm Double

Super phosphate/bush/

year
1K 30y 43,|§i 0, 43, 85 0, 85, 170 gm M.pot/bush/
year
Car 0y 170, 340 0, 227, 454 0, 227, 454 gm Cae limew
stone/bush/year

| N26 = Nitro 26 (26% N) Urea - 46% N
| CIRP = Christmas Island Rock Phosphate (36% P205)
Me Pote = Muriate of potash (60% K20)

Double suparphosphate = 40% P205

Calcium limestone = 56% Ca0




PAPER No. 49 NUTRIENT RESPONSES OF PFRENNTAL, TREE CROPS ON
COASTAL CLAY SOTIL IN PENINSULAR MALAYSTA

P.5. Chew and K,T,Khoo

table 5 &t Ny P and K leaf analysis results in Frond 14, Coconuts

(Trial I)
% N %P % K
1970 1971 - 1972 1970 1971 = 1972 1970 1971 1972
No 14 80 204 1.66  Po 136 <139 2123 L Kol 09 ab2 o |
N1 1493 - 2,11° 176 P1 .138 2V o B i & D | ey - R
o <02 TEY04. 500 504 .001 .004 o002 20247034003
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PAPER No.49 NUTRIENT RESPONSES OF PERENNIAL TREE CROPS OF
b R
COASTAL CLAY SOIL IN PENINSULAR MALAYSTA

p. 8§, Chew and K. T, Khoo

Table 6 « Effect of nitrogen on leaf nutrient levels in Leaf 4, Cocoa
(Ixial II)
1975
= . K g %Ca
1.84 +198 1.66 <89 61
1.94 189 1,81 .83 259
2006 174 157 .88 «63
0,04 20UB 0.12 .03 .04

S T




PAPER No. 49 NUTRIENT RESPONSES OF PERENNTAL TRFEF CROPS ON
COASTAL CLAY . SOTI, IN PENINSULAR MALAYSTA
P,S, Chew and X,T. Khoo

Table 7 . Effect of nitrogen application on leaf nutrient levels in

frond 17, oil palms (Trial III)

% N % P % K
1975 1976 1975 1976 1975 1976
No 2476 2.7 « 104 0 160 91 o bt
N1 281..2.72 . " ',168 ;i 162 91 .94
N2 287, 217 «170  .166 290 .96
N3 2,85 2.74 +167 . .160 «90 .89
R Rl T .002 004 «03 005
Ya




PAPER _No,49 NUTRTENT RESPONSES OF PERENNIAL TREE CROPS ON

COASTAI, CLAY SOIL IN PENINSULAR MALAYSIA

P.8, Chew and K,T, Khoo

Table 8 o Yicid responses to nitrogen and potassium in Torkington

Na

N1

Ko

K1

&
SeEam=

Estate trials.

Coconuts Cocoa Dil Palm
Trial I. Yield/acre Trial I1. Yield/acre Trial IXI. Yield/
196972 Octs 1972-75 acre Apr. 1974=76

2 > dry bean
nuts(x10°) copralk) pods(x107) wt.(kq) FFB (m.ton)

202 3033 No 349 1186 No 26,5
266 3893 N1 384 1628 N1 28.1
175 N2 383 1512 N2 28.7
N3 2649

237 3437 Ko 354 1460 Ko 1% 270 4
a31 3489 K1 375 1563 K1 2846
K2 387 1602 K2 27.1
11.5 175 13 65 1.3
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NUTRIENT LEVEL, CHANGES DURING A 20 YPAR SHIFTING
EmﬂjminJKmﬁ#WJ%HNWﬂﬁ“MﬁWJﬁL,W"_M”

by J.P: Andriesse %

The atndy wns carried oul on & KANTHIC FERRALIOL. "-"m
shifting cultivation nothod employod 18 rfolling and. burn-=
ing primary or necondnny foroat, tho groving of onc. up=-
land rice drnp followod by one cangave roloay crop, trhevoe-
after the land is ahandoned fol’ foront regeneratilon of vp
to 20 years of punsh/fallow, a nev eycle staniing vrith re-
newad felling and burning. '

S0l nnmplinn‘prnnnﬂnron involwed caveful naleotion of
21elds haged on homogene ity of aoil and purh/£nllowy stege
with ngafnr ag posaihle ona replicate for each A0,
Fach fleld Aoliveref 3 nampling alten, uppoeralopa, middle
alope and lower aAlone; anoh aite 6 individual toponomples.,
pne £ield wan aanmplod prior and puhgaaquont to burning and
after harvepting, Snlls woro analyzod on %C, oy, avall~
able P, Ca, Mg and K.

Tha results of the raplicates indicate that the natural
variability within one apecific aoil perien may be gront-
er then diffarences in nutrient level cnused by the bugh/
fallow stage. Slope aituation may causo.n Larpgoy varia-
pility than stage in' forest regeneration. Large increanon
in major nutrients are only found after the burn, the lev-
ola veverting +to former values after ona cropping nenaon.
1t is concluded that, ag far ab chemical fortility 1g con=
cerned, 20 years of bush/fallow serves mainly to accumu-
1ate sufficient plant nutrients in the 1iving vepetation

Deparﬁhent dr_Agricﬁiturdlfﬁésearch i
Rovyal Troplcal nati&ut_ BN 07!
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to sustain one crop.fThe study further indicates that
extreme caution muat‘be exercised in establishing caunal
ralationships between soil analvtical data and shifting
enltivation practices, partlonlorly when Indirect stady
methoda are used, the natural nutrient level of the soil
{a low. and tho aocafficienta of yariation nre nnlenowmn .,
Many of such studias suffer Drom this limitation which
may have been partly reapongible for their atrongly con-
flicting results. '




NUTRIENT LEVEL CHAMGES DURING A 20 YEAR SHIFTING
CULTIVATION CYCLE IN SARQE@E_LEQLAYS;&)
by J.P. Andriesse g

TNTRODICTION

- e &

lLarge societies +hroughont the tropics are for their sub-
sistence atill mainly dependent om so=called shifting cul-
tivation or bush/fallow ayatems. Thease varv in technique
and level of menagement depending upon local, conditions
mit all have in common that use is made of the natural
regtoration power of the soil +0 replonish logt fortili-
tv during a relatively short eropping period by a prolong-
ed period of bush/fallow.

Due to an incroasing population in many areas +ha bush/
fallow period hag hocome t00 short for allowing a suf-
fistont™build-up of plant nutrients in the soil for a aub-
aequent cropping pariod, The machanism responaible for
anll fartility reatorntlion Lo vory complox, Kallogn (1056)
axpreassed the urgency for studving such svatems, thun s

'no rasearch is more badly necded than to establish the
precise action of bush/fallow ......milliona of people
depend on it! T should rather know tho ansvwor 4o thin
question than that of any other unanawered question in
anil sacience’. o
Nye end Greonland (1960) and Conklin (1963) evaluated the
problem and reviewed much off axisting imovledge on the
sgubject. Since then A numher of studien were carried out
in tropical arensn of which the results appear to bhe con-
flicting. The presont author tried hias hond on this prob-
lem by conducting some ohaervational studies sinee 1961
in Sarawak also with variable results and he had to con-
clude that the emplovment of indirect methods had strong

Departmentfof Agricultural Regearch
5 Royal Tropical Institute R
' Amsterdam J”fﬁ'“\<' e




1imitations under the local conditions. In order to in-
vastigate this contention fullv a more elaborate studv
was set up in 1974, involving detailed sampling pvocndu—
~en and the introduction of replicaten and the variable
site factor 'slqno'. This paper presents and discunnes
the preliminary raaulta of this sindy.

METHODS

fasie requirements for selecting the satudy aren wvoro:

(1) a relatively newly farmed area having fields with
gecondary forast regrowth of 1 to 20 years of age and
which had experienced not more than 2 or 3 cropping peri-
ods, (11) comparable farming technique and level of maAn-
agement, (iii) comparable topography, (iv) homogencity of
s01l8.

An area along tho Bau-Lundu rond in West Sarawak which

had been soil surveyed at a aomi-detailed level (Andries-
ne, 1951& appearod to be suitable and the f£iold atudy com
monced. during June 1974 when felling for the now cropping

vepr had just ntarted.

Melds representing tush/fallow stages from 1 to 20 yoars
in duration, with one replicate for ecach atapge verao sclect-
od, All fields woro in a 2nd or 3rd cycle of foront re-
growth with the exception of those in the 9th, 10th, 15th
and 20th year having had only one previous eropping period.
No represontative roplicates for the 2nd and 11th yvear
could he found bacausae of soil differonce, whorens fieldn
in their 13th, 15th and 20th year of regrowth had no re-
plicates hecaune aroas with such a long regeneration pori-
sd are exceptional and mainly found in moro hilly terrain,
slopen generally raried firom 1102, exceptions being fieclds
for the 13th, 15th and 20th years which for mentioned rea-
sons had alopes ranging from 12 to 20°.

fach field delivered three anmnling aites, uvpper alope,
middle slope and lower alope nltuations. At oench alto In-
4ividual samples of the 2 cm deep surface s0il were col-
lected at five'péintq gituated as the dats indicating

the number 5 on a dice,mtheﬁaiatancé'from*the central dot

-
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being 5 m in all directions.

™ addition one shallow pit was dug at midslope for
samnling the psubsoil to taat the soil tvpe.

For sbudylng changes occurring during the cropping pos-
priod, one field used for upland rice in the 1974/75 sea=
gon vn gamplad thyice in o mannes nn indfeataod, once
" after felling, .once aftor burning ond once after har-
vesting.

All individual samplen vero driod at 40°C in the laho-
ratory and thereafter aplit in half. One half was usned
+o make up a bulltsample for cach site, the remaining
half kept for investigating the varianbility per aite.
The fine earth fraction (<2 mm)of bulked site aomplen
yare analvsed for available Ca, Mg and K waing tho lMor-
gan-Venema oxtraction (Nnh—nnntntn/nnntic acid oxtrat~
tiony SpH 4.8). _

Totnl nitrogen vas detormined by micro-Kjaldahl and ecar-
hon using tho Wallkley-Blaclk method. Phosphorun was de- '
' tarmined by Kurtz and Brayv, N0, 2.

Subsoil shmples vere only analyaed for toxture since
within the local aoll sories texture is the moat vari-
able factor. Tha sories involved is locally defined an
tha Stom series characteriaod by a aandy loam surince
norizon overlying a clay loam to clay qubnoil. éThe ndee |

riog is derived from poorly congolidnted Tertiary muQ:- ¥ =3

L3

atones and belongs to the local groupd of Rod-Yellow Pod="
z0lic soils. There in however no arglllic horizon nnd

the noil is best clasaified in the FAO/UNESCO world s50il
legend (1974) an a KANTHIC FERNALSOL .

RESULTS

rigs. 1 and 2 show in a diagrammatic form the mean ro-
sults of the chemigal.analyseslbn the surface soil bulk-
samples. Separate diagrams were drawn for the bush/fal-
low (A) ahﬁ'érpppﬁhg_periddﬁ (B) since the field samples

_ for the cropping period had a slightly different soil

e . 2w et
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type and direct comparison between the analysesn from
hoth periods in therafore not permiasible. The values
for Ca, Mg and K ave axnreanad both in ppm and meq, to
onnhle comparlaon with reaulta of atudies elnavhero. 1%
ahould be noted that, beepune of the analytical method
emploved maa. valuen do alao inelude wvater aoluhle
cationa, but hecaoune of their extreme low values n di-

ract comparison with nedq. values ohtainod by convontial

nethodn is for prncticnl purpones juatified. The com-
plete results of tho chemicnl analysos are piven in Ap=

pondix 1.

(1) Cn-Mr-K

Aecording to standards given by Dalley (1964) for Sara-
wak snila, values for Cn, M and X are for most niten

of madiym levol. Only after bhurning exceoptionnlly high
lovels are found, Thane drop to almont their initinl mo-
dium lovels aftar only one cropping aonnon, For all
three oloments, but particularly for Ca and Mg, high
lavels are -only ronched in fields 9, 10, 15 and 20 years.
1t ia probably gignificant that this coincides with the
fact that fields 15 and 20 nnd ono replicate of both
f10lds 9 and 10 had only expariencod ono previoun crop-
ping period and that for this reanon tha recupezation
power of the soll may be greater. The number of cropping
avcles a field has haen put through is 1ikely to have a
strong benring on variahility of soil properties bhetireen
fialda. In pgeneral there appears to be 1ittle relation
hetween nutrient 1eval and duration of bush/fallow period.
Slope situation appears to bo more important than longth
of bush/fallow period in cauning variability in Ca, Mg
and K levels, Of pignificance may be the tondoncy for
lower slope sites to have higher nutrient levoln than

“middle or upper aloﬁé.nitds._Thia'mny become more appa-=

rent with the length of the bush/fallow period and might

be caused by-efosién;-tt is likely that this variahility

¥ i } .

b s 5 y
. Y
i ¥ ) Ny

3t S
iy 2

3 04
.




PRI T
1AL DATA ON MAJOR WUTRIENTS OF PUIX SANPLES TROM SOLTR
19 VEARS UPLAND MICE/DUST TALLOW CYCIE TN SARAUAY ' :

e ———————

i £ "““::‘:: i in ppm in 1 rren pOSTTION in pom int
ar uw L] ovar
alppa nlopa  nlope T HE. i [ 1] S’;:;: ':::“::. :l;:;: T Ny T rrie L
R s e B R T SET s P8 e
i talling . R T ST LA S f yanr (n) " 4§37 1A% 00 (AL 2 0, n
L] 189 A8 TN T o L T | S VR L n.
* VAR - 0T Th AL LR 01 L] N T R T S I
1 taring ® A60% 656 M2 VAN 220 N.2% fn venr (h) x o 102 NS T a0 0
x [ C LT LT L R [ R P .25 * R 1T Y | e B PR 14
s e A LATDER 4 A Lots " TR | L Tk o 8 e R L
1 harvast ® LY B LT L S T AL L nil e TR " RO &
x 250 0 75 A% 1300000 D09 4 year (A) * Tk BT B 8 2t ivE )
x 420 15 % B0 108 0.0 " LT R LA UL FIR AN
L] CrCee & 1 T LR B 1.70.0.08
ar () z 198 70 7724 7|-‘.1_ﬂ-';r 9 year () ® TORITU e | B 0 2 WL PE
x $ 298 N1 9540 1,05 Oy1R . 1007 1eA o E 2T 20T 034
® YR T YL IR P S R L) n.1% Sl At B 2.4 Ao
ar M) % 907 119 107 2,9 2,17 019 - s g
x 339 A1 7721 100 0,12 10 year (a) ® nn 208 TAS 3,1 .78 02
4 r peo 171 90 YA L e " 93k _ron 172 A 7.8% 0. 3D
o join | AN 16A IR ILL RS L
" * R7 a1 99 030 206 0.0 10 yesr () * aan (3% 1M 48 3,08 032
= P A1 71 60 5.1 .46 MY L] LU T T I TR 1.58 1,23
o] _1.“ 100 L34 A5 198 0.7 pet Am N0 2T 3.99. 020
I — e et i
war (2) x TRETT T L A A ML 11 ysar * L F{ I LA 14027003
.5‘3,‘ 1ea 70 6% %7 1N nr * PROTRIRY Ty 11 B Pt 23 LLSLAL
x A%, K1 00 L7 7,48 000 ] w0 67 ol LS ML
wr (h) R T A RS Wﬁﬂ”———:———‘w‘—*ﬂtrrrw—ﬂ-rﬂ*ﬂ"
2 PRI [ 100 L re O PL LT L ; » jia7 a0 SN 1A 182 0T
o 813 311170 W7 2,37 0,24 L TR 1L TR P MR TR L m
e 12 yaar (h) " yoas AN Ny 0T 3 A5 e dh
o yane (0) * 00 1A B2 28 2 0. A av0 - 138 108 2.3 .46 B2
AR ASh 112 564 27 204 0cMA e T ot RIS R
| x san 142 oAy 2.0 LY 0.2 e d e
| yonr (W) * 219 70960 1.9 101 O 1) year L] 136 TN AT 78 0
x 373 123, 075 0.0 48 DutY ! Yu RS, Law £2.201 08 041
. 0 SEY10) 753080 249 0.20 =R, e, LA TLE A
o . ---—--""'"'"-—-—-—----—-----
5 yanr (8) % 122 61 9 R L LA X ThA. 0% 108 7 9ad 280 071
= 219 101 0% A .01 0,29 = e T & b B ST ny Ak
. . 299 150170 2.0 AN 0.2 o VY. Moo Fea] .7 182 047
5 year (b) - 310 124 18, 2.3, TR 0u2h —_— T kgt
o o V1A 1M 2.8 220 ) 10 venr " e 0 M &0 LIA a7
TR DY I PO L » e WL ULl
o5 BGH A0 AT L R ¥ 1,07
- ______..4-—..,__—_—.—- .
& yaur (a) " 105 130143 102 A0 .30
" 436 (A0 137 2.9 3.0 0. ( : 1
R S (O e LA 054 (_
& yoor (B) x A%y 138 129 1.9 2,59 0
A x iy e ) 2.5 .37
* S3h 116 9 5 7,01 00
1 yeee (8) n oo 120000 3.8 832 019
" ahs 192 tin T R 1 Mt
" a0t 16y 173 1.1 g7 0,7Y
19086 ¥ . PR P R R AL LL o
G2 ST 2SR, B IR U O i ’
e B ass Sy $i9 190 000, 0 o 2en] i @30, ! SATEAR e £ 1 ALl
5 - S BT 3 '.;-' § s . o -
‘ ,Il .“ ot o i 3 " . =
- ! Lamd t. . ‘
\ Foa " 1 {




- was already initially prosent under primary forest con-
dition.

(11) C_anA N

Acoording to pailey (op cit) an N level of lean than
0.25 % 1s low for Saravak goila. During the bunh/fallow
period this level is only surpassed in fiolds 2, 6, 10,
15 and 20. For +he latter three fields this may apAin

be caused by the fact that those fields were only used
onca for cropping; for fields 2 and 6 no apparent rea-
aon can he glven. Lven aftor burning in the cropping pe-
riod this level of 0,25 % is barely ronched although A
significant incroase of 75 % as compared with the ‘af-
ter folling' stage had occurrod. Differences duo to
lenmgth of push/£allow period, if oxisting, are Vvery
amnll, OF gipgnificance may be the fact that the total '
i content of lower slop@ altes is gnnornlly lenn than
that for upper alopa nlten. Thin is tho roverse al bu=
ation an found for the Ca, Mg and K levels. Tha carbon
values abov vory much +he pame +ondonclies an observed
for the nitrogon, although after burning in the cropping
period the incroant ig rolatively lean. Thae alope com=
ponent 18 prohably more aipnificant for cousing varin-
bility thon duration of the fallow period. g

(111) available E

Available P valucs are all within the medium range for
garawak s0ils (nailay, op ¢it). The levels chanpe 1ittle
throughout the wush/fallou period. A very aipnificant
jnerease of 30 o 40 times the initial value is Lound
after burning, these values after harvesting dropping

0 nimont their initinl loveln.




Tahle 1

Element

M
2
Ca
Mg
K

\"_‘a

-‘jﬂ-

Available nutriants'in km/ha before and af-
tor harvest related to nutrients romoved
bv 1 rice orop_(1_ton/hn)

preasent. in aurface a01] romnvnd hv'nnnirln

albar. bura . nltor harvest (do_Goun, 1975)

26h g Lo : 10

25 0.7 2.7
792 TR 66 246
- BT RET 1.9
106 % 12 23



(iv) nutrient balance

Table 1 supplies information on the amounts of available
nutrients, calenlated in kg/ha present. in the surface
5 em of solls attor burning md atter tha harveant, to=
gather with thona required for one rice crop.
The latter wvalue in hanod on mutrienta removed hv the
‘panicle with a vield of 1 ton/ha of unhusked rico. in
practice such yields are rarely reached in the studied
area and the stated nutrient requirements aro therefore
maximal. Table 1 clearly illustrates that most of the
available nutriantnfmunt have heen removed fyrom the nur-
face soil elther +hrough leaching Or aronion and that
after the rice harvest particulnrly P hns becom® dofi~-
cient. This alement. may +herefore plav.a crucial role
in the svatem.

Vi
atudien into nutritinnnl changas of soils undor shifting
' snltivation ware made by Popenoe (1960) in Guntemala,
hy Rayndors (1961) in New Guinea, by Zinke ot al (1970)
in North Thailand and rocently by Driesson ot al in in-
donenia (1976). A comparison 18 mada of romlts of thoso
atudieas with those nresently ohtained.

a

(1) Ga, Mg ond K levelsn

Popenoe roported a decline in exchangoable Ca and Ma
after burning but total Ca ghowad an increasc. A fur-
ther decline waf found to occur during the fallow (nom-
pled in the ond vear). Reyndars, on the contrary found

a rapid deocroaso in Ca, Mg and K levels during the crop-=
ping pariod aftor initinlly high levels upon burning:
this was followed by a considerablo, gradunl but roapld,
increase during the fallow poriod ranging from 3 to 10
Zinke et al state that the sum of the basic cat-

} yaal‘ﬂ o
;beginning of the cycle at the time

iona igfhighérjat the
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f cutting and hufning and less in the forest fallow re-
rowth, During the fallow period there is a gradual dis-
harge of calcium in the soil due to uptake by the forest:
mmnanium and pobtasalom, do not ahow an pronotmend A vl
+ion as calcium, the magnesium content in the fallow pe-
‘jod tending to be highar than in tho unburned control
lot, whereas potassiun content is higher 1 vear after
urning but during the fallow it drops to a low amount,

he burned field having the lowest level. Driessen ot al
onclude that after sn occupation period of 2 to 3 wvears
he surface soil is even richer in plant available nu-
~ients than at the beginning of cultivation. The influonce
£ the fallow was not atudied by them. The results of the
rasent study indicate that during the fallov nutrioent
Jovels in the topsoils remain fairly conatant probably due
.0 the fac#, that uptake and leaching is balanced by addi-
ion through litter fall and rain-wash of leavon. The
“luctuations in the analytical data are probhably more due
Yo natural variability than to length of the bhush/allow
eriod. Nye ond Greenland (1960) state that during the
callow increases of exchangeable Ca, Mg and K are general-
dy small compared with the amounts of thesne elements accu-
1 lated in the living forost. Present data tend to confirm
this viewpoint as may also be eridenced by the tremendous
dincrease in available nutrients after burning the cut~down
Yorest, There appoars to be no long torm after-affect of
Fhe burn, the nutrient 1eveln dropping to almost their in-
i t1al values of before the burn after one cropping season
HG montha). Other workers (op cit) roport that in inatancos

1ncreasoq may occur.

(11) Available P

‘oncerning the p-cycle, differences between the various
Jstudy results are even greater than those raported for Ca,
Mg and K. The results reported hg\Popenoe (op cit) may be
directly comparable to those presented in this study since

)
i
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the same extraction method was used. He found an increane
in some solls after burning, a decrease in others but a
general large decrease after 2 vears of nccond growth.
2inke et al (hp c1h§ uaing hicarbonnto polublo phogphorag
report that in all phases of the forest fallow cvcle (3

atagea of 1, & and 7 veara) P waan higher than in the cor-

‘pasponding unburned forest control. Therefore a resldual
effect of burning persist during the fallow. They however,

found higher levels in the deep subsoil of tha forest con-
trol plot than under fallow. Nriensen et al (op cit) found
a marked increase in total P after 2 years of cultivation
and even more sn after 7 years. Available phosphorus (ance-
tic-acid extraction) decreased but comparatively much 10as.
Most workers aproc that for a proper atudy of the P-cvcle
attention munt be given to the form in which phoaphorus

is presgnt end to the oxtraction method. This ls aloo
borne out hy the present study. Large additions in avail-
abla P are only found upon rning. Thig is rapidly loat
aither through leaching and uptake but a possible trans-
formation into non-extracted other forms of P i8 highlv'
likely. Soils high in Ca and Al may show rapid pP-fixation
aftor burning while also the pH is drastically chonpod
which also has an effect on tha Al-chemistry. During the
fallow no significant effect can be seen in thg,avnilnhln
P values as analyzed but a posaible nccumulntidn may be

in the organic form vhich upon mineralization is fixed

as Al-phosphate, such a mechanicm may be partly respon-
sible for the high P values upon burning, the Kurtz and
Bray extraction baing apecific for aluminium phosphates,
Phosphate rtractionation studies t+herefore appoar to be n
necegsity for olucidating the role of P in the shifting
cultivation cycle. These are presontly undertaken, the
rosultas not hning.nvnilnhle vet atl thin_t}mn of roporting.

L e
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(111) prganiq_mggggg

The bulld-up anad decomposition of organic matter during
the fallow and cropping porinda are important factors re-
1ated to the orponic P contont ond the ability of tho
noll to oanp nxchnnmﬂuh1n ntrients in the cvela, Mvo nnd
Ggreonland (1960) atate that L2 ek genernlly aproond thnt
‘goil humus (in thin contoxt all orpganic matter noit con-
taining recognizahle plant remains) increases in amountn
under the fallov.

Thae determination of organic C as an indirect measure for
quantity of orgenic mattor is atill the mont practicnl
method whorean o M may give indications +o its quality

end I supplying pover. 7inke et al (op cit) report highes®t

amounts of C upon burning and 1 year thereaftor fo11oved

by atdecraase +owards the middle of a 10 year cycle, the
+he end of the fallow approaching that of
The N contont fol-

. content at
+he old unburnnd forent control finld,
lowns more or lona the anmon Lrand bt total N in nurfnco

‘and subgell 18 highest. in the pariod ipmodiately after

tha hurn.

Popenne found a poneral decreano in orgonic matter after
up in the fallow, alreadv notlce-
tho or)nnin mati-

burning and a alow build-
ahle after 2 vantrs, Reyndors ataten that
ter contont of the AL horizon shovs 1itt1e variation du-

ring the cultivatlion and rngennrntton periods. The pre-

gent study also provides 1ittle cvidence for a build-up

of organic matter during tha fallow althouph some increase

in ¢ and N 18 ohgervable after the Ath yonr. Whother this
is significant ocon only be agsesned if & full gtatintical
analysis 18 made of all analytical evidence from the in-
dividual samples. The mean values for the f£iclds having
:_replicataﬁ‘nlready_indicnteIthat a large varintion cen bho
; ‘axpected (aeegnppeﬂdix 1). Coultar‘(595p) ohserves that
with7lim1tation'the N content of the noils in Malaysia
‘could be utilized as onc criterion for following regen-

' 1ts do not indicate

1

“eration_offh'degraded.sb;l._Our resu

- -
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auch a simple relationship and it is unlikely that 9% N
will signify progression in regeneration during the cycle.

The ahove made comparisons i11luatrate how conflicting the
rosulta obtnined in the vnriona aladies enn bo. Discrops
ancions hetween results appear +o he more aanvere for the
push/Lallow period than o1 the aeropping period, T™hin
ﬁny ba a pointor to +he likelvy causes. Vhen studving in
detail the methodnlogy emplovad in the raferred to stud-
ies it become apparent +hat all have two factors in com-
mon. Firstly, sampling in +he aropping period is done in
the same field whercas sampling for the bush/fallow
stages is done in different fieclds and the assessmont of
changes in nutrients during the cycle is done indirectly.
secondly, none of +he studies gives attention to the
natural variability aof soil properties which may he pro-
gont, 3

Tha natural variahility in soil properties within one
field, or hetween fields of one soil series is a aerious
"Limitation in studying +he effect of one or more oxteor-
nal factors upon such propertien. This point is froquent-
1y made hv Nve and Greenlond (1960) and has been recont-
1y emphasized again by Abn (1974). Bailey (1964) made o
detailed study on the variation of chemical propertles

of a range of soils uged for shifting cultivatidh in
sarawak and the results of this study indicate the futil-
ity of comparing analvtical data from one ohgervation
point in a particulayr fiold with those of another field
nbtained by aimilar means. The coefficient of within site

nature as used In +his gtudy are given in Table 2. Neckett
and Webster (1972) raviewed from a multitude of sources
the variability of some aoll properties and give some in-
dicative C.V.'s which can generally bo oxpocted (soo Table
2). Gillman.(i976) investigated the C.V.'s oi chemical
proporties'bfired bésaltic'sdilé,under rainfrrest in North
Queensland.lAﬁétral;ai:a d;thé_Valueﬂ shown iw_Tabla 2

s

variation® (C.V.) he arrived at for uplend soils of similar

-
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Tahle 2 - Coafficients of within site variation (CaVL)
in 9% _of some chomical propertles of s0ils

Blement Balley Peckett and (¢4 1.1man
(1964 ) wehster (1971) (1976)
(Sarawalk, U 1and | (in _'mmnt-nl\ (ouoonsland, An
50lls basall solls
ca 20 - 50 10 - b0 42 - 48
Mg 10 - 20 : - Ah - 52
K 20 = 50 ' 35 5 « 34
av.P 5 = 50 10 5 146
' ' (20.natura1 con=-
dition)
% M 5 = h0 10 =: 20 Iy =16
\‘,‘a L ]
(10,natural con-
dition)
% G 20 =;30 - 7 = 48

.....g-u'—- T

According to Backott and Wehster C.V. in between field
generally is 25% for & and M, 35~ 50% for K, P, Mg and Cn.

’ NG,




may he representative for the variability which can also
be expected under natural conditions in Sarawak. From
this table it is aquite apparent that homogenaity in par-
tieular of P, Ca, Mg and K valuen is a far crvy from re-
alitys

n natural forant with aqolls having low to yrery low 1owvel a
of plant nutrients the quantity and quality of hiologicnl
activity varies grently over that distances. DBurning
causes a similar effect as can normally be obsgserved by
the very irregular atand of the crops in fields under
shifting cultivation, Bockett and Wehator (op cit) point
out that for natural forest ns much as half the C.V, 1in
prasent within a fou m>, whilo for cultivated fiels this
is aven more. Thev also refer to studien indiecating that
the wvariation in P, Ca, Mg and K within sories hnn n
mediansyalue of 58 % C.V.

The present atudy was sot un to circumpans asn much an
poasible natural variability by distinguishing alopo slt-
‘uation as a major fnctor in couning variahility and by
introducing replicataen, The complote onalvtical work on
the individual surface samples for oach aite still awaits
completion but the +antative conclusiona based on tho
analvaes of tha bulk samplosa per nite already indieato
+hat the wvariability betweon rields having the doma alope
aituation and the snme length of fallow period in too
great to allow making reliabla detailed conclusioms on
the offect of the fallow period on the nutriont cycle,
Comparing e.g. field 1 with +he replicate 1a and Lield

3 with the replicate 3a (Appendix 1) learns that partic-
ularly Ca shows a great variobility. This confirms the
obnervations made by Balley (1964) and Gillman (1976)

who came to the conclusions +hat Ca alwavs has the groat-

est C.V. _ :
The results sofar also indicate that one important factor,

namely the number of cultivation cycles a particular
?1ield hasﬂhben:putjﬁhrough must be introduced in studies




of this nature in order to pot statistically reliable
results.

The noted discrepancies in +he results of studies on
ahifting enltivation conld . therefore he easily cnused

hy the wvariability of chenienl noll propertio:s presont
hotwoon tha aamplod rialds. The uane of indirect mothods
do atndy the offect of shifting cultivation on AoLL props
arties would only give roliable results 10 A statipticnl
analvais of the .V, '8 is incorporated in t+he atudy, the
¢, V.'s hecoming more important with lower levels of avail-
able plant mtrients. In comparing results obtained bv
independent stnudies in tropical arenn an added difficulty
ia the wvariahillity in ecologr of which in particular anil
type and climate are important factors.

1t should be noted that the studies by Popenoe and
Rayntors were made on relatively fertile agoils with high
Ca levels. Altitude and elimate play a rolo in the accu-
malation and dacoriponition of organic mattor which in itn
.turn has a direct effect nn axchanpgoable nutrients, phop-
phate atatus and loaching renlno. Therefore, even if the
roasults obtained by the varions studies would be reliable,
care muat ba oxcercised in extrapolating rasulins beyond

the pite specific ecology.

Deaspite tha many shortcomings and the incomplet@nenn of
the study sofar it may be +rentatively conclnded that for
the loecal situation in garawalk the offect of the bush/
fallow cvele as far af arailable nutrients 1o aoncernod
is to balance mainly losasnes Aue to leaching and accel-
orated erosion and to accumalate in the living vepotation
sufficient nutrients to gupport one cirop of rice upon the
burn of the felled foreat. The level of nutrients in-
areasns greatly upon the burn tmt they virtually drop to
the initial pre-burn levels in about 8 months. Ileaching
and éfosibnimay écdount_for:mostfof theae loasbs. For P,
' trensformation into other, hon-available forms may be
possible and should be further investigated, Thore is

i s sy .I e ...L:" \‘.
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1ittle evidence for a build-un of organic matter during
+ha fallow period. These results confirm prasctical field
axperience that a good burn is a prerequisite for a goocl
harvent.

A diroct o lntionnhin balwoon auan bl Ly and quul Ly of
vapatntion and tha patrieonts suppl ied. for the eropping
season can therelore be expected and ghor tentting the
fallow period will have a. direot negative offect on Crop
productivity. Thia is also horne out by the factn. The
very low levels of muitrienta commonly found in Sarawalk
subsoils would malke it very difficult to restore oripinal
fertllity through a new cvele of vegetation within a rea-
sonnhle time and the effoct of every cropping period, even

as short-1lived as it may be, is rapid depeneration.

CONCLUSION

3ince the time the rall was made for more detailed infor-

mation on the role of the fallow on ghifting cultivation '

1ittle headway has hoen mada due to errors in mathodalogy
as indicatéd. It 18 suppested that the only poaaible way

+ha apparent lack in our knowledre is to sot up
ted on the overall ccOlORY .

to remedy
atudies in spacific nites selec

Preatudicn ahoudA bo mado to Aassess

ties to he 1arastignted, Changen ghould he carefllly moni-
each apecific site. Samp-

tored, covering & full cycle at
Ting procodures and analytical mothods shounld be atandard-

ized,

I.;ho Ccv'l a n-r ]'11'0])01"--
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INTRODUCTTON

Deap. pedt i.e. > 2 matres in'depth, is genenally
considered unsuitable Ffor the cultivation of most tree crops,
being highly acidic /low in available nutrients including /and
micro-nutrients, In Peninsular Malaysia, peat which is
composed of mainly partially décomposed plant residucs has
been reported to cover about 2 million acres and is commonly
found overlying alluvial clay (Coulter 1957). Many oxperi=
ments have been carried out on peat to study the nutritional
requfFEments of a wide range of short term crops such as
pineapples (Tay et al 1968), sweet potatoes (Chew 1970),
tomatoes (Joseph et al 1970), maize (Lim et al, Kanapathy 1972)
and tapioca (Lim et al 1973, Chan and Tan 1973) whereas
investigations on perennial tree crops are relatively limited,

0il palms. planted on deep acid peat are known to
suffer from many nutritional disorders, such as Peat Yellows
which has been attributed mainly to potassium shortége (Ng
and Tan 1974) and Mid-Crown Chlorosis which has been shown
to be caused by copper deficiency (Ng et al 1974, Cheong
and Ng 1976). Boron deficiency has also been observed
on oil palms plantéd on deep peat. However, with regards
to the major nutrient needs of oil palms on deep peat,

little publlshed informatlon is avallable although response

to potash has been reported (Hew, pers. comm. ).,_ In view of




the considerably large area of peat which has been Planted
with oil palms, particularly in the Lower Perak Distpict in
Peninsulanr Mmlaysia.as well as in the TLabuk Valley in Sabah,
amounting to more than 10,000 ha., it is eq lly important
to ascertain the major nutrient requirements “f oil palms on
deep peat so that proper nutrient balance can be provided.,
Towards this end, the experimental Findings of a 27 NPXMgCa
factorial fertiliser trial on a 1961 oil palm plinting on

deep acid peat are presented.

EXPORIMENTAL

A 2° NPKMgCa factorial experiment was established
in May 1968 ;; a mature oil palm planting on forest peat of
about 2,5 metres depth. The palms were of Durva x Tenera
wigin planted on ex-pineapple land in October 1961 at 136
palms/ha. (55/acre). 'The experiment was replicated once,
vith a total of 32 treatment plots and in each plot there
Yerg 24 recording palms which were demarcated by guard
trenches about 1 metre deep., Two levels of N, P, X, Mg and
‘A manuring were tested and the rates of fertiliser applica-

“ion are given in Table 1.



Manuring of sulpaate of ammonia was split into 2
aqual applicat i.uns::.} A year in Febpuavy/March and Auqust/
September whereas C.I+R.P., muriate of potach, kieser'te
and limestone dust were applied once a year in February/
March. The Eertiliserg}verelxroadcasted around the palms

within the weeded circle of about 2 metre radius.

RESULTS AND DISCUSSIONS

1« REPffects on Vegetative Growth

1
!

The treatments produced notable effects on frond
size and colour but unfortunately, no vegetative maasurnmnhts
wvere recorded till 1975, As showm in Table 2, N markedly
reduced the frond length, frond area and frond dry weight
but significantly increased the frond productions The main
afPects of P were similar to that of N except that the
reduction in frond dry weight was not signilficent. The Ca
treatment however, :howed better frond development with
evidently greater ffond length, frond arvea and frond dry
yeight although frond produétion was significantly lowered,
Applications of X and Mg apparently did'not affect the
vegetative growth characters significantly, except for an

inerease in frond dyy weight with K.



Marked NPCa interactions on frond development wera
noted as indicated in Table 3. The N1P1 treatments were
more depressive on frond length, [rond arca and Crond dry
weight than N7 or P1 alone but the frond production was
sigﬁificantly higher, Apparently N showed greater depressive
effects on Prond length, area and dry weight than P. The
presence of Ca apparently counteracted against the adverse
effects of N and P in terms of frond characters only.

A striking if not spectacular influence of certain
treatments in the experiment was on frond chlorosis and
seneség%ce. Census carried out in 1970 and ~974, as shown
in Table 4, styongly indicated that applications of N and p

induced marked chlorosis and enhanced Frond sencscence

with the c&ﬁhinatlon of N and P having the greatest effects.

2, Effects on Leaf Nutrient Status

Leaf analysis was started in 1970 and the main
affects of treatments on mean leaf nutrient status of 1970-
1974 are presented in Table 5, while the annual leaf analysis
results are given in Appendix 1,
: N, P and K markedly raised the leaf N, P and K
levels respectively, whereas only moderate increases in
leaf Mg and Ca level were obtained in the Mg and Sa troat-
ments respectively. The response in leaf N. status to N

nanurmng was more evident in~theﬁgar1ler years as shown in




Appendix L. From the leaf nutrient levels onlo ¥ was found
to be deficient as ‘indicated in the Xo treatment.

The N oand Potreatments produced excessively high
1eaf P levels whereas Ca application showed evident depressive
offects on P. Apparently the Mg and Ca treatments lowered
the leaf ¥ status as might have been expected but not signi-
ficantly. Conversely a marked decline in leaf Mg status
was obtained in the K treatment, whereas an increase was

caused by N application. The leaf Ca status was significantly

raised in the P treatment but lowered in the N and K treatments

1.
althougﬁ the N effect was less marked in the later years,

A notable decvease in leaf N status was also recorded in
the X treatment.

Véry gignificant NP, NCa and PCa interactions on
leaf P levels were obtained as showyn in Table 6, The NP
interaction revealed that the response in leaf P status to
N application was sméll in the absence of P but a synergistic
affect between N and P in raising the leaf P status to an
excessively high level was observed. In the absence of Ca,
the manuring of N and P also produced very high leaf P

status but these effects were mitigated with Ca application.

o b




3.  Affects .on Seil Nutrient Status

The chemical analysis of peat samples collected
within tho palm manuring cirele of tha control, N, P,iX, Mg
and Ca plots are presented in Table 7. The control showed
that the peat was highly acidic, has a high organic matter
(N, C and P) status wvith a wide C/N ratio but low in potassium
and moderately high in magnesium and calcium reserves.

iy

Application of sulphate of ammonia narrowed the

3/N ratio and 1imestone dust apparently produced a similar

but less marked effect. However the C/N ratios were still  , -
conggherably hign. The C.I.R.P. treatment increased the

501l P status to oxtremely high levels and the NHgF fracfion
was significantly higher than the 0.1N NaOH Ffraction.

: The soilICa status was also raised and the soil pH
glightly improved with C.T.R.P. application, Muriate of
potash, kieserite and limestone dust significantly raised
the soil X, Mg and Ca 1evéls respectively, with a large
proportion of thé'K and Mg in the exchangeable fraction, — ° o
which particu1arly'reflects the low reserve and buffering
capacity of potassium in peat. The soil acidity was
considerably reduced with limestone dust and a marked

increase of 1 pH unit was obtained as compared to the

control.




4, Bffects on Yield

The N and P ‘treatments, as shown in Table 8,
significantly decreased the cumulative yield of Ffresh Fruit
bunchaea with mnrkﬁdlv 1nwnﬁ hunch weight ag woll ng Punecth
number. The K treatment, howevexn produced evident improve-
ments in cumulative yield, bunch weight and bunch number.

A similar notable yield increase.was obtained in the Ca
treatment but the response in bunch weight was less marked.

The favourable yield response is probably attributed to the
liming effect as the 1eaf and soil Ca levels did not indicate

Ca to be def ~ient. Application of Mg showed no significant

&
_ effecfs on yield.
The yearly yvield responses to the N, P, K, Mg, Ca,

NP and KCa treatments are presented in Graph l. Application

of N showed more severe yield depression than P and this

dipPerence was significant in the 3rd year and maintained

consistently up to the 6th year. In the K treatment, an

initial large yield increase was achieved but the response

markedly declined after the 4th year and was only marginal

in the 6th year. The offect of Ca on yield was initially

small but the response increased gradually and was signifi-

cantly higher than that of X in the 6th year. The Mg

treatment showed a small yield increase in all the years.




'", pramotion of stcmat

np}rnﬁ NP and ESa intepactions on tha froah Frai!
bhunch yield weru obta1nﬂd ans indLCttod in Table 9 and Graph L.
The Np combination pt‘hthl(..t’!ﬂ gignificantly groater dopraas fon
on yield than N (-20%) or P (-27%) alona. The bunch weiaht
and bunch number were both adversely affectads On th~ othre

hand, a higher yield response was obtained in the KCa

treatment as compare! to the x (49%) or Ca (413%) treatment

shich was attributed mainly to a significant increase in

bunch nuwiber.

e

DIS8 ION

The experimnnt has produced anticipated responses

but some were pather unexpected. Thus, the positive effects

of potassium on acid peat which is known to be low in

potassium status on leal development and yield of fresh frait

bunches are not really gurprising 2% prior to treatment,

available potash supply was already low. The effects of

dueing pinnae chlorosis and frond seneéscence

potassium on T€

can be ascribed to the bettar utilisation of amines and free ¢

acids in protein_sythesis (Amberger 1675) and organic acids

me taboliLsm (Morard 1974)+ Additionally
al efficiency 1eading to 1ess_transpiratioq
xplain the delay in frond senescenc

in carbohydrate

flosses (Mbrard 1974) may ©

;iin the K treatment' Hpré effective carbohyﬂrate and protein

=iy
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Formation and tran=loecation ia likely to be responsible for
the greater yvield af fruit bunches.
The response Lo Limestone s und Lkely to be dae

to a dirvect effect of calgium as even in the control, calcium
level in the leaf was not deficient. Most probably, improve-
ment in overall nutrient mineralisation and availability due
to a rise in soil pil and a better cationic-~anionic balance
in the plant system are the main mechanisms of caleium action.
In this regard, the lack of any significant negative influence
of 11qgstone on potassium nutrition as indicated by frond
colouraﬁnd leal X status is somewhat surprising as Ca/k _
antagonism is well known. Presumably, greater mineralisation
of the organic matter by limestone also released organically
bound pbtaéaium as Chew (1973) found that liming not only
increased available nitrogen but also the uptake of potassium.
Thus, it appears that liming is a cheap method of releasing
inherent nitrogen as well as potassium in the peat and
accordingly the XCa treatment gave the largest yield racponse,
In contrast, the negative effects of both N and P
are highly interesting as such vegults [ r 0il palm have not
been reported before, The striking influence of N and P,
especially in combination, in aggravating leaf chlorosis and
senescence is likely to be due Eb an accentuated anionic=-

'catlonlc 1mba1ance due to the accumulation of Pree amlno-aC1d

amlnes and organlc ac1d3 (Epstein 1972).. These conditions

R g T

ks gt




izad to a marked loss of photosynthetic tiusue, resulting in
Lover yielday ~TL appears, thevaelfove, that unleas hes poot

madivm is adequately supplied with exchangeable bhascs, marked

ntavient Lnbalanced would posul B Wi th hoavy  application or
N or P.
CONCLUSION

The experiment has indicated that oil palm nutrition
on deep acid peat is highly complex with proper . utrient
balances holding the key to successful palm groth and produc-
tivityls A sound basic understanding of tha influence of o
different fertilisers on nutrient minaralisation and availability
i3 neceasary in order to attain optimum palm nutrition. At
*his juncture, it appears that a combination of limestone and
potash gives satisfactory growth and yield responses., However,
further wesearch is necessary to elucidate the inter-relation-
ship between major and micro-nutrvients since both have such

critical effects on the oil palm on deep peat.,
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Table 4 Bffects 6f. NPKMd and Ca. on Frond Chlorosis
aned Boenoscenoe

September 1970 April 1974
Treatment  Me€an No, of Fronds/Palm Mean No. of Fronds/Palm
Plots RISTE B SemL=-

NPKMqgCa Chloroti¢ Desiccated Total Chloroiic Desiccated Total

00000 343 0.1 3.4 6.4 1.7 8ol
10000 6.7 R L 6.0 645 12.5
01000 LTINS e . AR, 9.4 6.8 16,2
00100 0.7 0 0.7 4.2 0.9 5ol
00010 4.5 208 4.8 640 1.6 746
00001, 1.4 0.1 1e5 1.0 0.5 345
11000 1357 1854 42850 8.8 12, 21..0
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'ER_No, 56 MAJOR NUTRIENT REQUIREMENTS OF OIL, PALMS ON

DEEP ACID PEAT IN MALAYSIA
S.P, Cheong and 5,K. Ng
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DEEP ACID PEAT IN MALAYS1A
S.P, Cheong and 5.K, Ng

PAPER No, 56 MAJOR NUTRIENT REQUIREMENTS OF D11 PALMS ON
——

i fbla'l : Feptilisen Application Rates (Kg/Palm/Year)

1968=773

Fertiliser
_‘-""—l—--.-__.__

Wlphate of Ammonia (21% n)

tristme, - T sland Rock

Phosphate (2 36% P20s5)

Ari ata Of Potash (tlD%-KEU)
lesep] ta (26% Mgo)

iinestone pust (> 45% €a0)

b

I.n'\"l': l_\l'

\I‘l'f Leat L on

0
Nil

Nil

Nil

Nil

Nil
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MAJOR NUTRTENT REQUIREMENTS oF 011
DEEP ACID PFAT IN MALAYSIA

S.P. Cheong and S, K, Ng

Effacts of

NPKMg and Ca on F

PALMS ON

Dry weight

dqﬂ_ﬁggd

Tk
L

(EI
.o- -

Frond 9 (July 1975)

Length (m) Agea (m?)

5.28
1457

* R

520
4464

*¥

4496
4.88

ns

L

4494
4.90

Fis

4474
5410

* ¥

0.18

9461
7484

K2

rond Length, Area,

I"rord
Production
: JUL s ! 74
Dry Wt. (kq) Jul.17s
4.24 :19.7
3. 80 A
g * K
4,06 8.4
3.97 22.0
‘ns R
3,91 20.7
4.12 2047
ns ns
3.98 20.8
4.06 20.6
ns hs_
3182 21.3
4,22 20,1
¥ XK
De22

VPL
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| PAPER No.56  MAJOR NUTR [ENT REQUIREMENTS OF O11, p
ke DEEP ACID PRAT IN MATAYSIA -

5.P, Cheong and Six!:gg  ":.

Table 3 + NPCa :tnteraé:tiggg on Frond Lr-njth, Area.
Dry Welght and Production

i

: O MR O =

& . L - . e = 1 v -"",L,-:I‘.)J y

Frond 9 (July 19745) Ll ond ) e '

: : Putee tiign B 3
o Lengt Area Drey Wt. Julev74m s s s
§ 8 tmon te SR R AE ) (R ol o Thal 7 i I o,

L 1oPoCan, 58058 4 9,96 4.16 19.5
MPocag 4,67 s hig gk 3.61 20.3

| lop1cag 4,96 . 9,07 4.13 21.2
iP1Cag 3 SR IRE LR 1A, 9ot 25,2
| 'oPocay 549 SRR D S LA Ity 19.1
| "1Pocay 5415 VR DRI RES A )] o 19.8
| ‘PyCay - LR R g Y 44311k N0
‘;hplcal 4062 8413 FaPAE I RN A

' 3

D, (P=0,04) 0,26 b AR A 0.75

Length of vachis = | By -
¥ Measured according to Hardon et al (1969)
Measured according to Corley and Hardon (1970).




PAPER No, 56
R it

MAJOR NUTRIENT REQUIREMENTS op OI'L PALMS ON
DEEP ACID PRAT TN MALAYS 1A

S.P, Cheong and S.K, Ng

Effects of NPKMq and Ca Manuring on Lear
Nutrient Status 3

Mean Nutriont Levela op Frondg 1

(‘;‘u‘) l;l.nl. ) J-DJ’L""?I

N B

ik 14 50 2.3 Mg
2,50 0.167 0.819 - 0.439
2,56 04194 0.836 . 0.467
+0,06 +0.,027 +0.017 40,028
2.54 0.158 . '0.830 04453
2,51 0,204 0.825 ' 0,456
-0,03 4+0.046 ~0,005 = 40,003
w2057 04187 0,652 . 10,502
2 a8 0,175 1.003 . - 0.408
-0,09 ~0.012 +0.35). =0,094
2,50 0.182 0. 840 0,441
2453 0,179 0,815 0.468
+0,01 «0,003 =0.025 40,027
2.55 06195 0.853 0e452
2551 0.167 0.802 0.457

=0.04 ~0,028 ~0.051 40,005

Q.06 0.017 0.056 0,025
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PAPER No, 56

MAJOR NUTRTENT REQUIRTMENTS OF OTL PALMS ON
DEEP ACID PEAT IN MALAYSIA

8P,

Cheong and S.K. Ng

Effects of NPXMg and Ca on Fresh Fruit

Table 8 ‘fe :
Bunch vield. 1198' 6=74)

reatments
""——-I-__.

Moan. FIB.
Vel o Lin
Per, Yeal;'(lcgl

169~
133

* #

162 oL
140
ww

140
162+
% :
147 '

155
ns
142
160
£ 8.

I . lf:]o__a .

JUL P
i -
'\"',.

' Meau uum.h

_:I -':._.fla"a-;'-
; l'.'-"_('.’l :
h ;' } II i‘ 13.8 &7
8 _‘:‘ i , “12‘6 .
;_*.\,'.-_:'.__ . M!-p
'ja-;.s -}?' 7'. e
B as o
£ ,_;__ L Pl
3 Syt ety 13.1
: 11‘|4 = 13.4
| ns - ne
hig o - 12,7
lln_ﬂ i s, P
ns ER 2
0.69 0.49

Mo e, og

Hunches,/falm

NaaRen Yaar

ol |




PMPER Nno, 56 MAJOR NUTRTENT REQUIREMENTS OF OTL DPALMS ON
DEED:ACTD PEAT IN MALAYSIA

8. P, Cheong and S.,K. Ng

able 9 3 Np and KCa Interaction: on Fresh Fruit
Bunch yielo. (L9ob=74)

Mean: FRR # Mead Bunel MG Noa o
. g 4P E SR \\*-2-1?}_1{. swnches,/Palm
Jeatmants Pep Year (kq) *_(kq.l : :.l=l'.e:r Yaar
NoPg 196,550 120 NN 1.4 3
NoFy SV EN i W e TR
Ny Py 148 O 1o R A SRS N T
NPy LR B AR Dby 1o B S F e g R T L ‘
KoCag e 1 Bl g o et A X It 12’61 "-_ .
KoCan 150 BRI e s o St LEA
K1Caq _ P ey o L b I Y Es i-__. o ’
. ) | - I :-',.'__ !




PAEMENT ON SOIL m:mnnmmou

EFTFODS 0% TOMY ST
R““@I‘_ 1," ( ‘ |k p i i‘:'._ 5-.5:?"' ¥ ﬁ‘AN
Effacts o7 moil opty ents such as mulching of oratnic‘gnttar

grillage practicae and soiling on intake and storing of rain

Ifhta soil were evalualted on a Reddish Brown Lataritie,aptl.

i the corn growing peried and the succeeding Mung beln‘:growing

bl in thie lny sodash, fwed duy Loy the (allow in the Jdry keasnon.
¥

¢ fleld exper Ivn-l\l:.Q;

. the amounts and digtributions of available

:-ul.i wore surveyed periodically, The

v

bire verained by lm o deep

nses of the plants to t_he‘ treatments were also examined,

In the corn cultivation, mulch of rice straw (4.7ton/ha) was

Reffoctive in holding soil nyailahle moisture throughout the

" period, and it imereased the cown yield. Appreciable
ts {n holding sofil moiature and increase of the yield were also
ed in the intertillage rreatment which was gliven several _Ellllt

i the vegetative growth stage. Howevar, subsoiling of up to
fn depth with 80cm qntervals failed to increase total available
Mure {n soil and the yield. The different levels of soil

b
ITe omtained by .the trealments were mainly related to the

W'tions of soil surface, that is, the da.rnnn of crust formation,

Boverned 1n£11traéion of rain water.

ﬁlch of cornstalk (Ston/ha),

In the Mung bq.n.cuitivaCIOF. m

'{1lage and subsoiling {ncreased the amounts of available ; éﬂQF??:

Ute in gol1l on the uhola..hut the yield did not raapondeﬁ toe ' : I‘¢E
featments., - 5 435 3% ‘ f' Ntt

n the dry season fallow, mulching of cotnltllk(5tpﬂihf);"?:;_;~ et
*ffective to preserve soil moisture and to collect fl??.ﬂ‘f‘?;i:;r

it could provida !nvnr;blc io$

I*lently into soil, and

““‘8 for the Succeadins



THE BENCHMARK SOILS PROJECTS

An Innovative Approach to Agrotechnology Transfer

L. D: Swindale, J. A. Silva, and F, H. Beinroth

The purpose of this paper is to deseribe the Tinehmark Sofla Projects

iducted by the Unfversities of Hawail and Puerto Rico under two contracts
Ith the U, 8, Agency for International Development. It also indicates

' by an extension of some of the work of the projects, it should be
sible to establish a metwork of soil research stations throughout the
“?les, and how the concepts of the projects can be used for agroproduc~
fon technology transfers. The basis of the research program and of the
P”“““Ed network is the soil family as defined in the U, S. Soil Taxonomy.

¥ A. The Benchmark Soils Projects

The Projects of the Universities of Hawaii and Puerto Rico were

tiated 4q 1974 and 1973, respectively, under contracts with the United

k\ﬁ-

e s

tional Crops Research Institute fur the

Hyderabad, 5000 16,

),
Swindale. Director, Interna

“ni-Arid Troplcs (ICRISAT), 1-11-256, Begumpet,

.-'\- P- ’ Tndin‘

' nomy and Soil
3 Slva, Professor of Soil Science, Department of Agro

' ii,
“elence, College of Tropical sgriculture, University of Hawa
N0lulu, fawait 96822, USA.

E . Coslege of
! "inroth, Professor of Soil Science, Agronomy i g gy

Mayaguez,

A Puerto Rico 00708,
‘Briey) ture, University of Puerto Rico, :

US4,

Lo PECR Ny 13
Bl 3 : 7 ':f




States Age ~y for Internation 1 Development. The objectives of the projects
are to . ireiate food crop yiclds on a network of benchmark soils, to de-
termine scientifically the transferability of agroeproduction technology
among tropical countries and to develap a methodolopy and create the |
required Infrastructure for expeditions agrotechnology tro wfer,  TL in
1l'i|u'ri that the projects will asudd voaperat bng tropical eomtvlen In
Africa, Asia and Latin Amcrica in using sofl survey information for foes
milating agricultural development plai. and to tap the potential of

“land areas for intensive food production,

1. The 4
~——Jéﬁ;j§>11 Familica of the Prolects

Tt
1@ benchmark solis of the network belong to common soil families as

defineq
in the Soil Taxonomy 5011 Survey Staff, 1975). The soil

fami1
Y 1s the Fifth lowest categoric lei.l of the system, A8 gtated in

L
So11 Ta -
1xonomy, the family has been conceived with the Inteat "to group the

S01lg W
{thin a subgroup having &imilar physical and cliemical propert les

th
nd manipulation for use., The

at .
affect their responses to management &
of all sites of all soils In a family are

1 Interpratas

Tespn .
Ponses of comparable phases

near] 4
Y enough the same to meet most of our needs for plactica

have restricted ranpes in proper-

These

tlﬂn‘
% of such responses,” Soil families

tiog
In the hortzons of major blologie activity below plow depth.

pruper
ties are important to the movement and retention of water au! to

eray 1,
‘M and include particle-size distribution, mineralogy, temperature

ln'hy roota., In combinati with

rQn[
HLl 4
and thickuess of the soil penetrab

Liig '
Charactertati.: dotined by the higier eategoriss 0 WRICH & panid

ngs that are relatively

hel()n}..u. Y
s Wwﬁamﬂﬂmwi

the iumily o.fferentiae
groth of plants. Soils of

hnmn
hen
€ous in the properties important to the




same families should, therefore, have essentially the same management
rements and responses and should have similar potentials for crop
ﬂﬁuction. Consequently, the soil family should have the inherent quality

icilitating agrotechnology transfers.

M'rlnhﬂll?ff'ﬂ1 from the suhgroups of Nvdrie Dvatvandepts and Tropept fe

iﬁmtnx. Expeviment sites were established on Dystrandepts in Hawaii,

S&____H dric Dystrandepts. One family of soils derived from volcanic

i?the thixotropie, isothermic family of Hydvle Dystrandepts is being
': in the Philippines, Indonesid and Hawaii in the Benchmiik Soils Pro-
Etaf the'ﬂhiveraity of Hanii These are woéll=drained, upland soils

ﬂ‘fOP both plantat{on erdps and diversified agriculture by small

rs.

e

Many are still forested, particularly those on steeper slopes.

- The 80ils have dark brown to dark reddish brown surface layers that
:;ﬁﬁderately to extremely acid overlying dark brown to reddish brown g
Ifbils that are siliy elay to clay in texture, smeary, low in bulk
EY and alightly to moderately acld., The mineralogy is dominated by
hous materials, Mean soil temperatures at 50 em depth are higher than

y F

.ﬁFr by less than 5° C. Cation exchange capacities are high and base

e 7

Sfations low., The soils fix ploanphorus in forms that are only slewly

to plants. : R B ¥ g (&

. The 80ils have good physical conditions for plant gfowth; but ”QP{?9f»

5




oy

== wxrweonts of plosphate fe ‘tilizere to make them productive. Frequent
== ®— -ons of nitrogen and potassium fertilizers are required als with

 r= for high pr.duction.

Tropeptic Futrustox. The soils that link the Hawaii and Puerto

': = ety are menbers of the clayey, kaolinitic, isohyperthermic

y «=f Tropept ¢ Futrustox. These are well=drained, rod upland sofls

.-;-—_— -& ==g undor savanna or deciduous forest vegetation in subhuid troplical

== — Although they are stiungly weathered, they have an appreciable

]~ «>f bases and murelt::han 50 percent base saturation in the subsoil.

; == ®— =X are slightly acid to neutral and are mineralogically dominated

> 2 —n and iron oxidea-:.. Among their adverse properties are a limited
%= =©lding capacity, a tendency to coupact when cultivated with heavy

syne— W, and phesphorus deficiency, Their main constraint for agricul=-
= = setds the inﬁnfficﬂncy of s0il moisture for more than three months

- == Y. Tutrustox are Iextens'ive in Brazil and tropical Africa and are

.,:—--1:"(:& to immediate development over other Oxisols on account ol their

5> = =8€ saturation status,

PP Tropohumults and Tropudults. The extensive red upland soils in

i"‘ - mxeid ragtona of eropica] Asia are Ultisols; acid soils with red,
- - dense gubsoils. In the warmest parts of these regions ‘the soils

y -
._ ™ = to the Great Group of Tropudults and in the cooler regions with

#= =Mus in the profile, they belong the to Gieat Group of Tro].. ‘.mﬁultb. .

L]

= <0 solved, Several countries have asked Lhe pro_]ect to concentntt

, =¥ =< extent on these gods Soil surveys in areas whera thesa !9’4‘
:i§1

Thave generally not been detailed enough l:o provide d,at:a'fot J



-5— i . ' - -
- i Far . i e
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, . & == =ification. %il survey and characterization are being donn to s

—= = = itable benchmark sites o, these soils in the Philippines, BT v

== nd Africa.

F= =< y>erimental Woi. of the Projects
& ~opend of experiments B ng saidueted i the projeets weve entabs

i = workshop on "Experiment 1 Designs for Predicting Crop Pro=
~iilh Envivonmental and Feonomle Iaputs” held tn Honolulw L

k=

_'"-ﬂ-» ($11va and Beinroth, 1975). The three types of experiments
<= <A are called transfer, variety and management experiments.
~% “ransfer Experiments. Transfer experiments for testing the

with only 2 variables rolated to

p= & = of transferability are simple,

awwn K- 4y characteristics. P X pH and K x P Ave the treatment combin=

- 3> <= “—ing used on the Dystrandept
y differ among families.

s and EutrustoX, respecrively. The same

- T cgmbinatiohn ma All other controlluble

i.e, irrigatich, othar nutrients, plant protection. and plant

are maintained near optimum jevels so that treatment effects will

Fach transfer ¢iperiment 18 replicated three times.

<= ©¢xperimental design used in all transfer experiments i8 a 52

ad 4in the paper by Laird

factorial developed by Fscobar and describ
1975) »

-
e workshop (Silva and Beinroth,

.‘:—-fem: of CIMMYT presented at th
ristics in

cause it has geveral good characte J i

L.-‘ «= #= 1gn was chosen be
uate=

at its 13 treatments cover the factor spaces adeq

.' «>=> o the fact th

e two b4

=3¢ troatments consist of the folInw{ng combinations af th

5 +.85, 0+ L BSY

- =

-85 + 85, +.40 +.40.

4 =8 (“Od_ed Lavels): ‘+ 8
4 o A0y B0 -85 0, +.40 -.:.n. .40 -.m 483 -.ss,
5 b aty 09 —;85. The mi.ddl,e level of the.:
~7alue 0. Two control creatments a_'Fé also



«—ecives no fertilizer to allow assessnant of the native soil ferti-
arw <% the partial control which receives all added nutrients except the

T a<= primary {ndicator crop is maize which is grown at all sites. A

il == w v indlcaior crop, foybeans, 16 grown at gites where there Is
I‘n 5 nterest In it and where the work load will allow ft.
> - Variety Experiments. It has been decided to use the "best adapted

-r=n riety' as the tesl crop in the transfer experiments. Since varie-
: 3 5 £ fer in their yield potential, it is necessary to evaluate all
g= & <=9 used In transfer experiments throughout a soil family network
=s Enilar conditions at the primary site in each country. To prevent
o ~uarieties that are unresponsive to the variables in the tramsfer
_:' 5 wx»ents, a factorial combination of two levels of these: two variables
= "Iinlpnsed on the variety experiment.

- - Management Exper lmont.- Management experiments on malze and

}‘Eﬂl“ 5oare 1nata1]ed at cach primary site. The objectives of these

£ _wx=ents are (1) to provide information on economic and efficient
—§_«=es which local farmers might utilize and (2) to provide 1nfomation
' 5 1,“'—‘-’83queﬁt soil tnterbr;etnttnn and land classification. Particular

Ry s = Lon will be glven to costly inputs and high-energy cultural practices
':._' = & as important faruw.r' practices. j | pold 1

<3 - Experiment Sites.

5 Timary Sites = A primary site is esta‘blis'had in each country o each

g amily .ind consinta of an area of ahout 10 lu.-;'-.m:a-ﬂ l.n rrnvitlo m..‘fi-'h.

T

land for the many experimants envisaged during the life -of_thq,,_p‘lff“" i
b



re iz station where possible. Complete weather stations and adequate
€ including water storage) and office iacilities are established at

'r'imnry site, if these do not already exist,

8¢: «~o>ndary Sites - There may be one to three secondary sites on which

by =axwnuler pxperinents are comdueted on A sodl Family In a cowmbry,

<1 «litional sites are necessary to fully test the t rangfer hypothesis,

se e ot for ptpndlicant, tmeont g0l Lahla varlahled, o Hegoislavy ubtng

he> » 3 T one hectare in aize, have a complete weather atarion and water

tacilities, where nceded.

Climatic Variables. Climate is an uncontrolled variable in the

o f agronomic experiments. Hence, it is essential that significant

it § < variables be measured at each experimental site to allow a

s> £ ul test of the transfer of agrotechnology from one site to another.

a - soil iiempcrai;ufe, raliifall, relative humidity, solar radiation,
e &

a3 x—ection and wind speed are monitored at all sites, Pan evaporation

par = +ared on some sites also.

L= x> <X Capabilities

'.h soll, yield and climatological ata are analyze y mathods pl
= — Al feld A logical d 1 db hod tf

{72 x1ate analysis to produce the desired land potential, capability

g~ - xsferability {nformation. Wherever available, local yield data and

pability information will be {ncluded in the data base to increase

as=r 1ity of yiel! predictions at various levels of soil classification

"'..u»e: r a larger group of soils cuan will be represented by the benchmark

sr»<twork. The production capabilities developed for differcat soils

used as « first approximation to production targets for these soils

r troplcal and subtropical lands.



ba. Transfer Experiments. Levels of the phosphorus variable in the
;;ndept and Eutrustox are expressed as ppm P in the soil solution

i;ed according to the method of Fox and Kamprath (1970) while lime

Tl i the Dysldadopt ave hised on KO extreactablo Al aceording to tho
od of Kamprach (1970). Potasgiom levels in the Eutrustox are based on
N ammontum acetate, pll 7.0 extraction method,

- ﬂltliungh the experimental designs for the transfer experiments are not
;:;x, strict supervision of field plot work is needed to obtain sound,
'ftific data. The total number of experiments wust be large enough to
'ih the variation to an acceptable level.

fﬁﬂﬂi&i ~ Four trandfer experiments with maize, variety H 610, and

.é with soybeans, Kahala and Jupiter varietl¢s, have been completed on
lfbf the, two secondary sites on the Hydric Dystrandepts in Hawaii. The
;Ei‘WO malze experiments havvested have been analyzed. One was a late
f§f planting (August) on the Kukaiau gite and the other a fall planting
3;ber) on tha Halawa site. These crops were planted as soon as the

i; were prepared to pain experience with the experimental approach and
i? in Hawaii. Plantings are being made in May-June fot the dry season
Aﬁin December-January for the wet season Crop now that the sites are

i-. :I ﬁ
1? established,

- Maize grain yilelds for the Kiukaiau site (Kukaiau geries), which is at

‘Moters elevatlon, increased markedly with the first increment of P over

Partial control trcatment foilowcd by a moic gradual increase with

Bequent lavels f P (Figure 1). Max{mum yield with P was app ntly

flached at the higiest lime rate (1110 kg/ha). The response to lime

;Telntively amall and generally negative at the highest rate nf P.



h}ain yields for the Halawa site (Niulii series), which 1s at 485

arked response to N and P applications

bs elevation, also showed a m

: ﬁe complete control and a smaller response to P over the partial
:;1 (Figure 2). Apparently there was sufficient .8idual P in the soil
ﬁ;t when N and K were guppl ied fair vields were obtained, Maximum
gfwtth P was apparently approached with the low and high rates of lime
:;“d 1295 kg/ha), but not W h the wmiddle rate of llme. Responsa Lo
tes were former sugarcane fields which

‘was generally negat Lve. Both si

plications in the past. It is of interest that

:Fceived P and lime ap
different elevations, gave compa-

L_two fields, which are at glightly
ed.

le yields of about 6000 kg/ha when both P and lime were appli

th soybean varieties Jupiter and Kahala had

3
' Transfer experiments wi

2330 to 3140 kg/ha and 3230 to 1830 kg/la, respectively.

ponse to P was evident in the early stages of growth, but was not as g

by :

arent later,
variety DMR Comp i1,

transfer experifient with maize,

* Philippines - One
ve been {nstalled and harvested at

L one with soybcanq, variety TK 5, ha

Union College (PUC), in the Philippines.

b primary site at Philippine
p was striking in this Hydy
{ve P died (Figure 3). Response to

ponse of maize to ie Dystrandept. Plants in

tJCQntroL plots which did not rece

5-er levels of P was smaller. Maximum yield with P was apparently ap—

5iched at the low (79 kg/ha) and medium (945 kg/ha) levels of 1ime, while
ate of lime (1748 kg/ha) was erratic, Res-—

;Pﬂnqe to P at the highest T
ses (Figure

ﬁje to lime was relatively small and was negative in some ca

onse-to_,_

seriment with soybeans indicated a marked resp

generally followed by

The transfer «

ver the control plots which was
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~11-

ThE s <t aer levels of P, but at a lower rate of increase. Maximum yield

= applications was apparently being approached.

I -irect comparisoun of yield levels of maize in Haw . !l and the Philip-

ne = 4s not appropriate because the crops were grown in di fferent seasons

el diffavant varviety was nead in £he tWo locations, However, palieyna

Sy §_ <=1 responye were ponerally almitar and indicated that the some

s

'."!” t =7 of lydete Dyatrandepta 4 andd Lhe PhELLppbned wi il ol paiond

0 Havaatl

i e <= <eptable crop (or any crop {n the Philippines) without large applica=

for = of phosphorus, 1In addition, response to lime was small or negative

h > <> Th locations. This tends to support the hypothesis of transferability

n = general, practical way and suggests that this family of Hydric Dystran:

¢ = requires T and little, Lif any, lime for acceptable maize yields.
Indonesia = A primary and two secondary sites have been established

& w»donegia on a Hydrli Dystrandept. Tranafer experiments with wmaize,

Var— * ¢={y Bagtar Runing, aid alao with soybbans, variety Orba, have been
¢ =alled on each of the sites and are to be harvested shortly. These

are=

A
]

the first plantings in Indonesia. A full complement of transfer,

N »— ety and management experiment® are planned for the next plant Ing.

} Tuerto Rico - Rlight transfler experimenta with maize and soybeans have

=TT completed, two with each crop at both the primary and gecondary sites
£ #= blished on a Tropeptic Butrustox near fsabela, Puerto Rico, Maize y?a.‘
: ¢ he firat experiment at the primary site ranged from 6,590 to 11,515
.'g P A 2id There was a marked increase in yield with the first increment of

za further increase with the next jnerement, but none with higher levels

t_.' -
Pioneer X

. Maize yields with the same variety, 306 B, were lower at

secondary site, but the tren.: were gimilar to those found at the

x> <=
bean yields from the first

-~ 4 mary site. Soy (wo experiments rangefi from



<105

83 o 2,372

~g/ha. Plant height measurements for both crops reflect a

Ay < < d early growth re: 15e to P applications, but this trend was less

ipp = xent at lower growth stages.

Wragil =« Piald pevatbong in Weazil vaje LLL faved In mid 196 feay

jai ¥> =2 'n northern Minas Cerals. The first two transfer experiments witch

L == «»  and noyhoans ive beoen vompleted ar the primary sive on Tropeprie

.t x-weastox, Plant growth responded strongly to P applications and 1t ig

¥ «= < ted that this observation will be substantiated by pending statistical

g

ina 1. >~ =18 of the grain yleld data.

An additional pirimary site and two secondary sites 1in Tropeptic Eubrus-

Fx 2ve been located i Brazil aid are belns prépared and equipped for
kpe= *— Tmeniicion,

. Variety and Management Lxperiments., A variety trial with maize

=3 Ing varieties from Hawaii and the Philippines was conducted at the

:rn-" >y site in the Philippines. A management exporiment to study the

5» «» TREC of malze to chicken manure, which is a recommended local practice,

~7za rious laevels of N, P, K and 1ime was also conducted at the site,
Warlety trilals with maize have been conducted in Puerto Rico with

.iﬂ e les from Australla, Contral America, Brazil, Hawali and the Philip-

Nees -V

i

ariety trials with maize and also with soybeans have heen carried
5 Brazil, 1In addition, two management experiments with maize were
pde s <= Ted in Brazil to study the interactions between varieties, plant

byl =3 Cions and levels of .

— = Othey Activities. The project will also provide training in

B oo Perating countries. Hawaii and Puerto Rico project . aff and coun-

. S = - staff meet at annual coordin tion meetings to ensure uniformity gf:

o




1%

Al c3 vare, discuss experimental results and plan future experiments.

Fe= 1 lowships are offered to students from cooperating countiies. They

«= academic training at the University of Hawaii or the University of

e t 3t and Cleld veper fence on ekper imental sites In thelr home coun-

'l?" g-«>ject results are disseminated through attendance and presentaticin

ap> <= 5 at various national and international meetings and the conduct

+ & mars such as the ICRISAT seminar (Swindale ed. 1977) held in January

Froject workshops afe held 1n cooperating countries to acquaint

' p x— date officials with the purposes and benefits of the project and thel

f 4 < and generalimd leaults.

B. The Soil Research Network

gy txe soil research network that AID supports can be established through

4 administrative structﬁ’rea and arrangements, oOf through cooperative,.

-ﬂ-j..c.‘al linkages between intereated institutions using the soil family as

:;' ==is. Tt can be implemented by expanding the network of benchmark soil  _

o« & <ns or by classification, at the family level, of the solls of exist-

e £= ¥ leultural research atationa.

- anding the Benchmark Soils Network

= Project Families in Other Countries. The three familles that will

II' » T of the existing projécts undoubtedly exist in more countries than

that will be cooperating fully with the projects. Where they are

P

_.;: & < 4, and sultable sites astablished, they can be added to the natwor.k.

g3 «=nchmark Solls Projects will assist munrrtes in extendtng the m-twork

<= extent that finances will allnw. : _ ki L S

‘ . e\dditzional Benchmark Familieq. As the value of the '?of"l"r fsm:ll;f

_- 2t becomes evident, it is expected




1=

e 3<tend the approach to other soils., In fact, both the Philippines

ancl Tndonesia have taken steps to set up their own Benchmark Soils Projects
the Hawail Project will cooperate with them with this endeavor. These

- onmbry projects will concentbrate On polla Imporvtant In country develon

¢t plans that are not in families recolving inftial emphasis.

[t should be easy to add tawllies which vary mly slightly from the

ect families, and for which the cause of the variation has a predictable

}fect upon crop production. This would inelude, for example, isohyperther-

<« or isomesic families of Hydric Dystrandepts for which the effict of the

4 ation -- in mean annual soll temperature == on crop production can be

uted, It would also include, in relation to the clayey, kaf;linitic,

{s <> ¥ryperthermic family of Tropeptic Eutrustox, the parallel family of

{ « rout irrigation.

Sol1_and Crop Data Bank

The Univernity of }lawnii has developed and is expanding n1computerized
‘s o x age and retrlvval aystem for soil taxonomic and chnrncteri ation data

R, o " as the Soil Data Bank. The entries of the bank include gany soils
& mportant agricultural experiment atations of the tropilcs. e Projects

?r'l ¢ %cipate to complement this system by a Refereace Center for Crop Produc-

"*i_ar'l Research in the Tropics by soil taxonomiec units. Botu data files will
RS only enhance the international communication among pedologists and

:gfﬂnnmi.sts, but will also provide suitable mechanisms for expediting trans-

'fe-,_-.‘s of agroproduction technology among trop: :al eountries.
C. Anticipated Results

The number of experiments conducted annually will be sizeable because



el B

i € is necessary to have 8 to 10 sites in each soil family network for
A dequate statistical interpretation., Therefore when all sites are estab-
A 4 shed, 18 maize and about 10 soybean transfer experiments, 6 maize and 3
£: ~ybean variety experiments and about 8 management experiments with maize
soand soybeans will be conducted per yéar per sofl famIly., This will be «
t tal of about 45 oxperiments per vear on all (hoee familios.

Il the hypothesis ol transferability of agrotechnolo,y is not dis Sprovel
i will enable research results ohtéined on a soil itamily in one part of
e world to be transl’efred to the same family existing in another part of

. the world., This should make research results available throughout the net-

f wvo Tk to countries with common soil families which should result in

= 52 vings in time and resm.;rcm. and in a more rapid increase in production.
Crop yields obtained by the projects have been several times loeal

- w i elds ahd are the result of impressive amounts of agricultural inputs,

'{ 4 rrx<luding irrigation. Only the more advanced farmers with profitable mar-
‘k.e t outlets will be prepared to make the efforts needed to achieve compara~

,.' b L« results, However, this does not Imply that only high management

e conomically increase their ylelds. Tt 48 fully recognized that transferred
't:,_s,c[mnlogy can only relate to production targets, Many social and economic
;'fl uestions will need to be answered before production targets become real-
'_j_,t: des,

J Land capability schemes developed for the countries of the network

{:-5‘ 1ould indleate sultal ‘1itles of different regions for development under

o | £=h, medium, or low levels of input, and the probabilities of success of_

I‘i o formation transfer from the network, This .l'nform_.tiot_\ will be nv_a.ilahlbc.




The Soi 1t g

for 1ncarporation into davaloﬁment plana of cooperating natjons.

tha liuk between counrries with similar soil fnmi-

Data Bank will aervu as

S
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PAPER No, 06 THE BENCHMARK SOTLS PROJECT = AN INNOVATIVE APPROACH TO AGROTECHNOLOGY Ti
. L.D, Bwindale and F.H. Beinroth

6500

550C

Grain Yield (kg/ha)*

43500
T

3 79 kg lime/ha
@ 945 kg lime/ha
O 1748 kg lima/ha
P Partial Control

C Complete Control

& _ A o .
 8r Jf PUC, Philippines: 1976 Dry Season Maize
,g? 72 Yield vs P in Solution and Lime Applied
i : ¥ Not Adjusted to 15.5% Moisture
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INNOVATTVE APPROACH TO AGROTECHNOLOGY TRANSFER

¥ TF DENCHMARK SOTLS PROJECT = AN
nd F.H. Beinroth

1.0, Swindale «

/ ol
I -"""'""'"'——"-——n
="
105 kg lime/ha

X
@ 700 kg lime/ha
O 1295 kg lime/ha
P Partial Control

Cc Complete Control

_ HALAWA: 1975-76 Winter Maize
£l Yield vs P in Solufion and Lime Appliec

~ ;U0

ol _
ppm P in Solution

_.:_ L 1 1 1 1 1 1 1 1 g
= 03 05 07 09



EER No,.66 THE BENCHMARK SOTLS PROJECT - Arsqlmnmﬂw APPROACH TO AGROTECHNOLOGY
| TRANSFE 4
4

- LD, Swindale and F, H, Deinroth
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F
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i

8500

90 kg lime/ha
600 kg lime/ha
1111 kg lime/ha
Partial Control
Complete Control

OVOex

KUKAIAU: 1975-76 Fall Maize
i1 Yield vs P in Solution and Lime Applied
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