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RINGKASAN

Lapuran dibuat berkenaan kesan-kesan pembajaan N, P, K, dan Mg keatas zat-zat tanah
didalam 14 percubaan kelapa sawit. Ditanah daratan pertalian pengeluaran F.F'.B. tanpa
pembajaan N dan K dengan tiap-tiap zat tanah N dan K didapati sangat penting. Tetapr
kandongan zat tanah yang genting, bersamaan dengan pengeluaran F.F.B. yang tertinggi, didapati
terlalu berubah-ubah untuk dipraktikkan.

Anggaran kehendak pembajaan kelapa sawit daripada analisa tanah cuma dapat dibuat
diatas tanah-tanah yang tidak pernah menerima pembajaan.

INTRODUCTION

In a preceding paper (Fosran and CHANG , 1977) the effect of ferti l izers on oil palm
leaf nutrient levels, and relationships between oil palm yield production and leaf nutrient levels,
were considered in 20 selected oil palm ferti l izer trials carried out by different organizations in
West Malaysia. In this paper similar consideration is given to soil nutrient levels determined in
the 14 trials which are still continuing, and which could therefore be soil sarnpled. Firstly the
effect of ferti l izers on some basic soil properties, which were deterntined in all plots. are
considered. Secondly relationships between a variety of soil chemical tests carried out on
unfertilized soils and yields without fertilizers are investigated, and lastly soil test critical levels
conesponding to optimal yields are examined.

MATERIALS AND METHODS

Full details of the trials, which were all of single replicate :o NtXMg design. have been
previously  g iven (FosrER, 1976;  FoSTER and GoH, 1977).

Composite soil samples, consisting of 0-30cm cores taken from the weeded circle of 8
palms, were collected from each plot of each trial about one year after the yield period earlier
selected (FOSTER, 1976) for study. These soil samples were individually analysed for pH and
extractable cations. Soil pH was determined by glass electrode in a l:2.5 soil/water suspension.
Soil bases were extracted by shaking 29 soil with 100 rnl neutral normal ammonium acerate
overnight. Aluminium and hydrogen were extracted by rapid leaching of 29 soil with 100 ml
normal sodium chloride.

For additional analyses, soils from plots having the same levei of an individual fertilizer
were bulked. Thus for example three bulked samples, representing K0, Kl and K2 levels of
potash fertilizer (at average levels of all other fertilizers) were obtained for each trial from the
8l individual plot samples. These bulked samples were analysed for total nitrogen by the
Kjeldahl procedure, and for extractable phosphate by shaking 29 soil with 20 ml of 0.lN HCL
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p lus  0 .03N N I i oF  fo r  I  l r t i nu te  (S lN ( ; l t  an i i  Ra t : l ns tNGA\ t .  l ( l 7 l  i .  I ) o tass iL rn r  was  cx l rac ted
by f ive d i f ferent  nrcthods.  t rn r r rc t t rods I  ancl  l .  lg  so i i  $ ,as c\ t facter j  rv i th  100 rn l  o f  0.01N
and 0.1 N ammonium acetate respect ive lv .  sh:rkrng overnight .  Mct l rod -3 , "vas the convent i ( )nal
normal  antmoniunr  acetate l t rethod descr ibed abovt : .  Jn lnethod .1.  l0  rn l  o f  conc.  su lphur ic  ac id
wa^s added iapi . th  to a nt i r ture 'of  lg  soi l  and l5 nr l  o f  watcr .  Af ier  s tanding f i r r  cxact l r .  .10
rn inu r r ' s  rhe  m ix tu re  was  d i l u ted  w i th  r va re r  ( l l t , r l t  l t  and  pRar r .  1957 ) .  I n  rnc r l r od  5 .  l q  o f
s o i l  w a s  b o i l e d  w i t h  l 0  r n l  t r f ' 1 : l  i l C I -  t i r r  o n e  h o u r  ( S I x G t t  a n d  R A T N A S I N ( ; A l t .  l 9 7 l ) .

For  each i r ia l .  rcsponse I t rnct i r rns of  the sanlc i i r Inr  as th()sc f i t ted t r r , the r ie l t l  anr i  lcat
nu t r i en t  da ta  (FosT I 'R .  1916 .  po t t l  R  and  ( ' nAN( ;  .  1911 )  we re  i l r t cd  t o  t he  so i l  r esu l t s
obta inc:d f ronr  analvs is  ot  lnd iv idrra l  pkt r  santp lc 's .

R.ESULTS AND DISCUSSION

The fitted response functions for snil pH and extractable cations

The resui ts  of  regressing soi i  p lot  data on average annual  i 'er t i l izer  rates (actual  gr
equivalent  a lnounts of  su lphatc of  atnmonia.  Chr is t rnas Is land rock phosphate.  rnur iate of
potash and kieserite) are shown for each trial in Tables I 6 In Tabte l. coefficients of
determinat ion and var iat ion are tabulated.  I t  can be scen that  coei t lc ients of  deterrn inat ion arc
almost  a l l  over  60 per  cent .  and qui te f rec luerr t ly  exceed 80 pc-r  cent .  ind icat ing that  thc l l t ted
polynornia ls  account  l i t r  n tost  of  the var iat ion in  the soi l  data.

Ct lef f ic ients of  var iat ion are qui te smal l  for  so i l  p t l .  but  f i r r  so i l  er t ractablc cat i r . rns they
Inost ly  l ic  between 30 and -50 per  cent .  (The resul ts  fbr  t r ia l  -1.  where sonre o l ' t l re  coe| f ic ients
of  var iat ion approach 100 pcr  cent .  arc exccpt ional .  and indicate extrcnte p lot  var iabi l i ty  in  th is
t r ia l ) .  These h igh coef f ic ients of  var iat ion mean that  predict ions of  so i l  propert ies at  ext renre
fer t i l izer  combinat ions have a h igh error .  L . in for tunate ly  the ler t r l izer  combinat ions of  most
rnterest  are most ly  ext reme. as they general ly  inc lude fer t i l izers e i ther  at  /ero or  at  thei r
h ighes t  l eve l .  Thus  the  app roach  i n  ea r l i e r  pape rs  (Fos r t iR .  1976 .  Fos - f r  R  and  CuaNt ; .
1977).  where most  of  the argunlents and t i iscussi t )n were based on pre<l ic t ions f ronr  f i t ted
response funct ions of  y ie ld and leaf  nutr ient  levels  at  speci f ic  fer t i l izer  conrbinat ions.  ls  n() r
fo l lowed in th is  paper.

The f i t ted response funct ions are too lengthy to repor t  in  f i r l l  in  th is  paper but  a l l
significant partial regression coefficients for single and two-factor variables are slrown in Tablt,s
2 6 lor  so i l  pH and extractable K.  Mg.  Ca and Al  + H respcct ivc lv .  These rcsrr l ts  shor .v  thar
the appl icat ion of  N l 'er t i l izer  s igni f icant l l 'depresscs soi l  pFl  and incrcases thc cr t ractablc (Al  +
H) level  in  a lmost  a l l  t r ia ls  inc luding those on coasta l  so i ls  where thc N sorr rce was sencral l r
ammonium ni t rate or  ca lc iutn anrr t . toniu l t t  n i t rate.  The b iggest  changcs in  pH u,ore observet l  in
t r ia ls  23 and 6 l  where the regular  appl icat ion o l  su lphate of  arnrr ronia deprcsscd soi l  p l i  bv
over  0.2 uni ts  for  every k i logranr  of  fer t i l izer  appl icd per  pal rn.  On a l l  sor ls  the level  o1 '  so i l
ext ractable K and Mg was general ly  s igni f icant ly  dcpressed bv N i i r r i l ize r .  but  cxt ractable ( 'a
' ,1765.  depressed at  only  a few s i tes (nrost ly  in lancl ) .  I t  nrust  be err rphasisct l  that  any N tcr t i l izer
can depress soi l  pH.  s ince ever) ,  n i t rate i r rn lost  by lcaching carr ies arv lv  onc eat i t r r r  ec lu iva lcnt .
In  less ac id soi ls ,  rock phosphate general ly  has no cf fcct  on soi l  p l l  icvc ls .  brr t  ihe resul ts
presented here show that  the appl icat ion of  rock phosphate s igni f icant l l , increases pH and soi l
ext ractabie Ca (and concomitant ly  dcprcsses erchangeable Al  + lJ)  in  a l r lost  a l l  t r ia ls .  [Jowever
the increase in soi l  pH duc to the appl icat ion of ' I  kg rock phosphatc per  pal rn is  gcneral ly
much less than the decrcase duc to the appl icat ion of  I  kg sulphate of 'anrnronia per  palnr .  TI r is
ef fect  of  rock phosphatc counteract ing soi l  ac id i ty  has a lso been rcpor ted f i r r  so i ls  in  West
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Malays ia  unde r  Hevea  (P t rS l t pARAJAI l  .  SooNG.  Y I lw  a rd  Za lwo t . .  1975 ) .  The  app l i ca t i on  r . r !

rock phosphate increased the level  of  so i l  ext ractable K in  thrce c i lasta l  t r ra is  and the ievc l  ot '

so i l  ext ractable Mg in three in land t r ia ls .  presunrably by i l ic reasing the cat ton exchal ise capacl t ! '

of the. soils. Pgtash ferti l izer showed the expected effect of markedly increasing soil ertractable

K in al1 trials. and also significanrlv decreased extractable (Al + H) in all coastal trials. antl

extractable Mg in about half the total ruirrber of trials. Mg l 'erti l izer significantl-v- itrcreased srrtl

ex-tractable Mg in all tr ials. but signrticantly depressed the level of othe r ertractablc catloll l l i

only a few cases (all on coastai soil ' :).

Relationships between F.F.B. yields obtained without individual ferti l izers and soil test levels

To assess the requi rentent  o i  an i r rd ivrdual  terr i l izers bv o i l  pa lnr  at  a speci l ic  s t tc  t t  l \

necessary to know both the shape oi the response curue atd the posititrn otl t l te curvd ln tlre

absence of  fer t i l izer .  The aruount  o i  fer t i l izer  requi red to Ia lse y ie ld t lp  t r . r  the level  at  rvh ich

response just  covers the cost  o i  a  f 'er t i l rzcr  increntent  can t l te t l  t rc  dcter t t l i t ted '  ln  iu i  ear i ter

paper (FOSTER and GOH, 1977) i t  has been shown that  the s lope of  respr l r lsc curues can bc

predicted front soll and clirnatic pr()pertlcs. LIcre we consider whe ther I icicl in the absence ut

ferti l izer, which identif ies the starting potnl on the resptlnse curve. cal) be predicted irorlr soil

chemical tests desiSned to assess nutrient availabil ity.

As cliscussed abgve. soil cl 'renrical test values cannot be reliabll predicteC t'or individua'l

ferti l izer combinations in these trials because of high coefllcients o1'varilt ion. Wc. arc theretirre

obl iged to consider  t l ie  n iean y ie lds and soi l  chernical  prr tper t ies ot 'a11 t l rc  p l t r ts  i l ' t  each t r ia l

which did not receive individual ferti l izers. ln T'able 7 are presente,l nieart l- F ts. rields and soil

test levels obtained in each trial in the absence of P and Mg terti l izcrs. I 'hers ls rlo slglt if lcant

relationship between the mean yields obtained without P ferti l izer and stri l  extr. P values. and

the ntean yields obtained without Mg ferti l izer and soil extr. I{g value's. ri ' l tetlter colstal trials
(the first 6) and inland trials (the first 5) are considered separately or all toscther This does

not necessarily rlean that the soil test methods are useless. as the ttte atl F.F.B. r ' ields obtained

in the absence of P and Mg ferti l izer may have been lirnited by' inadequatr'avcfase lcvels of N

and K ferti i izers.

ln Tables 7 and 8 are presented rnean F.F.B. yields and soii test levels obtatrred in the

absence of N and K ferti l izers respectively. The mean yields obtained vurthout N f 'crti l izer in the

coastal trials are not related to soil per cent nitrogen. and yields without K t 'erti i izer in the

coasta l  t r ia ls  are s igni f icar t ly  re lated at  the 10 per  cent  level  ( r  = 0.731)  t rnh.  to  soi l  K

extracted f ror l  the soi l  by rnethod 3 when expressed as a percentage ot ' to ta l  cat ions extracted

(aluminium being the donrinant cation). The fltted regression equation tbr the lattt-r relationship

is shown in Figure 1. In the case o1' the inland trials. nrean l, ields obtained rvit lrout N fcrti l izer

are highly significantly correlated with soil percent nitrogen (r = 0.t)67** ) as i i lustrated rn

Figure 2 where the fitted regression equation is shown. Mean yielcis obtained wttht,rut K

ferti l izer in the inland trials are also significantly related to soil K extracted by I :1 boii ing

hydrochior ic  ac id (method 5)  at  the 5% level  ( r  = 0.884* )  and to soi l  K extracted by 1N

antmonium acetate (method 3)  at  the 10% level  ( r  = 0.825) ,  but  not  to  soi l  K cxt racted by the

other 3 methods nor to soil K extracted by nrethod 3 when expressed as a percelitage ol total

bases or cations extracted. Yields without K f 'erti l izer predicted on inland soils by the twt)

successful soil K tests are shown by the fitted regression equations in Figure 3.

It is concluded that on inland soils. total soil nitrogen may be a useful test tbr predicting

yield in the absence of N ferti l izer and soil potassiurn extracted b-v.' rnethods 3 arrd 5 r,-ray be
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TABLE 7. MEAN F.F.B. YIELDS AND SOIL TEST LEVLLS IN TIIE AtsSF-]\ t 'E OF
N , P & M g F E R T I L I Z E R S

Trial
No .

Mean F.F.B
yield (t/ha)
without N
ferttlizer

Mean  F .F .B .  So i l
y ie ld ( t iha)  ext r .  P
wi thout  I '  p  p. . .
fe rtiliz,e r

iV lean F.F. ts
y ie ld  ( t i ha )
rvithout 1\1g

l-e rtrhzer

Soil
% N

Sor l  ext r .  I lg

' :z of total
m . e .  i 0 0 g  e \ t 1  .  e  d t i o n :

+

5
6 l
l 0

I

6

48

5 0

1 7 5

l 7 t

7 5

4 I

0 . : 8
1 , 1  1

0 .47

: . 8  r
1 . _ 1 8

_1.96

-1.L)

1  9 . 6

3 . 1

l b . 9
- . 6

t 6 . 5

25.92
26.20
2 5 . t 2
25.20
24.56
20.63

0.076
0 . 1 0 6
0.20.+
0.266
0 . 1  7 0
0 . 1 7 5

26.5  7
2 6 . 1  8
1 5 . 0 5
24.7 5
) 5 . 2 9
2 3 . 5 0

26.29
16.48
: 5 . : l
_ t . +

t 5 . t 5
1 3 . r 5

2'7
26
28
23
8

r 3 l
6 l
3 0
: 5
2 7

0 .0b

0. t  r
u . l  l
0 . 1 0
0 . 1 4

3 . 6
8 . 9

5 . 7
) . 1

1 . 9

I  7 .85
1 9 . 2 0
22.00
3 1 . 0 0
23.14

0.014
0.070
0 . 1  8 9
0 . 1 5 5
0.2 t4

2 1 . : 5
2 1  . 8 6
21.40
20. t  i
2 l  .68

t : .00
) : . 3 :
a ) . l l
- - , 4  I

t 0 . 8 1
t 5 . 5 8

TABLE 8.  MEAN F.F.B.  YIELDS AND SOIL K TEST LI :VHLS IN TI IE ABSENI. I ]
OF  K  FERTIL IZER

Soi l  K (m.e. /100g) removed by d i f ferent  ext ractants S r ) l l  e \ r r .  K  ( - 1  )Tr ia l  Mean F.F.B.
No.  y ie ld ( t /ha)

without K
fertilizer

( 5 )(.4)(3 )( 2 )( l ) ' 7  o t  t o t a l  ' . i  o f  t o t a l

e x t r .  b a s e s  e x l r .  c a t r o n s o

+

5
6 i
l 0
2
6

: > . 11+

25.48
25.08
24.59
2 4 . 1 5
23.06

0 . r 0
0 .22
0.3  5
0 . i 5
0 .26
0 . 1  7

0 . 1 2
0 . 2 6
0.36
0 . 1 7
U,J  -1

0.23

0 . 1  l
0 . 2 1
0.31
0 . 1 9
0.3  3
0 .23

0 . i  5
0 . 2 8
0 . 5 9
0 . 1 9
0 . 5 3
0 . 2 9

| . 6 2
) . 1 5
_ . t 6

I  .28
2 . 5 0
3 . 6 2

< l

.+.6

t-+.1
-1 .')
5 .9
l 4

l . q

t . :
l .-s
: . J

1 . 9

1 . 5

2'7
26
28
23
8

0.04
0.08
0 . 1 0
0.03
0 . 1 4

0.04
0.08
0 . r 0
0.03
0 . 1 4

0.04
0.08
0 . 1 0
0.05
0 . 1 5

0 . i 4
0.09
0 . 1 4
0.06
0 . 2 1

0 . 5  7
0.3 2
0 . 5 9
0.31
3.62

6.0
6 . 1
5 . 5
3 . 8
1 A

1 . 6
A A

1 . 5
1 . 3
1 . 9

1  8 .83
1 8 . 3 2
2 1 . 2 1
L U . O  I

24.53

Soi l  Ex t rac tan ts  :  (1 )  0 .01  N ammonlu t t t  acc ta tc
( 2 )  0 . 1  N  "
( 3 )  1  N

I l o t  conc .  su l phu r i c  ac i d

tsoi l ing I  : l  h1 'drochlor tc actd

A l  and  H  c \ t r ac ted  b l '  I  N  Na ( ' l

( 4 )
r  s )

1 5 9
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useful tests fbr predicting yield in the absence of K fortilizer. All the coastal soils had high
ievels of soil K extracted by methods 3 and 5. compared with most of the inland soils. which
explains why the coastal trials nrostly gave much higher yields in the absence of ferti l izer. Yield
differences between tl ie coastai trials in the absence of K ferti l izer appear to be influenced
ntore'by the ratio of extractable K to other extractable'cations (particularly aluminium) rather
than by the absolute amount of soil extractable K.

Unfortunately the use of a single replicate design in these trials and the high coefficients
of variation for the soil results allows us to consider yields without individual ferti l izers only in
the presence of average rather than optimal levels of other ferti l izers. It is therefore possible
that sonte of the poor correlations found with soil tests were due to yields being restricted by
nutrients other than tl le one being investigated - thus for example the lack of correlation with
soil P tests may have been due t<.r inadequate average levels of K ferti l izer. For a more
conclusive evaluation of the use of soil tests for predicting oil palm yields without ferti l izer,
well replicated results are required obtained at optinial leveis oi all ferti l izers except the one
under invest igat ion.

Soil test levels at optimal fertilizer rates

Soil nutrient availabil ity tests are also very useful if "target" or "crit ical" levels can be
established which correspond to optimal yields. F'erti l izer rates can then be adjusted to
maintain these crit ical soil nutrient levels. This is not possible with nitrogen since the natural
soil source is organic whilst t l ie ferti l izer source is inorganic, but it is possible for P, K and
Mg since the natural inorganic source of these nutrients and that applied as ferti l izer can be
considered together.

In Table 9 are shown average soil P and K test levels measured in all plots which received
optimal rates of P and K ferti l izers respectively, in trials where significant and economic
responses to P and K ferti l izer were obtained. There are too few results for P to allow any
firm conclusions. although it nray be noted that the soil extractable P crit ical levels are very
different for the two inland trials where ferti l izer was applied to the weeded circle. In the case
of K, it can be seen that for all the soil tests there is a very considerable range of apparent
soil crit ical levels thus soil K extracted by method 3 ranges from 0.21 to 3.53 m.e/100g at
optirnal ferti l izer K rates in the different trials. Part of this variation is due to different
methods of appll, ing tl ie ferti l izer. the highest results of course arising where ferti l izer
applications was restricted to the weeded circle (where the soil samples were collected).
Ilowever. even where ferti l izers were applied in the same way there is sti l l  considerable variation
in crit ical soil K test levels which probably arises from three sources: uneven application of
ferti l izers. variablc extent to which ferti l izer nutrients have reached equil ibrium with the soil,
and the variable eff 'ect of otl ier soil properties on crop uptake of potsssium. It is probably
other soil properties which cause the greatest variation in soil crit ical levels the coastal soils
for example having very much higher crit ical K levels than the inland soils. It is concluded that
there is tremendous variaticln in soil K crit ical values irom site to site which makes the use of
soil crit ical levels an inipractical tool for the assessment of ferti l izer requirements.

CONCLUSION

Response functions have been satisfactori ly f itted to soil nutrient test levels measured in a'
selection of oil palnr f"crti l izer trials, and the results indicate that N, P, K and Mg ferti l izers
signiticantly affect the soil levels of nutrients other than the one they supply. In particular N

ferti l izers rrrarkedly increase soil extractable A1 and decrease soil extractable K and Mg, whilst
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TABLE 9. SOIL TEST LEVELS AT OPTIMAL RATES OF P AND K FERTILIZERS

Trial
N o .

Soi l  ext r .
P.(p.p. rn. )
at optimal
P ferti l izer

levels

Soil K (rn.e./ l00g) removed by different
extractants at optimal K t 'erti l izer levels

Soi l  ext r .  K (3)  at  opt imal
K ferti l izer levels

( l ) ( 2 ) (3 ) (4) ( 5 ) ! /r  of total 1l i  of total

ex t r .  bases  ex t r .  ca t ions

)kA

2
1 . 3 6

3 .48

1 . 3 8

3 . 5 :

I . l 3

3 . 5 3

1 i 7 6

J . )  )

A  1 <

4 .84

49.'7

20.4

-:+.o

7 . 9

1'1

:o

i 6

9 . 2
7 . 8
6 . 5

1 8 8
*

1 ) A

0. :2
0 .26
0.24

0.21
0 . t 6
0 .28

0 . 2 2
0 . 2 1
n  ) 7

0 . t 5
0 . 2 3
0.24

0 . 7 1

0.,s2
0.68

15.9
! , - . 9
I  5 . 3

- J

8
142

240

0 . 5 :
0.69

0 .5  s
0 .78

0 . 5  7
0  "79

0 . 5  8
0 .91

i  .06

4 . 1 7

3 3 .  r
37  .7

13.1
9 . 7

N . B . i )  Soi l  Extractants as in Table 8
i i )  F e r t i l i z e r s a p p l i e d t o r r ' e e i l e d c i r c l e i n c o a s t a l t r i a l s 4 a n d , 2  a n d i n i n l a n d t r i a l s 2 3 a n d S . F e r t i l i z e r s

b roadcas t  i n  i n l and  t r i a l s  27 .  26  and  28 .
i i i ' )  + = 5o prof i table fer t i l izer  responsc.

P ferti l izer (in the form of rock phosphate) markedly increases soil extractable Ca and decreases
soil extractable Al.

Unfortunately coefficients of variation were generally high so that soil tests at only
average and not optimal levels of ferti l izer could be reliably predicted. However, despite the
possibil i ty that average yields without ferti l izer in some of the trials may have been limited by
inadequate levels of other ferti l izers. average yields without N and K ferti l izers on inland soils
were found to be significantl)i related (at the 5% level') to the levels of total soil N and soil K
extracted by boil ing i :1 hydrochloric acid respectively, whilst yields without K ferti l izer on
coastal soils were significantly reiated (at the l0% level) to soil K extracted by lN ammontum
acetate when expressed as a percentage of total cations extracted. Soil test crit ical levels
corresponding to optimal yields were found to be very variable, partly because of different
times and methods of ferti l izer application and partly because of differences in other soil
properties which affect crop nutrient uptake.

Oil palm ferti l izer requirements may be estimated by testing soil samples either before or
after ferti l izer application. The results presented in this paper indicate that because of the high
variation in crit ical soil test levels corresponding to optimai yields, only the flrst approach is
likely to be very reliable. and unfortunately in practice, areas of unferti l ized soil are often not
available.
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SUMMARY

The effects of N, P K and Mg f"rtilir.r, on soil nutrient test levels in 14 oil plam
fertilizer trials carried out in West Malaysia is reported. On inland soils, F.F.B. yields without N
and K fertilizers wete found to be significantly related to soil N and K tests respectively.
However, critical soil test levels corresponding to optimal yields were found to be too variable
to be of practical use. Thus only analysis of unfertilized soils is likely to aid the estimation of
oil palm fertilizer requirements.
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