
MARDI  Res.  J .  18( l )  1990:151-157

Chemical fractionation of ferrum, manganese, zinc and copper in
agricultural soil sample from Ranau, Sabah, Malaysia
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Abstrak

Kajian ini di jalankan untuk mencntukan taburan kimia mikronutr ien Fe.

Mn,Zn and Cu dalam l2 sampel tanah dari dacrah Ranau. Sabah yang

amnya digunakan untuk kegiatan pertanian. Taburan tcrsebut ditentukan

dcngan kaedah pengekstrakan berturutan menggunakan 0.-5 M KNO3. 0.5 M

NaOH. 0.05 M EDTA dan 4.0 M HNO.I. Pcngckstrakan vang bcrasingan

menggunakan 0 .1  M HCl juga d i lakukan.  Has i l  ka j ian  menun jukkan jumlah

mikronutr ien yang terekstrak berturutan adalah dalam turutan Fe > > > Mn

> Zn > Cu. Peratus yang terekstrak oleh 0.5 M KNOr ialah Mn > Cu > Zn

EDTA ialah Mn> Ct > Zn > Fc dan 4.0 M HNO3 ialah Fe ) ) Zn ) Cu

)Mn.  Pera tus  yang te reks t rak  o leh  0 .1  M HCI  pu la  ia lah  Mn >  Cu >  Zn>

>  F e .

Abstract

This study was carr ied out to determinc thc chcmical distr ibution of the

micronutr ients Fe, Mn. Zn and Cu in l2 agricultural soi l  samples from Ranau

distr ict in Sabah. The distr ibution was determined by sequential extract ion

us ing  0 .5  M KNOI ,  0 .5  M NaOH.  0 .0 -5  M EDTA and 4 .0  M HNO3.  A

separate extraction was also carr ied out using 0. 1 M HCI . The results showed

that the total amount of micronutr ient extractcd scquential ly was of the order

Fe > > > Mn > Zn > Cu. The percentage extracted by 0.5 M KNO: was Mn

)  Cu >  Zn >  >  Fe wh i le0 .5  MNaOH was Cu >  >  Zn> Mn >  Fe.  0 .05  M

E D T A  w a s  M n  >  C u  >  Z n >  F e a n d 4 . 0  M F { N O . r w a s  F e  >  }  Z n )  C u  >
Mn. The percentage extracted by 0.1 M HCI was Mn > Cu ) Zn ) ) Fe.

Introduction
Heavymetals in soils, including cationic
micronutrients, exist in several arbitrary
chemical fractions:- (i) easily soluble, (i i)
easily exchangeable, (i i i) complexed with
organic matter, (iv) associated with metal

oxides and (v) primary minerals (Viets
1962;McLaren and Crawford 1973; Soon
and.Bates 1982). The first three fractions
are believed to be in equil ibrium with one
another and generally considered to be
most 'potentially available' to plants
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( lhcmical  f ract ionat ion o1 Fc.  i l ln .  Zn lnd Cu

part icu lar ly  wi th in a re lat ive ly  shor t  
- fhe 

extractants used,  namelv 0.5 M

per iod of  t ime (Viets 1962;  Cox and KNOr,  0.5 M NaOH, 0.05 M Na2EDT'A
Kamprath 1972;  Soon and Bates 1980).  and;1.0 M HNO: were regarrded t t r

The var ious chemical  f ract ions are remove metals  in  easi lv  so luble anci
normal ly '  determincd by sequent ia l  exchangcable.  complexed wi th organic
extract ion techniques us ing se lected mat ter .  asst ' rc iated wi th ox ic les and

extractants (Lake et  a l .  198.1) .  rcs idual  (or  pr imarv mineral )  chemical

Studies on chemical  f ract ions of  f ract ic lns respect ive l r ' .  A scpr i rate
hca rv  me ta l s  i nc lud ing  ce r ta in  ex t rac t i on  wus  ca r r i ed  ( )u t  on  a l l  so i l

micronutr ients in  soi ls  have been samples us ing 0.1 M HCl.  This  ext ract ion
concentrated on metal  pol lu tcd or  is  thought  to cxt ract 'avai lable '  Zn and Cu
contaminated soi ls  (Elsokkary and Lag (Baker and Amacher 1982) and for
1978:  Al lou 'erv et  a l  .  1979:  Gar ic ia-  comparat ive purposes was extendcd to Fe
mi ragaya  e t  a l .  l 98 l ;Emmer i ch  e t  a l .  and  Mn .  A l l  ana l - vses  were  ca r r i ed  ou t  i n
19t32;  Soon and Bates 1982;  Sposi to et  a l .  dupl icate.
1982 ;  Kuc  e t  a l .  1983 ) .  I n  t h i s  pa r t i cu la r
study the chemical fractions of four Results and discussion
micrcrnutr ients (Fe.  Mn.Zn and Cu) in  

' l 'he 
soi l  samples arc ac id ic  wi th pH

agr icu l tura l  so i l  samples were ranging f rom 4. .1 to 6.5 whi le  i ts  organic
invest igated.  The area chosen is  Ranau matter  content  ranges f rom 4.83?Z to
dis t r ic t  which is  the main vegetable 31 .03c/c (Tuble - l / .  There is  hcterogenei ty
growing area in  Sabah.  This s tudv u,ould among soi l  samples of  the samc soi l
prov idc fur ther  understanding on soi l  associat ion as ev ident  in  thei r  pH and
chemist r_v"  as wel l  as the avai labi l i tv  s tatus ( ) rganic mat ter  c( )ntent  va lues.
of  the micronutr ients.  Di f ferences in  s i te  locat ion (F igure /J  and

the degree of agricultural activit ies could
Materials and methods bc among the factors contributing to the
- fwelve 

top (0-10 cm) soi l  samples were var iat ion.  
- I -he 

tota l  ext ractable
col lected f rom the Ranau d is t r ic t  in  micronutr ient ,  obta ined by summing up
Sabah. Malaysia (Figure I dan Table 11. the amounts cxtractcd bv the four

The soi l  samples were a i r -dr ied and extractants used in the sequent ia l
s ieved through a 2-mm sieve beforc extract ion.  is  on average of  the order  Fe >
analys is .  pH was measured in l :2 .5 > > Mn > Zn > Cu.  This order  is
suspension of  d is t i l led water  whi le  organic fo l lowed st r ic t ly  in  a l l  but  three (53.  S ' l
mat ter  content  was est imated by loss on and 55)  of  the soi l  samples.  The tota l
ign i t ion technique.  The four  ext ractable Fe in a l l  samples is ,  however.
micronutr ients (Fe,  Mn.Zn and Cu) were several  orders of  magni tude h igher
fractionated using a similar sequential compared to the other three
extract ion procedure as descr ibed by micronutr ients.
Sposi to et  a l .  (1982).  I t  consis ted of  The tota l  content  of  a micronutr ient
p lac ing 2 g of  so i l  sample in  a centr i fuge in soi l  is  general ly  not  wel l  corre lated wi th
tube and extract ing sequent ia l ly  as p lant  uptake or  avai labi l i tv  of  the
out l ined in Table 2.  The samples were micronutr ient  (Baker and Chesnin 1975;
equi l ibrated on an 'end over  end'shaker,  Elsokkary and Lag 1978).  Therefore.
centrifuged, decanted and fi l tered information on the total content of a
through Whatman no. 42 fi l ter paper after micronutrient in soil, such as the amount
each extract ion.  Ferrum. Mn,  Zn and Cu extracted by concentrated ac id or  the tota l
in  the supernatant  l iqu ids were analysed amount  ext racted sequent ia l ly  (as in  th is
by atomic absorpt ion spectrophotometrv.  s tudy) ,  is  not  very usefu l  in  descr ib ing
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Chemical  f ract ionat ion of  Fc.  Mn. Z-n and ( 'u

Tab l c  l .  Some  phys i ca l  desc r i p t i ons  o f  t hc agr icu l tu ra l  so i l  samplcs

Sanrplc L.ocat ion Soi l  assoc Pa rcn l  r na t c r i a l So i l  un i t

S 1
S]
S3
5+

s-s
S6
S7
SIJ
S9
s l 0
s l l
s l l

Bundu Tuhan
Bundu Tuhan
Kinasaraban
Desa  Ca t t l c
Desa Catt le
Lcmhah Pcrmai
Kou luan
Kouluan
Dumpir ing
Dumpir ing
Tcnompok
Tenompok

l-rusmadi
' l - rusnradi

Trusmadi
P inousuk
P inousuk
l- rusrn adi
Trusrnadi
Trusrnadi

C'rockc r
Crockcr
T rusmad i
Trusmacl i

Humic acr isol
Hunr ic acr isol
Humic acr isol
G l c r i c  ac r i so l
G l cv i c  ac r i so l
Hunr ic acr isol
Humic acnsol
Humic zrcr isol
Orth ic acr isol
O r th i c  ac r i so l
Humic acr isol
Humic acr isol

Sandstonc & mudstone
Sandstone & mudstonc
Sanclstone & mudstone
Adame l l i t c  bou ldc r
r \c lanrc l l i tc  t rouldcr
Sandstonc ct  mudstonc
Sandstonc & mudstonc

Sanclstonc & mudstone
Sandstonc & mudstone
Sandstone & mudstonc
Sandstonc & mudstone
Sandstone & mudstonc

Al l  locat ions are morc than I  l {X) nr  uhovc sca lcvcl

Tab le  2 .  Sequent ia l  ex t rac t ion  proccdurc

F-xtractant F-r t ract ion t ime (h)

each soi l  sample ex is t  as re lat ive lv
insolublc  l ract ion and therefore needs a
more drast ic  chemical  act ion.  in  th is  cerse
extract ion wi th 4. ( )  M HNO..  in  order  to
be re leased into the solut ion phase.
Copper has thc h ighest  proport ion in  the
NaOH-extru lc tablc  f ract ion.  Simi lar  resul t
lbr  Cu has been obta inecl  e lservhere lor
mc ta l  po l l u ted  so i l s  (Emmer i ch  e t  a l .
1982;  Sposi to et  a l .  1982) and re lat ive lv
unpol lu ted soi ls  (Mclaren and Crau' ford
1973).  Copper forms the most  s table
c ( )mp lexes  w i th  so i l  o rgan i c  m i l t t e r
compared lo Zn,  Mn and Fe (Schni tzer
and Khan 1972:  Stevenson and Andakani
1972 :  S tevenson  1982 ) .

I t  is  c lear lv  ev idcnt  in  Table I  (as
descr ibed above) that  the four
micronutrients differ in proportion in each
of  the l ' t lur  chcmical  f rac l ions i r respect ive
of  the indiv idual  to ta l  ext ractable
amounts.  Based on the tvpes of  ext ractant
used,  the four  chemical  f ract ions vary in
term of  so lubi l i tv .  

- fhe 
KNOr-cxtractable

f ract ion is  potent ia l lv  the most  s( ) luble
whi le  the HNO.j -ext ractable I ' ract ion is  the
least .  The more solublc  f ract ions,  narnelv
the easi lv  so luble and exchangeable
(KNO3-extractable)  and that  associated
wi th organic mat ter  (NaOH-extractable)
are considered morc 'potent ia l lv

avai lable '  to  p lants (Soon and Bates 1982)
because thcy are re lat ive lv  more l ike ly  to
be re leased f rom the sol id  ohases in to the

0 .5  M  KNO. I
{ ) . 5  M  NaOH
0.05 , [1 Na, ED-IA
-1 .0  M  HNOr  (80  "C )

t 6
t 6
6

t 6

plant  uptake or  avai labi l i t l '  o f  the
micronutr ient .  However.  sequent ia l
ext ract ion provide other  in format ion.
inc ludrng the chemical  f ract ions of  the
micrc lnutr ient  in  the soi l .  The chemical
d is t r ibut ion of  Fe.  Mn.  Zn and Cu in the
soi l  samples,  expressed as a percentage of
the tota l  amount  ext racted sequent ia l ly ,  is
presented in Table 4. 

'fhe 
micronutrients

are d is t r ibuted non-uni formlv among thc
var ious chemical  f ract ions extracted by '
the respect ive extractant .  Despi te such
extractants represent ing only arb i t rarv
div is ion between the d i f ferent  chemical
f ract ions (Sterr i t  and Lester  1980),  the
data do indicate that the four
micronutrients. studied in four different
chemical  f ract ions.  The f ract ions are
general ly  designated here as KNO3-.
NaOH-,  EDTA- and HNOr-extractable
in preference to the proposed sol id  phases
extracted.  The percentage of
micronutrient extracted by KNOr is of the
order  Mn > Cu )  Zn > > Fe:  NaOH is
Cu ) ) Zn ), Mn > Fe: ED'I 'A is Mn >
Cu > Zn > Fe and HNOr is Fe > ) Zn >
Cu > Mn.  A large proport ion of  Fe in

l -5.1
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Tablc 3. pH. organic mattcr contcnt anci total micronutr icnt cxtr:rcted

l r o m  t h c  l l  : t r i l  r u m p l c s

So i l
samp le

p H . ;  O N I
' '  Nl icronutr icnt  (pgrg.  )

Fc t uZn\,tn

S 1
S]
S3
s.l
S5
S6
S7
St
S9
s l 0
s l l
s 1 l

.+. -1
+ . u
4 . h

5 . 3
5 |
5 . 7
6 . 5
"+.9
5 . 0
5 . 3
-+.6
J . 7

I -r.( )u
I  ( ) .56

3I  .0 - l
l 9 . l l
1 3 . 7 1

1 1 1

I  1 . 9 9
-s .9E

1 0 . E l
I  6 . 3 1
6 q i

l6 05 l  . l t .+
I  6  113.5-1
l E 6rJ7.9-5
i l  61E.05
l l  653.87
l-1 057.3-l
l7 7-51 .31
I E 75-i .27
l9  e l5 . t3
1 I .r5l .9t i
16-118.0-1
lE  { )1 .1 .2 -+
19-1 .59 .89

tOl 35
363. 16
63.l-t
I t  1 . l5
37.76

1J37.l- l
i81 .70
7 1 1 . 9 3
.1I0.-11
5 l t .  t3
9 3  l l

t-58 96
331.9( l

119.62  19 .27
E3.99 60.-5 I

l0 ( ) .66  57 .  l r
16.91 60..13
79.55 .10.03

l  l  l . E 8  5 8 . 3 { )
I  1 t .31  56 .7e
l r i3 .09  l .+0 .16
1 1 1 . 6 6  . 1 9 . 9 3
l  1E.37  50 .17
66. 5 7 -17.86

l6 l .9E 56 .7- l
I  11) .63  60 .63

' " ' f h c  
t o ta l  m i c ronu t r i cn t  ex t r ac ( cd  was  t t b t a i ncd  bv  summing  t he  amoun ts

rr 'nrovcd bt '  four cxtr t ic tar t ts  t  hrough sequcnt ia l  r 'x t ract io l l

soi l  so lut ion.  
- l 'he 

averagc amount  of
' po ten t i a l l v  ava i l ab le '  Fc .  Mn .  Zn  and  Cu
in the soi l  samples are 5.1. -19.  33.89.  10.3 '1

and 23.12 pgig soi l  rcspcct i \e l r  .  In  terms t l1
percentage re lat ive to the tota l  amount
extracte d sequent ia l lv .  thev are 0.28.
10 .  1U .  9 .3 -5  and  38 .  l 3  respec t i vc l y ' .  Thesc
indicate that  only  a snla l l  proport ion of
each of  the micrc lnutr ients is  'potent ia l lv

avai lable '  to  p lants.  The percentage
values.  however.  do not  rc f lect  the actual
amount  'potent ia l ly  avai lable ' .  As shown
above,  the amount  o l  Fe is  re lat ive lv
higher  despi tc  the smal ler  percentagc.

The proport ion of  HCI-extractable
micronutr ient .  as percentage of  the tota l
amount  ext racted sequent ia l ly .  is  of  the
crrder Mn > Cu > Zn > > Fe (Table 1).
- [ 'he i r  

ind iv idual  amounts are on average
268. .5 '1.  t t4 .06.  14.42 and 13.30 s.g ig
respect ive ly  for  Fe.  Mn.  Zn and Cu.  A
compar ison between the amount  t t f
'potent ia l lv  avai lable '  micr t tnutr ienl  and
the amount  ext ractcd by HCI ( tcrmecl  as
'avai lable ' )  is  shown in Table - t .  A l l  the
'avai lable '  Cu seems to rcs ide in  the
KNOr-  and NaOH-ert ractable f ract ions
or  the 'potent ia l l ! '  avai lable '  f ract ions.  A
large proport ion of  Zn a lso res ide in  the
two f ract ions but  on contrast  a re lat ive lv
snra l ler  proport ion of  'avai lable '  Fe and

Mn is  present .  The sum of  Fe.  Mn.  Zn i rnd
Cu  i n  t he  KNOl  .  NaOH-  and  EDTA-
cr t ractable f ract i t tns is .  however.
r i r n i l i c r rn l l r  h i ghe r  t h l r n  t he i r  r cspcc l i vc
'a la i lab le '  anrount .  These suggest  that  at
least  c lne of  the chemical  f ract ions
ident i f ied through sequent ia l  ext ract ion
con t r i bu te  t owards  the 'ava i l ab le '
micronutr ient .  The contr ibut ion o l '  each
fract ion has not  been determincd
quant i ta t ive ly  in  th is  s tudy .  However,
s ince the KNOI and NaOH-cxtractable
f ract ions are more 'potent ia l lv  avai lable '
becausc of  thei r  rc lat ive lv  h igher
solubil it."-. these trvt' l  fractions could be
rcgarded to cc lnt r ibute s igni f icant ly
torvards 'avai lable '  Cu and Zn (and

possib ly  Fe and Mn) in  the agr icu l tura l
soi l  samplcs studied.

Conclusion
Tl" re micronutr ients Fe.  Mn.  Zn and Cu in
the agr icu l tura l  so i l  samples studied are
each d is t r ibuted unevenly among four
d i f ferent  chemical  forms ident i f ied
through scquent ia l  ext ract ion. ' l 'h is
provides a more meaningfu l  in fc l rmat ion
on p lant  avai labi l i ty  of  the indiv ic lual
micronutr ient  compared to tota l  content .
High levels of  the re lat ive ly  more soluble
f ract ions could suggest  h igher  amount
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Tab lc  5 .  Rat io  bc twccn thc  sum

N a t ) H  c x t r a c t a h l c  m i c r r r n u t r i e  n t

i imount extractcd bv HCI
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'potent ia l ly  avai lable '  to  p lants.
Contr ibr . r t ion of  thc other  f ract ic ' rns.
however,  should not  be ignorcd s ince the
character is t ics of  the d i f ferent  chemical
f ract ions could l ike lv  change wi th soi l
physicochernical  condi t ions,  such as pH
and redox potent ia l .
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Ground water potential for supplemental
growing areas in Bertam
(Potensi  a i r  tanah sebagai  pengairan tambahan d i
baru d i  Bcr tam)

K .  San i *  and  M.  Azuhan* *

Key words:  ground wuler .  i r r igat ion

Abstrak

irrigation for new rice

kawasan penanaman padi yang

Keupayaan pengc luaran a i r  tanah un tuk  Stesen MARDI  d i  Bcr tam te lah
d in i la i  me la lu i  ka j ian  in i  dan d idapat i  t c r la lu  rendah un tuk  mcmcnuh i

keperluan tambahan tanaman padi.

Has i l  a i r  tanah dar i  t c laga- tc laga ka j ian .  MB lA  dan MB 2 .  ada lah

hanya pada kadar 3 4 L/s dengan kcupavaan spesif ik 0.1 Lis scmctcr clan
ni lai keterusan 20 m2lhari sahaja. Tcmpoh mcnscpam air pula t idak bolch

melebihi 6 jam sehari.

Telaga-telaga kaj ian MB I dan MB ,1 pula tcrpaksa dit imbus kcmbali
kerana pengeluaran air tanah yang amat rcndah. scmcntara tclaga MB 3
terpaksa dit imbus kerana air tanah yang terlalu nrasin untuk pcngairan

tanaman.

Walaupun kadar  penge luaran a i r  tanah in i  te r la lu  rcnd i ih  un tuk
memenuh i  kepcr luan tan i lman pad i .  t c tap i  kac la r  in i  mas ih  mampu untuk
memenuh i  keper luan a i r  bag i  tanaman la in  scper t i  buah-buahan dan sar ,u r -
sayuran.

Abstract

Ground water  po ten t ia l  fo r  MARDI  Sta t ion  a t  Bcr tam was cva lua tcd  in  th is
s tudy  and the  resu l ts  o f  hvdrogeo log ica l  ana lvs is  havc  ind ica tcd  poor  g round
\r 'ater pote nt ial.

Yields from wells MB 1A and MB 2 arc onh'about 3 . l  L/s with specif ic
capacit.v of 0.2 L/s pcr mctre and with an average transmissivitv of only 20
mr/dav. Pumping t ime to opcratc thesc wells rvas l imitcd not to cxccccl 6 h/
c lay .  Other  borcho lcs .  MB l .  MB 3  and MB .1  had to  bc  abandoned bcc : rusc
of poor yield or poor ground watcr qual i tv. ( lror.rnd watcr lrom MB 3 u,as
found to  bc  o f  h igh  sa l in i tv  levc l  thus  i t  i s  unsu i tab lc  fo r  c rop  i r r rga t ion .

Eventhough thc discharge capacitv of thc viable rvel ls could not mcct thc
dcmand for padi irr igation. i t  can certainlv be uscd to supplv water to fruit
orch:rrds and vcgetable farms.

Introduction covers approximately 120 ha of former
' l -he 

MARDI Research Stat ion at  Ber tam rubber lands.  I t  has a s looe of  2-3 'wi th

"As r i cu l t u ra l  Eng incc r i ng  D i v i s i on  \ {ARDI .  Lockcd  Bag  No .  2 { ) - 1 .  13200  Scbc ranq  Pc ra i .  N {a l a l s i a
" " "1 ) lD  Rcsca rch  S ta t i on .  . l a l an  An rpane .  55 (XX)  Kua la  Lun tpu r .  Ma lavs i a
Au tho rs '  f u l l  namcs :  San i  K im i  anc l  Azuhan  N lohamuc
'N ta l avs i an  Ag r i cu l t u ra l  Rcsea rch  anc i  Dcve lopmcn t  I ns t i t u t c  1990
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Supplcrncntal  i r r igat ton for  nc* r icc grout t tg arcas

an average elevation ctf about 7 m above
mci in sei i  lcvel .  I t  is  locatcd t t l  the east  c l f
thc But terworth -  Sungai  Pctani  road.
about  l0  km f rom Kepala Batas.

- fh is  
s tudv is  to  dctcrmine the

potent ia l  water  resources to meet
i r r igat ion water  requi remcnts c lur ing the
t inre of  watcr  shor tages.  Grc luncl  water
development  was one of  the possib lc
' u l  l r v r .  hcs idc r  cons t r r r c t i n t  r c \ c r \  t l i r s .  t t r
meet  the water  needs.  A studv was
conducted b-v' ' the Grouncl u'ater 

-l-eam 
of'

thc Departmcnt  of  I r r igat ion and
Drainage u ' i th  the col laborat ion t t f
MARDI 's  s taf f  to  evaluate thc ground
\ \ i r t c r  p ( ) t en t i u l  t r f  t he  s t l r t i on .

Materials and methods
' fhe 

studv involved sur facc e lcct r ica l
re s is t iv i ty  survev.  inventory ing of  cx is t ing
wel ls  in  the surrounding arcas.  c l r i l l ing o l
exploratory boreholes.  geophvsical
burehole loggings ancl  f ina lh '  punrp tcsts
to est imatc the ground u 'ater  v ie ld and
aqui fer  parameters.  The theorv c l f  these
operat ions is  referred to Todd ( l9 l t0)  and
the explorat ic ln procedures arc c lescr ibed
by  S i r  MacDona ld  and  Pa r tne  r s  (1983 ) .
Azuhan  (198 -5a .  1987 ) .  A l l  t he  p ro f i l es
used a Wenncr Conf igurat ion of
a : 100 nt.

- I 'he 
chemical  analvses of  wel l  water

were donc by us ing Hach DR-EL/ l
Por table Water  Analvs is  Ki t .
E, lect roconduct i r , ' i tv  wa s measured using a
Radiometer  Mocle l  CDM 3 conduct iv i tv
meter  at  the MARDI Bertam laboratorv.

Results and discussion
The res is t iv i ty  sun'ey detects d i f fcrences
in e lect r ica l  res is t iv i t l ,  wi th in the ear th 's
crust  and i t  prov ides indi rect  ind icat ion of
ground water  potent ia l  (Azuhan 198-5b) .
l t  basical ly  involves res is t iv i tv  prof i l ing
and sounding.

Resist iv i ty  sounding involves a s ingle
stat ion wi th a ser ies of  res is tance readings
l r t  d i f f e ren t  c l cc l rode  sp tc ings  t ( )
determine the d i f ferent  bur ied lavers.

160

whereas a prof i l ing in lo lves a constant
c lect rode spacing to in terpret  changes in
aqui fcr  l imi t  and ground rvater  qual i tv
wi th in the studv t r rca.

Re sistivity profiling surve!
The outcome of  the res is t iv i tv  prof i l ine
survev (s tep- t raverse procedures)
p roduced  u  sc t  o l  i so - res i s t i v i l v  c r )n t ( )u r \
as shown in Finrre 1. 

-I 'he 
lowest

res is t iv i ty '  va lue recorded was 50 ohms-nr
whi le  the h ighest  was 3-50 ohms-m wi th -50
ohms-m interval  between contours.  

' l 'he

ranges of  res is t iv i tv  va lues (50-3-50 ohnrs-
m) mav indicatc the presence of  c lay-  and
shale mater ia ls  ( ' l 'odd 1980).  The pat tcrns
of  h igh res is t iv i tv  r idge (<2(X) ohms-m)
was observcd to extend f rom the east  and
the nor th-cast  to  thc south of  the stat ion
(Figurc 17.  In  contrast .  zones ot  low
resistivitv were recclrded to run from thc
north-west  to  the south-west  of  the
s ta t l o l r .

Areas of  h igh res is t iv i ty  ( low
conduc t i v i t y )  i n  t he  a l l uv ium.  no rma l l v
would have a better prclspect for ground
u'ater  dele l r )pment .  

- fhe 
sur facc

resis t i r i tv  readings coulc i  not  prov ide
def in i t ive grouncl  water  prospects.
however.  several  deduct ions can be madc
from thcm.

The  r i dge  o f  h i eh  res i s t i v i t r  mar
represent  an area of  h igh res is tance
bedrock lv ing c lose to the ground sur face.
In  con t r l s t .  l ( ) \ \  r cs i s t i v i t v  i r r ca  mav
represent  a layer  of  th ick over lv ing
al luv ium. The h igh res is t iv i tv  rcadings
mav a lso represent  areas of  a l luv ium wi th
predominant ly  sandv matcr ia ls  whereas.
the lorv rcs is t iv i ty  area mav represent
l l l u r i u m  w i t h  c l a l e r  c o m p o s i t i o n .

In areas where the depths f rom thc
ground surface tcl the bedrock are unilorm
and the ma.ke up of  the a l luv ia l  sediments
are hc lmogenous,  then the h igh res is t iv i ty
r idge may represcnt  arcas of  low sal in i ty
ground water  and areas wi th low
resis t iv i ty  readings mav represent  h igh
sal in i t l ,  ground water .  High res is t iv i tv
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Supp l c rncn ta l  i r r i ga t i on  f o r  ncu  r i c c  q rou ins  a r cas

reading mav a lso mean i t  combinat ion of
th in.  sandv a l luv ium conta in ing low
sal in i ty  ground water .

Re sistivity sounding survey
S t l und ins  \ u r vev  ma \  c ( ) vc r  i n l c rp re t l r t i on
t 'or  aqui fers.  water  tables.  sa l in i t ies.
impcrmcable furmat ions and bedrock
depths.  Soundings enablc us to determine
the res is t iv i t ies of  bur iec l  lavers.  Sounding
resul ts  in  F igure 2 c lear lv  matched the
resistivitv profi le values in Figure I .
Soundings wi th h igh res is t iv i tv  laver  (ES
38.  ES ,11,  ES .13 and ES .+- l )  are located in
the h igh res is t iv i tv  areas.  In  contrast .
soundings wi th low res is t iv i tv  layers (ES
39 and ES :12)  are located in  the lou '
res is t iv i ty  zones.

Sounding in terpretat ion bv manual
curve matching and computer ized curvc
simulat ion produced the ver t ica l  laver
interpretat ion bars in  F igure 2.  Areas of
h igh rcs is tance mav re prcscnt  areas of
h igh res is tant  geological  matcr ia ls
whereas areas o1 '  lorv res is tance mav
compr ise whol ly '  o f  c layev mater ia ls .
Soundings ES 39 and ES ,12 regis tered
resis t iv i ty '  va lues of  -5. .1 to 90 ohms-m
which mav indicate c layev lavers.  For
sounding ES 39.  the top l0-m depth is
probably made up of  s i l ts  and c lavev sancls
register ing res is t iv i tv  va lues of  240 and
3(X) ohms-m respect ive lv .

Soundings ES 38.  ES 41.  ES 43 and
ES 4r1.  located in  the eastern sect ion of  the
stat ion.  were probablv made up
predominant ly  of  s i l t ,  c lay 'c1 '  sand.  sand.
sand and gravels.  

' I -here 
was no ev idence.

however, of the presence of hard
imperv ious bedrock wi th in the 100-m
depth from the surface. Therefore. high

Table l .  Borchole format ion deoths

rcs is t i r ' i tv  r idge detccted by the res is t iv i t ' -
prof i l ing mav be interpreted as lavers of
sandv fac ies wi th in thc a l luv iunt .

Drilling results
Typical l l ' .  an arg i l lace( lus a l luv iunt
between 20-m ancl ;10-m depths wirs cut
(Tub le  / / .  The  a l l uv ium con ta ined  th in
beds of  coarse sand and gravel  up to 4-nt
t h i ck  (MB 1 .  MB 2  and  MB 3 ) .  wh i l s t  i n
MB 4.  c lavev a l luv iunr  was encountercd.
The sand wi th in the a l luv ium of  MR I
were screened,  developecl  and a i r l i f t -
tested and the rcsul t  was d isappoint ing
i .e.  r 'erv low v ic ld.  The permeabi l i t ,v-  of
the sand wi th in the arg i l laceous a l luv ium
rvas much reduced by the in terst i t ia l  c lay '
content .  Ciompar ison of  l i tho logic  logs
between MB I  and MB ,1 fur ther  ind icated
that  the sand and gravel  are la tera l ly
impers is tent  (SMMP 1983 and Azuhan
1985a) .

S ince  the  ove rh ing  a l l uv ium in  MB i
produced a lou v ie ld,  other  cxploratorv
horcholes uere extcnded deeper to test
thc product i r , ' i tv  of  the under lv ing Sungai
Petani  format ion.  The Sungai  Petani
formaticln vield was unsatisfactorv even
though the y ie ld was s l ight ly  h igher  than
that  of  the a l luv ia l  aqui fer .

Pumping test
Frcrm the dr i l l ing d ischarges (Table 2) .
onlv  thrce bores just i l ' icd to be a i r l i f t -
t cs ted  (MB lA .  MB 2  and  MB 3 ) .
However.  MB 3 was abandoned due tcr
the h igh sal in i t l '  o f  grouncl  water  rvh ich
was  unsu i t ah le  [ o r  i r r i ga t i on  pu rp . r scs
(Avers 1977).  Pump tests w,cre a lso
conducted on MB 1A and MB 2 and the
yie lds are low.  l -he low v ie lds are

Bclre numbcr Possib le depth tcr
basc  o f  a l l uv i um (m)

Top of  unweathered
S u n g a i  P c t a n i  [ o r m i r t i ( r n  ( m )

M B  I i I A
t\{B 2
M B 3
M B " I

36
39
l0
t 7

12
56
78
37
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C'ons tan t  D ischarge 1 'es t

Q v a r i a b l e ' - l 3 l , s-  - ' - , -

+--+
V V

l ' "n  
-  \ tep  1

;  Q : ' l l i s  I  Q :o  I -  t

Stcp 1

Q :2 . ' 1  l . 1s

Supplemental  i r r igat ion for  new r ice growing arc i rs

s
( m )

20

(Constan t  t l i scharge tes t  \ca lc )

Figure 4. MB 2 well Pumping Test discharge per.formance

inadequate even for supplemental padi
irrigation. However. they are sufficient to
irrigate less water demanding crops such
as nurseries and vegetables. The pumping
test results are presented tn Tqble 3.

MB lA test results Despite the
diff iculties in controll ing the discharge
rates, quasi-equil ibrium drawdown was
probably reached in the step (Step 3,
18.22 m drawdown and Q : 2-6 Lls)
(Figure 3). The constant discharge (CD)
test, with Q : 4 L/s, did establish a near
equil ibrium pumping water level of about
23.8 m below the top (drawdown, S* :

20.58 m) and this can be used as a safe
production level.
A Logan analysis of the CD test data gives
the followins:

Transmissiv i ty  (T or  Kd) :  1.22Q

s,,
:  1 .22  x ,1  x  86 . ' l

20 .58

:  l t l  n r r ' da )

where Q is the discharge rate ([,/s)

S*.  is  the drawdown (m)

The permeabil ity of the yielding
sections could not be determined because
i t  i s  qu i t e  imposs ib le  t o  es t ima te
accurately the total length of that sections.

MB 2 test results No near equil ibrium
drawdown level was attained in the step
test (FigLte 1), but rather a continuclus
(and accelerat ing in  Step 3)  water  level
decline which approached pump inlet
depth was recorded.

The bore was cased to 61 m but the
maximum pump setting was only 30 m.
Therefore. the available drawdown is
limited to only 26 m. The accelerating
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S u p p l c r n e n t a l  i r r i g a t r o n  t t t r  t t c u  r t c c  g l o \ \  l l t u  t r c a \

pumping watcr  lcvel  dcc l inc qencrate c l  a t  
- l 'h is  

map provic les is t l -sa l in i tv

Q :  6 L/s in  Stcp 3.  probablv inc l icate u contours for  thc stat ion st l r rouncl ins

rec luct i ( )n in  t ransnt iss i r i tv  causcd b 'n '  areas.  In  the stat ion.  sa l in i lv  va lues rat tsc

l in t i tec l  la tcra l  cxtent  o l  cracks in  thc f rom -50 t r . r  mhos/cm in the south to . l (X)  p

aq u i  fer . rnhos, icm in the nor thu 'est .  
- l -h is  

iso-

Thc CID test  $as run at  3 Lrs and a sal in i tv  contour  pat tern has a s imi lar

quasi -equi I ibr ium drawclo\ \  n  \ \ 'as al ignmcnt  to thc iso-apparent  rcs is t i r i t r .

es labl ished.  
- l 'he 

c l ischargc o l  3 I - r 's  contoLl r  presentcc l  car l ier  in  F igur t ' l .  
' l 'he

pr t tbablv represents a safe proc luct ion grouncl  watcr  E,(  range ancl  thc rcs is t iv i tv

nraximunr.  A Logan anal \s is  of  CD test  contours ident i f ied that  the chan-ee in

data g ives a t ransmiss iv i t l  cst imate of  l9  rcs is t iv i tv  over  the stat ic tn is  car . rsed bv

mrid grouncl  l ' ' 'a tcr  sa l in i ty '  var iat ion and th is  is
provcn b1 '  the dr i l l ing rcsul ts .

Recommendat ions For thet lperat ions
of  MB lA and MB l .  sornc l i rn i ta t ions are Conclus ions
to bc observed.  

- l 'hc 
suggestecl  product ion 

- fhe 
dr i l l ing invcst igat ion shou's that  the

rates ancl  pump set t ings l rc  g i rcn in  potent iu l  o1 ' the hard rock aqui fer  is  bet ter

Tuble 1. than that  of  the a l luv ia l  aqui l 'er  in  the

Because  o f  t he  p ro r im i t l ' t o  sa l i ne  s tudv  a rea .  
' l ' h c  

pc rmeab i l i t v  o f  t he
rvater  (EC :  8 0(X)  micronrhosi 'cm at  MB al luv ia l  sand.  rv i th in an ar-e i l laccc ' rus
3) .  rvater  levels  and EC nrust  be rcgular l r ,  a l lur" ium. is  much reducecl  b l ' in tcrst i t ia l
r l bse r l ' ed .  A1  p resen t .  ua te r  c l uu l i t v  i s  c l a t ' con ten t  anc l  i t  i s  l a te ra l l v
gene ra l l v  good .  Ho r "cvc r .  i t  i s  u t t r t h i . r h i l c  i n tpc t s i s t r ' n t .
to  construct  p iczometcrs to the uest  o l  

' l  
hc pump test  rcsul ts  inc i icate l r  lor ' r

MB lA to moni tor  *ater  levc ls  ancl  ' "vater  pernreabi l i tv  ancl  lou 'v ie ld aqui l 'er .  The

E,C changes as MB lA is  punrpecl .  general  bel" rav iour  n 'as that  of  dcc l in ing
discharge wi th increasing drawdowrrs
fcll lolr 'cci bv long water-lcvel recoverv
pcr iods.  a l l  o f  rvh ich inc l icate a low

Walcr  sarnple sal in i tv  ' "a lues col lcctcd t ransrn iss iv i ty '  and lorr '  s torage aqui fers.
f ron.r  66 ex is t ing.11i1 'gni je t ted r . 'ne l ls  arc 

' fhev 
mar fur thcr  ind icate l imi ted la tera l

presentcd as contours in  F lcrr rc  - i .  cxtcnt  o l '  t ransmiss ive cracks.  Speci f ic

Tablc .1. Suggestccl procluction ratcs ltncl pump se tt irrSs

B.re n. .  
Dischargc Pt t r rp 

-  Rcrnarks
( 1 . 1 s )  s c t t i n g  ( n r )

l \ lB  lA  "1  l . i  Bo r .  $a t c r  l c r c l s  an t l

N IB  I  . l  15  *a t c r  I : . ( ' .  a r c  t ( )  bc
rcgtr l l r r l r  n]or . i l to[cd

Note :  Bore is  usecl  for  n() t  l .nore than 6 h t lar .

The suggestecl  c l ischargc (  )  is  the nraximum pcrmissib lc for

i n t e rm i t t cn t  pump ing .  I t  i s  de l i hc ra t c l \  con \ c r va t i \  c  l r c causc

o f  t he  de f i c i enc i cs  o f  t hc  Sg .  Pe tan i  aqu i f c r  anc l  t hc  sa l i n r t r

t  h  r ca t .

Thc  suggcs t cd  pump  sc t t i r r g  (+ ) i s  ve r v  d i tT i cu l t  t ( )  e \ t i r t t . r t r '

correct lv  s ince thc JPT test  pump hus a tota l  colurnn pi1.rc

lcngths of  . l ( )  m. 
- l 'hcrc lorc.  

thc a i 'a i lablc draudoun to bc

t cs t cd  i s  l im i t cd  l nc l  t hc  bcha r i o tL r  o f  t he  r i c l c l i ng  r cc t i r t l t r

cou ld  no t  bc  t u l l r  o t r scncc l

1 6 8

Evsluation of existing wells in the
s u rrou ndi n g com m u nilie s
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Supplcmental  i r r igat ion tor  ncu r icc grou' inq arcas

capaci t ies of  MB lA and MB 2 are found
to be low,  about  0.2 L is  per  metre wi th
discharge rates of  3- .1 L/s.  The v ie ld may
not  be enough for  padi  i r r igat ion but
probablv sufficient for orchard and
vegetable i r r igat ion requi rements.

The qual i ty  0f  water  d ischarged
dur ing the pump test  is  general lv  good
wi th low sal in i ty  va lues and low chlor ide
content .  However.  res is t iv i tv  and dr i l l ing
(MB 3)  resul ts  in  the wcst  of  the stat ion
indicate that  the Sungai  Petani  furmat ion
is  af fected by sal ine water .  The isc ' r -
apparent  res is t iv i tv  contour  map indicate
the extent  of  sa l in isat ion.  

' l 'he 
increase in

ground water  sa l in i ty  in  the w'cst  s ide of
the area is  probablv because of  i ts
proximi ty  to the sea.
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