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Abstrak

Kajian ini menunjukkan bahawa dalam kcadaan basah yang terhad kulma
pokok padi menjadi rendah dcngan pcrtambahan tangkai yang r ingan dan
mempunyai bi langan spikelct vang bcrkurangan. Sebaliknya kcadaan separa

tenggelam menyebabkan kulma menjadi t inggi dengan tangkai yang berat

clan mempunyai bi langan spikelet yang banyak. Tahap kesan-kesan terscbut

akan meningkat sekiranva tcmpoh masa keadaan persekitaran tersebut
bertambah. Apabila pcrsekitaran i tu bcrlaku berturut-turut. kcsan
persekitaran awal t idak dapat diatasi olch kesan persekitaran yang bcrikut.
Interaksi antara variet i-varict i  dan kcadaan pcrsekitaran yang bcrturutan
adalah rumit.  MR 43 ialah baka padi yang toleran tcrhadap pcrsekitaran

tersebut.

Abstract

Thc study showed that f ield capacitv reduccd culm height with concomittent
increase in the number of l ighter, fewer spikclet-bearing panicles in the hi l l .
Part ial  submergence increased culm height with lesser number of heavier.
more spikelet-bearing paniclcs. When the duration of occurrence of these
environments increased. thc magnitudc of their effects on thc r ice crop also
increased. Howcvcr. whcn these environments occur in succession. thc
effects of the preceeding environment could not be negated bv those of the
succccding environment. This was part icularly dist inct whe n the duration of
the preceeding cnvironmcnt was longer than thc succeeding environmcnt.
Varietal intcractions with the sequence of environment occurrence were

complex. MR ,13 is a tolerant variety suitable for such environments.

Introduction
For successful establishment of a
transplanted crop, it is essential that
timely seeding at the nursery stage and
subsequently at transplanting are
expediated. In the lowland rainfed rice
areas. f looding mav occur followed later

on in the season by drought. Should the
farmer be late in transplanting. the crop
may experience drought followed by
flooding. It is diff icult to predict the
nature and order of the succession of
events.
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Part ia l  submcrqcncc and f ic lc l  capaci [  intcract ions

Studies on the in f luenccs c l f
submergence or  c ' l rc lught  on t ransplanted
r ice were of ten carr ied out  in  iso lat ion of
cach c l ther .  T 'h is  approach does not  a l low
one to s tudy the in teract ions between the
two environments shoulcl they' c' lccur in
successlon.

In an at tempt to s imulate the possib le
succession of evcnts and fttr different
phascs of  the crop growth cvc le.  a pot
exper iment  was conducted in  the pond at
MARDI Bumbong L ima dur ing the main
seelson 198 l /82.  The pr imarv object ives
$'ere to stuclv the interactions between
part ia l  submergence and f ie ld capaci tv
rvhen they occur  in  succession at  d i f ferent
growth phases.  and to determine which
part icu lar  envi ronment  would be more
impurtant  in  determin ing the subsequent
growth and per formance o l  the crop.

Materials and methods
- l -h i r ty- three 

day o ld seedl ings of  Mat
Candu.  Sekembang and MR -13 were
transplanted into pots, 26 cm lor.r 'er
d iameter .  30 cm upper d iameter  and 29
cm height .  For  each var ic ty ,  two h i l ls
spaccd at  approximately '  12.5 cm apart
wcre t ransplanted in  each pot .  Fer t i l izer
appl icat ions were the equivalents of  80N :
30P :  20K kg/ha.

Basical l l ,  the t reatments involved
three groups of pots: one group (control)
was mainta ined at  the shal low end of  the
pond.  The water  depth in  these pots was
mainta ined at  1-5 cm. as measured f rom
the pot  so i l  sur face,  throughout  the
growth season. 

'fhe 
other two groups

were s imi lar ly  mainta ined over  the deep
end of  the pond.  At  predetermined
growth phases (Figure 1/, one of these
groups of pots were submerged to a depth
equivalent  to  50ch p lant  height  at  that
instant and maintained at this level of
submergence unti l the required time as
predetermined. Then they were raised
and supported by a platform above the
pond water surface. The excess water in
the pots were poured off. Daily watering
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of  these pots was carr ied out  onlv  to
ach i cvc  con t i nuous  we tness  o f  t he  so i l  i n
the  po (s .  Hc rc i l l t e r  t h i \  t r c i l tmcn t  i \
refcrrccl to as partial submergence
treatment.

The rcmain ing group of  p<l ts  werc
raised and supported on a platform abovc
the n 'utcr  sur facc of  thc pond at  th is  end.
The standing water  in  these pots wcre
poured of f .  Dai ly  u 'ater ing of  these pots
rvas carr ied out  only  to achieve cont inuous
wetness of  the soi l  in  the pots.  At
predetermined t imes the pots rvere
submerged to 50?i  of  the p lant  height  at
that  instant  and mainta ined so for  the
requ i r cd  pe r i od .  

- l  
h i s  t r ca lmen l  i s

rcferred to as field capacity treatment.
A complete lv  randomised dcsign

lavout  was pract ised.  At  the
predetermined t imes of  t reatment
imposi t ion.  onlv  pots wi th p lants of
uni form growth and at  the requi red
growth stage were selected for  t reatment .
For  each var iet ,v  there werc 13 l reatments
inc lus ive of  contro l .  For  each t reatment .
s ix  pots were used for  obscrvat ion and
subsequent  measurements and
recordings.  The tota l  number of  pots for
each var ieta l  group of  t reatments l l 'ere 78.
Thc grand tc l ta l  number of  pots for  the
experiment was 23;1.

At harvest the following recordings
were obta ined:  cu lm height .  to ta l  panic lc
number per  h i l l ,  panic le weight ,  panic le
length.  to ta l  sp ikelet  number per  panic le.
tota l  f i l led spikelets per  panic lc .  and 1 (XX)

gra in weight .  Culm hcight  was the mean
of  s ix  h i l ls .  one h i l l  per  pot  being
measured at  harvest .  For  a l l  the panic le
parameters,  both h i l ls  in  the pot  were
used for  the measurements.  The average
was used to represent  the pot  mean.  In
addition, pot yield (weight per panicle x
panic le number per  pot)  was computed.

During storage prior to complete
processing of the required data. a serious
attack of Sitophilus occurred.
Consequent ly ,  to ta l  f i l led spikelets and
I 000 grain weight were rejected for
anarys ls .
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Tab le  l .  Ana l ys i s  o f  va r i ancc

Parameter Source F-tcst

Culm hcight

Treatment
Var iety
(T rca tmen t  x  Va r . )

Error
Total

1877.1598 22 .7699. -
t8 710.05(n 227 .2802*'

215. 1752 2.973-s* t

82 .1535

Panic le numbcr per h i l l

Trcatment
Var ictv
(Trcatrncnt  x Var.)
Error
Total

191.7001 17 .5762- .
30 .1838 2 .7674NS
-53.0217 '1 . f1613**
10.906t3

l 2
2

1 1

195
133

Panic lc lcngth

Trcatmcnt
Var iety
(Treatment x Var.)
E.rror
Total

29 .1710 2tt.3 132*.
t07 .3077 103.081.1**

2.8627 2.7500**
1 .0.1 I0

1 2
2

1 4

1 9 5

Indrv idual  panic le weight

Treatment
Var ie ty
(T rea tmen t  x  Va r . )
Error
Total

l 2
2

1 1

195
233

,1.59-s7 25.7171-.
,1 9360 27 .6217**
0 .2995 1 .6760.
0. 17rJ7

Total  spikelet  number per panic lc

Treatment
Var ictv
(Trcatment x Var.)
E.rror
Total

24 292.1459 36.58.14-.
3 1  3 1 3 . 2 8 2 1  - 5 1 . 6 7 5 8 * *
2  I  1 5 . 3 7 0 0  3 . 1 8 5 7 * *
66.1 .0111

t 2
2

4 . 1

1 9 5
233

Pot v ie ld

Treatment
Var iety
(Treatment x Var.)
E rror
Total

752.4225 2.7951' '-
3 09;1 6611 11.1972'*
7,11.8226 ).767t..
269.167)

l l
2

a 1

195
233

Results and discussion
During the growth duration of the rice
crop, definite development and growth
processes take place at definite growth
phases .  I f  t he  g row th  env i ronmen t  a t  any
of these growth phases is not conducive.
the predetermined development and
growth processes wil l be affected. The
results herein described are reflections of
these responses.

Varietal influences were dominant in
all the parameters measured except
panicle weight and total spikelet number
per panicle (Table 1,). The influences in
these two parameters were about equal to
or slightly stronger than treatment
influences. For panicle number per hil l ,
varietal influences were non-sisnificant.
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Treatment  in f luences were present  in  a l l
the parameters and so were in ter lc t ions
between treatments and varieties.

Figure 2 and Figure -l show that
general ly  f ie ld capaci ty  t reatments (1 to 6)
resul t  in  lower culm height
(except  in  t reatments 1.  2 & 3) .  h igher
panicle number per hil l  (except in
t reatments 2,4 & 5) ,  and l ighter  panic les
than in the control treatment. Panicle
length was not affected. The total spikelet
number per panicle was also less than that
of control. Pot yield was significantly
reduced in treatments 4, 5 and 6. These
reductions could be attributed to the low
tota l  sp ikelet  number per  panic le and
panicle weight.

In the partial submergence
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Partial submergence and field caoacitv interactions

Plate 1. Treatment effects on Mat Candu
(Treatments: L to R: 1,2,3, Control 4,5,6,7,
8,9, Control, 10, 11, 12)

Plate 2. Treatment effects on Sekembang
(Treatment sequence as above)

A A
z+

treatments (7 to 12) (Plate 2) the opposite
response was the case: taller plants
(except in treatment 7, I & 9), fewer
panicle number per hill (except in
treatments 7 & 12),longer and heavier
panicles (except in treatments 7 & 9).
Total spikelet number per panicle was
greatly incteased (except in treatment 7).
These effects did not significantly affect
pot yield. However, the pot yields of
treatments 10, 11and 12were significantly
greater than those of treatments 4, 5 and
6. The higher yields were due to their
longer and heavier panicles. The panicles
also bore more spikelets.

In an environment wherein the water
depth is constantly increasing, stimulation
of rapid height increase took place at the
expense of tiller production (Tay et al.
1980). Deep water at the active tillering
stage would also reduce the tiller number
resulting in reduced panicle number in the
hil l (Tay et al. 1980; Tay 1985). When
Mahsuri, Sri Malaysia Dua and Murni
were submerged in water at a depth of 50
cm at the booting phase, reduction in
panicle length and 1 000 grain weight
occurred but  not  in  panic le number (Tay
1977). Sekembang when subjected to
partial submergence at the ripening
phase, resulted in reduced panicle weight
and 1 000 grain weight, thus implying
interference of the grain-filling process
(Tay 1984). The common feature of the
cited findings with the present result is the
reduction in panicle number. The
difference could be related to the fact that
in this study there is a sequence of events.

Comparison among the field capacity
treatments indicated that the reduction in
culm height and panicle weight increased
as the duration of field capacity treatment
increased. The progressively long
duration of field capacity treatment
covered the growth phases wherein culm
height, panicle number, spikelet number
and panicle weight are determined
(Yoshida 1981). Perhaps the daily
watering of the pots to ensure soil wetness



was inadequate to mainta in the normal
growth c l f  the said parameters.  Antong the
part ia l  submergence t reatmcnts.  the
st imulat ion of  cu lm c longat ion d id not
have d i rc  consequencc on pot  ,v ie ld evcn
though posi t ive ef fects were exerc ised on
spikelet  number per  panic le and panic le
weight .  Herein the subsequent  f ie ld
capaci ty  t reatment  d id not  af fect  the
stated parameters.

When compar isons wcre made
bctween corresponding t reatments e.g.
t reatment  I  wi th 7.  2 rv i th  8.  etc .  i t  was
real ised that  when the durat ion of  the
preceeding t reatment  was l t tnger  than that
o l  t he  succeed ing  t rea tmcn t .  c .g .  i n
t rea tmen ts  4  a r rd  5  and  l 0  and  11 .  t he
ef fects of  the preceeding t reatment  could
not  be negated by ' the succeeding
trcatment .  Fur ther .  there is  a lways the
element  of  corrc lat ive responses:
increases in  panic le number resul t  in
reduct ion of  sp ikelet  number and panic le
weight .  Reduct ion in  panic le numbcr
resul ts  in  increases in  panic le length u ' i th
many spikelets and heavier  panic les.

Continuous I ' ield capacity throughout
the crop growth scason ( t reatment  6)
results in lower pot yield compared to
both contro l  and cont inuous par t ia l
submergence ( t reatment  12) .  The lat ter
two were not significantly different from
each other. The higher productivitv in
t reatment  l2  over  that  of  t reatment  6 was
due to the presence of  larger  and heavier
panicles bearing more spikelets. These
plants lodged when removed from the
deep water  envi ronment .  In  t reatment  6,
the h igher  panic le number per  h i l l  could
not compensate for the reduction in
panic le weight  and tota l  sp ikelet  number
per  panic le.  Again th is  mav be re lated to
the inadequate water  supply s tated
ear l ier .

Singh and Tomar (1971) found that
for  t ransplanted T(N)1 and IRS the
con t i nuous  f i e l d  capac i t y  t r ea tmen t \
y ie lded less than the f looded t reatments
irrespective of whethcr the flcloded

( ' .  Y .  
' l ' a v  

and  S .  Abdu l  Wahab

t reatments were imposed throughout  thc
cropping season or  at  any combinat ion t t f
thc three growth phases (establ ishrnent  to
t i l ler ing,  t i l lc r ing to ear  emergcnce.  ear
emergence to matur i tv)  s tudied.  N0
explanat ion was g iven for  the d i f fere nce in
y ie ld obta ined.  Thci r  f lood t reatment  was
8 to l0-cm water  depth.  Matsushima
( lgh l )  showed  tha t  ze r t l  cen t imc te r
standing water  depth t reatment  y ie lded
less than t reatments wi th s tanding water
depths.  He at t r ibuted the low y ie ld to
poor p lant  growth:  the resul t  o f
deni t r i f icat ion of  n i t rogen in the soi l .

At  the other  ext reme, Pande ( .1916)

shou'cd that  when Java was subjected to
2-5. -50 andT5cri crop height submergence
at  three growth phases (seedl ing
cstabl ishment  to maximum t i l ler ing.
maximum t i l ler ing to f lower ing.  f lower ing
to maturity) yield decreased with increase
in water  depth.  J-he decrease in v ie ld was
at t r ibuted to decreased t i l ler ing (panic le
number)  resul t ing in  decreased
photosvnthet ic  leaf  sur face.  Matsushima
(1962) work ing wi th t radi t ional  var iet ies.
Pebifun and Radin China '1. showed that
the y ie ld was reduced when the p lants
were submerged above 50% plant  height
at any of the growth stages studied. He
attributed the yield decrease to be due to
damage or interference of the
developmental ph,v' 'siology of the
reproductive organs.

Interactions between treatments and
varieties were verv varied depending upon
the variety, the treatment and the
parameter in question (Figure 4 and
Figure 5/. The low yield of MR 43 in
t reatment  11 was due to the very low
panic le number per  h i l l  (9)  obta ined.  The
low y ie lds of  Mat  Candu in t reatments 5
and 6 were due to low panic le weight
( t reatment  5) .  and low panic le weight  and
spikelet  number per  panic le ( t reatment
6) .  For  Sekembang in t reatment . l .  the low
yie ld was due to low panic le weight .
Nevertheless.  the overal l  var ieta l
differences (Table 2/ show that MR 43
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Part ia l  submergence and f ie ld capaci tv interact ions

Table 2.  Overal l  var ieta l  d i f fcrcnces

Parameter
Var iet"

Ma t  Candu Sekcmbang MR 43

Ciulm height  (cm)

Panic le number per h i l l
Indiv.  panic le we ight  (g)

I nd i v .  pan i c l e  l eng th  ( cm)

Total  spikelet  per panic le
Pot y ie ld (g)

I  09 .9
1 6 . 0
1 . 7 9

24.6
1-56.0
5 5  . 2

79.3 .
1 7 . 0

t .  / t

2 2 . 3 .
1 3 3 . 0 -
5 U . 9 -

9 9 . 2 *  2 . 9
17.0  NS
2 . . 2 t "  0 .  l 3

2 3  5 *  0 . 3
l 7-5.0 ' '  8.0
6 7  5 -  5 . 2

*s igni f icant ly  d i l ferent  f rom Mat Clandu at  the 592 level

was superior in productivitv among the
three var iet ies tested.  I ts  panic les were
heavier  and bore more spikelets.

Mat  Candu is  a ta l l .  th ick culm
tradi t ional  var iety  once popular  in  the
Kerian Laut District (deep mud and
semideep water  area) .  Sekembang (MR
10) and MR 43 are modern semidwarfs,
the former meant  to replace Mat  Candu in
the said district. In fact it did perform well
and was readily accepted in the district
when i t  was re leased.  MR 43 was not
released because it was susceptible to
BPH and PMV. a ser ious d isease in the
Ker ian -  Sungai  Manik area.
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