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FOREWORD 

The Tropical Agriculture Research Center, established in June 1970. has been 

ing two periodicals in English: the Japan Agricultural Research Quarterly ( ) and 

Tropical Agriculture Research Series, in addition to several publications in Japanese. The 

JARQ is a publication designed to inform the oversea scientists of the latest research 

findings and practical experiences obtained in Japan in the field of agricultural technology, 

while the Tropical Agriculture Research Series is the proceedings of international symposia 

held annually by the Center on various topics of tropical agriculture. 

The Center has now reached a stage to initiate a publication of a new series of 

Technical Bulletin. The Technical Bulletin will contain rather complete original scientific 

reports on research works done by the staff members of the Center or comprehensive 

reviews of the literatures on particular subjects of common interest in tropical agriculture. 

On the occasion of the first publication of the Technical Bulletin, I would like to 

emphasize that articles to be presented in the Bulletin is not only a crystal of enthusiasm 

and endeavor of research workers but also a fruit of international co-operations in research 

between oversea scientists and the Center. 

The Center sincerely hopes that the Technical Bulletin, along with other publications 

stated above, will contribute, even in a small measure .. to the promotion of tropical agricul­

ture research in the world. 

1 March, 1971 

Noboru YAMADA 

Director 
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Explanation of 'l'echnical Terms Used in This Paper 

Water requirement (WR) in depth: Total evaporation from paddy field (E)+Transpiration 

Pan evaporation (Em) 

Evaporation ratio 

Transpiration ratio 

Evapo-transpiration ratio 

Ground water level 

Transpiration coefficient 

Growth duration (growth period) 

Soil moisture ratio 

Heading stage 

+ Percolation ( downward seepage + plot border 

seepage (P2)) for a whole growth period unless other­

wise indicated 

Amount of \Vater lost by evaporation from free water 

surface 

E/Em ratio 

T/Em ratio 

ET/Em ratio 

A distance from the surface of soil to the head of 

ground water 

A quantity of water (gram) transpired to produce one 

gram of plant dry matter excluding roots 

Number of days from sowing to harvest 

Water contained in soil 
Dry soil weight 

100 

About a half of total number of panicles emerged frorn 

sheaths of flag leaves 





INTRODUCTION 

ln \Vest Malay~,ia, there are ;:.(i million tia (0 rnillH,n :tn.,si d agr;cu:tural Janel of 
which about 402,000 ha (992,000 "rt' L,:,ed for wet and paddy culli-,0~,Li,Jn"· (1969, 
Appendix The livelihood of n,crc than C05t oi the pct:ple in this cou;,,try depends on 
agriculture. ()f the agricultural products, rubber is the rnost irnportant. 'The exrort of 
rubber occupies almost half of the total export ·value. On Lhe other l1~nd, irnports of 
essential foodstuffs and agricultural products have cc:11sti[~1ied about one-third of the total 
import value. 

In 1969, the rice production in vVest Malaysia c:11cH:;w,.: to aiJcut 1,354,000 metric tons 
of paddy or 881,000 ton of milled rice." This amount could foeu 70 · 80% of the popula­
tion of 8 million. Accordingly, this country had to i:nport rice from foreign countries 
such as Thailand and China. The yearly import of rice in recent years, i,as amounted to 
about 250,000~-300,000 ton. 

In order to achieve as near self-sufficiency of foods as is economic,dly feasible and 
desirabic, the Ministry of Agriculture and Co-o:Jeratives h,rn adopted a pc;!icy to increase 
the quantity and improve the qm:li~y oi' essential foods.'·''') Among these, :·ice has Leen 
given top priority. Since independence in 1957, dcnbic of pad::'ly h2s been en­
couraged as one of the major means to achieve selkmfficiency i11 rice zmd also to increase 
rbe farmers' income. \'\Tith the provision and in;prnn·,nenL of irrigatio:1 fc:cifaies in many 
of the paddy growing areas, the acreage uncier double-cropping of pacidy is cxpandin;.; 
rapidly.2 • ,J Jn 1969, the areas under double croppin?: occupied mure tha:1 93,000 ha (230,000 
acres), that ,vas about 26% of the total wet pc\cldy hmd. lls productioi1 was nearly 22% of 
the total including that of dry paddy."1 

The Kedah Coastal Pl;.:in which is known as the rice Lc\vl of ~.1al2.ysia, occupies 40% 
of the total vv'et paddy land and has been left under traditio.nal single cropping/·, >i') In 
order to increase paddy production 1 a irrigation scherne called tbe, I'vluda I{iver 
Irrigation Project was started in 196G"J ;Appcacri>.es 2 and Upon completion in 1973, its 
aim is to supply irrigation ,vater from tw,) reserve,irs particulctrly during off ,'cascm (ivfarch 
to Juiy) to irrigate 1C5,00() ha (260,000 2cresJ c[ pctddy land in tt:e .1-:edah Coastal Plai;1 
(Plates 1 and 2). Increase iu paddy production due to Ci'YJble cropping i:1 these 2re;:,s will 
be around 400,000 ton with a 11 aver;:;ge yield of 3.8 to,1 per ba (600 gantangs per 2,cre).'·"J 

vVith this in vie\v, the auLhor who was u,,.s,,c;c,vu ~o work ill the Kcdah Coastal Plain 
of West Malaysia under the 'Tropical Agricultur;il :?.escarch Program of Japan for two 
years (A,;:iril 1967 to July 1969) hd carried out a :,cries of studies and e,~pcri:,1ents on 
water rec1uiremcnt of riff at Tclok Chcngai F,:di E:;pcri;nent SLation (r'bte 3), Bukit 
l\1erah Padi Experin1ent Station, Sala .E~(ln.an IJadi ,.rest StaticJ'.n and in severaJ double 
cropping Pilot Project arer,s"') (Pl2,:.e 2:1!· 'l'i,is ,v2s the amho:-'s secm:cl assip;,irnc,:t io West 
l\1alaysia to conduct experin1ents as he had previously 1rvGrh.ed at the 11u.k.it )\1erah ]?adi 
Experiment Station in the State cf I'10Yincc \Vellesley from J\farc1:i. 1962 to March 1964 
under the Colombo Plan'"· (Appenc;i:~ 3). 

At the Telok Cheng,.,i Padi Ex;:1eriment Station in the suburbs of A.lor SLar, the author's 
work was directed tcvvards conducting iilvcstig;,frm.s on vvater requi rerr:ent in paddy fields, 
measurements of , ranspiration coefficient fer ,,uitabk double crnp1:ii1°:r Y~:rieti~'S and i11 find­
ing out the critical slagc:s cf plants for water dc:ficiency. 

Emphasis Wets also placed on Lile fcllo,ving lines of invcsLig,.:tiuns: ,;i;, l<, siuch the 
i·elation between different depths of water aiJd fertilizer application rneUwd~. tu evaluate 
the farm practice of mid-season drainage on gruwth and yield of rice. 
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I. WATER REQUIREMENT 

(1) Evapo-trauspiration and Evapo-transpiration Ratio in Paddy :Field 

To estimate the amount of water required for paddy cultivation, in the designing of 
any irrigation project, it is necessary to know the water requirement of rice under fteld 
condition and factors affecting it. 

The purpose of this investigation is to determine the consumption of water in the 
paddy field by evaporation, transpiration and percolation as compared with pan evaporation. 

1. Methods and Materials 

Apparatus: 

A paddy field of 0.01-0.07 ha was used as an experiment plot. 
Enamelled iron tank,2 "· 33 ) 91 cm>< 91 cm and 61 cm high, was installed in an experi­

mental plot 2.7 meters apart from the border for measurements of evapo-transpiration. 
This enamelled tank (ET tank) and the plot were planted with seedlings at a spacing of 
30 cm X 30 cm and at a rate of 3 seedlings per hill (Plates 7 and 9). 

The enamelled iron evaporation tankrnJ (E tank) was made up of two compartments 
which were connected by a 5 cm diameter pipe. The size of each compartment was 
30 cm x 137 cm and the height was 30 cm (Plate 8). This enamelled tank was settled on the 
surface of the soil 91 cm apart from the ET tank for the purpose of taking measurement 
of evaporation from the water surface of paddy field. Rice plants were planted closely 
around the E tank. 

The loss of water in depth in t,vo kinds of tank was measured every morning around 
8.00 a.m. and the water requirement in depth in the plot was also measured with the use 
of a scale (mm unit). However during non-working days the measurement was carried out 
at every two or three day intervals. vVhen there was an excess or shortage of water in 
both tanks and plot, water was drained out or irrigated after measurements in order to 
grow rice plants at optimum conditions (Fig. 1). 

Readings obtained at days with heavy rainfall \Vere omitted from ten-day period sum­
mation because heavy rain caused overflow both in the plot and tanks. 

It was unable to measure the amount of water used for puddling operation because the 
experimental plot was placed in a rain-fed paddy field. 

A 137 cm long vinyl pipe with a diameter of 5 cm was also installed into a vertical hole 
made on the levee of the plot for measurement of ground water leveJ.23l The measurement 
was carried out continuously every Tuesday morning throughout the year. 

Meteerological observation of rainfall and pan evaporation (Em) was carried out throughout 
the year. For the measurement of evaporation, a round pan, 20 cm in diameter and 10 cm 
in height, was used at the station near the paddy field. 

Variety used: Ria13> (IR 8, growth duration 125 days) and Radin Ebos 333'l (growth 
duration 170 days) for main season, 1967/68. Bahagia12 ) (Sister line of IR 5, growth dura­
tion 140 clays) for off season, 1968. Bahagia (growth duration 130 days) and R. Ebos 33 
(growth duration 200 days) for main season, 1968/69 (Plates 10 and 11). 
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Investigation sitz: Tclok Che11gai Padi E,perimenl Station (for three seasons) and Sala 
Kanan P::idi Test Statio:1 (for main seaso:1 1967/68 and only Ria was used). 

Soil unr.d: Pa.rent rT:rtcrial i~~ recent slightly brackish alluviun1. Soil series ,vas narned 
Talok Chengai and J(u;x,nr f•/c\Valter P:1Cldy field soils of both stations 
are lov/ hurnic ,Q;ley, 1 1. 2 ()) 

Transplanting: 

Variety 

R. E, 33 

Ria 

Ria (at Sala Kanan) 

Behagia 

Behagia 

R. E. 33 

Basal dressing : 

JI 

ff II 

Off season, 1968 

Main season, 1968/69 

Date of planting 

29/8/1967 

20/9/1967 

10/9/1967 

14/5/1968 

111/8/1968 

1/7/1968 

N (Ammonium sulphate or Urea) 34 kg, P,03 (Christmas Islands rock phosphate) 67 kg 
and Ke() (Potasiurn chloride) 34 kg per ha were applied for main season, 1967/68 and 
off season, 1968. 

N (Urea) 17 kg, P205 (Christmas Islands rock phosphate) 67 kg and K20 (Potasium chloride) 
34 kg per ha were applied for main season, 1968/69. 

Top - dressing : 

N (Urea or Ammonium sulphate) 17·---34 kg per lm was applied about 20 days before 
heading. 

2. Results and Discussion 

It is natural that transpiration and evaporation values fluctuate due to change of 
weather conditions, such as velocity of wind, air humidity, insolation amount, air tempera­
ture and staturation deficit. 8• 10 , 20 , ,,, 89 · " 1> In order to eliminate such fluctuation caused by 
weather conditions, the ratios of evaporation (E), transpiration (T) and evapo-transpiration 
(ET) to the pan evaporation (Em), i.e. E/Em, T/Em and ET/Em, are generally used. 

In this study, evaporation ratio, transpiration ratio and evapo-transpiration ratio per 
ten-day period were calculated throughout the growth period. These ratios are used mainly 
for discussion in this report. 

1) Plant growth 

The maximum. tiller number was attained at about 40 to 50 days after transplanting. 
However, this stage appeared slightly earlier and more distinct in Ria and Bahagia than in 
R. Ebos 33 (Fig. Z and 3), 
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The trend of increase in dry weight became more evident at about 50--60 days before 
heading whereas in Ria, a short term variety, the trend commenced only 30 days before 
heading. Observations revealed that after heading, an increase of total dry matter still 
continued steadily except for R. Ebos 33 (Fig. 2 and 3). 

2) Evaporation, transpiration and evapo-transpiration 

The results obtained for each variety during the different seasons are shown in Tables 
l to 6 and Fig. 4 to 11. 
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The evaporation and evaporation ratio were greater during the early stage of growth 
but showed a gradual decrease with the growth of plants. The decrease in evaporation 
was largely due to the mutual shading of the plants caused by an increased leaf area, 
plant height and dry matter8• 10 • 25 · 34J (Fig. 2 and 3). There is a negative correlation 
(r= -0.50*) between leaf area index and evaporation ratio (Fig. 8). 

The value of evaporation ratio was 0.8-0.9 during the early stage of growth, 0.4-0.6 
during the heading stage and 0.2-0.3 during the ripening stage. The average for a whole 
growth period was 0.63 (Fig. 4 to 7, 10 and 11). 

Contrary to the evaporation ratio, the transpiration ratio and evapo-transpiration ratio 
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Table 1. Water requirement for Ria during the main season, l!JG7/G8. 

Davs Em Evapo E T \VR Ground Pan .ET E Trans- T V'later Rain-Date befc>re evapo- trans- Em Evapo-
Ern pira- Ern require- \Vater fall heading pira- rauon level ration tion tion ment 

-----------------------,·-~-~·-. -----------------
-- --5'.'"<) cm cm. ~;~ Clll cm Cfo cm. c1n CIT! 

20*/9-29 63- 54 5.09 5.08 100 4.41 87 0.67 13 6.4.7 --6 .1 l. 96 
30- 9/10 53- 44 3.67 •1. 22 115 :i .13 85 1.09 30 5.16 -3.6 18. 75 
10-19 43- :54 4.8G 5.39 111 3.41 70 1. 98 ,11 5.35 --CU\ 1.60 
20-29 33- 24 4.45 S.62 126 '.i. 00 67 2.62 ;i9 4.94 4.:.i 16.00 
30- 8/11 2:3- 1i 4.15 5.75 139 2.50 60 3.2:5 79 4.68 1.1 7A2 
9-18 13- 4 4.49 11.68 104 2.25 50 2.43 5-1 ;,.22 11. 7 10.62 

19-28 3- -· 6 3.81 5.16 1J5 2.44 64 2.72 71 5.51 M.0 2.08 
29- 8/12 - 7- -16 4.26 6.19 145 2.23 52 3.96 93 6.110 17.0 11.88 

9-18 -17- -26 4.89 6.70 137 1.86 38 4.84 99 8.40 23.9 0 
19-25** -27- --33 3.93 :3.93 100 1.33 :H 2.60 66 6.64 43.4 0.03 

Total 43.60 52.72 26.56 26.16 58.77 63.'.34 

Average/day 0.45 0.54 121 0.27 61 0.27 60 0.61 0.6:'i 
(0 .18'1 ) (0.2l1') (0 .11 11 ) (0. ll11) (0. 24 11 ) (0.2()1) 

* 25 days after sowing. 

** 121 days after sowing or 96 days after transplanting. 

Table 2. Water requirement for Ria during the main season, 
1967/68 at Sala Kanan P. T. Station. 

Days ET E T Ground Rain-Date before Em ET 
Em 

E 
Em 

T 
Em 

WR water fall heading level 

cm cm cm cm cn1 
10'!'/9-19 63- 54 4.91 5.48 5.91 0.8 12.04 
20-29 53- 4,1 5.02 5.80 llG 4.Gl 92 1.19 24 5.83 -2.3 1.19 
30- 9/10 43- 3,1 4.25 5.39 127 3.70 87 1.69 40 5.42 3.0 22.40 
10-19 33- 24 4.17 6.30 151 3.20 77 3.10 74 6.51 10.7 2.29 
20-29 23- M 4.06 5. 9·1 146 3.30 81 2.64 65 6.28 17.3 8.51 
30- 8/11 13- 4 4.41 6 ··•) ,;).., 148 3.25 82 :1.27 74 6.46 23.l 5.9,1 

9-18 ., 
,)- - 6 3.93 5.03 128 2.41 61 2.62 67 6.t14 31.2 6A3 

19-28 - 7- --16 3.76 6.33 168 2.50 66 3.83 102 5.66 38.4 ,1.14 

29- 8/12 -17- -26 1.20 6.13 146 l. 70 40 4.113 105 6.12 40. l 3.48 
9-13** -27- --31 2.G5 3.18 125 1.05 41 2.13 811 3.18 50.3 0 

Total ~J.26 56.10 30.99 25.11 57.81 66.00 

Average/day 0.43 0.59 136 0.33 75 0.26 61 0.61 0.69 
(0.1711 ) (0. 23 11 ) (0 .13//) (0.10") (0.24 11 ) (0. 27 11 ) 

* 27 days after sowing. 

** 121 clays after sowing or 9r1 days after transplanting. 
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Table 3. Water requirement for Bahagia during the off season, 1968. 
.. - ·---------·~· 

Days ET E T Ground Rain-Date before Em ET 
Em 

E 
Em 

T 
Em 

WR water fall heading level 
----··· cm cm % cm % cm l; cm Clll C!ll 

14* /5-23 82- 73 5.56 5. 9'.'l 107 11. 90 88 1.03 5.72 - 1.0 18.14 
24- 2/ 6 72- 63 6.33 5.56 88 4.34 69 1.22 19 3.43 -- 3.3 17.73 
3-12 62- 53 5.08 6.18 122 3.41 67 2.77 55 4.87 9.4 0.61 

13-22 52- 43 5.91 7.36 125 4.41 75 2.95 50 7.23 14.7 10.19 
23- 2/ 7 42- 33 5.08 6.61 130 2.98 59 3.63 71 6.73 - 1.3 8.15 
3-12 32- 23 5.49 5.80 106 2.57 47 3.23 59 7 .13 - 9.7 7.92 

13-22 22- 13 4.69 6.26 133 3.10 66 3.16 67 6.37 -15.7 25.35 
23- 1/ 8 12- 3 5.46 6.84 125 2.72 50 4.12 75 7 .17 -- 7 .9 2.44 
2-11 2- - 7 4.78 6.78 135 2.36 49 4.42 92 6.80 - 7.4 4.37 

12-21 - 8- --17 6.40 8.07 126 2.6,1 41 5.43 85 8.36 - 8.1 5.31 
22-31 -18- -27 5.31 5.85 110 2.10 40 3.75 71 5.00 -7.Ll 9.25 
1/9-6** -28- -33 2.63 2.42 92 0.89 34 1.53 58 2.94 -15.0 2.77 

Total 62.72 73.66 36.42 37.24 71. 75 I 112.23 
I 

Average/day 0.54 0.64 117 0.31 58 0.32 59 o.62 I 0.97 
(0.21 11 ) (0. 2511 ) (0.12 11 ) (0 .13 11 ) (0. 24 11 ) (0. 3811 ) 

* 23 days after sowing. 
** 138 days after sowing or 115 days after transplanting. 

Table 4. Water requirement for Bahagia during the main season, 1968/69. 
- ___ ,· __ .,._. __ . 

Days ET E T Ground Rain-Date before Em ET ----- E -- T WR water fall heading Em Em Em level 

cm cm % cm % cm % cm cm cm 
14*/8-23 78- 69 6.30 6.00 100 4.57 73 1.43 23 6.03 -4.3 2.39 
24-2/ 9 68- 59 4.95 5.05 102 3.39 68 1.66 34 5.85 -5.3 11.86 
3-12 58- 49 4.51 4.86 108 3.48 77 1.38 31 6.00 -7.6 8.08 

13-22 48- 39 4.51 6.00 133 3.06 68 2.94 65 5.31 -6.6 5.92 
23- 2/10 38- 29 4.38 5.61 128 3.20 73 2.41 55 5.93 -5.6 11.73 
3-12 28- 19 5.06 7 .10 140 3.60 71 3.50 69 6.00 -6.9 8.00 

13-22 18- 9 4.33 6.53 151 3.50 81 3.03 70 7.30 -6.9 10.59 
23- 1/11 8- - 1 4.15 5.81 1,10 2.53 61 3.28 79 8.22 -6.1 8.74 
2-11 - 2- -11 5.52 6.31 114 2.33 42 3.98 72 7.16 -2.8 5.13 

12-21 -12- -21 5.10 6.52 128 2.30 50 4.22 83 7.23 -1.0 3.76 
22- 1/12** -22- -31 5.04 5.06 100 1.67 33 3.39 67 5.50 6.1 0 

Total 53.85 64.85 33.63 31. 22 70.53 76.20 

Average/day 0.49 0.59 120 0.31 62 0.28 58 0.64 0.69 
(0 .1911 ) (0. 2311 ) (0.1211 ) (0 .1111 ) (0.2511 ) (0.27") 

--
* 22 days after sowing. 

** 131 days after sowing or 109 days after transplanting. 
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LAI was small, the transpiration was parallel to the plant growth, altbough transpiration 
ratio per unit leaf area vvas decreased with the increase of leaf area.10 • 2'· 33i A negative 
logarithmic correlation was found between transpiration ratio per unit leaf area and leaf 
area index (Fig. 9). 

When the leaf area index became larger than 3.5, the transpiration ratio per unit leaf 
area became almost constant. The LAI at which such condition begins to occur in this 
study was found to be lower than that reported so far with japonica rice plants in 
Japan.10.2si 

The value of transpiration ratio was 0.2·-0.4 during the early stage of grmvth, 0.6--0.7 
during the maximum tiller number stage and 0.8-0.9 just after the heading stage, with an 
average of 0.68 throughout a growth duration. The value of evapo-transpiration ratio was 
1.0-1.2 during the early stage of growth, 1.2---1.3 during the maximum tiller number 
stage and 1.4 around the heading stage ,vith an average of 1.2 throughout a growth 
duration. 

The average of total evapo-transpiration was 54 cm (21.4 inches) with Ria, 69 cm (27.2 
inches) with Bahagia and 88 cm (33.3 inches) with R. Ebos 33. The total amounts of 
evaporation, transpiration and evapo-transpiration were correlated mainly with growth dura­
tion and weather conditions (Fig. 12). The total amount of evaporation was almost equal 
to that of transpiration,13· iu;,. 401 and the consumption of water per day wbich was the total 
of the two did not vary among the 3 varieties (Tables 1 to 6). 

Consumption of water, i.e. evapo-transpiration as measured each ten-day period was 

Table 5. Water requirement for Radin Ebos 33 during the main season, 1967/68. 
'" ----- - . __ -_ -------

Days ET E T Ground Rain-
Date before Em ET 

Em 
E 

Em 
T 

Em 
WR water £all heading level 

-~--------------·-- "" 

cm cm <)d cm % cm. % cm cm cm 
:29* /8--30 107- 106 0.80 0.70 88 0.70 88 0 0 1.00 () 

31- 91 
I 9 lO'i- 96 5.16 5.16 100 4.31 84 0.85 1G 5.G7 -11.4 12.83 

10-19 93- 8G 4.G3 4.75 103 4.08 88 0.67 14 7.20 8.6 19.56 

20-29 83- 76 fi.09 5.11 100 3.50 69 1.61 32 G.70 6.1 1. 9(i 

30- 9/10 75- 66 3.67 4.81t 132 2.56 70 2.28 62 ·1. 78 3.6 18.69 

10-19 65- 56 i 4.86 5.58 115 2 C<) 
,;)J 52 3.05 6'2 d 6.33 0.8 l.G0 

20-29 :)5- ,16 4.45 5.09 114 2.02 45 3.07 69 3.28 4.3 16.00 

30- 8/11 45- 36 4.15 5.06 122 l.G0 39 3.46 83 4.25 11. 1 7.42 

9-18 35- 26 4 .49 11.98 111 1.92 43 3.06 68 4.65 11. 7 10.62 

19-28 25- l(j 3.81 4.32 113 2.28 GO 2.M 51 5.36 14.0 2.08 

29- 8/12 E,- 6 4.26 5.6,1 132 2.78 65 2.8G 67 5.67 17.0 1.88 

9-18 5- - 4 4,89 6.00 123 1.50 31 11.50 92 10.09 23.9 0 

19-28 5- -H 5. 7,t 7.27 127 2.38 41 11.89 83 11.00 43.4 0.03 

29- 7/ 1 -15- -2,J I 6.05 5.69 91 1.12 2'.l 4.27 71 11. 29 54.6 0 

8-U** -~25- -31 0.01 3.22 63 1.12 22 2.10 41 8. (i8 67.3 0 

Total 67.09 73.11 34.70 38.7] 93.53 95.67 

Average/day 0.18 0. 5:l 109 0. 2\, :i2 0.28 58 0.67 O.G9 
(0.19' (0.'.21 ) (0. 10") (0.IFJ (0.2(;"1) (0.'.2711) 

* :n days after SO\VJng. 

::,* 169 days after SO\Ving or 138 days after transplanting. 
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Table 6. Water requirement for Radin Ebos 3:c! during the mam 8Nrnon. 1968;6!1. 

Date 

lF/7-20 

2t<l0 

:-n- 9/ g 

10-19 
20-29 

30- 8/ 9 
9-18 

19-28 
29- 8/10 
9-18 

19-28 
29- 7/11 

8-17 
18-27 
28- 7/12 
8-17 

18-27 
28-·5**/1 

Total 

Days 
before 

heading 

1--13-" J:M 

u:-l- 12•1 

123- 114 
113- 104 
10:1- 91 

93- 811 

83- 74 

73- 61 

60,- 5•1 

53- ·11 

43- 34 

33- 2,1 

2" ~)- 14 
13- 4 
3- - 6 

7- -Hi 
'., ~-1,- --26 

-27- 0r 
-~,);) 

;\_ verage/day 

1:;:111 ET 

cm cm 
4.88 t1.(i7 

5.86 
5. :i:5 
6.5:-l 

1.53 

4.15 

4.54 
,J.45 

4.76 
3.60 
11.91 

5.07 
5A0 

1.63 

1.11 
:1.78 

3.56 

0.48 
(0.19'') 

6.15 

6.48 
5.82 
:i.23 

5.70 

5.71 

5.70 

5.25 
7 .19 

f:Ull 

6.50 
G.22 
S.53 
5.0,l 

3.52 

0.57 
(0.22 1 ) 

* ;~o days after so,ving. 

ET 
En1 

99 

99 
111 

115 

137 
126 
119 

120 
139 
146 

136 
120 
i :it 
135 

105 
99 

118 

F 

~t. 97 

1!. 21 

5.85 
3.87 
3.04 
::; . 63 

3.36 

3.36 

S.88 
3.00 

3AG 

1.97 

l.G3 
1.90 
1. 91 
l 0') 
l.,Ov 

1.21 

57.-·U 

0.32 
(0.13/,) 

F 
Em 

85 
79 
90 
7'1 

67 

88 
7•1 

76 

82 
8,l 

70 

39 

28 
47 

4G 
:-38 

67 

·1 

1.lS 

1.0S 

0.63 

l. 9c'i 

2.19 

2.03 

2.3G 
1.95 
1.82 

2.23 

3. 73 

4.94 

4.97 

!i.32 

3.62 
3.21 
2.31 

4'1.78 

0.25 
(0.10') 

** 208 days after sowing or 178 clays after transplanting. 

Em 

20 
20 
10 

87 

38 
G3 
76 
97 

88 

G7 
GS 

52 

G.'.H 

5.85 

7.81 

7.19 
:;. 51 

6.99 
5.8G 
6.84 

6.31 
6.8:1 

8.10 
7.G9 
7.10 

7.29 
7.21 

9.50 

5.93 

122. :58 

0.68 
(0.2T) 

Rain­
fall 

- ::i.3 4.:i7 

-- 5.1 S.31 

3.0 1.52 

8.9 9.14 

6.G 11.:)9 

8.3 10.49 

7. :J 6. 25 

-- G.9 7.72 

6.9 1'1.61 

1 3 s. 8:3 

LG :-UG 

:3. :J 0 

17.3 1.63 

l::i.ii 2.111 

11. 9 0. ,i8 

127.08 
0.71 

(0. 2S11 ) 

within the range of 4.2-6.7 mm/day for Ria, 5.0--7.1 mm/day for Bahagia and ,1.3-7.3 
mm/day for R. Ebos 33. 

3) Transpiration coefficient of rice varieties 

The growth and yield of rice plants and transpiration coefficient are shown in Table 7. 
Assuming the moisture percentage of the air-dried harvested plant to be 14,22 - '"'l the trans­
piration coefficient of a given variety, for example Ria at the main season 1967/68, can be 
calculated as follows:-

_ -~fotal transrJi_1~ti~1 __ il_1 depth xarea per hill = ~~iJ~crri__>< 929cm~ =316 
Harvested air-dried plant x its dry matter percentage 89.29 g x 0.80 

A posi tivc correlation was found he tween the transpiration coefficient and growth clnra­
lion10 :'"· "1· "··\Fi;;. 1 

IlO\vevcr, among tlw iutal evaporation, transpiralion, cvapo-tran,;piration :rnd transpira­
Lion coefficient, total evapo-transpiration was highly correlated to the growth duration. 
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Ria 

R'a* 

L3ahagia 

Bahagia 

KE. 33 

-.:'{rc"..vt.h and yie!d of rlce plants (}}er hill) in rehtV<.'.n to trans.;)iration 
cocHicient (Teiock Chen~;al P .. E~ Staion). 

Seaso:1 

1v1ain. '.]eason 
1~)67 /68 

Iviain season 

Uff/seascn 
.196g 

Iv1ain se:ascn 
10(38/69 

l\i'[ain season 
1967/68 

Iviain season 
1968/69 

Max. Culm No. of 
tiiler ht. panic-
no. les 

2GA 

'24.G 

21,g 

18.~i 

l:i.9 

;-C(j 
IV 

?6 

lOB 

103 

15S 

20.0 

20.11 

15.;i 

U:L 8 

B.8 

10.1 

total 
air­

dried 

Wt. 
oi 

s lra \Y 

.10~1.54 52.0 

116. \10 64. A 

110. 22 ;).t. 7 

130.l'.! 87.:l 

12:i.lG 85.6 

\Vt. 
(; 

52,;-3 

55.9 

1/.J.6 

12 .7 

~~1:1 (J f 
ripen­

c'd 

68 

'/8 

70 

70 

Grairi yic!d 
_.,,,.·--~--~·-'' ----··---......_ 

4S.56 

3,.61 

33.00 

per 
ac. 

lb 

,L 375 

1.219 

,1, '792 

3,GI2 

4.8 

6.0 

:,. l 

LJ 

>:~ Sala l(anan Padi T'est Station. 

4) Relationship between weather conditions and evapo-transpiration 

aiiS-

µi_:·a­
llf.>r_1_ 

coefG. 

'l!!'.' 
,)_Ld 

:; IC 

As seen in Table LI, tl:e amcunt of pan evaporation ,vas correlated with sunshine hour, 
relative humidity and mca:1 air temperature, ar:d also with field evaporation, trai;spir:1li<1n 
cmd e-;:apo-transpiraLicn rec;pectively. 

In general sunshiEe hoi.;r and relative humidity ,vere more closely correlated w;th 
evaporation, transpi:-ation ,nd evapo-lra'1'.,piration than that n,ean air temperature was.' 0 • "'· 

Ho-.-,~ever, an increase in transpiraticn a,1el evapc-transpiratio:·i per day observed tkring 
the off sez,son was due to a rise of air temperature and low relative humidity'"·"··"') 
(Appendixes 4 and 5). 

Evaporation during the early stage cf ,~rowth and transpiration during the t11 iddlc ;1ncl 

ble stages of growth were fairly correlated tel the weather conditions ,vith the respcc~i\·c 
varieties, SLlggesting that weather conditions inl1uenced more on the evaporation tb,m en 
the transpiratio;1 before the stage of maximum tiller number and after that slagc U1e? 
inl1uc:riced on the transpiration rather than on ti,e evaporation.10 , "'J 

5) Water requirement in depth and percolation 

1-'crcdatilm consists of tv;:, foc,ors--clovnnvar-cl sc:'1ngc ancl plot border s::q,~tgc. 
l10\.VCS'i:::r 1 a:; tbc percclation V/as ca!cu1atec.l indirectly frcrn 'Vvater requiren1ent in depth 0-:1.d 
evapo-transpiration, thec;e two factorn were nGt separated in this study. 

:rvioreover, bolh the fields in "Telok C:hengai and Sala Kanan, used for stud:/, vvcrc 
located in the coastal are,i of t:1e Kedah Piain, \Vitb almost ne,c;ligible percolatioa (AppePdix 
3). Therefore most cf the 'Yrrter rc'quiremenl in depth L1clicates a ccnsu:nplion by evapo­
tran:,.piration :Tables 1 to The avernp~ water reciuirerncnl iD depth per cfay wa:; G.1-
(t2 111111 Jor J{i(l, G,2"· G. 11 n11n for 1)a~1a,1ja and G,7-- -6.8 n1rn for H. EbGs 33. 

"_['he avcra:,.-r,c cf percolation \VCJ\.: ().~) 1./l rn fer 1nain ~-;(';_t.~:on :1; ;1\•! 1 

Chcngai, --0.2 mrn/rlay for off season in Telok Ct,,,ngai and 0.:2 mm/day iur main ,;ca-:,_.•1 i11 
Sala Kanan. These tigurcs were somewhat related to tbe fl uctu2_tion of groucd waler 
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i r om tr,rnspluting to harvest 

Days from transplanting to harvest 

Fig. 1:!.. Relationship of evapo-transplration and transpiration coefficient to growth duration. 

level"' and the surrounding condition of the paddy fields under test. It was therefore 
presurn~•d that the horizontal seepage tended to exceed the vertical seepage. 

Generally, the seepage shov1s such a wide variation as 0-100 mm/day depending on the 
topography, soil, irrigation system, method of cultivation and other conditions.23 · 441 It can 
be said, therefore, that the seepage is a main variable factor which determines the amount 
of total water conwrnption in paddy fields. 

Ifo,vever, in case of s:nall percolation belo,v 10 mm/day, the evapo-transpiration becomes 
a d::m1inant factor which determines water requirement in depth. "'l The peak of water 
reqL11terne:1t was found at the ma,;imum tiller number stage (about 50 days after trans­
planting) or heading stage. 

6) Ground water level and puddling water 

'Tile lields with cun,;tant:ly high ground waL'r level except clurirn~ llw dry period frorn 
January Lo March, ;;uch as heavy ailuvial and peat soil fields in tl1e lower stream of the 
Keclah Plain where water wells up at times, might have little seepage21 > (Tables 1 to 6 and 



T,1',le S. Correlation o,e!:icient of weather conditions tu µan evaporation 
and to e,•apo-transpiration. 

Ria 

Main sc:ason 
1967/GB 

Bahagia 

Off season 
1068 

lVlain se,,son 
1968/(,9 

R. Ebos 83 

l'vlaiu season 
19G7/G8 

Main season 
1'.J68/69 

Item 

Sunshine hour 

Rclati-re hurnidity 

Air temperature 

Pan evaporation 

Sunshine hour 

Relath-e humidity 

Air temperature 

Relative humidity 

Air temperature 

Pan evaporation 

Sunshine hour 

Relative humidit\' 

Air temperature 

Pan evaporation 

'fiai1s1}ira-
Pau Evapo- Evapora- tion middle 

eva1Jo- trans- lion early and late 
sta"e1l of ration 1iiration " sta,c_res of g1'owth ·· 

----· ______ - -- ··-·----· ______ JJ;rov-.rth ___ _ 
0.79* 

-0.70* 
0.56 

-0.611* 

0.86** 

0.72* 

-0.58 

0.52 

-0.25 
0.22 

0.59 

0.8:1 

-0.87 

0.57 
0.69 

0.67 
-0,56 

0.32 
0.70 

. -~---··--- -----

-0.6:1 

0.82** 

0. 76* 
--0. 71 

0.25 

o.:H 

0.72** 0.50 
-0.90*** 

0.69* 
-0,75** 

0. 01 
0. 7:1* 

0.63* 0.62* 
-0.51 

0,75** 
-0.65* 

0.77** 
0.56* 

0.93* 
-0,.76 

0.72 
0.95 

" - _________ ., _______ 
0,96* 

--0.73 
0.96* 
0.76 

0.85 
-0.71 

0.92* 
0.90* 

0.85* 

-0.68 
-0.85** 

0.63 

0.86** 
-0.4.0 

0.39 
0.66 

0.90** 
-0.93** 

0.72 

0.77 

0.79* 
-0.92** 

0.52 
0.84 

0.85 
-0.90*** 

0.56 
0.64 

1) Dmation from transplanting to the stage of maximum tiller number. 
The data were calculated each other in respect of each ten clay average. 

Appendixes 3 to 5). But during the initial stage of off season, the ground water level is 
extremely low.21 i Thus it is necessary to supply huge amounts of water for filling the 
cracks of the soil profile and to raise the ground water level (Plate 12). It is said that a 
main aim of the Muda and Pedu Dams is to provide an enough water during the initial 
stage of off season from March to April'· 'J (Plate 1). Because the field used for the study 
was rain-fed, it was not possible to measure the amount of puddling water. Further 
investigation is needed to determine the puddling water in several parts of the Kedah 
Plain. 0, rn. 2G. -18) 

According to Murakami,2 2' 170 mm of water in depth is required for puddling and 
levelling and to maintain field at saturated moisture condition for a period of 2 days in 
Ceylon. MatsushimaH'J estimated 178 mm of water in depth for puddling. His data ranged 
from 107 mm in case of 45% of soil moisture ratio and 20cm of ground water level, to 
263 mm in case of 2-\ of soil moic:turc ratio and G5 cm of ground water level in the field 
of Tanjong Karang Research St.ation. Van de c;oor and Zijlstra made a recommendation on 
water re<1uiremcnt for irrigating double cropping; rice in Malaya in 1963."·"· "'' They 
pointed out that a greater amount of presaturation water is needed in off season than 
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in main season; 381 mm (15 inches)imonth (12.7 mmiday) for off season and 330 mm (l:'l 
inches)imonth (11.0 mm/day) for main season clurin,g 40 period of prc:;aturation. van'1 
Woudtl11 reported that on the basis of general expcric1.1n: in i\,0,ia, some 12 tn 18 cent i· 
meters of water arc needed for land preparatirn1 nver a period of 20 Lo ;m clays. 

It is necessary to determine lhc extent of contribution of rain fall a,, a supplementary 
irrigation water, but no technique for measuring an effective rainfall is available, because 
such variables as plant height, height of border, depth of water, and overflovv· systems arc 
involved.44l In Japan, the effective rainfall is generally estimated to be from 3-5 mm to 
20-30 mm per day or 70-80% of the total rainfall during paddy season according to rain· 
fall intensity and rainfall excess.231 However no data were obtained in the present study. 

7) Estimation of water consumption by rice plants 

The total quantity of water to be consumed by plants ·with 130--140 clays of growth 
duration is estimated based on the results obtained10·"'·'3l in the present field experiments 
and given in Table 9 (Appendixes 4 to 6). This estimation was made on the assumption 
that standing water was maintained in the field up to harvest time. The amount of 
9.5 mm/day of water was required during the off season and 7.4 mm/day during the main 
season. 

The greater value for the off season is attributed to :-(a) greater evapo·transpiration 
during the off season,2u, 31> and (b) longer growth duration in the off season. 12 · 2"·" 2·Hi 

Bahagia in case of the off season crop took 142 clays to mature as compared to 132 days 
for the main season crop. 12 • 26• 31 l If Ria with a short growth period of 120-125 days was 
used,12-"l its water consumption would approximately be 1,200 mm (9.6 mm/day) in the off 
season and 930mm (7.4mm/day) in the main season respectively. Thus, 10% and 5% 

Table 9. An estimation of the water consumption in the cultivation of Ilahagia 
by providing with standing water from sowing to harvest. 

Period 

From sowing to 
transplanting 

Prior to 
transplanting 

From 
transplanting 
to harvest 

From sowing 
to harvest 

Item 

Evapo•transpiration 
(Em/clay) X (No. of days) 

Water required for puddling 
and levelling, and main· 
taining field at saturated 
moisture condition for 5 
days 

Evaporation (Em/day) X 
(No. of days)x(E/Em) 

Transpiration (Em/day) x 
(No. of clays)x(T/Em) 

Total 
(Growth duration) 

Off season 
(Mar. 15 to Aug. 4) 

111111 n1 n1 * 
8.3x25=208 

mm 
190 

Main season 
(Sep. l to Jan. 11) 

n:1 rr1 1n n1 * 
5. 1 X 25=128 

mm 
150 

mm mm 
•1. G X 107 >< 0. 55 = 271 

* vVater requirement for nursery which is about 1/'.lO area 01 paddy field. 



water conic! be sal.'cc1 b:-' growing a short--period ,·}1r;ety, Hia, in the off sensnn ctnd n1c1in 
season re:;pecti"\·ely. 

l~'ield rnust be drained at Lhe tirne of harvest. 1'.he draina.gc sLould be. started ell :J1.x1ui 
~::~O to ~?,5 dc1ys after heading.u,i:,~ii.·;o,:-:,L) J)y dojng this 10 da:/s could Lx~ saved .frorn the 
jrrigatiun period. 'T'o detdgn the \Vatcr duty, the drainaRe at harvc3t ti1nc, f::Jil \Vater 
n,mai11ing in the fiekis after harvest, effective rainfalls and convevat,ce !Gs:; should be 
taken into consideration. 14 , 23 , 3 '·' 1, 



2.l 

(2) Transpiration Coefficient with Refere.acF to Varietal Hiffen'nce:;; 

Thi,: experiment w,t,, undertaken lo c'.ctcnniric varietal difforcEn·,, in transp1rauon and 
tra:1~:pirati,m coefficient wbich are factors affecting water requirement 0£ rice piants, by 
using varieties cf different growth duration (Plates 13 and 14). 

It is also necessary to determine the values of transpiration and transpiration coefficient 
at different stages of growth, in order to establish an economical water management 
practice. 

L Material and Method 

Varieties: Ria12> (lR 8) (120-125 days growth duratill:1). 

Spacing: 

Layout: 

Mahsuri 12> (130--14-0 clays growth duration). 
Peta ><Tangkai Rotan line or Balngia12> (sistc-r line of JR 5; (130---110 days 
growth duration). 
Subang lntan 16''4) (160---180 days growth duration). 
Radin Ebos 33'") (160-180 days growth duration). 

1 hill per pct, using 3 seedlings per hill. Surface area of pot was 1/22 sq. 
meter. 

Number of pots 

Variety For measur• For Total ing ET samplinr~ 

Ria 2 (2) 0 (12) 2(U) 
\::: Mahsuri 2 (2) 0( 0) 2( 2) 0 
(/)0, 
ro co PxT. R. line Q) ·-·~....._ 

2 (2) 16( 0) 18( 2) (/)ct:) 
(Bahagia) (.() 

pm ·-- S. L 16 2 (2) 0( 0) 2( 2) ro 
~ ! R. E. 33 2 (2) 20(18) 22(20) 

No planting 
(Control) for 2 (2) 2( 2) 
measuring E 

48 (,12) 

Ria 2 1G 18 

ci Mahsuri ,, 
0 2 

0 
U) ct:) PxT. Rotan I.G 18 ro c.:::, :! Ve, line 
(/).-< 

~ No planting 
0 (Control) for ') 2 

measuring E 
40 

Figres m parentheses show main season, 19G7 /68, 

.Measurement: The pots with plants were placed under polyethylene sheets to eliminate 
the effects of rain. The levels of water in the pots were measured by means of a ruler at 
an interval of 2 to 7 days according to the recession of the water level. Two control pots 
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with wooden cylind(•r in the center were used to assess the evaporation loss. After the 
recording, water was aclcled up to a cc·rtain mark and the water ck.pth was <mcc ,l.LZ,tin 

recorded. 

2. Pot Culture 

Transplanting: Main season, 19G7/G8-22/8/19G7 (2:J days scecllingi. 

Manuring: 

Off season, 1968 -20/4/19G8 (2,1 days seedling). 
Main season, 1968/69-·22/8/1968 (25 clays seedling). 

(Basal dressing) 
Main season, 1967/68--1..43 g Ammonium sulphate, 1.37 g Christmas 

Islands rock phosphate and 0.42 g Potasium 
chloride per pot. 

Off season, 1968 and 
Main season, 1968/69-0.65 g Urea, 1.37 g Christmas Islands rock phos-

phate and 0.42 g Potasium chloride per pot. 
(Top - dressing) 
1.43 g Ammonium sulphate or 0.65 g Urea per pot ,Ncrc applied around 
the young panicle formation stage. 

3. Results and Discussion 

Data on growth, dry matter production, transpiration and transpiration coefficient at 
different stages of growth with all varieties used are given in Tables 10 to 17 and Fig. 1:1 
to 22. 

1) Transpiration and transpiration coefficient at different growth stages 

Dry matter increase per day was small during the early stage of growth, then it in­
creased gradually and reaching the maximum during the heading stage, and then decreased 
(Fig. 13, 14 and 15). In R. Ebos 33, the maximum point was observed either at the stage 

Table 10. Growth and dry weight of plant per hill (Main season, 1967/68). 

Days after transplanting 21 42 64 82 92 103 116 147 

Dry wt. of plant 3. 18.90 3G.OO :32.fi2 28.33 
g 

c,I Dry wt. of panicle 11.50 36.87 48.85 
~ cm 

Plant height 58 69 80 78 (:35) 

No. of tillers 15.7 28.3 21.3 21.0 (19.7) 
g 

Dry wt. of plant 3.99 22.50 117. 00 67.00 88.:,0 87.00 70.37 
M g 
M Dry wt. of panicle 12.50 s:i.m 
µ.j cm 

r:r:: Plant height 80 97 105 115 122 119 (104) 
No. of tiIJers 1.3.3 25.0 22.7 16.7 13. 7 19.0 (Fi. 0) 

----•·--·--···-~-



Table 11. Transpiration and transpiration coelficient (:i\1aiE 

1) Ria 

Days after transp1auting 

Transpiration per hill 

Ratio 

Transpiration per day 

Increas of dry matter per hill 

Increas of dry matter per day 

Transpiration coefficient 

() 

ff 
b 

5 

3. 
g 

0.15 
3.1 

~.I 

;39 
~-~ 

4.60 

23.6 

219 

15.35 

0.73 

300 

,1';: f;! 8'' (., 

18 
--,-·---~ 

6.93 5.4A 2~39 
35.7 27.9 12.8 

816 802 2:19 

28.60 21.99 7.G9 

1.30 1.22 0.77 
2,13 247 311 

---·---- ---------~-----------------

2) R. Ebos 33 

23 

19. 

100 

21'2 

,,.,,t'. O<J 
{0.0d 

0.81 

251 

Days after transplanting 

Days before heading 
0 

114 

21 

93 50 -2 
1'17 Total or 
_33 ayerage 

Transpiration per hill 

Ratio 

Transpiration per day 

Increas of dry matter per hill 

Increas of dry matter per day1 

Transpiration coefficient I 
I 

------kg 
0.17 

0.3 
g 

8 

g 
0.17 

47 

5.48 7.39 4.50 7.61 7.32 15.92 

11.3 15.3 9.3 15.7 Fi.1 32.9 

261 336 2;i0 362 563 SH 

18.51 24.50 20.00 21.50 11.00 23.90 

0.88 1.11 1.11 1.02 0.8:'i 0.77 

296 302 22:'i 35,1 66G GGG 

Table 12. Transpiration and transiration coefficient (Main season, 1967/68). 

Item 

Transpiration per hill 

Transpiration per day 

Increase of dry matter per hill 

Increase of dry matter per day 

Transpiration coefficient 

Mahsuri 

kg 
27.15 

CT 
b 

2:i,4 
g 

109.4.8 
g 

1.02 

248 

.... . , ~·--·-·-·-·--··" 

PxT. Rotan S.I. l(j 

---~-- -~-----------. 

28.73 52.31 

261 356 

104. 72 121. 25 

0.95 0.82 

274 1131 

48.'.18 

100 

123.00 

0.84 

393 

of reduction division or young panicle differentiation. As seen in Fig. 13, 14 and 15, trans­
piration showed its peak around the heading stage with the smallest value at the initial 
growth stage. The peak of transpiration per day in Ria and Bahagia was observed around 
the reduction division stage. 

As shown in Fig. 16, a distinct correlation was obtained bet,veen the matter 
increase per day and transpiration per day in relation to growth stage. From the data of 
dry matter increase per day and the transpiration per day at each stage of growth, the 
transpiration coefficient for dry matter increase per day was obtained. 
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Fig. 13. Increase of dry weight, transpiration and tranBpiration coefficient (Ria), 
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lr1 ,_i_eneral, transpiration codlicient for dry matter i,1crease per day ,vas comperatively 
hi,lth dttriil/.; Lhc early growth stage, lowest in the mid-,!..'.rnwth stage a1Jcl hi,{lwsl during 
l11c ripcnin:-'. st,1,l(c""·""' !Fig. 1:3 to !5;. t\llhough, in s0121e cases a rather lo\v t1·:m:apiratio11 
coefficient at the early growth stage was rJlx:::cnwl, there cxisLS a negative correlation 
between transpiration coefficient and increase in dry matter per day throughout the growth 
period. It is particularly clear with Ria (Fig. 16). 
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Table 13. Growth and dry weight of plant per hill (Off season, 1968). 

after transplanting 28 49 69 89 Final 

" 

! l 

~--------·----- -- -- , ·-~~- ... 
g (99-) ----

Dry wt. of plant 4.77 26.00 36.SO 33.00 31. 97 
g 

Dry wt. of panicle 12.50 '.l3. 50 39.86 
crj 

P2 cm 
Plant height 53 86 97 95 (58) 

No. of tillers 15.6 30. l 25,2 17.1 (18. S) 

(120) . 
~ Dry wt. of plant 6. 31.60 69.50 93.50 81.04 
l:l g 
0 Dry wt. of panicle 9.00 11:'i.28 0:: 

cm 
~ Plant height 51 89 106 117 (80) 
X 

P-.; No. of tillers 18.5 37.7 30.3 25.5 (25.0) 
. __ ,, _____ ,, ____ , ___ ·---~,-------- ----~-------

·;:: cm 
:J Plant height 67 109 125 1:,3 (lOi:i) 
(/) 

~ 
(rj No. of tillers 15. 0 37.0 33.0 27.0 (27.0) 
~ 

------------.a~-~----~--·--------·--~---- - -----------···-" ---··-·--·- ----------------- ----·--------



Table 14. Transpiration and transpiration coefficient (Off season, l968J. 
---------. """ ···-·· ---··· ····-- ----

l) Ria 
Days aft.er transplanting 0 28 49 69 8(' .! 99 Total or 
Days before heading (i(j 38 -3 -23 0n 

-,.),) average 
" ·--- - ·------·---- - - --- - --- ---- ------- -·- -

. ~·-,-· - ,___::;;: _____ .., 
'--,---- ·--.----, -~~ 

kg 
Transpiration per hill L54 5.75 6.68 5.21 1.65 20.83 

Ratio 7.4 27.6 32.l 25.U 7.9 100 
g 

Transpiration per day 6 274 334 260 1G5 210 

Increase of dry matter per hill 21. 23 23.00 17.50 5.33 71.GS 
g 

Increase of dry matter per day 0.17 1.01 1.15 0.88 0.53 0.72 

Transpiration coefficient 3,l,1 271 290 298 :no 291 

2) PxT. Rotan 

Days after transplanting 0 28 49 69 89 119 Total or 

Days before heading 88 55 34 M -G -36 average 

~ -v---' ~ '-----y-----' '---,----' 

kg 
Transpiration per hi1l 1. 90 8.74 8.46 8.84 lci.70 42. 6,1 

Ratio 4.5 20.5 19.8 20.7 34.5 100 
o· 
b 

.Transpiration per day 7 1116 423 ,142 490 KiS 

Increase of dry matter per hill 5.80 25.58 37.90 33.00 23.82 126.10 

Increase of dry matter per day I 
g 

0.21 1. 22 1.90 1.65 0.7D l. 06 
I 

Transpiration coefficient ! 328 3.12 223 268 617 838 
____________ : 

3) Mahsuri 
------·--•-·"'·--- ------

Days before heading 87 59 38 18 -2 <)() Total or 
-v ... average 

'-----r--' ~ '----,--' ~- .__,,..__.., -~----~---

kg 
Transpiration per hill 1.82 7.94 9.73 8.72 15.G2 43.8:1 

Ratio ,1.2 18.1 22.2 19.D 85.6 100 
g 

Transpiration per day 6 378 487 436 521 368 

Increase of dry matter per hill 137 

Transpiration coefficient 31D 
. -·--•----···--•--·--·-~-- --·- s,•----~-------·------·-· 

Between transpiration coefficient at each stage of growth and transpiration per day, 
there exists a negative correlation in case of short term varieties (Fig. 17). These rela­
tions signify that the plants utilized water most efficiently when the plants grew most 
actively.2z.ssJ With R. Ebos 33, a variety with long growth duration, even a positive 
correlation was found between the transpiration coefficient at different stages of growth 
and transpiration per day; i.e. absolute amount of transpiration per ·was small at l he 
stage when transpiration coefficient was small. 



2) Varietal difference in transpiration and transpiration coefficient 

All varieties were transplanted at the age of 24 to 25 clays, although varietic;; ,,f 
different growth duration were used in this investigation. 

Transpiration coefficients determined in three seasons are shown as below> 

Variety Main season, 1967 /68 Off season, 1968 Main season, 1968/(i'.J 

Ria 254 ( 92 clays*) 291 ( 99 days*) 257 ( 91 days'') 

Mahsuri 248 (107 319 (119 274 (101 
PxT. R. line 274 (110 3:i8 (lb 259 (104 or Bahagia 
s. In tan 16 393 (U7 1H (142 

R. Ebos 33 431 (147 483 (1:37 

* Number of clays indicates growth duration from transplanting to harvest. 

The values of three varieties in off season (dry seasoa) were higher than those in main 
season (wet season) due mainly to difference in weather conditions.22 · "'· "'· "l Transpiration 
and transpiration coefficient were higher in case of off season than in main season. Based 
on these figures, transpiration in a given paddy field can be calculatecl, if the growth 
duration and dry matter production of the variety planted are known. 18 • 22 , 35J 

The relation between the growth period, as expressed by number of days from trans• 
planting to harvest, and an increase in dry weight or transpiration coefficient for the main 
season of 1967/68 and 1968/69 are shown in Fig. 18 and 19 respectively. Transpiration 
coefficient as directly proportional to the growth duration of the varieties. 

The following equations indicate the relation between growth duration of varieties and 
transpiration coefficient for main season of 1967/68 and 1968/69 respectively. 

y=3.27x-75 (r=0.96**) (1) 

y,=4.71x-201 (r=0.96**) (2j 

L-.J.---'------'---'----'-~--..J_· __ _j 

100 }20 140 
Days from transplanting to han:e'.;t 

Fig. 18. Correlation of growth duration to total 
dry matter production and to transpiration 
coefficient. 



. .: 86 
0) 

:1=. 
ro 
s 
t.- 80 

--c, 

a1n season, 1968/69 -, 
t:. 

~'\, / 
/ 'T) /.(A .,,, /,. 

""'<\"\, / Cl.)\:) 
~ '/ .,,,~· 

.:.., / , <,.' 

I 
I 
I 

J 450 ..,, 
l § : ~-

-l -~ 
I :::::: 

t ~ 

~350 ~ / 
/ 

/ 0 I 0 

/I' 
/' y= -0.0167x2+ 

I •--l 4§ 
I •-I "'2.. 

/ t:. 3 9x-1iil L. / L. '. • ~· 
o/ 
/ 

J250 § 
0 

100 120 140 
Days from transplanting to harvest 

I-< 
(-< 

Fig. 19. Correlation of growth duration to total 
dry matter production and to transpiration 
coefficient. 

29 

Where x=period from transplanting to harvest (days) and Y=transpiration coefficient. 
There existed a surprisingly high correlation between transpiration coefficient and growth 
duration. 

Thus transpiration coefficient can be calculated when the growth duration of a given 
variety is known, by using the above equation (1) and (2) for main season. The calculated 
figures are shown below in comparison with the actually determined figures. 

Table 15. Growth and dry weight of plant per hill (Main season, 1968/69). 

I 

Days after transplant. I 27 48 62 69 76 89 104 109 142 
I 

g 
Dry wt. of plant 4.95 20.50 34.50 47.71 40.00 

g 
-~ Dry wt. of panicle 5.29 47 .12 
i:: cm 

..cl Plant height 57 81 93 117 (76) '1l 
co 

No. of tillers 14.3 21. 0 19.8 21. 9 (20.0) 

No. of leaves 13.1 16.2 18.l 18.7 19. 2 19.3 

g 
Dry wt. of plant 5.86 20.00 34.50 47.00 57.02 55.13 

g 
M Dry wt. of panicle 4.99 25.94 
M cm 
:::J Plant height 69 95 lO'i 
P:i 

112 120 127 1.36 (119) 

No. of tillers 11.0 13.4 14.8 14.'i 1:l. () 1.1. G 11.8 (11. 3) 

No. of leaves 13.2 16.2 17.G 18.2 18.7 19.9 21.:1 21. :i 
----··---·-····-
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Table 16. Transpiration and tr:mspin:tion coeflicient (Main season, Ul68/G9J. 

cd 

I)a:i·s after transplanting 

,-_rra.:::spiration per hiH 

RaLio 

,~ Transpiration per day 
.0 
£ Increase of dry matter per hiil 

increase of dry n1attcr per day 

Transpiration coefficient 

No. of 

27 

kg 
l .41 3. 8ii 

li. l 17. 2 
g 

,i3 18:1 
O" 
b 

4.-17 lS.53 
g 

0.16 0.711 

322 248 

days after 
\tarietr transplanting to 

harvest 

Ria 92 days 

Mahsuri 10,1-107 

Bahagia 104.-110 

s. Intan 16 1,l7-147 

R. Ebos :13 lt12-147 

18 

3.91 

17.J 

281 

11. 00 

1.00 

281 

G2 
l., 
~ 

Transpiration 
coefficient 
calculated 

227 g 

275-289 

285-289 

106-4,ii 

,1QG-1Hi8 

:,. 6.i 

404 

18.5() 

1. :12 

:305 

7G 

270 

:H.12 

1. 22 

222 

10"1 T'otal or 
-30 average 

22. 11; 

100 

2l(j 

2.,9 

,\ctually measured 

256 O' 
b 

:H8--274 

259-2711 

431--1183 

393-444 

Frorn the above figures, it is apparent that the longest term variety needs two times 
as rn.uch water required for the shortest term variety for the production of one gram of 
dry matter. It means that varieties of short growth duration utilize water more efficiently 
in producing dry rnattcr than varieties of longer growth c!uration.18 • 22 • 3u 0i 

The dry matter production was not directly proporLional to the grO\vth duration of the 
variety during main season 1968/69. This could be attributed to the decrease of dry matter 
production in the two long term varieties, inspite of the longer growth duration (Tables 
16, 17 and Fig. 19 and 22). 

The relation of total transpiration to total dry weight and to weight of panicles is 
shown in Fig. 20 and 21. The following equations were obtained for the relation between 
total transpiration (x) and total dry weight (y), in main season 1967/68 and 1968/69 
respectively. 

Tahle 17. Transpiration and transpiration coefficient (Main season, 1%8/69). 

Iten1 

Transpiration per hill 

Transpiration per day 

Increase of ,lry matter per hill 

! nci:casc of dry inatler per rfa1· 

Transpiral ion coefficient 

g 
207 

g 
7:l.:l8 

g 
ll.SJ 

Mahsuri S. Intan 16 

22.76 34.85 

219 2S4 

83.11 72. !(i 

o.go 

271 



:n 

y=-ccl.07x+70 (r=0.8,1) 

Y= 0.187x2 +10.3x-53 

As the weight of panicles decreasecl with the increase in toL;:d transpiration or growth 
duratiun, a quadratic curve was obtained for ihe relation betvveen total transpiration and 
weight of panicles in both seasons""· "'1 (Tables 10, 12, 15 and 17 and Fig. 20 to 22). 

0 

Pig. 20. Correlation of total transpiration to weight 
of panicles and to total dry matter. 
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Fig. 2L Correlation of total transpiration to weight of 
panicles and to total dry matter. 
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The same amount of fertilizer was used in this investigation, inspite of the differences 
in growth duration of the varieties tested. This could be the cause for the poor dry 
matter production in the term varieties. The grain production was also poor in 
the term as compared with the short term ones81 • 85 l (Fig. 22). It is concluded 
therefore that the use of growth duration varieties is inadvisable as the grain yield 
does not commensurate with tbe water consumption. 

Matsushimarni pointed out that there was no seasonal difference in the transpiration 
coefficient and 5 grams of transpiration coefficient/growth duration, existed in many of the 
Malayan varieties, it was noted that there was in fact a slight difference in transpiration 
coefficient between main season an.cl off season (Table 47). Furthermore lesser figure in 

coefficient was ohLained in this investigation."'- These trends are rather 
similar to the investigatiow; carried out by Murakami'''> in Ceylon. Thb 
might have been caused by the differences in measuring method, apparatus and varieties 
tested. Therefore, further investigation is necessary to study Lbe above stated inconsistency 
with improved method and apparatus. 



II. WATER DEPTH 

(3) Depth oJ' Water in Relation to Fertilizer Application I\iiethod 

)') 
,_I,) 

A priliminary expenrnent carried out at Bukit i,;;erah Padl Experiment Station (Ap­
pendix 3) shmvecl that the grain yieirl ,vas decreased almost pn•portionally to the increase 
of water depth under non-fertilized condition but the yield reduction w;;is small under 
fertilized co:1cliti::in particularly with a medium term V<.riety. 1 '3) There wa:, also a small 
difference in yield betvveen basal dressing plot and top-dressing plot. 

A large number of places, everywher.:. in the Keclah Plain, was sulm-1erv,ed under deep 
water during the rainy sea'.,on, July to Novernber, due to the poor drainage.3· """· 31) The 
,valcr depth in some casc,s v,-as more than 30 centimeters. It is assumed that short term 
\·arielies for double cropping hcffe little tolerance :o t:12 c\,,,ep water as cc1;1pared v;ith local 
varieties. Therefore the follmving experirneni: was conducted io study effects of different. 
water depth on plant grmvth and grain yield of rice with different fertilizer applicai.ion. 
For an e,;perimental control of water depth for a whole grow~h period, large) frame:s \Vere 

used to grow plants (Plate 15). 

1. Material and Method 

Variety: Ria (120 ciays of growth cluration)--Main season, 19G7;68. 
Bahagia (130 days of growth duration)-1v'iais1 season, 1968/W. 

Layout: 9 ranclornizec! plots, with 3 replications, 27 plots in all. 

Frame Size: 91 cm ><91 cri:1 X38 cm (1/1.2 sq. meter). 

Spacing: 30 cm x 30 cm, 9 hills per frame (3 seedlings per hill). 

Treatments: 

TreatmenL 

L Non Fertilizer 

2. Basal Dressing 

::l. Top Dressing 

4. Non Fertilizer 

5. Basal Dressing 

1i. Top Dressing 

i. Non Fertilizi.:r 

8. Basal Dressing 

9. Top Dressing 

J':--~ 
\,Yater depth Basal dressing 

C111 kg/l1a(ib/ac) 

;) 
l<)', 

\"' 0 

,) C "' G7 (60) 

5 C' ., ) 0 

10 (il ) 0 

10 (4 ) G7 (GO) 

10 (1 () 

'.'.IJ 1(! 
\_') I) 

20 (8 ) (ij l t}V) 

20 (8 ) () 

N Top-dressing 
,,------J'--------... 

:.J0-35 clavs 
~fter plan{ing 

kg/ha (lb/ac) 

0 

() 

:JJ ('.10) 

() 

() 

;;,!_ (:W) 

() 

\) 

Yoi..n;g panicle 
formation stage 

kg/ha(lb/ac) 

0 

I) 

0 

0 

II 

I) 



:n 

G7 kg/ha of f\Oo as Christmas Islands rock phospbate and -t5 kg/ha uf h,,C) as J'otasium 
chrmidc were applied as baf;a] dressing except treatment nos. 1, 4 and 7. Nitrogen frrtilizcr 
used was /\mmonium sulphate for main season, 1967/68 and Urea for main sea:0011, 1968/G9. 

Preparation of frames: 

Galvanized iron bottomless frames were set into the lield soil. The soil was dug up to 
the depth of 30 centimeters to receive the frames and the soil was put back inside thC:: 
frames as indicated below.""> 

Transplanting: 20/9/19G7 (25 days sceclling;---Main season, Hl()7/68. 
15/8/1967 (23 days seeclling)--Main season, 1968/69. 

2. Results and Discussion 

The records of growth, yield, chemical analysis of rice plant and water and soil 
temperature are shown in Tables 18 to 26 and Fig. 23 to 25. 

Table 18. Record of plant growth (Ria, Average of 3 rp8.). 

Treatment 

cm 
l. N.F. J 

3. B.D. 5 

3. T.D. 5 

•1. N.F. 10 i 
5. B.D. 10 

G. T.D. JO 

7. N.F. 20 

8. B.D. 2il 

:). T.D. 20 

11/10(21) 

No. of 
tillers 

7.9 
8.8 
(i,8 

7.0 
G. 7 
:i.8 

5.0 
S.O 
;j,:l 

25/10(35) 
~ 

Plant No. of 
ht. tillers 

cm 
49 23.0 
53 25.li 

-19 21.8 

51 19.5 
51 19.5 
,18 16.G 

51 11.5 

51 1:2. 5 
;j7 H.O 

8/11(49) lS/11 (56) 
~ ~ 

Plant No. of Plant No. of 
ht. tillers ht. tillers 

cm cm 
67 23.8 G9 23.3 
63 23.3 71 24.9 
68 27.4 7G 29.0 

G:i 19.G 7'.-l 19.5 

GG 21. 2 7S 21. 0 
G6 22.0 76 2:i.2 

71 13.7 79 H.O 

71 l/4. I 'i'.! Fi.1 

7G 17 _(i 8! 18.0 

Figures in parenthese5 show number 0£ days after transplanting. 

--------~ 

23/12 

Culm Panicle 
ht. length 

cm cm 
62 22. 7 

G2 22. G 

(j(i 23.8 

63 
64 

23.4 

22.8 
24.1 

23.5 

2'.l. 7 

'.21.'1 

No. of 
panicles 

19 .1 

17.8 
25.3 

15.7 
18.1 

22.D 

1:-lA 
1°1.:2 

IX.:; 



'.15 

Tahle HJ. Record of plant growth (Bahagia, Average of ;J rps.). 
-------·· 

12/9 (28) 2G/9 (42) 10 /10 (Si,) 18/11 
Tn,atment ------✓---. 

~~--·-·-., ____ ,,.,., 

Planl No. o[ Plant No. of Culrn Panicle No. of 
ht. tillers ht. tillers ht. length panicles 

·--· - ---·- -~------

1. 

2. 
3. 

1. 

s. 
G. 

7. 
8. 
9. 

cm cm cm cm cm 
N.F. 5 118 20.5 68 30.9 30.8 102 25.0 
B.D. 5 53 28.9 77 39.5 100 35.9 117 108 24 .8 
T.D. 5 48 20.0 74 37.9 95 39,9 117 106 27.1 

N.F. 10 •18 19.2 70 29.4 88 29.6 lOG 101 23.2 
B.D. 10 53 26.5 78 38.0 101 36.2 119 109 25.2 
T.D. 10 48 20.5 76 36,2 99 37.2 123 109 27.4 

-- . ·--·-·---·---------

N.F. 20 57 18.0 78 26.1 99 26. ll6 108 25.9 
B.D. 20 61 23.2 88 32.3 109 30.8 128 117 26.0 
T.D. 20 56 17.3 82 32.6 10,l :13 .1 126 111 28.6 

Table 20. Records of water and soil temperature (Main season, 1967/68). 

cm 

3. T.D. 5 

C. T.D. IO 

9. T.D. 20 

Water temperature 
~ 

7 .30 H.30 

oc 
25.0 

('.20. 5-27. 5) 

21.8 
(20,5-27.0) 

25.8 
(20.5-28.0) 

31. 
(26. 0-33. 5) 

30.5 
(25, 5-'.32.ci) 

30. l 
(25.5-32.5) 

Soil temperature at 
5 cm depth 
~ 

7.30 
oc 

21.8 
(20. 6-27. 5) 

25.2 
(20. 5-27. S) 

26.1 
(20. 6-29. 0) 

H.30 
... "c 
30.6 

(26.0-37.0) 
30.8 

(26. 0<37. 5) 

30.3 
(2C. 0-32. 0) 

Average of 13 readings. Measurement was made on every Tuesday. 
Figures in parentheses show the range of temperature. 

Table 21. Records of water and soil temperature (Main season, 1968/69). 

~~---. Item: 
"~--~-- i 

~;-e: 
Treatment ~I 

cm 1 

G. T.D. 10 

9. T.D. 20 

vVater temperature 
~ 

7.30 

oc 
25.G 

(24. 0 27. 5) 

25.9 
(21.0-27.S) 

26.4 
(24.5-28.5) 

14.30 

·•·c 
32.3 

(28.;i-37.0) 

:n.7 
(28. 5-36. 0) 

30.9 
(27.5-36.S) 

Soil temperature at 
5 cm depth 

7 .:30 

"C 
26.:3 

(25.0-28.0) 

26.8 
(2ci.5-28.5) 

27.1 
(23. 0-29. 5) 

14.30 

"C 
30.9 

(28. 0-3!J. 5) 

29.8 
(27. 5-:)::l. 0) 

29.8 
(27. 0-32. 

Average of I.G readings. Measurement was made on every vVednesday. 

22.3 
27.5 
28.2 

22.3 
26.4 
27,2 

19.5 
23.6 
2,Ll 



l) Plant growth 

In deep vvater trcatrnent induced an. in.creased plant h?ig·ht and rnarked]y 
reducerJ nurnber of tiHec2. IIovvevtr there ,1vas not rJ_uch difference in grovvth betvveen the 

v.::1s cffcc.tive to iri.crcc1se nurnbcr of til!ers e\ten at deep ,vater 
conditi~1:-L 'T'op-dressin,;z: (>f nitrogen v?as n1ore effective tha:t1 basal dressing in incrca.sing 
tillers and co;1sequently fn1mbcr of panic!es wilh R;a, hut net such a clear difference was 
found with Bahagia. 

Table 22. Grain yield and yield components (Ria, Average of 3 rps.). 

Wt. lets 
% of \\rt. of Grain/ Yield 

Treatment Heading of ~~·-- ripened 1,000 straw Index Index date per 

1. 

2. 

G. 

6. 

7. 
8. 
9. 

stra\v per grains grains ratio frame pamc- per hill 
le 

.. -·- -----·------ ----------· ·- --·-~ ----~--------•- - ----~-------·"---
g % g /'o g 'JO % 

N.F. :) 269 92 1,772 72 28.1 120 321 100 100 

B.D. 5 286 99 l, 7GO 7:) 28.:3 120 337 105 105 

101 2,G80 68 28.8 13:l 0151 141 141 

97 1,529 7G 28.2 13) 293 mo 91 
B.D. 10 262 92 1,653 74 27.7 121 30'.l 104 94 
T.D. 10 307 9G 2,189 74 28.6 139 4.17 143 1,lO 

N.F. 20 18G 102 1,383 78 27.9 144 271 100 84 
B.D. 20 219 98 1,389 78 28.4 125 276 102 86 

1,967 80 29.l 119 410 151 128 
--·----~------··--

tl. F. B. 0. T. !l. 
c;J 

water 
'---~--.,./ 

2 0. 
Fig. 23. Relation:,hip of grafo yield to m1m!Jer of spikelets and to quantity of nitrngen 

in total plant per MU (Ria). 



2) Water temperature and soil temperature 

Water and soil temperature al 7.:30 a.m. and 2.30 p.rn. can be regarded roughly in­
dicating minimum and maximum temperature respectively. According to Tables 20 and 
21, water tempcratt;rci ,va\, slightly lower at the rnin.imu1n and slightly higher at the 
maximum than soil temperature. ft was observed that the deeper the water depth, t!Je 
higher was the minin1L1m and the lovver was the maximum temperature for both water 
and soil temperatures. This means that a range of daily fluctuation cf temperature was 
reduced by deep water."J However, all these differences in temperature were very small, 
and can not be a significant factor causing differences in plant growth. 

3) Grain yield and its components 

The highest yield was obtained with 5 cm water depth plots (Tables 22 to ?.5). 
The difference in yield was significant at 10% level between 5 cm and 20 cm water 

depth groups with Rahagia, hut not significant with Ria. 

Table 23. Statistical analysis of yield (Ria). 

Source S.S. M.S. F 

Total 203529.9 

Block 2 6564.3 3282.2 0.59 N.S. 

Treatment 8 108203.9 13525.5 2.14 

N.F.-B.D. 501.3 501.3 0.09 N.S, 

N.F.-T.D. 1 77618.0 77Gl8.0 rn. 99** 

B.D.-T.D. 1 G5642.7 65642.7 11.83** 

5cm-10cm 1 4672.2 4672.2 0.84 N.S. 

5cm-20cm l 11653 .G 11653 .6 2.10 N.S. 

Error 5547.6 

L.S.D. : 5 % 129 g, 1 % 178 g/frame. 

Table 24. Grain yield and yield components (Bahagia, Average of 3 rps.). 

-

! i 

, Heading r 

Treatment 
date 

cm 
L N.F. 5 31/10 

2. B.D. 5 1/11 

3. T.D. 5 2/11 
---- "----·--

1. N.F. 10 2/11 

5. B.D. 10 :30/10 

6. T.D. 10 1/11 

7. N.F. 20 31/10 

8. B.D. 20 l/11 
9. T.D. 20 1111 

Angle 
of 

lodg­
ing 

C 

32 

33 

23 

30 

38 

37 

33 

42 

'.i3 

Wt. 
of 

straw 

No: o:f spike~ 
lets 

per 
panic­

le 

per 
hill 

% of Wt. of 
ripened 1,000 
grams grains 

- - - ----~---·------ -·- -------------------·--·----- ---
g % g 

510 121 2,690 82 26.4 

676 113 :3,114 8,1 .3 

703 132 3,716 83 .0 

SOl 117 2,625 83 .4 

673 128 3,104 83 .8 

589 13;] 3,632 80 .4 
--"-- .. ------~-

488 126 2A58 87 .2 

610 129 3,033 82 . ;) 
732 l!ll 3,391 78 .8 

Yield 
per 

fram 

g 
528 

629 

723 

517 

623 

688 

506 

595 

G37 

Index Index 

% %} 
100 100 

119 119 

137 137 

100 98 

121 118 

133 130 

100 96 

118 113 

126 121 
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Tahle 25. Statistical analysis of yield (Bahag:a). 

Son rec 

·rota) 

Block 

Treatment 

5cm-10cm 

10cm-20cm 

5cm.-20cm 

2. 3--8, 9 

N.F.--·B.D. 

B.D.--T.D. 

Error 

d.f. 

8 

1 

16 

S.S. 

!78LO 

GG28,2 
1:-382'.l0. 7 

1352 

1140.:i 

9.J(iil 

10800 

,1'.BlG 

20267.fi 
:34291. 1 

L.S.D.: 5o/,, 80 g, 1 % 110 g, 0.1 % 152 g/frarne. 

¾ 
140 

100 -

60 

20 

;,.- --- .~ , 
, , 

X' ' 

f'l.f. B.[). T, !J, 
~ 

~ 

~ ,,.~-

,Ii• .. • ..:< 

.:M:" 

N.f, B.0, T,IJ, 

1\-1.S. 

28],,-1. J 

l.7278.8 

1362 

tll40.5 

!H6J 

10800 

4331G 

20267.fi 
2143.2 

Water depth 5 cm .1 0 Cm 

F 

J.:n N.S. 

8.0G**"' 

0.63 N.S. 
UJ3 N.S 

d .. 12 

S.{)11* 

20.21*** 

9.46** 

.., 

f"~ 3,00l'J ! 
2,000 "'. 

0 

z 

"' r "' u 

2.4 "' "' Q. 

J20 
0 

Fig. 24. Relationship of grain yield to number of panicles and to number of spikelets 
per hill ( Bahagia ). 

Yields of non-fertilized plots were distinctly lower than that of fertilized plots par­
ticularly with Ria. Statistical significance was at 1 % level with Ria and 0.1 % level with 
Bahagia (Fig. 23 and 24). Top-dressing of nitrogen was more effective in preventing the 
reduction of yield caused by deep water submergence particularly with Ria. 

Both Ria and Bahagia showed decreased yields with increasing water depth, but the 
rate of yield decrease was smaller with Bahagia than Ria, indicating that Bahagia is more 
tolerant than Ria to an adverse condition like deep ,vater submergence. 

It was observed that among yield components, number of spikelets and number of 
panicles per bill were highly correlated to yield with all experimental plots of each variety 
(Fig. 23 to 25). Number of spikelets per hill ,vas more highly correlated to yield as 
compared with number of panicles in both varieties.2 n, 3 ,, 3si It also revealed that high yield 
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in the top-dressing group was mainly attribuLec1 to an increase in number of spikelets per 
hill. ln c?se of Ria, an increase in weh:;ht of l,000 grains alsn contributed to an incn'asr­
of yield in tc,p-rlressinv grnup (Tnhk '.~2\ 

3 0 J so g 

Grain Yiel~ 

Fig. 25. Correlation of grain yield to number of panides and to number of spikelets per hill. 

4) Chemical analysis 

Harvested panicles and straw were analyzed for N, P and K. This chemical analysis 
was carried out in the laboratory of the Soils and Water Research Division, Department of 
Agriculture. 

According to Table 26 and Fig. 23, the total quantity of nutrients absorbed, particularly 
N, was highly correlated to grain yield. Top-dressing of N resulted in an increase in the 
total N absorbed by plants and percentage content of N in plants, thus causing high grain 
yield. Though total quantity of P and K increased in top-dressing group, the percentage 
of P and K content tended to decrease as compared with other groups. 

It was also noticed that top-dressing gave the highest yield among the three groups 
but the yield/N ratio ,vas lowest among them. However no significant difference in yield/P 
and yield/K ratio was found among them. N and K utilization ratio in top-dressing group 
also increased remarkably as compared with that of basal dressing group. 

It can thus be concluded that top-dressing is most effective to increase the ratio of N 
utilization, and it is directly connected to the increase in grain production. 
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Table 26. Plant nutrient content per hill (Ria). 

Treat- Per cent Y/N* Quan- Per cent Quan-
Y/K* K** 

content content tity utiliza. ment of N ratio of of K of K ratio ratio 

g 
.016 l. 

p 1.09 .110 .36 .159 
T .618 58 .126 .678 53 

2. s .54 .153 .050 .014 2.20 .618 
p 1.01 .458 .26 .118 .34 .157 
T .611 61 0 .132 .775 48 23 

3. s .75 .264 .054 .019 2.H .750 
.961 .19 .117 .28 .172 

1.225 41 97 .136 .922 54 58 

.102 .057 .012 2.01 .430 

.392 .25 .102 .31 .125 

.499 65 .114 .555 59 
5. s .50 .127 .044 .011 2.36 .600 

p 1.03 .428 .25 .103 .31 .129 

T .555 61 9 .114 .629 5,1 18 
G. s .78 .238 

p 1.40 .776 
T 1.014 46 92 

7. s .48 .082 .044 .007 2.35 .399 
p 1.13 .419 .22 .082 . :10 . Ill 

T .501 60 .089 .510 59 
8. s .61 .125 .063 .013 2.37 .'191 

p 1.22 .454 .21 .078 .27 .099 
T .579 53 12 .091 .590 52 19 

9. s .77 .209 .044 .012 2.28 .619 
p 1.53 .821 .18 .097 .28 .149 
T 1.030 44 85 .109 ·768 59 (i4 

* -~-- Grain yield (g) ----~ 
Total quantity of N or K (g) 

** 
(Quantity of N or K containedfertilized plant)-(N or Kcontained non-fertilizedplant) X 100 

Amount of applied N or K 

s ...... straw, P ...... Panicle, T .. , .. ,Total plant. 



HI. DROUGHT AND \VATER SAVING 

( 4) Drought at Different Stages of Growth 

It is necessary, as a basis of field water management technology, to identify plant 
growth stages which are tolerant or less tolerant to water shortage and to find out the 
critical stage of plant growth for drought. 

A series of pot culture experiment was carried out to know the effect of ,vater 
shortage given at different stages of growth on growth and yield of rice (Plates 16 to 18}. 

1. Material and Method 

Location: 

Soil used: 

Layout: 

Pot size: 

Procedure: 

B.ukit Merah Padi Experiment Station (Appenclix 3)--off season, 1967 
and main season, 1967 /68. 
Telok Chengai Padi Experiment Station-main season, 1968/69. 

Bumbong Lima Rice Research Center paddy field soil (Recent 
levee deposit and heavy clay11 • 20))-off season, 1967 and main season, 
1967/68. 
Telok Chengai Padi Experiment Station paddy field soil (Slightly 
brackish alluvium and heavy clayn 20))---main season, 1968/69. 

Randomized with 4 replications. 

1/12 sq. meter (Diameter 33 cm and depth 36 cm). 

Drought treatment was given as belows:-

( a) Surface water was removed and no water was supplied during the period of 
treatment. However, plants grown in off season 1967 and main season 1967/68 
were exposed to rainfall, although rain water was removed immediately after the 
rain. In the main season 1968/69, plants were placed under a vinyl sheet roofing 
to avoid rainfall. 

(b) In the main season 1968/69, plot nos. 7 and 8 received the intermittent irrigation. 
During the period before young panicle formation stage, 3.4 l (40 mm) of water 
was applied at the interval of 7 days in plot no. 7 and 12 days in no. 8. The 
amount of water was increased to 5.1 l (60 mm) after the reduction division stage. 

Transplanting: 2/6/1967 (26 days seedling)-Ria; off season, 1967. 
25/11/1967 (26 days seedling)-P x T. Rotan line; main season, 1967/68. 
22/9/1968 (27 days seedling)-Bahagia; main season, 1968/69. 

Basal dressing: N (Ammonium sulphate or Urea) 1 g, P20., (Christmas Islands rock 
phosphate) 1 g and K,O (Potasium chroride) 0.5 g per pot were 
applied. 



42 

Top · dressing : N (Ammonium sulphate or Urea) 1 g per pot was applied around the 
stage of young panicle formation. 

2. Results 

The records of growth, yield, rainfall and soil pH and Eh are shown in Tables 27 
to 39. 

Table 27. Record of plant growth ( B. Merah; Off season, 1967. Aver. of 4 rps.). 

3/7(-47) 24/7 ( - 26) 3/8(-16) 5/9 ( +17) 
Stage of drain 

______,___ 
~ ~ 

_ __,______ 
Plant No. of Plant No. of Plant No. of ! Culm Panicle No. of 

ht. tillers ht. tillers ht. tillers ht. length panicles 

cm cm cm cm cm 
I. Control 38 9.8 63 25.8 75 33.3 57 24 34.8 
2. Tillering 47 10.5 63 29.8 74 34.0 61 24 33.5 -71 to -42 
3. In valid tiller. 42 9.8 66 28.3 73 36.3 60 26 35.8 -56 to -42 
4. Rachis-branch 

differentiat. 40 10.3 60 22.3 74 36.5 57 26 36.0 
-40 to -26 

5. Spikelet 
difierentiat. 45 11.5 66 27.8 74 31.3 60 25 34.3 
-25 to -14 

6. 4 & 5 42 10.0 61 25.0 63 25.5 54 21[ 30.5 -40 to -14 
7. Heading 41 9.3 64 24.8 71 37.0 55 24 36.3 -1 to +8 

·---·➔-· --------

Minus figures show number of days before heading of control. 
Black letters are the figures before the treatment. 

1) Plant growth 

Ria (Off season, 1967) 

Although the effects of treatments on plant growth was not apparent in this experi­
ment, but it was clearly shown that the treatment no. 6 caused a considerable decrease in 
culm length and number of panicles, as shown in Table 27. 

Peta x T. Rotan line (Main season, 1967 /68) 

Treatment no. 2, in which plants were exposed to water shortage during the tillering 
stage, caused a remarkable reduction in tillering and resulted in a decreased number of 
panicles. Similar effect, but to a less extent, was observed with the treatment no. 3 
(Table 28). 

Number of panicles was increased by treatments nos. 5, 6 and 7, but this was due to 
an increase of very poor panicles. 
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'fable 28. Record of plant growth ( B. Merah; Main season, 1967/68. Aver. of 4 rps.). 

Stage of drain 

l. Control 

2. Tillering 
-66 to -26 

3. Invalid tiller. 
-47 to --26 

4. Spikelet dif­
ferentiat. 
-23 to -9 

5. Heading 
-7 to +3 

6. 4 & 5 
-23 to +3 

7. Most active 
ripening 
+7 to +18 

30/12 ( -40) 13/1 ( -26) 27/1(-12) 
~ ~ 

Plant No. of Plant No. of Plant No. of 
ht. tillers ht. tillers ht. tillers 

crn cm cm 
57 28. 5 70 36. 5 77 :37. 5 

51 15. 0 t,l 16.0 75 24.5 

55 25.0 59 30. 0 76 34.8 

59 25. 0 68 33.8 78 33. 3 

59 27 .8 71 39.3 83 40.3 

57 26. 0 68 34.5 74 34.5 

57 28.8 68 39.8 77 39.3 

10/2(+2) 

No. of 
tillers 

36.3 

3:3.8 

33.5 

34.0 

40.3 

34.0 

39.3 

1/3(+21) 
.-~ 

Culm No. _of 
ht. parnc- Index 

les 
cm 

69 36.5 

74 32.8 

73 34.0 

69 38.0 

72 39.5 

67 39. 5 

69 39.5 

% 
100 

90 

93 

104 

108 

108 

108 

Black letters are the figures before the treatment or at the beginning stage of treatment. 

Bahagia (Main season, 1968/69) 

Seven days after drying of soil, the soil was completely dried up and cracks were 
observed on surface soil of pot. Plants showed temporary wilting during daytime, causing 
the dying off of the tips of leaves particularly in treatment nos. 5, 7 and 8. 

Table 29. Record of plant growth ( T. Chengai; Main season, 1968/69. Aver. of 4 rps.). 

Stage of drain 

L Control 

2. Invalid tiller. 
-52 to -37 

3. Rachis-branch 
differentiat. 
-37 to -22 

4. Spikelet differ­
entiation 
-22 to -12 

5. Booting 
-10 to 0 

6. Initial ripening 
+1 to 11 

7. Intermittent 
7 days interval 

8. Intermittent 
12 days interval 

20/10(-44) 3/11(-30) 17/11(-16) 1/12(-2) _______,_____ _______,___, 
Plant No. of Plant No. of Plant No. of No. of 
ht. tillers ht. tillers ht. tillers tillers 

cm cm 
60 36.2 82 50.5 

59 32. 6 81 56.4 

58 34.3 77 50.9 

56 ,33.0 78 49.1 

56 33.6 81 49.0 

62 35 .1 79 51. 2 

56 35.0 7G 47.2 

58 :32.9 81 52.1 

cm 
93 47. 7 

86 54.3 

83 51.5 

90 49.4 

89 51.6 

84 46.2 

83 50.3 

43.8 

45.9 

46.3 

42.5 

41.5 

43.4 

41.:; 

47.2 

Black letters are the figures indicate before the treatment. 

Culm Panicle No. of 
ht. length panicles 

cm cm 
80 28.6 42.3 

83 27.8 45.3 

75 27.5 44.0 

86 28.1 40. 0 

7G 28.1 41.5 

79 27.5 39.3 

GS 24.6 40.0 

55 21.9 39.5 
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Table 30.. .._\mount of rainfall during treatin.ent ( B~ Ti1erah; Off s1.~as0n, 19G7 ). 

Stage of drain 

2. Tillering 

:~L ln."valid ti Uerir:g 

4. Rachis~branch differentiatioD 

Spil;:elet differentiation 

6. ,i & ci 

,. 1-Ieading 

Perioc·i of drying 

da\"S 
2!J° ( 9/G,- ?/7) 

u (21/6- 7/7) 
11 (10/7-23/7) 

11 \2J/7- 01/8) 

26 (10/7- 4/8) 

10 ( 18/8-27 /8) 

Days before 
heading 

clai's 
71-- -'l~ 

40- 2G 

25- H 

10- ll 

1---8 

· .No: of 
rain1· 
clays 

I<.ainfail 

:i. 9:l 

0.1:l 

0.G7 
0.80 
S.91 

l1lill 

1:38.2 

99.8 

:LJ 

l7.0 

Effect of treatment on plant growth was not apparenl in this experiment, except treat· 
ment nos. 7 a,id 8. These treatlJ1ents are intermittent watering, ,ind which caused reduced 
culi~1 length and reduced number of paniclcs with distinctly short panicle length (Table 29). 

Rainfall data for cff seaso11 1967 and rr;ain season 1967/68 are shown in Tables 30 and 
31, because during that season experimental plants were expcsed to rainfali, although rain 
,,vater ·was drained after rain. The reaso,1 why the treatment at tillering stage caused a 
reduction in number of panicles in main season 1967/68 but not in off season 1967 can be 
attributed to the rainfall more tha;, 100 mm during that treatme11t period in the latter 
season. Thus it c;u1 be concluded that water shortage at the tillering stage affects plant 
height and panicle number, but \vater shortage occuring middle and later stages of growth 
is less effective to plant growth. 

Table 31. Arn cunt of rainfall during treatment ( B. i'iierah; Main season, 1967/68 ). 
---------------=~~~ ------

Stage of drain Period of drying Days before 
heading 

2. Tillering 

3. In valid tillering 

4. Spikelet differentiation 

5. Heading 

G. 4 & S 

7. 1-"iost acti·ve ripening 

days 
40 ( 4/12-12/1) 

21 (23/12-12/1) 

14 (lG/ 1-29/1) 

11 ( 1/ 2-11/2) 

2/ (16/ 1-11/2) 

11 (15/ 2-25/2) 

2) Changes uf pH and Eh in the soil 

---~-· days 
66- 26 
,17- 2G 
23- 9 

'i- -<) 

23- --3 

-7--18 
---- ---------

No:·of 
rainy Rainfall 
days --~ 

days !I mm 
3 1.2:i '.Jl.8 

2 O.'.i8 14.'i 
2 0.52 13.2 
2 1.59 10,1 

'2 1.40 35.G 
G 2.65 G7.3 

--- -------·· 

Data are shown in Tables 32 and 33. Soil samples were taken from 3 to 7 cm below 
surface. 

"With both ci B. Lima soil and T. Chengai soil, it ,vas observed that no-watering treat, 
rncnts ind1.1ced an oxidized coudition of soils during the period of treatment, but with the 
st2.rt of re-wateri:1g after 1he encl of treatrnents Eh value went dcrwn 1o the leH,l of control 
p:>t which v,as ;::uL;n1ergecl continuously throughout the growth period. Soil pH valm· 
was abu cha,·,~;c"~ by the treatments. When soils became oxidized cundit icn, pll value 
decrca3t'd, ,,,;KTea3 pH value increased ,vhen Eh value ,vent down .. "' The change of pH 
was in a range of 4.G to 6.3 with B. Lima soil and tlA to 6.4 with T. Chengai soil. 
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Table 32. pH and Eh of soil ( B. Merah; Off season, 1967 ) . 
. ,._. ,~.,·-~·=== 

10/6 6/7 13/7 20/7 27/7 10/8 
Stage of drain ~ 

___,___, 
~ ,----'---, ..--.-'--. 

1. 

2. 

3. 

6. 

pH Eh8 

Control 6.:3 21 6.5 89 

Tillering 6. l 106 
(0) 

Invalid tillering 5.9 115 
(0) 

4 & 5 

pH Eh,, 
. mV 

5.5 -36 

5.5 -77 
(6) 

6.0 14 
(0) 

pH Eh,; pH Eh" 
mV . ···mv 

6.1 17 GA -2 

5.8 92 
(13) 

5. 6 72 
(0) 

5.8 91 
(20) 

4.4 289 
(0) 

Figures in parentheses show number of days after completion of treatment. 

pH Eh6 

5.8 
mv· 
33 

5.9 -17 
(34) 

4. 5 212 
(6) 

Table 33. pH, Eh and moisture ratio of soil ( T. Chengai; Main season, 1968/69. Aver. of 4 rps.). 

9/10 4/11 9/12 24/12 
~ ~ ~ ~ 

Stage of drain After trans- Initial genera- Booting stage Late ripening stage 
palnting tive stage pH Eh6 

Mois-
pH Eh6 pH Eh6 pH Eh 6 ture 

1. Control 6.4 -56 5.5 - 19 6.3 -12 5.8 3 

2. Invalid tillering 5.1 -103 
(8) 

3. Rachis-branch differ. 4.8 23 6.0 -12 6.3 16 
(0) (28 days) (43 days) 

5. Booting 4.7 99 5.3 4 
(6) (21) 

6. Initial ripening 5.5 -16 5.1 56 
(0) (10) 

7. In termi tten t 4.9 22 11_3 284 4.6 143 23.0 
7 days interval (0) (0) (0) 

8. In termi tetn t 4.3 59 4.3 312 4.4 347 16.8 
12 days interval (0) (0) (0) 

Figures in parentheses show number of days after completion of treatment. 

Intermittent watering caused an extremely dry condition of soil. Soil moisture ratio 
was 17 to 23 ro and high Eh values with 350 m V at the highest. In addition to the water 
shortage, a serious nitrogen deficiency might have occurred due to a drastic nitrogen loss.18 l 

This can account for the very poor growth obtained in the intermittent watering pots. 

3) Grain yield and yield components 

Ria (Off season, 1967) 

In a treatment no. 6 pot, heading delayed by 7 days. This might be caused by a 
wilting of plants during the treatment. 

Grain yields were remarkably decreased by the treatment nos. 2, 5 and 6. Reduced 
yield in no. 2 pot, was attributed to a reduced number of panicles which resulted in a 
decreased number of spikelets per pot. On the contrary reduced yields in nos. 5 and 6 
were caused mainly by a decrease in number of spikelets per panicle, because plants at the 
stage of spikelet formation was exposed to water shortage (Tables 34 and 35). 
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Table 3,i. Grain yidd and yield com)onen,s ( B. :Merah; O'T season, HT:. Aver. of ,tr ps.,'. 

Stage of drain 

Control 

'Tillering 
-71 to --L12 

Invalid tillering 
-:56 to -112 16/8 

Rachis-branch 
differentiation 19/8 
-40 to -26 

Spikelet 
differentiation 16/8 
-25 to -H 
4 & 5 
-40 to -H 2G/8 i 

Heading 
--1 to +s 

GI 

6.3 

Gl 

5-1 

uer 
p~n1icle per pot grains 

123 

U:J 

121 

108 

88 

99 

121 

'.3. 912 

4 .:17,J 

76 

3.880 

:~ .029 G9 

70 

Wt. of 
i .(,()() 

grz..ins 

29. l 

28.<) 

'.29. () 

28.9 

28.U 

27.9 

(;raill/ 
stra1/t 

ratio 

137 

l •;~ 
01 

120 

109 

130 

Tahle 35. Statistical analysis of yield ( B. Merah; Off season, 1967 ). 

Source 

Total 

Block 

Treatment 

1--G 
.J-G 

Error 

d.f. 

27 

6 

18 

S.S. 

1:345,,.107. 4 

11313:U 

26'i689 .,1 

I2S250.2 

198780.5 
175351. 5 

966281. 3 

L.S.D.: 10% 28.'lg. 5% :H.4g/pot. 

M.S. 

37811. 2 
,l,1281. G 

1252S0.2 

198780.5 

1753'51. 5 

53682.5 

F 

0.70 N.S. 

0.82 N. S. 

2.:j3 N.S. 

:L70 

,l. 27 

Yield 

n ,--, 

8:,.8 

77,7 

86.2 

87.8 

7:l. '1 

.38.7 

87A 

Index 

, .. 
/() 

100 

10'.l 

10,, 

88 

70 

104 

It was found that treatment no. 7, no watering for 10 days during heading, showed a 
slight increase in yield as compared with those of the coniroL But this result should be 
discarded, because during the treatment there was rainfall of as much as 150 mm. 

Petax T. Rotan line (Main season, 196'7/68) 

All the treatments given at and after the stage of panicle formation resulted in a 
marked decrease in number of spikc!ets per panicle and in weighL of 1,000 grains. In plots 
of treatment nos. G and 7, decrease in percentage of ripened grains and in number of per­
fect grains was alsCJ apparently observed. Thus, the grain yields of treatment nos. 4, 6 and 
7 were markedly lower than the control. However, why only the treatment no. 5 gave a 
yield comparable to the control is not known (Tables 36 and 37). 



L 

~-
') 
,), 

L 

J. 

6. 
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Tahle 3ft Grain yield and yield components ( B. Merah; 
l\iain season, 1967/li8. A.ver~ of 4 rps.). 

No. of spikelets No. of WL of 
Stage of drain WL of ,----'---~ perfect i.,000 Yield Index stra,v per grains grams grains panide per pot 

u 
b g % 

Control 102 3,731 2,G3ti 26.9 70.8 100 

Tillering 3/3 81 120 3,915 G3 2,174 28. l 69.5 98 -66 to , .. 26 

Invalid tillering '":''l 80 118 1,021 2,9"11 27.7 8L5 115 -4.7 to - 26 
i,) 

Spikelets 
differentiation 13/2 M 9c ti :i, 751 UG 2,491 2S.6 62.8 89 
-23 to -9 
Heading 8/2 88 99 3,928 78 :-l,061 26.6 81.5 115 -7 to +3 
4 & 5 25/2 72 86 3,39-1 57 1,928 25.3 48.9 69 -23 to +3 
Max. ripening 7/2 97 3,839 53 2,033 •r '> 51.3 72 +7 to +18 

-,). ~ 

.... ·------·- -·-----~------.. -•-- ---····-~--···-· - ---------~--,.-·-----

Table 37. Statistical analysis of yield ( B. Merah; Main season, 1967/68 ). 
---------- - ---

Source cl.t S.S. l\L S. 

Total 27 5881. 0 
Block 3 363.9 121.:-! 
'Treatment (j 4193.8 699.0 

1-<3 220.5 220.5 

1-4 I 136. 2 136.2 
l-G l 1012.5 1012 5 

1-7 l 780.2 780.2 
Error 18 1323.3 73.5 

L.S.D.: 5% 12. 7g, 1% 17 .4g/pot. 

Bahagfa (.Main season, 1968/69) 

Treatment nos. 1 to 6. 

F 

1.65 N.S. 

D.51*** 
::UlO N.S. 

1.85 N.S. 

13.78** 
10.61"* 

It was observed that no-watering treatments given at and after the stage of 
paniclc formation caused a decrease in number of spikelcts per pot, although a 
rate of the decrease differed vvith different treatments. This decrease in number 
of spikelets was not caused by the decrease in number of produced per 
panic!e, but due to the redllcecl number of panicles. A dccn,ac:e in percentage of 
ripened grains was also observed in treatment no. 5, and decrease in weight of 
1,000 grains in treatment nos. 3, 5 and 6. Thus these treatments resulted in 
lower yields than the control. 
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Tahle 38~ Grain yield and yield components (T. Chengai; Main season, 
1968/69. Aver. of 4 rps.). 

No. of spikelets Wt. of Grain/ 
Stat:;e drai:d 

,..~---'---~ 1,000 straw Yield 01 per 
pot grains grains ratio panicle per 

Control 139 5,858 

Invalid tiilering 5/12 lQ!l 129 5,995 C'' 24.7 88 90.9 C<) to -37 ).:. 
-J~ 

Rachis-branch differ. 6/12 91 --37 to -22 l'" ~J 5,4:;9 (i:i 2:l.8 93 8:i .4 

Spikelet differelltiat. :3/12 88 130 5,100 G1 25A !}1 82.3 -22 to -12 

Booting 5/1'.l 102 134 5,551 :'i(j :22.4 67 C8.2 --10 to () 

Initial ripening 2/12 {") 14:3 5,622 lio '.23.6 D4 86.0 
+1 to 11 

,L 

Intermittent 9/12 8:3 88 3,466 50 21.8 116 37.3 
7 days interval 

Intermittent 27/12 78 52 2,033 () 17 .0 6 ~-L2 12 days interval 
- -- - -~-----

Table 39. Statistical analysis of yield ( T. Chengai; Main season, 1968/69 ). 

Source 

Total 

Block 

Treatment 

1--•1 
1-:i 

2,3.4,G-S 

3-7 
Error 

d.f. 

31 
:i 

7 

1 

21 

-------·····-~-

S.S. M.S. 

29375.5 
209.3 69.8 

271109. 5 3915. G 
66.2 66.2 

780.2 780.2 
166.1 16G. l 

1922.0 1922.0 
1756.7 83.7 

L.S.D.: 5% 13.5g, 1% 18.3g. 0.1% 2,1.7g/pot. 

( b) Treatment nos. 7 and 8. 

-·--·-

F 
- --- -------·-·- ·-

0.83 N.S. 

16.73*** 
0.79 N.S. 

9.32** 
5.57* 

22.96*** 

Index 

1{) 
100 

10'.l 

9S 

D1 

78 

\)8 

12 

. -------------·--

Intermittent \Vatering in these treatments resulted in drastic decreases in number 
of panicles, number of spikelcts per panicle, percentage of ripened grains, and 
,veight of 1,000 grains, thus giving very poor yields. Date of flowering was also 
very much delayed by these treatments, 6 days and 24 days delay in treatmenL 
nos. 7 and 8 respectively. 

~- Discussion 

It was found that tlw drying of soil was effective in preventing the heavily reduced 
condition of the soil during the treatment and also to a certain extent after the end of the 



Table 40. Process in determination of g·rain yield, critical stages of plant growth for 
water deficiency and degree of necessity of water at diffenmt stages of 
growth ( An example of Bahagia in off season). 

Uays afte sov;.;ing 

Days after planting 

Days before heading 

No. of panicles 

No. of spikelets/pani 

;/,'., 0£ ripened grains 

1,000 grain weight 

No. of spikelets/hill 

Yield per spikelet 

Degree of necessity 
of water 

30 
() 

80 

;10 iO 
10 20 

70 GO 

t~ 
G ·.;:; 
G '-' 
ro t!J 

°' ro 
+' 

(/) (/) 

G 
bD ro 

h G 
+-' ·c 
'-< ~ .'.':; 

'-<-, ·.;::; 
ro 

f-iO 70 80 90 100 110 120 130 J.10 

30 ,w :iO GO 70 80 90 100 no 
SU ,w 30 20 10 () -10 -20 <lO 

JI I 1IT 

l:) 

Note: Horizontal lines shown in the table indicate the period when each of yield component 
is determined. 

Gra;.1 vielc1--( No. of ) v (No. of spike lets) X / '}(, of ripened) X (Wt. of_ 1,000) 
• " " - panicles /o, per panicle \ grams . ' grams 

I l'vfost essential, Lf Essential, II[ Fairly essential, lV Not essential. 

treatments.""> However, the indica rice normally has the tolerance Lo the reduced condi­
tions as con,pared with japonica rice.'i:n On the other hand the loss of soil nutrients caused 
by the drying of soil and also saving of water should be taken into consideration."· 2''J 

In general, yield components, indicated by the number of spikclets per unit area, 
percenta2;e of ripened grains and 'Weight of 1,000 grains, were poor in the treatments 
during the booting stage (15 to 5 days before heading) and the most active ripening stage 
(5 to lf'i days after heading) as compared with the control. This was lar1,;ely due to the 
water de(kiency at these critical stages and it brought a distinct decrcasl' in yiekl. 1"· 2"J 

However, there \Va:; a case where the treatments during the heading stage ur initi,li 
ripening stage for 10 days gave no significant decrease in yield (Appc11cli\: Ci). iL can lx: 
presumed that whether both stages had a siight tolerance for the waler deficiency as 



compared with booting stage and most active ripening stage, or the drought treatment was 
not done sufficiently because of rainfall during these treatments. 

The of soil during the tillering stage or before spikelet differentiation stage did 
not bring any significant decrease in yield as compared with the control," "• 1J even though 
the height or number of tillers were reduced. This was due to the recovery of 
growth after treatments. It can be said that the reduction division stage and the most 
active ripening stage were most susceptible to water defficiency. All these results are 
consistent with the results obtained by Matsushima18 i and other research workers, 21.22 , 2"i 

and can be applicable to rice cultivation in Malaysia. 
The periods during which inadequate irrigation would affect the grain yield components 

arc summarized in Table 40. The relative necessity of water at various stages of growth 
is also indicated with Bahagia in off season in this table. 
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(5) Ji~ffect of Mid-Season Drainage on Growth and Yield of Rice 

To determine the effect of mid-season i.e. a drainage at the invalid tillering 
stage, on growth and yield of rice, a field experiment was carried out. 

The mid-season drainage is a farm practice commonly used in Japan, 23 • '30 • ,n, 15J and purpose 
of this experiment is to know the effect of this practice on newly developed indica variety 
to be used for double cropping in Malaysia (Plate 19). 

1. Method and Material 

Location: 

Soil: 

Bukit Merah Padi Experiment Station (Appendix 3). 

Recent riverine alluvium and light clay.11· 2") 

Variety: Ria (IR 8, growth duration about 125 days). 

Layout: 10 randomized plots, with 4 replications. 

Spacing: 25 cm X 25 cm, using 3 seedlings per hill. 

Treatment: 

Fertilizer applied 

Plot no. Treatment kg/ha (lb/acre) Remarks 

N P20s Kz() 
-

1. Control 0 0 0 No drainage treatment 

2. // 101 (90) 67(60) 39 (35) /I 

3. 
Drainage 

0 0 () Treatment started 29 days 
for 6 days after transplanting 

1. II 101 (90) 67(60) ,39 (35) /! 

5. Drainage 0 0 0 II for 12 days 
G. II 101 (90) 67 (60) 39 (35) II 

7. 
Drainage 0 () () II for 18 days 

8. II 101 (90) G7 (GO) 39 (35) II 

Intermittently ·1 days of watering and 1 clays 

9. irrigated () 0 0 of drainage were alternately 

for 19 clays repeated. Treatment started 
29 clays after transplanting. 

10. II 101 (90) G7 (GO) 39 (35) II 

Method of fertilizer applications: 

Basal dressing---70% of N plus full dose of P2O, and K20 were applied. 
Top• dressing -30% of N at young panicle formation stage, i.e. 23 days before 

heading was applied. 

Procedure: 

The border dike of each plot was coated by vinyl film in order to prevent plot border 



seepage. \Vatcr supply was discontinued during the treatment period. Vvhen it rained 
during the treatn1ent period, rain·-~\vater ,vas lad]cd ou.t after the rain. 

Transplanting: L'(il 1 %';" (2:j (\8ys sec0 cllinp ,. 

2. Results and Discussion 

Plant growth, rainfall records. pH and Eh of soi],,,, grain yield and yie!cl component,: 
are shown in Tables 41 to 45. 

Table ,U. Record of plant growth (Off season, 1967. Aver. of 4 rps.). 

28/6(27) 12/7 ( 41) 19/7 (48) 4/9 % of 
Plot no. ~. ~-~ ,----'--....... LAI Culm No. of panicles effctive Plant No. of Plant No. of Plant No. of ht. ~ tillers ht. tillers ht. tillers ht. tillers per hill per m 2 

cm cm cm cm 
1. ,18 8.8 61 14.9 63 15.9 2.26 62 13 .:1 213 
2. 52 13.4 72 19.0 73 19.5 5.07 6·1 18.1 290 9,l 

" 45 9.5 57 15.2 GO 16.7 61 14.0 22t1 84 ,). 

1. 53 12.9 70 19.2 74 20.2 67 18.0 288 89 

18 7.9 58 13.8 62 16.2 2.00 63 13.3 213 82 ;) . 
6. 52 15.5 70 20.4 75 21.8 4.94 GG 19.6 31-1 89 
7. 48 8.8 58 15.G 60 17.8 G3 H.9 238 811 

8. 50 15.2 69 20.9 73 21.6 67 19.9 318 92 

9. 48 8.3 58 15.0 61 16.5 62 13.8 221 84 
10. 53 13. l 74 19.4 76 20.8 66 18.8 301 90 

--~--------- - --~--

Figures m parentheses show number of days after transplanting. 

1) Plant growth 

No difference in plant growth during and after the treatments was found between the 
control and treated plots at the same level of fertilizer application. However, at the stage 
after flowering, plot nos. 6, 7 and 8 showed a little more panicles than the controls (Table 
41). Fertilizer application resulted in taller plants with more tillers ancl panicles than non• 
fertilized plots. 

3. 

5. 

7. 

9. 

Plot no. and 
treatment 

& 4. Drainage 

& G. Drainage 

& 8. Drainage 

Table 42. Amount of rainfall during treatment. 

& I.O. Intermittently 

18(30/6-17/7) 
if (30 /6- 3 /7) 

cl ( 8/7-11/7) 
11 (15/7-18/7) 

,15--33 
•15-27 
d5--41 
37--33 

30-26 

irrigatted 

Rainfall 

mm 
.59 15.0 
.66 16.8 
.75 19.l 

.591 lS.Ol 

.01fl.10 1.8 11.8 

.04 1.0 



Leaf area index of plot nos. 5 and 6 were almost the same as that of plot nos. 1 and 2, 
respectively. Its value in fortilized plots, nos. 2 and 6, was around S. This was the 
highest which the author experienced in Malaysia. 

2) Rainfall during treatment 

It was recorded that there was not much rainfall during the period of treatments 
except plot nos. 3 and 4 (Table 42). The drying of soil in plot nos. 3 and 4 was imperfect 
as compared with that of other plots. 

Table 43. pH and Eh of soil. 

Plot no. and treatment , 

l. Control 
Non fertilized 

2. Control 
Fertilized 

6. Drainage for 12 

'7 
/, 

8. 

days Fertilized 

10/6 6/7 
-'------

pH Eh6 

· nW rriv 
6.7 73 6.7 103 

6. 7 10 6. 8 219 

6.9 119 
(0) 

6.1 89 
(0) 

13/7 

pH Eh6 

11N 

5.3 89 

4.2 2 
(2) 

4 .1 224 
(0) 

4.3 130 
(0) 

20/7 '27/7 

pH Eh6 pH Eh6 

mV .. mV 

5.8 28 

4.7 -26 
(9) 

4.5 12] 
(3) 

4.6 231 
(3) 

G.O 

5.8 11,1 
(16) 

4 .7 49 
(10) 

5.0 8:l 
(10) 

Figures in parentheses show number of days after completion of treatment. 

3) Changes in pH and Eh of soil 

10/8 

pH Eh6 

----inV 

5.7 -1:l 

S.7 -.:3 
(30) 

S.5 -22 
(24) 

'i.6 -39 
(2,1) 

A rise in Eh was observed with only 18 day-drainage treatment, and pH went down 
with 12 day- and 18 day-drainage treatments. The changes in pH values of the treated 
plots were between 4.1 to 6.9. 

Table 44. Grain yield and yield components (Off season, 1967. Aver. of 4 rps.). 

Plot no. and treatment 

1. Control Non f. 

2. " Fertilized 

3. 6 days drain Non f. 

4. Fertilized 

5. 12 days drain Non f. 

6. 
'7 
/, 

8. 

11 Fertilized 

18 days drain Non 

11 Fertilized 

9. Intermittent irri. Non 

10. Fertilized 

No. of 
Wt. of spikelets % of Wt. of Grain/ 

~'--------- ripened 1,000 straw 
i straw per per grains grains ratio 

panicle m 2 

5.6 
4.2 
6.0 

1.4 

3.6 

3.9 
5.6 

94 

81 

91 

92 
81 
8/l 

85 

9'.3 

91 

2,6 

2,0 

2,6 

2,0 

2,7 

2,1 
2,7 

60 
45 
58 
31 

67 

55 
60 
16 

59 

g 
28.3 
29.4 

28,5 

29.3 
28.8 

30.0 
29.:.i 

29.S 
28.3 
29.3 

83 

69 
80 
72 

88 

74 

8S 

70 
S'i 

Yield Index 

~Tb/ac t/ha o/o o/o 
2,459 2.76 IGO 
4,283 
2,302 
3,947 
2,669 
1,654 

2,877 
4., 218 
2,.U'.3 

1,229 

4.80 
2.58 
4A2 
2.99 
5.22 

3.22 
4.7:l 

2.70 
1.74 

174 
9iJ 

161 

109 

189 

117 

172 
98 

172 

100 

92 

109 

98 

99 
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1) Grain yield and its components 

The beading date in all treatments was almost the same as the control. 
In general, tbc mid-season drainage of different periods and intermittent irrigation 

practiced for 19 gaw no rc,markabk effect on plant growth and yield. However it 
can be recognized from the Table 41 that yields of treatment no. 6 was slightly higher 
than no. 2 (control) and yields of nos. 5 and 7 were also higher than no. 1 (control). 

Yields of the 6 day-drainage plots were slightly less than that of controls. It seems 
that the drainage treatment for 6 clays may be too short to expect the effect or the effect 
was not exhibited because of rainfall occurred during the treatment period. 

Source 

Total 

Block 

Treatment 

Non £.-Fertilized 

1-7 
3-7 
,1-6 

2-1 
2--6 

Error 

Table 45. Statistical analysis of yield. 

cU. 

,; 
<.) 

9 

l 

l 

1 

27 

S.S. 

38703,179.tl 
361429.1 

31526680.7 
29664895.3 

349448.0 
660675.2 
998284.5 
224785.2 
275653.2 

6315369.6 

M.S. 

120476.Ll 
:l502964 .S 

29664895.3 
34%18.0 
660675.2 
998284.5 
224785.2 
275653.2 
233902.6 

F 

0.52 N.S. 

1,1. 98*** 
126.83*** 

1.49 N.S. 

2.82 N.S. 

4.27* 
0.96 N.S. 

1.18 N.S. 

LS.D. : :i% 702 l b/ac (0. 79 t/ha). l % 9'18 1 b/ac (1.06 t/ha), 0.1 '}S 1. 262 l b/ac (1.41 t/ha). 

The trends of increase in yield in 12 day-drainage plots, nos. 5 and 6, and in a 18 day­
drainage plot, no. 7, were due to the increased percentage of ripened grains and weight of 
1,000 grains. 

The mid-season drainage to be practiced at the invalid tillering stage for 10-20 days 
starting from 35 days after transplanting with double-cropping varieties is a desirable farm 
practice from a viewpoint of saving irrigation water. Amount of 145 mm of water is 
estimated to be saved during a 18 day-treatment (8 mm/day).2"· 3 JJ In addition, a yield 
increase to some extent is also expected by the treatment.18> Intermittent irrigation in this 
case seems to be no use. 
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IV. DISCUSSION AND SUMMARY 

A series of experiments have been conducted since the off season 1967, for four seasons 
with the following three broad objeciivcs in vie,,;:--

(A) To study the water requirement (evaporation, transpiration and percolation) in the 
paddy fields and also to measure the transpiration coefficient of double-cropping 
varieties in comparison ,vith the long term local varieties. 

( B) To study the relation between different depths of water and fertilizer, particularly 
nitrogen application methods. 

( C) To find out the critical stages of plants for water deficiency and to evaluate the 
effect of the practices of spcci fiec\ water management in combination with other 
practices on the growth and yield of rice. 

This report is primarily based on the studies carried out rn the dOL1ble-cropping areas 
in the Kedah Plain which is the rice bmvl of \Vest IVfalaysia. 

A. Factors affecting the water requirement of rice. 

Water requirement 

!Vleasurement of water requirement of 3 leading varieties was made both in Telok 
Chengai Padi Experiment Station and Sala Kanan Padi Test Station, which are located on 
the alluvium coastal area of the Kedah Plain, for three seasons. 

In order to eliminate the climatic effects on evaporation and transpiration, the ratios of 
eva;)oration, transpiration and cvapo-transpiration to the pan evaporation from free water 
surface were used. 

l) The evaporation gradually decreased with the advance of plant growth. This was 
due to the mutual shading of plants according to an increase in leaf area and dry matter. 
Contrary to the abon-;, the ratios of transpiration and evapo-transpiration were smaller 
during the early stage of growth, and later they increased gradually. Two peaks were 
noticed around the maximum tiller number stage (45 days after transplanting) and heading 
stage. The former peak was lower in value than the latter. The change in transpiration 
according to plant growth was largely due to the growth of plants in size, particularly the 
leaf area. However, the transpiration ratio per unit leaf area was gradually decrease with 
the increase of LAI and became almost constant when the value of leaf area index reached 
beyond 3.5. 

2) It was found that the evapo-transpiration ratio was 1.2 on an average throughout 
the growth period and a range of its variation was l.O to 1.2 during the early growth 
stage, 1.2 to 1.3 during the maximum tiller number stage and 1.4 during the heading stage. 
If mean values of pan evaporation for a period of certain stages of growth were known, 
the evapo-transpiration can be calculated from the evapo·transpiration ratio. 

3) Total evaporation, transpiration and transpiration coefficient were all correlated with 
the growth duration. The total evaporation was almost equal to the total transpiration. 
Evapo-transpiration per day expressed as averages for measurement of each ten clay period 
was 4.2 to 7.3 mm/day and did not vary among three varieties tested. These figures 
depended on leaf area index and are influenced by prevailing weather conditions. 



Table 46. Results of water requirement determined in some Asian countries. 
(11 
C, 

- -------------~-

Total (Average daily amount) ET/Em Country Author Location Season Meas. period 
E T ET p WR ratio 

mm mm n11n mm mm 
Main season 151 2911 1'91 SS°i 97 983 

Kung Ce11tra1 196-1 (2:i/Vi-22/Xl) (l. 9) r:i. 9) (;i.9) (i1.6) (t).;J'; 
Plain et a1.1cl 
Li 0 N Off season 91 :w, ~;,18 1;9:, ·18 718 

Thaila11d 1965 ,20/11-21/V) (:L 8) (:L8) (7. G) (U,;)) ((L :2) 
- ---- ---- ------ -- - ------------

HoYal Irri. Xor1hc3st I\Tain season 91 ~~:t1 2.)S 1'1_8g 278 7Gn 
!Jept. 1°,·N (:L,) (2.7) ('i.'2'. t:-L 0) (8.2) 

--- - -------~---~~----- --- ---- -- --- ---
, ___ 

Can11~odia llaLta7l Battambang Dry seoson IOG 71') '.2,1{ 9:3•1 ( Rai~'. falI ) 
13°N E65/66 (22/XII- 7/lV) ((,. '7) ,:~.:-1) (9.0) , l:12 mm 

-------~-- - ----- -- ----- -

Vientian \Vet season 102 270 :~•t, SL, 71'.~ 1 r;r;e'7 

LZFJS Kotteri:1> 
,._,,)( 

18°N 10G7 (10/\i!I-20/Xf) (',!..7, (2 .,1) (5. l) ( 7. :~) (U..1\ 
---- -------- --- --- - - ------ ---- ----- ----------~-

'vY ct cica,oon :J82 7:i:;, J '11:i 78 l, 193 (~ffec.t., rainfall 
East Kushtia 

]():;9 78 (L9, (Ll.1j (11.3) ,:).!)) ( 15.:-l) \>ll lll••i 

Pakistan 
I(uug 1 i; 2,FN Dry season 4:lG :il:i 9:il S! i ,00:i \ 

1958/59 101 11. CU; (:Lll) Ul.:iJ (1().0) D 

Ceylun J\,1 L, ra]\an1i 22) Drv zone Dry seasan ll2 ·120 Sf)2 97~; 2.47~ :l,/417 ET/Ern 
8°N 19GS r:!l/V-10/l".) (~.B) ( L\)) (B.7) (22.1 J (30.8) 1 .'29 

India Vamadevan New Delhi 'vV et s,,ason 87 ,En 1,189 J ,083 
et al.•12l 2D-N rnss (l0/\I- 11/X) (.-).7) (l:U; (.1U.:3; 

- --~--------- ------ ----- ---- -- -------~--- --- --- -- ---- - -

i\'.!ain season 97 2iVi :262 :i~? til :irl8 l.21 l9Ci7 /68 (20/ lX-2fi/\il) ('.2. 7 J (2.7) :5.41 (0. 7) (fi. l) 

IVfain season 139 :J.17 :187 73.1 201 93~ 1.09 19G7/G8 (29 /\lIT-1 :i/ J ) (2.5) (2.8; (S.3) (l.1) ((,.7) 

St1gi;noto\-!) Kedah Off sc,) son HG 364 372 '737 - 191 718 l.17 6'N 1968 (H/V- 7/lX) (3.1) C:l.2) (:i.4) ( --0. :J) (G.~) 

Main season 111) 3'.lfi :n2 G49 fi7 705 1.20 1968/69 (H/Vll!- 1/XIT) (:i. l) (2.8) (5.9) (0.5) (6.4) 

Main season l79 S71 1.rn 1,02? 201 1, 2~~() 
1. rn 19SB/f9 (11/Yrr- 5/ I) (3. 2) (2.5) ,- '7\ (l.l) (G.8) Malaysia 1,::.),1; 

- ~-- - -~----- -----



Main season 102 54'.~ 371 913 1.01 
1D70/71 (13/ X-23/ l) (5.:.J) ('.l.6) (9.0) 

Off season 122 831 618 1,452 1.12 
Nishio'Yi) 1971 (19/IV-18/Vlll) ((i.8) (S. l) (11. 9) 

-- --------- --- ------ -- ---·--------------- ---------

Main season 103 S76 321 897 1.10 P. Wellesley 1970/71 (29/X- 9/}l) Ui.6) (3.1) (8.7) 
G'N Off season ll7 725 358 

1971 (2:i/I\!-20/\11!) (G.'.l) (3.1) 
1.1() 

----------------- -~ --- ----- - --- ----

Central Iotern1c, season 10:; :·r?:1 1.17 ~1'·'1\I lD23-:2(i (n-X) (2.9) (:l.:,) (6.'.2) 

Southern lnterme. seasol! 91, 2;;9 :;M SS7 1.(18 
Cite,! lJy '.l:l N 192:l- '.ZG (V!l-X) (2.fi) (:l.l) (;J. 7) 

l\1aki 1·,> Southern Intern•c. scasun (\') 
,/,) 1jg'.) ~!Hll 781 

23·-·N l:!2:l-26 (\'ll··X) 0) (Lt) UU) 
'"\""'- :117 fi72 1\ ':era,~e :l7 
,),),) 1.·•1 

'Taiwan \:L (:l.2) (G. 7,: 
- ------- ---- -- --------------

Shibuya Soutl1crn Second seoson JOG .jjfi 9:l 509 tm (ifi:) 1. !() 
'.!:3"N Hl19-'.J,2 (\lll- \[) (LO) (0. 9) (1.8) (LG) (fiA) (11. :l8-l 

---------------- --------- ----

Curea Tsubouti tnl 
Central Normal season 90 ~!;) l '.,~,! 1 

L'.28 :17''N rn:n (22/\[-20/JX) (2.G) (2.7) ('i. 2) 
------ ---- ---- - -------------- ----- - - --- ---- ------ ----- - ---

10:1 201 ~) 1~ Sl7 187 1,001 0. !)7 
( fi/V-19/illl) ('.2. 0) (:l.1) (:i. (rl.B) (D. !>) 

;'¼unual SCOSOll 1 l '.? lD:J :r12 :,71 sog l l.1:J l:shi!,awa S!ti',nl u l\)Sii-5!) (21/\'l 10/X) (.l .B) (:l. (:i.:l) (7.5) 8) 
and Nishio""' :H N Late sc:1son BJ l :Ji '.',J!l :r::-; •11:i H20 

l :)Sf) -~)'.) ) (Z.1)) ('} "7\ ( 1.7) c~.:>> (10.2) I. II 
d• I) 

i\, e1 a,.·.e l'' .. :~02 <187 ;)8(} l, 1Hi7 
!)') 

(>d 
J.il') 

Japan 
1%6-SD \l.9) ,:i. 1) (5.0J ((UJ) (11.0J 

----------- ---~------- -·" 

37 places in Normal season 100 4110--S?iO 1. :-lil Nakaga\vaz::) the country 19,17-6'1 (\l· lX:) (iL 1-:i.:i) (0.91.7) :32-11 N 
------------------

91 12!) 2:l3 ;-3:,,; 22:3 575 .OS 
[wakiri·''l J"\...) '-l.0ll.'~t (1/V -30/Vll) (l. 3) (2 G) (3 ()) (2.5) (G.4) 

n•'Jo1\T 

Normal season 108 160 2:il ,HJ ,120 830 
19/i0-G3 (1/\11-16/X) (1. 5) (2. :i) (:l.8) (3.9) (7.7) 0.B6 

---
Note: There are several other papers reporting water requirement of rice determined in tropics, subtropics and temperate zone. How· Ul 

ever. only the papers in which average daily consumption of water can be calculated are selected and listed in the table. 
-.:; 
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In general weather conditions affected more on the evaporation than transpiration 
before the stage of maximum tiller number and later they affected on the transpiration 
rather than the evaporation. 

4) The percolation amount was very small and almost negligible. This could be 
attributed to the coastal plain where the tested fields were located. It can thus be con­
cluded that the seasonal variations of evapo-transpiration ,vere the dominant factor which 
caused changes in water requirement in depth in the tested area. 

5) On the other hand, an exceptionally lmv ground water level was observed just after 
the dry period (March and April) in the field. This, therefore, would induce the delay in 
the water distribution during the presaturation of off season cropping because of the big 
seepage caused by low ground \Vater level and cracks of soii profile. 

Further investigation is needed on percolation and puddling water in the different types 
of soil area of the Kedah Plain. 

6) The total consumption of water including nursery for a cultivation of Bahagia, 
130-140 day variety, by providing standing \Yater throughout the rice season, was esti­
mated approximately to be 1,340 mm =53 in. (9.5 mm/day) during off season (dry season) 
and 980 mm=38 in. (7.4 mm/day) in main season (,vet season) (Table 9). The greater value 
for off season (greater by 38 % than the value for main season) can be attributed to: (a) 
the greater pan evaporation caused by the weather conditions during off season and (b) the 
growth duration which was longer by 10 days in off season. If Ria, 120 to 125 day variety, 
was used in place of Bahagia, 10 and 5 of water could be saved in off season and main 
season respectively. 

According to the author's estimation, 400 mm of water required for presaturation 
including puddling and supply to nursery in off season ,rnuld approximately be equal to 
40 5s of the capacity of the two reservoirs in the l'viuda Irrigation Project. Therefore, in 
order to shorten the number of days for presaturation, a measure must be taken so as not 
to increase the peak discharge by means of dividing the beneftted area into several districts 
so called "staggering of irrigation··. lf it is impossible to increase the unit duty of water, 
construction of a new field channel diverging from the distributary would be required as a 
measure to reduce the number of clays for water distribution within the irrigation com­
partment. 

Although no data was available for effective rainfali. the water remaining in the field 
and the conveyance loss. these factors have to be taken into account for actual designing 
of duty of water. 

7) \Ynter requirement determined in some Asian countries in recent years are sum­
marized in Table 46. 

Not much difference is found between avt·rage dai]~, evaporatiun and transpiration and 
there is no extreme difference in daily evapo-transpiration among countries, though data 
obtained in the tropics particularly East Pakistan and Ceylon are rather high. However 
extreme differences are found in dailr water requirement among countries and seasons, due 
mainly to the variation of daily percolation. 

Percolation loss is extremely high in Ceylon during dry season and in India also, where 
percolation loss is greater than evapo-transpiration. On the other hand, the percolation data 
obtained in Thailand, East Pakistan and in Malaysia are very small. This may be due to 
the heavy ciay alluvial soils and rather high ground ,vater le,·el prevalent in the plain. 

Most of findings on total water requirement are from 700 mm to 1,200 mm, with 
extremes of 575 mm and 3,447 mm. The wide range of figures indicates the variation of 
local conditions which influence primarily the percolation loss. Thus it can be concluded 
that the value of percolation is a ruling factor determining the value of water requirement 
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when the daily water requirement is more than 10 mm in depth. 
However ET/Em ratio ranges Ll to 1.3 (mean about 1.2) sho,ving not much difference 

between the tropics m1cl temperate zone and also among seasons. Evapo-transpiration con­
stitutes a major portion of water requirement when the daily water requin'.ment is less 
than 10 mm in depth. 

Evapo-transpiration can easily be estimated by using ET/Em ratio if the data of pan 
evaporation in the standard year are available. The water requirement can be estimated by 
taking into consideration the rate of percolation at a given place on the top of the evapo­
transpiration. 

Transpiration coefficient 

1) According to the measurement of transpiration coefficient of five leading varieties 
for three seasons, the transpiration coefficient (y) was directly proportional to the growth 
duration in number of days from transplanting to harvest (x), and can be expressed by the 
following equations: 

y=3.27x-75 (r=0.96**) for main season, 1967/68. 

y=4.71x+201 (r=0.96**) for main season. 1968/69. 

The transpiration coefficient calculated by these equations is: 227 in Ria, 275-289 in 
Mahsuri and Bahagia, and 406-468 in Subang Intan 16 and Radin Ebos 33. It was found 
that the longest term variety needed twice as much water required for shortest term 
variety. It means that varieties of short growth duration utilize water more efficient in 
producing dry matter than varieties of longer duration. 

The grain yield of long term variety was normally lower than that of shorter term 
variety. Therefore the use of long term varieties is inadvisable as the grain production 
does not commensurate with the greater amount of water consumed. 

2) A distinct correlation was observed between dry matter increase per day and the 
transpiration per day in relation to each stage of growth. A higher value for transpiration 
coefficient was obtained during the early stage and the least value in mid-growth stage, 
and the highest was obtained during the ripening stage in general. 

There exists a negative correlation between transpiration coefficient and dry matter 
increase per day throughout the growth period, particularly with Ria (IR 8). This relation 
signifies that plants utilized water most efficiently when the plants grew most actively. 

3) The change of transpiration and transpiration coefficient according to the plant 
growth was found to be similar to those reported so far in the tropics and Japan. These 
findings were rather similar to the results obtained by Murakami in Ceylon but partly 
inconsistent with the results obtained by Matsushima in Malaysia. 

4) Transpiration coefficient of rice plants determined in some Asian countries is sum­
marized in Table 47. 

Most of findings of transpiration coefficient are from 260 to 500 with extremes of 200 
and 760. They are proportional to the growth period particularly evident in data of the 
tropics. This means that long term varieties in tropics are less efficient for water to 
produce dry matter than that of short term varieties. 

Data of transpiration coefficient in the tropics and subtropics are generally high than 
those of the temperate zone. This is largely due to the longer growth duration of the 
former and also the rise in figures of transpiration coefficient during dry season (off season). 
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Table 47. Results of transpiration coefficient determined in some Asian countries. 
----- . ---- --- ··-·------· -~---- -_.- - --- ----· -- ~----------

Country Measure- Trans- :\leasurC'· Trans- Meth-
pira. pira. od of Variety Season rnent coeffi- Season ment coeffi. cul-Author period ciePt 11ccriod cient ture 

days days 

P.P Wet season 79 '.i05 79 11,15 Pot 1965 

Murunga 307 II 79 312 !I 81 380 II 

Ceylon H 4 I! 105 336 116 452 II 

M 302 II 103 341 II 121 1100 
Murakami22 l Podiwee a-8 II 135 435 

Ptb-16 II 136 1140 /I 

Remadja II 128 530 I! 

Sigadis 128 570 II 

Main season 87 401 Off season 96 453 Pot 1960/61 1960 
Pebifun Off Malaysia season 90 139 1961 

Matsushima18l ,. ------ --·--

R. China 4 II 121 611 II 

Serup 50 /! 154 766 II 

---·--- ----------·-·----·-·- ~--
Main season 92 254 Off season 99 29] Pot 1967/68 1968 

Ria (IR 8) 
Main season 91 257 If 1968/69 

Main season 107 248 Off season 119 319 1967/68 1968 
Mahsuri 

Main season 10:1 274 1968/69 
II 

---~----~- -------- --- --·-·- -· ---- -

Main season 110 274 Off season 119 338 If Bahagia 1967/68 19G8 
(Sister line 
of IR 5) Main season 104 259 1968/69 

-· --·------------

Main season 147 393 Malaysia s. Intan 16 
1967/68 

Sugimoto3'l 
Main season 112 ,141 

1968/69 
---- --··-------·---·----~--

Main season 147 431 fl 

R. Ebos 33 
1967/68 

Main seafon 137 483 II 
1968/69 

Main season 96 316 Field 
Ria (IR 8) 

1967/68 

Main season 94 262 II 
1967/68 

-·. --- --------- -- ------------.~-

Bahagia Main season 109 306 Off season 115 341 II 
1968/69 1968 

··----- . ---· ------~--------------------~ -----~-------·--
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Table 47. Continued. 
- -- -··-- - ___ :. -------- .. :_,, . ---- ---·---·--·- -----·-···- _,:·.- - ____ ,, ___ -_-:- - . -_ 

Author Measure- Trans- Measure- Trans- Meth-

Variety Season ment pira. Season ment pira. od of 
coeffi- coeffi- cul-Country period cient period cient ture 

-•--- - --------·-·---
day 

Main season 138 321 Field Malaysia 
R. Ebos 33 

1967/68 

Sugimoto34J 
Main season 178 386 Ii 1968/69 

-----~---·-··-·----

Taiwan Intermediate 97 486 Field Cited by Maki17 ) season 1923-26 (93-103) 
- _____ ,, ___________ ~,,-

China Normal season (Manchuria) Waseono 1933 92 344 Pot 
Kojima 

------····-------------·- -------- ----·--- ·----~--~-

Korea Ginbozu Normal season 90 205 Field Sato 1932-38 (171-327) 

Rikuu 132 Normal season 50 258 1933 Field 

Kamenoo I! 50 303 II 

Korea Odashiro !I 50 334 

Tsubouti40J 
N aka tegin bozu 70 319 II 

Tamanishiki I! 80 260 
Kokuryomiyako II 80 276 I! 

Omachi II 90 290 If 

Very early 118 290 Pot season 1958 
Japan Early season Yachikogane 1958 105 322 II 

Tamai et al. 
Normal season 

1958 381 I! 

Early season 111 285 Pot 
Japan 1957-58 

Hasegawa Fujisaka 5 Normal season 111 291 fl 

1957-58 
II 96 281 Field 

Normal season 101 310 Field Japan 
Yachikogane 1962 

Ka to et al.1°) Normal season 108 305 
1963 

Early season 
Norin 17 1956-59 105 393 Field 

Japan Normal season 112 Ishikawa and Mihonishiki 1956-59 308 
Nishio88l 

Norin 37 Late season 81 234 II 

1956-59 
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These figures therefore are not much difference between two zones when comparison is 
made on similar growth duration. The figures in temperate zone are around 300 
and are somewhat similar with author's data in the tropics. 

Seasonal differences in transpiration coefficient are particularly evident in data of the 
tropics, due to the rise of transpiration coefficient during dry season. The figures of trans­
piration coefficient in pot culture are less than those of field culture in general. 

B. Relation between depth of water and fertilizer application. 

1) It was found that yields were decreased in proportion to the depth of water, but 
the extent of yield reduction was not so noticeable in Bahagia as that of Ria, indicating 
that Bahagia is more tolerant than Ria to an adverse condition like deep water sub­
mergence. 

2) Comparing the yield increasing effect of basal dressing with top-dressing of nitrogen, 
it was observed that the top-dressing of nitrogen was significantly more effective than the 
basal dressing particularly with Ria. This was due to an increase in quantity of nitrogen 
of plants, which resulted in an increase of the number of panicles and number of spikelets 
per hill in the top-dressing plots. 

3) Total quantity of nutrients absorbed particularly N, was highly correlated to the 
grain yield. Nitrogen utilization ratio by plants was also higher with top-dressing than 
basal dressing, and this caused more yield increase by top-dressing than by basal dressing. 
It is desirable to maintain the water depth as shallow as possible for double-cropping 
varieties to get high yield. 

C. Effect of drought and mid-season drainage on growth and yield of rice. 

Critical stage for water deficiency 

1) Water shortage at the tillering stage causes reduced plant height and decreased 
number of tillers. However, plants show a recovery from the retarded growth when the 
condition is favorable during the succeeding period, and grain yield is higher than that 
expected from the reduced number of tillers. 

2) Water shortage at the invalid tillering stage causes no adverse effect on plant 
growth and yield. 

3) Water shortage at and after the stage of panicle formation, particularly during 
reduction division stage, and at the most active ripening stage gives no significant effects 
on plant growth such as plant height and number of tillers, but it causes a distinct de­
crease in yield by reducing number of spikelets per panicle and per hill, percentage of 
ripened grains or weight of 1,000 grains. 

4) It can be said that the reduction division stage (15 to 5 days before heading) and 
the most active ripening stage (5 to 15 days after heading) are most susceptible to water 
deficiency. All these results are consistent with the results obtained by Matsushima and 
other research ,vorkers, and can be applicable to rice cultivation in Malaysia. 

The periods during which inadequate irrigation would affect the grain yield com­
ponents are summarized in Table 40. The relative necessity of water at various stages of 
growth is also indicated with Bahagia in off season in this table. 
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Plate 1. Pedu Dam under construc­
tion (1968). 

Plate 3. Sight of Telok Chengai Padi Experi­
ment Station from behind (1968). 

Plate 5. Pulling of seedlings. 

Plate 2. Secondary canal in Muda 
Irrigation Project area. 

Plate 4. Nursery at Telok Chengai Padi 
Experiment Station. 

Plate 6. Transplanting of experimental plot. 



Mid · season drainage 

1) There was not much difference in plant growth between control and treated plots 
at the same level of nitrogen application. The increase in yield in 12 day-drainage plots 
and a 18 day-drainage plot was due to the increase in percentage of ripened grains and 
weight of 1,000 grains. In general, a 6 day-drainage was insufficient to give an increase in 
yield. 

2) The mid-season drainage during invalid tillering stage for 10--20 days is desirable 
farm practice from a viewpoint of saving irrigation water with some expectation of yield 
increase. Amount of 145 mm of water (8 mm/day) is estimated to be saved during a 18 
day-treatment without sacrificing the grain yield. 

3) It was found that drying of soil had an effect to prevent the heavily reduced con­
ditions of the soil during the treatments and also to a certain extent after the completion 
of the treatments. However, the indica rice normally has tolerance towards the reduced 
conditions as compared with japonica rice, and accordingly the loss of nutrients caused by 
the drying of soil and also saving of water should be taken into consideration. 

There is, therefore, a need for proper drainage facilities to practice the mid-season 
drainage for 2 to 3 weeks after the final stage of valid tillering (30-35 days after trans­
planting), and so the cost of drainage should also be taken into consideration. 
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Plate 7. Arrangement of evaporation and 
transpiration tanks in paddy field. 

Plate 9. Evapo-transpiration tank. 

Plate 11. Plant growth of Radin Eboss 33 
before heading stage. 
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Plate 8. Evaporation tank. 

Plate 10. New double cropping varieties 
at maturing stage. 

Plate 12. Cracks of field surface during 
dry period (March 1968). 
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Plate 13. Measurement on transpiratinon 
of pot plants. 

Plate 15. Experiment on water depth and 
fertilizer application (Frame test). 

Plate 17. Experiment on drought. 

Plate 14. Measurement on transpiration 
of pot plants. 

Plate 16. Experiment on water 
saving culture. 

Plate 18. Withered plants by 
intermittent irrigation. 



Plate 19. Experimental field of 
mid-season drainage. 

fi9 

Plate 20. Survey for double cropping Pilot 
Project in Ku bang Sepat (Variety: Ria). 
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APPENDIX 1 

Distribution of paddy areas in West Malaysia 
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APPENDIX 2 

Acreage of main season paddy and its avsrage grain yield (t/ha) (1964 66), 
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X3 2(6~ ( -·· ) ·· ... ·· .... 

Ku;la lum?,u/· ..... 
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Note: Figures with the circles indicate the average yield in that locality. 
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APPENDIX 3 

Muda River Irrigation Project area 
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Total 

Mean 

APPENDIX 4 

Meteorological records ( Telok Chengai Padi l<Jxperiment Station; 
Lat. 6"5'N, Long. 100"20'E) 

Rainfall Relative Bright Air temperature* 
1951-62* humidity* sunshine* ,.-----,"--~ 

,----'-~ ~'----
1nean mean 1967 1968 

mm mm mm mm 
27.7 49.3 73.7 1.8 

37.8 58.2 13.7 2.8 66.3 279. 7 '.'l4.9 27.3 
(9. 64) 

89.9 152.1 29.2 75.2 70.6 264.2 34.8 28.0 
(8. 52) 

151.6 223.0 74.9 153.2 78.2 242.9 34.3 27.8 
(8.10) 

222.8 223.8 297.9 449.l 83.2 229.1 32.6 27.5 
(7.39) 

184.7 188.7 359.7 163.3 83.0 189.7 32.2 27A 
(6. 32) 

229.9 238.3 152.9 385.8 83.6 165.3 31.2 27.2 
(5. 33) 

232.7 251.2 333.2 189.2 83.2 84.8 161.5 188.2 31.2 27.1 31.1 26.9 
(5.21) (6. 07) 

286.3 284.7 348.5 273.3 84.1 8S.9 212.7 153.3 31.1 26.:3 :-W.8 26.6 
(7. 09) (5.11) 

393.4 311.4 390.4 283.2 87.1 86.3 1S7.9 178.7 30.6 26.1 :n.2 26.4 
(5. 09) (5. 76) 

189.7 237.0 185.2 89.2 83.9 80.2 205.3 265.6 31.5 26.3 33.2 26.8 
(6. 84) (8. 85) 

74.9 74.9 37.3 68.1 74.9 79.3 238.0 190.4 :U.3 26.1 32.2 26.5 
(7. 67) (6.14) 

2,021 2,293 2,297 2,134 2,595.6 
in in in in 

(79.6) (90.3)(90.4) (84.0) 

(7. 09) :-32.6 27.l 
'F 

mm mm 
7.2 

9.6 

9.G 

7.9 

G.8 

c"' ') O,w 

G.l 

G. l 

'.i.G 4.9 

,1, G 4A 

,1.3 :i.5 

5. J 1.G 

6.5 
in 

(90. 7) (80.8) (0. 26) 
----------------

* Records of Meteorological Station ( Lat. 6°12'N, Long. 10W25'E, Height above M.S.L. 5 m) 
in Alor Star. 



APPENDIX 5 

Rice growing period and its meteorogical records (Telok Chengai Padi Experiment Station* and 
Meterological Station in Alor Star). 
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APPENDIX 6 

Life history of rice plant (an example of Rahagia in off-season). 
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* 
:t i/c, c_{ .•....... ·•····•••·•·••••••••••••· ........................................................................ 76 

( l) 

( 2) 

Wx:lt())g'f:1t···· ........................................................... 77 

lit11l[ilm:z'f'J'\t ··· .. ··· ·· ........... ·· ··· ··· ......... ··· ................. 78 
ll . .7)( i'~~ 1:::. "'.) I. , -C 

( 3) ............................................................................ 78 

Ill. c tii'il}( t=. ".J t, -C 
( 4) ............................................................................. 79 

c 5) i{q: Lnqm(7)1'.ff • Jt1zJ11c.:&1t-.ttrtr· ............................................................. 79 

r!~ -, v 1 :1/ 7 -cit 1969 260 7J ha (650 7:T .:i:. -- ;/J - ) (l)tn:tt!VJ; ;I; 1:J, Ye()) 5 'b 7 'i'flrnsHt ::1 1,. 

[Ml·c-;v 1J, ,-e 15% -c- 40 7:i ha (99 7:f .:i:. - ;1J -) ())1'11\fp (4 7:i .:i:.- ;1J - (7)JliE1'fa"3'.'-Qits) iJ,fJ:flt-;-

7.J o A rJ (7) 6 L -c to 1:J , ::t.mt* (7) :4. d A it trru 1±1 tl'i ()) 5 \!f\J "3'.' 6 ?o -c 1,, 0 o * (7) El 
1969 i+'-v:::. 7~8 \ifU"3'.'fj~'"t O 1957 '.if-(7):J!.ltu:tJ*il&JrHt1U.lil:(7) El ~~µJU:::-, l/ - AJJ:B!: (7) m1%fPJ 

J:(l)t:-.?61:::., iJ,/vtJ;1.; J: 'J, ())~ffi.0:.=t.f.fv=-1'!1H'r:f.1.&JHc. ~?o-ct" 'J, 1969 o'cf'. r:::. 
it=Jtr]{'p(l)[llij;j\(ft 9.3 7i ha (23 7; .::L -- 1J -) "'c'J](EIJITfi'fg(I) 25% v=-~ Lts:o ;:. (7) 10 :1f.jr,'Jv=-:¥: ft ~J 

10 ',lJU(l):4.JfOIT/"3'.'n~L, Watfl (Ar1) (})i\1J1JII0cl:llilb 1J, :{,j';,,,dC.Elffia-~t~"3'.'r.11i?o-Cli•00 
llli~tw:J:\± (7) '7' !f -3fl.Jw:ftl!§ ·, v ,1 :1/ 7 :r:7J:: EH()) 4 \!fU"3'.' 6 ?b 0 :IEt:k(l)J]::tJ---c· ;v 0 o isit 1 clzK& ~ IJfi % 

5 ;,Jif-1;-!-@fil (1966~70 if-) (l)i;~*fflli1J (:r:fil~qZJf(I) 1/,) (7):IEt::1'::(7).:i:.~ 1/ I- c L-C, A ;1"Jl!iJ,A,,;o;1,,);i· 
@] (7) L'J;o: 1966 iftc.JCJ:r. L k: 0 ;: ()) [J o':Hi Muda 2::: Pedu (7) 2 "? (7) )\.)§{/,Jl CAr7k~ 10 vi 1- :,.;) 2::: 

31fiJJ0:jgJJZ L, iJ, 1v ;a; 1, ,7J<: "3'.' t" ib fc. 3~7 f:! (7) ijiz:;!J;E (7) Off season vc. '7' ;1·· -3:f'-)JJOc. ftl~*fr L, -t (1)7J<: III 

O) 8 ~;1Jv:::. ~ :;;) 10 li ha (26 7S .:i:. - ;1J "3'.' =mlfp{t L J: 5 2:: 1,, 5 * EHfr{t (7) r=J:t 11) c tJ.: 0 :k ~t @i ---c· 
ib00 1970 if.()) Off season b· G~lili?x=.1Jli'F1tiJ';;iit?b Gti..-c1t,7.Jo *~· ti 1967 :¥ 4 f:! iJ, G 69 fj-, (7) 7 n (7) 2 3 ;1J Fl, z:::. (7) iJ, 1v iJ, 1, ,itl@tttlf~ (7) i=p,c.,,,c. ;v 0 ~~v: Telok 

Chengai 1'1B~~Jjj,j"3'.':=J::. {:.f lf:::., ¥("'Mtf :l!:&*7iff 9'E (l){E7!-7iff 9'Effil_ 2::: L~~7iff9'E vc.ti:$ L ts:o ;: ti..vt 1962 :f[:.;o, 
~) 64'.iflC.iJ,rJ·-C(I)::? P 1/;i-;7°7 1/wr,~2::: L-C(l)*'J':t"3'.'Bb'1t-7.J cit~ 2 @](l)l!§~twJ¥.r...(l),~ltE1:::.fJ; 

0 0 4@Jti.:t~tJ:*T11 C L'( :::-.:JJH'F1tvc. C ib tJ; ? ft!;](:lil:(7)\jN;j~, =WlfrJlh@i~'i'ili (l)~~xf¼~ (7)lJ'Jf9'E, 
Jt17]<: (7) cl6,~S1}Jtfj ())9[: ~ tJ.: J::' 0.: r.i 1,C.,,1:::.fm 2::: ;J<: (7)[)\Jf¼lc. v::> 1,, -C 1)ff9'[; "3'.'Jl!?o t~o 

4':7iff9'E ())~:o[&Jc. ~j '), ;9l :rttl IC ts 1,, -C Van Thean Kee (Jl:'3'':tR07iff9ttf-fiffe:), Mohd. Tamin bin 

Yeop ( '7' ;1" -1+!:!!U':t'i'f~:llt), Chee Sek Pan (1'mi=J15~~~J;J;J~), Goh Khek Boon (r11J Telok Chengai 

ff§fi'it~l-$½::t{f), ;}:;JHii..:.k~l-1 (ifiJB:7}7iff9'E~ · :ffl,',€J\m:l!ll:7iff-i:: 1/ ;1 -7i!f9'Efili:Bt), JIil:~~~-!;~ rntr ::1 P 1/ 



;f :/ '7 1/ 

bin Sanusi, 

( 1) 7l<EB(;:ao(t~~Ht®:c~li£®:J:t0)~1t 

77 

l) ::IJlt;c:tJ!U'.,(f$ 7J(JIY.3Zf.t«-::.J: IJ'Ff[Ef_O) ¥ej'jkil\lJ\tili (9lcmx91cmx61 c:\n]--]Jf!J/1 

O);F<:::IJMO)t~i'U'trs,m¥s1Jt'i.k' ffl \, ', lJtr~rC ii 9 ~;0)7j(ff~'i.k', 0) }NJ :ill IC Ii fIB'i.k'~iIB L t~o Main 
season (NITJt,'H'F 9~ 1 H) re ti=.WlfF Jtl 0) Ria (IR 8, 1=J::. 1l' B 125 H) ;i,,i ;;s 1,, Ii Bahagia (l R 5 
th\j\f~I, 132 B) c:tt*fi(O) Radin Ebos 33 (170 El), Off season (fzJl:JHl 4~8)=!) rC/i Bahagia 
(142 13) "1:'.::C:h-l":hJtl1.,, IlEtHi a ~B N 0.34~0.67kg, Pz()5 0.67kg, K20 0.34kg L, 3 
season IChk IJ iJl.U'.,(f".k'fi:tJ: 0t.:a 

2) 7J([J3ffl7j(Ji. WR=E+T+(P1+P2) 0) 5 'b, :itfilimWx:m. (T) itm5el\J::!lt (ET) C: [11 JC 
=ll (E) O)lf.tJ,t::,, #1!1':1t1H'z:®:i: (P1+P2) c: G7c;h,.f';l1.,:,,lz60t~ 0 0)[~0t.: 

13 tHiV!IJ{[I[ O)~)th;t&'b ,S 0) --c-, 7Jl1J5Efil1 O):lR:~\-0) ~ He:. /i~?l- L t~o '.% * {tj:: O)~{U:::. J: 0 ~ltfJ~ 
M*~0k60, ~M-JB., ~~-, ~%~~~:%-■~KJ:0tt~-~-~~--C~L, .::C:h-t 
hmJD.l.t (E/Em), ;i't~\'JHt: (T/Em), ;i't~JB~.l.t (ET/Em) ~ 10 B-:: U:::.tr[!±\ Lt.: 0 -'=. h t;,O)J:UJ:li 

Jtrr1l1f.lffintiJ:if/i < , m¥enK'i.k'~ti-t ;;s J;J,J1f r:::.~31\r:::.f~%'U t,i:: 0)--C·, U 1,·-'=- h G O)J:t:1$:~::t:.1.$:i:::.jz.G"" ;;so 

3) ~JBJ.:t:li~Tmf.i'1-?1(1~w.m0):f:\'l1J1Hc:. 0 :h --c Im 1)? L, ~ mi l'JHiHlx (LAI) c: 0) FJHqll l*l (r= 

-0.50*) tJ;~ G:ht.:o Jit!:v:::.m~Ht:-?mJBf&J:t:vi.ffilO)-'f..ffrc:.0:n---nWr&::l~;kL, ~ITfi;f~:Jt/1$:c: O)fs9vc:. 
i'Bl¼i (r =0.62**) tJ;;;,1- G ;h, t.:a LtJ, Lm!xJJ ~~-t c: 1, ,t:,;/1_, 0 .i.tl.{ft:J[ffjj'fif_g ~ 1) 0:) ~ffii:J.:t vi LAI 0) :Lfl 

;krc:. c: 1l, t,i:: 1; ,:Jti~f!E~r'Ri'l'-Jrcimtz:P'i.k-5f, L, LAI 3.5 t.Ll::--C·ttW:t.: '-', ~i~~ o -'=- O)~fvJ!l!ITtifft~ IJ m~J:t 
O)~{illfi:;$:~O);]J: IJ ['O) LAI vcta~,--cik,ftl;<, it.:J: IJ1J,~1,, LAI 1c:.ta1,, 1,,:[kl~ 

r:::.:;1-t 0 a :Zl$JxJ.t-?~JB1ixJ.t 0) ocfUc f t~tuH~ 45 n wH& O)iaif/15Ht 0;)1:JJcl:: HJ f.\!IllfH~ vc:..:::>:::i onU tJ :;11-

G :h, tf~h:.ji,Ji:;ldil'f.~~~o 

~J'e~J:t:ti:lf:.lSftJJJtJHcit 1.0~1.2, :1&11£1i5Ht0:ltJ:l~fl1.Hi 1.2~,1.3, Ill ~L\0;1Hi 1.4 'i.k'~L, 1': 
-'tl'f:ltJjr.,9-'!1 :!GJ--C· 1.2 c: t,i:: 1?, r'ffrfi! · f'r:l!JlrR'lO)_,,'t:ji ;!l';}::,60--C&tn,o Lt.:!J:.C) --Cf; 

iimJBTIK:llhii!!U~ ~ :h 0 o 

~7ld'efi c ~~~:lll:ti:kiliiJ: t,i:: <, :'E:*'%~1B:ii':!c.f'l' B ~O):fy;J_TI (r=0.97**) 1:::.tc1:1~ ,h, :'.;\(-~ 
fj=O)~~iki~vt 00 10 f3 IIlPF-:!l:JO) B ~ IJ ~JBWd€ii 4.2~7.3 mm 0)1f(1itt1HcJ,) IJ, ~illif:l~-\"'~~tftd'.::fi: 

4) lfi,x7J( f:;/:'.fHi c: Iv !::"~~ltiiil: 0) m}J ;)l- vc:.t-::1:1 ~ ;h, t.:o -'=- Jtli {~~J\ EB tJ;}fhfil {IS tl1Htl! re iltJ 0 
_m_1]; ;!l" :b60 --c ;!l' 1\,,/y' vct,i:: Qt~ 60 --c· ;lt) Q O it.: Tfz:Jtfl;fdl:JJ 0) 3~4 Jl rcitt:i.,'it/,li;i::}tl!f 7J( {ft 0){1\;'f tJ:ri~;;s; ~ 
;h, t.: o -'=- 0) t.: 60 EE lm r:::. ~-t -r 0 ;)l-~ U'i:l i 0 --c, Off season :rJJJtJ-l 0) /lie. 7J( 0) ~ 1, 0) ::J=Jzsl U:i:: ;;s c: 
H¥.?~ ~ :n ;;so i~~:m: c: L 0 /J, ;)l- m 7-K.I: 0) ill.UJE vi4-f& t iQ'.,~--c- ;lt) ;;so 

5) -'=.c.--C·1'i'fLJ_):lt1'lr.-lh""L0/J,;)l-O)Jl17j(fiJ-ffi'.<£{11K~HJ\,,, ~ffl7Jc:fl'!:~ 0c:, Bahagia --c· Off 

season rc:.:tl,340 mm ( \:::! '½ 17 9.5 mm), Main season re:. ii 980 mm (r'ii1 7.4 mm) c: {ll!f ri ~ J1. ;;s 0 

Off season 0) 38% O):l-\ll:/JrHtmfnlly:J.tfH',J season --c·ilitJ:tc1:1.,rc:.{itJ,tJ,t:J }d/,\ 
r:::. Jffl:k~ Q -'=. uc ~, tJ: ;ltJ IJ , L 0 tJ, ;!l' Jfl 7j(lJl: O):f:j'lj:: c: -'t 1l' B 1$: O)yj}; ft it, [:lglj- L --c \,' Q O 1:: 1~m 
125 I=! 0) Ria --C ft 5~ 10% 0) Hl 1J( 0) ~~~vU;i:: ;;s O tJ.J:.O) ~ft[rcri'tl·~tHITftl: c: 7UM.R9z:iJ'.~[iM. ~ ;/1--C 
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Main season ;:::. 

Peta>< Tankai Rotan 71\ t L < Lt 

(l11j 130, 1A0 Fl), Mabsuri 

160~ 180 []) c L, 3 season v:::.bt:. IJ WIH L 

a O);R o/ !- 7ii:'.Hi (,, 

* fl tt1? _1';r: --C 

4';- +: ,y :, (i ffj 7J( 

y=3.27x- 75 (r=0.96**) Main season, 1967 /68 

y=4.71x-201 (r=0.96**) Main season, 1968/69 

;::· 6 i:::.fa:if/i ct;;_ 'J, 

vc it JttNt%\; <, 
IJ ~{1 IJ ~ 1¥,: :i: c 0) /1 
t:~i 6 t'-J;. re> 

O)i1t1,,6,y !:::. Ii .lrz{) 

{~ ti Ria 227 ('.ellJUJ 256) g, Mahsuri c Bahagia 275~289 (fl',) 248~ 

274)g, S. Intcm 16 c R. Ebos 33 406~468 (fn] 393~483)g t:i\i:/±J~:h-60 -_ttcbt, 

( 3) 7](;~ c -f- "/ '/ Afiinl".i't:0')00f* (;b < !it~) 

b G v:::../::t.AC'.·-C ~) :l;_O)~,i7c[:.fi',:t:{Jf:1,,0)-c, ;Jc 
{,-fi lf_,t vi Off season 0) Ii ij tJ,; Main season 

c fi'!]f g;( (raJ ~ Ji; L t:. o L tJ, L " 7 --v -c· 0) r'.Z: t/1 
,~,s-·,"---""'G:ht;;:_1,,t L--c1,,).St:, *fJljj 

J: 1) !f 'f: 0/ f:s.: Tl' 

1) fHI"J c t:. 60, Bi'Hc ft 30 cm re JEJ'd·· 0 i'.I!@ 

;J( m 4) ;;.,_ G fc 6 o c 6 o Ria ;ii; 1S 1,, ft Bahagia ~ Jt.l 
1,,, 91cmx9lcm < ~;ifqm:::.:l:fl.l.~L, 9 ~O)fi'§~::f!xfll'iLko 7l<r1~vii?c:JWFs15, 

10, 20cm (7) 3 c L, '1- o/ 'J '1- o/ :1 ;ifil)Jt'::(l) 31T?i:,O) 9 ~lfJl.~/l:'Ht, 3 lt[ 

!WL!:: Lt:. 0 a '¥! 9 P20, 0.67 kg, K20 0.45 kg c L, N t:t 0.67 kg ~3!!Bl3[S:-c·,tf'Hr'ri 



c. :ilil/JE o) :f 1v - :l u) 

c. < IC. Jc.\, 
2'i"'L0o 

t:ihf-::o ;iBJJE[;{-Cli"f- 'I 

1) c. CClt;\IJR: 1 season c. ti-~ 2 season ii Bukit Merah 
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