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FOREWORD

The Tropical Agriculture Research Center, established in June 1970, has been publish-
ing two periodicals in English: the Japan Agricultural Research Quarterly (JARQ) 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 Technical Terms Used in This Paper

Water requirement (WR) in depth :

Pan evaporation (Em)

Evaporation ratio
Transpiration ratio
Evapo-transpiration ratio

Ground water level

Transpiration coefficient

Growth duration (growth period)
Soil moisture ratio

Heading stage

Total evaporation from paddy field (E)+Transpiration
(T)+Percolation (downward seepage (P,)+ plot border
seepage (P.)) for a whole growth period unless other-
wise indicated

Amount of water 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 from

sheaths of flag leaves






INTRODUCTION

In West Malaysia, there are 2.6 million ha (6 million acres) of agricultural land of
which about 402,000 ha (892,000 acres) are used for wet and dry paddy cultivation®*? (1969,
Appendix 1). The livelihced of more than 60% of the people in this country depends on
agriculture. Of the agricultural preducts, rubber is the most important. The export of
rubber cccupies almost half of the total expert value. On the other hand, imports of
essential foodstuffs and agricultural products have constituted about one-third of the total
import value.

In 1969, the rice production in West Malaysia amounted to about 1,354,000 metric tons
of paddy or 881,000 ton of milled rice.” This amount could feed 70—80% of the popula-
tion of 8 million. Accordingly, this country had to import rice from foreign countries
such as Thailand and China. The yearly import of rice in recent years, has amounted to
about 250,000—300,000 ton.

In order to achieve as near self-sufficiency of foods as is economically feasible and
desirable, the Ministry of Agriculture and Co-operatives has adopted a policy to increase
the quantity and improve the quality of essential foods.**® Among these, rice has been
given top priority. Since independence in 1957, double cropping of paddy has been en-
couraged as one of the major means to achieve self-sufficiency in rice and also to increase
the farmers’ income. With the provision and improvement of irrigation facilities in many
of the paddy growing areas, the acreage under double-cropping of paddy is expanding
rapidly.»» In 1969, the areas under double cropping occupied more than 93,000 ha (230,000
acres), that was about 25% of the total wet paddy land. Its production was nearly 22% of
the total including that of dry paddy.”

The Kedah Coastal Plain. which is known as the rice bowl of Malaysia, occupies 40%
of the total wet paddy land and has been left under traditional single cropping.>® In
order to increase paddy production, a major irrigation scheme called the Muda River
Irrigation Project was started in 1966® (Appendixes 2 and 3). Upon completion in 1973, its
aim is to supply irrigation water from two reservoirs particularly during off season (March
to July) to irrigate 105,000 ha (260,000 acres) of paddy land in the Kedah Coastal Plain
(Plates 1 and 2). Increase in paddy production due to double cropping in these areas will
be around 400,000 ton with an average yield of 3.8 ton per ha (600 gantangs per acre).*®

With this in view, the author who was assigned to work in the Kedah Coastal Plain
of West Malaysia under the Tropical Agricultural Research Program of Japan for two
years (April 1967 to July 1969) had carried out a series of studies and experiments on
water requirement of rice at Telok Chengai IFadi Experiment Station (Plate 3), Bukit
Merah Padi Experiment Station, Sala Kanan Padi Test Station and in several double
cropping Pilot Project areas® (Plate 20). This was the author’s second assignment to West
Malaysia to conduct experiments as he had previously worked at the Bukit Merah Padi
Experiment Station in the State of Province Wellesley from March 1962 to March 1964
under the Colombo Plan®*® (Appendix 3).

At the Telok Chengai Padi Experiment Station in the suburbs of Alor Star, the author’s
work was directed towards conducting investigations on water requirement in paddy fields,
measurements of {ranspiration coefficient for suitable double cropping varieties and in find-
ing out the critical stages of plants for water deficiency.

Emphasis was also placed on the following lines of investigations:—— (a) to study the
relation between different depths of water and fertilizer application methods, (b) to evaluate
the farm practice of mid-season drainage on growth and yield of rice.
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I. WATER REQUIREMENT

(1) Evapo-transpiration 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 field
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,?**®» 91cmx91cm and 61cm 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
30cm x30cm and at a rate of 3 seedlings per hill (Plates 7 and 9).

The enamelled iron evaporation tank®® (E tank) was made up of two compartments
which were connected by a 5cm diameter pipe. The size of each compartment was
30cmx137 cm and the height was 30cm (Plate 8). This enamelled tank was settled on the
surface of the soil 91cm 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 two 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. When 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 were 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 5cm was also installed into a vertical hole
made on the levee of the plot for measurement of ground water level.?» The measurement
was carried out continuously every Tuesday morning throughout the year.

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

Variety used: Ria'® (IR 8, growth duration 125 days) and Radin Ebos 33*® (growth
duration 170 days) for main season, 1967/68. Bahagia'® (Sister line of IR 5, growth dura-
tion 140 days) 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).



Investigation site: Telok Chengai Padi Experiment Station (for three seasons) and Sala
Kanan Padi Test Station (for main season 1967/68 and only Ria was used).

Soil used: Parent material is recent slightly brackish alluvium. Soil series was named
Talok Chengai and Kundor by McWalter respectively. Paddy field seils of both stations

are low humic gley.t?*»

Transplanting :
Variety ‘ Season Period of nursery Date of planting
R. E. 33 Main season, 1967 /68 31 day 29/8,/1967
Ria : i . ” 25 20/9/1967
Ria (at Sala Kanan) " , " 27 10/9/1967
Behagia | Off season, 1968 23 14/5/1968
Behagia Main season, 1968/69 22 14/8/1968
R. E. 33 1 u . 30 1/7/1968

Basal dressing:

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

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

Top - dressing :

N (Urea or Ammonium sulphate) 17—34kg per ha was applied about 20 days before
heading.

o

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.®10.25:3%.29.45  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/fEm, 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. 2 and 3).
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Fig. 1. Apparatus for measurement of water requirement in the field.

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

1 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 matter®%2% (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



Table 1. Water requirement for Ria during the main season, 1967/68.
) Em L T WR ,
Dae  before | JFa0 G BT g, B Trns T water | SN Rain
heading ration Iﬁgﬁ ration . tion - ment | level
cm cm Yo cm % cm Yo cm | cm cm
20%/9-29  63- 54| 5.09 5.08 100 4.41 87 0.67 13 6.47 —6.1 1.96
30- 9/10  53- 44| 3.67 4.22 115 3.13 85 1.09 30 5.16 —3.6 18.75
10-19 43~ 34| 4.86 5.39 111 3.41 70 1.98 41 5.35 —0.8 1.60
20-29 33- 24| 4.45 5.62 126 3.00 67 2.62 59 4.94 4.3 16.00
30- 8/11 23- 14 4.15 5.75 139 2.50 60 3.25 79 4.68 4.1 7.42
9-18 13- 41 4.49 4.68 104 2.25 50 2.43 54 5.22 11.7 10.62
19-28 3- — 6| 3.81 5.16 135 2.44 64 2.72 71 5.51 14.0 2.08
29- 8/12 — 7- —16 | 4.26 6.19 145 2.23 52 3.96 93 6.40 17.0 4.88
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 34 2.60 66 6.64 43.4 0.03
Total 43.60  52.72 26.56 26.16 58.77 63.3
Average/day (81%2#) (8:5%") = (82%) o (82%) o (8fgi”) (826252")

* 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

Date pefore | Em ET —L p B p T oyg | Crates Rain-
heading Em Em Em }, level fall

cm cm % cm % cm Yo cm l cm cm

10*/9-19 63- 54| 4.91 5.48 112 5.27 107 0.21 4 5.91 0.8 12.04
20-29 53- 44| 5.02 5.80 116 4.61 92 1.19 24 5.83 —2.3 1.19
30- 9/10  43- 34| 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- 14| 4.06 5.94 146 3.30 81 2.64 65 6.28 17.3 8.51
30- 8/11 13- 41 4.41 6.52 148 3.25 82 3.27 74 6.46 23.1 5.94
9-18 3- — 6 3.93 5.03 128 2.41 61 2.62 67 6.44 31.2 6.45
19-28 — 7- —16 | 3.76 6.33 168 2.50 66 3.83 102 5.66 38.4 4.14
29- 8/12 —17- —26 | 4.20 6.13 146 1.70 40 4.43 105 6.12 40.1 3.48

9-13%*  —27- =31 | 2.55 3.18 125 1.05 41 2.13 84 3.18 50.3 0

Total 41.26  56.10 30.99 25.11 57.81 66.00

w8 8B, P 8, 7 48 ¢ 88, 48

* 27 days after sowing.
#* 121 days after sowing or 94 days after transplanting.
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Table 3. Water requirement for Bahagia during the off season, 1968.

pate  betoe | Bm mr BT B T up Gomd Rain
heading Em Em Em level fall
cm cm % cm %o cm Y% cm cm cm
14*/5-23  82- 73| 5.56 5.93 107 4.90 88 1.03 19 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 2.64 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 — 7.4 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 71.75 112.23
Average/day (8:%”) (8:g§/') H (8:%”) %8 (82?3") % (816232") (8:%”)
* 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.
Date befe | Em  Er EL 5 B o T g | Goind Rain-
heading Em Em Em level fall
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| 4.9 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- 91 4.33 6.53 151 3.50 81 3.03 70  7.30 —6.9 10.59
23- 1/11 8- — 1| 4.15 5.81 140 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)21113") (8122”) 120 (83%”) o (82%51;") % (81%”) (882”)

* 22 days after sowing.
** 131 days after sowing or 109 days after transplanting.
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Bahagia; Off season, 1968
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Fig. 6. Evaporation ratio, transpiration ratio and evapo-transpiration ratio
at different stages of growth.
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were small during the early stage of growth but they became gxe’x er gradually. In both,
the peak was 1‘eached around the stage of maximum tiller number and the heading stage.
There was howe a slight decrease in the value between the two stages. The former
peak was lower than the latter one.'®?*%4" 'There was a sharp decrease in value during the
ripening stage cdue to the dying of leaves.

The increase in transpiration was caused by an increase in plant size, particularly by
an increasing leaf area up to a certain extent of leaf area index (Fig. 8). Thus, when the

o Ria *

a

ber .« o Bahagia 63 -
= . % . x REbos 33} .
- M -
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5 o Do
R
b 04r B )’=—ﬂ_ﬂ$4x+g_5g
* 1=-050 0
1 I N N ., * ) . ) »
N I T
Leaf area index (%)

Fig. 8. Relationship of evaporation ratio and transpiration ratio to LAL
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Wig. 9. Relationship between transpiration ratio per unit leaf
area (mm/mm-.cm?) and LAL
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LAT was small, the transpiration was parallel to the plant growth, although transpiration
ratio per unit leaf area was decreased with the increase of leaf area!®?:% 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.1®:2®

The value of transpiration ratio was 0.2—0.4 during the early stage of growth, 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 with an average of 1.2 throughout a growth
duration.

The average of total evapo-transpiration was 54 cm (214 inches) with Ria, 69cm (27.2
inches) with Bahagia and 8 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,'® 172549 and the consumption of water per day which 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.

Date  bee | Em BT L g B op T oy Coiod Rain-
heading Em Em Em level fall
cm cm % cm % cm % cm cm cm
29%/8-30  107- 106 | 0.80 0.70 88 0.70 88 0 0 1.00 0
31-9/9 105- 96| 5.16 5.16 100 4.31 84 0.85 16 5.67 —11.4 12.83
10-19 95- 86| 4.63 4.75 103 4.08 88 0.67 14 7.20 — 8.6 19.56
20-29 85- 761 5.09 5.11 100 3.50 69 1.61 32 6.70 — 6.1 1.96
30- 9/10 75- 66 | 3.67 4.84 132 2.56 70 2.28 62 4.78 — 3.6 18.69
10-19 65- 56| 4.86 5.58 115 2.53 52 3.05 63 6.33 — 0.8 1.60
20-29 55- 46 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 1.60 39 3.46 83 4.25 .1 7.42
9-18 35- 26| 4.49 4.98 111 1.92 43 3.06 68  4.65 11.7  10.62
19-28 25- 16 3.81 4.32 113 2.28 60 2.04 54 5.36 14.0  2.08
29- 8/12 15- 6 4.26 5.64 132 2.78 65 2.86 67 5.67 17.0 4.88
9-18 5- — 4| 4.89 6.00 123 1.50 31 4.50 92 10.09 23.9 0
19-28 — 5- =14 | 5.74 7.27 127 2.38 41 4.89 85 11.00 43.4 0.03
29-7/1 —15- =24 6.05 5.69 94 1.42 23 4.27 71 11.29 54.6 0
8-14%*  —25- —31 | 5.04 3.22 63 1.12 22 2.10 41 8.68 67.3 0
Total 67.09 73.41 34.70 38.71 93.53 95.67
Average/day 9‘»18!/ 0. 53// 109 0. 25// 52 '0 . 28//‘ 58 0. §7/ 0. f}?//
ge/day (0.197) (0.217) (0.107) (0.117) (0.267) (0.277)

* 31 days after sowing.
% 169 days after sowing or 138 days after transplanting.
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Table 6. Water requirement for Radin Ebos 33 during the main season, 1968/69.

Date betore | Bm BT L g Eoop Ty | St Rain
heading | Em Em Em | level fall
o } cm cm % cm % cm % cm | cm cm
11#/7-20  143- 134 | 4.88 4.67 96 4.41 90 0.26 5 5.23 | — 6.4 29.64
21-30 133- 124 | 5.86 6.15 105 4.97 85 1.18 20 6.34 - 5.8 4.09
31- 9/ 8 123- 114 | 5.35 5.29 99 4.24 79 1.05 20 5.85 — 5.3 4.37
10-19 113- 104 | 6.53 6.48 99 5.85 90 0.63 10 7.81 — 5.1 5.31
20-29 103- 941 5.28 5.82 111 3.87 74 1.95 37 7.19 — 3.0 4.52
30- 8/ 9 93- 84| 4.53 5.23 115 3.04 67 2.19 48 5.51 | — 8.9 9.14
9-18 83- 74 4.15 5.70 137 3.65 88 2.05 49 5.99 — 6.6 11.99
19-28 73- 64| 4.54 5.71 126 3.36 74 2.35 52 5.86 — 3.3 10.49
29~ 8/10 63- 541 4.45 5.31 119 3.36 76 1.95 44 6.84 - 7.9 6.25
9-18 53- 44| 4.76 5.70 120 3.88 82 1.82 38 6.31 - 6.9 7.72
19-28 43- 34| 3.60 5.25 139 3.00 3 2.25 63 6.83 — 6.9 14.61
29- 7/11 33- 24 4.91 7.19 146 3.46 70 3.73 76 8.10 — 4.3 5.83
8-17 23- 14 5.07 6.91 136 1.97 39 4.94 97 7.69 ‘ 1.5 3.76
18-27 13- 41 5.40 6.50 120 1.53 28 4.97 92 7.10 z 3.3 0
28- 7/12 3- — 6| 4.63 6.22 134 1.90 47 4.32 93 7.29 1 17.3 1.63
8-17 — 7- =16 4.11 5.53 135 1.91 46 3.62 88 7.21 ‘ 15.5 2.41
18-27 —17- =26 | 4.78 5.04 105 1.83 38 3.21 67 9.50 11.9 0.58
28-5%#/1 —27- —35 | 3.56 3.52 99 1.21 34 2.31 65 5.93 52.8 5.18
Total 86.34 102.22 57.44 44.78 122.58 127.03
Average/day (8:%”) (8%’/) He (81??2,”) v (8f8> 2 (gfggﬂ) (8:%’/)

* 30 days after sowing.
# 208 days after sowing or 178 days after transplanting.

within the range of 4.2—6.7 mm/day for Ria, 5.6—7.1 mm/day for Bahagia and 4.3—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 14,2 the trans-
piration coefficient of a given variety, for example Ria at the main season 1967/68, can he
calculated as follows:—

Total transpiration in depth xarea per hill _26.16 cm <929 cm?
Harvested air-dried plantxits dry matter percentage  89.29 g} 0.86

=316

A positive correlation was found hetween the transpiration coefficient and g¢rowth dura-
,(i()nyl&‘}'.‘,,i!l,,’%.‘x)('l{‘izg. ]2>‘

However, among the total evaporation, transpiration, cvapo-transpiration and transpira-
tion coefficient, total evapo-transpiration was highly correlated to the growth duration.
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Table 7. Growth and yield of rice plants (per hill) in relation 1o transpiration
coeflicient (Telock Chengai P. E. Staion).

- Wt oof

Wt % of Grain yield

_ Max. Culm No. of total Wt. of  tipen P Sira.
Variety Seasor tiller ™" panic-  air- of . %1“ or ot oer Biilon
no. : les  dried straw 50 "0 pe pe pet p=s

plant icle grains hill ac. ha coeffi.

i cim g g g % g ib t
Ria 1*“‘115‘;167‘75501‘ 26.4 70 20.0  89.29 38.4 53.7 76 45.56 4,375 4.9 516

Ria* Main season | o) 6 76 904 103.54 52.0 52.3 68 44.25 4,249 4.8 262

"

Off /season 2.8 108 15

Bahagia 1963 116.90 64.4 55.9 73 46.70 4,485 5.0 344

(3]

Bahagia Ma&gj&“” 2.5 108 18.8 110.22 54.7 55.
v aq Main scason | ‘
RE. 33 Mg 18.3

R.E. 33 1\'1311365;2980“5 13.9 155 10.1 125.46 85.6 42.7 70 35.00 3,361 3.8 336

# Sala Kanan Padi Test Station.

49.90 4,792 5.4 306

(2]
-3
o

it
o
o
i
w
o
m—
w
—_
o
oC
=3
R
N
(93]
[o2]

70 37.61 3,612 4.1 321

4) Relationship between weather conditions and evapo-transpiration

As seen in Table 8, the amount of pan evaporation was correlated with sunshine hour,
relative humidity and mean air temperature, and also with field evaporation, transpiration
and evapo-transpiration respectively.

In general sunshine hour and relative humidity were more closely correlated with
evaporation, transpiration and evapo-transpiration than that mean air temperature was.'”*"
However, an increase in transpiraticn and evapo-transpiration per day observed during
the off season was due to a rise of air temperature and low relative humidity?* 2%
(Appendixes 4 and 5).

Evaporation during the early stage of growth and transpiration during the middle and
late stages of growth were fairly correlated to the weather conditions with the respective
varieties, suggesting that weather conditions influenced more on the evaporation than on
the transpiration before the stage of maximum tiller number and after that stage they
influenced on the transpiration rather than on the evaporation.'®

5) Water requirement in depth and percolation

Percolation consists of two factors—downward seepage and plot border secpage.”
However, as the percolation was calculated indirect!ly from water requirement in depth and
evapo-transpiration, these two factors were nct separated in this study.

Moreover, both the fields in Telock Chengai and Sala Kanan, used for study, were
located in the coastal area of the Kedah Plain, with almost negligible percolation (Appendix
3). Therefore most of the water requirement in depth indicates a consumption by evapo-
transpiration (Tables 1 to 6). The average water requirement in depth per day was 6.1—
6.2 mm for Ria, 6.2—6.4mm for Bahagia and 6.7—6.8 mm for R. Ihos 33.

The average figures of percolation were (0.5—14 mm/day Tor main season in Telok
Chengai, —0.2mm/day for off season in Telok Chengai and 0.2 mm/day for main season in
Sala Kanan. These figures were somewhat related to the fluctuation of ground water
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Fig. 12. Relationship of evapo-transpiration and transpiration coefficient to growth duration.

level***9 and the surrounding condition of the paddy fields under test. It was therefore
presumed that the horizontal seepage tended to exceed the vertical seepage.

Generally, the seepage shows such a wide variation as 0—100 mm/day depending on the
topography, soil, irrigation system, method of cultivation and other conditions.?® *» It can
be said, therefore, that the seepage is a main variable factor which determines the amount
of total water consumption in paddy fields.

However, in case of small percolation below 10 mm/day, the evapo-transpiration becomes
a dominant factor which determines water requirement in depth.***® The peak of water
requirement was found at the maximum tiller number stage (about 50 days after trans-
planting) or heading stage.

6) Ground water level and puddling water

The fields with constantly high ground water level except during the dry period from
January to March,» such as heavy alluvial and peat soil fields in the lower stream of the
Kedah Plain where water wells up at times, might have little seepage*” (Tables 1 to 6 and



Table 8. Correlation coellicient of weather conditions to pan evaporation
and to evapo-transpiration.

Variety Pan Evapo- tixf%?;%y tirolrfrilslli)(lllée
. Item evapo- trans- : and late
Season ration piration Stafée“ of stages of
growth growth
) Sunshine hour 0.79% 0.72% 0.84 0.85%
Ria Relative humidity —0.70% —0.58 —0.87 ~0.68
M?g%ﬁ%%“” | Air temperature 0.56 0.52 0.57 —0.85%
Pan evaporation 0.57 0.69 0.63
Sunshine hour 0.63 0.63 0.67 0.86%*
Bahagia Relative humidity —0.64* —0.25 —0.56 —0.40
) Air temperature 0.86% 0.22 0.32 0.39
OIf season Pan evaporation | 0.59 0.70 0.66
Sunshine hour 0.93%#% 0.76* 0.93* 0.90%*
Main season Relative humidity —0.64 —0.71 —0.76 —0.93%**
B 1968/69 Air temperature ‘ 0.82%% 0.25 0.72 0.72
Pan evaporation ‘ 0.34 0.95 0.77
o Sunshine hour ! 0.72%% 0.50 0.96* 0.79%
R. Ebos 33 Relative humidity —0.90%%% 0758 0,73 —0.92%
M%léﬁ%ﬁéwﬂ Air temperature 0.69% 0.01 0.96% 0.52
Pan evaporation 0.74* 0.76 0.84
Sunshine hour 0.63+ 0.62% 0.85 0.85
Main season Relative humidity —0.51 —0.65% —0.71 —0.90%#*
1968/69 Air temperature 0,75%* 0.77%* 0.92%* 0.56
| Pan evaporation | 0.56% 0.90% 0.64

|

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

Appendixes 3 to 5). But during the initial stage of off season, the ground water level is
extremely low.?® 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>*® (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.(}, 19, 26, 43)

According to Murakami,®® 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. Matsushima'® 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 24% of soil moisture ratio and 65cm of ground water level in the field
of Tanjong Karang Resecarch Station. Van de Goor and Zijlstra made a recommendation on
water tequirement 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)/month (12.7 mm/day) for off season and 330 mm (13
inches)/month (11.0 mm/day) for main season during 40 days period of presaturation. van't
Woudt' reported that on the basis of general experience in Asia, some 12 to 18 centi-
meters of water are needed for land preparation over a period of 20 to 30 days.

It is necessary to determine the extent of contribution of rainfall as 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 overflow systems are
involved.*> 1In Japan, the effective rainfall is generally estimated to be from 3—5mm to
20—30 mm per day or 70—80% of the total rainfall during paddy season according to rain-
fall intensity and rainfall excess.?® 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 days of growth
duration is estimated based on the results obtained'®***® 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,?®* and (b) longer growth duration in the off season.!??2%3%30
Bahagia in case of the off season crop took 142 days to mature as compared to 132 days
for the main season crop.!*2%3 If Ria with a short growth period of 120—125 days was
used,® ) its water consumption would approximately be 1,200 mm (9.6 mm/day) in the off
season and 930 mm (7.4 mm/day) in the main season respectively. Thus, 10% and 5%

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

. Off season Main season
Period Ttem (Mar. 15 to Aug. 4) (Sep. 1 to Jan. 11)
From sowing to Evapo-transpiration mm mm* mm mm*
transplanting (Em/day) x (No. of days) 8.3x25=208 5.1x25=128
Water required for puddling
Prior to and levelling, and main- mm mm
. taining field at saturated
transplanting moisture condition for 5 190 150
days
Evaporation (Em/day)x mm mm mm mm
(No. of days)x(E/Em) 5.9%117x0.55=380 4.6x107x0.55=271
From o
. Transpiration (Em/day)x mim mm mm mm
gaﬁggfe‘;ttmg (No. of days)x (T/Em) 5.9% 117 0.65=449 4.6%107%0.65=320
Percolation (Perc./day)x mm mm mm mm
(No. of days) 1x117=117 1x107=107
. S i " mm inches | mm inches
From sowing Total 1,344=53 ! 976 =38
to harvest (Growth duration) (142 days) } (182 days)

* Water requirement for nursery which is about 1/30 area of paddy field.
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water could be saved by growing a short-period variety, Ria, in the off season and main
season respectively.

Field must be drained at the time of harvest. The drainage should be started at about
20 to 25 days after heading.!*2»26.50.30 By doing this 10 days could be saved from the
irrigation period. To design the water duty, the drainage at harvest time, soil water
remaining in the fields after harvest, effective rainfalls and conveyance loss should he
taken into consideration.!* 23 3440



(2) Transpiration Coeflicient with Reference to Varietal Differences

This experiment was undertaken to determine varietal differences in transpiration and
transpiration ccefficient which are factors affecting water requirement of rice plants, by
using varieties of 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.

1. Material and Method

Varieties: Ria'» (IR 8) (120—125 days growth duration).
Mahsuri'® (130—140 days growth duration).
Petax Tangkai Rotan line or Bahagia!® (sister line of IR 5) (130—140 days
growth duration).
Subang Intan 16* (160—180 days growth duration).
Radin Ebes 33 (160—180 days growth duration).

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

meter.
Layout :
Number of pots
s e For measur- For
Variety ing ET sampling Total
. | Ria 2(2) 0(12) 2(14)
gm » Mahsuri 2(2) 0( 0) 2( 2)
82 PXT. R. line .
;§ | (Bahagia) 2(2) 16( 0) 18( 2)
é?'_' | S. 116 2(2) 0( 0) 2(2)
* | R E 33 2(2) 20(18) 22(20)
No planting
(Control) for 2(2) —_— 2(2)
measuring E ———
48(42)
| Ria 2 16 18
- Mahsuri 2 0 2
PxT. Rotan ( - s
line 2 16 18

Off season,
1968

No planting
(Control) for 2 — 2
measuring & —— —

ol
N

Figres in parentheses show main season, 1967/68.

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

lvd

an interval of 2 to 7 days according to the recession of the water level. Two control pots



22

with wooden cylinder in the center were used to assess the evaporation loss. After the
recording, water was added up to a certain mark and the water depth was once again
recorded.

2. Pot Culture

Transplanting : Main season, 1967/68 —22/8/1967 (24 days scedling).
Off season, 1968 —20/4/1968 (24 days seedling).
Main season, 1968/69—22/8/1968 (25 days seedling).

Manuring : (Basal dressing)

Main season, 1967/68 —1.43 ¢ Ammonium sulphate, 1.37 g Christmas
Islands rock phosphate and 0.42g Potasium
chloride per pot.

Off season, 1968 and

Main season, 1968/69—0.65 g Urea, 1.37 ¢ Christmas Islands rock phos-
phate and 0.42 g Potasium chloride per pot.

(Top - dressing)

1.43 ¢ Ammonium sulphate or 0.65 g Urea per pot were 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. 13
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
g
Dry wt. of plant 3.55 18.90 36.00 32.62 28.33
g
.8 Dry wt. of panicle 11.50 36.87 48.85
24 cm
Plant height 58 69 80 78 (55)
No. of tillers 15.7 28.3 21.3 21.0 (19.7)
g
Dry wt. of plant 3.99 22.50 47.00 67.00 88.50 87.00 70.37
) g
® Dry wt. of panicle 12.50 53.03
24} cm
r Plant height 80 97 105 115 122 149 (104)
No. of tillers 13.3 25.0 22.7 16.7 13.7 19.0 (15.0)




Table 11. Transpiration and transpiration coefficient (Main season, 1967/68).
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1) Ria
Days after transplanting 0 21 42 G4 82 92 Total or
Days before heading 60 39 18 -4 -22 -32 average
S R e p— L S ——— i ————— V———

g
Transpiration per hill 0.11 4.60 6.95 5.44 2.39 19.50
Ratio 0.6 23.6 35.7 27.9 12.3 100

g
Transpiration per day 5 219 316 302 239 212

g
Increas of dry matter per hill 3.20 15.35 28.60 21.99 7.69 76.83
Increas of dry matter per day 0.15 0.73 1.30 1.22 0.77 0.84
Transpiration coefficient 34 300 243 247 311 254
2) R.Ebos 33
Days after transplanting 0 21 42 64 82 103 116 147 Total or
Days before heading 14 93 72 50 32 11 -2 -ggaverage
kg
Transpiration per hill 0.17 5.48 7.39 4.50 7.61 7.32  15.92 48.38
Ratio 0.3 11.3 15.3 9.3 15.7 15.1 32.9 100
g

Transpiration per day 8 261 336 250 362 563 514 329

g
Increas of dry matter per hill 3.59 18.51  24.50 20.00 21.50 11.00 23.90 123.00

g
Increas of dry matter per day 0.17 0.88 1.11 1.11 1.02 0.85 0.77 0.84
Transpiration coefficient 47 296 302 225 354 665 666 393

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

Item Mahsuri PxT. Rotan S.1 16
kg
Transpiration per hill 27.15 28.73 52.31
Transpiration per day 254g 261 356
Increase of dry matter per hill 109.43g 104.72 121.25
Increase of dry matter per day 1.%)2 0.95 0.82
Transpiration coefficient 248 274 431

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 reduction division stage.

As shown in Fig.
increase per day and transpiration per day in rela

tion to growth stage. From the

The peak of transpiration per day in Ria and Bahagia was observed around

16, a distinct correlation was obtained between the dry matter

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.



24

Ria

Off season,

Ria

Main season,

1968

1967/68

fep/3y ‘woneaidsueay,

o 58} —
[l [l [=]

JURID135000 uoTjeaidsued ],

[lty/&ep/8 “xe13ew KIp JO 9sSBAIOU]

. 1 o L L 1 L 1 il 1
= © ] = ) ™
— (=] =] b} =} =4
[11y/4ep/3 ‘xejprew LIp Jo aseadouf
fep/8y ‘worjeardsuea] JU9101}J000 uotjeaidsuer ]
oy 1 o o =
v . - i=3 = =
(=] < < o ™~ —
[ R Lubata B
1 1 1 1 1 1 L 1 1 1 i 1 1
— — = IS - = S

39 18 -4 -22

60

=22 -32

18 -4

39

Period (days prior to heading)

Fig. 13. Increase of dry weight, transpiration and transpiration coefficient (Ria).

?w\,ﬂ ‘uorjeardsuea ]

JUB101j5000 - uojRIIdSURL ],

(=23
@
~
<0
<
>
——t
-1
- O
et @
s g
R
A e
=
<
=
L ] 1 i L 1 L L 1 ! 1 1
= = 9 N = = < N
[11y/Lep/8 ‘xe138W AIp jO @swaIOU]
W ir Tar
Aep/8y ‘worjerrdsuer] — JuQIAIjjR00 uoljRaIdSURI ]
2 i - s 8 2
o = = ===~ 1
B o sl il Sl Rl r~=-"r===y5-=-
% rf °
[=2] -~
i Ill
& . » %
£ g )
¥ \ \
= &
S o
m w
-~
ol
o
L 1 L} ] [} L L)
ES I i = 3 - o

)

Tity/Aep/3 ‘xejjew AIp Jo 9sedIOU]

Period (days prior to heading)

Fig. 14. Increase of dry weight, transpiration and transpiration coefficient (Bahagia).



et «
Do oo

<
ot

Transpiration, kg/day/hill

350

Transpiration coefficient
L
[l
=3

oo
el
f—t

1

R.Ebos 33 R.Ebos 33
Main season, 1967/68 Main season, 1968/69
0.8 o
r I A . =l
) PO e - . b
= 1.0+ / eyl Y 4052 — 0.6+ -2
| /./ *}»\% - z . g
= r - =0l [
Sosl [ A 40,3 S 5 04 103 Z
?D %y Nt 1 o ~ [ R
L “ = o 402 &
- N ! @ 021 e s
i~ ' = [ 1 o
Q0.2 47 0.1 & @ =01
2 ’ ! B et H
< ; ] ]
g g
e £ 087 -
<= = = g
B 1.0k T & B 06 =
9] o % RS [ ks
8 L P \’ =600 e g 7 600 S
m . !
3 S = o 04F | =
£ 0.6 / 4400 2 5 1400 =
= ,’Z ' = = | bl
[l b '-x---%.. L 1 =3 o noL i =
i 4200 &2 Ve 4200 @
0.2+ voE PooE
' L ' ¢ 1 : f ! ! I L L L I3
' 742 5’0 32 11 »[2 0 81 60 39 19 -1
i H ! 1 1 | !
L T T T O R A A R
93 72 50 32 11—2-33 81 60 39 19-1 ~-34

. Period (days prior to heading)

Fig. 15. Increase of dry weight, transpiration and transpiration coefficient

Ria

y=0.28x—0.01
r=096"**
i . 1 1 1 ]
0.2 0.6 1.0

r=—087%*

1 L L : L

(R. Ebes 33).

Bahagia
o 051 A =05f
= I =z
e Ay A B
k5 / S
®03k ' 03F
- S
£ 0 x o y=024340.05  E
= —= sk ‘:';:;.
Sl =080 Foat
g X S
; A 1 ) B as

R.Ebos 33 o

y=0.32x-+0.06
r=063*

05 10 15 20

Bahagia
< 600

CA

.

=1
1

Do

[S2]

<

T

X
X

/

Transpiration coefficien

=
[l
<

®
>

Ay
A y=—41x+325
r= ;0.53

(S%]

D

=3
T

Transpiration coefficient

04 08 12
R.Ebos 33 ®o
x

X

x
y=—256x+642
r=—043 x °

*x

1ot L L 1 L

0.2 0.6 1.0

© Main season, ‘1967/68

1 Il 1 ! y
05 10 1.5 20 20
Increase of dry matter, g/day/hill
A Off season, 1968

0.4 08"

X Main season, 1968/69

Fig. 16. Correlation of increase of dry weight to transpiration and transpiration coefficient,



26

In general, transpiration coefficient for dry matter increase per day was comperatively
high during the early growth stage, lowest in the mid-growth stage and highest during
the ripening stage®*» (IFig. 13 to 15). Although, in some cases a rather low transpiration
coefficient at the early growth stage was observed, there exists 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).

°© Main season 1967/68 R.Ebos 33
s 0ff season 1968 Bahagia - . L.
x Main season 1968/69 <
=600F
Ria 2
(&)
= T %
® x ¥
s
400y 40017 4001 e
= o °
A A 404 X 4 X ot n o ©
" £ A " % A
o 00 x* R
, x a = °
2001 200 3200 -
= Ft
_ L - =089
r=-0.76" r=-044 ~ [ F=0.
0 1 3 A U ) 1 1 | F— ) 0 ] (] [} ] 2
100 200 300 100 300 500 100 300 500
Transpiration per day g/niti
Fig. 17. Correlation between transpiration per day and transpiration coefficient
at each stage of growth.
Table 13. Growth and dry weight of plant per hill (Off season, 1968).
7777Days after transplanting 28 49 69 89 Final
g (99)
Dry wt. of plant 4.77 26.00 36.50 33.00 31.97
g
o Dry wt. of panicle 12.50 33.50 39.86
= cm
& Plant height 53 86 97 95 (58)
No. of tillers 15.6 30.1 25.2 17.4 (18.5)
g (120)
= Dry wt. of plant 6.02 31.60 69.50 93.50 81.04
g8 g
‘Q Dry wt. of panicle 9.00 45.28
cm
P;; Plant height 54 89 106 117 (80)
A& No. of tillers 18.5 37.7 30.3 25.5 (25.0)
— cm N
5 Plant height 67 109 125 133 (105)
§ No. of tillers | 15.0 37.0 33.0 27.0 (27.0)




Table 14. Transpiration and transpiration coefficient (Off season, 1968).

1) Ria
Days after transplanting 0 28 49 69 89 99 Total or
Days before heading 66 38 17 -3 -23 -33 average
e
Transpiration per hill 1.54 5.75 6.68 5.21 1.65 20.83
Ratio 7.4 27.6 32.1 25.0 7.9 100
Transpiration per day Gg 274 334 260 165 210
Increase of dry matter per hill !1.65g 21.23 23.00 17.50 5.33 71.68
Increase of dry matter per day 0. 17g 1.01 1.15 0.88 0.53 0.72
Transpiration coefficient 334 271 290 298 310 291
2) PxT. Rotan
Days after transplanting 0 28 49 69 89 119 Total or
Days before heading 83 55 34 14 -6 -3¢ ~ averase
kg .
Transpiration per hiil 1.90 8.74 8.46 8.84 14.70 42.64
Ratio 4.5 20.5 19.8 20.7 34.5 100
Transpiration per day 7g 416 423 442 490 358
Increase of dry matter per hill 5.80 25.58 37.90 33.00 23.82 126.10
Increase of dry matter per day 0.21g 1.22 1.90 1.65 0.79 1.06
Transpiration coefficient 328 342 223 268 617 338
3) Mahsuri
Days before heading 87 59 38 18 -2 32 ;{féﬁgf
»——,—kz = e e

Transpiration per hill 1.82 7.94 9.73 8.72 15.62 43.84
Ratio 4.2 18.1 22.2 19.9 35.6 100
Transpiration per day Gg 378 487 436 521 368
Increase of dry matter per hill 137.55
Transpiration coefficient 319

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).
tions signify that the plants utilized water most efficiently when the plants grew most

actively.?>

These rela-

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 day was small at the
stage when transpiration coefficient was small.
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2) Varietal difference in transpiration and transpiration coefficient

All varieties were transplanted at the age of 24 to 25 days, although varietics of
different growth duration were used in this investigation.
Transpiration coefficients determined in three seasons are shown as helow :(—

Variety Main season, 1967/68 Off season, 1968 Main season, 1968/69
Ria 254 ( 92 days*) 291 ( 99 days*) 257 ( 91 days*)
Mahsuri 248 (107 ) 319 (119 ) 274 (104 )
Pﬁfﬁfﬁa’;?f 274 (110 ) 338 (119 ) 959 (104 )
S. Intan 16 393 (147 ) e 444 (142 )
R. Ebos 33 431 (147 ) e 483 (137 )

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

The values of three varieties in off season (dry season) were higher than those in main
season (wet season) due mainly to difference in weather conditions.?* %34 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 bhe calculated, if the growth
duration and dry matter production of the variety planted are known.!® 223

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=327x—75 (r=0.96%%) (1)
y=4.71x—201 (r=0.96%*%) (2)

~~ -
= 2= 450 —
A =
= 120 /OE -
< ~ 5
=L g
.~ 53 ]
8 J:SSO 3
= 100 Lo
o 1E
gk | E
- 1250 =
o 80 =
%) o E:
<
L ! | ) ! . . J
R 100 120 140
.
t

Days from transplanting to harvest

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

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

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).

Days after transplant. 27 48 62 69 76 89 104 109 142
g
Dry wt. of plant 4.95 20.50 34.50 47.71 40.00
g
.8 Dry wt. of panicle 5.29 47.12
2 cm
< Plant height 57 81 93 117 (76)
m
No. of tillers 14.3 21.0 19.8 21.9 (20.0)
No. of leaves 13.1 16.2 18.1 18.7 19.2 19.3
g
Dry wt. of plant 5.86 20.00 34.50 47.00 57.02 55.13
g
o Dry wt. of panicle 4.99 25.94
@ cm
= Plant height 69 95 105 112 120 127 136 (119)
&
No. of tillers 11.0 13.4 14.8 14.7 13.0 11.6 11.8  (11.3)
No. of leaves 13.2 16.2 17.6 18.2 18.7 19.9 21.3  21.3
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Table 16, Transpiration and transpiration coefficient (Main season, 1968/69).

7

Days after transplanting | 0 27 48 62 76 104 7Total or

Days before heading 74 47 26 12 -2 -30 average
W.m,_,l;,g.,, L
Transpiration per hill 1.44 3.86 3.94 5.65 7.57 22.46
Ratio 6.4 17.2 17.5 25.2 38.7 100
o Transpiration per day 53 184 281 404 270 216
5 ~ g
& Increase of dry matter per hill 4.47 15.55 14.00 18.50 34.12 86.64
g
Increase of dry matter per day 0.16 0.74 1.00 1.32 1.22 0.83
Transpiration coefficient 322 - 248 281 305 222 259
No. of days after Transpiration
Variety transplanting to coefficient Actually measured
harvest calculated
Ria 92 days 227 ¢ 256 g
Mahsuri 104—107 275—289 248—274
Bahagia 104—110 285—289 259—274
S. Intan 16 137—147 406—444 431483
R. Ebos 33 142147 406—468 393—444

From the above figures, it is apparent that the longest term variety needs two times
as much 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 matter than varieties of longer growth duration.!® 223445

The dry matter production was not directly proportional to the growth 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.

Table 17. Transpiration and transpiration coefficient (Main season, 1968/69).

Ite;ﬁ o H Ria Mahsu11 k S. Intan 16
] i
Transpiration per hill 18.88 22.76 34.85
Transpiration per day ; 207g 219 254
Increase of dry matter per hill 73.35 83.14 72.16
Increase of dry matter per day U.Hi& 0.80 0.53
Transpiration coefficient 257 274 483
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y=107x+70 (r=0.84)
y=-—0.187x*+10.3x—53

As the weight of panicles decreased with the increase in total transpiration or growth
duration, a quadratic curve was obtained for the relation between total transpiration and
weight of panicles in both seasons® *» (Tables 10, 12, 15 and 17 and Fig. 20 to 22).

Main season, 1967/68
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Fig. 20. 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 long term varieties. The grain production was also poor in
the long term variety as compared with the short term ones®*» (Fig. 22). It is concluded
therefore that the use of longer growth duration varieties is inadvisable as the grain yield
does not commensurate with the water consumption.

Matsushima'® 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 and off season (Table 47). Furthermore lesser figure in
transpiration coefficient was obtained in this investigation.’"*» These trends are rather
similar to the investigations carried out by Murakami*® in Ceylon. This inconsistency
might have been caused by the differences in measuring method, apparatus and varieties
tested. Therefore, further investigation is necessary to study the above stated inconsistency
with improved method and apparatus.



II. WATER DEPTH

(3) Depth of Water in Relation to Fertilizer Application Method

A vpriliminary experiment carried out at Bukit Merah Padi Experiment Station (Ap-
pendix 3) showed that the grain yield was decreased almost propertionally to the increase
of water depth under non-fertilized condition but the yield reduction was small under
fertilized condition particularly with a medium term variety.**>*» There was also a small
difference in yield between basal dressing plot and top-dressing plot.

A large number of places, everywhere in the Kedah Plain, was submerged under deep
water during the rainy season, July to November, due to the poor drainage.®*2%3*9 The
water depth in some cases was more than 30 centimeters. It is assumed that short term
varieties for double cropping have little tolerance to the deep water as compared with local
varieties. Therefore the following experiment was conducted to study effects of different
water depth on plant growth and grain yield of rice with different fertilizer application.
For an experimental control of water depth for a whole growth period, large frames were
used to grow plants (Plate 15).

1. Material and Method

Variety : Ria (120 days of growth duration)—Main season, 1967/68.
Bahagia (130 days of growth duration)—Main season, 1968/69.

Layout : 9 randomized plots, with 3 replications, 27 plots in all.
Frame Size: 91cmx91lcmXx38cm (1/1.2 sq. meter).

Spacing : 30cmx30cm, 9 hills per frame (3 seedlings per hill).

Treatments :

N Top-dressing

Treatment Water depth Basal (il\Iressing' 30-35 days Young panicle
T after planting formation stage
cm kg/ha(ib/ac) kg/ha(Ib/ac) kg/ha(Ib/ac)
1. Non Fertilizer 5 (27 0 0 0
2. Basal Dressing 5(2) 67 (60) 0 0
3. Top Dressing 5 (2) 0 34 (30) 31 (30)
4. Non Fertilizer 10 (4) 0 0 0
5. Basal Dressing 10 (4) 67 (60) 0 0
6. Top Dressing 10 (4) 0 31 (30) 34 (30)
7. Non Fertilizer 20 (8) 0 0 0

8. DBasal Dressing 20 (8) 67 (60) 0 0
9. Top Dressing 20 (8) 0 34 (30) 34 (30)



67 kg/ha of P,O; as Christmas Islands rock phosphate and 45 kg/ha of K,O as Potasium
chroride were applied as basal dressing except treatment nos. 1, 4 and 7. Nitrogen fertilizer
used was Ammonium sulphate for main season, 1967/68 and Urea for main season, 1968/69.

Preparation of frames:

Galvanized iron bottomless frames were set into the field soil. The soil was dug up to
the depth of 30 centimeters to receive the frames and the soil was put back inside the
frames as indicated below.*»

Field

Frame
Water depth o X["‘,‘”“” f/ 4xgcm\;\ 1
e Sl ce//‘ 20
\\\Q\Q } / /41\ NN ///;*; #\\ NN L &
K T
k]

Subsoil ZUC zz /‘Ajim

4

u.

-7

Transplanting :  20/9/1967 (25 days seedling)—Main season, 1967/68.
15/8/1967 (23 days seedling)—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 3rps.).

11/10(21) 25/10(35) 8/11(49) 15/11(56) 23/12
e e
Treatment No. of Plant No. of Plant No. of Plant No. of Culm  Panicle No. of
tillers ht.  tillers ht.  tillers ht. tillers ht. length panicles
cm ‘ cm cm cm cm cm
1. NF. 5 7.9 49 23.0 67 23.8 69 23.3 62 22.7 19.1
2. BD. 5 8.8 53 25.6 65 25.3 71 24.9 62 22.6 17.8
3. T.D. 5 6.8 49 21.8 68 27.4 76 29.0 66 23.8 25.3
4. N.F. 10 7.0 51 19.5 65 19.6 73 19.5 64 23.4 15.7
5. BD. 10 6.7 51 19.5 66 21.2 75 21.0 63 22.8 18.1
6. T.D. 10 5.8 48 16.6 66 22.0 76 25.2 64 24.1 22.9
7. N.F. 20 5.0 54 11.5 71 13.7 79 14.0 66 23.5 13.4
8. B.D. 20 5.0 54 12.5 71 1.1 79 15.1 64 23.7 11.2
9. T.D. 20 5.4 57 14.0 76 17.6 31 18.0 70 Y 18.5

Figures in paleutheses show numbex of days '1ftt1 tunsplantmﬂ.



Table 19. Record of plant growth (Bahagia, Average of 31'11@)

2/9(‘?85 ‘7()/9(12) 10/10( )(\ ‘)1/10( 18/11
N RSN PR PR, — e
Treatment Plant No. of Plant No. of Plant No. of Plant Culm  Panicle No. of
ht.  tillers ht.  tillers ht.  tillers ht. ht. length panicles
cm CIn cm cm cm cm Em
1. NF. 5 48 20.5 68 30.9 87 30.8 105 102 25.0 22.3
2. BD. 5 53 28.9 77 39.5 100 35.9 117 108 24.8 27.5
3. TD. 5 48 20.0 74 37.9 95 39.9 117 106 27.1 28.2
4. N.F. 10 48 19.2 70 29.4 88 29.6 106 101 25.2 22.3
5. B.D. 10 53 26.5 78 38.0 101 36.2 119 109 25.2 26.4
6. T.D. 10 48 20.5 76 36.2 99 37.2 123 109 27.4 27.2
7. N.F. 20 57 18.0 78 26.1 99 26.5 116 108 25.9 19.5
8. BD. 20 61 23.2 88 32.3 109 30.8 128 117 26.0 23.6
9. T.D. 20 56 17.3 82 32.6 103 33.1 126 111 28.6 24.1
Table 20. Records of water and soil temperature (Main season, 1967/68).
= Item .
Soil temperature at
B Water temperature 5cm depth
7.30 14.30
Treatment ) - 7. 30 B 14.30
om e 5 s 5=
3. TD. 5 25.0 31.2 24.8 30.6
- D (20.5-27.5) (26.0-33.5) (20.6-27.5) (26.0-37.0)
24.8 30.5 25.2 30.8
6. T.D. 10 (20.5-27.0) (25.5-32.5) (20.5-27.5) (26.0-37.5)
25.8 30.1 26.1 30.3
9. T.D. 20 (20.5-28.0) (25.5-32.5) (20.6-29.0) (26.0-32.0)
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 o ) Soil tem
perature at
TE& Water temperature 5cm depth
l 7.30 14.30 T~
Treatment ™| - | 0 M0
'  em °C °C | °C °C
3 TD. 5 25.6 32.3 ! 26.3 30.9
<D (24.0-27.5) (28.5-37.0) : (25.0-28.0) (28.0-34.5)
25.9 31.7 26.8 29.8
6. T.D. 10 | (24.0-27.5) (28.5-36.0) (25.5-28.5) (27.5-33.0)
|
- | 26.4 30.9 27.1 29.8
9. TD. 20 i (24.5-28.5) (27.5-36.5) (25.0-29.5) (27.0752.5)

Average of 16 readings.

Measurement was made on every Wednesday.
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1) Plant growth

In general deep water treatment induced an increased plant height and markedly
reduced number of tillers. Towever there was not much difference in growth between the
oroups of 5 and 10cm of water depth in case of Bahagia.

Fertilizer application was effective to increase number of tillers even at deep water
condition. Top-dressing of nitrogen was more effective than basal dressing in increasing
tillers and consequently number of panicles with Ria, but not such a clear difference was
found with Bahagia.

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

| No. of spike-
| lets . .
. : Wt. % of Wt.of Grain/ Yield
Treatment Hedaf%*eng of er - ripened 1,000 straw per Index Index
< straw pellni o per hill grains grains ratic frame
le
cm g o g Yo g % %
1. NF. 5 22/11 269 92 1,772 72 28.1 120 321 100 100
BD. 5 23/11 286 99 1,760 75 28.3 120 337 105 105
TD. 5 21/11 349 101 2,580 68 28.8 133 451 141 141
4. N.F. 10 21/11 225 97 1,529 76 28.2 135 293 100 91
5. BD. 10 21/11 262 92 1,653 74 27.7 121 303 104 94
6. T.D. 10 21/11 307 96 2,189 74 28.6 139 417 143 130
7. NF. 20 21/11 186 102 1,383 78 27.9 144 271 100 84
8. B.D. 20 18/11 219 98 1,389 78 28.4 125 276 102 86
9. T.D. 20 19/11 278 108 1,967 80 29.1 149 410 151 128

/o /° 92500 5
1407 - s
__/ /% ooy 12000
. o e — //‘ B
= . et 15002
R RH — S ““' :
" —— ooy =
= 7 ! g
= ‘ L
> Bl N g ."ﬂ =
- — S—_— '..’.:._ S _.'..z:'_: S .7".':.: -8 ";
= . B o g 4 =
S oggH | Heee e i 19 =
ez el 49053
WE  BD T.D F B0 T.D, N B0 T
S s N T St
- O cm cm
Water depth § 10 710

Fig. 23. Relationship of grain yield to number of spikelets and to quantity of nitrogen
in total plant per hill (Ria).
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2) Water temperature and soil temperature

Water and soil temperature at 7.30 am. and 2.30 p.m. can be regarded roughly in-
dicating minimum and maximum temperature respectively. According to Tables 20 and
21, water temperature was slightly lower at the minimum and slightly higher at the
maximum than soil temperature. It was cbserved that the deeper the water depth, the
higher was the minimum and the lower was the maximum temperature for both water
and soil temperatures. This means that a range of daily fluctuation of temperature was
reduced by deep water.®® 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 25).
The difference in yield was significant at 10% level between 5cm and 20 cm water
depth groups with Bahagia, but not significant with Ria.

Table 23. Statistical analysis of yield (Ria).

Source L df S.S. M.S. F
Total 2% 203529.9
Block j 2 6564.3 3282.2 0.59 N.S.
Treatment j 8 108203.9 13525.5 2.44
N.F.—BD, 1 501.3 501.3 0.09 N.S.
N.F.—T.D. ; 1 77618.0 77618.0 13.99%%
B.D.—T.D. 1 65642.7 65642.7 11.83%
5cm—10cm | 1 4672.2 4672.2 0.84 N.S.
5cm—20cm | 1 11653.6 11653.6 2.10 N.S.
| 6

Error 16 88763.6 5547.

LSD.: 5% 129g, 1% 178 g/frame.

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

; No. of spike-
Heading| “TE® W, lets % of Wt of Yield
Treatment | lode of or ripened 1,000 per Index Index
| date 292~ gtraw P per  grains grains fram
ing panic- hill
le 1
em o g % g g %o Yo
N.F. 5 31/10 32 510 121 2,690 82 26.4 528 100 100
BD. 5 1/11 33 676 113 3,114 84 .3 629 119 119
3. T.D. 5 2/11 1 23 703 132 3,716 83 .0 723 137 137
4. N.F. 10 2/11 30 501 117 2,625 83 4 517 100 98
5 B.D. 10 30/10 38 673 128 3,104 83 .8 623 121 118
6. T.D. 10 1/11 37 589 134 3,632 80 4 688 133 130
7. N.F. 20 31/10 | 33 488 126 2,458 87 .2 506 100 96
8. B.D. 20 1/11 E 42 640 129 3,033 82 ) 595 118 113
9. T.D. 20 /11 33 732 141 3,391 78 .8 637 126 121
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Table 25. Statistical analysis of yield (Bahagia).

Source d.f. S.S. M.S. F

Total 26 178150
Block 2 5628.2 2814.1 1.31 N.S.
Treatment € 138230.7 17278.8 8. 06
5cm—10cm 1 1352 1852 0.63 N.S.
10cm—20 cm 1 4140.5 4140.5 1.93 N.S.
5cm—20cm 1 9464 9464 4.42
2,38-8,9 1 10800 10800 5.04%
N.F.—B.D. 1 43316 43316 20,21 %%
B.D.—T.D. 1 20267.6 20267.6 9.46%*
Error 16 34291.1 2143.2

LSD.: 5% 80g, 1% 110g, 0.1% 152 g/frame.

% 2
1400 — . 14000
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o r“/ T 300
- 1 o 000 =
= o1 Qy/f{ G///V:““ r—- o
® 100 — = — — e
| =
= | 28 2
— 60 ) gl ® o ©
= H = B Pk e el Iy
e o« ! 2« 7 =

= 20k = 20
¥.F. B0, 71,9, N.F, B, T.D, NF BD T,D, B

"~ Vs -~ - e d ~ N d
Water depth §cm 10°c" 2p°"

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 water submergence.

It was observed that among yield components, number of spikelets and number of
panicles per hill were highly correlated to yield with all experimental plots of each variety
(Fig. 23 to 25). Number of spikelets per hill was more highly correlated to yield as
compared with number of panicles in hoth varieties.?®**3» [t also revealed that high yield
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in the top-dressing group was mainly attributed to an increase in number of spikelets per
hill. In case of Ria, an increase in weight of 1,000 grains also contributed to an increase
of yield in top-dressing group (Table 22).

O o
Ria 2600 2 ot
12 :
X 26 ax"jzgea_ﬁg - e
s = =
o 22 1180 B2 8¢ »
= - e -
o (=] = 4
= 18} S2 .
= ¢ = =
o 1k = sn
£ £, & oL - L. i i a, 0‘0 )
300 50 400 g = 900 §00 7 g F
Grain yield Grain yield /rame

Fig. 25. Correlation of grain yield to number of panicles 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
yvield. 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 was 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.



- : Bk . - ; 3k
Trear. | Doreent Quan oy N Poreent Quan Pereemt Qun vy Ko
of N of N ratio of P of P of K of K ratio
i % g % % g % g %
1. S .52 .136 L0587 .016 1.98 .519
P 1.09 482 L2 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 2.14 750
P 1.55 .961 .19 117 .28 .172
T 1.225 41 97 .136 .922 54 58
4. S .48 .102 057 .012 2.01 .430
P .99 .392 .25 .102 .31 .125
T .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 54 18
6. S .78 .238 .050 .015 2.26 .687
P 1.40 776 .18 .101 .27 .152
T 1.014 46 92 .116 .839 55 68
7. S .48 .082 .044 .007 2.35 .399
P 1.13 .419 .22 .082 .30 111
T .501 60 — .089 .510 59 —
8. S .61 .125 .063 .013 2.37 .491
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 64

Quantity of N or K contained fertilized plant)—(N or K contained non-fertilized plant)
*k x]

Grain yield (g)

Total quantity of N or K (g)

...... Straw, P-.....

Amount of applied N or K

Panicle,

Toeene

Total plant.

00



41

III. DROUGHT AND WATER 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 cut the
critical stage of plant growth for drought.

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

1. Material and Method

Location : Bukit Merah Padi Experiment Station (Appendix 3)—off season, 1967

and main season, 1967/68.
Telok Chengai Padi Experiment Station—main season, 1968/69.

Soil used: Bumbong Lima Rice Research Center paddy field soil (Recent

levee deposit and heavy clay''*")—off season, 1967 and main season,
1967/68.

Telok Chengai Padi Experiment Station paddy field soil (Slightly
brackish alluvium and heavy clay''*®)—main season, 1968/69.

Layout: Randomized with 4 replications.

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

Procedure :

Drought treatment was given as belows :—

(a)

(b)

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.

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/ (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/ (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)—DBahagia; main season, 1968/69.

Basal dressing: N (Ammonium sulphate or Urea) 1g, P,O; (Christmas Islands rock

phosphate) 1¢ and K,O (Potasium chroride) 0.5g per pot were
applied.
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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)
. R W—
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

1. Control 38 9.8 63 25.8 75 33.3 57 24 34.8

Tillering

271 to —49 47 10.5 63 29.8 74 34.0 61 24 33.5
3. Invalid tiller.

56 to —42 42 9.8 66 28.3 73 36.3 60 26 35.8
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

~ 40 to —14 42 10.0 61 25.0 63 25.5 54 24 30.5
7. Heading

—1to +8 41 9.3 64 24.8 71 37.0 55 24 36.3

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.

Petax 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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Table 28. Record of plant growth (B. Merah; Main season, 1967/68. Aver. of 4rps.).

30/12(—40) 13/1(—26) 27/1(—12) 10/2(+2) ' 1/3(+21)
Stage of drain Plant No. of Plant No. of Plant No.of No. of Culm No. of Ind
ht. tillers ht. tillers ht. tillers tillers ht. p?élslc' ndex
cim cm cm cm Yo
Control 57 28.5 70 36.5 77 37.5 36.3 69 36.5 100
2. Tillering = -
66 to —26 51 15.0 51 16.0 75 24.5 33.8 74 32.8 90
3. Invalid tiller. -
—47 to —26 55 25.0 59 30.0 76 34.8 33.5 73 34.0 93
4. Spikelet dif-
ferentiat. 59 25.0 68 33.8 78 33.3 34.0 69 38.0 104
—23 to —9
5. Heading
~7 to +3 59 27.8 71 39.3 83 40.3 40.3 72 39.5 108
6. 4&5
923 to +3 57 26.0 68 34.5 74 34.5 34.0 67 39.5 108
7. Most active
ripening 57 28.8 68 39.8 77 39.3 39.3 69 39.5 108
+7 to +18

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.).

20/10(—44)  3/11(—30)  17/11(-16) 1/12(-2) c
. A ulm Panicle No. of
Stage of drain Plant No.of Plant No. of Plant No. of No. of | ht. length panicles
ht. tillers ht. tillers ht. tillers tillers
cm cm cm cm cm

1. Control 60  36.2 82 50.5 93 47.7 43.8 80 28.6 42.3
2. Invalid tiller.

59 to —37 59 32.6 81 56.4 86 54.3 45.9 83 27.8 45.3
3. Rachis-branch

differentiat. 58  34.3 77 50.9 83 51.5 46.3 75 27.5 44.0

—37 to —22
4. Spikelet differ-

entiation 56 33.0 78 49.1 90 48.2  42.5 86 28.1 40.0

—22 to —12
5. Booting .

210 t0 0 56 33.6 81 49.0 90 49.4  41.5 76 28.1 41.5
6. Initial ripening

1 to 11 62 35.1 79 51.2 89 51.6 43.4 79 27.5 39.3
7. Intermittent - - p

7 days interval 56 35.0 76 A47.2 84 46.2 41.5 68 24.6 40.0
8. Intermittent . .

12 Gays interval | 58 32.9 8L 521 83 50.3  47.2 55 21.9 395

Black letters are the figures indicate before the treatment.
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Table 30. Amount of rainfall during treatment (B. Merah; Of season, 1967 ).

| No.of
tao i L ¢ deving  Days before e e
Stage f;[ drain | Penod or c?u»n"é heading ]Ciil}né | hammﬂ_\
days days days  # mm

2. Tillering 29 (9/6-7/7) 71- 42 13 5.44 138.2
3. Invalid tillering 14 (24/6- 7)7) 56- 42 4 3.93 99.8
4. Rachis-branch differentiation 14 (10/7-23/7) 40- 26 2 0.13 3.1
5. Spikelet differentiation 11 (25/7- 4/8) 25- 14 1 0.67 17.0
6. 4 &5 26 (10/7- 4/8) 40- 14 3 0.80 20.3
7. Heading ‘ 10 (18/8-27/8) 1--8 5 5

.91 150.1

Effect of treatment on plant growth was not apparent in this experiment, except treat-
ment nos, 7 and 8. These treatments are intermittent watering, and which caused reduced
culm length and reduced number of panicles with distinctly short panicle length (Table 29).

Rainfall data for off season 1967 and main season 1967/68 are shown in Tables 30 and
31, because during that season experimental plants were exposed to rainfall, although rain
water was drained after rain. The reason 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 than 100 mm during that treatment period in the latter
season. Thus it can be concluded that water shortage at the tillering stage affects plant
height and panicle number, but water shortage occuring middle and later stages of growth
is less effective to plant growth.

Table 31. Amount of rainfall during treatment (B. Merah; Main season, 1967/68).

{ No. of
Stage of drain } Period of drying Daﬁ’ s before rainy Rainfall
} eading days
S | days days | days " mm

2. Tillering | 40 ( 4/12-12/1) 66- 26 | 3 1.25 31.8
3. Invalid tillering l» 21 (23/12-12/1) 47- 26 2 0.58 14.7
4. Spikelet differentiation 14 (16/ 1-29/1) 23- 9 2 0.52 13.2
5. Heading | 11 ( 1/ 2-11/2) 7- -3 2 1.59 40.4
6. 4 &5 | 27 (16/ 1-11/2) 23- =3 | 2 1.40 35.6
7. Most active ripening | 11 (15/ 2-25/2) —7-—18 ‘ 6 2.65 67.3

2) Changes of pH and Eh in the seil

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

With both of B. Lima soil and T. Chengai soil, it was observed that no-watering treat-
ments induced an oxidized condition of soils during the period of treatment, but with the
start of re-watering after the end of treatments Eh value went down to the level of control
pot which was submerged continuously throughout the growth period. Seil pll value
was also changed by the treatments. When soils became oxidized condition, pH value
decreased, whereas pll value increased when Eh value went down.” The change of pll
was in a range of 4.5 to 6.3 with B. Lima soil and 4.4 to 6.4 with T. Chengai soil.



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 ——
pH Ehy, pH Eh, pH Eh, pH Eh, pH Eh, pl Eh,
mV mV mV mV mV mV
1. Control 6.3 6.5 89 5.5 —36 6.1 17 6.4 -2 5.8 33
. . 6.1 106 5.5 -77 5.8 92 5. 91 5. - 17
2 Tillering (0) (©) (13) (20) (34)
3. Invalid tillering 5 -9(0)115
6.0 14 5.6 72 4.4 289 4.5 212
6. 4&5 (0) 0) (0) (6)

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

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
e
Stage of drain After trans- Initial genera- : Late ripening stage
palnting tive stage Booting stage H Eh Mois-
pH  Eh, pH Eh, pH Eh, P 6 ture
mV mV mV mV %
1. Control 6.4 —56 5.5 — 19 6.3 —12 5.8 3
2. Invalid tillering ol g 1%
. . 4.8 — 23 6.0 —12 6.3 16
3. Rachis-branch differ. o) (28 days) (43 days)
. 4.7 99 5.3 4
5. Booting (6) 1)
. . . 5.5 —16 5.1 56
6. Initial ripening (0 (10)
7. Intermittent 4.9 22 4.3 284 4.6 143 23.0
7 days interval (0) ) 0y
8. Intermitetnt 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.
was 17 to 23% and high Eh values with 350 mV at the highest.

Soil moisture ratio
In addition to the water

shortage, a serious nitrogen deficiency might have occurred due to a drastic nitrogen loss.'®
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.

wilting of plants during the treatment.
Grain yields were remarkably decreased by the treatment nos. 2, 5 and 6. Reduced

This might be caused by a

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 34. Grain yield and yield components (B. Merah; OF season, 1976. Aver. of 4rps.).

| i h 3 11

Date of Wi of o Of spikelets o of Nyt of  Grain/

‘heading  straw  per ripened 1,000 straw  Yield  Index
f g v planicle per pot grains grains  ratio

Stage of drain

' ] g % g % g %

1. Control L 19/8 65 123 4,23 68 29.1 129 83.8 100
2. Eiéllertigg_ 1 198 L et 119 3,912 68 29.1 123 777 93
3. I_Dgg‘“t‘étﬂlging L6862 120 4,379 69 28.0 137 86.2 103
4. Rachis-branch |

differentiation L 19/8 65 108 3,892 76 29.9 137 87.8 105

—40 to —26 1
5. Spikelet { ‘

differentiation L 16/8 | 61 88 3,880 64 28.9 120 73.4 88

—25 to —14 | |
6. 4_%5“) 1 ‘ 26/8 54 99 3,029 69 28.0 109 58.7 70

. Headi : i . - . .

7 _elat;“iS 19867 121 4,365 70 27.9 130 87.4 104

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

Source d.f. 5.S. M.S. F
Total 27 1345407.4
Block 3 113433.7 37811.2 0.70 N.S.
Treatment 6 265689.4 44281.6 0.82 N.S.
1—6 1 125250.2 125250.2 2.33 N.S.
4—06 1 198780.5 198780.5 3.70
3,4—5,6 1 175351.5 175351.5 3.27
Error ! 18 966284.3 53682.5

LSD.: 10% 28.4g, 5% 34.4g/pot.

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 control. But this result should be
discarded, because during the treatment there was rainfall of as much as 150 mm.

PetaxT. Rotan line (Main season, 1967/68)

All the treatments given at and after the stage of panicle formation resulted in a
marked decrease in number of spikelets per panicle and in weight of 1,000 grains. In plots
of treatment nos. 6 and 7, decrease in percentage of ripened grains and in number of per-
fect grains was also 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).
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Table 36. Grain yield and yield components (B. Merah;
Main season, 1967/68. Aver. of 4rps.).

Stage of drain

! E No. of spikelets , reoof
] IS [ % of No. of Wt of
Heildtlf}gi ZX;\V‘?I or ripened perfect 1,000 Yield Index
date | D per pot grains grains grains

|

) panicle

- g % g g %
1. Control 8/2 76 102 3,731 71 2,636 26.9 70.8 100
2. Tillering . 2 01= o A7 .

266 to —926 3/3 | 81 120 3,915 63 2,474 28.1 69.5 98
3. Invalid tillering ’ ) e -

A7 to —26 16/2 80 118 4,024 73 2,944 27.7 81.5 115
4. Spikelets )

differentiation 13/2 94 99 3,751 66 2,494 25.6 62.8 89

—23 to —9
5. ?%a‘if)”ig 8/2 | 88 99 3,928 78 3,064 26.6 8.5 115
6. 4&5 o= ! e . ‘ = n

“93to 43 25/2 | 72 86 3,394 57 1,928 25.3 48.9 69
7. Max. ripening . . e o Nac oz ¢ p ’

+7 to 418 7/2 76 97 3,839 53 2,033 25.2 51.3 72

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

S.S. M.S. F

Source l d.f.

Total L2 58810

Block 3 363.9 121.3 1.65 N.S.

Treatment 6 4193.8 699.0 9.5k
1—3 1 220.5 220.5 3.00 N.S.
1—4 1 136.2 136.2 1.85 N.S.
1—6 1 1012.5 1012.5 13,78
1—7 ‘ 1 780.2 780.2 10.61%%

Error | 18 1323.3 73.5

|

LSD.: 5% 12.7g, 1% 17.4g/pot.

Bahagia (Main season, 1968/69)

(a)

Treatment nos. 1 to 6.

It was observed that no-watering treatments given at and after the stage of
panicle formation caused a decrease in number of spikelets per pot, although a
rate of the decrease differed with different treatments. This decrease in number
of spikelets was not caused by the decrease in number of spikelets produced per
panicle, but due to the reduced number of panicles. A decrease 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.



Table 38. Grain yield and yield components (T. Chengai; Main season,
1968/69. Aver. of 4rps.).

Heading Wt. of

No. of spikelets

% of Wt.of Grain/

Stage of drain ! o ripened 1,000 straw

date i straw pgflricle per pot grains grains ratio

. o T g : % T “b(}“ ”r//p
1. Control 3/12 95 139 5,858 60 25.0 95
2. Invalid tillering 512 | 104 129 5,995 62 24.7 88
3. Rachis-branch differ. .,y _ ) - . .
-+ i S Sz 9L 15 543 6 23.8 93
4. Spikelet differentiat. . - . o= }
D e 2o /12 88 130 5,100 64 2%5.4 ol
5. ?iolootiltlg 0 o o5/lz) 102 130 5551 56 2.4 67
6. Initial ripening L . . £ por = 69 o 0,
e 1 C2/12 92 143 5,622 65 23.6 9
7. Intermittent i . - 9 .
7 days interval L 9/12 83 88 3,466 50 21.8 46
8. Intermittent Coo7/12 | 78 52 2,033 9 17.0 6

12 days interval |

Yield

83.

82.

68.

86.

37.

(o]

e
88.0

90.

9

oo

Index

100
103

Table 39. Statistical analysis o

f yield (T. Chengai; Main season, 1968/69 ).

Source ‘ d.f.
Total * 31
Block | 3
Treatment 7

1—4 1

1—5 1

2,3,4,6—5 1

5—7 3 1
Error 21

S.S. M.S. F
29375.5

209.3 69.8 0.83 N.S.
27409.5 3915.6 46.73%%*

66.2 66.2 0.79 N.S.

780.2 780.2 9.32%*

466.1 466.1 5.57*%

1922.0 1922.0 22.96%%*

1756.7 83.7

LSD.: 5% 13.5g, 1% 18.3g, 0.1% 24.7g/pot.

(b) Treatment nos. 7 and 8.

Intermittent watering in these treatments resulted in drastic decreases in number
of panicles, number of spikelets per panicle, percentage of ripened grains, and

weight 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 treatment

nos. 7 and 8 respectively.

3. Discussion

[t was found that the 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
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Table 40. Process in determination of grain yield, critical stages of plant growth for
water deficiency and degree of necessity of water at different stages of
growth (An example of Bahagia in off season).

Days afte sowing 30 40 50 60 70 80 90 100 110 120 130 140
Days after planting 0 10 20 30 40 50 60 70 80 90 100 110
Days before heading 80 70 60 50 40 30 20 10 0 -10 -20 =30

No. of panicles | i

No. of spikelets/pani

% of ripened grains

1,000 grain weight

No. of spikelets/hill 1

Yield per spikelet | i

[} | [}

] o0

o <

@ 7
on = & g °
g ) 2 < k= ! |
E ® i 5 @ o B
I on i} e ] | )
= I 173 b g = )
a 8 =] 3 5 o
[} w0 -
2 2y & 2 -

()
g g 5 £ | 2 El £a
= B 5] = T < 2

i s} k] = o
3 = B » g =4 2.5
N = 15} .
@ e = 3 g g 4
2 = g = = g ER
2 < = a 51 S 5=
= = = ) ~ = a
Degree of necessity T v ) 1 \ 1

of water i o s

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

ot iara{ No. of \, /No. of spikelets % of ripened Wt. of 1,000
Grain yleld“(panicles)’\( per panicle >X< grains >X< grains )

| Most essential, I Essential, i Fairly essential, 1V Not essential.

treatments.’® However, the indica rice normally has the tolerance to the reduced condi-
tions as compared with japonica rice.”® 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.!® *®

In general, yield components, indicated by the number of spikelets per unit area,
percentage 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 15 days after heading) as compared with the control. This was largely due to the
water deficiency at these critical stages and it brought a distinct decrease in yield.'s?»

However, there was a case where the treatments during the heading stage or initial
ripening stage for 10 days gave no significant decrease in yield (Appendix 6). It can he
presumed that whether both stages had a slight tolerance for the water deficiency as
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compared with booting stage and most active ripening stage, or the drought treatment was
not done sufficiently because of rainfall during these treatments.

The drying of soil during the tillering stage or before spikelet differentiation stage did
not bring any significant decrease in yield as compared with the control,'® *» even though
the plant 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 Matsushima!® and other research workers,>\ 2?2 2%
and can be applicable to rice cultivation in Malaysia.

The periods during which inadequate irrigation would affect the grain yield components
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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(5) Effect of Mid-Season Drainage on Growth and Yield of Rice

To determine the effect of mid-season drainage, 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,** %4 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 :
Variety :

Layout :

Spacing :

Recent riverine alluvium and light clay.!'2®
Ria (IR 8, growth duration about 125 days).

10 randomized plots, with 4 replications.

Treatment :

Plot no. Treatment
Control
2. "
3 Drainage
e for 6 days
4. "
5 Drainage
: for 12 days
6. "
7 Drainage
’ for 18 days
8. "
Intermittently
9. irrigated
for 19 days
10. ”

Fertilizer applied

25 cmx 25 cm, using 3 seedlings per hill.

kg/ha(Ib/acre)

N P,0; K,O
0 0 0
101(90) 67 (60) 39(35)

0 0 0
101(90) 67 (60) 39(35)
0 0 0
101(90) 67 (60) 39(35)
0 0 0
101(90) 67 (60) 39(35)
0 0 0
101(90) 67 (60) 39(35)

Method of fertilizer applications:

Bukit Merah Padi Experiment Station (Appendix 3).

Remarks

No drainage treatment
"

Treatment started 29 days
after transplanting

4
4 days of watering and 4 days
of drainage were alternately
repeated. Treatment started
29 days after transplanting.
"

Basal dressing—70% of N plus full dose of P,O; and K.O 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
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seepage.

Transplanting :

2. Results and Discussion

1/6/1967 (23 days seedling).

Water supply was discontinued during the treatment period.
during the treatment period, rain-water was ladled out after the rain.

When

it

rained

Plant growth, rainfall records, pH and Eh of soils, grain yield and yield components

are shown in Tables 41 to 45.

Table 41. Record of plant growth (Off season, 1967. Aver. of 4rps.).

28/6 (27) 12/7(41) 197 (48) T

Plot no. Plant No. of Plant No. of Plant No. of LAI b m Om es etf_fﬁtive

ht. tillers ht. tillers ht.  tillers per hill per m? lers
| cm cm cm cm %
1. 48 8.8 61 149 63 159 2.%6 62 13.3 213 83
o. | 52 134 72 19.0 73 19.5 5.07 64 18.1 290 93
3. 45 9.5 57 15.2 60  16.7 61 14.0 24 84
A. 5 12,9 70 19.2 74 20.2 67 18.0 288 89
5. 48 7.9 58  13.8 62  16.2 2.00 63 13.3 213 82
6. 52 1555 70 204 75 21.8 4.9 66 19.6 314 89
7. 48 8.8 58 156 60  17.8 63 14.9 238 84
8. 50  15.2 69 20.9 73 21.6 67 19.9 318 92
9. 48 8.3 58 150 61  16.5 62 13.8 221 84
10. 53 13.1 74 19.4 76  20.8 66 18.8 301 90

Figures in 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.
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 and panicles than non-
fertilized plots.

Table 42. Amount of rainfail during treatment.

However, at the stage

Plot no. and

Period of

Days before

No.

of

treatment drying heading rainy days Rainfall

days days days ” mm
3. & 4. Drainage 6(30/6~ 5/7) 45—39 1 .59 15.0
5. & 6. Drainage 12(30/6-11/7) 45—33 2 .66 16.8
7. & 8. Drainage | 18(30/6-17/7) 45—27 3 .75 19.1
9. & 10. Intermittently 4(30/6- 3/7) 45—41 1 .59 15.0

irrigatted 4( 8/7-11/7) 3733 | 07470 1.8117.8
4(15/7-18/7) 30—26 | 1 .04 1.0
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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 fertilized plots, nos. 2 and 6, was around 5. This was the
highest figure 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.

10/6 6/7 13/7 20,7 27/7 10/8
Plot no. and treatment P ——— — PR S—
pH Eh, pH Eh, pH Eh, pH Eh, pH Eh, pH Eh,
mV mV mV mV mV mV
1. Control 6.7 73 6.7 103
Non fertilized
2. Control 6.7 10 6.8 219 5.3 8 5.8 28 6.0 74 5.7 —43
Fertilized . D & D D Z . O e N
6. Drainage for 12 4.2 2 4.7 —26 5.8 114 5.7 -3
days  Fertilized | (2) 9) (16) (30)
7. Drainage for 18 | 6.9 119 4.1 224 4.5 121 4.7 49 5.5 =22
days Non fertilized ) 0) 3) (10) (24)
8. Drainage for 18 6.1 89 4.3 130 4.6 231 5.0 83 5.6 —39
days  Fertilized (0) 0) 3) (10) (24)

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

3) Changes in pH and Eh of soil

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.).

No. of

Wt.of gpikelets % of Wt of Grain/ )
Plot no. and treatment ~——————— ripened 1,000 straw Yield Index

straw Per  DPer grains grains ratio

panicle m?2 —— — e
t/ha x 104 % g %o 1b/ac t/ha % %

1. Control Non f{. 4.0 95 2,0 48 28.3 69 2,459 2.76 160
2. " Fertilized 5.8 94 2,7 60 29.4 83 4,283 4.80 174 100
3. 6 days drain Non f. 3.9 81 1,8 45 28.5 69 2,302 2.58 94
4. " Fertilized 5.6 91 2,6 58 29.3 80 3,947 4.42 161 92
5. 12 days drain  Non f. 4.2 92 2,0 54 28.8 72 2,669 2.99 109
6. " Fertilized 6.0 84 2,6 67 30.0 88 4,654 5.22 189 109
7. 18 days drain  Non f. 4.4 84 2,0 55 29.3 74 2,877 3.22 117
8. " Fertilized 5.6 85 2,7 60 29.5 85 4,218 4.73 172 98
9. Intermittent irri. Non f. 3.9 93 2,1 46 28.3 70 2,413 2.70 98
10. " Fertilized 5.6 91 2,7 59 29.3 85 4,229 4.74 172 99




4) Grain yield and its components

The heading date in all treatments was almost the same as the control.

In general, the mid-season drainage of different periods and intermittent irrigation
practiced for 19 days gave no remarkable effect on plant growth and yield. However it
can be recognized from the Table 44 that vyields 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 days may be too short to expect the effect or the effect
was not exhibited because of rainfall occurred during the treatment period.

Table 45. Statistical analysis of yield.

Source | af S.s. M.S. F

Total 39 38703479.4
Block 3 361429.1 120476 .4 0.52 N.S.
Treatment 9 31526680.7 3502964.5 14,98k
Non f.—Fertilized 1 29664895.3 29664895.3 12683k
1—7 1 349448.0 349448.0 1.49 N.S.
3—7 1 660675.2 660675.2 2.82 N.S.
4—6 1 998284.5 998284.5 4.27*
2—4 1 224785.2 224785.2 0.96 N.S.
2—6 1 275653.2 275653.2 1.18 N.S.
Error 27 6315369.6 233902.6

L.SD.: 5% 702 Ibjac (0.79 t/ha), 1% 948 1b/ac (1.06t/ha), 0.1% 1.262 1bjac (1.41t/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®*» In addition, a yield
increase to some extent is also expected by the treatment.'® Intermittent irrigation in this
case seems to be no use.



IV. DISCUSSION AND SUMMARY

A series of experiments have been conducted since the off season 1967, for four seasons
with the following three broad objectives in view :—

(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 with 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 specified water management in combination with other
practices on the growth and yield of rice.

This report is primarily based on the studies carried out in the double-cropping areas
in the Kedah Plain which is the rice bowl of West Malaysia.

A. Factors affecting the water requirement of rice.

Water requirement

a9

Measurement 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
evaporation, transpiration and evapo-transpiration to the pan evaporation from free water
surface were used.

1) 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 above, 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 1.0 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 day 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. >
Total (Average daily amount) .
Country Author Location Season Meas. pericd E ;l‘a{gm
E T ET P WR
day mnt min mim mm mim
Main season 151 294 591 885 97 983
Kung Centrai 1964 (25/VI-22/X1) (1.9) 3.9 (5.9 (0.6 (6.5)
et al.» Plain Off season 91 35 348 695 18 748
Thailand 2 1965 (20/10-21/V) (3.8} (3.8) (7.6) (0.5) (8.2)
" Roval Irri.  Northeast o 233 488 7 766 -
Dept. 15°N Main season 94 (2.5) (5.2)  (3.0) (8.2)
SIS o Battambang Dry seoson 106 710 244 934 Rainfall
Cambodia Hatta® 13°N 1065/66 22/ 7/1V) 6.7)  (2.3) (9.0) (5 )
o Kotter' Vientian Wet season 102 270 245 515 742 1,257
Laos otter 18°N 1967 (10/Vi-20/X1) (2.7) (2.4) (5.1 (7.3) (12.4)
Wet season 382 733 1,115 78 1,193 Elfect. rainfall
950 7 4.9 9.4y 5 54 m |
Bast B Kushtia 1959 78 4.9y (9.4)  (11.3) 1.0y (15.3) ( 541 mm
Pakistan nung 24°N Dry season 101 436 515 951 54 1,005 \ 0
1958/59 .3y G (9.4 0.5 (19.0)
Cevlon Murakamizd Dry zone Dry seasan 112 420 552 972 2,475 3,447 ET/Em
cyion Hetiraxami 8°N 1965 (B31/V-19/10)  (3.8)  (4.9) (8.7 (22.1)  (30.8) 1.29
Indi Vamadevan New Delhi  Wet season 87 493 1,189 1,683
hicia et al.4® 29°N 1958 (10/vi- 4/X) (5.7) (13.7) (19.3)
Main season 97 265 262 61 588 1.91
1967/68 (20/IX-26/X1)  (2.7) (2.7 0.7) (6.1) e
fain season 139 347 387 201 935 1.09
1967 /68 29/WI-15/1)  (2.5)  (2.8) (1.4) 6.7) :
Suoimotor®d Kedah Off season 116 364 372 —191 718 117
Pugtn 6°N 1968 (4/V-7/1¥) 3.1 (3.2)  (6.4)  (=0.2) (6.2 o
Main season 110 336 312 649 57 705 1.20
1968/69 4/ /x50 3.1 2.8) (5.9 (0.5) (6.4) :
Main season 179 574 448 1,022 204 1,226 1.18
1968,/69 a1/vi- 5/1) (3.2 2.5)  (5.7) (1.1) (6.8) .

Malaysia




Main season 102 542 371 913 1.04
Kedah 1970/71 (13/X-23/1) (5.3) (3.6) (9.0) Y
6°N Off season 122 834 618 1,452 112
Nishioz® 1971 (19/1v-18/Vi) (6.8) (5.1) (11.9) e
Main season 103 576 321 897 1.10
P. Wellesley 1970/71 (29/X- 9/1) (5.6) (3.1) (8.7) :
6°N Off season 117 725 358 1,083 1.10
1971 (25/1V-20/VI) (6.2) .1 9.3) o
Central Interme. season 103 352 323 675 1.17
24°N 1923-26 (VI-X) (2.9) (3.3) (6.2) :
Scuthern Interme. season 96 259 304 557 108
Cited by 23°N 1923-26 (Vi=X) (2.6) (3.1) (5.7
Malkit® Southern Interme. season 93 A85 296 784 148
23°N 1923-26 (VI-X) (5.0) (3.1) 8.1 e
355 317 672 .
Average 97 i N e o 1.24
Taiwan Average (3.5)  (3.2) (6.7
Shibuvz Southern Second seosoin 106 416 93 509 160 669 1.10
»hibuya 23°N 1919-22 (VIi-XD) (1.0) (0.9) (4.8) (1.6) (6.4) (0.98-1.57)
C Tsubouti®® Central Normal season 90 231 241 472 1.98
~orea suboutt 37°N 1931 (22/V1-20/1X) (2.6) (2.7) (5.2) -2
Farly season 105 201 315 517 487 1,004 0.97
1956-59 (6/v-19/D  (2.00 3.1y 6. (1.8) (9.9) :
Normal scoson 112 199 372 571 808 1,379 1.19
Ishikawa Shikoku 1956-59 21/vi-10/X) (1.8) (3.5) (5.3) (7.5) (12.8) T
and Nishio 317N Late season 81 156 219 37 115 820 1
1956-59 (CO/VI-18/X) (.00 (2.7 (A.D) G.5) (10.2) :
A\’e}’a_ize 99 183\ 302 487 58()‘ 1,067 1.09
Japan 1956-59 (1.9 3. (5.0 6.0y (11.0) B
Nalaaawas b Places M Normal season 100 440-550 1.30
akagawa 1€ country 1947-64 (VI-IX) (4.4-5.5) (0.9-1.7)
32-44°N o B
Early season 91 120 233 353 223 575 1.05
Fewakin® Kyushu 1950-63 (1/v-30/v) (1.3) (2.6) (3.9) (2.5) (6.4) i
23°N Normal season 108 160 251 411 420 830 0.96
1960-63 (1/vi-16/X) (1.5) (2.3) (3.8) (3.9) (7.7) :

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

ever, only the papers in which average daily consumption of water can be calculated are selected and listed in the table.

LS
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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 were the dominant factor which
caused changes in water requirement in depth in the tested area.

5) On the other hand, an exceptionally low 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 water level and cracks of soil 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 water 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 (wet 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 would approximately be equal to
40% of the capacity of the two reservoirs in the Muda 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 benefited area into several districts
so called “staggering of irrigation”. If 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 days for water distribution within the irrigation com-
partment.

Although no data was available for effective rainfall, 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) Water requirement determined in some Asian countries in recent years are sum-
marized in Table 46.

Not much difference is found between average daily evaporation 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 daily 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 clay alluvial soils and rather high ground water level 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 less. Thus it can be concluded
that the value of percolation is a ruling factor determining the value of water requirement



when the daily water requirement is more than 10 mm in depth.

However ET/Em ratio ranges 1.1 to 1.3 (mean about 1.2) showing not much difference
between the tropics and temperate zone and also among seasons. Evapo-transpiration con-
stitutes a major portion of water requirement when the daily water requirement 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=327x—75 (r=0.96%*%) for main season, 1967/68.
yv=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).



60

Table 47. Results of transpiration coefficient determined in some Asian countries.

1968/69

1968

Country Measure- Tff;rals' Measure- Tr;gs- g/éeg%'
Variety Season ment cloe . Season  ment CI; offi-  cul-
Author period cient period cient  ture
o ) o days o ) days o
Wet season - -~ Dry season
P. P 1965 79 305 1964 /65 79 445 Pot
Murunga 307 ” 79 312 " 81 380 "
Ceylon H 4 ” 105 336 " 116 452«
) M 302 ” 103 341 ” 121 490 7
Murakami®®  p,giee a-8 ” 135 435 p
Ptb-16 4 136 440 ”
Remadja ” 128 530 ”
Sigadis ” 128 570 Vi
Main season - Off season
) 1960/61 87 401 1960 96 453 Pot
Pebifun
Malaysia off 1%%;ison 90 439 "
Matsushimal®
R. China 4 " 121 611 /r
Serup 50 " 154 766 "
Main season o=, Off season
‘ 1967/68 92 254 1968 99 291 Pot
Ria (IR 8) R
Main season 91 957 p
1968/69
Main season Off season
) 1967/68 107 248 1968 119 319 ”
Mahsuri Main season
1968/69 104 274 ”
. Main season Off season
Bahagia 1967/68 110 274 1968 119 338 ”
(Sister line Main season
f IR
o 5) 1968,/69 104 259 "
Main season
Malaysia 1967/68 147 393 v
S. Intan 16 Mai
Sugimoto3® a11é1685;:éa§on 142 444 ”
Main season
1967 /68 147 41 ”
R. Ebos 33 .
Main seafon 137 483 ”
1968/69
Main season .
' 1967/68 96 316 Field
Ria (IR 8) .
Main season 94 2692 p
1967/68
Bahagia Main season 109 306 Off season 115 344 Y




Table 47. Continued.
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Author Measure- Trans- Trans- Néeto}%-
Variety Season ment C%gfaﬁ'_ Ocul-
Country period cient ture
S e o
Main season .
Melaysia oL 1967/68 138 3821 Field
Sugimoto® Ma{&gfégon 178 386 "
Taiwan Intermediate 97 :
Cited by Makit® season 1923-26 (93-103) 486 Field
China
(Manchuria) Waseono Normal season 92 344 Pot
Kojima
Korea . Normal season 205 :
Sato Ginbozu 1932-38 N0 (171-327 Field
. Normal season
Rikuu 132 50 258 Field
Kamenoo ” 50 303 ”
Korea Odashiro / 50 334 1
Tsuboutit® Nakateginbozu ” 70 319 u
Tamanishiki " 80 260 "
Kokuryomiyako " 80 276 ”
Omachi u” 90 290 ”
Very early
season 1958 118 290 Pot
Japan
Yachikogane ~ Farly season o5 392 p
Tamai et al.
Normal season _ 381 Y
Early season 111 285 Pot
Japan 1957-58
Fujisaka 5 Normal season
Hasegawa 1957-58 111 291 "
” 96 281 Field
Japan Normal season 4, 310 Field
. Yachikogane
Kato et all® Normal season 108 305 "
Early season
Norin 17 1956-59 105 393 Field
Japan
Ishikawa and ~ Mihonishiki ~ \CUial season  yy 308 ,
Nishio%s B
Norin 37 Late season 81 234 ”

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 averaged around 300
and they 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 workers, 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- Plate 2. Secondary canal in Muda
tion (1988). Irrigation Project area.

Plate 3. Sight of Telok Chengai Padi Experi- Plate 4. Nursery at Telok Chengai Padi
ment Station from behind (1968). Experiment Station.

Plate 5. Pulling of seedlings. Plate 6. Transplanting of experimental plot.
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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.
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Plate 9. Evapo-transpiration tank. Plate 10. New double cropping varieties

at maturing stage.

Plate 11. Plant growth of Radin Eboss 33 Plate 12. Cracks of field surface during
before heading stage. dry period (March 1968).
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Plate 15. Experiment on water depth and Plate 16. E
fertilizer application (Frame test).

Plate 17. Experiment on drought. Plate 18. Withered plants by
intermittent irrigation.



69

Plate 19. Experimental field of Plate 20. Survey for double cropping Pilot
mid-season drainage. Project in Kubang 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 average grain yield (t/ha) (1964-66).
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APPENDIX 4

Meteorological records (Telok Chengai Padi Experiment Station;
Lat. 6°5'N, Long. 100°20'E )

~3

Rainfall Relative Bright Air temperature* Pan eva-
h 1948-68 1951-62%* humidity* sunshine* —— poration
Mont ! | 1967 1968 per day
mean mean 1967 1968 E 1967 1968 1967 1968 i Max. Mean Max. Mean | 1967 1968
mm mm mm  mm % % hr. hr. | °C °C °C °C mm o mm
1 27.7 49.3 73.7 1.8 70.3 248.5 | 33.0 26.6 7.2
(8.02)
2 37.8 58.2 13.7 2.8 66.3 279.7 34.9 27.3 9.6
(9.64)
3 89.9 152.1 29.2 75.2 70.6 264.2 34.8 28.0 9.6
(8.52)
4 1151.6 223.0 74.9 153.2 78.2 242.9 34.3 27.8 7.9
(8.10)
5 | 222.8 223.8 297.9 449.1 83.2 229.1 32.6 27.5 6.8
(7.39)
6 | 184.7 188.7 359.7 163.3 83.0 189.7 32.2 27.4 5.2
(6.32)
7 |229.9 238.3 152.9 385.8 83.6 165.3 31.2 27.2 6.1
(5.33)
8 |232.7 251.2 333.2 189.2 | 83.2 84.8 161.5 188.2 31.2 27.1 31.1 26.9 6.1
(5.21) (6.07)
9 | 286.3 284.7 348.5 273.3 | 84.1 85.9 212.7 153.3 31.1 26.3 30.8 26.6 5.6 4.9
(7.09) (5.11)
10 ] 393.4 311.4 390.4 283.2 | 87.1 86.3 157.9 178.7 30.6 26.1 31.2 26.4 4.6 4.4
(5.09) (5.76)
11 ] 189.7 237.0 185.2 89.2 | 83.9 80.2 205.3 265.6 31.5 26.3 33.2 26.8 4.3 5.5
(6.84) (8.85)
12 74.9 74.9 37.3 68.1| 74.9 79.3 238.0 190.4 31.3 26.1 32.2 26.5 5.1 4.6
(7.67) (6.14)
2,021 2,293 2,297 2,134 2,595.6
Total in in in in
(79.6) (90.3) (90.4) (84.0)
79.3 (7.09) 32.6 27.1 6.5
Mean °F ° in
i (90.7) (80.8) (0.26)

* Records of Meteorological Station (Lat. 6°12'N, Long. 100°25'E, leight above M.S.L. 5m)

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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R S L G D RIRRRTE S 76
1. HK&E2WT

(1) KNI D ZEIEB & FETEBHE D TEAL v v eeereomemmiee e 77

(2)  FEEAREL (BEKED) OBLE RERIZETL e 78
. KRE2 T

(3) JRIBEF o VHEIEZE DB R v 78
I 5 & fiKIE 2T

(4) B AIHD D A TR EREITRER v v reereer ettt ettt 79

(5) FTFULAFROLET » IWEICRIE TR e 79

ES A p) &

P Vg v 7 T 1969 4Ry 260 5 ha (650 =~ —) offni b, T05 b 7 g = 4
BETHH, RT 15% T 405 ha (99 =~ ~) OFEE 4 F =~ — DERA &) HLET
Ho NBD 6 EQERBECHEL TR, EEROA T 2REED 5 HE b5Dd T, kol
TR 1969 1T 7~8 Elwnd, 1957 SFOMNL LIRE I AR O HIAAE R & ~ v — NEROFIEE
Lo, AR GHEROITIC LD, THEOE R EERCHIFREC BD TR D, 1969 F 1
TIE RN 9.3 5 ha 23 5= —7 ~) TKHEBED 25% W lic, &0 10 FRCR T
10 HlodEHer L, HiEE (AR) ofng Eib ), HACHERERD T2,

FEIbHR O 7 4 —FFRIE~ v 4 v 7 2KEO 4 % 5D RADBEETH D, 1 KREE B &
5 FAEFTE (1966~70 42) oMM (EHEHD /) ORRO=<v 1+ & LT, AZJBARGE
oo TH2 1966 FICFE Lic, = Bk Muda & Pedu @ 200 AW (K 10 fHr V) &
ERAERL, 2AVVKERLIC 3~7 Ao Off season i 7 # — PRI L, T oKHE
D 8EMTHE L 10 )5 ha (26 =~ —) ZHFLL L 5 L v o XBHLoFLE R D KEHE T
5o 1970 0 Off season 7 SWK HIF LA HED BT\ 5,

ELT 16T FEAALH69FEDTHD24E3 7 [, TOADCETHMIRO T % % E 5z Telok
Chengai fifiAB LR, B REMEOEIMMER L LEBRIECEEHE Lo Zhik 1962 42
O TCDarnvAETS VEMFRE LTOELEYELES L8 2 BOWILGR~ DRI
Bo SENIFELERE LT IIE it & & 7x 5 FKEOFAE, “HFHEREORBGBEOPIFE,
K ORERHA D ZEH 7o & A FOC il & K OBIRIC D W TR B D T,

A OEKYE Y, e T Van Thean Kee (EGEEHZeHE), Mohd. Tamin bin
Yeop (7 & — MEHIE), Chee Sek Pan (ffheitEaiEE), Goh Khek Boon (§ff Telok Chengai
TREABSG L), KIFRKRER (AIfESAMIFE R - BLAGT R+ v 2 —BEHE), ) EE— @iz e v
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R v EREME - BAEEY Y 2 —) OFX»LYE LBEYEHH Y, T o Khairani
bin Sanusi, Idris bin Ashaari oZEE I EERBOFEEY STH I, L TEEYFET L,

I. BAKEC2WT
(1) KEBICHITIERBEERMLOEL

1) JREERERE KIS X DB © 28 FE #OE 5 (91 emx 91 emx6lem) & [l — [ R
DEFY OREIRZETR A, FZIL 9 ¥oKiiE, %% o 8 i izl Lz, Main
season (F#ifE 9~1 B) iz e o Ria (IR 8, B H¥ 125 A) % %\ Bahagia (IR 5 4
BRGNEE, 132 H) L 7EskEfEo Radin Ebos 33 (170 H), Off season ({ZjiifF 4~8 H) 113 Bahagia
(142 B) #ZxhLhBV, BRI a %y N 0.34~0.67 kg, P.Os 0.67kg, KO 034kg #JEL, 3
season 7z D IE LT e »7c,

2) KEMKE WR=E+T+®:+P:) » 5%, FEmAEE (T) kaRsE ET) & R E R
B E oD, fHEEE O+P) KR EZRRBEEDOEND TR ERRDI, EROMKE -7
HIXBREORBENE LSO T, MEMBOEST DI WITIIEN Lz KE LT OB X 5T
WET DD, HEERE AEE, BERELZSBIC X25%A%E Em) ThL, Tht
hzkF M (E/Em), Z&#t (T/Em), 7Z&F#L ET/Em) # 10 H S fili L, Shbo ki
WIS ENE L, RREEBRAT B G EZCEN RO T, UTIhboey 2Hhicik~s,

3) ZRILIEEMSEZHEOHIMC > T AL, ERAER LAD Lol =
=0.50%) A& bhile, PCEBILLEFBHILIRMOLETIC O N THikIEAL, EWmBEHFENE oM
B (r=0.62%*%) RAbhic, Lo LEBIZRT E Vbl b BAZEIEY h oZ&Etix LA o
KT &b I ERHR A &R L, LAL 35 DL BT B WA iRT, - OB IERENY b 2
OFMEIAFLOME D £ LAL @R T H{E L, F/o X b/ v LAL R T P ME - IR B
WET D, REULLERRIL OB BHE 46 HRTHROREST DI E MR 20 ln A
bh, BBEDEAMEERT,

AEREILTAEFTOICT 1.0~1.2, &&ESTOMM4HT 1.2~1.3, HE YT 1.4 271, 4
AFIREEE T 1.2 L7 b, W fEHBOZIE LD THR 0. Lie - THBERE N bk
R RIIHE IR D,

SRBE L LHRBEIREN L, 2RBREIEBEIROERE =097 £ f3h, S84%
HOHFEELZT 5, 10 BETEEO H Y 0 &R EET 42~73 mm o h b, ERBECQRLN
O\WTILET R AR ED LD OB R ZT 5,

4) PKEIZEAEBRRBEOB ZICELA I NI, IR EARE KB H 5 - DRFE
BREDLDTEADLRD D TH L, UKD 3~4 Aot TR O T2 L X
Nico ZORDHEIAETD EHMEME - T, Off season HIOE KD I WIKIRKDERE RS &
WEIND, BERE LA EHKEOWETISHBLLETHE,

5) ZZTHLAMHESLA» & OHKITHEEER A, &K E% % L, Bahagia © Off
season 12131,340 mm (H 4 » 9.5 mm), Main season =% 980 mm ([f 74 mm) F AR5,
Off season @ 38% DHIMIAFEHILILTE season TEMNILWIT L hb B¥F, FHRERED KIE
CHWRT2Z b lE@oLDD, LALEHAKEOHALAFTAROLELME L5, EHAK
125 Ho Ria Cix 5~10% OFKOHFIC %, HEo RECITEN R L KBREDNEE ST
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Lo U,

(2) ZEEREH (BB OT(LREMZER Ry M)

1) JidEms s W 1o Ria CEFFREC 125 1), 2. Petax Tankai Rotan #iftd L ik
Bahagia (L)} Bahigia Zfa%7%, ([ 130~140 H), 3. Mahsuri ([l 130~140 H), 4. Subang
Intan 16 (/] 160~180 H), 5. Radin Ebos 33 ([ 160~180 H) & L, 3 season 1T/ h AL
720 5B 4. & 5. oM 2 Main season @D & L1z, 9 1/2200a Oy k&, —Fk
AL Uico WIBIZAMTE2 2 o b ORUREEE DR EE L L, SR ThO0T R B 27T
Te2ABy PMICEIDEREEF = v 7L, EINC X DEBELTH Uiz &4y NI K OFBa
FFoHed, FHE =~ LOREOTICRE L,

2) HAEFMEE U CTHY Y OmWiiing & 0ROk E B (Ria r=0.966%*, Baha-
gia r=0.80**, R. Ebos 33 r=0.63%) 238 bhie, KRz —cHBs Ak s iy, 7%
R Bl (e 1 g DAEPEC 33 % kG AT I iR <, Aol i laE <, B
IR ER R Ulc, AR ORI B Y h g & AoMB A H D, AYMHEKRELOHA
OB EINE RS bh 52, RS CIAREOL W EAR GRS E 2EARRD
, REGRZEEE S MREE I, TiebbRUFMLIRE, FIKOEREOE R IXRD
IR AREFIA L TWB 2 &35 2sdvdbh, &I Ria Tk oF[E1FH L -7,

3)  FREREL (v) B LN E CTOATRAE X) CHAILTEE D, ko—KkRA0kDdDLA
72

y=3.27x— 75 (r=0.96%%) Main season, 1967/68
y=4.71x—201 (r=0.96**%) Main season, 1968/69

Main season 121375 # (% 31k Ria 227 (523 256) g, Mahsuri & Bahagia 275~289 ([F] 248~
274)g, S. Intan 16 & R. Ebos 33 406~468 (] 393~483) g LFiliah 5, Tich b RN E
R TR BRI 2 550 OK A MFEE L, @b B T L ZoEERIMENOT, K
FUBO B2 BB FE L o TR HY b o7 R 5 Off season d(x 5 A% Main season
X D& 5t

4)  ABERHNR O E OZELIZ B LA COREI L R AR Lo LA LI Y TORE
AZROPRE T HY D ZEMAEIR 58 ©, WECEMMCEIADRRWE LTWDAY, AH
FCTHAESE OB AL B DD, BB SR, TWIHE OB MERZIIE X b Tl
S T0 FEHORIITIRBERSL A v VTt » e BRI B RO o flm & BT 2,

M. KZFEECDWT
(3) KEEF v VIEIEEORBE (bHE)

1) BMETEE 72 —FECRT RIS K JE 5% 2 RMiifc i, Bk 30em 3 5%
KELZ BRI, KEEEIEEOBGREAET - IR » bHET %, Ria » %\ 1 Bahagia % f
W, 91emx9lem oy 1/120a o Efds < R AMICHEEE L, 9 FRoMARE L, KEIZ4LMH 5,
10, 20cm @ 3EERSE U, MEIEEIMIEE, v vIPE, 5o vBIEO 3 O 9 ME AT, 3
HE Ui, a4y P.O; 067 kg, K,O 045kg 1348 EE L, Nt 067kg 2EIEX T B %
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12 A E 2 GBS E 5T lE Ui,

2) R R KRR TERARDPZE LA L, 79 VIR LB O Tl Ria 08
M OFIR F X 7275, Bahagia CIRHEK O KD Tehs - 7o MK IR RENTEGKIE &
FEIRE MG  FARIRIE 288 <, WER BT s 7oy, HOod il LT ozEix s { foh » T,

3) KRS IO U ORI A Ry, 2o #2181 Ria (3 Bahagia @ lb_TE 2 o7, EIE
BHIMBDIEIE 2 7 — ZIC T B 2 IR R Lic, EREEBIED 7 v — 7 ol Tk, FEIEs
WA RL, &I Ria W WTHHE TH 7o #M D FEE 2 WIEELE W 2 WIREE IR &
WHBZ R L, BIER OB IO W TR WEEIC X A LIRS h D,

Ria TREARS & QT v V¥ OWIHNTINE & RGBIER Z BT, BIEK Clks v v oFI AR
MIEPERIC AR THE LB e b, WEHMCHFELTWD T &N 0hbhb,

m. + & & & K
(4) EFZRHOMAKBERE (Ko PRE)

1) BT L RERX oRER 28 1 season &4 2 season (1 Bukit Merah FEatiads, 45 3 sea-
son 1z1% Telok Chengai fRilEaU T, +h+h Ria, PetaxTangkai Rotan %#f, Bahagia & fh
A28 % CHkGE Lo AMBITMELIER. (FIRF7 AJK) OE s 1 season Wik 20l hs 5K
B 2503 C 10 B2 5 29 AiCdste 5 0> A KR 0 6 ALK, 25 2 season (i3I 203l b
A 2N C 1L BB 40 Aoz B A Kl o 6 LK, &5 3 season ik 5v 2riiins BB
PHHZ T T 10 BB 15 HiZh e 20 AKRPWi b 7 HE & & 12 HR EMAKD 7 UHX %
TR, 4 #iE L,

Hy ML L, 2 season I X AR, MBI oML R R L, 25 3 season
AR D EHET 20D, Ky P EBEVE = - L OREOTICERIE L,

2) 2 AKFPWRT X b L] JJ & ot sH BN Eh ik AU, BRI oz irAa bh
Do L LI A v FEORIL A AT AR LM CH L 1o, SRR 2177
5 WAL BRI X B R DG DI KB < A F ALK O HiRIC X B 7T A O i
BT+ 2 BN B D,

3)  —cfEAEC I U C, BRE S A (MBIET 15 B2 B 5 H) &2t (B 5 H o
515 H) ©2FHMI 2 WIEE, BHBESLTRENS D, KSR S EIRCIEL, HL WK
&7t -,

1, & 2 season o HEIMAKEOH 10 HIE O U4 LI e TII S I B ie s o foe &0
IRFINR AR 2 REjilE Sk RIS U CTUE TR e EHERE S B 2%, TR BT k% AT 78 le
Mololed, MAKDEE HDZ ELERE LT RE b,

4) MH#&@BL%&%%HOW%@%%ztmex»% mmum@ﬁam¢%m ez

TR RLZE R AMINEI S T b IS T B AR N T B 0D, SR I TS AT T 2E VR
Bhkﬁotouﬂb@miib,ﬁﬁ%@m ﬁ»%MiJmA ORI L TRLHETH
HTEDEMIND,

(5) HFLHIROLET - NBICREFTZE
D B & i e 2 O th T Lo IE R ET - I TR o miss » Ria %



80

JIN TR THGRT T 20 A (FFi7-AK), HRT L (> AKFIE6 B, hihT LR 12 A
[H), FMdT L (A 18 HED, R4k 4 HBHTOPK - A KORMER 19 HIE) © 5 0,
B & EERE D 2 BEHRC X B A 10 K2R, 4 3l s Ui,

2)  EMIEKIC AT I8 AT L CHAEHICEN L LRI » o, LiEGEIC X5 Eh L7
OB FFFEINPF LR ZIRE, fiado (4) 4y RO X 5B B TRy o, kT Lo
JEO EI AT UK Clrdde i e 5 g U RKIC e TSI O 23589 B ivtz, T it L
ORI BB A LT RH E OB E O RIS 7 5 A ffivicicd s Bbhb, 6 HEOHRT
LTk, IEPECIERR BT, HIBOmELAR07cl 235 havbitis,

3) TR 35 iz o B0 oo 10~20 BT LIxA RSB0 R b3, ¥
TolGEFR B URES D, JKEHNEERIPT LR TS 140mm (A4 ) 8mm) s h
%

e}



