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4. Productivity and Water Efficiency of Triple Cropping of Rice (1977—
1978)

Takashi HARAKI
Vichien SASIPRAP

To compare the efficiency of multiple cropping systems in paddy field consisting of
rice and upland crops with that of continuous rice cropping, a trial of triple cropping of
rice was made in 1977—1978. The experiment was carried out to evaluate the
productivity and water efficiency of triple cropping of rice with reference to rice
varieties and some cultural practices such as planting cycle, water management,
fertilizer application and planting density.

Material and methods

1. Planting cycle (P, and P»)

Year 1977 1978

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.
T T T T T T T T li T T T T T T 1

1/13 4/14 5/2 5/13 8/29 9/2 9/9 12/19
: A r xa\G AN12/2
PO 1st crop O 2nd crop 2O 3rd crop 8
(Pl-l) (Px'Z) (P,-3)
3/15 6/24 7/7 7/15 10/2510/3111/10 2/15 2/27
P, © yeNQ. yeNO! AN

1st crop 2nd crop 3rd crop
(P>-D) (P»-2) (P2-3)

© Transplanting A Harvesting of RD 7 A Harvesting of RD 11

2. Water management (W, and W;)

W.: Continuously flooeded

W,: Non-flooded for 6 to 10 days starting from 30 days after transplanting.
3. Rate of fertilizer application in kg/ha (F; and F,)

F,: Standard Basal dressing N-20, P,0s-25
Top dressing N-20

F,: High level Basal dressing N-30, P,0Os-37.5
Top dressing N-30

As for fertilizers, ammophos was used for basal dressing, and ammonium
sulphate was applied for top dressing at 40 to 42 days after transplanting.
4. Variety (V, and V,)
Vi: RD 7
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V.: RD 11 (WP153)
Both the varieties are non-photosensitive.

Planting density (D, and D)

D,: Standard, 25 cm x 25 cm, 16 hills/m?2, 3 seedlings/hill

D,: Desnse, 25 cm x 25 cm x 20 cm, 20 hills/m?, 3 seedlings/hill.
6. Design and plot size

Split plot design with one replication was applied. The orthogonal table was

employed for statistical analysis of the data. The size of each plot was 69.6 m? (8.7 m
x 8.0 m) and the number of plots was 96 (planting cycle 2 x transplanting time 3 x
water management 2 x rate of fertilizer application 2 x variety 2 x planting density

2).

Results

1. Comparison between planting cycle P, and P,

1)

2)

3)

Grain yield

Total grain yield of three crops as an average of 16 treatments (W-2x F.2 x V.2
x D-2) in P, and P, planting cycle was 13.69 and 12.12 ton per hectare. It means
that P, yielded by 12.9% more than P, (Table 4-1). Such a clear difference of
yields between P, and P, was also observed in both the varieties, RD 7 and
RD 11. The highest yield among all, 15.87 ton per hectare, was obtained in the
plot of P,-W,-F»-V,-D,. Among P; plots, the highest yield was 13.17 ton/ha in the
similar treatment, P,-W,-F»-V,-D, (Table 4-2).
Yield components

The number of spikelets per m? of P, was more than that of P, but the degree
of ripening (grain yield per 1000 spikelets) of P, was the same or slightly less
than that of P,. Therefore, it can be assumed that the higher yield of P, was not
due to the increase of degree of ripening but due to the increase of number of
spikelets per unit area.
Nitrogen absorption

The amount of nitrogen absorption in P, at heading time was more than in P,.
The similar trend was observed in both the varieties, RD 7 and RD 11 (Table 4-
1).

2. Comparison among transplanting times

1Y)

2)

Grain yield

The highest grain yield was obtained in P,-1, the first crop of planting cycle
P,, which was transplanted on March 15 (Table 4-2).

The grain yield of both the plots P,-3 (transplanted on September 9) and P;-1
(Transplanted on January 13) were also considerably high, but P;-2
(transplanted on July 15) showed the lowest yield among the treatments. The
trends observed in the grain yield were somewhat different according to the rice
varieties. The orders of the mean yield in each variety were as follows:

RD 7. Py-3>P,-1>Pi-1>P,-2>P,-2>P,-3
RD 11: P,-1>P-1>P,-3>P,-2>P,-3>P,-2
Relationships between yield and yield components

A significant positive correlation between yield and number of spikelets per
m? with reference to transplanting time was found (RD 7 r = 0.970*%
significant at 1% level; RD 11 r=0.736", significant at 10% level), but there was
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4)

no significant correlation between yield and degree of ripening.
Relationship between yield and nitrogen absorption with reference to
transplanting time

A significant positive correlation between yield and nitrogen absorption per
m? at heading time was obtained in both the varieties(RD7 r=0.886* RD 11
r = 0.848*, both significant at 5% level).
Relationships between yield or yield components and weather factors due to
different transplanting time

In the variety of RD 11, a close positive correlation between degree of
ripening and the average of difference between maximum and minimum air
temperature during ripening period was found (r = 0.996%**, significant at 0.1%
level). In the variety of RD 7, there was no significant correlation between
degree of ripening and any weather factor; however, a close negative correlation
between degree of ripening and number of spikelets per m? (r = -0.863*), and a
positive correlation between degree of ripening and nitrogen content of plants at
heading time (r= 0.939%), except P,-1 which was somewhat damaged by birds,
were obtained. In both the varieties, RD 7 and RD 11, a positive correlation
between grain yield and average daily solar radiation during the period from
transplanting to harvesting was observed (RD 7 r= 0.723" RD 11 r = 0.728",
both significant at 10% level).

3. Relationship between yield and cultural practices

The effects of some cultural practices such as water management, rate of

fertilizer application and planting density were examined. Judging from the
analysis of variance, it can be said that drainage for 6 to 10 days in the middle
growth stage decreased grain yield in P,-2, P,-3 and P,-3, while in only P,-2
increased the yield. The difference of grain yields due to different rates of fertilizer
application was also clear in P,-2, P,-3, P,-1 and P,-3, where high level of fertilizer
application yielded better. As for planting density a significant difference at 10%
level was seen in P,-3 and P»-2.
4. Varietal differences

1)

2)

3)

Growing period and heading time

Variety RD 7 took 115 to 133 days from seeding to harvesting and 91 to 108
days from transplanting to harvesting, while RD 11 took 132 to 139 days and
108 to 114 days, respectively (Table 4-3). The heading time of RD 11 was
delayed 1 to 18 days as compared with RD 7. Thus, in case of triple cropping of
rice there were only a few day intervals from harvesting to the transplanting of
succeeding rice crop.
Yield and yield components

In the most plots, number of spikelets per unit area of RD 7 was more than
that of RD 11 while the degree of ripening of RD 7 was less than RD 11. The
total grain yield of the 1st, 2nd and 3rd crop of RD 11 in P, was slightly higher
than that of RD 7 (significant at 10% level).
Nitrogen absorption

As compared with RD 7, RD 11 absorbed 40 percent more amount of
nitrogen at heading time. Number of spikelets which were produced per mg of
nitrogen absorbed by plant, was less in RD 11 thanin RD 7. These two factors
seemed effective on relatively higher values of the degree of ripening and grain
yield of RD 11.

5. Water consumption



157

The amount of evaporation and transpiration have been checked during rice
growing period in the plot of W,-F,-V,-D,.
1) Evaporation and transpiration
The total evaporation of P, was less than that of P,; on the contrary, the total
transpiration of P; was larger than P,. The total evapotranspiration of the both
were almost the same (Table 4-4).
2) Water requirement
The water requirement of P, which is defined as the water required to
produce 1 gr. of dry matter, was less than P,. Therefore, the efficiency of water
utilization of P, might be higher in comparison with P..
The climatic conditions and water consumption in each crop are shown in
Table 4-5 to 9 and 4-10 to 15, respectively.

Discussion

In this experiment, 15.87 ton per hectare of grain yield as a total of three crops in a
year was obtained with the application of 40 to 60 kg per hectare of nitrogen to each
crop which was similar to the amount recommended to farmers by the government. It
suggested that there would be a possibility to gain higher yields in triple cropping of
rice with application of more fertilizer.

Planting cycle is also very important factor to increase the total grain yield in triple
cropping of rice. In decision of the planting cycle in this experiment, the weather
conditions such as solar radiation and air temperature during ripening period were
taken into consideration. Although the grain yield in P; cycle was higher than P,, it is
difficult in this experiment to conclude which cycle is better. However, it should be
noted that P, cycle starting in January and ending in December coincides with the
duration of the trial of four crops a year at IRRI (Yoshida et al. 1972) where high grain
yield of 25.65 ton per hectare was obtained.

The difference between RD 7 and RD 11 was noticed in yield and other items. In the
most cases, the grain yield of RD 11 was higher than RD 7; only in P,-2 was the grain
yield of RD 11 lower owing to severe prevalence of narrow brown leaf spot (Cercospora
oryzae Miyake). In both the varieties positive correlations between grain yield and solar
radiation during the period from transplanting to harvesting were observed (significant
at 10% level).

The difference in degree of ripening between two varieties was prominent; the factors
affecting the degree of ripening was different according to varieties. In case of RD 11,
the degree of ripening was affected by the average difference between maximum and
minimum air temperature during the ripening period; in case of RD 7 it was not
affected by those factors but affected by the nitrogen content (positively) and the
number of spikelets per m? (negatively). From these results it is most likely that the
degree of ripening of RD 7 was affected by the level of nitrogen content as well as the
competitive distribution of carbohydrates in rice plant which resulted from relatively
abundant number of spikelets.

The varietal difference in the amount of nitrogen absorbed by top part of plant was
also remarkable. The same trend was confirmed by authors among other RD varieties
in another experiment; for example, the amount of nitrogen absorbed by RD 5 was
around twice as much as that of RD 7. These facts lead to a question whether or not the
same rate of nitrogenous fertilizer should be applied to different rice varieties in an
experiment.
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In both the varieties, RD 7 and RD 11, the significant correlation between solar
radiation and degree of ripening was not observed. This strongly suggests the
possibility that the sterility caused by high air temperature, as reported by Osada (1973)
and Satake et al. (1977), disturbed the correlation. It was also observed in the
experiments conducted at the same site that the percentage of empty grains of the
variety RD 7 was the highest in the plot where heading time was on May 19, 1978* and
the lowest in the plot where heading time was on January 6, 1978*.

Thus, the characteristics of rice varieties as mentioned above have to be referred to
when the planting season and cultural practice for each variety are decided.

This experiment has proved the possibility of triple cropping of rice from the
agronomic points of view focussing on its productivity and water efficiency. The
comparison with other multiple cropping systems consisting of upland crops and rice in
the aspect of productivity and water efficiency will be discussed in another chapter.
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* The average maximum and minimum temperature for 10 days after both the dates was as
follows:
May 19: Max: 33.8°C, Min: 25.9°C
Jan. 6:  Max: 30.8°C, Min: 20.3°C
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Table 4-1. Grain yield, number of spikelets, ripening degree and nitrogen
absorption in relation to planting cycle, transplanting time and variety
. Number of
) Plcanctlmg Grain Number of riDefirje*?ki* Total nitrogen* spikelets
Variety ;’n de Yield spikelets pemng ge per 1 mg
ok ton/ha /m? g/1,000 g/mz N nitrogen
crop .
spikelets absorbed
Average Pi-1 4.699 19948 23.8 6.16  0.77 2.95
of both P.-2 4.194 18159 23.1 6.09 0.80 2.58
Vareties P:-3 4.794 19462 24.9 6.40  0.85 2.76
Total 13.687 57569 23.93* 18.65 0.81* 2.76%*
P>-1 4.891 19966 24.6 6.75 0.67 2.99
P,-2 3.547 16169 22.0 515  0.81 2.92
P,-3 3.683 13957 26.5 539 092 2.40
Total 12.121 50092 24.37* 1729  0.78* 2.79*
RD 7 P,-1 4.428 21714 20.4 4.90 0.72 4.10
P2 4.160 18719 22.2 4.52 0.64 3.23
P,-3 4.730 21467 22.1 5.69 0.76 3.51
Total 13.318 61900 21.57* 15.11 0.71* 3.61*
P>-1 4.645 21125 21.9 5.29 0.57 3.99
P,-2 3.863 16778 23.0 4.41 0.73 3.41
P,-3 3.386 14376 23.6 473 099 2.60
Total 11.894 52279 22.83* 14.43 0.71* 3.36*
RD 11 Pi-1 4.970 18182 27.2 7.42  0.80 2.20
P2 4.228 17599 24.0 7.65 0.94 2.19
P,-3 4.858 17457 27.8 7.11 0.94 2.15
Total 14.056 53238 26.33* 22.18 0.89* 2.18*
P.-1 5.138 18807 27.3 8.21 0.76 2.34
P,-2 3.231 15560 20.9 5.89 0.89 2.56
P,-3 3.979 13538 29.4 6.04  0.88 2.25
Total 12.348 47905 25.87* 20.14 0.83* 2.38*
Remarks: * : Values are expressed in an average.

*k

koK
koK

: Rice samples in the plots of W,-F,-D, at heading time were used for analyzing total

nitrogen.

: Pi-1 means 1st crop of planting cycle P,.
: Grain (unhusked full) yield per 1000 spikelets.
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Table 4-2. Grain yield of rice in relation to planting cycle, transplanting time, water
management, rate of fertilizer application, variety and planting density

(ton/ha)
w F A% D Pi-1 P2 P:-3 Total P>-1 P,-2 P,-3 Total
W, F, Vi D, 3.92 3.36 4.59 11.87 4.54 3.41 3.05 11.00
W, F, Vv, D, 4.18 4.02 4.82 13.02 5.05 3.99 3.12 12.16
W, F, \'A D, 4.27 4.22 4.40 12.89 5.70 3.16 4.00 12.86
W, F, V, D, 5.92 4.70 4.48 15.10 6.00 3.18 3.91 13.09
W, F, Vi D, 4.51 4.78 4.96 14.25 5.30 3.35 4.00 12.65
W, F, A\ D, 5.58 4.78 5.23 15.59 4.86 3.69 3.89 12.44
W, F, V. D, 5.05 4.73 5.62 15.40 491 3.12 4.33 12.36
W, F, V, D, 5.70 448 5.69 15.87* 546 3.25 446  13.17*
W, F, Vi D, 4.28 3.85 4.59 12.72 3.41 3.84 3.01 10.26
W, F, Vi D, 4.76 3.95 4.07 12.78 3.72 424 3.28 11.24
W, F, V. D, 4.05 3.96 4.53 12.54 4.30 2.92 3.38 10.60
W, F, V. D, 3.98 3.68 4.11 11.77 4.65 3.15 3.33 11.13
W, F, Vi D, 4.04 4.09 4.88 13.01 5.09 4.16 3.50 12.75
W, F, Vi D, 4.15 4.45 4.70 13.30 5.19 4.22 3.24 12.65

W, F, Vs D, 5.37 3.92 495 1424 5.03 3.64 389 12,56
W, F, V. D, 5.42 4.13 508 1463  5.05 3.43 453 13.01

Remarks: * : Maximum grain yield among 16 plots.
W : Watermanagement.
W, : Continuously flooded.
W, : Non-flooded for 6 to 10 days from 30 days after transplanting.
F : Rate of fertilizer application
F, : Standard, Basal N-20, P,0;-25.0, Top N-20 Kg/ha
F, : High level, Basal N-30, P,O5-37.5, Top N-30 Kg/ha

A% : Variety
Vi :RD7
Vz :RD 11

D : Planting density
D, : Standard, 16 hills/m?
D, : Dense, 20 hills/m?
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Table 4-3. Growing period in relation to planting cycle and variety

Growing  Period, (days)

Planting Variety Seeding Trans- Heading Harvesting Seeding  Trans- Heading Seeding Trans-

cycle- time planting time time to planting to to planting to
crop time heading to harvesting harvesting harvesting
heading
Pi-1 RD7 Dec. 20 Jan. 13 Mar. 18 Apr. 14 88 64 27 115 91
RD11 ” ” Apr. 2 May 2 103 79 30 133 109
P2 RD7 Apr. 18 May 13 Jul. 27  Aug. 29 100 75 33 133 108
RD11 Jul. 28 Sept. 2 101 76 36 137 112
P\-3 RD7 Aug. 16 Sept. 9 Nov.14  Dec. 19 90 66 35 125 101
RD11 ” ” Nov. 23  Dec. 28 99 75 35 134 110
P;-1 RD7 Feb. 18 Mar. 15 May 25 Jun. 24 96 71 30 126 101
RD11 Jun. 8 Jul. 7 110 85 29 139 114
p.-2 RD7 Jun. 21 Jul. 15 Sept.24  Oct. 25 95 71 31 126 102
RD11 Sept. 28 Oct. 31 99 75 33 132 108
P:-3 RD7 Oct. 17 Nov. 10 Jan.6 Feb. 15 81 57 40 121 97
RDI11 v Jan. 24 Feb. 27 99 75 34 133 109
Table 4-4. Water consumption
Water
Evaporation Transpiration Evapotranspiration Pan Evaporation requirement
Planting E, E. T, T, ET, ET, EP, EP, ET/EP
cyclecrop mm mm mm mm mm mm mm mm g/g
Pi-1 254.8 2.8 298.4 3.3 5563.2 6.1 5334 59 1.04 3439
Py-2 410.5 3.8 315.8 29 726.3 6.7 672.8 6.2 1.08 349.0
P;-3 239.6 24 282.7 2.8 522.3 52 474.0 4.7 1.10 321.0
Total 904.9 3.01* 896.9 2.99* 1801.8  6.01* 1680.2  5.60* 1.07* 338.07*
P>1 331.6 3.3 398.3 3.9 729.9 7.2 689.8 6.8 1.06 381.5
P2 344.3 34 216.8 2.1 561.1 5.5 499.6 4.9 1.12 277.1
P,-3 240.9 2.5 240.2 25 481.1 5.0 447.5 4.6 1.08 411.3
Total 916.8 3.06* 855.3 2.85% 1772.1 591* 16369  5.46* 1.08* 354.86*

E,, T,, ET, and EP, are expressed as the total amount. E;, T», ET, and EP; are expressed as a daily average

value.

*: Value are expressed on an average. ‘
Ep was measured by a evaporimeter 20 cm in diameter. The values may be about 10% more than evaporation
from free water surface measured by evaporimeter 1 m in diameter.
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Table 4-5. Average daily solar radiation during growing period

Planting Seeding to Transplanting Heading to Seeding to Transplanting
cycle- Variety heading to heading harvesting harvesting to harvesting
crop A Sr A Sr A Sr A Sr A Sr
P-1 RD7 36052 409.7 26306 411.0 12027 4454 48079 4181 38333 421.2
RD 11 42274 4104 32528 411.7 14661 488.7 56935 428.1 47189 4329
P2 RD7 45567 4557 33734 449.8 13418 406.6 58985 4435 47152 436.6
RD 11 45941 4549 34108 448.8 14859 412.8 60800 443.8 48967 437.2
P-3 RD7 37577 4175 28058 4251 15650 447.1 53227 4258 43708 4328
RD 11 41840 4226 32321 4309 15145 432.7 56985 4253 47466 4315
P,-1 RD7 43618 4544 32917 463.6 14365 4788 57983 4602 47282  468.1
RD 11 50343 457.7 39642 466.4 12738 439.2 63081 453.8 52380 459.5
P2 RD7 38859 409.0 28649 403.5 13650 440.3 52509 416.7 42299  414.7
RD 11 40587 410.0 30377 405.0 14370 4355 54957 4163 44747 4143
P»-3 RD7 35161 434.1 24520 430.2 14946 373.7 50107 4141 39466 406.9
RD 11 42159 425.8 31518 420.2 12152 3574 54311 4084 43670 400.6
Remarks: A: Accumulated value (cal/cm?/period)

Table 4-6. Average daily maximum air temperature during growing period

Sr: Average daily solar radiation (cal/cm?/day)

Planting Seeding to Transplanting Heading to Seeding to Transplanting
cycle-  Variety heading to heading harvesting harvesting to harvesting
crop A Max. A Max. A Max. A Max. A  Max
P-1 RD7 28068 319 20568 32.1 9179 34.0 37247 324 29747 327
RD 11 33059 321 25559 324 1061.1 354 43670 32.8 36170 332

P2 RD7 3454.4 345 2585.8 345 10852 329 45396 341 3671.0 34.0
RD 11 34876 345 26190 34,5 11805 328 46681 34.1 37995 339

P-3 RD7 28263 314 20462 31.0 9974 285 38237 306 3043.6 30.1
RD 11 30704 31.0 22903 30.5 1038.0 29.7 41084 30.7 33283 303

P,-1 RD7 3258.8 339 24498 345 10515 351 43103 342 35013 34.7
RD 11 3743.7 340 29347 345 10145 350 47582 342 39492 34.6

P2 RD7 31358 330 23044 325 9764 315 41122 326 32808 322
RD 11 32673 33.0 24359 32,5 10275 31.1 42948 325 34634 32.1

P.-3 RD7 24052 297 1671.1 293 12955 324 3700.7 306 2966.6 30.6
RD 11 29729 30.0 22388 299 11140 32.8 40869 30.7 33528 308

Remarks: A: Accumulated value (°C)

Max.: Average daily maximum air temperature (°C)
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Planting Seeding to Transplanting Heading to Seeding to Transplanting

cycle-  Variety heading to heading harvesting harvesting to harvesting

crop A Mn A  Min. A Min. A Min A  Min

P-1 RD7 18063 205 13039 204  659.7 244 2466.0 214 19636 21.6

RD 11 2169.6 21.1 16672 21.1 7755 259 29451 221 24427 224

P2 RD7 25269 253 1890.8 252  811.8 246 33387 251 27020 25.0

RD 11 25514 253 19153 252 8863 24.6 34377 251 28016 25.0

P-3 RD7 22085 245 16132 244  661.0 189 28695 23.0 22742 225

RD 11 24526 248 1857.3 248 6942 19.8 31468 235 25515 232

P»-1 RD7 22920 237 17852 25.1 7656 25,5 30576 243 2550.8 253

RD 11 26459 241 21391 252 7402 255 33861 244 28793 253

P2 RD7 2343.0 247 17422 245 771.6 249 31146 247 25138 246

RD11  2443.7 247 18429 246 8148 247 32585 247 2657.7 246

P,-3 RD7 17310 214 11488 202 813 21.3 25823 213 2000.1 20.6

RD 11 2098.7 212 15165 20.2 7494 220 28481 214 22659 208
Remarks: A : Accumulated value (°C)

Min.

: Average daily minimum air temperature (°C).

Table 4-8. Average daily mean air temperature during growing period

Planting Seeding to Transplanting Heading to Seeding to Transplanting
cycle- Variety heading to heading harvesting harvesting to harvesting
crop A M A M A M A M A M
P-1 RD7 23066 262 16804 263 788.8 292 30954 269 2469.2 27.1
RD 11 27378 266 21116 267 9183 30.6 36561 275 30299 278
P2 RD7 2990.7 299 22383 29.8 9485 287 3939.2 296 31868 295
RD 11 30195 299 22672 29.8 10334 28.7 40529 29.6 33006 295
P-3 RD7 25174 280 1829.7 27.7 829.2 237 33466 26.8 26589 263
RD 11 27615 279 2073.8 27.7  866.1 247 36276 271 29399 26.7
P»-1 RD7 27754 289 21175 29.8 908.6 303 3684.0 292 3026.1 30.0
RD 11 31948 29.0 25369 29.8 8774 303 40722 293 34143 30.0
P2 RD7 27394 288 20233 285 874.0 282 36134 287 28973 284
RD 11 28555 288 21394 285 921.2 279 37767 286 3060.6 28.3
P.-3 RD7 2068.1 255 1410.0 24.7 10734 268 31415 26.0 24834 25.6
RD 11 25358 256 1877.7 25.0 931.7 274 34675 261 28094 258
Remarks: A : Accumulated value (°C)

M.

: Average daily mean air temperature (°C).
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Table 4-9. Average difference between daily maximum and minimum air
temperature during growing period (°C)

Planting Variet Seeding to  Transplanting  Heading to Seeding to  Transplanting
cycle-crop ariety heading to heading harvesting harvesting  to harvesting
Pi-1 RD 7 114 11.7 9.6 11.0 11.1
RD 11 11.0 11.3 9.5 10.7 10.8
P2 RD 7 9.2 9.3 8.3 9.0 9.0
RD 11 9.2 9.3 8.2 9.0 8.9
P-3 Rd 7 6.9 6.6 9.6 7.6 7.6
RD 11 6.2 5.7 9.9 7.2 71
P>-1 RD 7 10.0 9.4 9.6 9.9 9.4
RD 11 9.9 9.3 9.5 9.8 9.3
P,-2 RD 7 8.3 8.0 6.6 7.9 7.6
RD 11 8.3 7.9 6.4 7.8 7.5
P:-3 RD 7 8.3 9.1 11.1 9.3 10.0
RD 11 8.8 9.7 10.8 9.3 10.0
Table 4-10. Water consumption in P;-1
Water Evapo- Trans- Pan T Evapo-
tgﬁzk?aiftt;r requirement ration piration evaporation /EP transpiration
p 2 i depth (mm) (mm) (mm) (mm) (%) (mm)
1 5.8 3.6 0.8 44 18.2 4.4
2 5.0 3.8 0.3 4.2 7.0 4.1
3 5.9 3.7 1.0 5.1 19.6 4.7
4 6.0 32 1.8 52 34.6 5.0
5 5.6 3.0 2.2 5.6 39.3 5.2
6 7.8 32 3.1 6.8 45.6 6.3
7 7.3 24 3.7 5.9 62.7 6.1
8 6.8 1.9 4.4 5.8 75.9 6.3
9 7.5 16 5.7 6.8 83.8 7.3
10 7.0 1.9 4.7 6.3 74.6 6.6
11 7.6 2.3 5.1 6.0 85.0 7.4
12 6.8 3.0 3.6 6.3 57.1 6.6
13 8.7 2.8 6.2 7.8 79.5 9.0
Total
(mm/91 days) 614.4 254.8 298.2 533.4 — 553.0
Mean
(mm/day) 6.8 2.8 3.3 59 52.5 6.1

Remarks: 1) RD 7 in the plot of W,F,D, was used for measurement of water consumption.
2)  Growing period (from transplanting to harvesting) in P;-1 is 91 days. (Jan. 13 to Apr. 14)
3) T: Transpiration EP: Pan evaporation
4)  Pan evaporation was measured by using a pan 20 cm in diameter: The values are supposedly
around 10 percent more than that by using a pan 120 cm in diameter.
5)  Water requirement in depth was not proportional to evapotranspiration because the former
was influenced by the field conditions around the test field.
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Table 4-11. Water consumption in P;-2

Weeks afier ~ Water - Bvapo - Trans o Pan. Lo Bvaw
transplanting requirement ration piration evaporation EP transpiration
in depth (mm) (mm) (mm) (mm) (%) (mm)
1 7.3 6.6 0.9 6.6 13.6 7.5
2 4.9 4.7 0.6 6.3 9.5 53
3 6.3 4.6 1.0 6.1 16.4 5.6
4 11.0 5.7 1.1 7.8 14.1 6.8
5 10.0 4.1 2.9 6.1 475 7.0
6 13.1 4.4 3.7 8.2 45.1 8.1
7 12.3 34 5.5 8.0 68.8 8.9
8 12.0 29 5.9 6.3 93.7 8.8
9 16.6 4.9 2.8 7.3 38.4 7.7
10 10.6 3.2 4.5 6.2 72.6 7.7
11 9.9 1.9 5.0 3.8 131.6 6.9
12 11.5 2.4 3.6 47 76.6 6.0
13 9.0 2.7 4.1 5.7 71.9 6.8
14 7.8 2.7 2.7 6.2 43.5 5.4
15 4.6 2.8 0.8 45 17.8 3.6
16 6.2 3.8 0.0 5.4 0 3.8
Total
(mm/108 days) 1,045.5 410.4 315.7 672.8 — 726.1
Mean
(mm/day) 9.7 3.8 2.9 6.2 49.3 6.7
Remarks: Growing period in P;-2 is 108 days (May 13 to Aug. 29).
Table 4-12. Water consumption in P,-3
Water Evapo- Trans- Pan T Evapo-
tgﬁesl;&faiftt;:g requirement ration piration evaporation /EP transpiration
in depth (mm) (mm) (mm) (mm) (%) (mm)
1 4.6 44 0 5.1 0 4.4
2 7.1 4.0 0 4.0 0 4.0
3 5.4 4.2 1.2 55 21.8 5.4
4 54 3.8 1.8 5.1 35.3 5.6
5 7.2 4.7 1.5 55 27.3 6.2
6 7.2 2.5 3.6 4.0 90.0 6.1
7 6.7 2.1 34 4.0 85.0 55
8 6.5 1.7 4.3 5.0 86.0 6.0
9 7.3 0.9 6.0 45 133.3 6.9
10 4.2 1.1 4.1 45 91.1 52
11 6.7 1.0 4.5 44 102.3 55
12 5.0 0.9 3.7 4.7 78.7 4.6
13 5.8 1.4 3.1 4.7 66.0 45
14 55 14 2.2 4.9 449 3.6
15 6.5 0.3 2.3 4.6 50.0 2.6
Total
(mm/101 days) 611.5 239.6 282.7 474.0 — 522.3
Mean
(mm/day) 6.1 2.4 2.8 47 61.2 52

Remarks: Growing period in P;-3 is 101 days (Sept. 9 to Dec. 19).
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Table 4-13. Water consumption in P,-1

Water Evapo- Trans- Pan T Evapo-
Weeks after . . . . S
transplanting . requirement ration piration evaporation ’ P transpiration

in depth (mm) (mm) (mm) (mm) (%) (mm)

1 7.6 5.8 0 6.3 0 5.8

2 8.2 5.7 0.5 6.5 7.7 6.2

3 6.9 4.3 1.1 5.7 19.3 54

4 10.2 5.1 3.0 7.5 40.0 8.1

5 9.8 44 3.5 74 47.3 79

6 8.9 34 4.4 7.2 61.1 7.8

7 11.5 3.2 4.9 7.3 67.1 8.1

8 8.6 2.3 5.1 6.5 78.5 7.4

9 8.7 2.1 6.2 7.0 88.6 8.3

10 7.7 1.7 5.7 6.2 91.9 7.4

11 8.0 24 5.3 6.2 85.5 7.7

12 7.9 2.0 5.7 7.2 79.2 7.7

13 8.7 2.0 5.1 6.7 76.1 7.1

14 8.4 1.9 4.6 7.2 63.9 6.5

15 8.2 25 4.2 8.5 49.4 6.7

Total
(mm/101 days) 872.3 331.6 389.3 689.8 — 729.9
Mean

(mm/day) 8.6 33 3.9 6.8 53.3 7.2

Remarks: Growing period in P,-1 is 101 days (Mar. 15 to Jun. 24).

Table 4-14. Water consumption in P>-2

Water Evapo- Trans- Pan T Evapo-
tziﬁaifttienrg requirement ration piration evaporation /EP transpiration

in depth (mm) (mm) (mm) (mm) (%) (mm)

1 5.2 53 0 6.2 0 5.3

2 5.2 3.8 0.4 3.8 10.8 4.2

3 52 4.2 1.2 4.7 25.5 54

4 6.4 53 1.6 5.7 28.1 6.9

5 5.7 4.1 3.0 6.2 48.4 7.1

6 49 32 1.7 45 37.8 4.9

7 6.1 3.7 2.0 53 37.7 5.7

8 4.3 2.7 0.9 3.6 25.0 3.6

9 53 23 3.9 5.1 76.5 6.2

10 5.6 4.0 1.1 4.0 275 5.1

11 3.7 22 3.5 5.5 63.6 5.7

12 4.9 3.1 1.9 5.1 37.3 5.0

13 44 2.7 3.5 5.5 63.6 6.2

14 5.6 1.6 4.5 4.0 112.5 6.1

15 4.7 1.7 3.1 3.8 81.6 4.8

Total
(mm/102 days) 525.4 344.2 216.8 499.6 — 561.0
Mean

(mm/day) 52 34 2.1 4.9 44.0 5.5

Remarks: Growing period in P»-2 is 102 days (July 15 to Oct. 25).
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Table 4-15. Water consumption in P,-3

Water Evapo- Trans- Pan T Evapo-
t:ZﬁZl;Tazrilfttii’g requirement ration piration evaporation AP transpirgtion

in depth (mm) (mm) (mm) (mm) (%) (mm)

1 2.9 39 0 4.7 0 39

2 6.8 3.7 0.4 45 8.9 4.1

3 3.8 32 0.9 4.6 19.6 4.1

4 8.0 4.0 1.7 4.6 37.0 5.7

5 8.7 33 2.1 49 429 54

6 6.7 2.3 2.6 4.6 56.9 49

7 6.6 2.4 2.9 44 65.9 5.3

8 7.0 1.8 3.9 4.7 83.0 5.7

9 7.5 1.7 3.9 44 88.6 5.6

10 4.8 1.3 3.7 4.1 90.2 5.0

11 6.8 14 3.9 4.2 92.9 5.3

12 5.2 1.7 2.5 3.9 64.1 4.2

13 4.8 1.3 2.9 5.1 56.9 42

14 6.0 2.8 3.4 6.1 55.7 6.2

Total
(mm/97 day) 593.5 240.8 240.2 4475 — 481.0
Mean

(mm/day) 6.1 25 2.5 4.6 54.4 5.0

Remarks: Growing period in P»-3 is 97 days (Nov. 10 to Feb. 15).
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