SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

Study on Main Factors Affecting on Irrigation
Water during Growing Stages of Paddy Crops

Kuroda, Masaharu
Laboratory of Irrigation and Water Utilization Engineering, Faculty of Agriculture, Kyushu
University

Nakano, Yoshisuke

Laboratory of Irrigation and Water Utilization Engineering, Faculty of Agriculture, Kyushu
University | Laboratory of Irrigation and Water Utilization Engineering, Faculty of
Agriculture, Kyushu University

Funakoshi, Tamotsu
Laboratory of Irrigation and Water Utilization Engineering, Faculty of Agriculture, Kyushu
University

Basri, Hairul
Laboratory of Irrigation and Water Utilization Engineering, Faculty of Agriculture, Kyushu
University

https://doi.org/10.5109/24318

HIRTER : WINKEZXRZREZHRRLE. 44 (1/2), pp.157-174, 1999-11. Kyushu University
N—o30:

HEFIBAMR

KYUSHU UNIVERSITY




J. Fac. Agr., Kyushu Univ,, 44 (1-2), 157-174 (1999)

Study on Main Factors Affecting on Irrigation Water
during Growing Stages of Paddy Crops

Masaharu Kuroda, Yoshisuke Nakano, Tamotsu Funakoshi and Hairul Basri

Laboratory of Irrigation and Water Utilization Engineering, Faculty of Agriculture,
Kyushu University, Higashi—ku, Fukuoka 812-8581, JAPAN
(Received July 15, 1999 and accepted August 24, 1999)

Irrigation water is one cof the most essential things that has to be concerned for the growth
of paddy crops. In this study, first objective aimed to discuss about the main factors influencing
the amount of irrigation water during growing stages of paddy crops based on historical data in
Asakura Town, Fukucka Prefecture, Japan. Sccond objective will focus on recent study of 1998
conducted on the same location as the former study for clarifying the actual irrigation water
phenomena in the fields.

Historical data were analyzed using method of Quantitative Analysis . Objective variables
consisted of water consumption, field management and canal management, were examined for
analyzing the irrigation water phenomena. Furthermoere, main focus of recent study was to
evaluate the concerning components of water balance in the fields.

Results showed thal irrigation water for water consumption was strongly influcnced by
natural condition such as rainfall, but it was not affected by the action of farmers. On the
contrary, irrigation water for field management and canal management were influenced by the
principle action of farmers in managing the irrigation water to paddy crops. Total of irrigation
water obtained from average data of Hyears ohservations Lhat was required for water
consumption, field management and canal management ranged of 57-113.45mm/day.
Furthermore, recent study showed the total of irrigation water thal was necessary for water
consurption, field management and canal management ranged of 46.33-236 32 mm/day. There
was no significant change of irrigation water for water consumption in both the studies.
However, relative percentage of irrigation water for field management and canal management
increased 8% and 14% rcspectively comparing toe the former study. These facts indicated that
the actual irrigation water operated under traditional water right had been applied in higher
range than the necessary, especially for field management and canal management. Farmers
seern not intended 10 apply the irrigation water in a strict condition.

BACKGROUND

Amount of irrigation water given to paddy crops is one of the most essential things
that has to be analyzed not only for providing crop need to sustained high yield but also
for reducing management loss of water operation in the system (Basri ef al., 1998). In
this area, the irrigation water given to paddy crops is decided by LID (Land Improvement
District), which is a water user association, operated under traditional water right,
Kuroda et al. (1997) reported that amounts of intake water on concerning LID operated
under traditional water right, in Kyushu Island of Japan are widely ranged of
26.10-212 mmv/day.

The irrigation water applied to paddy crops is not only affected by the conditions of
the natural resources, but also influenced by the actions of farmers. The second one
seemns related to the performance of farmer action in operating the irrigation water in the
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fields. It is Important to clarify those phenomena by investigating the actual condition in
the fields. Therelore, first objective of this study will discuss about the main factors in
influencing the irrigation water during growing stages of paddy crops hased on historical
data by using the method of Quantitative Analysis . Second objective will talk about the
recent study of 18998 conducted in the same location uscd for the former study for
clarifying the actual irrigation water phenomena in the fields.

QUANTITATIVE ANALYSIS ON FACTORS AFFECTING THE [RRIGATION
WATER DURING GROWING STAGES OF PADDY CROPS

Description of Study Area

The study was conducted on area of 14.76 ha of paddy field system in Asakura Town,
Kyushu Island, Japan. The yearly average temperature is 16°C and the annual rainfall is
approximately 1800mm. The irrigation water for paddy crops in this area is taken from
Yamada Weir that is delivered through open channel irrigation canal. Table 1 shows the
physical data of surveyed area from 1979 to 19383,

Table 1. Physical data of surveyed area {1879-1983).

Year Paddy fields  Upland fields  Greenhouses — Settlement areas  Total (ha)
(ha) {(ha) (ha) (ha)
1979 10.66 0.44 2.66 1 14.76
1980 10.00 1.10 2.66 1 14.76
1981 8.48 2.62 2.66 1 14.76
1982 8.52 2.28 2.96 1 14.76
1 14.76

1983 8.41 2.39 2.96

Purpose of the study

This study aimed to discuss about the main factors influencing the irrigation water
during growing stages of paddy crops based on historical data (1979-1983) by using the
method of Quantitative Analysis 1.

Method of Analysis

Method of Quantitative Analysis I, developed by Hayashi (1991), was used for
evaluating observed data. The formulas of quantitative analysis that mentioned in
previous paper (Kuroda et al., 1997) and historical data from 1979 to 1983 (Kuroda,
1985) were used for analyzing the items and categories. General formula of quantitative
analysis is presented in equation (1).

Y= $F 00 2o (=1, 2, %, =1, 2, B k=1,2,..¢) (1)

J =1k =1

in which: 7 is number of samples, K is number of items and ¢, is number of categories.
X . 18 the item—category respond given as dummy variable as presented in equation (2).
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[ 1 - means yes, if i sample responds to item j of categary k

i = 1 0 means no, if i sample do not respond to item j of category k (2)
Furthermore, @, is given as the explanatory wvariables in the j* category of the §”item.
Then the effect of each calegory is expressed as multiplying of @, Y. .

There were 3 objective variables consisted of water consumption (WC), field
management (FM) and canal management. (CM), which were considered as factors that
have to be observed in clarifying the irrigation water phenomena in the fields. The
definition of each ohjective variable is presented in the explanation of equations 3-10.
There were 6 items for each objective variable i.e., rainfall, scepage, irrigation water
performance, canal-check, convulsively drainage and field management. Rainfall had 3
categories, and others had 2 categories as presented below. Detail information for items
and categories can be seen in Table 2.

Item (1), Bainfall (R)

Item (1) consisted of 3 categories i.e., much (M), medium (Md) and little (Lt). Fig. 1
shows the flowchart that was used for judging the categories.
ftem (2), Seepage (S5P)

Item (2) consisted of 2 categories i.c., large (L) and small (S). The categories of item
{2) were determined as follows.

If seepage > Bmm/day —m= large (L)
If seepage << Bmm/day —m small(S)
e (3), Irvigation water performance (IW)

Item {3) consisted of 2 categories i.e., good () and had {(B). The categories of item
(3) were determined as follows.

If FM+CM = min (50 mm/day, WC) —m good ()

If FM+CM < min (60 mn/day, WC) ——m bad (B)

FM : Field management, CM : Canal management , WC : Water consumption
ltem (4), Canal—check (CC) )

item (4) consisted of 2 categories i.e., high(H) and low(L). Water supply for paddy
plot delivered from irrigation canal through irrigation pipe installed beneath the levee.
Instead of using water gate, this water controlled by using a stone arranged close to the
inlet pipe. If the stone was vertical, the category was high (H). On the contrary, if the
position of stone was horizonial, the category was low {L)

Ttem (5), Convulsively drainage (CD)

Item (5) consisted of 2 categories i.e., yes (Y) and no {N}. The data were arranged
from the results of questionnaire during this pericd.
Item (6), Field management (FM)

Item (6) consisted of 2 categories i.e., rough (R) and precise (P). The data were also
arranged from the results of questionnaire during this period.
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Table 2. Objective variables of irrigation water, items and categories (1979-1983).

v bl Purpose of variables Iters and Categories

. Years BSamples WC FM CM Item(1) Ttem(2) fem(3) Ttem(4) Ttem({5) Ttem(f)
(mmiday)  (movday)  (mmfday) Jjudged categories of iterns

1979 1 3680 1320 2650 (M)  2(8) L& 2L 2N IR)
Tiltering 1980 2 27.70 1820 3050 I(M)  2(5) ) 2y 2N (R
(71-7/20) 1981 3 4810 1600  BLT0 LMY 2(S) 1) 21y 2Ny L(R)
1982 4 38.80 680 400 1M 2(8) 2B IH) 2N 1(R)
1983 5 6310 1710 5120 3Ly  28) UG . ALY 2N LR
1979 6 57.20 820 1430  3(L) 208 2B 20 1Y) 2(P)
Midsummer 1980 7 3050 800 1020 QD 28 A(BY 2L 1Y) 2(P)
Drainage 1981 ] 4770 210 3320 1My 2% 0 HB) 2Ly W 2AP)
(7/21-7/313 1952 9 11.90 1280 050 1My  2(8y Gy LD (V) 2R
1983 10 19.50 730 2280  BLL A8 U@ 2L 1y, 2(p)
1979 11 4070 4580 1960 St (L) L L) 2N 2P
After Midsummer 1980 12 1540 1430 1110 LM 0 1L G 2(L) 1Y) 2@
Drainage 1981 13 5030 1270 2730 2Mdy (L) 2By ALY My AP
(9/1-8/11) 1082 14 2500 16530 440 2Md) (L) B} H)  2(N) 2(P)
1083 15 9340 2580 3560 S(LH L) LG () 2 (D)
1979 16 5100 2650 1460 2(Mdy (L) 2B} L) 2MN)  L(R)
Growing and 1980 17 4816 4280 1170 1My 0 L) L L) uY) IR
Booting 1981 18 5660 2210 2870 2(Mdy L) L& 2L 2N IR
(8/12-8/31) 1982 19 4190 2440 810 1My 1) 2(B)  KH) 1Y) I{R}
1983 20 1800 7980 3510 3Ly 1Ly 1 I 2N 1R
Seiilfigiant 1979 21 5910 2380 GO0 I(M)  2(8)  2(BY &ALy (M) 2(P
2 1981 22 54.20 1320 1650  3(LL 28 2By 3L} 2N 2P}
(9/1-6/10) 1982 23 7660  31.40 7A0 2(Md)  2(8) 2By 1(H} 2(N)  2(P)
1983 24 3470 5870 4000 ALY  2(8) L) L) 2N} 1R
1979 25 710 21.50 G600 3(LY 208y 2B) 2l 2N IR
Milk Ripening 1981 26 3590 4150 2090 2(Md)  2(S) (%) L) 200 U(R)
(9/11-9/24) 1982 a7 5000 3570 1240 2(Md) 28y Z(B)  1H)  2N) 1B
1983 28 3L80 8030 4980 3Ly 28 1B 2l 1M 1R
1979 29 TA50  26.70 670 AL 28) 2B 21y 2 IR
Drought Ripening 1981 30 3510 2250 3760 3(LL) 2(8) 1{H) Ly 2(N) 1(R)
(9/21-9/30) 1982 3t 23.00  79.30 21 1D 29 NG ) W 1R
1983 32 T480 2310 5040 3L 28 G 2 2Ny LR
Full Ripening 1979 53 5T.E0 2200  BOG  3(LL) 2@ 2(1? 2AL) 2Ny 1R
A0/-10/5) 1981 34 2780 3320 2060 LM)  28) 1) 21 1Yy 1R
1983 35 2780 3110 4980 LMY  2(%) LG L) 2Ny L(R)
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Fig. 1. Flowchart for judging the itern (1).

Results and Discussion

Fig. 2, 3 and 4 show category-weight of irrigation water for water consumption, ficld
management and canal management. The values of observed irrigation water (y.) and
predicted irrigation water (Y,) for each objective variable are shown in Table 3. Multiple
correlation coefficients (v ) between observed irrigation water and predicted irrigation
water those using dummy variables are also shown in Table 3. The values of coefficient ¥
are significant in F test { & 0.05).

Category-weight
Water Consumption

Fig. 2 shows category weight of irrigation water for water consumption purpose. The
category weight from up to bottom successively shows the influence of natural condition
and farmer action on watcer consumption. The natural condition regarded rainfall and
seepage, while the farmer action concerned irrigation water performance, canal check,
convulsively drainage and field management.

[rrigation water for water consumption was strongly affected by the rainfall (partial
correlation R=0.309) but was not affected by the seepage (R=0.031). In the case cf no
rainfall, the category weight shows the positive value, vice versa. It means that the water
consumption tended to increase in this condition. On the contrary, the water
consumption tended to decrease due to the existence of rainfall. In the case of seepage, it
seems that no relationships between the seepage and the water consumption. The water
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consurmnption was also strongly influenced by the irrigation water performance (R=0.406)
and the convulsively drainage (R=0.294), but was not affected by the canal check
(R=0.096) and the field management (R=0.002).
Field Management

Fig. 3 shows that the irrigation water for field management purpose was sirongly
affected by the rainfall (R=0.420), the irrigation water performance (R=0.384), the
canal-check (R=0.414), the convulsively drainage (R=0.349), the ficld management
(R=0.492) and was slightly influenced by the seepage (R=0.148). The results of category
weight show that the effect of rainfall tended to decrease. On the contrary, effects of the
irrigation water performance, the canal check, the convulsively drainage and the field
management tended to increase. It means that this kind of irrigation was more influenced
by the action of farmers than the developrment of natural resources.
Canal Maragemerit

As shown in Fig. 4, irrigation water for the canal management purpose was strongly
affected by the irrigation water performance (R=0.556), the canal-check {(R=0.304), the
convulsively drainage (R=0.314) and was slightly influenced by the rainfall (R=0.150).
But, irrigation water was not affected by the seepage (R=0.070) and the field
management (R=0.029). Those phenomena show that the canal management was also
more influenced by the activity of farmers than the condition of natural resources. On the
other words, the revealing of irrigation water applied into paddy crops due to the field
management and the canal management was strongly influenced by the principle action
of farmers.

-10 -8
o
R Md R=0. 309
Lt B
SP lé' R=0. 031
¥ g R=0. 406
cC i ) #=0. 096
S = R=0. 294
FM g R=0. 002

v =0.59

Fig. 2. Category—weight of irrigaticn water for the water consumption.
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M
Md R=0. 420
Lt
L
R=0.
S - 0. 148
G %
B R=0. 384
H =
L R=0. 414
Y
N R=0. 349
R
p R=0. 492

v =0. 69

Fig. 3. Catcgory—weight of irrigation water for the field management.

-10 -8 -6 -4 -2 0 2 4 6 8 10

M
Md R=0. 150
Lt
L _
S R=0.070
G =
B R=0. 556
H -
L R=0. 304
Y -
N R=0. 314
R
R=0.
p 0. 029

y=0.70

Fig. 4. Category—weight of irrigation water for the canal management.
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Analysis of Irrigation Water

Table 3 shows that the observed and predicted values of irrigation water for each
objective variable during growing stages of paddy crops varied from 1979 to 1983, In this
case, the average values of irrigation water for each objective variable are important to be
discussed. Furthermore, Fig. 5 shows the information of irrigation water for water
consurnption, field management and canal management.
Water Consumption

Table 3 and Fig. 5 show that irrigation water for the water consumption ranged of
33.44-56.90 mun/day. The highest water consumption was observed in the heading and
flowering stages (55.90mm/day). While, the lowest water consumption was observed in
the mid summer drainage stage (33.44 mm/day). The water consumption of other stages
seemed to be constant around 45 mm/day. Vertical percolation was the dominant factor
in affecting the water consumption due to the high soil porosity in this area.
Field Maragemenrt

As shown in Table 3 and Fig. 5, the irrigation water for field management during
growing stages of paddy crops ranged of 7.68-39.85mm/day. The irrigation water in the
tillering stage was around 13.06 mm/day. The highest irrigation water was observed in the
growing and developing of paddy crops ranged of 31.73-39.85 mm/day. The lowest
irrigation water was found in the mid summer drainage stage (7.68mm/day) and
increased in the after midsununer drainage stages (22.80 mm/day). Furthermore, the
irrigation water tended to decrease in the full ripening stage (28.77 mm/day). Maruyama
et al. (1995) rcported that irrigation water for field management conducted for various
proposes such as drainage of ponded water, mid summer drainage, fertilizer or chemical
solvent and water management labor.
Canal Management

Table 3 and Fig. 5 depict that the hrrigation water for canal management ranged of
15.90-32.78 mm/day. The highest irrigation water was observed in the tillering stage
(32.78 mm/day) and tended to decrease in the stages of mid summer drainage and after

Water consumption Field management Ganal management

a0 " 35

50 - 30 §
Z 40 725
o o
3 = 20
£ 20 E 18
E 20 E g

10 5

a i e

TL AMSD HF DR TL. AMSD HF DR TJL AMSD HF CR
MSD GB MR FR MsSD GB MR FR MSD GB MR FR
Growing stages of paddy crops

M Observed Bl Predicted

Fig. 5. Average values of irrigation water for each objective variable during growing stages of paddy
crops (1979-1983).
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Table 3. Observed (%)} and predicted (¥.) values of irrigation water for each objective variable during
growing stages of paddy crops (1979-1983).

Purpose of variables

Growing stages [rrigation water for hFigatjon water for Irrigation water for
Years Sample Water consumption Field management Canal management
of paddy crops (miday) (mmvday) {mm/day)

) (¥ ) (¥ ) ")
1979 1 36.80 37.38 13.2¢ 19.92 28.50 33.76
19580 2 27.70 37.38 13.20 19.92 3050 33.76
Tillering 1981 3 48.10 37.38 15.00 18.92 51.70 33.76
(T1-77203 1982 4 38.50 48.70 6.580 22.44 4.00 7.95
1983 B 83.10 49.04 17.10 36.78 51.20 3762
Avg. 42.80 41.98 13.06 23.60 32.78 29.37
1979 4 57.20 52 55 820 18.567 14.30 10.92
Midsifiias 1980 T 30.50 40.88 8.00 2.71 10.20 7.06
Drainage 1981 8 47.70 40 88 2.10 274 35.20 7.08
(TR1_TB1) 1982 9 11.80 2241 12.80 29.75 .50 15.08
1983 10 19.90 37.65 .30 30.83 22.80 27.83
Avg. 33.44 38.87 7.68 16.81 16.50 13.59
1979 11 40.70 50.10 45.9(?. 22.14 19.60 34.91
B e FE v rrserenias 1980 12 15.40 27.11 14.30 18.71 11.10 22.08
D 1881 13 50.30 55.43 12.70 t8.20 27.30 14.19
B/1-811) 1982 14 25.00 b1.86 15.30 22.98 , 4.40 G20
1983 15 93.40 46.63 25.80 36.91 35.60 26.01
Avg. 44.96 46.21 22.50 21.0% 15.60 20.60
1979 16 51.00 55.50 26.50 26.569 14.60 15.00
19580 17 4810 27.18 4260 38.10 11.70 a2.8a9
Growing and Booting 1981 i8 55,60 4{.60 22.10 38.85 28.70 31.92
(B/12-8/31} 1982 19 41.90 38.50 24.40 40.61 8.10 -2.92
1983 20 18.00 46.59 79.50 55.30 36.10 26.82
AvE. 4292 41.67 39.08 34.89 15.46 18.74
1979 al 59.10 40.88 23.60 2.71 0.00 7.06
Heading and Flowering 1981 22 53.20 63.57 13.20 3.14 16.50 19.80
(911-9/10) 1982 23 76.60 50.73 31.40 18.24 7.10 7.19
1983 24 34.70 49.04 B8.T0 35.78 40.00 37.62
Avg. 55.90 51.13 31.73 15.47 15.90 17.84
1879 25 71.10 63.94 21.50 23.52 0.00 20.70
Milk Ripening 1981 26 35.90 39.48 41,90 34.11 20.90 3381
(9/11-9/20) 1982 27 50.00 50.80 35.70 36.63 12.40 8.00
1983 28 31.80 S 60.30 48.22 49,80 26.64
Avg. 47.20 47.99 35.86 35.87 2078 22.29
1979 29 72.50 63.94 26.70 23.52 6.70 20.70
P 1981 30 35.10 49.04 22.50 35.78 37 60 ar.62

Drought Ripening o
(9/21-9/30) 1982 31 23.00 22,48 79.30 4813 2.10 15.89
1983 32 74.80 49.04 23,10 36.78 50.40 arga
Avg. 51.35 48.13 37.90 36.80 2420 27.96
1979 33 57.50 63.94 3200 23.62 §.00 20.70
Full Ripening 1981 a4 27.50 26.05 43.20 E0s 2060 24.79
(1041-10/9) 1983 35 27.80 37.38 31.10 284 B 40 80 33.76
Avg. 7.70 42,46 28.77 25.60 26.13 26.42
Multiple correlation ¥ =0.69 vy =0.69 y =0.70

coefficient(F test: @ 0.05) (Significant} {Significant) (Significant)
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mid summer drainage ranged of 16.60-19.60 mm/day. Furthermore, the irrigation water
in growing and booting stage was 19.64 mm/day and it was slightly decrease in heading
and flowering stage (156.90 mm/day). In addition, the irrigation water in ripening stages
tended to increase ranged of 20.78-26.13 mm/day.
Tolal of Irrigation Water

Fig. 6 show the total of irrigation water obtained from the total of average irrigation
water for water consumnption, field management and canal management. From Fig. 6, it
can be seen that the total of irrigation water ranged of 57.72-113.45 mm/day. Mid

140
120 .. Obeorved

H Pradictad
100 |- S A
80 ||
60 ||
40 |
20 |

TL MSD AMSD GB HF MR DR FR
Growing stages of paddy crops

ntal af irrigation water duaring growing gtagag of naddy orn
o O rrganon ng Srowing Slages o DAy oro

(1979-1983).

summer drainage and tillering stages showed the lowest irrigation water ranged of
57.72-88.74mm/day. Total of irrigation water tended to increase up to 100 mm/day in the
stages of growing and developing of paddy crops. And it was slightly decrease in the full
ripening stage (92.6 mm/day). These phenomena showed that the increasing of irrigation
water during the stages of growing and deveioping was reasonable for anticipating the
adequate water due to the sensitivity of paddy crops for the water shortage in this
condition.
Relative Percentage of Irrigation Waler

Fig. 7 shows that relative percentage of irrigation water for water consumption
ranged of 40.7-57%, which was higher than other purposes. It can be said that roughly
half of the total irrigation water {48%) was used for completing the water consumption.
The percentage of irrigation water for the field management ranged of 13.3-38%.
Average of irrigation water due to the field management during growing stages was
around 28%  Furthermore, thé_ percentage of irrigation waters for canal management
ranged of 15.4-36.9%. And the average of irrigation water for canal management was
24%. These facts indicated that the performance of water management in this condition
was reasonable.
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TL (Tilkering} MSD {Midsummer Drainage) AMSD (After Midsummer Drainage).
— 28 8% 22.4%
' @ 48.3% % 57.9% a 51.5%
13.3% ’ 26.1%
14.7%
GB{ Growing and Beoting) HF{ Heading and Flowering) MR{ Milk Ripening) -
WG it
17.2% 15.4% 19.3% cons(f;pi;,n)
FM (Field
48.6% 30.6% 54.0% 43.8% management)
34.2% : B oM (Canal
37.0%
management)
DR{ Drough Ripening) FR {Full Ripening}
213% 28.2%
e ey
33.4% 31.1%
e . Daloticrn mnvrard ndn f Treiaoatl e atmm Far o annh Alaantd A xrawabhla drveindg dnoarnneg clagan A7 weddes
Fig. 7. Relative percentage of irrigation water for sach objective variable during growing stages of paddy
crops (1979-1983).

ACTUAL CONDITION OF IRRIGATION WATER DURING GROWING
STAGES OF PADDY CROPS IN RECENT STUDY

Location of Study Area

The study was done on the area of 3.04ha of paddy field system in Asakura Towmn,
Kyushu Island of Japan in 1998; the same location used fer the former study.
Representation of study area is depicted in Fig. 8.

Purpose of the study

This study aimed to clarify the actual irrigation water phenomena by investigating the
water balance components in the fields during growing stages of paddy crops in 1998. In
addition, comparisons of the result with former study based on historical data are also
presented.

Method of Analysis

Water balance components were investigated in the fields during growing stages of
paddy crops. From Fig. 8, the formulas of water balance are expressed as follows.
Water Balance in Irrigation canal:

Qinic = @+ (Q. Q) _ _ (3)
inp = Q{6 —6L) — G (4)
imp = Qinic— s (5)

Qoutic = Qa (6)
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in which: @énic is the total of water inflow into irrigation canal; Qoutic is the total of
water outflow from drainage canal, which can be said as Canal management (CM); Qinp
is water inflow from irrigation canal into paddy fields; @, Q...Qs are chserved discharges
on concerning points. Those discharges were measured using Current meter.

Irrigation Drainage
canal canal
o1 o7
+ <>
Q2
—_— Paddy field
g —» sysiem
Q5| 03
vy
o8 08

R v

Fig.8. Schematic representation of study area in Asakura
Town, Fukuoka, Japan {1998).

ET
m
FM
— = 0np
IC "__IL Sz
Fd
Il

Where :
ET . Evapotranpiration Kp HP
FM: Field management v e

HP: Horizontal percolation

VP: Vertical percolation

IC: lmrigation canaj

DC:  Drainage canal

&inp : Inflow from irrigatton canal into paddy frelds

Fig. 9. Water balance components in the paddy fields and in the drainage
canal (1998},
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The water balance components in the paddy fields and in the drainage canal is
presented in Fig. 9. From Fig. 9, the formulas of water balance can be expressed as
follows.

Water balance in paddy fields:

WC = ET+VP+HP M

Qinp = ET+VP+HP+FM )
Water balance in drainage canal:

DC = HP+FM )

HP = 0,122 VP - an

in which: WC is water consumption (mm/day), which is observed using Hook gauge
method.; ET is evapotranspiration {(mm/day), which is calculated using Penman method.
VP is vertical percolation (mm/day); HP is horizontal percolation (mm/day); DC is
discharge in drainage canal (mm/day); FM is management of fields (mm/day). Equation
(10) was able to be used for finding horizontal percolation in this area (Kuroda, 1985).

Results and Discussion

Table 4 shows the observed data of irrigation water for water consumption, field
management and canal management. Those data were obtained using the above water
balance formulas. For finding the reasonable results, the observation of data was
replicated 2-3 times in the fields during the growing stage of paddy crops. Total of
irrigation water received the localion of the study can be seen from the Qinic data.
Furthermore, Qoutic data represented the irrigation water for canal management (CM).
IFor more clear informations, the average values of irrigation water for water consumption,
field management and canal management is shown in Fig. 10.

Water Consumption _

Table 4 and Fig. 10 show that the average values of irrigation water for water
consumption purpose ranged of 15.00-54.00 mm/day. The highest water consumption
was observed in the growing and booting stage (54.00mm/day). On the contrary, the
lowest water consumption was found in the ripening stage (15.00 mm/day). While, water
consumption for other stages seemed to be constant around 31.40mm/day. Those data
were not so different comparing to the former analysis based historical data, which were
ranged of 33.44-55.90 mm/day. It means that there was no significant changing in water
consumption for paddy crops in the last 20 years in this area. Koga (1992) reported that
the water consumption ranged of 20-30 mm/day and the optimum percolation rate ranged
of 15-25 mm/day.

Besides the affect of soil porosity, it might be relate to the use of machinery in
turning the soil that can influence the soil structure condition. Many cracks of bare soil
were found in the fields, which stimulated percolation to be increase. Furthermore, the
cracks affect permeability in a field. In particular, under flood conditions the influence is
significant because water flows quickly down through the cracks (Ishiguro, 1992). It was
recommended to find a method how to control the percolation. In this case, Koga (1992)
reported that soil-dressing method could be implemented for controlling the percolation.
Field Management

Table 4 and Fig. 10 depict that the irrigation water for field management ranged of
5.32-100.61 mm/day. The highest irrigation water was observed in the growing and
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Water consumption Field management Canal management
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® TL Mso GB HF RP TP TL MSD QB HF RP TP TL MSD GB HF RP
Growing stages of paddy crops
B Observed
Where :
TP : Transplanting TL : Tillering

MSD : Midsummer Drainage GB : Growing and Booting
HF . Heading and Flowering RP : Ripening

Fig. 10. Average values of irrigation water for cach objective variable during growing stages of paddy
crops (1998).

Table 4. Obscrved data of irrigation water for water consumption, field management and
canal tnanagement {1998).

Growing Stages  Time of Qinie  Qoute(CM;  Qinp WO ey VP Hp ET
r.\[ adedy r‘rrm‘q nhwn‘:;rinn: (mmday) - (mmvelay)  (mivday) - (mmiclay) (mday) {m'm{day} (mmflday} {mu/day)
of paddy crops  obsersations ", 5 ) @ ® @ @

12:15-13:20 22026 121.64 48.62 31.40 67.22 2594 3.16 2.30

23-6-1998 14:35-15:26 24158 150.92 90.66 31.40 59.26 2594 3.16 2.30
(Transplanting) 16:25-16:58 23788 12733  110.50 31.40 79.16 25.94 3.16 2.30
AVG. 23324 13329  99.95 3140 6855 2504 3.16 2.30

11:46-12:30 23192 11567 11624 3140 84.84 22.82 2.78 5.80

g:];,;:_i?; 15:30-16:30  240.73 113.12 12761 31.40  96.21 22.82 2.78 5.80
‘ AVG. 23632 11439  121.93 3140 9053  22.82 2.78 5.80
04_7_1968 10:56-12:00 61.11 22.17 38.94 31.40 754 2282 2.78 5.80
(Midsummer 14:00-14:35 51.06 2643 36.63 31.40 4.13 22.82 2.78 5.80
Drainage) 16:00-16:30 86.97 10.61 67.36 31.40 35.96 22.82 2.78 5.80

AVG. 7001 9274 4727 3140 1587 2282 278 580
781998  1L03-1154 18076 2842 15234  54.00 9834 4269 521 6.10
(Growingand  13:15-14:25  180.00 3212 15688  54.00 10288 4260 521 610
Booting) AVG. 184,88 3027 15461 5400 10081 4269 531 610
98 8 1998 1L00-1150 13642 2302 11340 3140 8200 2424 296 420
(Headingand  15:00-15:35 13159 2331 10828 3140 7688 2424 206 420
Flowering) _AVG, 13401 2316 11084 3140 7944 2424  2.96 4.20
1991905 1051-1135  BZAB 2387 2871 1500 1371 1016 124 360
o 14:20-1454 4007 2814 1194 1500  -3.06 1016 124  3.60

(Ripening) ; -
AVG. 4633 2601 2032 1500 532 1046 124 360
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booting stage (100.61mm/day). [t was 3times higher than the former result
(39.08 mm/day). Such phenomena occurred also in the other stages ranged of
68.55-90.53 mm/day, except in the mid summer drainage stage and the ripening stage
ranged of 5.32-15.87 mm/day. It can be said that farmers applied the irrigation water for
field management was inefficient. These phenomena seemed relate to the action of
farmers that were nervous to operate the field management in strict conditions.

Canal Managemeil

As shown also in Table 4 and Fig. 10, the irrigation water for the canal management
ranged of 22.74-133.29 mm/day. The highest water consumption was found in the
transplanting stage and the tillering stage ranged of 114.39-133.29 mm/day, which was
3times higher than the former study (32.78 mnv/day). But irrigation water for other
stages ranged of 22.74-30.27 mm/day, which were slightly different compared to the
former study ranged of 15.90-26 mm/day. In this case, water loss caused by canal
management during the transplanting stage and tillering stage can be categorized
inefficient.
Total of Irrigatior. Water

Fig. 11 shows that total irrigation water resulted from the summation of water
consumption, field management and canal management ranged of 46.33-236 mm/day.
The total irrigation water during the transplanting stage and the tillering stage ranged of
233.24-236.32 mm/day, which were Z2.5times higher than the former study
(88.74 mm/day). Furthermore, total irrigation during the heading and flowering stage was
134.01 mm/day, which was slightly higher than the former study (103.53mmv/day). But
the total irrigation during the ripening stage (46.33 mm/day) was slightly lower than the
former study (ranged of 92.6-113.45mm/day).

M Observed

P TL MSD GB HF RP

Fig. 11. Total irrigation water during growing stages of paddy
crops (1998).

Relative Percentage of Irrigation Waler
Transplanting stage and Tiilering stage

Fig. 12 shows that relative percentage of irrigation water for each cbjective variable.
The percentage of irrigation water for water consumption during the transplanting and
tillering stages ranged of 13.3-13.5% and was lower than irrigation water for field
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management ranged of 29.4-38.3%. On the contrary, the percentage of irrigation water
for canal management was higher than the other purposes (48.4-57.1%). Tt means that
the water loss tended to increase in these stages. These facts were also shown in Table 4
and Fig. 10. These data depicted that farmers seemed to be nervous in starting the
application of irrigation water into paddy crops with strict condition. However, those
phenomena showed the low performance actions of farmers in operating the irrigation
water.

TP (Transplanting) TL {Tillering) MSD (Midsummer Drainage)
13.5% 13.3% _
EEEE?M 32.5% 5
R 48.4% E 77 E 44.8%
57.1% 29.4% g HiEE2E i
FEHE g 38.3% H WC (Water
227% consumption)
FM (Field
GB( Growing and Booting) HF( Heading and Flowering} RP( Ripening} management)
16.4% 17.3% 23.4% )  CM (Canal
28.2% R, EEE; 32 4% agement)
: ;E i :
56.1% CHEEER
R 5%

59.3%

Fig. 12. Relative percentage of irrigation water for each objective variable during growing stages of
paddy crops (1998).

Midsummer Drainage stage

The percentage of irrigation water for water consumption in mid summer drainage
stage (44.9%) was higher than the other purposes (22.7-32.5%) as presented in Fig. 12.
The low total of irrigation water during mid summer drainage as shown in Fig. 11 was
proposed for improving of growth conditicn. In addition, most of irrigation water in this
stage was only condueted for fulfitling the water EOHSLImption purpose consisted of
percolation, seepage and evapotranspiration. Therefore, the relative percentage of field
management and canal management seemed to decrease. In this case, the water
application conducted by farmers was reasonable.
Growing and Booting stage, and Heading and Flowering stage

An interesting phenomenon presented in these stages was that the percentage of
irrigation water for field management (54.4-59.3%) was also higher than the other
purposes, which were for canal management (16.4-17.3%) and for water consumption
(23.4-29.2%) as shown in Fig. 12. These facts indicated that irrigation water for field
management during these stages was conducted roughly by farmers. Fartners seemed te
avoid the risk of water shortage on the paddy growth in these stages. However, it was
suggested to consider this action in drought season in which the availability of irrigation
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water was decrease,
Ripening stage

As shown in Fig. 12, the percentage of irrigation water for canal management (56.1%)
was higher than those for other purposes in which for field management and water
consumption were 11.5% and 32.4%, respectively. These facts were reasonable, because
the irrigation water for water consumption in ripening stage was only proposed for
keeping the condition of the paddy crops. In addition, although the relative percentage of
canal management was high, the actual irrigation water for canal management was the
lowest compared to the other stages as shown in Fig. 12.

Average percentages of irrigation water for the water consumption, the field
management and the canal management were around 26%, 36% and 38%, respectively.
The percentage of the field management and the canal management tended to increase 8
% and 14% comparing to former study. These facts mean that the water loss from the
system was also higher than the former study. Actually, improving the knowledge of
farmers in operating the irrigation water could prevent this phenomenon

CONCLUSIONS

Results based on historical data showed that water consumption was strongly
influenced by natural condition such as rainfall, but it was not affected by the action of
farmers. On the contrary, irrigation waler for field management and canal management
were strongly affected by the principle action of farmers in managing the application of
irrigation water to paddy crops. Method of Quantitative Analysis I was applicable to be
used for analyzing the main factors affecting the irrigation water during growing stage of
paddy crops. Average irrigation water for water consumption, field management and
canal management based on historical data ranged of 33.44-55.90mm/day,
7.68-39.85 mm/day and 15.90-32.78 mm/day, respectively. Total irrigation resulted from
the summation of those average values ranged of 57.72-113.45 mm/day. In addition,
relative percentages of irrigation water for water consumption, field management and
canal management were around 48%, 28% and 24%, respectively.

Recent studies showed that average of irrigation water for water consumption, field
management and canal management ranged of 15.00-54.00 mum/day, 5.32-100.61 mm/day
and 22.74-133.29 mnv/day, respectively. There was no significant change in irrigation
water for water consumption of paddy crops. In addition, total irrigation water resulted
from the summation of those average values ranged of 46.33-236.2 mm/day. Relative
percentages of irrigation water for water consumption, field management and canal
management were around 26%, 36% and 38%, respectively. These data depicted that the
percentages of field management and canal management tended to increase 8% and 14%,
respectively.

Obtained fact indicated that there was a new trend of irrigation water application in
the fields operated under traditional water right, especially due to field management and
canal management. Farmers seemed nervous in applying the irrigation water in the strict
condition. The performances of farmer action in managing the irrigation water are
important to upgrade, especially for canal management and field management purposes.
Therefore, it is suggested to improve the knowledge of farmers in operating the irrigation
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water for yielding the high efficiency of water rnanagernent in this area.
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