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Irrigat.ion water is one of the most essential t.hings that has to be concerned for the gro\';"th 
of paddy crops, In this study, first objective aimed to discuss about the main factors influencing 
the amOltllt of irrigation water during growing stages of paddy c. rops based on historical data in 
Asaku ra Town , Fukuoka Prefecture , Japan . Second objective 'o\"ill focus on recent st.udy of 1998 
conducted on the same location as t.he forRler study for clarifying the actual irrigation water 
phenomena in the fie lds. 

Historical data were analyzed using method of Quantitative AnaJysis 1. Objective variables 
consisted of water consumption, field management and canal management, were examined for 
analyzing the irrigation water phen omena. Furthermore, main focus of recent study was to 
evaluate the concerning comIXlIlents of waLer balance in t.he fields. 

Results sho\ved that irrigation water for water consumptioll was strongly influenced by 
natural condition such as rainfall, bu t it was not affected by the action of fa n ners. On the 
contrary, ir rigation watcr fo r fie ld manageme nt and canal management. were innuenced by the 
principle action of farmers in managing the irrigation water to paddy crops. Towl or irrigation 
water obtained from average dat.a of 5years observations L1lat was required fo r wat.er 
consumpt.ion , fie ld management and canal management rang ed of 57-113 .45nunJday. 
Furt.hermore, recent study showed the total of irrigation water that wus necessary for water 
consumption, field management and canal management ranged of 4fi .3~1-236.32 nun/day. There 
was n o significant change of irrigation water [or water consumptioll in both the studies . 
However , relative percentage of irrigation water for field management and canal m;:magement 
increased 8% and 14% respectively eomp,lfing to the fonncr study. TIlese facts indicated that 
the actual irrigation water operated under tradil.ional \' .. ~d.t.er right had been applied in higher 
range LItall Ule necessary, especially for field management and canal management. Farmers 
seem not intended [0 apply the irrigation water in a strict condition. 

BACKGROUND 

Amount of irrigatioll 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 et al., 1998). In 
this area, the irrigation water given t.o paddy crops is decided by LID (Land Improvement 
District), which is a water user association, operated under traditional wat er right . 
Kuroda et 01. (1997) reported that amounts of intake water on concerning LID operated 
under traditional water right, in Kyushu Island of ,Japan are v.ideIy ranged of 
26. IG--212mm1day. 

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 
seems related to the performance of fanner action in operating the irrigation water in the 

157 



158 M. KUTOda el (Ll 

fields. It is important to clarify those phenomena by investigating the actual condition in 
the fiel ds. Therefore , first object.ive of this study will discuss about the main fact.ors in 
influencing the irrigation water dllr iug grm"ing stages of paddy crops hac.;ed on historical 
data by using the method of Quantit<ltive Analysis I. Second objective will talk about the 
recent s tudy of 199H conducted in the same locat ion used [or the forme r study fo r 
clarif:,{ing the actual irrigation water phenomena in the fields. 

QUANTIT AT IVE ANALYS[S ON PACTORS AFFE CTING THE IRRI GATIO N 
WATER DURING GROWIN G STAGE S OF PADDY CROPS 

Description of Study Area 
The study was conducted on area of 14.76 ha of paddy fielct system in Asakura TO\," , 

Kyushu [sland, Japan . The yearly average temperature is 16'C and the arUlual raillfall is 
approximately 1800mm. The irrigation water for paddy crops in this area is taken [rom 
Yamada \Veir that is delivered through opcn chaIlllP} irrigation canal. Table 1 shows the 
physical data of surveyed area from 1979 to 1983. 

Table 1. Physkal d<lla. of surveyed area ( 1 ~)79- 1 983). 

Year Paddy fields Upland ri t> lds Greenhouses Settiemelil. areas Total (ha) 
(ha) (ha) (ha) (ha) 

1B7n 10.66 1J.44 2.66 14.76 
1980 1O.[)O 1.10 2.66 14.76 
1981 8 .48 2.02 2.66 14.76 
1!JH2 8.52 2.28 2.96 14.76 
1983 8.41 2.39 2.96 l U ll 

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 I. 

Method of Analysis 
Method of QuaJltitative Analysis I, developed by Hayashi (1991) , was used for 

evaluating obse rved data. The formulas of quant itat ive analysis that mentioned in 
previous paper (Kuroda et at., 1997) and historical data [rom 1979 to 1983 (Kuroda, 
1985) were used [or analyzing the items and categories. General formula of quantitative 
analysis is presented in equation (1). 

Y,~ !t ai" Z.O" (i~l , 2, ... , n, j~ l , 2, ... , R; k~l , 2, ... ,c,) (1) 
J:lk:1 

in which: i is number of samples, R is number of items and cJ is number of categories. 
X i(;'k ) is the item-category respond given as dummy variable as presented in equation (2). 
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I 1 . rnenns yes) if i.'1i sample responds to item j Qf" category If 
Xi')k) = 1 0 :m.eans no, if iI}, sample do not respond to ite"" j of category k (2) 

Furthermore, %~ is given as the explanatory variables in the j'h category of the le" item. 
Then the effect of each caLegOI}T is expressed as multiplying of a ,.* X 1(1; ) • 

There ·were 3 objective variables consisted of water consumption (Vv'C) , field 
management (FM) and canal management (eM), which \-vere considered as factors that 
have to be observed in clarifying the irrigation ,vater phenomena in the fields. The 
definition of each objective variable is present.ed in t.he explanation of equations 3-10. 
There were 6 items for each objective variable i.e., rainfall, seepage: irrigation water 
perfol1nance, 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), RainfaU (R) 

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

Item (2) consisted of 2 categories i.e., large (L) and small (8). The categories of item 
(2) \vcrc determined as follows. 

If seepage > 5mm1day _large (L) 
If seepage < 5 mmlday _ small(S) 

It.em (8), Irrigation water perjorm.anre (ITt] 
Item (3) consisted of 2 categories i.e., good (G) and had (8). The categories of item 

(3) were determined as follows. 
If FM-rCM ~ min (50mmlday, WC)-----. good (G) 
If FM+CM < min (50mm/day,WC) ~.-.• bad (8) 
FM: Field management, C:~d: Canal management , V./~ : \Vater consumption 

Item (4), Canal-check (CC) 
Item (4) consisted of 2 categories i.e., high(H) and loweLl. 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 categor:y was high (H). On the contrary, if the 
jJositiufl of ~t01Le was horizontal, the category was low (L) 
Item (5), Convulsively drainage (G'D) 

Item (5) consisted of 2 categories i.e., yes (Y) and no (N). The data were arranged 
from the results of questionnaire during this period. 
Item (6), Field management (F'M) 

Item (6) consisted of 2 categories i.e., rough (R) and precise (P). The data were also 
arranged from the results of questiOImaire during this period. 
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Table 2. Objective variables of irrigation water, items and categories (lB79--1983). 

Purpose of variables Items and Categories 
Growil'..g stages of 

Years Samples we FM eM Item(l) Item(2) Item(3) Item(4) rtem(fi) Item(5) 
paddy crops 

(mm/day) (mmI&y) (nun/day) judged categories of items 

1979 3680 1.'3.20 26.50 l(M) 2(8) l(G) 2(L) 2(N) l(R) 

Tillering 1980 2 27.70 13.20 30.50 l(M) 2(8) l(G) 2(L) 2(N) l(R) 

(7/1-7120) 1981 3 48.10 15.00 51.70 l(M) 2(8) 1 (0) 2(L) 2(N) l(R) 

1982 4 38.80 6.80 4.00 l(M) 2(8) 2(B) 1(H) 2(N) l(R) 

1983 5 63.10 17.10 51.20 3(Lt) 2(8) l(G) 2(1,) 2(N) l(R) 

1979 6 57.20 8.20 14.30 3(Lt) 2(8) 2(B) 2(L) l(Y) 2(P) 

Midsummer 1980 7 :30.50 8.00 1O.2() 1(:\1) 2(8) 2(B) 2(L) 1(\~ 2(P) 

Drainage 1981 8 47.70 2.10 35.20 l(M) "(8) 2(B) 2(1,) 1m 2(P) 

(7121-7/31) 2982 9 11.90 12.80 0.50 1(M) 2(8) l(G) 1(H) 1m 2(P) 

1983 10 19.90 7.30 22.80 ;j(Lt) 2(8) 1 (G) 2(L) 1m 2(P) 

1979 11 40.70 45.90 19,60 3(U) l(L) l(G) 2(L) 2(N) 2(P) 

After Midsummer 1980 12 15.40 14.30 11.10 l(M) 1 (L) l(G) 2(L) 1m 2(P) 

Drainage 1981 13 50.30 12,70 27,30 2(Md) 1 (L) 2(B) 2(1.,) 2(N) 2(P) 

(8/1-8111) 1982 14 25.00 15,30 4.40 2(Md) 1 (L) 2(B) 1(11) 2(N) 2(P) 

1983 15 93.40 25.80 35,60 3(Lt) l(L) 1 (G) 1(11) 2(N) 2(P) 

1979 Hi 51.00 26,50 14,60 2(Md) l(L) 2(B) 2(L) 2(N) 1 (R) 

Growing and 1980 17 48,10 42.90 11.70 I(M) l(L) 1 (G) 2(L) 1(y) 1 (R) 

Booting 1981 18 55,60 22.10 28.70 2(Md) l(L) l(G) 2(L) 2(N) l(R) 

(8/12-8/31) 1982 19 4L90 24.40 8.10 l(M) 1 (1) 2(B) 1(11) 1m l(R) 

1983 20 18,00 79.50 ~35.10 3(LL) 1 (L) l(G) 1(11) 2(N) l(R) 

Heading and 
1979 21 59.10 23,60 0,00 1 (~f) 2(S) 3(8) 2(L) 1(Y) 2(P) 

Flowering 
1981 22 5~-I.20 13,20 16,50 3(Lt) 2(8) 3(B} 2(L) 2(N) 2(P) 

(9/1-9/10) 1982 23 76,60 31.40 7.10 2(Md) 2(8) 2(R) 1(11) 2eN) 2(P) 

1983 24 34,70 58.70 40.00 :3(Lt) 2(S) l(G) 2(L) ZeN) l(R) 

1979 25 71.10 21.50 0,00 3(LL) 2(5) 2(B) 2(L) 2('1) I(R) 
Milk Ripening 1981 26 :35,90 41.90 20,90 2(Md) 2(5) leG) 2(L) 2('1) 1 (R) 

(9/11-9/20) 1982 27 50,00 35,70 12.40 2(Md) 2(5) 2(Bl 1(11) 2('1) l(R) 

1983 28 .11.80 60,;10 49.80 3(Lt) 2(5) l(G} 2(L) 1m .~ 
1979 29 72.:'}0 26.70 6.70 3(Lt) 2(5) 2(B) 3(L) 2(N) l(R) 

Drought Ripening !B8l 30 35.10 22.50 37.60 3(Lt) 2(8) l(G) 2(L) 2(N) l(R) 

(9/21-9/30) 1982 31 23.00 m:iO 2.10 l(~I) 2(8) l(G) 1(11) 1m l(R) 

]983 32 74.80 23.10 50.40 3(Lt) 2(S) l(G) 2(L) 2(N) l(R) 

Full RippniIlg 1979 33 57.50 22.00 BOO 3(U) 2(8) 2(B) 2(LJ 2(N) l(R) 

(1011-1019) 
1981 " 27.80 3~3.20 20,60 l(M) 2(S) 1 (li) 2(L) 1(Y) l(R) 

198a 35 27.80 :31.10 49.80 l(M) 2(S) 1 (G) 2(L) 2(N) l(R) 
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Fig.1. Flowchart for judging the iLem (1). 

Results and Discussion 
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Fig. 2, 3 and 4 shmv category-weight of irrigation water for water consumption, field 
management and canal management. The values of observed irrigation water Cy,) and 
predicted irrigation water CY,) for each objective variable are slwwn. in Table 3. Multiple 
correlation coefficients (r) bet\veen observed irrigation water and predicted irrigation 
\vat.er those using dununy variables are also shown. in Table 3. The values of coefficient r 
are significant in F test C a 0.05). 

Category-weight 
~Vater Consumption 

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

Irrigation water for water con.swnption was strongly affect.ed hy the rainfall (partial 
correlation R~0.309) but was not affected by the seepage CR~0.031). In the case of 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 bet\veen the seepage and the water consumption. The water 
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consumption \vas also strongly influenced by the irrigation \vat~r performance (R=0.406) 
and the convulsively drainagp (R=O.294), but \vas noL affected by the canal check 
(R~O.Og6) and the field management (R~O.002). 
Field Managernent 

Fig. :3 shows that the irrigation \vater for field management purpose was st.rongly 
affected by the rainfall (R~O.420), t.he irrigation water performance (R~O.384), the 
canal-check (R~0.414), the convulsively drainage (R~O.349), the field management 
(R~0.492) and was slightly influenced by the seepage (R~O.148). The results of category 
weight 3hmv 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 development of natural resources. 
Canal1vIanagernm-ll 

As shown in Fig. 4, irrigation water for the canal management purpose was strongly 
affected by the irrigation water performance CR=O.556), the canal-check CR=O.304), the 
convulsively drainage CR=O.314) and was slightly influenced by the rainfall CR=O.150). 
But, irrigation water was not affected by the seepage (R~O.070) and the field 
management CR=O.020). 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. 
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CC H 
R=O. 096 
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FM R 
R=O. 002 

P 
Y ~O. 59 

Fig. 2. Category-weight of irrigation \vater for the water consumption. 
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Fig. 3. Category-weight of irrigation \'later for the field management. 
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Fig.4. Category-weight. of irrigation \'later for the canal rnanagemellL. 
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Analysis ofirrigation 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 
consumption, field management and canal management. 
'Water Consumption 

Table 3 and Fig. 5 show that. irrigation water for the water consmnption ranged of 
33.44-55.90mm/day. The highest water consumption was observed in the heading and 
flowering stages (55.90mm/day). v,'hile, 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 afOlmd 45 mmJday. Vertical percolation was the dominant factor 
in affecting the water consumption due to the high soil porosity in this area. 
Field Management 

As shu\\ll in Table 3 and Fig. 5, the irrigation water for field management during 
growing stages of paddy crops ranged of 7.68-39.85 mm/day. The irrigation water in the 
tillering stage was around 13.06mm/day. The highest irrigation water was observed in the 
growing and developing of paddy crops ranged of :3 1.73-:39.85 mm/day. The lowest 
irrigation water was found in the mid summer drainage stage (7.68mm/day) and 
increased in the after midsuIIlmer draiIlage sLages (22.80rnmJday). Furthermore, the 
irrigation water tended to decrease in the full ripening stage (28.77 mm/day). Maruyama 
et ai. (l995) reported that irrigation water for field management conducted for various 
proposes such as drainage of ponded water, mid swnmer drainage, fertilizer or chemical 
solvent and "vater management labor. 
Canal Management 

Table 3 and Fig. 5 depict that. the irrigat.ion "vater for emal management ranged of 
15.90-32.78mm/day The highest irrigation water was observed in the tillering stage 
(32.78mmlday) and tended to decrease in the stages of mid sununer drainage and after 

Water consumption 

'0,-·-·---------------
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i;' 40 

~30 
E20 
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o 
TL AMSD HF DR 

MSO GB MR FR 

Field management Canal management 

TL AMSD HF DR TL AMSD HF DR 
MSD G8 MR FR MSD G8 MR FR 

Growing stages of paddy crops 

• Observed III Predicted 

Fig. 5. Average values of irrigation water for each objective variable during growing st.ages of paddy 
crops (1979--1983). 
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Table 3. Observed (yJ and predicted (Y.) values of irrigation water for each objective variable during 
growing stages of paddy crops (1979-1983). 

Growing stages 

of paddy crops 

Tillering 

(7/1-7120) 

Midsummer 

Drainage 

(7121-7131) 

lJ"tcr Midsurnmcr 

Draillage 

(811--8111) 

GrO\\'ing and Rooting 

(8112-8/31) 

Heading and Flowering 

(9/1-9/10) 

Milk Ripening 

(9/11-9120) 

Drought Ripening 

(9121-9/30) 

Full Ripening 

(1011-10/9) 

:\1ultiple correlation 

eoefficient(F test: a 0.05) 

Purpose of variables 
Irrigation water for 

Years Sample Water consumption 
Irrigation water for 
Field management 

(IlIn/day) 

Irrigation water for 
Canal management 

(mmldayJ 

1979 
1980 

1981 
1982 
1983 

1979 
1980 
1981 

1982 
1983 

1979 

1980 
1981 
1982 
1983 

1979 
1980 
1981 
1982 
1983 

1979 
1981 

1982 
1983 

1979 
1981 

1982 
1983 

1979 
1981 
1982 

1983 

1979 
1981 

19S8 

(mll'Jday) 

(y,) Cf.) (y,) Cf) (y) If.) 

36.80 37.38 13.20 19.92 26.50 33.76 

2 27.70 37.38 13.20 19.92 3050 33.76 

3 48.10 37.38 15.00 19.92 51.70 33.76 
4 38.80 48.70 6.80 22.44 4.00 7.95 

5 63.10 49.04 17.10 35.78 51.20 37.62 
Avg. 42.90 41.98 13.06 23.60 32.78 29.37 

6 57.20 52.55 8.20 18.57 14.30 10.92 
7 30.50 40.88 8.00 2.71 10.20 7.06 
8 47.70 40.88 2.10 2.71 35.20 7.06 

9 11.90 22.41 12.80 29.75 0.50 15.0S 
10 19.90 37.65 7.30 30.83 22.80 27.83 

Av~~. __ ~3~3~.4~4 ____ ~3~8~.8~7. ____ ~7~.6~8 ____ ~1~6.~9~1 ____ ~1~6.~60~ __ ~I.~3.~5gc--
11 40.70 50.10 45.90 22.14 19.60 34.91 

12 15.40 27.11 14.30 19.71 11.10 22.08 
13 50.30 55.43 12.70 8.20 27.30 14.19 
14 25.00 51.86 15.30 22.98 4.40 5.29 
15 93.40 46.53 25.80 36.f)1 35.60 2E:i.Ol 

Avg. 44.96 46.2\ 22.80 2U)!} 10.60 20.50 

16 51.00 55.50 26.50 26.59 14.60 15.00 

17 48.10 27.18 42.90 38.10 11.70 22.89 
18 55.60 40.60 22.10 38.85 28.70 3l.92 
19 41.90 38.50 24.40 40.61 8.10 -2.92 
20 18.00 46.59 79.50 55.30 35.10 26.82 

Avg. 42.92 41.67 39.08 39.89 19.46 18.74 

21 59.10 40.88 23.60 2.71 0.00 7.06 

22 53.20 63.87 13.20 6.14 16.50 19.89 

23 76.(i0 GO.73 31.40 18.24 7.10 7.19 
24 :14.70 49.04 58.70 .35.78 40.00 37.62 

Avg. 55.90 51.13 31.73 15.47 15.90 17.94 
25 71.10 63.94 21.50 23.52 0.00 20.70 
26 35.90 39.48 41.90 34.11 20.90 33.81 

27 50.00 50.80 35.70 36.63 12.40 8.00 

28 31.80 37.72 60.30 49.22 49.80 26.64 

Avg. 47.20 47(,"99~_~"",9":"C" __ -"C35".:c8"c-' __ -"2-::0~.7c;8 __ -"C22:c.;o29c--
29 72.50 63.94 26.70 23.52 6.70 20.70 
30 35.10 49.04 22.50 35.78 37.60 37.62 
31 23.00 22.48 79.30 48.13 2.10 15.89 

32 74.80 49.04 23.10 35.78 50.40 37.62 

Avg. 51.35 46.13 37.90 ___ ~3;5.~8~O __ -"2"o4~.2~O,--_~2,,7.~9~6_ 
33 57.50 63.94 22.00 23.52 8.00 20.70 
34 27.80 26.05 33.20 33.35 20.60 24.70 

35 27.80 37.38 31.10 19.92 49.80 33.76 

Avg. 37.70 42,46 28.77 25.60 26.13 26.42 
r _0.59 r _0.69 r _0.70 

(Significant) (Significant) (Significant) 
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mid summer drainage ranged of 16.60-19,60mmJday. Furthermore! the irrigation water 
in grO'wing and booting stage was 19.64mmJday and it was slightly decrease in heading 
and flowering stage (15.90 nun/day) In addition, the irrigation water in ripening stages 
tended to increase ranged of 20.78-26.13nun1day. 
Total oj Irrigation Water 

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

140,---------------------------------, 
120 I······· !!!." .... ,"'........... . . 
1001=,· ........... . 

80 

60 
40 
20 

TL MSD AMSD GB HF MR DR 

Growing stages of paddy crops 
FR 

Fig. 5. Total of irrigation \vater during gro\'ling stages of paddy crops 
(1979-1983) 

summer drainage and tillering stages showed the lowest irrigation water ranged of 
57.72-88.74 mmJday. Total of irrigation water tended to increase up to 100 mmJday in the 
stages of growing and developing of paddy crops. And it was slightly decrease in the full 
ripening stage (92.6mm/day). These phenomena showed that the increasing of irrigation 
water during the stages of grov.-ing and deveioping was reasonable for anticipating the 
adequate water due to the sensitivity of paddy crops for the '"vater shortage in this 
condition. 
Relati've Percen.tage oj Irrigation Water 

Fig. 7 shmvs 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 thc total irrigation watcr C 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, the percentage of irrigation watprs for canal managpmpnt 
ranged of 15.4-36.9%. And the average of irrigation water for canal management was 
24%. These facts indicated that the perfonnance of water management in this condition 
was reasonable. 
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TL (TiUering) MSD (Midsummer Drainage) 

28.B%. 

AMSD (After Midsummer Drainage) 

22.4% 

36.9% • 48.3% 

14.7% 

OB( Growing and Booting) 

17.2% 

-48.6% 
34.2%~ 

57.9% 
13.3% 

HF( Heading and Flowering) 

15.4% 

30.6% • 54.0% 

-51.5% 
26.1%~ 

MR( Milk Ripening) 

19.3% 

.43.8% 

37.0% 

DRe Drough Ripening) 

21.3% 

FR (Full Ripening) 

.45.3% 

33.4% 

2B.2%.40.7% 

31.1% 

• WC (Water 
consumption) 

E2:J FM (Field 
management) 

1m CM (Canal 
management) 

Fig. 7. Relat.ive percent.age of irrigation waLer for each objective variable during gw;..ving 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 .3.04 ha of paddy field syst.em in Asakura Tovvn, 

Kyushu Island of Japan in 1998; the same location used for the former study. 
Representation of study area is depicted in Fig. 8. 

Purpose ot· the study 
This study aimed to clarify the actual irrigation water phenomena by investigating the 

V'later balance components in t.he 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 
\Vater balance components \vcrc investigated in the fields during grmving stages of 

paddy crops. From Fig. 8, the fonnulas of water balance are expressed as follows. 
~Vater Balw~ce fn Irrigation canal: 

Qimc ~ Q,+CQ, -QJ 
Qinp ~ Q, +CQ -Q,) - Q, 
Qinp ~ Qinic- Q, 
Qontic ~ Q,. 

(3) 
(4) 
(5) 
(6) 
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in which: Qinic is the total of water inflmv into irrigation canal; Quutic is the total of 
water outflow from drainage canal, which can be said as Canal management (eM); Qinp 
is water inflow from irrigation canal into paddy fields; Q" Q, ... Q, are observed discharges 
on concerning points. Those discharges were measured using Current meter. 

Irrigation Drainage 
canal canal 

t t 
~Ql Q7 

t~ 
Q2 

Paddyfu!ld 

1 Q4 ~ system 

In-Q6 Q8 

t t ... 
Fig. 8. Schematic representation of study an~a in Asakura 

Town, Fukuoka, Japan (1998). 

Where: 
ET: Evapotranpiration 
FM: Field management 

HP: Horizontal percolation 
VP: Vertical percolation 

Ie: Irrigation canal 

DC: Drainage canal 

ET 

Qinp : Inflow from irrigation canal into paddy fields 

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 field s and in the dramage canal is 
presented in Fig. 9. From Fig. 9, the formulas of water balance can be expressed as 
follows. 
Water balance if" paddy fields: 

WC = ET+ VP + HP 
Qinp =ET+ VP + HP+ FM 

Water balance in d'rainage canal: 
DC = HP+FM 
HP = 0.122 VP 

(7) 
(8) 

(9) 
(10) 

in which: we is water consumption (mmJday), which is observed using Hook gauge 
method. ; ET is evapotranspiration (mmJday) , which is calculated using Penman method. 
VP is vertical percolat ion (mm/day); HP is horizontal percolation (mm/day); DC is 
discharge In drainage canal (mmJday); FM is management of fields (mmJday). 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 , fi eld 

management and canal management. Those data were obtained using the above water 
balance formulas. For finding the reasonable results, the observation of data was 
rep ticated 2- 3 times in the fields during the growing stage of paddy crops. Total of 
irrigation water received the location of the study can be seen from the Qinic data. 
Furthermore , Qoutic data represented the irrigation water for canal management (eM). 
For more clear informations, the average values of irrigation water for water consumption, 
field management and canal management is sho-wn in Fig. 10. 
Wa.ter Consumption 

Table 4 and Fig . 10 show that the average values of irrigation water for \\o·ater 
consumption purpose ranged of 15.00-54.00 mmJday. The highest water consumption 
was observed in the grOwing and booting stage (54.00 mm/day). On the contrary, the 
lowest water consumption was found in the ripening stage (15.00 10m/day). WlliJe, water 
consumption for other stages seemed to be constant around 31.40 rnmlday. 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 t.here 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 mmJday. 

Besides the a ffect of soil porOSity, it might be relate to the use of machinery in 
turning the soil that can influence the soil structure cOIuliLioll . Many cracks of bare soil 
were fOWld in the fields, which stimulated percolation to be increase. Furthermore, the 
cracks affect permeability in a field . In particular, under Dood 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. Tn this case, Koga (992) 
report.ed that soil- dressing method could be implemented for controlling the percolation. 
Field Management 

Table 4 anrl Fig. 10 depict that the irrigation water for field management. ranged of 
5.32-100.61 mm/day. The highest irrigation wat.er was observed in the growing and 

., 
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Water consumption Field manaeoment Canal management 

I~.~ I:~"~"~ 
150 ~---" ~ -" ---, 

TP MSD HF 0 
TL GB RP TP TL MSD OB ~F RP 

Growine: stages of paddy crops 

• Observed 

Where : 
TP : Transplanting Tl : Tillering 
MSD : Midsummer Drainage GB : Growing and Booting 
HF . Heading and Flowering RP : Ripeninc 

i 100 

~ 50 

o 
TP TL MSD GB HF RP 

Fig. [0. Avera~e va lues of irrigation water for eac h obje(! t,j .... ~ v3riaIJle during growing stages of padd y 
crops ( 1998), 

Table 4. Observed data of irrigation water for water consumption, field management and 
eanal management (1998). 

Growing Stages Time of 
Qinic Qoulic(CJf) Qir1p we PM VP HP ET 

of padd:.' crops obser.'ations 
(mday) (nun/day) (nmvday) (mrniday) (mm/day) (mrrJday) (mm1day) (mrniday) 

cD ':i) ® @) .. !,}R_ @ CD Q;) 

12, 15-]3,20 220,26 121.64 98,62 :IIAO 67.22 25 ,94 3,16 2.30 
23-0- 1!.ma 14:35- 15:25 241.58 150. !}2 00.66 31.40 59,26 25,94 3,16 2.30 

(1'ransplantiJ l8) 16:25-1 6:58 237.88 127.33 11O.5G 31AO 7D. l fi 25.94 3. 1G 2,30 
AVG. 233.24 133.2!) ~)!').9i) 3 1.40 68.55 25.94 3 ,16 2.30 

3-7~1 998 
11.40-12,39 231.92 11 5.67 116 ,24 .31.40 84.84 22.82 2.78 5.80 

( Tillering) 
15,30-16,;30 240.7:1 113. 12 127.6 1 31.40 96.2 1 22.82 2.78 5.80 

AVG, 236,32 J !4,39 12 Lm 31040 90.53 22.82 2,78 5,80 

24~7~1 998 
10,55-12,00 6 1.1 1 22. 17 38,94 31.40 7.54 22.82 2.78 5,80 

(Midsununcr 14:00-14::35 61.96 2G.43 3G.G3 31.40 4 .13 22.82 2.78 5,80 

Drainage) }6:00--16::30 S6.B7 HUn 67,36 31.40 35,96 22.82 2 .78 5,80 

---'.,.' --- AVG, 70.(11 22.74 ,1]:~ 7 31.40 10 ,87 22,82 2.78 5 ,80 

7-8-1998 11:03- 11:54 180.76 28.42 1[)2 .,'34 54.00 98,34 42,69 5.21 6, 10 
(Growing awl 13:15- 14:25 189,00 32.12 156,88 54,00 102.88 42.69 5,21 6,10 

Booting) AVG. 184,88 30.27 154,6 1 54,00 ____ tQO·61 42.69 5.21 6,10 --
28--8--HJgS 11 ,OO~IL50 136.42 23.02 113 04 0 31.40 82,00 24.24 2.96 4.20 

(Heading and 15:00-15:35 13158 23,3 1 108,28 31 A O 76,88 24.24 2.96 4,20 
Flowering) , __ , __ ./\VG, 134.oJ 23. Hi 110,84 3 1.40 79.44 24,24 2.96 4,20 

11>-9- 1998 
10:1)1-11 : :~ fi 52.58 2:1,87 28. 71 10,00 13. 71 10,16 1.24 3,60 

(Ripening) 
14:20- 14:54 40 ,07 28. 14 11.94 15.00 -; UJ6 HU B 1.24 3,60 

AVG, 46.33 26,0 1 20,32 15.00 5,32 10.16 1.24 3,60 
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booting stage ( I OO.61mmlday). It was 3lirnes higher than the former result 
(39.0B mm/day), Such phenomena occurred also in the other stages ranged of 
68.55- 90,53 mmlday, except in the mid summer drainage stage and the ripening stage 
ranged of 5.32--15.87rnm1day. It can he said that farmers applied the irrigation water for 
field management was inefficient. These phenomena seemed re late to the action of 
farmers that were nervous to operate the fie ld management in st.rict conditions. 

Canal Management 
As shown also in Table 4 and Fig, 10, the irrigation water for the canal management 

ranged of 22 ,74-133.29 mmlday, The highest water consumption was found in the 
t ransplanting stage and the tiUering stage ranged of 114.39- 133.29 mmlday, which was 
3 times highe r than the former study (32.78 mmlday). But irrigation water fo r other 
stages ranged of 22.74- 30.27mmlday, 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 Irrigation Water 

Fig. 11 shows that total irrigation water resulted from the summation of water 
consumption, fie ld manageme nt and canal management ranged of 46,33-236 mmlday, 
The total ir rigation water during me transplanting stage and the t illering stage ranged of 
233,24-236.32 mmlday, which were 2.5 times higher than the former study 
(88 .74 rnmIday) , Furthermore, total irrigation during the heading and flowering stage was 
134.Dl mm/day, which was slightly higher than the former study (l03.53 rnmIday) , But 
the total irrigation during the ripening stage (46.33mmlday) was slightly lower thM the 
former study (rMged of 92 ,6-113.45 rnmIday) , 

TP MSO RP 

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

ReiJ:ltive Percentage of Irrigation Water 
Transp/£tnting stage and Tillering stage 

Fig. 12 shows mat relative percentage of irrigation water for each objective variable. 
The percentage of irrigatjon water for water consumption during the transplanting and 
ti llering stages ranged of 13.3- 13.5% and was lower than ir rigation water fo r fi eld 
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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%). It means that 
the water loss tended to increase in these stages. These facts were also sho\vYl in Table 4 
and Fig. 10. These data depicted that f"armers seemed to be nervous in starting the 
application of irrigation water into paddy crops with strict condition. However, those 
phenomena showed the Imv performance actions of farmers in operating the irrigation 
water. 

TP (Transplanting) 
13.5% 

57.1% 29.4% 

GB( Growing and Booting) 

16.4% 
29.2% 

54.4% 

48.4% 

TL (Tillering) 
13.3% 

38.3% 

HF( Heading and Flowering) 

17.3% 

59.3% 

MSD (Midsummer Drainage) 

22.7% 

RP( Ripening) 

56.1% 

• we (Water 
consumption) 

IZI FM (F;eld 
management) 

HI OM (Canal 
,alement) 

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

Afidsum.mer Drainage stage 
The percentage of ilTigation water for water consumption in mid sUfClrner 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 sununer drainage as shown in Fig. 11 was 
proposed for improving of growth condition. In addition, most of irrigation water in this 
stage was only conducted for fulfilling the wa.ter consumption purpose con~istprl 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. 
Gr07))ing 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 ,"vater 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. Farmers seemed to 
avoid the risk of water shortage on the paddy growth in t.hese stages However, it was 
suggested to consider this action in drought season in which the availability of irrigation 



water was decrease. 
R1:pen.ing stage 
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As shown in Fig. 12, the percentage of irrigation water for canal management (56 .1 %) 
was highe r than those for other purposes in which for field management and \-vater 
consumption were 11.5% and 32.4%, respectively. These facts were reasonable, because 
the irrigation water for water consumption in ripening stage was only p roposed 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 his torical data showed that water consumption \\'3S strongly 
influenced by natural condition such as rainfall, but it was not affected oy the action of 
farmers. On the contrary, irrigation water fur 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 33.44-55.90 mm/day, 
7.68-39.85nuuidayand 15.90-32.78nuuiday, respectively. Total irrigation resulted from 
the summation of those average values ranged of 57.72-1l3.45 mmlday. In addition, 
relative percentages of irrigation water for water consumption , fi eld management and 
canal management were around 48%,28% and 24%, respectively. 

Recent studies showen that average of irrigation water for water consrnnption, field 
management and canal management ranged of 15.00-54.00mm/day, 5.32-100.61 mm/day 
and 22.74- 133.29mm/day, respectively. There was no significant change in irrigation 
water for water consumption of paddy crops. In addition, total irrigation water resulted 
from t.he summation of those average values ranged of 46.33- 236.2 mm/day. Relative 
percentages of irrigation water for "rater consump tion, fie1d 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 appl~ing the irrigation water in the strict 
condition. The pe rformances of farme r action in managing the irrigation water a re 
impontant 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 management in this area. 

REFE RENCES 
Basri, H ., T. Fukuda and \-I. Kuroda J!}!)S WaLer Ba\an~c Evaluation and \Va ter Qualil.y Analysis of Paddy 

Field Irrigation System in Low Lyi.ng area. J . r ae . . .<\gr., Kyushu Uuiv., 43(1-2), 227- 2:'17. 
Hayashi, C. (cd .) 19D1 Quan tification , Tht-w ry and Dam Treat.ment . Asakurashoten: 10- 48 (in 

.Japanese). 
Ishiguro, 1\1 1992. Effects of shrinkage and swelling of soils on water management in parlcIy fields. Proc. 

of the Inte rnaLkmal Workshop hold at th e Asian Institute of T~(;hnology Bal\gkok, Thailan ri : 21):]- 267. 
Koga, K. 1992 imrodUl:tion to Paddy r'ield ~: Ilg ill eering. Asian lnslitllte nf Technology, Bangkok: 47-61. 
Kuroda , M. 1985 Report of Surveying irrigation and Drainage Water in Asakura Area, ~'lIkuo ka 

Prefecture, Japan, Agricultural Engineering Research Report: 26-59 (in Japanese). 
Kuroda , M., Y. Nakano, S. Kogo 1997 . .<\nalysis of Concemcd Primary Factors and Actual Condition of 

Int.ake Wat~r of Agricu ltural Wat.er Use on Traditional Waw r Right. Agricul tural Engin~~ ri ng 

Resean.:h Repo.rt: 43..-">-448 (in Japa.nese). 
Maruyama et. al Irrigation and Drainage . Yokendo Ltd , Tokyo: 7 1- 78 (in Japanese) . 
Tanaka,Y., T. Tanunizu and K.Wakimoto l O!J4 Hand Book of Statistkal Analyses for Persollal Computer. 

Multivariatf) Analysis No.2: 259-269 (i/1 Japanese). 


