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Abstract 
This study dealt with the relationship between the characteristics of irrigation ponds and water quality. 
We conducted a statistical analysis of 556 irrigation ponds located in urbanized rural areas and flat rural 
areas throughout the country, and examined a number of indicators of water quality such as pH, chemi­
cal oxygen demand (COD), contents of total phosphorus (T-P) and total nitrogen (T-N). There were no 
strong correlations between the characteristics of the irrigation ponds and water quality. We then con­
ducted a similar analysis of the ponds after classifying them into 4 groups based on hydraulic and meteo 
rological characteristics. In this analysis, a strong relationship was found for the water quality in each 
group of ponds. We also studied the nitrogen load in the effiuent from the catchment basins and found 
that diffuse non-point-source nitrogen was the major constituent. Relative intensity of the factors affect­
ing water quality was investigated by multiple regression analysis and box plot analysis. 

Discipline: Irrigation, drainage and reclamation 
Additional key words: basin characteristics statistical analysis, diffuse non-point-source, 

water quality preservation, load management 

Introduction 

In Japan, there are about 213,890 irrigation ponds. 
Of these, the irrigation area of 68,850 ponds is larger than 
2 ha and together they cover a total area of 1,235 thou­
sand ha and contain an effective volume of 4,769 mill ion 
1113 of water6>. This volume of water amounts to about 
16% of the 30,470 million m3 of the effective volume of 
water contained in darns in Japan4

) and about 8% of the 
58,700 million m3 used yearly for agriculture3>. The 
ponds are an important source of water for agriculture. 
They are also considered to be closed and are a valuable 
component of local open-spaces, fulfi lling multiple pur­
poses in many areas. 

With increasing development and a tendency toward 
crowded living, the inflow of gray water to irrigation 
ponds may cause pollution and the resultant abnonna li 
algal bloom may lead to environmental problems, for 
example the death of fish, stench, and dest ruction of 
scenery. This deterioration of water quality by factors 
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such as water inflow and nitrogenous and phosphorus 
sediments is a result of socioeconomic activity in the 
catchment basins. It is essential to analyze the basin 
characteristics, including land ut iliza tion, agricultural 
practices, weather, and sources of pollutant loading for 
the preservation of the water qua li ty in irrigation ponds. 
An understanding of how the characteristics of the basins 
and the hydraulic properties of the ponds influence the 
water qual ity may provide effective information to pro­
mote the preservation of the water quality in futu re. 

Method of analysis 

We examined the water quality of irrigation ponds 
from 199 1 to 1993. Nationwide, approximately 25,000 

irrigation ponds have an irrigation area of more than 5 ha 
in urbanized agricultural areas or agricultural areas5>. 

From these, 852 were sampled from prefectures across 
the nation in proportion to the number of ponds in each 
prefecture. 

In principle, sampling was carried out 5 times at 
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sluice gates and from a depth of approximately 50 cm at 
each pond during the irrigation season (May through 
October). 

Of the 852 irrigation ponds, in some, river water was 
introduced except for basin use. others were used for 
other purposes, such as aquaculture, golf courses, indus­
tries and fa nning, and for some of them the information 
we collected conld not be used. The data from these 
types of ponds were excluded in the analysis of water 
quality characteristics because the actual conditions were 
11ol clarified and it was difficult to estimate the occur­
rence of nut rient loading. Therefore in principle, we 
examined 556 irrigation ponds in the present study. 

These 556 irrigation ponds were then classified into 
groups lo analyze the influence of major environmental 
factors, such as water depth, retention time, and hours of 
sun I ight Oil the flucl11a tion of water quality. Al though it 
was possible to group the ponds by combining each fac­
tor. considering the shallow irrigation ponds swdi r.;d in 
this report, the hours ofsunligln were fonnd to be the fac­
tor that inflncnces primary productivity, such as growth 
of plant plankton. Retention time and water depth were 
also used as a measure LO group the ponds. The uses of 
the irrigation ponds were other factors that influenced the 
water quality. £3ascd on these factors, the following 4 
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groups were analyzed in this report. 
For the water depth and retention time, median val­

ues were determined by statistical analysis of whole irri­
gation ponds. 

Group 

Group 

Group 

Group 

l: Long period ofsunligbt (~ 1,900 h/year) 
and shallow irrigation ponds (< 4.0 111). 

11: Short period of sun light (< 1,900 h/year) 
and shal low irrigat ion ponds(< 4.0 m). 

111 : Long retent ion Lime (~ 60 days ) and 
deep irrigation ponds (:2'. 4 .0 m). 

IV: Short reiemion time {< 60 days) and 
shallow irrigation ponds{< 4 .0 m). 

General conditions of irrigation ponds 

Table 1-a shows the statist ical values of the charac­
teristics of the irrigation ponds. The average values of 
the indicators of water quality of the irrigation ponds 
were as follows: COD, 9.02 mg/L; T-N, 1.36 mg/L; T-P, 
0.10 mg/L; pll , 7.6: and EC, 143 ~1S/cm. Of these values, 
pH, COD, and T-N exceeded the standards for water for 
agricultural use (paddy rice, Table 1-b). When the aver­
age nutrient concentrations in summer exceeded 0.5- 1.5 
mg/L for T-N and 0.02- 0. t O mg/L11 for T-P, eutrophic 
conditions were likely LO prevail. 

Table I-a. Stntistical valurs of charnctcrislics of irrigated ponds and catchment basins 

Number of Mean STD ponds 

Avai lable s1orage capacity ( I Olm>) 555 94.5 260.2 
Catchmen1 area (ha) 556 66.0 179.4 
Depth (111) 467 5.1 3.9 
Retent ion time (day) 555 114.1 190.2 
Avai lable storage capacity/catchment area (111) 555 2.7 4.2 
Avai lable storage capacily/depth (ha) 467 19.4 43.0 
Area rate of amble land (%) 556 25.6 29.9 
Beef caulc density (lwad/ha) 39 1.0 1.6 
Dairy call le densi ty (head/ha) 25 0.8 I. I 
Pig density (hea(Vha) 20 3.0 6.4 
[)omes1ic fowl densi ty (head/ha) 22 327.7 837.0 
Application of N fertilizer 10 the field (kg/ I Oa) 288 1.2 7.2 
Application of P fortilizcr 10 1he field (kg/I Oa) 289 1.0 5.4 
Application ofK fertilizer 10 1hc field (kg/ lOa) 288 I. I 6.2 
Population density (persons/ha) 27 1 18. 1 71.0 
Extension rale of sewerage (%) 27 1 22.4 38.0 
Ratio of night soil 1rca1111ent (%) 27 1 77.6 38.3 
Mean prccipi1a1io11 (nun/year) 556 1,482 371 
Mean te111pcm111re of air (0C) 556 14.4 2.2 
Yearly dayligh1 hours (hour) 556 1,893 171 
COD (mg/L) 553 9.02 10.19 
T-N (mg/L) 552 1.36 1.78 
T-P (mg/L) 528 0.10 0.19 
pH 553 7.6 0.8 
llC ( pS/cm ) 553 143 198 
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Table 1-b. S tanda1·d va lues for water for agricultura l use 
(p11ddy rice) 

Item 

pM 

Chcmicnl oxygen demand (COD) 

Suspended sol ids (SS) 

Dissolved oxygen (00) 

Total nit rogen (T-N) 

Electric conductivity (EC) 

As 

Zn 

Cu 

Standard value 

6.0- 7.5 

below 6 mg/L 

below l 00 mg/L 

below 5 111g/L 

below I mg/L 

be low 300 pS/cm 

below 0.05 mg/L 

below 0.5 mg/ L 

below 0.0 I mg/L 

The average retention time ([effective storage 
capacity of the pond]/[ volume of in now water into the 
pond]) was 114. I days, which is approximately equiva­
lent to 1/4 or the general retention time o r lakes and 
marshes in Japan (approximately 1.2 years). 

Land use in the catchment basins of the irrigation 
ponds was as follows: 70% for forests, 8% for paddy 
lields. 6% for farms, 4% for orchard areas, and 2% for 
grasslands (fig. 1 ). Non-agricultural land use accounted 
for the remaining I 0%. Consequently. land use was char­
acterized by a high ratio of forests. 

Water quality in irrigation ponds and character­
istics of catch rnent basins 

I) Correlt1tio11 between water quality in irrigation ponds 
and catchment basin characteristics 

Our data fo iled to reveal a sLrong correlation 
between the hydraulic properties of the irrigation ponds 

Other land 
uses 
10% 

Pndcly 
fields 

Upland 
fields 

Fig. I. Land utilization in the catchment basins of 
t he irrigation ponds 

or basin characteristics (such as agricultural practices, 
land use, and environmental conditions) and pond water 
quality. For example, there was no strong correlation 
between the retention Lime and T-N value (Fig. 2 (I)) or 
between the proport ion of forests in the basins and the T­
N value in the ponds (Fig. 2 (2)). We performed single 
correlation analyses between the indicawrs of water qual­
ity and each of these characteristics, but the results were 
identical. 

When classified into 4 groups, however, the irriga­
tion ponds showed a correlation between each pond prop­
erty and water qua li ty indicators (Tables 2 and 3). In 
Group I. average values of COD, T-N, and T-P exceeded 
the averages for all the irrigation ponds and also the aver-
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Fig. 2(1). Relationship between the retention time and 
T-N in the irrigation ponds 
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Fig. 2(2). Relationship between the proportion of forests 
in t he catchment basins and T -N in the irriga­
tion ponds 
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Table 2. Mean va I ucs of cle1Hh, daylight hours, retention time, and water qualit y indicators calculated for each 
group of irrigation ponds 

All irrigation Group Group Grou1> Group 
ponds I [[ Ill IV 

Number of ponds 556 99 85 153 115 
Available storage capacity ( I o.1111J) 94.5 40. 1 64.0 199.0 23.6 
Depth (m) 5. 1 2.5 2.4 7. 1 2.3 
Retention time (d11y) 114. 1 108.2 61.5 2 16.2 22.4 
Yearly dayl ight hou,·s (hour) 1.893 2.003 1.77 1 1.9 15 1.878 
COD (mg/L) 9.02 11.36 10.5 1 8.20 8.98 
T-N (mg/L) 1.36 1.96 1.28 1.28 1.42 

T-P (mg/L) 0. 10 0. 13 0.11 0.08 0.09 
pH 7.6 7.7 7.5 7.7 7.5 

EC (11S/cm) 143 166 173 144 175 

Table 3. Con·clation coefficients between irrigation 1>ond characteristics ancl water quality indica tors classified into 4 groups 

COD 

G.I G. II G. 111 G.IV 

Ava ilabk storage capacity ( I03m3
) 0.212 - 0.057 - 0.2 18 -0.013 

Catchment area (ha) 0.028 0.099 - 0.143 0.149 
Depth (m) - 0.06 1 - 0.117 - 0.281 - 0.129 
Retention time (day) 0.41 1 0.035 - 0.029 - 0.020 
Available storage capacity/depth (ha) 0.215 - 0.049 - 0. 112 0.012 
Mean precipitation (mm/year) - 0.210 - 0.029 - 0.222 - 0.02 1 
Mean temperature (0C) 0.225 0. 13 1 0.254 0.03 1 
Yearly daylight hours (hour) 0.023 0.202 0.409 0.01 3 
COD tmg/L) 1.000 1.000 1.000 1.000 
T-1 (mg/L) 0.286 0.24.3 0.3 12 0.078 
T-P (mg/L) 0.792 0.343 0.605 0.423 
pH 0.595 0.234 0.5 15 0.230 
EC (11 Slc,n) 0.27 1 - 0.023 0. 166 - 0.00 I 

ages for each of the other grou1>s. In Group Ill , average 
COD and T-P values were lower than in the other groups. 

In Group I, there was a low correlation between the 
retention lime and COD compared wi th all the irrigation 
ponds and the other groups. In Group I there was a 
strong correlation between the COD and the T-P value 
compared with all the irrigation ponds and the other 
groups. Group II showed a strong correlat ion between 
the T-N and T-P values, suggesting that the N/P rat io was 
relatively stable. In Group 111 iherc was a strong correla­
tion between the COD and the T-P value, indicating that 
phosphorus may be the limiting factor for eut rophication. 
1 n Group IV, no strong correlat ion was fou nd between 
any ofihe indicators of water quality. 

The correlations between the waler quality indica­
tors in each group suggest that they affect the variation of 
water quality in irrigation ponds. 

2) 011/jlo,v c/1arac1eris1ics of nitrogen load .fi'om tl,e 
catch111e11t basins 

The proportion or ni trogen load in the catchment 

T-N T-P 

G. I G. 11 G . 111 G. JV G. I G. II G. III G. IV 

0.254 - 0.065 - 0.093 --0.029 0.131 - 0.017 - 0.160 0.003 
0.077 0.030 -0.058 0.009 0.092 0.051 - 0. 107 0.1 77 

- 0.043 - 0.237 - 0.045 - 0. 129 - 0.122 - 0.142 - 0.189 - 0.203 
0.077 0.117 - 0.087 -0.005 0.282 0.172 - 0.052 - 0.00 I 
0.248 - 0.045 - 0.056 0.007 0.143 - 0.009 -0.088 0.052 
0.007 - 0.172 - 0. 122 -0.092 - 0.157 - 0.032 - 0.095 - 0.058 

- 0.084 0.061 0.092 -0.013 0.157 0. 114 0. 148 - 0.048 
- 0.021 0.14 l 0. 189 0. 110 - 0.02 1 0.06 1 0.266 - 0.024 

0.286 0.243 0.312 0.078 0.792 0.343 Q.605 0.423 
1.000 1.000 1.000 1.000 0.39 1 0.684 0. 196 0.3 13 
0.391 0.684 0.196 0.3 13 1.000 1.000 1.000 1.000 
0.228 0.386 0.318 0.134 0.638 0.355 0.343 0.404 
0.643 -·0.0 I 0 0.448 0.090 0.40 I - 0.033 0.003 - 0.002 

basins of irriga1ion ponds (Fig. 3) was determined by the 
unit rne1hod. The nitrogen load from paddy fie lds, for­
ests, and areas wi th non-agricultural land use was calcu­
lated by mult iplying the T-N eoncentrnlion of rainfall by 

Persons 
16% 

Livestock Paddy fields 

4% 

Fig. 3. Nitrogen loncl from efflu ent in the catchment basins 
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the amount of precipitation during the period or irriga­
tion. 

The nitrogen load from fa rms and orchards was cal­
culated by mul tiplying the amount of fert ilizer applied 
during the irrigation period by the discharge rate of 
30%2>. 

The nitrogen load from livestock was estimated by 
using the documented value for calllc/hcad/day and the­
documented value for pigs/head/dayS>. The nitrogen load 
from the households in the basins was estimated from the 
documcnted7l value of 6.0 g/person/day of treated house­
hold drainage from septic tank (mixed drainage and 
urine) and 1.45 g/person/day of un1rea1ed mixed house­
hold drainage. 

Alihough land use in the basins of the irrigation 
ponds consisted of forests (70%), farmland (20%), and. 
other land uses ( l 0%) (from Fig. I). agricultural land use 
accounted for about 51 % of the nitrogen load, indicating 
that agricul ture exerts a major influence on water quali ty 
in irrigation ponds. The nitrogen load per unit area in the 
basins was 90 g/ha/d (standard deviation 153 g/ha/d; 
median value 36 g/ha/d). Since 78% of the nitrogen load 
was derived from diffuse 11011-point sources, such as 
farmland and forests, it might be difficult to control or 
manage the load. 

Inner fence 
Adjacc111 value 

Median valu 
Lower hinge 

(a) (b) 

fig. 4. Concept of box plot 

3) 1\1/11//iple regression rmalysis of waler qualify and 
ca1ch111e111 basin clwracrerisrics 

Variables were selected by multiple regression anal­
ysis taking the indicators of water quality as the objective 
variables and lhe characteristics of irrigation ponds and 
their catchment basins as explanatory variables. Bec,wse 
the number of cattle raised in the basins was relatively 
low, we excluded the densi ty of farm animals from the 
variables before performing the analysis. The standard of 
variable selection was set up as !\, = Fou, = 2.0 for the F 

Table 4. Standard regression coefficients in 111ulti1,tc regression model for prediction of the water 11m1lity 
of irrigation ponds 

COD T-N T-P 

Available storage capacity 
Cntchmcnt area 

I lyclrau lic Depth - 0.175 - 0.111 
chnractcristics Retention iimc 

Availnble storage capacity/ catchment area -0.070 
Available storage capacity/ depth 0.071 0.054 

Arca ra te ofarnblc land 
Agricuhurnl Application ofN fenilizcr 10 the field 

characteristics Ap1>licmion of P fertilizer to the field 
Application of K ferlilizcno the field 

Arca rate of paddy fields O.Q75 - 0.095 
Arca rate of upland fields O. L09 

Land use Arca rntc of orchnrds 0.085 
chnractcris1ics Arcn rate of forests - 0.044 -0.335 - 0.095 

Arc.i rntc of grasslands 
Arca rntc of other land uses 0.096 

Social l'opulation density 
charaetcristics Extension rate of sewerage- - 0.085 

Meteorological 
Mean prccipirntion - 0.116 
Mean 1c111pcraturc 0. 163 

characteristics Yearly daylight hours 0.119 0. 103 
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(6) Nitrogen fertili7,cr application and T-N . 
(7) T-P and T-N. 
(8) T-P and COD. 
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value of the variance ratio, and was estimated by the 
methods of forward selection and backward elimination. 
Table 4 shows the standardized partial regression coeffi­
cients between the indicators of water qua li ty (objective 
variables) and the characteristics selected as a result of 
variable selection. The J>roportion and Variance Inflation 
Rate (VIF) were calculated by carrying out a multiple 
regression analysis taking the individual explanatory 
variables selected from Table 4 ns the objective variables 
and the other variables as the explanatory variables. The 
value of VJF was 1.0- 2.7 and the explanatory variables 
were found to be independent. The absolute values from 
Table 4 are considered to reflect the degree to which indi­
vidual indicators of water quality were influenced. 

Bnscd on these considerations, the characteristics or 
irrigation ponds and their catchment basins that most 
afTectcd water qua I ity were as follows: 

for COD, depth of water, annual average tcmpcra­
ture, and annual preci1>ilation; 

for T-N, proportion or forests in basins, yearly hours 
of daylighl, and proportion of farm land in 
basins; 

for T -P, deplh or water, yearly hours of daylight, and 
non-agricultural laud uses. 

Land use characteristics influence water quality, par­
ticularly the T-N. Compared with lhe T-N, COD and T-P 
values arc affected by a variety of characteristics other 
than land use. However lhe proportion of foresls in 
basins affected all of the above indicators of water qual­
ity: i.e. rhe values of all 1he indicators or water quality 
lended to decrease in proportion lo the increase of the for­
es! areas in basins. 

4) Analysis by box plot 
Wlieu there are biases or outliers in the distribution 

or research data, the correlation cocfficienl is not always 
an appropriate index to describe the correlalion among 
variables. We used parallel box diagrams91 to analyze the 
relationships among variables in these cases. 

ln this analysis, all the data of the variables on the 
horizontal axis were arranged from minimu1n to maxi­
mum values and then divided into 5 sets. each containing 
an equal number of data. A box diagram of the variables 
on the vertical axis was made for each or the 5 data sels. 
The position of each box plot on the horizontal axis cor­
responded 10 the position of ihc central value in each hor­
izontal data set. The central horizontal line in the box 
plor represented the 50% value (median), and the upper 
and lower hinge values were 75 and 25%, rcspecrivcly; 
lhus 50% or all lhe data were included within the height 
of the box. The maximum and minimum values in each 
set were represented by the upper and lower vert ical lines 

(Fig. 4). 
In ihe parallel box J>iots, the correlations are not 

indicated quanti tatively wirh a coefficient, but the rel.Hive 
tendencies among the variables can be observed. 

We analyzed the relationships between each water 
qua li ty indicator (COD, T-N, and T-P) and irrigation 
pond characteristics by this method. The characteristics 
derived from th is analysis coincided with the results of 
the multiple regression analysis as follows: 
(I) The pond depth and lhe proportion of foresls in the 

catchment basins showed a negative correlation with 
all the water quali ty indicators (Figs. 5 ( I) and 5 (2)). 

(2) A positive correlation was found between yearly 
day light hours and COD. Although there was a posi­
tive correlat ion between the COD and retention time 
up to about I 00 days, there was no correlation with 
the COD for longer relent ion times (Figs. 5 (3) and 5 
(4)). 

(3) T-N showed a positive corrclarion with the area of 
upland lields. There was a positive correlation 
between T-N and nit rogen applied as fertilizer up to 
about 0.4 kg/ha. However, there was no clear corre­
lation at levels of applicat ion beyond that value 
(Figs. 5 (5) and 5 (6)). 

(4) No signilicant correlalion could be found between T­
p and any irrigation pond characteristics except for 
the positive corrclali.on with the pond depth and ihe 
proportion of forests in the catchment basins. 

(5) There were positive correlations among lhc waler 
qua lily indicators, such as COD, T-N, and T -P (Figs. 
5 (7) and 5 (8)). 

Conclusion 

Allhough 1l1e mechanisms responsible for the nuctu­
ations of water quali ty cannoi be clearly clctermincd by 
statistical analysis alone, lhc followi11g information is 
necessary 10 preserve tlic water quality in irrigation 
ponds. 

Since current agricultural practic.es result in COD, 
ni trogen, and phosphorus load moslly occurring from dif~ 
fuse non-point sources, it is di llicult to control or manage 
lhe load. And we consider lhat the improvement of the 
methods of fert ilizer application and water management 
in the fields may not drastically decrease the occurrence 
of pollutants in a short period of' lime. 

Water quality in irrigation ponds can be improved 
by reducing the source materials, pollutant runoff into the 
irrigation ponds, and the amounl of pollutants in the irri­
gation ponds. Although many engineering methods 
involving lhe conslruction of drainage trcmment rac ili­
tics, by-passing the waterways, compact oxidizing of the 
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waterways, use of aquatic plants, and dredging of the­
ponds can be applied, il is difficull to achieve effective 
and long-term control by a single method al th is lime. 

When a comprehensive evaluat ion of the si tuation is 
taken into consideration, on a long-term basis, it will be 
important thal the basin characteristics of each irrigation 
pond be thoroughly analyzed and appropriate engineering 
steps be la ken for water quality preservation. These steps 
should include the use of load management lo strucwrally 
remove the sources of pollutants. 
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