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SUMMARY

I. TITLE : Development of water saving irrigation method in paddy fields

II. Obejectives and necessity

1. Obejectives

In Korea, total annual water demand is 32.1 billion m®, of which about 50% is for
agriculture. The temporal variation of water demand for agriculture is larger than
those for other sectors. Irrigation is essential for agriculture to combat with spatial
and temporal variation of the rainfall. A water management in paddy fields is
traditionally practiced deep ponding, as a result, the irrigation efficiency is low and
irrigation amount is high. Therefore, development of water saving irrigation method
is important for efficient rural water management, which will save irrigation water
and improve efficiency of agriculture water use.

In this study, irrigation amounts were compared among different ponding depth
treatments to develop a water saving irrigation method, which will save irrigation
water demand. The results of this study will be applied in the paddy farming and

can improve water use efficiency.

2. Necessity

1) Technical aspect

The rice is a sub-tropical plant which is mainly cultivated in the Southeast Asia.
It is cultivated in the America and Australia mainly for export. The transplanting is
practiced in the Southeast Asia, but the direct seeding is adopted in the America and
Australia.

The optimum water management in paddy fields is very important for saving
rural water and increasing rice yield. Therefore, it is necessary to develop a water

saving irrigation method by investigating the effects of ponding depth on water



saving and yield increasing.

2) Economic and industrial aspect

Because of population increase and industrial development in the future, it is
inevitable to transfer agricultural water to urban water demand. If a water saving
irrigation method is developed and applied to the field, it will save water and the

saved water can be used for the urban sector.

3) Social and cultural aspect

The development of efficient irrigation water management can reduce water
problems. Also, the saved irrigation water can be used for environmental and
aesthetic purposes. Water use for social and cultural aspect will be possible through
securing the water front spaces, which will contribute to emotional development and

provide rest areas.

II. Contents and scopes of the study

The final objective of this study is the development of water saving irrigation
method in order to save rural water and to increase rice yield. The contents and

scopes of several area of this study are as follows :

1) Survey ponding depth management practices by regions
a) Literature search.

b) Collect daily ponding depth at plots in Kyunggi-Do, Chungpook-Do,
Jeonpook—-Do, Kyungpook-Do and Kyungnam-Do.

2) Analyses of water balance and irrigation amount for different ponding depth
treatment

a) Instrumentation and measurement of water budget components at the



experimental plots in the Kyungpook Agricultural Experiment Station

located in Taegu, Korea.

b) Field measurement of daily values of water balance components such as
irrigation, drainage, evapotranspiration and infiltration.

c) Analyses of water balance with respect to the ponding depth.

3) Analyses of rice growth and yield for different ponding depth treatment

Observation of rice growth by growing stage and yield for different ponding

depth treatment in the field.

4) Effects of ponding depth treatment on lodging resistance and weeds growth.

a) Measurement of lodging resistance.

b) Investigation of weeds occurrence and species.

5) Development of water saving irrigation method in paddy fields.
a) Selection of the best irrigation method from the analyses.
b) Selection of the best irrigation method from the model simulation.

c) Development of a plan for field application of the developed water saving

irrigation method.

IV. Results and recommended applications

1. Results

1)  Traditionally, deep ponded depth of 8cm to 10cm has been employed in the field

in general. This method has low effective rainfall ratio.

2)  The irrigation amounts measured at the experimental plots showed that the

shallow and the very shallow ponded plots required smaller amount than the



deep ponded plot. The shallow ponded plot saved irrigation water about
17.7% compared with the traditional deep ponded plot in 2001. The very
shallow ponded plot saved irrigation water about 25.7% compared with the
traditional deep ponded plot in 2002, The shallow ponded plot saved irrigation
water about 46.6% compared with the deep ponded plot in 2003.

3) The effective rainfall amounts were 243.7mm, 299.lmm and 272.9mm in
2001, 118.1mm, 166.2mm and 239.6mm in 2002, and 299.9mm, 460.4mm and
3769mm in 2003, for very shallow, shallow and deep ponded plots,

respectively.

4)  The rice growth did not show significant difference among ponding depth
treatments. The yields were 556kg, 576kg and 563kg per 10a in 2001, and
519kg, 525kg and 524kg in 2002, and 464kg, 471kg and 484kg in 2003, for

shallow, medium and deep ponded plots, respectively

5)  Model simulations were performed for different outlet heights and ponding
depths. Based on the simulation very shallow ponding depth of 2cm with
10cm outlet height showed the largest effective rainfall ratio and the smallest
irrigation amount. Until the introduction of laser leveling dozer, it would be

desirable to adopt 4cm ponding depth because of difficulty of land leveling.

2. Applications and recommendations

1)  Application of the optimum irrigation method will save agricultural water

usage. The accurate determination of irrigation amount and timing will

increase the capability to cope with the drought.

2) A proper irrigation can reduce drainage, which will improve downstream



3)

4)

5)

water quality.

A proper irrigation can reduce irrigation water demand, that will provide

economic benefits through the reduction of the rural water demand.

The saved rural water will be transferred to domestic and industrial

water, which will contribute to the development of industry.

Use the research findings as a technical guide for agricultural water
management by the Korea Agricultural & Rural Infrastructure Corporation,
cities and counties. Also, the findings should be transferred to farmers for

field application in order to reduce agricultural water demand.

_10_
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3.6 20029 = B4 (&% © mm)
] I A I o N R e e E E B EE B PR

& 89.7 0.0 19.7 19.7 48.3 13.3 -0.9

% 22.7 0.0 0.0 0.0 50.7 15.7 -19.2

a3} 50.2 0.0 13.2 13.2 56.8 16.2 -9.7

A 37.3 41.0 73.1 32.1 34.1 20.5 14.8

3 0.0 0.0 0.0 0.0 12.3 2.0 -14.3

S} 72.4 10.5 24.0 6.0 494 20.0 9.1

& 59.8 305.0 3165 11.5 514 13.3 6.5

% 0.0 244,01  250.4 59 28.8 10.6 -335

El 49.0 22.7 29.7 6.7 46.1 21.0 -114

A 0.0 0.0 0.0 0.0 41.2 19.3 -60.5

% 0.0 119.9] 143.0 23.0 159 7.1 0.0

381.1 7431 869.6 118.1 435.0[ 159.0 -94.8

& 131.8 0.0 19.7 19.7 50.0 13.7 87.8

% 75.2 0.0 0.0 0.0 54.6 20.7 -0.1

Bl 39.3 0.0 13.2 13.2 55.1 10.0 -12.6

A 28.0 45.0 73.1 28.1 35.0 19.0 2.1

3 0.0 0.0 0.0 0.0 9.8 2.0 -11.8

A2 S} 36.3 7.0 24.0 6.0 55.8 26.3 10.3
& 62.3 268.2| 3165 475 57.6 12.9 39.4

% 0.0 248.3| 250.4 2.0 217 9.8 -355

El 324 23.3 29.7 6.7 45.3 28.2 -34.4

A 0.0 0.0 0.0 0.0 39.9 20.5 -60.4

= 0.0 99.7,  143.0 43.0 174 7.7 179

455.4 691.5] 869.6 166.2 44821 170.7 2.7

& 105.3 0.0 19.7 19.7 49.5 175 58.0

% 102.1 0.0 0.0 0.0 57.7 23.2 21.2

3} 66.7 0.0 13.2 13.2 514 20.8 7.8

A 53.5 51.4 73.1 23.9 28.1 27.2 22.1

3 0.0 0.0 0.0 0.0 9.5 2.0 -11.5

- S} 35.2 14.3 24.0 6.0 39.2 14.6 374
T & 70.9 2486/ 3165 67.5 48.3 10.3 79.9
% 0.0 2525 250.4 1.6 26.5 12.7 -37.6

3} 29.5 0.0 29.7 29.7 40.8 284 -10.0

A 0.0 0.0 0.0 0.0 34.9 184 -53.3

% 0.0 65.2| 143.0 78.0 18.6 9.2 50.2

513.2 632.0 869.6 239.6 4045 184.2 164.2
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3.7 20039 %= EX] (&9 © mm)
sl B | e | A9 | faew| T A% Avee vy

& 142.0 0.0 0.0 0.0 56.1 15.2 70.8

3 42.0 39.5 90.0 50.5 34.0 26.3 32.2

S} 9.5 47.1 56.5 94 37.0 20.5 -38.6

3 0.0 2576| 28438 21.2 39.3 14.1 -26.2

% 0.0 45.5 45.5 0.0 0.7 3.3 -11.0

s} 0.0 626 1195 56.9 36.3 20.1 05

& 53.3 0.0 24.0 24.0 42.3 289 6.1

3 8.5 115.0f 140.5 255 32.3 24.3 -22.7

3} 0.0 6.1 44.5 384 35.2 25.5 —22.2

3 0.0 0.0 59.0 59.0 24.3 21.8 12.8

% 0.0 155.0, 164.0 9.0 27.3 8.8 -27.1

255.3 728.3] 1028.3 299.9 3719 208.8 -25.4

& 145.3 0.0 0.0 0.0 62.7 26.7 56.0

3 34.2 0.0 90.0 90.0 36.3 46.0 41.8

S} 0.0 34.6 56.5 219 41.0 21.3 -40.4

3 0.0 191.1] 284.8 93.8 32.5 22.0 39.2

% 0.0 38.5 45.5 7.0 6.0 4.0 -3.0

A2 s} 0.0 30.7) 1195 38.8 39.7 34.0 15.1
& 40.8 0.0 24.0 24.0 54.2 10.3 0.3

3 6.3 95.4| 1405 45.1 45.7 13.7 -8.0

3} 0.0 8.1 44.5 36.4 44.7 24.2 -32.4

3 0.0 20.0 59.0 39.0 35.0 11.2 7.2

% 0.0 149.6) 164.0 14.4 32.7 16.2 -34.4

226.6 568.0] 1028.3 460.4 4304 2295 27.1

& 189.9 0.0 0.0 0.0 64.0 13.5 1124

3 34.9 0.0 90.0 90.0 33.3 28.3 113.4

3} 10.1 9.8 56.5 46.7 38.5 22.8 -4.4

3 0.0 2272 28438 57.6 42.3 44.0 -28.7

% 0.0 45.5 45.5 0.0 7.3 8.8 -16.0

- s} 75.2 924 1195 27.1 35.0 32.0 35.4
T & 52.1 10.0 24.0 14.0 53.8 13.5 -1.1
3 12.3 1115 140.5 29.0 475 20.5 -26.7

3} 0.0 0.0 44.5 445 45.3 22.5 -23.3

3 0.0 5.0 59.0 54.0 28.8 20.5 4.8

% 0.0 150.0, 164.0 14.0 31.0 20.5 -37.5

424.6 651.4] 1028.3 376.9 426.6| 246.8 128.2
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D(t)=D(t—1)+ R A1)+ Q1) — U(?) (34)
A7 p(pE t2e) B mm), D(t—1)E AL FEAmm), R (HE tde] FES

Fmm), Q)= tde WHFHmm), U(n= FLe FA(mm)oltt.

2 4B FESF Betd] JEE 4 (359 7.
R, =D(H—D(t—1)— QD+ U(D (35)
UH=ET(H+ DP (3.6)

4 (36) T el ET= AAS 24 &F(mm)olal DP= 5 & (mm)ol .

=AY EgAA g, A A, eeasel dA= e 2k
Do <D(t—1)+ R(H— U(H°1™

QD =0°13 Rep(H) =D — D(t—1) + U(t)°1 T 3.7
oA7IM D P HAAETEAeRA veELEe], R(H tEe] v,

Rep(p) 1 t29] 7Fsfras=

FEBSF R (HE T BANA T S Uk

R(H)=Rep()°1™ R, A1) = Rep(?)

R(D< Rep(H°1™ R AD=R(?

047] /\1, 5(MM)£Reff(t)£Dmax
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FAO-24 Blaney-Criddle &4 o2 3t a5 ditafo] 2EAFE #F5to] A =4
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7 3A YERs

¥ 39 ¥ Sk A (&% © mm)
o) . 2001 2002 2003
LT [FAFAF [AF [FAF] AF [ AF [FAE] A5 [ A5
o 64.6 67.9 62.6 62.3 65.5 60.4 53.0 B55.7 514
6 3 38.6 38.2 39.5 51.8 51.2 529 34.1 33.8 34.8
s} 40.8 42.2 36.5 53.1 55.0 475 379 39.2 33.8
& | 662 626] 614 427 404 39.7] 291 275 270
1T [ = I e e e e e
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o 45.6 52.2 48.4 425 48.6 45.1 449 514 4777
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s} 54.2 63.3 55.9 39.6 46.3 409 34.2 39.9 35.2
9 o 40.6 47.0 39.7 39.8 46.1 39.0 27.3 31.6 26.7
> 28.0 315 30.3 22.0 24.7 23.8 22.0 24.7 23.8
3HA| 47511 510.7) 470.1] 431.2| 461.9] 4249| 355.0 383.8| 353.1
S it
A G54 A1 B3" AA Saakdfo] Ui 4 STk AaAAS(r), AH
A%(R® 183 Root mean square error(RMSE)E % 3107 Zth 954 Az 3w 43
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Drying(AWD)Z/l s o] HlAALY & &S A ZA4AAZ 5 o] & A S =d 5

Ao} o3 FARA Bl AHFIHEH M EE aerobic rice EF JiEo] H o3t A A
stk SSC #A7IES 1em AR FHFIANE ESSFES LAHZ FA 5= B0
F2lo]t}, Tabbal et al(2002)+= SSC =74 3dtollA B Aul+= 30~60% AFS doksiy ¢
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T 93y F73 g st AWD# A& FrH o 2~7U3F 2~

Stress® WA @ AEZ dUsks WRoR dAdEsd HlE o] deHA et

B 113 HWei and Song 1989, Mao Zhi 1993, Qinghua Shi et al. 2002).
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M&e BAl 2em7t GhE Aol el 19 Ao, B FFe B4 Zemst B

10cmell ]3] 21% AArt 28y g5Ael e FHFFHeAs 2 FHFY Aol BT F
AA fFelde AT
% 41 354 AeE s
%% (cm) EAFON/F AEF(g/F
G54 9 Ha . Bl . A .
DAT 2.017] =] 20DAT B0l =57 20DAT g =71

2cm  284a°  60.3a 83.7a 10.2a 22.2a 16.1a 1.5a 10.9a 30.4a
4dem  28b5a  61.6a 90.7a 10.2a 22.3a 16.1a 1.7a 12.0a 31.0a
10cm 288a 62.2a 91.2a 9.0a 20.8a 15.5a 1.5a 11.5a 30.6a

* DMRT at 5% level

" days after transplanting

ol

X 4

& H| R
AE5(g) (keg/loa)

gy TFEEY e A3k
T4 =Td - -
(%) (cm) (ecm) (/F)  OW/5) (

< o

2cm 69.4b" Aug. 13 77a 203a 154a 29700a 87.1a 22.5a 513a
4cm 68.2ab Aug. 13 78a 204a 152a 29906a &88.1a 22.3a 524a
10cm 71.6a Aug. 13 80a 204a 149a 30,156a &88.1a 22.3a 524a

" DMRT at 5% level

AFdle v die] & AVA HER olv] E3tEo] e ot E&A
Aol MEFa Yol dAFE= 5Ao] driar & 3(Choji and al. 1985, A{LEE &
1991), 7t 5(1997)2 T4 20cme AF#AM= 5eme] Tl Hl& EF7]dA e 4
T7F AL AFoldlen, B 519700 AFdNeE 5, 2 e dFe] AAN, A
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H Steven 5(1991)% A4¥7H

¢

GA AAF T 7+ (mm) H =7 715
(g/Z7]) (cm) T 57 (mm) (D.W. mg /stem)
2cm 14.7a" 35.5a 3.64a 3.20a 0.60a 209a
4cm 15.0a 36.5a 3.66a 3.20a 0.59a 196a
10cm 15.0a 36.8a 3.58a 3.07a 0.48a 177b
* DMRT at 5% level
T AEANAM 10cm Eol7A E719] FA
¥ 43 (A%)
Bending s e
F LA R E
G54 FEF(g) moment TEX ¢ v N ° ““(78_%)"'
(g/)
(g - cm)
Zem 617a 1,008a 163 1,091a 0
4em 532h 1,069a 201 830b 0
10cm 466h 1,104a 237 722b 3
44 954 AL AP o
A7+ (ecm)

R No N, No Ns N.
2cm 36.6a" 17.4a 8.9b 5.0b 0.7a
4cm 36.3a 18.0a 9.7ab 6.0ab 0.8a
10cm 36.7a 18.9a 10.1a 7.0a 0.9a
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“ DMRT at 5% level
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2cm 95.1a" 1.6a 3.1b 0.2a 0.0a 30.2a 7.4b 15.9a 76.3a
4cm 94.1a 1.6a 3.9b 0.3a 0.1a 33.8a 8.0a 15.3a 69.4b

10cm 91.2ab 1.7a 6.7a 0.3a 0.1a 31.0a 8.4a 15.3a 67.5b

Broken Chalky Damaged Colored Crack

* DMRT at 5% level
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