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Analysis of Variance of Paddy Water Demand Depending on
Rice Transplanting Period and Ponding Depth
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ABSTRACT

This study evaluated variations in the paddy rice water demand based on the continuous changing in rice transplanting period and ponding depth at
the four study paddy fields, which represent typical rice producing regions in Korea. Total 7 scenarios on rice transplanting periods were applied while
minimum ponding depth of 0 and 20 mm were applied in accordance with maximum ponding depth ranging from 40 mm to 100 mm with 20 mm
interval. The weather data from 2013 to 2019 was also considered. The results indicated that the highest rice water demand occurred at high temperature
and low rainfall region. Increased rice transplanting periods showed higher rice water demand. The rice water demand for 51 transplanting days closely
matched with the actual irrigation water supply. In case of ponding depth, the results showed that the minimum ponding depth had a proportional
relationship with rice water demand, while maximum ponding depth showed the contrary results. Minimum ponding depth had a greater impact on rice
water demand than the maximum ponding depth. Therefore, these results suggest that increasing the rice transplanting period, which reflects the current

practice is desirable for a reliable estimation of rice water demand.
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T A &S 7SR T (MAF, 1982). & =5
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PWD,, = (I+ NW/D,,) @

PWD, = (ET,+1) x(4,,/A) (©)

PWD, = [(ET,+1) =< (4,,/A)]+ )
(BT, + 1+ TW/D,,) x (4,,/A)]

PWD, = (ET,+1) < (4,,/A) ®)

oJ7] A, TWD (Irrigation Water Demand)= =B Q7
(mm), PWD (Paddy Water Demand)= =8 I 2]-843F (mm),
ER= 29T (mm), L= AlEEE]E (%), 1= 5T
(mm), NW= ZA] =] 8> (mm), Dp= FAHY
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2 AFollME =8 FaolA =8 SRS 4
Penman -5-4] (Doorenbos and Pruitt, 1997)& #-8-5}% 0 2}
EA12] 79 KRC (197)0|4] AlKeE 54 9 G 2|oE &
T AEATE A8t =B AFEA A S-S
TS FUYATIRPYHIAIA G A7 IS IE (MAF,
1998)0l| 4] A|eket HA ] o] M EF 5 mm/day?} FATE
SR ST BT SR 10-25%¢] 2B k7t 48k
ok ZAbe] 9 o]¢) S G wsle] whE e
H3}F A (KRC, 1995)0)14] AQERE 140 mmE &-8-51%] oH,
SA] HAE HA| =1 Aol s%E Aot Alw
7Hdstith AHRAIZ = sHE8aIE Beas AV
(KRC, 1980)0ll4] Akt A7]E #8383t

B3 A 5 AHEo] o8 7Rs R A A (6014
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AAIZE 20 mm, 80 mmE ZHZF -85}t

ER, = RF,for SR, =0 (6)
ER, = RF,— SR, for SR, > 0 0
PD, = PD,_,+ WR,+ RF,— ET, — I — SR, ®)

7] A, ER2 FE5-% (mm), RF= 75-¢-%F (mm), SRS
oA &% (mm), PD= E=4 (mm), WR2 Afufjke]-g-
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Table 1 Rice cropping period suggested by KRC (1980)
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(Kim et al., 2020).
_ S175 FE
s =( 100 )XZXC )
oJ7] A, TWS (Irrigation Water Supply)= 3% (mm), S+

52 A& (%), B= SaASE (10°m), A= B
(ha), C= TH9ISRAIAIS (100), t= T (day), 1= AL (day)

) Stage of transplanting paddy cultivation
Region - - -
Nursery preparation Nursery Transplanting Growing
. . . 1 June to 10
Central 17 April to 20 April 20 April to June 1 20 May to 10 June September
Southern 27 April to 30 Apri 30 April to 10 June 1 June to 20 June 10 June to 20
September
Table 2 Currently surveyed rice transplanting periods (KRC, 2020; RDA, 2020)
Cumulative rice . . .
AT BT Survey year Transplanting period Days of transplanting Source
2013~2019 7 May to 19 June 44 RDA
2~98%
2020 5 May to 24 June 51 KRC
2013~2019 11 May to 14 June 35 RDA
5~95%
2020 9 May to 19 June 42 KRC
2013~2019 15 May to 09 June 26 RDA
10~90%
2020 13 May to 13 June 32 KRC
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Fig. 1 Locations of the selected study areas and meteorological

stations

Table 3 Characteristics of the study areas
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Fig. 4=t A9 =0 BS7|7F 5t 71, 79,
FEF] G BISkE UeRlch A7) ot € Hd
7192 49 123C, 5¢ 180T, 69 22.1C, 79 253C, 8Y
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1o rir

’ Effective water Unit of water .
. . Watershed area | Irrigated area Meteorological

Region Reservoir name storage storage .

(ha) (ha) 9 g station
(10° m® (mm)

Central Gumsa 794.0 178.9 3,713.0 2,075.5 Icheon
Jungheung 920.0 275.0 2,680.0 9745 Buyeo
Southern Changpyeong 1,850.0 186.8 2,733.0 1,463.1 Youngju
Gusung 1,461.0 594.9 4,805.0 807.7 Namwon
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R, o|Fdo] F7tel whet =ago] njglste] Frloh= 4
g Hodrk ohek BRI T F AT 513~6.13 (32
Ao ol dA7IE A8T A, 5.15~6.09 262 & ©|F7IZE
o] FolE A¢ Heh A& +ags vehfdledl, ole F
7170 a9 71ofgo] wheh et @Ake R, 5.13~6.13
(329) 713t EL FESFo] 5.15~6.09 (26%) 7IF %
o] kol Hlg) 2A 7]eigh ddoz ulotE|glck

Ao A 2642 A-LA] 23.4 mm<] 9.2% F7}, 32YUE ZL-A
39.5mm¢?l 14.6% 57 36 4= A-8A] 79.6 mm<l 30.3% S7L,
A= AGA] 127.8 mmQl 483% 57}, 4442 A-LA] 1554
mm¢<] 58.9% =75, 5192 A8A] 2203 mm<l 83.8%% 57}

sk
Table 5= 0]o}A]7] Wafel uhe A1S7|2k ARle] = 2
A g5, 403 9 B85 FAES etk 712 of

A 7S A L3l AL WA 842E0 [253.5~1,433.9 mm=E
B 1318.9 mm, =8 22920 844.5~1,096.6 mmE H
976.7 mm APGE|GIT}. HT o| YAV E AEet HP- =1 I
ALkl 0]9}7| 71 2040l A 2642 Z-g-A] 3845 mm<]

2.9% 27} 3242 ZHLA] 61.85 mmol 4.6% =7}, 36U
A8 Al 85.1 mmQl 6.4% 57}, 42U =2 H-8A] 132.9 mm<l
10.0% =7}, 4422 Z-8-A] 144.6 mm<l 10.9% =7}, 5142
H8A] 2267 mm?l 17.1%= ZH2F 71819k =1 =7k

0]} 7| 7HS 200l A 26U &2 A-8-A] 52.3 mm¢l 5.4% Z7},
322 HLA] 59.0 mm<l 5.8% =7}, 3622 H-2A] 853 mm
ol 6.4% 27}, 4242 ZLA] 1083 mml 9.6% =7}, 4=

Q] 119.3 mm<l 10.3% =7}, S1YE A-L8-A] 1583 mm¢]
16.2% Z=7}sF9ich

webd olef7|io] Z7HE eul AYS7IT A SR
= uEstel 7RES B 4 ek olefat Avks 9%
Aol wsk: 2Asle] = Sneko] wisks wolet
Nam et al. (2018)9] A7ATHe} SARE A3FS LEhdic. o

7129] ol div] o]Y7IZE Sl wheh 8w 20

Table 4 Comparison of IWDs according to the rice transplanting periods reflecting current practices (unit: mm)

Transplanting Gumsa Jungheung Changpyeong Gusung Average
periods (5.21~6.10) (6.01~6.20) (6.01~6.20) (6.01~6.20) 9
Standard 307.9 2418 2459 252.6 262.0
mm"? 6.2 18.9 29 65.6 23.4

5.15~6.09 5 314.1 260.7 2488 318.2
%" 2.0 78 12 26.0 9.3
mm"? 722 458 8.9 313 395

5.13~6.13 5 380.1 287.6 254.8 283.9
%" 234 18.9 36 12.4 145
mm'? 95.6 953 36.1 915 79.6

511~6.14 5 4035 337.1 282.0 344.1
%" 310 39.4 14.7 36.2 30.3
mm"? 170.6 87.8 126.2 126.9 127.8

5.9~6.19 5 4785 329.6 3721 3795
% 554 36.3 513 50.2 483
mm"? 205.2 145.4 131.9 139.1 155.4

5.7~6.19 5 513.1 387.2 3778 3917
% 66.6 60.1 53.6 55.1 58.8
mm"? 2738 216.7 165.0 2258 220.3

55~6.24 5 581.7 4585 4109 478.4
% 88.9 89.6 67.1 89.4 83.7

*a): Differences of IWDs between the standard and the surveyed transplanting periods

**p): Ratio of IWD compared the surveyed period to the standard period
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Table 5 The variation of PWD, IWD and IWS according to transplanting periods during the rice growing season at the study sites

(unit: mm)
reservor | i | WD ® ® | Bh |
5.21~6.10"? 20 1,433.9 1,096.2 + 1108 90.8
5.15~6.09 26 1,478.4 1,181.6 + 254 97.9
513~6.13 32 1,504.8 1,192.2 +14.8 98.8
Gumsa 5.11~6.14 35 1,524.2 1,204.3 1207.0 +27 99.8
59~6.19 a2 1,578.3 1,237.9 - 309 102.6
5.7~6.19 a4 1,595.3 1,2457 - 387 103.2
55~6.24 51 1,716.4 1,310.6 - 1036 108.6
6.01~6.20'? 20 1,268.5 976.0 + 1975 83.2
5.15~6.09 26 1,208.7 998.4 + 1751 85.1
5.13~6.13 32 1,3237 1,043.2 + 1303 88.9
Jungheung 5.11~6.14 35 1,341.9 1,064.2 11735 +109.3 90.7
59~6.19 42 1,380.3 1,067.2 + 106.3 90.9
5.7~6.19 a4 1,389.5 1,087.3 + 86.2 92.7
5.5~6.24 51 1,507.6 1,122.9 + 50,6 95.7
6.01~6.20" 20 1,2535 8445 + 4185 66.9
5.15~6.09 26 1,304.2 918.4 + 3446 72.7
513~6.13 32 1,3257 904.1 + 3589 716
Changpyeong 5.11~6.14 35 1,348.9 947.4 1263.0 + 3156 75.0
59~6.19 a2 1,400.3 991.3 + 2717 785
5.7~6.19 a4 1,4145 999.3 + 263.7 79.1
5.5~6.24 51 1,484.2 1,013.3 + 249.7 80.2
6.01~6.20" 20 1,319.7 990.4 + 1478 87.0
5.15~6.09 26 1,348.1 1,018.2 +120.0 89.5
513~6.13 32 1,368.8 1,003.7 + 1345 88.2
Gusung 5.11~6.14 35 1,401.3 1,032.4 1138.2 +105.8 90.7
59~6.19 a2 1,4483 1,043.9 +943 917
5.7~6.19 44 1,454.8 1,052.2 + 86.0 924
5.5~6.24 51 1,474.2 1,093.6 + 446 96.1
6.01~6.20"? 20 1,318.9 976.7 + 2186 819
5.15~6.09 26 1,3573 1,029.1 + 166.2 86.3
5.13~6.13 32 1,380.7 1,035.8 + 1596 86.8
Average 511~6.14 35 1,404.0 1,062.0 1195.4 + 1333 89.0
5.9~6.19 a2 1,4518 1,085.0 +110.3 90.9
5.7~6.19 a4 1,463.5 1,096.1 +993 91.8
55~6.24 51 1,5456 1,135.1 + 60.3 95.1

. Standard rice transplanting period
*0): Ratio between IWD and IWS
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Fig. 5 Comparisons of monthly IWD and IWS according to rice transplanting periods
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