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Abstract

The objective of this study was to investigate the effects of farming methods on mass balance from paddy rice. The experiment fields were established
at Chunpo-myeon, Iksan-si in the Saemangeum watershed. Experiment was performed during the growing season to assess water and mass balances of
the study field in 2013. The three different farming practices were applied: conventional (TR-A), drainage outlet heighten (TR-B) and slow release
fertilizer use (TR-C). Drainage amount from TR-B was reduced by 28.5 % compared to the TR-A, while the amount from TR-C was similar to that of
TR-A. Overall, nutrient concentration of paddy water were similar among the treatments except for T-P. Mean T-P concentration from TR-C was lower
than that from TR-A (p-value<0.05). As the results of mass balance, TR-B appeared to reduce nutrient surface loss, substantially by 30.9 % and 40.8 %
for T-N and T-P an compared to TR-A. TR-C treatment also demonstrated nutrient load reduction by 38.2 % and 40.1 % for T-N and T-P. The study
results showed that water and fertilizer treatments are effective in surface load reduction respectively from paddy fields, and, long-term monitoring and
evaluation is needed to confirm the reduction.
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Fig. 1 Location and schematics of the paddy field experiment site in the Saemangeum area
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Table 1 Drainage outlet heights and fertilization rates for the different paddy treatments

Water depth Fertilization rate (kg/ha)
Item Fertilizer type
management (cm) T-N T-P
TR-A 7 cm 1211 19.3 Customized fertilizer
TR-B 12 cm 108.6 216 Customized fertilizer
TR-C 7 cm 93.5 18.4 Slow-released fertilizer

TR—-A: Conventional treatment
TR-B: Drainage outlet heighten treatment
TR-C: Slow release fertilizer use treatment
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Fig. 2 Water depth comparison of among paddy treatments during the farming season
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Table 2 Water balance of the treatment paddy fields during the farming season

Inflow (mm) Outflow (mm)
ftem Date Rainfall Irrigation Sum (a) Infiltration Eva_prc:tli's:spi Dr;:zzze(b) Sum b/a (%)
May 106.0 60.0 166.0 67.5 39.3 30.5 137.2 18.4
Jun 88.4 173.4 261.8 85.4 109.7 64.8 2599 248
TRoA Jul 294.8 81.9 376.7 59.2 100.0 190.0 349.0 50.4
Aug 163.4 179.6 343.0 80.3 212.3 106.5 399.1 31.0
Sep 42.6 66.7 109.3 36.7 66.1 89 1.6 8.1
Sum 695.2 561.5 1,256.7 3289 527.4 400.5 1,256.7 31.9
May 106.0 60.0 166.0 541 292 36.4 19.7 21.9
Jun 88.4 183.0 2n.4 97.0 M7 62.2 270.9 22.9
TR-B Jul 2948 69.9 364.7 67.9 122.3 1417 331.9 38.9
Aug 163.4 169.3 332.7 81.8 2165 99.5 397.8 29.9
Sep 42.6 33.1 75.7 32.4 57.7 0.0 90.1 0.0
Sum 695.2 515.2 1,210.4 333.2 537.4 339.8 1,210.4 281
May 106.0 120.0 226.0 75.1 451 70.8 191.0 31.3
Jun 88.4 191.5 279.9 97.0 127.2 456 269.8 16.3
TR-C Jul 294.8 1.8 296.6 454 74.0 187.8 307.3 63.3
Aug 163.4 185.9 349.3 81.2 2115 79.7 3724 228
Sep 42.6 64.5 107.1 458 72.6 0.0 118.4 0.0
Sum 695.2 563.7 1,258.9 3445 530.5 383.9 1,258.9 30.5
TR—A: Conventional treatment
TR-B: Drainage outlet heighten treatment
TR-C: Slow release fertilizer use treatment
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Table 3 Water quality characteristics of water samples for the different paddy treatments

T-N T-P
No. of samples | Mean (mg/L) Range (mg/L) | No. of samples | Mean (mg/L) Range (mg/L)
Irrigation water SIR 14 2.88 0.71-5.39 13 0.03 0.01-0.05
TR-A 25 10.10 0.73-82.97 24 0.58 0.06—4.07
Ponded water —™rp g 20 6.73 0.85-16.74 20 0.58 0.12-2.92
(non—rainy days)
TR-C 26 458 0.57-24.27 25 0.33 0.06—2.96
TR-A 14 1.00 0.44-213 41 0.29 0.04-0.78
Ponded water ™ g 14 127 0.55-3.01 42 0.52 0.08-2.27
(rainy days)
TR-C A4 1.98 0.47-9.30 4 0.24 0.02-0.79

TR—A: Conventional treatment
TR—-B: Drainage outlet heighten treatment
TR-C: Slow release fertilizer use treatment
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(b) TR-A and TR-C

Fig. 3 Water quality of the different paddy treatments during the farming season
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Table 4 Nitrogen mass balance for the different paddy treatments during the farming season
T-N (kg/ha)
Inflow Outflow

ftem Date Rainfall Irrigation Fertilizer |Subtotal (a)| Infiltration DrZ:ZZZe(b) U::t?kte Sum b/a (%)
May 1.0 22 - 3.2 3.3 57 - 9.0 -
Jun 0.8 5.0 1211 126.9 4.0 53 - 9.3 -

TR-A Jul 2.7 1.3 - 4.0 0.8 3.4 - 42 -
Aug 1.5 29 - 44 0.8 1.1 - 1.9 -
Sep 0.4 1.3 - 1.7 0.3 0.1 - 139.5 -
Sum 6.4 12.6 1211 140.0 9.1 15.5 139.1 163.6 11
May 1.0 2.3 515 547 0.7 1.7 - 2.3 -
Jun 0.8 58 57.2 63.8 2.6 42 - 6.8 -

TRB Jul 2.7 0.8 - 3.6 1.5 46 - 6.1 -
Aug 1.5 2.8 - 43 1.2 1.4 - 25 -
Sep 0.4 0.7 - 1.1 0.4 0.0 - 131.2 -
Sum 6.4 12.3 108.6 127.3 6.3 1.7 130.9 148.9 9.2
May 1.0 44 93.5 98.9 1.5 3.1 - 46 -
Jun 0.8 5.7 - 6.5 1.9 1.0 - 28 -

TRoC Jul 2.7 0.0 - 2.7 0.7 3.4 - 40 -
Aug 1.5 29 - 44 1.4 1.1 - 25 -
Sep 0.4 1.2 - 1.6 0.6 0.0 165.0 1555 -
Sum 6.4 14.2 93.5 141 59 85 1585.0 169.3 74

TR—A: Conventional treatment
TR-B: Drainage outlet heighten treatment
TR-C: Slow release fertilizer use treatment
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O] T-N - 55}=140.0 kg/ha = TR-B 9] §-¢] 5517} 127.3
kg/ha, TR-CS] F+15317) 114.1 kg/hagl ZAof v]3] B
T-No| -5 A o2 Uepgeh AlH]of o3t {15k 2k
0]=-27.6 ~-12.5 kg/ha=, T7lof| o7t - 76k 2fo| 7t
-0.3 ~+1.6 kg/haQl Zlof| H]slf =LA HAYs}F3ITh o]+, TR-B
O] 7-F- TR-A2} 5Lt AJH|E SHA] kL A AlH|et A
o] Yglo] E]glom, TR-C= ¢a/d v 52| Aln|gfo] uk&3
H|zo] vlsl| 2 Zo] Yglo] Eo& ACRE AlmErt.
T-N9| M Eo] o]t 2:A12-2 TR-A 9.1 ke/ha, TR-B 6.3 kg/ha,
TR-C 5.9 kg/ha& LFERL}, TR-A] H]8] TR-B2} TR-C2] &
apo] 7] et Zlof ]sl] FAE WA teheh
ol A2} 77k A%ak ool u]s) T 4 A0 o]}
7 Uehe o] Aol A 2 RS e
Aoz AlRErTE T-NQ 2|#vj4 Hel=kS TR-A 15.5
kg/ha, TR-B 11.7 ke/ha, TR-C 8.5 ke/ha® LFERL}, E77 31
2jo} gl ] AJ]E B Z12H TYTu] 25 %, 45 %¢]

AR QL A0 LreRde), TR-B B3 2| S 53
WASSRES 15 % A7 Alo] A MIHS Ao AR,

TR-Ci= 3 AlH|Eo] A old Hat eba g v|2E Ao s
H Fesx7] ol W Aol B F =7 RE Ao)
2210] B Ao =2 ALRE T Evans et al. (1995)2 &7
1% FINTHPO) A ol ok 30 ~ 50 %71 2
2= o)t} 1%} u} 9lom, Yoon et al. (2006)-2 T-No] 7
T A G RS ol B2 ol SAE7| el viE
Folego] A7 el G577k ERt AR e 23k
7} 8 @351tk B3 HE @It E38E Changetal. (2011)2 &2
WS Ea) o] o] = (21.2%)0] A BIRE Ay
B 79 T-N W2 o 4.9 % A28 4 Qlrka st v} 9]
B T-N ) §31351 o] ATl o1k TR-AC)
A 11.1 %, TR-BoJ|4] 9.2 %, TR-Co| A 7.4 %= YERY 5
salef oju) 2| e: ol wR BUele AR B
3 242 1.9 %, 3.6 %0 A a7t Qe Ao = ekt

i)

Ct T-P 24K 24
Table 5= T-P 224 E4ATE L))z 9lck. T-P
991 H51= TR-A || A 19.57 kg/ha, TR-Boj|A] 21.83 kg/ha,

Table 5 Phosphorus mass balance of the different paddy treatments during the farming season

T-P (kg/ha)
Inflow Outflow
ftem Date Rainfall Irrigation Fertilizer |Subtotal (a)| Infiltration DrasiLrj:af\Z:e(b) U::tir:e Sum 2Rl
May 0.02 0.02 - 0.04 0.29 0.54 - 0.82 -
Jun 0.02 0.04 19,29 19.35 0.14 0.21 - 0.35 -
TR-A Jul 0.07 0.02 - 0.09 0.08 0.34 - 0.42 -
Aug 0.04 0.04 - 0.08 0.13 0.28 - 0.40 -
Sep 0.01 0.02 - 0.03 0.09 0.03 - 2824 -
Sum 0.15 0.13 19.29 19.57 0.72 1.38 2813 30.23 7.1
May 0.02 0.02 10.23 10.27 0.03 0.13 - 0.16 -
Jun 0.02 0.04 11.34 11.40 0.19 0.13 - 0.32 -
TR-B Jul 0.07 0.02 - 0.09 0.16 0.45 - 0.61 -
Aug 0.04 0.04 - 0.08 0.22 0.30 - 0.52 -
Sep 0.01 0.01 - 0.02 0.09 0.00 - 27.95 -
Sum 0.15 0.1 21.57 21.83 0.68 1.02 27.87 29.56 47
May 0.02 0.03 18.40 18.45 0.09 0.18 - 0.27 -
Jun 0.02 0.04 - 0.06 0.13 0.06 - 0.19 -
TR-C Jul 0.07 0.00 - 0.07 0.04 0.19 - 0.23 -
Aug 0.04 0.04 - 0.08 0.15 0.27 - 0.42 -
Sep 0.01 0.01 - 0.02 0.14 0.00 30.32 30.46 -
Sum 0.15 0.12 18.40 18.68 0.54 0.69 30.32 31.55 3.7

TR-A: Conventional treatment
TR-B: Drainage outlet heighten treatment
TR-C: Slow release fertilizer use treatment
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TR-Cof| 4] 18.68 kg/ha7| HAYsIATE T-N}F w27 1R &2 3
el &It 2pe]71-0.02 ~ -0.01 kg/hal Zlof] ]l AJu]of| £
3} 2}o]7}-2.28 ~ 0.89 kg/ha= FA| LeRTE Ttk TR-BE]
T-P - 5-5k= T-N3t &2] TR-Ao] H]sj| A Uebd=t
o]i= SPD#1 ol 4] EHH|A] 1 AlH]8}A] ¢GL7] Wi o &
AtaErh T-PO] XFof ofgt A7 TR-A 0.72 kg/ha,
TR-B 0.68 kg/ha, TR-C 0.54 kg/ha = YEY, T-NI} 1p2t7}
A= TR-A 9] H]3| TR-BL}TR-C 2] HFEAwFo] W vhet
o, o] :=TR-A Q] g E 27}k ohE A 2)+tof| il =
UE Aol Uglo] H3lE AR AL ETh T-PO| Z|3tH]
H3}eES TR-A 1.39 ke/ha, TR-B 1.02 kg/ha, TR-C 0.69
kg/ha=, =71 Phe|et $had v 2 AH|E 53l 2226 %, 50
%9] A a7} Q= Ao = UER T TR-B= TR-A o] H]
o AR S E BPok e AR EIE ey
126, ol T-N2} vl A 2 W2 A 7hol 02 mahe A}
FEth Yoon et al. (2003a)of] Th2H 45=7]= AlH]o] 9
3 Q19 Frt = AR, FeRr| el E e =
7] iSRS Y o Akl Hargh vl Qlek 31, Jang et
al. (2011) RS Fol 7 W w=ofl &ad 25 AlH]
S o) T-P O] s ¥sh= SF8h| 2 5 AW wj o} vl &5l
Zpo)7} mlu|gk Ao g Harstal Qle o] Hlsf, & A9
TR-C= =2 A aE Uehdl=t, of= T-NIH uizk714]
= ka4 v =S ARl wet Fu7] Aol B
= Wl Ea et A 0E Ao sk Aol dak 71A
= Aoz ALREh ?HH T-PO] f-of ot o] A|3euia=
2 TR-AA 7.1 %, TR-BOJ| A 4.7 %, TR-Cof| 4 3.7 %=
Frlek ohm] | sl ol Ert E e ARl S
Fol 247424 %, 3.4 %S AFAEITF Qe A o' YERlth

r

V. 20t 7=

B AP AR 59 AR SRl 9118
& o= B e w9k ) 2
sfod, S22 BB S A ]

B3 5y ulol W SRS AgANE JFH 0= 7

Aotk = Ao Auks theat Lk

1=0] Wit S TRY 2,61 em, B3] 2,94 o, AJH| Tk

2]2.24 cm P u] B2k 0] W H4410] 0.33 em

37 LERLHE 02 el B3 o] AS-2 B8 B4

2 159 4= Q= O Uehek

2. B4 S AT T o] B 2w ol A OF8 %
A Pk A0 ehetow], ghi Hl Al )

BAE P et 2 Xjol S LhehjA] Qigkeh. A Euje
o B3 27 el ol TaTe oF 15 % AdEhs 2
2 Upehgron], Sy ]2 Auls 2 Kol 2 ek
oh 2 QATe] Ak B ol S A5 4 4

52 59 4 glom, B W 4] At 9l

3. B8PA HAZ T T-N Folef2 18+t 15.5 kg/ha, =3
29 11.7 kg/ha, AJH|TE]E 8.5 kg/ha 2 LERL} s ol v]
S| et Aol A 25 %, 45 %2 viEH-5E A%
ANE 2= A 02 YEyith T-P ol H3+ 1.38
kg/ha, B3] 1.02 kg/ha, AJH]32]E 0.69 kg/haz Lt
B Tl v] S Rek AlB]Eke] ol A 26 %, 50 %2
AFEIT} Q= Ao & YEsTh

Q0] A B o] 2 W P v A M| S E

=ollAe = iEFolE 2
ShES
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