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Analysis of Nutrients Balance during Paddy Rice Cultivation. Yoon, Chun-Gyeong*, Hasun
Hwang, Jihong Jeon, Jong -Hwa Ham (Department of Rural Engineering, Konkuk University,
Seoul, 143-701, Korea)

Field experimental study was performed to evaluate water and nutrient balances in
paddy rice culture. The water balance showed that outflow generally balanced the
inflow showing that about half (47 ~54%) of total outflow was lost by surface
drainage. No significant effect of fertilization rate was observed from three treat-
ments (150%, 100%, and 70% of standard fertilization) on both rice yield and nutrient
outflow from surface drainage. Therefore, reducing nonpoint source nutrient load-
ing by reducing fertilization may not work well in the range of normal paddy rice
farming practice, and instead it could be achieved by reducing surface drainage
outflow. Water-saving irrigation by reducing ponding depth, raising ridge height in
rice field, and minimizing forced surface drainage are suggested to reduce surface
drainage outflow. These practices can save water and protect water quality, how-
ever, deviation from conventional standard practices might affect the rice yield and
further investigations are necessary. It was demonstrated that rainfall affects nutri-
ent net outflow and paddy rice culture might be beneficial to water quality protec-
tion under normal rainfall conditon.
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Table 1. Fertilization rates for the treatments.
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Treatments N (kg hat) P;0s(kg ha?) KO (kg ha™t)
EF 165.0 67.5 855
SF 110.0 45.0 57.0
RF 77.0 315 39.9
Note : EF: Excessive Fertilization
SF: Standard Fertilization
RF: Reduced Fertilization
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Fig. 1. Layout of the study area and location of sampling stations.
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Table 2. Characteristics of the soil in experimental plots.

Properties EF SF RF
Sand (%) 42.2 35.1 34.0
Silt (%) 35.8 40.8 45.1
Clay (%) 22.0 24.1 20.9
Textural class Clay loam Clay loam Clay loam
Particle density (Mg m-3) 2.68 2.66 2.67
PH (soil : water=1:5) 5.20 5.09 5.14
CEC (cmol¢ kg™2) 7.05 7.30 7.65
EC (us/cm) 2,193 2,833 2,167
Organic carbon (%) 1.62 1.60 1.72
Total N (mg kg) 1,078 1,197 1,463
Total P (mg kg™?%) 284.28 346.01 413.49
P20s (mg kg1) 15.68 24.31 16.91

Note : EF: Excessive Fertilization
SF: Standard Fertilization
RF: Reduced Fertilization

Table 3. Agricultural activities during the study period.

Remarks

May 25 Ploughing and Phosphorus (100%),
basal fertilization Nitrogen (50%)

May 29 Rice transplanting 15 x 30cm, four plants/hill

June 9 Tillering fertilization ~ Nitrogen (30%)

July 17  Panicle fertilization Nitrogen (20%)

October 7 Harvest -

Date Agricultural activity
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Fig. 2. Ponded water depth and rainfall record.
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Fig. 3. Surface drainage from treatment plots and rain-
fall record.
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Table 4. Water balance summary in the treatment plots during the study period.
Inflow (mm) Outflow (mm)
Plots
IR1 IR2 PR DR INF ET Total
EF 261.87 296.64 511.30 1,069.81 507.24 72.88 488.53 1,068.65
(24) (28) (48) (47) 7) (46) (100)
SE 312.46 357.84 511.30 1,181.60 593.21 77.01 488.53 1,159.45
(27) (30) (43) (51) 7) (42) (100)
RE 380.24 340.14 511.30 1,231.68 648.44 77.52 488.53 1,214.49
(31) (28) (41) (54) (6) (40) (100)
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Table 5. Nutrient balance summary in the treatment plots during the study period.

Inflow (kg ha1)

Outflow (kg ha™?)

Items Difference

lFer. lirL lir2 Ipr Total Obr OnrF Onrv Total

EF 29.46 0.23 0.96 0.01 30.65 1.12 0.00 18.49 19.61 —11.03
(96) (1) 3) 0) (100) (6) 0) (94) (100)

T-P SE 19.64 0.27 0.98 0.01 20.89 1.21 0.00 16.34 17.56 -3.34
(94) (1) (5) (0) (100) ) (0) (93) (100)

= 13.75 0.33 0.89 0.01 14.97 1.20 0.00 15.61 16.81 1.83
(92) 2 (6) (0) (100) (7) (0) (93) (100)

EF 165.00 2.72 6.89 7.97 182.58 12.64 1.81 126.27 140.71 —41.87
(90) 1) 4) (%) (100) ) 1) (90) (100)

T-N SE 110.00 3.25 8.09 7.97 129.58 12.73 1.73 115.95 130.40 1.16
(85) 3) (6) (6) (100) (10) (1) (89) (100)

RE 77.00 3.95 9.50 7.97 98.42 14.70 1.97 105.63 122.29 23.80
(78) (4) (10) (8) (100) (12) (2 (86) (100)

() :Percentage
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e
e

<
a
)

o
o

1., 2000)37} -z }=} (Yoon et al., 2001)
o A7ANE EHR el wE & wlE% Fig.
T A= M2 2AHE e, 600 mm
o8te] 7492 vehhgich W% RS tha AR

)
L
£
e
23

ARk T-N=} T-P2] <= wj23e Aoz 7490 o
3 Zhsle S A3 dglen, 53], T-N2| 4%
+ T8 43S ek Hikone City datag A 9]

3}a 7497} 3% 7] 7H5<l 800 mmETh A 9lS w T-N

Sl Eal 29 ke vehle] =& 797} 800mm
ue B g e AaE nohe Ees 7|

5 M Al2EYE oulsieh $Eviete] o Hdd
S22 1,200 mme|™, ¢3%57]7Hg<- 800 mm (May ~
October) o|3lo]| B2, =5A7} A2 AT 23
gk wjEdelgls dukdgl Jd e H2A =
veke] =2 Al A A3} 7)ee] B2 EA ol
o= RFHG T-PO wujERslge sevete] 97
Aol M v15dt Ak el o, dE8e] A=

T-H TR

D i3 1% Il ¢ & 4 ¥ @ a8 DT 04 LR D& @0d 3D EJ

F —
"Hlullf

q_,.-

-

e e e e e e R e )

| el
| | . -

&F — —_—
Wan

RF 'qln_

X1 1 uEnk |} L] i T 1 10 Dy A BE 8 7ma Mme na

il (kg B Chillerw dlp b 'y

m Ong ) Oyp === Oyaw

Fig. 6. Monthly nutrient outflow from the treatment plots.

()7 Telfo] Qo] MZEE Ao Yehded, o
t Afpgsl mope) 54 B97mst 2477k o
27 WRroz QY7dAe 2 Sehtele] AS Bsut
Z74etel| uigl el dFEAe] & mjERs)
ZFrbehe Aoz veht =& %It 257t
mmE Z=343HA] v, wiE R v o e

1
=
e 394 715 AR e Aow e

U
L8

S
&

A oo ot Ho

o

£

s Alulere] wsfol we} Am vlsas) v ERss



72 &4 - g5t
[ 1]
m  Homa
Japan i
B0 & This siudy
5 40
£
=
'a L Hikeore: City —
E ol {Satsumnl} .
z e & 2
| " T L]
|
[ ]
-
o T T T T T T
i1
£
]
¥ U~
E ]
4
L ' -
o= ‘m w " g
4 -
e e e e e e B . B e, S
200 400 [ 1) BOD 1K 1582 &

Frecgetaliormm)

Fig. 7. Relationship between nutrient net outflow from
paddy field and rainfall.

SELETE

Table 49] A3E M, mE A FollA Amu =
Fuarge e, ol & Ul of e A
o). pstadol 2 3k vlAA e WSGIA F04
F& AR A wolAe] AmirE F 4 e
S ez 7= Bouman and Tuong (2001)= &
44 5~10cmel A EoFEe} A ZolHA A
W% A3t 23%9) & Aoruas) 6% YA a2 &
PR EINE BAAE 27 e Ao
R 3 W) AsRE AT Qe oA
W4 AgEe BADN 2 Fsd, A
BelA @) WEe] WhesE Bopses
L ECECE S FERFEE R
oo @ ez wolad. T, Wwg
Fusr) dAAE AR B
97k e, Agsin 44T &

it}
2

ofl

o

Podo e
fo > o rlo i

oy @ o

ol

40> ol g rle S

ff e W o
£ o
P

2
>
i
K
ki
-
i
13
<
rlr

AL 742 A

S
ol
o
of

ra

A

o
o

t& st

T A Amel g B3 A K5 A2AE 5 9
o} eltjololA] 4cm ZHF o2 6cme) 30cme] Ex =
o] Z7MAA 3Wdzte] A¥ A} 77 56.75%, 99.5%
o] 7% AF =237t e Aoz yehyit (Mishra et
al., 1998). ¥ dA7IME En FolE 10cm= {43}
S, v Fedud B FeolE 7 AlA 752

<+ Aotk AmulE &
IR ook 2 AT
73

A w9 izt Sz mAY JrEd 2oE

A7 AA % 97 el F2F oJnlE A 59
‘/_"\_

_:}l
A HedAmie Fdulgrt Z S vA= Aoz
A7Zbstar glot i=o 2 RE| 9] of ke Rt £
o o8 JFEA] 2z WAF B, Amuj5e]
Ay vEHor B FIFS FaAES UE
7 o]}, Table 5ol Al BojF= A3} o] Ak A&
Wz JFEAe Ao Qe FAE gtk o
2HA, & AMES 7k ERE o] Amul5E
43t oz APE e RIE AL S
Qe Aoz woid

o] el Atz B, =elA 2] JFEA wiERaFS
ZHaA717] 913 ez N 440] Ao} =Ko
P WMPER] ¥ol 24, FAMSE Hadshe W
W 5ol e, o] B3t 1) e &8l £A
g3t Whgae] Ak 2) Asks AFA &mIe} s
AFEe] Stz St 3) dFEd &4 A,

FFEA FaAZI ARA L] Has & VA

.

;fg g

2 wolne] Smahe Fig.
3 el 4AZWA ol g £

2
el WA e A% 4 AL W oheh Al
of JFEAL FHT 4 glom, WY Fa ¥olF 57
NA 745 AFEe 27710 JrEd nesde 4
93] F7kste] ue} oz ook JEe Fm ol
o F7he A ahpe] FUR gaE KA Qr W)
Nell A AT B ozt 2AnsE g8 AL

X k<]

E d7elMe F F9(0,100mm)e} vF H=7} 7S



TEAEHAl =0l FLEE X M 73

% 2% % A= @7~54%)7} el % £
o) gom], A me] Qe 18 FRAFFo] 40~ 46%0]

o AmAR] S A3l AT FEF SNG4

2

Aot Aae) YA AL &
B2 RE FFE T (78~96%),
AL (86 ~94%) 0 2 HAYF o
FEA) £AF(6~12%)%
AlRIEFe] zbel= Al w4
g Mo 3
Hgutozt

T

£

e
2 He
Wl

Jo

&
il
of
ol

2

4
Mo
o
k9
2
L

m
oft
L e
o
o2
i

2,

[e3
oot
o
=)
N
Y,
|o
fu
fz
o
2
sL i

ol
o
i M
()
:10
el
o
ol

B
>

EY

N
2
ol

rlt

fof
A

fo
2

N
=
el
o
22,
T

30 >

ol =
o

Lo Lo

X

oy
W
'y
olf
>

Pome
T
X
-0,
ol
o
ofil
o

O oE
o)
2
i
=
e
dz
b
iV
rlr
4

=
+
TS
oft
0
o2
)
b
>
Lo
oy
B
rlr
N
b
j=9)

o

o o wt % Z g 42 X
=
rO
(o
o
)
@
i,
T Xz
s
)
ol

£
fof
X
o
N
ot
+ "
x0
K R
e
o
o
%
g

O
4
a2

©
w4
b K
ﬁ rgg
o L
o
2
rlr E
T
= i
=
b
0.8.4 N
of 1, <&
o, EE il
L
flo

o

& 2 Zolet 47 ¥ ge 978 Pew @
= e,

h

Ab A}

2 A7 o1 FHF TH/IeMNEATHA (&
o] A7 #2] "9 A2y e A-ell

CEEES B

o o=
ol g8 2 @

Allen, S.E., H.M. Grimshaw and A.P. Rowland. 1986.
Chemical analysis, pp. 285-344. In: Methods in Plant
Ecology. P.D. Moore and S.B. Chapman (eds.), Black-
well Science Publishers, Oxford.

APHA. 1995. Standard Methods for the Examination of
Water and Wastewater, 19t Ed. pp.4: 99-153. Ameri-
can Public Health Association, Washington, D.C.

ASA and SSSA. 1982. Methods of Soil Analysis, Part 2:
Chemical and Microbiological Properties, 2" Ed. pp.
403-430 and 581-624. American Society of Agronomy,
and Soil Science Society of America, Madison, WI.

Bouman, B.A.M. and T.P. Toung. 2001. Field water mana-
gement to save water and increase its productivity in
irrigated lowland rice. Agricultural Water Manage-
ment 49: 11-30.

Cabangon, R.J., T.P. Tuong and N.B. Abdullah. 2002. Com-
paring water input and water productivity of trans-
planted and direct-seed rice production systems. Agri-
cultural Water Management 57: 11-31.

Chae, J.C. 1998. Effect of tillage and seeding methods on
percolation and irrigation requirement in rice paddy
condition. Korean J. of Crop Science. 43: 264-268.

Counce, P.A., T.C. Keisling and A.J. Mitchell. 2000. A
uniform objective and adaptive system for expressing
rice development. Crop Science 40: 436-443.

De Datta, S.K., W.P. Abilay and G.N. Kalwar. 1973. Water
stress effects in flooded tropical rice, pp. 19-36. In: Wa-
ter Management in Philippine Irrigation Systems: Re-
search and Operations. International Rice Research In-
stitute, Los Banos, Philippines.

Eom, K.C. 2001. Environmentally beneficial function of
rice culture and paddy soil, pp. 28-35. In: Rice Culture
in Asia. International Commission on Irrigation and
Drainage, and Korean National Committee on Irriga-
tion and Drainage, Korea.

Hillel, D. 1998. Environmental Soil Physics, pp. 602-607.
Academic Press, New York.

Hukkeri, S.B. and A.K. Sharma. 1980. Water-use effi-
ciency of transplanted and direct-sown rice under dif-
ferent water management practices, Indian Journal of
Agricultural Science 50: 240-243.

Lee, B.W. 2001. Rice cultural practices in Asia, pp. 36-54.
In: Rice Culture in Asia. International Commission on
Irrigation and Drainage, and Korean National Com-
mittee on Irrigation and Drainage, Korea.

Mishra, A., A.K. Ghorai and S.R. Singh. 1998. Rainwater,
soil and nutrient conservation in rainfed rice lands in
Eastern India, Agricultural Water Management 38: 45—
57.

Udo, A., F. Jiku, T. Okubo and M. Nakamura. 2000. Mass
balances of water and nutrients in a paddy field. Jour-
nal of Japanese Society of Water Environment 23(5):
298-304 (in Japanese).

Yoon, K.S., K.H. Han, J.Y. Cho, C.H. Choi, J.G. Son and
J.K. Choi. 2002. Water and Nutrient Balance of Paddy
Field Irrigated from a Pumping Station during Crop-
ping Period. Journal of Korean Society of Rural Plan-
ning, 8(1): 15-25(in Korean).

(Received 14 Nov. 2002, Manuscript accepted 20 Jan. 2003)



