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Abstract

Statistical analysis was carried out to identify the influence on environmental factors between paddy water chemical
properties and Chl-a concentration (algae biomass index) using water samples collected in June for 3 years at rice paddy field.
As a result of correlation analysis, there was a significantly negative relationships in DO(-0.366) and pH(-0.141). In contrast,
significantly positive relationships were founded in COD(+0.431) and TOC(+0.422). According to the result of factor analysis,
3 factors were obtained and indicated that PC1 were Ca, K, Mg cation, PC2 were TOC, T-P, PO4*-P and DO, and PC3 were
T-N and NH,"-N. As a result of linear regression analysis to develop a prediction model for chl-a concentration, the total
amount of explanation was 20.6%, PC2 had the greatest influence on the increase of chl-a concentration and PC1 also showed
a positive correlation but the PC3 has a negative correlation. In conclusion, carbon and phosporous content are the main factors
for the increase algae blooms of rice paddy.
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Fig. 1. The locations of sites investigated in this study
experiment.
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Table 1. Observed average water quality data in the study area from 2016 to 2018 at the rice paddy field
o Chl-a pH DO TOC Ca™ K" Mg** N TP )
Statistics N/P ratio
mg/m’ mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Mean 24.4 7.6 8.1 18.9 25.6 12.6 6.6 7.0 0.19 53.0
Maximum 128.1 9.7 152 152 89.0 40.3 30.6 68.4 1.00 811
Minimum 0.8 52 1.5 29 3.0 1.3 0.7 1.0 0.03 32
S.D. 26.4 0.7 2.7 2.7 16.5 8.2 5.8 9.0 0.16 76.9

Chl-a 5E& 3k 81EAZe] 3H0] aeldss
SYUSE Slo] AFEIEAE ASTHKim o
al., 2002). £ AToIA0] WE FARLE SPSS 18.0
2 olgsiirk
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770 A|Hellx] 2016 AFE 2018 714] o]FA|71R1 6
Hof| o]Y27] =ollA AHFE A7) 422 SsHo]
&, B, gtk @ 3FEAke] gE2 Table 13} Atk
Chl-a= 2|2~ 0.8 mg/m*of|4] Z|tf] 128.1 mg/m’7}A] A|
=7 A5 AR 2R Ao |E LRSI o= A=
7 GAl ol - A, 2, dxT e 5
o] Qlo] AlEAF A, A= sy whizsl
Ao Holth Park et al.(2012)2 7~9L= SEHf A
Chl-a2] ‘1e4= 50 mg/m’ 0|4} e g B o=t o=
oA 12 9 ko o3t YUEAL] O Ao
TR HRF7E WS wiiZolekaL sigict. =
143 Wit Chl-a2] == 24.4 mg/m’® oJALO = H]
WA 22 S ARG o= o|YAl7] k2t v
A8 ot YA FYom 27 o] FXIF
7] wiEQl A o= ek pH 5.20014 9.77F4] ]
A= thofel 7R B¢l=t Kim et al.(1998)0] 57
2] sk =4 2] pH M= 5.9004 7.48ka X 1gh
ek jI9P7F e WA Rtk DO ERE A 9 2|
7 ZG2 3] B Hole| o= ol A7) =59
25, 75 WS S, 718 o T Tkt
AR} Tt Ao= Heltk TOC sk 2.9 ~15.2
ml/L2 v ZEA| 232 S13l=t] o= =ollA EHIA|
Bolut AlEA| A5 f71E S Rl whet Alo]

He=H o= 38k &,
7159 2o, E8E 5ol o8l iRt 7o) Aol=
Hol Ao g Holth T-NZZ 24 1.0 ml/LojA Zof
68.4 ml/LZ H+ 7.0 ml/LE2 =4 Jelyith Kim et
al.(2012)-2 = HE] AlEA] = FHO] T-N2 A&
143} H= Zlolof] whaf oF 120~160 mI/Lo] 55
Helokal st 2 At A T-N 4o 2z & B
¢l Al A5 Ao =EH|u BH|E ot Alg3h
o7 FgEr} T-P= T-Noj| H]sj| AJrfja oz w2
& Hol=t] ofi= Aaol Hlgf QMito] F2FEo] st
EF Sof] 321=I917] wiEel AoZ A7t Tilman
et al.(1986)2 N/P ratio= 25 Ao G njzj=
oz= Ao thet thi xJo]E KoLk N/P ratio 500
oAM= 227} 100% -85}l N/P ratio 2 ©]5}ollA]
= S2F7F fAgRThaL Sigiet = Al At Aoy
N/P ratioi= 3.20]4] 8112 wlj-¢- 2 LIS LeRfo] o]
= 27 W S0l QS TS A o= Helrk
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7] AP E Q3 o ® Helrh
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Table 2. Correlation matrix between chemical properties of water and chlorophyll-a at rice paddy field(n=113)

Chl-a pH EC DO COD TOC Ca K Mg TN TP NOy-N PO/-P

pH -0.141*

EC 0.048 0.096

DO -0.366%*  0.486** -0.008

COD 0.431%% -0.271%*%  0.494%* -0.395%*

TOC 0.422%*% -0.341**  0.372%*% -0.467**  0.944**

Ca 0.100 0.097 0.903** -0.051 0.504**  0.399**

K 0.105 0.013 0.803** -0.093 0.487%*  0.378**  0.714%*

Mg 0.095 0.133*  0.877** -0.028 0.544%* 0.420*%* 0.905%* 0.643%*

TN -0.004  -0.071 0.598** -0.074 0.331%*  0.209%*  0.389%* 0.512%* (.388**

TP 0.153* -0.238** -0.032  -0.454** (0.445%* 0.382** -0.125 0.143*  -0.138*  0.233**

NOs-N  -0.102 0.114 0.140%  0.143* -0.248%* -0.223 0.108 0.072 0.090 0.118  -0.166*

PO/SP  0.062  -0.200%% -0.126  -0.371%*  0.283* 0.221% 0.198%* 0016 -0.191** 0.120 0.820%* -0.165*%

NH,-N -0.018 -0.104 0.607**  0.007 0.359%*  0.253** 0.361** 0.543** 0.398** 0.833** 0.249** 0.047  0.159*

*p<0.05, ¥ p<0.01
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2 TOCS] S %
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Hoioh 28U T-NIke] AtAle gl9lom Chl-a 5%
A EAREA] ATlof A% NH,-N 9 NO5-N2] 5=
o] 014121 Aol gloich. E4ee] Thejopatel 712
= TN} T-Po] 247} 1.5 mg/L, 0.1 mg/L keI~ 9]
Lo B @7 o TN HRAE 7.0 melL

7ZAE W Z0etelon] T-PE 0.2 mg/LE 7|Z3]
Bt} okt =Rkt (Forsberg and Lyding, 1980). 0= +=
EollA 7IEA] oo =& Ha S 2] Al
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Table 3. Rotated factor pattern matrix between chemical properties of water and chlorophyll-a at rice paddy field

Variables Component
PC1 PC2 PC3
Mg 0.933 -0.005 0.077
Ca 0.928 -0.018 0.071
EC 0.902 -0.099 0.346
K 0.773 0.033 0.335
COD 0.647 0.640 0.065
DO 0.008 -0.804 -0.021
TP -0.087 0.732 0.547
TOC 0.553 0.719 -0.028
PO/-P -0.223 0.702 0.497
pH 0.017 -0.555 0.023
NO5;-N 0.003 -0.507 0.250
NH4'-N 0.421 -0.008 0.761
TN 0.469 -0.078 0.752
Eigenvalue 43 32 2.0
Proportion(%) 332 24.5 15.4
Cumulative(%) 33.2 57.7 73.1

Ero] o) =B LAFEIAdTt
Chi-agle] THAS Awal) gis) 28 2910 ojujs
aATahE, Al 1891 Ca, K, Mg®] ol ECo} 3
2. QolHElERS Ho|il Q) o 0|52 “ITd: 9Fo] 0]
O EC 5" o= 351 s & = A0tk Al 28
1.2 TOC, COD, T-P, PO,"-P2l= 9Fol#A|, DOK=
SRS teto] “§7 1880 2l DO hst ol
of W ol 9372 wEsto] jAIat 4 Qlolch Al 3
291 T-N#} NH, N} o] #AIZ Uehfjo] “d4¢
E09o)| 2J3F NH,'-N JoFg] 37 oz sj4ds) 4= qlgl
t}. o|e} 7o w AR =Eo] FlskA QolkA A},
N, P, K, Ca, Mg 50| 33Fg v|gA| 83} A4 XA}
of] oJ3F gk I+ 5 ThfRt 8%lo] =0l Chl-aE &
ST 25 e WSl SRS A 02
zpgic,

3.4, Chl-g X0 st 3|12
£018A A} 37]9] 8910] Chl-a FkEof n|x|=
kS ¢lolh 7] 9J5f] 379] QRIASLE Eiss 6‘]—

Chl-a 552 M52 slo] MG 3|42 AAE
A= cheat 2.

Y= a+b1xPC1+b2xPC2+b3xPC3

<Egwg>
PC1 : &0l 20) &Jgt EC A5 a2l
PC2 : f71Eg0l 2Jgt DOIAe} o]
dEE a9l
PC3 : A4 =20 28k NH, -N 3ok 2 99l
<TE¥S>
Y : Chl-a g%

= o)A}

T oo

sl EFe] izt Bl AR 913t EAMRA =
Table 49} Z-o1 EA AT} 37] 2910] 8} Chl-a %%
71l tiell & Ag=H(R-square) 20.6%= 37§ 221
of thgh oS =P - QPRI AR YRt
(F=13.2, p=<.0001).
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Table 4. The ANOVA table for linear regression analysis on chlorophyll-a at rice paddy field

Source Sum of squares df Mean square F p-Value
Regression 28923.20 3 9641.07 13.21 <.0001
Residual 111669.72 153 729.87
Total 140592.92 156
Table 5. Regression coefficients for Chl-a concentration at rice paddy field by regression analysis
Model B S.E. Beta t p-Value
Constant 26.376 2.156 12.233 <.0001
PC1 4.322 2.163 0.144 1.998 0.047
PC2 12.146 2.163 0.405 5.615 <.0001
PC3 -4.381 2.163 -0.146 -2.026 0.045

te A Bt -F-2l2HE-2 Table 53t ). 3744 3%
9| el tigt AN =9 AR E EH
PC2(F71& 3a°ll &gt DO 4@} ofof] whE QlAk
85 827t Chl-a 5% F71o) 7 2 3k vt
e PCI(F< ool ofgt EC A5 81l) &3t
Chl-a -5t 710l 37821Q1 ok v|Al= A o= et
wieh Kim et al.(2002)2 H57 F-F2pol gt =2
3kd Q9184 A} KMnO, 4:H]%, COD, BOD2} %
HE {715 Q2lo] ofE Q1o vl3|| g3k Qle] 7t
Z} Ackal 519995 Yoon and Park(2000)2 ekl
TR TR A Ay YUYHTF s U E
sfje]] ogt F7|2ke] o] Artal siGl=t] 2 At
o|e} dA|eh= AAE H Tk

Ty PC3(H A Fdol| ©J8h NH,-N % &
o 82 A7 (-)4.381 2 Chl-a-st=of =4 1
Fgog IS nxlE Zoez yeRdth Cho and
Shin(1996)9] Wz AlHlokAIF oA BjokH
NH,"-N2] ‘s1e1= vjoF 7|7t Ujof] 2|5 0@ 7haa}el
Oon PR Fs A NH, -NE A8z oz 54
ol sigick & Ao 4® Chl-a 5% THA
ARELA AT} Chl-a 5= 40.0-59.9 ng/mi7H1= Z7}
algloLt 71 opfe] Chl-a s=oll A= NH, N7t
AEH o7 Fadhs A HArk ol =aoli &
AsH= NH, -NE 257 AAof| o] 8=|HA] Chl-a 5=
£ 37181l NH, -Ni= ghagtofue} S7)A7 29

=]
pun

it

=}

e

M

ZFe el o=z ®olth wleha NH, -N2o| Eris
Chl-a FL=o] tfgh T5wpa 2H83t 2102 Holn
Chl-a 5= ofI=2 93t 39128 7 A iz
SRS K| el 7140l et Wask Ao

= ek

% :=E0] Chl-a 5%+ 0.8~128.1 mg/m’
2 e ZulA B 51900 Wit N/P ratio= 5302
A7} 1) EASk= A 02 Ukttt
2) Chl-a z=e} S2sfMduke] AhtAl S AAIR
Z1} pH} DOE (-)0.141, (-)0.366 0.2 2-9]
Helom COD 9 TOCe} AtAlr= 27}
(+1)0.422 2 ¢Fo] Rt A Hict
3) Chl-a =0l ok nlAl= Ay 4] A
£ WHpR slo] PR B42 E1t A s H(varimax
rotation)S A3 A} F=A7]018 73.1%E 37119] &
L& =S80 ARl Ca, K, Mg9| ol
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ECS} =& Qolslere melom] zRacle TOC,
T-P, PO,"-P % DOOJm] A32.¢)& T-N, NH, N
BRI
4) Chl-a e vigt o528 S
423} 3709 alEsE S
S FHUFE Slo] AgsARAe AT An

thF=13.2, p=<.0001). 4% 3|H=F 2] eftAlo|
gt AAn =5 HASE BH PC2(R71E &
ol &3t DO 78} ofof whe Qi 8= all7t
Chl-a ¥%= 3710l 7P 2 %S niA|aL 9lew PCl
(T Fol2oll oJFHEC /5 22)) E3F Chl-a 5= &
7holl 34 B vA= o= yehdth Jeiut
PC3(E A F9Joll &J3E NH,-N 9 35 222>
S|HAR7T (-)4.3812 Chl-a ol 52 Wakeor
T 1A Aoz YR ofof sl 7]l A5t
FHEjojop e Z o R Helrt.

o] A} =oflA] 25 ol FEEE = 4 3
23 AR 231 f7 =t QU] 27
& G USIeE ey 2 A kg agle
AR AR =50 FASA olelo EYelsil,
7VeE, WE 548, Aol 5 TRl s
£ 1183k Chl-a & 58 W7ol wet A7t 5
7o R Q3 o= Helr) E of2igh 2 nY
2 OB 79 ol 2 oA 201 Aol et

Ir
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22 HET 4 9 R0 Yok

H =80 =228 oAl A(IAHS: PI0119
2801)2] x| o] oJ3)| o] Foj%] AG-ATRe] A lc)

REFERENCES

Cho, K. J., Shin, J. G., 1996, Bioassay for N-P nutrient
demand by freshwater algae cultivation of the Naktong
River, Korean J. Limnol., 29(4), 263-273.

Forsberg, C., Ryding, S. O., 1980, Eutrophication
parameters and trophic state indices in 30 Swedish

waste receiving lakes, Arch. Hydrobiol, 89, 189-207.

Kim, B. C., Kim, D. S., Hwang, G. S., Choi, K. S. Heo, W.
M., Park, W. K., 1996, Contribution of primary
production of phytoplankton to organic pollution in a
eutrophic river, the Naktong River, Algae, 11(2),
231-237.

Kim, H. S., Thm, B. S., 1998, Studies on the application
plan and purification capacity of the hydrophytes for
improvement of water quality of effluent from
agricultural land, J. Korea Soc. Env. Adm., 4(2), 1-8.

Kim, K. S., Lee, N. L., 2003, Estimation of pollution loads
flowing into Mokpo Harbour “Centering on pollution
loads from land in dry case”, J. Korean Soc. Mar.
Environ. Energy, 6(1), 11-20.

Kim, M. K., Kwon, S. I., Kang, S. S., Jung, G. B., Hong, S.
C., Chae, M. J., So, K. H., 2012, Minimizing nutrient
loading from SCB treated paddy rice fields through
water management, Korean. J. Soc. Soil Sci. Fert.,
45(5), 671-675.

Kim, M. S., Chung, Y. R., Suh, E. H., Song, W. S., 2002,
Eutrophication of Nakdong river and statistical
analysis of environmental factors, Algae, 17(2),
105-115.

Kim, S. J,, Song, Y. H., Lee, J. H., 2016, A Study on
management strategy of non point source pollutants in
stream basin, J. Korean Soc. Hazard Mitig, 16(2),
515-522.

Lee, H. K., Park, J. E., Ryu, G. H,, Lee, J. O., Park, Y. S.,
1992, Fresh-water algae occurred in paddy rice fields
. Identification and propagation of green algae,
Korean J. Weed Sci., 12(4), 335-351.

Lee, H. K., Park, J. E., Ryu, G. H,, Lee, J. O., Park, Y. S.,
1993, Fresh-water algae occurred in paddy rice fields
V. Fertilizer response and chemical control, Korean J.
Weed Sci., 13(1), 1-6.

Park, K. H., Kim, B. S., Yun, H. J., Ryu, K. Y., Yun, J. C.,
Choti, J. Y., Kim, K. D., Jin, Y. 1., 2012, Characteristics
of water quality at main streams and lake Doam in
Daegwallyeong area, Korean. J. Soc. Soil Sci. Fert.,
45(6), 882-889.

Suh, M. Y., Kim, B. H., Han, M. S., 2005, Cyanobacterial
bloom and microcystin - LR in eutrophic waters,
Korean J. Sanitation, 20(2), 1-11.

The Ministry of Environment, 2012, Standard method,
quality test of water.



942 HjE)a - AR - AR - ok - SFE - LT - e
Tilman, D., Kiesling, R. L., Sterner, R., Kilham, S. S., N . Jeralse] teolol
o W32 2R 5% AEFEhe] e
Johnson, F. A., 1986, Green, bluegreen and diatom HH?‘]T’ s8R A A AT
. ’ - - huisu81@korea.kr
algae : taxonomic differences in competitive ability for o QB =2 T 2T Ak ] LA}
phosphorus, silicon, and nitrogen, Arch. Hydrobiol., janghs331 _@ko;c{a.kr
106, 473-485 < g, FESH S S A ATA
’ ' ) o hjb0451@korea.kr
Yoon, Y. H., Park, J. S., 2000, The analysis of variational o Ok 2T A 2 Alek)sle] ol o LA}
characteristics on water quality and phytoplankton by shahn94 @korea.kr
= = Sz 5o 37
Principal Component Analysis (PCA) in Kogum-sudo, < EEEL EEUTA FHARIS s A A
. . jongtag @korea.kr
southwestern part of Korea, J. Environ. Sci. Int., 9(1), o 7100}, w2 TR 22 Alektale] 9] ol Tyt
1-11. kimwhsoy @korea.kr
o HS, SR-A ] ZAFAT2EE A A

bsbae@globalri.co.kr





