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Effect of Balloonflower and Potato Cultivation on Runoff and NPS Pollution Loads
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ABSTRACT

An upland monitoring was conducted for about 4 years with respect to the water and quality of rainfall-runoff. The objective was
to characterize of runoff and nonpoint source (NPS) pollution from a sandy field with 4.5 % in slope under balloonflower (2008-
2010) and potato (2011) cultivation. Balloonflower was cultivated without any surface cover but potato was grown under plastic
mulching. Runoff rate, EMCs and NPS pollution loads were estimated. The first flush effect was evaluated, and the correlation
coefficient among the selected water quality indices were analyzed. Average rainfall size was higher by 2.3 mm when balloonflower
was cultivated but average runoff rate was higher by 0.02 when potato was cultivated due to the plastic mulching. EMCs monitored
from balloonflower field were higher than potato field except SS and TN, but all NPS pollution loads of potato field were 2.1~22.9
times greater than balloonflower field because of larger runoff volume. As a result of first flush effects, balloonflower and potato
field were more influenced by increasing of accumulated rainfall and rainfall intensity rather than first flush. In the result of
correlation analysis, there were no evident correlations between runoff and water quality indices. However, there were obvious
correlations between SS and the other indices except TN. As a result of this study, it was thought that perennial balloonflower crop
could help reduce runoft and NPS pollution loads but annual crop with plastic mulching increase them.
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Fig, 1 Location and drainage area of the study field
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Table 1 Analysis of rainfall frequency of the study field
between 2008 and 2011

£ 53] gHsfloptt st} B AoA= 2008WHEE 2011 Occurrence | Occurrence | Average | Total Rainfall
[N Rainfall Class number Frequency | Rainfall | Rainfall | Percentage
ETL?&;ET?LT ;}01101\4013 (31060}9);15*1 j(l)*k %;(Tir (day) @ | o | |
=T 2 ow=E M mm e, m, Below 10mm | 271 68.8 26 | 7061] 113
50 mm, 50 mm o[Fe] FLAFORE Yol Al WS, 10~ 30 mm 66 168 195 | 1.2866| 205
HPARIE (%), Bet 7395 (mm), $74-% (mm), 7] (%) 30~ 50 mm 2 6.6 358 | 9310 149
of dfsle] ATt (Table 1). A7|17F B¢t & 3943]9] 7 Above 50 mm 31 79 1077 | 33388 | 533
O 7} HhAEII T & 739wkl 6.262.5 mm= YERdT) ZF Al Sum 287 100 - 6,262.5 100
Table 2 Analysis of rainfall runoff events of the study field between 2008 and 2011
Rainfall Antecedent dry day Rainfall intensity Duration Runoff
Crop Event Date (o) (day) “ (mmy/hr) () atio
Ave. Max.
1st '08.07.24~ 25 239.4 2.7 5.7 41.0 42.0 0.21
2nd '08.07.26~ 27 57.0 0.4 3.4 15.2 22.5 0.13
3rd '08.07.30 40.4 2.9 11.5 24.4 3.5 0.15
4th '08.08.02~03 69.2 2.5 3.3 23.8 27.8 0.19
5th '08.08.18 59.2 1.9 2.9 20.6 20.6 0.25
Balloon 6th 08.08.22~23 86.0 33 30 114 287 0.18
flower Tth '08.09.01~02 59.8 8.7 2.1 5.6 28.3 0.05
field 8th '09.07.09 202.0 14 10.5 36.2 19.3 0.14
9th '09.07.14 204.4 0.9 9.4 31.0 21.8 0.22
10th '09.07.17~18 42.8 3.5 1.5 11.2 27.8 0.03
11th '09.08.11~12 196.6 2.4 7.1 10.0 27.8 0.08
12th '10.09.10~11 279.0 2.0 7.0 82.0 46.0 0.04
Average 128.0 2.7 5.8 26.0 26 0.14
13th '11.04.30 64.5 0.3 3.8 10.0 17.0 0.05
14th '11.05.09~ 10 110.5 2.2 4.1 29.0 27.0 0.29
15th '11.06.23 85.5 0.4 3.8 17.0 22.7 0.15
16th '11.06.25~ 26 91.0 0.3 2.7 11.0 33.4 0.16
17th '11.06.29 136.0 2.2 8.8 25.5 154 0.18
18th '11.07.03 72.0 2.7 3.9 12.5 18.5 0.14
Potato 19th 11.07.07 32.0 37 2.1 111 15.3 0.004
field 20th '11.07.08~09 47.0 0.8 2.5 13.0 18.5 0.01
21st '11.07.12~13 27.3 1.2 1.5 12.5 18.5 0.003
22nd '11.07.14 80.9 0.5 3.0 17.7 27.0 0.17
23rd '11.07.15~16 44.2 0.3 1.2 9.1 38.6 0.09
24th '11.07.26~ 29 503.5 1.3 8.3 51.1 61.0 0.49
25th '11.08.16~17 28.7 0.9 14 6.8 20.0 0.01
Average 97.7 1.3 3.6 16.5 25 0.16
All Event 110.9 19 4.6 21.1 25 0.15
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Fig. 2 Hydrograph and Polluto graph of runoff events 8 and 17
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Table 3 EMC of rainfall-runoff events of the study field
(Unit: mg/L)

Table 4 Pollutant load of rainfall-runoff events of the study
field (Unit: kg/ha)

Landuse Event SS | COD¢ | CODyin | BODs | TN TP | DOC Landuse Event SS | CODg | CODyi | BODs | TN TP | DOC

st [1.9266] 2153 130.1] 92.7] 1.368] 6.271] 44.1 st os8| 110 67] 48] 0070 0322] 23

ond  [1,180.1] 1654 1048] 75.2] 1681] 4925 36.8 ond 00 13| o8] o6 0ow3| 0037 03

3rd 5741| 1475 755 37.8] 353] 7.310] 238 3rd 34] 09| 05 02 0o21] 00sa| 01

sth [11518] 165.2] 79.5] 549] 5678 7010 236 4th 152 220 11] 07] oos| 0003] 03

5th 7088 77.7] 500 343] 3692 6.661] 132 5th 105 12| 07] 05| 0055| 0008] 02
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v =2 gHo= UEth 7 A2 AjolE Hel g2 DOC
2 50 mm ©J3ol A= 0.03 kg/ha, 50 mm ©AoA= 0.7 kg/ha
2 Yepsth 7P 2 AelE 2ol 32 SSE 50 mm o8t
Al 1.8 kg/ha®]™ 50 mm oJdollAl= 283.7 kg/haZ UEFITE
ol WAk SHAY L HRFEIRFY] 749 50 mm o5
FAVEME fEECl A7] wizel HAske LHEEY &
T AL Zlow veyth weby 2 AR 22 HARE 5 %
olgle] AMUE wo A= 50 mm o3k Z-AlFolA el -5
S B0 vA= o] AS AoE ddE.

95



wepAel 74 A7E 23w el nAs o

|

o AP 2 ARS BhFOR A
QGRIAPUIG} LA GBI T4 ol§sto] 2714

s FATE "ol Geiger (1987)0f ofshd w2 Ful=Ad

& opEAE M2 ol o) Aol 27]
Fick. 2714 A RS e 2t =
E 27 olAfol|A] =813t 2| Aa ATRS YeRRA] kgt

& 27| Hrf $RRE s ot

=
%’

o
&
N
e
2
ful
=
Ofr

Normalized Cumulative SS, BOD;, COD.,, COD,,,, TN, TP, DOC Mass

T
0.0 02 0.4 0.6 0.8 1.0
Normalized Cumulative Flow

(a) Balloonflower field
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Fig. 3 Plot of cumulative load fractions as a function of cumulative runoff volume
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Table 5 Pearson correlation coefficients

Water quality parameter
o runoff SS CODcr CODyiy BODs N TP DOC
Flow 1 —0.101 —-0.062 -0.101 —0.099 —0.094 0.131 —0.086
SS 1 0.897 0.902 0.898 —0.188 0.663 0.871
CODcr 1 0.909 0.862 —0.097 0.704 0.854
Balloon CODy, 1 0.959 -0.239 0.780 0.935
Flower
Field BODs 1 —0.250 0.715 0.926
TN 1 —0.159 —0.250
TP 1 0.741
DOC 1
Flow 1 0.772 0.663 0.549 0.670 0.154 0.368 0.381
SS 1 0.809 0.556 0.788 0.240 0.579 0.451
CODcr 1 0.821 0.835 0.286 0.647 0.612
Potato CODwn 1 0.784 0.294 0.611 0.698
Field BOD; 1 0.269 0.684 0.766
TN 1 0.362 0.265
TP 1 0.503
DOC 1

* Bold values are statistically significant at p<0.01, p<0.05
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