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Assessment of Surface Runoff and Soil Loss During Highland Rice Growing

in Mae Fah Luang District, Chiang Rai, Using the Water Erosion Prediction Project Model
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Abstract

The objective of this research was to study surface runoff and soil loss as predicted by the Water Erosion
Prediction Project Model (WEPP) and compare with results for surface runoff and soil loss based on actual measured
data for different soils and with consideration of water conservation measures. The field research was conducted
on terraced rice fields in the Mae Fah Luang district of Chiang Rai. The experiment used Randomized Complete
Block Design (RCBD) with 7 treatments and 3 replications, which were: 1) highland rice planted no soil and water
conservation measures (WOSC), 2) highland rice planted with ditches with a vertical interval of 4 meters between
ditches (WH4M), 3) highland rice planted with ditches with a vertical interval of 8 meters between ditches (WH8M),
4) highland rice planted with ditches with a vertical interval 4 meters between ditches and with strips of vetiver grass
planted outside the ditch (WHV4M), 5) highland rice planted with ditches with a vertical interval of 8 meters between
ditches and with strips of vetiver grass planted outside the ditches (WHV8M), 6) highland rice planted with ditches
and a vertical interval of 4 meters between the ditches and with strips of Assam tea planted outside the ditches
(WHT4M), and 7) highland rice planted with ditches and a vertical interval of 8 meters between the ditches and with
strips of Assam tea planted outside the ditches (WHT8M). The results showed that the values for runoff and soil loss
as predicted by the model and those obtained from field measurement, when analyzed for difference by Root Mean
Square Error (RMSE), were nearly the same. The amount of runoff as predicted by the model was 0.11-0.45 times
higher than that actually measured, and the amount of soil loss predicted by the model was about 0.03-0.3 times
higher than soil loss measured in the field.
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Figure 1 Location of the study site in Mae Fah Luang district, Chiang Rai province.
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Table 1 Input data files in WEPP Model and source of data.

Input data files in WEPP model Source of data
1. Climate file includes monthly and year Using data from field and Highland Research and
values for precipitation, maximum Development Institute (Public Organization) (HRDI) data in
temperature and minimum temperature year 2014-2016
2. Slope file includes length and slope Using data from field

orientation, slope length, and slope

steepness at points down the profile

3. Soil input file includes soil albedo, interrill The values are calculated from the equations created by the
erodibility and rill erodibility database of soil data collected from field includes soil organic

matter and amount of clay particles contained in the soil

4. Plant/ management input file The values obtained from experimental plots in the United

States that have already in the model
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Table 2 Bulk density of soil (I\/Ig/ma) before (2014) and after experiment (2015 and 2016).

Bulk density of soil (Mg/m®)

Treatment Before After Percentage After Percentage
(2014) (2015) change (2016) change
1. Upland rice without soil conservation 1.55a" 1.47a" -5.16 1.28a" -17.42
measures (WOSC)
2. Upland rice with hillside ditch vertical 1.50ab 1.29b -14.00 1.15ab -23.33
interval 4 meters (WH4M)
3. Upland rice with hillside ditch vertical 1.49b 1.21b -18.79 1.13b -24.16
interval 8 meters (WH8M)
4. Upland rice with hillside ditch vertical 1.50ab 1.27b -15.33 1.15b -23.33
interval 4 meters with vetiver grass (WHV4M)
5. Upland rice with hillside ditch vertical 1.54ab 1.26b -18.18 1.14ab -25.97
interval 8 meters with vetiver grass (WHV8M)
6. Upland rice with hillside ditch vertical 1.52ab 1.28b -15.79 1.16ab -23.68
interval 4 meters with tea (WHT4M)
7. Upland rice with hillside ditch vertical 1.54ab 1.29b -16.23 1.16ab -24.68
interval 8 meters with tea (WHT8M)
F-test * ** - * -
C.V. (%) 2.04 4.75 - 4.69 -

* = Significant difference at 95% (P<0.05), ** = significantly different at 99% (P<0.01).
"The different letters (a and b) within the same column indicate significant differences.
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2.86 way 2.80 iefidus mudaL wargandRansT 1 dgninals Liflunmsnseusndauuazit (2.06 wedidus
ﬂﬂ'ﬁqﬁﬁﬁdﬁﬁmﬁqwmﬁﬁ (Table 3) n&IN1INAASST W.A. 2558 Usunnuduvaadng luauet luszAuiliunans (medium)
DeszAuAeudnegs (moderately high) Henagsyudne 1.86-2.73  ilasidus ﬁmmLLMﬂﬁi'}qﬁu@fJNﬁﬁﬂzﬁﬂﬁméq
Tmﬂ?“;‘%miﬁ 4 UpEARNNIT 3 Ugndals ﬁm“uﬁw@um (IfFn V.1. 8 1wm9) Lfi'ﬁ]LiﬁﬂﬂLﬁﬁmﬁUﬁ‘ﬂuﬂﬁ?V}ﬂ@ﬂ\ﬁjﬁ’]L‘17\II3J
mmmmumn 2.26 uax 2.43 1111 2.73 ua 2.66 wafidus puanaL mmmﬁmﬂn 1 ﬂ@ﬂﬂj’]'ﬂi‘ Tddunmanisaydndau
uazii (1.86 \lafidus) famauuﬂmmmmmmnm Tunaiiasannlaifinn s 1 Lwammimqmmwm ARNULIA
mﬂLﬂﬁwmmvmﬂmmLﬂu@ummmqmm@lmﬂ?mmﬂummmq“lummwmgq‘uu FagenndasTUHANIANETRY
11987 QUA WAZAMY (2559) WU antTRTesAUMEINALAEaannilanauReta A liiTunausadnguay
BunzdafueugandNaRediat il dATy (Table 3)

Table 3 Organic matter of soil (%) before (2014) and after experiment (2015 and 2016).

Organic matter of soil (%)

Treatment Before After Percentage After Percentage
(2014) (2015) Change (2016) change
1. Upland rice without soil conservation 2.30 2.06c -10.43 1.86b -19.13
measures (WOSC)
2. Upland rice with hillside ditch vertical 2.53 2.80a 10.67 2.56ab 1.19
interval 4 meters (WH4M)
3. Upland rice with hillside ditch vertical 2.43 2.61bc 7.41 2.66a 9.47
interval 8 meters (WH8M)
4. Upland rice with hillside ditch vertical 2.26 2.86a 26.55 2.73a 20.80
interval 4 meters with vetiver grass
(WHV4M)
5. Upland rice with hillside ditch vertical 2.33 2.60ab 11.59 2.23ab -4.29
interval 8 meters with vetiver grass
(WHV8M)
6. Upland rice with hillside ditch vertical 2.33 2.41ab 3.43 2.56ab 9.87
interval 4 meters with tea (WHT4M)
7. Upland rice with hillside ditch vertical 2.35 2.46ab 4.68 2.53ab 7.66
interval 8 meters with tea (WHT8M)
F-test ns * - * -
V. (%) 10.55 8.94 - 12.49 -

ns = non-significant, *significant difference at 95% (P<0.05), ** = significantly different at 99% (P<0.01).



214 1FANTNBRATNIZABNNAT 2563 : 38 (2) : 208 - 216

Uanaunsgqaydeaulull w.e. 2557 fauuansineiuetneittddnis Iedanash 1 Ugndnels laifszun
auimdRuuan fFunnnisg@uiugeqe 3.86 wnznfureianuas dauianan 4 Ugndnals Tefdhaeuenuas
menjﬂt,l,clﬂﬁmu@ﬂ@aﬁvuiwﬂumm (I VI 4 wmg) ﬁﬂ?ﬁmmm?@.a&nﬁﬂﬁuﬁmm 2.36 LWNZNINFARENLAT
USsnaunsgqayideiu D n.a. 2558 avuuansireiuatneiidtdAnyds Iaedannsi 1 depeiidsinnnsgaydeiugegn
3.35 WNLNSUADLENULAT LAYARNNIT 4 ﬁﬂ?u'}mrngmlﬁﬂauﬁmm 0.89 wnznsusaLanuAs (Table 4) Tl w.@. 2557
finaniduedn 1,565 Taawnssetl LL@:LﬂuﬂﬁLmﬁﬁﬂLﬁuﬂws@%’wixuumﬁﬂﬁﬁul,t,@zﬁﬂ ‘Lummmﬁu@fmﬁq
el AugAuazAunNEE Aol saniaiiBanaiiluEunnmnn A WiiannInsauTasuinAuat)
witinsgapdaAusndansilidszuuewinmuiaziedaiiioddny doulull we. 2558 unaidads
1,170 fadwmssat wasidulld 2 vesmimeaes TﬂNm"’wizuum%ﬂﬁﬁumzﬁﬁ %q@a*miw@uLml,m:mjmﬂ]ﬂﬁm?
WSoy LT auﬂ;mmxﬁumﬁmiﬁmﬁqﬁuuuﬁlmumn'%u Uszneufufitinnniduiianasnnnin T w.a. 2557
AATINIINFOULIMTINAUANAT LTNIURTNBURUAAAILAL ﬁ?ﬂﬂdﬁ%’%ﬂﬁiﬁiﬂﬁm_mfau?”m:?aw,t,@vﬁﬁfafjwﬁﬁﬂz@ﬂﬁméq
wans TLiuan ﬂ?‘mmmmmL@ﬂmummqmuwuﬁﬂuﬂ?mmmtJu Finresienu LL@vW‘HVIﬂﬂﬂﬂﬁJuuNQﬂu TneifFunnd
mm@umummLmﬁ”lﬂ@mwummﬁmmmm’mﬁimmvummm:rmw,l,mm uasfuszsufisansuldmaunnsesn
TR wimumaﬂmuﬂﬁmmmi@mmeuznggmmﬂmuimﬂu 2 fw/lddl wisewauwiniy 0.96 Hadwnssiel
AnagedtRuiigendnssALiasnademefenninmALLazHaNARRT luszazENe (NsBUNTAY, 2553) nanalden
?J%ﬂﬂiﬁﬁ@jﬁluﬁﬁﬂ@m‘ml‘fﬁ’] V. 4 wms aé'fmﬁumﬂ%l,mwajﬁLLtJnﬁ’fmu@ﬂ@é”uﬁﬁmuL?n Hlsz@nsnnlunisan
mané@ummﬁuﬁﬁﬁzgm fasannuangewinudndasinazneuiu TraBATINLIBNT WAL doeann9gayLae
mﬁ;mmaﬁﬂmmﬁuﬁ uazsngaarniiuir A luau

Table 4 The amount of soil loss in the year 2015 and 2016.

Soil loss (Mg ha™)

Treatment Year Year Percentage
2015 2016 change
1. Upland rice without soil conservation measures (WOSC) 3.86a 3.35a 13.27
2. Upland rice with hillside ditch vertical interval 4 meters (WH4M) 2.63b 1.84b 29.76
3. Upland rice with hillside ditch vertical interval 8 meters (WH8M) 2.46b 1.68c 31.98
4. Upland rice with hillside ditch vertical interval 4 meters with 2.36¢C 0.89d 62.33
vetiver grass (WHV4M)
5. Upland rice with hillside ditch vertical interval 8 meters with 2.39¢ 1.03d 56.81
vetiver grass (WHV8M)
6. Upland rice with hillside ditch vertical interval 4 meters with tea 2.52b 1.51c 39.95
(WHT4M)
7. Upland rice with hillside ditch vertical interval 8 meters with tea 2.73b 1.59¢ 41.88
(WHT8M)
F-test * > -
V. (%) 11.39 15.18 -

** = Significantly different at 99% (P<0.01).

miﬂmﬁuﬂ?mmﬁﬂmmLL@zmizgfyLﬁﬂau‘imﬁ‘l%l,l,uu‘-ﬁmm WEPP 1Bsnasnivatifildannnissziiu
Tneduunsnaadud w.a. 2557 3807 1 dgninels lifiszuseusndauuazi fsunanhvatedegege 37067
qnunefiumssteEnuas dauiansii 4 dgndnls ﬁ@é”mfwﬂuLﬂnLL@:Lmumj’]LLﬂJﬂﬁmu@ﬂ@i*uﬁmuLﬂn (lfein V1.
4 WnI) ﬁﬂ?uwmﬁﬂmﬂﬁmm 278.33 gnUNAMLNATFBLANLAT Tumummﬂ?‘mmm?zﬁa&lLaﬂauﬁié’mnmsmmﬁu
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il w.ai. 2557 33 1 SilinnnsgrydeRuaingean 3.86 wneniuseianuas d93ane 4 flfunmnsgode
Rusingm 1.71 wnznusiawanund wazluil w.a. 2558 330197 1 SepsdiBunniniegideRuietogege 3.45 wneniu
sawanuns wazliian1e 4 SSunnnegadeRusiga 1.06 wnznfuseianuas andiulddRanimtsuneyindau
wazti fBinnshvathanscuazsndBimsitifssuuensndmuuasir fensldsuiaeuensaiunslduny
mjﬂLLsJﬂG’f’muﬂﬂ@i“uﬁwamm%mmmm@m’@uu@zmiqmL’Zﬂﬁﬂﬁ’fﬁﬁqm TudauT89ANANLUAN AN EUINaANT 1
annmstssiuuasAniialdaialneia Root Mean Square Error (RMSE) 1udl w.A. 2557 wudn AnTilgannnnstsziiiu
dnindiResiuAidaldasauaziuualiufl AetulndiFiasi  heAAauanFreeninnnnsivatisesimasu
HAnndndszanns 0.11-0.45 win Iael¥An Root Mean Square Error (RMSE) Wil 20.55% meﬂ?mmmszgn;@ﬂﬁu
HAndeendnyszann 0.03-0.3 win Tnal¥An Root Mean Square Error (RMSE) winfiu 12.08% (Table 5)

Table 5 The difference between the values obtained from the surface runoff and soil loss evaluation by the WEPP

model and the actual measured values by Root Mean Square Error (RMSE) in year 2015.

RMSE = 20.55 RMSE = 12.08
Surface runoff (m® ha™) Soil loss (mg ha™)
Treatment Evaluation Actual The Evaluation Actual The
by WEPP measured difference by WEPP  measured difference
values values values values
1. Upland rice without soil 370.67 318 0.16 3.89 3.86 0.05
conservation measures
(WOSC)
2. Upland rice with hillside 278.33 249.67 0.11 2.71 2.63 0.03

ditch vertical interval
4 meters (WH4M)

3. Upland rice with hillside 346.33 270 0.28 2.82 2.46 0.15
ditch vertical interval
8 meters (WH8M)

4. Upland rice with hillside 370.67 191 0.45 1.71 2.36 0.27
ditch vertical interval
4 meters with vetiver grass
(WHV4M)

5. Upland rice with hillside 278.33 228.33 0.30 2.04 2.39 0.14
ditch vertical interval
8 meters with vetiver grass
(WHV8M)

6. Upland rice with hillside 346.33 248 0.28 1.82 2.52 0.28
ditch vertical interval
4 meters with tea (WHT4M)

7. Upland rice with hillside 318.33 243.67 0.30 1.92 2.73 0.30
ditch vertical interval
8 meters with tea (WHT8M)
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