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ABSTRACT

Reference evapotranspiration (ET0) can be estimated using Hargreaves equation with temperature data

alone. The equation has a tendency to overestimate for regions of high relative humidity and to underestimate
for regions of wind speed greater than 3 m/s. The study was conducted to determine Hargreaves
equation coefficient in 11 regions in Gangwondo by comparing ETO determined by modified
Hargreaves equation with ETO by the FAO Penman—-Monteith equation. The Penman—Monteith ET0
values were determined using the weather data including solar duration, air temperature, humidity,
and wind speed for 11 weather stations in Gangwondo from 2007 to 2017. The modified Hargreaves
coefficients for inland regions such as Chuncheon, Hongcheon, Cheorwon, Wonju, Inje, Yeongwol,
Daegwallyeong, and Taebaek ranged from 0.00181 to 0.00199, less than the default value 0.0023.
The modified coefficients for coastal regions such as Gangneung,
Sokcho, and Donghae ranged from 0.00275 to 0.00302, greater than the default value. Modified
Hargreaves ETO using modified coefficients reduced root mean square error (RMSE) from 0.84 mm/d
to 0.69 mm/d and increased Nash-Sutcliffe coefficient (NSC) from 0.69 to 0.78 compared with
original Hargreaves ETO. Therefore the modified Hargreaves coefficients obtained from the study can
provide more accurate ETO estimates than using original default value by considering regional climate
characteristics in Gangwondo.

In order to increase drought resistance when cultivating crops, plant growth regulators, and
effective microorganisms, etc were treated during the seedling nursery period and then the effects of
increasing drought resistance after planting were compared. In conclusion, it was found that
treatment with plant growth regulators, and Chlorella, etc reduced the stress of water shortage in
growing crops. In other words, it is expected that it will increase drought resistance without irrigation

and alleviate the sudden decrease in growth and yield under conditions of insufficient precipitation.
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# 1. A=Y 718 MY R M2 WE
HS te Mgy REA e Hi = 3 =z
1 Acetic acid 20mM 0.5mM 2mM 0.5mM
2 Acetic acid 30mM 2mM 20mM 2mM
3 CaCl2 ImM ImM ImM ImM
4 MgCO3 0.2% 0.2% 0.2% 0.2%
5 K2S04 0.05% 0.05% 0.05% 0.05%
6 K2504 0.1% 0.1% 0.2% 0.2%
7 KH2PO4 0.05% 0.05% 0.05% 0.05%
8 KH2PO4 0.1% 0.1% 0.2% 0.2%
9 Urea 0.1% 0.1% 0.2% 0.2%
10 Salycilic acid Img/L 1mg/L 10mg/L 2mg/L
11 Salycilic acid Smg/L Smg/L 100mg/L 10mg/L
12 EJu| 2 10w 10494 49 SLIR
13 Eu) 2t 20u o 20094 SLIRY 1004t
14 =24} 250474 2508H 4 50047 <4 50087 <4
15 Kluyvera sp. CL-2 107cfu/me 107cfu/mé 107cfu/m 107cfu/me
16 Bacillus methylotropicus GH1-13  107cfu/mé 107cfu/mé 107cfu/m 107cfu/me
17 Bacillus vallismortisBSO7M 107cfu/me 107cfu/me 107cfu/ml 107cfu/ml
18 SR ST T ST ST

2 AFE 20189 AYE FHA FYEFA7IsY ESEAEATA AT FESAH AT}
H sl Ao A S S 23E5S FAgt] & Hfgo] 53 7|4 AAQE EYF 2T A
B, ¥E)o| 47t 23} A& stal e A2 & EY ey AE v AEHA AREH 1
ga, S U FFEAS F 33 APE S8l T HESIY] EY By SHAE AL EY
By A= Algo] -85 e 8 ERgo] 43 §714 A 5& =& i
(G 2), oo dsiA EF sETHY &4UE, ey dFS A6
H 2 EY B3 XA X2l HE

HS 271 Xty HEH(NHE) - gAY

1 "ol 22HBC) A £UTHUEE80%, ALt E20%) - 6349

2 HRO] 9 ZH(BC) B ofupEg(obu] At 7}

3 "ol @2HBC) C  ofnfE(E H7b
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HS 771 XM HMEE (=) - g
4 Hlo] @ ZHBC) D ofnE(FEA wYEA H7h

5 Ho]22HBC) E 9A
6 vl @ ZHBC) F - F 2=
7
8

ulol 23HBO) G olikEg- ZEelUA

HAAHHA) 1)L Q AFELA] A }(EEP leonardite 100%) - E@F1E
2 %mwm(zn% 15%, 8220, =815, B4 10, HAWEIA 14,9540 5)
9 ?‘E‘ﬂH](AMC) _ 9]/\(_)111 fff?j"ﬁ o]
10 21HOQ) A ouk(o —7,:7]]’31 T 65%, ANEFE15%, v7E20%) - E3=rEst

11 wpo] &2 (BP)

Ad 4 7 AR S T A= 523 79(2019)

B AT 20199 U EHA AUEEA71EY EFHAATA w5 Ao 44

WS 22 S Ak HE AU AR Ve A FEAIQ~3Y 2H4 38 i AuA )<t
EG Baed SAA (el 2.2k 200kg/10a)E A =lotal, vid BAs e 4] Fof A=) The AEFH A
AfEd 183, S ) SFEAS 2AEe Ve AR S F AR 53E skl 7
A T4 T A WE2 & 339 Aot
3 HRE Vs NYY BN B M2 UHE
e S b = H| 11
391 FAbdE] 1%+te] @A+ E A ZEe} 2508 +uto] 22+
Sy arzke] 1%+uko] 9.3} SRt 25009 +uto] 9.3}
2513 P 0.5%+42# 0.05% 2=d} 5008 Y +4F2] A4k Smg/L 9
°r +Hpo] 2.3 +Hfo] ©.2} SR
S 13)/F # 18)/F #=
o = - -

(Ad 5) 2= 7he A +=A AE an +7(2019)

2 d9€ 2019950 Aee A FdEFdTIeY EGEE AT ASFFEE AL A
B3Rl F, A5 23S A AhE o] SR T AR SAle AR Zetold A
(2~3Y 24 33D E st e A2 & vk AEY A AREgdH As ¥ £FEE T A Ade
Sl T AdEst] A5E Thw AR FEAS AEsHAT A= 7 AR SRS A7 =
oy A2 28 9 AFARE Halsto] YF2H AT FEr¥E & AL AL 7w
AR freAle] 2EE A2 gk, AV, Slee § 499 ZEAFS AAA 44 17TA=E AFs
ATHE D). 29 7k 2B A AR 4eo] A% AEHAE wow Alx o 4444 44
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© 2 39 Hargreaves 5419 A4S BAsIg oM, 11 AitE Hilsk= Hio|t)

Hargreaves Al H4 Hargreaves ¥4l°] & 7 11AFY 7|25 T4k F44ke] FAO
Penman—-Monteith ¥ 9] 7| ZFWAMRF} 2pol7t 47} H| =& Hargreaves Al4-E HAT 405
& 59 Yefodch 24 5 WS GAAES 0.00181~0.001992 7]E7k1 0.0023 .o W2 vhd 7
5 5 et 5 AL 0.00275~0.003022 7] 2gkof vs|A =9k

]

H 5. Hargreaves 2419 HXE 7£(EAE F™: 0.0023 5Y)
X 4 2 As Xl 4 B A= X 4 23 Al
= A 0.00187 A A 0.00195 AR 0.00302
Z A 0.00181 4 € 0.00183 & = 0.00275
d ¢ 0.00192 o= 0.00218 5 9l 0.00284
A F 0.00193 B 0.00199

Hargreaves A& 7]24k¢1 0.0023.2 7|25 WAe A4telale dier & 59 EAg o= A4t
39S o] FAO Penman—Monteith B @] 7] 222k Akt v w3k RMSESF NSCS & 69 AAEHS
th. Hargreaves Al~E EAT2H 2218 27|15 WEY= RMSE= 0.74~1.17 mmd-1°14] 0.48~
1.15 mmd-18 %ot =4 FA=E U= NSC= 0.56~0.77°14 0.56~0.902% =otxict.

¥ 6, HX ™= Hargreaves?t FAO PM HftHo| ZdrAtal XX 70| RMSERF NSC

a4

23 A 2y &
Xl 4

RMSE NSC RMSE NSC

= A 0.76 0.75 0.48 0.90

z A 0.88 0.69 0.49 0.90

q4 ¢ 0.76 0.76 0.55 0.87

o4 F 0.75 0.77 0.55 0.88

A 0.75 0.74 0.52 0.88

4 ¥ 0.91 0.63 0.53 0.87

o4 0.74 0.74 0.72 0.76

g 0.78 0.68 0.62 0.80

A 1.17 0.56 1.15 0.57

&z 0.87 0.66 0.97 0.57

s o 0.92 0.60 0.97 0.56

3 o 0.84 0.69 0.69 0.78
7dHE 11X ™ol A Hargreaves A5 HA3t7] M3} 39 FAO Penman—Monteith ¥ 2] 7[5
Aol Atz w5 AT S 19 1o et Tk ASE 7239 0.00235% 3k3ls molle=
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A4 71e717F WE GAALLS 112~1.228 12~22% I FHste 4TS 2RIy, ASE
HASHS mo= 0.95~0.982 WolAA 2~5% T4 A5 A ok JFATS A4S B
Asl7] Aol 71L7|7F 0.79~0.882 12~21% IA& FH3IAY, HAS th2olEs 0.93~0.942
6~7% Tta FAs= AoR
8 - 10 : y=09272x y=X
+ Original e + Oniginal . R7=06117
- Modified ﬁ_.‘_l;lf-* y=x - Modified :
0.8948 8
6 A
E ES
4 . g,
L y=09385%
] . R*=1.8948
2
0 0
0 2 4 [ B 0 2 4 6 8 10 12
PM. mm PM. mm
z A 4 B
% 1. Hargreaves = EXN ®™ - £ FAO PM HHO| 7| 2ZUAE 0o M2} 5|4

AN A w9 7| EFHAES AS8t7] Yk, 73R oA At FE Al 71535 A
2] 2 9] Representative Concentration Pathways (RCP) 4.52F RCP 8.59] 7] A&} o] o)A
%78t Hargreaves A5 ©o]-83k4] 20404, 20709, 21009 9] 7] ESHHA=FS A1 o A+
of A o] &3t 7|33t AlYe] 2= HadGEM3-RA (Atmospheric Regional Climate model of Hadley
Centre Global Environment Model version 3) X ¥7]%& 2L Z3] AYAE AT Kim et al., 2012).

715 W3 Alve] 9] 712 Apm et o] dte] 24 H Hargreaves AlFE ©]-§3ko] ZHx9 9] 20401,
20704, 21009 9] 7]ESHAbg-S 243 A3k 20079 5E 20179742 9] 7] RS dAbge] Wt gkt
H|w3ko] 2040W 9= 2~7%, 20709 9l= 7~8%, 21009 0ll= 8~19% S 718l= RS2 YEGTHE 7).
53] Z5, &%, 53 5 ok 95 AL 20409 = 9~16%, 2070¥ ol 15~17%, 21004 o=

18~31% s 7kst] W& FAA A vls) S7F Fo] #3it.

H 7. RCP 4,52} RCP 8.5 AILtZ|20]A 2040, 2070, 21002| 7|2& A2 (mm)

Al o RCP 4,5 RCP 8.5 2007~
2040 2070 2100 2040 2070 2100 2017
= A 857 904 898 898 902 978 850
T A 870 909 905 906 916 990 880
4 4 858 895 893 884 902 979 870
a4 F 908 947 942 948 955 1,035 901
ol A 878 927 916 915 925 1,018 887
3. A=A <« 319



Al o RCP 4.5 RCP 8.5 2007~
h 2040 2070 2100 2040 2070 2100 2017

4 ¥ 871 915 913 919 922 1,001 887

o 805 864 858 841 853 965 830

B ol 815 856 857 845 857 953 833

A 1,232 1,285 1,320 1,300 1,312 1,459 1,128

& = 1,060 1,124 1,139 1,129 1,140 1,286 969

5 3l 1,111 1,171 1,215 1,184 1,193 1,342 1,028

H o 933 982 987 979 989 1,091 915

AE 2) & 7t AR F=A4 A &3 +7(2018)

2 AFolAe AL TeAd 59 Txﬂi WS 4 gl 2N A2 AT dfof 7h=
A= wol7] flstol, S5 B oA A2, F8u8E 52 AT tha FA Fof 7H&ol
gk A S adE BlusHIHh

SFeE 728 SH E9 1 2E AQuidt - B Q2~39) 0l k] 1% ik 0.05% 242 E
2~349 7H4 33 Axgolr UAEE T 5 HESHA0 7Y 249 FASke] 13 #shar,
A2t o3 9 28 ko] AYHRE s Y oEFS é% Mﬂ, Aol FAakstA (H202)9h
malondialdehyde (MDA), At RWC) TFS & 43}01] e 1% 14 2E 3AF Adskoich,
Fabze| o Aele A et thHsto] 7 o] Atgol 12% F7tekl o, BAksaeas fhFt MDA
el Wi A =0THE 8, 11 2).

# 8 Zas dxg H T EH(EA 7. 24, 59, 28)
4 3| 7HE M S £87 EAL7| o A% o|AE JESES
(cm) (9/%F) (2.9) (2.9) (cm) (cm) (g/0]4})
ikt 166 449 8. 29. 8. 31. 18.0 4.0 165
Qi 160 446 8. 29. 8. 31. 184 4.0 158
A 148 364 8. 29. 9.1 16.4 4.0 148
“1 s eEuzE 0oz ]

H20:, nmol/g

320 »

2020 A|EHTETN

MDA, nmol/g

0

MDA 442

| JIEAERMA X|H

RWC, %




A 72 5 Eold ZEG AU UL0-IDA HIA smyflsh S 25008 2
Ae|E 2~3Y 714 33] Axgo|® JHAEE 3 T Hl et 8?—;1 319 AAsko] 13] Bpstar,
f&‘?:fx%ﬂ]?ﬂ' U 114 89 gsto] Az AR 9 +RFEAS AL, 919 BHtakea (H0,)9
malondialdehyde (MDA), dhE RWO) T 24sto], 29 2508 1A 25 32 Adst
ek 22de Aele FAL tu|sto] AAFo] 26% F7betAen, BAFSkea okt MDA

ARl WAl AR EUATHEE 9, 1" 3).

X 2| =7| Z0| (cm) 27| £ (cm) MHS (kg/ZF)
Are] A4t 494 17.8 2.4
=29} 50.8 18.7 2.6
£ A g 473 16.7 2.1
06 50 -
o o — B P a m2 2t
304 3
i B o
é g 20
£ 02 =
00 o

MDA AHA-IEF
O 3. HiFe| VISAEYA XEEE M

Ad 3) B g 23 539 779(2018)

2 dAfolde= ALY BeAAE Y ZAE WS 4 gle 2 dES A

AL =017] S5k, 8 & °] St {714 AAHE Bl &3 At v B =4
At AE9 7Hrol Higt A S adE vlastgih

H g5k Aol 4] EgFe] 7]H] e} %——4 #7144 AAEtel eat, fEhE 247 &3 A28l
=5 AAste] 13 #4star, At o $86to Xiﬂtﬂi s 9 FEE
Qo] IAbst A (H,0.)2 malondialdehyde (MDA), A& RWCO) <

£ 34k HH};}S’&E}. F7174d A A 71E H}C’]EX}% 200kg/10a, -745F2 300 ©] it

He oo 7h

olN :(O

Spg9] 9 vpo] o xo] At FA el giulste] o]ibgo] 4% SISt oH, HpASkeA SRk
23%, MDA ABATFE 8% FAUTHIE 10, 18 4).
H 10, 244 M2 2 £2 EN
5 2l 2t MBS £37| E A7 ESPS, 0| AIZ ESES
(cm) (9/F) (2.) (2.9) (cm) (cm) (g/0]4Ah)
ujo] @ 2} 150 381 8. 29 9.1 17.0 4.0 154
&+ 152 424 8. 29. 8. 31. 17.3 4.0 158
A2 148 364 8. 29 9. 1. 16.4 4.0 148
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a8 4. 244 JZAEYA KESY MNZ BT

9 vholoxjel fure] Aelsk A elet chulste] AAZol 24~30% F7HALH, THAL
e EQTHE 11),

F 4% EYN
& 2| 7] Z0| (cm) 27| & (cm) HHES (kg/F)
ato] .4 48.4 19.0 27
& 473 19.2 26
oA g 473 16.7 2.1

A 4 7k AR A 9 A= 53 7%(2019)

06 50 - o " 120 4
OW= 0&th 05E 08l O " | otz oEsh 05 0F: 0B ofEoFg 0zt 0Ees 025

o
-

H;0;, nmol/g

o
o

.l el kil 2ol 23 (3L E] 1%+Ho] QA+ 8 H) 0] £97], ZAM]
of Trrof Hls 1Y =AUAIRE thxet 1 99 FA o HsiA= 2~6d WE F o=

g9 o]AFEL T4 thH] 7% AASIA T 2 thu] 115% Z718ke] 7HE A 21 2T A
=

322 » 2020 % AFHTEDN



H 2’ rArsS £37I EAL7| en ojAE HEE OME oMF
(cm) (2.9) (2.9) (cm) (cm) (cm) (cm) (g/0]4})
U 202 6. 4. 6. 6. 81.0 22.7 19.8 4.5 209.6
g = 114 6.10. 6.13. 54.0 17.5 11.9 3.8 90.3
31 147 6. 5. 6. 7. 64.0 21.0 18.0 4.0 194.4
32 126 6.10. 6.12. 60.0 18.9 14.2 4.0 119.7
343 136 6. 7. 6.9 59.0 20.8 16.3 43 1614
2t T - A 1%Htol e+ EA, T2 - AR 1%+HEo| @4},
T3 - A 0.5%+HdE 005%+H}o]gx}

A& 5) Z&E 7 AR =4 A9 53 1£7(2019)

Y A iz, EH|RRe) Aelrp FA 2ot diu]sto] HAF FFol 22 56~66%, 54~T2%
Z7Vetglal, AR 49 MDA A FS ZH2F 13~29%, 1~9% Sof, 71He AatA $2 aurt 9=
Ao & HAETHE 13, 19 06).

H 13, 2 45 ¥ & EH(FA 8.3, && 10.16.)
& MFZ 54 5=
A (cm) (ogj/qg /%) (/%)
&+ 50.3 238.2 (177) 65.4 143.8 (173)
2 (FA2) 46.7 134.7 (100) 58.2 83.3 (100)
AxE 0.2% 443 214.0 (159) 69.8 128.2 (154)
EH|2} Sujl 439 210.1 (156) 73.6 138.7 (167)

ke 0.1%

v 108 43.0 224.2 (166) 76.4 143.6 (172)

08 o= clatza| 50 q 120 ooz oo
ooz noas BEITS EETEICIES
PEEL 08 AZ el " b aEEhE
o= a0 4 . E

06

04

Hy0y, nmolfg

02

o0

MDA 442 A

2 6. 29 JI2AEA NESY MEY bl

A0} B AbrE], ke dAbe] Ae7h S e ef diulste] YA ¢Eakgo] 247 16~42%,
18~53% Z715H93, Takakdol MDA AAZE 242k 6~7%, 6~18% Wol, 7h A4 37 st
Sl Aoz BoEITHE 14, 29 7.
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H 14 03 Mg 2 22 EM(HA 8.3, = 10.16.)

H 7l =% M= =Nl S SENE
(cm) (9/%F) VIVES (9/3F)
o5 117.3 732.0 (341) 33.8 438.5 (360)
= (FA ) 89.0 214.7 (100) 16.4 121.8 (100)
QA 0.2% 88.6 248.2 (116) 18.9 144.2 (118)
Arg]AAE 10mg/L 95.2 302.2 (141) 17.8 186.7 (153)
olxkZE] 0.1% +

A AAF Sme/L 94 .4 304.8 (142) 22.0 172.3 (141)

Ad 6 B g 24

FOLFE, ) 710)%h vlol e ABO-E 5 4% 714
nEof g, B3 35S GAste] 19 sy, 44 F 30U
BEENE 24, o 03 1428 AF Ausort

A7) 7He A2

06

o0 -
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a3 74(2019)

MDA ggar

U
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=

T A7 & +7(2020)
Ad S S A= A 7F
iz Boh SEAE BERoA 2A A= o
7P AA A= e v a2
EO 2 STH(ad 8).
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o A% D FFEHS BU, FTYFZAet 00+ U4 Smg/L+rtol @A) F
F(A RA)S B o] 45% FLRSFAA, B2 ojul 27% F7kste] 7R AGA FA AR £
a

-y = 4(of)? 2nm)  2E(em) X|ALE x5’

HFZY  QtEY B 2Ake* (k) ChEl(%)
3 13 70 18.6 14.3 0.90 1.73 54 124
32 9 47 14.0 10.7 1.75 1.35 42 96
33 13 73 18.1 14.4 0.94 1.78 55 127
T 11 60 23.7 16.5 2.38 3.21 100 229
81 B2 13 55 17.2 13.2 0.71 1.40 44 100

) =9 - 22 250ujd+utol o+ E Y Eal) - *"EV.%_":} 10mg/L+H}o] 2 2H+H 2
FTU3 - 2L 5008 N+ AL Smg/L+HEo] @A+
na AREAAG R ATY B0 BF A2 A AR 2sds AREL
MDA A ¥4tekz) o S tix Hop F3A ] BRolA A Y=o F3HA =] ayrt
S Aoz wREYL, 1 F FU2E A A AHHAHAT 9),

2
e
>
B
>

o}
0]
AN

Ozossh o™ 0T 03+

O0E oFsh 0¥ oFds o

H;0;, nmolfg

oo -

# 16, 1F Mg Y »T SHM(+E 7.13,~11.05)

HIAE N =
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H| &S o =
al =% 34 =X
A = A =
"* (cm) (mm) (y ¥ o AS 2 A3 hi] (%)
(H/3) (9/%F) (1/3) (9/%F)
33 148.9 17.6 14.5 68.2 802.5 53.0 863.3 113 84
e 196.0 18.0 14.4 75.1 1,023.8 56.9 1,028.7 135 100
= 147.5 17.0 14.2 52.1 636.5 58.4 762.1 100 74
) - A4 10mg/Lratolex+dd,  FE2 - dAEEE] 0.2%+HEo] A+ EA
T3 - Al Smg/L+QlAEEE] 0.1%+dko] e 24+3 %
7t & NEZZOAML 7t Mty X B M| s1HekRA, 8m*/7)
7Ha A 4 S Al Al 7He 2B A 254 Babstaaa0t MDAR A 2Htake) 9
S g oy A BFRoA AA A= FdAe At = ACR HHE A,
I % SH30] 7P AA AAENT 59 A S AY 1 Aoz A §IdtHE 10).
Lo o= o&th o&t o0&t 0@ 50 O0jE D=8 nEsh 0S8 oo 100 . DOEOZthoSsthoFth:ods
gos '-g'm—
0.0 o - VDA AOHAO-I%F
210, 2 7IBAEHA XES
Fo A% 9 S BE, FUI(AALT 0.1%+E 3 100 rito] o +EA) o] BUFL
T diu] 10% 2AFAAE, 2 du] 28% Z7kte] 7HE ARA Z AR SUsATHE 17),
17. & 45 2 £ E4(+= 10.12)
74 K} RIAKIASR IZPIES SIA P alAs HH 2| = A=
EJ o TOo=ET AT =T =T THS [S=F=) CHH|(%
HET O em) (=) Gl OhE ohE (@) (g e
3 60.7 10.7 12.7 16.5 274.0 29.5 80.8 114 81
32 65.0 10.7 12.7 16.8 289.1 30.0 86.6 122 86
33 61.6 10.3 12.7 16.1 293.1 30.9 90.5 128 90
o 66.8 10.6 12.7 17.1 300.0 338 100.3 141 100
gz 64.2 10.1 12.8 15.1 256.0 27.7 70.9 100 71
)1 FE - AEEE 0.2%tHrol oA+, B9 - ElH|A) Sufjol+uto] @ AH+E A
TY3 - AAREE] 0.1%+ERIRF 10819 +uto] @2+ A
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U S s g2 B, 7he 2B A AR dntskea, A - iEeE(Maloldialdehyde)
o) BT dizol| wiste] FgA ] Rl AU,

o EAA R TR E671, A7) SOl o] mlsl 1Y =UAR, tixef 11 29 FakA| e
HeiA s 2~6 wWE AoR ZAEQIAL, ol4F2 Ha tiH] 7% dast A dix iy
115% 73] 7ha A4 SAAR F3shi.
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Ad 5) 2= 7k A +=A A= ax 7(2019)
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