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ABSTRACT

Evapotranspiration (ET) information is needed for many applications in agricultural and
environmental resource management because crop yields, plant growth and physiological
characteristics are primarily water limited. This study was conducted to evaluate the diurnal
change of ET using electronic weighing lysimeter and to determine whether the ET of
Cnidium officinale Makino could be manipulated through meteorological factors such as solar
radiation, windy conditions and air temperature etc., Pot has a diameter of 35 c¢m and an
height of 38 cm. A disturbed soil of sandy loam (coarse, mixed, mesic family of Dystric
Fluventic Eutroudepts) within lysimeter has a mass of approximately 40.0 kg. In 2017,
10-minute recordings of data were used for measuring actual ET, and also evaluating a
relationship between ET and meteorological factors during from 2 Aug. to 6 Aug. The
maximum daily ET of Cnidium officinale was 44.04 + 3.949 g per hour in lysimetric
measurements. Diurnal changes of ET was highly correlated with solar radiation > = 0.7778)
and followed by wind speed (i’ = 0.6400). But on the other hand, air temperature was not
consistent with ET @* = 0.2260). This results imply that ET of Cnidium officinaele seems to
be mainly governed by radiation energy in clear days, and approximately 40% of solar
radiation is likely to be converted into ET. Therefore, weighing lysimeter can be used to
accurately estimate actual ET and is expected to attract a great deal of attention to reliable
application of water management in agriculture.

Key words: Lysimeter, Evapotranspiration, Cnidium officinale Makino, Solar radiation, Wind
speed

@ ®® | * Corresponding Author : Young-Jin Seo

B (francisc@korea.kr)



Seo et al.: Effect of Meteorological Factors on Evapotranspiration Change of Cnidium officinale Makino 367

LA E

B9k A1E-t|7] #|(Soil-plant-atmosphere system)
oA 29 olFel tiet i wAEe e #
gk ohde} 2% S8} o|A] olF-E olsfsl=t
- F83F gaolty ERAE AR S22 B, &
ol& 5ol sl 3uE™ AEHE| FEol; A
SAERol oJste] 45712 WstE o] tir]Foz o]
S El=dl olAE sk STAkolEal Stk
AEH TS T2 vk, AL 712 9 S 5
71/ aase] ofste] T1 o] AAE=H A &4
o AT oA =gt wif- Fajt J&S stue
S AP71ee] tigt At @8 HRE o]Fo]

=

Ae BEE 7oz o o] FHAk whEe v
SR EABEA Bao] 2% Awe] A7)
Aol 918w Bt W Aot thash
S79) B20] 75 Ao ool B ATt 4
=31 QtiKwon et al., 2007; Hong et al., 2009;
Kwon et al., 2009). T3t AEZ Q] 7|AH= AH| &
2-85l= Bowen Ratio W%(Rana and Katerji,
2000), 7)o fiE 7hs SIS #4571 9
5}od Food and Agriculture Organization (FAO)<]
FAO Penman-Monteith, Penman-Kimberly 1996,
FAO-24 Radiation 59| HWi(Yun et al, 2009;
Bakhtiari et al., 2011)T} JFSUAE o] &5F A+
7} =3 =¢lthHan and Lee, 2005). @& H=A] gF
Ashs A94 Aljke &t A A of gt &
Ak SR, AAGA FAHSE 2ARE 5t
readGrADSWrapper2} 28 ZZ8 7|ARt &2 2=
T Z-&(Yoo et al, 2017), YARAAZE(Lim et al., 2010)
o} 52 AAAH(Lee ef al., 2016)2 2-23lo] 2| EH
Eopske W AYERS gk ZupaEr Wb At
e Qe
SolAulEl A ATl 49, ol W o)
of ol $EgURE 1A 2ok G W om
B 5}t (Schrader et al., 2013; Peters et al., 2014).
Marek et al.(1988)2 T 45Mg (HZ 9m?, Zo]
2.3m)9] Eugh AYES thdor TS 574
g A3 0.05mme] FFHSAA] SISl o
Martin ef al.(2001)2 A4 ZHES AASH oF 1Mg
o] B tde= £0.12kg 2] AAES 7H=
27 golAulElE &gsto] 20| & ARgFol tigh

Whe stk

gk SfolAJalEl ve} el o) AT bt
S Z=4]8}o] Penman-Monteith@} TF2 ZHbALEF
A HPHTE A 240 gt AH(Tyagi et al.,
20009} vt AR e AZA|eA] o] 2
WaleF H71E 9)5ke] Penman-Monteith, jensen-
Haise, Priestley-Tayor model2] A2 =0 glo]A]
H|E] S ARE-8}9) S H(Steiner e al., 1989), Colaizzi
et al.(2006)> /47 57gH] o AFEL= WSANA
garsto] SRS X194 RE Y 37 Ei

ZAV A S7RA] SEARE 4 Tl Ao] ot o
St ARt 7 - 2olAlulEof o3t ASgh v
slof mele] g4 Wt ATE FAsielck
He wHe] FUA REAE 35S

4% IKONOS g/g#F=e} gtolAlu[gof ofgt A
SRS BAIE st B Y A4S T
3t Yang et al., 2014).

Ul Az Y S0l o ofeoA S
AFES] QPAQl dEISS fIste] =M ol
EAE o&sto] 12 mith 34 7HsE elolAlnEE
st A2 g5e] EolA SRS o
TEARES] 46%0f| SF = ARl o Wt uhE
AlEHO = of|A|e] -0} o] wE S ¥
3} E4(Lee and Haginoya, 2011), 21=2} 71448 40
2 SElge] o Wk 54 A7 = itk Lee
et al., 2012).

AHG(Cnidium  officinale Makino)S A u}
(Umbelliferae)ol] &3H= thdA 2E 072 |5kt 2
Ao ARG T AES] o ARgska gk T
oA AFel AT drE ARgol F7E o] gl
Y, 2%, 2ge] anprt Foiut dhgollA= ol
A AES, T A28S T oHAE ANHA E3E
< Folat Aste] g AMEE= AFAfo|tHOh et
al., 2010). ZLof HikSKLee ef al., 2002) W SR+
2H(Yi, 2004), =A% ¥ 55(Kim et al., 2003)
5 FEEA A9t HarEo] A= E-go] 7t
I Uek

SHARE AT a2 7ol oFshr] wiZe 7]
Sk QIR AujEAlo] A Fof 5o 909ty
24} 1,000haof| A 2016112 ©F 100ha =522 Ajul
d2jo] HAasHHTHMAFRA, 2017). whaha] b ARl
HEYE 917 7e7ido] dagt Aoy 7=

Aol e FuARE WL A4 EgaE 5 Rl

-

¢

AN

=T

oL



368 Korean Journal of Agricultural and Forest Meteorology, Vol. 20, No. 4

=4 B Qe AR Aol

b 2 A elolAn|EE o gste] 18]
Aol SRS B S G v
L RIS 2AB10] QPgERl RS Slat SE
e 7|2Ang swstud S st

IL 72 ¥ WY

2.1. 20| A|O]E{ X|=t

gfo] Al El= Fig. 13 o] ERARE He 871
9] A7]= 27 34.6 cm, %£9°] 38 cmE AH|QIH A
AR A2 shleh HAReE 2 Dtol o7t g3k
= |23} 8p7] Qlsto] Eejed HHE H A
£ 8719 W - ool w&EsHaL, vyt At
ot FE= 2asslr] fIste] 20 mm FA|O] HAR
£ loAmlg iZE Qo] FAFsIG] om ZRe-A] k)
o] E¢fiol o3t Aso] AAlE= Ae =] el
B715kte] viE= AX[sIGi) etolAlulE 871 A
Fo] thAHL 939.8 cm?o] T 40 kgl AF=E(Sangju

series)o]] PSH= AlFE(coarse loamy, mixed,

L

mesic family of Dystric Fluventic Eutroudepts)E %
skl §7] shtel] 0.01%9] 2% Hals-2 Alwshe
20 kg 80] 2T 3E Axslglon] REM ]

A= EEe FEglo] CRI000 dHolg&2A
Soil Block
Load Cell Load Cell] Load Celll

(Cambell Sci.APo]

| Sdste] wf 1gutch FARSHE
Z7gste] 108 744 %

RS AR

2.2. 2tO|AlOE MX| Y 2=

gfoAuE = AR d7eY S382Ed
T NEEZAHAE 128° 48" 367, Q&= 36° 53’ 547,
Sl 315 m)of| AREH o2 SfxAulr} HWo| El=
AP IR R B 2o A& sk 27300
A BEF2 AT golAu|E ol o]Alstal Bk
A RS WAIBH] flste] AAA vEHIde |
2 ¥ 45 3o ASES XA FUAAE 54
siel). 7)1 AR o] BESAEE glolAu|g Fo
1 v zolof Ax|sto] gto|A|n|E o] FHAE W54}
ROl AHAIE ARSI ti715 7123t Adise
L HMP 155 AA|(VAISALAAD, 42 zadz)y
T4 AARM YOUNGAD), YAES CMP 641
A(KIPP & ZONENAHE g5ttt

3.1. 7|4 = X1z

2 AdMe 452 9
U2 2017 8 205 8

Fig. 1. Diagram (a) and photo (b) of lysimeter for evapotranspiration measurements.
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Fig. 2. Daily changes of air temperature (a), wind
speed (b) and solar radiation (c) during the
experiment period.
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Fig. 3. Comparisons of evapotranspiration of Cnidium officinale Makino from lysimeter and air
temperature during the experiment period.

100.0 1.0
—a— Evapotranspiration
— Wind speed
80.0 A 0.8
£
{=)]
Q, -
T —_
— 60.0 1 06 E
P =
=] b
5 2
—_ [=
8_ o
S 400 A 04 E
|
£ 2
o
]
=
i
20.0 A F0.2
0.0 - : — S - ¥ 00
08/02M17 0810317 08/04/17 0810517 08/06/17

Date

Fig. 4. Comparisons of evapotranspiration of Cnidium officinale Makino from lysimeter and wind
speed during the experiment period.
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Fig. 5. Comparisons of evapotranspiration of Cnidium officinale Makino from lysimeter and solar
radiation during the experiment period. a, b, ¢ and d are peaks of solar radiation.
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and air temperature.

50
. ") .
.
e .
L ] * P
40 1 .
c .
i=) e 2
Q, .
T o, )
‘!-:” 30 1 . .
s . .o- .
s .
% r’=0.6400
.
§ 201 ** .
g_ .
©
>
1w
10 1
ale
F
N s
0 - T T
0.0 0.2 04 0.6 08

Wind speed (m/s)

Fig. 7. Relationship between evapotranspiration of Cnidium officinale Makino from lysimeter
and wind speed.



Seo et al.: Effect of Meteorological Factors on Evapotranspiration Change of Cnidium officinale Makino 373

Evapotranspiration (H,O g/h)

[ ]
0 T T T T

0 100 200 300 400

500 600 700 800 900

Solar radiation (W/m?)

Fig. 8. Relationship between evapotranspiration of Cnidium officinale Makino from lysimeter

and solar radiation.

T ASE BYS ZHT S Glo] by
Slste] BAelLIA|] AT SIe WA o] W=
A Bagt Ao BuEch BEARY Aol
o] 717k E2t ko] oF 40% A} FUAL o
2 wakE Zow AEch
web elolAuEls Qo] FubAler AAZE
A}
ALl Aoz ARk
Iﬂ-l o

e

1 AN 2olAulElE olgslo] UrFe Z
SPS BESIT, 1 AR S BAslel Taset

| 78
4207} efolAluElo] A BEE FuAbEe Anjakol
oF 40%0] SR AR PEuE o, Zubier

FUNY W] AP 2GS 2= aglolgic
600 Wi ol’e] AAllE AN Fibarey
F7b7t glol UHTL QYR O Al A 2
FROR NS UNFS] 2o] BAF A0 2
AFEIQIEE. webA SolAlulel ofslol A FEAIFE
RIShEAE AP BET 5 G e B
St 25 Ame] puagel % Y Qe T
o= ofe g3 Ao AR

=

P

57 AAEIAE7 | IEAN
“ThE, L2gs i A AL 7l A TA)
(AFI¥3:PI012722)" 2] 2| 2oz Aulz
olof] ZA=7 Ut}

=2
o
o
o



374 Korean Journal of Agricultural and Forest Meteorology, Vol. 20, No. 4

REFERENCES

Al-Kaisi, M., L. J. Brun, and J. W. Enz, 1989:
Transpiration and evapotranspiration from maize as
related to leaf area index. Agricultural and Forest
Meteorology 48, 111-116.

Bakhtiari, B., N. Ghahreman, A. M. Liaghat, and G.
Hoogenboom,  2011:
evapotranspiration models for a semiarid environment
using  lysimeter Journal  of
Agricultural Science Technology 13, 223-237.

Colaizzi, P. D., S. R. Evett, T. A. Howell, and J.
A. Tolk, 2006: Composition of five models to
scale daily evapotranspiration from one time of

Evaluation of  reference

measurements.

day measurements. American Society of Agricultural
and Biological Engineers 49(5), 1409-1417.

Han, J. S., and B. Y. Lee, 2005: Measurement and
analysis of free water evaporation at Haenam
paddy field. Korean Journal of Agricultural and
Forest Meteorology (1), 91-97.

Hatfield, J. L., R. J. Reginato, and S. B. Idso, 1984:
Evaluation of canopy temperature- evapotranspiration
models over various crops. Agricultural and Forest
Meteorology 32, 41-53.

Hong, J. K., H. J. Kwon, J. H. Lim, Y. H. Byun, J.
Lee, and J. Kim, 2009: Standardization of KoFlux
eddy covariance data processing. Korean Journal
of Agricultural and Forest Meteorology 11(1),
19-26.

Kim, J. M., D. Son, P. Lee, K. J. Lee, H. Kim, and
S. Y. Kim, 2003: Ethyl acetate soluble fraction of
Cnidium officinale Makino inhibits neuronal cell
death by reduction of excessive nitric oxide
production in liopolysaccaride-treated rat hippocampal
slice cultures and microglia cells. Journal of
Pharmacological Science 92, 74-78.

Kwon, H. J., S. B. Park, M. S. Kang, J. 1. Yoo,
and R. Yuan, and J. Kim, 2007: Quality control
and assurance of eddy covariance data at two
KoFlux sited. Korean Journal of Agricultural and
Forest Meteorology 9(4), 260-267.

Kwon, H. J., J. H. Lee, Y. K. Lee, J. W. Lee, S.
W. Jung, and J. Kim, 2009: Seasonal variations
of evapotranspiration observed in a mixed forest
in the Seolmacheon catchment. Korean Journal of
Agricultural and Forest Meteorology 11(1), 39-47.

Lee, B. Y., and S. Haginoya, 2011: The latent heat
exchange on the ground. Journal of the
Environmental Sciences 20(8), 1061-1068.

Lee, B. Y., S. K. Yang, K. H. Kwon, and J. B.

Kim, 2012: The effect of evapotranspiration by
altitude and observation of lysimeter. Journal of
the Environmental Sciences 21(6), 749-755.

Lee, G. S., S. W. Kim, S. Y. Hamm, and K. H. Lee,
2016: Computation of actual evapotranspiration
using drone based remotely sensed information;
preliminary test for a drought index. Jowrnal of
Environmental Science International 25(12), 1653-1660.

Lee, J. H, H. S. Choi, M. S. Chung, and M. S.
Lee, 2002: Volatile flavor components and free
radical scavenging activity of Cridium officinale.
Korean Journal of Food Science and Technology
34, 330-338.

Lim, Y. J, K. Y. Byun, T. Y. Lee, and J. Kim,
2010: Evaluation of evapotranspiration estimation
using Korea Land Data Assimilation system. Korean
Journal of Agricultural and Forest Meteorology
12(4), 298-306.

Marek, H. T., A. D. Schneider, T. A. Howell, and
L. L. Ebeling, 1988: Design and construction of
large weighing monolithic lysimeter. American
Society of Agricultural and Biological Engineers
31(2), 477-484.

Martin, E. C., A. S. De Oliveira, A. D. Folta, E. J.
Pegilow, and D. C. Slack, 2001: Development and
testing of a small weighable lysimeter system to
assess water use by shallow rooted crops.
American Society of Agricultural and Biological
Engineers 44(1), 71-78.

MAFRA (Ministry of Agriculture, Food and Rural
Affairs), 2017: 2016 an actual output of crop for
a special purpose : Annual Production Data of
Medicinal Crops 86-91, Sejong, Ministry of
Agriculture, Food and Rural Affairs

Oh, Y. J,, H. R. Seo, Y. M. Choi, and D. S. Jung,
2010: Evaluation of antioxidant activity of the
extracts from the aerial parts of Cnidium officinale
Makino. Korean Journal of Medicinal Crop
Science 18(6), 373-378.

Park, Y. M., 2011: Leaf temperature characteristics
being affected by light regime. Journal of the
Environmental Sciences 20(12), 1599-1605.

Peters, A., T. Nehls, H. Schonsky, and G. Wessolek,
2014: Seperating precipitation and evapotranspiration
from noise-a new filter routine for high resolution
lysimeter data. Hydrology and Earth System
Science 18, 1189-1198.

Rana, G., and N. Katerji, 2000: Measurement and
estimation of actual evapotranspiration in the field
under Mediterranean climate: a review. European
Journal of Agronomy 13(2), 125-153.



Seo et al.: Effect of Meteorological Factors on Evapotranspiration Change of Cnidium officinale Makino 375

Schrader, F., W. Durner, J. Fank, S. Gebler, T. Putz,
and M. Hannes, 2013: Estimating precipitation and
actual evapotranspiration from precision lysimeter
measurements. Procedia  Environmental  Science
19(12), 543-552.

Steiner, J. L., T. A. Howell, and A. D. Schneider,
1989: lysimetric evaluation of daily potential
evapotranspiration models for grain sorghum.
Agronomy Journal 83(1), 240-247.

Tyagi, N. K., D. K. Sharma, and S. K. Luthra,
2000: Determination of evapotranspiration and
crop coefficients of rice and sunflower with
lysimeter. Agricultural Water Management 45(1),
41-54.

Yang, G. J,, R. L. Pu, C. J. Zhao, and X. Z. Xue,
2014: Estimating high spatiotemporal resolution
evapotranspiration over a winter wheat field using
an IKONOS image based compcomplem
relationship and lysimeter observations.
Agricultural Water Management 133, 34-43.

Yi, E. J, 2004: Control of citrus blue mold and

chili pepper anthracnose by ligustilide and
antifungal compound from Cnidium officinale
Makino. Master Thesis, Seoul National University,
Seoul.

Yoo, B. H,, K. J. Lee, B. W. Lee, and K. S. Kim,

2017: Production and analysis of digital climate
maps of evapotranspiration using gridded climate
scenario data in Koran Peninsula. Korean Journal
of Agricultural and Forest Meteorology 19(2),
62-72.

Yun, S. K., S. O. Hur, S. H. Kim, S. J. Park, J. B.

Kim, and 1. M. Choi, 2009: Prediction of
evapotranspiration from grape vein in Suwon with
the FAO Penman-Monteith equation. Korean
Journal of Agricultural and Forest Meteorology
11(3), 111-117.



