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determine the transpiration and carbon accumulation of Cridium officinale.
Methods and Results: The transpiration of C. officinale was evaluated using weighing lysimeter.
The relationship between transpiration and factors such as solar radiation, air temperature, and leaf
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ratio of carbon accumulation to transpiration was 0.12%.

Conclusions: Our results indicated that the transpiration of C. officinale is primarily regulated by
solar radiation energy on clear days and that 97% of the water is discharged through transpiration
for heat dissipation. Therefore, weighing lysimeters can measure transpiration accurately and may
be useful in interpreting plant growth.
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A3} 715278 A vkl ik ArE Bask AAolrt. 3l 1em T EFulEd g AE ASAE &
53] Hg2 258 i 2 el tigh Agol 7] ool F-2g stk Aplg-]o A7 1em FEe §}
e AER TS Ak} J2oA] TslE Eol7] flste] i S Sem Eol2 Z3 AMSFEA ES (Sangju series,
Al A sl dUA] Y FES Adele Alo] =38tk Coarse loamy, mixed, mesic family of Dystric Fluventic
39tk (Nam et al., 2020). Eutroudepts)S Z318 & 39 309 T 10 & 35319
EQFe] gto] AEe o8 75712 B tr]seR th AT Qo] 1% & FESYS ‘%‘7] 218k 0.05 mm
ojFste TS Zm AV S0 = ke Adske  Egodd d5oR dESIt EdES -S4
289 7 Fash Ay Edow (ColalZZl et al., 2017, al7] flal Aujg7] shete] o) SWdl 9] A58 FEE
Djaman et al, 2018), S4tol W& FFe] F-&FY (Latent  AXBIAIL, & FE sldolle 48 FEE X5l F
heat flux)> i< EAL OﬂLﬂXl o] 4, %‘5‘:01% A, 7z 71HoE SRS FEEe] U 5 om AR fAIEES A
ZAd Al vk, ti7128] 9] olF T QA AulEe SIStk
ol AL, v, 712 %E 5 74 ade wE AR Ee B9k @ AEH AW (NIAS, 2000)0] wa} E9k
B7b 71 A7 23 A FH olFoA vk (Lee and  3EMIF EAS EAsIITH
Haginoya, 2011; Lee et al., 2012; Renner et al., 2019).
FAO (The Food and Agriculture Organization)= &d3g 2. S4E Y 0PN 2=
ZubxkeE A4S 98] Penman-Monteith (FAO-PM)E 74 Ao FAare 3] golA|nEE AZste] H=3A
SAEFS Wrkske 7IeoR Aoyt A5 © th 001% e THE 250 kg 8] 22 4 e
2 o7t ¥ Ete] FAO-56 PM (Hur er al, 2006), AX3ANL 2= Adte] Hgo] AAd 4715 28 F A
Hargreaves equation (Seo et al, 2019), FAO-24 Radiation w8719 FA IS ATk 224 A5 HolHEA

(Bakhtiari et al., 2011)5%] WHE T3l 35 T¢le

AHFE WskE FgstEE AATE WskE A sket ofEle

o] U, AFHRI 71dHSE AHE &8st FEH ALY

H]-8-S 4Pg3l= Bowen ratio ¥ (Rana and Katerji, 2000)
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2 ATEeE AEEE B3 BA4W (E 36°90057,
128°80'84 el 91X B3fFEA=A T4 3 A 1‘é%*e‘
(F 24.0m x Z°] 40.5m x =0] 6.5mpelr FL st

AF (Cnidium officinale Makino)< % 45.5cm, Z 9]
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(CR1000, Campbell Scientific Inc., Logan, UT, USA)| %

;S‘ Asle] 1 & wpt) AFZS 243 5 10 & 7khow
= 7o) FHFe 71259} ol Am el 10 & 7F
Ao 2A% FA) A TR s Fd W
FF 2SI,

= g}}_& SolE)l= A = ]7]}\1—0 1 m =°]
B2 ANE AAsle] 2T, AAFE CMP 6 B
AF AlA (Kipp & Zonen Co., Delft, Netherlands), 713}

AtFE= HMP 155 AlA] (Vaisala Inc., Vantaa, Finland)&
ARESE] 10 i 7HAS R A5S ST t7]9] 75719
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3. AZAl L IR 2a
AT A AR Lpro] $HHNT $EER A

23k & B7|5 AAS L AAFS S50 60CoA 48
AZE 2N F AESS AR AES sl
045 Fsto] Ago] B@agos SHilsisint.
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(NIH), Bethesda, MD, USAFE AHg-3le} olvlx] #4231 ghe dol ol 139 Aol A¥e /19202 thehisic.
fom Bl oo 2 ERAM wWAlE G Hash o AdME Bl FASE NS Ugel P2 @
7 95t} AR olFo] P BY olulAE UK, B wrle] walel] w2 PP WA 2
B4k (hreshhold) 28 2 pixel #49] #:02 GUAL 7 2B O 2P AP Hol Ao WE L £9)
Eo =
Ul

ST F 59 u7PPY 87 zpolrt A AT = Qi 53] 24
AXE A= 28R}l o8t AP A E 5 oy
4. SAEM
SAEAL SigmaPlot 14 ZZ 7% (Systat Software Inc., m
San Jose, CA, USAYS ARE-3I o, A4 S L9t 4 5 . e
W2 W= logistic 3]FAEAS AAEINAL, =A)9F 2419 2
71’ BA47 48 FARAS AAlsk] A 24 3k E 20
i
o Y DA & "
0
1. MUE U op|at et 100
& (Cnidium officinale Makino)BjE 918l AFE3S B £ 80 =
o] siot 54 3 B4 24 A3E Table 19] W83 23 ;z o |
th. pHE= 66, EC 1.15dS'm™, §71% 28¢-ke!, §&9l 2 |
b 320mg-kglo® A st oy XA K T 015 2 *
& 20

cmole- kg &2 Wy X134 Cae 11.3 cmole-kg™!, X1¥4 Mg
£ 242 cde kg2 E=UTH ENX] JAEA A 2y 3 3 ' ' ' ‘ '
Zol 68.4%31 AIYERZ EFEAC.

= 4

A A0 Sbasie 2AE Avke Fig 19 2% 3 s °
on 3¢ 29UFE 6¥9 8UTHA 249 Hi#rl 19.2TC, 5
Hw71ee 373C, AR7)LL 64CTE VERAL. Ha o Sl
WA= 153, A3 dwAp= 308C, AA duwp= 3702 g 4
A7 9 Awajelrt & et @ AHE UERlS g
hodTiEEE BE S3S%E Uk A% gugod e
PR R Azt 2 R - )

Al 49 179, 49 199, 59 39, 59 99,52 15 5 )
Ag Aoleln AAAQ] e Ko WEH Fwope] Ax} 5 00
Fel2 Lehilon Ao YA 39 29%0l] 986 Wem™ g 400
2 BSEYT U1F S AEe AF d FH UFE 5 a0 1 g
oz 42t o4t 1 & 9 Aus wa] e o= 0 Ll LMMMMMMMUMMHMLHM

7] %]— j]_o]% J_E_}i']@, g;ﬂr ]:H7]%. %‘_%.7]0]:]1‘ i],o]_t‘:_ ‘\'%]ﬂ_ 1.17 3/30/20 4/13120 4127120 511120 5/25/20 6/8/20

Pagl Ho) 2719t zlole 59 9o 3.92 khE tj7]Eo Date

Z=z717} BakE]7] 21 27o|Qlon, A =24 6 Fig. 1. Daily change of air temperature (A), relative humidity
N R ol i (B), vapor pressure deficiet (C) and solar radiation
2 4L AR 013 ka = TR AF7E Z0IYAT A= during experiment period.

Table 1. Chemical and physical properties of soil in this experiment.

pH EC OM Avail. P,Os Exchange cation (cmol -kg™) Soil texture
(1:5) (ds-m™") (gke™ (mg-kg™) K Ca Mg
6.6=0.1 1.15+0.21 22.8+1.8 320=*8 0.15%0.01 11.3x0.6 2.42+0.30 sandy loam

YEC, Electrical conductivity; OM, organic matter; Avail P,Os; available phosphate. Each value represents the average of three replicate in
treatment.
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24 YFet 9)fe] 7122 AAAG 0.7489= AP A0 &
AS VBRI 7187]E 127582 93 71LHt) 24o] =
2 S YERIAT AR AAAIG 0.7844% GA] =
2 AFHAE BoH 71€7]E 0547302 24U /Y

= AR oF 46% A= FAEE FoZ et
2. QUAN L2 Big)
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I= RVt |
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Fig. 3. Changes in the leaf area of Cnidium officinale Makino
grown in lysimeter during the experiment period.
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Fig. 4. Growth of Cnidium officinale Makino during the experiment period. (A) 10 days, (B) 21 days, (C) 35 days and (D) 46 days

after emerging.
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3t 2 logistic growth ¥+E AFE-3HH (Byrne and

Drummond, 1981; Ahn et al., 2014), EoAHEE o]-&5}]

W3S AolA AulshaA AFE H7HE A3 logistic

growth g9} & A=) (2 = 0.9964)5H= FHE 71 1

ERAATIAL EFATE (Seo et al, 2019). B A% mpzrt
AR A7k mE A3 dHF S7HE AL logistic

growth g9} & AX] (2 = 0.9545)5H= A4S BTt
Aol &9 dudT S 0.69£0.16 H,0 g-om?
“day™ (9] 045 - 086) A7 B 2 Aole flE
Aoz VeI (Fig. 5). 38 A<RE 49 ke 249
A A =3 wFe] @9 HHAT SRS 045+0.13

H,0 g-em?-day”! (F9 028 - 0.67)2 HI3IA=8 (Seo
et al, 2019), A2 &9 JHATY FAHEE v} Hls=gh

FEg HERAIE

99 AREY Fae Aot YW 4 4P me
? B

= H =
MJ-day™!, SAHS B3 G WEFE Hd 2.6 MI-day '=
AE WEo] ¥1ES Hd 32.5%= A}
HATE 21 YFE 29 7R Y GARES] H e 172
MJ-day”!, FE WEFE Ha 43 Ml-day!, AR sk
2 W= WSS i 254%A5, 30 Lol 39 A7pH €]
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Fig. 5. Changes in the daily transpiration per leaf area of
Cnidium officinale Makino during the experiment
period.
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jisa
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H =
NFoR S WEN, QR RS

A Skl o
AL Wslel U oz wslslon AR Wl
B TS e 202 AT
AZF Ao & A& HY JozRE BAL ouRE F
StaL Skl o]k 4D Wzat oA 7] = e A9 WAt Bl
o Aes 53 FHeR d 5% Foll s TS 2

Aegs] DAz SEFS sk 53] F9 Wge A&
o] AL > FE > 20 o7 PIFS W=l ST} (Seo
et al., 2018a).

Agel fFd=le BAF duA, 35 9 7129 9FS 7
slo] St 45C oo g Eold 79 Ao] PR Ha
IAEAYo] YEeRdTEL d1992™ (Seo er al, 2018b), W &
oke] 7120] 28CHT} =7 3 U ol A&E HE 1293
7} @yEly] AlREtE R 1270 S s B E,
7NFAER, S4kE0] Trlsle] a9Folglal stk (Nam ef
al., 2020).

BHFEAR] Bk AR AR Faile] b 2 JPL
FE 718w Aol ST el we} drje] S
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3150t} (Lee and Haginoya, 2011). s = ZFabibes
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Fig. 6. Changes in the transpiration of Cnidium officinale
Makino from lysimeter and solar radiation in the given
leaf area. Solar radiation in the given leaf area was
corrected for logistics regression of leaf area growth
calculated by equation of Fig. 4.



BEA] GIEAL Y F SRS folst AP A Al
L}E}LHME} (Lee et al, 2012).
EAZZAGA 2o AH[EE o] 83l o] TNy Wl
A}t Sk A& I Frtste] Aol
Ol 3L e Fell= T fadhe F B o WHlkE JE
AL QlE obellE Sdite] ALl dojuA] b=
(Seo et al, 2018a). G| 7} B goll A2 Al
ke Al %Jf}%@ zpo)7h ol 40 g L=
o AES YERIISL YAkl tig Sitbee] AAE
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Fig. 7

B3I (Seo et al., 2018a).

7183} QAfEFo] HZe] ZAko) ESN A
o et fHo] Wdsle] RSl SAke] HAt
I FRI RS R E 59 2595 69 8U7HA 15
s <

oA P

2(:1‘ O o=

2 sigieh. Wgel Fe AZ FA0 YAlgol
% 2 F4to] ol AR P Fiol RolAs
A & eIt 1 ewsl] whe FaEe BAsge
o 9 ol slgel ool et S GolE A9E
ur

ATt (Fig. 7).

*J 0] 7W =9 59 30Y 104 308 AR
6235 Wm?, 7182 288CA 59 319 104 3029 o
AFEES 4592 W m2 7122 2827, 69 3¢ 114] 3082
%_‘.A}%k 639.9 W-m?2, 7|22 292CHT} :/_Ei_i T o]
2 Aol Azl 14 Sakell 23k AR 600 W-m™
e, 7122 30T olake] o] Hgtet &Li = ).

3. 2 AL B SEY U Sihjol
Al 717 2t Ao AT, AEF, B
RS 2AVeE A3 Table 29 79it)
A ZL 2o 144.60 +2321 g-plant™!, 273
g-plant™, FAFL 27690 +£27.74 g-plant'0|AL AEFTLS
o] 16 07+2.58 g-plant™, 2732 14.70+0.52 g-plant”, 3t
AHe 30.77+3.08 g plant o]t AE Al Al
04% *o}wl T3 Aol F eATS 1231+£1.23 g-plant™
o7 o] AAHES (.17 ml 2 AZHATH A7 F
o A7 & FAHES 10,006 g-plant ' &2 555.89 H,O mol
oJRL Hg A FIrE FEe] FS AAtsHE 27693
g-plant’2 1539 H,0 ml2 F S4Hgo] tist AE AYatge]
HIE2 0.31%, B4 A7 H]&2 0.12%2 A= &
Ao A Auigk wjFo] A F A diE A= A
BT 033%9 B2 25T 0.13%S HERRN ST (Seo e
al, 2019) A3 o2 g 2 AFAxe} AR A3E
UeRfe] SAkt A8 AREF 9 e S die A7t
Q= Aow AN
uweba] dubFel 39 412 6CO, + 6H,0 — C¢H 1,04
+ 60,2 FFsH=], & AA Aul717E Bt ] Bet
3 W22 Eq. (1)3Jr 2ol 18 2 Aok kA W3]

A 2 F FFE R 97%e bl o8 FdE

J{w E

N'E
o
olN

132.30+4.68

Table 2. Influence of wind speed on reducing the radiant heat in black globe under different wind conditions.

Fresh weight (g-plant™)

Dry weight (g-plant™)

Carbon content  Total transpiration

Leaf Rhizome Sum Leaf

Rhizome

Sum (g-plant™) (g-plant™)

144.60£23.21 132.30%£4.68 276.90%+27.74 16.07+2.58

14.70+0.52

30.77+3.08 12.31+1.23 10,006

Each value represents the average of three replicate in treatment = SD.
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wlo] AEAd defudA 9l
A=A

el tiFE o]

1.00 CO, + 571.28 H,O — 0.17 CsH;2O6 + 1.00 O,

+ 15.39 H,0 (WC) + 555.89 H,O (TR) )

WC; Water content of fresh Cridium officinale (HyO mol)
TR; Water content of by transpiration (H,O mol)

a2 EE oA HHE o] g3l w2 IR HFel 4
AZE FAEE BFo] 7hsek Ao ERlo] HAN, Sk
52 sste] AR mlg- f8sH o] T FeE
Al

AR =

2 A7eE 208 AR FEARE: PI014820052020)

o] Aol ozl o]Foixl Az o]o 7 }E%HE}.
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