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ABSTRACT

Background: Measurement of chlorophyll fluorescence (CF) is useful for detection the ability of
plants to tolerate environmental stresses such as drought, and excessive sunlight. Cnidium offici-
nale Makino is highly sensitive to water stress and excessive sunlight. In this study, we evaluated
the effect of soil water and shade treatment on the photosynthesis and leaf temperature change of C.
officinale.

Methods and Results: C. officinale was cultivated under uniform irrigation for 1 week drought
stress (no watering) for 6 days. A significant decrease in CF was observed on the 5th day of with-
holding water (approximately 6% of soil water content) regardless of shading. Notably, the Ry s
parameter (CF decrease rates) with and without shade treatment was reduced by 73.1% and 56.5%
respectively, at 6 days compared with those at the initial stage (0 day). The patterns of the degree of
CF parameters corresponded to those of the soil water content and difference between leaf tem-
perature (Ts) and air temperature (Ta). Meanwhile, CF parameters recovered to the 3 - 4 days levels
after re-watering, while the soil water potential was completely restored. The suitable soil water
content for C. officinale optimal growth was between -5 kPa and -10 kPa in this experiment.
Conclusions: Lack of soil water in the cultivation of C. officinale, even with shading, decreased
latent heat cooling through transpiration. As a result, heat dissipation declined, and the plant was
subjected to drought stress. Soil water content plays a major role in photosynthesis and leaf tem-
perature in C. officinale.

Key Words: Cnidium officinale Makino, Chlorophyll Fluorescence, Photosynthetic Capacity, Soil
Water
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AERA Aol (Nam er al., 2020), &5 329 gk A ok i},

gAdo] vk A8 (Kim er al, 2013)0]2Hs A7 Hals et 2 e BT s dxdd me s
3 Slth R 2EF R wE FEE Kim er al, 1997) 954 FHNESA, B 54 2 4 Hsls s
of A%t A7 FHHUA R wE B R FH AR 0] A3 ksl vAle ddFe B
S ks 53 2 Aekgel i Adve vl vl thoolE FEl 7k R A0 Al A ke
3 Aol A 71z RS FHskat ch

Az AFE o|A a&o] Shsh Agolrt. ez

B oA 9, A=A W A 22 @aEs)), 39 o M2 Y ur
U] fEo] L8a olFold W AT gl 7isst

o ol2g X BEe] FAle] B whso] ZAISH, B 1. AT M U B

S e Yl SR olisieka, o So] JPS Wt B dpE 4B sEdas) A% 270l A2 (Cridim

H >

53] 7 T2 4 S Aldehs 38R10 R del officinale Makino)®] §E4 FEEA0| MiX= JE§FS 9
A Atk (Kim and Lee, 2001a; Kim and Lee, 2001b; Lee 37| 913t A@3 EYGE st 4 Al7)7F o] B34
et al, 2006; Oh et al., 2010; Misra et al, 2012; Yoo et o HRE JIFS FAlsR=E AlFo=E o] skt T

al., 2012; Lee et al, 2014; Lee, 2018; Shin et al., 2019). A BT AR T A7 B3k BN 2404
2 Seo 5 (2019) BeIAHELE o]&3F viF] SAME Al FEAROE gtt. Mg T2 I AHETE 2020
55 T3l I R oF 96%7F Stell ok AEA W 9 3Y 30Y FEo| AFAste] 59 2447k Apg dgs
gt REEo® o] §HTI B ste] A& F REEolA o] &35tk o] W Z7go] 20 cm -30 cm He= #U3 NAE
e TS Azt Adkstod Aol ARE-sEAT

&) B TEHLS HE5L NS Tl Hust & Aol AMEE B2 35 (Sangju series) 2 - FE S
T om, AEe AXRES Hriske R vl 4 on, B AIJEST S EY 2 AEA A4
HoF o]&y Ut} FEEIH e HFA o8 5+ (NIAST, 200000 we} 243k95L #4 3= Table 13 2
H oUA= 1) FEA ol 8E=HAY, 2) D& Akl o8 & Shrh
2 WEEH, 3) YA 24bE duAe F3es UEd
T} (Misra ef al, 2012). oAl S8t HEE (Shin o 2. $2 AEHA FUD X THOIM =4 zwi2 =X
al, 2019), % (Yoo et al, 2012), 555 (Lee et al, T 2E 2} g 2710] M7l 9454 FEEA 1
2014), AT FEB (Lee, 2018)0l ek HE4A FFWHg e TS Hrksp] flste] ZEjZz=ga Ade] Audsr
BAS 59 i 2E S Tl gk At Eds] o] Fo XE (7}2 17cm x A2 17cm x Eo] 16 cmyE Aol o]&
A3 At SIAIL, 55% A xpBg Aot xRS s % FAElT

AEE T 2EHS 2N go] ®Hslsh, 4t & 2 vro] FEiith
Efis F2 BARIUASY Y7 2k 53 JE U= Aol AR 28 F 34 LA (52 24Y) 5o S
5 AuA] F-EY FAel osted AAHETH (Park, 2011; Seo  FHo| HEE AFE 3 T 6 U B FETFS &3]
et al, 2018b). Jackson 5 (1981)2 2] Eo] o]&3 4= Qe Hdsly] & 2EH 2~ #H NS sk 6 L3k 4
To] F5ahH 7)Fo] @3aL, FAke] Fox go] 9 25 FsS =4 3 F 18 Ao R RS FFd]
71 2Rt EolAe @S UERT AL STt weba AE (OF 500 mb) G 2EH S 35 TS RAFIIT
o] AAoR FAkL S W R (To) 712 (Ta)HT}
won Zbo] AESR] kS e Wi A4S Held, 3. R AEdA Y AR THOM G2, 0P|, 2
et P2 FARET oflEl Uil 71, vb, S T W gSA WA 53
Theket 94l FFS W) wiitel] F919] S A A T E 9 2R ArE A N 2E# 2l vF|
Table 1. Chemical properties of soil used in this study.

pH ECY om? Av. P,O5” Exchangeable cations (cmol.-kg™) Soil texture
(1:5) (dS-m™) (gke™) (mg-kg™) K Ca Mg
6.6+0.1 1.15+0.21 22.8+1.8 320.0+8.0 0.15+0.01 11.3+0.6 2.42+0.30 Sandy loam

YEC; electrical conductivity, ?OM; organic matter, *Av. P,Os; available phosphate. Fach value represents the average of three replicate per
treatment = SE.
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Al 13:00 - 14:000] ZA3tom, 24 3¢ 9L 300 nm

Eal Ty
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- 900 nme] e, AgA) EES) BEFFR FFS FID =
Ao HZ 21 F= AuidhaA] md 3 TR ERRE
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AR XEC] B S S4sISTh

g A52 ¥ oA 42 FluorCam 800-0/1010
(Photon System Instruments, Drasov, Czech)S ©]|-&3}¢]
13:00 - 14:000 =-gslsiom, 54 A Fnjelr 20 27+ o4
% Quenching kinetics analysis 'Ho 2 A3t F
33k (Foydt HAdF3% Fmye F=sh7] $13 24
150 pmol-m 25719} 1,250 pmol-m2-s7191 2™,
/Fas OPSIL (QY 1), Rpq 15 NPQ s 5] FBHTE
314t} (Yoo et al., 2012).
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O®PSII (Steady-state PSII quantum yield)

= (meLss - FtﬁLss)/ Fin s

Rrg_1ss (Fluorescence decline ration on steady-state)

= (Fp - Ft_LSS)/ Ft_Lss

NPQ 4 (Steady-state non-photochemical quenching)
=Fn—-F mess)/ Fin 1ss

F, (Maximum variable chlorophyll fluorescence) = F,, — F,

F: Maximum fluorescence in dark-adapted state

F,: Maximum fluorescence in dark-adapted state

Fin 1ss: Steady-state Maximum fluorescence in light

Fi 1ss: Steady-state fluorescence in light

F,: Peak fluorescence during the initial phase of the Kautsky
effect

B oAl flok TUI Y oE PHS AT Be
AR F BEHe ¥3S oD Mz E3Esit

(Nedbal et al., 2000).
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kPa, -10 kPa, -20 KkPa, -30 kPao] H:== FE-S w3l 2
I FHE s HEAYPY (JSPC420C2, IS Research
Inc., Gongju, Koreayg ©|-&3le] &% 25C, Al&E 65%
CF=Z 14 ANZE, =7 10 A7) 24004 8 st A
AIZL 3 ARSI

=334 4% (Net photosynthesis rate), 7% F4HEE
(Transpiration rate)= “d3d3747] (LI-6400XT, LI-COR
Inc., Lincoln, NE, USA)YE o]&3sled wlgh & diide=z
71 frEe 250 pmol-s™, AW W 2= 25T, F7F 800
umol-m2-s7, CO, 400 pmol-moi™! Z70lA 94 9AollA] 124]
7HA] 3 WHEo g ZASitth. F-ged FaE S5k &
2733 (light compensation point, LCP), ¥&-& (dark
respiration, DR), %
NAQY), 234 (maximum photosynthesis rate, MPR)
S 7399tk (Kim and Lee, 2001a). Photosynthetic photon
density (PPFD)E= LED light sourceZ ©]-&3t] 0, 50, 100,
250, 500, 1000, 1500, 2000 pmol-m?-s'e] GAZ =43}

Z+4=& (Net apparent quantum yield,

5. SAHIEM
A3 Aol SAEAS R (v3.44), Sigmaplot 14.0

(SYSTAT, San Jose, CA, USA)S o]8at0] 509] frojss
ol 4] Duncan’s Multiple Range Test (DMRT, p < 0.05)%
ol g3ty ATt 2Pg A7F HFe] gt 2E# 2ol 1]
e FEFE FH] Yk G2 AN 2RF Aot F
Agle] FoA HHL ttest (p < 0.05)5 o3I

2 9 oz
1. MUDRY 5 249 D1 &4 54

FE 2EYAY xF x40 (Cnidium officinale
Makino)?] 54 FFEA nlH] e ] s
Aol 24 71743 5432 Fig. 13 2%kt

Ha7| e 21.1C, Hr1Le 3227, F#7122 11.1TCo)
AL, 59 3082 28.7C, 5¢ 31¢L& 282TC= ¥ Foke] H
w710 28CHT} 2 722 Yepliglom, A7z & o
wxF= B 173C (149TC -20.0C)E vjwd & Holth
FFEE Het 58.4%, 75719 Aole Bt 1.25 kaZ o
7] TO= FAHS B9 57 & hkEe 20t ¢

AbEe B 623 W-m?2 Ho A 59 31U 662
Wm2E vehon], A3l g dae) wEsh Frk)
AAL FE) S BT

Seo & (2018a)y> Mg ZAHFS UARRFO] 600 W-m™7}



Ha gsa

2. A T W2 2Eo| Bigt
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Fig. 1. Daily change of air temperature (A), relative humidity
(B), vapor pressure deficit (C) and solar radiation (D)
measured under plastic film house during the experi-
ment periods.
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T SR A A AT 17.6%A3, TR IES T
T 1 APl 16.3%, 2 UHE 4 7= 11.4% - 12.3%<]
AL 5 DA 63%, 6 A= 4.9%3th dHHHoz &
& FEAE -10 kba o] gollA] Zss AlZE, 250 kPa o] tof|A]
OFZF A%, -100 kPa o]dlE 71X FEHIE FEEW, AMYES]
A -10 ke EY TR FEOE 22.1%, -50 ka2

15.6%, -100 kPa-2 12.8%¢] STt (NIAST, 2010). & <A
ToME TR S 2 UFH EdES A= AL

EaL 5 Aol f27t Al EE B 240 s i

4 ESLEDN XY T 2GS0 FBUS SN
B2 Y 4B FTY W WAIE F AT
Q220 FrE % UXe] AN B WO, P
slhige] 2iolx) @ W oluix|e] Lrt oA Yoz
Z%= d4elth (Hopkins and Hiiner, 2008).
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Fig. 2. The effect of shading treatment on spectral quality of
sunlight during the experiment periods.
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SD (n = 3).



AN - MR - ZEE - HEE - 01RE - AT

Ao F8 G54 FF A9 wske Fig 49 2Tt JEL FF A5 oPSIE 2 E0] S sl e &
SHE G54L ETE T 40 Age 7 2EYE § 0 Qb X3REE vlFo] SAS Aol FBH (Fu )t ©] dE
24 &, FEZFES U3 5 Aol F9491 20| Hol oA actinic light (AL, *&%/d¢] dofuA sk= BHE Al
71 AEEIeH, 6 e F4% 7HAE Bk ¢ A M5 §go] fhaste] HRAYHE (steady-state] =S &
B 2RF A2Ike] o491 2ol flAAIRE, 1 Zole A =, o] We] B! F o2 HEH. oPSIE AL
A= 7AFS YERITH o] F3ls} oyA] Mgk &S Yeplied, £ Atoxes 2

G A HiskE AR, 98 AdElellM FAITe F 7] 0220014 Fxpg xBF A7) 6 YAl 0.08, 0.12% 7}7t
S-S Uehll= F/Fe T3R8 353 Z2lolA] 242 63.6%, 45.5% a3t ol A Mol Arkagoe] T4
%71 0.75, 0779193 6 YA= 046, 0.59= 21z} 38.7%, Sl 25 ousle ZC=E (Schreiber ef al, 1986), -
23.4% 7ZAEIn) 28-S 2EYAE o, 43 e < AT A 204 B3k whgo R AxE B
A A GEEE (Fo)y Heskal 7143 (ground state)®] 7] Hohe PE0 2 fAEE o] ARSS ovgitt o] 2

ol wod ¥

= Jin 5 (2019)°] 4E Gl AR ZEFH 2V S

oME 54 7 dubdom AR AE ole] F/F, ¥ ol wek oPSIVE g Aol dA|skT
ZE Al tigk o |qA] ol Wle % gF 8ol ol A FUE UEE F, 34§ ALS HIFY dAFeR STt
omXM Az ofF F 2EHIL BASINES ovlsl sk FRE (F)t FE 7AEC] itk & delMe F
T} (Strasser ef al., 2000). g 2E A7 27190 3.08, 29994 6 A= 0.83,
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Fig. 4. Changes in chlorophyll fluorescence parameters of Cnidium officinale Makino under different shading conditions. (A)
maximum quantum yield (Fv/Fm), (B) Effective quantum yield of photochemical energy conversion in PSII (®PSII) (C) the ratio
of fluorescence decrease (Ry_s), (D) non-photochemical quenching (NPQ ). Means with different letters above each bar

indicate significant differences at 5% by Duncan’s Multiple Range Test (DMRT, p

< 0.05). Vertical bars represent = SD (n = 3).

ns means no significant difference at 5% between shading and no shading treatment by Student’s t-test (p < 0.05).
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ZzF 73.1%, 56.5% ZrAdte] R RE ¢
gl 2o s WSSt Ry v AEC] 843004
5 okt A% 58, Co, 2AFEF DI AAE 7
t] (Lichtenthaler er al, 2005), FEAEH A7) F711S o
Hashe A2 deiA Atk (Méthy et al, 1994).

B AollA o] vldshs g A (NPQ o> 74
A3 2% A7l 27] 257, 243904 FEIZF AT 6 AA)
0.92, 1382 717} 64.2%, 43.2% 7HAsiact. 23kt o=

[

3002

p
fu

-

ofd |m

A T BAskE P 71Tl iRl dF Ede 9
Plghs NPQ_ = 2E#E 2dMe S7lske 2oz &
EAS

A AT}t (Genty et al., 1990). &y} FA A4
5ol dojd A 54 PG who] S NPQ . °
At dojdtls A9= Atk (Jin et al, 2019). HAAR=
Fu 18] Z27F $2R= Fol 247 AX 21 oJujgitt. o
20] NPQ = A 97 2tz #do] 7o ghojng
25 ASHHE Fetsh] fleite 9S Este] T
Aoz AEsorst oz wEr) B AP FRTH F
@5 A oo FAT 1AE B F5o e Az
o8 Aoz A=)

o o] ARZHE H3o FANe Edgitel 7 &
P vHE gelo FAAEULH HH Ry 1 ATE EY

L

O:

FEo] W3lel ufe fARH wHgsl WHsle] Fout thE
Ao HjE] 2 Holmg Mg 8 AEY XA NEZ F8

g Aog AdEHAT

EF 2 AT Wt 922 FFUSS Sl AT
o) B 5 % AwE 2AEAT (Fig 4, Fig 5). &

& Al WE F/Fe= 73R8 X8 2]l 2kt 0.64,
0.69% FH-F T F F/F, 3 I3 5522 3|5319,
OPSIIE= 0.14, 0.142 4 I} 532, Rfd 1= 146, 1.64 L
23 NPQ ;& 197, 198 5 9z} F£Fo7 3IJE&YT}

(Fig. 4).
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Fig. 5. Changes in chlorophyll fluorescence imaging and
photograph of Cnidium officinale Makino before and
after rewatering in no shading treatment. (A); sixth day
after no watering, (B); first day after rewatering.
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o] FA| Yol = W ‘{i

J20] =
S 250 Oji°l 7|8t =
A XAt (Jackson et al.,

Yun et al., 2020).

g, 2RE A 2 WE T -

5 7= frolFQl Afols _‘i"l?q 2
T2 5.8C3 24 3.5CE #2791 xjo]
v AeE $ (7 Axbyell= i}*)f ] +d°ﬂ E}t r
22l Aol & ¥ °i°iE‘r Aol olsl Aol

4 LA} o2 31859,
L *ﬂ éﬂr (Fig. 42t 7+& ﬁako]
A Ere 75 A &

ﬂ!lﬂl L e

Shhe te
1981; Hashimoto et al.,
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Fig. 6. Change of Ts-Ta and vapor pressure deficit measured
between 12:00 - 13:00 during the experiment periods.
Tc; leaf temperature, Ta; air temperature. Vertical bars
correspond to the standard error of observations. Means
with different letters above each bar indicate significant
differences at 5% by Duncan’s Multiple Range Test
(DMRT, p < 0.05). Vertical bars represent = SD (n = 3).
"Means significant difference at 5% between shading and
no shading treatment by Student’s t-test (p < 0.05).
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Table 2. Effect of soil water potential on photosynthetic parameters in Cnidium officinale Makino.
SWP" (kPa) LCP? (umol-m™57) DR? (umol-CO,m25™) MPR? (umol-CO,'m™2-S™")  NAQY? (umol-COy;m™-5™)
-5 8.09+0.43™ 0.37+0.03° 4.48+0.03° 0.046=0.001?
-10 7.51+0.39¢ 0.25+0.01° 2.68+0.56° 0.037+0.001°
-20 8.60=0.47" 0.24+0.02° 1.73%0.02¢ 0.028+0.002¢
30 9.07+0.42% 0.24%0.02° 1.33+0.02° 0.0260.001¢

YSWP; soil water potential, ”’LCP; light compensation point, *DR; dark respiration, “MPR; maximum photosynthesis rate, “NAQY: net apparent
quantum yield. "Means = SE with different letters are significantly different at 5% probability level by Duncan’s Multiple Range Test (DMRT, p <

0.05).
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