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Abstract

The growth and chlorophyll fluorescence characterestics were "~ studied in
Sargent Juniper (Juniperus chinensis var. sargentii) and Crowberry ¢(Empetrum
nigrum var. japonicum) under natural conditions. The leaves of these plants
developed from mid-April to mid-June/mid August and the flowers bloomed fully
at mid-April. Also the seeds of Sargent Juniper and Crowberry were ripened at
early November and at early April, respectively. The photochemical efficiency of
PS I and Fv/Fm of both plant species were temporarily inhibited at 1:00 pm.
The non-photochemical fluorescence quenching (NPQ) of Sargent Juniper was
higher than that of Crowberry. There was no difference in Fv/Fm according to
the developmental stage of the leaves between these two species. However, the
Fv/Fm of Crowherry leaves showed significant relationship with the leaf
developmental stage. The Fv/Fm of Sargent Juniper leaves showed significant
relationships with soil temperature and soil pH, the Fv/Fm of Crowberry leaves
showed significant relationships with air humidity, light density, soil pH and air
temperature. These results indicate that Sargent Juniper seems to develp more the
mechanism for protecting or avoiding the photodamage although it 1s more

sensitive than Crowberry to environmental changes.

Key Words: Juniperus chinensis var. sargentii, Empetrum nigrum var. japonicum,
chlorophyll fluorescence, photochemical efficiency of PS II, environmental

factors.
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re Ad AT ONA Ay 87 AEdL QIS wol Aol A=
H, 53 3L AZAX 288 dAHY F SUEAM #FAH LA g os
N7SA wEEeh FFAHY PS I 84S dE293E SHFo2ZA w23 B
HaHez & 4 glof(Ball ef al, 1994), B7 82 Wwste] W T d&H A
o], o7 7} FA2Ed2d g A 4P Pgolv WA & AdTIedHE
gos)a gl §H, Yol Aot FFA/ T &3S vA FFAd ol #AE
A He F9A 4o vdelt=dl(Powles et al, 1984; Long et al., 1994), & ]9
o dg g33d 2ed2rt @4 A48 | A4 deue ez Rusm gl
tHBoyer et al., 1987; Ludlow et al, 1987; Oquist et al, 1987). 53] ol¢} & &

& PS I &40 HFgo] FHAHEE RAAA XE de ®o] LAY
(Tyystjavi et al., 1992), ZAQZxA slolME o2 712 @799 EFAHQ 2o
o3 FJArt dojvte ReE ¥ a5 1 YrvHDemmig-Adams et al, 1989; Ogren
and Sjostrom, 1990). Z4F A 9L ¥ Fx, 4% v, Az EgzxA, 312 FY
AdH BHgaqe] 22 gaQler Agste HE HEFE AHT el

ou B dye FA %A THUF(Juniperus chinensis var. saergentii Henry)

rufn

9} A Zv)|(Empetrum nigrum var. japonicum K. Koch.) £& A 9o EX 31
o] 9o AFPA A} FL 2EFYA QA FHHOT &0 gl
THUFE F9UFIde H53AQgARLe SHUddAe AFe, FdRE, 3
9=, HAdEs R FAEEEd EX5v(Lee, 1996), FeHitolAE L 1400 m
old AGelA & v9)7t H de GAHAE FHLR YAMFe R BX&u 3§l
H(Hyun, 1998). 28]5, A20& AE@=oz Fditd WFi}, FXMERAY)
o] AARZ ' 1700~2000 mY YA 4HE F&2 el (Kong and Watts,
1993), #Hefatels W 1600 m o)4e] A3 wpgd FAe] JFE Y we 4y
At AR EHo] ¢ BEF FE/ & A2 A Yo fRE 2 EFH(Hyun,
1998). wetA, A o] ALK Y TFUHFYG ARvE £ FE, 4 upg,
Az EFx 383 32 T AR §HeRlo] 2EHS: 2o FE3y
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AE9 A& AslE 7t5Adol Eob B2As ATl THEAHAL 2 glon,
HL FEAl e SaAe] o g sfier BFLoR o0&ty AT FAE FAH 2
EX 93] 3 94831 JY' AAD "o £ ANzue @i ndd
Aol zgte g B8, 2EFET F3EH ggo] ¥e Aog gEHA ofd o
g Ho A g A7 2% EvH(Koh, 1999).

gty B dFE a4 EAHE] et AEv e RAag fFAxde
2A9 B8 HE 7EZARE AT gt AR NN FF7)E FAd 4
4 ¥3& 2As 3%, 25, AdEGE 9 22 #H oA JAFAE B
A 3hgl .
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1. 48 A=

B Ao Algd Azt FA WEH 257 o ZAAdsh: 24N E F = F
Ut (Juniperus chinensis var. sargentii)®t A Z0|(Empetrum nigrum  var.

japonicum)& 74 & AL-&31% .
2. M5 XA}
1997d AR A o] E F FFo] A&EE T FLE A A o] H

oEH FEa AEL 108 B F, 19989 495E 19909 89 L7tA AW
A2HE FHdoz A&AAFRS FAE GG

3. gl =A

r |

ZALA A9 713 edeze 3, 25 AUFEE, 191 EGEY 28U
L5, 59 pHE zASgY #3& LI-250 Light Meter (LI-COR Inc., USA)E,
259 Jds S+ TR-72 Thermo Recorder (T&D Co. Ltd., Japan)Z ¢]43%8o =
AaHtt olF 714 ZAHE AAE AEAL Fold A AMAsto ZAFHL E
FE7 8AE ol g - FEAES olgslo] EFFEe} % pH 2 EFLES 2
Asrct. Ztzte] §4820-2 33 ¥y FAF | HAgE BN o]&3%t.



Q24130 &HL Plant Efficiency Analyzer (Hansatech Instrument Ltd,
UK)E olgslgen, 1587 F& Agtste 3 3Alzl £ 1500 pmole/m'/sece] 3
%S 527 FAtsle 2 Qu. A9g oA HEE 49 nonphotochemical
fluorescence quenching(NPQ)E 4F&317] ¢8ide 448S A=sn 1,500 gmole/
m/sece] F#HE 527 £AEY Fm' € £438l9, NPQE Stern-Volmer Equation
(Fm/Fm' - 1) A& 39t (Krause and Weis, 1991), 938} FALE 19999 % 7
9 497 8¢9 139 2UZ 07:0091 A4 18:007A] 3A1%F Aoz &5} 7HA7F 9
28 x&Ho AAFS T o FAA o] vk A5E 194 d& A9

o gukEo g ZA3F
5. %H_#E!_HI =4
ARGEA e 7|48 45483390 AAAA= SPSS (SPSS Inc. 199,

Release 75)2 #4& gttt 4HAENS 9¢ 9424283 HL=2E Fv/Fm, Fo, Fm
& & ol &3
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At thFig. 1. 99 4% F5 =FHPE Msgols dole 1 m FElH
HEAE FAHE, 48 FE 9 A4S ASs] 6904 8Y FEAA U
2o ggo) o) Fojgor, 98 o F 4L olFoxA G oz BAHUYL E
B N2 Q9 AZE FRUTS HAR A%E mgoy Axe WA} 49
0974%H Azsiol wguFel el tha %A AHHRY. £, 98 o] FAE ]
94 99 A4 nA@ Aol oFojgoy gure de HMez WY Au=
22590

F 39 ARAE 2AG A3, ATFE 3UYe) Eiro) o] Agsel 49
Zo) AFNFo] YRE WASHOY, FEHOR 49 FEAE Fo) BIHAT
AN BE 109 o2 BEH o}F G RO uegth FHTE AL
sl vla) 100 %& 48z S Aol 49 Feol ¥R WS, 109 A
= AsEle Ao vebdth olAY 3RS Az A9, ve nay 2w
Fol e} ABIzre] F3) He RO viehd ol TAHBY AW 57
o shipolct.

FA) BB FFUFE 4UNY AR dadta 11dz0) 418 A
%@ A7k dgont A¥E tgd o ERel YFHIE dHon, Aunt sUx
o FALGE ARl T8z A&t Aoz dudd oAY A% A7
NzE A% 60~708e] A8Hed v EFUTE 2000 AE7 AoHo ¥
F2o FRAE Ao & Hol: Ro vehgrh a8t olsh 2 A%: At §
Moz AP AR 4SA71Z B Aoz FA wdel e Auy 54
& 2HSA ge A2z YA YSAVE B FAG th Fo)E nd Ao
2 #gdn.



Fig. 1. Phenological diagrams for leaf growth, flowering and seed

development of Sargent Juniper and Crowberry in Mt. Halla (1800~
1950m a.s.l.), 1998-1999,
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2. =@URY AlZojo HELHY SA

EHUR} Ao 4248 F S vaddrhFig 2). $44] #3834 2
el dgkS HizEr] A AUE=st T 967% (91~99%), EFol H¥ 50
umole (30~140 gmole), X7} 164°C (13.2~21.0C)2 A zdAA AA &AL F
Z9 PS 9] #5std &€, & Fv/FmE Blud Ad, wFUPe 07328 A=27
o] 0795t} ol PS 9 #F3&AH FE&o|l F& AR Ueylth ol =FUTFY
Fme] Al#n 2} Zed wale] Forl 9388 23, Ty £ AZn B #AA
LHC 119 &Z717F &3 #3383 wgE&xr} »dd 7193% Ae=z gedH(Krause
and Weis, 1991). 283, EZUE A 20 99 Fv/Fme 242 0737 0798 R
YR B AESo] zt:= 9l 0810848t} tha wol(Demmig and Bjorkman,
1987), aitel Ad ZAFAME FAA dojue ALz Addr)

3 4AHS GAE A AL 5L EE ZHAUE A =FTS A2
9] Fv/Fm& vlaig 2%, F % L5 ¢FHSA Bt 10% AE 4 ez u
Enth o8 d Axe 5 F 25 Tyt 3708 302 del LHC 119 A7|7F a4
& gz NIt 28y FFUF= Fm¥ Fort Ao A gd Hl#) A=
g Fm7o] #4¢ o vent ¥, sFHF NPQE 05972 A =279
0385 ®tt & oz vehtA HigsgHez 4AgEE PPl AEH Ro B2
Aoz vepgth wetA, NPQe F7i7h kg ez d¢ F¥sigE YedFe
Aoz B1d vt 9ol (Demmig-Adams and Adams, 1996) =37 Al20 B}
Bl DHET Ao Holn At W AYANZEH PS 1€ a3 A% =4
7} grel AZwry) wgd oz gadch 183 =¥ Fv/Fmo] Al2F] B
0 22 A% FooA) U@ gEroz HAA

3. 4ETHAY o5
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Fig. 2. Comparison of chlorophyll fluorescence parameters between the leaves of
Sargent Juniper(]) and Crowberry(E) under dark-adapted(+) or natural

light condition(-).



o ZAFEIHTHTable 1). F, A 20|91 B¢ ¢ ZHols} Fo] Z42} 37~48 mm, )9~
10 mw A= A4S ST, do] 52~62 m% £ 11~12 m A=) A9L SN, 4
°] 72~82 m% & 13~14 me 294 ¢4& S Moz dAste &A%, =T
A A% 9 Bolg Eo] 27 21~29 mm, 13~17 mm AEY NFS SI, Qo] 3
0~39 me} # 17~19 mm FE2 A& SH, Z°] 40~49 mme & 18~23 me 2
d4 98 sme "dAstey AU 2 Aat, #FHFe Fv/Fme 076~0.79, Al
2dA = 0.79~0808 R F F 2T o FFo v thd @t on(Demmig
and Bjorkman, 1987), B4 AE £ 93¢ o T Holx Ke|A Ut A
%5 aF EF SOY SIT @AEr}t g#e] v ST dAA o @A eyt

@, 944, dF, 28 9% X 9% 59 AFdAd 4L JuaA
& 4% di(Table 2), ¥FUIF+= Fo, Fm, 2812 Fv/Fm 2% 99 43 &
o4 e AAB/AE JdeiAE FRA T, AZ0E Fv/Fmel 9%, 9%, 218
9% x Q2o 9@ FAASI 42 0551, -0.352, -0.3042 F9 ABuAE U
EFUSITE olst 2 X =2w|o] g F5eA A&t #AL Forl 9%, 9% x
HEo A3l 1% FFNA FelAdo]l YeEldE RAo=2 Hol Fool Wale #do] Qe
Aoz siAdn. &g, A 2ve Fv/Fm7h & vls) g3 B} £ FoA4L
Bolz AL FEL AGA7I9 BAGC dAdA FAHE vH 4Fe AN&He
2 sty dA ZidE RN AFe 42 FFAH &9 #FAHY FHe] A
°]7} A&E & F AU

4. ASL2dYo AWt

BF, 2k, JUss, 280 RUFd AN do dS4YPe] UHEE 43
of 23 AL A3 (Fig. 3), B30 &£5& oA 10477 Z718ld7) o) F as
T AR AdlgEe 2F 1A olF FFSA FUrEHTh FA N B
A&, F Fv/Fme £FUF9 A|Ru] 2% 0F INE AFso drFes oAF
Ao oo Z7iste Y4L B 28y, wFUFAAE AlZud HlE @
AlZbe] B A7 o Wo] ot Ao Yvelwrh ket Fig. 20]4] B vle}



Table 1. Change of photochemical efficiency of PS II with growth stage on the

leaves of Sargent Juniper and Crowberry under natural conditions

Growth stage

Species
pee S1I SII S M
J. chinensis var. sargentii 0.76+0011 07910.002 0.78£0.004
E. nigrum var. japonicum 079£0.001 0.81=0.005 0.80 £0.001

_10_



Table 2. Relationships between leaf growth and chiorophyll fluorescence on the

leaves of Sargent Juniper and Crowberry under natural conditions

Species Growth Chlorophyll fluorescence
character Fo Frn -
J. chinensis L 080 252 -.041
var, sargentii w 156 289 -.100
L X W 0% 261 D06
E. mgrum L 4677 237 —.551'_'
var japonicum w 248 037 ~.352"
L X W 473" 207 ~ 304

DL . length, W - width ™ ™ significant at the p=0.01, 0.05 level, respectively.

-11 -
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Zo] EUTs} Age veh 3o Nget Foh@ W UAZREH FA0DE B
a7 98 24 7177 dgsel d& Aoz AT

5. g oy ASAHYue] A

ZALZIZE Ee] N 2ot FHUT AAAA Y AABFE A A dE
235C, W7l §5 826%, F#F 65642 ymole/n’/secE KHgov, EY pHE HT 657
=2 FA4 77tee, EY¥ 2571 A E Hd 143C2 AAHUAL, EGY A
deEs Fd 19.0%2 okF WA vuuch #F e W3 mg J24PF
BEE dolrny] f5ta @4 aAde] FHAAAE 24T A (Table 3), =FIF =
Fv/Fmo] E42x9 E9 pHe 4zt 0391, 04049 HF#ATE Vel 5% &
AA froAde] QRHAUAT, 7] 2%, 7] g%, B, EYEE THE Frd4ol
gl Aoz velgt g&ol, Fost Fme d7)2%, d7)1EE, 3%, EYLE, EY
F5, E% pH 259 94 gle 4a@AE Jdegux gt oy Azns
Fv/Fme] W71g%, 3%, EF pHe 2k 0549, -0393, 06282 1% FEAA 9
dol v Aoz vEgon g7|2xdr -0464% 5% TaAAM frelAde] vkt
ot ol¥ @ Al2v9 Fv/Fmd #7383 484 25 Fod W3l 2AH @
do] 3l Aoz vey. ol Ade PTG AN2uly AgA g7 22
e Fsy wrgol A2 dES Yy o gas, R A2ue B
A3 FAZAEezA] B8 HAME ALHY A5 ZEF FH2EHYE
ol Ao Aej) A EA7F AdE agEct
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Table 3. Relationships between environmental factors and chlorophyll fluorescence
on the leaves of Sargentii juniper and crowberry under natural

conditions
Species Env}g%’@o”r‘gnml Chlorophyll fluorescence
Fo Fm Fv/Fm
Temperature -076 -.050 002
Humidity 027 .061 077
J. chinensis Light density =060 -.100 -.049
var. sargentii Soil Temperature -.260 035 301
Soil Humidity 067 -.083 -.219
Soil pH -170 136 404
Temperature 395™ .245 -.464°
Hurmdity -451" -.247 549
E. rugrum Light density 319° 160 -.393"
var. japonicum Soil temperature -.211 001 271
Soil hurnidity .330° 491" -.057
Soil pH - 487" 222 628"

* *) significant at the p=001, 0.05 leva, respectively
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