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Growth and photosynthetic characteristics of Epimedium koreanum Nakai in

different habitats
ZHANG Yonggang, HAN Mei, HAN Zhongming, LIU Cuijing, YANG Limin "

Key Laboratory for Ecological Restoration and Ecosystem Management of Jilin Province, College of Chinese Medicinal Materials, Jilin Agricultural University ,
Changchun, 130118, China

Abstract: Epimedium koreanum Nakai is a perennial herb of Berberidaceae, a common traditional Chinese herb officially
listed in the pharmacopoeia of the People’s Republic of China and distributed in Changbaishan Mountains, coast of Japan
Sea and North Korea. From the beginning, the sources of traditional Chinese herbs are mainly wildly grown plants, but this
situation cannot be maintained since the growing demand of the increasing population and higher dosage devastate the
natural resources. So the agricultural cultivation and wild—simulated production are efficient methods for protecting the wild
resource and meeting the supply. The optimal ecological factors are keys to production. The characteristics of morphology,
photosynthesis, chlorophyll content and accumulation and allocation of biomass were studied in three habitats ( the open
land of forest edge, forest edge and forest understory, respectively) , differing mainly in light intensity and crown density.
Samples and investigation were obtained on Cuocao Groove (126°39'E, 41°45'N), the Southeast foot of Changbaishan
Mountains, Jilin Province, China. The parameters (Pn, Tr, Gs and Ci) of E. koreanum in different habitats were tested
by LCpro+ portable photosynthesis. After testing, 20 entire plants in each habitat were grubbed up. The characteristics of
morphology and the biomass of different organs in total plant were taken. The chlorophylls were extracted with acetone and

the contents were determined by ultraviolet spectrophotometry. The results showed that the plant height, stem diameter,
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total leaf area and other morphological indexes decreased with the weakening of light intensity, the same as the Pn, WUE,
Ls, Chl a/b and biomass accumulation of organs. On the contrary, the Ci, LUE, Chl b and total Chl increased. The
differences at morphological indexes and biomass accumulation were significant at 0. 05 level (P<0.05) and 0.01 level
(P<0.01) in different habitats, respectively. The aboveground biomass at forest edge was 1.6 times and 3.1 times to that
at the open land of forest edge and forest understory, respectively. As far as the biomass allocation, the leaf biomass ratio,
leaf area ratio and specific leaf area increased with the weakening of light intensity. In contrast, the rhizome biomass ratio
and ratio of rhizome/shoot decreased. The biomass allocation in three habitats were very significantly different ( P<0.01).
The aboveground biomass ratios were 0.733, 0.659 and 0. 664 at the forest understory, forest edge and open land of forest
edge, respectively. The utilizing light way and surviving way of E. koreanum at different habitats were different. The
ecological factors of forest edge and open land of forest edge were more beneficial to clonal growth of rhizome than that of
forest understory. This paper can provide a scientific basis for the utilization and management of wild resource and the

bionic cultivation of E. koreanum.

Key Words: Epimedium koreanum Nakai; habitat; light intensity; photosynthetic characteristics; biomass;

morphological features

WL 22 ( Epimedium koreanum Nakai ) A/NEERHCARARZE T Z A4 BEARK Y, 78 EH AL X H
AU BRI A A . 2R N SO G IR A A2 AN R SR R
BRIRD B fupesdan Y Pl ueEEhae” SR, R EER A YR, DI
iR A, S TR 2 AR IR o SRR 2 A e B R RS, L O S A R S
SR SR S 1 B 2o B R U S A MR K L DX Ay i R SRR A S X AR S LI
A N TR B, B A B R PR o BE A P Lt 24 0 o PR, B G 2 S T 2 BB DR S S L P 5 8 ) FH 45
WFSE S AR 0 28 RN 2L T A DG AE 38 A 25 2 SE R I 90 o O AR T 5 19 46 ] i 0o 2 28 BT 0 2B A7 I b
Zx MRE AT 3 FAESE BFSE T HOESRHE DU ERHE 4 3R 5 i A i AR S o3 B0 AN [R] DG ER B8 (4 i 1,
R OGN [ A S5 s AL 4875 HOGIE LSR5 7Ry s B SF A8 0 IR & BT ARl R A, DA S ik
PEIE AR BEAIAR 3 2 Y S0 B AF 40 F A A R R A BB AR
1 #EE5F=E
1.1 AfF5E XA

ABFFEAE AR IRV A 8 (126°397 E,41°45" N) BEAT, HiAL 5 kA8 AR B , J b2k BRI ki B
BRI, BRIRZE R, SIS 6 C AR & 800 mm 2247, H 8N IR AR L BIFTERE HUAE B
AT A Z 2 52 18R ( Quercus mongolica Fischer ex Ledebour) 6 MM ( Fraxinus rhynchophylla Hance) Ak
Wk ( Juglans mandshurica Maxim. ) %% ( Tilia amurensis Rupr. ) \ KM ( Ulmus macrocarpa Hance ) F1 €2 A B
(Acer mono Maxim. ) 55 | R )2 F B H B ( Corylus mandshurica Maxim. ) | 3| T2 11 ( Acanthopanax senticosus
(Rupr. et Maxim. ) Harms) B34 (Lespedeza bicolor Turcz. ) .75 B 2% ( Rhamnus ussuriensis J. Vass. ) 5%,
LA JZ SRy LA 6 2 258 O B — LA, IF A AR A 1B Sk 3K (Vicia unijuga A. Br.) | i ( Brachybotrys
paridiformis Maxim. ex Oliv. ) ., Il 2 F ( Parasenecio hastatus ( Linn. ) H. Koyama) . % M 111 & ( Artemisia
stolonifera (Maxim. ) Komar. ) | 2 JE 2 35 ( Dioscorea nipponica Makino) , 1 47T ( Polygonatum odoratum ( Mill. )
Druce) % ( Veratrum nigrum Linn. )% . ZB5Er  EEEME MRET AT 3 DNAHIEZ) 150 m HRMEHL, 2
R ER TR 3 AR AR B 3225 S0t G BR R AN ] TS BORR 2 AR B A K R Y
ZE5t o RGO TRE R T, BB LR, D6 B0, AU A , T 25 0008 3 AR 38 7K 0 ARG S5 5 AR A A B2
R, ' R A AR AR, 23 O B AN R K A B s AR TR AR B | T AR 2R 30 m? | & V2 F 72 b
REA RTEMRE VU B I % AR B AR LT R G SRR Z | (R 1) .
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®1 PHEFELRERELANERTF

Table 1 Basic environmental factors of Epimedium koreanum in different habitats

HHE T A= 8% Habitat

Environmental factors &% Edge B Gap M Understorey
1K Altitudes /m 849 828 821
W13 Slope gradient i ,40° R ,20° Jt,30°
HBHAIEE Crown density /% 50 60 80

MRJE Light illumination/lx 2317+190aA 1766+183bB 983+120cC
SR Air temperature /°C 21.4+0.5bB 22.6+0.5aA 19.8+0.6¢C
23S HBE Air humidity /% 78.4+1.6bA 78.9+2.3bA 83.6+3.7aA
+-ERART 7K i Soil moisture /% 28. 1+6.2aA 30.3+5.5 aA 34.2%5.1 aA

Be£79 2010 459 A 1 H A /p Sl s s Bl 5 /N TR R A AR BT 0] 22 57 .35 (P<0.05) , RS FRERIR 22 0 .4 (P<0.01)

1.2 SEEPRPRISERG BT

2010 49 A 1 HIWZE 3 A EBEiff 2 F 48 A ARG TR b G 1EM . IR I X R R 2SS, il
IFELE 10:00—16:00 FEA7, 43:F8 2 b M5E 1 R, S 1ERIEL AR , 202 B AR BT i e 2482 20 Ak, T
TEH R
1.3 MET %

18 ] LCpro+{#3 26 S 1EH 248 (ADC BioScientific Ltd. , UK ) I 5 AN [] Az 55 3 6 7 °F 28 106 4 3
(Pn) ZREHCRE(Tr) SELFE(Gs) MlE] CO, W B (Ci) 24k, MIBHE L&A 3RS (PAR) FTRA CO,
WL (Ca) SEAEES R I IR 5 LR BME (Ls) = 1-Ci/ Ca BRI K 3 IR (WUE) = P/ Tr RWDERE
FIH#C% (LUE ) = Pn/PAR,

FHE RSP m 1 W 2 DR ZE RS s IR e bn R RO & 25 B AR 1 0 2 I HDIR=ZE 5 4% 5 JH C1-203
(CD, Inc, USA) FHEBOGH AU T AR, B i 2250 28 i HRUIRZE 3 343, 7760 C R HET
RIHE, FRERSER T (HURZETE R 1 B 2 BADIRZE T8 |, IF B AR 254 9 5 1L ( Rhizome
biomass ratio, RMR, fARZEHE/ SAYE) ZEAEYE H(Stem biomass ratio, SMR, 258/ SAYE) HAYE
( Leaf biomass ratio, LMR, M8/ B A Y& ) AR H ( Rhizome to shoot ratio, R/S, RARZEFH/H FAY &) , 456
JE 2S00 2 Y 5 1] AR H 55 I T R HE R ( Leaf area ratio, LAR, &L [ AV B A= 9 18 ) A1 He I T AL ( Specific leaf
area,SLA , SR/ ) o 4R R & R FIEREREGE " 6l UV1700 B3 et T HmE .

1.4 Hdlaotr

FH SPSS13.0( SPSS for windows, version 13. 0, Chicago, Illinois) #4722 5087 LA S 806 AN R A2 5%
FAF T 225 AATE B 3 25 S kAT 2 8 A, B TR
2 HRESW
2.1 A[FEAEST R AR SRR R

IR R MEBRHEAEAF AR FTAAEER (R 2) . BHCEE MG KGR L T 2, b,
ZEAE R T R Y SR I ARG S AR SR T | 2% 2R 1 8] 22 5 05 I 2 B R 28 /KO8, JE ARG SRR 2 1) 22 5
R, ARREZE K DR B K, MR ZE B DIRG9 5 5 A 2 P A 3 25 Sl i
2.2 A[EAE BT SE AL AR H ARk

AT A 358 516 BR K SF- 8 3255 e ) 6 2 S A2 DG S AR AR AN BT IR A FH AR (3R 3) o Bl JR i 138 [ IR i 22 o
MG AR ASLIRTIE AR FHRCR B AR M CO, W DGRERIACR B E it m, 28R &
SALTEE SRR IR T SHGSARE . GG FIE H AR LRI ARG GO0 6 d R 5 I s th 48 vh 7 A1 IS 0k
MBI E HEATE 10:00 2 1400 BORFAR BB 5 R AR T WG A s AR I i 5[] ) — A
FREEAREE, SR R FRATES 3 A BE R 22 50 0. 2% . 3 Fh A S i 28 16 3 H AR A 1 3R I B R (OB 2, bk
TR, SRS ARG 225 . AR A CO, VR BE B M BUAE P AR | ARGk WA 78 00 5 Fi 8] P DU 5 B
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BT T PRT S5  TARGRIARET , AR UAL T B 5 e il 2, SRR (LR BT P A s PR IR T X
fLT B SR TR 3 AR 1000 SRk, T S 35 R, AR /P BUEROR, AP JA 38 TR 3 Rl RS RAL
IR ] 4% 12 B B pHT £, ARk AR B M HH BRAE P/ AR Tt BAE 1400, BRECAIBR T 38 3 TR, Ok
YA FZCRTT T, 3 M ARSI ) S B h 2 ARG A P AP R R, BRE UMK T 7 1400, BREA JH AR F 5
AR, A RS 22, SERER IR, ARGk ARTE M HIRCR B, 7600 7 I 18] N 3 sl /I kR A
RORB R, GG M 27w

K2 TRERHSZFERSRHELR

Table 2 Comparisons of morphological features of E. koreanum in different habitats

5% Habitat

Z4 Parameters

M Edge M Gap FF Understorey
PR Height /cm 50.6 +5.9aA 42.8 +3.8bB 39.6 +5.0cB
2242 Stem diameter /mm 4.34 +0.88aA 3.76 £0.74bA 2.62 +0.50cB
ST Total leaf area /cm? 598.50 + 186. 13aA 398.63 = 93.52bB 287.09 +37.21¢C
2 WEHERZETK 2 age rhizome length /cm 4.9+1.4bB 6.9 +2.8aA 4.7+1.3bB
2 WEHUIRZE E AR 2 age rhizome diameter /mm 5.20 + 1.04aA 2.76 +0.60bB 2.41 £0.44bB
1 IARIRZEK 1 age rhizome length /cm 5.5+2.4bB 8.2 +2.2aA 3.9+2.2¢B
1 #ARARZEE AR 1 age rhizome diameter /mm 2.71 £0.44aA 1.76 £ 0. 16bB 1.53 +0.28cB
x3 AEAEEPHEFEASHERATHILER
Table 3 Comparisons of photosynthetic diurnal changes of E. koreanum in different habitats
¥ HedE% if 8] Time
Parameters Habitat 1000 12.00 14.00 16:00
FeABB GRS PAR Mz 86.286+24.985aA 93.778+11.111aA 71.111£27.219aA 65.889+12.404aA
/(pmol-m™2s™") bSCi 52.143+34.193aA 54.667+3.279bB 61.889+1.054aA 36.111+8.681bB
VNI 2.286+0.756bB 3.556+0. 882¢C 3.111£17.546bB 2.222+0.667c¢C
HOLEHEE P MLk 6.648+1.787aA 9.378+1.869aA 7.179+1.521aA 5.026+0.717aA
/(pmol-m™2s7") M 5.139+0.714bA 5.193+0.906bB 5.117+0.871bB 3.458+0.353bB
HT 1.468+0.251cB 1.373+0.420cC 1.3540.335¢C 1.338+0. 056¢C
KB L Tr PRz 3.051+0.379bB 2.335+0. 141bB 1.973+0.279bAB 1.685+0. 164bB
/(mmol-m™2%s7") S 2.659+0.209cB 2.050%0.267cC 1.66320. 175¢B 1.642+0.301bB
HF 3.565+0.277aA 2.71320. 193aA 2.223+0.369aA 2.350+0. 557aA
SALFE Gs Mg 0.506=0. 139cB 1.34420.310bB 0.98420. 068aA 0.649=0. 132aA
/(mmol-m™2s7") e 1.779+0. 777bA 0.463+0.119¢C 0.45420.113bB 0.423+0. 087bA
T 2.32320.216aA 1.87420.389aA 0.36320.032cB 0.596=0. 346abA
Jila] CO, WREE Ci Mz 363.250+26.310bB  353.170+11.792bB  350.920+8. 565bB 349.920+6. 543bB
/(pmol-m™2s™") N7} 390.880+14.277aA  365.920+13.035bB  357.000=19.508bB 351.250+7.887bB
T 399.000+4.8107aA  406.920+27.714aA  382.250+10.729aA 369.670+2.309aA
SALBRSIAE Ls Wk 0.094£0.051aA 0.116+0.021aA 0.096+0. 021aA 0.088=0.013aA
N7 0.05820. 012bA 0.096=0. 023bA 0.096=0.017aA 0.07920.014aA
HT 0.012:+0.002¢B 0.016+0.005cB 0.088+0.013aA 0.030+0.012bB
KA FIFARCE WUE Mk 2.247+0. 825aA 4.047+0.892aA 3.636+0. 568aA 3.086+0. 567aA
/( mmol/mol ) 87 1.950+0. 355aA 2.573+0.541bB 3.07420.392bB 2.155+0.359bB
HF 0.412+0. 066bB 0.51020. 165¢C 0.63520.201cC 0.608=0. 184cC
JEREF AR LUE s 78.561+27.919bB  136.784+92.697bB  108.718%33.901bB 72.949+13.311¢C
/( mmol/mol) N7 124.907+70.314bB  109.553+27.957bB 82.282x41.412bB 108.069+27.735bB
HF 678.125+143.575aA  423.333298.202aA  524.167+194.736aA  669.167+28. 110aA

2.3 N[EASE e N AR A Y R R R B
A BT AE A B 2 R e SRR A A YR R R A B (1) o WIS SR A R M AR 2R AR R
REEAEYE BAYR S RIRGS R SRR, & AR 5T 0] 25 el 3% AR Wi o0 e 07 s U Ae ML L ]
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2%

AR LR BN ARG R <R AR SR PR 22 57 70 01 i 38 R S 25 /K TTARCAR 28 A W b
WM B R ARG S IR BT > PR ARG FIART 7350115 KT 22 57 A S 38 LR 25K 5 25 AR B (] 2R AR W i U 22 S N
o MR AR T R BN ARG <PRBT <RT AT SARET ARE I 22 i 2 AUE L S AUIRZE A1)
R B MG 1R o Bl 7 22 S AN 3%
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Fig.1 Comparisons of accumulation and allocation of E. koreanum in different habitats

2.4 A[FAST@EE R R S R
AR S P S A R R 2R S T (BT 2) o 3 A2 5 i A O R R PRI I 2

a IFERER b FLE SR 2 B S BUE IS I LG 20 %
O 552 A S B A 3, DI ' i R RO I W, 4% A 5 1) 28 5 35

MR AR
Chlorophyll content/(mg/g)

4% a/b Chlorophyll a/b

6
[J Chla
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5 | -
4 | -
3 | -
2 | -
bB aA aA
1 =
0 | | ]
gk PR M
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4 B HY
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Fig.2 Comparisons of chlorophyll content of E. koreanum in different habitats
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3 g

R EE AR SN T2 — R A KRB RIE S SR E R, ARG IR A 1 5
A HR KL e AR A e R B i AEW R BB, [FAE KA KAEARRDEARE T,
LA A AR SRR S AR R MR Ry R R S 3 1P AR T A 5 A o' R AR B R e T R e SRR T
DA, Hobkey 242 | C T RR it ) AR i B sl 55 P b k) | 3 W 7 345 88 1 PAD 1) PR T W) i 0o SR 7 A R R
Begna SH %5 P IR BARE FHSHEL FE R L6, MY PO a R A Pie N5 R Pr B, 2500 K Bl
i, R — LG A B BTSARY , TS B 1 ARGE T G RE SR AT R 22 A K IR im0 i
o AT YR SRR R e IO DR A A SR A G AR B A 2 150 T e e S A IR Y TR A B
B, 1EBF ARG A 5 o LA R

AN AR B R e R TR S AR R AL AEAR KRR 1 A2 066 B J1 1R 52 T, St R 55 52 e D' G el 38, 52 i A
A2 RE R LR | F 1075 MRS 4 X 35 40 1 2 sh R, AR 4 Farquhar GD 261 (85T, Pn BEAKFEREE Ci 42
e, P BEAR Y 22 R R AR AL 2R B G R i 5 55 ) e o o AR S AL BR TR FRAIC, B IE] CO, Aok BE 3
Jn AT E CO, FEGRER FHRCR  (H OGS ORI I BRI, R W PO RE B A 2 AR 3 fif 72 o
LA HR T RN LR, MRS HAA . P 2058 3R WIS B T SO T A AR e = 4y B B A
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