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Abstract ; In order to investigate the ecophysiological characteristics and growth adaptability of different understory plants in
Fucalyptus urophylla plantations, five understory species with high economic and medicinal values, including Ilex asprella
Gardenia jasminoides, Melastoma candidum, Rhodomyrtus tomentosa, and Litsea cubeba, were selected to measure leaf
characteristics, chlorophyll content, and photosynthetic light response curves. In addition, the dynamics of biomass and
individual number were analyzed based on field sampling survey data in 2006 and 2011. Comparative analysis and cluster

analysis revealed that; (1) the leaf width, thickness and, area of M. candidum were the largest, whereas those of
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I. asprella were the smallest. Overall, the net photosynthetic rate of the selected understory plants increased with increasing
light intensity. However, the net photosynthetic rate of I. asprella and G. jasminoides increased more rapidly than that of
M. candidum and L. cubeba, and reached the light saturation point more quickly. R. tomentosa, M. candidum, and
L. cubeba had higher light saturation points than that of I. asprella and G. jasminoides. The selected understory plants could
be classified into two groups in terms of shade-tolerance ability, based on hierarchical cluster analysis. I. asprella and
G. jasminoides were assigned to the strong shade-tolerant group, whereas M. candidum, L. cubeba, and R. tomentosa were
assigned to the low shade-tolerant group. (2) Biomass of the five selected understory species increased with stand age, but
the range of increment varied. The greatest increase was observed in M. candidum (74 fold) , followed by R. tomentosa (18
fold) , and the least was observed in L. cubeba (1.3 fold). The increase in biomass of M. candidum, R. tomentosa, and
L. cubeba was mainly caused by the increase in individual height and basal diameter, whereas the increase in biomass of
1. asprella and G. jasminoides was mainly attributed to the increase in individual number, height, and basal diameter. (3)
I. asprella, a shade-tolerant understory species with high economic value, dominated the shrub community with increasing
stand age of the Fucalyptus plantations, mainly owing to the increase in density, individual height, and basal diameter. G.
Jasminoides showed lower dominance over the shrub community owing to lesser increase in individual height and basal
diameter than those of I. asprella. The density of L. cubeba, R. tomeniosa, and M. candidum showed an overall decline with
minor increase in individual height, basal diameter, and biomass. L. cubeba, R. tomeniosa, and M. candidum can only
survive in forest gap and edge owing to light limitation. In conclusion, we suggested that I. asprella and G. jasminoides
should be protected and re-introduced during Eucalyptus plantation management for biodiversity conservation. Under the
short-rotation management regime, M. candidum, L. cubeba, and R. tomentosa should be retained and re-introduced in the

forest gap and edge.

Key Words: Eucalyptus plantations; understory plant; photosynthetic characteristics; leaf trait; biomass
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Table 1 The characteristics of leaves in five understory plants

4 E e LSgaIwRs
. B a3 oot e . AL
Rhodomyrtus Gardenia . Melastoma
Ttems o Ilex asprella Litsea cubeba .
tomentosa Jasminoides candidum
M4 Leaf length/cm 8.31(0.84)C 11.63(1.90) A 5.60(0.72)D 8.02(1.06)C 10.03(1.26)B
M5 Leaf width/cm 3.10(0.46)C 4.70(0.70) B 3.08(0.38)C 2.65(0.40)D 5.50(0.95) A
o) I T Leaf area/cm? 16.40(3.18)C 33.71(9.63)B 10.36(2.48) C 13.37(3.38)C 38.73(10.68) A
MR Leaf thickness/mm 0.38(0.04)B 0.25(0.03)C 0.17(0.03)E 0.19(0.02)D 0.56(0.05) A
MR T Leaf dry weight/g 0.15(0.04)B 0.16(0.04)B 0.04(0.02)C 0.06(0.02)C 0.33(0.09) A
£ K B Water content/ % 57(3)C 72(2)A 72(3)A 68(2)B 68(2)B
[EAL T )
108.60(8.52)E 203.77(21.53)C 263.06(67.04) A 223.79(24.31)B 117.36(69.31) D

Specific leaf area/(cm?/g)
Bl o P (b 22) FEA n =30, AT A RIRE FRERR 5 FH i R 7E (P<0.01) /KF B2 5 3%

M2 2 E R T S N MR REZ —, AR 2 AIE 5 FEAR 48 R & A 29.57—45.40
pe/em’ Z A I FRIFERER a b AT S N R & E A W LA 4 Fhss BPAE PRGNSR b & & LA
BRAR, R 2 B0 E BBk A IR ST 435 Z B A 4% 3 a/b (B BAT B 35 25 S 40, LAl ] 7 L0 A #40
A2 BP0 LU SR R ik 3.85, M & Jefif R 2.11, 5 DA HA B H P 4R a/b LA
it 3, AR MR AE 2—3 ZJa],
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R2 SHATEINHERERE (ng/em®)
Table 2 Chlorophyll content of leaves in five understory plants

o . . S
5H bl fer it T AL
Rhodomyrtus Gardenia . Melastoma
Items . Ilex asprella Litsea cubeba .
tomentosa Jasminoides candidum
IH-4%2% a Chlorophyll-a 23.11(1.24)B 24.71(1.74) B 23.55(1.20)B 32.77(1.44)A 23.48(1.40)B
4% 2 b Chlorophyll-b 10.67(0.48) B 10.36(0.45) B 11.18(0.61)B 12.64(0.37) A 6.09(0.37)C
4% % a+b Chlorophyll a+b 33.78(1.72)B 35.07(2.12)B 34.72(1.75)B 45.40(1.80) A 29.57(1.76) C
-4%% a/b Chlorophyll a/b 2.16(0.02) D 2.38(0.11)C 2.11(0.06)D 2.59(0.04)B 3.85(0.04) A
KW NE Carotenoids 3.51(0.23)C 4.26(0.26)B 1.52(0.23)D 6.4(0.29) A 4.11(0.24)B

Bl PRI (ARUEZE ) FEAS n=3, AT RIS FHEZBIFOR 5 MY 20 R 1A (P<0.01) KF LR B
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Fig.1 The photosynthetic light response curve of five understory plants (mean+SD, n=3)
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Table 3 The photosynthetic parameters of five understory plants

) k4t » %
5 bl for fint T i
Rhodomyrtus Gardenia . Melastoma
Items . Ilex asprella Litsea cubeba .
tomentosa Jasminoides candidum
R,/ (pmol m™2s71) 0.98(0.053)b 1.09(0.15)b 0.72(0.05) ¢ 1.03(0.085)b 1.37(0.12)a
P/ (pmol m™2 s7h) 14.53(1.79)b 11.25(0.16) ¢ 9.50(0.41)d 14.64(0.32)b 16.42(0.31)a
LSP/(umol m™2 s7!) 716(166) ab 462(8)c 567(86)be 941(186)a 669 (137)be
LCP/(pmol m™2s71) 19(2) be 15(1)d 16(1)cd 26(2)a 21(2)b
AQY/ (mol/mol) 0.0058(0.0008)ab  0.0066(0.0001) a 0.0065(0.0006) a 0.0042(0.0003) ¢ 0.0052(0.0007 ) be

R, : W5 %% Dark respiration rate; P, : 5t KiFEA % Maximum net photosynthetic rate ; LSP ; YGI Fl & Light saturation point ; LCP ; Y Mz
J=1 Light compensation point; AQY ; LM TR Apparent quantum efficiency;ﬁ(ﬂ*:jjﬂqzﬂ‘]@( PREZE) JBEAR n=3, AT AN R/ING FhEZ 8] R 5 Fh
IO ESEAE(P<0.05) K- E 25 B3H

3.3 5 BRI IR R
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Fig.2 Dendrogram of shade-tolerance of plants

A HIEFEFRE 2 Cluster analysis of leaf morphology indicators ; B : 4% 2 1% f5 #1758 28 Cluster analysis of chlorophyll content indicators ; C : A5

ESHARRE I Cluster analysis of photosynthetic parameters; D : FZEEFEHRIEZE Cluster analysis of composite indicators
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Table 4 The dry biomass allometric equation of different organs in five understory plants

Ak A 5

. Bl o - AN B4

Rhodomyrtus Gardenia ! Melastoma
ITtems L llex asprella Litsea cubeba .

tomentosa Jasminoides candidum

i W, Branch/W, 0.0264(D*H) 8% 0.4033( D2H)O%*  3.9094( D2H)*632 10.1(D>H) 0363 0.151( D>H) 1474
M Wy Leal/W, 0.00001(D?H) 232 0.5262(D*H) > 0.6865( H) "% 16.7(D>H) ™! 0.3305( D?H) %6878
R Wi Root/ Wy 0.2277(D?H) %502 0.2399( D?H) 84 3 5439(DIH) "9 18.9( D2H) 0852 1.1407( D*H) 06912

s I FARRAEAL . W, TAY R Dry biomass/g, H: 8 5 Height/m, D {4 Diameter at breast height/cm; Bb 48 BT MEn 47 B4t
PR WL T AR R Dry biomass/g,H: W Height/cm, D . #1142 Ground diameter /cm

AR A Ty VR 2 5l R i ) AR R OC R 20 HARL, 2006 AR IR T 1Bk &I HEF AN A | LS R BT
FEPHEE SRR A BT AR P30 £ 103,45 .160.08 ,80.29 ,217.76 ,0.87kg/hm* (3K 5) , Horp il 45 74 9)
HHROR, HUORAE T FAIBE &, /N2 B HERE . 2001 48 )5 Flobk T A 9 A ) 1 A S TR R B2 A 1, JHG v 3
R R B 2 BP AL FE 6 35 74 4%, A 0.87kg/hm® B4 5] 64.4kg/hm? ; FUCORBE G U, 3 ik 18 £%, A 103.
45kg/hm* 34T E] 1884.72kg/hm” ; B4 lig e /MK SR HE T, HIGHN 1.3 /%, M 160.08kg/hm* 35 fin %] 211.18kg/hm?
LS T A4 35 3 I3 I 6 F 5 AL a6 i AMAECE AR AL A il BEAE P Bk R AN L A
B J2 08D 1 EATTAR T A R N A R AR 1 BE RIS R I G R . HE TR AT A ) Y 3
i, HAMAR R bR RIS IS KA TUER . 2011 4R R IARART 5 AR AE P A 5 R BN/ HEF S - Bk
SIS IS T > AT SHE T > B4

R5 SHHRTHEUHEDR/ (kg/hm®)
Table 5 The biomass of five understory plants
2006 4 2011 4
R WA MM AR M bEYRE T AR

B o EAY R
Tree species Aboveground Underground = % - Aboveground Underground e % -
. . Total biomass R R Total biomass
biomass biomass biomass biomass
BEE IR Rhodomyrtus tomentosa 68.63 34.82 103.45 244.78 1639.94 1884.72
e F Gardenia jasminoides 31.40 128.68 160.08 49.89 161.29 211.18
2T Tlex asprella 55.88 24.41 80.29 218.94 121.61 403.55
W4T Litsea cubeba 171.50 46.17 217.67 1096.95 232.10 1329.05
W4} Melastoma candidum 0.27 0.61 0.87 38.57 25.83 64.40

3.5 5 AR R A KA MRS R TE K
X5 L LRI M R IR MR AR AR AL 7 TR B T s (3R 6) LI T Bk R AR A PF Y 285 5 (A
2006 AEF] 2011 4F) | B [ A AEC S 5D T 73.4% 23.1%F1 46.2% |, T HE 1~ FIAG 435 20 30 T 31.6%
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F158.3% , MAF NIRRT BPHPE AR 475 7 2 B DA 10 20 BRSO I 1Ak < W ARG 1 1) 45 DA I A B
EZHE/N . BRI 2 AR B2 7 AR A Ko R b, I B RO PP A8 AR AN s
e M4 A HBCEA WE n

TERR 5 75 T, BRAE T BB = AR A AN RO AR B R i 8 A R BB a2 1 48 1 OBk R e 2011 4F
FE 2006 4FATFRHIH N, X AT RE 5 HO MR AR B AEYEREEA ST 5 PR R A e (B7%) #8A AN Rl 22
JERYHIC, A L 1 e Fif 4 A AR B OR

R 6 5THRTEMAERFHEMMEEHIHEK

Table 6 The population dynamics of five understory plants

2006 4 2011 4E

ik R - itz AL W . Mtz TR
Tree species Density/ Height/cm . Ground Number of Density/ Heigr:t Jem \ Ground Number of

(M/hm?) diameter/cm  stems/ M\ (MA/hm?) diameter/cm  stems/ M\
k&1 Rhodomyrius tomentosa 520 71.5 0.62 3.4 400 114.4 0.95 1.7
WEF Gardenia jasminoides 190 100.5 0.78 2.8 250 106.2 0.88 1.5
Mg 255 Tlex asprella 120 141.9 1.09 3.2 190 213.1 1.99 3.5
WG T Litsea cubeba 1170 210.8 L31(Mafs) 1 170 476.1 431 1
B4} Melastoma candidum 130 63.5 0.29 1.2 70 114.8 0.70 1.7

4 Tig

4.1 5 BT A 4 A T B A

L V4 (914 2 R 400 P9 2 A R P TR A % SR 38 C B B A8 A 4 38 o7 P R 1), SR B MR . TR R
TR B — OGRS , 25 R BEIRA RN, MOF AV MR T 225 [ A A A7 3, K 22 Ak e e A 1
it BAARFAE , IF R R AR A RIS I JEERE | B I AR B s A A A A 0 PO T B . — B A A T B AL 4
AR I T, I TR B T R e AR AR, R 2 2R B A R — AR s B P, S2 O ES  Lentih
FRGBR I, BT LA B TR AT 1 Ay ok 30 B A HR 5ol 20 ARAIFSE 1 5 RO AR b B PR R S R
JE R T RN B R I R AR RS RR (A R, M A IR R R i T BT SR AR AR AN AR 3
Bl BEE IR AEFANLAE T TR PRI 28 Z ], P4 PF IRk 4 00 A Ll T AR XT30S | T AR 44 7
L FRIE T A He i AU X 3K A 2 A W 22 5, N TR SRR AR R AR I 4 v 58 B i 1
FLRFIELRE B R R K R A O TR SR R AT R R R AR R AT AT, S SR RN A L Bk
SIRFINE T A —28, PR — 2 (B 2A) o AT ULAF A I R T 2SR T B AL b 43 T I A T B 2 o
RSB Z A8 hr R IIFA— 2, Wt 2 UL B 8 SRR Bk B - 1 3 o A ) B e BH AR . il & 119 He
I AR PR B AR bR S B4 T A 8 A — 20, BARA SE2 5 AR SLA X BE i 7 St BRUAH 52 728 Akt
P (BRI OSSR s, H T AR R A B (R AR e AN B . X AT RE S A REVE 1 B AR A OG

M Z YDA ER I E B A6, FLER SR a ISR b A, i TRE LT
TSI R AT BT 22 5%, LT 4R 2R a b M4 3R a/b J2 S kg Py it B PE A B ZEHR AR Y — Bk, T
FITPE5R AR P R 28 & 135, Chl a/b LUIERAR (CH /N T 3) |, BB 50 40 I FH i 500, LA I 76388 B 1 30455 rh A=
K, MBHAAEY) Chla/b HLERTIA 3 DL PSS AR — o5, AT R B4 A 48 38 a/b (RS 3 B T
FHAREY) , L& BRI e A 25 4R a/b (HAE 2—3 Z 0], @ IE A, (HLR G % 0t
G BBORMEBIE TGS R B Bk A 0 T8 T AR TSRS s i Bk 4 i |
INEFRAERTER LA, NEEBCRIRT 32% UL FRIME FAK, IR i8R S m 5 ik b
MR R B AR BT, 45 R 5 R TSR bR, A4 I T R IR T —28, B4 )
Hph—2 (& 2B) , AT DA S R S AR I T ST AR AR AN BEAR g Hb X S4B 4 (4 it BRI
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MY CASERMY A KB EESE S5 YRGS N AR AR LA S B aR R S i
WK 3 W BH A AR B RV A R AR G A S R M s A T B A AR ) L S ARSI O
D E FEBH WP IS IR 4 IR RV A HOR K Mg 435 FIE T I o & sl R 80N, Il 7 B
FEFFRIR, 4 W I YA SR A T R I 2435 G AME B B/ . FERAI BB SRR AR E I RIS HT
R R AR I T 00T, 25 SR MM A7 LT B S —2 HE T REFA P — 25 (B 2C) , Xt 550 FRIE I
ARK—F, AT WAL LI A S B b th Bk AR i 432 A 4 1 ik B A

BT RGh8 2078 IR0 2 W T REAF T b . 8 /NS48 0 I ik R 25 R
Yy B R AT 25 26 LI RIA 5] 96% , A K 5 I B A B E il 5 L b TR Xt S Fia
PEAT RS AR IT R BRI BB S AFIEFS b, 2R 2R B AR bR B S BE LA BT E N RIS I i R 48 B it
55307, 5 R R W] .5 MR A BT B T 23 S W2 5 5 1 B BHAE PR B AL P (IS BRGIR 26 2 26
S B A PE M A3 FIAE T (8 2D) o X —Z5I AT A S MEDI R SEPRIE oL, AP B R t 2 R R
AHELAE AR A — A3 R B 24 B G B IR, B — A PR AR AR XE M B TERE | B TR A 3 i E B T 2,
SR ANAT BE 3R 5 18 AR bR B R — i . ARBFSEAM RIE S M4 RSB ADEA S EEIE S A B bR fE
FPE AR i R, BRI X MK AR AT B, LA RS AT, &5 A AT A8 SR, T FE S
e,

4.2 5 PP ARBCR I TE

5 FAR T AEA A AR AR R I L 7 BT Rk 4 W8 A BA T B B AR W), TR 2 B R b e
JEAI AT BB K, 3K 3 PR AR A5 R T, S 2R TR | M I A ARG A DM Tt B AR 4, JH Ay T AR
RWTHE NN, FEAR N BESE A B ORAT , B8R AR T BB Hop I NV M /INR R, BRI I BR BT T
AR 3 SRARI L SiE LU VE RIS b g i %20 R R R A7 301 (2006 4T ), H: BALAR T AR 2
AR R BRI A 4 AR (H B BRI AR BR AR N (2011 4F ) | H: o7 i B4 B R R W, BRI AT
TORBAMARRER BUNTEA  BHAMAE KA B A, 5 R E S 0 TR AL T 45 3, HREFEMRTT AR TE il
TR SR . P, A A (R E BT AR FIAMRZ nT 38 S R B8 LA 7, BF AT PRIk 4 R R %
INEERIEA SR BHE S Bl BT TR S A Bk A RS TR BT, 206 B RS I D A 4 S 20 T FE 9
T BEE MR T ARTER (0 KR, B RIBE 4 00 1y By T AR Bt KR R, T 9L P T AR 4 R the
SBRWIEER , I, 78 R HER AR | AT 24 B PRk S IR AN W D S B e R R, B R
BHE R AT 5 A T AR 6 S0 A B i od |, 5 — 2 A BR R 88 o8 SR, 5 Y 224
AR IF R S T 5, ST T AR gt SR AL SR WA A 7 A 2 bk T R 1 B T AL
SN A RS X 2 R BEEAA AR T IEH AR . BRIIE M4 FOHE 2l A A AR T AR K R R
[l b, Mg 2 75 FIE T LA — 28 24 P, 4 skl bt N TARIG A= ) 2 | SR R AR A 4 B A
AT I 2 AR R A AR T A R T,
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