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Abstract;: We evaluated the influence of long-auricled indocalamus ( Indocalamus longiauritus Hand. -Mazz. )
monodominant thickets in understory layers of tree regenerations during the reestablishment process of natural forests. A
manipulative field experiment was performed in pure Chinese fir ( Cunninghamia lanceolata (Lamb. ) Hook) plantations in
Huitong, Hunan Province, located in the subtropical part of China. Ten lhm’ permanent plots with long-auricled
indocalamus in understory (1) were selected as treatment and another ten 1hm” permanent plots (C) were used as control
plots in which there is no any bamboo. In 1996, all canopy Chinese fir individuals were removed to improve understory light
condition and to promote the establishment of monodominant thickets in these plots. After 10 years, dense bamboo layers
with about 95% cover were successfully established. In 2007, we measured the abundance, diversity and biomass of tree
seedling, sapling and adult tree by height class in all treatment and control plots. The formation of long-auricled
indocalamus monodominant thickets significantly impeded the tree survival and growth. The abundance and diversity of
saplings in the 18 —390 cm height classes were lower in the treatment plots. Although the dense bamboo layers did not

significantly reduce the abundance and diversity of tree seedlings of less than 18 cm height and canopy trees, the biomass of
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seedlings, saplings and canopy trees decreased by 47.45% , 39.87% and 59.64% for the aboveground portion and by
55.70% , 46.08% and 63.62% for the belowground portion, respectively. Non-metric multidimensional scaling ( NMS)
ordination showed different patterns in species compositions between treatment and control plots, which further indicated
that tree regeneration in these two types of plots was not in the same succession phase. Our results support the hypothesis
that the formation of dense bamboo thickets would slow the tree regeneration process. Our study suggests that the formation

of monodominant understory layers during reestablishment of natural forest should be avoided.

Key Words: monodominance ; understory ; reestablishment of natural forest; bamboo; subtropical region

TR E MBS RS - NEZEREYE T EFE IR EEFTIARR TR ST S Fghs i gy
MAE T RSN Y o EEE KBTI R AT R RS RE - EE RIS 6 A
FIXTFIRAB R M LY B HHA R R, # B3 G e Bt TR —5 7 Fil
A AE AL AR R B R P VR RE B A . SATAK T AR 5 IR 5L R BRI, (o AR B AR 15
IR BT SerARrE" s A A R S S M A S R R 3 AT S Bk
TR, R T, AR R AR R PR B MR AN o AR AR S AR b R AR T J2 ARk i
K ETEA IR, A5 5 ERE YRR A K B R R AR N A . R 4E B AT SO IR IE , X 2e 4 Fh
B — R R YRR BRIS B T8 T2 TR S, B AN 3E O VB B Bk ( Thelypteris novaborensis) ') ; fii g K
R 36 FE AR RO AE IR (Acer spicatum) ') s 7E 3R Taylor B F4RE HIENE H SRR I X K955 4T ( Sinarundinaria
gangiana) """ & FEFRARIRE FEE HEd AR T B A AR R S R RS B2 TR AR MR, SRR
TAEREE B RTERL, AR T T IR R R BR | 3X A 5 1E AR R S 70 8 s i A2 vh 9 W8 R VR T AL B R
U RAMRE AR, N TAUT I R R LR —FhEERSSER  BIAE 5 4R A THEHE 2
AR RE A R ERRAN S . FEXRERPIE R T, BT 25 hm® B9 E R, R T AR AR R K
AT HFAT R EMATVE Rl AR SR B LU M AT AT e B AT TR B 2504 TR
WIRE LV V2B BN TR RS . BFPAMNWA TR R, FEAREA B 0. 95 LA_E M ZRARIREE o B AT 4TS
REIEH AR, 2001 70 2 i U TR 5 S RS 25 (TEE AN, 3 LM AT I8 DM 22, X B R sh i KB s, B R T
FPREOR AT . BFST R BB - (1) SR M AT TR SO BB R £ LR MAR IR 5 (FE
WA ) 22 BE R ZAEMEAR AL ) 5 (2) HIB B AR A2 5 X R F) 2 A e i e VR P ( B AR LR A2 4L )
(3) K Bt B BRI AR A K (FENEEVEMRER) .

1 R

WHFE st R AE P E L2 B R AR bR A 25 SE 56wl SE BRI AR 48 110°087, JL 26 27°09, #E4% 41 T 300 ~ 500
m 2 [H] , J& TR I S A, P RS 15.8 C B FEMEZY 1200 mm; 3N HIE, pH AT 4 ~6
Z 16 5 A PR B SRR MR, BT I TR O AR D B, BE Y,

2 MIRAE
2.1 EmBHSEET

B 7 B T 1996 458 B, W B FHBSZ A TIE/NG 19 A AN TAHY 25 hm® AT F2
B Fh R ih 8% 35 5k ( Microlepia marginata) YRATM: ( Lophatherum gracile) 3K K ¥ ( Oplismenus undulatifoli-
us) Ji%& ( Woodwardia japonica) %5 {U>¥3 ( Rubus rosaefolius) k25111 ( Maesa japonica) EMAT , BIE R E R SE
MEPTRREERI S 2 4150 | A TAT, 10N T LR, 3 E 1 hm® MY ERE Y 10 AN, A0 7E 5 AR L
E5E 2 AT, Bk C BIREH, Wik B 1 hm® MEEFES 10 4, AR 7E 6 NARRIE LS Fo 2 48
M BE AT 25 ~35° 2 6], B AW RIFE IR 43 25 20 m x 20 m ZZRAETr . 1996 ERkZE , BRI HIBR
FEATTARZE RIAZARF, R BB B R B R AR, LR B A E TR . R R b, R C AU B T
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FEMETT, MAFLHETUSNER. 7€ 10a FIEFEE RS, 5 1 AR AT 48 1 8 28 B A28 AT
MR ZE DL K 85 A | 0 6 /8 ( Machilus pauhoi ) | T 4 #i ( Aleurites montana ) | %] & # ( Bothrocaryum
controversum ) 2 3 ; 57 2 LA HIAR T AE DY I8 28 B LA AL 28 1L (4 IE ( Maesa perlarius ) AAR 1L 85188 & ( Desmodium
ssp. ) N ERIWRAEF IR, 2007 4EJEAREFTE — AT WEEE T REFAFRE 25 M2 m x 2 m R
REHFEHL, ICRTEARMFE JE R HE R RN A&,

2.2 BRI

TR 2 B — € HARI T ARMREEE R , ZHEE YD 5 BEA Shannon ZHEHEFEEERR . EWER
M EARIETT FEABEL T IR, A RFS BB BUETE B AR A, R IR SE . TP 2
WA EE,RYE W = f (D°H) FEBA R, W AR, D R SEER H hatks B, BRNERS S
B EASRGEWIT ML &A1 A M R P S A T & [RIARIX ) FAO2 K (http ://www. cerndata. ac. en/) .
FrARF R B R R 43 3 BRI A BUAER, R AR HEIN R : 4 0 ~ 30 om R BE B MAE SR A R T
30cm, fi#2 < 10 em [N WERME =10 em MRS S B A BAEMEN, HRIRIA T ESED . £
R EY BN B E R TCR T 20 s E ESB5 225017 , 25 L #E Holm-sidak B 5 # Tukey
o YR U AR 2 AR, EEA A Pe-ord 4.0 ) NMS BEHSE i, HEF7 il ) 8. 354 ] Monte carlo 5
5y, 77 251 Hrid B2 Sigmastat3. 5 58 i,

3 £RE5H5m
3.1 BRI M AT PRI AE 0L

I BURE b BB AT RN R , BAMRIEAR -390 0. 82 om, R EFF IR 2. 32 m, 5 1996 4EHIA IRHTRL LA, Ff
BT BEY K, B h 1996 421 3.8 #k -m 7 P REI HATM 62.7 ¥k -m ™, 355 1996 4F LART ) 30%
AT, 8RB H AT 95% » ARIBICEREMEE, BRTE AT PR E YR 37309. 18 kg-hm 2, Hodih B354
B (29688.66 + 11169.50) kg+hm 2, 4y F 8544 M1 (7620. 51 + 2161.15) kg-hm 2,

3.2 RAAMEE B #2 b & 5 BE R F ) 2R L 22 BE DL L,

2007 AEAA 2 FAE R BIFTA 2581 Bk, C BIAEHD 1906 Bk, T BIFEHE 675 A ; Wtk 90 Ff, Hidr C AIAE
M 75 1 BINEHE 57 F . X ( Cyclobalanopsis glauca) FZA BIFERHKUCGRE: C BIREH#E B RR , A2 0%
(Camellia oleifera) \ENIEREMIE 1 BUREHL IR E R Bl . PIRDEBIREHL LN B (4O BUEE R O 2 BE L £ & FE DA I
Shannon ZHMFEBEERSER 1. T EHTRIIELANE AT BEER FIMRELA L 18 cm LATF YL
390 em DL E R ( 2 5E) BA B B, H2 B E R TR AT 18 ~390 em MAMARL, SRR H5] 18 ~
<24 cm 24 ~ <30 em 30 ~ <90 em 90 ~ <150 ecm. 150 ~ <210 ecm. 210 ~ <270 cm 270 ~ <330 cm 330 ~ <
390 cm 435982 47.50% (P = 0.038) .84.13% (P = 0.004).74.94% (P < 0.001).94.72% (P <
0.001) .84.19% (P < 0.001).77.45% (P < 0.001) .58.95% (P = 0.001) .64.44% (P = 0.028) ;%fF
Wb Z MR UL, 01 5 BB 2 Shannon [EFE 1R HA R 2 AR K, EMH AT NI BFEKT 18 ~390 cm 2
HIR AR Z A 5390 em DA JZUORE BRI 28R RB0 R B B 2251, (H2 2R AR AR —2;450 cm
DA R R BN B B> T 32, 11% , Shannon {EJ/> T 24.87% , FAYLE HATHEVE X BUAER Z2HEME B e
AREELD,

Y2 B I A PC-ord BB 5 200 1R, R BUAFFE W] WA B6 BE . NMS BBARER 3 S5 HE/F 8, &/ Ri )
Stress = 19.01,Monte Carlo #% P = 0.0323, HEFF45 R UNE | Fin . 40 i BAEM, T BUAI C RUREHILAE 3
YeHE P2 6] AEAE R A0 4 3, R BRARE T DA AR 24 8 B B A 5%, ] Holm-sidak 543055 1 %
t =2.226, P = 0.030; Tukey 50305 2 Bl g = 3.429, P = 0. 015; Tukey LG5S 3 Bl g = 3. 345,
P = 0.018,

3.3 BREERRFEEY RS
BAARE AT RETE X BAE M A ) B BER W (3R 2) , BUAEW A& RSB T R R W B2 3t B
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F4Y HUT RS R4 B T 58.24% (64.19% 58.41% \57.60% \59.64% 63.62% . M-l X4 |
M AR IA B (R 3), BRI, BT B AR H T W B A B 4 43 B R 46.37%
47.45% \55.70% , Bl 735 T K 40. 60% \39. 87% \46. 08% , BAREIA I = Sl L, S e ahid & o =
ERFHETEERSER 4, HPRaE B R 2 24 ~ <30em FEHILHE,30 ~ <210em & BRI LM

®1 5100 W NEERSE DM BERNSENSHE"
Table 1 Mean abundance and diversity of seedling, sapling and adult tree per 100 m? in C and I plots

W% % B Abundance & B Richness Z 4% {8 Shannon value

Height class/cm C 1 C 1 C 1
<12 5.6%(6.2) 2.0%(2.3) 2.7%(1.5) 1.3%(1.4) 0.77%(0.60) 0.36(0.50)
12~ <18 4.1*(4.0) 3.5%(3.3) 2.8%(2.0) 1.8%(1.3) 0.78%(0.54) 0.46%(0.45)
18 ~ <24 8.0%(4.5) 4.2(2.8) 4.8%(2.5) 3.0%(1.8) 1.25%(0.63) 0.82%(0.66)
24 ~ <30 6.3%(4.9) 1.0(1.6) 4.12(2.7) 0.7b(0.9) 1.16*(0.68) 0.19°(0.31)
30 ~ <90 43.9%(26.3) 11.0b(9.0) 13.1%(5.4) 4.9%(2.6) 2.10%(0.42) 1.23"(0.66)
90 ~ <150 24.6(9.8) 1.3(1.0) 8.82(1.9) 1.2(1.0) 1.76*(0.39) 0.32°(0.43)
150 ~ <210 27.2%(17.2) 4.3(5.9) 7.7%(2.2) 2.2(1.9) 1.54*(0.47) 0.45"(0.66)
210 ~ <270 10.22(5.3) 2.3(2.5) 6.0%(2.5) 1.7°(1.6) 1.55%(0.44) 0.49"(0.58)
270 ~ <330 9.5%(3.8) 3.9(2.5) 5.5%(1.8) 2.7°(1.5) 1.50*(0.37) 0.79b(0.58)
330 ~ <390 9.0%(6.9) 3.2(3.2) 6.0%(3.0) 1.8 b(1.6) 1.58%(0.51) 0.50b(0.57)
390 ~ <450 7.9%(6.0) 4.5%(3.2) 4.7%(3.3) 2.9%(1.5) 1.23*(0.71) 0.89*(0.54)
= 450 25.0%(9.2) 19.3*(8.7) 10.9*(1.7) 7.4*(3.6) 2.10*(0.15) 1.58(0.68)
DBH > 10 cm  9.3%(3.5) 7.0%(2.9) 4.6°(1.5) 3.7%(1.8) 1.30*(0.31) 0.97%(0.63)

* FESPRREZE (AT ERR) , F—W &%, F—Es i ms), FHMHFARREZFABE (= 0.05) Values in parentheses is standard

deviations ( the same in the other table) , Values with the same lowercase letter in the same row and the same parameter are not significantly different (o =

0.05)

NMS3

Bl CRI(SLODIR) AT B (%8 F3F) BEHBART R4 R IK NMS HE 7
Fig.1 NMS ordination for tree composition of I-plots ( blank circle) and C-plots (solid circle)

F2 TEXBEEMHFRESASNENE
Table 2 The biomass of different part of adult tree in different plot types(kg-100 m~2)

e R WT WAL Rt B Ho_bERAY RS

Plot type Stem Branch Leaf Bark Aboveground Belowground
C 455.59(251.14) 197.82(114.29) 61.14(32.94) 68.77(47.28) 783.37(441.83) 210.38(108.72)
I 190.25(142.34) 70.84(67.48) 25.43(18.46) 29.16(19.98) 316.19(247.2) 76.53(73.46)
P 0.007 0.004 0.080 0.008 0.007 0. 004

4 miSiie
R BECRT 0 B T R o T4 R TR SR AR R S . AR
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FER BRI T AEYE, C BUREHB AN T BRI ML= T [A]— A DX Sh 7 28 , Jo] B 4 W i gt AT
FEHLA RN T O B AT LU AR ARG o RO b B SR O T 7 2 (e R AT R R

S,
£3 TEHMERGE HREHESHEYE (kg-hm?)
Table 3 The biomass (kg-hm~2) of seedling and sapling of different parts in two plot types
Wi H 41 Seedling » i Sapling »
Item c I C I
AT Limb 8.54(4.35) 4.58(2.87) 0.027 33871.76(13994.27) 20119.71(12072.88) 0.030
- Leaf 5.21(2.6) 2.64(1.49) 0.023 4794.8(1945.91) 3196.1(1764.27) 0.070
Hb_F 843 Aboveground 13.74(6.84) 7.22(4.36) 0.021 42807.99(17475.65) 25739.9(15245.65) 0.032
HbF #84) Belowground 7.45(3.76) 3.3(1.68) 0. 005 13726.11(5629.77) 7400. 85(5020.78) 0.016
*4 TEABERINGE HRGEYE (g 100 m™2)
Table 4 The biomass (g-100 m~2) of seedling and sapling by height class
RS (cm)  FEHBASH AL i Hh B4 A
Height class Plot type  Limb Leaf Aboveground Belowground
<12 C 16.04%(17.44) 10.67°(11.11) 26.70%(28.51) 15.19°(17.33)
I 7.48%(11.57) 4.52*(6.73) 11.99%(18.29) 5.90*(7.39)
12 ~ <18 C 12.432(11.78) 8.73%(6.90) 20.98%(18.12) 10.75*(10.74)
I 12.87%(11.34) 7.52%(6.68) 20.39*(17.98) 10.44%(9.62)
18 ~ <24 C 33.56%(19.38) 18.76*(10.03) 52.32%(29.01) 29.81a(15.59)
I 18.73*(19.83) 10.81%(9.62) 29.54%(29.39) 13.06*(10.45)
24 ~ <30 C 23.4%(16.81) 13.98%(9.23) 37.38%(25.68) 18.73%(13.1)
I 6.7°(16.07) 3.58(8.28) 10.28"(24.34) 3.62"(6.91)
30 ~ <90 C 265.48%(142.88) 138.92%(71.1) 391.942(208.57) 154.39%(76.07)
I 83.48(89.05) 40.01b(38.4) 122.18b(126.43) 46.51"(43.4)
90 ~ <150 C 563.97%(296.77) 286.28%(117.55) 859.512(431.58) 287.16%(142.83)
I 21.85(29.43) 10.59%(13.59) 31.67"(40.38) 9.96"(12.12)
150 ~ <210 C 1521.76%(984.38) 607.53%(391.87) 2054.09*(1181.78) 664.62%(409.97)
I 616.97"(869.98) 226.11°(382.08) 875.84%(1304.92) 292.98%(461.8)
210 ~ <270 C 1424.3%(843.91) 297.26%(179.88) 1720.54*(1082.61) 471.09*(331.71)
1 815.742(956.86) 321.56%(512.99) 1231.55a(1537.26) 487.35%(707.14)
270 ~ <330 C 3651.5%(1861.37) 680.36%(429.15) 4484.09°(2478.7) 1257.89%(842.63)
1 2879.07*(2205.3) 950.64*(906.29) 4070.26%(3236.1) 1386.31%(1128.79)
330 ~ <390 C 12413.63*(13889.4) 3416.72°(3762.56) 17614.89%(19796.96 ) 6488.14%(7483.7)
1 6324.23%(8201.58) 1608.96%(1742.04) 8692.01°(10750.57) 3032.23%(3719.85)
390 ~ <450 C 19589.372(16025. 56 ) 4533.2%(3943.62) 26817.86%(22240.99) 9310.512(7846.53)
1 9606.9°(6931.13) 2638.05%(1953.71) 13332.03%(9715.56) 4402.97°(3467.23)
= 450 C 299287.61%(128047. 14) 37987.68*(15184) 374136.94*(157218.48) 118627.33%(49863.11)
1 180848. 9% (114812.37) 26165.06°(14698.83) 229043.45(142933.68)  64350. 13" (46604.12)

* [f]— W, A — PR ITERAT, FRAMFARRZRAEE (o= 0.05)
same height class are not significantly different (a = 0.05)

4.1 XFPF RS A RE SR KRR

E TR S B 0 2 BE SRR E R B R R R R 18 em LU MR, — UL T AT
AW TSI B8 B MR R SR R ERE > 2 om WHEEINEIRD T OB R AL R . A
SR BA KX FIEIER, RSP EANILEE T AR I P Y 23R BEALE 3 em DB (BBA B
R RR T WA A5 4l KR T , T RE IR R R AR LB BE R (25 ~ 35°) , JAVE SR TCIE I S 40 A, 3 Ah
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3k Bt R B3 0 T 4 R LA
4.2 XTEAEE SR E RN

B AT HE A TE BN R S BE R I R i K, 2B AR R R TR, R HS R
TEEME ARG X — B AR B A R Y A B0 , B R B AR (B, A PR T S
AT HIR) ERA R —3 ., Holz 384T FIF LG A TR0 T WA SE 3, a4 & ARk 2 AT
(Yushania microphylla) F8¢  BL T RS AR 752, S 0AE R , 78 2002 ~ 2004 4EAF IR E KA BT 7718
DA I 8H R U BE BT BRI , 26 I 1 1) KPS VE AR LA BRAT -t B R ik S B F B bRl i AT AR
B T X SRR e A R — e 3 da 2 A, TR HUAE S R IR E — IR T E L HAER ZE L 4E R
] RBE 940 T R AL 2L SR A 2 A AR 2 30a i9BFSR Y o BFSR Bt [) R BE R ) DA % T B A 5 2
— NIRRT A ZNARMEE R . FIMTF RSB L TS R =4 T KERE W MIEH R e
P T B &2 LA B g BT TR ) X A BEAL A T REHE 55 BT T REVS I SE RSO , B 0ol A 7 B
FEA B T A R B, KB R AR LB . DRI T 1la, BARF A ZRARIR E Bt E] RUBE, IR I 78 40
FIHE 5 R BRAUAE R T B B AE B K L BELAR T WA R 5 JE -
4.3 WREHSRDEBITES

WF5E R I C RUAEHBER T AL Hh )R 4B B R [R], ASEHIE B T B R R AL T A [ Fé 38 B B B, 3B R B
T BARE T ATHE AT TR AR R T AR T X AR e R L AT BB T B PR PE R R — MR, ZEH B
i1 90 AR 75 ANk C BUREHE, AL 57 AFEA T BUREH, RS A SCHY 45 51 2 B B AR AR A T8 e A vt
FUAEAR 1) 25 BE R R AR 2D (B R D vh 45 151 BE R A W o 50 i R 2 R B B T 3, X S B 2 AR Y
FIEE TS A8 0 , B F B[] RUBE 2% 1, B DR AR T A 1 A K BEL A% B AR R FR BF RS2 . Griscom | Schnitzer
NN PR AR AR AT B S AE ) PR AR P 1) 5 4 BR B SEPR R TR PO A, S MV o Ay BT , R Ay
T REREREAR IR TT A BT 7 IR A A0 , e A 33 02 %) ) BRGS0 T X e A, AR AT A
HITE B 2 B BUREE T 4 S L RS AR i A D B R R R BRI AT R BEAR L, 35 S
SR, KBRS, GIRE R 24 ~210 cm BAMEAY R E TR, MHRHER, ZEMRE TIRILYE
F2 40 A ) R PR VG 5 78 B A I e , BEVE AT R AR T IRV A2 4 X e T AR B 4
Bt o ZE—M Ak rR , 2k T A6 BEATRE B B M T RS RO | A B R AR B R
EATTE 10a 2245 B[R] EE 25 B O 28 KB 95% , W IR R B R i & 2 0 BE (R Y o

S5 LR, SR AT DA TR U AR B R AR RSV , A B R T SR AT TR AR Yt
KEHESE, FIAERIRARE Bt A2 b B R &k S i A B T 8, X B 9% B ) SR O R V% IO SR BB 531 ok
SEREHE , TH BRARRR BB Y SRR
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