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Population growth and biomass allocation of Polygonatum cyrtonema

within a Phyllostachys edulis forest utilizing bamboo density treatments
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Abstract: To optimize bamboo density for compound management of Polygonaium cyrtonema within a Phyl-
lostachys edulis bamboo forest, population growth conditions, biomass accumulation, and allocation rules of
Polygonatum cyrtonema at three different bamboo densities (1 500-2 500, 2 500-3 500, and 3 5004 500 stems
hm™) in extensively managed Phyllostachys edulis stands with similar site conditions were studied. One-way
ANOVA showed that for Polygonatum cyrtonema, population density, height, and biomass accumulation of
each component as well as total biomass accumulation within bamboo density of 1 500-2 500 stems-hm™ were
significantly greater (P<<0.05) than them in the other two bamboo densities; whereas no effect on diameter,
leaf chlorophyll values, or biomass allocation ratio of each component was realized. Distribution patterns of
Polygonatum cyrtonema showed that biomass allocated to underground tubers was significantly greater (P<<0.05)
than biomass of the sum of roots, leaves, and above stem grounds. Thus, bamboo density was the important
factor affecting population growth. And for compound management of Polygonatum cyrtonema in Phyllostachys
edulis stands with these site conditions, 1 500-2 500 stems-hm™ was best. [Ch, 1 fig. 6 tab. 22 ref.]
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TR LA T T VLA VLU T (28°157267~28°5327"N, 118°22/37"~118°48'48"E My %4 %, 4b T . 1 |
AL REIRIEIRE , U], MK SR, AEREOK S 1 650~2 200 mm, AH X E 85%~
95% , 4SS 17.1 °C, 4EX H BN %L 2 063.3 h, 4FEXICFEW 253 d, HHENLTEE, BEE 1 m L,
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D,(2 500~3 500 # -hm™2), Ds;(3 500~4 500 #k-hm=), Hr, D, % & T A E = 20858 1
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m; 511 m, 29~34 & 50 m, o0 FIUAL, Sm o WA SIS -hm?) AT fem
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K20 m x 20 m AF M BRI 5 0 O A R R e, 1K R D, 350 02
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Table 2 Soil chemical properties of Phyllostachys edulis forest
AL/ i A1 W A/ 2R/ AW/ 24/

NI BE pH 1A
(g-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (g-keg™) (g-keg™) (g-kg™)
D, 48.10 222.30 2.93 52.97 2.13 0.20 9.85 3.78
D, 48.00 205.30 1.97 42.57 2.37 0.23 5.98 341
Ds 38.10 156.00 0.93 37.30 1.54 0.23 5.05 3.35

1.4 RBFEFE

2011 4F 8 H AEA IR 52 AT % B A9 103 B AT A 45 B 3 4> 20 m x 20 m B3 (RE L [RIAHFR 20 m LLE
TR AR B, WA R ATE R AR B hER, TARAIRE 32 m x 2 m BREDT, BEREDT 9
A REHLT S X REARE DT DN B R R 22 4K SR RO MR RIRR R, R AR B S AT AT AR I i, ST S AT
JE o J3AE 3 ML AT A B B AT AR P A BEAIL B K 20 Bk 2 AR BORS AR AR, BBRIZE, et M b 2X
M TR, S RIFREE BT R, RIS S T 80 CHLAR At BAE &, FRT B, M &A1 A M i B Lt
i,

"+ F SPAD fH (specialty products agricultural division ) A %% 2% A X H (chlorophyll relative value), sl
Py AR B i TR, WARGR DT, eI, CARRMME R AR5 b AR B 1B T R T
JT LA GE A it e SPAD B 48 b5 >k 438 22 46 B0RS 0 A R BE . BRI 3 T vk Ay BE ML 8 B 22 46 v ¥ Ak
3MR-FE, A AEEE R EER . thER . R AR 1 R A KR R R R PR E 7 B SPAD-502 B SR
72 4% (Minolta SPAD-502 chlorophyll meter) il 5 1 i+ SPAD {E, 3 K #E & ,
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BT BT Z A0 RS AR | R SRR TC W A, T AR RO AR . e
— BB, YIBERE AT R RN (R 3), H D AT BT Z A S MR . thm
FEHLE T D, A Ds SEATE EEEATAR(P<<0.05), Forb, BREEESEE SN T 79.17%M 95.45% , s 43
PER T 34.63%H1 72.50%, 1M D, Fl Dy SEATR B BATARI Z AL EAEFRERE | RS 0B 25 (P>0.05).,
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Table 3 Growth conditions of Polygonatum cyrtonema in Phyllostachys edulis forest at different bamboo densities

SEATEE B /em 4% fmm WA SPAD fH Tl 3hE 5 B2/ (W - m2)
D, 5520+ 7.12 a 346 + 049 a 3530239 a 2.15+0.58a
D, 41.00 £ 9.70 b 2.89 + 0.66 a 3736 + 1.56 a 120 £ 0.11 b
D, 32.00 +2.74 b 2770 + 0.57 a 3520 + 1.90 a 1.10 £ 0.63 b
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R D, ST BT AR LS T D, D, SEAT R BATAR(P<<0.05), TS G B A 2 5 (P>0.05)
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Figure 1 Biomass accumulation of Polygonatum cyrtonema in
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Table 4 Biomass allocation of P. cyrtonema in Ph. edulis forest at different bamboo density

Phyllostachys edulis forest at different bamboo density

ST AN /% i F 2% /% T BR2E/%
D, 7.61 £ 2.35 ab 9.80 + 5.44 ab 11.98 + 3.89 ab 70.61 + 8.79 aa
D, 7.17 £ 3.73 ab 6.75 + 2.80 ab 7.72 £ 2.35 ab 78.36 + 7.67 aa
D; 9.94 + 3.75 ab 5.74 + 1.58 ab 8.25 + 474 ab 76.08 + 7.91 aa

VLWL BT R O HOBE, R T R R T B RTINS S R OR 1 0.05 K L2 R B3,
BE FE R R AR A STRRAR (R 5), ok /2 D EWMASE S 72 AR REY RN ETER,
DR P2 AT 2 4~ 3 O D il A 22 AR SOk 2R R A W B RO 25 B 36

AR FREAE AR AT R 25 S5 o B RRAE ) B, IR o T B, BT 2 AT I R s 1=0.99 1w+
1.0002,-0.2180x3+0.984x,+0.994x5+1.000x+0.995x7+0.950x5 +0.983x0;  2=0.131x,-0.021x,+0.976x3-0.176x,
0.109x5-0.096x7+0.313x5+0.186x0, Herf1: y fUERL N T, xpmno IACK Z B BRI MR MoAR . 7 i 2%
RIE, FEFEE . MEYE ) B R R PR R SRR

VAN TAGRT 87%L EREE, e s i TRem S ayfr . Ho. Mo, mde . Pk
BEL MM M 2R RUEYIEE . WO BRZRAEY R SR Y AR AR B R 1 RO, N
BRI HS 1 23 N7 76 AR AR 2 A8 BORE A K S E R 23 4648 o

B2 ANFRETIE B3RMFER, Hf, ot £5 ENAEAFEABEMGTESHE
Fi 2R F AR A RRAE 1] B RO, e, ATRUEE Table 5 Principal components® eigenvalue and variance contribution
55 2 AT B AR R R Z AL FG I T S Z A1) AHET FRAEME 2 mmkE/% I EiR%
fEbR . 1 6.881 87.170 87.170
24 EMHESHERBMBERREVEERN 2 1.119 12.830 100.000
SRR

J B s < F =R

(ELLETPD WYMNOWE T/ S S0 ®6 ;gg;giﬁﬁikﬂi%ihhi
TAME 5 =1, 2)f R BN T4k, it Table 6 Principal component comprehensive scores of P.
B RS [ ST A 8 E BT AR 2K RS A K AR cyrtonema’s growth and biomass in Ph. edulis forest
FIEM LG (£ 6), N6 TTLIAEH: D, o A Dy D, Ds
P B BATART Z2 A0 R A K A A Yy i 6 b si & LR L1150 02974 —0.817'5
B, HIGMRIR D, Ml Dy ST E BT, 552 E MY -0.300 3 1.115 7 -0.8155

Vi B TE IR B0 BAT MRS M SR RN 28 KL T LEA Ay 0.933 4 ~0.116 1 ~0.817 3
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S, T HL T HB A 4 1 3 BRI A B T R 6 K Sy AT AL IR A e 2 AR ER . B
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R,

S % 30k
(1] AR, &R AR BATIRASIA B AT T MRS RRIEATSE [T ). AR, 2000, 36 (6): 69 - 72.



204 1T N SO NN S 4 2013 4£4 A 20 H

(5]

[10]

[12]

[13]

ZHENG Yushan, WANG Shufeng. Study on bamboo underground structure of mixed forest of Chinese fir and bamboo
[J]1. Sci Silv Sin, 2000, 36 (6): 69 — 72.
AR, BRAlt, B, BT AR I3 M LI PIRBE ST (1], Mok BH2=, 1998, 3 (M T): 16 - 24.
ZHENG Yushan, CHEN Liguang, HONG Wei. Study on productivity and soil properties of mixed forests of Chinese fir
and Phyllostachys pubescens [J]. Sci Silv Sin, 1998, 3 (supp): 16 — 24.
AR iE, oA, SRR BATHATR SR L HURLESHE 09 73 TE RRAEDESE [T ], Pl WA A 4 2741, 2002, 10 (3):
215 - 221.
HE Dongjin, HONG Wei, WU Chengzhen. Fractal features of soil aggregate structure under mixed plantations of
Phyllostachys edulis and Cunninghamia lanceolata [J]. J Trop & Subtrop Bot, 2002, 10 (3). 215 - 221.
SRR, BRXUBR, Bz, S5 BATAUR G TS IR SSHRAT R S B i L ACHF ST ()], Wikl B4, 2007, 27
(4): 47 - 50.
WU Bolin, CHEN Shuanglin, YU Minzhi, et al. Comparison study on timber quality of pure bamboo forest and mixed
forest [J]. J Zhejiang For Sci Technol, 2007, 27 (4). 47 - 50.
W5 AE. B2 AR BAT IR AR L W R A A LTS H 52 3BT [T ], VP ARME R 2# 40, 2004, 26 (4): 536 — 539.
YOU Xiuhua. A study on the effect of soil aggregate on organic matter in mixed forests of Chinese fir and Phyllostachys
pubescens [J]. Acta Agric Univ Jiangxi, 2004, 26 (4): 536 — 539.
Mok L BAT- 5 AR A2 AR SOMAE V& A AR R 52 () ). TLVE A R 52541, 2003, 25 (4): 594 - 598.
YE Yongen. Phytocoenological features of the Phyllostachys pubescens -Pinus massoniana -Cunninghamia lanceolata
community [J]. Acta Agric Univ Jiangxi, 2003, 25 (4). 594 — 598.
ESFE . AN TAR S RS BATIR IR AR 4k 70 M [J . MOl BHEOF &, 2003, 17 (T . 25 - 26.
WANG Shouji. Artificial mixed-benefit analysis of the Phyllostachys pubescens and Pinus massoniana [J]. China For Sci
Technol, 2003, 17 (supp): 25 - 26.
HOKE, GRILAE, BRXURK, S5, A7 RS AREE MR RIS X BAT ALK AR R [T ] B MOl R AE e A AR
RE2ERE, 2007, 31 (6): 43 - 47.
CAO Yonghui, XIAO Jianghua, CHEN Shuanglin, et al. The effect of soil nutrient around broad-leaved trees on
Phyllostachys edulis growth in the mixed forest [J]. J Nanjing For Univ Nat Sci Ed, 2007, 31 (6). 43 - 47.
MRARIE . AT RTR AR BAT A7 ) 5 2B MR AT () ). AT HFFE T, 2000, 19 (4): 42 - 45.
LIN Zhenqing. Studies on bamboo productivity and advantage of mixed forest of bamboo with broad-leaved tree [J]. J
Bamboo Rese, 2000, 19 (4). 42 — 45.
ERWESC, WkfE, BERE, SF. B M Z AR T 2 B RUE TR A REIE ] KRERBEZ R4, 2010,
26 (5): 649 - 650.
BI Yanwen, YANG Yongheng, GONG Junhua, et al. Polysaccharide and diosgenin determination of Polygonatum
stbiricum and Polygonatum cyrtonema [J]. J Changchun Univ Trad Chin Med, 2010, 26 (5): 649 — 650.
REL, RN, A5, 45 ZAEEREHE M GC2MS 3Bt B A s PEOFE ()], vh I SE 87 )2 2435, 2008, 14
(5): 4-6.
YU Hong, ZHANG Xiaoping, DENG Mingqgiang, et al. Study on constituents and biological activity of volatile oil
from tubers of Polygonatum cyrtonema Hua [J]. Chin J Exp Trad Med Formul, 2008, 14 (5). 4 — 6.
TRELAME, BURF. AEY A A 0 22 48 B0RS 2 A A e A sl R R 2 R [T ], BT 2 2003, 34 (9): 855
-858.
XU Hongmei, ZHAO Dongli. Effect of plant growth regulators on several characteristics during in vitro bud regenera-
tion of Polygonaium cyrtonema [J]. Chin Trad Herb Drug, 2003, 34 (9). 855 — 858.
BeAl, FSFhr, B, . 2T S D mEEH R B9 B R SAOEE T )T PR ALY, 2007, 27 (6): 826 -
831.
LI Jinhua, ZHOU Shoubiao, WANG Ying, et al. Leaf comparative anatomy of Polygonatum cyrtonema from five
populations [J] Guihaia, 2007, 27 (6): 826 — 831.
JAsPhs, ZEaAE, PE, % AR REAKE (] WAUEY #2006, 26 (3): 551 - 557.
ZHOU Shoubiao, LI Jinhua, LUO Qi, et al. Leaf epidermis development of Polygonatum cyrtonema [J]. Acta Bot Bo-
reali-Occideatalia Sin, 2006, 26 (3): 551 — 557.



5530 £5 2 0 BEH R E . BT 248 BORT Rl A= 1 A0 AR W k0 BT 09 52 A % RO 205

[15]
[16]
[17]

[22]

d T WA M Jbat: P EMO L, 1996 45 - 64.

Ghndi. FHAO A S HTTE M. dEst. RO AL, 2000 146 — 336.

JETURE, E4fE, PRI, 5. ML 250 SPAD fHS5 AR EFRBWIHT T [)]. /Y24, 2007, 33 (6): 1010
- 1017.

QU Weiqun, WANG Shaohua, CHEN Binglin, et al. SPAD value of cotton leaves on main stem and nitrogen diag-
nosis for cotton growth [J]. Acta Agron Sin, 2007, 33 (6): 1010 — 1017.

Phabk, FRARZE, WIRAMT, SE. QIAEAH AR AT AR TSk R A B AR IE K S O S R C R[] M AR
i, 2009, 20 (2): 271 - 276.

ZHONG Quanlin, CHENG Dongliang, HU Songzhu, et al. Chlorophyll content and net photosynthetic rate of Machilus
pauhoi and M. leptophylla [J]. Chin J Appl Ecol, 2009, 20 (2): 271 - 276.

Loy, AR, TAGH, 45 AT SPAD-502 fEMOl BRI, B4 7240, 2005, 24 (12): 1543 - 1548.

JIANG Lifen, SHI Fucheng, WANG Huatian, et al. Application tryout of chlorophyll meter SPAD-502 in forest[]].
Chin J Ecol, 2005, 24 (12): 1543 - 1548.

R U TV Ll DAL | 0 52 RGR S AR AR W i RV FROCR IR BRI SE [J]. s ARz B2 i, 1982, 4 (4):
67 - 79.

ZHAI Mingpu. Biomass and nutrition elements cycling studies in some mixed stands of pine and maple in Xishan
area, Beijing [J]. J Beijing For Coll, 1982, 4 (4). 67 - 79.

SRR SC, E R, Bk AE. SEHRGR BN g L0 BORE A AR R R M [T ). v RS E AR, 2008, 24 (9): 315 -
319.

BI Yanwen, GONG Junhua, YANG Yongheng. The influence of light intensity to Taishan sealwort’s growth charac-
teristic and yield [J]. Chin Agric Sci Bull, 2008, 24 (9). 315 - 319.

SO, AR, JRICIR, AF. RAN-RE AR A RIS AR A W B S A e AR R [T, AR, 2006, 26 (8):
2463 — 2473.

FAN Houbao, LI Yanyan, SU Binggiang, et al. Allocation pattern of biomass and productivity in the mixed uneven-
aged stands of masson’s pine and hardwood species[]J]. Acta Ecol Sin, 2006, 26 (8): 2463 — 2473.



