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(1. PHALRMBBOREME B 8 7121005 2. PHILRAMBHEORA PRI 5 S FEWEALEE, HE  712100)

TE 18 B MR ( Quercus variabilis ) J& 0 B B IR AT A AR X 00 R ZEEEBERY , L R EE MM IR R ER . 8 T HBA R B 4
HEARRERFFE T WM FRE CEBEREHSHRERRORR, R MBI EE 0 7, X RIS Jb i B BRAR 3 A3
B OPRE ARG KT ) BB B AR T B R R 7 40 SR AE B AR TS SR AR KB DL A Y B Ay FE kAT T AT, SR S A i AR K
REBEWFBERERMNTTHRDN . SREH ST MEMREHFFEDHFREZEFEE(P<0.05),3 FEEPRBHE
TR 1a B RFFERD , M FREE 5 R Bl B AR 2R BE O BEGR B A2 SO BE R 1 R AR RN A T R B R, Hoop
BRI A R RF R B RS AT R, AT R AR SR o 8a B 43 1 5 IR AR I SE AR 1 MU B Y 22. 53% ,45. 60% il
31. 87% ,WRET AR AR R S A Y AR LUAR T RG22 , AR AR R AR S AR W P 8 TR IR T A RIS R R SR AE R AE R
JEREERE S SIRE BE AR, 5 HIESKE B EFARR, RE b RA B MNARRIAEYERBHRFHRE KT, AE
XHe R ERA Fl, TE4 S MR AR RIS E R, 7T LAE KR4, HE IR e B, AP AT RS R B R BLA R4 14
KR AR KT ARE & FREER

Growth characteristics and influencing factors of Quercus variabilis seedlings on

the north slope of Qinling Mountains

MA Liwei'* ,ZHANG Wenhui>* ,XUE Yaogin> ,MA Chuang®,ZHOU Jianyun’
1 College of Forestry, Northwest A & F University, Yangling, Shaanxi 712100, China
2 Key Laboratory of Environment and Ecology of Education Ministry in West China, Northwest A & F University, Yangling, Shaanxi 712100, China

Abstract; Quercus variabilis distributed widely in the warm temperate and the subtropical area of China is not only an
important constructive species of local forest but also a resource for tannin extracts and cork production. In order to
understand the characteristics of seed bank, seed germination, seedling development and their influencing factors, 15
sampling plots belonging to 3 classes of habitats (understory, forest gap and forest edge) in Q. wvariabilis forests on the
north slopes of Qinling Mountains where was the core distribution area of this species were studied. The number of Q.
variabilis seeds in soil seed bank was investigated in 2008, the age structure, survival number of young seedlings, and the
growth and biomass in relation to age development were investigated during the following year. Meanwhile, 7 environmental
factors which might affect the germination of seeds and the growth of seedlings were also measured and analyzed. The main
results were as follows: The number of intact seeds in seed banks, being different significantly ( P <0.05), were 3. 60 x
10, 1.94 x 10’ and 2. 80 x 10’ per 100 m” respectively among plots for understory, forest gap and forest edge. They were
resulted from that the processes of remove and predation, mildewing and immaturity affected the number of seeds to different
extent among the 3 kinds of habitats. While remove and predation were the main way for the loss of seeds in the 3 kinds of
habitats. Few seeds were able to germinate and develop to one-year-old seedlings, and the germinating process was
observably influenced by the thickness of litter, radiation condition and air humidity according to the result of the correlation

analysis. Q. wvariabilis population had plenty of young seedlings, however, the number of seedlings decreased dramatically
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with the age increase. The elder seedlings might play a key role in sustained regeneration of the population. The eight-year-
old seedlings in understory, forest gap and forest edge accounted for 22.53% , 45.60% and 31.87% of the total number of
the seedlings respectively. The number of seedlings in forest gap was more than that in the other 2 habitats. Forest gap was
a kind of habitat which might be beneficial for the seedling establishment. The growth of height and biomass of the seedlings
showed significant positive correlations with radiation condition and air temperature, but was negatively correlated with soil
moisture significantly. The morphological traits including basal diameter, height, leaf area index and length of main root,
and the biomass of stem, leaf and root of seedlings in forest gap were greater than those either at forest edge or in
understory. The forest gap turned out to be favorable for the population regeneration of Q. wvariabilis. It might for the reason
that the forest gap made the environmental factors, such as the radiation condition, air temperature and soil moisture etc.
are different from those at forest edge or in understory, which were benefit to the growth of Q. wvariabilis seedlings. In the
future, appropriate thinning techniques should be used to improve the number of the forest gap and provide favorable

conditions for sustainable development of the (. wvariabilis forests.

Key Words: Quercus variabilis ; understory ; forest gap; forest edge; environmental factors
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FIMRG D B2 R B PO SE AR F AR IR G540 , AT i S AR BT 8 B AR K R B I BREE R R X ARk
RERBAEEE XL,

1 B2 4% ( Quercus variabilis) J95% 3} F} ( Fagaceae ) #J&@ ( Quercus L. ) #HY), M Iv AR, REZ M AM HOK.
PERCFIBEIEA Rl o A B MR A (T 5 TRPA T, 0 A )i, 2 T IR AR T ) Pt R S AT o S - R R
SCPRE BB RN o DAAEN R B AR BT 9 3 B4 v AR B A B Bh 25 P BREAR I 540 0 2 W AR 75 e
SEPTT O A AR B AR SRBE T LA bR A S ) A 5 B S 2R 1 AR K R B R A OB 9T 0 R T AR, T A B
BRIR A MR IR 52 48 P iR R AR 1 [R]R

APFRPAE TAFAS S (KT ME RS R 7 Hars AR RE EREBUMEYERR,
XF A R AR S AR AR R R R R A AE R R BB RS EEIRIER R Z IR, M
T B BRAR A [R] AR SRR (R SRR R , D B BRI A bR B IR S 2 B AR AR o
1 HAREBRAERARSZE
1.1 BRI

AW XA T RIS P B IS K H WL AR 7L (107°39'—108°37'E Fi1 33°42'—34°14'N) , ik
570—1020m , J& 5% I 7 K Bl 4 2 RS, 4R F BRI R 13, 2°C, Moo o = UL 42 4°C, R o B IRRUIR
-18.1°C , FE 7K & 650—800mm , + 43y 11148 + . bty PEAR B g I8 TR 5 Pt R 6, 2 B2 R A 224 b b e
AL B 2B A, b £ A= W R B W A8 ( Platycladus orientalis ) | ¥t #% ( Quercus dentata ) | 5 #7 ( Cotinus
coggygria) LEM AR T+ ( Lespedeza buergeri) . & ¥ ( Carex tristachya) F13% 4 ( Ophiopogon japonicus) %, ZWAdt
e AR T /K IR IRFRAR , AR R B AT i SR AR B R BTN 3l , MM R B 384

1.2 Wk
1.2.1 FEigE

RIS X I B 3 Fr e B SR ARARAR AT, A 5T AR B AR R RO RN B o b 1985 SRR
REITFEIIEN, BB RN IR EM . 1 B AR b bR a4 AR 90% LA b, AR BE R 75% —80% , T+ 2008 443
BITEARS PRI ARG 3 AR ICE 15 A E R

AT AR SETEMARARXS B 55, AROR A S 5] BB, BB S 4> 20m x 20m A 3l (3 P Lo FEAR 25 BE 25
>40m) ,
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MRGAEHL  BETERRMRIN L, D ERAR SRk S #h I SCIEAL , B 5 NTEFRCH 20m x 20m FépAE b (A 4tk B AR
LA ) .

MREREHL  FEARPN FARARET (Rt O BEARZR B RS > 40m) |, e SRobRdd < < BE Fam il B AR IR 5K S
= xaxb /4 (HA S MG, o HKHH, b HEHK) THEMEER, 85 MREERHEH, B
HiTE A2 100—150m’

PR IRE 2008 457 HFA], FEART FIAK
SR, S RIE BRI A T A EA B A AL
S E 1m x Im B/PEF 10 A4, Hd 5 A HE AR
AR RIACE AR Ty, BT B AR SR BhE A
¥ 750 5 A RE R S R IR B, IR B
FEFE O T =7 S0cm &b, J& FE AR AR BB, AR R0 b+
WS LEBE. TEEMREF N 10 NSDET,

n (A2 [

SR BTL A B B R TR (Im x Tm) AT e [ e
FEJT (Im x Tm) 45 14>, Jok 4 AR FUCREERI 4 0
TR J7 53 B AR BT R 4 o RO 1, 3¢ B1 R TR LT ER

EE%@*/DEE%JB%E‘J—*&ﬁHﬁ%&t,ﬂﬁﬂ&’ﬂﬂ’? Fig. 1 Schematic diagram of the location of seed bank quadrates
M TR 7 S BT L 1 TS in forest gap

SCHE T EAMEATIBE R e FRUMRGRE L W F A B b A X4 I 8 3 4 Sm
x Sm 7 TS0 BAEATAZE ;3 4 Im x Im BORED FI FEA A, ZEMBTREHL P HEE 9 4 2m x2m B/
BEDT 1 ABLBEARE e, FOA 8 /40 B AR BT REHY 1 K. 7 61 , 50 BAEAR BT b B 311 4 — 2 A AU BT
SRR KB 9 AN/INBE T FR TR ST 1 AT 2 5 BRI E A/ (2m x 2m) (EEE T R R 9 A
1m x 1m B EARE 7 FH T AR .

1.2.2 FEHbiEZ

FRESMEAHE FIHE ] GPS(MagellanGPS315) JUl 5 FE HOIGHR FIHLIEARKR ; FH B 200000 2 B |k
) s YEEEE B (R 5d TG BIRR, 76 3 MESERIREHLN , 435 F 10:00,12:00,14:00,16 : 00 U % -4 Ho H 0>
i DL 0. Sm AbB9ZS IR 1 BE (DHM2 058 R TIB R BEH) Hb32 B 1 0. Sm 4bAG Y B3R ( ZDS-10 78
BEHE) o WA T ARREHBORT S S RPRBT AR KR8 59 7 8 3 A EORE K, BUBE LU T 0—15em B4
e, B R S TR AR, RIS B A VR A 5 T B BB A B0 2 P
E(F1).

BEHATRIEEEZE T 2009 45 8—10 A MHEFT. K EARFBEAZ £ T ARGREH b, LA 5
A R S AT RO X B, AR TR R Y B T B A SRR R IO 48— B B 2. Sm R B AR TR A A
(i W% B RSN . WA A2 - FEAR R AREAREHBEY Sm x Sm (KURET FIAKBIREHL I 2m x 2m fRIRE TS
PR AN AR R BT 40 B T 2B S B4 A0 4% REHI T x I (KIBEDT PR IZE B A ), V125 74
AESWA—B.

SUE BRI AMIE 3 R AR O AR T AP ARSI <2. Sm RO BRSO (T
SR T ARG ) | RS0 A T KM T 5 S A B AR T TR O P S A PR
PEHL P ST A B EE

SCHE TR OB T A BIZERR P BRI R R TP VBT I (RS2 T 4% 6 B, B 1—da 51
HE AR A 25 E AR R TR  da Ll (RIS 4a) S0 1P 4200 030 I 2% |
BIZEBR , BOAROR R 2 U502 1, B BB S TR A A BB o A0 BIsR 3 A B i ] — AR 0 S
HO RTS8, PP S AR E originT. 5 BT L4 HIZ8 , 1531 3 /2 5o R B A S A T MO A S 4R IR 1
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KRETTE:
y; = —11.81899exp "% _14,72548exp ¥+ % 116.27307 R* =0.96725 (1)
y, = —6.1217exp' %% _6, 1217exp’ > +12.62217 R* =0.99256 (2)
yy = —14.61307exp' 7**%® _14.40035exp’ ™" +15. 63925 R* =0.98418 (3)

KA,y 3y 2 AR ARG FIARGAE M S A B AR % o S SEAE R AR . I B (1) 3K, (2)
A (3) A NFR S AR I ENSE , JF 5 SME LSS, & R, P <0. 0L, B E T RAF & 52
PREER o MRTR ARERIUAR A b A B AR S AR IR B AR 8 03 (1) 3K, (2) UA(3) SR e o

TEMAREFTINE ELERPAERTE RS SRR AAG  TEAT PR R 3 FhA S5 a0
b rP IR IR B S A B A5 3 MR DI ARIERR (55 B A2 JEIE R B FME) B R R d
o BT 1—da SCAERI H BB R, BRI R B0 X 4a LB SCARR, P AR vERSOE R 2 B AR I R B
B RIS HE VT, o2 T AR 3 FRa, R K o 1—da ST 2R I AR AR [E L
BrE7e S0C T Mt T 2IEH , B BRI A A TEIF I B AR N SR S A Y8 X 4a DL ESCAR,
S RIFRBURE MR ERR B ZE I ARAYEEEL , FE 0 IR 3 S0 BURE , 47 [B1 S g s it T, AR 230 0 3 K 28 AR B
IKFIHE2E I AR BB . 27 IS5 5 S8 EPSON PERFECTI ON 4870 454 5044 1
R BUE 30, WinFOLIA 2004a S5 AT BB ( leafl area, L4) P!, SRS T . KIBARI 1
PRI RS LAT = LA x N/ (T1 x R*) (LA Jg vt T FREE 05 LA Sy P Xy B m T AR V Sy SRS A B B
BOGR N AEHERAER) s ZAY R UR(ZE/ QA E) HEYBRIER(HE/ SAYE) REVELL
RORE/BAEYR) ™ KRR BAR &9 , RGBS MRS AR W O R B S RRHE A
B R EE DL

P EEEAE 2008 48 AE 10 A B, 4 5d & 1K,10 HHA)jE, 8 15d ##& LIk, 1L A%
WAAEREPAZE . BYCRZERT , 70 BT R A7 IO BRI J7 R T B0 20 7 B0 R A 1 B 52 15 0 1
o BTAEMEMNTERRY, SILFASBE WEF TR E T iR, B DARSE R IR NE 5 A
TP Z 2, AR sh P R PG R R R TR o R L A BT IR 4 Uk A T
R SR BEh Yz ORI R A B R BR T BOR S8 A R T RO B K A R AR SR R A
I, THE 3 AR B A T AR A A R RN TR .

1.3 HdEabs 1 TSR RRRESETHE

;FU JEH SPSS17. 0 ;:F H,(J One-way ANOVA ﬁ:}’*ﬁ‘ ﬂl Table 1 Ecological characters of Q. variabilis forestry in
Duncan J%f FLAMT 3 BRI B R O HRRD T g s
FSCA B A R BOROL, BEFIAR R M ATIE XS oma i eI Ecology characters
FHERSZAHAERETWABRERFHEIT N F etz

T N Mk

Understory Forest gap Forest edge

_ £ Li 4.63 3.58 2.10
FH OI‘lglIl7 5 j&ﬁ_‘r@% &J:}Eo Coverage of Litter/cm
HARR 47.50 73.33 69.33
2 GR5HH Coverage of herbage/ % ) ’ ’
2.1 RREASEHR R T WA SR 35.00  32.17  36.25
_ — Coverage of shrub/ % : : :
Ty PERF T RIS Y s R AR 4R ek
%%ﬁﬂ[ﬂjﬂ’ﬂ%%o ilﬂ?ﬁ%ﬁﬁ%% ,3 /I\Ejﬁﬂﬁﬁ Soil moisture /(L/m>) 364.6 236.75 326.28

TR B BEER(P<0.05) (2) F  JUIEE Ligh/ (x10°k) 5.67 1816 8.02
?prqﬁ%ﬁ?,ﬁ'\ﬁﬁ‘i@(ﬁ%? > %% > %%o 3 4 235 IR Air temperature/ °C 22.45 25.79 23.13

23 5IBHE Air humidity/ % 76.67 72.73 75.54
2z [ A
éliiﬁ '-JF' = ﬁ? ﬁl ? ﬁﬁj 5 % Q ﬁl ? EF '-JF' ﬂ: ? El\ ﬁ H,J YR Altitude/m 620—660 570—620 620—640
22.63% .20.19% H116.49% , SEFFH FECRIEASEE gy aspecr/ () 210310  70—310 130—310
FERBEER(P<0.05) ; AP Y Mz BEFF s Slope/(°) 22 2023  21-27

THEBES THRGAMT AR & AR 7 31 R 2L
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B (P<0.05) , ShECREI6E B R TR 7051 i ARE R T 72 Hh A5 UK 48.74% (38.25%
30.53% ;3 FES P B RR PP THEIRINAT > bk > HET, EFEBEEZER (P <0.05),
DA ESERUEA 78 3 FAESE R, A R BR300 25 05 0% b 1 B R i A 8], (EAEAR ST AR AT sh Bz
BERSERFREBA N EZRNR AE MG ST H la RS ZHEMH TRER RN 0. 18% |
0.20% 1 0. 11% ,3 B AL 5T H SELF Rl 7 BB 2 AR EE S AR > AR > KT, 58 R A 35 b 9 SE 4 1 RO 4
Ko T AR ARG 1525 A7 R0R SR RO AR T3 & AR 1R DA A AR, 6 3 R AR SRS A1
awia A T AR

£2 TREEEREEHEMFWE
Table 2 Fate of Q. variabilis seeds in different habitats

Sz
FhFEERPFHL WERFH B FH FREFI T SELFRIFEL la S %K
H:35% Habitats Seed bank/ Removal and Moldy seed/ Immature seed/ Intact seed/ 1 year's seedling/
(hBr/100m?) predacious seed/ (BL/100m? ) (BL/100m? ) (seeds/100m? ) (seeds/100m? )
(:/100m?)
KT 1.50 x10* = 5.84 x10° = 3.42 x10° = 3.60 x10° + 3.31 x10% + 16.33 £0.13a
Understory ~ 231.35a 103.52a 95.53a 108.93a 89.43a ’ ’
RE 1.07 x10* + 4.81 x10% + 1.80 x10% 1.94 x10° + 1.77 x10% 10.49 £0.32b
Forest gap  170.71b 145.25b 105.34b 115.67b 95.11b T
N 1.28 x10* = 4.91 x10% = 2.53x10% + 2.80 x10° = 2.59 x10% + 25.95 +.0.2c
Forest edge  215.57¢ 131.71c 100. 12¢ 90.48¢ 93.26¢ ’ ’
BAREHE + iR E AR FERRZEFBE (P<0.05)
a7 H: B &
S A X TR B TR R R ” =

EEERNE N, BE2 i, BERLENERK, la
B HORE S BB 35.52% ,8a B BB LSt
BRI 1.03% , 52 A 1 B8 i & 47 I i 388 i i s R
Wb, (B TFAERZER, RFAES P LA EREEHE
PG A, bR 1a i 2a B BCR R I ML > WA >
WFAM, HE &I G B AR T B R AR R I R
> % > T o BEE LA FR IR, FESEd st
AW TR BIARE > A% > AT, Hop 8a A
B PRE FRGFAT B 8a BEES 515 8a B M EM
45.60% 31.87% F122.53% , KB A5 F F o A SL A 1 B2 FRERFREHFIERNFREAR
E(J ﬁ ?ﬁo Fig.. 2 Age structure of Q. variabilis seedlings in different
2.3 HREARSUE RV K RN b
2.3.1 RHRSEA H TESHHE

B IS ST B TCHLIR SR A: 3R S AR AE AR R AR BE 22 57, (A9 S AR VW 7 18 B A i AR AR
A K TP A A TR A3 7 SR, DABRIEAB MR AE R VR A e S R BB R 3. B SCAE AR IR K ,3 A
BErp STA AR R BE T RS O AR K (18 3) AR K (AR MG T WA e AR &
FHE— XA, A BER LA NI KIS B RS > % > 5T, 3 B REE SR W AR K, X fl 22
FARAEE (P<0.05) . B 8a B RHLAE 5 BE TR B0M AR K 43 31 EUAKR S RIS 52 A 1 A B 2
¥k 23.3% \18.0% 79.7% F15.7% , AP RIS STAE B K 38. 1% 25.9% 173.5% F1 17.1% . N\ _F3R5CAE
WL SFHER ERRIUAT LUE BB G ST EAF TR EGLAGHERET BB KM, X
FREE M RRSE T B A BURIE I

LAWHE
Number of seedlings/(¥/100m?)
o B & 3

=~

=4
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£ K = Ry I
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s 2 a1t 1 31201 b [EKIED
3 b A x| a a2 (KK R
23] X KIS [ RS 80 a At A PRI ‘p“

a af LI [ 6 T B3 DK AR VR
g alidedte o AR P
2 5 sulg 40} a RO RE BRI R R
] q 59 2 ag KK 1RRA 1K RIS
0 KK AP %% 0 % e k)
0 1 2 3 4 6 7 8 0 1 2 3 4 5 6 71 8
6 120 -
ab
=] c
% ¢ (5} abe
5 st c S 100 ¥
2 |5} a
g g L
g e ab L
S 4t s 80 ab _mc
5 g Me CkD
3 3 b b 60 ab ":3: ’::1%
207 c ¢ b 5 2 ab af ,Iz}ﬂ ';:1@
b [ <] = X '&‘4 '0‘
S R O I A B RS R TRR] [N
- o o b SR % cld alh s
< <@ KE KIS alxIA a kP AR TARKY RS
gL L. o aFerat o CERL BRI O R
= 1T apab LR R 0 Y = 2 gslensts ulaes
9% d q y q 9 VIA
= LA AR AR LR D R R R
0o 1 2 3 4 5 6 71 8 0o 1 2 3 4 5 6 71 8
P Agela

B3 AEEEREFEESHESHHIE
Fig. 3 Morphological trait of Q. variabilis seedlings in different habitats
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Fig. 4 Modular biomass and its ratio of Q. variabilis seedlings in different habitats
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Table 3 Correlation analysis between sprouting of seeds, trait and biomass of seedlings and effective factors

. R I =
WA F Effective factors Spr:*:ti:j;ieed Heiﬁgkhﬁto?ai)iing Bifasf ‘E‘fk ilie%’lig
ik 2R Deadwood -0.519* -0.202 -0.139
HARZ % E Coverage of herbage -0.342 0.044 0.111
WEARJZ 35 ¥ Coverage of shrub -0.063 -0.145 -0.154
T35 K& Soil moisture -0.012 -0.634** -0.630**
JGHRIREE Light 0.523* 0.571* 0.568 *
ZESEE Air temperature -0.041 0.687** 0.669 **
ZEIRHE Air humidity -0.543* -0.498 -0.490

* NP TP T8 R L Se A W AR AR B S AR W AR T B S AR 38 (P <0.05) 5+ = FRIZB i B T xR 7 & AR BT AE R
FPAEBR S AR i AR R R R 2 AR (3% (P <0..05)
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