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Recruitment limitations of Quercus wutaishanica seedlings in three habitats in Mt.
Ziwuling

GUO Hua, WANG Xiaoan* ,ZHU Zhihong

(College of Life Science, Shaanxi Normal University, Xi'an, 710062, China)

Abstract; An important task of plant population ecology is to understand what factors affect seedling recruitment, such as
seed and microsite availability. Sowing experiments, i. e. seed addition into existing populations ( augmentation
experiments ) or seed introduction into unoccupied habitats (introduction experiments) , may provide unambiguous evidence
for different types of limitation, such as seed or microsite availability limitation. Liaodong oak ( Quercus wutaishanica) , an
endemic woody species, is a dominant species of the forest community in Mt. Ziwuling, but it has low natural regeneration
rates and recruitment from acorns is difficult. In order to determine whether seedling recruitment in Q. wutaishanica is
limited by seed availability, microsite availability, or both, a field sowing experiment was performed in 216 plots (30 cm x
30 cm) in three typical stands ( Liaodong oak forest, conifer plantation, and grassland, 72 plots per stand). The seed
addition, disturbance (removing the litter) and shrub cover were selected as influencing factors. The numbers of emerged
seedlings were tagged and monitored from April 2007 to October 2009. Light, soil moisture, and growth parameters
(height, stem basal diameter and the wormholes per leaf) were measured bimonthly from April to October every year.
Seedling data ( number of oak seedlings per plot) in every stand were log-transformed to approximate normality. The effects
of three treatments were analyzed with GLM Multivariate in SPSS version 13.0. The effects of treatments (seed addition and
disturbance) on the number of recruited seedlings, variation of seedling growth across different years, and differences in
light intensity and soil moisture among three stands were analyzed by One-Way ANOVA ( Tukey HSD multiple comparison
test). The results showed that, in the oak forest, leaf wormholes were significantly more numerous than in the conifer forest

and the grassland. In the conifer forest, stem basal diameter was significantly higher than in the oak forest and the
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grassland. Furthermore, We found that seed addition and disturbance always significantly increased seedling emergence and
recruitment in oak and conifer forests. There was an interaction between seed addition and disturbance. We demonstrated
that recruitment of Q. wutaishanica seedlings was limited by seed and microsite availability in closed forests. Litter is one of
the factors leading to microsite limitation in oak and conifer forests. However, in grassland, no treatment could improve oak
recruitment , indicating that the open site was not suitable for seedling recruitment because of intense light and soil drought.
It was also found that the survival rate of Liaodong oak seedling was significantly higher in forests than in grassland and that
the conifer plantation was safer for seedling establishment according to the seedling growth in the three forest stands.
Unexpectedly, shrub cover did not affect the recruitment of Liaodong oak seedlings. To conclude, we suggest that lack of
viable seeds and suitable habitat are the main limiting factors for (. wutaishanica recruitment in this region, and conifer
plantation is the most suitable habitat for oak seedling survival. In early successional grasslands, Liaodong oak is unlikely to
recruit successfully regardless of manipulations. We suggest that co-limitation by seed and microsite availability underlies

the mechanism of . wutaishanica population recruitment.

Key Words: Quercus wutaishanica ; seed sowing experiment; seed limitation ; microsite limitation

TR B RN AP KBS W EREASS R, WEREWHE BB R E YR AR 2 EREE
PR EERE Y, AR A SRR 5 2 B S IR S B U Y B, R R R O 4 R T AR
ZETEZMERMES, DAY AHEESYNEEARZ R ERF S EHRHESHE
T MR AN FE IR FT 4k 2 FhIEACIETY B AT R 7 R BRI T ZEA R RS S BT
FH YA R RN PRI T2 B T AR R M . KB KA FE R BT IR b, B 2 AT
B B BRI B9 0 , IR S0 A A B XU BRI B A R 2 SR AT P R AP S IR WA N S R
SIHEA R RN FE BR A 2 RAR SR AT SR R

HERETFFIEHX, § 20 48 LK, LI AR ( Quercus wutaishanica ) S AR 3 Y 5 46 AR B#E 2 ™
HI R AVREFEDE,20 4 60 ARG , MHA (Pinus tabulacformis) TEIZ X T IZFikE, B 1995 4R
SRR AR SR LUK , AT bk K AE MRS BI04, BB R T 25° Bt iR 52 o A TARER B3, H AT
b X PR AR 4 W R B N AT bR R I R AR AR (22 DU AR AR g S B Al ) B B AR R 7 A T B L AR R
N X S AR TR BT R ), AR A A7 FE b FEBR A5 , % 70 PR 651 Ja8 A b 28 7 ( B2 AT
P B IR, TREZ R R  FEAR RIS T A T2 R, BN DS s RS H g™ . B,
ST R A 3 P ST AR TR A B A A K S A (S 0T 1 B A2 ) 3o 7R R 1 L X A AR AR A K030 (1) B
W, B , A SO #b FERR I BE SAR B AE YA SR FERR B EAT 2 7R I3 IX., 4% 3 Fh B AR B 2K A
(ANTLEF AR BRAR GEEELDN) , P 3 IR (Fh TR R ) Wik T RERP SE 56, DR 8 4 Hh X I AR AR AR R 1Y
LA TR AR R A AE R B A B BRI, [  RHE F SE I T B B RV AR BEREAT T O 3a ERER AR,
DAY ff AL AR AR Sl 1 1E 8 B A R o OB B 28 B A KRR, DB [F] AR B X I AR AR S i A SRR
1 HREER

BEv4E ) B B AR AR B A AR X b Ak B 4 R SR 1A I R O, AT 108°27'—108°52E, 35°9'—35°33'N, if
PR B 1 200—1 700 m, #%F 525 200—400 m, [RIEWIK R, MTF LB EHRA L, MBET %2, HEL
AhF o ARSI 7C, =0CHR 3 134°C, 4FEREKE 580 mm [HEFHHAAY, TREFETHYE 12 AR
F2H BEWEEPIET8.9 %3 A, BEHE, 5 LIAERMRE, AR ¥ 1 & 2FFE AR S
AU AKX 3 B B S A AL A5 LA AR (P, tabulaeformis) FK O B9 N T AR B 2R 404 103 R A% ( Q.
wutaishanica) B , 3X WIS TE 7 A2 AR XA 45 B9 N Ry TOOAR RSB TR o AR X P B B N AR (3Rl 48 ( Robinia
pseudoacacia) Sk I H ( Platycladus orientalis) #K) F1 KSR (1L 4 ( Populus davidiana) #K. [ ¥E ( Betula
platyphylla) ) ERVE/N, MBS BB AT o N T A MK BE B A bk X, B0 A ZE W3R 1 350—
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1 650 m 974 G b A 2E B LUK F- IR b SRR T 7™ o TR R R R U
R, RF AR S RARELZ 2K FHBIRG BRI E ARAK, B BTER MR A A . R B AR
PREH LK, KX N — € MR MEENCRBERG ™ E), ViZ X R EE AR PN EHRE
HRI

2 BARAE

2.1 HEHiikE

SR BB B B B A L

REh T STARMEAR(L hm? ) ILARBR A TEA R RHDI T, AR 60 a, Fr A2 8 BE 7—12 m AR H FE 2 80%
ERZEFEYFA + 523 ( Spiraea pubescens) , BV 2% ( Viburnum schensianum ) FZ8 Jz 7 4 ( Lonicera
ferdinandii) ,MIBREAEY LT E MEZEE 2—S5 cm,

Resh I : ATAEFPEAR(1 hm® ) IBAA A TR AR Z RS, RIS 40 a, FFAZ B B 8—15 m AR 4 90% ,
BV EILAMIBAE , EARZE FZEYFE B Cerasus tomentosa) , %5 ( Rhamnus utilis ) F1 KA T ( Cotoneaster
acutifolius) , IBZFEAM Y L , Wive )= JEBE 5—10 cm, FEESHEH 1 £ 50 m,

PRI EREA (T hm®) , hFERRIETE 7 a JEIE AL, Bt s 38 (Artemisia argyi) HRHYF, HEFEY
PTG ZR 3 (Potentilla chinensis) , JX\E3% ( Saussurea japonica) , H|)L3E ( Cephalanoplos segetum) , T EHEARY)
FALAE AR R ( Sophora viciifolia) FIEAE T ( Lespedeza bicolor) , BEARFHL i TAEHLA , BEALARARARZ] 50 m,

3 B ) KR BOAH R (Pifdb 5—12°) , BB 15—21°, 14k 1450—1480 m Z[A], 7E 3 HEh eI E 5
A~10 m x 10 m BIREDT , BRI R 25 42 mx2 m B/MREDT , TR A R SR ACRHIE RS AR 4l o
2.2 Wit

TR MR ICE 3 IR 2 K FRIBENLIX BRI SL50 . 3 FAR 00 S R (3&F0 , ANEF) ;D T
(T, ATI) 5 SC HEMNER GERE, AERE) o Hrb T N T EBRMEY X 3k LA #dk. &
MR E 9 MRA, M RARE - KER. BHXABE S 0.3 mx0.3 m /MER 2 8 A~/ BEJy
BFET 3 R TR AL,

2006 £F 9 A R4 B AT BIIL AR BRI 7, B TR 4R 2 HORe R 7 R K B UE , BBk Bl b 7, Bk
PEA N T e B 1 2460 L, F 7 R5E 3 H AHEF . BAF 7 SF I BESEFD 20 ke, FAF s L REFD 720 Wi, 519K
AR LR 1 em B5 )8 M 22, LAEE S B SR BATE AP~ HORZ IR, 56 2 4R Y LA B T HE AR IC 5 K )8 MY
ZBRo HAR 300 FiFh+, 40k 6 A (A S50 k) , TR ERMNFFI LR, T 2007—2009 4, 45 4 YR
SRR (RIFR2 ), BKIC R EE R (om) 2 (mm) (R R REMWENE) &t R m
LB (BRI BB LF8R) bR . ADTFRE 2007 4E30 5 B4l i SO H 3R B 2009 4R
10 AiEREBNNAETE Y H 2 LR FER

R A SRR AR LR (1) (R T 10 om R (C) \HI3ERE (m’/m’) , ] HOBO Pendant %15
58/ REE B Shic AN B LR , BYCREL AR , R MBI 5 AN/ MEDT , & E 1 AN IRk,
B BRI RIS 15 cm, 7HUAIFE S min, #EEE5R 8h(9:00—17:00) o i A Hydra % + 357K 73/ 5L BE 3T SR AL
BAFEH A BEHLHE) S A/ MEDT I LI SKE, A/ MET IR 3 Ik
2.3 Bl

EFPLH TR B BB BRI T e (1g(x + 1) ) JE T AL B IR 22 53 BE L0 HT o R SPSS13.0 R i —
RREHERLEL (GLM) #EAT Z W R T 220047, f 7 TH0 BB R [ 2 A2 &, e B2l TR 3T B0 2.
A3 2 ] B A S AR 22 5 RE b ) 4 e R B AR K HE R 22 5 R FH B I R U7 224047 ( One-Way ANOVA) , Bf& 7y
Wror i T BRI . 4R S A SR BRI AR i RS AT AR FF T o A SE TR SRR T
4 A AR TR IR A S S B 2R Pearson $8BHEAT 2047
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3 R
3.1 YrifriE RAER
SEH AR AL AR T R AR B 87. 1% o 3 FEHUA AR AR LR 1, 2007 £E3E90 R B 435 HRa
CILZRARAR 219 s A TAT AR 193 B HERA 23 #R) o 2a 7, 2 2009 4F 10 A, L7715 176 #f (LR 85
Brs NTTAT K 85 B Bt 6 #R) o SIEaHbSERBAR (F91E0 36.3% ) , HEBRXT IREE DT p B AR LB,
R 18.1% o 3 FhASFE PRI B9 BBV R M Z AN 1, 28 Kaplan-Meier 5347 875 , ILARMRARAIA T
EHHT IR S RE LR E ZR, B BE R T, TR ERIEMRK(r=0.73, P=
0.05) , 5 HRERMRK(r= -0.63, P=0.05) , 5 REE W HmE R & A RABOITARK R
[Fl—FE3brb, 22 2009 48 10 A FAE ML AR AR 4 i, 2008 K 2009 15 48 (8] ) 4)y v iy B 4508 TG (. 3 1 22
(df=7, P=0.073) , B RENEZF (df =7, P=0.242) . MM TR R BE R THEMM
S R, B R AR E R T IR AR S (B 2) .

F1 3 M ERER
Table 1 The environmental factors in three stands

He g + 9B Soil moisture/ (m*/m®) Y6k Light intensity/ x 101x + 4R BE Soil temperature/°C
Habitats FHIBL + bR Mean + SE I + FiAELR Mean = SE % + HRYELR Mean £ SE
| 0.224 +0.014 b 183.08 £2.23 b 15.63 £0.16 ab
I 0.265 £0.011 a 130.49 £0.41 ¢ 15.34£0.19 b
jii| 0.093 £0.015 ¢ 421.49 £3.08 a 16.17 £0.18 a

LA TN TE K AR AN T AR KR 25 B3 (P <0.05)

1o ] witk 140 |- R
AR i
T E I
1.20 |-
T 08
3 1.00
£ "1 P
5 “y s
S 06 bmmmmemmt |, £0380
%‘ | S""'i m 2
& ! g
& i 5 0.60 |-
=S Ly >
=04 i
; i 0.40
i
b 0.20 |-
021
L Il Il Il L
0 10 20 30 40 0

1T
Az 385 R0 Habitat types

H 4 Months

B1 3MERRYEEEST

2 3 KIS 4R
Fig. 1 Survival analysis of seedlings in three habitats & UES AL EN

Fig. 2 The growth index of seedlings in three habitats
YRS R A X EOR R, BN T edle: R = 1g(2) s 2542 =
(102) 1 Jy B AL =1g(x +1)
3.2 3 FhIRIE N H R R 4l R TE R
2006 4F 3 AMEHL H SE A 4B B BE A BN T ARARAR (1. 21 £0.04) #R/m” , IlIAAMK (0. 45 £0. 07) BR/m” , 3
FA(0.12 £0.07) B/m* o ARREIALE % i A w b R g L3 2, fEFTA RS, SRS IA
AR AR 7 LR, SN T 2 SEUH B B BRI N (3R 2) o TEILARMMA, TH& T H B2 53 fn
(K 2) (HTEMAAPR R B P BIR B E M B BRI . T4 53 nFh 7 Z RIFF RS EAR 3 R R85 4
fEH R E N FEILARARAEE S AR St , B — SR AP AL B BB A 5 TS AL B AT SR R 4 B 4D 72
B, BT E TR I AR N AT SR R 4 Wk FE B o FERE AR, B A Ab B8 07 s A BB 2 v 4l b
. SHIEIBCAIAR R, HE B BTX H EAAN SER TE R, AR M T S e PR R 7 A AT B
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FFERR M R

F2 ZTHRAEWMNHBARDBEIRHEAERELESTER
Table 2 Results of ANOVA on the fixed effects of experimental treatments on number of emerged and recruited seedlings

BEAR Bb i Bl Y
A8 5 R VR A HE Emergence in oak forest Emergence in conifer forest Emergence in grassland
Source of variation df F » P » = »
S 1,71 41.94 <0.001 226.96 <0.001 4.271 0.053
D 1,71 26. 60 <0.001 4.815 0.062 2.471 0.121
C 1,71 0.002 0.964 4.532 0.061 1.643 0.204
SxD 1,71 43.63 <0.001 155.69 <0.001 6.574 0.013
SxC 1,71 0.002 0.964 0.039 0.854 0.084 0.773
DxC 1,71 0.007 0.933 4.904 0.053 3.161 0.080
SxD xSC 1,71 1.149 0.288 3.261 0.076 7.672 0.007
BRAAb B A
AL SR A Recruitment in oak forest Recruitment in conifer forest Recruitment in grassland
Source of variation df
F P F P F P
S 1,71 56.206 <0.001 189.57 <0.001 0.001 0.997
D 1,71 67.155 <0.001 3.887 0.074 0.691 0.409
C 1,71 0.004 0.949 3.247 0.072 0.696 0.407
SxD 1,71 70.183 <0.001 155.06 <0.001 2.777 0.100
SxC 1,71 2.698 0.105 0.515 0.475 0.000 0.999
DxC 1,71 0.893 0.348 3.247 0.072 0.696 0.407
SxD xSC 1,71 0.581 0.449 4.137 0.056 0.000 0.999
S =HEIMFT ;D = THL;SC = FEMEEDT; P <0.05 HR M AT
3.3 HbIEBRH]
FEFH S 2 ST AR A RSB ST AN SR S U TR, D TS IR T C Sn
MRS inFh 7)o 402k US > UC Jf/8 DS > DC, I Sr guc

¢ ¢ 7 us
NDC
W DS

TR AT RS 40k DS > US 3+/8% DC > UC, WI#h7
ZARAE SRR ; a5k DS > US 3 DS > DC, Wb 75 5Z F
F A AE B R R ; a5k DS = US = DC = UC, &
B A B rh AR AE R IR, S 5 35 T X
KM AERBRE REEEF(N, M 79K
BRI

FELL ZR MR AR AIH FABAAE i Hp A [RIA B X 4 v 40 78 s
BN 2 DS >US 5 DS > DC {44 (& 3) iR a
FARBER R, W LAIWIE X PR A 5 P T AR AR A 0 —
HFZ BN T R F RS N E R . AR AR, AEBIRA Habitat types
AR Ak B 4 4 75 B B R 2 DS = US =DC = UC E3 3 REERIRRYE TR LR
HIZ&/ (BPEFPAbBE B o225 ) (B 3c) , iU HIAEBE S Fig. 3 Number of recruited Q. wutaishanica seedlings per plot

ARG TG BB B A (S FHTR) B in three habitas
Hop RS W AREL TR £ 1 bR 1 IR T ATEAK
s I: 85305 UC %k T4, XHECRIITFIT) ; DC % T4, 11
o US SR, BRI T 5 DS 5 T4, BIF T B2 11055
4.1 YRR IR R AL B AL B 5125 5 (P <0.05, Tukey test)
UARGHE B LEEERKEAE, FE25E—RE

~
T

w
T

)
T

vy

Seedlings recruited/plot

TR 4l PR R

NN\

I
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2—3 JEi 1) YA B A o ARSI B R A I 2 A BRI B — R . (HSEH R BT AR AR
YrEAE RS 2 AR5 3 4, R SRR T B R BN, B4R PR T AR Wy B R AR R A R SR
Fo WHSERW IR BRI 1926 | RPVEAKIE AR m A K R m A KRR IE W 18

M Fr AL AT R R AN FIAE ST T B B S S AR ARG e B RN o A T AT AR ER G M
B BAR T UUARBEAR T 28, EA TS AR T S EAR R FALRMAR T A 242, 8 HHENTARAFA T B
vy A A R BRIV PR S SR Y, A Tt Ak AT RE SEE A L ARARA M R o X — S5 RS Gomez ™' 9T
FER—B Mgt , A THMAMESREE G LHWR(0. ilex) MREE . FHAESPLWM I BLLILFRF,
HA R FE TR AR R, KA A P B R AR AR ERERNR, RS R &
ZIETCAHR R AR , RATELN AT 3a AR, B SR X 4l A R 3 BEAABUAE MR ] A 1, LR B R i 1) RUBE
HR XTSI ST 318 R R I 75 2 — 2P W

TLZRMRGII () T SR B T R R, B A R AR EH R P W R I T R MUIME =™, FeA
BFFE X, Sl e SR T AT BB A A B I AR AR S AR A R D W E BRI 2 —, fF 7 B R R U2
FPkmEBERE . AXERIFU L, EEET N ESE AR 3a 7, EH AT REBH
73.91% ZERBPAI AR T AEBE P, ILARBRAR B N AT MK T 4 B3R T35 510 61. 19% 1 5. 96% o H b e, 1T
AR TETT AT P e i, 5 B A B AR IR o 3 P SE 36 (B0 739 A Pk et B9 %0 1, I AR 7 S0 3
FIAFH K FRIK 87. 1% (HH B RRRRR(18. 1% ) , L FEHAR 778 B SRAROL T MSL I 2= 043 1R 705 %
RZIEATAEABARESR . ALRICERAA 7L T MR, Brd B ARROL T A7l 2 R 5 H R H
REFIEBRKERAFHE— BT Gome™ 5 I IBAIE &M AT BA TR AT (Q. ilex) S %
R R AR e B R (B4 B A SEAE R AR A E I R B RTKINGE e . APTRE R B, BAR
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