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Effects of cutting frequency on sprout growth of
Quercus variabilis stump

Y1 Qing-chun,ZHANG Wen-hui, TANG De-rui,ZHOU Jian-yun

(The Environment and Ecology Key Laboratory of Education Ministry in West China ,
Northwest A& F University ,Yangling »Shaanxi 712100, China)

Abstract: [Objective] This study aimed to investigate the effects of cutting frequency on updating of
Quercus variabilis spourts,and to improve the cultivation of Q. variabilis coppice. [Method]) In this study,
120 Q. variabilis stumps with diameter of 10—15 cm were investigated to understand the relationship be-
tween the stump sprouting capability and sprout growth characteristics with different cutting frequencies
during a cutting cycle of 4 years. All stumps that formed after clear cutting in 2007 were located in northern
Qinling Mountains, Zhouzhi, Shaanxi Province. The stumps were split to one time cutting group,two times
cutting group,and 3 times cutting group,respectively. [Result] 1) With the increase of cutting frequencies.,
the number of seedlings decreased.,the sprout number per stump of two times cutting was the best after one
year of clear cutting (2008), followed by one time cutting,and three times cutting group was the worst. At

2011, the sprout number per stump of one time cutting was the best and three times cutting was the worst.
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2) With the increase of cutting frequencies, the sprout growth amount (base diameter, height, and crown
width) decreased. The sprout growth amount of one time cutting was much larger than either two times
cutting or three times cutting. 3) There was a negative correlation between the sprout number per stump
and the average base diameter, and crown width (P<C0. 05). Sprout average height of one time cutting
stumps increased at first and then decreased slightly with the increase of sprout numbers. Sprout height of
two times cutting and three times cutting decreased with the increase of sprout numbers. 4) The sprouting
percentage of stump declined significantly with the increase of cutting frequencies and the survival percent-
age of newborn sprouts decreased in different cutting frequencies. [Conclusion) Cutting frequency had sig-
nificant influence on the sprout number per stump and the sprout growth amount. Results implied that
multiple cutting had disadvantage to a quick recovery and reestablishment of vegetation. In the future,rea-

sonable sprouts number should be improved to promote the growth of sprouting seedlings. Thinning cut-

ting times should be taken to reestablishment of the vegetation.

Key words: Quercus variabilis ; stump sprout; cutting frequency; sprouting ability; vegetative propaga-

tion
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Fig. 1 Sprouts per stump of Q. variabilis in different
cutting frequencies from 2008 to 2011

2.2 ARAFRKRE TERFHEENERESE

Wil 5 £ S P S B TR A9 E K 3 S SR AR BT R
PER KRB I JE A2 1 S 1t 35 (&l 2A), 2008 —
2011 4F 1 R .2 W3 YRR AR Y d5c i v L A2 70 i)
HT 3.09,2. 38 F1 1. 87 cm, KA KBS thbk i K
B 1 % T A 56 (P<C0. 05) , 4 4F 3k AR HE i & K
B AR BRI 1 R > 2 OR >3 YR Ak
2008 4E. 5 1 YCRARAHL . 2.3 YR AR 1B A i K il
B IEAR 43 /N T 42,40 %601 50. 25% , 2 K.

Wil 5 £ I T S B TR A EE K 3 S SR AR BT R
A B P 18 R A 1 R AR (I 2B, Horp 1 ik
SR AR B4 AR W G S 44 3 A 49 K R e P, [ 2008 —
2011 4,1 4R .2 3 YOCRAR Y A 1 - X B A2 40
W T 2.78,1.95 A1 1. 50 cm, B B R
AR YB3 6 (P<<0.05), 5%tk 1 WAl
LG5 2008 4, 2.3 YRR AR 1 HRATE B 1 1 35 FE A% 43 30l
IR T 32.87% H149. 65% ,2009 4EREAK T 55. 20 % Al
66.25% ,2010 4E &AL T 49. 53% Fl 64. 37%,2011



150 P AR K 0 AR

541 %

AEREAR T 29. 61 % F 46.25%

2008 —2011 4F,1 ¥R .2 YK .3 W% Ak iy B K 1
B EEAY B AN T 3.09,2.17 A 1. 51 m(& 20) ., &
A A B e R B R R 5 OR RO B 3 A DG (P <<
0.05), 4 4E(2008—2011 4F) 3 . HR bk i fe KW B 55
EHRI A 1 RRAK =2 KK >3 Rk, 5%
e 1 AR, 2008 4,23 YRR AR AR B W 1 v
FE4r /0 T 35. 97 % Fl 53. 05 %, 2009 4FE I8 /> T
43.62% F1 65. 43%, 2010 4yl 2> T 48. 19% Al
74.21%,2011 AW T 37, TAYFI 54.99% . RAR
UCBUE 22 d5c W P ey B8 3 A >

H 2008 —2011 4, 1 YR AR I AR AE 8 1 34 5
JE B KR R R KL SR F 3. 25 m 3 R AR Y A
BT 35 v RE G B R N A T 1. 52 m (A
2D) , A bk W B 7 1 S SR AR R B 3 A OC (P<<
0.05), 2008—2011 4F, 5 %4k 1 A .2.3 KR
R A BE W O 38 R A B RR AR T 130 8104 A
33.70% (2008 4£),29. 77% F1 59. 69 % (2009 4F) ,
43.55% Fl 54. 26 % (2010 4F),40. 19 % F1 50. 81 %

(2011 4F),

T AR b B A 5E 4. 3 A SRR BT R
A B R W T e 0 39 R R B AR > (181 2ED . H 2008 —
2011 4F 1 IR \2 IR 3 YRR AR R B3 K 1 e i 43 ) 34
T 0.96,0.95 F10.73 m®, RARKE G R RK
W 1 56 I A 56 (P<C0. 05) , 4 43k, 5 %41k
AHEG S 203 YRR AR I B A e K 1 5 1 4 0 s/ T
46.91% F1 51. 89% (2008 4£),17. 12% F1 30. 72%
(2009 4F), 14. 91 % F1 30. 43% (2010 4E), 27. 94 %
1 37.79% (2011 47)

3 A RAR UK ECT AR W 11 349 56 W 1 < R A
2 (E 2F), [ 2008—2011 4,1 k.2 .3 KRR
(R 1T P 7 22 96 I 43 50 B T 0. 70,0, 69 i 0. 69
m”, 4 AR, 5RAK 1 WA L, 2.3 YR AR AR B
T 24756 W 3 Wk /N T 40. 15 % A1 42, 95% (2008
), 48. 509 M1 52. 99% (2009 4F), 20. 74% A
30.60% (2010 4E),19. 88% Fl 22. 11% (2011 4F),
FRBS e Ja 1 R AR ) R A, 2% SR ERR B 1Yt
W 1 28 e i 2% S 2 DN

B 1R 1-cutting; O 20 KAR 2-cutting; O 3% KAR 3-cutting

a

3 a
c
| a b ¢
ﬁ
a C

i e
o o
T

[
o

dominate sprout

B KA 1 3 2/cm
Base diameter of the

e =
o (=]
r

o

o

2008 2009 2010 2011

W
d

C a
g g 4}
R2E a
S S 3} b
W22
m®E 2L - b ¢
KYE a b
: @.H C C
[4
0

2008 2009 2010 2011

& b
Lo ab by
b
L bp

dominate sprout
=2 = K
o wn o
£

(=

B KW i 7 iE/m’
Crown area of the
(=
W

o
o

2008 2009 2010 2011
SEA} Year

g g 40 E
S 4 3 o
ﬁgéao- b
a
Q%gé I c
H_EQZO
Z QO =
mZE g b
s 1.0 f b ¢
B 3 . ¢
e
0.0
2008 2009 2010 2011
wy 5'
ES D
o
o 4r 7
"l
me 3t a
B b
B8 2t a b H
o b c
B 1t c
e S ¢
z o U1

2008 2009 2010 2011

B

a
a b b
1.0 | a
b
2 b
) ﬁ T
0.0

2008 2009 2010 2011
E 4y Year

3 1 734 5 E/m”

Average crown area of sprouts

A 2 20082011 46 R AR T 4 1 12 K A4

Fig.2 Sprout growth characteristics of Q. variabilis in different cutting frequencies from 2008 to 2011



543

Gy A 5 R ARRBON A8 K MR AR E B 1 A K 52 151

2.3 AEFZFXRABTREFHEIBEHEEKD

X7

2011 4, 3 AR AR BT B AE 07 i R 5 W —
AR B AP 28 AR T3 v T 38 e i ) [l 0
Ay ATEE A (B 3) R, 3 A SRARIK BT 1 AR 7 1 5k
2 55 W R Y Oy B 3 R 6 (P <20, 05) (& 3-
AL B1.CL) 56 W A i v 85 X i i 35 42 19 5% il
R o A B S R AE 3 A SR ARIREUT #R R IR
Wi A 0 L 1 3 22 e /N DR R AR e (TR 3-A2,

¥=5.170-0.570x-0.23x’+0.215x’
R’=0.726,P<0.05

»=1.831-0.369x+0.027x’-6.80x’
R’=0.880,P<0.01

B2, C2) . Ui W] 4 Wi v 200 50 0 s L e i 5 o
R 5 2 B BRI N B — 2 KPS O TR i Y 5
VERIAS B S o g e 5 i P 2 v B G R A 3
A RARUHECT RBA 58 22— B (F 3-A3.B3.C3).
VA LA R ARUBCT B A R kR 7 A
Ja - R R . SRR 1 R AR L
JEE i 3 i B AR 22 SRR IR T R R R AR E 5
TERAR 2 U3 Uil ok L o B A 24 o B B 3 B
Woiw 3 22 AR (H B s DR AR A — E KR L

y=4.46-0.349x-0.010x*+0.001x’
R’=0.868,P<0.01

9, 401 A _ 1.8 4071 a3
° ~. 1.5 e
§g30 8%, EZ30
gs Ee o "
w220 8 509 2< 2.0
g F 206 73
}%gl,o %20.3 B2 1.0
20.0 . e oo . oobb——
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
y=4.714-1.247x+0.132x’-0.005x’ y=1.545-0.18x+0.005x" y=2.518-0.145x-0.003x"+3.476x’
R’=0.799,P<0.05 1.5 R*=0.792,P<0.05 R*=0.813,P<0.01
5 407 B = B2 0T B3
8 . 512
§E30 £z ol o £230
- o o °
(Q'l‘s = 2 8 M‘G °
8 8 2.0 E 2 < 2.0 :
.{}:g Q i':) : ° g ﬂ g ° .
B = 1.0 H’gog . B3 1.0 S s
(5] 8
E0.0 —_— 0.0 L e oob0—mu—
2 4 6 8 10 12 14 2 4 8 10 12 14 2 4 6 8 10 12 14

»=2.230-0.186x+0.004x"-1.338x’

»=1.962-0.518x+0.054x*-0.002x’

»=2.518-0.145x-0.003x’+3.476x’

40 R=0.735,P<0.05 1.5 R*=0.708,P<0.05 40 R=0.813,P<0.01
o4 - .
) B Cl LB Cc2 ) C3
§E30 g% EZ30
ST 20l b %209 4%220 °
g 8o & 506 = S 8
Ko == o o B O g
B E 1.0 L T o H_§o3 B3 1.0 3
s -
=
oobb—— 0.0 b0— — oob0—
2 4 6 8 10 12 14 2 4 8 10 12 14 2 4 6 8 10 12 14
B 1 A 5 1 R B 1

Number of stump sprouts

Number of stump sprouts

Number of stump sprouts

3 AN SR AR B A S R AR 1 R S T A i B R R Y [T R 43 A
Al—A3. 1 RRARHAE : B1—B3. 2 YR ARBE s C1—C3. 3 YR AR

Fig. 3 Regression analysis between number of stump sprouts and base diameter, height,

crown width of Q. variabilis in different cutting frequencies

A1— A3. Represent analysis based on 1-cutting; Bl —B3. Represent analysis based on 2-cutting;

C1—C3. Represent analysis based on 3-cutting

2.4 AEREXRETHEEREZFN

241 REFAFERHAAE K KEHE 14
(2008 4F) , £ R AR BT 1 bk & 4 37 28 0 1 s ok
A 2 4R (2009 4F) LG 38 43 ARk B A7 4k 22 i & %)
B (B 4A) . MET 2008 4£,2009—2011 4E 3 4%
PRV e B MR A WE B 28 3 34 38 4 R B R AR
M ARBE R ZE R T R, 5 2008 AEAE

2011 4F 3 R M AR HE B 2F R 40 5 R T
75.53%,80. 84 % 1 85.85%

BN R 7 22 43 A G5 R R WY SR AR KA I ] G
RS 24 A i A A B 3 (P<<0. 0 A OG
Wit o J PR O TR) ) A S, Y AR AR B AR R
W (L AB) . 1 R AR AR BE 24 47 BT A2 W B BN
12. 93 A~/BE (2008 4F) T REH) 1. 75 4~/HE (2011



152 P AL AR AMRB 3 2222 4R (A SRR 2 B %41 %

AE) 5 2 R AR M AR M 24 4 B AR W A B 15, 92
A/HEC2008 ) RS 0. 95 AN /HE(2011) 33 YRR AR
(AR X4 4F T A 0 T B 9. 4 AN/ K (2008 4F) F %

F]0.52 4~/HEC2011 45) . 3 YRR AR METE K )5 26
LAE L ToH AR A

B 1RCRAR 1-cutting; O 20K AR 2-cutting; O 3% K AK 3-cutting

[=3
(=}
1

g A
b=
17 80 -
el
o]
© 3
=95 60
B o
R
Bg w0t
= o
&
N I_h
Q
o
Ay
2008 2009 2010 2011
A4} Year

18

B
15
Q.
=
a2 12
® o ¢
A 9
=2 a
S 6
& b 4
3 b a
2008 2009 2010 2011
A4} Year

P 4 S Tl SR AU BT A Bz R I B A 25 38 CAD 24 4 37 A 1 i 4 (B)

Fig. 4 Percentage of sprouted stump(A)and new sprouts per stump(B)of Q. variabilis in different cutting frequencies

2.4.2 SEHAEKBEFGHAERNFIE KFKE
P T] 0 2 47 A W R A KRR S ) 3 (R
1. 5 2008 4EAH ., 2009 —2011 4E 3% 3 4FE3k.3 4
R AU AR 2 4 A W BT AR PR
38 5 I XA R R 3 A SR AR IRECT B AR AR Y 4R
A B KO B AR o B R R T R R R . 2011
4,3 A SRAR BT 19 25 48 A d5 R i AR K 3
N B KM AR 4 S 0. 43,0, 32 0. 32 cm;
e KW B BE 43000l 0.42,0. 31 T 0. 29 m; de KB
T S 4y 5k 0. 16,0, 14 F1 0. 13 m?,

XF 4 4(2008 — 2011 4F) HK 3 A RALKET 24
AP AR W P 0 AR R AR BEAT O 25 0 BT, A R R W
2008 4, SR AR R BON 25 4858 A Wi 1 AR KRR 52 )

E o HARBAE SO AR KRR P AR K Yy
RIH 1T RRE>2 KR>3 WRK. 510K
FRAR LG 2 UK .3 YR AR Y 24 47 37 2F B RO 1 5242 4
S D T 42,15 % F1 50. 00 % , 24 4E 37 A8 B K 1
FE Ay 2 T 36, 54 %6 F 61, 54 %, 244 B A R R
B R AT B> T 47,06 %A 51,76 % 5 5 1 IRRAR
FHLE -2 YR\ 3 YR AR 1Y 25 48 3 A= B 1 7 35 B 42 43 S
W/ T 33,33 %01 50. 00 %0 . 24 4F B A W 1 T 4 7
Sy AT 15,56 Y0 R 28. 29 Y0 . 24 4E BT AR W i1
MR AT S T 40, 58 %0 Fl 43, 48 % . Bl 1R )T K
SIS TA] ) FE KL B 2010 4F 5 4F fie KHT A 1 1 0
T2\ v B R RIT > AT R AR W B O B AR P
JECPBEEE 2 K5 3 IR ZF AR,

Rl FARARERBTEREFSETEREHHINEREE

Table 1 Current-year sprout growth characteristics of Q. variabilis in different cutting frequencies

R HAR/ em B R E/m RS IR/ m*
Ay Base diameter of the dominate sprout Length of the dominate sprout Crown area of the dominate sprout
year A B C A B C A B C
2008 1.0240.28a 0.59£0.13b 0.51+0.17 ¢ 1.0440.13a 0.6640.14b 0.40£0.13 ¢ 0.85£0.09a 0.4540.11b 0.41£0.07 ¢
2009 0.72+0.14a 0.53+0.09b 0.414+0.03b 0.93£0.29a 0.55+£0.11b 0.374+0.10¢ 0.33+0.06a 0.26+0.08 b 0.18+0.04 ¢
2010 0.54+0.07a 0.41+0.03b 0.3840.03b 0.61+0.13a 0.39£0.06b 0.35+0.05b 0.2840.05a 0.17£0.04b 0.15+£0.03 b
2011 0.43+0.06 a 0.32+0.04 b 0.324+0.02b 0.42£0.02a 0.31£0.04b 0.2940.09b 0.16+0.03a 0.14£0.02b 0.13£0.02 b

BT R em BT B /m BT
30 Average base diameter of sprouts Average length of sprouts Average crown area of sprouts
year A B C B C A B C
2008 0.36+£0.27a 0.24+0.18b 0.1840.14 ¢ 0.4540.23a 0.38£0.12b 0.324+0.19 ¢ 0.694+0.12a 0.41£0.06b 0.39£0.05 ¢
2009 0.23+£0.18a 0.15+0.13b 0.1440.10b 0.3440.14a 0.33£0.09a 0.2840.02a 0.31+0.09a 0.16£0.05b 0.12+0.04 b
2010 0.16£0.12a 0.12+0.05b 0.1340.07 b 0.324£0.11a 0.26£0.04 b 0.23+0.01 b 0.214+0.05a 0.14£0.03b 0.09£0.01 b
2011 0.14£0.07a 0.13£0.07b 0.12£0.03 b 0.2840.08a 0.2240.03 b 0.21£0.02b 0.12£0.04a 0.10£0.01a 0.06%0.02 b

T AE P<<0. 05 KT B b/l — 845 T AT E R iR AR F R Z R B .

Note: The different letters in peer data of the same indicator indicate the significant difference at P<C0. 05.
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SRS . AR R RAR T B B MR bR 32 AR
HE AR B 1 S BUAR J  SE R L X — R S A S
W8, Standiford S B FE R BT 5476 (1 BR A
PR FE W7 BB UKD SRR FR R T R S . Jyrki %
BT T I8 R ARAE b i) 22 T ME (Betula pubescens)
TR B T A A L N O B B 22 ORI FROPE AR SR
AW ZFRE ST . ARAAE ) 09 558 T 26 A5 A i
R RE W B RS A B G b AROBE T R X AR ) BT R A
R DR 8 B R SRR BB % R B T LA A
B IR B Y TE

— AR A Wy B A R A OB 3 L R B AR
PEAE B AT T R AR R A AR R
Far B AR AE 3 R AR AT DR A5 W7 2 AE 7 - U0 B A
P BRARAE B 3 TR B8 0 B0 L X 5 AR RO 26
AL, AHFSE L 2008 AR B B BR AT (19 B T
HDNERA N 2 GCRE>T IR >3 YCRAR, Ui
B A R AU B i 1 52400 39 £ AP W A RE g SE T
FJE TR, Jyrki S5 WESIAY 2 UCR S B
B TR DT A 22 B AR BIR ZF 1 . A WE ST
207 3 YCRAR M bE BT i A i D X T BE S 2 IR
SR AT BOHATE I TR B B R A OG5 05 Ah W B I R A K
JE BUR B TG I, A 23 5w W AR . KRIBIPESE K
PR JE (2011 48D By D ECR I - 1 R
H>2 PR3 YR AR . U W FE 2 YR i ok
AR BT A A6 L T AE TR R TR R
BB EME . X T RER T R S W AR TH AR TRt
WA A 0 5% 43 A AR UK R T8 2 4 AR K

ARAE /N IR AR I 4 7 AR A T TR AR AR
R R ARIFH 145 (2008 4F) . 3 AN RARIKECT 19
AR 7 1 A A R B X A S BN S A R AR A
PEW P 2R KO HX — 4505 . AR e R, b &
RARGB 2 W A R B/ . 2008 — 2011 4F, 1
YR A A B i B A= R B 1S 0 R 0w OR L 3 R R
R AR A R B R N R R R X R e T
— 71 Z2 UCRARAE R AR R KIS AR Y
78 RN, FBOR R A AR E, 4K Z 3
il s XF K AN T 2R BT RE T B A RE T A2 3 1

TR A A I B 5y — T O A g B R A bE A
B B2 R AR 45 A PRk K AL S P AR B
R ZEAED

T e MR AHE BT B A B 5 KROCRE D] . AT
FER B+ 25 FARUCEUT M B MR AR B 1 00 24 v 2
SRR TE W B R R 7 AN I R R R Y
Fa AR AR W R A — e R N x5 e A )
1 SR . Midgley™ A hy o Ho i w0 40k 5 0 1
8 A A A7 A i 23 TC A A AR 18 A ) — At 1 Y
Y P 23 AH 3T A BRI L An oK 4y OB IR IR AN AL T
TEAHERY H AR BB i # vh HAE TR 2 A i 7 A
A R 4 BE R RO B A G DUOR 5 BE A 1 AT AL
FHSY . AR E D, S8 N R AERK AR
LF A 2%, DA RO Bl AR R KGR ER & . Liu
SV g F2 0, XF BR A (Quercus acutissima) P47
SE WIS BERECR AR 4 A B I A KR . AR
EBIA R B G0 15 cm DL A R I AR | 38 B AR
2~3 AW . AW R AR 7 A LT W
IR o A AR BE B 1 S BRI AR K

BT A T BORN AR A i R S AR Y B 25 RE
T TEARWTE & R AURBCT 19 48 B2 Rtk 7™ 4R
HAREWT R A RE D RARG S 2 ST IR T s 5
3 UCKRARAHLL o 1 YR A B R BE T 28 3N B fetle . A7
WhoE & B B % SR AR IR B 22 4 W 2 R AR L X
HARMFE e —2 . SR B R AR AR KA
5 RARHECT W AAE S AE B AERE T TR . XTI fE
J2 T SR AR O™ A WAL R LA R A R RE
SRR S A0 4 B4 T 2% A L R RE W R IS BT 2R
i) A

4 %5

AWFFAEZE I AL LR AR 1 2 A 3 IR
H Bz R AR Sy XoF R 38 6 W 0 HG W R L O R
AR R IR | R AR AR R L T R B SR AR
22 AR B 2R BE DT R L R B AR BN B
RO A W A T T R AR B R gL Y
AR A RO BD TR ROR KA A TR R AR
R BT ERE ) B R R . 0 B A AR S RO T
[ U5 73 Br A2 B 2% 3t X AR B BR AR AR DR B 7 AN 8. AT
By FARRBR. KREDRE L4 0 R, 200k
oo FECA MU WA N L fERR AR 22
Hh L RO B E SR A3 0 DD SR AU B i A B
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