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Fire disturbance and environmental factors for the undergrowth in a

Pinus tabulaeformis forest

CHU Yangqin, NIU Shukui, CHEN Feng, RUI Shujun, WANG Kai
(College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: To study the influence of fire disturbance and environmental factors on undergrowth vegetation
changes in a Pinus tabulaeformis forest, burned areas of an artificial P. tabulaeformis forest in Liaoheyuan Na-
tional Forest Park of Pingquan County, Hebei Province were used as research objects. The burned forest was
divided into three levels according to the degree of burn: mild, moderate, and severe. And three repeated plots
were set. Non-burned forests near the burned area were also used for control plots. A redundancy analysis
(RDA) was conducted on undergrowth vegetation and environmental factors in the three degrees of the burned
area and the non-burned forest. Analysis also determined the richness index(R ), diversity index(H ), and even-
ness index (J). Results showed that undergrowth regeneration after fire was largely influenced by tree mortality
rate and slope aspect, but slope and slope position had little effect on important herbs. The importance value
for herbs and shrubs showing different degrees of change after fire: compared to control plots the severe
burned area had a sharp increase in the number of herbaceous species from 15 to 26 with the number of shrub
species increasing from 3 to 6. With an increase in fire intensity, R and H showed an overall increase (P<<
0.05); whereas, J decreased (P<<0.05). Thus, growth and changes in undergrowth vegetation after fire were
jointly affected by fire and topographic factors with fire being conducive to regeneration of undergrowth vegeta-
tion partly. [Ch, 3 fig. 5 tab. 25 ref.]
Key words: forest protection; fire intensity; undergrowth vegetation; Redundancy Analysis (RDA); importance

ek H 4. 2016-01-19; &0 H . 2016-04-17

ST H - E MO R AR = B ORHET I H (2015-04)

TEH A WSS, AR A BT, E-mail: 15650700210@163.com,, S {5 15 # : 2848, ¥, Wit

MNFEM K AEDHF . E-mail: shukuiniu@163.com




B34AEH 1 WHMESE A . KT A0 S BRI PR T X i A BObR T AR 14 52 1 97

value; diversity index

RNy — T A A A T, — 5 TR B KR 2 5 BObR A BRSE (R AR AL, R A 2, 0
ARMAE W U™ G H 5 53— D7 I, 1 R 50 R ISR 18 R KA 37 A 251 A AR 9 2 P 5 T 4 )
PEMEAE I 0 KRB R B A PR A0 i 2 MR bR S5 A RIS E, FTRZE S R GT 75 iR B2 A f )
PR R LG R 4540, ARt W) BB R0 AR B R T v O I KB Y, Rk TR R
(14 L T8 A AR AR5 F R Ao 22 R D7 TS 3 Y 35 IR o e BRI AR IR TR 4 ml e 2 e st AR i e 2
R T 114 450 25 1 R R S S A A R A, ARARAE B FT RE 2 D R S & AR AR R AR AL . AR
oK, Xk R b AR B A ) BIF A AT BT B 0 R ISR 1 4R S A TR e AR ] 0 9 e R VAR R
DT MR IX IR A B SR HEAT RS, BRSO T SR B AT 9 S b X G T 1 X
MR VR AR AE AT TRFFE, X KPR IR B S A K BRI A ) Z R AL B AR B AR 27
AT BRI 98 K 22 2 FEB TSR AR R AL A AR AR, 5 KT Ui J5E A0 BR I3 DR 45 45 1B o o AR AR
PEAT AT LA o O T IR TR R MR R e J A LA SR MR I 2R, AR F 5 AT G 2 3 T D5 R
MR P KBE 1 a J5 BN TAMAR Pinus tabulaeformi MRACBEB XS G, WL T KBERIIIAS [F) 38 5 40
FNERIEE A - LRI T AR AR AE , D PR R e 3t (4 A B A2 S A s LA B (B 2

1 BF 5% Rt

F 5 AL T 1] 648 SR B KBS AR 3 04 03] I AR AR 28 Bl (41°007~41°10'N,  118°30"~118°40'E) ,
AL AR TETTARILER , Ml kORI, AREEL TR I, JbENSE AR TIME, PHEdtA K
P, AR SRS 80%, FIETEIRIAE] 1 780 m, X JE T HE iR ] o o B, R BE R RUR
fé o AP 5.0~7.0 °C, W, FKFEAR, AFHFEEKEDY 500.0~700.0 mm, FEAEHIERE,
TEARWIH 120.0~130.0 d, 2R AN T 2URAR L M -, 14K 700 m DL B R A L, JREE S 20~30
em, %X FEEAA MM . F o R Quercus mongolica ¥ . 145 Populus davidiana ¥ . [ #¢ Betula platy-
phylla RFNIE S Larix gmelini MREEJLFR BRAMRBER SR, MM A 8% £ 22 WK T Lespedeza bicolor, K
W B Deutzia grandiflora, + JE%54%%) Spiraeca pubescens 25 AR FG R 5 ¢ Viola acuminata, 4l 25 ¥
Carex duriuscula, T} % Deyeuxia arundinacea, /N%1.%§ Dendranthema chanetii, 335 B % Saussurea
nivea, AT Polygonatum odoratum, 2 Chenopodium album 25T 4] i,

2 BRI
2.1 HEHIZE WK

TEKBEI L, AR SE TR A 28, e angl kpese . pdud | MRS, A B RE B 4 SR
1o N 52 A AR J2 A R AE TT AR K BE I AR BE BRI, 820 MO 2 R JE B 5B T AT RE R A K EE A
iR R 228 FR B FUK 7 3 T A8 o A PR I RER 2 8FE T, (EUR A el )2 5% B A, iR
MR T2, UL I 3 v A A AR T 2 I B BEE T RE 2 I Y K OBE ) BE IR R LA I A
PR, Mg KB LU, o T8 Z K0 A A 18 SR A AL o A7 S83h J5 B R 2 AE T, #1528
EE WEAR R BATATA T, MR W ITCAT RIS I, U BT Y IR Y S B RS SR T A A R RO
TR IR o Pa A nl . 2N S R BB B0 2/3 DL R, R SFAETS, AE 1/3 LR, AL
B K, AR BT . MRS ORI MR AR SE TS O . FE TR L BRI R A KR, X R Y
JOBEHR EE HEAT AN R R 430 (DFR E KBl Hh (% k) o BESEA AR RREA 30% LT, MO KA
W, WA sk, TR S R AR 13 LU . QB KBSl . BEBE AR (5 AR R B 30%~
69% , MIEJE D HRIIAENE , - RER A B, e T AT AVt R S A Y AR 1/3~2/3,
QT JiE KBl o BEFEA (5 ARAREN T0%~100% , MO 24 FEIE T, AR AR 56 J2 47 B A A v 2 o
JIE DL K b SRS R T A W, BE TR A S K S A AE Y, A K BB, R b A B A SE
-, R SR A LU (EAE 2/3 DL B
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DA A6 A8 T TR AR AR Bl K obe 1 a Ji5 A N T A bR K Be 0 b A 8 25 X6 52, A Ml ack BT ] 2014 45
10 A, JAA& By 2015 48 7 H 29 A ), 78B4 AR K Cbesm BE RS [ 37 b P 9 JCRe il b DL R R 2o
KOMHL . BB AN 20 m x 30 m 2 30 m x 30 m FEHL, CSRAFEREE LAY M . B . ML IR
SENT IR, IR R T PR B AR S K BRSO 5 mox 5 m (/NFETS A il A AN
FETNITRAR . BEAR . BUARMMZE . W @R . AP E R 20 e, B A S
TEICAE 358 25 F — 3 HA ARR M 0 b B AV ME A IS 19 22 57, T A R A B I B T ok Se A i . 20 B
FEHLA H T I0R 40 H1 (RDA) , SO A 12 Hebf i T i 58 A [) JORe o BT RO A8 4 3 B N 2 AE
BT A A ML a2 1,
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Table 1  General situation of sampling plots

% 2 Wpdhm  SE/CO) B/ (C) S I SRR RS B Y L BEFEARRE T 73 LL/%
1 E=35°8 1189 27 282 k 0.10 6.76
2 R 1173 26 272 k- 0.49 51.02
3 EE 1173 26 242 I 1.00 75.50
4 Rid k(IR 1165 25 279 I 0.00 0.00
5  RKE 1159 28 79 h 0.14 5.90
6 g 1168 27 105 h 0.35 39.00
7 EHE 1198 24 95 h 1.00 100.00
8 Ridk (XHH) 1185 28 101 h 0.00 0.00
9 RBE 1179 27 258 T 0.29 12.99
10 H)E 1225 24 242 T 0.37 35.94
11 &EE 1116 27 235 T 0.72 74.07
12 Fead ki iR 1180 27 235 T 0.00 0.00
13 FhE 1 109 37 228 h 1.00 100.00
14 HEhE 1150 25 185 i 1.00 100.00
15 HE 1148 26 276 h 1.00 100.00
16 &) 1198 24 275 h 0.14 0.00
17 HEE 1186 30 130 h 0.47 34.04
18 R (xR 1210 34 179 k 0.00 0.00
19 R KGR 1239 29 44 h 0.00 0.00
20 HEE 1145 25 300 I 1.00 100.00

2.3 IEfRITE

KW 2H A AR T B VR T 00T, R B 2 REVE B AR AL R FH 32 AR B0 (Margalef $5%0) . ZHAETETE
¥ (Shannon F8 %) ¥4 4] BE 36 50 (Pielou $8%0) %5 3 AN 4847 AT VEH 1,

WEAREAREE . EEE = (HXEEHS S E+HTSEE) /3. M. FEEHERR =

(S-1) /In N; BI5JE46%0 T = = 3, (P InP) /In S5 ZREFEIRAL H=— Y, (P, InP) (i=1, 2, 3, -, S). H

He S REVE ISR NN RR AR R N O R AR BB IMA R, P=NIN.
24 HIESW

FI CANOCA 4.5 JEATICAR T (RDA) S Wb 5% B AR 55 R W) b ity o SE(EL B0, PR AR P
S AR, o, SR (SD), P8 SR R R S AR (SH) , BESEARBREL A 23 e (DR) LSzl Je it
SRR E, Bea) (AS) M A (SP) i Z AT B 564k, Bl (AS) L 1-8 B U, BAr Ll 1~3 Hr A
B2 iz ] Excel 2007 THFEAN R KCBE 50 BE T B AR T HEBE A B BE DL R SRR BOF 2 I, TR A
PR R0 22 5 14 B/ . 36 22 vk (LSD ) A B K B85 D 1 5 il A OG 28 209 J2. 38 PR A B 7 SPSS 21.0 kAT .
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31 REEHHK TEKSHERFHXER
18 FITUAR 73 AT (RDA) X AR AR 5 HE SR M BR8N 1 1 56 R EAT 20 M, X Wy b g 47 i 6 /5 45 21/
LR (R 2 AR 3)FIHEF B (& 1R 2) o

®2 TN (RDA)ER
Table 2 Result of redundancy analysis (RDA)
i Py L5 B0 5 A AR 5 R AL Xk ) R RS A R 1 G HL /% PR PR BT O 22 1 T TR % EXER Rt
1 0.907 26.8 622 P=0.002
2 0.709 34.0 78.8

*3 RDAHIFHSHEEFHEXRY

Table 3  Correlation coeffieients of the RDA ordination axes and the environmental factors

Yy 5 B T i 1 il 2
Wi (SP) -0.108 2 -0.408 8*
I (AS) 0.260 3 -0.556 8+
WA (ST -0.043 4 -0.169 7
SF- 145 7 2R i BE 5 1 LU A (SH) 0.479 9% 0.071 0
BEIEARRELH 43 L. (DR) 0.843 3% 0.219 0

BT #* IR 0.01 K BRI R, * RoRTE 0.05 KF b B EML,

HEFP MR T 2 40 25T R TR 19 34.0%, ATRER R TERMYIRIEE . MR 2 AT AR 1 Bl
BT OB bR T ARSI R R Y 62.2%, MR FRECN 0.907, 2 2 Jhfg ke T M IREC AR Y 16.6%,
FHR R KON 0.709; AT 2 BhIL[F] 7 B 1) Fh 3R 82 18] ¢ R 1) 78.8%, W] AR B4 KRR 5 B, H P<
0.01, nldd s, RDA HifplElrf, BIRiAR AR S, o il i B AR Dy A AR LR, 26
B i Sk B AR K BN IR B R 1 X MR O AR R R, IR R R OR, WA Sk K R
HEFF B3I W) R0 A ST RS SS , H#k A AR R A G R A i L IR 3 AT LAA . XEART
RS A3 5 Wi foe K S BESEAR BRI 1 20 EE (DR), FLUOZ I (AS) o BEAEARBREL F1 70 L (DR) 5255 1 4l

1.0 Lo 1.0 [
05 05 | lﬁ%&%‘
. HAEH ST AR E
o
0 =0 4y ST
L= 2 Oy e
5 T
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: : AS
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SH. “F3%E H w1 50 Lhfi; AS. B SH. PR 5 tb i AS. B,
DR. BEFEARBEE T 2> ks SI. Fifri; SP. )& DR. BEWCARMEL T /0 LL: SI. By SP. HJF,
1~204 B g 5, b4, 8, 12, 18, 194 KL
KFEHL, 1, 5, 9, 168 KRBT, 2, 6,
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15, 209 515 KB il Hh o
B 1 K5 IREEF6 RDA H 5 B2 #hH5 3R E T RDA H#5

Figure 1  RDA ordination of sample and envionment variables ~ Figure 2 RDA ordination of species and environment variables
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2017 /-2 71 20 H

Jefudm/y, BHIH S5 1 MpgA DGR sy s Behn (SPYRsZ AR, I L] LUE . IR AEAR bR S E
53 B (DR)EG Sk 977 1], A 2 5 1 %k B — 22— — R R R A8 Ak, BRI B AL AR BR B 73 1 (DR) /]
PARER IR FEXTAR T R4 52 MR 5 TR 3 1) (AS) B 77 Sk A 45 b B B PR B2 . |l I 2 T U S
HEF D6 i J8 T B Setaria viridis , - JES5 256 ML B2 A S KGR, ) BV B Setaria viridis 5452
FEARMRECE 43 L (DR) W 3 W0E e, & KRG AR, B RS FE R, HE S AW AEm, Hin
% Thalictrum aquilegifolium, EAT . 2775 55 W 5HIEARRECH 53 FL (DR) B s B ESS 3 MRS KE
25 Yo (AS) i— € B ARG, U] B ES 24 SR T KB 2 B ad B BH B K. 25 A0 ) b Bl B8 48 R
PRECE 43 Lt (DR) FE ) (AS ) 19 72 A0 ER A A [R) 72 B2 1 284k

32 AREBENTMXHTHFAEARREZERFNT

Hi 4 fJRLE . SR KARHAT L, KGRI b B AR5 A BT, 3% ey 35 1) J B JEE ke
x4 TRABENETHMEREEE

Table 4 Importance values of herb in different degree of burned

WM o A Ak SRR DA R AN [R] 5 B2 ) Kb b 22 [] £
P BT B A T 25 5, 6 B R g AN 2R A 15
i, b4 b 22 RORT /N AT ) T B s, N
Frs Kb JE R B AR A B S0, XORR S, R
JrSphallerocarpus gracilis, YW 228, /N2 %, THE
Z, WENKEHMEN, XLLRR K L8 N 5 R
g MR RKY M A B R Rawnculus japoni-
cus, FEAAEFIMERE, XL R Y s 8
AP TP AT 22 5k 5 325K Ineris polycephala, it 3 5¢
Trigonotis peduncularis, & AR Atractylodes lancea, 7»
% Adenophora stricta, B %G Vicia sepium F1 ] & H
AR RLE R, b oy R T Y B B A KRR
JE BB TG 0, O AR R R R S TG
Fir, X8 LS AR B BB A BE , (H R L PR 4R
SR, TEE KBRS, AU T 5 R ) B SRR,
T S5 L ) 1% A0 2 AR 1 R, T DA R A SR Y
S TR T OB A g R R KR A
JE K B I B rp B AR R R E) 17 B, e
FATS SR R/ NELAG RN AN B2 50, (H 2 55 %0 BRI AR LL
JINEL 3 1Y) T SEAE BE G KCRE B BE B A B g e, i
20 W 2 AT Y R (R B KRR B R B i s 7, H
I JORFE IR F RS N E] T 26 B, MO £k
—EE SO A A . RS Bl BEARR
Bl e 5 B 1 ST im0 BEORH L R ok
o8 308 b R R AE W g ) S EG n, SF R 1A,
TE 2 FE B K CRe s B8R T B L Rhododendron
micranthum F1 | F. ) Acanthopanax senticosus, £ K
M 1 52 S TR R AR . EEE K
Pela, MR BBEIE, SIS TR, R
W/NREE R A T ORI 224k, Bt DL A T8 28 i
Pokh, AH 2 B 54 i ) Fh i B S AR L RCIE, BEA
TEEJE KBS 1 a RN HEBUR A TR, Hi
XA IE AT E , X SE G N B W) Bl RT RE 7E AR L 2R
SRR, A1 PR B 1S i Aok B rh B W R, R R
Pomh i U o R ORR R AR T RS TR e et

area and non-burned forest

B HEAA/%

e BIE P E A
JEFA L Thalictrum aquilegifolium 4.17
#3% Sedum aizoon 020 1.32
W Artemisia lavandulaefolia 377 861 548 420
Y iR # 3% Viola acuminata 841 10.81 14.24 487
FIF# 3% Viola prionantha 0.87 0.20
H R Sphallerocarpus gracilis 1.42 1.64 1.90
P 5 Rubia cordifolia. 1.14 0.17 0.55
Mt 223 Carex duriuscula 23.86 17.44 12.06 27.46
EE Ranunculus japonicus 11.55
B3 5 Deyeuxia arundinacea 258 1.38 355 9.60
RE KB Saussurea nivea 441 034 020 458
EAT Polygonatum odoratum 9.00 835 268 8.02
&8 Iris tectorum 6.02 0.61
[} H132 Trigonotis peduncularis 1.61 431 212
) e L Setarta viridis 10.18 12.03 27.15
4471 Dianthus chinensis 1.03
W55 Allium macrostemon 0.81 0.80 0.18
45 Bupleurum chinense 0.61 0.57
H:3k #4- Scutellaria scordifolia 148 041
& A Atractylodes lancea 1.96 2.18
5 B ¥ Commelina communis 1.80 0.86
%2 Chenopodium album 0.69 297
974 Scorzonera austriaca 1.80
23 Polygonum bistorta 0.73
/NEL 34 Dendranthema chanetii 27.06 21.58 16.16 20.07
2% Adenophora stricta 0.49
Z2 0 3% Potentilla chinensis 1.74
2335 23 Ixeris polycephala 1.06
% Duchesnea indica 0.52
R BE -3 Polygonum lap athifolium 0.29
53¢ Aconitum carmichaeli 1.70
Wi v Vicia sepium 0.25 0.87
R Poa annua 1.58 0.57
B2 Saussurea japonica 0.59
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W J2 08 0 7, A B AR ) B T R OB IR x5 AFEBEENRTMEREEZRE
HAHEETE, SKBEFM, —H5E N PEGRT Table 5 Importance values of shrub in different degree of burned
TR T LA, B DLV B KBS B Al area and non-burned forest

MR, I R TG RN . WA e

BREE W OEE XM
A% T Lespedeza bicolor 38.60 19.49 17.78 22.43
+ G523 Spiraca pubescens 21.43 3333 3.78 62.24

AN AR BRI S R v, B T AR 4 A R R A
K, HRPH RS, sk BB T 0 ) AR B AR R RE UG

R T AA KAEW B Deutzia grandiflora 11.69 3333 61.94 15.32

33 AEBENEREMHRTEHMENOED ZHME KA Ulmus macrocarpa 1.62 1.49
3 AT BEE KB EERII N, MR HEY 1% Rubus corchorifolius 3.08

(B BEFS R (R) SR a3, FUrp g B ARSI B ML 1 Rhododendron micranthum 1077 9.87

FEEIE(R) B2 & T HAb 3 F AL HL (P<<0.05); AT Acanthopanax senticosus 5.14

Yo BEAR R (D)W ; 2 eV TR B (H) 78 2 BE F0 v 2 3 rmE N a s

KR G AR AL A K (P>0.05) , i 76 5 B K58 I 1 A O % PEME TR 5L c

BB (P<0.05), AT REREPH R A Be 1 a P B2 iR 2b, 2 2an D

WHK A, fEEEKREE, WAREG™E, KK i 4

B A B R R R R, SR Y ME AR A, S EURCR L,

HO) 1 57V B IR E R, 45 R4, R SEN CEE L

JEZ PRI BN A TG I . R RSl BR 0

S AR F Ho A 3 A B 2 A B S I SRR 1 A G KRR B

AL AR R B AR, WG AR MR e T

RACIE B, 0B A At o R P n BB 3 L 3 B3 RE KIRE T TR S MR

¥ kB SEEEEMMAN, NI FEHEY L] Figure 3 Diversity index of undergrowth plant under different

BEAR T HAth 3 FhFf b fire intensity

4 B 5tk

AP AR R W AN S o B — B DR, T fR KR TR 80 22 i 2 5 IR 3R DA R A e
Lm0 FEARCK S IE L AR rf R AN ST BE X Ak T Rl BEL A5 DT 3 J R 2K 5 J3E 1 2 1) S o
P, AT LA A D AR ARRIRYHIE R, KT XA T R e AR AR ] . RDA WFFE 45 R 8
7S ¢ KPR AR R0 A 52 Me 5 R BB SE AR T 20 EE (DR) RIS 1] (AS) o BESEA FT 73 EE (DR BE T 2K
BESRFE R RN, AT BRI B, SRR, BRI IR S AR PR RS AL, DTS MR AR ) ) e A A
Koy 1m0 (AS) il i e B ALY AR, BEAE B3I BH S A A, A 26 B A R 9 1) = S {ECA T g, T
BR A AL 1) AT BT O/ 5 PR R A DO B 22 S /0N BSOS IR S8 K T 4 TR 3 B3

BT a i, AR RLBRI RIS AL AL SRl 4 B B A TN . SR KRR, SR A N 5 A
FASERAFAE , (HIR PR BRPE RSN, U KRR A AR IO IR AR S A A, 33
W JCBE R3], B JObe il AT A T 2 B MR AR . B R B(R) M Z R SR X (HD) B Kb
SR FR S I SR, XS E S ORI A R — B A R B () BE K R R B ORI RN,
INE TP S R —2, 5 BERGERON 48 P i “MR T A AE b 55 5 BEAR XTI BA e
MZREE” ARG P25 . RN TR, AT KCE 8 M P 381 25 N ) B A A K ORI 1 a0, BB KBS
3205 3t P S8 R o I P F BB B, X BUR BE FEAR BOK R a RE v, K S8 N 4 AR AR A RE E 22 bk
JESE AR I AR . FER SR R M AR, AR T AR S F ik v] B A AR R A8k, T A Bt — 28
PR AOFFEOURIT T KB B MR N AR AL, AT g e s AL ) S 4R L R~ ARl

iR, KBEJEM MR AR S, KN T S5 R TS FEAER, T RN
— o MK St Ao 5 R AR AR 20 A R AR TR IR LR B IR AN 8 A, AT R AL NS s A e —
ANFEZIREN S7 5 WFIE KBRS K0T AR AL, BE TP KT AR S22 R, 3T T i
MR A 2 AE PETE AN ) K8 B2 S PR B8 R R T i A8 A LA 2 A 50 B 2 P ) B 05 TR 7 32 S S e ) 2 3t
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