5535 B4 16 1) *+ = £ fi Vol.35,No.16
2015 4F 8 A ACTA ECOLOGICA SINICA Aug.,2015

DOI: 10.5846/stxb201312313079

KRR, ZM, SR, SKARAR, BRI A AR ILTE A A TR R S S A 5 AR A4 4, 2015,35(16) :5403-5411.
Zhang S Z, Li M, Zhang S B, Zhang Z D, Huang X R.Factors affecting natural regeneration of Larix principis-rupprechtii plantations in Saihanba of Hebei,
China.Acta Ecologica Sinica,2015,35(16) :5403-5411.

EFEUEILEM A NI HRRAE TN EF

RS B OM KRR IRER®, Fakat”
1 AL R 2ER T B, ARMAE SRR SRS RT, JEat 100091

2 bRl KA MR, fRZE - 071000

3 EMOLRRESE T B PR S BFSEIT, dEat 100091

FE O T 0N ZEZE 3 b X A8 AL 7% M4 ( Larix principis-rupprechtii ) N TR KSR TE B (9 658 R 7 R TR 4 ( s 4,
20—30a | IVIBZ ,30—40a) 3t 18 B (50m x 50m ) Kb # Fis A T AR 1 b 0% IR 25 Bkt SR TUA B 23 A1 ( RDA) X b
AN TR] 8 B S R ARl TR A BRI % S AR IR T 2 W 0 S R AT T 4, IR I8 FHAR JCAR BE 43 A1k (partial RDA ) X 5% i K 43
TR H IR TE R F M5 R AT T A, Z5R R (1) R TR YR R R e i b X AR L TR A N TR
ST OCHE IR (2) TS ZOMR G TE8T 225 0 R 1A AR 4 B - S PLoT & i | e sl | T el g R0 | A Y5
JEEE 5 VIR GO S TH T 252 i A R R R R RO EE 3 pH B AT AR . PSSOk o3 TR R Iy
ANREL ARG R TG A I ) SR B s X MR i R 3 (3) TRy BB B A0 P A 4 b 32 B 95 4 1R 7 B
il FEEE T, T MR 43 5 4 R -3 oy 2 1) PR A 1k B s 7 IV IR bk o o, BR BRI BN AR A S5 5 5 AR B S
T RIEAH

KR RIRTH; RDA; RT3l ARdbygmn; ATTAR

Factors affecting natural regeneration of Larix principis-rupprechtii plantations in

Saihanba of Hebei, China
ZHANG Shuzi'*, LI Mei®, ZHANG Shubin®, ZHANG Zhidong®, HUANG Xuanrui*

1 Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China
2 College of Forestry, Agricultural University of Hebei, Baoding 071000, China

3 Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China

Abstract: The Larix principis-rupprechtii plantation, which is the dominant forest type in Saihanba, Hebei Province,
accounts for 70.6% of the total forest area. However, natural regeneration in the L. principis-rupprechtii plantation is
extremely poor due to the low seedling and sapling recruitment rate. Exploring the limiting factors that affect the natural
regeneration and growth of L. principis-rupprechiii seedlings in stands of different ages is not only urgent but also important
for forest management and natural resource conservation. In this study, we conducted a field vegetation survey and collected
environmental samples ( soil and litter) from 18 plots (50 m X 50 m) of two age classes ( Il age class, 20—30 year-old
stand; IV age class, 40—30 year-old stand ). Redundancy analysis (RDA) and partial RDA were applied to study the
relationship between the density of naturally recruited seedlings and environmental factors, and the relative importance of
soil-litter and stand structure factors, respectively. Our objective was to answer the following questions; (1) What is the

dominant factor affecting natural regeneration in the L. principis-rupprechtii plantation? (2) Are there any differences in
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factors affecting the natural regeneration of L. principis-rupprechtii in two stands of different ages? (3) Is there any change in
the relative importance among environmental factors affecting the growth of L. principis-rupprechtii seedlings in different
growth stages? Our results showed that; (1) soil-litter factors played a dominant role in the natural regeneration of L.
principis-rupprechtii. The total variance explained by soil physical-chemical properties and litter was more than 55%. On the
contrary, the effect of pure stand structure was relatively weak; (2) the dominant factors that affect the natural regeneration
of L. principis-rupprechtii in stands of two age classes were different. For stands of the Il age class, the main factors
affecting stand regeneration were the stand density, soil organic matter, soil available P, soil alkali-hydrolyzed N, and the
thickness of litter. However, the thickness of litter, soil total K content, soil pH, stand density, and basal area were the
main factors hindering natural regeneration in stands of the IV age class. Variation in the relative importance of factors
between two age class stands was mainly due to the high density and low survival rate of seedlings. The death rate of
seedlings < 5 c¢m in height was 94% and 70% in stands of the Il age class and the IV age class, respectively; (3) the
growth of seedlings was mainly affected by soil-litter factors during the earlier growth stage, while the stand structure
gradually became the critical factor. However, this tendency was not obvious in the stands of the IV age class. The stand
structure variables (except for the basal area) were positively correlated with the seedlings across five-height levels. Our
results reveal the critical factors that affect the natural regeneration of the L. principis-rupprechtii plantation, and provide a

theoretical foundation for improving the natural regeneration as well as ameliorating stand structure.

Key Words: natural regeneration; RDA ; variation partitioning; Larix principis-rupprechiii; plantation
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Table 1 ~ Selection and definition of environmental variables

% K F Environmental variables & X Definition
+BEAHIE YT Soil-Litter 433 pH {& Soil pH S-pH
FHEEHLTT Soil organic matter(g/kg) S-OM
2 Soil total P content ( g/kg) S-TP
3 A i Soil rapidly available P(mg/kg) S-RAP
4% Soil total N content( g/kg) S-TN
il fi AL Soil alkali-hydrolyzed N(mg/kg) S-HN
FHEH M Soil rapidly available K(mg/kg) S-RAK
+ 345 Soil total K content (k/kg) S-TK
14 H Soil bulk density S-BD
VYR Litter thickness(cm) LT
A4 7K & Litter natural water content( % ) LNW
AT LEF R Forest structure AT B Stand density ( trees/hm? ) STDE
LT Basal area(m?/hm?) BA
HR T Herbage coverage( % ) HC
AR Canopy coverage( %) CACO

2 HR55%H

2.1 PR GARTY SRR AE B R 5E [K X8 L 2B
A Xk A e G AR R R N TR R PR IE IR  BEA T B 32 5 22 0, A BRI E Y 15 3RS 1, £
SEARE ALV MO AR S AR K (P<0.05) RSN T2 R AR #H (K 2),

®2 WMRERSHEEFI LS

Table 2 Environmental variables ( mean+SE)

WA T I #%4% Vi 9% . P
Environmental variables Age class I Age class IV

S-pH 5.61x0.12 5.52+0.03 0.51 0.4875
S-OM/ ( g/kg) 39.02+3.83 37.69+3.19 0.07 0.7932
S-TP/(g/kg) 0.31+0.02 0.37+0.03 3.23 0.0910
S-RAP/ (mg/kg) 6.52+0.85 4.67+0.82 2.40 0.1411
S-TN/ (g/kg) 2.31£0.11 2.29+0.14 0.02 0.8843
S-HN/( mg/kg) 219.93+15.03 223.29+6.54 0.04 0.8401
S-RAK/ (mg/kg) 130.56+12.31 114.16=11.63 0.94 0.3473
S-TK/ (k/kg) 17.6=0.76 13.88+1.22 6.64 0.0202
S-BD 1.11£0.01 1.09+0.03 0.27 0.6110
LT/em 3.1120.30 4.39+0.35 7.55 0.0143
LNW/ % 80.68+6.33 99.39+10.44 2.35 0.1448
STDE/ (trees/hm? ) 1651.00 125 694.00+47 51.33 <0.001
BA/(m?/hm?) 34.76+3.07 31.242.19 0.87 0.3649
HC/% 58.77+7.43 90.30+3.87 14.16 0.0017
CACO/(m?/hm?) 7691.94+1073.22 9663.83+864.23 2.05 0.1717

RS ENEE 1 H—5,P=0.05
FIE 1 AT HIBR T H1 (B R <Sem) &b, s 5 B8 0 0 0 i 2% B X HEARIS 2] T I8 25 /K F (P<0.05) . AR
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Fig.2 The relationship between height and age of seedlings
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Table 3 Linear redundancy analysis (RDA) influences of the population regeneration
L {1 2 A T PO 4l SRAR TR 43 L
L2/ P Sum of canonical Cumulative percentage of canonical variance accounted for by axes 1—4
Age class
8¢ class eigenvalues 1 1 m I\
I 0.02 0.584 42.9 74.2 95.2 98.9
v 0.001 0.603 55.9 80.9 92.0 98.5

13 4 n] A1, o T DS G AR ST v 2 8 AR Sy DR oA b, 5 — T B 22 ) S 1 -8 pH {3
B MO RORIEE AR RS KR AR SR T A U R B s T A LS AR | T
SR TR, B AR T e AR R | A S R AR R, XTIV I 2
My ST 22 R T RSV YIS 5 pH (L R R B RS i LIRS AR R AR
FERISENE 5 " 2 S T e B SRR R AT IR RO R S Rl Sk T
S TR IR R AT AL ;X EC AT PSSO I BT 3 il BT SR A 5 S, A B 4 pH
(E AR | - SR S0 T PR R A S8 A HE SR B A BRI R 7
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Table 4 Correlation of explanatory variables with the first three ordination axes of redundancy analysis

R g M#2% Age class 1T VB Age class IV

Variables Hl— Axis 1 i Axis 2 = Axis 3 fl— Axis 1 B~ Axis 2 = Axis 3
S-pH -0.8208 -0.0747 0.1129 0.7802 0.2730 0.0357
S-0M 0.3034 0.6649 0.4699 0.3998 0.0738 0.3338
S-TP -0.5801 0.0303 0.4931 -0.2284 0.0626 0.5632
S-RAP 0.5738 0.1612 0.6480 -0.4303 0.066 -0.1930
S-TN 0.1960 0.0936 0.1205 -0.7413 -0.2255 0.3055
S-HN 0.2974 0.5728 0.1893 0.5141 -0.6438 0.0626
S-RAK 0.3364 0.5314 0.4375 0.0891 -0.0149 -0.1365
S-TK -0.0317 -0.1866 -0.5354 0.6463 0.4765 -0.3443
S-BD -0.0748 -0.6420 0.2764 0.0159 0.0223 -0.0182
LT -0.2676 -0.2489 -0.6647 0.8273 -0.3548 -0.2641
LNW -0.5596 0.3887 0.0758 -0.0375 0.0491 0.1499
STDE. 0.7788 -0.3047 -0.4775 -0.7778 0.3516 -0.2953
BA 0.4636 -0.4112 -0.6998 0.1527 -0.1436 0.1037
HC 0.6532 -0.2599 0.0933 -0.2044 -0.2309 0.0239
CACO -0.5398 -0.0535 -0.2848 -0.6888 0.2362 -0.1377

Fo& L EE 1 h—3
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Fig.3 Redundancy analysis ordination diagram of the seedling density at different heights level and environmental factors
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TR,
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Table 5 Partitioning of the variation by linear redundancy analysis ( RDA)
#4524 Age class 1l Vi34 Age class IV
2 SRR S T
Variance components fractions BARSE AR R ST RS RS B RERR ST
Total variance Total variance explained Total variance Total variance explained

ali + 32 AL E YK T Purely soil-litter (Ry)) 0.336 57.53 0.401 65.42
SRS 2545 B F Purely structure (R,,) 0.207 35.45 0.155 25.29
TRA I IR VR Y- RO 540 (R, )

. 0.041 7.02 0.047 7.67
Soil-litter and structure (R, )
37 Residuals 0.416 0.397

FHE 5 T X TP AR AL A N TR A BT RRAE | 20 1 - Vi 1 TR 245 31 T A R R Y
55% AL, T SR G G5 74 DR (%) i R A8 R AR RT3 55 , 430 00 U 381 T 25.3% .35.5% , TR G 1) 34 7 ) FbR 43
SR DRl e 9 B 43 BRI v R R P DR RN, R T BV S 7% o RN IR GRS BT I Y
AR AN FRERERS 0305 R 41.6% 39.7% ., H1 G AT UL G 0 G A b 95 R N TR 3T 19 32 B2 R 1B T T
BEREREE IR F4h , i A HAL R 2

3 itig

3.1 HIE-RGTE YR N KR T ) R

RIREHIERMAESRE AN EEMWAERFELR, Z 2D 225 VE 20, $8H1 5C 852 i K%
O S R A R X, W TUARE AT R B, A T ) PR A A A TE R N TR SR T R AR
RAE T HEAER, R T BRI M R T BAE R0 55% L 1 (3R 5) XA ol 5 32202 fh i
oAl R TR B AR I i AR AR SR BT | 5 T A P S I SR A3 R B <Sem AR
B F) 85% LA 1, Z5A 1 3 A5 BTN, - R4k s A DR E TR AR R I R B PR X st T
M TE DR A PR ) 24 i GV A A TR BT Y B R T

TR LT, A BRI TR T R AR T A B N R — IR AR AV A AR S
TR R B AR O AR R K, 148 pH (B RN BB SR T R A B AT X R R AR K AR
BRI Catovsky 251 BF 9 2 BAAT RETRL A MK b BB 15 A A7 05 FN2E K5 48 pH A G, AR L P4 - h T
B 1 pH (E A CPE UL T ARk I58 M AAE A T 6 59 BRTE sl vE I P AR K AT A8 25 B SR W Ak
TR N 4 P SRR pH (E 5 4 R AR A R IE A DG, Bungard 25T HAK , HEEA AR (L
HEAHMA) EHH AR ARSI N T 22—, ARRHFTEES R A UE I T WA bR 43 53 1 2% 5 5 1 e ma it
R AR IR () A e

AL TE M AT R EEAN Y 1—2mm , EEENTEAE Y Wlida W) J2 00 DR IR PR K B8 1 Sy b i 1 i 2 1t
TR, AW R, EREY AP R TR AR BT AE I IT IX N 4 0 i AR L 9
A8 N TR B0 o i 2 ek, PR BT S L 2 B By 0 i o LA A3, 6 BT B W i O T T 4 HH B
T FRAET , PN UK A3 R R B S i 2k K21 80em LA 43 B 5 0.35% .0.06% (&l 1), X421 T B
WY & S Bt — 25 A K TR LA 3 7R YR i R I R R B TR N RE A B 1, Rk RS R Y
FR4y, FECEF I SET RN BRSE K B I SRR S A T 1 < Sem B S5 AV 0 TR B 5 £ A
5, Ut HFAR 4 10 PR R 5 ) T TG ) R B BRI I 2 A 2 B AR S e T — B4 2 A Y
FrEL R 2 XA B Y AR SERE BEL S, R 2R I B 1 A MLARBEEYS | fhar b i fbJsRAE A= 0 1T 7Y 3
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