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Effects of thinning on the growth and the undergrowth diversity of
Pinus sylvestris var. mongholica plantation in Saihanba area

ZHANG Fei', YANG Jinlei’, XU Zhonggqi’, JIA Lei’, FU Lihua', CHENG Shun'

(1.Saihanba Mechanical Forestry Farm, Weichang 068466, Hebei, China;
2.College of Forestry, Hebei Agricultural University, Baoding 071000, Hebei, China)

Abstract: [Objective] The aim of this study is to understand the effects of thinning intensity on the growth and plant species diversity
of Pinus sylvestris var. mongholica plantation in Saihanba area, and provide scientific basis for the scientific and reasonable management
of the plantations. [ Method] Based on the on long-term monitoring plots, the DBH, volume, stand stock and species diversity of Pinus
sylvestris var. mongholica plantations under different thinning intensities were studied. [Result] After 3 years of tending thinning, the
average annual growth of DBH (Diameter at breast height) and volume of each tree was significantly higher than that of CK, and the
average annual growth of DBH of low (LT, 2 000 plant/hm’), medium (MT, 1 667 plant /hm®) and high (HT, 1 333 plant /hm®) thinning
intensity increased by 22.22%, 48.15% and 81.48%, respectively, compared with CK (3 200-3 425 plant /hm*) . The annual growth of
volume was increased by 58.00%, 72.00% and 130.00%, respectively. Thinning changed the DBH class distribution of the stand, which
changed from normal to lognormal. The annual growth of stock of the thinning forests was lower than that of CK, but did not reach a
significant level (P > 0.05) , and there was a significant level between HT, MT and the control (P << 0.05) in the annual growth rate,
which were increased by 38.02%, 23.37% and 2.97% for HT, MT and LT respectively, compared with CK. The biomass of HT, MT and
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LT increased by 123.53%, 94.12% and 35.29% compared with CK, and the species number increased by 46.67%, 70.00% and 36.67%,
respectively. The Simpson index, Shannon index and Margalef index increased with the increase of thinning intensity, but the differences

among them did not reach a significant level; the biomass of understory plants was more sensitive to tending thinning than species

diversity. [Conclusion] Thinning obviously promotes the growth of DBH, individual tree volume, growth rate of forest stock, as well

as the biomass and species number of understory plants; considering the impact on the growth and diversity of the stand, the current

suitable tending intensity is HT, under which the density is about 1 333 trees /hm”.

Keywords: Saihanba area; Pinus sylvestris var. mongholica plantation; growth; biomass; species diversity
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Table 1 The sample basic situation
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Thinning intensity DBH /cm Tree height /m Age /a Altitude /m Density /( £k -hm™)
CK 12.52 ~ 13.97 12.35 ~ 14.25 40 1531.7 ~1561.5 3200 ~ 3425
LT 15.38 ~ 16.29 10.94 ~ 44.59 40 1531.7 ~ 1548.7 2000
MT 14.25 ~ 16.36 11.70 ~ 12.49 40 1541.7 ~ 15519 1667
HT 16.32 ~ 17.01 11.36 ~ 11.86 40 1535.6 ~1567.1 1333
22 #HOoETFHRESHE J=H'/InS; (6)
45 B1F 2019 4F 8 12022 4F 8 H % 4% B s Dy = (S =1)/InN -« 7

iﬁﬁ?ﬁ“ﬁ HENFOER & e, R,

WG, @ rnﬁﬁuémﬂﬂn el ﬁ;%iﬂvkﬂ’aﬁﬁk
AR Mﬁ L, SRR I A
i, ﬁ%i/\itﬁwo

ERPIN K E % AW ¥

V=0.000 123D, (D
X VARSI (mY) 5 D NFIE (ecm) S

W B

M=VXN. (2)
X MR B (m’hm®) ;3 N NS5
(#k /hm*)

jﬁaﬁﬁﬁﬁb/\ﬁ.

R = % ?:: (3)

A Py HAEKR, VoRHE (2022 ) S
By v, MR (2019 4F) BB R n 1A FE
M, AEFFAAN 3 a.

23 MTEAREESHMSEMENEESHE

KH 5 FIEAE ARG 4 A F 75 UL o0
MEEES N1 mX1m BT, WdxBMETN
EAREMIME, HE. S ASE, AT
BG, R RETT A B AR ) B M E S A A i E O
FRPE, HTHEAREYERE.

T W)W Fh % #5142k A Simpson 48520 (Dg)
Shannon-Wiener f§ 3t (H") . Pielou 5 % (/) #
Margalef 1544 (D,,) 4 /% H (1) ZAAPEIRHORREIA,
HEAX:

Dy=1-Y"P*; 4)

H'=-) PInP; (5)

A SRR S N NPT YIRS AR
s PO R AR B RS S A AR
G/

24 AESCIRE p SHERBEITE

X H Whittaker $i5 20 Cody #& (. Jaccard 5
K3 A p 2 REVETRHON & AL 2 TA] (P A 4 A
AR HEAT VAN

Whittaker $8%0 (By)

B = Sl(m,~1). (8)
A SONBTFREVE A S m, JIRETT )
RROEYLL S

Cody 5% (B

Pe=[g(H)HI(H)]/2. Y
A g(H) i A S5 86 B H S8 i) A H
I(H) NIRRT H /> YR E .

Jaccard f8% (C)

C=il(a+b). (10>
AP N2 DR BRI H DA o #1 b 51
BIONFERL A FIREH B B R0 AL

3 HERSSMH

3.1 FEEMEIEFRATHRE KR

P Il 4 tef Mg e A G 1 A S g
3R R MR R A K ES T CK, B
ARFZH N HT (049 cm/a) > MT (0.40 cm/a) >
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R B 42 ) A KB B CK 0 0 3K T 22.22%.

3.1.1



46 3%

A2 S A s AN e O 83

48.15% A1 81.48% (F 2) ; [N, WA EKE
WAMEERS, HERMES 508 HT (2.79%) >
MT (2.47%) > LT (2.03%) > CK (2.00%) ,

HdrMT. HT 5 LT. CK 2 [AfFEREER (P <
0.05) o PLEZERUE, i MR T Mo it
A, T L BE A AR FE R 3G, PR Y i 4%
SERAE KRB 3.

®2 TRELEETETFRAIKBREEKE'

Table 2 Difference of mean annual DBH growth of
Pinus sylvestris var. mongolica plantations
under different thinning intensity

(1416 m*hm>a') , FAH Y EHLEEER (P>
0.05) (F4) . MArBEREKEH RS M A
HT (6.97%) > MT (6.23%) > LT (5.20%) >
CK (5.05%) , HT. MT Ml LT & FUEK R 55
5 CK 0T 38.02%- 23.37% #12.97%, H MT.
HT 73515 LT CK Z[AfFEREZR (P <0.05)
(£ .

R4 AEEMGEE TEFRAIRNERFEKE
Table 4 Difference of mean annual volume growth of
Pinus sylvestris var. mongolica plantations
under different thinning intensity

T A F 542 A = J Pl A F 2 o = .
AR e KR - I BB KR P
Thinning Mean annual DBH DBH erowth rate /% Thinning Mean annual volume Volume erowth rate /%
intensity growth /(cm-a™) & ? intensity growth /(m*-hm™-a™) & ’
CK 0.2740.02d 2.00+0.29b CK 16.58+0.83 a 5.05£0.64b
LT 0.334+0.03 ¢ 2.03+0.15b LT 14.16+1.38a 5.20+0.56 b
MT 0.404+0.02 b 2.474+0.19 a MT 14.26+2.08 a 6.23+0.30a
HT 0.494+0.03 a 2.79+0.20 a HT 15.39+1.00 a 6.97+0.51a

TORPEE T £ bR, ARG ORI B AR A ] 22
REE (P<005 . FH.
The values in the table are mean=standard error; the different lowercase
letters indicate that there are significant differences between the different
treatments in the same column (P << 0.05). The same below.

3.1.2 & ARG Bk A FARE K =
3 PR B R I SRR AR AR A K B T CK
LT. MT. HT 3 FAb 3 T AR M FE A K E
CK 73 138 K 7 58.00%. 72.00% F1 130.00%.
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LT (0.0079m’/a) > CK (0.0050m’a) , H1 LT,
MT. HT 5 CK Z [AJ /£ 7£ . % 2 5% (P < 0.05)
(£3) . PHMRAEKERICNHT (6.97%) >
MT (6.23%) > LT (5.20%) > CK (5.05%) , Hr,
MT. HT 5 LT. CK Z [HfA#E % 2 57 (P < 0.05) .
DL 25 SRUGEH, TR A (AT LA 00 2k bk 43 B bk
MARB A, T HL AR B R, (2 3k R AR 2 .
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Table 3 Difference of single tree mean annual volume
growth of Pinus sylvestris var. mongolica
plantations under different thinning intensity

R MM K BB
Thinning Single tree mean annual  Single tree volume growth
intensity volume growth /(m*-a™) rate /%

CK 0.005 00.000 4 ¢ 5.05+0.64b

LT 0.007 9+0.001 3 b 5.20%0.56 b

MT 0.008 6+0.001 1b 6.23+0.30a

HT 0.011 5+0.000 5 a 6.97+0.51 a
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Fig.1 The change of DBH class structure of Pinus sylvestris var. mongolica plantations under different thinning intensities
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PRI N AR BRI AP E 3 00 41, 51, 44, 30 B,
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1 46.67%. LA ESE R UL, T8 E A B3
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AT ) Ao BE N 1 2 FEPE TR B 2 R 22 e AN 1B 35
(P>0.05) , {HiE4k L, Simpson £ FEMEF8HUR
Shannon-Wiener 2 #1435 532K PA MT > HT >
LT > CK, MT 48~ 2 P e B mi, 7l
N 0.77 f11.81, CK 4T ZFEMEFaEUmA%, 23
9 0.72 F11.50; Pielou ¥ 5] E RN CK > HT >

MT > LT, A CK i (0.85) , LT ik (0.82) ;
Margalef &= & £ #§ %0 y MT > LT > HT > CK,
Horp MT 5 (2.25) , CK ik (1.62) (£ 6) .

LT 1 CK 2 [a] ff] Whittaker $§ % 1 Cody f4
KT MT A1 HT, [A B Jaccard $5 %4 = T HT.
MT, T HT. MT 5 CK Z [8] {f) % A~ 48 i 5N
Belr, VLU LT MRS CK 2 [ 5 A 3 &
AL, T HT. MT 5 CK 2 [8) ) Fl 21 i 22 5 45
K GED

RS AEEMEEE TEFRAIKKSRRIHIRE
Table 5 The test of DBH class distribution of Pinus
sylvestris var. mongolica plantations under
different thinning intensities

(53 KT 1 Gy
W AR {RpE i i MR (AT5EME0.95)

Thinni.ng Year Skewness Kurtosis Pr;f;‘igrity D(lli:llz;?l?g]
Intensity than 0.95)
2019 0.1967  -0.0400  0.8059 AT
x 2022 04630 03667  0.2846 31
2019 07090 02302  0.6348  XIFIEAM
- 2022 07320 02517 09153  XHIERHA
2019 05883  -0.3434  0.1153 B A
v 2022 0.7340 04846  0.0741 IEAS i
2019 0.6120  0.1691 02545 IE&I A
- 2022 0.7888 03345 02765  XFIESSA
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Fig.2 Density of herbs of different heights in the understory
of Pinus sylvestris var. mongolica under different
thinning intensities
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Fig.3 Coverage of herbs different heights in the understory
of Pinus sylvestris var. mongolica under different
thinning intensities
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ikt
Table 6 Diversity index of understory of Pinus sylvestris
var. mongolica plantations under different
thinning intensities

E] A% Shannon- Margalef
WE%  Simpson %L Wiener #7%L  Pielou %k TR
Thinning Simpson index ~ Shannon-  Pielou index =~ Margalef

intensity Wiener index index

CK 0.72+£0.04a 1.50£0.16a 0.85=0.08a 1.62+0.21a
LT 0.74£0.05a 1.65£0.16a 0.82+0.03a 1.92+0.18a
MT 0.77£0.08a 1.81+031a 0.83+£0.06a 225+0.55a
HT 0.76+0.02a 1.66+£0.12a 0.84+0.02a 1.77£0.27a

323 HE R IR T TR Y
GRUEOA
AN [R] TA) A B B T AR T B AR A b A ) = Bl
6] A% 5% J 1 3% o g 8% n, LT, MT. HT. CK 4

b s B B B AAE W& 4 AN 0.234 0.334 0.38.
0.17 t/hm’, 5 CK Mk, LT. MT. HT 5 A JZ
AW E BN T 35.29%. 94.12% A 123.53%, H.
HT 5 CK Z [AfFfEREZ R (P <0.05) (K4 .

R7 TEEMEBETEFRALKS CK 2B/ g %4
T
Table 7 The f biodiversity index between the Pinus
sylvestris var. mongolica plantations under
different thinning intensities and CK

Byt Whittaker 541 Cody /%t Jaccard FE %
Types Whittaker index Cody index Jaccard index
LT F1 CK LT and CK 1.35 11.00 0.52
MT #1 CK MT and CK 1.41 16.00 0.42
HT Al CK HT and CK 1.41 15.50 0.42
05
a
— 0.4
g ab
S 031
é b ab
2
mo02r
]
S
# 0.1
0
CK LT MT HT

[B]4% 32 Thinning density

El4 AEEMGEE TEFMAIHKRTERD EEME
Fig.4 Changes in understory herbaceous biomass under
different thinning intensities
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