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Abstract; [ Objective ] The study aimed to understand the health status of plantations in nature reserves for forest
management and the construction of nature reserves. [ Method] A total of 36 sample plots were surveyed in the pure
Larix gmelinii var. principis-rupprechtii and Pinus sylvestris var. mongolica plantations in the Saihanba Nature Reserve of
Hebei Province using the stratified random sampling method. A total of 17 indicators, including the five aspects of
productivity, stand structure, species diversity, soil quality, and stability, were selected to establish an indicator system
for assessing forest health. The forest health index was calculated by principal component analysis, and the forest health
grades were classified using the K-means clustering method. The accuracy of the clustering results was verified by
Fisher’s discriminant analysis. [ Result] The forest health index of the study area ranged between —1.02 and 1.46. The
soil quality and stand structure were the most important indicators that influenced forest health in the study area. The
proportionate areas were in the following order: mid-health (50% ) > unhealthy (25%) > sub-health (19%) > healthy
(6% ). The health status of L. gmelinii var. principis-rupprechtii forests was better than that of P. sylvestris var. mongolica
forests for middle-aged (20—30 a) and near-mature (> 30 a) stands. The forest health indices of L. gmelinii var.
principis-rupprechtii and P. sylvestris var. mongolica forests tended to decrease with increasing stand density.
[ Conclusion] The plantations in the Saihanba Nature Reserve were primarily in the mid-health and non-health states.
Therefore, the findings revealed that effective management strategies are urgently necessary for improving forest health in

the study area.

15 %5 B H#A Received :2022-04-25 f&E BHA Accepted:2023-08-31

BETR b f R BT AR (22326803D) 5 H s IFECAR O AN 5 SR HET /R YT H (3E TG[2022]018) .

F—1EE XL ( zhaojinman1003@ 163.com) , * BE1EE K5 DR (zhzhido@ 163.com) |, B #H 4%,

SI3CAES R Bl AL, TR I, 45 ZE I AR PR DX AR LT AL B TAA N TARGEBRIEAN [ J]. F mOARAL G~ 24 ( F AR
fR) ,2024,48(3) :199-206.ZHAO J M, HAN X Y,CHENG R M, et al.Health assessment of Larix gmelinii var. principis-ruppre-
chiii and Pinus sylvestris var. mongolica plantations in Saihanba Nature Reserve[ J]. Journal of Nanjing Forestry University ( Natural
Sciences Edition) ,2024,48(3) :199-206.DOI; 10.12302/;.issn.1000-2006.202204058.



200 (RN N A N s O (S G = B N )

548 4

Keywords : forest health; plantation; principal component analysis; Larix gmelinii var. prinoipis-rupprechtii; Prinus

sylvestris var. mongolica; Saihanba Nature Reserve

ARG FE 2 AR S R G R RO BRI AR T
MBEMESREMERRE 16— RER
E G E B AR AR S R G R AR R B Y
Flr. UG, 3 B AR pRE AT AR B s AR AR R
GBS H 2R N TART AR K, AR AR5
AN TR AR R BB S ) KSR AP AE
AR BREDPAN 2 1 i AR FROIR 2 1) B 2 -, il
TEXTERARGERE RS I, ol LA T R S RGNS
b, IS R GRS DI RE ML A4

ARV 1A R AL FE VE Y RUEE (9B PPN

EARIYIEIO AN I mis . AN IF i RUBE Fie
i B A AR AMRAEE BB A ), DRI , PP RUBE A o )
TARMBERAT O AR H R, W AT AR
AT INBE R 25 3R GE AR AR SO 55 RUEE
LR IR R NIER BE BEA T 43477 3
TR 2 Hol A RIS BRI F 5 . 3T
Wrabm i BEIUR: R FEPFAN 1 DG s 20 TR AR i B
FEHBIASEPR SO , SEHCEE A PRI R bR, R AT RESE
Mt SRR I RRAR B . A B A
LGS IR AE 4 A T7 IR 14 N8R
HEIE R R EERER S AR50 | LR
AR T4 7 T HEA A REITA 5 B RS A5 A
IKIERFRIIRE RS R G R DI RERIAR B A2 D fiE
85 3 AT RO FE AR, 1 2 b B8 bt JB ik
DRI SEARBTIT AR b, (BT X PR, A
()2 B XA ] (AT 58 X060 R BT B MR A B A T 22 57,
fetrid 2 2R EUE B E S, 18 hr e U D WA e v
B SRR S R G EEROIR L, E AT, A7 AR AR
TRV AT G — RT3, BEXEAS ] 0T 58 %
FHH R 2B TR 2T 7 s, R AT
JERGHTIE S RSB AR BT LR
HREORD MBI ZE G PPMIR T AR, R ik b
K530 3 BT N WL I3 T Es | TE BRMR e BT
A ARRIRREE RN, S, R T RUEE |
PR IR BT 7 A E AN R R SE H A FIATE
FENEMST

SEEHN AR R X A R LR T Pinas
sylvestris var. mongolica ) F1 4 1t & M # ( Larix
gmelinii var. principis-rupprechtii ) N £, ZHIX T
AL IS AN N TARZ S alibk, 21l T B SRR
XA SR BIRLE | R DX N AR I3 16 AR TR R
MUBLRMR B G S, FAT, #8301 A

IR AR R A 2SI 55 D REREAR A )
2020 4, ZEIRT LA MOl AL 5 R Y SCHRF R, HIRAE
FEFIN A SRR DR DN T 1 N AR AR 259
HIGDh, UERG T DR DX AL v A AR A
NTMAE S R G BER B0 KA AR R 1), A BIF5E 5%
TR RIS AR R 8 A A & 2EA T 2R
RS W, W PRI IX R AR] F 2 2 B R R

1 MR5FE

1.1 FREER

WF5E XA T A K8 T il L i ZE 2R L
WA (117°22'E,42°46'N) , iR E 1 000 m LA
A TN S e AR LT B e I
MR IR LA R AR ., B TR T
5 1 2 T M B ORG24 2 TR
-1.3 C, R FEE XD - L LR
L ROR ORI AERE K B 460 mm i A, H A
ErhEE 2, R KM TRERERUEL ., %
HuDX TR A 32 B AL P A R A | I ME
(Betula platyphylla) .z ¥ ( Picea asperata) 55 ; #E A
Vi 3 Z AL FE 1L 2L (Rosa davurica) | 4 48 24
(Lonicera chrysantha) . 4 §% ¥§ ( Potentilla fruticosa )
S s AR A 545 (Artemisia mongolica) M
11 ( Sanguisorba officinalis ) . B % % #5 ¥ ( Geranium
sibiricum) JEAFEVAEE ( Thalictrum squarrosum ) 55
1.2 HiAE

2020 4F 8 A, FEXT P-4 X FE AT 56 75 B¢ Y S
filt b AR SR R AR SR | [ B 25 bR 43 2
JE PRI FIAR o3 A R R 525K il 6 b BE % B
WFIE MR FEAFAE . BT 00 )2 BEALIURE 07 7
AL T RA RS TARARAS B EL 18 BR 30 mx30 m 1Y
PR, 3k 36 B (K 1) . A 2002 iz E
RAR T T 20 SERATIHIIEE , S HEHZ N
TR SN R SRR — B, XA A
MITEARTEATEEAKE R, 10 S 24 Bk B A2 s
TEEMR ARECAHXS AR bR P A A0 N B B A REA JF
FEIAXT AL 3 B 1 mx1 m REARREDT 0 s
ARFFAR R MBS SR T, BER
HEHD N BEAILZE I 5 A R FE A SR R IR R
JZ4(0~20 em) , - HEid FL420.85 mm i, B 7] —AF
H P+ PR TR A B 1 kg A2 AT B4R ] S0 58
IR PR SY, — Y IRAFAE 80 CifEAT 145



3

R, 5 L JE SR IL SR AR X AR L% AL R T4 N AR BT 201

PAEY AT O — e A R TR R T 1
AL ENE U T A LR 5 8 R B R A 4 -
HMINFRIE I RE 5 4= 0 i B OE S-TH AR T e
W R BRI - BT L (R E i ok
SRR SRR R E
F1 FEMERER

Table 1 Basic condition of sampling plots

b bk 5 . . bk 73128 ./
O L e
stand  stand . (Fk-hm™?)
mean DBH average height .
age type stand density
14.24+1.55 13.05£1.72 2 284.67+527.00
20~30 P 14.70+1.19 10.31£2.06 1 997.11+£543.69
L 20.64+1.63 17.97£1.58 1 224.33+256.72
>0 p 15065081 1370179 2 357.67+408.51

L ARILIE A N T K Larix gmelinii var. principis-rupprechtii
plantation; P.FEF-#A N TAHK Pinus sylvestris var. mongolica plantation ,
A, The same below.
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Table 2 Forest health assessment indicator system

CLaviEs

indicator

e bR
lassificati evaluation index
classification

44 Hq4% ( DBH ) mean DBH

) . .

produetivity SERIR T (H) average height
BN TR E L (V) volume per unit area
PRS2 B (SD) stand density

Marehty T 8% ( CI) competition index

forest structure

ffi R (UA) uniform angle

K/ (NC) neighborhood comparison
7R Shannon-Wiener 154 ( H-SW)
herb Shannon-Wiener index

HEA Shannon-Wiener 1651 ( S-SW)
shrub Shannon-Wiener index

e 4 5 ¥ (R ) soil bacterial richness
FHEF R FEE R (R ) soil fungus richness

species diversity

I A HLIK S 5 (SOC) SOC content
sofl quality 254k (TN) TN content
4 (TP) TP content
A& R (TK) TK content
faEd: FRAR S ZREU(FRC) forest fire risk coefficient
stability FRA>TEHT (SR) stand regeneration
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Table 3 Rotation component matrix

F R
Lo principal component
indicator
1 2 3 4 5

R TN 0.926 0.137 0.187 0.155 -0.006
HHLEx & & SOC 0.901 0.209 0.174 0.110 -0.017
EX e N 0.893 0.247 0.143 0.112 -0.109
MITH B SD -0.299 -0.844 0.046 0.160 0.081
¥4 DBH 0.336 0.835 0.377 0.008 0.015
SEAHEEL CL 0.004 0.825 0.082 0.037 0.115
AR UA 0.245 0.425 -0.421 -0.299 0.021
A RE R V 0.112 0.207 0.867 0.127 -0.064
&4 TK -0.227 0.123 -0.760 -0.030 -0.056
SR H 0.381 0.508 0.724 -0.005 -0.016
MR TR SR -0.012 0.016 -0.048 -0.777 0.209
TIEANEFE L Ry 0.495 -0.127 0.133 0.680 0.196
# K Shannon-Wiener 1541 S-SW 0.164 -0.008 0.078 0.669 -0.064
TIEER R Ry 0.100 0.434 -0.069 0.109 0.657
KK Shannon-Wiener 35 %0 H-SW 0.300 0.299 -0.025 0.139 -0.623
K/ NC -0.125 -0.013 -0.096 0.403 -0.567
TR 2B FRC -0.393 0.462 -0.284 -0.075 0.490
75 5k %/ % (VCR ) variance contribution rate 31.19 17.34 9.70 7.80 7.43
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Table 4 The results of forest health classification in Saihanba Nature Reserve

S F I %%f‘fﬁ%& FEHL S F I ﬁ%%%ﬂé& FEHLS F P ﬁ%?ﬁ%é&
plot No. classify | plot No. classify || plot No. classify
LI 0.43 0.58 2 L13 -0.01 0.41 3 P7 0.01 0.41 3
L2 0.40 0.57 2 L4 0.43 0.58 2 P8 -0.41 0.24 4
L3 0.58 0.65 2 LIS 0.12 0.46 3 P9 -0.04 0.39 3
14 -0.26 0.31 3 L16 -0.24 0.31 3 P10 -0.81 0.09 4
L5 0.08 0.45 3 L17 0.07 0.4 3 P11 -1.02 0.00 4
L6 0.24 0.51 2 L18 -0.05 0.39 3 P12 0.08 0.4 3
L7 -0.05 0.39 3 Pl -0.07 0.38 3 P13 0.33 0.55 2
L8 -0.48 0.22 4 P2 -0.05 0.39 3 P14 -0.40 0.25 4
L9 -0.35 0.27 4 P3 0.07 0.4 3 P15 -0.68 0.14 4
L10 1.46 1.00 1 P4 -0.29 0.30 3 P16 -0.02 0.40 3
L1 1.33 0.95 1 P5 -0.76 0.11 4 P17 0.02 0.42 3
L12 0.92 0.78 2 P6 -0.45 0.23 4 P18 -0.12 0.36 3
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Fig. 1 Forest health index and health level in Saihanba Nature Reserve
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Fig. 2 Differences of health status among stands with different ages and densities
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