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Abstract: [Objective] This study is in order to explore the effects of stand density on biomass and soil
physicochemical properties in Pinus tabuliformis forests, for high-quality development and performance of the

ecological service function. [Method] A 30-year-old P. tabuliformis forest in Caijiachuan watershed, Jixian
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County, Shanxi Province, was used as the research object, and the standard wood method was used to measure
the biomass of individual plants and the overall biomass of the sample plots under the conditions of different
densities, and the soil physicochemical properties were determined, so as to analyze the effects of stand density
on the biomass of P. tabuliformis forest and soil physicochemical properties, and to determine their relationship
by redundancy analysis (RDA) and Spearman’s correlation analysis. [Result] (1) The differences in stand
biomass and total tree biomass between different densities were significant (P<<0.05), and with the increase of
stand density, stand biomass gradually decreased, and the total tree biomass had a peak at a density of 1 750
plants*hm™; (2) The physicochemical properties of soil in forests of different densities differed significantly
(P<<0.05), with soil porosity being the highest at 1 750 plants-hm™, reaching 52.38%, soil moisture content
being the highest at 2 750 plants-hm™, reaching 13.84%, and soil fertility being the best at a density of 1 750
plants*hm?; (3) RDA and Spearman’s correlation analyses revealed that total soil porosity, organic carbon and
quick-acting phosphorus were all highly significantly correlated with arbor biomass in the sample plots
(P<<0.01), and below-ground biomass was significantly affected by soil water content (P<<0.05). [Conclusion ]
The stand density should be maintained at 1750 plants-hm™ for the purpose of sequestering carbon and
releasing oxygen and maintaining maximum productivity, and for the purpose of increasing the carbon sink
capacity of the soil and improving fertility, and at 1 750—2 750 plants- hm™ for the purpose of retaining soil and
water and improving soil water retention properties. [Ch, 4 fig. 5 tab. 40 ref.]

Key words: Pinus tabuliformis forest; stand density; biomass; soil physic-chemical properties; redundancy

analysis
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1.1 AREXHR

AWFFE XA T 1L P A I v T 2RI (36°14'277~36°18'23"N, 110°39'45"~110°47'45"E), %
TR AR A S 2R 5 [ S BT ARL 22 LI B 20 i 7E b . AL BRI AR 39.33 km?, 14K 904~1 592 m. J&
W sl OBl 1 A, AE AR 10.0 °C, AEREK i 575.9 mm, HIERAFEEORM L, B AR
A PO IHAS . A Robinia pseudoacacia. WA Platycladus orientalis %5, FKT FH Y 3 2 i B b5
Cotinus coggygria. ¥R Rosa xanthina. FIM| Periploca sepium . —A¥ 2 Carex lithphila . W I ZAK
Poa pratensis 4 i .
1.2 HHMEESEE

2022 4F 6 H, TEZEZN G AR 30 a HLA7 b A5 BEA — By N AR AE P oe s 42, kit
PR A BAE AR 4r % (750, 1250, 1750, 2 250, 2 750, 3 250, 3 750. 4 250, 4 750, 5 250,
5750 Ak - hm ) RYIMAS A TAREE D 40 B AL TR AR Dy 20 mx20 m, AEHBICESbRER . TEAEHL N 2EAT 5
AR, RSP S S . AR R m AR AR e PR A, MERAIR . FARE . Bk WL ARAR
AR E R, PSR B IBORE (1 ke) A 01526 %, FERESAE L P R ALIZE S 1 mx T mx1 m Y R3]
I, £ 0~100 cm HJZFEH N 10 cm 24 12, HIFRJT (100 em®) BUFAR L, BJRBERTT 34>, T 13
PEVERT R E , TR R AR 3 0y, IRBFH500 g TR AR EIAE | A [l Segi s KT
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Table | Basic information of the sample site

giﬁ fjff}fnjg)/ Hefm  RiEim fem W) BT gif ﬁf }fﬁ Wm  WEm Meftem  WOEEAS) Wi
1 750 1113 8.58  15.74 25 B || 21 3750 1211 10.43 11.52 30 B3
2 750 1104 752 1413 28 B3 || 22 3750 1267 9.72 10.70 19 B3
3 1250 1097 872 1526 30 B3 || 23 3750 1271 7.93 11.05 21 B3
4 1250 1113 833  14.55 29 B3 || 24 3750 1297 8.24 10.42 27 B3
5 1250 1111 822  14.04 30 B3 || 25 3750 1321 7.80 9.72 30 B3
6 1750 1360 8.87  13.65 30 B3 || 26 3750 1244 9.19 10.92 29 B3
7 1750 1164 9.79  12.86 27 B3 || 27 3750 1268 7.01 10.81 26 B3
8 1750 1364  11.15 1530 28 B3 || 28 4250 1312 1047 12.02 21 B3
9 2250 1357 9.06 13.77 30 B3 || 29 4250 1362 7.41 9.10 23 B3
10 2250 1169 785 1182 30 B3 | 30 4250 1356 8.98 11.37 19 B3
11 2250 1132 8.67  10.98 21 B || 31 4250 1327 8.15 9.48 20 B3
12 2250 1358 947 1437 20 B || 32 4250 1358 8.27 17.90 22 B3
13 2750 1364 972 1327 25 B3 || 33 4750 1242 10.12 10.67 30 B3
14 2750 1358 1028 1270 26 B3 || 34 4750 1338 7.03 10.11 18 B3
15 2750 1351 1016  11.87 30 B3 || 35 4750 1313 6.07 7.52 25 B3
16 2750 1325 8.88  10.83 20 B3 | 36 5250 1285 9.39 10.19 20 B3
17 2750 1314 8.16  10.69 30 B3 || 37 5250 1320 8.31 8.61 25 B3
18 3250 1301 795 1055 25 B3 || 38 5750 1314 8.81 8.86 25 B3
19 3250 1344 6.88 9.94 30 B3 || 39 5750 1315 7.22 7.76 18 B3
20 3250 1341 6.15 8.33 30 B3 | 40 5750 1316 6.27 7.09 24 13
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B % F Excel 2010, SPSS 17.0 2 Canoco 5.0 53#7, SRR E )7 2208 Flldse /N i 35 Pk 22 A 560
AT BT, SRATUA T (RDA) K3 B2 /K 2 (Spearman) #H2ME 204, i Origin 2021 Hil/EE 2 .

2 RGN
21 HABEWEMBHEN

FH B 1A FIAT: AN SRR SR o . Rk M L AR i LR T A A ek 34 B MR 4328 R 1 4 R B 4
WD, HAEMR BN 3250 Ph-hm? Z 5 AR AEY e ToRFR . Oy 22500k Wl . R[] 2% B2 viAs
MRZ AR AE Wi 22 5 3 (P<<0.05). FHIE] 1B AT : JHAARA: 9 S 4EHFTE 79.36~148.81 t-hm >, YA
MR AR A i R kL AR Wy X AR 2 B S SR B N B AR A B, 7E 1750 Bk hm 7 BHRAA SRS AEY)
IR HI K (148.81 t-hm ™), FF7E 3 250 #k-hm” ZJe#a T Fia. il 2ok RmIHa8r (& 2) iTH0: 78
MR35 BE R 750~2 750 Bk - hm ™ B, bR 85 BE X IMAS MRAE B 0 ST ER B K TR R AE i, I AE 3250
PR hm™ 2Z 5 SR A P i SR AS AR S AE P R B EAE T TR AR TR AR i D A AR G B S Bl AR
o Tr2Eor TR FEANRIAR 9% BE R A MR A: i 25 5 i 3 (P<<0.05).

ik bR ke
SR A R hin )

I TR T1 M A, TIL Sl AR BRI bR 55 B A i 2 AR 53 2 5 (P<<0.05).
A1 ikt EIEAs B EN T

Figure 1 Plant biomass in sample plots at different density
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Table 2 Contribution of individual plant biomass and stand density to total biomass in the sample plots

RO/ (FR - hm ™) AN B P VIF
o RE 1.383 <0.001 2.441

730=2730 Mk 1274 <0.001 2.441
32505750 Mo 0.312 0.018 1.104
Kbk Yyt 0.929 <0.001 1.104

B pREARERIEREG VIFET 2 KA T, VIF<SFRERMEE R

22 MHEEXTEYERIENZ N
FETE ELF L, Bl 2 IR RN, AL B A S K R Bl N B (18] 2A~D). T 220
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KW AR R AR B LBR . BAEALBREE | AR B SLBE . S KA A L 2
(P<<0.05). BEARMEPERIIGIN, THEEALBIEE | ARBAFLBREE . HES KR SRR e N AR AL
e, BALBREELE 1750 Bk hm? BF IR B RME, AR B FLBREE S LS KEAE 2 750 #k - hm? I A B ok
(ELELBA BEMR o 14 S S K W il v T D, T B A FLISURE B LR s AR 1 (36 3).
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Figure 2 Variation in soil physical properties at different stand densities
R3 AEMKSZEMRM 0~100 cm HIFEY IR
Table 3 Soil physical properties of 0—100 cm the P. tabulaeformis forests in in different densities
RO RE/(FR - hm ) BALBRE % BB % BB % EHEER A%
750 50.77+0.75 be 47.55+1.10 ¢ 3.22+0.69 abc 10.01+0.81 ¢
1250 46.47+1.00 d 43.80+1.03 e 3.09+1.50 abc 12.25+1.48 be
1750 52.38+1.50 a 48.70+0.55 ab 3.75£1.05a 12.97+2.83 ab
2250 52.22+1.55a 48.78+0.73 ab 3.45+1.06 ab 12.7442.11 ab
2750 52.02+2.25 a 47.32+0.31 ¢ 4.52+0.56 a 13.84+1.75 a
3250 52.17+2.20 a 48.73+1.05 ab 3.52+0.77 ab 11.14+1.20 cd
3750 51.58+1.79 ab 48.24+0.65 abc 3.37+0.46 abc 10.91+0.57 d
4250 51.91£1.62 a 47.87+0.68 be 4.03+£0.95 a 11.2540.48 cd
4750 50.68+1.36 be 48.73+£0.93 ab 1.97+0.07 be 10.92+0.38 d
5250 50.37+1.51 ¢ 46.32+£0.59d 4.02+1.32 a 12.33+0.52 be
5750 50.66+1.40 be 48.87+0.99 a 1.81+0.31 ¢ 9.03+£0.63 ¢

VLR BB R AEbRE2E . RIS E/ NG TR R [RGB 7] 22 5+ 1 3 (P<<0.05)



1216 LA 3 Nl N =+ 2024412 A 20 H

2.3 PR B EEXT T S B B

Kl 3A~F 53 4 SRR 25 B AR AR - Ak 22 Re e i AR AR RS 100 o B2l . Ao, LA fb e
PESbE LR IREE R . 2R MO R ALK . A EAA . MAA. B
B BT BTN W (P<0.05). BEME LRGN, -+ HEA PR R SO IR 2 Mg R AR E, +
Heawh . BONA. SRR SO B R AR R AR e R IR A AR R R D S A
fbo W 40H, AR R 1750 Bf-hm? B, SRS RN BUROR .

. 11.95 s 127 0.58
= 10
- 12
< 8 = o
2 ® 09 P
R ) )
= 4 = 06 =
22 230 03 0.34 036
‘ S 750 3 50, 0
100 475 100 ¢ . 3500 on
gy, 40 173750 0 i, 40 15300 )
e 20 0750 70 & e 200750 70 &K
o P o A\
W w0
A B
18.60 3.84 3.40
TDD TDD TDD
2 < -
0 tn 50
£ £ £
= % £
“ “ =
& 8.05 E 2.68 b 031
0 0 50
o) . o)
D E F

B3 EIEACF A S F T

Figure 3  Variation of soil chemical properties with stand density

R4 AR EMARM 0~100 cm HIEULF MR
Table 4 Soil chemical properties of 0—100 cm in different densities of the P. tabulaeformis forest

MOERE/(BR-hm™) A PUR(g kg @H/(gkg) 2W(grkg) HAAE/(mg-kg) EEA/mg-kg) R/ (mg-kg™)

750 3.41+0.84 ¢ 0.52+0.09 be 0.50+0.01 cd 11.94+2.03 cd 5.05+0.83 ab 1.16+£0.27 f
1250 3.75+1.31¢ 0.52+0.13 be 0.56+0.01 a 10.21+1.74 ¢ 3.95+0.90 d 0.97+0.50 f
1750 5.40+2.87 ab 0.61+0.21 be 0.57+£0.01 a 14.13+1.38 a 4.56+0.66 bed 2.31%0.76 ab
2250 4.39+2.25 abc 0.52+0.23 be 0.47+0.01 d 11.23+1.15 de 4.79+0.83 abc 2.39+0.46 a
2750 4.57+2.57 abc 0.55+0.20 be 0.51£0.01 be 13.50+1.94 ab 4.74+0.73 abc 2.14+0.37 abed
3250 4.39+1.88 abc 0.64+0.28 abc ~ 0.53%0.00 ab 13.20+1.38 ab 4.74+0.95 abc 1.90+0.46 cde
3750 3.87£1.55¢ 0.66+0.25 ab 0.51£0.01 be 14.41+1.75 a 4.95+0.71 ab 2.00+0.41 abcde
4250 4.12+1.79 be 0.45+0.08 ¢ 0.51+0.00 be 13.25+1.31 ab 5.34+0.71 a 2.28+0.68 abc
4750 4.04+2.11 be 0.52+0.14 be 0.51+0.00 be 12.70+1.36 be 3.96+0.80 d 1.66+0.37 ¢
5250 5.55+2.47a 0.65+0.18 be 0.50+0.02 cd 11.01+0.93 de 4.16£1.11d 1.82+0.69 de
5750 3.74+1.80 ¢ 0.77£0.17 a 0.51+0.01 be 11.4542.14 cde 4.30+0.65 cd 1.94+0.32 bede

Vi BRI T HMEEAREZ . FSARRNG SRR 25 B35 (P<0.05).
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Wi 5 A I T Z IR AE A SRR o RIS SR RIS KR IR AE R Al M . 58 1 HEF SR o A SR 32 22 7
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physico-chemical properties in P. tabulaeformis forests of

% ?ﬁ ﬂ[ﬁ (P < 0-05)0 different densities
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Table 5 Correlation coefficients between biomass and soil physico-chemical properties of P. tabulaeformis forests of different densities

SIRE| SWC TOP CP NP TN TP socC NH NO AP
THAA PR A= i 0.235 -0.020 0.011 0.123 0.228 0.162 0.513%* -0.242 0.002 0.358%
AR N AEYE 0.372% 0.023  —0.056 0198 0213  —0.101 0.426**  —0.139  —0.032  0.326*
TR B A ) it 0.257 -0.108 -0.075 0.116 0.254 0.106 0.519%* -0.280  —0.041 0.336*

Pl = RRAR B A OE (P<<0.01); *F/Rn B EME (P<0.05). SWC. H3EE/KE; TOP. BFLBE; CP. BEFLBE; NP.JEE
FALBEE ; TN. £%; TP. &8F; SOC.HIEA VLMK, NH. &5 %A; NO. MAA; AP. B

3 itk
3.0 HOBEIRRKEYERRIN

ARRAE Y SR VA AR A R G AR ) S R OR BRE ) RO T AR AR, L= W B B R RE R I B B9 Sk
B0, AR B R N ARG B P B AR R T2 — o AW A A A A 7 i 2R bR, A
A5 B BN R L, ARWETE T, AR XA SR AR Wy i RO AR i B HAT 550 . 7R
OUT, SBR[ OB AL, AMARYIAT 8 R B AR s 0], B Z AR ELSE M /N, PR o325 BE R R
ARBYAE S AW A R R EAT S SR A IR ISR 720, bR B B ORI, — D7 i T R BE AR N S BUE
JERH, SRR EE P, gEmsz e Yt 5 —J5 i th TR S S B A A KA AR
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FEARRA PRSI o N AR TR AR BOE, 88 B XM A A= KB BRI, i] LR BGE 4 %A
AITTIERS HBEARIE OIS IS, bR AR Yy bk A P i AR R i e 21 32 A, M AR B i
BRI AA AR A FIR R, 75 SR I A A5 1 Tt X 2 2 AT 5 PR o AR WT ST Y 30 AR LEIMAAAR, Ak
OYEEREAE 1750 Be hm? IR SRR AR A 0 freH HL AT i d R AR 0
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KIGw/N, BROTFEE 1750~2 750 #k-hm > i, HHEFLBIRESS, KRR, IR TAEIZE A0 TR
Z A Wy R P B BE AR AR M, R T A AL B A 388 o B SR L T ) 3B, R kR
MRNRE . AR ZE BN 28 A SF LRI FH A Z5 R0, ABIR S b 5 K AR (IR 5 v S MR ) 22 ]
FAEM 225, EAREE EEAR O i T 8 AR o 3T e h TR IR BEAR AR N R TR B, HLAE X
WSS XA [R]85 BE AR N BT BRI 70, LSz RO AN — 2, DIMIEAR B BE AR 2508 T ek
AR . I, A AR AR SRR PERE D H Y, RN AR RRAE 1 750~2 750 F&-hm 2,

AHIFELREI] . ANEARI 5 B FA PRI ] TR A 22 57, BEAMRM B RIS R, ISR
St RIS N AR S, HAERBEN 1750 Bk hm ™ B 88 0K 55 53 0T 5 3 B0 K o 3X AT REE: R R AN [A) Ak
O34 REARIN T 32 3 B 6 IR L R - SRR SR A BT AN IR] B I - SR o0 TR o B, AR R A3,
PvE IR Z G0, TR B R NSO, H AR ARSI O, MR SR o AR
R, AR A SR BRI O RS, IR A AR R T AME R, SR B B B>
o R M N IR E Y2 SRR RF IRy, ARG B A AN L T S AR i
A, PR T AR BB AR L IR T ARSI A AL B RO 2, nTRER T
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