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)50 xR RN o RGBSR, AR
1 H R g KM, 2201 730070

2 HN A LK IR IR IR ARATF S B, TR 734000

3 HIRIME R F M BR8P T 810016

TE BB RARE L X FMAES RGBSR H A0 % L RMAE S RE R HA TR L, DR L HE#E
W 1 = R TR AR 4, T 2021 48 6—9 H M E 1§44 2700—3300m 1) 0—40cm )2 IR BEFK 388k, OF T
7 F PRI RE L AR SR BEA T R AR R B AR BRI A0 S B (B — ) MY B Mg R (28 R 4R B B, iy 25 20 BT RS
AN TRV AR S B A R 22 55 PRl — 20 vy AR A ST AR R S A5 R KRR R T T AR ik
ek KRG R, S5 RFRIT . (1) SRR MR bk e B VR T = TR A, VB4R 2700m 4 42 55 3300m 4 1 M AR A A 0 3
PE2E 5 (P<0.05) , 4K 2700m ,2800m ST SIS 5 3300m &l SRk i A7 A8 b 3 1 25 57 (P<0.05) , 4l i3 /e 45 4R )
ANHEAE W 22 5, R WITE T AR X R Y BURMEBAR TR Ak &, (2) TERT I IR Mk 5 IR 5 IR ARG 5 1 0
KA UG, SO AR 5 20em S BE A T3 K 43 AR OC R BRI, SR AR 5 40em T3 B2 R4 3K 43 M OC R EUR KR
LRSS 40em HIEIRE K 20em HEK S R BRI . (3) [IIAARAY 5 7R 4l B B 42 Rk = ) - 38K S 1 A =0 AR ]
TR B A2 R 2 X - K I R RSP AE 22 570 (4) T 5 A2 KSR T B A 18 R A 8 on , 52 0 A6 K 1 2 28 PR 3Ry -3
JE R A% Sy K G BRI M A X A i 7 -t o 1 5 1) K N 5 TS

KR FHWG A2 KRR LI 80K

Relationship between natural regeneration of Picea crassifolia and soil moisture

and temperature in Pailugou watershed of Qilian Mountains
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Abstract: Picea crassifolia is an established species of forest ecosystem in Qilian Mountains, and its natural regeneration is
of great significance for maintaining forest ecosystem function in Qilian Mountains. In this study, the natural regeneration of
P. crassifolia forest in Pailugou watershed of Qilian Mountains was taken as the research object. The soil temperature and
moisture of 0—40cm soil layer at an altitude of 2700—3300m were measured from June to September 2021, and the natural
regeneration of the sample plots was examined by tally in mid—July. The natural regeneration was divided into seedling ( first
age class) stage and sapling (second age class) stage, and the differences in diameter at breast height (DBH) and plant

height of new seedlings at different altitudes were explored by analysis of variance (ANOVA). Then, a regression model was
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established to fit the relationship between DBH and plant height of new seedlings, soil temperature and soil moisture of each
layer, and to explore the response of DBH and plant height of new seedlings to soil temperature and soil moisture. The
results showed that: (1) the DBH and plant height of new seedlings decreased with the increase of altitude. There were
significant differences in DBH between 2700m seedlings and 3300m seedlings ( P<0.05). The height of seedlings and
saplings at 2700m and 2800m was significantly different from that at 3300m ( P<0.05). There was no significant difference
in DBH of saplings at different altitudes, indicating that the DBH of new seedlings was less sensitive to altitude than height
of new seedlings. (2) The DBH and plant height of new seedlings were correlated with soil temperature and soil moisture
positively, while correlated with soil moisture negatively. The correlation coefficient between DBH of seedlings and soil
temperature and moisture at 20cm was the highest. The correlation coefficient between DBH of saplings and soil temperature
and moisture at 40cm was the highest. The correlation coefficient between height of saplings and soil temperature and
moisture of at 40cm was the highest. (3) The regression model showed that the utilization patterns of soil water and
temperature by DBH and plant height of seedlings were same, while the utilization patterns of soil temperature and soil
moisture by DBH and plant height of saplings were different. (4) With increase of age class, the main factor affecting the
growth of P. crassifolia natural regeneration gradually changed from soil temperature to soil moisture, and the response of

DBH of new seedlings to soil water and temperature decreased gradually with the increase of age class.

Key Words: Picea crassifolia; natural renewal; soil temperature; soil moisture

TELBRASIETS 5, B 4% A s R A3 B UK A 4 Im, IRBE AN AR 8 e T R 20 L FRAk
AR Bl i A= 285 2R e Y B LA AR o3, R 1 UM R IR K IR L B AR 2 A i S A B ) AT IS 3 i 5 D T k4
BHERIERD KRS B S AR IR SRS T 5 RO R G TT TAE A A A S a2k, #R3%
AR PRAE S R G N e P A A A 2 A B o, 8 103 7 R L 2 R AN ST — R I, AN UHE B B S 4% 36 7K IR T
F5, B R Y254 S AR T i e L i N 2 e i DK SBOMIR T A R T A HE 3 45 AR R
MFEF T TR AR LA S R G RR T AN S A JCHAE A AL A P 15 B T AR A5 5
S I 58 FIBCRE , BRIk , 95 HL A 50K S R R BB A5 DI REXT Ak 57 4R % 1L A 252 4 3R T IX N R AR 36 PR
HEAE

TG RAZ (Picea crassifolia) & FE AL X R RBI, 200040 TIRIEHON AT AR AE N
ARIE AR AR, ZEA LI I A1, R 5 BN B— MR RAEAR D Z DI 6 P
MBS RE 155, MK — LRI, B AR o e, FAT, #8022 8 0 5 1 s A2 WHOh 3, X 22 1
SRS K BB 5 = A AR T AR R 2 R B R KR T I S A2 RS B TR i T R A R 2,
VR AR AR SE D I R AL T AR I L BEC I I R 1 A AE AN 32 B AR B i 1 B
R REEC R 2 IR E BT B MBI RIRIE T % A5 i, A5 R AR L vh BE I 7 16
TAZAEE AR TR A A 32 P ZR K o3, AR LR BER 1 A2 1 T U B i D AU A K
RS2 30 - HOK A BRG] . LSS I R IS SRR AE % 5 1R T X = A2 A IR B 1R, e
UL T T /R 2 R AE R AR,

ASHFFEIE T XA 3 LU HESR 18 AU T 9 = A2 AR £, WSS TR 5 K IR 5C & | 3l i it 57 [ A
53 B AN [ S0 JZ R A - S PR 2 i B i A A (R T, AR B v A R 2R B L 2 S LU R AN )
e 20 BB i 22 (80X SRR M B R, IS B AR D — AT I A2 O Bk O R B
= K2R TR, LR — A e i P R R0 2 SR L BB AR A

1 RS

1.1 W5 XA
5T DX T4 52 1 v BEAR i 1l 228 el v el P ) HE 8 940 3 381 ( 100°1770"—100° 187 30" E, 38°32'0"—
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38°33'30"N) , JiIIE AN 68.06km” MK £E 2540—4200m , # B B 4B K R TE 22 80K, I XSRS T
SRR e FE L A, AR 3R 5.4°C, 7 A A BB iR A 0r ik 19.6°C, 12 A 9 A ¥R AR A 03 ik
~12.5°C AF Rk i 250—500mm , 2T 5—9 J AEAHXTHREE 60% , 4F 28 & 20 1488mm' "y THZIX
BN HIE S5 AT R K ISR AT 52 % R RN - B RV HROT 1 1 28y W S A i T 0 A e, - SR SIS A B T 4 AT
BI5GB e LR e R LSRR 2 AR YA L S AR B L R A L L
HbARARF A B 7 L AR AR B DA R LK S A, XN T AR Ry B — | 8 i = A2 TR 1%
[RI4 ( Sabina przewalskii) A HHER 1 16 2 42 5 BEHCR B AR ADIR 20 A0 TR 2500—3300m B3I B ;
FEVERY A PN ( Salix gilashanica) 4> #5165 ( Potentilla fruticosa) \Fi M85 %% L ( Caragana jubata) AR 5%
1§ ( Potentilla glabra) %5 ; 3R F B REF S (Stipa capillata) 251 (Iris lactea) \Z2B2 5% (Potentilla chinensis) Bk %
2 ( Polygonum viviparum) 5 ,
1.2 Bl

SR A AN RIS BE L, 23591 78 2700,2800,2900,3100,3300m 45 MK BERE K 3 1> 20mx20m FH
GIAS) 3% RPNCRTE SIS N R, SR W R R SR B2 ] Campbell er310, 764 4R B A 1l
[T 15 B Campbell cr310 H sl 5% HIEE IR, M TFHEE 2 AR R R 5ok Campbell ¢r310 f9if
PP A5 B % IR 10,20 .30 40em B B2 HEAT 3L, B 0 30min SRAE 1 U, [l i T 95 ¥ = A2 1 2 AR RIIHE
6—9 At S MBS FIEREFTE AT I A KM 6—9 H 0y LR . #1822
KA 5% T ERME BRSS9 2 RYE T 8 2 A2 M4 (DBH) K/ 75 18 2 A2 B9 4% 1 Bl 0.0mm<
DBH <20mm I53 J %45 1 #5290 (S , Bl AE 0—25 4F JE Fl 20mm<DBH <50mm X143 45 2 #% (4IR)) | #i
WA 25—35 47 JF T 2021 4F 7 A o) B R R O ST S TR AR R, X I A > 20mm 114 B 9 00 ARG
e, W AR < 20mm 1 SR I KRR G0 SR R SR AR A bR AR SeEE BT R AR L
1.3 Hsabs

ABIFTE R HT SR B AR = A AR X A A= 48 b, T X EEE T Shapiro-Wilk K5, 45145 & IES 400
K7 2250 i o3 b T AN [R) I AR B 5 1 S AZ 80 AIRERRE | 2 1 HUBCR T scheffe K305, X A= W46 br
5 MR | KIS RIEAT Pearson FHOCHEII T IFHEAT WA MRS . AR SR A A MIHEELE 1
AT AR ROk 5 SRR R AR R ] R 1 R R o L T 2R R B AR R A R
BRI FR bR R RS RPPEANY , R A S 128 SR 15 26 47 46 30 1 PF A S 8L 932 AL R 0 LA B 8 Y fe FE A
R R X LAY SR HTAH XA EE 73 A, A5 H 9 I 8 7K 70 B T 52 e SE T v ) B A2 Rk v . B8 OB i
S 5P| Microsoft Excel 2016 #4347, B4 G011 504 il 1 4738 33 RStudio 4.1.3 #k{F3E47,

2 ER5H5H

2.1 RI[RIER T AR SRR SRR

25 0] b Xk AN [ Vi O A R A R v R AT BE AR 1 BT A TEE i AR T T 2700m &)1 AR S
PR 87,2800m ,2900m 3100m i 3300m 72 (141241 7K P41, 2700m ,2800m Fl 2900m 12 % K, 43
AT B4, 3100m Fl 3300m FAR SN E/N A R, A, A 2700m B 415 A2 5 3300m #9417 1 i
RAFTE R EEZE T (P<0.05) , AR iR 22 R RE . LN HoF K 5451 24K 7
O ARFEAAHAL, B2 2700m F-BIKP5 8 AR ZEAR R IBHAL, 2900m 5 3100m L B 12k sh# /N, 4 i
AR ,2700m ,2800m 1 3300m MAR W BNALK, s B L, IR AR FE RS IR A FAE W E M 22 5% . FE
B K = T, 2700m F1 2900m 20 B ik e~ 44 /K - 45 1, 2800m  3100m A1 3300m Ak i~ 241 7K S #5641, 2700m
2800m 1 3100m 2 E Bk S SN/, A5 85 A v, 2900m F1 3300m &) Bk e i Sha A, 2 A 488 hy i, [ i
2700m I Z RHEAE, AATNR 518 A R o 24 BRI AR ( DBH) AN 2 85 B, /D B4y i s B 3 s T
DU A 2 S A, BT DA B 2700m T 2800m & 1 Kk 5 3300m Y4 bk AR A B TR R (P<
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0.05) , ARG bk M AR AR R E 225 . SRS 2KF 5070 15 2l B L AR L, 2700m 1 2900m
IR RR R KO 350, LAY K 424K, 2700m A1 2800m 41 B Ak 5 0 3l 5 K, 4 A 58k 43 1, 2900m
3100m F1 3300m A B i I s/ N, A B AR . Wi bk s 22 Sk S 4 AR ], )2 2700m 1 2800m 5
3300m f77E B E T (P<0.05) , AR 5.3
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Fig.1 Distribution characteristics of DBH and height of seedlings at different elevations

AR R IR 28 5 25 (P<0.05) A FRER IR 22 5 AN .35 (P>0.05)

2.2 HHES AR UK SE AR

ST B A R AR Snh 2 52 30 T PR I B R RE ) S X BRI 1 I A A v A T IR B A AR DGV A T A
e R 1 iR, S IR 5 4 i ik s A & TE ARG, 5 4Rk 57 . 20em 30em \40em + R 5 1 3
TEARSG, S AR AR 10em 38R BE A AH SCPE R 3K B 2 K- 5 2 B bk = e 5 2 Rk &7 . 20em  30em 40em
TR R A OG, AR AR A 10em - SR AR OGP 1B 3 5 A A S 4 AR R L 10em | 20em
30cm 40cm 37 B 5 i A OC T4 AR 51 5 10em ,20em  30em 40cm 33873 B S A% o 25 AH o6 18 4%
JRIRE Z AR 2 WA OE . A A2 S 20em 30em \40em T3 B AH OC REOR T2 bk, AR TE XS 4l i
A2 8 52 M) e SRR REE 52 MR B AR R 1 18 S I 5 407 #1454 R R . 20em  30em  40em - S8 I T 4 AH
DR F BT | WIS 1) v JRE R - S 0 X6 4 1 v B 1R S e R — A s A AR 5 A% 1 2 SRR R AR Ok
A LT, DA% 2 ST R X I AR A 5 i 22 1) AN R gl B ks 5 % 2 TR R R A TR AR DG, 1H
30em T EAACMER T HE A, W] 30em -3 IR XF 4l ik i 1) 52 i A A S B 5 4% 4 J2 08 2 22 T) A S PE R
s T S 4 SR A SR A — 3 4% 2R BRI P N B AR TE

BB B AR R = 5 R K O B AH G e A 3R 2 iR, AU ETIAR S 20em (40em 3K 43 B R 35 T
K, 5 10em 30em TR IFHASCHEAR L3 5 4 bk = 5 & 122 K oM DGPR3 A i 42 55 20em
40cm +HEK I3 B B E A, 5 10em 30em FHEIK I AH I B35 5 I Pk 5 25 38K O 34 5 A W 3%
TR s 45 )2 LK 7> 2 [A) 24 S B0 25 B AR G . 4y v AR AR v 5 R B /K 3 AR DG AN 0 TR RO A
SRR LR - SR X &)y ARk e 1 A RS RS s B ik s 5 SRR B RO O R B R T H e 5
SRR AR OC R B, IR G A A R B A R v - SRR I R0 L v B RS R, 4% )2 K 1]
10em 3K I3 A E R BN T 20em 30em 1 40cm [A] A AH G R AL, U 3R 2 380K 00 5 8OR )2 3K 778
A —E 2R,
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Table 1 Correlation analysis of seedlings with soil temperature
T Seedling 4IH Sapling
Myt Mg Mtz Y= T T T T
Diameter at Planl Diameter at Plant 10cm 20em 30cm A0cm
breast height height breast height height
DT Seedling ok 1
7N 0.803 ** 1
4t Sapling fi4z 0.186 0.129 1
7N 0.548 " 0.55" 0.608 * 1
T ioem 0.436 0.347 0.585 " 0.738** 1
Ta0em 0.628 " 0.55" 0.593 * 0.733** 0.924** 1
T30em 0.604 " 0.532" 0.595 0.793 ** 0.957"* 0.985*" 1
Tgoem 0.609 * 0.532" 0.598 * 0.762** 0.949"*  0.996"* 0.996** 1
# /R P<0.05; %5 FR P<0.01; Tyg.,, : 10em W HHERE ; Tho,, : 20em HEE L3R ; Ty, : 30em T LR B ; Ty, : 40cm GEEE 1 3
TRLBE
x2 EFHSTEEENEXESN
Table 2 Correlation analysis of seedlings with soil moisture
I Seedling 4H Sapling
1A h=n FA h=n
breast height height breast height height
W1 Seedling iz 1
e 0.803 ** 1
41F} Sapling Haiz 0.186 0.129 1
B 0.548 " 0.55" 0.608 * 1
SW 10 -0.483 -0.437 -0.515 -0.662 " 1
SWa0em -0.507 " -0.431 -0.582" -0.797 ** 0.78* 1
SW30m -0.238 -0.172 -0.509 -0.724 " 0.696** 0.932** 1
SW 40em -0.594 " -0.51 -0.588 -0.764 " 0.749**  0.978** 0.84™" 1

SW 1 0emn + 10em TREE H 37K 53 ; SW ., :20em FRFEE H 3K 4) ; SW g, 2 30em TREE +3E7K 53 SW ., :40cm TR FEE K 43

2.3 IR KSR R

SRy AT ST AR PR R S G AR I S AR R 4 AR I AR T T R AR R AT
RSB0 (5 FH R E. R SR PEAT AR ARY | T 35 HR r A UL s A B AR dn ] 2 E?mo TEGH AR, 7% 10em 30em
- EREE RN 10em 3K 2 BURE IR L R B KN 0.76 FEGN T bR R, & 10em 38R FEFT 20em  30em 4%
FKAT AR 54 10em . 30em HIEE RN 10em 3K 53 LL M S 20em 30em 378 T 30em 38 7K 43 1O A5
UL R* P18 0.75 ; FELIM AR A 40em 38R B ORI AL R 48 R? B KO0 0.31; FEZ Bk =i 1, &% 10em
4R 20em 3K OB RP e KR 0.72, sk A MEAG B0 R <l i 12 5 B0 I 25 UK Sk, H
ROTRE RN KO, a5 3738 IR AR I8 r e A A 25 AN 3 R, # MR 10em  30em
TR A 10em 3K 535200 R Ry 0.808 5 Al H MR iR 7F 10em 133818 22 Fl 20em \30em +- 587K 435 1w 14 [ 19
FEH R* A 0.805, 7 10cm 30em 3N 10em 37K 435200 4 [0 )5 5 B2 v, R 4 0.805 , 7E 20cm ,30cm
IR FE RN 30em K A F2 R 4 [ )5 5 B RP SR 0.801 ; A A2 il 40em 38R EERZ IR, R* S/ 0.357 ;401
PERR S 10em R A 20em +HEKATR200, R* A 0.761, Frk el 4 20t 5 758 UIRIEIRAS 56 )5 , 4
MMt R* R 0.76 , IR 81K 0.048 ;2 #AEAFE’J@JEH*HW RN 0.65 .0.681 F1 0.604 EA@EEEJ_ 0.155.0.124
F10.197 ;K056 5 S M4 R? M 0.249 3028 55K 0.108; K B0 J5 BI4I R BE 25 R2 S 0.705, Bk 728 E ik 0.056,
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Fig.2 Regression model of seedling with soil moisture and temperature
T ygem : 10em TRBE T 3ERBE ; Tog :20em PRBE HIEREE ; Ty, 2 30em BREE L3R BE 5 Ty, : 40em TRBE 38R SW g, : 10em PR BE H 3K 535
SWygem :20em PRI THEIK 53 SW g, : 30em R L3R 535 SW g, :40em PREE 3K 53

®3 BEHHSIEOKHENPAFTENS HZTXBIERE

Table 3 5 Fold cross-validated test of regression equation between seedling and soil moisture and temperature

[l = i R 5 P LR E R WU i
Regression equations R-Square of 5-fold cross validation Variations
411 Seedling JAZE ~ T 00+ Ts0em +SW 100m 0.808 0.76 0.048
PR ~ T0em +SWagem FSW 300m 0.805 0.65 0.155
PR ~ T i0em * T30em TSW 106m 0.805 0.681 0.124
FREE ~ Tagem + T30em +SW 300m 0.801 0.604 0.197
%4 Sapling B ~ T yoem 0.357 0.249 0.108
PR ~ T 00m +SW agem 0.761 0.705 0.056

~ GRAEREAE, Jm — 2 A 1 R T A 2 R IR R
MR A o35 H T i W A ke e 5 - A3 B - 3K A3 1Y) R AR A
(1) DBHI=10.446-2.304T,,,,+3.207T,,, +8.808SW,,.  (R*=0.808,P<0.01)

(2) H1=0.379-0.293T,,,,+0.39T,, . +1.036SW ... (R*=0.805,P<0.01)
(3) DBH2=26.593+1.235T, (R*=0.357,P<0.05)

Ocm
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(4) H2=6.213-0.508T,,, ~5.667SW,,..  (R*=0.761,P<0.01)
K, DBH1 AH B2 H— N7/ mm H1 A5 — 9005 B /m \DBH2 A H 1 = A2 58 i 942/ mm  H2
K SRR /m, TR B AR A SR L 2L R AR A A0 AT, b AR [ A5 e ) B
SRRy 25 (R R REBE , 45 AR 4 TR,

T4 BHESWEBNBREE

Table 4 The interpretation of the different variables to the model

EVEpyc: &1
?‘FE . R? T'19em T30em T49em SWigem SWagem it
Regression equation Total
T Seedling Motz 0.808 30.79% 46.91% 22.30% 100%
B 0.805 32.04% 46.23% 21.73% 100%
S Sapling Motz 0.357 100% 100%
PR 0.761 44.02% 55.98% 100%

EH G 24 AR BRI 10em 30em 498 Ik B2 43 551 % B 30.79% Fil 46.91% 1 R*(0.808) , 10cm +-
HEIK AR R 22.30% 1 R*(0.808) 5 FE4) A =i OB A 1 10em \30em 43838 B8 43 51 ¢ 32.04% F11 46.23% 11 R?
(0.805) ,10cm HIE/K I RE 21.73% 19 R*(0.805) 5 FELIM B A2 AT | il F B AR AN — 4, OB R R?
H1 40cm S0 B 58 4@ R 7RI AR OB RN | 10em 4 S38 3R 88 % % 44.02% B9 R*(0.761) ,20cm +3E/K 43
ff e 55.98% 1 R*(0.761)

3 i

3.1 G AZHREAS [ AR R B 1Y) 20 A 4 s

FIRF AR LB ZHE LAY (N TH FhlalFh Py X85 5 5a 4 45 Flops 1345 ) AR A4 (B8 W
F - HEHAE MR A5 ) IO 25 G 2, BT 3 6 PR 2806 B 3 52 W 5 5 A RS2 UL, A B T B T BT R A 0 R
AR EE AR SIS LIRSS, [RI R bl Vi 4k 1) A8 Ak, AR KB 23 & A2 U2 |, Hag
VO TR ALK 12 A RSB AT IR A BT % BRAS ) AR S R AT AE 25 5, B IR AR 1 B S
FR R, REUKAE O RS R B [RIVEAR X AS 7] 4 2 A T A BB R AN — B | Bt VA A 18, Tk P 4 b
J3E S BRSSO A R A T R ) S — LRI A R R RS e IV A g X A0S [ K SR
HREASFI X 5 ARG & B — 30, BRI 25 42 SR BT W Ak 12 11 240 7K T 8 A 3Bt T 4K T o T R A1
2700m AR RR B R MR o LL e 3300 22, 4 i AR ZE 14K 2700m 5 3300m A7 7F #1255, h [a) ik
BEE ORI 3 AT SR PR A AR AR R AN B S BT, 2700m &0 1 W 8 A7 7 458 22 5 0 (EL, 3 5 40 TR i A /N gk A i
PRNITARIG , e DA 35 22 1o o v 1 R) 0 0 s FEE AR AR, A T 2700m &7 v A IR L B - | &0 ok 15 T 40
PR R YU TR IR A AE 25 25 Sk (R IR AN B 25 25 5 | X T 2 IR A g e 8 o VA A8 A AN, HL
JITBERE MR A K, S AR 10 25 SR S o RIS, R I MR 1 A7 A 25 S M I T 4RV 22 2N
BT B AT AE 25 SR TR AR T4 25, U0 I AR v oV A 1) SRR 22 1 T A%
32 HiFoZHEH S LKA XR

VAR AN T 5 W BT, S ) ek 9 T R ) 2 R R AR B A R - K B ) 24 KR
M EEREZ— 272 GREWS 5 A, H 30K 55K LK il i ghis i 2 18] 2 A 2 DA G, TLEF
A ORI S B S A I BB B K R R K A, SR AT B S R B, K ISR R B R
B AZMRRIR TR, AR, S e A ik 5 RIER S 2 ARG 5 T 5K 4 2 UAHC X
HHERE RS R, s e A RS SR R IEASE, 5 S K R R A SRR, 4
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