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Abstract; The seedling stage is the most vulnerable and environmentally sensitive period in the life history of plant
resources. However, previous studies on the growth and survival of plant seedlings mainly relied on the macroclimate data
provided by meteorological stations, but failed to fully consider the potential impacts of dynamic changes in the
understory microclimate on seedling growth. In this study, Malus sieversii, the second-class key protected wild plants in
China, was used as the research object. The effects of biotic and abiotic environmental factors on the growth and survival
of seedlings for M. sieversii were investigated by monitoring their seedlings and microclimate for three consecutive years,
and combining with the investigation of environmental factors such as soil pH, herbaceous coverage and canopy
cover. The findings provide a theoretical foundation for the scientific conservation and management of this wild plant
resource. The results were as follows: (1) The increase of mean temperature and mean soil moisture of growing season
was helpful to improve the survival rate and promote the growth of seedlings, and the mean temperature of growing season
had a significant positive effect on leaf number of seedlings for M. sieversii. (2) Soil pH was the most important
environmental factor for the death rate and survival rate of seedlings for M. sieversii, and the contribution rate was
47.6%. (3) Canopy cover was the key factor affecting the height, basal diameter and leaf number of seedlings, and the
contribution rates were 32.5%, 61.0% and 52.4%, respectively. Furthermore, the seedling traits had a downward trend
with the increase of canopy cover. (4) The mean temperature of growing season was the most important environmental
factor affecting seedling coverage, and its contribution rate was 39.5%. In all, canopy cover, understory temperature and
soil pH mainly affect the growth and survival of M. sieversii seedlings, which should be focused on in the later protection
and management. This study provides a theoretical basis for the scientific protection and management of M. sieversii in
Xinjiang.
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FRER B S IREE 5 R R B R RS £ 3L R A
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TR KRR AIBET- B, R X ST T R
=ik 80% , A I BUARAT 44 19 A6 28 G HE 44 (KR IR
Ry - FEFRE 2021) , BT RINEREMAEKR
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AP R I E R A RO X, 2 XIS T IR R
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PEAR L AM R Fb R S B AR, A B A B
7 RILAEMK ( Sorbus tianschanica) K 1L HE ( Betula
tianschanica) FEREZE ( Prunus cerasifera) |5 S /NEE
( Berberis heteropoda ) . #E W& /K 1L # ( Crataegus
songarica) BT & 2 4 ( Lonicera tatarica ) 55 K A< i
Yy, LA B F R ( Urtica fissa ) . 1% 3¢ ( Dactylis
glomerata ) SF FAKE Y (5K 5505 ,20225 3K 95 H - 3K
THEAE,2023)
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PP M HAR IR I, KB 2 4 A 10
m X 10 m PR FFEENE 412 m x
2 m B ELARFETT, JE A B AR ML W) 55 & (herbaceous
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JE (pH) 5 (3) U, B4 AR K Z=F 1 & (mean
temperature of growing season, MTGS) Fl14: K 2=
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Fig. 2 Characteristics of understory microclimate
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Table 1  Basic characteristics of environmental factors in plots
ARFFEEE AR PYLEREE

FE b G 5 LN R F I NToR gD + R Mean temperature Mean soil moisture

Plot No. Herbaceous coverage Canopy cover Soil pH of growing season of growing season
(C) (%)
P1 104.25 0.18 6.97 21.21 26.15
P2 144.50 0.18 7.32 20.87 25.15
P3 86.50 0.33 7.39 19.36 31.28
P4 163.15 0.04 7.20 20.40 17.93
P5 182.98 0.35 7.14 17.77 27.76
P6 132.55 0.28 7.06 17.53 34.54
P7 137.00 0.05 7.37 19.06 32.64
P8 156.00 0.44 7.22 16.64 35.42
P9 92.08 0.17 6.68 17.73 27.55
WTM10 141.28 0.04 6.59 16.86 34.49
WTM11 160.05 0.20 6.91 17.04 32.78
WTM12 142.75 0.33 7.67 17.29 34.49
WTMI13 173.88 0.12 7.66 19.17 28.82

P BB R R ; WTML PUR LR X

Note: P. The plot in the Wild Walnut Valley Reserve; WTM. The plot in the West Tianshan Reserve.

I B (Lai et al., 2022), Dh [ &8 A3 A0
ST R 15 S T AY“lmed” (Bates et al., 2015) |
“glmm.hp” (Lai et al., 2022) 1 “ mgev” ( Pedersen

et al., 2019) U 5E R, i H“ ggplot2” ( Villanueva &
Chen, 2019) A 5¢ Bl 1€, BT geit e dr 5 il 14
PIHE R 4.4.1 5B,
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Yy B F B B S R A B A KRR AR 5 A
iTEN
22 WM B ERSBEERBEREEFHHE
M EEM

3B W) 7 6 B S SR ) i A KRR R A 8 R
FOFAXT BB S5 (1 4) & BR, A 39 R A X S
SEEFSE A W LT R SRR R R IR E B,
DRI I 47.6% 5 MR AR P JE J2 5% i) BT i B S
AR R AR 5 O R A N,
TR R B2 32.5% .61.0% Fll 52.4% ; 4= K Z=5F
PTUR B S 5 ) & T 5 R ) B BRI T, oot
kR IR 39.5%
23INEHERYEERKBTEREXERERTET
Lttt

T AR AL i S AR 4 AR R R AR B G
HEIREE I Bk A S5 0 (1 5) KB, -4 pH
ST R RO, SR EIEM X,
Wit 2 ARTEEATS A A 0, 41 R AR e R AR R
BRI, o R R A K TR
1) 358 a0 T

3 i
3.1 EAMEY T4 i K TR TE B

TR SR A WA A R R TG Z AR A IR T
SR B B R A AR A AR O AR N T

XoF 4 ¥ 1) 5 W) [ 58 5 PR R A B AR T ——{2 sk Fn 41
ifill ( Loranger et al., 2017) , B A AH Y X AR A4 v
A AL 2. (1) ER W Fr, A
JZ 38 R AR T A B A4 ' B i &l i AR G (B AR
85,2020) o (2) AEBEWIETE S, YRIAEY
DA AL FA B (UK I3 I3 ) B2
R 4 B 558 ( Gilliam et al., 1995) , (3) fLJ&AE
F o A3 ARy 308 2o 8 AR SR T 410 ] 40 Y
JE A A ( Cummings et al., 2012) , A & L&
A ) i 55 0 B R A A T R R
TR . X5 Franco %5 (2022) W57 45 3 — 3¢,
RIS R AR ) o 2 10 ) D A= AR AS R 0 40y 1 1)
AR A EE R, AT b R AR W) 5 X
4 HAFI% 2 1 50N A I8 B B MK COF X 5 iR
IR E ARAR B S 45 RAFAE 22 5, X FP 22 9 A
8 DX R A o3 A FRAE AR 0 AR B 19 A KRR IR
Ko TEPPBRII AR BOA 2 55 BER R, BERRAIR e 2%
R AET BT IR AR 382w, AT 3
SRR K B IR SE A Y IR ) (AR AR, 20165 3K IR
B+ SEIRIRAE,2023) , AWFITIE & B A Y w5
JE SR B R A W AL TR AR i BRI 4
B B SRR, 7E T R T RO R
T, BB I AR 25 ok AR 9 TR N D 2
HERE LK oy, I8 BCA A T 4 v K o PR R R RS
A (Loranger et al., 2017) . ASWFFEFEHL 4 1Y
BLAAE M) | BE AT 280 AT b 3R XU A FFDOIE B
NI SCHF S B B AR Y I, b B HE
Yyid L 98 7 ) o3 i, ) - S RO BILBE RN 3R 4
PEHEL) B ZE A ML (Liu et al., 2021) o P 57 42
Y3 SR 40 v AR AR s AT o R R AR &R AR OK
3, DT A 5 5 AR A e A A ) 1 3% 2 8 U 5 4
TR &) v 0 28 K 5 A7 00 R B0 AH R A E 7k
(Parker et al., 2009) ,
3.2 FFEWIMEEFXI 4 E A KK

21 IO SR A A 3 e G A T A e B 1Y
RE BB, B8 Y A 23 32 TR A B AR B
M ( Yao et al., 2020) , 7ERBRATR 1 KIFE T, K
SR S TSR B X 11 152 0 ( Zellweger et
al., 2020) , BRI B, Az K F2 1 24 B A AR K
Z- 2 LR 5 A A R bR R R AT
B BP0 RN, IF B AR K ZE O R B A R
o)) W i BE O B SRR R . AR B IR AR
fET, Bram B R g i 2 R A iy AR K
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FET 3 Death rate F£7%2 Survival rate FkTE Height
A B C
pH — —_ —
MTGS < & —_—  ——
MMGS < \ 4 e
HC 2 L 4 =
cc \ 4 L 4 ——
1 1 1 1 1 1 1 1 1 1 1
1 0 -1 0 1 1.0 -0.5 0.0 0.5 1.0 1.5
J£4% Basal diameter M} %t Number of leaves & Coverage
D E F
pH — — — e
MTGS _ —  — % &
MMGS _— ————— P
HC —— —— S P —
cC — _ —_—
1 1 1 1 1 1 1 1 1 1
0 1 -1 0 1 -1.0 -0.5 0.0 0.5 1.0

4 Ml Estimate value

%4 M A Estimate value

VAl Estimate value

pH. HIEMIIE ; MTGS. £ KFFHNRAE ; MMGS. 4 K2V + 808 HC. FAMY) 5 ; CC. MBI, A-F 43514
FETTH ARG R MR A AR SR, TR, + 30K P<0.05,

pH. Soil pH; MTGS. Mean temperature of growing season; MMGS. Mean soil moisture of growing season; HC. Herbaceous coverage;

CC. Canopy cover. A—F are the death rate, survival rate, height, basal diameter, number of leaves and coverage, respectively. The same

below. * indicates P<0.05.
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Fig. 3 Effects of environmental factors on the growth of Malus sieversii seedlings

24 R 5 R R G o 3 5EO6 & 3 R (Du et al.,
2019) MTMIAE i A P 1 FRUER (RE SR 4245 ) 2024) 1Y 2k
ML) & o 3 FOR B RS Y SR A A 1Y O A
R N v 4 p A A= W AR R L TR E Y T Al
DL$2 5 06 G AR FHRH DG T 1 95 7 |, AR 2 e [ b it 7
R &I A R AR L T 22 A RE 1 R ) T A (SR AL
FAF,2020)  [RIE, FEREIK 0 A BR AL 4 DX 35
TR R R R AE — E RS L 3SR T R
RE 2 = B ) T 7K 3 1 R FH RS BEAR & v K 5 5
P, D K 43 T 38 X8 Ay ) B TED S e DT S AR 4
AR RN AT (Korell et al., 2021 ;472 ,2024)

- SRR R R DT - A B RN IE g 1 4
PRz —  FEARMEIE A 13 AR b, S 58 % i 5 1Y)
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Fig. 4 Relative importance of environmental variables on the growth characteristics of Malus sieversii seedlings
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