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Abstract: [Objective] Urumgqi is located in a typical arid region, where urban tree growth is highly
susceptible to water deficit, high temperature, atmospheric drought, and related environmental stresses. To
clarify the intra-annual radial growth dynamics of dominant urban tree species in arid regions, and its
relationship with meteorological factors, this study investigated the radial growth patterns of Ulmus pumila
at daily and seasonal scales and identified the major meteorological drivers. The results are expected to
provide a scientific basis for urban greening management and ecological planning in arid regions.
[Method] High-precision radius dendrometers were used to monitor the radial growth of four U. pumila in
urban Urumgqi over three consecutive years from 2019 to 2021. Diurnal variation and seasonal dynamics of
radial growth were analyzed. We used key meteorological data from a nearby weather station. The data
included air temperature, precipitation, vapor pressure deficit, and soil temperature at different soil depths.
We applied five analytical methods: the maximum value method, temperature threshold method, Gompertz
growth model, Pearson correlation analysis, and sliding correlation analysis. These methods were used to
determine the start and end dates of the Ulmus pumila growing season, as well as the date of peak growth
rate. We also calculated the average growth rate at growth onset, and identified the main meteorological
factors affecting radial growth. [Result] (1) The growing season of U. pumila in Urumqi lasted from early
April to early November (approximately DOY 103-309). The peak growth rate occurred in mid-May
(approximately DOY 135). The average growth rate at growth onset was approximately 10 um/d. (2) Radial
growth mainly occurred at night, approximately from 21:00 to 03:00, and reached its daily peak at around
02:00, indicating distinct diurnal rhythmicity and seasonal periodicity. (3) Correlation analysis showed that
the radial growth of U. pumila was significantly and positively correlated with precipitation and relative
humidity, whereas it was significantly and negatively correlated with vapor pressure deficit and sunshine
duration, indicating that water availability was the primary factor limiting its radial growth. Moving
correlation analysis further revealed that radial growth during the early growing season was mainly driven by
air temperature and soil temperature, and gradually shifted to be dominated by precipitation and relative
humidity from mid-summer through autumn. [Conclusion] The radial growth of U. pumila in Urumgi
showed a pronounced daily rhythm of daytime contraction and nighttime expansion, as well as stable
seasonal periodicity. Its growth response exhibited a seasonal transition from thermal regulation in the early
growing season to water limitation in the middle and late growing season. The date on which soil
temperature at a depth of 20 ¢m remained above 12.5 °C provided a reliable indicator of growing-season
onset. These findings offer quantitative support for phenological forecasting, precision irrigation, urban
green-space management, and the maintenance of urban forest ecosystem functions in arid regions.

Key words: drought; growing season; radial growth; dynamic change; meteorological factor
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JPY VY ANBE), 3 P AR KK N 202 d.

R GRIDEIR, 2R EAERG H F W=
(3.33 AN, B RG M, R\E G BREZEX A
AR BRI R G R m R, Bk EAE
o B TE) 43 3R G H SEMD 25 . 20k 5 vE )
2 (10.67 d K, HE A BEE S i, FA 2R
IRI7E = BKZ A 25 7RI 8 T AT 2 kA T ik
PEREZIK, RN ESG EFATIE T “9%EL 21d <

Fz 1 ET Gompertz RRAERKBREYBEMERKS

#2 1L A 8]

Tab. 1 Start and end time of the growing season of Ulmus
pumila based on the Gompertz cumulative growth model

Fy &4 H (DoY) # 11 H(DOY) HRFEKE
2019 4H13H(103) 11H422H(326) 223
2020 4H9HC100) 1116H(321) 221
2021 4H17H07) 11A7HGID 204
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Tab. 2 Start and end time of the growth season of Ulmus pumila based on the temperature-phenology spatial model
Ehy 2—4 A ¥R/ C #24H H (DoY) 9—11H E5i/C £ H (DoY) ERFRE
2019 5.39 4H13H103) 9.02 1MH7HGID 208
2020 4.84 4714H (105> 7.61 11H2HG0D 202
2021 2.23 4H22H 112> 7.86 11H4H308) 196

07 FIHE 1) it A, 5 BB R 0 A 28 0k H 3R 82 00 e 5
E) IR, K 2 S 2 1k H I8 5 52 7K 43 3l 4 25 34 858 (R -7
SR T 7 AR B R Bl M DA AR B X R S
AR LOERT g AR FE R AR T 46 /N IR b
SRS LY N E UM RT3 VAR e A= N AvIPEL ATl
J 73 (B AMEAS 36, 23R 30 o A van i T — ot A AR
SEME, AR A 90%, L R 1 X I80E H
PEFIGE AT SEE, B AR S B 5 BRI B A AR B
SRR ORI A], B2k B R AR
RIS IR . 2 E 5 & RFF T B 2019—2021 4F
1 AE KRR AR I E] 29 00 1034 100+ 107, 28 1k [a]
43928 311, 307, 308, A= KZh 4 A EAI(DOY103
FEADZE 11 H EAMDOY309 L4,

ikt Gk g “JE IR 520 R SRR B, AT
FURH “Oeor Tt H AR TR bR A bR H I, 5 S2A)
(AT I 22 30E” I IE M A 24 . BRI S, o
TR SR K 5 Z HIE (0. 54 104 15, 20 cm)TE
12.5 °C B{H K “HE4L 5 d Wil ke @iz R W H
JF(DOY), 35 3 452 A i A= K 22 4h H gk A7 %t
bl 38 ISP 2 o 3o 35 22 RN AE B fe s M REAT AR ik .
F AT, 7E 12.5 C BE T, AN [F]E B Ar i 7
FEE 2T ZE 05 RRBRRNRZE, L3 EY
fH DOY XNy 96, LLskiddh HiR AT 7.3 do R ZH
0 ecmD IR ZE B R (XFIRZ 8.3 d), HEH T RS
Py, 2 B It 3R IR R 2 R R R B e 3
BEE LSRR PG 0, SRS B 2 4R T 5 om MR 4
SR 224 3.0 dCREF); 10 em MR 4R 28 2.3 d
(RF5); 15 em MR ZEXT % % 1.6 dCXAR); 20 cm
i 3 FEH{E DOY A 104.7, 5 S ) 4E 46 % i 2

*3 AMEKFELEBINESSE-PETEERE
HHERE
Tab.3 Deviations between measured values of the start
and end dates of the growth season of Ulmus pumila and
calculated values from a temperature-phenology
spatial model

F LA A W 2E/d Zb A m2E/d
2019 0 +15
2020 -5 +14
2021 -5 +3
ERL R ZE (MAD) 333 10.67

N L4Ad, RITEHEE T RAK. &SRR AR E M A
(& 53— AESE, 20 em Hb iR (1) 46 b b 4 22 5
(2.1 C-d), K A A K S B B 5 R RIEAE
B 161 7o B — 250 2 Folt o 7 45 SR AR L EDAIE, 3 [ 35 B
20 cm Hb & S IR, TR 9 AR KR B OB
MEFEPR . 20 cm IR T AR R FEE S 2
(10 ~ 30 cm), 2 KA A BRIRSN /)N, REfE TE B 5K
i Bl - R T MR AR A SCE AL AT RN SR B
EIRTA 2F 5 42 1 AR KR B O I A5 51,
22 BWEETHEIE
221 #ZEEALB AR

T A H PR m H AN R (E 2, & H
Hiz R A E B R 0 % 3 5 Ailg, H
AR B K, EBgERF AR S K T, 9 HJRZ
AR, 10 H FEAC B AR N AR 1A AR AL IR B /N o B
JUE AR ZE15 1 H PR 2 55 B 2, (B H 96 25 A I 45
R — 8 W12 | H AR IR 2 b T
12: 00—16: 00, T 5 e 2L H RS [R) AR X 43, = 4k

®4 RMUEERERGE
Tab. 4 Selection of optimal threshold indicators

20194k 4h

20204 H24h

20214F 24 3T 3EET LI

R HDOY HDOY HDOY EIHHDOY  #EEIHHDOY TR RMREA R
KA 91 94 103 96 103.3 -7.3 73 L&
HTET (0 cm) 89 93 103 95 103.3 -8.3 8.3 7%
HbR (5 em) 101 96 104 100.3 103.3 -3.0 3.0 [Xy/a3
AR (10 cm) 102 97 104 101 103.3 -2.3 2.3 75
R (15 em) 102 97 106 101.7 103.3 -1.6 1.6 AR
H (20 em) 104 103 107 104.7 103.3 +14 1.4 AL

V= B R EAR Y 2 B FEAn A e 3 12.5 “C R i) — SR E
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) A8 4k (] 3a), BT LA B S5 A0 %% 38 B AKX A A 1) 2R
Kpysgm . BART &, FBoKFE S5 E MR A4
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S B K AT IR R AR PR AR A B S0 1 — 20 by
(B 3b)3 B A M A% 1) A2 40 B A A e 16 B 96 3 JUEE,
TEFFERIE IR AT, Ak 2IA AN ER L A
WITER ) A Kk 3h, H R G RE & i B “Y -
P —IGKT BEA, TXPhASE 2 B H 1 A0 34 455 7% A
A IE R
222 #BHEKGEFFHEEN

2019—2021 4, Hii R RN RILHER —

KB . AR, B IR RS, B R AR ) AR KR HET B E 4. &FFFE BB R AR 101
x5 EHRBRERRETHE
Tab.5 Interannual stability in active temperature accumulation
IR TR 20194E/C°C-d) 20204/ °C-d) 20214E/CC-d) SEHME/CC-D) PR ZESD/CC-d) HE frka B TR
KA 448 38.7 32.5 38.7 6.2 &g
HBTHI O cm) 56.1 54.3 38.0 49.5 10.0 w7
Hi (5 cm) 31.5 31.3 17.8 26.9 7.9 BE
IR (10 em) 23.9 243 15.0 21.1 53 R 47
iR (15 em) 17.0 17.9 10.6 152 4.0 75
HLIE (20 em) 10.3 12.3 8.1 10.2 2.1 Al
4 A 5H 6 H
10 r 1=-0.000 123x" + 0.007 45x> — 0.128 89x2 + 10 ¢ 3 =-0.000 312 +0.017 9x* — 0.298 01x* + 10 [ y=-0.000 744x* + 0.048 78x —
g 8 | 0.53583x +1.83503 g 8 1.263 11x + 1.942 26 i 8 0.730 66x> +2.718 38x +2.449 48
g 6 | R2=0.92971 Q\E 6 | R2=0.90033 Q\E 61 R=091304
o 4r o 4 o4
=z 2 /\_/ =z 2 = 3
¥ oo} NG Nl
| o, m
_— g it
I R
S D O O D D DS DN
S X F O S &S FF O v
A ZI 1 221
7H 8 H
= 10 ¢ y=-0.000 95x* + 0.038 97x* — 0.588 39x> + = 10 »=-0.000 479x* + 0.033 85x* — 0.050 949x* + = 10 y=-0.000 383 3x*+ 0.025 79x* — 0.384 83x> +
E‘ 8 [221961x+1.3672 \3_ 8 1.993 02x + 0.716 08 \:_ 8 1.596 57x +0.117 26
N 6 [R=087101 N 6 [R=083209 S 6 | R2=0.766 46
o 4t &l 4 o 4
E 2 E 2 £ 2
¢ ¥ 9 )
m o, o,
T g T
Z Zz 6 Z 6
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A Zl s Z i ]
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Fig. 2 Monthly mean daily radial variation
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Fig. 3 Dynamic changes in the diurnal cycle of Ulmus pumila
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Fig. 5 Stem radial variation and concurrent precipitation dynamics during the growing seasons
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Fig. 6 Cumulative fitting and radial growth rate of Ulmus pumila from 2019 to 2021
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Fig. 7 Pearson correlation between daily radial growth variation and meteorological factors during the growth period of Ulmus pumila
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