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Abstract

In order to evaluate the main growth period changes of winter wheat in the plateau under the
background of climate warming, based on the data for growth period of winter wheat, tempera-
ture, precipitation and sunshine duration etc. at Tsedang station in the middle reaches of Yarlung
Zangbo River (MYZR) over Xizang from 1991 to 2022, the change characteristics of growth pe-
riod for winter wheat and the dominant climatic factors in MYZR were analyzed, by using of one-
dimensional regression, Person correlation coefficient and stepwise regression methods. The re-
sults showed that: From 1991 to 2022, the average temperature of the vegetative growth period
(VGP), reproductive growth period (RGP) and whole growth period (WGP) for winter wheat in-
creased in MYZR. The warming rate of the average maximum temperature was significantly higher
than that of the average minimum temperature, and the daily temperature range showed an in-
creasing trend. The = 0°C accumulated temperature, precipitation and sunshine duration of VGP
and WGP increased, and the average relative humidity decreased, while the trend of these ele-
ments in RGP was opposite. The date of each growth period of winter wheat delayed in MYZR, with
the rate of 0.61~14.16 days per decade, with the most significant delay in the tillering stage. The
VGP of winter wheat was prolonged, and RGP and WGP were shortened. The decrease of average
minimum temperature in April and June, the increase of average maximum temperature and sun-
shine duration in November were the main reasons for the general delay in growth period of win-
ter wheat.
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1. 51§

A BEIR S E R IR AR RO AE 5 () B BEZH RG4S X S A A i 8 i Ay R A 55 11
Fikz —[1]. ABRARE CURREE R, P EASEAL I 1 2022 [2]4RH: 2021 4, AERCFHE R
TAVART AR 1.11°C « 1951~2021 4F 1 [ Hh R 4E 455 LA 0.26°C-10a " 38 3 5. 3% 7+, 1961~2021
A o [ S AR R K R SR A, P4 10 a B0 5.5 mm, HARAUPRZRILEREW & . BRI 5T,
E &N AR B IO R A IR e 1] [3] [4] [5] [6], fH EATHBRM X SAFAE . U1 1981~2010 4L HIX
KNG RRFARI Y 2RSS, AR F I R AT, ENEEAE RG]
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2003~2012 FIRE &/NFFIRFE A ST H . BT AR ] 3 B B AE S 95 (8]. 1981~2019 AV R 4
AINFERER. AR 3 ANMEF A RAMEE, MR FRER s 3 AN E R EIRAT[9]. 1957~2015
A M 073 3 9 /s 22 A B B R B T B35 10] . 1981~2010 4F, 3 v SR A /N 22 #Rph S HE
iR 2~3 d-10at, 4L FHMA4E4E 7~8 d-10a " [11]. 1981~2016 £ER 4 2 T b [X FA H A /N B3 7 BEIA Hyiffe
BAL, R HE . = AR F I ONHEET[12]. 1992~2011 4F BTG4 S 1 A A6 SR b A
NP BRAFNRTE 3 AN A B R AR, T AR e 2 AN A B R AT [13]. 1993~2013 4 BT
TEMH X A /N S E A HER,, R E AL KT SRR S s SR R, A KK
K[14]. 1991~2020 “EJR AR FE A&/ E = HBEMZRE 3 M AEF AHEIR 0.16~4.12 d-10a, HAhA4: & AL
i 0.41~4.42 d-10a", VAFFAEIASERT A £ [15].

MEEATL A . T S R B SR AR . R RV B DA AR R A, T R
TURI 4 VDT ek DA K 2 2 b At L R 3 SRR T 4000 m b X2 P A /N3 R X [16] . 52 & ERA0%
AGTLI, PR T AR, 1961~2020 4EHh R AT HIA R L 0.32°C 108 R B BT, 4ERRK
=5 10 a 8 m 7.60 mm [17]. TR EFA BEKENE I, MNEAKKEH. mEFHaRET.
H A S AR (LA SRR L) i 4 /N 22 26 & AR AL I 50 AR DL RIE , SR T Z Ik R A BL 5% A 2
2 MM G A AN A B IR, RIRE g sl MDE VAN G, A5 S AR & /N DA
/INZE R PP B 0 S A AR AL AR AR A BT T R SR [15] [18] [19], 3T PH 1 A X V3 24 4 b S G 00 I v
1991~2022 A/ A B AL BEE A FH R GORE, 20 B METL i 4 /N 32 32 A B A R AR AU ARFALE
IRV AR F IR E R RGBT, AR & R AN AR IR R, S v A
VIFIRESE K & B FH AP S B PR A S SR AR AR S %

2. ZREMRAE
2.1. BESEH

1991~2022 4= 4/ IN MDA IR K 1 PR E 76 X B 94O S GG, ISR, HE. 2B R,
AT AR AR, AL AR E W, WIAR R IR CRS S MRTE) [20]3047 . SR AR
M, &/NEZamPUIEEFILA 6 5 hFE . RIBENFEKKER A, BMEF AR EFRAEKIAH
B - ) AEGEA KA - RO R A A @R - o) 3 MK B, RS HHEER 1990 429 H
~2022 4 8 HEFESSA L E H HREE(S) “FHRE(Tn) & E R (Tma) s AR SIR(Tmin)« FEZKE(Pr)
HARXT R EE(RH) S, B PG5 E VA XA GRS BN it

22. D E

KA — R MR VERIF AR ER . A F W HIAAEE RS, 035 R K 0
AR KB, R Person AHOC RECR T &N E R EA TS AR BERIAALNE, KA t 156
HHAT B EMER K (p < 0.10, p<0.05, p<0.01 1 p<0.001). &F|FH Tang Z[22]0F & () DPS &4 iz
FEE T ER @ T s A E B0 3 AEE . BeAh, SCR BRI AR EE . b AN I35 SR FH Excel B8
o

3. &GRSR
31 FMEREKMBESKREREN

W 1 prox, 1991~2022 FEMTH TR NESEKNEWN T, WERI AF S-S, FiEN
0.04~0.21°C-10a %, LA KII(RGP) T THIERR K T JHEZ (p < 0.05) B Z HE T FHER B K, Hr
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EIRAEKHB(VCP) LR, Trax MR Toin FHRFE [ 18.5 £ il H B (DTR) S £ WG Ky,
F¥15E 10 a#°K 0.13~0.37°C, UL VGP [¥) DTR #iEfH K(p < 0.01), HIZ22EFH(WGP)K DTR,
0.35C-10a " (p < 0.001). HAMTREESE VGP. RGP RILAM KIS, Hd, VGP [{1>0CHIG
(O.T, )« ProflS Jyshnasy, RH BT b 1 RGP D T, « Profl S Wil T/, RH SN, 4 H
W(WGP) AR ERAEHZIS VP —8. HAKE, 1991~2022 SEHEL hiif & /N3 VGP Al WGP {5
MR AL BN I

Table 1. Linear trend of meteorological elements in different growth stages of winter wheat in the middle reaches of Yarlung

Zangbo River (MYZR) from 1991 to 2022
& 1.1991~2022 TN EREKMBRSKEZNE LGS

K B T Trnax! Tonind DTR/ RH/ Pr/ S/ ZTO /
/! ‘C-10a' C-10a' C-10a' C-10a'  %-10a' mm-10a'  h10a'  o¢.g.10at

=4 K3 o ok * * ok
B 0.09 0.43 0.07 0.37 -1.18 9.56 62.25 24.02
VGP
KB o * o
@%%;K”E 0.21 0.41 0.28 0.13 0.75 -0.32 -2240  -57.32
# -
é%fp/ﬂ 0.04 0.37 0.02 0.35 -1.07 12.26 18.06 ~5.65

w7, T, T RI#R p<0.10, p<0.05, p<0.01F1p<0.001; PAFHR.

32. BINEEBHTW

3.2.1. EHHARHIEK

P2 4T 1991~2022 fEFEIT A A /NEE B I HIAG0HE, A 2 WK1, &/hERE 9 A FaTF
PEREFD, RMEHEIRE) 10 A by, ERCFI AN 10 H 6 H. MU SIEm, &/NE R A 10
H A, BMAERE 10 A N, Wi FEEN 10 A 17 H. 2BEHBIE 10 H F~12 A T
206, FMpAHZE 58d, EEFHHEIN 11 H 19 H. X4 2 H¥~3 A LAM4KRT, &5 RmMHZE 32
d» 3 A 1 HNFHREHM. RTHRSHIE 4 AT, RIEES AK, FMHZE36d, TR
N5HT7H. 5HEf~6 AN, &/NEMSHmEE, W HMNe A5 H, R S5REMZE 44 d.
FAER I T 5 H M), &6 H NRZim, W% 31d, 6 H 13 Ha2 P H . ALAMN
T 6 Af)~8 Az le], HHt%E 46d, ABMTHHMNT A 11 H. i % 328, &/NERBHER 17
AT, 8 Ahfig, PR e A3 H.

Table 2. Statistical value of growth period for winter wheat in the MYZR from 1991 to 2022
= 2.1991~2022 FHET i N EE FHGITHE

EHEM &R M 1 BE BE KW R e AR R
SFRHBIY - H) 1006 10-17  11-19 03-01  05-07 06-05 06-13  07-11  08-03
BCREMIS - H) 0927 10-08 10-28 02-06  04-23  05-08  05-28  06-16  07-26
BYHMIA - H) 1013 10-28  12-25 03-09 0529 06-21  06-28  08-01 0813

Hkk Kk Fkkk Sdkk Kk ke FkKk

ik ath/(d-10a )  2.95 239" 14.16 4.63 168  4.90 337" 751 0.61
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WE &

e 2 Fras, 1991~2022 SEFEVL H i & /N2 354 B B R IUCAHER ¥, ~F15% 10 a #E1R 0.61~14.16
d (BT . AN, p <0.05), LLorBEIHEE Ao~ 22 (% 1(a), p < 0.001), H2 A 2 (7.51 d-10a
p<0.001; K 1(b)), MBIAHEE AR NE 1(c), KBt B EMERIKT).
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Figure 1. Change of growth period for winter wheat in the MYZR from 1991 to 2022
1.1991~2022 T il S N EE BRI LiES

322 EEHAXRETWK

M 1991~2022 FEFEIT H A/ N2 A B IR B AR Aok E (55 3), il - /v BE. 0T - B, JF4E
- FLAG 3 MEF MR R EK Y, 73.12~11.77d-10a ! (p < 0.05), LAZrBE - IR WIE AW R, Hib
5 AMEFIIRE R, Hh4amnmnLe o - iBE R, #59.03d-10a" (p<0.01), LI - ik
PIARBOR ., 455N 6.61d-10a " (p < 0.001), &Rl - Hi v RIS 40 R4/, U ~—0.70 d-10a" (p >
0.10). M4k, 1991~2022 fEFEIT i & /N VGP KE#a T #EK:(2.51 d-10a*, 5] 2(a)), ifi RGP. WGP K
oy HIh—4.39 d-10a !, —2.34 d-10a " (R a8 (1] 2(b), & 2(c)). AR E, ST WREA LS L
AN

Table 3. Linear trend of growth period days for winter wheat in the MYZR from 1991 to 2022
= 3.1991~2022 AT NEE FHRB T EE

wA miw B REF O KW fEE JFE AR BR4A B 44

1 : . i : K S
T n ‘ ‘ - - K Akl B
HH Iy BE R o Wi JFTE LA Jil A VGP RGP WGP
e 1177 -9.03 312 -159 380 —6.61 439 -2.34
ﬂ?ﬁ % —-0.70 Tk ey —-3.10 o ok s S 251 e ok
/(d-10a7%)
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Figure 2. Change trend of growth period days for winter wheat in the MYZR from 1991 to 2022
[ 2. 1991~2022 FHET Fir &N E FEMR BB HES

3.3. £ EHAX SR W AYME R

T Je K H Person AH2C REU T HETL A lie & N2 A H IR S AR K ER(10 H 2 84F 8 H)IZH AR 1Al
KMk, Mo TR (p < 0.05) 1R T, FRIHE D BT VES BIRRHERDA REL, B0
ERREENL S EFANEFARA TG 4), RN 1) 2/DEHES 10 H Tny Toin fAER
EHA, KFE, MBS ESHE TR 10 H T WK 3@FR, WH 10 A T, 87 E (%
i) 1°C, A/NEHEIERE(HEE) 1.60 do (2) #EEHR 5 10 A, 11 A S FEREFEIEMKKR, 1T
FORIL, R BEMI AR E SR 11 H S, Wi 11 A S FEnEkb) 10 h, &/ oy BERPEHEIR (32
i) 5.91 d (4 3(b)). (B) X/PNZIBRFHMEEE 11 A Tras Trmin FAAERZEHIIEAHR, PRI T 21T
TEH, W 11 A Tow 8IS (FRAR) 1°C, REHPHER(F2) 249 d (K 3(0)). (4) FHEE, Ziit R,
TP EFARATREE A H Toins W 4 H Toin BTHE(FER) 1°C, /N7 IR IR R (HEE) 2.98 d
(1 3(d)). A, FLAIHM E SRR TEZES 2 H RH, #5 2 A RH &IN0EA) 10%, &/
FEHT. FLASE 2 R R (HEIR) 8.76 d (1] 3(e)). 10.43d. T FTFAERIFI B 3 SRR 170 ) & B4
2HS56H Tmin, £ 2 A SEIEMEE) 10 h, Z/NEFEIRIE R (HER) 1.91 d; iR 6 A T B
I (FK) 1°C, A/ R4 F.(HER) 3.51 d (14 3(F)).

BEAh, A AT R HEVE i 4 /N2 R A I SRR F AR B R kA (IR EK), 1991~2022 4
VTRt 10 H T #a T F8(-0.02°C-10a %, P > 0.10), 11 H Toa i35 7H75(0.64°C-10a Y, p < 0.01). S &3
#4n(7.06 h-10a !, p < 0.05). H4E 2 A RH &3k (-1.54%-10a ', p < 0.10). S ¥ T1#%(5.66 h-10a*, p >
0.10); 4 . 6 J Toin I E FR#%(p > 0.10), Z37))°5-0.03°C-10a* F1-0.06°C-10a *.

g BTk, 1991~2022 fE I THEVL I 10 H T N, Z/NEHEIER; 11 H To FHREE, &
B RAEE; 11 H SIEEN, &NESEHEREWR. B2 H RH BFmD, 514/
. FLRJHIIRAER, T2 A S, WAERANEIFEIGEIR: 4 A6 A T BEAC, &ERAN
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Table 4. Major meteorological factors affecting the phenology of winter wheat in MYZR
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Figure 3. The dot plot of major growth periods and meteorological factors of winter wheat in MYZR from 1991 to 2022
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4. R 5T

1) 1991~2022 FEHEVL 37 & /N VGP. RGP il WGP [ T BT THE, Tra FHE RIS KT Toin 1
THEZ, TR HEEHZE KBS . VGP. WGP 1Y T, « Pr 1 S Jibni&s, RH &T/D, 1ff RGP
X R PR . BIAEKRE, 1991~2022 FEFEVTHIF4/NE VGP Fl WGP SRR NI &

2) MELHIEA/NE &4 B I H B RIUONHER &S, 5% 10 a #EiR 0.61~14.16 d, LLorBEHAHEIR
MOV, X5 E P AR X 384N 3250 A B 2 R AR R3] [4] [5] [6] [12] [13] [14], [AIFE 57K
R AN B ARG A RI[15] . HHT - 42 BE R - HEEL PR - AL 3 MEF IR E EKE
#, N 312-11.77 d-10a ', HAth 5 MAEBFHHREI AL ES, VI 10 a 485 0.70~9.03 d. &/hFE
VGP KA T K, 1 RGP, WGP REMim F4i%. MENRE, KZHH7# 2 VGP. WGP 4i%i,
RGP ZE:[23] [24] [25]-

3) ML AN I IR E . SO IR RN E SRR TR T, A AR B AL
) F FAMERE T2 RH 8 S BARKE, 1991~2022 AL+ 4 A 6 AFHRKSEE T 11 A
P8 e SR T R H RS O N, e S BN AR IR e AR 1 T A

E&UH

Hh R GBI A B 7 e RS W SRR A TS T T ORI TPP2021K03), 35 — Ik 1 SR 47
R} 2E 2 220 7 T H (2019QZKK0106) »
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