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Abstract: Based on the continuous 37 year(1984—2020) phenological observation data of winter wheat
at the National Agricultural Meteorological Observation Station in Tongren City, Guizhou Province,
and combined with the meteorological observation data of the corresponding period, the changes and
response relationships of the phenological periods of winter wheat and agricultural climate factors were
systematically analyzed using kernel density estimation, climate trend analysis, correlation analysis,
and multiple linear regression model. The results showed that the phenological periods of winter
wheat in Tongren City from 1984 to 2020 generally showed a phased delay trend, among which the
tillering period had the largest delay [10. 9 d + (10 a)™']. The duration of key growth stages was
characterized by an extension at early stage [ vegetative growth period extended by 5.6 d * (10 a) '],

a shortening in the middle stage[ vegetative and reproductive growth concurrent period shortened by
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—10.8 d =+ (10 a) '], and relative stability at late stag [ reproductive growth period changed by 0.2 d «
(10 a) '], During the growth period of winter wheat, the agricultural climate elements generally
showed an increase in temperature, a decrease in sunshine, and an increase in the fluctuation of water
and heat conditions. Correlation analysis indicated that accumulated temperature and ground tempera-
ture were significantly positively correlated with the phenological period day numbers of sowing, e-
mergence and three-leaf stage(P<C0.001), while relative humidity and sunshine duration were signifi-
cantly negatively correlated with the phenological periods of heading, flowering and milk-ripen stage
(P<C0.05 or P<<0.01), yet the maturity period had no significant correlation with each climate fac-
tor. The results of multiple regression analysis showed that the phenological periods of winter wheat
were most sensitive to accumulated temperature and ground temperature, followed by daily tempera-
ture range, precipitation and relative humidity, and less sensitive to sunshine duration. This study re-
vealed the response characteristics of the phenological periods of winter wheat in the northeastern part
of Guizhou Province to climate change, which can provide agricultural meteorological basis for the
breeding and cultivation management of winter wheat varieties in the region.

Keywords: Winter wheat; Phenological phase; Agricultural meteorological factors; Kernel density es-

timation; Climate trend analysis
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Trends of the day-of-year of winter wheat phenological phase in Tongren(1984—2020)
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Fig. 5 Trend of agricultural meteorological factors during winter wheat growth period
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P<C0.01), DTR # JO—BO 1 JO— HE By Bt
I (P<C0. 01, B fb 3 2 43 51 A 0. 84 °C -

(10 @) 'H10.50 °C » (10 a) '; M 7E SO—EM i
SO—JO BrBel 2 1 25 T Bk 3, N R 50 51
—0.96 C « (10 @) ' Ffl—0.36 C = (10 a)"', SD
1E TI—JO . MI—MA .SO—JO 1 SO—MA By B i
FEW A (P<C0. 05 8% P<<0.01), 48 4k 8 43 51 K
—11.52,—12.84,—17.61 Ffll —26.34 h» (10 )",
2.3 ACHENEMERSRISERFHXR

A= & /N PEI ) DOY 54K FEN &
B AR Ml A PR 1 - X L AMOAH S M 43 A (TR 6)
F T AN [A] A PR X 4% /N 22 0 i 391 1) 5% il A7 A
A 22 S, G L B A O R R e A Ol W 3
SO.EM.TS fil TI i DOY 5 AT # & i & E A
F(P<C0. 001 8 P<C0.01);SO.EM, TS, TI I
JO DOY 5 GT 7R & I 2 1E 47 3¢ (P <<0. 001
5, P<<0.01);BO.HE.FL #1l MI f§ DOY 5 SD
£ i FUR 6 (P<<0. 05 8 P<<0.01);]JO.BO.HE
M FL A9 DOY 5 RH &£ 2% 60 2 (P<<0. 05) 3 5
AWM DOY 54 TN FMH XS AR E: 45
YESE DOY 5 P, F1 DTR A M8 AA A B 3%
(P>>0.05),

WA FZ MR AT 5 GT £
WFEIEAE(P<<0.00D);RH 5 P, & 8 % EH
K(P<C0.0D) ;i DTR 45 SD £ i 3 IE A 56 (P <<
0.001);DTR 5 RH.P, $F M I i Z fi A 6 (P<<
0.01);SD 5 P, Z AR 12 HiAH I (P<<0. 01),
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Table 1 Changes of agricultural meteorological factors at different growth stages of winter wheat in Tongren
A H B B AT/ GT/ P,/ RH/ DTR/ SD/
Growth stage [C+0a) '] [C«10a '] [mm =« (10 &) '] [% « (10 '] [C«0a) '] [he10a) ']

SO—EM 4.48 —0.37 5.69 1. 80 —0.96" —4.79
EM—TS —6.44 —1.13""" 0.94 0.21 —0.78 —1.28
TS—TI —45.83" " —1.40""" 5.38 0. 87 —0. 66 —2.54
TI—JO 3.38 0.34"7 7.27 0.12 —0.14 —11.52°
JO—BO 9.07 1.54"" —5.00 —0.32 0.84"" —2.05
BO—HE 7.01 1.147° —1.91 —0.18 0. 04 —0.98
HE—FL —6.39 0.95 —8.97" —1.46 0. 66 —1.66
FL—MI 73.51 0.64" 22.19° 0.24 —0.11 7.77
MI—MA —47.65 0.15 —4.39 0.58 —0.39 —12.84"
SO—JO —37. 80 —0.02 19. 32 0. 36 —0.36"" —17.61"
JO—HE 13.59 1.48" —7.85 —0.01 0.50" " —3.48
HE—MA 18. 33 0.51 8. 00 —0.02 —0.03 —5.85
SO—MA —6. 20 0.37"" 19. 69 0.14 —0.13 —26.34"

SO & EM: th # ]5 TS:

P<C0.05, x x ;P<C0.01, % % % ;P<C0.001, FI[d,

=TT 20 BEI 5 JO AR50 5 BO 22 B0 s HE S B I s FL . JFAE I8 s M. SL2UH s MA L BAH . .

SO: Sowing period; EM: Emergence period; TS: Three-leaf stage; TI: Tillering stage; JO: Jointing stage; BO: Booting stage;

HE:. Heading stage; FL.
0.001. The same in table 2.

Flowering stage; MI: Milking stage; MA: Maturity stage. * :

P<C0.05, * x ; P<C0.01, % % %, P<T

SO

EM

TS

TI

BO

HE

FL

MI

0.8

0.6

0.4

0.2

B 1

Correlation coefficient

MA

--0.2
AT

® o

0.4

-0.6
RH

DRT -0.8

* Hk

SD

-1

SO EM TS TI JO BO HE FL MI MA AT GT Pr RH DRT SD
Boe MI-HmENEMEHEFHESEETFHAXESN
Fig. 6 Correlation analysis between the day-of-year of winter wheat phenological stages and agricultural meteorological factors in Tongren

2.4 AT Z/NEWIE IR R L SR T B0 R
Sk iHE— 25 43 B 4% S B X A /N 22 ) A 4
(R 25 A 52 L AR £ 00 B] JH B AL (R 2) & B,
AT.GT.DTR.P, il RH X & /N Y B A
R L0 SD Y R ma A X RS . AT 78 EM.

TS.BO.HE.FL.MI fl MA By Br ¥ Fe 8l h i &
ERCR (P<<0.01 8¢ P<T0.001), 3% BH FH J5 1

2 HEAR AE N 9 5 A DOY., GT ¥ EM,
TS.JO FI MI B B & 81 & 25 %2 mig (P <<0. 01

5 P<C0.001), H 22 5800, 1 B 1l il o o w]

AE -5 BOAH O Wy e 1 $2 A &% 4= . RH £ FL A1 MI
B B 2 5 A R (P <<0. 01 8% P<C0.001),7F
JO BrBegR & 48 3% f 0w (P <<0. 05), P, £ HE
B Bt 2% 90k e BE W 25 IE AN (P <<0. 001) , £ BO
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1 FL B B s ik 3 3 K F (P<<0.05), DTR
£ TS.TI.BO.FL #il MI B Bt & 3 1B 2 £ 2%
N (P<C0.05), tHZTF.SDUFE TI B B 3%
PR 53 IE RO (P <20, 05) , Hi4y By Be ¥ ok ik
BB FEAKN. GEKRE WA AN E Y R

X P CAT AL GT) Y i) R F5c Ry BB, ik
5 DTR.P, A1 RH, 1fi X% SD () 3 8%t 41 %) &5
ik, MG R R Eas B nr 0, Rk <
XE AT 4 N FE WA DOY A8 Ak 1 i B R R
54.6%,

R2 WECHTENENRPAFHERISERFHESTEEASH

Table 2 Multiple regression analysisbetween the day-of-year of winter wheat phenological phase and

agricultural meteorological factors in Tongren

SN ERVEES EYSERTE 344
/R3] Regression coefficient Statistical parameter
Growthperiod :

Bar Bor BpTR Bru Brr Bsp R? F P
R SO —0.37 0.36 0.52 —0.25 —0.28 —0.86 0.35 2.72 <0.05
1 EM 0.13*° —3.40" 0. 60 —0.39 —0.0052 —0.31 0.47 1. 41 <0. 01
= TS 0.078 —5. 77" " —2.36" —0.25 —0.048 0.068 0.83 25.23 <<0. 001
IyBE T1 0.20 0.40 34.52" —4. 87 0.12 —2.09" 0. 30 2.16 <<0. 01
#AJO 0.029 —5.93" —9.98 —1.35" 0.050 0.035 0. 44 3. 86 <0.01
%18 BO 0.033* " —2.12 —4.99" —1.06 0.029" —0.021 0.53 5.65 <0. 001
il # HE 0.033*** —3.06 —3.69 —1.05 0.025*** —0.037 0.69 11.01 <0. 001
JF1E FL 0.030"**  —4.0 —3.83" —0.98" ** 0.023" —0.027 0.70 11.86 <0. 001
A MI 0.020* * 0.40" —3.50" —0.78" " 0.011 —0.0054  0.64 8.74 <0. 001
B MA 0.016*~ —0.72 —1.66 —0.51 0.010* 0.0020  0.51 5.13 <<0. 001
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