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Analysis of highland barley phenophase change trend and the driving factors in

Menyuan County, Qinghai Province during 1980—2015
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Abstract: Highland barley phenophases and parallel temperature and precipitation data at the Menyuan Agricultural
Meteorological Station, Qinghai Province, from 1980 to 2015, were used to analyze the change trend of highland barley
phenology and its driving factors under a climate change background in Menyuan County, Qinghai Province. The results
indicated that the sowing, seedling, and jointing stage tended to be delayed, whereas the phenological period overall was
advanced. Sowing stage was significantly delayed by 2.65 d/10 a, and the tillering and heading stage were advanced by 4.78
d/10 a and 2.30 d/10 a, respectively. The climatic factors that significantly affected the phenological periods of highland
barley were temperature, precipitation, and accumulated temperature. When 0°C accumulated temperature before sowing
increased by 1° C and precipitation increased by lmm, sowing was delayed by 0.252 d. When stable accumulated
temperature increased by 1°C, the tillering stage was advanced by 0.026 d, and when minimum temperature in April
increased by 1°C, the heading stage advanced by 1.890 d. Since the 1990s, the sowing stage delayed, the tillering stage

and heading stage advanced, and the driving factors increased. The phenological period and the driving factors began to
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change at the same time, which indicated that the plateau of climate warming in Qinghai was the dominant factor

determining the phenological changes of highland barley.

Key Words: Menyuan County, Qinghai Province; spring highland barley; phenophases change; driving factors
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Table 1 Characteristic value of highland barl phenophase
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Phenophase Sowing Seeding Threeleaf Tillering Jointing Booting Heading Bloom ! } Maturity
maturity

Fir 7 Farliest 3H30H 4H28H 5H8H 5H20H 6H9H 6H2H 6H28H THSH TH2H 8H15H

44 Average 4H8H 5H3H SH17H 5H30H 6HI18H 6H28H 7TH7H 7HI14 H 8H4H 8H26H
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Table 2  Highland barley phenology change climate tendency rate during 1980—2015
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#EFl Sowing y=0.265x+94.57 0.175 0418 2“7 Booting y=-0.153x+182.5 0.104 0.322
HH Seeding y=0.124x+121.9 0.093 0.305 il Heading y=-0.230x+192.1 0.222 0.471*
=1} Threeleaf y=-0.030x+138.6 0.004  0.063 FF4E Bloom y=-0.187x+198.7 0.088 0.297
Y Tillering y=-0.478x+157.8 0.397  0.630""  FLEA Milky maturity y=-0.059x+217.1 0.009 0.095
AT Jointing ¥=0.009x+170.0 0.000  0.000 JRZ Maturity y==0.123x+240.7 0.048 0.219

Rl s FOR B A T 0.05 KRR P 1 WA A FORMUA R 0.01 REKFR B EER K

THEET TR ST 29a 75 BRS04 0 SR AR E ST 2R BH 38R0 103 0 1 1 30 19 SRR E 7 Oy f (L, LA e ) 2B
SEREB A A , RV KE P i S ER AT A 5, & W o 1 SRR S (4 28 Ak B = 1 o0 L 0 A A A AN 1
Hb T R IIR 23 A, AR 2 R Wm0 A, 34 D0 0.381-0.913, 3 2 EXCEL 1 LINEST 0
FINV BRECGTHE R 2R S EL, FAER 5.712-137.190,F 01526, = 5.526 Fl Fy o4 20y = 4.218 , R W TR
TR ICHR 34 o 10 SRR - B ) 2 3 R 2T ARk (R 3) .

222 HERWMEIAE LR AL W

K B 1518 /K ( Mann-Kendall ) 2 4T 282846 1980—2015 4E 75 £k 44 34 5k 25 (9 M4 0 N3 b 4 BE Fldh
A B EMEKF a=0.05, B w05 =£1.96, TR Z5 R RUA 1,

MHTZERT UL, 3 20 42 90 ARG LK, #E R A — BT 0 (Y 43R #5, 2009—2015 AFRE 0] 418 a3
it 2 PEKF- 0.05 ISt A4S UB Al UF 43 B A0 B # R 20 22 90 ARRAYHER & — %=
ARG FLRIA IR N 1997 AEFFUA 1K 5 43 BEIA A 20 120 90 4R 4 LIk A — BH f A B A 4 34, 2001—2015 4F

http ; //www.ecologica.cn



4 A E = 38 &

SRR RS I B KR 0.05 I B2k . AR UB A1 UF 252 SR A0 5 S BEI 20 HHE4D 90 4EALHY 32
HE— R MG, BAE M 1996 SRR Y . Sl A 20 4 90 4EACwIINA — B B A H2 R ¥4, 2001—2010
SRR AT B KO 0.05 I B2k, AR UB 1 UF 222 S ry A7 & B Fiia 20 20 90 4E AL Y4
RE—RIME | B 1994 4ETF G4, H 2010-2015 4EE) Bk sh e 4, WA SEREE 5 S 321
LN

F3 19802015 EERMIEHP TS
Table 3 Highland barley phenology change trend during 1980—2015

Y5 Phenophase HHLE Trendline F Foo R? R
&b Sowing y=0.208x%-6.369x+13.749 41.147*" 5.526 0.873 0.934
T Seeding y=0.059x% - 1.724x~3.308 14.584** 5.526 0.529 0.727
=1 Threeleaf y==0.016x2+0.384x+3.250 1.371 5.526 0.095 0.308
Sy BE Tillering y=-0.243x2+6.321x+4.633 137.190 ** 5.526 0.913 0.956
1 Jointing y=0.001x*-0.036x>+0.547x2 -2.875x+9.568 5.712 ** 4.218 0.488 0.699
Z7# Booting y=0.083x +2.406x+2.769 15.201 ** 5.526 0.539 0.734
i Heading y=-0.119x>+2.683x+6.753 43.255 ** 5.526 0.769 0.877
FF4£ Bloom y=-0.109x%+3.344x-5.419 7.991 ** 5.526 0.381 0.617
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31 31 s
2t 2r
1 Lt
0 1993 19962007 2908 2011 2014
o . /> .
g ol
e
< -3 -4
_;ﬂi
= 3 -
B Eilip
M2t
= L
......... UF
0 — UB

1

E1 SEWIEE M-K RTHRIE (UF.UB HFRRE@FEFIFREFT)

Fig.1 M-K nonparametric test of highland barley phenology ( UF and UB represent the progressive and retrograde series, respectively)
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Table 4 Correlation of Temperature and precipitation between highland barley phenophase

P15 Phenophase T2 T3 T4 T2, T3, T4 o T2 i
#Hh Sowing

/Y BE Tillering -0.381" -0.483 " -0.587 *** -0.413* -0.446 " -0.484 """ -0.392*
17 Heading -0.388* -0.504 *** -0.422" -0.433*"

Y15 Phenophase T3 in T4 in T5 in DATEO KO DATE3g K3
F&AI Sowing 0.430** 0.450**
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i Heading -0.542 " -0.524 7" -0.524 " 0.472 %" -0.475 "
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J&Fh Sowing 0.678 *** 0.480 **

/Y BE Tillering -0.522"** -0.576***

1 Heading 0.480*** -0.483***
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Table 5 Highland barley phenophase stepwise regression equation

Y1 Phenophase B AT Stepwise regression equation R F Sig

#Hh Sowing y=91.469+0.148K0,, ;.. +0.104P0, ;.. 0.708 13.092 0.000
/3 BE Tillering y=195.435-0.026K0 0.624 17.188 0.000
Fii# Heading y=182.287-1.89074,;. 0.542 11.258 0.002
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Fig.2 Climate factor change curves
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Fig.3 M-K nonparametric test curves of climate factor change( UF and UB represent the progressive and retrograde series, respectively)
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Table 6 Highland barley phenophase and driver factors abrupt change characteristic
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