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Impact of climate change in 1981—2009 on winter wheat
phenology in the North China Plain
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Abstract A warming climate trend in the last three decades has been well documented around the global and this trend have had a
considerable impact on agricultural productivity. Phenology is a plant growth progress that is largely driven by meteorological
conditions. Phenological changes are vital indicators for changes in climate and other environmental conditions. In this study, the
trends in winter wheat phenology for 1981—2009 were investigated based on phenological dates from 16 agro-experimental stations
in the North China Plain (NCP). The study showed that the dates of sowing, emergence and dormancy delayed. On the other hand,
the dates of green-up, anthesis and maturity advanced in most of the stations. The advance or delay of winter wheat phenology
resulted in corresponding changes in the durations of the different growth stages. In most of the investigated stations, the durations
from emergence to dormancy, dormancy to green-up, green-up to anthesis and in the entire period from emergence to maturity of
winter wheat shortened during 1981—2009. However, the duration of anthesis to maturity slightly prolonged on the average by 0.9
days per decade. Observed changes in winter wheat phenology were functions of both climate and management practices, especially
that of cultivated cultivar shift. The effect of crop cultivar shift was isolated from that of climate change on winter wheat
phonological changes by comparing field observed phonological events in four stations with those simulated by the CERES (Crop
Environment Resource Synthesis)-Wheat model. The results suggested that climate warming played a dominant role in phenological
changes in winter wheat in the NCP. However, the effect of cultivar shift on winter wheat phenological changes was not entirely
negligible. Moreover, correlation analysis on the durations of green-up to anthesis and anthesis to maturity against mean temperatures
for the growth periods showed that temperature increase by 1 C shortened the durations of green-up to anthesis and anthesis to
maturity by 3.8 and 1.2 days, respectively. Understanding the response of crop development and phenology to climate change was

critical for not only building in-depth insights into the impacts of climate change on crop development and productivity, but also on
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food security for the millions of people in the region and beyond.
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Table 1 Information of agro-meteorological stations used in studying winter wheat phenology
Province Station Longitude (°E) Latitude (°N) Altitude (m) Duration of phenological data
Huanghua 117.35 38.37 6.6 1981—2009
Hebei Tangshan 118.17 39.63 25.9 1981—2009
Zunhua 117.95 40.20 54.9 1981—2009
Gushi 115.62 32.17 429 1981—2009
Henan Lushixian 111.03 34.05 568.8 1981—2009
Nanyang 112.58 33.03 129.2 1981—2009
Shangqiu 115.67 34.45 50.1 1981—2009
Xinxiang 113.88 35.32 73.2 1981—2009
Xinyang 114.08 32.12 77.7 1982—2009
Zhumadian 114.02 33.00 82.7 1981—2009
Zhengzhou 113.65 34.72 110.4 1981—2009
Huimin 117.52 37.50 11.7 1981—2009
Shandong Laiyang 120.63 36.97 54.4 1981—2009
Weifang 119.18 36.75 222 1981—2009
Linfen 111.50 36.07 449.5 1981—2009
Shanxi Yuncheng 111.05 35.05 365.0 1982—2009
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Table 2 Changing trends of winter wheat phenology during 1981—2009 in different stations at winter wheat area of
the North China Plain d-10a”"
Phenology
Station Sowing Emergence Dormancy Green-up Anthesis Maturity Duration of Duration of  Duration of Durathn of Entire
emergence to dormancy to  green-up to anthesis to growth
date date date date date date . . .
dormancy green-up anthesis maturity period
Huanghua 1.8 1.6 3.7 -0.7 -1.6 -1.4 1.4 —4.4 -0.9 0.3 -3.1
Tangshan 4.1 517 43" 28 317 217 0.8 -7.2" -0.3 1.1 -7.2"
Zunhua 25" 22" 0.2 01  -14 0.5 -2.0 -0.2 -13 1.9 -1.7
Gushi -1.9 -4.6 0.2 53 —62" 33" 3.8 5.2 -11.3" 2.9" 1.0
Lushixian 1.4 -2.5 1.3 -62" 32" 29" 3.9 -7.6° 3.0 0.3 -0.4
Nanyang  —1.9 -1.1 0.6 Lr 48" 38" 3.2 0.9 -6.1" 1.0 2.7
Shanggiu 0.2 0.4 2.4 0.9 257 -08 2.0 -1.5 34" 1.7 -12
Xinxiang 0.7 1.1 2.6 -1.6 -1.7 -1.3 1.2 —4.2 -0.1 0.4 2.4
Xinyang 0.1 0.6 -0.5 04  —44™ 43" -3.0 1.7 -4.6" 0.1 49"
Zhumadian ~ 4.8" 55" 2.1 02 577 36" 3.4 -1.9 -53" 21" -9.17
Zhengzhou -1.6  -2.1 238 Ly 37" 257 -0.5 39 52" 1.3 0.4
Huimin 337 327 2.2 310 237 207 -1.0 -5.3" 0.8 03 -5.2"
Laiyang 45" 5.0 2.1 38" -1.0 -1.6" 29 5.9 2.9 -0.7 6.6
Weifang 2.0 1.6 -0.5 1.5 -1.2 -1.3 -1.4 1.6 2.7 -0.1 -2.8
Linfen 0.8 0.7 -1.8 02 18 -1.2° 25 4.0 —4.0 0.6 -1.9
Yuncheng 3.1 2.9° -0.6 -1.1 39" 26 -35 -0.5 28 1.4 54"
Mean 1.3 1.2 1.0 -0.5 -3.0 -2.1 -0.3 -1.3 -2.6 0.9 -34
e 2.8 2.0 2.6 1.6 1.3 2.6 4.1 3.6 0.9 2.8
Standard deviation
Positive and negative values in the table show delay and in advance of the phenology, respectively.
kK 1% 5% s **_* indicate significant difference at 1% and 5% levels, respectively. The same below.
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