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Abstract: [Objective] This article primarily analyzes the effect of climate change on the apple’ s initial
flowering date. The most important meteorological factors will be identified. Two methods will be used to
forecast the apple’s initial flowering date in this article. Some scientific results will be provided to better
allow for identifying meteorological disasters before they occur. [Methods] Used partial least square re-
gression method to analyze the correlations between the apple s initial flowering date and meteorological
factors. Use the improved accumulated temperature method, linear correlation method and partial least
square regression model to forecast the apple’ s initial flowering date. Meteorological factors about light,
heat, water were obtained from the Xifeng Agricultural Meteorological Station’s observations. Data about
apple florescence were obtained from the Xifeng Agricultural Meteorological Station which is located at
Dongzhi Loess Plateau, Qingyang city, Gansu province. The observed variety of apples for testing was the
‘Red Fuji’ apple. Meteorological data was obtained from the Xifeng National Based Station in Gansu
province. The years used for testing were all 22 years from 1994 to 2015.[ Results ](1) There was a signifi-
cant negative correlation between the date of apple florescence and the averange temperature from Febru-
ary to early April. There was a low correlation between the date of apple florescence and the average tem-
perature from November last year to January this year. When the average temperature was higher, the ap-

ple blossomed earlier. (2) There was a significant correlation between the accumulated temperature (accu-
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mulated temperature=0 °C and =5 °C) and the apple’ s initial flowering date during November 1st last
year to April 10th this year. The larger the accumulated temperature, the earlier the apple s initial flower-
ing date. It indicated, with the heat condition increasing year by year, that the apple’ s initial flowering
date also showed an advancing trend. The warmer winter temperatures make apple trees safer to go
through the winter. (3) When the average temperature from March to early April was higher than the mini-
mum temperature for the growth of apple trees, the apple’ s initial flowering date was more than 20 days
behind the first date of 5 °C, and was closer to the first date of 10 °C. (4) The relationship between ten days
or more of monthly precipitation and the apple’ s initial flowering date had very little correlation. There-
fore, precipitation was not the factor that restricted the blossoming date of the apples. (5) There was a
strong negative correlation between the apple’ s initial flowering date and the sunshine duration in early
January and March. Especially in March, the sunshine duration had passed the auos significance test,
which means in March, when the sunshine duration has increased, the apple’ s initial flowering date will
also advance. (6) In using the improved accumulated temperature model to forecast the apple’ s initial
flowering date from 1994 to 2015, there was a 81.8% year forecast date which was closer to the actual
date. The maximum time difference was 16 days. The years with errors of more than 7 days reached 5
years. Then forecasted date of the apple’s initial flowering date in 2013 was April 23th, while the actual
date was April 7th. When the forecasted apple s initial flowering date was determined by using the linear
correlation method, the difference between the forecast of the remaining 21 years and the actual date was
smaller, there was a 95.5% year forecast date which was closer to the actual date. When the forecasted ap-
ple’ s initial flowering date was determined by using the partial least square regression model, the differ-
ence between the forecast of the remaining 21 years and the actual date was similar, there was a 97% year
forecast date which was closer to the actual date. (7) The partial least square regression model for forecast-
ing the apple’s initial flowering date in the east of Gansu province provided much better results. By accu-
rately predicting the apple’s initial flowering date, fruit farmers can adjust the apple flowers density and
can also determine frost damage defense in the early spring. [ Conclusion] (1)The apple’s initial flowering
date was primarily effected by light, heat, water and other meteorological elements. If the meteorological
elements are sequenced, the major factor is heat, followed by sunshine, with precipitation being the mini-
mal effect factor. Global warming and high illumination help to make the apple’s initial flowering date ad-
vance. (2) The research results about the apple’s flowering response to climate change was the same as
other experts and scholars, but there are some differences with Lee Mi—Ying s study results, such as, the
average temperature during early February to early April was more important for the apple ’s initial flower-
ing date and the average temperature in March was the most important factor. Also it was concluded that
precipitation was not the key factor effecting the condition of the apple’ s initial flowering date, but Lee
Mi—Young’s study results show that the apple’s initial flowering date will be inhibited by excessive rain-
fall. (3) The linear correlation method is a more reliable forecast for the apple’s initial flowering date than
the improved accumulated method. This article primarily discussed the effect of meteorological factors on
the apple’ s initial flowering date, however, the apple’ s initial flowering date also was affected by apple
tree management (such as fertilization, pruning, watering, covering with grass or black plastic film or
straw, etc.) and tree—age, the effect of these factors needs to be further explored.
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Table 1 The correlation coefficient between average temperature and the apple’ s initial

flowering date during early February to early April

2HTEE 3ATEE
2HEA 2 2H4TFA 3A BR3P 3ATR 40 EA) 2] 3] 3 1) 41 14
Early Feb.  Mid-Feb. Late Feb.  Early Mar. Mid-Mar.  Late Mar. Late Mar.  Feb. Mar. Late Feb.to Mid-Feb. to

early Mar. early Apr.
-0.207 1 -0.3419 -03618 -04296" -04602" -0.6130" -0.4493" -04192" -0.7337" -0.6175" -0.703 0™
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Note: * is indicated by a significant test of ao, ** is indicated by a significant test of aoos, *** is indicated by a significant test of ao (n=22). The

same below.
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Table 2 The correlation coefficient between accumulated
temperature and the apple’ s initial flowering date during
November 1st last year to April 10th this year

=0 CRU =5 CH .
=0C =5C <0 Atk

<0C
accumulated accumulated

accumulated temperature

temperature temperature
-0.7115™ -0.707 8™ 0.516 8™
213 BEFFREANFREEMGHH  RL

P CKAED) BRI T T XS R AR i 5
RIS BEAY v N A 34 (32 3) , al B2 Wi 4R 46
S0 A A DR T AT A i 2 B I, HUA 3
H A1 B <0 CRURBEARAUAS 1 1 B 558 1y ook 2>
e, H <0 CRURMA , B 4 = =R A HE , X 2R

®3 ARRRERE AR EHKERIGEHBERELES

Table 3 Accumulated temperture, ten—day and monthly average temperature and the apple’ s

initial flowering date trends along with the year changed
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Table 4 The correlation coefficient between ten—days of precipitation, monthly precipitation, sunshine and

the apple’ s initial flowering date during November 1st last year to April 10th this year

WA RA 1WHPR 1WATFA 1206 12A3%a 120 F6 LARE 1AYRRE 1ATE 273 -6 27%E
Early Nov. Mid- Nov. Late Nov.  Early Dec. Mid-Dec. Late Dec. Early Jan. Mid—jan. Late Jan. Early Feb. Mid-Feb.
FaK 0.01 0.31 -0.11 -0.026 0.36° 0.19 -0.28 -0.03 0.03 —-0.02 -0.20
Precipitation
H I A% 0.12 -0.14 0.09 -0.024 0.16 0.12 0.39° -0.07 -0.09 0.13 0.16
Sunshine time
%4 () Table4 (continued)
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Table 5 Actual and forecast for the apple’ s initial flowering date
e SRS ADGEE S el SN
SRl LA B B A B 2 MHAEH AR i 22 ARSI P i 22
SLBRIAAE Forecast the apple ) g P fe /N —Fe 113
A L . The error between Forecastthe  The error between Sl The error
N ctual apple initial flowering o L ) S o ST TN A AR
A4 - . actual apple initial apple initial actual apple initial between actual
initial date by improved . . . Forecast the apple -
Year . flowering date and flowering date  flowering date and . . . . apple initial
flowering accumulated . initial flowering .
forecast date by by linear forecast date by flowering date
date temperature . | lati i lati date by PLSR P
thod improved accumulated  correlation inear correlation and forecast date
me temperature method method method by PLSR
1994 1994-04-30 1994-04-25 5 1994-04-26 4 1994-04-27 3
1995 1995-04-27 1995-05-03 -6 1995-04-23 4 1995-04-23 4
1996 1996-05-05 1996-05-01 4 1996-04-29 6 1996-05-05 0
1997 1997-04-29 1997-04-19 10 1997-04-19 10 1997-05-01 -2
1998 1998-04-20 1998-04-17 3 1998-04-27 -7 1998-04-21 -1
1999 1999-04-21 1999-04-18 3 1999-04-20 1 1999-04-20 1
2000 2000-04-16 2000-04~19 -3 2000-04~16 0 2000-04-19 -3
2001 2001-04-12 2001-04-27 -15 2001-04-18 -6 2001-04~16 -4
2002 2002-04-12 2002-04-16 -4 2002-04-16 -4 2002-04-14 -2
2003 2003-04-26 2003-04-18 8 2003-04-23 3 2003-04-25 1
2004 2004-04-14 2004-04-15 -1 2004-04-19 -5 2004-04-13 1
2005 2005-04~15 2005-04-14 1 2005-04-21 -6 2005-04-18 -3
2006 2006-04-14 2006-04-13 1 2006-04-16 -2 2006-04-14 0
2007 2007-04-14 2007-04-10 4 2007-04-21 -7 2007-04-13 1
2008 2008-04-21 2008-04-20 1 2008-04-13 8 2008-04-18 3
2009 2009-04-15 2009-04-13 2 2009-04-16 -1 2009-04-14 1
2010 2010-04-27 2010-05-10 -13 2010-04-21 6 2010-04-27 0
2011 2011-04-25 2011-04-21 4 2011-04-26 -1 2011-04-24 1
2012 2012-04-20 2012-04-23 -3 2012-04-22 -2 2012-04-20 0
2013 2013-04-07 2013-04-23 -16 2013-04-07 2013-04-06 1
2014 2014-04-16 2014-04-17 -1 2014-04-14 2014-04-04 2
2015 2015-04-19 2015-04-22 -3 2015-04~18 1 2015-04-16 4
2016 2016-04-18 2016-04-17 1 2016-04-16 2 2016-04-18 0
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