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Impact of climate changes on apple’ s phenophases in the main produc-

ing areas of the Loess Plateau in China
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Abstract: [Objective]l The apple producing area of the Loess Plateau is the largest apple growing and
yielding area in China, and also the most significant area affected by climate changes. This article pri-
marily analyzes the effect of climate changes on the apple’s phenophase dates. The most important me-
teorological factors and the intensity of their influence on phenophase dates will be identified, which
could potentially provide a theoretical basis for coping with the climate changes and guiding for fruit
production in the region. [Methods]Wanrong, Luochuan and Xifeng were selected as the observed sta-
tions of the apple producing areas in the Loess Plateau, representatively, and apple’ s phenology data
and climate factors were collected from 3 stations during 1994—2018. Apple’s phenology data includ-
ed the bud break (BO), first leaf unfolding (LU), first flowering (FF), fruit maturing (FM), end of leaf
color conversion (LC) and end of leaf fall (LF), and the length of fruit growing period (FG) and tree
growing season (TG) , and the climate factors included daily mean temperature and precipitation. The
linear fitting method was used to analyze the interannual trends of climatic factors, phenophase dates
and the two different growth stage lengths, and the partial least squares regression (PLS) was applied to
identify the impacts of climate changes on different phenology events affected by the daily mean tem-
perature and precipitation.[Results] (1) Over the past 25 years, the annual average temperature of Wan-

rong, Luochuan and Xifeng consistently showed an upward trend. The heating degrees per 10 a were
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0.86, 0.01 and 0.47 C, respectively. The heating degrees per 10 a in spring (March-May) were 1.12,
0.29 and 0.83 ‘C, which were higher than the annual average temperature and other seasonal heating
rates. Except for Wanrong’s decreasing trend in summer and winter, the annual and seasonal precipita-
tion increased, with annual precipitation increasing by 13.1 mm/10 a, 27.2 mm/10 a and 68.3 mm/10 a,
respectively. (2)The phenophase dates in spring, autumn and the length of the two growth stages were
gradually delayed, advanced and shortened from the eastern to the western region, and the spring pheno-
phase dates showed an advance trend, the autumn phenophase dates showed a postponed trend, as well
as the FG and TG showed an extended trend, generally. (3)The effect of mean temperature on the spring
phenophase dates in the main apple planting areas of the Loess Plateau was significantly greater than
that on the autumn dates, and it had negative effects on the spring phenophase dates and positive effects
on the autumn phenophase dates. Among them, the influence period of the mean temperature on the phe-
nophase dates in spring was concentrated from the beginning of January to the corresponding pheno-
phase dates, a 1 ‘C increase during this period, and BO, LU and FF would be significantly advanced by
2.59 t0 3.78 d, 2.20 to 3.03 d and 3.44 to 4.15 d, respectively; the effect of daily mean temperature on
autumn phenophase dates was mainly reflected in LF, and the influencing periods were relatively short-
er than those on spring phenophase dates, a 1 ‘C increase in the influencing time periods, which may de-
lay 3.58 to 7.77 days in LF. (4) The effect of precipitation on the phenophase dates of apple was signifi-
cantly less than that of mean temperature, and the influence characteristics were more complex. It was
found that the precipitation only affected the phenophase dates of Wanrong and Xifeng apples, which
mainly affected autumn phenophase dates, and a Imm change during the critical period may induce an
advancement of 0.07 to 0.40 days in LC and delay 0.12 to 0.55 day in LF. (5) Climate changes had the
greatest impact on the development of apple industry in Wanrong, followed by Xifeng and Luochuan.
[ Conclusion] (1) The climate of the main apple growing areas in the Loess Plateau showed a character-
istics of warm and humid change. (2) Temperature had a greater impact on phenophase dates than pre-
cipitation, and temperature mainly affected the spring phenophase dates, while the precipitation mainly
affected the autumn phenophase dates. (3) In each phenology, phenophase dates in BO, LU and FF were
mainly affected by temperature, LC was mainly affected by precipitation, and LF was affected by tem-
perature and precipitation, while FM had no significant correlation with any period of temperature and
precipitation. (4) Among the three main apple growing areas, growers in Wanrong and Xifeng produc-
tion areas should pay more attention to orchard microclimate regulation and production technology im-
provement to cope with the adverse effects of climate changes on industrial development.
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Table 1 The geographic information and cultivation mode of the study stations in the Loess Plateau in China
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Planting area Longitude (E) Latitude (N) Altitude/m Tree age/a Rootstock Irrigation condition
ES 110°50' 35924 589.6 32 e T HEHK

Wanrong Malus baccata Channel water
w1 109°50" 35082/ 1159.8 36 SRR 7E No

Luochuan Malus sieversii

il 107°63' 35073 1421.0 34 HrRE R JNo

Xifeng Malus sieversii
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Fig.1 Mean temperature and total precipitation in different seasons of the

main apple planting areas in the Loess Plateau in China
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Table 2 Average date of different phenophases and length of the two growth stages in the main apple planting areas

in the Loess Plateau in China

L I RMHRH  daqE] AR RO ORI E N R AR
Planting area BO(DOY) LUMDOY) FFDOY) FM(DOY) LC(DOY) LF(DOY) FG/d TG/d

SR 86 91 99 292 319 328 186 228
‘Wanrong

N I

#1 88 93 107 283 308 331 169 214
Luochuan

PG4 Xifeng 92 98 110 281 304 325 165 206

¥£:BO.LU.FF.FM.LC.LF.FG #l TG 43 5AC3 2E FF O JE -4 11 GG A6 17 vl SR A0 A8 (0 AR L V& kAR L RS2 Kk A TR SR

Ak

Note: BO, LU, FF,FM,LC, LF,FG and TG representbuds opening;, first leaf unfolding, first flowering, fruit maturing ,end of leaf coloring, end of

leaf fall, the length of fruit growing period and the length of tree growing season, respectively.
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Fig. 2 Linear trends of phenophases and length of the two growth stages of the main apple planting areas

in the Loess Plateau in China
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Table 3 The influencing time periods and the correlation coefficient of daily average temperature on apple phonological

dates in the main apple planting areas in the Loess Plateau in China

Ji %% Wanrong % )1] Luochuan PiliE Xifeng
SN IR B LEES it SN IR B LEES it SN IR B AR R
The influencing The correlation ~ The influencing The correlation ~ The influencing The correlation
time periods coefficient time periods coefficient time periods coefficient
FIEH  12A331H—320H  -3.78" 1AsA—4/2H -3.44"
BO Dec. 31 to Mar. 26 Jan. 5 to Apri. 2
Jenas 1A7TH—4A1H -3.63" 1H7H—4H2H -2.20° 1H38H—4H8H -3.527
FU Jan.7 to Apri.1 Jan. 7 to Apri. 2 Jan. 8 to Apri. 8
R IH1IIH—4H9H -2.59” 1H16H—4714H  -3.03" 1H11H—4H20H -4.15"
FF Jan. 11 to Apri. 9 Jan. 16 to Apri. 14 Jan. 11 to Apri. 20
R 98H—10H19H 4217
FM Sept. 8 to Oct. 19
WA -
LC
FHOARM  NH3ZH—11H24H 358 9H1IH—10H6H 777 1017H—11H21H 403

LF Nov. 3 to Nov. 24

Sept. 1 to Oct. 6

Oct. 17 to Nov. 21

T« - SRR Z I TE 25 i

Note:-. Temperature has no significant effect on apple phenologicaldates.
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