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Abstract: China is an important fruit-producing country in the world. In recent years, the fruit planting
area in China increased significantly, and the total fruit output has also rapidly increased. In this context
of development, the characteristic fruit industry has become an important source of rural agricultural
economic income in China. The stable production of characteristic fruits and disaster prevention and
mitigation are of great significance for improving people's living standards and promoting the develop-
ment of agricultural economy. At the same time, China has a vast territory, spanning three main climatic
zones from north to south, and the damage caused by meteorological disasters of fruit trees is extremely
serious and frequent. Therefore, research on meteorological disasters of fruit trees is one of the hot top-
ics in agrometeorological disasters research. Especially, the research on meteorological disaster indica-
tor of economic fruit trees is particularly important, which is an inevitable link in disaster monitoring,
early warning, defense, planting planning, risk zoning and other research. In this paper, the main meteo-
rological disaster indicators of fruit trees in China are classified and systematically expounded, by using
the method of classification and summary. In this paper, the basic concept and significance of meteoro-
logical disaster indicators of fruit trees are defined firstly, and then the research history and progress of
meteorological disaster indicators of fruit trees in China are summarized. The main research methods of

meteorological disaster indicator of fruit trees in China, including fruit trees and disaster types, technolo-

WA H #3:2019-01-19 %5 H #1:2019-06-12
R LT H - FH K AR E W 5B A L T (2017YFC1502801) 5 H [E S 5 5 2019 45 B 6 A A E 407 B 5 TR 6 100 4 18 3 L 4
TEIATRR B AR 70
PR i A2 R 2, g LRI B, FZN R TR K FH T Tel:029-81619505 , E-mail : qinfeng333@163.com
*if {5 {34 Author for correspondence. Tel: 010-68408953 , E-mail : huozg@cma.gov.cn



1230 S I |

gy level and main achievements, were summarized in two periods before and after the 21st century. On
this basis, the existing meteorological disaster indicators of fruit trees in China are divided into three cat-
egories according to their construction methods: the empirical indicator construction method based on
disaster verification and disaster investigation; the comprehensive indicator construction method based
on the relationship between disaster-causing factors and yields; and the experimental construction meth-
od based on artificial climate chamber or artificial climate box. According to the composition types of
meteorological disasters of fruit trees in China, the existing meteorological disasters indicators of fruit
trees are divided into three categories: single factor indicators, multi-factor indicators and comprehen-
sive indicators. According to the key meteorological factors causing meteorological disasters of fruit
trees, the existing meteorological disasters indicators of fruit trees are divided into several categories:
low temperature disaster indicators, high temperature disaster indicators, drought disaster indicators,
rainstorm disaster indicators and so on. Secondly, aiming at the northern fruit trees, this paper summariz-
es the research on late frost damage indicator of apple, pear, apricot, plum and grape in spring, drought
disaster indicators of apple and walnut, hot damage indicators of apple and kiwifruit in summer,
rainstorm disaster indicator of apple and jujube in autumn, and freezing injury indicators of pear,
apricot and jujube in winter. For southern fruit trees, it summarizes the research on high temperature
damage indicator of citrus, and the research on freezing damage indicator of citrus, litchi, longan,
mango and loquat in winter. At the same time, this paper summarizes the types, construction methods,
uses, advantages and disadvantages of the above meteorological disaster indicators of fruit trees in
agrometeorological service. Finally, this paper discusses the existing problems and the future develop-
ment direction of the research on meteorological disaster indicators of fruit trees, from the aspects of
indicator composition, indicator construction method, fruit tree species, industrial development needs,
and new technology and methods. It is expected that the results of this study can provide reference for
the distribution of main fruit trees, industrial optimization, disaster prevention and mitigation, and
provide scientific guarantee for the healthy, stable and sustainable development of fruit tree growing
industry in China.

Key words: Fruit tree; Meteorological disaster; Indicator
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Table 1 Meteorological disasters of fruit trees and reference disaster-causing factors

GRIPRUSE T & SUES
Types of meteorological disasters
of fruit trees

SHBURI 5 LA

Reference disaster-causing factors and their units

HEEE

Freezing injury, chilling injury

Heat damage

T

Drought

9 i 9

Heavy rain disaster
UK

Hail

Rainstorms, floods

MR

Windstorm

IR A

Low temperature and rain disaster
e i

High temperature and drought

i AR (C ) H IR A ILCC)~ SRR (C) MG IR IR 2L 7] (d 21 h)

Extreme minimum temperature (‘C), daily minimum temperature (‘C), negative accumulated temperature
(°C), low temperature duration(d or h)

A dot AL CC)  H o L CC) ~ R R S I 8] (d B h)

Extreme maximum temperature (‘C), daily maximum temperature (‘C), high temperature duration(d or h)

TR A WA (mm) 45 5 I Y K R (mim)

Monthly, quarterly and annual precipitation (mm), precipitation in specific periods (mm)

FAR B K i (mm) FRREE K H %(d)

Cumulative precipitation (mm), Days of continuous precipitation (d)

UK AR (mm) DK FFEE (] (h) KR H £2(d)

Hail diameter (mm), hail duration (h), hail days (d)

L KB K B (mm) G R R KPR 7K B (mm) SRR 7K B (mm) FF2E K H #(d)

Daily maximum precipitation (mm), process maximum precipitation (mm), cumulative precipitation (mm),
days of continuous precipitation (d)

BRI I3 ke SR (/) « -9 KL (im's)

Instantaneous maximum wind speed (m/s), average wind speed (m/s)

H AR AR (C)~ H I B (h) SR BB K i (mm)

Daily minimum temperature (‘C), sunshine hours (h), cumulative precipitation (mm)

H i U (C ) B K 3 (mm) 2R T8 B K H #(d)

Daily maximum temperature (‘C), precipitation (mm), days without precipitation (d)
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Table 2 Indicators of high temperature heat damage of Fuji

Apple in Shaanxi province

AT H R R P 25 A0 i FFELI 8]
2 Daily maximum Daily average relative Continuous
Grade temperature/ C humidity/% days/d
FJ¥ Light  T2>35 Rh<50 2
W T,>35 Rh<40 2
Moderate T=35 Rh<50 3
HE T,>35 Rh< 50 4
Severe T35 Rh< 50 5

T.>38 Rh<50 2

T 40 AEE SR AMER

Not required Not required
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Table 3 Indicators of high temperature heat damage of Kiwifruit and Citrus in Southern Shaanxi

54847 Grade indicator

KELIR XTI Be N Fl 55 85 (R ) K BT 7T 43 3
Disaster Analysis period Grade Daily maximum temperature PaPrecipitation anomaly
(continuous time) percentage

B il T R 6—7H # Light 35 C< Tg<38 C(3~4 d) -50%<Pa
K‘(‘i”;fr“” I}‘llgh temperature Jun. to Jul. 1 Moderate 35 C<Tg <38 C(5-8 d) ~70%<Pa<-50%
and drought _

H Severe 35 C<Tg<38 C(>9d),38<Tg ‘C(>2d)  Pa<-70%
A sl T 2 6—8 H % Light 37 C<Tg (3~4 d) -50%<Pa
Citrus high temperature  Jun. to Aug. 1 Moderate 37 ‘C<Tg (5~6 d) -70%<Pa<-50%
and drought

i Severe 37 C<Tg (7D Pa<-70%

i o A5 3 AL - RSO 18 30 SR B TR) B Y R
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il DT B A 2T B, 8 AU R B 5 BB R 2
I 7 A8 K N TR Ui 9 W9 o 5 7 o R o o 3
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Table 4 K-order autoregressive forecasting model of continuous rain Indicator in Shaanxi (part) fruit base counties

HE

K & [l 5 F5 A 2

Base county N K K-order autoregressive prediction model IRl U IRk,
17K Baishui 48 30 y=0.202 1+0.816 6x3 0.516 17 0.389
¥ )1l Luochuan 49 29 y=1.064 9+0.695 0x2 0.504 19 0.369
A & Xunyi 49 30 y=0.453 8+0.429 0Ox3, 0.389 18 0.378
Lu=2> N_;/ Nyyo (2) B U T T R AR S PRl ——2 MR R s i AR =

A Lu WEN MR N, A9 A a)-10 H
A BE K (R=0.1 mm)# 4L 3 d 2 LA B H 0 N,
9 AHAI-10 H EAER K HEL

T L A POIBE T B T S AL - A (9 H
) —10 F A i [ I e TR ) B T A 3% B R
AT TR S B 3 T 2, %) e 7 S S -
A B WY AT T R B A KU 4 X J
F R AR (9 H LA —10 A H ) AW
AR IS P Y B R AR, X e b 4L AR U B R
KFAT T R B E KR X . BRI Al
GIAT T SRR OB A M 35 B I o 0K R
6] 73 A0 REAIE , 35 R TV AR DG 55 9 F b, 16 75 2 it —
R .
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IKE R FEWRETE LML IR KELZ —. IKE

< T 0 SR I BRI 1 T 2 R AU RS A . R 9K
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Je ML 5 R SRR AE — M 3 482 N ) R S5 R A, MRS A
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1 14:00-19:00. T UK EL 5 55 38V 58 (1) 5 £, 0K
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A 7 5 ek T S5 Ak B T 2 2 AR



1236 x® )

% 3R 36 %

2.6 bt RMBLEREIRRR

A6 77 B A ZE 3 N ARHIR I, SR IR A 52 0
MR 7 5 25 189 5, e — Ot IR 5 1) i SRR AL, A7 A
TR 22 A I TEA BRI 42, (H 2, Wi FE 4%
BT R A TR FA T AT BRI & K AEAR
VR E, LR R 1~2 a 4 kA 1% 3 b w
JF|1_1[31]o

gk AT B S EOLE T 2 2l g A ISR L H IR
<10 CHAME R TR<15 CHE3 W K,
KA F 5 BT TR T PR IR A B A& TR R
3. ZIREUE T 46 Ea 8L O RIR A K
RS H L AFUR R E, R B 070 %
B Z R R, FF 2 T 2 A 1 BB 9 1 45 B 0T 4
BOEAT T HE N FER ) BE A F R F MG R S
FAE L AH TGV A2 5 M PSS R .

HHEAECME ARG e T HEE A3 E
R st i B A SR 55 32 VR I BUL IR BE 23 i) g2 - < 95
1%57-249 C. 9%HEW257-293 C. ¥4 18
57-27.7 C; [FI I JE a0 R B2 B R A AR
WA, RZGFH BMGRE P EHRE EER
FIETD S AN s i oy A B8 B B SR R A A
RGFM WIBWE T SEbrAd = B BB VR
B RE A RE P EE, 4 PR TR B I N R R AR
o sk th o ERABFRIF T, 5 B A R AR bR R 5>
YHE, IR TE I, v T ¢ S I R A S EAUR 3
BRI GAR B R T 50 22 58 1 W 5 B A A

B Y SRS i g HL R M [X 4T AR A R
FSCERIEAT 1707, 2T A 2= i AUl H P33
<10 CHFUR  RIKAE<-18 CH% . & FM
T>1em HEATER R E 0807k m
T HRAEL R ERE . 238808 T 456840
2, AR IR R T R IRRF S H 2 SRR R E DL
SO R T A I s 288 RS 1 #, SR R 2 8 O vk
ify 5 %5 25 2 [B) (R CER T AL 22 , I 38 i P A 56 5
SR AR AR — B, HOG 2 M 41 R A R R VR R
BSHAE R (BAE 9 T WS | TR 25 7 TH I& P M 22

3 FAARMARKF R

3.1 EARMESRREER

T[] M A = 7= X, TE A A6 -4 SRR 5
P v R A, T E I A A TR R, B
FECSSTL ] 2 MU AR 4 VT Hp R 3 7 SR B S AT A

H IR B R R BERL, 45 A AR R BT R BT A
g, DU AR A8 A H 3SR (Ta) « H s iR (Tg) 2
TR 122 d L LA BRI 4E BT T AT A7
R A E R 2 A 59 (Ta=25 ‘C L Tg=30 C) . 1 (Ta>
26 C.Tg=32 C).58(Ta>27 ‘C.Tg=34 C) M3 (Ta
>28 C\Tg>36 CHANELH . 1ZIBIFHE T MG
1 H P H s SR Y R R S R
INFIE], XA AR AE S m iR AE IR U R AR e e
AR R e A S B A () 5, 3 7 A S s B
HS R AREBEAT e B AMEAT . 45 KR I S R
FEORHR B T e s, BT R T R WL
INEEAE G A F AR SRR AR K P B S A
WA I S8 9 R I v e T 5 T 51 K R R
W, K. AT FRR, 8 IR EE R
P A 52 e BT R S e 00 A K T S A
G5 R TR 4 BT R 5 8 s IR A N
& R, R R e PR A ORI AT T e TR T R
PO ER Tt P A U= B =5 = b i e S B S
] T A6 77 SRR S5 S e EURE 5K 9 T FR AR AR 7T AH XT
RS
32 EARWEEZHRGE) FER

FH P AE 4 22 R E N AR AR B0 A6 7 SR B, 7 7
R AEA TR R T KGR K FH, B2 REVKE N
3 KR A H R G R bR R BE ) SR T K
Fee H T, SCER AT L O R A HIRIR R (FE) F
Fa bR 1 B 7 S MG 7 R AT R CREAE A
M J& T 2 Aty 2 08 A8 SR R B, T EME X
I3 T AT 26 DL A 2208 DL , 32 70 A 3 488 52 1
AR ERN A KA A R R E B8R,
BTN FAH SR BIE 78 EL B 22, R 1o 15 25 BIFE B 11 20 80 41
AE R BRI, R FE A G S WiE T H
HR IR (T 2 3505 PR 1 R A A B A UG R 37 5
R B HE: 0 R CEAFHEFITd>-5 C 1 H (&
BE)-7 C<Td<-5 C;2 2% (FE)-9 C<Td<-7 C;3
(HEE)-11 C<Td<-9 C;4 K (FEHE)ITd<-11 C.
Z )5 WA SARARA & AT BT B 5 SR R
HIR B EEIEFEAM G LT RREEH K,
5 & 2= BRI R A Bl R A ocReen,
T IR G, 4% 92 P S TR AR K R 4R 8
()55, fE TVLVE AR 2 AR ERWMAE R F I8
22 BER MG R T4 IR 70 B R AR b MR R 48 5 , 15
B TH 53k FH BR 7 A A o s AR AR H s AR AR IR



91

FZR R, & op [ 2R TR R F SR AR TUidk R 1237

T-15 CHEmRKFEHE I —F 12 HEZ 4T 1 H
B 7K BE -~ U T B R fa br ik 5D B A N S KR
SRk H BN TR AR T B4 T iR E
Fabr (O BT VR T8 b5 R R T b 2 A K3, 1R F AR
IRAEVE R B E 4 S AN SE YL s X B8 F5 F bs (F) 9 5.
S VR S I B RIS A LA 2R3, 6 B
SR FRRAR IR SN ER . Z B2 AR E RN R
FARbR, 18 I ST O FE AN B R AR AR AT T
BOAIE T8 ik i R O A o X IR S R A AT T
ik, 35 SEBRIG OUAIMI &, U BZ IR AR AE HEAT AN [F] 2
() RUFE AHOAG R 35 PP A 77 T S A E R . (HB 4R
P T B3R R 7 PR B ), A B8 FH SRR AT AR A7 5 35
NI ik

Fflzyio (3
ni=1

A F O DR T 4805 sn N XS 5y, R
Sl A R 35 S5 R B

Tk R RS — H R R E R R R 3
4 RE AR FGH LA S G RO B TR R . (H
B 5 PR AR A O A R BT, X R (D FE—H
SR 75 B R T RS E AR e M R E R
G 2 604y g A 1220 | [ AR R T i i )
T X HIR 7 A AR R R T I S O A, D R K
FORPRIS R GRS T4 A, B T DA SRR AR A
B2 U AR (L) AN B R AR (Td) % B8 A 4 1 b X
MR 25 A s B 4 AR IR R FE AR AR : 1 K E L
<10%, Td (=0.1~-1.5 'C) ;2 %% % , L (10%~
50%) , Td(—1.6~-2.0 'C);3 g% F , L(50%~80%) ,
Td(-2.1~-3.0 C) ;4 1% F , L (80%~100%) , Td
(=3.1~-4.0 'C). [FIKF, @R EFREE Tk
AR 55 A5k B AT 5 ) 5 SR i Y 1) 4 I IR O 3 4R
Fre 1 R E , L<10%,Td(-0.1~-1.0 ‘C) ;2 K%,
L(10%~50%) , Td(~1.1~-1.5 “C) ;3 %% 3, L(50%~
80%) , Td(~1.6~-2.5 "C) ;4 1% % , L(80%~100%) ,
Td(-2.6~-3.5 'C). FR$EFR K AL 2 F B U5 5
T br 5 SR 52 1R 2600 B, K 9 18 PR VP Al B2 (L AR B
W VE R 7 5 AR 5 SR IR O 55 1 M U i 2
FAEbR . GRS TIRIR MRS B RFIEAR
TEFRR S [] 25 S B S 6 ¢ S ) s ), ELAE 5 7E 3
HJR BRI AE BE KON T 5, RS B LT, R
P b F M RS B AT A R R o

s DO T R A 6 X LRI UE AN G i i,

Iy RS AR IR A B F R AR . RN
JEHR 55 B R TE T AR AR X 22T R B0 R P RE
SR 4 0 TR bR A T B s (L R R R
TRWAEEBMREEFIEPOREREEE, 2
e ARGR 45 SR I TR] , Sl 5 57 IR 00 25 (A 3R 0 €
JR TR -

5 AR SO IS )R A AL 50 4 1 F K
TR 0 T, 0 € 1 7 BOE F R A e SR N
5.0 'C,IFESLEE A i R FE LRI A FM
K, 2 A W e AU L R K AR L I 2 IR 4 4
B3 WIBUR B 1, 3T 3 By 23 M 75 5 S O
FEREURIER . 1ZIE I NG S TR, BUR B R A
A 8T A o A1 U ARG 5 488 1 R ISR T
2% Uk M 2 A AR R Y ISR PR i R TR
18R 5 R 22 06 R0 1) B ONE T 2 e DA 1
R B R HE i S AR E — B T T = 2 O €78
B, AFE RN TR R 5 R EHBISR
AR ORNE » 45 R SR AFE W I DU DR SC &  TIE W
RO IR RS FE AT o« SR TR bR T Rk AT
PPAL AR 7 B T L s (B 32 FL PR I BUR B 1
B2 MM %R TR AR AR O T T L T 5 T d
7.

2R RSO R AR A OB T R AR R T AT LN
AP S G AE BORE B P RAR IR T TR S 4R AR 1%
MR RRE 5 GEEIAT T 70 % IR A Gt
X BUBG IR AR VRS 1 L A 12 SR TE () K T 4%
PR . FBEECRARIE GO FRE /IR 5
RGN T SF R AR B, A3 A T 5 25 55 0 W A
PR (HAR R T E R AR H I TRIR R, R
JEARR A5 BRI [] L 2R el 9 P DA S S B FE 25 (R e i
DR T 122 38 b 9 3 M 00 9908 28 365 P P8 7y T 5 44k 5
SEHFET

REAE R AR 1 Rz —, 7 i e A
PR /3, HAFRIR G H LB E P E L,
| A OSEIE  7p HT I 20 SR AR A HEAE R IX A TR
ZRBRRIRAL 50> &, IR 45 & K FH WA 500,
SE AT AR 32 F 0™ i) e PRl 209 3.0 C o fE
St b, AR AT 52 R 2 5 20 W 5 i E A i A (KR
<3 CIRIR RAUE <3 CIGIR H . <3 CIRiR &%
KRR EE H H04 TR 5 AR GR35 8Ok 1, R H
TGy o W T3 i 4 R T HEAT Sk T AL L S ST AR
MR K F ZR b WA 4, R4 &R



1238 x® )

% 3R 36 %

RPFEAT O PG T REEMATRIR R FLRES
16 73 AR bR (R 5) o %48 b A 5 (R IR BUK I FHR
JE AL AR IR 2R L RN AR R A&, IR Rl

(T3 VT BT A AR o A AR o 5 Ml 0 A
AR EA S HME SR .
HI=-0.50X,+0.487X,+0.506X;+0.505X,-

*5 MBREFEESIRETFR

Table S Comprehensive climate indicator grades of Loquat low temperature damage

5543 9% Grade 2% Light )% Moderate ¥ Severe ™ 5 Serious
LR S %R 5 HI Comprehensive climate indicator HI 0.65<HI<3.37 3.37<HI<6.09 6.09<HI<8.82  8.82<HI<27.88
U8 # Rate of reduction/% -10~0 -20~-10 -30~-20 -100~-30
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