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Abstract

Green broad bean is a general term for broad bean for the purpose of harvesting fresh pods. n re-
cent years, Yidou No. 3, a variety of both grain and vegetable broad bean developed by Chuxiong
Academy of Agricultural Sciences, has significantly increased its efficiency in the sales of vegetable
pods at the end of autumn and winter, accounting for 60% of the planting area of green broad
bean in Chuxiong Prefecture. In order to make full use of local unique climate resources, scientific
planting and climate risk reduction, In this paper, With climate tendency analysis, Mann-Kendall
mutation test, wavelet cycle analysis and data comparison methods to analyze the changes of
temperature, precipitation, sunshine, temperature 210°C accumulated temperature, key period of
yield formation, temperature, precipitation and temperature in low temperature period. The re-
sults show that the average gas temperature in the main growth stage showed a significant up-
ward trend of 0.2°C/10A (P < 0.01), with a sudden change in 2005 and 2007. Here are about 45a
main cycle and 6~8a cycle changes. The accumulated temperature showed a significant upward
trend of 0.81°C/10A, with a sudden change in 2008; Precipitation showed an insignificant de-
creasing trend of -3.683 mm/10a (P > 0.1), and the mutation occurred mostly in 1960~1970s and
2021, There are about 6~8A main cycle and 28a cycle changes; The sunshine duration showed an
insignificant decreasing trend of -6.116 h/ 10A (P > 0.1), and the mutation occurred mostly before
the mid-1980s. The average temperature during the key growth period of yield and quality forma-
tion showed a significant upward trend of 0.209°C/10A (P < 0.01), and the mutation occurred in
2008 and 2010, The precipitation in the period was 0.661 mm/10a (P > 0.1), and the mutation oc-
curred simultaneously with the main fertility, There is a main cycle of about 4a and a sub-cycle of
11~12a; The average temperature in the coldest period showed a significant upward trend of
0.38°C/10A (P < 0.01), The average minimum temperature was 0.65°C/10A and showed a signifi-
cant upward trend (P < 0.01).
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1. 518

HMEINAL T = B P b %R 100°43'~102°30'E, 24°13'~26°30'N 2], AR W L kAN 2 5 1o J ) a3 s
o BEANHWEE L, IATERAR, WEHREZEIE 3101 m; &N 8 B2 1, FTHRIE 16.3°C, FETHHIR
I} 4 2378.9 h, T [%/KE 850.0 mm, HAFZE 5~10 H FF/K 5 EFKER 89%. SIEFERZE/DN. HEKE
ZER MUAREZE, TUR5 B AR PE R O R A & B T R 2 SRR AR B S [1] . KA PR IE T,
2 HIRM e, N & G Plaie gt IR BR[2]. & 5 (Vicia faba L.), HIZEHE. o, P
T KA, JESTR, MR IR T g, B TR FEAEY[3]. T 3 TR R HEN AR AR LAR
I 30 NBEA, KOk 18 TR L G FAARIE E TR AR e AL I R 3% v B A 2 ST i R [4]. 3% E
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3 SH A L, WRLR, ThBUEER, PURBER, PUBBER, &EF 180d AL, HEEFIAT
W1110d A4, AERKARSCARTIANG, JEHIPL, DITEAK, MR, ZEFPHDIE, BRer 114 om A4, MR
SR, MRSk, HEATE, BRI A, CFRERMRE R 2.7 A, BHRCTIEsE 122 38, RS
K% 1.85 K, 24 9.2 om %E 2.2 em. BEFFRIFRSE (L, ERLE 321.8 g A4, TR AL B, F
B NE, FRIE 143 g /247 . 4 667 m? A E3% 1000~1300 kg (T-¥7ki 200~260 kg), & HEZ A
W 1400~2200 m [ 2 5 R X FRAE 5] [6].
2.1. HRKIE

KT AR BRI TR T 2 A AR 6 RKM(WFOIS)S 2 IRk%S T 6, mME L E(MDIS)
FRRE RGO S R IRE S SN B ERER SRS w5 ARG TR AT
W, ZETPER kA E RS EPOTEHEE,
2.2. HTEFHIE

RIERFEE = E . BHEHRT R FRIE BRI i & GRS R[2] [4], A SCERTH
Z OB EIAE K EAET 0 A 1 HERE 2 AR~ FER Rl A 20 HEWRE?2 A 10
H)FIR BRI Bk B R 7528 57 B oA 28 H I 2906 G Bod i BESR AL 7 A8 it St
B GHT
3. SthAEE
3.1. SE#EHmE) S5 E]

GG I (T 0) 73 BT3P0 5 2 o o [ A A e At e AN AR A e B AR AE , X WAEAR & 9 n (S
REFAE, O x IO MR E, B R T R R

x, =a+bt, (1=12,34,---,n) ()]

Kb a ARAEEG b oAEARE, a b ol i Akt AT 55, B3 RMUTM R RO T BT

00

3.2. K-M #£5&3%(Mann-Kendall) [8]

S=Y 2 ey (k=1,234,n) 2
1 g )
Hoft, oy =4 0 1< i<l EXSOHER
"0 x <X
U,:k:|sk‘_E(Sk)l (K=1.2,3.4,--.n) @)
‘ ay(sk)

X E(S)=k(k+1)/4; V, (S)=k(k-1)(2k+5)/72
UR CABREIESS 707, 4558 REKF a (a=0.05, Uy =1.96), # |UFR|>U,, . MR RITEN D
AR . KIS 0 RPN RS, IR BT, RN
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(k=1,23,4,,n) 4)

UB, =-UF,
k=n+1-k

T SE T UR A UB W BE—35 04T R 41 X B3R, R IARIN (], fif th AR X I
# URERT 0 WIFRR RBIE ETHES, AT 0 WRRE FEES: Heiliidim i En, Fon bt
TEEEHRE . UR UB X2k fHZ LA i, HAS miAE I FHBZR 2 IA),  DUIAZ i 0f o2 A IS 230 e 2R
ARTFURI Z1 o

3.3. INE S HTEARIRIE[S] [9]

NI A3 A AR P — N U B R R R BRI S5 SRR B B, N BRI
HUSCRE, R E RS, AR SR B R — KL MR B (1) € L (R) HLil 2

[Tw(t)ydt=0 (5)
e (t) NEENBRR L, e R RO AR &4 AT [ AL PR~ A% g B — R PR B AR
%bm:pwn{%ﬁjﬁ¢,ameR,a¢o ©)

Ay, (0) BTG a ARER T, SN R b PR 1, [ RN A]_ PR 45 v, (1)
RS M T, M TEEMRERRES f(t)e’(R), HES/NEAH(Continue Wavelet
Transform, &5y CWT)N:

W, (a,b)=|a| ** [ (t)qﬁ(%)dt ™
Kb W, (a,b) HANIEH R, () N METRE TR a SWARE, b HTRE
W@gﬂﬁW@§QME%m@ﬁow#¢MMﬂmwm$ﬂﬁﬁkz%%ﬁm,ﬁ@ﬁfwmy

(k=212,---,N; At AEFERFE), ) (3) A B HU N 2 3 20A -
W, (a,b)=a] ** At f (kAt)y?(kAt_b]
k=1

12 (3) B (4) wT AN B A S A SR, RIVIE L 39 0 s M4 RS a kA5 2115 -5 R R S
B RIS S RIS R, SIS 5 A R I 18] RUBE AN 23 (8] R B AE A 0 Ar o 4 /N R BT
AL b LR, BT RN 2, B

Var(a)=[" W, (a,b)|2 db 9)

(®)

N TTERERE a A RE, FOoN/NTr 2B alE) T, ERERBVE SIS R R T a
(A e DRI, /N 22 AT R B SE 155 AN RLRT ROBE PRSI (AR 56 B A4 AR ) 1 B TR U, B
Ji3.

4, BERE D
41 BENBEETEBTHSE. Ak BRBREH ETH LT ST
7 TP R L K AE = BB TR R ARG 0 B A WK T, A FRIRBE . IR & s 1 W U
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RIEFFEOAE, (A W) — 08T . R R A AR 0. AR AR SO SR B RO R AR R, BB AR
PR, 29 R B 7 B T R B AT A v I B AR B ORI [ BRI AR A o AR A BRI SR AR IR 75 5%
N, HREAEFHA ZZRRN BRI EIREY], &Gt Ber B R AR 2 _ETHE AR
F A F N BOF K B 2 B2, HIRIN S A A 53 . 61 455Kk, i 10 4£(1961~1970
) 5 T 10 4F.(2011~2020 47) 75 7 G A4 F W BP0 BT 1.0°C VB HE In 300°C -d . FE /K 29 mm,
IR 55 210 /N, 72 P OGS B P35 <R 1.0°C L BE/K BE 34 0 4 mm, SR B BCP 35S0 BT 1.7°C
PRI BT 3.2°C. WK 1.

Table 1. Period average of temperature, precipitation and sunshine during the growth period of green broad bean in Chux-

iong Prefecture (unit: °C, °C-d, mm, h)

F 1 RENBSEEEEHRRERKBRFREFH(RL: Cy Cdo mm, h)

FRA
EEM 1961~1970  1971~1980  1981~1990  1991~2000 2001~2010  2011~2021

i i GB i GB i
FAEF IR BAF AR 11.7 11.6 117 11.8 12.2 12.7
PR R T O B S 1) R 9.4 9.3 9.4 9.5 9.9 10.4
FAFH R 1295 1273 1321 1346 1442 1595

IRV I BOF R 7.6 7.3 7.6 7.9 8.4 9.3
R8I BOF R AR R 0.3 0.3 0.9 1.2 2.4 35
FAEE B BT RIRE K 147 123 134 154 123 118

7 T R B T B e K 35 27 29 33 27 39
F A AN B3 H 1073 1072 1037 996 1021 1052

411 FEEFHSE. Bk, BREEZLRRTS

AN A T R EAKWI10 HERSE 2 A)YSE. Mok HBREREREAEIE. 814 a, T
61 4Ek, H&E EEAE I BOFE AR L 0.2°C/10a A = 2 5 2% ETHaA AR L, #% R % 0.565,
LT 99%MIfE IR (P < 0.01); & 175 b, BTEBCFREKE RO EHRBN, BUAEE, B
%-3.683 mm/10a, #¥# 7% 0.1253, KidEid 90%MIME FEA (P > 0.1); Kl 1 /& ¢, WHECSF3 H I #0254
WA, AR AN B3, ARk ] %2-6.116 h/10a, ## R % 0.1170, AiEiT 90%F15 A 36 (P > 0.1).

UF 267 b, B 14 ail 61 4F3k, H&EE EEAE N BCFSSR 1961~1965 4F - FH L4 i
%, 1966~1992 E 2218 FRFAE (L, 1993~2021 F 2 2% EFF, b 2005 EA1 2007 £ A4 T 9848, #izk
I TASE +1.96 (a=0.05); & 14 b I EFE/KE 1962~1972 4F /K& B LT84k, 1973 4~1988 4
[ SR/ A8k, 1989 4E~1992 4E B INAR{k, 1993 4:~2013 4E LMk A8 1k, 2014 £4E~2021 4E B
A4k, Hod 1967 4E. 1969 £E. 1971 4F. 1973 4E. 1975 4EAN 2021 E K 45748, MM TA5E £1.96
(a=0.05); 14 c B H A% 1961 4~1969 4 2 Bk 0 inds ik, 1970 4~1977 4 Epih s> 4%
1k, 1978 4:~1980 4 2 M NAE 4k, 1981 4:~1988 4F 5 “V” FHIAR{, 1989 4F~1996 4 kb8 1k, 1997
H~2003 F IR, 2004 F~2008 A 24Uk, 2019 H:~2014 2L, 2015 4:~2021
ER V7 FRIRL, b 1975 4, 1977 4F. 1981 4, 1985 AR T RAE, ML TEHE +1.96 (o=
0.05).
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Figure 1. Left a, b, c are the evolution of temperature, precipitation and sunshine during the growth period of broad bean,
respectively; Right d, e, f, show the UF curve analysis of temperature, precipitation, and sunshine mutation during the
growth period of broad bean, respectively

1. a, b, ¢, PHAREEEHRSE, MAKEMARBRTIEE; d, e, f, DANAREEEHSE. HKEMHR
RATHY UF Bk o4

4.12. EEEFHRSE. BKBBPETLIHF

FEMEN T AR G EAE W0 H R WAE 2 AR BRI H IR B it 1) R _E IR A 47 - B 2(a),
K 2(b) L4 B AR BOF IR AEAE 2~4a. 6~8a. 1la. 16~17a Al 45a /245 (W EIAYRYS, LA 45a 2471
IR e, NS —EE, HEWRIUCH 6~8a. 2~4a. 1la fil 16~17a, 45a /247 /& W7 2000~2021 £ 5
16~17a JAIAZ N, 16~17a /4 A WIFE 1962~1974 45 6~8a & N, 6~8a Ak FitaE b4, 16~17a
FEA ARG 1975 SEE AR, K 2(c), & 2(d) 34 & WInS BLB& K A74F 2~3a. 5a. 6~8a fll 28a A
(I BAYR , DL 6~8a A BIHR G fe sk, NERE— AL, HEKUCH 28a. 2~3a. 5a, BREE—FJE S,
28a /i A N L AR % TE 61 4RI o B IR A e /D A%
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Figure 2. a, b Analysis of temperature cycle changes during the main growth period; c, d Analysis of precipitation cycle
changes during the growth period of green broad bean
2.2, b AZEBHSRARTUS; ¢, d ESREEBHRKEARERI T

4.2. BENBEEEREERXBASIE, FKERZLEIRES T

421 FFREMERXEPSE. Bk, HRGETHERESH

FEMEN T B G RIS E N1 A 20 HE 2 A 10 H)SE. FEACRTH I8 14 BRAR L 6
. 14 3(a)ift 61 4E3k, HE G E YOG A: B IR B AR L 0.209°C/10a (i 2 & 2 BTt
B, ¥ R2%0.4922, 1T T 99%MIE FEAT (P < 0.01); <] 3(b) it BP- ¥ b /K & R A i A
th, BUAEZE, B2 0.661 mm/10a, % 5% 0.057, AKidEid 90%HIE FA R (P > 0.1).

UF #iZe o br, B L b i 61 455k, FREFSEM MRS 1961~1966 £ - F AR L4 &
¥, 1967~1983 {E L2518 F4A5 1k, 1984~1992 & “n” FRIHAF (K, 1993~2021 4E & &% F T, Hrh 2008
FEAN 2010 SRR T RAE, MM TAEIE £1.96 (a = 0.05); KA T b i BLRE/K i 1962~1972 4F [F/K &
S BTk, 1973 4£~1988 fEfF R /b AR L, 1989 4E~1994 4 R INAR L, 1995 4E~2013 4 ik
AR, 2014 F5~2021 R RO IR, Hrh 1967 £, 1969 45, 1971 4, 1973 4, 1975 A
2021 FFRAETRAE, MIZAHZE TAEE +1.96 (a = 0.05).

422 FFEMBRXESE. BKARELIH

MM T R G EIER (L A 20 HE 2 A 10 H) (10 H EWRE 2 H)Y iR Bk e R Ei
P B HT. 1 4(a), & 4(b), BFBCPISIRAATE 280 7a. 10~11a. 17a Al 45a A4 A AR, LA
7a FE A A AR B sk, NS — E A, HEKICN 45a, 2a. 10~11a f 17a, 61 4E[H], 7a il 45a &1
WGitaE/bAR, 17a FIAIRGTE 1975 RS R [ 4(c), & 4(d)R B FE/KAEAE 2a. 4a. 8a. 11~12a
1 21~23a ZE A W JEIRR G, DA da 2o I DR & ok, AR — R, HBKIOh 11~12a. 2a. 21~23a.
8a, 61 4[], 21~23a AWIPRGER /D4R, 11~12a ARG 7E 1990~2007a KL B .
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Figure 3. a, b show the evolution of temperature and precipitation during the critical growth period; c, d show the abrupt
change of temperature and precipitation during the critical growth period, respectively
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Figure 4. a, b Green broad bean yield formation key period temperature cycle changes; ¢, d Changes in the precipitation
cycle during the critical period of green broad bean yield formation
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4.3. BiENBEETE FHRENSANRSIRGIRERE ST

REMENME R E AT ARG 2 7)) B S AR 75 7 G M A B I B L AU F A
PR ARIEL, B2 A 15 HERE 1 A 15 H)URXE &2 8 TP BEE A E 5K,
R AR TEFE R T M BTG, ™ H I RR R E R U Edi 2]

431 BERETEEFHREBTISFES
RN T R EAKNI10 A ZIRE 2 )RR ERREL ARG . E 5@)iT 61 K, FEEE
B I BORRIR LA 0.81°C/10a A 22 52 2 ETHE AL, % R %L 0.611, IS T 99%IM1I(E EE AR K
(P <0.01).
UF fhZe o tr, i 61 4ok, & 24T N BRI 1961~1965 4 AR LB R 3, 1966~1982
L2218 T REAR L, 1983~1992 £ /MM T 471k, 1993~2021 £ 2 % ETF, Hrh 2005 4£ /11 2007 4%
AT RAE, MM TEE +£1.96 (a=0.05), & 5(0).
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Figure 5. a Evolution of accumulated temperature during the growth period of green broad bean; b Mutation of accumulated
temperature during growth period of green faba bean
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HENE R G AT YRARB@A2 A 12 HEXRSE 1 H 15 H)FEAIR L 0.38°C/10a M A # 5 5 3%
R, B R 0587, EE T 99%M(E R (P < 0.01), K&l 6(a); &K IRLL 0.65°C/10a
(R ) 6 S B 2 BT ARk, s R 80 0.742, diT T 99%I1E FERE IR (P < 0.01), ¥ 6(b).
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Figure 6. a Evolution of average temperature at the coldest time during the growth period of green faba bean; b Evolution of
average minimum temperature during the coldest period of the growth period of green faba bean

6.a ERELEEHRAMEINSIEETE; b EREFXFHRANREMRRSIBEE
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5. it 548
5.1. ¥

1) AXHASERG R, SERES . BREBANE W ITE, cBMEES T
1961~2021 4E[A], #% G 3 S HERUMME LT HFW0 AZERE 2 H), PmRERKCEN(L H21HE 2 A
10 H)Fg A (12 A 11 H&R XA 1 H 15 H)B BRI R . SRR BRUR . FEACR H IR 32
WRHE. 7T 450 87 T SRR BB BOR AN B AR 9 B 1 7 22 5 S5 it 1 P s ik s

2) FEMEMNEE SRR P RMOREERR L) & E T8 £ AR IR & E
MARKA R, HET DR ol . R AR RN AR B AR e fi g i, 55 3 SR 2N
REE H EHE A R AT & GO b, ARG RS R PELE, BuRtEsR, PrERRE, T
BHR, REMEEG AT S,

3) ASCHGURTLE . SRR AR E R TS ES T T RN E R GAENFEAEE., R
RO EEIAFI B A I B BRIk, 4515 H: SRR B e R B3 FHaRs 1, BKEMH
TR N 0 5 O D A AR AY, SOAIE T AR N AR AR AR IR A 3 0 2 5 A BRI AR B — £ [10], XIS AR AL
o AE A A T A G R R IEAR G . AR S SR AT S5 IR TR B R R T A SRR BRI TR A
B BEE PR R B, BRURIERNEE AL . FR ORIV TR

5.2. &g

1) 10 SEGe it Bear Mt b, 61 4EH, H &R G A E M B R AT 40 FARME/N, IT 20 SEARIE AR, Ho
PSR 1961~1970 4EH 2011~2020 4 7 1.0°C AR N 300°C-dy FE/K &> 29 mm.  H &I $sk
A 21 NI, PEEE BB I BT S T 1.0°C . BEK BN 4 mm, AR BEEY SRR ETF 1.7°C
PRI BT 3.2C,

2) A AT Al Mann-Kendall 278K 560 BT 4518, B4 F (L0 A 2 RE 2 A B PSR E
0.2°C/10a 2% - THEa#AA (P < 0.01), 2005 4F. 2007 E R AR, FURLL0.81°C/10a & 5E FT &%
AL, % £40.611 (P <0.01), 2005 -1 2007 SF K4 7 RA; [/K £-3.683 mm/10a AN 235 jl /b %
k(P > 0.1), 1967 £E. 1969 £E. 1971 4E. 1973 4E. 1975 4EM1 2021 4E K 4945, H W4 £ —6.116h/10a
AN EW AP > 0.1), 1975 4E. 1977 4E. 1981 4E, 1985 fER/ERAF, MR MIELI(11 A 21
HZ 2 4 10 H) PSS 0.209°C/10a &3 FAHEHEAL(P < 0.01), 2008 4. 2010 FFRARAE; [FK
BRI A AR LB, A2 0.661 mm/10a, #% F& % 0.057 (P > 0.1), 1967 4F. 1969 4.
1971 4F. 1973 4E. 1975 £ 2021 K AR,

3) NBIRAARA AT, FEAEE W0 A BIRGE 2 )i BOP ¥ URAFAE 45a fods F R A I 6~8a.
2~4a. 1la. 16~17a [AIIRIRG AR, BE/KEAFAE 6~8a MR A A K 28a. 2~3a. 5a [MkHE A
Al RGO A 21 HZE 2 7 10 A)FYRURAELE 7a /o4 F ARG I & 45a, 2a. 10~11a il
17a YARG FIAARAL, FR/KEAZAE da /2 A I 4R 3 ) 11~12a. 2a. 21~23a il 8a KA Jil HA AR Ak .

4) SAEZRIXTEG . SR B AR FIRAR S R IR T RN E B E S A E AR FURE L
HAAE, PEKEEARFEM N EBAR, R KA 2008 FiijE, HRBRHZ, Fl 1960 4
& 1970 FACHET ], HEREEHEARZM T EaAARN, REREE L, TR 1970 FAh £
1980 FEARHH, HARRSREARRES—B.
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