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Abstract

The research selects the temperature, precipitation, crop planting area and yield data of Qinggang
county from 1978 to 2019, processes and analyzes the climate data by using the methods of cli-
mate tendency rate and M-K mutation test, decomposes and obtains the climate yield by the me-
thod of 5a moving average, establishes the climate impact degree model, quantitatively calculates
the impact of climate change on the yield of main crops in Qinggang County, and then discusses the
influencing factors of agricultural productivity in Qinggang county, On this basis, relevant policy
suggestions and measures are put forward. The conclusions are as follows: 1) the interannual av-
erage temperature in Qinggang county has shown an obvious upward trend since 1978, and the
temperature rise is mainly caused by the rise of minimum temperature, that is, caused by winter
warming. The M-K test mutation point of interannual average temperature is 1990. The precipita-
tion in Qinggang County fluctuated greatly in recent 40 years, and the precipitation showed an
upward trend as a whole. The mutation point occurred in 1995. 2) The empirical results of the
model show that the changes of corn and soybean are consistent, and the influence of temperature
is always positive before and after the sudden change of temperature, and the influence degree of
temperature increases after the sudden change of temperature; the trend of maize is the same be-
fore and after the sudden change of precipitation, which is negative, but the degree of influence
becomes smaller; soybean changed from positive effect to negative effect before and after rainfall
mutation. 3) According to the research on agricultural climate and agricultural productivity in
Qinggang County, the following countermeasures and suggestions for agricultural development
are put forward, the planting structure is adjusted, the introduction of biotechnology is promoted,
production management is strengthened, and rural ecological protection policies are imple-
mented.
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1. EASMARIHE
1.1. ESNSIERT TR 2R s IR

AR A IR AR TR, R A DGR 7T B AN TE R, S T 2 AR . HAEAR
XPAN A = e P R, AR T AR, B AN R AR AT SRR S AR A R U,
ZHCRHARI R EW A=, 856 S LB Al A 7= #4746 5 o Christian (1992) & V8 KA SR EL )
SEHARELR SARRA-H LAY, 57 T BNESIEYEAL1]. Stockle (1992)%5 78 5 A TEMIEL AL b 5| A
CO2 HZE, HRIMEMEY EKEFES CO, MEEM[2]. David (1993)id@idia FHIEMEE 54 1 £ E
INFIAE JE AEPAEAS AR K A 52 W S AR RIS, I8 PSS BRASADL A5 A8 A TV P 5 T 1 SI2 56 7 323 8
JE BT A 3]0 2 E AR (1998) T & CERES #57, SNffF 5Lt T #2457 4], Kapetanaki fIl Rosen
Zweig (2002) 1 iz FB 73t A S BOK AR 7= 52 S AR FZ M I 45 2R [5]. Easter Ling (2003)38 3 % MINK 31 [X
RAEMEE = FEAT RN AT, 33— B e Aol A P2 i U R 2, U N2 5 OB R ER, RIERE
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P TR T R FE[6]. Mera (2006)25F]H CROPGRO 1 CERES-Maize MBI TSR E R A, S
T Bk H IR B0 K S TR A = e[ 7], Bk, BEAMZIT i RIS A R . 76 2007 4F IPCC
VAR S, s BRI TR B SRR, bR, AR RO A T B Ak
538 IE o Piao (2010)% 1 EURAEY AT 734, 49 i EURAEY) ™= B 52 SR ARAL 5 b 22 S R e B K (8]
Pedram Al Syud (2011) LA3H S Je M2 X AR RAEATHEFT, 20 B s AR At b Ol A 7= I 276 fE MR (9]

1.2. BRASEZHRIE =R IAR

(K] A ATF 755 R A D5 AR AL, SR P AR AR AR A DL AR AR A AR A 7 B R . £ BR 5 55(1993)3a ] = Fh
IR T 24 4 BR AR 51 R IR RS BN, 6ORE FOKRSE R R AR [10].
K F45(1996) K Hl WOFOST 5 BCC-T63 “UARME BB AW A5 A T, RIE AL A FoK = AL L
[11]e FBEETEEQOISFT LR AR RN R FEKK T, IEREERER, REE XKy K,
AT 51 AR B R M3 [12] o
1.3. HsTiREERIER L

I LA B TR AT 0, AR SR AE = 0 A — 40K SARRA-H 1R A KAy T, 425
TOeEAF T RIRA 0 ERA IR SO AL, WS RS M, AERIT U ) A (R I
WA LGl P IR I A 5, AR AL A = IR A R . KB TR I B
i TAGHHE 73 A AR 2R 7 520, R H AR B AR AR A AR AR 7T, AR )
fir, FEARRRARMT T, A0 TR LS AT L. 5=, A2 NE
REPED T, SRZE R P ER I R W BRI EE R SRR, Bk, FXS
1547 1 P oK 2 LR B A [ S Wk RS I X B PR, k2 6 B 7 DX 1R SR Bt DL 34
PRI N2 3 SR — Ao ] B AR PP AR, I b [X Ao 4

ETIATANARL, ACULEE T KESLPRIEOL, X% 1978 4 LCRAAFIE M, &k
B AT, WF T X B RBLIRA I s e a %, 2568 ME 2RV BHUE, T2 R
AN A S IR T, IR T M B AR A I, R AR A X R AE N RE ST, B
PR S AL AP G N AR, PR R SEBUAO R AR R e A R

2. AR EFE
2.1. REXER

TR R T BRI A AT, HA B IRTLE AR, MO R o B X i, A B 256 75
T HJR 61.65 JiH . M 62 iR, SEWIEEE 123 m 2] 563 m, PR 457 m A4, Aok
X 360 m. 5 X EL R SigAe . SEAEPIHb @ & A, OSSNk A, BOARSRIETTIX,
JEEBAAKE . AR AT, HHSREA BRI R R G RV P AT R, kb Hh e R A
FEX, gimbi, BARMPUMSRICEN R PR KA, 2T g 2 35131

H X ELE TR KRR ESE, B TEEREHX, RS, BRREKR, WEEP, 24 KHE
HHER 5000 MI/m® 247, PR 2.4°C~2.6C, Fed H T HIARIR-20.9°C, B TR 22.1C, 4
Bk & 400~500 =K, AETLHEW 130 KA . EEREURTE. 2K BRERIEHE, ZLHFNE
R, RO R R 4TS, WM, Al A k[ 14].

2.2. ARERFEE
AUHERESGEERE THENESSE 1978~2018 FELESZREE, RMIEWAHEERE T5 X
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BV R 1978 H4~2018 4F 32 ERAEY) A A HIAR S 7 4
2.3. ARFFE

2.3.1. SEHEEMES (5]
A ) P A ) R R, A A ) ol T R R AT — e R A T R E AR, T
AN
X =atbt ARER-1)
A, a, b ARIHREL,

"(t-T)X-X
b:zz'zl(tn t)(_ _ ) , a=x-ht /A\ﬁ(z-Z)
Zizl(t_t)
S 10 4RI bx 10 FoR, Joob b BN URTEMARIR, b >0 207 x BRI 58000
TN, b <0 R x BERE] ¢ 9N RN A

2.3.2. Mann-Kendall RS LS /534 [16]

Mann-Kendall ARG 35 SCGRR A M-K f 462 — Pt (8] 7 FEa R i i T 98 - E S 50k
W7, THZMH TR RGEETLH AR AR . SeHLE fEan T -

BRI BN X, x,,0p,,x, 0 s, BRI DFER x> x, (1< < ) IR, € (EETHE:

I, x>x,

%=Zﬁnw={qngﬁ(ﬁﬂ2&~ﬂ%=hlwm) A(2-3)
s, EME 5 77 2253 5N
EthiglﬂythJzEQ;DE&iﬁ3lék$n ~(2-4)
Xt s, FRUEILAS
UFk=§f—_EEﬂ AA(2-5)
var[S, |

WRAE TS UF, fFEbrdE RS04, KB UF =0, T UF, Al—% M4k, 4e B3R a,
F|UF|>U, » WFRBE T FIFE A BAS X0 9 B B R AR %s . [R5 5 751 v 43 57 411 UF,
2k, f£BEXIRN UF, 5 UF, R BUIZ R B R M

2.3.3. SEEEHEAENT
FEEAT I ()7 50 S M, AEH = 8w 23 9 iy = i LU B 8 =35 . Hoh g &
32 AR F AR I AL R B s 3 B AR R AL RS I R &, iAok A EOR
S BENL B 2 A TR R B A S R, B B R N T ARy, R
th 2 2 AT BRI A = AT R 73 -
Y=Y +Y, +E A3 (2-6)

X Y RN R, HA7 kgha; Y AR &, AL kghas Y, NSE&, $47 kgha; E NFENL™
&2, AJZEAT, AR E
Y=Y +Y AR(2-7)

t w
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P R BON AW 7 B AT Sa WS FREEEAT R 2, BRI
LA 1978 4EONE AT, )5 Sa HUEZ 1982 A IS 1A X IA) 7y, A =9k 22 5K [m] 5 77 RE 0k & 0 8] (X
IR f) EL 2R 7 R AR 7
Y, =at’ +bt’ +ct+d AHX(2-8)

X XE 30 SF B HAR K OGHATINE, AT 37 ARETTRE, BREREUFEKR 4. 30 20 1M UE
AN ERTEA 5 PMUAHE.
X AR A B A S — B AR S e
1

Y, =— Y (n=1,2,3,4,5) AX(2-9)

[FI X X B 30 4= EHR AT G, KBRS 37 NEATRE, BREEITIRIIFEMKIK 4. 34 20 1
MG EAAHREGER S AMAE. FESBFE A EI PR A5 i

Y, ==>" Y (n=1,23,4,5) A 30(2-10)
n
[EEVa |
Y, :(Yt2+Ytl)/2 /Aﬁ(}ll)
folb =g LA, [JBSEE:
Y,=Y-Y, AR(2-12)
B AN AT B B A 2 EU AR AR AR s A
Y =Y /Y, AA(2-13)

234, BT FRISRE RS IZCR AR HE18]
Y, (1) FRE R R, L kgha, Y, (1) BT | AURE RIS, AL kg/ha,
o i AR B RAN B (1)

B(i)=7, i)/, (i) AR(2-14)
WU i AR = B PEON x, B RNEIE, R3S R RO
ﬁ(i)zaixiz +bixi +¢ /A\:—Et(z-IS)
A, () RE AR R REG x N5 SEBERNEEE: o, b ¢ NE i RIRBIRIIE
W R ETFERI S EL
HE— B ST AUER R Y, () SRS (1) KRAN:
KAQ:ﬂOﬁ7@+ﬂU» AR (2-16)
5 i UER R AR Y, (1) 5 A1) KRN
Y, (i) =Y/(1+ B(i)) A (2-17)

2.3.5. SIEFMEEREI(19]
IR SR ST A A T AR I AT S AR RS R M AE FE R B B AT . AR T | AR
P A B P2 AR AR o 52 s B P2 AR A (9 4 bR T ¢ IFIRLBE ¢ AU B P S AR R R B o
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a(it)z% ~(2-18)
A, Y, (i) N ¢ SRR ¢ SR T IS~ R M, 0L ke/has Y, (7) NBRFCHAPY @ SRR T 0%
PERIE, AL ke/has Y (¢) NE ¢ I RBERM T RIME, AL kghas Y ORBFRIA AR B, B
i kg/ha.
UG R LR R R S — I R B U B R EE A, R AR AR
a(1)=23" a(ir) AR(2-19)

n
Kot 0 NE W, ACENUEE TG a() N oo B SN o (i) N ¢ R
P AL TR

3.1978-2019 FERBESERFTHEBE ST
3.1. BNERETLHFHESHT

3.1.1. EFE 1978~2019 F£EFRSET LA

B XESERMWE PR, 42 FREXESEZSIESN TSR, B 1978 4£5 2017 4£FR-F
R 3.45°C, SARMIAIEZN 0.26°C/10a, ZUARFETHR 0.26°C, @ T 0.01 FIEZMEAKTLR, ¥
W] 42 FENEH M EERRFSE EARES . T 42 FEEESEREEN 0.27°C/10a, 5F5 KBS FEMH
R AR IR — 8, E K EAE BT EZE AR T AR . At )RR SR &P 3SR
38 2.74°CL 3.63°C. 3.87C. 3.5C, =ML TFATHREE R K, B/\TFATHE 0.9C. WF
PR 2 G & iT 43, G 42 4R b T X B AR R S I HUR AL S, Hrh 1990 4EE 2017 4B
A P e BRI I, 1978 4F 2 1990 RS, 1985 5 1987 A IRIZAR T-FI7KF, £l EFR
FRIRA T XN 2007 4 5.1°C, BRI 1987 4£2.0°C, 2% 3.1°C, FPrERMIEE
Ko il 2. B3, Frow, Fdm SRR KB R 225379008 0.28°C/10a. 0.64°C/10a, i i il 224K
AR 0.05 REMWRL, U FE R SRR B BLEEE B, ERERE K 42 SRR S
TIE R, Hod 55%NIEEF, BT XEIT P bR s Ul oA AN 3 ETHESR . R
Al 0.01 REML, VSRR B R A WEE B ZE00, Fhrmm Al RIS
A b, BRSO B i K T S AR BRSSO bR SRR A T 2 0]
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Figure 1. Interannual variation of average temperature in Qinggang County
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Figure 2. Interannual variation of annual maximum temperature in Qinggang County

2. ENEFRSSBNFREL

1970 1980 1990 2000 2010 2020

4 H

Figure 3. Interannual variation of annual minimum temperature in Qinggang County

E 3. ERNEFRRSIEBFRER

3.1.2. BNE 1978~2019 {E58 M-K 2T MRS

T XIEAE R R MoK BRI 45 S an ] 4, fEESIX IR H UF 4k 5 UB M A77E— N &
A RN 1990 4, PLBAT X BAERRP ) RURTE 1990 ERAE . 1978~1990 4F UF < 0 A, BLHITE 1990 42
AT X ELAERR TSR 28R BF#%4; 1990 £ 2 J5 UF 28K T 0, BT 1998 E 45 KT 0.05 B 5 X [a],
FFH M EFERFESURE 1990 F/FRFEETHE, T 1998 F 5 FHREFH k.

4
3 /\/\/\
\\vr/
—— UF(K)
i”]_Il 1
-»g . UB(K)
\
1970 19 2000 2010 2020 ~——U0.05
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Figure 4. Test chart of sudden change of temperature in Qinggang County
4. ERESERERKIEE
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3.2. ENEERETLFHESH

3.2.1. ERE 1978~2019 EFEKETH O
T XIE: 1978~2019 F [ 4FIFE /K BN 493.77 mm, F X BT 42 FFFEKE—JCRIAMAWE 5 2 F
FHEa%, SEMAEZE )y 5.0 mm/10a, HAE B E WAL, o7 0L X8 42 40 FEAEAE I 1 Bk
Ik . XE X EIE 42 WS KRBT EA T 2ET RS, BaEEN 9.6 days/10a, @I E M
0.1 #a56, VWIS KRBT BE A — & MR Phta s . 5t b5 W B DY+ 4E R OK & 5 S REEE v R L,
MEMFNEBKREFG 2013 5, —FHBHBHRGET 8, FXEBEKESEGIEES. 3.42
mm/10a. £ EJR KA 2013 FE R X AR 2 B2k, 850 hpa KISHNETE AL, I E Z KU i,
BRI 26 ) PR 58, 5] RS SR VL X B R AT, B B IR B I e ie i~ 35 7K1, 8 T i 1 L, A
X X 2013 FEE0E 4 B S o A fE R s 205 P sh B8 — B0 #5201 75 X2 /K= 1989 FF & 1K,
79297.2 mm, 2013 4ELL 770.2 mm G5 sHr e, FEMENBRICAR) 2.6 i, AT WLH KBtk 3 kK A4
o 0 X 42 4 (B 25 2013 4F) Bk E 5 AT 2 T & 45 5 8 58 LG R RS, 1995 427 s,
1995 BiFF XIE H A5 1982 £E. 1986 £F. 1989 4E. 1991, 1992 FAKT 7 P41, 1995 )5 20 FEh R A
2005 4. 2009 . 2012 4E. 2015 4. 2017 F5 T iR E KT

900
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Figure 5. Interannual variation of precipitation in Qinggang County
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Figure 6. Map of abrupt change of rainfall in Qinggang County
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3.2.2. BNE 1978~2019 EMEKE M-K RIS

w6 frw, 3 XELE 42 K& M-K RASPERT I8 25 SR rP AR AE 24838 0, S8R 78 1998 4 LLHT,
1998 47 th B AE X A A B AR a3 . 2 ANRAZ S0 1991 45, 1993 4F. 1995 4, FXIEFEKE
UF 7E 1995 4F 5 HAH 1996~1999 4 KT 0, HARI/NT 0, R 1995 4 RAF fi )5 J6 R I I J5 507
FER R, WO 1995 AR KK IR TR i, 5K EFPREA 4 R —2.

3.3. BEMESEZEHELES

BT H MBS 1978~2019 FUEEHR BHRE, R A bE 2 5 M-K S5 RAR R 107772,
AT KB KR SFE R IR R E

AR, FXEIT 42 F5/R0R 3.45°C, 2MkshR BT, AEEEEE A 0.26°C/10a, @it
T 0.01 R EMEACERELE, 1990 4ENSIRIAE 55, 1990 £ 2017 4 I =y HLEG BB 1, 1978
R 1990 FFAUREUC. T M E s AR R BR 25551 0.28°C/10a. 0.64°C/10a, & WAL
e Rimt 0.05 BEMERL, FhRRRAIRER 0.01 BEMRK. Hba LU E R K E TR AH
BEE LGS, HhRasSE L AAHE, RRAE A EREE.

TERE KBTI, 5 MEIT 42 - KE 493.77 mm, LI BAEAR LS, SR aEEN 5.0
mm/10a. R M-K BRI ER TR, FXEENRERE SN 1995 4, H 1978~1995 F-FH MK =
B KT 19952019 4F, Hid 1995 AiF B R A 1982 £4E. 1986 4. 1989 4. 1991, 1992 £E{K T i 521
YA, 1995 )5 20 4 RAG 2005 45, 2009 45, 2012 4F. 2015 . 2017 £ T Pi4E MK & 5K F .
DR 7 X)L Kk e A mT DA e S B BV i

REERE, Rl ETENE XL 42 5000 EZRE, FBoKE 2O B N RaA, FE—E
K 2

4. SBEBEUSEEREVE= DS
4.1. EREIE 40 FERSERE~ZHEWES I

4.1.1. BREERSEZENH
WK 7, BRSMEF=EE-2630.5~1405.5 kg/ha 2 [HJ% 5, HimE HILLE 2008 4, FAK(E HBLAE 2003
41 AR 18 NMER IR BAE R T 0, R B4 A TR B BRI RCR, $9ME 5 542.93
kg/ha, 7E 1998. 2008. 2012 £ M= KT 1000 kg/ha, HAW R IERIEM,; 34 23 MNMEMG A
BT 0, RRNIXEEMAFT KA, B N-634.24 kg/ha, HAF7E 1989 41 2004 FH N, <
B B T-—2000 kg/ha, 2004 4F 5 /& 5 05—2500 kg/ha.
2000
1500

1000
500

-1000
-1500
-2000
-2500
-3000

FRAE B /kg/ha
3
EN
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Q
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Figure 7. Climate change map of maize yield in Qinggang County
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4.1.2. ERARSERERR WAL= HME S

FEXSH X EL 1978 4 ISR FRAN AU R R 7 B i o, o SE AR 5 DU 2 3 45 SR H 5345 3 U S i
(PSR LR 3- 2 ES VeI P e el AR R ek e g G R N C R IS EN IR (3- A TES /o s UE
DU AR E R .

Table 1. Influence equation of corn climate factors in Qinggang County

= 1. ENEERSBREZRZMGE

1EVI TR EALES iy R
vt ES/S ¥ =0.0006x — 0.04x — 0.0202 R2=0.0254
K& BN y =—4E—06x + 0.0006x + 0.0418 R>=0.2402

WRIEL 1 AT ME R B R UR RS FOK R R EL AU R ARXS
T M EAFEGAFE R T AED R 5, 46 URBER RV I 25 R BT M B EEZEMS
15 AL T Ja U R 3R 7 B 2,

Table 2. Average value of maize climatic factors before and after abrupt change of climatic yield in Qinggang County

# 2. ENEERSBEERSESERTHIETE

1E¥) tISES RALH] KRG FHIE
Rl —47.67 63.54 7.94
/S ek & 153.86 -93.34 30.26
P91 50.10 -14.90 19.10

B2 2 BN R L 2230, 20 5 219 X B 3 ER A RS K R AR A Ja M % 3,

Table 3. Influence degree of climate change on maize yield in Qinggang County
F* 3. BEHESERTAIEN ER“EFNIE

B 1) B A Béf 7K o B T B AR

RASTI 22 -10.5 -4.15
ESP N RA & 8.1 -7.5 0.3

F¥ME 5.2 9.0 -1.9

B2 3 SR 5, T KBS TBHT G TR B A F SRR R AR s BEAFAE 25 SR 2
BAEEM R, S84 i 5 AR Ja SRS B4 Bk 47.67 160 63.54, SRS BE 0N 2.2% 5 8.1%:
TERRKEEMR , SRAR AT 5 9848 Jg PR K A% 7= 4 A3 0 153,86+ 98/ 93.34, B /KEZ M BE 435 h—10.5%
~7.5%. WA S, HXE 1978 MUK, FRSUREEE RG] E—ERNIEE, HRAE KT R
FKBEK BRI B — BN, Aot E RIS, BN, AURLEE L R A I, MUSEARE
X X EL FOR A PRI AE 1990 SERTNIE=, 1990~2019 4 187~

4.2. BREIK 40 FXGREEFHRME S

4.2.1. ERBXESER~ENE
e 8, KSR AR AT B 9—953.1~1340.2 kg/ha, 84036 B BA /N T oK, f KM HILLE 1987
S, B/MELE 1989 4E. SEiH AR A 13 SRR B ARG Y, RoR BESMREEN AT KRG AE
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77, A 333.19 kg/ha, BRECKAA S 1987 SR R4, HAREAIGINVEH BHAe e £ 41 FH 3L
A 28 IR BAERARAREN N TT, R IR BEAR () K AR B S R, $44A H-634.21 kg/ha,
Forb 1982 1 1989 k=8 %, 1989 Hr=#21r 1000 kg/hao
1500
1000

500

0

1970 198 2 010 2020
-500

REAE E/kg/ha

-1000

-1500

FHHH

Figure 8. Climate change of soybean yield in Qinggang County
E 8. SENEXERE~ETLKE

4.2.2. KEFRISERERRIE=HEE S

FEXSH X EL 1978 4 LSRN EAN AU R R 7 B e o, i e AR 5 DU 2 73 45 SR H 55045 2 AU S i
FA IR TR R S U R R A BE A UL A 15 B [F) U R R U R i R O Rk 3, it
— B RAR R E R AU

Table 4. Influence equation of soybean climatic factors in Qinggang County

F4. ENERESBEERZMGIE

1EM) 4 F% AL yap R?
iR NG y=0.028x* - 0.1326x — 0.0273 R*=0.1743
Rk & NG y=—=7E—06x + 0.001x + 0.1062 R>=0.4642

MRIEL 3 WAAE XB ZEY R4 (R R HU S KRR MR A, AU BT R ARG
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Table 5. Average value of climatic factors and climatic yield of soybean before and after mutation in Qinggang County
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Table 6. Influence degree of climate change on soybean yield in Qinggang County
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