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Effects of climate warming on potato sowing time in the semi-arid
area of Loess Plateau in North Shanxi Province
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Abstract; Climate change mainly characterized by climate warming has a great impact on potato phenology,
growth and yield. It is of great significance to study the change characteristics of potato heat resources and suitable
sowing date in growing season for adjusting variety layout and rational utilization of climate resources.Based on the
data of ground meteorological observation stations and agrometeorological observation stations from 1981 to 2016, the
variation characteristics of potato climatic resources in North Shanxi Province and their impact on potato yield were
studied by trend analysis and correlation analysis methods. Based on the principle of accumulated temperature sta-
bility, a meteorological yield prediction model was established to calculate the suitable sowing date of maximum me-

teorological yield, and the effect of climate change on potato trial sowing date was analyzed.The temperature of pota-
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~' and the accumulated temperature

to growing season in North Shanxi showed an increasing trend of 0.32°C - 10a
=5°%C had an increasing trend of 47.0°C - d - 10a™". The climatic factors that had a significant impact on potato
yield in North Shanxi under the background of climate warming were mainly the average temperature in the emer-
gence ~ branching period, the accumulated temperature, sunshine hours and water demand in the whole growth pe-
riod, the emergence ~ branching period, the inflorescence formation period ~ availability, and the number of days
with the highest temperature =30%C in the whole growth period. Temperature and sunshine had basically negative
effects, precipitation was a negative effect in the vegetative growth period, and a positive effect in the reproductive
growth period. In North Shanxi Province, the optimum sowing period of potatoes tended to advance with climate
warming. In 1980s, the optimum sowing period was from the end of early May to mid-May. In 1990s, the optimum
sowing period was in early May. In the first decade of the 21st century, the optimum sowing period was from late A-
pril to early May.After 2010, the optimum sowing period of potatoe advanced to mid-late April to late April. It is
suggested that mid-late maturing varieties should be planted in the semi-arid basin area of Loess Plateau in North
Shanxi Province, and the sowing period should be as early as possible, mid-late April to late April should be se-
lected. Mid-late maturing varieties should be planted at high altitude areas or early sowing date should be covered
with plastic film, which can be sown from mid-late April to early May.

Keywords: climate warming; potato; optimum sowing period; yield; semi-arid area of Loess Plateau in North

Shanxi Province

G I BUR ) S A4k & 112 5143 (IPCC) 56
FRVEAG A 5 — TAEZH (WGD) e 545 i - 1880—
2012 4F &R R TR T 0.85°C Y MR
B E ZIPAL R ) A 2 100 a v 3R E
IR EFFT 0.5~0.8°C  Hrhpgdr 4&db ZRdt
A ER S IR VA | i LU R R A 4
) A R A e ol T R

L SR TR S VO KR B VR, A6 v [ A 1
FUAF] 533%x10* hm* 47755 2] 8 000X 10° t, J& 7%
NERWETETEEMZ —, Bt — X
AEVE A S IR TR R B, AR I, IR
BRI 2R, B KSR A B o B A AR S
SfgsFE AR T BB EICEE R MER R R, &
SEEEHESBREMENE S X2 —, BRI
R #H R R, A5 AR AT H 88 50 Py s |
AR EE DL S i s B e A TAR KR e, ok
REEED O R, R TR SR B E R
KprBedad, B A K Bof &R E W K, 187
T EE 10 a 4277 8~9 d, FFAEWIEE 10 a $2AT 4~5
d 5 RN B S S 7 i P A SN CRIUBAN ) | B
SRR X SR AR A 53 BURK R K R B S 1 U R
KRR K iR TSN A, HAR I B R K X Sy
B RIE NI IERLN , S S A B I AL T
Rk AR+ e, 1 BT R B IR

SR ARG BT K R 2 A6 1 2 ) S
Wi, 36 A ] T By 1k 25 i 5 5 A 2 5 A 10 AR
SR D T ARG R R TR D

s SRR I S H SRR, R
ST T S A AR AT P S A A A 1) A
PR TETFR 52 ], %5 S 3% B Bk 2 AR R 45 Th A5 Y
WSO s AR {H PR A A 4 S, 42 Y
K AR AN K, A0 4 00 i) b X 5 4% A B A T
FER B JERE AR X th4s A B R B 4

VEAE i B 1] OC 32 B4R 4 A R G R <
BT IRRE B, IR WX S A Y R A
KEB MR =8I %A B A 7= v ) 5 5 T #A B
R, B R R R R & 5
HOBEAT A, AR E ST
B3N, #0627 B R ) AR S R4S
s 5, it R FE TR R R, D 2ok W K ) B
KEPE K, VER & AR, 38 1M 22 A
T2, KBRS FE P 52 7 1 40 W Fh e &
PR, 3 A L AN AN AR R R R B o R RE K R
R HBREETER & 4 5 3.0% ~3.4%, KU
AU A5 I S M) A A A A SR R L B
X N SRR I 2 5 A LA Ae A e R L
77 A T R 6 ) 1 1 3 7K 3 b 1 A 7 R
TSR AT E 3 AP N AR, SRELET IR
WA REY  BEEEWER DR E a4 T %
S A B AR A B T ) I A KRR R R
PR, e 25 e F A KRR R ol 6 I A% 30 1 4 3R T 4
Hilo FHICAT UL, FE 2Bk S AR R 5 T, W 2R ik 3
HEAL G 1) T 4% SEAE 4% o R 30 A TR A, oK 52 i
DAREM AR L E, JE0 5w 8% A 7 = A A



276 TR A X AR

541 45

Jot AR T % S O R R e b
sl O AR A B X B A R A T Y R e AR AR R
AR PRI FAR TR AL X S B B A 7 iR
FLAE B R AR BRI — . L, BT S
ARARIE T 57 N b M DX BT B X 4% 0
AR X IS X AR AR A | T8 23 I A B
U5 VR AR b 25 A | Pt B B % D0 I e A R B

1Bk

1.1 SRR

M X AL i X A7 F 8 £ & R AR b, ok
T M N 3 S, B 5T X s P b
5%, VEILER A+ Fe bR X, A 3R R A X, S 2
PR 1000~ 1 800 m, FrdbE Tl T 21,
AR 4.2~ 11.4°C 4 H BB 2 400 ~ 2 960
h, AR K 360 ~ 460 mm, [k EEETEE
BEN 6—9 A, K &FEKEN 70% ~80% . ¥t
Ho X A R RE AR 9.4%10% hm*! "7 |
1.2 #RSkE

1981—2016 4F- &b 27 A 4L 0% H M < 4
EIBERE, SR IR T 1L P94 R AR B s, a4
SR R AR R IR B KRR R XU
KIS ; Th A Bk B IR = R R IR AL 8
AN (F 1)

> Z

B i
O Shuzhou O

01020 40 60 80 km
[ = =

| L 1 1
111°E 112°E 113°E 114°E

O K Z W I 1 Meteorological observation station
O T B R b RGO
Potato agrometeorological observation station

B 1 HRRESFRARUS SN =57 E
Fig.1 Distribution map of meteorological stations and agricultural

meteorological observation stations in the study area
1.3 BRFAE
131 AAaf /% @ ILREEY 8PN
ARl A SR AR B AR D3R 5 B R 23 D A
M FE AR TGS AR W =R T LI
SRR AT AT A

Y=Y +Y, +E (1)
KLY AR aE Y AR L |
SBLIEZS A @M A B BN NS S e b
1k, ex e B g PRS2 i EL AR RS K
FAE LT % 7 1 1 52 M 76 5[] 79 8] b — > A
FoE B, AN S A R A fR, S S e g s s 38
A7 1 R K A SR 7 1 O 1, PR R B
Y, B2 UIRRER R I R AR AL R T 5
B s, BRI  m BO s 7 i E s HA
REMLIN 2R 52 MR (9 7= 1 53 o, /N, T 2 AN
e RV Bl ee % /N WETR A
Y=Y +7, (2)

Mk s e R IR IR AR = K
- B g SR A N T TR BB 4, e g s
B A 7 0 R KT A TR I 7 o 43 i, T LB 3
P N I R] RS, A bk T =R 2 4G
KIS AR 5 (LLR R R )

Y = 1741.2 + 98.322¢ - 6.602¢* + 0.1349:°

R =0.1992 (3)

Ao, Y SR SRR BRSBTS

MEPR = w R E o= my,, BRI
Y, :

B

Y, =Y-Y, (4)
HIEBR RN, R ARG w Bk LU ™
&, R R RY,
Yw
Y, = (5)
1.3.2  FAF  AfEYTKEEEDEETIINEFE
T H G R A e 2% & ok B8 Bt B
ke, T ha(6) A,
ET, =K_ - ET, (6)
X K NEM AR ET, WSz, v
KBS ERARH L (FAO 1998) HEF# 1) Penman —
Monteith //}itﬁ“%::m o
1.3.3 Mk ptfew 2ot SEERENEY -
HOC RIS, TR TG ™ 2 FUAH I 1 A
PEORBRIEAT AT, TR R R e = AR
FXIEY = i W s P 2 WIS R B ER T AR AT X
BN S AR U, 1981—2016 4F 7 B FIR & %
BE T AL KR T 44 R R AR F B B 3R
T B SR R BRK R T K H RE R
LT 5 DB =R RR,
K Pearson MG T B DR ES LT EYS
SERFZHMER, RAZELERN D&
BRESZTERESEZNABERTFZEMLGE LR,



55 2 39

LRI 45 - A AR S I 8 g Do R X B B S R O R ) 277

K Excel F1 SPSS #4475 ds A fnez 4,
2 R 500

2.1 BtDHRERERRETHIFMESH

AL HLIX 1981—2016 4F Hy 44 B4 K Z 145
TRARACARAE R 2 0 320 BT (K 1), i)
K 0.32°C - 102 IR EHILLE 1999 4F(18.3°C)
R fRAE HBLAE 1995 4E (16.0°C) , #H2£2.3C, MF
BRI ORE , BB E R BN ZETHR
IR 16.9°C S IRAE 20 tH42 80 4RV EA, My 16.4°C |
20 theg 90 AT LG T, Z 5 2 AR R T
{8, I SRR T & A 21 22 ) 10 a i
1R, N 17.3°C 52010 4ELUG A BT FRE,

W EIRATH = 5C BURAE A i 1 5 A E Y 58
EAEREHRERENIERZ —, IR X =5CH
TG A S RO 3G Tk B (TR 2) i) R

19.0 1 —o— 34/ ii Average temperature
185+ — ¥I{ Multi-year average value
. ---- 32 Trendline

18.01

17.5F y=0.0324x+16.288

R*=0.303 A
17.01

'F- 14 il Average temperature/C

16.5 {1
16.0
1551
5.0 ! . . ! : . : : . : : ’
1981 1986 1991 1996 2001 2006 2011 2016
Ay Year

B2 1981—2016 FEIGHREERFHFHRELT U HLKE

Fig.2 Curve of average temperature change during potato

growing season in North Shanxi from 1981 to 2016

86.3°C - d - 10a”', JI4EF-HIN 3 279.7C - d, %
93 552.2°C - d (1998 4F) , F /bl 3 094.4°C - d
(1995 4F) , 20 {42 90 A=A b 1] 22wl KB40 4E 1y
TP E HAFPRENE 2 A K, 1997 4F LS 4 B &
S IIp R N 0 e B Ol R = R < (£ 1
22 HMELDREFENXBSZEF
RGN LA X 44 s B A K
LB EF BB RGN ~ R ~ R R
~AEFIE R AT IR K ~ TFAE TFAE ~ a5 A B
B AR b A R RN T B R 25 3, e BN
B KRR LT, ef 78S
T R KR H R R B R e R =
30°C HEAE , 5 B AL - s e A o, #R i
SN AR B i 1) AR R T RMBUR A E B B
DRESZ RS AFRETNBREILER
MM REOLER 1,

© 3600 [ —— =5C Fli =5°C accumulated temperature
) — HfE
E 35001 Multi-year average value
= — AN : {-
23400} #3428 Trendline ) -
jo)
23300 .2 Y
3 )
TV
=
g
S 3100 f y=8.6267x+3120.1
Q 2__
< 3000 L R'=0.3867
=
& 2900 :
1981 1986 1991 1996 2001 2006 2011 2016
A Year

B3 1981—2016 F=5CHRHLTLE
Fig.3 Variation diagram of accumulated temperature

=5%C from 1981 to 2016

Rl FLBHREEMSKTESEEHRSKEFHEXE

Table 1  Correlation between relative meteorological yield and meteorological factors in growth period of potato in North Shanxi
. SRR KK it (%S s H AR 4 B e Rk =30°C H &L
RE B o . . .
Devel st Average Precipitation Water Sunshine Accumulated Days with maximum
evelopment stage temperature/ “C /mm requirement/ mm hours/h temperature/ C temperature =30°C
*éﬁ ~ i - -0.301 0.040 -0.324 -0.325 -0.314 -0.122
Sowing ~ seedling
- - ya
i -Irke ~0.347" ~0.111 ~0.133 ~0.265 ~0.168 ~0.371°
Emergence ~ branching
Iy 2
ﬁ& AT . -0.304 -0.124 -0.387 " -0.109 0.180 -0.270
Branching ~ inflorescence forming
: ﬁaj?ﬁ}mN)Tﬁa . -0.116 0.271 -0.484" -0.093 -0.104 -0.444"
Inflorescence formation ~ flowering
~T
IFAE ~ AT -0.031 0.278 -0.036 0.058 0.018 -0.355"
Blossom ~ harvest
e
SLEFH -0.217 0.271 -0.493" " -0.413" -0.557" " -0.614" "

All growth period

o+ FOR B EE(P<0.05) , * * FR MK (P<0.01)

Notes: * indicates significant correlation (P<0.05), * * indicates significant correlation ( P<0.01).
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