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Abstract: [Objective] This paper aims to screen the key climate factors affecting the quality of chestnut,
to evaluate the climate adaptability of chestnut in different ecological regions and its suitable planting
regionalization, and also to provide theoretical basis for the introduction and scientific planting of chestnut.
[Method] 105 Chinese chestnut varieties (including superior lines) from 4 ecological regions in China
(the Huanghuaihai, the Northwest, the middle and lower reaches of the Yangtze River, and the Southwest)
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were taken as the research objects. The differences of phenotypic traits such as single nut mass, fruit
shape index, and the internal qualities such as soluble sugar, starch, and protein were analyzed. 12 climate
factors from 24 main Chinese chestnut planting areas in the 4 regions were selected for principal
component analysis to screen the climate factors that are most closely related to the formation of Chinese
chestnut quality. The climate quality evaluation model of Chinese chestnut was constructed by stepwise
regression. Climate adaptability index (CAI) was used to evaluate the climate adaptability of Chinese
chestnut. [Result] (1) There were significant differences in phenotypic traits and intrinsic qualities of
chestnut in different ecological regions. The single grain mass and fruit shape index in the middle and lower
reaches of the Yangtze River were significantly higher than those in other regions. The soluble sugar and
amylopectin/amylose ratio were the highest in the Huanghuaihai region. (2) The main climate factors
affecting the quality of chestnut nuts were heat factor, followed by light factor and water factor. There was a
significantly positive correlation between single grain mass and annual mean temperature and growing
season precipitation, a significantly negative correlation between single grain mass and temperature
difference, and a significantly negative correlation between fruit shape index and temperature. There were
significant positive correlations between water content and annual precipitation, average temperature in
growing season and precipitation in growing season. Soluble sugar had significantly positive correlation with
annual sunshine duration, temperature difference in growing season and sunshine duration in growing
season. Amylopectin/amylose ratio was significantly positively correlated with sunshine duration, average
temperature, temperature difference and sunshine duration in growing season. Protein was positively
correlated with annual mean temperature, and negatively correlated with annual sunshine hours and growing
season sunshine hours. (3) According to CAI, 24 main planting areas of Chinese chestnut in the four regions
can be divided into the most suitable area, the more suitable area and the suitable area. The CAI value of the
northern Huanghuaihai area reached 0.90—0.96, which was the most suitable area; the CAI value of the east,
northwest and southwest of the Huanghuaihai area was 0.81—0.89, which was a suitable area; the middle and
lower reaches of the Yangtze River had the lowest CAI value, 0.71—0.77, which was suitable for the region.
[Conclusion] The climatic conditions of large temperature difference, high average temperature, long
sunshine hours in the growing season are favorable for the formation of sweet and waxy quality of chestnut
nuts.
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Tab. 1

Information of chestnut varieties in different ecological regions
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Fig. 1 Analysis of phenotypic characters of chestnut in different ecological regions
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Tab. 2 Phenotypic shape and intrinsic quality of chestnut nuts in different ecological regions
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Fig. 2 Analysis on the difference of internal quality of chestnut in different ecological regions
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Tab. 3 Principal component analysis of climate factors
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PR 5 H IR B AR EHK, 5EKFR
ZREZEFMR, 5EKFERKERREIEHAL; #
15 0 H R HOR A K2R SP 3 IR B 38 B R 3 IR A
5K YR P YR E AR KR 2 1 B 5% T
K B HEBRKEMEKFTHREHEREIE
MK BRI E S PR A KPR Y
BEEFENMK SKESEKERKEENEEIE
FHIG, HAE K BAAE K 2P 10 B 5 16 35 TR A %
A RE A S AR K R 2 A K2 H R B AR
BEIEMK, 59 HBNHEEE FEMX, 54EKF
ek & B R UG SCREE R/ BB TEM LL(E S
AKF PR AR EMEK S H R Y
S EA, SEHRNBEREEHL 54
KFERKEENEEZE IS EARGRESAEKSE
H R 25 A% 2 2 A G, 5P R R
2, 54 H R R B3E ARk,
223 MEAGERFEAGES

F 4 25 BRI R RS SRR T E YIS,
ATk R 1) P S04 B8] PP i S 1 SR 2R 1 bR A0 P A
AT IR S o T I D R S S R 0 AR
B vt LS ) ) EELRE AR ST AR R AN [A] o
Fa bR o e R I E B AR T oA A A E, BT
Fa bR A R A8 &, 3@ i 345 (8] U5 2 A i S A B A
RPN (R 5D

1 5 T 0. AR SR T 3R AR ORI PN A 5 R R
s [F) B 52 22 AN S A IR 7 1) 5 0, 8 ST 1R 3845 [R] A
FE Y38 B 2 M /KPR 6 (P < 0.05), 2 BH BT A4 4R
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Tab. 4 Correlations between quality indexes of chestnut and climate factors
"L‘F*Fi’]HFc\"_ HE st 3 CINVEN . SR ST VAE R ERFRZE .2 ] HE el 3 o =
FEHRE  FHENE  FRkE ERFFRE Temperature AERFHNE AEKFERKE
i H Item Annual mean Annual Annual ~ Mean temperature in d&i fferr’ ence in Sunshine hour in ~ Precipitation in
temperature sunshine hour precipitation ~ growing season . growing season  growing season
growing season
424
Trﬁﬁ . 0.345 0.654" 0.311 0.634" 0.102 0.234 0.012
ransverse diameter
Wiz . .
"}MI. . —0.632 0.312 —0.102 —0.546 —0.676 0.365 0.249
Vertical diameter
’;E 0.311 0.416 0.645° 0.612" —0.354 —0.109 0.202
Thickness
3 . *
R IRU . —0.678 —0.198 —0.352 —0.685 —0.321 —-0.226 0.314
Nut shape index
e " % *
:,'*i’* = 0.695 ~0.456 0.563 0.243 ~0.676 ~0.543 0.612
ingle grain mass
/-\7 E' . . ok
\E;] k2 0.441 —0.547 0.623 0.618 —0.543 —-0.538 0.785
ater content
AT
Content of soluble 0.586 0.623" -0.531 0.564 0.845" 0.789" —0.546
sugar
SCEEVERELFEVE R
Amylopectin content/ 0.531 0.668" —0.564 0.890 0.876" 0.814™ —0.578
amylose content
i . . -
e 0.654 0684 0.556 0.589 0.436 0754 0.576

Protein content

E:* RN KM R E (P <0.05), ** KR KM EE (P <0.01). F[H. Notes: * means correlation is significant at P < 0.05 level, ** means

correlation is extremely significant at P < 0.01 level. The same below.

x5 MERRSEREEEREMERE

Tab. 5 Evaluation model of climatic quality index of chestnut

Al TR bR 5 FER A T AU BT PP A »
Quality index Code Major affecting factor Climate quality evaluation model r
SRR ) X Xso X7 Y, =30.628 — 0.495X, — 0.465X5-0.013X; 0.845 0.032
Single grain mass
e Y. X X, Y, =11.216 + 0.002X, + 0.634.X, 0.789 0.023
Transverse diameter 2 o4 2 : - 2+ 0. 4 . X
it Y; Xy X Y3 =24.345 - 0.354X, — 0.026.X 0.878 0.016
Vertical diameter 3 1 as 3 : : 17 0. 5 . .
% Y. X3 Xy Y,=10.366 + 0.013X; + 0.352X, 0.883 0.003
Thickness 4 4 - - 3+ 0. 4 . .
FIBAREL
X X, = - _
Nut shape index e 1 Xy Ys=1.154 - 0.022X, — 0.011X, 0.787 0.013
PR Y X3 Xy X Ys=45.135-10.018X; + 0.537.X, — 0.012.X; 0.822 0.014
Water content 6 3 A4 A7 6 . . 3+ 0. 4~ 0. . . .
R A
X X5 X, = _
Content of soluble sugar 1 » X Xg Y, =9.435+0.001X; — 0.115X5 + 0.004.X; 0.854 0.011
SCHEVERY ELREE R _
Amylopectin content/ Y X Xy Xs» X Yg=-19.592 + 0.003.X, + 0.156X, + 0.121X5 + 0.895 0.013
0.010X¢
Amylose content
DIl
SN ¥, Xi» X0 X Yy =9.456 + 0.526X, — 0.002.X, — 0.004Xy 0.819 0.021

Protein content

A U F i T RE R (P < 0.05). X, BFIIREE: X, o HIBE 4G X, SRR E: X, B KPR X A KTFRZE: X, £KFH
HRI 20 X5, A2 K ZRP% K & . Notes: all factors pass the significance test (P < 0.05). X, annual mean temperature; X5, annual sunshine hour; X3, annual
precipitation; X4, mean temperature in growing season; X, temperature difference in growing season; Xy, sunshine hour in growing season; X5,

precipitation in growing season.

SR S T O L B B B m A . e, &
RVERI & RBUR KON IR R R, & RECN
0.883, = L 52 4F B /K BRI AR A 21 24 I 4 B Wi 5
PALE R AR AU S R BRI N SCREE A ELREVE by
PO, & REO 0.895, L B2 H RN HL A KT
BZEERFVPHREMAEKRFHRNEWEGE

M o

23 WEBBEXSRENEITMHRE
231 AMBERETRERBAHE

iz F 5 o3 o3 B 3R AR A R R AR bR K BUE R 2L
A BRI R SR bR B0 S B T IR IE R CGR 60
H17% 6 I A1 B AT IR 7 (0 55 bR B S RE 28 D 2
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Tab. 6 Threshold of membership function and weight coefficient of climate factors in chestnut

B et
Subordinate
function type

SRR

Climate factor

TER

AT R 24/ FR HE R

Lower limit Optimal lower limit Optimal upper limit Upper limit Weight coefficient

P IIRE

Annual mean temperature/ “C

EIR H B

Annual average daily temperature difference/°C
SRR H R %

Annual mean sunshine hour/h

GHE Y $0y

Annual precipitation/mm

SRR B AR

Annual extreme minimum temperature/ C
AP I B el

Annual extreme maximum temperature/ C
AR IIR

Mean temperature in growing season/C.

B KRR

The lowest temperature in growing season/C
A2 i it

The highest temperature in growing season/C
KR

Temperature difference in growing season/C
ERFMA R

Precipitation in growing season/mm

AR IR 4

Sunshine hour in growing season/h

609.90

ikt
Parabolic type

11.31

8.53

1300.00

—25.70

35.50

19.87

15.06

31.07

18.98

321.30

410.43

12.56 14.87 16.58 0.11
9.76 10.98 12.6 0.09

1 800.00 2300.00 2 800.00 0.06
815.20 1100.00 1419.00 0.11
—16.60 -9.30 -4.30 0.02
38.40 39.90 42.50 0.04
20.76 21.44 22.64 0.14
16.98 18.89 20.01 0.03
33.88 35.56 37.35 0.08
20.76 22.32 24.64 0.14
380.55 441.54 498.76 0.12
500.76 590.65 683.30 0.13

B, BE RECECR IR AR AR KT3I B2 (0.14),
AR 2014, K H R 2013 4K Z
B 7K 5 (0.12), i B AR K 2RI FE A A K 2 H RN 4
BERWBRERE R AERKKE
232 MFEHIERXRAEE SIS HT

EH % 7 AT s AN [ X3 S5 B i £ (CAD
ERWEE, T XK 11N X CAIEYER T
0.85 LA b, Frpte L X (1) CATYMEE ] 7 0.93,
IEVE R X CAT A 5% K, 1 W 75 # X CATL B B& I T
T IX (1 A tth X5 TINX ) CATLAE B0y, $5 K AE A8
L% H (0.77), H/AMENTLHFFHM 0.7 % X 35
CAT M KEVNF R T X>11 X>IVIX>TITIX .
233 AR ASRERM R ANEE BRI A K

WA & HL X CAT B XS AN [\ A2 25 X Idk AT 524y
Mr, 1 3 AT A AR YE CATAE vl ¥ BT A5 #L X %1l 70 9
3IANEG, MREE X BEE XM — S X . 5
& H X ) CATE AT 0.90 ~ 0.96 2 [7], 457 1k 58
W LT WAL B AL, AL, AbE L, R
N A5 6 N HLIX ; & B X ) CATE A T 0.81 ~
0.89 2 IH], AF L ARFE L. HRA L LR ER. 1L
RAE, BT R, P K%, =/ 511 mrKi.
SN TH S 12 MK — & B X 1) CALEAN T
0.71 ~ 0.77 2 [d], G5 2 (L WIALZ 1 TLI5 95
P 242 W B 6 MLX .

3w

BERAE B 3 A 5 AN ) AR A A B AR AR
MR SRAE RO P9 7E 8 57 T A7 AE 2 35 22 e 1L
R R R K ) DX SO RV T M X, O
FH X, fRe /N XSO S B X o 85 S A LI
FAERFR M, B 7 B HORLT & K T AL REE, A
FUG AR I A — 2. SCHETE R ELRE VR LUK
VPR PR A 2, i v it DX A T SCREVE N/ EL B VE
PO 2 25 KT At X 43R, 2 WY A0V it DX AR R e R
F bk S, [N, 55 AR XM B, S X AT i
PEWE & B f i, R DA DU R4, 77 thi
i 12 G805 BRI AR FE A R A — B, T %
DX 35k Pl R 15 AR B 5 BEAT D B o VTR TR il [X
M SR K R d e, T R XK T BT U X
%, BT BCR & KR T ALK, IE4518 5 Yang
SEROTRHABL . M SRS KB, R 5T,
3 XA M RS K R AR, SR AT R A R
PR B HIORE P A2 57t R RO, A2 5 R A, R W]
IR TR AR E PR AU AHIE TS5 R B oR: AR A
A DX IR SRR A RN PN A it ST 3 A AR R 2 2
P, RAMERAL 7 R B w2 RO 1R 50(4.41%),
PNAE Bt 538 7 A B /N 7K (7.50% ), R BIR
SRUZ IR BN & /K oA e TR
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Tab. 7 Climate adaptability index (CAI) of different
cultivated areas of chestnut

WA D BGRB8
g B, 2 SRR R R AR T 2 A IE A
K BEKRFREZRZIMX, SEKFHKES
B IEA G MR 5 A H RN BRI AE K ZF 2
PR EFH LMK MM 5E TR EMAERTFRE
)R8 VUK, BESERKEMAERT TR
X R 2 R ARG RUB IR LS T iR A A K
P PR R 2 2 U R . TR, AR ST R
SR RRANR T B2 R T s, JeH R
P A A AE AR F o PR, XS R R AR I 7T
P AR RR 2 B2 IR IR 7 A R S5 1 A —
Blo R & ) BRI T O IR A, RO
T T e K B, Begie 5 s S SR
FARIEAR . FAKESEKRFRKEENEH
BRI G, G4 R KB RAE KZ-P 2 2 2 3% 1B A
Ky A USRS AT H IR AR AR 2 AR,
5P R SR AR, 5 H I 2R 2
GO AT TERE . SCRETE B/ ELRE Ve By LA 5 AR K
Z= i 72 A AR A IR I ) B b 8 25 IR AR %, A
AP AR A, HEBZEOR. H R
RS, S R TR &

AR SCH L 3 By o3 A 3R A 2% A R 7 B A
TSR AN TR AR DX 38 7 1k 4 ML, R e 1)
20 MR FE R X 2y Dy f i X B L XONE
BLIX, %70 KRGV e AU 3R A [ X AR
it T 22 S AR A 0 A AE T, B T B 5T B R T
st DG R AN [R] X8 A% 3 LA 35 2R RN E T

HE & IX 35 Ecological region FH: X Cultivating region CAI
A 4L 5% 9, Hebei Kuancheng 0.95
i P Hebei Qianxi 0.96
b4k Hebei Zunhua 0.94
1t B 22 Hebei Changli 0.90
JL 3 Beijing Huairou 0.92

I F ] M Tianjin Jizhou 0.93
11 Z<FL1li Shandong Rushan 0.87
11 4 Z&%¢ Shandong Taian 0.89
11 Z= 2% B Shandong Feixian 0.85
111 Z< & B3 Shandong Ju’nan 0.86
VA FE# 1l Henan Queshan 0.85
5% 754 % Shaanxi Changan 0.83
[ 75442 Shaanxi Zhen’an 0.84
II
[ 7 K 33 Shaanxi Baoji 0.83
[k PG #E7K Shaanxi Zhashui 0.82
774 % 111 Henan Luoshan 0.76
‘L1 4: 7§ Anhui Jinzhai 0.73
VL5751 Jiangsu Suzhou 0.71
I .
#1462 H Hebei Luotian 0.77
WAL Zhejiang Hangzhou — 0.74
WL % Zhejiang Zhuji 0.74
2B 7KA~ Yunnan Yongren 0.81
\% W% 1] Yunnan Yimen 0.83
N7 )% Guizhou Libo 0.82
1L 5E3 Hebei Kuancheng
TTtiE VY Hebei Qianxi ]—|
b4t Hebei Zunhua
it &% Hebei Changli
JEETRZE Beijing Huairou
FHH M Tianjin Jizhou
114 #L1l1 Shandong Rushan
I1%:#&% Shandong Taian
1% %% B Shandong Feixian
114 & F4 Shandong Ju’nan
PP K % Shaanxi Changan
PG 4E 4 Shaanxi Zhen’an
Z 7K1~ Yunnan Yongren
P %17 Yunnan Yimen
$eJM57% % Guizhou Libo
T[E§ 2 111 Henan Luoshan
ZH(4: %€ Anhui Jinzhai
YL Jiangsu Suzhou
16 % M Hubei Luotian
WiV Zhejiang Zhuji
BG4 Shaanxi Baoji
BePEAE/K Shaanxi Zhashui
WA Zhejiang Hangzhou
T A 111 Henan Queshan J )
0 0.2
3

04 0.6 038 )
AL

Cluster center spacing

AN [F i X BRI A FE R 0

Fig. 3 Clustering analysis of climate adaptability index of different regions
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B KNEKFEFIHEREOIOMEKFRZ
(0.14), HUCAHAEKZ H B $000.13) K AEK S %
IKEC0.12)0 AL, A K30 BE L AR K2R 22 0
PREER AR R G MR .

4 % P

SR e SRR R AR P9 AE it SR b IR AE
A . BRI RR AR N AE TSR
R 7B IR O, e R AR AR 2 2 v BT i
SO, PAE S0 32 FA DR DG R B AR 23 R 5
125G RO, BIF T b R 5 AR 158 R I B 2R 5 5
JE o BREREA AR E DX SR 4 A N i BT Rl
BRI E X B X X ol XA A
B A IRCIE 50! NSCIE| SSEE ISR A= F- N g 2
F bl REEE] N AR 6 ALK s BOE B IX LA
POV AR A DX Ll 2R e 2 W AR FL D DR BT
2R B B DR PG B XS R BR P B 22 B P < 22 Ay
M XK = 5 1] m RS SN2 5 9 M
X i B XA A iR R 2 L R % H
TLI5 5 22 28 Wil B4 5 MIX . KR
T 22K PRI A H IR K ) U S AR T
R M SR | A e i T R

AT IR E 20 A FHIX 105 AR Al
BEAT TSI P VA R i R AR X 232K, K R
SRS Ah LR B b 4R A PR AR, HIE 7 dk—
AT IRER XA, DUIZRAT SEOI0AS i f A 2 i
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PR X ), B A AR b AR A B AR N 17 AT
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