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Abstract: In order to explore the comprehensive evaluation methods of pepper quality and the key meteorological

factors affecting pepper quality, cultivation experiments were carried out in four main pepper producing areas of Majiang in

Guizhou, Yanshan in Yunnan, Changsha in Hunan and
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sources in the four main pepper producing areas were compared. The results showed that there were great variations in the
quality indices of three pepper varieties planted in four planting sites. The variation coefficients of dihydrocapsaicin content,
capsanthin content and capsaicin content in pepper were all above 50%, while the variation coefficients of reducing sugar
content, amino acid content, crude fat content and crude fiber content were all within 20%. The comprehensive evaluation
of the quality of Zhuojiao 52 planted in Yanshan County, Yunnan province was the best, while the quality of the three pep-
per varieties planted in Majiang County, Guizhou province was better than that of the other three planting areas. The quality
indices of pepper screened according to the principal component load values were capsaicin content, dihydrocapsaicin con-
tent and crude fat content. The key climatic factors affecting the quality of pepper were the average relative humidity and to-
tal precipitation from planting to harvest. The principal component scores of meteorological factors in four planting sites be-
longed to four quadrants, while the principal component load values of seven meteorological factors belonged to three quad-
rants. Among them, the average relative humidity and total precipitation of the key meteorological factors related to pepper
quality were located in the second quadrant, which was consistent with the principal component score of meteorological fac-
tors in Majiang County, Guizhou province. It indicated that the meteorological conditions of Majiang in Guizhou were condu-

cive to improving the quality of pepper. The results of this study provide a basis for further high-quality cultivation, quality

evaluation and planting regionalization of pepper.
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Table 1 The average growth period of three pepper varieties in each planting site

o Hi ZeHE(°) ()

HEH (m)

SEAELI (8] AL A S RN

(H-H) (H-H) (A-H) (H-H)
1 St BRI 107.55 26.49 943 05-01 06-18 07-06 08-25
2 P =R TIEEN 103.36 23.35 1572 05-01 06-15 07-04 08-15
3 Wr A Kb 112.98 28.19 60 05-01 06-14 07-06 08-15
4 R AR 108.12 29.99 866 05-01 06-16 07-06 08-18

2.2 METARMESRB@MEESR

4 AFIAELAL 3 BB P A A ST A B 2 3 T
No MWERHATLIE H [6]— AR AS [ AR AL, | ] — b
LR ANTR] At Fof ) ) SR AR AT AR B 22 52, 4

P s 3 NS AR 2T 2R & P 3ME ol 31. 35
e/ g, FHLA R T 5 A R B A BLRLS52 BRAAL R
S, AT 77.39 pny/g, WE T H A AL B F
FEF A8 VD T AN 2 RV B A BH 6 5B
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Table 2 Climate data in the whole growth period of pepper at each planting site

e Hi SR o e T S I %ﬂmxff RBEK R HELH =10 CHH
(¢) (c) (c) M (%) (mm) A% (h) BUE (C)
1 M R R 23.7 34.2 11.2 79.3 525.4 478.1 1385.6
2 Py Ry UTIN=Y 20.8 30.8 9.5 81.1 597.8 450.5 1151.5
3 AR 26.4 39.6 10.8 78.9 613.6 615.1 1818.5
4 ERT AR 24.4 40.9 9.1 77.7 473.6 666.2 1583.9

ARG ERAR, 4 DFME 3 AT Fhid s
HOFEN 12. 42 me/ g, FAE T 53 M 48 RV B 19 BT
12 5 5F0E T 5 BT A A EL A 35 BH 6 538 Bl &
TR, T T AL B R T R A K
T BB 12 530 & 5 I, UM 9. 19 mg/g., 4
ANFIRE S5 3 A BB A B TR & P E
40. 31 pmol/g, Horh bl T+ 5 M 48 RV E B 95 FH 6
SRIBRE 12 S AR S A, B T AL
LM TR A KD IE 6 SRR & =D
AR T HADALFE A 33. 47 pmol/g, 4 PFhAEA 3
B TR B 5 5 /2 15.26% , Horp Fh
T =/ 2 80 L B i 52 HL s B 7 i e ik
18. 58% , ‘o = T HABAL B Fpd FE KT A4
FBE N BRI B (B AIE 12 5 Ko Bl Al T 5 N 48 R TT
F3 A HERARSMRRERQRESR

BI5RIH 6 SRR & K, 4 AR 3
FBUSE i ) - Y RELZT 4 75 R 23. 01% , Horp FpE T
MEA KPR 2 M s eEme, N
27.39% , 3 v T H A AL B FhoR T 8 BT A AR B
BRI 12 5 HLET 2 & i AL, AUK 15.55% ., 4 A4
FioA a5, 3 A SRS B ) 7 25 B R & = 0 2. 56
g/kg, Hor  FIAE T 50 BRI B A = w44 00 1L B iy
BRI 52 BN & B, FIE T 2 A L B R
WF 12 SHA%, ALK 0. 83 g/kg, W FH KT HAbAL 3,
4 ANFIHE S 3 AN BRABUT F G P34 AR R R
1. 16 g/kg, Horb Tk T 5 M 48 R VL E 9 RLAL 52 —
AR SR, 15 2. 98 g/kg, B T Al AL
AR T =m0 L B AT 12 SRk, U
0.15 g/kg,

Table 3 Differences in fruit quality of different varieties of pepper in four planting regions

s BRAR SR dERESE 2EREE HRhSE OS4SR FESE ZESHRE
RS S (pg/g) (mg/g) (pmol/g) (%) (%) (g/'kg) T (g/kg)
BRI R 52 77.39+3.49a  13.77£0.37b  43.51x1.16¢  13.84+0.17¢f  26.47+0.06d  5.03+0.45a  2.98+0.37a
Ik 6 5 14.02£0.39hi  12.72£0.28¢c  48.49%0.77a  13.3820.31f  27.01x0.16b  3.470.21c¢ 1.71£0.11c

HMBE 125 42.90+0.56c  14.60+0.66a  48.02+0.76ab  14.05+0.34e  20.28+0.04j 1.41£0.14ef  0.5120.06efg

HRA KT 552 19.59+0.45¢  13.59+0.30b  36.74+0.80ef  16.92+0.18b  27.39+0.12a  2.43+0.37d 1.30+0.29¢d
Ik 6 =5 13.09£0.28i  11.2120.17d  33.470.82g  15.85:0.52¢  23.04x0.08¢  3.53+0.11bc  2.1420.40b

BWF 125 16.10£0.44h 9.19£0.06e  41.08+0.94d  16.94+0.18b  16.39£0.07k  1.03+0.07f  0.30£0.15fg
ZEABINE 552 30.11+0.18¢  12.25£0.21c  46.58+1.22b  18.58+0.36a  26.28+0.07¢  4.49+0.15ab  2.23x0.06b

kA 6 5 24.76+0.64f  12.22+0.08c  36.21+0.44ef  16.06£0.28c  23.22+0.10f 2.3120.05de  0.94+0de

BWF 125 49.06£0.62b  10.80£0.22d  36.63x1.13ef  14.9120.63d  21.10+0.03i 0.83+0.00f  0.1520.01g

MR AR RS2 38.54+0.93d  10.74£0.15d  40.00+1.15d  14.98+0.34d  26.64+0.09c  2.35+1.77de  0.66+0.56ef
kA 6 5 29.26+0.53¢  14.27+0.22a  38.02+1.60e  14.39+0.38de  22.78+0.07h 2.50+0.11d 0.82+0.03¢

BWF 125 21.37£0.51g  13.7220.21b  34.92%0.97fg  13.2720.23f  15.55+0.05] 1.23+0.03f  0.22+0.01fg

[F)F AR 5 AN Rl /N F R R R AL BRI 22 5 9. 35 (P<0.05)

4 ASFIHELAL 3 DB FR ) 7 905 B8 AR Y 22
SARBOEREIN10. 74% ~78. 64% , e, —HHRER

SRS BB, N 78, 64%  HIILL E A R B
MU & & AR 5 R B AL, 43 01 b 58.99% FI
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53. 13% HHEFYE S i G0 s & it Z R o AU
NEMG & & 19 A8 5 RECAE 20% LLF, 4y B
17. 66% .13. 41% 12.97% 10. 74% (£ 4) ,
2.3 HMARISERE A X

4 ASFRREA 3 A SRS A TS AR 1] ) A 5

F4 TRMESHEMRRIERER SN

PR 5 s, IRl LU H ) BOBUR 5 1 54
214 i AR T IE A O, ARG R B 0.720,
SUBUBUR & B LA A B R R IR OG5 B
RO B IE AN, A R B 51 0. 666 5
0.972,

Table 4 Variation analysis of pepper quality indices in different planting sites

w TR BRME H/ME A brifii2: LpiEi AR5 R E(%)
PR A (py/g) 77.39 13.09 31.36 18.50 BT A 58.99
W JFME & R (mg/g) 14.60 9.19 12.42 1.67 A TR 13.41
IR R (umol/g) 48.49 33.47 40.31 5.23 HAER G 12.97
HLIR 5 (%) 18.58 13.27 15.26 1.64 HLIG & = 10.74
FEFHE S (%) 27.39 15.55 23.01 4.06 bikEa Rty 17.66
B 2 1 (g/kg) 5.03 0.83 2.56 1.36 PR & & 53.13
TEHMHE = (g/ke) 2.98 0.15 1.16 0.92 TEHWE S 78.64
F5 HREGRBRIEIREREX ST
Table 5 Correlation analysis between quality indices of pepper
AR R KL
i b BIAE e e y . e
pam wERSE EimERE HMESE HS4EEE HlESE e
RO E i 1.000
R 0.247 1.000
R i 0.246 0.211 1.000
AELNE 7 & -0.297 -0.439 -0.067 1.000
LY & 0.205 0.170 0.291 0.174 1.000
PR & & 0.259 0.229 0.329 0.146 0.720* 1.000
CEHME YR 0.264 0.205 0.281 0.156 0.666 * 0.972* 1.000

* R R R AR B A OGP 3 (P<0. 05) , ¥ /R S AR FRIRIAR SEVERR 25 ( P<0.01) ,

24 HFWEREETFMRER S ME SSRGS R
ZaEN

24.1 BHRMEIRIEARE RS> oM B TS
Frbr WAL B 2838 32 Lo i S 45 31 2 AMRFIE(E R
T 1.000 1y F 5, Hrp, E85 1 R IEE R
2.926, FT ZETTHR N 42. 31% , iR & B A S0
PR 5 1 3 1R A X A8 K, #omi (5 43 931 o 0. 940 1
0. 915, XFZEG M 25 S35 B 1F 10 4, 2 B 32
o3 1 FEEHMBRRARDE . E R 2 IRRE(E
1. 644, J5 22 5Tk N 23. 48% , LIS I & & 51wk i
K, BATEA 0. 869, %25 G VT 45 S 7R 2] 1F ) /E
R EN T 2 FES B D RAG, 2 4~ F

WAy Bt )7 22 TTERR I 65. 79% , B IX 2 A 34
e S BB A (R BRAR TS B (£ 6)
%6 BMEREFEIRSBETE

Table 6 Principal component load values of pepper quality indices

iig 7 FHAT 1 F S 2
B R A 0.435 -0.513
R R 0.374 -0.672
RAER AR 0.502 -0.221
HELIE 7 & B 0.048 0.869
FATYE & B 0.812 0.218
BRI & & 0.940 0.191
CEPE 0.915 0.204
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0. 472X,+0.546X,+0.532X, (3)
Y, = - 0.400X, - 0.524X, - 0. 172X, + 0. 678X, +
0. 170X+0.149X,+0.159X, (4)

it:<3) $nit(4) I:F‘ 9X1 \Xz \X3 N \X7§}%[Jy‘j1:/f\‘\{ﬁ
TR BLL R & 2 OR JRE & i MR i MU
U5 i HLETZE & & OMUMUR & B SR &

=)

Ho
HE 5 5 5 T Y 2 TR, A O
BRI TR
Y=0.4231Y,+0.2348Y, (5)
AT, Y, Y, SR T | R 2 7S
OF,Y ST LR SR
2.4.3 REAALEHM IR ZAFN RIELSES

R7T BMHEATREMSHRRESTENEIREHE

PEHTRE L A5 31 45 Bl AR L 3 A BB i S5 Y 3%
BN T Fs . ERT AL, 4 AR A AR
52 B B 255 A 20 I BV O . A
AL B> S 48 RV > 1) g 4 Vb T > F R T A
FES R IH 6 5 BU L 5 A9 2555 15 20 AN i B AR AR
UOR BN A RV E> )/ 4 K Vb > = g 4 i
L B> PO A A B BRI 12 5 B9 25 5 15 4
M FMRAR I SN BRI RSB 8 Kb i > =
MAWILESFT R AEE, 5P ai RE
FAREL T AN [ Ff e a5 A ] Foft BROREL i Jo 52 B R Y
Ze5r , Horf ARPAR T 53 M 45 SRV B Y SBORL it Jo 4
5,3 A AR 2 AR ER S PR SR T A
AR DX, Aol A T D T A A B OB AR X 4K
22,3 AR ZR G PR R 0 AR T A R R X, 4
ASFIRE AL 3 SO DL 2 e 4 A 1 B A
W52 bR LR A TR e, R AR AT 12 5
dh RZE G 1 iR

Table 7 The comprehensive evaluation score and ranking of quality of different varieties of pepper in each planting site

A A i Y, Y, Y e
B BRI E L 52 3.41 -1.37 1.12 2
4H 6 & 1.38 -0.41 0.49 3
B 12 5 -0.31 -2.04 -0.61 9
MBI B 52 0.36 0.89 0.36 5
B FA 6 5 0.21 1.52 0.45 4
B 12 5 -2.44 1.41 -0.70 10
P R=R WIS LR 52 2.15 1.79 1.33 1
IfiH 6 5 -0.53 0.61 -0.08 7
B 12 5 -1.69 -0.35 -0.80 11
HKH A LR 52 -0.10 0.30 0.03 6
4 FA 6 5 -0.18 -0.89 -0.28 8
At 12 = -2.25 -1.46 -1.29 12
Y BB TR S VAR Y BT 1 R Y, B 2 1598

25 ARMERZNEMBROEESSZEN

251 REAHEHRMETE LA F 4%
AT A BRSSO AR DG N
F8 PR, NFES FATLIEH, B R & E5H
WA TR =10 CH SRR 20 B 27
AHOC, 55 A B M e v T 88 I B 2 (B 35 A A G

5 A T SUISP A AR O L R B N TR AR G 5 3 OB 5
5 H LR K A R RGO IR T RS
A W R e A T R IR R R
MK, SAEFWFEEE AT =10 CHBBUR
225 E DUSG, 5 A T 0 B AR X S A 3 I
FHOG s RELIR 35 15 A 7 0B P B S 35 I AR
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252 HMARSBRFMAAR M HTER
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BT, R FH B A 1A 7 A U 4 i B
MBI 9 FraR, M 9 Rl BfUbSh ids b 2
B2 AR T S AR X B R A B R K 5
M), F (9 32 2 [ 0y R 403 b 3 KO- SR B R
()45 ORGP AR R EL A A e P L5 1
253 ARAMHEEY MHEMBE RO XELELRT
XF 4 ASFOARFR AR A1 1 RG34 T U oA,
FEHLH 2 A~ F s PCL AT PC2, 77 25 BTk R 430 0
63. 1% .26.0% , R 11 J7 2= 5T lk 1k 5] 89. 1% (
1), WimE KD SN ERILE s LA

®8 FMMEAERESKETHEXE

FERTT AR 4 A BRI LS R W7 280155
SIEE L2 B3 4 2R, MAREHE T ENS
AT IR A A A 0 43 A, b BROBUAE B 0 e (KR
JE =10 CHBRBR AT FREMTHE 1 2
B, BRBUA: 30 S 25 R X 3 38 i R K A T 2
SRR, A B A IR R A B SRR RN T
954 R, BDBRAUE B B AR =10 CAH R
TP ERE 5 R W T E 8 PCL A PC2 ¥ 2
IEARSE , A B WS AR B I B K 5 PCL &
TG, 5 PC2 R IEAH &, A B W fn i R 8 A 2R
H RIS PCL 2 IEASE, 5 PC2 BHAHG, H T
AR FE R 8 RG2S 78 3R B e AR
S ) 32 B G R SR BB AT 2SR A A -
AFX PR B R K 2 (36 8) , 1T BN A RV L X
% T FE 4553 PC1<0 PC2>0, I, AT LK 4
ANBRBLE 7= DX, S A8 RV B AR 7 1 AR o B
o

Table 8 Correlation between pepper quality indices and meteorological factors

g o V- B i B BAGRE  CPSMXRE  BEUH ML /j;}((};?ﬁ SRR
PRI 2 -0.457" -0.422" -0.387* 0.360* -0.412 -0.438 -0.252
I -0.164 -0.108 -0.178 0.203 -0.225 -0.140 -0.472*
RER AR -0.408* -0.516 " -0.183 0.669 ** -0.686 ** -0.365" -0.161
HLAR T & & 0.071 -0.036 0.158 -0.130 0.150 0.042 0.735*
R4 & it -0.199 -0.258 -0.086 0.280 -0.289 -0.186 0.049
BIAER & & -0.171 -0.261 -0.028 0.355" -0.353" -0.150 0.028
TEPR T -0.108 -0.279 0.111 0.457 " -0.434 " -0.082 0.173

* FRAHCHE L (P<0.05) , ™ FoR AL 3 (P<0.01) .

®9 FMSKARITNEE

Table 9 Meteorological quality evaluation model of pepper

LpiEi FES N T iyies Pa

BT ESR(Y,)) X, Y, =121.670-3.790X, 0.005
MM (Y ) X, X, Y, =-0.016X,+0.393X, 0.001
AHEMEE(YS) X5.X, Y, =75.065-3.869X5-0.030X, 0
AR S = (Y,) X, X, Y, =33.428+0.023X,-0.387X, 0
PR R (Y5) X, Y5=0.315X, 0.034
ZEHME AR (Y,) X, Ys=-20.716+0.273X, 0.005

X, X0 X, X, X; X Xy 0 B B e P 2 ) 7 32 T e 8 L e G T 0 R R B IR = 10 C 1 A Bl K

=
Ho
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Fig.1 Principal component scores and loads of meteorological factors in different planting sites
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e 2 A G PR E IR Y A BT
JE, AHEFE R 3 A S BB FIAE 4 A [ SR
FFEIX T A SR R UEA T A 22 T RNSE A T
Hr, 45 & BT A fh TR bR 0 AR S R G oA
10.74% ~78. 64% , Forh — 2B R & 848 57 R 50
5,0 78. 64% , X GRS A S0 S 1
LS RILA— B MG 5 7 = 10 A8 52 R BRI, R
10. 74% , Ut HHLARG 7 75 52 32 i Rh B A S IR 5 i
AN RS AR 3R A A T AR B 2 SRR (> 1 Y
TRy, Bt I 22 5THECR N 65. 79% , 1T AR BB
B EBEAE R, HAP 8 1 ER T E TR
42.31% R & SRR S sk ok,
TG BRRUR S AR OG5 2 3 B0 T 25 Uk R
N 23. 48% KNG W7 i DR R K, 32 B BRI kR
FSE, HRAE 2 A 3 WA E ST 25 A TEAN B, BN
T TE J 52 R R 2R S FR B (R SR R B, BLAR
52 7F 4 ADFHL S A 25 A PR 45 51 B = VIR IRl
“EAIILE M AR R R A KT E R
MAHEE  BFBH 6 S7E 4 LS L A PE I 45 R
FH R BMRAR O SN BRI B T Kb =
AR R AR B 12 57 4 AR AT
(ZE G PN 25 5 h v B K Ry 5 A48 RV B T80
MAKYDT smAMIL R ERT AR,

G TR W AR 7™ 1R o 1 3 2R
PRI AR A (] — it o 7 A [ b A
ARSI, T T RIS AR BT 16 AR
Kbk, BEFE A BRI OB &5 1 OHLIS 1 35 i SRR
B ML R A OGRS SR A
RSk IS WIS OE S R IR ST RIS
P, MORLER 4k 5 8 5 7 AR 18]35 00 35 A
KM, Ul W BROHURLET 4 &5 il BB J2 32 28 A Y
TR N 2R IR SE |, 52 Bl A B 55 A0 52 W 50/, BURLAL
KXo ST HFERE =10 CAH PR R
F OG5 f il B W TR 5G9 34 R
JEE S I A G 5 3 SR - R K A 3
FHOR ; R AER 5 1 5 e e TR L SRR R A A
F R, 5V R =10 CAROPR B3 AR
5K, 5 PR RE AR 2 TEAR G LR I 5 B B
A KA 2 TE A OG5 BROBUER &5 15 - P A
BEIEARSE 5 SR BRI 2 U 56 ; —
RO PR B A IR ARG, 5 R AR H ]
IR 5 AR O LR 2 SRR BB Jo A2 T3
PR ¥ 5K 3 R TR AR, ik 5 B IR 25 45 P IR
BERFEAR B, FOPBURGL JsopE & B 5 4 B AR
KA 5 SURIOG , DLW 7E B A B IRk R
Bl SRR D X AR 25 R Y AR 8, B
[ USG5 SRR Y A 7 S A R R A B S e
JE R MR B A 2 BERGIN 1 TR I 32 1 o B
BERLWISZ 0 B BTG 2 > FEAAGL T (1
RS A B A1 R K ) 7 5 M 48 JRR YT EL Al A5 SR
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