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Abstract: The vineyards are developing very fast in recently year at the eastern foothills of Helan mountain in
Ningxia Hui Autonomous Region of Northwest China as the wine industry is invested by the incentive of the local
policy.‘Cabernet Sauvignon’is the dominated grape variety for the wine industry with the cultivation extension in the
past years. The wine quality is subject to the mature degree of the grape, therefore, the harvest dates are of very
importance in order to make high quality wine. The best grape harvested in the optimal period is helpful for the
formation of the characteristics of chateau. A case study for identifying the optimal harvest period of grape was

carried out from August 21 to October 9, 2018. This experiment was conducted in gravel vineyard and the grape was
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harvested in different dates and then the contents of reducing sugar, the titratable acid, the soluble solids, the total
phenols, the tannins and anthocyanins, pH, the sugar-acid ratio and the solid-acid ratio in grape fruits were measured
in the laboratory thereafter. The K-means clustering analysis and the principal component analysis were applied to
comprehensively evaluate the quality indices of the grape fruit, analyze the changes of the fruit quality index content
of ‘Cabernet Sauvignon’ grape against the different harvest date, and then to conclude the best harvest period of the
grape variety ‘Cabernet Sauvignon’ in gravel vineyard at the eastern foothills of Helan Mountain, Ningxia. The
results showed that every quality index of the grape fruits basically meets the requirements of high-quality wine
brewing if the grape is harvested September 10 afterwards although these indices varied to some extent with the
harvest date. The results also showed that the harvest date has strong impact on the grape quality. After the K-means
clustering analysis, two harvest periods were recommended, the early one is from August 21 to September 7, and the
later one is from September 10 to October 9 in which period the harvested grape may be used to make the high
quality wine. The principal component analysis was applied further to evaluate the grape quality harvested in the
later period. The results showed that the overall scores of the grapes harvested during the period from September 28
to October 9 were all greater than zero, and the highest score of 1.84 was on September 28. This study concludes that
in the case of the meteorological conditions in 2018 the optimal harvest period for the grape Cabernet Sauvignon in
gravel vineyard at the eastern foothills of Helan Mountain in Ningxia Hui Autonomous Region was from September
10 to October 9, in which the best harvest date was September 28.

Key words: Cabernet Sauvignon; Optimal harvest period; Principal component analysis; Cluster analysis; Grape
quality; Wine grape
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Table 1 Soil conditions in the vineyard

T H Ttem ${H Value
pH 8.63
A HL Organic content (g-kg ™) 13.64
4: %k Total salt content (g-kg ™) 0.52
4= Total nitrogen content (g-kg ') 0.90
4=T% Total phosphorus content (g-kg ™) 0.61
# XA Available nitrogen content (mg-kg™) 20.30
3248 Available phosphorus content (mg-g ') 151.36
JHX4F Available potassium content (mg-g ') 75.79
P-¥JRP KL Average sand content (%) 77.22
SFH¥y KL Average particle content (%) 8.80
SFIFEKRL Average clay content (%) 13.98

(2) BEKIEHL. 2018 4F 8 H 20 H-10 A 9 H:Xk
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Fig.1 Precipitation during harvesting period (2018-08—
21—10-09)
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Fig. 2 Comparison of the soluble solid(a) and the reducing sugar content (b)in grape fruit picked up on different date
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Note: Lowercase indicates the difference significance among fruits picked up on different date at 0.05 level. The bar is the mean square

error. The same as below.
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Fig. 4 Comparison of the sugar acid ratio(a) and the solid acid ratio(b) in grape fruit picked up on different date



Jan ML
72—

%9 W A= 55

IR JEE Tk A o 2] Bl 1 B R e A RS O o

* 569

b A A R, SRS [ R L AR 2 B
B, H9 H 13 Hia ol 3.5, HA BT H XK R
. BARE 9 H 13 Hild, BHER LA A L b i
JE T v O R ) R IR A, B SR IS, BER
bR E R E T m, NHRERE 32.03, 2
JaFFs: ETF, 10 A 9 HiA R & =il 42.89. [ R
bE 5 B RR L AR Ak 4 — B, [ PR L ot 2 3 PRI S T
o LIRS 3.44, ZJEHre LTt £ 10 H 9
H ik 2 i =18 4.09, v 8 A 21 HIY 1.88 fix. Al I,
AN [R] B T6) SR AT oxof 6] 267 R S %) W IR B A [ 9 be AT R
R
214 HTHLEN

B R TEERYIR, BRI SR, 2
WA EN S BB 2 —, B0 &
(R TR . P ) o 7 e e v BB O AR AR A,
AR TR R B A AR A, EE BB R
. WERAEEE. WERER. ORI AR A%
VIR . S B A E P A FNSE B B AL E A,
WEEBEW B, TIRERE. Y s
TRIE T8 2 T AR DL 25, 52 M) 48 260 45 A A 1 I 1)
RasE s 0 2 Y 1) A7 6 22 S 1) 2 3 J R ),

B 5 RIAT, A [R]EF] SRS A SR S Hp B LS
Ty & RS sh Ak . 1 Sa AT I, EEASIEI A TE]

B R AT A R B T B A, U ET A,
2101 (a)
1.95 ¢
= - -
I 1.80_F
&
g 165}
g 150 q q
g 135}
(=
g 1200 5@ \ T g_ —
<
& 105} CY
pr 0.90 by
.ﬁ_ﬂ, a be C
g 075} b
ab
0.60 | I X
045 | l
a
0.30
— O — o o~ o o o~ (] v 0 (o)
SIS n o S = - - & K 3
olo olo °I<> ] | | | | I | | I
T 8 8 3 3 8 3 8 8 3 g 2
H#l (H-H) Date(mm-dd)

FrEsETOH3IH. 9 A 13 HRGMSERE B
FFF, 9 H 13 Hik 1.69mg-g ', HFEE TS,
Ry aRE NE, €5 REERTSEN
0.95mg-g ' B 5b Wl R4k EEH, RS R
& AR E Y, 7E 9 A 3 HIKFBIHAE
N 6.94mg g BT AR 9 H 13 HIFUhHE T %,
9 H 20 HERIEL R G RE e, SR
(BTG 22 5, e & 5 IS B oK ME 5 JY B 2%
T, ZJEH/MERKS), RERIREET S, 7E 9
H 28 Bk FIWN G I 6.39mg-g ' 45 AT,
A [ B ) SR AT ] 2] SR S ) B 7 Ry e
AL
215 fHR

wHEZE—METHIRNEY OR, EEY
FAIBAL T VZAFAE . LT R R i A RS
AR ER ) — AN EERE, EFREER
SRR T T (€ B 5, R A4 7 B 1 4R A R B A
AR v PO P 5y T A

HE 6 nl UL, RER R R sz, 165
Romauitiy, B9 H 13-17 HEE S TH
CHF . AL, 67 2 = b R 4 R
W, N9 H 7 HIFEE I, 29 H
17 Hik 3 KME 039mg g, ZEEFE T, M
9 H 25 SIFIERFFFR, RUPERTRL

74 (b)
= 69+t
64l A T
£
Z 300 cd
=
8 54¢t
g
S 491
g
2 447 _ I T, bed
s 39 l
<
ﬁﬂ abc
g 5 ab
a
pic) ab
a
€L
ab

el \o — «@ o~ (=} o o~ (=} ’e) 0 o

SIS n o o =~ - & o S 3

® B ® & & & & b b & & b

S S (=] (=} S S (=} (=} (e} (e} S —

H# (H-H) Date(mm-dd)

Es5 ARAMEREFERIVEATIE (a) MIHMIE (b) WK

Fig. 5

Comparison of the tannin content(a) and the total phenol content(b) in grape fruit picked up on different date
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Table 2 The iterative process

HER R0 2 Change of aggregation center

154X Tteration 1 2
1 17.989 16.258
2 0.000 0.000

T H T AR B INAR R L RS AR AR
T EBRJY 0.0000 FATIEA A 20 &G0 [RIFFE & TR 9
76.396.

Note: Convergence occurs due to unaltered or minor changes in
the aggregation center. The upper limit of any center change is
0.000. The current iteration is 2. The minimum distance between
the starting centers is 76.396.

R3 K- FHERESHER

Table 3 K-means clustering analysis results

KM Harvesting date (mm-dd) %% Clustering P& Distance

08-21 1 17.989
0826 1 7.990
08-31 1 12.276
09-03 1 4731
09-07 1 19.689
09-10 2 6.630
09-13 2 10.293
09-17 2 8.540
09-20 2 14.195
09-25 2 4.445
09-28 2 16.258
10-09 2 13.268
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Table 4 Comparison of grape fruit components between two periods
551 AVAPEE T TR A E R HERREL I 2 L psy LNy HHER
RN
c pH Soluble Soluble sugar Titrate acid ~ Soluble sugar/titrate ~ Soluble solid/  Total phenol Tannin Anthocyanin
ategory
solid (%) (gL™ (gL™H acid titrate acid (mg'g " (mg'ghH (mg'ghH
| 3.18 20.22 197.25 7.39 28.08 2.79 3.35 1.47 0.26
I 3.30 23.35 239.03 6.56 36.21 3.63 3.93 0.92 0.27

2.3 EEEERWHINERS 5

5 AT, XS 112K 9 MRS iER: 7 it
FE 3T B o B ARE 32 Ao B B U 45 AEAE
TART 1, LI 3 NERERS, RiFTETTRE
5 90.381%, FRIIX 3 NERTEFE T 9 MeEs 7 #
FEM R 90.381% K15 2., FRIEAE S A 4.759. 2.244
A 11320 FZETTERZE SN N 52.872% 24.932%FH
12.577%-

x5 BUMDEME (R4P) RERIREE
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Table 5 Result of nine quality indices of grape fruit picked

BHEFREIE R

up during the second periods (in table 4) by principal

component analysis method

END ¥y RHTr E AR

RAE PR 73 W 45 2 10 s KRR T S R AR 17
TR, R LUK A S S SRR TR U 1 3 ARy
AERRAEEEREIEH S, B3 =AF 1

1393 R 5N
F1=0.4X,+0.35X,+0.32X3—-0.17X4+0.37Xs+
0.36X¢+0.39X7-0.27X3—0.31X, QP
F,=—0.05X,—0.32X,—0.25X5—0.61X4+0.31 X5+
0.4X¢+0.09X5+0.34X+0.29X, (2)
F3=—0.32X,+0.35X,1+0.41X3+0.14X4—0.12X5+
0.03X+0.43X7+0.55Xs+0.29X, (3
F= (58.50 F+27.59 F,+13.92 F3) /100 )]

b, X—Xo 73 AAREE pH AIEPEREDEY) . LR
Bl RERR . PEERLL. BIREL. Sy, BT MEE R,
WX 9 MEbs 7 R TR M, AR

Principal P Variance Cumulative variance %q& /HH ‘ /j'ﬁ‘ﬁ%fﬂ% ’ /%L] ﬁ‘ |:ﬁ:| Dﬁ EI(] é;j:: H HZ ﬁl\ ﬁﬂi‘% 6 F‘ﬁ% °
component Figen value contribution (%) proportion (%) Hﬂ % E'j Ejlj'[“ ’ H N EP 9 H 10-25 H KLI&{ ﬁi/j /J\
1 4.759 52.872 52.872 ac%@’ 9 H 28 H-10 H 9 Elf%ﬁj(%%’ ’ %ﬁéﬁ%
2 2244 24932 77.804 K, 2018 49 H 28 H “JRERER’ %] L E LA
3 1.132 12.577 90.381 B ERE, NYFEN &R,
*o6 FINDEMERPAEREAEERRESITN
Table 6 Comprehensive evaluation on the quality of grapes picked up at different date during the second period
KUCHA Harvesting date (mm-dd) F, F, Fs5 F HE4 Rank
09-10 —2.099 -1.179 0.392 —1.499 7
09-13 -1.574 2.559 1.070 —0.066 3
09-17 —1.865 —0.573 0.219 -1.218 6
09-20 —0.240 0.783 —2.137 —0.222 4
09-25 -0.222 —-1.825 —0.193 —0.660 5
09-28 3.248 —0.679 0.884 1.836 1
10-09 2.751 0.915 —-0.235 1.829 2
3 ZEwsitie bR (DPPH. J& [ tidkiiis 1) BV, AWFSL 46 S
31 g B 8 KM 0 D7 VAl B e R A SR S B

EMAEE R SR, REER WA RSN LR
HR I JEUE R R IR 25 R 20T A v it JoR RS ) B T

RS N AE RS E AR E SR AR OB
WA MRTEAR (B2RPIiss) LR BT RE /195
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