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Analysis of Fruit Quality of Winter Jujube from Different Regions and Its
Correlation with Meteorological Factors
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Technology Extension Center of Xinjiang Production and Construction Corps, Aral 843300, China )

Abstract: To investigate the fruit quality of winter jujube from different regions and its relationship with meteorological
factors, in this study, winter jujube fruits from four regions of Dali County in Shaanxi province, and the 11th Regiment of the
1st Division, the 22nd Regiment of the 2nd Division, and the 50th Regiment of the 3rd Division of the Xinjiang Production and
Construction Corps were selected as tested materials. Through comprehensive analysis of the interactions between
meteorological factors and winter jujube fruit quality, the key meteorological factors affecting fruit quality were identified. The
results showed that significant differences were observed in the morphology, texture characteristics, taste attributes, nutritional
composition, and bioactive components of winter jujube fruits from different regions. Among these, single fruit weight,
adhesiveness, total acidity, total nitrogen, total flavonoids, and sucrose synthase SS-II activity exhibited the highest
coefficients of variation. The correlation analysis results indicated that the average annual temperature was significantly or
extremely significantly negatively correlated with the longitudinal diameter, fruit shape index, selenium content, and soluble
acidic invertase S—Al activity of the fruit, while it showed an extremely significantly positive correlation with fruit viscosity.

Solar radiation had a significantly or extremely significantly positive correlation with the fruit shape index, reducing sugar
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content, and soluble acidic invertase S—AT activity. The sunlight rate was significantly positively correlated with reducing sugar

content. The average annual sunshine hours showed a significantly or extremely significantly positive correlations with

longitudinal diameter, fruit shape index, reducing sugar content, selenium content, and soluble acidic invertase S—Al activity,

while it exhibited an extremely significantly negative correlation with viscosity and starch content. The average annual

evaporation was extremely significantly positively correlated with fruit elasticity and ascorbic acid(ASA) content. The frost-free

period was significantly positively correlated with soluble sugar and fructose.In summary, the meteorological conditions such as

moderate average annual temperature, sufficient sunlight, moderate evaporation, and a long frost—free period could facilitate to

enhance fruit yield and quality.

Keywords: winter jujube; fruit quality; meteorological factors; coefficient of variation; correlation analysis
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Tab.1 Meteorological factors in different winter jujube production areas
4 HEHARU/C KRR/ H s/ % A H I % /h A /mm JERRIE/d
. Average annual ~ (kcal/cm?) A Average annual ~ Average annual Frost-free
Place of origin . L Sunlight rate i . .
temperature  Solar radiation sunshine hours evaporation period
— i 11 [ 10.7 146.30 58.69 2761.9 2000.00 209
11th regiment of the 1st division
Ui 22 A 11.4 156.80 60.00 2990.0 1196.95 210
22nd regiment of the 2nd division
=il 50 A 12.8 145.00 66.00 2935.0 1988.40 225
50th regiment of the 3rd division
PPN 2 14.4 121.61 47.00 2200.0 968.30 214

Dali county, Shaanxi province
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Tab.2 Analysis of appearance quality differences of winter jujube fruits from different origins

74 M2/ mm 4% /mm FILAE HOR /g
Place of origin Longitudinal diameter ~ Horizontal diameter Fruit shape index Single fruit weight

—Ji 11 11th regiment of the 1st division 40.1940.37a 41.66+0.39a 1.0440.01a 30.49+0.59a
Z 22 22nd regiment of the 2nd division 37.80%0.39b 36.6440.32b 1.034-0.02a 25.76+0.37h
=504 50th regiment of the 3rd division 35.261.65¢ 34.0340.89¢ 1.0240.05a 20.2941.72¢
B K75 B Dali county, Shaanxi province 32.15+0.39d 32.14+0.36d 0.97+0.02a 16.90+0.33d
SEHIME Average value 36.35 36.12 1.02 23.36
LSRR/ N CV 9.49 11.43 3.06 25.66

TE AN F/NG TR R R A 7= Hu ) 75 0.05 K b 22 5 3% . R

Note: Different lowercase letters indicated siginificant differences among different place of origin at the 0.05 level. The same as below.

AN ] 77 My 4 A LS AR 7R AR bR b, — DA
YL B RTE 48 BORA R T K, HLBR
RIEIRES , KRB AE R FH 25 (P<
0.05) . A8 5 RE BT &I, B R ALY AR R
R K, N 25.66% .

22 ZRBRLEMBUZREILE
Hi 26 3 AT, & A B S0P 35 Tl B Oy 610.82 g,

Jifs Bk 579.31 gf, B & 1 R -72.05 gl*sec, # 1% K
0.98 mm, "H I > 130.81 gf , ¢ % ¥ 4 133.80 gf,
WK 0.22, [0 & P4 5.57,

A TR) 77 by 4% A IR S5 b R AR R, S A
AP S SN B ME R OE O RS P R R, A
RS A B TE B 43 Ml DX A7 7E 1 35 25 S (P<<0.05) , i
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25 (P<<0.05) ; — & AR LR H A, A 55 (P<<0.05) o il i 28 7 R A A A B, &R 52
[F) 7 il 0] 2 SR R 5 PEAF A 35 22 57 (P<<0.05) , 2R B R PR 48 Ar rb REL IR B 1 Il 24 B
S A SR R T R 2 S s A A SR S (] S RECTE 2000 VL b o R R ROR N
SRR, B o X ) & 0] 52 PR AF AR W 35 22 —38.24 %,
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Tab.3 Analysis of texture characteristics differences of winter jujube fruits from different origins

M/ (gfsec) N Rk

7= Hh fifi Ji2 / of W iz / gf A COWE/mm WEIEE/of A/l T W
. . Viscosity adher . . . . . Cohesive »
Place of origin Hardness  Crispness Elasticity Chewiness Gumminess Resilience
ence ness

— i 11 [ 674.01+ 643.61+ -95.50+ 0.984+  143.00+£  145.73+ 0.22+ 6.23+
11th regiment of the 1st division 44 .88ab 46.08b 12.95a 0.01a 12.71b 12.82b 0.02a 0.65ab
22 Al 44711+ 44711+ -77.95+ 0.97+ 87.57+ 89.99+ 0.20+ 7.33+
22nd regiment of the 2nd division 35.86d 35.86d 12.25¢ 0.01a 9.03d 9.17d 0.01a 1.56a
=i 50 A 726.04+ 676.124 -82.49+ 0.98+ 19492+  198.21+ 0.27+ 4.31+
50th regiment of the 3rd division 50.39a 68.09a 6.30b 0.01a 20.84a 20.62a 0.01a 0.54¢
PPN 2t 596.10  550.40=+ -32.25+ 0974+  97.754+ 101.25+  0.18% 4.40+
Dali county, Shaanxi province 40.61bc 38.45¢ 10.59d 0.01a 15.58¢ 17.10c 0.03a 0.80bc
FHEIE Average value 610.82 579.31 -72.05 0.98 130.81 133.80 0.22 5.57
BRERE/ % CV 19.89 17.78 -38.24 0.59 37.51 36.79 17.76 26.42

23 ZEFERLEFMSERMELER h 86.2 mg/g, W I VERE & By 183.47 mg/g, R b

231 RERIHERY R EREE hFEL N 109.60 mg/g, IEME & BN 68.54 mg/g, i8R
H AR RS R 2.74%  JEM & WS 77.95 mg/g, MR & N 1.79 g/kg.

R4 FRFHEFERIEERYMRERES

Tab.4 Analysis of sugars differences of winter jujube fruits from different origins

TR RS AR R HERR SR/ SR/ MR

oz W\ A EL
) /% ﬁ(?jf/ i /(mg/g) (mg/g) (mg/g) (mg/g) (g/kg)
Place of origin Cellulose . £/8 Soluble sugar  Fructose con-  Sucrose con-  Reducing Total acid
Starch content
content content tent tent sugar content content
— i 11 A 2.9240.0la 96.414+0.24a 169.2040.26b 105.264-0.00c 68.14+=1.95¢ 79.54+=2.89b 1.06%-0.02ab
11th regiment of the 1st division
U 22 A 2.13+£0.06a 77.9440.37d 168.10£0.22b 86.95+0.27d 46.06+-3.63d 90.77£3.18a 0.8540.04b
22nd regiment of the 2nd division
=i 50 A 2.74+£0.03a 81.854+0.70c 236.12+0.01a 136.64+4.03a 83.57+2.67a 90.48+3.75a 2.37+0.03ab
50th regiment of the 3rd division
[l v K 7 H 3.1640.0la 88.604=0.01b 160.4640.40c 109.544-0.18b 76.38==0.71b 51.064=4.33c 2.8840.02a
Dali county, Shaanxi province
SFHIMH Average value 2.74 86.20 183.47 109.60 68.54 77.95 1.79
BRERE/ % CV 16.07 9.40 19.25 18.72 23.72 23.96 55.31

AN TR 7= Ml A R SRR Y v AR A (P<<0.05); KFHARMRL LM ERERZL , T
LR FEER; — AN RN S EREZ, A X LRG]S EAE R H 2R (P<0.05,
[Fi] 7 i [] A 48 € By 5 dik A7 AE 10 35 22 - (P<<0.05) ; T AR SRR T R B A AR SR 2 o R
SRR R AT R R S R R, Wi o RS R OB SRS REYE20%
AV PR A 4 b X R A A B 22 R (P< PLE L Hoh B AR R R UK, i 55.31% .
0.05) , A SRR RERE 1 o 7 AN [ 77 b [A] A7 7F 2% 2.3.2 ALy YRESFIERE MERSATL
ZR(P<0.05); ZIA R RLHRFEHE R AR AERLLECHERNI625%, ENFTEN
Z W X R ARG R AP TR E R 0.22 g/100 g, & P & i R 0.4 g/kg, & K & it Ny
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3.93 g/kg fli 7 £ 4 0.05 mg/kg.
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Tab.5 Analysis of mineral differences of winter jujube fruits from different origins

ECHER/N BNG

#/(g/100g) &P &t

/(g/kg) &K &R/ (g/kg)

Placziﬂ:‘)rigin Total carbon  Total nitrogen con- Total phosphorus  Total potassium zﬁe;mu{r(lilogn/ttiz
content tent content content

—Jfi 114 11th regiment of the Ist division ~ 42.06+1.08a 0.2240.01a 0.4340.01a 3.674+0.01a 0.055+0.002a
ZIfi22  22nd regiment of the 2nd division ~ 39.4540.58b 0.16+0a 0.43+0.04a 3.5440.02a 0.049+£0.001a
=504 50th regiment of the 3rd division ~ 32.81+0.10¢ 0.2540.01a 0.3740.02a 4.194-0.04a 0.049+0.002a
Bevi k7% H Dali county, Shaanxi province  30.6940.74d 0.26+0.01a 0.37-£0.04a 4.3240.01a 0.042£0.003a
SEXIME Average value 36.25 0.22 0.40 3.93 0.05
SER/ % CV 14.83 20.22 8.66 9.74 10.90

AN T 7= by A AR S W o, — A AL 4 C
THEZ AFATHMAELECERAEDEER
(P<<0.05) ; A TA] 7= i1 4= N 4> P 4 K il & & G
WEZER . WA R R, AR
YiAabnh, &N SRR R, R 20.22% .

2.3.3 AR LPAMY T E TR NEKG
A LLE M, &R RS B S RO 3.47 mg/g,
AAHLC &R 32.53% , i J5E B HT IR o @R & iR
2 567.87 pg/g.
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Tab.6 Analysis of antioxidant substances differences of winter jujube fruits from different origins

7 SR 4/ (mg/g) AHHLCHH/ % W JE ISR R i/ (pg/g)
Place of origin Total flavonoid content Organic carbon content Reduced ascorbic acid content
—i 11 11th regiment of the 1st division 4.17+0.07a 35.3140.18a 2839.474+5.77h
—If 221 22nd regiment of the 2nd division 4.25+0.074a 34.964+1.05a 2224.46+6.93d
= 50141 50th regiment of the 3rd division 2.0540.03b 31.2540.18b 2916.26+8.66a
BeVE K74 B Dali county, Shaanxi province 3.41+0.14ab 28.58+0.32¢ 2291.28+6.35¢
SEYIME Average value 3.47 32.53 2 567.87
LSRR/ % CV 29.38 9.86 14.03
ANTE] 7 A AR ST A AL Y b, A A R B, AR S R R R e R B OR L

) SR S EE R B 22, R A0 Ml X ) A% A B
AR FER(P<0.05); — AR RLH
HLC & i 2, 3840 X (8] 4 A HL C # i A7 7 Bk
F 25 5 (P<C0.05) 5 = Vil & 40 i 5 52 340 J5 78 B 3R 1fi
Rk e 2, H 43 b IX ] A Kﬁ%ﬂrﬂm iy
WA 25 (P<<0.05) . 8 AR R

29.38% .

24 ZEARIHEEERMELER
MR T AT LU Y, A AR SRR RS SS-

6 PE R 202.03 U/ g, A] i MR M54 AL il S-ATIE 14

Hh11577.98U/g.

R7 ARFHEFERIBERERESF

Tab.7 Analysis of enzyme activity differences of winter jujube fruits from different origins

7

Place of origin

WEME & B HE SS- 1% 1E/(U/g)
Sucrose synthase SS—1I activity

A LR TR He AL B S-ATIEPE/(U/g)

Soluble acid invertase S—AT activity

— i 11
i 22 22nd regiment of the 2nd division
=50
BePE K75 B Dali county, Shaanxi province
SEHIE Average value

BRER/ % CV

11th regiment of the 1st division

50th regiment of the 3rd division

187.374+2.31b
167.684+2.77¢
319.29+3.46a
133.782£3.00d
202.03

11 791.59£11.55¢
12 437.78£11.55a
11 876.69+£17.32b
10 205.87+£12.70d
11 577.98
40.21 8.28

.95.
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Y T B S L SS— T 36 1 e K, AN TR 77 b 28 A e A 251 AW TFE5RILINWH R HE
B R SS— L IE PEAF A 3% 25 55 (P<<0.05) ; il QU AN ¥R S RLHP R B F (P

2L SR S AT I R M B AL S—ATTE M B K, R
[) 77 Ml ] 2 S AT i M R M A% AL il S-AT I M A7 7
B EZ 5 (P<0.05), B FRZE I AW, 4
AL A B SS— TG MR AR S R B K,
40.21% .
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0.05) , 5 I 45 F 5 0% & 3 7 AH ¢ (P<<0.01) 3 K
PR 55 5 5 0E 8 32 35 1E A0 G (P<<0.05) 3 4E 3
H IR 505 A% 52 3% 1EAH OC (P<C0.05) , 5 2R JE
F8 A 0 3 I A G (P<<0.01) 6

B8 K3 AT

Tab.8 Correlation analysis between meteorological factors and winter jujube fruit appearance quality

- R . CRSRE NN 8 28 i ik

Wi H AR e FR H % G| % ERCEY S LA )
Average annual L . Average annual ~ Average annual  Frost—{ree pe

Item Solar radiation  Sunlight rate i . .
temperature sunshine hours evaporation riod

Y42 Longitudinal diameter -0.92" 0.78 0.52 0.92° 0.58 -0.49

Bi#2  Horizontal diameter -0.80 0.58 0.32 0.85 0.56 -0.58

WRILFEEC  Fruit shape index -1.00™" 0.91" 0.79 1.00™ 0.69 -0.19

LR Single fruit weight -0.85 0.71 0.39 0.83 0.50 -0.60

xR P<T0.05 W 3E AH G 38 m P<<O0.01 M 3 HH G, T &,

Note: * indicated significant correlation at P<C0.05, ** indicated extremely significant correlation at P<Z0.01. The same as below.

252 SEWTFHRLFHAMMEE MNFEIAT
VIE W RS 55 R EHEE(P<
0.01) ; 434 H M B 55 26 % M 2 0 e 3 1E A ¢

(P<0.01) 5 4F ¥ 78 e o 5 9 1 58 A I =5 T AH 5%
(P<<0.01),
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Tab.9 Correlation analysis between meteorological factors and winter jujube fruit texture characteristics

53t FHE KIS

Average annual
Item

Solar radiation

AEH B

Average annual

SRR AR ToHi

Average annual  Frost—free pe-

H

Sunlight rate

temperature sunshine hours evaporation riod
i Hardness -0.11 -0.28 0.28 0.10 0.75 0.60
MifE  Crispness -0.22 -0.17 0.36 0.01 0.82 0.56
&M Stickiness adherence 0.99" -0.84 -0.84 0.99" -0.82 0.04
P Elasticity -0.62 0.25 0.64 0.45 0.98™ 0.39
THMEPE  Chewiness -0.40 0.13 0.68 0.37 0.87 0.76
%Pk Gumminess -0.39 0.12 0.68 0.36 0.86 0.76
WE M Cohesiveness -0.55 0.39 0.87 0.63 0.84 0.75
FI% 1 Resilience -0.59 0.75 0.19 0.53 -0.08 -0.75

2.5.3 [EWTFH5RIEFRBF ML NFER
10T LA AEW R S-S mMA VL C & &2
35 17 A G (P<<0.05) 5 K BHER 5 L H R 58 JH
BB R IE A D6 (P<<0.05) s 4R34 H IRt 5 S
I JEORE A A AR B OE A O (P<<0.01) , 5 E
5 W UM O (P<<0.05) 4R 28 ki 5 il
R ASA % & B 2E IEAH S (P<<0.01) s e/ 5

+06-

ALV PEBE R A R S IE A O (P<0.05) . 5
PR TR B AR 3 UM 56 (P<C0.01) .

2.5.4 S[EHFHRIEIEEMMECH mEIL
AR AR B AU S AT U P R R B AL S-AT TR M 2
3 UM 96 (P<C0.05) 5 K BH 4 S RIAE 35 1B i 4k
R U VR R PR B AL W S-ATE R S 3 IE A O
(P<<0.01).
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Tab.10 Correlation analysis between meteorological factors and winter jujube fruit nutritional components

A== . X bHﬁﬁH.‘ \2*‘&? > EL :f!:{‘
WiH AR R S W H 1 AR T8 R T ) )
Average annual L . Average annual Average annual Frost-free pe
Item Solar radiation  Sunlight rate i . .
temperature sunshine hours evaporation riod
4 Z & i Cellulose content 0.53 -0.86 -0.54 -0.79 0.07 0.16
VER & Starch content -0.02 -0.39 -0.37 -0.95" 0.32 -0.37
A PERE S & Soluble sugar content -0.28 0.22 0.75 0.48 0.63 0.92"
HBEf & Fructose content 0.08 -0.30 0.34 -0.02 0.55 0.91
JEFE i Sucrose content 0.34 -0.62 -0.03 -0.39 0.38 0.72
M i Reducing sugar content -0.87 0.94" 0.95" 1.00” 0.58 0.19
MM Total acid content 0.81 -0.85 -0.41 -0.68 -0.24 0.63
4 C & Total carbon content -0.82 0.73 0.34 0.56 0.37 -0.67
4 N#a  Total nitrogen content 0.54 -0.81 -0.30 -0.63 0.15 0.57
4Pt Total phosphorus content -0.69 0.71 0.21 0.49 0.13 -0.79
4 K= Total potassium content 0.75 -0.82 -0.35 -0.63 -0.15 0.68
fifli %4 Selenium Content -0.95 0.71 0.64 1.00™ 0.79 -0.25
VLA & Total flavonoid content -0.19 0.25 -0.36 -0.03 -0.34 -0.99"
AHPLCHE Organic carbon content -0.90 0.87 0.52 0.73 0.41 -0.53
IiLAR ASA 5 &= -0.54 0.17 0.62 0.35 0.96™ 0.49
Reduced ascorbic acid ASA content
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Tab.11 Correlation analysis between meteorological factors and winter jujube fruit enzyme activity
3 R _ A H IR I % Py 7E ki it
W H HEHRR e B gT H s EHH g AEELLE TR
Average annual . o - Average annual  Average annual Frost—free pe-
Item Solar radiation  Sunlight rate ; . .
temperature sunshine hours evaporation riod
REWE & WG SS— 11 1 -0.43 0.32 0.83 0.58 0.74 0.84
Sucrose synthase SS—1I activity
ALV TR TR e AL S— AT -0.90" 1.00™ 0.85 0.98" 0.47 -0.06
Soluble acid invertase S—AT activity
3 i Btk AN T) R BE B b B, Hrh BRSO EL R B
WY -
HVE A R TR RERE J?#ﬁ E S

IS BT P B R AR TR SR 2R 5T Y
L, X IR TET S F e S A B EEE
Ml o SRS O A ECE T E SR A B
i B0 RID XU i S5 A O TR AR BIF 9 R AN TR A&
ARG SR IEAT T R 0 T fEon TA R
AN TR 77 M AFAE 2 R R I R TE RSB A (1
RS R B R B A ) B M RE R (RSB EE M) L Ry
ﬁ(%ﬁ%ﬁﬁﬁ”%ﬁﬁ@%@\Ei’fi\lj\]%%‘@ﬂ]lﬂi
PE) VE IR OB - AT PR ROBE BB iR
BEFTER ;0 I 4 Cs P AL W ot < S 7@1‘}1

AP LR ASA) LA B A W 1 T CRE B 5
PR SS— 1 AT Pk R 1 7 AL Bl S-AT) 45 5 I, 3R
PR E N EREE, SRR RN
0.59%~55.31% , Ya W3k 44> 7 i ) 2 AR S H A

@z‘%ﬁ\i\%N\Eiﬁ@lﬂ\ﬁﬁﬁﬁiﬁ’@SS—H‘(ﬁ‘f&ﬂ’ﬂ’x
S RBIAE 20% LA L, Ul B IX BB S AR AE 4 77
KB KRR JIANG ZV85F 58 & B, 77 H
B A A I (R A S 45 R ) DL R AR 3 4 B
Ik ABEERE R RIZES N EEFER,
m%l¥m%$xiétu|:izu ﬁ#ﬁ%ﬂﬁiﬁﬁé&
AR bt ) Y AR R RS RS
TR I IREENHEE, FE2MREH, %x
) €0 O o BRI KUK T B SR s Y
RS2 IR R L R R A P AR AR K
PR IE ORI T, S SR AE Y AR K R AT
A By NN AL SN T N SR 2 VAR e N 1§

REM,FEHESRELWIRE RIE 5 s
T R T U5 M R MR AL i S-ATTE T B B 2 e W

.97.
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