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A BAH], AT EAEAR R B R SAT IR

BER S RBERR B RSN EHE R CRBRAFIAE,

MEARF LB IRR T ENE. RiE. DHBLSEAL RSN T/, 2RI, 2FBERERM AR S
BUSBRRFIEEREL BRI, MEXF EHTRE. 2MAERRE RO R L LG AT EIAAAL
NIF=SS-CD7# 1448 5, & #H1/5SS-SDASPS/E M4k 5. EAER R AR ZLF T, #4850 mMe(AL. NI,
SS-CD)EMEM R E fia %, XF P/ EE L A mE(SS-SD. SPS)E 2 8 ¥ EA8%; Mk RiEmEA R

REENLF RN i T Y ERE fiARX.

X BRI AR K BERE; BRI X8

SRS 0 o AN g A& R SC I E RS, 1 HL
I 2 R S F A B B I 4E AR R TR
A0 255 ) B P)(WangZ52014; 55 (N 3 55
2017; A2 F2552016a). R R B RMBESH
VEN . I JENEFIRERE . AR RO SR S &R 4
e RENZ D, TN EER RIS AR
R IR TR BEAR SRR R ) B (R 15 452004)
Pl (KRR B2 B M 444 B (acid invertase, AD). A:4%
AL (neutal invertase, NI). B HlE & Bl (sucrose
synthase, SS)FEHH IR A K (sucrose phosphate
synthase, SPS) 14 (52 i 5H252017; Hi/NK2017),
FoAE FAEA R AR R A R S AR R AR 22
S, I B 2 (B S5 252005; XiZE2014). H
AT, A SMHICHIE I AR T AERE (Citrus sinensis)
2 (Pyrus spp.)~ BE(Prunus persica)Z H52 1, REFEFA
KRR BA IR A R R
LT RS M IE R R A S IR A R Ak
Y HEAG 25, H55% BSPSHIRENE & & i 7 17 il
(SS-SD) {2 (XIIEE2013; XiE2010). CHER R
R RS SRA RERE & BAE S RIS T OF, B
SS-SD2 145 AR F 1 S B Bty 1710 SR SIG ol 24 P 7
S AL 20%, SPSYE S 32 2%/ H (Eche-
verria®$1997). TP 2014)iF 7o R, MHL
AL AE B DR BOR R =, T\ B A SR s
FERGESH DR R R 3, M9AL 5 FERL A IR Sk

B 5 W JEE A R IR T, RS E B TR
ONBEFE RELAERE GRS ET S Z R,
L3N AL ol R AR AR 2285 DA SS-SDIE - AR
o RER SR B R (32 RGE2016) Mk
ZLER (K ZL562006) < Hi5 5 (5K AE552007)
R DR BB A 3, 3Bk R R SR B
FE b & B AR AT, HSS-SD2 i & i 5 1
PEAN R OCRERE . SRT, TRk HE's” RO AE 5 hE
AR & RS, SR E HE S BRI S5
BEAN B RS R (KB AR £52007) . 7F FE Sl vs M
B b, AL, NIFISS-SDAFfk a3t 5 byl s
S HAHI[H], SS-CDHISPSHEAE —E % ¢ o
H(Ziziphus jujube) & kR 2, & H 2 FiEA
g3, b, RERE L SRR R 2 0 L o R R
B, He g R B 8 99.31% (£ 482013
TKEHMF2016; FH/NFK2017), 56T H AL SRR 7T
A A R IE (W 482014; /N K2017), R
KA (BIEA 2520140, b), T i 2O A SLEAT (2
201 7) RS A A R A, (L Rk B it
FE R B RO A ), R B A sl

ks 2019-01-17  f&E  2019-05-07
BEY R UL EET R R S TR H (2017DB006) FHHE B
KK ZER KIS B L I(TDYZZX201401).
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23 DASS-SDke = B4 F, < Al A A Lk
A A SPS A A B . IR AT IR SR E R B
RS, HBERE AR 32 DLATRINTE P4 ) 15
15T, [RIN R R & 2R St SSHISPS I 4 ¥ 34 i
(ZEHIEE2015; AIAN2015). FHILTT I, SRSl 2
TREAIE S AR U i 1 1 2 L 2E AN [F) SR s p R A
ZE5t o SN [RIHEAR SR AT R ) AR BEATL ) A
8, HACH LRI R Tt — PR AHETE L2 Fh
AN FEPRERR R AL AR RO PR, d i i AR
TSR E IR R i R R A A O Bl Y 1 1
BIASARAY, PRI 2PN R 22 70 54 ot ot TR 512 ) 5 B
ZERTE R EEA TR, it m RS &
T AR it J 2 R AR B R R i

1 R57EE

1.1 8

PURAT T 85 LA K 222 (Ziziphus jujube Mill.)
PR BEIRME 1) 9R2 . TR SR EA Rk
AU YMRE, AR N EKEE(2017) SCHR B A PR R
PAMFFRLE R TR, BB e R NI R AR
A, BRI SR E AU L I E AR R A,
Fh(ER1) e FBEACFIR U3 — 8. BEUs ) 13k
R ubsg -, HIRAR G ENLSS gk, RS =
N1.27 g'kg!, &8 EERN20.00 g-kg' (&%
2016), Hoe FH A& 34 i — 3.
1.2 UBE5EEF

1260 HPLCAY (B A G1311CHPY 5 . G13-
29B [ Bh% i E shit eSS . GI316AFEIRAR . G4260B
ELSD. OpenLAB CDSfa i T{F k)i H 55 [F Agilent
A, FALLOANHL 73 M R B i A s A R
2\ F); HH-S6E AR IR /K I Il H 430 i BT A 3
] ROTINA 380R /=38 4 14 55 0o LI [ 7% [E Hettich
BHEACEA TR A T RV-1035 518 e 4 78 R AUH A
J7INACR} SR = H AR BR A ) B EPHSI-4F pH

T E FHEAES R AAER A A TR A F]; UV 1800
Y ICICFETHIE B i R AR IR A .
1.3 5%
1.3.1 #mRE

EEFAEKKE RIF. R EH—800
BEAS i P 3R A BT, T SR g 4 A
TRE R R YR AT H AR ], BTHIE I

G, B10 A2 4RFE— IR, L& RS BRCREE

30N, TONVK G I SEae =5, . LTI,
FAG F S B E Wy, — 4 T D w] v M 4H
57, A F T8 BERE AU A GBS AR bR . W
RIBGHE ARG, A7 T-80°CHAK I UK FE 5 FH
1.3.2 ENZE

AL S B DL 4 LS e 2 R
T /NEK(2017) R T3 95 o

B P [mg- g (FW) b = [XX(V)/ V) (mx1)]

XFRARUE 2 E B R & B (mgmL™); V3%
AR I PGB AR AR (mL); Vool 5 i B
FUmL); m3R s FE i 5T (); 3 [ S I [H] (h) o

it b 5 g 0 5 350 1 B3 IR E A
1.4 BHES

K FHDPS 7.053H T 24 G it A1 7 At

2 SLWEER

2.1 AMERRRERIEKLELEFAFMN
PER RS

SR SR B IR T T AR s AT 4H o oy
NRERER A SRR 2R R R [A) SR  (RSR A
552013), ‘R, ‘ETEHY. SRBFEEAIEE L4
A b Fh RAS(10 A 14 H) B2 b & 2 5 I8 R
PSR EL 4 N 3.53:1. 2.60:1, 1:1.29.
1:1.26, XU, ‘R 5 &1 N R AR
5, R AR5 SR B A RS R R AR R

R PR R I AR SR 2

Table 1 Classification of phenological periods of two sugar-accumulated jujube fruits

ALHAY FIE PN 7yl T A% SE8] Bt R
FEFERA S THOH~TH16H  7H16H~8H4H  8H4H~8/14H 87 14H~9H6H 9H6H~1047H 10H7H~10H14H
SERER R THIH~TH16H  7H16H~7H23H  7H23H~8114H 8 14H~9H6H 9H6H~926H 9F26H~10/114H
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Fig.1 Accumulation of sugar during the fruit
development of ‘Jun 2’
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Fig.2 Accumulation of sugar during the fruit

development of ‘Jinmangguo’

35r oHI&
L I%:ﬁ

AT A R %

B3 e B R H IR P IO R

Fig.3 Accumulation of sugar during the fruit

development of ‘Jinlingyuanzao’
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Fig.4 Accumulation of sugar during the fruit

development of ‘Meimizao’
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Fig.5 The dynamic changes of Inv activities of

two sugar-accumulated jujube fruits
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Fig.6 The dynamic changes of SS activities of
two sugar-accumulated jujube fruits
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two sugar-accumulated jujube fruits




SR TRAE: PR AR B A SR SRR B A B B T 841

Bl ) VR 1 — A el {1 IR R )
W AE2014). I EI8HT LUE i, 2R A R A&
SRS A B 1R 1 ITI8 H 14 D Z il Ay
FRRERE N T, BRI 5 DA O N
2.3 WAERRARRLAAMERRSEEL
EESiE sk EP S
R A 2 Fof AR 28 7R A i o SR S rRORE R R K AR A R e A
s, TS LA A B, Be-SPT. S reinliv
HR2 AR SCAE K RIS 5 00 R T Fig.8 The dynamic changes of net activities of sucrose-me-
aTES ﬁl*ﬁ?@(}) <0.01); KB H A3 5 tabolizing enzymes of two sugar-accumulated jujube fruits

— W W
o o o

|
W
[=}

TRERE QU 14 5 1/
mg-g" (FW)-h!
5

|
W
[=}

|
=
(=)
T

KREAMI(H-H)

2 CUR2 ARSI IR R A A SR B R A S 0 M

Table 2 Correlation analysis among sugar contents and the activities of sucrose-metabolizing enzymes in the jujube fruit of ‘Jun 2’

H i WEZH o Al NI SS-CD SS-SD SPS A
KA T A pE -0.78" -0.01 ~0.69 -0.20 -0.27 0.82°
S -0.72 0.11 -0.62 -0.05 -0.21 0.80
HEWE -0.95" -0.13 -0.92" -0.56 -0.53 0.86"
st -0.84" -0.01 -0.76" -0.27 -0.34 0.85
KA Hi A pE 0.29 0.59 0.73 0.27 0.29 0.26
S 0.29 0.57 0.73 0.25 0.29 0.24
HEbE 0.32 0.69 0.68 0.38 0.27 0.35
g 0.32 0.67 0.70 0.35 0.28 0.32
KEJEM A b 0.96" ~0.44 -0.80 -0.12 -0.99” -0.39
S 0.94 -0.50 -0.83 -0.06 -0.98" -0.33
HEWE -0.68 0.84 ~0.41 0.99” 0.79 -0.14
st 0.73 0.54 0.11 -0.91 -0.61 -0.99”

*IEP<0.057KF MG, **EP<0.017KF FAREEM G, B2 A &R R EMIANTHIH~8H26H, KEH N 8 H26H~9H
26H, REEWINOH26H~10H14H . ‘&R FAR M RELL REIINTHIH~8H4H, REHWIANBHAH~9AITH, K& EHANIH1T
H~10H14H. FRHEL.

W3t AR ST IR R A A SR R A S M

Table 3 Correlation analysis among sugar contents and the activities of sucrose-metabolizing enzymes in the jujube fruit of ‘Jinmangguo’

H WiZH 4y Al NI SS-CD SS-SD SPS g
R E T & -0.78 -0.60 -0.82" -0.72 -0.16 0.73
PR -0.91" -0.78 -0.75 -0.59 -0.33 0.82"
HEHE 0 0 0 0 0 0
=¥ -0.79 -0.76 -0.41 -0.17 -0.31 0.82"
KA HIH & -0.52 0.96" -0.36 -0.90" -0.21 -0.90"
PR -0.48 0.97" -0.36 -0.87 -0.20 -0.86
HEHE -0.60 -0.97" -0.43 0.94" -0.29 -0.93"
et -0.92" -0.90 -0.82 0.98" -0.73 -0.98"
KE & -0.55 0.55 ~0.42 -0.52 -0.06 -0.56
S -0.51 0.51 -0.37 -0.57 -0.01 -0.60
HEHE -0.99” -0.99” -0.95" 0.27 0.77 -0.23

Sk -0.29 0.29 -0.43 0.99” -0.73 1.00
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Table 4 Correlation analysis among sugar contents and the activities of sucrose-metabolizing enzymes in the jujube fruit of ‘Jinlingyuanzao’

H VEEER Al NI SS-CD SS-SD SPS G PE

RE T R -0.59 ~0.69 —0.68 -0.60 -0.69 0.52
S -0.77 -0.85 ~0.84 -0.77 -0.85 0.66
FEHE -0.88 -0.88 -0.78 ~0.80 -0.86 0.89"
sy 0.19 0.07 0.30 0.32 0.14 0.55

KA R -0.79 —0.74 -0.18 0.66 0 0.42
S -0.79 —0.74 -0.17 0.67 0.02 0.44
B -0.80 —0.74 -0.17 0.69 0.08 0.49
sy -0.82" -0.76 -0.10 0.68 -0.06 0.40

KE G T 0.39 0.92" 0.73 -0.37 0.73 0.08
S 0.29 0.90" 0.70 -0.59 0.48 -0.14
B —0.34 -0.93" -0.71 0.43 -0.67 -0.03
sy 0.46 0.85 0.70 -0.16 0.86 0.24

RS TREAUC ARSI IR R A A SR B PR A SR M

Table 5 Correlation analysis among sugar contents and the activities of sucrose-metabolizing enzymes in the jujube fruit of ‘Meimizao’

H BELH 5y Al NI SS-CD SS-SD SPS A

R i kL 0.20 -0.29 -0.36 -0.26 -0.25 0.07
Tk 0.20 -0.29 -0.36 -0.26 -0.25 0.07
HEHE 0.16 -0.31 -0.39 -0.26 -0.26 0.11
=¥ 0.18 -0.30 -0.37 -0.26 -0.25 0.09

KA kL -0.23 -0.23 -0.30 —0.46 -0.69 -0.05
Tk -0.25 -0.26 -0.31 ~0.49 -0.70 -0.05
HEHE -0.91" -0.90 -0.95" 0.07 0.95" 0.73
b -0.85" -0.84 -0.89" —-0.03 0.96" 0.63

KA 5 kL 0.34 -0.81 0.77 -0.58 -0.66 -0.87
S 0.38 -0.83 0.79 -0.56 -0.69 -0.88"
HEBE -0.72 -0.99” -0.96" 0.04 0.53 0.57
Mg -0.59 0.30 -0.29 -0.92" -0.31 -0.57

PESRA BN, KB 5 IG5 S A RS
P52 TR 9%(P<0.05), FEHE 5 & sl T AR
B3 IEMI(P<0.01). ‘47850 AR SAE R F A
W JERE 5 o R S 1 R 3 SR 9R(P<0.05); KB
I TR OB 5 4y I M S R 3 IR A Ok (P<
0.01), JEERE 55 4 B s 1 S 4 2 25 FURE 9(P<0.01),
54 R G 1 2 3 IE AR DR (P<0.05); KB Ja
W55 53 fe B 05 1 S W 5 2 47 AH D (P<0.01)0 T8I IR
AR R R AR R S A R B =K R o A
FEEIER, KB GBS T R EE R
A R .

R IR SR K E T RE N S o RS
P 5 R 2 T R (P<0.05); A A T UIERE . b

] B ST R PR AT AR R A
I TR 5 53 i g Vi 52 S 25 TEAH 5 (P<0.05), JEHE
593 AR 1 52 50 25 DA R (P<0.05) . SR B4V R
SCAE R AT HIRERE . SRWE . R AR S S I 1
BB BE M RNE; KE IR RE 5 o0 fi g i
R TR SE(P<0.05), 56 OB AR % 2 1E
HIR(P<0.01); & H Ja WIREHE 5 70 i B 1 2 5 2%
BURH 9%(P<0.05) . i B 3 JEUE AR 28 T AU SR Sz A
KB AR i B T B

3 g
30 ARTEKELEFLEZEPHERR
AT T I TN, 2R AR B g o SR S R
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B LRI F o8, X 5R(IR5CF2016; 275
75552014) SER(Malus pumila) (RSEHF] A 75 35
2012). Mg (Citrus medica) (FLiE:#2005)% Bk
A REEAR—5, fERRLEKE G, 25
B AR 88 0 AL S AR A HH A — AN B B B REBE AR
R SR M SR ER AH4H, e
NIH6H, KEANTH2IH), X5 5 FRE
T A iy SR sl A s, A% e 00N (CH R 55
2000; 275 462008) I 45 1B AHL . A TR B,
WR2 Lt P AR BLS RN DU R R A, K
B 3 A B ARRAE S R K RO AL (98 47 452014b),
5 X P45 (201 6b) f 2 S S BB IR 46 43 IR B 91 45
B R RH A S8  JL S R U] AR
FRBEAHE AR, HBE B A
LB ETE2014) . Toil 2 FERE R 2 A& G oppid 2
I JERE AR B Y A R, AE RSk B TR SRR
B, SR> B E TR, RE
FEME TR UG KRB R, ARG SRR IC . Sd
o Al Tl PR R B S 3 R D e e B S R . Viz-
zotto 55 (1996)HE Wy Bk 5L 5 v e bl (1) B 3R 38 40 42 tH
M EIEN, W RS S A K. A2
T R 28 B0 A ot o SR S o R v R A S e
R EFZENIHRBAG Rt — Dot . R AR S
K CE WATR), A SR S A A A
AR —E, AHFERE & RUR NG = TR A, X T RE 2
FH 1458 22 (1)) 26) BB A DR WP IRCAE P 0 RS P e A s v
FE(H™452016).
3.2 EREREHHEXEBESERIERERNER
FEEHE AU A DG I S S 0 )RR R B A
o ATFINDE SR SCEACH FI24 Sk, e ATnr R
SERES ARG 18k AR BRI R (S
552014a). AT R IM2POHE AR A5 M R Sk
BT R AR R R, SRR R BEME
BRI, %50 PR A A i V7% 1 e A T O ) i, Y
I E 0 S AR R, R T R SR B IR
mE AR AT e AR TR oK . KB 5 bR 5%
OB S E R PRAR, BERE & BT m . H B S Wi
(HIPS252005) 1Bk (Juglans regia) (:E K2004).
G (Citrus L.) (JiangZ52014)25 4128400, G —&
IR . FEBEAN RS AR KR B WA, 2R 3R

AL M S b RERE S R DA G BT TR R
H U (2016)EA (Armeniaca Mill.) HS2HF 77
R G o AT B S Y 23 BT RT & 2 b
R SR R B SR P DL BV N S L 2
B LA e o 2, 2 J5 LG R N 3, 78 im M
EM (Citrus unshiv) G H2E2001). 3E (R ME
£52000) 5 LB A AU S5k . RERERR SR A
RS F AR & 2K, BEE S ES S
el EEHEAER, K8 EHERES &R
R E A R 8RR R RS E R
BYIHIC S B, FERE S 20 BB g
B, A R RIS, KB R IR M K &
R, FAGEREYERRAK, & s K IRRAK, H
LK E B RERE S o A e M B R O OR,
KA G AR S o) AR 1 S A DG . U
B, & BB E IR R AR B A AR RS RE AR R 2
RN EEREEN . YR HENEE N R SE N
BE2H 73 29 ERE, HoBEREIE N B2 0 fE ok
B 53 ARG 43 ff 93k SN, 38 IR — 84> FH T AR,
— 35 T HARIE AR o T RN LT A AR A R A
WfeT i NS S B (s S L A g — P ISk .
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Physiological metabolic mechanism of sugar accumulation in fruit of
two sugar-accumulated jujube varieties
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Abstract: The sugar content in fruit is an important factor to measure and determine the quality of fruit. In or-
der to explore the physiological mechanism of the difference in fruit sugar contents between two sugar-accumu-
lating jujube cultivars, the contents of sucrose, fructose and glucose and changes of metabolic enzyme activities
in jujube fruits at different developmental stages were determined by using sucrose-accumulating jujube culti-
vars ‘Jun 2’ and ‘Jinmangguo’ and reducing sugar-accumulating jujube cultivars ‘Jinlingyuanzao’ and ‘Mei-
meizao’. The results showed that the accumulation characteristics of sugar components in two sugar-accumulat-
ing jujube fruits were similar at the early stage of fruit development, but different at the later stage. The two
sugar-accumulating jujube cultivars showed higher activities of Al, NI and SS-CD before white-ripening stage,
and higher activities in SS-SD and SPS after white-ripening stage. In the sucrose-accumulating jujube fruits, the
sucrose was extremely significantly negatively correlated with the activities of decomposing enzymes (Al, NI,
SS-CD) at the early stage of fruit development, and significantly positively correlated with the activities of syn-
thase (SS-SD, SPS) at the middle and late stages, while the sucrose was significantly negatively correlated with
the activities of decomposing enzymes at the whole stage of reducing sugar-accumulating jujube fruit develop-
ment.
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