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Abstract: [Objective] Huizao is an important variety of red Chinese jujuba (Ziziphus jujuba) in Xin-
jiang. Improvement of yield and fruit quality will increse economic benefits and market competitive-
ness. Plant growth regulators have shown unique advantages in regulating crop growth and develop-
ment, enhancing resistance and improving quality. The study aimed to screen out the effective plant
growth regulators that could improve the fruit quality of Huizao. [Methods] This experiment was car-
ried out in the Chines Jujuba Germplasm Resource Collection of Kashgar Mageti County, Fruit and Veg-
etable Research Institute, Xinjiang Uygur Autonomous Region Academy of Agricultural Sciences. The
Huizao trees were used as the test material, and five plant growth regulators, namely, Diethyl aminoeth-
yl hexanoate (DA-6), Oligochitosan (AS), Sodium Nitrophenolate (CSN), Phthalanilic acid (PA), and
Paecilomyces variotii extracts (ZNC), were sprayed during the period of fruit expansion. 15 treatment
groups were set up with different concentration gradients for each regulator, and a clear water control
(CK) was set up. We selected the test trees with good growth, consistent flowering and growth, and

sprayed the leaves evenly with different agents and concentrations, 2 L liquit sprayed for each treat-
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ment. The first spray was made in July 10, and the second spray was made 10 days later. During the fruit
ripening period, the morphological indexes (single fruit mass, single kernel mass, longitudinal and trans-
verse diameter of fruit, longitudinal and transverse diameter of jujube kernel, etc.), nutrient content (sol-
uble solids, soluble sugar, soluble protein, vitamin C, titratable acid, etc.) and key secondary metabo-
lites (anthocyanin, total phenolics, total flavonoids, etc.) were measured, and correlation analyses were
carried out on the various indexes, and the affiliation function method was used to calculate the integrat-
ed scores. The correlation analyses of each index were conducted, and the scores were calculated using
the affiliation function method to comprehensively evaluate the fruit quality. [Results] In terms of fruit
morphology, the differences in the edible rate (95.11%—97.31% ) and fruit shape index (1.38-1.54)
among treatments were not significant, but the kernel shape index of ZNC T1 (2000 times 250 mg - L'
ZNC), CSN T2 (20 mg-L" CSN) and ZNC T2 (1500 times 250 mg-L"' ZNC) treatments were significant-
ly higher than that of the control. In terms of nutrient content, the DA-6 T1 (20 mg- L' DA-6) and DA-6
T2 (30 mg- L' DA-6) treatments significantly increased soluble solids content, and the CSN T2 and AS
T3 (600 times 5% AS) treatments had the highest SSC content. The DA-6 T3 (25 mg- L' DA-6) treat-
ment had the highest soluble sugar content, but the difference with the control was not significant; and
several treatments significantly increased soluble protein content, the DA-6 T2 and CSN T3 (25 mg- L™
CSN) treatments increased by 7.285% and 5.16%, respectively, compared with the CK; vitamin C con-
tent was significantly higher than that of the control in all treatments except CSN T3, of which the vita-
min C contents of the AS T1 (1000 times 5% AS), AS T3 and ZNC T1 treatments were the highest, in-
creased by 89%, 77% and 89%, respectively, compared with the CK. The DA-6 T2 and ZNC T3 (1000
times 250 mg- L' ZNC) treatments significantly increased the content of titratable acid. In terms of key
secondary metabolites, DA-6 T3, ZNC T2, and ZNC T3 treatments significantly increased anthocyanin
content, with ZNC T3 treatment having the highest anthocyanin content. The CSN T1 (15 mg - L'
CSN), PA T2 (1200 times 20% PA), and ZNC T1 treatments had the highest total pericarp phenol con-
tent. The DA-6 T3 treatment had the highest total phenolic content in the pulp, which was enhanced by
83% compared with the CK. The PA T2 treatment significantly enhanced the total flavonoid content in
the pericarp, and the AS T3 treatment significantly enhanced the total flavonoid content in the pulp. The
correlation analysis between the indicators showed that fruit transverse diameter and fruit longitudinal
diameter, kernel longitudinal diameter and kernel weight, and kernel transverse diameter and kernel
weight were all highly significantly and positively correlated (P<<0.01), i.e., an increase in kernel
weight was often accompanied by an increase in kernel longitudinal and transverse diameter. And the
kernel longitudinal diameter and fruit weight, kernel transverse diameter and anthocyanin content, were
significantly and positively correlated with kernel transverse diameter (P<<0.05). Through the compre-
hensive evaluation of the affiliation function method, the comprehensive score of fruit quality of each
treatment ranged from 0.293 to 0.722, with the PA T2 treatment scoring the highest, followed by DA-6
T2 and ZNC T2, and the order of the comprehensive score was PA T2>DA-6 T2>ZNC T2>AS T3>
ZNC T3>ZNC T1>CSN T2>PA T1 (1400 times 20% PA) >DA-6 T3>PA T3 (1000 times 20%
PA)>CSN T3 >CK>AS T2 (800 times 5% AS)>CSN T1>DA-6 T1>AS T1. [Conclusion] The
five plant growth regulators had certain regulatory effects on the fruit quality of Huizao, among which
PA T2 treatment had the most prominent effect in improving fruit quality. DA-6 T2 also had a more sat-
isfactory effect. Therefore, it would be recommended to choose PA T2 treatment to effectively improve
the fruit quality of Huizao and enhance its market competitiveness.

Key words: Huizao; Plant growth regulator; Fruit quality



510 H7

KN o 55 e 5 iR A AR 3 FRDGE A AL SR S i o D 5 2335

K (Ziziphus jujuba Mill.) & R 2R L @ AHY) , 7
FETHE, R EEENET AR A 2 —0, Hd,
PR R R EM M —, o wE A E i —
o, R E L 0 B AR SR AR R E AL
AP AR B B R E TR AR D R A&
REREE, B SR Y ER YRS E TR
gy, BAA R A E A2 Y. B E a8
7R PR JR 3 R B T SRR B e, £0 AL ) i o
ARG EL ., G aR LR A B N A R4 FE R
51 > i AL A B AR, SR T AL i DA T8 3 RS U
I AR AN RS

Y ERK WA — R T EER K E
Ak 2= o, B A & CBUR B R RS
RS IEARY A P R AR, M Re e =i fE
Ve, I RENE AP AN B R S, ERE K
77 b PR 5T BA AR 32 R A E Rk O T R A B AR
F™. EHESES LAk b A A AE G k58 A4 k), w8 0~
40 mg - L' i%Z £ 5 (diethyl aminoethyl hexanoate , DA-
6, 25 FL B, M Tt e e R o) ik SR S SR R R A S XU
a5t E SR E S A e B E ], B BL30 mg - L AR
RO ERILEFETLLTIC 7 51 il bl
g5 R, Wit 5% 1) 2 Jk 5 B% 2 (oligochitosan,
AS)800 15 VRTS8 25 48 i iy (R S 3K BB AL
Wy B Ak i (superoxide dismutase, SOD) i 45 4L )
i (peroxidase , POD) ¥ M , {12 12 &= Wy A1 3 i 25 4k &
VIRIRR 8 o B AEC A (A9 B2 1Y) S0 9 4 (sodi-
um nitrophenolate , CSN) &b E B AR+, 45 R B,
10~70 mg - L CSN Kb xF $1& i B &) 1 o3 B Lt 7
TREAEH R 2 . B R 55T 7R K R
(phthalanilic acid, PA) X 3 5L 2 5 1 b i (1) 5200
S5 IR RN, PA 035 H =S R 0T 8 R L AT VA YRR AT
TR 3 TR A SR SR R, AR P MG B S T
= e PR 35, 7E VR B2 R 180 mg - L' B 250 SR 5
U o E I AR L A 2240 v S A B e A K 2 i g
Jit A 7] 57 59 FEE ) i TR AU 75 45 52 HUP) (paecilomy-
ces variotii extracts, ZNC) , il 7 H X A: 22 A2 K AR
FEE SR, S5 AR B, Wit ZNC Ab 3 1) AR
2, FERJ ET AR e AR R R L 2R A
S& e ok ONGINASCY NS o g S R e E SR
e BT NBI IR B, 582 i 0K 2 AR s s AR K DA
Lt J R R BRI S, 72 I i B A H k2 E VR 5
28N 3 0 e P R Ak e 2R R VR XU e Ak

77 3T HR v SR AR, T, 0 S DO N
BN RS i | Wt T Y | Y Sy NE A
T AH 2K RN SR A A I E R E T
RS I 2 R R & SRR NG
P T SRR R, $ v U B AR R R S T, A AR K
VTR O T . R A A KR A SR S
JiR B B EAE A AR AR R ) B R K
R ALY, R DKM, IR [FIK
% I DA-6.ASCSN.PA Fl1 ZNC ¥} fifi 25 ] 2 4 5L 5
AKRE KRR, B R AN [F R0 28 S AN [
TR P AR ) A A TR T ) X i A R S R ) X A
F LA RN R ES S R A B R AR I 5 H AR SRR

1 PR

1.1 IR

IS HAL TR B AL S R B A X RO R B ik
W 0 BT A 22 5 BB AP ot B [, 1% X 3R TR
it KRl P R S5 4R 1 180.58~1 181.19 m, B 7T
X 358 85 1K~ B3¢ e RS- 380 3L FE 43 i - 12 °C L 41 °C Al
15.7 °C, 4E [% /K B2 70.7 mm , £ 41 %) H 1B H0k
2 806.3 h.

1.2 ##

ARG AR A I T G, ARl it o 4 i A 3
1S AR IR, BRAT FE A 1.5 mx4 m, 350 /K R
B A PR i MRS Hh R 7 R b
A7 R FRA KRB R I TR A 35— B0 3 1k
WRIGA , TR BB 3 Ak, TR AL (6
A aD AT H R bR IC, T RS2 K7 A 10 HD X
IR AT N it 24 77 Ab 3, AN R 24 751) AN Rk
FE AW 2 L, [ 10 d J5 (7 H 20 HD B 17, 3t
M it 2 VK
1.3 753k
13.1 A KAHHEE SRy LKA
75 DA-6.5% AS.CSN.20% PA L\ }% 250 mg - L
ZNC. X5 VE 15 0B, DAt i 7K et i
YA L WL 1.

132 REHERARGNZ  {ERLHEHRI, T
B E R bR IC B 25 V8 R b 7 1) BE AL 30
Fs, g R B A A it & L R T (0.001)
B AR YR RIS SRR AR A
AR R IR 0.00D M & o 7T F/Y%=A JL 5 AT & 5
I3IANE B3 <100, FTE F8 Hi= R SC AR/ 5 Sop



2336 ®OOW R #4245
=1 TELIERERCEL
Table 1 Concentration ratios for different treatments

b N, . ey L i A T A SR ELY
i 20%E KRR 20% PA WA DA-6  SUSIETERIE 5% AS g CsN LA ERIRY)
Treatment ZNC(250 mg L")
% & Control (CKD ¥ 7K Water 1% 7K Water 7K Water i 7K Water 1% 7K Water
Tl 1400 %% 1400 times liquid 20 mg-L" 1000 %% 1000 times liquid 15 mg-L" 2000 1% 2000 times
T2 1200 % 1200 times liquid 30 mg-L" 800 {5 800 times liquid 20 mg-L" 1500 53 1500 times
T3 1000 %7 1000 times liquid 40 mg-L" 600 i 600 times liquid 25mg-L" 1000 5 1000 times

17, RILIRE =R A G Rt .

133 RETHRBYRAAXLRER B 20N
& TR SEHE R IH AR EREEREARIC AT AR P R
A677 11 BEATL A7 B 30 A S Sl e SR S8 FEY I FE A -
AL T4 B B 0 S FH S v s PR E R
TR R A A s AR CE R
1IN 5 R A W B €8 3005wl v P 0 i PR R
FH R LG 5P i B I e R % S
W52 1 G-250 Ye B vk, o 35 R 57 2 10 W & SR
F R B — il R 5 — S S AL B L (s i 1y 5 i ) U
JE R FHAE AR IEEY A6 22 & 5 10 € SR 22 4h-AT
DL a3 A BEER

134 ZoFEBEIFAMGTHE REREGEEES
FRFR I E () Rl b 2020 B P B — i LT
KB R EE R, R % A IO 25 S TR .
b THEAS [RIRE A AR AU 5 7R AL BE T A RS SR 5%
TR 1) SR J8 eR A, X & AEFEE G ol BT HE

St > N X. = Xuin
SRRSO B AR U=

L XN B TR AR NI AE s X NS TR AR
PR R IMEL s X 9B TR B A 1 B KB
1.4 BEEAIE

f#fi F| Microsoft Excel 2020 42 ¥ % 35 , 1 H
SPSS 17.0 8347 HL R 3R 77 22 53 #1 » K F Duncan’s
% B RIS oy AT R AR 1) 22 7 2 3 48 (P<<0.05) , H
Person AH 57 BT iR A [F) Ab B 2 ] 32 4 55 1R 1Y
AH A, FH 358 BB E A BT PRI S A TR A

2 HR550

2.1 AREPEKIBTH T RERIHSERN
Al

W2 B, B A ER T AT 2R Y 95.114%~
97.313%, %5 CK LR Z Z 7, K AS T i %
I, PA T AT R e fik. RIBFREGER Y 1.376~
1.542, &AL 550 M2 A IR B 2 22 5%, HorP PA T3

b 3R 18 A K, DA-6 T1 AL SR IR 35 $od /D
W48 B 1 N 3.184~4.207, ZNC T1 ¥ ¥ $5 $ i
K,ZNC T3 kb B Z 45 E /)N, o, ZNC T1.CSN
T2 J ZNC T2 kb P % CK ) 5 & 3% 4% 55 17.19% -
16.04%71 14.85%.

2.2 ANEWEPE AT IR R R SRR
22.1 TR A KR RS AR S B A
Za9%ch L RR, BT AR R M R
& VU 1 27.8%~35.9% , 2 1, DA-6 T1.DA-6
T2.AS T3.CSN T2.PA T1.PA T3 kb B f#) a] 15 % [
Y& & T CK HZE R AR, CSN T2 L AS T3
MRS B, BLCK I K T 2.8 B3 il 1M PA T2,
AS T2.CSN T3.ZNC T1.ZNC T3 ¥J & K T CK,
Horp, CSN T3 1%, N 27.8%, 15 CK & % [EK T 5.3
H R

222 TR A A KR R R R R R T IS A
=89 % m W20 %0,AS T1.AS T3.CSN T1.
CSN T2.PA T2.ZNC T2.ZNC T3 4b 3 ) 7] 15 5 i
TEYEELT CK, H i AS T1 51K, 4 10.42%,
B CKB#K T 5.29 B 49 &5 171 DA-6 T3 PA T1 AbFE (1)
AR S B CKA —EMEK HERANEE,
Forh , DA-6 T3 [ 0] ¥ 14 & i i » 18 21 16.63%
b CK K 7 0.92 45 5

223 FRMEBARKBTR I RRRETERE A
AE %o M3 A, DA-6 T1.DA-6 T2.AS
TI1.CSN T1.CSN T2.CSN T3.PA T1.PA T2.ZNC
T2.ZNC T3 b #E MM EA S EY R E S T
CK, Hrh,DA-6 T2 &b Bl i 5, N 4.14 mg- g, B CK
BETE T 7.25% ;1 PA T3 AbFE vl M 28 1 & B it
%, ~3.78 mg-g", 5 CK & F [£1K 1 2.07%.

224 TRABAKAFT A RRREELEZCS
2R HEI4 R, BRCSN T3 BRI 4E4 3= C
TEAHET CK R 2 2 R Ab, HAh b B4 B 25
T CK, A1, AS TI.AS T3 M1 ZNC T1 4 BRI 4EA &
C & ERE, 7N 253.60.237.84.253.60 mg- 100 g



2337

SRSt 5 (5

5 R AR 5 7R AR

A,

2% S

XU

510 H7

“[OA] §0°() 18 9IUIIJIP JUBDIJIUSIS AJBIIPUI UWN[OD JWES ) UT ST [[BUWS JUIJIJ :9JON

i W AN SO0 T iy G [l s BN [m] *

98TSOF¥8I'E BZIOTF9C9  POqIESTFTS61 OQTIT0OF6LET Oqe LE9'T F8E'ST JOPO 085 T F €6'7¢ 99 9L6°0 F 889°S6 qQ001°0F66'¢ 9P €9E'T F16'8 €L ONZ
qe L9G°0 F €TT'Y 0q SEY 0 F 8Y'S BOLTTFSY'TT Qe OIT'0 F ILY'T Qe [6€°] F86'1C 2 078’1 F #9°9¢ 9qe $97°0 F £L8°S6 qe $#80°0 F T0't BOO8TF9601 CLONZ
B OTY'0F LOTY OSTIS0OFLES B GCOL'TFLSTT 9qe 650°0 F Tot'1 9qe 0S9'T F €5°ST qe S90°¢ F01'8¢ Qe 61T F 67596 P 8LO0 F89°¢ BE]L'T FRI'TI ILONZ
POq T1S°0 F#89°¢ OQ19L°0F 0TS  PABIFTF 1681 BEOTOF TSI 0qe $TLE F L6'YT qQe 801'CFT9'LE Qe TL9'T F 196 S¥S010F¥T'E qe L80'T FS€01 €L Vvd
oqe S8%°0) F €58°¢ 2E0F0FO0I'S P2 O9TTFSS61 9qe ¥01°0 F 611 B[SO FSTIT BGITTFCI'6E qe 695°0 F S¥L'96 d¥0T0FOr'E P99 698°0 F L9'6 <L vd
PO L9T°0 F 08¢€'E qe €6S°0 FL6'S P9 6¥0'1 FL00T 99 0600 F96¢€°1 99 €89°0 F S€VT JOELLTFS6°EE dGL8OFPIISO BYEI'0FOIY 9qe 6£6°0 F0€°01 ILVvd
PO SECO FOISE dTOLOFLES  POQTOLTFELSI 9qe 690°0 F STl 9686'0F €0vC JoP06L'T FTTYE oqe €60°T F ¥FE'96 Q9010 FHee BRI90F8LOI €L NSD
qe 3¢H'0 F 991 298€0F06Y 0 [LI'TF9¢°0C qQe 8810 FSIS'T O LLYTFS6'EC 9pdq LSTTFS1'9¢ Oqe ¢S F €LT96 YLY0'0FCO'E SPTITT FL8'8 CL NSO
PO 9TS0 FTs'e dTOY'0OFSES  PIQIICT F €98 Oqe 880°0 F €€¥'1 99 €101 F8€VT JOP2 6991 F 68°7¢€ 9qe 6S€°0 F LS 96 S1010FCTE P 6SI0FIL6 ILNSD
Oqe 86H°0 F €L8°¢ O L6LOFO0ES 9q9¢€TTF 1£0T Qe #60°0 F 9v¥'1 9qe 818°0 F +T'ST POq ¥IST F ¥¥9¢€ qe SyI°1 F 67996 P Z80°0 F L9°¢ POq #¥8°0 F IL°6 ¢L SV
Poqe 886°0 F S9L°E 266£0F8I'S PO I8TFIr6l 99 650°0 F 00t°1 9qe 80¢'I F 60°ST SPI CSLTFVI'SE 99 L0 F95€£°S6 J9 6600 F CTEE P29 796°0 F 69°6 CL SV
Poq 0T 0 FSIL'E 21T90F16'Y PO YELTF IT8I 999900 F96¢°1 qQe REI'CTFL6'ST 9poq €LS°TF 81'9¢ BEOV0OFEICLO 17800 FLLT B6TO60FYLOI LSV
9P 9L9°0 F 6£€°¢ 0q yeY' 0 F S¥'S PO9ETFSO'LL 0qQ LLOO F8IV'T 9qe 200°[ F S¥'ST 9poq 89171 F S0'9¢ 9qe 68C'1 F 168°S6 89800 F ITE 9PI BECOFOT'6 £L9-vd
POqe #8%°0 F 8SL'E 992050 F 0SS qQ120'CT¥95°0C 0 Ly00 FCIV'T 9qe 889°[ F 66'¥C PO EVLC F 8T'SE 99 868°0 F 0St'S6 92080°0F98°¢ e 86C°0 F 1701 ¢Lo9-vd
PO [8TO FT8S'E PQEVOFOIS PO 9ET T F IT8I %900 F9LE'T Q9ILTFS6'€C FJYECTTF06'CE oqe $8%°0 F #£€'96 S¢800FLIE 9TSCOFYT8 1L 9-vd
PO [LY0 F 065°€ d¥8T0F60°S P2 TC6'l F61°81 0qe SLO'0O FILY'T 9 [81'] F8¥'¥C 9poq L8T'T F80°9¢ Qe $T6'0 F S€8'S6 38800F61°¢ A EITTFE06 D B
wu/Ivjuwerp ww/1e)awerp wwa/may wJmay w\mmma
Xopul Ied[onN ASIdASURI) ﬁmﬁ:ujﬁmﬁuoﬁ Xoput o&mﬂw nnrq Jo 1puwerp Jo 1puwerp o\o\%ﬁzﬁmﬁﬁ‘m& e3jONN w\mmmg JINREE juawjeald],
TR B 9N TIRNN RN asiaAsuRL] ewpnyiguo HY M = HUEH fEa]
A A K VL

$)IN.IJ oeZINH Jo saxapul [edrsojoydiow uo s10ye[n3ax yymois yuerd JUdIPIP Jo SIPHA T IqEL

Bl 78 LU B A TS 3 2 0 XML GBIt B Rl T2



2338

£ OM Har%

400

20.0

wCRIE 1 E YD
Soluble solid content/%

0.0

200 ¢
S
S 150
~ O
= =
H e
&5 100t
T 3z
o
3 50 t
Q
wn
0.0

abcdab ab bede abed  gof a abcdb . abed abe a abed
Q bee efg 5 o def
Bx § [ § B3 g Ba § B3 ¢ g
\ \ \
N \ N
N \ N
N \ N
\ \ N
DA-6 AS CSN PA ZNC

FEP AR 571 Plant growth regulator

AF/NGFRERRTE 0.05 KT EXEREE. FH.

Different small letters indicate significant difference at 0.05 level. The same below.
E1 AEEVEKEBLHLETRERATEEER YIS E
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Fig. 6 Anthocyanin content of Huizao pericarp under different plant growth regulator treatments
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Fig. 7 Total phenolic content of Huizao pericarp under different plant growth regulator treatments
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Total flavonoid content of Huizao pulp under different plant growth regulator treatments
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Table 3 Composite score of fruit quality of Huizao with
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T Gty HE#
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ZNC T2 0.618 3
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AS T2 0.443 13
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