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Fruit growth and development pattern of Ziziphus jujuba ‘Dongzao’ and

the regulatory effects of exogenous hormones application

CAO Yan', REN Lihui', CHEN Ruihong’, ZHOU Aiying”, HUANG Jian"

('College of Forestry, Northwest A & F University/Jujube Engineering and Technology Research Center of National Forestry and Grass-
land Administration, Yangling 712100, Shaanxi, China; *College of Horticulture, Northwest A&F University/Horticultural Science Re-
search Center, Yangling 712100, Shaanxi, China, *Jujube Industry Development Center of Dali, Dali 715100, Shaanxi, China)

Abstract: [Objective] In recent years, during the development of Dongzao (Ziziphus jujuba Mill.) in-
dustry, the facility-based cultivation model has gradually replaced the open-field cultivation, effectively
solving the problem of cracking due to rainfall during the ripening period, and significantly improving
the quality of the fruits. However, facility cultivation requires higher management skills. If the manage-
ment is improper, a series of problems such as small fruits or deformed fruits, decreased sugar content
and reduced flavor, and poor coloring will occur. The study aimed to systematically investigate the fruit
growth and development patterns of Dongzao jujube under protected cultivation and the effects of exog-
enous plant growth regulators on fruit development, providing a theoretical basis for high-quality and ef-
ficient cultivation of Dongzao. [Methods] The study selected the Dongzao jujube trees under the shel-
ter shed mode as the research material. During the sampling process, 10 healthy Dongzao jujube trees
with consistent flowering periods and growth conditions were selected from all directions of the experi-

mental area (north, south, east, west, center). The plants were sampled from the east, south, west, and
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north directions, as well as the upper, middle, lower, inner, and outer directions. The disease- free and
pest-free jujube fruits were collected as the experimental materials and stored in a =80 °C refrigerator
for future use. By monitoring the changes in the longitudinal diameter, transverse diameter, fresh fruit
weight and fruit shape index of Dongzao jujube at different growth stages, a numerical simulation mod-
el was established to analyze the growth and development patterns of Dongzao jujube fruits at different
periods. The Logistic, Cubic polynomial, and Quadratic polynomial models were employed to fit the dy-
namic changes of the fruit longitudinal diameter, transverse diameter, fruit weight, and fruit shape in-
dex. The patterns of sugar-acid accumulation were analyzed. At the fruit coloring stage (60 days after
flowering, 60 DAF), four treatments were applied: ethephon (ETH, 300 mg- L"), methyl jasmonate (Me-
JA, 50 mg- L"), abscisic acid (ABA, 50 mg-L™"), and tap water as the references (CK) to analyze the ef-
fects of different exogenous phytohormones on the appearance and internal quality of fruits. [Results]
The growth and development of Dongzao jujube fruit exhibited a typical ‘S’ -shaped curve. The Logis-
tic model provided the best fit for fruit growth indices (R> = 0.978-0.999). Based on the growth rate
changes, fruit development could be divided into three stages: slow growth period (10-30 DAF), rapid
growth period (30-80 DAF), and late growth period (80-110 DAF). The sucrose content in the Dong-
zao jujube fruit began to accumulate at 70 DAF of fruit growth. After 70 DAF, the sucrose content
showed a gradually increasing trend. By the time the fruit reaches 110 DAF, that is, at the maturity
stage, the sucrose content was the highest, accounting for approximately half of the total sugar content.
Dongzao jujube was a sucrose-accumulating fruit (sucrose content at maturity: 64.82 mg-g"') with ma-
lic acid as the predominant organic acid (peak content: 12.96 mg- g"). The vitamin C content peaked at
50 DAF (2.54 mg - g"). During the hardening period of the fruit core, a large amount of nutrients were
consumed, and the content of vitamin C and total soluble sugar decreases. The exogenous ETH and Me-
JA treatments significantly promoted the fruit coloring (resulting in partially red surfaces), increased the
soluble solids content, solid-acid ratio (a 24.5% increase with ETH treatment), and sweet-acid ratio (an
11.05% increase), while reducing the fruit firmness (4.62 N with ETH treatment). The ETH treatment al-
so significantly increased the endogenous levels of ETH, ABA, GA;, and cytokinin (CTK) at maturity.
When the fruit of Dongzao jujube was treated with exogenous MeJA (50 mg- L") during the fruit ripen-
ing period, the contents of IAA, ABA, GA; and ETH increased, while the content of CTK decreased.
When the fruits were treated with exogenous ABA (50 mg - L"), the contents of endogenous ABA and
GA; in the fruits increased, while the contents of IAA and CTK decreased. [Conclusion] The develop-
ment of Dongzao jujube under the protected cultivation conformed to the Logistic growth model, dur-
ing the growth and development of Dongzao jujube fruits, there was a S-shaped growth curve consist-
ing of a gradual growth period (10-30 DAF), a rapid growth period (30-80 DAF), and a slow growth
period (80-110 DAF). At 70 DAF of Dongzao jujube, the total soluble sugar content of the fruit rapidly
increased. This would be the main period for sugar to be transported and accumulated in the fruit.
Therefore, during this critical period and the rapid growth period, the environmental temperature and
humidity in the facility should be controlled within an appropriate range to reduce non-stomatal limita-
tions. At the same time, attention should be paid to strengthening water and fertilizer supply, so as to
ensure that the fruit would have sufficient nutrients for growth and improve the fruit quality. Spraying
ETH (300 mg- L") or MeJA (50 mg - L") on the fruits at the coloring stage could effectively improve
fruit quality by regulating the balance of endogenous phytohormones. Among these, ETH treatment
demonstrated a significant effect in promoting coloring and enhancing sugar accumulation.

Key words: Dongzao; Protected cultivation; Fruit growth and development; Phytohormones
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Fig. 1 Changes in the transverse diameter, longitudinal diameter and color during fruit ripening
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Table 1 Models fitted for fruit quality-related traits during fruit ripening

E{=221 JiFESAL f5A e R4 FiE
Trait Equation type Model R Fvalue
AR E Logistic 7F£ Logistic equation  y=24.731 +(=0.013-24.731)/[(1 +(x/65.934)***] 0.996** 1302.044
Single fruit mass  — yp 545 ybic equation y=-5E-05x" +0.010%* - 0.252x + 1.708 0.992%* 844.806
R J7 2 Quadratic equation y=0.000 1x* +0.230x — 4.133 0.963** 239.365
LYz Logistic /7 f% Logistic equation  y=37.359+(3.465-37.359)/[1 +(x/51.966)**] 0.995%* 1155.383
gir;étlel:’;gitu‘ﬁnal ~ WK J7# Lubic equation y=-9E-06x" ~ 0.002x* + 0.619x — 2.834 0.986%* 1 222.640
- J5 % Quadratic equation y=-0.003x* + 0.698x — 3.798 0.988%** 1357.444
RSLE R Logistic /7% Logistic equation  y = 38.244+(2.687-38.244)/[1 +(x/55.998)*"] 0.999%* 1 690.300
gg;g::sverse =578 Lubic equation y=-3E-05x" + 0.003x" + 0.434x - 2.716 0.989%* 1377.997
U J7 T2 Quadratic equation y=-0.003x>+ 0.732x - 6.418 0.984%* 1243.984
ESIZE Logistic /72 Logistic equation ~ y=0.977 +(1.405- 0.977)/[1 +(x/ 35.594)%] 0.978%* 5169.184
ilfg;fhape — X771 Lubic equation y=2E-7x +3E-5x* -0.011x +1.540 0.900%* 1 136.406
K77 Quadratic equation y="TE-5x -0.013x + 1.565 0.917%* 1704.460

R A BRE R B RS 7 0.01 K B2 R B3 (P<0.0D).

Note: ** denotes that the regression model is statistically significant at 0.01 level (P<<0.01) based on the significance test.
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Fig. 2 Logistic model fitting curve of fruit traits of Dongzao
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Fig. 3 Dynamic changes of soluble sugar content during Dongzao fruit ripening progress
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Fig. 4 Dynamic changes of organic acid content during Dongzao fruit ripening progress
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Fig. 5 Dynamic changes of vitamin C content during

Dongzao fruit ripening progress
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Table 2 Correlation analysis of main nutrients content of Dongzao fruit

e HEMSE REEE MESE  WARSE ETRSE MERSE HAERCEE

;’utrientj\ Glucose Fructose Sucrose Tartaric acid  Quinic acid Citric acid Vitamin C
content content content content content content content

1 % BE & Glucose content 1

WP & Fructose content 0.930** 1

JEE 2 & Sucrose content 0.780%* 0.509 1

PIA R ¥ & Tartaric acid content 0.896%* 0.793%* 0.830%* 1

% TR ¥ & Quinic acid content 0.849%* 0.629* 0.975%* 0.897* 1

PR ¥ & Citric acid content ~0.846%*  ~0.934%* ~0.449 —0.772%* -0.567 1

#2E 24 & C Vitamin C content 0.539 0.748** 0.029 0.328 0.131 —-0.749%* 1

VE#RIRTE 0.05 /K REEAHIC, #*RIRTE 0.01 AKCPH R E A G

Note: * indicates significant correlation at 0.05 level, ** indicates extremely significant correlation at 0.01 level.
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Fig. 6 Dongzao fruit coloration under different treatments
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Fig. 7 Dynamic changes of growth and development of Dongzao fruits with different growth regulators treatment
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