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ABSTRACT

Effects of three compound growth regulators formulated with hypersensitivity protein, spermidine,
salicylic acid and DA-6 (diethyl aminoethanol hexanoate) were tested on Xinjiang Jun Jujube. The doses
of compound growth regulators were named as A (Hypersensitivity protein + spermidine + salicylic acid
at the rate of 30 mg/L, 0.1 mmol/L and 0.25 mmol/L, respectively), B (Hypersensitive protein + spermi
dine + DA-6 at the rate of 30 mg/L, 0.1 mmol/L and 30 mg/L, respectively) and C (Spermidine + salicylic
acid + DA-6 at the rate of 0.1 mmol/L, 0.25 mmol/L and 30 mg/L, respectively) versus a control group CK
(contained only water). Fruit anatomical structures were compared after spraying. The results indicated
that after spraying, the thickness of the upper and lower epidermal cells and the stratum corneum were
increased. However, the upper epidermal stratum corneum became significantly thicker than the lower
epidermis. Spraying with A improved the thickness of upper and lower epidermal cells, stratum corneum,
the central vein and mesophyll. The cumulative effects of all these changes in leaf and fruit anatomical
structures provided the resistance of the experimental fruit plant to stress. While the B and C regulators
had inhibitory effects. So, the results obtained after spraying A category were beneficial to improve the
stress resistance of the fruits. The length and cell area of pericarp and sarcocarp cells in the treatment
groups were not changed significantly. But the length, number of sarcocarp cells and number of gaps
were lower than those in the CK. This study can provide new measures for improving plant resistance
in jujube production.
© 2020 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

high yield and long economic life. All these characters has made
it suitable for growth in Xinjiang region. The plant not only pro-

Ziziphus jujuba Mill. belonging to the botanical Family
Rhamnaceae is a woody plant. Its common name is Chinese Date
or Common Jujuba. This fruit tree resource has been considered
unique in China. One of the cultivars of this fruit tree is called
Jun Jujube (Z. jujuba CV. Junzao) which is native to Lvliang city of
Shanxi province. The tree has not only strong resistance to drought,
cold, barren, saline and alkaline conditions. But also strong body,
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duces high-quality fruits, but also increases farmers’ production
and income and has earned a good reputation.

Because of dry and typical temperate continental climate, there
have larger temperature difference between day /night and the
long day light cycle in Xinjiang, these make the fruits rich in sugar
and have unique taste. However, in the late summer and early
autumn, unusually low temperature, drought, or excessive rain
may occur in Xinjiang. This condition affects the growth and devel-
opment of the fruit tree. Therefore, in order to harvest good quality
jujube fruit, the plant resistance could be improved by spraying
anti-stress inducers and hormones. For many years, there have
been researches on the growth morphology of apple (Wang et al.,
2014), grape metabolic pathway (Deluc et al., 2009), and pear gene
expression (Li et al., 2015) of growth regulators, but they are
mostly limited to the routine hormones such as IAA, GA3, BA, etc.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.sjbs.2020.08.010&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.sjbs.2020.08.010
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:zjhzky@163.com
mailto:zhengqq369@163.com
https://doi.org/10.1016/j.sjbs.2020.08.010
http://www.sciencedirect.com/science/journal/1319562X
http://www.sciencedirect.com

J.-H. Zhi et al. /Saudi Journal of Biological Sciences 27 (2020) 3660-3668 3661

Hypersensitivity protein, spermidine, DA-6 (diethyl aminoetha-
nol hexanoate) and salicylic acid are inducers to improve plant
resistance. Hypersensitivity protein is a peptide class compound
that do not directly affect pathogens, but can induce plant allergic
necrosis (HR) responses, which can regulate plant growth, yield
and disease resistance (Wang et al., 2014; Rodrigo-Garcia et al.,
2019; Pasquale Crupi et al., 2019). DA-6 has the functions of auxin
and cytokinin, which can effectively promote plant seed germina-
tion and seedling growth (Zhou et al., 2019) while slowing down
the uptake of heavy metals which is harmful to plants (He et al.,
2014; Li et al., 2018). Spermidine (Spd) is a kind of plant growth
regulator that can improve the resistance to salt stress (Li et al.,
2013) and trace element poisoning (Hussain et al., 2019). It is also
closely related to plant fruiting (Nambeesan et al., 2019). Salicylic
acid (SA) is a phenolic compound commonly found in plants. It is a
cell signaling molecule and an endogenous hormone, which is
involved in regulating many physiological processes in plants. Sal-
icylic acid can not only induce some plants to synthesize flavonoids
with antioxidant properties, but also induce plant stress resistance
by mediating signals (Somayeh et al., 2019; Zhang et al., 2019).
Therefore, the aim of the present research was to observe the
anti-stress increasing effects of three compound growth regulators
on jun jujube plant. The result of which could help the plant to
overcome the unusual seasonal stresses and can provide high qual-
ity fruits.

2. Materials and methods
2.1. Materials and test design

In this experiment the test materials were healthy jun jujube
plants (Z. jujuba CV. Junzao). Three different compound regulators
(A-C) were used to spray the jun jujube plants. The combination of
which has been provided in Table 1. The sprayings were conducted
on July 15th and 25th, August 10th, 20th and 30th of 2017 and
2018. The control plants (CK) were sprayed only with water. The
compound regulators were sprayed for a total of 5 times following
a progressive manner based on the line. It means that the first to
the fifth line were sprayed once, twice, thrice, four and up to five
times, respectively. Ten days after spraying, mature and healthy
leaves of each group of test plants were collected. After washing,
the middle of the cross section of the leaves was immersed in
FAA fixative sealed and brought back to the laboratory for future
use. During the fruit coloring period, ten intact and healthy fruits
from each experimental group were collected rinsed and dried.
Several small pieces of the outer skin of equatorial part of the fruits
were cut, fixed with FAA and sealed for future use.

2.2. Methodology

2.2.1. Paraffin section cutting

The method of making paraffin section was based on Li et al.
(2009). The section thickness ranged from 8 to 10 pm and saffron
and fast green were used as staining material. The section material
was dehydrated with a gradient of ethanol and xylene was used to
make the sections transparent. Then it was embedded with paraf-

Table 1
Growth regulator formulation.

fin, and the cut sections were processed further following dewax-
ing, staining, gradient dehydration with ethanol and mounting on
clear glass slides. Finally, the images of the sections were viewed
and collected through OLYMPUSBX53 microscope.

2.2.2. Jun jujube leaf and fruit data determination

The structural indexes of leaves and fruits had been measured.
Three sections were selected for each group of treatments and the
vision of three fields were observed in each section. A total of nine
fields of vision corresponding to the tissue structure were
observed. The anatomical structure of the leaves, including the
thicknesses of central vein, leaf, upper and lower epidermal cells
were recorded. In addition, the thicknesses of upper and lower epi-
dermal stratum corneum were also observed. During the observa-
tion of the fruit structure, the thickness of the stratum corneum
and epidermis, the number of layers of exocarp cells, the size of
sarcocarp cells and sarcocarp cell cavities were observed and their
number were recorded.

2.2.3. Statistical analysis

The observed data was statistically analyzed by SPSS 20 soft-
ware and the significance between the measured values of the
anatomical structure of leaves and fruits in each group was tested
by Duncan method.

3. Results and analysis
3.1. Structural characteristics of leaves

Jun jujube leaves are composed of epidermis, mesophyll, and
veins, which are typical equifacial leaves (Fig. 1). The upper and
lower epidermis of the leaf are composed of a layer of cells, nearly
equal to each other in diameter, arranged very regularly and com-
pactly. The outer wall of the cells has stratum corneum. The upper
epidermal cells are larger than the lower epidermal cells but both
of them are almost rectangular. The tangential wall of the upper
epidermal cells is thicker than the lower epidermis. It is observed
that the stratum corneum thickens after spraying the three com-
pound regulators. While the upper epidermal stratum corneum
thickens much more strongly than that of the lower one.

The leaf and mesophyll consists of 6-7 layers of thin-walled
cells, without obvious differentiation of palisade tissue and spongy
tissue. This is in consistent with the characteristics of equifacial
leaf. The mesophyll tissue near the upper epidermis is composed
of 3 layers of long columnar, palisade-like cells, which vary in size
and are arranged closely. The cells are significantly larger than the
cells of the palisade tissue near the lower epidermis. While the
mesophyll tissue near the lower epidermis consists of 3-4 short
columnar cells and a small number of oval cells. The cells are
loosely arranged having well-developed intercellular spaces. From
the structural point of view, spraying the compound regulators
showed no obvious effect on the cell type, layer number, size and
arrangement of mesophyll tissue. After spraying C, the cells of
the mesophyll palisade tissue are smaller and more closely
arranged compared with CK, treatment A and treatment B.

Treatment Reagent Concentration

A Hypersensitivity protein + spermidine + salicylic acid 30 mg/L + 0.1 mmol/L + 0.25 mmol/L
B Hypersensitive protein + spermidine + DA-6 30 mg/L + 0.1 mmol/L + 30 mg/L

C Spermidine + salicylic acid + DA-6 0.1 mmol/L + 0.25 mmol/L + 30 mg/L

CK Water
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Fig. 1. Anatomical structure of jujube leaves in different treatment groups. Notes: CK1, CK2 are the control groups, CK1 jujube leaf structure (40x ), CK2 jujube leaf showing
the main vein structure (10x); LA5-1 was sprayed with Regulator A (hypersensitive protein + spermidine + salicylic acid), the leaf structure of Jun jujube (40x), LA5-2
showing the main vein structure (10x); LB5-1 was sprayed with B (hypersensitive protein + spermidine + DA-6), and the structure of jujube leaf (40x); LB5-2 showing the
main vein structure (10x); LC5-1 was sprayed with C (spermidine + salicylic acid + DA-6), and the leaf structure of Jun jujube (40x). LC5-2 showing the main vein structure

(10x).

The main vein of leaves was well developed but formed upward
and downward protrusions on the leaf surface along with the lar-
ger lateral veins. The veins of lower epidermis have more promi-
nent protrusions than the upper epidermis. The main vein is
principally composed of vascular bundles and basic tissues. The
main vascular tissue is predominantly composed of xylem, forma-
tion layer and phloem. The xylem is close to the adaxial, while the
phloem is to the abaxial surface forming the external vascular bun-
dle. The xylem was more developed. The xylem of the CK consisted
of about 15 rows of ducts. The diameter of the ducts was small and
closely arranged. After spraying A and B, the xylem of the main
veins of the leaves of the test groups were arranged in a fan-
shaped pattern with about 15 rows of ducts. The number of rows
of ducts in the main vein after spraying C was about 20. The num-
ber is higher than that in the CK and A and B. The formation layer
was not obvious and it was composed of flat, discontinuous 1-3
layers of cells. Among them, the group sprayed with C had more
obvious formation layer with larger number of cells. The formation
layer was not obvious for the test group sprayed with A. For B,
phloem cells were small, large in amount and were arranged clo-
sely. There were 1-2 layers of collenchyma on the inner side of
the upper and lower epidermis. On the other hand, there existed

4-5 layers of thin-walled cells of various sizes between the vascu-
lar bundle and collenchyma. After spraying the compound regula-
tor, the main vein structure of leaves did not change significantly.

3.2. Characteristics of fruit structure

The results showed that the average stratum corneum thickness
in CK was 5 pum. But the stratum corneum thickness of fruits of
tested plants had increased. The stratum corneum became thickest
after spraying C for 5 times, the thickness being 7.4 um. The num-
ber of subepidermal cell layers changed slightly among different
treatment groups. It can be seen from Fig. 2 that after spraying A
and B, the test plants produced irregular fruit subepidermal cell
shapes compared CK. The arrangement was tight, while there
was no significant difference in the fruits of C, but the number of
subepidermal layers increased significantly.

The parenchyma cells are relatively large in volume, loosely
arranged, irregular in size and have obvious intercellular spaces
or cell cavities. The cells become larger toward the inner cavity
and they even can form a network. For the fruit of CK, close to
the peel i.e., outside the sarcocarp and in the middle of the sarco-
carp, the size of the cells did not change significantly. But the num-
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Fig. 2. Anatomical structure of jujube fruits in different treatment groups. Notes: CK1-CK3 are the control groups; A5-1, A5-2, and A5-3 were sprayed with A (hypersensitive
protein + spermidine + salicylic acid) 5 times, the stratum corneum (40x ) of Jun jujube fruit, B5-1, B5-2, B5-3 were sprayed with B (hypersensitive protein + spermidine + DA-
6), the epidermis of Jun jujube fruit (10x), C5-1, C5-2, C5- 3; sprayed with the C formula (spermidine + salicylic acid + DA-6), the middle of the sarcocarp of Jun jujube fruit

(10x).

ber of gaps between the cells increased significantly and the gap
areas became relatively larger. Trend of this change remained the
same after the spraying. The number and area of cell gaps in C were
significantly increased.

3.3. Spraying times effect on the main vein, leaf and mesophyll
thickness of the test plants

The effects of spraying 1-5 times on the test plants the anatom-
ical structure of veins, mesophyll and leaves have been shown in
Fig. 3. The number of spraying significantly changed the thickness
of the leaves and mesophyll tissues. The changes in the mesophyll
tissue was the smallest which is between 0.158 and 0.2325 mm.
The leaf thickness changed slightly more than the mesophyll. There
were significant differences between the main vein groups after
spraying the three compound regulators (P < 0.05). But there was

no significant difference of the mesophyll and leaf thickness
(P < 0.05). After spraying, the main vein diameter of leaves changed
inconsistently. However, in A and B, the main vein thickness
increased significantly when sprayed 1-2 times. The maximum
values is 1.4363 and 1.3832 mm for A and B respectively. But the
thickness of the main vein decreased significantly after 3 times
of spraying and reached the minimum at the fifth time spraying,
being 2.014 and 0.7003 mm, respectively. The leaf vein thickness
was not significantly different among the treatment groups after
spraying the three compound regulators. The thickness of leaf
veins showed a downward trend when C compound regulator
was sprayed for 1-2 times, and its thickness increased significantly
after three sprays. After spraying A 1-5 times the thickness of mes-
ophyll changed slightly from 0.1546 to 0.1719 mm. However, after
spraying B, the thickness of mesophyll basically changed insignifi-
cantly. Thickening trend was obvious after spraying C. Where, after
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Fig. 3. Changes in the thickness of leaf, mesophyll tissues and main vein of jujube in different treatment groups.

spraying 5 times, the thickness increased significantly reaching a
maximum of 0.1926 mm. But when B was sprayed 4 times, the
result was significantly different from the other groups.

Notes: CK is the control group, sprayed with water; A1-A5 is
sprayed with A (hypersensitive protein + spermidine + salicylic
acid) 1-5 times, B1-B53 is B (hypersensitive protein + spermidine +
DA-6) sprayed 1-5 times, C1-C5 is C (spermidine + salicylic
acid + DA-6) sprayed 1-5 times.

3.4. Effects on the thickness of the upper and lower epidermis and
stratum corneum of leaf

The spraying frequency caused relatively small changes in the
thickness of the epidermal cells and the thickness of the stratum
corneum of the upper and lower epidermis of leaves. The trends
were similar as shown in Fig. 4. When A was sprayed 1-4 times,
the upper epidermal cells on the leaves were slightly thickened
but the minimum thickness 0.0369 mm occurred when sprayed
five times. The thickness of upper epidermal cells became smaller
i.e., ranging from 0.0351 to 0.0411 mm after B was sprayed 1-5
times. After spraying C, the thickness of upper epidermal cells of
leaves in each treatment group clined to an overall thickening
trend. After the 5th spraying, it was significantly thickened
(0.043 mm) compared with upper epidermal cell thickness of CK
(0.0195 mm). After spraying A and B, the thickness of the lower
epidermal cells of leaves increased. But after the 5th spray, the
thickness decreased to the minimum, which was 0.0218 and
0.0222 mm respectively for A and B. However, after spraying 1-3
times, the thickness of upper epidermal leaf cells increased
slightly, and the thickness decreased when sprayed 4-5 times,
the thinnest being recorded was 0.0185 mm.

Fig. 5 shows the changes in the thickness of the stratum cor-
neum on the upper and lower epidermis after been sprayed 1-5

times. After spraying A and B 1-4 times, the stratum corneum on
the upper and lower epidermis was thickened each time. And the
stratum corneum was thinner than the CK leaves after the 5th
spraying, which were 0.0033 and 0.0031 mm, respectively for
upper and lower epidermis. After spraying C the thickness of the
stratum corneum of the upper and lower epidermis was larger
than that of the CK, but the pattern of thickening was not obvious.

3.5. Effects of different treatments on the thickness of the exocarp and
stratum corneum of fruit

After spraying 1-5 times to all the test plants, the thickness of
exocarp and stratum corneum has been presented in Fig. 6. The
number of sprays increased the thickness of the stratum corneum.
After spraying B, the increase of thickness of the stratum corneum
was the smallest which ranged from 0.005 to 0.00 65 mm. But
spraying with C, the thickness increase of the stratum corneum
was the largest (0.005-0.0074 mm). The thickness of the exocarp
showed an upward trend as a result of spraying. The exocarp cells
were significantly thickened when sprayed 1-2 times. They fluctu-
ated after three sprays but still showed a thickening trend, yet the
thickening was slow. The largest change happened when C was
sprayed 1-5 times, during which the change ranged from 0.1337
to 0.976 mm. However, smallest change (0.1287-0.976 mm) hap-
pened when sprayed 1-5 times with A.

3.6. Effects on the length and area of fruit sarcocarp cells

The effects of spraying times on the fruit sarcocarp cell length
and sarcocarp cell area were relatively small in all the test plants
(Fig. 7). After spraying, the length of sarcocarp cells showed a
downward trend. The cell length was still smaller than that of
the CK when sprayed 4-5 times. But when foumula B was sprayed
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effect of spraying foumular A on the number of sarcocarp cells

showed a downward trend (21.6-

for the second time, the length of sarcocarp cells became the short-

est (

While the effect on the

13.6).

The length of the sarcocarp also reached the

0.0698 mm).

number of sarcocarp cell gaps was fluctuating. The number of gaps
between sarcocarp cells reached 13.5-14.4, while under other con-

(see

shortest, when A was sprayed for the 4th time (0.0738 mm)

Fig. 8).

ditions, the number of gaps was smaller (12.3) than CK. The num-
ber of sarcocarp cells and the number of gaps were unstable when
B was sprayed. The number reached the maximum (32.6) when
sprayed twice, the number of gaps recorded was 18.9. Cell number

3.7. Effects of number of spraying on sarcocarp cells and intercellular

Fig. 3 shows the effects of spraying times on number of sarco-
carp cell and intercellular among the fruits of the test plants. The

reached 24 when sprayed 4 times with gap number 19. The num-
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sprayed.

ber under other spraying frequencies was lower than that of CK
(12.3).

4. Discussion

The leaf is the vegetative organ of the angiospermic plant and
possessing largest transpiration area. In general, the xerophytes
are adapted to the drought environment wherein the characteris-
tics of leaf epidermis possess stratum corneum and well-
developed palisade cells. Thick epidermal cells and stratum cor-
neum have functions or resistance to some environmental factors.
These are heat insulation, water retention and damage resistance.

As a result, the plants become suitable to adapt to low tempera-
ture, strong light, and physiological drought (Cai and Song, 2001;
Li et al., 2009). The well-developed mesophyll palisade cells of
xerophyte can not only improve photosynthetic efficiency, but also
avoid burns of mesophyll cells caused by intense light in arid
regions. The smaller and denser the cells of the palisade, the higher
the efficiency of the plant’s use of light energy (Li et al., 2002).
Wang (1974) divided the edible part of jujube into three sections:
exocarp, mesocarp and endocarp and the anatomy of jujube fruit
can also be divided in the same manner. The exocarp consisted
of outer epidermis and sub-epidermis. The outer epidermis had
only one layer of cells and is covered by stratum corneum. The
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protein + spermidine + salicylic acid), and B1-B5 is sprayed with B (hypersensitive protein + spermidine + DA-6), C1-C5 is C (spermidine + salicylic acid + DA-6) sprayed.

sub-epidermis consisted of 4-6 layers of cells but arranged in a flat
elongated rectangle manner. It gradually became smaller from
outer to the inner cells direction and arranged compactly. The cell
walls were relatively thick, and the lignification was obvious. Sub-
epidermal cells were tightly connected to sarcocarp cells and the
outermost epidermal cells. Wang et al. (1985) opined that jujube
leaves are bilateral, and their palisade tissue is lesser than spongy
parenchyma. However, the leaves of sour-, jun-, apple-, pear- and
dog head jujube are considered to be isolateral (Wei and Bi,
1997; Cao et al. 2004). In the present study the mesophyll part of
the leaf is composed of columnar cells of different lengths. Cells
closer to the upper epidermis are long columnar. The parts near
the lower epidermis are composed of short columnar and a few
oval cells. There is no obvious differentiation of palisade tissue
and spongy tissue, so jujube leaves were judged to be isolateral
(Liang et al., 2018; Nie et al., 2017). This indicates that the leaf
structure is conducive to improving photosynthetic efficiency
and adapting to arid environments. At the same time, the thickness
of the lower epidermal cells of the leaves is increased by spraying
the compound regulators. But whether this can promote transpira-
tion and photosynthesis needs further study. The present study
revealed that after spraying 1-5 times, the thickness of the stratum
corneum of the leaves showed an upward increasing trend. The
upper and lower epidermis of it was measured 0.0057 and
0.0048 mm, respectively (Guo et al., 2017). The upper epidermis
had longer exposure to sunlight than the lower epidermis, which
could enhance the effects of jun jujube resistance. After spraying,
the mesophyll and thickness of the leaves of each experimental
group did not change significantly, but the main vein thickness
(P < 0.05). The thicker the central vein of the leaf, the stronger its
water control ability will be when suffered high temperature. This
relationship accelerated transpiration in arid environment and
high temperature to reduce leaf temperature and avoid damage
to plants (Liang et al., 2010). So, the result of the present investiga-
tion shows that after spraying, the jun jujube leaves have enhanced
transmission ability, which is conducive to improving their resis-
tance. Spraying with foumular A is better than that of B and C.

In the study of Lingwu long jujube, it is believed that multiple
fruit epidermal cell layers, thicker epidermis and closer outer epi-
dermal cell arrangement made it difficult for individual fruit to
crack. On the contrary, fewer layers of epidermal cells, thinner epi-
dermis, and looser outer epidermal cell arrangement made individ-
ual fruit susceptible to cracking (Yang, et al., 2010; Wang et al.,
2017). In the present study, the stratum corneum and exocarp
thickness of jun jujube fruits in the control group were 0.005 and
0.0976 mm, respectively. The thickness of stratum corneum and
exocarp was significantly increased after spraying the regulators,
indicates that it could increase the quality and help to reduce the
occurrence of cracked fruits. Li and Gao (1990) pointed out that
the thickness of stratum corneum of huping-, black leaf - and lang-
zao jujube were 6.81, 6.41 and 8.28 pm, respectively. Stratum cor-
neum of those plants were thicker than that of jun jujube. The
average thickness of stratum corneum of po jujube has been
reported as 4.81 um (Wang, 1974). This value was slightly thinner
than the stratum corneum of jun jujube fruit. In the study of
cracked fruit it has been seen that the fresh jujube cracked fruit
had a certain insignificant negative correlation with the thickness
of the stratum corneum (Shi and Wang, 2003).

5. Conclusion

The stratum corneum and epidermis are thick, the cells are
tightly arranged, and they are tightly bound to sub-epidermal cells,
so they have good resistance to storage. The peel and epidermis of
jun jujube control group are slightly thinner than other varieties of
jujube, but they are closely bound to subepidermis. The tightness
of the sub-epidermal cell arrangement and the connection with
the mesocarp, directly affect the water retention and anti-
wrinkle properties of jujube fruits. This study reports that sub-
epidermal cells of jun jujube possess similar kind of properties.
However, the application of the compound regulators and the
number of sprays also affected the exocarp cells. After the applica-
tion of the A compound regulator, the subepidermal cells of the jun
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jujube exocarp had irregular appearances and characteristics.
There were fewer flat and regular cells, showing that the number
of sprays of the regulators should be controlled. So, the relation-
ship between the number of sprays and their effects need further
study. In the present study, it appeared that the spraying of the
three compound regulators and the number of sprays all made
no significant difference in the number of mesocarp cells, the tight-
ness of the arrangement of cells, and the number of gaps between
cells of jun jujube fruits. The number of cells per unit area and the
number of gaps of the fruits increased significantly after spraying
compound regulators B and C. The number of cells per unit area
and the number of gaps in the sarcocarp after application of A,
basically lowered than those in the CK, which was beneficial for
improving fruit yield and quality. Therefore, spraying A compound
regulator is more helpful than the other two in improving fruit
yield and quality.

Acknowledgement

The work of this paper is supported by division development
and innovation support project of Xinjiang Production and Con-
struction Corps, China, including Research and application of key
High-regulation technology of Jun jujube quality (2017BA040).

References

Cai, Y.L, Song, Y.C., 2001. Adaptive ecology of lianas in Tiantong evergreen broad-
leaved forest, Zhejiang, China I. Leaf anatomical characters. Acta Phytoecologica
Siica 25 (1), 90-98.

Cao, ].Y., Feng, X.D., Zheng, H.C., Chen, G.L, Liu, S.P., Chen, Z.L., 2004. Anatomical
study on four varieties of Ziziphus jujube leaves. J. Yanan Univ. (Nat. Sci. Edit.)
23 (4), 59-61.

Crupi, Pasquale, Alba, Vittorio, Masi, Gianvito, Caputo, Angelo Raffaele, Tarricone,
Luigi, 2019. Effect of two exogenous plant growth regulators on the color and
quality parameters of seedless table grape berries. Food Res. Int. https://doi.org/
10.1016/j.foodres.2019.108667.

Deluc, L.G., Quilici, D.R., Decendit, A., 2009. Water deficit alters differentially
metabolic pathways affecting important flavor and quality traits in grape
berries of Cabemet Sauvignon and Chardonnay. BMC Genomics 10, 212.

Guo, T, Lin, Q., Li, X,, Nie, Y., Wang, L., Shi, L., Xu, W., Hu, T., Guo, T., Luo, F., 2017.
Octacosanol Attenuates Inflammation in Both RAW264.7 Macrophages and a
Mouse Model of Colitis. J. Agric. Food. Chem. 65, 3647-3658.

He, S.Y., Wu, Q.L, He, Z.L., 2014. Synergetic effects of DA-6/GA (3) with EDTA on
plant growth, extraction and detoxification of Cd by Lolium perenne.
Chemosphere 117, 132-138.

Hussain, A., Nazir, F., Fariduddin, Q., 2019. 24-epibrassinolide and spermidine
alleviate Mn stress via the modulation of root morphology, stomatal behavior,
photosynthetic attributes and antioxidant defense in Brassica juncea. Physiol.
Mol. Biol. Plants 25 (4), 905-919.

Li, H.P., 2009. Microscopic Techniques in Biotechnology. China, Science Press,
Beijing, pp. 9-39.

Li, KZ., Gao, Z.S., 1990. Preliminary study on the mechanism of fruit cracking in
Chinese jujube. J. Fruit Sci. 7 (4), 221-226.

Li, B., He, L.Z,, Guo, S.R,, Li, ]., Yang, Y.J., Yan, B., Sun, ], Li, J., 2013. Proteomics reveal
cucumber Spd-responses under normal condition and salt stress. Plant Physiol.
Biochem. 67, 7-14.

Li, X.H., Jiang, D.M., Alamusa, Fan, S.X., Luo, Y.M., 2002. A comparative study on
drought-resistance of four plant species in Kerqin sandy land. Chinese J. Appl.
Ecol. 13 (11), 1385-1388.

Li, D.M.,, Liu, Z.H., Shao, H.B., Wu, G., 2009. Improving the eco-environment in the
western-China by applying local tree species: issues and implications for global
arid areas. Afr. J. Biotechnol. 8 (20), 5430-5435.

Li, J.F, Yang, Q., Yu, X.M., Wang, L., Wang, S.P., Xu, W.P., Zhang, C.X., 2015. Influence
of gibberellins on sugar metabolism and related gene expression in fruit of pear
(Pyrus pyrifolia). J. Shanghai Jiaotong Univ. (Agric. Sci.) 33 (3), 21-28.

Li, ZW., Zhang, R.S., Zhang, H.M., 2018. Effects of plant growth regulators (DA-6 and
6-BA) and EDDS chelator on phytoextraction and detoxification of cadmium by
Amaranthus hybridus Linn. Int. J. Phytoremed. 20 (11), 1121-1128.

Liang, W.B., Li, Z.H., Xu, Z.K,, Xiao, X.C., Zhang, D.L., 2010. A study of leaf tissue
characteristic and drought resistance of Alnus cremastogyne. ]. Central South
Univ. Forestry Technol. 30 (2), 16-21.

Liang, Y., Lin, Q., Huang, P., Wang, Y., Li, ]., Zhang, L., Cao, J., 2018. Rice bioactive
peptide binding with TLR4 to overcome H202-induced injury in human
umbilical vein endothelial cells through NF-kB signaling. J. Agric. Food. Chem.
66, 440-448.

Nambeesan Savithri, U., Mattoo Autar, K., Handa Avtar, K., 2019. Nexus between
spermidine and floral organ identity and fruit/seed set in tomato. Front. Plant
Sci. 10. https://doi.org/10.3389/fpls.2019.01033.

Nie, Y., Luo, F., Wang, L., Yang, T., Shi, L., Li, X., Shen, J., Xu, W., Guo, T., Lin, Q., 2017.
Anti-hyperlipidemic effect of rice bran polysaccharide and its potential
mechanism in high-fat diet mice. Food Funct. 8, 4028-4041.

Rodrigo-Garcia, Joaquin, Navarrete-Laborde, Benjamin Alejandro, Rosa and Laura
Alejandra de la. 2019. Effect of Harpin protein as an elicitor on the content of
phenolic compounds and antioxidant capacity in two hydroponically grown
lettuce (Lactuca sativa L.) varieties, Food Sci. Technol. 39(1), 72-77.

Shi, Z.P., Wang, W.S., 2003. Studies of correlation of fruit crack and anatomical
structure in jujube fruit. Acta Agriculturae Boreali-Sinica 18 (2), 92-94.

Somayeh, Tajik, Fatemeh, Zarinkamar, Mohammad, Soltani Bahram, 2019. Induction
of phenolic and flavonoid compounds in leaves of saffron (Crocus sativus L.) by
salicylic acid. Sci. Horticult. 257.

Wang, H.L, 1974. A preliminary study of the developmental anatomy of Chinese
jujube fruit. J. Integr. Plant Biol. 6 (2), 61-169.

Wang, J.W., Li, J.K,, Qian, L.L, Li, H., Guo, Y.P,, Sun, L.Q., Yang, G.F., Gao, H.M., 2014.
Effects of different plant growth regulators on shape formation of fuji apple.
Xinjiang Agric. Sci. 51 (12), 2221-2226.

Wang, L, Lin, Q.,, Yang, T., Liang, Y., Nie, Y., Luo, Y., Shen, J., Fu, X, Tang, Y., Luo, F.,
2017. Oryzanol modifies high fat diet-induced obesity, liver gene expression
profile, and inflammation response in mice. J. Agric. Food. Chem. 65, 8374-
8385.

Wang, Z.Y., Xie, S.M., Yang, P.F., Gu, R.Z., 1985. Studies of the anatomical structure of
Chinese date (Zizyphus jujube Mill.). Acta Horticulturae Sinica 12 (4), 233-236.

Wei, X.Z., Bi, R.C., 1997. Study on the leaf structure of xerophyte Zizyphus jujube mill.
J. Shanxi Teachers Univ. 03, 44-47.

Yang, S.J., Zhang, Y.C., Zheng, G.Q., Ma, S.H., 2010. Comparative study on dissected
structures of normal fruitsand cracking ones of LingwuLong-jujube. Northern
Horticult. 22, 15-18.

Zhang, C.G., Prianka, Howlader, Liu, T.M., 2019. Alginate Oligosaccharide (AOS)
induced resistance to Pst DC3000 via salicylic acid-mediated signaling pathway
in Arabidopsis thaliana. Carbohyd. Polym. 225. https://doi.org/10.1016/
j.carbpol.2019.115221.

Zhou, W.G., Chen, F., Zhao, S.H., Yang, C.Q., Meng, Y.J., Shua, HW., Luo, X.F., Dai, Y.J.,
Yin, H., Dy, J.B,, Liu, J., Fan, G.Q., Liu, W.G., Yang, W.Y., Shu, K., 2019. 1DA-6
promotes germination and seedling establishment from aged soybean seeds by
mediating fatty acid metabolism and glycometabolism. J. Exioerim. Bot. 70 (1),
101-114.


http://refhub.elsevier.com/S1319-562X(20)30353-3/h0005
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0005
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0005
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0010
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0010
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0010
https://doi.org/10.1016/j.foodres.2019.108667
https://doi.org/10.1016/j.foodres.2019.108667
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0020
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0020
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0020
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0025
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0025
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0025
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0030
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0030
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0030
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0035
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0035
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0035
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0035
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0040
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0040
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0045
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0045
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0050
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0050
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0050
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0055
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0055
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0055
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0060
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0060
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0060
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0065
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0065
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0065
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0070
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0070
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0070
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0075
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0075
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0075
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0080
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0080
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0080
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0080
https://doi.org/10.3389/fpls.2019.01033
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0090
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0090
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0090
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0100
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0100
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0105
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0105
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0105
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0115
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0115
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0120
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0120
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0120
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0125
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0125
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0125
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0125
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0130
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0130
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0135
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0135
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0140
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0140
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0140
https://doi.org/10.1016/j.carbpol.2019.115221
https://doi.org/10.1016/j.carbpol.2019.115221
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0150
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0150
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0150
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0150
http://refhub.elsevier.com/S1319-562X(20)30353-3/h0150

	Effects of compound growth regulators on the anatomy of Jujube Leaf and Fruit
	1 Introduction
	2 Materials and methods
	2.1 Materials and test design
	2.2 Methodology
	2.2.1 Paraffin section cutting
	2.2.2 Jun jujube leaf and fruit data determination
	2.2.3 Statistical analysis


	3 Results and analysis
	3.1 Structural characteristics of leaves
	3.2 Characteristics of fruit structure
	3.3 Spraying times effect on the main vein, leaf and mesophyll thickness of the test plants
	3.4 Effects on the thickness of the upper and lower epidermis and stratum corneum of leaf
	3.5 Effects of different treatments on the thickness of the exocarp and stratum corneum of fruit
	3.6 Effects on the length and area of fruit sarcocarp cells
	3.7 Effects of number of spraying on sarcocarp cells and intercellular

	4 Discussion
	5 Conclusion
	Acknowledgement
	References


