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Aims: In order to explore the adaptation mechanisms of Elaeagnus angustifolia to the arid
environment in desert areas under the treatment of artificial plant retardants, we used to
investigate artificial regulation by using retardants of paclobutrazol (PP333),
paclobutrazol+adhesive (NPP333), and chlormequat (CCC) based on multiple factors
and multiple levels.

Methods: Orthogonal experimental design of L9 (3
4) was used to design the experimental

treatment combinations. Leaf morphological and structural characteristics determined by
the paraffin section method were used to explain the effect of different treatments and their
combinations.

Results: The leaves of Elaeagnus angustifolia were iso-petalous with obvious stellate
epidermal fuzzy borders on the upper epidermis. The palisade tissue was well developed
and tightly arranged. The T1-T9 treatment significantly increased leaf thickness.
Conversely, leaf length and width showed a delayed growth effect, while leaf growth
developed as an elongated type after application. After plant retardant control, the upper
epidermal, palisade tissue, and spongy tissue thickness of the leaves showed a significant
trend to increase, at the same time, the number of xylem rows increased and the number of
cells per row increased and were arranged closely. Meanwhile, there was a synergistic
evolution phenomenon among the indexes. The best treatment combination of plant
retardants to regulate the leaf configuration of plants was selecting the concentration of
600 mg/L of PP333, using the root application + leaf application method for two
applications.

Conclusions: The study showed that plant retardants improved the ability of plants to
resist external environmental stress by reducing leaf area, increasing leaf and epidermal
thickness, and promoting the development of mesophyll and vein structures in order to
improve water retention capacity and prevent transitional transpiration.
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1 INTRODUCTION

Under the macro-climate of global warming, land desertification
is an ecological challenge facing arid and semi-arid regions
(Huang et al., 2020). The ecological environment in arid and
semi-arid zones is relatively fragile and human activities have put
ecological pressure on the land. Desertification threatens regional
human life and economic and ecological security (D’Odorico
et al., 2019). Therefore, if regional ecological restoration is to be
carried out, the use of economic and ecological plant measures
applied to desertification control is the primary choice, as sandy
plants will be able to withstand certain wind and sand hazards
and resist external influences (Su et al., 2007). However,
understanding the drought-resistant mechanisms of plants is
of some practical importance in combating land desertification.

At present, there have been many studies on the physiological
changes of plants under drought stress and the mechanism of
drought tolerance in arid and semi-arid regions (Ramachandra
Reddy et al., 2004). When the growing environment changes,
plants change their morphological and physiological
characteristics to adapt the growing environment (Baquedano
and Castillo, 2006). As a consequence, plants growing in different
conditions show significant differences in photosynthesis,
anatomical characteristics, and physiological characteristics
(Dolatabadian et al., 2011; Khandaker et al., 2017; Leon-
Sanchez et al., 2020). In arid and semi-arid regions, water
deficit and high light exposure are important factors limiting
plant growth (Prasad et al., 2008). At the same time, as one of the
most important stresses in the environment, drought can cause a
series of physiological and biochemical responses in plants.

Identification of plant morphological forms and functions is
the first step in improving the resistance of vegetation to harsh
growing conditions (Toscano et al., 2018). It is well known that
leaves are the main organ for the transpiration and
photosynthesis of plants. They have been exposed to the
growing environment for a long time, with the largest area of
contact with the outside environment. Compared with the
branching structure aboveground, leaves are highly sensitive to
environments (Xin et al., 2012; Yang et al., 2014). The
microscopic anatomical tissue structure of plants, such as
epidermal thickness and palisade tissue, affects the intercellular
CO2 concentration and diffusion of gases, with the results of long-
term adaptation to harsh environments (He et al., 2008; Galle
et al., 2010).

Elaeagnus angustifolia is distributed in arid, semi-arid, and
saline areas in China with precipitation less than 150 mm (multi-
year average). It is resistant to wind erosion and protects the land
surface from erosion, which is usually used to build oasis
protection forests in China (Huang et al., 2005; Liu et al.,
2014; Yunus et al., 2005). Plant growth retardants delay
longitudinal growth, increase aboveground branching
structure, and reduce transpiration by reducing leaf area
(Karimi et al., 2019). At present, most scholars have studied
plant growth retardants to regulate leaf growth characteristics,
photosynthesis, and physiological characteristics (Kasele, 1992;
Zhou et al., 2019), while fewer scholars have studied the effect on
leaf tissue structure. In general, changes in the cellular

organization can efficiently raise mesophyll which is mainly
due to the thicker leaf caused by well-developed palisade tissue
and spongy tissue. Cells have an excellent capacity to store water
and adaptation to drought conditions is enhanced (Chartzoulakis
et al., 2002; Gratani and Bombelli, 2000; Hameed et al., 2002).
Plant retardants have low toxicity and high efficiency, which are
widely used to regulate plant growth and development (Sponsel
and Hedden, 2010). They mainly inhibit the division and
expansion of the apical meristem of the stem, thereby
regulating the distribution of nutrient growth materials to
affect the water content of the leaves, the chlorophyll content
of the leaves, and the growth of the plant, leaf area, and leaf
anatomy (Maienfisch et al., 2001; Zhu and Stafne, 2019). Such
plant retardants can alter plant height and leaf size, however, it is
not clear whether they can alter the intrinsic anatomy of the leaf
to make it drought-tolerant in terms of tissue structure.

This study aimed to select application methods that would
modify the morphological characteristics of leaves to enable them
to survive successfully in arid and semi-arid environments. In
addition, we assessed the relevance of the anatomical and
morphological characteristics of leaves after application. We
chose Elaeagnus angustifolia, a model plant, to evaluate the
effects of plant growth retardants regulating leaf characteristics
and anatomy. The results will provide a theoretical basis for the
subsequent use of Elaeagnus angustifolia in desert areas for
ecological vegetation restoration and construction of wind and
sand-fixing forests.

2 MATERIALS AND METHODS

2.1 Growth Conditions and Plant Material
Preparation
The experimental area is located at the southwest edge of
Ulanbuhe Desert, in Jilantai, Inner Mongolia Autonomous
Region, China (39°46′59″N，105°37′31″E) which is located in
the transition from a semi-arid to an arid region. The climate is a
typical temperate continental climate. The mean average
precipitation is 109.9 mm, while the average annual
evaporation is 2,944 mm. The soil pH is 8.49–9.19, the top soil
(0–30 cm) organic matter (SOM) content is 7.15–7.59 g kg−1, the
top soil available phosphorus (AP) content is 2.95–4.20 mg kg−1,
and the top soil available potassium (AK) content is
571–618 mg kg−1.

Two-year-old Elaeagnus angustifolia (from Jilantai local
woodland) were used and transplanted in March 2019 and
were spaced 1 m × 1 m in the field. Ten plants of each
treatment were used as experimental plants and irrigated every
15 days to maintain plant growth. From April to May, watering
took place every 10 days to ensure the survival of young plants.

2.2 Experimental Design
The Elaeagnus angustifolia were planted in the town of Jilantai.
The experiment used an L9 (3

4) orthogonal test design with four
factors including application method (A), application frequency
(B), application type (C), and application concentration (D) with
three levels of each factor, as shown in Table 1. The experiment
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was designed with nine treatment combinations as shown in
Table 2 and each treatment was replicated 10 times with a total of
100 plants.

2.3 Method for the Determination of
Morphological Characteristics
At the end of plant growth in September 2019, five plants from
different treatment methods (T1-T9) were selected from three
branches according to East, West, South and North directions.
The sampling method was adopted for the random determination
of morphological indicators. Ten fresh leaves were collected in
each direction and the blade length and width were measured
using a cursor caliper (0.01 mm).

2.4 Leaf Anatomical Structure Material
Collection
Leaf anatomical measurements were obtained at the end of the
experiment in September 2019. The branches selected for the test
material were consistent with morphological indexes of mature
leaves in the middle of the branches, and two leaves were sampled
in each direction. A total of 40 leaves were sampled in each
treatment, totaling 360 leaves.

2.5 Paraffin Section Production Method
Mature leaves were taken in different directions (the orthogonal
test design plan T1-T9) and properly marked, in 20 ml vials
containing FAA fixative (70% alcohol: formaldehyde: glacial

acetic acid = 90:5:5). The vials were pumped (inoculated) using
a medical syringe during fixation, and then sealed, sorted, and
transported back to the laboratory for leaf dissection tests. The
samples were made by the conventional paraffin sectioning
method, stained with saffron-solid green, and sealed with
neutral resin glue (Galle et al., 2010). A LEICA DM2000
microscope was used to observe leaf anatomy, and LAS V4.12
was used to capture pictures of samples and determine leaf
thickness, upper cuticle thickness, upper epidermal thickness,
lower epidermal thickness, and fenestrated tissue thickness. The
palisade and spongy ratio, tightness of leaf palisade tissue, and
tightness of leaf spongy tissue were determined by the formulas
below (Karimi et al., 2019).

Palisade and spongy ratio � palisade tissue thickness/sponge tissue thickness

(1)
Tightness of leaf palisade tissue � (palisade tissue thickness/leaf thickness) × 100%

(2)
Tightness of leaf spongy tissue � (sponge tissue thickness/leaf thickness) × 100%

(3)

2.6 Data Analysis
Data were analyzed by Excel 2010 and SAS software without
considering interactions. Effect of changes in the anatomical
properties of plant leaves under different treatments (Table 4)
was determined by one-way analysis of variance (ANOVA).
Tukey’s HSD (honestly significant difference) test was used to
analyze the differences between morphological characteristics.
The data presented in the table are the mean value of three
replications (mean ± standard deviation).

TABLE 1 | The factors and levels of orthogonal design L9(3
4).

Level Factors

Application Method (A) Application Frequency (B) Application Type (C) Application Concentration (D)

1 Leaf spray 250 ml Once (1) 23% paclobutrazol (PP333) 450 mg/L
（Y） Date: 2019.05.10

2 Irrigate the roots 250 ml Twice (2) Cycocel (CCC) 600 mg/L
（G） Dates: 2019.05.10

2019.05.20
3 Leaf spray 125 ml and irrigate the roots 125 ml Three times (3) 17.5% paclobutrazol and agglutinant (NPP333) 750 mg/L

（Y&G） Dates: 2019.05.10
2019.05.20
2019.06.10

TABLE 2 | Orthogonal Test Design plan.

Test Application Method (A) Application Frequency (B) Application Type (C) Application Concentration (D)

T1 Y 1 PP333 450 mg/L
T2 Y 2 CCC 600 mg/L
T3 Y 3 NPP333 750 mg/L
T4 G 1 CCC 750 mg/L
T5 G 2 NPP333 450 mg/L
T6 G 3 PP333 600 mg/L
T7 Y&G 1 NPP333 600 mg/L
T8 Y&G 2 PP333 750 mg/L
T9 Y&G 3 CCC 450 mg/L
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The data in this study were analyzed using the relative growth
of each plant indicator for comparison.

Mi � MXi −MYi (4)
Ki � Mi − CKi (5)

Note: Mi is the relative growth amount of the i indicator in the
growth period; MXi is the measured value of the i indicator at the
end of growth in September 2019 after artificially regulated
treatment; MYi is the basal value of the i indicator in May
2019 before application; Ki is the growth amount of the i
indicator after application relative to CK; CKi is the control
group of the i indicator with the application of clear water.

3 RESULTS

3.1 Morphological Structure of Elaeagnus
Angustifolia Leaves
The leaf morphological characteristics revealed significant differences
among different treatments from T1-T9 (Table 3). The
morphological structure of Elaeagnus angustifolia leaves changed
considerably under the effect of artificial control. Different control
methods (T1-T9) had a growth-promoting effect. Plant leaf thickness
significantly increased (p < 0.05) with maximum growth under T8
treatment (13.03 μm) and the minimum under T3 treatment
(2.39 μm). Leaf length growth ranged between 2.11 and 13.67 μm
which was smaller compared with control, and leaf width growth
ranged between 1.96 and 12.34 μm which was also smaller than
control. Relative growth ratio between the leaf length and width was
greater than 1, which ranged from 1.01 to 3.06 μmwhile the changes
were not significant.

3.2 Analysis of Anatomical Structure of
Elaeagnus Angustifolia Leaves
3.2.1 Epidermis
Elaeagnus angustifolia leaves are isobilateral which indicates that
themain veins of the leaf blade are raised on the back of the leaf blade
in an irregular semi-circular shape. The surface of the leaf blade

showed stellate glandular hairs (Figure 1A), which reduced the
damage of strong light and control transpiration of the plant. Both
the upper and lower epidermis of the Elaeagnus angustifolia leaves
consisted of one layer of cells which were small and closely arranged.
The upper epidermal cells consisted of a nearly rectangular
arrangement of cells while the lower epidermal cells were nearly
circular (Figures 1B,C). The upper cells were significantly larger
than the lower cells. The upper epidermis showed an accelerated
growth trend after each treatment and the maximum growth under
T8 treatment reached 1.52 μm in thickness compared with control.
The lower epidermis showed a delayed growth trend and the growth
of the lower epidermal cells were lower than control (Table 4). The
smallest growth was under T8 treatment.

3.2.2 Mesophyll
The leaf mesophyll of Elaeagnus angustifolia consists of two parts
as fenestrations and spongy tissues. The fenestrations had a
double-fenestrated structure and were well developed. The
fenestrations were arranged on the inner side of the upper
epidermis (Figure 1D). According to the cross-section of the
leaf, the fenestrations of Elaeagnus angustifolia showed a
significant increase in thickness under the nine different
treatments used in this experiment (P＜0.05).

Table 4 shows that the upper fenestrations consisted of long
cylindrical cells arranged closely together and their thickness
increased from 1.35 to 4.32 μm. The thickness of the lower
fenestrations increased from 0.43 to 2.48 μm indicating that the
upper fenestrations were thicker than the lower fenestrations. The
spongy tissues also showed a trend of thickening ranging from 0.87
to 4.43 μm while the difference was not significant (p > 0.05). The
ratio of spongy tissue growth to fenestrated tissue decreased. The
spongy tissues gradually fenestrated under T6, T8, and T9 treatment
where their relative fenestrated ratio showed an increasing trend.
The relative tissue firmness and laxity of the leaf showed an
increasing trend and the relative firmness of the leaf tissue
structure varied from 77 to 121% with no significant difference
among the treatments (p > 0.05). Relative laxity of leaf tissue
structure varied from 28 to 116% under T3 treatment which was
significantly higher than other treatment groups (p < 0.05). The
relative thickness of the upper and lower fenestrations ranked as T8

TABLE 3 | Variability analysis of the growth of morphological characteristic indexes of Elaeagnus angustifolia leaves under different regulation methods.

Test Relative Leaf Thickness(mm) Relative Leaf length(mm) Relative Leaf Width (mm) Relative Aspect Ratio

T1 5.75 ± 3.83dc −10.10 ± 3.61cde −9.93 ± 1.61ed 1.01 ± 0.35a
T2 9.02 ± 1.19abc −6.45 ± 1.23bcd −5.99 ± 0.40bc 1.06 ± 0.57a
T3 2.39 ± 1.51d −8.53 ± 2.73bcd −8.76 ± 2.47cde 1.05 ± 0.45a
T4 9.40 ± 3.61abc −4.68 ± 0.31ab −4.91 ± 1.04ab 1.87 ± 0.15a
T5 5.88 ± 1.15dc −2.11 ± 0.87a −1.96 ± 0.22a 3.06 ± 0.86a
T6 9.85 ± 0.79abc −2.81 ± 0.11a −3.81 ± 0.32ab 1.34 ± 0.48a
T7 11.90 ± 2.47ab −13.67 ± 2.31e −12.34 ± 1.92e 1.14 ± 0.31a
T8 13.03 ± 2.73a −11.77 ± 2.16ed −11.10 ± 1.36e 1.07 ± 0.23a
T9 7.63 ± 3.16bc −7.13 ± 1.54bc −7.11 ± 2.16bcd 1.13 ± 0.46a

Note: All indicators in the table are the relative growth of the plants, with positive values showing positive (accelerated growth) artificially regulated effects and negative values showing
negative (delayed growth) artificially regulated effects, slower than the growth of CK. Values in the table are mean ± standard deviation, different lowercase letters after the data in the same
column indicate significant differences (p < 0.05).
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FIGURE 1 | Transverse section of a date palm leaf blade. (A–C) Leaf cross-sections of midrib 10x; (D). Cross-sections of mesophyll 20x; (E,F). Cross-sections of
leaf veins 20x; (A)CK, (B) T1 treatment, (C) T5 treatment, (D) T6 treatment showing spongy tissue with obvious fenestration, (E) T8 treatment showing thin-walled tissue
development, (F) T9 treatment showing vascular bundle development. Ue. upper epidermis; Le. lower epidermis; Pap. palisade tissue; Sm. spongy tissue.

TABLE 4 | Analysis of variability in the growth of anatomical structural indicators of Elaeagnus angustifolia leaves under different regulation methods.

Test Relative
Upper

Epidermal
Thickness

(Um)

Relative
Lower

Epidermal
Thickness

(um)

Relative
Lower

Palisade
Cell

Thickness
(um)

Relative
upper

Palisade
Cell

Thickness
(um)

Relative
Spongy

mesophyll
Thickness

(um)

Palisade
Cell

and Spongy
Cell
ratio

Tightness
of Leaf
Palisade
Tissue
(%)

Tightness
of Leaf
Spongy
Tissue
(%)

T1 0.57 ± 0.04bc −0.60 ± 0.16ab 0.71 ± 0.27dc 1.35 ± 0.74bc 1.53 ± 0.85a 4.21 ± 1.47a 0.87 ± 0.24a 0.28 ± 0.14b
T2 0.75 ± 0.10bc −0.99 ± 0.22bc 1.42 ± 0.15bc 2.79 ± 0.49abc 3.87 ± 0.56a 5.83 ± 2.69a 0.90 ± 0.25a 0.30 ± 0.02b
T3 038 ± 0.09c −0.31 ± 0.17a 0.43 ± 0.08d 2.06 ± 1.06c 0.87 ± 0.40a 2.23 ± 1.81a 0.77 ± 0.26a 1.16 ± 0.11a
T4 0.86 ± 0.02bc −1.13 ± 0.43bc 1.65 ± 0.26bc 3.27 ± 0.39abc 2.56 ± 0.52a 3.36 ± 1.60a 1.11 ± 0.34a 0.41 ± 0.09b
T5 0.40 ± 0.05c −0.58 ± 0.39ab 0.68 ± 0.19dc 2.57 ± 1.29bc 2.32 ± 0.28a 2.54 ± 1.64a 0.95 ± 0.33a 0.45 ± 0.07b
T6 1.06 ± 0.02ab −1.25 ± 0.48dc 1.98 ± 0.32bc 3.54 ± 0.18abc 2.06 ± 0.28a 2.67 ± 0.17a 0.97 ± 0.16a 0.36 ± 0.04b
T7 1.16 ± 0.27ab −1.41 ± 0.58dc 2.04 ± 0.39ab 4.01 ± 0.51ab 2.17 ± 1.10a 3.43 ± 1.88a 0.94 ± 0.29a 0.38 ± 0.06b
T8 1.52 ± 0.23a −1.84 ± 0.05d 2.87 ± 1.91a 4.32 ± 1.85a 4.43 ± 1.29a 3.69 ± 0.88a 1.21 ± 0.45a 0.37 ± 0.14b
T9 0.60 ± 0.11b −0.93 ± 0.18abc 1.40 ± 0.18bc 2.89 ± 0.47abc 3.52 ± 0.64a 2.88 ± 0.53a 1.21 ± 0.55a 0.41 ± 0.11b

Note: Values in the table are mean ± standard deviation, different lowercase letters after the data in the same column indicate significant differences (p < 0.05).
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> T7 > T6 > T4 > T2 > T9 > T1 > T3 > T5. The relative thickness of
the spongy tissues ranked as T2>T8>T9>T4>T5>T6>T7>T1
> T3 which was slightly different from the fenestrations. This
showed that drought resistance of Elaeagnus angustifolia was
improved by plant retardant regulation in terms of leaf
mesophyll tissue structure.

3.2.3 Veins
The main veins of leaves were well developed with rounded and
prominent structures which consisted of vascular bundles and
mechanical tissue. The xylem was composed of 2-8 layers and
9–25 rows of the vessel and the caliber of which increased radially
from the upper epidermis to the lower epidermis. The thick-
horned tissue and thin-walled cells were well developed under
each mode of regulation and showed a good sparing and
supporting effect (Figure 1E and Figure 1F).

The k values (Table 5) indicated the strength of the influence
under each treatment at different levels on the traits and the best
combination was determined according to k1, k2, and k3. The

extreme difference characterized the primary and secondary
relationship between the influence of the factors on the measured
traits, and the larger the extreme difference R, the greater the influence
of the factor on the traits. As can be seen from Table 5, the effects of
four treatments on the upper epidermal thickness, lower fenestrated
tissue thickness, spongy tissue thickness, and leaf thickness of
Elaeagnus angustifolia ranked as A > D > C > B, therefore,
application method > application concentration > application type
> application frequency. In conclusion, all the anatomical structures
of Elaeagnus angustifolia leaves were positively regulated after
artificial control and the optimal combination for the regulation of
Elaeagnus angustifolia leaf was A3B2C1D2, (A root application + leaf

application B application of two times C PP333 D 600 mg/L).

4 DISCUSSION

As shown in Figure 2, the average temperature in the trial area
was high during the plant growth period (March to October).

TABLE 5 | Orthogonal test analysis of artificially regulated growth of leaf conformation indicators of Elaeagnus angustifolia.

Index k value September 2019: End of Growth

A B C D

Upper epidermis k1 0.570 0.860 1.050 0.520
k2 0.770 0.890 0.740 0.990
k3 1.100 0.680 0.650 0.920
Range 0.530 0.21 0.40 0.470
Factor primary → secondary A D C B
Optimum combination A3B2C1D2

Lower epidermis k1 −0.632 −1.049 −1.235 −0.704
k2 −0.989 −1.136 −1.018 −1.220
k3 −1.396 −0.833 −0.765 −1.094
Range −0.764 −0.303 −0.47 −1.094
Factor primary → secondary B C A D
Optimum combination A3B2C1D2

Upper palisade
tissue

k1 4.005 6.999 7.942 5.268
k2 6.726 7.765 7.132 7.614
k3 9.202 5.168 4.859 7.051
Range 5.197 2.597 3.083 2.346
Factor primary → secondary A C B D
Optimum combination A3B2C1D2

Lower palisade
tissue

k1 0.853 1.467 1.853 0.927
k2 1.427 1.657 1.477 1.823
k3 2.110 1.267 1.060 1.640
Range 1.257 0.390 0.793 0.896
Factor primary → secondary A D C B
Optimum combination A3B2C1D2

Spongy tissue k1 2.064 2.879 3.073 2.163
k2 3.02 3.117 2.977 3.443
k3 3.737 2.825 2.772 3.215
Range 1.673 0.292 0.301 1.280
Factor primary → secondary A D C B
Optimum combination A3B2C1D2

Leaf thickness k1 5.831 9.125 9.654 6.527
k2 8.375 9.312 8.684 10.259
k3 10.853 6.623 6.721 8.273
Range 5.022 2.689 2.933 3.732
Factor primary → secondary A D C B
Optimum combination A3B2C1D2
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Rainfall was extremely low, but evaporation was high. This makes
it difficult for the plants to maintain normal growth. So, applying
plant retardants by slowing down the growth rate of the leaves
and increasing their transpiration rate is an effective way to
increase the growth rate of plants in drought conditions. The
leaf is an important organ for plant respiration, photosynthesis,
absorption, and secretion, and its morphological characteristics
can give feedback on the effect of the ability to adapt to a complex
environment (Singh et al., 2005). Photosynthesis is the basis for
the synthesis of organic matter and energy storage in plants. It is a
decisive factor in the productivity of plants. The leaf is the main
organ of photosynthesis and the anatomical structure of the leaf is
closely related to the photosynthetic efficiency of the plant. Some
studies have shown that photosynthetic rate and leaf epidermal
cell thickness, and leaf thickness are positively correlated. On the
other hand, the thicker the leaf palisade tissue, the more beneficial
the light energy capture. At the same time, it can effectively
increase the photosynthetic rate of the leaves (Yang et al., 2017).
For example, the thickness of Nitraria tangutorum thinned
significantly with increasing drought, epidermal and palisade
tissue became smaller and more closely packed, and abundant
areas of spongy tissue turned into palisade tissue. The leaf size of

Dryas octopetala var. asiatica (Nakai) Nakai is increased by air
temperature (Zhou et al., 2019). Furthermore, the anatomical
structure of the plant leaf is extremely sensitive to changes in
external environmental factors and adapts to the growing
environment by adjusting its tissue structure to increase
photosynthetic rate, reduce transpiration rate, and enhance
water storage capacity. Leaf thickness affects the absorption of
light by plants, and leaf thickness increase the light energy
utilization and water storage capacity of leaves while
preventing excessive transpiration and facilitating
photosynthesis. The result showed that leaf thickness in desert
areas can characterize water use efficiency and the thicker the leaf
thickness, the stronger the water use efficiency. The results of this
study showed that the application of plant retardant had a
thickening effect on plant leaf thickness (compared with the
control) which may be caused by other factors, such as our
research area located in a high-temperature and low-rainfall
area. All these factors may have an effect on the relatively
large number of epidermal cells on the leaf surface and further
reduce water transpiration to improve plant water storage
performance. The results of the present study also
demonstrated that the relative leaf length growth and relative
leaf width growth of leaves showed inhibition under different
regulation methods. The relative leaf length to width ratio
increased which indicated that the shape of the plant leaf was
long and narrow after the regulation.

Epidermal cells have good water retention and storage properties
which help to enhance plant water regulation and prevent excessive
water transpiration, thereby resisting external environmental stress
(Wyka et al., 2019). The study in this paper showed that the increase
in thickness of the upper epidermal cells of the leaves was growth-
promoting (positive growth compared to the control) while the
increase in the thickness of the lower epidermal cells delayed
growth (negative growth compared to the control). Palisade tissues
affect the absorption and use of light energy by plants, and well-
developed, closely arranged palisade tissues can effectively alleviate the
damage to plant leaves from stresses such as strong light and water
deficit. The relatively reduced spongy tissue and palisade tissue ratio
improves the efficiency of CO2 conduction from the lower stomatal
chamber to the photosynthesis site, while alleviating the phenomenon
of reduced CO2 conduction rate due to changes in leaf flesh tissues

TABLE 6 | Changes in the photosynthetic characteristics of Elaeagnus angustifolia Under different regulation methods.

Test Pn Gs Ci Tr

µmolCO2·m−2·s−1 μmol·m−2·s−1 μmol/mol g·dm−2·h−1

CK 0.22 ± 0.22f 0.02 ± 0.02e 0.68 ± 0.68d 4.64 ± 4.64e
T1 0.61 ± 0.61def 0.08 ± 0.08b 2.86 ± 2.86b 12.06 ± 12.06de
T2 0.41 ± 0.41ef 0.04 ± 0.04de 1.18 ± 1.18d 33.00 ± 33.00b
T3 2.47 ± 2.47a 0.13 ± 0.13a 2.54 ± 2.54bc 53.76 ± 53.76a
T4 1.05 ± 1.05bc 0.04 ± 0.04d 1.50 ± 1.50cd 20.87 ± 20.87cd
T5 0.95 ± 0.95cd 0.04 ± 0.04d 3.41 ± 3.41b 27.70 ± 27.70bc
T6 0.75 ± 0.75cde 0.06 ± 0.06bcd 4.94 ± 4.94a 12.05 ± 12.05de
T7 0.55 ± 0.55def 0.06 ± 0.06bcd 3.74 ± 3.74ab 6.12 ± 6.12e
T8 1.41 ± 1.41b 0.07 ± 0.07bc 3.84 ± 3.84ab 12.94 ± 12.94de
T9 0.86 ± 0.86cd 0.05 ± 0.05cd 1.48 ± 1.48cd 11.60 ± 11.60de

Note: Values in the table are mean ± standard deviation, different lowercase letters after the data in the same column indicate significant differences (p < 0.05).

FIGURE 2 | Characteristics of changes in meteorological factors in the
pilot area between March and October 2019.
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(Azoz, S. N. et al., 2020), enabling plants to achieve a high conduction
rate. The improvement of photosynthesis can make plants adapt to
arid environment. The well-developed thick-horn tissue and duct in
themain vein can storewater and also have protective function. At the
same time, developed guard cells can improve the transpiration rate of
plants and promote the transport of water by plants (Zaky, I. F. et al.,
2019). In this study, several characteristics of the transverse
anatomical structure of Elaeagnus angustifolia leaves (e.g., thickness
of palisade tissue, the thickness of spongy tissue, compactness, laxity,
etc.) increased under the treatments of nine plant retardants. The cell
volume of palisade tissue was reduced and the number of layers
increased while vascular tissue was well developed.

As can be seen from Table 6, photosynthesis in Elaeagnus
angustifolia leaves was significantly improved by the application
of plant retardants. This is consistent with the researchers’
conclusion that by altering leaf size, leaf anatomy can improve
the photosynthetic capacity of plants.

5 CONCLUSION

In summary, plant retardant treatments T1 to T9 at the early stage
of growth affected the morphological structure of plant leaves.
These changes reduced transpiration and improved
photosynthesis through reducing leaf area and increasing leaf
thickness, among which T7 treatment (A root application + leaf

application B one application C PP333 + adhesive D 600 mg/L) had the
best effect. At the same time, it can changed the surface of the leaf
blade, in which T8 treatment (A root application + B leaf
application with two applications of C PP333 + 600 mg/L) had
the best effect. The optimal combination of leaf regulation was

A3B2C1D2 (600 mg/L of PP333, using the root application + leaf
application method twice).
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