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Abstract
Abstract: Investigating the responses of leaf and root morphological traits of
desert plants to drought stress facilitates understanding and predicting the
growth regulation strategies of desert plants under climate change conditions.
This study employed seedlings of the typical desert plant Caroxylon passerinum
as the research subject, established two treatments of slow drought and rapid
drought, measured morphological indicators related to leaves and roots, and
analyzed the morphological characteristics of leaves and roots of C. passerinum
seedlings under different drought stresses and the relationships between them.
The results showed that: (1) With prolonged drought stress duration, coarse
root diameter decreased under both treatments, specific root length and spe-
cific root area of fine roots decreased under rapid drought treatment, while
leaf tissue density increased under rapid drought treatment; coarse root tis-
sue density overall increased after slow drought treatment, while rapid drought
treatment exhibited an initial increase followed by a decrease. (2) At the end
of the growth period (54 d), coarse root diameter significantly decreased un-
der both treatments; succulence degree and water content under rapid drought
treatment were significantly lower than those of the control and slow drought
treatment, respectively; at 37 d of stress, coarse root tissue density of C. passer-
inum under both drought treatments significantly increased, and was greater
under slow drought than under rapid drought. (3) Coarse root specific root
length, coarse root tissue density, fine root specific root length, and specific leaf
area were the main indicators of trait variation in C. passerinum; correlation
analysis revealed that there were 29 pairs of correlated traits between leaves
and roots of C. passerinum. In summary, leaves, coarse roots, and fine roots
of C. passerinum all exhibited different adaptive strategies under different wa-
ter treatments; under both drought treatments, C. passerinum responded to
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drought stress by reducing coarse root diameter. Under rapid drought condi-
tions, C. passerinum adapted to soil water deficit by increasing leaf tissue density
and reducing fine root specific root length and specific root area. C. passerinum
adapted to drought through synergistic or trade-off strategies within leaf and
root traits, and between leaf and root traits.
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Abstract

Investigating the responses of leaf and root morphological characteristics of
desert plants to drought stress is crucial for understanding and predicting their
growth regulation strategies under climate change scenarios. Using seedlings
of the typical desert plant Caroxylon passerinum, this study implemented two
drought treatments—slow drought and rapid drought—to measure relevant mor-
phological indices of leaves and roots, and analyzed the morphological charac-
teristics of leaves and roots and their interrelationships under different drought
stress conditions. The results demonstrated that: (1) With extended drought
stress duration, thick-root diameter decreased under both treatments; specific
root length and specific root area of fine roots decreased under rapid drought;
leaf tissue density increased under rapid drought; thick-root tissue density in-
creased overall under slow drought but showed an initial increase followed by a
decrease under rapid drought. (2) At the end of the growth period (54 days),
thick-root diameter decreased significantly under both treatments; the degree
of succulence and water content under rapid drought were significantly lower
than those of the control and slow drought treatments, respectively. After 37
days of stress, thick-root tissue density of C. passerinum seedlings increased
significantly under both drought treatments, with a greater increase under slow
drought than under rapid drought. (3) Thick-root specific root length, thick-
root tissue density, fine-root specific root length, and specific leaf area were
the main indicators of trait variation in C. passerinum. Correlation analysis re-
vealed 29 pairs of interrelated traits between leaves and roots. In conclusion, the
leaves, thick roots, and fine roots of C. passerinum exhibited distinct adaptive
strategies under different water treatments. Under both drought treatments, C.
passerinum responded to drought stress by reducing thick-root diameter. Un-
der rapid drought conditions, C. passerinum adapted to soil water deficit by
increasing leaf tissue density and reducing fine-root specific root length and spe-

chinarxiv.org/items/chinaxiv-202403.00178 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00178


cific root area. Caroxylon passerinum seedlings adapted to drought through
coordinated or trade-off strategies within and between leaf and root traits.

Keywords: drought stress; morphological characteristics; leaf; root; Caroxylon
passerinum

1. Materials and Methods
1.1 Materials and Cultivation

In May 2021, several C. passerinum seedlings approximately 10 cm in height
were selected from the piedmont Gobi in Jingtai County, Gansu Province, for
transplantation. This region has a temperate arid continental climate (104°43�E,
36°43�N) with a frost-free period of approximately 141 days, average annual wind
speed of 3.5 m・s−1, average annual rainfall of 184 mm, and average annual tem-
perature of 9.0 °C. The main soil types are diluvial gray-brown desert soil and
sierozem. Zonal vegetation includes Reaumuria songarica, C. passerinum, Ni-
traria tangutorum, Neotrinia splendens, Kalidium foliatum, among others. After
selection, seedlings were excavated and transported to the experimental base of
Gansu Agricultural University for potting, with one plant per pot. The pots
had an upper diameter of 38 cm, lower diameter of 30 cm, and height of 18
cm. The cultivation substrate consisted of sandy loam and perlite mixed at a
10:1 ratio, with a field capacity of 17.41%. After seedlings established, drought
resistance experiments were conducted in May 2021 by controlling soil water
content. Every two days at 18:00, manual weighing and water replenishment
were performed to maintain the required soil water content for each treatment.
Seedlings were cultivated in a rain shelter at the experimental site of Gansu
Agricultural University. The shelter was made of transparent material for rain
protection only, without affecting light and ventilation. The shelter had no
surrounding obstructions, providing adequate light and ventilation.

1.2 Experimental Design

This experiment established one control group (full water supply) and two treat-
ment groups (slow drought and rapid drought), with 10 replicates per treat-
ment, totaling 30 pots (sample size n=10). A randomized block design was
used, with experimental materials divided into three plots according to differ-
ent water treatments, with 50 cm intervals between plots. All experimental
seedlings received normal water management, with soil water content main-
tained at 75%$±5±5±5±5±5±$2% of field capacity.

1.3 Index Measurement and Calculation

Sampling was conducted at 7, 15, 27, 37, and 54 days after drought stress
initiation, with three plants sampled per treatment each time. During sampling,
whole C. passerinum seedlings were removed from pots, ensuring maximum root
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system integrity. Roots were wrapped in plastic film to prevent water loss, and
samples were quickly transported to the laboratory. Leaves and roots were
separated, and impurities were removed. Leaves were weighed to obtain fresh
leaf weight. A vernier caliper was used to distinguish thick roots (diameter >2
mm) and fine roots (diameter $�$2 mm). Leaves, thick roots, and fine roots
were then scanned using a scanner (RhIZO 2008a) to obtain leaf surface area,
leaf volume, root length, root diameter, root surface area, and root volume.
After measurement, leaves and roots were placed in separate envelopes and
put in an oven at 105 °C for 30 minutes to deactivate biological activity, then
dried to constant weight at 75 °C, after which each part was weighed to obtain
dry weight. Indices were calculated as follows: degree of succulence (Suc) =
leaf fresh weight/leaf dry weight × 100%; specific leaf area (SLA) = leaf surface
area/leaf biomass; leaf tissue density (LTD) = leaf biomass/leaf volume; specific
root area (SRA) = root surface area/root biomass; specific root length (SRL)
= root length/root biomass; root tissue density (RTD) = root biomass/root
volume.

1.4 Data Processing

SPSS 26.0 software was used for statistical analysis. Repeated measures ANOVA
was employed to examine the effects of drought intensity, drought time, and
their interactions on morphological characteristics of C. passerinum, with least
significant difference (LSD) tests used to examine significant differences in mor-
phological characteristics under the same stress time or intensity. The factoex-
tra package was used to rank the importance of the first four principal compo-
nent axes. All other figures were generated using R 4.2.1, with data presented
as mean ± standard error.

2. Results
2.1 Leaf Morphological Characteristics of C. passerinum Under
Drought Stress

Repeated measures ANOVA indicated (Table 1) that drought intensity had
significant effects on leaf water content of C. passerinum seedlings (P<0.05);
drought time had extremely significant effects on leaf succulence degree and
water content (P<0.01); the interaction between drought intensity and drought
time had extremely significant effects on leaf water content but no significant
effects on specific leaf area. As shown in Figure 1, with extended drought time,
leaf succulence degree and water content of C. passerinum seedlings under full
water supply and both drought treatments showed decreasing trends. Compared
with the initial drought stage (7 days), at the end of the growth period (54 days),
succulence degree and water content under full water supply, slow drought, and
rapid drought treatments decreased significantly by 54.013%, 46.486%, 80.412%
and 15.716%, 11.708%, 57.647%, respectively. With extended drought time,
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leaf tissue density of C. passerinum seedlings under rapid drought treatment
increased overall, with a 32.732% increase at the end of the growth period (54
days) compared with the initial stage (7 days). At the end of the growth period
(54 days), succulence degree and water content under rapid drought treatment
were significantly lower than those under full water supply and slow drought
treatments (P<0.05). Compared with full water supply, succulence degree and
leaf water content decreased by 56.890% and 37.931%, respectively; compared
with slow drought, they decreased by 52.218% and 37.363%, respectively.

2.2 Thick Root Morphological Characteristics of C. passerinum Un-
der Drought Stress

Repeated measures ANOVA results (Table 1) showed that drought intensity had
significant effects on thick-root specific root length of C. passerinum seedlings
(P<0.05) and extremely significant effects on thick-root tissue density and thick-
root specific root area (P<0.01). Drought time had extremely significant effects
on thick-root specific root length, thick-root tissue density, and thick-root spe-
cific root area. The interaction between drought intensity and drought time had
extremely significant effects on thick-root diameter. As shown in Figure 2, with
extended drought time, thick-root specific root length and specific root area of C.
passerinum seedlings under both treatments showed a trend of initial decrease
followed by stabilization. Compared with the initial drought stage (7 days),
at 37 days, thick-root specific root length and specific root area under both
treatments decreased significantly by 36.656% and 51.333%, respectively. With
extended drought time, thick-root tissue density of C. passerinum seedlings un-
der slow drought treatment showed an increasing trend, with a 39.407% increase
at the end of the growth period (54 days) compared with the initial stage (7
days), while thick-root tissue density under rapid drought treatment showed a
fluctuating trend, with a 56.132% increase at 37 days compared with the initial
stage. With extended drought time, thick-root diameter under full water supply
showed an increasing trend, with a 16.787% increase at the end of the growth pe-
riod (54 days) compared with the initial stage (7 days). In contrast, at 37 days
of drought, thick-root diameter of C. passerinum seedlings under both treat-
ments showed an overall decreasing trend, decreasing by 41.695% and 40.398%,
respectively. At 37 days, thick-root specific root length and specific root area
under rapid drought treatment were significantly lower than those under full
water supply (P<0.05), decreasing by 40.910% and 31.761% compared with full
water supply. At 54 days, thick-root tissue density of C. passerinum seedlings
under full water supply and both drought treatments showed significant differ-
ences (P<0.05), following the pattern: rapid drought > slow drought > full
water supply. Compared with full water supply, the two drought treatments
increased by 47.277% and 48.147%, respectively.
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2.3 Fine Root Morphological Characteristics of C. passerinum Under
Drought Stress

Repeated measures ANOVA results (Table 1) showed that drought intensity
had extremely significant effects on fine-root specific root length and fine-root
diameter of C. passerinum seedlings (P<0.01) and significant effects on fine-
root tissue density (P<0.05). Drought time had extremely significant effects on
fine-root specific root length, fine-root specific root area, fine-root tissue den-
sity, and fine-root diameter. The interaction between drought intensity and
drought time had extremely significant effects on fine-root specific root length,
fine-root specific root area, fine-root tissue density, and fine-root diameter. As
shown in Figure 3, with extended drought time, fine-root specific root length
and specific root area of C. passerinum seedlings under rapid drought treatment
showed an overall decreasing trend. Compared with the initial drought stage (7
days), at the end of the growth period (54 days), fine-root specific root length
and specific root area under rapid drought treatment decreased by 56.532% and
55.001%, respectively. In contrast, fine-root specific root length and specific
root area under slow drought treatment showed a trend of initial decrease (7–
15 days) followed by increase (15–54 days). Compared with the initial stage, at
15 days, specific root length and specific root area decreased by 35.198% and
34.674%, respectively, while at 54 days, they increased by 35.182% and 29.794%,
respectively. With extended drought time, fine-root tissue density and diameter
under full water supply showed increasing trends, with increases of 40.778% and
28.317% at the end of the growth period (54 days) compared with the initial
stage (7 days). In contrast, at 15 days of drought, fine-root tissue density and
diameter under both drought treatments increased by 34.674% and 16.566%,
respectively; at 27 days, they increased by 49.114% and 29.794%; and at 54
days, they increased by 56.532% and 55.001%. At 15 days, fine-root specific
root length and specific root area under slow drought treatment were signifi-
cantly higher than those under full water supply and rapid drought treatments
(P<0.05), increasing by 48.316% and 37.980% compared with full water supply,
and by 36.612% and 22.621% compared with rapid drought. At 27 days, fine-
root tissue density under rapid drought treatment was significantly higher than
that under full water supply and slow drought treatments (P<0.05), increasing
by 37.214% compared with full water supply and by 64.660% compared with
slow drought.

3. Discussion
3.1 Effects of Drought Stress on Leaf Morphological Characteristics
of C. passerinum Seedlings

Changes in leaf morphological traits can reflect the functional characteristics of
the ecosystem where plants are located and their adaptability to that ecosys-
tem. Studies have shown that with intensified drought stress, plants can adapt
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to drought by increasing leaf tissue density and decreasing specific leaf area,
leaf water content, and succulence degree. This study found that with extended
drought stress time, leaf succulence degree and water content of C. passerinum
seedlings showed decreasing trends, and at the end of the growth period, succu-
lence degree and leaf water content were lowest under rapid drought treatment,
similar to results reported by Zhao Guangxing et al. This indicates that during
drought stress, C. passerinum seedlings maintain normal physiological activities
by consuming water stored in succulent leaves, leading to significant reductions
in leaf succulence degree and water content, with rapid drought having the
greatest impact. However, other studies have shown that with reduced natural
precipitation, leaf succulence degree and water content of Reaumuria songarica
increased, possibly because R. songarica maintains normal growth by increasing
succulence to lock in water and maintain normal cell metabolism. This suggests
that as soil water decreases and water supply from roots to shoots diminishes,
plants respond to this stress by increasing leaf succulence degree and water
content to reduce water loss and enhance resource conservation capacity.

Specific leaf area directly reflects plant adaptability to different habitats and
resource acquisition capacity. Studies have shown that under drought stress,
desert plants adapt to water deficit by decreasing specific leaf area. This study
found that extended drought stress time and intensified stress did not affect
specific leaf area of C. passerinum seedlings. However, this contradicts the find-
ings of Zhang Xi et al. that specific leaf area of Medicago sativa decreased with
intensified drought stress. This discrepancy may be due to different species or
drought gradient settings. Therefore, future in-depth studies on leaf morpholog-
ical changes under drought stress should consider species selection and drought
gradient design comprehensively.

Leaf tissue density is an important indicator for studying stress resistance of
desert plants. Plants with higher leaf tissue density grow slowly, can store
more carbon for defense structures, and retain more water and nutrients to
adapt to arid habitats. In this study, with extended drought stress time, leaf
tissue density of C. passerinum seedlings under rapid drought treatment showed
an increasing trend, similar to Shipley’s findings that plants in arid regions
adapt to drought stress by increasing leaf tissue density. This indicates that
under rapid drought treatment, C. passerinum forms adaptations to drought
stress by increasing leaf tissue density with extended stress time. However, this
contradicts Xu Min’s findings that Buddleja officinalis resisted drought stress
with lower leaf tissue density, possibly because plants in desert habitats and karst
rocky desertification habitats have specific drought resistance characteristics
when coping with soil water deficit, which may be related to their genetic traits.

3.2 Effects of Drought Stress on Root Morphological Characteristics
of C. passerinum Seedlings

Root morphological characteristics directly affect the growth and development of
aboveground plant parts. Fine roots are the most active part of the root system
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for absorbing soil water and nutrients, with highly divisible and metabolically
active root tip cells. In contrast, thick roots are less sensitive to soil water and
nutrient supply. Specific root length and specific root area are important indi-
cators reflecting root morphological structure and comprehensively reflect plant
water and nutrient absorption capacity and ecological adaptability. Studies have
shown that with increased drought intensity, plant specific root length and spe-
cific root area decrease. Other research suggests that water stress increases spe-
cific root length and specific root area of Reaumuria soongorica seedlings, mainly
through lower-order roots. This study found that under different treatments,
with extended drought stress time, thick-root specific root length and specific
root area of C. passerinum seedlings showed an overall trend of initial decrease
followed by stabilization; fine-root specific root length and specific root area
showed continuously decreasing trends under rapid drought treatment, while
under slow drought treatment they showed a trend of initial decrease followed
by increase. However, this contradicts findings by Li Shuai et al. and Huang
Haixia et al., possibly because after initial exposure to slow drought stress, fine
roots respond to water stress by decreasing specific root length and specific root
area, then through self-regulation increase fine-root specific root length and spe-
cific root area to expand root growth space and adapt to drought. Thick roots
basically adapt to the drought environment after a period of drought stress,
with specific root length and specific root area remaining relatively stable. This
suggests that fine-root specific root length and specific root area of C. passer-
inum seedlings may be more sensitive to drought treatments than thick roots,
and that moderate drought stress intensity and extended drought duration are
beneficial for improving water and nutrient resource acquisition capacity of C.
passerinum seedlings.

Plants with greater root tissue density have stronger root tissue defense and
extension capacity, which is more advantageous for acquiring water and nu-
trients. This study found that with intensified drought stress and extended
drought time, thick-root tissue density of C. passerinum seedlings increased
overall, but decreased in the later stage of rapid drought stress, while fine-root
tissue density showed an overall trend of initial decrease followed by increase
from a certain point in drought stress to the end of the stress period. How-
ever, this contradicts Sun Jingjue’s finding that plant fine-root tissue density
increases with reduced water in the habitat. This may be because decreasing
root tissue density can accelerate plant growth turnover, reduce water and nu-
trient loss, and improve water and nutrient use efficiency. However, after C.
passerinum seedlings adapt to drought conditions, they increase fine-root tis-
sue density through self-regulation, which strengthens fine-root toughness and
defense, compensating for risks associated with root thinning and elongation
during drought. This indicates that moderate drought stress intensity and du-
ration are beneficial for expanding plant root defense and improving material
storage capacity and drought tolerance, meaning C. passerinum can achieve
maximum growth benefits under slow drought conditions. However, thick-root
drought tolerance decreases after rapid drought stress.
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Root diameter affects the ability of roots to anchor plants in soil and absorb
water and nutrients, reflecting root development in space. Some studies suggest
that plants can form different stress avoidance strategies to adapt to drought by
utilizing coordinated or trade-off relationships among morphological traits. This
study found that with extended stress time, thick-root diameter of C. passer-
inum seedlings under both slow and rapid drought treatments showed an overall
decreasing trend, while fine-root diameter showed a trend of initial decrease fol-
lowed by increase. This is similar to findings by Zhang Jinju et al. that average
root diameter of Lycium ruthenicum seedlings decreased initially then increased
with intensified drought stress. This indicates that within a certain drought
stress period, root diameter of C. passerinum seedlings decreased to varying lev-
els after drought treatment. However, in the middle and late stages of drought
stress, fine-root diameter increased, possibly because drought stress hindered
thick-root growth and development, leading to increased fine-root numbers that
facilitated fine-root growth. This suggests that with extended drought stress
time, plants regulate fine-root growth by reducing thick-root growth, meaning
plants can make corresponding survival strategies in response to water stress
through trade-offs among their own traits under drought conditions.

3.3 Relationships Between Root and Leaf Morphological Traits

Principal component analysis of leaf and root morphological traits of C. passer-
inum seedlings revealed no clear separation of C. passerinum individuals under
different water treatments along the first or second principal component axes,
indicating that it is difficult to identify specific trait combinations related to
drought resistance in C. passerinum under different drought stress conditions.
However, importance ranking of morphological traits in this study identified
thick-root specific root length, thick-root tissue density, fine-root specific root
length, and specific leaf area as the main indicators affecting trait variation in C.
passerinum. This suggests that C. passerinum can adapt to soil water changes
in the environment by regulating these indicators. However, this contradicts
findings by Zhou Jie et al. on drought adaptation strategy differences in Al-
hagi sparsifolia, possibly because specific leaf area and specific root length are
important indicators characterizing plant adaptation to different habitats and
resource acquisition capacity, while root tissue density is a root morphological in-
dicator characterizing plant defense and absorption capacity. The discrepancy
may also be related to species characteristics or different adaptation strate-
gies formed by different plants under different water environmental conditions.
Therefore, further research in this area can provide reference for understanding
plant morphological adaptation under drought stress.

Studies have shown that plant functional traits are not independent when func-
tioning, but rather exhibit certain correlations among traits. This study found
that leaf and root morphological traits of C. passerinum seedlings showed vary-
ing degrees of correlation within each trait system. Specifically, succulence
degree showed significant positive correlations with leaf water content, specific
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leaf area, thick-root specific root area, and thick-root specific root length, in-
dicating that under different water stress conditions, C. passerinum seedlings
respond to drought stress through coordinated variation between leaves and
thick roots. The possible reason is that in water-stressed habitats, C. passer-
inum seedlings form drought tolerance strategies by increasing leaf water reten-
tion capacity and strengthening xeromorphic characteristics of thick roots. This
study also found that leaf water content showed extremely significant negative
correlations with leaf tissue density, fine-root specific root length, and fine-root
specific root area. This is consistent with results reported by Ma Li et al., indi-
cating that C. passerinum seedlings respond to drought stress through trade-off
strategies between leaves and fine roots. The possible reason is that under
drought stress conditions, as leaf water content decreases, plants increase leaf
tissue density to prevent excessive water loss from leaves. Moreover, with in-
tensified drought stress, fine-root tip cells divide vigorously, increasing fine-root
length and biomass, thereby increasing fine-root specific root length and specific
root area and enhancing water and nutrient acquisition and utilization capacity
of C. passerinum seedlings. This study also found a negative correlation be-
tween fine-root specific root length and thick-root tissue density, which differs
from Qi Dehui’s findings of negative correlation between fine-root specific root
length and fine-root tissue density under different water gradients. This may be
because under drought conditions, C. passerinum seedlings prioritize fine-root
growth, leading to hindered thick-root growth and decreased thick-root defense
function, indicating that C. passerinum seedlings respond to water stress by
trading off relationships among root morphological characteristics.

4. Conclusion
Through investigating the response of leaf and root morphological characteris-
tics of C. passerinum seedlings to drought stress, this study found that drought
stress hindered thick-root growth. Under slow drought conditions, fine-root
specific root length and specific root area decreased while thick-root tissue den-
sity increased, whereas under rapid drought treatment, thick-root tissue density
showed an initial increase followed by a decrease. The degree of succulence and
water content under rapid drought treatment were significantly lower than those
under full water supply and slow drought treatments. Under rapid drought treat-
ment, C. passerinum adapted to the arid environment by increasing leaf tissue
density to construct a defense system that preserves internal nutrients. Moder-
ately extending drought duration and increasing drought stress intensity were
more conducive to enhancing water and nutrient resource acquisition and root
defense function in C. passerinum seedlings. Caroxylon passerinum seedlings
adapted to arid habitats through coordinated or trade-off strategies within and
between leaf and root traits. Under different drought treatments, C. passerinum
did not exhibit specific trait combinations to form drought resistance strategies.

chinarxiv.org/items/chinaxiv-202403.00178 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00178


References
[1] Xia Zhenhua, Chen Yaning, Zhu Chenggang, et al. Stomatal changes in leaves
of Populus euphratica under drought stress[J]. Arid Zone Research, 2018, 35(5):
1111-1117.

[2] Liu L B, Gudmundsson L, Hauser M, et al. Soil moisture dominates dryness
stress on ecosystem production globally[J]. Nature Communications, 2020, 11(1):
4892.

[3] Huang Wenlin, Zhang Qiang, Kong Dongdong, et al. Response of vegetation
phenology to drought changes in Inner Mongolia from 1982 to 2013[J]. Acta
Ecologica Sinica, 2019, 39(13): 4953-4965.

[4] Liu Ying, Gai Junyi, Lv Huineng. Advances of the relationship between crop
root morphology and abiotic stress tolerance to antibiotic stress[J]. Journal of
Plant Genetic Resources, 2003, 4(3): 265-269.

[5] Ma Jianying, Fang Xiangwen, Xia Dunsheng, et al. Relationship between
element contents in leaves of desert plant Reaumuria soongorica and climatic
factors[J]. Chinese Journal of Plant Ecology, 2008, 32(4): 848-857.

[6] Dai, A. Drought under global warming: A review[J]. Wiley Interdisciplinary
Reviews: Climate Change, 2011, 2(1): 45-65.

[7] Fang Y J, Xiong L Z. General mechanisms of drought response and their ap-
plication in drought resistance improvement in plants[J]. Cellular and Molecular
Life Sciences, 2015, 72(4): 673-689.

[8] Zhang Panpan, Mu Xiang, Song Hui, et al. Anatomical structure and drought
resistance in broomcorn millet leaf[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2013, 44(5): 119-126.

[9] Li Shanjia, Su Peixi, Zhang Haina, et al. Characteristics and relationships
of foliar water and leaf functional traits of desert plant[J]. Plant Physiology
Journal, 2013, 49(2): 153-160.

[10] Eller C B, Lima A L, Oliveira R S, et al. Cloud forest trees with higher
foliar water uptake capacity and anisohydric behavior are more vulnerable to
drought and climate change[J]. The New Phytologist, 2016, 211(2): 489-501.

[11] Li Zhuo. Leaf Characteristics and Nutrient Recovery Characteristics of
Typical Desert Plants Around Jilantai Salt Lake[D]. Hohhot: Inner Mongolia
Agricultural University, 2021.

[12] Cai Liping, Wu Pengfei, Hou Xiaolong, et al. Morphological responses to
different drought stress in the roots of Neyraudia reynaudiana[J]. Chinese Agri-
cultural Science Bulletin, 2012, 28(28): 44-48.

[13] Zhao Zhong, Li Peng. Researches on vertical root distributions and drought
resistance of main planting tree species in Weibei Loess Plateau[J]. Journal of
Soil and Water Conservation, 2002, 16(1): 96-99, 107.

chinarxiv.org/items/chinaxiv-202403.00178 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00178


[14] Zhao Guangxing, Xu Tianyuan, Li Wangcheng, et al. Response of Halogeton
arachnoideus seedlings to drought stress[J]. Journal of Arid Land Resources and
Environment, 2021, 35(4): 195-202.

[15] Li Rui, Shan Lishan, Xie Tingting, et al. Variation in the leaf functional
traits of typical desert shrubs under precipitation gradient[J]. Arid Zone Re-
search, 2023, 40(3): 425-435.

[16] Liu Yuanzhan, Xu Xiao, Liu Hao, et al. Latitude gradient variation of
leaf functional traits of Spartina alternifora and Phragmites australis along the
coastal saltmarshes of China[J]. Journal of Fudan University (Natural Science),
2020, 59(4): 381-389.

[17] He Yunyu, Guo Shuiliang, Wang Zhe. Research progress of trade-off rela-
tionships of plant functional traits[J]. Chinese Journal of Plant Ecology, 2019,
43(12): 1021-1035.

[18] Li Hong, Yu Yanghua, Long Jian, et al. Responses of leaf functional traits of
Zanthoxylum planispinum var. dintanensis to premature senescence[J]. Chinese
Journal of Ecology, 2021, 40(6): 1695-1704.

[19] Zhang Xi, Wang Zhennan, Lu Jiaoyun, et al. Response of leaf traits to
drought at different growth stages of Medicago sativa[J]. Acta Ecologica Sinica,
2016, 36(9): 2669-2676.

[20] Sun Jingjue. Variations of Leaf and Fine Root Functional Traits of 15
Woody Species in Two Habitats[D]. Harbin: Northeast Forestry University,
2020.

[21] Craine J M, Froehle J, Tilman D G, et al. The relationships among root
and leaf traits of 76 grassland species and relative abundance along fertility and
disturbance gradients[J]. Oikos, 2001, 93(2): 274-285.

[22] Shipley B, Vu T T. Dry matter content as a measure of dry concentration
in their parts[J]. New Phytologist, 2002, 153(2): 359-364.

[23] Xu Min. Study on Habitat Quality and Restoration of Forest, Shrub and
Grass Diversity in Karst Rocky Desertification Areas[D]. Guiyang: Guizhou
Normal University, 2019.

[24] Wang Haojie, Hou Yueshuang, Chen Jing, et al. Effects of drought stress on
root and leaf morphological characteristics and physiological changes in Paulow-
nia fortunei seedlings[J]. Journal of Henan Agricultural University, 2023, 57(5):
784-793.

[25] Liu Jia, Xiang Wenhua, Xu Xiao, et al. Analysis of architecture and func-
tions of fine roots of five subtropical tree species in Huitong, Hunan Province,
China[J]. Chinese Journal of Plant Ecology, 2010, 34(8): 938-945.

[26] Ma Xiaodong, Zhu Chenggang, Li Weihong. Response of root morphology
and biomass of Tamarix ramosissima seedlings to different water irrigations[J].
Chinese Journal of Plant Ecology, 2012, 36(10): 1024-1032.

chinarxiv.org/items/chinaxiv-202403.00178 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00178


[27] Zhang Jinju, Guo Youyan, Tian Qing, et al. Response mechanism of Ly-
cium ruthenicum root architecture to drought stress[J]. Journal of Southern
Agriculture, 2022, 53(8): 2215-2223.

[28] Wu Min, Zhang Wenhui, Zhou Jianyun, et al. Effects of drought stress
on growth, physiological and biochemical parameters in fine roots of Quercus
variabilis seedlings[J]. Acta Ecologica Sinica, 2014, 34(15): 4223-4233.

[29] Zhou Jie, Yang Xiaodong, Wang Yayun, et al. Differences in adaptation
strategy of Haloxylon ammodendron and Alhagi sparsifolia to drought[J]. Chi-
nese Journal of Plant Ecology, 2022, 46(9): 1064-1076.

[30] Wang Shiqi, Liu Jinbiao, Kang Jiyue, et al. Effects of water and phosphorus
treatments on root growth and morphological characteristics of switchgrass in
the establishment year[J]. Pratacultural Sciences, 2019, 36(8): 2096-2104.

[31] Sun Jia, Xia Jiabao, Dong Botao, et al. Root morphology and growth
characteristics of Tamarix chinensis with different densities on the beach of the
Yellow River Delta[J]. Acta Ecologica Sinica, 2021, 41(10): 3775-3783.

[32] Shan Lishan. Studies on Morphological and Function of Root of Typical
Desert Plant and Its Drought resistant Physiology Characteristics on Northwest
China[D]. Lanzhou: Gansu Agricultural University, 2013.

[33] Li Shuai, Zhao Guojing, Xu Weizhou, et al. Responses of old world Both-
riochloa ischcemum root systems to changes in soil water conditons[J]. Acta
Prataculturae Sinica, 2016, 25(2): 169-177.

[34] Huang Haixia, Yang Qiqi, Cui Peng, et al. Changes in morphological and
physiological characteristics of Gymnocarpos przewalskii roots in response to
water stress[J]. Acta Prataculturala Sinica, 2021, 30(1): 197-207.

[35] Eissenstat D M, Caldwell M M. Competitive ability is linked to rates of
water extraction: A field study of two aridland tussock grasses[J]. Oecologia,
1988, 75(1): 1-7.

[36] Shi Yu, Wen Zhongming, Gong Shihui. Comparisons of relationships be-
tween leaf and fine root traits in hilly area of the Loess Plateau, Yanhe River
Basin, Shaanxi Province, China[J]. Acta Ecologica Sinica, 2011, 31(22): 6805-
6814.

[37] Ma Li, Shan Lishan, Xie Tingting, et al. Variation in plant functional traits
of two typical desert based on common garden experiment[J]. Acta Agrestia
Sinica, 2022, 30(3): 701-711.

[38] Gu Jiao, Mao Yinger, Li Xiuxiu, et al. Responses of leaf and fine root
functional traits of Cunninghamia lanceolata to Phyllostachys expansion and
removal[J]. Acta Ecologica Sinica, 2023, 43(8): 3286-3294.

[39] Zheng Donghui, Ma Weiwei, Lulu, et al. Response of biomass accumula-
tion and allocation in Populus cathayana cuttings to soil water and nitrogen

chinarxiv.org/items/chinaxiv-202403.00178 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00178


availabilities and its dynamic adjustment[J]. Chinese Journal of Applied and
Environmental Biology, 2022, 28(4): 1002-1011.

[40] Wang Wenxin, Guo Jingtang, Chen Junqi. Distributions and seasonal
changes of nutrient elements contents in different organs of Larix principis-
rupprechtii[J]. Journal of Beijing Forestry University, 1992, 15(S5): 124-129.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202403.00178 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00178

	Response of Leaf and Root Morphological Characteristics of Salsola passerina Seedlings to Drought Stress (Postprint)
	Abstract
	Full Text
	Morphological Characteristics of Leaves and Roots of Caroxylon passerinum Seedlings in Response to Drought Stress
	Abstract

	1. Materials and Methods
	1.1 Materials and Cultivation
	1.2 Experimental Design
	1.3 Index Measurement and Calculation
	1.4 Data Processing

	2. Results
	2.1 Leaf Morphological Characteristics of C. passerinum Under Drought Stress
	2.2 Thick Root Morphological Characteristics of C. passerinum Under Drought Stress
	2.3 Fine Root Morphological Characteristics of C. passerinum Under Drought Stress

	3. Discussion
	3.1 Effects of Drought Stress on Leaf Morphological Characteristics of C. passerinum Seedlings
	3.2 Effects of Drought Stress on Root Morphological Characteristics of C. passerinum Seedlings
	3.3 Relationships Between Root and Leaf Morphological Traits

	4. Conclusion
	References


