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Abstract
Investigating whether niche separation exists in nitrogen utilization among
plants of the same life form in desert ecosystems contributes to a deeper
understanding of desert plant survival strategies and a better grasp of nitrogen’
s influence on desert plant survival. In the Gurbantunggut Desert, four
ephemeral plants are widely distributed: Erodium oxyrrhynchum, Hyalea
pulchella, Nonea caspica, and Lactuca undulata. This study investigated the
absorption and utilization of different nitrogen forms by these four desert
ephemeral herbaceous plants across different months and soil depths. The
results demonstrated: (1) At various soil depths, nitrogen absorption rates
of all four species were higher in May than in April; regarding absorption
rates of different nitrogen forms, glycine was consistently lower than nitrate
nitrogen and ammonium nitrogen. (2) In April, Nonea caspica exhibited the
highest recovery rate for nitrate nitrogen, reaching 52.3%; in May, Nonea
caspica showed the highest recovery rate for ammonium nitrogen, reaching
90.7%. (3) Hyalea pulchella exhibited lower 15N absorption compared to
the other three plant species. (4) The four ephemeral plants could not only
utilize soil inorganic nitrogen but also effectively utilize soil organic nitrogen,
with Erodium oxyrrhynchum and Lactuca undulata demonstrating a clear
absorption preference for nitrate nitrogen. (5) In the Gurbantunggut Desert
ecosystem, plants of the ephemeral life form exhibit differential and diversified
characteristics in nitrogen absorption capacity, and all can absorb soluble
organic nitrogen sources from the soil.
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Abstract
Investigating whether ecological niche separation exists in nitrogen utilization
among plants sharing the same life form in desert ecosystems can deepen our
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understanding of desert plant survival strategies and clarify how nitrogen influ-
ences plant persistence. In the Gurbantunggut Desert, four short-lived herba-
ceous species—Erodium oxyrrhynchum, Hyalea pulchella, Nonea caspica, and
Lactuca undulata—are widely distributed. This study examined the uptake of
different nitrogen forms by these species across different soil depths and months.
Results showed that nitrogen uptake rates for all four species were higher in May
than in April across soil depths. For different nitrogen forms, glycine uptake
rates were consistently lower than those for nitrate and ammonium. Nonea
caspica achieved the highest nitrate recovery in April (52.3%), while its ammo-
nium recovery peaked in May (90.7%). Hyalea pulchella exhibited lower 15N
uptake than the other three species. These short-lived plants could effectively
utilize both inorganic and organic soil nitrogen, with E. oxyrrhynchum and L.
undulata showing marked preferences for nitrate. The findings demonstrate that
short-lived plants in the Gurbantunggut Desert ecosystem possess differentiated
and diversified nitrogen uptake capacities, and all can absorb soluble organic
nitrogen sources from soil.

Keywords: eremophytes; isotopic labeling; nitrogen absorption; Gurban-
tunggut Desert

Introduction
Plant diversity maintenance represents a crucial mechanism in ecosystems, and
a deeper understanding of species coexistence is based on plants’direct uti-
lization of organic nitrogen. Resource niche separation among different plants
constitutes the primary reason for species coexistence, encompassing differences
in light, water, and nutrient allocation. Nitrogen (N) is a fundamental element
in many terrestrial ecosystems but often limits plant maintenance, growth, and
reproduction. Soil contains diverse chemical nitrogen forms, ranging from sim-
ple inorganic nitrogen (ammonium and nitrate) to organic nitrogen (free amino
acids and short peptides), each with distinct properties such as solubility, mo-
bility, and toxicity that affect plant uptake. Nitrogen limitation is ubiquitous
in terrestrial ecosystems, necessitating explanations of plant coexistence in N-
limited systems through temporal, spatial, and chemical form differentiation in
nitrogen utilization.

Desert ecosystems are typical nitrogen-deficient systems with limited available
nitrogen exhibiting high temporal and spatial heterogeneity, thereby constrain-
ing primary productivity. Consequently, desert plants must evolve successful
nitrogen utilization strategies to ensure survival. In nitrogen-poor regions, plant
utilization of organic nitrogen beyond inorganic forms becomes key to guar-
anteeing growth, reproduction, and species coexistence. Plants in arid and
semi-arid regions have been confirmed to absorb amino acids through roots.
In desert ecosystems, soluble organic nitrogen content may be higher than in
other ecosystems, and soil nitrogen differences can significantly influence plant
nitrogen uptake preferences.
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The Gurbantunggut Desert represents a typical temperate desert ecosystem
yet harbors abundant herbaceous vegetation. In spring, short-lived herbaceous
plants alone account for 60% of all plant species in this desert. How do such
numerous plant species complete their entire life cycles within brief periods?
How do ephemeral plants absorb and utilize limited nitrogen during different
growth stages? Can they absorb and utilize soil organic nitrogen for growth and
development? Do they exhibit niche separation in nitrogen utilization? These
questions motivated our research.

We selected four common desert ephemeral herbaceous plants—Erodium
oxyrrhynchum, Hyalea pulchella, Nonea caspica, and Lactuca undulata—for
15N-labeled field experiments to investigate how growing season and nitrogen
application depth affect plant nitrogen uptake and utilization. We hypothe-
sized that different plant species would utilize different nitrogen forms across
temporal and spatial variations.

1.1 Study Area Description

The study area was located within a large permanent plot at the Fukang Desert
Experimental Station of the Chinese Academy of Sciences in the Gurbantunggut
Desert. The fenced plot prevents large-scale human activities and grazing, and
complete meteorological data are available. In 2019, we selected flat terrain
with consistent crust development type and uniform vegetation coverage within
the permanent plot, establishing 10 m × 10 m quadrats spaced more than 10 m
apart, equivalent to 15 replicates. Fukang Meteorological Station data showed
no rainfall at the plot during the experimental period. Soil composition during
the experimental period is shown in .

1.2 Plant Selection

Within the quadrats, we selected four common ephemeral herbaceous species:
Erodium oxyrrhynchum, Hyalea pulchella, Nonea caspica, and Lactuca undulata.
These four species begin germinating after snowmelt in late March, enter rapid
growth in mid-April, reach maximum biomass in mid-May, and wither by early
June.

1.3 Nitrogen Labeling Experiment

For each 10 m × 10 m quadrat, we established 50 cm × 50 cm sub-quadrats
for biomass collection, distinguishing among species. Aboveground biomass was
collected by clipping, while belowground biomass was obtained by excavating
soil blocks of 50 cm × 50 cm × 5 cm for the 0–5 cm depth, then continuing to
extract 5–10 cm soil blocks to collect deeper root biomass. Plant above- and
belowground biomass was oven-dried at 65°C to constant weight and weighed.

In the nitrogen labeling experiment, each sub-quadrat received nitrogen addi-
tion at 0.6 g・m−2. The three nitrogen form treatments were: control (no labeled
nitrogen), 15N-NH4Cl, 15N-KNO3, and 15N-Glycine. Each nitrogen form had
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equal amounts (0.2 g・m−2 each), but only glycine-N contained 15N isotope. Iso-
topic nitrogen concentrations were 99.14% (15N-KNO3), 99.19% (15N-NH4Cl),
and 99.13% (15N-Glycine) (all from Institute of Botany, Chinese Academy of
Sciences, Beijing). The nitrogen mixture was dissolved in distilled water.

The 15N solution and control were randomly applied to sub-quadrats within
each 10 m × 10 m quadrat. To ensure uniform distribution for plant uptake,
each 50 cm × 50 cm sub-quadrat was divided into 49 grid cells (approximately
7.1 cm each). Equal solution aliquots were injected into the center of each grid
cell using a syringe at 0.5 cm from plant bases to avoid direct contact. Injection
depths were 2.5 cm for 0–5 cm soil and 7.5 cm for 5–10 cm soil. A funnel was
used during injection to prevent contamination of aboveground plant parts. The
nitrogen addition method followed reference [15].

1.4 Plant Collection and Analysis

In each 10 m × 10 m quadrat, we selected 50 cm × 50 cm sub-quadrats for
biomass collection by species. After 48 hours of nitrogen application, individual
plants (or those with other species removed early) were collected from sub-
quadrats. Plant aboveground parts with roots intact were extracted, and roots
were rinsed under tap water to remove surface soil. Roots were soaked in 0.5
mmol・L−1 CaCl2 solution for 30 minutes to remove adsorbed 15N, then rinsed
with distilled water. Above- and belowground parts were separated, oven-dried
at 65°C, weighed, and ground in a ball mill [16]. Samples were analyzed for
15N and 13C using an elemental analyzer coupled with an isotope ratio mass
spectrometer. Control samples served as natural abundance references.

1.5 Data Statistical Analysis

Total plant 15N absorption (U��b���d, �g・m−2) was calculated using:

𝑈𝑙𝑎𝑏𝑒𝑙𝑒𝑑 = atom%ex × 𝑁content × 𝐵
where atom%ex is atom percent excess, N_{content} is plant nitrogen concen-
tration, and B is plant biomass [17].

Plant nitrogen uptake rate (V, �g・g−1・h−1) was calculated using:

𝑉 = 𝑈𝑙𝑎𝑏𝑒𝑙𝑒𝑑
𝑡 × 𝑚𝑟𝑜𝑜𝑡

where t is labeling time and m_{root} is root biomass.

Recovery rate (R, %) was calculated as:

𝑅 = 𝑈𝑙𝑎𝑏𝑒𝑙𝑒𝑑
𝑁𝑎𝑑𝑑𝑒𝑑

× 100

Data entry and basic calculations were performed using Excel 2019. One-way
ANOVA analyzed differences in biomass, nitrogen uptake rates, recovery rates,
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and nitrogen absorption among four plant species, two sampling months, and
two soil depths. Origin 2019b software was used for statistical analysis and
graphing.

2 Results and Analysis
2.1 Variation in Nitrogen Uptake Rates of Ephemeral Plants

As shown in [Figure 1: see original paper], nitrogen uptake rates differed sig-
nificantly among the four ephemeral plant species for nitrate, ammonium, and
glycine (P < 0.05). From the perspective of nitrogen forms, nitrate uptake rates
were highest for all species: E. oxyrrhynchum (1.700 �g・g−1・h−1), H. pulchella
(2.900 �g・g−1・h−1), N. caspica (5.147 �g・g−1・h−1), and L. undulata (2.940 �g・
g−1・h−1). For H. pulchella and N. caspica, ammonium uptake rates were sec-
ond highest and glycine lowest. For E. oxyrrhynchum and L. undulata, glycine
uptake was lower than both nitrate and ammonium.

Across soil depths, the trend was consistent: ammonium > nitrate > glycine for
N. caspica; nitrate > ammonium > glycine for L. undulata; nitrate > ammo-
nium > glycine for H. pulchella at 0–5 cm (similar to N. caspica at 5–10 cm);
and nitrate uptake rates were highest for E. oxyrrhynchum across both depths.
Nitrogen uptake rates in May exceeded those in April across all species, soil
depths, and nitrogen forms. Glycine uptake rates were consistently lower than
nitrate and ammonium. Different species, months, and nitrogen forms signifi-
cantly affected uptake rates (P < 0.05), while soil depth had relatively minor
effects.

2.2 Variation in Nitrogen Recovery Rates of Ephemeral Plants

Recovery rates of 15N-labeled nitrate, ammonium, and glycine for the four
species are shown in [Figure 2: see original paper]. Across soil depths, max-
imum recovery rates for nitrate reached 64.3% for N. caspica, 48.3% for H.
pulchella, 42.0% for L. undulata, and 34.0% for E. oxyrrhynchum, with shal-
low soil recovery consistently exceeding deep soil. Similar patterns occurred for
ammonium and glycine.

In April, N. caspica showed the highest nitrate recovery (52.3%), while in May,
N. caspica achieved the highest ammonium recovery (90.7%). E. oxyrrhynchum
and L. undulata showed higher nitrate recovery in April, while H. pulchella
had higher ammonium recovery. Glycine recovery was lower than nitrate and
ammonium across all species, months, and soil depths. Recovery rates in shallow
soil (0–5 cm) exceeded those in deep soil (5–10 cm). Species, month, soil depth,
and nitrogen form all significantly affected recovery rates (P < 0.05).
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2.3 Total Plant 15N Uptake in Gurbantunggut Desert Ephemeral
Plants

Total 15N uptake values for nitrate, ammonium, and glycine by the four species
are shown in (April) and (May). Total nitrogen uptake was greater in shallow
than deep soil across all months and species. From the perspective of nitrogen
compounds, most species preferred nitrate recovery, with the highest total 15N
uptake in N. caspica (53.84 �g・m−2), followed by H. pulchella (40.88 �g・m−2),
L. undulata (36.05 �g・m−2), and E. oxyrrhynchum (12.99 �g・m−2). Nitrate
uptake was highest in N. caspica (20.37 �g・m−2), followed by H. pulchella, L.
undulata, and E. oxyrrhynchum (10.58–17.78 �g・m−2). Ammonium uptake was
also highest in N. caspica (15.73 �g・m−2), with other species ranging 10.28–
14.32 �g・m−2.

Overall, E. oxyrrhynchum had the lowest 15N uptake, indicating minimal de-
pendence on soil nitrogen and better adaptation to low-nitrogen environments.
All four species could utilize both inorganic and organic soil nitrogen, with E.
oxyrrhynchum and L. undulata showing clear nitrate preferences. These results
demonstrate that different species within the same growth form possess differen-
tiated and diversified nitrogen uptake capacities, with some effectively utilizing
soluble organic nitrogen sources.

3 Discussion
Using 15N labeling, we investigated nitrogen uptake strategies for organic and
inorganic forms in four Gurbantunggut Desert ephemeral plants. In this temper-
ate desert, all four species absorbed substantial quantities of organic nitrogen,
with organic N accounting for 24.13–28.52% of total nitrogen uptake. There-
fore, short-lived plants in the Gurbantunggut Desert exhibit differentiated and
diversified nitrogen uptake capacities, all capable of absorbing soluble organic
nitrogen sources. This allows species to occupy different ecological niches, re-
ducing competition while enhancing utilization of limited soil resources. These
findings provide deeper insights into how plants efficiently exploit limited nitro-
gen resources in temperate desert habitats where available nitrogen is a limiting
factor.

Generally, NO3
− uptake consumes more energy than NH4

+ uptake. Ammonium
can be directly absorbed by roots and converted to glutamate for immediate use,
whereas nitrate must be reduced through an energy-intensive pathway before
utilization [24]. Consequently, plants typically prefer ammonium over nitrate
[25]. However, our results show that E. oxyrrhynchum, H. pulchella, and L.
undulata all displayed preferences for NO3

−. Across different growth seasons,
all four species showed higher nitrogen uptake rates in May than in April. In
the Gurbantunggut Desert, studying plant nitrogen uptake strategies is crucial
for nutritional assessment of desert ecosystems under environmental change and
for nutritional management during restoration. This research can serve as a
reference for nitrogen input quantities during desert ecological restoration.
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We observed higher glycine uptake rates than expected, indicating substantial
plant capacity for organic nitrogen absorption per unit time. This contrasts
with most previous studies suggesting plant preference for inorganic nitrogen.
We hypothesize this discrepancy relates to high soil NH4

+ content at our exper-
imental site. Previous research shows soil NH4

+ content can influence plant up-
take preferences, and plants adjust their nitrogen absorption preferences when
the availability of different nitrogen forms changes [26]. Additionally, NO3

−

moves more readily in soil, potentially contributing to observed preferences [27].
We also found that most roots of these four ephemeral plants distributed within
the 0–5 cm soil layer, which likely contributed to higher nitrogen uptake rates,
recovery rates, and total 15N absorption in shallow versus deep soil.

However, the factors and regulatory mechanisms influencing plant preference for
organic nitrogen absorption and utilization across different ecosystems remain
unclear. Further research combining soil temperature, moisture, and other en-
vironmental factors is needed to address how nitrogen nutrition supports rapid
growth of numerous herbaceous plants in the Gurbantunggut Desert.

The four species showed substantial differences in nitrogen uptake. Overall, up-
take rates followed: L. undulata > N. caspica > H. pulchella > E. oxyrrhynchum.
However, maximum nitrogen uptake capacity showed a different pattern: N.
caspica > L. undulata > H. pulchella > E. oxyrrhynchum, with inorganic ni-
trogen maximum uptake capacity exceeding organic nitrogen capacity. This
suggests that in the nitrogen-poor Gurbantunggut Desert, plants exhibit de-
pendence on inorganic nitrogen but must utilize available organic nitrogen to
supplement their growth and reproductive needs, adjusting nitrogen preferences
according to soil nitrogen composition [28]. These results align with Min et
al. [29].

4 Conclusion
Across soil depths, all four species showed higher nitrogen uptake rates in shal-
low versus deep soil. For different nitrogen forms, glycine uptake rates were
lower than nitrate and ammonium. The four ephemeral plants in the Gurban-
tunggut Desert can utilize both inorganic and organic soil nitrogen, with E.
oxyrrhynchum and L. undulata showing clear nitrate preferences. Short-lived
plants exhibit differentiated and diversified nitrogen uptake capacities, with
some species effectively utilizing soluble organic nitrogen sources from soil.
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