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Abstract: Nitrogen fertiliser changes the soil environment, regulates the water balance of plants, and directly affects
nitrogen and water use efficiency. In order to identify the adaptation mechanism and water regulation strategy of Noto-
pterygium franchetii to the soil nitrogen environment, this study was conducted. Two-year-old Notopterygium franchetii
plants grown in farmland were used as the test material. The hydraulic characteristics, natural dehydration, water capa-
citance and biomass allocation were investigated at three nitrogen application levels (0, 40, 80 kg/ha) and four growth
periods (seedling, jointing, flowering and harvesting period). Nitrogen content in roots, stems and leaves increased with
different levels of nitrogen treatments at each growth stage, and the change of nitrogen content in stems was the most
significant. The overall water capacitance of all tissues was root > stem > leaf. After medium nitrogen treatment and
high nitrogen treatments, the average water capacitance of leaves was 122.00% and 129.26% of low nitrogen treatment,
and the average water capacitance of stems was 125.78% and 134.59% of low nitrogen treatment, the average water ca-
pacitance of leaves was 112.28% and 116.37% of low nitrogen treatment. Nitrogen treatment can improve the water use
efficiency of plant roots, stems and leaves, and the relative content of stable carbon isotope (§'*C) in the whole growing
season increased by 0.77%, 1.96% and 5.27% of the control group after medium nitrogen treatment, and 1.60%, 2.18%
and 1.61% of the control group after high nitrogen treatment. The ratio of root to canopy decreased significantly in each
growth stage after nitrogen treatment, and the change was most significant at seedling period (from 1.25 to 0.66), and
the change was the most least at jointing period (from 0.77 to 0.63). Our study thus indicates that nitrogen addition
could regulate water balance in plants, which is beneficial to water storage and utilisation, but excessive nitrogen ferti-
liser supply will also affect the distribution of plant biomass.
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Blind fertilisation not only seriously pollutes directly impacting the national quality assurance
the soil environment of farmland but also leads  system of medicinal herbs. Nitrogen fertiliser is the
to a decline in the quality of medicinal herbs, most common fertiliser in agricultural production;
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the different supply levels can affect the physi-
ological and metabolic characteristics of crops.
Rational application of nitrogen fertiliser plays
an important role in crop high yield. Plants have
different physiological responses in different ni-
trogen environment and growth stage. Nitrogen
fertiliser utilisation efficiency (NUE) of the plant
depends on absorption efficiency in a high nitrogen
environment and on metabolic operation efficiency
in alow nitrogen environment, and the plants mainly
utilise the nitrogen stored in their tissues during the
reproductive growth stage. (Liu et al. 2021). After
the nitrogen is absorbed by the roots, a part of the
nitrogen will enter the xylem ducts, transported
to the stem and leaf tissues above ground under the
action of transpiration pull and root pressure, and
stored in the cellular vacuoles of plant organs or be
metabolised, and a part of the nitrogen was stored
directly in the root system or used directly by the
root system. The water state in plants directly af-
fects the nitrogen distribution ratio between roots
and stems and leaves, and thus affects biomass
accumulation and distribution. With plant growth
and insufficient nitrogen supply, nitrogen in old
leaves will be transferred to new tissues for supply
and utilisation, which will also affect the redistribu-
tion of biomass. The sensitivity of different plants
to changes in nitrogen availability was significantly
different, and herbaceous plants showed higher leaf
nitrogen content and water use efficiency than woody
plants after nitrogen application (Liang et al. 2020),
thus increasing biomass (Feng et al. 2023). Nitrogen
utilisation in plants is significantly related to water
conditions. A dry environment will limit nitrogen
uptake by roots (Sun et al. 2023), and excessive
nitrogen uptake will hinder plant growth (Ma et al.
2020). Leaf assimilation could also produce differ-
ent responses to nitrogen addition under different
water conditions (He et al. 2024).

Water is the main medium for nitrogen absorp-
tion and transport in plants, and the higher the free
water content, the higher the sensitivity to nitrogen
change (Kebbas et al. 2015). Nitrogen is involved
in the synthesis of plant aquaporins and alters the
morphology and structure of xylem vessels (Borghetti
etal. 2017), thereby influencing the hydraulic prop-
erties of plant tissues. High nitrogen environment
increases the vulnerability of the root to drought,
leading to the imbalance of water supply and de-
mand, and the regulation of water transport rate
(Ying et al. 2022). Plant tissue water capacitance can
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be used to reflect the relationship between water
potential and water content change in various tis-
sues of plants, which plays a very important role
in regulating water dynamic balance in plants (Sack
et al. 2005). The water capacitance of each plant
tissue can be used to reflect the relative balance
between water supply and transpiration dissipa-
tion of each tissue, which will decrease with the
decrease of water content in the tissue, resulting
in the increase of the water potential gradient in the
water transport system and the acceleration of the
absorption efficiency of soil water (Jin, Wang 2015).
Plant hydraulic conductivity reflects physiological
indicators of a plant’s ability to absorb and transport
water. The feedback regulation of water conduction
mainly depends on the water status of the whole
plant and the continuity of the hydraulic structure
of the xylem ducts in the soil-plant-atmosphere
system (SPAC), so as to achieve water supply balance
among various tissues in the plant, and to achieve
efficient water use (Huang et al. 2017).

Notopterygium franchetii H. de Boiss is an im-
portant resource of medicinal plants, has a short
annual growth period and a long growth cycle
of wild plants on the Qinghai-Tibet Plateau, and the
wild population cannot be renewed and restored
in time, thus vigorously promoting the construction
of standardised cultivation bases. As a common
fertiliser used in agricultural production, nitro-
gen fertiliser directly changes the soil environ-
ment, transmits soil environment change signals
to various organs through roots, regulates plant
water balance, and changes nitrogen and water
use efficiency. In recent years, there have been
many researches on the coupling effect of water
and nitrogen in plant cultivation, but the balance
relationship of water and nitrogen in plant remains
unclear. In this study, water status in plants and
its effects on biomass accumulation were studied
through the treatments of different nitrogen ap-
plication amounts, and the adaptation mechanism
and water regulation strategy of Notopterygium
franchetii to nitrogen in the soil environment were
revealed, in order to provide a theoretical basis
for scientific cultivation and high-quality yield
research of Notopterygium franchetii.

MATERIAL AND METHODS

Site description. A two-year field study was
conducted beginning in April 2023 at the Huzhu
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Notopterygium franchetii model garden (36.8°N,
102.16°E, 2 809 m altitude), located on the Qinghai-
Tibetan Plateau of Northwest China. The field site
has a continental cold-temperate climate, with
a mean annual air temperature of 5.8 °C. Mean
annual rainfall is 477 mm, with a frost-free period
of 105 to 128 days from June to October. The study
area was chestnut soil, and the soil layer of 10-30 cm
containing 145.8 mg/g organic matter (potassium
dichromate oxidation — heating method), rapidly-
available P (molybdenum antimony anticolorimetric
method) 28.5 mg/kg, rapidly-available K (flame
photometry) 196.9 mg/kg, 39.44 mg/kg inorganic N
(Auto Analyzer 3 SEAL, Bran and Luebbe, Norder-
stedt, Germany), pH is 7.8 and the bulk density
is 1.36 g/cm®.

Experimental conditions of the treatments.
Two-year-old Notopterygium franchetii plants
transplants to the farmland in March 2023 were
used as the test material. The row spacing used
was 0.3 x 0.5 m, and plants with uniform growth
potential were selected for analysis. The field ex-
periment consisted of three nitrogen application
levels [0 kg N/ha (TL, low nitrogen treatment),
40 kg N/ha (TM, medium nitrogen treatment),
80 kg N/ha (TH, high nitrogen treatment)] and four
growth periods [SP (seedling period), JP (jointing
period), FP (flowering period), HP (harvesting
period)]. The experimental treatments were ar-
ranged using a completely randomised design with
three replicates. All experimental areas, tillage
methods and pest control were the same among
experimental plots, with no fertilisation applied
prior to the study. In April 2023, nitrogen fertiliser
(NH4NO3) was applied to the seedlings accord-
ing to schedule. After 7 days of nitrogen fertiliser
application, the complete plants were randomly
selected to determine the relevant indices. All
treatment plots were sampled three times each,
and each sampling was repeated three times. After
sampling, several indices were determined accord-
ing to the test needs.

Nitrogen content and biomass determination.
The plants were classified according to the roots,
stems and leaves, cleaned with distilled water and
put into the oven at 110 °C for 30 min, and then
dried at 80 °C until the quality was constant. The
quality of the dried samples was weighed with
a balance with an accuracy of 0.0001 g. Nitro-
gen content was determined with the alkaline
solution diffusion method (Wang et al. 2022).

After absorbing nitrogen, boric acid is titrated
with standard hydrochloric acid, and the content
of alkali-hydrolysed nitrogen is calculated accord-
ing to the consumption of standard acid.

Cx (V= V) x 14 x 1 000
w

N (mg/kg) =

where: N — the alkalolytic nitrogen concentration; C —
the hydrochloric acid standard solution concentra-
tion; V — the sample consumption of hydrochloric acid
standard liquid volume; Vj — the standard liquid volume
of consumed hydrochloric acid determined in blank;
14 - the molar mass of nitrogen; 1 000 — the conversion
coefficient; W — the soil sample weight.

Tissue water capacitance. Stems 0.5-1.0 cm
in diameter and 10 cm in length, roots 0.3-0.5 cm
in diameter and 10 cm in length, and mature leaves
free of pests and diseases were selected to deter-
mine water capacitance. The fresh weight (FW),
corresponding water potential (‘¥y), diameter and
length of the samples were measured by an elec-
tronic balance with an accuracy of 0.0001 g. The
labelled samples were immersed in distilled water
overnight, and saturated fresh weight (SW) and
corresponding water potential (¥) were measured
the next morning, respectively. Plant tissue wa-
ter capacitance (C) refers to the change of water
content in plant tissue caused by a change in unit
water potential (kg/cm?®/ MPa).

aw SW-FW

C: =
AYxV (Y- xV

x 100%

where: C — the plant tissue water capacitance; d¥ — the
tissue water potential difference; dW — change in water
content; V — the plant sample volume.

Natural dehydration rate. Mature leaves free
of pests and diseases, stems and roots of 0.4—0.6 cm
in diameter and 10 cm in length were selected
to determine the natural dehydration rate. The
samples were dehydrated for 48 h under shade, dry
and ventilated conditions. The natural dehydration
process of tissue was divided into three stages: the
first stage was from the beginning of the dehydra-
tion experiment to 12 h, the second stage was from
12 h to 24 h, and the third stage was from 24 h
to 48 h. The sample weight was measured every
3 h in the first and second stages, and every 6 h
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in the third stage. After 48 h, the sample was dried
at 80 °C for 48 h to a constant weight of the sam-
ple, the dry weight of the sample was determined,
and the relative water content of the sample was
calculated. According to the relationship between
the natural dehydration of samples and time, the
natural dehydration rate in different time periods
was analysed by fitting the trend index equation
(Pan et al. 2019).

y=ax ebxx

where: y — the plant tissue relative water content; x — the
natural dehydration treatment time; 4, b — exponential
equation coefficients.

Stable carbon isotope (8'3C). Three mature
leaves without pests and diseases were randomly
selected, dried, crushed and mixed, and then put
into an 8 mL polyethylene sample bottle for sealed
storage. After the sample is burned at high tempera-
ture in the elemental analyser (Elementarac, CS-r,
ELTRA, Germany) and CO; was generated. The
mass spectrometer calculates the §!3C ratio of the
sample by detecting the ratio of *C to '>C of CO,
and comparing it with the international standard
substance (Vienna Pee Dee Belemnite, V-PDB).

613C — ( Rsample

- 1) x 1000
Rstandard

where: Rgmple — the ratio of heavy and light isotope
abundance of C element in the sample; Rgandard is the
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ratio of heavy and light isotope abundance of C element
in the international standard sample.

Statistical analyses. Statistical analyses were
performed using the SPSS version 27.0 (SPSS Inc.,
Chicago, IL, USA). The nitrogen content, water
capacitance and natural dehydration rate were
compared among treatments using an analysis
of variance followed by Tukey’s honestly significant
difference (HSD) test to determine the significantly
different individual means. Means and correspond-
ing standard deviations (SD) are presented. All
statistically significant differences were tested
at the 0.05 significance level.

RESULTS

Nitrogen content. Nitrogen is the main regu-
latory factor of plant metabolism, directly af-
fecting water balance and assimilation synthesis
in the plant (Figure 1). Nitrogen content in roots,
stems and leaves increased with different levels
of nitrogen treatments at each growth stage, but
the difference was not significant in stems and
roots. The average nitrogen content in the entire
growth period, roots, stems, and leaves of TM was
increased by 7.92%, 18.86% and 12.51% compared
with the control, respectively; the average nitrogen
content in TH was increased by 17.39%, 27.02%
and 15.69%, respectively. The change of nitrogen
content in stems was the most significant. The
average nitrogen content of leaves was signifi-
cantly higher than that of stems and roots at JP

mTL ™ mTH

bb blbb

Treatments

Figure 1. The effect of nitrogen treatments on nitrogen content in stems, leaves, and roots at different growth stages
SP — seedling period; JP — jointing period; FP — flowering period; HP — harvesting period; TL — low nitrogen treatment;

TM — medium nitrogen treatment; TH — high nitrogen treatment; the histograms are given as means and the bars are given

as standard deviation; different lowercase letters indicate significant differences at the P < 0.05 level
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Figure 2. The effect of nitrogen treatments on water capacitance in stems, leaves, and roots at different growth stages

SP — seedling period; JP — jointing period; FP — flowering period; HP — harvesting period; TL — low nitrogen treatment;

TM — medium nitrogen treatment; TH — high nitrogen treatment; the histograms are given as means and the bars are given

as standard deviation; different lowercase letters indicate significant differences at the P < 0.05 level

and FP, which was significantly decreased at HP,
and the difference between leaves and roots was
not significant. Nitrogen content in stems was
significantly lower than that in leaves and roots
at each growth stage.

Water capacitance. Water capacitance can ad-
just and control water storage and release in the
plant in real time, which reflects the ability of the
system to regulate water itself. The overall water
capacitance of all tissues of Notopterygium fran-
chetii was root > stem > leaf (Figure 2). After TM
and TH treatments, the average water capaci-
tance of leaves was 122.00% and 129.26% of TL,
and the average water capacitance of stems was
125.78% and 134.59% of TL, the average water
capacitance of leaves was 112.28% and 116.37%
of TL, respectively. The tissue water capacitance
increased gradually at SP, JP and FP, and the
roots, stems and leaves water capacitance of FP
increased to 103.83~109.75%, 135.62~161.80% and
175.24~202.19% of SP, respectively. Tissue water
capacitance decreased to different degrees in the
HP, and significantly in leaves and stems, which
decreased to 60.51~62.59% and 68.23~71.88%
of FP, respectively.

Natural dehydration rate. The lower the natural
dehydration rate of plant tissue, and the stronger
the water retention of the plant body, the better the
resistance to stress. Based on the statistics of the
relative water content of leaves, stems, and roots
under natural conditions within 48 h, exponential
equation (y = a x e”**) was used to fit the natural

dehydration curve, and the average natural dehy-
dration of leaves, stems, and roots in three time
periods was analysed (Figure 3, Table 1). After
treatments with different nitrogen concentrations,
the natural dehydration rate of leaves at each stage
increased, but the difference was not significant
(Figure 3A, B, C). Stems natural dehydration rate
in the first stage of TH was significantly higher
than that in the TL (130.39%), the second stage
of TH was significantly lower than that in the TL
(79.33%), and the third stage of TL and TH were
significantly higher than that in the TL, but there
were no significant difference between TM and
TH, which were 137.94% and 114.79% of TL, re-
spectively (Figure 3D, E, F). Roots natural dehydra-
tion rate of TM in the first and second stage were
decreased to 83.80% and 87.46% of the TL, and
in the third stage was increased to 152.26% of the
TL. Roots natural dehydration rate was no signifi-
cant difference between TH and TL at each stage
(Figure 3G, H, I).

Stable carbon isotope (8!3C). Water use effi-
ciency can be directly reflected by the difference
of stable carbon isotope content in plants. By meas-
uring stable carbon isotope of plants (Figure 4),
it can be found that nitrogen treatment can improve
water use efficiency of plant roots, stems and leaves,
and the relative content of stable carbon isotope
in the whole growing season increased by 0.77%,
1.96% and 5.27% of the control group after TM,
and 1.60%, 2.18% and 1.61% of the control group
after TH, respectively. The §'3C of leaves and
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Figure 3. The effect of nitrogen treatments on natural dehydration in stems, leaves, and roots at different growth stages:
(A, D, G) low nitrogen treatments, (B, E, H) medium nitrogen treatment, (C, F, I) high nitrogen treatment
SP — seedling period; JP — jointing period; FP — flowering period; HP — harvesting period; AV — average value; the histograms

are given as means and the bars are given as standard deviation

stems were the highest in JP, and the §'*C inleaves  JP in TL, TM and TH. The §'3C of roots was the
and stems at the HP decreased by 8.74%, 8.87%, highest in FP, and that was increased by 4.37%,
8.55% and 7.65%, 7.01% and 7.21% compared with ~ 4.40% and 4.48% compared with SP in TL, TM and

Table 1. The effect of nitrogen treatments on natural dehydration rate in stems, leaves, and roots at different growth
stages (average values of different growth stages)

Treatment Natural dehydration trend Average natural dehydration rate (g/g/h)
reatments
equation of the trend line R? first stage second stage third stage
TL y = 88.634¢0081% 0.7522* 4.809 + 0.212° 1.981 +0.141¢  0.123 + 0.031"
Leaf ™ y = 85.710¢70078* 0.9084* 4.822 +0.127° 2018 +0.106¢  0.136 + 0.012"
TH y = 88.600¢0081* 0.8489* 5.006 + 0.318  2.024 +0.114%  0.140 + 0.015"
TL y = 117.640¢™0-065% 0.7073* 2.553 £ 0.182¢  3.343+0.341>  0.622 + 0.042°
Stem ™ y = 107.510¢~0-056% 0.7908* 3.089 + 0.134> 2,885+ 0.326™  0.858 + 0.107°
TH y = 106.420e~005% 0.6996* 3.329 £0.142° 2,652+ 0.191°  0.714 + 0.059°
TL y = 100.670e~0057* 0.6753* 2074 +0.221¢ 2959 +0.118>  0.509 + 0.046°
Root ™ ¥ = 98.952¢ 0028+ 0.7870* 1.738 £ 0.162° 2588 + 0.243°  0.775 + 0.101f
TH ¥ = 96.330e0027% 0.7097* 2113 £0.343¢ 2,759 +0.130*°  0.601 + 0.0442

TL — low nitrogen treatment; TM — medium nitrogen treatment; TH — high nitrogen treatment; the dates are given as means + SD;

* and different small letters mean the significance at the 0.05 level
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Figure 4. The effect of nitrogen treatments on stable carbon isotope in: (A) leaves, (B) stems, (C) roots at different
growth stages

SP — seedling period; JP — jointing period; FP — flowering period; HP — harvesting period; TL — low nitrogen treatment; TM —

medium nitrogen treatment; TH — high nitrogen treatment; the bars are given as standard deviation

TH, and that was decreased by 1.90%, 1.92% and
3.13% in HP compared with FP in TL, TM and TH.

Allocation of root and canopy biomass. Root
and canopy biomass can reflect the influence
of water and nitrogen status on assimilation and
biomass allocation (Figure 5). The total biomass
increased with the increase of nitrogen applica-
tion at each growth stage. Under TM, the increase
of SP was the largest (137.04%), the increase of FP
was the smallest (129.10%), and under TH, the
increase of SP was the largest (162.96%), and the
increase of JP was the smallest (145.50%). The
ratio of root to canopy decreased significantly
in each growth stage after nitrogen treatment,
and the change was most significant at SP (from

1.25 to 0.66), and the change was the most least
at JP (from 0.77 to 0.63).

Heatmap of correlation. The clustering analysis
of relevant indices of water and biomass in differ-
ent growth stages of plants treated with different
nitrogen applications was found that 12 treatment
groups could be mainly divided into 4 categories
(Figure 6). The first category was plants treated
with TM and TH at JP and FP, which had higher
nitrogen content, water capacitance, water use
efficiency and biomass, but smaller ratio of root
to canopy. The second category was plants treated
at JP, FP and HP with TL, and HP with TM and TH,
which had lower nitrogen content and water use
efficiency. The third category was plants treated

70 |

0.88c

— Root Cano
C 60 | | [ | Py 0.98b e
=
'8 %01 1.03b 081c
S 40 | 0.98b
= 0.63d
; 30 0.77¢ 0.69d
o]
E 20 112 0.85¢ 0.66d
A 10
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Treatments

Figure 5. The effect of nitrogen treatments on biomass allocation in the canopy and roots at different growth stages

SP — seedling period; JP — jointing period; FP — flowering period; HP — harvesting period; TL — low nitrogen treatment;
TM — medium nitrogen treatment; TH — high nitrogen treatment; the histograms are given as means and the bars are given
as standard deviation; the number represents the root to canopy ratio; different lowercase letters indicate significant differences

at the P < 0.05 level
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Figure 6. Heatmap of correlation between plant water factors and biomass accumulation indicators

TH - high nitrogen treatment; TM — medium nitrogen treatment; TL — low nitrogen treatment; SP — seedling period; JP —

jointing period; FP — flowering period; HP — harvesting period; the bars are given as standard deviation

with TM and TH at SP, which had lower nitrogen
content, water use efficiency, biomass, and ratio
of root to canopy. The fourth category was plants
treated with TL at SP, which had higher ratio of root
to canopy, and the other indexes were smaller.

DISCUSSION

As an important element in plant growth and
development, nitrogen directly affects plant growth
and development and biomass accumulation
through key physiological processes such as en-
zyme system activation and nitrogen assimilation
(Liu et al. 2025). Nitrogen application increased
the nitrogen content in all organs of Notopterygium
franchetii, and the nitrogen content of leaves was
significantly higher than that of stems and roots.
The ascending range of nitrogen content in stems
was significantly higher than that in leaves and
roots, but the nitrogen content was still significantly
lower than that in leaves and roots. Nitrogen is also
the main component of many enzymes and chlo-
rophyll, and participates in protein and hormone
synthesis (Ma et al. 2017). The xylem in the stem
is the main channel for water and nitrogen to be
transported from roots to leaves, and nitrogen
must be dissolved in water after being absorbed
by roots to be transported. Adequate nitrogen fer-
tiliser supply promotes plant metabolic activity and
leaf assimilation, accelerates the rate of nitrogen
transport by xylem in the stem, and increases the
nitrogen content in plant leaf and stem tissues (Liu
et al. 2025). Plants use nitrogen in soil in a variety
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of ways, and under different environmental pres-
sures, they will also change their own nitrogen use
ways, in order to be more favourable to nitrogen
absorption and metabolism (Li et al. 2023).
Water capacitance can adjust and control water
storage and release in the plant in real time, which
reflects the ability of the system to adjust water (Liu
et al. 2023). The water capacitance of each tissue
of Notopterygium francheti plant was generally root
> stem > leaf. The water capacity of leaf and stem
tissues was significantly higher than that of root
tissues. The water consumption process of plants
is also a down-top transfer process of water trans-
port in plants, and the water capacity in plants
is generally larger at the lower than the upper,
which is transferred successively. When a water
potential gradient is generated between roots and
soil, the roots begin to absorb water from the soil
(Christophe, Philippe 2020). The water capacity
of each tissue increased gradually between SP, JP
and FP, and decreased to different degrees in the
HP. The variation of water capacity in plant tissues
is related to structure, function and differentiation
degree. At FP and the growth stage before it, the
plants mainly vegetative growth, have vigorous
metabolic activities, and have strong water regu-
lation ability of various substances in the plant,
thus showing increased water capacitance (Xiong,
Nadal et al. 2020). In the HP, the plant is ageing,
the vegetative growth slows down, and the water
regulation effect is reduced, resulting in the water
capacitance of each tissue of the plant gradually
decreasing, so that the water capacitance of each
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tissue increases gradually with the growth season,
and then decreases slightly (Huang et al. 2024).

The lower the natural dehydration rate per unit
time, the stronger the water retention capacity
of the plant, which can be used to judge the drought
resistance of the plant (Li et al. 2023c). The natural
dehydration process experienced a rapid decline
from the initial stage of water loss to a slower tran-
sition stage and finally entered a gentle stage with
minimal changes. Nitrogen treatments significantly
increased the natural dehydration rate of stems
in the first and third stages. The root natural dehy-
dration rate decreased significantly in the first and
second stages but increased significantly in the third
stage. With the increase of nitrogen application,
the tissue water capacitance and free water content
increased, the water potential gradient increased,
and the natural dehydration rate increased. With
natural dehydration, tissue water capacitance and
water content decreased in the second stage, water
potential gradient decreased, and natural dehydra-
tion rate decreased. Excessive water loss can damage
tissue structure and the loss of osmotic pressure
regulation function, resulting in increased natural
dehydration rate in the third stage. In order to adapt
to the long-term dry soil environment, the roots
differentiate into water-retaining structures of the
cork layer, so they also show high water retention
capacity when the tissue water capacitance and
water content increase, and the natural dehydra-
tion rate decreases (Li et al. 2018).

The long-term water use efficiency (WUE)
of plants can be expressed by the difference in tis-
sue stable carbon isotope content. Studies have
shown that increased nitrogen fertiliser application
affects water consumption and WUE of winter
wheat (Li et al. 2023a), and there is no signifi-
cant difference in water consumption of winter
wheat under high nitrogen conditions (Ye et al.
2022). With the increase of nitrogen application
rate, plant WUE increased continuously, but after
a certain nitrogen application level, WUE showed
a stable or declining trend (Shen et al. 2023), which
depended on climate and soil conditions (Si et al.
2020; Yang et al. 2025). In this study, it was found
that nitrogen treatments could improve the water
use efficiency of Notopterygium francheti plants,
and the change in water use efficiency of leaves after
TM was the most significant. Water use efficiency
of all organs increased after nitrogen fertiliser
application, but it changed little under TH. This

is mainly due to the imbalance of soil reservoirs
caused by excessive nitrogen fertiliser, which was
consistent with previous research results (Cheng
et al. 2021). It can be seen that the high nitrogen
content in plant tissues will affect the assimila-
tion, water transport, and utilisation, leading to an
increase in ineffective dissipation.

The biomass of the root and canopy can re-
flect the influence of water and nitrogen status
on assimilation and biomass allocation. The effect
of nitrogen treatments on canopy biomass was
more significant than that of the root system, and
the root-canopy ratio was significantly reduced
after nitrogen treatments, especially at SP. Ni-
trogen fertiliser increased the drought threshold
of above-ground biomass (Li et al. 2023b), induce
plants to prioritise the allocation of limited re-
sources to the above-ground parts and enhance
their photosynthesis capacity, promoted rice plant
growth, and regulated plant dry matter weight
and above-ground nitrogen accumulation (Shi
2022). Nitrogen fertiliser significantly increased
plant biomass, especially on aboveground biomass,
resulting in a decrease in root-canopy ratio.

As an essential nutrient for plant growth and
development, nitrogen is involved in key meta-
bolic processes such as plant protein synthesis
(Cabeza et al. 2024), cell division, water storage
and utilisation (Navarro-Morillo et al. 2024), as-
similation, etc., improving crop yield and quality
(Cheng et al. 2021). Nitrogen treatments increased
the nitrogen content and water use efficiency
of plants at JP and FP, promoted the accumula-
tion of assimilative substances, especially in the
aboveground part, and reduced the root-canopy
ratio. The plants began to senescence at HP, ni-
trogen began to return and redistribute, resulting
in lower nitrogen content and decreased water
utilisation. At SP, the above-ground part of the
plant cannot produce energy through its own as-
similation, so long as it relies on the root system
to provide nutrients, and the nitrogen in its stems
and leaves mainly comes from the redistribution
of the root system, so the nitrogen content, water
use efficiency and biomass are small.

CONCLUSION

Nitrogen, as an important nutrient for crop
growth and development, is involved in water stor-
age and utilisation, accumulation and distribution
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of assimilating substances. Nitrogen application
increased the nitrogen content in all organs and
tissues of Notopterygium francheti. The nitrogen
content of leaves was significantly higher than that
of stems and roots, and the increase range of stem
nitrogen content was significantly higher than that
of leaves and roots, but the content of stem nitro-
gen was still significantly lower than that of leaves
and roots. The water capacitance of each tissue
of Notopterygium francheti plant was root > stem >
leaf. The water capacitance of leaf and stem tissue
was significantly higher than that of root tissue
after nitrogen treatments. The water capacitance
of each tissue increased gradually between SP, JP
and FP, and decreased to different degrees in the
HP. Nitrogen treatments significantly increased
stem natural dehydration rate in the 0 to12 h
and 24 h to48 h stages, significantly decreased
root natural dehydration rate in the 0 to 12 h and
12 h to 24 h stages, and significantly increased
in the 24 h to 48 h stage. The water use efficiency
of various organs of Notopterygium francheti in-
creased after nitrogen treatments, but the change
of water use efficiency was not significant under
high nitrogen treatment. The content of nitrogen
fertiliser in soil directly affects the water state
and assimilation efficiency of plants. Further re-
search will be required to comprehensively test
the mechanism of nitrogen fertiliser affecting the
water state of plants and regulating assimilation,
providing strong theoretical guidance to further
improve the quality of medicinal materials obtained
in plants grown in farmland.
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