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ABSTRACT: To promote the growth of cutting seeding of poplar (Populus L.), nitrogen (N) fertilizer and surface
weed managements were required. We here conducted a pot experiment to examine the effects of natural vegetation,
barnyardgrass (Echinochloa Beauv.), and sesbania (Sesbania cannabina pers.) on the growth of poplar cutting seedlings,
soil properties, and ammonia (NH3) volatilization under three N inputs (0, 0.5, and 1.5 g/pot, i.e., N0, N0.5, and N1,
respectively). Results showed that N application promoted the growth of poplar cutting seedlings, including plant
height, ground diameter, and biomass, compared with N0 treatment. Moreover, under N0, sesbania significantly
increased the plant height by 87.1%, barnyardgrass and sesbania significantly increased the ground diameter (16.2% and
51.5%), and biomass (67.4% and 74.7%) of poplar cutting seedlings, compared with natural vegetation management.
Compared to natural vegetation, soil organic matter (SOM) of barnyardgrass and sesbania covered soil significantly
increased by 12.4% and 18.7% at N1, respectively. In addition, soil total N (TN) content was significantly increased
by 15.8% in barnyardgrass planted at N0. The soil ammonium N (NH4

+-N) content decreased with the planting of
barnyardgrass and sesbania across all levels of N application. At N0.5, the nitrate N (NO3

−-N) content of soil planted
with barnyardgrass significantly increased compared to both the natural vegetation and the sesbania groups. Compared
to the natural vegetation, the soil available phosphorus (AP) content of the barnyardgrass group significantly increasing
by 78.8% at N0.5, soil available potassium (AK) content was significantly reduced by 12.5% in the sesbania group at N0
and increased by 24.1% in the barnyardgrass group at N1. We found that cumulative NH3 emissions were significantly
higher in all treatment groups at the N1 level than that at the N0.5 level, while the differences among the three plants
treated were not significant. The results suggest that both barnyardgrass and sesbania promote seedling growth in the
short term, while also increase certain properties. Therefore, effective herb management during the seedling stage is
recommended in nurseries to support seedling growth and retain soil fertility.
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1 Introduction
Nitrogen (N) is an essential macronutrient for plants [1], and its effectiveness is closely linked to plant

growth, yield, and stress responses [2,3]. However, the application of N beyond plant requirements not only
impairs plant growth traits but also leads to N losses. These losses include ammonia (NH3) volatilization,
runoff and leaching in the soil, both of which decrease N use efficiency [4,5]. NH3 volatilization is a
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significant source of N fertilizer losses, leading to substantial economic costs. Additionally, atmospheric NH3
is deposited on farmland and water bodies, contributing to soil acidification and water eutrophication [6,7].
Consequently, reducing NH3 volatilization and improving N utilization have become key research challenges.
Currently, there has been an increasing body of in-depth research on the volatilization of NH3 from both
agricultural and forest soils. For instance, Zhao et al. [8] proposed a comprehensive approach to consider root
distribution, N loss, and the use of moso bamboo, as well as to regulate N losses, such as NH3 volatilization,
through environmental factors. Zhang et al. [9] demonstrated that the application of N fertilizer and a cover
crop mixture both promoted soil NH3 emissions, whereas the introduction of the legume cover crop Vicia
villosa Roth reduced soil NH3 volatilization due to a lower soil MBC/MBN ratio. Nursery, as a critical stage
in seedling growth, and soil fertilization and management practices are also crucial; however, less attention
has been given to NH3 volatilization losses under N fertilizer application conditions in nurseries.

As China’s afforestation area continues to expand, nurseries are also increasing the duration of seedling
cultivation. This is attributed to the use of improper nursery and management practices, which have
led to a significant decline in soil fertility. This is particularly evident in poplar nurseries, where the
continuous nursery system has led to a low survival rate of seedling cuttings, reduced growth potential,
and other observable phenomena [10,11]. Therefore, effective herbaceous management for seedlings can
be achieved through the implementation of rational fertilization practices, which enhance fertilizer use
efficiency, stimulate plant growth, and mitigate N losses [12,13]. Herbaceous plants are a crucial component
of nursery grounds, influencing seedling growth and survival [14]. Furthermore, they are essential for
improving soil quality and maintaining the stability of the nursery system [15,16]. The presence of herbaceous
plants in poplar woodlands has been shown to enhance nutrient cycling due to their ability to accumulate
nutrients at a higher rate and their influence on the chemical composition and biomass turnover rate of
apoplastic litter [17], which is significantly greater than that of the upper canopy trees [18]. Studies by
Qiao et al. [19] and Lin et al. [20] revealed that understory vegetation enhances the organic matter content
of forest soils, thereby benefiting nutrient turnover and supporting the sustained productivity of poplar
forests. Li et al. [21] concluded that legumes exhibit a high capacity for carbon and N conservation, which
can effectively alleviate carbon and N limitations in orchard soils, mitigate the intense competition for
water and nutrients between cover plants and citrus trees, and potentially increase orchard yields while
promoting sustainable development. Numerous studies have focused on the interactions between the upper
and lower vegetation layers of plantation forests; however, there is a lack of research on whether optimized
herbaceous management under varying N supply levels differentially affects soil NH3 volatilization, nutrient
characteristics, and seedling growth in nursery sites.

In summary, this study investigated the soil NH3 volatilization characteristics of poplar nursery land and
the effects of optimized herb management by planting natural vegetation, barnyardgrass, and sesbania under
varying N application levels (0, 0.5, and 1.5 g/pot). The study was conducted with the goal of reducing NH3
volatilization losses and providing a scientific basis for enhancing the quality and efficiency of herbaceous
plants under seedlings, particularly in the context of chemical fertilizer reduction.

2 Materials and Methods

2.1 Experimental Design and Management
The soil used in this experiment was collected from the forest of the North Mountain at Nanjing Forestry

University. Soil samples were air-dried for two weeks and then passed through 2 mm and 0.149 mm sieves.
The basic characteristics of the soil were determined as follows: pH = 6.95, soil organic matter (SOM) =
7.67 g/kg, total N (TN) = 0.41 g/kg, ammonium N (NH4

+-N) = 1.13 mg/kg, nitrate N (NO3
−-N) = 0.35 mg/kg,

available phosphate (AP) = 9.31 mg/kg, and available potassium (AK) = 64.5 mg/kg. The soil column used
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in the experiment had a diameter of 30 cm and a depth of 28.5 cm (20 cm of soil), with a bulk density
of 1.30 g/cm3 and a total of 20 kg of soil per pot. The site was located at Nanjing Forestry University, and
the poplar species used was Siyang No.1. The experimental N treatments were set as no N fertilizer (N0),
low N fertilizer (0.5 g/pot, N0.5), and high N fertilizer (1.5 g/pot, N1). Herbaceous management consisted
of natural vegetation, barnyardgrass, and sesbania planting. A two-factor combinatorial soil-pillar design
was employed, with a total of nine experimental treatments, each replicated three times. This experimental
treatment was conducted under the recommended N application conditions for major poplar production
areas. The fertilizer input per pot was adjusted based on accumulated experience in potting, along with field
usage rates. During the reproductive period of poplar seedlings, conventional management practices were
adopted, and fertilizers were applied as follows: N fertilizers were applied at 0.5 and 1.5 g/pot (equivalent to
1.09 and 3.26 g/pot urea), P fertilizers at 0.2 g/pot (equivalent to 1.11 g/pot P2O5), and K fertilizers at 0.1 g/pot
(equivalent to 0.19 g/pot KCl). Fertilization was performed twice a year, with half of the annual fertilizer rate
applied each time.

2.2 Indicator Measurement and Methods
2.2.1 Poplar Growth Indicators

Plant height: the distance from the root collar, 5 cm above the ground, to the top of the main stem,
measured using a tape measure; Ground diameter: measured using a caliper, the diameter of the root collar,
5 cm above the ground, of each seedling was recorded; Number of leaves: the total number of leaves was
counted manually at regular intervals; Chlorophyll content: measured using a SPAD chlorophyll meter, three
leaves were randomly selected from each plant and measured in triplicate, with the average value taken as
the chlorophyll content for each treatment group; Biomass: the fresh and dry weights of the leaves and stems
were measured separately, and the biomass was recorded.

2.2.2 Topsoil Properties
Soil pH: measured with air-dried samples at a soil: water ratio of 1:5 using a pH meter (PHS-3C, Leici,

Taizhou, China). TN: 0.5 g of sieved dried soil was accurately weighed, treated with concentrated sulfuric
acid, and analyzed using the Kjeldahl method. NH4

+-N and NO3
−-N: 10.0 g of fresh soil was accurately

weighed and subjected to leaching with a 2 mol/L hydrochloric acid solution. The resulting solution was
analyzed using indophenol blue colorimetry and spectrophotometry. SOM: 0.5 g of dried soil was treated
with 5 mL of 0.1333 mol/L potassium dichromate solution and 5 mL of concentrated sulfuric acid, and the
content was determined using the oxidation-volumetric method, with potassium dichromate heated in an oil
bath. AP: air-dried soil was extracted using hydrochloric-sulfuric acid leaching and subsequently analyzed
by the molybdenum antimony colorimetric method. AK: 5.0 g of air-dried soil was subjected to leaching
with ammonium acetate and analyzed using flame photometry.

2.2.3 NH3 Volatilization
The cumulative loss of NH3 volatilization and the volatilization rate were determined using the sponge

method. A proportional mixture of phosphoric acid and glycerol (50 mL of H3PO4 + 40 mL of C3H6O diluted
to 1 L) was prepared, and the sponge was moistened with the mixture to absorb NH3 volatilized from the
soil. The sponge was placed at 8:00 AM each day, removed, and replaced with a new sponge at 8:00 AM the
following day. The top sponge was replaced every 3–7 days, depending on its moisture level. The removed
sponges were transported to the laboratory and placed in 500 mL plastic bottles. The sponges were completely
immersed in 300 mL of 1.0 mol/L KCl solution, shaken for 1 h, and the immersion extract was aspirated into a
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50 mL plastic bottle and refrigerated. NH3 volatilization was continuously measured for one week following
fertilizer application. Ammonium N in the leachate was determined using evaporative N determination or a
continuous flow analyzer. The amount of NH3 (mg) absorbed by a single NH3 volatilization collection device
is calculated using the following equation:

ω = m × V1 × V2

V3
× 10−3

Note: ω represents the amount of NH3 absorbed by a single NH3 volatilization collector (mg), m
represents the ammonia N concentration (mg/L) calculated from the calibration curve, V1 represents the
volume of the solution (mL) used to determine absorbance after calibration, V2 represents the volume of
potassium chloride (KCl) solution used to extract NH3 from the sponge (mL), and V3 represents the volume
of the extract used for determination (mL).

2.2.4 Nitrogen Use Efficiency of Poplar
At the end of the fertilization period, the poplar cuttings were brought to the laboratory for processing.

The soil on the root system was cleaned with deionized water, and the cuttings were divided into three parts
(including roots, stems, and leaves) to determine their fresh weight. The samples were then subjected to rapid
killing in an oven at 105○C for 30 min, followed by drying at 80○C until a constant weight was achieved. The
dry weights of the roots, stems, and leaves were measured after being removed from the oven. The dried
roots, stems, and leaves were ground and passed through a 0.25 mm sieve, and the N content was determined
using the Kjeldahl method. Nitrogen use efficiency calculation formula:

NUE (%) = NF − N0

N
× 100%

Note: NUE represents N utilization (%), NF represents N uptake of N application treatment (g/pot), N0
represents N uptake of control (g/pot), and N represents N application (g/pot).

2.3 Statistical Analysis
The experimental data were organized and analyzed using software of Excel 2010 and SPSS 26.0. Data

Differences among different N levels and herb types were analyzed separately using one-way ANOVA,
followed by multiple comparisons with Duncan’s method. Before used ANOVA, we tested the homogeneity
of variances. The effects of N level, herb type, and their interactions on poplar cutting and soil properties
were assessed using two-way ANOVA. GraphPad software along with Excel for graphing.

3 Results

3.1 Growth Indicators of Poplar Cuttings
The height of poplar plants exhibited varying trends across the herbaceous management groups under

different N supply levels (Fig. 1a), the differences were significant among different herbaceous managements
under the same N level, different N levels under the same herbaceous management, and the interaction
effects between different herbaceous managements and N levels. At the N0 level, poplar cuttings planted with
sesbania experienced a significant 87.1% increase in plant height. At N1 level, plant height in the barnyardgrass
group was significantly increased by 28.1% in the sesbania group. However, at N0.5 level, the differences
in plant height between barnyardgrass and sesbania treatments was not statistically significant. As shown
in Fig. 1b, the ground diameter of poplar trees increased in proportion to their growth. For the ground
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diameter of poplar cuttings, significant differences were found among different herbaceous managements
under the same N level, different N levels under the same herbaceous management. Compared to natural
vegetation, poplar cuttings planted with barnyardgrass and sesbania exhibited increases in ground diameter
of 16.2% and 51.5% at N0 level, and of 24.1% and 35.2% at N0.5.

Figure 1: Effects of herbaceous optimal management and N supply on plant height (a), ground diameter (b), biomass
(c), leaf number (d), leaf chlorophyll content of poplar cuttings (e) and biomass of herbs (f). Note: Uppercase letter
indicates significant difference in N application level and lowercase letter indicates significant difference in herbal
management (p < 0.05). Pa indicates differences between herbaceous management under the same N level, Pa×b
indicates differences between N levels under the same herbaceous management, and Pa×b indicates differences in the
interaction effect of different herbs and N levels. (1) NS: p ≥ 0.05, indicating no significant difference; (2) *: p < 0.05,
indicating a significant difference at the 0.05 level; (3) **: p < 0.01, indicating significant difference at 0.01 level. The same
below

The biomass of poplar under surface herbs ranged from 8.13 to 56.47 g/pot across the three N supply
levels (Fig. 1c). The biomass of poplar cuttings planted with barnyardgrass and sesbania was significantly
increased by 67.4% and 74.7%, compared to the natural vegetation at N0 level. The interaction between
herbaceous managements and N supply levels significantly affected leaf number (Fig. 1d), and the interaction
effects between different herbaceous managements and N treatments showed significant differences. At N0,
the number of leaves on poplar cuttings planted with sesbania increased significantly by 7 units compared
to natural vegetation. At the N0.5 and N1 levels, leaf number in sesbania-planted poplar increased by 4–6
units, respectively. However, optimized herbaceous management had no significant effect on SPAD of poplar
cuttings (Fig. 1e). The highest biomass (Fig. 1f) was observed in the sesbania management group, which
consistently outperformed both natural vegetation and barnyardgrass across all three N levels, with biomass
ranging from 50.5 to 51.8 g/pot. However, no significant differences in herbaceous biomass were observed
among the different N treatments.
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3.2 N Content and Uptake in Poplar Cuttings
As shown in Fig. 2a,b, at each N level, the sesbania management group exhibited significantly higher

total N content compared to both the natural vegetation and barnyardgrass management groups, with
increases ranging from 0.518 to 0.603 g/kg. No significant differences were observed between the natural
vegetation and barnyardgrass management groups. As N application increased, N utilization by poplar
cuttings decreased. Compared to natural vegetation, both the barnyardgrass and sesbania treatments
exhibited higher N utilization at N1.

Figure 2: Total N content (a) and N use efficiency (b) of each herb under different N supply levels. Note: Uppercase
letter indicates significant difference in N application level and lowercase letter indicates significant difference in herbal
management (p < 0.05). (1) NS: p ≥ 0.05, indicating no significant difference; (2) **: p < 0.01, indicating significant
difference at 0.01 level

3.3 Soil Fertility Characteristics
Soil pH was mostly around 8.1 and planting herbs under seedlings had no significant effect on soil

pH. In comparison to the natural vegetation, SOM content of poplar cuttings planted with barnyardgrass
and sesbania showed a trend of increase, with significant increases of 12.4% and 18.7% at N1, respectively.
Soil TN content was significantly increased by 15.8% in barnyardgrass planted compared to that of natural
vegetation at the N0 level. Additionally, compared to N0, soil TN content was significantly reduced by
36.4% in the barnyardgrass group at N1. NH4

+-N of the soil decreased with the planting of barnyard-
grass and sesbania across all levels of N application. In comparison to the natural vegetation, the soil
NH4

+-N content significantly decreased by 42.1% and 50.0% in the barnyardgrass and sesbania groups at
N0, and by 59.3% in the sesbania group at N0.5. At N0.5, NO3

−-N content of soil planted with barnyardgrass
significantly increased compared to both the natural vegetation and the sesbania group. Compared with the
natural vegetation, the soil AP content of poplar cuttings planted with barnyardgrass and sesbania at the
three levels of N application exhibited an increasing trend, with the soil AP content of the barnyardgrass
group significantly increasing by 78.8% at N0.5. Compared to the natural vegetation, soil AK content was
significantly reduced by 12.5% in the sesbania group at N0 and increased by 24.1% in the barnyardgrass group
at N1. Furthermore, soil AK content in sesbania planted at N0.5 significantly increased compared to both N0
and N1 (26.5% and 24%). Two-way ANOVA results indicated a significant effect of N level on NH4

+-N and
AP content, and a significant effect of surface herb on NH4

+-N, NO3
−-N, AK, and SOM content. Moreover,

N level and herb did not exhibit a significant interaction effect on soil properties (Table 1).
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Table 1: Soil properties of herbaceous managements at different N supply levels

N level Herb type pH NH4
+-N (mg/kg) NO3

−-N (mg/kg) TN (g/kg) AP (mg/kg) AK (mg/kg) SOM (g/kg)

N0 Natural vegetation 8.22 ± 0.04Aa 2.14 ± 0.49Aa 0.04 ± 0.02Aa 0.19 ± 0.01Ab 0.66 ± 0.29Aa 56 ± 2.52Aab 27.37 ± 3.37Aa

Barnyardgrass 8.16 ± 0.07Aa 1.24 ± 0.1Ab 0.05 ± 0.01Aa 0.22 ± 0.03Aa 0.67 ± 0.09Aa 63 ± 5.69Aa 35.87 ± 2.87Aa

Sesbania 8.10 ± 0.09Aa 1.07 ± 0.14Ab 0.08 ± 0.02Aa 0.17 ± 0.01Ab 0.66 ± 0.05Aa 49 ± 5.51Bb 35.20 ± 2.07Aa

N0.5 Natural vegetation 8.13 ± 0.11Aa 1.50 ± 0.21Aa 0.05 ± 0.01Ab 0.20 ± 0.01Aa 0.33 ± 0.04Bb 57 ± 9.90Aa 36.27 ± 1.06Aa

Barnyardgrass 8.13 ± 0.06Aa 0.83 ± 0.01Aab 0.05 ± 0.01Ab 0.21 ± 0.02ABa 0.59 ± 0.07Aa 64 ± 2.83Aa 34.53 ± 0.1Aa

Sesbania 8.08 ± 0.14Aa 0.61 ± 0.01Bb 0.10 ± 0.03Aa 0.21 ± 0.02Aa 0.49 ± 0.01Bab 62 ± 5.66Aa 38.33 ± 1.83Aa

N1 Natural vegetation 8.20 ± 0.03Aa 1.39 ± 0.06Aa 0.05 ± 0.01Aa 0.19 ± 0.03Aa 0.51 ± 0.04Aa 54 ± 5.66Ab 33.31 ± 0.19Ab

Barnyardgrass 8.19 ± 0.06Aab 0.91 ± 0.05Aa 0.05 ± 0.01Aa 0.14 ± 0.01Ba 0.49 ± 0.08Aa 67 ± 2.83Aa 37.43 ± 0.10Aa

Sesbania 8.12 ± 0.01Ab 1.02 ± 0.34Aa 0.05 ± 0.01Aa 0.18 ± 0.03Aa 0.52 ± 0.07ABa 50 ± 1.41Bb 39.54 ± 3.63Aa

N level NS(1) 0.014*(2) NS NS 0.028* NS NS
Two–way ANOVA Herb type NS 0.000**(3) 0.008** NS NS 0.000** 0.018*

N level × Herb type NS NS NS NS NS NS NS

Note: The data in the table are expressed as the mean ± standard deviation (n = 3); Uppercase letter indicates significant
difference in N application level and lowercase letter indicates significant difference in herbal management according to
Duncan’s multiple range test (p < 0.05). (1) NS: p ≥ 0.05, indicating no significant difference; (2) *: p < 0.05, indicating a
significant difference at the 0.05 level; (3) **: p < 0.01, indicating significant difference at 0.01 level.

3.4 Soil NH3 Volatilization
Fig. 3a–c illustrates the effect of herbaceous management and N supply on soil NH3 volatilization rates.

Two days after fertilizer application, the NH3 volatilization rate peaked at 0.25 g/pot in the barnyardgrass
management group at N1. In contrast, the maximum NH3 volatilization rate in all other treatment groups was
observed on the first day after fertilizer application, ranging from 0.06 to 0.41 g/pot. Following the peak, NH3
volatilization rates for each N application and herbaceous management group decreased rapidly, reaching
levels similar to the control group by the fifth day after fertilization. The effects of different vegetation cover on
soil NH3 volatilization accumulation varied at the three N supply levels (Fig. 3d). No significant differences
were observed between the control, barnyardgrass and sesbania groups. When N application was increased
from N0.5 to N1, NH3 volatilization increased significantly by 120.3%, 205.4% and 116.2% under natural
vegetation, barnyardgrass and sesbania treatments.

Figure 3: (Continued)
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Figure 3: Effects of herbal management and N supply on NH3 volatilization accumulation (d) and NH3 volatilization
change rate (a–c). Uppercase letter indicates significant difference in N application level and lowercase letter indicates
significant difference in herbal management (p < 0.05). (1) NS: p ≥ 0.05, indicating no significant difference; (2)
**: p < 0.01, indicating significant difference at 0.01 level. Note: The date of the fertilizer application is 7/18. Observation
of NH3 volatilization started at one day after fertilizer application

4 Discussion
The results of this study indicate that both barnyardgrass and sesbania treatments promoted the growth

of poplar cuttings compared to natural vegetation. The plant height, ground diameter, and biomass of poplar
cuttings in both treatment groups mostly increased significantly, consistent with previous studies [22,23].
The nutrient uptake and the effects on the roots of poplar trees were significantly altered following the
introduction of herbaceous intercropping [24]. These changes may have contributed to variations in the
growth patterns of poplar trees under different herbaceous treatments. Zhu et al. [25] reported that
understorey planting of sesbania increased tree height by 18.97% and diameter at breast height by 10.30%
compared to the control group, suggesting that planting green manure promotes forest tree growth. The
results of the present study were consistent with theirs, with the growth-promoting effect of sesbania on
poplar cuttings being more pronounced. This may be attributed to the N-fixing capacity of sesbania, which
enhances N supply stability when intercropped with other plants [26]. Additionally, planting N-fixing plants
under seedlings can effectively enhance the release of readily available nutrients from the soil at the nursery
site, thereby promoting the accelerated growth of poplar cuttings. N uptake by seedlings in nursery sites is
influenced by factors such as the amount of N applied and management practices. Controlling N fertilizer
application and implementing intercropping can effectively reduce N losses and increase the N available
to the crop [27]. The results showed no statistically significant change in TN of poplar content across
treatments with increased N application (Fig. 2a). Furthermore, the TN content of poplar in the sesbania
group was significantly higher than in the natural vegetation and barnyardgrass groups, suggesting that
planting sesbania enhanced the N uptake of poplar cuttings. This aligns with most intercropping experiments
involving leguminous plants [28,29]. The biological fixation of N by sesbania has the effect of increasing the N
levels present in the soil. Consequently, poplar cuttings absorb more N from the rhizosphere of sesbania [26].
In summary, selecting N0.5 when planting sesbania ensures N uptake and utilization by poplar trees while
maintaining a relatively high N use efficiency.

There was no significant change in soil pH when planted natural vegetation, barnyardgrass and sesbania
with N supply, and previous studies have shown that the surface vegetation (Sesbania, Brassica juncea)
mulching treatments had no significant effect on soil pH [30]. Increased plant species diversity may enhance
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apoplastic and root exudation, leading to an overall rise in soil N levels due to competitive interactions
between species [31,32]. The results of this study indicate that planting barnyardgrass beneath poplar cuttings
effectively enhanced the soil TN content at N0 and N0.5 levels. This finding is consistent with Zhao et al. [33],
who also reported that agroforestry systems involving intercropping can increase soil carbon and N levels.
Soil TN content also increased in the sesbania group at N0.5 level, consistent with Huang et al. [34], who
reported that both soil TN and NH4

+-N content tended to increase after planting salt-tolerant legumes. This
increase was attributed to the symbiotic relationship between legumes and rhizobacteria in the soil, which
convert free N into NH4

+-N or absorb N directly from the soil for N fixation. Moreover, low N levels may
enhance N fixation in sesbania. Some soil properties such as NH4

+-N and AP changed significantly with
increasing levels of N application, which agrees with Liang et al. [35]. In contrast to previous research, the
present study indicates that ground herbs significantly reduce soil NH4

+-N content and increase soil NO3
−-

N content in poplar cuttings. Du et al. [36] demonstrated that most plants prefer nitrate N in soil over
ammonium N, resulting in reduced levels. The results of this study may be attributed to the influence of N
application on the N uptake characteristics of herbaceous plants. Ansari et al. [37] showed that sesbania,
when used as green manure, resulted in the highest total biomass accumulation (>30 Mg/ha) and a notable
increase in soil organic carbon (>14 Mg/ha). The findings of the present study align with this observation, as
both barnyardgrass and sesbania planted under poplar cuttings showed a marked increase in SOM content.
Sesbania is known for its high shoot and root biomass, which leads to a significant increase in total organic
carbon content in the soil due to rapid growth [38]. The results of this study showed an increasing trend in
AP content in the soil planted with barnyardgrass and sesbania across at N0 and N0.5 application levels. In
contrast, Huang et al. [34] found that P and K content in the soil were lower than the control when legumes
were planted in the understorey. An increasing trend in soil AK content was observed in poplar cuttings
planted with barnyardgrass in this experiment, which may be attributed to the ability of graminaceous plants
to significantly reduce K leaching from the soil [39].

Changes in soil NH3 volatilization result from a combination of factors, including climate, soil condi-
tions, and management practices [40], with N application, irrigation, and tillage having a direct influence.
The results of this study showed that soil NH3 volatilization was significantly higher in the natural vegetation,
barnyardgrass and sesbania groups with increased N application, consistent with the findings of Wen
et al. [41], which suggest that high N application is a key driver of increased soil NH3 volatilization. The
peak in soil NH3 volatilization occurred one to two days after N application and irrigation, irrespective of
the N application rate or herbaceous management. Subsequently, a rapid decrease into a low volatilization
phase was observed. This can be attributed to the rapid hydrolysis of urea and the subsequent increase in
NH4

+-N concentration due to irrigation immediately after N application. This also accelerated its physical
diffusion, leading to increased NH3 volatilization loss [42]. The herbaceous plant layer functions as both an
NH3 source and sink [43], playing a crucial role in regulating NH3 volatilization in the field. For instance, Lyu
et al. [44] found that herbaceous green manure management practices significantly increased NH3 emissions
from maize fields, compared to conventional fertilization. Unlike agricultural and forested grassland soils,
there has been limited research on NH3 volatilization from poplar nursery soils. The highest levels of
NH3 volatilization accumulation were observed in the N1 + sesbania treatment. However, no statistically
significant differences were observed between the three herbaceous treatments, indicating that the impact
of N application on soil NH3 volatilization accumulation was more pronounced than the influence of the
surface herbs. This experiment focused on the chemical properties of the above-ground parts in relation
to the soil, and was conducted over a short time period. Further studies are needed on the root system,
which is in direct contact with the soil, the physical properties of the soil, and the enzymes and their
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activities directly related to NH3 volatilization. Such studies would benefit from longer observation periods
and larger-scale investigations.

5 Conclusion
In this study, we investigated the effects of ground herbs on the growth, soil properties, and NH3

volatilization of poplar cuttings under varying N application levels, and reached the following conclusions.
Compared to natural vegetation, sesbania led to a significant increase in ground diameter, plant height and
leaf number. Regarding plant height and biomass, barnyardgrass had more pronounced promoting effects.
Significant differences occur in N levels on soil NH4

+-N and AP content. Surface soil NH4
+-N, NO3

−-N,
SOM and AK contents were significantly different in surface herbs. Soil NH3 volatilization accumulation
from poplar cuttings increased with higher N application, but no significant differences were observed
among the three herbaceous treatments. In conclusion, the implementation of planting barnyardgrass and
sesbania facilitated the growth of poplar cuttings compared to natural vegetation, particularly in the sesbania
treatment. For soil properties and NH3 volatilization, further investigation into N levels and surface herb
types that may interact positively is warranted.
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