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ABSTRACT

To investigate the accumulation, distribution, and translocation of nitrogen (N) from chemical fertilizers and
green manure in wheat plants, we conducted an experiment using leguminous green manure crop hairy vetch
and wheat as test materials. During the anthesis and maturity stages of wheat, the >N enrichment and Nitrogen
content of wheat plant samples were determined in different organs, and N enrichment and nitrogen content
of soil samples were measured at maturity. The accumulation and distribution characteristics of nitrogen from
different sources during the wheat growth stages were investigated to explore the impacts of green manure and
chemical fertilizers on wheat growth and nitrogen uptake. The results showed that nitrogen from chemical
fertilizers in the soil-plant system exhibited the following pattern: plant absorption > soil residue > loss, while
nitrogen from green manure showed: soil residue > loss > plant absorption. Wheat had higher absorption of
nitrogen from chemical fertilizers compared to green manure. The absorption of nitrogen from chemical
fertilizers by wheat ranged from 46.00% to 54.08%, while the absorption of nitrogen from green manure
ranged from 20.71% to 28.21%. The residual nitrogen from green manure in the soil (38.47% to 58.22%) was
higher than that from chemical fertilizers (31.44% to 40.69%), and the nitrogen loss from green manure
(21.07% to 33.31%) was higher than that from chemical fertilizers (5.22% to 22.56%). Supply of nitrogen from
the two sources could coordinate the distribution of nitrogen in various organs and increase the proportion of
nitrogen allocation in grains. This was beneficial for facilitating nutrient transfer to reproductive organs.

Keywords: chemical fertilizer, green manure, *°N tracer technique, N translocation, spring wheat.

INTRODUCTION sink relationship between various organs
(Monowar and Yoshida, 2012). Uneven
water distribution and inefficient fertilizer N
uptake are the major problems in agricultural

production of China, especially for the

Nitrogen (N) is a critical nutritional
element for crops and is considered as
one of the main limiting factors that

substantially affects crop yields (Piotrowska-
Dtugosz and Wilczewski, 2020). In China, N
fertilizer application has increased the grain
yield of crops from 83.4 to 474.2 Mt from
1961 to 2009 (Fan et al., 2012), thus making
it possible to feed one-fifth of the world
population from <9% of the world arable
land (Li et al., 2022). However, this has also
caused a series of serious environmental
pollution (e.g., eutrophication and air
pollution) at regional and global scale (Chen
et al., 2021). Measuring and monitoring the
fate of fertilizer N is required to guide
improved N management strategies and
decrease its impact on the environment
(water and air phases), which impact
establishment and development of source-
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Northwest (Moriondo et al., 2011). Moreover,
excessive application of N fertilizers is
particularly ~ prominent in  agricultural
activities, and nitrate leaching losses in
farmland have threatened the balance of
farmland ecosystems (Jiang et al., 2022). It
has been reported that nitrate in groundwater
mainly came from agricultural fertilizers, and
the contribution rate could reach up to 52.3%
(Kong et al., 2023). Therefore, studying the
cycling and translocation processes and
regulatory mechanisms of N is essential to
solve agriculture-related ecological and
environmental problems.

N fertilization management practices,
including N application rate, timing, and
methods, as well as irrigation rate and timing
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can influence N fate in wheat production (Jia et
al., 2011). Under different integrated nutrient
management conditions, approximately 50%
of the crop's absorbed N is derived from the
soil (Tonitto et al.,, 2006). Specifically, N
derived from green manure crops tends to
have a longer residence time in the soil
(Macholdt et al., 2020), thereby enabling the
crop to access more organic N (Gao et al.,
2023). Several studies have demonstrated
that the application of green manure also
enhances N fixation (Gondim et al., 2020).
Thus, increasing the utilization of N from
green manure crops is a crucial approach for
maintaining the ecological balance of N-fixing
microorganisms in the soil and reducing the
reliance on synthetic fertilizers (Hu et al.,
2023). Moreover, optimizing the recycling of
plant and soil microbial nutrient pools can
reduce the need for fertilizers in subsequent
crop seasons (Mahmood et al., 2022).
Combining green manure with chemical
fertilizers has been proven effective in
mitigating biomass reduction, improving crop
growth, and enhancing soil fertility (Braos et
al., 2023; Fan et al., 2023). Additionally, the
practice of applying green manure through
mulching or plowing down can contribute to
an increased rate of N translocation and
conversion (Liang et al., 2023).

As a non-radioactive and non-destructive
tracer, the N isotope is widely utilized in
ecological cycle and atmospheric circulation
research (Ma et al., 2023). Due to its non-
disruptive nature, the use of °N ensures the
safety of the current experiment and the
accuracy of the results. Currently, the °N
labeling technique has been gradually
adopted in studies related to biological N
fixation, plant N uptake and utilization, plant
N transport, N losses, and N fate (Zhang et
al., 2022; Lei et al., 2023). This technique has
also been employed in green manure-related
research. For instance, in studies investigating
the N nutrition status in wheat, researchers
have explored the fate of N in green manure,
straw, and fertilizers (Wan et al., 2021).
Previous research on N and the application of
green manure and chemical fertilizers has
primarily focused on aspects such as crop
productivity and quality, as well as soil

quality in farmland. However, little attention
has been given to the effects of planting and
incorporating hairy vetch on the composition
of the soil N pool or the accumulation and
distribution of N from different sources in
wheat organs.

This study aimed to utilize the °N isotope
tracer technique to examine the translocation
of N and the associated transformation
processes at the atomic level. Specifically, N
derived from green manure and chemical
fertilizer was labeled separately to serve as our
study subjects. We simultaneously analyzed
and quantified multiple translocation pathways
to investigate the variations in °N content in
different plant organs and soil at different
growth stages. The main objective was to
explore the acquisition and distribution of N
from different sources in wheat, as well as to
understand the patterns of N translocation
and transformation. Additionally, we aimed
to elucidate the relationship between the
planting and plowing down of hairy vetch,
the soil N pool, and N uptake and utilization
by crops. Furthermore, we assessed the impact
of hairy vetch on soil fertility and fertilizer
efficiency.

MATERIAL AND METHODS

1. Experimental site

The experiment was conducted at
Mojiaquan Bay in Ershilipu Town, located in
the northern suburb of Xining, Qinghai
Province, China (101°45'E, 36°42'N). This
area falls within the highland continental
semi-arid climate zone, characterized by an
altitude of 2230 m and a cold climate. The
annual average temperature is recorded at
5.9°C, showcasing a notable diurnal
temperature range. The crop growth period
spans 220 days. Additionally, the mean
annual precipitation measures 367.5 mm,
while the mean annual evaporation stands at
1729.8 mm. The water source for the
experimental plots is the Beichuan canal. The
soil type within the plots is classified as
chestnut soil. Before the experiment, soil
properties of the top 0-30 cm soil layer were
1.07 g/kg total N, 76.0 mg/kg available N,
21.95 g/kg organic matter, 9.40 mg/kg mineral
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N, 8.22 pH, and 23.70 mg/kg available
phosphorus.

2. Experimental design

This potted experiment utilized ceramic
pots with a diameter of 10 cm and a height of
30 cm. Each pot contained 10 kg of air-dried
soil. The experiment consisted of five
treatment groups, namely °G, U, ®G+U,
G+™°U, and a control group (CK) with no
application of nitrogen (N) fertilizer (Table 1).
The experimental treatments, where were
replicated four times, were arranged in a
single-factor experiment design. In the G
treatment, 134 g of hairy vetch (fresh weight)
labeled with N was crushed and pressed
into the pot during the anthesis stage.
Similarly, in the G treatment, 134 g of
unlabeled hairy vetch (fresh weight) was
added to the pot. For the U treatment, each
pot received 2.14 g of ™N-labeled N
(equivalent to 4.66 g of urea), while in the U
treatment, the same amount of unlabeled N
was applied. Additionally, each fertilization
treatment received 1 g of P,Os The P fertilizer
used in this study was calcium superphosphate
(0-12-0 of N-P,0s5-K,0) and N fertilizer was
urea (46-0-0 of N-P,05-K,0).

On 8" April 2020, two plots with an area of
6 m? each were designated for the cultivation

of hairy vetch. One plot was allocated for the
*N-labeled hairy vetch, while the other for
the common unlabeled hairy vetch. The
application rate of N to the hairy vetch was
75 kg-ha®, with a 1:1 distribution as a basal
fertilizer during sowing and as a top-dressing
at the budding stage. The basal fertilizer was
formulated by incorporating 22.5 g of labeled
or regular urea into fine soil for furrow
application. The top-dressing solution was
prepared by dissolving 22.5 g of urea in 6 L
of water, which was evenly sprayed onto the
roots of the hairy vetch. At the full-blooming
stage on 28™ June 2020, the labeled and
unlabeled green manure was harvested. The
labeled green manure exhibited a N content
of 3.77%, whereas the ordinary green manure
showcased a N content of 4.05%. Subsequently,
appropriate  quantities of labeled and
unlabeled fresh hairy vetch samples, along
with soil samples, were collected and
subjected to drying for the determination of
their *°N abundance and N content.

On June 28, 2020, wheat (cv. Qingchun
38) was sown. After incorporating the green
manure into the soil, wheat seeds were sown
with four seeds per hole and five holes per
pot. Two wheat plants at the three-leaf stage
were planted in each pot.

Table 1. Detailed fertilization information

Treatment Treatments Fertilizer dosage
Control group without nitrogen application CK 1gP,0q
Labeled green manure were plowed into soil G 134 g N hairy vetch + 1 g P,Os
Labeled urea v(;/ere applied in customary 15 214 g N urea + 1 g P,0s
osage only
Labeled green manure were applied BG+U 134 g N hairy vetch + 2.14 g N urea + 1 g P,0s
with regular urea
Unlabeled green urea were applied 15 : 15
with labeled urea G+™7U 134 g N hairy vetch + 2.14 g "N urea + 1 g P,O5

Abbreviations used in the table: *°G - labeled green manure were plowed into soil; *°U - labeled urea were applied
in customary dosage only; °G + U - labeled green manure were applied with regular urea; G + *°U - unlabeled

green urea were applied with labeled urea.
3. Sampling and measurement

3.1. Sampling

Five wheat plants were collected from
each treatment during the anthesis stage and
the maturity period. After sampling, all

aboveground samples were oven-dried at
105°C for 30 min and then oven-dried at
80°C to a constant mass to determine the
aboveground dry matter and N content. Soil
samples were taken from 0-30 cm depth at
the maturity stage.
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During the anthesis stage and the maturity
period, a total of five wheat plants were
collected from each pot. Subsequently, all
aboveground samples were subjected to
oven-drying at 105°C for 30 min, followed by
further drying at 80 °C until a constant mass
was achieved, enabling the determination of
aboveground dry matter and nitrogen (N)
content. At the maturity stage, soil samples
were obtained from a depth of 0-30 cm.

The dry plant and soil samples were first
passed through a 100-mesh sieve, and then
subjected to digestion using boiling
concentrated sulfuric acid-hydrogen peroxide
solution. The determination of total N
concentration was performed using the
semi-micro Kjeldahl method, while the >N
abundance ratio was measured using a mass
spectrophotometer, following the method
described by Wang et al. (2020).

3.2. Measurement

>N relative abundance

The relative abundance of sample N
(8"°\) was obtained as the relative abundance
of N in the sample minus the background
value of >N abundance in the control :

Sample yy sy — Control ., osy

Bisy Y4 = X 1000#(1)

Control,, =y

where Sample somes°n represents the ©°N
atomic abundance of the sample, Control
atomve N Tepresents the >N atomic abundance
in the atmosphere (0.3663%), which is used
as the standard isotope abundance of °N.

N accumulation

The N accumulation for each sample was
calculated using the following equation (Xu
et al., 2023):

NA(g) = DMw X TN#(2)

where NA represents the N accumulation
of wheat, DMw represents the dry matter, TN
represents the total N concentration.

Further, the amount of *N-derived N in
different plant parts was calculated using the
following equation:

N acoumlation derived "N amaunt inplant(g) = Plont s, Y X NAHG3)

where NAp is the N accumulation of the
roots, stems, leaves, spikes, glumes, grains
and whole plant.

Nitrogen use efficiency
The N harvest index (NHI) was calculated
as follows (L0 et al., 2012):

N4
N harvest index(%) = —————#(4)

aboveground

where NAq is the N accumulation of grain
and NAaboveground 1S the N accumulation of the
aboveground parts.

The residual rate of green manure N (or
chemical fertilizer N) was calculated according
to the following equation:

O1s,. %00
CR, (%) = ——— #(5)

015, Yoop
T'Nsm'l
Re(g)= F#(ﬁj
F
RF
RRF[:Q-{}:] - f_#(?)
o

where CRE represents the contribution rate
of green manure N or chemical fertilizer N,
8N %o represents the relative abundance of
sample °N, 8"\%or represents the relative
abundance of green manure °N or chemical
fertilizer, R represents the residue amount of
green manure N or chemical fertilizer, TNgj
represents the total N in the soil during the
wheat maturity stage, RRg represents the
residual rate of green manure N or chemical
fertilizer N, and I represents the input
amount of green manure N or chemical
fertilizer N.

The N loss rate was calculated as follows:

UR:sy (%) = (Plant B:s, %/TI*N) X 1004(g)
LR:,, (%) = 100 - URx,, — RR#(9)

4

where UR™y is the utilization rate of °N,
Plant 8°\%o is the plant uptake amount of
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BN, TI*®y is the total input amount of N,
and LR™y is the loss rate of *°N.

The absorption rate of **N sourced from
green manure N or chemical fertilizer N by
each organ was calculated as follows:

U._E""- Organs
AR:=, (%) = U_E—g#[w]
TN Plane
where UR™norgans s the amount of N
uptake by the organ, and UR npjan is the
amount of >N uptake by the plant.

4. Statistical analysis

Data were analyzed using Statistical
Analysis Software (SPSS software, 17.0,
SPSS Institute Ltd, USA). The treatment
effects were investigated using Duncan's
multiple-range test, and significance was
declared at P <0.05.

RESULTS AND DISCUSSION

Nitrogen content in various organs of

wheat

The N content in different organs of wheat
undergoes changes throughout its growth

period, as shown in Figure 1. During the
anthesis period, characterized by active
growth and photosynthesis in the leaves,
higher N content was observed in the leaves
compared to other organs. The treatments
involving green manure **U combined with
chemical fertilizers, G + U and G + U,
exhibited significantly higher N content in
the leaves by 14.3% and 16.3%, 16.7%, and
18.8% compared to G and, respectively.
Conversely, the CK had significantly lower N
content in the leaves at 1.93%. This suggests
that the combination of green manure and
chemical fertilizers effectively enhances N
content in wheat leaves.

At the maturity stage, the N content in the
various organs followed the order of grains >
leaves > glumes > roots > stems. The grains
treated with G + U showed 24.5%, 17.4%,
and 35.7% higher N content compared to
G + U, G, and CK, respectively, with no
significant difference observed compared to
U, This indicates that the increase in leaf N
content during the anthesis period due to
G + U treatment is subsequently transferred
to the wheat grains during maturity, leading
to an overall improvement in grain N content.
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X Root Stem [ Leaf Spike Root Stem [ Leaf Glume Grain
o i
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%” 34 a a {1 al bc I
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) i ch
m T
o - T
<0 T T T T T
G+15U 15G+U 156G CK  G+15U 15G+U 115G 15U CK
Treatments Treatment

Figure 1. Nitrogen content (%) in various organs of wheat at the anthesis and maturity stages
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N accumulation in various organs of wheat

As illustrated in Figure 2, the N
accumulation in various organs continues to
increase throughout the growth period.
During the anthesis stage, the order of N
accumulation in different organs is as
follows: leaves > spikes > stems > roots.
Among the different treatments, the G + °U
treatment notably increased N accumulation
by 86.5% and 227.8% compared to °G and
CK, respectively, with no significant difference
compared to *°G + U and *U.

During the maturity stage, the N stored in

250 Anthesis stage
[ Spike [ Leaf [ ]Stem[__]Root

2 200-

o

(@]

E

— 150

8

s

> -

2 100

>

(&)

3

— 501

- T . B

N accumulation (mg/pot)

G+15U 15G+U 156 = 15U = CK
Treatment

various nutrient organs is transferred to the
grains, with the order of accumulation being
grains > leaves > stems > glumes > roots.
The G + U treatment exhibited the highest
N accumulation in the grains, with a significant
increase of 75.5% and 148.5% compared to
G and CK, respectively, while showing no
significant difference compared to °G + U and
5U. This highlights the effectiveness of the G
+ U treatment in boosting N accumulation in
wheat during both stages, resulting in a total
N accumulation of 640.4 mg/pot, higher than
that achieved by other treatments.
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Figure 2. The nitrogen accumulation in various organs of wheat at the anthesis stage and maturity stage

Dynamic of N from chemical fertilizer

and green manure in the soil-plant

system

The N dynamics in the soil-plant system
from chemical fertilizer and green manure is
presented in Table 2. The observed trend
reveals that the order of N utilization for
fertilizer is plant absorption and utilization,
soil residue, and loss, whereas for green
manure, it is soil residue, loss, and plant
absorption and utilization. Wheat plants
exhibited significant differences in N
absorption from different sources under
varied treatments. N uptake from fertilizer
ranged from 46.0% to 54.0%, while that from
green manure ranged from 20.7% to 28.2%.

The residual rates of fertilizer and green
manure N in the soil also exhibited

significant differences among treatments.
The G treatment demonstrated notably
higher residual rates compared to °G + U
and G + U, while the residual rate of *>U
treatment was significantly lower than
other treatments. N loss rates also varied
significantly among treatments, with the
G + U treatment showing a considerably
higher loss rate compared to other treatments.

Furthermore, analysis of the G + °U, °U,
and CK treatments revealed that the
application of green manure, in conjunction
with  chemical fertilizer, improved N
absorption and utilization by wheat plants.
Similarly, comparing the **G + U, G, and
CK treatments, it was observed that the
application of chemical fertilizer enhanced
wheat's N uptake from green manure sources,
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thereby reducing N residue and loss.
Moreover, a comparison between the °G + U
and G + U treatments indicated that when

both fertilizer N and green manure N were
supplied simultaneously, wheat theoretically
absorbed 66.7-82.2% of N from both sources.

Table 2. Analysis of dynamic flow direction variance of N from chemical fertilizer
and green manure in the soil-plant system

Treatment | Biomass(g/pot) | N absorption rate by plant (%) | *°N residual rate in the soil (%) | N loss (%)
G+™U 14.30 £ 2.41a 54.08 £ 3.63a 40.69 + 1.25b 5.22 £ 4.04c
BG+U 13.86 + 4.24ab 28.21 £ 1.69c 38.47 +4.14b 33.31+£2.52a

G 9.61 + 3.25hc 20.71 +4.18d 58.22 £ 4.64a 21.07 £ 0.53b
By 12.96 + 1.36ab 46.00 + 2.65b 31.44 £3.17¢c 22.56 + 4.46b
CK 5.72 £ 1.69c - - -

Note: Mean + standard deviation, the significance level of the mean difference was 0.05.

Absorption of BN from chemical

fertilizer or green manure by various

organs of wheat

The combination of chemical fertilizer and
green manure can effectively enhance the
distribution ratio of N from both sources in
wheat grains. During the anthesis period, N
distribution in the stem and leaf organs is
relatively high, while it is comparatively low
in the root and spike (Table 3). The *G + U
treatment shows the highest N distribution
proportion in the roots, indicating that wheat
roots primarily absorb N from green manure
during the anthesis stage. The °G treatment
results in the highest N distribution
proportion in the stem, significantly higher
than other treatments. There is no significant
difference in N distribution in leaves among
the different treatments. The G + U and *°U
treatments exhibit the highest N distribution
proportion in the panicle, suggesting greater
absorption of fertilizer N by the panicle

compared to green manure N.

At maturity stage, the N distribution ratio
in roots remains consistent with the anthesis
stage. Under the ™U treatment, the
proportion of N in the stem is significantly
higher than in other treatments. The G and
3y treatments lead to significantly higher N
distribution proportions in leaves compared
to other treatments. There is no significant
difference in N distribution in glumes
between the two sources. The G + U and
® G + U treatments result in higher N
distribution proportions in grains,
significantly higher than other treatments.
The °G + U treatment exhibits the highest N
distribution proportion in grains, surpassing
the °U and G treatments by 15.46% and
22.09%, respectively. Overall, the combination
of chemical fertilizer and green manure
improves N absorption and increases the
proportion of N distribution from both sources
in wheat grains.

Table 3. Absorption of °N source from chemical fertilizer or green manure by various organs of wheat
at the anthesis and maturity stages

Treatment Anthesis stage (%) Maturity stage (%)
Root Stem Leaf Spike Root Stem Leaf Glume Grain
G + 15U 1890+ | 23.61+ | 2257+ | 23.20+ | 1472+ 18.11 + 19.26+ | 2027+ | 23.86+
0.68c 0.76b 0.51a 0.49a 0.70b 1.06b 0.78b 0.73a 0.67ab
5G4+ U 3222+ | 2018+ | 2147+ | 16.15+ | 1645+ 17.24 + 1726+ | 2249+ | 2594+
3.77a 1.43c 3.07a 1.90c 1.62b 1.28bc 1.35b 0.84a 0.37a
15 2552+ | 2730+ | 21.06+ | 18.73+ | 2259+ 1552+ | 2337+ | 2052+ | 2021+
3.94b 1.87a 1.75a 1.89b 3.28a 1.14c 3.87a 3.51a 2.30c
15 2151+ | 2402+ | 2424+ | 2338+ | 1668+ | 20.10+ | 21.13+ | 21.68+ | 2193+
0.63bc 0.51b 0.54a 0.12a 3.72b 0.39a 0.20ab 0.55a 0.26bc
CK - - - - - - - - -

Note: Mean = standard deviation, the significance level of the mean difference was 0.05, the nitrogen in plants includes
two portions: the N sourced from chemical fertilizer and green manure.
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Nitrogen accumulation and distribution

from different sources in various organs

of wheat

Nitrogen (N) regulation is essential for
maintaining regular material circulation and
energy metabolism in plants. N fertilizers
serve various functions in the agro-ecosystem
(Savasli et al., 2023), but their excessive use
can disrupt the ecological balance due to N
surplus (Ahmed et al., 2020). To mitigate
these negative impacts, the combined
application of chemical fertilizer with
organic fertilizer has been explored (Zhang
al., 2023). This study aimed to investigate the
accumulation, distribution, and translocation
of N in different organs of wheat at different
growth stages following the incorporation of
hairy vetch as green manure, with a focus on
exploring the potential for utilization. We
quantitatively analyzed the uptake and
utilization of N from both chemical fertilizer
and hairy vetch in the wheat plant system.
The accumulation and translocation of N in
wheat plants are influenced by dry matter
accumulation in vegetative organs, including
roots, stems, and leaves, before the anthesis
stage, as well as the translocation of
photosynthetic products from leaves to grains
after the anthesis stage, which ultimately
determine wheat yield (Fan et al., 2023).The
coordinated distribution of N in different
organs of wheat plants, including stems,
leaves, glumes, and grains, is crucial for their
normal development and growth. In this
study, we investigated the N content and
accumulation in wheat plants, with leaves
showing the highest N content at the anthesis
stage and grains having the highest N content
at maturity. The N content in the
aboveground reproductive  organs  was
significantly higher than that in the
underground parts, and the N content in
stems and leaves exhibited a declining trend.
At the anthesis stage, leaves exhibited the
highest N content among all organs.
Similarly, at the maturity stage, the
accumulation of N from chemical fertilizer
and green manure in different wheat organs
followed the order of grain, leaf, stem,
glume, and root. The combined application of
chemical fertilizer and green manure resulted

in significantly higher N accumulation in
various wheat organs compared to individual
applications of the two fertilizers or no N
fertilizer application. A previous study on
green manure incorporation in spring wheat
demonstrated that N fertilization combined
with green manure incorporation increased
the conversion rate of N from vegetative
organs to grains, with a 38.8% to 49.5%
increase in N translocation from leaves to the
spike and a 49.1% to 64.7% increase in N
translocation from stems to the spike (Guo
and Yin, 2023).

In the present study, the application of
green manure significantly increased the
uptake of N by wheat plants. This led to the
release of soil nutrients and improved
retention of fertilizer nutrients (Ward et al.,
2022). Organic fertilizers, such as green
manure, play a significant role in enhancing
plant nutrient levels while balancing the
interaction between soil N supply and plant
demand. This helps to regulate hormone
metabolic processes, promote plant growth
and development, and ultimately affect the
translocation and distribution of N in plants
(Qiu et al., 2022). Before the anthesis stage,
leaves and stems serve as nutrient reservoirs,
with continuous accumulation of nutrients
in these organs. From the anthesis stage to
the maturity stage, leaves and stems act as
nutrient distribution centers, where nutrients
and dry matter are translocated to
reproductive organs, particularly grains,
which  become the primary nutrient
accumulation centers. The study
demonstrated that the combined application
of chemical fertilizer and green manure can
regulate the distribution of N in different
wheat organs and facilitate the translocation
of accumulated nutrients to reproductive
organs.

The proportion of accumulated N of

wheat from different sources

In this experiment, the fate of N applied to
the soil was mainly categorized into three
aspects: plant uptake and utilization, residues
in the soil, and various forms of losses (Li et
al., 2023). The performance of chemical
fertilizer N was observed to prioritize plant
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uptake and utilization, followed by residues
in the soil and losses. On the other hand, the
performance of green manure N was ranked
as residues in the soil, losses, and plant
uptake and utilization. N utilization by plants
involves two key processes: uptake and
translocation. To improve N utilization
efficiency in crops, it is important to
understand the functions and regulatory
mechanisms of these critical components.
When there is an adequate supply of N, the
efficiency of plant N use primarily relies on
N uptake efficiency. However, under N
deficiency, the efficiency of plant N use is
primarily limited by N translocation (Gao et
al., 2023). In the present experiment, the N
supply was sufficient. The wheat plants
exhibited an N uptake efficiency range of
46.0% to 54.1% for N sourced from chemical
fertilizer, while the uptake efficiency for
green manure N ranged from 20.71% to
28.21%.

Using the N tracer technique, researchers
have found that when organic and chemical
fertilizers are applied together, plants tend to
initially absorb the N from chemical
fertilizers. N is taken up by the roots,
transported to the aboveground parts of the
plant, and then redistributed back to the roots
(Shao et al., 2020). In the present study, the
analysis of N accumulation and distribution
in various wheat organs revealed a consistent
pattern of N being transported from the
bottom to the top of the plant, with
continuous translocation to reproductive
organs. Studies by Liu et al. (2020) using
isotopes found that intercropping wheat with
green manure increased total N accumulation
in plants, with 11.4% to 31.6% of the
absorbed N coming from green manure. In a
study, Zhang et al. (2022) observed that
plants absorbed 25.46% to 40.99% of the
total fertilizer N. Similarly, Somers et al.
(2019) discovered that soil was the primary
provider of N and the largest source of N
supply for plants. Their results showed that
18.1% to 33.7% of the N uptake by plants
was from chemical fertilizer, while 66.4% to
81.9% was derived from soil N. In a study
(Azeem et al., 2023) found that the uptake of

fertilizer N and utilization efficiency of the
plant was in the range of 45.0-60.0%. In
China, the uptake of N fertilizer and
utilization efficiency of wheat and other food
crops is usually in the range of 40-50% (Yang
et al., 2012). The fertilizer uptake efficiency
obtained under the treatment conditions in
the present experiment ranged from 20.21 to
54.08%, which was higher than that reported
by Zhang et al. (2021). N uptake and
utilization by wheat may be influenced by
genetics and various anthropological and
environmental factors (Guo et al., 2022). The
regulatory effects and mechanisms of nutrient
uptake, utilization, and translocation capacity
of wheat vary among different ecotype
regions. In this study, the wheat harvest index
was in the range of 48-69%, which was much
higher than the national average wheat
harvest index of 0.440 (Xu et al., 2015).

In this study, the loss rate of N from green
manure was found to be between 21.07% and
33.31%, while the loss rate of chemical
fertilizer N ranged from 5.22% to 22.56%.
However, when the two sources of N were
applied together, the loss rate dropped to
5.22%, which was lower than the results of
other studies (Zhang et al., 2023). The
reduced loss rate in this study can be
attributed to the pot experiment, which
minimized losses associated with surface
runoff and leaching. Overall, when green
manure and chemical fertilizer were
combined, the loss rate of N from both
sources was reduced. The residual rate of N
from green manure in the soil ranged from
38.47% to 58.22%, while for chemical
fertilizer N, it ranged from 31.44% to
40.69%. N from green manure is released
slowly into the soil, contributing to a
significant aftereffect (EI-Shamy et al., 2022).
Consequently, the combined application of
chemical fertilizer and green manure
promotes nutrient uptake and utilization by
the current crop season and provides a
continuous supply of nutrients to subsequent
crops. This helps retain nutrients within the
soil system, thereby improving the soil
environment and fertility.
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CONCLUSIONS

In terms of performance, for nitrogen from
chemical fertilizer, it was ranked as plant
uptake and utilization, residues in the soil,
and losses. On the other hand, for nitrogen
from green manure, the performance was
ranked as residues in the soil, losses, and
plant uptake and utilization. By applying the
two sources of nitrogen together, the
distribution of nitrogen into different plant
organs can be coordinated, and the
distribution ratio of nitrogen in grains can be
increased. This approach also promotes the
source-sink relationship between the soil and
plants, facilitating the translocation of
nutrients to the reproductive organs. The
uptake of nitrogen by wheat from chemical
fertilizer ranged from 46.0% to 54.1%, which
was higher than the uptake from green
manure (ranging from 20.7% to 28.2%).
Interactions between the nitrogen from the
two sources were observed. This study
demonstrated that applying  chemical
fertilizer with green manure can enhance the
uptake and utilization of nutrients in wheat
plants.

ACKNOWLEDGEMENTS

This work was supported by the Fund
Project of Qinghai Academy of Agricultural
Sciences (2019-NKY-06) and the China
Agriculture Research System of MOF and
MARA (Green manure) [grant number
CARS-22]. The authors thanks Mrs. Mei
Han, Ke Xu, Mingdan Song and Mr.
Zhengpeng Li , Qingbiao Yan for guiding the
papers, and other students for assistance the
trial. They also appreciate the teachers and
staff at Xining Comprehensive Experimental
Station of National Green Manure Industry
System in managing field plots.

REFERENCES

Ahmed, M., Rauf, M., Akhtar, M., Mukhtar, Z., Saeed
N.A., 2020. Hazards of nitrogen fertilizers and
ways to reduce nitrate accumulation in crop
plants. Environmental Science and Pollution
Research International, 27(15): 17661-17670.

Azeem, K., Inamullah, Naz, F., Nadeem, F., Hafiz,
M.J., Sher, A., Bibi, Y., Syed, A., Bahkali, A.H.,
Elgorban, A.M., Hussain, M., Qayyum, A., 2023.
Deciphering of Microbes x Nitrogen source
fertilizers Interaction for improving nitrogen use
efficiency in spring maize. Journal of King Saud
University - Science, 35(4), 102633.

Braos, L.B., Carlos, R.S., Bettiol, A.C.T., Bergamasco,
M.A.M., Tercariol, M.C., Ferreira, M.E., da Cruz
M.C.P., 2023. Soil carbon and nitrogen forms and
their relationship with nitrogen availability
affected by cover crop species and nitrogen
fertilizer doses. Nitrogen, 4(1): 85-101.

Chen, L, Xie H., Wang, G.L., Yuan, L.M, Qian, X.Q,,
Wang, W.L, Xu, Y.J., Zhang, W.Y., Zhang, H., Liu,
LJ., Wang, Z2.Q., Gu, JF, Yang, J.C., 2021.
Reducing environmental risk by improving crop
management practices at high crop yield levels.
Field Crops Research, 265, 108123.

El-Shamy, M., EI-Nagma, K., EI-Sherpiny, M., 2022.
Possibility of using clover residues, green manures
as a partial substitute of mineral nitrogen fertilizer
to wheat plants grown on normal and saline soils.
Journal of Global Agriculture and Ecology.
DOI:10.56557/JOGAE

Fan, M., Shen, J., Yuan, L., Jiang, R., Chen, X,
Davies, W.J., Zhang, F., 2012. Improving crop
productivity and resource use efficiency to ensure
food security and environmental quality in China.
Journal of Experimental Botany, 63(1): 13-24.

Fan, Q.Y., Xu, C.X., Zhang, L., Xie, J.C., Zhou, G.P,,
Liu, J., Hu, F, Gao, S.J., Cao, W.D., 2023.
Application of milk vetch (Astragalus sinicus L.)
with reduced chemical fertilizer improves rice yield
and nitrogen, phosphorus, and potassium use
efficiency in southern China. European Journal of
Agronomy, 144, 126726.

Fan, Y.H., Ma, L.L., Yang, J.H., Ding, W.J., He, W,,
Tang, Y., Cui, GJ., Zhang, W.J., Ma, S.Y., Ma,
C.X., Huang, Z.L., 2023. Night warming from
tillering to jointing increases post-anthesis flag
leaf photosynthetic capacity and wheat vyield.
European Journal of Agronomy, 150, 126926.

Gao, R.H., Zhou, L.H., Guo, GM,, Li, Y.B., Chen, ZW.,
Lu, R.J., Liu, C.H., Chen, J., 2023. Comparative
analysis of root transcriptome of high-NUE mutant
and wild-type barley under low-nitrogen conditions.
Agronomy, 13(3), 806.

Gao, SJ. Li, S, Zhou, GP, Cao, W.D., 2023. The
potential of green manure to increase soil carbon
sequestration and reduce the yield-scaled carbon
footprint of rice production in southern China. Journal
of Integrative Agriculture, 22(7): 2233-2247.

Gondim, E.X., dos Santos Ferreira, B.H., Koutchin
Reis, L., Guerra, A., Abrahdo, M., Ajalla, A.C,,
Volpe, E., Couto Garcia, L., 2020. Growth,
flowering and fruiting of Campomanesia
adamantium (Cambess) O. Berg intercropped with
green manure species in Agroforestry Systems.
Agroforestry Systems, 95: 1261-1273.



151

Xiaohong Mao et al.: Nitrogen Fate of Chemical Fertilizer and Green Manure-Wheat Rotation
Using *N Tracer Technique

Guo, B.L., Zheng, X.Z., Yu, J.H., Ding, H., Luo, S.Z.,
Carswell, A., Misselbrook, T., Zhang, J.B., Miller, C.,
Shen, J.Q., Zhang, Y.S., 2022. Liming and nitrification
inhibitor affects crop N uptake efficiency and N loss
through changing soil N processes. Biology and
Fertility of Soils, 58: 949-959.

Guo, H.Q., and Yin, Y.H., 2023. Redesigning green
revolution trait with increased grain yield and
nitrogen utilization efficiency by reducing
brassinosteroid signaling in semidwarf wheat.
Science China Life Sciences, 66(10):2448-2450.

Hu, Q.J., Jiang, T., Thomas, B.W., Chen, J., Xie, J.,
Hu, Y.X., Kong, F.M., Yang, Y.Y., Chen, X.P,
Zhang, Y.T., Shi, X.J., 2023. Legume cover crops
enhance soil organic carbon via microbial
necromass in orchard alleyways. Soil & Tillage
Research, 234, 105858.

Jia, S.L., Wang, X.B., Yang, Y.M.,Dai, K., Meng,
C.X., Zhao, Q.S., Zhang, X.M., Zhang, D.C., Feng,
Z.H., Sun, Y.M., Wu, X.P,, Cai, D.X., Grant, C,,
2011. Fate of labeled urea-15N as basal and
topdressing applications in an irrigated wheat-
maize rotation system in North China Plain: |
winter wheat. Nutrient Cycling in Agroecosystems,
90: 331-346.

Jiang, M., Jiang, C., Huang, W.M., Chen, W.L., Gong,
Q.H., Yang, J., Zhao, Y., Zhuang, C.W., Wang, J.G,,
Yang, Z.Y. 2022. Quantifying the supply-demand
balance of ecosystem services and identifying its
spatial determinants: A case study of ecosystem
restoration hotspot in Southwest China. Ecological
Engineering, 174, 106472.

Kong, J., Zhou, Z.F, Li, Y.L., Liu, X.M., Wen, C.C.,
Xie, J.T., 2023. Determination of nitrate sources in
a karst plateau reservoir based on nitrogen and
oxygen isotopes. Isotopes in Environmental and
Health Studies, 59(2): 142-160.

Lei, H.J., Lian, Y., Kyaw, P.E.E., Bai, M., Leghari S.J.,
Pan, H., Xiao, Z., Chen, D., 2023. Using 15N
Isotope to evaluate the effect of brown coal
application on the nitrogen fate in the soil-plant
system. Agronomy, 13(1), 263.

Li, L., Jiang, P., Liu, W.,, Sun, Y., Dang, Z., 2022.
Increasing Spatial Mismatch of Cropland-Grain
Production-Population in China over the Past Two
Decades. Land, 11(10), 1685.

Li, Y., Wang, C., Wu, J., Zhang, Y., Li, Q., Liu, S,
Gao, Y., 2023. The Effects of Localized Plant-Soil-
Microbe Interactions on Soil Nitrogen Cycle in
Maize Rhizosphere Soil under Long-Term
Fertilizers. Agronomy, 13(8), 2114.

Liang, Q., Zhang, T., Liu, Z., Gao, W., Cheng, Y.,
Feng, H ., 2023. Effects of Different Green Manure
Crops on Soil Water, Nitrogen, and Yield:
Preliminary Results in an Apple Orchard on the
Loess Plateau, China. Agronomy, 13(8), 2009.

Liu, R., Chang, D.N., Gao, S.J., Zhou, GP., Han, M.,
Zhang, J.D., Cao, W.D., Sun, X.F., 2020. Nitrogen
fixation and transfer efficiency of common vetch
and hairy vetch in wheat-vetch intercropping

system in northwest China. Journal of Plant
Nutrition and Fertilizers, 26(12): 2184-2194.

Ld, P., Zhang, J.W., Jin, L.B., Liu, W., Dong, S.T., Liu,
P., 2012. Effects of nitrogen application stage on
grain yield and nitrogen use efficiency of high-
yield summer maize. Plant Soil & Environment,
58(5): 211-216.

Ma, Q., Pang, M., Pang, Y., Zhang, L., Huang, Z.,
2023. Arrhenius equation construction and nitrate
source identification of denitrification at the Lake
Taihu sediment - water interface with 15N isotope.
Environmental Science and Pollution Research
International, 30(24): 65702-65711.

Mahmood, H., Cai, J., Zhou, Q., Wang, X., Samo, A.,
Huang, M., Dai, T., Jahan, M.S., Jiang, D., 2022.
Optimizing Nitrogen and Seed Rate Combination
for Improving Grain Yield and Nitrogen Uptake
Efficiency in Winter Wheat. Plants, 11(13), 1745.

Macholdt, J., Merete Elisabeth Styczen, Andy
Macdonald, Hans-Peter Piepho, Bernd
Honermeier. 2020. Long-term analysis from a
cropping system perspective: Yield stability,
environmental adaptability, and production risk of
winter barley. European Journal of Agronomy,
117(C), 126056.

Monowar, K.K., and Yoshida, T., 2012. Nitrogen
fixation in peanut at various concentrations of
15N-Urea and slow release 15N-fertilizer. Soil
Science and Plant Nutrition, 41(1): 55-63.

Moriondo, M., Bindi, M., Fagarazzi, C., Ferrise, R.,
Trombi, G., 2011. Framework for high-resolution
climate change impact assessment on grapevines
at a regional scale. Regional Environmental Change,
11(3): 553-567.

Piotrowska-Dtugosz, A., and Wilczewski, E., 2020.
Influence of field pea (Pisum sativum L.) as catch
crop cultivated for green manure on soil
phosphorus and P-cycling enzyme activity.
Archives of Agronomy and Soil Science, 66(11):
1570-1582.

Qiu, W,, Bao, M., Yang, W., Song, Q., He, H., Ma, X,
Wang, Z., 2022. Soil surface management of
legume cover has the potential to mitigate nitrous
oxide emissions from the fallow season during
wheat production. The Science of the Total
Environment, 820, 153352.

Savasli, E., Onder, O., Karaduman, Y., Ozen, D.,
Dayioglu, R., Ozdemir, S., Akin, A., Ates, O., Ekiz,
M., Ersahin, S., 2023. Effect of deep nitrogen
fertilizer application on grain protein content and
quality of bread wheat. Communications in Soil
Science and Plant Analysis, 54(17): 2412-2424.

Shao, Z., Wang, X., Gao, Q., Zhang, H., Yu, H., Wang,
Y., Zhang, J., Nasar, J.,, Gao, Y., 2020. Root
Contact between Maize and Alfalfa Facilitates
Nitrogen Transfer and Uptake Using Techniques of
Foliar 15N-Labeling. Agronomy, 10(3), 360.

Somers, C., Girkin, N.T., Rippey, B., Lanigan, G.J.,
Richards, K.G.., 2019. The effects of urine nitrogen
application rate on nitrogen transformations in



152

Number 41/2024

ROMANIAN AGRICULTURAL RESEARCH

grassland soils. The Journal of Agricultural
Science, 157(6): 1-8.

Tonitto, C., David, M.B., Drinkwater, L.E., 2006.
Replacing bare fallows with cover crops in
fertilizer-intensive cropping systems: a meta-
analysis of crop vyield and N dynamics.
Agriculture, Ecosystems & Environment, 112(1):
58-72.

Wan, X., Wu, W., Shah, F., 2021. Nitrogen fertilizer
management for mitigating ammonia emission and
increasing nitrogen use efficiencies by 15N stable
isotopes in winter wheat. Science of the Total
Environment, 790: 147587.

Wang, S.H, Nie, J.J, Li, Q.Z., Yin, H.H., Song, X.L.,
Sun, X.Z., 2020. Effects of nitrogen application
rate on nitrogen absorption and utilization, and
fate of nitrogen in soil-cotton system. Journal of
Plant Nutrition and Fertilizers, 26(4): 738-745.

Ward, C.R., Chadwick, D.R., Hill, P.W., 2022. Potential
to improve nitrogen use efficiency (NUE) by use of
perennial mobile green manures. Nutrient Cycling
in Agroecosystems, 125(1): 43-62.

Xu, G, Wang, H., Zhai, Z., Sun, M., Li, Y., 2015.
Effect of water and nitrogen coupling on root
morphology and physiology, yield and nutrition
utilization for rice. Editorial Office of Transactions
of the Chinese Society of Agricultural Engineering,
31(10): 131-141.

Xu, K., Chai, Q., Hu, F, Yin, W,, Fan, Z., 2023.
Postponed nitrogen fertilizer topdressing enhances
nitrogen use efficiency in pea/maize intercropping.
Plant and Soil, 487: 587-603.

Yang, N., Zhao, H.B., Wang, Z.H., Zhang, D.B., Gao,
Y.J., 2012. Accumulation and translocation of dry
matter and nutrients of wheat rotated with legumes
and its relation to grain yield in a dryland area.
Acta Ecologica Sinica, 32(15).

Zhang, S.M., Hu, FL., Yin, W, Fan, ZL., Chai,
Q., 2021. Primary exploration of green manure
on substitution of chemical N fertilizer and
improvement of wheat yield in Hexi irrigation area.
Soil and Fertilizer Science in China, 2: 256-261.

Zhang, H., Shi, W., Ali, S., Chang, S., Jia, Q., Hou,
F., 2022. Legume/Maize Intercropping and N
Application for Improved Yield, Quality, Water and
N Utilization for Forage Production. Agronomy;,
12(8), 1777.

Zhang, M., Hou, R., Li, T., Fu, Q., Zhang, S., Su, A.,
Xue, P., Yang, X., 2022. Study of soil nitrogen
cycling processes based on the 15N isotope
tracking technique in the black soil areas. Journal
of Cleaner Production, 375, 134173.

Zhang, B., Yan, S,, Li, B., Wu, S., Feng, H., Gao, X,
Song, X., Siddique, K.H.M., 2023. Combining
organic and chemical fertilizer plus water-saving
system reduces environmental impacts and
improves apple yield in rainfed apple orchards.
Agricultural Water Management, 288, 108482.

Zhang, X., Zhang, X., Li, X., Zhu, Y., Lv, H., Zhou, W.,
Liang, B., 2023. Microbial mechanism of crop
residues addition in nitrogen leaching loss
retention and soil ecosystem stability maintenance.
Environmental Technology and Innovation, 31,
103194,



