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Abstract

By summarizing the methods of nitrogen fertilizer reduction combined with organic
fertilizer, this paper discussed and analyzed the effects of nitrogen fertilizer reduction
combined with organic fertilizer on soil carbon and nitrogen content and biological
activity of crops, mastered the soil carbon and nitrogen retention capacity of orchards,
clarified the relationship between fruit trees and soil environment, and established the
optimal effect equation between fertilizer application and yield. It is of great scientific
significance to provide theoretical basis and technical support for optimizing fertilizer
application in orchards and realizing "zero growth" and "double reduction” of nitrogen
fertilizer.
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1. Introduction

Nitrogen is the mineral element with the largest nutrient requirement in plants, which plays an
important role in plant organ construction, material metabolism, yield formation and quality.
Therefore, many farmers hold the idea of "high input, high yield and high benefit", blindly
applying excessive nitrogen fertilizer in order to obtain higher yield.

However, the more nitrogen application is not the better. Excessive nitrogen application is not
only likely to cause excessive vegetative growth, delayed flower bud differentiation, reduced
number, resulting in tree canopy closure and reduced yield, but also lead to a series of problems
such as decreased nitrogen utilization rate, soil ecology and nutrient imbalance, and
environmental pollution, resulting in a large amount of resource waste and increased
production costs. To this end, China put forward the "zero growth of fertilizer use by 2020
action Plan" in 2015, as far as nitrogen fertilizer is concerned, the use of organic fertilizer to
replace nitrogen fertilizer and effectively improve nitrogen utilization rate is the key to achieve
"zero growth of fertilizer" and environmental "double reduction” (reduce emissions and reduce
pollution). Soil carbon and nitrogen cycles are the most basic ecological processes in farmland
ecosystems, and they are interrelated and influence each other. 95% of nitrogen in soil exists
in organic form, and the content level of soil carbon often determines the content level of soil
nitrogen.

However, in the process of planting management, there exists the phenomenon of excessive
application of nitrogen fertilizer in order to obtain high yield, but with the continuous increase
of nitrogen fertilizer dosage, there appears the phenomenon of diminishing returns of nitrogen
fertilizer effect, and the yield increase effect of nitrogen fertilizer gradually declines, and the
utilization rate of fertilizer decreases. Although it is possible to improve the utilization rate of
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nitrogen fertilizer by applying less nitrogen fertilizer, it is not the best economic benefit.
Therefore, it is essential to take into account the high yield, stable yield, high quality and
environmental friendliness of the orchard, achieve green production, and improve soil quality
and nutrient utilization efficiency through various measures.

2. Organization of the Text

2.1. Effects of Application of Organic Fertilizer on Soil Organic Carbon
Components

Soil organic carbon can be divided into many components according to different grouping
methods. The more common and important component for the evaluation of soil quality and
management measures is soil active carbon, which has an important impact on the circulation
of soil organic matter and the release of soil nutrients. It mainly includes microbial biomass
carbon (MBC), water-soluble organic carbon (WSOC), hot water-soluble organic carbon (HWC),
easily oxidized organic carbon (ROC) and granular organic carbon (POC). Although soil MBC
only accounts for 0.5% to 4.6% of the total soil organic carbon, it is the most active and
changeable part of soil organic carbon, and can be used as the driving force for the
decomposition and circulation of soil organic matter [1]. Long-term application of chemical
fertilizer in farmland will gradually degrade soil quality and reduce soil organic carbon content.
However, the application of organic fertilizer can promote the growth of soil organic carbon
and stimulate the activity of soil microorganisms, thus greatly affecting the changes of each
component of soil organic carbon [2]. Xu et al. [3] showed that the application of organic
materials could improve the activity of soil microorganisms and increase the content of MBC,
and the effect was positively correlated with the amount of organic materials, and the effect of
manure was greater than that of crop straw. Liang Yao et al. [4] applied different organic
materials to fertilizing black soil in Northeast China for 6 years and found that combined
application of organic fertilizer with chemical fertilizer significantly increased TOC, MBC, WSOC
and light organic carbon contents in soil, among which combined application of corn straw with
chemical fertilizer increased TOC and light organic carbon by 26% and 136% respectively.
Combined application of pig manure with fertilizer increased MBC and WSOC by 52% and 85%,
respectively. Liang et al. [5] found that compared with no fertilization and single fertilizer
application, the application of farm manure could significantly increase TOC content in 0-30 cm
soil layer and WSOC, MBC, HWC(, ROC and POC in 0-20 cm soil layer, in which the contents of
POC and HWC had the strongest response to the application of farm manure.

2.2. Effects of Organic Fertilizer Application on Soil Nitrogen Components

The variation of soil TN is small, which is usually used to measure the basic fertility of soil
nitrogen. Soil nitrogen supply capacity can be achieved by measuring soil available nitrogen
(NO3 --N, NH4 + -N and hydrolyzed nitrogen). Soil NO3 --N and NH4 + -N can be directly
absorbed and utilized by plants as inorganic nitrogen. Hydrolyzed nitrogen is the sum of NO3 -
-N, NH4 + -N, amino acids, amides and easily hydrolyzed protein nitrogen, which can reflect the
supply of soil nitrogen in the near future. Soil microbial biomass nitrogen (MBN) is the nitrogen
fixed by microbial bodies in soil. Different from NO3 --N and NH4 + -N, MBN exists in soil as a
reserve nitrogen. It is the most active and significant evaluation index reflecting organic
nitrogen, and plays an important regulatory role in nitrogen cycling and transformation in soil.
The effect of fertilizer application on increasing soil TN content is weak, because the utilization
rate of inorganic nitrogen fertilizer in soil is low, nitrogen is mostly lost through leaching,
volatilization and other ways, and the application of fertilizer can only increase its effectiveness
on crops in the season. The application of organic fertilizer can significantly increase the
content of soil TN and its components [6]. In contrast to inorganic nitrogen fertilizer, although
the nitrogen applied by organic fertilizer is less effective for crops in the current season, it will
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increase the residual nitrogen in the soil. Zhang Yuling et al. [7] found through 16 years of long-
term positioning experiment that single application of chemical fertilizer reduced soil TN
content, but combined application of chemical fertilizer and organic fertilizer increased soil TN
and MBN content significantly. Witter et al. [8] also proved that long-term application of organic
materials, such as crop straw, green manure and farm manure, would significantly increase soil
MBN content through long-term positioning tests of up to 30 years. In addition, Wu Guanyun et
al. [9] believed that long-term application of organic fertilizer would reduce the relative content
of hydrolyzed nitrogen in soil, but Han Xiaori[10]found that the application of organic fertilizer
would significantly increase the content of ammonia nitrogen and amino sugar nitrogen in soil,
and the mineralization effect of soil organic nitrogen would also be correspondingly enhanced.

2.3. Effects of Organic Fertilizer Application on Soil Biological Properties

The excessive application of chemical fertilizer leads to the decrease of fertilizer utilization rate,
nutrient imbalance and soil fertility, which affects the sustainable development of agriculture
[11]. Organic fertilizer is rich in nutrients and organic matter, which can enhance soil biological
activity, improve soil physical and chemical properties [12-14], improve soil quality and
improve crop quality [15-16]. Reasonable combination of organic and inorganic application can
take into account the advantages of quick effectiveness of inorganic fertilizer and nutrient
persistence of organic fertilizer, and improve the balance of soil nutrients [17-19]. Yang et al.
[20] found that the application of organic fertilizer significantly increased the number and
activity of soil microorganisms. Ellert et al. [21] found that the application of organic fertilizer
changed the community structure and activity of soil microorganisms, and significantly
increased the number of soil fungi, bacteria and actinomycetes. In addition, the application of
organic fertilizer can also promote soil microorganisms to participate in the decomposition and
transformation of organic matter, nutrient circulation, energy flow, and almost all soil life
processes that affect biodiversity and ecosystem functions, ultimately affecting soil fertility and
soil productivity [22].

Application of organic materials can also affect soil enzyme activity by changing soil water, heat
and microbial system. Deng and Tabatabai [23] found that returning wheat and corn stalks to
the field could increase the activities of acid and alkaline phosphatase, phosphomonesterase,
pyrophosphatase and glucanase in soil. Mandal et al. [24] pointed out that the phosphatase
activity in soil treated with long-term fertilizer combined with farm manure and straw was
higher than that treated with single fertilizer. Sun Ruilian et al. [25] found that organic fertilizer
combined with chemical fertilizer could significantly improve the activities of soil invertase,
urease and phosphatase. Corn straw can improve the activity of soil invertase. The study of
Wang Mei et al. [26] also showed that the application of organic fertilizer could significantly
increase the activities of soil urease, sucrase and phosphatase. It can be seen that the
application of organic fertilizer is of great significance to the mineralization and decomposition
of soil organic matter and to the promotion of nutrient cycling and bioavailability.

2.4. Effects of Fertilization on Root System

As a dynamic interface between above-ground parts of plants and soil, forest root is an
important hub connecting trees and the external environment. Its spatial structure and
distribution characteristics are closely related to the availability of soil resources [27-28]. Root
growth is water-oriented and fertilizing-oriented. Within a certain range, with the increase of
soil moisture content and nutrient content, roots will grow in places with water and fertilizer,
and their distribution will also increase. If the water level is lower or higher than a certain level,
root growth will be unfavorable and even root growth will be stagnant. Soil nutrient availability
is closely related to the morphological characteristics of fine roots. Nitrogen and phosphorus in
soil are important nutrients affecting the morphology of fine roots, so a lot of researches have
been carried out at home and abroad.
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The results of the study showed that increasing the availability of nutrients, the fine roots in the
root system could grow rapidly and produce no The same branching structure to adapt to
environmental changes caused by increased availability of soil resources, in particular.

Under the condition of insufficient soil nutrient availability, the plasticity of fine roots is more
significant [29] The increase of soil nitrogen availability can promote the growth of fine roots
and change the morphology of fine roots Diameter thickens and specific root length decreases
[30]. Cheng Yunhuan et al. [31] showed that with the increase of nitrogen content, Fine roots
(&It; 2mm) root length density, increased than root length. Mei Li et al. [32] discovered
Manchus aspergillus.

The fine root biomass and root length density of Larch and Larch were positively correlated
with nitrogen, and the nitrate nitrogen was paired 2 The effects of fine root biomass and root
length density on tree species were greater than that of ammonium nitrogen, and greater than
that of root length and rapid efficiency There was no significant correlation with nitrogen. Most
plant roots contribute to the spatial heterogeneity of soil nutrients The different plasticity of
the response, thus gaining a greater competitive advantage, while some plant roots can The
plastic response is weak, so soil resources should be increased in woodland ecosystems with
different site conditions Root systems of forest trees may respond differently to source
availability [33-34]. Therefore, if you want to study fertilization If the root distribution of forest
trees is affected, it is necessary to know whether the local soil resources can be full The growth
of foot trees.
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