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Abstract

In this study, the dynamics of soil available nitrogen in rubber plantations
was studied to provide a basis for the sustainable management of soil nutri-
ents in rubber plantations. Soil samples were collected from 0 - 20 cm and 21
- 40 cm depth of rubber plantations in Wenchang area of Hainan Province to
determine the soil ammonium nitrogen and nitrate nitrogen in March, June,
September and December. The results showed that the total available nitro-
gen in the rubber plantation soil was mainly composed of nitrate nitrogen
(>57%), and this nitrate nitrogen was always the absolute composition ad-
vantage in the total available nitrogen composition, and this composition ad-
vantage did not change with the change of soil depth. Nitrate and ammonium
nitrogen in rubber plantation soil showed obvious seasonal variation charac-
teristics in 0 - 20 cm soil layer and 21 - 40 cm soil depth. With the seasonal
time change, the contents of soil nitrate and ammonium nitrogen increased
first and then decreased. Summer and autumn were the most active periods
of soil nitrate and ammonium nitrogen. There was a significant positive cor-
relation between soil nitrate nitrogen content and ammonium nitrogen con-
tent (r = 0.6532**). Based on the correlation between soil ammonium nitrogen
content and nitrate nitrogen content, the content of ammonium nitrogen in soil
can be estimated according to the amount of soil nitrate nitrogen.
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1. Introduction

Nitrogen, together with light, temperature and rain, is an important environ-
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mental factor affecting the growth and development of agricultural and forestry
plants [1]. In plant soil, nitrogen is an indispensable nutrient element in the
process of plant growth and development. It is also the nutrient and mineral
element with the largest demand from the soil environment. The nitrogen in the
soil can be divided into organic nitrogen and inorganic nitrogen, and most of
the soil is organic nitrogen. This organic nitrogen can be directly absorbed by
plants only through the mineralization of nitrogen and converted into inorganic
available nitrogen use [2]. Therefore, the study of soil nitrogen is of great signif-
icance for understanding the nitrogen cycle relationship and system productivity
among species composition units in agroforestry ecosystem. However, the re-
search on the dynamics of soil nitrate nitrogen and ammonium nitrogen has
been paid attention to the industry. In the actual production, the utilization rate
of nitrogen fertilizer is not high, and the applied chemical fertilizer is lost in
various ways. Ammonia volatilization, nitrification, denitrification loss and
leaching are all important ways of nitrogen loss [3] [4]. Although nitrogen is so
important for plant growth and development. However, there are still some defi-
ciencies in the study of the dynamics of soil inorganic available nitrogen, espe-
cially the relationship between nitrate nitrogen and ammonium nitrogen.

As an important economic forest tree species, rubber tree has been widely cul-
tivated in tropical regions of the world [5] [6]. However, there are still some
problems in soil nutrient management of rubber plantations, such as soil ero-
sion, soil fertility and quality degradation, and unstable system structure [7] [8]
[9]. Rubber plantation is prone to loss of soil nitrogen and decrease of soil nu-
trient utilization rate if human disturbance is improper compared with tropical
rain forest [10]. Due to the strong mobility of nitrogen, temperature, rainfall and
human disturbance will cause the migration and transformation of nitrogen in
soil. The total amount of nutrient loss in rubber plantation system with the in-
crease of tapping intensity is increasing, and the loss of nitrogen is the most [11].
However, the effect of rubber growth on the change of nitrogen forms in soil is
not clear. The study on the change of available nitrogen in soil of rubber planta-
tion is helpful to understand the migration and transformation of nitrogen in
rubber forest system. Taking rubber plantation as the research object, the dy-
namic changes of soil available nitrogen (nitrate nitrogen, ammonium nitrogen)
and the relationship between them were analyzed. This study provided a basis
for further understanding of nitrogen cycle, nutrient relationship and system

productivity of rubber plantation.
2. Materials and Methods

2.1. General Situation of Test Area and Sample Plot Setting

The experimental site was set up in the third section of the second group of
Wenchang Rubber Institute (19°20'N - 20°10'N, 108°21'E - 111°03'E) in Wenchang,
Hainan Province, South China. The experimental site belongs to tropical island

monsoon climate, with typical and representative characteristics of Hainan land.
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The annual average temperature is 23°C, the annual average rainfall is 1721 mm,
and the annual average humidity is 87%. The soil is mainly sandy loam soil with
pH value below 6.5, which is slightly acidic. The age of rubber forest is 7 years
old, the spacing of plant and row is 3 m X 7 m, and the conventional tending
management is adopted.

2.2. Research Method

The average number of rubber trees in each sampling plot was 50 and there are
three sampling plots. The sampling period was March, June, September and De-
cember. Sampling method: adopt ring knife stratified sampling method. Soil
samples are collected from 0 - 20 cm and 21 - 40 cm soil layers of sampling
points respectively, and mix the soil of the same soil layer evenly, pick out the
impurities and roots inside, and quickly take them back to the laboratory, and
conduct soil nutrient analysis after air drying. Soil ammonium nitrogen was de-
termined by KCI extraction indigo colorimetry, and soil nitrate nitrogen was
determined by phenol disulfonic acid colorimetry. SPSS v21.0 and Excel 2007
were used for Duncan multiple comparison, multiple regression, correlation

analysis, and mapping.

3. Results and Discussion
3.1. Change of Soil Nitrate Nitrogen Content in Rubber Plantation

The dynamic change of soil nitrate nitrogen content in rubber plantation is
shown in Figure 1. It can be seen from Figure 1 that the content of soil nitrate

nitrogen in rubber plantation tends to increase first and then decrease, showing
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Note: capital letters represent differences between different soil layers, and lower letters represent dif-
ferences between different months.

Figure 1. Dynamic changes of the soil NH;-N in rubber plantations.
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obvious seasonal change, with the highest in June and the lowest in March. The
range of nitrate nitrogen in rubber plantation soil was 8.29 - 18.31 mg/kg and
5.41 - 18.74 mg/kg in 0 - 20 cm and 21 - 40 cm soil layers, respectively. The av-
erage values of nitrate nitrogen in rubber plantation soil in 0 - 20 cm and 21 - 40
cm soil layers were 13.26 mg/kg and 10.65 mg/kg, respectively. The variation
range of soil nitrate nitrogen in 21 - 40 cm soil layer tends to be higher than that
in 0 - 20 cm soil layer, and the annual average value of soil nitrate nitrogen in 0 -
20 cm soil layer tends to be higher than that in 21 - 40 cm soil layer.

From different soil layers, the nitrate nitrogen content in June and September
was higher than that in March and December in 0 - 20 cm and 21 - 40 cm soil
layers, and the differences of nitrate nitrogen content reached a significant level.
From the different sampling time, the content of soil nitrate nitrogen was the
highest in June, followed by September and December, and the content of soil
nitrate nitrogen was the lowest in March, showing obvious seasonal characteris-
tics. This is basically consistent with the dynamic changes of soil ammonium ni-
trogen and nitrate nitrogen under rubber forest in Xishuangbanna, China [12].
In terms of other forests and artificial forests, they also have similar change
rules. Li et al. [13] considered that the soil available nitrogen in the gap of Pinus
massoniana plantation had seasonal change characteristics; soil ammonium ni-
trogen and nitrate nitrogen under different plant communities in wetland also

had seasonal change characteristics [14].

3.2. Change of Soil Ammonium Nitrogen Content
in Rubber Plantation

The dynamic change of soil ammonium nitrogen content in rubber plantation is

shown in Figure 2. It can be seen from Figure 2 that soil ammonium nitrogen
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Note: capital letters represent differences between different soil layers, and lower letters represent differences between different

months.

Figure 2. Dynamic changes of the soil NH;-N in rubber plantations.
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content of rubber plantation tends to increase first and then decrease, showing
obvious seasonal change, with the highest in June and the lowest in December.
The average values of ammonium nitrogen in 0 - 20 cm and 21 - 40 cm soil lay-
ers were 4.49 mg/kg and 4.94 mg/kg, respectively. The range of soil ammonium
nitrogen in 21 - 40 cm soil layer tends to be higher than that in 0 - 20 cm soil
layer, and the annual average value of soil ammonium nitrogen in 21 - 40 cm
soil layer tends to be higher than that in 0 - 20 cm soil layer.

From different soil layers, the ammonium nitrogen in June and September in
0 - 20 cm and 21 - 40 cm soil layers was higher than that in March and Decem-
ber. From the different sampling time, the content of soil nitrate nitrogen was
the highest in June, followed by September and December, and the content of
soil nitrate nitrogen was the lowest in March. The difference of ammonium ni-
trogen in June and September with that in March and December reached a sig-
nificant level, showing obvious seasonal characteristics. This seasonal variation is
consistent with the results of some scholars [12] [13] [14] [15].

3.3. Composition Analysis of Soil Available Nitrogen
in Rubber Plantation

Although there was seasonal variation of soil available nitrogen, total available
nitrogen was mainly composed of nitrate nitrogen in each season (Figure 3). In
0 - 20 cm and 21 - 40 cm soil layers, the nitrate content of rubber plantation in
different months accounted for more than 57%. Therefore, in this study, the to-
tal available nitrogen in the soil is mainly nitrate nitrogen, that is, in March,
June, September, December, the total available nitrogen in the soil is mainly
composed of nitrate nitrogen, and this nitrate nitrogen is always the absolute
composition advantage in the total available nitrogen composition, and this
composition advantage does not change with the change of soil depth. The study
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Month

Figure 3. Percentage of NH,-N in the total available N in rubber plantations.
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site located in the tropical monsoon climate with high temperature and rainy
weather. The decomposition of organic matter in the soil may be strong in
summer and autumn. The nitrification rate is much faster than the mineraliza-
tion rate. The released ammonium nitrogen or the applied ammonium nitrogen
fertilizer will quickly oxidize to nitrate nitrogen. Therefore, nitrate nitrogen is

the main form.

3.4. Correlation Analysis of Soil Ammonium Nitrogen
and Nitrate Nitrogen in Rubber Plantation

The correlation analysis of soil ammonium nitrogen and nitrate nitrogen con-
tent in different seasons and soil depths of rubber collar is shown in Figure 4. It
can be seen from Figure 4 that the correlation coefficient between soil nitrate
nitrogen content and ammonium nitrogen content is 0.6532 from March, June,
September to December, reaching the extremely significant positive correlation
level (P < 0.01, P = 0.0005). Under the action of nitrifying bacteria, the ammo-
nium nitrogen in soil can be converted into nitrate nitrogen. When the content
of ammonium nitrogen in soil is relatively high, the excessive ammonium nitro-
gen will be nitrated by nitrifying bacteria and transformed into nitrate nitrogen,
resulting in a very significant positive correlation between soil ammonium ni-
trogen content and nitrate nitrogen content. Then, using the correlation between
ammonium nitrogen content and nitrate nitrogen content (y = 0.2141x +
2.1521), the content of ammonium nitrogen in soil can be estimated according
to the amount of nitrate nitrogen in soil. Mo et al [16] also showed that there
was a significant linear correlation between soil nitrate nitrogen and ammonium
nitrogen in Pinus massoniana plantation.

Taking rubber plantation in Wenchang, South China as an example, the an-
nual variation of available N in rubber plantation was studied, and whether the
annual variation of available N in rubber plantation had similar change law
needs to be further studied.

97 y=02141x +2.1521
g R2=0.4267 ¢ " .

~

<2

Content of soil NH;—N(mg
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Content of soil NH; —N(mg-kg ™)

Figure 4. Relativity between NH;-N and NH;-N in rubber plantations.
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4. Conclusion

The soil nitrate and ammonia nitrogen of rubber plantation in Wenchang, Hai-
nan Province have obvious seasonal changes. In June and September, that is,
when the rainfall and heat are in the same season, the nitrate nitrogen and am-
monium nitrogen in the soil are the most active period, and the contents of soil
ammonium nitrogen and nitrate nitrogen are relatively high. There was a signif-
icant positive correlation between soil nitrate nitrogen content and ammonium
nitrogen content (r = 0.6532%*). Based on the correlation between soil ammo-
nium nitrogen content and nitrate nitrogen content, the content of ammonium
nitrogen in soil can be estimated according to the amount of soil nitrate nitro-
gen. In different seasons and months, the total available nitrogen in soil was
mainly composed of nitrate nitrogen, which was always the absolute composi-
tion advantage in the proportion of total available nitrogen, and this composi-

tion advantage did not change with the change of soil depth.

Acknowledgements

This project is supported by Hainan Provincial Natural Science Foundation of
China (319MS090) and China Agriculture Research System (CARS-33-ZP3).

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Chapin III, F.S.H., Vitousel, P. and Clev, K.V.E. (1986) The Nature of Nutrient
Limitation in Plant Communities. American Naturalist, 127, 148-158.
https://doi.org/10.1086/284466

[2] Rashid, G.H. and Scheafer, R. (1988) Seasonal Variation in the Nitrogen Minerali-
zation and Mineral Nitrogen Accumulation in Two Temperate Forest Soils.
Pedobiologia, 31, 335-347.

[3] He, Z.L., Alva, A.K,, Calvert, D., et al. (1999) Ammonia Volatilization from Differ-
ent Fertilizer Sources and Effects of Temperature and Soil pH. Soil Science, 164,
750-758. https://doi.org/10.1097/00010694-199910000-00006

[4] Huang, Y.Z., Feng, Z.W. and Zhang, F.Z. (2000) Study on Nitrogen Loss in Farm-
land and Its Countermeasures. Journal of Graduate School of Chinese Academy of
Sciences, 17, 49-58.

[5] Mo, Y.Y. (2014) Natural Rubber Is Produced in More than 60 Countries around the
World. Journal of Chinese Tropical Agriculture, No. 5, 75-76.

[6] Lan, G.Y., Wu, Z.X,, Chen, B.Q., et al (2017) Species Diversity in a Naturally Man-
aged Rubber Plantation in Hainan Island, South China. Tropical Conservation Sci-
ence, 10, 1-7. https://doi.org/10.1177/1940082917712427

[7] Gessesse, B., Bewket, W. and Briuning, A. (2015) Model-Based Characterization
and Monitoring of Runoff and Soil Erosion in Response to Land Use/Land Cover

Changes in the Modjo Watershed, Ethiopia. Land Degradation and Development,
26, 711-724. https://doi.org/10.1002/1dr.2276

DOI: 10.4236/as.2020.118045

713 Agricultural Sciences


https://doi.org/10.4236/as.2020.118045
https://doi.org/10.1086/284466
https://doi.org/10.1097/00010694-199910000-00006
https://doi.org/10.1177/1940082917712427
https://doi.org/10.1002/ldr.2276

D.L Qietal

(13]

(14]

Seutloali, K.E. and Beckedahl, H.R. (2015) Understanding the Factors Influencing
Rill Erosion on Roadcuts in the South Eastern Region of South Africa. So/id Earth,
6, 633-641. https://doi.org/10.5194/se-6-633-2015

Ochoa, P.A,, Fries, A., Mejia, D., et al. (2016) Effects of Climate, Land Cover and
Topography on Soil Erosion Risk in a Semiarid Basin of the Andes. Catena, 140,
31-42. https://doi.org/10.1016/j.catena.2016.01.011

Zhang, M. and Zou, X.M. (2009) Comparison of Soil C and N in Rubber Plantation
and Seasonal Rain Forest. Chinese Journal of Applied Ecology, 20, 1013-1019.

Cao, J.H,, Jiang, ].S., Tao, Z.L., Xie, G.S. and Zhao, C.M. (2010) Loss of Mineral
Elements in Latex from Rubber Trees at Various Ages. Chinese Journal of Tropical
Crops, 31, 1-5.

Meng, Y., Xue, H.H., Sha, L.Q. and Tang, ].W. (2001) Dynamics of Soil Ammonium
Nitrogen and Nitrate Nitrogen under Different Tropical Forests in Xishuangbanna.
Acta Phytoecology, 25, 99-104.

Li, J.P., Ou, J., Song, X.Y., Deng, C.C., Zhang, Y., Zhang, J., et al (2015) Seasonal
Dynamics of Soil Available Nitrogen and Nitrogen Invertase Activity in Gap Soil of

Pinus massoniana Plantation. Journal of Ecology, 34, 2598-2604.

Ma, Y.P,, Li, Y.H. and Abdu, R. (2019) Spatial and Temporal Distribution Charac-
teristics of Soil Ammonium Nitrogen and Nitrate Nitrogen under Different Plant
Communities in Ebinur Lake Wetland. Henan Science and Technology, No. 26,
150-156.

Xu, C.Q., Chen, L.X,, Yan, Y.Q. and Ji, X. (2008) Seasonal Dynamics of Ammonium
Nitrogen and Nitrate Nitrogen in Temperate Forest Soil. Journal of Northeast For-
estry University, 36, 19-21.

Mo, J.M,, Yu, M.D. and Kong, G.H. (1997) Dynamics of Soil Nitrate and Ammo-
nium Nitrogen in Pinus massoniana Plantation in Dinghushan. Acta Phytoecology,
21, 335-341.

DOI: 10.4236/as.2020.118045

714 Agricultural Sciences


https://doi.org/10.4236/as.2020.118045
https://doi.org/10.5194/se-6-633-2015
https://doi.org/10.1016/j.catena.2016.01.011

	Dynamics of Soil NH+ 4-N and NO− 3-N in Rubber Plantation in Wenchang, South China
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. General Situation of Test Area and Sample Plot Setting
	2.2. Research Method

	3. Results and Discussion
	3.1. Change of Soil Nitrate Nitrogen Content in Rubber Plantation
	3.2. Change of Soil Ammonium Nitrogen Content in Rubber Plantation
	3.3. Composition Analysis of Soil Available Nitrogen in Rubber Plantation
	3.4. Correlation Analysis of Soil Ammonium Nitrogen and Nitrate Nitrogen in Rubber Plantation

	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References



