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Abstract:

Vietnam is the second-largest rice exporter worldwide and recently, amount of applied
fertilizer is increasing rapidly. Overused amount of chemical fertilizers in the paddy
fields is strongly contributes to the pollution of water bodies. This study aimed at
understanding the temporal variation of nitrogen stable isotope values based on the
observed data in a selected paddy field in Vietham, which provided basic and useful clue
for tracing sources and identifying processes of nitrogen. By applying isotope technique
as an environmental tracer, this study presented the temporal variation of 8"°N values of
ammonium and nitrate in ponded water and irrigation water in a paddy in Vietham. The
results showed that 8"°N values of ammonium and nitrate in ponded water drastically
varied from -3.6%o to 17.2%o and from -18.2%o to 8.5%., respectively. In this selected
paddy field, chemical fertilizers was not only the major source for nitrogen, but also
irrigation water. Nitrification and denitrification processes were presumably observed.
Keywords: Nitrogen source, Nitrogen processes, Environmental tracer

1. INTRODUCTION

Vietnam is the second-largest (after Thailand) exporter worldwide and the world’s
seventh-largest consumer of rice. Forty percent of the agricultural land in Vietnam is paddy
field. Recently, in Vietnam, amount of applied fertilizer is increasing rapidly, which resulted
in the increase of rice yield [2]. Overused amount of chemical fertilizers in the paddy fields is
strongly contributes to the pollution of water bodies [11]. For example, the loss of total
nitrogen from paddy field due-to runoff accounts for approximately 66% of the total applied
chemical fertilizer [3], and the nitrogen loss is related to nitrogen application rates in Taihu
Lake [10]. In Vietnam, nitrogen runoff from paddy fields is also an alarming pollution source
[4,13]. Identification of nitrogen sources and flows is needed for controlling the pollutions
from paddy fields. However, nitrogen cycle in the paddy is very complex due to containing
multiple sources and biochemical processes.

Nitrogen isotope analysis is a well-known tool for tracing the sources, and
identifying physicochemical and biological reactions [14]. Dissolved nitrogen is the main
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form of nitrogen as 50 to 80% of total nitrogen in ponded water [8] and nitrate accounted for
48-92% of total nitrogen losses in runoff water [12]. Besides, isotope value of nitrate was
observed in drainage and percolation water at outlet of Japanese paddy fields [9]. The authors
stated that irrigation water was one of the nitrogen sources in drainage water during the
irrigation period and then, implied that nitrate in percolation water affected by biological
reactions. Nitrogen isotope value changes during a cropping season because of the
transportation and/or transformation processes. The nitrogen processes were affected by
regional characteristics such as hydro-meteorological conditions and agricultural practices [7].

This study aimed at understanding the temporal variation of nitrogen stable isotope
values of ponded water based on the observed data in a selected paddy field in Hai Duong
province, Vietnam, which provided basic and useful clue for tracing sources and identifying
processes of nitrogen.

2. THE MAIN PART OF REPORT
2.1. Research subjects and methodology

The study area locates at 20.8°N and 106.8°E in Hai Duong Province, Vietnam, it
includes an experimental paddy field (2.2ha) managed by four farmers as Figure 1.
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Figure 1. Study site location and sketch map of the four paddy fields. Red cross marks are
sampling points for irrigation water and ponded water, and blue one is place of an installed
water level sensor.

Irrigation water and drainage water flowed from/to small river to/from paddy fields
through the same ditch. Agricultural practice, types and amounts of fertilizers, among the four
farmers were sometimes different. Information of agricultural practice of Farmer2 was
collected by interviewing the farmer in the field survey.

Monthly water sampling was conducted. Particularly, daily observation was taken



place after 1% irrigation and 1% fertilization during spring season, from January to June
2016.In this study, only irrigation water and ponded water were focused, and drainage water
was assumed as similar to ponded water in this study. The acidity and electric conductivity of
ponded water and irrigation water, and the water level of ponded water were measured on site.
The ponded water, irrigation water and fertilizer samples were collected in the field survey.
After sampling, the concentrations of ammonium nitrogen (NH,—N) and nitrate nitrogen
(NOs—N) in the water samples were measured by using ion chromatography mass
spectrometer in the environmental laboratory at University of Yamanashi, Japan. The stable
isotope values of NH4-N (5°N-NH4) and NOs-N (8"°N-NOj3) in the water samples were
measured by diffusion method [1] and microbial denitrified method [9], respectively, when
the samples determined as over 1.0mg/L of NH,-N and 0.05mg/L NOs-N. 8*°N in fertilizer
samples was also measured by using elemental analyzer mass spectrometer [9].

2.2. Results
Agricultural practice

Schedule of water irrigation, water drainage, paddling and fertilization of Farmer2
paddy field was shown in Table 1.

Table 1. Agricultural practices of the experimental field (by Farmer2)

Month Date Practices Fertilizer type, amount of nitrogen
Jan. 20 Irrigation

28 Paddling
Feb. 7 Paddling

10 Drainage

11 Fertilization and transplanting NPK chemical fertilizer, 18.8kgN/ha
Mar. 1 Irrigation

2 Drainage

27 Irrigation

29 Fertilization Urea, 65kgN/ha
May 3 Fertilization Urea, 32.2kgN/ha

5 Fertilization and irrigation Urea, 32.2kgN/ha
Jun. 10 Harvesting

Nitrogen concentration in irrigation and ponded water

As can be seen in Figure 2, concentration of NOs-N in irrigation water (river water)
and ponded water in the paddy field were similar, and ranging from 0.02 to 0.95 mg/L.NH;-N
concentration in ponded water had highest value at the fertilization period (approximately
10-50 mg/L), but the one in irrigation water was much smaller, detected from 1.0 mg/L to 6.0
mg/L.



Nitrate-nitrogen isotope values of chemical fertilizer, irrigation and ponded water

The 8™N value of fertilizer was -4.4%o and -3.8%. as NPK and Urea, respectively.
Figure 2 also showed that range of 5"°N value for ammonium and nitrate in ponded water was
from -3.6%o to 17.2%o and from -18.2%o to 8.5%o, respectively. The range of 5°N-NH, and
8"°N-NOj3 in irrigation water indicated from 7.2%o to 13.1%o and from -5.8%o to 7.5%o,
respectively.
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Figure 2. Temporal changes of concentration (a) and isotope values (b) of ammonium and
nitrate-nitrogen in ponded and irrigation water during spring season (January to June 2016)

2.3. Discussion

Figure 2 revealed that value of §°N-NOs in ponded water monotonically increased
with decreasing concentration of NO3-N in ponded water before the first fertilization. This
could be explained by the possible denitrification, because no added nitrogen during this
period.

After fertilization, both ammonium and nitrate-nitrogen isotope values in ponded
water approached to the values of fertilizer. If there is a large amount of ammonium applied
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(Table 1) in the paddy, nitrification is stimulated, and a large 5*°N-NH, fractionation would
likely be appeared [6]. In the 2" day after fertilization, no nitrate was detected in the ponded
water sample, there was only ammonium, and &°N-NH; was -3.62%.. After a week of
fertilization, nitrate could be detected, and 5> N-NO3 was -7.86%o.

Feigin [5] indicated that 8°N-NOj in the agricultural soil decreased to below -10%o
after application of anhydrous ammonia as a fertilizer. Hence, when 8"°N-NO; value was the
lowest one (-18.23%o0), NH4-N of fertilizer contained plenty amount of light nitrogen and was
oxidized to NO3-N with the lighter NO3-N isotope values.

On the other hand, an input of nitrogen contained in the irrigation water was detected
because the §™°N values of ponded water were similar as 8"°N values of irrigation water when
irrigation water came to the studied field.

3. CONCLUSION

By applying isotope technique as an environmental tracer, this study presented the
temporal variation of §"°N values of ammonium and nitrate in ponded water and irrigation
water in a paddy in Vietnam. The results showed that §*°N values of ammonium and nitrate in
ponded water drastically varied from -3.6%o to 17.2%0 and from -18.2%o to 8.5%o, respectively.
Fertilizer and irrigation water were identified as the major sources for nitrogen flow in the
paddy field. Nitrification and denitrification process in the paddy were presumably observed.
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SU THAY POI GIA TRI PONG VI BEN CUA CAC HQP CHAT NI TO
HOA TAN TRONG CAC MAU NUOC RUONG

Viét Nam 1a qudc gia xuat khau gao 16n thi hai trén thé gidi, va hién nay lugng phan bon
sir dung ciing dang gia ting dang ké. Thoi quen lam dung phan bon hoa hoc trong canh
tac I0a dang khién nguon nudc bi & nhiém nghiém trong. Nghién cau nay tap trung vao
danh gia su thay doi gia tri dong vi bén caa Nito theo thoi gian, dya trén cac sb liéu quan
trac trén mot manh ruong tai Viét Nam. S6 liéu thu duoc s& 1a nhitng dau méi co ban va
hitu ich khi truy tim ngudn gdc va xac dinh cac qua trinh chuyén hoa cua nito. Thong qua
g dung phuong phap phén tich ddng vi, nghién ctru nay di chi ra su thay doi theo thoi
gian ciia cac gia tri dong vi 815N ciia amoni va nitrat trong cac mau nudc rugng va nudc
tudi. Két qua cho thay gia tri dong vi 815N trong nudc rugng caa amoni nam trong
khoang tir -3.6%o tGi 17.2%0 va cua nitrat tir -18.2%o t&i 8.5%o. Trong nghién cttu nay,
phan bén va ngudn nude tudi dugc xac dinh 1a ngudn cung cip nito chinh cho manh
ruong. Qua trinh nitrat hod va qué trinh khtr nitrat ciing dong thoi dugc quan sat trong



nghién ctru nay.

Tir khoa: Nguon nito, qud trinh chuyén hod nito, chat danh dau ding trong méi trirong



