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Abstract: This study aimed at evaluating the spatial and temporal variability of different nitrogen (N) forms at the watershed scale. Shallow
groundwater samples were taken at 200 locations under six different land use types (vegetable production, tea plantation, dry land, forest,

double-rice cropping field, single-rice cropping field ) across the headstream of the Xiangjiang River watershed in Changsha County, China.
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The concentrations of total nitrogen(TN ), nitrate(NO;=N ), and ammonium nitrogen( NH;-N ) were determined through continuous observa—

tion for one year(1/2011—12/2011) in shallow groundwater(80~130 ¢cm) in the small watershed. The spatiotemporal variability of TN, NO;-N,
and NHi—-N concentrations were analyzed using spatial analysis and geostatistical methods. The contents of TN, NO;-N, and NHi-N in the
shallow groundwater had strong spatial auto—correlation with nugget—to—sill ratios of 0.76%, 8.50%, and 4.41%, respectively. This means that
structural spatial variance for TN, NO;-N, and NH;—N played a dominant role across the studied watershed. Spatially, the TN, NO;-N, and
NH:-N ranged from 540~580 m. The monthly average concentrations of TN, NO3; =N, and NH: -N differed from each other in the shallow
groundwater of the study area. The average concentrations of TN, NO;-N, and NH;-N were 2.97, 1.12 mg- L, and 1.32 mg- L, respectively.
The TN and NO;—N concentrations did not vary much; in contrast, the NH;—N concentrations varied dramatically. The peak concentrations of
TN and NH;-N occurred in July 2011, but the NO;—N concentrations varied little and were stable over time. The spatial distributions of N

concentrations in the shallow groundwater had close relationships with land use type. The concentrations of TN, NH; =N, and NO3-N were

highest under tea plantation, of medium value under rice cropping field, and lowest under forest land use types.

Keywords: nitrogen; spatiotemporal variability; land use type; shallow groundwater; Xiangjiang River watershed
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Figure 1 The distribution of groundwater sample points in Jinjing river watershed
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Table 2 Semivariance model and its parameters for nitrogen content of groundwater
T K g B Pt Co FEBE(C+C) REMEAER)/% AR /m PE REL(R?) k2
NH;-N ERAR 0.015 1.97 0.76 540 0.082 0.261
NO;-N FRAR 0.116 1.364 8.50 580 0.199 0.084
TN 227N 0.029 0.658 4.41 570 0.253 0.014
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Figure 5 The distribution of NHi =N concentrations in groundwater in 2011
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Table 3 The area ratio of different grade NH;—N concentrations in groundwater( % )

s} [ 0~0.02 mg-L™ 0.02~0.2/mg-L™" 0.2~0.5 mg-L™ 0.5~1 mg-L" 1~2 mg L™ >2 mg- L™
20114£3 A 0 73.66 7.92 1.37 0
20114E6 A 0 0 48.85 4591 4.33
201149 A 0 0.04 45.77 22.17 0.13
2011 412 A 5.00 76.34 9.24 0 0
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Table 4 The area ratio of different grade NO;—N and TN concentrations in groundwater( % )
izt i I 0~0.5 mg-L" 0.5~2 mg-L" 2~5 mg-L"! 5~10 mg-L"!
NO;-N 20114E3 H 0 85.98 11.14 0
2011 546 H 0 9.57 85.84 1.72
2011 49 H 0 58.89 38.23 0
20114E 12 H 0.08 96.83 0.21 0
TN 20114E3 H 0 85.79 11.34 0
201146 H 0 12.41 82.99 1.72
2011 49 H 0 80.08 17.05 0
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Figure 7 The distribution of TN concentrations in groundwater in 2011
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Figure 8 The distribution of N concentrations in groundwater sample points
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