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Soluble organic nitrogen SON in different soils on the loess Plateau of China
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Abstract Soluble organic nitrogen SON is defined as organic N that can be extracted from soil by water or salt solutions.
The dynamics of SON in soil are different from the dynamics of mineral N and insoluble organic N. SON is a potential
source of dissolved organic nitrogen DON  which is considered to be one of the main forms of N lost from forest
ecosystems. In addition SON is also one of the labile N forms in soil that is available to plants and microorganisms.
Therefore SON plays a vital role in N cycling in forest ecosystems. Recently researchers found that the SON content of
some arable soils in England was as high as the mineral N content. Based on this finding the scientists concluded that SON
was an important pool in the N cycle. But little is known about the amount of SON or its cycling dynamics in soils on the

Loess Plateau of China.
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In this study 15 soil samples 0 -20 cm were collected from three sites on the Loess Plateau with different climate
and soil types. The soil types were Typ-Cal-Ustic Isohumisols at Yongshou Typ-Eum-Orthic Anthrosols at Yangling and
Typic Hapli-Ustic Argosols at Zhouzhi. We extracted SON and free amino acid FAA from soil samples with 1M KCI. The
correlation coefficients between SON and FAA with various soil properties were also determined.

The average SON content in the Isohumisol was 24.75 mg/kg compared to 39. 10 mg/kg in the Anthrosol and 41. 80
mg/kg in the Argosol. On a percentage basis SON comprised 51.25% of the total soluble N TSN and 2.54% of the
total soil N in the Isohumisol. In comparison SON comprised 68.28% of the TSN and 3.75% of the total soil N in the
Anthrosol and 68.57% of the TSN and 4.00% of total soil N in the Argosol. The average FAA concentration was 7. 18
mgN/kg in the Isohumisol compared to 7. 42 mgN/kg in the Anthrosol and 7. 41 mgN/kg in the Argosol. In the
Isohumisol FAA accounted for 30.53% of the TSN and 0.74% of the total soil N. In comparison FAA made up 19.23%
of the TSN and 0.71% of the total soil N in the Anthrosol and 17.50% of the TSN and 0.71% of the total soil N in the
Argosol. Soil type had a significant effect on the SON content as well as the SON TSN SON total soil N and FAA SON
ratios  but had no significant effect on the FAA concentration or the FAA total soil N ratios.

In forest areas the SON concentration was 248.26 mg/kg in the litter and 31.03 mg/kg in the 0 =20 cm soil layer.
These values were significantly higher than for arable soils in the same area 24.75 mg/kg . The SON concentration in the
litter layer of forest soil was 10-fold higher than in the arable soils. The FAA concentrations were similar in the 0 =20 cm
layer of the arable and forest soils 7.18 —7.32 mgN/kg  but significantly lower than in the litter layer 18.57mgN/kg
of the forest. Correlation analysis showed that TSN SON and FAA were significantly correlated with total soil N NO, -N
NH, -N organic matter available K and available P indicating the important role of SON and FAA in the supply of N in

these soils.

Key Words soluble organic nitrogen SON  free amino acid FAA  total nitrogen soil types soil nutrients
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1
1.1
2005 9 3
10.8°C 609. 8 mm 12.9°C 632 mm
13.2°C 674.3 mm
3 0~20 cm 3
0~20 c¢cm
15 3 mm 4°C
TSN SON I mm 0.25
mm pH 1 2
1
Table 1 Basic chemical properties of the arable soils
P K
Soil N Soil g/kg mg/kg mg/kg mg/kg mg/ kg mg/kg pH
o e o pes Organic matter Total-N NO; -N NH, -N Available P Available K
1 14.32 0.92 14.53 12.60 13.26 128.07 7.51
2 . 14.53 1.00 12.17 16.57 15.30 289.17 7.59
Isohumisols
3 17.05 0.98 11.31 3.47 11.08 109.21 6.65
4 13.53 0.96 11.61 3.42 9.97 152.22 7.60
5 17.66 1.14 22.36 7.22 31.44 152.40 7.74
Anthrosols
6 15.32 1.08 13.22 5.81 14.68 135.41 7.71
7 16.47 1.06 10.45 6.46 8.60 128.34 7.65
8 13.44 1.01 13.37 5.19 15.99 123.55 7.64
Argosols
9 15.41 1.05 9.06 3.79 18.22 84.06 5.48
2
Table 2 Basic chemical properties of the forest soils
P K
Soil tvpes Soil layer ¢/kg mg/kg mg/kg mg/kg mg/ kg mg/ kg pH
o ypes Organic matter Total-N NO; -N NH, -N Available P Available K
28.17 1.55 24.30 15.91 6.00 131.96 6.32
0 ~20cm 29.34 1.68 21.04 15.09 4.82 132.25 7.73
23.25 1.44 20.60 16.57 5.81 127.88 7.68
Isohumis-ols 119.33 5.62 31.65 32.16 12.51 483.47 6.50
. 109.30 5.18 34.04 51.49 14.37 508. 00 7.32
Litter layer
133.77 6.40 34.07 45.00 14.99 541.50 7.40
1.2
1 NO, -N NH, -N 1 mol/L KCI 1 =10:1 220 r/min 1h
0.45 pm NO;-N  NH;-N
2 TSN
0.15 mol/. NaOH 3% K,S,0, 120C 30 min
13
3 SON NO, -N NH, -N SON
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314
4 1510 1 mol/L KCI =501 220 r/min
lh 2 ml 1.25 ml 95C 25 min
4.5 ml 10%
570 nm
3 0.9995
0~0.01
SAS
2.1 SON
3 SON 24.75 39.10  41.80 mg/kg
TSN 51.25% 68.28%  68.57% 2.54% 3.75% 4.00% .
SON TSN
SON TSN SON TSN
SON TSN
3 SON
Table 3 Contents of SON and free amino acid in the arable soils of the different soil types
SON/
SON/TSN
Soil N Soil t mg/kg SON mgN/kg mg/kg p % /SON % / %
SO e o e FAA TSN ’ SON/TN FAA/SON FAA/TN
18.09 £3.46 7.36 £1.04  45.21 +£10.38 40.01 1.96 40. 68 0.80
2 . 31.56 £1.37 7.49£2.32 60.30+£1.43 52.34 3.15 23.73 0.75
Isohumis-ols
3 24.61 £2.11 6.68£1.06 39.39+2.36 62.49 2.50 27.16 0.68
Average 24.75 b 7.18 a 48.30 b 51.25 b 2.54 b 30.53 a 0.74 a
48.67 £0.19 7.99 £1.21 65.57 £1.38 74.22 5.04 16.42 0.83
5 31.89+4.56  5.98 £0.94  50.45 +4.75 63.21 2.80 18.76 0.52
Anthrosols
6 36.75 £1.69 8.28+1.17  55.78 +2.57 65.89 3.40 22.52 0.77
Average  39.10 a 7.42 a 57.27 a 68.28 a 3.75 a 19.23 b 0.71 a
44.83 +£8.49 5.82+0.84 57.68 £8.70 77.72 4.22 12.98 0.55
A ! 30.58 £3.39  5.26+0.36  45.60 £3.62 67.05 3.03 17.19 0.52
rgosols
° 49.98 +0.89 11.16 £1.28  79.57 +0.83 62.82 4.74 22.33 1.06
Average  41.80 a 7.41 a 60.95 a 68.57 a 4.00 a 17.50 b 0.71 a
@ + n=3 @ P<0.05 . ®TN FAA

(DThe data in the table indicates as means = SD n=3  (2Values with different lowercases in the same column are of significant difference

P < 0.05 .® TN is total nitrogen FAA is free amino acid the same below

4 SON 245.11 ~254.32 mg/kg 248.26 mg/kg TSN
74.07% ~79.91% 3.84% ~4.73%. 0 ~20 cm SON 21.80 ~38. 64 mg/kg
31.03 mg/kg TSN  37.60% ~50.68% 1.30% ~2.69% . SON
SON 24.75 mg/kg 10 0~20 em SON
3 4 DON v
2.2
7.18 7.42mg/kg  7.41mg/kg SON
30.53% 19.23% 17.50% 0.74% 0.711% 0.71% 3 3
SON
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SON SON
4 10.95 ~25.47 mgN/kg SON 4.46% ~10.02%
0.17% ~0.45% 4 0 ~20 c¢m 6.82 ~7.90 mgN/kg SON
20.45% ~31.27% 0.41% ~0.55% . 18.57 mgN/kg
~20 e¢m 7.32 mgN/kg 2.5
3 4 0~20 cm 7.32 mgN/kg
7.18 mgN/kg 18.57 mgN/kg
4 SON
Table 4 Content of SON and free amino acid in the forests soil
N SON/
Soil N Soil laver mg/ kg mgN/kg mg/kg SOJ\L//[SN % /SON % / %
or o o e SON FAA TSN ’ SON/TN FAA/SON FAA/TN
1 254.32 +16.99 25.47 £2.44 318.13 +17.25 79.91 4.52 10.02 0.45
2 Litt 245.11 £23.51 19.29 £0.82 330.64 +24.05 74.07 4.73 7.87 0.37
1ers
3 245.35 £22.13 10.95 £0.98 324.41 +22.08 75.57 3.84 4.46 0.17
Average 248.26 18.57 324.39 76.52 4.36 7.45 0.33
32.64 £1.69 7.23 +0.84 72.85+0.78 44.79 2.10 22.17 0.47
2 0 ~20cm 21.80 £1.80 6.82+1.29 57.93 £1.59 37.60 1.30 31.27 0.41
3 38.64 £7.86 7.90 +1.61 75.80 £10.58 50.68 2.69 20.45 0.55
Average 31.03 7.32 68. 86 44.36 2.03 24.63 0.48
2.3 SON
TSN SON 5 TSN SON
TSN SON SON
5
Table 5 Correlation coefficients between the different nutrients in soils
Item Organic Total-N NO; -N NH, -N Available Available TSN SON FAA
matter P K
TSN 0.985 ** 0.984 ** 0.924** 0.818 %" 0.048 0.951*" — 0.995 ** 0.843**
SON 0.947 ** 0.977** 0.905 ** 0.771 %" 0.076 0.978 ** 0.995 ** — 0.851*"
FAA 0.787** 0.780 " 0.667 ** 0.644 7" 0.015 0.755*" 0.843 %" 0.851 " —
n=15 df=13 ro =0.514 ry, =0.641 = =* 0.01 Significance at P < 0.01
3.1 SON
SON e Huang 0Oi SON
52 ~216 mg/kg Oe 29 ~64 mg/kg Oa 8 ~34 mg/kg " Chen 2 mol/L KCl 22
0~10 cm SON 5 ~45 mg/kg TSN  39% 2.39% " Zhong
SON 0.3% ~2.2% °
SON 248.3 mg/kg 0 ~20 cm SON 31.0 mg/kg
2.03%. SON SON
0~20 cm SON
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SON
Murphy 12 KCI SON 22 ~34kg /hm’
40% ~50% > Willett 7 SON SON 15
~20 mg/kg TSN 79% * Bhogal SON
SON 16.7% ~89.3% 42.3% SON 57 mg/
kg *' SON 24.8 ~41.8 mg/kg
51% ~69% 3 SON SON
50% SON
SON
2 SON 18
SON 2 SON TSN
SON
3.2 - SON
SON
SON * Paul
DON 5% ~26% 10
SON 1.5% ~25% =™ TSN 10% *
SON %
0 ~20 cm
6.28 mgN/kg 14.58 mgN/kg *
SON 17.5% ~30.5%
0.7% 3 !
g SON
3.3 SON
EUF  0.05 mol/L CaCl, SON
SON N " Chen SON
" SON
*  Zhong SON TSN
N N ’  SON
SON S
SON TSN SON
SON
SON
SON
SON
SON
References

1 Dou HT Zhang F S Liu Q Q. Availability of soil organic nitrogen and its importance in the fertilization. Journal Beijing Agriculture University

http //www. ecologica. cn



4 1403
1993 19 3 71 ~78.

2 Murphy D V. Macdonald A J Stockdale E A et al. Soluble organic nitrogen in agriculture soils. Biol. Fertil. Soils 2000 30 374 ~387.

3 Zhong Z K Makeschin F. Soluble organic nitrogen in temperate forest soils. Soil Biology and Biochemistry 2003 35 333 ~338.

4 Nemeth K Bertels H Vogel M et al. Organic nitrogen compounds extracted from marable and forest soils by electro-ultrafil tration and recovery
rates of amino acids. Biol. Fertil. Soils 1998 5 271 ~275.

5 Groot J J R Houba V J G. A comparison of different indices for nitrogen mineralization. Biol. Fertil. Soils 1995 19 1 ~9.

6 Paul J P Williams B L. Contribution of a-amino N to extractable organic nitrogen DON in three soil types from the Scottish uplands. Soil
Biology and Biochemistry 2005 37 801 ~803.

7 Kielland K. Amino acid absorption by arctic plants implications for plant nutrition and nitrogen and nitrogen cycling. Ecology 1994 75 2373 ~
2383.

8 Streerter T C Bol R.  Bardgett R D. Amino acids as a nitrogen source in temperate upland grasslands the use of dual labeled C-13 N-15
glycine to test for direct uptake by dominant grasses. Rapid Communications in Mass Spectrometry 2000 14 1351 ~1355.

9 Huang Z C Chen T B Lei M. Environment effects of dissolved organic matters in Terrestrial ecosystems a review. Acta Ecologica Sinica 2002
22 2 259 ~266.

10 Qualls R G Haines B L. Swank W T. Fluxes of dissolved organic nutrients and humic substances in a deciduous forest. Ecology 1991 72 254
~266.

11 Perakis S S Hedin L O. Nitrogen loss from unpolluted South American forests mainly via dissolved organic compounds. Nature 2002 415 416 ~
419.

12 Zhou J B Chen Z ] Zheng X F. Soluble organic nitrogen in soil and its roles in the supply and transformation of N. Chinese Journal of Soil
Science 2005 36 2 244 ~247.

13 Yang R Zhao M X Zhou J B. Effects of different conditions on the different of total nitrogen in solution by persulfate oxidation method. J.
Northwest Sci-Tech Univ. of Agri. For. 2005 33 12 107 ~111.

14  Chen CR XuZH Zhang S L er al. Soluble organic nitrogen pools in forest soils of subtropical Australia. Plant and Soil 2005 277 285
~297.

15  Moore S Stein W H. Photometric ninhydrin method for use in the chromatography of amino acids. Biol. Chem. 1948 176 367 ~388.

16 Joergensen R G. Quantification of microbial biomass by determining ninhydrin-reactive N. Soil Biology and Biochemistry 1996 28 301 ~306.

17 Michalzik B Kalbitz K Park J H et al. Fluxes and concentrations of dissolved organic carbon and nitrogen a synthesis for temperate forests.
Biogeochemistry 2001 52 2 173 ~205.

18  Kalbitz K Solinger S Park ] H et al. Controls in the dynamics of dissolved organic matter in soils A review. Soil Sci. 2000 165 4 277 ~
304.

19 Huang W Z Schoenau J J. Fluxes of water-soluble nitrogen and phosphorus in the forest floor and surface mineral soil of a boreal aspen stand.
Geoderma 1998 81 251 ~264.

20  Willett VB Green J J] Macdonald A J et al. Impact of land use on soluble organic nitrogen in soil. Water Air and Soil Pollution 2004
Focus4 53 ~60.

21 Bhogal A Murphy D V  Fortune S et al. Distribution of nitrogen pools in the soil profile of undisturbed and reseeded grasslands. Biol. Fertil.
Soils 2000 30 356 ~362.

22 Chapman P J Williams B L Hawkins A. Influence of temperature and vegetation cover on soluble inorganic and organic nitrogen in a spodosol.
Soil Biology and Biochemistry 2001 33 7 1113 ~1121.

23 Hannam K D Prescott C E. Soluble organic nitrogen in forests and adjacent clearcuts in British Columbia Canada. Can. J. For. Res. 2003
33 1709 ~1718.

24 Jones D L Kielland K. Soil amino acid turnover dominates the nitrogen flux in permafrost-dominated taiga forest soils. Soil Biology and
Biochemistry 2002 34 209 ~219.

25  Mengel K Schneider B Kosegarten H. Nitrogen compounds extracted by electroultrafiltration EUF or CaCl, solution and their relationships to
nitrogen mineralization in soils. J Plant Nutr. Soil Sc. 1999 162 139 ~ 148.

26 LiSQ LiSX YangZ L. Constituent and amount of amino acid in different ecological system soils. Acta Ecologica Sinica 2002 22 3 379
~386.

27 Jones D L Shannon D Murphy D V et al. Role of dissolved organic nitrogen DON in soil N cycling in grassland soils. Soil Biology &
Biochemistry 2004 36 749 ~756.

28  Wang Q K Wang SL Feng Z W. A study on dissolved organic carbon and nitrogen nutrients under Chinese firplantation relationships with soil
nutrients. Acta Ecologica Sinica 2005 25 6 1299 ~1305.

1 . 1993 19 3 71 ~78.

9 2002 22 2 259 ~266.

12 2005 36 2 244 ~247.

13 2005 33 12 107 ~111.

26 2002 22 3 379 ~386.

28 2005 25 6 1299 ~1305.

http //www. ecologica. cn



