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Ammonium nitrogen in surface soil of arid and semiarid Central East Asia
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Abstract: Ammonium nitrogen in soil is an important component of mineralized nitrogen, which can be absorbed
and utilized by vegetation directly. Changes of NHs -N concentration have relationship with many biochemical
processes of nitrogen circle, thus a significant part in nitrogen biogeochemistry. There are various factors
influencing NHs" -N concentration, however, the major factor is uncertain. With excellent gradients of vegetation
and soil type zone, as well as gradients of temperature and precipitation, Central East Asia provides an ideal
background for developing the relationship between Ammonium nitrogen and the climatic parameters. Analysis of
surface soil from a transect that crosses the various climatic and vegetation zones reveals a significant linear
correlation between NH4 -N and the mean temperature from May to September, yet a very poor relationship between
NHY -N and precipitation. And a close correlation between NH4 -N and the soil pH value is also observed. These
results indicate that both variation of temperature and soil pH value are key factors affecting soil ammonium
nitrogen, while the precipitation plays a short, quick, and rush impact.
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Table 1  Division of vegetation and soil type zones of the study area
NHy -N pH
(mg/kg)
34.07~34.5°N 37.5+29.2 7.25+0.94
34.57~36.5°N 18.8+8.4 7.72 +£0.26
36.57~39.5°N 10. 1 +4.1 8.11+£0.32
39.5°~42.5°N
19.2+7.7 7.83 +£0.39
42.5°~46.5°N
11.7+6.0 48.28 +0.61 Buyant-Uhaa
46.57 - 48N 2025123 6.58x0,79  Choir Maant
487-49.5°N () 17.3£6.8  7.52£1.05  Bulgan
49.5°~51.5°N 47.1426.7 6.18+0.61 Hutag Muren

Hatgal
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Fig. 3 Changes of ammonium nitrogen concentration and pH value in surface soil with vegetation zones

and the mean lemperature (circles linked by s[raighl lines)

along the transect

HIERFerm 4 R El P B0t . P ol o5 SR A EE B 7 g SR G ST HE BT , B 5 B i .
i A—F fCRRBE (A WERBRk: B PR, CIEMAR,; D T E ZRMEE, F A2 .

The fitting curves in thick line represent the fourth-order polynomial regression analysis. The asterisk point indicates

Otog Qi. A - F demonstrates the vegetation zones: A denotes evergreen woodland. B steppe. C desert steppe, 1)

desert, E forest steppe and F conifer forest.

HU Lu et al. : Ammonium nitrogen in surface soil of arid and semiarid areas



576 2008
10. 1 mg/kg  11.7 mg/kg
11.7 mg/kg
19.2 mg/kg > > >
(39. 0°N) >
47°54'N (
) 10 mg/kg
32. 8 mg/kg
47.1 mg/kg
( 48.0° ~49. 5°N) 37.5 mg/kg 10 mg/kg
17.29 mg/kg
10 mg/
7.7 mg/kg( 49.5°~ kg
50. 5°N) 47.1 mg/kg( 3) 4.2
>
10 «C ) >
mg/ kg NH; -N >
[24 251
3.2 pH
pH 5.4~9.5

7.58( 3) pH [15, 26, 27]

(44°N ) (39°N (28]
) ( - 0~30 cm 2]
) ( )
pH
49.5° ~
50.5°N
pH 6.1 8
33.2 mg/kg 7.7 (29]

mg/ kg
4
4.1

47.1 mg/kg

[6]

Geochimica | Vol. 37 | No. 61 pp. 572 ~ 580 | Nov., 2008



577

6 -
(211 [31] NH4+
[14]
[30]
4.2
(o] (9]
L16]
4.3
5~9
4.5 C 49.6°N  Muren  Hutag [24-25]
9 C
40 mg/kg 10 mg/kg [3.17. 19]
30 mg/kg
(45°N) 5~9
( 3) (R 0.016  0.004)

161 mm 242 mm(
http: // data. cma. gov. cn)

1= -1.9263x NH;/-N +121 R*=0.601( 4) 111. 28 mg/kg
92.11 mg/keg( 3)

[3, 161

440 C

22+ u

&l A
Q 14 |
it}
g 10 -

.
£ =—1.9263XNH:-N + 121
6+ R*=0.601
2 1 1 1 1 1 1 L
0 10 20 30 40 50 60 70 80

NH;-N (mg/kg)

B4 SLUEHERIESEATVHTRS S5~ DFHREMRE
Fig. 4  Correlation between the average ammonium nitrogen concenlration in surface soil nearby a meteorological station

and mean temperature from May to September
Bl = £ I RSB AR s Al
The triangle point indicates Otog Qi.

HU Lu et al. : Ammonium nitrogen in surface soil of arid and semiarid areas



578 2008
1321 pH
(3] NHS
NO5
NH NH/
44 pH (NH;) (NHJ)
pH NH; + H,O = NHs + OH-
NHS NH;
[1] [1]
pH o1 1\1H4+
pH pH 6 78 9
( 3 5) SPSS 11.0 NH; 0.1% 1% 10%  50% "'
pH Pearson
-0.520(n=204) 0.01 49.5°N ~
pH 50. 5°N
pH = -0.0844 x NH/-N +9. 1801 R*=0. 861
(5 5
1.65~111.28
mg/ kg 21. 44 mg/kg
pH 5
NOs pH 7.0~9.0
pH [33 -34]
9
B -
pH = —0.0844 X NH;-N + 9.1801 [ ]
R*=10.861
z 7t
6 F
5 1 L L 1 1 Il
0 10 20 30 40 50 60 80

NH;-N (mg/kg)

s SBWrE &SR TPHITRY pH HARA

Fig. 5 Correlation belween average ammonium nitrogen concentration in surface soil nearby a meteorological station and pH value

P oy 1 g Ay SBHE s 0 0
The square point indicates Otog Q1.

Geochimica | Vol. 37 | No. 61 pp. 572 ~ 580 | Nov., 2008



579

[1]

[8]

(91

[10]

5 9

t=-1.9263 x NHS-N +121 R*=0.601
pH
(References)
Lavelle P, Spain A V. Soil Ecology [M] . Amsterdam: Kluwer

Academic Publishers, 2002: 1 - 684.

[J]. , 2005, 24(2): 30 -37.
Yang Xiao-hong, Dong Yun-she, Qi Yu-chun, Geng Yuan-bo, Liu
Li-xin.  Soil net nitrogen mineralization in an Aneulolepidium
chinensis grassland, Inner Mongolia [J]. Prog Geogr, 2005, 24
(2): 30 =37 (in Chinese with English abstract).

[J1.
Yang Xiao-hong, Dong Yun-she, Qi Yu-chun, Geng Yuan-bo.

, 2005, 24(3): 387 -393.

Mineral nitrogen dynamics in dark chestnut soil of Leymus chinensis
grassland in the Xilin River Basin, China [J]. Geogr Res, 2005,
24(3): 387 =393 (in Chinese with English abstract).

Griffiths R P, Entry J A, Ingham E R, Emmingham W H.

Chemistry and microbial activity of forest and pasture riparian-zone

soils along three Pacific Northwest streams [J]. Plant Soil, 1997,
190(1): 169 - 178.

Bremner J] M, Blackmer A M. Nitrous oxide: Emission from soils
during nitrification of fertilizer nitrogen [J]. Science, 1978,

199(4326): 295 - 296.

Wang F L, Alva A K. Ammonium adsorption and desorption in
sandy soils [J]. Soil Sci Soc Am J, 2000, 64(5): 1669 - 1674.
Padgett P E, Allen E B, Bytnerowicz A, Minich R A. Changes in
soil inorganic nitrogen as related to atmospheric nitrogenous
pollutants in southern California [J]. Atmos Environ, 1999, 33(5):
769 —781.

Barrett J E, Johnson D W, Burke I C. Abiotic nitrogen uptake in
semiarid grassland soils of the U. S. Great Plains [J]. Soil Sci Soc
Am J, 2002, 66(3): 979 —987.

Bolan N S, Saggar S, Luo J F, Bhandral R, Singh J. Gaseous
emissions  of from Processes,

nitrogen grazed  pastures:

measurements and modeling, environmental implications, and
mitigation [J]. Adv Agron, 2004, 84: 37 -120.

Chen J, Stark J] M. Plant species effects and carbon and nitrogen
Soil Biol

cycling in a sagebrush-crested wheatgrass soil [J] .

Biochem, 2000, 32(1): 47 -57.

[11]

[12]

[14]

[16]

[18]

[19]

[21]

Noy-Meir 1. Desert ecosystems: Environment and producers [J].
Ann Rev Ecol System, 1973, 4: 25 -51.
Sarig S, Barness G, Steinberger Y. Annual plant growth and soil
characteristics under desert halophyte canopy [J]. Acta Oecol,
1994, 15: 521 -527.
Knoepp J D, Swank W T. Using soil temperature and moisture to
predict forest soil nitrogen mineralization [J]. Biol Fertil Soil,
2002, 36(3): 177 - 182.

1. . 2000,
6(3):

Ju Xiao-tang,

251 - 259.
Bian Xiu-ju, Liu Xue-jun, Zhang Fu-suo, Mao
Da-ru. Relationship between soil nitrogen mineralization parameter
with several nitrogen forms [J]. Plant Nutr Fertil Sci, 2000, 6(3):
251 - 259 (in Chinese with English abstract).

[J1. , 2005,
16(2): 279 -383.
Wang Shu-ping, Zhou Guang-sheng, Gao Su-hua, Guo Jian-ping.
Gradient distribution of soil nitrogen and its response to climate

change along the Northeast China Transect [J]. Chinese J Appl

Ecol, 2005, 16(2): 279 -383 (in Chinese with English
abstract).

[J]. , 2003, 14(5): 699 - 704.
Chen Qing-mei, Wang Shao-qiang, Yu Gui-rui. Spatial

characteristics  of soil organic carbon and nitrogen in Inner
Mongolia [J]. Chinese J Appl Ecol, 2003, 14(5): 699 —704 (in
Chinese with English abstract).

Lee X Q, Feng Z D, Guo L L, Wang L X, Jin L Y, Huang Y S,
Chopping M, Huang D K, Jiang W, Jiang Q, Cheng H G. Carbon
isotope of bulk organic matter: A proxy for precipitation in the arid
and semiarid central East Asia [J]. Glob Biogeochem Cycl, 2005,
19, GB4010, doi: 10. 1029 /2004GB002303

’ ’ ’ ’

, 2006, 25(4): 624 - 632.
Li Wan-yuan, Qian Zheng-an, Song Min-hong, Lii Shi-hua, Shen
Zhi-bao. Temporal and spatial feature analyses of winter and
summer surface air temperature over CMASA, Part (IT): July [J].
2006, 25(4): 624 —632 (in Chinese with

Plateau Meteorol,

English abstract).

[T]. , 2005, 33(4): 340 - 344.

Chen Su-hua, Gong Chun-ning. Regionalization of grassland
climate characteristics and ecotypes in Inner Mongolia [J] .
Meteorol Sci Technol, 2005, 33(4): 340 — 344 (in Chinese with
English abstract).
H. [Mm].
, 1959: 1 -368.
Beciianob H. Soil in Mongolia [M] .

1959: 1 -368 (in Chinese).

Beijing: Science Press,

[M].

HU Lu et al. : Ammonium nitrogen in surface soil of arid and semiarid areas



580

2008

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

, 1999: 283p.

Liao Ke. The National Physical Atlas of the People’s Republic of
China [M]. Beijing: SinoMaps Press, 1999: 283p (in Chinese).
Maynard D G, Kalra Y P, Nitrate and exchangeable ammonium
nitrogen [ M ] Vi Gregorich E G, Carter M R. Soil Sampling and
Methods of Analysis. Florida (USA): Lewis Publishers, 1993:
25 -38.

( ) [M].

, 2000: 1 -204.

Bao Shi-dan. Soil Agrochemistry Analysis (3rd ed) [M]. Beijing:
China Agriculture Press, 2000: 1 —204 (in Chinese).
Wu Z. Flora of China [M].
479p.
Hilbig W. The Vegetation of Mongolia [M]. Amsterdam: SPB
Academic Publishing, 1995: 1 -258.

1995:

Beijing: Science Press.

Stevenson F J, Cole M A. Cycles of Soils: Carbon, Nitrogen,
Phosphorus, Sulfur, Micronutrients [M]. New York: John Wiley,

1999: 1 -419.
> . [M].
, 1992: 1 -303.

Zhu Zhao-liang, Wen Qi-xiao. Soil Nitrogen of China [M] .

Nanjing: Jiangsu Science and Technology Publishing House,

1992: 1 -303 (in Chinese).

Ledgard S F, Jarvis S C, Hatch D J. Shot-term nitrogen fluxes in

grassland soils under different long-term nitrogen management

regimes [J]. Soil Biol Biochem, 1998, 30(10/11): 1233 - 1241.
[J1. , 2004, 15(11):

2184 - 2188.

[31]

[32]

[34]

Wang Chang-hui, Xing Xue-rong, Han Xing-guo. Advances in
study of factors affecting soil N mineralization in grassland
ecosystems [J]. Chinese J Appl Ecol, 2004, 15(11): 2184 -
2188 (in Chinese with English abstract).
[J]. , 1998, 5(3): 95 -100.
Liu Jing, Sun Xu, Xu Li. Division of desertification types in the
hilly areas to the north of Yinshan Mountains in Inner Mongolia
[J1. Res Soil Water Conserv, 1998, 5(3): 95 - 100 (in Chinese
with English abstract).
Stanford G, Frere M H, Schwaninger D H. Temperature
coefficient of soil nitrogen mineralization [J]. Soil Sci, 1973,
115(4): 321 -323.
Waring S A, Bremner ] M. Ammonium production in soil under
waterlogged conditions as an index of nitrogen availability [J] .
Nature, 1964, 201(4922): 951 - 952.
) . - [J1.
, 2002, 33(5): 385-391.
Fan Xiao-hui, Zhu Zhao-liang. Nitrification and denitrification in
upland soils [J]. Chinese J Soil Sci, 2002, 33(5): 385 =391 (in
Chinese with English abstract).
s , Redmann R E.

[J]. , 2002, 35(11):
1428 - 1431.
Li Yu-zhong, Zhu Ting-cheng, Redmann R E. A study on soil
nitrogen mineralization,  nitrification and mineral nitrogen
consumption rates of soil in Leymus chinensis grasslands [J]. Sci

2002, 35(11): 1428 -1431
English abstract).

Agric Sinica, (in Chinese with

Geochimica | Vol. 37 | No. 61 pp. 572 ~ 580 | Nov., 2008



