27 8 Vol. 27 No.8
2007 8 ACTA ECOLOGICA SINICA Aug. 2007

N

12 1 o= 3
1. - 100094
2. 201319 3. 200232
N N
N N N
N N
N 736t 176t N 599 t N
N 16 t N
0.002% N N
N N
N
1000-0933 2007 08-3257-11 Q142 Q948 A

Nitrogen balance of natural forest ecosystem in China
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Abstract The view of forest ecosystem as a nitrogen sink system was challenged with the discovery of nitrogen saturation
forest ecosystem. The information of nitrogen cycling from different areas over China during recent decade was collected.
According to the climatic zone and the forest characteristics the natural forest ecosystem in China was divided into the
following 6 areas 1 Northeast China which includes Heilongjiang Province Jilin Province and Liaoning Province 2

North China which includes Beijing Tianjin Shandong Province Hebei Province and Henan Province 3  Central
China which includes Anhui Province Hunan Province Hubei Province and Shanghai city 4 Northwest China which
includes Xinjiang Ning xia Qinghai Gansu Shanxi Shaanxi and Inner Mongolia 5 Southeast coastal area which
includes Fujian Province Zhejiang Province Guangdong Province Hainan Province and Taiwan Province 6  Southwest
China which includes Guangxi Guizhou Province Yunnan Province Sichuan Province Tibet and Jiangxi Province. All

the parameters of N input and N output were sorted out based on the divided forest area and analyzed by the method of
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estimating the nutrient balance of farmland system. The result shows that the N input of natural forest ecosystem in China
mainly is biological N fixation and N deposition. The biological N fixation flux of natural forest varied from 33.1 Nkg hm ™
- a 'to47 Nkg hm 7 a™' and the biological N fixation flux of the forest in central China and south China is higher than
those of northwest China northeast China and north China. The N deposition flux of natural forest is very different in
different areas. The N deposition flux is only 6. 14 Nkg hm 7 a™' in northwest China and it increased to 18.54 Nkg hm >
- a”' in northeast coastal area. The N output mainly consists of N runoff erosion and N volatilization. However the
amount of N output of natural forest is much lower than that of N input. The total flux of N output varied from 1. 05 Nkg

hm ? a~" in northwest China to 3.79 Nkg hm 7 a™' in northeast China. The balance of N input and N output in the natural
forest ecosystem is 38.19 Nkg hm 7 a™' in northwest China 48.2 Nkg hm 7 a'in north China 48.57 Nkg hm 7 a™'in
northeast China 56. 51 Nkg- hm™* a™' in central China 58.79 Nkg- hm > a' in southwest China and 62. 55
Nkg hm ™ a™" in southeast coastal area. About 7. 36 million tons of nitrogen in it about 1. 76 million tons are from
nitrogen deposition and 5. 99 million tons from biological fixation was stored in natural forest ecosystem of China per year.
Among the 7.36 million tons of nitrogen entered the natural forest about 0. 16 million tons was taken up and stored in
wood. The rest was stored in soil consequently the soil nitrogen content of natural forest ecosystem increased by 0. 002
percent per year. However the surplus nitrogen has not induced forest ecosystem to be a nitrogen saturation system because
the wood volume of the natural forest in China increases by 1.21% per year. It indicated that forest ecosystem is still a

nitrogen sink system and plays an important role in regulating climate and controlling pollution.

Key Words China natural forest ecosystem nitrogen balance
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67 N 12.84kg hm 7 a™'N N 6. 14kg hm >
a”'N 18.54kg hm 7 a™'N N 1
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Table 1 Statistic of N deposition in different forest areas of China in recent decade Nkg hm % a~!
N
Area Flux of N deposition Number of data References
Northeast China 10.36 £5.65 9 3~5
North China 14.69 £10. 16 4 346
Southeast coastal area 18.54 £9.81 16 457~14
Central China 12.5 +4.74 11 515~16
Southwest China 14.78 £15.92 20 45915 17~22
Northwest China 6.14 +7.19 7 4 523-~25
1.2 N
N N N N 3 N
N N 10100 ~17500 ¢ *°*
4000 t N 100 kg * % N N
20 80 N N 900
t N 9 kg 90 N
N 1170 N 12 kg
N N 30 kg hm7a™' N
N 3 N N N
N N 3 N
1400
N N 12 ~200 kg hm? a™'N 2
N
2 N N
Table 2 Biological nitrogen fixation rate of leguminous plants kg
hm=?a~!
N 9 20 N
200 Plant species N fixation rate ~ References
N N Acacia farnesiana 21 32
8 ~ 160 ng hm -2 a 1 3 'A'cacia confusa' 12 32
Robinia pseudoacacia 35 ~200 33
2 3 1 Lespedeza spp. 50 ~193 34
N Medicago spp. 150 ~350 34
N Giycine max 35 -150 34
63.85 kg hm 2 a"! Trifolium spp. 30 ~ 130 34
N N
11 30 N
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N N
N N
22 N kg hm™ a™" http //zhjyx. hfjy. net. en/RESOURCE/CZ/CZSW/SWTS/WSWXJC/2181 _SR.
HTM ¥ N N 11kg hm?a™'N
N N 3 N N
N 70 Table 3  Symbiotic nitrogen fixation rate of Frankia with trees
Nkg hm % a~!
N N 4,95 ~ N
19.5 kg hm 2 a~' N N 9.9~ Tree species N fixation rate  References
49.5kg hm™ a™' N N 15 Alnus cremastogyne 2L.5 32
kg hm -2 a—l N N Casuarina equisetifolia 8 32
1 ~8.5 kg hm? a-'N casuarl:,la equi:setifbli.a 12 ~85 34
Casuarina equisetifolia 40 ~60 33
N N Pinus rediata 90 ~ 160 33
0~60 C N Alnus incana 43 33
4 N Alnus spp. 16 ~60 33
Alnus spp. 40 ~150 33
Alnus spp. 20 ~150 33
2 N Ceanolhusp:)p. 0~110 33
N N Myrica rubra 18 33
NH, NO, N Alnus rubra 130 35
Ceanothus velutinus 20 ~ 100 36 ~38
21 N Hippohae spp. 29.47 ~58.94 39
N Perakis & Hedin 100
NO; 1.9 ug NL™" NH* 4.9 pg NL™ N 8 ~
135 pg NL™! N 0.2~3.5kg hm7a™ N
N " Dise  Wright ¥ N
10 kg hm 2 a™ N N 10 ~25 kg hm?a™"
N N 25 kg hm 7 a™!
N 10 kg hm ™ a™' N N
4 N

Table 4 Rate of nitrogen fixation by free-living diazotrophs in different ecosystems Nkg hm % a~!

N
Types of ecosystem N fixation rate References
Farmland 4.95~19.95 4
Algae in forest 9.9 ~49.5 4
Arid land 15 32
water land 30 ~45 32
+ +
.1
Forest of Picea abies plant +soil + canopy 8.15 33
+ Forest of Pinus taeda plant + soil 1.0 33
oo 3-6.5 33

Forest of Pinus Douglas plant + canopy + deadwood
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N 5 N
N 0.03 ~5.95 kg hm? a'
N 1.49 kg hm 7 a™' 2.79 kg hm™7 a™'
N 0.05 kg hm 7 a™'
N
Table 5 Nitrogen runoff and erosion in different forest ecosystems in China kg hm % a~!
N
N ff and
Region Site Forest type mn(). an References
erosion
South China Jiangxi Province Younger Chinese fir plantation 0.203 =
0.025 43
Jiangxi Province Adult Chinese fir plantation
2.94
Fujian Province Chinese fir plantation o 8
1.34 18
Lushan Jiangxi Conifer forest
1.71 1
Lushan Jiangxi Broad-leaved forest ! 8
5.95 21
Yunnan Province Tropic seasonal rain forest
4. 22
Yunnan Province Evergreen broad-leaved forest 36
15
1.87 7
Fujian Province Casuarina equisetifolia forest
.14
Semi-leaf-drop seasonal rain forest 0 3
1.01 3
Mountain seasonal rain forest
.27 1
Chinese fir plantation 0 5
2.97 3
North and Secondary birch forest
northeast China
1.34
Red pine plantation 3
4.07 6
Larch plantation
0.026 23
West China Shaanxi Province Robinia pseudoacacia plantation
. 1
Tibet Original fir forest 0.05 0
2.2
N NO N,0 NO, N NH, N
1 kg hm?a™! 1~2kg hm?a™'®
N N Shuguang
N,O 6.24 kg hm 7 a~' NO 0.78 kg hm 7 a™'* Tietema
Verstraten N NH, 35 kg hm ™7 a™'
N
N
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N, O DNDC N,O
N3.58 kg hm 7 a™"' ¥ 0 N,0 N,O
5.97 ugh m 7 h™'N 0.52 kgN hm 7 a™' 7
N,O N,0 43.38 pgN m 7 h ! 3.8
kgN hm ™2 a™'
1
kg hm 7 a™' 1.5ke hm 7 a™' “
3 N
N
N
3 7
5 5
5 6 6
3.1 N
N
N
N N 22 kg hm7a’'N ¥
N 20 kg hm 7 a™'N » N
N N 1 5 N
l kg hm?a’'N * N 6
3.2 N
N
N N
N 3%
N 63.85 kg hm? a™" N 1.9 kgN hm ™
a”! N 70% 15.4 kgN hm ™7 a N 20 kgN hm 7 a™'
N N 1 N
1 kgN hm7a™" * 6
3.3 N
N N
5% 8% 5.1 kgN hm ™% a™' N
N 63.85 kg hm 7 a™'
N N 70%
10kgN hm 7 a™' N 18kgN hm 7 a™ N N
1 5 N 1 kgN hm#a™" *
6
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N N 25 kg hm™7 a™' N
23kg hm 7 a”' N 22kg hm ™7 a™' N
N 1 5 N 1.5 kgN- hm ™7 a™'
44 6
6 N
Table 6 Nitrogen balance of forest ecosystem in China kgN hm % a~!
I Northeast North Northwest Central Southeast Southwest
em China China China China coastal area China
N N
. 10.36 14.69 6.14 12.5 18.54 14.78
N Input N deposition
N
. L. 22 17.3 15.1 25 25 25
Symbiotic N fixation
N
L. 20 20 18 22 22 22
Autogenous N fixation
Total 42 37.3 33.1 47 47 47
Total of input 52.36 51.99 39.24 59.5 65.54 61.78
N . 2.79 2.79 0.05 1.49 1.49 1.49
N output N runoff and erosion
| 1 1 1 1. 1
Volatilization 3 3 3
Total of output 3.79 3.79 1.05 2.99 2.99 2.99
Balance 48.57 48.2 38.19 56.51 62.55 58.79
N N
N N
N N N
N
4.1
4
N 17 47
N
N
N
4.2
N N N
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N N
N
N NO N,0 NO, N NH, N
N
N N
2 46 47
N,O 0.52 ~3.8 kg\ hm 7 a™' N,O
N
3.58 kg% hm 7 a™' ¥
N
N 40% ~50% ° 1990 NH,-N 54 Tg
NH,-N 9 Tg 87% '
N
N N
N 4000 t N 100
kg % 20 80 N 900 t 90 1170’
N N 30N kg hm 7 a™'
N 33.1~47 kg hm 7 a™' 40 kg hm 7 a™'
N N
4.3 N
1998 1.39  hm’
N N736 t 176t N 599
t N 7 N
N
1994 ~ 1998 124.9
0.97% 1.21  m’ 1998 ~2003 .78 w’ N
1.6 g kg™' 0.55 ¢ cm ™’ 1994 ~ 1998
N 1t 1998 ~2003 N
16t N N
N N
3.88% 1.21% 0.97% ©
@ 1994 ~ 1998
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~20cm N 0.002% N

0.002% N N

7 N

Table 7 Storage of nitrogen in forest ecosystem in China

Item North Northwest Northeast Central Southeast Southwest Over the
China China China China coastal area China China
Forest area 100hm? 43792 243941 276981 130348 205040 487086 1387188
N depljsilion b ol 64330.5 149779.8 286952.3 162935 380144.2 719913.1 1764054.8
Biologic:lI Nfixation t a-! 163344.2 807444.7 1163320.2 612635.6 963688 2289304.2 5999736.9
i)tal of N input ¢ a! 227674.6 957224.5 1450272.5 775570.6 1343832.2 3009217.3 7763791.7
N . 16597.2 26589.6 104975.8 38974.1 61307 145638.7 394082.3

N output t a~

N

N storage t a~

. 211077.4 930634.9 1345296.7 736596.5 1282525.2 2863578.6 7369709. 4

C/N
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