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STUDIES ON THE FATE OF LABELLED NITROGEN APPLIED TO A
LEYMUS CHINENSIS COMMUNITY OF TYPICAL STEPPE IN
INNER MONGOLIA GRASSLAND

PAN Qing-Min BAI Yong-Fei HAN Xing-Guo and YANG Jing-Cheng
Laboratory of Quantitative Vegetation Ecology Institute of Botany — Chinese Academy of Sciences  Beijing 100093  China

Abstract An important grassland ecosystem management strategy is the application of nitrogen fertilizer how-
ever the fate of applied nitrogen is highly correlated with risks and benefits associated with the fertilization of
grasslands. The fate of nitrogen tracers applied to a typical Inner Mongolia steppe ecosystem has not been stud-
ied previously. We examined the fate of *N-labelled fertilizer in a Leymus chinensis site at the Inner Mongolia
Grassland Ecosystem Research Station Chinese Academy of Sciences. The results showed that after one grow-
ing season an average of 31.61% range from 25.33% to 38.65% of the applied >N was recovered in the
plant pool. >N recovered by aboveground and belowground organs significantly increased with increasing nitro-
gen rates suggesting that nitrogen fertilizer significantly affected the recovery of >N by plants. About 2.92%

range from 2.58% 10 3.16% of the applied "N was recovered in the litter with the percent "N in the be-
lowground litter significantly higher than in the aboveground litter pool. About 36.16% of the labelled nitrogen
was retained in the soil pool mostly in the O — 40 cm soil layer. N retained by the soil increased significantly
with increases in the nitrogen application rate. The loss of "N was about 21.77% - 43.38% of the labelled
nitrogen. Risk/benefit analysis showed that under the climatic and soil conditions prevailing during this ex-
periment  fertilizer application rates of 5.25 ¢ N m~2 and 28 ¢ N m~? were associated with high risk/benefit
ratios whereas the 17.5 ¢ N m~? fertilizer treatment achieved the lowest risk/benefit ratio among the nitrogen
rate treatments. These results provide a reference for future grassland ecosystem management strategies.
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60
1985
2001 4 2000
BN 4
N5.25 N10.5 N17.5 N28 S\
2 BN
1 80 cm x 60 cm X 45 cm X X
4 5 7 5
1.1 NH,NO;
ISNH4 151\1(:)3 ISN
1999 10.32%
43°32'45" ~ 43°33"10" N 116°40'30" ~ 116°40' 50" 1 m
E 1224 m
pH pH GB6920-86
2.0 C 350 mm 6~9 -
80% 1 P K
1999 10 Table 1 ~ Applied amount of phosphor potassium and other elements
38
Ley_,nus chinensis Element Applied amount g m=2  Solution volume ml
P,05 10 150
Stipa  grandis K0 10 150
Achnatherum sibiricum Agropyron cristatum MgSO, 0.0625 200
ZnS04 7H,0 22.00 1 000
MnCly 4H,0 18.00 1 000
25 4 NayMoO; 2H,0 0.30 1000
8 9 H;BO; 6.00 1 000
1.2 1.3
2000 2000 8 29
7
Tilman 1991 40 em
6
1 6 70 C 0.5
NO N1.75 S5¢ mm
NH,NOy; m~2 N5.25 15 ¢ NH,NO; m~2 4 0~10 cm
N10.5 30 g NHyNOy m™? NI7.5 50 g 10~20 cm 20 ~ 40 cm 40 ~ 100 em
NH,NO; m~2 N28 80 g NH;NO; m~?
1
Smx5m I m 0.5 mm
9 1.4



15 15 15
N Litter N N Soil

5 667
2
Table 2 Soil properties of experimental site before fertilization
pH
Soil depth em pH in H,0 Dry bulk density g em™? Total soil N g kg™! Total soil C g kg™
0~10 7.79 1.30 1.12 18.86
10~20 7.72 1.29 0.91 16.21
20 ~ 40 7.84 1.32 0.73 13.21
40 ~ 60 7.83 1.33 0.76 12.77
60 ~ 100 7.81 1.34 0.31 5.66
15 N 15 N 15 N
15 15
N Fertilizer N
SN Hauck  Bremn- 1.5
er 1976 SAS ANOVA
-2 -2 ’ .
NAgm™ = N % xWgm 1 Duncan’ s mutiple-range test
ISN 2 m_2 = NA x ASamp]e %o /AFerti]izer %o
2
Ndff % = APlanl % / AFerlilizer % x 100 3
Ndfs % =1- Ndff % 2.1
1 ~ 4 NA Nitrogen amount 1
N W 15 N
Weight BN 25.33% ~38.65%
» N ASample 40% 151\1
Abundance of sample BN Appan 5.25 ~
Abundance of plant sample 5N 17.5gN m™?2
Aferilizer  Abundance of fertilizer p<0.05 17.5 ¢
. . . -2
5N Ndff Nitrogen derive from fertil- N m
izer Ndfs 28gN m~?
Nitrogen derive from soil p<0.05
15 15 -2 , 15
N RP]am % = N Plant & M / N Fertilizer & 50 r
“m~? x 100 5 . b a
15 15 -2 415 S 40 F
N RLiller % = N Litter & M / N Fertilizer 2z %
2 ¥ 8 c
gm x 100 6 % = 30F ¢
15 15 -2 15 = =
N RSoil % = N Soil € M / N Fertilizer & f_-Z —.;
_ = & 20 F
m=2 x 100 7 5 ¢
15 15 15 £ 9
Nloss % =1-"NRppu % - "N Rjjyexr % 5o f
- "N R % 8 2
5 ~ 8 N Rpw SN Recovery b 0 ' ' ' '
Plant R 5.25 105  17.5 28
15 15 15 N
plant N N Rijyer °N EERLRE
Recovery by litter 151y Nitrogen rate(g N-m2)
5N Rg,; "°N Retention in soil 5N 1 15N
1 SN Loss 15 N Losses 15 N Fig.1 Rec?vcry of ISN—la})élled fcrtili.zer by
s s plants of Leymus chinensis community
N Plant N p=0.05

The bars share the same letters are not different at p =0.05
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P
<0.05
p>0.05
4
1985
3 2.3
2
p>0.05 5N 32.28% ~41.29%
5.25¢gN m?
3 p<0.05 10.5 g N m™?2
17.5¢g N m~? 28 g N m? 3
P
<0.05 5.25~17.5g N m™? 0~ 40 cm
85.82% ~94.31% 40
p <0.05 28 ¢ ~ 100 cm 5.69% ~ 14.18%
N m~? 17.5g N m~? 5
p <
4 0.05 0~10 em
p<0.05 10
~20 c¢m 5.25~17.5gN m~2
p <
2.2 0.05 17.5g N m~? 28 g N m~2
4 p>0.05 20~40 cm
2.58% ~3.16% 10.5~28 g N m™2
p<0.05 525¢
N m~? 10.5g N m™? p>
p<0.05 0.05 40~60 cm
3
Table 3 Recovery of ’N-labelled nitrogen by aboveground and belowground organs of Leymus chinensis community
SN 5N recovery amount g m™> SN 5N recovery %
Nitrogen rate g N-m™* Belowground organs Aboveground organs Belowground organs Aboveground organs
5.25 0.59 0.68" 11.29¢ 12.86°
10.50 1.90° 1.70° 18.14" 16.21"
17.50 3.70° 3.06 21.13° 17.49*
28.00 4.40° 3.47 15.72° 12.38°

p=0.05  Data with same letters are not significant difference at p =0.05 in the same column

4
Table 4 Recovery of °N-labelled nitrogen by aboveground and belowground litters of Leymus chinensis community
5N 5N recovery amount g m~> BN BN recovery %
Nitrogen rate g N m~?

fogen e g N m Aboveground organs  Belowground organs Total Aboveground organs  Belowground organs Total
5.25 4412 91.34¢ 135.46¢ 0.84 1.74 2.58

10.50 110.24¢ 221.57¢ 331.81°¢ 1.05 2.1 3.16

17.50 173.24 332.53" 505.77" 0.99 1.90 2.89

28.00 246.43° 601.97° 848.40° 0.88 2.15 3.03

a b c d 3 See Table 3
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Table 5 Retention of '*N-labelled fertilizer in different soil layer of Leymus chinensis community

SN 5N retention amount g m~?2 5N 5N retention %
Nitrogen rate g N m~2 0~10 ecm 10 ~20 em 20~40 em 40~ 100 cm 0~ 10 em 10 ~ 20 cm 20~40 cm 40~ 100 cm
5.25 0.48¢ 0.46" 0.51¢ 0.24¢ 9.241 8.85¢ 9.62° 4.58¢
10.50 1.23¢ 1.03° 0.95¢ 0.45°¢ 11.74° 9.83" 9.02° 4.26
17.50 2.15 1.90° 1.78 0.56" 12.27 10.84* 10.18" 3.20°
28.00 4.10* 2.94? 3.86" 0.66" 14.64° 10.51* 13.79* 2.35d
a b c d 3 See Table 3
p <0.05 17.5 ¢ N m™?
50 r a
& b b 28 ¢
= 40 F b )
3 N m p <
4
b o -
& & 30 0.05 28 ¢N m2
kg
® =2 F
H 5
- -
z 10 3
I:Z O 1 1 1 ]
5.25 10.5 17.5 28
BEME
Nitrogen rate(g N-m2)
2 15N 20 70
Fig. 2 Retention of "N-labelled fertilizer by soil Steele & Vallis 1987
»=0.05
The bars share the same letters are not different at p =0.05
50 - 2000
a
25.33%
of 3 i 0
s c d ~38.65% 1
¥ a0 |
K &
K 2
& Znr Clark 1977 “
- 10 " ”
0 L L 1 J 1
5.25 10. 50 17. 50 28.00
Nitrogen rate(g N-m2)
3 5N 3
Fig. 3 Losses of ""N-labelled fertilizer applied

to Leymus chinensis community
p=0.05

The bars share the same letters are not significant difference at p =0.05

p<0.05
0~40 cm

2.4
3

21.77% ~ 43.38% 5.25~17.5gN m™?

Schimel et al. 1986 Delgado et

al. 1996 Epstein et al. 2001
28.3% ~85.0%

1985

1/3

> 95%

5

32.28% ~41.29% 2

40 c¢m
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Table 6 Absorbed N from different sources by plants of Leymus chinensis community
\i N ) N . ) N derived from fertilizer N derived from soil
itrogen rate g m- uptake amount m-
2 g p g . m-2 % . m-2 %

ck 16.251° 16.25¢ 100°
0 16.83° 16.83¢ 100*

5.25 18.68¢ 1.27¢ 6.80° 17.41¢ 93.20

10.5 25.11°¢ 3.60° 14.34¢ 21.51° 85.66°

17.5 29.11° 6.76" 24.22° 22.35% 76.78°
28 38.79% 7.87% 20.29" 30.92% 79.71¢

p=0.05 Data with same letters are not significant difference at p =0.05 in the same column

1997

21.77% ~ 43.38% 3 Cookson
2001 “ /
? “ /
Risk/benefit " 4
/ 1.32 N5.25 0.85 N10.5 0.69
N17.5 1.41 N28 1.06
Cookson 2001 Loli-
um perenne
0.54
525¢gNm? 28gN
m™? Risk/benefit 1
17.5 g N m™? Risk/benefit
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Blankenau & Kuhlmann 2000
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