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Biomass and its allocation of four grassland species under different nitrogen levels
QI Yu, HUANG Yongmei“ , WANG Yan, ZHAO Jie, ZHANG Jinghui

State Key Laboratory of Earth Surface Processes and Resource Ecology, College of Resources Science and Technology, Beijing Normal University, Beijing
100875, China

Abstract: In order to study the effects of nitrogen fertilizing on the biomass and its allocation of different grassland plants
and thus on the carbon exchange in temperate grassland ecosystem, potted control experiments for four grassland species, i.
e. Medicago sativa, Sorghum bicolor, Leymus chinensis, and Caragana microphylia, were conducted under three nitrogen
levels, which were the control (CK) with no nitrogen addition, the medium (N1) with 30gN/m’ addition, and the high
(N2) with 60gN/m’ addition, at Taipusiqi Grassland-Cropland Ecosystems Experiment Station of Inner Mongolia. Medicago
sativa is a perennial legumes grassland species, Caragana microphylia is a legumes shrub, Leymus chinensis is a perennial
C3 plant, and Sorghum bicolor is an annual C4 species. The results show that the above-ground biomass of all the four
species increased significantly after nitrogen addition, with the largest above-ground biomass occurred under N1 level for
Medicago sativa (with 24.8% higher than CK) , but under N2 level for the other three species (with 45.6, 39.3, and
72.2% higher than CK for Sorghum bicolor, Leymus chinensis, and Caragana microphylia, respectively ). The stem
biomass of Sorghum bicolor, Leymus chinensis, and Caragana microphylia was also increased significantly under increasing
nitrogen level. The leaf biomass reached the largest under N1 level for Medicago sativa and Caragana microphylia
(98.47g/m’ and 143.87g/m’) , but under N2 level for Sorghum bicolor and Leymus chinensis (69.20g/m” and 95.07g/

m’). In contrast, the underground biomass of all the four species was the largest under N1 level. The biomass of coarse
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roots (with diameter >2mm) of Medicago sativa, Sorghum bicolor, and Caragana microphylia didn't increase significantly,
while the rhizome biomass of Leymus chinensis increased significantly. However, the biomass of fine roots (with diameter
<2mm) of all the four species decreased greatly with higher nitrogen level. Overall, the aboveground biomass and fine root
biomass of the four species were sensitive to nitrogen addition. The root/shoot ratio of all the four species declined after
nitrogen addition, with the lowest ratio under N1 level for Medicago sativa (1.62), and under N2 level for Sorghum
bicolor, Leymus chinensis, and Caragana microphylia (0. 57, 1.02, and 0. 41 respectively ). The stem/leaf ratio of
Medicago sativa and Leymus chinensis decreased with increasing nitrogen addition, while that of Sorghum bicolor and
Caragana microphylia increased. In summary, the four species, even the two legumes had different response to nitrogen
addition, i.e. , higher nitrogen addition could increase the biomass of gramineous species significantly and change their
biomass allocation pattern obviously, while the aboveground and underground biomass of Medicago sativa didn’t increased
significantly, and the biomass allocation pattern didn’t change. The rhizome and leaf biomass of Leymus chinensis increased

greatly with nitrogen addition, while Sorghum bicolor and Caragana microphylia allocated more biomass to stem.

Key Words: nitrogen addition; grassland species; biomass; biomass allocation
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1.2 APaEie

AR ZEAR (2009 459 H 6 H)MET AP AEY &, M EAY RS a9, BOR)E 60 CHET R iHE
FHFRE (KR 0.01 ¢) , Wk LAY e K200 1) B R R —R M B3 T4 4 JZHUH (0—5 .5—10,
10—20,20—30 cm) , & —J2 LI AR A AR R RO &, 5 I B AR >2 mm BHAR FIELAR <2 mm BY4IAR A T
SHGTE, PR T 60 CHET RIHEFRE (KEZ 0.01 g) .
1.3 HdEatrorik

K H Excel 2007 XF 831 7R BV 4B AR iR S AL 3 ; FH— 075 22 (One-Way ANOVA ) Flfg /)M i 2
ZHE(LSD) AL RUKSE T 4 R kg i A T AW S gm0 22 5 0 5 vk, Bir A
g SPSS17.0(SPSS Inc. , USA)
2 GRS
2.1 iU b A R R R R

5% HRA LG 4 DS YIRIE AR T A A R BN (R 1) AL E S M EAE Y R A TR
H EKE T 43 313800 24. 8% 1 16. 6% , B FHELRENN T 30. 2% F145. 8% ,EFHENN T 17.8% F139.3% , /it
RS LR B K AN T 51.9% 1 72.2% , H R RS IR R AT B 225 AL E TS B A
TEHFRUK- K, 26 R PR AN B X LA H AR e = UK R Bl R . SAEETE = SR RN
X LAER S5 T -l AR i 2 s o IR R [ BRI B 3 25 57, SF R AR 3 KRR 22 R
W,

F1 BEAKFT4FEMEDM FEYE

Table 1 The above ground biomass of four grassland species on 3 nitrogen levels( mean+SE ,n=3)

YIFh Species CK(g/m?) NI(g/m?) N2(g/m?)

LALE T Medicago sativa L. 107.70+6.63 a 134.40+5.27 b 125.20+5.53 ab
FISI 5 Sorghum bicolor L. 148.20+2.00 a 193.00£10.60 b 216.00+3.53 b
2LBE Leymus chinensis T. 73.53+1.83 a 86.63+3.57 b 102.40+1.67 ¢
INHERIS L Caragana microphylia 1. 269.77+8.90 a 409.73+43.87 b 464.50+11.77 b

CK:; IR (ARG ) # E2Ea N1. (30 g N/m?) K EZEIR: N2 (60 g N/m?) KFH EAE &L [ —frh PR R %
NFER W (P<0.05)

X REAH L (&1 1), S8 A6 7 125 28 WA it R A% PR B BT i 38 3, (L7 vh OO sk B R (L,

ECK B N1 0ON2

400 - 180
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350 - 160 b b
300} b 140 |
%250 120 |
g 100 ald a

200 -
h% a 80 a b

150 |- ab

b 60
ab a

100 - a 0

50F a a a aab 20

o I i | L B

Species

Bl1 HEAETH4FHEMEYE HEWSCPHARERE n=3)
Fig. 1 Leaf and stem biomass of four grassland species on different nitrogen levels( mean+SE ,n=3)
FHREFORGE TR 25 5 (P<0. 05)
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35.93 o/m’ ; PR CEECR/IN RS ) LTE B RUKSE 25 A4 i B 35 R TXTF B (P<0. 05) . 4 RS 78 it R 55
PETF I AR g a2 g T R AR S A R R PR R AR W A 3 R AL B R G B 25 S SR R AR W i A
e KO T Bk, B S KX BB 5 /N LA it 28 2% R A i 2 4 it 2 v v R, S [t /K - 1]
BEES GRHEYIEILETE S5/ LE D R F Rt AR i kK, 05108 98. 47 ¢/m* F1 143.87 ¢/
m” | 2R PR B B R AR s K, 058 69.20 g/m* 195,07 ¢/m’,
2.2 JiE LR A R

55 HEAH BE it OV SRR B A SR BRI/ N B XS LA S R AR s i N B i PR REAE TR UK R s
AP RN (0 4 AR TE R RUKSE AR T R AR R R (R 2) . BAEETE SRR/
B RS LAERG RS ME T AR (B A2>2 mm) AWK TR IRAL (025 5 OR 8 % 2 B A MR 25 A 4 e B i
Jiti U A IR AN, W RUKSE AR 25 AR Y R T IR (K 2) . ST IRMI L AR A AR A AR
AW A BOKFHEIN T 7.5% F13.8% , m BOK V- S4AK T X BRAL, 43 SRR T 1. 5% F1 20. 8% ; & P HE 5 /N
I A 005 L ) 2T AR A 0 it 2 e P 388 I it /S , 55 BB AL AR L, /N B L AE H R e UK AR A i
S AREAR T 3.8% F122.0% , =1 AR T 4.5% F111.3%

R2 EERAKFX 4 FHEMEY T EYENZIT

Table 2 The under ground biomass of four grassland species on different nitrogen levels( mean+SE ,n=3).

Y Species HHL Root diameter/mm CK/(g/m?) N1/(g/m?) N2/ (g/m?)
EVAK HIAR(>2 mm) 118.93+7.13 a 138.73+0.13 a 140.03£7.03 a
Medicago sativa L. AR (<2 mm) 73.20+2.73 a 78.67+2.13 a 72.07+4.73 a
H R A 192.13+4.40 a 217.40+2.27 a 212.10+11.77 a
725 FIAR (>2 mm) 22.03+0.77 a 36.170.10 a 36.10+5.63 a
Sorghum bicolor L. AR ( <2 mm) 98.17+3.83 a 93.80+2.93 ab 87.10+1.33 b
R A 120.20+3.07 a 129.97+2.83 b 123.20+4.30 ab
Fr LiiE 35.60+2.67 a 39.37+0.10 a 47.87+1.47 b
Leymus chinensis T. AR (<2 mm) 71.07+3.40 ab 73.80+4.15 a 56.27+4.07 b
R A 106.67+5.53 a 113.17+6.73 a 104.14+6.07 a
NG DEYN HAR (>2 mm) 88.64+14.38 a 136.42+18.21 a 119.24+21.12 a
Caragana microphylia L. AR ( <2 mm) 92.07+6.78 a 88.58+5.55 ab 71.80+3.87 b
R A 180.71+14.42 a 225.00+23.58 a 191.04£17.39 a

CK: X HECRESINZEUE ) #F A48t N1: $40(30 ¢ N/m? ) KB T A9 N2: ®AL(60 g N/m?) KV T AR Wit ; Rl — A7 o R AN ) 36
25 3 (P<0.05)

4 P (R R AR A 45 )23 04 A kBt s 2 o P 38 Dm0 T Sl g 185, (4% 2R AR 2B W ko SORHAR A 4 2 1Y
Eb A8 7 AN [ 400 ol R it 20 () W S 20010 50 R B e 260 B S5 AT 1 4R A 4 0—10 e KR FIT 5 LA,
10—20 cm F120—30 cm HARFT &5 LLGIEIN (B 2) o PR AR A 4 it 220 i 3 i 2 23R IIAE 0—5 em
F120—30 em +JZHARA B AR I, hEUKE T 0—5 em HUAR T &5 He @88 A0 & | & A K SFE 20—30 em +-
JERAAR T 5 L BRI (18 2) o SXFREAR LG /NG LTE 4 2 I AR A Y s A B, th A&UKF
2 2 B0 o LA 5 0 BRI A B B 22 51, BUK S 0—5 em A1 20—30 em 2 AR & LI B8 (& 2) . R
FORIR R, AAFAE AR >2 mm (LA AAFERR IR AR ZES5 MY B it = A3 0 ,0—5 em £ )2 F FAR
YRR 5—10 em HJZHE AN, o 0—5 em RZEAEW R PTG R, R B B A
BTN R, e 3 2R ZE T (5 B B it R B n (2

HARTE 0—30 em )2 MY BCre YA B AR B it Z AL BE N R B i 25 5 . S XTREAH EL, %%
FEETE 0—5 em F110—20 em HIARA P LT b7 Fo BFE Hh RKSE YR 8, 5—10 em )2 4R A= 9 K
oo e 2 TR, AR AUKT,0—S em 2 40AR S LB 3G 0, 5—10 em 2R AW E T
Me(1E3) . SXFREZEARLE, hAUKE T PR 10—20 em )2 40HE A= Wit S BT 5 Le A6 2 1 s /b 20—30
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€ % - 11.04% 471%
5 8.59%
s D 10+ 21.03% 49.86%
8 39.91%
B 20 37.97% 5+ 35.25% 28.35%
T
3 O 0
2 N1 N2 CK N1 N2
§ 160 . . 60
L Caragana microphylia L. Leymus chinensis T. rhizoma
140 | I
L 5% 0 1.32%
120 |- T ?
T |1036% 5.99%
29.00% 4 9.68% 25.35%
100 | 0.37% 3.56% -5970
T 521% 23.84% 2.43% 17.61%
80 - 30 15.54%
28.88%
60 |- 39.86% 30.60% ol 67.34%
40 F 41.39% 81.65% 78.15%
10+
20 - 24.52% 24.09% 135.20%
0 0
cK cK N1 N2
Nitrogen level

2 MERAKFET 4 FEMEWER(EE>2mm) /REEVENS EHHRILE
Fig.2 The distribution and ration of coarse root ( Diameter>2 mm)/rhizome biomass of four grassland sspecies in 0—30cm depth on

different nitrogen levels( mean+SE ,n=3)
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em 2 I LIAR A= Py i s A B I, B o e i B & UK R 5—10 em Bl 10—20 em + 2 4R AE Py i K
o H AT B /N, 20—30 em )2 AHAR AR P i W AT B, BT o L ARG 0 B S, AT O AR B AR i Y
50.3% (&13), SXTHRAL, MR ST 0—5 em F15—10 em “F-HEANAR A= Wi K FLRT 4 Ho 0440 35 T I ( P<
0.05) , FHEIKF 10—20 em + )2 4HRA Yy AT & EL BB B3, & 2K F T 10—20 em H120—30 em 4R
AP A AN 3 (HT 5 LI g (1 3) . SXERRA LG, N RS JLFE 0—5 em A1 20—30 em )2
YR A=W i S LR 7 P BAE I RS T 394 1835 T 1%, 10—20 em AR A= 49 B 76 it 045 14 T WA 388, L
JIT e L A8 Bt it 280 A B SR B
2.3 R A Y R

A SR E S M it E T 4 FPRLYARIE e 25 EL R ANAR EL 52, 4 R bR AE 2 it EUKSF T AR
FEHCAR/NT X R (£ 3) H R BRI ETEE NI FHRE Hi/S, S PR 2R B N4 XS LAY MR e b 22 80 A B
Jith 280 F: AR N2 MRS 5 e P AR 3 A B ) 25 S b 2 R B AUKOT T ARG L N TR IR A
FUNERAY LAE 3 FpAb PR 22 N 2 WyFhia) i b A= Wi 4 Bl 22 S 0A B S50 IRAH LG, SR8 18 N
B 25 E AR AR F T Y RRAR 5 i P h BRI NI 0 LR 25 - B B it 20 A BN T 386 G, 4 AL (R RLAIAR Ee
Py it it S PR I R (32 3) , SE AR ZE S ANAR Y L 7E s R S ) R R 25 S W I R A B, A
Az Py T 22 b A E SRR (AR >2 mm) B 2R
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Fig. 3 The distribution and ration of fine root ( Diameter<2 mm) biomass of four grassland species in 0—30cm depth on different nitrogen
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x3 FRRFKET 4 HEMEYHENESE

Table 3 Biomass allocation of four grassland species in different nitrogen levels( mean+SE, n=3)
-
M7 X Root/Shoot ratio AL ETE Medicago sativa L. 1.78+0.15 a 1.62+0.05 a 1.69+0.02 a
5 FHE Sorghum bicolor L. 0.81+0.02 a 0.67+0.02 b 0.57+0.00 ¢
B Leymus chinensis T. 1.45+0.05 a 1.3120.02 a 1.02+0.07 b
INHER3S L Caragana microphylia 1. 0.67+0.06 a 0.55+0.07 a 0.41£0.03 a
250 H Stem/ Leaf ratio EALETE Medicago sativa L. 0.44£0.05 a 0.36+0.01 a 0.37+0.00 a
FFEE Sorghum bicolor 1. 1.07+0.22 a 1.08+0.00 a 1.27£0.11 a
B Leymus chinensis T. 0.53+0.00 a 0.48+0.06 a 0.49+0.01 a
INH5R38 L Caragana microphylia L. 1.73+0.05 a 1.7920.13 a 2.23%0.16 a
HLANMR EE Coarse/ Fineratio EITETE Medicago sativa L. 1.62+0.16 a 1.7620.05 a 1.9420.03 a
E P Sorghum bicolor 1. 0.22+0.01 a 0.39+0.01 a 0.41+0.08 a
¥E Leymus chinensis T. (ARZ5/414R ) 0.50+0.01 a 0.55+0.05 a 0.85+0.04 b
INHE338 L Caragana microphylia 1. 0.96+0.08 a 1.54+0.01 a 1.66+0.66 a

CK: Xt CREANENE) A= A B LB ONT . (30 g N/m? ) KO- 2 1yt 20 LE 451
HE R R R 25 5 1 2 (P<0. 05)
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ZAF BT 5T 2% Bt 0 (AR 0 %) b b A g R R AR s R 0, AR e L BRI, AR I EG A8 R AR
AR TN ARG v 4 RO A 1 b AR e A USSR R S, L e A A e AR R B R
B, How 3 R = UK AR IR . S50 B EE 4 R 9 A= ) B A it R A A T 3 s, H 22
FARE JHETRK IR, SEAETETE o P BN XS LA R AR A= ) 2 Bl it 0 £ 1 8 Al e 34 5 b R 6
A= Py AR, S AR 2R A W it R e A I I, v K W R TR IR A S v A AR A i
P4 M 7 B AR, S8 A A T AR AR A W i A AN [ R B ) 25 S AN B 2 LR 3 AR A A = AR T AR AR i
FANFXRR, HAET, R AR (AR <2 mm) AR5 e () 2518 A — 250, — SO R H A it U O B A
HRA A, AR AR By i i fin =120 T 22 BRI 5 SRR AR X it 2R A i R A A A AR AR SR
W SR A R R D AR AR ) e AE R EUKOE i X B4 R 7 i K O 24 S A B AR Xt
M 337 it 42 e A it 67K - B AN [ 6 B B I ) 25 R . R I AR SR B L I A W Rk it R e 9 DR T R R AR )
0 ARSI ZE LRI R 25 | I A g a8 I R 0 1 S T A, I ML A e 3 s 4
5 T HL T AR ) e A 3G IR AR B B, 32 DR AR R 40 AR X it 2 B A S 0 AR A R B RLAR A ) A 4
T e T AR A= ek B R A B SRR, DR FE R R ARG ST, 23 ol e RUAR AR A= Py 3t 11
AL EA TR AERE X,

ASZEG 4 T ) AR S AR S IR AR KT R m s M A (R 3) R AF K s A T
FEYF B 22 0 AR e A WO B M Ea R B 3R s g . X5 HETAESE A0 4598 - 78— 10 Bl N AR ) i A e
FLAm 5 B {5 S A3 gy N 52— it U DU AR 4 AR R A 40 T EE A B AR R (R 4)
A= 43 T LU B AR K R T B L SR R Yy A T LR B N e L SRR B 2R AR W a4 T
o 22 I 135 T 3 A 1 25 20 W i 43T L9139 B Ay i it S 16 I 14, G ep /NI S X LY 25 5
F(F4A), AT ELETE SR AN E A LA AR ( B2 >2 mm) A=Yt 70 Be LA — 2 i3
T, AR ZE A Wy ) 4 B B A5 Bl 2025 K ST A B T BH S 3N (3R 4) o 4 B A0 AR AR A e 1) 4 T L 491 B i
R I R (R 4) |, AR S X IR 25 55 0

x4 TRBRFHET 4 HEREMHEDES LS

Table 4 The ratio biomass allocation of four grassland species in different nitrogen levels

A H i %

Biomass allocation ratio/ % 18k Species K NI N2

M- Leaf/Total ratio I Medicago sativa L. 25.00+2.26 a 27.97+0.77 a 27.05+0.20 a
I Sorghum bicolor L. 27.53+2.59 a 28.29+0.43 a 28.00+1.29 a
SEHE Leymus chinensis T. 26.7420.45 a 29.36+0.81 ab 33.53+1.34 b
INHER38 L Caragana microphylia L. 22.30+0.41 a 24.0742.29 a 22.24+0.67 a

2 Stem/Totalratio LALE TS Medicago sativa L. 10.91+0.31 a 10.22+0.09 a 10.01+0.06 a
W Sorghum bicolor L. 28.19+3.22 a 30.59+0.39 a 35.68+1.43 a
SEEE Leymus chinensis T. 14.11+0.32 a 14.31+1.28 a 16.08+0.40 a
INHEIXS L Caragana microphylia 1. 38.69+1.80 a 42.73£1.02 a 49.44+2.05 b

MR Coarse root/Total ratio LI E T8 Medicago sativa L. 39.69+2.67 a 39.45+0.81 a 41.52+0.04 a
R FHEL Sorghum bicolor L. 8.28+0.31 a 11.06+0.48 a 10.62x1.46 a
SR Leymus chinensis T. (F32%) 19.73+0.61 a 19.89+1.08 ab 23.17+0.28 b
INHEI3S L Caragana microphylia 1. 17.15%1.90 a 19.46+1.86 a 18.01£3.22 a

4iAR Fine root/Total ratio LALETE Medicago sativa L. 24.41+0.73 a 22.36+0.13 ab 21.35+0.31 b
5 Sorghum bicolor L. 36.00+0.33 a 30.07+0.34 b 25.70+1.32 ¢
SEHE Leymus chinensis T. 39.42+0.16 a 36.44%1.55 a 27.22x1.46 b
INHEIXS L Caragana microphylia 1. 21.86+0.31 a 13.74+1.45b 10.30+1.84 b

[ —47 PR R /R 22 5 18 2 (P<0. 05)

ARSI T IR 4 R SEAE A 8 24 AR BRMRCR /NG Lo SRR SR RO RASRL) €3
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