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Using leaf mass fractions and height/mass ratios to explain the positive response of
Gramineae to nitrogen addition on a sub-alpine meadow
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(State Key Laboratory of Grassland Agro-ecosystems / School of Life Science, Lanzhou University, Lanzhou 730000, Gansu, China)

Abstract: Nitrogen addition tends to increase the dominance of Gramineae in grassland ecosystems. However, the
underlying mechanism is rarely reported. We analyzed the morphological characteristics and responses of functional groups
to nitrogen addition to explore the adaptation mechanism of Gramineae to nitrogen addition on a sub-alpine meadow on the
Qinghai-Tibet plateau. Results showed that the leaf mass fraction (LMF) and height/mass ratio (HMR) were significantly
correlated with the plant height for a representative species (P < 0.05). The LMF and HMR of Gramineae were 77.86% and
34.32 cm- gfl, respectively, which is significantly higher (P < 0.05) than those of forbs (66.12% and 7.20 cm- gfl,

respectively). Nitrogen addition (15 g~m72) significantly increased the aboveground biomass (P < 0.001), plant height (P <
0.01), coverage (P < 0.01) and, chlorophyll content (P < 0.05) of the community, for which only the biomass proportions of
only Gramineae and sedge increased significantly (both P < 0.001), and coverage of only Gramineae increased significantly
(P <0.01). Plant height of Gramineae was always higher than that of the other functional groups whether nitrogen was added
or not (P < 0.001, respectively). Therefore, a high LMF and HMR of Gramineae enhances their competition potential for
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aboveground resources, and enables them to respond quickly and effectively to nitrogen addition.

Keywords: gramineous; N addition; leaf mass fraction; height/mass ratio
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1.3 HUFERNE

VidpE e SRR MR R B E AR bR I E L
FEF IRy B A g 7 AR A) . 1B X
PLEspph (IRIE RS R, BYF-FI 5 E > 2%)
E AR FH, A 4 F KR AF (Gramineae) 1 ¥ :
TR EL (Elymus nutans), V5% (Koeleria cristata),
FEWEL (Roegneria kamoji), WY (Festucasinensis);
8 FAEARARHEY) (2425 Forbs): M4 (4jania
tenuifolia), H & & (Artemisia tangutica), —FE WK
3% (Potentilla bifurca), B /R Z& %) & 16 (Heteropappus
altaicus), /\NKY(Euphrasiapectinata), $) € (Cirsium
setosum), &% 3 (Picris japonica), ¥ 98 % K %
(Potentilla anserina). {EARJRWE XN, MK
YRR EUE IR A K B AR AR 10 MRONE R AR S RE,
2. MEE, 70 °C ML R AEE . JF o E o E LA
(leaf mass fraction, LMF). HLA7AE ) & ()4 bk = %
(height to mass ratio, HMR) A1 A7 i A= ) & 1) A8 P
{5 /% (height to leaf mass ratio, HLR). & AU :

LY = i R A (AR + 2B < 100%:

P & b = M AR = AR

PRE T E b = AR (T AE R+ 2D E).

I3 MAE BRI INAT B/NX B0, % E 0.5 m x
0.5 m M FEJ7 . SR Ja A A 45 = it 4 &% X (SPAD-
502PLUS, #JéRERIAEAF, HA)NMEREY
Fh 4t R & B (A f0: SPAD); GiitFETT WY
FE &R0 R B (o) BE B AR ) LA AT
V1 R (RR S OK T 108k W 10 Bk, AL A .

L AR DLRAG SR s ) R SR BT R b b
EME, RAGEFELEE 70 CHTEMEE,
BEVE (DI RERE FG: RARL G WHEAL S, TR
L. K Fern Rl K5 F) LV R NFETT W AT A )
Rl (ST RERE A BT A ) L B AR R A

14 BURSH

K H 2 W& J7 % 70 i (GLM) 73 S AR R 4 o
SGERETE. W 5E K& R B N
Ny BT ¢ A 56 (Paired ¢ test) 43 AT it AE Ak P X AN [A]
TheEeBEmE Ay 5 R s 38 26 4 1Bl 3
KRB AR BEER Z B R R
F 72501 (ANOVA) H AR FH) LMF. HMR
DL K HLR 7E R AR AE R A BHE A 8] 1) 22 550 DA
LGt it FE#7E SPSS 20.0 H 5E K

2 GRS

Fr & (R 7 FR ST A 51 A, HAxd IR
FETTVIMECR 49 B ORAEL 7 Bl PR3 By SR}
4 BRI TR MKE 345, BEBRMEETY
FhECH 45 Fl ORARL 7 F0; P5EFRE 3 Frs SR 2 Fs
RIS M ZeRE 32 M), AAERAE, BEBM5
S D R BE 0 2 R (3 A SR B, MRk b 6
CRBE AR, TR 2, DGR 40 (k2
B R, SR 2 M.

REBMOEET, HETHH EEDEN
395.59 g'm (% 1), 3 & T oo IR T i bR

x1 SVEHEYNLEEYE. EE. THUSEUREKRE (n=10)

Table 1 Aboveground biomass, coverage, average height and number from functional groups (n = 10)

e WLER P il Wi
Functional Aboveground biomass/(g'm ) Coverage/% Height/cm Plant number/(plant'm *)
group XTI CK KNI +N F IR CK RN +N FE CK HINIm+N FE CK R +N
JRRH
Forb 99.73+1749  123.59+19.08 54.67+£3.53  55.12+5.23 8.10+2.49 11.61£1.75 501.60+5.00 392.40+3.48
FAR
. 131.76 £ 18.52  23544+2741 2686+2.15  36.10+4.59 46.81+4.63 53.83+542  7120+928  87.20+10.84
Gramineae
PER
gedge 10.48 + 1.47 32.75+3.81 232+1.32 1.68 £0.92 847+5.58  1241+6.90 19.60+11.16  12.40+13.80
R
Legume 0.66 +0.48 0.83+0.77 1.35+£0.69 0.57+047 3.94+1.32 6.50+£2.12 16.80 £2.64 2.04+424
e
Fern 3.81+0.83 2.98+£0.83 229+1.49 1.05+£1.26 11.33+£3.85 12.25+4.60 520+7.72 2.40+9.20
it 0 "
Total 24644 +25.66 395.59+41.76 8749+131 9452+1.53 13.38+3.84 18.02£1.66  61440+7.68 49644332

ke R RORG IR S AL B W) 25 5 R (P < 0.05, P<0.01, P<0.001).
*, **, ***indicate significant differences between control and treatment at 0.05, 0.01, and 0.001 levels, respectively.
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Y) & 246.44 g'm (Paired ¢ test, P < 0.001). F 1,
RAF PER R RFR M A &SR B
T (8 P<0.001); & IhREHREH, [URARATHEH
BE PRS2 Sy EAEME G B R
P <0.001), 475 M 53.47%. 4.25% LT+ % 59.52%.
8.28%, 1M At BRI AR KEL AR FILAED) th
A E W T, 20 A 0.27%. 1.55% Al
40.47% FFEE 021%. 0.75% 1 31.24%. A EHRM
BERESHESE @P<00)MFYEE @<
0.01), 1y P& % 7 V& 54 A7 1 AR 1) A8 PR 40 (P < 0.001).
IRe B K P REIR, & et b OUR A FBHE
I R EE BT (P <0.01), HAURARHEY
F T YRR B n (P> 0.05); EWWHENMARY
T, RAEE W 0 ~F 548 Pk = B 0 2% T HAth 1)
REREMEA) (P <0.001), FESAGTHIEEEMN LE.

RED IR S BN E R BN, STRFE

HWEBEMARRE PSR SED NN
36.34 f129.25 SPAD; MM RN f5, JKE
MARAFH B m 2 1 & &5 0 BT 2 46.83 Al
48.03 SPAD (% 2). GLM ##r 7, B EHBINEZ
REY MRS ' (P <0.001), 2R3 REH
(ORAFIFI A D) X231 & B s A 223 (P>
0.05), H. 20 ¥ hn Al T R B R R I 25 1 28 BAR
F (P> 0.05),

MRAE AR A ZE . AR )5 F0ORE AR o= B 1 &
Ft B, X PrR i AR LG PR LA
FL I E 43 504 70.39% 17.07cmeg ! F121.29cmg
Hord, RAFHEY) M EE (P <0.05). f & i E
Eb (P<0.01) AifkmFE L (P<0.01) ¥ M T2
(#2), WARAFHEM TR ZEEALG ST IRALL
B, RN EAYERGBWEKRSE, 5
TIRKEMEY) .

®2 KRUMMHEL., RSREL. KEMELLNMHERRSE

Table 2 Leaf mass fraction, height/mass ratio, height/leaf mass ratio and chlorophyll of selected species

ESi i Bk Heightto  BRiMHE L Heightto _ ' 2% ChlorophyllSPAD
Functional group Leaf mass fraction/% mass ratio/(cm-g ) leaf mass ratio/(cm-g ') A CK SR + N
Z42K¥E Forb (n=8) 66.12+3.08 7.20 £ 1.41 10.80 +£2.67 36.34+233  46.83+2.40
ARAFL Gramineae (n = 4) 77.86 +1.32 34.32+2.79 39.66 + 10.25 20.25+0.38  48.03+1.83
¥4 Total (n = 12) 70.39 + 2.64 17.07 +5.34 21.29+5.78 35.09+836  47.04+8.19

RFRAZIRIRTE D e H) 22 57 2. 3 (P < 0.05)
* represents significan differences among functional groups at the 0.05 level.
RED P EL ., R, R ELS
AR R K FE AR O B (3R 3) BUR,
TREGHRMEAZR, VWP EE S, t
Him. ot E SR EMS (P<0.05); MALER
AL, wrHeHl ool i EAYE. SRR E
K. MARARR KBRS HHAT UL B,
MEWL., kgL, ke ELSH EAY
B, mEAGEMWMH MY TLEEHEX P>
0.05).

3 WiemIgg
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F B G M R, 415 gm” RIS
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EE ] BT, HARORAREY E FAE R R
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RS T 5 R U W 2L RORTRE 9 5 R B AR AL
B B S A SR A R R KBl . A A R R
IR o> BN, R 55 T R o O BR A, T
D A W S i o O SR ) Ve
B, R R TR AN N PR A PR IR 2 I RIS, X R SR AR
WHEAT AN AL R, BEWE A RBT IE Rh 2 R 2k
KU A EH U, PR R e KR
P OEHR). R B (R0 SERME R g R
Zo REITEFR 2NN, b TE 4 R R St A AL
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*3 KETDMHEL, KEREL. KEMELSH EEYE, SE. EENEXRY
Table 3 Correlation coefficients between leaf mass fraction, height/mass ratio, height/leaf mass ratio and aboveground biomass,
plant height and coverage for selected species

Y E i i
Bl EEE Aboveground biomass Height Coverage
frem Parameter MECK  AAEM+N  MECK  ABINN  MECK  ARNN
I ELL Leaf mass fraction 0.30 0.55 0.17 0.06 0.32 0.65
2428 H Forb P i L Height to mass ratio 0.00 ~0.10 031 ~0.13 0.27 0.20
PR E L Height to leaf mass ratio ) ¢ ~0.10 028 ~0.09 0.25 0.08
2 HE Leaf mass fraction -0.20 -0.26 -0.28 033 -0.05 -0.11
ARAF} Gramineae =i i [ Height to mass ratio _0.44 042 022 _0.28 035 2039
B E L Height to leaf mass ratio  _ 45 042 021 027 037 041
LA Leaf mass fraction 042 0.73° 0.63 0.59" 0.41 0.72°
BT R Total Lt # & Height to mass ratio 0.01 0.20 0.69° 0.64 0.03 0.23
Et - & Height to leaf mass ratio 0.12 0.18 0.67 0.63° 0.10 0.18

*ARFHM AT BEAH (P < 0.05).

* represents significant correlation (P < 0.05).
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AHIEFE B ik B AR W Bh o VR R 3 A Ay
Fofr, S5y 30 ok Sk a1 S 0 0 B 1RO 5 S R
71, RIABRZHBMGEEEERGM., HaR
HEM LTSGR L R 2). MmAREEA I [ E
i (Draba nemorosa) 55 1 K WX e |2 °F |2 19 1& M,
Wik R IR AR R N . AR R R AR, ) T
SR DU B I 52 & S AL, EAEME . SEETT
T HME DL 5% 23 U8 AR P A o . Rk, A
WA R DI RE B YOG FRE I E =, L
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FAE— S PEh K 7, b 1 O65E 4 5 I 55 44
FrRomBE. Hlan, 2 BORH 8 F R A I R 4R
B, BEISVPBEILEEMS T EHRBERARER
o AR B SRIKUIA & A 5 A v R RR ABIAR 3
TR A X P TV B o ey A O 4 Bt
WA AW IS, e TR AR e B
e J= [ 8 1) O T8O AIE T IV vy 5 e T A A
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ARV ARER S Y B AR, et TR
AR ERFERMAERE RN EE D Z: KER
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