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Effects of interaction between plant density and nitrogen application rate on

allocation of above/underground biomass of Elymus nutans
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Lanzhou University, National Demonstration Center for Experimental Grassland Science Education, College of Pastoral Agriculture Science and Technology,
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Abstract: Elymus nutans is the prior crop to establish the pasture or improve the pasture in the alpine regions because it is
cold-resistant tolerance with good quality. Although proper plant density and nitrogen application rate are conserved as the
key factors to affect the yield stability of Elymus nutans pasture, whether there is an optimally theoretical combination of
plant density and nitrogen application rate for maintaining the relative yield of Elymus nutans is not well documented. A pot
experiment was conducted in a greenhouse to investigate the effect of different combination of plant densities and nitrogen
application rates on the plant height, tiller per plant, aboveground biomass, underground biomass, root volume and
aboveground to underground biomass ratio, which can be used to identify an optimally theoretical combination between plant
density and nitrogen application rate. In this study, the plant densities consisted of 58, 102, 146 plants per square meter
and nitrogen application rate was 0, 200, 400 mg/kg. This study showed that with the increase of plant density, the plant
height, aboveground biomass and aboveground to underground biomass ratio of Elymus nutans increased first and then
decreased, while the tiller per plant decreased gradually, the root volume and underground biomass increased first and then

remained relatively stable. The tiller per plant, aboveground biomass and aboveground to underground biomass ratio of
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Elymus nutans increased first and then decreased with the increase of nitrogen application rates, and the underground
biomass decreased gradually. Interaction between plant densities and nitrogen application rates was found to had no effect on
root volume and tiller per plant, whereas it was observed to have significant effects on the plant height, aboveground
biomass, underground biomass, and the aboveground to underground biomass ratio. The relationships between above-
mentioned parameters ( plant height, aboveground biomass, underground biomass, and the aboveground to underground
biomass ratio) and nitrogen application rate and plant density showed the downward 3D response surfaces, and this
demonstrated that there was an optimally theoretical combination between proper plant density and nitrogen application rate,
under which plant height, aboveground biomass, underground biomass, and the aboveground to underground biomass ratio
were the best. In this study, the optimal combination of plant density and nitrogen application rate were 102 plants per
square meter and the nitrogen application rate was 200 mg/kg. The findings of this study suggest that there is an optimally
theoretical combination of plant density and nitrogen application rate for maintaining the relative yield of Elymus nutans
pasture,, which can provide a scientific basis for high persistence yield and optimal allocation of above/underground biomass

of Elymus nutans pasture in the field management.
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WREBEE N 20,35 .50 #k/7 Bl 58,102,146 Fk/m* 43 D, \D, D, R, REZ MR E N 0 mg/kg 200
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RSN S AR, BRI R 200 mg/kg B 5 K, BRE 73 BERAL 0 mg/kg Fil 400 mg/kg IS 28% F1 8%,
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Table 1 Effects of plant density and nitrogen application rate on plant height, tillers per plant and aboveground biomass of Elymus nutans
(Mean+SE)

i AR . AR "
. HARR G BERL . kT BERL
Kb 3R Aboveground FRE/ em . Ak 3 Aboveground PRE/ em .
Treatment biomass/ Plant height Tillers per plant/ Treatment biomass/ Plant height Tillers per plant/
reatments S an €1 S reatments an €1, s
, & CT %3 , £ ©T 3 %3
(g/m?) (g/m?)
D, 48.02+13.92b  33.15+2.07b 7.10£0.11a D, xN, 31.20+1.46d 32.73+2.71b 6.38+0.12
D, 70.10+£24.65a 35.24+2.72a 6.41+0.11b D, xN, 49.86+2.81c¢ 34.50+1.15ab 7.61+0.44
D, 47.90£12.87b  30.27+2.76¢ 4.41+0.11c D, XN; 63.05+2.25b 32.21+2.05b 7.31+0.48
N, 36.35+£2.72b 33.00+0.69 5.18+1.34¢ D, %N, 47.08+3.39¢ 33.63+1.73ab 5.70+0.33
N, 65.80+27.14a 33.35+0.64 6.64+1.25a D, xN, 101.80+2.25a 38.03+2.68a 7.30+0.12
N, 37.58+7.31c¢ 32.30+0.64 6.10+1.17b D, XN; 61.44+3.48b 34.06+1.30c 6.24+0.43
D5 %N, 34.45+0.79d 32.67£2.61b 3.47+0.20
D;xN, 45.68+2.69¢ 27.50+0.86ab 5.02+0.20
D;XN; 63.58+2.92b 30.63+1.64bc 4.75+0.26
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3 36.99 Z 100 94.92
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S . 33.83 1 2 30 73.68
z, 32.77 SE 1 66.60
YE S » 31.72 W 59.52
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Fig.1 3D response surface of plant height of Elymus nutans

Fig.2 3D response surface of aboveground biomass of Elymus
between plant density and nitrogen application rate . . o .
nutans between plant density and nitrogen application rate

http ; //www.ecologica.cn



24 4] Bl A AR L AN AR LA R A e A ) 0 FE R TR 9819

2.2 FERRSE R RN SRR TSN A X e A e AR R A e R AR AR A S

R 20 R A0 S 2 5 mie) ) e A 8l 1 AR R AR AN
MR AP (3R 2) , AR BN AER S AR R
I BEAR U0 T R A (P<0.01) , XTAR R
RPN A 0 52, WA AR bR 2 B AN 58 BR/m® 15 in £
102 R/ m* i), AP O 2 AR R AR BRI T A et
B, A3 BB AN 13% F1 26% , 1 24 K8 bk % B T 102
T/ m® 5 AR R R BRI L T AR ) d AR B R A X AR
Bt R0 VS e 8 T, T A B 0 T A ) e R T R
FEEAN T 6% %] 25%,

MRS N AW E F(X,, X,) SHEKREE
(X)) B EBRIE (X,) ZEMELRN F(X,, X,)=
-0.8772+0.2340X,+0.0093X,-0.0026X> —0.0000046 X2 -
0.00014X, X, , F ¥ 461}, P=0.00012, R* =0.8701, %]
TE— 22 OB P AR 28 B 1 o i A e e b T 2B i 1Y)
ROV BER TR RSN (18] 3) 25 [ o A R B —
AT )T A A7 T, 150 P e A ) b T A A e
AR AR B AR R N EAERT, e AR e AR
A YAEMEBERE R 102 B/ m2 R ZE TN 200 me/
kg B, AP O T AR YRR
2.3 FERRS R AN N A X T T A M -
A FAE R R

FEAR T R R WS, DL R B R R U
RSO ETES A (NI i3 RN e /b gad
(P<0.01) , BfFEBR S BE 38 0, 0 AP i 5 A b b
APy LA R e s R, 76 102 BR/m? B 35 21 5 K
UM 4.89, %5 58 ¥k/m> il 146 ¥k/m* B4 i K 13% F
27% ; B R ZE AN N e 448 0 2 e O ) M L b R A= )
LA R ISR NS BEAR AR B #E 200me/ kg B AT
KA 4.97, %8 0 mg/kg F1 400 mg/kg = 9% Hl 42%
(%3),

RPN b S AR R F(X,, X,) S5
BB (X)) ARBINE (X,) WEELRR F(X,,
X,) = 0. 8745 + 0. 2197X, + 0. 0085X, — 0. 0037X> -
0.000024X% -0.00010 X, X, ,F KL, P=0.00022,R* =
0.6586 , 3= FHAE— 7 ¥t [l PR R 2% 32 10 e e 45 i e
H T A B A RO R T R S 0 N (

F2 EMBENEEFIMENEEHEERRERMBTEY
ErMm
Table 2 Effects of plant density and nitrogen application rate on

root volume and underground biomass of Elymus nutans

o
b RARH ﬁﬁrjf%i
Treatments R(Om volume/ biomass/
em/m) (g/m?)
D, 50.808.01h 10.942.34b
D, 57.55+5.56ab 13.741.58a
D, 62.50+3.63a 13.16£0.73a
N, 54.511.87 13.80+0.56a
N, 59.95:1.87 12.98+0.82b
N, 56.35:1.87 11.08£2.34c
DN, 47.67211.11 13542 1.11be
D XN, 57.23+5.21 11.05£0.56¢
D, xN, 47.52+3.66 8.19+0.50f
D,xN, 53.58+3.39 14.33£0.18ab
D,xN, 58.20£0.29 15.09+0.73a
D,xN, 60.8628.19 11.79+0.70de
D,xN, 62.29+1.75 13.48£0.67he
D, XN, 64.435.38 12.78+0.82¢d
D,xN, 60.74+3.16 13.250.85he

o s 15.10
el 14.41
5 14 13.72
= 13.03

W g 13 12.34

Esn 11.65

bl 10.96

Lg ! 1027

23 :

g 10 9.580
5 9 8.890
£l ' Bg200
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é’en »% ‘ﬁé !ﬁ)’d
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Fig.3 3D response surface of underground biomass of Elymus

nutans between plant density and nitrogen application rate
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Table 3 Effects of plant density and nitrogen application rate on aboveground biomass to underground biomass of Elymus nutans

Ho I bR AE R A Aboveground biomass to underground biomass ratio

Ab . e
Treatment N N N AR
’ Main effect of plant density
D, 4.65+0.13b 4.52+0.22b 3.82+0.42b 4.33+0.46b
D, 4.28+0.27b 6.39+0.54a 4.00+0.24b 4.89+1.78a
Ds 4.73+£0.44b 6.39+0.54b 2.65+0.22¢ 3.80+1.00c
=3 P SN
EMHRRFME 4.55£0.55b 4.97+0.44a 3.49+0.22¢

Main effect of nitrogen application rate
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