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Abstract: A pot experiment was conducted to study the response of the growth characteristics, reproduc-

tive allocation pattern of Elymus nutans to competition density and nutrient addition. The plant height,

leaf length, panicle length, tiller number and each organ biomass of E. nutans had competition-density

effects under different planting densities. Biomass allocation of each organ were constrained by the density

and the reproductive biomass allocation reached the highest of 10. 46% under lower density (20

seed * m™?). There were significant effects of high nitrogen fertilizer on each organ biomass. Meanwhile,

the effects of nitrogen fertilizer on reproductive biomass showed the trend of the inverted “V” type. Each

growth index of E. nutans was significantly positive (P<C0.01) correlated with each other under individual

treatment of planting density or nitrogen fertilizer. There was “shift” trade-off relationship for resource
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allocation of each organ of E. nutans.
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Table 1 Experimental design
Density Nitrogen fertilizer
Treatment grain * ! grain * m ° g+ pot! kg « hm™*?
D, Low density 5 75 0 0
D, Low and intermediate density 20 300 0 0
D, Intermediate and high density 35 525 0 0
D, High density 50 750 0 0
F Control 28 424 0 0
F, Low fertilizer 28 424 0.6 90
F; Middle fertilizer 28 424 1 150
F, High fertilizer 28 424 2 300
Pear- D, (P<C0.05),D,
son o F 5. 14, 3
; N (P>>0.05),
, D, Dy D, \D;
,D, (P<C0.05)
b b b
b b - b
/ ’ - o Dl
H - DZ\Dg\D,1 2.2\3.4\6.4 9F
[13] 7.75, D,
« 2,
2
Iy
2.1 . s (P>0.05); F,
’ DI\DZ\DS 9F4\F1\F3 Fg (P<OO5);
2
Table 2 The growth index change of Elymus nutans under different densities
Density
F
Index D, D, D; D,
Plant height/cm 76.7548.90a .36+2.29a 72.9243.01a 57.214+4.44b  5.14**
Leaf length/cm 17.13+1.16 5.714+1.04 .24+0.75 15.14+1. 27 1. 88
Panicle length/cm .31£1.60 8.39%0. 40 .80+0.49 7.0440.55 1. 89
Tiller amount 17.2543. 48a 9.46+0.96b .72+1.14b 8.79+1.35b 4.39**
Underground biomass/g .0840. 36a 0.55%+0.09b .6140.07b 0.4540.07b  2.89~
Shoot biomass/g .18+£1.07a 1.80+£0.19b .57+0.17b 1.07£0.19b  4.95**
Reproductive biomass/g 0.5840. 23a 0.26=40.03b .1740. 02bc 0.0940.02¢c 7.75%*
+ (P<C0.05), “*” ,“% %7 (P<C0.05)

(P<<0.01), 3

Note: Data in the table for the average+ standard error. Different lower case letters within the same row mean significant difference among dif-

ferent treatments at 0. 05 level. “ % ”7,“ % % ”represent significant difference at 0. 05 and 0. 01 level, respectively. The same in Table 3.
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F, (P<C0.05), , 0.303,
F 6.53; , . 0.880C 4,
( ) (P>0.05) ,
; F, >
F,>F,>F,; F,>F,>F;>F,; ) )
F,>F,>F,>F,, )
, 2 ,
C 3, . .
2.2 N (P>>0.05) , 0. 149,0. 055,
s 0.102.,0. 064, (P<C0.05)
) , (P<C0.0D ,
, \ 0. 666,
(P>0.05), ( 5,
(P<C0.01),
3

Table 3 The growth index change of Elymus nutans in interaction processing of different nitrogen treatments

Nitrogen fertilization

F
Index F, F, F; F,
Plant height/cm 56. 6544, 38a 59.93+£2. 24a 62.62+2.55a 62.5942.37a 0. 82
Leaf length/cm 17.35+0.93a 15.07=£0. 60b 17.11%£0. 64a 18.32+0. 69a 4.35%
Panicle length/cm 6.9040. 65a 6.6340.42a 7.2040. 46a 6.8140.42a 0. 30
Tiller amount 12.1041. 80a 8.5240.41b 7.60+0.29b 8.7340.50b 6.53*"
Underground biomass/g 0.6840.11a 0.5940. 04a 0.5140.03a 0.6140.05a 1.73
Shoot biomass/g 1.45+0. 22a 1.15+0.07a 1.26+0.07a 1.424+0.09a 2.06
Reproductive biomass/g 0.134+0.03a 0.1474+0.02a 0.174+0.02a 0.14740.02a 0.71
4
Table 4 The correlation between each index of Elymus nutans under different density
Index Plant Leaf Panicle Tiller Underground Shoot Reproductive
height  length length amount biomass biomass biomass
Plant height 1 0.374"* 0.736"* 0.390"* 0.464** 0.587** 0.560**
Leaf length 1 0.303"* 0.317"* 0.391** 0.189 0.010
Panicle length 1 0.374%* 0.494™* 0.560"* 0.577**
Tiller amount 1 0.835"* 0.821** 0.508"*
. 1 0.880** 0.615"*
Underground biomass
1 0.803**
Shoot biomass
1

Reproductive biomass

P R (P<C0.05) (P<<0.01),

Note:“* ” and “* * ” indicate significant correlation at 0. 05 and 0. 01 level,respectively. The same below.
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5

Table 5 The correlation between each index of Elymus nutans under different nitrogen treatments

Index Plant Leaf Panicle Tiller Underground Shoot Reproductive
height  length length amount biomass biomass biomass
Plant height 1 0. 149 0.667** 0. 055 0.225** 0.425** 0.525"*
Leaf length 1 0.102 0.194~ 0.240** 0.219** —0.048
Panicle length 1 0.064 0.235"* 0.569** 0.528**
Tiller amount 1 0.568** 0.456™* —0.061
Underground biomass ! 0. 66677 0. 247
1 0.618**
Shoot biomass 618
. . 1
Reproductive biomass
2.3 N F,>F >F,>F, , F, 3

(P>0.05);
F,>F,>F >F,,

[l 3
( 6); ; F, >
, F,>F,>F,, ,
. ’ “ﬂs
D, 10.46%, F.C 6),

6

Table 6 The biomass correlation of Elymus nutans under different density and nitrogen treatments

Factor Treatment Underground biomass Shoot biomass Reproductive biomass
allocation/ % allocation/ % allocation/ %
Dy 22.06+1.79ab 68.64+1.77a 9.31+1.67a
D, 19.90+1.50b 69.64+1.09a 10.46+1. 14a
Density D, 24.97£1. 62ab 67.41+1. 56a 7.62£0.88a
D, 29.32+2.39%a 64.1442.96a 6.54741. 35a
F, 30.25+1.62ab 64.05+1. 08ab 5.71£0.91b
F, 32.27+1. 26a 61.03+1.23b 6.70+0. 66ab
Nitrogen Fy 27.054+1.19b 64.78+1.02a 8.17+0. 65a
F, 27.87+1.13b 66.1540.91a 5.97+0.62b
(P<<0.05),

Note: Different lower case letters within the same column indicate significant difference among different treatments at 0. 05 level.
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2.4 s « 6),
2.4.1
DD, .\D; D, » DDy, 2.4.3
Diﬂ (P>O. 05> ’ Drl
(P<005) ( 7), ( 7)’ DZ\D3\D1
(P<<0.01) , Dy
C 6, (P>0.05) ;
b
) C 6,
2.4.2 o
2.5
D,.D,.D, D, Dy 2.5.1
(P<<0.01) , Dy
(P>0.05),D, (P>0.05) F, F, (P>0. 05,
( 7) 5 8) ’ Fz F.’s (P>
7 0.05),
Table 7 The linear regression of organs biomass allocation of s
Elymus nutans under different densities ( 6)
b
F, —F,.F; —F,
Treatment Linear regression
D, Y, =—0.004 30X, +0.389(r=0.457) ™ 2.5.2
Y, =—0.004 45X, +0.191(r=0.479™
X, =—0.005 55X,+0.562(r=0.522)™
F .F;.F, (P<<0.01)
D, Y, =—0.000 95X, +0.090(r=0.522) ™
. S (P>>0.05)
Y, =—0.005 25X, +0.209(r=0.692)**
Xy =—0.004 75X, +0. 791(r=0. 656)** ¢ 8.
D, Y, =—0.001 17X, +0. 155(+=0. 206)™ ’
Y, =—0.001 87X,+0. 123(r=0. 345) ns C D,
X, =—0.008 13X,+0.877(r=0.847)"* F, — F,.F, —F,
D, Y, =—0.002 78X, +0. 244(#R=0. 609) * o
Y, =0.001 07X, +0.034(r=0.190) ™ 2.5.3
X, =—0.011 07X,+40.966(+r=0.894) " *
kT ok x T “pg” (P<C0.05) . (P<<
4 (P<C0.01)
0.01) (P>0.05), Y, [CZoNp !
(%) 5X; . 8 C 8.
Note: * and * * and indicate significant correlation at 0. 05 and .
0. 01 level, respectively “ns” mean no significant correlation. Y| re- ( 6),

present reproductive biomass allocation, X represent shoot biomass
allocation, X, represent belowground biomass allocation. The same

in Table 9.

F,—F.F, —F
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8 H
Table 8 The linear regression of organs biomass allocation of [e2-25]
Elymus nutans under different nitrogen treatments
b o
Treat t Linea
reatmen mear regresslon 3. 2 .
F, Y,=0.002 75X, +0.119(+=0. 328) ™
Y, =—0.004 33X,+0.188(r=0.777)**
X, =—0.005 67X,40.812(r=0.850)** ’
F. Y, =—0.001 19X, +0.139(r=0. 221) ™ .
Y, =—0.001 62X,+0. 119(+=0. 309) ™ ’
X, =—0.008 38X,+0.881(r=0.859)"* ’
[29] e < [30]
F, Y, =—0.000 18X, +0.093(r=0. 028)" - Wilson  Thompson
Y, =—0.002 83X, +0.158(r=0.520)** 40 ’
X, =—0.007 17X,+40.842(+r=0.839) " * ,
F, Y, = 0.000 28X, +0.041(r=0.041) ™
Y, =—0.003 22X, +0. 150(r=0.585) **
X, =—0.006 78X,+0.850(r=0.834)"*
! = - 10. 46 % ,
3
3.1 N
b
o b ~
b
. ’
b
[16-17] N ° .
o b
. b
[31]
b ’ ° ’
’ N ’
b b ’
[1s] o
3.3 N
[19] [20]
[8] ’
) b b
b b
[32]

[21]
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