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The growth performance and reproductive allocation of

Avena sativa under density and nitrogen interaction
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Abstract: In order to study the response of the growth and reproductive allocation pattern of oats to compe-
tition density, nutrient addition and their interaction, a pot experiment was conducted with different plant-
ing density and level of nitrogen addition. Plant height, leaf length, panicle length, tiller number and each
organ biomass of oats significantly increased (P<C0. 05) with the improvement of nitrogen addition level
under the same density level. The plant performance with high nitrogen fertilizer (2 g » pot™ ') were signif-
icantly greater (P<C0.01) than that of the other treatments. Meanwhile, the nitrogen fertilizer promoted
the oats plant growth, improved plant photosynthesis and increased tiller numbers and nutrients accumula-
tion. Most of test traits decreased with the increasement of density addition which performed competitive
effects under the same nitrogen addition level. There were no significant interact effects of planting density
and nitrogen addition level. Each growth index of oats significantly positive correlated with each other un-

der interactions between density and nitrogen addition. The reproductive biomass allocation under interac-
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tions between high density and medium nitrogen addition (HDXMF) reached 12.23%. There was “shift”

trade-off relationship in resource allocation of each organ of oats. The reproductive growth and allocation

strategy of oat population is to increase organ allocation by restricting resources and reducing organ alloca-

tion access to nonrestricted. The rule is consistent with the most optimal allocation theory.
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Corresponding author: ZHOU Hua-kun E-mail:qhzhhk1974@yahoo. com. cn

(Awvena sativa)

. . Y
b
b
[4-6]
[10]
[11]
secale) .
b
b
[12]
vum)

[2-3]

[7-9]
’

b

(P>0.05),

(P<<0.0D),

(Triticale

o

(Triticum aesti—

N ) ,
1
1.1
101°19" E, 3 200 m.,
7 a1
C, 582 mm,
9%,
, 20 d .
[13-14]
1.2

30 cm X 20 em( X )

N N o

,216 o
(50 D SN

HF, HD X MF, HD X LF); C,.

< THX L
MDXMF . MDXLF);C; . (5

(
. 37°37" N,
—1.7C,
9.8 —15.2
5—9
1. 34,
9 ,24
Cl:
(HD X
(28
(MD X HF.
« THX |



1112 PRATACULTURAL SCIENCE(Vol. 31, No. 06) 06/2014
R (LDX HF,LDXMF,LDXLF) (0.001 @) o
C D, 9 . .3 1.4
2.1.0.6 g+ ', 4~5 cm, Microsoft Excel
,2011 5 ;3 SPSS17.0 ,
3 d ’ 6 H
, 1 g(150 kg « hm™®) SPSS Pearson ,
’ H
o 7 b A b
o b
1.3 s
9 .’ ’ ’
( ) s = /
A ’ b - / ’ -
NN 4 ) / el Sigma Plot 10. 0
65 C 48 h o o
( mm) )
1
Table 1 Experimental design
Density Nitrogen
Treatment - - - :
grain * pot ™ grain » m ° g+ pot ! kg « hm™*
HDXHF (High density X High fertilizer) 50 750 9 300
( X )
HD X MF(High density X Middle fertilizer)
50 750 1 150
( X )
HD X LF(High density X Low fertilizer)
50 750 0.6 90
( X )
MD X HF(Middle density X High fertilizer)
28 424 2 300
( X )
MD X MF(Middle density X Middle fertilizer)
28 424 1 150
( X )
MD X LF(Middle density X Low fertilizer)
28 424 0.6 90
( X )
LDX HF(Low density X High fertilizer) _
B 75 2 300
( X )
LDX MF(Low density X Middle fertilizer) _
5 75 1 150
( X )
LD X LF(Low density X Low fertilizer) _
5 75 0.6 90

( X )
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g (P<C0.01),
2.1 (P>0.05),
s s 2.2
C 2, , ) ,
) (P<0.0)(  4),
, s
N N N N 0.936,
(P<0.01, 3), 0.624, 0. 785,
(P>0.05), N (r=
2
Table 2 Growth index of oat in interaction processing of different density and nitrogen treatments
Treatment Plant Leaf Panicle Tiller Underground Shoot Reproductive
height/cm length/cm length/cm amount biomass/g biomass/g biomass/g
HDXHF 50.68+0.63ab 21.4940.29¢ 12.274+0.25b 0.80£0.10d 0.21£0.02def 1.2140.07cde 0.1940.01bc
HDXMF 43.0440.66d 18.2640.30d 10.0440.26c 0.94=£0.10d 0.19240.02def 1.05%0.08de 0.16=£0.01c
HDXLF 32.4840.61f 15.0740. 27e 7.51%0.24d 0.6040.09d 0.1440.02f 0.7040.07e 0.1040.01d
MDX HF 49.36+1.26bc 22.23+0.57c 11.7640.50bc 1.95%0.20c 0.3240.04d 1.66+0. 15¢ 0.2140.02bc
MDXMF 43.54=+1.23d 20.35240.56c 10.622£0.49bc 1.9840.19c 0.28740.04de 1.4140.14cd 0.18=%0.02bc
MDXLF 37.2940.75e 16.12+0.34e 10.0240.30c 0.50%0.12d 0.16+0.02ef 0.88+0.09de 0.14740.01cd
LDXHF 54.6742.06a 27.3040.93a 14.97+0.82a 6.73+0.32a 1.357+0.06a 6.6540. 24a 0.4240.03a
LDXMF 43,7542, 30bcd 25.75+1. 04ab 14.8840.91a 4.50740.36b 0.8440.07c 4.71%£0.27b 0.38%0.03a
LDXLF 45.574+3.0lcd 24.794+1.36b 11.2941.20bc 4.57+0.47b 1.1340.09b 5.08=+0. 35b 0.23%0. 04b
+ . (P<<0.05),

Note: Data in the table for the average= standard error. Different lower case letters within the same column mean significant difference among

different treatments at 0. 05 level.

3

Table 3 Two-way ANOVA on each index of oat under different density and nitrogen treatments

Density Nitrogen fertilizer Interaction effect
Index df F P df F P df F P
Plant heigh 2 8.861  0.000 2 51.682 0.000 4 5.790  0.000
Leaf length 2 68.757  0.000 2 34,322 0.358 4 1.984 0.095
Panicle length 2 22.850 0. 000 2 20.325 0.000 4 6. 157 0. 000
Tiller amount 2 197. 750 0. 000 2 19.409  0.000 4 13.733 0.000
2 236. 4: 0. 000 2 15. 40 0. 000 4 . 110 0. 000
Underground biomass 36. 433 5. 408 8
. 2 335.221  0.000 2 23.505  0.000 4 6.174  0.000
Shoot biomass
2 46. 456 0. 000 2 19.362 0.000 4 1. 649 0. 160

Reproductive biomass
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Table 4 Correlation between each index of oat under different density and nitrogen treatments
Index Plant Leaf Panicle Tiller Underground Shoot Reproductive
height length length amount biomass biomass biomass
Plant heigh 1. 000 0.768** 0.695** 0.383"* 0.379** 0.463%** 0.638"*
Leaf length 1. 000 0.631"* 0.520** 0.550** 0.632** 0.608**
Panicle length 1. 000 0.392** 0.406™* 0.462"* 0.787**
Tiller amount 1. 000 0.785** 0.812** 0.545**
1. 000 0.936** 0.588**
Underground biomass
1. 000 0.624**
Shoot biomass
1. 000
Reproductive biomass
P (P<C0.05) (P<<0.0D),
Note: * and * % mean significant correlation at 0. 05 and 0. 01 level, respectively.
0.812), , , (15.50%)C 1A, , (HF)
2.3 3 (MF)
; (LEF)
2.3.1 ) o (FMD s (LD)
(HD) (MD)
(P<C0.01, 5), (P>0.05); (LF) (LD)
(P<C0.05), (HD) (MD) o
(P>0.05), 2.3.2 )
(HD) ; (P>0.05, 5),
(DMD) “V7 o, (P<{0.01),
3 (HF,MF. LF) (P>0.05),
(P>0.05); (LD) X (LD X
“v7 oo, (HF) LE), 79.25%C 1B),
5

Table 5 Two-way ANOVA on biomass allocation of oat under different density and nitrogen treatments

Density Nitrogen fertilizer Interaction effect
Index df F P df F P df F P
Underground biomass allocation 2 3.681 0.026 2 0.973 0.378 4 5. 449 0. 000
Shoot biomass allocation 2 10. 981 0. 000 2 0.761 0. 467 4 0. 494 0. 740
2 31. 828 0. 000 2 0. 380 0.684 4 7.375 0. 000

Reproductive biomass allocation
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Table 6 Linear regression of density and nitrogen treatments changes on biomass allocation in oat
Treatment Linear regression R? n P
HDX HF Y, =—0.005 47X, +0.534 0.372 160 <0. 01
Y, =—0.003 60X, +0.163 0.115 160 <0.01
X, =—0.006 40X, +0. 837 0.291 160 <0.01
HDXMF Y, =—0.007 23X, +0.663 0.563 147 <C0.01
Y, =—0.004 27X, +0.178 0.095 147 <C0.01
X, =—0.005 73X, +0. 822 0.158 147 <C0. 01
HDXLF Y, =—0.003 78X, +0. 386 0. 285 173 <0.01
Y, =—0.001 64X, +0.129 0. 040 173 <0.01
X, =—0.008 36X, +0.871 0.520 173 <C0. 01
MD X HF Y, =—0.004 87X, +0.470 0.329 40 <C0.01
Y, =—0.003 12X, +0. 142 0.100 40 <C0. 05
X, =—0.006 88X,+0. 858 0.353 40 <0.01
MD X MF Y, =—0.004 25X, +0. 419 0.331 42 <C0.01
Y, =—0.00176 X,+0.122 0.039 42 =>0.05
X, =—0.008 24X, +0.878 0.473 42 <0.01
MDXLF Y, =—0.004 08X, +0.422 0. 309 113 <C0.01
Y, =—0.001 81X,+0.143 0.044 113 <0. 05
X, =—0.008 19X, +0. 857 0. 486 113 <0.01
LDXHF Y, =—0.004 10X, +0. 378 0.353 15 <0. 05
Y, =—0.001 03X, +0.068 0.068 15 =>0.05
X, =—0.008 97X, +0.932 0.529 15 <C0.01
LDXMF Y, =—0.006 19X, +0. 557 0.514 12 <C0.01
Y, =—0.002 47X,+0.103 0.347 12 =>0.05
X, =—0.007 53X, +0.897 0. 287 12 =>0.05
LDXLF Y, =—0.004 33X, +0.396 0.130 7 <0.01
Y, =—0.006 42X, +0.152 0. 450 7 =>0.05
X, =—0.003 58X, +0. 848 0.203 7 =>0.05
: Y » X 3 X

Note:Y represent reproductive biomass allocation; X represent shoot biomass allocation; X, represent belowground biomass allocation.
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