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The reproductive allocation of Avena sativa under different
planting densities and nitrogen addition treatments
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Abstract: To study the response of the growth characteristics biomass accumulation and biomass allocation pattern of
Avena sativa to planting density and nutrient addition a pot experiment was conducted with different planting densities
and different levels of nitrogen addition. The results showed that the plant height leaf length panicle length tiller
number root biomass shoot biomass and reproductive biomass of A. sativa differed significantly ( P <0.01) in the dif-
ferent density levels; as plant density increasing reproductive biomass allocation increased while belowground biomass

( root) allocation decreased; shoot ( leaf and stem) biomass allocation decreased along with plant density and then in—
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creased afterwards. Nutrient addition increased both vegetative and reproductive biomass. Nutrient addition had more
effect on shoot biomass than root biomass. Reproductive biomass allocation: F,( no nutrient addition) = F,( low nutri—
ent addition) > F,;( medium nutrient addition) = F,( high nutrient addition) 1i.e. A. sativa exhibited high root bio—
mass allocation and shoot biomass allocation in F;. In general to obtain limited resources and optimal biomass allocation
and to adapt to biotic ( e. g. plant density) and physical ( e. g. nitrogen addition) environment changes there’s a
trade-off between the below—ground biomass allocation and between vegetativeeproductive biomass allocation of A. sati—
va in different treatments.

Key words: Avena sativa; planting density; nitrogen addition; reproductive allocation; biomass allocation; alpine
meadow
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Table 1 Experimental design
Level
Treatment / * -l Density/ Density/ Nitrogen Nitmgen )
grain * pot ' kg ¢ hm ™’ fertilizer/g * pot ™' fertilizer/kg * hm ™"
D, 5 24 0 0
D, 20 96 0 0
D, 35 168 0 0
D, 50 240 0 0
F, 28 134 0( CK) 0( CK)
F, 28 134 0.6 90
¥ 28 134 1 150
F, 28 134 2 300
1.3 (P<0.01) N N N
Pearson N N
. (P<0.05 2) D,
. (). ()
(P<0.01 3)
= / o ( F4) 3
Microsoft Excel,; LSD N (F) o N N N
SPSS 17.0 . . F,F,
2
o F,
2.1 F,.F, F, (P<O.
05) F, F, (P<0.05) .
2
Table 2 Growth index of oat under different planting densities treatments
Density treatment
F
Item D, D, D, D,
Plant height/cm 69.25 £26.25a 47.60 = 1.54b 47.63 +1.61b 43.00 =0. 86¢ 7.00**
Leaf length/cm 23.00 +£5.00a 21.50 £0.93ab  20.38 £0.77ab  17.67 £0.41b 7.11""
Panicle length/cm 15.50 £5.50a 11.32 £0.65ab ~ 10.73 £0.69ab 8.15 +0.28b 11.35%%
Tiller amount 5.00 =1.00a 2.08 £0.36ab 1.96 +0.29ab 0.50 £0.10b 21.63*
Belowground biomass/g 0.62 £0.25a 0.30 +£0.05ab 0.24 £0.03bc 0.16 £0.02¢ 4.24"
Shoot biomass/g 2.91 +0.26a 1.58 +0. 15ab 1.45 £0.16b 1.01 £0.09¢ 5.65%"
Reproductive biomass/g 0.33 £0. 16a 0.24 £0.03ab 0.26 £0.04ab 0.15+0.01b 5.43""
+ (P<0.05) . * P<0.05; %% P<0.01. 3. 4. 5

Note: Values are means + SE. Different lower case letters within the same row indicate significant difference among different treatments at 0. 05 level. *

0.05; % % P<0.01. The same in Table 3 Table 4 and Table 5.
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3
Table 3 The growth index change of oat in different nitrogen treatments
Fertilizer treatment
F
Item F, F, F, F,

Plant height/cm 38.68 £0.86¢ 48.89 +0.98b 39.75 £0.70c 57.01 £0.97a 84.85" "
Leaf length/cm 15.16 £0.43d 20. 14 +0.48b 18.63 £0.29¢ 23.63 £0.46a 63.03**
Panicle length/cm 9.20 £0.32b 11.57 £0.40a 10.02 +0.30b 12.78 +0.52a 16.04™*
Tiller amount 0.91 £0.12b 1.51 £0. 14a 1.76 £0.13a 1.86 £0. 14a 10.35*"
Belowground biomass/g 0.17 £0.01¢ 0.28 £0.02ab 0.26 £0.01b 0.35 £0.03a 16.34*

Shoot biomass/g 0.92 £0.06¢ 1.58 £0.09ab 1.53 +0.07b 1.96 £0.13a 23.03™"
Reproductive biomass/g 0.14 +0.01¢ 0.25 +0.02ab 0.20 £0.01b 0.26 £0.02a 13.42%~

2.2 (r<0.400)( 4).

(P<0.01) . (r=0.887)
(r=0.906) ; (r=0.882)( 5)-
4

Table 4 Correlation between each index of oat under different planting densities treatments

Parameter Plant Leaf Panicle Tiller Belowground Shoot Reproductive
height length length amount biomass biomass biomass
Plant height 1.000 0.764* 0.534** 0.533*" 0.465*" 0.650™ " 0.561°*
Leaf length 1.000 0.429™* 0.562** 0.576™ " 0.710™* 0.515*"
Panicle length 1.000 0.385** 0.390"* 0.551™" 0.807*
Tiller amount 1.000 0.693*" 0.728** 0.4817°*
. 1.000 0.906™* 0.542"%
Belowground biomass

1.000 . o

Shoot biomass 0.728

1.000

Reproductive biomass
5
Table 5 Correlation between each index of oat under different nitrogen treatments
Parameter Plant Leaf Panicle Tiller Belowground Shoot Reproductive

height length length amount biomass biomass biomass
Plant height 1.000 0.815*" 0.660** 0.446™ " 0.547* 0.613™" 0.617°*
Leaf length 1.000 0.561** 0.464** 0.619** 0.699** 0.583**
Panicle length 1.000 0.370** 0.520"* 0.580™ " 0.8827"
Tiller amount 1. 000 0.539*" 0.598™* 0.454*
1.000 . o . o

Belowground biomass 0. 887 0.618
1.000 . o

Shoot biomass 0.682

1.000

Reproductive biomass
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2.3 6
( 6) Table 6 The biomass correlation of oat
D D D under different treatments %
4 1 2
(P <0.05)
D D Belowground Shoot Reproductive
} N Treatment biomass biomass biomass
° D, allocation allocation allocation
13.72% (P>0.05) - D, 16.33 +2.61a 75.31 +4.0lab 8.36 +4.05a
D, 13.04 £0.74a 75.14 +1.14ab 11.82 +1.14a
F, D, 12.13 £0.55ab 74.15 £0.85b 13.72 +£0.85a
(P>0.05); D, 11.10 £0.32b 76.94 £0.49a 11.96 +0.50a
F ( 6) F, 13.34 +£0.32a 75.15+0.48b 11.51 £0.42ab
} F, 13.04 £0.31a 75.24 £0.44b 11.72 £0.40a
F, F, o F,>F >
F, 12.97 £0.33a 76.53 £0.47a 10.49 £0.44b
F, >, F,  F (P<0.05) . F,  13.40£0.36a 75.76+0.52ab 10.84 +0.48ab
2.4 (P<0.05) .
2.4.1 Note: Different lower case letters within the same column indicate significant
D2 N D3 D 4 difference among different density or fertilizer treatments at 0. 05 level.
(P<0.01 7)

7

Table 7 Relationships among three kinds of organs biomass allocation of oat under different planting densities treatments

Y/ %

Density treatment

X/ %

Linear regression

Reproductive biomass allocation

Shoot biomass allocation

b Reproductive biomass allocation Below biomass allocation -
Shoot biomass allocation Below biomass allocation -
Reproductive biomass allocation Shoot biomass allocation Y= -0.381X+40.5(r =0.522)
D Reproductive biomass allocation Below biomass allocation V= -0. 198X +40.5(r =0.238) ns
Shoot biomass allocation Below biomass allocation Y= -0. 802X +85.6(r=0.704) **
Reproductive biomass allocation Shoot biomass allocation Y= -1.012X+88.7(r =0.942) *~
D Reproductive biomass allocation Belowground biomass allocation Y= -1.090X +26.9(r =0.367)°
Shoot biomass allocation Belowground biomass allocation V= -0.090X+73. 1(r =0.033) ns
Reproductive biomass allocation Shoot biomass allocation ¥'= -0.580X+56.6(r =0.59) "~
D, Y= -0.480X +17.3(r =0.439) **

Reproductive biomass allocation

Shoot biomass allocation

Belowground biomass allocation

Belowground biomass allocation

Y

0. 520X +82.7(r=0. 467) **

% P<0.05; %* % P<0.0l;ns P>0.05 *
P >0.05.

Note

% P<0.05; % P<0.01; ns

(n<5) o 8

« ”
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D,.D,.  2.4.3
D, . 3 D, D,
(P<0.01 7)
( o6 o D, (P>
D, 0.05) .
D, . 2.5
2.4.2 2.5.1
(D, Dy 4
(P<0.01) (P<0.01 8) -
(P<0.05 7) D, F, F,.F;.F,
(P >0.05) .
F, ( 6) F,
( 6): D F,
D, .
8

Table 8 Relationships among three kinds of organs biomass allocation of oat under different nitrogen addition treatments

Fertilizer treatment

Y /%

X/%

Linear regression

Reproductive biomass allocation

Shoot biomass allocation

Y=-0.567X +54.1(r=0.724) **

F, . . , , Y = —0.096X +12. 8( r =0.084) ns
Reproductive biomass allocation Belowground biomass allocation
. . . . Y = -0.904X +87.2(r=0.626) **
Shoot biomass allocation Belowground biomass allocation
L . . . Y= -0.705X +64.8(r=0.773) **
Reproductive biomass allocation Shoot biomass allocation
K, L . , , Y= -0.303X +15.7(r=0.216) *
Reproductive biomass allocation Belowground biomass allocation
. . . . Y=-0.697X +84.3(r=0.453) **
Shoot biomass allocation Belowground biomass allocation
o . . . Y= -0.724X +65.9(r =0.695) **
Reproductive biomass allocation Shoot biomass allocation
F; L . , , Y= —0.567X +17. 8( r =0.434) **
Reproductive biomass allocation Belowground biomass allocation
. . . . Y=-0.433X +82.2(r=0.346) **
Shoot biomass allocation Belowground biomass allocation
o . . . Y=-0.731X +66.2(r=0.762) **
Reproductive biomass allocation Shoot biomass allocation
F, Y=-0.413X+16.4(r=0.291) "

Reproductive biomass allocation

Shoot biomass allocation

Belowground biomass allocation

Belowground biomass allocation

Y= —0.587X +83.6(r=0.397) **

http: //cykx. lzu. edu. cn



2 255
F3
28
2.5.2 N S .
(Fy) (P<0.01 3)
(P<0.01 8) F, F,
F, (P<0.05) F, .
(P>0.05) . 3.2
( 6) T
2.5.3 0 ( )
4
(P<0.01 »
8) . 0
. F,
20%
o ( 20%) '
3 o
3.1
10 7
21 . 3233
(P<0.01) . .
34
17 . ( 6)

2 3.3 .

2324

AY AY A 3]

(P<0.01 2) .
D, 3 :1)
. 25 ;2)
( Chloris virgata) i 3)
3536
3

2627

o

http: //cykx. lzu. edu. cn



256 33
8.36% ~13.72% ;
( 6. 7). ; ()
o 240
kg * hm~*
168 kg * hm > o
7810 2g- -1
( . (P <0.05)
) ( 6. ,
8) - ° 90
4 kg * hm* o
(P<0.01) 5 ( ) ( ) o
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