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Abstract:  In order to find out the effeds of root root interactions on their produdion in the mixed stand, root growth and
distribution studies were carried out both in the field and greenhouse. In the field studies, root density was studied on pure
Fraxinus mandshurica, Larix gmelinii , and the zonal mixed plantations, all 10 years after planting, using a soil crer tech-
nique. Samples were taken along transects at the middle of plantation rows. Each sample was divided into three depth classes
(0~ 10 am, 10~ 20 em and 20~ 30 an) . In greenhouse, ash pure, larch pure and the mixed were planted both a pots and
seedbed. 4 seedlings were planted in one pot and 12 in one seedbed.

The resulis from field experiments showed: horizontal distribution of root was different betw een ash and larch. Root den-
sity of ash was 3237.2 g*m™ > and 3130.2 g*m™ > between two species rows and between row 1 and 2 in the ash belt ( in-
cluding 3 rows,row 1 is on the side of other species), respectively. But the differences were not significant. However, root
density of larch is only 939. 4 g*m™ 3 between two species rows, muda lower than 2745. 3 g*m~ * betw een row 1 and 2 in the
larch belt (including 5 rows) . This result demonstrated that ash root had the tendency to invade to larch, and root distribu-
tion of larch was inhibited by ash. The vertical distribution of roots along the soil profile was more even in mixed plantations

compared to pure plantations. Between two species rows, the proportion of root biomass within O~ 10 an, 10~ 20 cm and

: 2006-08-08
( :39230280)
1) 2) 3) 4



5 : 17

20~ 30 cm depth soil layers was 41.9 %, 28.7 % and 29.4 % of the total root biomass respedively, but 61.0 %,
31.6% and 7.4 % in ash pure stand, 55.6 % ,27.9 % and 16.5 % in larch pure stand. Root density of ash is 3718.0
g*m™ 3, higher than that of larch of which was 3040.7 g*m™ °.

Greenhouse plantation results showed that the below-and above-ground biomass of ash was higher in mixed plantation
than in pure planted both for potted or seedbed seedlings, particularly of tha fine-root biomass ( <2 mm in diameter) . Fine-
root mass of potted and seedbed seedlings were incareased about 28.8 % and 36.5 % respectively. In contrast, below-and
above- ground biomass of larch was lower in mixed than in pure planted. Root/ shoot ratio of ash was 0. 78~ 0. 81 for potted
seedlings and 0. 52~ 0. 55 for seedbed seedlings, 2 times higher than that of larch. The total root mass of ash was 4~ 6
times higher than that of larch.

With relatively lager root mass and root/shoot ratio, ash is a superior competitor. Root system of ash developed rapidly
and distributed widely, but slowly and straitly for larch under the condition of the mixed. It was this campetition differences
tha had resulted in the significant increase of ash production in the mixed plantations.
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1
Tab. 1 The statis of stand structure and growth for samp es

) Stand age Density M ean DBH Mean height
Sand e eckes (3 (steme ™) (cm) (m)
10 3886 5.02 543
Larch pure sand Larch
+ 10 215 5.64 572
Mixed sand Larch+ Ash 10 1507 2.02 27
s e sand “ 10 374 1.73 23
1.2
.21 RHEER
» 2 2 s 0.57 an,
40. 3 an; 0.75 am, 35.2 an 80 cm, 40 cm
3 12 s 12 an X 20 cm 16
32 , 1.28 cm, 142. 4 cm;
1. 12 cm, 115.0 cmy 1.13 em, 119. 8 cm;
1. 25 cm, 127. 7 em , ( )
> 2mm <2 mm
.22 &#&RFE® 22.5 cm, 29.0cm, 30.0cm
, 10.0 kg , 4
24, 2 2 , 48 1 )
0.83 an, 50. 9 cm; 1. 12 cm, ®.3 an;
0. 80 cm, 47.4 cm; 1.27 cm, 70. 6
an
2
2.1
2.1L1 ARFR &R AL A . ) )
(2 12
, 237.2g°m ° 3130.2g'm °, 3718.1 g'm .3
(dr= 95, F=2.96< Fos= 3.09) 12 23 ,
1154 5¢g'm > 296.6g°m °, ( 12
tdj= 63,F=8.64> Foo=17.08; 23 2dp= 63, F= 14. 20> Foo= 7.08)
<2 mm s <2 mm
2288.9 g*m 12 2074.5g*m °,

i 23 \ ;
(.2 23 , 3717.2,¢'m ", 22.2 %
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12 , 2745. 3 g'm_3, , 23 35.4 %, 10. 8
%, 23 12 (dr= 63,F= 4.23> Faos= 4.00),
(dr= 63, F= 3. 80< Foo5= 4.00) 12 ,
\ 939.4¢°m > 7021 g*m °,
12 tdr=63,F="7.82> Fan= 17.08)
12, 25 mm ., <mm
( ) (2
. 4176.6 g*m °, 12.3 %,
37.4 %( tdr= 63, F=7.64> Foa=17.0R) ,
2
Tab.2 Horizontal distribution of root density in ashx larch stand (gem™3)
Mixed sand Pure stand
Root 23 12 12
dameter Species Between line Between line Between line
(1mm) 2 and line 3 in 1 and line 2 in Bemee'n " 1 and line 2 in At farch
Jarch ek Jarch belt e ash belt
<2 mm Ash 214 6 703. 4 2288.9 074 5 2430.8
Larch 2117.3 1301. 5 70.3 606 6 1842 5
2~ 5mm Ash 37.7 66 9 489. 4 89 5 1163.2
Larch 664 8 436.7 219. 1 95.5 715.7
25 mm Ash 44.3 38 2 458.9 196 2 124. 1
Larch %5 1 1007. 1 0 0 482.5
26 6 1154.5 3237.2 3130 2 3718. 1
Total oot density of ash
3717.2 2745.3 939.4 702 1 3040 7
Total ot density of larch
4013 8 389%.8 4176.6 3832 7
Total ot density of two species
2.1.2 HAMEEN) AL I « 3,
R 0O~ 10 ecm 10~ 20 an =~ 20~ 30 cm 33.3%
327% 340 % 0~ 10em 10~ 20 em 20~ 30 cm
61.0% 31.6 % 7.4% 0~ 10 a 10~ 20 em , 20~
30 an 12
12 , 0~10a 10~ 20 an
84. 1%, ,
( 3, 0~ 10 em 10~ 20 an = 20~
30 an 55.6% 27.9% 16.5%,

0+,10,em-, 10~ 20 an

20~ 30 cm

71.3.%. 15.6 %

13. 1 %
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( ) ( 3.
s ,0~ 10 ecm 10~ 20 em 20~ 30 an 41.9
% 28.7% 29.4 % 12 12 , 0~ 10 an
53.7% 62.7 %, 20~ 30 cm 15.4 % 15.4 %
)
3
Tab. 3 Vertical distribution of root density in ashx larch stand (gem™?)
Mixed stand Pure stand
Soil 23 12 12
depth Species Between line Between line Between line
(cm) 2and Ine3 n 1 andline 2in fetween two I and Tne 2 in Ash barch
larch el larch belt peaes ash belt
0~ 10 Ash 194, 4 533.1 1079.5 1558. 9 2267. 1
Larch 2491. 6 1910. 7 672.1 500.9 1691. 5
10- 20 Ash 68.1 255.9 1058.6 1072.2 1174.9
Larch 102.8 601. 3 137.4 109. 6 847. 4
20~ 30 Ash 34.1 365.5 1099. 1 499, | 27%. 1
Larch 202. 8 233.3 129.9 91.6 501.8
296.6 1154. 5 3237.2 3130.2 3718. 1
Total ot density of ash
3717.2 2745.3 939.4 702 1 3040. 7
Total ot density of larch
2.2 (1, \
) <2 mm > 2 mm ,
21.2% 28.8% 16.8 % <2 mm (dr= 47, F= 4. 28> Foos= 4.05),
30 - a 0T b

N [ 5]
(=] W
T T
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> &
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S
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1
Fig. 1 Effects of ash and larch in mixed planted on root growth

m<2mm <2 mm Root mass; 0> 2 mm > 2 mm Root mass.
L: Larch in pure planted; ML: Lardr in mixed planted with ash;
MEF: Ash in mixed planted with larch; F: Ash in pure planted.

a: Pot experiments; b: Seedbed experiments.
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5
> 2 mm ( tdy= 47, F=2.91< Fo=4.05> 2 mm
dy= 47, F= 2.54< Fo 5= 4.05) \ <2 mm
> 2 mm , 20.8% 25.0% 13.5%,2 ( L dp= 47,
F= 2.87< Foos= 4.05; <2 mm cdr= 471, F= 3.67< Foo=4.05> 2 mm dr= 47, F

= 2.33< Fos= 4.05)

?

1
§ 0.9 , <2 mm > 2 mm ,
= 0.8
2 o1 17.9% 36.5% 14.6 % <2
3
308 mm (dr= 31, F= 4. 2> Foos= 4.17),
R 0.4 . — —
;}3 03 > 2 mm ( cdr= 31, F=
= 0.2 2.75> Foos= 4. 17;> 2 mm cdr= 31, F= 2.27> Fo.os
= 0.1
2 - . - = 4.17) ,
L ML ME F <2 mm > 2 mm ,
4k ¥ Treatment
187% 18.2%  18.8 %, (
’ / s dr= 31, F= 2.97> Fo.os= 4.05; <2 mm s dr= 31,
Fig.2 Effeds of ash and larch in mixed planted on F'= 2. 82> Fo.o= 4.17; > 2 mm tdr= 31, F=2.99>
rooy/ shoot ratio Faos= 4. 17)
L, ML, MF, F: 1 see Fig. 1 /
t / Rool/ shoot ratio of potted seedlings;
] / Rool/ shoot ratio of seedbed seedlings. ’ / 0. 40
0.45, 0.24 0.30( 2
/ : / : 0.78~
0. 81, 0.52~ 0.55, 2 4~ 6
(3, ;
20.4 %, 34.0 % ,
17. 0%, 23.3%
35 . . )
, 0 & 70
2@ 2 28 |
o <
< 2 20 w £ 0|
i E K= 4 |
RE 15+t 5
# 3 430 r
Hoa 10 | °0
k=) E=) 20
5 F 10 F
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3

Fig.3  Hfects of ash and larch in mixed planted on above-ground growth
L, ML, MF, F, a, b: 1 See Fig. 1

O Shoot mass; W Leaf mass.



22 37

3
, ( , 2000; , 1985; , 1993; , 1991;
, 1999; , 1982; Mckay e d ., 1988),
<2 mm
/ 2, : 4~ 6
, Ennik  ( , 1992)
Lolium , ) /
) Ennik
2 2 2 /
(Fabiiv e d ., 1995)
) /
12 , ,
, 12 23 R
(1991) 26a
12
, ( ,1997),
Mou (1995) Geroge (1997) ,
, , Fabito  (1995) s
, (1982) , ,
, /
s ,0~ 10 em 10~ 20
an 20~ 30 cm 41.9% 28.7%  29.4%
61.0% 31.6 % 7.4 %; 55.6% 27.9% 16.5 % (1985),
(1993), (191) (1999)

, Bernat  ( 1996) ,



) )
’ ’ ’
) )
3
PJ . ) , , T : L1992, 225~ 243

, \ . . ( ), 1991, 74~ 80

, , . . ,1999,19(2) : 270~ 277

, , . : , 199, 19(3) : 342~ 346

, , . . , 1995, 19(3) : 342~ 346

, , . ) ,1993,12(1): 20~ 24

,1985,7(1): 77~ 84
1. : ,1992, 40~ 48

, . . , 2000,24(3) : 346~ 350

, , . ) . T : , 1997,
136~ 140

L1982, 4(1): 1~ 11

Bemat L, Santiago S, Carlos G. Fine roots dynamics in a M editerranean fores: effects of drought and sem density. Tree Physiobgy 1998, 18:601~ 606

Fabifio A, Madeira M, Steen E ¢ al.Development of ot biomass in an Eucdyplus globulus plantation under different water and nutrient regimes. Plant and
Soil, 1995, 168- 169, 215~ 223

Geroge E, Seith E, Schaeffer C et al. Resporses of Picea, Pinus and Pseudotsuga oot to heterogeneous nutrient digtribution in soil. Tree Physiology, 1997,
17(1): 39~ 45

Mckay H M, Malcolm D C. Acomparison of the fine root component of a pure and mixed coniferous ¢ and. Canadian Journal of Foresry Research, 1988, 18,
1416~ 1426

Mou P, Jonse R H,Michell R J, et al.Spatial distrbution of roots in sweetgum and Loblolly pine monocultures and relations with above- ground biomass and
soil nutrients. Functional Ecology, 1995, 9(3) : 6889~ 69

Sword M A, Gravatt D A, Faulkner P L. & dl. Seasonal branch and fine root growth of juvenile loblolly pine five growing seasons after fertilization. Tree Phys
iology, 1996, 16,889~ 904



