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Relationship between vertical distribution of fine root in different successional stages
of herbaceous vegetation and soil environment in Loess Plateau

WEI Larr Yingl’z, SHANGGUAN Zhowr Ping" 2 (1. State Key Laboratory f Soil Frosion and Dryland Farming on the Loess Plateau, Northwest
A & F Uhiversity, Yangling 712100, Chinas 2. Institute f Soil and Water Conservation , Yangling 712100, China) . Acta Ecologica Sinica , 2006, 26( 11) : 3740
~ 3748.

Abstract: Over the last few decades the extent of land-use has been dramatic and vegetation has been shifted in the Loess Plateau.
Shifis of vegeation alter the distribution of plant roots, which have made the plant’ s belowground vertical structure unclear. Fine
roots ( <2 mm in diameter) are the primary pathway for water and nutrient uptake. The growth and distribution of fine roots are
influenced by many biotic and abiotic fadors. Therefore, soil environment is the main factor tha influences the fine roots. The
interactions of fine roots and soil environment are important for water and nutrient uptake, which are critical for plant growth and
ecosystem function. Despite their importance for the nutrient cycling and resource capture, fine roots are poorly undersiood in
different successional stages of herbaceous vegetation. Understanding the differences among different succesional herbaceous

vegetations requires assessment of vatical distribution of fine root in soil profile and is influence factors.
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The objective of this study is to understand the relationship between vertical distribution of fine roots in different successional
stages of herbaceous vegetation and soil environment i the Loess Plateau. We surveyed five grasslands that previously were
aoplands but have been abandoned without planting crops for different years. The fine roots were colleded for each 10 an depth
interval to a depth of 80 an with 9 an diameter cores in each experiment plot. Soil water content and soil bulk density were also
measured at the same time. The vertical distribution of fine roots, soil water content and soil bulk density were campared among
the different grasslands.

The results indicated that fine root biomass (dry biamass of roots per unit volume) , length density (length of roots per unit
volume) , surface area (surface area of roots per unit volume) and specific root length (length of roots per unit dry biomass) were
all concentrated in the 0 — 40 an soil layer, and then decreased with the increasing soil depth. Fxcept the 20a grassland, the
total fine root biomass, length density and surface area increased with increasing abandoned years. Except for the 25a grassland,
fine root diameter deareased with the abandoned years. Except the 4a grassland, soil water in the 0 — 100 cm soil layer incareased
with inareasing abandoned years and the soil water in the deep soil layers were more stable in different grasslands. The rank of soil
bulk density in different grasslands was 9< 4< 15< 20< 25a. These suggest that the influence of fine root on the soil environment
was different, it can ameliorae the surface soil environment dramatically. Fine root parameters, soil water and soil bulk density
were different significantly in different abandoned years (p < 0.05) and there were different correlations among them. Soil water
was always the key fador that influences the fine root distribution. For soil bulk density, it was not the key fador that influences
the fine root distribution in the early stage, but was in the later stage. Generally, the rela ionship between bulk density and fine
root distribution became closer with the increasing abandoned years.
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Table 1 Status of experimental plots

(Hippophae rhamnotdess )

?

( Bothriochloa ischaemun )

Abandoned years Shpe Locati A Altitude Coverage Main o5 of th . .
o cation spect ain plant species of the vegetation composition
() ) " (m) (%) . i b
. | Pominant species:
da > Top Sunny dop 1357 63 Accompanied species :
: : (Lespealea
% 30 Middle 1290 79 Sfloribunda) ( Cphdanglos segetum)
( Stipa korylovii)
15 4 139 93 4 ( Artemisia giraldii)
( Pulsatilla chinensis)
20a 5 1416 85 ( Glyeyrrhiza
uralensis) ( Vicia unijuga )
25 4 1344 67
1.2
.21 2005 7 , 3 , (9= 9am) 0
~ 80 cm (10an) , ,
, , OL2mm @> 2mm
DT-SACN OL2mm
80C ,
1.2.2 3 3 Im
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1.2.3 3 3 ,
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SPSS(11. 0) One Way ANOVA , LSD
, 0~ 8)an s 0~ 60cm
2
2.1
2.1.1 ( 1A),0~
100cm 100~ 300an 0~ 300 9a< 15a< 20a< 25a< 4a 9a< 15a< 25a
< 4da< 20a  9a< 15a< 25a< 4a< 20a , ,9a
0~ 100an 100~ 300cm 0~ 300cm , 100~
300cm 0~ 300cm 0~ 100cm , 4a ,
100cm 0~ 300an
,9a 15a  25a
) 4a 9a 15a 20a
10~ 20cm 0~ 10cm ) 4a , 0~ 10cm
2 15a 0~ 300 an 7.6% ~ 13% ,
4a 20a 25a 0~ 300cm
12.2% ,
2.1.2 ,4a 15a  25a
20~ 40an ,9a 20~ 40cm , 4a (0~ 10am)
(40~ 60an) , 15 25a ( 1B) 20a
0~ 60an 20a ,
0~ 20an s 9a< 25a< 2a< 15a< 4a, 9a s
s 4a , 15a 20a  25a 2.3%
5.5% 5.5%, , 0~ 10cm ,
s (0~ 10cm)
0~ 10an s 0~ 60cm
2.2
2.2.1 0~ 80cm 20a ,
s 4a< 9a< 15a< 25a s ,
( 2A) ,4a  9a
,15a 20a  25a
, 15a 0~ 10am
, 0.25 ng/em’  36.5%
0~ 40an , 0~ 80an
4a< 15a< 20a< 25a< 9a 9a , 40cm ,
9a < 25% < 20a< 15 < 4a, 0O~ 40cm
2.2.2 0~ 80 cm 20a , s
4a< 9a< 15a< 25a< 20a ,
(,. 2B) ,4a 9a . 25a 15a
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4a Four years abandoned lan 4a Four years abandoned lan
A da FHH bandoned land QR bandoned land
[] 9a FE#tHh Nine years abandoned land [C] 9a F#kih Nine years abandoned land
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Fig. 1 Change of soil water content ( 1A) and soil bulk density (1B) i different soil depth on abandoned lands
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Fig. 2 Vertical distribution of fine root biomass (A), fine ot length density (B), 1ot surface area (C),

different sol depths on abandoned lands
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Tahe2 Analysis of variance of the root parameters and soil characters in 5 abandoned grasslands

Soil buck dersity Soil water content Biomass Root length density Root surface area ( Diameter Specific ot length
Abandoned year 3 3 3 3 3
(d o) (%) (mgf ) (] an?) (s’ e (mm) ( ey mg)
4a 1. 243a 13.2a 0.317 5.83 3 27a 0. 649a 18 57a
% 1. 1778h 8.8d 0.457b 13.3% 9 9b 0. 577a 32 41ab
15 1. 242a 10. 8¢ 0. 682ab 21.41b 9 35a 0. 43% 31 4b
20a 1. 24la 13. 4a 0. 668 69. 70b 19 13b 0. 435b 103 90b
25 1. 2042a 12.2b 0.727a 23.3% 9 &b 0. 396b 31 8b
Sig. p< 0.05 p< 001 p<0.01 p< 0.01 p< 005 p<0.01 p< 0.01
s Values in the same column followed by the same letter are not signifi cantly different according to 1SD’ s test
2.4
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(3
, da , 25a
s 9a  20a ,
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, 20a  25a , 9a
9 N 20&1
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Table 3 Correlation anal ysis of the root parameters and il characters in 5 abandoned grasd ands

Abandoned Soil bulk Sol water Fine ot Fine root Root Specific
Item . . .
years(a) density cont ent biomass density surface area wot length
4 - 0. 666 1
9 - 0. 362 1
. 15 0. 93 1
Soil water content
20 0. 987 1
25 0. 604 1
4 0. %67 - 0.455 1
9 0. 409 -0.932" " 1
Fine oot biomass 15 - 0-864 -0.716 !
20 - 0. 99" -0.956" " 1
25 - 0.99" 0.917 * 1
4 0. 161 0. 089 0. 207 1
9 - 0. 028 - 0.949" " 0.936" 1
Fi ! densit 15 0. 284 - 0.635 0.433 1
e Toot densty 20 - 0.273 - 0.637 0.525 1
25 - 0. 879 0.858 * 0.939* * 1
4 0. 401 0. 089 0.336 0 622 1
9 0. 715 -0.836" " 0.910" " 083" " 1
P 15 0. 001 - 0.655 0. 489 099" " 1
0oL surlace area 20 - 0.519 ~0.843 0.816" 0 636 1
25 - 0. 582 0.897 * 0.967" 0 9¢88 1
4 - 0. 151 0.030 - 0.336 09%1"" 0. 506 1
9 - 0. 94 0.428 0. 166 Q 527 0. 402 1
Specifi ¢ lenath 15 0. 974 -0.101 - 0.716 071" 0. 670 1
Phectic Toat feng 20 0. 637 -0.075 - 0.104 074" 0. 014 1
25 0. 682 - 0.169 - 0.210 Q 90 -0.013 1
4 - 0. 897 0.550 - 0.036 - 0 M5 - 0. 137 - 0.643
9 - 0. 99 0. 824" - 0.719 - 0677 - 0. 619 0.29
Root di 15 - 0. 746 0.414 - 0.29 - 0299 - 0. 167 - 0.401
oot diamd ex 20 - 0.704 0.414 0.59%8 0 386 0. 505 0.178
25 - 0. 106 - 0.169 0. 047 - 0229 - 0. 101 - 0.839""
* 0.01 , Correlation is significant at the O 01 level; * * (V0] , Correlation is significant at the 0. 05 level
3
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