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Relationship between vertical digribution o fine root in different successional sages
o her baceous vegetation and soil environment in Loess Pateau
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Abgtract :Over the lag few decades the extent of land use has been drametic and vegetation has been shifted in the Loess Hateau.
Shifts of vegetation dter the digribution of plant roots, which have made the plant’ s belowground vertica gructure unclear. Fine
roots ( <2 mmin diameter) are the primary pathway for water and nutrient uptake. The growth and diribution of fine roots are
irfluenced by many biotic and abictic factors. Therefore, il environment is the main factor that irfluences the fine roots. The
interactions of fine roots and il environment are inportant for water and nutrient uptake , which are criticd for plant growth and
ecosygem function. Despite their importance for the nutrient cycling and resource capture, fine roots are poorly understood in
dfferent successond dages of herbaceous vegetation. Underganding the differences anong different succesond herbaceous
vegetaions requires assesarert of vertica digribution of fine root in il prdfile and its irfluence factors.
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The objective of this gudy isto undergand the rdationship between vertical digribution of fine roots in different successond
dagesdof herbaceous vegetation and il ervironment in the Loess Hateau. We surveyed five grasdands that previoudy were
croplands but have been abandoned without planting cropsfor dfferert years. The fine roots were collected for each 10 cm depth
interval to a depth of 80 cmwith 9 cm diameter cores in each experiment plot. il water content and il bulk dengty were
measured a the same time. The verticd digribution o fine roots, il water content and il buk density were conrpared anong
the dfferent grasdands.

The results indicated that fine root biomass (dry biomass of roots per unit volume) |, length dendty (length of roots per unit
wolume) , surface area (surface area of roots per unit volume) and pecific root length (length of roots per unit dry biomass) were
dl oconcentrated in the 0 — 40 cm il layer , and then decreased with the increasng il depth. Except the 20a grasdand , the
tota fine root biomass, length dendty and surface area increased with incread ng abandoned years. Except for the 25a grasdand ,
fine root diameter decreased with the abandoned years. Except the 4a grasdand , il water in the 0™ 100 cm il layer increased
with incread ng abandoned years and the il water in the deep il layerswere rrore sade 1n dfferent grasdands. The rank of il
buk dengty in dfferent grasdandswas 9 <4 <15 <20 <25a. These suggest tha the irfiuence o fine root on the il environment
was different , it can amdiorate the suface il environment drameticaly. Fine root parameters, il weter and il buk dengty
were different dgnificantly in different abendoried years (p < 0. 05) and there were different corrdations anong them. il water
was dways the key factor that irfluences the fine root digribution. For il bulk dengty , it was not the key factor thet irfluences
the fine root digribution in the early dage, but wasin the later dage. Generdly , the rdaionship between bulk dendty and fine
root digribution became closer with the increasng abandoned years.

Key wor ds: herbaceous vegetetion ; fine root characters; vertica digribution; successon; il environment ; Loess Hateau
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1
Table 1 Satus d experimental plots

( Hippophae rhamnoi dess)

(Bothriochloa ischaemun)

Abandoned years Sope . Altitude Qoverage ) . . -
@ © Location Agect m (%) Main plant eciesdf the vegetation cormposition
Pominant gecies:
4a 5 Top unny dop 1357 63 Acconparied speries:
: : ( Lespedeza
9a 30 Midde 1290 79 floribunda) ( Cephal anopl as segetum)
(Stipa korylovii)
15a 4 134 93.4 (Artemisia giraldii)
( Pulsatilla chinensis)
20a 5 1416 85 '( Qycyrrhiza
uralensis) (Vida unijuga)
25a 4 1344 67
1.2
1.2.1 2005 7 , 3 , (@=9cm O
80 cm (10cm) , ,
, , d<2mm D >2mm
DTSAON ® <2mm
80 , )
1.2.2 3 3 ,Im
10cm ,Am 20cm , 3m 3
1.2.3 3 3 ,
:0 20cm 20 40cm 40 60cm 3 3

1.3
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SPSS(11. 0) One-Way ANOVA , LD
. 0 80cm . 0 60cm
2
2.1
211 ( 1) ,0
100cm 100 300cm O 300cm 9a<15a<20a<25a<4a 9a<15a<25a
<4a<20a 9a<l5a<25a<4a<20a , ,9a
0 100cm 100 300cm O 300cm , 100
300cm O 300cm 0 100cm , 4da ,
100cm 0 300cm
9a 15a 25a
) 4a 9a 15a 20a
10 20cm 0 1%m , 4a , 0 10cm
2 15a 0 300cm 7.6% 13% ,
4a 20a 25a 0 300cm
12.2 %,
2.1.2 Jda 15a 25a
20 40cm 9a 20 40cm , 4a (0 10cm)
(40 60cm) , 15a 25a ( 1B) 20a
0 60cm 20a ,
0 20cm , 9a<25a<20a<l5a<4a, 9a ,
,  4da ,15a 20a  25a 2.3%
55% 5.5%, ,0 10cm ,
: (0 10cm)
0 10cm , 0 60cm
2.2
2.2.1 0 80cm 20a ,
, 4a<9a<1ba<25a , )
( 2a) 4a  9a
,15a 20a  25a
,15a 0 10cm
, 0.25 mg/em  36.5%
0 40cm , 0 80cm
da<15a<20a<25a<9a 9a , 40cm ,
9a <25a <20a < 15a <4a, 0 40cm
2.2.2 0 80cm 20a , ;
4a<9a<15a<25a<20a ,
( 2B) 4a 9a 25a . 15a
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A 4a FE#kHh Four years abandoned land B FE#kH Four years abandoned land
[] 9a FE#tHh Nine years abandoned land [C] 9a #FF#kHh Nine years abandoned land
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Fg.1 Ciange o il water content (1A) and il buk dendty (1B) in different il depth on abandoned lands
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Fig.2 Verticd digribution of fine root biomass (A) |, fine root length densty (B) , root surface area (C) , edific root length (D) and root diameter (E) in
different il depths on abandoned lands
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Table 2 Analyss o varianice of the rcoi parainetersand soil characters in 5 abandoned grasdands
A red year Sil buck densty il water content Biomass Root length dendty Root suface area (Diameter Foecific root length
(g/em?) (%) (mg/c®) (mmycn®) (mm®/em?) (mm) (mm/mg)
4a 1.2243a 13.2a 0.317b 5.83a 3.27a 0. 649% 18.57a
9a 1.1778b 8.8d 0.457b 13.39% 9.99b 0.577a 32.41ab
15a 1.2242a 10.8c 0. 682ab 21.41b 9.35a 0. 439%b 3L.4b
20a 1. 2241a 13. 4a 0. 668a 69. 70b 19.13b 0.435b 103. 90b
25a 1. 2042a 12.2b 0.727a 23.39% 9.80b 0. 39%6b 31.83b
Sfe p<0.05 p<0.01 p<0.01 p<0.01 p<0.05 p<0.01 p<0.01
Vaues in the same column followed by the same letter are ot dgnificantly different acoording to LD’ sted
2.4
, 4a
( 3
, 4da , 25a
) 9a 20a ,
, 20a 25a ,9a
) ,20a
74a 1 ;
9a , ;15a
:20a )

:25a

4a 25a,
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Table 3 Corrédation analysis o the root parameters and soil characters in 5 abandoned grasdands

e Abanconed il buk il water Fine root Fine root Root Secific
years(a) dendty content biomass dendty suface area root length
4 - 0.666 1
9 - 0.362 1
il weter content 15 0.9% 1
20 0.987 1
25 0.604 1
4 0.967 - 0.455 1
9 0. 409 -0.932"" 1
Fine ot bio 15 —0.864* -0.716'* 1
Bss 20 - 0.99 - 0.956 1
25 - 099" 0.917 "~ 1
4 0.161 0.089 0.207 1
9 - 0.028 -0.949" " 0.936 " " 1
. 15 0.284 - 0.635 0.433 1
Fine root density 20 -0.213 - 0.637 0.5%5 1
25 - 0.879 0.858 " " 0.939 " " 1
4 0. 401 0.089 0.336 0.622 1
9 0.715 -0.83% " " 0.910 " 0.843" " 1
Root Saface area 15 0.001 - 0.655 0.489 0.969 " " 1
20 - 0.519 -0.843"7 0.816 0.636 1
25 - 0.582 0.897 " * 0.967 " 0.988 1
4 - 0.151 0.030 - 0.33% 0.961" " 0.506 1
9 -0.7% 0.428 0.166 0.527 0. 402 1
» 15 0.974 - 0.101 -0.716 0.711° 0.670 1
Specific root length 20 0.637 - 0.075 - 0.104 0.724" 0.014 1
25 0.682 - 0.169 - 0.210 0.090 - 0.013 1
4 - 0.897 0.550 - 0.036 - 0.695 - 0.137 - 0.643
9 -0.99 " 0.824" -0.7197 - 0.677 - 0.619 0.299
Root diameter 15 - 0.746 0.414 - 0.299 - 0.299 - 0.167 - 0.401
20 - 0.704 0.414 0.598 0.386 0.505 0.178
25 - 0.106 - 0.169 0.047 - 0.229 - 0.101 -0.83%""
* 0.01 ,Qorrdation is dgnificart a the 0.01 levd ; * * 0.05 ,Qorrdation is dgnificart a the 0. 05 level
3
1 R o w
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Zhan ¥ , ,
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2 (24l 0 60cm
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25a<4a<20a;9%
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