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Root distribution in the different forest types and their relationship to soil

properties
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Abstract: Fine roots are the core of the belowground ecological processes and play an important role in tree root systems.
Fine roots are the major organ trees use to absorb water and nutrients. They play an important and significant role in the
processes of carbon allocation and nutrient cycling of forested ecosystems. Therefore, an understanding of the structure and
function of root systems allows us to enhance forest ecosystem productivity and to understand the way available resources are
used belowground.

No single, widely accepted definition of what makes up a fine root exists, although most researchers refer to roots < 2
mm in diameter as fine roots. We studied eight forest types in a hilly red soil area in South China during the 2010 growing
season. We measured important root characteristics at a variety of soil depths such as the distribution of RLD (oot length

density) in several size (diameter) classes, fractal dimensions and the relationships between RLD and soil bulk density,
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and between soil organic carbon and total nitrogen. The results indicate Pinus massoniana low-benefit forest ( PMLF) has
the lowest RLD, but larger densities were found in Chinese fir low efficiency forest ( CLF) and Pinus elliottii forest. The
RLD in topsoil was significantly correlated to the shrub-herb layer coverage (r=0.793, P<0.05). RLD of all forest types
decreased with the increasing of soil depth. The effects of plant species and growth conditions on RLD declined with
increasing soil depth. Also, the differences of RLD among forest types gradually decreased as soil depth increased. In the
different habitats, no obvious changes were found between RLD and diameter class in the same soil layer. The RLD in the 0
to < 0.2 mm diameter class was the highest in Pinus massoniana Low-benefit Forest (PLF) , and the RLD usually peaked
in the 0.2 to < 0.5 mm diameter class in all forest types except Pinus massoniana Low-benefit Forest (PLF). RLD in all
diameter classes all declined as soil depth increased. As root diameter increased, the differences of RLD increased
significantly in the shallowest soil layer and in the deepest soil sample. Correlation analysis indicated RLD was significantly
correlated with soil organic carbon and total-N, while there was a negative correlation between RLD and soil bulk density.
RLD in the 1—2 mm diameter class had a significant impact on soil structure, soil organic carbon and total-N
accumulation. The fractal dimensions of root length ranged from 2. 0973 to 2. 6063 in all forest types. Samples with fractal
dimensions had higher concentrations of roots in the 0—0.2 mm diameter length class. This suggests the succession process
of the root system not only affected by plant genetic characteristics and climate factors, but it also influences soil quality;
and its various characteristics were also closely related. The function of roots in improving soil structure or increasing
nutrient availability would be weakened if the diameter class was too large or too small with the same root length. Therefore,
ecological management and forest development should include the consideration of root characteristics. Forest stand
structure, which consists of trees, shrubs and herbs, should be managed in a way which enhances ecological system

functions and increases and maintains soil productivity.

Key Words: bulk density; fractal dimension; organic carbon; root distribution; root length density (RLD) ; total nitrogen
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Fig.1 RLD in different soil depth of different forest types
PLF. T BAMESAK Pinus massoniana Low-benefit Forest; PSMF
LA + A Ff 1R S8 MK Mixed Forest of Pinus massonianasn + Schima
superba; PCMF; 5 BB #5 + #2 A 1R 28 #k Mixed Forest of Pinus
massonianasn + Cunninghamia lanceolata; PPF . TB AN L AR Pinus
elliottii Pure Forest; CLF: 42 A ik % bk Cunninghamia lanceolata
Low-benefit Forest; CLMF: 42 A + #il % It 3 #k Mixed Forest of
Cunninghamia lanceolata + Liquidambar formosana; CFBA . ‘K Hgilk
Hi Cunninghamia lanceolata Forest Burned Areas; APF; AJfAR4lHk

Aleurites montana Pure Forest

F2 BHENEBERKEESIERETUMNXENX
Table 2 The models of RLD and soil depth in different forest types

Feze st KRN THRFREL Feze st FKHRA AR ZEL
Stand type Equation Correlation coefficient Stand type Equation Correlation coefficient
PLF f = 3493.6e71-217h -0.974** PSMF f=1679.6n707% -0.980 "
PCMF S = 3031.3¢70- 3%k -0.989 ** PPF = 7528.3e70- 8946k -0.981**
CLF /= 2659.0h71-3846 -0.971** CLMF S = 1398. 64710821 -0.988 **
CFBA S = 1527.9¢70-3062h -0.987** APF = 3472.570-618% -0.997 **

* # FORAHSCHEEM KT (P<0.01) 5+ FRIRAHEHEIE 27K T (P<0.05)

3.2 ARG B A R AR
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M % & RLD/(em/100cm?) K% ¥ RLD/(cm/100cm?)
0 50 100 150 200 250 300 350 400 0 200 400 600 800 1000
I
<05 | KRR 02<1<0.5 SRR TO I O DO T T T
02503 (10 0—10cm
| XX310—20cm
0.5<L<1.0 B& B 20—40cm 0.5<L<1.0 W
b 40—60cm _
1.0<L<2.0 § [160—80cm 1.0<L=<2.0 fm
TR AMIERb LR ARAFTR A
2.0<L<5.0 Pinus massoniana Low-benefit Forest 20<L<5.0 P Mixed forest of Pinus massonianasn and Schima superba
0 200 400 600 800 1000 0 200 400 600 800 1000
iHH\HHHHHHHHHHH
0<L<02 W 0<L=02 g™

02<L<0.5

02<L=<05 B i

T LTI DO DI T T T T T T T r]
NI

0.5<L<1.0 %

RIS AR A Lo<L<20 B AR BB

Enm
05<L=<1.0 E=
—

1.0<L<20 @
Mixed forest of Pinus massonianasn and 2 0<L<5.0 I Pinus elliottii pure forest
2.0<L<50 Cunninghamia lanceolata ) =
0 200 400 600 800 1000 1200 1400 0 100 200 300 400 500 600 700

!!! lllllllllllllll
0<L<02 Br 0<L<0.2

0.2<L<0.5 02<L=<0.5 55558
I

LU DD T T T T T T T T T T T I T I T I T I T TTTTITT7T]

0.5<L<10 B 05<L<1.0 BB
- N

1.0<L<2.0 E - 1.0<L<2.0 % AZARA AR S

FJ ) ] ZN % Mixed forest of Cunninghamia lanceolata and
2.0<L=<5.0 Cunninghamia lanceolata low-benefit forest 5 0<1<5.0 F Liquidambar formosana

0 100 200 300 400 500 0 100 200 300 400 500 600 700 800

O<L<042 0<L<OV2 [HHHHHHHHH\‘\HHHHHHH

OO UL DO O T D DO T T T T I T ITITITITITITIT]

02<L<05 s : 02<L<05 m‘- """"
\HHHHHHHNHHHHHHHHH\HH
05<L<10 B 0.5<L<1.0

N <2. W
1.0<L<2.0 AR K Bty 1o=L=20 AR bk
e lesn Cunninghamia lanceolata forest burned areas 20<L<5.0 = Aleurites montana pure forest
0<L<S. . <5.

E2 8 MAMLBEAREARKEENEESH
Fig2. Vertical distribution of RLD in different diameter classes of 8 forest types
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<5.0 mm RHM R . RKZHIERKEE RIKZ 396. 6 581055 K, RIFTENF T A ZRMEA b AR R ARG
K, BHERZ5IK)Z RS 2 F U,
3.3 AR +EREK 45
AR ZRARIEH R MR A A e B i T AR AR 2R B2 BRI, 43 4 B08 /)N | 156 B A [R] 42 MR 28 A 4 A A

XS] [z WIER AR RAEA RN A A 5], AU [A] R AR A T 1) 4E B A R R B 3,
AT LLE Y ASRZEAAR KA 4507 2. 0973—2. 6063 Z (1], Dy BAMIRAARTE 0—60 em 42 W 488 ok, %
HZ R R R AR AR R A A AN AT, BB T <0.2 mm BITERA, X 5 H R Y Fh gl il 2 —
FOE S EANA HEECR . AR MR K 80 MELEA R 2R ERIA—2, 7 0—10 em +2, 12
AR A TR SR AR 3 AE B0/ (2. 2375 ) BRI AR AR R R A B 43 A 3450 X F 2R TR Z YRl =F
W R AR  1E 10—20 cm ,20—40 cm 40—60 cm 12, AR HBFA ARG > dE R/ R R K EEAE R
ARG B 504 Fe e 5] HAB 43730 8 2. 1331 .2.0973 1 2. 1415;60—80 cm + )2, LA A + R iR 38 M4
YRR BN 2. 3868 5 73 e E R /N R AR AR (2. 1620) o AR ZRARSE AL 3 AE R 0T LR B A A2

B EEES (B AR A PR A HOR R AR AR A3 A N34 5T, 43 e Bt/ . AASE3G 43 B 485 SR Al AT
PAF AR A B /N R B T AN [ AR 0 TR R K B A 4 IR B0, 7T A SR AS [R) A28 R ) AR 3R B A Btk
B E IR

K3 TRRMLBEZLENRRSBELHRBEXRY

Table 3 Fractal dimension of root length and correlation coefficient of different soil depth in different forest types

Mol +JZIRBE Soil depth / em
Stand type 0—10 10—20 20—40 40—60 60—80
)L /N SN 2.6063 2.5287 2.5873 2.5796
0.8989 * 0.9107 * 0.8944 * 0.8868 *
L AN+ AT IR SR 2.3716 2.4780 2.4849 2.3941 2.3868
0.9269 ** 0.8953 0.8934 * 0.8949 0.9002 *
LR+ FZ AR 2.3022 2.3066 2.2361 2.2594 2.2141
0.9227 ** 0.9016 * 0.9096 * 0.9066 * 0.9133 "
TSI LR VNIV 2.3328 2.1331 2.0973 2.1415 2.3631
0.9596 ** 0.9075 * 0.9121* 0.8889 * 0. 8968 *
(2NN 2.2432 2.1746 2.3425 2.2421 2.3430
0.9325 ** 0.9140 * 0.9105 * 0.9022* 0.8882 "
FAR+RER A 2.2375 2.3212 2.3807 2.4356 2.2539
0.9326 " 0.9139 0.9055 * 0.9201 ** 0.9119
K H 2.2690 2.2824 2.3020 2.3355 2.3202
0.9246 ** 0.9254 ** 0.9262 ** 0.9359 ** 0.9320 **
ESTIEGEZ N 2.3974 2.4411 2.3775 2.3612 2.1620
0.9462 ** 0.9440 ** 0.9459 ** 0.9141* 0.9570 **

x % FORAHCHE BN BFE K (P<0.01) 5 = FmAHEES BE K (P<0.05)

3.4 MARHES AR ER

HE IR ZR 0 3 Y AR R R 3 s i A I B, 7E AR SR 4 J SR Al R IR |45 - SOk, 7E R
B LB AT s @ A S AR A s B, A R T R EA I B R AR R R 2R E . RIe R R
A IR MACPE T AT L B Bl - 38 mp 32 40 FK 43 B A B S 00 9 L A B B4 A K R ot 2 %t - 18R 4 K A
JiE R TR R Y SR Pearson MUBARSC /TG HIEAE ALK 2R GREEE HAEBUCR
IR BARE T S LB R (R 4),

(1) HHEFE S 1.0<L<2.0 mm 2.0<L<5.0 mm LR F 7 b7 L35 S 0 8 35 S A0 G, M oG R 80
S A-0.589 ,-0.486, TIEAS B 2R 1—2 mm MR R FE R Z 05 W], AR AR B AR B/ T 38 75 8 Y5
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MRS, AESRKEEBAREINEEAHE(r=-0.501) , 5HEVLIK SRS EENEF TR HX
ZH03 50 -0.740 . —0. 689 ,

(2) ALK 2R A B 1 2 3 B A OC A E R 0.777 ,0.595, 4% 1.0<L<2.0
mm 2. 0<L<5.0 mm PYARI T G e 325 LA LA 52 5TEk , AHOC R B0 0. 543 F10. 539, [A]
WALHE T 2B SRR ZE FHEREUM R 0.753 F10. 646, MARHK<1.0 mm AR RN HEAIBRI SRS
WA BEEN, TR &2 FA VIR R0 EEEE W AR EGEH] 0.829,

G REKHE S DEH(L<1.0 mm) IRE TG LA OC R AT W R 5290 1.0<L<2.0
mm 1 2. 0<L<5.0 mm ARK T A7 L) A% b 28 TE AR G, AR DG R 505300 0. 652 0. 661,

(4) MK HEEC G129 0<L<0. 2 mm ST & Fo Bl 2 2 ARG (r=0. 965 ) , R - 4RO IR K
£ T 0—0.2 mm RN ;3 4EE 54898 0. 5<L.<1.0 mm WA BT & o5 0 AH G 2, FeW v a1 42 2% 1
MR FE K AR AE A TRl ARG P A 4 Bd 1) T2 204k

x4 TEUERERABFMERFERPRKET S LEHIEXRE

Table 4 Correlation coefficient of soil characteristics and the root parameters, percentage of root length in different DC

S R & (e LB % ) MRS AEAL

Ttem 7 (em/100em”) Soil bulk density Soil organic C Soil total nitrogen Fractal dimension
RLD of root length

25 Soil bulk density/( g/cm?®) -0.501 " 1

A HLK Soil organic C/% 0.777** -0.740 ** 1

£ Soil total nitrogen/ ( g/kg) 0.595** -0.689 " 0.829 1

I HERT Fractal dimension -0.088 -0.010 -0.117 -0.009 1

Pycr<on -0.135 -0.014 -0.126 -0.015 0.965 "

Py aa<os -0.266 0.499 ** -0.074 -0.409 -0.228

Py se<io 0.056 -0.291 0.000 0.170 -0.654*"

Py oa<o 0.652* -0.589 ** 0.543** 0.753** -0.032

P ger=s.0 0.661 ** —0.486 " 0.539 " 0.646 " -0.039

w % FERACNEEM B E KT (P<0.01) 5 * FmA kS B EK T (P<0.05)

4 Z5itie

MR A )M K A A Rt | 585 AR R RGURAH Y b L5 RE A% R 4F AR A R JE Al 25 4, TRl s
FE) BOAR Z 76 R RITREE 0 0 A7 R AP B e A7 R B B A AR T A i 22 5% . W98 R [R) AR PR 2R AUAR &R 11 43
AR AE AR G BRI B 5 ek R B SC &, AT DIRA T A S A G S I F 2 M A B S &

ASCHTRFGEI 8 Fh AR R 2 HIEMR K % B 5 R 55 FE R I W AH C (r=0.793,P<0.05) , 5
FEAAIRALOR T o B 55 IS, 4% £ 2 AR K5 B B R/ 0—10 em 2 A2 AR AR AR 1 %5 B B K
(3005. 82 cm/100em” ) ,JZHTH Y 3. 8 i, iX FZIRAMR A E TRIZ L3 5 85 90% D L, By
T RZ PR R K, SRR AR K 2% R 1 2 R 8 2 2 B0 15 I A, X 5 a1
IR —80 ) (AR RIS AR 5 B (1 25 SR AE B A 40/, R T £ 2B, #4028 B AR ROk Bl
R 5 )

FEAR TR 2 AN R AR AR K 2% 3 B AR R ) AR AR A — B, T RAMIRAOMR 0<L.<0. 2 mm FRHARK
W B, B AR G KT/ ; HAB SRS + 2R IBIN 0. 2<L.<0. 5 mm AR 58 8 e K B0 i 06 11T 28 5
fE, MEHERZ 0T, SR GARA % R a3 PR R, HIERZ S IRZNR K HEER
A

O AEECTT AR AR R 90728 e LA S5 A B 0 , LS A AL A B, 2235 CR T 4 AR5 98 AN [R) A2
PR R, 3 B0 UL AR R AR AR K 3 A 83 &), 2 R R FEAS AR 0 A B3 5] ARBIESR
o STHE B IX 8 Rl A B AR BUAR KA 4E BT 2. 0973—2. 6063 Z [8] , B B AMESUMAE & + )2 h AR K 43 4
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B R 853 R IMBTE 2 RS R IR — 34, T LAFE Y W R o e D 2 e s [ T 5 3L Y
AR+ IR SR FRHFA PR AR AR A - HEEOHA BL/N , AN R A G B AR K B S o 25 iR
RS 0<L.<0.2 mm RPN E R O U], IR K EBEHEPIOA T 0<L<0.2 mm 1BHZ N, RK
YRR T AN [RIAR G AR AR A R A AL SR L | LA DA i M AR R AR A i B PN R AR A —
TE R BRI E

MARZR AL L SEVE B SC FORTR R S BEBOR , AN CA Tl 1 e o, 8 - AL B &5 1, R
TIREER A H TR W AR A A S, WA RRGAR K B T R W AR 1—2 mm ARAR
X e R SRS AR A i b A LR U A O 3 AR <1. 0 mm BYHRZ XS L HErRek KA A
IR

TS LI FERE IX 8 Al AR PRI B AR 2R A A () X LE 5 3 B0 A A BFTE R A2 RSSO R H PA PR R
JZ R A (AR, 32 PR I P R 1) 32 T AR Fob O AR A o, G AR B A, AR A3 T b
BT E B R HAR AR Y T SRR AN ORATIR SSAK T B E SRR I A B AR
A, X TR SRR SE R BARTERLY) 5 AR TERI I A T 6, ad AR - JERGHE AT R IE,
BT HERCS 0—0.2 mm FRGAIRA I & HUISE R o # ]

TEAE B - IR G MR AR 8 UM F R SR R B 7, RN R RS RO i R A2 B R st %
PEMER AU R F I ) B T B S SRR R DA OG . FEAR R K EEAH R s B0 T, 72 4l Rt
/KT SRR A A R BRI B A TR R 985 | DRI, Pk XIS it A AR B BRAR B B it R oh %
JERIPIAR A AR S BRIC ETT E FSEYA  eA A TEsR ZRAKAE ZS R GEIIRE , SORT R B e LA
WAES RS RRIURYIEY ¢S
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