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Abstract: Different plant roots may have potential impacts on nutritious elements movement in soil profiles. Distribution
characteristics of fine root systems less than 1 mm in diameter in soil profile is the physiological basis of plants for adapt-
ing and improving adverse soil physical and chemical conditions. Few studies, however, have been conducted on the
nutritious elements movement as affected by plant roots at profile scale. With the method of a large-size profile for
measuring root density and an equipment of undisturbed monolith soil for measuring eluviation of elements, we investigat-
ed the transport intensity of nutritious elements, such as K, Na, Ca, Mg, Cu, Mn, Fe, Si, Al in the soil profiles as
affected by root systems of different species of vegetation in hilly and gully regions of the Chinese Loess Plateau. The
objective was to explore the approach to improve the biological effectiveness of soil nutrients. The results obtained
suggested that transport differences among nutritious elements in soils were not depended on the amount of nutritious
elements in soil rather than the distribution of plant roots of < 1mm in diameters. The increased effects of roots on the

nutritious elements movement in soil profile decreased as the soil depth increased. The effects of plant roots on nutritious
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element movement in soil profiles increased in the following order: forest land > grass land > farm land. The critical soil
depth of different plant roots affecting elements transport in soil profiles was 30cm for forestry and 10cm for grassland.
The movement of nutritious elements in soil profiles increased in the following order: Ca > Na> Mg>K> Si> Al for the
normal elements, and Cu > Mn > Fe for micro-elements. The effects of plant roots on the nutritious elements movement in
soil profile were weak when the effective root density of tree and grass were less than 17 and 60 roots per 100 cm’ and root
weight of tree and grass were less than 0.11 and 0.16 g per 100 cm’ respectively . Plant roots can influence the nutritious
elements movement in soil profile when the effective root density of tree and grass increased from 17 to 66 and from 60 to
106 roots per 100 cm’ respectively, and root weight of tree and grass increased from 0.11 to 0.37 and from 0.16 to 0.30
g per 100 cm® respectively. Plant roots can significantly influence the nutritious elements movement in soil profile when

the effective root density of tree and grass were more than 140 and 200 roots per 100 cm?, and root weight of tree and

grass were more than 0.70 and 0.40 g per 100 cm’ respectively .
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Table 1 Community status in sampling sites
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4 1+ Loess soil A AR

( Pinus tabulaeformis)

PRI (Age)18 —~—20yr, % BF (Density) 5500 plants/hm? , BB H] & ( Canopy
density)90% , - 34 ¥k & ( Plant height) 10.60cm, 5F- # i 4% ( Breast-high

diameter) 8.3cm

4 1 Loess soil HEFMM

( Bothriochloa ischaemum L. Keng)
H 4 1 Loess soil —
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degree)90% ~95% , ¥ 5 ¥ E & (Cover plant weight) 805g/m’
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Fig.1 Distribution of roots ( < 1mm)density and weight in soil profile covered by pines and grass
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Table 2  Distribution of tree roots{ > 1mm)density and weight in soil profile
T HK RER 4 2 Soil depth(cm)
Trees Root diameter 0—10 10—20 20—30 30—40 40—50 50—60 60—70 70—80 80—90 90—100

R B 1 ~2mm 8 6 10 4 2 4 4 5 4 2
Roots density HREMB(%) % of total 17 13 20 8 4 8 8 10 8 4
(No./1000cm?) 2 ~5mm 2 2 5 1 2 2 1 1 0 0
HEB(%) % of total 13 13 30 6 13 13 6 6 0 0
5 ~10mm 2 0 1 2 1 0 0 0 0 0
SR (%) % of total 33 0 17 33 17 0 0 0 0 0
10 ~20mm 0 0 2 0 0 0 0 0 1 0
B (%) % of total 0 0 67 0 0 0 0 0 33 0
> 20mm 0 1 0 1 0 0 0 0 0 0
i B (%) % of total 0 50 0 50 0 0 0 0 0 0
R 1 ~2mm 0.034 0.024 0.03 0.013 0.007 0.005 0.01t 0.01 0.015 0
Roots weight HBMR(%) % of total 23 16 20 9 5 3 7 7 10 0
(g/100cm®) 2 ~5mm 0.03 0.06 0.026 0 0 0.01 0 0.043 0 0
HEMH(%) % of total 18 36 15 0 0 6 0 25 0 0
5 ~—10mm 0.085 0.248 0.08 0 0 0 0  0.155 0 0
BB (%) % of total 15 44 14 0 0 0 0 27 0 0
10 ~20mm 0 0.295 0 0272 0 0 0 0 0 0
5B (%) % of total 0 52 48 0 0 0 0 0 0
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BN+ S5 2B REOERE , HREA R

R, = 365.82¢7%%9% R?=0.98,

P<0.001,n=160 (2)
R, = 0.78¢™%%7Z R?=0.94,
P<0.001,n=20 (3)
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T AR o TET7.05x1075~1.64 x 1032 8], B HL
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Table 3 Changing rates of nutrients elements translation in soil profile covered by tree and grasses

-3 wE ZF 4L # Changing rates (h™'-em™!)
Vegetation "1l 9PtH ¢ Na Ca Mg Al Si C Mn Fe
(cm)
MAAAR 0—30  -1.23x107% -5.62x107* -1.55x103 -2.75x107% -8.71x10"5 -2.55x10"° -9.98x10"* -1.57x10"* -1.38x10"*
Trees  30—60 -2.27x107° -5.18x10"5 -9.89x10~> -2.63x10"° -5.87x10"7 -8.64x10"7 -3.43x10"5 -2.27x10"® -9.28x10"7
560 -2.11x107% -1.26x107° -2.05x107> -6.53x10"°% -3.09x10"% -1.15x10"7 -6.42x10"5 -1.88x10"7 -4.60x10"%
HE 030 -7.9x107° -1.81x10"5 -6.50x10"° - -6.27x1077 -1.09x10°°% -4.69x10°° -2.54x10°°% -1.14x10"%
Grass  30—60 -9.79x107° -9.47x10°¢ -2.69x10°° - -9.15x107% -3.45x10°7 -1.07x10"° -5.81x10"7 -1.50x10""7
>60  -1.25x107% -5.96x10"° -1.38x10"° - -1.47x10°% -1.36x10"7 -2.9x10"% -1.62x10"7 -3.59x10"8
ERFE 030 -1.85x107% -1.95x10°% -1.05x107% -1.38x107° -2.17x10"7 -1.41x10"7 -1.22x10"° - -2.74x1073
Farmland 3060 -2.76x10"7 -7.66x10"7 -2.11x10"% -3.81x10"7 -5.55x10"7 -2.61x10"% -1.15x10"¢ - -1.24x10"8
>60  -8.85x107% -3.42x10"7 -8.08x1077 -1.75x10"7 -6.29x10" " -9.52x10"° -2.81x10"7 - -1.9%x10"°
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H Cu>Mn> Fe; (3)7EMEH# 0—30cm 1 )2 M [E #
TE,JLH R Ca, Na.Mg.K.Cu . Mn 7T RS WL
FRAP R LR 1—2 NS T E
ERBEFINAABERMER L BEEE N 30em,
B 10em. #—F UL, YR REX -5
HRERMELTE, B LR BRI EDER
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AHEAGRMER, EEWTRIBRE T E T RE
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LiIRRY LT ERESM RAEAN CETBN
ECVERBE MY EARR, REN TEIBHNE
AR AR ERE, NRAEYBHERR
X EP TR BRENELE S ImMK > ¥
XK, HFERER: (DMMABERRGELLE
HIUURITBNBNIE L E2RE SR RPN EE W,
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BEAMTETBENOELBNE LEREERK
PRBOE W, L 0—10cm + B H IR, 10—30cm K&,
0cm UFEELEB/DN, EXBEREAN LRI
EHEEAERANORALEREN 30cm; (3) X
RMMAK, ERER ABERAEWMTRERIBRE
MERBEARAN BERE, - —RRERAENR— L
B3R B E A A F TR B R ETE L KD
FIRA B, _BEHREREMN TEEHEEIELIE
FAMEENEZAARSERANTEIBREM
FREEB X R, XRAARREZEMNEY ., BT
HMREHNE S M HREARR, LR FBOLE M
THEYBEAEFSYE BELRESEDRAUYE
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®4 EYRERMIHRIARIBBENINEELE(dAK, /dZ ,h7 ' em™?)
Table 4 Changing rates of nutrients elements transportation in soil profile as affected by roots

xy RE A
Vegetation Soil depth K Na Ca Mg Al Si Cu Mn Fe
{em)
WA 10 -3.7x107% -1.3x107% -4.1x107% -6.2x107% -2.6x10"* -8.1x10"° -2.7x10"> -4.9x10"* -4.2x107*
Trees 20 -2.5x107* -2.5x107% -5.9x107* -1.2x107* -9.9x107% -7.2x107° -2.8x10"* -3.7x1075 -1.5x10"°
30 -5.1x107° -9.8x107° -1.9x10"* -4.8x107% -1.5x107% -1.7x10"® -7.2x107% -2.8x107¢ -2.2x107
45 -1.1x107° -3.7x107% -6.3x1075 -1.9x10"% -2.2x10"" -4.3x10"7 -1.9x107° -5.3x10"7 -3.2x 107"
60 -33.4x107°-1.9%x107°% -2.8x10°° -9.6x10"° -5.6x10"% -1.6x10"7 -7.3x107° -9.8x10"7 -8.2x10®
75 -1.8x107° -1.1x10"° -1.5x10"° -5.9x10"% -1.9x10"% -7.2x10"% -3.5x10"% -3.0x10"7 -2.8x10"®
90  ~7.1x1077 -7.2x107° -9.2x107°% -3.8x10"¢ -8.3x107° -3.8x10"® -1.9x107° -1.2x10"% - 1.2x10"®
HE 10 -1.8x10°% 2.7x10°% -9.9x10"° - -9.1x10"7 -1.5%10"% -7.4x10"% -5.7x10"¢ -1.8x10°%
Grass 20 -6.2x107° -1.9x107° -6.3x107° - -3.9x1077 -8.9x10"7 -3.7x107° -4.9x10"¢ -8.1x10"’
30 -2.1x107° 1.4x10°° -4.1x10°° - -1.7x1077 -5.2x1077 1.8x10°° -1.1x10°% -3.6x1077
45  -4.4x107% -8.2x107¢ -2.1x10°° - -4.8x10°% -2.3x10"7 -6.4x10°% -3.7x10"7 -1.1x10""’
60 -8.9x10"7 -4.9x10"% 1.1x10°° - -1.4x10"% -1.0x10"7 2.2x10°% -1.2x10"7 -3.2x10"®
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EWKEBAE, LEE R R Al Fe.K.Cu HJiE
BEA MR AR TE LB, X 0 E 1L B8 J7 A X
HR/NFIIE 0—30em T ZHE AR ERBRL IR
W, BB N, MMABEERRN TEEIBRRER
FHBENMERNLREELERN 0—45cm, T H
BEHERENN 0—30cm, FEILERAEN LET
38 BE I LR B AT BT KD SAR R E LR
- EE T HRB A IFER MR, 0—30cm
+ 2 AR 5 AR R X R R T R B 16 AL RO Y
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Table 5 Coefficients of plant roots for intensifying nutritious elements transportation in soil profile
$H +/2(cm) .
Vegetation Soil depth K Na Ca Mg Al Si Cu Mn lFe

A AR 10 1551 210 226 180 43478 428 878 729 13706
Trees 20 143 55 65 28 1162 17 129 44 651
30 130 28 37 21 924 37 78 24 563

45 19 24 27 20 323 12 46 9 113

60 8 16 13 10 56 4 15 2 22

75 4 12 6 10 15 3 7 1 8

90 3 8 3 7 8 1 4 - 2

H¥ 10 204 11 19 — 689 31 80 23 334
Grass 20 114 10 16 — 292 19 32 15 199
30 17 9 14 — 80 10 22 6 55

45 3 6 5 — 21 4 8 2 13

60 1 2 2 — 13 2 2 1 8

FAX BT BR 24 o5 235 T P AR R IE AL R N R R R
83%~99% , V34 93% , i 30cm LA T +JBR AR
REUHN AR EAA 7%; AXBERRE 0—
30cm TSR G AL T R E BN A X TR R 45
2 H SIS LN BB 79%—~98% , F- ¥ K 92%,
30em AT LEN A 8D LS. Bk, ®BHFEMER
HARBESEER, BT AR Y B KX L FH 4
VBRI E N A EER L,
23 REABUEAEIBEEBTALRNNMNER
BARBRMBRATERIRES TEIBRE
A3 B 53 0 647 81 U3 20 M7 R B, B 72 < 1mm 9550
REZARBS TEIBBENEMEEREMNE

FXRKR(KR6). PR WERALUEFEL , RE
XHICR TR 3R A IS ALY 5 < 1mm 72 4 AR
FEHRESARRENXREABE, UHAFREY
HERREA LRI TRIRBEMERARNEER
Bk F EL42 < 1mm AR 7E 1 180 P 1) 9 25 50 R 0L .
AAR L EPARSHE(UHRIREE)MERR
Xt JCH B B AL 9 K/ RS R AR RAE R
L. EHIAN, BER < 1mm B BUAREFE AR RSN
FEYIBE I A R AR AR 2R 38 0L A0 ol 3 1 3 5% 4 o 2
B EHERRRSE S, 53BN AE BB E
BEAMA AR,

®6 REE (R,) MRR(Ry) SERTRIBBEMME(AK,) XK AK, =aR},A K, = ARW
Table 6 Regression relationship of A K, with Rd and A K, with Ry

e 3] & AK, = aR} AK, = ARw®
Vegetation Elements a b R? A B R? P i
T AR K 1.23x10°¢ 1.76 0.98 1.67E - 03 2.11 0.97 <0.01 14
Trees Na 1.29x 10°* 0.81 0.92 1.03E - 02 0.97 0.91 <0.01 14
Ca 7.94%10°° 1.08 0.97 2.63E - 02 1.28 0.91 <0.01 14
Mg 7.45%10°° 0.774  0.84 4.48E - 03 2.68 0.84 <0.01 14
Al 5.22x10°° 2.24 0.95 9.21E - 04 1.77 0.94 <0.01 14
Si 1.19x 1077 1.51 0.94 3.79E - 04 1.66 0.89 <0.01 14
Cu 7.60x 106 1.40 0.96 1.40E - 02 2.19 0.95 <0.01 14
Mn 4.83x10°8 2.00 0.95 1.83E - 03 2.72 0.96 <0.01 14
Fe 6.35x10°° 2.31 0.98 1.48E - 03 1.97 0.94 <0.01 14
H&E K 1.38x 1077 1.77 0.96 5.01E - 03 0.61 0.82 <0.01 10
Grass Na 3.78x 1077 0.57 0.81 1.32E ~ 03 0.74 0.89 <0.01 10
Ca 6.50x 1073 0.74 0.93 3.87E-03 1.32 0.91 <0.01 10
Al 2.48x 107° 1.39 0.96 2.60E - 05 0.85 0.83 <0.01 10
Si 2.11x10°7 0.89 0.97 5.08E - 05 1.18 0.86 <0.01 10
Cu 9.77x10"° 1.17 0.99 2.58E - 03 1.18 0.97 <0.01 10
Mn 1.78x 108 1.23 0.99 1.61E - 04 1.21 0.93 <0.01 10
Fe 7.22x 1078 0.87 0.94 1.23E - 05 1.26 0.82 <0.01 10
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MR REATEIB NG BA BB XE
Vol YARERFEAFARBERE ST 17 M
60No./100cm? , AR & 43 5|/ F 0.11 #1 0.16 g/100cm’
MOREAN L RTEIBBREREMBNED; 4
AR ERENERREE 25 R 17 ~66 f1 60 ~
106No./100cm?, iR & 4> 5|4 0.11 —0.37 #1 0.16 ~
0.30 g/100c’ B ,REM + WL EIBBREFEE
R IAVERT; XAk EEBEVE RO B A BT 140
#1200 No./100cm’®, R &1L 0.70 7 0.40 g/100cm’
B RAMNIEP LEIBHNENEARAEER
EALVER .

WER 6 PREIEESL, MERBRRELTE
TR BHTITE. SRRV . ARBREEEH
111 100 No./100cm? , MM KB E R R L P ITE Al
Fe Mn I ERE SR BEKE IS M 4 —5 DEE R P (104 ~
105),K.Ca.Si,Cu 338 10 3 MR R , Mg Na ¥ 5
AEMIM2AEEER; EHERERR LHP,
A %M % BE S 1 h0 100 No./100em?, KAl Mn #93E
BRENBEST 3 MRS, CaSiCuFe IR ER
2ABEER Na KRR 1 MEHR, XHE-SER,
H )R T AR R X A 7] 50 & B 53 B 06 AL BE g iy AR X
HRN FESECEELBEFHIEREL, TR
H5REBRASHEEFREBENEMERXRR, ARE
PRI AE A S5O 25 BT A AR B 0 AR R B T 4 A ARAE
RIENARE L RFRSVBUES RO ERES
AR

3 g8
1) RRAMBEEE - WP EHTENTBERE
B -+ S VB 4 2 L

2) ZEM(30cm AT +2) E (10em L £ 42 ) F1
R+ EHEBRTRERKEBREFFIN Ca>Na>
Mg>K>Si> Al BITEEAN Cu>Mn> Fe,

N EBEEBE AR, 8L L2 #1402 XA R IF &
ERAAEBENREES, KK/NRFR: i > 5
> R,

4)PRELH 0—30cm + 2 N, Ca.Na Mg K.Cu
MnEXERIBRENSEU S PHARLLER 1
2 ANER R ER T EPTLERIBREFIAEY
B FHIER +EHRE S 7 30cm A 10cm 4L,

5) HYBRAEATEIBHEBEIREAFHER
KHEE: YHRERENFRREESNDT 17
1 60 No./100cm®, #8 & 43 5/ F 0.11 F1 0.16g/

100cm® B, MR R %t + 8 50 ] 1 %5 58 B 9 184 on 2880 7 82
ANy HAK CELEEVE R OB B 4T 3R 17 —~66 Tl 60
~106 No./100cm?, AR & 43 5| %y 0.11 ~0.37 71 0.16
~0.30g/100cm’ B , IRAMN LR TR IBBREF R
ERIMER; YK ERENOREES AL 140
#1200 No./100cm? , A3 & ##33 0.70 1 0.40 g/100cm’
LURAEMN I EP TRIBNEIRERAEERN
mAGER .

& & X W

(1] Bk, % —F. tE¥FEFREASBAENFRERT].
R E 5 S BB, 1998,4(1) : 84-91.

Ma B Y, Zhang Y P. Progress in simulation of soil ion exchange and
transport[ J] . Plant Nutrition and Fentilizer Seience, 1998,4(1): 84—
91.

(2] X4 . &+ S5HFHIM] LR B, 1985, 358-366.
Liu D S. Loess soil and environment[ M]. Beijing: Scientific Publish-
ing Press, 1585. 358-366.

(3] REE,Z4F K FULN L5538 FEHE R R EBS
L) Y E S SRR ¥4 ,2004,10(1) : 6-11,

Song H X, Li S X. Changes of root physiological characteristics result-
ing from supply of water, nitrogen supply and root — growing space in
soil[J]. Plant Nutrition and Fertilizer Science,2004,10(1): 6-11.

(4] RBE BLEENERSFRBHEMRI] KLERER,
1991,11(1): 1-8.

Zhu X M. Formation and development strategy of Chinese Loess Plateau
[J]. Bulletin of Soil and Water conservation. 1991, 11(1): 1-8.

[5]) Tester M, Leigh R A. Partitioning of nutrient transport process in roots
[J). J. Exp. Bot., 2001, 52: 445-457.

{6] Steudle E, Peterson C A. How does water get through roots {11. 1.
Exp. Bot., 1998, 49: 775-788.

[7] Azaizeh H, Gunse B, Steudle E. Effects of NaCl and CaCl, on water
transport across root cells of maize { Zea mays L.) seedlings[J]. Plant
Physiol., 1992, 99: 886-894.

(8] Canadell J, Jackson R B, Ehleringer ] R. Maximum rooting depth of
vegetation types at global scale[J]. Oecologia, 1996,108: 583-595.

[9] Frensch J, Bsiao T C, Steudle E. Water and solute transport along de-
veloping maize rootsJ]. Planta, 1996,198: 348-355.

[10] Jackson R B, Canadell J, Ehleringer J R et al . A global analysis of
root distributions for terrestrial biomes{J]. Oecologia, 1996, 108:
389-411.

(11] BFR,HEH ZHE AELXPERREE SERNZME
oA RAEAREI] EWER SRR ¥E,2003,9(2): 214~
219. .

Zhao B Q, Zhang F S, Li Z J. The vertical distribution and its
change of root quantity and activity of inter ~ panted winter wheat{J] .
Plant Nutrition and Fertilizer Science, 2003,9(2): 214-219.

{12] Bohm W. Methods of studying root systems[ M]. Berlin, Heidelberg,
New York: Springer-verlag, 1979.

(13] Z=H 488 080 ELRFHYHREARS LB HEN
ARAE] BEER,1991,36: 935-938.

Li Y, Zhu X M, TianJ Y. Effectiveness of plant roots to increase the
anti-scouribility of soil on the Loess Plateau{ J]. Chinese Science
Bulletin, 1991,36: 2077-2082.



