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Abstract; Root distribution and its resource demands of different aged apple trees are not same. Numerous studies focused
on the spatial distribution of roots of specific aged trees and however, few studies were done for different aged apple trees.
The spatial distribution of the fine roots of different aged apple trees in the Weibei rainfed tableland was investigated. The
fine roots of the 3-aged apple tree were distributed mainly within a range of 1.5 m, horizontally, and within a thickness of
0.5 m, vertically, while those of the 20 and 15-aged apple trees exceeded 2 m in the radial direction and 1.4 m in the
vertical direction. The dominated distribution range of the 10-aged tree was greater than that of the 3-aged tree, and it was

close to those of the 15 and 20-aged trees. The fine roots of the 3 and 10 aged trees were sparsely distributed, while those
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of the 20 and 15-aged trees were densely distributed. Evolution of root length density ( RLD) of the fine roots can be
divided into three stages: range expanding stage (3 and 10-aged) , density expanding stage (10 and 15-aged) , and density
degradation stage (15 and 20-aged). Directional difference in the RLD of fine toots was not distinct. The RLDs in 0 —20
cm surface soil for 10, 15, and 20-aged trees were less than those in 20 —40 cm soil layer. Peak values for the trees were
observed in 40 — 80 cm soil layer below which the RLDs decreased gradually. The RLD of the 3-aged tree in 0 —20 cm
surface soil was higher than those in deeper layers. Within 2 m range in radial direction, the RLDs of the 3, 15, and 20-
aged trees increased with distance, while that of the 10-aged tree decreased. Some variations of RLD in radial direction

were found for all aged trees.

Key Words: root length density; fine root distribution; apple; Weibei rainfed tableland
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Table1l Conditions of sample areas in the survey of root system survey

I HefiL et 3 Wi IR Fiafate EFED
Site Position on slope Soil Stand age Average height(m) Average DBH( cm) Intercropping
Ry B 18 Middle Bt . 3 2.45 2.8 FitJK melon
Upper slope terrace Huangshan soeil

SRR H FhER Middle ki . 10 3.45 10 —
Upper slope terrace Huangshan soeil

REHHE HER Middle AL . 15 3.35 12.5 —
Upper slope terrace Huangshan soeil

SRR H FhER Middle ki 20 2.83 18.5 —

Upper slope terrace Huangshan soeil

WRABERA L4 (6 =9cm) IR T4, 8 120°H7 442 77 ] (LT FARAR ) <5 1H) BE 50 B BURE L (B
BURE 54 B T2 1.0.1. 5m 1 2. 0m) , 432 (100cm P 4 10cm —/F,100cm L) F 4 20cm H— 2 ) 45
B, BUREIRE ) 140 em, BB 0 T T HBUE, 25 SRR B XTER 405 34T T 50 . & BB 14
i, BT AR R, BIREMEYR KRR CEWEAEARTT) , AR R R & >2mm FRAR
BIBRJG , WYk BT 34 ,80°C LT, FISRE CID A A CTAS2. 0 EME i A E R, TR KB RLD
(root length density) , & SPSS11. 0 F1 Origin7. 5 HEATEEE T4 HE
2 GRS
2.1 AEHEERAWIETRER

TR A7 B 23 TR AR e , TR IRURE Y BRAR K 5 B (root length density, RLD) FfH &1, AMEZE 4R 53
i 95 B X A7 7 BB, Silva 251 5| AJER RLD % 4= % ( Occupancy ratio) K. FrigIE® RLD % 4=
FEIRIER RLD MBS 2B ., B RLD & = 30] DI — e b ROBAR R i 23 (B A AR AE o

1% 3,10,15 #4120 3 SR AR AR 1.0, e 3 e o 10 108
1. 5m 1 2.0m 4035 RLD W93 R A2, R A, g XIS ISase A 208200
15 #4020 BAIEEZH 1.0.1. 5m F1 2. 0m 4JER RLD A A x
RARBUBN, RATHTE 8% W b, ROKBFER 5 T *
WS RIIBUD, BRI RERERARS [ | N
SOOI ATV E B3 2.0m, 3 7 ﬁ><
WBERBH 1.0.1.5m M 2.0m LB RID BARAH & ©°f .
% 63% 33% W 20% RN BEFH, BRERET N o T,
b A, R0 3 R R AR A XA 1. Sm
DAPY B R & 2 R B AR A B . 10 A T s 20
AR 1.0,1. 5m F12. 0m 4bIE T RLD % H= FR B4R ] B o WIS -
BRI K FHE , 233K 39% 56% Fl 64% ,3=HA 10 ¥
BB EESAX BT 15 BB 20 2R, {523 8] B1 HWERIET RLD RAER
ﬁ?ﬁ?ﬁ‘fﬁﬁiﬁﬁo Fig.1 Occupancy ratio of non-zero root length densities ( RLD) for
2.2 RRABERMBTHNGEELR different aged apple trecs

F 2 B 3 WA 10 @32 R P RLD BT 15 80120 %, 3 #R1 10 I 2 I LA K% 1S 1 20 #2215
MERALE . P RLD E—ER K bR BRI E RO, 3 I 10 739 RLD HEAXK,
F LB B AR 0 7 3 4 76 B B 22 /D, 10 AT 15 #R B9 P2y RLD 4351 0. 019¢m « om > 1 0. 102
cm-cm AT 4 £, RUMARERTHI 5T E YR AOEER L, R LIRS ROV ERIBT B, 15 #8320
W FX RLD IREAR T 30% , R = R0 3B /), AR A K AT E P ABUH B .

hitp : //www. ecologica. cn



3404 =3

&4

28 %

2.3 R[ERSESRR 4R 25 8] 53 TR R AE
2.3.1 4048 RLD 534 53 TR A1

B 2 BREHRIERRNFEISERE RLD 7 8] 43 Ak
fE. 720 1.0m 4k 3 3R RLD FEFE|] 0. Sm
P se, AR R X, M AEFE M 0. 5Sm
AT A2 1. 5m 1 2. 0m 4k RLD 437 8¢/ HEEL
FEARE) E AR IX P, RLD >0.02cm-cm ™ ) 5 24
hi 70% LA b, REZE4IAR A R B0 X AR A3 A 5
&, 7R EENHXIMGE RLD >0.02cm-cm 7§
BT, RUEAREELI N X ZIMETE R RS
£X WRERARASEN L ELAG THRREKNS

£2 TEAWNBERTHRKEE
Table 2 Average root length densities ( RLDs) for different aged
apple trees

L)t
Stand age (a)

IR T + iRAER
M +SE(em em™?)

0.015+0.003 a
0.019 +0.003 a

G

Sample number

3 70
10 108
15 108 0.102+0.016 b
20 108 0.072£0.010 b

* BEHAKFH =001, HRAFHER S LEABHBELR

The test results are at significant level of 0. 01% based on LSD’ s test; the

same letter in each column indicates that there is no significant difference

between the treatments
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Fig. 2 Spatial distribution of root length density (RLD) for different aged apple trees
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Fig.4 Root length density against radial distance from trees at different depths

0.1 02 0.3 04 0 0.1 0.2 03 0.4 0 0.1 0.2 03 0.4
T T T | 0 Lﬁr T T T 1 0 T T T 1
. m Ak
£ 02 02 AX\A\ 02 N\ ™\
9 B ¥ A /k
£ 04 = 0'41 \ / 04 [/
0l 2 KA ¥ X A
wz o6l |/ 0.6 i yawd 06 |1/
W Z * A ® K
0.8 0.8 08
HE ! f ’Ll/
g 10 1.0 L{ 1.0 |
. . . s
§ /{ K /
B 12 12 Hf 12 %ﬁ
A
L4 21 1.0m L4 - 1A 1.5m L4 = 2172.0m
Radial distance 1.0m Radial distance 1.5m Radial distance 2.0m
B3 ARl AHERARBEKEEZRENT
Fig.3 Root length density against soil depth for different aged apple trees in different radial distances
04 _ . . .
A~1 A~2 A~3 A~4 A~5
03 = = = =
02 - - L -
“l e b | a a i a a i i
0 VA2 | Wm 7772 7772 a_ 2 .12 2
1.0 15 20 1.0 15 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20
04 g [ B-2 [ B~3 [ B4 [ B-~5 [ B~6 [ B-~7
03 = = = - - =
g
©
£ 02 n L L L L L
A
=} a a C
2 ol ol Al 2 2al 2 b | A Al e 2, a L, 8
?n 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20
& _ _ - _ _
% 04 C~1 C~2 C~3 C~4 C~5 C~6 C~7
3 a
é 03 |- 77 a - - - - —
iz a a
g 02F u L L L L -
& a a a a a
ol | T P B e |
o LA 7 2 v | 7700 | n s i | 7).25..0,
1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20
04 - D~1 [ D~2 [ D~3 [ D~4 [ D~5 [ D~6 [ D~7
03 —% = = = - -
02| - - - - = -
b
a
a a
a2 Y DO, 705900 202 | ot | o
1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20 1.0 1.5 20

A3 ¥ 3-aged apple tree; B ;10 ## 10-aged apple tree;C:15 % 15-aged apple tree;D ;20 #% 20-aged apple tree; ~1:%E depth 0 —20cm; ~2 .3
J& depth 20 —40cm; ~3 ;3% E depth 40 —60cm; ~4 : FEE depth 60 —80cm; ~5 : /& depth 80 —100cm; ~6 : %K F depth 100 —120cm; ~7 . 3
J& depth 120 — 140cm

TR AL BR S Pl A e B S B R R 2B ISR AR . M E

hitp : //www. ecologica. cn



7

HEZE % FILRREARRERRZ R 270 FHE 3407

IR R BEEMRR 7 I E ARG B T B A0 ORI BN T TR, T AR R R AR K
T —BAE 40 ~ 80cm Frok, KBR T HEAR K ERINFERIEZ —, W% F AR E R E 6m #H
TR EARELON 9. 4% ,E HHMEKAMRERE(9% ~12% ) , WA TR DT SREZD IR AR
AT L K ERBUK S, N TR BLH IR R 0 A PO TR B BER

References:

(1]
[2]

[3]
[4]
[5]
[6]

[7]

[9]
[10]

[11]

[12]

[13]

[14]
[15]

[16]
[17]

Schenk H J. Vertical vegetation structure below ground scaling from root to globe. Ecology,2005,66.341 —373.

Bowen G D. Tree roots and the use of soil nutrients. In; G. D. BOWEN, ed. Nutrition of Plantation Forests. London; Academic Press,1984. 147
—177.

Johnson M G, Tingey D T, Phillips D L, ez al. Advancing fine root research with minirhizotrons. Environmental and Experimental Botany, 2001,
45,263 —289.

Hendrick R L, Pregitzer K S. Patterns of fine root mortality in two sugar maple forest. Nature ,1993,361 .59 —61.

Hughes K A, Gandar P W. Length densities, occupancies and weights of apple root system. Plant and Soil ,1993,148 :211 —221.

Yang HQ, Jie Y L, Zhang L Z, et al. Effects of root pruning and shoot pruning on water use efficiency of apple leaves. Acta Horticultures Sinica,
2002,29(3) :197 —202.

Liu WZ, LiY Y. Effect of crop root-cutting on grain yield and water use efficiency:a review. Acta Bot. Boreal. -Occident. Sin,2003,23(8) ;1320
—1324.

Eissenstat D M, Bauerle T L, Comas L H, ez al. Seasonal patterns of root growth in relation to shoot phenoology in grape and apple. In.J. B.
Retamales, G. A. Lobos, eds. Proceedings of the fifth international symposium on mineral nutrition of rruit plants. Acta Horticulture 721,2006. 21
—26.

Jackson R B, Canadell J, Ehleringer J R, ez al. A global analysis of root distributions for terrestrial biomes. Oecologia,1996,108 :389 —411.
He W M, Dong M. Root growth of the annual tillering grass panicum milliaceum in heterogeneous nutrient environments. Acta Botanica Sinica,
2001,43 (8) :846 —851.

Wang D S, Shu H R. Effects of soil physical and chemical factors on the growth development of apple roots. Journal of Fruit Science,1997,14 (2) ;
110 —112.

Zhang J S, Meng P, Yin C J. Spatial distribution characteritics of apple tree roots in the apple-wheat intercropping. Scientia Silvae Sinicae 2002,
38 (4).30—33.

Wang ZQ, Liu BY, LuB J. A study on water restoration of dry soil layers in the semi-arid area of the Loess Plateau. Acta Ecologica Sinica,2003,
23 (9) :1944 —1950.

Guo M Z. Matching techniques for safe, high quality and benefit of apple production. Beijing: Chinese Agriculture Press,2006.5 —8

Silva HN, Hall A J, Tustin D S, e al. Analysis of distribution of root length density of apple trees on different dwarfing rootstocks. Annals of
Botany,1999,83 :335 —345.

Stone E L, Kalisz P J. On the maximum extent of tree roots. Forest Ecology and Management,1991 ,46 .59 —102.

Hao ZY, Yang P L, Liu HL, et al. Experimental investigation on root system distribution. Joumnal of China Agricultural University,19983(6) .
63 —66.

SE 3k :

[6]
[7]
[11]
[12]
[13]
[14]

HUEER, R, B, 4. BRI B AR R R b e R R WUE BR2n. [ 224%,2002,29 (3) :197 ~202.

XSOk, 2R, WA ERTEI AR R XPFPRL™ B 5K FI R BT R SR B R, FRdbAE 444 ,2003,23 (8) :1320 ~1324.
ERF, B SHERE T XERMIR R R R TN, RAREE,1997,14 (2) 110 ~112.

wzhth, B, FEE. RRE SRR RMRRE TR HlbpieE,2002,38 (4) :30 ~33.

EER,ER, BRE. RLRFFETRERTBERMRER. £, 2003, 23 (9) :1944 ~1950.

BRE. FERZLMFERAEFRESA. L. ERL H A ,2006. 5~8

hitp : //www. ecologica. cn



	07d46.pdf
	07d47.pdf
	07d48.pdf
	07d49.pdf
	07d50.pdf
	07d51.pdf
	07d52.pdf

