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Compensation and rehabilitation characteristics of soil water deficit at a planted

forest site of the drought-prone Loess Plateau

WANG Jin-Xin', HUANG BaO*LOngZ , LUO Wci*Xiangl (1. Northwest Sci-Tech University of Agriculture &. Forestry,
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Abstract: The dried soil layer at a forest plantation site of the drought-prone Loess Plateau in China has threatened the survival
and sustainability of the existent plantation, and also hindered the restoration and rebuilding of artificial forest vegetation.
There have been numerous studies on the location and depth of dried soil layer’s, and the influence of species composition.
However, studies on root functions under soil water deficit, compensation and rehabilitation characteristics after rainy seasons
in different precipitation years have been sparse. In this paper, the temporal and spatial distributions of compensation degree of
soil water storage deficit in a plantation site of black locust (Robinia pseudoacacia Linn. ), Chinese pine (Pinus tabulaeformis
Carr. ), and oriental arborvitae (Platycladus orientalis Franco) were studied using the method of single-tree water balance.
Field experiment plot was divided into two zones, root zone and non-root zone, and soil water measurements were made every
5 days from the beginning of June to the end of November by a soil moisture meter of neutron scattering. The monitoring
period covered continental-climate wet periods in dry years, normal years and rainy years, respectively. The root zones were
divided into 3 or 4 sections from the tree’s root crown to 1/2 spacing in the row at an interval of 30 cm to characterize the
horizontal distribution of soil water content, and 16 layers from the surface to 320 cm depth at an interval of 20 cm to

characterize the vertical distribution of soil water content. The non-root zone, 1.0 mX 1.0 m on the surface, was at the same
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site with and near the root zone, but the roots from the nearby trees were cut off by digging a ditch around their periphery,
followed by wrapping the soil column of 2.5 m in depth with 4 layers plastic sheet to prevent from root penetration., water
uptake and soil water transport between the root and non-root zones. The annular ditch was then re-filled and a tube was put
into the central of non-root zone to determine the vertical distribution of soil water content in the non-root zone at an interval of
20 cm. At the same time, two new quantitative parameters and mathematical expression demonstrated the compensation and
rehabilitation characteristics of soil water storage deficit. The results showed that soil water deficit of the plantation site cannot
be restored by natural precipitations, even in the sub-humid vegetation zone of the region. The average compensation degree of
soil water storage deficit is only 14. 53 % at the root zone of 0~320 cm after rainy season in rainy year; and the compensation
depth is less than 280 cm in the rainy year, 240 cm in the normal year, and only 40 cm in the dry year after rainy season. The
compensation degree of soil water storage deficit in the root zone is less than that of the non-root zone. indicating that roots
decrease the compensation of soil water storage deficit by natural rainfall. The soil depth, at which water may easily lose, is no
less than 320 cm. The spatial distributions of compensation degree of soil water storage deficit at the root zone have an inverse
relationship with the distance from the root crown, different from that of the non-root zone. Due to the root distribution and
stem flow of tree species, it is not accurate for the calculation of water balance by measuring vertical soil water content of
either one dimension traditionally or no more than 3 m in depth at plantation site in the sub-humid vegetation zone of Loess

Plateau.
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:1000-0933(2004)11-2395-07 :S152.7,Q945. 11 (A
20 80 s s . 1991
o N “ D ? — ‘ ? s
:lN'S]? . s s
[1~«7]; [8:;
[9:; :1010 s
[11~17] [is~25] , . ,
1
N s 712~1193m, N .
600. 6mm , 832. Omm, 376. Omm , 14%,6~11 5%, 50%
520mm s 9.8C, 3 35~60m, s
o s (Platycladus orientalis(Linn. ) Franco) . (Pinus tabulaeformis
Carr. ) . 20~23°, 13a, 2000 /hm?; (Robinia pseudoacacia Linn. ) s 5
~28°%, 13~15a, 1333~2500  /hm?, o
2
2.1
’ * 26 S
s 30cm , 1/2 o N 3 s 4 o
. 3.5m, s ImX1m,
.,  2.5m, s 4 s . s B
,  3.5m, 20cm , 16 ( 320cm) 0~20cm

s DR-503 C D, 3 o



2397

11
2.2
20cm #38 Roat crown
B Root zone
o 20cm , . — . .
B
, o0 £l
2.3 § A Tubes for sail
o witer content measareTel
50~150m, s ‘
¥
b ’ 1
’ Fig. 1  Schematic drawing of a cross section for measuring soil
’ water dynamic distribution in planted forest site
« . a=P,/P, .P (mm); P, P (mm) 7, .
P, o« bl p.= — .
5 , P-ET P, o s
D
DSW (%) = 7 X 100% P
»Da (mm), Da=Fc—Wc¢;Fc (mm) ;We (mm),
. A
CSW %) = 5% x 100% 2
ac
AW (mm), AW = Wem — Wee; Wee (mm) ;Wem
(mm) ; Dac (mm), Dac=Fc—Wcc,
@)) s ( 0,
). (2) s AW<0,
CSW<0, 3 ; s cSw 100% ,
o , ,(1).(2)
Pr a s o
3
3.1
3.1.1 2
( 840. 5mm, ,6~10 575. 6mm) 280cm ,
CSW  0.66%~72.11% ,0~320cm 14.53%, 85.47%
; ( 593. 5mm,6~11 390. 6mm) 240cm, CSW
, 240cm s s o
326. 7Tmm) , 0~40cm

4.89%~58.51%

0~320cm
82.84%

’

513. 0mm,6~11
—0.67%~—9.35%

s

0~320cm

o

40~320cm



2398 24
17. 09mm , . fzsl, (P>
0.05), . .

— - # -~ KiK2E Dry year

100 -
— a
& 00
St
wME
m'ﬂ
a
-]
Y 5
I
X5 of =
. A S S
25 1 L L L i 1 . 1 1
40 80 120 160 200 240 280 320
LR A Soil depth (cm)
2

- - -3 - - K4 Normal year

5

Ly
(=]

[~
W

AR AW
Increased storage (mm)

0
[+

(=]
T

—@— F K4 Rainy year

1 1 I 1 L 1 p—
40 80 120 160 200 240 230 320
HE L ZHE Soil depth (em)

Fig. 2 Compensation and rehabilitation of soil water storage deficit of plantation site at the end of rainy season in dry,normal and rainy

years in sub-humid region
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Fig. 3 Compensation and rehabilitation of soil water storage deficit of different plantation site at the end of rainy season in sub-humid
region
a Relationship between CSW and soil depth;b Relationship
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1
Table 1 The spatial distribution on increment and compensation degree of soil water storage deficit at different plantation site after the rainy

season in sub-humid region of Loess Plateau

/

(cm) Soil water Root zone of Nonroot Root zone of Nomroot Root zone f)[ Nonroot
Depth of soil recruitment and Robinia pseudoacacia Platycladus orientalis Pinus tabulaeformis
compensation degree  30cm*  f0cm  90cm  120cm o 30cm  60cm  90cm o 30cm  60cm  90cm o

0~40 AW (mm) 55.96 47.6 42.76 46.86 49.1 6. 90 5.88 5. 86 8.32 18.90 18.30 18.58 32.26
CSW (%) 74.25 65.66 58.51 64.89 65.31 _ 11.0 9.26 8. 90 13.74 27.17  25.75  26.31  43.90

40~80 AW (mm) 40.32  20.08 16.60 17.0 25. 34 2.82 0. 20 3.58 6. 08 15.26  15.22  10.62 21.22
CSW (%) 56.57 27.87 22.48 23.86 34. 66 4. 69 0. 34 5.92 10. 63 24.19  24.38 16.70 35.10

80~120 AW (mm) 19.24  12.34 10.90 10.14 11.54 3.92 2.16 —0.32 4.12 26.48  24.58  23.90 27.02
CSW (%) 26.41 17.32 15.42 14.56 15.92 6.99 3.83 —0.57 7.72 42.79  40.71  38.67  45.02

120~160 AW (mm) 5.88 5.34 3.18 4.18 4.94  13.20  14.12 5.0 11. 86 35.36  33.31  32.70  35.64
CSW (%) 10. 83 9.73 6.21 7.89 8. 88 25.66  25.17 9.52 24. 24 60.91  57.25 54.98 60.18

160~200 AW (mm) 2.80  2.18 2.64 2.84 2.16 344 4.78 2.16 8.52 17.82  16.64 8.26  18.44
CSW (%) 5.68 4.42 5.41 5.52 4. 35 7.23 9.72 4.37 20.43 31.19  28.80 14.10  32.99

200~240 AW (mm) 2.74  2.82 2.30 3.60 1.52 —3.16 3.62  11.06 23.98 24.88  16.36 —0.76  25.62
CSW (%) 5. 46 5.71 4.89 7.14 2.99 —7.27 8.39 23.13 62. 81 45.04  29.35 —1.39 48. 80

240~280 AW (mm) 2.50 1.30—0.18 3.02 3.28 —28.34 —20.40 —20.40 6. 96 —3.74 —8.96 —10.88 3.16
CSW (%) 5.71  2.86—0.43 5.99 7.10 —80.65 —55.71 —55.71 20. 86 —7.13 —16.48 —19.76 —6.11

280~320 AW (mm) —3.04 —1.88—2.68 0.36 —4.28 —33.36 —32.9 —31.84 —12.14 —15.02 —19.82 —13.90 —8.82
CSW (%) —9.85 —6.10—8.05 0.91 —14.54—121.40—119.12—103.92 —41.38 —33.01 —43.26 —29.87 —19.30

T Horizontal distance far away stem
4
4.1 , N s
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