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Hydro-ecological effects of woodland n the loess hilly-gullied region
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Abstract: Soil and water conservation benefits of different afforested trees in the loess hilly-gullied region were evaluated
based on runoff and il erosion measured in vegetated runoff plots betveen 1993 and 2002 Soil water conditions and their

dynamics under forestation treeswere al analyzed according to il water content measured in 2002 Results showed that
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runoff and sediment were correlated with rainfall Multiple regression analysis indicated that there was a positive correlation
between runoff and the product of rainfall depth and maximum O. 5-hour rainfall intensity at the significant level of 0. 01, as
well as between sediment and the product of rainfall depth and maximum 0. 5-hour rainfall intensity However, both runoff
and ssdiment were negatively correlated with vegetation cover The multiple correlation coefficient ranged from 0. 465 to
0. 723 for runoff and was Q. 253 for sediment In addition, il and water conservation benefitswere reanably evident for
all afforested trees Campared with famland, runoff and sediment decreased 0 4 8% -52 9% and 26 8% -86. 0%,

repectively The il and water conservation benefits of Hippophae rhamnoides and itsmixtureswere greater than those of
Pinus tabulaefomiswhose cover was poor in the early growth years, during which runoff and sediment were even greater
than those of farmland But the benefits increased as the trees grev. However, the il and water conservation benefits of
Hippophae rhamnoides and itsmixtureswere good even in the early groving years and became even better as trees grew over
time in eleven years Soil water content belov 30 an il layer under the Hippophae rhamnoides and itsmixtures decreased
during the entire growing seaon, being highest in April and lovest in October. W ater consumption depthsof the Hippophae
rhamnoides under monoculture and biculture were 220 and 300 am, regectively, in 2002 There were significant
differences in il water content for mono-ecies of Hippophae rhamnoides and its binary mixtures during the entire growing
*aon The tree pecies, in temsof il water content, ranked in the ascendant order of Hippophae rhamnoides-Populus
simonii Carr mixture, Hippophae rhamnoides and Hippophae rhamnoides-Pinus tabulaeformis mixture

Key W ords loess hilly-gullied region; woodland; il and water conservation; il water content
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Tablel General conditions of vegetated runoff plots (1999 10. 05)
. o . . . Average height A verage ground 0
Land and vegetation types Slope (°) Facing (m)  Pecies of mixture (am) diameter (am) Coverage (%)
Famland 24 - - 40 - 34 40
Uncultivated slope-land 24 - - 40 - 30 60
P. tabulagfomis 27 15x15 - 75 2 58 20 35
H. rhamnoides 24 15%x15 - 340 541 70 90
X ) . . 24 15%x10 H. rhamnoides 220 384 70 80
H. rhamnoides & P. smonii Carr
P. smonii Carr 380 20. 00
x H. rhamnoide >
& P tabuladomis 27 15x10 H. rhamnoides 190 3 62 60 65
P. tabulagfomis 98 2 83
22
(2000 ml), )
; , 2002 4 10 14 ,
0 500 an, 0 100 an 10 an 1 ,100 an 20 an 1 ,
23
SPSS t
3
31
120
1993 2002 38 ( 1 _
E -
5 1 5 £ 100
3 s}
]
) o F 60
! i 40
: 1996 7 g
26 (1 20 ) 38 ol
, 105 4 mm, 01 7 319 '25 3 ¥
P& i 5% % Number of rainfall event
, , 1 1993 2002 38
' ' ' Fig 1 Rainfall anount of individual events betveen 1993 and 2002
1993-07-26  1998-07-31
, 10 8mm 11 0 mm, Q3mmmin' 036
mm min ", , , 15
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& i Farmland O TicH Uncultivated slope-land
w ¥ Hrhamnoides o M Prabulaeformis
A PR Hrhamnoides and P.simonii Carr A YW# A H.rhamnoide and P.tabulaeformis
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Fig 2 Runoff and sediment of individual precipitation events for each treament betveen 1993 and 2002
3 -2 3 -2 22 _2
48 m- hm 240m hm °, 222 74 t km Otkn ",
2 (n =30)

Table2 Regression analysis of runoff fron the plots (n = 30)

Land and vegetation types

Regression equation of runoff

F test for ANOVA of regression analysis

F

M ultiple correlation

F Sig coefficient
Famland Q = 0 404Ply +6 892 24 3 0. 000 R? = Q 465
Uncultivated slope-land Q =0 271Ply - 0. 375C +21 323 12 6 0. 000 R? = O 482
P. tabulagfomis Q = Q 239Ply - O 451C +16 639 99 Q 001 R2 = 0 605
H. rhamnoides Q = 0 161Ply - 0 134C +12 472 19 1 0 000 RZ = 0 595
X
= 0 250PIyx - 0 098C + 9 725 2 =
H. rhamnoides & P. smonii Carr Q % 156 0 000 R Q. 545
x Hamnoide Q = 0 285Ply - O 167C + 11 808 34,0 0 000 R? =0 723
& P. tabulagfomis % ’ -
, (P, mm) 30min (o, mm min™*) (Ply)
3 -2
) (Q,m* hm™~) Ply ( )
C) ( 2) 1993 2002 38 30 30 min
, 30 , Pl
P Q 01, ; )
Ply Ply , Ply ;
, ( (1)) :
-2
0 (1) : (S, t km™°) :

S =7 324Ply, - 4 071C +100 257 (n =120, R’

= 0 253, F=20 0, sig =0 000)

http: / Mwmww. ecologica cn

(1)



2958 28

32
3 )
X < < X < < , , ,
t ( 4 )
, e 1904 :
1.54 mm min ", Q 918 mm min'*, Q 790 mm min’*
3 1993 2002 fa]
Table 3 Runoff from different tree geciesand cultures fram 1993 to 2002
2 11 2 11
« ) 2 11 2 1 x x
v Rainfall in Flood Famland Uncultivated 2 1lla 2 1lla 2 1lla 2 1lla
Seaon (mm) (ocontrol) sope-land P. tabulagomis H. rhamnoides H. rhamnoides H. rhamnoides
& P. tabulagdfomis & P. smonii Carr

1993 348 9 70 00 103 1 00 111 0 70 105
1994 250 1 128 24 081 0 90 0 88 0 63 o 73
1995 269 1 38 78 131 103 0 46 0 38 0 61
1996 398 0 59 20 155 126 0 60 0 39 0 92
1997 177. 6 10 05 2 00 191 0 40 Q0 35 0 69
1998 247. 2 33 46 140 091 0 49 0 36 074
1999 200. 2 35 91 0 93 0 90 0 26 0 42 0 62

2000 168 2 53 46 0 61 051 0 0 0
2001 35l1 67. 56 0 76 0 94 0 37 Q0 53 0 61
2002 212 0 573 Q 45 105 0 40 Q57 0 44
M ean 263 1 50 24 101 0 95 0 60 Q 47 0 68

[a] (m? m-2), 79 Runoff from famland is denoted by runoff volume

per hectare (m? hm~2); rainfall in flood sea®n is ptal rainfall anount betveen July and September

4 1993 2002 t P

Table4 P valuesof paired-amplest test for runoff and ssdiment under different tree peciesand culturesfram 1993 to 2002

X X
ltans Famland Uncultivated P tabulagomis H rhamnoides H. rhamnmdesfg( H. rha"nn?ldes &
sope-land P. tabulagfomis P. simonii Carr
Famland 0 960 0 521 0.006"" 0001"" 0 019"
Uncultivated slope-land 0 014" 0. 426 0 011" 0001"" 0 004""
P. tabulagfomis 0 404 0 163 0 005"" <0 001" 0002""
H. rhamnoides 0 017" 0 097 0 049" 0 186 0. 245
X
. 5 . .
H. rhamnoides & P. tabulagfomis Q013 a 06 0 044 0 348 0 010
X * * *
H. rhamnoides & P. simonii Carr 0 012 0 027 0 047 a 532 0209
* denotes significant difference; * * denotes extramely significant difference
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Table5 Soil erosion modulus (t km~ 2) for different tree eciesand cultures between 1993 and 2002
2 11 2 1
«C ) 2 11 2 1 x x
Year Rainfall in flood Famland Uncultivated 2 1la 2 1la 2 1la 2 1la
saon (mm) ( control) slope-land P. tabulagfomis H. rhamnoides H. rhamnoides& H. rhamnoides &
P. tabulagfomis P. smonii Carr
1993 348 9 2137. 53 0 56 101 0 28 0 52 0 41
1994 259 1 526 98 0 25 291 0 42 033 0 22
1995 269 1 812 74 0 35 0 30 0 02 0 02 0 03
1996 398 0 215 56 0 46 0 69 001 0 07 0 09
1997 177. 6 0 - - - - -
1998 247 2 205 12 014 0 55 0 0 0
1999 200 2 672 28 0 07 0 03 0 0 05 001
2000 168 2 1434 55 0 12 0 13 0 0 0
2001 3511 41 97 0 59 0 46 0 09 0 09 0 08
2002 212 0 14. 09 0 36 0 92 0 10 0 67 0
M ean 263 1 606 08 0 33 073 014 023 0 17
5 1
< X < X < < <
t ( 4 ). , ;
33
,2002 4 10 14 0 500 an
3 , (0 30 an)
, , 30 an
, 4 ) , (10 )
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