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Soil and water conservation benefits and suitability of different
forestation trees in tablelandgully area of the Loess Plateau

CHEN Jie', LIU Wer2zhao"?, ZHANG Xur2chang’, ZHANG BeRying’,
WANG Bing’, YANG Ywling'

(1 College of Resource and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China; 2 Ingtitute of Soil and
water Conser va tion, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China;
3 USDA2ARS Grazinglands Research Laboratory 73036, EI Reno, Oklahoma, USA)

Abstract: =Objective> Soil and water conservation benefits and suitability of different young afforested
trees were evaluated in tablelan®gully area of the Loess Plateau. =Method> The runoff, soil erosion, soil
water content and physiological characteristics of, mono2species of R. pseudoacacia, P. tabulaef ormis,
P.orientalis, H.rhamnoides and their mixtures in vegetated runoff plots were analyzed taking grassland as
a control =Result> The results demonstrated that in the early stage of afforestation, the benefits of water

and soil conservation were relatively poor for all afforested tree species and afforestation methods. The
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differences of soil erosion amounts between each tree species under monoculture or biculture resulted from
differences in vegetation cover. The relationship between soil erosion and vegetation cover could be ex2
pressed by a quadratic function. Regression analysis showed that soil erosion was not severe when vegeta2
tion cover was more than fifty percent. Soil water content varied with the soil depth within the top 250 cm
in grassland and each woodlot, but it became more or less constant below the 250 cm depth. R. pseudoaca2
cia consumed most soil water, followed by P . orientalis, P. tabulaef ormis, and H . rhamnoides with the last
two being similar to the grassland. There were no significant differences in soil water contents between mono2
species and its binary mixtures, except for R. pseudoacada and its mixtures. Water use efficiency followed the order
of: P. arientalis > P. tabulaef ormis UH. rhamnoides > R. pseudoacacia. The leaf water use efficiencies of both
P.tabulaef ormis and H. rhamnoides in the mixture were significantly increased compared to the monocul
tures. The leaf transpiration rates followed the order of: R. pseudoacacia UH . rhamnoides > P. tabula&
formis > P.orientalis. Compared to their monocultures, the leaf transpiration rates of P. tabulaef ormis
and R. pseudoacacia decreased in their biculture mixed with H . rhamnoides, while the transpiration rates of
H . rhamnoides remained relatively constant. =Conclusion> Considering soil and water conservation benefits
and adaptability of each tree species, we could conclude that the biculture of H. rhamnoidesand P . tabulae2
formis is very likely suitable for afforestation in tableland2gully areas of the Loess Plateau.

Key words: tableland2gully area of the Loess Plateau; afforested tree species; afforestation method; soil

and water conservation benefit; soil water content
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@ Hippophae rham2

(Pinus
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noides) ( Robinia pseudocacacia @
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, 2006208
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1
Table 1 General conditions of vegetated runoff plots in tableland2gully area of the Loess Plateau
f em )
Vegetation type prﬁi();ftxiion Spacirfgm ofsgﬁifre Average héicgrﬁt Ei%%i Ccl:“ns"lfyy Covera/ggo
Grasgland () Control) ) ) ) ) ) ) 60~ 70
H. rhamnoides - 1@2 - 94.3 1.8 0. 05 15~ 20
P . tabulaef or mis - 1@2 - 70. 5 1.5 <0.05 10~ 15
R. pseudoacacia. - 1@2 - 163. 4 1.9 0.05~ 0.15 60~ 65
P.orientalis - 1@2 - 87.8 1.5 0. 05 5~ 10
B TR O e S SN U SR PSP R
£ or mis @H . o 1B1 l@l B e s i s e 0.25~0.30 25~ 30
weacs @H thammods 1B1 1@ B hamnode 1150 L7 015020 2530
meacs @ oriemaie 1Bl 1@ g RRTT e 2y 015020 5060
1.2.2 (ol L26400
(0~ 20 cm) , (Pn) (Tr) ,
; , 20000824 10: 00~ 11: 30, 5
; ; (WUE)
, , (Pn) (Tr)
1.2.3 SAS
2006208210 )
, 0~ 600 cm( 0~ 100 cm 10 2
cm , 100~ 600 cm 20 cm ), 3 2.1
(0~ 200, 200~ 400,400~ 600 cm) 2.1.1
0~ 600 cm , ,
W= E(wirihi) @)
W (mm); wi (i
(%);ri (g/em), :
1.3 g/cm3;hi (cm), , s
10 20 cm e 2 )
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, () 1. 16~ ,
1.21 g/ em’, , , ,

2
Table 2 Soil physical properties under different forestation trees and afforestation methods in

tablelan@gully area of the Loess Plateau

/(g# em™ 3) /% /% /%
Vegetation type Bulk density Total porosity Capillary porosity ~ Noi2 capillary porosity
Grassland 1.19 54.98 44.99 9.99
H. rhamnoides 1.19 54.92 45.43 9.49
P. tabulaef ormis 1.20 54.78 45.94 8. 84
R. pseud cacacia. 1.21 54.34 47.62 6.72
P. orientalis 1.19 54.97 48.62 6.35
@ P. tabulaef or mis@R. pscudcacacia 1.16 56. 30 46.09 10. 21
@ P. tabulaef or mis@H . rhamnoid es 1.16 56.36 47.31 9. 05
@ R. pseudoacacia @H . rhamnoid es 1.17 55.88 44.66 11.22
@ R. pseudoacacia @P . orientalis 1.18 55.40 47.90 7.50
2.1.2 9 2004
1 2004 , 3
509. 6 mm, (7~ 9 ) 339.1 mm,

3
Table 3 Runoff amounts and soil erosion modulus under different forestation trees and afforest ation

methods in tablelan@gully area of the Loess Plateau

/ /(t# km )
v jon t (m’ # hm *) Ratio to Sail erosion Ratio to grassland s
egetation type Runoff amount grassland s runoff modulus soil erosion modulus
Grassland 16.29 1.00 3136.4 1.00
H. rhamnoides 16.23 1.00 1718.4 0.55
P. tabulaef ormis 19.96 1.23 5492.7 1.75
R. pseudcacacia. 18.92 1.16 2229.0 0.71
P. orientalis 24.59 1.51 2 328.2 0.74
P.tabulaeformis @ R. pseudoacacia 18.04 11 43533.7 1.45
@
P.tabulaeformis @ H.rhamnoides 16.80 1.03 3573.1 1. 14
R. pseudoacacia @ H.rhamnoides 17.30 1.09 4396.6 1.40
R. pseudoacacia @ P. orientalis 19.87 1.22 2900.3 0.92
3 , , (60% ~ 70%),
b b b
, 4 4 )
[13]
) @ )
2
; @ )
) @ D) )
2 ; b
b b b
b b ( )

[14]
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Table 4 Amounts of event runoff and soil erosion modulus under different forestation trees and afforestation

methods in tableland@gully area of the Loess Plateau

/

/

v tion t (m3# hm- 2) Ratio to (t# km 2) Ratio to grassland. s
egetation type Runoff amount grassland. s runoff Soil erosion modulus soil erosion modulus
Grassland 0. 467 1. 00 0.223 1. 00
H. rhamnoides 0.558 1. 19 1. 250 5.61
P. tabulaef ormis 0.432 0.93 1. 047 4.70
R. pseudcacacia. 0. 610 1.31 0.613 2.75
P. orientalis 0. %40 2.01 3.979 17. 84
@
P.tabulaeformis@ R. pseudoacacia 0.439 0.94 0.473 212
@
P.tabulaeformis @ H.rhamnoides 0.342 0.73 0.717 3.22
R. pseudoacacia @ H.rhamnoides 0. 609 1.30 0. 839 3.76
@ 9) 1.34 2
R. pseudoacacia @ P. orientalis 0. &7 -3 0.79 3.35
4 , 3 , 0.01), (y) (x)
b b .
y=4.992 1- 0.179 5x+ 0.001 7x°,
< @ < r’=10.910 (2)
< @ < @ < (2) ,
@ < < s s
; (2) , 53%
[15]
b b
< < , 44%
b b
2 2
2.1.3 ()
1 , , 2.2
, , 2.2.1
4)
(D , , ,
2 ( b 1 2
25% ) > 0~ 250 cm , )
2 2
[15]
2 2 b
b b
) 3
2 2 2 2
2000204 0926 250~ 600
2 cm

(P = 0.002<
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Fig.1 Soil water content under grassland and different
> mon@species in tablelan®gully area of the Loess Plateau
- s- .Grassland; r .H.rhamnoides - w- .P.tabulaef ormis
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0~ 600 cm

Table 5 Soil water storage among 0~ 600 cm soil layer under different forestation trees and afforestation

methods in tableland@gully area of the Loess Plateau

Vegetation type 0~ 200 cm 200~ 400 cm 400~ 600 cm Total
Grassland 346. 6 491.5 517.3 1355.4
H. rhamnoides 327.9 405.2 445.6 1178.7
P. tabulaef ormis 343.3 465.6 4581 1266.9
R. pseudoacacia. 236.0 334.1 3935 963. 6
P. orientalis 289.7 402. 6 432.0 1124.3
@ P. tabulaef ormis@R. pseudcacacia 297.2 418.6 436.3 1152.2
@ P. tabulaef ormis@H . rhamnoid es 309.7 429.4 419.6 1158.6
@ R. pseudoacacia @H . rhamnoid es 301.7 472.2 485.7 1259.6
@ R. pseudoacacia @P . orientalis 275.5 395.8 405.8 1077.1
2.2.2 )
(WUE) ,
b 9 b
b b
b
( 6 , ,
(P< 0.01)

B
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6

(WUE)

Table 6 Multiple comparisons of water use efficiency (WUE) of leaves among different forestation trees and

afforestation methods in tablelan® gully area of the Loess Plateau

/
/
1 (Lmol# mmol- ')
Vegetation type %ngl#(#)fn(ljrgler en)t Vegetation type WUE of
£ . R. pscudoacacia
orestation trees
H. rhamnoides 5.75a R.psudoacacia 4.75 a
P. tabulaef ormis 5.77 a @ R. pseudoacacia @ H.. rham2 6.31Db
noides
R. pseudoacacia 4.75b @ P. tabulacformis @R . peud2 4.50 a
oacacia
P. orientalis 6.77 ¢ @ R. pseudoacacia @P arientalis 5.19 a
/ /
(Lmol# mmol- 1) (Lmol# mmol- )
Vegetation type WUE of Vegetation type WUE of
P . tabulaeformis H.rhamnoides
P. tabulaef ormis 5.77 a H. rhamnoides 5.57 a
@ P. tabulaef ormis @ R. pseud2 56 a @ P. tabulaef ormis @ H. rham2 6.02b
oacacia ' noides '
@ P. tabulaef ormis @H . rham2 8 25 b @ R. pseudoacacia @H . rham2 4.19 ¢
noid es ) noides )
(P< 0.05), (P> 0.05)
Note: There is significant difference by the different letter in each column at the significant level of 0. 05%, vice versa.
2.2.3 ) ) <
<
b b b
, (Tr)
b ; b
( ) ;
(P< 0.01) (7 :
b b b
b b
7 (Tr)
Table 7 Multiple comparisons of transpiration ( Tr) of leaves among different forestation trees and
afforestation methods in tableland2gully area of the Loess Plateau
/ /

Vegetation type

(mmol# m- 2# s 1)
Tr of differ ent
forestation trees

Vegetation type

(mmol# m™ 2# s 1)
Tr of R. studoacacia

H. rhamnoides 2.81 a R. pseudoacacia 2.74 a

P. tabulaef ormis 1.59b . @ R. pseudoacacia @ H. rham2 1.42b
noides

R. pseudcacacia 2.74 a @ P. tabulacformis @R. pscud2 2.63 a
oacacia

P. orientalis 0.74 ¢ @ R. pseudoacacia @P . orientalis 2.74 a

\Y%
egetation type

/
(mmol# m~ 2# s 1)

Tr of P. tabulaef or mis

Vegetation type

/
(mmol# m- 2# s 1)
Tr of H.rhamnoides

P. tabulaef ormis 1.59 a H. rhamnoides 2.81a
@ P. tabulaef ormis @ R. pseud2 @ P. tabulaef ormis @H . rham2
oacacia 1.38a noides 4.06a
@ P. tabulaef ormis @H . rham2 @ R. pseudoacacia @ H. rham2
noid es 0.58 b noides 4.20a
(P< 0.05), (P> 0.05)

Note: there is significant difference by the different letter in each column at the significant level of 0. 05%, vice versa.
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