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Soil and water conservation benefits and suitability of different
forestation trees in tableland-gully area of the Loess Plateau
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Abstract; [Objective) Soil and water conservation benefits and suitability of different young afforested
trees were evaluated in tableland-gully area of the Loess Plateau. [Method) The runoff. soil erosion, soil
water content and physiological characteristics of, mono-species of R. pseudoacacia, P. tabulae formis,
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 ex-
pressed by a quadratic function. Regression analysis showed that soil erosion was not severe when vegeta-
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. pseudoaca-
cia consumed most soil water,followed by P. orientalis,P. tabulae formis.and H. rhamnoides with the last
two being similar to the grassland. There were no significant differences in soil water contents between mono-
species and its binary mixtures, except for R. pseudoacacia and its mixtures. Water use efficiency followed the order
of: P. orientalis > P. tabulae formis =~ H. rhamnoides > R. pseudoacacia. The leal water use efficiencies of both
P. tabulae formis and H. rhamnoides in the mixture were significantly increased compared to the monocul-
tures. The leal transpiration rates followed the order of:R. pseudoacacia =~ H. rhamnoides > P. tabulae-
formis > P.orientalis. Compared to their monocultures, the leaf transpiration rates of P. tabulaeformis
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. rhamnoides and P. tabulae -

formis is very likely suitable for afforestation in tableland-gully areas of the Loess Plateau.

Key words: tableland-gully area of the Loess Plateau;afforested tree species;afforestation method;soil

and water conservation benefit;soil water content
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Table 1  General conditions of vegetated runoff plots in tableland-gully area of the Loess Plateau
g
S 2 S 2 - W42 / em .
s BAH TR . i3 N
es WRLO ptsgm  REMHH Ty om  Average PP gy
Vegetation type . Spacing pecies Average height ground anopy Coverage
proportion of mixture ; density
diameter
E A Of D
- - - - - - ~70

Grassland (Control) 60~7
YWl H. rhamnoides — 1X2 — 94. 3 1.8 0. 05 15~20
WS P. tabulae formis — 1X2 — 70.5 1.5 <20. 05 10~15
HIFE R. pseudoacacia. — 1X2 — 163. 4 1.9 0.05~0.15 60~65
A P. orientalis — 1X2 — 87.8 1.5 0. 05 5~10
WA X B P. tabulae- 3 WA P. tabulae formis 51.3 1.1 - - ac
formis X R. pseudoacacia Lol 1l HIHE R. pseudoacacia. 174.0 1.9 0.20~0.25 30735
WHS X Wik P. tabulae- A WS P. tabulae formis 62.3 1.4 o .
formis X H. rhamnoides 1=l 1>l Yk H. rhamnoides 104. 3 1.5 0.25~0.30 25~30
HIME X Yl R, pseud- 5 HI#E R. pseudoacacia. 160. 0 1.7 .
oacacia X H. rhamnoides Led 1x1 Yok H. rhamnoides 115.0 1.7 0.15~0.20 25~30
HA X A R, pseud- ) KM R. pseudoacacia. 157. 4 1.6 ..
oacacia X P. orientalis Led 1l M P. orientalis 106. 8 2.2 0.15~0.20 50~60
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Table 2 Soil physical properties under different forestation trees and afforestation methods in

tableland-gully area of the Loess Plateau

T2 7 AHE/(geem™?) MALBREE /Y T/ % EETEHABE/ %
Vegetation type Bulk density Total porosity Capillary porosity ~ Non-capillary porosity
Hidh Grassland 1.19 54.98 44.99 9.99
YWk H. rhamnoides 1.19 54.92 45.43 9.49
WHS P. tabulae formis 1. 20 54.78 45.94 8. 84
HI# R. pseudoacacia. 1.21 54. 34 47.62 6.72
A P. orientalis 1.19 54.97 48.62 6.35
WS X HBE P. tabulae formis X R. pseudoacacia 1.16 56. 30 46.09 10. 21
WAS X VPR P. tabulae formis X H. rhamnoides 1.16 56. 36 47. 31 9.05
HIME X Yk R. pseudoacacia X H. rhamnoides 1. 17 55. 88 44, 66 11.22
HIRL XA R. pseudoacacia X P. orientalis 1.18 55. 40 47.90 7.50
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Table 3 Runoff amounts and soil erosion modulus under different forestation trees and afforestation
methods in tableland-gully area of the Loess Plateau
— Bt/ SRR RN E 2B/ (s kmT?) 5 B i AR B L
2 R/ i /3 L BEACH L
Vegetation t (m® »« hm ™ ?) Ratio to Soil erosion Ratio to grassland’s
egetation type Runoff amount grassland”’s runoff modulus soil erosion modulus
H i Grassland 16. 29 1. 00 3136.4 1. 00
Yl H. rhamnoides 16. 23 1. 00 1718.4 0.55
WA P. tabulae formis 19. 96 1.23 5492.7 1.75
HIPE R. pseudoacacia. 18.92 1.16 2229.0 0.71
k4 P. orientalis 24.59 1.51 2328.2 0.74
S < B / / ]
P. tabulae formis X R. pseudoacacia 18.04 L 49337 145
AL X V0 -
P. tabulae formis X H.rhamnoides 16.80 1.03 3973.1 114
Sl <V B /
R. pseudoacacia X H.rhamnoides 17.30 1.09 4 396.6 1.40
i m
IR < 19. 87 1.22 2 900. 3 0.92

R. pseudoacacia X P.orientalis
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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

- i/ 5 R AR Y AR R K/ 55 3 3 A2 A A K HU (R
Tl Bl T 5 ., . = . 5
Vegotation t (m?® « hm™?%) Ratio to (t+ km™?) Ratio to grassland’s
egetation type Runoff amount grassland’s runoff Soil erosion modulus soil erosion modulus
Ei#h Grassland 0.467 1. 00 0.223 1. 00
YAk H. rhamnoides 0.558 1.19 1. 250 5.61
WA P. tabulae formis 0.432 0.93 1.047 4.70
HIPE R. pseudoacacia. 0.610 1. 31 0.613 2.75
#1 P. orientalis 0. 940 2.01 3.979 17. 84
T > B y y
P. tabulae formis X R. pseudoacacia 0. 439 0.94 0.473 2.12
A X U .
P. tabulaeformis X H.rhamnoides 0.342 0.73 0.717 8.22
Sl < 1 B
R. pseudoacacia X H.rhamnoides 0.609 1. 30 0. 839 3.76
il |
BRI 0. 627 1.34 0. 792 3.55

R. pseudoacacia X P.orientalis
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Fig. 1 Soil water content under grassland and different
mono-species in tableland-gully area of the Loess Plateau
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Table 5

Soil water storage among 0~ 600 c¢m soil layer under different forestation trees and afforestation

methods in tableland-gully area of the Loess Plateau

chftﬁzi%ypc 0~200 cm 200~400 cm 400~600 cm ,ﬁ;i’l—l
B ih Grassland 346.6 491.5 517.3 1355.4
Yok H. rhamnoides 327.9 405. 2 445. 6 1178.7
WHSs P. tabulae formis 343.3 465.6 458.1 1 266.9
HIM R. pseudoacacia. 236.0 334. 1 393.5 963. 6
#1 P. orientalis 289.7 402. 6 432.0 1124.3
WS X RIBE P. tabulae formis X R. pseudoacacia 297.2 418. 6 436. 3 1152.2
AN XYk P. tabulae formis X H. rhamnoides 309.7 429. 4 419.6 1158.6
HIBE X Wl R. pseudoacacia X H. rhamnoides 301.7 472.2 485.7 1259.6
A X AT R. pseudoacacia X P. orientalis 275.5 395.8 405. 8 1077.1
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RR S —F B R R AR R 8] T R E R
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Table 6
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Multiple comparisons of water use efficiency (WUE) of leaves among different forestation trees and

afforestation methods in tableland-gully area of the Loess Plateau

F R

Vegetation type

4libR 1 7K 43

F %/
(pmol + mmol 1)
WUE of different
forestation trees

FRR I K 43 R R/
T W 2 (pmol « mmol™1)
Vegetation type WUE of

R. pseudoacacia

YWk H. rhamnoides
WA P. tabulae formis
HIML R. pseudoacacia

#4 P. orientalis

5.75 a

5.77 a

4.75 b

6.77 ¢

HIBE R. pseudoacacia 4.75 a
HIBE X ¥ R. pseudoacacia X H. rham- .

. 6.31 b
noides
HIRE X Il AN P. tabulaeformis X R. pseud- 1450
oacacia v
HR X A R. pseudoacacia X Porientalis 5.19 a

TR 19 7K 53 203/

YRR K 53 R R/

LR E 3L (pmol * mmol 1) TR R Y (pmol + mmol 1)
Vegetation type WUE of Vegetation type WUE of
P. tabulae formis H. rhamnoides
WS P. tabulae formis 5.77 a Yk H. rhamnoides 5.57 a
WAS X B ML P. tabulae formis X R. pseud- _ Yok X RS P. tabulae formis X H. rham- .
. 5.26 a ; 6.02 b
oacacia noides
WK X ¥ i P. tabulae formis X H. rham- ik X J M R. pseudoacacia X H. rham-
. 8.25 b : 4.19 ¢
noides noides

T B S AR A 6] 7 B3 R 22 57 .3 (P<<0. 05) A AH ) F B ROoR 2 7 AR FH (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 TRAMAREHKRT X Trth KBk fe 2
I KGRI IRCR SR OG5 MR 75 11 R P[]
B 25 5, o0 T i — 2 WF S AS R B Bl S i R U
T 1) FE K AR AIE  6F i Z8 JH R (Tr) 347 T 58
oA o T 2200 e 5 SR R BT & A R JOAS (] 3 Ak 7
A28 VD5 HAS 6] R S R BR Ah) 22 e ik 8 3%
(P<<0.0D), #— X HiF T2 E L (R DAL
RIS OF AN [R] B Aol I AT S bR ) 25 0 R I
G« LR A T A 0B 0 o P R ) A K ) 7 s ek

B P 25 7N B W R Bl i A e <<
B g Fop << IR A R T () — R A ]
i bk 7 S IR AR A TR TR S bk b S D R
1 S IS ) L 1Y 8 T o R I 3 AT A e AR XU
ZE AN i AR AR HOR R SR il A S T
TR A8 A 5 WAV 1l e ) 28 T 3k 5% 5 T 0 R 2 bR 5
HOR AR A bk Z 18] (Y 78 I R R 22 S A 3% . DU
A5 R 2 I T R il A 55 VD IR D R S
T IR A i A5 3

7 BEIXIBEABRAEAWNMERERARXNTHRAEBEER(TH
Table 7 Multiple comparisons of transpiration (Tr) of leaves among different forestation trees and
afforestation methods in tableland-gully area of the Loess Plateau
Al R 25 i R/ S e
B (mmol + m~2 = 5~ 1) Hp b ket
(mmol * m™2 + s 1)

Tr of different
forestation trees

Vegetation type

Vegetation type s .
g vl Tr of R. seudoacacia

Y H. rhamnoides 2.81 a KM R. pseudoacacia 2.74 a
gl N Y -aci -
WS P. tabulae formis 1.59 b I”‘% X VR R. pseudoacacia X H. rham Lazh
noides
i I BN . - coud-
HI# R. pseudoacacia 2.74 a IR >< Wi #i P. tabulae formis X R. pseud 2.63 a
oacacia
WA P. orientalis 0.74 ¢ HIME XA R, pseudoacacia X P. orientalis 2.74 a
TR ) 28 1 ol R/ T 1) 26 I o %/

IRV

; (mmol e m™2 « s~ 1)
egetation type

Tr of P. tabulae formis

iR &=l

; lem 2es!
Vegetation type (mmol - m s~

Tr of H. rhamnoides

AN P. tabulae formis 1.59 a
WS X R BE P. tabulae formis X R. pseud- 1.38a
oacacia ot
WA X ¥k P. tabulae formis X H. rham-

. 0.58 b
noides

Wik H. rhamnoides 2.81 a
Yl X MY P. tabulae formis X H. rham-

X 4.06 a
noides
Yk X i M R. pseudoacacia X H. rham-

. 4.20 a
noides

TE B0 5 bR A ] 7 B R 28 5 3 (P<20. 05) AR A ] 5 B} 35 32 7m 28 52 AR i 3% (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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AR A BN A K A DR R AR IR T O T Ak T K £
PREFIIBEMR T B Be. FEA BT 4510 T - A [ B
JERETEMT A 4R 1 2% 57 (Y T 2 B
JE 5 B R MR R S AR L [ A R
B, M4l bR 55 B 3K 5300 LA b B, HIER A S 1
B

(D BRP AT 0~250 em + )2 + K348
BRI — LR R AR B N ELE . W AR
RS Tob T R K 0 B R e K U A
GERSTR NNLY 7 R | R bl | P o N B A R %
FER SZ AR ek 0 19 22 S5 L B0 W1 S o i A B b
AR E AT T B LK 3 22 R AW .

(3) A Bl B AN 7] 3 AR 7 20T MR 7k o0 M 3%
AR 25 5 18 W S 2 K- L A5 A b Ak 2 T8] K 3 )]
BRI K/ Ay < AT 6K = ik B 2 bk ~ 7 ik 4
AR SRR AR 5 [R] i s 1 15 00 R 52 BN 1 35 1) 7K 93
M P A8 A K AT S 3 R i 5 A5 A o AN TR B R T U2
(1) - 28 M 3k 5 ) 22 S W S 2 (O B A TRl R 52
MRERFI) + 25 14 b 22 1] 2% il 3o S5 1) /N e o - 3R
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