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Planting grass on rural roads in loess hilly-gully
CAQO Shi"XiOHgla CHEN Li*, GAO Wang-Sheng“ (1. Regional Agriculture R&D Centre, College of Agronomy and

Biotechnology, China Agriculture University, Beijing 100094, China; 2. Institute of Soil and Water Conservation in Yan’an City, Yan’an

Shaanxi 716000, China). Acta Ecologica Sinica,2005,25(7) :1754~1763.

Abstract: In China and other countries of the world, terrene roads (unpaved or unsurfaced roads) are common in rural areas.
Low design standards, however, may contribute to problems of soil and water erosion. As a result, erosion from terrene roads
is often severe. Maintenance and construction of traffic roads are significant costs for modern societies. In many developing
countries, especially in hilly rural areas, it is difficult to afford the high costs of surfaced roads such as stone or tar roads. And
stone or tar roads often are not compatible with the demands of a “near-natural” landscape. Terrene (unpaved or unsurfaced)
roads prevail in rural regions. In China there are more than three million kilometers which is about 80% of rural roads. So, is
there an economic and ecological type of road construction and maintenance technology? To answer this question, we put a 7-
year test (1997~2003) in Xiabiangou of Yan’an city, Shaanxi, P. R. China. Grasses were planted on terrene roads ( ‘botanic
roads’) using criteria of soil and water conservation. The results showed that planting grass on terrene roads has economic and
ecological benefits for the Loess Plateau. Construction costs of ‘botanic roads’ are 11. 17% of stone road, and the costs of

maintenance are 30. 52% of non-grass terrene road.

The test results showed that: the germination ratio of all kind of grasses was more than 82%. All kind of grasses except
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Lolium perenne L. had good adaptability to the environment and survived in winter. Ggrasses had better performance than

legumes. On the road with less traffic there was also good production of seed or raw grass. The economic value of planting

Bromus inermis Leyss. can be 2584. 24 to 3150.27 RMB/km per year, and Lespedeza bicolor Turcz. is 1068. 88 ~1194. 04

RMB/km per

year.

In the sinking land, planting Coronilla varia L. can yield 2866.15 RMB/km per year. Botanic roads

improve the aesthetics of the landscape. Instead of the mud and dust, they appear as a “green belt” dancing in the hilly area.
g

Runoff of test road surfaces are decreased by 46. 15% ~69. 30% and the soil erosion modulus decreased by 54.53% ~77.80%.

Our results showed that strip sowing was the best grass sowing method, and the first-choice varieties of grasses are Agropyron

cristatum L. Gaertn, Bromus inermis Leyss. , Lespedeza bicolor Turcz. , and Coronilla varia L.

Grasses can bear traffic under 300 tone. time/year. Agropyron cristatum L. Gaertn. had the best resistance to trampling;

the second best was Bromus inermis Leyss. Legumes grass’s resistance to trampling was not as good as grasses. With traffic

more than 300 tone. time/year, the place directly trampled by vehicles all died. There is 54. 2 cm width bare wheel-print on the

roads.

The normal nutrient content, except soil organic matter, decreased in different degree on the road planted to grasses.

After 5 years, the content of total nitrogen, phosphorus, potassium and active nitrogen, phosphorus, potassium had decreased

21.53%, 25.09%, 5.65%, 12.17% and 17.42% respectively.

compensate for the decline of soil nutrients.

Key words ;:road erosion; planting grass on terrene road; capacity of traffic; loess hilly-gully region
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The ’botanic road’ therefore needs man-made fertilizer to
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1 RBRITSAEZE
1.1 ABX5REHR

REXMFHES T SEREAELET FRE/DIRE, K2 109°26'15", b4k 36°32' 30", FilR AR g B IR , LB B o8
BELTEBEX,HHREE 993.7~1191.2m, KB X EH 1. 21km?, +EFME N, F - EE B 15000t/km?, £ F YR
9. 4°C ,FEE MK 547. Amm, BERE F &K 413. 6mm,1997~2001 FEHIAREK 364. Omm, K 71. 2% +HF 6~9 A4,

EXFEY 147d, TEBRFEFRIME.,
1.2 RBRHBSHE
1.2.1 EREAH
(DB MR, LB, L VEA L, 1R 1050~1170m, HEF I E R 0~13. 1°,F ¥ 6. 21°,
(DOWEEKE BHRFLUTHRER, VAR ENE,PERIAHA L, EIK 1000~1050m,H I EH 0~13. 5%, F
YA 7.00°,
1.2.2 RAEFH HERE AR T R, E IR E Y EE R B RE TR M R T & A7, BB T AR R R &
REMBEHBEENXEER . ZB THEERRMWER . ERKTRERNASHNE,BE T H#E  AMARIGRBETHOERY. LK
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25, 3K A4 R R 2 AR T AT BB
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D,
(ORBIERE KEBREBRYFR LR HREE T, SE5I RN, B 7 5 R BUR [F] 77 AR R B Fr
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Fig.1 Design pattern of CK road
— BB Grass; ) 37 K Arbor tree; £3 7K Wwater pond ;/——=HE K & K2 RBEEEEHTER

Water offtake; F[A] the same below Fig. 2 Design pattern of testing road

1.2.3 EfEHFE ARELEEARHMRERRT 4~6m 8917 % 5@ BB, AR)5 1% 300kg/hm® FRAERE K &, L 20m RE N —

NIRE /DX, PLBIE A& B A O X A & 4K 3 (Bromus inermis Leyss. )\ B ZE B (Lolium perenne 1. ). /Ni b (Coronilla
varia L.) 7K (Agropyron cristatum L. Gaertn. ), 8 3% ¥ (Lespedeza bicolor Turcz. ), # T & (Elymus sibiricus L.) . BB &

(Elymus nutans Griseb. ) 3K (Poa pratensis L. ),

1.2.4 WM SFHE
(D) B E WEGFAFEMNMMETHEETMNE—EKE—BRAI I, FERKEZHEBRUNEKERS .8 MNKHK

BRBHEHNERE, FEEGIR 3I~5 TR,
(2) HER BELAE FEE MAREEIFERWM MHE2d GUEHHE R 2FFFERETRURELE ;BF 6 A

TARIX L EE A B H T K E, SR REAREMEN Im® HH 3~5 N, XE GRS FE R ER 2% LA

WK B S IT.
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G4AE 10 B AN R I X 2 ¥ FE BE 4 2 A T AR AT B B AT _
SR A EN NS RENE L BRI SN ERC, B REE

el

AFEASRRBRITEX.
(5) #RAH SEREHEBRREAHFTAEHEE,
x4 — B BR A A T BRI RIS ERFEAT LT 2T
(6) +8AL BERPG~10 AMMWER 10.20.30 BN SR BEEMMHEKEATENEANLNE  BEHN
20,40,60.80cm FBW— 1+, 8NP XERE 3 MR HBOFE.
(7)) +HEAER S 4 H 10 B 10 A 10 H B R4 B BRI 3E Bk 25 B 3047 € B0 € , 3R JTBX 20cm 3R+, &1/
gk 3 B SRR .
)+ W|FH4 B4 10 A PHAEZRBRX MY BEBER N E BRS8N AXENE 3 ML S LA/ 8
(0~30cm) +#, 3N HEBESGHSEREEXT KL RIFHRAILRENE.
2 HBRGWH
2.1 BRFARARITH
RREREH, ERMEEE A EMHERE R 3188. 23 L. MNAATHEMAFREN 1L 17N NEBHREXRE, . ARKE
5 km BIEYE N 10031. 02 7T, LA IR ER 5 46. 98% B R A FREM 28.35% WA THHARELFMHLE R D,

ey

™

P

X

2.2 BEFMELERKATRE ST ®1 ERBARAGTR
MREREWH, AR EEERE 2K U LE.BRRBRERL Tablil The c?_st of road c_?nstructioE )
SRR SBE, BARMESENYE, L FBEETURE, R MEmp  XIWE AT

Costs Testing road CK road Stone road

*qiﬂﬁEm:;ﬁmﬁﬁ:::Eﬂ,%%iﬁxﬁﬁﬂéﬁﬁﬁiﬁ T.# Engineering (RMB/km) 4176.12 4176.12 4176.12
WA HTFHBEER N 60.32%, EERHXEM 1.50 5. &  ## Planting tree (RMB/km)  2666.67  2666.67  2666. 67
B EA KA TEHE, YLK EZ IR A EREG F## B Planting grass (RMB/km) 3188. 23 |

B 81073 (3 2, 3): AL WLEAT BB/ E FIREL By o0 Pave stone (RMB/Am) 28541. 67

/Mt Sum (RMB /km) 10031.02 ©6824.79 35384. 46
WA LB FARE, ELAETLEEESTE™E
_ F .U EPHIBAMSEITRE; A TFTHREFERESMEREE A 10cm
B ik 2584. 28 ~3150. 27 J0/km, BB T4 1068. 88~1194. 04

. . A FREE & H . The data were statistic. Stone roads have 10 cm
JG/km, ZEHE,/NEHEE T IRE 2866. 15 Ju/km F{H (&

thickness stone on the road near the test plot.

3).
2 ERHELEKETUNSHR
Table 2 Growth and development of different kinds of grasses after planted on the road
% Fif W R A & Survival 7 % & Cover ratio (%) & & Height(cm)
éifs Sowing Germination ratio in Ly 3 18 B ¥ 1 1 B ULy 3 18 B ¥ 1 B

methods ratio (%4) winter (%) Road 1 Road 2 Road 1 Road 2
Tt % F Bromus inermis B 3E BS 95 95 28.58 51. 01 9.10 9. 94

1 SS 85 95 61. 10 65. 98 | 53.50 51. 66
B¥ SR Poa pratensis /% BS 95 95 44. 28 52. 84 7. 44 7.22

# 3% SS 895 95 57. 51 62. 92 7.52 7. 88
VKEL Agropyron cristatum BE TP 100 100 78. 95 81. 07 15. 24 12. 62
¥ 3-F Bromus inermis B iE BS 90 95 47. 38 49. 56 9. 31 11. 07

%% SS 91 05 61. 60 65. 56 15. 93 21. 62
W Elymus nutans B IE BS 85 95 43.59 50. 94 9.63 11. 75

& SS 90 95 55. 67 65. 03 15.11 21. 89
BEH Lolium perenne BiE BS 30 5 12.13 12.18

#Z & SS 95 5 17. 15 17.58
S F Lespedeza bicolor BIE BS 85 95 40. 05 40. 31 12. 28 11. 81
/N e Coronilla varia B % BS 82 70 6. 87 36. 32 9. 02 14. 76

LM E RO ES T, B 1050~1170m, AR 0~13.1°, WHEKRULARRETE I E, PEBRZBRG MMM EHEK L, 8K 1000~
1050m, 3 & % 0~13.5°, BS-broadcast sowing, SS-strip sowing, TP- transplant. Road 1: hilly land, loess, 1050~1170 m above sea level,

slope gradient is 0~13.1°. Road 2: sinking land, most soil is red-clay, less loess, 1000~1050 m above sea level, slope gradient is 0~13. 5°

2.3 B R RE AT RE 0 R

BEHEES ~EWHBERN . IREREXY . NEEBS LB ERBARERBEFER B ESML, ZFFYE
i W Sl 9% FN 19. 0% BRI N B T BRBE L N R BB EB BT ER HERFEFRRMNEW. JEBREERT
10°0t , RALZER RO 38 + /6 P AT 46 32 FE AR A 4 B R R W FET- . RASFHB R — M 7T K52 300t « W/a LT EWBRE , P RRAL
KEZRBT HRIEELEE, SR ERBIERE HEE,200t « K/a HETENTEEZEBMHFELSITET, WMER
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Table 3 The economic output of planting grass per kilometer road

EHVEHTHEEAN 1~2cm/a,J

_— P Fib % &5 7= B Fresh grass (kg) FEfP B Seeds(kg) 4 7= {8 Value (RMB/year)
Grass Sowing \Ly 4 38 %y 1 T WLy 4438 4 % 18 18 B Ly 4413 % 4y 18 1 B
methods Road 1 Road 2 Road 1 Road 2 Road 1 Road 2
T EF Bromus inermis % BS 47.0 54. 2 81. 03 93. 45
F4E SS 364. 8 374.0 5. 85 4. 50 3150. 27 2584. 28
X F Elymus sibiricus 3% BS 50. 6 62. 4 87. 23 107. 58
4% SS 61. 6 132. 8 106. 20 228. 95
B B Elymus nutans % BS 41. 8 57. 8 72. 06 99. 65
¥ SS 68. 4 131.0 117. 92 225. 84
Wik F Lespedeza bicolor  Hi3% BS 223.2 189. 4 4.73 3.55 1196. 80 938. 55
/N L Coronilla varia # 3% BS 91. 6 660. 2 6.15 2650. 65

L OBE=EH 0.2 w/keg M, /DNEHENHHREF WA =E; RN SR T 20 5u/ke . HE 50 Tu/kg; QN T E T H B, B HF

M ¥ 5m i+ . This is the average data of 5Syears. For convenient to calculate, take the average width of the road is 5 m. BS-broadcast

sowing, SS-strip sowing. Value of seed calculated in term of 20 yuan. kg™

vegetation calculated in term of 0. 2 yuan. kg™!, except Coronilla varia L. ,

2.4 ERERESRMEWRN T

RGREH, BREAMEREBRARRN K LR LG
BEMERZRER D 46.15%~69.30%, + HEZh & B D
54.53% ~77.80% BRI KE M B =X ERIART  HEHENW
6. MiEF

EEE FERE ERR AT D ElewA#E4r

FARE, ZBATHE - BRI FBLEBER 11. 250~

i

19. 26 % R IPR 25 E 8. 55% ~14. 45 % , AL BN FE T ZFEAR
R A RIE SR, PrAdbkE £ E  HBF. /D aEEFHFw

af ik 50a LA L, WM E R GE ).
2.5 EERHEBRE
RREREH ERMEEEFES km 65+

W i & Cover (%)

1 of Lespedeza bicolor, 50 yuan. kg~! of others as local price. Fresh

because it can not be ate by domestic animal.

—— il Road2 —{— 1yjit Road 1
&% SS - X—$#¥#% BS

..A..

70
60 |-
50
40 |-
30 |-
20

1997 1998 1999 2000 2001

3 AN

methods per year

A8k 22.79m® 1 48.57 JG, H X BB B A 69. 04 %

69.48% , AP WHE A I EMER L, B RA
MW 74.84 %, LI MIE PR & 13. 1150, X 2 B A 3B -
IEBR, BRI M E S Sa WA EXRB @, MY BBFEFHEBCTE A BT,

£ Year

ERSHM AN EERE LEE

Fig. 3 Cover ratio of grass on road 1, road2, and different sowin
- ERMgEE ° 8 €

- BS broadcast sowing, SS strip sowing

bt X
TR E R KER A

FTHEMERKEFT GO . BE THRBR LB
AEBHERTESYE, FIE km BEH

B+ 17.43m°, B A 37. 36 70, 5+ S HE X F BB 2D 82. 579 #1 82. 64 % , e TR BB 25 1 20. 84 % 1 20. 05% . FEIR IR P 7, P&

bk EREBR AR, FHEERPOEBETH 90.8% (R 6,E 1),

2.6 EEMER L EELER

261 BMEMELIHEERES WRGREZEVEBRMERSIPBHRER.BRAEIRI, T RPHEEFRTHIATARNERET

., M 5 5,28 .28 . 28 . WA . EXB. ZHSE I 21.53%.25.09%.5.65%.12.17%.12.50%.17. 42%

E D, BREET IBP, FLENRSHICH, XREK B EBCESHERMESBED Mg oA De%a,. A&t
XK RER S EHBERE, BRILKE CEEE /EESFKEFHEYAERERNEFEND . MR CHERLRS

ALE.

2.6.2 EMFELEYEAER MREREBEH,.ERMERKSZERMER,

o Fil

Ay 93. 97 %M 94. 717T% ;M ESFEAR T BREEERTTE &, N4 F 1 -

3.15%F 4. 66% (3 8, & 5) .18 By Rh 35 /5 % 1 4 B F2

- HEHEHBEMERNRITRENR.

LB

BE 39 hn , A A

+ KAy & B, L b E B A0 38 8 O B 5 O X
BE Ly 3 18 5% R0 39 38 B B o A O H XY B

FEAAB.BLTRERAMTEEMEZEMATEE, X
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Table 4 The capacity of anti-trample observation after planting grasses on the road
B2 Grass KA} Grasses ZFl Legumes

BER Tratfic  yppr XTEEE  EBRER RKE  zEx ERE 0 P8 #ET AEE P
(t « times/a) Slope (°) Bi Cv Ac Lb Es Aver. Pp Lp Aver.
<100 0~35 100. O 100. 0 106. 0 100. 0 100. 0 100. O 100. 0 78.3 89. 2
5~10 100.0 100. O 100. 0 100. 0 100. O 100. 0 94, 2 78. 3 86. 3

10~12. 5 91.0 89.9 100. 0 97. 3 95. 6 94. 8 85.7 78. 3 82. 0

>12.95 85.8 81.7 100. O 87.5 89. 4 88. 9 82.4 78. 3 80. 4

Average 94. 2 92. 9 100. 0 96. 2 96. 3 95. 9 90. 6 78. 3 84. 5

100~200 0~5 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 94. 3 78. 3 86. 3
5~10 94. 2 93.0 100. 0 100. 0 100. 0 97.4 83.5 78. 3 80. 9

10~12.5 85.7 82.0 100. 0 86. 2 88.7 88.5 78. 3 78.3 78.3

>12. 5 83. 4 79. 8 100. 0 83. 6 83.3 86. 0 78. 3 78. 3 78. 3

Average 90. 8 88. 7 100. 00 92.5 93. 0 93.0 §3. 6 78. 3 §1.0

200~ 300 0~25 100. 0 93. 2 100. 0 100. 0 100. 0 98. 6 93. 1 78. 3 85.7
5~10 94, 2 88. 7 100. 0 90. 8 91. 8 93.1 78. 3 78. 3 78.3

10~12. 5 83. 6 78. 3 100. O 78. 3 93. 3 86. 7 - 78.3 78. 3 78. 3

>12.95 78. 3 78. 3 95. 9 78.3 78.3 81. 8 78. 3 78. 3 78. 3

Average 89.0 84. 6 98. 9 86. 9 90. 9 90. 1 82. 0 78. 3 80. 2

> 300 0~35 98. 3 90. 1 100. 0 97. 8 92. 6 85. 8 78. 3 78. 3 78. 3
5~10 94. 2 85.4 100. 0 85. 8 93. 9 91.9 78.3 78. 3 78. 3

10~12.5 79. 6 78. 3 100. ¢ 78. 3 78. 3 82. 9 78. 3 78. 3 78. 3

>12.5 78. 3 78. 3 83. 7 78. 3 78.3 79. 4 78. 3 78. 3 78. 3

Average 87.6 £3.0 95. 9 85.1 85. 8 87.5 78. 3 78. 3 78. 3

14 Average 90. 4 87. 3 08. 7 90. 2 91.5 91. 6 83.6 78. 3 81.0

HOREGEREHESF A TAFBRERRSERETHAERAM LR, OREMHER —% 5m BitH ;LI LN 2001 & 10

HEy WA {E . The data of survive rate in relation to the amount of the traffic on the road observed in October, 2001. The survive rate means the
ratio of pasture in June per year compared with untraffic period in 1997. For convenient to calculate, take the average width of the road is 5 m.
Bi: Bromus tnermis, Lp: Lolium perenne, Cv:Coronilla varia , Ac: Agropyron cristatum, Lb: Lespedeza bicolor, Es:Elymus sibiricus, Pp:Poa

pratensis; BS-broadcast sowing, SS-strip sowing.
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KESERBAVNZNNEESNS . FREREFA  BEREEARFNETEAMERYHRPBER . BEMES, M@ LR
BB 54.53% ~T77.80% BB AT W 92. 07T % s EAB T, L EZ HBFE=EH H 1A 2584. 28~3150. 27 Ju/km, K F N
1068. 88~1194. 04 J¢/km, ZEWHE ,/NEE G ET KIS 2866. 15 J/km WA ; RN, EEMEFBRREKIHED S ER D, E
BA BB TR, 8 B RE AR AKETER 259. 98~410.80m° , B A R FAF AU S; BB ERAN A TR
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Fig. 4 Cost of maintenance of different grasses per year
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Table 5 The runoff volume and erosion modules of different roads
11) Hb B B& Road 1 ¥a) 1B 18 #& Road 2
P
okl Sowing R BHE Sl B ARE  SHESid R
Grass methods Runoff erosion SEM Runoff erosion SEM
(m?) amount (t) (t/km?) (m3) amount (t) (t/km?)
%t iR CK 751. 65 273. 98 5. 48 979. 33 311. 67 6. 23
IKEL Agropyron cristatum % TP 155.12 28. 04 0.56 171. 58 24. 72 0. 49
% F Bromus inermis B 4% BS 471. 46 122. 48 2. 45 372. 69 84. 29 1.68
3% SS 221. 56 60. 61 1.21 275. 54 60. 63 1. 21
ET=F Elymus sibiricus B BS 304. 35 82.78 1. 66 385. 60 89. 04 1. 78
4% SS 219. 94 57. 96 1.16 296. 84 65. 76 1. 31
PR E Elymus nutans % BS 329. 64 81. 62 1. 63 376. 33 82. 85 1. 66
%38 SS 276. 11 70.11 1. 40 263. 04 63. 55 1.27
B K Poa pratensis B BS 355. 40 92. 66 1. 85 336. 88 79. 77 1.59
FHSS 249. 95 69. 77 1. 40 265. 52 70. 51 1.41
FA P Grasses average Bl BS & Amount 365. 21 94. 89 1. 90 367. 88 84. 00 1. 68
Yo 48. 59 34. 63 34. 63 37. 56 26. 95 26. 95
&3 SS ¥ f Amount 224. 54 57. 29 1. 15 241. 01 55. 11 1.10
(%) 29. 87 20. 91 20. 91 24. 61 17. 68 17. 68
BA¥E T Lespedeza bicolor BI% BS 367. 20 103. 43 2. 07 485. 57 120. 88 2. 42
F & SS 351. 45 99, 54 1. 99 465. 10 108. 85 2.18
/N5EAE Coronilla varia Bk BS 727. 21 263. 66 5. 27 507. 72 118. 23 2. 36
%% SS 684. 09 213. 83 4. 28 434. 46 99, 86 2. 00
G P} F 1 Legumes average 3% BS A Amount 547. 21 183. 55 3. 67 496. 64 119. 56 2. 39
(%) 72. 80 66. 99 66. 99 50. 71 38. 36 38. 36
%% SS HHE Amount 517. 77 156. 69 3.13 449. 78 104. 36 2. 09
(%) 68. 88 57.19 57.19 45. 93 33. 45 33. 48
-1 Average B3 BS & Amount 4104. 76 124. 44 2. 49 410. 80 95. 84 1.92
(%) 53. 85 45. 47 45, 47 41. 95 30.75 30. 75
%% SS ¥ & Amount 259. 98 84. 98 1. 70 300. 66 69. 18 1. 38
% 34. 59 31. 02 31. 02 30. 70 22. 20 22. 20

B OU FBERBERE sm, BELHEERENE; O NKEEY 20m, BEERNTEBREBEHEINAZTE; OBILKERIESL
NN EEIEN 1998~2001 F R FEHE, FHAYERE N 405. 9mm, 4a 4F F 15 10min K K& 6. 9mm. For convenient to

calculate, take the average width of the road is 5 m. All the data are the average of a year from 1998 to 2001, except Lolium perenne because it
cannot survived in winter. BS-broadcast sowing; SS-strip sowing, TP- transplant. Every test plot is 20m long. The data of Agropyron cristatum
was caculated in strip sowing. Between 1998 and 2001, an average of 405. 9 mm yr ! of rainfall occurred during the flood season, with as much

as 6. 9mm falling in 10 minutes.

Fe6e BLEEREBRANAIFR

Table 6 The cost of road maintenance of road per kilometer

A AP Grasses Z#l Legumes
1B B& Xt B
Road CK Bk vk B TEEF EEE B E 18 S BA B F /NeEE
Ac Bi Ld Es Cv Pp Lp
L Hb 18 B% -+ 4 Earth (m?3) 65.19 6. 90 21. 99 16, 82 22. 80 19. 66 24. 68 57. 20
Road 1 # K Cost (RMB) 130. 38 13.79 43. 99 33.63 45. 60 39. 33 49, 36 114. 39
Y5 iH 18 & + 7 Earth (m?) 82. 02 6. 70 19. 62 20. 47 16. 39 19. 99 31. 03 29, 21
Road 2 #t B Cost (RMB) 187. &4 15. 34 44, 92 46, 87 44, 39 45. 77 71. 06 66. 89

F.AFEHEEIEEHMEEXAMEMES, FEZALE m® EMF 2.00 T.ABRH 2.29 6., LA LR 1998~2001 FH{H, All the

data are the average of a year from 1998 to 2001, observed by practice of soil erosion. Value of the used soil calculated in term of 2. 00 yuan. m’

of loess, 2.29 yuan. m?® of clay, as local price. Bi:Bromus inermis, Lp: Lolium perenne, Cv:Coronilla varia, Ac: Agropyron cristatum, Lb:

Lespedeza bicolor, Es: Elymus sibiricus Pp:Poa pratensis.
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Table 7 The soil nutrition content after planting grasses on the road
S 2 R £ X £0;: A LR Ree 7 3 B 3 A
Road Total Total Total SOM Active Active Active pH
- N (%) P (%) K (%) (%) N (mg/L) P(mg/L) K(mg/L)
e E B 1T X B8 CK 0. 039 0.118 2. 495 0. 390 44 6 46 8.12
7 2= %} 48 Content 0. 029 0. 105 2.225 0. 415 34 7 46 7. 99
Grasses 53} B # K Compare with
—24. —10. —10, . —22. . . —1.
CK(%) 24. 62 10. 85 10. 83 6. 46 22. 27 16. 67 0.43 1. 58
(SR 4 & Content 0. 044 0. 105 2.143 0. 393 59 9 48 8. 30
Legumes 5 X+ B8 #H b Compare with |
| . —11. — 14. 0. . . . .
CK (%) 11. 54 11. 44 14. 11 64 32. 95 41. 67 4. 35 2.16
WIEER T X CK 0. 039 0.114 2. 657 0. 370 46 8 63 8.12
y, P 8 4 & Content 0. 031 0. 085 2. 507 0.433 40 7 53 8. 28
Grasses 5 X B8 fH b Compare with .
CK (%) —21.53 —25.09 —5.65 17. 14 -12.17 —12.50 —15.87 2. 00
X 4 1 Content 0. 060 0. 095 3.128 0. 876 61 11 66 8.12
Legumes gt s 4y 1 Compare with 136
g : —17. : ' : : . 0.
CK (%) 53. 85 17. 11 17. 71 69 31.52 31.25 3. 97 00

F:ABEAIRAEENRESHE B AREHEER L, TEAEHELXT KL RFEVRAM 2001 £ 10 H 16 BIRBAR N HEMHE
EEBEANBKREMBERS 150kg/hm2, O)- Grasses; - Legumes; I -Road 1; I-Roasd 2. The soil samples are the mixture with various

treatments. Replicate soil samples were pooled by treatment and tested at the Yan’an Water ans Soil Conservation Research Institute on 16
p

October 2001. Grass road received 150 kg ha-1 of both carbamide and phosphate fertilizers.

#8 EREIHEHEGWEWESKANSHE
Table 8 The soil physical character after planting grasses on the road
1997 2001
B Grass m B
il; 4 8 B& Road 1 4 3E 1B B% Road 2 i 8 Bf Road 1 ¥ iHiH Bf Road 2
K& $} Grasses & 7K & Soil water content (%) 12. 40 13. 33 9.55 10. 59
FLBE BE Soil porosity( %) 50. 19 43. 40 48. 30 40. 38
T8} Legumes 4 7K & Soil water content( %) 12. 40 13. 33 9. 92 11. 50
LB Soil porosity (%) 50. 19 43. 40 46. 42 39. 62
SEH Average & 7K & Soil water content (%) 12. 40 13. 33 9. 66 10. 85
FL B Soil porosity (%) 50.19 413. 40 47. 55 40. 00
Xt B CK 47K & Soil water content( %) 12.40 13. 33 10. 10 12.03
FL B B Soil porosity (%) 50.19 43. 40 46. 04 38. 87
He 7 3
31 7R ) 1K 5ok Water test K494 Water CK
e R B H 8] E E‘ﬁﬂ‘JZ‘i VENV 18 3%, 81T A 73 B FE A 58 Porosity test B R X B Porosity CK
o, T FE PR T, B T R A e 0B IR R e 8 A AR AR o B T 4 60
HHR R AT L RRE G ER MK TR B 0L
FORFORS LR, ALK R AT Eao|
6), 0 N |
— 1997 1998 1999 2000 2001
3.2 ZETHEKX (EJE Year

3238 F 38 48 P T 2 ol A 7 A 9 2 0 B _
WETZ . ERMES . MEEFEREMERI L ERPETT B5s RBS5HFERTHKYSSSHRE
ERERE LR, BEPEERE 2~3m B8 B, H 5 Fig.5 Soil water content and porosity of testing road and CK road
H&E?! %Eﬁ’@f%E?E%’J?}(“m%am%jﬁ%ﬁﬁﬁgﬁ(g 7)o

o

TE B& 3h FbAE 5, B
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Fig. 7 Trunk road model
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Fig. 6 Production road model

References:

[1]

[ 2]

(3]

(4]

(5]
(6]

[8]
L 9]

[10]
[11]
[12]

[13]
[14]

[15]
[16]
[17]
[18]
- [19]
[20]

[21]

Zhang S X, Lei R D, Chen C G, et al. Near-natural Forest A Promising Man-made Nature Forest. Journal of Northwest Forestry

College, 1996,11(5) :157~162.

Cao S X. Mountainous Agriculture. Beijing:; China Agriculture Science & Technology Press, 2001. 11(5): 96~132.

Fredricksen R L. Sediment after the Idaho Batholith. U.S. For. Ser. Res. Paper INI-161. Intermountain For. and Range Exp. Sta.
Ogden, Utah. 1974r logging road construction in a small western Oregon watershed. Misc. Pub. 970 U. S. Dept. agr. Washington,d. c.

1965.
Xi ] B,Yang Z G, Chen B S, et al. Grasses and Legumes Suitable for Stable Ising Side Slopes of Highways in Xin’an Are. Pratacul Tural

Science, 1998,15(5).:53~58.

Gratz K E. Sericea for erosion protection and Beauty along high ways. Journal of Soil and Water Conservation, 1966, 21(3): 92~94.
Rodgers D B. Highway Erosion Control. Jourrnal of Soil and Water Conservation, 1965, 20(3) :189~190.

Batra P C. Comparison of Ipomoea and Grass for Checking Erosion on Road Embankments. Journal of Soil and Water Conservation,
1968, 16(3):152~55.

Devet D D, Davis ] E. Grass and pines-Winning combination. Journal of Soil and Water Conservation, 1965,20(1) .30~ 31.

Dyrness C T. Stablization of newly constructed road back slopes by mulch and grass-legume treatments. U.S. For. Ser. Res. Note PNW-
123. Pca. N. W. For. and Range Exp. Sta. , Portland, ore.

Carr W W and Ballard T M. Hydroseeding forest roadsides in British Columbia for erosion control. Journal of Soil and Water

Conservation, 1380, 33~ 35.
Batra P C & Gill G S. Comparison of lpomoea and Grass for Checking Erosion on Road Embankments. Journal of Soil and Water

Conservation, 1968, 16(3):52~55.

Jaarsma C F, Dijk T V. Financing local rural road maintenance, Who should pay what share and why? Ransportation Research Part A,
2002, 36:507~524.

Ariel E Gucinski L. H. Function, effects, and management of forest roads. Forest Ecology and Management, 2000, 133.:249~262.

Sari C S, Mislivets M R, Jiquan C,et al. Effects of roads on landscape structure within nested ecological units of the Northern Great

[Lakes Region. USA. Biological Conservation, 2002, 103:209~225

Jaarsma C F, Geert P A Willems. Reducing habitat fragmentation by minor rural roads through traffic caiming. Landscape and Urban

Planning, 2002, 58:125~135.

Jaarsma C F. Approaches for the planning of rural road networks according to sustainable land use planning. Landscape and Urban

Planning, 1997, 39. 47~54.

Rummer B, Stokes B, Lockaby G. Sedimentation assoctated with forest road surfacing in a bottomland ecosystem. Forest Ecology and

Management, 1997, 90:195~200.

Chin I L. Soil and Water conservation Engineering and Research in Taiwan. Research of Soil and Water Conservation, 1995, 2(3):31~

39.

Zheng S Q. Gully-slope Road Building Technology and Erosion Controlling System. Bulletin of Soil and Water Conservation, 1997, 17
(7):33~39. |
Zheng S

2000, 20 (1).36~38.
Zheng S Q,Zhao B L,Zhao K Q. Valley-Slope Road Erosion and Its Control Measures inWangdong Gully Experimental Area Located in

» K X. A Design of Hillside Production Type Plant Road in Loess Hilly Region. Bulletin of Soil and Water Conservation ,



i H.EHEIEBEX T AEEAE 1763

g

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

Changwu County. Journal of Soil and Water Conservation, 1994, 8(3): 29~35.

Zheng S Q, Zheng K. Appriaisement of Botanic Roots and Anti-erosion Functionon Botanic Road in Yan'an Loees Area. Journal of Soil
and Water Conservation, 2003,17(2):174~176.

Zheng K, Zheng S Q, Yang G M, et al. The system of building technology and quota of anti-erosion road in hill-gully areas of Loess
Plateau in Yan’an. Agricultural Research in the Arid Areas, 2001, 19(3): 134~150.

Zheng S Q, Yang G M, Zhou H. Study on Erosion Control Measures of Slopped Roads in Gullied Rolling Loess Area of the Loess
Plateau. Soil and Water Conservation in China, 2000,(11):16~17.

Klemens Ekschmitt, Gabor Bakonyi, Marina Bongers, et al. Nematode community structure as indicator of soil functioning in European
grassland soils, Eur. J. Soil Biol. , 2001,37:263~268.

Wei Y C,Kang L L,Wang Y Z, et al. Effect of Soil and Water Conservation Measures on Soil Physical Behaviors-Taking World Bank,s
Loan Project Area of Soil and Water Conservation on Loess Plateau as Example. Journal af Soil and Water Conservation, 2003, 17(5);
114~116. |

Wang Y S, Masae Shiyomi, Mikinori Tsuiki,ez al. Spatial heterogeneity of vegetation under different grazing intensities in the Northwest
Heilongjiang Steppe of China. Agriculture, Ecosystems and Environment, 2002,90:217~229.

Victor L Hauser. Improving grass seeding establishment, Water Conservation, 1988, 43, (1):153~156.

Elliott L F, Saxton K E, and Papendick R I. The effect of residue management and para tillage on soil water conservation and spring
barley ylelds. Journa of Soil and Water Conservation, 1995, 50 (6):134~139.

Cooper H W. Some Plant Material and Improved Techniques Used in Soil and Watfer Conservation in the Great Plains. Journal of Soil
and Water Conservation, 12(4) :52~55.

Michael A Zobisch. Erosion susceptibility and soil loss on grazlng lands in some semiarid and suumid locations of Eastern Kenya. Journal
of Soil and Water Conservation, 1993, 48 (5)126~140.

Zhang M T,Na Y F. Discussion of the Way for Grassland and Utilization in Inner Mongolia. Grassland of China, 2003, 25(6) :59~62.
Mi Z Y,Li C F. Arttficial Grass Planting is the Requirement of Ecological Security Amomg the Three-Gorges Dam Territory. Pratacul
Tural Science, 19(4), 74~176. |

Guan W B,Xie C H,Ma K M, et al. A vital method for constructing regional ecological security pat-tern: landscape ecological restoration
and rehabilitation. Acta Ecologica Sinica, 2003, 23(1): 64~74.

LiM H, Peng S L, Shen W J, et al. Landscape ecology and restoration of degraded ecosystems. Acta Ecologica Sinica, 2003, 23(8):

1621 ~1626.

Peng S L, Lu H F. Restoration, design and landscape—— The overview of 15th restoration ecology global meeting. Acta Ecologica

Sinica, 2003, 23(12):2747.

XM :

R, BB BER. S EERN — —FHAEREBIREN ATIXANR”. FILAREBHR,1996,1108) :1567~162.
WA bR . JE R R B Y AR AL, 2002, 5.

REREHPE . BEH S ALXBXEER A AP HESRAEHNTIMHRERE. PEENPI%E,1998,15(5):53~58.
HEXL. EBKELBRIERIR. KL EKFHR,1995,2(3):31~39.

M. R ENERNEE BB R R R AR, K ERER, 1997,17(7):33~30.

HitE, M X FrEBR ARSI RAERARM . KL RIFEM,2000, 20(1):36~38.

HitE . BREAK.BRE KRERABRXELX WY ERRM R MER, K+ F/RFFR,1994, 8(3): 29~35

i, RE EEH LR EYBREYRRE S KRNEEMBIR. K LRIFFEHR,2003,17(2):174~176.

HREL.RHEF - HRE, %5 EEXR L ERWEBBXILEGHEREARAEREER. TR E R PR, 2001,19(3):134~150.
RitE  HRR, B4 R ERBEBX LK EB B2 HE. PEAKLF/FF,2000,(21):16~17.

BYK B T8, % KT 4HFEES T HYBEROER —LUELEEKELRAFEARTEIMEARX . KERIFER,
2003,17(5):114~1186.

SREAE IR ARBTEFRBR SHAZRMEIT. FEFEH,2003,25(6):59~62.

XBH  FEE AIMNER=ZSKERATEZLWTE. B P¥,2002,19(4):74~76.

KXW HFEL, SGEHA.%E. BEMASKESERRRKBASEZABAMBKXBER. 55, 2003, 23(1):64~74.
FZHE.EOR. P ELE.F EUESF2E5REMESEERKE. £5FIM, 2003, 23(8): 1621~1626.

BB BEN. EARE FITSERAESE —FTHEERKEAESEREGR. £5¥H, 2003, 23(12).2747.




