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E ffects of deep soil desiccations on alfalfa grasslands mn different ranfall areas of

the Loess Plateau of China
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Abstract Soilmoistures in 0— 1000an soil layers on d ifferent growth age alfalfa grasslands n different rainfa Il areas of the
Loess P lateau were measured and soil desiccation effects on alfalfa grasslands were analyzed and campared Average soil
moistures n 0— 1000an soil layers on alfalfa grasslands of san ihum i areg semi2ard area and semi2ard dmought prone
areawere 10 846, 7 0P and 5 43% respectively which were obviously lower than local soil stablemoisture and soil
moisture on natural grassland Soil water overuse anounts of alfalfa grasslands of the 3 areas were 540 2 641 Imm and
455 Onm, and average speeds of soil desiccation were 61 2mm, 10l 9mm and 99 Omm per year sepamtely Average
annual mnfall nfiltation dephs of alfalfa grasslands on the 3 different ranfall areas were 187 8 144a@n and 173 an
separately and soilmoisture ofdeep soil layers below ranfall nfiltration depth ramaned n a stable desiccated condition

As alfalfa grovth aged soil desiccation ntensity strenghened Soil desiccation ntensitieswasmedum desiccated on the 3
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years alfalfa grassland and were serious desiccated and strong desiccated on the 4 years or over alfalfa grasshnds
Thickness of desiccated soil layerswere 500— 760am on the 3 years alfalfa grasslands and were over 40— 1000cm on the

4 years or over alfalfa grasslands Years requred for soilmoisture restoraton of desiccated soil layers to local soil stable

moisture with alfalfi2gran crop rotatons on the 3 different ranfall arcas were over 6 years 11 years and 18 years

separately

K eyW ords the Loess Plateay alfalfa grassland soilmosturg soil desiccation
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6 : (1) SDI\ 100%, ; (2) 7% [ DI< 100%, ; (3) 506 [ DI<
75%, ;(4) 286 [ DI< 500, ; (5) O SDI< 2%%, ; (6) SDI
<qQ , 2 )

4 DI 0~ 100% , DI 25%,
,  SDI< 50,
1/2 ;. SDI< 2%,
1/4 6
2
21 0~ 1000an
211
, 3 0~ 800am 6 12 17 25
0~ 1000an 10 536 ~ 13 3%%, 11 3%%,
15 50% 18 1% ( 1) 3~25 5 0~ 1000am
1369 3~ 1737 Smm, 1474. 8mm, 199. 3~ 567 Smm, 304. 8mm
, 5 0~ 1000am 277 5~ 645 Tmm, 540 2mm,
24 9~ 107 6mm /g 61l 2mm /a , 6 ,
17 25 6 , 3
212
, 4 10 0~ 1000am
7 54% 728, 643, 7 07, 12 00%
1.4% ( 1) 3 0~ 1000an 835 3~ 980 8mm, 918 9mm,
185 3~ 330. 8mm, 268 9mm, 579 2~ 724 Tmm, 641 1mm,
72 5~ 144 8mm /g 101. 9mm /a , , 4
144 8mm /a 10 72 5mm/a
213
, 3 10 0~ 1000an
790 5706 5 8%, 6 47, 10 73%
9.580( 1) 3 0~ 1000am 741 2~ 1026 7mm, 841. 7mm,
156 2~ 441 Tmm 256 7mm, 370 8~ 656 3mm 455 Omm,
152 4mm 64 0~ 123 6mm/a 99 Omm/a 3
, 6 , ,
214
6 5 6 0
~ 1000am 2
, 645 7mm
7221 Imm -, 656 3mm, 107 6mm /a 144 4mm/a 109 4mm /3



54012mm 641 Imm 455 Omm, 6L 2nm 10L 9mm 99 Omm, ,

1 0~ 1000an
Tablel comparson of soilwater amount n 0~ 1000an soil hyers on different grow th age alfalfa grasshnds and natural grasshnd of different

ranfall areas of the L oessP lateau

Soilwatr Availabk soil Avaihble soil Amount of soil

Dry bnd Soilmoisture . Speed of soil
Grassland type am ount waer anount water in every water ovem se R
type ) (mm) (mm) Im soil layer (mm) desccaton
Y (mm /a)
(mm /m)
3 3 years 13. 37 17375 567. 5 56 8 2775 25
Sem 2 6 6 years 10. 53 1369 3 199. 3 19 9 645 7 107. 6
humid 13 12 years 11. 46 1489 7 319. 7 320 525 3 5.8
area 17 17 years 10. 65 1384 6 214. 6 215 630 4 371
25 25 years 10. 72 1393 0 230 22 3 622 0 24. 9
Natural grass nd 18 15 2359 7 1189. 7 119 0 - -
Bare fllov End 21. 80 2834 5 1664. 5 166 5 - -
. . 9. 00 1170 0 0 - - -
W ilting m oisture
. . 15. 50 2015 0 5. 0 84 5 - -
Soil stab ke moisture
. . 22. 00 2860 0 1690. 0 286 0 169 0 -
Field capacity
4 4 years 7. 54 980 8 330. 8 331 579 2 144. 8
Senard 7 7 years 7. 24 940 6 290. 6 29 1 619 4 8.5
area 10 10 years 6. 43 8353 185. 3 18 5 724 7 .5
1. 4 14 . -
Natural grass hnd 5 88 5 838 5 83 9 71 5
W ilting m oisture 50 6500 0 ) ) )
1 1 10. - -
Soil stab ke moisture 20 5600 o10.0 oL 0
. . 19. 00 2470 0 1820. 0 182 0 - -
Field capacity
3 3 years 7. 90 1026 7 41. 7 44 370 8 123. 6
6 6 years 5.70 741 2 156. 2 13 656 3 109. 4
Sam Rarid 19 10 years 5. 82 757 2 172. 2 17 2 640 3 64. 0
drought
prone Natural grass bnd 9. 58 1245 1 660. 1 66 0 152 4 -
area
W ilting m oisture 4.30 3830 0 ) ) )
Soil stab b moisti e 10. 75 1397 5 812. 5 8l 3 - -
. . 17. 00 2210 0 1625. 0 162 5 - -
Field capacity
22
221

3 6 12 17 25 0~ 1000a@n
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1 , 1 , 0~ 40@m
, 6 12 17 25 40~ 1000an ,
Po ~ 13% , 22. 0% 18 134,
15. 8% 3 40~ 300 ,  300@m ,  540am
15 3% , 3 540an
160~ 300an , 9%
, 10% 3 80~ 280an 6
12 17 25 120~ 520an ,
, 6 120~ 500an
2 3 0~ 1000 an

Table2 Can parison of soilwater am ounts and soil desiccation peeds n 0~ 1000an soil layers on alfalfa grasshnds n threeramnfall areas of the

Loess P hteau

Avaihble soil Amount of soil

Diybnd spe Grassland type sml(or;)o;sme Soilw(ant;rn ;mount water anount wabr overise ssee:i;i;in
(mm) (mm) P,
San Phumid Typical grassknd 10 53 1369. 3 199. 3 645 7 107. 6
area
Grassland average 11 35 1474. 8 304. 8 540 2 61. 2
San 2arid Typical grassbnd 6 54 837. 9 187. 9 722 1 144, 4
area
Grassland average 7 07 918. 9 268. 9 641 1 101. 9
Sam 2aril dought  Typ cal gras knd 570 741. 2 156. 2 656 3 109. 4
prone arca
Grassland average 6 47 841. 7 256. 7 455 0 99. 0
, 15 %% ,
3 ( ) 540an 6
1000an , 2003 15 23 , 2004 24
1200an 1160an  1200an, 1060~ 1200amn 1060~ 1160an 1060~ 1200an
10 6% ~ 13 6% 11 7% ~ 13 1%  11176% ~ 14 08, 13139 12
48% 12 6%, , 15 %%, 15
1200an 3 ,
( ) 1200an :
10 15 23 900an 1080an  1100an ]
222
4 7 0~ 1000an 2
4 4 06% ~ 10 7% , 460~ 700an
P 7 5 4% ~ 15 3% ., 0~ 180an
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8%, 180~ 1000an

—— 34EH: 3years

alfalfa grasslands at Guyuan of sem Rarid hillgully area on the

Loess P ateau

—8— 64E: 6 years

8o, 580~ 780an —a— 1244 12 years —%— 1744 17 years
- —%— 2544 25 years —e— Jit il Natural grassland
o 10 4 14 12 —— [ H#FK Rt Field capacity —— Y4 i Wilting moisture
34%, 0~ 120am &, 120~ +- 3938 /i Soil moisture (%)
1000 o, 380 ~ 04 6 8 10 12 14 16 18 20 22 24 26
880an 6% , 640~ 700an 100 - :
% _ 200
£
: 0~ 1000am B 4
;‘. 400 -
’ = 500 -
> 2 600 -
=
, 1000an % 700
223 3 800l
3 6 900 |- -
10 0~ 1000an o .S
31560 ~ 17 236 3 7646 ~ 10. 566 3 52%
~ 10 47% 3 7% ~ 16 98% ( 3) 80~
440an , 3 Fig 1 Canparsin of soil moisture distrbutions n different growh age
10 , 440~ 1000am alfalf grasslands on south highlind phin of the Loess P lateau
s 780an
1Q 7%%, 760am 200~ 480an 3%, 340~ 420an
P 6 10 >
, 1000an, 180~ 1000am 160~ 900an &,
240~ 720an 300~ 740an 3%, 10 P
0~ 300an , 60~ 240an 3%, 240~ 560an
3% ~ 11% R 580~ 960an 1% ~ 1% R 960~ 1000am
10% , 0~ 580an R
580an ,
338 Soil moisture (%) —— 34E4: 3years —w— 64E4: 6 years
0 5 10 15 20 —a— 10424 10years —— Jig #iih Natrual grassland
0 T 1 438 )% Soil moisture (%)
100 0 S 10 15 20
zm L 0 T T 1
€ 100
= 00 g 200}
3 —— Mg 4 years = 300 -
= 500 |- —s— 74EH: 7 years §' 400 |-
“& 600 |- —a— 1044 10 years = 500 L
% 700 | i 600 |-
®
+H 800 [ & 700
900, |- ﬁ 800 |-
1000 L 900
1000 -
2 3
Fig 2 Canparsion of soilmosture dstributions n different grovth age Fig 3 Canparson of soil moisture dstrbutions of different grow th age

alfalfa grasshnds and natral grashnd atH aijyuan on north s Rarid

prone, drought area of the Loess P hteau
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224
—— i X —a— PFRKX —— PFRHERX
Semi-humid area Semi-arid area Semi-arid prone
0~ 1000an : : drought area
18 /& Soil moisture (%)
4 0 5 10 15 20
., 400m & * : '
100 |-
S 1 2004
, 0~ 200am , 200an B sl
-]
’ §- 400 -
> > 3 500 [
A
. 3 # 600 -
L
B 700 [
1000an, ek 3
23 900 +
1000 -
231
, 2003~ 2005 4
0~ 1000an
, 2003 , 2004 Fig 4 Canparsion of soil moture distribution on alfalf grasskbnds
, 2005 , 2003 n different dry bnd areas on the Loess Plateau
( 3) 2003 4 ~ 2004 4
668 Smm, 10~ 11 15~ 16 23~ 24 0~ 1000an
130 8mm 88 9mm 55 9mm 2004 2005
425 4mm 534 9mm, 2003 4 ~2004 4
10~ 11 15~ 16 23~ 24 537 7mm 579 émm 612 6mm,
576 6mm, 54118mm 34 8mm, ,
3 0~ 1000 an

Table3 Annual soilmoistures and soil water an ount changes n 0 ~ 1000an soil layers of different growth age alfalfa grasshnds on south

highland plain of the LoessP lateau

Soilm o sture(% ) Soilwater an ount( mm) Available soil water anoun t(mm)
Grassland
type 2003 2004 2005 2003 2004 2005 2003 2004 2005
average average average
-6 ) 11.00 10 53 10 77 ) 1430. 4 1369.3 1399 9 ) 2604  19.3 29. 9
5— 6 years
10~ 12
11.05 12205 11 46 11 52 1436.3 1567.1 1489.7 14977 2663 3971 3197 277
10— 12 years
15~ 17
10. 66  11.35 10 65 10 89 138. 1 1475.0 13846 14152 2161 3050 2146 245. 2
15— 17 years
23~ 25
1075 1118 10 72 10 88 1397.4 1453.3 1393.0 14146 2274 2833 223.0 244. 6
23— 25 years
0~ 1000an (5~ 6), 0~ 300an
, 300~ 1000am , , 5~25

300an , 300am ,
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232
2005 46 8 10 7 0~ 1000an 8 626 6 96%
6119 7. 2&%, 1120 2mm 904. 2mm 804 7mm  94Q 6mm, 4
s , 6 4 0~ 1000an
21 6mm, 8 4 315 5Smm, 10
2 b 2 8
135 9mm 2005 275 Omm, s , 10
4 , 0~ 1000mm 179 6mm
338 ) Soil moisture (%) I8 Soil moisture (%)
5 10 15 20 25 5 10 15 20 25
0 T - 0 a1y —3 i
100 |- 100 |-
s 28 - 4EA Year 200 |- A4 Year
E 300 |- —e— 2003 E 300 |- —e— 2003
= —a— 2004 5 —a— 2004
Gl —a— 2005 § 400l —a— 2005
§ 500 |- E 500 |-
= L E
® 600 % 600
® 700 ® 700
H H [
800 |- 800
900 900 |-
1000 L 1000 L
5 10~ 12
6 23~ 25

Fig 5 Annual changes of soilmosture dstrbutions of the 10— 12
years alfalfi grasslands on south highlknd p hin of the Loess P hteau

Fig 6 Annual changes of soil moisture dstrbutions of the 23 — 25
years alfilfa grasshnds on south highland plain of the Loess Plakau

7 0~ 1000am 43935 & Soil moisture (%)
0 5 10 15 20
7 > 4 0 S Sl
, 6 8 10 100 |-
6 8 0~ ’g 200 1=
400an , 8 400~ § T
g 400 -
4 386 ~ 7. 564 s 5 43%, B 600 |- ~=—6H Jun
8H A
660~ 760an , E ol 108 O
- 800
b} 900 |-
400an 1000 L
8 , 10 0~
1000an % ~ 3%, 0~ 7 7
400an
2003~ 2005 551. Fig 7 Seasonal soil moisture distrbution changes of the 7 years alfilfa
6mm 347 0 275 0 grass bind at Guyuan of sam 2arid hilRgully area on the Loess Plateau
3~ 4 0~ 1000an 2004 4 10 41%
2005, .10 7 5%, 2 372 8&mm 186, 4mm
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, 200~ 700an 33 ~ 6
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2 4
241
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12 15~ 17 23~ 25 3
191 7am
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153an 265an  145an, 3 188am
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4
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Fig 8

sem Rarid prone drought area ofthe Leoss P hteau

Soil mosture changes of alfalfil grasslands at Haiyuan on

( 4) 5~6 10~
200an 207am 173an 187am 4
s 23~ 25
2003 240~ 300am,

(an)

Table4 Rainfall infiltration depths of different growth age alfalfa grasshnds in different rainfall years on different ranfall areas of the

Loess P lateau

Year
Drylnd type Grashnd type 2002 2003 2004 2005 Average
5~6 5— 6 years - 240 - 160 200
10~ 12 10— 12 years 160 300 - 160 207
15~1 15— 1 14 2 - 1 1
Sen Dhumid area 5~17 5— 17 years 0 60 20 73
23~ 25 23— 25 years 160 260 - 140 187
average 153 265 - 145 /
2~4 2— 4 years - 320 80 40 147
5~7 5— 7 years - 200 60 &0 113
Sem 2arid area 8~ 10 8— 10 years - 220 160 140 173
average - 247 100 87 144
3~4 3— 4 years - - 180 180 180
6~7 6— 7 years - - 160 200 180
Sem 2arid drought prone area 10~ 11 10— 1lyears - - 120 200 160
average - - 153 193 173
242
, 2003 2004 2005 247an 100an
87am, ( 4) 2~4 5~7 8~ 10
147en 113ean 173 a@n
144 an, 187 an
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, 2004 4 7 11 153am 2005
3 6 10 193an( 4) 2 173an
25
251
, 3 0~ 800an 6 12 17 25 0~ 1000am
286 ~ 6T , 30 (- 5) 3 6
, 12 17 25 ,
141%,
, 100% , 75% ,
50% , 25% ,
5 (an)

Table5 SDI soil desiccation ntensity and th cknesses of desiccated soil hyers on alfalfa grasshnds n different dryland regions of the
Loess P hteau

Drv bnd Extrame Strong Serious Total
v Grassland type Average SDI  Soil desiccation ntensiy desiccated desiccated desiccated desiccated
reg ion . . . .

% ) soil hyers soil hyers soil layers soil layers
Sen Phumid Y@ 67 Medim desiccated 40 240 30 00
area

6 6 years 24 Strong des iccated 120 460 980 R0

12 12 years 38 Serious desiccated 40 380 760 %0

17 17 years 25 . . 100 400 980 90

Serious desiccated

25 25 years 26 Serius desiccated 80 540 980 980

Average 36 Serious desiccated 76 404 808 880

Natural grassland 141 No desiccated 0 0 0 20

Sem 2arid 4 4 years 36 Serious desiccated 40 520 600 1000

area
7 7 years 32 Serius desiccated 0 580 840 40
10 10 years 20 Strong desiccated 80 720 900 980
Average 29 . . 40 607 780 973
Serious desiccated
92 . . 0 60 200 360
Natural grassland Slight desiccated
3 3 years 54 Serious desiccated 200 440 580 740
Sam 2arid
drought p rone 6 6 years 19 Strong desiccated 260 700 820 1000
area
10 10 years 21 Strong des iccated 400 600 720 1000
Average 31 Serious desiccated 287 580 706 913
81 140 260 260 580

Natural grassland Slight desiccated
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3~ 25 0~ 1000am , 140~ 180an 160~ 300am 220~
260an 200~ 300an 220~ 300am 80~ 320en 100~ 560am
100~ 480an 120~ 520an 100~ 640an, 40~ 380an 20~
1000en 80~ 800( 960~ 1000) an 20~ 1000an 20~ 1000an, , 3
12 , 3 , 540am 3~ 25
76an 404 808 an
500am 980an 960am 980am  980am, 880an
252
4 7 10 0~ 1000am 36%
32% 2006 92, 4 7 , 10 ,
( 5 4 0~ 160an , 160~ 700am
, 700~ 1000am 7 0~ 60amn , 60~ 80an
, 80~ 160am , 160~ 300an , 300~ 880an , 880~ 1000am
10 0~ 20an , 20~ 60am , 60~ 220an , 220
~ 940am , , 940~ 1000an 4 7 10
520am 580an  720an, 1000an 940am
980an
253
3 6 10 0~ 1000am 54%
1% 21% 8%, ( 5 3
0~ 80an , 80~ 700an , 100~ 540an , 200~
280an 320~ 440an , 700~ 760an , 760~ 1000cm 6
0~ 180an , 180~ 1000an , 200~ 900an ,
380~ 660an 10 0~ 180an , 180~ 900an
, 200~ 800an , 320~ 720an , 920~ 1000am
40~ 360am , 40~ 300an , 360~ 580an , 580~ 960an
, 960~ 1000an 3 6 10 ,
76Q 100Q 1000an  580am
254
3 0~ 1000an 19%
21% 19, , 940~ 980am
36% 2% 3%,
, 880 973ean 913 m ,
26
2 61
, , 8
3a , 0~ 700am 17 1846, 0~ 440am 15 3% ,
, 440~ 700an 126 ~ 15% ,
11 10 7% , 0~ 700an 583 31mm,
194 4mm 12 15a , 0~ 700an 20 8%,
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5~ 25 0~ 1000an
10 84% 1409 1mm
, 15 3%

2015 Omm 605 8mm
1957~ 2001 283 8~ 821 9mm, 45a
541 8mm, 1996~ 2005

51110mm
600 540mm  480mm ,
40 0mm,
200 140mm  80mm
15 3% , 3 03 4 33a
7. 57a 18 18%
2359 7mm ,
950 6mm, 4 57 6179a 11 88a
1957~ 2001
28 8 32176 38 3% ,
5 20a & 203 6a 9a ( 6)
6

9
—— | 4E4: 176 11 year alfalfa
—a— 244 4 B 1 Mt 24 year alfalfa
—a— SR AR M3 a T

8 year alflalfa-3 year grain crop rotation

e AR AEAE 1 S A

12 year alflalfa-15 year grain crop rotation

1338 % Soil moisture (%)

S 10 15 20 25

0 T )
100 -
200
300
400
500 +
600
700
800 +
900
1000
1100
1200 -

+ M HE Soil depth (cm)

Fig 9 Soilmoisture restoration of alfalf grasshnds after a falf2grain
crop rotations on south sem2hum i highlnd phin of the Loess P hteau

Table 6 Canparison ofwater amount and tine required for soil water recovery on alfaifa grasshnd of the loess phteau

(%)
Soilmoisture of
Alfalfa grass hnd

(%)
Stable soilmoisture

Annualwater anount required
Pr soil water recovery( mm )

Total Water
Dy bind region ema'mt Years 1.'equ1ted
requ ired Rich Nomal for soil water
Mo sture W ater Moisture Water . ; Drought
(mm) rinfall  rnsll recovery( a)
Vale anount Value amount year
year year
(%) (mm) (%) (mm)
. . 10. 84 1409 1 15 50 2015. 0 606. 8 200 140 80 320
Sem 2humid area
Sem Darid area 7. 07 919 1 12 00 1560. 0 640. 9 150 90 30 10 72
Sem Parid drought 5. 45 708 5 10 75 1397. 5 689. 0 140 80 20 17 49
prone area
2 62
, , 7 07% 919 Imm ,
12% s 640 9mm 45a 455 4mm s
500 440m  380mm, 350mm, 150
90mm  30mm, 4 27 7 12a 21 36a
40 0% .26, Po 33 3%, 10,723 11a (..6)



27

88
263
s 6 5 4%%,
68 9mm 386. Imm, , 440 380mm  320mm,
300mm, 140 80mm 20mm, 4 92 8 6la
34. 45a 29 3% 31 8 38 6% ,
17492 18a  ( 6)
11 10
4102 18 0~ B0 AT ot G s
328 5530 61846 —a— #4%10a BAEH 10 year grain crop rotation
9 32, 10 7% ( 10), —s— #{F18a RAAEH 18 year grain crop rotation
11 , 0~ 660an {3938 /¥ Soil moisture (%)
213 112 3mm 212 Smm, 07 . i i - -
531L2mm 1L 8mm &y
& =
, 4 10a  18a : {2 % S
120 180an  260an, :‘:’ 300 |-
4 306 4 8T% 8113%, i 400 |-
4a  10a ® 50|
’ 18 ;s 600 |-
75. 6%, s
700
’ 10
3 Fig 10 Soilmoisure rstortons ofalfalfl grasslands atH ajyuan on
sanRarid prone drought area of the Loess P hte
(1) , 5~ 25 0~ 1000an 10 84%,
1409 Imm s 960an, 3
, 500an 3~ 25
5401 2mm, 61 2mm/a 187 8am,
300an , 300am , s
15 5% 6a
(2) , 4~ 10 0~ 1000an 7 07%,
919 Imm, s ,
940am 4~ 10 640 1mm,
10119mm /a 144an,
12% 11a
(3) , 3~ 11 0~ 1000am 5 43%,
708 Smm, s 1000am, 3
s 760an 3~ 10 455 Omm
99 0mm /a 173 am,
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(4) 5~6 ,

> B B

940~ 980am ,
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