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Effects of deep soil desiccations on alfalfa grasslands in different rainfall areas of

the Loess Plateau of China
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Abstract Soil moistures in 0 — 1000cm soil layers on different growth age alfalfa grasslands in different rainfall areas of the
Loess Plateau were measured and soil desiccation effects on alfalfa grasslands were analyzed and compared. Average soil
moistures in 0 — 1000cm soil layers on alfalfa grasslands of semi-humid area semi-arid area and semi-arid drought prone
area were 10.84% 7.07% and 5.45% respectively which were obviously lower than local soil stable moisture and soil
moisture on natural grassland. Soil water overuse amounts of alfalfa grasslands of the 3 areas were 540.2 641. lmm and
455.0mm and average speeds of soil desiccation were 61. 2mm 101. 9mm and 99. Omm per year separately. Average
annual rainfall infiltration depths of alfalfa grasslands on the 3 different rainfall areas were 187.8 144cm and 173c¢m
separately and soil moisture of deep soil layers below rainfall infiltration depth remained in a stable desiccated condition.

As alfalfa growth aged soil desiccation intensity strengthened. Soil desiccation intensities was medium 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 grasslands.

Thickness of desiccated soil layers were 500 —760cm on the 3 years alfalfa grasslands and were over 940 — 1000cm on the 4

years or over alfalfa grasslands. Years required for soil moisture restoration of desiccated soil layers to local soil stable

moisture with alfalfa-grain crop rotations on the 3 different rainfall areas were over 6 years

separately.

Key Words the Loess Plateau alfalfa grassland soil moisture
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Table 1 comparison of soil water amount in 0 ~ 1000cm soil layers on different growth age alfalfa grasslands and natural grassland of different

rainfall areas of the Loess Plateau

. . Soil water Available soil Available soil Amount of soil .
Dryland . Soil moisture . Speed of soil
Grassland type amount water amount water 1n every water overuse . .
type % . desiccation
mm mm 1m soil layer mm iy
mm/m mma
3 3 years 13.37 1737.5 567.5 56.8 277.5 92.5
Semi- 6 6 years 10.53 1369.3 199.3 19.9 645.7 107.6
humid 12 12 years 11.46 1489.7 319.7 32.0 525.3 43.8
area 17 17 years 10. 65 1384.6 214.6 21.5 630.4 37.1
25 25 years 10.72 1393.0 223.0 22.3 622.0 24.9
18.15 2359.7 1189.7 119.0 - -
Natural grassland
21. 2834. 1664. 166. - -
Bare fallow land 80 834.5 664.5 66.5
9.00 1170.0 0 - - -
Wilting moisture
15. 2015. 45. 4. - -
Soil stable moisture 5.50 015.0 843.0 84.5
. . 22.00 2860.0 1690.0 286.0 169.0 -
Field capacity
4 4 years 7.54 980.8 330.8 33.1 579.2 144.8
Semiarid 7 7 years 7.24 940.6 290.6 29.1 619.4 88.5
area 10 10 years 6.43 835.3 185.3 18.5 724.7 72.5
11.45 1488.5 838.5 83.9 71.5 -
Natural grassland
5.0 650.0 0 - - -
Wilting moisture
Soil stable moisture 12.0 1560.0 910.0 91.0 - -
. . 19.00 2470.0 1820.0 182.0 - -
Field capacity
3 3 years 7.90 1026.7 441.7 44.2 370.8 123.6
6 6 years 5.70 741.2 156.2 15.6 656.3 109.4
Semi-arid 10 10 years 5.82 757.2 172.2 17.2 640.3 64.0
drought
. 1245.1 .1 . 152.4 -
prone Natural grassland 9.58 > 660 66.0 3
area
4.50 585.0 0 - - -
Wilting moisture
10. 1 . 12. 1. - -
Soil stable moisture 0.75 397.5 812.5 81.3
. . 17.00 2210.0 1625.0 162.5 - -
Field capacity
2.2
2.2.1

3 6 12 17 25 0 ~1000cm
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6 12 17 25 40 ~1000cm
7% ~13% 22.0% 18.15%
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160 ~300cm 9%
10% 3 80 ~280cm 6
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Table 2 Comparison of soil water amounts and soil desiccation speeds in 0 ~1000cm soil layers on alfalfa grasslands in three rainfall areas of the

Loess Plateau

Dryland type

Grassland type

. . . Available soil
Soil moisture Soil water amount

water amount

Amount of soil o
Speed of soil
water overuse

% mm m m desiccation
mm/a
Semi-humid Typical grassland 10.53 1369. 3 199.3 645.7 107.6
area
Grassland average 11.35 1474.8 304.8 540.2 61.2
Semi-arid Typical grassland 6.54 837.9 187.9 722.1 144.4
area
Grassland average 7.07 918.9 268.9 641.1 101.9
Semi-arid drought Typical grassland 5.70 741.2 156.2 656.3 109. 4
prone area
Grassland average 6.47 841.7 256.7 455.0 99.0
15.5%
3 540cm 6
1000cm 2003 15 23 2004 24
1200cm 1160cm  1200em 1060 ~1200e¢m 1060 ~1160cm 1060 ~ 1200c¢m
10.63% ~13.69% 11.72% ~13.15% 11.76% ~14.04% 13.39% 12.
48% 12.64% 15.5% 15
1200cm 3
1200cm
10 15 23 900cm 1080cm  1100cm :
2.2.2
4 7 10 0 ~1000cm 2
4 4.06% ~10.71% 460 ~700cm
7% 7 5.49% ~15.37% 0 ~180cm
8% 180 ~1000cm 8% 580 ~780cm 6% 10
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5% 340 ~420cm 4% 6 10
1000cm 180 ~1000cm 160 ~900cm 8% 240 ~720cm 300 ~740cm
5% 10 4% 0 ~300cm
60 ~240cm 5% 240 ~560cm 5% ~11%
580 ~960cm 11% ~17% 960 ~ 1000cm 10%
0 ~580cm 580cm
—— 344 3years —— 644k 6 years
3935 Soil moisture (%) —a— 10424 10years —«— Fig HiHh Natrual grassland
0 5 10 15 20 +338  Soil moisture (%)
0 T 1 0 5 10 15 20
100 0 !
100
~ 200 —
g g 200
2 30 2 )
-§ 400 - —— 44EH: 4 years _ﬂg 400
3 500 —a— T4 7 years Z 500 |-
‘Q 600 |- —— 10424 10years Q 600 |
% 700 - § 700 -
H 800 - + 800 |
900 900
1000 L 1000 -
) 3

Fig.2  Comparsion of soil moisture distributions in different growth age
alfalfa grasslands at Guyuan of semi-arid hill-gully area on the

Loess Plateau

Fig.3 Comparison of soil moisture distributions of different growth age
alfalfa grasslands and natural grassland at Haiyuan on north semi-arid

prone drought area of the Loess Plateau
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0 ~ 1000cm Fig. 4 Comparsion of soil moisture distribution on alfalfa grasslands
in different dryland areas on the Loess Plateau
2003
2004 2005 2003 3 2003 4 ~2004 4
668.5mm 10 ~ 11 15 ~16 23 ~24 0 ~1000cm
130. 8mm 88.9mm  55.9mm 2004
2005 425.4mm  534.9mm 2003 4 ~2004 4
10 ~ 11 15 ~16 23 ~24 537.7mm 579.6mm  612.
6mm 576. 6mm 541. 8mm 34. 8mm
3 0 ~1000cm

Table 3 Annual soil moistures and soil water amount changes in 0 ~ 1000cm soil layers of different growth age alfalfa grasslands on south

highland plain of the Loess Plateau

Soil moisture % Soil water amount mm Available soil water amount mm

Grassland
type 2003 2004 2005 2003 2004 2005 2003 2004 2005
average average average
5~6
— 11.00 10.53 10.77 — 1430.4 1369.3 1399.9 — 260.4  199.3 229.9
5 -6 years
10 ~12
11.05 12.05 11.46 11.52  1436.3 1567.1 1489.7 1497.7 266.3 397.1 319.7 327.7
10 - 12 years
15 ~17
10.66  11.35 10.65 10.89  1386.1 1475.0 1384.6 1415.2 216.1 305.0 214.6 245.2
15 - 17 years
23 ~25
10.75  11.18 10.72 10.88  1397.4 1453.3 1393.0 1414.6 227.4 283.3 223.0 244.6
23 - 25 years
0 ~1000cm 5~6 0 ~300cm
300 ~1000cm 5~25
300cm 300cm
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Fig. 5 Annual changes of soil moisture distributions of the 10 — 12 Fig. 6 Annual changes of soil moisture distributions of the 23 - 25

years alfalfa grasslands on south highland plain of the Loess Plateau years alfalfa grasslands on south highland plain of the Loess Plateau
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2.4.1
2002 2003 2005 4 5~6 10 ~
12 15 ~17 23 ~25 3 200cm 207¢m 173cm 187cm 4
191.7cm 23 ~25
2002 2003 2005
153cm 265c¢cm 145¢m 3 188cm 2003 240 ~300cm
2002 2005 150cm
4 cm

Table 4 Rainfall infiltration depths of different growth age alfalfa grasslands in different rainfall years on different rainfall areas of the

Loess Plateau

Year
Dryland type Grassland type 2002 2003 2004 2005 Average
5~6 5 -6 years - 240 - 160 200
10 ~12 10 - 12 years 160 300 - 160 207
Semi-humid area 15 ~17 15 - 17 years 140 260 - 120 173
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 80 113
Semi-arid 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
Semi-arid drought prone area 10 ~11 10 - 11years - - 120 200 160
average - - 153 193 173
2.4.2
2003 2004 2005 247cm 100cm
87cm 4 2-~4 5~7 8 ~10
147¢cm 113ecm 173em

144cm

187cm
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2.4.3

2004 4 7 11 153cm 2005
3 6 10 193¢m 4 173¢m
2.5
2.5.1

3 0 ~800cm 6 12 17 25 0 ~1000cm

24% ~67% 36% 5 3 6
12 17 25
141%
100% 75%
50% 25%
5 cm

Table 5 SDI soil desiccation intensity and thicknesses of desiccated soil layers on alfalfa grasslands in different dryland regions of the

Loess Plateau

Drvland Extreme Strong Serious Total
ryan Grassland type Average SDI  Soil desiccation intensity desiccated desiccated desiccated desiccated
region . . . .

% soil layers soil layers soil layers soil layers
ars 7 4 24 A
Semi-humid 3 years 6 Medium desiccated 0 0 340 500
area
6 6 years 24 120 460 980 980
years Strong desiccated
12 12 years 38 . X 40 380 760 960
: Serious desiccated
17 17 years 25 . . 100 400 980 980
Serious desiccated
25 25 years 26 . . 80 540 980 980
’ Serious desiccated
Averag 404
verage 36 Serious desiccated 6 0 808 880
141 0 0 0 240
Natural grassland No desiccated
4y 36 40 520 600 1000
Semi-arid years Serious desiccated
area
7 7 years 32 Serious desiceated 0 580 840 940
1 10 years 2 2
0 0 years 0 Strong desiceated 80 720 900 980
Average 29 Serious desiccated 40 607 780 13
2 2
Natural grassland ? Slight desiccated 0 60 00 360
3 3 years 54 Serious desiceated 200 440 580 740
Semi-arid
ars 1 2 7 2 1
drought prone 6 6 years ? Strong desiccated 60 00 820 000
area
10 10 years 21 400 600 720 1000
years Strong desiccated
Average 31 . X 287 580 706 913
Serious desiccated
81 140 260 260 580

Natural grassland

Slight desiccated
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3~25 0 ~1000cm
260cm 200 ~300cm 220 ~300cm

140 ~180cm 160 ~300cm 220 ~
80 ~320cm 100 ~560cm

100 ~480cm 120 ~520cm 100 ~ 640cm 40 ~380cm 20 ~
1000em 80 ~800 960 ~1000 cm 20 ~1000cm 20 ~1000cm 3
12 3 540cm 3~25
76cm 404cm  808cm
500cm 980cm 960cm 980cm  980cm 880cm
2.5.2
4 7 10 0 ~ 1000cm 36%
32% 20% 92% 4 7 10
5 4 0 ~160cm 160 ~700cm
700 ~1000cm 7 0 ~60cm 60 ~80cm
80 ~160cm 160 ~300cm 300 ~880cm 880 ~ 1000cm
10 0 ~20cm 20 ~60cm 60 ~220cm 220
~940cm 940 ~1000cm 4 7 10
520cm 580cm  720cm 1000cm 940cm
980cm
2.5.3
3 6 10 0 ~1000cm 54%
19% 21% 81% 5 3
0 ~80cm 80 ~700cm 100 ~ 540cm 200 ~
280cm 320 ~440cm 700 ~760cm 760 ~1000cm 6
0 ~180cm 180 ~ 1000cm 200 ~900cm
380 ~660cm 10 0 ~ 180cm 180 ~900cm
200 ~800cm 320 ~720cm 920 ~1000cm
40 ~360cm 40 ~300cm 360 ~580cm 580 ~960cm
960 ~1000cm 3 6 10
760 1000 1000cm  580cm
2.5.4
3 0 ~1000cm 19%
21% 19% 940 ~980cm
36% 29%  31%
880 973cm  913cm
2.6
2.6.1
8
3a 0 ~700cm 17.18% 0 ~440cm 15.5%
440 ~700cm 12% ~15%
11 10.77% 0 ~700cm 583.31mm
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194. 4mm 12 15a
5~25 0 ~1000cm
10. 84% 1409. 1mm
15.5%
2015. 0mm 605. 8mm 1957 ~
2001 283.8 ~821.9mm 45a
541. 8mm 1996 ~ 2005
511. Omm
600 540mm  480mm
400mm
200 140mm
80mm
15.5%
3.03 4.33a  7.57a
18. 15% 2359. Tmm
950. 6mm 4. 57
6.79a 11.88a 1957 ~ 2001
28. 8%
32.7%  38.5%
5.20a 8.20a 6a
6
Table 6 Comparison of water amount and time required for

0 ~700cm 20. 89%
9
—— 1475 11 year alfalfa
—a— 244EE Ei FEH 24 year alfalfa
—a— QAR E AR
8 year alflalfa-3 year grain crop rotation
—— 4R E AR 1 Sa L |
12 year alflalfa-15 year grain crop rotation
T3 Soil moisture (%)
5 10 15 20 25
O T 1
100
~ 200 -
5 300}
-g 400 +
g 500 |-
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700 |
®
® 800 -
B 900
H 1000 |
1100 -
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9
Fig. 9  Soil moisture restoration of alfalfa grasslands after alfalfa-grain

crop rotations on south semi-humid highland plain of the Loess Plateau

9a

soil water recovery on alfalfa grassland of the loess plateau

%

. . %
Soil moisture of

ctable soil mois
Alfalfa grassland Stable soil moisture

Annual water amount required

for soil water recovery mm

Total Water

. amount Years required
Dryland region red R 1 wat
) ) ) require Rich Normal or soil water
Moisture Water Moisture Water mm rainfall rainfall Drought recovery a
Value amount Value amount ) year
% mm % mm year year
. . 10. 84 1409. 1 15.50 2015.0 606. 8 200 140 80 5.20
Semi-humid area
L 7.07 919.1 12.00 1560.0 640.9 150 90 30 10.72
Semi-arid area
Semi-arid drought 5.45 708.5 10.75 1397.5 689.0 140 80 20 17.49
prone area
2.6.2
7.07% 919. Imm
12% 640. 9mm 45a 455. 4mm
500 440m  380mm 350mm 150
90mm  30mm 4.27 7.12a  21.36a
40.0% 26.7% 33.3% 10.72a 11a 6
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6 5.45%
689mm 386. Imm 440 380mm  320mm
300mm 140 80mm  20mm 4.92 8.6la
34.45a 29.5% 31.8%  38.6%
17.49a 18a 6
1 10 —o— LR 75 11 year alfalfa
4 10a 18a 0 ~660cm —=— $pfE4a {4 4 year grain crop rotation
5.28% 5.53% 6.84% A HBfF10a B RH 10 year grain crop rotation
—s— #fE18a M/ 18 year grain crop rotation
9.32% 10.75% 10 IR Soil moisture (%)
11 0 ~660cm 0 0 5| 1|0 1|5 2?
21.3 112.3mm  212.5mm 100 L
5.3 11.2mm  11.8mm 2
8% 2 wmp
4 10a  18a § 300 1=
120 180cm  260cm g 400 -
4. 30% 4. 87% % 500
8.13% 4a  10a - 600 L
18 700 -
75.6%
10
Fig. 10 Soil moisture restorations of alfalfla grasslands at Haiyuan on
3 semi-arid prone drought area of the Loess Plate
1 5~25 0 ~1000cm 10. 84%
1409. Imm 960cm 3
500cm 3 ~25
540. 2mm 61.2mm/a 187. 8cm
300cm 300cm
15.5% 6a
2 4 ~10 0 ~1000cm 7.07%
919. Imm
940cm 4 ~ 10 640. Tmm
101. 9mm/a 144cm
12% 11a
3 3~11 0 ~1000cm 5.45%
708. 5mm 1000cm 3
760cm 3 ~10 455. 0mm
99.0mm/a 173cm
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10.75% 18a

4 5~6
940 ~980cm
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