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Abstract: W ater productivity changes and deep il desiccation effects of different planting density black locust (Robinia
pseudoacia) forestlandswere simulated with W inEPIC model during 1957-2001 at Changvu on sami-humid areas and Yanan
on smi-arid areas of the loess plateau The simulated results showed that (1) smulated annual biomass anounts
increased rapidly in early growth stage, and then declined obvioudly with fluctuation when reached its maximum on high
planting density (6000 plants/hm’) , high medium planting density (4500 plants/hm’), low medium planting density
(3000 plants/tm’) and low planting density (1500 plants/hm”) treament black locust forestlands at Changvu and Yanan

The higher planting density of the forestland had, the higher annual bianass anount could obtain in early grovth stage, and
differences of annual biomass anounts between four treaiments decreased in late growth stage The highest average annual
biomass anount and accumulated biomass amount in four treaments at Changvu and Yanan was lonv planting density
treament at both locations during 45 years simulation period (2) Averages of simulated annual water consumption were
almost equal on four treatments black locust forestlands at Changvu and Yanan, and its value was 603mm and 566mm
sparately.  Annual water conaumptions in early growth stage were obviously much higher than later stage, and itwere higher
than annual rainfall of the correponding period The higher planting density of forestland had, the higher water
conaumption could have, and water conaumption anountswere close to each other and fluctuated smultaneously on four
treament forestlands after middle growth stage on both locations The higher planting density of forestland had, the severer
water stress could have (3) Simulated monthly available il water amounts in 0-10m il profile of four treatment
forestlands decreased repidly with strong fluctuation during early growth stage Monthly available water anounts on four
treaiment forestlands fluctuated with annual and seanal rainfall changes in range of 0-200 mm after 7-23 years growth at
Changvu and after 7-17 years growth at Yanan; (4) Annual il moisture distribution declined acutely, and thickness of
desiccated il layer increased annually in 0-10m il profile on four treaments forestlands at Changvu and Yanan The
higher planting density of forestland had, the faster increase rate of desiccated il layer thickness could have Thickness of
desiccated il layer on lov planting density forestland was already over 10m when 26 year old at Changvu and 17 year old
at Yanan, and il moistures in 2-10m il layers after that year remained steady desiccated status on four treaiment
forestlands (5) Reasnable planting density of black locust forestland was 1500-3000 plants/ hm’ at Changvu and 1500
plants/tm’ at Yanan separately, and maximum year for ©il water sustainable usewas 26 years at Changvu and 17 years at

Yanan regectively.

Key W ords the Loess Plateau; black locust forestland; planting density; water productivity; il desiccation; W inEPIC
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1
Fig 1 Camparison of statistics of smulated annual biomass of black locust forestlands under different planting densities
( /tm?) (t/tm?) (t/tm?) (t/tm?) (%)
Location Planting density (plants/hm?) Annual bianass Average D v
Changvu 6000 093 10 35 5 52 2 27 41 1
4500 088 11 09 5 46 2 42 44 4
3000 0 8 10 93 5 52 2 59 46 9
1500 08 951 5 90 2 53 43 0
Yanan 6000 09 1127 537 2 56 47. 8
4500 08 12 74 5 42 275 50 7
3000 0 84 11 67 545 2 86 52 4
1500 082 1111 5 76 272 47. 2
1957 2001 (1 45 ) : 4
( 2 ,
b 1 L 4
1961 (5 ) 1962 (6 ) 1965 (9 ) 1965
(9 ) 1969 (13 ) 1967 (11 ) 1978 (22 ) 1969 (13 )
, 1972 (16 ) 1971 (15 ) ,
) 1988 (32 ) 1984
(28 ) ’
4 8 t/hm’
, 1960 1966 (4 10 ) 1961 1967 (5 11 ) 1963 1970 (7 14 )
1965 1975 (9 19 ), 77 8a 1la, , 4
1959 1969 (3 13 ) 1961 1969 (5 13 ) 1962
1969 (6 13 ) 1964 1975 (8 19 ), 11 9 8a 12a 1
10 , 11 20
, , 21 30 ,31 45 4
( 2 : (1 20 ) .
(21 30 ) : (31 45 )

2

Table2 Camparison of smulated annual biomass of different growth age black locust forestlands under different planting densities

(__/hm?) Planting density (plants/ hm?)

L ocation Grovth age 6000 4500 3000 1500
Changvu 1 10 1-10 a 7 37 7. 42 6 61 5 55
11 20 1120 a 6. 57 6. 59 7. 93 8 85
21 30 21-30 a 523 511 5 03 6 43
31 45 3145 a 378 3 62 3 53 380
Yanan 1 10 1-10 a 7.89 7.9 7.18 5 98
11 20 1120 a 573 592 7.10 8 63
21 30 21-30 a 5 30 519 5 08 572
31 45 3145 a 3 48 3 57 3 46 373
1957 2001 (1 45 ) , 4
, 1957 1974 (1 18 ) 1957 1971 (1 15
) , 3 , 1975 (19 ) 1972 (16
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Fig 3 Camparion of smulated accumulated biomass anounts of black locust forestlands under different planting densities at Changvu and Yanan
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3

Table3 Camparisn of satistics of smulated annual water consumption of black locust forestlands under different planting densities

( /tm?) (mm) (mm) (mm) (%)

L ocation Planting density (plants/ |~m2) Annual water conamption Average D cv
Changvu 6000 356 0 849 8 603 1 127. 5 211
4500 356 0 853 2 603 1 124. 6 2007

3000 356 0 832 2 603 1 115 8 19 2

1500 356 0 806 9 602 7 100 4 16 7

Yanan 6000 307.3 930 4 566. 4 160 8 28 4
4500 317.3 940 3 566 6 151 0 26. 6

3000 317.3 8277 566 6 141 7 250

1500 3173 7935 5666 118 0 20 8
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Fig 4 Camparion of smulated annual water consumptions of black locust forestlands under different planting densities at Changvu and Yanan
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Table4 Camparion of statistics of smulated annual water stress days of black locust forestlands under different planting densities

¢ /m?) (d) (d) (d) (%)

L ocation Planting density (plants/hm?) W ater stress days Average D v
Changvu 6000 0 109 53 9 301 55 8
4500 0 104 45 4 3L 2 68 7

3000 0 99 36 6 30 9 84 3

1500 0 82 17.7 251 141 6

Yanan 6000 0 139 74 5 37. 5 50 3
4500 0 136 65 8 392 595

3000 0 130 57.0 397 69 7

1500 0 120 37. 6 35 2 93 8
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Fig 5 Camparion of smulated water stress days of black locust forestlands under different planting densities at Changvu and Yanan
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Table5 Camparison of statistics of smulated monthly available il water amount in 0-10m profile of black locust forestlands under different

planting densities

( /fm?) (mm) (mm) (mm) (%)
Location Planting density (plants/hm?) Available il water anount Average D v
Changvu 6000 0 1350 182 2 328 7 171 4
4500 0 1350 238 6 3713 155 6
3000 0 1360 320.0 426. 5 133 3
1500 10 1510 572 7 544. 7 95 1
Yanan 6000 0 1440 170. 0 3597 211 5
4500 0 1450 221 4 4107 185 5
3000 0 1450 282 1 453 9 160. 9
1500 0 1450 433 5 548 4 126 5
24 0 10m
1 45 ,
1957 2001 ,
0 10n ’ 1
, ( 6 8 9) 4
6 0 10m

Table6 Camparison of smulated maximum desiccated il layer depth in 0-10m profile of different age black locust forestlandsunder different

planting densities

(m) Depth of desiccated il layers

( /hm?)
L ocation Planting density
(plants/m?) 1 2 3 4 5 7 9 10
2 3 3 3 4 5 6 8
6000
Changvu 2a 3a 3a 3a 4a 5a 6 a 8a
2 3 3 4 5 7 9 10
4500 2a 3a 3a 4 a 5a 7a 9a 10 a
2 3 4 5 9 10 13 14
3000
2a 3a 4 a 5a 9a 10 a 13 a 14 a
2 4 5 18 19 20 24 26
1500
2a 4 a 5a 18 a 19 a 20 a 24 a 26 a
1 2 3 4 4 5 6 8
Yanan 6000 la 2a 3a 4 a 4a 5a 6a 8a
1 2 4 5 6 7 9 10
4
500 la 2a 4 a 5a 6 a 7a 9a 10 a
1 3 4 5 8 10 11 13
3000 la 3a 4 a 5a 8a 10 a 11 a 13 a
1 1 1 1 17 1
1500 3 5 0 5 6 8
la 3a 5a 10 a 15 a 16 a 17 a 18 a
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Fig 9 Camparion of annual il moisture distribution changes in 0-10m profile of black locust forestlands under different planting densities at Yanan
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