Comparison of observed and calculated excess water (drainage discharge) in drained soil
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Abstract
The research objective was to determine, in the period from September 2009 to August 2010, excess water (drainage discharge) in drained soil, type Gleyic Podzoluvisol, at different drainpipe spacings (15 m, 20 m, 25 m and 30 m, with contact material gravel and average depth of 1 m) and to compare it with excess water in soil mathematically calculated by the Thornthwaite and Palmer methods. The total amount of precipitation in the mentioned period was 1159.5 mm.
Excess water measured with limnigraphs and amounted to 350 mm at drainpipe spacing of 15 m, 340 mm at 20 m spacing, 328 mm at 25 m spacing, and 320 mm at 30 m spacing. Excess water in soil calculated by the Thornthwaite method was 424.4 mm and by the Palmer method 404.2 mm. 
The obtained results clearly show that there are differences both between the tested drainpipe spacings and between the results calculated by the Thornthwaite method and the Palmer method. Measured data at all drainpipe spacings were smaller than mathematically calculated by both methods.

Measured and calculated excess water in drained soil depends on the total amount of precipitation, its distribution, drainpipe spacings, crop type and the mathematical method used.
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Location of experimental drainage field
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Drained soil, type Gleyic Podzoluvisol

Major characteristics of drained Gleyic Podzoluvisol
	Horizon
	Depth
(cm)
	Silt (%)
	Clay (%)
	P

(vol. %)
	Cw
(vol.%)
	Ca
(vol.%)
	φv   
(g.cm-3)
	φs 

  (g.cm-3)
	c
 (m.dan-1)
	pH

MKCl
	Humus

(%)
	P2O5
	K2O

	
	
	
	
	
	
	
	
	
	
	
	
	mg.100 g soil-1

	Ap
	0-35
	51
	48
	49
	48
	1
	1,32
	2,58
	0,14
	4,7
	4,1
	9,7
	19,2

	Gr
	35-45
	58
	41
	48
	47
	1
	1,34
	2,57
	0,06
	5,0
	1,3
	1,4
	8,8

	Gr/so
	45-90
	63
	36
	43
	42
	1
	1,52
	2,66
	0,07
	5,9
	0,7
	2,9
	7,9

	Gso/Gr
	90-115
	73
	23
	
	
	
	
	
	
	
	
	
	

	Gr
	115-130
	76
	20
	
	
	
	
	
	
	
	
	
	


Interpretation of signs: P- porosity, Cw- capacity of water, Ca-capacity of air, φv-bulk density, φs-specific density, c-coefficient of permeability
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Precipitation during the investigation period (mm), Meteorological station Sisak

	2009
	2010
	Total
(mm)

	IX
	X
	XI
	XII
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	

	30,2
	88,4
	102,2
	94,8
	105,4
	88,6
	66,3
	59,0
	156,9
	146,2
	64,9
	156,6
	1159,5


Monthly and total drainage discharge at different drainpipe spacings (mm)
	Drainpipe

spacing (m)
	2009
	2010
	Total
(mm)

	
	IX
	X
	XI
	XII
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	

	15
	
	
	25
	63
	67
	56
	28
	5
	33
	47
	
	26
	350

	20
	
	
	23
	62
	65
	55
	28
	5
	32
	47
	
	23
	340

	25
	
	
	20
	60
	62
	52
	25
	4
	32
	47
	
	26
	328

	30
	
	
	20
	59
	60
	52
	25
	4
	31
	46
	
	23
	320


Balance of water in  soil, according Thornthwaite,s  

	Year
	2009
	2010
	Total

	Month
	IX
	X
	XI
	XII
	I
	II
	III
	IV
	V
	VI
	VII
	VIII 
	

	Potencially evapotranspiration (corrected)-PETc (mm)
	86,6
	41,8
	23,6
	6,8
	0,0
	3,1
	25,7
	57,0
	95,5
	129,9
	156,4
	124,2
	 750,6

	Precipitation  (mm)
	30,2
	88,4
	102,2
	94,8
	105,4
	88,6
	66,3
	59,0
	156,9
	146,2
	64,9
	156,6
	1159,5 

	Reserve of water in soil (mm)
	0
	46,6
	100
	100
	100
	100
	100
	100
	100
	100
	8,5
	40,9
	

	Actually evapotranspiration-AE (mm)
	30,2
	41,8
	23,6
	6,8
	0,0
	3,1
	25,7
	57,0
	95,5
	129,9
	156,4
	124,2
	694,2

	Excess of water in soil  (mm)
	0
	0
	25,2
	88,0
	105,4
	85,5
	40,6
	2,0
	61,4
	16,3
	0
	0
	 424,4

	Deficit of water in soil (mm)
	56,4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	56,4


Balance of water in soil, according Palmer,s
Crop: Oilseed rape

Soil: clayey-loamy texture

Depth: 30 cm 

	Month
	Peff.
	ETo/ETc
	L 1
	L 2
	F 
	D
	AE
	Reserve of water in soil
	ET-AE

	
	
	
	
	
	
	
	
	R1
	R2
	R=R1+R2
	

	 
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	 mm

	I
	87,6
	2
	0,0
	0,0
	0,0
	85,4
	2,2
	43,0
	86,0
	129,0
	0,0

	II
	76,0
	6
	0,0
	0,0
	0,0
	70,1
	5,9
	43,0
	86,0
	129,0
	0,0

	III
	59,3
	28
	0,0
	0,0
	0,0
	31,4
	27,9
	43,0
	86,0
	129,0
	0,0

	IV
	53,4
	72
	19,1
	0,0
	0,0
	0,0
	72,5
	24,0
	86,0
	110,0
	0,0

	V
	117,5
	98
	0,0
	0,0
	19,1
	0,8
	97,7
	43,0
	86,0
	129,0
	0,0

	VI
	112,0
	48
	0,0
	0,0
	0,0
	64,0
	48,0
	43,0
	86,0
	129,0
	0,0

	VII
	58,2
	140
	43,0
	25,5
	0,0
	0,0
	126,7
	0,0
	60,5
	60,5
	10,5

	VIII
	117,4
	112
	0,0
	0,0
	5,8
	0,0
	111,6
	5,8
	60,5
	66,3
	0,0

	IX
	28,7
	26
	0,0
	0,0
	2,5
	0,0
	26,3
	8,3
	60,5
	68,7
	0,0

	X
	75,9
	16
	0,0
	0,0
	59,6
	0,0
	16,3
	43,0
	85,3
	128,3
	0,0

	XI
	85,5
	7
	0,0
	0,0
	0,7
	77,5
	7,4
	43,0
	86,0
	129,0
	0,0

	XII
	80,4
	5
	0,0
	0,0
	0,0
	75,0
	5,4
	43,0
	86,0
	129,0
	0,0

	Yearly
	952
	560
	62
	26
	88
	404
	548
	 
	 
	 
	10,5

	In vegetation
	487
	495
	62
	26
	27
	65
	483
	 
	 
	 
	10,5

	Out of veget.
	465
	65
	0
	0
	60
	339
	65
	 
	 
	 
	0,0

	*Source:  Palmer W. C., 1965: corrected: Vidaček Ž., 1981
	
	
	
	

	Interpretation of signs:
	Peff.  = Effective precipitation 
	D  = Drainage of excess water

	
	ETo = Reference evapotranspiration
	AE  = Actually evapotranspiration

	
	ETc = Culture evapotranspiration
	R1  = Reserve of water in surface layer (10 cm)

	
	L1  = Loss of water from surface layer (10 cm)
	R2  = Reserve of water in surface layer

	
	L2  = Loss of water from subsurface layer
	PAW = Physiologic  active water

	
	F  = Fill of soil with precipitation
	ET-AE = Deficit of water 
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