19 September 1999

1 FURROW SHAPE 

1.1 Methodology

Topwidth of the cross section was measured at 5cm intervals above the furrow bottom as shown in Figure 1, on different dates and on some farms, at sample points down the length of adjacent furrows. 
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The program illustrated in Figure 2 was used to plot the cross sectional profile and fit a polynomial regression to the average half-width of the furrow at different depths.


The cross sectional area (A) and wetting perimeter (P) are estimated from the fitted curve and the two shape parameters, p1 and p2, calculated as follows (from Irrigation and Drainage Manual 45, FAO):



p1 = a1(1.667-p2) / b1 0.667  ……………………..(1)



p2 = 1.667 – (0.667 x b2 / a2)  ……………..(2)

where

a1 = A10 / 10a2  ..……………………………..(3) 



a2 = log(A10 / A5) / log(10 / 5)  ……………..(4)



b1 = P10 / 10b2  …………………………….…(5)



b2 = log(P10 / P5) / log(10 / 5)  ……………..(6)

and 

A5 and A10 are cross sectional areas at 5 and 10cm above furrow bottom (m2), 



P5 and P10 are wetting perimeters at 5 and 10cm above furrow bottom (m).

Since the depth of water in the furrow would rarely exceed 100mm, the parameters are calculated from the shape of the furrow to this depth. In the majority of cases, a third order polynomial regression was the best fit to half-widths at 0, 5, 10 and 15cm depth. In a few cases, a second order regression was used to 10cm. The type of machine nearly always used for reridging is a spring-tine cultivator with 3 to 5 tines set in a polynomial form. No formal parabolic, trapezoidal or triangular shapes were encountered, perhaps because a ridger with rigid shares is rarely used. The program described above would be satisfactory for all furrow shapes except parabolic. Figure 2 illustrates the extreme effects of furrow shape on the parameters using data from the same field at farm 18 measured on different dates. Furrows had been interrow cultivated before measurement on 21-06-99, irrigated immediately afterwards and not cultivated again before irrigation on 03-08-99. The wider is the furrow, the smaller is p1 and the larger is p2.


1.2 Analysis of data

The most comprehensive data was provided by the Turkmenistan team for farm Murgap (no 18). This field is not ideal in that it is almost horizontal and slopes down to the centre from the ends. Topwidths were measured at 16 or 19 points along the length of three adjacent furrows on four occasions. Summary of the statistical analysis is given in Table 1. 


The field was interrow cultivated on 22 and 27 May, 9 and 16 June and 2, 11 and 26 July. Clearly these operations before irrigations in June and July rebuilt the ridges and increased the value of p1. Parameter p1 varied from 0.377 to 0.696 and p2 from 1.283 to 1.470, these absolute ranges being 59 and 14 percent of the respective means, reflecting in the SEmeans. In the middle furrow, there was a significant reduction in p1 and increase in p2 in the centre of the field, which was not reflected in the adjacent furrows, probably the consequence of the uneven land surface. 

Although parameter p1 is clearly more variable than p2, there was a close relationship between them as shown for different dates in June in Figures 2 and 3, and in Table 1. The negative slope coefficient of the linear relationship became less steep and the intercept smaller for the second and third irrigations, while the R squared value remained the same. The reduction in coefficient of variation with time increased the variance ratios and forced six extra furrow sample points outside the fiducial limits at P = 5 percent, as shown in the Figures.          


There is less variation in shape parameters between farms than was expected, as shown by the mean values in Table 2. The reasons may be that the same kind of machinery was used on all farms and there is not much variation between farms in soil texture. Highest values of p1 at farm 18 after later cultivations were 29 percent above the overall mean and lowest values after irrigation on the same farm were 14 percent below it. 


The plot of all values of p1 against p2 is shown in Figure 5. Due to the same furrow form at most farms, the values of p1 and p2 are closely related overall, with the exception of the mid-season measurements at farm 18. The heavy interrow cultivations before the second and third irrigation created much narrower furrows and markedly changed the relationship between p1 and p2. However, the operation was not repeated before the fourth irrigation and the striking fall in the value of p1 between measurements in July and August indicates the considerable slumping of the furrow walls that had occurred during the third irrigation.


1.3 Sensitivity of Water Management Criteria to Shape Parameters

Figures 6 and 7 demonstrate the effect of widening an average furrow by about 15cm on farm 3 on optimal water management criteria. In the examples, the value of p1 falls by 31 percent and the effect is that the wider furrow can take a 17 percent greater furrow flow rate, with a 29 percent reduction in duration of irrigation. Resulting from these changes, the application efficiency increases from 30 to 36 percent.  The marked widening of the furrow between the third and fourth irrigations of the field in farm 18 by about 15cm reduced the value of p1 by an average 33 percent. The result was a 15 percent increase in optimum furrow flow-rate, 30 percent fall in irrigation duration while application efficiency increased from 30 to 39 percent. The irrigation at farm 35 reduced p1 by 7 percent on average but this increased optimum furrow flow-rate by only 3 percent reducing duration by the same margin while Ea remained at 58 percent. 

Clearly, the sensitivity of the water management criteria to furrow shape depends on the particular circumstances of the field.  

1.4 Recommended Values of p1 and p2
Excepting at farm 35 and the last irrigation at farm 18, the furrow data were measured after interrow cultivation and before irrigation. Slumping and settling of furrow sides during irrigation clearly changes the shape parameters by broadening the furrow. At farm 35, the reduction in p1 was 7 percent and the increase in p2 was 1.5 percent but the effect was much greater at farm 18. This process occurs from the time water arrives at a point in the furrow to its recession, and is likely to be greatest when the water level is greatest. Based on this rather scanty data, it is suggested that the mean value of p1 for each farm should be reduced by 5 percent and p2 increased by 1 percent as shown in Table 3. 


It is recommended that in future tests the furrow shape should be measured both before and after irrigation.

Figure 6  Optimum Furrow Flow Rate, Irrigation Time to Cut-off and Application Efficiency -  Narrow Furrows

File: PUMA Program 







Enter the following field data:
File:
Figure 6

Date:
15-Sep-99


Oblast:
S Kazakhstan






Rayon:
Makhtaral






Name of farm:
Farm 03 - Djambul 






Brigade:







Field identification:
3






Parameter: enter required values
Symbol
Units
Value




Soil type

USBR
ZL




Furrow length 
L
m
250




Av slope 
So

0.0005




Field width 
W
m
100




Furrow spacing
w
m
0.9




Discharge to field 
Qt'
l/sec
50




Net irrigation requirement 
Zreq'
mm
50




Furrow velocity 
V
m/min
8.0




Parameter: change values when necessary



first irrig
later irrig's
v. weedy

Furrow shape 
p1

0.633





p2

1.332




Manning resistance coeff 
n

0.04
0.04
0.02
0.15

Kostiakov-Lewis parameters for soil type 
k

0.0027





a

0.473





fo

0.00029




Solver Section





Eqn. No.

Application efficiency 
Ea
%
30


69

Automatically calculated: don't change!!!







Net irrigation requirement as
w*Zreq'/1000







Zreq
m3/m
0.045
Continuous irrigation:



No. furrows in field
W/w
no.
111
Block width (m)
31


Simultaneous irrigation - no. furrows
Qt/Qo
no.
35
No. blocks
3.2
48

Discharge to field from canal
Qt
m3/min
3
No. days to end 
1.0


Maximum furrow flow rate as
((Vmax^p2*n)/(60*p1*So^0.5))^(1/(p2-1)) 




67


Qmax
l/sec
7.05
m3/min
0.423


Optimum flow rate
Qo
l/sec
1.44
m3/min
0.086


Time to cut-off
tco
h
7.3
min
437
68

Note: To avoid erosion, maximum recommended furrow flow velocity for silty soil - 8 m/min, for clay soil - 13m/min. 







Figure 7  Optimum Furrow Flow Rate, Irrigation Time to Cut-off and Application Efficiency -  Wide Furrows
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Enter the following field data:
File:
Figure 7

Date:
15-Sep-99


Oblast:
S Kazakhstan






Rayon:
Makhtaral






Name of farm:
Farm 03 - Djambul 






Brigade:







Field identification:
3






Parameter: enter required values
Symbol
Units
Value




Soil type

USBR
ZL




Furrow length 
L
m
250




Av slope 
So

0.0005




Field width 
W
m
100




Furrow spacing
w
m
0.9




Discharge to field 
Qt'
l/sec
50




Net irrigation requirement 
Zreq'
mm
50




Furrow velocity 
V
m/min
8.0




Parameter: change values when necessary



first irrig
later irrig's
v. weedy

Furrow shape 
p1

0.464





p2

1.393




Manning resistance coeff 
n

0.04
0.04
0.02
0.15

Kostiakov-Lewis parameters for soil type 
k

0.0027





a

0.473





fo

0.00029




Solver Section





Eqn. No.

Application efficiency 
Ea
%
36


69

Automatically calculated: don't change!!!







Net irrigation requirement as
w*Zreq'/1000







Zreq
m3/m
0.045
Continuous irrigation:



No. furrows in field
W/w
no.
111
Block width (m)
27


Simultaneous irrigation - no. furrows
Qt/Qo
no.
30
No. blocks
3.7
48

Discharge to field from canal
Qt
m3/min
3
No. days to end 
0.9


Maximum furrow flow rate as
((Vmax^p2*n)/(60*p1*So^0.5))^(1/(p2-1)) 




67


Qmax
l/sec
24.52
m3/min
1.471


Optimum flow rate
Qo
l/sec
1.69
m3/min
0.101


Time to cut-off
tco
h
5.2
min
311
68

Note: To avoid erosion, maximum recommended furrow flow velocity for silty soil - 8 m/min, for clay soil - 13m/min. 
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Table 2  Mean p1 and p2 Shape Parameters by Farm�
�
Farm no.�
Field no. *�
No. of tests�
Mean p1�
Mean p2�
Comment�
�
3�
1D�
6�
0.569�
1.338�
�
�
9�
2D�
2�
0.556�
1.357�
�
�
14�
3C+5D�
5�
0.492�
1.390�
�
�
18�
9D�
48�
0.531�
1.367�
first irrig.�
�
18�
9D�
114�
0.693�
1.334�
irrig. 2 & 3�
�
18�
9D�
57�
0.459�
1.392�
irrig. 4�
�
22�
10D�
9�
0.556�
1.338�
�
�
24�
9D�
21�
0.493�
1.385�
�
�
34�
1D+5C�
14�
0.560�
1.344�
�
�
35�
10D�
9�
0.514�
1.366�
before irrig.�
�
35�
10D�
2�
0.477�
1.386�
after irrig.�
�
Overall total/mean�
287�
0.536�
1.362�
�
�
* D = demonstration field, C = control field





Table 1   Summary Statistics of Furrow Shape Parameters Measured on Farm 18 �
�
�
�
�
�
�
�
�
�
�
Date�
Mean�
Maximum�
Minimum�
SEmean�
Coeff.  of Variation�
Variance Ratio (F) between means of�
�
Least Signif. Diff. (P=5%) between means of�
�
�
�
�
�
�
�
(%)�
furrows�
points�
furrows�
points�
�
Shape parameter p1�
�
01-Jun-99�
0.531�
0.634�
0.377�
0.053�
10.1�
0.6 ns�
0.8 ns�
0.089�
0.120�
�
21-Jun-99�
0.589�
0.696�
0.456�
0.047�
6.7�
6.7 **�
1.9 *�
0.078�
0.105�
�
12-Jul-99�
0.579�
0.683�
0.417�
0.050�
7.3�
8.9 **�
3.0 **�
0.083�
0.112�
�
03-Aug-99�
0.459�
0.536�
0.383�
0.028�
5.2�
0.07 ns�
2.4 *�
0.047�
0.064�
�
Shape parameter p2�
�
01-Jun-99�
1.367�
1.470�
1.305�
0.034�
2.5�
1.1 ns�
0.8 ns�
0.057�
0.076�
�
21-Jun-99�
1.333�
1.397�
1.286�
0.023�
1.5�
5.2 *�
2.0 *�
0.038�
0.052�
�
12-Jul-99�
1.336�
1.430�
1.283�
0.027�
1.7�
4.8 *�
2.8 **�
0.045�
0.061�
�
03-Aug-99�
1.392�
1.447�
1.336�
0.022�
1.3�
0.01 ns�
2.9 **�
0.037�
0.050�
�
�
�
�
�
�
�
�
�
�
�
�
�
Mean�
Mean�
Range of mean�
�
Linear regression (y=ax+b): p1 against p2�
�
Overall�
p1=0.539�
p2=1.357�
p1 =59%�
p2=14%�
�
Date�
A�
b�
R2�
�
�
�
�
�
�
�
01-Jun-99�
-0.6267�
1.7002�
0.96�
�
�
�
�
�
�
�
21-Jun-99�
-0.4824�
1.6168�
0.96�
�
�
�
�
�
�
�
12-Jul-99�
-0.4986�
1.6242�
0.95�
�
�
�
�
�
�
�
03-Aug-99�
-0.7818�
1.7503�
0.89�
�
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Figure 1  Measurement of Furrow Shape
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Figure 1    Program to estimate values of furrow shape coefficients p1 and p2 


(Third order polynomial)�
�
�
�
�
�
�
�
�
�
File: Program for p1 and p2 coefficients (3rd order)�
�
�
�
�
�
�
�
�
�
To use:�
Enter furrow width data in cells marked�
� EMBED Excel.Sheet.8  ����
�
Depth (cm) (x)�
x2�
x3�
Topwidth (cm)�
Halved       (y)�
�
�
0�
0�
0�
5.0�
2.5�
�
�
5�
25�
125�
22.0�
11.0�
�
�
10�
100�
1000�
41.0�
20.5�
�
�
15�
225�
3375�
52.0�
26.0�
�
�
Furrow shape coefficients�
�
�
�
�
p1�
0.537�
�
�
�
�
�
p2�
1.346�
�
�
�
�
�
Note: if the 3rd order polynomial is not a good fit to the data then try a different equation�
�
�
�
�
�
�
�
�
�
Calculated�
x=0-5cm�
x=0-10cm�
�
Calculated�
x=0-5cm�
x=0-10cm�
�
X-sectional area of flow (m2)�
�
0.0060�
0.0220�
�
Wetting perimeter (m)�
�
0.247�
0.462�
�






cm





Table 3 Adjusted Values of p1 and p2�
�
Farm no.�
Mean p1�
Mean p2�
�
3�
0.541�
1.351�
�
9�
0.528�
1.371�
�
14�
0.467�
1.404�
�
18�
0.582�
1.365�
�
22�
0.528�
1.351�
�
24�
0.468�
1.398�
�
34�
0.532�
1.357�
�
35�
0.488�
1.379�
�
Overall�
0.509�
1.376�
�
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01-06-99

		Statistical Analysis of Furrow Shape Parameters

		Farm 18: 1 June 1999

		Furrow shape coefficient p1																										Sum		Values squared

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd

		1		0.586		0.553		0.458																				1.597		0.343396		0.305809		0.209764		2.550409				0.586		1.334

		2		0.569		0.585		0.586																				1.740		0.323761		0.342225		0.343396		3.027600				0.569		1.337

		3		0.503		0.556		0.566																				1.625		0.253009		0.309136		0.320356		2.640625				0.503		1.400

		4		0.557		0.568		0.526																				1.651		0.310249		0.322624		0.276676		2.725801				0.557		1.366

		5		0.539		0.559		0.569																				1.667		0.290521		0.312481		0.323761		2.778889				0.539		1.357

		6		0.576		0.574		0.521																				1.671		0.331776		0.329476		0.271441		2.792241				0.576		1.342

		7		0.602		0.505		0.569																				1.676		0.362404		0.255025		0.323761		2.808976				0.602		1.327

		8		0.507		0.507		0.503																				1.517		0.257049		0.257049		0.253009		2.301289				0.507		1.378

		9		0.427		0.510		0.549																				1.486		0.182329		0.2601		0.301401		2.208196				0.427		1.437

		10		0.449		0.598		0.543																				1.590		0.201601		0.357604		0.294849		2.528100				0.449		1.425

		11		0.479		0.521		0.634																				1.634		0.229441		0.271441		0.401956		2.669956				0.479		1.405

		12		0.468		0.497		0.555																				1.520		0.219024		0.247009		0.308025		2.310400				0.468		1.405

		13		0.465		0.542		0.480																				1.487		0.216225		0.293764		0.2304		2.211169				0.465		1.417

		14		0.541		0.440		0.500																				1.481		0.292681		0.1936		0.25		2.193361				0.541		1.371

		15		0.554		0.561		0.377																				1.492		0.306916		0.314721		0.142129		2.226064				0.554		1.355

		16		0.529		0.600		0.525																				1.654		0.279841		0.36		0.275625		2.735716				0.529		1.378

		Mean		0.522		0.542		0.529																				25.488		4.400223		4.732064		4.526549		40.708792				0.553		1.348																				Fiducial limits

																												13.534								13.658836				0.585		1.330																						below				above

		Analysis of Variance																										Totals		8.351		8.676		8.461						0.556		1.349																						furrows		points		furrows		points

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		69.739201		75.272976		71.588521						0.568		1.346																				p1		0.442		0.411		0.620		0.651

		Between furrows				0.00342		2		0.0017078125		0.5969769191		0.0133715371						5%		2.042		0.089																0.559		1.357																				p2		1.311		1.291		1.424		1.444

		Between points				0.03547		15		0.0023646222		0.8265690109		0.0308802421						1%		2.75		0.120																0.574		1.344

		Residual				0.08582		30		0.0028607681				0.0534861483		10.1																								0.505		1.388				Parameter		Mean		Maximum		Minimum				Coef. Var'n		VR (F) between				LSD (P=5%) between				Linear regression (y=ax+b)

		Total				0.12471																																		0.507		1.378														(%)		furrows		points		furrows		points		a		b

																																								0.510		1.383				p1		0.531		0.634		0.377		0.053		10.1		0.6 ns		0.8 ns		0.089		0.120		-0.6267		1.7002		0.959

																																								0.598		1.330				p2		1.367		1.470		1.305		0.034		2.5		1.1 ns		0.8 ns		0.057		0.076

		Furrow shape coefficient p2																										Sum		Values squared										0.521		1.368

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd				0.497		1.392

		1		1.334		1.348		1.414																				4.096		1.779556		1.817104		1.999396		16.777216				0.542		1.355

		2		1.337		1.330		1.326																				3.993		1.787569		1.7689		1.758276		15.944049				0.440		1.416

		3		1.400		1.349		1.351																				4.100		1.96		1.819801		1.825201		16.810000				0.561		1.349

		4		1.366		1.346		1.365																				4.077		1.865956		1.811716		1.863225		16.621929				0.600		1.326

		5		1.357		1.357		1.343																				4.057		1.841449		1.841449		1.803649		16.459249				0.458		1.414

		6		1.342		1.344		1.374																				4.060		1.800964		1.806336		1.887876		16.483600				0.586		1.326

		7		1.327		1.388		1.336																				4.051		1.760929		1.926544		1.784896		16.410601				0.566		1.351

		8		1.378		1.378		1.377																				4.133		1.898884		1.898884		1.896129		17.081689				0.526		1.365

		9		1.437		1.383		1.358																				4.178		2.064969		1.912689		1.844164		17.455684				0.569		1.343

		10		1.425		1.330		1.355																				4.110		2.030625		1.7689		1.836025		16.892100				0.521		1.374

		11		1.405		1.368		1.305																				4.078		1.974025		1.871424		1.703025		16.630084				0.569		1.336

		12		1.405		1.392		1.352																				4.149		1.974025		1.937664		1.827904		17.214201				0.503		1.377

		13		1.417		1.355		1.385																				4.157		2.007889		1.836025		1.918225		17.280649				0.549		1.358

		14		1.371		1.416		1.372																				4.159		1.879641		2.005056		1.882384		17.297281				0.543		1.355

		15		1.355		1.349		1.470																				4.174		1.836025		1.819801		2.1609		17.422276				0.634		1.305

		16		1.378		1.326		1.360																				4.064		1.898884		1.758276		1.8496		16.516096				0.555		1.352

		Mean		1.377		1.360		1.365																				65.636		30.36139		29.600569		29.840875		269.296704				0.480		1.385

																												89.752								89.802834				0.500		1.372

		Analysis of Variance																										Totals		22.034		21.759		21.843						0.377		1.470

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		485.497156		473.454081		477.116649						0.525		1.360

		Between furrows				0.00248		2		0.0012412708		1.0705699429		0.0085126693						5%		2.042		0.057

		Between points				0.01381		15		0.0009205111		0.7939214402		0.0196591676						1%		2.75		0.076

		Residual				0.03478		30		0.0011594486				0.0340506771		2.5

		Total				0.05107
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Figure 3   Furrow Shape Parameters: Farm 18 on 01/06/99



Summary

		Statistical Analysis of Furrow Shape Parameters

		Farm 18: 21 June 1999																																																						p1		p2

		Furrow shape coefficient p1																										Sum		Values squared																										0.582		1.330

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd																				0.526		1.365

		1		0.582		0.475		0.502																				1.559		0.338724		0.225625		0.252004		2.430481																				0.543		1.358

		2		0.526		0.558		0.630																				1.714		0.276676		0.311364		0.3969		2.937796																				0.531		1.363

		3		0.543		0.540		0.568																				1.651		0.294849		0.2916		0.322624		2.725801																				0.531		1.356

		4		0.531		0.618		0.623																				1.772		0.281961		0.381924		0.388129		3.139984																				0.637		1.316

		5		0.531		0.633		0.628																				1.792		0.281961		0.400689		0.394384		3.211264																				0.600		1.328

		6		0.637		0.622		0.605																				1.864		0.405769		0.386884		0.366025		3.474496																				0.562		1.338

		7		0.600		0.673		0.603																				1.876		0.36		0.452929		0.363609		3.519376																				0.611		1.315

		8		0.562		0.615		0.630																				1.807		0.315844		0.378225		0.3969		3.265249																				0.477		1.387

		9		0.611		0.581		0.641																				1.833		0.373321		0.337561		0.410881		3.359889																				0.636		1.311

		10		0.477		0.544		0.627																				1.648		0.227529		0.295936		0.393129		2.715904																				0.625		1.316

		11		0.636		0.660		0.661																				1.957		0.404496		0.4356		0.436921		3.829849																				0.516		1.367

		12		0.625		0.664		0.605																				1.894		0.390625		0.440896		0.366025		3.587236																				0.516		1.367

		13		0.516		0.541		0.651																				1.708		0.266256		0.292681		0.423801		2.917264																				0.592		1.333

		14		0.516		0.574		0.641																				1.731		0.266256		0.329476		0.410881		2.996361																				0.614		1.316																				Fiducial limits

		15		0.592		0.627		0.592																				1.811		0.350464		0.393129		0.350464		3.279721																				0.559		1.347																						below				above

		16		0.614		0.640		0.634																				1.888		0.376996		0.4096		0.401956		3.564544																				0.456		1.397																						furrows		points		furrows		points

		17		0.559		0.491		0.696																				1.746		0.312481		0.241081		0.484416		3.048516																				0.622		1.317																				p1		0.511		0.484		0.667		0.694

		18		0.456		0.497		0.601																				1.554		0.207936		0.247009		0.361201		2.414916																				0.475		1.393																				p2		1.294		1.281		1.371		1.384

		19		0.622		0.506		0.626																				1.754		0.386884		0.256036		0.391876		3.076516																				0.558		1.351

		Mean		0.671		0.691		0.735																				33.559		6.119028		6.508245		7.312126		59.495163																				0.540		1.344				Parameter		Mean		Maximum		Minimum				Coef. Var'n		VR (F) between				LSD (P=5%) between				Linear regression (y=ax+b)

																												19.758								19.939399																				0.618		1.309														(%)		furrows		points		furrows		points		a		b

		Analysis of Variance																										Totals		10.736		11.059		11.764																						0.633		1.314				p1		0.589		0.696		0.456		0.047		6.7		6.7 **		1.9 *		0.078		0.105		-0.4824		1.6168		0.9632

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		115.261696		122.301481		138.391696																						0.622		1.317				p2		1.333		1.397		1.286		0.023		1.5		5.2 *		2.0 *		0.038		0.052

		Between furrows				0.02909		2		0.0145450702		6.7		0.0107188867						5%		2.042		0.078																																0.673		1.290

		Between points				0.07371		18		0.0040951423		1.9		0.0269752733						1%		2.75		0.105																																0.615		1.304

		Residual				0.07859		36		0.0021829961				0.0467225438		6.7																																								0.581		1.345

		Total				0.18139																																																		0.544		1.352

																																																								0.660		1.301

																																																								0.664		1.299

		Furrow shape coefficient p2																										Sum		Values squared																										0.541		1.352

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd																				0.574		1.340

		1		1.330		1.393		1.390																				4.113		1.7689		1.940449		1.9321		16.916769																				0.627		1.310

		2		1.365		1.351		1.312																				4.028		1.863225		1.825201		1.721344		16.224784																				0.640		1.312

		3		1.358		1.344		1.344																				4.046		1.844164		1.806336		1.806336		16.370116																				0.491		1.374

		4		1.363		1.309		1.310																				3.982		1.857769		1.713481		1.7161		15.856324																				0.497		1.382

		5		1.356		1.314		1.319																				3.989		1.838736		1.726596		1.739761		15.912121																				0.506		1.376

		6		1.316		1.317		1.329																				3.962		1.731856		1.734489		1.766241		15.697444																				0.502		1.390

		7		1.328		1.290		1.318																				3.936		1.763584		1.6641		1.737124		15.492096																				0.630		1.312

		8		1.338		1.304		1.315																				3.957		1.790244		1.700416		1.729225		15.657849																				0.568		1.344

		9		1.315		1.345		1.310																				3.970		1.729225		1.809025		1.7161		15.760900																				0.623		1.310

		10		1.387		1.352		1.315																				4.054		1.923769		1.827904		1.729225		16.434916																				0.628		1.319

		11		1.311		1.301		1.301																				3.913		1.718721		1.692601		1.692601		15.311569																				0.605		1.329

		12		1.316		1.299		1.322																				3.937		1.731856		1.687401		1.747684		15.499969																				0.603		1.318

		13		1.367		1.352		1.310																				4.029		1.868689		1.827904		1.7161		16.232841																				0.630		1.315

		14		1.367		1.340		1.309																				4.016		1.868689		1.7956		1.713481		16.128256																				0.641		1.310

		15		1.333		1.310		1.325																				3.968		1.776889		1.7161		1.755625		15.745024																				0.627		1.315

		16		1.316		1.312		1.309																				3.937		1.731856		1.721344		1.713481		15.499969																				0.661		1.301

		17		1.347		1.374		1.286																				4.007		1.814409		1.887876		1.653796		16.056049																				0.605		1.322

		18		1.397		1.382		1.334																				4.113		1.951609		1.909924		1.779556		16.916769																				0.651		1.310

		19		1.317		1.376		1.317																				4.010		1.734489		1.893376		1.734489		16.080100																				0.641		1.309

		Mean		1.344		1.335		1.320																				75.967		34.308679		33.880123		33.100369		303.793865																				0.592		1.325

																												101.245								101.289171																				0.634		1.309

		Analysis of Variance																										Totals		25.527		25.365		25.075																						0.696		1.286

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		651.627729		643.383225		628.755625																						0.601		1.334

		Between furrows				0.00552		2		0.0027600702		5.2215838269		0.0052745102						5%		2.042		0.038																																0.626		1.317

		Between points				0.01927		18		0.0010705127		2.0252280891		0.0132738928						1%		2.75		0.052

		Residual				0.01903		36		0.0005285887				0.0229910568		1.5

		Total				0.04382
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Figure 4   Furrow Shape Parameters: Farm 18 on 21/06/99
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		Statistical Analysis of Furrow Shape Parameters

		Farm 18: 12 July 1999																																																				0.537		1.346

		Furrow shape coefficient p1																										Sum		Values squared																								0.490		1.385

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd																		0.530		1.358

		1		0.537		0.425		0.460																				1.422		0.288369		0.180625		0.2116		2.022084																		0.511		1.369

		2		0.490		0.520		0.650																				1.660		0.2401		0.2704		0.4225		2.755600																		0.590		1.314

		3		0.530		0.541		0.549																				1.620		0.2809		0.292681		0.301401		2.624400																		0.650		1.308

		4		0.511		0.590		0.647																				1.748		0.261121		0.3481		0.418609		3.055504																		0.567		1.342

		5		0.590		0.615		0.609																				1.814		0.3481		0.378225		0.370881		3.290596																		0.530		1.352

		6		0.650		0.603		0.604																				1.857		0.4225		0.363609		0.364816		3.448449																		0.598		1.322

		7		0.567		0.674		0.642																				1.883		0.321489		0.454276		0.412164		3.545689																		0.449		1.391

		8		0.530		0.617		0.615																				1.762		0.2809		0.380689		0.378225		3.104644																		0.641		1.308

		9		0.598		0.559		0.644																				1.801		0.357604		0.312481		0.414736		3.243601																		0.590		1.329

		10		0.449		0.544		0.622																				1.615		0.201601		0.295936		0.386884		2.608225																		0.491		1.376

		11		0.641		0.683		0.647																				1.971		0.410881		0.466489		0.418609		3.884841																		0.511		1.358

		12		0.590		0.666		0.593																				1.849		0.3481		0.443556		0.351649		3.418801																		0.593		1.327

		13		0.491		0.506		0.642																				1.639		0.241081		0.256036		0.412164		2.686321																		0.606		1.315

		14		0.511		0.543		0.614																				1.668		0.261121		0.294849		0.376996		2.782224																		0.533		1.344

		15		0.593		0.599		0.629																				1.821		0.351649		0.358801		0.395641		3.316041																		0.417		1.430

		16		0.606		0.652		0.650																				1.908		0.367236		0.425104		0.4225		3.640464																		0.626		1.311

		17		0.533		0.438		0.681																				1.652		0.284089		0.191844		0.463761		2.729104																		0.425		1.430

		18		0.417		0.451		0.579																				1.447		0.173889		0.203401		0.335241		2.093809																		0.520		1.378

		19		0.626		0.584		0.643																				1.853		0.391876		0.341056		0.413449		3.433609																		0.541		1.339				Parameter		Mean		Maximum		Minimum				Coef. Var'n		VR (F) between				LSD (P=5%) between				Linear regression (y=ax+b)

		Mean		0.654		0.676		0.733																				32.990		5.832606		6.258158		7.271826		57.684006																		0.590		1.314														(%)		furrows		points		furrows		points		a		b

																												19.094								19.36259																		0.615		1.321				p1		0.579		0.683		0.417		0.050		7.3		8.9 **		3.0 **		0.083		0.112		-0.4986		1.6242		0.9486

		Analysis of Variance																										Totals		10.46		10.81		11.72																				0.603		1.321				p2		1.336		1.430		1.283		0.027		1.7		4.8 *		2.8 **		0.045		0.061

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		109.411600		116.856100		137.358400																				0.674		1.283

		Between furrows				0.04453		2		0.0222649123		8.9002118708		0.0114744934						5%		2.042		0.083																														0.617		1.297

		Between points				0.13432		18		0.0074620019		2.9828726694		0.0288768418						1%		2.75		0.112																														0.559		1.351

		Residual				0.09006		36		0.002501616				0.0500161572		7.3																																						0.544		1.352

		Total				0.26890																																																0.683		1.292

																																																						0.666		1.294

																																																						0.506		1.369

		Furrow shape coefficient p2																										Sum		Values squared																								0.543		1.351

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd																		0.599		1.321

		1		1.346		1.430		1.409																				4.185		1.811716		2.0449		1.985281		17.514225																		0.652		1.305

		2		1.385		1.378		1.303																				4.066		1.918225		1.898884		1.697809		16.532356																		0.438		1.400

		3		1.358		1.339		1.347																				4.044		1.844164		1.792921		1.814409		16.353936																		0.451		1.411

		4		1.369		1.314		1.306																				3.989		1.874161		1.726596		1.705636		15.912121																		0.584		1.327

		5		1.314		1.321		1.327																				3.962		1.726596		1.745041		1.760929		15.697444																		0.460		1.409

		6		1.308		1.321		1.324																				3.953		1.710864		1.745041		1.752976		15.626209																		0.650		1.303

		7		1.342		1.283		1.307																				3.932		1.800964		1.646089		1.708249		15.460624																		0.549		1.347

		8		1.352		1.297		1.319																				3.968		1.827904		1.682209		1.739761		15.745024																		0.647		1.306

		9		1.322		1.351		1.307																				3.980		1.747684		1.825201		1.708249		15.840400																		0.609		1.327

		10		1.391		1.352		1.308																				4.051		1.934881		1.827904		1.710864		16.410601																		0.604		1.324

		11		1.308		1.292		1.306																				3.906		1.710864		1.669264		1.705636		15.256836																		0.642		1.307

		12		1.329		1.294		1.330																				3.953		1.766241		1.674436		1.7689		15.626209																		0.615		1.319

		13		1.376		1.369		1.309																				4.054		1.893376		1.874161		1.713481		16.434916																		0.644		1.307

		14		1.358		1.351		1.322																				4.031		1.844164		1.825201		1.747684		16.248961																		0.622		1.308

		15		1.327		1.321		1.319																				3.967		1.760929		1.745041		1.739761		15.737089																		0.647		1.306

		16		1.315		1.305		1.305																				3.925		1.729225		1.703025		1.703025		15.405625																		0.593		1.330

		17		1.344		1.400		1.293																				4.037		1.806336		1.96		1.671849		16.297369																		0.642		1.309

		18		1.430		1.411		1.341																				4.182		2.0449		1.990921		1.798281		17.489124																		0.614		1.322

		19		1.311		1.327		1.306																				3.944		1.718721		1.760929		1.705636		15.555136																		0.629		1.319

		Mean		1.347		1.340		1.320																				76.129		34.471915		34.137764		33.138416		305.144205																		0.650		1.305

																												101.678								101.748095																		0.681		1.293

		Analysis of Variance																										Totals		25.585		25.456		25.088																				0.579		1.341

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		654.592225		648.007936		629.407744																				0.643		1.306

		Between furrows				0.00700		2		0.0035006491		4.7810916332		0.0062077463						5%		2.042		0.045

		Between points				0.03711		18		0.0020616511		2.8157471217		0.0156224855						1%		2.75		0.061

		Residual				0.02636		36		0.0007321862				0.0270589386		1.7

		Total				0.07047
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		Table    Summary Statistics of Furrow Shape ParametersMeasured on Farm 18

		Date		Mean		Maximum		Minimum		SEmean		Coef. Var'n		VR (F) between				LSD (P=5%) between

												(%)		furrows		points		furrows		points

		Shape parameter p1

		1-Jun-99		0.531		0.634		0.377		0.053		10.1		0.6 ns		0.8 ns		0.089		0.120

		21-Jun-99		0.589		0.696		0.456		0.047		6.7		6.7 **		1.9 *		0.078		0.105

		12-Jul-99		0.579		0.683		0.417		0.050		7.3		8.9 **		3.0 **		0.083		0.112

		Date		Mean		Maximum		Minimum		SEmean		Coef. Var'n		VR (F) between				LSD (P=5%) between

												(%)		furrows		points		furrows		points

		Shape parameter p2

		1-Jun-99		1.367		1.470		1.305		0.034		2.5		1.1 ns		0.8 ns		0.057		0.076

		21-Jun-99		1.333		1.397		1.286		0.023		1.5		5.2 *		2.0 *		0.038		0.052

		12-Jul-99		1.336		1.430		1.283		0.027		1.7		4.8 *		2.8 **		0.045		0.061

		Date		a		b

		Linear regression (y=ax+b): p1 against p2

		1-Jun-99		-0.6267		1.7002		0.96

		21-Jun-99		-0.4824		1.6168		0.96

		12-Jul-99		-0.4986		1.6242		0.95
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		Farm		Field		Date		Sample		p1		p2		Comment

		3		1D		10-Jul-99		1		0.555		1.339																						0.555		1.339

								2		0.550		1.348																						0.550		1.348

								3		0.520		1.358																						0.520		1.358

								4		0.575		1.329																						0.575		1.329

								5		0.554		1.354																						0.554		1.354

								6		0.661		1.299																						0.661		1.299

		9		2D		18-Jun-99		1		0.549		1.356																						0.549		1.356

						12-Jul-99		1		0.563		1.358																						0.563		1.358

		14		3C		17-Jun-99		1		0.525		1.367																						0.525		1.367

						26-Jul-99		1		0.467		1.404																						0.467		1.404

								2		0.507		1.381																						0.507		1.381

				5D		9-Jun-99		1		0.507		1.381																						0.507		1.381

						28-Jul-99		1		0.453		1.418																						0.453		1.418

		18		9D		1-Jun-99		1		0.522		1.377		mean of 16 points																				0.522		1.377

								2		0.542		1.360		mean of 16 points																				0.542		1.360

								3		0.529		1.365		mean of 16 points																				0.529		1.365

						21-Jun-99		1		0.671		1.344		mean of 19 points																				0.561		1.336

								2		0.691		1.335		mean of 19 points																				0.536		1.344

								3		0.735		1.320		mean of 19 points																				0.609		1.324

						12-Jul-99		1		0.654		1.347		mean of 19 points																				0.549		1.340

								2		0.676		1.340		mean of 19 points																				0.531		1.347

								3		0.733		1.320		mean of 19 points																				0.557		1.339

						3-Aug-99		1		0.457		1.392		mean of 19 points																				0.457		1.392

								2		0.459		1.391		mean of 19 points																				0.459		1.391

								3		0.460		1.391		mean of 19 points																				0.460		1.391

		22		10D		19-May-99		1		0.561		1.336		right wheel																				0.564		1.334

								2		0.536		1.344		left wheel, before irrig																				0.551		1.337

								3		0.609		1.324		left wheel, after irrig.																				0.547		1.340

						24-Jun-99		1		0.549		1.340																						0.501		1.381

								2		0.531		1.347																						0.477		1.402

								3		0.557		1.339																						0.516		1.374

						25-Jul-99		1		0.564		1.334																						0.448		1.410

								2		0.551		1.337																						0.477		1.392

								3		0.547		1.340																						0.491		1.385

		24		9D		23-Jun-99		1		0.501		1.381																						0.534		1.363

								2		0.477		1.402																						0.484		1.386

								3		0.516		1.374																						0.501		1.381

						24-Jun-99		1		0.448		1.410																						0.529		1.368

								2		0.477		1.392																						0.508		1.381

								3		0.491		1.385																						0.515		1.374

						25-Jun-99		1		0.534		1.363																						0.405		1.439

								2		0.484		1.386																						0.505		1.370

								3		0.501		1.381																						0.456		1.393

						26-Jun-99		1		0.529		1.368																						0.516		1.368

								2		0.508		1.381																						0.467		1.397

								3		0.515		1.374																						0.491		1.385

						1-Aug-99		1		0.405		1.439																						0.526		1.364

								2		0.505		1.370																						0.489		1.392

								3		0.456		1.393																						0.519		1.370

						2-Aug-99		1		0.516		1.368																						0.599		1.318

								2		0.467		1.397																						0.593		1.330

								3		0.491		1.385																						0.603		1.325

						4-Aug-99		1		0.526		1.364																						0.577		1.330

								2		0.489		1.392																						0.497		1.377

								3		0.519		1.370																						0.495		1.377

		34		5C		15-Jun-99		1		0.599		1.318																						0.500		1.374

								2		0.593		1.330																						0.604		1.323

								3		0.603		1.325																						0.616		1.315

						28-Jul-99		1		0.577		1.330																						0.610		1.322

						17-Aug-99		1		0.497		1.377																						0.556		1.345

								2		0.495		1.377																						0.544		1.349

								3		0.500		1.374																						0.503		1.376

				1D		26-Jun-99		1		0.604		1.323																						0.544		1.349

								2		0.616		1.315																						0.512		1.370

								3		0.610		1.322																						0.476		1.385

						23-Jul-99		1		0.556		1.345																						0.512		1.370

						18-Aug-99		1		0.544		1.349																						0.477		1.386

								2		0.503		1.376																						0.501		1.378

								3		0.544		1.349																						0.514		1.363

		35		10D		15-Jun-99		1		0.512		1.370		before irrig.																				0.519		1.362

								1		0.476		1.385		after irrig.																				0.520		1.358

								2		0.512		1.370		before irrig.																				0.515		1.363

								2		0.477		1.386		after irrig.																				0.515		1.363

								3		0.501		1.378																						0.515		1.363

						2-Jul-99		1		0.514		1.363

								2		0.519		1.362

								3		0.520		1.358

						20-Jul-99		1		0.515		1.363

								2		0.515		1.363

								3		0.515		1.363

		Summary by Farm Mean p1 and p2 shape parameters														Farm no.		Adjusted

		Farm no.		Field no.		No. of tests		Mean p1		Mean p2		Comment						Mean p1		Mean p2

		3		1D		6		0.569		1.338						3		0.541		1.351

		9		2D		2		0.556		1.357						9		0.528		1.371

		14		3C+5D		5		0.492		1.390						14		0.467		1.404

		18		9D		48		0.531		1.367		first irrig				18		0.504		1.381

		18		9D		114		0.693		1.334		irrig2 and 3				18		0.659		1.348

		18		9D		57		0.459		1.391		irrig 4				22		0.528		1.351

		22		10D		9		0.556		1.338						24		0.468		1.398

		24		9D		21		0.493		1.385						34		0.532		1.357

		34		1D+5C		14		0.560		1.344						35		0.488		1.379

		35		10D		9		0.514		1.366		before irrig.				Overall		0.509		1.376

		35		10D		2		0.477		1.386		after irrig.

		Overall mean				287		0.536		1.362
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Sample points at farm 18 irrigations 2 & 3

y = -0.5532 + 1.6538
       R2 = 0.9295
(excluding irrigations 2 and 3 at farm 18)

Value of parameter p1

Value of parameter p2

Figure 5   Plot of Shape Factors p1 Against p2
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Figure    Plot of Shape Parameters p1 against p2 (excluding "after irrigation" points at farm 18)
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		Program to estimate values of furrow shape coefficients p1 and p2 (Third order polynomial)

		File: Program for p1 and p2 coefficients (3rd order)

		To use:		Enter furrow width data in cells marked

		Depth (cm) (x)						Topwidth (cm)		Halved         (y)

		0		0		0		5.0		2.5

		5		25		125		22.0		11.0

		10		100		1000		41.0		20.5

		15		225		3375		52.0		26.0

		-0.0066666667		0.12		1.2666666667		2.5

		0		0		0		0.00000

		1		0		0		0

		0		0		0		0.0000

		323.5		1.08265242784795E-26		0		0

		If x =		1		2		3		4		5		6		7		8		9		10

		then y =		7.76		10.92		14.4		18.12		22		25.96		29.92		33.8		37.52		41

		Furrow shape coefficients

		p1		0.537

		p2		1.346

		Note: if the 3rd order polynomial is not a good fit to the data then try a different equation

						x=0-5cm		x=0-10cm								x=0-5cm		x=0-10cm

																9.8615414617		10.7354552768				2.5		(base)

						0.0060		0.0220				Wetting perimeter (m)				0.247		0.462

				a2		1.872		b2		0.902

				a1		0.000		b1		0.058
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Figure 4   Furrow Shape Parameters: Farm 18 on 21/06/99
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01-06-99

		Statistical Analysis of Furrow Shape Parameters

		Farm 18: 1 June 1999

		Furrow shape coefficient p1																										Sum		Values squared

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd

		1		0.586		0.553		0.458																				1.597		0.343396		0.305809		0.209764		2.550409				0.586		1.334

		2		0.569		0.585		0.586																				1.740		0.323761		0.342225		0.343396		3.027600				0.569		1.337

		3		0.503		0.556		0.566																				1.625		0.253009		0.309136		0.320356		2.640625				0.503		1.400

		4		0.557		0.568		0.526																				1.651		0.310249		0.322624		0.276676		2.725801				0.557		1.366

		5		0.539		0.559		0.569																				1.667		0.290521		0.312481		0.323761		2.778889				0.539		1.357

		6		0.576		0.574		0.521																				1.671		0.331776		0.329476		0.271441		2.792241				0.576		1.342

		7		0.602		0.505		0.569																				1.676		0.362404		0.255025		0.323761		2.808976				0.602		1.327

		8		0.507		0.507		0.503																				1.517		0.257049		0.257049		0.253009		2.301289				0.507		1.378

		9		0.427		0.510		0.549																				1.486		0.182329		0.2601		0.301401		2.208196				0.427		1.437

		10		0.449		0.598		0.543																				1.590		0.201601		0.357604		0.294849		2.528100				0.449		1.425

		11		0.479		0.521		0.634																				1.634		0.229441		0.271441		0.401956		2.669956				0.479		1.405

		12		0.468		0.497		0.555																				1.520		0.219024		0.247009		0.308025		2.310400				0.468		1.405

		13		0.465		0.542		0.480																				1.487		0.216225		0.293764		0.2304		2.211169				0.465		1.417

		14		0.541		0.440		0.500																				1.481		0.292681		0.1936		0.25		2.193361				0.541		1.371

		15		0.554		0.561		0.377																				1.492		0.306916		0.314721		0.142129		2.226064				0.554		1.355

		16		0.529		0.600		0.525																				1.654		0.279841		0.36		0.275625		2.735716				0.529		1.378

		Mean		0.522		0.542		0.529																				25.488		4.400223		4.732064		4.526549		40.708792				0.553		1.348																				Fiducial limits

																												13.534								13.658836				0.585		1.330																						below				above

		Analysis of Variance																										Totals		8.351		8.676		8.461						0.556		1.349																						furrows		points		furrows		points

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		69.739201		75.272976		71.588521						0.568		1.346																				p1		0.442		0.411		0.620		0.651

		Between furrows				0.00342		2		0.0017078125		0.5969769191		0.0133715371						5%		2.042		0.089																0.559		1.357																				p2		1.311		1.291		1.424		1.444

		Between points				0.03547		15		0.0023646222		0.8265690109		0.0308802421						1%		2.75		0.120																0.574		1.344

		Residual				0.08582		30		0.0028607681				0.0534861483		10.1																								0.505		1.388				Parameter		Mean		Maximum		Minimum				Coef. Var'n		VR (F) between				LSD (P=5%) between				Linear regression (y=ax+b)

		Total				0.12471																																		0.507		1.378														(%)		furrows		points		furrows		points		a		b

																																								0.510		1.383				p1		0.531		0.634		0.377		0.053		10.1		0.6 ns		0.8 ns		0.089		0.120		-0.6267		1.7002		0.959

																																								0.598		1.330				p2		1.367		1.470		1.305		0.034		2.5		1.1 ns		0.8 ns		0.057		0.076

		Furrow shape coefficient p2																										Sum		Values squared										0.521		1.368

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd				0.497		1.392

		1		1.334		1.348		1.414																				4.096		1.779556		1.817104		1.999396		16.777216				0.542		1.355

		2		1.337		1.330		1.326																				3.993		1.787569		1.7689		1.758276		15.944049				0.440		1.416

		3		1.400		1.349		1.351																				4.100		1.96		1.819801		1.825201		16.810000				0.561		1.349

		4		1.366		1.346		1.365																				4.077		1.865956		1.811716		1.863225		16.621929				0.600		1.326

		5		1.357		1.357		1.343																				4.057		1.841449		1.841449		1.803649		16.459249				0.458		1.414

		6		1.342		1.344		1.374																				4.060		1.800964		1.806336		1.887876		16.483600				0.586		1.326

		7		1.327		1.388		1.336																				4.051		1.760929		1.926544		1.784896		16.410601				0.566		1.351

		8		1.378		1.378		1.377																				4.133		1.898884		1.898884		1.896129		17.081689				0.526		1.365

		9		1.437		1.383		1.358																				4.178		2.064969		1.912689		1.844164		17.455684				0.569		1.343

		10		1.425		1.330		1.355																				4.110		2.030625		1.7689		1.836025		16.892100				0.521		1.374

		11		1.405		1.368		1.305																				4.078		1.974025		1.871424		1.703025		16.630084				0.569		1.336

		12		1.405		1.392		1.352																				4.149		1.974025		1.937664		1.827904		17.214201				0.503		1.377

		13		1.417		1.355		1.385																				4.157		2.007889		1.836025		1.918225		17.280649				0.549		1.358

		14		1.371		1.416		1.372																				4.159		1.879641		2.005056		1.882384		17.297281				0.543		1.355

		15		1.355		1.349		1.470																				4.174		1.836025		1.819801		2.1609		17.422276				0.634		1.305

		16		1.378		1.326		1.360																				4.064		1.898884		1.758276		1.8496		16.516096				0.555		1.352

		Mean		1.377		1.360		1.365																				65.636		30.36139		29.600569		29.840875		269.296704				0.480		1.385

																												89.752								89.802834				0.500		1.372

		Analysis of Variance																										Totals		22.034		21.759		21.843						0.377		1.470

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		485.497156		473.454081		477.116649						0.525		1.360

		Between furrows				0.00248		2		0.0012412708		1.0705699429		0.0085126693						5%		2.042		0.057

		Between points				0.01381		15		0.0009205111		0.7939214402		0.0196591676						1%		2.75		0.076

		Residual				0.03478		30		0.0011594486				0.0340506771		2.5

		Total				0.05107
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Figure 3   Furrow Shape Parameters: Farm 18 on 01/06/99



Summary

		Statistical Analysis of Furrow Shape Parameters

		Farm 18: 21 June 1999																																																						p1		p2

		Furrow shape coefficient p1																										Sum		Values squared																										0.582		1.330

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd																				0.526		1.365

		1		0.582		0.475		0.502																				1.559		0.338724		0.225625		0.252004		2.430481																				0.543		1.358

		2		0.526		0.558		0.630																				1.714		0.276676		0.311364		0.3969		2.937796																				0.531		1.363

		3		0.543		0.540		0.568																				1.651		0.294849		0.2916		0.322624		2.725801																				0.531		1.356

		4		0.531		0.618		0.623																				1.772		0.281961		0.381924		0.388129		3.139984																				0.637		1.316

		5		0.531		0.633		0.628																				1.792		0.281961		0.400689		0.394384		3.211264																				0.600		1.328

		6		0.637		0.622		0.605																				1.864		0.405769		0.386884		0.366025		3.474496																				0.562		1.338

		7		0.600		0.673		0.603																				1.876		0.36		0.452929		0.363609		3.519376																				0.611		1.315

		8		0.562		0.615		0.630																				1.807		0.315844		0.378225		0.3969		3.265249																				0.477		1.387

		9		0.611		0.581		0.641																				1.833		0.373321		0.337561		0.410881		3.359889																				0.636		1.311

		10		0.477		0.544		0.627																				1.648		0.227529		0.295936		0.393129		2.715904																				0.625		1.316

		11		0.636		0.660		0.661																				1.957		0.404496		0.4356		0.436921		3.829849																				0.516		1.367

		12		0.625		0.664		0.605																				1.894		0.390625		0.440896		0.366025		3.587236																				0.516		1.367

		13		0.516		0.541		0.651																				1.708		0.266256		0.292681		0.423801		2.917264																				0.592		1.333

		14		0.516		0.574		0.641																				1.731		0.266256		0.329476		0.410881		2.996361																				0.614		1.316																				Fiducial limits

		15		0.592		0.627		0.592																				1.811		0.350464		0.393129		0.350464		3.279721																				0.559		1.347																						below				above

		16		0.614		0.640		0.634																				1.888		0.376996		0.4096		0.401956		3.564544																				0.456		1.397																						furrows		points		furrows		points

		17		0.559		0.491		0.696																				1.746		0.312481		0.241081		0.484416		3.048516																				0.622		1.317																				p1		0.511		0.484		0.667		0.694

		18		0.456		0.497		0.601																				1.554		0.207936		0.247009		0.361201		2.414916																				0.475		1.393																				p2		1.294		1.281		1.371		1.384

		19		0.622		0.506		0.626																				1.754		0.386884		0.256036		0.391876		3.076516																				0.558		1.351

		Mean		0.671		0.691		0.735																				33.559		6.119028		6.508245		7.312126		59.495163																				0.540		1.344				Parameter		Mean		Maximum		Minimum				Coef. Var'n		VR (F) between				LSD (P=5%) between				Linear regression (y=ax+b)

																												19.758								19.939399																				0.618		1.309														(%)		furrows		points		furrows		points		a		b

		Analysis of Variance																										Totals		10.736		11.059		11.764																						0.633		1.314				p1		0.589		0.696		0.456		0.047		6.7		6.7 **		1.9 *		0.078		0.105		-0.4824		1.6168		0.9632

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		115.261696		122.301481		138.391696																						0.622		1.317				p2		1.333		1.397		1.286		0.023		1.5		5.2 *		2.0 *		0.038		0.052

		Between furrows				0.02909		2		0.0145450702		6.7		0.0107188867						5%		2.042		0.078																																0.673		1.290

		Between points				0.07371		18		0.0040951423		1.9		0.0269752733						1%		2.75		0.105																																0.615		1.304

		Residual				0.07859		36		0.0021829961				0.0467225438		6.7																																								0.581		1.345

		Total				0.18139																																																		0.544		1.352

																																																								0.660		1.301

																																																								0.664		1.299

		Furrow shape coefficient p2																										Sum		Values squared																										0.541		1.352

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd																				0.574		1.340

		1		1.330		1.393		1.390																				4.113		1.7689		1.940449		1.9321		16.916769																				0.627		1.310

		2		1.365		1.351		1.312																				4.028		1.863225		1.825201		1.721344		16.224784																				0.640		1.312

		3		1.358		1.344		1.344																				4.046		1.844164		1.806336		1.806336		16.370116																				0.491		1.374

		4		1.363		1.309		1.310																				3.982		1.857769		1.713481		1.7161		15.856324																				0.497		1.382

		5		1.356		1.314		1.319																				3.989		1.838736		1.726596		1.739761		15.912121																				0.506		1.376

		6		1.316		1.317		1.329																				3.962		1.731856		1.734489		1.766241		15.697444																				0.502		1.390

		7		1.328		1.290		1.318																				3.936		1.763584		1.6641		1.737124		15.492096																				0.630		1.312

		8		1.338		1.304		1.315																				3.957		1.790244		1.700416		1.729225		15.657849																				0.568		1.344

		9		1.315		1.345		1.310																				3.970		1.729225		1.809025		1.7161		15.760900																				0.623		1.310

		10		1.387		1.352		1.315																				4.054		1.923769		1.827904		1.729225		16.434916																				0.628		1.319

		11		1.311		1.301		1.301																				3.913		1.718721		1.692601		1.692601		15.311569																				0.605		1.329

		12		1.316		1.299		1.322																				3.937		1.731856		1.687401		1.747684		15.499969																				0.603		1.318

		13		1.367		1.352		1.310																				4.029		1.868689		1.827904		1.7161		16.232841																				0.630		1.315

		14		1.367		1.340		1.309																				4.016		1.868689		1.7956		1.713481		16.128256																				0.641		1.310

		15		1.333		1.310		1.325																				3.968		1.776889		1.7161		1.755625		15.745024																				0.627		1.315

		16		1.316		1.312		1.309																				3.937		1.731856		1.721344		1.713481		15.499969																				0.661		1.301

		17		1.347		1.374		1.286																				4.007		1.814409		1.887876		1.653796		16.056049																				0.605		1.322

		18		1.397		1.382		1.334																				4.113		1.951609		1.909924		1.779556		16.916769																				0.651		1.310

		19		1.317		1.376		1.317																				4.010		1.734489		1.893376		1.734489		16.080100																				0.641		1.309

		Mean		1.344		1.335		1.320																				75.967		34.308679		33.880123		33.100369		303.793865																				0.592		1.325

																												101.245								101.289171																				0.634		1.309

		Analysis of Variance																										Totals		25.527		25.365		25.075																						0.696		1.286

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		651.627729		643.383225		628.755625																						0.601		1.334

		Between furrows				0.00552		2		0.0027600702		5.2215838269		0.0052745102						5%		2.042		0.038																																0.626		1.317

		Between points				0.01927		18		0.0010705127		2.0252280891		0.0132738928						1%		2.75		0.052

		Residual				0.01903		36		0.0005285887				0.0229910568		1.5

		Total				0.04382
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Figure 4   Furrow Shape Parameters: Farm 18 on 21/06/99
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		Statistical Analysis of Furrow Shape Parameters

		Farm 18: 12 July 1999																																																				0.537		1.346

		Furrow shape coefficient p1																										Sum		Values squared																								0.490		1.385

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd																		0.530		1.358

		1		0.537		0.425		0.460																				1.422		0.288369		0.180625		0.2116		2.022084																		0.511		1.369

		2		0.490		0.520		0.650																				1.660		0.2401		0.2704		0.4225		2.755600																		0.590		1.314

		3		0.530		0.541		0.549																				1.620		0.2809		0.292681		0.301401		2.624400																		0.650		1.308

		4		0.511		0.590		0.647																				1.748		0.261121		0.3481		0.418609		3.055504																		0.567		1.342

		5		0.590		0.615		0.609																				1.814		0.3481		0.378225		0.370881		3.290596																		0.530		1.352

		6		0.650		0.603		0.604																				1.857		0.4225		0.363609		0.364816		3.448449																		0.598		1.322

		7		0.567		0.674		0.642																				1.883		0.321489		0.454276		0.412164		3.545689																		0.449		1.391

		8		0.530		0.617		0.615																				1.762		0.2809		0.380689		0.378225		3.104644																		0.641		1.308

		9		0.598		0.559		0.644																				1.801		0.357604		0.312481		0.414736		3.243601																		0.590		1.329

		10		0.449		0.544		0.622																				1.615		0.201601		0.295936		0.386884		2.608225																		0.491		1.376

		11		0.641		0.683		0.647																				1.971		0.410881		0.466489		0.418609		3.884841																		0.511		1.358

		12		0.590		0.666		0.593																				1.849		0.3481		0.443556		0.351649		3.418801																		0.593		1.327

		13		0.491		0.506		0.642																				1.639		0.241081		0.256036		0.412164		2.686321																		0.606		1.315

		14		0.511		0.543		0.614																				1.668		0.261121		0.294849		0.376996		2.782224																		0.533		1.344

		15		0.593		0.599		0.629																				1.821		0.351649		0.358801		0.395641		3.316041																		0.417		1.430

		16		0.606		0.652		0.650																				1.908		0.367236		0.425104		0.4225		3.640464																		0.626		1.311

		17		0.533		0.438		0.681																				1.652		0.284089		0.191844		0.463761		2.729104																		0.425		1.430

		18		0.417		0.451		0.579																				1.447		0.173889		0.203401		0.335241		2.093809																		0.520		1.378

		19		0.626		0.584		0.643																				1.853		0.391876		0.341056		0.413449		3.433609																		0.541		1.339				Parameter		Mean		Maximum		Minimum				Coef. Var'n		VR (F) between				LSD (P=5%) between				Linear regression (y=ax+b)

		Mean		0.654		0.676		0.733																				32.990		5.832606		6.258158		7.271826		57.684006																		0.590		1.314														(%)		furrows		points		furrows		points		a		b

																												19.094								19.36259																		0.615		1.321				p1		0.579		0.683		0.417		0.050		7.3		8.9 **		3.0 **		0.083		0.112		-0.4986		1.6242		0.9486

		Analysis of Variance																										Totals		10.46		10.81		11.72																				0.603		1.321				p2		1.336		1.430		1.283		0.027		1.7		4.8 *		2.8 **		0.045		0.061

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		109.411600		116.856100		137.358400																				0.674		1.283

		Between furrows				0.04453		2		0.0222649123		8.9002118708		0.0114744934						5%		2.042		0.083																														0.617		1.297

		Between points				0.13432		18		0.0074620019		2.9828726694		0.0288768418						1%		2.75		0.112																														0.559		1.351

		Residual				0.09006		36		0.002501616				0.0500161572		7.3																																						0.544		1.352

		Total				0.26890																																																0.683		1.292

																																																						0.666		1.294

																																																						0.506		1.369

		Furrow shape coefficient p2																										Sum		Values squared																								0.543		1.351

		Sample		Furrow I		Furrow II		Furrow III																						I		II		III		Sqd																		0.599		1.321

		1		1.346		1.430		1.409																				4.185		1.811716		2.0449		1.985281		17.514225																		0.652		1.305

		2		1.385		1.378		1.303																				4.066		1.918225		1.898884		1.697809		16.532356																		0.438		1.400

		3		1.358		1.339		1.347																				4.044		1.844164		1.792921		1.814409		16.353936																		0.451		1.411

		4		1.369		1.314		1.306																				3.989		1.874161		1.726596		1.705636		15.912121																		0.584		1.327

		5		1.314		1.321		1.327																				3.962		1.726596		1.745041		1.760929		15.697444																		0.460		1.409

		6		1.308		1.321		1.324																				3.953		1.710864		1.745041		1.752976		15.626209																		0.650		1.303

		7		1.342		1.283		1.307																				3.932		1.800964		1.646089		1.708249		15.460624																		0.549		1.347

		8		1.352		1.297		1.319																				3.968		1.827904		1.682209		1.739761		15.745024																		0.647		1.306

		9		1.322		1.351		1.307																				3.980		1.747684		1.825201		1.708249		15.840400																		0.609		1.327

		10		1.391		1.352		1.308																				4.051		1.934881		1.827904		1.710864		16.410601																		0.604		1.324

		11		1.308		1.292		1.306																				3.906		1.710864		1.669264		1.705636		15.256836																		0.642		1.307

		12		1.329		1.294		1.330																				3.953		1.766241		1.674436		1.7689		15.626209																		0.615		1.319

		13		1.376		1.369		1.309																				4.054		1.893376		1.874161		1.713481		16.434916																		0.644		1.307

		14		1.358		1.351		1.322																				4.031		1.844164		1.825201		1.747684		16.248961																		0.622		1.308

		15		1.327		1.321		1.319																				3.967		1.760929		1.745041		1.739761		15.737089																		0.647		1.306

		16		1.315		1.305		1.305																				3.925		1.729225		1.703025		1.703025		15.405625																		0.593		1.330

		17		1.344		1.400		1.293																				4.037		1.806336		1.96		1.671849		16.297369																		0.642		1.309

		18		1.430		1.411		1.341																				4.182		2.0449		1.990921		1.798281		17.489124																		0.614		1.322

		19		1.311		1.327		1.306																				3.944		1.718721		1.760929		1.705636		15.555136																		0.629		1.319

		Mean		1.347		1.340		1.320																				76.129		34.471915		34.137764		33.138416		305.144205																		0.650		1.305

																												101.678								101.748095																		0.681		1.293

		Analysis of Variance																										Totals		25.585		25.456		25.088																				0.579		1.341

		Source				SS		df		MS		F		SE mean		CV (%)				P		t		LSD				sqrd		654.592225		648.007936		629.407744																				0.643		1.306

		Between furrows				0.00700		2		0.0035006491		4.7810916332		0.0062077463						5%		2.042		0.045

		Between points				0.03711		18		0.0020616511		2.8157471217		0.0156224855						1%		2.75		0.061

		Residual				0.02636		36		0.0007321862				0.0270589386		1.7

		Total				0.07047
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		Table    Summary Statistics of Furrow Shape ParametersMeasured on Farm 18

		Date		Mean		Maximum		Minimum		SEmean		Coef. Var'n		VR (F) between				LSD (P=5%) between

												(%)		furrows		points		furrows		points

		Shape parameter p1

		1-Jun-99		0.531		0.634		0.377		0.053		10.1		0.6 ns		0.8 ns		0.089		0.120

		21-Jun-99		0.589		0.696		0.456		0.047		6.7		6.7 **		1.9 *		0.078		0.105

		12-Jul-99		0.579		0.683		0.417		0.050		7.3		8.9 **		3.0 **		0.083		0.112

		Date		Mean		Maximum		Minimum		SEmean		Coef. Var'n		VR (F) between				LSD (P=5%) between

												(%)		furrows		points		furrows		points

		Shape parameter p2

		1-Jun-99		1.367		1.470		1.305		0.034		2.5		1.1 ns		0.8 ns		0.057		0.076

		21-Jun-99		1.333		1.397		1.286		0.023		1.5		5.2 *		2.0 *		0.038		0.052

		12-Jul-99		1.336		1.430		1.283		0.027		1.7		4.8 *		2.8 **		0.045		0.061

		Date		a		b

		Linear regression (y=ax+b): p1 against p2

		1-Jun-99		-0.6267		1.7002		0.96

		21-Jun-99		-0.4824		1.6168		0.96

		12-Jul-99		-0.4986		1.6242		0.95





		






