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SUSTAINABLE AND CONVENTIONAL AGRICULTURE IN SOUTH-EASTERN:


AUSTRALIA: A COMPARISON

ABSTRACT
A survey of sustainable cereal/livestock farmers in South-Eastern Australia in 1985-86 is described in this study. Sustainable farming is characterised by low-input costs, and by net financial returns similar to those in conventional agriculture. Sustainable farmers experience difficulties in obtaining information about their management system.


PRIVATE 
1 INTRODUCTIONtc  \l 1 "1 INTRODUCTION"_


Overseas studies show that sustainable farming can be as financially rewarding as conventional farming (see Wynen and Fritz 1987). Does this apply under Australian conditions, where many soils have a low fertility status, while summers can be hot and dry? 

Conacher and Conacher (1982) carried out a qualitative survey into organic farming in Australia. To enable a quantitative comparison of sustainable and conventional farmers it is essential to conduct a survey of sustainable farmers and of conventional counterparts. In this study such general information about the survey as the method of determining the sample, participants, the questionnaire, the methodology and the hypotheses, is supplied together with the analysis. 

PRIVATE 
2 PRELIMINARY SURVEYtc  \l 1 "2 PRELIMINARY SURVEY" 

In an attempt to obtain an extensive list of sustainable farmers, a preliminary survey was conducted. The geographical area concentrated upon was south-eastern Australia including Queensland, New South Wales, Australian Capital Territory, Victoria, South Australia and Tasmania. In November 1984 the first questionnaires were sent to farmers who were known, or thought, to be sustainable farmers. The questions were aimed at gaining knowledge about: 

‑ farmer's opinion of the degree of sustainability of the


 production process 

‑ enterprises in which the farmer was engaged 

‑ size of enterprises 

‑ relative importance of farm activities to total income 

‑ farmer's willingness to participate in a follow‑up survey 

‑ names of other sustainable farmers

In a covering letter the purpose of the questionnaire was explained, and the different questions discussed (Appendix 1). 

Names of sustainable farmers were obtained in many ways. At organic conferences and festivals participants were made aware of the intended research, and asked to come forward if they wanted to participate or if they knew people who might be interested. Letters were written to the editors of all major rural papers in south‑eastern Australia, and to organic farming and gardening organisations. Retailers of sustainable produce were approached for names of commercial suppliers. Farmers listed in Conacher and Conacher (1982) or in the Willing Workers on Organic Farms program, if appearing to be commercial, were sent a letter. As mentioned, on the survey schedule itself a question was asked about names of other sustainable farmers. 

-----------------------------------------------------------------------

PRIVATE 
Table 1: Number of replies to preliminary questionnaire by incometc  \l 5 "Table 1\: Number of replies to preliminary questionnaire by income"



derived from farming and degree of sustainability

-----------------------------------------------------------------------

Enterprise








1


2


 3

-----------------------------------------------------------------------

Cereal/livestock







26


26


 21



Mainly grazing







43


30


 27



Dairy










15


15


 15



Mixed cropping







11


 9


  9



Tree crops: fruit, nuts, other



39


19


 16

Vegetables








11


 6


  5

Mixed fruit/vegetables/

     herbs/flowers






34


10


 10

Small scale mixed crop/livestock


11


 0


  0

TOTAL









   190

   115


103
-----------------------------------------------------------------------

1 = Total number of answers

2 = Farmers deriving more than 49 per cent of their income from


  farming

3 = Farmers deriving more than 49 per cent of their income from



  farming, and who classified themselves as sustainable producers

In total, 281 questionnaires were dispatched of which, after one reminder to non-responders, 190 were returned by the addressee (Table 1, column 1). Of these 190 answers, 115 were from producers who derived 50 per cent or more of their income from farming (Table 1, column 2). 

To ascertain the degree of sustainable farming practised (as defined by the US Department of Agriculture 1980), farmers were asked to rate themselves on a scale from one to six, one being fully sustainable, and six being fully conventional. Of the 115 producers who derived half or more of their income from farming, 12 rated themselves four to six on this scale. Those who classified themselves one to three are included in column 3 of Table 1. The main interest of this table is that all major enterprises in Australia are represented by sustainable growers. 

--------------------------------------------------------------------

PRIVATE 
Table 2: Comparison of distribution of sustainable andtc  \l 5 "Table 2\: Comparison of distribution of sustainable and"



conventional farms according to enterprise

--------------------------------------------------------------------

Enterprise









 1


 2

--------------------------------------------------------------------

Cereal/livestock and mixed cropping


29


27



Mainly grazing








26


45

Dairy











15


13

Horticulture









30


15

--------------------------------------------------------------------

1 = Percentage of sustainable farmers (derived from Table 1, column 3)

2 = Percentage of conventional enterprises in 1983-84 (derived



  from ABS 1988), excluding poultry, pigs, sugar cane, peanuts,



  tobacco and cotton.

Comparing the distribution of sustainable (Table 2, column 1) and conventional (Table 2, column 2) farming enterprises in south-eastern Australia, a lower proportion of sustainable farms are drawn from the grazing industry and more from horticulture than in the total farming community as shown by the Australian Bureau of Statistics (ABS) (1988). Synthetic fertilisers and pesticides are used most intensively in horticulture, making it likely that negative effects (for example on human health) are experienced most severely in this enterprise. It is therefore possibly not surprising that the percentage of horticulturalists practising sustainable agriculture is relatively high.

Although many farmers indicated that they were not able or willing to supply names of other farmers, by far the majority of new names was acquired in this way. Since, after two years, no new names appeared via this source, it was assumed that most of the sustainable farmers in south‑eastern Australia at that time had been identified. 

PRIVATE 
3 MAIN SURVEYtc  \l 1 "3 MAIN SURVEY"
PRIVATE 
3.1 Participantstc  \l 2 "3.1 Participants" 

As some aspects of farming (such as relative input use, output, and output prices) may differ considerably between enterprises, the decision was made to concentrate on one agricultural industry. The cereal/livestock industry was chosen for several reasons. The first reason for the choice was the desirability to study a cropping enterprise, because it is in cropping that differences between the sustainable and conventional systems are most pronounced. These differences exist both in use of inputs, and in the effect on the long‑term productivity of the farm, through the system's effect on the soil. The second reason for choosing the cereal/livestock industry was that this is a major agricultural industry in Australia. 

Of the 35 producers who indicated that they were engaged in broadacre cropping (26 cereal livestock and 9 mixed cropping) and who derived over 49 per cent of their income from farming, 18 were interviewed. Farmers not interviewed included those who, judged by their own classification or by a pre-interview telephone conversation, were considered to be not sufficiently sustainable (7) or, on closer inspection, were engaged mainly in non-cropping or non-broadacre farming activities (5). Other reasons for exclusion were sale of the farm before the interview could take place (3), and use of irrigation (1), while 1 farmer declined to be interviewed. During the survey 3 more names came to the attention of the interviewer, and 1 producer, who had not answered the preliminary questionnaire, agreed to be included. In total 22 farmers were interviewed. Of those 22, 2 concentrated on livestock (although some crop was grown) and 20 fell in the category of broadacre, dryland crop producers. 

Before the main survey was carried out a pilot survey was conducted. As the total number of farmers that could be included in the survey was rather small, it was decided to interview only three farmers in the pilot survey. Two of these were unlikely to be suitable for inclusion in the analysis due to the degree of sustainable management and to the use of irrigation. The third producer was interviewed because of proximity to the first two. A conventional counterpart farmer of the third grower in the pilot survey was also included (for the choice of a farmer counterpart: see below). This pilot survey took place in April 1986 for the cropping year 1984-85.

After adjustments were made to the questionnaire, the main survey was carried out in October 1986 (Queensland and New South Wales), and in February 1987 (Victoria and South Australia). Before the visit farmers were sent written notification, which was followed by a telephone call to ensure that both the visit, and timing, were acceptable. 

Of the 20 farmers interviewed, 9 were judged to be fully sustainable, and 5 semi‑sustainable; the rest farmed in such a way that differentiation from the conventional system was not warranted. The high percentage of interviewed farmers that had to be discarded for the purposes of this study reflects the fact that a telephone conversation was not always sufficient to ascertain the extent of adherence to sustainable practices. In addition, when their suitability was in doubt, farmers were generally interviewed on the grounds that there was a chance that they could be included. When, as in this case, the sample is very limited, the penalty for discarding wrongly is considerable. 

The first criterion for the inclusion of farmers in the 'fully sustainable' category was that no synthetic fertilisers or pesticides prohibited in the Standards for Organic Products, issued by the National Association for Sustainable Agriculture (undated) (NASAA), were used in cropping (for exceptions and reasons for them see Appendix 2). Apart from the absence of these inputs, there had to be clear indications of the use of other techniques in the management system, in order to deal with soil fertility and pest problems. Such techniques include, for example, the use of green manure in the cropping program; a crop rotation which allows build‑up of organic matter in the soil; and use of livestock and farm equipment for weed management. In order to be included farmers had to have practised sustainable agriculture for at least five years. The reason is that, in the first years after transition, biological imbalances in the soil and lack of experience of the system (see Lampkin 1986) can distort the comparison. For this reason one of the nine fully sustainable growers, who had farmed sustainably for one year previous to 1985-86, was excluded from the analysis. 

The sustainable farmers interviewed were compared with conventional farmers whose farms were near those of the sustainable farmers, and who were broadacre cereal growers. To find an appropriate comparison, local officers of the Department of Agriculture were asked to nominate a conventional farmer who, in their opinion, was at least as good a manager as the sustainable farmer. 

Other factors by which the conventional farmer was chosen were similarity of soil type, local climate, and farm size. Additional factors can also influence the profitability of a farm. For example, the degree of indebtedness and the point in the farmer's lifecycle affect the need for cash at a particular time, and hence decisions regarding cropping and stocking rate. As these factors were usually not known before the interview, they could not be taken into consideration when deciding on the comparison. However, demographic factors such as age and education turned out to be fairly similar for the two groups of farmers (see Section 5). Where possible, the sustainable farmers were asked for their opinion about the choice of counterpart conventional farmers, and their comments were taken into account. 

As it was very difficult to find conventional farmers who were good managers, and whose farms were similar in all the other aspects (soil type, climate and size), farm size was usually the first criterion to be dropped. It is for this reason that comparisons on a total farm basis would be rather meaningless, and that per hectare data are presented.

For reasons of confidentiality the precise location of the farmers included in the survey can not be divulged. However, all growers are located in the wheat/sheep zone (as defined by the then Bureau of Agricultural Economics (BAE) (1987, p.30)). Some general characteristics of the land are included in Section 4.1.8.

The interviews were all carried out on the farm by the same interviewer (the author), and generally lasted between three and six hours.

PRIVATE 
3.2 Questionnairetc  \l 2 "3.2 Questionnaire" 

The main part of the questionnaire consisted of questions asked by the BAE (1985a) in its regular broadacre industry farm survey. This was supplemented with questions considered important in the context of the present research. These covered areas such as: 

‑ use of pesticides and fertilisers 

‑ timing of activities related to cropping 

‑ qualitative data on yields and labour needs, especially in the

  period converting to sustainable farming 

‑ motives for farming in general and for farming in a sustainable

  way in particular 

‑ information sources on sustainable agriculture 

‑ managerial indicators 

‑ perceptions of risk attached to sustainable farming 

The decision to include these questions was based on research carried out by others in this connection, including Klepper et al. (1977), Conacher and Conacher (1982), and Vine and Bateman (1982). 

PRIVATE 
3.3 Methodologytc  \l 2 "3.3 Methodology"
Tests were carried out to investigate the differences between sustainable and conventional farming for a number of variables. As the conventional farmers were chosen on the basis of similarity to sustainable farmers in terms of certain characteristics (such as climate and soil type), the tests used are those appropriate for 'paired samples' (Ryan, Joiner and Ryan 1985, pp.101-105). 

In total, three groups were identified for comparison. The first was the group of fully sustainable farmers (8), the second the semi-sustainable farmers (5), and the third group was of all sustainable farmers combined (13). The differentiation between the first two groups was made on the basis of differences in degree of adoption of the sustainable system, that is, in the degree of use of certain inputs and adoption of certain practices. The reasons for differentiation are twofold. 


  1.
It is expected that differences between the fully sustainable farmers and their conventional counterparts in variables which are not used in the selection (such as yield and financial returns to farming) might be easier to detect than those between the semi-sustainable farmers and their conventional counterparts. 


  2.
Differences between the two groups of sustainable farmers can be analysed. This might lead to a better insight into the problems and possibilities of sustainable farming. 

There are disadvantages associated with statistical analysis involving such small samples, a major one being that the tests are not very powerful. This is because in such an analysis the Type II error, of accepting the hypothesis as true while it is false, can be relatively high. This means that with small samples it is difficult to establish a statistically significant difference. In order to alleviate this problem the third group was made up consisting of all sustainable farmers. This approach was adopted despite the fact that it was recognised that for certain variables the effect of one category of sustainable producers might be masked by those of the other category. 

A second disadvantage arises in working with small samples if a normal distribution of the differences cannot be assumed a priori. Although testing for normality is possible, reliability decreases with sample size. It was therefore decided not to use the Student-t test, for which a normal distribution is needed. To test for differences between a group of sustainable and of conventional farmers, the paired Wilcoxon test was used. Differences between two groups of sustainable, or two groups of conventional farmers were tested with the Mann-Whitney test. These non-parametric tests (that is, tests for which no assumptions of normality are made) may be marginally less powerful than a Student-t test if the underlying distribution is normal.

For the Wilcoxon test the values in the sample of conventional farms are deducted from those of the sustainable farms. The resulting series is first converted to absolute values, after which the non-zero values are ranked. Subsequently, the rank numbers corresponding to the originally negative values are added, which gives W. The null-hypothesis to be tested is that the actual W is similar to the expected W when there is no difference with a mean of n(n+1)/4, and a variance of n(n+1)(2n+1)/24, where n is the number of observations in the sample (Ryan, Joiner and Ryan 1985, pp.287-8). 

Details of expenditure on fertiliser per hectare cropped are used to illustrate the case. Values for this input for the sustainable and conventional farmers individually are as follows:


Pair





  1

 2
   3
  4

 5
   6
 7
   8

Sustainable farmers

 27
 
43
   0
  0
 
 0
   0 0
   0


Conventional farmers
 42

23
  34
 42

33
  14 0
  27


Difference
 

 
-15

20
 -34
-42
  -33
 -14 0
 -27


Absolute difference 
 15

20
  34
 42

33
  14 0
  27


Rank




  
  3

 1
   6
  7 
 5 
   2

   4


Actual W 

 





= 3+6+7+5+2+4 


= 27

Expected W 






= 7(7+1)/4



= 14

Variance of expected W 



= 7(7+1)(2x7+1)/24 
= 35

Standard deviation of expected W 
= Ö35



    = 5.9

The p-values in the tables in Section 4 indicate the level of confidence with which the null-hypothesis (that expenditure for fertilisers per hectare cropped on conventional farms is equal to that on sustainable farms (see Section 3.4)) can be accepted. For example, if the p-value for fertiliser used per hectare cropped equals 0.038 (Table 3), the probability is 3.8 per cent that these data occur if the null-hypothesis were true. In other words it is very likely that a difference does exist between the fertiliser use of the two types of farming. The null-hypothesis can be rejected at the 96.2 per cent level of confidence. This means that there is a 3.8 per cent chance that a Type I error, of incorrectly rejecting the null-hypothesis, is made.

The p-values in the tables are the individual p-values for the variables. As many comparisons are made in this analysis, it could be argued that tests for multiple comparisons should be carried out (see Devore and Peck 1986). However, as the returns to farming is the main characteristic to be explored, with the other measures being analysed to get an indication of differences between the sustainable and conventional management system, multiple testing has not been performed here. 

Because the samples are small, extra care was taken to ensure that results were not due to outliers. Every variable which showed a statistically significant difference was checked with the Sign-test, a less assuming (about the symmetry of the population) and less powerful test than the Wilcoxon test (Ryan, Joiner and Ryan 1985, p.277-86). A divergence of the results of these two tests would indicate the need for further investigation of the variable. In no case was this need established.

A Mann-Whitney test is similar to the Wilcoxon test in that it is also a non-parametric test. It is used for the analysis of un-paired data. For the test the individual values in the two samples are combined into one sample and ranked. The actual W is calculated by summing the rank numbers of the data of one of the samples. Analogous to the Wilcoxon test, the p-values indicate the likelihood of these two samples being derived from the same population. 

In cases where no assumptions can be made a priori regarding the direction of the difference between the two systems (for example wheat yields) a two-tailed test is appropriate (see Freund 1974, p.272). Where there is a basis for assuming that the value of the sample is either larger (for example returns per tonne of wheat) or smaller (for example use of pesticides) than that of the comparison, a one-tailed test may be used. In such a case the p-value is half of that calculated in a two-tailed test. The hypotheses for the different variables are set out in Section 3.4. The p-values in the tables in Section 4 are those appropriate for the hypotheses for which they are calculated. 

Inputs used have been quantified by expenditure on these inputs. The use of a common unit of measurement enables an easy comparison between the two systems. With an homogeneous input (such as fuel), and assuming that prices for two farmers in one locality are similar, expenditures give as accurate an indication of relative input use in the two systems as physical quantities. However, with inputs such as fertilisers and pesticides, many different substances can be used, and expenditure might therefore not give a perfect indication of relative use. But, as it is likely that two farmers in one locality have the same kind of nutrient deficiencies and pest problems, it is also likely that the same kind of fertilisers and pesticides would be used, if used at all. 

In cases where values needed to be imputed, care was taken not to advantage sustainable farmers (for examples see Appendix 2). 

Averages shown in the tables in Section 4 are unweighted averages, that is, not weighted by the farm area. The reason for using unweighted rather than weighted averages is that the farms were located in widely different areas with widely different input needs and output potential. All farms were broadacre farms, and on average area operated was similar on the sustainable and conventional farms (see Table 14), but not always equal for two farms of one pair. Weighted averages (for example yield weighted according to cropped area) bias the results towards the larger farm, while no extra information is gained from such a calculation. The following example illustrates the point.

Case 1:









   Yield
   Area

Production
  Yield











 
 Cropped



 ​Weighted

















 Average










t/ha   
 
ha 


t


t/ha


Sustainable farmer 1

2.0


100


200


Sustainable farmer 2

4.0
 

100


400


Total









200


600
 
 3.0


Conventional farmer 1

2.0


100


200


Conventional farmer 2

4.0
 

100


400


Total







   

200


600
 
 3.0

Case 2:









 
Yield 
  Area

Production
  Yield










 
 
Cropped




 ​Weighted

















 Average










t/ha   
 
ha 


t


t/ha


Sustainable farmer 1

2.0


100


200


Sustainable farmer 2

4.0
 

100


400


Total









200


600
 
 3.0


Conventional farmer 1

2.0


200


400


Conventional farmer 2

4.0
 

100


400


Total






   


300


800
 
 2.7

In the first case the two farmers of each pair crop equal areas, and obtain the same yield per hectare cropped. This results in an unweighted ((2.0 + 4.0) / 2) and a weighted ((2.0 x 100 + 4.0 x 100) /200) average of 3.0 tonne per hectare. In the second case the only difference is that the conventional farmer 1 crops twice the area of that in case 1. Yields for all farmers stay the same as in case 1. The unweighted average stays at 3.0 tonnes per hectare, while the weighted average becomes 2.7 tonnes per hectare for the conventional farm, only because one of the conventional farmers happens to grow more wheat. 

Further, as farm size was the aspect to which least attention was paid when selecting the counterpart conventional farmer, it is inappropriate to weight the variable by cropped area.  

The same reasoning is valid for the exclusion of both of a pair of farmers if figures for only one of the pair are available. For example, where one conventional farmer did not grow wheat, the figures of the sustainable farmer were also excluded in the calculation for the average of the sustainable farmers. Since this farmer lived in an area with a high yield potential, the average of the wheat yield for the eight sustainable farmers would be inappropriately high as compared to the average of the seven conventional farmers. 

In many studies 'gross margin analysis' is used to study different farm enterprises (see, for example, Barnard and Nix (1979)). With such an analysis, variable costs are deducted from returns, to indicate the viability of the different enterprises. In the present study the analysis closely follows that used by the Australian Bureau of Agricultural and Resource Economics (ABARE). The measures used give results close to those of a gross margin analysis for a whole farm. However, items included for the calculations of the cash operating surplus are not identical to those included in a gross margin. A summary of included items in the different categories discussed in this study is provided in Appendix 3. Apart from ease of use of the measures due to available documentation, ready comparison with Australian farmers covered by the ABARE survey is also an advantage (BAE 1987a). The procedure is explained in the text. 

For most inputs expenditure is calculated per hectare cropped and per hectare operated. The first figure gives an indication of differences of practices, while the expenditure per hectare operated is a component of the end result, the returns to farming. 

PRIVATE 
3.4 Hypothesestc  \l 2 "3.4 Hypotheses"
The hypotheses are listed according to whether the variable is expected to be higher or lower for sustainable farmers than for their conventional counterparts (in which case a one-tailed test is used), or whether it is expected to be similar for the two types of farming (two-tailed test). Expectations are based on choice of sample (for example, for fertiliser and pesticide use the sustainable farmers were chosen on the basis of limited use of these inputs, so that a one-tailed test is the obvious choice), or on literature on the topic. Where one-tailed tests are used, the reasons are discussed under the different variables in Section 4.

In some cases expectations differed for the three groups of sustainable farmers, the fully sustainable (fs), the semi-sustainable (ss) and all sustainable farmers (saf). In these cases, specific mention is made of the particular group for which the hypothesis is posed.  

PRIVATE 
3.4.1 One-tailed testtc  \l 3 "3.4.1 One-tailed test"
- Variables, for which the sustainable farmers are expected


to have higher averages than the conventional farmers:


1. Number of crops grown per farm


2. Receipt per tonne of wheat (fs) 


3. Receipt per hectare of wheat (fs)


4. Wheat receipts as a percentage of total crop receipts (fs)


5. Receipts per hectare of non-wheat crops (fs)

- Variables, for which the sustainable farmers are expected


to have lower averages than the conventional farmers:


1. Expenditure on fertilisers, per hectare cropped and operated


2. Expenditure on pesticides



- on crop per hectare cropped



- per unit of stock



- total per hectare cropped and operated


3. Cropped area: . total






   . as a percentage of arable area


4. Wheat area as a percentage of total area cropped 


5. Wheat receipts as a percentage of total crop receipts (ss)


6. Total cash costs per hectare operated 

PRIVATE 
3.4.2 Two-tailed testtc  \l 3 "3.4.2 Two-tailed test"
- Variables, for which sustainable farmers are expected to have averages


similar to those of conventional farmers:


1.  Expenditure on interest


2.  Expenditure on fuel, per hectare cropped and operated 


3.  Depreciation of machinery and equipment, per hectare cropped




 and operated


4.  Age and size of largest tractor 


5.  Expenditure on labour per hectare operated


6.  Area operated


7.  Unimproved capital value per hectare operated


8.  Improved capital value per hectare operated


9.  Arable area 


10. Arable area as a percentage of total area operated


11. Wheat yields 


12. Receipts per tonne of wheat (ss, saf)


13. Receipts per hectare of wheat (ss, saf) 


14. Wheat receipts as percentage of total crop receipts (saf)


15. Receipts per hectare of non-wheat crops (ss, saf)


16. Financial receipts from all crops per hectare cropped and operated 


17. Livestock carrying rates


18. Wool yield per hectare operated 


19. Financial receipts from stock per hectare grazed and operated


20. Total cash receipts per hectare operated


21. Total farm cash operating surplus per hectare operated


22. Returns to capital and management per hectare operated


23. Return to capital and management per dollars of capital




 invested


24. Adjusted returns to capital and management per hectare




 operated (with actual and conventional wheat prices)


25. Adjusted return to capital and management per dollars of




 capital invested (with actual and conventional wheat prices)


26. Farmer's age


27. Number of years farmed: in total and on the present property

PRIVATE 
4 ANALYSIS OF INPUTS AND OUTPUTStc  \l 1 "4 ANALYSIS OF INPUTS AND OUTPUTS" 

In this section the quantitative variables derived from the survey are discussed. The use of inputs (Section 4.1), together with outputs and output prices (Section 4.2) leads to the returns to farming (Section 4.3). Psychic income is discussed in Section 4.4.

The data relate to three groups of sustainable farmers and their conventional counterparts. The abbreviations used for these groups are fs and cfs (fully sustainable and conventional fully sustainable), ss and cfs (semi-sustainable and conventional semi-sustainable) and saf and caf (sustainable all farms and conventional all farms). 

PRIVATE 
4.1 Inputstc  \l 2 "4.1 Inputs" 

PRIVATE 
4.1.1 Fertiliserstc  \l 3 "4.1.1 Fertilisers" 

In sustainable agriculture, as defined by NASAA (1986), synthetic fertilisers are specifically named as inputs which are used not at all, or sparingly, in the production process. However, according to the Australian Organic Standards (NASAA undated), ground rocks and some other compounds are allowed in sustainable agriculture. 

Because it was expected that some sustainable farmers would use no fertiliser, so that expenditure by them on this input would be lower than for conventional farmers, a one-tailed test was considered appropriate.

Expenditure on fertilisers is shown in Table 3. Of the eight fs farmers included, six did not use any fertilisers. On the two farms where (allowed) fertilisers were used, the amounts spent were $27 and $43 per hectare cropped compared to $42 and $23 on the counterpart conventional farms. Of the eight conventional farmers paired with the fs farmers (cfs), one did not use fertilisers. In the particular area where this farmer operated, fertilisers had not been used extensively in conventional cereal growing in the past. At the time of the interview, however, many farmers were starting to use this input, and the interviewed farmer said that he was also considering fertiliser use in the future. The average values of fertiliser per hectare cropped (including farms where no fertiliser was used) were $9 and $27, and per hectare operated $3 and $19, for the groups of eight fs and cfs farmers respectively. 

----------------------------------------------------------------------

PRIVATE 
Table 3: Fertiliser expendituretc  \l 5 "Table 3\: Fertiliser expenditure"   

----------------------------------------------------------------------








  Cropped Area


 Operated Area

                       ---------------     ---------------------------








 $/ha  p‑value


 $/ha  p‑value 

----------------------------------------------------------------------

Fully sustainable (fs)
  8.8




  3.0

Conventional

 (cfs)
 26.9




 19.1              

Difference [8]


-18.1  0.038 **

-16.1
0.018 ** 

Semi-sustainable  (ss)
 20.3




  6.2

Conventional     (css)
 21.8




  9.6              

Difference [5]


- 1.5  0.295


- 3.4  0.030 **
Sust. all farm.
(saf)
 13.2




  4.3
 


Conv. all farm.
(caf)
 24.9




 15.5              

Difference [13]


-11.7  0.032 **

-11.2  0.002 ***
----------------------------------------------------------------------

Significant levels of the paired Wilcoxon test 

*   = 90 per cent confidence level 

**  = 95 per cent confidence level 

*** = 99 per cent confidence level 

Figures, apart from the p-values, are group means. 

Figures in []: number of farms included in the calculation of the mean.

Discrepancies in 'Difference' and the differences between the values in the table are due to rounding.   

The ss farmers used more fertilisers per hectare cropped than the fs farmers. Some used fertilisers which are not allowed under the Organic Standards. One of the five used more than the conventional farmer counterpart. On average, the expenditure on fertilisers by the ss farmers was similar per cropped hectare to that of their counterpart conventional farmers (css). Per hectare operated, however, the ss farmers spent less (p = 0.030). 

Thus, calculated for all farms, fertiliser expenses were lower for producers in the sustainable (saf) than for those in the conventional system (caf). On average, the cost of fertilisers per hectare cropped on sustainable farms was approximately half that on conventional farms (p = 0.032). If calculated on a per hectare operated basis conventional producers spent almost four times as much as sustainable farmers (p = 0.002). These findings are consistent with the expectations as described earlier in this section.

PRIVATE 
4.1.2 Feedtc  \l 3 "4.1.2 Feed" 

Since crops produced on mixed farms can be used as stock feed, lack of soil fertility can be compensated for by buying feed. On broadacre farms in Australia, however, little feed is generally purchased. Exceptions are in years of extreme conditions (such as drought). In the survey year very little feed was purchased. 

Of the five pairs of fs and cfs farmers where both the sustainable and the conventional farmer kept stock, only one farmer in each group bought any feed. All ten of the ss and css farms carried stock. One of the ss farms was a sheep stud, where feed is more likely to be bought than on an average broadacre farm. Expenditure on feed on this farm accounted for over 40 per cent of the total for the group. On a second ss farm feed was bought exclusively for a few pigs. This accounted for 36 per cent of the average cost of feed on all ss farms. As feed was purchased on so few farms, or for such exceptional circumstances, it was considered inappropriate to carry out tests to determine differences between the two groups. 

PRIVATE 
4.1.3 Pesticidestc  \l 3 "4.1.3 Pesticides" 

One of the criteria used to determine the appropriateness of including a producers in the category of sustainable farmers was the avoidance of pesticides at least in the cropping phase. Also in livestock the use of pesticides is assumed to be decreased as compared to in conventional agriculture. For this reason one-tailed tests were performed on the variables related to pesticide use. 

--------------------------------------------------------------------

PRIVATE 
Table 4: Expenditure on pesticides used in crops and on stock tc  \l 5 "Table 4\: Expenditure on pesticides used in crops and on stock "
--------------------------------------------------------------------









Crop




 Stock







  ----------------
 --------------------------








$/ha
p-value

 $/Unit  p-value   % of







  cropped


 



  
 
 total

--------------------------------------------------------------------

Fully sustainable (fs)
  0.2



  0.09



  61

Conventional

 (cfs)
 16.7



  0.34



  18

Difference [8,5,5]

-16.5  0.007 ***
 -0.25  0.030 **
  43
Semi-sustainable  (ss)
  1.0



  0.31



  49

Conventional

 (css)
  6.1



  0.68



  28

Difference [5,5,5]

 -5.1  0.030 **
 -0.37  0.053 *
  21
Sust. all farmers (saf)
  0.5



  0.20



  55

Conv. all farmers (caf)
 12.6



  0.51



  23

Difference [13,10,10]
-12.1  0.001 ***   -0.31  0.006 ***
  32
--------------------------------------------------------------------

For symbol definition: see footnote Table 3

A large proportion of the total amount spent on pesticides used in conventional agriculture is used in cropping. The pesticides can be divided into categories according to use: those used on field crops include weedicides, fungicides, and insecticides; on stored crops mainly insecticides are used; and seed protectants include fungicides. Pesticides reported in Table 4 are those used on field crops and on stock. Averages for pesticides used on stock are calculated only for those pairs of farms on which stock was kept. The difference in expenditure on pesticides for crops between sustainable and conventional farmers is statistically significant for all groups of farmers (p = 0.001). The expenditure on pesticides by the fs farmers was mainly on insecticides allowed under the Standards for Organic Produce (NASAA undated). 

On average over all farms, more than half of the money spent on (allowable and non‑allowable) pesticides used by sustainable farmers was used in animal husbandry (not shown in a table). The amounts spent by all three groups of sustainable farmers per animal were significantly lower than those spent by conventional farmers (p = 0.006). The fs farmers paid approximately a quarter of the amount used per animal on conventional farms, while the comparable figure on the ss farms was below half that on the css farms. 

-----------------------------------------------------------------------

PRIVATE 
Table 5: Total expenditure on pesticides used per area cropped andtc  \l 5 "Table 5\: Total expenditure on pesticides used per area cropped and"



per area operated

-----------------------------------------------------------------------








  Cropped Area


  Operated Area







   ------------------   ---------------------------








 $/ha
 p‑value

 $/ha
 p‑value 

-----------------------------------------------------------------------

Fully sustainable (fs)
   1.1




  0.4 

Conventional
     (cfs)
  18.1




 14.1  

Difference [8]


 -17.0  0.007 ***

-13.7  0.007 *** 
Semi-sustainable  (ss)   2.9




  0.9 

Conventional
     (css)   8.7




  3.8 

Difference [5]


 -5.8  0.030 **

 -2.9  0.030 **
Sust. all farmers (saf)  1.8




  0.6

Conv. all farmers (caf) 14.5




 10.1

Difference [13]


-12.7  0.001 ***

 -9.5  0.001 ***
-----------------------------------------------------------------------

For symbol definition: see footnote Table 3 

The difference between the fs and cfs farmers in total pesticide use per hectare operated (Table 5) was much greater ($0.4 and $14.1 respectively) than that between the ss and css farmers ($0.9 and $3.8 respectively), both in relative and absolute terms. Expenditure on this input was significantly lower for the sustainable farmers in all three groups (p < 0.05). This is consistent with the requirements for inclusion of sustainable farmers in the survey as a sustainable farmer. 

The css farmers spent, on average, less than half of the amount on pesticides for field crops that was spent on cfs farms ($6.1 and $16.7 respectively, see Table 4). This reflects the fact that the cfs farmers, and their sustainable counterparts, are located in more intensive crop growing areas than the css farmers, a point to be explored also in connection with other inputs and outputs. 

PRIVATE 
4.1.4 Credittc  \l 3 "4.1.4 Credit" 

No differences in interest paid by the practitioners of the two types of farming system were established (p > 0.1) (see Table 6). 

------------------------------------------------------------------

PRIVATE 
Table 6: Interest paid per hectare operatedtc  \l 5 "Table 6\: Interest paid per hectare operated"
------------------------------------------------------------------











  $/ha

  p-value

 

------------------------------------------------------------------

Fully sustainable
(fs)


   5.0       

Conventional

   (cfs)


  16.2

Difference [8]





 -11.2


0.363 
Semi-sustainable

(ss)


  15.2 

Conventional

   (css)


  21.4

Difference [5]





  -6.2


0.787 

Sust. all farmers  (saf)


   8.9 

Con. all farmers   (caf)


  18.2     

Difference [13]





  -9.3


0.328 
------------------------------------------------------------------

For symbol definition: see footnote Table 3 

Debt is often related to the life cycle variable and, in the case of farmers, to the number of years established on the farm. These factors were very similar for the two types of farmers or, as the fully sustainable farmers had been on the present property shorter than the conventional farmer counterparts (see Section 5.2), were suggestive of relatively low debts for conventional farmers. 

Tables 7 and 8 contain further details of interest paid. In Table 7 the pairs of farmers with low loans have been separated from those with loans higher than the limit set here ($5/ha). In addition, the pairs of farmers where one has loans of up to $5, and the other higher than this amount have been identified. 

-----------------------------------------------------------------------

PRIVATE 
Table 7: Interest paid per hectare operated by pairs of farmerstc  \l 5 "Table 7\: Interest paid per hectare operated by pairs of farmers"
-----------------------------------------------------------------------












Conventional farmers

         







-------------------------------------

                            

$5 and below       Over $5

-----------------------------------------------------------------------

Fully sustainable
(fs) 



$5 and below





3




3  



Over $5







1




1

Semi-sustainable
(ss)



$5 and below





1




2



Over $5







0




2

Sust. all farmers  (saf)



$5 and below





4




5



Over $5







1




3

-----------------------------------------------------------------------

Of the eight fs farmers, six (75 per cent) paid $5 or less per hectare operated, compared to four (50 per cent) of the cfs farmers. The comparable figures for the ss and css farmers are three (60 per cent) and one (20 percent), respectively. 

In Table 8 figures are given for the number of farmers by 'purpose of loan'. Each farmer could have more than one loan, and only existing loans were included. Ideally, a similar table should have been presented as Table 7. However, as such a table would become rather large, the idea was abandoned. 

--------------------------------------------------------------------

PRIVATE 
Table 8: Numbers of sustainable and conventional farmers withtc  \l 5 "Table 8\: Numbers of sustainable and conventional farmers with"



present debts incurred for various purposes     

--------------------------------------------------------------------




                                Purpose of loan                     
               --------------------------------------------

                           Land      Build.   Veh.  Work.  Other

  









 &

  &

Cap.

           

           
       Struc.   Mach.   

                       
  ----------  ------  ------  


 
                   
  Purch. Dev.   Dev.  Purch.                 

--------------------------------------------------------------------

Fully sustainable (fs)

2

2      0     0      3     1   


Conventional

 (cfs)

3

1      0     1      4     0

Semi-sustainable  (ss)

2

0      1     0      2     1


Conventional
     (css)

5

0      0     0      2     0


Sust. all farmers (saf)

4

2      1     0      5     2


Conv. all farmers (caf)

8

1      0     1      6     0

--------------------------------------------------------------------

Build. & Struc. = Buildings and Structures

Veh. & Mach.    = Vehicles and Machinery

Work. Cap.      = Working Capital

Purch.          = Purchase

Dev.            = Development

The most striking difference between the two types of farming is in borrowing for the purpose of land purchase. Of the 13 conventional farmers 8 had borrowed to buy land, 5 of whom were css farmers (the total of that group). Of the sustainable farmers, 4 had borrowed for that purpose (2 of whom were ss farmers). 

Of the total of 12 farmers who had borrowed for land purchase, 7 were ss or css farmers. This might indicate that the ss-css farmers were living in areas where expansion is more prominent than in the area where the fs-cfs producers live.  

The sustainable farmers were asked whether, after changing from conventional to sustainable farming, any problems had been experienced with obtaining credit due to the production system used. Six farmers felt that this question was not relevant to them because they had never borrowed, or because they had always practised the sustainable system (that is, there had been no change in production system). The other seven farmers all reported that they had never had any problems in obtaining finance on account of their farming system. 

PRIVATE 
4.1.5 Fueltc  \l 3 "4.1.5 Fuel" 

A large percentage of fuel used on mixed broadacre farms is used for cropping. Data have therefore been reported here on the basis of expenditure per hectare cropped, as well as per hectare operated.  

It could be argued that more fuel is needed on sustainable farms where mechanical cultivation for weed control purposes is used as opposed to pesticide applications. In that case a one-tailed test should be used. However, the scant evidence available (see, for example, Vine and Bateman (1981, pp.114-116)) does not support this argument, so a two-tailed test was considered appropriate for the analysis. 

For all three groups analysed, a similar amount of fuel per cropped hectare was used (p > 0.1) (see Table 9). 

As the fs farmers cropped a lower percentage of their arable area than their conventional counterparts (see Section 4.1.8), comparative expenditure for fuel per hectare operated was different from that per hectare cropped. The fs farmers used approximately half that used by their conventional farmer counterparts (p = 0.030). Ss and css farmers spent similar amounts per hectare operated (p = 0.590). The average quantity of fuel used by all sustainable farmers combined was less than two-thirds that used by conventional farmers (p = 0.025). 

--------------------------------------------------------------------

PRIVATE 
Table 9: Expenditure on fuel    tc  \l 5 "Table 9\: Expenditure on fuel    "
--------------------------------------------------------------------

                         Cropped Area         Operated Area

              


 --------------      ------------------------

                 
    $/ha   p‑value

 $/ha   p‑value  

--------------------------------------------------------------------

Fully sustainable (fs)
 35.4




 11.5

Conventional

 (cfs) 
 33.1




 21.4

Difference [8]


  2.3  0.800


 -9.9  0.030 **
Semi-sustainable  (ss)
 23.1




  7.1

Conventional

 (css)
 16.4




  7.3

Difference [5]


  6.7  0.178


 -0.2  0.590
Sust. all farmers (saf) 30.7




  9.8
 

Conv. all farmers (caf) 26.7




 16.0



Difference [13]          4.0  0.255


 -6.2  0.025 **
--------------------------------------------------------------------

For symbol definition: see footnote Table 3 

PRIVATE 
4.1.6 Machinery and equipmenttc  \l 3 "4.1.6 Machinery and equipment"
Machinery and equipment is an important input in crop production.  Because in broadacre farming most machinery is used in cropping, costs associated with this input were calculated per cropped area as well as per hectare operated.  

Depreciation costs per cropped area were similar for the two types of farming within all three groups (p > 0.1) (see Table 10). 

As the fs farmers grew crops on a smaller percentage of their arable land than the conventional farmers (see Section 4.1.8), expenditure per area operated was lower on the fs than on the cfs farms (p = 0.080). 

--------------------------------------------------------------------

PRIVATE 
Table 10: Depreciation of machinery and equipment   tc  \l 5 "Table 10\: Depreciation of machinery and equipment   "
--------------------------------------------------------------------

                            Cropped area      Operated area   

                           ---------------   -----------------------

                           $/ha   p‑value     $/ha   p-value 

--------------------------------------------------------------------

Fully sustainable (fs)
   
89.0




31.3

Conventional     (cfs)
   100.7




73.8

Difference [8]


   -11.7
0.624

  -42.5  0.080 * 
Semi-sustainable (ss)

49.6




16.7 

Conventional

(css)

39.8




18.6

Difference [5]



 9.8
0.418


-1.8  1.00
Sust. all farmers (saf)

73.9




25.7 

Conv. all farmers (caf)

77.3




52.5

Difference [13]



-3.4
0.944

  -26.9  0.069 *
-------------------------------------------------------------​------​-

For symbol definition: see footnote Table 3

The use of machinery involves many aspects: efficiency in use (fuel consumption per unit of land); rate of use (largely dependent on available labour resources and spread of farm activities); risk of breakdown; and comfort (for example air-conditioned as opposed to open tractor cabins). As the difference in cost between the fs and cfs farmers is considerable (the highest single difference of input cost) it is worthwhile to look at this cost in more detail. 

Since the fs farmers cropped less of their arable land than their conventional counterparts, the size of their machinery and equipment can be relatively small without repercussions in terms of timeliness of operations. On the other hand, there are reasons to believe that timeliness is more crucial on sustainable farms than on conventional farms. This is due to the fact that in sustainable agriculture no pesticides (for example weedicides) can be used as a back-up if operations are delayed beyond the optimal time. To which extent the forces offset one another depends on, for example, the degree of difference in area cropped, decrease in yield by non-timeliness, and the degree of uncertainty about the weather. 

Another factor of importance for the relatively low depreciation costs on sustainable farms could be the age of machinery. With relatively small areas in a particular crop, penalties for breakdowns are less severe than on farms with only one crop. This means that the risk factor on diversified farms is lower than on those where monocropping occurs. 

--------------------------------------------------------------- 

PRIVATE 
Table 11: Size and age of biggest tractor   tc  \l 5 "Table 11\: Size and age of biggest tractor   "
---------------------------------------------------------------


                          
 Size 


   

 Age  

                         -------------    ---------------------

                          Hp   p‑value     Years  p-value 

---------------------------------------------------------------

Fully sustainable (fs)
   98



   9.2

Conventional     (cfs)
  158



   4.9

Difference [8]


  -60  0.030 **
   4.7  0.600   
Semi-sustainable (ss)
  123




7.6

Conventional

(css)
  147




4.4

Difference [5]


  -24  0.178  


3.2  0.100 *
Sust. all farmers (saf)
  108




8.6

Conv. all farmers (caf)
  154




4.7

Difference [13]


  -44  0.011 **

3.9  0.103  
-------------------------------------------------------------​--

For symbol definition: see footnote Table 3

In Table 11 figures are shown for the size and the age of the biggest tractor on the surveyed farms. From these figures it can be seen that the average size of the biggest tractor on cfs and saf farms was larger than that on fs and caf farms, respectively (p < 0.05). The age of the tractor was found to be higher for the group of ss farmers than for the css farmers (p = 0.1).

Although a difference in the size and age of the machinery and equipment between the two groups could well contribute to relatively low depreciation costs for sustainable farmers, the last factor mentioned above, comfort, could also be of importance. Indeed, at least two conventional farmers commented upon the fact that their sustainable neighbours 'did not even have air-conditioning on their tractor'.    

The costs discussed above pertain to costs on farms with an established production system. Relative expenditure on machinery and equipment could be different when the comparison takes place at the stage of transition to sustainable farming. It is possible that sustainable farmers might need different machinery from that used in conventional agriculture (for example, tillage equipment). In order to assess this need the question was asked: 'Was any special machinery or equipment needed after the change from conventional to sustainable farming?'. The answers are recorded in Table 12.

-------------------------------------------------------------------

PRIVATE 
Table 12: Need for special machinery or equipment at time oftc  \l 5 "Table 12\: Need for special machinery or equipment at time of"



 transition from conventional to sustainable farming 

-------------------------------------------------------------------

                             Yes       No       N.A.   Total








 -------------------------------------------

Fully sustainable (fs)


3         3        2       8

Semi-sustainable  (ss)


3         2        0       5

Sust. all farm   (saf)


6         5        2      13

-------------------------------------------------------------------

N.A. = not applicable

Half the farmers who had made the change were of the opinion that special machinery (mainly tillage equipment, see Section 4.1.9) was needed. The answers did not necessarily imply that it was also acquired. As farmers had used sustainable practices for a considerable time (see Section 5), it is not likely that the new machinery, if bought at the time of transition, affected the depreciation values heavily.

PRIVATE 
4.1.7 Labourtc  \l 3 "4.1.7 Labour"
Permanent labour is an indivisible input. In many cases there was one permanent worker on the farm, while the spouse usually was engaged in some, but not full-time, farm labour. In some cases the farm was in transition from one generation to the next, which involved two full-time workers on the farm. In most cases family labour was supplemented with casual labour, which included shearers. Contract work carried out on the farm was not included as labour, but as services.

---------------------------------------------------------------------

PRIVATE 
Table 13: Labour use per hectare operated   tc  \l 5 "Table 13\: Labour use per hectare operated   "
--------------------------------------------------------------​-------

                             Hired

Family


Total









 -------   ------   ----------------------

                              $/ha     $/ha     $/ha   p-value 

---------------------------------------------------------------------

Fully sustainable (fs)


8.6

26.4

34.9


Conventional

  (cfs)


4.5

36.5

40.9

Difference [8]




4.1
   -10.1

-6.0
0.363
Semi-sustainable  (ss)


4.1

18.8

23.0


Conventional      (css)


3.9

13.1

17.0

Difference [5]




0.2

 5.8

 6.0
0.787 
Sust. all farmers (saf)


6.9

23.5

30.3  


Conv. all farmers (caf)


4.3

27.5

31.7  

Difference [13]




2.6

-4.0

-1.4
0.727
---------------------------------------------------------------------

For symbol definition: see footnote Table 3

The figures presented in Table 13 are in dollars. Since wages paid reflect time of employment times wage rates, these figures might not be a good indication of total work carried out. However, as no data were collected on the number of days worked by shearers, and a cursory examination of the wage rate did not reveal large variations in this variable, it was decided to present wages in dollar terms. In total, the labour input on the two types of farms was similar (p > 0.1). 

Sustainable farmers were asked whether their need for labour had changed when they converted to sustainable agriculture. Of the 11 producers for whom the question was relevant, none indicated an extra requirement.

PRIVATE 
4.1.8 Landtc  \l 3 "4.1.8 Land" 

Land is an input in the agricultural production process. Its value could be expressed as an annual cost. For example, a certain interest rate could be employed to calculate income foregone from this input. On the other hand, the value of the land is included in the returns to capital and management, to be analysed in Section 4.3. In this section the values are discussed only to compare the quality of the land used in the two systems. 

All producers included in the survey were broadacre farmers. However, since the size of the property was the least important criterion for selection of the conventional comparison, it would not have been surprising if differences in area operated between the two groups of producers existed. On the other hand, there are no reasons why a difference should be assumed a priori. No differences were detected between the sustainable and conventional farmers (p > 0.1) (Table 14).

Similar soil type and location were the important considerations in the choice of conventional counterparts. It is therefore to be expected that the unimproved capital value (ucv) was similar between the two groups of farms. Although this was true for the fs and cfs farms, and also for the saf and caf farms, ucv's of the ss farms were significantly lower then those of the conventional farms with which they were compared (Table 14). The difference was 17.5 per cent, and could be due to two factors. 

----------------------------------------------------------------------

PRIVATE 
Table 14: Area operated and land valuestc  \l 5 "Table 14\: Area operated and land values"
----------------------------------------------------------------------









Area Oper.
 Unimpr.Cap.Val. 
Impr.Cap.Val.

                         -----------  ---------------
--------------









Ha  p-val.

$/ha  p-val.
$/ha  p-val.

----------------------------------------------------------------------

Fully sustainable  (fs)

755



782



1011 

Conventional

  (cfs)

928



723



1038

Difference [8]


   -173  1.000

 59  0.363

 -28  0.726
Semi-sustainable  (ss)    1232



227



 369

Conventional     (css)    2179



278



 393 

Difference [5]


   -947  0.178

-51  0.059 * 
 -24  0.584
Sust. all farmers (saf) 
938



569



 764

Conv. all farmers (caf)   1409



552



 790

Difference [13]


   -471  0.124     16  0.834

 -26  0.367
----------------------------------------------------------------------

For symbol definition: see footnote Table 3

First, the difference of value of the buildings for insurance purposes and in the sale of land could be important. For those of the ss farmers for whom the ucv was lower than for the counterparts, the area operated was also smaller. The ucv is the improved capital value (icv) minus the value of the operator's house, farm buildings, fences and non-portable water arrangements. The estimates of values of the buildings were often based on the value for which the farmer insured them, and are likely not to be proportionate to the size of the farm; that is, the smaller properties are relatively heavily capitalised regarding buildings. However, the icv might be more influenced by the productivity of the land, and less by the value of the buildings, especially the operator's house. Consequently, when the building values are deducted from the icv, to obtain the ucv, a relatively high value per hectare is deducted for the smaller properties. 

Second, arable area as a percentage of total area operated was significantly lower on the ss than on the css farms (p = 0.100) (see Table 15). This may decrease the average price per hectare operated (see below). 

--------------------------------------------------------------------

PRIVATE 
Table 15: Arable areatc  \l 5 "Table 15\: Arable area"
-------------------------------------------------------------------








  Ha

p-value

% of area

p-value














 operated

-------------------------------------------------------------------

Fully sustainable (fs)
  537





 74  

Conventional

 (cfs)
  652





 82

Difference [8]


 -115

0.726


 -8
  
 0.107  
Semi-sustainable (ss)
 1048





 82        

Conventional    (css)
 1986





 89        

Difference [5]


 -938

0.106


 -7
 
 0.100 *
Sust. all farmers (saf)
  734





 77   

Conv. all farmers (caf)
 1165





 85   

Difference [13]


 -431

0.124


 -8

 0.011 **
-------------------------------------------------------------------

For symbol definition: see footnote Table 3

There was a considerable difference between the fs and ss farms, both in sizes and values of the properties. The fs farms ranged in size from 377 to 1417 hectare, while the corresponding figures for the ss farms were from 575 to 1821 hectares. Similarly, the range of improved capital value of the fs farms was $422 to $1932 per hectare (with the second lowest value at $726), and of the ss farms from $211 to $597 per hectare. The differences were significant (p = 0.034 for farm area operated, and p = 0.005 for icv, calculated with a Mann-Whitney one-tailed test). The annual rainfall, often the limiting factor in Australian crop growing areas, where the fs farmer with the lowest icv lived was 450 mm. The farmer with the second lowest icv was in an area with somewhat less (430 mm) but possibly more reliable rainfall. The other fs farms were all in higher rainfall areas. The ss grower with the highest icv received on average 450 mm of rainfall annually, and the ss grower with the lowest icv 325 mm. The others were in areas where the annual rainfall was between 325 mm and 450 mm. This means that the ss farms in this survey were located in more marginal crop-growing areas than the fs farms.

To obtain a more complete picture of the difference in quality of the sustainable and conventional properties, the estimate for the arable area as a percentage of total area operated is included (Table 15). On average, less arable area was available on the sustainable farms (saf) than on the conventional farms (caf) (p = 0.011), although no difference could be shown for the fs-cfs groups of farms (p = 0.107). There is no obvious reason why arable area as a percentage of the total area operated is lower on sustainable farms than on conventional farms. As this variable was a subjective estimate by farmers, it could be argued that sustainable classify an area more easily as non-arable than conventional farmers do. This would conform with the notion that sustainable farmers emphasise soil quality as a main aspect of farming, and that they are therefore more reluctant to crop marginal soil, and hence classify it as non-arable.
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Table 16: Area croppedtc  \l 5 "Table 16\: Area cropped"
--------------------------------------------------------------------









Ha  
p-value
   % of arable   p-value














 area

--------------------------------------------------------------------

Fully sustainable (fs)

231   




47  

Conventional

 (cfs)

518





77

Difference [8]


   -287

0.071 **
   -30

0.007 ***
Semi-sustainable (ss)

457





44 
   

Conventional

(css)
   1070





51 

Difference [5]


   -613

0.089 *


-8

0.295
Sust. all farmers (saf)

318   




46

Conv. all farmers (caf)

731





67

Difference [13]


   -412

0.018 **
   -21

0.009 ***
--------------------------------------------------------------------

For symbol definition: see footnote Table 3

It is to be expected that land under sustainable management is rotated differently than that under conventional management. Averages of hectares cropped were lower for all groups of sustainable farms than for those of their counterparts (p < 0.1) (see Table 16). In relative terms (cropped area as a percentage of arable area), the fs and saf groups cropped less than the cfs and caf, respectively (p < 0.05) (one-tailed test). Eleven of the 13 sustainable farmers cropped a lower percentage of their arable area than their conventional counterparts. The 2 farms on which more was cropped were both ss farms.    
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Table 17: Change in land values as perceived by sustainable andtc  \l 5 "Table 17\: Change in land values as perceived by sustainable and"



 conventional farmers, due to the sustainable production




 system

---------------------------------------------------------------------

                         No Change  Up    Down   N.A.  Total

---------------------------------------------------------------------

Fully sustainable  (fs)      4      3      0      1      8


Conventional

  (cfs)

  6      2      0      0      8

Semi-sustainable   (ss)      4      1      0      0      5

Conventional

  (css)

  4      1      0      0      5    

Sust. all farmers (saf)

  8      4      0      1     13

Conv. all farmers (caf)

 10      3      0      0     13   

---------------------------------------------------------------------

N.A. = not available 

One of the objectives of rotating land in different crops is to increase soil fertility. As it was anticipated that sustainable farmers would rotate crops in a different way from conventional farmers, the question was asked of all farmers: 'If the sustainable farm were sold now, would the price be different because it has been managed in the sustainable way?'. Assuming that the farm would be sold to a conventional farmer, the question was intended to get information about how both types of farmers thought that conventional producers regarded the effect of the sustainable production system on the soil. The answers are recorded in Table 17.

Of the 25 farmers who expressed an opinion, none felt that the quality of the sustainable farm had decreased due to the system practised. Most farmers, sustainable (8) and conventional (10), did not think that the sustainable farm had changed in value. Approximately one quarter of all producers, 7, felt that the quality of the farm had improved, in the opinion of the conventional farmers, to the extent that it was expected to increase the value of the farm. In only one case did both farmers of 1 pair expect that a higher price would be paid for the sustainable property if sold under present conditions than if it had been farmed with conventional practices. The sustainable farmer expected an extra price of $170 per hectare (an increase of 23 per cent), while the conventional farmer said he would be willing to pay $125 (17 per cent increase) per hectare more for that farm than for other farms around it (indicating that it was not the position of the farm which caused the willingness to pay more). The same conventional farmer also (unsolicited) expanded upon differences in effect of the farming systems on the soil. Comments such as: 'We did not do our land much good, but we made money. Now we have to pay for it' and 'He [the sustainable farmer] has higher yields because his soil is better, due to his farming practice' are more extreme than those heard from most other conventional farmers, but they are by no means exceptional in general sentiment. Another comment, relayed by an officer of one of the Departments of Agriculture visited, was made by a local conventional farmer about the difference between a particular sustainable farmer in that area and conventional farmers. 'The difference is that X will still have soil left in 20 years time, while we won't.' The conventional farmer was considered to be an excellent manager by the Department of Agriculture officer.      

Although, in general, comments made on sustainable farming were positive, some conventional farmers commented negatively upon an excessive presence of weeds on sustainable farms. The same complaint was made by some sustainable farmers against their conventional neighbours.

PRIVATE 
4.1.9 Cultivation practicestc  \l 3 "4.1.9 Cultivation practices"
Cultivation practices are practices by which the land is prepared for planting. They are influenced by, and influence, the combination of inputs used. They are carried out by farm labour, with the help of machinery and implements and, in a broader sense, with livestock and controlled burning. The aim of the cultivation in relation to present and future soil nutrient status and structure and weed management considerably influences the kind of implement or method used, and the frequency with which, and time at which they are used. They are also influenced by the degree of use of other inputs, such as fertiliser and pesticides, and of management tools such as crop rotations. The combination of these inputs and techniques affects the present and future productivity of land. 

Weeds and crop residues are a source of nutrients for both soil and stock. In addition, the presence of organic matter can influence future yields through its effect on soil structure, affecting characteristics such as water infiltration rate and soil porosity. On the other hand, problems may result from incorporation of crop stubble and weeds into the soil, or retention on top of the soil. The accumulation of material may hinder the operation of cultivation and planting, and may decrease the germination rate. Weeds provide competition for a future crop. An increase of crop disease and pest incidence is also attributed to the presence of crop residues.

The availability of synthetic fertilisers and pesticides decreases the value of organic material as a nutrient source. As conventional and sustainable farmers differ in their opinions about the advisability of using these inputs in the production process, differences in use of the organic matter between the two systems should be expected. Cultivation practices reflect these differences. 

In the past, the burning of stubble prior to cropping has been the conventional way of decreasing the amount of organic matter. This practice also aids weed management. It is only in recent years that the burning of fields before cultivation has diminished in importance. This is mainly due to the realisation that the presence of organic matter can decrease wind or water erosion of the soil (Sims 1977, p.247; Clarke 1986, p.278). 

The realisation of the importance of organic matter, together with that of the cultivation method on the extent of soil degradation gave rise to the development of a new technology: 'minimum tillage'. The objective of this technology is to minimise mechanical disturbance of the soil, which is achieved by a decreased number of cultivations before sowing. It involves extensive use of herbicides and the use of machinery designed to cope with the increase in organic matter. The use of pre-emergent herbicides, applied in the spring before weeds seed, is an extension of this technology. Apart from continuing to provide a soil cover, it has the advantage over early cultivation of providing some grazing for stock.

Organic matter is of such importance to sustainable farmers, that ways were found to handle the disadvantages of retaining it. Some farmers mentioned that, in the first seasons after transition, the build-up of trash (organic matter) in cultivation equipment was a real problem, causing blockages of machinery and bad germination rates of seed. Some reported home-devised adjustments of machinery to cope with this problem (machinery suitable for the purpose was less easy to buy in the past than it is at present). The disappearance of it after a few seasons, presumably due to the build-up of organisms in the soil which break down organic material, was also commented upon. The problem of weeds was handled mainly by mechanical cultivation, and by strategic use of livestock. 

In practice, of course, the method of seedbed preparation is chosen for a number of purposes. In Table 18 are shown the main methods used by the interviewed farmers for the handling of organic matter on the soil. The data are derived from the farmers' description of their practices. Although a farmer might use a combination of techniques, only the main ways of managing organic matter and weeds are included here. For example, the two conventional farmers who are registered under the heading burn/stock also cultivated their land before planting. However, less emphasis was put on the cultivation because stock and fire had been used previously. Herbicides are not included in the table, but were used by all conventional farmers. 
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Table 18: Main ways of dealing with organic matter and weeds fortc  \l 5 "Table 18\: Main ways of dealing with organic matter and weeds for"



 next year's crop (number of pairs of farmers)

---------------------------------------------------------------------









Conventional farmers


 Total






--------------------------------      S.F.






 Mech.   Burn/
   Stock/
 Burn/










  Mech.
   Mech.
 Stock


---------------------------------------------------------------------

Sustainable

Farmers















------------

Mech.

 


  2

   2

  1

   2

  7
Burn/ Mech.


  0

   0

  0

   0

  0
Stock/ Mech.


  2

   2

  0

   0

  4
Burn/ Stock 


  1

   0

  0

   0

  1
---------------------------------------------------------------------

Total C.F.


  5

   4

  1

   2

 12










---------------------------------------------------------------------

Mech. = Mechanical cultivation

S.F. = Sustainable farmers

C.F.
 = Conventional farmers

Of necessity, this table has an element of subjectivity in it, and should therefore be taken as an indication only of differences in seedbed preparation between sustainable and conventional farming. The table is presented in a form which allows a comparison of pairs of farmers, because cultivation practices depend on local conditions.  

Three points arise from the data presented in Table 18. The first is that mechanical cultivation is an important means of seedbed preparation in both systems. It accounts for (when used alone or together with burning or stock) 11 of the 12 available observations of the sustainable farmers, and 10 of the 12 of the conventional producers. 

The second point is that for six conventional farmers burning was an important management tool, while it was of very little interest to sustainable farmers. The virtual absence of observations for sustainable farmers under 'burn' does not mean that none of this group ever burns the paddock. Rather, it indicates that burning is not practised commonly. To the question: 'Do you burn your stubble before cropping?' nine sustainable, and four conventional farmers answered in the negative, while one sustainable farmer and six conventional farmers answered in the affirmative. The rest, three sustainable and three conventional producers, burned their paddocks sporadically, and preferred to avoid it. 

The third point is that cultivation methods do not appear to be strongly correlated with location. Only two pairs of farmers use mechanical cultivation as their main method of dealing with organic matter and weeds. None of the other sustainable farmers used the same method as the conventional neighbour. 

Two other aspects of cultivation practices are of importance when considering the effect on the long-term productivity of the soil: the timing of the cultivations and the type of implement used.

In the past, clean cultivated fallows, first cultivated in the spring and kept clean of weeds by subsequent 'workings' before cropping in the autumn, were used to accumulate soil moisture (Sims 1977, p.244). The first cultivation was carried out with the mouldboard plough, which inverts the soil. The practice of working the fallows, however, was criticised as early as the 1930s on the grounds of its effect on soil erosion. Over time, a shift of timing of the first cultivation has occurred towards autumn cultivation.  

There does not appear to be a difference in timing of cultivations between the practitioners of the two systems. Most of the pairs of farmers carried out the first cultivation at similar times, that is, within one month of each other. Three of the sustainable farmers started cultivating more than one month before their counterparts, while two started more than one month later. For some, this involved the difference between spring and autumn cultivation. 

Recommendations for cultivation implements have also changed over time. The use of the mouldboard plough was still seen as being preferable to that of the disc plough and cultivator in the 1950s (Sims 1977, p.247). However, more recently the disc plough, and subsequently the scarifier and chisel plough were considered to be more suitable for Australian conditions. This indicates a trend towards '...less inversion of the seedbed and less aggressive soil manipulation. Crop residues are deliberately left as a protective soil mulch by modern implements' (Clarke 1986, p.278).

In Table 19 is shown the main implement of cultivation used following a grazing phase, and in Table 20 the main implement after a crop. All farmers use some type of tined implement. However, the implement shown in Tables 19 and 20 is the main piece of equipment to carry out the first cultivation, which is usually the heaviest part of the work.  
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 a pasture phase (number of pairs of farmers)

-----------------------------------------------------------------








   Conventional farmers

 Total







------------------------- 
  S.F.
Category 




0


1


2

-----------------------------------------------------------------

Sustainable

Farmers    

-----------

1






1


1


2

   4
2






0


2


2

   4
3






1


2


0

   3
-----------------------------------------------------------------

Total C.F.

 

2


5


4

  11


-----------------------------------------------------------------

Categories:

0 = no cultivation (that is, no pasture phase)

1 = disc plough

2 = cultivator

3 = agrow-plow


S.F. = sustainable farmers

 C.F. = conventional farmers
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 number of pairs of farmers)

-----------------------------------------------------------------------








Conventional farmers



 Total


         --------------------------------------
  S.F.
Category 


0


1


2


4

-----------------------------------------------------------------------

Sustainable

Farmers

-----------

0




2


2


0


0

  4
1




0


1


1


1

  3
2




0


0


1


0

  1
3




0


0


2


1

  3
-----------------------------------------------------------------------

Total C.F.
 
2


3


4


2

 11


-----------------------------------------------------------------------

Categories:

0 = no cultivation (no crop after crop in rotation) 
1 = disc plough

2 = tine implement

3 = agrow-plow

4 = chisel plough


S.F. = sustainable farmers


C.F. = conventional farmers

From the two tables it is clear that the disc plough and some type of tined implement are popular amongst both sustainable and conventional farmers. The difference between the use of implements in the two systems is that some of the sustainable farmers used the agrow-plow, which aerates the soil due to a shaking movement of the tines during cultivation (3 out of 11 farmers for crop after pasture, and 3 out of 7 for crop after crop). The chisel plough, which is similar to the agrow-plow without the shaking movement is used by some conventional farmers when preparing the soil for a crop after a crop in the previous year (2 out of 9).  

In summary, the sustainable farmers in the survey made greater use of organic material than the conventional farmers. They burned stubble to a lesser extent, and developed trash-handling capabilities. Timing of cultivation was similar on the two types of farms.  Sustainable farmers possibly tended more towards tined implements than conventional farmers, especially when cultivating the soil after the pasture phase. 

PRIVATE 
4.1.10 Concluding Remarkstc  \l 3 "4.1.10 Concluding Remarks"
The inputs discussed above (fertilisers, pesticides, interest, fuel, and labour) are those making up the main costs on conventional farms. Of the total input costs of $128 per hectare operated for cfs farmers (see Table 29) $75 (or 59 per cent) was spent on those five inputs. Comparable figures for the css farmers were $46 of a total of $81 (or 57 per cent). The ss farmers showed the same pattern of expenditure as the two conventional groups, with $34 of $55 (or 62 per cent) expenditure on fertilisers, pesticides, interest, fuel and labour. However, the expenditure pattern of the fs farmers was different. These producers spent, on average, only 38 per cent ($29 of $76) on those five inputs.

Since one of the criterion for the selection of the sustainable farmers was that they used little or no synthetic fertilisers and pesticides, differences between them and their conventional counterparts would be expected, and are shown in Table 21. However, from this table the differences between the two groups of sustainable farmers, relative to the conventional counterparts, are also apparent. In absolute terms the difference with the conventional producers was almost five times larger for the fs than for the ss farms ($29.8 and $6.3 respectively). 

Sustainable farming also differs from conventional farming in area cropped as a percentage of the arable area. However, this difference could not be established between the ss and css group.  

None of the other inputs was a priori assumed to be used differently in the two systems. However, expenditure on fuel, and machinery and equipment per hectare operated was lower for the fs than for the cfs farmers (see Table 21). This was due to the fact that, although similar costs were incurred per hectare cropped by the two groups (as in the case of the ss-css producers), fs farmers cropped less than the cfs farmers. Smaller size, lower age and less comfort of machinery and equipment are all likely to play a part in the lower depreciation cost for sustainable producers. 
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operated: sustainable minus conventional  

-----------------------------------------------------------------------

Input                            Type of Farmers  





  -------------------------------------------------------

               
 fs farmers        ss farmers


saf farmers





  ---------------   ---------------   -------------------





  
$/ha   p-value    $/ha   p-value    $/ha   p-value





   
oper.             oper.             oper.

-----------------------------------------------------------------------

Fertilisers

-16.1  0.018 **
 -3.4  0.030 **
-11.2  0.002 ***

Pesticides


-13.7  0.007 ***
 -2.9  0.030 ** 
 -9.5  0.001 ***

Interest


-11.2  0.363

 -6.2  0.787

 -9.3  0.328

Fuel 



 -9.9  0.030 **
 -0.2  0.590

 -6.2  0.025 **

Mach. & Eq. 

-42.5  0.080 *

 -1.8  1.000

-26.9  0.069 *

Hired labour

  4.1



  0.2



  2.6

-----------------------------------------------------------------------

For symbol definition: see footnote Table 3

PRIVATE 
4.2 Outputs and output pricestc  \l 2 "4.2 Outputs and output prices" 

PRIVATE 
4.2.1 Cropstc  \l 3 "4.2.1 Crops"
Cereals were grown on all surveyed farms. In most cases this meant that wheat was the main crop grown. On one cfs farm, however, wheat could not

be grown any longer due to eelworm infestation. The farmer considered that it had become financially unattractive to combat this with pesticides. This pair of farmers was excluded from the analysis of yield difference. On two other pairs of farms (both ss-css) barley was the main crop grown. This was common on farms in the whole area, and not peculiar to the farms in the survey. They were included in the average 'wheat yield'. 

Differences in wheat yield between the two types of farms were not statistically significant for any of the groups (p > 0.1) (Table 22).

The (weighted) average in the ABARE survey (calculated as the total of the value for each State in which a sustainable farmer was interviewed multiplied by the number of interviewed sustainable farmers in that State, divided by the total number of interviewed sustainable farmers) was 1.6 tonnes per hectare. The difference between the ABARE figure and those obtained in this survey suggests that the fs and cfs producers especially  practise in better farm areas than the average farmer in the ABARE survey. Although the yield figure for the css-farmers (1.7 tonnes per hectare) is similar to that of the ABARE (and significantly different from the figure for cfs farmers with a one-tailed Mann-Whitney test (p = 0.038)), it includes two barley yields. It is therefore not strictly comparable to the ABARE and cfs averages. 
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Table 22: Wheat yield, area in wheat and number of other cropstc  \l 5 "Table 22\: Wheat yield, area in wheat and number of other crops"
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Wheat



  Non-wheat crops








----------------------------  ----------------









Yield

 % of total

  Number

 










area cropped

 per farm 








------------
-------------   ----------------

 





    t/ha p-value
  %
  p-value
   Number  p-value

-----------------------------------------------------------------------

Fully sustainable (fs) 
2.4



 55.8



 4.6
 

Conventional 
   (cfs)
2.5



 62.4



 4.0

Difference [7,7,8]
   -0.1
  0.673

 -6.0   0.224

 0.6   0.343
Semi-sustainable
 (ss)
1.1



 37.3



 3.6

Conventional
   (css)
1.7



 51.2



 2.8

Difference [5,5,5]
   -0.6
  0.178

-13.9
0.059 *

 0.8   0.217




Sust. all farmers (saf)
1.9



 48.1



 4.2

Conv. all farmers (caf)
2.2



 57.7



 3.5

Difference [12,12,13]
   -0.3
  0.170

 -9.6
0.016 **
 0.7   0.182
--------------------------------------------------------------​---------

For symbol definition: see footnote Table 3

Yield figures for one year do not give a full picture of all important aspects of productivity. Two facets in particular are of interest in connection with a study on sustainable agriculture. First, Klepper et al. (1977) have pointed out that it is possible that the relative yields of the two systems change according to climatic conditions. According to many of the surveyed sustainable farmers, in climatically favourable years yields can be obtained  on conventional farms which are not equalled on sustainable farms. Conversely, crops on sustainable farms might suffer less from dry conditions resulting in relatively high yields on these farms in climatically adverse conditions. Second, it is possible that crop yields drop in the initial stages of transition from conventional to sustainable farming (see, for example, Lampkin 1986, and Wynen 1989, Chapter 6). 

Apart from climatic conditions and managerial skills, yields are influenced by soil fertility and pests. One way to manage these two factors is to diversify cropping. Diversification is measured in two ways: area of wheat as a percentage of total area cropped, and the number of crops grown. Since it is expected that crop diversification would be practised more extensively on sustainable than on conventional farms, one-tailed tests were carried out for both these variables. The results are shown in Table 22. 

Wheat area as a percentage of total area cropped was smaller on ss and saf farms than on those of the conventional counterparts (p < 0.05). No statistical difference could be found for any of the groups for the second measure of diversification, the number of crops per farm. This might be partly due to the fact that five pairs of farms had the same number of crops grown. The Wilcoxon-test automatically eliminates observation with zero difference, so that the test was carried out on only 8 saf-caf farms (5 fs-cfs farms and 3 ss-css farms).

In Table 23 receipts from wheat are shown. Three measures of receipt were calculated: per tonne, per hectare of wheat, and as a percentage of total crop receipts. 

As wheat from sustainable farms is perceived by some consumers to be of higher quality than that produced on conventional farms (see Wynen 1989, Chapter 3), relatively high prices can be paid for this type of wheat per tonne. The hypothesis in this case is therefore that wheat prices received by fs farmers are higher than those received by cfs farmers (one-tailed test). As the ss farmers did not strictly adhere to 'organic standards' it was expected that those farmers did not receive a premium. The two-tailed test was applied for this group of farmers and for the saf farmers.

Although some perceive produce from sustainable farms to be of higher quality, the reverse is also true (R.L. Cracknell, Australian Wheat Board, personal communication, 1987). An attempt was made to gather information about that aspect of quality which can be measured with current technology: the wheat protein content. However, this was soon abandoned, since farmers generally only knew the protein content of parts of the harvest with exceptionally high or low readings. Several sustainable farmers, however, reported relatively high protein readings. Levels obtained by them of over 15 per cent of protein for soft wheat, and over 19 per cent for hard wheat were purported by local Australian Wheat Board officials to be the highest of the area in the particular year. Since the average price of the fs farmers (see Wynen 1988b) and the ss farmers (see Table 23) who did not sell in a special market is similar to that of their conventional farmer counterparts, there is no reason to believe a priori that the crop is lower in quality. 

Returns per unit of land depend on yield and on output prices. As yields between the two groups were expected to be similar, the test employed for receipts per hectare of wheat was the same as for expected output prices (one-tailed for fs, and two-tailed for ss and saf). 

Wheat receipts as a percentage of total crop receipts (see Table 23) were assumed a priori to be lower only for the ss farms. This was because for this group one of the two components, the percentage of wheat area of total cropped area, was shown to be lower than for conventional farmers (see Table 22), while the second component, price, was similar to that of the conventional counterparts (see Table 23). The wheat receipts relative to total receipts were assumed to be higher on the fs than on the cfs farms, due to similar wheat area as a percentage of total cropped area, while prices per tonne of wheat for the fs producers were higher. Thus, wheat receipts as a percentage  of total crop receipts were assumed to be higher for fs than for cfs farmers (one-tailed test). Because of the counteracting forces in the two groups of sustainable farmers a two-tailed test was applied for the saf-caf group.
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percentage of total crop receipts

-------------------------------------------------------------------------








$/t  p-value  $/ha  p-value

  %

p-value










 --------------------​----------------------​---------------​----------------

Fully sust.  
(fs)

161



 403



 67.0 

Conventional (cfs)

124



 322



 71.3 

Difference [7]



 36  0.018 ** 
  82  0.277

 -4.4  0.136
Semi-sust.

(ss)

118


 
 131



 45.2



Conventional (css)

119



 202



 64.5

Difference [5]



 -1  0.855

 -72  0.178

-19.2  0.030 **
Sust. all farms (saf)

143



 290



 57.9

Conv. all farms (caf)

122



 272



 68.5

Difference [12]

 
 21  0.032 **
  18  0.845

-10.6  0.038 **
-------------------------------------------------------------------------

For symbol definition: see footnote Table 3

In practice, not all fs farmers marketed their wheat in the special market: three sold all wheat in the conventional market, and two received premium prices for the whole wheat crop. The other three marketed part in the conventional, and part in the sustainable market. None  of the ss farmers sold their wheat at a premium. The unweighted average wheat price per tonne for the seven fs farmers was $161 as compared to $124 for their conventional counterparts (Table 23), a significant difference (p = 0.018).  These values were net of transport and handling charges, and included also estimates for produce stored on the farm. 

Some sustainable farmers sold produce in small quantities, sometimes milled. Income derived from services such as packaging and milling was excluded here. The values include income due to locating a special market, something which is required in order to be able to sell in such a market. 

The receipts per hectare of wheat of all groups of sustainable farms were similar to those on conventional farms (p > 0.1). 

Receipts from wheat as a percentage of total receipts from crops were similar for the fs and cfs farmers. However, the ss farmers received significantly less from wheat (p = 0.030), which is to be expected when comparatively little wheat is grown (see Table 22). The same was the case for all 13 sustainable farmers together (p = 0.045).
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 $/ha 

p-value  









 ------------------------------------------------------------

Fully sustainable (fs)



 277





Conventional
   (cfs)



 287

Difference [7]






 -10

0.467
Semi-sustainable  (ss)



  92

Conventional
   (css)



 111

Difference [5]






 -19

0.590



 
Sust. all farmers  (saf)



 200

Conv. all farmers  (caf)



 213


Difference [12]





 -14

0.610
---------------------------------------------------------​---

For symbol definition: see footnote Table 3

In Table 24 receipts per hectare from non-wheat crops are shown. These receipts depend on the actual crops included in the rotation, and the product prices. As no differences in number of crops could be shown (Table 22) between the two types of farms a hypothesis, that receipts from (less financially rewarding) non-wheat crops per hectare are similar on sustainable and conventional farms, would be logical. However, fs farmers might sell these crops for a premium, which is the reason for a one-tailed test for this group. Since no price differences are expected between produce from ss and css farms, a two-tailed test is applied to their receipts. Results were found not to be different for any of the groups (p > 0.1). 

In Table 25 are shown receipts from all crops combined per hectare cropped, and per hectare operated. The values consist of several components, to which different assumptions about the differences between the sustainable and conventional farmers may apply. For this reason the two-tailed test was applied. 

----------------------------------------------------------------------
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  $/ha
  
p-value

 
$/ha
  p-value








 cropped



  operated

----------------------------------------------------------------------

Fully sustainable (fs)

332





 115

Conventional
   (cfs) 
 
316





 233

Difference [8]




 17

  0.834

 
-117
  0.042 **
Semi-sustainable  (ss)
 
107





  32

Conventional
   (css) 
 
159





  71 

Difference [5]




-52

  0.178

 
 -39
  0.059 *
Sust. all farmers (saf)

246





  83

Conv. all farmers (caf)

256





 171 

Difference [13]



-10

  0.675


 -87
  0.008 ***
------------------------------------------------------------​----------

For symbol definition: see footnote Table 3 

No difference was found between sustainable and conventional farmers regarding crop receipts per area cropped (p > 0.1). Receipts from crops per area operated, however, were lower for sustainable than for conventional producers (p < 0.1).

PRIVATE 
4.2.2 Livestocktc  \l 3 "4.2.2 Livestock" 

Generally in the Australian broadacre cropping areas, stock is kept to utilise resources on the farm which cannot be used otherwise, such as non‑arable areas. A perceived need for a non‑cropping period in the cropping schedule often also makes some of the land available for stocking each year. In addition, stock may be used as a diversification of the cropping enterprise, which spreads risks. 

For sustainable farmers also other reasons exist to incorporate stock in the system, such as increase of soil nutrients and weed control. Several sustainable farmers in the survey mentioned that stock was essential for a sustainable farming system. Indeed, some had expanded into goats, mainly for the management of certain weeds which were not adequately kept under control by the traditional types of stock (sheep and cattle). Although on conventional farms stock is also used for weed control, it is not seen as essential in this regard. Indeed, three out of the eight cfs farmers did not have any stock at all. 

Limits for stock numbers are imposed by stock carrying capacity of the area. A farmer's decision is influenced not only by climate and soil type, but also by factors such as expectation about government policies in times of climatically adverse conditions, risk aversion, and judgement about the long-term effects of different stocking rates on soil quality.


Stocking rates (number of sheep and goats plus eight times the number of cattle) are calculated per area available to stock for grazing (that is, total area operated minus area cropped). To decide whether a one-tailed or two-tailed test would be appropriate to test for differences between the systems for this variable, three factors need to be considered. One, sustainable farmers, more so than conventional farmers, employ stock as a management tool for which a high stocking rate is beneficial (decrease of weeds). Two, concern for soil quality is usually a major consideration for choice of the sustainable production system. This means that a conservative approach can be expected from sustainable farmers with regard to stocking rates. Three, as the fs farmers crop a lower percentage of the arable land (which generally has a higher carrying capacity than the non-arable land) than cfs producers, it could be expected that the area available for grazing on fs is, on average, of higher quality than that on cfs farms. This means that the carrying capacity on average could be expected to be higher on sustainable farms. To overcome this problem, the measure of area available for grazing is calculated as three times the non-cropped arable area plus the non-arable grazing area. This figure reflects the consensus between two farmers and a Department of Agriculture officer in the Eastern Riverina. Although it is likely that the ratio is not the same for each area, it was considered a better approximation of the reality than the alternative, the total area available for grazing. Since the first two factors are counterbalancing, and it is not clear which factor is the more important, a two-tailed test was applied.

--------------------------------------------------------------------

PRIVATE 
Table 26: Stocking rates per non‑cropped hectare 
tc  \l 5 "Table 26\: Stocking rates per non‑cropped hectare 
"
--------------------------------------------------------------------









Sheep

  Beef


Total Stock









 
------

-------

------------------








  
No./ha

No./ha

 No./ha

p‑value



 --------------------------------------------------------------------

Fully sustainable (fs)  

 1.07

  0.11

  1.91
  

Conventional
   (cfs)

 0.93

  0.04

  1.27

Difference [5]




 0.14

  0.06

  0.64

0.178
Semi-sustainable  (ss)

 0.83

  0.01

  0.91

Conventional
   (css)

 0.90

  0.01

  0.95

Difference [5]




-0.07

  0.00

 -0.04

0.893
Sust. all farmers (saf)

 0.95

  0.06

  1.41

  

Conv. all farmers (caf)

 0.91

  0.02

  1.11

Difference [10]



 0.03

  0.03

  0.30

0.333
--------------------------------------------------------------------

For symbol definition: see footnote Table 3

In the survey, stock was kept on all of the sustainable farms, while on three of the eight cfs farms only cropping took place. The total stock per grazing area was similar for the two types of farms for all three groups if those three pairs of farmers were excluded (p > 0.1) (see Table 26). If all farms were included the stocking rate per hectare operated was significantly higher for fs (2.19) than for cfs (0.97) farmers (p = 0.021) (not shown in the table). 

A comparison of the physical outputs of livestock is somewhat complicated by the fact that there are many different combinations of output possible. Livestock products include wool, and meat of sheep and cattle. Not only can stock be kept for different purposes, such as for the production of wool or meat, differences can also exist in combination of stock. This makes comparison of physical output difficult. The financial returns to stocking, which allows outputs to be expressed in the same unit, enable easy comparison of the total livestock production. However, even in such a comparison not all benefits and costs are counted. Examples are output increases due to weed control and soil fertilisation by stock. 

----------------------------------------------------------------

PRIVATE 
Table 27: Wool yield
tc  \l 5 "Table 27\: Wool yield
"
----------------------------------------------------------------










kgs/sheep
  p-value  

----------------------------------------------------------------

Fully sustainable (fs)


  
4.7


  

Conventional
   (cfs)



5.3



  

Difference [4]





  -0.6


0.584
Semi-sustainable  (ss)



5.9

Conventional
   (css)



6.5 

Difference [5]





  -0.6


0.590
Sust. all farmers (saf)
 

  
5.4

Conv. all farmers (caf)


  
6.0 

Difference [9]





  -0.6


0.343
----------------------------------------------------------------

For symbol definition: see footnote Table 3

The physical measure which is somewhat comparable is wool per sheep. However, it should be borne in mind that the stocking rate (which includes sheep and beef), and the purpose for which sheep are kept (wool, meat, or a combination of the two) are important factors in determining wool yield. Although this measure is not a good indication of productivity per unit of land, it has been included here (Table 27). Because three cfs farmers did not keep any livestock at all, and three fs farmers kept solely beef, only four pairs of fs and cfs farmers were included. All ss and css farmers carried sheep. Wool yield was equal for all groups (p > 0.1).  

Receipts for stock-related activities were calculated on the basis of per hectare of grazing area, and per total hectare operated (Table 28). For both these measures, no differences were registered for any of the three groups (p > 0.1). However, when all farms are included in the comparison, the average receipts from livestock per hectare operated (not shown in the table) is higher for sustainable farms ($44.4) than for the conventional farms ($22.0) (p = 0.059).

-----------------------------------------------------------------------

PRIVATE 
Table 28: Receipts from livestock per hectare grazed and operatedtc  \l 5 "Table 28\: Receipts from livestock per hectare grazed and operated"
-----------------------------------------------------------------------









$/ha
 
p-value
  
 $/ha

p-value








  grazed



   operated

-----------------------------------------------------------------------

Fully sustainable (fs)

32.5




 45.2

Conventional
   (cfs)

30.7




 35.4

Difference [5]


 

 1.8
  
1.000

  9.8
  
 0.418 
Semi-sustainable  (ss)

20.3




 28.8

Conventional 
   (css)

20.1




 24.7

Difference [5]



 
 0.2

1.000

  4.1

 0.418
Sust. all farmers (saf)

26.4




 37.0

Conv. all farmers (caf)

25.4




 30.1

Difference [10]



 1.0

0.919

  6.9

 0.221
-------------------------------------------------------------​--------​--

For symbol definition: see footnote Table 3

PRIVATE 
4.3 Returns to farmingtc  \l 2 "4.3 Returns to farming" 

Financial benefits from farming can be expressed in many different ways. The suitability of the measure depends on the purpose for which the figure is used. ABARE calculates the total cash costs (TCC), total cash receipts (TCR) and the farm cash operating surplus (FCOS equals TCR minus TCC). These three measures are of  importance  especially in the short term.  

Non-cash costs (such as depreciation of machinery, equipment and farm buildings; and family labour), and benefits (such as an increase in stock) have to be incorporated in the returns to farming to obtain an indication of the  long-term viability of the farm.  Details of the measures included here are discussed in Campbell (1981) and in Appendix 3.

------------------------------------------------------------------------

PRIVATE 
Table 29: Total cash costs (TCC), total cash receipts (TCR) and totaltc  \l 5 "Table 29\: Total cash costs (TCC), total cash receipts (TCR) and total"



farm cash operating surplus (FCOS) per hectare operated


------------------------------------------------------------------------









 TCC


 TCR



FCOS




 



-------------
 -------------
--
---------------








$/ha p-value
  $/ha
 p-value
$/ha
p-value

------------------------------------------------------------------------

Fully sustainable (fs)
 76



   181



 105

Conventional
   (cfs)
128



   262



 134

Difference [8]

  
 
-52  0.021 **
   -81  0.141

 -28  0.944
Semi-sustainable (ss)

 55



    65



  10

Conventional 
  (css)

 81



   102



  21

Difference [5]


    -26  0.030 **
   -37  0.178
     -10  0.787
Sust. all farmers (saf)   67



   137



  69

Conv. all farmers (caf)  110



   201



  90

Difference [13]


-42  0.002 ***
   -64  0.050 **
 -22  0.675
-------------------------------------------------------------​-----------

For symbol definition: see footnote Table 3

In Table 29 are shown the total cash costs, cash receipts and farm cash operating surplus per  hectare  operated. As sustainable farmers spend less on some inputs than conventional farmers, the one-tailed test was applied for the total cash cost. For the other variables the two-tailed test was employed.

The total cash costs of sustainable farmers per hectare operated were lower than those of their conventional neighbours in all groups of comparison (p < 0.05).

The total cash receipts per hectare operated on the sustainable farms were lower than on the conventional farms for all farms together (p = 0.05). The hypothesis that the farm cash operating surplus was similar for the two types of farming could not be rejected for any of the groups (p > 0.1).

The relatively high returns per hectare of the fs and cfs farmers as compared to those of the ss and css farmers is likely to be another manifestation of the fact that the ss and css farmers live in a more marginal environment. 

In the ABARE's calculations of the cash costs and benefits, only the cash part of the farm is included, not the change in stock (both crop and livestock), the  change in value  of  capital items (such as machinery),  and  payment  for  family labour. For the purpose of this study, stored crop was estimated at prices received for sold crop and the calculated values were imputed and incorporated in the total cash receipts. If values for the other factors are taken into consideration, the resulting return, calculated per hectare operated and per unit of capital invested (the return to capital invested and  management), could not be shown to differ between the two systems (p > 0.1) (Table 30).


The returns to capital and management include interest costs and rent for the farm. In order to compare the financial aspects of farming itself, the cost of interest and  rent  were deducted from the total  cost  of  farming.  These 'adjusted'  figures showed no difference between the groups of sustainable and conventional farmers (p > 0.1) (Table 31). Also between the cfs and css groups, no difference was detected for adjusted returns per hectare (p = 0.608) and adjusted returns per unit of capital invested (p = 1.000). However, the fs farmers had higher values for these measures than the ss producers (p = 0.034 and p = 0.007, respectively). 

-----------------------------------------------------------------

PRIVATE 
Table 30: Return to capital and management per hectaretc  \l 5 "Table 30\: Return to capital and management per hectare"



operated and per unit of capital invested


-----------------------------------------------------------------








$/ha
p-value

% cap.  p-value








oper.



 inv.  

-----------------------------------------------------------------

Fully sustainable (fs)
36.8



 3.03

Conventional
   (cfs)
20.9



 1.17

Difference [8]



15.9
 0.363

 1.86
  0.183 


Semi-sustainable  (ss)  -27.7



-6.06 

Conventional
   (css)
-9.4



-1.76

Difference [5]

 
   -18.3
 0.418

-4.30
  0.418
Sust. all farmers (saf)
12.0



-0.47

Conv. all farmers (caf)
 9.2



 0.04

Difference [13]


 2.8
 0.834

-0.51
  0.780
-------------------------------------------------------------​---

For symbol definition: see footnote Table 3

It is sometimes suggested that the viability of sustainable farms depends on the higher prices received for produce relative to conventional prices. An attempt was made to get some indication of the influence of prices on the viability of the surveyed farms. For that purpose financial returns were calculated for the fs and cfs farmers assuming average cfs prices for the major crop, wheat. That is, premiums received for wheat produced under sustainable farming conditions were disregarded.

In Table 32 the same financial measures are shown as in Table 31 for the adjusted returns to the fs and cfs farmers. The difference is that these are calculated with conventional wheat prices (see Table 23). As can be expected, figures show a decrease in financial benefits for fs farmers. This results in a decrease in the gap between the two groups of farmers of the included variables. Also here, no statistical difference can be shown (p > 0.1).

----------------------------------------------------------------

PRIVATE 
Table 31: Adjusted return to capital and management pertc  \l 5 "Table 31\: Adjusted return to capital and management per"



hectare operated and per unit of capital invested


----------------------------------------------------------------








 $/ha
p-value

% cap.  p-value








 oper.



 inv.  

----------------------------------------------------------------

Fully sustainable (fs)
 41.9



 3.39

Conventional
   (cfs)
 37.3



 2.18

Difference [8]



  4.6
 0.944

 1.21
 0.441



Semi-sustainable  (ss)   -12.5



-2.64 

Conventional
   (css)
 12.0



 2.22

Difference [5]

 

-24.5
 0.106
 
-4.86
 0.178
Sust. all farmers (saf)
 20.9



 1.07

Conv. all farmers (caf)
 27.6



 2.19

Difference [13]

 
 -6.6
 0.576
 
-1.13
 0.576



  -------------------------------------------------------------​---

For symbol definition: see footnote Table 3

In connection with present and future output prices it should be mentioned that, since many of the conventional farmers were considered to be very good managers, it is quite likely that they are 'early adopters'. In times of low expected prices for traditional crops (such as wheat before the 1985‑86 growing season), such farmers will consider growing alternative crops. Many of the conventional farmers interviewed were indeed growing crops which officers of the Department of Agriculture labelled 'new crops', such as dry beans and peas. Long-term profitability of these crops still needs to be assessed. 

----------------------------------------------------------------

PRIVATE 
Table 32: Adjusted return to capital and management pertc  \l 5 "Table 32\: Adjusted return to capital and management per"



hectare operated and per unit of capital invested




with conventional wheat prices


----------------------------------------------------------------








  
$/ha
p-value

% cap.  p-value








  
oper.



 inv.  

----------------------------------------------------------------

Fully sustainable (fs)

31.1



 2.46

Conventional
   (cfs)

34.8



 2.18


Difference [8]




-3.7
0.726

 0.28
  0.834



-------------------------------------------------------------​---

For symbol definition: see footnote Table 3

An issue in comparing financial performance of sustainable and conventional farmers is the prices of crops relative to livestock and livestock products for 1985-86, as compared to other years. Since sustainable farmers are likely to have more livestock and less crop than conventional farmers, relative movements of the prices of the different enterprises can be important in determining relative profitability. In Table 33  the indexes of prices received by farmers in Australia are shown. From 1982-83 to 1986-87 the ratio of prices for wheat, the main crop on most surveyed farms, to prices for livestock and livestock products decreased considerably. In 1985-86 the ratio was similar to that of the two previous years, but higher than of the two following years.
  

-----------------------------------------------------------------------

​PRIVATE 
Table 33: Indexes of prices received by farmers in Australiatc  \l 5 "Table 33\: Indexes of prices received by farmers in Australia"
---------------------------------------------------------------------​--






1982-83
 1983-84
1984-85
 1985-86
1986-87
  1987-88 

---------------------------------------------------------------------​--



Wheat



  114

106

  111

109

   95

 106

Livestock Sector
  103

111

  119

119

  134

 165

Wheat/Livestock
 1.11
   0.95

 0.93
  0.92

 0.77

0.64

-----------------------------------------------------------------------

Source: BAE (1985b) and ABARE (1989).

This means that, if the analysis had been carried out on data for the two years previous to 1985-86, relative financial benefits for the two groups of farmers would not have differed from relative benefits in 1985-86 on account of output prices. However, in 1986-87 and 1987-88 prices for livestock increased absolutely and relative to wheat prices. This would benefit the sustainable farmers in general more than the conventional farmers, increasing the profitability of sustainable farming absolutely and relative to that of conventional farming in comparison with 1985-86. 

PRIVATE 
4.4 Psychic income and farmers' perceptions of returns undertc  \l 2 "4.4 Psychic income and farmers' perceptions of returns under"

 sustainable farm management

In Section 4.3 it was shown that the net financial benefits from sustainable agriculture, for those farmers who were interviewed, were similar to those of conventional producers for 1985-86. There is no reason to believe that 1985-86 was a year exceptionally favourable to sustainable farming. However, despite the finding of similar incomes under the two farming systems, sustainable agriculture has not been widely adopted. This could be due to several reasons, such as: existence of costs in the transition from conventional to sustainable farming; similarity in total returns (including psychic income) derived from the two systems; existence of psychic costs of sustainable farming; and lack of information about the relative present and future returns to the two systems. Questions were included in the survey to provide information on some of these issues. 

Farmers were asked which management system they would choose if the net financial benefits of sustainable and conventional farming were equal. As the financial returns to sustainable farming can be the same as those of conventional farming, this question was designed to assess the farmers' perceptions of the relative returns to the two management system.  

All sustainable farmers indicated that, in the case of equal returns, they would farm in the sustainable way. Most of these farmers had changed to sustainable farming in times when the cost of information (including costs in the form of returns foregone through errors made) and psychic costs were likely to have been high. With similar present net financial returns, non-financial benefits must have been derived by these farmers from the sustainable management system in the past (see Section 5.3.1). Present net financial plus psychic income from sustainable farming must be perceived by these producers as at least equal to that from conventional farming. 

Ten out of the 13 conventional farmers also said that they would choose sustainable agriculture if returns to the two systems were equal. A typical comment added to the answer was: 'Who would want to spray if it is not needed?'. This indicates that these farmers perceived net financial returns from sustainable farming to be lower than returns from conventional agriculture.


This led to an attempt to estimate the psychic income attributable to the choice of the management system. All sustainable farmers, and the three conventional farmers who would stay with their own management system if the net financial returns of the two systems were similar were asked: 'Assuming that the net incomes from sustainable and conventional farming are equal, if you had the choice between farming the way you are and paying $1000 per annum, and not having to pay anything and changing over to the other system, which system would you choose?'. For those conventional farmers who had indicated that they were interested in converting to sustainable agriculture under similar income conditions the question was phrased: 'Assuming that the net incomes from sustainable and conventional farming are equal, if you had the choice between the sustainable farming system and paying $1,000 per annum, and not having to pay anything and farming conventionally, which system would you choose?'. The questions were repeated for higher or lower amounts to be paid, until the point of the farmer's indifference was reached. Results are shown in Table 34.

The answers indicate the 'equivalent surplus' in returns to farming. 'Equivalent' because the question was phrased for all producers in such a way that the initial welfare level differed from the reference welfare level (see, for example, Pearce (1976, p.4); and 'surplus' because, due to the indivisibility of the production system, quantity adjustments by farmers when estimating their preferred position was not possible (Randall 1982, p.143). For the sustainable farmers, the answer indicated the equivalent surplus for continuing as a sustainable farmer; for the conventional producers who did not want to change under certain conditions it indicated the surplus to maintain a conventional management. For those conventional farmers who did want to change if returns were equal under the two management systems, the answer indicated the equivalent surplus of remaining sustainable farmers, the system they would have practised if the first part of the question holds. 

------------------------------------------------------------------------

PRIVATE 
Table 34: Farmers' willingness to pay for being allowed to continuetc  \l 5 "Table 34\: Farmers' willingness to pay for being allowed to continue"




with that management system which is preferred if returns




from sustainable and conventional agriculture are equal

------------------------------------------------------------------------

Type 



  Welfare Level
 

Willingness to Pay 



of



  ------------------
  --------------------------------​--

Farm

 
  Initial  Reference
  Average
   Minimum

Maximum












($)


 ($)

  ($)


------------------------------------------------------------------------

Sust. all farms
  S


C

   11,600

1,000

30,000


Conv. all farms
  S
  

C


4,600

    0

12,500




 

  C


S
 

3,800

  500

10,000

------------------------------------------------------------------------

S = Sustainable

C = Conventional


Note:
Willingness-to-pay figures relating to the sustainable producers exclude those who preferred to leave the farm rather than farm conventionally

In answer to the first question, three fs and two ss farmers said that they would rather leave the farm than farm conventionally. One of the sustainable and two of the conventional farmers declined to answer. Averages for the other farmers are summarised in Table 34. Average willingness to pay of conventional farmers to stick with the system of their choice if incomes of the two systems were equal were less than half of what the sustainable farmers were willing to pay. Of course, these values reflect not only perceptions of differences in the steady state situation (as discussed in Section 4.3), but also expectations of the present value of transition costs, psychic costs and benefits, and long-term financial costs and benefits.
 

Schultze, d'Arge and Brookshire (1981) discussed four biases which can occur using hypothetical questions. Strategic bias, which occurs when the respondent gives an incorrect answer because gain is expected by doing so (the 'free-rider' problem), is not likely to apply here. This is because, at the time of the interview, sustainable agriculture was still considered to be an impractical management system by most conventional farmers. It is not likely that at that stage it had occurred to conventional farmers that, for example, subsidies might be paid to facilitate the change. Consequently, gains from a non-correct answer are not likely to have been considered by them. Gains from an incorrect answer by sustainable farmers are not immediately obvious. 

Hypothetical bias increases with a decreasing degree of likelihood of occurrence of the change. It is a problem even with perfect perception of the alternatives. As all farmers asked were themselves, or knew, sustainable farmers, the possibility of using sustainable management techniques must have seemed real to all farmers.  However, the ramifications of a change in management system, a second cause of hypothetical bias, might not have been fully understood by all conventional farmers. 

Information bias is due to the fact that answers are based on situations not known to the interviewees. However, most of the sustainable farmers knew both management systems, so that their estimate is an ex post statement. The conventional producers were in an ex ante situation for one of the two choices. This means that the estimates of the sustainable farmers are not likely to include an information bias, while those of conventional farmers are.

Instrument bias can be due to the particular vehicle for payment, and the starting point of the bidding process. The estimate was related to the disposable income, the ideal vehicle, according to Schultze et al. (1981). The starting point of the estimate was put at $1,000. Usually, when answering that question farmers indicated whether they were willing to pay less or more than $1,000, and whether the difference between that and the farmer's willingness to pay was large. The follow-up question was what kind of payment was acceptable to them. In most cases (especially where the farmer was wiling to pay more) this question did not produce an answer, so that an outrageously high proposal was often made (such as $100,000). The answer to that question usually indicated in which area the final answer was likely to be, so that questions were centred around that amount. Although the questions asked depended on developments in the interview, the same principles were followed in each case. This should keep biases in answers between the systems to a minimum. 

Answers are, of course, influenced considerably by factors such as last year's income; average savings; and present cash needs. However, since there is no reason to assume that differences between farmers in these respects are due to the management system practised (see Section 5), this should not lead to biases. 

Some tentative conclusions can be drawn from these answers. First, psychic income from sustainable farming is perceived as considerable by practitioners of this system. To those farmers who did not practise it, but who would be sustainable producers if net financial returns of the two systems were similar, the expected psychic income from sustainable farming was lower. The amount was similar to psychic income for conventional farmers wanting to adhere to their system. 

Second, sustainable farmers must assess the total returns from sustainable farming to be at least equal to those of conventional farming. The ten conventional farmers who were interested in converting to sustainable farming under certain conditions must perceive that the use of the conventional management system nets them at least $4,600 in total benefits on average per year more than the sustainable system would. Although other factors than those pertaining to the steady state situation could play a role, it seems likely that many conventional farmers are not aware that sustainable farming can be as financially rewarding as the conventional system.  

PRIVATE 
5 ANALYSIS OF NON-FINANCIAL ISSUEStc  \l 1 "5 ANALYSIS OF NON-FINANCIAL ISSUES"
PRIVATE 
5.1 Introductiontc  \l 2 "5.1 Introduction"
Returns to farming depend upon many factors, including climate, soil type, quantities of inputs used, and input and output prices, and managerial skill. Some of these factors are within, others beyond the control of the farmer. 

It is difficult to assess the managerial input directly, but an indication of the difference in this aspect between the two types of farmers can be gained by considering some of the demographic characteristics of the two. How old is the average farmer in each group? Is there any difference in farm experience or in formal education between the two? Is it likely that farmers of the one group have more knowledge of local farm conditions than those of the other? Another way to assess managerial input is by enquiring how farmers see themselves and their neighbours as managers. And how are their managerial skills regarded by an outside source? These issues are analysed in Section 5.2.

Apart from general managerial characteristics of all farmers, the analysis of some issues specific to sustainable farmers gives an insight into their performance. For example, why did they transfer from conventional to sustainable farming, and why are they continuing to farm in this way? What were the major problems when they changed, and are there any special problems at present due to the chosen production system? These issues are discussed in Section 5.3.

PRIVATE 
5.2 Assessment of managerial skilltc  \l 2 "5.2 Assessment of managerial skill"
In Table 35 some characteristics of all surveyed managers are displayed. The average age of sustainable and conventional farmers was similar (p > 0.1). The average for all sustainable farmers was 46.3 and for the conventional farmers 45.4. 

Farming experience was considerable, with farmers in both groups having been in the industry for almost 30 years, on average. Experience in sustainable farming was also substantial (not shown in the table), the average for the fs group being 19.8 years, and for the ss farmers 12.4 years (no significant difference, p = 0.341). The range in experience of sustainable farm management for the fs group was from 7 to 41 years (on three of the farms no synthetic fertilisers and pesticides had ever been used), and for the ss group from 7 to 19 years. 

-----------------------------------------------------------------------

PRIVATE 
Table 35: Age and years of farming experience
 tc  \l 5 "Table 35\: Age and years of farming experience
 "
-----------------------------------------------------------------------

 







Age
  



Years farmed







 -------------  ---------------------------------







 Years p-value

In  p-value  On present p-value












   total


 property  

-----------------------------------------------------------------------

Fully sustainable (fs)
47.9


28.8


   23.8



Conventional
  
(cfs)
50.5


34.8


   34.8

  

Difference [8]



-2.6  0.726
-6.0
 0.142
  -11.0
  0.059 *




Semi-sustainable
(ss)
43.8


27.2


   23.8

Conventional
  (css)

37.2


20.8


   17.8

  

Difference [5]



 6.6  0.106
 6.4
 0.225

6.0
  0.100 



Sust. all farmers (saf)
46.3


28.2


   23.8

Conv. all farmers (caf)
45.4


29.4


   28.2

Difference [13]


 0.9  0.552
-1.2
 0.790
   -4.5
  0.308




-----------------------------------------------------------------------

For symbol definition: see Table 3

The fs producers had farmed on the present property for a shorter time than their counterparts had on theirs. However, it seems reasonable to assume that most of the knowledge about local farming conditions is learned in the early years of farming on a particular property. For this reason dissimilarities in management skills between practitioners of the two systems due to differences in knowledge of local conditions is unlikely.



The age at which the farmer started in agriculture (age minus total number of years in farming) can be an indication of the degree of formal education a farmer has had. There was no difference between the sustainable and conventional producers for this variable (p = 0.170). A similar picture emerges from the data on formal education levels. Of the seven pairs of farmers in the fs group for whom level of education was recorded, four were educated to the same level. Two conventional farmers had completed one to four years of high school, while their counterparts had attended or completed the primary school. In one case the sustainable farmer had obtained a university degree, while his neighbour had obtained an agricultural college diploma. Of the five ss farmers, three had had the same education as their neighbours. One ss farmer had completed a few more years in high school than his counterpart. The fifth ss farmer had completed between 1 and 4 years of high school and his counterpart graduated from an agricultural college.  

Management skill not only depends on characteristics acquired over time, through formal education or 'hands-on' experience, or through knowledge of local farm conditions. It is partly an inborn characteristic, difficult to quantify. Because it is such an important factor, officers of the local Department of Agriculture (DA) were asked to suggest a conventional neighbour, who was at least as good a manager as, if not better than, the sustainable farmers with whom they were compared. The officer was then asked to grade both farmers on a scale from nine to one, nine being the score for a perfect manager. In all cases but two the conventional farmer interviewed was judged to be by the officer at least as good a manager as the sustainable farmer. The two exceptions were the result of difficulties with the suitability or availability of other neighbours, and in those cases the farmers themselves did not agree with the assessment of the DA officer. 

During the survey it became clear that not all sustainable farmers were known to the DA. In one such case the counterpart farmer was found by asking a farm consultant, who was based near the surveyed farms. After suspecting a bias in grading in that case (where the conventional farmer was a client of the consultant), the idea was conceived to ask farmers how they rated themselves and their neighbours as managers. The results of doing this are shown in Table 36

-----------------------------------------------------------------------
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S.F. = Sustainable Farmers

C.F. = Conventional Farmers

The majority of the sustainable farmers for whom answers were recorded (six of the eleven) felt they were equally good managers as their counterparts, while six conventional farmers thought that they were better themselves. Only three of the conventional farmers agreed with the sustainable farmers that they had similar managerial skills. Two of the sustainable farmers considered themselves to be superior managers to their counterpart (with which their counterparts did not agree), while two thought their management skills were less (with which their counterparts did agree). For most of these cases the differences were minimal; that is, one point. 

On average, the sustainable farmers considered themselves similar to the conventional farmers (p = 1.000), with an average score for the sustainable and conventional farmers of 6.7 and 6.6 points, respectively. The conventional farmers, on average, felt that they were better (p = 0.036) with average scores of 5.8 and 6.5 points for the sustainable and conventional farms, respectively. 

Also in the estimation of the Department of Agricultural officers, the differences were usually not large. There were three exceptions, where the sustainable farmers scored four points less than the conventional farmers. One of those cases involved the farm consultant mentioned above, whose impartiality may be queried. In the other two cases, however, a difference in management must be considered likely. The average score by the DA officer for the conventional farmer was higher than for the sustainable farmers (7.0 and 5.7, respectively) (p = 0.076). If the pair graded by the farm consultant was excluded, no significant difference is recorded (p = 0.142).

In summary, it is likely that most conventional farmers were at least as good managers as their sustainable counterparts. However, it is quite possible that at least two conventional farmers were far better managers than their sustainable farmer neighbours.


PRIVATE 
5.3 Issues specific to sustainable farmerstc  \l 2 "5.3 Issues specific to sustainable farmers"
PRIVATE 
5.3.1 Motives for sustainable farmingtc  \l 3 "5.3.1 Motives for sustainable farming"
It is easy to appreciate that a technology in which synthetic fertilisers and pesticides were used to combat problems with soil fertility and pests was very attractive to farmers, and was readily adopted. Only a few producers never adopted that technology or, having adopted it, converted back to a form of agriculture not obviously superior to conventional agriculture. So the question was asked: 'Why did you change from conventional to sustainable farming, and why are you still farming like that at present?'. The answers are presented in Table 37 under A. 

Farmers were asked to rank the reasons given, so that a degree of importance could be gauged. As the maximum number of reasons given was six, the top ranking reason was assigned the value six, the next most important five, et cetera. The sum of the values for each reason are recorded under B in Table 37.
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A = Number of answers for a particular reason divided by total number


 of answers

B = Total of answers times values as indicated by farmers (see text)


 divided by the sum of all values

On 3 of the 13 sustainable farms fertilisers and pesticides had never been used. Of these 3 farmers, 2 had never changed from conventional to sustainable farming. Questions about conversion were not asked. The third farmer bought the farm in 1973. His reasons for using sustainable practices on this farm are included. 

Of the 11 farmers who mentioned their motives for using sustainable farming practices, 10 indicated that the state of the soil was an important aspect in the original decision to change production system. Three farmers mentioned that they had 'nothing to lose' by changing over. Two of these 3 said that they would have had to leave the farm due to problems with soil, crops and stock, if they had continued with conventional farming. The health of farm crops and stock is closely related to the health of the soil. These three reasons together accounted for more than half of the total answers, and also of the total values. 

Other reasons included health of the farmer or the farmer's family; concern about the environment beyond the farm; increased personal involvement with farming as compared to the conventional system; and religion. Although only two farmers mentioned this last reason specifically, several more indicated during the interview that religion was important in their lives. From the interviews with the two types of farmers the impression was gained, although not captured in figures, that for many sustainable farmers reasons other than private financial benefits (such as the teachings of the bible) were important in the original decision to convert.


Reasons related to short-term financial considerations, such as decreased production costs and premiums for outputs, were not prominent on the list at the conversion stage. This situation changed over time. 

At the time of the interview, the most important reasons for farmers to continue practising sustainable agriculture still were concern for farm crops, stock and soil. However, in relative terms these reasons decreased slightly in importance (43 per cent of total responses and 50 per cent of the total of values). This was due mainly to the increased importance of the effect of the farming system on production costs, output premiums and degree of personal involvement. 

The increased importance of production costs and output prices of the two systems could be an indication of changing times. When profit-maximisation is the only determinant of a farmer's behaviour, cutting input costs and collecting premiums for outputs are important factors of consideration. If profit-maximisation is not the only consideration (for example, when considerations of lifestyle are included in the production process, as is likely to be the case with sustainable farmers (see Section 4.4)), input and output prices may be of less importance. However, especially in times of generally increasing farm costs and decreasing output prices, low input and high output prices may assume an increasingly important role also in such a case. Another explanation of the increase in importance of these aspects is that, although these consequences of practising sustainable agriculture were not the reason for the conversion (or, indeed, might not have been obvious at that time), they were appreciated once the change was made. It is likely that premium prices did not exist at the time when most farmers converted. 

Lockeretz and Wernick (1980, p.710-11) also found that concern for health of livestock (32 per cent), soil (30 per cent), and human beings (22 per cent) were important reasons for adopting organic farming methods in the USA (many respondents gave multiple reasons for converting). Other specific problems mentioned included cost of chemicals (25 per cent) and ineffectiveness of chemicals (23 per cent). In total 75 per cent of the respondents indicated that at least one specific problem or concern contributed to the decision to convert to organic farming. Contact with proponents of organic farming were mentioned in 48 per cent of the cases, and ideological concerns in 34 per cent. 

Lockeretz and Madden (1987), in a 1987 follow-up postal survey of 174 commercial farmers first conducted in 1977, found that the four single most important reasons for farming organically were the health of farmer and family (60 per cent), health of livestock (40 per cent), environment (37 per cent) and soil considerations (31 per cent) (each farmer could indicate 3 items as leading advantages for farming organically). These were also four of the five major reasons named in 1977. Philosophical/ religious reasons, which were major in 1977 were less important in 1987.

Conacher and Conacher report (1982, p.10) that, of the 144 answers on reasons for converting at the time of the initial decision, 36 indicated 'detrimental effects of synthetic chemicals', 31 philosophical factors, 25 decline of soil fertility, 18 pollution of water and soils, and 15 costs of fuel, fertilisers and biocides. Although some of these categories overlap, it is clear that problems caused by synthetic fertilisers and pesticides were major reasons for conversion. Reasons for continuing farming organically at the time of writing were similar to those at time of conversion.


PRIVATE 
5.3.2 Problems of sustainable farmingtc  \l 3 "5.3.2 Problems of sustainable farming"
Because so few producers use sustainable farming techniques, special problems can be expected for those who farm in this way.

Farmers were asked about the main problems of sustainable farming at the time of conversion, and at the time of the interview. In Table 38 the answers are recorded for the number of times each was mentioned (column A). This was multiplied by a figure indicating the degree of importance of the difficulty, as experienced by the farmer (column B). As the maximum number of problems referred to was five, the most important was assigned the number five, the next most important four, et cetera. 

Of the seven categories mentioned, lack of availability of information, and weeds in the crops were seen as the major problems at the time of conversion. This was the case both in terms of number of times they were mentioned (28 and 24 per cent respectively) and in terms of degree of importance attached to them (over 30 per cent each). However, it should be borne in mind that the list is not mutually exclusive. Lack of information is, of course, lack of information about certain aspects of farming, and it is likely that problems with weeds, availability of inputs and cash flow are amongst the aspects for which information was felt to be lacking. If 'information' is excluded from the list, weeds are mentioned in over 30 per cent of the cases, constituting over 40 per cent of the total value attached to the different problems.  

In the category 'other' two issues stand out. One is the perception that timeliness of operations was of the utmost importance, more so than in conventional agriculture. This characteristic was best described by a conventional farmer who volunteered a philosophical assessment of the advantages and disadvantages of sustainable agriculture. In his opinion sustainable farmers '...had to be much more accurate in their timing of operations than conventional farmers. If conventional farmers slip up on some operations like weed control, they usually still can do something about it next week with weedicides. For sustainable farmers, if they are a week late with weed control, they might not be very effective anymore. They will suffer for that mistake the rest of the season. They will have to wait for another year to do it right.'
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For symbol explanations: see Table 37

The second issue pertains to isolation. Two sustainable farmers remarked that they knew no other farmers with whom they could discuss their practices. One described it as 'battling on your own all the time'. Although this aspect of sustainable farming was mentioned specifically as a problem by only two farmers, several other farmers referred to it during the interview. To the question whether they knew any other sustainable farmers, many answered in the negative or referred to somebody they did not know personally. When asked who were their main sources of information on sustainable agriculture only six farmers mentioned 'other farmers' (see Section 5.3.3). This would indicate that more than half of the 13 sustainable farmers either had no contact with other sustainable farmers or did not feel that they were getting any information from that source. 

Two other problems mentioned were lack of interest from government departments in sustainable agriculture and lack of availability of technology. In other words, it was felt by two sustainable farmers, that solutions to problems could be found within the concept of sustainable farming, but that no efforts were made by relevant authorities to find solutions within that technology.  

Another aspect of sustainable farming commented upon by several farmers, but mentioned specifically as a problem by only one, was what this sustainable farmer described as 'an increasing anxiety about sitting back and seeing what happens'. This farmer talked about the psychological problem of seeing weeds in crops, without being able to revert to sprays. It took several seasons to get used to the idea that some weeds in the crop might not be so bad and could, in the end, be better than using sprays. 

Weeds and lack of information remained a large problem. At the time of the interview, availability of inputs, cash flow and social pressure were the only difficulties which had diminished both in absolute and in relative terms. Marketing was not mentioned at the initial stage, but was seen at the interview as a problem by two farmers. 

Conacher and Conacher (1982, p.26) reported that, of the 50 respondents in their sample, 29 mentioned lack of advice/information as a problem, 21 lack of availability/ costs of organic material, 18 pest control, 15 weed control, 13 maintaining/ improving soil fertility, 13 marketing, and 11 labour (other problems were mentioned by fewer than ten farmers each). 

Respondents in the survey by Lockeretz and Madden (1988) considered location of organic markets the main problem, both in 1977 (38 per cent) and 1987 (40 per cent). It was closely followed in importance by weed problems (39 per cent in 1987). Difficulties in obtaining information were regarded considerably less important (just over 20 per cent). This may indicate a difference in availability of information about sustainable agriculture in Australia and the USA.  

PRIVATE 
5.3.3 Information about sustainable farmingtc  \l 3 "5.3.3 Information about sustainable farming"
As it is likely that most of the resources for agricultural research are committed to the dominant kind of agriculture, where do practising and prospective sustainable farmers acquire information about the system? In Table 39 the sources mentioned by the sustainable farmers are listed. 
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For symbol explanation: see Table 37

Nine of the 11 farmers indicated that, in the initial stage of transition, most of the information was gained from books. Four indicated that they found their way by trial and error, which sometimes involved having small experimental plots of different crops or different treatments on their farm. Farm newspapers were generally overseas newspapers, specifically directed towards sustainable agriculture.

'Other farmers' and consultants (mainly of importance in one State) were relatively unimportant as a source of information in the initial stages. Their degree of importance, however, changes over time. 'Other farmers' become more important as a source of information over the years, while consultants become less so. 

The Department of Agriculture, conferences, seminars and field days, although mentioned, were not prominent on the list either for number of times consulted, or for the importance attached to the contact. 

'Other' included religious literature, and in one case the farmer's father, who could be considered the developer of bio-dynamic agriculture in Australia. 

Not surprisingly, information from books becomes less important, while trials and observations on the farm become more so. Together, these two sources still made up half of all sources from which information was gained at the time of the interview. Two other sources of up-to-date information also increased in importance: papers and other farmers.

The conventional farmers were also asked where they acquired their information about farming. All but one mentioned the Department of Agriculture as a source, 12 mentioned rural papers and magazines, nine mentioned conversations with 'other farmers', and eight attending field days. Stock agents and input representatives were mentioned by eight, and farm consultants by two. Only one farmer mentioned that he did some trials himself. As can be expected, the Department of Agriculture and 'other farmers' were much more important sources of information for the conventional than for the sustainable farmers. No conventional farmer mentioned books as a source of information, a source of considerable importance to sustainable farmers. 

One source of information on agricultural practices, the Department of Agriculture, was asked how information was provided to sustainable farmers. Six officers were asked the question: 'What would you say if a farmer walked in here and said: "I don't want to use synthetic fertilisers and pesticides any more. How do I go about it?"'. Three of the four officers who had been contacted in connection with fs farmers answered that they would send the farmer to the sustainable farmer (one, who had visited the sustainable farmer previously, said that he would accompany the conventional farmer). The fourth officer would tell the farmer that '...he is mad to have his crop eaten by army worms'. He said that he would refer the farmer to literature, although he was unable, even after lengthy prodding, to specify even one magazine or book considered suitable by him. The two DA officers who knew three ss farmers would both discuss extensively with the conventional farmers why they wanted to stop using agricultural chemicals. One said that after such a discussion he would point out: 'Most people who want to control weeds without chemicals control them by wishful thinking'. The second officer said that he would inform the farmer that: 'We don't look into alternatives here'. 

In summary, information on sustainable agriculture comes overwhelmingly from unofficial sources: books, newspapers, own and other farmers' experiences. Official channels of information such as the Department of Agriculture, conferences, seminars and field days are not considered by sustainable farmers to be useful. At the time of the interview, officials in the Department of Agriculture who are responsible for the dissemination of information on agriculture did not see it as their task to supply (prospective) sustainable farmers with information relevant to that way of farming.  

PRIVATE 
6 SUMMARY AND CONCLUSIONS
tc  \l 1 "6 SUMMARY AND CONCLUSIONS
"
In a survey with so few participants statistical inference is not easy to apply. Although statistically significant differences between the samples were not always established where they were expected, a picture can be formed of sustainable farming as practised at present by cereal/ livestock producers in south-eastern Australia. 

The first conclusion is that the average net financial results of producers who farm without the use of synthetic fertilisers and pesticides can not be seen to be different from those obtained on comparable conventional farms in 1985-86.  

The sustainable farms were in areas with similar climate and soil quality (as measured by improved capital value per hectare) to that of their conventional counterparts. The use of less fertilisers per cropped unit of land on sustainable farms is therefore not due to the intrinsic quality of the land, but to a conscious decision to adopt an approach to farming very different from the conventional production system. The fact that some farmers tending towards sustainable practices, especially those in relatively marginal cropping areas, were still using some synthetic fertilisers indicates that not all problems have been solved regarding soil fertility and alternatives to conventional inputs.


Several methods were used by sustainable farmers to prevent loss of soil fertility. First, the percentage of arable area cropped was kept down. On average the fs farmers cropped less than half of the arable area, while the cfs farmers cropped more than three quarters. All of the fs farmers cropped less than their conventional counterparts. This was not true for the ss producers, whose cropping percentages were, on average, much closer to those of their conventional counterparts.  

Soil fertility was also maintained by the use of animals. However, no statistically significant differences in number of livestock were recorded between the two systems per hectare grazed. 

A third possible method of maintaining soil fertility is by diversifying crops. Although no statistical differences in number of crops were recorded, the percentage of cropped area in wheat was lower on sustainable than on conventional farms.  

Most of these management tools (levels of cropping and stocking, and diversification of cropping) can be used not only to solve soil fertility problems, but also in the battle against pests. With regard to mechanical pest management, differences in cultivation practices were not immediately obvious from figures on fuel costs per hectare cropped. Also timing of cultivation was similar in the two systems, although sustainable farmers tended more towards the use of tined implements.

The differences in management practices did not lead to significant differences in yields. However, the sustainable farmers did obtain lower receipts from cropping per hectare operated. This was due to a smaller cropped area as a percentage of arable area. These lower receipts are at least partly compensated for by lower input costs of fertilisers, pesticides, and especially machinery and equipment.
 

Receipts from livestock per hectare operated were similar under the two management systems, for those pairs of farmers where both kept stock. When all eight fs and cfs farmers are included a difference can be shown for this variable.

Overall, the total cash costs of sustainable farming were significantly lower than those of conventional farming. Total cash receipts, though not different between the two systems for the fs-cfs and ss-css farmers separately, was higher for the conventional farmers if all 13 farmers were pooled. The bottom line,  return to capital and management adjusted for interest and rent, was that a difference between the two systems could not be shown statistically.  

Apart from indications of differences between sustainable and conventional farmers, a picture of differences between the fs and ss group of farmers emerged. The css farmers, although selected in the same way as the cfs producers, showed some characteristics distinct from those encountered amongst the cfs farmers. On average, the pattern of inputs for the css farmers indicates that it is likely that they farm in more marginal areas than cfs producers (for example, relatively low land prices), where cropping is relatively extensive (for example, relatively low use per hectare cropped of pesticides, fuel, machinery and equipment, and labour). 

The question could be asked whether there is a causal relationship between the degree of adoption of sustainable farming and the degree of marginality of the area. If a relationship could be established, the question arises whether the reasons for such a relationship are agronomic problems, or whether they are different in nature. For example, in marginal cropping areas the area in crop per farm is relatively large, with low returns per hectare. Although input costs per hectare are also low, total expenditure on inputs per average farm is relatively high. This could imply that higher risks are taken by sustainable farmers in marginal areas than by those in non-marginal area when adopting a management system about which little information is available. It is only when the cause of a relationship between the degree of acceptability of the sustainable system and the degree of the area's suitability for cropping is established, that a beginning can be made with answering the question about the limits of sustainable agriculture. 

It is unlikely that differences between practitioners of the two systems in formal and informal education, experience, and knowledge of local conditions influenced the relative financial returns of the two types of farming. Likely differences in management skills between some pairs of farmers probably depressed average returns on sustainable farms. It is also likely that lack of information about sustainable farming negatively influenced the financial returns from this type of farm system. 

In summary, the results from the survey indicate that net private financial benefits from sustainable farming were similar to those in the conventional sector in certain areas in 1985-86. This was the case despite lack of information about the sustainable management system, and despite the fact that some conventional farmers were likely to be better managers than their sustainable farmer counterparts. Policy implication of these findings are explored in Wynen and Edwards (1990). 
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    AUSTRALIA
I am conducting a survey into the practices of biological farming in Australia. 

In recent research into organic farming in Western Australia by A. and J. Conacher (Geowest No. 19, Dept. of Geography, University of W.A., 1982), the main problem with this farming practice was identified as 'lack of sound, up‑to‑date advice and information'. This was found to be the problem in connection with inputs such as organic fertilisers, with controlling pests and weeds, with improvements of soil fertility and with marketing of organically grown produce. 

Therefore, a study which would make more information available about the advantages of and the problems with organic farming systems should be very useful. This is the case particularly in three situations: 



   1.
An increasing awareness by governments and producers' groups of the benefits of a biological farming system should result in more emphasis on the needs of this group of agricultural producers. This could lead to e,g, research in areas of interest to organic farmers, such as biological control of weeds and insects, and to consideration of equal treatment for subsidies between biological and conventional producers (for a background article on these issues see 'Organic Growing', Vol. 10, No. 2, June 1985). 



   2.
For farmers considering to start practising an organic farming system, an increased knowledge of benefits and costs of biological farming could be helpful. 



   3.
To farmers who are already practising in this way, a knowledge of the different possibilities within biological farming could be very useful. 

For such a study participation by a number of people is needed. At the moment I am compiling a list of all environmentally‑aware farmers. My information is that you might fall into this category. 

Very few farmers would classify as purely organic farmers. In question 3 a definition of organic farmers is given, after which you are asked to classify yourself. Some space is provided to clarify your classification if you so wish. In question 4 you are asked to list people you know who, in your opinion, would qualify in category 1, 2 or 3. As it is impossible to conduct the research without sufficient farmers, it would be much appreciated if you would take care to answer this question as fully as possible. 

Questions 5, 6, 7 and 8 are included to provide me with some idea about the characteristics of the farm. In case I can not survey all participants, answers to these questions should enable me to determine who to contact again later. 

If you are willing to participate in a further survey (question 9): it will involve a more extensive questionnaire and possibly a follow‑up visit if you do not object. The results of the study will be published. Full confidentiality is guaranteed. 

Even if you do not wish to participate in a more extensive survey it would be appreciated if you could fill out the questionnaire and send it back in the envelope provided. 

As I will need data to conduct my research, an early reply would be most appreciated. 

Thanking you in anticipation, 

ELS WYNEN, 

C/‑ SCHOOL OF ECONOMICS, 

LA TROBE UNIVERSITY,

BUNDOORA, VIC., 3083. 

SURVEY OF BIOLOGICAL FARMING PRACTICES IN AUSTRALIA 

l. NAME:......................................................

2. POSTAL ADDRESS:..................,.........................


..................................POSTCODE........TEL..........

3. IF 'ORGANIC' IS DEFINED AS: 'A PRODUCTION SYSTEM WHICH AVOIDS OR LARGELY EXCLUDES THE USE OF SYNTHETICALLY COMPOUNDED FERTILIZERS, PESTICIDES,GROWTH REGULATORS AND LIVESTOCK FOOD ADDITIVES. TO THE MAXIMUM EXTENT FEASIBLE, ORGANIC FARMING SYSTEMS RELY ON CROP ROTATIONS, CROP RESIDUES, ANIMAL MANURES, LEGUMES, GREEN MANURES, OFF‑FARM ORGANIC WASTES, MECHANICAL CULTIVATION, MINERAL BEARING ROCKS AND ASPECTS OF BIOLOGICAL CONTROL TO MAINTAIN SOIL PRODUCTIVITY AND TILTH, TO SUPPLY PLANT NUTRIENTS AND TO CONTROL INSECTS, WEEDS AND OTHER PESTS.' (USDA 1980), 

 HOW WOULD YOU CLASSIFY YOURSELF? (PLEASE CIRCLE APPROPRIATE NUMBER), 

 
1
 
2

 3

 4

 5

 6 


!...........!............!...........!...........!............!

ORGANIC 







CONVENTIONAL 

REASON FOR CLASSIFICATION:.........................................

................................................................... 

4. DO YOU KNOW OTHER PEOPLE WHO YOU WOULD CLASSIFY AS 1, 2 OR 3 IN


 QUESTION 3? PLEASE ENTER PEOPLE YOU KNOW IN THIS CATEGORY. 

NAME:.................................................................. ADDRESS:...............................................................

..........................POSTCODE................TEL..................

NAME:..................................................................

ADDRESS:...............................................................

..........................POSTCODE................TEL..................



 (IF MORE SPACE IS NEEDED PLEASE USE OTHER SIDE OF PAPER). 

5. FOR HOW MANY YEARS HAVE YOU FARMED ORGANICALLY? ..............


PLEASE INDICATE PORTION OF FARM WHICH WAS FARMED IN THAT WAY 


(E.G. WHOLE, HALF, QUARTER)? ..................................

6. WHAT PORTION OF YOUR INCOME IS DERIVED FROM FARMING 


(E.G. WHOLE,HALF,A QUARTER,LESS THAN A QUARTER)?...............

7. DO YOU PRACTISE A PARTICULAR FORM OF ORGANIC AGRICULTURE 


(E.G. BIO‑ DYNAMIC)?.............................. 

8. WHAT ARE THE MAIN ACTIVITIES ON YOUR FARM? 


CROP/STOCK
ACRES
 NO. OF STOCK;
CROP/STOCK
ACRES
 NO. OF STOCK

 1. ........
.....  ............. 5. ..........
.....
 .............

 2. ........
.....
 ............. 6. ..........
.....
 .............

 3. ........
.....
 ............. 7. ..........
.....
 .............

 4. ........
.....
 ............. 8. ..........
.....
 .............

9. WOULD YOU BE WILLING TO PARTICIPATE IN A FOLLOW‑UP SURVEY?

   ...................................................................

   ...................................................................

   ................................................................... 
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PRIVATE 
A.2.1. Fertiliserstc  \l 2 "A.2.1. Fertilisers"
Fertiliser data were obtained by multiplying the rate per hectare (a figure most farmers knew without hesitation) by the area of the particular crop. Prices of the different fertilisers were generally known by farmers. If there was any doubt about the prices, they were verified by asking local stock agents, or by comparing them with other interviewed farmers (taking into consideration likely differences in transport costs). In some cases total expenditure for fertilisers was calculated on the farm and compared with the farmer's estimate, providing a check for accuracy.  

PRIVATE 
A.2.2. Feedtc  \l 2 "A.2.2. Feed"
Farmers were asked for expenditure on feed. The total amount was divided by the dry stock equivalent (number of sheep plus number of goats plus eight times number of cattle), to obtain the expenditure on feed per animal. 

PRIVATE 
A.2.3. Pesticidestc  \l 2 "A.2.3. Pesticides"
Data for pesticide used in crop production (including storage) were obtained in the same way as those for fertilisers. Where farmers were not sure about the rate at which the pesticide was applied (which occurred more frequently than with fertiliser), they were asked for the application per hectare as compared to the recommended rate. Farmers usually knew without hesitation whether they had applied the recommended rate or, for example, twice or half that amount. 

A similar method was employed for the collection of data on pesticide use in animal husbandry, where the number of animals treated was multiplied by the dose administered, and by the price of the material. 

Where farmers did not know the price, estimates were made with the aid of a publication by the South Australian Department of Agriculture (1986), Gammie and Dellow (undated), and Mallise and May (undated). Average costs per animal treated were the average costs for all treatments, where treatments for beef were divided by eight. 

The fs farmers did not use any pesticides which are not allowed in the Australian Organic Standards (NASAA, undated) on crops. Exceptions were some spotspraying of weeds by one farmer (less than 1 percent of total area), the use of seed protectant by another farmer, and pesticides used on stored grain. Although the use of seed protectants means that the crops are unacceptable under the Organic Standards in Australia at present, the farm on which this substance was used was included in this study. This was because the treatment is extremely cheap and, although the farmer considered it to be essential, other sustainable farmers mentioned no problem in connection with non‑use. Thus, the application seemed likely to have a minimal effect on both farm cost and farm income.

PRIVATE 
A.2.4. Fueltc  \l 2 "A.2.4. Fuel"
Figures for expenditure on fuel were sometimes difficult to obtain. Generally farmers had records, either on money spent, or quantity supplied to the farm in that particular year. However, one of the problems with collecting data for expenditure on fuel was that the fuel tanks on the farm might not be filled, or the bills paid, at the same time each year. For example, tanks can be full at the beginning of the year, and empty at the end. In cases where fuel expenditure of two neighbours seemed unrealistically different from one another, data were requested about the years preceding and following the survey year. Giving due consideration to differences in weather conditions (and number of cultivations of the fields before planting) between those years, an average expenditure per hectare cropped was arrived at, and imputed. 

In two cases the estimate was established in a different way. In the first case, the sustainable farmer (A) gave such a rough estimate that a note was made on the farm that the figure should be checked with a sustainable farmer in the neighbourhood (B) for comparison (no description of the cultivation activities had been obtained, and it was therefore assumed that the cultivation practices were more likely to be similar to B than to the conventional neighbour C). It turned out that A used $97 per hectare cropped, almost twice the maximum of any of the other farms. B and B's conventional counterpart both spent $27 per hectare, while C spent $39 per hectare cropped. In order to be sure not to advantage sustainable farming a cost of (fractionally lower than) $39 per hectare operated was imputed for A (see below).

The second case is a conventional farmer who pooled some of the inputs (including fuel) with a brother farming in the neighbourhood. During the analysis, it became clear that the figures were wrong, while a request for more information was not expected to lead to improved information. It was therefore decided to assume that a similar amount of fuel had been used per hectare cropped to that of the sustainable neighbour ($21). This was done despite the fact that the description of the cultivation methods was such that the conventional farmer certainly would not have used less, and probably more, fuel. 

It was likely that the two conventional farmers in both cases had spent more on fuel per hectare cropped than their sustainable counterparts.  The imputed expenditure for the sustainable producer in the first case, and the conventional farmer in the second were included as fractionally lower and higher, respectively, than that of their neighbours. This was done because, although it does not influence the average, inclusion in the Wilcoxon and Mann-Whitney test was still guaranteed. With differences of zero between the two farmers of one pair, these pairs would automatically be omitted from these tests.

PRIVATE 
A.2.5. Credittc  \l 2 "A.2.5. Credit" 

Data about the present indebtedness of the farmers was difficult to collect. Although some farmers had no objections to divulging information about their financial affairs, in many cases an explanation about the reasons for its relevance to the survey was essential to obtain the data.

Questions were asked about the total amount borrowed, the main purpose of borrowing, and the source of borrowing. Although most farmers were hesitant to supply the information, the data are considered to be reasonably reliable. 

PRIVATE 
A.2.6. Machinerytc  \l 2 "A.2.6. Machinery"
Farmers were asked for details about capital items, including a description of the item, year of manufacture, percentage owned, and market values as perceived by the farmer. Although the ABARE uses individual rates of depreciation for each item, in this study depreciation rates for groups of items were used as follows: 

Item

  


  Percentage

Motor vehicles:



22.5

Farm equipment:



15.0

Non‑portable irrigation:

 5.0

Portable irrigation:


 5.0

Portable yards:



15.0

Fences:




 
 4.5

Buildings:




 3.75

The use of rates for each item individually would undoubtedly lead to a more accurate calculation of the depreciation costs. However, it was decided that the increased accuracy did not warrant the required increased resources. The rates adopted reflect the median of the individual ABARE rates in each group, or of the main items in the group. 

Farmers' estimates which appeared unreasonable were changed to reflect average values, taking into account size and year of manufacture. 

PRIVATE 
A.2.7. Labourtc  \l 2 "A.2.7. Labour"
The number of weeks worked by permanent and casual labour was recorded, together with the payments to labour, where applicable. In those cases where no payments were made (generally family labour) the Minimum Pastoral Award was used to obtain imputed wages. 

PRIVATE 
A.2.8. Landtc  \l 2 "A.2.8. Land"
Figures in Table 14 reflect the total area operated by all farmers. However, two farms presented special problems with regard to further calculations. The first farm was in an area where environmental conditions (soil type, climate) changed considerably within a short distance. The conventional farmer had extended the farm into the area with poorer quality soil and lower rainfall. This block was approximately three times the size of the original farm. Although 'total area operated' represents the average of the total area of all farms, the comparison of inputs used and outputs obtained per hectare would be rather meaningless if the less productive area was included. For this reason, only data from the original farm are presented for all variables except for 'farm area operated'. This necessarily led to some adjustments to the supplied data. For example, as a similar area was cropped on both parts of the farm, cost of machinery and equipment (items which are associated with cropping, and including depreciation, repairs and maintenance, running costs such as fuel, oil and grease, insurance and plant lease) were halved for the purpose of this study. Only the value and size of the original block was taken to obtain the value of land per hectare. With regard to livestock, the farmer estimated that approximately one eighth of the stock was kept on the home farm. All costs and returns associated with stock were divided by eight, and incorporated. Labour requirements were allocated on the basis of 40 percent of the time allocated for each of the 160 hectares of crop, and 20 per cent for the 2000 sheep. This means that 40 per cent plus one eighth of 20 percent of total labour used was allocated to the included part of the farm. Half of the expenditure on rates and taxes, interest payments and cost of operator house was included. 

The circumstances of the other case were somewhat similar, although the second part of the farm was less than half of the original farm. 

Problems similar in nature, but of considerably less proportion, occurred on one fs and one ss farm. Areas of these farms were located in two places. Since all records were combined for both parts of the land, it was decided to include the whole farm in the comparison. 

Estimates of arable area as a percentage of total area operated, and of area cropped as a percentage of arable area reflect the areas included for input and output calculations. 

Estimates for the improved capital value of land were obtained from the farmer, the farmer's counterpart, the local Officer of the Department of Agriculture, and a local real estate agency. Questions were asked about prices of agricultural land in general in the area, about factors which influenced those prices, and about prices of the particular farms. These questions were asked not only to get some idea about relevant factors influencing land prices, but also to obtain an idea about the basis of estimates of the farm value by the different people. Generally, the estimates of the different sources for the two farms were close. In such a case the average would be taken. If one of the four estimates was totally different from the others, it was usually disregarded, unless there was a good reason not to do so. 

The improved capital value is the value of the land, and any improvements made to the land. These include structures and buildings, such as fences, dams, machinery and stock sheds, and the operator's house. 

Since the survey was carried out in October 1986 and February 1987 the estimates were adjusted to reflect values for July 1985, that is, the opening values for the 1985-86 cropping season. The adjustment was made using figures for nominal changes in land values for the relevant time period, provided by the ABARE (J.Tucker, personal communication, April 1987). 

The unimproved capital value was calculated by deducting the estimated values of fences and of the farm buildings and structures (including the operator's house) from the improved capital value. This is correct in areas where the buildings increase land value, although there are areas where buildings do not contribute to the total farm price. However, in this study the unimproved capital value has been calculated in this way for all farms included. 

PRIVATE 
APPENDIX 3: DETAILS ABOUT CALCULATIONS OF FINANCIAL MEASUREStc  \l 1 "APPENDIX 3\: DETAILS ABOUT CALCULATIONS OF FINANCIAL MEASURES"
PRIVATE 
A.3.1. Total Cash Coststc  \l 2 "A.3.1. Total Cash Costs"
The ABARE defines 'total cash costs' as 



'actual payments made by the farm business for hiring casual and permanent labour (excluding family labour), materials, services, payment to sharefarmers, produce purchased for resale, rent, interest and livestock purchases. As far as possible, costs relating to capital development and private expenditure in relation to the farm business are excluded from operating expenses.' (Campbell 1981).  

Details about the costs included are as follows: 

1. Stock purchases

2. Labour: 




wages paid to hired labour, excluding manager, and including shearing and crutching

3. Materials: 




agistment




fertilisers




fodder




seed 




pesticides




fuel, oil, grease



livestock and wool materials



repair and maintenance: 





unspecified





buildings





fences, yards





motor vehicles, tractors





other plant 





water supply





other



other unspecified materials

4. Services: 



administrative services




contracts and plant hire for production activities (such as seeding, 
spraying, mulesing)



wool handling and marketing charges (for example wool packs)



total insurance premiums



other motor vehicle expenses (incl. 3rd party)



total rates and taxes



veterinary fees



freight: stock and wool



deductions: wool 



water charges

5. Rent

6. Interest

7. Plant lease

All cost data were collected on the farm, except those for administrative charges. These were imputed using the ABARE's figures for each State. As administrative costs (for example, accounting, banking, telephone and advisory services) are partly fixed, and partly dependent on the amount of business carried out, costs were calculated for each farm individually. The calculations reflected the fixed and variable nature of this amount in the following way: 

{(ABARE/2) + ((ABARE/2)/area operated ABARE) x area operated 









   on sample farm}

where ABARE = ABARE State figures. 

PRIVATE 
A.3.2. Total Cash Receiptstc  \l 2 "A.3.2. Total Cash Receipts"
The total cash receipts include the following:

1. Receipts for crops net of handling and marketing charges




For wheat this was the Guaranteed Minimum Price and the (discounted) amount paid at a later stage (Australian Wheat Board 1988).




Estimated receipts for crop stocks were added, while pool payments for previous years were not counted. 

2. Receipts for stock net of handling and marketing charges

3. Off‑farm sharefarming receipts

4. Total gross receipts for wool

5. Receipts for skins and hides

6. Agistment receipts

7. Off-farm contracts

8. Rebates and refunds

9. Plant hire receipts

10. Other farm receipts

PRIVATE 
A.3.3. Farm Cash Operating Surplustc  \l 2 "A.3.3. Farm Cash Operating Surplus" 

Total Cash Receipts - Total Cash Costs

PRIVATE 
A.3.4. Return to capital and managementtc  \l 2 "A.3.4. Return to capital and management"
Farm Cash Operating Surplus 

+ buildup in stock (at average State prices, provided by ABARE


(J.Tucker, personal communication, April 1986)).

- depreciation of machinery 

- operator and family labour. 

This measure is expressed in terms of unit of land or capital invested. 

PRIVATE 
A.3.5. Adjusted Return to Capital and Managementtc  \l 2 "A.3.5. Adjusted Return to Capital and Management"
Return to Capital and Management

+ interest

+ rent 
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