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CONSERVATION TILLAGE AND CONTROLLED TRAFFIC 5

2.1

Introduction

Thefollowing review isan financial assessment of an Australian Centre
for International Agricultural Research (ACIAR) conservationtillage and
controlled traffic research project which was conducted in China (for the
conservation tillage component) and Australia (for the controlled traffic
component) during the period 1993-1996, inclusive. The project—No.
9209—wasimplemented by staff from the Beijing Agricultural and
Engineering University and the Shanxi Agricultural Machinery Bureau (in
China) and the University of Queensland (in Australia).

Theoverall aim of thejoint project wasto develop and evaluate
conservation and zone (controlled traffic) tillage techniquesfor
sustainable dryland grain production in Chinaand Australia. Australian
dryland conservation cropping techniques and zero-till planting
machinery were adapted for maize and wheat production systemsin
Shanxi Provincein northern China, and controlled traffic techniques were
tested at Gatton in Queensland. The outcomes from the trialswere then
successfully extended to Chinese and Australian farmers. The techniques
developed in Chinaincreased yields, decreased costs and conserved soil
and water on small plots of crop land. Controlled traffic farming in
southern and central Queensland increased cropping intensity, conserved
soil and water, and increased yields and returns.

Chinese and Australian results and benefits are identified in the Review
and used asthe basis of thefinancial analysis.

ACIAR Project 9209

Project Overview

The project devel oped from the recognition of complementary interestsin
dryland and conservation farming in Chinaand Australiafollowing avisit
to Australiain 1989 by Professor Gao Huanwen from the China
Agricultural University (now the Beijing Agricultural Engineering
University—BAEU). Professor Gao met with Dr Jeff Tullberg from the
University of Queensland’ s Farm Mechanisation Center (located at

1Adapted from the Termination Report prepared by Dr. Jeff Tullberg, July, 1995.
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6 m CONSERVATION TILLAGE AND CONTROLLED TRAFFIC

Gatton) during thisvisit, and despite major differencesin climate, soils,
current level s of technology and socio-economic contexts, agreed that
researchersin northern Chinaand Australia (particularly northern
Australia) faced ssimilar problemsin their effortsto improvethe
productivity and sustainability of dryland grain production in semi-arid
areas. Soil degradation (in both countries) and large inputs of |abour
(China) and energy and capital (Australia) were considered to be the major
challengesfaced by dryland croppersin thelate 1980s.

At thistime, mechanisation and conservation tillage were both at
relatively early stages of devel opment. Chinese scientists recognised that
sometraditional tillage practices, such as zonetillage (an early form of
controlled traffic), had high conservation values and that these systems
were incompatible with the conventional mechanisation systemswhich
Chinawas adopting in the late 1980s. However, conservation tillage had
been widely adopted in Australiaand some Australian conservation
cropping technology appeared to be adaptabl e to the conditionsin China.
Therefore the research priority in Chinawasto devel op, assess and extend
the adoption of conservation tillage systemsin an environment where the
soil degradation consequences of mechanisation were not yet significant.

Conversely, theresearch objectivein Australiawasto investigate the
mechani sation-induced problems of conservation tillage. Whilst
conservation tillage research in Australiaand Chinahad demonstrated the
importance of reducing soil disturbance, the impact of this outcome was
reduced under the highly mechanised systemsin Australiadueto the
problems of tractor, implement and harvester wheel tracks. The negative
effect of wheel traffic on soil condition, crop production and tillage energy
requirements were known, but not researched under Australian conditions
and extended to the farming community.

Therefore the project represented a chance to develop more sustainable
crop production technologies, and to capitalise on the different
perspectives of scientistsfrom Chinaand Australia. The project also
provided an opportunity for Chinato demonstrate that the benefitsfrom
mechani sation could be achieved without the problems of excessive
energy requirementsand soil degradation which haveincurredin Australia
under traditional cropping systems. The economicimportance of grain
production, and established national prioritiesfor reducing soil
degradation in both countries underpinned the potential value of joint
research on conservation/zonetillage for dryland farming.

IMPACT ASSESSMENT SERIES



CONSERVATION TILLAGE AND CONTROLLED TRAFFIC

2.2

Project Objectives

Theoverall project goal wasto devel op and eval uate conservation and
zonetillage techniquesfor sustainable dryland grain productionin China
and Australia.

Objectives in China

The specific objectivesin China (during the first three-year phase of the
project) wereto:

assess the suitability of arange of Australian ground tools, planter
units and residue treatments for conservation tillage in Shanxi
Provincein northern China;

identify and assess appropriate conservation systemsfor wheat and
mai ze production;

evaluate conservation tillage systemsin terms of energy, residue soil
moisture storage, and crop yields; and

assess the effects of deep tillage and traffic on soil moisture storage.
Inaone-year extension, the additional objectivesin Chinawereto:

determine the effects of cover, tillage and traffic on hydrol ogical
processes using rainfall simulation;

quantify treatment effects on soil moisture, temperature and soil
biological activity, and identify other factors affecting crop
performance;

improve yield assessment procedures and agronomic monitoring
generally;

investigate machine costs, specifically for rotary hoeing and
subsoiling, including the depreciation element; and

assess the scope to downsi ze equipment.

IMPACT ASSESSMENT SERIES



8 m CONSERVATION TILLAGE AND CONTROLLED TRAFFIC

Objectives in Australia

The specific objectivesin Australia (during thefirst three-year phase of
the project) wereto:

develop alow power control traffic conservation tillage system for
wheat production;

evauatetraffic effects on soil and crop performance under three
surface management regimes,

develop zonetillage technology for grain production with minimal
inputs of energy and herbicides; and

assess the potential of zonetillage in systems based on gantry unitsor
modified conventional equipment in relation to sustainable crop
production systems.

In the one-year extension, the additional objectivesin Australiawereto:

monitor the growth of maize and wheat cropsto increase the data set
on wheel compaction/ tillage/ system/infiltration relationships;

usearainfall simulator to assessthe broad applicability of the
compaction infiltration resultsto current Australian agriculture;

quantify the precision achieved using bed-foll owing techniquesand
investigate the rel ationship between residue level and windrow
spacing for two residue types; and

assess theinfluence of precision/mechanica weed control and
interplanting possihilitiesto indicate the value of precisioninterms of
current and forthcoming guidance technology.

2.3 Results and Discussion—China

Overview

Conservationtillagewas central to thework in China, with the objective of
reducing energy use and soil erosion whileimproving productivity, al of
which are of particular importance in China s north-western provinces.
The mgjor emphasiswas thus on the devel opment of conservation tillage
equipment and systems, and eval uation of these in comparison with

IMPACT ASSESSMENT SERIES



CONSERVATION TILLAGE AND CONTROLLED TRAFFIC 9

traditional wheat and maize production methods. While devel opment and
assessment were independent activities, feedback between thetwo
resulted in modificationsto both during the course of the project.

Thefield work in Chinawas conducted by personnel from the Shanxi
Agricultural Machinery Bureau (SAMB), using village personnel as
machine operators. Staff from BAEU worked in partnership with SAMB
and visited thetrial and extension sites at planting and harvesting times.
Thisprocess meant that local farmerswere constantly involved and ableto
observe the advantages and disadvantages of different conservationtillage
methods, and to discuss outcomes and possible modificationswith the
Chinese and Australian experts.

Thisimplementation strategy, which encompassed an extension element,
was amajor strength of the project becauseit resulted in rapid uptake of
the more practical and positive outcomes of the program. Animmediate
and beneficial consequence has been the adoption of reduced tillage and
retention of crop residues over quitelarge areas of maize productionin
Shanxi, and some adoption of the same techniquesfor wheat production.
Another mgjor, but non-quantifiable, benefit has been reduced burning of
crop residues. Thishashad asignificant impact on air quality in areas
wherethe old practice has ceased.

Asdiscussed in Section 2.3.2 an ongoing constraint has been ‘ planting
quality’, theterminol ogy used by the Chinese to describe the problems
associated with poor seedling emergence and establishment, which
probably result from theinability of adapted Australian plantersto handle
large quantities of surface trash and lumpy, structurelessloess soils. This
remainsthe major constraint to be overcome before the resulting
technology can be extended widely across the dryland cropping zonein
Shanxi Province. The Review recommends continued expenditure by
ACIAR toresolvethe problemswith planter adaptation and ‘ seedling
quality’ (see Section 4).

Another equally fundamental issue stemsfrom the heavy emphasis by
Chinesefarmers, leaders and their research/extension system on
improving crop yields. Thisis understandable, given Chind s history of
seriousfood shortages within living memory of many of thefarmers
involved inthefield trials. However, thisfocus tended to divert attention
away from the question of cropping efficiency and the mechanismswhich
underly theresults, i.e. the Chinese counterparts tended to concentrate
only onyield increases rather than yields, costs and sustainability asa
package.
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Theother issuewhich arosein Chinarelatestofield size, tractor power and
labour availability. While medium-size (30-50 kW) tractors are quite
common in government or collective machinery stations, the major
increase in mechanisation in China (and Shanxi) isin theform of smaller
(915 kW) tractors. Thissituation has ramificationsin terms of the longer-
term viability of the subsidised Agricultural Machinery Centers (AMCs)
and their ability to servicethe majority of small farmers (with perhaps
0.5-1.0 haof arableland). This, inturn, indicatesthe urgent need to
develop wheat and mai ze planters which are compatible with the smaller
and considerably more numerous 9-15 kW tractors. Thistractor
compatibility problem and theissue of ‘ seedling quality’ arethetwo main
deficiencies which the project has not yet overcome.

Equipment Development

A description of equipment development in Chinaisgivenin Section3.1.1
from Dr Jeff Tullberg’ s Termination Report. Because the outcomesfrom
thiscomponent do not impact directly on the economicsof the project, this
Review does not contain details on the devel opment of conservation
plantersin China.

The main conclusion in terms of the outcome from devel oping small
wheat and maize plantersisthat the machines devel oped for both medium
and small tractors operate successfully in most conditions, except where
thereare high levelsof crop residues at the time of planting (theideal
situation). At the time of the Review, this problem remained as the major
limitation to the widespread extension of conservation cropping in Shanxi.
The Review therefore recommends (refer Section 4) that additional
resources be all ocated to the resol ution of this problem.

Crop Production Systems

Maize

Field trialswith maize were conducted on the el evated plateau in north-
central Shanxi Province near the town of Shouyang. Thefirst experiment
compared traditional conventional tillage/barefallow (control) withtillage
+ residue, zerotillage + residue (standing and pressed) and a subsoiled
treatment (al so with pressed residue). A second, more favourablesite (also
in Shouyang) wasinitiated in 1994 in which zero tillage with standing,
pressed and chopped stubble was compared with subsoiling with chopped
stubble and atraditional control. Project demonstrationswere also
established at two other sites and equipment used to plant larger areaswith
the treatments favoured by local farmer consensus, and compared with a
traditional control.
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CONSERVATION TILLAGE AND CONTROLLED TRAFFIC 11

The Project Completion Report concluded that mean yieldsfor al
treatments and | ocations demonstrated ageneral improvement inyieldsfor
most conservation tillage methods, in most years, compared with the
control. Details on yields and water-use efficiency for maizearegivenin
Table 1. It should be noted that because of problemswith plot
randomisation and replication, none of the treatments are significantly
different from the control. However, if treatment NTSS (no-till and
standing straw) isignored, yieldsfor thefour treatments SBCS (subsoiling
with chopped straw), NTCS (no-till with chopped straw), SBPS
(subsoiling with pressed straw) and NTPS (no-till with standing straw)
increased by an average of 21% over thetraditional control treatment, and
varied from a12%toa31.9% increase.

Table 1.  Maize yields and water-use efficiencies at the Shouyang sites?,

Site
Zongai (1993)

Zongai (1994)

Yanjiaping (1994)

Average yield (% of CK)
Average WUE (% of CK)

Item CK SBCS =~ NTCS = SBPS | NTPS = NTSS
Yield (t/ha) 26 31 31 3.0
Yield % of CK 0 184 21.3 145
WUE 6.3 8.2 8.3 75
Yield (t/ha) 5.2 55 55 5.2
Yield % of CK 0 5.7 5.7 03
WUE 10.8 125 11.9 11.9
Yield (t/ha) 6.7 8.8 8.0 8.4 7.3
Yield % of CK 0 31.9 20.4 255 9.2
WUE 15.2 19.4 18.3 18.0 145
0 31.9 204 12.1 175 8.0
0 28.0 20.8 21.7 19.8 10.4

4CK = Traditional control, SBCS = Subsoiling with chopped straw, NTCS = No-till with chopped straw, SBPS = Subsoiling
with pressed straw, NTPS = No-till with pressed straw, NTSS = No-till with standing straw, WUE = water-use efficiency
(expressed as kg/ha.mm effective rainfall).

Source: Chinese Project Completion Report, page 6, before adjustments for fertility gradients.

Wheat

Thewheat experiment was located near Linfen in south-central Shanxi
Province. Theinitial work was designed to comparetraditional production
methods with zero-till and subsoiling, with varying residue treatments.
The Australian Project Completion Report concluded that the whesat trials
showed ageneral improvement inyields and water utilisation efficiencies
with most conservation tillage systemsin most years. However, weed
problems eventually lead to manual weeding. Table 2 detailsthe results of
thewheat production trials. Theyieldsfor the three acceptable treatments
(SBCS, NTCS and SBPS—ignoring the SBSS[subsoiling with standing
straw] treatment) increased by 4.9% to 16.7% over thetraditional control
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12 m CONSERVATION TILLAGE AND CONTROLLED TRAFFIC

Table 2.

Site

June 1994
Trial 1

June 1995
Trial 1

June 1995
Trial 2

by an average of 11%. (The SBSStreatment failed for both wheat and
mai ze probably due to problemswith ground temperature and * seedling

quality’).

Aswiththemaizetrails, theresultsare not significantly different.
However, observations by the Reviewer during April, 1998 indicated that
therewasadistinct ‘biological difference’ between thetraditional control
and the variousforms of conservation tillage which the Chinesefarmers
and technicians had devel oped from theinitial experimental treatments.

Yields and water-use efficiency for wheat trials at Linfen?.

Iltem

Yield (t/ha)
Yield % of CK
WUE

Yield (t/ha)
Yield % of CK
WUE

Yield (t/ha)
Yield % of CK
Yield (t/ha)
Yield % of CK
WUE

WUE % of CK

Average yield (% of CK)
Average WUE (% of CK)

CK SBCS NTCS SBPS SBSS NTSS
3.0 35 3.3 3.2 24 3.0
0 151 9.8 6.3 -24.6 145

119 13.7 13.2 12.6 9.2 75
2.3 2.6 2.3 2.7 1.9 5.2
0 9.6 -14 154 -20.1 0.3

117 12.0 12.2 13.7 9.8 11.9
1.6 2.0 1.7 7.28
0 27.9 6.3 9.2

18 145
141
8.0 10.6 8.1
0 9.1 13
0 16.7 4.9 10.9 —22.4 8.0
0 15.1 6.4 115 -21.4 10.4

4CK = Traditional control, SBCS = Subsoiling with chopped straw, NTCS = No-till with chopped straw, SBPS = Subsoiling
with pressed straw, SBSS = subsoiling with standing straw, WUE = water-use efficiency (expressed as kg/ha.mm effective

rainfall).

Source: Chinese Project Completion Report, page 9, before adjustments for fertility.

Comments on the results

Results of thework on conservation tillage in wheat and maize are
generally similar with those achieved in Australiaduring the introduction
of thetechniquesin the 1970s. Compared with traditional methods,
relatively small yield increases were achieved in most years, together with
clear advantagesin terms of sustainability, and reduced inputs and costs.
However, during the latter part of the project, there was clear evidence of
depressed emergence and reduced plant populationsin all conservation
tillage treatmentsin both wheat and maize—the ‘ seedling quality’
problem referred to earlier. Low soil temperatures at planting appear to be
asignificant factor in determining the success of conservation tillage for

IMPACT ASSESSMENT SERIES
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mai ze, and poor separation of seed and fertiliser could bethe main
problem for conservation wheat planting.

A key feature of the adoption patternsin Chinahasbeen farmers’ interest
inand willingnessto try to adapt various treatmentsto their particul ar
fieldsand financial circumstances. Many farmersinterviewed during the
Review had firm opinions on why some treatments had performed better
than others, and had conducted their own ‘trials' based on their
perceptions of the positive outcomes from the project-supported trialsand
demonstrations. This ongoing development of ‘local’ conservation
cropping techniques (usually based on reduced tillage and some
retention/non-burning treatment of crop residues) indicates an element of
sustainability for the overall project, provided that the technical problems
with the planters are overcome.

Asmentioned above, another major benefit from the project has been the
widespread cessation of the practice of burning crop residues after harvest.

2.4 Results and Discussion—Australia

Rainfall runoff

Table3liststherainfall run-off for wheeled and controlled traffic plots
which were cropped using conventional, minimum and zero tillage.

Table3.  Treatment effects on total run-off (mm).

Wheeled Controlled traffic Mean
Conventional 703 455 579
Minimum tillage 702 471 587
Zero tillage 630 445 538
Mean 678 457 568

Source : Australian Project Termination Report, page 10.

Crop yields
This section outlinesthe crop yields and energy requirementsfor the

various compaction treatments, which areimportant from the point of
view of an economic assessment of the project.

IMPACT ASSESSMENT SERIES
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The mean grain yield from the controlled traffic plots over thefull term of
the project was 16% greater than theyield from wheeled plots, asshownin
Table 4 whichillustrates the consistent improvement in crop performance
which occurswhen soil is not subject to annual wheel traffic. Thetraffic-
related yield differences were significant (P<0.05) in al cropsand the
mean yields of zero-till plotswas 6% greater than thetilled plots, but these
differenceswererarely significant.

Table4.  Treatment effects on yield of winter and summer crops (t/ha).

Conventional
Min tillage
Zero tillage
Mean

Conventional
Min tillage
Zero tillage
Mean

Overall mean

Wheeled | Controlled traffic Mean Wheeled Controlled traffic Mean
1994 Wheat 1995 Sorghum
1.29 152 141 5.17 5.47 5.32
1.26 1.56 141 5.19 5.57 5.38
114 145 1.30 5.38 5.48 543
1.23 151 5.25 5.51
1996 Wheat 1996 Maize
1.56 1.86 171 6.38 7.24 6.81
143 1.88 1.66 6.09 7.59 6.84
1.73 1.97 1.85 6.97 7.51 7.24
157 1.90 6.48 7.45
Winter crops Summer crops
1.40 171 5.87 6.48

Source : Australian Project Completion Report, Table 2.

Interms of energy requirementsfor cultivation under the different
compaction treatments, the most important result wasthat the traffic effect
increased tyre draft at normal operating depth by afactor of approximately
two. Consideration of these datain terms of common ratios of tyre
width:implement width indicates that approximately 25% of implement
input energy isused to undo the wheeling effectsimpaosed during the
tillage/planting operation. When these data are combined with the
established knowledge of tractor efficiency, this can be used to show that
an efficient modern tractor is normally using more that 50% of its output
power to create and partially destroy soil compaction in itsown wheel
tracks. This obviously has major considerationsin terms of capital
investment and operating costs.

IMPACT ASSESSMENT SERIES
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2.5

3.1

Financial Benefits

Thefinancial benefitsto Chinese and Australian farmersfrom the
expenditure on research which produced the above-listed resultsare
outlined, analysed and discussed in Section 3.2.

Impact Assessment

Assessment Framework

Asreported in ACIAR'’ s Economic Assessment SeriesNo. 12, arange of
research eval uation frameworks has been used to assess the impact of
research. The following paragraphs contain comments on how Project No
9209 fitsinto aparticular eval uation framework.

Some eval uations have used simple model swhich estimate the value to
society of the research asthe expected increase in product output valued at
the current or expected price, plus or minus cost reductionswhich result
from the research. Others have used the welfare-theory based measures of
theimpact of technology with multi-stage, multi-regional traded good
modelsincorporating research spillovers between regionsto estimate the
potential value of the research to society. Whether asimple or more
complex evaluation framework is chosen dependslargely upon the use
whichisto be made of the information generated, and the appropriateness
of thelatter (and more complicated model) for the situation to be analysed.
For some decision-making situations the information generated by a
simpleframework will be all that isrequired whilefor others more
complex inter-regional interactionswill beimportant.

It should be remembered that the prime objective of Project 9209 (in
China) wasto increase wheat and maize production and to protect the
agricultural environment. Therefore, in simplistic termsthe project can be
evaluated by determining the value of increased production and the costs
saved, and assessing the net outcome against project costs. Thissimplistic
approachisillustrated in Figure 1.

Evenif asmpleframework isaccepted as appropriate, the choice of the
framework and particularly the estimation procedures adopted need to be
considered carefully, especially the estimated val ue of the increased
output. Figure 2 illustrates two possible optionsfor asimple measure of
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the gainsfrom research, and represents asingle region, non-traded good
model (asisthe casefor increased wheat and maize production in Shanxi).

Figure 1.  Simplistic approach to project evaluation.

Choose appropriate
evaluation framework

|

Estimate current technology
and new technology production
costs

Estimate the reduction in the
—> | unit cost of production using
the new technology

|

Estimate net economic surplus/
welfare gains from the use of
the new technology, inclusive
of research costs

Sensitivity analysis for
important parameter values

Figure 2.  Options to measure the gains from research (see text for explanation of symbols).

P
So
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D
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PS1

a

e

(@]

Qo Q1

In Figure 2 the demand for the product isrepresented by D. Before
research the product supply isrepresented by supply curve S, After
research the cost of producing the product isreduced, theoretically shifting
the supply curveto S, However, in terms of the outcome from research
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into conservation cropping techniquesin Shanxi Provincein northern
China, supply will not increase to St because of decreased production
costs, but because of increased yields.

Insimpleterms, society’ sgain from the project isrepresented by the area
P.,cQ,0 (the gross value of production after the project) less P,bQ,0 (the
gross value of production before the project) plus/minusthe difference
between (Q, times before project unit costs of production, minus Q, times
after project unit costs of production).

Thewelfare-theory based measures of the gainsfrom research suggest that
the areaabceisaclose approximation of society’ sgains. For agiven cost
reduction dueto research, in this case bd, the areaabfe will remain the
sameregardless of the demand characteristics of the product involved. The
remainder of thewelfare gains (express asbcd) will change depending on
the supply and demand characteristics. Note that Project 9209 (operating
in one province and expanding slowly) will not have any significant
impact on China s national supply and demand curvesfor wheat and
maize.

Because of the supply and demand conditionsfor wheat and maizein
China, and owing to theimpact of the project on costsand yields, the
simplistic model referred to at the beginning of this section has been used
to determine the expected gains from research. In addition, the analyses
have been completed at the margin, i.e. per hectare costs saved plus per
hectare increased values of output have been scaled up over the area of
crop land which islikely to be influenced by the project over a30 year
period, and compared with project coststo determine net project benefits.
The Review has not considered spill-over effectsinto other Chinese
provinces or other countrieswhich rely heavily on dryland crop
production, because there remains adegree of uncertainty in terms of
planting quality and the ability of plantersto handle high levelsof trash.

Thisassessment uses current (1998) prices and costsfor inputsand
production and adjusted project costs (Australian and Chinese).

IMPACT ASSESSMENT SERIES
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3.2 Farm-Level Financial Benefits

China

Maize production

Table5 detail sthe with and without project results (in financial terms)
from the application of the project’ s conservation farming techniquesto
onemu (1 mu = 667 m?) of dryland maizein Shanxi Province. Thedatain
the table were extracted from the Chinese Project Compl etion Report and
crossed-checked during this Review. It should be noted that it is always
difficult to collect ‘true cost’ information in China, because prices and
costs are distorted by subsidies and controls. However, theinformationin
Table5isan accurate reflection of the costsand priceswhich are
applicable at the farm-level for maize production in Shanxi Province.

Because cooperating farmers have opted to use amix of conservation
farming techniques, for example some use reduced tillage with some
stover retention, and others a combination of subsoiling and full retention
of stover, theanalysisin Table5isbased on an ‘averagetreatment’ effect.
Observations during the Review confirmed that adopting farmersare
using their initiative to adapt the project’ srecommended conservation
techniquesto their own particular circumstances and thereforeit isnot
possibleto define precisely theimpact of theindividual treatments.

Wheat production
Table 6 showsthe sameinformation as Table 5, but for dryland wheat
productionin Shanxi Province. The source of informationisalso the same.

Notethat the negativeresultsfor treatment SBSS have been excluded from
the calculation of the treatment averages.
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Table 5. Net (per mu [1 mu = 667 m?]) incomes for maize production in Shanxi Province?.
Treatment Treatment
CK® NTCS SBCS NTSS NTPS average

Income Yield (kg/mu) a/ b/ 444 535 586 4v85 558

Unit price (Y/kg) 1.0 1.0 1.0 1.0 1.0

Income (Y/mu) 444 535 586 485 558
Costs Seed (Y/mu) 11.9 7.8 7.8 7.8 7.8

Fertiliser (Y/mu) 52.3 52.3 52.3 52.3 52.3

Herbicides (Y/mu) 0.0 3.8 38 3.8 3.8

Labour (Y/mu) 150.0 55.2 55.2 55.2 55.2

Draft (Y/mu) 40.5 9.0 9.0 9.0 9.0

Machines (Y/mu) 12.0 15.0 25.0 10.0 13.0

Ag.taxes (Y/mu) 12.0 12.0 12.0 12.0 12.0

Total costs (Y/mu) 278.7 155.1 165.1 150.1 153.1
Net Income Income —Costs (Y/mu) ¢/ 165.3 379.9 4209 334.9 404.9 385.2
(gross margin) | compared with CK (%)

(extra margin/mu) 214.6 255.6 169.6 239.6 219.9
Net Income | Cost-Income (Y/mu) d/ 3153 435.1 476.1 390.1 460.1 4404
(gross margin) | compared with CK (%)

(extra margin/mu) 119.8 160.8 74.8 144.8 125.1

arom Table 1; ®Yield adjusted for soil fertility index; ®Including labour; dExcluding labour:*CK = Traditional control, NTCS =
no-till withchopped straw, SBCS = Subsoiling with chopped straw, NTSS = no-till with standing straw, NTPS = No-till with

pressed straw.

Source : Derived from information and data collected during evaluation visit to Shanxi, 1998.

Extension and spread of technology

Intermsof calculating the net benefitsfor China (see Section 3.4) the next
step inthe analysisisto estimate how many mu will be treated with
improved conservation cropping techniquesin Shanxi Province (the
overall potential target is 13.0 million haof dryland maize and wheat
production [rainfall of lessthan 600 mm] in China’ s northern and western
provinces). However, given the problems with planter performance, the
current (1998) small number of operational planters (wheat—16 small and
5middle sized, and maize—11 small and 6 middle sized) and thelikely
declinein direct farmer support from the AM Cs as government budgets
and department staffing levelsare reduced under the current reform
processes, it isunlikely that the adoption rate will escalate rapidly.
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Table 6. Net (per mu [1 mu = 667 m?]) incomes for wheat production in Shanxi Province?

Treatment Treatment
CK SBCS SBSS SBPS NTCS average

Income Yield (kg/mu) a/ b/ 200 230 151 213 220

Unit price (Y/kg) 14 14 14 14 14

Income (Y/mu) 280 322 211 298 308
Costs Seed (Y/mu) 25.0 25.0 25.0 25.0 25.0

Fertiliser (Y/mu) 33.2 33.2 33.2 33.2 33.2

Herbicides (Y/mu) 0.0 5.9 5.9 5.9 5.9

Labour (Y/mu) 47.7 10.8 10.8 10.8 10.8

Draft (Y/mu) 29.9 3.9 39 3.9 39

Machines (Y/mu) 20.0 420 420 420 320

Ag.taxes (Y/mu) 16.0 16.0 16.0 16.0 16.0

Total costs (Y/mu) 171.8 136.8 136.8 136.8 126.8
Net Income Income —Costs (Y/mu) ¢/ | 108.2 185.2 74.6 1614 181.2
(gross margin) | compared with CK (%)

(extra margin/mu) 77.0 -33.6 53.2 73.0 67.7
Net Income Cost-Income (Y/mu) d/ 155.9 196.0 85.4 1722 192.0 186.7
(gross margin) ' compared with CK (%)

(extra margin/mu) 40.1 —-70.5 16.3 36.1 30.8

acrom Table 1; PYield adjusted for soil fertility index; €Including labour; dExcluding labour;CK = traditional control, SBCS =
subsoiling with chopped straw, SBSS = subsoiling with standing straw, SBPS = subsoiling with pressed soil, NTCS = no-till
with chopped straw.

Source : Derived from information and data collected during evaluation visit to Shanxi, 1998.

The extension of new agricultural production technology is Chinaoften
very fast, such asthe use of plastic mulchto improve early spring
germination, but only when financial returns are much higher than those
estimated for the application of conservation cropping techniquesfor
mai ze and wheat production in Shanxi Province. However, observations
during the Review (for winter wheat and the newly planted spring maize
crop) indicate that farmers are adopting elements of the recommended
conservation cropping practices and that the techniques will continueto
spread naturally. Cost savings (refer to Tables5 and 6) will drivethis
process as farmers become more cost conscious and grain support prices
declineto levelswhich reflect world markets.

Another confounding factor isthe cumulative effects of the application of
conservation farming techniques, that isthe on-farm financial benefits
detailed in Tables 5 and 6 will not be achieved in thefirst year in which
cropping practices change. It often takesthreeto five yearsbefore
increased yields are sustained. Thislag effect also needsto betaken into
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account when determining the gross benefits from improved crop
production technology.

The stream of Chinese net on-farm benefitslisted in Table 8 isbased on
the following assumptions:

Maize:
Net benefit per hectare (see Table 5) $507
Proportion of research gain realised on-farm 50%
Proportion of net gain due to project 100%
Area planted in 1998 (base year) (ha) 1500 ha
Rate of area increase (% per year compound) 10%
Wheat:
Net benefit per hectare (see Table 6) $156
Proportion of research gain realised on-farm 50%
Proportion of net gain due to project 100%
Area planted in 1998 (base year) (ha) 1500 ha
Rate of area increase (% per year compound) 10%
Australia
Overview

Varioustypes of conservation farming have been practiced throughout
Australia scropping zones sincethe 1970s. Whilst zero-till wasintroduced
inthe 1970s, it took years before the practice became wide-spread in some
production systems. Theintroduction of controlled traffic techniqueswas
much later, and itsapplication is still confined to areas where specific
projects have extended the practice. Thisphased devel opment of
conservation cropping and controlled traffic techniqguesmeansthat it is
extremely difficult to determine* causes and effects' intermsof ‘which
project was responsible for farm-level acceptance of the new techniques'.

In the case of promotion of controlled traffic, thetechniqueis currently
supported by funding from the Grains Research and Devel opment
Corporation, National Heritage Trust, Queensland Department of Primary
Industries (QDPI), AgWest etc., aswell asProject 9209. Thereisno doubt
that Project 9209 has confirmed the scientific basis of the controlled traffic
techniques (for the sub-tropical zone) but it isdifficult to allocate a
specific proportion of on-farm benefitsto thisone project. Furthermoreit
isnot possible to determine the impact of Project 9209 on (for example)
conservation tillage and controlled traffic practicesin Western Australia
where there has been amajor change in cropping techniquesin the past 15
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years. Again, theresultsfrom thetrials at Gatton may have contributed to
some of the gainsin crop productionin Western Australia, butisitis
impossible to quantify these and be confident of strong ‘ cause and effect
linkages'.

On-farmresults

Table 7 detail sthe farm operating profit for a550 hectarefarmin the
Burnett District of Central Queensland using two crop production
systems: (a) some conventional till and some zero-till (with no controlled
traffic); and (b) all zero-till and controlled traffic. Thetableisbased on
information supplied by the QDPI and was derived from on-farm results
which have been modified using aprobability model.

Table 7. Farm operating profit for a 550 hectare farm in the Burnett District of Queensland.

Cropped area (ha)
Property area (ha)
Total labour (hr)
Gross income
Variable costs
Machinery

Fuel/oil

R. & M.

Labour

Seed

Fertiliser

Fallow herb

In crop herb
Insecticide
Fungicide

Aerial spraying
Chipping
Contract harvest
Total variable costs
Gross margin
Fixed costs
Machinery costs
Total fixed costs
Farm operating profit

With control traffic Without control traffic

Total ($) $/ha Total ($) $/ha
549 549
449 449
761 1.69 1281 2.85
318 925 710.31 249 848 556.46
7075 15.76 12 275 27.34
4824 10.74 7 553 16.82
16 601 36.97 16 991 37.84
28 895 64.35 20 268 67.41
17 529 39.04 7241 16.13
12578 28.01 12578 28.01
4518 10.06 5167 1151
1608 3.58 1734 3.86
26 546 59.12 26 546 59.12
120 173 267.65 120 352 268.05
198 752 442.66 129 497 288.41
18 288 40.73 26 490 59
18 288 26 490
180 465 401.93 103 007 229.42

Source : Data provided by Queensland Department of Primary Industries from a case study.
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Thedatain Table 7 demonstrate the large gains which can be made from
the application of zero-till and controlled traffic practicesin amultiple
cropping situation in the sub-tropics. Thekey figuresare: (a) grossincome
increased from $556 to $710 per ha (increase of 28%); (b) gross margin
increased from $288 to $442 per ha (increase of 53%); (c) farm operating
profit increased from $229 to $402 per ha (increase of 76%); and (d) the
total farm operating profit increased from $103 000 to $180 000.

Extension and adoption of results

Australian farmerswill continue to adopt some or al of the cumulative
elementswhich make up the zero-till and controlled traffic story.
Thereforeit would be unredlistic to apply the on-farm benefitslisted in
Table7tothetotal areacroppedin Australia. Indeed it would be
unrealistic to assumethat al farmersin the Burnett District in Central
Queensland will adopt total zero-till and controlled traffic practices
because of differing attitudesto risk, financial constraints (especially the
cost of new/adapted machinery), concerns about the over-use of
chemicals, and perceived problemswith weeds and pests.

It is necessary, however, to estimate an adoption rate and the level of net
on-farm benefits which might flow from asteady increasein the
application of zero-till and controlled traffic if the returnsfrom Project
9209 areto be cal culated and assessed against project costs. One
acceptable technique isto determine abreak-even point. Thisis
determinesthe area (ha) to which the new techniques must be applied
(given afixed per hanet benefit) in order to generate an acceptablereturn
to thefundsinvested in devel oping the technique. Thisbreak-even area
(ha) can then compared with thetotal potential areawhich might be
subject to the new production system, and comments made on the
likelihood of achieving thislevel of coverage given the availability of
funding for technology extension.

For example, if it isassumed that Project 9209 generated 30% of the per ha
net benefitslisted in Table 7 (thisfigureis chosen because other projects
alsoinvested in and extended the technology) and that the technology
would be applied to 25 000 ha over the next 20 years, would thisbe a
sufficiently high adoption rate to generate (say) a 15% return on the
research funds? The same approach could be used to analyse the returns
from investing in research in China.
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3.3

The net benefit flowsin Table 8 attributabl e to the adoption of controlled
traffic practicesin Australiaare based on the following assumptions:

Net benefit per hectare (see Table 7) $173
Proportion of research gain realised on-farm 50%
Proportion of net gain due to project 20%
Area planted in 1998 (base year) (ha) 5000 ha
Rate of area increase (% per year compound) 10%
Benefit flows commence 1998

Project Costs

Table 8 detailstotal project costsfor the period 1992 to 1995 for both
Australian expenditure (as advised by ACIAR) and Chinese expenditure
(extracted from the Chinese annual reports—about renminbi yuan
(RMB.Y) 250 000 per year expressed asA$). Becausethe projectis
ongoing in terms of the extension efforts required to extend the
conservation farming technology in Chinaand promote controlled traffic
in Australia, and the need to adjust and refine the maize and wheat
planters, Table 8 indicatesthat from 1996 onwards afixed annual cost
A$250 000 (based on $150 000 per year for Australiaand $100 000 per
year for China) has been included for the next 30 years. In addition acost
of $50 000 per year for the period 19961998 has been included to reflect
that some expenditure in Chinaand Australiawould have been ongoing
during the interim period between the completion of Project 9209 and the
commencement of the follow-on project (the latter project isnot included
inthis Review).

The costsin Table 8 a so reflect the need to construct additional maize and
wheat plantersin Chinaasthe areas of crop increase. Because some
farmerswill usetheir locally-built planters and otherswill only use some
elements of theimproved cropping techniques, it has been assumed that
one additional small maize or wheat planter (three row maize and six row
wheat) is capable of sowing 70 ha per year. These additional planterswill
cost $770 (maize) and $615 (wheat). Thereisno need to allow for
additional machinery costs when determining the incremental flow of
benefitsfrom controlled traffic practicesin Australiabecause the on-farm
budgetsin Table 7 take into account the cost of conversion or buying the
required equi pment.

The costsin Table 8 also reflect the recommended additional one-off
expenditure of $100 000in 1999 by ACIAR to make surethat the
problemswith planter performancein Chinaare overcome.
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3.4 Project Benefits and Return

Table 8 also outlinesthe estimated project benefits from incremental
wheat and mai ze production in China, and increased on-farm profitsfrom
the application of controlled traffic techniquesin Australia. These streams
of benefits have been used to cal cul ate the net present value (NPV) of net
benefits using an 8% discount rate. Theinternal rate of return (IRR) of the
benefit stream has also be cal culated. The adoption rates used to calculate
project benefitsare outlined in Sections 3.2.1 and 3.2.2.

Table 9 detail stheresults of thefinancial analyses completed as part of the
Review. Thetable also showstheresults of sensitivity analyseswhich test
the robustness of the project in terms of the impact on NPV sand |RRs of
changesin key parameters, such asreductionsin the proportions of on-
farm gainsfrom research, and lower rates of technol ogy adoption.

Table 9. Financial and sensitivity analyses.

Scenario 1—Major parameters remain unchanged

China wheat China maize Australia
Benefit ($A/ha) 156.3 507.46 173,51
Proportion of gain realised on-farm 0.5 0.5 0.5
Proportion of gain due to project 1 1 0.2
Area planted (1998 base) (ha) 1500 1500 5000
Rate of area increase (%/year) 10 10 10
Discount rate (%) 8
IRR (%) 26
NPV ($) 13433119
Scenario 2 — Reduction in the proportion of gain realised on-farm

China wheat China maize Australia
Benefit ($A/ha) 156.3 507.46 173,51
Proportion of gain realised on-farm 0.3 0.3 0.3
Proportion of gain due to project 1 1 0.2
Area planted (1998 base) (ha) 1500 1500 5000
Rate of area increase (%/year) 10 10 10
Discount rate (%) 8
IRR (%) 19
NPV ($) 6 446 746
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Table9.  (cont’d) Financial and sensitivity analyses.

Scenario 3 — Reduction in both the proportion of gain realised on farm and the rate of area increase

China wheat China maize Australia
Benefit ($A/ha) 156.3 507.46 173,51
Proportion of gain realised on-farm 0.3 0.3 0.3
Proportion of gain due to project 1 1 0.2
Area planted (1998 base) (ha) 1500 1500 5000
Rate of area increase (%/year) 5 5 5
Discount rate (%) 8
IRR (%) 13
NPV ($) 2 226 381

4. Conclusions

Theforegoing indicatesthat Project 9209 hasthe potential to be very
successful in Chinaand Australia, provided that the planter problemsare
overcome and ongoing funding is committed to extension programsin
both countries. The analysesin Section 3.4.2 are based on the key
assumption that ACIAR will commit additional fundsto the China
program and further assist with planter modification, and that both
countrieswill continue to fund demonstration and extension programs
which will promote the conservation cropping in Chinaand controlled
traffic practicesin Australia. If thisassumption isnot correct, then the
expenditure of about $1.16 million on the development of excellent and
relevant technology for Chinaand Australiawill have been wasted. The
marginal returnsfrom the recommended incremental expenditurein China
and Australiaon problem resol ution and technol ogy extension will bevery
high.
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Theoverall conclusionsfrom the Review are:

The new technology developed asaresult of the projectisvery
relevant to the cropping conditionsin Chinaand Australia, and will be
widely accepted once the remaining planter design problems have been
overcome.

The potential for the new technologiesto spread in Chinaand
Australiaare enormous because of thelarge and increasing areaof dryland
wheat and maize production in China smore marginal semi-arid zones,
and increasing acceptance of conservation tillage and controlled traffic
practicesthroughout Australia' s main cropping regions.

The standard of scientific rigour in Chinacould beimproved, but the
results obtained have been sufficiently impressive for Chinesefarmersto
adopt at |east elements of the improved crop production practices. The
outcome has been the devel opment of asuite of practiceswhich all
contribute to the twin objectives of increasing yields and reducing costs
under a sustainable production system.

Resultsfrom controlled traffic trialsin Australia have confirmed the
hypothesisthat cropping intensity can beincreased, soil and water
conserved, costsreduced and profitsincreased if the practiceisapplied on
awhole-farm basis. The foundation hasbeen laid for arevolutionin the
way crops are planted, managed and harvested throughout Australia.
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