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The workshop which was organized by NCARTT, JHADP, ICARDA, and the
USLA/USAID Dryland Management Project and held in Amman, Jordan during

31 January-2 February 198& represents a wa jor contribution in several
respects. TFirstly, it brought together, perhaps for the first time, some of
the leading experts in dryland/rainfed agriculture, including the critically
important disciplines of animal production and management, natural resource
ecoromicys and soil, water and crop management. These experts were able to
discuss in detail the various protlems and constraints to increased
crop/livestock production in Jordan. Secondly, the agencies that were
represented at the workshop all have a vital interest in the development of
more effective crop residue management syctems to enhance soil and water
conservation and the efficiency of crop/livestock production in the Jordan
drylands. Several of the agencles that participated, i.e. ICARDA, USAID.
and ACSAD are involved in the transfer of new technologies throughout the
Near East Region. Thirdly, the excellent discussions during the workshop
provided some new perspectives and strategies for resolving some of the
problems and constralnts to production through multidisicplinary cooperative
research,

We have attempted to capture some of these perspectives, strategles and
research approaches in these Proceedings. We are indeed grateful to all of
the participants who contributed so much of their time and valuable
information to the workshop. It 1s our sincere hope that these Proceedings
will provide a basis for fruitful scientific cooperative research ia the
Near Fast Region for many years to come,

Finally, we extend our thanks and appreclation to those scilentists who
reviewed this document for technical merit and sclentific validity. These
Included Dr. L. H. Hardesty, Department of Forestry and Range Manugement:,
Washington State University; Dr. J. R. Males, Deparvtment of Animal Sclernces,
Washington State University; Dr. W. R. Butcher, Department of Agricultural
Economics, Washington State University; Dr. K. E. Saxton and Dr. D. K.
McCool USDA-ARS, Pullman, Washington, U.S.A.

Workshop Editors

Dr. R. I. Papendick, Research Leader, USDA-ARS, Puliman, Washington,
U.S5.4,

Dr. J. F. Parr, Coordinator, USDA/USAID Dryland Agriculture Pro ject,
Beltsville, Maryland, U.S.A.



CONSIDERATIONS FOR RESEARCH PLANNING ON CROP RESIDUE MANAGEMENT TO
OPTIMIZE CROP/LIVESTOCK PRODUCTION AND RESOURCE CONSERVATION IN NEAR

EAST DRYLANN,
SYNOPSTS

A workshop was organized by JUADP, NCARTT, and USDA/USAID and held
in Amman, Jordan on 31 January - 2 February, 1988 to plan research on
crop residue management to ervhance soil and water conservation and the
production cfficiency of crop/livestock systems in the Jordan drylands.
The proposed rescarch was designed to be a part of a much broader USAID
"ribbon" project on soil and water management which is to be extended to
other countrics of the Near East region. The underlying goal of the soil
and water "ribbon" project is to 1) provide cconomically feasible
techuology that can increase the amount of water available for
production, both crops and animals, and at the same time conserve soil
resources of dryland areas, and 2) develop an information and scientific
contact nctwork, linking scientists conducting dryland soil and water
rescarch in developing countries within a region and the United States.

A stronpg consensus of a regional workshop on soil, water, crop and
livestock systems for the Near East region held in Amman in January, 1986
was that a major problem throughout most of the drylands is lack of
application of effective soil and water conservation practices. The
participants of the 1985 workshop strongly recommended that a regional
rescarch project be initiated to determine the relative value of crop
residuecs ferv soil and water conservation, maintenance of soil fertility
and productivity, and feed for small ruminant animals. Since the use of
residucs for water conscrvation and erosion control would be in direct
compctition for use as animal feed it ig necessary to know what
compromiscs and trade-offs are possible for the benefit of both.,

This resecarch planning workshop was in part a follow-up te the 1986
regional workshop. The specific objectives were to develop 1) research
criteria, euperimental plans, and methodology that will provide a sct of
common results from different participating locations for evaluating how
crop residucs are best managed in crop/livestock systems to optimize
econociric return, and resource utilization and protection, and 2) a plan
of action for implementing, coordinating, and reporting the
interdisciplinary, multilocation rescarch, and for maintaining a high
level of cooperation among the working scientists and ensuring high
quality scientific results,

This report contains considerations for plananing research and
designing experinents that can serve as a multilocation interdisciplinary
rescarch project to study residue management for profitable crop and
livestock production and efficient usce of soil and water resources.
BACXGROUND

Agroclimatology

Most of the rainfed cereal-growing areas in the Near East Region
have a Mediterranean semiarid climate with precipitation averasine



between 200 and 500 mm annually. The rainfall is often distributed
during a short rainy season in unpredictable amounts and frequently
occurs as intense storms that can cause severe water erosion. Wind
erosion is also a secrious problem in many areas during the dry months.
Barley/livestock is the main production system in the drier areas where
the barley is an impertant source of animal feed.

Many soils in the drvfarmed arcas of the Near East region have low
fertility status, However, the full potential benefits of improved
fereilitv such as can be achieved by fertilizer application often cannot
be realized without improved water conservation, Thus, the management
svstem should strive to maximize the available water supply as a means to
increase the yvicld potential,

Traditional grazing practices

A common practice in most of the dryland areas is complete grazing
of crop aftermath by sheep and poats following grain harvest. Weeds may
alse be slloved to grow during fallow to surnly additional forage. The
intensive grazing with animal traffic leaves the soil bare and compacted
between crops and tiighly vulnerable to wind and water erosion. The
remaval of stubble, and weedy fallow is also costly in terms of water
loss through increased runoff and evapotranspiration, particularly during
the winter rainyv scason. With less available water, the vield of the
following cereal crop is reduced, primarily at the expensc of animal
production.

Low levels of cereal production

Barley grain yields with the livestock grazing system generally
range from lows of 700 to highs of 1000+ kg/ha in the different rainfall
zones.  Residuc amounts associated with these grain yields are estimated
to be 300 to 1500+ kp/ha. At such low levels of production, and with
aniral grazing it is likely that the amount of crop residues available
during the rainy season for cffective water conservation and erosion
control would often be inadequate. 1In some cases, yields with present
farming systems can be increased by application of impreved technology
that increascs the transpiration efficiency (c.g., improved fertilizer

ractices. carly planting) as has been demonstrated in Turkey and Syria.
However, in manv situations substantial improvements in yicelds can come
about only by increasing the supply of available water in the soil,

Potential value of crop residues for water conservation and soil
improvement

The value of surface stubble for water conservation is well
documented and deponds ot a number of factors. First, relatively low
amounts of residues are effective in enhancing infiltration by reducing
runcff and surface crusting, but greater amcunts are necessary to
significant1ly reduce evaporation. Seccond, surface residues are most
effective in slowing evaporation during the rainy season and have litele
or no effect on cvaporative loss after the soil surface layers dry unless
urusually heavy amounts of residuss are present.  Surface retention of
stubble may also improve the crumb structure of soil in the shallow
layers which can markedly improve infiltration. Other factors affecting



residue efficiency fur water conservation include residue color, surface
configuration (standing vs. flat, etc.), stubble height, and rate of
decomposition.

if crop residues are removed and the soil is left bare when rains
occur, the water lost from evaporation and runoff can significantly
decrease the overall productivity of the farming system. Moreover, weed
growth for aninal fecd can be expensive because many weeds use water
inefficiently and produce low-quality forage.

Perspectives for improved crop-livestock production systems

The question is: What is the short- and long-term productivity, and
economic and resource efficiency of the intensive prazing-crop production
system with weedy fallow compared with alcernatives such as controlled
grazing or no grazing, with or without weed control and surface retention
of crop residues?  Yields of winter wheat in some areas of the USA
drylands tripled (e.g., increased form S00 to 1500 kg/ha in western
Nebraska) during the 1940's when stubble gracing was eliminated, and
mulch tillage and improved weed control were introduced in tne fallow
svstem.  Fertilizer usage was a secondary factor contributing to this
yield increasce.  The change in farming practice amounted to a "snowball"
effect, 1.¢., without grazing, there was more surface stubble and this
coupled with good weed control substantially increased the available
water for the following crop, which in turn procuced more crop residues
for additional voicr conservation benefits. The increase in vield in
most of the USA dryvland areas was sufficient on an economic basis to
justify scparating the production of livestoch and grain on the same land

which to a large extent is the practice today . Morcover, retention of
some stubble mav reduce water and wind erosion markedly, which helps to
sustain the long-term productivity of the soil. The USA system of cereal

small grain production represents one extreme ane, it is likely that some
alternative system with managed grazing and weed control during fallow
may be equally or even more water-use efficient with regard to
productivity of the farming svstem.

Research needs and priorities

Studies are needed on the effects of surface stubble managemernt,
weed growth, and tillage on productivity of crop/livestock svstems in low

rainfall environments. Experiments should bhe conceived and designed to
provide data for evaluation of the production, economic, and resource
efficiency of crop residuc systems. These data will proevide for

verification of conservation, production, and economic models that can be
uscd to analvze and compare the experimental results at different
locations in the Ne.r East Region, and to extrapolate the results to a
range of agro-climatic conditions. The following information which is
the results of the workshop discussions is intended to aid in developing
ticld rescarch to address the issue of the relative value of crop
residues for soil and water conservation and animal feed in dryfarming
systems,



QUESTTONS THAT THE RESEARCH SHOULD ADDRESS :

The workshop participants were asked to list what they considered to be
the most important questions that the proposed research on crop residue
management should address. These arc as follows:

1.

10,

11.

12,

How much residue is needced to control wind and water erosion in
different soil and crop management systems?

When do residucs have their greatest value for water
conscrvation and for control of wind and water erosion? That
is, when ave they most neceded and most of frctive for these

purposes?

What are the effects of time, depth, metihod and frequency of
tillage on water conscrvation?

How does the nutrition value/quality of different crop residues
(aftermath) as animal feed change with time after grain
harvest? With grazing and without graving?

How do crop residuc management practices affcect water
conservation for different soilsg?

What are the relative apronomic and economic values of crop
residucs for water conservation and for animal feed?

What is the offect of erop residucs on lon -term soil
!
productivity and sustainability of agricultural production?

How should crop residucs be managed in arid and semiarid
agroccological zmones to optimize water conscrvation, and crop
and animal production?

What is the contribution of crop residues to the production and
yield of subscquent crops?

How can crop residues be managed to increase water use
efficicney by crops? What is the potential for increased
biological yiclds, i.c¢., increased residuc production for
animal feed?

What quantity of forage that is of valuc as animal feed is
provided by crop residues in each year of typical crop rotation
cycles and what are the decomposition rates over time if

grazing is excluded?

When in animal production cycles are residues used, and what
alternative forages are available at theso times?



13.

14,

How does the nutritional quality of residues when used compare
with the nutritional requirements of animals at that time and
are feed supplements needed?

How can crop residues best be used along with other soil and
water management practices to 1)  enhance the economic
profitability of crop and livestock production on the drylands;
2) serve farmer’s and herder’s non-economic goals such as food
security; 3) optimize other inputs (land, labor ~apital) that
low-resource producers have available : 4) reduce weather
related risks: and 5)  achieve sustainable long-term
agricultural development objectives?

RESFEARCH _OBJECTIVES

Determine the effect of tillage, crop residue management and
weed control in combination with other soil and water
management practices on available water supply, crop water use
efficiency, and crop yields in a barley or wheat-based
rotation.

Determine for different grazing intensities the quantity and
feed valuc of crop aftermath for small ruminant animals in a
barley or wheat-based rotation.

Conduct an cconomic evaluation of a barley or wheat-based
rotation/animal production system with crop residues grazed at
different intensitics giving primary emphasis to crop/livestock
productivity, farmer/herder income, and long term soil
conservation to ensure a sustainahle agriculture,

SUBOBJECTTVES -

N

4,

Determine the relationship between nutritive value of crop
aftermath and quantity remaining during grazing by small
ruminant animals.

Determine a) how quantity and placement of crop residues
affects their value for soil and water conservation; b) the
time when residues are of greatest benefit for soil and water
conservation; and ¢) how rapidly residues decompcse if not
grazed.

Determine the relationship between the nutritive value of crop
aftermath and the nutritional requirements of animals during
the grazing period.

Determine crop residue management x tillage interaction on soil
water conservation and wind and water erosion control,



5. Determine the effect of crop residue management on long-term
soil productivity and sustainability of agricultural
production,

EXPERIMENTAL _TREATMENTS

1. Grazing level and crop residue management
5 P

a) Heavy grazing of cereal stubble, to achieve at least 90%
utilization. Under this treatment, grazing of stubble
will cease when sheep have lost 10% of their initial body
weipht .

b) Moderate grazing of cereal stubble, Under this treatment,
grazing of stubble will cease when about 50% of initial
stubble or biomass has been urilized.

c) Ungrazed control .
d) Stubble mulch--achieved with sweep plow (no grazing).
e) Stubble incorporat. wa--achieved with chisel plow/disk (no

grazing).
2. Tillage options
a) Type - (chisel plow, moldboard, rotovator, disk).
b) Depth - (shallow, deep).
c) Timing - (early, late),
d) Frequency - (several operations to one)

3. Weed control (complete control with tillage and/or chemicals
Vs. no contrel, i.¢., weeds usced for grazing).

4, Crop rotations--use a rotation common to cither wheat-based or
barley-based farming, systems. This might include fallow, wheat
or barley, forape legume, sorghum, or summer crop.

Examples:
a) Arid Zone--barley-fallow

b Semiarid Zone--wheat-7egume-summer crop.

EXPERTMENTAL PROCEDURES

1. Plot Size--plots should be large enough to accommodate
tillage/crop residuc manapement /weed control operations, and
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animal grazing at suitable stocking rates to accomplish
objectives.

Residue Removal--can be accomplished by animal grazing, machinc
harvesting, or hand harvesting.

Residue Analysis--use standard method(s) to measure in-vitro
digestibility, tetal digestible nutrients, crude pr« “ein, Ca,
K, P, and Mg.

Experimental Site(s)--the study could be conducted by national
research stations. However, it may be best to conduct ic
off-station on farmer’'s land where animals have traditionally
grazed residues and have actually impacted the crop production
system. The land should be controlled (fenced if necessary)
for the entire experimental period.

Duration--the study period should be at least 6 years.

A proposed procedure for the animal component of the study for
Jordan is as follows:

a) Three locations: Maru and Mest agpa (semiarid) and Ramtha
(arid).
b) Two replications of the three grazing treatments at each

location.

c) 30 breeding ewes and 2 rams in each grazing
treatment “replication (120 ewcs per location).

d) Grazing fieclds at ecach location will have the same
stocking rate. Size of fields for a location will be
determined by the average stubble biomass and a grazing
period of about 60 days under heavy grazing. For example,
preliminary ecstimates indicate that grazing {ields at
Meshagga should be about 20 dunums cach. Fields at Ramtha
would nced to he larger.

e) Grazing treatments will begin after cereal crop harvest in
June.  The length of the grazing period will vary from
year to yeair depending on initial stubble biomass. The
grazing period for the heavy grazing treatment will be
approximatcly twice as long as for moderate grazing, and
is expected to range between 30 and 90 days. Animals will
receive a minimum length protein supplement to be

administered after 50 days of grazing.

£) All animals will receive adequate health care treatment,
Animals will be combined into one flock at the end of the
frazing treatment and experience identical conditions for
the rest of the year. Since the grazing of cereal stubble



coincides with the breeding scason, economic value of the
crop aftermath will be expressed through breeding success,
i.e., the value of lambs born per ewe, and costs of
replacement feed.

There arc several options for combining the grazing and
agronomic stucics into a single experiment. These are
described unde the section on "Proposed experimental
plans for the Ribbon Project™ page 16,

DATA_TO BE COLLEGTED

1.

Climatice Data

These data should be obtained near the plot site or as second
choice from a "near-by" meteorol gic station if not available
at the site.

Essential measurements:

a,

d.

e.

Alr temperatu-e - -max imum/minimum (C)
Alr humidity—-wet bulb temn (C)
Wind travel (m/s)

. . v <
Solar radiation (W/m
/

Precipitation (mn)

Desirable measurements:

a. Downward-facing solar radiometer or net radiometer over
selected plot surfaces to define radiation albedo
(moderately high priority).

b. Wind travel at 1 or 2 lower heights would assist in
defining the wind profile and surface roughness,

Notes:

a. The first three sensors under "Essential measurements"
should be at the same height, preferably 2 meters above
the soil surface.

b. Hourly scnsed values are highly desirable. Daily mean and
total values are acceptable,

Soil Profile Data

The so0il profile water and thermal characteristics (capacities

and conductivities) for the general site are needed. The
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number of samples depends upon spatial variability of the soil
and the profile layer variation. General values can be
estimated from basic measurements, but specific measurements on
site will improve the accuracy of modeling studies.

Essential measurcments;

a. Profile textures by horizons (% sand, silt, clay)

b. Bulk density profile (Hg/m3)

c. Soil water profile (% volume)
d. Soil organic matter in rooting profile at the beginning

and at the end of the cxperiment (% weight).
Desirable measurements:
a. Soil temperatures (C)
b, Soil properties for selected horizons

Saturated,conductivity (bore-hole method) ,
(kg + s/m™).  Air entry potential (air entry
permceamaeeer) (’J//};;_v)) .

Tension-moisturc content measurements (filter paper
method) (for fitting to previously defined
equations) .

Thermal conductivity (heat flux plates, newly
developed transient heat probe) (W/m « k).

Motes:

Texturc, structure, organic matter, and permeability of the
surface soil is needed to estimate the soil erodibility factor.
Describe roughness and clodiness before and after each tillage.
For wind crosion, mecasure percent surface soil not passing a
20-mesh sieve during times that wind erosion would be a hazard.

a. The bulk density of the tilled layer must be measured
occasionally with time to define the tillage effects.

b. Soil moicture is needed at the beginning of the study .iid
occasionally thereafter for verification in predictive
models,

c. The measurement depths of soil water and soil temperature

should have increments to provide 5 to 10 measurements per
profile (20 maximum) and closer spaced near the soil
surface. For example measurement depths might be 7.5, 15,
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25, 40, 55, 70, 85, 100, 125, and 150 cm. below the soil
surface, plus just beneath the soil surface.

Soil tempecratures at the same depths as soil water
measurcments, initially at start of the experiment and several
times after (even hourly or daily would be useful),

3. Regidue and Soil Cover Data
The soil cover is very important to the energy and water
exchange with the atmosphere.  This is often more descriptive
tuan documeat ¢d values, although some measurements are

essential .,

Essential measuvements

2
a. Residuc quantity (by air dry weight of 0.5 m areas)
(kg/ha) .
b. Residue thickness (average height above seil sarface) (m)

erd configuration (s standing, % on surface).

c. Soil cover (percent soil surface shaded at noon, 0 «+ bare
soil). Use beaded string method or veritical photos with
a grid.

d. Greencss index (percent of plant material which can

transpire).

e. Rooting depth (estimated maximum rooting depth of living
plants).

Notes:
All of these surface condition measurements will change over time as
residues decay, are harvested, or graced and as plants grow. Thus
these measuremenis will need to be repeated often enough to document
the time distribution and character of the surface material.
Occasional vertical photos on a shaded plnt and including a scale or
grid would be very useful
4 Additional Site Data

Esscntial measurements

a. Soil slope, 3

b. Slope aspect, degrees (0 = N, 90 = E, 180 =5, 270 = W)

c. Latitude, degrecs (0 = cquator, N or §)

Notes:
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There may well be other site and plot characteristics that should be
provided to describe the physical energy and water budgets of the
rescarch plots. Please include any extra information notes that
would enhance the application of the SHAW model for data analysis
and future predictions,

5. Measurements of tho plant biomass and animal production

Essential measurements:

a. Energy and water budget for different soils and cropping
systems. .

b. Water usc efficiency by crops and by rotations.

c. Vegetativ. growth, grain and forage yields of the crops
(kg/ha) .

d. Weed forage yield (kg/ha)

e. On animals: bodyweight, conception date, reproductive
effort, intake, and diet selection by animals.

f. On crop aftermath: amount of stubble (weed growth) before
and after grazing (and on the control); quality of
aftermath (proximate analvsis and Van Soest digestibility
paramcters) .

6. Economic data needs

Basic data nceded to conduct the required economic analysis
fall into the following four categories:

1.

Crop and Livestock Enterprise Budget Data.

a. crop and livestock output yields per unit of land
under alternative cascs.

b. input requirements.
c. input and output prices.
d. impact on long term vields,

Special care must be taken to identify the timing of input
use through the prowing season, and the intra-seasonal
soll-water-crop response relationships through the season
when estimating yields associated with different planting
dates and calendars of operations. 1In addition, the
intra-seasonal impacts of residue management and other
soil-water conservation measures must be reflected in
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appropriately specified budgets, e.g., budpets based on
the rotation.

Since weather and soil characteristics strongly influence
both yield and input mix and level, these site

characteristics must be specified for each budget. The
range of variability in computed yields due to weather
variability must be given with each budget. A basis must

be established for trensferring (adjusting) experimentally
generated budpet data to a representative farm situation
(to be modeled from data collected in farm surveys).

2. Whole Farm Data

a. calendars of operation

b. costs of production

c. resource availabilitices (land, labor, capital)
d. yield and production levels

e. marketing and home/farm consumption

f. farm soil and weather characteristics

These data arc to be collected for the purpose of constructing
representative whole-farm models cucompassing both crop and
livestock activitics. Cracing by nomadic herders is an
Important activity to be included in these models.

3, Livestock-Herder Date

a. numbers, types, and charscteristics of animals that
nermally graszce in the arca.

b types of ownership.

c. feed source types and rations.

d. seasonal grazing patterns on and off farms.
e. livestock production.

f. livestock output and input prices including

especiallv prices paid for feed and grazing rights,

4, Market Data

a. Market structure
b, Market infrastructure
c. Commodity income and price elasticities

d. Input supply elasticities
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DATA MANAGEMENT - -ANALYSiS AND INTERPRETATION OF RESULTS

To the fullsst extent possible P-C oriented data base management systems
should be utilized. These should be tullv cempatible with agency and
project data procossing systems,

Stendard statistical techniques (e.p., analysis of variance, regressions)
will be applicd to aralyze scils, agronomic and animal production
results. The analveis shoald emphasize estimating the rate effects of
treatments and not just significant dif{ferences among, trectments.

Considerations for econemic analvesis include the following:

1. Budgets will be compared to eliminate from further
consideration technelogy packapes that are clearly undesirable
on such greuads as poor profitability, high resource demand,
hiph variabilitv, and complicated management ,

2. Whole farm optimization modeling techniques such as
linear-programming, and dynamic programmiag are potential
modeling methodologivs. Analysis will scek to identify the
economically optimal farm and livestock production plan
encompassing the various soil-water conservation options
considered potentially beneficial as determined by the
crop,/livestock budpets, and subject to non-economic objectives
and yesource limite,

[@%)

The modelling analvsis should be carried out so as to estimate
shovt-run impacts of soil-water conservation measures as well
as long-run impacts. Both private (farmer-herder) and social
valuations of impact should be made.

4. Emphasis should be given to simple modeling techniques in the
initial stapes of the rescarch, e.g., linear programming.
However, special attention necds to be given to variability in
yields due to weather and to farmers' reaction to risk of loss.
As data and analytical experience improves, more sophisticated
approaches mav be utilized. Use of long time horizon
bio-cconomic simulation models falls into this latter category.

5. Aggregation of whole-farm models will be necessary to address
the large scale impacts of technological change. This should
be a second-phase effort following successful development and
us: of the simple farm models.

6. Statistical techniques of analysis, such as multiple regression
iralysis, will be required to estimate commodity and input
demand and scupply parameters,

For purposes of aata validation in the economic analysis the
following should be considered:

1. Experimentally generated enterprise budgets should be compared
against farm survey generated budgets to the extent possible.
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2. Base-case solutijons generated by the whole-farm models should
be compared to the conditions found in the farm surveys and the
input-output status of representative farms where the new
technologics are not in use. where new technologies are in
use, moadel solutiens based on these same technologies can be
cowrpiared to these situations.

EQUIPMENT AND PERSONNE],

Equipment and personnel needs are dependent on the scale and scope of the
actaal cxperiments and analyses to b2 performed.  Some specific equipment
needs will include complete weather station automated with a data logger,
no-til]l drill, ncutron moisture probes, hand held calculators, lak-top
computers, and P-2's with appropriate operating cystems and software
packages.  Equipment specific for the animal studies will include
electric fencing, sheds, vards, troughs, weiphing scales, facilities for
chemical analveis, fecal collection bags, ear-tags, and other standard
items. Vehicles and equipment repair and maintenance will be necessary
for [ic1d plot werk and field survevs.  Personnel needs include field
enuncrators, data processors, rescarch assistants, and research leaders.

COORDINATING _COMMITTEE AND_COOPERATORS FOR _THE _RTBBON PROJECT

Good coordinition of research and interaction among, vesearchers at the
different pavticipating locations is deemed highly crucial to the success
of the ribbon project.  The workshop participants recommended that a
Ribbon Project Coordination Commitcee be organized which would provide
guidance and leadership for facilitating cooperation and coordination of
t.e work cffert. The Coordinating Committee, for example, could provide
technical counsel to scientists in developing research proposals, and
veviow proposals if requested by project administrators. The Committee
should also assume leadership in arranging for project leaders and
asseciated personnel to meet at least once a year to compare results and
discuss any changes that mey be needed in the experimental plan. Annual
reports summarizing the results could be exchanged at this time.

The Workshop participants nominated the following individuals to serve on
the Coordinating Committec Tov the Ribbon Froject in Jordan. Cooperators
and thceir respective organizations are also recognized.

A Coordinating Committee

1. NCARTT
Dr. K. Abu Salah
Dr. K. Tadros
Cr. N. Haddadin
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2. JHADP
Dr. J. D. Maguire

3. University of Jordan
Dr. M. Harb
Dr. S. Khattari

4. Jordan Universitv of Science & Technology
Dr. A. Jaradat
Dr. M. Muwalla

B. Cooperators

1. 1ICARDA
Dr. H. C. Harris

2. USDA
Dr. R. 1. Papendick
Dr. J. C. Day

3. USDA/USAID
Dr. J. F. Parr

4. ACSAD
Dr. M. J. al-Ahmad
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PROPOSED EXPERIMENTAL. PLANS FOR THE RIBBON PROJECT

During the course of the Workshop several experimental plans emerged that
appeared to have considerable potential for fulfilling the goals and
objectives of the Ribbon Project as set forth by the Workshop
participants. 1t was widely recognized that the cooperating scientists
at wvarious locations in the Near East Region would probable not be able
to conduct identical experiments because of site specific conditions and
limitations in available resources. The participants felt that this was
not s omajor constraint to the development of a regional network for the
Ribbon Project as long, as the objectives of each experiment were to
determine the best management practices and relative agronomic and
cconomic values of crop residucs for soil and water conservation
maintenance of soil fertility and productivity, and feed for small
rurinant animasls,

The experimental plans that were discussod in detail during the Workshop
arc summarizod here to provide background information for developing an

acceptable exporimental plan for the Ribbon Project to be implemented by
NCARTT v Jordan and which would involve graczing animals, i.e. sheep.

A RIBBON PROJECT FOR NORTHWEST SYRIA TO BE CONDUCGTED BY THE FARM
RESOURCE MANAGEMENT PROGRAM, 1CARDA

GOAL.

To improve the productivity and sustainability of barley/livestock
systems in the drier areas of the ICARDA region by improvement in
s0il structural stability, soil water relations and water use
efficiency of crops.

OBJECTIVES

To examine the potential for the agronomic and economic improvement
of crop and livestock production in barley/livestock systems for the
dry arcas of Syria through the use of:

1. Alternative stubble management svstems,
2. Alternative tillagpc practices,

3. Alternative crop rotations.

METHODS

An experiment will be established on a semi-permanent off-station
site at Broda, approximately 35 km south of Aleppo. The mean annual
rainfall is 285 mm. The soil is deep, is typical in texture of much
of the drier arcas of Sviia, and has been thoroughly characterized,

Breda has been used for ten yeers by TCARDA and the local villagers
understand TCARDA's aims, and cooperative fully whenever research trials
are conducted,  This will be important for the management of the
long-term trial which ig envisagped.
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It is proposed that three rotations will be established:

1.

o]

TREATMENTS

Rotation

A barley/fallow rotation in which alternative crop residue
management treatments will be imposed.

A barley/fallow rotation in which alternative tillage practices will
he tested.

A barley/veteh rotation in which residue management following
harvest will be the same as in rotation 1, but vetch for spring
graczing will replace the fallow year.

The residue treatments will be as follows:

Rotation 2

a.,

h.

Farmer practice of hand harvesting in which all crop biomass is
removed and stored for winter feeding (Control 1),

Farmer practice in which barlev is combine harvested and the
stubble is Intensively praczed (Control 2).

Controlled gracing to retain a proportion of the stubble
following combine harvesting,

No pracing

The plots will be split for weed control with objective of
complete control on half of the plot. Weeds on the other half
will be graced in treatments a and b: in treatments c and d
they will form part of the retained biomass. Uniform
fertilizer applications will be made on all plots.

The tillage treatments will be as follows:

a .

Till in autumn following the crop and at planting following the
fallow.

Till in late spring-early summer at the closc of the rains in
the fallow year to control weeds and at planting following the
fallow.

Till in the early spring of the fallow year with the objective
of crust formation (the hypothesis is that the crust will
reduce soil evaporation) and at planting following the fallow.

Till whenever crusting occurs to maintain a dust mulch on the
surface.,
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Weed control and fertilizer application will be as for Rotation
1, and stubble management will be as for treatment b of
Rotation 1.

Rotation 2

Residue management, weed control, fertilizer application and tillage will
be the same as in Rotation 1, but a vetch crop will replace the fallow
year.  This will be pgrazed in the spring (from early March) with weaner
lambs for fattening.

The experimental lavout for the ribbon trial is presented in Fig, 1.

STATISTICAL DESICN

Within rotitions an orthogonal comparison of treatments will be carried
out.  Rotations 1 and 3 will be compared in an orthogonal analysis of
rotations x trcatments.  Individua! treatments of Rotation 2 will be
comparcd with treatment b of Rotation 1 (Control 2).

The trial will be veplicated three times, and both phases of the two
course yotations will he {ncluded cach VOear,

MEASUREMENTS

1. Baseline measurcments of soil physical status (aggregate stability,
porosity, infiltration rates, bulk density) and soil chemical status
P’“ﬁ' N, CaCUe, organic matter, EC, ete.) will be made at the start
ol the trial o

2. Crop residue weight, fraction of ground cover, residue layer
thickness, and otlicr characteristics at the start of the rainy
season.,

3. Weed biomass and the dynamics of weerd species composition at
intervals during the trial.

4. Soil water = :ics throughout each vear, including recharge
patterns du: ooy rainfall . and discharge under crops, stubble and
fallow,

5. Crop total biomass and grain yields.,
6. Soil characteristics as in 1 at intervals during the trial.
7. Aniwal production, either as live weight response and milk yield, or

in terms of prating aave,

8. Costs of all operations including tillage, planting, harvest, weed
control and foriilicer,

9. Returre from crops and animals.

10, Net revenue.
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A meteorological station is maintained at the site and ten years of daily
record of rainfall, solar radiation, evaporation, wind run, humidity, and
air and soil temperatures are available, The recording will be
continued. 1In addition 25 years of daily rainfall data are available
from a Government recording station 1 ki from the site.

CULTURAL METHODS

1. Plot Size: It is essential that animal production and grazing
effects be monitored. Thus, it is necessary that the plots be large
enough to allow this. Individual plot size will be 60 x 12.5 m.

2. Planting Mcthod:  Barlev will be drilled with an 1CARDA designed

single pass planter, or with a zero till planter as appropriate.
There is an argument for using a more conventional sced drill for
vetch in that narrower rows give betier production from legumes.
The c¢conomics of this nceed to be examined as the extra dry matter
can only be produccd at the cost of an extra ti 1lage .

3. Cultivars: Initiallv the barley cultivar, Tadmor, will be used,
This is an improved line selected from a local landrace and adapted
to dry arcas. It may be quickly replaced by a new line selected

from similar material but with greater resistance to the major
diseasc, powderv mildew.

Local veteh will be used.

4. Secd and Fertilizer Rates: Seeding rates will be 100 kg/ha for
barley and 120 kg/ha for vetch. Phosphate will be applied at 60 kg
P,0 /ha te the barley phase. Twentv kg N/ha will be drilled with
5 2 . . .
the "barlev, and additionasl N will be topdressed according to

scasondl conditions, s0il tests and rotations. These fertilizer
rates have been experimentally determined as suitable rates for
Breda.

5. Stocking Rates and Sheep Manapement:  Theoretical calculations
sugpest that a barley/fallow rotation should he able to sppport 4
ewes per hectare in the Breda arca (an average of 4 t ha total
blomass, yirlding about 25000 MI of metabolizahle energy/ha/erop
year; ewe requirements are about 4000 MJ/head/year).  Some protein

supplement mav be necessary to achieve this (feeding of cottensced
cake, legume straw, cte. serves this purpose and is common
practice). However residue management initiallvy can be expected to
reduce the amount of stubble available by approximately one-third.
Tillape treatments mav do the same.

It is therefore proposcd to use a flock of 6 Awassi breed ewes per
rotation (1.8 ha) to measure animal production. The same flock will
utilize the crop products for all treatmente within a rotation, and
the contribution of each treatment (and replicate will be caleculated
on the bacia of records of consumption of stored pgrain and straw,
and grazing davs on stubble, veteh or fallow (according to the
rotation;. A flock siz¢ of 6 should be large enoupgh to prevent the
social preblens which occur with small groups (minimuam 4) of this
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gregarious breed of sheep. The animal data will be unreplicated but
short of quadrupling the size of the experiment this seems to be
unavoidable. However, on the positive side this plan provides
opportunity fo flexibility in the management of the sheep. If it
appears what tae stocking rate is too high it could be reduced
without causing social disruption in the flocks., 11 .nis is too
conservative and more sheep could be supported, sheep can be brought
in, either permancntly or seasonally fer fatiening.  The latter also
is a common practice within the sheep production systems of Syria,

Fencing Requirements:  The trial will need to be fenced to secure
grazing managemont

TIME OF ESTABLISHMENT

The experiment should be timed to begin in the 1¢88/89 Crop season,
This means that preparation of the site (fencing, etc.) should begin
in October 1988,

DURATION

It is proposed that the trial should run for at least six years,
This Tenpth of time will be required to assecss the slow changes
which are expected to occur in response to the treatments.,

PERSONNFI.

The trial will be carried out by the Farm Resource Management
Program of TCARDA. Overall responsibility will rest with Dr. P. J.
M. Cooper, Propram Leader. and Dr Hazel C. Harris, Agronomist. It
Is proposcd that a Post-Doctorsl Fellew be emploved to oversee the
day-to-dav rumnning of the rrial. It is further envisaged that once
the trial has been running for two vyears it will provide a venue for
rescarch projects of praduate students, and we will actively seek
to recruir students with interests in soil phyvsics, soil chemistry,
sofl fertilice, goil microbiolopy and soil water relations to work
onaspects of the trial. This will be done through ICARDA's
Traiving Propvoam,

The ¢conomic studv will be under the supcrvision of Dr. T. L.
Nordblom, Economist with the Farm Resource Management Program. It
is also antivipated that there will be opportunity for graduate
studics on economie aspeets of the trial,

Further, the trial wil) provide hard data for the verification of
simulation mod:ls of harlev growth and of soil water dynamics under
different residue and tillage managements. These models are being
used by Mr. W, Goebel Aproclimatologist | for the purpose of
characterizing enviromnments within the TCARDA region. It is
anticipated tha' Mr. Goebel will also be closcly involved with the
trial, and dpeain the opportunity will exist to use the data in the
training of repional scientists in agroecologv,
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Dr. E. F. Thomson, Livestock Scientist with the Pasture, Forage and
Livestock Program of ICARDA, will supervise studies of feed intake
and feed quality. The trial will provide an opporcunity to study
these factors in experimental flocks in rhe drier areas. Previous
work has been carried out in the wetter Tel Hadya environment. As
in other asprcts of the trial, it is planned to seek student
involvement, and the data will provide for the validation and
calibrrtion of models of livestock performance in barley/livestock
system:s,

RIBBON PRGJECT WITH SIMULATED GRAZING TO BE CONDUCTED COOPERATIVELY
BY JORDAN UNIVERSITY OF SCIENCE AND TECHNOILOGY AND NCARTT

OBJECTIVES
In arid areas: 250-3CO mm of arnual rainfall.
1. To introduce the barley-livestock system with modifications to

suit the Jordanian socioeconomiec situation.
2. To improve water use efficiency by crops in the rotation,

In semiarid areas: 350 mm of annua!l rainfall.

1, To improve the productivity of the cropping systems,
2. To improve water use efficiency by crops.
TREATMENTS

Four cultural practices will be tested as to their effects on the
productivity of the cropping svstems in arid and semiarid regions of
Jordan., Thise are:

1. Residue management:  at two levels,i.e., simulated intensive
grazing and no pracing.

2. Tillage: at two levels, i.e., traditional tillape as to
implements, {reqguency, and depth: and minimum tillage using
chisel plows,

3. Fertilizer usape:  at two levels, i.e., no fertilizers, and
optimum rates for the area as recommended by the Jordan
Cooperative Cerecal lmprovement Frojcect.

4, Weed control:  at two levels, i.e., no weed control, and best
management chemical weed contrel.

APPROACH

1. Arid Region'  Two adjacent pieces of land with a total area of

about 0.7 ha in a representative barley growing area will be
selected. A barley-fallow rotation will be e#stablished on one
picce and a barley-vetch rotation on the other. The experiment
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will be a confounded factorial experiment with two blocks each
of 8 plots. The layout of the experiment is shown in Fig. 2.

2. Semiarid Region: Two adjacent pieces of land, with a total
arcea of alout 1 ha, will be selected in a representative wheat
growing avea. Two Crop rotations will be used to test the four

cultural practices listed above.,  The Crop rotatiens are:
a. Lentil-Wheat -Fallow
b. Lentib-Whoat -Sorphum,

The experiment will be a confounded factorial with one replication,
two blocks cach with § plots.  The basic Tayout will he similar to
that in Fip. 2.

The dmwproved cultural practices which have been developed by the
Jordan Cooperative Cereal Lmprovement Project for arid and semiarid
regions in the countrv will be compared with traditional cultural
practrices which are emploved by farmers .

STATISTICAL DESIGN

The experiment is . factorial one with four factors, each at two
levels,  The Sstatistical design, however, is g flexible one. 1t
allows compiricons within and among, rotations and sites. The single
deprec o>f frecdom for each factor in the experiment allows for
flexibility of comparisons. A new statistical analysis approach),
known as Noareot Nelghbor Analvsis (KNA)Y, in addition to clasnical
statistical analvsis dpproaches, will be used. NNA will be used
especially for the statistical analvsis over years and sites. It
will help draw a soil fervilicy/soil moisture map of the
experimertal plors and compare different management practices
recardlese of orthogonalicy,

MEASUREMENTS

1. Crop residuc weight at harvest, rate of decomposition and
residue left prior to the rainy season,

2. Weed biomass and speetrum,

3. Water content throughout the year,

4, Grain and straw yield of the crop.

5. Digestible energy of crop residucs.

6. Cost of all cultural practices,

7. Meteoralogical measurements : daily precipitation, maximum and

minimum temperature, air humidity, solar radiation and wind
run,



8. Soil: soil temperature, texture, bulk density, water release
curve, hydraulic conductivity function and thermal
conductivity.

SITE CHARACTERIZATION

Both experimental sites will be characterized as to soil
description, fertility, organic matter content. and average yield of
the surrounding, area.

Collected data will be used to assess the effect of different
cultural practices on measured variables and to initiate a
comprehensive modeling study in cooperation with ARS-Pullman and
FRMS-TCARDA.  The modi ling effort will be directed to develop
alternative cropping/management systems for arid and semiavid areas
of the countrv.  The experiment should be run for a minimum of 6
years and :lwavs on the same plots.

PERSONNEL

The study will be carried out cooperatively by JUST and NCARTT. The
principal investigator will be Dr. A. A. Jaradat of JUST assisted by
a field crops specialist and soil specialist from NCARTT. A
research assistant is sugrested to be employed to oversee the
day-vo-dav runnivg of the experiment. Also, certain aspects of this
experiment will be used by graduate students at JUST as resecarch
projects.

RIBBON PROJECT WITH STMULATED GRAZING BEING CONDUCTED IN FASTERN
WASIHIINGTON STATE, USA, BY THE AGRIGULTURAL RESEARCH SERVICE, USDA
OBJECTIVES

1. Primary objectives: To compare the water use efficiency, and
agronomic and economic vield of intensively grazed
livestock-crop production system with alternative systems
including:

a. Controlled grazing without weed control, and with complete
weed control during fallow,

b. No grazing without weed control, and complete weed control
during fullow.

2. Secondary objcctive: To determine the effect of tillage, crop
residuc manapement, and weed control on fallow efficiency and
crop vields.

AFPROACIH

Experimental plots have been established in a representative cereal
arca on wheat or barley stubble after grain harvest with all crop
residues remaining. The average annual precipitation is 330 mm.
The soil is sufficiently deep to store precipitation and does not
have a history of unusual manuring or fertilization, or weed
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infestation. Grazing is simulated by mechanically harvesting crop
residues and weed growth.

TREATMENTS

Three main residue treatments have been established:

Simulated intensive grazing: All crop residues and weed growth
are removed after grain harvest so that the plot is bare before
the rainv scason bepins which is usually in late October,
Additionsl weed growth is harvested just belore the carly
spring tillape (mid March) and, as appropriate, just before the
late svring tillage (carly May)y.

Simulated controlled graczing: A1l crop residucs and weed
growth arc harvested just before the carly spring tillage.
Additional spring weed growth in the late tillage treatment is
harvested just before the titlage in carly May .

Mo pracing:  No residues or weed grovth are removed at any
time. Al plots in treatments I,y and 3 would be split with
no weed control to the time of tj 1lape on one hal f, and
complete woed control on th- ather half beginning immediately
after harvest. Residues alone and residues plus weeds on
treatments 1 and 2 would be collected, dried, weighed, and
analvezed for dipestinle cnergy.

In the spring, a set of tillage treatments will be superimposed
across the residuc and weed control plots:

a. Eavlv tillape fallow: 1Initial tillage is performed soon
after the end of the rainy secason with a sweep plow to a
depth of 16-20 cm.  This is followed by two or threec
secondary operations during the spring and summer with a
rodweeder to kiil weeds and cstablish a tillage mulceh
about 10 to 13 cm deep. A final cultivation is made just
before secding in carly fall,

b. Late tillage fallow: 1Initial tillage is performed about 3
or 4 weeks after he early spring tillage with a sweep plow
to a depth of 16-20 cm. One secondary operation with a
field cultivator or vodweeder is made just before secding
in the fall. Summer weeods arc controlled with herbicides.

c. No-till fallow. Weed control is accomplished entirelv
with herbicides and would begin a' the time of the late
spring tillapge on treatments 1 and 2 on the half of the
rlor that had received no weed control previous to this
time, and continued as on the original weed-free plot,

The entive piot arvea would be sOWn Lo i recommended wheat variecty at

the appropriate rate and :ime tor sceding. 1f there isg difficuley

with sceding the ro-till plots with available cquipment, a light
shallow disking or tillage with another suitable implerent could be
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performed just ahead of drilling to facilitate operation of the
planter. Fertilizer will be applied as recommended for maximum
yields. Weeds in the wheat crop will be controlled with recommended
herbicides. A summary of the major p'ot operations is presented in
Table 1.

STATISTICAL DESIGN

The experimental design incorporates three simulated grazing
treatments, three tillage treatments, and two weed control
treatments.  The plot lavout for one replication with dimensions
presented in Figure 3. The design is a split block with the ETazing
treatments stripped across the tillages. The subplot is the weced
control treatment, and the sub-subplot is the grazing treatment.
Each treatment is replicated four times. The AOV is presented in
Table 2.

MEASUREMENTS

1. Crop residuc weight, fraction of ground cover, and residue
laver thickness just before the rainy season.

2. Weed and residue weights during incremental harvest.

3. Description of weed spectrum and densitics at the beginning of
the experiment and several times afterwards as changes occur.

4. Water content of the scoil profile after grain harvest (before
the rainy scason). Jate winter (just before spring warm-up),
and at the time of seeding, fvolume percent and mm)

5. Grain and straw vield at harvest. (kg /ha)

6. Digestible encrpy of harvested crop residues and weeds,

(K cal/kg)

7. Replacement feed cost of harvested residues and weeds.

8. Cost of herbicide, fertilizer, tillage, planting, and
harvesting on a per hectare basis.

9. Meteorological: precipitation by event and cumulative (mm),
daily maximum ard minimun pemperatures (C), air humidity (%),
daily solar radiation (W/m™) and daily wird run (m).

10, Soil: soil temperature, soil texture, bulk density, water

releasc curve. hyvdraulic conductivity function, and thermal
conductivity for tilled and untilled soils (upper 15 cm) and
undisturbed subsoil below,

SITE CHARACTERIZATION

1. Soil description,



2. Crop yield information for the surrounding area.

3. Nutrient status (N, P, K, S) at the beginning and at the end of
the experiment.

4. Organic matter confent at the beginning and at he end of the
experiment .

5. Averape annual precipitation, temperature, wind, pan
evaporation, and solar radiation data,

6. Soil stope, slope aspect, and latitude.
ANALYS1S
1. Animal value of residues/weeds for the simulated intensive

grazing and controlled frazing treatments.

2. Grain and straw vield for the different residue use, weed
control. and tillape svstems.

3. Water e efficicuey defined as the vield of product per unit
area and unit water (ke Mo man) for the different residue use,
weed control, and tillape svstems .

4. Economic analvsis of the different residue use, weeud control,
and tillape systems.
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MODFLING

This project will bhe allied with modeling studies on the water-conserving
and crosion control benefits of various levels of surface residues. This
will require collecting meteorological and soil data in addition to the
usuil field agronomic measurements. The agronomic data will be
incorporated into a comprehensive modeling study on economics and
long-term sustainabitity of agricultural production of the intensive
grazing livestock-crop svstem vs. the other alternatives with more
residue left on the land where soil erosion is a ha~ard This study will
require the collaborative effort of the following discinlines: agronomy,
soil science, animal nutrition, and agricultural econonics.

DURATION

The experiment should run for a minimum of 6 years and always on 'he same
plot site.  Hence, two blocks of land are being used so that the
simulated grazing/fallow and wheat components are being carried out each
year. Both blocks of land are in close proximity to each other.
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D. EXPERIMENTAL PLAN FOR A RIBBON PROJECT IN JNRDAN INVOLVING GRAZING
ANIMALS

A strong consensus of the Workshop was that the two highest priority
areas of agricultural research in Jordan ar-~ (1) crop residue management
and (2) tillagc. Currently, the types cf tillage implements used in
Jordan are the rotavator, digk plow, chis. i plow an<d moldboard plow which
arc generally used to accomplish relatively deep tillage. The workshop
participancs expressed the need to conduct tillage research that would
Investigate the interactions of time, frequency and depth of tillage
resulting from various types of implements, with particular emphasis on
the c¢ffects of shallow tillage to manape residues for more cffective
conservation of soil, water, and energy.,

The sugpested treatment variables for crop residues apreed upon by the
participants include (1) intensive grazing, (2) controlled grazing, (3)
no grazior, (4) stubble mulch, and (5) incorporation of crop residues.

The animal sclentines pointed out that rather large plots would be
hecessary since a certain minimum number of animals are required to
reduce che variahility in sampling and te obtain reliable data. For
exanple, 12 animals arce recommended for weight pain performance studies
whereas 20 to 30 would be necded for reproduction studies.

Thus, there was considerable discussion on how to bring the agronomic
conponent and the livestock component into a single experiment that would
eneure statistical validity, overcome animal variability, and accommodate
animal grazing without confounding either component, and without
expanding the land and labo- requirements bevond practical rearon. It
was decided that the plot sires for grazing treatments would be 40 dunums
in the arid zone and 20 dunums in the semiarid zone.

Two basically similar experimental designs were proposcd. Both
Incorporace 5 residuc management treatments and 4 tillage (reatments.

The desipn is a split block with tillage treatments stripped across the
residuc management treatments (Figs. 4 and 5). Animals would begin
grazing the residucs soon after harvest and would remain on the plots for
60 to Y0 davs. During this same time the stubble mulch treatment would
be established with undercut ter tools (e.g. a sweep plow) and the
incorporated stubble with a chisel or disk plow. The 4 tillage
treatments would be imposed the following spring. 1t is likely that weed
control treatments would also be included. 11 not, blanket herbicide
application could be used for weed control. The analysis of variance for
the experimental designs of Figs. 4 and 5 is shown in Table 3,

In the experimental Tayout of Fip. 4 and 5 the grazed areas are of a
specificd size to mect requirements for measurment of animal production,
The nongrazed arcas could he considerably smaller, i.e., just large
enough to meet agronomic requirements. In the desipn of Fig. 4 the
tillage would be stripped acroes the entire block. An alternative scheme
to the design in Fig. 4 is shown in Fig 5 for the same treatments.,

Again, the plot size for the nongrazed treatments can be considerably
smaller than for the grazed treatments. However, the experimental
tillages ave stripped across only a very small percentage of the large
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grazed areas to provide just enough area for soil and azronomic
measurements. Although not shown this way in Fig. 5, the nongrazed areas
actually need to be only large enough to satisfy agronomic requirements.
Any b ' arca (particularly in the grazed areas) can be apgronomically
managed using one of the tillage systems in the test area (e.g., either
disked, moldboard plowed, etc.). An advantage of using the design in
Fig. 5 over Fig. 4 is that it accommodates the required number of animals
but scales down the tillage subplot sizes so that they can be more easily
managed.  This mav be important at locations that may not have the labor
and equipment to impose treatments completely over the relatively large
graved arcas.  As in the Fig. 4 design the animals would graze each of
the large plots (except for the no grazing treatment) for 60 to 90 days
alter grain harvest and would then be removed. The tillage treatments
would be imposed in the spring. Weed control could be treated as a
variable, or uniform control could he imposed over the entire area.
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Summary of major plot operations

Grazing Tillage
Operation Treatment Treatment Time
Harvest all residucs 1G EST, LT, NT After harvest-before
and weed growth start of rainy

season

Harvest all residues CG EST, LT, NT End of rainy season-
and weed growth just before EST
Harvest winter weed 1G EST, LT, NT End of rainy season-
growth just before EST
Conduct ecarly spring IG, CG, NG EST End of rainy season
tillape
Harvest spring weed 1G, CG LT, NT 4-6 weeks after
growth EST
Conduct late 1G, CG, NG LT 4-6 weeks after
sprinp tillage EST
Apply plyphosate IG, CG, NG NT 4-6 weeks after
to all NT plots EST
Conduct secondary IG, CG, NG EST, LT Summer
tillage
Sow wheat -- all plots -- Just before winter

rainy season

IG = intensive grazing
CG = controlled grazing

NG = no grazing

EST = early spring tillage

LT

late spring tillage

(4-6) weeks after EST)

NT

[

no-till
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Table 2. Analysis of variance for Figure 3 plot layout (4 replications).

Source d.f.1 M52
Replication (1) 3 (R-1) -
Tillage (T) 2 (1-1) -
Errcr a (Ea) 6 (R-1)(T-1) Ea
Weed control (W) 1 (W-1) -
TNXW 2 (T-1)(w-1) -
Error b (Eb) 9 T(R-1)(W-1) Eb
Grazing (G) 2 (G-1, -
TXG 4 (T-1)(G-1) -
WXG 2 (W-1)(G-1) -
TXWXG 4 (T-1)(W-1X(G-1) -
Error ¢ (Ec) 36 TW(R-1)(G-1) EC

Total 71
lDegrecs of freedom

Means square
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Analysis of variance for Fig. 4 and Fig. 5 plot layouc
(2 replications) .,

*
Source df
Replication (R) 1 (R-1)
Residue Treatment (RT) 4 (RT-1)
Ervor A 4 (R-1)(RT-1)
Tillage Treatment (TT) 3 (TT-1)
RT X TT 12 (RT-1)(TT-1)
Error B 15 RT(R-1)(TT-1)
Total ‘ 39

ot
W

Deprecs of Freedom



ROTATICN 1 RCTATION 2

PIARE § PHASE 2

ROTATION 3

166m

+ YEED CONTROL

+ WEAD CONTROL

+ WKED CORYROL

NOTE: ROTATIONS AND TREATMENTS WITHIN ROTATIONS TO BE RANDOMIZED.
Fig. 1. EXPERIMENTAL LAYOUT FOR RIBBON TRIAL AT BREDA, NORTHWEST SYRIA.
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Fig. 2.

LAYOUT OF ONE REPLICATION OF A CONFOUNDED
FACTORIAL EXPERIMENT TO BE CONDUCTED

USING THE NEAREST NEIGHBOE STATISTICAL

ANALYSIS.
T FWR F WRT
FWT R W FRT
WT FR FT FW
7-5‘m FWRT | (1) RT WR
—_— 5 m —
T= TILLAGE
R= RESIDUE

F= FERTILIZER
W= WEED CONTROL



Fig. 3.

EXPERIMENTAL LAYOUT FOR SIMULATED GRAZING X TILLAGE X

WEED CONTROL TRIAL AT WINONA, WASHINGTON, USA.

48 m
——16 m
I I I
NO CONTROLLED INTENSIVE
GR/I\ZING GRAZING GRAZING
| |
| l |
| | | _
INTENSIVE NO CONTROLLED
GRAZING GRAIZING CR/}ZING
|
L I I
| | |
CONTROLLED INTENSIVE NO
GR/IXZING GR/'\ZING GRAIZING
I
| | I
WC | NWC NWC | WC WC | NwC
EARLY TILLAGE LATE TILLAGE NO—TILL

WC = weed control

NWC = no weed control
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Fig. 4.

PROPOSED EXPERIMENTAL DESIGN AND PLOT
LAYOUT FOR RIBBON PROJECT INVOLVING
GRAZING ANIMALS.

MOLD NO
DISK | BOARD | SWEEP | TILL
! l !

CONTROLLED GRAZING

(20 DUNUNS)

NO GRAZING
INDISTURBED STUBB

N) GRAZING
STUBBLE MULCH

INTEN SWJ GRAZING

(20 DUNUMS)

NO GRAZING
CORPORATED STUBBLE
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Fig. 5.
ALTERNATIVE EXPERIMENTAL DESIGN AND PLOT
LAYOUT FOR RIBBON PROJECT INVOLVING
GRAZING ANIMALS.

INTENSIVE
GRAZING

(20 DUNUMS)

NO GRAZING
UNDISTURBED STUBBLE

NO GRAZING
INCORPORATED STUBBLE

NO GRAZING
STUBBLE MULCH

CONTROLLED
GRAZING

(20 DUNUNMS)

TILLAGES: D=DISK
=MOLDBOARD
S=SWEEP
Z=NO-TILL



