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This report was written and compiled by program scientists and
represents a working document of ICARDA. Its primary objective is to
communicate the season’s research results quickly to fellow scientists,
particularly those within West Asia and North Africa, with whom
ICARDA has close collaboration. Owing to the tight production
deadlines, editing of the report was kept to a minimum.
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1. INTRODUCTION

1.1 Content of this Report

The research agenda of the Farm Resource Management Program
covers the whole rainfed agricultural environment of WANA:
the climate, the natural resources of soil, water and natural
vegetation; the farming systems; the social, economic and
policy contexts in which those systems function; and all
their interactions, particularly as they affect productivity
and the conservation of the resource base. Increasingly,
this agenda is expanding to take in resource management
aspects of irrigated agriculture. As noted last year, water
is becoming an ever more potent issue in agriculture
worldwide and, not least, in WANA. Moreover, during 1994,
FRMP's scientists became more deeply involved in the new
Resource Management component of ICARDA's Nile Valley
Regional Program in Egypt, and resource management in Egypt
consists largely of variations on the theme of the management
of irrigation water.

The maintenance of Program coherence across this very
broad field is an act of faith, supported by a holistic
philosophy, which seeks: to view each problem, each research
task, in its technical, economic and social context; and, as
far as possible, to conduct activities, within Program and
with partners in other ICARDA Programs and National Programs,
with a multidisciplinary, farming system or resource
management system perspective. These various research
activities, subject to the constraints of human resources,
continued through 1994 to be conceptualized within three
broad 'projects’':

- Agroecological characterization for resource
management ;
- Management of soil, water and nutrients;
- QAdoption and impact of technology;
and these form the basis of our reporting here.

Some reorganization of 'projects' is anticipated in
1995, to align with the structure envisaged in ICARDA's
Medium Term Plan. FRMP activities will then fall mainly into
five Projects: 1. Agroecological Characterization; 2.
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Resource Conservation and Management; 13. Agronomic
Management of Farming Systems; 19. Socio-economics of
Natural Resource Management; and 20. Production Systems,
Adoption and Impact; with some interest also in 21. Policy
and Public Management.

However, 1s not anticipated that these changes will
impose any sudden shift in the overall program of work,
rather a rational evolution to accomodate new priorities.
All research activities have an inherent time scale, that
varies considerably with the nature of the activity. Within
FRMP, long time scales are inherent in a group of agronomic
activities that centre on a well-established set of rotation
trials. Originally set up to identify optimal sequences of
crops and management treatments, these trials (and their
considerable data sets) now provide opportunities for the
exploration of long-term trends in productivity and the
effects of choice of crop and management practice on the
sustainability of production. Last year's report carried a
'special focus' chapter on the topical subject of water.
This year, we shift the special focus (Chapter 2) to our
rotation trials and our widening perspective of their
research utility.

1.2 Staff News

Budgetary constraints continued to have their impact in 1994,
most particularly with the departure in April of Dr Peter
Smith, who for two years had frequently stimulated, and
sometimes bewildered, us with his mix of enerqgy, ideas and
lateral thinking. Another serious loss, though in this case
a planned departure, was that of Dr Hazel Harris in November.
For nearly ten years, her broad knowledge, experience and
practical good sense was one of the firm rocks upon which
technical research in FRMP was founded. She will be greatly
missed in the Program, in ICARDA generally, and in the
Region. The good news is she will return from Australia from
time to time as a consultant.

Dr Aktar Beg, who had been with us as a visiting
scientist for more than two years, also left in 1994; but we
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were pleased to see him return at the end of the year as a
consultant to complete and write up his intensive study of
oilseed crops. We plan to get this work continued on a
project basis at the earliest opportunity.

Dr Aden Aw-Hassan completed his two-year Rockefeller
fellowship, in Cairo, at the end of 1994. The stimulusgs he
provided to socio-economic work in the Nile Valley Regional
Program, and especially to adoption and impact studies of new
production technology in Egypt and Sudan, were greatly
appreciated; and we have high hopes he will soon rejoin us
at base in FRMP as the new DRMP coordinator. Meanwhile, FRMP
representation in Cairo has been maintained, indeed expanded,
by the recruitment of two postdoctoral NPOs to strengthen
ICARDA's input into the new Resource Management component of
the Nile Valley Program work in Egypt: Dr Mohamed Abdel
Moneim in soil management, and Dr Hamdy El-Houssainy Khalifa
in water management. Both these scientists have already
provided a major input into the preparatory studies and
planning workshop for these new activities.

Dr Mustapha Pala returned in August from his sabbatical
at Washington State University, full of enthusiasm and new
skills in crop modelling. We trust the extra duties he has
incurred on the departure of Dr Harris will not deter him
from pursuing this new line of work, which is currently
seriously under-represented in ICARDA's work program. In
this context, it must be noted regretfully that our
recruitment exercise during 1994 for a new agroclimatologist
was unsuccessful. Two excellent candidates were interviewed
but not appointed. As of early 1995, we are re-advertising
this post and also that of soil conservation/land management
specialist, which had been frozen for two years.

Given the ongoing shortage of permanent professional
staff, we have been particularly grateful for the part-time
contributions of professional colleagues from Aleppo
University, Dr Michel Wakil in groundwater quality studies
and Dr Abbas Hazzouri in water harvesting studies. Dr
Wakil's findings, summarized in last year's and this year's
report, have drawn our attention to the risks of salinization
even in the context of supplemental irrigation. We have also
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been pleased to welcome two PhD students from Germany, Ms
Susanne Pecher (from Hohenheim University) who is studying
barley marketing with Dr Rodriguez; and, early in 1995, Ms
Annette Oberle (from Karlsruhe University) to work with Dr
Oweis on techniques of remote sensing for the identication of
sites with water-harvesting potential.

More good news is that Ahmed Mazid and Sonia Garabed
each successfully completed PhD studies early in 1995,
respectively at Nottingham and Reading Universities (UK),
after long years of study pursued in parallel with normal
duties within the Program. FRMP is proud of both of them.

It is also a pleasure to record that there were no
further losses from the Program support staff in 1994. The
cheerful and conscientious way in which those staff have
maintained all ongoing FRMP activities (and some new ones) is
most gratefully acknowledged. Sadly however, since this is
written in mid-1995, one tragic event in 1995 must be
recorded. Early in the year we recruited Joanna Haider,
previously an employee in the Legume Program, as a technical
consultant to work with Dr Tutwiler on the Mohassa project
for one year. Her death a few weeks later in an horrific
road accident while on duty stunned and saddened everyone.
A highly capable young lady, with a very positive, happy
personality, Joanna had been known, appreciated and loved all
over ICARDA. She is greatly missed. Our deepest sympathy
goes to her family in Lebanon.

1.3 The Weather in 1994

The 1993/94 cropping season in West Asia and North Africa
(WANA) was marked by a heat wave in April and May in the
eastern Mediterranean region, which adversely affected crop
yields. 1In Turkey, the autumn of 1993 was the driest in 35
years, but favorable precipitation during winter saved yields
from falling below average. Iran and, to a lesser extent,
Iraq and Afghanistan enjoyed above-average precipitation and
favorable rowing conditions, leading to another bumper crop
in Iran. In western Pakistan, the season was one of the
driest on record and crop failure was widespread.
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In North Africa, Morocco enjoyed high rainfall during
autumn and winter, ending a two-year-long drought and leading
to an above-average crop in spite of lower than average
rainfall at the end of the season. Algeria faced successive
dry periods during the growing season that was warmer than
usual, resulting in below-average to average yields. In
Tunisia and Libya, planting was delayed by a dry autumn, and
crops were stressed by inadequate rainfall and high
temperatures during spring. Yields were below average.

In Ethiopia, the main summer rains were generally
adequate, although somewhat late. Yields were good except in
some parts of the country. The rainy season in Eritrea and
Yemen started late and ended early, reducing crop yields to
less than average.
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Table 1.1. Monthly precipitation (mm) for the 1993/94 season

Oct Nov Dec Jan Feb Mar Apr May TOTAL
Jindiress
1993/94 season 0.0 8.2 76.2 27.6 143.8 175.4 49.8 15.6 36.9 0.0 0.0 0.0 533.5
Long term average (34s. 1.5 29.6 56.1 89.8 85.8 76.1 61.9 40.7 20.6 4.5 0.0 1.4 468.0
% of long term average 0 28 136 31 168 230 80 38 179 0 - 0 114
Tel Hadya
1993/94 season 0.0 13.1 45.7 18.9 112.6 139.8 14.6 13.0 15.6 0.0 0.0 0.0 373.3
Long term average (16s. 0.4 25.4 47.0 52.7 64.1 56.8 40.2 24.0 16.3 2.7 0.0 0.6 330.2
% of long term average 0 52 97 36 176 246 36 54 96 [o] - 0 113
Breda
1993/94 season 0.0 3.2 27.8 14.6 88.0 126.2 9.8 15.2 6.4 0.0 0.0 0.0 291.2
Long term average (36s. 1.5 16.1 31.8 51.2 49.2 41.0 33.8 29.5 16.2 1.5 0.2 0.0 272.0
% of long term average 0 20 87 29 179 308 29 52 40 0 o - 107
Boueidar
1993/94 season 0.0 14.0 52.2 9.4 60.7 74.1 12.2 11.6 11.4 0.0 0.0 0.0 245.6
Long term average (21s. 0.1 18.4 25.1 35.8 42.9 37.2 26.9 16.3 10.0 1.0 0.1 0.0 213.8
% of long term average - 76 208 26 141 199 45 71 114 o] 0 - 115
Ghrerife
1993/94 season 0.0 4.0 33.5 18.6 60.0 89.3 20.0 8.6 11.8 0.0 0.0 0.0 246.4
Long term average (9s.) 0.4 28.2 28.1 37.2 48.2 46.4 32.7 10.0 17.9 2.8 0.0 0.0 251.9
% of long term average 0 14 119 50 126 192 61 86 66 0 - - 98
Terbol
1993/94 season 0 15.6 79.8 34.6 159.0 103.0 59.8 20.2 5.6 0.0 0.0 0.0 477.6
Long term average (13s.) .0 22.4 68.8 93.3 128.0 117.4 96.1 24.3 18.4 2.9 0.3 0.0 571.9
% of long term average - 70 116 37 124 88 62 83 30 0.0 0.0 - 84




Table 1.2. Monthly air temperature (°C) for the 1993/94 season

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
Jindiress
Mean max. 33.4 31.9 16.8 13.5 12.1 12.2 17.1 25.0 29.0 32.1 32.8 35.5%
Mean min. 18.4 15.4 4.7 6.3 4.4 2.6 5.1 9.7 12.7 16.9 21.2 21.1
Average 26.0 23.7 10.7 10.0 8.3 7.5 11.1 17.4 20.8 24.5 27.0 28.3
Abs. max. 40.0 36.8 24.5 18.0 17.0 17.2 21.3 31.7 37.5 35.2 36.5 42.5
Abs. min. 11.8 10.2 -3.0 -1.6 -0.6 =-4.0 -0.1 3.0 7.0 11.5 16.5 18.3
Tel Hadya
Mean max. 34.8 30.7 16.1 14.1 13.3 13.8 18.9 26.9 31.6 34.7 35.6 37.6
Mean min. 16.0 12.8 4.1 4.9 3.7 2.8 4.0 8.3 11.8 17.7 22.7 21.1
Average 25.4 21.8 10.1 9.5 8.5 8.3 11.5 17.6 21.7 26.2 29.2 29.4
Abs. max. 39.8 33.4 24.5 18.1 16.5 18.8 24.3 34.6 39.6 38.2 39.5 43.9
Abs. min. 9.3 8.7 -4.6 0.2 -~-1.5 -2.6 -1.6 1.1 5.1 11.8 16.8 18.0
Breda
Mean max. 33.5 29.4 14.4 10.4 10.3 10.9 15.6 23.8 29.2 34.1 35.2 36.8
Mean min. 14.8 12.8 3.0 2.7 1.5 2.0 3.1 7.3 11.4 16.9 20.3 18.9
Average 24.2 21.1 8.7 6.8 5.9 6.5 9.4 15.6 20.3 25.8 27.8 27.9
Abs. max. 38.0 32.8 23.1 14.9 13.8 15.7 21.6 33.0 37.4 38.0 39.0 44.0
Abs. min. 10.0 8.1 -7.0 =-5.0 -3.8 -3.8 -0.1 1.8 4.8 11.7 16.9 16.4
Boueidar
Mean max. 31.7 29.2 13.7 10.3 10.4 10.& 15.5 24.3 28.8 33.0 34.2 35.9
Mean min. 11.3 11.1 1.6 2.6 1.6 1.3 3.3 6.5 10.7 14.2 16.6 16.9
Average 21.4 20.1 7.7 6.5 6.0 5.9 9.4 15.4 19.7 23.6 25.4 26.4
Abs. max. 37.0 31.9 23.2 15.0 14.9 16.3 21.0 34.2 37.0 38.1 37.4 42.0
Abs. min. 6.3 6.3 -6.8 =-3.2 =-4.9 -5.0 -2.1 0.0 3.8 9.8 14.9 14.8
Ghrerife
Mean max. 33.0 29.9 15.3 12.3 12.2 12.0 17.8 26.1 30.6 34.2 34.9 36.9
Mean min. 17.3 15.1 4.6 5.4 4.7 3.6 6.6 12.1 15.7 18.5 20.7 21.1
Average 25.2 22.6 9.9 8.9 8.5 8.1 12.2 1%9.1 23.2 26.4 27.9 29.1
Abs. max. 38.1 32.9 24.8 17.0 16.0 17.8 23.3 36.0 38.5 38.5 38.5 44.9
Abs. min. 7.0 10.2 -3.5 -3.0 -2.0 -2.7 1.0 6.0 9.1 14.8 19.0 18.8
Terbol
Mean max. 33.9 29.1 17.8 15.5 12.8 11.8 16.8 24.7 28.2 31.1 31.7 33.9
Mean min. 9.7 8.8 2.0 ~0.5 0.6 1.1 2.0 4.8 7.0 8.4 10.0 11.0
Average 21.5 18.6 9.8 7.5 6.5 6.5 9.2 14.9 17.6 19.8 20.9 22.5
Abs. max. 38.9 32.0 26.1 20.0 18.0 19.0 23.5 32.5 36.5 35,0 35.0 40.0
Abs. min. 5.0 4.9 -4.5 -5.5 -5.0 -4.0 -2.5 -2.0 0.0 5.0 6.0 9.0
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Table 1.3. Frost events during the 1993/94 season

Nov Dec Jan Feb Mar Apr May Season
Jindiress
No. of frost days 6 1 1 9 1 18
Abs. min. (°C) ~3.0 -1.6 -0.6 -4.0 -0.1 - - -4.0
Tel Hadya
No. of frost days 6 - 4 9 1 - - 20
Abs. min. (°C) ~4.6 - -1.5 =~2.6 -1.6 - - -4.6
Breda
No. of frost days 6 9 12 8 2 - - 37
Abg. min. (°C) -7.0 -5.0 -3.8 -3.8 -0.1 - ~ -7.0
Boueidar
No. of frost days 10 7 11 12 7 1 - 48
Abs. min. (°C) -6.8 -3.2 -4.9 -5.0 -2.1 0.0 - ~-6.8
Ghrerife
No. of frost days 5 3 2 6 - - - 16
Abs. min. (°C) -3.5 -3.0 -2.0 =-2.7 - - - -3.5
Terbol
No. of frost days 9 20 12 12 9 4 1 67
Abs. min. (°C) -4.5 -5.5 -5.0 -4.0 -2.5 -2.0 0.0 -5.5
Table 1.4. Frost events at 5 cm above the ground during the 1993/94
season
Abs. min (°C) Nov Dec Jan Feb Mar Apr May Season
Tel Hadya
Frost days 6 1 5 11 3 1 - 27
Abs. min (°C) -5.6 -0.6 -2.4 -5.6 -2.9 0 - -5.6
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2. SPECIAL FOCUS: ROTATION TRIALS

Introduction

Though too often loosely used as a buzzword, the concept of
sustainability has over the last five years given new
emphasis to a much neglected dimension of agricultural
research, that of time. The dominant quest year by year to
increase annual production is now increasingly subject to the
question, 'but what are the consequences, what are the long-
term trends?’

Numerous definitions of sustainability have been
coined, to match the concerns of different interest groups.
In the agricultural context, the most widely perceived
sustainability goal is the indefinite prolongation of
agricultural output at present levels and, preferably, also
of a rising trend in that output to match rising demand.
However, as resource scientists and economists point out,
such goals are dependent upon the maintenance (and, where
possible, the enhancement) of the resources upon which
production is based - both the externally procured inputs
like chemical fertilizers and, particularly, the 1local
natural resources of soil, water and vegetation. Sustainable
output depends on the optimization of production per unit of
input and the avoidance of overdependence on such inputs. It
also depends on the adoption of production systems that build
up rather than run down the natural resource base. From now
on, agricultural research is concerned with both sides of the
coin, the maintenance and enhancement of production and also
the maintenance and enhancement of production potential.
This demands research with a strong time perspective.

Fortunately, over the last 15 years, ICARDA scientists
have set up a considerable number of long-term trials. Many
of those that remain have now been running for ten years or
longer. The primary purpose of each of them was (and
remains) to compare the productivity, biological and
economic, of different rotational systems of crops and
management treatments. We may call this 'system
optimization', noting, however, that given the large annual
variation in rainfall and therefore in crop yields, several
cycles of cropping may be needed to distinguish significant

INIm T



10

differences.

A secondary but closely related purpose of many of the
trials is to monitor differences in various soil, soil-water
and pest variables. Such information may serve to explain
yield differences between production systems and point to
ways in which crop sequences and management operations may be
chosen to increase efficiencies in water and nutrient
utilization and to control weed and pest populations. In
this respect, long~term trials act as 'laboratories’, in
which particular problems or mechanisms may be studied in an
engoing field environment, for which the cropping and
input/output history is well known.

All these activities - system optimization and
'laboratory' research - are directed essentially at the
improvement of production practices. They will only

incidently throw up information on issues determining long-
term sustainability. For that, it is necessary to examine
trends over time. These may be trends either in the quality

of the resource base - specifically, is the productive
potential of the soil increasing or decreasing? - or in the
yields of the crops. For soil trends, the parameter most

commonly used (for non-irrigated soils) is organic matter
content. Unfortunately, for most of our early-established
trials there are no initial baseline data, and trends can
only be interpolated, from current treatment differences.

Long-term trends in crop yields are difficult to
identify in annually variable rainfed environments. Whatever
the fertilizer rate or tillage practice or antecedent crop
might be, the strongest determinant of yield is rainfall;
and large inter-annual fluctuations in weather result in
large inter-annual fluctuations in production, which obscure
any trend. To detect trends in such data, it is necessary to
find biometric and statistical techniques that reduce the
'background noise' of seasonal variation.

Over the last year, a biometric procedure has been
developed at ICARDA to quantify trends in data sequences from
long-term trials (see 2.1). Although some refinements for
increased precision are still needed, this procedure promises
to identify differences in absolute and relative vyield
sustainability among different sequences of crops, inputs and
Ccrop management treatments, using relatively short data sets.

T I IN W
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Applied to seven years of data from a trial
continuously cropped to barley under different fertilizer
regimes, the procedure indicated - somewhat surprisingly - a
generally rising yield trend, greater, more reliable and more
fertilizer-related for straw than for grain. This pattern,
in fact, matches agronomic experience; cereal straw yields
usually follow rainfall total and fertilizer rate quite
strongly and tend to be less affected by random seasonal
factors (eg late drought, pest attack) than are grain yields.

However, a seven-year sequence of data is very short.
Longer sequences, by providing more degrees of freedom for
the analysis across years, would permit a more sophisticated

approach. The present procedure allows for annual
variability simply as a quadratic function of total growth-
season rainfall. With longer data sequences, it would be

possible to include other parameters of the seasonal growth
environment. Further, while the current approach estimates
only a linear yield trend for the seven-year data set, over
longer ©periods a curvilinear +trend is biologically
inevitable, and adjustments will have to be made to allow for
this.

Other long-term trials at ICARDA have sequences of data
from up to 15 years rotational cropping. Most have more
complex data sets than that from the continuous barley trial,
but this is not expected to give insuperable problems. Such
analyses will get increasing emphasis over the next few years
as the statistical procedure is made more versatile.
Meantime, interest in system optimization and in
understanding specific processes and mechanisms within
systems is undiminished. Subsequent sections in this chapter
report on particular aspects of these concerns.

Thus, in 2.2, we look again at the situation in barley
rotations and the question of replacing fallow (or, more
frequently, continuous barley) with productive, well-adapted
forage legumes. Results presented here: (i) demonstrate the
effect of legume harvest stage (green grazing or mature
crop) on subsequent barley yields and overall rotation
productivity; and (ii) compare the performance of narbon
vetch with common vetch and common lathyrus (chickling)
within rotations with barley.

The next two sections (2.3 and 2.4) look at wheat-based
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rotations and the effects on productivity of specific
management interventions, tillage, sowing date and stubble
burning. In the first, the monitoring of crop water use
confirmed expected differences between wheat and lentil but
also showed up interactions between crop water use and
tillage system. Under conventional tillage, storage of
unused water in the soil after each lentil crop increased the
supply to the following wheat crop (in amounts varying with
the volume and distribution of the lentil-season rainfall);
but results obtained under zero tillage (direct drilling)
suggest that this water-conserving effect of lentils is
largely negated by such a practice. In addition, it has been
noticed that the zero-tillage system increase the problems of
weed and rodent control.

In the second of these trials, effects of burning the
wheat stubble have tended to be small and slow to emerge.
Nevertheless, over 7 years, burning increased the mean lentil
yield by 13% over the unburnt control; and weed biomass was
reduced in both wheat and lentil crops. These advantages
have, however, to be weighed against the loss of potential
livestock feed.

Production data from the large two-course wheat-based
rotation trial at Tel Hadya have been summarized in several
previous Annual Reports from FRMP. This year we report
findings from two 'laboratory' type studies conducted within
this trial, on treatment differences in soil structural
properties (2.5) and on nematode populations in chickpeas
(2.6) and medic pasture (2.7).

In contrast to chemical fertility, the physical
condition of the soil is widely ignored. Yet, slow physical
changes, particularly in such properties as soil structure,
may come to have major effects on productivity. As a step in
the right direction, topsoil samples from two wheat rotations
were compared to provide information on treatment effects on
soll aggregation (a parameter of soil structure, relating to
the extent soil particles of sand, silt and clay cohere into
stable crumbs). All the indices used gave essentially the
same result: aggregate stability was generally greater in
the wheat-medic than the wheat-fallow rotation. This is
attributed to a better soil organic matter status, presumed
to have arisen from the return to the soil of medic roots,
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leaves and the faeces and urine of the sheep grazing the
medic. Somewhat surprisingly, aggregate stability was also
improved relative to an ungrazed treatment by heavy grazing
of the wheat stubble; and nitrogen fertilization of the
wheat crop also had a positive effect on stability.
Nematodes also tend to be forgotten - until somebody
goes to look for them; and then they are found nearly
everywhere, and it becomes difficult to judge their
importance. Different «crop species have different
susceptibilities, and different sequences of crops and crop
management treatments may build up different degrees of
infestation in the soil, with important carry-over effects
from one crop to the next. Such effects may partly explain
the yield difference of a particular crop grown in different
rotations. The chief finding of the present study on
chickpeas was that damage to economic yield was related to
water availability, and this in turn had an important bearing
on the success of the winter-sowing of this crop. In medic
pastures, the degree of nematode infestation was shown to
differ very greatly between the various Medicago species
present. However, one of the three dominant species in the
sward was also one of those more heavily infested by
nematodes ~ with little apparent effect on its productivity.

2.1 Statistical Estimation of Time-trends

in_ Continuous Cropping

2.1.1 Introduction

An assessment of time-trends of yields under various cropping
systems practised at Rothamsted experimental station, U.K.
has been addressed in Dyke (1988), Jenkinson et al. (1994),
and of those used at Iowa Agricultural experimental station
by Fuller and Cady (1965). One common feature of long-term
trials from a statistical point of view is that the responses
measured periodically over a period of time on the same plots
are likely to be correlated. Such measurements might be
annual, as in a monoculture system, eg continuous barley
cropping, or biennial as in a two course rotation system, eg
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barley alternating with a legume or a fallow year, and so on.
Methods of analysis for situations in which repeated
observations on each experimental units are made have been
discussed by Rowell and Walters (1976), Diggle (1988), Cullis
and McGilchrist (1990), Schaalje et al. (1991). Bjdrnsson
(1978) analyses a series of long-term grassland experiments
using autocorrelated errors over time.

In the 1986/87 season, two similar long-term barley
trials were initiated at Tel Hadya and Breda, each involving
two contrasting cropping systems: continuous annual barley
(B-B rotation), and barley alternating with bare fallow (B-F
rotation). The purpose was to test the hypothesis that yield
decline under continuous barley cropping can be averted by
appropriate fertilizer use. Within the B-B rotation, nine
fertilizer treatments consisting of factorial combinations of
3 rates of nitrogen (0, 60, 120 kg N/ha) and 3 rates of
phosphorus (0, 45, 90 kg P,0;/ha) were applied each year at
the appropriate times. To maintain the B-F rotation, plots
representing both halves of the rotation, barley and fallow,
were on the ground each year, but only two fertilized
treatments were employed (N:P,0; = 0:0 and 120:90 kg/ha), the
fertilizer being applied biennially to the barley crop.
There were six replicates under complete randomization at
each site.

This report presents a statistical technique to
estimate time-trends for the above experimental situations,
after accounting for the effect of rainfall, and the number
of years required to detect a statistically significant time-
trend. This approach is then illustrated using grain and
straw yields from the Breda trial.

.1.2 Estimation of time-trends
.1.2.1 Continuous cropping (B-B rotation)

Let y, (t=1, 2, ..., n) be the observations over n annual time
points on the same plot under a given annual fertilizer
treatment, and let R, be the total rainfall during that
season. Jenkinson et al. (1994) modelled the effects of
sunshine hours and €O, concentration, in addition to

“wrim (m
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rainfall, for estimating time-trends in herbage yields in a
hay experiment conducted at Rothamsted Experimental Station
(RES), UK. We shall, however, consider, modelling only the
rainfall effect in the time-trend estimation. Scatter plots
of yields and rainfall indicated variable patterns; in some
Plots the relationship was linear, in others it was
quadratic. However, our computer program is able to select
the better of the two models for time-trend estimation
(better in the sense of higher percentage of variance
accounted for). We shall present estimates when the plot
errors are assumed (i) to be uncorrelated (this case is
appropriate when the series is short and even a high
autocorrelation value could be detected insignificant) and
(ii) to follow first-order autocorrelation structure. The
model presented here can be generalized to incorporate a
general auto-regressive integrated moving-average structure,
but we satisfy ourselves with the first order autocorrelated
structure, since we have only seven years data, while the
effects of 3 degrees of freedom due to a quadratic polynomial
in rainfall and time-trend are to be estimated.

A. When plot errors are assumed uncorrelated

Considering the linear effect of the rainfall, the model for
yield is

Y, =a+bR+ct+e,(t=1,2,...,n) (1)

where coefficient b is the response to rainfall, ¢ is the
time-trend and a is a constant (intercept). The errors €,
assumed normally distributed with mean zero, variance o? and
are independent (or uncorrelated). Our main interest lieg in
the estimation of parameter c, which measures a constant
increase or decrease in response per year. Applying the
ordinary least-square method (Rao 1973) on model (1), we get
the following estimate ¢&

where Y R t, means of y s, R s and t s over n time
points, are given by

IE T
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n

. Y (R-R)2Y (t-t) (y,-y) Y (t-t) (R-R) Y (R-R) (y,-y)
t=1 t=1

o=t 1=1
Y (R-R)’Y (t-t)*~(Y (t-£) (R-R))?
t=1 =1

=1

(2)

y=Y¥/n, R=YR/n, t=Y t/n=(n+1)/2,
=1

=1 t=1

respectively,

Variance of ¢ is

var () =al/ (3 (t-£)2(1-p%)) (3)
=1

where p = correlation between t and R,

An estimate of variance of ¢ can be obtained by substituting
residual mean square ( o’ ) for o in (3).

Noting an alternative expression

n

Y (t-t)?=n(n?-1) /12,

1=1
expression for var(c ) simplifies to

var(;) =1202/{n(n%-1) (1-p%)} (4)

Model (1) can be generalized to contain more than one
variable, such as R, and R} or along with them other
environmental variables such as sunshine hours and carbon
dioxide concentration. Let there be P such variables with
values

Bl T T
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Xie Xyr vee , X at time t .

P
The model for y, would then be

y,=a+b X, +b,X,+. .. +b X +ct+e, (5)

t=1,...,n ; € ~ N(o, o).

Ordinary least-square estimate of ¢ can be obtained by using
any of the general statistical packages. The expression for
variance of ¢ simplifies to

var(y) = { v t-t x(x ¥'x t} o

=’/ (Y (t-t)2(1-p2)) (6)
t=1
where t = (l—g, 2—€, e g n—g)' ' g = (n+l)/2
- nx1

X = (Xi)pxa Xy = Xy __)Q.
- n
X, =YX, /n

=1

p5 is coefficient of determination of t in terms of linear
regression on X, ... , X,. The expressions v , ¥ are the
transposes of column vectqr t and_matrix X respectively.
Using the expression for Fl (£ -t )? in terms of n,

Var(;) =1207/(n(n%-1) (1-p2)) (7)

B. When plot errors are assumed to follow
first-order autocorrelation

Linear model (1) with autocorrelated errors can be modelled
as

where €, follows first-order autocorrelation process:

LAY oo e e
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Y, =a+bR+ct+e, (8)

€ = ¢ €, +

where 1, is an independent innovation having normal
distribution with mean zero and variance 7. Note that
variance of €, can also be expressed as (see Johnson 1972).

var(e) = o’ = a7 [/ (1-¢%).

€

Estimates of the parameters in (8) can be obtained using the
ESTIMATE directive of GENSTAT 5 after setting TSM and using
regressors R and t. In order to express variance of ¢, we
can transform (8) as

Y ~9Y,1=8(1-¢) +b(R-$R,,) +c(t-¢ (t-1)) +7,
or,
y.=a"+bR,+ct * +y, (9)
where transformed variables

Y. = Yo = 9Y. + R = R, - ¢R,

t:«

t - @(t-1) = t(1l-¢) + ¢

]

and a a(l-¢) for t =2, 3, ... ; n.

Model (9) appears like model (1), if ¢ is known. In this
case using (3) the variance of ¢ would be

Var(;) =0,/ (Y (t* -t *)2(1-p"?))
=2

where p® is correlation between t* and R. With some algebraic
simplification, we can show

IEIm = T
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n n

(1) Yt -t ")2=(1-¢)2 ¥ (t-t)?
t=2

t=2

=n(n-1) (n-2) (1-¢)?/12

since, t = (n+2)/2

(i1) P P=(p=¢p,) [ (1+¢*-20 ) 1"?

where p, is correlation between t and R, the rainfall in the
preceding year and ¢y is correlation between R, and R,.

cov ((l-¢)t+$¢ , R - ¢R, )

= (1-¢) cov (t,R, - $R,,)

= (1-¢) (cov (t,R) - ¢ cov (t,R,))
= (1-¢)(p o, O = ¢ p o o)

= (1-¢)(p = ¢ p) o o

[Proof: cov(t", R)

where o, and Op, are standard deviation of t and R. The
variance of R, and R, could be assumed approximately equal in
a reasonably moderately long series. p, 1is correlation
between t and R,.

var(t’) = (1-¢)° o
var(R) = var(R - ¢ R,) = (1 + ¢* - 2¢ ¢g) of
where ¢p is correlation between R, and R,. Hence the proof. )

Thus,

var(é) =12¢;/ (n(n-1) (n-2) (1-¢)2(1-p*%)) (10)

A generalization of model (8) to include several variables,
made similar to (5), would be
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y,=a+b X, +b,X,+. .. +bpx"+ct+e,

where, ,
€,=¢€,-1="h;771 i N(O,Gn) (11)

Using a transformation similar to (9) with first order
differences, we can write (1l1) as

14
g =a®+Y b vt 4,

i=1

where
Y;=YF¢Z41 X;;&F¢Xm1

t=2, 3, ..., n.
Following the estimation approach as for model (5) we
can write variance of estimate c of c as

var(c) =120/ {n(n-1) (n-2) (1-9)*(1-p.") }

where p? is the coefficient of determination of t” in terms
of linear regression on X;, X, ..., X
The variances of c can be estimated by substituting

estimates of o, ¢ and p7 .

2.1.2.2 Barley/fallow system (B-F rotation)

Each replicate of each treatment in the B-F rotation
comprises two plots, with each year one under barley, the
other plot under fallow:

Year
1 2 3 4 . . .n
Plot 1 B F B F . . ..
Plot 2 F B F B . . ..
Yield Y1 Y2 Y3 Yo o o - -

B = barley F = fallow

! 0 W] ! B —
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It may be noted that y,, ¥,, ¥; ... arise over time but
from two plots. Thus y,, ¥y, ¥s -.. may be autocorrelated and
Y2r Yar Y¢ --- may be autocorrelated while the sequence (y,
Ysr ¥Ysr -..) is independent of (y,, Y4 ---). If the series is
short, as in our case of n=7 years, we get only 4
measurements on one plot and 3 on the other. Considering
that the response is to be modelled in terms of linear and
quadratic polynomial of rainfall beside the time variable, it
would be appropriate to consider y,, Y Y3 ... Y, to be
uncorrelated. However we must recognize the different effect
or levels of the two plots. Thus, the y, would be modelled,
in case of say linear in rainfall, as

y= a, + bR, + ct + €,
where i = 1 for t=1, 3, 5,... and i = 2 for t=2, 4, 6,...
Its generalization to more than one regressor is
straightforward. The parameters can be estimated in similar
fashion to those of models (1) and (5).

2.1.3 Estimation of time required for detecting
a significant time-trend

We shall consider only the cases with multiple regressors.
(The case of single regressor such as linear in rainfall R,
would be its special case).

2.1.3.1 Plot errors assumed to be uncorrelated

Recalling the expression (7) for variance of ¢ and

substituting for the estimates of ¢’ and p2, say & and p2

€

respectively, an approximate test of significance of c¢ is
given below.

c is significantly different from zero at 100a% level
of significance if

~ ~

|c/ (est var(c))'?|>t, ., (12)

where v is degrees of freedom (df) for estimating o’
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Inequality (12) in terms of estimates yields

a2 ~ A

c n(n’-1) (1-p %)/ (120 })>tl .,

or,

n(n’-1)2120 ! t; .,/ (c(1-p ;) (13)

= q,., say.

Equation (13) can be solved iteratively for n, the number of
years (or time) required to detect a significant c. An
approximate solution of (13) would be obtained by considering
n(n>~1) = n® (at an error of 100/n’% ie error is less than 1%
for n>10) which gives

ny=q," (14)

as a solution for n. However, an exact solution of (13) can
be obtained by using Newton-Raphson iteration considering n,
as the initial value of n. The n at i-th iteration is

= 2 2 o
ng = ng, - (ngy(ng, -1) - q)/(3n%,-1)
where i=1, 2, ..., ng = n,. The iteration process is stopped
as soon as desired convergence in successive values of n is

achieved.

2.1.3.2 Plot errors assumed to follow
first-order autocorrelation

Considering expression (10) for variance of ¢ and the
approach in (3.1), c would be detected significant at 100a%
level of significance, if

~ A

|c/ (est var(c))"*|>t, ., (15)

THW e [ ) o S
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where v’ is df in estimating ol.
Inequality (15) can be written in terms of n as

"2, 0 ) Y
n(n-1) (n-2)212t, ,0 ,/(c(1-¢)*(1-p ,°)) (16)
= 4y say
An approximate explicit solution of (16) is
n=n, = q%
using n’ as an approximation for n(n-1)(n-2). Error in such

approximation is (n-1)(n-2)/n’>-1 or equivalently 100(-3/n +
2/n%)%. However, an exact solution of (16) is obtainable
from Newton-Raphson iterative method, where one can start
with n;, as an initial value of n, and computes n at i-th
iteration, using

Ny (Ney~1) (n,-2) -q,

n.=n. .-
®77%E-D 2
3ng.—6n; ,*+2

where i =1, 2, .... ng = n, until the convergence in
values of n is attained.

It may be noted that the number of years required to
detect a significant ¢ is inversely proportional to the
square of c, ie the smaller the true time-trend, the more
time required to detect it. Also, n increases with(ﬁ or o,
indicating that if the variability unexplained by models (1)
or (5) is high, the time taken would be longer. Further, the
autocorrelation ¢ and coefficient of determination or
multiple correlation ( p, or p, ) also affect the time
required to detect a significant c.

2.1.4 An application of the methodology

It is anticipated that the statistical methodology ocutlined
above could be used to appraise time-trends in most, if not
all, of ICARDA's long-term trials. Several of these trials
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now have continuous data sets from ten years cropping or
longer. Our present purpose, however, is simply to
demonstrate the potential of the methodology, utilizing just
seven years grain and straw yield data (1986-1993) from the
Breda long-term barley trial. As noted earlier, this trial
comprises nine treatment combinations of N (0, 60, 120 kg
N/ha) and P (0, 45, 90 Kg P,0s/ha) in B-B and two in B-F plots
(N : PO = 0:0 kg/ha and 120 : 90 kg/ha), each replicated
six times.

The estimates of time-trends (c) and of the number of
years (n) required to detect a significant time-trend are
presented for each B-B and B-F treatment (in Tables 2.1.1,
2.1.2 and 2.1.3). Two approaches were compared.

Approach 1: The models were fitted to the yield means of
each fertility treatment, thereby eliminating any individual
plot effects and assuming plot errors to be uncorrelated from

one year to the next. Two alternatives of each model were
worked out, one assuming a linear relationship of yield with
rainfall (Model 1), the other assuming a quadratic

relationship (Model 2).

Approach 2: Models were fitted on individual plot values,
assuming that plot errors follow a first-order
autocorrelation structure over years; but in this case only
estimates from the optimum model, whether linear or quadratic
in rainfall, are presented. In order to evaluate the effects
of fertilizer on time-trends and the number of years to
detect significance, we partitioned the variation on 8 df
arigsing from the 9 N-P fertilizer combinations in the B-B
rotation into that due to nitrogen (N) on 2 df, phosphorus
(P) on 2 df and their interaction (NxP) on 4 df (Table
2.1.4). The due partitioning was done using weighted
regression of these estimates (with weights equal to the
inverse of the square of their standard errors) for Approach
1 while unweighted ANOVA was employed under Approach 2.
Estimates of c¢-values and n-values obtained from
Approach 1 and Approach 2 are given in Tables 2.1.1, 2.1.2
and 2.1.3. We may note that within Approach 1, model 2
(quadratic) tended to give c-values of greater (positive)
magnitude and with a greater frequency of statistical
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Table 2.1.1. Estimates of time-trends (c-values; kg/ha/yr)
in the fertility treatments in B-B rotations at Breda, based
on regressions of yield on time, 1linear (Model 1) or
quadratic in rainfall (Model 2), with plot errors assumed
independent (Approach 1)

Grain Straw
P: 0 45 90 Mean 0 45 90 Mean
N
Model 1 0 =35 22 -1 -5 48 79 72 66
60 19 -18 27 S 79 142 247 156
120 41 -0 -2 13 107 144 195 149
Mean 8 1 8 6 78 122 171 124
Model 2 0 g 20 0 10 100 85 82 89
60 92 32 86 70 167 214 304 228
120 110 30 43 61 191 207 308 235
Mean 73 27 43 47 153 169 231 184

Bold-faced figures indicate statistically significant (ie
different from zero) at 1% level and underlined figures at
5%. Significance of means not worked out.

Table 2.1.2. Estimates of the number of years (n) to detect
significant time trends in the fertility treatments in B-B
rotations at Breda

Grain Straw
P: 0O 45 90 Mean(log) 0 45 90 Mean
N
Model 1 0 18 22 153 39 17 11 12 13
60 31 29 24 28 14 9 6 9
120 18 440 135 103 12 9 9 10
Mean(log) 22 65 79 48 Mean 14 10 9 11
Model 2 o 44 25 880 99 117 11 12 11
60 10 20 11 i3 8 7 6 7
120 9 23 18 15 8 8 7 7
Mean(log) 16 22 56 27 Mean 9 8 8 8

Mean(log) values are back transformations of means of lLog-transformed values. The
n-values for straw were nearly homogeneous, so no transformations were necessary.
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Table 2.1.3. Estimates of time-trends (c~values) and number
of years (n-values) to detect a significant time-trend in the
fertility treatments in B-B rotation at Breda, based on
regressions of yield on time, linear or quadratic in rainfall
for each individual plot assuming first-order autocorrelation
in plot-errors (Approach 2)

Time-trend (kg/ha/vear)

Grain Straw
N\P 0 45 90 Mean 0 45 90 Mean
0 22 49 28 33 105 98 90 97
60 94 58 87 80 166 189 294 216
120 108 26 38 57 187 219 293 233
SE +37.7 +21.8 +37.5 +21.7
Mean 75 44 51 57 153 168 225 182
SE +21.8 +21.7
Number of years (n-values)®

0 17 11 12 13 20 10 10 12
60 13 19 25 18 21 15 10 15
120 13 36 40 26 14 12 11 12
Mean 14 20 23 18 18 12 10 13

Boldfaced figures indicate statistical significance at 5% level.

Plot-wise data on n-value were analyzed using log-transformation. The means and their
SEs under log-transformation were obtained but not presented here.

* Back transformations on means of log-transformed values.

Table 2.1.4. Probabilities of null effects for comparing
fertilizers on time-trends (c) and number of years (mn)
required to detect significant time-trends

Approach 1 Approach 2
c-values c-values n-values
Model 1 Model 2
Grain Straw Grain Straw Grain Straw Grain Straw
df
+ N 2 0.837 0.080 0.132 0.021 0.326 <.001 0.023 0.521
+ P 2 0.980 0.165 0.401 0.260 0.592 0.054 0.115 0.017
+ NxP 4 0.467 0.4%96 0.553 0.437 0.647 0.342 0.088 0.706

significance than model 1 (linear), and corresponding n-
values tended to be lower. At the same time, Approach 2
produced c-values very similar in magnitude to those obtained
from model 2 in Approach 1 but with a greater frequency of
statistical significance. Thus working simply from treatment

' mmmm -
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means, and ignoring the possibility of autocorrelation at the
plot level, did not greatly affect the numerical values of
trends identified; however, as might be expected, utilizing
the larger data set provided by the individual plot values
improved statistical sensitivity. Perhaps for the same
reason, n-values from Approach 2 were less erratic than those
from Approach 1; but, curiously, in respect of the straw data
they were rather greater in the magnitude.

Generally, across both approaches, c-values for barley
straw tended to be larger and more frequently statistically
significant than those for grain. Moreover, as Table 4
confirms, the positive responses of the straw c-values to the
use of increasing rates of P-fertilizer and to the first
increment of N-fertilizer (60 kg N/ha) were also
statistically significant. For grain, c-values showed some
increase from the first increament of N-fertilizer, but this
was not statistically significant.

Altogether, these findings imply that, over seven
years, continuous barley showed a generally rising yield
trend, which was, however, greater and more reliable for
straw than for grain. 1In the case of straw only, that rising
trend was significantly enhanced by the annual application of
N and P fertilizers.

This greater clarity in the pattern of the straw values
matches agronomic experience of cereal crops; straw yields
follow rainfall and fertilizer rate quite strongly and tend
to be less affected by ill-defined seasonal factors than are

grain vyields. S0, in seeking time-trends in cereal
production, we may expect straw to provide the earlier
indicator. Further, since harvest index is a strongly

conservative attribute in any particular cereal variety
(notwithstanding large annual variations), we may reasonably
expect the trend identified for the straw to be followed
ultimately by the grain.

2.1.5 Discussion

The purpose of the present paper was to explore an approach
for the identification of yield time-trends, not to present
a definitive methodology or definitive agronomic conclusions.
Those will come later. For the moment it is evident that
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information on time-trends can be elicited even from a rather
brief and unpromising data set; and we may reasonably expect
to obtain clearer, more significant information when and
where time series of greater length are available. However,
a number of points have arisen during the present exploration
that bear on the development and application of the
methodology and merit mention here.

Autocorrelations: Approach 2 models the data allowing
autocorrelations to be plot specific, but in a series of only
seven years their estimation is very imprecise as only 2 df
are available for residuals. In a short series, one might
satisfy even with a common autocorrelation by obtaining a
pooled estimate of autocorrelation from all plots or at least
one under each fertilizer treatment.

Robust estimates of number of years to detect
significant time-trends: The relatively larger mean values
of n under Approach 2 most probably arise from the huge
variation in individual plot values, contributed by one or
two values (or possibly outliers) within each fertility
treatment. A proper treatment of such values, such as robust
methods for estimation of means in the presence of outliers,
is expected to provide the results comparable to those found
with Approach 1.

Choice of the experimental and sampling designs:
Precise estimation of time-trends requires very good control
of experimental errors through the implementation of a
suitable field design. This generally involves the choice of
an effective blocking system leading to homogeneous plots
within each block. The design of the present experiment was
not ideal for the analysis attempted here. It was initially
intended to accommodate six combinations of two additional
factors (such as weed and disease control measures), but they
were never implemented. The resulting layout became a
completely randomized design with six replications. It would
have been of advantage to present purposes if an appropriate
blocking technique had been used to control the experimental
errors. However, relative success here despite that
limitation demonstrates the robust potential of the method.
In general, the application of experimental treatments and
crop-husbandry practices, and the sampling and measurement of
responses should be consistent across years to reflect

TE T ' T ) o ~ _
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cumulative effects or time-trends only, and the effect of any
interrupting factor added at a point of time should be taken
into account. &Any long-term effect of such a factor could be
explored by an application of intervention analysis.

Allowing for annual variability: Total seasonal
rainfall has been used as a single value to represent the
source of annual yield variability, but how sound is it as a
measure of the biological potential of the year (or the
environment)? Although the linear and quadratic components of
rainfall account for a large portion of the total variability
in yields over years, there are obviously other environmental
parameters such as temperature, humidity, sunshine hours that
would also contribute. Data are often available for such
parameters but are difficult to utilize. There are two
difficulties, at least. Unlike total rainfall, there is no
obvious way to summarize the information for the other
parameters in single values; and some of the parameters are
meaningless except in the context of the others - such as
plentiful sunshine hours are useless if rainfall is low.
Secondly, each parameter, even if encapsulated in one value,
requires an extra degree of freedom. This makes it essential
to identify just those one or two most influential additional
variables for inclusion in the model. Alternatively, one may
seek a non-physical parameter that summarizes, again in a
single value, as many as possible of the features of the
growth environment influencing crop performance. An obvious
example here is date of planting.

Variables such as rainfall and temperature may describe
the environment physically but even a reasonably complex
function of them may not provide an adequate biological
measure of the environment experienced by the crop. An
alternative used in crop improvement programs is to evaluate
genotype x environment (GxE) interaction by examining the
behavior of genotypic response over environments (site-year
combinations). Mean yield of all genotypes in a particular
environment is assumed to integrate all the components of
that environment and hence is considered as a reasonable
biological measure for it, provided the set of genotypes is
reasonably representative of the Crop species (Yates and
Cochran 1936, Finlay and Wilkinson 1963, Eberhart and Russell
1966). The same approach would be worth exploring in long-

[ )
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term trials, in this case using the mean across treatments as
an index of the growth environment. Thus, in the present
trial, the mean of nine fertilizer regimes (or perhaps,
better, the mean of routine production fields at the station)
could be used to provide a meaningful estimate of the
biological effect of the year.

Other components of time-trend. In both of the above
approaches, we have considered the time-trend arising only
from the linear component of time, besides the other non-time
variables. It is quite possible that in a relatively longer
series the cumulative time-trend might be more adequately
expressed as a quadratic function of time. The model (1)
could then be written as

yy=a+ bR+ct+dt’+e (t=1,2, ..., n)

The estimation procedure would be straightforward,
although error df would be further reduced, and the case of
autocorrelated errors could also be modelled.

2.1.6 Conclusion

An exploration of approaches to the identification of time-
trends in the yield data from a long-term barley trial has
demonstrated that such trends can apparently be detected even
in a sub-optimal data set of seven years duration when due
allowance is made for annual variation due to rainfall. It
is anticipated that it will be possible to analyse time
series of yield data from most other time series in a similar
way and that agronomic interpretation of such analyses will
give useful insight into the production sustainability of
different cropping systems. [Murari Singh, CBSU, and Mike
Jones, with acknowledgements to Mr. Nerses Chapanian and MNr.
Fadel Rida for their technical input in data management
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2.2 Effect of Type and Harvest Time of Forage Legqumes
on Yields in Barley-Forage Lequme Rotations

2.2.1 Introduction

The need for greater crop diversification in the drier
barley-growing areas has long been recognized. Initially,
the aim was to replace fallow in what were predominantly
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barley-fallow sequences; but, over time, as farmers' systems
have intensified, this aim has evolved into a search for
acceptable crops to break what has become in many places an
almost continuous annual barley sequence. Work has
concentrated largely on forage legumes, with the rationale
that legumes, and particularly forage legumes, will
contribute feed and nitrogen into what remain relatively low-
input systems in which animal production is the major
enterprise.

Common vetch (Vicia sativa), lathyrus (Lathyrus
sativus) and narbon vetch (Vicia narbonensis) are all species
indigenous to this dry winter-rainfall zone, and the first
two, at least, were utilized in the past to provide forage
for draught animals. Now, most farmers' priority is to
produce as much barley as possible, for sale and feed, and
the inclusion of legumes appears to be viewed as unnecessary
and detrimental to this purpose. One research issue, of
many, is which legume is potentially the most attractive to
farmers; another is how best might that legume be utilized -

as green grazing, as hay, as seed and straw? - within
ongoing barley-livestock production systems, to maximize
benefits and minimize any loss of barley production.

This report summarizes findings from two related
investigations: (i) a series of simple two-year trials,
examining the effect of mode, or time, of vetch harvest on
subsequent barley performance; and (ii) two ongoing long-term
trials that compare three types of rotation, barley-forage
legume, barley-fallow and barley-—barley.

2.2.2 Vetch utilization trials

In each trial, three methods of harvesting - simulated green
grazing (GG), hay cutting (H) at early pod-formation stage,
and removal at maturity (M) - were imposed on a uniform field
of unfertilized common vetch (Vicia sativa) as a simple
randomized plot design in six replicates; and the resulting
effects were measured in the yields of barley grown in the
following season. A total of eight such two-year trials were
grown over eight seasons, 1986-1994, (one trial at Ghrerife,
seven at Breda).
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Highest yields of barley grain were in all cases
obtained after green-grazed vetch, and in four trials out of
eight differences between harvest—-time treatments were
significant (Table 2.2.1). Grain yields following the hay
treatment tended to be greater than or similar to those
following mature harvest. Means over eight trials for grain,
straw and other harvest parameters in Table 2.2.2 show a
consistent trend: GG > H > M. Mean grain yields for GG and
H treatments exceeded those from the M treatment by 39 % and
17 %, respectively; and corresponding figures for straw were
26 % and 10%.

Table 2.2.1. Yield of barley grain (t/ha) following
different modes/times of harvest of a preceding crop of Vicia
sativa

Rainfall, mm Vetch harvest mode Level of SE/
Trial Years Yr 1 Yr 2 Graze Hay Mature signif. mean

1. Breda 86-88 245 399 1.55 1.43 1.26 ns 0.074
2. Breda 87-89 399 180 1.29 1.15 0.53 faledel 0.048
3. Gh'rfe 87-89 431 201 0.92 0.49 0.19 fabed 0.096
4. Breda 88-90 180 177 0.92 0.82 0.83 * 0.027
5. Breda 89-91 177 209 0.90 0.78 0.81 ns 0.036
6. Breda 90-92 209 231 0.68 0.65 0.52 ns 0.070
7. Breda 91-93 231 251 2.07 1.66 1.70 ** 0.067
8. Breda 92-94 251 292 1.03 0.%90 0.89 ns 0.112

a) Each yield value is the mean of six plots, unfertilized
except in 1989-91 and 1990-92, when three plots were
unfertilized and three received 60 kg P205/ha in the
seedbed.

b) Rainfall total, October to April inclusive.

Table 2.2.2. Eight~-trial means of harvest parameters of
barley following different modes/times of harvest of a
preceding crop of Vicia sativa

Vetch harvest mode

Graze May Mature
Grain, t/ha 1.17 0.99 0.84
Straw, t/ha 1.86 1.62 1.47
Total dry matter, t/ha 3.03 2.61 2.32
Harvest index 38.7 37.8 36.3
1000-grain weight, g 32.8 31.9 31.2
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The initial hypothesis behind these trials was that
different harvest times of vetch would leave different
amounts of water stored in the soil profile and thereby
influence the productivity of the succeeding crop. However,
appreciable treatment differences in barley yields
(significant for the straw component) were recorded in Trial
1, even though the barley growing season was most unusually
wet; and it was suggested that vetch cutting times might
also influence nitrogen availability to the barley crop
(Jones 1989).

Unfortunately, it was not possible to monitor barley
water use in subsequent trials. However, greatest treatment
differences were observed in Trials 2 and 3 (both 1987-89),
when a very dry barley-growing season followed a very wet
vetch season - which is strongly suggestive of an appreciable
stored-water effect. Subsequently, least barley-yield
differences between treatments occurred in trials (nos. 4, 5
and 6) in which both growing seasons were very dry (Table
2.2.1).

2.2.3 Barley-forage lequme rotation trials
at Tel Hadya and Breda
2.2.3.1 Introduction

The so-called 'new' rotation trials at Tel Hadya and Breda
were initiated in the 1982/83 season. Each trial comprises
three replicates of both phases of an incomplete factorial
combination of six two-year rotations of barley with fallow,
with barley, or with a legume forage. Results up to the end
of the 1988/89 were summarized in a recent publication (Jones
and Singh 1995); a number of treatment modifications were
detailed in Jones (1992); and more results were presented in
Jones (1993). The data summarized in the present report
derive from:
- three years, 1991-94
- five rotations
A. Barley-lathyrus (Lathyrus sativus)
B. Barley-narbon vetch (Vicia narbonensis)
C. Barley-common vetch (Vicia sativa)
D. Barley-common vetch (Vicia sativa)
E. Barley-fallow
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- two fertilizer regimes

III. 20N and 60P,0; to the barley phase only

VI. Zero fertilizer control.
In rotations A, B and C, the forage legume is harvested at
maturity for grain and straw. In rotation D, the vetch is
cut to simulate 'zero grazing' at the pre-flowering green
stage. There is no regrowth. (The full scheme of treatments
can be seen in Table 3.5.1 in Jones 1992).

The data are presented below in three sections:

- to examine the effect of mode of vetch harvest on
subsequent barley productivity and total rotational
output (rotations C & D);

- to compare rotation B, with narbon vetch (first
introduced in the 1990/91 season), with rotations A and
C (lathyrus and common vetch, grown since 1982/83) and
rotation E (fallow), again in respect of barley
productivity and total rotational output;

- to compare rotations C, D and E in respect of water use
by the barley crop, at Breda only.

Barley yield data for all five rotations in each of the
three years under study are presented in Table 2.2.3. These
data form the basis of barley yield summaries in subsequent
sections.

2.2.3.2 Effect of mode of vetch harvest

Barley yields: Yields of grain and straw were 10-15% higher
when barley was grown after vetch harvested as green grazing
rather than grown to maturity (Table 2.2.4). At Tel Hadya,
but not appreciably at Breda, total N content of the barley
was enhanced more than the dry-matter increase by the
preceding green grazing, implying perhaps that the immature
harvest of the legume left more nitrogen to the succeeding
crop.

Legume dry matter yield was approximately halved by
harvesting at the green stage, but the reduction in total
nitrogen offtake was smaller, 34% at Tel Hadya, 28% at Breda
(Table 2.2.5). This is because the N content (%) of the
harvested material is generally higher at the green stage:
2.83 v. 2.19 at Tel Hadya, and 3.06 v. 2.17 at Breda.
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Table 2.2.3. Effect of preceding crop on barley yields in
barley-forage legume rotation, Tel Hadya and Breda, 1991-94

Preceding Tel Hadya Breda
crop 91/2 92/3 93/4 Mean 91/2 92/3 93/4 Mean
Rain, mm 326 240 358 231 251 292

Grain, t/ha

* ns ns ns * k% * % %
Lathyrus 2.46 2.81 1.74 2.34 1.05 1.16 1.43 1.21
Vetch 2.49 2.56 1.98 2.34 1.08 1.11 1.46 1.22
Narbon Vv 2.40 2.35 1.86 2.20 1.14 0.98 1.42 1.18
Green V 3.11 2.81 2.02 2.65 1.22 1.34 1.68 1.41
Fallow 3.04 3.36 1.97 2.79 1.28 1.71 1.72 1.57
SE # 0.191 0.189 0.133 0.065 0.057 0.041
Straw, t/ha
* ns ns ns ns **
Lathyrus 3.09 3.79 3.21 3.36 2.34 3.64 2.69 2.89
Vetch 3.08 3.70 3.28 3.35 2.30 3.55 2.74 2.86
Narbon Vv 2.83 3.18 3.22 3.08 2.36 3.43 2.83 2.87
Green V 3.76 3.83 3.67 3.75 2.47 3.86 3.10 3.14
Fallow 3.74 4.12 3.20 3.69 2.36 3.83 2.93 3.04
SE * 0.183 0.243 0.197 0.047 0.104 0.049
TDM, t/ha
* ns ns ns * * * kK
Lathyrus 5.55 6.60 4.95 5.70 3.39 4.80 4.11 4.10
Vetch 5.56 6.26 5.25 5.69 3.38 4.66 4.20 4.08
Narbon Vv 5.23 5.53 5.07 5.28 3.50 4.41 4.25 4.05
Green V 6.87 6.64 5,69 6.40 3.69 5.19 4.77 4.55
Fallow 6.78 7.47 5.17 6.47 3.64 5.54 4.65 4.61
SE * 0.321 0.424 0.3186 0.086 0.139 0.082
Total N, kg/ha
* %%k ns ns ns * ns
Lathyrus 57.3 82.2 46.4 62.0 42.7 5§3.2 45.9 47.3
Vetch 54.7 78.7 49.3 60.9 40.2 52.7 47.3 46.7
Narbon Vv 51.0 63.1 46.0 53.4 41.6 46.0 51.1 46.2
Green V 79.5 89.2 56.6 75.1 46.8 56.3 56.8 53.3
Fallow 61.1 88.1 41.7 63.6 45.8 58.2 53.5 52.8
SE * 3.08 5.31 4.34 2.22 1.97 2.39

Values are means across two fertilizer regimes, with and
without NP applied to the barley phase.

Legumes are: lathyrus, Lathyrus sativus; vetch, Vicia sativa;
narbon vetch, Vicia narbonensis; green vetch, Vicia sativa,
harvested by simulated zero grazing at the green stage.

Rain amounts indicated are totals for October-April,

inclusive.
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Table 2.2.4. Effect of vetch harvest mode on harvest
parameters of subsequent barley crop, three-year means, Tel
Hadya and Breda, 1991-94

Vetch Mean yields, t/ha Total N,
harvest Grain Straw TDM kg/ha
Tel Hadya Mature 2.34 3.35 5.69 60.9
Green 2.65 3.75 6.40 75.1
Difference 0.31 0.40 0.71 14.2
% 13.2 11.9 12.5 23.3
Breda Mature 1.22 2.86 4.08 46.7
Green 1.41 3.14 4.55 53.3
Difference 0.19 0.28 0.47 6.6
% 15.6 9.8 11.5 14.1

Values are means across 2 fertilizer regimes, with and
without NP applied to the barley phase.

Table 2.2.5. Effect of harvest mode on vetch harvest
parameters, three-year means, Tel Hadya and Breda, 1991-94

Tel Hadya Breda
Harvest TDM Total N TDM Total N
mode t/ha kg/ha t/ha kg/ha
Mature 2.20 48.2 2.19 47.6
Green 1.12 31.7 1.12 34.3
Difference 1.08 16.5 1.07 13.3

Values are means across 2 fertilizer regimes, with and
without NP applied to the barley phase.

Rotational productivity: Total two-crop rotational
output (on a 50:50 area basis) was, on five occasions out of
six, lower in the green-harvest rotation, but the margin
overall was not large, as the three-year means in Table 2.2.6
show: 4.8% at Tel Hadya and 9.6% at Breda. Corresponding
values for total rotational output of nitrogen were 2.2% and
7.2%, respectively. Particularly under Tel Hadya conditions,
total production of biomass and protein is only marginally
reduced if the vetch in a vetch-barley rotation is grazed
green instead of being allowed to grow to maturity.
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Table 2.2.6. Effect of harvest mode of vetch on total output
of TDM and N in a vetch-barley rotation, three-year means,
Tel Hadya and Breda, 1991-94

Tel Hadya Breda

Mature Green Mature Green

TDM, t/ha 3.95 3.76 3.14 2.84
% from barley 72.1 85.1 65.1 80.2

% from legume 27.9 14.9 34.9 19.8
Total N, kg/ha 54.6 53.4 47.2 43.8
% from barley 55.8 70.3 49.5 60.8

% from legume 44.2 29.7 50.5 39.2

Values are means across 2 fertilizer regimes, with and
without NP applied to the barley phase.

2.2.3.3 Relative value of narbon vetch

Barley yields: As can be seen in Table 2.2.3, yields of
barley following mature-harvested lathyrus (Lathyrus sativus,
Ls) and common vetch (Vicia sativa, VS) were closely similar
in all three years at both sites, in respect of grain, straw,
total dry matter and total N content. Values for barley
following narbon vetch (Vicia narbonensis, VN) were nearly
always lower (though rarely significantly) at Tel Hadya. 1In
some contrast, at Breda, yields were broadly comparable with
those from LS and Vs rotations, even non-significantly
higher, except in 1992/93.

Barley in all three of these rotations tended to be
slightly less productive than barley grown in rotation with
fallow. Nevertheless, as Table 2.2.7 shows, the three-year
mean loss in barley production resulting from replacing
fallow with a forage legume grown to maturity was only 11-18%
(in terms of total dry matter) and 2-16% (total N), with
little difference between the two environments, Tel Hadya and
Breda. For the vetch crop grazed green, corresponding values
are 1% (TDM) and, for total N, gains of 18% (Tel Hadya) and
1.5% (Breda) (calculated from Table 2.2.3).
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Table 2.2.7. Harvest parameters (total dry matter and
total N) for barley in rotation with three mature-
harvested forage legumes, as percentages of
corresponding values for barley grown in rotation with
fallow

Preceding lequme crop

LS vs VN
Tel Hadya:
Total dry matter 88.1 87.9 81.6
Total crop N 97.5 95.8 84.0
Breda:
Total dry matter 88.9 88.5 87.9
Total crop N 90.0 89.0 88.0

Values are based on three-year means across two
fertilizer regimes, with and without NP applied to the
barley phase.

Mature legume yields: Despite the lower rainfall, all
three legumes tended to be more productive at Breda than at
Tel Hadya (Table 2.2.8). For total dry matter, differences
were inconsistent between years and species, and the mean
advantage to Breda was small (5.7%); but for grain,
differences were consistently large (mean, 36.8%), reflecting
a generally higher harvest index at Breda than Tel Hadya
(means, 39.6% and 30.6%, respectively). The reason for this
is not known.

Differences between lathyrus and common vetch (LS and
VS) were small and inconsistent, but narbon vetch (VN) tended
to be more productive, especially of straw. Over three years
at both sites, mean VN grain production was 18% higher than
that of the mean of the other two species. Corresponding
values for straw and total dry matter were 35% and 29%,
respectively. Differences in crop total N were less
consistent. At Tel Hadya, mean total N values were very
similar for all three legumes; but at Breda, VN was
superior, by a mean of 12.5 kg N/ha/annum (or about 25%).

Rotational productivity: Mean three-year mean values
of total rotational dry matter production and N output show
relatively small differences between the different forage
legumes (Table 2.2.9). However, it may be noted that:
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Table 2.2.8. Mature legume yields in barley-forage legume
rotation, Tel Hadya and Breda, 1991-94

Tel Hadya Breda
Crop 91/2 92/3 93/4 Mean 91/2 92/3 93/4 Mean

Grain, t/ha
Lathyrus 0.73 0.62 0.63 0.66 0.79 1.21 0.85 0.95
Vetch (Vs) 0.55 0.92 0.58 0.68 0.66 0.92 0.87 0.82
Narbon V 0.72 0.87 0.66 0.75 0.86 1.19 1.23 1.09

Straw, t/ha
Lathyrus 1.07 1.17 1.80 1.35 1.00 1.51 1.08 1.20
Vetch (Vs) 1.14 1.32 2.08 1.51 0.97 1.80 1.36 1.38
Narbon Vv 1.80 1.56 2.26 1.87 1.51 2.05 1.81 1.79

TDM, t/ha
Lathyrus 1.80 1.79 2.43 2.01 1.79 2.72 1.92 2.14
Vetch (Vs) 1.69 2.24 2.66 2.20 1.63 2.72 2.23 2.19
Narbon V 2.52 2.43 2.92 2.62 2.38 3.25 3.04 2.89

Total N, kg/ha
Lathyrus 44.0 40.9 63.3 49.4 41.4 66.3 53.8 53.8
Vetch (VS) 36.0 51.1 57.4 48.2 36.1 55.1 51.5 47.6
Narbon VvV 47.2 49.7 52.5 49.8 51.6 66.4 71.6 63.2

Values are means across two fertilizer regimes, with and
without NP applied to the barley phase.

Table 2.2.9. Total output of total dry matter and nitrogen
in three barley-mature legume rotations, three-year means,
Tel Hadya and Breda, 1991-94

Ls Vs VN F LS Vs VN F
TDM, t/ha
Barley 5.70 5.69 5.28 6.47 4.10 4.08 4.05 4.61
Legume 2.01 2.20 2.62 0.00 2.14 2.19 2.89 0.00
Mean 3.86 3.95 3.95 3,24 3.12 3.14 3.47 2.31
As % 119 122 122 100 135 136 151 100
Total N, kg/ha
Barley 62.0 60.9 53.4 63.6 47.3 46.7 46.2 52.5
Legume 49.4 48.2 49.8 0.0 53.8 47.6 63.2 0.0
Mean 55.7 54.6 51.6 31.8 50.6 47.2 54.7 26.3
As % 175 172 162 100 193 180 208 100

Values are means across two fertilizer regimes, with and
without NP applied to the barley phase.
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- Legumes produced a smaller proportion of the total
biomass at Tel Hadya (21.5% for LS and VS, 33.2% for
VN) than at Breda (34.6% for LS and VS, 41.8% for VN);
and there were similar trends in the total N data
(respective values being 43.7% and 48.3% at Tel Hadya,
and 51.9% and 57.8% at Breda).

- Rotations with narbon vetch, as the preceding figures
illustrate, yielded a greater proportion of their
biomass and nitrogen in the legume phase than did
rotations with lathyrus and common vetch.

Comparisons with the barley-fallow rotation (in which
half the land area is unproductive each year) show a large
advantage in favour of the legume rotations. Mean increases
over fallow rotation values were:

- at Tel Hadya, 19-22% for TDM and 62-75% for N;
- at Breda, 35-51% for TDM and 80-108% for N.

Comparisons between Tables 2.2.6 and 2.2.9 show
rotations of barley with 'green-grazed' vetch to be less
productive of dry matter and nitrogen than rotations
involving mature-harvested legumes but, nevertheless, more
productive in both respects than barley-fallow rotation.

2.2.3.4 Barley water use at Breda

Part of the effect of different modes of legume harvest on
barley yield has been attributed to a soil stored-water

effect. To follow up on this, crop water use has been
monitored by neutron probe in selected treatments of the
Breda trial. Three-year means of water use

(evapotranspiration) by barley in rotation with common vetch
(mature), common vetch (green grazed) and fallow are given in

Table 2.2.10. They show that barley following 'green
grazing' was, on average, able to utilize 11 mm more water
than barley following mature-harvested vetch. Respective

annual values (not shown in table) were 8, 7 and 18 mm, which
were in turn 3, 11 and 1 mm less than the water utilized by
barley following the bare fallow. It has been reported
previously that the Breda soil stores very little water from
a winter fallow over the summer for the next crop (Harris

[ e [



42

1989); on the present evidence, nearly 70% of any such
benefit may be available following green-grazed vetch. In
all cases, the amounts involved are undoubtedly small; but
it should be remembered that any soil-stored water that
survives the long hot summer is deep in the profile and
therefore fully  utilized by the barley crop, for
transpiration. It is therefore worth perhaps two or three
times as much as the same volume of water arriving at the
soil surface as rainwater, much of which is lost directly to
evaporation.

Table 2.2.10. Seasonal evapotranspiration (mm) of barley
Crops grown at Breda following vetch, mature or harvested
green, and fallow; three-year means, 1991-94

Preceding crop

Vetch Vetch,
mature green-grazed Fallow Mean
* % K %
No fertilizer 263 273 272 269
NP to barley 271 283 294 283
SE, * 2.4 1.4
%* k%
Mean 267 278 283
SE, * 1.7

Annual means (across preceeding crops and fertilizer regimes)
and [corresponding rainfall amounts, October-April], mm:
1991/92 - 255 [231); 1992/3 - 272 [251); 1993/4 - 301 [292].

2.2.4 Conclusions

Harvesting vetch by zero grazing at the green stage, relative
to harvesting at maturity, increased grain and straw yields
of subsequent barley crops - by means, respectively, of 39%
and 26% in eight independent 2-year trials at Breda and
Ghrerife, and by 10-15% over three years in long~term
rotation trials at Breda and Tel Hadya. Mean barley yields,
after green grazing, in these long~term trials were equal to
those from barley grown in rotation with bare fallow. This
result is consistent with Crop evapotranspiration data from
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Breda that suggest that green harvesting of vetch conserves
a small amount of soil water for the following crop,
equivalent, on average, to nearly 70% of the conservation by
bare fallow. Such water savings would almost certainly be
larger, on an absolute basis, at Tel Hadya.

However, growing vetch to maturity approximately
doubles the production of legume biomass and contributes to
a rotational productivity (barley + legume biomass and
nitrogen offtake) slightly greater than that of the green-—
harvest rotation. However, the differences here are small
(all less than 10%), and clearly in a real-farm situation
there would be no reason to avoid the green-grazing option,
if that best fitted the needs of the feed calendar. Indeed,
it could be that, in many situations, high-value green
grazing for milk production or lamb fattening, followed by
barley yields equivalent to those usually achieved by prior
fallowing, could be the most profitable option.

Vicia narbonensis has sometimes been seen as the
species with the potential to provide the breakthrough in the
transfer and acceptance of forage legumes by dry-area barley
farmers. Common vetch and lathyrus are rarely visually
impressive crops under low rainfall conditions, and farmers'
reluctance to grow them is not difficult to understand; but
narbon vetch often manages to look more robust and vigorous.
This impression is partly supported by the present findings.
Yields of narbon grain and, particularly, straw were
appreciably higher than those of the other two species.
However, this advantage was not matched, at 1least at Tel
Hadya, by correspondingly higher values of total N, while
associated barley yields (total dry matter and N) were
relatively depressed.

In terms of rotational productivity, narbon-barley was
best at Breda, by a margin of about 10%, but at Tel Hadya all
three legume rotations were effectively equal. There is no
strong basis here for a breakthrough at farm level,
particularly since narbon vetch is unpalatable at the green
stage and therefore less versatile in its utilization.
Nevertheless, two further points are worth noting. First,
all three forage legumes were relatively more successful in
the drier Breda environment - that is, they contributed a
greater proportion of the rotational biomass and N output
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than at Tel Hadya. Secondly, it was only in this drier
environment that the narbon-based rotation outproduced the
others; and Breda more closely typifies the target
environment of these studies. What this result means,
whether it is found over wider range of time and
environments, and how it might be exploited, undoubtedly
requires further research. [Mike Jones, with major technical
inputs from Nerses Chapanian and Zuhair Arous]
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2.3 The Response of Wheat and Lentil to Tillage
and Time of Sowing in a Two~Course Rotation

2.3.1 Introduction

Maintenance of the soil structure is the basic requirement
for any tillage package aimed at maintaining the productivity
of the soil. Conventional or clean tillage has a long
tradition in rainfed cropping areas of the world, but
conservation tillage, which requires that stubble residues
remain on or near the soil surface, is becoming more widely
used. The no-tillage system is a powerful point of entry to
solve the problems of soil erosion, soil fertility and soil
with low water holding capacity (Lal 1976 1983). Crop yields
from no-till agriculture are usually as high or higher than
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vields from crops produced by conventional tillage {Campbell
et al. 1984). However, the no-till system may create new
challenges to be coped with, such as weed and pest
infestations.

To examine these issues in the WANA environment, we
compared conventional tillage for different times of planting
with no-till planting. In the first phase of the work the
focus was mainly on weed population changes. In the second
phase, we have looked into the effect of different times of
conventional tillage and no-till planting on changes in soil
structure and the productivity of the systems in wheat-lentil
rotation.

2.3.2 Materials and methods

The two course rotation, lentil-wheat, was begun at Tel Hadya
in the 1978/79 season on a soil classified as a vertic
(calcic) luvisol, with a pH of 8-8.5, organic matter 0.9-1
percent, and EC (electrical conductivity) 0.62-1.48 mmhos/cm.
The soil depth ranged between 80 cm to greater than 2.0 m.
The objective was to study the effect of five main tillage
systems, five weed control methods, and fertilization on crop
yield and the weed community. The tillage systems used were:
1. Conventional tillage (the most common farmers'
practice) with three dates (Early,Mid, Late)
a) Disking, harrowing and sowing before the first rain
of the season (CTE).
b) Disking before rain, harrowing and sowing after
rain (CTM).
c) Disking, harrowing and sowing after the first rain
of the season (CTL).
2. Zero tillage with two dates (BEarly and Mid)
a) Direct drill at same time as CTE.
b) Direct drill at same time as CTM.

Five different weed control methods were imposed on each
tillage system:

1. Weedy control

2. One hand weeding

3. Two hand weedings

4. Broadleaf herbicide

5. Broadspectrum herbicide
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Two fertilizer treatments, with and without, were
superimposed on each weed control method.

In the 1982/83 season, soil moisture measurements were
initiated in selected treatments: the early date of
conventional and zero tillage, with weedy and weed-free as
sub-treatments, and fertilized versus unfertilized as sub-sub
treatments.

In the 1985/86 season changes were made to the trial
design, because:

- Sufficient results had been obtained in the weed
studies.

- Grain yields in the unfertilized plots were declining.

- Changes in soil structure due to tillage had been
observed.

- It was necessary to grow both crops annually.

The adjustments included:

a) Planting both crops in the rotation every year to
facilitate a better interpretation of the data.

b) Adding phosphate to the unfertilized plots to rebuild
the fertility.

¢) Adding access tubes to monitor moisture in all tillage
treatments.

d) Controlling weeds through integrated weed control.

€) Introducing direct drill equipment (30 cm row spacing)
as replacement for the local drill (at 17.5 cm row
spacing) which had been used as a 'direct drill' in the
first phase of the trial.

2.3.3 Effect of tillage systems, weed control,
and fertilization on grain yield, 1978-1984

The main objective was to look at the effects on the system
as a whole of tillage, fertilizer and weed control
treatments, irrespective of the crop grown. However,
interpretation of the data was made difficult by the single-
phase nature of the rotation, with only one crop, lentil or
wheat, grown each year. This does not allow annual trends to
be seen, which was the reason for the change in 1985 to
having both phases represented each year. Results may be
summarized:
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Disc plowing and harrowing in the conventional tillage
treatments increased grain yields significantly over those
from no-tillage (Table 2.3.1). Low yields from the no-
tillage treatments were attributed mainly to the poor seed
placement achieved by the Amazon planter, which was not
very suitable for seeding into uncultivated land.
Differences in grain yield between dates of seeding varied
from one season to another due to the uneven rainfall
distribution within each cropping season.

All weed control methods significantly increased grain
yield relative to the weedy control (Table 2.3.2). Both
hand weeding once (farmers' practice) and applying a
combination of broad-leaf herbicide and a grass killer
were effective 1in increasing grain yield, with the
chemicals more effective in wheat and less effective in
lentil. However, labor cost or unavailability are the
main factors in hand weeding, so that whenever proper
herbicides are available farmers are aware of their
beneficial effects.

Adding phosphorus fertilizer to wheat and lentil, and
nitrogen to wheat, significantly increased grain yields
(not presented), except in 1983 when rainfall was low and
poorly distributed. Altogether, mean yields in non-
fertilized plots were only 77% (wheat) and 64% (lentil) of
those in fertilized plots.

Table 2.3.1. Effect of tillage system on the grain yield
(kg/ha) of wheat and lentil, Tel Hadya, 1979-1984

Tillage 1979 1980 1981 1982 1983 1984
system* Wheat Lentil Wheat Lentil Wheat Lentil
CTE 1.97 0.49 1.48 0.58 0.43 1.04
CTM 2.40 0.40 1.70 0.54 0.65 0.73
CTL 1.74 0.11 1.75 0.55 0.47 0.81
ZTE 1.24 0.41 0.57 0.55 0.16 0.45
ZTM 0.85 0.24 0.69 0.25 0.62 0.69
e.s.e' (+) 0.11 0.04 0.07 0.08 0.05 0.05
*%* * % * % NS * %

Rainfall 425.9 372.1 337.6 324.4 230.3 372.6
(mm)

1. standard error of the mean within seasons.

*

For details, see text
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Table 2.3.2. Effect of weed control methods on grain yield
(kg/ha) of wheat and lentil, Tel Hadya, 1979-1984

1979 1980 1981 1982 1983 1984
Season Wheat Lentil Wheat Lentil Wheat Lentil

Unweeded control 1.02 0.23 0.57 0.21 0.18 0.39

1 weeding 1.65 0.42 0.20 0.61 0.43 0.58
2 weedings 2.39 0.43 1.86 0.72 0.57 0.62
Broadleaf h'cide 1.60 0.33 l1.01 0.46 0.44 0.46
Broadspectrum 1.55 0.24 1.55 0.48 0.70 0.62
herbicide
e.s.e' (%) 0.08 0.02 0.05 0.03 0.02 0.03
* % *k * % *x **x * k

1. standard error of mean within same season.

2.3.4 Effect of tillage systems and sowing dates on
biomass and yields of wheat and lentil, 1986-1993

Sowing dates are always partly determined by the weather.
However, over seven seasons, early sowing was consistently
achieved in early to mid October, intermediate sowing less
consistently in mid to late November, and late sowing in
December or early January (Table 2.3.3).

In five of the seven seasons, biomass production of
lentil was greatest from the early-sown crops, and, within
those seasons, was mostly, but not always significantly,
greater from the zero tillage treatment (ZTE) than the
conventional tillage (CTE) (Table 2.3.4). Wheat biomass
showed a somewhat opposite trend. The intermediate sowing
date gave greater biomass than early sowing in five of the
seven seasons; and, within those seasons, biomass from
conventional tillage (CTM) was very close to that from zero
tillage (2ZTM) (Table 2.3.5). Within conventional tillage
treatments both crops yielded least from the late sowing
(CTL), although differences did not always show statistical
significance. Grain yield trends were similar to those of the
biomass.
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Table 2.3.3. Dates of sowing and counts of emerged plants

Seasons
Tillage 87/88 88/89 89/90 90/91 91/92 92/93" 93/94

Sowing date for wheat and lentil

CTE 16710 6/10 8/10 14/10 15710 13710 11/10
CTM 20/11 12/11 28/11 13712 13/11 27/12 25/1
CTL 22/12 27/11 27/12 14/1 17/12 13/1 13712
ZTE 16/10 6/10 8/10 11/10 14/10 12/10 10/10
ZT™ 20711 12/11 3/12 12712 12/11 29/12 22/11
Dates of counting emerged lentil
CTE 24/1 71 6/12 24/2 14/11 7/2 28/11
CTM 10/12 7/12 10/1 24/2 24/12 173 21/12
CTL 5/2 14712 572 2472 18/2 2172 9/1
2TE 24/11 17/ 5/12 1172 5/11 5/1 22/11
ZT™ 10/12 7/12 1071 11/2 22/12 173 18/12
Dates of counting emerged wheat
CTE 18/11 31710 6/12 18/2 21/11 7/2 22/11
CTM 10712 1712 27/12 8/22 3/12 16/2 21/12
cTC 4/2 13712 28/1 21/2 23/1 22/2 9/1
ZTE 18711 31710 5/12 572 4/11 5/1 22/11
ZT™M 10712 1712 27/12 5/2 22/12 16/2 16712
Rainfall (mm)? 504 234 233 327 353 290 373

1. Because of poor emergence of lentil crop with CTM, plant
count was done later than CTL. Also ZTE gave better emergence
than CTE, so counting was done 1 month earlier for both
crops. 2. Total rainfall between October and June.

Analysis of the total data set has to allow for the
fact that each crop grows on a different set of plots in
alternate seasons, and the contribution of the individual
plots to the variance needs to be considered. Ideally, the
analysis should treat the data as two separate series cycling
on the same plots. 1In reality, in the Tel Hadya environment
where yields vary greatly from season to season because of
the variability of the rainfall, this requires a long run of
data. Our data, for only seven (biomass) or eight (seed)
years, ie three and a half and four cycles of the rotation,
are insufficient for this form of anlaysis. As a compromise,
the data have been subjected to a variance components
analysis, using the REML facility of GENSTAT, treating 'year’
as a random variable, and replicate and tillage treatments as
fixed. This means that all variance arising from seasonal
weather and plot differences is ascribed to the random
variable.
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Lentil biomass and grain production (t/ha) in
response to tillage and sowing date treatments in eight
seasons in a two course rotation trial at Tel Hadya

Tillage and sowing date

Season CTE CTM CTL ZTE ZT™M e.s.e' (%)

Biomass yield
1986/87 - - - - - -
1987/88 6.10 5.43 4.34 4.53 4.76 0.252
1988/89 3.31 2.23 2.13 3.75 1.63 0.117
1989/90 1.72 1.12 0.98 1.96 1.28 0.097
1990/91 1.69 1.46 1.50 2.17 3.02 0.098
1991/92 4.23 3.63 1.88 4.83 3.82 0.260
1992/93 3.82 1.87 1.80 4.15 2.25 0.116
1993/94 4.66 4.02 2.89 5.37 5.82 0.218
Means 3.65 2.82 2.22 3.82 3.23

Grain yield
1986/87 1.51 1.42 1.02 1.01 1.43 0.092
1987/88 1.78 1.55 1.28 1.67 1.63 0.087
1988/89 0.66 0.41 0.49 0.82 0.50 0.024
1989/90 0.39 0.24 0.05 0.43 0.30 0.025
1990/91 0.40 0.38 0.30 0.70 0.76 0.044
1991/92 1.00 1.14 0.49 1.22 1.29 0.068
1992/93 1.13 0.54 0.48 1.31 0.85 0.043
1993/94 1.22 1.22 0.82 1.20 1.70 0.129
Means 0.94 0.78 0.56 1.05 1.00

1. Standard error of the means within same season.

Table 2.3.5.

Wheat biomass and grain production (t/ha) in
response to tillage and sowing date treatments in eight
seasons in a two course rotation trial at Tel Hadya

Tillage and sowing date

Season CTE CTM CTL ZTE ZTM e.s.e! (%)
Biomass yield
1986/87 - - - - - -
1987/88 7.18 8.10 7.83 4.70 7.78 0.630
1988/89 3.43 5.11 3.87 2.90 4.60 0.300
1989/90 1.95 1.88 1.59 1.76 2.14 0.320
1990/91 2.18 2.42 2.80 2.77 3.93 0.180
1991/92 5.21 5.25 4.76 4.98 5.26 0.210
1992/93 7.13 5.96 6.16 6.24 5.53 0.400
1993/94 6.75 7.50 7.31 6.17 7.39 0.300
Means 4.83 5.17 4.90 4.22 5.23
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Grain vield

1986/87 1.72 1.75 1.52 1.33 1.46 0.059
1987/88 2.47 2.96 2.56 1.98 2.90 0.163
1988/89 1.12 1.42 0.68 0.77 0.98 0.068
1989/90 0.45 0.35 0.32 0.49 0.63 0.041
1990/91 0.48 0.59 0.60 0.62 0.88 0.031
1991/92 1.91 1.89 1.57 1.72 1.67 0.088
1992/93 2.08 1.66 1.58 1.57 1.71 0.089
1993/94 2.07 2.36 2.44 1.88 2.24 0.046
Means 1.581 1.60 1.39 1.29 1.57

1. Standard error of the means within same season.

variance of biomass and grain yields of both crops was
mostly explained by the differences due to ‘'year’, largely
differences in rainfall amount and distribution (Table
2.3.6). 'Year' explained about 75, 83, 84 and 91% of lentil
biomass and grain, and wheat biomass and grain, production,
respectively. The second most important component was the
year x tillage interaction.

Table 2.3.6. Variance components (%) of lentil and wheat
biomass and grain yield

Effective d.f. Lentil Lentil Wheat Wheat
random term biomass grain biomass grain
Year 6 75.4 82.7 83.8 91.3
Rep x Year 12 0.8 0.6 1.4 0.0
Rep x Tillage 8 0.8 0.8 0.5 0.0
Year x Tillage 24 19.5 10.6 6.9 5.5
Rep x Year x Tillage 48 3.5 5.3 7.4 3.2
2.3.5 Effect of tillage systems and sowing dates

on crop water use, 1986-1993

The above pattern of yields was in many ways reflected in the
pattern of water use (Table 2.3.7). This was particularly
the case under conventional tillage. 1In all seasons, wheat
used more water than was received as rainfall, while lentil
used less water. Storage of water in the soil after each
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lentil crop increased the supply to the following wheat crop,
though in amounts varying according to the volume and
distribution of the lentil-season rainfall. This effect was
much less clear under zero tillage. With lentils, and also
the middle planting of wheat, yield per unit of water use
appeared appreciably higher than under conventional tillage -
the lentils gave more yield from the same water use, while
wheat gave a similar yield from a lower water use. The
figures show that wheat under zero tillage used less water
(averages of 15 and 22 mm) than did wheat crops under
conventional tillage. Actual use was, on average, quite
close to the mean rainfall (about 300 mm), suggesting that
zero tillage largely negates the water-conserving effect of
the lentil crop. Similar results have been reported earlier
(Harris and Pala 1988).

Table 2.3.7. Water use of mature lentil and wheat crop as
affected by tillage and sowing dates

Tillage and sowing date Rainfall®
Season CTE CTM CTL ZTE ZTM (mm)

Lentil water use (mm)
1986/87 300 295 276 301 290 313
1987/88 405 374 364 396 366 444
1988/89 229 207 212 194 188 234
1989/90 181 174 173 183 179 204
1990/91 223 220 223 220 230 253
1991/92 2560 240 216 278 240 299
1992/93 264 227 230 256 232 287
1993/94 290 288 254 304 313 346
Mean 269 253 244 267 255 298
e.s.el(?) 24 22 20 25 23 26

Wheat water use (mm)
1986/87 342 363 392 331 330 317
1987/88 455 464 448 426 439 444
1988/89 286 333 285 257 266 249
1989/90 208 204 203 199 203 209
1990/91 250 249 250 247 250 261
1991/92 317 319 31s 310 310 306
1992/93 301 311 298 293 290 287
1993/94 366 383 387 347 357 358
Mean 316 328 322 301 306 304
e.s.e' (%) 27 28 29 25 26 26

1. standard error of mean across the seasons.
2. from start of season to harvest.
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2.3.6 Conclusions

- Results demonstrate the possibility of achieving zero-
till yields equal to those from conventional tillage.
However, the benefit of reducing the tillage costs
needs to be compared with the increasing costs of
rodent and weed control.

- Continued use of the same tillage systems over a long
period
a) has created differences in the soil structure

(which need to be quantitatively measured);
b) resulted in differences in the weed flora from one
tillage to another.

- Sowing date effects on wheat yields appear to derive in
large part from seasonal rainfall distribution; but
lentil yields show a fairly consistent advantage for
early planting. [S. Dozom, M. Pala and H. Harris]
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2.4 Effect of Stubble Burning and Seedbed
Preparation Systems on Crop Yield and
Weeds in Wheat-Lentil Rotation

2.4.1 Introduction

Though a relatively low quality feed, wheat straw often plays
an important role in supporting livestock, either by direct
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grazing after harvest or by baling for the winter use. About
60% of wheat dry matter is straw, which may well remain on
the ground if farmers do not find it possible or profitable
to graze or bale it. Under these conditions, field burning
may become the main method of disposal to permit easy soil
Preparation for the following crop. This became the case in
1987/88 season in northwest Syria when the number of stubble
fields burned by farmers appeared to increase markedly
compared with previous years (Tutwiler et al. 1990). In
favorable regions of Turkey also stubble burning has become
a serious option to farmers to facilitate better field
preparation; and similar cases are found in other parts of
the world irrespective of development level (Staniforth
1982).

Burning is often thought to destroy weed seeds.
However, it is not clear that direct economies can be made in
herbicide use as a result of burning, although it may be that
herbicides are more effective on the reduced weed populations
that result from burning (Staniforth 1982).

Crop establishment is one of the most important steps
in crop production. Some tillage is normally used to prepare
the seedbed. However, tillage operations are costly and can
form 30 to 50% of the costs of planting (Harris and Pala
1988). Alternatively, burning is believed to leave the soil
in a friable condition suitable for direct drilling.

To examine these issues, a long-term trial was started
at Tel Hadya in the 1987/88 season. Its objectives were to
assess the effects of straw and stubble burning and
different seedbed preparation systems on crop yield, soil
chemical and physical stability, and weed infestation level
in a two-course wheat-lentil rotation. This report
summarizes results from the first seven years.

2.4.2 Materials and methods

The trial was initiated, with 2-phase entry, in 1987/88.
Each phase comprised 24 combinations of two stubble burning,
six seedbed preparation systems and two weed control (control
and herbicide use) treatments in a split plot design with two
treatment factors in three replications. The mainplot
comparison were between stubble burning and control, and
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subplot comparisons between the following seedbed
preparations;
1. Disc plowing before the first rain (PBR)
2. Disc plowing after the first rain (PAR)
3. Ducksfoot cultivation after the first rain (DAR)
4. Ducksfoot cultivation after the first rain plus single
pass planter (DAR+SPP)
5. 8Single pass planter following the first rain without
previous tillage (SPP)
6. Broadcast over the ridges following the first rain
without previous tillage (BAR).

Except in treatments 4 and 5, where a single pass
planter was used, all plots were seeded by broadcasting over
ridges (farmers' practice, called ayar and rdad locally), and
half of the plots were kept weedy as subplots. Details of
the single pass planter and of sowing by broadcasting over
ridges were given by Harris and Pala (1988). Fertilizers
were applied as 50 kg P,0,/ha (wheat and lentil), 20 kg N/ha
at sowing (lentil) and 50 kg N/ha, half at sowing half at
mid-tillering (wheat). All sowings followed the first rain
falling after mid-November. A mixture of bromoxynil and
diclofop-methyl for wheat was sprayed once at 2-3 leaf stage
(0.5 + 1.0 kg/ha), and a mixture of cyanazine and pronamide
for lentil was sprayed pre-emergence at the rate of 0.5 + 0.5
kg ai/ha. Cultivars used were Cham 1 (wheat) and Jaleb 1
(lentil).

Base-line date for soil aggregate stability and
chemical analysis were taken at the start of the trial and
are planned to be repeated in the tenth year.

2.4.3 Results and discussion
2.4.3.1 Effect of seedbed preparation

Lentils: Field differences between the four broadcast sowing
treatments (PBR, PAR, DAR and BAR) were very small. Neither
the form nor time of cultivation prior to sowing showed any
consistent improvement over the directly broadcast control
(BAR) and mean yields over seven years differed only by 2-3%
(Table 2.4.1).
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Table 2.4.1. Effect of seedbed preparation on lentil grain
yield (kg/ha) during 1987-1994 growing seasons

Seedbed 87/88 88/89 89/90 90/91 91/92 92/93 93/94 Means

PBR 1297 509 327 348 701 756 856 685
PAR 1206 533 333 441 617 725 926 683
DAR 1246 544 247 484 519 810 894 678
DAR+SPP 1086 527 335 491 734 883 870 704
SPP 1052 554 347 606 778 707 755 686
BAR 1147 508 259 466 583 797 922 669
s.e.d' 78 52 32 36 59 63 105 -
* NS * % * % * % NS NS

Rainfall 503.6 234.1 233.3 293.5 352.5 290.1 373.3

1. Standard error of difference in each season.

The single pass planter, used either without previous
seedbed preparation (SPP) or after ducksfoot cultivation
(DAR+SPP), gave slight increases in grain yield over control
(BAR) except in the very wet 1987/88 season. The advantage
of SPP is that is provides a more uniform seed depth of 5-7
cm than broadcast sowing which can result in a seed depth
varying from 2-3 cm to as much as 15-17 cm (Harris and Pala
1988).

Plowing before rain (PBR) and plowing after rain (PAR)
were equally effective in controlling weeds, reducing weed
biomass compared with direct ayar and rdad (BAR) (Table
2.4.3). Ducksfoot cultivation was less effective in
controlling weeds than plowing, and the highest weed
infestation was usually recorded where the single pass
planter (SPP) was used.

Wheat: Signficiant differences were observed only in
3 out of 7 vyears (Table 2.4.2). The three seedbed
preparation methods (PBT, PAR and DAR) increased grain yields
by an average of 4 to 8% relative to direct broadcasting
(BAR). Using the single pass planter, alone or after
ducksfoot cultivation, gave about the same mean grain yield
as BAR.

As with lentils, weeds in wheat were best controlled by
plowing (PBR, PAR); ducksfoot cultivation was less effective;
while highest weed infestations were recorded where the
single pass planter was used directly or after ducksfoot
(Table 2.4.4).
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Table 2.4.2. Effect of seedbed preparation on wheat grain
yield (kg/ha) during 1987-1994 growing seasons

Seedbed  87/88 88/89 89/90 90/91 91/92 92/93 93/94  Means

PBR 3540 686 337 608 1736 1760 2703 1624
PAR 3781 570 363 634 1744 1844 2706 1663
DAR 3622 597 244 668 1846 1961 2832 1681
DAR+SPP 3855 449 322 643 1701 1676 2254 1557
SPP 3827 477 400 618 1558 1501 2239 1517
BAR 3312 652 291 635 1635 1739 2637 1557
SE 173 50 53 39 91 155 166 -
* * NS NS NS NS **

Table 2.4.3. Effect of seedbed preparation on weed biomass
(kg/ha) in lentil crop during 1987-1994 growing seasons

Seedbed  87/88 88/89 89/90 90/91 91/92 92/93 93/94  Mean

PBR 340 95 161 225 179 282 257 220
PAR 348 112 289 165 222 206 395 248
DAR 488 179 445 229 234 168 419 309
DAR+SPP 687 89 4717 394 354 257 660 417
SPP 773 98 448 296 242 194 491 363
BAR 594 175 391 297 304 280 352 342
SE 84 29 50 43 41 63 96

* % * % * % * % * NS %k

Table 2.4.4. Effect of seedbed preparation on weed biomass
(kg/ha) in wheat crop during 1987-1994 growing seasons

Seedbed 87/88 88789 89790 90/91 91/92 92/93 93/94  Mean

PBR 258 55 66 148 209 177 549 209
PAR 377 72 90 126 190 156 565 225
DAR 374 167 163 271 353 321 586 319
DAR+SPP 581 143 218 406 515 358 971 456
SPP 711 158 223 311 478 262 1432 511
BAR 579 95 262 230 430 219 563 340

SE 116 27 44 66 75 50 311

* % * x * % * % * * * * *
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2.4.3.2 Effect of stubble burning

Lentil: Burning wheat stubble increased subsequent lentil
grain yield significantly in four seasons out of seven (Table
2.4.5), but effects on weeds was small and inconsistent
(Table 2.4.6). Stubble burning has been reported to lead to
better yields if field burning makes possible the timely
sowing of crops that would otherwise be delayed (Staniforth
1982), which was not the case in our trial because all the
treatments were sown at the same time. The difference may
possibly be explained in terms of additional Plant nutrients,
in particular nitrogen, which may be released in a flush of
mineralization following a partial sterilization of the
surface soil by burning. Thus, stubble burning increased
protein percentage in lentil grain significantly from 26.6%
to 27.1% (not shown in Tables). How this may relate to the
fixation of nitrogen by the lentil crop is not clear, and
further research on the effect of straw and stubble burning
on N-fixation by the following legumes is needed.

Wheat: The effect of stubble burning on wheat yield
was variable in the early years, but a more more consistent
positive trend began to show up in the last 3 years of the
trial (Table 2.4.5). Any effect on weeds was small (Table
2.4.6). This was to be expected, since the burning is done
once every two years, after wheat and before lentil.

Table 2.4.5. Effect of stubble burning on crop grain yields
(kg/ha), 1987-1994

Stubble burning — 87/88 88/89 89/90 90/91 91/92 92793 93/94

Lentil
Control 1110 487 299 419 663 682 832
Burned 1235 571 317 527 648 877 909
SE 45 30 19 21 34 36 61
%* %k * * Ns * k NS * K NS

Wheat
Control 3909 527 379 616 1516 1656 2175
Burned 3404 617 273 652 1891 1838 2949
SE 100 29 30 22 52 90 96
* * * % * k NS * %k * * %k
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Table 2.4.6. Effect of stubble burning on weed biomass
(kg/ha) in lentil and wheat crops, 1987-1994

Stubble burning 87/88 88/89 89/90 90/91 91792 92/93 93/34

Lentil
Control 546 117 383 320 251 237 537
Burned 531 132 353 216 260 225 321
SE 48 17 29 25 29 36 56
NS NS NS ** NS NS **

Wheat
Control 442 116 195 232 420 296 844
Burned 518 114 145 265 306 201 711
SE 67 16 25 38 43 29 179
NS NS NS NS * * NS

Allen (1981) reported that the general experimental
evidence is against the view that the addition of straw
improves soil conditions and leads to increased yields, so
that the disposal of straw by burning is necessary if baling
or grazing of straw is not possible. However, in the ICARDA
region, livestock is such an integral part of most farming
systems that burning can hardly be justified. Any yield
increase from burning should be considered against the loss
in livestock utilization.

2.4.3.3 Effect of weed control

Lentil: Weed control 1is an important factor in the
achievement of acceptable lentil yields, as this crop is a
poor competitor with weeds. Spraying a mixture of cyanazine
and pronamide increased grain yields significantly in four
seasons out of seven (Table 2.4.7), with a significant
reduction in weed biomass in five seasons out of seven {Table

2.4.8). These results are in agreement with previous studies
on weed control in lentils (Basler 1981; Pala and Mazid
1992). However, there was no interaction between weed

control and seedbed preparation, because even direct drilling
with the single pass planter (SPP) effectively provided a
cultivation during sowing sufficient to kill any early
emerged weeds.
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Table 2.4.7. Effect of weed control on crop grain yields
(kg/ha), 1987-1994

Weed control 87/88 88/89 89/90 90/91 91/92 92/93 93/94
Lentil
Sprayed 1153 595 351 556 740 801 1046
Weedy 1192 549 264 390 571 757 695
SE 45 30 19 21 34 36 61
NS NS * * * K * * NS * K
Wheat
Sprayed 3630 531 370 653 1719 1984 2728
Weedy 3683 527 282 616 1688 150 2396
SE 100 29 30 22 52 90 96
NS NS * K NS NS ** *x

Table 2.4.8. Effect of weed control on weed biomass (kg/ha)
in lentil and wheat crops, 1987-1994

Weed control 87/88 88/89 89/90 90/91 91/92 92/93 93/94

Lentil
Sprayed 495 116 240 171 178 132 243
Weedy 582 133 497 364 334 330 615
SE 48 17 29 25 29 36 56
NS NS * % * k * % * % * %

Wheat

Sprayed 237 51 25 159 211 68 260
Weedy 733 179 315 338 514 430 1295
SE 76 16 25 38 43 29 179
* % * % * % * k * * * % * *
Wheat: Herbicide effects on wheat yield were less

pronounced than on lentil, because wheat is more competitive.
Spraying a mixture of bromoxynil and diclofop-methyl
increased grain yield significantly in three seasons out of
seven (Table 2.4.7) and controlled weeds significantly in all
seasons (Table 2.4.8). Similar results have been reported
for on-farm studies in northwest Syria (Kukula and Dakermanji
1985; Bin Shuaib 1987).
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2.4.4 Preliminary Conclusions

- Seedbed preparation with minimum tillage seems
promising compared with conventional deep disking which
carries the risk of degrading soil structure.

- Chemical weed control was once more proved effective in
increasing yield and decreasing the weed biomass
particularly in lentil, but it did not interact with
seedbed preparation or stubble burning.

- Straw and stubble burning gave significant vyield
increases in some years, but livestock integration in
the farming systems of the region should reduce the
need for burning. [M. Pala and S. Dozom)
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2.5 Impact of a Long-term Rotation on Soil
Aggreqation _and its Implications for Cropping

2.5.1 Introduction

A frequently disregarded determinant of the productivity of
arable land is the physical structure of the soil. An
important parameter of soil structure is aggregation (the
degree of coherence of the constituent soil particles of
sand, silt and clay into stable crumbs or peds). When a
soil, particularly a clay soil, has a large proportion of its
material in the form of stable aggregates, resistance to
rainfall impact, surface capping and erosion is greater,
water infiltration and permeability are enhanced, and the
environment for crop root growth is generally more
favourable. However, aggregation is not a permanent property
but varies according to how the soil is managed.
Inappropriate management over time tends to degrade soil
aggregation, with potentially serious effects on productive
capacity. Long-term rotation trials provide an excellent
venue for examining the effects of different sequences of
crops and crop management interventions on soil physical
conditions.

One of the principal long-term rotation trials at
ICARDA is the two-course rotation in Field cC-16. The
rationale for this trial, along with yield and soil moisture
data for the early years of its existence, were described by
Harris (1990). The limited data on soil N were described by
Matar and Harris (1991), while detailed soil N and organic
matter data and crop N uptake were described by Ryan et al.
(1992) and by Harris et al. (1993). However, despite the
likely impact of rotations on soil physical properties, few
if any data had previously been collected before the present
study was started in 1992.

Preliminary results presented here provide several
indices of aggregation in soils taken from the wheat/fallow
and wheat/medic rotations under a range of N and stubble
grazing treatments.
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2.5.2 Materials and methods

Soil: The soil at the site of the two-course rotation trial
is a clayey, montmorillonitic, thermic, Calcixerollic

Xerochrept. The surface soil, Ap or plough layer from 0-15
cm, sampled for laboratory analysis is red (2.5 YR 4/6) when
dry and dark red (2.5 YR 3/6) when moist, clay, moderate,
fine~to-medium granular, hard dry, friable moist, sticky,
plastic, calcareous with a very small amount of gravel up to
2 cm in diameter. The moisture content by weight at 33 Kpa
is 35.8% and at 1500 Kpa it is 23.1%. In most of the area the
soil is 1 to 2 m deep, but there are areas where the depth is
variable with some patches of less than 0.5 m. Detailed
chemical, physical, and morphological description of the soil
profile at this site are found in Ryan et al. (1995).
Inputs: This trial was established in 1986 on land
that had been under cereal-based rotations since 1977. The
main treatments are:
1. Seven cropping sequences, wheat/fallow (W/F),
wheat /medic (W/M), wheat/wheat (W/W), wheat/summer crop
(W/Sc), wheat/chickpea (W/Ch), wheat/lentil (W/L), and

wheat /vetch (W/V), chosen to represent the range of
cropping sequence options open to farmers in the
environment represented by ICARDA. Each rotation is

replicated three times, and both phases of the rotation
are included each year. (However, only the W/F and W/M
rotations were used for soil physical determinations).

2. Four levels of nitrogen (0,30,60, and 90 kg N/ka),
applied to subplots in the wheat phase, for the dual
purpose of assessing the long-term pattern of N
responses and evaluating the capability of the
associated legume to supply N to the system.

3. Three wheat stubble management treatments, heavy
grazing, moderate grazing, and stubble retention, to
assess the effects of grazing on the soil resource
base, and, in particular, how stocking rate influences
the physical and chemical properties of the soil.
Soil sampling: Sub-samples (0-15 cm) were taken with

a small shovel prior to planting (November 1992) and were
air-dried. Half of each set of five sub-samples was bulked
to obtain a composite sample and passed through a 2-mm sieve
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and thoroughly mixed. The treatment samples came from three
replications, two phases (both wheat and the alternate crop,
medic or fallow), two rotations (W/F, W/M), two levels of N
(0,90 kg N/ha), and two levels of grazing (heavy, zero
grazing). The other half of the samples were left for dry-
sieving and some physical analyses.

2.5.3 Laboratory assessment of aggregation

Several indices of aggregate stability were obtained using
tests based on those reported by Rengasamy et al. (1984} and
Tisdale and Oades (1980) or modifications of them.

Dispersion Test: This test may be regarded as
generally useful for showing up major differences between
experimental treatments (rotation, fertilization, and
stubble retention).

Method: A 40 g sample of 2 mm air-dried sieved

aggregates was weighed into standard glass cylinders, and 200
ml deionized water slowly added down the side of the cylinder
to avoid disturbance. The mixture was left overnight and
then hand-shaken 20 times at a speed of about 10 rev/min
using mid-way or half-circle motion.

The dispersed clay was sampled by pipetting 10 ml of
suspension from a depth of 5 cm after 4 hours and measured
spectrophotometrically. The coefficient of dispersion was
calculated as dispersed clay divided by granular clay content
and expressed as g/100 g soil.

Wet-Sieving: Samples of 1-2 mm air-dried aggregates
were wetted and subject to disruption by wet-sieving. The
percentage retention of wet-sieved aggregates on a 0.5 mm
sieve after the sample has been submerged in deionized water
for 30 minutes gives an 'index of stability'.

Aggregate Swelling or Aggregate Particle Density:
Swelling is one way in which the reaction between clay and

water is shown. This test uses a simple pycnometer technique
to measure the increase in volume displacement on wetting for
those aggregates stable to wetting. Such aggregates may act
as building blocks in the formation of large aggregates.
Aggregate Bulk Density: Soil density is a function of
soil porosity and the tendency of soil aggregates to slake.
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Aggregate bulk densities of fractions of 4-5, 2-4, and 1-2 mm
aggregates were measured using a kerosene saturation and
displacement technique and calculated as weight/volume.
Polysaccharides as an Index of Aggregate Stability:

5g subsamples of 2 mm dry-sieved aggregates of representative
samples were first treated with water and then with 3N
sulfuric acid, incubated overnight and centrifuged. The soil
polysaccharides and their derivatives were determined
spectrophotometrically wusing the phenol-sulfuric acid
reaction.

2.5.4 Results and discussion
Dispersion test: Indices of clay dispersion showed strong
treatment effects (Figures 2.5.1 and 2.5.2). Resistance to

dispersion, implying more stable surface-soil aggregates, was
apparently encouraged by medic relative to fallow, by
increasing rates of fertilizer N applied to the wheat, and by
heavy grazing of wheat stubble. The latter effect is
possibly attributable to the return of the soil of animal
dung and urine.

Wet sieving: The stability index (of wet-sieved
aggregates) measures the extent to which the cohesive forces
between primary soil particles can withstand applied
disruptive forces. In line with the results from the
dispersion test, values of this index indicated greater
aggregate stability from medic (relative to fallow) from N
fertilizer use and from heavy grazing (Figure 2.5.3).

Aggregate swelling: Following wetting of stable
aggregates, lower aggregate densities (greater swelling) were
recorded for soils taken from the medic rotation, and from
high nitrogen and grazed stubble treatments (Figure 2.5.4).
This pattern was consistent across aggregate size fractions,

but in general smaller aggregates had higher densities. Some
interactions were observed. Thus, for the 4-5 mm aggregate
fraction, grazing and nitrogen effects on density were
apparently more pronounced in soil from the medic rotation
than from the fallow (Figure 2.5.5).

Aggregate Bulk Density: Differences here again followed
a similar pattern (Figure 2.5.6). Irrespective of aggregate
size, bulk density was considerably lower in medic and high
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N treatments. However, the effect of grazing was not
positive or consistent. With the larger particles (4-5 mm )
and the smaller ones (1-2 mm) there was no effect, while
grazing had a negative effect on the median fraction.
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Figure 2.5.1. Coefficient of clay dispersion in medic and
fallow plots in rotation with wheat, as affected by zero and

heavy grazing of wheat stubble and four rates of N fertilizer
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under medic and fallow rotation, with zero and heavy grazing
and with 0 or 90 kg N/ha

Polysaccharides: The average content of soil
polysaccharide extracted by sulfuric acid (Figure 2.5.7) and
water (Figure 2.5.8) again exhibited a similar pattern. The
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amount of polysaccharides was greater in the medic rotation
and the 90 kg N treatment. This is explained by the
microbially-produced soil polysaccharides that are capable of
stabilizing soil aggregate against dispersion in water under
the medic rotation and 90 N treatment, where there is more
organic carbon and N.

Stubble grazing differences in polysaccharides were
small, and the somewhat higher values under zero grazing were
not consistent with the other indices in this regard.

2.5.5 Conclusion

Good soil structure depends on the presence of stable
aggregates. Such aggregates influence infiltration, soil
water retention, and transmission of water and air within the
soil. Though essentially empirical in nature, the various
methods used to assess the preparation of soil aggregates
give a good measure of treatment effects on soil structure.

All the indices obtained show essentially the same
treatment effects. Aggregate stability was generally greater
in the rotation of wheat with medic. Aggregates from the
wheat-fallow rotation were more likely to swell and disperse
in the presence of water; and the amount of clay dispersed by
shaking soil aggregates in water was approximately twice as
great in samples from wheat-fallow as in samples from the
wheat-medic rotation. Somewhat surprisingly, aggregate
stability was apparently improved by heavy grazing of the
wheat stubble relative to the ungrazed treatment; and
nitrogen fertilization of the wheat crop also had a positive
effect on stability.

The positive effect of nitrogen 1is attributed to
greater growth of wheat roots and thereby a greater
contribution of organic residues to the soil. More
generally, the better physical condition of the soil under
the wheat-medic rotation is attributed to a better organic
matter status that is presumed to have arisen from the return
to the soil of medic roots, leaves, and the faeces and urine
of the sheep grazing the medic. The mean organic matter
content of the wheat-medic plough layer is 1.44% compared
with 1.22% under wheat-fallow. In fact, these figures alone
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are only indicative, not conclusive. Soil organic matter is
a very complex material, and different components of it
contribute differently to soil properties. Aggregate
stability has often been found to be associated with the soil
polysaccharide component. It is therefore significant in the
present case that the relative amounts of polysaccharide
extracted from these soils (Figure 2.5.8) quite closely
mirror the pattern of the aggregate stability.

These results, though they derive from only two out of
seven rotation treatments in a single trial, provide an
important insight into the effects of different soil and crop
management practices on soil physical conditions. The impact
on crop performance of any physical deterioration of the soil
is usually more insidious and more difficult to detect than
that of declining chemical fertility; but it is also much
more difficult to correct once the damage is appreciable. We
have here a timely warning that sustainable production
depends on the maintenance of soil physical as well as soil
chemical and biological health. [Zuhair Masri and John Ryan]
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2.6 Nematodes in Two- and Three-course Crop Rotations
Involving Wheat and Chickpea

Since the introduction of winter sowing of chickpea (Cicer
arietinum L.), made possible by improved cold and Ascochyta
blight tolerance, there has been an increase in the incidence
of nematode (mainly root-lesjion nematodes, Pratylenchus sSpp.)
infestation in the crop. The problem is not worse in winter
than in spring plantings, but symptoms of infestation,
yellowing and stunting of plants, appear earlier in the crop
cycle when winter planting is practised. Damage in spring
planted crops may be more severe, but is less likely to be
detected as the symptoms tend to be attributed to water
stress. Infestations in winter sowings have become apparent
in the long-term trials on Tel Hadya (FRMP 1990, 1991, 1993)
where chickpea is included in a two-course rotation with
durum wheat and a three-course rotation with bread wheat and
water melon.

It was deemed desirable to quantify the effect of the
infestation on yield in order to judge its significance. For
four years, therefore, a nematicide (aldicarb or carbofuran)
was applied at 10 kg a.i./ha to strips of wheat and chickpea
crops within the trials by broadcasting a granular form
immediately after planting. vYield comparisons were made of
treated and untreated strips by taking 5 x 1 m row samples
from each. Wheat showed no response to the treatment and the
data therefore are not reported, but there were significant
effects on chickpea seed yields (Table 2.6.1).
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Table 2.6.1. Chickpea grain yields in long-term rotation
trials in response to application of a nematicide

Treatment Season

1989-90 1990-91 1991-92 1992-93
————————————————— kg/ha ———~—————————=—C

2-Course Rotation
Minus 370 1050 1975! 1230
Plus 415 705 1515 1100
s.e.m. 9.9 50.4 41.4 22.4

3~-Course Rotation
Minus 195 430 680 1190!
Plus 235 345 805 1395
s.e.m. 4.4 10.2 21.5 31.3

—--- Value of Yield Difference, SYL/ha? ——--

2-Course Rotation +855 -6555 -8740 ~-2470
3-Course Rotation +760 -1615 +237S +3895

1. Cultivar changed from Ghab 1 to Ghab 3.
2. Syrian Lira. 1994 prices used to estimate values.

In all cases there was an effect of nematicide on seed
yield, but there was little consistency in the direction of
the response. In the first season yields were severely
limited by drought, only approximately 220 mm of rain being
received. Rainfall was better in the second year (ca. 290
mm), but a hail storm just prior to harvest caused damage
estimated at about 20 percent. The reported yields for the
two-course rotation have been adjusted for this loss from
estimates of the proportion of pods that were stripped from
the plants, but the variability of the yield estimates was
greater than usual. Rainfall in the other seasons was
approximately 350 mm in 1991-92, and a well-distributed 290
mm in 1992-93.

In the two-course rotation the seed yield response to
the nematicide was negative in 3 of the 4 years, and although
positive in the first year the yield levels were so low and
the difference so small that it had no practical
significance. The negative response in the other years arose
from an interaction of water use and the nematicide
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treatment. Plants in the treated strips were more vigorous
than untreated plants during vegetative growth and by
flowering had achieved a greater yield potential. However,
as a consequence of this better growth they used more water
during vegetative growth and suffered greater water stress
during pod filling. They matured a few days earlier than
untreated plants and the increased potential was not
realised. It seems likely that a similar, but less extreme,
effect accounted for the failure of wheat to respond to
treatment.

In contrast, in the three-course rotation the response
was positive in the last two years when moisture stress was
less severe. Again, vegetative growth was enhanced by the
nematicide treatment. The difference between the trials in
the direction of the response possibly arose because the
infestation appears to be more severe in the three-course
trial, and the yield of the untreated areas thus is probably
more severely reduced.

However, this visual observation is not supported by
two years' data on root damage and nematode numbers in

chickpea roots (Table 2.6.2), which indicate no marked
differences between the trials. In addition to the root-~-
lesion nematode, the root knot nematode, Meloidoygne

artiella, was noted to be present in 15 and 8 percent of
plots in the two- and three-course rotations respectively.
The cyst nematode, Heterodera ciceri, was present only in one
or two samples in each trial.

The three-course rotation includes tillage methods as
a main treatment. In the first year, nematode numbers and
root damage (as indicated by the score for degree of
‘~infestation) were greater in a zero-till treatment than where
either deep discing, or chisel or sweep cultivation were used
aé the primary tillage. A similar trend in the second year
was not significant. Chickpea yields, however, were not
affected, so either greater numbers of nematodes did not
further affect the crop, or, more likely, their effect was
counterbalanced by other factors influencing the yield.
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Table 2.6.2. The degree of nematode infestation, and
nematode numbers in chickpea and wheat crops without and with
nematicide application in long-term rotation trials

Season Trial Treatment Chickpea Chickpea Wheat
Infest.! No.? No.?
1989-90° 2CRO* Minus 7.6 1350
Plus 4.7 55
s.e.m. 0.36 110
3CRO* Minus 6.3 1197
Plus 2.3 14
s.e.m. 0.40 139
1990-91* 2CRO Minus - 1124 819
Plus - 258 128
s.e.m. - 116 89
3CRO Minus - 1810 261
Plus - 306 101
s.e.m. - 162 34.8
1. Degree of 1infestation (0-9 score); 2. Number of

Pratylenchus thornei per g roots; 3. Sampled April 1990; 4.
Sampled after harvest 1991; 5. Two-Course Rotation of Wheat-
Chickpea; 6. Three-Course Rotation of Wheat-Chickpea-Water
Melon.

In the two-course rotation, two auxiliary treatments
applied to the wheat phase, nitrogen application rates and
intensity of grazing of stubble, had no effect on either the
response to the nematicide or nematode numbers. Similarly,
in the three-course rotation it made no difference whether
the stubble of the preceding wheat crop was grazed or burned.

The 1lack, in our data, of sharper differences 1in
nematode populations between the trials and among treatments
within the trials is most likely to be due to the timing of
the sampling. Continuous cropping with host species, wheat
and chickpea, in the two-course rotation would be expected to
lead to a greater population than where a host is present
only two years in three as in the three-course rotation. We
have found that P. thornei populations in the soil vary,
depending on the situation, at the time crops are planted,
but build to a fairly constant ceiling after several
generations have been completed by about the podding stage of
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plant development. In general, a clear relationship exists
between the soil population at planting and crop yields, but,
unfortunately, we do not have samples at planting from these
trials. We now know that by sampling, as we did, only late
in the crop season we have reduced our capacity to detect
factors contributing to differences. This does not, however,
negate the overall finding that damage is related to water
availability.

The alternative to winter sowing of chickpea is to
defer planting until mid-March (spring planting) and to have
the crop grow largely on water stored in the soil profile
during the winter. This is the traditional method for
avoidance of Ascochyta blight, which can decimate susceptible
varieties. The apparent severity of the nematode problem
with winter planting led us to reconsider spring planting,
and this option was introduced into the three-course rotation

trial. Yields determined by harvesting 20% of the area
(subplots for sowing date are 0.375 ha) with a plot combine
are shown in Table 2.6.3. The differences reached

statistical significance in years two and four, when planting
resulted in somewhat more yield.

Table 2.6.3. Seed yields of winter and spring planted
chickpea in a three-course rotation trial

Sowing Season
Time 1989-90 1990-91 1991-92 1992-93
——————————————————— kg/ha ——====—==oc
Winter 200 485 700 1135!
Spring 260 285 895 940
s.e.m. 12.5 8.5 37.1 24.7

1. Cultivar changed from Ghab 1 to Ghab 3.

These results must be viewed in the overall context of
chickpea production in west Asia. The rainfall at Tel Hadya
(mean 330 mm) is marginal for chickpea production which
mostly takes place, in northern Syria at least, in areas with
more than 400 mm average rainfall. With more rain, more
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water is stored in the soil during the winter rainy season to
maintain the growth of crops after rain ceases, generally in
late March or April. The impact of nematode damage in winter
sown crops would be expected to be proportionally greater in
those conditions, as terminal drought would be less severe
and potential yield gains from the greater biomass resulting
from winter planting should be better able to be expressed.
Reduced biomass production by unthrifty nematode-infested
crops would reduce their yield potential and could quite
substantially reduce returns on the crop. A critical
evaluation of the cost of infestation would need to be done
in the wetter areas to confirm this.

However, to some extent the situation at Tel Hadya is
undoubtedly influenced by the experimental conditions.
Farmers do not use a fixed sequence of crops on the same
piece of land, as is necessary for the interpretation of data
in experiments. Rather, in areas where three-course
rotations are practised, they tend to use a cereal-legume-
summer crop sequence - where the legume may be either
chickpea or 1lentil, and the summer crop one of several
options including water melon. Thus, mainly because lentil
is only sparsely susceptible to the root-lesion nematode, it
is not likely that farmers would experience the problem to
the same degree as it occurs in our experimental conditions.
Nonetheless, the situation deserves to be monitored.

Finally, it must be clearly stated that the use of a
nematicide is an experimental tool only, and under no
circumstances could it be considered as a viable option for
control of nematodes in field crops. The cost would be
prohibitive. H.C. Harris, R. Makboul, M. Labibidi (FRMP);
M.C. Saxena, S. Hajjar (LP); M. Di Vito, N. Greco (C.R.N.,
Bari, Italy)
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2.7 Nematodes in pastures of mixed Medicago spp.

As part of the studies on nematodes in long-term rotation
trials, pastures comprising mixtures of annual Medicago sSpp-
(medic) were sampled in the summer of 1991. The land had
been under a wheat-medic rotation since the 1983-84 season,
the pastures sampled being established in the autumn of 1984.
When sampled they had thus just completed the fourth cycle of
the rotation.

Two auxiliary treatments are superimposed in the wheat
phase of the rotation, namely four rates of nitrogen
fertiliser and three intensities of grazing of the wheat
stubble, in a split strip design. Each sub-plot was sampled,
giving (with 3 replications) a total of 36 samples.

At establishment, 12 species of medic were sown, and
all have persisted (Cocks 1992). However, the swards are
dominated by 3 species, M. rigidula and M. noeana which were
present in most of the samples, and M. rotata which occurred
in 50 percent. Four other species were represented in the
samples, viz., M. turbinata, M. constricta, M. aculeata and
M. blanchiana, but the last three occurred only once each
(Table 2.7.1).

Table 2.7.1. Observations on the occurrence of nematode
infestation in annual Medicago spp. in mixed pastures

Species Occurrences Infestation Number® of

in samples' with P. thornei P. thornei
(%) /g roots

M. noeana 31 23 256

M. rigidula 35 51 331

M. rotata 17 6 5000

M. turbinata 7 29 384

M. constricta 1 100 1428

M. aculeata 1 100 11667

M. blanchiana 1 0 0

1. Total number of samples was 36.; 2. Mean for infested

samples.
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Half of the M. rigidula, and about a quarter of the M.
noeana and M. turbinata were infested with root-lesion
nematodes (Pratylenchus thornei) although the numbers per

gram of root were not large. Twenty percent of the M.
rigidula carried Meloidogyne artiellia, the root knot
nematode, as did two samples of M. noeana. Nematodes were

recorded in only 1 of 17 samples of M. rotata, but then the
infestation was heavy. This leads us to speculate that this
specimen may have been wrongly classified as M. rotata. M.
constricta and M. aculeata were both infested when they were
present, the latter very heavily.

It is difficult to assess the practical significance of
this information. It would appear that M. rotata is probably
resistant to the nematode species present in the environment,
while M. noeana is somewhat susceptible, and M. rigidula
considerably more so. Yet, judged by its representation in
mixed swards, M. rigidula is apparently very competitive,
and it would thus appear that this level of infestation does
not disadvantage it.

The pastures are guite productive and over a wide range
of seasonal conditions have supported an average of almost
2000 sheep grazing days per year in the past six years. In
addition, there has been a substantial buildup of soil
nitrogen, indicating that symbiotic dinitrogen fixation is
active (FRMP 1993; Harris et al. 1994). Measurements of the
soil water balance under the pastures also indicates the
presence of an extensive root system which is able to exploit
water stored in the soil to a depth of at least 180 cm (FRMP
1990). It would thus appear that, so far as the functioning
of the medic is concerned, there are no clear deleterious
effects of the nematodes at these relatively low levels of
infestation.

Wheat following medic is less productive than wheat
after other legumes such as lentil or vetch, but that can be
shown to be largely due to the efficiency of medic in
extracting soil water. It could be, though, that there is
some effect of a carry-over nematode population on the
performance of the wheat, the roots of which do show nematode
lesions. The best way to address this would be to look at
nematode populations at the time of planting. H.C. Harris,
R. Makboul, M. Lababidi (FRMP); M.C. Saxena, S. Hajjar, M.
Bellar (LP); M. Di Vito, N. Greco (C.R.N., Bari, Italy).
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3. AGROECOLOGICAL CHARACTERIZATION

Introduction

The broad objective of agroecological characterization is to
describe agricultural production environments and their
natural resources, with the purpose of informing and guiding
other research, development and, ultimately, production
activities. It involves: the collection, computerization and
integration of natural resource data Dbases; the
generalization and application of the information in those
data bases through models and linkage to other (eg crop
growth) models; and, hence, the output of purpose-designed
model packages and of specific information, eg on crop yield
potentials or parameters of risk of pest attack or drought or
frost loss, for identified sites or, spatially referenced,
for geographically defined areas.

This is a demanding task, with potentially large
payoffs, which, regrettably, has always been under-resourced
in ICARDA. There have thus been severe limitations on data
acquisition, on the dissemination of techniques, and on their
extension and application outside the narrower field of
agroclimatology. The two reports that follow exemplify what,
nevertheless, has been achieved and provide strong reasons
for strengthening input into these activities.

The first (3.1) shows how a reliable crop model linked
to a ‘'weather Ggenerator' model that integrates the
geographically referenced weather history of a target area
can, from up-to-date weather information at any point in the
current growing season, go on to predict the final harvest in
the target area on a probabalistic basis. Thus descriptive
material - patterns of past weather behaviour and of crop
yield response to weather - are used, in predictive mode,
to translate an evolving data base describing the current
seasonal situation into a real-time forecast of production.
This could, if required, be applied to a whole country,
providing government planners with a reliable early-warning
system of production shortfalls and surpluses on a regional
or district basis.
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The second (3.2) seeks to apply the spatio-historical
weather perspective éncapsulated in the ‘'weather generator’
to the quantification of the parasitization risk of faba bean
crops by orobanche (broomrape) . Combining simple models of
the phenological development both of faba bean and orobanche,
the work shows how a small difference in the environmental
requirements of host crop and parasite may be exploited, by
choice of location and planting date, to minimize the risk of
early infestation and subsequent crop failure. The results
are mapped for an area of northwest Syria for which detailed
weather records are available, but the same approach could be
used anywhere with a sufficient data base of meteorological
records. Moreover, similar approaches could be followed in
respect of other pests which have a weather-related incidence
or phenology. Very often the basic biological observation
data, from which simple behavioural models might be built, is
already on record. The potential to develop and refine such
approaches in the general cause of integrated pest management
appears to be considerable.

3.1 Stochastic Crop Yield Forecasting:
Forecasting with Weather Generator
and Crop Models

3.1.1 Introduction

Several times in the past, the use of aggregated models --
Crop simulation models, stochastic climate models, and
econometric models -- for the quantitative characterization
of agricultural environments has been described in ICARDA
annual reports. Examples were the combinations of a weather
generator with a wheat simulation model (GSbel 1991, ICARDA
1993 and in press; also Pala elsewhere in this report) or
with production functions for barley (G&bel 1990). This
paper describes the usage of such models for crop yield
forecasting and the eéx-ante evaluation of alternative crop
management options and discusses the possibility of using a
similar approach for crop production forecasting.
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3.1.2 Crop vield forecasting and crop

production forecasting

In a general way, yield forecasting may be defined as
providing information which increases the precision of the
estimate of expected crop yield under defined cultural
practices beyond the general yield potential of the site.
Conceptually, yield forecasting is site-specific, valid for
a certain point in space. 1In stochastic yield forecasting,
the forecast yield is a function of:

- site characteristics, describing the general, for time
horizons of several years, practically time-invariant
qualities of the site, ie climate and soil profile,

- crop characteristics, the genotypic make-up of the crop
variety,

- the specific weather conditions of the current cropping
season, ie the site weather up to the moment the
forecast is made plus, if available, the weather
forecast for the following days; additionally, if
available, the current soil moisture and nutrient
status,

- past and anticipated future crop management during the
current season,

- the knowledge of the interactions between climate and
weather and between weather, soil, and crop built into
the aggregate of models used in the process; because of
the incomplete knowledge of crop~environment
interactions and because some of the factors, 1like
biotic competition, are ignored by the models, the
specific status of the currently growing crop, as well
as the current soil moisture and nutrient status, are
helpful for calibration purposes.

Crop production forecasting adds a spatial dimension to
yield forecasting. It can be regarded as the integration of
forecast, site-specific yields across all sites planted with
a certain crop. It is a much more demanding task than yield
forecasting, requiring the same data as is required for yield
forecasting, but on a spatial basis, either continuous or for
a representative sample of points, plus information on the
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current season's land use, ie information about which crop
and variety are growing where.

3.1.3 Method and models

Stochastic yield forecasting uses a weather generator, a crop
model, which may be a simulation model or an empirical model,
and some statistical tool to analyze the results. An
economics module can be used to provide an economic
interpretation of the results. The current study employs the
Spatial Weather Generator (SWG; G&bel 1990, 1991) linked to
the wheat simulation model SIMTAG (Stapper 1993) and a
custom-written module for the statistical and economic
analysis of the output.

In this setup, the weather generator creates examples
of weather series forming a synthetic sample of growing
seasons -- or parts thereof -- which is in all relevant
properties representative of the climate at the site of the
simulation. The crop model simulates the appropriate
corresponding sample of crop yields, which in turn provides
the basis for the calculation of economic returns.

All model outputs are amenable to statistical analysis,
making it possible to characterize the site environment and
the effects of its variability in time on crop production,
not only through means but also through descriptors of
dispersion, shape, and other properties of the frequency
distributions. To evaluate the merits and disadvantages of
competing land or crop management options, one is thus not
restricted to the comparison of averages or of typical
outcomes but is able to compare the resulting frequency
distributions through appropriate techniques, such as
stochastic dominance analysis.

It has to be emphasized, however, that the weather
series produced by the weather generator are random
instances, representative of the climate of a certain
location, not actual forecasts of weather conditions to be
expected at any time in the future. Similarly, the crop
yields generated by a combination of weather generator and
crop model are from a random series, representative of yields
expected as the result of a certain crop management under the
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climatic and environmental conditions characterizing the
simulated location.

If the weather generator is used to generate series of
entire growing seasons, both the sequence of the generated
yields and the starting conditions for the generation and
simulation in the climate-crop-system are random, each season
chaining to the end of the previous season's random weather
series. The yield values so obtained provide a frequency
distribution of the yield to be expected at the given
location with random initial conditions; ie they reflect the
general yield potential of the site for a certain crop and
management.

Things are different if the initial conditions are
fixed and the generation/simulation is repeated a number of
times, each time reinitialized to the same starting
conditions. Then a "memory effect” of the stochastic
generation process becomes apparent. This is a consegquence
of the statistical models employed by the weather generator

to model the sequence of wet and dry days -- in the present
case this is a second order Markov-chain with two states, wet
and dry -- and to handle air temperature and global

radiation, which are conditioned according to whether a day
is wet or dry, and for which the serial correlations between

consecutive days are maintained. This "memory effect" is
most noticeable over short periods of a couple of day. It
then decreases gradually but is still apparent in generated
sequences of several weeks' length. Its expression 1is

enhanced by a coupled crop model, since some of the climate
effects on the crop are irreversible. The result is a less
dispersed distribution of output variables, particularly by
yield variables, which are biased towards the most likely
yield given the current preconditions and anticipated future
management. By harvest day, the distribution will have
converged on a single value close to the observed yield, the
remaining difference being due to the error term of the crop
simulation model.

The differences between the vyield distributions
generated in this way, reflecting season-specific differences
in 1initial growth conditions, <c¢an thus be used for
forecasting purposes, as can the difference between yield
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distributions of crops grown under the same initial growth
conditions, but with varying anticipated crop management.
The mode of operation of the aggregated models is shown
in Figure 3.1.1. One year or cropping season is represented
by the thick horizontal arrow. On it, from left to right,
several relevant dates are marked by vertical lines: the
start of the season, marking at the same time the beginning
of the soil moisture balance well ahead of planting time; the
planting date; the date labelled "Today" on which the
forecast is being made; and the harvest period. From the
start of the season until the day the forecast is made, the
simulation of the crop model is driven by actual weather data
measured at the site. The agreement between the simulation
and the conditions in the field can be verified and
corrected, if observations of the crop stage and condition

Stochastic Yield Forecasting Method
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and soil moisture and nutrients are available. From the day
the forecast is made until the end of the season, the crop
model is driven by synthetic, generated, yet site-specific
weather data from the weather generator. For approximately
the first five days, the weather forecast of the local
meteorological service can be used instead of synthetic
weather, if one of adequate precision is available.

The combination of weather generator and crop model go
on to produce a harvest date for the season and a yield
value. An attached economics module converts the yield into
net returns using actual price data for inputs during the
first part of the simulation, anticipated future prices for
the second part. Then the system loops back and starts
another simulation, again based on measured current season
weather data up to the day on which the forecast is made,
thereafter switching to weather forecast, if available, and
then toc synthetic, generated weather. After repeating the
loop a number of times, the results obtained are frequency
distributions of expected yield and net returns.

The entire multi-year cycle may then be repeated for
alternative crop management options, leading to different
predicted frequency distributions of yield and net returns.
The expected outcomes of the alternative options can then be
compared statistically. It would be similarly possible to
compare alternative future price scenarios and their effect
on income.

For the computation of the coefficients for the weather
generator, on which the generation of synthetic weather data
for the second part of the season is based, a long series of
climatic data (20 to 30 years or more) for the site is
needed. Alternatively, as in the case of this study, a
spatial weather generator is used, which permits the spatial,
topography-guided interpolation of the required generator
coefficients from those computed for the nearest surrounding
weather stations. It is more difficult to manage without the
current season's site weather data (for the specific site).
If it is not available, it may be possible to interpolate
temperature data from the nearest weather stations and obtain
precipitation estimates from remote sensing, from weather
radar or, for convective types of precipitation, from
Meteosat or NOAA satellite imagery.
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3.1.4 An Example: forecast of durum wheat vield
at Tel Hadya

The stochastic yield forecasting technique was tested against
data for two treatments in a supplemental irrigation
experiment in the 1992/93 season. The experiment is
described by Oweis et al. (1994) and again elsewhere in this
report.' The treatments selected were those using the durum
wheat variety Cham-1 planted on 10 November, rainfed and with
full profile recharge, in each case with the nitrogen level
closest to the optimum (0 kg N/ha for the rainfed treatment,
120 kg N/ha for the full recharge). The genetic coefficients
for Cham-1 for use with SIMTAG had been determined before by
Harris (pers. comm.) and they were refined using data from
this experiment. The selection of the N-levels was guided by
the limitations of SIMTAG, which incorporates no nutrient
submodels and assumes always an optimal supply of nutrients.
The yield figures simulated by SIMTAG apply directly to
experiment data from small plots (the average of four
replicates of 15 m’ each in this case); for large plots it
would have been necessary to apply an empirical factor to
decrease the predictions of the model.

Although current weather data for Tel Hadya are
available from ICARDA's weather station, a representative
climatic series for the site is not available yet, since
weather observations started only after the installation of
the experiment station in 1978, The weather generator
coefficients for the site were therefore interpolated with
the help of the Spatial Weather Generator from data of 18
government meteorological stations within a radius of 70 km,
using 26 years of observations. The soil at the site is a
calcixerollic xerochrept (Ryan et al. in press). Soil
profile descriptions containing all data required by the
SIMTAG wheat model have been prepared by Stapper (loc. cit.)
and Harris (pers. comm.).

1. I would like to thank T. Oweis for supplying data on crop
management, phenology, and grain yield, as well as A. Mazid
and A. Rodriguez for additional information on prices of
inputs and outputs and costs for farm operations.
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For the period from planting on 10 November 1992 to
maturity, which occurred approximately on 21 May 1993 for the
rainfed treatment and on 1 June for the treatment with full
profile recharge, stochastic yield forecasts were made at
two-weekly intervals, as well as for the dates when
irrigations were applied. For each forecast, one thousand
growing seasons were simulated, each time using current data
from Tel Hadya weather station up to the day for which the
forecast was being prepared and synthetic data from the
Spatial Weather Generator for the remainder of the season.
Weather forecasts were not used.

Figure 3.1.2 shows the expected yield distributions for
the rainfed treatment obtained in fourteen forecasts
between planting and maturity. Initially, the shape of the

Durum Wheat Tel Hadya 1992/93
Expected Frequencies of Grain Yield
Rainfed

1,000 -
800
T e00
C
Q
s
g
& 400
200 -
“i'_!_?,_i-,'v
Ml
o aba =
o (N S O o A (s 3 o O o
~ Q4 o o A D b1 S
()% \Qf q’%ﬁ Q;b" “Q_) ‘;{: fo‘b ‘\Q: %Q: g%,
Grain Yield (t/ha)
Yiekd outiook on 10/11, 1/12, 15/12, 1/1, 15/1, 1/2, 1572, 173, 15/3, 1/4, 15/4, 1/5,15/5, 21/5 (from front 1o back)
Figure 3.1.2. Histograms of expected grain yield of rainfed

durum wheat for fourteen forecast dates between 10/11
(planting) and 21/5 (maturity)

(L) e



90

distributions is very flat, reflecting the high variability
and considerable uncertainty about future weather in the
semi-arid environment. They do, however, become gradually
less dispersed, as more and more of the stochastic weather is
replaced by actually observed weather, unchanged between
simulations, and as the possibilities of the crop to react to
cumulative effects of weather become more limited with the
progress of phenological development. During March, the
situation shows a marked change. The distributions become
less dispersed, indicating the increasing unlikelihood that
a weather event would dramatically influence the yield from
this stage onwards. The slope on the lower-yield side is
much steeper during March and April than on the side of the
higher yields, which shows that by then eventual yield could
hardly be any more negatively affected by unfavourable
weather, although there still was some chance that favourable
weather would improve yields. Weather during May had no
further influence on grain yield. Already three weeks before
maturity, the forecast converged around 2.1 t/ha. In the
end, simulations using real weather through until maturity,
also gave 2.10 t/ha, compared with 2.19 t/ha which was the
actual observed average yield of the four replicates.

The same data are presented in a different form in
Figure 3.1.3, with yield on the y-axis and date on the x-
axis, and curves linking yields expected to be reached with
the same probabilities. 1In this form of presentation, it is
easy to follow the development of the median and other
percentiles of expected yield as they converge towards the
actual yield at harvest. From planting until mid-December,
all the percentiles showed an upward trend, reflecting to
favourable weather during the establishment phase o