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FOREWORD

This publication summarizes the results of a Regional Technical Co-operation
Programme for the Middle East and Europe on plant nutrient and water balance studies under
legume-cereal crop rotation systems. The programme was co-ordinated by the Soil Fertility,
Irrigation and Crop Production Section of the Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture. Five IAEA Member States carried out a series of field
studies aimed at improving crop production in semi-arid land of Middle Eastern countries.
The increasing global demand for food and other agricultural products calls for urgent
measures for developing plant nutrient availability and water use efficiency, which are the
two mam limiting factors in these regions. Additionally, methods must be developed to
sustain existing crop productivity through improving the legume-cereal rotation systems.

The 1991-1994 Regional Technical Co-operation Programme was organized by the
IAEA at the request of several Member States from the Middle East to promote regional co-
operation in the use of biological nitrogen fixation, and to increase efficiency in fertilizer
management for improving the production of cereals and legumes. Three co-ordination
meetings were held in Vienna, Austria (1991), Amman, Jordan (1993) and finally in
Teheran, Islamic Republic of Iran (1994). Three workshops on 15N and water balance studies
were organized in Damascus, Syrian Arab Republic (1991), Ankara, Turkey (1992) and
Amman, Jordan (1993).

During the first co-ordination meeting, research methods and field experimental designs
adopted later were discussed and elaborated on as a guideline. During the last meeting,
experimental results were presented, then reported in view of publishing the present IAEA-
TECDOC. The FAO/IAEA Agriculture and Biotechnology Laboratory at Seibersdorf,
Austria, assisted the regional programme. Initial investigations mainly involved the biological
nitrogen fixation gained through the 15N isotope technique. However, during the 1991
meeting the participants decided to shift towards crop rotation studies under rain fed
agricultural systems. The three main objectives were the following:

to assess soil plant nutrient (e.g. N) and water status under traditionally adapted crop
rotations and compare this with alternative systems;
to measure plant nutrient (e.g. N) taken from soil, fertilizer, and in the case of
leguminous crops, the contribution of biological N2 fixation;
to determine the most effective fertilizing practice (i.e. rate and timing) for the different
crops considered under the rotation.

In Cyprus, it was shown that vetch-barley rotation is superior to monoculture for the
productivity of the land, the saving of N fertilizers, the improvement of soil fertility and
rainfall use efficiency. In Turkey, results showed that legumes varied significantly hi N2
fixation capacities; the average %Ndfa (nitrogen derived from air) for lentils, chickpea, vetch
and fodder pea was 87, 84, 85 and 53 respectively. The highest water use efficiency values
were obtained for wheat when the previous crop was winter lentil. The results led to the
following recommendation for crop rotation; lentil-wheat for Ankara and chickpea-wheat for
Konya. In the Syrian Arab Republic it was shown that the highest water use efficiency was
obtained by %Ndfa for the groundnut range from 37 to 69 according to the year. The
fertilizer use efficiency for the rotation lentil-wheat, wheat-wheat and fallow-wheat was 36,
30 and 24% respectively. It was clear that the most beneficial rotation was lentil-wheat
followed by fallow-wheat and wheat-wheat. We received only preliminary results from the
Islamic Republic of Iran as further analysis had to be carried out at the National Research
Centre.
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SUMMARY

In semi-arid Middle Eastern countries, the increasing demand for food and other
agricultural products calls for urgent measures to increase plant nutrient availability and
water use efficiency. Water and plant nutrients are the two main crop yield limiting factors
in these regions. Improved methods must be developed to sustain crop productivity of the
legume-cereal rotation systems.

It has been recognized for years that the growth of leguminous crops can improve the
N status of the soil through biological nitrogen fixation (BNF). The conditions to improve
the efficiency of the fixation process should be further investigated hi order to fully benefit
from this cheap N source. The BNF process is especially interesting for those areas facing
limited fertilizer N availability or where the price of the fertilizers is too high for the
farmers. In view of sustainable productivity, even with adequate supply of nutrients
(nitrogen) and water, crop rotations have been promoted for years. However, the best
rotation, taking into account the available nutrients and water in a specific place, is not
always known. Furthermore, if a leguminous crop can be incorporated into a crop rotation
system, free N is provided for this crop and some of it can serve as residual N for the next
crop in the rotation. The use of 15N technology provides a unique tool to separately study the
behaviour of fertilizer N as well as soil N. In addition, the quantification of residual fertilizer
N is possible, as well as the quantification of BNF.

It must also be asked under what rotation system the available water is efficiently used
without exhausting the soil moisture for the next crop? Different tillage practices should be
tested to improve soil water conservation and rain harvesting. Among the methods available
to monitor changes of the soil water content within the root zone is the neutron scattering
method. Neutron moisture gauges were used to estimate soil water storage and, through the
water balance method, crop water consumption during the growing season.

In Cyprus, owing to limited water and nitrogen resources in the rain fed areas, it is
important to apply a sustainable cropping system. Four rain fed agricultural systems (vetch
for hay-barley for grain, fallow-barley for grain, barley for hay-barley for grain, and
continuous barley for grain) were evaluated. The 15N and neutron probe methodologies were
used for evaluation of the N and water status, respectively.

The N balance results showed that vetch fixed 80% of its nitrogen. Using the barley
of the continuous barley system as reference crop, the residual N values of vetch,
fallow and barley-hay to the percentage of the N in the subsequent barley crop were
36, 25 and 9%, respectively.
The water balance results showed that significant moisture was conserved by fallowing
hi the first year of the study when rainfall was 226 mm, but limited moisture was
conserved in the second season when rainfall was 202 mm. A significant amount of
moisture was lost during summer, especially in the top 30 to 40 cm soil zone.
At both sites, the highest productivity of barley was obtained in the vetch-barley system
except at Laxia in the dry year when the moisture conserved by fallowing boosted the
productivity of barley in this system. However, rainfall use efficiency of the
fallow-barley system was the lowest among the cropping systems studied. It was
concluded that vetch-barley is the most sustainable system under rain fed conditions in
Cyprus.

In Turkey, field experiments were carried out during two consecutive years at three
different locations in Central Anatolia. In 1992, the following treatments were investigated:
fertilization and growth of wheat, growth of winter and spring lentil, chickpea, vetch, fodder



pea as well as fallow. In the subsequent year, the whole field was planted with wheat as the
second crop in the rotation.

A higher total dry matter yield (DM) was obtained in Eskisehir than at the other
locations for both wheat and legumes. As expected, DM and N yield for wheat were
higher than for legumes. Although there were no statistically significant differences in
DM of wheat when the N fertilizer rate was increased from 20 to 80 kg N ha"1, more
DM was obtained at the higher N rate (80) than at the lower N rate (20) at the Ankara
and Konya sites. Among the legumes the highest N yield was obtained with chickpea
at all locations. The %Ndff values among legumes did not differ significantly either
within or between locations. The only exception to this was the %Ndff value for whiter
lentil at Ankara. Legumes varied significantly (P < 0.05) in their %Ndfa values at
each location. In general, the %Ndfa varied in the range of 59-84, 30-87 and 36-85
for chickpea, lentil and vetch, respectively.
Second year results showed that, at all locations, wheat yield was significantly affected
(P < 0.05) by the treatment of the previous year. There was a considerable reduction
in wheat yield when the previous crop was wheat. This may be due to the effects of
pathogens in continuous wheat cropping.
Evaluating the DM and the N data obtained hi the second year of the rotation, one can
conclude that the lentil-(winter or summer) wheat rotation at Ankara under Eskisehir
conditions and the chickpea-wheat rotation under Konya conditions should be preferred.
At these locations, a higher seed and total yield, higher N yield and higher %NUE
values were obtained with these rotations.
Evaluating the soil moisture and WUE data at both Eskisehir and Ankara, it is clear
that the winter lentil-wheat rotation should be preferred in this area due to more
efficient use of water by wheat in lentil-wheat solution than in the other tested
rotations.

In the Syrian Arab Republic, a two course crop rotation experiment was conducted
over a period of two years hi order to evaluate BNF by groundnut and its contribution to the
subsequent cereal crop. The response of the subsequent crop to different levels of N
fertilization (100 and 150 kg N ha"1) was also evaluated. Moreover, the effect of a previous
crop, N rate and tuning were assessed. Results showed that groundnut fixed as much as 52
and 23 kg N ha"1 at the pod filling stage and 66 and 34 at physiological maturity for the 1992
and 1993 growing seasons, respectively. The subsequent crop did not benefit from the
residual N due to the high precipitation hi the region, which leached down most of the
inorganic N beyond the root zone. In the 1992 growing season, the lower N rate for maize
(100 kg N ha"1) was superior to the higher rate (150 kg N ha"1). But due to water stress in
the 1993 growing season, a different trend with regard to the response of maize to fertilizer
N was observed.

At two other sites, two crop rotation experiments with 9 treatments were carried out
in a split plot design. The treatments consisted of three 2-course crop rotations:
fallow-wheat, chickpea- or lentil-wheat, and wheat-wheat, with 3 rates of N fertilizer: 0,
20, and 40 kg N ha"1. Labelled 15N fertilizer was applied to subplots to measure the sources
of N in the crops, fertilizer utilization (FUE) and residual N.

DM production of wheat was higher after legumes than after wheat or fallow and was
to a lesser extent higher after fallow than after wheat. Depending on the soil inorganic
N, DM was either increased with the addition of N or almost no effect was observed.
Measurements of the soil water content during the growing seasons showed that the
residual soil moisture to a depth of 120 cm at harvest was higher after fallow than after



chickpea, lentil or wheat. The differences, however, became negligible at the beginning
of the following season.
The contribution of fertilizer N to the total N was 5-20% for wheat, 1-4% for
chickpea, and 4% for lentil. Chickpea fixed 46-127 kg N ha"1, contributing up to
65-85% of the total N in the crop. The amount fixed by lentil was 22-29 kg N ha'1,
which was 22-32% of the crop's N. Residual soil N hi wheat was 813 kg N ha"1 after
bare fallow, 3 kg N ha"1 after lentil; no residual soil N could be detected after chickpea
in the wheat crop. The fertilizer utilization varied with the crops and was 22-57%,
17-21% and 8-12% by wheat, lentil and chickpea, respectively.
Rotation revenues based on equivalent starch values (STE kg"1 dry matter) from one
cycle of the rotation showed that wheat-wheat and chickpea-wheat had similar revenue.
Their revenue was higher than that of lentil-wheat or fallow-wheat. The revenues from
the lentil-wheat rotation were higher than those from the fallow-wheat rotation.

In Jordan, two field experiments were conducted. They included a rotation experiment
whereby in the first year (1993) the following treatments were included: effect of fertilization
(20 and 50 kg N ha"1) on the N uptake and yield of wheat, growth of lentil and of chickpea,
as well as a fallow treatment. In the second year of the rotation (1993), wheat was grown on
the entire experimental area. The availability of water was also investigated.

Results indicated that the different treatments made no significant difference during the
first year of the rotation on the subsequent wheat grain yield. The results also showed
that the mechanical harvesting of lentil had no significant effect on the grain yield. It
shows that this method of harvesting has no effect on the N status of the soil. The
results further showed that fallowing had no significant effect on wheat grain yield since
fallow did not effect the soil water status. Finally, wheat after wheat did not decrease
the gram yield.
The different treatments in the first year had no significant effect on the %Ndff. This
shows that the residual effect of the legumes is not effective, and that the subsequent
wheat crop does not benefit significantly. The results also show that the residual N
from N fertilization is not significant. The residual effect of chickpea was better than
the residual effect of lentil, which depleted the soil N. There could be two reasons for
this. First, drought conditions usually prevail in the region during the flowering stage
of lentil when most of the BNF takes place. Due to these adverse conditions it is
anticipated that little BNF will take place. Second, since the surface soil layers are most
effected by drought and the nodules are concentrated in the upper part of the root zone,
it is expected that BNF will be minimal. To overcome this problem it is advised that
new lentil varieties which can flower during the early winter season be selected.

In conclusion, these experiments led to results which often apply to a specific area. In
addition, definite conclusions can only be made on the basis of long term rotation
experiments which consider climatic variability. Nevertheless, these preliminary studies under
the regional project enabled certain conclusions to be made and illustrated the value of using
nuclear techniques. The preliminary results obtained through the studies conducted in each
country should now be used to develop strategies which can be more widely applied within
the countries concerned to assess their validity. Once validated, use of these strategies should
then be extended throughout the countries of the Middle East.

Next page(s) Left blank
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Abstract

PLANT NUTRIENT AND WATER BALANCE STUDIES UNDER LEGUME-CEREAL ROTATION
SYSTEMS.

A two-year cycle of crop rotation experiments with at least three main treatments of cereal-cereal,
legume-cereal and fallow-cereal treatments was outlined. The water balance approach was utilized to estimate
crop water consumption and to compare different crop rotation systems, in view of water conservation and of
increasing efficient use of scarcely available water under rainfed areas of Middle-Eastern Countries, with low
and erratic rainfall characteristics. The use of the neutron scattering technique was recommended for easy
monitoring of changes in soil water storage, as one of the key field data required in the water balance equation.
The use of 15N-labelled fertilizers provided a unique tool allowing to separately study the behaviour of N-
fertilizers as well as soil N. In addition, the quantification of residual fertilizer N was possible. Also, the use
of labelled N allowed to quantify the amount of biologically fixed N2.

1. INTRODUCTION

Nitrogen and water are the main limiting factors in crop production in the Middle
East. High prices of N fertilizers and sometimes limited availability of them force
Agricultural Research Institutes and Organizations to search for techniques and methods to
improve the efficiency of the applied fertilizer. For economic as well as environmental
reasons, the uptake of applied N as well as of the residual fertilizer N should be as high as
possible. Therefore, only that amount of fertilizer N should be applied which fits the demand
of the plant at a specific growing stage without leaving excessive amounts ready to be
transformed into a form not any more plant available or to move to a zone beyond the roots.

It has been recognized for years that the growth of leguminous crops can improve the
N status of the soil through biological nitrogen fixation. The conditions to improve the
efficiency of the fixation process in order to fully benefit from this cheap N source should
be further investigated. The biological fixation process is especially interesting for those areas
facing limited fertilizer N availability or when the prices for the fertilizers are too high for
the farmers.

What is said about nutrients and especially about nitrogen is equally valid for water.
In areas of the world with limited water supply, all cultivation techniques to save water or
to have the available water at the right time and place should be promoted. Research should
provide the necessary information on these problems.

In view of sustainable productivity, even with adequate supply of nutrients (nitrogen)
and water, crops growing in rotation have been promoted for years. The chemical, physical
as well as disease preventing benefits of rotation systems have been demonstrated. However,
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the best rotation, taking into account the available nutrients and water in a specific place is
not always known. Furthermore, if a leguminous crop can incorporated in a crop rotation
system, free N is provided for this crop and some of it can serve as residual N for the next
crop in the rotation.

In areas with limited water availability it should also be investigated under what
rotation system most of the available water is efficiently used without exhausting the soil for
the next crop. The literature contains a high number of papers dealing with different cropping
systems. However, specific research on crop rotations, under conditions of limited water
availability is still limited.

The use of labelled nitrogen provides a unique tool allowing to separately study the
behaviour of fertilizer N as well as soil N. In addition, the quantification of residual fertilizer
N is possible. Also, the use of labelled N allows to quantify the amount of biologically fixed
N2.

2. SPECIFIC OBJECTIVES OF THE PROJECT

Knowing the beneficial effect of crop rotation systems, the possibility of leguminous
plants to fix atmospheric N2, and the nutritional/agricultural value of
wheat/barley/maize/leguminous crops, a series of soil fertility experiments were set up in the
Middle Eastern Countries. The aim was to look at nitrogen and water in different types of
rotation systems including continuous wheat and fallow, taking into account local habits in
different agricultural zones of the Middle East.

The specific objectives were:
1) to assess the N contribution of legumes and fallow to the subsequent cereal crop, in

the crop rotation systems;
2) to study the residual contribution of fertilizer N applied to a cereal crop to the

following cereal crop;
3) to assess the benefits of fallow, legumes and non-legumes on water conservation and

the soil-plant nutrient status;
4) to evaluate the effects of different tillage practices, different rates and timing of

fertilizers on yield and water conservation.

3. WATER BALANCE STUDIES UNDER DIFFERENT CROP ROTATION
ALTERNATIVES

Water is one of the most important inputs in agricultural production. The water
requirement for plant growth is met by soil water in the plant root zone. In areas of high
rainfall, soil water is continuously replenished by rainfall and is therefore not a major
constraint to high crop yields. However, in arid and semi-arid regions, or in areas of low and
erratic rainfall, which nearly cover one third of the global land area, water scarcity is the
major constraint to increased crop yields. Therefore, under conditions of a highly variable
climatological environment and chronically deficient rainfall of the arid zones, sustainable
food security cannot be obtained if the agricultural practices do not address effective use of
the most precious and yet uncertain resource, water.

One of the ways of maintaining the soil water content within the plant root zone at
an optimum level is irrigation. However, in many parts of the world irrigation is not
available either because of scarcity of irrigation water resources or economic constraints
hindering expansion of irrigated agriculture. Thus agricultural scientists, particularly in arid
and semi-arid regions, need alternative options for maximizing efficient use of water
available for plant growth. For example, different tillage practices should be tested for an
improved soil water conservation and rain harvesting. Different cropping systems or crop
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rotations should be evaluated to find out which system would give the highest crop
production per unit water use (i.e., water use efficiency). The research work addressing the
above-mentioned problems requires methods to measure the soil water content accurately and
conveniently. Among the methods available to monitor changes of the soil water content
within the plant root zone is the neutron scattering method [1,2]. Neutron moisture gauges,
based on the neutron scattering process, are commercially available. Their calibration and
field use are extensively discussed elsewhere [3]. Discussions here are only limited to
estimate the soil water storage and use of the water balance method in order to measure crop
water consumption during the growing season.

3.1. Soil water storage
Information on soil water storage in the plant root zone is among the key data for

studying crop water consumption, using the so called water balance approach. Decisions on
cropping systems also require the same data. In situ estimation of effective rainfall can easily
be achieved through measuring soil water storage before and after rainfall. The water
retention capacity of soils which is considered among the most important soil physical
properties influencing plant water availability can also be measured through recording of the
soil water storage before and after rainfall or irrigation.

Soil water storage in the plant rooting zone is calculated using water distribution
profiles which are easily assessed with neutron moisture gauges. The following equation is
used to calculate the soil water storage if data on water distribution profiles is available:

Eq.[l] S(t) = J(0)L) e- dz * 2^L) 6 - AZ

where S(t) is soil water stored over the depth L (cm L'1) at time t.

3.2. Water balance
The water balance approach is the simplest method to estimate crop water

consumption under actual field conditions. Figure 1 illustrates the major components of the
water balance equation. The depth L designates the lower boundary of the soil profile where
plant roots take up water and nutrients. Gains in soil water content over the depth L are from
rainfall (R), irrigation (I) or from capillary rise of water (Gc). Major sinks of water from
the same zone are deep percolation, if any, (Gr) and evapotranspiration (ET) which needs to
be measured. The difference between gains and losses of water over the depth L (i.e., plant
rooting zone) gives rise to a net change of soil water storage (±AS) which is easily
measured with a neutron moisture gauge. The water balance equation is therefore given as

Eq.[2] I + P - ( D + E T ) - R = ± A S

where D is drainage, the difference between water gained through capillary rise (Gc) and
lossed through percolation (Gr); R is runoff which can normally be assumed to be zero.
Estimation of D requires tensiometer data at rooting depth L in addition to assessing changes
of soil water storage [4] and of the side-specific unsaturated hydraulic conductivity function
[5]. Under rainfed agricultural systems in arid and semi-arid regions, drainage water is of
no significance and zero. Equation (2) therefore can further be simplified as

Eq.[3] ET = ± AS + P

which can routinely be used to estimate crop evapotranspiration or crop water consumption.
If neutron gauge measurements extend over 1.5 to 2 m depth in areas of 250 to 400 mm
annual rainfall, then errors committed for the assumption of zero D will essentially be nil.
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2 = 0

WATER BALANCE

FIG. 1. Components of water balance equation where changes of soil water storage
(i.e., ± AS) is measured with neutron moisture gauge.

3.3. Field experimentation for water balance studies
For thousands of years, it is traditional practice to have the fallow-cereal rotation in

rainfed areas of the Middle-Eastern Countries. Benefits of fallowing stem from the possible
plant nutrient enrichment of field soils during the fallow period. It is believed that cereals,
generally wheat, following a fallow period, get an additional benefit from the soil moisture
conserved during the fallow year. However, there are conflicting reports on the later. A
regional Technical Co-operation Project for Middle Eastern Countries (RER/5/004) was
initiated and became operational in 1991 to compare both nitrogen and water conservation
benefits of different crop rotation systems. Objectives of the Project RER/5/004 which was
entitled as Plant nutrient and water balance studies under legume-cereal rotation, include
assessing the benefits of fallow, legumes and non-legumes on water conservation.

Although the experiments on crop rotation systems should continue several years,
treatments considered in this programme were for two years. Three minimum treatments of
cereal-cereal, legume-cereal and fallow-cereal were recommended. Experimental plots planted
to cereal in the second year were preceded with cereal, legume and fallow plots in the first
year. There were also optional treatments on different sources, rates and timing of N
fertilizers and different tillage practices as to evaluate their effects on both the N and soil
water status of different crop rotation systems.

Neutron gauge access tubes were placed close to the corners of the experimental plots
to monitor changes of the soil water status throughout the duration of the experiment (i.e.,
2 years). Starting from the first day of planting, soil water storage over a minimum depth
of 120 cm was measured at two week intervals until harvesting during the growing seasons
of the two years research programme. The data were used to reveal if there are treatment
differences regarding crop water consumption, field water use efficiency and soil water
conservation. It was also recommended that soil water data must be complemented with
climatological data like rainfall, temperature, sunshine hours, wind speed, humidity etc. so
that crop water consumption data can be transferred to other regions, using empirical
evapotranspiration models [6].
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Subsequent sections of this document include results of field experiments carried out
in different countries, to compare different crop rotations in view of increasing the efficient
and effective use of the scarce amount of available water under rainfed agricultural systems
of Middle-Eastern Countries.

4. EXAMPLE OF EXPERIMENTAL LAYOUT OF A CROP ROTATION
EXPERIMENT [excerpts from the guidelines]

Although the experiments on crop rotation systems should continue several years,
what outlined here was for two years. Two crops, 1 legume and 1 cereal, were considered.
At option, the number of different crops tested in the rotation, could be increased. It was
suggested that the treatments should also include 2 fertilizer treatments, one of which may
be the traditional practice, with respect to either rate of N fertilizer, timing, or the different
sources of N fertilizer used. The treatments on rotation should include the fallow-cereal
rotation. The treatments over the 2 years period were described in Table 1.

TABLE I. DESCRIPTIONOF EXPERIMENTAL TREATMENTS

No.

1

2

3

4

5

Treatment

CCfl
CCf2
LICfl

L2Cf2

FCfl

Year 1

Cereal

Cereal
Legume 1

Legume 2

Fallow

Year 2

Cereal

Cereal
Cereal

Cereal
Cereal

N Fertilizer application
(kg N- ha'1)

20*

60

20

20
-

60

60
60

60
60

The suggested 20 kg N- ha"1 is the rate commonly adopted in the area.

The 4 treatments described (Table I) could be arranged in a completely randomized
block design ( Fig. 1). The plot size depend on the row spacing at planting. A minimum of
30 rows of cereal was suggested for each subplot. Figures 2 and 3 show a possible plot
layout for legumes and cereals in the first year. The plot layout in the second year is shown
in Figure 4. At the end of the first year's harvest, the crop residues were treated in a same
way as whatever traditional practices exists in the region.

5. MEASUREMENT AND CALCULATIONS RELEVANT TO SOIL NITROGEN
STATUS

The use of labelled 15N fertilizers allows to calculate the % nitrogen derived from
fertilizer (%Ndff), from soil (%Ndfs) and from the atmosphere (%Ndfa). Also the amount
of fixed N can be calculated. The following formula [7] are used for this purpose:

Eq.[4] N Yield ( kg N-ha" ) =

% Nitrogen
Eq. [5] derived from

fertilizer( % Ndff )

Dry matter ( kg N- ha"1 ) x % N
100

% 15N atom excess ( plant )
x 100
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FIG. 2. Experimental layout as proposed in the initial guidelines.
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» yield ( kg N-ha"1 ) x % Ndff
Eq.[6] N fertilizer yield = -----------------------------

( kg N-ha-1 ) 100

Eq. [7] % nitrogen derived from atmosphere ( % Ndfa )
% Ndff ( fixing crop )= [ 1 _ _ _ - - - _ - - _ - - - - - - - - - - - - - _ - - ] x 100
% Ndff ( non-fixing crop )

N yield for fixing crop
Eq.[8] Amount of fixed N = % Ndfa x -----------------------

( kg N-ha"1 ) 100

N fertilizer yield ( kg N-ha"1 )
Eq.[9] % Nitrogen use efficiency = ----------------------------- x 100

( % NUE ) N fertilizer rate ( kg N-ha"1 )

Eq.[10] % Nitrogen derived from unknown
% 15N a.e. in the succeeding crop following the legume= [ 1 _ - - _ _ - _ _ - - - - _ - - - _ - _ - _ - _ _ - - - - _ - - _ - - - - - - - _ - - - - - - - - - - - - - - - ] x 100
% 15N a.e. in the succeeding crop following the control

Eq.[11] Amount of N derived from the unlabelled source ( kg N-ha"1 )
% Ndfu x total N yield in the succeeding crop following legume

100

6. GENERAL CONCLUSIONS

Different types of experiments were carried out in the different areas/countries of the
Middle East. These experiments led to conclusions which are sometimes specific for that
area. In addition, full conclusions can only be made based on long-term rotation experiments,
considering climatic variability. Nevertheless, some early conclusions from the regional
project are presented below.

6.1. Nitrogen and water balances under vetch-barley, fallow-barley and continuous
barley cropping systems in Cyprus

Due to limited water and nitrogen resources in the rainfed areas of Cyprus, it is
important to apply a sustainable cropping system which is environmentally non-degrading,
technically appropriate and economically viable. The system should maintain or increase
productivity, with maintenance and efficient use of natural resources. Four rainfed
agricultural systems i.e. Vetch (Vicia sativa) for hay-barley for grain (Hordeum vulgare),
fallow-barley for grain, barley for hay-barley for grain and continuous barley for grain were
evaluated with regard to their N and water balance. The 15N methodology and neutron probe
were used for evaluation of the N and water status, respectively. Water studies were done
at the Laxia area and N studies at the Dromolaxia area.

The N balance outcome showed that vetch fixed 80% of its nitrogen. Using barley
of the continuous barley system as reference crop the residual N value of vetch, fallow and
barley-hay to the percentage of the N in the subsequent barley crop was 36, 25 and 9%,
respectively.

The water balance outcome showed that significant moisture was conserved by
fallowing only in the first year of the study when rainfall was 226 mm, while very limited
moisture was conserved in the second season when rainfall was 202 mm. A significant
amount of moisture was lost during summer especially in the top 30 to 40 cm soil zone.
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At both sites the highest productivity of barley was obtained in the vetch-barley
system except at Laxia in the dry year when the moisture conserved by fallowing boosted the
productivity of barley in this system. However, rainfall use efficiency of the fallow-barley
system was the lowest among the cropping systems studied. It was concluded that vetch-
barley is the most sustainable system under rainfed conditions in Cyprus.

6.2. Effects of legumes, fallow, and wheat on subsequent wheat production in Central
Anatolia, Turkey

Field experiments were carried out during two consecutive years, 1992 and 1993, at
three different locations (Ankara, Eskisehir and Konya) under rainfed Central Anatolia
conditions. In 1992, the following treatments were investigated: fertilization and growth of
wheat, growth of winter and spring lentil, chickpea, vetch, fodder pea as well as fallow. In
the subsequent year, 1993, the whole field was planted to wheat as second crop in the
rotation.

A higher total dry matter yield was obtained in Eskisehir than at the other locations
for both wheat and legumes. As expected the total dry matter yield and N yield for wheat
were higher than for legumes. Although, there were no statistically significant differences
in total dry matter yield of wheat by increasing the N fertilizer rate from 20 to 80 kg N ha"1,
more total dry matter yield was obtained at the higher N rate (W80) than at the lower N rate
(W20) only with the Ankara and Konya experiment. Among the legumes the highest N yield
was obtained with chickpea at all locations. The %Ndff values among legumes did not differ
significantly neither within or between locations. The only exception to this was the %Ndff
value for winter lentil at Ankara. Legumes varied significantly (P < 0.05) in their %Ndfa
values at each location. In general, the %Ndfa varied in the range of 59-84, 30-87 and 36-85
for chickpea, lentil and vetch, respectively.

Second year results showed that, at all locations, wheat yield was significantly (P <
0.05) affected by the treatment of the previous year. There was a considerable reduction in
wheat yield when the previous crop was wheat. This may be due to the effects of pathogens
in continuous wheat cropping.

Evaluating the dry matter yield and N data obtained in the second year of the rotation,
one can conclude that the lentil (winter or summer)-wheat rotation at Ankara and Eskisehir
conditions and the chickpea-wheat rotation at Konya conditions should be preferred. At these
locations, a higher seed and total yield, higher N yield and higher %NUE values were
obtained with these rotations.

Evaluating the soil moisture and WUE data at both Eskisehir and Ankara, it is clear
that the winter lentil-wheat rotation should be preferred in this area due to more efficient use
of water by wheat in lentil-wheat solution than other tested rotations.

6.3. Evaluation of BNF by groundnut and response of cereal crops to different levels
of nitrogen fertilizer hi the coastal area of Syria

A two course crop rotation experiment was conducted over a period of two years in
order to evaluate the biological nitrogen fixation (BNF) by groundnut (Arachis hypogaea) and
its contribution to the subsequent cereal crop regarding its N-conserving effect. Also the
response of the subsequent crop (Zea mays L.) to different levels of N-fertilization (100 and
150 kg N ha"1) were evaluated. Moreover, the effect of a previous crop, N rate and timing
was assessed. Results showed that groundnut fixed as much as 52.9 and 23.4 kg N ha"1 at
pod filling stage and 66.7 and 34.4 at physiological maturity stage for the 1992 and 1993
growing season, respectively. The subsequent crop did not benefit from the residual N due
to the high precipitation in the region leaching down most of the inorganic nitrogen beyond

20



the root zone. In the 1992 growing season, the lower N rate for maize (100 kg N ha"1) was
superior over the higher rate (150 kg N ha"1). But due to water stress in the 1993 growing
season, a different trend with regard to the response of maize to fertilizer N was obtained.

6.4. Production of wheat with fallowing versus wheat, chickpea or lentil in Syria

Two crop rotation experiments with 9 treatments and 4 replicates were carried out in
a split plot design at two sites, in the northern and southern parts of Syria. The treatments
were three 2-course crop rotations: fallow-wheat, chickpea or lentil-wheat, and wheat-wheat,
with 3 rates of N fertilizer: NO, no fertilizer, Nl, 20 kg N ha"1 and N2, 40 kg N ha"1.
Labelled 15N fertilizer was applied to subplots to measure the sources of N in the crops,
fertilizer utilization (F.U.E.) and residual N.

Total dry matter production of wheat was higher after legumes than after wheat or
fallow and was to a lesser extent higher after fallow than after wheat. Depending on the soil
inorganic N, the dry matter yields were either increased with the N addition or almost no
effect was found.

Measurements of the soil water content during the growing seasons showed that the
residual soil moisture down to 120 cm depth at harvest was higher after fallow than after
chickpea, lentil or wheat. The differences, however, became negligible at the beginning of
the next season.

The contribution of fertilizer N to the total N was 5-20% for wheat, 1-4% for
chickpea, and 4% for lentil. Chickpea fixed 46-127 kg N ha"1 contributing up to 65-85% of
the total N in the crop. The fixed amount by lentil was 22-29 kg N ha"1, being 22-32% of
the crop's N. Residual soil N in wheat was 8-13 kg N ha"1 after bare fallow, 3 kg N ha"1 after
lentil, and no residual N after chickpea could be detected in the wheat crop. The fertilizer
utilization varied with the crops and was 22-57%, 17-21% and 8-12% by wheat, lentil and
chickpea, respectively.

Rotation revenues based on equivalent starch values (STE kg"1 dry matter) from one
cycle of the rotation showed that wheat-wheat and chickpea-wheat had an almost similar
revenue. Their revenue was higher than of lentil-wheat or fallow-wheat. The revenues from
the lentil-wheat rotation were higher than from the fallow-wheat rotation.

6.5. Nitrogen and water contribution of lentil, chickpea, wheat, and fallow to the
subsequent wheat crop in Jordan

Two field experiments (1993 and 1994) were conducted at the Agricultural Research
Station at Moshqar, 25 km south west of Amman, Jordan. They included a rotation
experiment whereby, in the first year, the following treatments were included: effect of
fertilization (20 and 50 kg N ha"1) on the N uptake and yield of wheat, growth of lentil and
chickpea as well as a fallow treatment. The following, second year of the rotation, wheat was
grown on the whole experimental area. Also, the availability of water was investigated.

Results indicated that there was no significant difference between the different
treatments during the first year of the rotation on the subsequent wheat grain yield. The
results also showed that the mechanical harvesting of lentil had no significant effect on the
grain yield. It shows that this method of harvesting has no effect on the N status of the soil.
The results further showed that fallowing had no significant effect on wheat grain yield since
fallow did not effect the soil water status. Finally, wheat after wheat did not decrease the
grain yield.

The different treatments in the first year had no significant effect on the %Ndff. This
insignificant effect shows that the residual effect of the legumes is not effective, and that the
subsequent wheat crop does not benefit significantly. The results also show that the residual
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N from N fertilization is not significant. The residual effect of chickpea was better than the
residual effect of lentil, depleting the soil N. This could be attributed to two reasons. First,
drought conditions usually prevail in the region during the flowering stage of lentil when
most of the BNF takes place. Due to this adverse condition it is anticipated that little BNF
would take place. Second, since the surface soil layers are most effected by drought and the
nodules are concentrated in the upper part of the root zone, it is expected that BNF would
be minimal. To overcome this problem it is advised to select new lentil varieties which can
flower during the early winter season.
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Abstract

PRODUCTION OF WHEAT PRECEDED WITH FALLOW VERSUS CONTINUOUS WHEAT OR AFTER
CHICKPEA OR LENTIL IN SYRIA.

Two crop rotation experiments with 9 treatments and 4 replicates were laid down in a split plot design
two sides, in the Northern and Southern Provinces of Syria. The experimental treatments were three 2-course
crop rotations: fallow-wheat, chickpea/lentil-wheat and wheat-wheat (continuous wheat), with three rates of N
fertilizer applications. 15N-labelled fertilizer was used as tracer to measure fertilizer use efficiency (FUE) and
residual N transferred to the second, subsequent crop in the rotation.

Total dry matter production of wheat following legumes was higher than continuous wheat or fallow-
wheat rotation. Depending on soil inorganic N, dry matter yields were either increased with N addition or there
was almost no effect.

Measurements of soil water content during the growing season showed that the soil water storage over
depth of 120 cm at harvest was higher after fallow than after chickpea, lentil or wheat. However, the observed
differences were diminished at the beginning of the subsequent growing season.

Contributions of fertilizer N to total N yield were 5-20% for wheat, 1-4% for chickpea, and 4% for
lentil. Chickpea fixed 46-127 kg N ha'1 which contributed 65-85% of the total N yield in the crop. Fixed
nitrogen was somewhat low for lentil, amounting to only 22-32% of the total N yield. Mineral nitrogen
enrichment of the soil resulting from fallow was about 8-13 kg N ha"1. Residual N transferred to the subsequent
wheat crop from lentil was rather low. However, it was detectable (3 kg N ha"1). No residual N benefits could
be measured from chickpea. Fertilizer use efficiency varied depending on the crop: 22-57, 17-21, and 8-12%
for wheat, lentil and chickpea, respectively.

Rotation revenues, based on equivalent starch values (STE) from one cycle of rotation showed that
wheat-wheat and chickpea-wheat rotations had almost similar revenues. However, they were higher than lentil-
wheat and fallow-wheat rotations.

1. INTRODUCTION

Wheat is a major crop component of the agricultural system in Syria, and is usually
grown in a 2-course crop rotation of wheat-fallow under rainfed conditions, where the annual
precipitation is > 300 mm. It is also grown in some areas in a wheat-legume crop rotation,
and to a lesser extent in continuous monoculture wheat-wheat. Observations in the literature
showed that the yields of cereals grown in rotations are usually higher than when grown in
continuous monoculture [1, 2, and 3]. However, the actual evaluation of the economical
benefits of a crop rotation should be based on the total revenues of the complete cycle of the
rotation rather than on the yield of the main crop of interest (wheat) in the rotation.

Adoption of a bare fallow year is believed to conserve soil moisture and accumulate
nutrients, especially nitrogen for the subsequent wheat crop in such dry areas [4 and 5].
However, it is realized that effectiveness of fallow is highly dependent on environmental
conditions and soil characteristics.

Crop rotations including legumes or simply wheat monoculture use water more
effectively and reduce the decaying rate of organic matter than wheat-fallow [6] rotation.
Additionally, leguminous crops through symbiotic nitrogen fixation may contribute
substantial N to the soil, which could be later transferred to the succeeding cereal crop [7].
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Application of fertilizers, especially N in arid and semi-arid areas increased crop
production [5]. However, the impact of fertilizer application on crop production, soil nutrient
status, and fertilizer utilization in crop rotation systems has not yet been well studied.

Therefore further work is needed to evaluate and understand the benefits of different
crop rotations in the agricultural systems of dry regions, which could then be used as a
basis to recommend not only more productive but sustainable agricultural systems.

The research work undertaken had the following objectives:
(1) To assess residual N contribution of lentil, chickpea and fallow to the subsequent

wheat crop in the cropping systems,
(2) To determine yield response of wheat, lentil, and chickpea to different rates of

nitrogen fertilizer in a two-course crop rotation,
(3) To quantify the benefits of fallow, lentil, and chickpea regarding water conservation

compared to wheat.

2. MATERIALS AND METHODS

Two factorial crop rotation experiments with 9 treatments and 4 replicates were laid
out in a split plot design at Muselmieh and at Jillin in 1991/1992, 1992/1993, and 1993/1994
and will continue for at least another two seasons to determine the long time effect of
rotations . The main plots were assigned to rotation treatments and the split plots were the
N fertilizer treatments. The test crop at both sites was wheat (Triticum durum, var. Cham
1) and the treatment crops (or entries) were wheat , fallow and the legumes. The legume
crop at Jillin was chickpea (Cicer arietinum, var. Ghab 1) and at Muselmieh was lentil (
Lens culinaris var. Idleb 1). The nitrogen treatments with ammonium sulphate were: (N0) no
fertilizer, (Nt) 20 kg N ha'1, and (N2) 40 kg N ha'1 at both sites. The wheat crop had 3 split
plots, each receiving one of the N rates and the legume crops had 3 split plots; one received
no fertilizer and the other two received fertilizer at 20 kg N ha"1. The N1 treatment was
broadcasted by hand at planting, and in treatment N2 the fertilizer was broadcasted half at
planting and the other half at tillering. The labelled 15N fertilizer was applied at the same
time to the subplots as solution (0.5 L m~2) to get an as even distribution as possible. The
legume isotope received 10% 15N a.e. (atom excess) labelled fertilizer, and the isotope plots
for wheat received 10% 15N a.e. and 5% 15N a.e. labelled fertilizer at Jillin and Muselmieh,
respectively. All the phases of rotation were included every year to overcome the seasonal
variation .

All crops were sown by the Oyjard planter at 17.5 cm row spacing on 10 December
1992 and 7 December 1993 at Muselmieh and on 7 December 1992 and 30 November 1993
at Jillin, during the first and the second year experiments, respectively. Triple super
phosphate at a rate of 60 kg P2O5 ha"1 was applied at planting with seeds to all crops at both
sites. All plots were weeded by hand during the season and the fallow plots were kept free
of weeds as much as possible to reduce the effect of weeds on water consumption.

Access tubes for a soil moisture neutron gauge were installed every year at planting
or emergence, to a depth of 135 cm in all plots, with 3 replicates at Muselmieh and 2
replicates at Jillin. The soil moisture measurements were taken with a neutron moisture
gauge every 15-20 days until mid-August. These measurements were used to calculate the
plant water consumption using the water balance equation.

Plant samples were collected at seed filling and at harvest, and were separated into
spikes, pods or seeds and leaves with stems or straw, weighed, dried at 70 °C for 48 hours,
ground, and kept for N and 15N analysis. Soil samples over 60 cm depth were also collected
at 15 cm increments at planting during each season for N analysis.The Kjeldahl digestion
method and titration were used to determine total N using a Kjeldahl Auto Analyzer 1030
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(Tecator) and to determine the %15N a.e. using an emission spectrometer, Jasco Model N-
150. Soil inorganic N was extracted by KC1 and measured by titration.

The soil at both sites is a Xerocript Calcixerolic of medium texture, with pH 8, O.M.
1.5%, inorganic N « 20 mg g'1, and P-Olsen 37-53 mg g'1 at Muselmieh; and pH 8.2, O.M.
1%, inorganic N « 18 mg g'1, and P-Olsen 10-26 mg g'1 at Jillin. The total precipitation
at Muselmieh was 248 and 402 mm and at Jillin was 331 and 313 mm in 1992/1993 and
1993/1994, respectively.

3. RESULTS AND DISCUSSIONS

3.1. Experiment I at Muselmieh

The nitrogen and dry matter results of this experiment are confined to the second
season 1993/1994 only because the 1992/1993 season was the beginning of the experiment
and did not reflect the effects of the rotations on the results.

3.1.1. Dry matter production
Table I presents the dry matter production of wheat and lentil in both seasons

(1992/1993 and 1993/1994). The grain yields and total dry matter production of wheat at
harvest showed negligible (P< 0.05) differences between rotations, except for the total dry
matter production of wheat after lentil which was significantly higher by 10% than that after
wheat. The effect of nitrogen fertilizer rates was also negligible on both grain yield and total

TABLE I . DRY MATTER PRODUCTION (Kg/ha) OF WHEAT AND LENTIL AT MUSELMIEH.

Season

Growth stage

Crop Main effect

L/W

W/W

Wheat F/W

NO
Nl

N2

NO

Lentil N -\

*N ,

1993 / 1994

Filling

Spikes or Pods

2682

2570

2584

2740

2655

2441

1939

1915

1850

Harvest

Total

10045

9409

9971

9783

9889

9753

4318

4883

4641

Grain

2144

2210

2065

2132

2178

2109

1219ab

1262a

935b

Total

96673

8776b

9439 ab

9274

9120

9488

3488ab

41303

3331b

1992 / 1993

Harvest

Grain

-

465

436

485

473

1997

1922

1995

Total

-

4132

4277

4230

3888

3629

3780

3540

00 The wheat values for the rotations are averaged over rates of fertilizer, and for the rates of fertilizer are

averaged over rotations.

* Lentil of 1993/1994 was preceded by Wheat with N2 rate of nitrogen.

Values followed with different letters in the same column are significantly different (5%), other wise the

difference is not significant Lentil differences were based on a / test analysis (5%).
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dry matter production of wheat at harvest. The negligible effect of rotations on production
except of the lentil-wheat rotation could be attributed to the short period (one season) of the
experiment which could not allow establishment of rotational effects. On the other hand the
insignificant effect of the nitrogen fertilizer rates might be due to the reasonably high
inorganic N (20 mg N g"1) in the soil over the 60 cm depth .

The seasonal effect on wheat production from all rotations was highly apparent on
grain yields, which were 5 times higher in the second year than the first season. This could
be due to higher precipitation (402 mm) in 1993/1994 than in 1992/1993 (248 mm), to the
lower temperature (< 5 °C) during December, January and February in 1992/1993 compared
to that (> 7°C) in 1993/1994, and to the greater evaporation demand occurring during
January and February 1993, compared to 1994.

The grain yield and total dry matter production of lentil, each receiving 20 kg N ha"1

were significantly 24% higher than those of lentil preceded by wheat receiving 40 kg N ha"1,
otherwise the differences were negligible (Table I).

5.7.2. Nitrogen content
Nitrogen contents in spikes, pods, grain, and the whole crop from all treatments (data

not shown here) followed similar trends of dry matter production at seed filling and harvest
for both crops. The accumulated N in spikes, grain, and the whole wheat crop varied with
rotations, and values from wheat-wheat were lowest at both growth stages. Similarly N rates
had little effect on N contents of wheat. Application of 20 kg N ha"1 to lentil increased the

TABLE II. TOTAL NITROGEN IN CROPS (AT SEED FILLING), DIFFERENT SOURCES OF
N, FERTILIZER UTILIZATION, AND THE CONTRIBUTION OF N RESIDUES AFTER LENTIL OR
FALLOW. MUSELMffiH 1993/1994.

Crop

CO

Wheat

Lentil

Main

Effects

L/W

W/W

F/W

NO
NI

N2

NO
NI

* NI

N

Total

(Kg N/ha)

163.40

147.10

166.70

161.10

156.80

161.30

86.10

98.70

91.10

Fertilizer

yield

(Kg N/ha)

11.60

10.80

11.30

—

6.80

15.70

—

4.30

3.50

Fertilizer

utilization

F.U.E(%)

38.60

36.00

37.70

—

34.00

39.30

—

21.50

17.50

N

from Soil

(Kg N/ha)

151.80

136.30

155.40

161.10

150.00

145.60

—

72.50

58.50

N Contribution

Fixed of N

residues

(Kg N/ha) (Kg N/ha)

- 3.0

— _

- 13.3

— —

- 8.5

_ 7.8

— —

21.9 -

29.1 _

Total N at this stage is higher than at harvest.

oo The wheat values for the rotations are averaged over N -j & N _ "rates of fertilizer, and for N rates are averaged

over rotations L /W.W/W&F/W, or L/W&F/Wfortheresidues .

This Lentil was preceded by wheat with N 2 rate of fertilizer.
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nitrogen accumulation in pods, grain and in the whole plant. The increase was the highest
when wheat preceded lentil and received 20 kg N ha'1. The differences between N treatments
were more obvious during harvest.

3.1.3. Residual nitrogen
Residual N data shown in Table II are based on the crop's total N at grain filling

stage as it was higher than that at harvest. Wheat in all rotations took up nearly equal
amounts (averaged for N rates) of N from the applied fertilizer, and these amounts consisted
of about 7% of the total nitrogen in the crop (Table II). The uptake of nitrogen from
fertilizer (averaged for all rotations) was doubled when the wheat crop received 40 kg N ha"1,
compared to 20 kg N ha'1, and the contribution of fertilizer N to total N in the crop was 9.7
and 4.3% respectively. The N fertilizer use efficiency (FUE) of wheat varied slightly with
crop rotations and nitrogen rates, and the differences were more obvious with Nj and N2
fertilizer treatments.

Depending on total N in the crops, the amount of soil N taken up by wheat after
wheat (i.e. continuous wheat) was 11 and 14% less than that after lentil or fallow
respectively (Table IV). However, the contribution of soil N to total N in wheat was similar
(~ 93 %) for all rotations. Nitrogen application reduced the uptake of soil N, and the
amounts of soil N taken up by wheat receiving 20 and 40 kg N ha'1 were 7 and 11 % less
than wheat without N fertilizer. Similarly the contribution of soil N to total N in the crops
was reduced by increasing the rate of N fertilizer application and was 96 and 90% in wheat
receiving 20 and 40 kg N ha"1, respectively.

TABLE III . DRY MATTER PRODUCTION (Kg/ha) OF WHEAT AND CHICKPEA AT JUJLENL

Season
Growth stage

Crop

00
Wheat

Chickpea

Main
Effects
W / W

CH/W

F / W

NO
N1
N 2

N O

Nl

* N 1

1992 /

Filling
spikes

3217
3572

2989
3139

3308

3241

—

—

—

Total

5744

6855

5563

5994

6171

5997

2789

3902

3900

1993

Harvest
Grain

3852b

5471 a

4014b
3905b

4650a

4782a

3000

3288

3300

Total

11296b

15301 a

1 1 829b
11608b

13331 a

13489a

7590

8788

8925

1993

Riling
Spikes

3102
3351
3399
3096

3259

3497

—

—

—

Total

5495

6158

6937

6210

5956

6424

2487

2502

2667

M994

Harvest
Grain

2277b
2885a
2768ab
2557b

271 Oa

2663ab

1356

1346

1410

Total

6384b

8542a

8025ab
7025b

7946a

7979a

3250

3150

3450

The wheat values for the rotations are averaged over rates of fertilizer, and for the rates of fertilizer are averaged
over rotations.
This chickpea was preceded by wheat with N 2 rate of nitrogen.
Values with different letters are significantly different (5%), otherwise the differences are not significant. Chickpea
differences are based on a f test analysis (5%).
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TABLE IV . TOTAL NITROGEN IN CROPS (AT HARVEST ), DIFFERENT SOURCES OF N,
FERTILIZER UTILIZATION, AND THE CONTRIBUTION OF N RESIDUES AFTER CHICKPEA
OR FALLOW AT JUJLIN.

Season

COo>
en
T—

c5
o>o>

^
0)
o>

COo>
0)

Crop Treatments

N1
Ch/W

N2

Wheat N,
W/W

N2
CO

F/W N2

N0
Chickpea N1

* N,

NI
Ch/W

N2

Wheat N1
W/W

N2
CO

F/W N2
^

N0
Chickpea N1

* Ml

N

Total

(KgN/ha)

140.4

137.0

114.1

119.9

110.4

127.1

147.2

151.5

77.35

96.04

66.40

72.86

109.41

59.60

63.70
70.50

Fertilizer
yield

(KgN/ha)

10.71

11.86

11.36

10.79

9.32

—

2.06

1.64

5.50

21.19

6.49

8.73

19.60

—

2.04

2.46

Fertilizer

Utilization

F.U.E (%)

53.55

29.65

56.80

26.98

23.30

—

10.30

8.20

27.50

52.98

32.45

21.83

49.00

—

10.20
12.30

N

from soil

(KgN/ha)

129.69

125.14

102.74

109.11

101.08

—

19.90

23.07

71.85

74.85

59.91

64.13

89.81

—

13.10
22.16

N Contribution
Fixed of N

residues
(KgN/ha) (KgN/ha)

- - 47.39

- -51.65

— —

— —

- 8.94

— —

125.24 -

126.79 -

- -18.12

- -23.34

_ —

— —

— 8.11

— —

48.56 -

45.88 _

<» Total N at harvest is higher than at filling.
40 Wheat with labled N i rate of fertilizer is missing.
* This chickpea was proceeded by wheat with N 2 rate of fertilizer.

Residual N contribution (Table II) to total N in wheat after lentil or fallow was
calculated on the basis that wheat-wheat is used as the reference. Residual N contribution of
fallow to the subsequent wheat crop was more than four times higher than that after lentil.
Wheat receiving 20 and 40 kg N ha"1 took up similar amounts of residual N and the
contribution was about 5% of the total N in crop.

Lentil following wheat receiving 20 kg N ha"1, took up more nitrogen from fertilizer
(~ 22%) than from soil (» 24% •» 14 Kg N ha"1); used fertilizer N more efficiently; and
fixed less N (» 25% «» 7 Kg N ha"1) than when preceding wheat receiving 40 kg N ha"1

(Table II). The contributions of fertilizer N, soil N, and symbiotic N fixation to total N in
the crop were 4, 64-73, and 22-32 %, respectively.

3.1.4. Water use
The cumulative ET at harvest, averaged for the different N treatments was 170, 160

and 143 mm for wheat, lentil, and fallow, respectively in 1992/1993; and 342, 339, 348,
323, and 292 mm for wheat after fallow, wheat after lentil, wheat after wheat, lentil, and
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6'. Comparison between volumetric soil moisture contents ( cm cm) at Muselmieh 38
and.25 days after harvest in 1992/1993 and 1993/1994 respeclivly under wheat (•) , lentil
(<% , and fallow ( o), with fallow at harvest (Q); values are averaged over nitrogen rates ,
and rotations.

fallow, respectively in 1993/1994 (Figs. 1 and 2). The ET for all treatments was nearly
doubled in 1993/1994 coinciding with 150 mm of extra precipitation and 30 days earlier
emergence than 1992/1993. After flowering ET was mainly dependent on soil moisture
contents, thus crops left with lower soil moisture might have been exposed to a higher water
stress between flowering and harvest, a critical stage for crop production.

Wheat in both seasons used about 5-8% and 16-19% more water than lentil and soil
evaporation from fallow plots, respectively. Lentil also had higher values of ET, about 10-12
%, than fallow. The amonts of water used (ET) by wheat were similar (± 2-5 %) in all
rotations (Fig. 2), and different rates of fertilizer N had a negligible effect on ET values for
wheat and lentil (Fig. 3). Although the data not shown here, the same trend was true for
wheat following fallow.

3.1.5. Soil moisture content
In both seasons the soil moisture contents were depleted more under crops than under

bare fallow and under wheat than lentil, especially from the top 60 cm of soil (Fig. 4).
Depending on precipitation the amounts of soil moisture content (over the depth of 120 cm)
left from flowering till maturity stages were 345 and 396-403 mm for wheat, and 364 and
403 mm for lentil during the first (Fig. 4) and second season, respectively. Therefore the
amounts of soil moisture used from flowering till harvest was 19 and 27 mm in 1992/1993;
and 72 and 53 mm (data not shown here) in 1993/1994, by wheat and lentil, respectively.
These values suggest that the crops during the first season were subjected to a higher water
stress than in 1993/1994. Crop rotations had a negligible effect on soil moisture contents
under wheat. Similarly the effect of nitrogen rates on the soil moisture contents at harvest
in both seasons was negligible under wheat, lentil, and fallow ( Fig. 5).

34



Evaporation from the bare fallow treatment during 25 and 38 days after harvest was
~ 2-4 folds of that from soils under lentil or wheat because of the mulching effect of plant
residues covering the soil surface. However, evaporation rates from the bare soil under
fallow and under wheat remained in similar proportions during 25 days after harvest (in
1993/1994). Then, differences in the remaining soil moisture became negligible at the
beginning of the coming season. Furthermore, Fig. 6 shows that most of the soil moisture
evaporation occurred from the top 60 cm of soil. Only small amounts evaporated from the
deeper layers up to 120 cm. Therefore if any extra moisture left under fallow compared to
those cropped, it will be located far below the depth of 60 cm. Thus the next crop may not
benefit from the moisture left below 60 cm until the roots could be fully developed. However
if it rains, then there will be no benefit from the preceding fallow to the subsequent wheat
crop.

3.2. Experiment n at Jillin

3.2.1. Dry matter production
Table III shows that the dry matter and grain production in the first season

(1992/1993) following wheat after chickpea was significantly higher (29-32% and 36-42%)
than wheat after fallow and wheat after wheat, respectively. In the second season,
(1993/1994) the total dry matter production and grain yield from wheat following chickpea
were only significantly higher than those from wheat after wheat by about 34 to 26%,
respectively. Wheat following fallow in both seasons produced more dry matter and grain
than continuous wheat, but the differences were not significant.

Application of 20 kg N ha"1 (Nj) and 40 kg N ha"1 (N2) increased the dry matter
production of wheat significantly (13-16%) in both seasons. The grain yields in the first
season were also increased significantly, 19 and 22% under Nj and N2 fertilizer treatments,
respectively. In the second season the increase in grain yield was only 6% with 20 kg N ha"1.

The grain yield and total dry matter production of chickpea were slightly affected by
the preceding treatments in both seasons. Nitrogen application (20 kg N ha"1) in 1992/1993
increased the dry matter production (16-18%) and grain yield (10%). The effect in 1993/1994
was either nil or only a slight increase was achieved in dry matter production (6-4%).

The total dry matter production at harvest of wheat and chickpea in the first season
was approximately double or triple of that in the second season. The experimental data show
that at filling stage, crops produced similar amounts of dry matter in both seasons and the
differences in production occurred thereafter. This could be attributed to higher temperatures
and higher evaporation demand after the filling stage in the second season, which might have
put the crop under a higher water stress than in the previous years.

3.2.2. Nitrogen content
Although the data are not shown here, the nitrogen content in grain and in the whole

crop of wheat and chickpea followed similar trends as the dry matter content in both seasons.
During the first season wheat following chickpea accumulated more nitrogen in the grain (24-
27%) and the whole crop (15-20%) than continuous wheat or fallow, with negligible
differences compared to the other rotations. Wheat following chickpea and fallow in the
second season accumulated similar amounts of N in the grain and the whole crop and the
amounts were more than the amounts in continuous wheat. Nitrogen applications to wheat
increased the total N accumulation in the whole crop and in grain in both seasons. The
differences in N contents of wheat between treatments Nx and N2 were negligible during the
first season and they both had more total N (8%) and N in grain (16%) than N0, no fertilizer
treatment. During the second season, the total N in the wheat grain increased, 14 and 31%
in N! and N2 treatments, respectively.
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The nitrogen contents of chickpea increased with the N application (20 kg N ha"1) by
15 and 7% (averaged for grain and total N) in the first and second season, respectively. The
preceding wheat with 40 kg N ha'1 had a negligible effect on the crop nitrogen during the
first season while, during the second season the succeeding chickpea accumulated 13 and
11 % more N in grain and the whole crop than chickpea following wheat receiving 20 kg N
ha'1.

3.2.3. Residual nitrogen
Wheat in all rotations took up similar amounts of N from each rate of fertilizer in the

first season, indicating that the effect of rotations was negligible. In the second season the
uptake of N from fertilizer by wheat receiving 40 kg N ha"1 after chickpea or fallow was
more than double than the uptake by wheat after wheat, while wheat receiving 20 kg N ha'1
after wheat or chickpea took up similar amounts of N from fertilizer. Application of 40 kg
N ha'1 to wheat after wheat or after chickpea substantially increased the uptake of N from the
fertilizer in the second season while no effect was measured in the first season.

Following the amounts of N uptake from both rates of fertilizer, the effect of crop
rotations on FUE was negligible during the first season. During the second season, the FUE
of the treatment N2 of wheat following chickpea or fallow was twice as much as continuous
wheat. There were negligible differences between continuous wheat or wheat following
chickpea. The utilization of fertilizer N varied with N rates and seasons, and was higher in
the NI and N2 treatments during both first and second seasons.

Wheat following chickpea took up more soil N (19%) than the other rotations, and
the differences between values from other rotations were negligible in the first season. The
amounts of soil N taken up by wheat in the second season were 21 and 40% more after
fallow than after chickpea or wheat respectively, and were 20% more after chickpea than
after wheat. The contribution of soil N to total N in wheat was similar in all rotations
(averaged for N rates) and was slightly higher in the first season (91 %) than in the second
season (89%). The fertilizer treatments (Nj and N2) had a negligible effect on the amounts
of soil N taken up by wheat or its contribution to total N on the crop in both seasons.

The contribution of residual N (Table IV) to the total N in wheat after chickpea and
fallow was calculated on the basis that wheat-wheat is the reference rotation. In both seasons
the residual N was only detected in wheat following fallow and its contributions to the total
N in crop was similar (8%).

Chickpea had approximately similar values of N yield, fertilizer utilization, and N
uptake from soil in both seasons. The fixed N during the first season was more than double
the amount fixed during the second season. The preceding treatment slightly affected the
uptake of soil and fertilizer N.

3.2.4. Water use
The cumulative ET (data not shown here) for wheat, chickpea and fallow, as averaged

for fertilizer N rates, were 381-390, 374, and 349 mm for wheat, chickpea and fallow at
harvest respectively in 1992/1993; 281-305, 266, and 236 mm for wheat, chickpea, and
fallow in 1993/1994. The cumulative ET for all treatments was ~ 100 mm, more in the first
season than in the secondone, although the amounts of precipitation were almost similar (331
and 313 mm) in both seasons. This could be attributed to the 16 days earlier emergence in
1992/1993, during which 100 mm water was used or evaporated. After flowering, ET was
dependent on the soil moisture contents, and crops exposed to a higher evaporative demand
continued their growth to maturity under higher water stress which might affected the yields.
ET for fallow, wheat, and chickpea between flowering and harvest were respectively higher
by 32, 47, and 76 mm during the second season than in the first season and the soil moisture
contents were more depleted by harvest in the second than in the first season (see section
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4.2.5), suggesting that crops were exposed to a higher water stress in 1992/1993 than in
1993/1994.

Evaporation from fallow plots was less than the ET of wheat and chickpea plots
during both seasons. Cumulative ET on the chickpea plots was almost similar to wheat
during the first season, however, somewhat less than during the second season. Crop
rotations had nearly no effect on water consumption of wheat during the first season, while
during the second season, water consumption in the continuous wheat plots was about 8 %
less than in the other rotations. Also, the fertilizer N treatments had no effect on the
cumulative ET for wheat and chickpea during both seasons as was the case at Muselmieh
(Fig. 3).

3.2.5. Soil moisture content
Figures 7 and 8 show the volumetric moisture contents in the soil under the wheat,

chickpea, fallow treatments, averaged for the different N rates at emergence, flowering, and
at harvest during both seasons. All plots had almost equal amounts (+ 10 mm water of soil
water storage over the depth of 120 cm) at emergence during both seasons. Soil water
storage from flowering till maturity stage for wheat and chickpea were 311-328, and 328 mm
during the first season, and 326-341, and 383 mm during the second season, respectively.
Soil water storage during the second season was depleted more after flowering than during
the first season, although the storage was higher at flowering stage. This is attributed to
higher evaporation measurements in 1992/1993 than in 1993/1994. Different crop rotation
treatments had almost no effect on soil moisture storage at harvest under wheat in both
seasons.

Evaporation from the bare fallow soils during 27 and 30 days after harvest was »
1.5-4 folds higher than from the soils under chickpea or wheat in both seasons, and the
differences became negligible with time. The rates of evaporation from the different
treatments generally remain in similar proportions to those measured during 27 and 30 days
after harvest in both seasons which implies that soil moisture storage differences become
rather small at the beginning of the next planting season. Figure 9 also shows that
evaporation of soil moisture occurred extensively down to 100 cm depth, and the top 30 cm
of soil was depleted most in both seasons. Therefore any extra water conservation would
remain in the soil below 100 cm fallow treatment. Thus the succeeding crop could not benefit
from any extra water conserved under the fallow treatment until plant roots reach the soil
depth where extra water is available. However, by the time plant roots could develop fully,
rain may come and the soil is recharged. Therefore, expected benefits of fallow treatment
regarding water conservation is not always achievable and vary from year to years.

3.3. General discussion

The total dry matter production of wheat following chickpea or lentil at both sites and
in all seasons was significantly higher than continuous wheat and has the tendency to be
higher than that after fallow, though the differences were only significant during one season
(1992/1993) at Jillin (Tables II and III). Wheat grain yields following legumes were similar
to that of total dry matter except at Muselmieh where there was almost no difference between
rotations. Wheat production (grain and total) following fallow was not significantly different
from continuous wheat. Discussions of sections 3.1.5 and 3.2.5 regarding beneficial effects
of rotations on wheat production could not be attributed to the extra soil water conservation.
Two reasons could be offered: (1) differences in soil water conservation became negligible
at the beginning of the next cropping season (Figs. 7 and 8), and (2) any soil moisture
conserved in the soil was below 100 cm soil depth which was beyond the reaching of plant
roots during the early stages of growth. Nutrient accumulation in the soil profile during
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fallow or respective residues of chickpea, or of lentil could be a benefit to the succeeding
wheat. During fallow soil inorganic N was kept cycling in the soil and losses could have only
occurred through volatilization under such conditions. Experimental plots under treatments
where leguminous crops preceding wheat were enriched with extra N which was gained
through atmospheric nitrogen fixation because during the harvest of legumes, plant roots, full
of nodules with fixed N, were generally left in soil. Thus the higher production of wheat
after fallow or after the legumes than continuous wheat could be attributed to enrichment of
the soil with mineral N, which is either gained through N fixation, when the preceding crop
is a legume, or through mineralization of soil organic matter, in the case of fallow.

Wheat responses to N fertilization varied depending on site and seasons and there
were almost no differences between N: and N2treatments (Tables I and III). Also the effect
of N fertilization on lentil and chickpea production was negligible. This could be attributed
to the high inorganic N in soils at both sites, and to the relation between crop demand and
N supply. Thus, when the crop demand for N is higher than the supply of N in the soil, the
crop would respond to N application, as was the case with wheat at Jillin. However, when
the N supply from the soil is sufficient to meet the crop demand, the crop may not respond
to N application, as was the case with chickpea at Jillin and with lentil and wheat at
Muselmieh (Tables I and III).

The amount of inorganic N within the top 60 cm soil at the beginning of the
1992/1993 season was 148 kg N ha'1 (24-25 mg N cnr3 soil) and 160 kg N ha'1 (26-27 mg
N cm"3 soil) at Muselmieh and at Jillin, respectively. Inorganic N available in soils during
the growing season calculated as units of ammonium sulfate (A value) and based on soil and
fertilizer N in the wheat crop from the different rotations was in the range of 378 to 412 kg
N ha'1 at Muselmieh. Its value varied as 404 to 434 kg N ha"1 during the first season, and
141-294 kg N ha"1 during the second season in Jillin. These values of soil inorganic N were
high enough to compensate the effect of fertilizer N.
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3.4. Rotation revenues
The benefits of rotations are usually based on the revenues of all crops in a complete

cycle of the rotations (2 seasons) and a standard equivalent unit is used to enable comparison
between the revenues of the different crops in the different rotations. Therefore, the starch
equivalent (STE) values for ruminants have been used for straw and grain of the different
crops [8], and the revenues of the crop rotations are then calculated as the sum of the STE
values for the component crops in each rotation during the 2 years cycle.

The wheat dry matter yields varied with sites and seasons. They have therefore been
averaged for each rotation over seasons and are respectively 11,922, 9,927, and 8,840 kg
ha"1 in Jillin, and 9,667, 9,439, and 8,776 kg ha"1 in Muselmieh for wheat following
chickpea, lentil, fallow, and wheat. The total dry matter yields for chickpea and lentil have
also been averaged for N rates and they were 5,859 and 3,650 kg ha"1 respectively. The
revenues of rotations were respectively 738, 733, and 409 (STE x 104) for chickpea-wheat,
wheat-wheat, and fallow-wheat at Jillin, and 467, 635, and 324 for lentil-wheat, wheat-
wheat, and fallow-wheat in Muselmieh (using only one-season data). The wheat-wheat and
wheat-chickpea or lentil are the best options to practice and the fallow-wheat rotation seems
to be a loss under these conditions. However on the long run, the soil N may be depleted
under continuous wheat and the legume-wheat rotation may become the best option.
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Abstract

NITROGEN AND WATER CONTRIBUTION OF LENTIL, CHICKPEA, WHEAT, AND FALLOW TO
THE SUBSEQUENT WHEAT CROP IN JORDAN.

Beneficial effects of fallow have been attributed to soil water conservation and to the increase of
available nitrogen by mineralization. Benefits of fallow in the Middle Eastern Countries, regarding water
conservation, is very low and almost all the water conserved in the root zone is lost through evaporation during
summer. Studying nitrogen and water contribution of lentil, chickpea, wheat, and fallow to the subsequent wheat
crop has not been previously measured in Jordan using 15N-labelled fertilizer and soil moisture neutron gauge.
It was shown under 6 experimental treatments and 2 cropping seasons that (i) there were no significant
differences between the treatments with respect to total evapotranspiration, (ii) soil water depletion from the
whole soil profile was highest for wheat fertilized with 50 kg N ha'1 (WWF2), whereas the lowest soil depletion
was for chickpea fertilized with 20 kg N ha'1 (CWF1), (iii) the results show that the different treatments had
no significant effect on %Ndff. This insignificant effect shows that the residual effect of the legumes is not
effective, and the subsequent wheat did not benefit from it. This could be attributed to the following reasons:
a) drought condition usually prevails in the region during flowering stage of lentil when most of the biological
nitrogen fixation (BNF) takes place. Due to these adverse conditions it is anticipated that little BNF would take
place; b) since the surface soil layers are most effected by drought conditions and since the nodules are
concentrated on the upper part of the root zone it is expected that BNF would be minimal. To overcome this
problem it is advised to examine new lentil varieties which can flower during early winter seasons.

1. INTRODUCTION

The value of including legumes in crop rotations is attributed to the amount of
nitrogen residue for the subsequent crop resulting from biological nitrogen fixation. This
beneficial effect after legumes is only possible if the amount of fixed nitrogen left in the soil
is more than the amount of harvested N by legumes. Accordingly, cereals grown after
legumes might benefit from this residual nitrogen. Cereals might also benefit from the
residual fertilization of the preceding crop or from N mineralization of the soil organic
nitrogen which might be increased during the fallow period.

The extent of the residual nitrogen after legumes is affected by the amount of plant
residues left in the soil. The residual nitrogen, therefore, is affected by the method of
harvesting. In Jordan the conventional harvesting method of legumes is hand pulling of the
whole plant (root and shoot). This practice decreases the amount of plant residues left in the
soil, therefore the beneficial effect of the legumes to the subsequent crop could not be
recognized. Farmers in Jordan recognize that wheat yield after lentil is usually low. One
reason for this might be that lentil depletes soil nitrogen instead of enriching soil nitrogen
through BNF.

Beneficial effects of fallow have been attributed to soil water conservation and to the
increase of available nitrogen by mineralization. Benefits of fallow in the region regarding
water conservation is very low and almost all the water conserved in the root zone is lost
through evaporation during summer. The increase in N availability during the fallow period
has not been previously measured in the Middle Eastern Countries.
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Studying nitrogen and water contribution of lentil, chickpea, wheat, and fallow to the
subsequent wheat crop has not been previously measured in Jordan. This study aimed at
achieving the following objectives:

a) to assess the contribution of residual N from lentil and chickpea to the
subsequent wheat crop;

b) to assess the contribution of residual N from fertilizer-N applied to wheat to
the subsequent wheat;

c) to assess the contribution of fallow, lentil, chickpea and wheat on water
conservation;

d) to study the effect of harvesting method of lentil on residual N which may
benefit subsequent wheat crop.

2. MATERIALS AND METHODS

2.1. Experimental site
Two field experiments (1993 and 1994) were conducted at the Agricultural Research

Station at Moshqar, 25 km Southwest of Amman, Jordan. The soil (very fine smectic,
thermic Typic Chromoxerert) has a relatively high pH, and more than 10% calcium
carbonate. The climate is mediterranean with cold wet winter and dry summer.

2.2. Treatments
In the 1993 experiment, six treatments were applied. These treatments were:

(1) wheat fertilized with 20 kg N ha'1 (WWF1),
(2) wheat fertilized with 50 kg N ha'1 (WWF2),
(3) lentil fertilized with 20 kg N ha"1 and mechanically harvested (L2WF1),
(4) lentil fertilized with 20 kg N ha"1 and manually harvested (L1WF1),
(5) chickpea fertilized with 20 kg N ha"1 (CWF1),
(6) fallow with no N-fertilization (FWF1).

In the 1994 experiment, wheat was planted on the whole experimental area and was
fertilized with 20 kg N ha"1. The area of each plot was 10 m x 5.8 m. Thirty rows, 20 cm
apart, were planted in each plot. Three meters were left between the plots as a border. The
total area of the experiment was 62 m x 49.8 m. The treatments were arranged in a
randomized complete block design.

2.3. Fertilization
Ammonium sulfate was used as a source of N-fertilizer in both years. The N-fertilizer

was broadcasted after emergence. Triple superphosphate at a rate of 50 kg P2O5 ha"1 was
broadcasted with the nitrogen fertilizer on the whole experimental area except the
fallow plots. To an area of 1 m2 of L1WF1, L2WF1 and CWF1 plots, 15N-labelled
ammonium sulfate (10% 15N a.e.) at a rate of 20 kg N ha"1 and labelled ammonium sulfate
(4% 15N a.e.) at a rate of 20, 50, and 50 kg N ha"1 were added to 1 m2 of WWF1, WWF2
and barley respectively in 1993. To an area of 1 m2 of all plots planted to wheat in 1994,15N
labelled ammonium sulfate (5% 15N a.e.) at a rate of 20 kg N ha"1 was added. The rest of
the plots were fertilized with unlabelled ammonium sulfate at the same rate.

2.4. Planting
In the 1993 experiment, the whole experimental area was planted on January 23,

1993. Seeding rate for all crops (1993 and 1994) was 120 kg ha"1 except for chickpea which
was 100 kg ha"1. The crops were harvested on June 20, 1993. In the 1994 experiment, wheat
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was planted on December 8, 1993, and was harvested on May 31, 1994. Weed control for
both experiment was carried out manually when needed. The varieties of crops were, lentil
UJ1, chickpea J2, wheat F8, and barley Acsad 176.

2.5. Yield

Grain and straw yields were collected, in both experiments, from two randomized
areas (1 m2) on each plot. A sample from each 15N treated plot was harvested at physiological
maturity stage. The samples were dried at 68 °C then ground and representative samples
were sent to the IAEA Seibersdorf Laboratory in Austria. The ratio of 15N:14N was
determined by mass spectroscopy. The %Ndff, %Ndfa, %Ndfs, and %Ndfu were calculated
using the A-value approach.

2.6. Moisture monitoring
On each plot in the two experiments an access tube to a depth of 150 and 135 cm for

1993, and 1994 respectively was installed. Soil moisture content was monitored at 9 to 10
depths of 15 cm increments during the growing seasons using a neutron moisture gauge.
Readings with the neutron gauge were taken on a weekly basis and one day after each rainfall
event. Crop water consumption (or evapotranspiration, ET) was calculated using the water
balance approach.

3. RESULTS AND DISCUSSION

3.1. Soil analysis
A composite soil surface sample from the experimental site was collected. Selected

physical and chemical properties are presented in Table I.

TABLE I. CHEMICAL AND PHYSICAL PROPERTIES OF MOSHAGAR SOIL

Soil pH OM:Carbona te P K Sand Silt Clay

8.1 1.2 12.5 5 375 4 42 54

3.2. Rainfall and temperature distribution
Average winter rainfall of the region is 300 mm y1. Mean monthly temperature

(MMT) during 1993 was less than the average values, whereas during 1994, MMT was
higher than the average, which had affected wheat yield greatly. Rainfall in both growing
seasons started in December, through March with the same scattered showers during April
(1994) and May (1993). The total amount of rainfall was 289 mm and 282 mm during 1993
and 1994 respectively. In both growing seasons, about 85% of the total winter rainfall came
before March which might have caused water stress. During mid-April in both growing
seasons, adverse weather conditions prevailed for few days and were characterized with high
temperature and strong wind causing relatively high class-A pan evaporation (15 mm d"1).

3.3. First experiment during 1993

3.3.1. Soil-Water Balance
Total ET was 205, 222, 219, 205, 180, and 204 mm during the experimental period

for L1WF1, WWF2, L2WF1, FWF1, WWF1, and CWF1, respectively. The results indicate
that there were no significant differences between the treatments with respect to total ET.
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Fig. 1. Soil moisture profiles at harvesting for different treatments in 1993.
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TABLE II. TOTAL DRY MATTER, GRAIN AND STRAW YIELD OF LENTIL,
CHICKPEA AND WHEAT (KG HA'1) IN 1993

Treatments
L1WF1
L2WF1
CWF1
WWF1
WWF2

Total Dry Matter
1637+736
1520+571
858 + 125

25 82 ±395
4123+389

Grain
670+392
630+321
459+68
900±171
1362+146

Straw
967+422
889±378
399±57

1681 ±226
2761 ±301

The insignificant effect of fallow on water conservation might be due to the high rate of
evaporation from the soil which had wide crack characteristics of vertisol soils.

Soil water storage for the different treatments at planting date in 1.5 m of soil depth
was 561, 570, 556, 543, 590, and 513 mm for L1WF1, WWF2, L2WF1, FWF1, WWF1,
and CWF1 respectively, showing no significant difference among the treatments.

Soil water storage depth at harvest for the different treatments was almost similar (410
mm). This indicates that all treatments, including the fallow, had almost similar a final soil
water content except for the WWF2 treatment. Soil water depletion from the whole soil
profile (1.5 m) was the highest for WWF2 (190 mm). This is due to the effect of N
fertilization on wheat yield as indicated by the relatively high grain and straw yields (Table
II), followed by WWF1 (173 mm). The lowest soil water depletion was for the CWF1
treatment (99 mm); whereas water depletion for the fallow was about 130 mm which was
almost similar to the two lentil treatments. Figure 1 indicates that soil water depletion depth
extended to about 30 cm and the rainfall has moistened the soil to 45 cm soil depth except
in WWF2 treatment where the soil moisture content was the lowest for all depths. This is
probably due to the relatively shallow root system in the legumes compared to wheat.

3.3.2. Crop yield
Average means of, grain and straw yield of lentil, chickpea, and wheat are shown in

Table II. The relatively low yield of the legumes and wheat is due to the adverse climatic
conditions during the bud filling stage. Table II shows almost similar lentil yields in the
L1WF1 and L2WF1 treatments. Higher wheat yield was obtained in WWF2 as compared to
WWF1 due to the higher N fertilization rate.

3.4. Second experiment during 1994.

3.4.1. Soil-water balance
Total wheat ET was 203, 219, 207, 211, 216 , and 213 mm for L1WF1, WWF2,

L2WF1, FWF1, WWF1, and CWF1, respectively. Results indicated that there were no
significant differences between wheat ET regardless of the previous treatment in the 1993
experiment. Crop ET, in general, under rainfed conditions is greatly dependent on the total
amount of rainfall during the growing season. This is shown in the results of both years since
rainfall is the only source of water to the crops.

Soil water depth for the different treatments before planting in 1.35 m of soil depth
was 307, 294, 308, 317, 305, 312 mm for LIWFI, WWF2, L2WF1, FWF1, WWF1, and
CWF1 respectively. Soil water depth at harvest for the different treatments was almost
similar (« 270 mm). This is because ET of wheat was nearly the same for all treatments
which caused a similar depletion of soil water.
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Figures 2 and 3 show the soil water profiles before planting and at harvest for all
treatments, respectively. Figure 3 indicates that the initial soil moisture was almost constant
in the upper 45 cm soil depth for all treatments. At deeper zones, soil moisture started to
increase until it reached a maximum at about 1 m depth. The soil moisture profile at harvest
(Fig. 3) indicates a higher soil moisture in the upper 45 cm depth compared to the soil
moisture before planting. At depths more than 45 cm, the soil moisture at harvest started
to decrease until it reached a minimum value (14%) at 75 cm and then started to increase.
At soil depth below 45 cm, the soil water content at harvest was lower than the soil water
before planting. This indicates occurrence of soil water from deeper zones of the soil
profile. The soil water content below 120 cm remained unchanged.

3.4.2. Wheat yield
Table III shows the effect of the different treatments on straw and grain yield of the

subsequent wheat crop in the 1994 experiment. Results indicate that there was no significant
difference between the different treatments on the subsequent wheat grain yield. These results
show that the mechanical harvesting of lentil the hindered beneficial effects of including
leguminous crops in rotations. The results also indicate that the fallow had no significant
effect on wheat grain yield since fallow did not effect the soil water status. Finally, wheat
after wheat did not decrease the grain yield as expected. It seems that the different treatments
within one rotational cycle had no effect on neither N nor the soil water status. Table III
shows that the treatments had a significant effect on the straw yield at 0.05 probability level.

TABLE III. AVERAGE STRAW AND GRAIN YIELDS OF WHEAT (KG.HA'1) IN 1994

____ Treatment Straw ___ _______ Grain ______
L1WF1 1976 514
L2WF1 2245 550
CWF1 2135 570

WWF1 2524 697
WWF2 1602 448
CWF1 1973 492
LSD0.05

TABLE IV. AVERAGE VALUES OF A-VALUE AND N-DERIVED FROM
FERTILIZER (% Ndff) FOR THE DIFFERENT TREATMENTS IN 1994.

Treatment
L1WF1
WWF2
L2WF1

FWF1
WWF1
CWF1

A-Value
302.9
430.7
372.8
586.3
467.5
336.7

% Ndff
9.24
5.08
6.49
3.62
4.25
6.15

LoJJn A« .... JN.O.
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3.4.3. N-balance and the residual effect
Table IV shows the average of A-value and nitrogen derived from fertilizer for the

different treatments on the subsequent wheat crop. The results show that the different
treatments had no significant effect on the %Ndff. This insignificant effect shows that the
residual effect of the legumes is not effective, and that the subsequent wheat did not benefit
from it. Also the results show that the residual effect of the nitrogen fertilization was not
effective. It might be that the high pH of the soil and the high temperature caused a very
high rate of N volatilization. The %Ndfu, if L1WF1 was considered as a base for
comparison, was always negative. This means that lentil had depleted the soil N and did not
contribute positively to the N status. If L2WF1 is taken as a base, the %Ndfu will only be
positive if it is compared to L1WF1 (29.8%) which means that mechanical harvesting is
better than conventional harvesting with regard to residual N. If CWF1 is taken as a base,
the %Ndfu will be even better than L1WF1 (33.5%). This means that the residual effect of
chickpea is better than the residual effect of lentil. The results obtained indicate that lentil
depletes the soil N. This could be attributed to the following reasons:
a) drought condition usually prevails in the region during flowering stage of lentil when

most of the BNF takes place. Due to these adverse conditions it is anticipated that
little BNF would take place;

b) since the surface soil layers are most effected by drought conditions and since the
nodules are concentrated on the upper part of the root zone it is expected that BNF
would be minimal. To overcome this problem it is advised to examine new lentil
varieties which can flower during early winter seasons.
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Abstract

EFFECTS OF LEGUMES, FALLOW, AND WHEAT ON SUBSEQUENT WHEAT PRODUCTION IN
CENTRAL ANATOLIA.

Nitrogen (N) and water are the main limiting factors for good wheat production in the Central Anatolia
Region of Turkey. A traditional wheat-fallow cropping system is used by the majority of the farmers in the
region. Inserting legumes in the rotation would, however, improve the soil fertility primarily through symbiotic
N2-fixation. The main objectives of the present study were: a) to determine the N2-fixation capacity of lentil,
vetch, chickpea and fodderpea in a legume-wheat rotation by using the A-value method of the 15N technique,
b) to assess the amount of carry-over of N to wheat from the previous legume, c) to assess the water
contribution of fallow, wheat and legumes to the following wheat under rainfed conditions by using I5N and
neutron probe techniques. In order to achieve these goals field experiments were conducted in two years (1992
and 1993) at three different locations, Ankara, Eskisehir and Konya. In 1992, for each experimental layout there
were 7 treatments at each site consisting of 4 legume plots, 2 wheat plots and 1 fallow plot. Only the legume
plots received labelled (!5NH4)2SO4 fertilizer for their isotope sub-plots. In 1993, winter wheat (Gerek-79) was
sown to all plots and the 15N labelled fertilizer was applied on the opposite sites of the 1992 experimental plots.

Percent Ndff values among legumes did not differ significantly neither within or between locations. Legumes
varied significantly (P < 0.05) in their % Ndfa which ranged from 59-84, 30-87 and 36-85 for chickpea, lentil
and vetch, respectively.

The evaluation of the yield and N data obtained in 1993 indicate that the lentil-wheat rotation at Ankara and
Eskisehir conditions and the chickpea-wheat rotation at Konya conditions should be preferred, due to the higher
seed and total yields, higher N yields and higher % NUE values obtained from these rotations in comparison
to the others. In order to estimate the N carry-over from legumes to the succeeding wheat crop, the % N
derived from unknown (% Ndfu) was calculated; the highest values were 40, 19 and 13% for local vetch
(Ankara), summer lentil (Eskisehir) and chickpea (Konya), respectively. However, the highest carry-over from
legumes to the succeeding wheat was 31 kg N/ha from summer lentil at Ankara; 17 kg N/ha from summer lentil
at Eskisehir; and 8 kg N/ha from chickpea at Konya. These results make us to suggest a lentil-wheat rotation
at Ankara and Eskisehir and a chickpea-wheat rotation at Konya. Meanwhile, the evaluation of the soil moisture
balance at both Eskisehir and Ankara indicates that the winter lentil-wheat rotation should be preferred in these
areas, due to more efficient use of water by the wheat crop after this rotation.

1. INTRODUCTION

Nitrogen (N) and water are the main limiting factors for good wheat production in the
Central Anatolia Region of Turkey. A traditional fallow-wheat cropping system is used by
the majority of the farmers in the region. Including legumes in the rotation would, however,
improve the soil fertility primarily through symbiotic N2-fixation. The cultivation of legumes
in rotation with a cereal has added a new advantage to the farming systems in the Central
Anatolia Plateau [2 and 8]. Results of a two-year rotation study showed that wheat yield
reduction after Hungarian vetch, winter lentil and chickpea only limited to 10% or less [8]
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compared to fallow. They concluded that these legumes were the most promising crops in
rotation with wheat. Avcin and Avci [2], however, found that wheat yields following vetch,
chickpea and winter and spring lentil were higher than those following fallow and wheat.
Karaca et al., [8] found that chickpea had a higher water use efficiency (WUE) than the other
legumes in a legume-wheat rotation system. The highest amount of water in 0-120 cm soil
layer was conserved in the fallow-vetch rotation. They also stated that significantly higher
ET was recorded in the wheat crop after fallow compared to continuous wheat crop.
Similarly, Avcin and Avci [2] found that the amount of soil water left in the profile by vetch
and winter lentil were closest to fallow which ranked the highest.

In legume-wheat rotation studies under dryland conditions only conventional methods were
used in which the researchers were not able to determine the amount of N2 fixed by the
legume crop or to assess the residual N contribution of fallow, wheat and legumes to the
subsequent wheat crop due to the unavailability of suitable methodology. However, the
information on N2-fixation of legumes, soil N and fertilizer N uptake by plants is essential
for assessing the optimum N fertilizer rate for the subsequent crop. 15N isotope labelling
techniques involving the application of 15N-enriched fertilizer to the soil can provide
integrated estimates of the proportions and the amount of N2 fixed by legumes fallow [5].
There are three variations in the 15N technique to assess biological nitrogen fixation [7]: (1)
the isotope dilution method, (2) the A-value method and (3) the single treatment method. The
A-value method was used first under irrigated areas to assess soybean N2-fixation in Turkey
[6, 10 and 11] and no work was done on legume N2-fixation under the rainfed conditions of
Central Anatolia using the 15N technique. Nitrogen fixation by legumes in arid and semi-arid
regions, however, has been studied extensively [4, 9, 12 and 14] using the 15N technique in
other countries.

The main objectives of the present study were :
a) to determine the N2-fixation capacities of lentil , vetch, chickpea and fodderpea in a

legume-wheat rotation by using the A-value method of the 15N technique,
b) to assess the N and water contribution of fallow , wheat and legumes to the following

wheat crop under rainfed Central Anatolia conditions through the use of nuclear
techniques, namely 15N and the neutron scattering method for N and water balance
studies in different cropping and rotation systems, respectively.

2. MATERIALS AND METHODS

Field experiments were conducted in two years (1992 and 1993) at three different
locations (Ankara, Eskisehir and Konya) under rainfed Central Anatolian conditions. Soil
samples from each experimental site were analyzed for some physical and chemical
properties before the experiments were set up. Some of the soil properties over a depth of
20 cm and rainfall data (during the growing season and the long term average) at the
experimental sites are summarized in Table I. All soils are heavy textured, slightly alkaline,
low in organic matter and total nitrogen and low in extractable phosphorous which resemble
the general characteristics of the soils in the Central Anatolian Plateau. The lime content in
the experimental area was high at Konya and low at Ankara and Eskisehir. In both years,
total precipitation was less than the long term averages at all experimental sites.

Field experiments were conducted at sites previously under fallow in Central Anatolia,
Turkey, namely Ankara (Nuclear Agricultural Research Institute, ANARI) , Eskisehir
(Transition Zone Agricultural Research Institute, ETZARI) and Konya (International Winter
Cereal Improvement Research Institute, KIWCIRI) with the following treatments in
1992:
a) wheat (Triticum aestivum, L.) fertilized with 20, 60 and 80 kg N ha'1 (W20 and W80

treatments at Ankara and Konya, respectively; W20 and W60 treatments at Eskisehir),
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Table I. Some properties of soils (at 0 - 20 cm depth) and precipitation in 1992 and 1993
at the three experimental sites.

SOIL PROPERTIES

Texture
ph
CaCOs (%)
O.M. (%)
Total N ( %)
Extractable P2O (kg-ha-1)

ANKARA

SiC
8.10

13.10
1.10
0.14

60.00

ESKI§EHIR

SiL
7.60
8.80
0.50
0.09

72.00

KONYA

C
8.20

53.00
1.40
0.11

45.00

PRECIPITATION(mm)
Growing season
- for summer legumes 155
- for wheat and w. 333
legumes

ANKARA ESKISEHIR KONYA

1992 1993 1992 1993

137 - 137
263 303 277 282 250

1992 1993

Annual

Long term average

337 280

350

310 286

345

299 262

316

b) winter and spring lentils (Lens culinaris, L.) only at Ankara and Eskisehir,
c) chickpea (Cicer arietinum, L.) at all sites,
d) vetch (Coronilla varia, L.); two vetch varieties at Konya, namely Hungarian vetch and

local vetch, but local vetch at other two sites,
e) fodder pea (Pisum sativum, L.) only at Konya,
f) fallow at all sites.

In 1992, for each experimental layout there were seven treatments at each site consisting
of four legume plots, two wheat plots and one fallow plot. All plots had the dimensions of
9 m x 2.4 m = 21.6 m2. Only the legume plots received labelled (15NH4)2SO4 fertilizer for
the isotope sub-plots (2 m x 2.4 m = 4.8 m2) which were placed at one end of the plots, but
the yield sub-plots (7 m x 2.4 m = 16.8 m2) received unlabelled ordinary ammonium
sulphate fertilizer. Wheat or barley was recommended as a reference crop in the nitrogen
fixation investigation of legumes [11] in Turkey. Higher rates of N fertilizer were used
(therefore lower 15N enrichment) for cereals in order to obtain a reasonable cereal yield. In
this study, we planted wheat or barley (as reference crop) to half of the legume isotope sub-
plot. The other half of the legume isotope sub-plot was planted to the assigned legume,
depending on the site. The same assigned legumes were planted on the legume yield sub-
plots. Yield data were taken only from the yield sub-plots. The Gerek-79 variety was sown
to the wheat plots and unlabelled ordinary ammonium sulphate fertilizer was applied. No
nitrogen fertilizer was applied on the fallow plots. All experiments were set up as completely
randomized block design with five replications.
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Table II. Sowing and harvest dates of the crops grown and the rates of N fertilizer applied at the
three experimental sites in 1992 and 1993.

DATES
1992 1993(Wheat)

NITROGEN RATE
(kg N/ha)

Sowing
ANKARA
Fallow
W20
W80
Winter lentil1

Summer lentil
Chickpea
Local vetch

ESKI§EHIR
Fallow
W20
W60
Winter lentil1

Summer lentil
Chickpea
Local vetch

KONYA
Fallow
W20
W80
Winter lentil1

Summer lentil
Chickpea
Local vetch

-
17/10/91
17/10/91
17/10/91
10/04/92
10/04/92
10/04/92

-

25/10/91
25/10/91
25/10/91
20/03/92
20/03/92
20/03/92

-

28/10/91
28/10/91
31/03/92
31/03/92
3103/92
31/03/92

Harvest Sowing

20/10/92
20/08/92
20/08/92
03/07/92
03/07/92
03/07/92
03/07/92

13/10/92
09/08/92
09/08/92
05/07/92
05/07/92
05/07/92
05/07/92

17/10/92
12/08/92
12/08/92
13/07/92 "
13/07/92
13/07/92 "
13/07/92

Harvest

23/07/93
II

II

"

II

1*

II

25/07/93
It

II

II

II

II

It

30/07/93
II

II

II

II

II

II

1992

-
20
80
20*
20*
20*
20*

-
20
60
20*
20*
20*
20*

-
20
80
20*
20*
20*
20*

1993

80**
80**

**

80
**

80
80"
80"
80**

60**
60"
60"
60"
60"
60"
60"

80**
80**
80"
80**
so"
80"
80"

2.0 % 1 ̂ N atom excess as ammonium sulphate for the reference crops wheat and barley
10.0 " " " " " " " for legumes at all sites (only to winter lentil at Ankara

3.0 "
5.0 % a.e. was used )

for wheat in 1993 at all locations

In the second year (1993), winter wheat (Gerek-79) was sown to all plots (the same plots
which were established in 1992) at each experimental site (Table I). Labelled 15N ammonium
sulphate fertilizer was applied on the isotope sub-plot (1.5 m x 1.0 m = 1.5 m2) which, this
time, was placed at the opposite sides of the 1992 experimental plots. Unlabelled ordinary
ammonium sulphate fertilizer was applied on the yield sub-plots (7 m x 2.4 m = 16.8 m2).
Sowing dates, nitrogen fertilizer rates and the fertilizer % 15N a.e. , used for all crops in all
experiments are given in Table II. The seeding rates used in all experiments were: 100-150
kg ha"1 for legumes and 180-200 kg ha"1 for wheat.

Legumes in both isotope and yield sub-plots, in 1992, were harvested 5 cm above the soil
surface by hand at physiological maturity stage, omitting plants at 50 cm from the border.
Also, reference crops were harvested on the same day. The percent 15N a. e. and yield
determinations were done from the isotope and yield sub-plots, respectively. The wheat plots
were harvested with a plot harvester (Hege). In 1993, the wheat isotope sub-plots were
harvested by hand and yield sub-plots were harvested with the same harvester mentioned
above at maturity.

In both years harvested plants were separated into grain and straw and they were dried
at 70 °C and ground. Total N was determined with micro-kjeldhal. 15N was determined by
the dry combustion technique with a Jasco-N 150 emission spectrometer [3].
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The soil moisture was measured over a depth of 90 cm in the Ankara and Eskisehir
experiments. For the 0-30 cm depth, gravimetric soil samples were taken. For the 30-60 and
60-90 cm depths, however, a neutron probe was used. In 1992, legume dry matter yields (kg
ha"1), percent of N derived from fertilizer (% Ndff), N fertilizer yield, percent N derived
from atmosphere (% Ndfa), nitrogen use efficiency (NUE) and the amount of fixed nitrogen
(kg N ha'1) were estimated using well known calculation procedures.

Table III. Total dry matter yields, N yields, % 15N a.e., % Ndff, % Ndfa and fixed N at three locations {1992 ).

ANKARA
Fallow
W20
W80
Winter lentil

Wheat(reference crop)
Summer lentil

Barley(reference crop)
Chickpea

Barley(reference crop)
Local vetch

Bariey(reference crop)
LSD (0.05)

C.V.(%)
ESKISEHIR

Fallow
W20
W60
Winter lentil

Wheat(reference crop)
Summer lentil

Barley(reference crop)
Chickpea

Barley(reference crop)
Local vetch

Barley(reference crop)
LSD (0.05)

C.V.(%)
KONYA

Fallow
W20
W80
Hungarian vetch

Barley(reference crop)
Local vetch

Barley(reference crop)
Chickpea

Barley(reference crop)
Fodder pea

Barley( reference crop)
LSD (0.05)

C.V.(%)

Total
DM. Yield

(kg/ha) j

7580
8430
3015

-
2138

-
2751

-
2039

-
524
12.8

-
8315
8108
3810

-
3250

-
4230

-
3296

-
377
10.5

-

7716
7845
2650

-
1946

-
2520

-
1891

-
210
14.7

Total
N Yield

[kg N/ha)

72.3
84.1
65.1

-
49.4

-
68.8

-
55.1

-
8.6

14.6

-
70.7
67.0
82.5

-
69.9

-
91.2

-
74.5

-
4.0

10.7

-

65.5
73.4
53.5

-
48.7

-
78.1

-
49.4

-
8.5

14.3

15Na.e.
plant % Ndff % Ndfa {]

-

-
0.184
0.391
0.105
0.144
0.103
0.219
0.147
0.234
0.042

8.0

-
-
-

0.099
0.395
0.103
0.381
0.100
0.330
0.103
0.349

n.s.
8.7

-
-
-

0.116
0.176
0.054
0.214
0.080
0.190
0.065
0.109
0.035

9.3

-

-
3.7

19.6
1.1
7.2
1.0

11.0
1.5

11.7
0.4
6.5

-
-
-

1.0
19.8
1.0

19.1
1.0

16.5
1.0

17.0
n.s.
7.1

-
-
-

1.2
8.8
0.5

12.0
0.8
9.5
0.7
5.5
0.6
8.8

-

-
35.6

-
30.1

-
59.0

-
40.8

-
15.8
12.3

-
-
-

86.7
-

86.2
-

83.6
-

84.3
-

1.8
10.3

-
-
-

35.6
-

84.8
-

68.4
-

52.6
-

17.2
16.4

Fixed N
kg N/ha)

-

-
22.9

-
14.8

-
40.6

-
22.5

-
8.7

10.4

-
-
-

71.5
-

60.3
-

76.2
-

62.8
-

10.6
11.3

_
-
-

19.0
-

41.3
-

53.4
-

26.0
-

11.6
12.5

n.s. (non significant)
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3. RESULTS AND DISCUSSION

3.1 Yield and Nitrogen
A higher total dry matter yield was obtained in Eskisehir compared to the other locations

for both wheat and legumes (Table III). As expected, the total dry matter yield and N yield
for wheat was higher than for legumes. Although, there were no statistically significant
differences in total dry matter yields of wheat by increasing the N fertilizer rate from 20 to
80 kg N ha"1, more total dry matter yields were obtained at the higher N rate (W80) than at
the lower N rate (W20), only at Ankara and Konya experiments.

Winter lentil and chickpea at Ankara and Eskisehir and Hungarian vetch and chickpea
at Konya produced a significantly (P < 0.05) higher total dry matter yield than the other
legumes. However, among legumes the highest N yield was obtained from chickpea at all
locations. The percent Ndff values among legumes did not differ significantly neither within
or between locations. The only exception to this was the % Ndff value for winter lentil at
Ankara, which was significantly higher than of the other locations. Legumes varied
significantly (P < 0.05) as regard to the % Ndfa values at each location and highest values
of % Ndfa were obtained at Eskisehir. In general, the % Ndfa varied from 59-84, 30-87 and
36-85 for chickpea, lentil and vetch, respectively, which were similar to the results reported
by Keatinge et al. [9] for Syrian rainfed conditions. They reported that 50-80 % of the
legume N requirement was met by N2 -fixation. The amounts of fixed N were also higher
at Eskisehir than of other locations. At all locations, chickpea had the highest fixed N values
(41, 76 and 53 kg N ha"1 at Ankara, Eskisehir and Konya, respectively). Similar results were
reported by others [4, 12 and 14] for chickpea, lentil and pea under rainfed conditions.
Recently, Aktas and Akyn [1] reported that the % Ndfa and fixed N values were 81 % and
85 kg N ha"1 for winter lentil and 78% and 62 kg N ha"1 for spring lentil, respectively. They
are especially higher in fixed N than what we obtained in this study. The reason for higher
fixed N values they obtained was due to the much higher lentil total dry matter yield
compared to ours.

Second year results including seed and straw yields, N yields, % Ndff, N fertilizer yields
and % NUE data for wheat are given in Table IV. At all locations, wheat yields were
significantly (P < 0.05) affected by the previous year treatment. There were considerable
reductions in wheat yield when the previous crop was wheat (at both W20 and W80 or W60
treatments) at all locations, which may be due to the effect of pathogens in continuous wheat
cropping. The total wheat yield after winter and summer lentil at Ankara and after local
vetch and chickpea at Konya, was significantly (P < 0.05) higher than of all other
treatments, which may possibly be due to the N contribution of legumes to the subsequent
wheat at these two locations. At Eskisehir, the total wheat yield was higher after fallow
which may indicate that the precipitation was limiting rather than the soil N. However, if low
precipitation was the only cause we would expect low wheat yields after legumes too, but we
had higher yields after legumes in comparison to the wheat-wheat treatments.

Total N yields (86 and 62 kg N ha"1, respectively ) were highest after winter lentil and
chickpea at Ankara and Konya, respectively. Meanwhile, the highest total N yield (94 kg
N ha"1) at Eskisehir was obtained after winter lentil, but not after fallow. There were no
significant differences in % N values of wheat grown after different crops and fallow at each
location. Therefore, the differences obtained in N yields were due to differences obtained in
yields.

There were significant (P < 0.05) differences in % Ndff values of wheat grown after
various previous crops at each location. Higher % Ndff values for wheat were obtained at
Konya than Ankara and Eskisehir. The highest % Ndff values obtained for wheat were nearly
28 (after W20), 19 (after vetch) and 26 (after W80) at Konya, Eskisehir and Ankara,
respectively. In general, the range of N fertilizer yield values obtained were 11-17 kg N ha"1
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Table IV Seed and straw yields, N yields, % Ndff, N fertilizer yield and NUE for wheat in 1993

YIELD (kg/ha)

Previous Crop
ANKARA

Fallow
W20
W80
Winter lentil
Summer lentil
Chickpea
Local vetch

LSD (0 05)
C V ( % )

ESKI§EHIR
Fallow
W20
W80
Winter lentil
Summer lentil
Chickpea
Local vetch

LSD (0 05)
C V ( % )

KONYA
Fallow
W20
W80
Hungarian vetch
Local vetch
Chickpea
Fodder pea

LSD (0 05)
C V ( % )

Seed

3353
2880
2965
3820
3650
2904
3525
734
172

2701
1843
1924
2456
2339
2232
2327
396
92

1816
1866
1844
1898
2030
2057
1825
160

127

Straw

5030
4320
4488
5730
5475
4356
5288
830
184

5484
3742
3906
4986
4749
4532
4725
404
92

3228
3317
3278
3374
3609
3657
3234
208
135

N YIELD (kg

Seed

53
43
45
64
62
48
56

6
129

63
42
47
61
59
54
56
4

92

39
41
42
43
45
47
40
4

75

Straw

19
15
18
29
22
18
19
2

133

27
22
25
32
30
28
18
7

101

14
14
17
16
16
15
14
1

60

N/ha)

Total

72
58
63
86
84
67
75
8

131

90
64
72
94
89
82
74
11

97

53
55
59
59
61
62
54

5
67

weighted
% Ndff

155
198
261
180
165
186
159
29

143

175
170
163
140
132
145
191
32

11 6

241
277
264
273
241
233
242

1 3
92

N Fertilizer
Yieldfkg N/ha)

11 0
11 5
164
155
139
125
11 9
1 3

155

158
109
11 8
132
118
120
141
1 7
88

128
153
155
160
147
145
131

1 1
104

%NUE

138
143
205
194
174
156
150
25

181

263
186
196
21 9
196
200
235
34
99

160
191
194
200
184
181
166
23
87

All values are average of 5 replications
W20 (wheat fertilized with 20 kg N/ha rate)
W60 (wheat fertilized with 60 kg N/ha rate)
W80 (wheat fertilized with 80 kg N/ha rate)

and the range of NUE values obtained were 14-26 % at all locations. Percent NUE values
obtained for wheat in this study were low. The main reason for the low % NUE values may
be due to the application of all N after emergence. If the N fertilizer was split applied (half
at emergence and the other half at spring) the % NUE values would be higher. In general,
% NUE values obtained in Ankara were lower than of the other two locations, which may
indicate that wheat yields were influenced by precipitation beside N, because we had
improved wheat yields after both fallow and legumes.

By evaluating the yield and N data obtained in 1993 we can conclude that the lentil
(winter or summer)-wheat rotation at Ankara and Eskibehir conditions and chickpea-wheat
rotation at Konya conditions should be preferred, due to the higher seed and total yields,
higher N yields and higher % NUE values obtained from these rotations in comparison to
the others. In order to estimate the carry-over of nitrogen from legumes to the succeeding
wheat crop, % nitrogen derived from unknown (% Ndfu) was also calculated according to
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Tabl& V. Percent ^N a.e., % Ndfu and the amount of nitrogen derived from
unkown (kgN/ha) for the wheat crop in 1993 succeeding different
legumes at three locations.

Previous Crop %15Na.e %Ndfu Ndfu
(kg N/ha)

ANKARA
Fallow 0.465
W20 0.594
W80 0.783
Winter lentil 0.540 32 28
Summer lentil 0.495 37 31
Chickpea 0.588 25 17
Local vetch 0.477 40 30

ESKISEHIR
Fallow 0.520
W20 0.510
W80 0.480
Winter lentil 0.420 13 12
Summer lentil 0.390 19 17
Chickpea 0.430 11 9
Local vetch 0.570 -18 -13

KONYA
Fallow 0.720
W20 0.830
W80 0.790
Hungarian vetch 0.810 -2 -1
Local vetch 0.720 9 6
Chickpea 0.690 13 8
Fodder pea 0.720 9 5

the equation given by Senaratne and Hardarson [13]. In determining the % Ndfu, the wheat
fertilized with 80 kg N ha'1 (W80) was used as reference (Table V). The highest % Ndfu
values obtained were 40, 19 and 13 for local vetch (Ankara), summer lentil (Eskibehir) and
chickpea (Konya), respectively. However, the highest amount of nitrogen derived from the
unknown, in other words, the highest amount of carry-over from the legumes to the
succeeding wheat were 31 kg N ha'1 from summer lentil at Ankara; 17 .kg N ha"1 from
summer lentil at Eskibehir; and 8 kg N ha"1 from chickpea at Konya. The results obtained
from the % Ndfu data, suggest a lentil-wheat rotation in Ankara and Eskibehir and a
chickpea-wheat rotation in Konya.

3. 2. Soil moisture content, ET, and WUE
We found a higher amount of moisture in the soil profile under fallow than under the

other treatments during both harvest and sowing time (Fig. 1). Among legumes more soil
moisture was left in the profile following chickpea in Eskibehir. In Ankara, however, more
soil moisture was left within the soil profile under the treatment where the highest N
fertilizer was applied during the preceding year. Among treatments having legumes as
preceding crop in Eskisehir, the highest wheat total yield was obtained following winter
lentil. The highest WUE value was also observed for wheat following winter lentil in
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Figure 1. Soil moisture contents (mm) at seeding and harvest inEskigehirand Ankara 1992.

Eskisehir. Similarly, Karaca et al. [9] stated that under dryland conditions in Central
Anatolia, like Eskisehir, legumes use soil moisture more efficiently than other crops.
Contrary to this however, Avcin and Avci [2] obtained the highest WUE earlier for wheat
under the dryland conditions in Central Anatolia.

Soil moisture data obtained from both sides, Eskisehir and Ankara, show that the winter
lentil-wheat rotation is by far the best option regarding efficient use of soil water conserved
during the preceding winter and rainy season.
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NITROGEN AND WATER BALANCES UNDER
VETCH-BARLEY, FALLOW-BARLEY AND
CONTINUOUS BARLEY CROPPING SYSTEMS IN CYPRUS
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Abstract

NITROGEN AND WATER BALANCES UNDER VETCH-BARLEY,FALLOW-BARLEY AND
CONTINUOUS BARLEY CROPPING SYSTEMS IN CYPRUS.

Due to limited water and nitrogen (N) resources in the rainfed areas of Cyprus, it is important to apply a
sustainable cropping system which is environmentally non-degrading, technically appropriate and economically
viable. The system should maintain or increase productivity, with maintenance and efficient use of natural
resources.

Four rainfed agricultural systems i.e. Vetch (Vicia sativd) for hay-barley for grain (Hordeum vulgare),
fallow-barley for grain, barley for hay-barley for grain and continuous barley for grain were evaluated with
regard to their N and water balance. The I5N methodology and neutron probe were used for evaluation of the
N and water status, respectively. Water studies were done at the Laxia area and N studies at the Dromolaxia
area.

The N balance outcome showed that vetch fixed 80 % of its nitrogen. Using barley of the continuous barley
system as reference crop the residual N value of vetch, fallow and barley-hay to the percentage of the N in the
subsequent barley crop was 36, 25 and 9%, respectively.

The water balance outcome showed that significant moisture was conserved by fallowing only in the first
year of the study when rainfall was 226 mm, while very limited moisture was conserved in the second season
when rainfall was 202 mm. A significant amount of moisture was lost during summer especially in the top 30
to 40 cm soil zone.

At both sites the highest productivity of barley was obtained in the vetch-barley system except at Laxia in
the dry year when the moisture conserved by fallowing boosted the productivity of barley in this system.
However, rainfall use efficiency of the fallow-barley system was the lowest among the cropping systems studied.
It was concluded that vetch-barley is the most sustainable system under rainfed conditions in Cyprus.

1. INTRODUCTION

Under the rainfed conditions in Cyprus the three common cropping systems which used
to be practised are: fallow-cereal, legume-cereal and cereals grown continuously. The last
20 years, fallowing is not practised and legumes are grown in less than 10% of the cultivated
rainfed land. Due to the high subsidies to cereals the dominant system grown continuously
is barley. Knowing the agronomic disadvantages of monoculture [1], the alternative rotation
systems were studied in the past [2,3,4] and new studies were initiated in 1980. In all
studies, it was demonstrated that barley grown after fallow and after vetch produces more
grain than when grown in monoculture [2,3,4,5]. A better understanding of the two critical
factors, i.e. water and nitrogen (N), involved in the production under the semi-arid
Mediterranean conditions will provide the data for a more comprehensive agronomic
evaluation of these systems.

In an earlier study, using the conventional nitrogen balance evaluation, the role of N from
vetch in rotation with barley was investigated [7]. At present, the use of 15N enriched
fertilizers and the use of the neutron probe will allow to verify in detail the data obtained
with the conventional methods. Such information will strengthen the support towards the
promotion of the best cropping systems, from the economic and agronomic point of view
along with considerations for environmental protection and maintenance of natural production
resources, the so called "sustainable cropping system". Therefore, using nuclear techniques,
the objectives of the present study are to estimate:
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a. the atmospheric nitrogen fixed by vetch;
b. the residual N contribution of vetch, fallow and barley-hay to subsequent crops;
c. the moisture conservation after vetch, fallow and barley-hay;
d. the residual N value of fertilizer after the first year of application.

2. MATERIALS AND METHODS

For the purpose of the present study two long-term rotation experiments were carried out.
The details of these experiments are as follows:

Two rotation trials were established on calcareous soils of medium texture (clay-loam)
with slightly alkaline reaction (pH 8) and low in N and P but high in exchangeable K. The
first trial was initiated in 1980 at Laxia, with an average rainfall of 250 mm year'1. The
second trial was initiated in 1981 at Dromolaxia with an average rainfall of 350 mm year"1.
The climate at the two sites is typical Mediterranean, with all rainfall occurring between
October and May and about 40% of it in December-January, when cereals are at tillering
stage. Rainfall distribution during the period under study is shown in Table I.

The following rotation treatments were investigated:
a. vetch for hay - barley for grain: VB
b. fallow - barley for grain: FB
c. barley for hay - barley for grain: HB
d. continuous barley for grain: CB

The local cultivar of vetch (Vicia sativa) was sown at the seed rate of 150 kg ha"1. Barley
(Hordeum vulgare) was sown at the seed rate of 110 kg ha"1 for grain and at 175 kg ha"1 for
hay. Barley for hay received 60 kg N ha"1 year"1 in all sub-plots while in all other rotation
treatments, barley for grain received the following rates of N fertilizer: 0, 30, 60 or 90 kg
N ha"1. The same N fertilizer treatment was applied on the same sub-plots. N fertilizer was

TABLE I. MONTHLY RAINFALL (mm) DURING THE GROWING SEASON AT
THE TWO LOCATIONS DURING THE YEARS OF THE STUDY

Month

Total

LAXIA DROMOLAXIA

1981/82 1982/83 1983/84 1992/93

226 202 253 315

1993/94
October
November
December
January
February
March
April
May

0
46
21

19
38
86
12
4

4

14

22

59
24
35
29
15

10
46
60
26
26
38
47

0

0
3

98
85
33
70
15
11

0
58
10

187
44
76
6
0

381
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not applied to the vetch crop, which depends on N2 fixation by indigenous Rhizobium. All
N fertilizer was applied at sowing as ammonium sulphate. Phosphorus was applied also at
sowing at the rate of 100 kg ha"1 of triple superphosphate to all plots except fallow. The
treatments were laid out in a split - plot design with three replicates. Rotation treatments
occupied the main plots, which were divided into four sub-plots for the N fertilizer
treatments. The sub-plots were 6 x 5 m (main plots 24 x 5 m).

All cycles had an entry phase which makes that both phases of the cycle were present
every season. The plants for hay were removed from each subplot when the vetch was at the
full pod formation stage and barley at the early dough stage. Barley for grain was harvested
at full maturity using an experimental combine harvester to cut 2 strips, each 8 rows x 4.5
m, from the middle of the sub-plots, leaving borders between sub-plots and from the external
rows. Straw was collected in a plastic bag behind the harvester. A sub-sample of straw was
taken for moisture and N content estimation. Total N concentration was estimated by the
Kjeldahl method.

The use of the 15N labelled fertiliser, for the N balance studies, was introduced in the trial
at Dromolaxia. In the 1992-1993 growing season, isotope microplots (2 x 1 m) received
ammonium sulphate labelled at 10% 15N atom excess. On the subplots of barley in all
rotations and with zero fertilizer rate, 60 kg N ha"1 of enriched fertilizer was applied. In
another microplot in the subplots of the CB and vetch with zero fertilizer rate, a rate of 20
kg N ha"1 enriched fertilizer was applied. Mature vetch and barley plant samples from the
microplots were used for 1SN analysis for the N2 fixation by vetch and the residual N effect
of the rotation treatments. Evaluation of N2 fixation and the residual N value were based on
the formula suggested by Senaratne and Hardarson [8].

The use of the neutron probe for the moisture studies was introduced in the trial at Laxia
in the 1982-1984 period and the data are presented for first time in this report. The
difficulties in establishing the tubes in the plots (difficulties during the mechanical
cultivation), and the disturbance of the plots discouraged the establishment of tubes at
Dromolaxia for repeating moisture readings within these studies, at the same time and same
location with the 15N studies. The tubes were introduced in all sub-plots of the first replicate
to a depth of one meter and readings were done at every 30 cm. The zone below 60 cm
depth was a mixture of soil with a high percentage (70%) of gravel.

3. RESULTS

3.1. Nitrogen balance

3.1.1. Vetch, yield and N2 fixation
The performance of vetch during the first and second year of the study (1992/93) is shown

in Table II. In the first season, the dry matter yield of the above-ground harvested plant
material was 4.5 t ha"1 and the nitrogen yield 117 kg N ha"1. The percentage of N which was
estimated to be from the atmosphere was 82% (76, 86 and 86% in the three replicates), so
95 kg N ha"1 of the total N yield came from the atmosphere and it was removed from the
field with the harvested plant parts.

In the second season (1993/94), the same microplots, without any further 15N application,
were used to estimate N2 fixation by vetch. The yield of vetch was higher than in the first
season but the percentage of N2 fixed was comparable (77%).

3.1.2. Yield and source of N for barley in the first season at Dromolaxia
Biological dry matter, N yield and source of N for barley grown in the different rotations

is shown in Table III. The highest productivity of barley was obtained after vetch followed
by barley after fallow. The lowest yield was found in the continuous barley system. The

65



TABLE II. PERFORMANCE OF VETCH IN TWO GROWING SEASONS IN THE
LONG - TERM VETCH - BARLEY ROTATION STUDIES IN CYPRUS
(N2 FIXATION ESTIMATED USING N-15)

1992/93

Dry matter yield (kg DM ha'1) :
Percent N in the plants :
Nitrogen yield (kg N ha'1)
Percent N2 fixation
Amount of N2 fixed in the above ground parts (kg N ha"1)

4,500
2.6
:
;

93.6

117
80

1993/94

6,600
2.98

196
77

151

TABLE III. PERFORMANCE OF BARLEY AND SOURCE OF N IN THE
DIFFERENT ROTATIONS DURING THE 1992/93 GROWING SEASON
IN THE LONG-TERM ROTATION STUDIES IN CYPRUS (N SOURCE
AND UTILIZATION OF FERTILIZER ESTIMATED USING N-15)

Rotation*

BG-BG
BH-BG
F-BG
V-BG

*BG
BH
F
V

Biological
yield

(kg ha-1)

7191
7809
8592
9310

Biol. N
yield

(kg ha-1)

43.1
54.2

55.0
84.5**

Ndff

28
25

21
18

Pert. N
yield

(kg ha'1)

12.1
13.7
11.4
15.2

Pert. N Ndfs
util. (%)

20.1 72
22.9 75
18.9 79
25.4 82

SoilN
(kg ha-1)

31.0
40.5
43.5

69.3**

Barley harvested for grain
Barley harvested for hay
Fallow
Vetch

** See Table Xfor actual soil N and its source.

TABLE IV. RESIDUAL N VALUE OF VETCH TO THE SUBSEQUENT BARLEY
CROP, EXPRESSED AS THE PERCENTAGE OF N IN BARLEY
ATTRIBUTED TO THE PRECEDING VETCH, ESTIMATED USING
AS REFERENCE CROP BARLEY GROWN IN THREE ROTATION
SYSTEMS

Reference
barley

CB

HB

FB

I

44

31
25

Replicate
II

27

25

15

III

36
31
-1

Mean

36
29
13
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TABLE V. RESIDUAL N VALUE OF FALLOW AND BARLEY HAY TO THE
SUBSEQUENT BARLEY CROP, EXPRESSED AS THE PERCENTAGE
OF N IN BARLEY ATTRIBUTED TO FALLOW AND HAY CUT,
ESTIMATED USING AS REFERENCE CROP BARLEY IN THE CB
SYSTEMS (Data of the three replicates are presented)

Replicate
Rotation

FB
HB

I

25
18

II

14

2

III

37

7

Mean

25

9

TABLE VI. RECOVERY OF FERTILIZER N IN THE SECOND BARLEY CROP,
(1993/94) IN THE CB SYSTEM

Fertilizer
applied to the

1st crop
(kg N ha1)

20
60

Biological
yield*

(kg ha'1)

4523
4523

Biological N
yield*

(kg N ha'1)

37
37

Ndff

(%)

0.94
1.55

Fertilizer
N yield

(kg N/ha)

0.40
0.62

FUE

(%)

2.75
1.02

Yield of the two rates are similar because they were taken from the zero fertilizer
subplots in which the 20 and 60 kg N ha'1 microplots were applied the previous
growing season.

TABLE VII. SOIL MOISTURE (mm) UP TO 90cm DEPTH AFTER FALLOW (F),
BARLEY CUT FOR HAY (H) VETCH CUT FOR HAY (V) AND
BARLEY FOR GRAIN (C). MEASUREMENTS TAKEN AT THE END
OF THE GROWING SEASON (E) AND AT THE NEXT GROWING
SEASON (B) WHEN BARLEY FOLLOW THE FOUR TREATMENTS

Treatment
F
H
V
C

1

E
283
259
221
212

982

B
275
232
215
210

Mean
279a*
245b
218c
211c

1983

E
239
254
257
222

B
230
248
242
176

Mean
234a
25 la
249a
202b

* Means followed by different letter are significantly different at 0.05 probability level
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utilization of fertilizer N applied to barley ranged between 20 to 25% in the different rotation
systems. Most of the N in barley came from the soil with a percentage ranging between 72
to 82%. In the continuous system the amount of soil N removed was 31 kg N ha'1 while
barley following fallow and vetch removed 44 and 69 kg ha"1 soil N, respectively.

3.1.3. Residual N of rotation treatments to the subsequent barley
The residual N value of vetch to the subsequent barley was estimated to be 13, 29 and

36% using as reference the barley grown after fallow, barley-hay and barley-grain,
respectively (Table IV). The residual N value of fallow and barley-hay was estimated to be
25 and 9%, using as reference the barley grown in the CB system (Table V). The residual
N value of the treatments to the subsequent barley is the proportion of N which was derived
from the fixed N2 and left in the soil in the case of legumes plus the N-conserving effect of
the rotation treatments.

3.1.4. Residual value of fertilizer N (1993/94 at Dromolaxia)
The residual value of the fertilizer N to the second crop is shown in Table VI. The

percentage of N from fertilizer (Ndff) in the second crop was very low ranging around 1 %.
This Ndff was less than 1 kg N ha"1 of the 60 kg N ha"1 of the fertilizer applied to the first
crop. This amount of fertilizer recovered in the second year after application represents 1 to
3 % fertilizer use efficiency (FUE or fertilizer utilization or recovery).

TABLE VIII. SOIL MOISTURE (mm) UP TO 90 cm DEPTH AFTER BARLEY
GROWN WITH FOUR RATES OF N FERTILIZER AND IN FOUR
ROTATION SYSTEMS MEASUREMENTS TAKEN AT THE END OF
THE GROWING SEASON (E) AND AT THE BEGINNING OF THE
NEXT GROWING SEASON (B)

1982

Fertilizer
0
30
60
90
Rotation
FB
HB
VB
CB

E

246a
232a
245a
219a

23 lab
254a
240ab
214b

B

237a
223a
246a
211a

219a
246a
240a
211a

1983
E

256a
233a
235a
233a

266a
241b
227b
222b

Mean of two seasons
B

216a
232a
223a
213a

233a
243a
226a
176b

E

25 la
233ab
240ab
226b

248a
248a
233ab
219b

B

223a
227a
241a
213a

225ab
245a
234a
196b

* Means followed by different letter are significantly different at 0.05 probability level
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3.2. Moisture conservation

3.2.7. Effect of rotation treatments
The residual effect of the rotation treatments on moisture conservation at the end of the

year when the treatments were applied was significant in both years of the study. In 1982,
fallow conserved more moisture than barley-hay and both treatments conserved more
moisture than the vetch crop and barley harvested for grain. In 1983, the three rotation
treatments (F, H and V) conserved more moisture than the CB system (Table VII).

Examining the moisture conservation at the three depths at the end of the growing season
and at the beginning of the next growing season (Figure 1) shows that in both season most
of the moisture stored in the first 30 cm was lost during the summer, while below 30 cm less
moisture was lost during the summer. In 1982, the moisture conservation in the 60 cm zone
was significantly different between the rotation treatments, with fallowing conserving more
moisture, followed by barley-hay, vetch and with the CB system having the lowest amount
of soil moisture. In 1983, the differences of the rotation treatment in moisture conservation
were not pronounced.

The residual effect of the rotation treatments on moisture conservation was in some
instances significant even one year after growing barley. The CB system stored less moisture
than the rest of the systems even though this was not always the case (Table VIII).

3.2.2. Effect of Nfertilizer
At the end the barley-hay of the rotation, the effect of N fertilizer applied to barley on

the moisture conservation was examined at the end of the growing season and at the
beginning of the next season (Table VIII).

The N fertilizer applied to barley had some effect on moisture conservation. The trend
during the two years of study was that less moisture was conserved when more N fertilizer
was applied. However, the trend was statistically significant only when the two years were
combined.

3.3. Grain yield of barley in the moisture study at Laxia
The grain yield of barley grown under the four rotation systems at Laxia is shown in

Table IX. In 1981/82 growing season, a linear grain yield response to the N fertilizer was
obtained in all rotation systems. In 1982/83, the highest barley grain yield was obtained after
fallow. In 1983/84, the maximum grain yield of barley after fallow was not different from
barley grown after vetch.

4. DISCUSSION

4.1. Nitrogen balance
The long term data of the presented experiments were used for a conventional total N

balance study [7] and for estimation of the total N2 fixed by vetch (Table X). The use of the
15N methodology in the present study offered the chance to verify the results of the
conventional method.

The amount of N2 fixation in the above-ground parts of vetch estimated by the
conventional and the 15N method are in absolute agreement. The same percentage (80%) of
N2 fixation by vetch was also obtained in other studies in Cyprus [9,10,11,12,13]. The
consistency of the results of different studies in estimating the N2 fixation in the above-
ground parts of vetch is indicative of the accuracy and the direct ways in studying the tops
of the plants. More difficult is the study of the amount of N2 fixed in the roots. It was
estimated with the conventional total N method that the amount of N2 fixation remaining in
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TABLE IX. GRAIN YIELD (kg ha1) OF BARLEY GROWN IN FOUR ROTATION
SYSTEMS AND FOUR N FERTILIZER RATES FOR THREE SEASONS
AT LAXIA

Growing Season

Rotation
CB

HB

FB

VB

RN++

N. Rate
(kg N ha-1)
0
30
60
90

O
30
60
90

0
30
60

• 90

0
30
60
90

1981/82
241
989
1844
1760
L.Q.+
193
1204
2133
2818
L
636
1342
1971
2441
L
1233
2186
2120
2967
L
NS

1982/83
564
741
1302
836
L.Q.
581
894
839
807
NS
1503
1882
1605
1881
L
669
1023
865
830
Q
*

1983/84
338
1115
1277
635
L.Q.
975
1385
1297
1178
Q
1005
1331
1434
1338
L
1440
1372
808
675
L
*

+ = Orthogonal comparisons L= linear, Q= Quadratic, NS= P>0.05
* = P<0.05
+ + = Significance of the interaction between rotation and N rate.

the roots is even more than the amount in the above-ground plant parts (123 versus 89 kg N
ha"1). This is an important aspect and it should be verified since many studies referring to the
amount of N2 fixed by legumes consider only the above-ground parts, assuming that the
amount remaining in the roots is negligible.

With the present study it was estimated that the residual N value of vetch to the
subsequent barley was covering 36% of its N. This value is in agreement with what was
found by the conventional method (31 kg N ha"1 i.e. 45%). It represents what is released by
the roots and what mineral N is not used by the legumes as compared to what is used by
cereals, in a single cycle studies. However, besides the amount which is released in the first
season from the leguminous roots, there is an amount which is released from immobilized
N in the organic matter. This also contributes to the improvement of soil fertility. In table
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TABLE X. NITROGEN BALANCE IN VETCH-BARLEY ROTATION (kg N ha'1 year1

OF VETCH OR PER CYCLE VB), DONE BY A CONVENTIONAL
TOTAL N METHOD (SOURCE: PAPASTYLIANOU, 1993 [7])

A. N yield of vetch (above ground) 126
A.I From N2 89
A.2 From Soil 371

B. N yield of barley 68
B.I From Vetch root decomposition 31
B.2 From soil 371

C. Total N2 Fixation (C.I + C.4) 212
C.I N2 in Vetch tops (A.I) 89
C.2 N2 in barley after Vetch (B.I) 31
C.3 N2 remaining in soil 92
C.3.1. Removed in subsequent cycles (A.2+B.2) 74
C.3.2. Improvement of soil N pool (C.3-C.3.1) 18
C.4. N2 in vetch roots (C.2+C.3) 123

1 Yield of reference barley grown in monoculture

III it is shown that barley following vetch received 69% of its N from the soil N pool, but
it can not be clarified from these data whether the soil is enriched or whether there is a soil
N decline under legume-cereal systems. In an earlier study [7], it was estimated that soil N
is improved under the vetch-barley system.

The residual N value of vetch was lower when barley followed fallow or barley-hay was
used as reference crop instead of the barley in the CB system. The difference in evaluating
residual N when using a different reference crop, depends on the soil N availability following
the treatment before the reference crop. For the present study, fallow and barley-hay had a
residual N value as compared to the CB system (Table IV).

4.2. Fertilizer use efficiency
The fertilizer use efficiency in this study was very low, around 20-25 % by the first crop

and 1 to 3% by the second crop. This value is lower than the 50% FUE obtained in another
study in Cyprus under similar conditions [14]. The recovery of fertilizer by the first and
second crop was very low, so 75% of the applied fertilizer was not recovered. This aspect
should be taken into consideration when deciding upon N application to cereals, whether to
rely on N from legumes or on N fertilization.

4.3. Moisture conservation
Conservation of moisture during the fallowing period has been demonstrated by many

studies under Mediterranean conditions [3,15,16]. The extent and value of such conservation
depends on soil factors (texture, depth), management factors (type of fallow, time of tillage)
and rainfall itself. During the long, hot Mediterranean summer any plant-available water in
the top 30 to 45 cm is usually lost by evaporation. Only water stored below that depth can
be useful to the next crop [3,15,16]. If in the fallow-year rainfall is less than 200 mm, its
penetration is only shallow, and no water is stored for the subsequent crop [16].
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Figure 1. Soil water profiles after fallow, barley-hay, vetch-hay and barley-grain, at the end
(dotted line) of the growing season and at the beginning (solid line) of the
following growing season in two years (left: 1982, right: 1983)

With the present results the above generalization about fallow was verified. In the first
season, with a rainfall of 226 mm the fallow treatment distinctly conserved more moisture
than the cropped treatments. In the second season, with a rainfall of 202 mm, moisture
conservation under fallow was not different from under the hay cut treatment. It was also
shown that, during summer, moisture losses occurred under all treatments.
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However, the total moisture content in the soil at the beginning of the following cropping
season was higher in soils which were under fallow, if there was some moisture difference
at the end of the season.

During the summer, moisture losses at depths below the 30 cm zone were generally low.
This indicates the importance of deep soils and rainfall penetrating below 30 to 40 cm when
considering fallowing.

Following a year of cropping, the difference in soil moisture which was increased during
the previous season with fallow and the other treatments were small. The continuous
cropping for grain production showed a lower water storage than the rest of the treatments.

The effect of different rates of fertilizer application was not a critical factor of moisture
conservation at the end of the cropping season. This was due to the fact that during the two
season of the study, full soil coverage under the different N rates was obtained at about the
same time, around February. In such case, the difference in water losses was only due to
evaporation since transpiration was similar under all treatments [16]. However, it cannot be
generalized that the effect of fertilizer rate is insignificant. It should be considered that in the
long run and in practice non-fertilized barley does not reach full soil coverage and it is
expected that evapotranspiration will be different from a fertilized barley. Consequently the
soil moisture might be affected differently.

4.4. Productivity of the rotation system
The effects of the treatments on N economy and on moisture conservation had an

influence on the productivity of barley which follows the treatments. Grain yield of barley
in 1982/83, following fallow in 1981/82 is an excellent example of the effect of conserved
moisture on productivity of a subsequent crop grown in a year with limited moisture. So, a
key point when considering the fallow-barley system is not only the rainfall during the fallow
year but also the rainfall during the barley year. Grain yield of barley following fallow in
the other two season (1981/82, 1983/84) examined in this report does not show any
advantage as compared to barley grown after vetch. Even though barley grown in a dry year
might response to moisture conservation from a previous high rainfall season, it might not
be wise to lose a high yielding season for some yield increase in the dry season [16,17],
Using the long-term data from these experiments it is shown that rainfall use efficiency, at
an optimum fertilization rate, was 9.9, 5.6 and 9.5 kg grain mm"1 rainfall at Laxia and 11.4,
5.6 and 11.1 kg grain mm"1 rainfall at Dromolaxia for the vetch-barley, fallow-barley and
continuous barley systems, respectively [18].

It was shown in the present study as well as in many other studies, that fallow beside
moisture conservation has also a residual N value for the subsequent crop (Table V). This
is estimated to be equal to 30 kg N ha"1 [6]. Even though the contribution of fallowing to
water and N conservation was shown, the question of fallow replacement often arises [17],
because good arable land is scarce in the Mediterranean region and N fertilizer is available.
The systems which could replace the fallow-cereal system are the continuous cereal and
legume - cereal. Comparison of the two latter systems shows that the legume-cereal is
superior to monoculture for the productivity of the land [6], the improvement in soil fertility
[7], rainfall use efficiency [18], the economic and financial profitability [19] and, in general,
the fulfilment of sustainability criteria which are internationally accepted for sustaining
productivity along with maintaining natural resources and protection of the environment [20],

REFERENCES

[1] POWER, J.F., FOLLETT, R.F., Monoculture, Sci. Am. 2563 (1987) 79-86.
[2] LITTLEJOHN, L., Some aspects of soil fertility in Cyprus. The Emp. J. Expl.

Agric. 14 (1946) 123-134.

73



[3] LOISIDES, P., Crop rotations under rainfed conditions in a Mediterranean climate
in relation to soil moisture and fertilizer requirements (Proc. FAO Reg. Sem.
Amman, 1979) (FAO, 1979) 23-28.

[4] SAMIOS, TH., Cropping systems and constraints in Cyprus (Proc. Fifth Cereal
Workshop. Algiers, 1979) ICARDA and CIMMYT, Algiers (1979) 89-92.

[5] PAPASTYLIANOU, I., SAMIOS, TH., Comparison of rotations in which barley
for grain follows woolypod vetch or forage barley. J. Agric. Sci. Camb. 108
(1987) 609-615.

[6] PAPASTYLIANOU, I., Productivity and nitrogen fertilizer requirements of barley
in rotation systems in rainfed mediterranean conditions, Eur. J. Agron. 2 (1993)
119-129.

[7] PAPASTYLIANOU, I., Estimating total N2 fixation by legumes in long-term
rotation studies, Eur. J. Agron. 2 (1993) 1-10.

[8] SENARATNE, R., HARD ARSON, G., Estimation of residual N effect of faba
bean and pea on two succeeding cereal using N-15 methodology. Plant Soil. 110
(1988) 81-89.

[9] PAPASTYLIANOU, I., Amount of nitrogen fixed by forage, pasture and grain
legumes in Cyprus, estimated by the A-value and a modified difference method.
Plant Soil 104 (1987) 23-29.

[10] PAPASTYLIANOU, I., The N-15 methodology in estimating N2 fixation by vetch
and pea grown in pure stand or in mixtures with oat. Plant Soil 107 (1988) 183-
188.

[11] DANSO, S.K. A., PAPASTYLIANOU, I., Evaluation of the nitrogen contribution
of legumes to subsequent cereals, J. Agric. Sci., Camb. 119 (1922) 13-18.

[12] PAPASTYLIANOU, I., DANSO, S.K.A., Effect of nitrogen fertilization and
cropping system of the reference crop on estimation of N2 fixation by vetch using
N-15 methodology. Plant Soil 114 (1989) 227-233.

[13] PAPASTYLIANOU, I., DANSO, S.K. A., Nitrogen fixation and transfer in vetch
and vetch-oat mixtures Soil Biol. Biochem. 23 (1991) 447-452.

[14] PAPASTYLIANOU, I., Nitrogen fertilizer use efficiency of legumes and cereals
grown in pure stands and in mixtures (Proc. Int. Symp. Vienna 1990), IAEA,
(1991) 363-369.

[15] COOPER, P.J.M., GREGORY, P.J., TULLY, D., HARRIS, H.C., Improving
water use are efficiency on annual crops in the rainfed farming systems of West
Asia and North Africa. Expl. Agric. 23 (1987) 113 - 158.

[16] ORPHANOS, P.I. METOCHIS, C., The water relations of barley grown
continually or after fallow under semi-arid conditions Expl. Agric. 30 (1994) 431-
439.

[17] PAPASTYLIANOU, I., JONES, M., Replacement of fallow in the rainfed areas
of the mediterranean region (Proc. Int. Conf. Texas, 1988) Texas (1988) 822-825.

[18] PAPASTYLIANOU, I., Land and rainfall use efficiency and nitrogen balance of
rotation systems under rainfed conditions in Cyprus (Proc. Int. Workshop Ankara,
1989) HARRIS, H.C., COOPER, P.S.M., PALA, M., Eds), International Centre
for Agricultural Research in Dairy Areas, Aleppo (1991) 260-266.

[19] PAPASTYLIANOU, I., PANAYIOTOU, G.S., Productivity and economic and
financial profitability of three rainfed rotation systems in Cyprus, Tech. Bull.,
148, Agricultural Research Institute, Nicosia, (1993) 7pp.

[20] PAPASTYLIANOU, I., Contribution of vetch in maintaining a sustainable
cropping system under rainfed mediterranean conditions. (Int. Symp. Vienna,
1994) IAEA (in press).

74



EVALUATION OF BNF BY GROUNDNUT AND RESPONSE OF CEREAL
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Abstract

EVALUATION OF BNF BY GROUNDNUT AND RESPONSE OF CEREAL CROPS TO DIFFERENT
LEVELS OF NITROGEN FERTILIZER IN THE COASTAL AREA OF SYRIA.

A two course crop rotation experiment was conducted over a period of two years in order to evaluate the
biological nitrogen fixation (BNF) by groundnut (Arachis hypogaed) and its contribution to the subsequent cereal
crop in terms of its N-conserving effect. Also the response of the treatment crop (Zea mays L.) to different
levels of N-fertilization (100 and 150 kg N ha"1) were evaluated. Moreover, the effect of a previous crop, N
rate and timing on the test crop (Triticum aestivum) was assessed. Results showed that groundnut fixed as much
as 52.9 and 23.4 kg N ha"1 at pod filling stage and 66.7 and 34.4 at physiological maturity stage for the 1992
and 1993 growing season, respectively. The test crop did not benefit from the residual N due to the high
precipitation in the region leaching down most of the inorganic nitrogen beyond the root zone. In the 1992
growing season, the lower N rate for maize (100 kg N ha"1) was superior over the higher rate (150 kg N ha"1).
But due to water stress in the 1993 growing season, a different trend with regard to the response of maize to
fertilizer N was obtained.

1. INTRODUCTION

Due to the increasing prices of N fertilizers [1] as well as due to the increasing interest
in reducing undesirable environmental effects resulting from the excessive use of N
fertilizers, there is a growing interest among farmers in using legume crops as inexpensive
source of N in crop production.

Depending on cultivar, inoculant, management, climate and soil conditions, estimates of
the quantity of nitrogen fixed by leguminous crops range from 49 kg N ha"1 for Canavalia
ensiformis to 673 kg N ha"1 for Trifolum ssp [2]. Studies showed that a considerable variation
in nitrogen fixation capacity of different groundnut genotypes exists ranging from 40 to 124
kg N ha"1 [2, 3]. Therefore, introducing groundnut as a leguminous crop in a crop rotation
will improve the nutritional status of the succeeding cereal crop.

The beneficial effects of legumes to the subsequent cereal crop grown on the same soil
have been shown by many researchers [4, 5, 6, 7]. They usually refer to the conservation
effect of soil nitrogen due to biological nitrogen fixation (BNF) by the legume-Rhizobium
symbiosis and improvement of soil physical and chemical characteristics. Although the
contribution of legume crops to the succeeding cereal crop has been given considerable
attention, yet little is known about BNF of groundnut and its contribution to the succeeding
cereal crop under intensive farming systems.

Irrigated maize as a main crop is relatively new in the coastal area of Syria. Usually it
is planted as border crop or intercropped with other summer crops. Very little information
is available about the nitrogen need of this crop in that area. The literature contains numerous
reports on N requirements of maize [8, 9]. Bur man et al. [10] found that 70 kg N ha"1 was
sufficient for maximum yield under dry conditions while, under wetter conditions an
additional response was obtained from 140 kg N ha"1. In Nebraska, Russelle et al. [9]
obtained a maximum corn yield at 150 kg N ha"1.
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TABLE L SELECTED SOIL CHEMICAL ANALYSIS BEFORE PLANTING SUMMER CROP. LATTAKIA, 3. 6.1992.

Inorganic - Nitrogen

NO3

19.80

1L30

8-20

NH4

6.20

6.00

4.20

Total-N

%

0.13

0.09

0.07

Available-P

ppm

14.30

6.20

4.70

OM

%

1.97

. 1.06

0.74

EC
-1

dSm

0.24

0.20

0.18

SoilpH

7.70

7.80

7.90

Depth
cm

0-20

20-40

40-60



The objectives of our study were:
1) to assess BNF of groundnuts and its contribution to the subsequent cereal crop in a crop

rotation system,
2) to evaluate the effect of N rates and timing to the previous crop on the N fertilizer use

efficiency (NFUE) and yield of the subsequent wheat crop,
3) to evaluate the response of maize to two different rates of N fertilizer.

2. MATERIALS AND METHODS

A two-course crop rotation experiment was conducted over a two-years period under
intensive farming conditions at the Bouqua Agricultural Experimental Station in the coastal
city of Lattakia. The first crop (summer crop) in the rotation was maize (Zea mays L.) cv
Golden cross Bantam sweet corn and groundnut (Arachis hypogaea) cv Turkey. The second
crop (winter crop) was the test crop wheat (Triticum aestivum) cv. Sham 1. The whole
rotation could be achieved within two growing seasons over a one year period. Wheat was
rotated with either groundnut or maize and fertilized with two N rates.

The soil is calcareous with a medium to fine texture. The available soil phosphorus
ranges from 14.3 to 4.7 mg kg"1 over a depth of 60.0 cm with 20.0 cm increment (Olsen
method [11]) The total N ranged between 0.13 and 0.07%, the soil organic matter between
1.97 and 0.74% and the soil pH between 7.7 and 7.9 for the same depths (Table I). The
average annual precipitation was around 710 mm; most of it fell during late October till early
May.

The study included two parts. In the first part, N2 fixation by groundnut was determined
and the response of maize to two different levels of fertilizer N was assessed. In the second
part, the effect of the previous crop, timing and fertilizer N rates on wheat yield was
evaluated.

2.1. Part I
Biological nitrogen fixation by groundnut was determined using the 15N methodology

[12]. Maize was used as reference crop. Two N rates were applied to determine the N
requirement of maize. Phosphorus was broadcasted and ploughed in before planting as triple
superphosphate (TSP) at a rate of 52 kg P ha"1 and 110 kg K2O ha"1 side dressed as potassium
sulphate for both crops.

Groundnut (PW) received 20 kg N ha'1 as ammonium sulphate (AS) whereas, maize
received either 100 kg N ha"1 (MWN1) or 150 kg N ha"1 (MWN2) as (AS) in three equally
split applications: at seven-leaf stage, ear initiation stage and anthesis stage.

A randomized complete block design with five replicates was used (Fig. 1). Each
replicate had three plots of 5.9 x 10.0 m. The spacing between the rows for both crops was
0.70 m and between the plants 0.35 m. Maize and groundnut seeds were hand sown on June
4, 1992 and June 30, 1993 with a seed rate of 25 and 50 kg ha"1, respectively. The
established population of both crops was similar (41000 plants ha'1).

Labelled sub-plots (1.5 x 5.0 m) for the lower N rate to maize (MWN1) and groundnut
(PW) were established giving a total of 10 labelled subplots. 15N labelled ammonium sulphate
(10% 15N a.e.) for groundnut and (5% 15N a.e.) for maize was applied as an aqueous
solution. Either one application for groundnut or three equally split applications for maize
were used. The unlabelled area of PW, MWN1 and MWN2 were given the specific amounts
of N-fertilizer. Seedlings were thinned to one plant per hole for maize and two plants per
hole for groundnut.

All plots were kept weed free during the course of the experiment. To monitor the soil
moisture status and irrigation schedule, neutron probe tubes were installed in three replicates
and irrigation was applied at 75+5% of field capacity.
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Figure 1. Experimental layout at Lattakia, 1992.

Representative plant samples of the legume and reference crop were collected at two
growth stages, pod filling or silking stage (30 August, 1992 and 8 September, 1993) and
physiological maturity (20 September, 1992 and 28 September, 1993).

In 1992, the reference crop was harvested only once on 30 August, because of reaching
the physiological maturity stage at that date. Plant samples were separated into stems, leaves,
pods and ears (ears were also separated into its components). Each of these individual
components were weighed, chopped and subsampled. Drying was done at 65 °C, total
nitrogen analysis of ground samples was conducted using the Kjeldahl procedure and the %
15N a.e. in the plant samples was determined by an emission spectrometer. All related
calculations were done utilizing the procedure outlined in the Use of Nuclear Techniques in
Studies of Soil Plant Relationships [13]. The % 15N a.e. in the plant samples was used to
calculate the % of nitrogen derived from fertilizer (%Ndff), nitrogen derived from the
atmosphere (%Ndfa) and total N2 fixed.
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2.2. Part H
Wheat was planted as test crop in the second course of the rotation on all plots. TSP (35

kg P ha"1) was broadcasted before planting on all plots and 40 kg N ha"1 on the plots where
legume (PW) was the preceding crop, otherwise, 80 kg N ha"1 as AS was applied on the plots
where maize was the preceding crop.

Labelled subplots for PW and MWN1 of 2.0 x 2.0 m were established and further
divided up into two sub-subplots. The first sub-subplot was given the whole amount of
labelled fertilizer N as one application and the second one as two equally split applications.
Therefore, the effect of timing on NFUE and wheat yield could be evaluated. The spacing
between rows was 0.20 m and the seeding rate was 200 kg ha"1.

All plots were weeded twice during the growing season and precipitation was the only
source of irrigation. Above-ground plant samples were collected at milky stage from the
labelled subplots, fresh weight measurements were done on appropriate subsamples, then
dried at 65 °C, separated into straw and grain, weighed and ground to pass a 40-mesh sieve.
Total N and % 15N a.e. were determined as mentioned before. The experimental design was
a RGB with five replicates (Fig. 1).

3. RESULTS AND DISCUSSION

3.1. Biological nitrogen fixation by groundnut
In the 1992 growing season, the total amount of atmospheric nitrogen fixed by groundnut

at pod filling stage was 52.9 kg N ha"1 (36.7% Ndfa) and at physiological maturity it was
66.7 kg N ha"1 (45.8% Ndfa). Nitrogen taken up from the soil by maize (MWN1) was about
119 kg ha"1. Whereas, soil nitrogen depletion by groundnut at pod filling stage was about 82
kg ha"1 (Table II). Hence, a nitrogen conserving effect of the order of 37 kg N ha"1 was
observed.

At physiological maturity, the soil nitrogen taken up by groundnut was 72 kg N ha"1,
which is about 10 kg N ha"1 less than at pod filling stage. The decrease in nitrogen uptake
could be attributed to translocation of nitrogen from vegetative tissues to the pods and roots
[14]. Also, the harvesting method of groundnut, whereby large portions of the fine roots and
some pods remain in the soil at this stage, can be responsible.

Soil nitrogen uptake by maize (MWN1) was 119 kg N ha'1 (Table III) and therefore, a
N-conserving effect of 47 kg N ha"1 was evident. Moreover, the results presented in Tables
II and III revealed that atmospheric nitrogen fixation was highest at physiological maturity
rather than at pod filling stage. In the 1993 summer growing season, N2 fixed by groundnut
was 23.4 kg N ha"1 (64.7% Ndfa) at pod filling and 34.4 kg N ha"1 (69.1% Ndfa) at
physiological maturity.

Although a higher percentage of Ndfa was observed for both growth stages, the total
amount of N2 fixed was still lower than that of the 1992 growing season. The reduction in
the amount of N2 fixed could be caused by the poor growth and low plant density as a result
of fusarium infestation of the soil. Moreover, all plots partially experienced water stress at
the higher slope side of the plots which further affected plant growth performance.

Soil nitrogen uptake by maize (MWN1) at silking stage was 35.3 kg N ha"1 while the soil
depletion by groundnut at pod filling stage was about 11 kg N ha"1 (Table IV). Therefore,
it was observed that 24.2 kg N ha"1 was conserved due to BNF by groundnut. At
physiological maturity, soil N uptake by maize (MWN1) was 25.6 kg N ha"1 and by
groundnut 13.3 kg N ha"1. Hence, a nitrogen conserving effect of 12.3 kg N ha"1 was
obtained (Table V). Although the amount of nitrogen fixed by groundnut varied from season
to season due to welting and water stress, in 1993, still a similar trend could be observed,
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TABLE H. % Ndff, Ndfs AND Ndfa OF MAIZE AND GROUNDNUT. LATTAKIA, 30. 8. 92.

Crop

Groundnuts

Maize
NF*

Plant part

Leave
Stems
Yield
Total
Leave
Stems
Yield
Total

N-Fertyield
Kg ha-1

2.92
1.02
1.48
5.42
14.34
5.34
19.33
39.01

N- Yield
Kg ha-1
66.30
23.40
49.10
138.80
55.32
21.91
80.91
158.14

DM
Kg ha-1
2500
2216
1565

6281
4364
2441
5926
12731

Ndff
%

4.41

4.36
2.52

3.90
21.50
24.35
20.03
24.67

Ndfs
%

63.16
66.10
49.00
59.10
78.5

75.65
79.97
75.33

Ndfa
%

32.34
29.54
47.98

36.68

N.Fixed
Kg ha-1
21.43
6.92

24.52

52.86

*N-fertilizer rate =100 Kg ha-1



TABLE III. % Ndff, Ndfs AND Ndfa OF MAIZE AND GROUNDNUT. LATTAKIA.20.9.9.92

Crop

Groundnuts

Maize
NF*

TABLE IV. %

Crop

Groundnuts

Maize
NF*

Plant part

Leave
Stems
Yield
Total
Leave
Stems
Yield
Total

Ndff, Ndfs AND

Plant part

Leave
Stems
Yield
Total
Leave
Stems
Yield
Total

N-Fert.yield
Kgha-1

2.68

0.83

1.45
4.96
14.43
5.34

19.33
39.01

N-Yield
Kgha-1

60.13

23.13

58.60
141.86
55.32

21.91
80.91
158.14

DM
Kg ha-1

2660
2322

2106
7088
4364
2441

5926
12731

Ndff

4.46

3.59

2.47
3.50
21.5
24.35

20.03
24.67

Ndfs

60.23

52.80

38.00
50.72
78.50
75.65
79.97
75.39

Ndfa N.Fixed
% Kg ha-1

35.31 21.60

43.62 9.60

59.53 35.45
45.78 66.65

Ndfa OF MAIZE AND GROUNDNUT. LATTAKIA, 8.9..9S.

N-Fert.yield
Kg ha-1

0.98

0.49

0.22

1.64

7.90

5.60

11.90
25.40

N-Yield
Kgha-1

20.30

10.40

5.40

36.10

20.70
13.60

26.40
60.70

DM
Kgha-1
738.0

619.0

200.0

1557.0

1600
1209
1500
4309

Ndff

4.70

4.70

4.10

1.50
38.00
41.30
45.30
41.90

Ndfs

38.00

31.20

23.20

30.80
62.00
58.70
54.70
58.10

Ndfa N.Fixed
% Kg ha-1

57.30 11.63

64.10 6.70

72.70 3.93
64.70 23.40

00 *N-fertilizer rate =100 Kg ha-1
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TABLE V. % Ndff, Ndfs AND Ndfa OF MAIZE AND GROUNDNUT. LATTAKIA,28. 9. 93.

Crop

Groundnuts

Maize
NF*

Plant part

Leave
Stems
Yield
Total

Leave
Stems
Yield
Total

N-Fert.yield
Kg ha-1

0.50
0.35
1.22
2.07

5.04

4.50
11.92
21.50

N-Yield
Kg ha-1

12.10
13.50
24.10
49.70

12.11

9.70
25.3
47.11

DM
Kg ha-1

512
770
826
2108
1142

851
1492
3485

Ndff
%

4.10
2.60
5.10

4.20

41.60

46.10
47.10
45.60

Ndfs
%

31.70
20.60
27.70
26.70

58.40

55.90
52.90
54.40

Ndfa
%

64.20
76.80
67.20
69.10

N.Fixed
Kg ha-1

7.80
10.40
16.20
34.40

*N-fertilizer rate =100 Kg ha-1



TABLE VI. FUE, DM, AND Ndff % AS AFFECTED BY NITROGEN RATE, TIMING AND PRECEEDING CROP OF WHEAT. LATTAKIA.IO. 5. 93.

Crop rotation

L/C 40

L/C 40

C/C80

C/C80

C/C80

TABLE VH. FUE, DM,

Crop rotation

L/C 40

L/C 40

C/C80

C/C80

C/C80

Treatments

PWN-15(1*)

PW N-15 (2*)

MWN-15 (1)

MWN-15(2)

MWN2**

AND Ndff % AS

Treatments

PWN-15(1*)

PW N-15 (2^)

MWN-15 (1)

MWN-15 (2)

MWN2**

NFUE%

19.80

27.25

29.00

33.20

NA

FERT.N.Y.Kgha-1

7.92

10.90

23.17

26.54

NA

Ndff%

7.40

9.00

15.30

18.50

NA

TNY Kgha-1

106.70

121.80

151.40

143.40

136.0

AFFECTED BY NITROGEN RATE, TIMING AND PRECEEDING CROP OF WHEAT.

NFUE%

59.20

69.50

67.60

70.30

NA

FERT.N.Y. Kg ha-1

23.60

27.80

54.10

56.20

NA

Ndff%

17.80

23.70

30.10

29.80

NA

TNY Kgha-1

132.50

117.00

179.60

189.40

152.0

Grain Kg ha-1

2715.0

2844.0

3801.0

4000.0

2916.0

LATTAKIA,24. 4. 94.

Grain Kg ha-1

5144.0

5423.0

6145.0

6417.0

5535.0

Total Kg ha-1

8436.0

8939.0

10753.0

11039.0

9144.0

Total Kg ha-1

12361.0

12282.0

13985.0

15014.0

12662.0

00
UJ

* N-FERTBLJZER ONE APPLICATION

A N-FERTILJZER TWO EQUALLY SPLIT APPLICATION

** THE PREVIOUS CROP IS MAIZE WITH 150 kg N ha-1



where the highest amount of nitrogen fixation took place at physiological maturity for both
years. The difference between the two growth stages was in the order of 13.8 to 11.0 kg N
ha"1, respectively.

The influence of welting, water stress and variation on BNF is clearly reflected in the
dry matter production of groundnut and maize. In 1992 growing season, the dry matter
production of groundnut exceeded 6.20 T ha"1 at pod filling stage in comparison to 1.55 T
ha for 1993 growing season, and 7.00 T ha"1 at physiological maturity to 2.11 T ha"1 for
the 1993 growing season. The same trend was noticed for the reference crop whereby the dry
matter production exceeded 12.00 T ha"1 at physiological maturity, whereas in the 1993
growing season, the dry matter production was 3.48 T ha"1 (Tables II, HI, IV, V).

3.2. Nitrogen fertilizer rates and tuning
The effect of N fertilizer rates (40 and 80 kg N ha"1), previously cropping (PW, MWN1,

MWN2) and timing (one application or two equally split applications) on the N fertilizer use
efficiency and wheat yield are shown in Tables VI and VII for the two growing seasons 1993
and 1994, respectively.

The results show that split application of the N fertilizer increased the % NFUE from
19.8 to 27.3 and the total wheat yield from 8.44 to 8.94 T ha"1 at 40 kg N ha"1. Moreover,
split application of the 80 kg N ha"1 increased the % NFUE from 29.0 to 33.2 and the total
wheat yield from 10.75 to 11.04 T ha"1. The grain yield increased from 3.80 to 4.00 T ha"1.
When the previous crop was MWN2 a reduction in total and grain yield was observed but
it was still higher than the yield obtained with the 40 kg N ha"1. It seems that the previous
crop and residual nitrogen did not have any effect on the subsequent wheat crop. Rather other
factors such as the N fertilizer rate and timing are important. This assumption might be true
under our climatic conditions. Since the area is located in the humid region with high
precipitation most inorganic nitrogen is leached out beyond the root zone. Actually, the soil
analysis before wheat supports this assumption (Table VIII).

It is clear that all plots previously planted with either groundnut or maize (MWN1)
started up with almost the same amount of residual inorganic N with slight differences in
organic matter. Moreover, the MWN2 plot had a higher amount of inorganic nitrogen,
especially NO3"-N. On the other hand, still the highest wheat yield in terms of total and grain
yield was found for the MWN1 plots with split application. This means that due to the high
precipitation in the experimental area, virtually all inorganic nitrogen initially present washed
out beyond the root zone before it can be fully utilized by the plants.

Therefore, the N rate, timing and probably the previous crop management had the
highest effect on wheat yield under the prevailing conditions. The same trend was observed
for the 1994 growing season (Tables VII, IX) where split application and a higher N rate
always showed its superiority over the single and lower application rate.

The effect of N rates on dry matter production and yield of ears of maize for the two
growing seasons, 1992 and 1993, are shown in Table X. In the 1992 growing season, the
lower N rate, 100 kg N ha"1 (MWN1), improved both the yield of ears and dry matter
production relatively to the higher N rate (MWN2). On the other hand, the higher N rate
increased the vegetative growth but, dramatically reduced the yield of ears at adequately
water supply. However, in the 1993 growing season, the maize crop was partially under
water stress at different growth stages affecting both yield parameters. The reduction in yield
of ears exceeded 71% and in total dry matter production 66% for the MWN1 treatment.
Furthermore, the higher N rate (MWN2) relatively increased the ear's yield from 1.0 T ha"1

to 2.8 T ha"1 when maize was suffering from water stress. However, the total dry matter
production did not follow the same trend but decreased by almost 40%. The results are in
agreement with the results reported by other researchers [8,9].
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TABLE VIII. SELECTED SOIL CHEMICAL ANALYSIS BEFORE WHEAT. LATTAKIA, 1.12.92

oo

Inorganic

Mg.g-1

NO3~

7.00

5.00

4.00

7.00

6.00

10.00

4.00

6.00

9.00

18.00

14.00

4.00

.N

-NH4

11.00

11.00

13.00

12.00

11.00

10.00

9.00

10.00

12.00

14.00

11.00

11.00

Total-N

%

0.15

0.08

0.04

0.03

0.16

0.09

0.07

0.06

0.17

0.09

0.05

0.04

Available-P
-1

Mg.g

17.00

10.30

2.00

2.00

26.00

7.00

4.00

3.00

16.00

6.00

4.00

4.00

OM

%

1.76

LOO

0.70

0.64

2.00

1.25

1.00

0.90

2.00

1.12

0.83

1.12

EC

0.18

0.20

0.21

0.20

0.19

0.20

0.21

0.19

0.20

0.25

0.22

0.20

PH

susp. -JL_

8.61

8.45

8.55

8.70

8.60

8.60

8.50

8.50

8.21

8.20

8.20

8.40

Depth

cm

—— i ————
0-25

25-50

50-75

75-100

0-25

25-50

50-75

75-100

0-25

25-50

50-75

75-100

Treatment

PW

MWN1

MWN2



ooo\

TABLE DESELECTED SOIL CHEMICAL ANALYSIS BEFORE WHEAT. LATTAKIA, 16.11.1993.

Inorgani .N

No 3
25.3
6.1
3.9
3.4

27.8
6.4
5.0
4.3

52.0
7.4
6.3
3.6

Mg.g-1

NH 4
4.2
3.2
3.0
2.3
3.6
2.4
4.0
4.1
4.6
2.9
4.0
3.6

Total N %

0.13
0.62
0.04
0.03
0.14
0.07
0.06
0.05
0.16
0.08
0.06
0.03

Available -p

Mg.g-1
36.2
6.6
3.3
2.8

22.6
3.6
5'. 8
4.3

20.3
5.3
4.5
2.1

O.M%

1.8
0.8
0.5
0.4
1.9
0.8
0.7
0.6
2.1
1.0
0.8
0.5

Depth cm

0-25
25-50
50-75
75-100

0-25
25-50
50-75
75-100

0-25
25-50
50-75
75-100

Treatment

PW

MWN1

MWN2



TABLE X. TOTAL DRY MATTER PRODUCTION OF CORN (T ha-1). LATTAKIA, 1992-93

Treatment

MWN1

MWN2

MWN1

MWN2

growing season

30-8-1992

30-8-1992

8-9-1993

8-9-1993

Leaves

4.36

6.28

1.6

1.93

Stalk

2.44

3.73

1.21

1.74

Ears

5.93

0.96

1.5

2.77

Total yield

12.73

10.97

4.31

6.44
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