


INTRODUCTION

This publication presents the proceedings of a joint workshop held by
the Soils Bureau of the Syrian Ministry of Agriculture and Agrarian Reform
and the International Center for Agricultural Research in Dry Areas, Aleppo,
Syria. The workshop was designed to present and discuss in detail recent
research studies which have investigated the potential for fertilizer use
in dryland barley growing areas in regions experiencing a Mediterranean
Climate, with particular emphasis on phosphate fertilizer.

These proceedings represent the first stage of a joint Soils Bureau /
ICARDA Cooperative Research Program aimed at investigating ways of
increasing the productivity and stability of the Barley/Livestock Farming
Systems in Syria.
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I. Introducion

The workshop was organized by: (1) the Soils Bureau, Minsitry of
Agriculture and Agrarian Reform, Syria and (2) the Intermational Center
for Agricultural Research in the Dry Areas (ICARDA), and hosted by the
latter. It aimed to review the current research related to fertilizer
use in dry land barley-growing areas, and to initiate an effective co-
operative research programme between the Soils Bureau, ICARDA and any
other potential institutes that might wish to cooperate.

The invitation was extended to several parties. These are: the
Ministry of Planning, the University of Aleppo, the Agricultural Research
Corporation (ARC), the Extension Bureau, the Arab Center for Studies of
Arid Zones and Dry Lands (ACSAD), the Agricultural Research Institute of
Cyprus, and Reading University in the United Kingdom., The list of
participants appears in Annex 1.

The meeting was opened by Dr Peter Goldsworthy, Deputy Director
General, Research, who, on behalf of Dr Mohamed A, Nour (Director General
of ICARDA), extended a warm welcome to the participants, expressed pleasure
that ICARDA through this meeting would have a new opportunity to enlarge
and extend its cooperation with the national research programmes in Syria,
and wished great success for the meeting in achieving its objectives.

Dr Juma‘'a Abdul Karim, Director Soils Bureau, responding to
Or Goldsworthy's address thanked ICARDA for hosting the meeting, expressed
his anticipation for a successful outcome and made a brief introduction to
the workshop., Then, Dr Peter Cooper, Leader, Farming Systems Research
Program, presented the workshop details.



The Agenda
The meet1ng adbpfed the f0110w1ng Agenda (see Annex 2 for more detawTs)

Three. work sessions- in addition to. the f1na1 session.and a field tr1p

to Breda. area {35 km southeast-Aleppo) were conducted in - -three
effective work-days {March.27, 28 -and 29;-1984)..:The'wprk'days~started;'
at 08:30 hr and ended at about 16:00 hr with 75 minutes break for coffee
and lunch. © S IR

Eleven papers on research-activities closely related to the topic iof
main-interest, i.e. fertilizer use in dryland barley growing'areai were
presented and discussed. These are:-~ ' -

PaEer So11 Cond1t1ons 1n Barley Grow1ng Areas of North West Syr1a.r
By Dr. Kar] Harmsen ICARDA.

Paper 2: Chemical Fixation of Phosphorus in Ca1car1ous 50115
By Dr Kar] Haﬂnsen, ICARDA '

~-Raper 3: The. Inf]uence of Ra1nfa11 Character1st1cs on Crop Management
~in Dry Areas of Nortern Syria. - . -

¢ . By.Dr. Dyno Keatinge, ICARDA.

Paper'ﬁ:'Rdfetions-and'Yier Expectatinns in BarTey Production in'Syria.
By Dr. Kutlu Somel, ICARDA.

Paper 5 The: Fertilizer (NP) and Water Requ1rements of Bar1ey in Cyprus |
fur ~ By Dr. P. I Orphanos, Cyprus : : - '

Paper 6: (The written text of the paper presented- by Dr.~Abda11ah§Matar;-'
ACSAD was not available and will be sent later), however,
Dr. Matar made an interesting presentation on correlation and
regression models of barley yields with respect to several
factors including soil nutrients.



Paper 7: The Relationship Between Soil Content of Phosphorus and the
Response of Wheat to Phosphorus in Rainfed Agriculture.
By Mr. Khazza'a E1-Haj, Soils Bureau.

Paper 8: Barley Response to Fertilizer Applications in North West Syria.
By Dr. Karl Harmsen, ICARDA,

Paper 9: Effect of Phosphorus Fertilizer on Root Growth of Barley and
its Effect on Moisture Extraction.
By Dr. P.J. Gregory, Reading University, England.

Paper 10: The Effect of Fertilizer on Water Use and Water Use Efficiency
of Barley in Dryland Regions.
By Dr. Peter Cooper, ICARDA.

Paper 11: Combined Analysis of Multiple Season - Multiple Location Seed
Rate - Nitrogen - Phosphorus Trials.
By Dr. Kutlu Sometl, ICARDA.

(c)} A1l papers {except that of Dr. Orphanos) were written in both English
and Arabic. Speakers were allowed 45 minutes each for presentation
and discussions.

(d) The sessions were chaired as follows:-
Session 1: Dr, Juma‘a Abdul Karim, Soils Bureau.

Session &: Dr. Mohamed A. Abdul Salam, ACSAD.
Session 3: Dr. Mohamed Rashid Kanbar. ARC.

Final Session: It was planned that Dr. Geoffry Hawtin (Deputy Director
General Outreach, ICARDA) to chair this session, and due
to his absence (outside Syria) the session was chaired
by Dr. Samir Ahmed {ICARDA).




(e) The field trip to Breda area (35 km Southeast Aleppo)} was carried f
out 09:00 - 12:00 Wednesdays28 March. The main objective of the
trip was to visit ICARDA's trials conducted on a typical dryland

_barley - growing area, and particularly to observe the effect of
‘fertilizer use on barley.

II1. The Final Session: Conclusions and Recommendations

The closing session started with a general discussion on the papers
presented and the field trip, and ended with the formulation of basic
outlines for the proposed cooperative research project.

The following points were clear and approved by the participating
parties of the workshop:

1. A1l papers presented in the meeting (and other literature work of
relevance) have shown that in many dryland barley - growing areas,
deficiencies of soil nitrogen and phosphorus occur which can greatly
reduce grain and straw yields. As a result of these deficiencies,
pronounced and economic responses to fertilijzer, especially phosphate
are often observed, even at quite low Tevels of application. However,
due to marked year to year variation in rainfall totals and seasonal
variations, dryland farmers are very cautious about adopting a manégement
practice which they feel might further add to the instability of their
crop production systems,

2. It will be very fruitful to initiate and implement a cooperative résearch
programme - (between Soils Bureau, ARC, ACSAD, ICARDA and any other potentiaT
institutes) to further examine the question of fertilizer application on ;
dryland barley - growing areas. This research programme is assumed to cover
Tocations agro-climatically representative to all dryland barley - growing
areas in Syria. It is also envisaged that the cooperative programme must |
have a moderate start which might grow and develop by time. Outlines of |
the proposed programme are shown below under Clause IV.



ACSAD participation in the proposed research programme is bent to
its Director General's approval which will be sought for officially
by the Ministry of Agriculture and Agrarian Reform.

Within a 1-2 month period of time another meeting will be held between
the parties actually participating in the cooperative research programme
to finalize detailed aspects of the programme.

Proceedings of the workshop and all papers presented will Tater be
published by ICARDA in Engtish and Arabic.

Scientists of the Soils Bureau and ARC expressed their interest in
rotation trials and supplementary irrigation. They recommended that
these research areas can be the subject for future cooperation with
ICARDA and ACSAD.

Dr. Cooper (ICARDA) indicated that ICARDA is very interested in these
two research areas; that our rotations research programme has been
established several years ago, and an international workshop will be
held at ICARDA's headquarters next year (1985), that all the participants
in the Barley Workshop will be invited to participate in the Rotations
Workshop. He also briefed ICARDA’'s recent endeavours to initiate a
research programme on supplementary irrigation; that Dr. Arar, an expert
in water resources management was invited by ICARDA to study and prepare
documents relevant to water resources and supplementary irrigation in
ICARDA's mandate countries. This document is designed to help the
initiation and establishment of a research programme on supplementary
irrigation. However, the effective involvement of ICARDA in the
supplementary irrigation research is not expected to start before 1985,



7. The participants agreed that, in general, the dryland regions have,
so far, received a very little attention and consideration with respect
to national planning and resources allocation, and with regard to:
agricultural research. That more attention and consideration should
be directed to these areas. '

8. .Finally, Dr. Samir Ahmed (Chairman of the final session), Dr. Abdﬁ1
Satam (ACSAD) and Dr. Orphanos {Cyprus) expressed their warm feelings
and thanks to the participants for their effective and va]uab?e'
contributions to the success of the workshoh; andxto'ICARDA for its
generous hospitality,

9. Closing the final session Dr. Juma'a Abdul Karim (Director Soils Bureau)
" summarized the workshop discussions and conclusions, and on behalf of
the Miﬁistry'of Agriculture and Agrariah Reform, Syria, extended deep
thanks and gratitudes to ICARDA, ACSAD and all national, regional and
.international institutes that actively contribute to the agricultural
research and development on Syria.

"IV. Outlines of the PrbpoSed Cooperative Research Programme

The following trial outline was proposed as a vehicle by which barley
responses to phosphate and nitrogen fertilizer could be related to soil conditions
and rainfall. -A 5x5 factorial was suggested with N rates 0, 15, 30, 45, 60 kg/ha
and on5 rates of 0, 20, 40, 60, 80 kg/ha. It was proposed that each cpoperating
institute would be responsible for a given barley growing area in Syria?and would
carry out such a trial at, at least, 10 locations in each area. Prior to
planting, soil amples would be taken from each site for the depths_O—zofand
20-40 cm and would be analysed for available P (01sen-P} and N (NO;). P rain-
gauge would be jnstalled near each Tocation, and weekly rainfail totals would |
be recorded. Crop yields and total dry matter production would be recorded

at harvest.



Yields from all trials could then be related in the following
manner :-

Y = {(a)R + b(SN) + c(SP) + (d)N + e(P) + interactions terms

where R = rainfall, SN’ SP, P and N are soil applied nitrogen and phosphate
Tevels.

By inclusion of the rainfall term, and its interaction then with
other measured parameters, yields and the economics of fertilizer use could
then be related to the probabilities of long term rainfall distribution by
utilizing existing rainfall data. As data accumulates over a 3-4 year period,
it will become possible to expand the rainfall term to consider rainfall
totals for specific periods.

It was agreed that in order for this approach to succeed, there was
a clear need for standardization of experimental techniques and laboratory
analyses. Dr. Jouma'a Abdul Karim of the Soils Bureau undertook to convene
a meeting of interested cooperating agencies in the near future to settle
these details.
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AGENDA FOR
SOILS BUREAU/ICARDA WORKSHOP
: ON FERTILIZER USE
IN DRYLAND BARLEY~GROWING AREAS

Pick-up at Tourism Hotel
Meet in the Conference Room, Office 1

SESSION I ( Chairman, Dr. Juma'a Abdul Karim)

Welcome Address , - Dr. Peter Goldsworthy, ICARDA,
Director of Research

Introduction to Workshop - Dr, Juma'a Abdul Karim,
Director of Soils Bureau

Workshop Details ~ Dr. Peter Cooper

Paper 1: Soil Conditions in Barley Growing Areas of N.W.
: Syria, ICARDA

Paper 2: Chemical Fixation of Phosphate in Calcarious
Soils, ICARDA

COFFEE BREAK

Paper 3: The Influence of Rainfall Characteristics on Crop
Management in Dry Areas of N. Syria, ICARDA

Paper 4: Rotations and Yield Expectations in Barley
Production in Syria, ICARDA

LUNCH BREAK

SESSION I1 (Chairman, Dr. M.A. Abdul Salam)

Paper 5: The Fertilizer (NP) and Water Requirements of Barley §
in Cyprus, by Dr. Orphanos, Agricultural Research
Institute, Cyprus.

Paper 6: Paper by Dr. Matar, ACSAD

TEA BREAK

Paper 7: The Relationship Between Soil Content of Phosphorus
and the Response of Wheat to Phosphate in Rainfed
Agriculture, by Mr. El-Haj, Soils Bureau

Paper 8: Barley Responses to Fertilizer in N, Syria, ICARDA.
PARTICIPANTS RETURN TO HOTEL
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15:30-16:15
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Meet in the Conference Room, Office I. COFFEE

Depart for Field Trip to Breda Area (35 km SE of Aleppo)
Return to Office I, Aleppo

LUNCH BREAK

SESSION I11 {Chairman: Dr. M.R. Kanbar)

Paper 9: Effect of Fertilizer on Bariey Root Growth and
Moisture Extraction, Dr. Gregory, Reading
University, U.K.

Paper 10:Effect of Fertilizer on Barley Water Use and
Water Use Efficiency, ICARDA

Paper 11:Analyses of Multi-Season/Location Seed Rate,
Nitrogen and Phosphorus Trials on Barley and its
Economic Impliications, ICARDA

March 29, Thursday

08:15
08:30

08:45-10:30
10:30-11:00
11:00-12:30
12:30-13:30
13:30-14:15

Pick-up at Tourism Hotel
Meet in the Conference Room, Office I

FINAL SESSION (Chairman: Dr. Samir ET1-Sebae Ahmed, ICARDA)

Discussion on Papers and Field Trip

COFFEE BREAK

Soils Bureau/ICARDA Future Cooperation

LUNCH

Workshop Summary and Conclusion - Dr. Juma'a Abdul Karim

PARTICIPANTS DEPART
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Introduction

Most of the barley in Syria is grown under rainfed conditions, in areas
with an average annual rainfall of less than about 300 mm/y. Until 1979, most
of ICARDA's research on barley in Syria was conducted at ICARDA's main experi-
ment station at Tel Hadya, with an average rainfall of about 335 mm/y, or in
farmer's fields in the barley-growing areas's.

In 1979, a number of off-station experimental sites were estabiished,
two of which were located in areas with a lower annual rainfall than at Tel Hadya:
Breda (260 mm/y) and Khanasser (220 mm/y); see Figure 1. One of the objectives
of establishing these sites was to study the productivity of barley under con-
trolled experimental conditions at low-rainfall locations. In 1931, two more
low-rainfall sites were established, aspart of aresearch program on biological
nitrogen fixation: Nasrieh (300 mm/y) and Ghrerife (250 mn/y}; see Figure 1.
The site at Ghrerife is presently being used for barley variety and barley
agronomy trials.

Soils in the lower-rainfall zone (300-150 mm/y) have been classified as
Cinnamonic Soils by Van Liere (1965), because of their reddish and yellowish
brown colors. Soils with a gypsic horizon at shallow depth have been classi-
field as Gypsiferous Soils by Van Liere. In the FAQO/UNESCO (1974} system of
so0il classification, manyof these soils would be classified as calcic or gypsic
Xerosols.

Soils at the experimental sites have been sampled and analyzed for a
number of soil parameters,in ICARDA's laboratory for soil and plant analysis at
Tel Hadya. The objective of this presentation is to discuss some of the chara-
cteristics of soils at Tel Hadya and the off-station sites, as well as at a
number of locations along the Breda-Khanasser-Sfireh road (Figure 1), where
barley trials are being conducted in farmer's fields during the 1983/84 season.
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Materiais and Methods

Soils were sampled in the field with a hand-auger, put in labeled plastic
bages, and transported to Tel Hadya in cool-boxes. At Tel Hadya, soil samples
were stored in freezers until room was available to dry them. Air-dried
samples were ground to pass a 2-mm sieve and stored in labeled plastic bottles.
Subsampling for analysis was done with a riffie-type sample splitter. All
analyses, unless otherwise indicated, were carried out in air-dried soil samples.

Soil texture in non-gypsic soils was determined by the hydrometer method
(clay and silt) and by wet sieving (sand). Clay contents in non-gypsic soils
were calculated from 2 h hydrometer readings, according to Hesse (1974).

Calcium carbonate equivalent was determined by a titrimetric method,
using hydrochloric acid to dissolve the carbonates, and sodium hydroxide to
titrate the remaining acid with bromothymol blue indicator. Active calcium
carbonate in non-gypsic soils was determined by extraction with acid ammonium
oxalate and titration with potassium permanganate.

Oxidizable organic carbon was determined by wet oxidation with potassium
dichromate in acid medium, and titration with ferrous ammonium suiphate solution.
Total organic carbon and organic matter contents were calculated from the
oxidizable organic carbon contents through multiplication with 1.33 and 2.3,
respectively. Kjeldahl-nitrogen was determined by digesting the soil in sul-
phuricacid with potassium sulfate— copper sulfate—selenium catalyst {(100:10:1
weight ratio}. Ammonium in the digest was determined by steam distii1ation,
using sodium hydroxide to raise the pH of the digest, and botic acidfto collect
the distillate.

For the measurement of electrical conductivity (EC) and acidity (pH),
1:1 (w/v) soil-water suspensions were prepared. The pH was measured in the
suspension, and the EC in the filtrate, after filtration of the suspension.
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Mineral nitrogen was determined by extracting the soils with potassium
chloride for ammonium-nitrogen (NH4-N) and water for nitrate-nitrogen (NO3-N).
Both forms of nitrogen were determined in each extract by a steam distillation
procedure, using magnesium oxide for NHja-N, followed by Devarda's alloy for
NO3-N {Bremner and Keeney, 1966). The distillate was collected in boric acid
solutions, and titrated with dilute sulphuric acid.

Available phosphorus (P-0lsen) was determined by extracting the soils
with a sodium bicarbonate solution ratio. The suspensions were filtrated using
activated carbon to decolorize the filtrate. Phosphorus in solution was meas-
ured colorimetrically at a wavelength of 660 nm, using ammonium molybdate and
stannous chloride in sulphuric acid (Olsen et al., 1954).

Results

1. 5011 Texture

————————————

Clay contents in soils tended to decrease with lower rainfall (Figure 2).
This may reflect nigher carbonate contents of soils in drier areas, but also
differences in weathering conditions, and parent materials. Clay contents at
Tel Hadya (TH) and Nasrieh (Nas) were high and quite uniform with depth.
Clay contents at Breda (Br), Ghrerife (Ghr) and Khanasser (Kh}, tended to in-
crease with depth in the upper part of the profile. Soils at Khanasser had
a gypsic horizon below 60 cm depth (Gypsiferous soils) and soils at Breda,
Ghrerife and Nasrieh contained some gypsum below 90 cm depth (dotted Tines
in Figure 2).

Soil texture ranged from silty clay and clay to loam and silt loam
(Figure 3; Table 1}. Most of the soils analyzed were relatively high in silt.
In the lighter-textured soils this may make the soils liable to surface-sealing
during high-intensity rainfall, and to wind erosion during the summer. The
lighter-textured soils do not form cracks in spring, and may therefore be more
efficient in conserving moisture during spring, than the deep-cracking heavier-
-textured s¢ils.
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2. Calcium carbonate - D
A1l soils analyzed were calcareous, with total carbonate contents ranging
from about 25 to more than 50 per cent (Figure 4). Calcium carbonates, or mixed.
calcium-magnesium carbonates play a major role in the chemistry of soils in
Northwest Syria. The solubility of calcium and magnesium, and the pH of the soil
are directly controlled by carbonates. The solubility of calcium phosphates and
other calcium minerals depends on the calcium concentration in soil solution.
The generally high pH (7-8) resulting from the presence of carbonates decreases
the availability of micronutrients such as iron and zinc, and increases the
volatilization of ammonia from soils, which is probably one of the major loss
mechanisms of nitrogen from calcareous soils. |

The fraction of active calcium carbonate is thought to include easily-
-soluble and adsorbed forms of calcium carbonate. It can be seen from Figure 4
that the ratio of active to total calcium carbonate is gquite constant :about
0.30 * 0.05 for the soils analyzed. |

o e AR R B S e o i A e R e -

Organic matter contents in all soils were in the Tow range : between 0.3
and 1.3% in the surface horizon, and decreasing with depth (Figure 5). The wet
oxidation of organic carbon with potassium dichromate in sulphuric acid medium,
and titration of the residual potassium dichromate against ferrous ammonium
sulfate (Walkley-Black method) recovers a variable fraction of the total soil
organic carbon. To calculate total organic carbon, the results obtained with
the Walkley-Black method are usually multiplied by a factor 1.33. This factor,
however, may vary between soils, and with depth in soils.

The distribution of Kjeldahl nitrogen in the soils was very similar to
that of oxidizable organic carbon. The C/N ratio, expressed as the rafio of -
oxidizable organic carbon to Kjeldahl nitrogen, varied between 5 and 7.5, with
a mean value of 6.7 + 0.5.  The conventional C/N ratio, based on total lorganig
carbon, varied between 7 and 10, with a mean value of 3.9+ 0.7.
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Hence, C/N ratio's were in the low range,
and carbon rather than nitrogen would be expected to limit microbiological
activity in the soils under moisture and temperature conditions suitable

for microbial growth,

The Tow organic matter contents are an unfavourable characteristic
of these soils. This is because organic matter generally increases the
stability and water-holding capacity of soils, and increases the solubility
of many essential plant nutrients through the formation of soluble organic

complexes.

4, pH

Values of pH were all in the high range: between 7.9 and 8.5; see
Figure 6 and Table 1. The pH is one of the most important characteristics
of soils. The pH is a factor in the solubility of most minerals, in the
stabitity of organic complexes, and H* is a potential determining ion in
oxides and many other minerals with a variable surface charge.

The pH in calcareous soils is mainly determined by the presence of
calcium carbonate, gypsum, and aqueous ions, such as sodium. The pH of an
aqueous solution in equilibrium with calcium carbonate, at atmospheric COp
levels would be 8.34. Ifgypsum would be present alongside calcium carbonate,
the pH would be about 7.8. Hence, the presence of gypsum in calcareous soils
tends to decrease pH.

In a1l calcareous soils, the pH tends to decrease with higher CO;
levels, such as those encountered in the rooting zone of growing crops. For
example, the pH of an aqueous solution in equilibrium with calcium carbonate
at a COz level of 1% (v/v), would be about 7.3, that is, about one pH-unit
lower than under atmospheric conditions (0.03% C02). Similarly, in the
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presence of gypsum, the pH would decrease from about 7.8 under atmaspheric
conditions, to about. 7.0 at 1% CO2. Hence, in the root zone of a growing crop,
pH values are likely to be lower than those determined under labor@tory condi -
tions, in equilibrium with atmospheric CO02. ‘

Although the determination of pH is one of the most common soil tests,
it is one of the least standardized tests among laboratories. Factors that
influence the results of pH-measurements include the pretreatment of the
samples {drying and storage conditions), the composition of the solution and
the ratio of soil to solution used in the préparation of suspensions, the time
of equilibration, temperatures during equilibration and pH—measurement, etc.
Solutions used to prepare soil suspensions include 1.0 N KC1 and 0.01 M CaCl2
solutions, and water. Common ratio's of soil to water (w/v) are 1:1, 1:2.5,
1:5 and 1:10. In addition, pH is often measured in a saturated soil paste.
Figure 7 (top) shows the effect of soil solution ratio on pH values determined
in different soil-water suspensions for soils at Tel Hadya. It follows that
there js a difference of about one pH-unit between the pH determined in a
saturated s0il paste (7.99 % 0.07) and in a 1:10 suspension (8.99 * 0.07).
It further follows from Figure 7 (bottom) that a plot of the hydrogen ion acti-
vity against the soil-solution ratio yields a straight line. From this regres-
sion equation the pH of the soil solution can be estimated. For example, at a
moisture content of 30% (w/w) the pH would be about 7.6.

The relation between pH and calcium carbonate is rather complex, as can
be seen from Figure 7. The increase in pH with decreasing soil-solution ratio,
results in a decrease in solubility of calcite, such that equilibrium with the
solid phase is maintained. The behaviour of pH can be explained on the basis
of simple adsorption-desorption considerations, but other factors, such as a
fractional increase in aqueous sodium ions in the more dilute suspensions,
probably play a role as well. §

5. Electrical conductivity

o e A g T e

The electrial conductivity of a solution is a measure for the @amount iof
soluble salts in a soil. At the drier sites, EC increased with depth, probably
becuase of the presence of gypsum at depth in these soils (Figure 8).
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The EC-values of surface soil samples taken in farmer's fields were generally
in the range of 0.2 to 0.6 mS/cm (Table 1). At three locations, the EC-values
were higher: at Nawara (No.9) and Mezeileh (No.10) this was probably due to
the presence of gypsum in the surface horizon, whereas at Qorbatieh (No.11)
this was likely to be due to a soluble sodium salt, such as sodium chloride.
The high salinity at these three locations may adversely affect crop
production,

If only soluble salts would be present in the soil, the EC of a 1:1
extract would be about 5 times higher than the EC of 1:5 extract, disregarding
the effect of ionic strength and of ion exchange on the electrical conductivity.
Such a situation was encountered at Haklah, a saline site near the salt lake
of Jabbul, southeast of Sfireh {see Figure 1), Here the relationship between
the EC of the saturated soil paste, ECczy, and of the 1:5 soil-water extract,
EC5, was given by:

ECsat = 92.23 (EC5-0.16) n=20, r2=0.99

The moisture percentage of the saturated soil paste was 50-54% (w/w).
Therefore the soil contained highly soluble salts, probably sodium chlorides
and some suifates. The solubility of carbonates was probably slightly higher
in the 1:5 extract than in the saturation extract.

For soils at Tel Hadya the relationship between ECy and ECy was found
to be:

ECy = 1.91 ECg n=36, r2=0,53

Hence, at Tel Hadya salts with a limited solubility played an important part.
This is further illustrated in Figure 9, where the water-soluble ions (1:5 w/v
soil-water extract) are plotted as a function of depth. The data represent
average values for 24 profiles at Tel Hadya; the analyses were performed at
the soils laboratory of the Ministery of Agriculture at Aleppo. The chlorides
and sulfates represent soluble salts, whereas carbonates are relatively
insoluble.
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Cation exchange probably plays a role in determing the composition of
the 1:5 soil-water extract. The sodium-calcium exchange reaction may be

i

represented as follows:

2+
Cagx + 2Nat =— 2Na;x + Ca2+

where 'ex' refers to the adsorbed phase. Under equilibrium condition§, the
relation between the ratio of cations in the adsorbed phase and in the sol-
ution phase, may be described by the Gapon eguation:

INa : “Na :

dca CCa

where K is the Gapon coefficient, q; denotes the amount of component i in -
the adsorbed phase (meg/100 g), and cj denotes the aqueous concentration of
component i (moi/1). As an approximation, one may write the Gapon equation
in monovalent {Na+ and K*) and divalent cations (Calt+ and M92+):

G+ C
= K ot
92+ C2+

From this equation it follows that the proportion of monovalent catiens in
solution increases, if the solution is diluted. This is illustratediin
Figure 10, where it is assumed that only cation exchange occurs. The amount
of water-soluble cations is taken as 1.0 meq/100 g, and the Gapon coefficient
is calculated as 1.626, from the data in Table 2. It is further ass@med that
equilibrium is maintained with the composition of the adsorption com@Tex as
given in Table 2. It follows that if the solution-soil ratio increases from
0.2 (that is, 20% moisture by weight) to 10, the fraction of monovajlent
cations in solution would increase from about 0.15 to about 0.65.
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In the Tel Hadya soils, cation exchange is certainly not the only
process occurring, and therefore the trends illustrated in Figure 10 have
to be interpreted with caution, It may be assumed, however, that the compo-
sition of a 1:5 extract overestimates the amount of sodium in the soil '
solution at field capacity, and underestimates the concentrations of calcium
and magnesium. Further proof for this is provided by the behaviour ¢f the
pH (Figure 11, left). The increase in pH with depth is not observed in satu-
ration extracts of soil, and is thought to be due to the dissolution of
calcite:

CaC03 + H* ——  Ca2+ + HCO3"
followed by cation exchange:
2Nat  + Ca2+ — Cal+ + 2Nat
ex ex

Therefore, NatHC03™ remains in solution, which causes the pH to increase, and
this, in turn, decreases the solubility of calcium carbonate. It follows from
Figure 11 (right) that there is a significant correlation between pH and

[Na+ HCO3"1, calculated as the difference between the sum of the divalent
‘cations, [Ca2+ + MgZ+], and the bicarbonate concentration [HCO3-1.

It follows from the data in Table 2 that the exchangeable-~potassium
contents of soils at Tel Hadya are in the range of 450 to 600 ppm in the top
60 cm of the soils. Potassium deficiencies, therefore, would not be expected
at Tel Hadya.

The distribution of water-soluble ions in soils at Breda clearly shows
the presence of gypsum at 120 to 150 cm depth., Figure 12 is based on analyses
performed by Mr. Mahmoud Wahoud at the University of Aleppo.
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The total amount of calcium in solution, in equilibrium with gypsum, would be
about 14.25 meq/100 g in a 1:5 (w/v) soil-water extract, asSuming that the
activity coefficients of calcium and sulfate are about 0.5 at an ionic strength
of 0.033. Hence the calculated solubility of calcium is very close to the
measured value, considering that some maanesium sulfates are present as well.

6. Mineral Nitrogen

A 8 ity = -

The dynamics and transformations of mineral nitrogen in soils in Aleppo
Province have been studied over the past 4 years, as part of a UNDP sponsored
research program on increasing the efficiency of moisture and nitrogen use in
rainfed agriculture*. The results of these studies have shown that the ammonium
contents in soils at the drier sites were generally low during the summer, and
quite uniform with depth. From Table 1 it follows that ammonium contents in
the surface horizon of soils in farmer's fields were all in the range of 2-3 ppm.

- The onset of the rainy season is usually followed by a fiush in mineralization,
resulting in a temporary increase in ammonium-nitrogen in these soils. Results
of measurements of ammonium- and nitrate-nitrogen throughout the growing season,
suggested that in soils at the drier sites only part of the ammonium-nitrogen was
converted into nitrate-nitrogen (nitrification), the remainder probably being
immobilized in the hetrotrophic biomass of the seil. As a result, ammonium-
-nitrogen did not contribute significantly to plant-available nitrogen, except
in situations where nitrogen was highly deficient.

Nitrate-nitrogen in soils appeared to be highly correlated with crop up-
take of nitrogen, and it was concluded that nitrate-nitrogen in soils, determined
at sowing, would be a suitable test for plant-available nitrogen (Hakmsen, 1984).
Figure 13 shows that at the wetter sites, Tel Hadya and Nasrieh, nitrate-nitrogen
was low, and decreased with depth. At Breda and Ghrerife, nitrate-nitrogen
increased with depth below 60 cm, and at Khanasser nitrate-nitrogen was very high
throughout the profile. Much of the nitrate-nitrogen at depth is pr&bab]y not
available to the crop, except in very wet years. % i

* UNDP/ICARDA Global Project 78/003.
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The nitrate-nitrogen contents in surface soil samples from farmer's
fields (Table 1) varied widely between fields, ranging from 1.5 ppm at Batraneh
{No.3) to 58.3 ppm at Qorbatieh (No.11). A barley crop of 2-3 t/ha (dry matter
yield) would require about 20-30 kg N/ha, which is equivalent to 10-15 ppm NO3-N
in the top 20 cm of the soil. Hence, in most of the fields sampled, nitrogen
deficiencies would not be expected to occur, considering that the soils also
contain nitrates below 20 cm depth. The nitrate-nitrogen contents in soils at
Qorbatieh (No.11) and Qubattein (No.17) were significantly lower in fields where
a barley crop was grown the previous season {B/B), than in fields where the
Tand had been fallowed (F/B). A similar trend has also been observed at the
experimental site at Breda: after fallow,soils were higher in nitrate-nitrogen

than after a barley crop.

"It may be concluded that most of the soils studied, appeared to be
medium to high in p]ént—aVaiJab1e nitrogen, and therefore nitrogen deficiencies,
that is, responses to nitrogen-fertilizer application, would not be expected
to be of major importance. -

7. Available phosphorus

Available phosphorus in calcareous soils is commonly determined through
extraction with a 0.5 M NaHCO3 solution at pH 8.5 (Olsen et al., 1954). The
solubility of calcium carbonate in this extractant solution is low, because of
the high bicarbonate concentration and the high pH. As a result, the solubility
of calcium phosphates is relatively high in this solution. The soil test also
recovers part of the adsorbed phosphorus in soils. The amount of phosphorus that
dissolves in the sodium bicarbonate solution depends on the pretreatment of the
soil samples, the soil-solution ratio, the shaking frequency, the temperature
during extraction, and the duration of the equilibration. Furthermore, the use
of activated carbon (free of P) during filtration, to decolorize the soiution,
is generally recommended. It has to be emphasized that results of P-0lsen
determinations may differ between laboratories, if analytical procedures are not

carefully standardized.
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The available-phosphorus contents in soils at Tel Hadya and theéoff—
station sites were low in the surface horizon and decreased with depth:(Figure 14).
A value of 5-6 ppm is usually given as the deficiency Timit in soils. Hence all
soils in Figure 14 would be deficient in phosphorus. Results of agronemy
research at ICARDA suggest that the deficiency limit for phosphorus in soils
wouid be higher than 6 ppm at sites with an annual rainfall below 300 mm
(Harmsen and Anderson, in preparation). These results are in agreement with
Matar (1976), who reported that in a dry year yields of wheat at Ezraa Experi-
ment Station increased linearly with available phosphorus in the range of
2 to 9 ppm.

The available-phosphorus contents of soils in farmer's fields (Table 1)
were all below 6 ppm, with the exception of one field at Nawara (No.9). Hence,
crop responsesto phosphorus would be expected in most of the farmer's field
trials, provided other factors, such as available moisture, would not be Timit-
ing crop production.

Soil samples taken in 158 farmer's fields in the barley producing area
of Western and Northeastern Syria (Figure 15) showed that available-phasphorus
contents of most soils were in the low range: 68.3% of the soils sampled were
below 6 ppm.

It may be concluded that phosphorus deficiencies in soils are probably
widespread in the barTey-producing area in Syria. It has to be emphasized,
however, that the application of phosphorus fertilizer does not necessarily
increase yields, even if soils are highly deficient in phosphorus. Whether
crops respond to application of phosphorus fertilizer depends on whether phos-
phorus is the factor actually limiting yields. For example, in a low-rpinfall
season, available moisture may 1imit actual yields, and application of bhosphorus
fertilizer would thus have 1ittle effect on yields.
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Table 1. 5o0il data for farmer's fields in 1983/84 on-farm barley trials.

Site Location Rot. ECy pHy Mechanical Analysis P-O1sen Mineral-N (ppm)
Number {mS/cm) clay silt sand {ppm) NHa-N NO3-N
2 ww)

EP el 234 Gyl PH ) I Jor sy Ol
1 +—£.5 Kafr Abeid F/B 0.27 8.4 20,5 42.5 36.7 2.5 2.8 7.7
2 =P 29 Boweida Saghirza  F/B 0.27 8.4 12.5 37.0 49.9 2.7 2.0 10,6
3 YW iBatraneh B/B 0.21 8.3  33.0 32.0 32.3 1.7 2.0 2.9
Batraneh F/B 0.22 8.3 34.5 34.9 30.3 1.9 2.0 1.5

4 el ee Jafr Mansour F/B 0.37 8.2  33.0 36.4 29.3 3.5 2.6 10.8
5 Jesy trjel F/8 0.30 8.3  49.5 32.9 17.6 2.0 2.7 3.3
6 (<~ Monbateh F/B 0.3t 8.3 44.0 39.1 15.8 3.5 2.6 7.5
7 R N5 Tawaleel . F/8 0.33 8.3 23.0 39.5 36.1 3.6 2.7 5.6
8 -~ ¥y~ Hanouteh F/B 0.60 8.5 40.5 48.3 9.7 2.5 3.0 11.9
3 o,Vy  Nawara F/B 2.83 7.9 * * 23.9 7.2 2.9 46.3
10 -, b Mezeileh 8/B 2.45 7.9 * * 32.3 5.7 3.2 9.6
11 " . Qorbatien F/B 3.76 8.0 (35.0) (51.2) 11.6 4.2 2.8 58.3
7=*L% { gorbatien B/B 3.00 7.9 (31.0) (50.7)  16.2 5.0 2.5 7.5

12 _»Vup Khanasser F/B 0.41 8.3  20.5 43.1 34,2 4.2 2.3 . 19.3
13 ue  Hawaz B/8 0.31 8.3  27.5 52.1 16.4 3.8 2.4 3.6
14 +2,.0 Mazraa F/B 0.37 8.3 26.0 50.9 22.7 5.5 2.2 14.7
15 _wbs- Roweheb F/B 0.32 8.3 22.5 48.0 27.9 3.9 2.5 1.2
16—  Jeneid F/8 0.32 8.4 31.0 43.2 21.7 4.0 2.2 7.5
17 e iQubbatein F/8 0.46 8.4 415 49.6 5.9 2.8 2.5 17.4
- Qubbatein "~ B/B 0.37 . 8.5 33.5  49.4 7.3 2.1 2.5 4.6

62
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Table 2. Water-soluble ions (1:5 w/v soil-water extract), pH (1:2.5 extract),
and exchangeable cations for soils at Tel Hadya.
.{ U:_l:t_....w \'Jo;\) PH a(‘La: d...oJ..a o:\) L',l—_.J.‘I—lJ al.Lslt u:.l..‘;_,.,,‘)l - Y \JJ-.\.?-
slpin U5 e s alca) o Jole ) 2hLs wils gunls

i , [ WL RS ENDIPEWEN T
Depth i Water-soluble ions (meq/100g) ECs
(cm) ' caZt Mg+  Na* K+ {Tcat | HCO3  S0,°°  CIT iTan l(mS/cm)
R i L et e AR A Y {245&9%2@;

0-1571 0.471  0.117 0.303 0.038{ 0.929! 0.640 0.165 0.156 0.961| 0.195
|
1

15-30 ' 0.422 0.102 0.532 0.029§ 1.0855' 0.661 0.253 0.229;1.143 0.234

30-60 | 0.33  0.090 0.630 0.018] 1.074! 0.708 0.242 0.175 1.125] 0.227

0-60 | 0.391  0.100 0.524 0.026) 1.041: 0.679 0.226 0.184 1.089| 0.22

’ A3 3N e Y S
Depth B Exchanqeable cations (meq/100g) - pH
{em} © Cadt  MgZ+  Na* K+ v % cat CEC {1:2.5)
O e e e e el S upMET sl it L

T ' 1 S

1 1 1
0-15 | 37.67 8,18 1.43 1,58 | 48,86 48.86 8.29
15-30 | 35.71 8.54 2,19 1.38 | 47.82 ;  47.82 8.32
30-60 | 34,56 8.85 2.68 .16 @ 47.25 .  47.29 8.43
0-60 | 35.63 ~ B8.61 2.25 1.32 : 47.80 .  47.82 8.37
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Figure 1. Map showing the approximate locations of Tel Hadya experiment
station and the 4 off-station sites (stars), and the 17 farmer's
field trials (asterisks}. The numbers refer to Table 1.
The area with an altitude higher than 400 m above sea level
{dotted area) largely coincides with the basaltic plateau SE
of Aleppo. Salt lakes are indicated by dashed area's.
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Figure 2. (lay contents at five sites, as a function of depth in the soil,
Liay fraction (% w/w)
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Figure 3. Texture of soils (0-20 cm depth) at 5 experimental sites and
17 farmer's fields, according to the USDA Seil Taxonomy.
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Figure 4. Calcwum carbunate eyuivalent {top) and active
calcium carbonate contents (bottom) at five

experimental sités, as a function of depth in
the soil.
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Figure 5. Oxidizable organic carbon contents at five experimental sites,
as a function of depth in the soil. Organic matter contents
are approximately a factor 2.3 highar {top scale).
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Figure 6. pH determined in 1:1 (w/v) soil-water suspensions of sofls at
four sites.
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Figure 7. pH determined in saturated soil paste {ssp) and suspensions of |
different soil-water ratio's for soils at Tel Hadya (top).
Hydrogen-ion activity in solution as a function of soil-water
ratio for soils at Tel Hadya (bottom).
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Figure 8. Electrical conductivities determined in 1:1 (w/v) soil-water
‘extracts of soils at five sites, as a function of depth in the soil.
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Figure 9. Water-soluble cations (left) and anfons {right) determined in
1:5 (w/v) soil-water extracts of soilsat Tel Hadya.
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Figure 10. Water-soluble monovalent (Na* and K*) and divalent cations
(Mg2* and Ca2+) in soil-water extracts, as a function of
the water: soil ratio (v/w), if only ion exchange occurs
and the composition of the adsorption complex is approxi-
mately constant.
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Figure 14, Available-phosphorus {(P-0lsen) contents of soils at five sites.
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Figure 15. Frequency histogram of available-phosphorus cuntents.of
soils at 158 farmer's fields in the barley-producing area
in Syria, sampled in spring 1982 (barley survey).
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1. Introduction

Most of the soils in Syria are calcareous, that is, they contain calcium
or mixed calcium-magnesium carbonates. Carbonate contents of soils tend to
decrease with higher rainfall, probably due to dissolution and leaching of
carbonates with the infiltrating rainwater.

Inorganic phosphate fertilizers applied to calcareous soils are transformed
into less soluble mineral forms in the course of time. This process is usually
referred to as 'fixation'. The mechanism of phosphorus fixation in calcareous
soils 1s gquite different from fixation in acid soils, where adsorption on
aluminum and iron oxides plays a major role. In calcareous soils, the avail-
ability of phosphorus to the crop is expected to increase with the amount of
fertilizer applied. In acid soils, a certain amount of phosphate may be required
to satisfy the adsorption sites associated with aluminum and iron oxide surfaces,
such that available-phosphorus only starts to increase after a certain amount of
phosphorus-fertilizer has been applied to a soil. Furthermore, adsorption is a
rapid process, whereas mineral transformations involving calcium phosphates are

relatively slow.

One of the most soluble calcium phosphates is brushite or DCPD {Table 1),
which is a major initial reaction product of phosphate fertilizers in calcareous
soils. Apatites are among the least soluble calcium phosphates, and probably
constitute the stable end products of phosphorus transfromations in calcareous
soils.

It is the objective of this paper to discuss some aspects of the chemistry
of calcareous soils, to provide a basis for the understanding of the transformations
and availability of inorganic phosphates in calcareous soils.

Z. Natural abundance of phosphorus

The mean phosphorus content of the Tithosphere is 1200 ppm. Phosphorus tends
to be more abundant in basic and intermediate rocks, than in acid rocks (Figure 1).
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The phosphorus contents of limestone are below the average for the earth's
crust (Milovsky, 1982). Hence total phosphorus contents of soils formed in
limestone would be expected to be lower than of soils formed in basic rocks,
such as basalt. The phosphorus content of the parent materials is only one
of the factors, however, that determine the total phosphorus contentis of
soils. Other factors include the age of the soils and parent materials,
climatic conditions during weathering and soil formation, and biolagical
factors. - P

Total elemental analyses (X-ray fluorescence spectrometry) of soils in
Aleppo Province, conducted at the University of Reading, have shown that the
phosphorus contents of soils ranged from about 500 ppm at the driest site,
Khanasser, to less than 100 ppm at the wetter sites, Nassrieh and Tel Hadya;
see Figure 1 (Hedley, 1982). Hence total phosphorus contents were in the
low range, in particular at the wetter sites. The decrease in phosphorus
contents with higher rainfall may well reflect p]aht uptake of phosphorus,
rather than leaching. A cereal crop that producés a dry matter yield of
2.5 t/ha, would require about 5 kg P/ha. Hence, in 100 years this crop would
remove an amount of phosphorus, equivalent to about 250 ppm in the top 20 cm
of the soil. Therefore, crops remove substantial amounts of phosphorus from
soil, and the low available-phosphorus contents of soils in Aleppo Province
may thus at least in part be ascribed to low total phnsphorus contents.

At the drier sites, such as Khanasser, cultivation of cereal crops probably
started more recently than at the wetter locations, vhereas the yield levels,
and thus the amounts of phosphorus removed from the soils, are 1oweﬁ'at the
drier sites. This may partly explains the higher phosphorus levels ?t the

drier sites.



44

3. The chemistry of calcareous soils

Some minerals that are important in the chemistry of phosphates in
calcareous soils, are listed in Tablel. Calcite and gypsum (if present) deter-
mine the calcium activities in soil solution, and fluorite the activity of
fluoride in solution. The solubility of phosphate in calcareous soils is
largely determined by the aqueous calcium acfivity and the pH, both of which
are controlled by calcite, or calcite plus gypsum, the ionic composition of
“the soil solution, and the COz levels in soil.

3.1. Calcium carbonate equilibria

e s - — - -

The solubility of calcite in agueous solution is a function of pH and
- the partial CO» pressure, as follows from reaction 14 in Table 2:

logCaZ+ = 9.74 -~ 2pH - 1ogCO2

where logCaZ* denotes the logarithm of the calcium ion activity, 9.74 is the
logarithm of the thermodynamic equilibrium constant at 25 °C and zero ionic
length, pH is the negative logarithm of the hydrogen ion activity, and 10gCO»
is the Togarithm of the partial CO» pressure. By convention, 1ogCOz = O if
the CO2 pressure equals 1 atmosphere. Hence at an atmospheric CO02 level of
0.03% (v/v), that is, at a partial CO2 pressure of 0.0003 atm, 1ogCO» eguals
.~3.52. The ionic strength, I, of an aqueous solution is given by:

1= 3 XCiz3
where Ci is the concentration (mol1/1) of ion i, Zj is the valency of ion i,
and thé summation is over all ionic species in solution. The activity of an
ion, aj, is defined as:

aj = ¥i G

where J} is the'activity'qoefficient of ion i, and C; the aqueous concentration,
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Activity coefficients may be calculated from the Davies'equation:

3 .
Tog Yi=-A22 |1 . o031
- 1+13

where A is a constant, which is equal to 0.509 fbr water at 25 oc.

The solubility of calcite decreases with highér 'pH and with higher CO»
levels (Figure 2). A COo> level of 0.03% (v/v) corresponds to atmospheric
conditions. In soils, COp Tevels are usually higher because of metabolic
activities of living organisms, and slow exchange of COz'ﬁith the atmosphere.
Under high-moisture conditions, the exchange of C02 with fhe'atmOSphere is
slower than in well aerated, drier soils, because of the low rate of diffusion
of C02 in agueous solution. In the rooting zone of a grbwing crop, €0 levels
would be in the range of 1-10% (v/v).'

The equilibrium composition of a CaCO3-H,0 system at a given value of
109C02, can be calculated from the electroneutraltity condition, which reqguires
that the amount of cationic charge in solution is equal to the amount of
anionic charge:

2[Ca2+1 + ([CaMCO3*] + [H*} = [HCO3") + 2[C03%7) + [OH-)
where sduare brackets refer to the aqueous concentrations'of the ions involved.

This equation can be written in aqueous activities (round brackets) with the
help of the activity coefficients of the species involved:

2(Ca2+) (CaHCO3*) . (H*) (HCO3™)  2(C032%)  (OH-)
+ + a + —t
Va2t 2‘E:cho; Yut '3§c03- 35032' Yon-

A1l aqueous activities can be expressed as a function of (H') only, ét a given
value of 1ogC0p (Table 2). Solution of this equation for ?ogC02=-3.§2 (Figure 2,
left) gives a pH value of 8.32, and for 1ogC03=-2.00 (Figure 2, right) a value
of 7.32 is obtained. It may be noted that the solution of this typeiof equations
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is an iterative process, because X} is a function of I, and I is a function
of the aqueous concentrations, which are calculated from the aqueous activities

using the estimated values of Xi'

It can be seen from Figure 2 that the pH of a solution in equilibrium
with calcite tends to decrease with higher CO7 levels. Therefore, the pH
in the rooting zone of a crop tends to be lower than in a soil with little
or no biological activity. As a consequence, the availability of many
nutrients, including phosphates, iron and zinc, would increase in the rooting
zone of an actively growing crop.

The pH of a calcareous soil in equilibrium with atmospheric C02 is not
only determined by the presence of calcite, but also by other minerals and ions
in solution. For example, the pH may range from 7.9 or less, in gypsic soils,
to 9.0 or higher in sodic soils. The behaviour of pH in equilibrium with
calcite, in the presence of other salts, can be understood by considering the .
electroneutrality equation for such systems. It follows from Figure 2 that
the electroneutrality eqw?tion for a pure CaC03-Hp0 system in equilibrium with
atmospheric CO» may be written in the approximative form:

2[Tal*] = [HCO3")

if an amount of aqueous cations, other than CaZ+ are introduced in the system,
the equation becomes:

[Catt] + 2{CaZ+1 = [HCO3"]

Solution of this equation requires that pH increases, as can be seen from
Figure 3 (right). This situation occurs if NaHCO3 is dissolved in a CaC03-H20
system, and expltains the high pH in sodic soils.
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The pH of aqueous suspensions of soils at Tel Hadya increased wiéh
the concentration of [Na* HCO3~] in solution, as was shown in part I of
this paper. When an agueous suspension of a soil is prepared, initia]jy
only soluble saits dissolve. The suspension will thus be undersaturatéd
with regard to calcite. The (slow) dissolution of calcite, followed by
the replacement of CaZ+ by  2Ma+ through ion exchange, increases the amount
of Na+ in solution, and hence, increases pH. It can be seen from Figufe 3
that pH increases almost lineavly with the cation concentration, up to - about
0.003 mol/1. The relation between pH and [Cat*)] in this range can be
approximated by:

pH = 8.32 + 0.659 [Cat+]

where the cation concentration is expressed in meq/100 g of soil, for a
1:2.5 {w/v) soil-solution ratio. The regression curve shown in Figure 11
(part I of this paper) is given by:

pH(1:2.5) = 8.25 + 0.627 [Nat HCO3"] n=8, re=0.99
in agreement with the behaviour of pH shown in Figure 3.

If an amount of monovalent anions, other than HCO3™, are introduced in
the CaC03-HoO system, the elecroneutrality equation can be written in the
approximate form:

2[ca2+} = [HCO3"] + ([An-]

Solution of this equation reguires that pH decreases, as is shown in F§gure 3
(left). This situation occurs if CaCly or another soluble calcium sa]t, is
dissolved in a CaC03-Hp0 system, and explains the low pH (about 7.9) of
gypsic soils. !

The ionic activity coefficientsdecrease with increasing ionic st}ength.
The dotted lines in Figure 4 indicate the activity coefficients of monbvaIent
and divalent ions in a pure CaC03-Hp0 system. The activity coefficients
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decreases more steeply with [An~] than with [Ca*}. This is because the anions
are assumed to be associate- with Ca2+ jons, whereas the cations are associated

with HCO3~ 1ions.

In the Olsen-test for available phosphorus, a 0.5 M NaHCO4 solution at
pH 8.5 is used for the extraction of phosphates from soil. From reactions 1,
2 and 14 (Table 2) it follows that:

log CaZ* = 1,92 - 1logHCO3~ - pH

For the Olsen-extract it would thus follow that logCal* = -6.12. 'Hence, very
little calcite dissolves in the extract, because of the high bicarbonate concen-
tration and the high pH. The Tow calcium activity increases the solubility of
calcium phophates in soils. In addition, the bicarbonate ions compete with
orthophosphate ions for adsorption sites, and part of the adsorbed phosphates
are released into solution. For these reasons, the sodiumbicarbonate solution
is believed to be aneffective extractant for phosphorus in calcareous soils
(01sen et al. 1954). It may be noted that a 0.5 M NaHCO3 solution at pH 8.5
is not stable under atmospheric conditions, Carbon dioxide tends to escape
and pH tends to increase. Therefore, solutions have to be stored in closed
bottles.

. In conclusion, it may be stated that in calcareous soils, pH tends to
decrease with higher COp Jevels, and in the presence of soluble calcium salts,
such as gypsum., The pH tends to increase in the presence of soluble carbonates,
such as sodium bicarbonate.
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3.2. Calcium phosphate equilibria

A . .

Orthophosphoric acid in aqueous solution dissociates according to
reactions 4-6 in Table 2. The mo!e_fraction'(MF) of an orthophosphate species
is defined as the concentration of that species divided by the sum of the concen-
trations of all orthophosphate species in solution. It follows from Figure 5
that HpP04~ and HP042- are the major orthophosphate species in solyution in
calcareous soils.

The major phosphate mineral in superphosphate fertilizers in monocalcium
phosphate monohydrate (MCPM). This compound is too soluble to persist in most
soils for more than a few hours. The major initial reaction products of MCPM
in soilsare DCPD or DCP (Table 1)}. The conversion of MCPM into DCPD may be
represented by: -

Ca(HaP0g)p.Ha0 + Hy0 == CaHPOs . 2Hp0 + H3POj

The released orthophosphoric acid dissociates according to reactions 4-6 in
Table2. Hence, the pH of the solution in the proximity of the fertilizer granules
decreases. Hence,concentration gradients are established, and hydrogen ions and
orthophosphates move by diffusion from the fertilizer granules to the surrounding
soil. The decrease in pH is neutralized in calcareous soils by the dissolution
of carbonates, which causes the calcium activity in solution to increase. As a
result, a zone is formed around the fertilizer granule, where carbonates dissolve
and phosphates precipitate (Figure 6). The extent of this zone depends on
factors such as moisture content, CO? level, calcium activity in solution, and
the amount and form of carbonates inthe soil. Measurements of available phosphorus
in fertilized soils at Tel Hadya and Breda, during two growing seasons, showed
that at a distance of 1-2 cm from the fertilizer granules, the solubility of
phosphorus was unaffected by the presence of fertilizer-phosphate. Hence, the
mobility of fertilizer-applied phosphorus in these calcareous soils wa$ very
limited.



50

In a solution in equilibrium with calcite, a range of calcium phosphates,
with decreasing solubilities, may be formed. Some of these calcium phosphates
are listed in Table 1. The composition of a solution in equilibrium with calcite,
as a function of partial C02 pressure, may be calculated from the electro-
neutrality equation for this system (Figure 7, right). The total amount of
orthophosphate in solution, in equilibrium with calcite, in given by :

[PO4] = [HpP04~1 + [HPO42-) + [CaH2POs*) + ICaHPog] + [CaP047]

The total orthophosphate concentrations in equilibriym with different calcium
phosphate minerals are shown in Figure 7 (left) for the solution composition
shown in Figure 7 (right). It can be seen that the solubility of most calcium
phosphates increases with higher CO» levels, and that the solubilities decrease

in the order :
DCPD > DCP > OCP > A-TCP > HA> FA

Hence, if fluorite is present in the soil, fluoropatite is the stable end-
product of the phosphate transformations.

In case gypsum and calcite co-exist in soil, the calcium activities in
solution will be higher, and the pH lower (cf. Figure 3). In such a system,
the calcium activity in solution is mainly controlled by the solubility of
-gypsum, and approximately constant (Figure 8, left ). The pH is thus determined
by the approximate equation:

pH = 6.0 - 3 logCOs
and would range from about 7.8 at 0.03 to 6.8 at 3% (v/v) COp.

The solubilities of calcium phosphates in equilibrium with calcite and
gypsum, follow the same order as in the case of calcite only (Figure 8, right).
The solubilities of all calcium phosphates are depressed in the presence of
gypsum, because of the higher calcium concentrations. This is further illustrated
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in Figure 9, where the total orthophosphate cqnéentration in equilibrium with
/2-TCP is shown for a solution in equilibrium with calcite only, and with
calcite plus gypsum.

It may be concluded that the solubility of inorganic calcium phasphates
in calcareous srils is mainly determined by the solubilities of calcite and
gypsum, if present, by the partial CO2 pressure in the soil, and by factors
that affect the pH of the soil solution.

4. Fixation of fertilizer phosphate in calcareous soils

Fertilizer phosphates applied to calcareous soils are gradually transformed
into calcium phosphates with Tower solubilities than the precipitates that are
initially formed, such as DCPD or DCP.

The initial rate of formation of a calcium phosphate may be approximated
by an equation of the type :

dx

= k [C 2+1n PO,1M
m [Cact]N [PO4]

where x denotes the amount of precipitate formed, k is a rate constant, POs
denotes the reactive orthophdsphate species, and n and m are coefficients that
have to be determined experimentally. For the formation of DCP, only two ions
have to combine, Ca2+ and HP0s2~, but for the formation of TCP, 5 ions have to
combine, 3CaZt and 2P043'. As a first approximation, one might assume that the
formation of DCP is second crder (n=1, m=1), and the formation of TCP fifth
order (n=3, m=2). The kinetics of precipitation in soil-solution sysﬁems are
more complex than this, and processes such as surface adsorption, and the form-
ation of aquenus complexes plav a major role. It may be assumed, however, that
the formation of minerals such as OCP, TCP, or apatites, are of a higher order
with respect to the concentrations of calcium and orthophosphate, than the form-
ation of minerals such as DCPD or DCP. Therefore, the reaction rates will be
higher for the simple calcium phosphates than for the more complex midéra1s.
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The orthophosphate concentrations in solution are controlled by the most
soluble calcium phosphates. Once the most soluble phosphates are all dissolved
(for example, DCPD or DCP), the next most soluble phosphate (for example, OCP)
will control the orthophosphate concentration in solution. As a result, the
orthophosphate concentrations in the proximity of the fertilizer granules tend

to decrease with time.

In conclusion, it may be stated that the rates of phosphate-mineral trans-
formations tend to decrease with time, because of the decreasing calcium and
orthophosphate concentrations in solution, and the lower rates of formation of

the more complex calcium phosphates.

When an amount of phosphate fertilizer is applied to a soil, the Olsen-
-extractable phosphorus increases by an amount AP, which is equal to the amount
of fertilizer-phosphorus applied, divided by the weight of the soil in the
surface layer. The amount of Olsen-extractable phosphorus decreases with time,
and this decrease may be described as a first order reaction in the fertilizer-
~-phosphorus concentration:

. 48P
dt

where k is a rate constant. Inegration of this equation gives:
InAP= -kt + Constant
where the constant equals In AP,, the natural logarithm of the amount of Olsen-

-extractable fertilizer-phosphorus at t=0, that is, at the time of fertilizer
application. This equation may be written as:

Apr = Ap, ekt

from which it follows that AP would decrease exponentially with time.
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First order reactions may be characterized by the half-life, Té, or the
reaction, which is defined as:

]né = -k T%
or:
- 0.693
T, =
° k

Hence, the half-1ife is the time required to convert half the amount of
fertilizer-phosphorus into non-extractable froms.

In rotational trials at Breda and Tel Hadya, the Olsen-extractable phos-
phorus contents of soils in fertilized and unfertilized plots were determined
at harvest 1983, that is, about half a year after the applitation of phosphorus
fertilizer to the fertilized plots. The half-Tives of fertilizer-phosphorus
in soils at Breda were in the range of 4-8 months, with an average of 6.1
months, and at Tel Hadya in the range of 6-10 months, with an average of 7.8
months. These values are in the same range as values reported by Matar {1976)
who obtained half-lives in the range of 8-10 months for scils at Ezraa Experi-
ment Station in Southern Syria.

The decrease in Olsen-extractable phosphorus in the top 15 cm of soils
in fertilized plots at Breda and Tel Hadya is pltotted in Figure 1Q. Phosphorus
contents of soils in unfertilized plots (Py) at Breda were about 2.3 ppm and
at Tel Hadya about 4.1 ppm. The value far Pg in Figure 10 (3.2 ppm) therefore
represents an average for the two sites. Similarly, a half-life of 7 ponths
represents an average for the two sites. It follows from Figure 10 thét a
substantial amount of fertilizer-phosphorus applied in the first seasoa, would
be available to a crop in the second season (residual effect).

01sen-extractable phosphorus contents in soils ére only one fact@r in
determining the availability of phosphorus to the crop. Other factors include
the distribution and density of roots, the presence of VA mycorrhiza, the spatial
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distribution of phosphorus in the soil profile, soil moisture and temperature
conditions, and the composition of the soil solution. Therefore, the results
of the Disen-test have to be interpreted with some caution, and other factors
that contribute to the effective availability of phosphorus to the crop,

in particular the concentration of orthophoéphates in solution, and soil
moisture conditions, have to be considered as well.
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Important calcium phosphates and some other calcivm minerals in

Table 1.
calcareous soils (Lindsay, 1979; Lindsay and Viek, 1976).
e el Y1 Loss |
mineral %me abbfeviation
i
CaCO3 5 calcite
1
: e
£as0y.2H,0 qQypsum
CaFy fluorite :
_____________________________________________________________ S
T
Ca(HyP04) 5 HyO i monocalcium phesphate monchydrate : MCPM
| ! e\ Ly T Y P P S :
CaH PO4.2H,0 i dicalcium phosphate dihydrate DCPD
s e e el sl
or: brushite Cann
CaHPO, dicalcium phosphate* oce
e 2SS e :
or: moneEEEEJ,J‘J‘ i
CagHa (P04} . 5H,0 octacalcium phosphate. ot ' oce
g2(POa)g-SH0 hospiate. s T |
Ca3(P04)s i tricalcium phosphate** 1 Tce
{ Tz SV Sl |
Cap(P0y)30H i hydroxyapatite ' HA
: JEIVILE s PP
Cag(P0g)sF ! fluorapatite i FA i
' ,_'//,53 | i
i l A
* 0Or: dicalcium phosphate anhydrous (DCPA).

** Occurs in two distinctcrystalline forms { o - and A-TCP), with different

solubilities.
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Equilibrium constants for some important reactions in calcareous.
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Table 2. s0ils
tnvolving calcium phosphates (Lindsay, 1978).
r fNo. E&ﬁllﬁ;r?ihm\}r‘e'a_c:?ion etast ;:a;l(laﬁ
2
i acATibetaticn
1. ! COp(g) + M0 = MyL0§ | - 1.46
2. % HoCOJ &= H* + HCDy™ - 6.3
'3, : HCO3~ == H* + C032- -10.33
e | H3P03 == H* + HpPOg" L - 2.5
i 5. HaPOg~™ == H* + HPO42- - 7.20
} 6. HPOg2~ ==  H* + PO,s3- -12.35
; 7. Hp0 == Kt + OH- -14.00
i Pl daadi oo gSo |
complex_formation
| 8. Ca2* + C0p{g) + Hy0 = CaHCO3" + W' - 6.70
9, Ca* + COx{g) + Hp0 ==  CaC03° + 21+ -15.01
10. CaZ* + HaPO,~ = CaHgPOp* 1.40
. Ca2* + HaPOa~ &= CaHPO4® + H* - 4.46
c2e | CaZt + MpPO,- - ==  Ca POy~ + ZH -13.09
R Ca2+ + §042= == (aS040 2.9
1 L ootee] uSds
; | dissolution of minerals -
. CaC0q + 2H* == CaZt + COp(g) + HO 3.74
TS CaS0y. 2H50 == Cal* + $04%" + 2Ho0 - 4.64
b1e. CaFp == Cal* + 2F- ~10.41
17. ] La{HpPDg}o. HyD == cat 4+ 2HpP04™ + Ha0 -1.15
18. | CaHPOg.2Hp0 4 MY =2 Cal* 4 WPO,” + 2H,0 0.63
ERTH l CaHPO, + HF == CaZt + HpPO,” . 0.30
20. . CagHp(PDg)e.5Hp0 + T0H* = BCal* + 6HpPO4™ + 5Hp0 . 23.52
21. i A -Cay(P0y), + st == 3Ca2* + 2H2P04" ©10.18
22. | fag(POg)30H + 7H+ = 5CaZt + 3HpPO4~ + M0 14.46
23. l Cag(POg)y F + 6H* = 5calt + 3HpPOy” ¢+ FT - 0.21
L [




Fiqure 1. Abundance of phosphorus in igneous rocks, limestone, and selected
soils 1n Aleppo Province (Milovsky, 1982; Hedley, 1982).
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Figure 2. Aqueous activities of calcium and carbonate species in equilibrium
with calcite, as a function of pH. The dotted lines denote the
equilibrium composition of pure CaC03-Hz0 systems at COg levels of

"0.03% (left) and 1.0% (right).
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pH of agueous solution in equilibrium with calcite at a €02 level

Figure 3.
of 0.03% {v/v), as a function of the concentrations (mol1/1) of

monovalent cations (right) or anions {left}.
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Figure 4. Activity coefficients of monovalent ( ¥3) and divalent ions {¥2),
calculated from the Davies equation, in agqueous ‘solution in equili-
brium with calcite (0.03% C02), as a function of the concentrations
(mo1/1} of monovalent cations (right) or an‘ions‘('Teft).
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Figure 5. Aqueous phosphate species,expressed as mole fractions, MF, plottad
as a function of pH in solution.
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Figure 6. Schematic representation of pH and brthophosphate concentration
as a function of distance to a phosphate fertilizer granule..
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figure 7. Aqueous calcium and carbonate species in equilibrium with calcite, as a function of COz leve!
{left). Total inorganic phosphate concentrations in aqueous solution in equilibrium with
calcite and different calcium phosphates {see Tables 1 and 2) as a function of C02 level {right).
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rigure 8. Agqueous.calcium, carbonate and sulfate species in equilibrium with calcité and gypsum, as 2
function of CO2 level {left). Total inorganic phosphate concentrations in hqueous solution
in equilibrium with calcite and gypsum, and d1fferent calcium phosphates {spe Tables 1 and 2)

as a function of CO» level (r1ght)
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Figure §.  Aqueous calcium and hydrogen ion activities, and total inorganic
phosphate concentrations in equilibrium with calcite or calcite
plus gypsum, and /3 -tricalcium-phosphate, as a function of

CO2 level.
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Figure 10. The decrease' in  Oisen-extractable phosphorus with 'tirrie in soils
that received 60 kg P205/ha at t=0, for aninitial phosphorus
content of 3.2 ppm (broken line) and a half-life of 7 months
(dotted line). The first and second growing season following
the application of fertilizer are indicated by arrows.
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INTRODUCTION

In Northern Syria approximately 750,000 ha of barley are grown
each year. This is almost exclusively found under rainfed conditions
in an ecological zone characterized by seasonal precipitation totals
between 150 and 350 mm, This precipitation is unimodally distributed
in time and falls largely in the cool winter season. In this area
barley is traditionally grown as, either a continuous crop, or in a
two course fallow/barley rotation, or in more complex permutations of
fallow and barley. Yields of barley are generally Jow (< 1 t/ha of
grain} and cash investment in improved management practices such as
the addition of fertilizer is generally minimal.

In this study we have examined the characteristics of the
precipitation regime of three sites in Northern Syria in the light
of the manner in which they influence crop management decisions and
how the importance of this influence may vary within a single ecolagical
zone, The sites selected are representative of the wet, intermediate
and dry phases of the ecological zone in question. The sites were
Aleppo (36°11'N, 37°13'E), Breda (35°55'N, 37°10'E) and Khanasser
(35°47'N, 37°30'E) for which the long term average seasonal precipitation
totals are 332, 278 and 214 mm respectively (Dennett, Keatinge and
Rodgers, 1984).
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DATA AND METHODS

Daily rainfall data for the three 31tes described were obta1ned :
from the Syr1an Ministry of Defence, Meteoro]og1ca] Department Record
lengths ranged from 26 years at Aleppo to 15 years at Khanasser but
some years were incomplete. The precipitatioh seasoh was taken as
August to July in accordance with cropping patterns.

The method of analysis adopted was to fit rainfall models of the
form described by Stern, Dennett and Dale (1982). These describe how
the probability of rain occurring on any day and the frequency distri-
butions of rainfall amounts vary throughout the year. Days with less than
2 mm of rain were considered to be dry. Full methodological datails .
and more complete meteoroiogical results are given in Dennett, Keatinge

and Rodgers (1984),

RESULTS AND DISCUSSION
Sowing Time

There are indications in this ecological zone that early crop
establishment and canopy development of barley are associated with
higher yields (Cooper et al., 1981 and Cooper, Keatinge and Hughes,
1983). However, early sowing will only prove to be an advantage if
germination also occurs early and if the crop can survive potent1air
drought conditions at the seedling stage. For germ1nat1on to occur
moisture must penetrate the upper soil profile over the range in
seeding depth 2-12 cm. Whether, such moisture pehetration will occur
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will depend upon several factors: the amount of rain, the number of
days over which it falls, the associated atmospheric demand for moisture
over those days and the relative dryness of the soil surface. Use of
the rainfall models described in Dennett, Keatinge and Rodgers, 1984,
allows examination of a wide range of alternative definitions of the
events capable of causing crop germination. We have selected two such
definitions for purposes of illustration.

The data shown in Table 1 indicate that germination at the wettest
site, Aleppo, can be expected to occur 10-20 days earlier than at the
driest site Khanasser. This will confer a potential yield advantage to
the wetter site by extending the duration of the effective growth period,
This is caused by the warmer temperatures (Figure 1) causing more rapid
seedling emergence and canopy development which generally results in
improvements in crop water use efficiency (Cooper, Keatinge and Hughes,
1983). For this effect to be of importance seedling emergence needs to
pccur before air temperatures fall to normal winter levels as typified
by December and January.

Following crop germination, the survival of the crop in the seed-
1ing stage is dependent on both stored soil moisture from the germinating
event and the length of time before the succeeding event of effective
magnitude. In Figure 2a and b the data presented indicate that given a
germination date of mid-November 13-2 years out of ten the crop at
Khanasser will have to withstand a drought of >20-30 days duration. For
the other sites the probability of this type of seedling drought is less
than one year in ten. However, it can be seen in Figure 2 that as the
germination date is advanced into early November the risk of experiencing
such an event begins to increase substantially.
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On the evidence of this analysis early sow1ng would be rechmended
for the wetter phase of the ecological zone and some need for ca tion
seems indicated for the drier phase. However, this recommendat1In is
strongly influenced by sowing method considerations and their influence
on crop germination. | o

Sowing Method

It is a common practice in this ecological zone for farmeré to
sow their crops dry well before the likely start of the rainy seéson' _
(for migratory labour reasons). This means that their risk of eﬁperiencing
post germination drought is substantial. quever..their traditi&naI sowing
method provides a buffering capacity against complete crop loss érom this
drought risk. In this method the land is ridged up either by "f&ddan"
plough or ducks foot cultivator, seed is then hand-broadcast at &'high :
rate (100-150 kg/ha) over these ridges and the ridges are then split
burying the seed at highly variable depths from 2-12 cms. As a resuTt
it is possible to have partial germination of the shallower placéd seed
from a lighter germinating rain event. This-portion of the crop may be |
killed by drought,but if so,the deeper placed seed often remains to be
germinated later thus providing a thinnersbut probably adequate,replace-
ment crop stand. :

Unfortunately, the use of seed dri]ls,-which are being_introduced
into these areas, by sowing at a more constant and shallower depth (5 cm)
do not incorporate this useful "insurance factor." Cboper et gli, (1981),
have recorded a 9% yield increase by dri]1ing'over the traditional farmer
practice in a year with well diStributed and above average precipitation.
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The differences between sites shown in Figure 2 suggests that the
risk of seedling stage drought should be a serious consideration before

recommendations are made for drier sites concerning technologically
"improved" sowing methods.

Nitrogen Top Dressing

In the drier barley growing areas, as represented by Breda and
Khanasser, farmers rarely apply nitrogen fertilizer to rainfed barley
crops. However, at the wetter end of the ecological zone, and in cases
of farmers growing continuous barley, some nitrogen may be added or if
not, there is at least a considerable potential for a supplemental
addition. Similarly, at Breda and Khanasser the wide range in annual
rainfall experienced (Figure 3), indicates that in good years top
dressing with N fertilizer might be a profitable strategy where soil

N levels are low.

If a farmer is to be able to take advantage of these better
seasons, top dressing would have to take place no later than March 1st.
This is to ensure that there will be adequate time for the fertilizer
to become available to the crop and for this to occur at an early
enough crop growth stage to be effective in increasing yield. As a
result his decision has to be made on a basis of rainfall received,
but clearly the later this can be deferred, the less is the risk of him
making a wrong decision. In Table 2 the data shown indicate that at
Aleppo, in more than five years out of ten, more than 200 mm will have
fallen by March tst., Top dressing with N in these years would be
1ikely to be a profitable management practice where soil N levels are
Tow. In contrast, at Khanasser and Breda a farmer would only have
received this amount of rain one and three years out of ten respectively,
fertilizer application therefore would appear to be a high risk practice.



79
Choice of Cultivar

In the near future, farmers in Northern Syria may have the optidn
of choosing to seed one of several potentially higher yielding genetically
uniform cultivars rather than the traditional landraces. One iﬁportant
factor which will influence the success of their decision will bé'the
time to maturity of the improved cultivar. In this ecological zone,
crops are often dependent on very inadequate soil moisture reserves during
their grain-filling period. As a result if very little precipitation is
received in the grain-filling phase, the farmer runs the risk of having
a crop consisting of large proportion of small or shrivelled grains. These
will not only result in Tower yields but may effect the viability of his
seed-stock for the'f0110wing year. The risk of such an event can be seen
from the data in Figure 4 to vary substantially between sites and to
increase for every additional seven days in which anthesis is deferred
after April 14 (a typical value for the Toca].1andrace-Arabic_b1ack).

It is clear therefore that, at a very dry sité such as Khanasser,
if very early "improved” cultivars can be made available this might assist
in reducing the risk of inadequate grain size and would help to stabilize
yield levels in years with a potential1ydry:gra1n-fi1liﬁg-period.

Furthermore, to combat this risk at dry sites it would seem feasible
that farmers might adopt a policy of harvesting the crop green for hay
around anthesis {currently an unknown practice in this region) tbereby
artificially curtailing the growth season and reducing the cr‘opsi’h seasonal
moisture requirement. Any yield loss sustained by this practice might be
offset by a likely improvement of the feeding value of the hay over that
of the straw (Thomson, Nordblom and Bahhady, 1984). Straw, value often
being equivalent to that of grain in this area (Nordblom, 1983).
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Phosphate Application

In soils where the level of plant available phosphate is low, it
is evident that the phenological development of barley can, under certain
environmental conditions, be strongly influenced by the addition of
phosphate fertilizer {Cooper et al., 1981; Cooper, 1983 and Cooper,
Keatinge and Hughes, 1983). This influence is generally expressed as an
increased rate in developmerit, resulting in physiological maturity
'occurring up to 10-14 days earlier incrops receiving supplemental phosphate.

As a result the risks faced by later maturing crops (Figure 4) may
be reduced by application of phosphate. This would assist in the
promotion of yield stability and is particularly applicable to the driest
areas such as Khanasser where the risk of terminal drought is highest.
'This benefit from phosphate is probably additional to that of yield
increases that, per se, are gained from an overall reduction of crop

nutrient stress.
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Choice of Crop Species

In this ecological zone, particularﬁy“in its drier half, bakley
is virtually the only crop grown. The principal reason given by #armers
in Northern Syria for this practice seems to bé inédequate rainfall to
support other crops, (Somel, 1984).  However, the potential value of
other crops are currently under consideration by ICARDA scientists such
as annual legume forages (Keatinge, Coopef and'Hughes, 1984) and permanent
pastures {Ceccarelli, 1982). The return frequency of very dry years
would seem to be a powerful consideration iﬁ the future decision to be
faced by farmers as to the possible 1ntroduct10n of new crops into their
rotations with barley. Or furthermore, poss1b1y abandon1ng barley
altogether and opting for permanent pastures. At Khanasser for example,
it can be seen from the data in Figure 3 that at least four years out of
ten the site will have a seasona] rainfall of less than 175 mm. To grow -
barley in such dry years must increase the risk of soil degradation and
erosion substantially and eventua]]y encourage desertification. A
permanent pasture, of acceptable productivity, would seem to be a des1re-
able and in the long run probably profitable a1ternat1ve crop to barley
for farmers at very dry iocations. Additionally, at Breda, though the '
return frequency of very dry years is half that of_Khanasser, it is still
not insignificant.. The inclusion of more shorter duration hay crops, '
particularly those of the annual Tegumes, into farmer's rotations may be
a mechanism in which greater yield stability can bé‘obtained at suph

Tocations.
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In a wetter site, as represented by Aleppo, the risk of a very
dry year {< 175 mm) is low approximately 2% (Figure 3) and as such
suggests that farmers have a much wider choice of potentially profitable
crops to grow and as such this site represents a transitional phase into
the next wetter ecological zone which is dominated by wheat, grain legume
and summer grown crops (water melon, sesame, etc.).



77

REFERENCES

Ceccarelli, S. 1982, Evaluation of native and 1ntroduced forage grasses
under rainfed conditions in Northern Syria. Proceedings of
Eucarpia. 13-16 Sept., 1982. Aberystwyth, Wales.

Cooper, P.J.M.; A.Y. Allan; K, Harmsen; J.D.H. Keatinge; D. Nygaard; M.C.
Saxena and R. Islam. 1981. Soil water and nutrient research
1979/80. ICARDA Project Report 3, Aleppo, Syria, 191 pp.

Cooper, P.J.M. 1983. Crop management in rainfed agriculture with special
reference to water use efficiency. Proceedings of the 1/th
Collogium of the International Potash Institute. Rabat,
Morocco. May 1983. pp. 19-35. :

Cooper, P.J.M.; J.D.H Keatinge and G. Hughes. 1983 Crop evapotranspiration
-~ a technique for calculation of its components by field
measurements, Field Crops Research 7, 299-312.

Dennett, M.D.; J.D.H. Keatinge and J.A. Rodgers. 1984, A comparison of
ra1nfa11 regimes at six s1tes in Northern Syr1a. Agricultural
Meteornlogy (in Press).

Keatinge, J.D.H.; P.J.M. Cooper and G. Hughes. 1984, The potential of
peas as a forage in the dryland cropping rotations of Western
Asia. In the Pea Crop -~ A Basis for Improvement. Eds. P.D.
Hebblethwaite, T.C.K. Dawkins and M.C. Heath (in Press).

Nordblom, T.L. 1983. Livestock-crop interactions: the decision to harvest
or to graze mature grain crops. ICARDA, Discussion Paper No.
10, Aleppo, Syria. 21 pp. :

Somel. K. 1984. Barley survey 1982/83 ICARDA Research Report, Aleppo,
Syria (in Press), :

Stern, R.D.; M.D. Dennett and I.C. Dale. 1982, Ana1y51ng daily rainfall
measurements to give agronomically useful results. I A
modelling approach. Experimental Agriculture 18, 237 253

Thomson, E.F.; T.L. Nordblom and F. Bahhady. 1984. Livestock in the
farming system. ICARDA Research Report, Aleppo, Syria. 98 pp.



78

ACKNOWL EDGEMENTS

We would 1ike to thank the Syrian Ministry of Defence,
Meteorological Department for generously providing rainfall data
and Mr, N. Chapanian, Mr. P. Hayek, Mr. Y. Sabet, Mrs. M. Erskine
and Ms. Z, Pounardjian for data compilation,



79

TABLE 1 Median dates for rain events causiﬁg gérmihdtionrafter'I
selected sowing dates, = o :

a) Conditional on receiving > 10 mm in three days.

Median date ' : - '
following ALEPPO BREDA - KHANASSER

1/10 29/10 4711 12/11
1/11 15/11 20/11 272/11 -

1/12 9/12 13/12 - 18/12

b} Conditional on receiving > 20 mm in three days.*":

Median date

following - ALEPPO- - BREDA - KHANASSER
1710 22/10 /12 25/12
1741 3/12 o812 1/1 .

1712 : S 22/12 27112 16/1
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TABLE 2 The probability of receiving different amounts of seasonal
precipitation by March 1st.

Probability of

receiving
rainfall (mm)
less than ALEPPO BREDA KHANASSER
100 0.02 0.07 0.26
150 0.15 0.22 0.68
200 0.48 0.67 0.94
250 0.78 0.90 0.99

300 0.93 0.98 1.00
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Figure 4. The probability of receiving less than 10 mm
. - of precipitation within thirty days of the
-date on the time axis at three sites in Northern

; _ . Syria. .
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INTRODUCTION

A critical dimension of barley pfoducﬁion appears to be the
rotations practiced. In the Barley Survey conducted in 1981/83, in
order to gain a better understanding about fotations; two specific
questions were asked to farmers about the largaest plot of barley:

1/

1. What crop was on the largest plot in 1980/81?

2., What was the usual crop rotation practiced on the largest

barley plot?

It was expected that the answers to the first question could

then be related, along with other things, to yields in 1981/82. This
would have given fairly concrete evidence about the effects of different
rotations. However, 1981/82 turned out to bé a rather poor year for
barley production due to adverse climatic conditions. Consequently, low
yields were realized and in many cases fields were grazed. Until now,
this has perevented us from establishing a meaningful correspondence
between "crop on plot in 1980/81" and yields in 1981/82.  However, it

was possible to look at the effects of rotations through another pers-

pective.

1/ Complete and detailed information about production practices, inputs
and vields were sought for the largest barley plot.
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This perspective uses information from the answers to the second
question presented ahove and information utilized in deriving long-run

1/

yield expectations of barley producers.

One point needs to be emphasized: the question about the usual crop
rotation was asked in relatieﬁ to the largest barley crop. Subsequently,
in other parts of the barley survey questionnaires, questions were asked
about expected yields in good, poor and normal vears. However, these
expected yields were asked in general terms and not in relation to the

largest barley plot specifically.

If different crop rotations have different effects on yield levels
and if farmers have different rotations on different plots, then the results

of this paper have to be viewed with caution.

This is because we will essentially be relating usual crop rotations
on the largest plot to yield expectations related to the farm as a whole.
We suspect that inter-plot differences on a farm are not that great to
totally invalidate the results of this paper. However, as we have no
supporting evidence we would like to recommend caution and a reasonable

amount of healthy skepticism.

1/ For details of this, cf, K, Somel, "Long Run Yield Expectation of Barley
Producers in Syria," FSP/ICARDA, February 1983. (Mimeo). ;
2/ Caution is necessary if there are significant yield differences between
plots in a farm due to other reasons. !
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The number of plots that farmers have can .be considered as a

basis for this skepticism:

a. Average number of barley plots are 3.05 in West Syria and
2.32 in Northeast Syria. The differences are significant
at 2 percent.

b. Differences in the number of barley plots between zones are
significant (at 10 %) only in West Syria; 2.87 for Zome 2,
2.79 for Zone 3 and 3.83 for Zone 4.

c. Only 10.9 percent of the farmers in the West have only one
barley plot whereas 41.7 percent of the farmers in the North-
east have only one barley plot. Those who have two plots
comprise 34.1 percent of the farmers in the West and 29.8
percent in the Northeast. The percentage of farmers who have
four plots or less is 85.6 percent in the West and 92.9 percent
in the Northeast.

The dominant rotations are barley-fallow (B-F), continuous barley
(B-B) and barley-barley-fallow (B~B-F). The first two rotations essentially
cover 76.8 percent of the barley producers in the sample but B-F is dominant
in the West whereas B-B is dominant in the Northeast. (Table 2). We also
checked whether the planting of barley on the largest plot in 1981/82 was
consistent with the usual crop rotations on this plot. It was found that
at least 16 farmers (10.5 %) were deviating from their declared crop

rotations. (Table 3).
ROTATIONS AND YIELD EXPECTATIONS

In this section we will try to related yield expectations to rotationms.

Two points need to be emphasized in this respect:

a) The yields that occur in a given year may differ from expectations
for such a year because expectations may suffer from random and
systematic errors due to their subjective nature. Consequently, we
should be careful in extending results about yield expectations to

actual vields.
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b} Numerous factors may influence the formulation of expectations
such as the environment, input use, practices, ete. For the
purposes of this paper, we will be looking at whether yield
expectations differ between different rotations, ignoring the
effects of these other factors. This does not mean that we do
not recognize their importance and possible effects; they will

be analyzed in future studies.

In results not presented here, it was found that the category of
"Other" rotations was invariably a highly heterogeneous entity and it
had considerably higher yields than the three dominant rotations of B-F,
B-B and B-B-F. Consequently, we exluded this relatively atypical and

non-uniform category in further analysis,

In Table 4, long run expected yields are presented by rotations.
Tests of significance of yield differences between rotatione were conducted
only for the West, Northeast and total Syria (Northern). Tests were not
conducted on a zanal basis in each regime due to the lower number of
observations at this level.

The results indicate that in long run yield expectations,i/
significant'differences exist between B-F and B-B-F and between B~B and
B-B-F. The differences between the two dominent rotations of B~B and B-F
are not significant. This, on the surface, appears to be not in conformity

with the results of ¥SP trials.

1/ The number of observations in Table 4 are lower because not all farmers
" were able to give a distribution of good, poor and normal years,
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In FSP trials, there is evidence of yield advantages of B-F
rotations over continuous barley. However, the drier sites in which
these trials have been conducted have a B-F rotation as the dominant

1/

practice rather than continuous barley. In other words, if common
practices of farmers reflect the wisdom of experience, continuous barley

has been found to be unsuitable for these areas.

The same principle, i.e., common practices can also be used in
interpreting the results of the survey. Notice that B-F is dominant in
the West and continuous barley is dominant in the Northeast.zl In other
words, the exception of the rule is B-B in the West and B~F in the North-
east. It can be hypothesized that these exceptions can not survive unless
they perform at least as good as the dominant practice. It is also possible
that these exceptions may occur in environments more suitable to them. It

is difficult to check for this at the level of generality of zones.

In conclusion then, yield expectations based on current technology
and on different rotations indicate that an adaptation process may have taken
place whereby different rotations have found their niches in ideal lecations
and perform quite satisfactorily as compared to the averages of dominant

practices.

The <challenge now is to find ways of improving the level and stability
of agricultural production through technological change. This necessitates

reseaxch on introducing viable practices, inputs and alternative rotations.

1/ These sites are Breda and Khanasser. The three other sites are in higher
rainfall areas which are fertile and barley is produced in more complex
rotations.

2/ Other factors of a socio-economic nature may be causing the dominance of
continuous barley, also popularly known as "mining" barley.
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TABLES

a. Notation:

X : the average

5 : standard deviation-presented in parentheses
n : number of observations

1 : statistically not different from zero.

b. The results for significance of differences are based on F-tests

from one-way analyses of variance.

c. Some percentages may not add up to 100 due to rounding.
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Table 2. Percentage distribution of barley producers according to the usual rotation practiced on the

largest barley plot in 1980/81,

ZONE 2 ZONE 3 ZONE 4 SYRIA N. S5YRIA
West Northeast West Northeast West Northeast West Northeast  Total
Barley-Fallow 66.7  33.3  50.0  18.5  63.3 8.3  60.1  17.9 36.9
Barley-Barley 133 286 29.2  40.7 20,0 833 20.3  56.0 39.9
Barley-Barley-Fallow  10.0  33.3 8.3  40.7  16.7 8.3  10.9  25.0 8.6 o
Other 10.0 4.8 12.5 0.0 0.0 0.0 8.7 1.2 4.6
n 30 21 24 27 15 36 69 84 153
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Table 3. Consistency of declared usual rotations with crop on largest
barley plot in 1980/81 (number of farmers).

ROTATION Barley-Fallow  Barley-Barley . B-B-F Other Total

Fallow 50 0 6 0 56
Barley 7 59 17 1 83
Other 0 . 3 6 6 15

Total 57 61 29 7 153




Table 4. Average long run expected yields (kg/ha) according to the usual rotation practised on the
largest plot.

.. ZONE 2 ZNE3 __TONEL N.SYRIA N, SYRIA
West  Northeast West  Northeast West  Northeast West  Northeast Total
Barley-Fallow X 385.0 718.6 1107.0 801.5 524.0 700.0 588.5 750.0 646.3
s (379.5) (258.1) (345.8)
n 11 5 5 5 7] 2 22 12 34
Barley-Barley X 1119.3 947.0 762.7 679.0 465.8 560.5 801.2 642.8 673.8
s (377.4) (280.3) (303.3)
n 3 5 3 8 3 22 9 35 44
Barley-Barley- % 1416.0 1323.9  448.5 874.1 841.3 526.1 975.4 924.4 940.6
Fallow s (794.9)  (396.3) (534.6)
n 3 4 2 8 2 3 7 15 22
Significance level
of yield differences
between:
a. BF, BB and BBF  ....... Ceentamasttereasieasssesasetaarnsntanaana I 2z 2 Z
b. BF and BB tesesacans S senisseseserasaarsasesaseattannan s I I I
c. BB and BBF = i iiiieiresveresneasrsrtescsatsaacannannas canae I 17 2 Z

d. BF and BBF = ..ttt aaianaaanas Geesaaeaanse 10 Z I A 4

56
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SUMMARY

Barley is a highly versatile crop grown in Cyprus for grain and
straw, fresh forage, or hay production. It grows relatively fast during
the winter, thereby reaching maturity before the onset of very dry conditionms.
Moreover, it suffers little from diseases and pests and, because of its
fast growth, it smothers weeds, including wild cats. These merits have
established barley as the major agronomic rainfed crop, which is grown on
90 7 of the cereal acreage. Rainfall over the period October-April (the
rainy season) is on average 300 mm, but varies considerably both in amount
and in distribution. In two out of ten years, it will be higher than 375 mm,
and in another two it will be less than 270 mm. The success of barley under
these conditions has been shown to be due to its water requirement matching
the average rainfall, i.e. it requires about 300 mm of water. The soils are
calcareous (they contain 20-~30 7 CaCO,) and are inhenrently deficient in N
and P (they contain 0.1 Z N and 1-5 ppm bicarbonate extractable P}, but are
well supplied with K (they contain 300 ppm exchangeable K). Therefore, N and
P, but not K, must be supplied through fertilizing. One ton of barley sheaf
(grain + straw) dry matter removes about 12 kg N. For continuous barley
growing, which is presently the practice in Cyprus, 50-70 kg N and 15-20 kg
P;0s5/ha are applied and grain yields ranging between 2,500 and 4,500 kg/ha
are obtained. Response to P was more pronounced in drier years, particularly
if only a limited volume of soil was wetted in the early part of the season.
The threshold value for P sufficiently appears to be 6 ppm bicarbonate-
extractable P. Nitrogen invariably increased concentration of K in the straw
linearly, whereas phosphorus, decreased K in barley forage when soil K was
just sufficient. Nitrogen not used because of drought, remained in the soil
and was available for the following crop. On the other hand, some excess
of N did not appreciably reduce yields. To take best advantage of whatever
rainfall occurs, adequate N and P should be applied. However, excessive N
application must be avoided because, in addition to causing lodging, it

increases K concentration in the straw and consequently depletes soil K
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reserves faster, since straw in Cyprus is used as roughage. NO,-N was
found to accumulate in the soil under bare fallow. Such nitrogen
accumulation may be more important than water conserved during the fallow
year, since such water increased yield only if rainfall during the ensuing

growing season was much below average.
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INTRODUCTION

Barley has long been grown in Cyprus as the major rainfed fodder
crop. It is a highly versatile crop harvested green (farras), cut from
the boot through the milk stage for making hay, or left to mature and be
harvested for grain and straw. Under the relatively mild winter temperatures
of Cyprus (Fig. 1) barley grows faster than wheat and matures about three
weeks earlier than wheat. Since spring rainfall is mostly insufficient, by
virtue of its earlier maturation, barley produces more stable yields than
vheat. Grown as a forage crop barley yields twice as much dry matter as
vetch or peas (Hadjichristodoulou, 1973, 1976). Moreover, barley grown
for hay provides more total digestible nutrients than barley grown for grain
and straw (Cyprus Agricultural Research Institute, 1983). These considerations
as well as the ready availability of wheat grain at reasonable prices on the
world market, have prompted expansion of barley at the expense of wheat,
particularly for the production of roughage (hay, straw) for a thriving
livestock industry. Presently, almost 90 % of the area under rainfed cereals

is cropped with barley under complete mechanization.

Traditionally, the most popular rotations for barley have been:
barley-bare fallow, and barley-bare fallow-wheat. However, because of the
urgent need to produce fodder from limited land, farmers presently grow
barley on the same land year-after-year. They burn tha stubble in late
summer, if still present in burnable quantities following grazing by sheep,
and immediately cultivate the field, mostly with tine cultivators. This
produces a satisfactory seedbed for either seeding after the rains or in

dry soil.

The soils used for growing barley, and other rainfed crops, are
medium to five textured, calcareous (20-30 % CaC0,), and low in organic
matter (about % %), in N (less than 0.1 Z total N) and P (1-5 ppm bicarhcnate-
extractable P), but are well supplied with K (about 300 ppm exchangeable K).
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Fertilizers have long been féadily available to Cypriot farmers
at reasonable prices. Types containing N and P20s in'a 1:1.5 ratio have
all along been popular, and justifiably so, for béSal application. Farmers
also greatly value the use of farmyard manure in cereal gtdwing, but the
quantities available are limited and the cost is high;. For continﬁous
barley growing they apply up to 40 kg N, together with 60 kg PgOé,.per
hectare ‘at seeding in early'December and Eop-dress another 20 t0140 kg N/ha
at tillering, in early February, depending 6n rainfall. However, some

farmers have recently started applying all the fertilizer at seeding.

Virtually all rainfall occurs from October to April, the period May-
September being essentially rainless. Of the total rainfall, about 40 %
occurs in December and January. Over most of the cereal growing area in
five out of ten years total rainfall will be less than 330 mm and in two
of these vears it will be even less than 270 wm. On the other hand, 1in
two out of ten years, it will be higher than 375 mm (Metochis, 1979). In
addition to being low, rainfall is often erratically distributed, even in
years when it is relatively high, with the result than cereals may still
suffer water stress. Distribution may therefore have an overriding effect
over that of total rainfall (Hadjichristodoulou, 1982) . However, even under
these conditions, low N and P in unfertilized soils are more limiting to
cereal growth.than water, a fact recognized lbng ago by Littlejohn (1946),
who also concluded that the chief value of bare fallow lies in the accumu-
lation of N, and possibly P, and not in water conservation. He also
demonstrated that high yields (high for the mid 1930's, i.e. 2.5 tbns of |
grain per hectate) could be produced by continuous cropping for at 1east-

10 years, if adequate N and P fertilizer was applied. More recently,
Loizides (1958) showed that, even after fallow, wheat and barley consistently

responded to N, but the response to P was far less consistent.
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EXPERIMENTAL AND RESULTS

(a) The NP Requirements of Barley Grown after Bare Fallow

Further to Loizides' (1958) experiments in the late 1940's - early
1950%s, it was conmsidered necessary in the late 1960's to undertake

a new series of experiments with barley (the work also comprised
wheat)}, since yields had reached higher levels as varieties and
management had improved. These experiments were made in farmers'
fields over the period 1968-1978, and their results have been reported
by Krentos and Orphanos {1979) and Orphanos and Krentos (1980). The

highlights of these results can be summarized as follows:

Despite long years of fertilizer use fields could be found, which were
very low in bicarbonate-extractable P. In one such field, response to

N was spectacularly conditional on adequacy of P and vice versa (Fig. 2).
N fertilizing generally increased yields (Table 1), but such increases
were rather modest (the fields had been under bare fallow during the
season preceding the experiment). It must also be noted that yields
were not appreciably reduced when excessive N was applied. However,
éopcentration of N in the grain and the straw increased linearly with
increasing N rate, and N fertilizing alsc increased linearly the concen-

tration of K in the straw (Table 2).

The threshold value for response to fertilizer P appeared to be 6 ppm
bicarbonate-extractable soil P in the plough layer. Response to fertilizer
P was small when rainfall was high, but very pronounced when rainfall was
low (Fig. 3), particularly if it fell in small installments in the early

part of the season. Under such conditions only a shallow layer of soil

was wetted and plants receiving P fertilizer grew markedly better, developed
faster, and reached heading earlier than P deficient plants, which, however,

did not exhibit any symptoms of P deficiency other than reduced growth. .
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(b) Yields and P Contents of Forage Barley Grown in a P Deficient Soil

This experiment was initiated at Athalassa in the 1980-1 growing
season on a soil containing 3 to 5 ppm bicarbonate-extractable P,
and 170 to 270 ppm exchangeable K, in the plough layer. The field
was divided, on the basis of K contenﬁ; into 10 blocks (replicates),
which accommodated the combinations of three P treatments (0, 30, or
60 kg P/ha) and three K treatments (0, 240, or 480 kg K/ha). P was
applied as triple superphosphate and K as potassium sulphate. A
uniform N rate of 60 kg N/ha, split between seeding and tillering,

was applied to all plots.

Athenais barley was grown in 1980-1 and 1981-2. Rainfall was close

to average in 1980-1 but much below average in 1981-2 (Fig. 2). In
1982-3 (a year of very low rainfall) the plots were sown to vetch.
Barley was cut at the milk stage to make hay. Yields were substantially
increased by P, by almost 30 7 in 1980-1 and 50 % in 1981-2 (a drier
year), and such.increase was curvilinear (Fig. 4). In contrast, K’

fertilizing.did not influence yields (data not showm).

Phosphorus fertilizing slightly increased concentration of P in both
the forage and the leaves but slightly decreased K concentration
(Table 3). A similar, though not so marked, trend was also observed

in our previous experiments.

At the end of three years of P fertilizing soil P remained uhchanged
in unfertilized plots but increased substantially and 1ineafﬂy with

P application (Fig. 5). .
i
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{(c) The Nitrogen and Water Relationships of Barley

This study was initiated in 1979 in the framework of a research
programme coordinated by the International Atomic Energy Agency,
and aimed to devise agronomic practices for more efficient use of
fertilizer and water under semiarid conditiens. It comprises a
rotation trial in which barley is grown for grain production
{continuously or after fallow) or forage production. Under each
rotation treatment three rates of N (0, 30, or 60 kg N/ha) and two
rates of P (0, or 20 kg P/ha) are tested. Soil water is monitored

by neutron probe to a depth of 90 cm.

The experimental field had been under lucerne and other irrigated
crops, which were liberally fertilized with both N and P. As a
result, it contained a lot of P (50 ppm bicarbonate-extractabe P)
and N (35 ppm NO,-N) in the plough layer alone, which is quite
atypical of barley fields.

Rainfall over two of the four growing seasons so far has been below
average, particularly in early season (Fig. 6), to the extent that
irrigation had to be applied in January 1982 and 1983 to rescue the
crop. Because of drought, emergence was considerably delayed in the
last three growing seasons, but the crop reached maturity on about

the same date as with earlier emergence (Table 4).

The amount of water conserved in fallow plots (kept free of weeds as
far as possible by cultivation) ranged from 25 to 75 mm (Fig. 7).
Such conserved water increased yield only in 1982-3 when rainfall,
including a 50 mm irrigation, was only 190 mm (Fig. 6). By contrast,
in 1980~1 when rainfall was 300 mm, the water conserved under fallow

during the preceding season (70 mm) did not increase yield.
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Yields were satisfactory under the circumstances, e.g. in %981-2
with only 260 mm of water, but with adequate rainfall in sbring,
yields of about 3.5 tons of grain per hectafe were obtainéd (Fig.8).
Fertilizer N did not affect yield except for a slight increase of
forage yield in 1981-2 and a slight reduction in grain yield in
1982-3, the driest year (Fig. 8). Thus unfertilized plots produced
10 tons of grain and 20 tons of straw per hectare over four growing
seasons, which contained a total of 390 kg N/ha of which 250 kg

was in the grain and 140 kg was in the straw (cf. Fig. 8). When
soil N was neither very low nor very high, one ton of sheaf (grain +

straw) dry matter harvested removed 11.7 kg N (Fig. 9).

Barley cut at the milk stage for making hay produced virtually the
same total dry matter yield as barley harvested for grain and straw
(Fig. 8). '

Nitrate-N was found to accumulate in the soil during the fallow year

even when no fertilizer N was applied (Table 5).

Since rainfall was generally low, it was assumed thet there was no
deep percolation of water, therefore any depletion of water from the
0-90 cm layer was considered to be due to water evapotranspired. Such
evapotranspiration values when there was ample water in the s0il were
very close to values calculated according to Doorenbos and %ruitt
(1977) from Class A pan evaporation (Figé. 10 and 11). Tot?l evapo-—
transpiration was around 300 mm, closely matching total rafnfall

(Fig. 12).
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DISCUSSION

Under Cypriot conditions the uniqueness of barley as the best
producer of grainm, straw, hay and fresh forage (Hadjichristodoulou, 1973,
1976) appears to be mainly due to its growth cycle matching closely the
rainfall pattern, i.e. it grows under the least possible water stress.
Because it grows well during the cold winter months, and develops rapidly,
at a time when evaporation is low, it uses water most efficiently. Addition~
ally, it suffers little from diseases, and smothers weeds, including wild

oats.

Fallowing has long proven its worth as a useful practice in cereal
growing, but the reasons for this have not been always clear. In older
times when machinery was not available, the farmer had, in a way, to fallow
in order to cope with his land to his best benefit. There are at least
three important advantages in fallowing, i.e. conservation of water, accumu-
lation of N, and possibly of other nutrients, and bettef preparation of the
seed bed. Which of the three will be the most important depends on local

conditions.

The amount of water conserved during the fallow year depends to a
considerable extent on keeping the soil free from weeds thereby reducing loss
of water through transpiration. This is not always possible because the top
s0il is normally wet over the period December~March, and more than one culti-
vation may be required. It is also rather costly. Timely cultivations in
1981~2 permitted the highest conservation of water (75 mm), which represented
one third of the season's rainfall. However, conserved water increased vield
only in 1982-3 in which rainfall was much below average (190 mm). In any
case, conserved water is known to be less effective than growing-season
precipitation, e.g. in Canada it has been shown to be about one third as

effective as growing-season precipitation (Bole and Pittman, 1980). This
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could conceivably be mainly due to the fact that drying of the plough
layer (it is always the first layer to dry out or be wetted) deprives
the crop of its vital nutrient supplv, which resides mainly in this

layer.

It has long been known that mineral N.accumulateS'during_the
fallow year. This is clearly shown by the present results (Table 5)
even though a more dense network of measurements would be desirable.
Such accumulated N may be of crucial importance if fertilizers are in
short supply, and this then may be the most important benefit from
fallowing. Indeed, when fertilizers were relatively more costly in the
1940's, Cypriot farmers had "discovered” that applying only P ta fallowed
land was more profitable than applying only N (lLoizides, 1958) . Apparently,
since soils were then very low in both N and P, and N was accumulating under
fallow, P was becoming the most limiting factor, hence the marked response
to fertilizer P, Moreover, they also "discovered" that P fertilizer was
more important in years of low rainfall, whereas in years of high rainfall
N fertilizer was more important, apparently because of the higher yield

potential.

The marked differences in yield among unfertilized plots in the
different experiments on fallowed land (Table 1) can be ascribed to varying
residual N from previous applications by the.farmers. This is clearly
reflected in the 1973-4 experiment in which 3.7 tons/ha barley grain was
produced without any fertilizer. The field was fertilized and sbwn in the
preceding season by the farmer himself, but because of extreme d%ought_(the
worst drought on record) the crop hardly emerged, and dried up. {The fertilizer
apparently remained unused in the soil and was available for thé?following
crop. The same conclusion can be drawn from the results of the iotation

trial. i
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The marked response to fertilizer P under a combination of low
available P and low rainfall is now well documented (Matar, 1977; Harmsen
and Shepherd, 1983). This could explain the inconsistent responses to
P obtained by Loizides (1958). 1In any case, P reserves of such soils

will have to be built up gradually through applications of fertilizer.

In order to take best advantage of whatever rainfall occurs,
particularly in years of high rainfall, adequate fertilizer must be applied.
For nitrogen the norm of 11.7 kg N/ton of dry matter harvested (Fig. 9)
should be widely applicable because it was obtained under adequate N supply,
as suggested by Greenwood (1983). Since in Cyprus a slight excess of N
does not reduce yields appreciably, and any unused N remains in the soil
and is available to the following crop, one can modify his fertilizer
practice in order to always have a2 level of fertility sufficiently high to
take best advantage of rainfall. However, excessive N applicﬁtion to barley
should be avoided for the additional reason that it increases K concentration
in the straw (Table 2) and as this is harvested along with the grain, the

soil is depleted of valuable K reserves.

Under semiarid conditions all N could be applied at seeding. In
this way, not only application costs would be less, but also volatilization
losses from topdressed N could be reduced, particularly when urea is used,

of which losses of up to 30 % have been observed (Orphanos, unpublished data).
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Table 1., Effects of N and P fertilizing on grain and straw yields of
Athenais barley (main effects of each nutrient over all rates
of the other nutrient),

. .- kg N/ha kg P/ha
Year and Site
0 35 70 105 o 13 26
Grain Yield
tons/ha
1969-1970
- Lefkonico 2.38  2.47 2.36 2.32 2.23 2.45 2.47
Stylli (.88 1.35 1,51 1.45 0.99 1.32 1,59
Koublia 1.03 0.97 0.84 0.84 0.54 0.97 1.25
197021971
Angastina 1.50 2.18 2.28 2.33 2,08 2.11 2.03
Pyrga 2.25 2,27 2.56 2.20 2.19 2.26 2.52
Prastio 1.76 2.1 2.41 1.98 2.13 1.97 2.10
Stylli 0.60 1.47 1.95 2.07 1.40 1.51 1.66
Athalassa 2,32 2,69 2.66 2.74 2.52 2.66 2.64
19711972
Angastina I 1.42 1,73 1.70 1.62 1.45 1.68 1,73
Angastina II 0.99 1.17 1.12 1.07 0.83 1.08 1.35
Pyrga 0.38 0.36 0.34 0.35 0.29 ¢.39 0.36
Palekythro 1.84 1.85 1.87 1.89 1.62 1.86 2,11
1973-1974
Kythrea 3.73 3.65 3.56
197721378
Nissou III 0.62 0.86 1.2 1.21 0.79 0.92 1.22

Nissou IV 0.78  1.41 1.80 1.83 1.36 .45 1.56
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Table 1. Effects of N and P fertilizing on grain and Straw yields of
(Contd.) Athenais barley (main effects of each nutrient over all rates
of the other nutrient). . : :

kg N/ha - .- - kg Plha-

Year and Site
- 0 35 70 105 0 - 13 26
Straw Yield '
tons/ha
1269-1970 . )
Lefkonico 3.00 3.27 3.43 3.24 2,98 3.18 3.56
Stylli 0.86 1.66 2.08 2.04 1.17  1.77  2.05
1970-1971 | |
Angastina T 1.71 2,55 2,92 3.23 2.55 2.62 2.64
Pyrga 2.89  3.29 3.46 3.58 . 3.24 3.26 3.40
Prastio 1.88 2.80 3.58 3.27  3.05 2.73 2.87
Stylli 0.83 1.73 2.70 3,22 1,97 2.24  2.14
Athalassa 3.08 3.83 4,37 4.28 3.63  3.98  4.05
197121972
Angastina I 1.42  1.74  1.92  1.89 1.62  1.80 1,81
 Angastina II 1.20  1.57 1.64  1.53 1.16  1.55 1,74
Pyrga 0.77 0.97 1.03 1.05 0.80 1.04 1,03
1

Palekythro 1.79 1.79  1.76  2.02 .69 1.86 119
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Table 2. Concentration (% dry weight basis) of N in grain and straw, and of K in straw

of Athenais barley as influenced by fertilized N..

Z N : - ZK

Year Grain Straw .- . Straw

0 35 70 105 0 35 70 105 0 35 70 105

1969-70 (4)* 1,75 1.91 2,12 2.29 - - - - - - - -
1970-71 (4) 1.69 1.93 2,15 2.34 0.49 0.55 0.65 0.75 1.46 1,67 1.93 2.04
1071-72 (2) 1.81 2.05 2.25 2,38 0.41 0.48 0.51 0.59 1.B8 21.4 2.22 2,45

* Figure in parenthesis indicates number of experiments.

Table 3. Concentration of N, P and K in barley forage cut at the milk stage,
and in leaves sampled at heading (the leaf below the flag leaf) in
two growing seasons (7 DM basis).

1980-1 1981-2
P0 P,l P2 Po P1 Pz

Forage

N 1.49 1.41 1.55 1.65 1.45 1,49

P 0.17 0.19 0.21 0.14 0.15 0.18

K 1.57 1.49 1.44 2,20 2.03 1.84
Leaves

N 4,24 4.13 4,22 4.25 4,42 4.48

P 0.27 0.27 0.28 0.22 0.22 0.28

K 1.98 1.90 1.89 2.1 2.32 2,17

(P : No P, P ,: 30 kg P/ha, P,: 60 kg P/ha) .




11

Table 4. Phenology of barley. Athdlassa, 1979-83.

.Growth Stage

Growing season .

1979-80 1980-1 19812 1982-3
Seeding 1 Dec 30 Dec 11 Dec 26 Nov
Emergence 12 Dec 12 Jan 28 Dec 9 Jan
Second Leaf 31 Dec 20 Jan 10 Jan
Third Leaf 2 Feb 20 Jan
Tillering 28 Jan. 12 Feb 25 Jan 30 Jan
Boot 13 Mar 22 Mar .22 Mar
Heading 29 Mar 30 Mar 31 Mar’ 4.Apr
Flowering 3 Apr 3 Apr .3 Apr
Milk 11 Apr 11 Apr 14 Apr
Dough 24 Apr 25 Apr 28 Apr 27 Apr
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Table 5.

Concentration of nitrate-N in the top 45 cm soil layer sampled

in late November, just before seeding.

Underlined figures refer

to plots fallowed over the season preceding soil sampling.

Crop rotation

ppm nitrate-N

Flot No. 1979-80 1980-81 1981-2 1980 1982
Nopé
Forage barley Forage barley Forage barley 12
8 Fallow Grain barley Fallow 16 39
22 Vetch Grain barley Vetch 21 6
34 Grain barley Vetch Grain barley 10 3
42 Fallow Grain barley Fallow - 25 64
46 Fallow Grain barley Fallow 36 42
63 Fallow Grain barley Fallow 33 57
68 Forage barley Grain barley Forage barley 14 7
75 Grain barley Forage barley Grain barley 10 5
82 Grain barley Grain barley Grain barley 7 2
EEEL
2 Forage barley Forage barley  Forage barley 17 15
10 Fallow Grain barley Fallow 10 37
21 Vetch Grain barley Vetch 24 13
32 Grain barley Vetch Grain barley 10 5
39 Fallow Grain barley Fallow 26 39
47 Fallow Grain barley Fallow 39 ‘57
65 Fallow Grain barley Fallow 27 32
67 Forage barley Grain barley Forage barley 16 10
73 Grain barley Forage barley Grain barley 10 7
84 Grain barley Grain barley Grain barley 11 | 2
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Air (in screen) Soil ( 5 cm depth)
35 ., 35_ '
30 4 _ 304
o 254 _ 25
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Fig. 1, Left: Maximum (e) and minimum (o) air temperatures

Right: Soil temperatures at 5 cm depth at 080:00 hrs
(o) and 14:00 hrs (e).

(averaged over 10-day periods, Athalassa, 1980-1).

2.0 Athenais barley 2.0 Kyperounda wheat

Grain (tons/ha)

0 - T 1 T 1 0- [ T T 1
0 35 70 105 0 35 70 105
N (kg/ha) N (kg/ha)
no P 13 kg P/ha 26 kg P/ha

Fig. 2. Effects of N and P fertilizers on grain yield of Athenais
barley (left) and Kyperounda wheat (right) at Stylli,
1969-70. :

(140 mm rdinfall; 1 ppm bicarbonate—extractable P).
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Response to fert
!

Rainfall (pm)

Fig. 3. OCrain yield responses to P fertilizer by Athenais
barley (x), Pitic 62 wheat (o) and Kyperounda
wheat (e) in relation to rainfall.

(range of bicarbonate-extractable soil P 1-10 ppm;
encircled symbolg refer to soil P values less than
6 ppm)

Po : no fertilizer P

P, * 26 kg P/ha



115
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kg P/ha
Fig. 4. Yields of Athenais barley forage cut at
milk stage as influenced by P fertilizing
(rainfall: 1980-1 300 mm, 1981~2 200 mm;
the soil contained 3-5 ppm bicarbonate-
extractable P; DM comprised 25-30 7 of
the fresh matter). _
30 - 0-15 cm
€ 204
[+ %
.
A
5 10 _15-30 cm
7]
0 30 : 69 kg P/ha/season
Fig. 5. Bicarbonate-extractable P 'in the 0-15 cm

and the 15-30 em layers .of the soil at
the end of the third season of fertilizer
P application.
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1979-80

1980-81

1981-82

1982-83
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Accumulated season's rainfall in four
growing seasons (1979-83) at Athalassa.
Broken lines represent the long-term
average.
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Water content {(mm) -
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Soil water profiles (in late autumm) of plots which
grew grain barley (left) and of plots that were
fallowed (right). Broken lines indicate the water
contents of each 30 cm layer at field capacity and
at 15-atm. percentage.

* water content differentials (mm) between the two’
sets of plots over the 0-90 cm profile.
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12 _ 1979-80 _ 1980-81 - 1981-82 1982-83
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Fig. 8. Yields (air-dry matter) of barley grain, straw and forage (upper),
and N yields (lower) under continuous cropping (C) or after fallow
(F), with three N rates (P: no fertilizer N, 1: 30 kg N/ha,
2: 60 kg N/ha) in four growing seasons (1979-83).
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Fig. 9. Relationship between the larvested dry matter
of barley (grain + straw) and its N content at
‘Athalassa. :
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Fig. 10. Ratio of evapotranspiration (ET) over evaporation from
the Class A pan (Epan) for barley at Athalassa. ET
calculated according to Doorenbos and Pruitt as
ET = Kc.Kp.Epan; Kp was around 0.85.
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Calculated potential evapotranspiration rates (solid line)

for barley, and values determined from moisture depletion

data (closed circles) obtained by neutron probe in a
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four growing seasons at Athalassa. Rainfall in 1981-2 and
1982-3 includes supplementary irrigation of 50 mm and 40 mm,

respectively.



BARLEY PRODUCTIVITY OF RAINFED SOILS
AS RELATED TO SOIL, PRECIPITATION AND
FERTILIZATION IN A PILOT AREA OF SYRIA

by

Abdatlah Matar
Professor of Soil Science

The Arab Center for the Studies of Arid
Zones and Dry Lands (ACSAD). Damascus.

Soils Bureau/ICARDA Workshop on Fertilizer Use in Dry Land Barley - Growing Areas.
Aleppo, March 26 - 29, 1984,



121

BARLEY PRODUCTIVITY OF RAINFED SOILS
AS RELATED T0O SOIL, PRECIPITATION.AND
FERTILIZATION IN A PILOT AREA OF SYRIA

Introduction

The total cultivated area of the Arab Countries amounts to
50.6 mitlion hectares, with more than 80 % of the area under rainfed
agriculture.

Cereals occupy about 68 % of the main production of rainfed lands,
with wheat and barley as the main cereal cultivated crops. Cereal production
oscillates within large intervals from one year tn the next. That could be
to some extent due to change in total cultivated area; but it is mostly due
to changes in yields of crops per unit area.

Available soil moisture has been considered as the most limiting factor-
affecting yields of crops. But other soil and management variables should not
be underestimated. That would include soil mitrients availability, fertilizer
use, weed, pest and disease control and the use of improved cultivars.

The understanding of the interrelationship between crop production in
the rainfed area, climate, soil and management practices, has become of para-
mount importance to any agrotechnology transfer to increase crop production.
The development of a reliable crop-soil-climate and technology model vas found
necessary to identify the management practices that will maximize production;
to determine the factors that shonld be controlled to improve the potential
productivity of rainfed soils and finally to create means of prediction on
yields of crops and estimation of climatic risks on crop production.



122

The Arab Center for the studies of Arid Zones and Dry Lands
initiated a regional project to study the cereal production of the rainfed
soils of the Arab Countries as related to soil properties, climate and
some management variables using a multiple regressjon computer program.

It was started first in a pilot area in Syria in 1979-80; and then expanded
since 1981ié2, in addition to Syria, to three other Arab Countries, which
are Algeria, Morocco and Jordan, as part of the Wheat and Barley Improvement
Project financed by IFAD.

The present article summarizes the results obtained in the first
three years of the project in the Pilot Area of Syria.

Materials and Methods

Selection of the Pilot Area:

A pilot area with different ecological conditions and different isoil
types was chosen, extending between the coastal plain, near the city of
Tartous and the Jongitude line 35 and 53 M with an average annual precipi-
tation of 900 mm; and the city of Palmyra with an average yearly precipi-
tation of 150 mm and ‘a Tongitude 38.13 . That would make a pilot area
with about 200 kms long, with a width changing between 100 and 150 kms -
depending upon its location along the transect.

Selection of the Soil Sites:

“In the pilot area, farmer's fields were selected, as representing
different soil associations, according to their parent materials, climatic
zones, topography and profile development. The main soil associations in
the pilot area are mainly typic and vertic xerochrepts moderately fine,
hyperthermic and chromoxererts, fine hyperthermic in the costal plain;
and mainly lithic and typic xerochrepts in the western mountain range.

But in the flat plateau of Homs and Hama the scil associations are mainly
typic xerochrepts, calcic xerollic, xerochrepts and petrocalcic xerochrepts.
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Differences in degree of surface stoniness, surface slope, soil
depth and differences in farm management practices, such as type of
rotations, crop cultivars, the level of fertilizer use, weed control
were all considered in the choice of farmer's fields. Efforts were
made to select sites and the farmer's fields representing the major types
of farming system practised under the rainfed agriculture of the pilot area.

Although a good number of barley fields were chosen in an area above
400 mm rainfall, it was in the drier areas that the majority of barley fields
were chosen.

Expérimental Studies:

- At the farmer's fields:

Soil Studies

- A so0i) profile description according to USDA soil taxonomy system
was carried out.

- Soil surface slope, percentage stoniness of surface coverage and
or of soil volume in various horizons, and bulk density were measured.

- On soil samples of each horizon, laboratory determinations were
carried out to measure the particle size distribution (Boyoucos
method), pH of the saturated paste, total CaC0, % {Calcimeter
method), the active CaC0, % (Drouineau Method}, the cation exchange
capacity (Na-acetate Method)}, exchangeable and soluble K (by NM,-
acetate extraction), the organic matter percent (Wakley and Black
Method) and the available P (01sen Method).

Productivity of Barley

Five square meters, chosen at random in the farmer's fields, were
harvested at maturity for the determination of total weight of grain
and straw separately, weight of 1000 kernels, average height of plants
and degree of Teaf infection by rust, infection by weeds and several
other measurements.
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Meteorological Measuremerts

The meteorological data for the sites were taken from the network

of nearest available meteoro1ogica1 stations located in the pilot
area. The only common measured factor at all stations was the daily
precipitation. Consequently, the only climatic variable considered
was total precipitation (SON, total of September, Octaber and November)
and the winter precipitation (DJ, December + January).

Computer Analysis

Barley yield components were related to various soil, climate and some
management variables using a Linear Multiple Regression Computer Program
written by Professor Issam Jano of the Syrian Atomic Energy Agency. The
1ist of variables included in the present article is included in Table 1.

Fertilizer Experiments

During the first year of the study, it was found that the amounts of
fertilizer used in the rainfed part of the pilot area were very Timited
in spite of the Targe potential response to N and P fertilizers. Se
it was decided to test the NP response of Barley along the climatic
cross-section starting from the 1980-81 season and for three consecutive
years.

There were five fertilizer treatments:

0 is the control plot with no addition of N or P fertilizers N1, NZ’

N1P1 and N2P2 are the four other treatments where: N1 and N2 are equivalent
respectively to 150 and 300 kgs of NH,NO; (33 % N) per hectare for sites
with less than 400 mm average rainfall (arid). In such areas, the nitrogen
fertilizer was added completely before sowing. 250 and 500 kgs of NH,NO,
was tised.at sites with more than 400 mm (humid), and N fertilizers were
split in two.applications, half before sowing and the other half at
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tillering stage. P1 and P2 are equivalent respectively to 75 and

150 kgs of triple superphosphate per hectare for either arid or
humid sites, and the whole amount was added before sowing. The
treatments were run first in two replicates, and then in 4 replicates
in following years.

Except broadcasting and distribution of NP fertilizers and harvesting
of fertilized field plots, it was the farmer who . carried out all other
field operations. Nitrogen analysis of harley grains was carried out
bv the Kjeldahl Method.

Results and Conclusions

Linear Multiple Regression Equations:

In the three consecutive years, 1980, 1981 and 1982, it was consistently
found that barley grain and straw yields grown in the climatic transect of
the pilot area was related to precipitation more than to any other variable.
However, soil depth comes next in importance to precipitation in its contri-
bution to grain and straw yield variation. The average multiple correlation
coefficient between soil and precipitation variables were included in Table (2).
This kind of relationship between grain and straw yield and precipitation could
be explained on the ground that barley crop is mostly concentrated in the drier
part of the rainfed area of Syria, vhere any change in total precipitation
in the arowing season will he refiected directly on grain and straw yield
variation. It is noticeable that the correlation coefficients between barley
yields and early precipitation (SON) were of the same magnitude as between
total precipitation in the growing season and yields. That would suggest
that available so0il moisture in soil profile prior to germination is an
important factor affecting final barley yields.
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Soil depth, which came next in importance to precipitation, will
determine the maximum water storage capacity of soil and consequently :
will affect the precipitation water use efficiency by barley and the final
yields (1). ' ' ;

The two other intrinsique soil properties which were found to affect
barley craps were the cation exchance capacity (CEC) and the amount of
available phosphorus. The CEC of soils is an indication of total available
nutrient cations such as potassium, magnesium and others. Soil available
P was found by many workers in the region to be an important nutrient Specia11y
under arid conditions. The barley area is an aridic zone where P is expected
to be an important factor of growth and yields.

Some other soil variables were found to negatively affect yields of
barley. Stoniness at the soil surface or in soil profile and the bulk density
of soil were found to be negatively correlated with yields of barley. <Calcium
carbonate in soils had a depressive effect on yields of barley. This cou1d 
be explained on the ground that high free 1ime levels in the soil may cause
stunted growth as a result of P and micronutrient immobilization (3).

The results of the linear multiple regression computation relating
grain and or straw barley yields for the three years 1980, 1981 and 1982
combined were grouped in Tables 3 and 4 respectively for various combinations
of soil and precipitation variables. Regression equations YG! and YS1 which
relate grain and or straw yields to six soil variables (STONES, STONEP, SLOPE,
BD, POROSITY and CALA) with the exclusion of precipitation can explain only
18 and 34 percent respectively of grain and straw barley yields variation.
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Nine other soil and precipitation variables, as shown in Equations
YG2 and YS2, could explain 58 and 80 percent of grain and straw barley
yield variations. Consequently, when all the 15 soil and precipitation
variables were considered, as shown in Fquations YG3 and YS3, it could
explain 75 and 83 percent of grain and straw yield variation.

Finally, when grain barley yields were related to 20 soil and
precipitation variables, including the N and P fertilizer variables and
interaction for the two seasons 1981 and 1982 combhined as shown in Table 5,
91.4 percent of grain vield variation was accounted for. But from a practical
point of view, a minimum number of data set of soil and environmental variables
should be looked for to make prediction on yields; and that should he carried
out in the near future.

Fertilizer Experiments

There was a great variability in main soil properties and environmental
conditions where the fertilizer experiments were carried out in the pilot area
during the three consecutive years 1981, 1982 and 1983. The results of experi-
ments were arauped in Table 6. Calcium carbonate in s0ils ranged between 0
and 62.5 percent. The clay content ranged between 18 and 64.5 percent. Soil
depth ranged betveen 25 cm and more than 1 meter; and the available P ranged
between 6.3 and more than 27 parts per million. Total precipitation from
September to end of April ranged between 156 and 854 mm,

It is obvious from Table 6 that response to N and P fertilizers was
clear and significant in many of the barley experiments carried out in the
area; but insignificant in several others. This could be expected, due to
the large differences in soil properties of the sites, which could significantly
affect barley response to fertilization.
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The respbnse to application of P deserved a special attentioni ,
Several important works carried out in the Mediterranean Region had phown
previously that available P in soils is an important factor affecting
yields of cereal and small grain legumes crops when grown under the arid
or semi-arid conditions. Cooper (1) showed that P increases the rate
of development of crop resulting in maturity of barley being advanced from
one to two weeks. Thus the water use by crop ié reduced by addition of
P in spite of the more rapid development and higher values of the green
area index. Harmsen, Krentos and Matar (2, 4, 5) suggested_that P improves
the root development, thus extending the soil volume for available water
and nutrient,

The relative increase in barley grain yields as function of total
precipitation was plotted in Fig. (1} for soil sites where available P
before sowing was below 15.2 parts per million and total precipitation
below 400 mm. It shows clearly that the relative response to P increases
as the total precipitation decreases; in a way similar to results obtained
earlier (1, 2, 4 and 5). The broad scattering of points on Fig. (1) could
be due to differences in soil properties of sites which could have an effect
~on barley response to phosphate fertilization.

On the other hand, the inérease in grain yield of barley due to
addition of phosphate fertilizers as function of total precipitation was
plotted in Fig. (2) for all sites where available P is below 15.2 parts per
million, This figure shows that grain yield increase ranged between 0 and
45 ki]bgram grain per donum for sites where total precipitation was below
314 nm a year. However, it is obvious that a greater response to P ferti-
Tization was found in the more rainy part of pilot area. When soils are
well supplied with N fertilizers the potential yields and total biomass
expected in high rainfall areas become so large that low available P- soils
will respond strongly to P fertilization as shown in Fig. (2). The humid
sites included in Fig. (2) had an available P concentration in the soil
before sowing below 7 parts per mﬂHonf
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The relative response of most sites to N fertilizers was quite
significant and the best treatment for optimum yields was the NP treatment;
however the application of N fertilizers to low-rainfall sites is a critical
operation; and N fertilizers applied at seeding time could have a negative
effect on yields if rainfall is delayed or scarce. However, from Tahle 6,
it is clear that the response to NP fertilizers combined (NP-control yield)
was greater in most cases to P fertilizers response alone (NP-N yields) and
consequently, both nitrogen and phosphorus fertilizer use in such arid areas
should be considered. The relative response to N and P fertilizers should
be investigated more thoroughly and be related to main soil and environmental
factors in order to obtain practical recommendations which farmers can adopt
with confidence.

The results of N analysis of grain barley cultivars from the six
fertilizer experiments carried out in the year 1982-83 were grouped in
Table 7. In 4 out of 6 experiments nitrogen fertilizers and especially
(N, or N,P, treatments) had a positive and significant effect on grain N
content. This kind of work needs further investigation.
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Table 1. List of Soil, Precipitation and Fertilization Variables
included in the Regression Models of the Article.

Variable Specifications

SD Soil depth in cms.

STONE S Stoniness % of the surface.

STONE P Stoniness % volume of horizon A.

SLOPE Soil surface slope %.

CALT Total CaC0d, %.

CALA Active CaC0, (Drouineau).

CEC Cation exchange capacity {meg/100 q}.

SICLAY (S1it + Qlay) % of horizon A.

POTT Total (soluble + exchangeable) K in horizon A. In parts

per million.

PHOS Available soil P (ppm} of Horizon A.

BD Bulk density in {gr/cm®) of horizon A,

SAPR Total precipitation from September through April (mm).

SON Total precipitation from September to end November (mm).

DJAN Total precipitation in December + January (mm).

NADD Nitrogen fertilizer added in kgs N/donum.

NZADD Sauare of N fertilizer added in kg N/donum.

P ADD Phosphate fertilizer added in kg P,0s/donum.

P2ADD Square of P fertilizer added in kg P,0s/donum.

NP Product of N and P fertilizer added in kg/donum.

GRAIN Grain barley yields in kg/donum.

STRAY Straw barley yields in kg/donum.




132

Table 2. Multipie Correlation Coefficients (R) between Soil and
Precipitation Variables with Grain and Straw Barley Yields
during Three Consecutive Years 1980, 1981 and 1982.

Variables | {R)
Grain Straw |
DJAN + 0,53 .+ 0.48
SAPR + 0.63 + 0.60 |
SON + 0.57 +0.64
SD +0.48 + 0.57
CEC ” + 0:.14 -+ 0.29
PHOS + 0.16 + 0.02
CALT I - 0.22 - 0.12
STONES - 0.10 - 0.22
STONEP . - 0.1 - 0.29
o - - 0.30

BD 0.18




Table 3. Regression Models for Grain Yields of Local Barley Cultivars with their Respective
o - Loefficients of D2termination for the Three Years 1980, 1981 and 1982 Combined.

Grain Yield

ka/1000 M2 Regression Equations S R R®

YG1 = - 2,232 STONES - 3.556 STONEP 3+ 10.8% SLOPE + 588.9 BD

+16.04 PORDSITY - 4.275 CALA -~ 1277.37 0.424 0.179
YG2 = - 0.0438 DJAN + 0.077 SAPR  + 0,379 SON  + 1.309 SICLAY

+ 1.586 5D ~ 0.0269 POTT - 0.5252 PHOS - 1.387 CALT

- 0.,2498 CEC + 12,3707 J.761 0.579
YGB = - 0.2352 STONES + 0.4315 STONEP+ 6.215 SLOPE + 879.3 8D

+ 25,64 POROSITY + 5.426 CALA - 0.6818 DJAN + 0.5238 SAPR

0.0264 POTT
2388.7712 .0.966 0.750

0.2015 SON - 0.4399 SICLAY+ 1.094 SD
0.5911 PHOS 1.945 CALT - 0.2362 CEC

[}
H

-k
)

£el



Table 4. Regression Models for Straw Yield of Local Barley Cultivar with their Respective
- Coefficients of Determination for the Three Years 1980, 1981 and 1982 Combined.

Grain Yield

kg/1000 M2 . Regression Equations S S R R2
Yg = - 2.576 STONES - 0.9977 STONEP + 22.51 SLOPE
' +45.92 BD + 7.331 POROSITY- 3.02 CALA - 181.8154 0.579 0.336
Yoo = - 0.8621 DIAN + 0.2389 SAPR  + 1.675 SON + 2.663 SICLAY
+ 0.2915 SD - 0.05375 POTT - 4.79 PHOS - 2.395 CALT
+1.705 CEC - 61.6953 ' ' 0.892 0.795
Yoo = + 0.4349 STONES- 0.4935 STONEP + 5.468 SLOPE

+ 1708 BD  + 47.88 POROSITY+ 12.91 CALA - 1.99 DJAN

+1.004 SAPR + 0.8766 SON  + 0.3302 SICLAY

+2.834 SD - - 0.0405 POTT ‘- 5.884 PHOS- 5.018 CALT

0795 CEC - ABALETE o 0913 0.83




Table 5. Regression Models for Grain Yields of Local Barley Cultivars with their Respective
Coefficients of Determination for the Two Years 19871 and 1982 Combined with the
Introduction of Fertilizer Variables and their Interactions. -

Grain Yield

kg/1000M2 Regression Equations . . = .. R _ R?
Year . - 0.1392 STONES - 0.7977 STONEP + 14.92 SLOPE

1981 + 1982 . 131 .

— +15.22  BD - 1.482 POROSITY + 15.41 CALA
+0.1077 DIAN - 0.2589 SAPR + 0.8082 SON
+ 0.1939 SICLAY + 0.5797 SD - 0.2087 POTT
+2.912 PHOS - 4.305 CALT - 4.206 CEC =
+ 0.4311 NADD - 0.0052 N2ADD  + 4.814 PADD <

0.5278 PZADD  + 0.1796 NP © '+ '371.1579 .. 0.956 .0.914
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Table 7. Effect of N and P Fertilizers on Nitrogen Content (%) in Barley Grain in Dlrferant Sites

- Syria.during 1982-1983 Se2ason.

Fartilizer Treatments

T T vt A
‘ ' 1 2 i1 2'2 cance
Firklos 200.4 Arabi Aswad  3.07 2.89 3.29 3.24 3.18 - - -
Mokarram 247.7 Arahbi Abiad 2.19 2.40 3.14 2.42 2.73 L 0.64 0.46
Salamizh 255.5 Arabi Abjad  3.97 3,50 3,35 3,20 3.02 - - -
Ok=2irbat 184.9 - 1,99 2,00 2,73 2.04 2,60 * 0.84 0.60
Morak 314.0 Six rows 2.79  2.81 3.02 2.30 3.17 w 0.41 0.29
- XX

Tal Xalakh 853.3

2.59

3.55

3.58

272

0.62

LE}



Relative increase of barley grain yield %
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1. Introduction

Soil Fertility and Plant Nutrition Section has initiated a study
on 1974/75 to assess the response levels of the Syrian soils to
phosphate application, and a series of fertilizer experiments have been
conducted on some of Syria's economically important crops of which wheat

crop is one. This study aimed to elaborate on the following points:

1. To assess the absorbable phosphorus content of different types
of soils (estimated according to Olsen method) in all Syria

Provinces.

2. To determine response levels to phosphate fertilizexr of wheat

grown on different types of soils, in terms of:

a. the absorbable phosphorus level at which wheat crop does
or does not respond to phosphate application, and

b. the economic rate of application based on the actual or
effective content of absorbable phosphorus in the soils.

Intensive experimentation has been conducted to define the
transformation of phosphorus in soils, particularly in calcareous soils,
The phosphorus balance (total phosphorus applied to the secil minus the
quantity extracted by the crop and the quantity lost with drainage water)
calculated by some of these studies indicates that a considerable propor-
tion of the phosphorus applied to the soil does not become available to
the crop as it'is transforned to either in organic or to organic but un-
soluable compounds (phosphorus fixation). Hence P quantity used by the
erop constitutes only a very small proportion of the total gquantity

applied.
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Phosphorus fixation in the s0il poses two problemsrpracticaily.

~  The first related to P quantity which effectively remain
available in the soil for absorbation by plants' roots.

= The second is related to the assessment of absorbable P level
that must be maintained in the soil.

Arview, J.C., 1967, found that the aqueous solution of phosphate,
in the presence of Calcium Carbonate, transforms to Dihydfo Calcium
phosphate which firstly precipitates, then transforms to Tri-Calcium
phosphate. This transformation process is strongly affected by
temperature. However, the relationship between the results of soil
analysis in terms of its P content and the response to phosphate
fertilizer depends on the method of phosphorus extraction from the soil.
Extraction solution differes from one method to another. According to
Olsen, 1954, with extraction solution of pH=8.5 the follow1ng responses

to phosphate was recorded:

- 1f soil content of absorbable phosphorus is less than 6 PPM
phosphorus application would have significant responses.

~ A probable response to phosphorus application is expected in
soils of 6-12 PPM of absorbable phosphorus content.

-  The response to phosphorus application is nil on soils of
absorbable P content of more than 12 PPM.

Based on phosphorus extraction method by Sodium Bicarbonate solution,
Bingham, 1962, gave limits for crops with low, moderate or high requirementes
of phosphorus. He defined borders where phosphorus is insufficient,
response to phosphorus is probable, or no response for some crops of,
low requirement of phosphorus. Bingham considered wheat one of phosbhorus
low requirement crops, and a soil content of 4 PPM absorbable is not °
enough for the crop, the response is probable at 5-7 PPM and nil at soil

content of more than 8 PPM absorbable P.



140

2. Methods and Materials

2.1 Location

The locations of the experiment were selected according to the
following procedure., For each province, ten soil samples representing
different groups of soils were analysed and the absorbable phosphorus
contents were estimated. Based on these contents (ranging from 3 to
14.5 PPM) locations of variable contents were selected. Then,. another
soil analysis was conducted for the selected locations just before
planting in order to re-assess the effective levels of phosphorus
contents prior to fertilizer application. Later on, another soil
sampling and analysis was carried out after harvesting the crops to
define the effect of different application rates of phosphorus on basic

P contents of the soils.

2,2 Experimental Design

- Five levels of phosphorus application (with one level of N
application for all the treatments) were studied. The
treatments were distributed on completely randomized plots
with three replicates.

- Plot area was 20 m? (8 x 2.5 m).

« Wheat variety Cite Siros was grown in all provinces except
Dar'aa and Sweida where the variety grown was Hourani.

- Nitrogen fertilizer (in the form of Calcium Nitrate) was
applied before planting at the rate of 80 kg/ha of N.

=  Super mono phosphate was applied before planting at the rates
of 0, 30, 60, 90, and 120 kg/ha of P,0s.

- Sowing rates were 110 kg/ha for Cite Siros and 120 kg/ha for
Hourani.
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1y

Regults

Seasonal rainfall and the dates of major agricultural operatlona
for each location are presented in Table 1,

Table 2 shows the analysis resulte of soil samples taken defore
fertilizer application. The following measurements were recorded

. for each sample: pH and electric conductivity of the saturated

soil phase by using pH and Ec equipment. The organic matter was-
estimated according to the Dichromate method, the total Caleium
Carbonate by the Calcimeter method, the active Calcium Carbonate
by Drouineau method, the total N by Kjeldahl method, the exchange-
able K by flame sPectrophotometer and the mechanical analysis -
of the soil was assessed by using the Hydrometer method w1thout '
removing Calcium Carbonate.

Aﬁailable:phosphorus was estimated according to Olsen method.

The results of post-harvest sampling and analysis of soilg are
shown in Table 3.

.Table 4 ghows yields and yield respenses to phosphate fertilizer

of different treatmants,

The economic rate of application for each experiment was calculated
within the limits that statistical analysis results permit, The
following prices were considered:

kg of Super mono phosphate = 34 SP
kg of Wheat = 49 SP

Regression equatlons of yield with respect to phosphorus application
are listed in Table 53 where, . : ,

¥ = vield (kg/ha)
P = P205 (kg/ha)
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Discussion of Results

Rainfed wheat response to phosphate fertilizer was studied in 22

trials (18 for Cite Siros variety and 4 for Hourani). The soils of trials'

locations were greatly wvaried in terms of physical and chemical character-

istics.

1.

QOrganic matter can be considered less than moderate in all
locations with the exception of trial No. (13 and 16) where it

was relatively good.

Soil contents of Calcium Carbonate and active Calcium Carbonate —--
major factors in phosphorus fixation process especially in
Calcareous spils —— varied widely within the sample, The

contents were as follows:

1.5 - 7 %Z in experiments No. 1, 2, 6, 7, 13, 16, 19, 20 and 21.
11 - 40 7 in experiments No. 2, &, 5, 8, 12, 14, 17, 18 and 22.
40 - 75 7 in experiments No. 9,10,11,15.

Due to the low level of organic matter in most of the sampled
soils, the total N contents were also small. Exception to this
was the case of locations No. 13 and 16. 1In these two locations
the yields of control treatment (Po) were higher than normal
yields. This most likely due to positive response of wheat to

N fertilizer applied homogeneously to all trial plots.

Most soils were rich in exchangeable K element with the exception
of locations 10, 11 and 13 (moderate level of K), and locations

1, 12 and 15 (low level of K).
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Scil content of absorbable phosphorus varied widely in the
sample and the locations were selected to reflect this

variation in order to achieve the objectives of the study.

The relationship between soil content of absorbable phosphprus
(P/PPM) and crop response to phosphate application was estimated,
where it was possible, by regression equations of yield calculated
from the results of statistical analysis after compensating P
value by the economic rate of phosphorus application. In cases
where equation calculations were not possible the economic:rate

of application was estimated from production increase of the
treatment over the control treatment provided that the increase

was big enough to cover the cost of fertilizer applied,

The statistical analysis for results of 22 experiments indicates

the following points:

- Wheat response to phogphate application was significant in
11 experiment and it was possible to calculate the economic
rate of P application under such conditions.

~ Yield responses to phosphate were unsignificant in 7
experiments, and the statistical analysis data did not
allow the calculation of equation which relates yields to
applied phosphorus.

-  Wheat did not respond to phosphate in 4 experiments.

Figure 1 shows the relationship between soil content of absorbable
phosphorus defined as P/PPM (X axis) and yield respomse to.
phosphate (Y axis). It is obvious (in the Figure) that onésoils
of 4-6 PPM phosphorus content wheat responsed positively td
phosphate application. The response varied according.to séil
type, it was higher in non-calcareous soils (experiment No . 12) |

and lower in the Calcareous soils (experiments No. 4, 11 aﬁd 13).5
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Wheat crop responded positively to phosphate application in
11 experiments. The economic rate of application ranged

between 33 and 94 kg/ha of P.

The responses were non-significant in 7 experiments.

There was no response in 4 experiments.

At a given level of P the response to phosphate application
varied with respect to soil type. Generally speaking we can
say that at 4-6 PPM soil content of absorbable phosphorus the
response was obvious, and as this content increased over 9 PPM

the response was almost nil.

The relationship between soil content of absorbable phosphorus
and rainfed wheat response to phosphate application is weak and
statistically not significant. However, this response declines

as soil content of absorbable phosphorus increases.



145

Table t. Rainfall, Dates of Major Agricultural Operations.
Dates of
Trial N and P Rainfalls :
No. Location Application Sowing Date mm Harvest Date
1 Homs~Hawleh 16/12/1974 16/12/1974 478.5 25/6/1975
2 Hama-Mesyaf 2/ 1/1975 2/ 1/1975 395.6 3/6/1975
3 Hama-Kafr Zeita 8/ 1/1975 8/ 1/1975 395.6 10/6/1975
4 Hama-Kafr Bahem 2/12/1974 2/12/1974 343.4 2/6/1975
5 Aleppo—Azaz-
Algimeh 13/11/1974 13/11/1974 410 12/6/1975
6 Aleppo-Azaz-
Mohamed
Maradi 14/11/1974 14/11/1974 410 14/6/1975
Idleb-Harem 3/12/1974 3/12/1974 558.4 9/6/1975
Idleb~Ma'arah 28/12/1974 28/12/1974 383.5 7/6/1975
Lattakia-
Yougousneh 17/11/974 17/11/1974 1313.0 22/5/1975
10 Lattakia-~
Khalali '28/11/1974 28/11/1974 1313.0 24/5/1975
11 Lattakia-
Bir Abd 27/11/1974 27/11/1974 974.9 26/5/1975
12 Lattakia-
Qaroujeh 18/11/1974 18/11/1974 974.9 27/5/1975
13 Tartous-
Sheikh Badr 31/12/1974 31/12/1974 1423 .4 !7/6[1975
14 Tartous-Safita 29/11/1974 29/11/1974 1318.4 2/6/1975
15 Tartous-Thawra 28/11/1974 28/11/1974 1039.2 18/5/1975
16 Tartous~
Dreikish 4/12/1974 471271974 1280.5 3/6/1975
17 Hagsakeh- _
Melkieh 5/12/1974 5/12/1974 566.8 18/6/1975
18 Hassakeh- _ _
Kamishli 5/12/1974 4/12/1974 405.3 30/6/1975
19 Dar'a-Nowa 14/12/1974 15/12/1974 N.R. 10/6/1975
20 Suwida-Shahba 1/ 1/1975 1/ 1/1975 200 3/6/1975
21 Suwida-Lakhd 5/ 1/1975 5/ 1/1975 200 23/6/1975
22 Suwida-Shahba 17/12/1974 17/12/1974 216.6 8/6/1975

N.R.

= Not recorded.



146

Table 2. Soil analysis results of samples (0-25 cm) taken from the trial
locations prior to fertilizer application,

%Z of Soil Dried by Air

Absorbable Exchangeable

QOrganic Calcium Effective Total
No. pH Matter Carbonate Calcium N P PPM K PPM
1 7.3 1.13 1.0 2.9 0.10 62.0 30
2 7.9 1.57 2.0 2.6 0.10 6.0 473
3 7.6 1.01 37.0 16.4 .08 6.5 323
4 7.7 1.45 14,0 6.5 0.10 13.0 633
5 — 0.63 14.0 5.9 0.08 8.0 593
6 - 1.40 4.0 5.9 0.08 5.0 320
7 8.0 1.60 7.0 3.6 0.11 5.0 400
8 7.5 1.01 31,5 14.8 0.06 6.0 458
9 7.6 1.89 41.5 16.4 0.13 13.0 393
10 8.0 1.60 51.5 14.4 0.10 7.5 160
11 7.9 2.26 42.5 16.4 0.14 14.0 250
12 - 0.91 11.0 4.5 0.086 5.0 130
13 -— 3.15 3.5 3.6 0.19 12.0 230
14 - 2.39 39.0 4.5 0.12 7.0 365
15 - 1.26 75.0 6.2 0.05 7.0 15
16 — 3.30 1.5 0.06 0.20 4.5 500
17 - 1.76 20.0 7.9 0.10 4.0 508
18 - 1.44 28.5 12.8 0.09 4.0 480
19 - 0.69 4.0 1.98 0.08 3.0 490
20 7.7 1.57 1.5 2,97 .08 8.5 375
21 7.9 0.82 1.5 3.9 0.07 4.5 630
22 - 0.82 26.0 13.9 0.05 5.0 538
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Table 3.. Absorbabla phosphorus contenta of soils samples taken from the
fertilizer treatments after harvvest.
. First Second Analysis Differences Between the First and
Analysis {(after harvest) the Second Analysis
(Before _
No. planting) Po Pt P2 P3 P4 Pt p2 P3 P4
1 62.0 57.5 50.5 60.0 63.0 70.5 -11.5  «2,0 +1.0 48.5
2 6.0 6.5 23.5 30.0 3B.0 67.5 +17.5 +24.0 +32,0 +61,5
3 6.5 5.0 16.5 10,0 38.5 38.5 +10.0 +3.5 +32,0 +77.0
4 13.0 6.5 39,0 23.5 39.0 43.0 +26.0 +10,5 +26,0 +30.0
5 8.0 6.0 8.5 18.5 16.0 20.0 +0.5 +10.5 48,0 +12.0
6 5.0 4.5 7.0 12,5 24,0 16.0 +12.0 7.5 «19.0 +11.0
7 5.0 6.5 9.5 11.0 16,0 13.0 +4.5 +6.0 +11.0 +8,0
8 6.0 7.5 15.0 21.5 15,0 32,0 +9.0 +15.5 +9,0 +26.0
9 13,0 3.0 1.5 16.0 21.5 18.0 -11.5 +3.0 +8.5 +3.0
10 7.5 * 5.0 11.5 11.5 53,0 -2.5  +4.0 44,0 +45,5
11 14,0
12 5.0 .
13 12,0 14,0 20,0 27.0 34.0 50.0 +8.0 +15,0 +22.0 +38.0
14 7.0 7.5 10.0 21,5 19.5 19.5 +3.0 +14.,5 +12.5 +12.5
15 7.0 8.5 15.0 6.5 9.5 7.5 +8.0 ~0.5 +2.5 +0.5
16 4.5
17 4.0
18 4,0
19 3.0
20 8.5 %
21 4.5 5.0 22,5 12.5 5.0 62.0 +18.0 48,0 +0.5 +57.5
22 5.0 7.5 9.5 8.0 11.0 5.0 Ce4i5 0 43.0° 46 o

+6,0

i

* Negligible amount,
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Table 4. Effect of phosphate application on the yields of rainfed wheat

(kg/ha).
Yields According to Yield Increase Over non
Treatments Fertilized Treat. (Po) L.S.D. Coefficient

Ro. Po P1 P2 P3 P4 Pt P2 P3 P4 17 57 of Variance

1 1758 1458 2267 2750 2600 -300 5G9 992 842 —- ~-  Inaccurate
2 '.1792 1925 2067 2125 2125 133 275 333 333 201 138 3.6
3 3591 4233 4383 4575 4758 642 392 984 1167 260 179 2.1
4 3333 2975 3400 3225 3292 358 -67 =108 =41 771 530 8.7
5 2125 2958 2875 2375 2667 833 750 250 542 1030 708 14.5
6 1916 3042 2500 2308 2266 1126 584 392 350 460 316 6.9
7 1516 1710 1917 2417 1907 194 401 901 391 294 202 5.6
8 1846 2140 2567 2907 2069 294 721 1061 223 931 640 14.1
9 1933 1366 1516 1450 1058 -567 =417 =483 -875 -~ -~  Inaccurate
10 2525 3642 3425 3250 3375 117 900 725 850 1837 1262 20.6
11 2300 1958 2295 2441 2608 -342 -5 14t 308 852 586 13.3

i2 590 1878 2166 2545 2561 1288 1576 1955 1971 1635 1124 1Inaccurate

13 2217 2333 2517 2483 1967 116 300 266 =250 1437 987 22.8
14 2600 2366 2533 2067 1833 -234 -67 =533 ~767 - -~  Inaccurate
15 4667 5833 4267 5500 4667 1166 =400 833 o - -~ Inaccurate
16 1433 3433 3333 4167 1233 2000 1900 2734 200 -- -- Inaccurate
17 2833 3167 3167 3083 2833 334 334 250 0 889 611 10.8
18 2667 3000 3500 2667 2833 333 833 0 166 1518 1043 19.0
19 1300 1336 1550 1726 1816 36 250 426 516 403 277 9.5
20 tt67 1250 1000 750 583 -83 ~-167 -417 -584 -~ —~  Inaccurate
21 1700 1950 2033 2100 1583 250 333 400 -117 738 507 14.3

22 1583 1867 2033 1800 1750 284 450 217 167 211 186 5.5
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application of phosphate fertilizer.

Regression equations of yield with respect to phosphorus and the economic

Soil Content . Economic
of Regression FEquation of Yield Application
No. Phosphorus with respect te Phosphorus of P305 Observations
P PPM kg/ha

f 62.0 - - No effect of Phosphorus
2 6.0 ¥ = 1783 + 6.221 P - 0.02775 P? 38 -

3 6.5 ¥ = 3648 + 17.250 P ~ 0.06944 P2 95 -

4 13.0 — - Unsignificant Effect

5 8.0 ¥ = 2285 + 15.953 P - 0.11905 p2 50 .

6 5.0 Y = 2129 + 18.775 P ~ 0.15738 P2 46 -

7 5.0 ¥ = 1436 + 15.558 P - 0,08835 P2 65 -

8 6.0 ¥ = 1728 + 26.393 P - 0.18624 P2 60 -

9 13.0 - - No effect of Phogphorus
10 7.5 Y = 2704 + 22.853 P - 0.1541 P2 61 -

1 14.0 - — No effect of Phosphorus
12 5.0 ¢ = 683 + 38.230 P ~ 0.19050 P2 89 -— |
13 12.0 - - Unsignificant Effect
14 7.0 - - No effect of Phosphorus
15 7.0 ¥ = 4882 + 10.317 P - 0.09524 P2 33 -

16 4.5 —_ - Unsignificant Effect

17 4.0 ¥ = 2855 % 11.627 P - 0.09920 P? 38 -

18 4.0 - - Unsignificant Effect
19 3.0 - - Unsignificant Effect -
20 8.5 - - Unsignificant Effect
21 4.5 - -~ Unsignificant Effect
22 5.0 ¥ = 1600 + 11.047 P - 0.08465 P? 41 -
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Relationship between Soil Content of P
and the Response of Rainfed Wheat to
Phosphate Fertilizer.
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1. Introduction

Many of the soils in the Mediterranean environment are deficient in plant-
-available nutrients (Jackson, 1977; Sillanpaa, 1982). Application of fertilizers
under such conditions may increase yields significantly, even though potential
yields under rainfed conditions are determined by available moisture in Tow-
-rainfall area's (FAO, 1969; Harmsen et al, in press). Increased levels of
available nutrients may enhance root development and early vegetative growth,
which may result in increased water use efficiency by the crop (Cooper, in press;
Cooper et al, in press). Research conducted by the International Center for
Agricultural Research in the Dry Areas (ICARDA) has confirmed that there exists
a considerable potential for increasing yields of cereal crops under rainfed
conditions, through the use of nitrogen and phosphorus fertilizers, and improved
crop management (FAQ, 1969; Cooper, in press; Harmsen et al, in press).

The objective of this paper is to discuss some of the factors that limit

yiélds in dryland barley production in Syria. Some results of experiments con-
ducted at experimental sites and in farmer's fields will be presented.

2. Factors limiting yields of dryland barley crops

The potential yield of a particular crop may be defined as the maximum
yield that can be obtained under a given set of environmental conditions, that
cannot be controlled by the farmer. Potential yields under irrigated conditions
would be determined by crop genetic factors, and environmental factors, such as
daylength, radiant energy and temperature. Under rainfed conditions,in arid and
semi-arid regions, potential yields are generally determined by moisture available
to the crop.

Actual yields in farmer's fields are usually lower than the potential yields
under those conditions. Factors that may limit yields under farmer's conditions,
include the incidence of weeds, pests and diseases, poor plant establishment,
nutrient deficiencies, damage caused by rodents, birds etc. It is usually
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difficult, if not impossible, to determine which factor actually limited crop
yield ina farmer's field. This is because different factors may limit growth
rates of crops at different stages during the growing season. For examﬁle,
available moisture or low temperatures may limit growth rates early in the season,
then nutrients may become limiting, later on pests or diseases, whereas at the
end of the season moisture or temperature may again become limiting. Other
factors do not directly affect crop growth rates, but tend to depress yields.
For example, grazing of the crop (sheep, camels) tends to depress final crop
yields, whereas weeds compete with the crop for moisture and nutrients, ‘and thus
tend to depress crop yie]ds.‘ Factors such as crop rotation, tillage methods,
seed quality, time and method of sowing, and seeding rate, may affect crop
establishment and the effective length of the growing season, and therefore
affect yields.

Matar (1981) showed that yie]ds of cereal crops in farmer's fields albng
the Tartous-Palmyra transect were highly correlated with rainfall (positive) and
the incidence of weeds (negative), and with factors that affect plant stand
establishment and the soil water balance, such as stoniness, slope, soil depth,
soil texture and bulk density of the soil. The available-nutrient. status of
the soil did not appear to be highlycorrelated with crop yields.

In this connection, two points may be mentioned:

{1) Even in nutrient-deficient soils, that is, in soils that are unable to supply
the crop with sufficient nutrients to sustain potential growth, yields are not
necessarily limited by available nutrients. Therefore, application of ferti?izefs
to correct nutrient deficiencies does not necessarily increase yields under
farmer's conditions. Other factors, such as available moisture, low temperatures,
pests or diseases may be more limiting than available nutrients. Application of
fertilizers (in particular nitrogen) under such circumstances may acutu§11y depress
yields. For example, application of nitrogen fertilizer in a dry year may depress
yields due to haying off of the crop. Appiication of nitrogen may a1so§createﬁ
conditions favourable for the development of pests or diseases, due to énhanced
vegetative growth, or may result in a strong development of weeds. ;
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The fact that little or no response to fertilizer is obtained, does not imply,
however, that the soils were not deficient in nutrients. It highlights the
importance of other factors in the system, and of interactions between the
factors that affect yields, such as nutrient-moisture and nutrient-weed inter-
actions. It may be concluded that in order to increase yields under rainfed
farming conditions, nutrient deficiencies have to be corrected, but the appli-
cation of fertilizers has to be part of a carefully designed package, in which
other yield determining factors, and their interactions, are considered.

(2) Even if available nutrients, rather than available moisture, are limiting
actual growth rates during most of the season, yields tend to increase with
higher rainfall. This is because in a season with above-average rainfall, and

a favourable rainfall distribution, the effective availability of nutrients is
likely to increase. Moisture penetrates deeper into the soil, thus increasing
the volume of soil accessible to the rooting system. An early start of the rains
may lengthen the growing season, and create more favourable conditions for early
vegetative growth, also because average temperatures are higher in November,
than in December on January. A better root development and a higher microbio-
logical activity in the soil may result in an increased availability of soil
nutrients. Late rains allow the crop to take up nutrients from the surface
horizon, where nutrient availability (in particular phosphorus) may be higher
than in subsurface horizons. Therefore, yields are Tikely to increase with
higher rainfall, but his does not imply that available nutrients would not be

a major limiting factor. '

In most of the barley producing area in Syria, rainfall is the main variable
determining differences in yields between seasons. For example, barley yields
in Syria in the period of 1969-1980, ranged from 97 {1973) to 1310 kg grain/ha
(1980), with an average of 711 (t 379) kg grain/ha (MAAR, 1977, 1980). It may be
assumed that the fluctuations in barley yields between seasons (Figure 1) mainly
reflected differences in rainfall conditions between seasons. A linear regression
of mean barley yields in all of Syria on estimated rainfall in the major barley
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producing areas (weighted average proportional to the area under barley in each
province) ‘resulted in the following regression equation for:the period 1969-1980:
. i . o . ..- ) f ', e - : : _?‘1’:.-'"? . .

- GY = 0.0036(R-151) - - - n=12, r2=0.78 .. "
where GY denotes grain yield (kg/ha), R denotes rainfall (mm/season), n-i$ the
number of seasons, and r2 is the coefficient of variation (Harmsen and Anderson,
in preparation). ' Hence, barley yields tended to increase with higher rainfall
(Figure 2), even though nutrient deficiencies were probably a major yield 1inmiting
factor in rainfed barley production in Syria.

+ Agronomy experiments conducted in Syria, as part of a-joint research &
program between ICARDA, ACSAD and ARC-Douma, have showr that grain yields of: «
cereal crops increased with rainfall across locations, and tendad to intrease
with fertilizer application at each individual location. ' For example, a Finear
‘‘regression of grain yields in fertilized plots at 17 locations dn Syr1a £198182
* season) resulted in the f0110w1ng regression equation: ke A

- GY = 0.0150{R~100) ; S n=Y7, ¥2=0.73 0 o et
and for grain yields in unfertilized plots the following regression equation -
was obtained: o B SR S L

‘GY = 0.0089(R-118) - - e 17, r2:=0056 - i
Hence, yields tended to increase with rainfall (Figure 3}, but the increase was
“more pronounced under fertilized conditions (16 kg grain/ha per mm of rainfall)
than under unfertilized conditions (8.9 kg grain/ha per mm of rainfall):

At each individual location, yields tended to -increase with application:of ferti-
"lizer, from about 770 kg grain/ha at 200 mm of rainfall, to about 1990 kg grain/ha
at 400 mm. This illustrates that“apriCation”of'fertiiizér‘May’signifidantiy @

" conditions.
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3. Yield functions and fertilizer use efficiency

The yield of cereal crop (Y) may be described as :
Y=Ff (X1, X2, ...... )

where f denotes'the yield function, and X1, Xz, .. denote variables such as
available moisture and nutrients, temperature, pests, diseases, weeds, soil

conditions and management factors.

Under experimental conditions, the yield function can often be simplified,
because many of the factors limiting yields in farmer's fields, are controlled
in experimental plots. In fertilizer-response trials, weeds, pests and dis-
eases are usually controlled, unless they are factors in the experiment.

Most experimental fields are on deep soils, free of stones, and on nearly flat
land, such that these soil factors do not contribute to vield differences

between different Tocations. Crop management (seeding rate, row spacing, Sow-
ing method} are uswvally uniform among different locations, and if the experi-
“mental sites are at approximately the same altitude, temperature conditons are
likely to be similar betveen different locations as well. lnder such conditions,
most of the variation in yields hetween locations i1l he due to differences in
available moisture {0 ), and in availahle nitrogen (M) and phosphorus (P).

Hence, the yield function reduces to:

Y=f (0, N, P)

where it is assumed that N and P are factors in the experiment, and that one
crop variety is used as the indicator crop.

In variety-testing trials, the yield function would take the form:
Y = f (8, V)

where V denotes variety, and where it is assumed that sufficient fertilizer is
applied to correct nutrient deficiencies. For example, a linear regression of
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grain yields PF barley, durumwheat and breadwheat (average of all variaties
for each crop) in the 1981-82 farmer's field verification trials, on estimated
rainfall during the growing season, resulted in the following regression
equation:

GY = 0.0145(R-153) n=49, r2=0.78

Hence, 78% of the observed variation in yields of cereal crops between locations,
could be explained by estimated seasonal rainfall (from nearby meterological
stations) for those locations (Figure 4).

Moisture available to the crop during the growing season (8), depends on
the moisture status of the soil at the start of the season (e.g., moisture
carried over from fallow)}, on the amount, distribution and intensity of rainfall,
on climatic variables, such as temperature and relative humidity, on crop factors,
such as stand establishment and rooting pattern, and soil factors, such as slope,
soil depth, permeability, and water-holding capacity. In most fertilizer or
variety trials, the moisture balance is not studied, and only rainfall during
the season is recorded. Because rainfall is one of the major factors determining
plant-available moisture,B may be replaced bythe total seasonal rainfall (R)
in the yield equation. Obviously, this is a rather rude approximation, but
Figure 4 shows that for the conditions of those experiments, the approximation .
is acceptable. On the other hand, in the experiments reported by Matar (1981),
plant-available moisture could not be replaced by seasonal rainfall because of
the variability in soil conditions (slope, depth, texture, bulk density) between
fields.

The water-use efficiency of a crop (WUE) may be defined as the partia]
derivative of the yield function with regard to available moisture:

Of
By

WUE =

or with regard to rainfall:

wE . _of
OR
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where WUE is in kg/ha per mm of available moisture, or rainfall. ,The factors
that determine WUE for barley crops in rainfed agriculture, have been discussed
recently {Cooper, in press).

The nitrogen-use efficiency of a crop (NUE) may be defined as:

Sf
M

NUE =

and the phosphorus-use efficiency by :

Of
P

PUE =

In fertilizer experiments, plant available nitrogen is made up of available
nitrogen in the soil (Ns) and nitrogen applied as fertilizer (Nf). Similarly,
plant-available phosphorus is made up of Ps and Pf. In order to test the
efficiency of fertilizer application, it is useful to define fertilizer-use
efficiencies:

of

NFE =
INF

where NFE denotes the nitrogen fertilizer-use efficiency, and:

af

PFE =
APf

where PFE denotes the phosphorus fertilizer-use efficiency (kg grainor dry
matter per kg of nutrient applied}. Fertilizer-use efficiencies usually decrease
with increasing level of soil nutrients and with increasing level of fertilizer
applied.
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In fertilizer trials, nutrients are applied in discrete quantitieﬁ,,
e.g., NO, N1,.. for nitrogen, and Pg, P1, .. for phosphorus. - For suchj trials,
fertilizer-use efficiencies are usually calculated from the approximate

equations :
AY
NFE = ———
AN
for nitrogen, and:
pFE = _AY
AP

for phosphorus, where AY denotes the difference in yield between two ferti-
lizer treatments, and AN or AP the difference in nutrients applied.
Usually the lower level of fertilizer application is taken as zero, and only
one nutrient is varied between treatments. Hence, for nitrogen : '

Y(N1,P1) - Y{NO,Py)
NFE =
Ny - Np
and for phospharus:
Y(N1.PY) - Y(N1,P0)
PFE =
P1 - Po

It is important to note that fertilizer-use efficiencies depend on theéTeve]s
of soil nutrients, on the level of fertilizer applied, and on the ]eve]s of

i

other nutrients applied.

f
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4. Regression models for yield analysis

The yield functions presented in the previous section are not very
syitable for the analysis of the results of fertilizer trials, because the
functional relationships between the relevant variables are usually not known,
Instead, the results of fertilizer trials may be analyzed by means of régres—
sion analysis of yields on one ormora variabhles.

To this end, it may be assumed that the yield function can be approxi-
mated by the product of functionsof the individual variables:

f(R,M,P) = f(R) (M) f(P)

As a further simplification it may be assumed that f(xi) can be approximated
by a power series:

f(xj) = ap + ayxj + agx% oo = 1}": anXi"

where ap denotes a coefficient, and x4 a variable in the yield equation.
Hence, the yield equation can be vritten in the approximate form:

f(R,N,P) = (2 ap RM)(Z by NM)( Z cn PM)

In regression analysis, the summation is usually Timited to n=1 (linear) or
n=2 (quadratic). The linear approximation would thus become:

f(R,N,P) = (a0 + a1 R)(bg + b N)(cp + cj P)

Piant-available nitrogen (M) may bedistinguished in soii-nitrogen (Ns) and
fartilizer-nitrogen {Nf):

b]N = b1 Ng + b1z N¢
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similarly for plant-available phosphorus:
c1P = ¢y Ps + €12 Pf
such that the linear approximation of the yield function may be written as:
f(R,N,P) = (ag + aj R) (bp + by Ns + by2 Nf) (cg + ¢y Ps + c12'Pf)

Hence, even a simple Tinear approximation of the yield furiction, already
results in a regression equation with 18 terms, whereas the quadratic approxi-
mation results in regression equation with 108 terms. Obviously, there is a
1imit to what a computer can handie, and therefore the quadratic equation is
usually simplified in that only linear interactions between nutrients are
considered, that is, only terms of the form NgNg, NgPs, NsPf, etc. This would
result in a modified quadratic regression equation with 45 terms.

A simple linear regression model was used to study the effect of appli-
cation of nitrogen fertilizer (Nf) and phosphorus fertilizer (Pg) on grain
yield of cereal crops (GY). Experimental sites were characterized by seasonal
rainfall (R), nitrate-nitrogen in the soil, down to 1.20 m depth (Ns), and
Olsen-extractable phosphorus in the 0-20 cm layer of the soils (Pg).

The square of the multiple correlation coefficient (§2), adjusted for degrees
of freedom, was used as a measure for the explanatory power of the regression
equations. Regression analyses were carried out at the Harry S. Darling
Computer Center at Tel Hadya, using a computer program called CRISP.

The trials analyzed, were unreplicated NxP trials with 5 N levels and
5 P levels. Hence, 25 grain yields were obtained for each location. The
results for 17 location in Syria {82-83 season) may be summarized as follows
(I=intercept): ' :

GY = I + aNf + bNg + cPf + dPg (R? = 0.35)
GY = T + aNf + bilg + cPs + dPg + eR (R? = 0.70)
GY = I + aNf + bNg + cPg¢ + dP¢ + eRtinteraction terms(R2 = 0.79)
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Rainfall had the most significant effect on grain yield, followed by so0il
nitrogen and soil phosphorus. A modified quadratic model could explain
80-30% of the variation in grain yields across locations (Harmsen and
Anderson, in prep.).

Regression equations of the type presented here, could be useful in
the interpretation of the results of fertilizer experiments, and as a basis
for fertilizer recommendations. It has to be emphasized, however, that
equations of this type would only apply to situations where soil conditions
and crop management do not differ significantly between locations, and where
factors such as weeds, pests and diseases are not limiting yields.

5. SNP trials

Seed rate x nitrogen x phosphorus (SNP) trials, have been conducted
during 3 seasons (1979-1982) at 5 sites in Aleppo Province: Jindiress, Kafr
Antoon, Tel Hadya, Breda, and Khanasser. The results of these trials have
been reported for each season individually (ICARDA 1981a, 1981b, 1982).

One of the objectives of these trials was to relate the productivity of Beecher
barley to soil and climatic conditions, as a basis for the generalization of |
the results of these trials. The results of an analysis of yield responses

of Beecher barley to applied nitrogen and phosphorus, across sites and seasons,
have been presented recently (Harmsen et al., in press). The results of the
analysis of variance of a number of selected treatments in the trials, showed
tnat site was the factor which had the most significant effect on yield, followed
by nitrogen, year, and phosphorus. The site x vear and site x N interactions
were also highly significant (0.1%).

During the 1982/83 season, the SNP-trials were replaced by factorial
trials (25-trials), in which 5 factors (nitrogen, phosphorus, weed control,
variety and seed rate) were considered at two levels. The responses to phosphorus
fertilizers during 3 years of SNP-trials and 1 year of 25 trials are summarized
in Table 1. The parameters Tisted in Table 1 include the grain yields in plots
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i
that received no phosphorus, GY,, and the phosphorus-fertilizer.efficipncies.
PFE, in kg grain/kg Py05. Because of changes in the design of the trials in
the course of 4 years, it was not possible to be entirely consistent in the
presentation of the results. The grain yields in unfertilized plots refer
to Pp=0 kg Pp05/ha and N1=20 (residual trials) to 60 kg N/ha. The phosphorus=-
-fertilizer efficiencies refer to Pp=0 and P{=45-60 kg P»0s/ha, at Ni= 20 to

60 kg N/ha. ;

The data in Table 1 illustrate the order of magnitude of the résponses
to phosphorus fertilizer at sites with different rainfall conditions in Aleppo
Province. The direct response to phosphorus application was positive at all
sites, and averaged 4.3 kg of grain/kg P205 applied, for 4 sites and & seasons.
At Jindiress, Kafr Antoon and Breda, the PFE tended to decrease with iscreasing
GYp ( Mitscherlich behaviour), suggesting that phosphorus was indeed tﬁe major

factor limiting yields, in plots that received nitrogen fertilizer. The fluc-
tuations in GYy between seasons reflect variation in climatic conditions.
At the wetter sites, Kafr Antoon and Jindiress, the yields in the 1982/83
- season were lower, but the PFE higher than in previous seasons (Cooper‘effect).

The vresidual effects of phosphorus in the first season (all sites) and
the second season (Breda and Khanasser) following the application of phosphorus,
were generally positive. During the 1980/81 season the direct response to
phosphorus fertilizer (4.8 kg grain/kg P205)}, averaged over 4 sites, was in
fact slightly lower than the residual response (5.3 kg grain/kg P205).

Averaged over 2 seasons and 4 sites the direct response was slightly higher
(4.3) than the residual response (3.0 kg P205/ha). Although the data fn

Table 1 are approximative, they clearly show that phosphorus was a s1gn1f1cant
factor in determining yields under the cond1t1ons of the experiments.

The data in Table 2 also show the decline in yields, observed aﬁ a11
sites, if barley crops were grown continuously. This is further 111usﬁrated
in Figure 5, which shows that barley yields at Breda and Khanasser declined
quite steeply in the second or third year of continuous barley.
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6. On-farm trials (farmer-managed trials)

The significance of phosphorus as a factor affecting barley yields
under experimental conditions, was fairly well established in 1981, after
two seasons of SNP-trials. Under farmer's conditions, however, poor stand
establishment, weeds, unfavourable soil conditions, and other factors may
affect yields, and therefore it was decided to start a new series of experi-
ments, at the farmer's level of management. Starting in the 1981/82 season,
simple agronomy trials have been conducted in farmer's fields near Breda and
Khanasser, in which 2 factors were considered: variety (Beecher barley and
Arabic Aswad) and phosphorus fertilizer (0 and 50-60 kg P205/ha). The
objectivesof these trials wereto (1) compare the performance of Beecher barley
and Arabic Aswad under experimental conditions and under farmer's management,
and (2) compare the responses to phosphorus fertilizer under experimental
and farmer's conditions.

The results of two years of on-farm trials are summarized in Table 2.
It can be seen that the phosphorus fertilizer use efficiencies for Beecher
barley, averaged over two seasons, compared well with the mean values for
Beecher barley at Breda and Khanasser experimental sites (1981-83), listed
in Table 1: 7.5 and 7.3 at Breda, and 2.7 and 3.1 kg grain/kg P205 at Khanasser,
for farmer's fields and experimental sites, respectively. This is further
illustrated in Figure 6, where yields in fertilized plots (GYp) are plotted
against yields in unfertilized plots (GYgp). The broken line represent the
relationship:

GYp = GYO

that is, no response to phosphorus fertilizer. It can be seen that in only
4 out of 28 farmer's fields, yields in fertilized plots seemed to be lower
than yields in unfertilized plots. In all other fields, fertilized yields
were higher. The solid Tine in Figure 6 represents the linear regression
curve of GYp on GYo:

GYp = 0.156 + 1.16 &Y, n=36, r2=0.84
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Hence, the effect of phosphorus application tended to increase with higher
yields, suggesting that the lowest yields were limited by factors othe} than
phosphorus, It can further be seen from Figure 6 that grain yields atéBreda
and Khanasser experimental sites,in the 81/82 and 82/83 seasons (]arge%stars)
were in the same range as yields in farmer's fields, whereas yie1d$ atithe
‘experimental sites in the preceding two seasons tended to be higher (sma11
'stars), probably due to more favourable climatic conditions.

i
It may be concluded that phosphorus increased yields of barley: crops
significantly during the 81/82 and 82/83 growing seasons, and that results
obtained at experimental sites and in farmer's fields were in close agreement.
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Table 1. Grain yields in unfertilized plots {t/ha} and phesphorus-fertilizer
efficiencies (kg grain/kg PpOg) in SNP-trials and 29 trials.

Sl

’é'l..iS_, ] (_,l_.Sb/u.b) bdaanal! .’n-ﬂ'

phidl (5 gt Jgane — ) Jgu2

Direct Response I Ist yr resid. | 2nd yr resid.
Site Season i
el Bt W AL R Lo RN
. i ] oyt FEr N
Jindiress 1979/80 2.99 3.2
1980/ 81 3.58 1.8 [ .66 4.2
! oedss | 1981782 297 3.5 | 1.38  -0.2
i 1982783 o161 7.3 |
R R i g B
l 80-87 .28 2.65! 1.52 2.0
|
Ikafr Antoon | 1979780 3.59 5.3 |
| 1980/8) 4.16 4.5 §2.17 5.3
|L-,_,1h-; »4S | 1981782 3.44 41 158 -1
............. | IS A TR RO SRS
80-82 3.80 4.3 imm 2.1
Breda 1979/80 1.8 5.4
_ 1980/81 1.80 7.2 0.6 4.0
i 1981/82 1.81 4,1 i 0.44 3.4 0.15 2.0
1982/83 0.52 10.4 |
80-82 e s 0.5 3.7
Khanasser | 1979/80 {1,983 13,9
1980761 Y ver 57 iom 7.5
olos 1981/82 ! 0.77 33 '0,39 1.1 0.17 2.7
1982/83 ‘ 0.89 2.9 |
- e m— .. Y PSR V. S —— -
80-82 Y.02 4.5 'i 0.45 4.3
L. _ R o —— i




(tybi=ay).
(*4) & a0 e _wqw_waomz o rmort———0

(AVBL/1Y) 1€ L (aYBL/AY) $2 ~ompe qm,...l_ls ( ) Arts— | -
nad AP Sl Y A T e TS LA Al Ir—e (°d) Cebr :uﬂ_.w ey = e0 :
bntad Pe
9sZ1 (E6 | 266 Sle NNNF 006 968 L9 £8-1851 4 T
.. vort | e6ol.| osel 658 2851 501 Wil I - _ £8/2861 - YN+ cag
i89 92L | pS§ - 22§ L S69 09s | LEY . B - 2871861 WA+ 4g
8pel | 888 4 ££01 289- 6601 L68 921 L15 . | £8-1861 "aasseueyy
vBIL | 986 | 0¢9 Lot SPEL €06 S90L | 9v9 £8- 1861 “ece  epadg
B8SL | ¥SS | -i€2l | 6Sp . 891l 625 125 89¢ b o
029l |1 sigt | 9tet 5001 18t 90€ 2001 086 £ o SR el
BviZ2 | 8YEL | 051 SLEL 9861 1sEl LSyl 6601 2 , - “
BLYZ | ¥SvL| €651 | 156 £val S9tL - | 550l £69 L £€8/2861 4asseuRyy
B ETO0 B Y B YT I - B T4 U BT S V7 At BTt Rt iy St ettt o
512 562 | . vl 0Ll SEE 512 0zl oL : 9 _
B8 1 222 Y 1) 60¢ 184 £91 651 ] 28/1861 JQW»ﬂwnmcmcx
LEEL | pliL i -g16 288 BLL1 218 | oLl 519 v
0641 0Ll vt 848 2621 628 - LEQL 81§ £
ZaZl ; ELLL ] £%6 168 69sL | 5801 S 1eeL 069 . Z o
2851 ¢ ££9 i ' s90t £€5 Le12 25¢ 1 Lv9L otot 1 £8/2861 epaJg
P 1||ll|||.||l|||..'.|.4..|....nn|.||..||....||| e S |,||l..|||l|ll|..l.ll...lllull..l..tl.vl|||||||ll..|||.ul.||l..l..|..l||vorllil|||||....l
w 9€2L .1 280t ‘. Qle 9640 < EELL £96 66¢ - 565 . v - T e
9y ¥6s - :LlEY 18] S A A 509 9ES ¥8S £ .
SLL 1 LBLL | .99 viL SL6 19 £L6 80§ N _ 28/1861 epadg
| % | v % | %4 % | *¢ %
(577 el e | mipeay () med1g ") uiedy (<) "ON {eLa) wsgag | uoje
: pemsy Dtqedy - © £drdeg saydsag T A wwaz Imaalin _ﬁd;wsw _ﬁdAm%w

“(gn- me—u SU0SEas OmM} Bulunp sp31y 5,43wdes ul PIIDNPUOD s|eLa} by ‘(*4) paiidde sem
- E\moﬁ_ 5% {€8/2861) 09 40 (28/1861) 05 343ym s3o(d uy pue (%4) s3otd pazi{t34ajun uy Kajdeq jo spraiy 'z atge]



169

Figure 1. Average grain yields for rainfed barley in Syria, for the period
1968-1981 (MAAR, 1977 and 1980; FAD Production Yearbook, Vol.35,

1931, FAD, Rome),
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Figure 2. Average grain yields of rainfed barley in Syria plotted against
estimated seasonal rainfall in the barley producing area of Syria,
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Figure 4. Grain yields of cercal crops grown under rainfed cunditionsiat
24 locations in Syria {variety verification trials, 1982/83j.
plotted against estimated seasonal rainfall, ’
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Figure 6. Grain yields of barley in fertilized plots (GYp) in farmer's
fields (dots) and at Breda and Khanasser experimental sites
{stars} plotted against grain yields in unfertilized plots
{GYo).
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EFFECT OF PHOSPHATE FERTILIZER ON ROOT GROWTH
OF BARLEY AND ITS EFFECT ON MOISTURE EXTRACTION

Introduction

Phosphate applications to barley are known to modify both shoot
and root growth. However, it is only comparatively recently that
experiments have determined that the root growth is directly modified
by the concentration of phosphorus rather than simply reflecting the
overall growth and phosphate status of the shoot. Studies with barley

2/ show that,

(Hackett, 1968)1/ and semi-arid grasses (Christie, 1975)
in young plants, the principal effect of increasing phosphate supply is
to increase the length of the primary lateral roots and to increase the
number and length of nodal roots. Moreover, in both studies there were

significant interactions between varieties and phosphate nutrition.

Where phosphate is supplied to roots in localized bands rather
than mixed uniformly throughout the rooting medium (as occurred in the
previous experiments cited above), localized modifications to roots occur
and, in particular, the number and length of lateral roots is increased
(Drew and Saker, 1978)3/. Phosphate, then, whether uniformly or unevenly
distributed, increases the overall size of root systems largely by

increasing the length and numbers of the lateral roots.

In all of these studies, though, the plants were kept well supplied
with water. 1In dryland regions, water supply is clearly restricted and

a number of questions is raised:
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- Does adding phosphate fertilizer increase the size of the root
system of crops or are the results cited earlier appropriate
only to young plants grown in well-watered conditions?

- Does application of fertilizers change the amount of water
extracted and the pattern of water use?

- 1Is there any evidence that different varieties respond differ~.
ently to applications of fertilizer?

This paper presents results from experiments conducted during the
last two years at sites in N.W. Syria. On the basis of the results, some

preliminary answers are offered to the questions asked above.

Sites, Crops and Methods

"Details of the soils, sites and methods are given by Gregory
et al. €1984) / '

For both the 1981/82 and 1982/83 growing seasons, barley was sown
at Jindiress {mean rainfall 475 mm; actual Nov-May 324 mm and 344 mm
respectively) and Breda (mean rainfall 275 mm; actual . Nov-May 319 mm and

254 mm respectively).

In 1981, Beecher barley was gown in mid-November at both sites.
Three fertilizer treatments were studied: zero fertilizer (Z), 60 kg
P20s5/ha (P), and 60 kg P»0s/ha with 60 kg N/ha (NP). Phosphate (triple
superphosphate) was drilled with the seed together with 20 kg N/ha (as
ammonium nitrate) where appropriate; the remaining N was top—dressed in

mid-March.

In 1982, Beecher and Arabic Abiad varieties of barley were sown
either with zero fertilizer (Z) or N and P fertilizer. At Jindiress,
60 kg P20s and 60 kg N per ha was applied at sowing with an additional
40 kg N/ha as a spring top-dressing. At Breda, 60 kg P»0s and 20jkg N
per ha was applied at sowing followed by a 20 kg N/ha top~dressing in
the spring.
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Water use by the crops was monitored with a combination of the
neutron probe and gravimetric sampling in the surface layers. Shoot
growth was measured regularly by destructive sampling and root growth
was measured twice in 1982 (early stem elongation and anthesis) and
thrice in 1983 (as 1982 plus maturity). Disturbed cores of soil in
15 em increments were obhtained using a hand-operated Jarratt auger
sampling with one edge of the auger touching the row position. Roots
were washed from the soil and separated from other organic debris.
Length was estimated by counting interactions with a 1 cm grid (Tennant,
1975)4/ before drying at 70°C and weighing.

Results and Discussion

Table 1 compares the effects of fertilizer on the total length
of roots produced at the two sites in the two years. The following

points emerge:

{a) Additions of fertilizer have consistently increased the

total length of the root system.

(b) Insufficient treatments exist to distinguish satisfactorily
the separate effects of N and P alone. In 1981/82 the
addition of P alone increased total length significantly
(P < 0.1) at the first sampling and adding N produced no
further growth whereas at anthesis, P alone had no significant
effect but the addition of N produced longer root systems
(P < 0.01). Given the apparent change in effects of N and P
with time, it is impossible to state whether the effects

observed in 1982/83 were dve to N or to P.
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Although root length was influenced only slightly by site
in 1981/82 (when raihfall was similar at both sites),.' in
1982/83 root length at Jindirees was consistently longer

than that at Breda. )

At Breda, there was little root growth between anthesis and
maturity. At Jindiress there was growth where fertilizer
was applied and this occurred throughout the soil profile

but particularly in the upper 30 cm.

The effect of fertilizer on the distribution of roots within the

soil profile ia shown in figures 1 and 2. The following points emerge:

(a)

(b)

(c)

In both years, the depth of rooting at Jindiress was some
15-30 cm deeper than at Breda corresponding to the slightly

deeper wetting of the soil profile.

Fertilizer applications generally increased root length to a
depth of 45-60 cm; below 60 cm, there was little or no?éffect

of fertilizer.

There were differences between sites in the distribution of
roots with a marked accumulation of roots in the surface

0-15 cm at Breda . This was most pronounced in 1981/82 when
about 75 % of the root length at Breda was located in the top
15 cm of soil irrespective of treatment. Even in 1982/83

52 Z of root length was in the surface 15 cm at Breda ¢ompared

with 33 7 at Jindiress.

Table | and Figure 3 together show that while the total meams root

length produced by the two varieties was similar between anthesis and

maturity, its distribution was different. - Arabic Abiad generally had a

lower root length in the surface layer and more roots below 30 cm ihan

Beecher.
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2., Water extraction

Table 2 shows that in 1981/82, fertilizer had little effect on
the total amount of water used but in 1982/83, application of fertilizer
consistently increascd the total amount of water used {a mean increase

of 6 Z). Arabic Abiad also consistently used more water than Beecher.

Figrues & and 5 show the profiles of water recharge and water use
measured in the two years. 1In 1981/82 water recharge was restricted to
about | m at both sites but more rain at Jindiress in 1982/83 allowed
re~wetting to 1.8 m; fertilizer had little effect on the depth of re-

wetting or on the depth of subsequent water extraction.

These profiles of water use together with the root distributions
allow the comparison of the amounts of water extracted with the quantity
of roots present. Figure 6 shows the comparison obtained for the two
sites and seasons; fertilizer treatments are not identified separately.

The following points emerge:

(a) Although there is a good deal of scatter in the points, the
relation is generally asymptotic with no clear distinction

between sites or seasons.

(b) At root densities greater than about 1.2 cm/cm®, increasing
root length has no effect on the amount of water extracted;

all of the water stored in the soil is available to the roots.

{c) At root densities less than about 1.2 cm/cm?®, the amount of

water extracted is related to the root density.
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3. Growth and Water Use

Other papers at this workshop and_elsewhere‘te.g. Cooper,li983)6f
show that crop growth and ultimately grain yield are related to the
quantity of water transpired, Figure 6 suggests that any practicé.thaﬁ”
increases root densities in the range 0-1.2 cm/em® should incréésewphé_

amount of extractable water.

In 1981/82, although root densities were increased by application
of fertilizer there was no corresponding increase in the amount of water
extracted. However, in 1982/83, root densities were increased aélwaé
the amount of water extracted (Table 3). Table 3 also shows that Arablc
Abiad, which had a greater root length at depth, than Beecher, also

extracted more water than Beecher.

~Table 4 shows the shoot dry matter and graxn ylelds achieved by
the crops in both years. Clearly yields are higher at Jindiress tham at
Breda and are generally higher where fertilizer is applied. 'Appijiﬁg
fertilizer may change the balance between evaporation and transpifatioﬁﬁ
(e.g. Gooper, 1983)6/
.both.'

or increase the total quantity of water used or

Conclusions

‘ On the bagis of the experimental work conducted during the last
two years, the following tentative answers are offered to the questions

posed in the introduction.

(a) Applications of fertilizer do increase the overall size of
the root system particularly in the upper 60 cm. The results
show here do not enable separation of the independent effects

of N or P,



(b)

(c)
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Fertilizer had no effect on the total amount of water
extracted in one year and only a small effect (26 wm at
Jindiress and 10 mm at Breda) in the second year. The
pattern of water use may be affected by fertilizer
particularly if root length in the range 0-1.2 cm/em® is

increased.

Root growth and sheot growth of different varieties may
respond differenctly to the applications of fertilizer but
these effects are small in comparison with the main effects

of site and fertilizer.
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Table 1. The total length of the root system (km/m?) of barley grown with and without fertilizer.
. ‘ ‘ rey PSS
Site u3,ut) | oz JINDIRESSES5°73 N, 3591 "E) o5,— BREDA {35°55'N, 37°10"E)
Year 4.y 1981/82 1982/83 1981/82 1982/83
-~ ~ ) . s A \ Pobas ]
Variety.iuall Bzdcher Bdather [({rabid Kbiad ether Sather S RrabiTAbiad
Fert111¢zer Z P NP Z NP Z NP A P NP Z NP yA NP
Yot AST i g
Sampling time
FYCE R LYRN Early stem
Glwdl aJlhiu,)| elongation 9.0 110.4111.3 .71 7.7 5.3| 10.9 || 5.4 i 7.7 8.7 1.3 1 2.0 1.4 3.9
oedl
Anthesis 11.0 [ 11.1 [ 14.2 8.2]9.2 9,2 9.4 #10.5 | 11.7|16.2 |} 4.0 7.2 5.0 7.7
e N ) R T
Maturity not measured 7.7113.3 9.5] 15.8 not measured 5.0 ( 7.3{ 5.3 4.9

e dpeas 9wy Sesadl maddl (Vo7 0S) @ dadt sl JIleadt okl

(V) PR Joyee

€81
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Table 2, Effects of site and fertilizer on total seasonal water use
by barley. Evapotrangpiration (mm). . ... . .. . o -

..1981/82. ... .._......1932{33.,[,_.
Site Treatment A .
- + . Beecher. .. . ... Beecher. ... . Arabic Abiad

JINDIRESS z 323 333 344
| P 308 - -

NP 316 356 372

BREDA A 225 227 ' 236
' 227 - -
NP . - .232. 240 243

a2l Jlanzal laat le olawdly adgedl @l puals 1 (Y) pd, Jaas
c{ple) g o iis *lal) !

AY/1SAY AY/14AY B
pa » ‘ Wf - .
YEE ey ey Mo 9y Yl
—_ -— YA o L 98 O law
vYY Yol i1 gl o ol gub
™1 YYY TYs Sheaw oy T —
— - 134" o lie g Blau
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Table 3. Extractable soil moisture under barley at two locations in N. Syrié.
1982/83. (em/15 em depth interval).

214 Depth we i JINDIRESS a3 —» BREDA
gaal) Interval
) {em) R+ Ro - A+ Ao R+ Ro A+ Ao
0- 15 2.49  2.49 2,49 2.49 2.6 2.09  2.65 2.23
15- 30 2.80 2.40 2.70 2.60 2.00 1.71 2.16 1.93
30~ 45 2.43  2.00  2.38  2.53 1.76 1.41 1.76 1.49
45~ 60 2.22 1.7 2,18 2.17 1.35 1.00 1.25 1.30
60~ 75 1.93 1.52 1.97 1.83 0.60  0.46  0.41 0.87
75~ 90 1.49 1.32 1.77 1.47 0.10 0.0 0.10  0.31
90-105 1.22 1.08 1.53 1.24 - - - -
105-120 1.00  0.99 1.40 1.06 - -~ - -
120-135 0.68  0.78 1.18  0.82 - - - -
135-150 0.42  0.63  0.90  0.57 - - - -
150-165 0.20 0.40  0.59  0.08 - - - -
165-180 0.08  0.13  0.28 - - - - -

Hlea!  Profile
&yl ch.u TOTAL 16.96 15.57 19.37 16.95 8.27 6.67 8.33 8.13
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Table 4. Effects of fertilizer on.yields. .Dry weight.(t/ha)....

....198%y/82. . . 1982/83
Site Treatment ... Beecher ,.Arabic;Abiad S
Shoot Grain -
- ‘weight -weight - - ~Shoot ' Grain  Shoot A Grain
JINDIRESS z 4.35  1.44 6.61 3.05 5.99  3.17
NP 8.66 2,93 10.99 4,69 8.78 4,40
L.S.D. {(5Z)  0.63 0.26 1.79 0.81 1.79 0.81
BREDA 2 3.89 1.32 2.01. 0.90 3.24 1.67
5,70 2.17 - - ~- -
NP 6.18 2,22 3.40 1.49 3.66 1.58

L.S.D. (5%) 1.01  0.41 0.69  0.37 0.6% 0.37
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Figure 1. Effects of fertilizer on the growth of roots 1981/82,
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Figure 2. Effects of fertilizer on the groﬁth of roots 1982/83.

The results are the means of anthesis and maturity
measurements .of two varieties,
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Figure 3. Varietal differences in the growth of root systems.
The results are the means of anthesis and maturity
measurements of crops with and without fertilizer.
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Figure 4. Changes in water content beneath barley crops 1981/82. ﬁeasutements
at (1) sowing, (2) maximum recharge, and (3) maturity.
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Figure 5. Changes in water comtent bemeath crops of barely 1982/83.

Measurcments at (1) sowing, (2) maximum recharge, and (3) miturity,
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Figure 6. Relation between water extracted and root length.
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THE EFFECT OF FERTILIZER ON WATER USE
AND WATER USE EFFICIENCY OF BARLEY IN
DRYLAND REGIONS

Introduction

Other papers presented in this workshop have shown that in many
dryland barley growing areas, defficiencies of soil nitrogen and
phosphorus occur which can greatly reduce grain and straw yields. As
a result of these defficiencies, pronounced and economic responses to
fertilizer, especially phosphate are often observed, even at quite low
levels of application.

However, it is aiso clear that in the very regions that barley
is grown, rainfall totals and seasonal distribution show marked year
to year variation. It is also apparent that in such areas, farmers,
being well aware of this variation, are very cautious about adopting
a management practice which they feel might further add to the
instability of their crop production systems.

Therefore, in Tooking at the potential for fertilizer use on
barley in such areas, some important questions need to be answered:

- Does the increased dry matter and grain yield production
resulting from fertilizer application result in greater
moisture use?

- How does enhanced growth resulting from fertilizer application
affect the pattern of moisture use?
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- How does feftifizer app]icatibnuaffect the water use efficiency
(WUE) of the barley crop in terms of kg-dry matter (or yield)
produced per millimetre of crop evapotranspiration?

- Does fertilizer application increase or decrease the chances of
crop failure in very dry years?

Some results are presented from barley/moisture use trials conducted
over the last three years at two typical bariey growing areas in N.W.
Syria. In the following sections, these results are examined and:disqussed,
and based on these results, tentative answers to these questions are offered.

Results and Discussions

1. Yields, water use and water use efficiency data for barley (variety
'Beecher) are presented in Table 1. These resuTts i}1ustrate the
effect of fertilizer application at two locations in N.W. Syria over
the last three years. In all trials the barley was grown in a barley/
‘fallow rotation which predominates in N.W. Syria. The following
points are clear: |

‘(a) Fertilizer has produced large increases in total dry matter
(between 1060 and 3700 kg/ha) and grain yield (between 540 and
- 960 kg/ha) at both Tocations in all three years.

(b) In spite of this enhanced crop production, total crop evapo-
transpiration (ET) has not been increased. ;

(c) Water use efficiency of the c¢rop has been incréased dranatically
in all instances. These increases range from 35 to 104%, with
a mean value of 71%.



Table 1

without fertilizer 1/ at two locations in N. Syria over three years.

Yield (kg/ha), water use (mm) and water use efficiency of barley (variety Beacher) grown with and

BREDA (35°55'N, 37°10'E) KHANASSER (35°45'N, 37°32'F)
1930/81 1981/82 1982/83 19380/81 1281/82 1982/83
Seasonal Rainfall (mm): 299 324 284 251 263 296
No i Plus No E Plus No i Plus No E Plus No i Plus No i Plus
Fertilizer! Fartilizer| Fert.! Fert, | Fert, ! Fert. || Fert. i Fort, | Fart. | Fert. | Fert. | Fert.
Total Dry Matter ) ; : ; an b o |
Production (kg/ha) 3840 E 7540 45403 6130 20105 3400 31OUi 4930 1JdDi 2330 15BOE 2660
---------------------------------- T wa S e S s e B MRS I St
Grain Yield (kg/ha) 1620 1 2580 132012220 | 9001 1490 || 13501 2200 | 3751 917 | 7301 1270
__________________________________ S (SIS S NI SV | (NIt SOUSUPRION AU RN IS S
: : : h : : :
Evapotranspiration H ! ] ! ! '
Gzrm, - maturity 234 ! 225 2311 231 2241 235 2291 221 2131 210 2421 238
() : ~ - : : i
i ‘ ‘ j | ]
""""""""""""""""""" AR H e T A A
Water Use Efficiency ! ! ! ' : :
of Total Dry Matter 15.4 ! 33.5 19.7125.5 9.0114.5 13.5) 22,5 5.3111.4 6.3111.2
' 1 \ ] ] ]
.................................. ..I_-__-_--._.._.___-____i_-___...,..-_._-_..]_-_--_-,.___..__l-.._..__.T-..___J_----__--_—~-J-__-_..
% Increase in W.U.E, 104. 35 61 67 81 77
1/ Fertilizer Application: 1980/81 90 kg/ha  P,05 and N
1281/82 60 kg/ha  P,05 and N
1032/83 60 ka/ha  P,0; and 20 kg/ha N

Triple Super Phosphate and Amwonium Nitrata Fertilizer were used.
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Fertilizer application does not affect the total crop ev&po-
transpiration, but does alter the seasonal pattern of moisture
use. This is illustrated in Figure 1 for two seasons at Breda,
1980/81* and 1982/83, which received similar rainfall totals,
but contrasted in their Tength of growing season. The following

- points are clear:

(a) During the early growth period, from between 50-80 days,
depending on the rainfall distribution and temperature, when
green area index is small, fertilizer has no effect on ¢rop
evapotranspiration.

{b) As green area index increases, and fertilizer effects become
more pronounced, higher rates of ET are observed in fertilized
crops than in the control. This effect persists until anthesis,
In the post anthesis period, this effect is reversed, and the
unfertilized control crop maintains higher rates of E.. '

(c) Fertilizer has considerably enhanced the rate of crop develop-
ment. This effect is due to phosphate fertilizer. Nitrogen
fertilizer has, in anything, the opposite effect, and tends to
delay maturity.

The patterns in Figure 1 are presented on a calendar basis. How-
ever, since phosphate fertilizer increases the rate of crop
development, a clearer picture is obtained if crop evapotranspiration

t

* Note: The results presented in sections 2 and 3 for 1980/81 at Ereda

in Table 1. 1In this trial, the fertilizer barley received 60

are from a different trial on barley water use to that reported @
kg/ha of P,0s and N as opposed to 90 kg/ha. . %
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Seasonal variation in daily rates of evapotranspiration

Figure 1 ‘
_" of barley (variety Beecher) with (---) and without (...)

fertilizer at Breda, N.W. >yria.
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__111ustrated in Table 2 for the two sets of data in Figure 1, by
-considering the periods germ1nat1on to anthes1s and anth951s to
physiological maturity. '

Examination of these.data indicate that moisture use by barley
during given physiological periods is not greatly affected by
fertilizer application, and that mean daily rates of ET during
these periods are very similar for fertilized and control treat-
 ments in a given year. There is a trend in these, and other
results not reported here, for moisture use during the period
anthesis to maturity to be increased by fertilizer application.

. During this period, barley crops are largely surviving on moisture
stored in the profile, and it has been”shpwed that fertilizer
application increases root length densities of barley, and hence
its ability to extract soil moisture.

3. It is important to consider how it is possible to achieve these
Jarge increases in production without corresponding increases in
_ ET as indicated in Table 1 and Table 2.
Crop evapotranspiration (E ) consists of two components, crop
transpiration (T) and evaporat1on from the soil surface under the

- crop (ESC) thus:

E. =T+ E

T SC

Recently (Cooper et al, 1983)1/ a simple technique has been developed
| which enables us to split measured crop evapotranspiration into its
two components utilizing field measurements of ET’ crop green area
“index (GAI), and evaporation from an uncropped bare soil adjacent to

1/ Cooper, P.J.M., J.D. Keatinge and G. Hughes (1983). Crop evapotraﬁs- i
. piration - a technlque for.calculation of its components by field
‘méasurements. ~ Field Crops Research 7, 299=312. :




Table 2

fertilizer at Breda, N.W. Syria, 1980/81 and 1982/83.

Crop evapotranspiration during two development stages (variety Beecher) with and without added

Year: 1980/81 1982/83
Development Period: Germ. - Anthesis Anthesis - Mat. Germ. - Anthesis Anthesis - Mat.
Treatment: Barley +| Barley o | Barley + | Barley o Barley +| Barley o | Barley + | Barley o
Days post germination 0-115 0-128 115 -146 | 128 - 153 0-153 0-162 153-178 | 162 - 183
£ (mm) 180 192 36 28 198 192 37 32
ET (mean daily rate)
mm/ day 1.56 1.50 1.16 1.12 1.29 1.19 1.42 1.52
83 o 3 Sleandl ASLSI f’""’ I Blal. (b Gus) easill b s e LSt Jyecall o ol Y Jyue
AY/VIAY 9 AV 1A sl am ¥ — Jles
JAAY/VAATY Y9AY/18A- ru sl
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e e s Sl R s y B 3 bol_ el
YAY =17 [ VYA - Yot 1Y -+ oY — . Jo¥ — \TA | YE1-110 YA - « | V1o = elodl san plodl
131 Y vy 194 YA 1 V¥ VA (p—te) Eg
(og=dl b giadl Jana) ET
1ot 1 JEY 1014 1u¥4 1Y 1o o0 Yoo pr—e/ prio
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the trial area (ES). This technique has been tested on data
obtained from a barley fertilizer trial at Breda in 1980/81
(see Figure 1 and Table 2), and the results are presented in

Figure 2 which illustrates the following points:

(a)

(b)

(c)

(d)

T values are very low during the early winter priod, 7
reflecting the Tow GAI of the crop. During this period
ESC accounts for nearly 100% of ET'

In spring as GAI increase, T values increase and reach
maximum values just hefore anthesis. Due to shading of
the soil surface by the crop, Ec. values fall corres-
pondingly,

T values reach higher levels in the fertilized crop (2.0

“mm/day) than in the unfertilized control (1.7 mm/day),

reflecting the different GAI's,

In the post anthesis period, as soil moisture reserves are
depleted, and GAI values fall due to leaf senescence, T
values fall and reach zero at physiological maturity. During

this period, E.. values increase. It should be noted that

SC

~1in this year, the soil surface under the crop was rewetted

by atypical late rains, thus during a more normal year such
a pronounced increase in ESC would not be expected.
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It is clear from Figure 2 that although fertilizer has had little
effect on Total ET, it has not only altered the pattern of seasonal
variation in ET’ but has also changed the relative amounts of ET
lost as T and ESC‘ Summation of the daily rates of T and ESC
indicate that in the control plot, with a total ET of 220 mm, 137 mm
(62%) was lost as ESC whereas only 83 mm (38%) was used in trans-
piration. However, in the fertilized plots, with a total ET of

216 mm, 108 mm (50%) was actively used in transpiration.

Such detailed analyses has not been conducted for all our barley/
moisture use trials, but approximate calculations can be made for
the data in Table 1 based on the assumption of a seasonal trans-
piration efficiency (TE) value of 44 kg/ha/mﬁ.lf Such calculations
indicate that as much as 76% of Ey can be used as T for high
yielding barley crops (7540 kg/ha T.D.M.) whereas as little as

14% is used for very poor crops (1330 kg/ha T.D.M.). As would be
expected, there are clear relationships between the % ET used as T
and the crop yield, and also with the maximum GAI achieved by the
crop. These are illustrated in Figure 3.

Conclusions

Based on this summary presentation of three years' studies on water
use by barley crops in dry areas, the following conclusions can be made
in answer to the questions posed in the introduction.

1/ Derived from combined results of .Cooper et al., 1983 and those of
~ Fischer, R.A., 1981 in Plant & Soil, 58, 249-278.
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Figure 2. Seasonal variation in rates of E , T and Ec. for
barley at Breda with (---) and without {...) added
fertilizer, 1980/81. (Arrows indicate date of
anthesis.)
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(a)

(c)

(d)
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The greater crop production resulting from fertilizer application
does not result in increased total evapotranspiration (ET) but
has significant effects on the relative amounts of water lost

through soil evaporation (ESC) and crop transpiration (T).

Phosphate fertilizer enhances the rate of crop development, and
thus also affects the pattern of crop evapotranspiration when
expressed on a calendar basis. However, when specific develop-
mental periods are considered, fertilizer has only small effect
on moisture use. Fertilized crops do tend to use more moisture
during grain filling, and this is probably due to the ability of
a more prolific root systems to extract moisture from the drying
soil moisture profile.

As a result of this negligible effect on total evapotranspiration,
coupled with increased dry matter production, éramatic increases
in WUE are achieved, both for total dry matter production and for
grain yieid.

A very dry year has not yet been experienced. However, these
fesu]ts indicate that, because of the enhanced rate of development
resulting from phosphate fertilizer, coupled with the greater dry
matter production at the cost of no extra moisture use, in dry
years the use of phosphate fertilizer is unlikely to increase the ﬂ
chance of crop failure. Indeed, it may even have the opposite |
effect. For instance, in a barley trial during the 1982/83

season at Ghrerife, near Breda, (230 mm of rainfall), the
application of 45 kg/ha P05 and 20 kg/ha N increased the grain
yield of Beecher barley by 60% from 840 to 1340 kg/ha.



COMEINED ANALYSIS
OF

MULTIPLE SEASON-MULTIPLE LOCATION
SEED RATE-NITROGEN-PHOSPHORUS TRIALS

by

Kutlu Somel
Economist

Farming Systems Program
ICARDA

February 1984



205

I. Introduction

The Seed rate ~ Nitrogen — Phosphorus (SNP) trials were held at
FSP/ICARDA during the three cropping seasons between 1979/80 and 1981/82,
as part of the UNDP funded Soil, Water and Nutrient (SWAN) project. The
trials were held at the five sites of Jindiress, Kafr Antoon, Tel Hadya,
Breda and Khanasser. These sites are located across the rainfall transect

and lie within a radius of 100 km.

This study uses the set of data from the SNP trials that pertain
to drilled Beecher barley (with weed contrel). This data set is supplemented
by data related to drilled Beecher barley (with weed control) from the 2"
trials conducted by FSP in 1982/83 in Breda, Khanasser and Ghrerife. The
complete data set consists of B80 observations. The distribution of
observations at each location and year, as well as the total cropping season

rainfall is given in Table 1.

The SNP trials have been analysed for each location and year.(Somel
1983a). This study attempts to analyse the results in a combined manner with
the objective of analysing how the responses to the experimental factors

change with climatic conditionms.

II. The Analysis

The SNP trials sites were chosen in order to observe the effects of
different levels of rainfall. However, the sites differ in other aspects
as well. As can be expected, the distribution of rainfall during the cropping
season, other climatic factors, soils, available nutrient levels, etc. also
differ between the locations. Furthermore, some of these factors, mainly

the climate related ones, change between seasons too.
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Table 1.. Rainfall (mm) at the trial sites.

Sites 1979/80 1980781 1981/82 1982/83 Long Term
. Average
Khanasser 291 246 263 295 24
n 102 32 34 8
Breda 298 292 324 285 278
n 102 32 34 8
Tel Hadya 425 373 338 - 342
n | 110 32 34 |
Kafr Antoon 452 467 397 - - 438
n 110 32 34
Jindiress 488 472 350 - 479
n 102 32 34
Ghrerife - - - 232 -

n 8

Source: FSP Files.

Notes : n indicates the number of observations.

The experimental factors in the SNP trials were:

.8 : Seed rate, kg/ha,
N : Nitrogen fertilizer, in kg of pure N/ha

P : Phosphorus fertilizer, in kg of pure P205/ha.

The standard season and location specific analysis would rellate

the experimental variables to an independent variable, for example,:

Y = grain yields, in kg/ha.
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This relationship is specified in a quadratic form with interactions:

Y = a + bS + eN + dP
+ eSN + £8P + gNP

+ hS2 + kM2 + 1p*

Can we now systematically and quantitatively analyse the effects of
an environmental factor on the responses to the experimental factors? In
other words, how do the responses change between locations and seasons as

climatic conditions change?

In order to answer this question, we conducted a combined analysis of

the whole data set and included total cropping season rainfall as a variable.

R = cropping season rainfall, mm.

It is clear that while we do this, we are abstracting from the effects
of other factors such as soils, available nutrients, other climatic.factors,
etc. This does not mean we deny their effects. As a first exercise, we
hypothesized rainfall to be the climatic factor that changes responses between
locations and seasons. This can be improved upon with further information on
other factors. However, it will be observed that rainfall is a powerful
variable. 1In any case, the whole exercise can be viewed from a methodological
perspective and critically evaluated with respect to its potential application

under other circumstances.

The specification of the regression implies that the responses to the

experimental factors change with the level of rainfall:
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Y = a + bS + cN + dP + DB'RS + c'RN + d'BN
+ eSN + fSP + gNP + e'RSN + f£'RSP + g'RNP
+ hS? + kN? + 1P2 + h'RS? + k'RNZ + 1'RP2

+ mR + oR? + pR?

The relationship is specified in the third order for rainfall
because this specification fits the observations at the lower range of
rainfall better. 1In any case, the predictions of the regression shouyld
be constrained to the 225-490 mm range of rainfall, As with any other
regression, the reliability of the predictions decreases as we move away.
from the means of the independent variables. The estimated regression is

as follows:

Y = 18145.,3 + 20.4 § - 20,58 + 76.9 P
a (11 2 (21 2} " a
- 0.95 RS +  0.09 RN - 0.18 RP
(15 Z) b a
+ 0.145 SN -~ - 0.215 sp+ 0.085 NP
(20 7) | |
- 0.0004 RSN + 0.0005 RSP~ 0.0002 RNP
(21 %) (12 %)
+- 0,014 582 =~ Q.165 N2~ 0.510 P2

(12 %) ‘ a

0.00007 RS2+ 0,00022 RN% 0.00128 RP?
a

. 198.7 R + 0.068 R*- 0.0069 R?
a a a

1

R-squared = 0.7042 F(21,858) = 97.3 a n = 880

The significances of the coefficients are indicated as a = 17, b = 57, ¢ =10%.
In some other cases, the significance level of some coefficients are given in

actual percentages in parentheses.
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One can observe how responses to experimental factors will change

with rainfall by looking at the partial derivatives of the estimated

regression. Let us look at the cases of nitrogen and phosphorus.

In order to facilitate analysis, we have taken the seed rate as

100 kg/ha, a rate approximately equal to the average seed rate used by

farmers.

1. (a) The response to nitrogen is given by:

(b)

2. (a)

A - -20.4 + 0.085P - 0.330 N
8N
+0.05 R~- 00,0002 RP+ 0.00044 RN
The value of this response will depend on the values of N, P and R.
However, the response will be positive within the range of values

of the experimental factors and observed rainfall levels.

How the response to nitrogen changes with rainfall is given by:

8%y
9NaR

= 0.05 - 0,0002P + 0.00044 N

This will be positive within the range of the values of the
experimental factors. In other words, the response to nitrogen
will increase with rainfall. This is an expected result. For
example, at N = 35 and P = 60, each mm of rainfall will increase

yields {(the response to N) by 53 grams.

The response to phosphate is given by:

aY
ar

= 55.4 + 0.0B5N - 1.02F - 0,13 R
- 0.0002RN+ 0.00256 RP
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Again, the value of this response will depend on the values

of R, N and P. Within the range of values of the experiméﬁtal
factors, the response to P will be positive upto the rainfall level
of 398 mm,

(b) How the response to phosphate changes with rainfall is given by:

2
0Y . -0.13 - 0.0002N + 0.00256 P
3P3R

In order for the response to phosphate to increase with rainfall,
phosphate has to be applied at least around 50 kg/ha. For example,
at N = 35, phosphate has to be applied at rates over 54 kg/ha.

III. Probability Analysis and Predicted Response Surfaces

Another interesting use of the model is to predict response surfaces
for given rainfall levels. For example, using the example of Breda, which
has exhibited an average rainfall of 283.6 mm (for the last 19 years for

which data are availahle) the predicted response surface is:

Y = 670.1 + 6,65 + 5.4N + 206.0P
a c _ a

+ 0,037 8N~ 0,067 SP+ 0.028 NP
c

- 0.004 52 - 0.104 N2- 0.147 P?
a a

Using 1983 prices, we can calculate economically optimum fertilizer

1/ :

levels with seed rate at 100 kg/ha.

N = 35 kg/ha . P,05= 59 kg/ha

1/ These prices are as follows:

Barley grain = 820 SL/ton

Triple Super Phosphate = 1160 SL/ton

Ammonium Nitrate (33ZN)= 955 SL/ton '
These imply relative (to barley grain) prices of pure N = 3.529 and
pure Pp0s = 3.075.
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If one makes these fertilizer recommendations based on the economical
optimum under average rainfall conditions, what would the yields, based on

these recommendations, be upnder different rainfall levels?

In order to answer this question, we use the frequency or probability

distribution of rainfall. We use the example of Breda again in Table 2.

Table 2. Frequency distribution of rainfall and predicted yields for Breda.

Frequency " Rainfall ©* Predicted Yields (kg/ha) ©*

[¢9] (1) N+P+ NoP+ N+Po NoPo

5 112.5 200 ¢ 200 200 200

5 137.5 200 200 200 200

5 162.5 200 200 200 200

5 187.5 200 200 200 200

21 262.5 1934 1719 1176 1029
26 287.5 2224 1966 1553 1352
3i2.5 2621 2320 2038 1783

337.5 3063 2719 2566 2258

362.5 3484 3096 3074 2712

11 412.5 4006 3532 3769 3301

5 462.5 3673 3113 3611 3035
Averages 283.6 2131 1885 1689 1477

Notes: a. Source: FSP Files. Does not add up to 100 due to rounding.
b. Mid-points of rainfall ranges.

¢c. N+ = 35 kg/ha, P+ = 59 kg/ha.
No = Po = 0 kg/ha.

d. Assumes that 200 kg/ha is the grain equivalent of grazeable dry
matter when crop failure occurs.

i n
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In Table 2, we observe that there is a discrete set of rainfall
levels less than 200 mm with a probability of approximately 20 Z. This
observation corresponds with farmers' expectations of crop failures in
at least 20 Z of the years. (Somel, 1983b, p. 9). The yield predictions
of the response surface for Breda are replaced for those cases of rainfall
less than 200 mm by a yield of 200 kg/ha. This approximates the graéing
threshold which is that level of yield below which it would not pay the
farmer to harvest and the mature crop is allowed to be grazed by sheep.
(Nordblom, p. 8ff). The figure of 200 kg/ha is actually below the grazing
threshold of 235 kg/ha estimated from the results of a barley survey in
Syria in 1981/82. (Mazid and Hallajian, p. 10).

While the recommendations can not eliminate the crop failures at
such low levels of rainfall, expenditures on fertilizers will be recovered

approximately 80 7 of the time. 1

In the particular case of an environment like Breda, losses in poor
years can be minimized by a risk management type recommendation. This would
be the recommendation that while phosphate be applied at planting, nitrogen
can be split—applied or top dressed. Given that farmers are inclined to
implement recommendations in steps (i.e. by components), such an approach
would enhance gradual adoption. 2/ The final adoption and diffusion process
would depend on the attitudes of farmers towards risk as well as other social

and biological factors.

1/ The grain equivalents of recommended input levels are:
35 kg N/ha = 124 kg/ha barley
59 kg P,0s/ha= 180 kg/ha barley.
While these appear to be recoverable expenditures, possible differences
between farmers' yields and scientist controlled experimental yields may
change results. The testing stage of FSR with on—-farm research.

2/ Adopting the economically optimum fertilizer levels implies a rate of return
of 215% under average conditions. Adopting phosphate first implies a 227Z
rate of return and following by nitrogen fertilizer implies an additional
198% rate of return.
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IV. Conclusions

The combined analysis presented here, can be used in several ways.

In the present study we illustrated these with the data from the SNP trials:

a. It is possible to predict response surfaces for different
environmental conditions.

b. It is possible to find optimum levels of inputs based on
average (or any other) conditions. Subsequently, it is
possible to evaluate how the associated yields will perform
under different environmental conditions.

¢c. If probability distributions of enviropmental conditions are
available, probability distributions of yields for given
recommendations of inputs cam be obtained.

Such an analysis will allow a more thorough and efficient assessment
of response surfaces. Subsequently, in the experimental and testing stages
of FSR, 2" trials, incorporating optimum levels of inputs contrasted with
traditional levels, can be used to effectively illustrate the advantages

of technological developments.

The approach developed here is considerably less sophisticaed than
a crop modeling effort. Hence, it does not require the skills necessary for
crop modeling. Knowledge of standard regression techniques is adequate.
However, it is highly possible that the approach may tax the memory limits

of small computer hardware.

The model is somewhat more complex than estimating simple regressions
for each site in each year. However, the environmental variation in the
rainfed areas poses complex problems for agricultural production and research.
Seeking simple answers to complex problems in complex environments may end up

producing inadequate solutioms.
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