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i. Preface 

The project of the Arab Centre for the Study of Arid Z,;&es and Dry Lands 

(ACSAD) to 
make a soil map of the Arab 
countries is both challenging and
 

rewarding. Maintaining the 
quality and uniformity of the map 
is a difficult
 

task, but in order for the map to apr", its purpose--to serve as the basia for 
agrotechnology transfer between 
countries of the region--it is essential that
 

each country maintains and ensures 
this quality and uniformity. 
 It is partly
 

for this reason Ihat 
this series of Forums 
is organized.
 

fhe Soil Management Support Services (SMSS) of the Agency for 
International
 

Development haa had 
Img association 
.ith ACSAD, and more specifically, the Soil
 

Map Project. The forum in Jordan is the eighth in the 
series that SMSS has
 

organized worldwide, and the 
second in the 
Arab countries. SNSS has 
also
 

organized two Soil Classification Workshops in 
the region--Syria and Lebanon in 

1978, and in Sudan in 1981. 

We hope to create a greater awareness for .oil Taxonomy through these 

Forums and Workshops. Soil Taxonomy can 
aod should play a greater role in
 

agricultural development. 
Having the large,;t extent of deserts in the world and
 
with decertification a constant threat, the Arab countries have a serious
 
problem maintaining their arable land 
 and assuring sustained, if not increased 

production. A judicious use of the land through discriminatory land use policy 
is crucial and these are some of the areas of discussion in these Forums. 

The VIlIth For-um has been an outstanding s,.ccess due largely to the 
contributions of the Ministry of 
Agriculture of Jordan. 
 The logistic support 

provided by the stinf of ACSAD ensured this succetis. We were nlso fortunate to 
have some of 
the most renowned soil scientists to 
lecture. The intere2st and
 

enthusiasm of the participants made this effort of ACSAD and SMSS rewarding. 

llari Eswaran
 

January 1985
 



[I. FOREWARD 

The Arab Center for the Studies of Arid Zones and Dry Lands 
(AC.SAD) is an Arab League O!ganization ,staldished in 1972 with a 

headquarter in Damascus/ Syria . Its terms of reference include 

the survey, the evaluation and the conservat ion of the natural 

resources in the Arab countri.;. The noil/land resources survey 

is an important project that otarted since 1975. To fulfill the 
objectives of this pruyramme snveral wereactivities initiated 

anong thm are : 

1. 	 The standardization of the muthodlogy to be adopted by all 

Arab sil ;cientists at the field and the laboratory level. 

2. 	 The aduption of an international soil classification system 

that is the USDA Soil Taxonomy . 

3. 	 The creation of a S <,tLfic dialogue among Arab soil scien

tists .
 

4. The improvement of the Soil Taxonomy system to be applied 

properly to the qoi]i; ,f th Arab countries . 

5. 	 The initiation of soil research management in the arid and 

semi-arid regions; to increice agricultural producLion . 

6. 	 The devellavLit Of the su i mndsture and temperature regimes 

in the arid and seml i--ari d nj ii. 

7. 	 The training of Ohe Arab soil scio.ntists in the apilication 

of these technologies . 

8. 	 The carroiat-ion among availile soil 'land classification systems 

that were ayplied in the Arab countries 



The training activity has no doubt the most important impact on
 

the progress of the project. Several training courses, seminars and
 

workshops have been prepared and realized with great success. 
These
 

proceedings rflect partially the results of the VIII The International
 

Forum on Soil Taxonomy and AgrL ,hnology Transfer that was held in 

Jordan 14 - 25 May 1984 with the cooperation of the Soil Management 

Support Service (SMSS) of the Agency for International Development 

(AID) . The lashemite Kingdom of Jordan has contributed efficiently
 

in this forum by severa] 
professors and soil scientists . Other 

contributions were presented by Ilrof. Dr. R. Tavernier , Dr. W.Johnson, 

Prof. Dr. F.M ormann and Prof. Dr. F.Beinroth . The trainees themselves 

have participated actively in the success of this programme. ACSAD 

Administrators and scientists have given full support to this Forum.
 

Sincere appreciation is expressed to all 
these individuals and
 

Institutions
 

A.OSMAN
 

ACSAD
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THE USE OF SOIL TAXONOMY TN SOIL SURVEY PROGRAMS 

BY : WII. AM M. ,i',IINSON 

A roil survoy inlcudes the identification and classification of 

different soils in the field, the location of the boundaries of different 

kinds of soils in the field, plotting those xoundaries on a base map, descrip

tion of the soils shown by the map in(:luding the morphology and statements 

about the '.mportant c i r,icteri;tics ,ind qua] ities, and fin :'ly, Lnterpretations 

.f the map units especial ly for the pirpo.es for which the soil survey was 

made. 

Ordeu!Of "oil ; u)vuy 

Soil surveys r in be mide .t dit'f.r-,. dejree:; of int onsity, depending 

on the objectives and on the conditiun;; in the survey area. It should be clear 

that one would not iiKL the same kinl of' survey in the Arabian desert as in an 

area of irrigatd I i a,!ja.eut to the city of uiiascus . 

Soil : irveys have bLon charicterised as (a) exploratory (the broadest, 

most general, with the urn:]11.ct !-ca)l]o) : (1) reconnaissance, of intermediate 

scales, with maq inj dIne Iky r~ivornn without actual observations between the 

traverss; and (r-)detii -1, the moo;t: irtonoiw.v , at largest scale.;, in which 

boundaries of the soils are oh;;er-vd throughout their courses. In recent years 

a somewhat more quantitat i, c]a,;.jfibat ion of " orders " of s.-il surveys has 

been developed . 

Table /I/ below gives the features of each of the 5 orders of soil 

survey : 

http:urn:]11.ct
http:pirpo.es


Requirements of Soil Surveys 

Soil survey!; are expensive to nake. Order IT. surveys costs $2 to 
$3 per hcctar or mre, count inglpublication .
 Even Order III surveys gener
ally cost more than $1 per hectar. No private institution or government is 
likely to spend this amonrt of mou',y uless it can be shown that soil surveys 
are useful enough to repay thtir costs. 

A soI survvy is thus vxcutd to be of imnmedi:ite and considerable 
practical use. in 
a few cases datcams ted in the United Status , it has been 
shown that the siurvy has rtepi<d its csts several times over in avoidance of
 
expensive ur'or:" 
in ;nil use and mrrrijtioud amI in increased pirfi ts to the 
cutivators. In somar t, irl :;Lutme:s surveys have failed because they did not 
help pl arnners, cult Avo or:;, governmert and ot her inst tutj ins to iml'rove soil 
use and miaqemnt, petrhaps 1,acause r enoughmt detailed was mapped, or because 
the wrong kind of det..il were shown . 

In some other i nstanct s soiI sur- ':. have fai led because they were 
unreliable. The directors of rich surveys did nut provide and uaintain the 
proper scient i fic guide.lines Mcrinsue a high-quality produt-t that met the
 
objectives for which it was nii..
 

It j:;clear t hat s,)il surve.s rmust be conducted with reasonable
 
scioentiCic star lards and they 
 must have pr-actheal hbjectives to be use ful
 
They mu:tt be us( flu to 
be su.o!*et,d with public funds. Covornments have too
 
many dem:uds 
 on their funds to pay for expensive projects that. have no 
practical value.
 

Applicat ion of 'axounomy to Soil Survey 

The soil survey requires a classification that makes possible 
comparisens of soils for both sirrilarites and differences. 
 It uses soil
 
classification to detrittinu what experience and test data are applicable 
to the soils of a speci fic trart of ],nd. The classification is the vehicle
 
by which soil scientists tranisfr the research and farmer's .:perience from 
one area to another with confidence tLt the transfer is reliable. It makes
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it unnecessiary to cnltirt resoarch for soil management- on every field and 

farm. This puts a heavy urdon on the soil classification. Large numbers 

of i nd ivi dul; w I very ( ivr tl,.icKIro uIdt; and raiingi ng are eXpucted to use 

the clas;;fiot ,"'t to iiiwtl or ,Y[OrIenUCe soils. asii ly i p with Insofar 


possible, the cla; ;;it itt ion 'AItIld have t-hu fol lowing qualities :
 

I. 	 It must Ie :3 Sy-t em t ha an , ' app i ed uniformly by competent soil 

cen t Ptn work - I indle e it I y but hovinrj civerse kinds of education 

and ex; 'ci,,ncur . lhji:; r-oqer r.; t-ht t.hu classification proceed from the 

proportion of the w. il itself and not from the believes of the classifier 

about :; inr , .,,l. 

2. 	 ThO tin mus,t 1t,aumpelih nIAi'v, de';i,,cd to permit the inclusion of all 

soils. 

3. 	 It u ,ut . a m,'ti cat jor ic syst,:m, with a few taxa in the highest 

category anti a lar-je umb,-" in th, 1CwOut category. The lower taxa of 

the cla:n:!ifict ;,,n . ::;t li, a,; :p cifi: a; posshible about a great many soil 

proport ir.!;. lli.! ,or ,-.-itoir ri,!; a re ,::le t i for comparisons of the soils 

of large areas, Nt are of limited vatlnte for the transfer of experience. 

4. 	 i.xa -,oul, h12 dhfin,,d in t eimi; of olh,.;ivalt Ie or measurable soil proper

ties, sel,,cted primarilv to group soilst of ;milar genesis. Dominant 

genettic procn-s,:; li hi'' riarks " in the soil."h-i 

5. 	 itfenitins shot:l be in terms of opwrations, so that they carry the same 

meaning to ear-h uner. .i may not sy, thi t " a noil has high hane satura

tion " LCct:au:u w . in hi-ih In c,t ,laCr is low in another. 

6. 	 The txa i Ai !,-. , ji( .I ! _f i,ti I odien of soil, i.e. pxolypedon. that 

have geographic art.a; d ac not muoely ideas or mental concepts. 

7. 	 The clar; ficiti..o :;hould be c tplol] of imiodificat ion to fit new knowledge 

with a mtinimutm of di.etturh,.nc , . 

http:di.etturh,.nc
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ORDER I. 

TABLE I Orders of Soil Surveys 

The most intensive and detailed kind of survey, done for 

research projects arid for the most highly intensive soil 

MappiAng scale less than 1:12,O00. 

Mini mum aize of deli neation 0.6 ha 

Map units : Phases of soil series 

or 

. 

smaller 

ORDER II. The usual detailed survey made in humid regions for 

soil management for crop production 

Mapping scale 1:1:',000 to 1:31,680 

Minimum size of delineation 0.6 - 4 ha. 

Map units : A;:;..j, i-11 and complexes of phses 

of sC. Ll :,cries 

intensive 

ORDER III. High-intensity reconnairsuance or low-intensity detailed 

surveys, generally made for soil management for grazing, 

forestry, other less intensive uses. 

Mapping scale 1:2-1,000 - 1:250,000 

Minimum size of delineat ion -260 ha 

Map units : As;ocijt. icns of phases of series 

ORDER IV. Iow-llteisity recuaki :;sn.ce surveys made 

purposes . 

Mappinig 5Lcale 1:1O0.,000 - 1:300,000 

Mli:1imum size of d0tilkectiO '10-400 ha 

Map units : Asiociationa of soil families 

for broad planning 

ORDER V. Exploratory surveys to locate areas with potential for 

farming , irrigation, grazing, and forestry. To locate 

where more dtAailed surveys are needed 

Mapping scale I;250,()00 - I:hmillion 

Minimum size of de-lineation 260-4,000 ha. 

Map units : Association of phases of categories higher 

than the soil family. 

areas 
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Cline has given a thorough critique of Soil Taxonomy with respect
 

to its suitability for use by the soil survey. The quotations below are
 

taken from his paper .
 

" The system has been dleveloped deliberately to place soils thought 

to have had souilar gfenesis in the same group . 'l'h' "oups, however, have 
been defined equally deliberately in term:; of soil properties without reference 

to genesis. Clearly, the bases on which the classes have been formed are
 

genetic consqiduration!- , and in this nense the system 
 is based on genesis.
 

The criteria by mean!; of which 
 the classes are differentiated, both in the
 

written outline of the syaten and in 
 practice in the field, however, are soil
 

properties. In Lhis cacse, al:'io at 
 least one stop of reasoning is necessary
 

to develop genetic interpretations from the definitions of the classes 
.
 

if the ci.i:; ;es were defined in terms of either direct interpre
tations for app] i ed oj,,ct i ve-; or in terms of theorie,, of genesis, the dufi

nitions would prejudice future experience by directing understanding of them
 

into channels of pat- eXper i nc, and , miore importantly, by defining reality
 

in terms cf thLori s, whi h will rcttlinly change. Future experience is
 

prejudiced in the system inspire cf fct.1l dlofiniti(,,-., because genetic
 

theory has directl th, chLiAci:r u oc'ri. i a and practical considerations have
 

influencd thitir i'1 iti ari. I.tijl lice, huIwever, is in ternms of mechanic!] 

of the sys:te,,not in tercrii- of cerie pond,.nice of cl asses to real things. The 

system del ihematel y a' iidi nalts bath gene Li and practical considerations to
 

quantitative definiti onE in terms of !i 
 I propertie- , which are fact within
 
the liMits of 
opera.il-M 1 ii' ri,;irr'rt .. These definitions provide a built-in
 

test 
of theory. Th;is, in the j,,djoiunt of Lhis author, is the most important 

single at tribute of tie !system." 

"A class of a taxonomic ,;y!;te! mus;t be defined in terms that hold 

wherever and whene-ver that cr lass is encountered " 

"..-the ::yste:n is oncoinplete in terms )f classes, criteria of classes, 
and precision of do'finiLion, of cziteLria of cl.a;ses to varying degrees related 

to the amount, vali~lit, and grneti,: correlations of data available . The system 

* Cline, M.G. 1963 . The new soil calssification system. Cornell University 

Agronomy M:ii, (2-6.
..Qi 
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is'open ended' , and subject to additions to all three of the elements mentioned.
 
Every class in the system currently is known to have a counterpart in reality, 
and the criteria by which it !s differentiated are known to be properties of that 
reality and to be defindble in terms of operations.
 

"Probably the most important feature of the system is the fact it con
tains a built-in mechanism to destroy itself, in part or 
in whole. Each applica
tion of definitive properties to a real soil ,an be a test of the validity of the 
choice and definition of thos, proprties. Collectively, they should force the
 
exposure of falso hyyothese and concepts that 
have been elements governing the 
choice and defint ion of criteria. 'lsi Js L luarantee against prejudice of
 
future experience 
 and a tool that sht;ll force Letter understandinj" . 

In smirwiary, we be lieve that uii axonomy is the mo;t: useful classi
fication system yet devised for use in sail !;urveys. Experience has shown that
 
soil scientist:; on 
 oppof ite sles of the wol-d, with Va stly different bickgrounds 
of training and expe ionce, can use the ss"t[m cons i.;tent I y and accurately. It
 
is true that rtxrnomy, 
 ia nuLt acopt.,l ,vr'v.he -o amid that it has been strongly 
criticized by Itsome. appears, though, that mostthe vigorous criticisms come 
from individuals who know little about th system and understand even less. The 
S-ystem gen'1,,tus a tofOF arg mont m.vo1 among those in the United States who use 
it every dty i;i theii wark but this; is n,,rmL l. lhey argue about a few minor 
points in quest ion, while rosaininc silent ticon vast body of agreement. We 
encourage those discussions and arpumlino ,, because they lead to more study anu 
thought about ways in which we can improve ',Y no, . As you work with the 
system, I hope that you , too, ,il rai o qilestions and make pro sals for its 

improvement. 
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THE NEED FOR A WnRLDWTDE SYSTEM OF SOIL CLASSIFICATION
 

BY : F.R. MOORMANN 

PROFHSSOR OF SOIl, SCIENCE 

STATE UNIVERSITY OF uTRECHT 

- NETHERLANDS 

***Ak * A * 

The need mentioned in this title is a composite requirement, the
 

statement can be broken down as follows :
 

- need for classification . Why it;classification, any classification needed. 

,ued for soil classification
 

- need for a system of soil classification, and finally 

- need for a worlwide or international system of soil classification 

The different. aspects of t he statement will be b, -fly discussed. 

Need for classification :
 

Classification is inherent in human life and is an integral part
 

of our language . Names of objects ae at the same time an element of classi

fication; descriptive , adjectives spt-cify the properties of the object as in:
 

("a large danish dog" and " a smrall1okinese dog ") 

Cline ()pointed out that clissifications are orderly abstracts of 

knowledge , and of concept-,, derived from knowledge ...... llestated : "The 

purpose of any classification is _o to organize our knowledge that the proper

ties of objects may be rememihercd and t;.eir relationship may be understood most 

easily for a specific objective " 

We need, therefore, clss i fication(s) to organize our knowledge of 

objects , data, theories, concepts into welldefined patterns units. 

(1) quotes are from : Coy D.Smith : Lectures on Soil Classification 

Pedology 1965-4 
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We can with little exageration state that we continuously classify 
the objects around us : we name them , put them in the context of our every 

days life, relate them ari draw conclusions trom such relationships 

Netd for soil classification 

In Soil Taxonomy the concept of soil individuals which require
 

grouping or ClaJSIfie-ation 
 is essential . Our concept of an individual is 

conditioned by our experience : we can recognize a cat, a dog, an oak with

out difficulty. The concept of a soil individual is much more difficult 

because , with few exceptions soil individuals are parts of a continum . Soil 
Taxonomy use the notion of pedon i.e. the smallest volume that may be called 
" a soil" . Normal ly "a soil" consists of many contiguous similar pedons, 

and is call I a "polypedon" 

Such polypedons or soil individuals can be described, and can be 

given names
 

The need to nroiip or clinsify soils (polypedons) and to name them 

has been ,live ,.,ince miiankin] has mad: u;e of soil; to produce crops or to put 
them to any of the mul itude of ues ior minuses) that soils have been
 

submitted to . SI cicitic de:;c ipt ions of scui}s for 
different uses are old
 
and "'ic.ted lonj 
h. fore,'or t ime, I ilc in China . interesting certainly are
 

tie descr ipt ion ;, smv 2t ,(0 ye,r!; 
 e ,1, in Vur,j i 1i:; " Georg e" . lie describes 
heavy or c layey soil.; and Ii,i t or s am ly !_;oil s in view of their use and 

management . lie mU1i Lons the kid suod vin-'s,rd::of s oil ; for for various
 
kinds of corn, etc. in terms of mama ioment lie indicates on which soils,
 

heavy growth of b.id ne"ds.; 11y .e expe :t.d . vergilins even gives some advice 

on on soil stud] .c;for pract i'al pirp,)se: if you cig a hole and refill it, 
the soil has a had _' -u,tre i f after the refill, you may have some soil left. 
When the st ru,_l Urt i:;go I1, i here i:3not enough soil to fill the hole comp
letely . We con easily tr-an;l ate this kind of observation in modern terms of 
pod arrangement-, pore space, bilk d,:n.;ity and the like, but the fact remains 
that 
the need for a descriptive and utilitarian soil classification is very
 

old indeed .
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Need for a system of soil classification
 

Vergilius, the Latin writer did classify soils, but not in a syste

me.tic way . Ile would single out soils, good forvineyards for corn, for other 
uses, and subsequently be described the desirable characteristics of such 

soils (or the undesirable ones) 

One of the earliest scientists 6ho understood the need for a natural 

system of soil classification was DOKUCIIAEV . Travelling as no did iin the 

immense and (geologically) rathei. uniform plains of the Eurasian continent, 

he did not only notice the vriability of The soils that he but alsosaw, 

the factors causing that variability . This was the birth of the genetic 

system of soil calssificution . 

The Russian schools after DOFCIHAEV developed the grouping of soils 

in zones . The zonal soils of Sihei :;ev et al. reprer nc a groupi|,g of soils 

largely by genetic theory . Even thei present--day system in the USSR uses 

cl.mnte .er se' to define :ioil class.:,; as : tun soils, soils etc.t"ra desert 

In other coutrius too, knowledge on soils was coordinated into 

various systems of soil clasi fitaticns both in west Europe ard in America 

were most', base--d on the lithology of the soil materials. Early In this 

century, however, after tr nslhtLion of major Russian publications, the genetic 

ideas which started mainly witl DOKI¢C'IIA.V were incorporated in the various 

systems . Although these systems werk mulLti-categorical, mostly they did not 

cas:er very well to the needs of the simple soil surveyor who had the task to 

bring some order in the mass of data assembled on soil individuals, soil 

series and soil "types' 

In the U.S. , and presently also in countries outside of the US 

soil classification took a ntew road in the post-war years . The need to make 

orderly groupings of the multitiide different soils recognized at the lowest 

or series level, described anilized and surveyed required a new approach 

in soil classification . This was the "Soil Taxonomy", conceived in the 

late fourties arid the subsequenc decades. Rather than classifying genetic 

processes or factors of so I1 rft,rmit io,, as in the purely genetic systems, 

the new taxonomy classifies soils on the basis of their properties inherited
 

from the envir ent or deiloped by processes of soil formation . The need, 
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leading to the development of Soil Taxonomy was therefore a typical progmatic
 
need : 
the amount of measured and precise data on soils had since the beginn
ing of this century become so enormous 
that a well ordered, multicategorical
 
taxonomie system of classification became a necessity 
. It is the merit of
 
the US group of soil scientists and some of their European colleagues and
 
more in particular of Dr. Guy D.Smith, to have taken the lead in the develop

ment of this system
 

Need for a worldwide system of soil classification
 

Most, if not all soil classification systems were developed in a
 
national or even local 
context. For instance, the system used in 1955-1957
 
to make a soil map of eastern Jordan (tPTA-FAO report No. 1132) was based
 
(partly) on an 
int,rnational system but the units distinguished are 
in fact
 
national .
 Thus nowhere a "brown mediterranean" soil taxon existed at the
 
time the Jordan map was ... "e. 

Scme systems were sat-up per international use. The systems best 

known in this roi pect are :
 
the French "2PCS system of 1967, the FAO legend of the 
 soil map of the world
 
(not a classification, but a legend of the soil 
map) and of course, the
 

USDA Soil Taxonomy
 

Are these systems indeed worldwide, can they be used everywhere
 
without changes, adaptations ? The answer is in effect : no . If we limit
 
ourselves a 
 moment to Soil Tcxonomy, we read in the preface that the 1975
 
edition gives information on the present status of 
the taxonomy being used 
in the United States and several other countries. Hence even Soil Taxonomy
 
is not wor]dwide , and for marly are.As, like parts of the trpoics, the system
 
is indeed incomplete certain 
 taxa, for instance those that have been altered 
by artificial floading are not 
incorporated .
 

Thus even the most complete of the international systems, Soil 
Taxonomy, is 
not yet a truly worldwide system . Soil Taxonomy, however, has 
all the ingredients to become a worldwide reference system. 
 In many areas
 
and for many t i it 
can be used on a worldwide scale .
 Soils from Canada,
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from the great plains in the US , from the black soil 
zone in Russia can
 
be uniformaly classified with the system to a low level of generalization,
 

e.g. the subgroul or even the faunily 

In other region of the world, in other taxa of the system we find 
that such a worldwide application is not or at least not yet possible.
 

Changes and additions are cequired to make the system really universal. 

Inherent in Soil Taxonomy is that it is capable of ndification to 
fit new knowledge . This is a crucial property of the system which in my 
opinion makes it superior to most if not all other systems. Add to this that 
indeed the system is now in worldwide use and we can state that it is ful
filling the requirement for a "worldwide" mechanismusahle for classifying 

soils . 

Conclusions
 

Even now, in its "incomplete" form, Soil Taxonomy as a system which 

can be applied worldwide , Frovides for a multitude of needs of which a few
 

may be mentioned in conclusion : 

- it leaves as a logical framework to study and compare soils, their 

morphology and their chemical and physical properties . 

- as a necessary aid to study qenetic and landscape relaticnships between 

soil individuals 

- as an international soil langn.vge, a means of conununications, whereby the 
objects we discuss are precisely measured and defined . Thus identical 

taxa are ident ically defined and s;hould have the same meaning for all 

soil scientists . 

- as a vehicle of technology transfer, because on very similar soils (under
 

very similar c]imatos) often the same management techniques can be applied 

I say" iminlar" and not " identical" because even with virtually identical 

soils, conditions required for optimum management are never identical.
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On several of the subjects, mentioned above, more discussions will
 
take place during this forum. I am convinced however that at the closing of
 
the forum most of you will be convinced of the need for a worldwide system
 
of soil classification . I do hope sincerely that you will also be convinced
 

"
of the important role that ;oi] Taxonomy" will have to pily to meet this 
need of the international community of students and users of the soils
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CLIMATE OF JORDAN
 

BY: 	 DR.Y. EL KAWASMA
 

Head of Climate Section - ACSAD
 

I. £NTRODUCTION 

The country lies in the East Mediterranean climatic region between 

latitudes 290 32 and 320 42 north and longitudes 350 150 east. Its total 

area ia about 100.000 Km2 . 

The country has very well defined topographical features. Jordan can
 

be divided into three regions in this respect 

A. The Jordan Valley
 

This area is enclosed between the steep high mountains in the west
 

and the east . 

It extends some 400 Kin from the north to the head of the Gulf of 

AQABA. It is the area in which Jordan river and the Dead Sea are 
 situated
 

Altitude ranges from 197m below mean Sea level in the north to Slightly mor
 
than 392 ni near the Dead Sea . The width of this valley range from 32 to 

10 Km . 

B. The Hilly Region 

This region seperate Jordan Valley from the Steppe region (Region C).
 

Altitude increase from wes: 
to east to about 12000 meter in north and to
 

about 1500 meter in the sout!h. Then altitude decreases gradually eastward 

toward region C
 

C. The Steppe Region
 

This region lies in the east and south east of the country, and is
 



the largest region. 
It is rather level with altitude between 600-800
 
meter above mean sea level with some 
isolated mountain up to about 1700
 

meters above mean sea level in south 
(Jabbal Rum)
 

2. THE CLIMATE 

2.1 CLIMATIC ClASSIFICATONS
 

According to Koppen classification system the following climatic types
 

exists in Jordan (Map 1) .
 

I-BWh Arid (Warm hot desert)
 

2-BWk Arid (Cool desert)
 

3-BSh Semi-arid (Warm or hot steppe)
 

4-BSk Semi-arid (Cool steppe)
 

5-CSa Mediterranean -subtropicaL 
 (3ry warm or hot) - ...imer and 

rainy winter) Huimid 
6-Csb Muditurranean (dry cool stunmer and rainy winter) Humid. 

According to Thornthwaite : 
four type are presents in the country
 

(Map 2) . These types are 
as follows :
 

1. Arid (E) 
 2. Dry Semi-arid (DI
 

3. Semi-arid(D2) .1.Moist semi-arid(D
3)
 

Types (3 & 4 ) in Thornthwai te approach or rvpes (5&6) according to 
Koppen represent very smail area of the country. 

In general one can easily say that more than 60 % of the country 
in the Arid areas. This indicatelies the severity of the prevailing 

climate over the country. 

2.2 RAItFALL :
 

Rainfall usually starts in Cctober and ends in April with the
 
possibility of scattered showers 
in September and May. The total
 
annual rainfall over the country is very much related to topography.
 

Highest amount of rainfall occur in the mountain region (Map 3).
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Rainfall at any latitude increase from Jordan valley up to the mountain
 
region, then decrease eastwards. 
Also there is a drop of rainfall from
 
north to south . It is enough to say that 50% of the country is receiv
ing less than lOO mm/year. 
Annual rainfall is changeable from year to
 
year, the uncertainity inostly is function of the amount of this annual 
rainfall i.e. 
areas of higher rainfall are more stable than areas of lower
 
rainfall. 

With respect to distribution, in general about 50% of rainfall takes 
place in thq perid Dec. - Jan. Maximum monthly rainfall usually is in 
Jan. (See table 1) . What i; more important for this distribution is the 
variability from yuir to yeir. For most locations even for the most rainy 
regions the coefficient of variation is more thtn 45% for the wettest 
month . This is an indication that monthly rainfall is very highly un

stable.
 

Another important feature of tainfal] characteristics is the high
intensity . This might be demonstrated by considering the absolute 
maximum mnnthly and the maximum daily record for different locations in 
the different regions in the country (table 2) 

These previouti general characteri:;t ics of rainfall (variability 
erratic distribut ion and hijh intensity) are considered one of the major
hazards for rain water util ' at ion for Agricultural purposes . A complete 
and detailed studio!; need to concentrate on : First, the efficiency of 
this rainfall and s-cond on Irobability of this rainfall. Considering the 
problem of efficiency and undr certain conditions, this is found to be 
rather low (can he est imated) . The ;easonal rainfall efficiency (Nov-.May) 
is about 89% (AMMAN) , 66% (JUBIA!IIA) 75% (IurtTD) 63% (RAS MUNILF) and 75% 
(SHOUBAK) . This efficiency is in the case of rather low slope and under 
medium infiltrat.ion rate. 

2.3 TEML'EIZATURE L:G1i: 

The lemperature regims over 
thL country vary from region to region
 
being mostly dependent on topography.
 

In the Jordan valley and the AQAU.A , tho climate is mostly subtropi
cal, characterized by hot summer and rather warm winter . In warmest 
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lA.LE (1) MEAN MONIIILY tNI:.AL(i'L-) 

Moi~th/Station OcL. Nov. Dec. Jan. Feb. lar. Apr. May 

AjIun 12.6 46.8 117.3 146.5 111.0 103.9 41.1 6.9 

IRB ID 12.3 40.7 87.8 104.6 74.2 77.4 30.4 6.9 

JARASII 6.9 30.1 36.1 78.8 65.7 62.7 24.8 3.6 

AF I(AQ 4.0 13.8 25.6 35.1 27.1 24.5 10.5 3.2 

JUBEIIIA 9u, 33.8 8B8.0 Ioi. 1 88.4 85.4 33.0 4.4 

MADABA 6.1 '28.9 53.3 70.7 55.3 57.4 32.4 3.3 

SIIOUBAK 4.1 19.9 63.9 71.5 51.0 47.6 22.3 4.8 

PETRA 1.1 7.3 37.9 24.3 25.0 23.8 11.3 0.6 

DEIRALLA 7.1 28.0 32.8 63.8 48.0 43.9 21.4 3.8 

--------------------------... ... -... .. .... ... .. .... . 



TABLE (2) COMPARISON OF MAXIMUM MONTHLY AND MAXIMUM DAILY VALUES 

OF RAINFALL WITH ANNUAL RAINFALL 
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month (either July or August), tile mean monthly temperature for July is 
about 310C mean maximum 390C, absolute maximum (highest record) is 52°c. 
But in the coldest month (January), the average, mean minimum and abso

lute minimum are 
150C , 8-100 C and Zero respectively. Frost in this
 
region in rather rare 
(2-3) times a year especially in the north and
 

middle of the Valley.
 

In t). ily region, the climate is fine in summer and rather cold
 

in winter. In January (the coldest: wonth) mean temperature range from 
6-80
 C, mean minimum 3-,1°C and miniMuL111 temperature drop to 9°C below 
freezing . in August (Warmest month) , mean temperature , maximum and 

absolute maximum are 24 c , 30-330C and about 430 C respectively. 

In the steppe re,jion, the climte is very near to continental one 
i.e. with a larje temperature amplitude. IL is very cold in winter and 
rather hot in suim( r. In Januar,, the daily average, the mcan minimum 
and the absc]lite miniltiin are as fol] ,-:,: 9 C , 2-30 C and 120 C. In. 

August , the avrage daiily mean, dailly mix A nim and the absolute maximum 
0 0"0
ore l ) C , _ , and 4'7 . (sve tble .3 and Map I) 

2.4 Potent ial Ev:ye~ot-r-,e r, iin : 

One if the DmjOr hlvzir,1 f, inj the country is the high values of 
potential ev:ipotranepirit (the atmospheric demand) . Map 5 represent 

the annual disti but ion 'vir t he :oLntry, table 4 represent the monthly 

values for selected lo'-ations in the country according to Penman methods. 

It i s well - rntrate that: the itm)spheric demand is above 1200mn 
fox the colde.;t regions and mi.ilht ,7oas up t; acrcuid 20 ) mmi as near 

AQA.iA. 

One of the major characteri! i':fswith re;pect to distribution is that 
lowest values aire t:aki.z;,,.tt. du in the r.iny season, highest values 
during the surmner (non rainy periLd) Th.i:; is tile reason why dry farming 

is pcsih in.a ;ome part of the count.ry. 

IF one combine rainfall with potential evapotranpiration, he can 

http:count.ry
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get an information about the duration of the climatic growing period.
 

It is folmnd tL ,t this period varies from zero in the arid region to
 

about 150 days in the moist semi-arid regions.
 

* ** *** *** * **** 
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RELATIONSHIPS BETWEEN AIR AND SOIL TEMPERATURE
 

IN THE ARID - SEMI - ARID TROPICAL REGION
 

IN JORDAN1
 

BY 	 AWNI Y.D. TAT11"lI 

Assistant Professor, 

Soil & Irrigation Dept., University 

of Jordan , Amman - JORDAN 

ABSTRACT 

Four stations that represent the arid to semi-arid tropical region
 

in Jordan 
(Ghor Safi, Deir Aili, Wadi Yabis and Fl-Baquara) were used to 

study the relationships between maximum, mean arid minimum air temperature 

and soil temperature measuared at 1 cm, 5 cm, 10 cm, 20 cm, 30 cm, 60 cm 

100 cm, and 200 cm respectively. The measurements covered the 12 months 

of the year and were devided into three sets : summer months, winter 

months and the 12 months pooled in one set. 

.i(egresslon analysis using the stepwise method was utilized to 
select the best , most sigificant equations descriping the relationships 

between air and soil temperature . 

Analysis indicated significant and high correlation between air 

and soil temperature . Maximum correlation was between air temperature 

and soil temperature in the 	upper 50-G0 cm. Below this depth correlation 

decreased shaiply . Moreover, cori-elation values were highest for 

1) 	Contribution of soil and irrigation Dept. Agric. College
 

University of Jordan
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equations describing re]ationship using 12 months together followed by
 
those for winter and sumnmer months respectively 

Mean annual soil temperature at 50 cm was higher than mean 
annual air temperature by ( 1.8 - 2 'c ). This difference is almost 
10 c higher than those differences. reported for most of the U.S.A. soils. 

According to the USDA !;,'stcm of soil classification. The soils 
)f this region would qual ify to have the hyp!rthermic temperature regime. 
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INTRODUCTIO'N 

Temperat uro is one of thu most important properties Uf soils that 

contril to agroatf extient tht art vity of organisms and processes of soil 

forma1. ion. At. a y uime,n;Oil temlpr-itur,. varies from one horizon to 

another. '! i-, viiat j ion catn to a ira t ext end, be contributed to the 

variation ot:ai r tonq urature . 

T!'e oljcl ivy!of this u-tlidl' was to investtigate the relationship
 

between air and :-l t'evp:ratlure tit. var ious depths illthe arid region
 

and to d,. to nui no the soil t,_il'rat'iro fir tihe soils in this area.
 

MATERIA1, AND MLI'liuDS : 

Four .;titi n:. ( 1 - B.vtlalrai (I), Wadi Yijs (2), Deir Allah (3),
 

Ghor Safi (H) were used in this study. These stations are located in
 

Jor-an ',,II ey . (or wh at i rl Id 3c'rdiI' It i ft V.1 Il') . (El -1laquara is
 

lo:a ted in Ih. th anid Gho Sl-i it, located south of tie Duatd Sua 

(Given number 1, 2, 3 andll i tho rips) . 

A:;nni proJ!I itatiu in the valley varies from 400 mm near ElI

Baqu,ira to 100 mim :iear G,.r A.1i111.nU1lpoteltial evapo--transpi.ration 

varjixen from V1"1' rit near to 16,0 in near .Lc:--,qir, Ghor Saf i Mean 

annual ;" LOIT - ,ttire, lan- air t.iupert,'r,-e for the colect. monlth (J7arl

uary) arid the waru.i.it- (Aut:r l ) 'ii ,wn en map 1, 2, antr3 re:p[ect ively 
(3) . 'l'oJiograJ: 1 in l . it level , vtoqf.t ation w'n; anl grass. 

Soil ,.,: 1:' "I n.:i(' ,. from011 .,ii 10 byu,! , Iul IL ptibi u:hed days; 


atorco].gical De1 t .) wan i .,i rt,]d t the d pith of I, , 10, 20, 30, 50
 

or G0, 101) and 00 crn. 'T'h .i :s,il teperatu re repre:,tn averoqe 
tof sever.a i no. tak,,n , , , 12 and CMT . mum, androa a 10 t: M,1an 

M.IIiillltil air tteii.' iture wi e rt-corded. Each month was divided into three 

http:waru.i.it
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r
equal periods . The average o ch 10 days was used in the statistical 
analysis. The measurements covered a period of 11 years (except Wadi
 

Yabis only 4 years were available) .
 

The SPSS wr-grarn i.* i,.. ii Lh swtiLLiL, a1 analysi-. Polyno

mial regression using the stepwise method was utilized 
. The equation with
 

the highest R and F values was chosen as P. Box 1964 
. Criteria for judging
 
adequancy of estimation by an approximation response function) to judge the
 
adequancy of any model used as a predicting tool. Box suggested the value
 

of the ratio of observed/ tabulated F should exceed 4 inorder to regard an
 

equation as satisfactory predictor . Each table includes estimated equations
 

relation-hip: soil temperature at- various depth with air temperature in
 
the following order : maximum, mean aid minimum air temperature.
 

The results of the regressions analysis indicated that highly sig

nificant models can be obtained regarding the relationships between air
 

and soil temperature (as indicated by the high R and Fc/Ft values). 
 See
 

tables 1-4 .
 

Most satisfactory models were those describing the relationships
 

between air temperature and the soil temperature down to 50 or 60 cm. 

Below this depth, the relationships were less significant (though Fc/Ft 

was higher than 4 in 
some cases) and the R values were very low. The
 

reliability of the computed models were 
further tested by plotting the
 

measured ( stanrdar :!ed values were used) soil temperature against the 

predicted soil temie rature for: various sets at different depths. Figures 

4 - 7 show examples rf su,_h standdiri:sed plots drown for equation 3 of 

Deir Alla station . It can be ceatrly seen that highly linear relation

ship exists between predicted and measured values for the depth 1,5 . 

(10, 20, 30, 50 g9,ve same pt1terd,'. The satterplots for these depths 

were not presented ),ore, but are av.,ijlabe upon request) . This relation 

ship was less linear for depths below the 50 or 60 cm and the best model 

describing the reltic niships between air and soil temperature at various 

soil depths.
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The equations were 
estimated for threce different sets: 
 The first
 
set (designated by equation one 
in the tables) represents the meajure

ments for the warmest month:; (May-October) The secr-td set 
(equation 
two) represent, tht colde.,;t. moinths (11v. - April) . The third set 

(equation three) rco rvsvcit:s the 12 mrlh.; of the year. The analysis
 

included the Cet i ed egu. hlm.
 

MUlti-ic].e cr.llat ioln and the ratio of c.alculated F/tabulated P.
 

Tabulated F (1) , .005) wao 8.18
 

RESULUPS AWtO D:Scn;;:;I : 

Tables 1 -4 "omvizt ',o retes cf the st:ttirlcal analycie ar..-tth 

relationship betmcen air and SoiH tmperctuLe . First colunnu (I or 2 or 3) 
des ignates the thrte di f ferent d- se ts. SI' designate the do-pti where ccil
 

t, .optriture (t,-'ooc varialce ) wvtre m"Lmh,r'd H ,, Int, 2t ), 3, ) ni 60, 

100, 200 cm) . C 1 1 th, i tt Ct.l,. inri b ii; t:he n t !1i'iCjet I f He Il0t, 

dc.n t yVei, i t,: i , ImtII ,t (ph cPe.I I.. nlti , line 1 1 T I --I Lir t 

s.;et,'It'pth o 'i . I ci I i, - - - A.. , I- . 6 i.-O3 -) C r i,i
 

coet icion t - .5'I-el 1 .4l,ti 2. Thil .'I, , L7,I I 1,t, -
F1 f 

I .c.i- 'cLin that r i.,. Ih,. iY1,.h]ti. c-M 'p iatx.''!-,lc .im air . Ii.Auilio ttil ,tlw 


soil. t(pe 1''at) 
 -c, I. ( t lcn)) 2 .'.4 + .2C. D 03 (H,)'
 

Where X C:- ,lir, m-tli<ic'r ,i;i -I i 
 I , r I . I i:., tIh t. il.le (-on-rr .I a. o
 

cofLntt . P, i 
 . t cc -CIitOMt I I/ tLuj~t tIP F ..cg]MqWStcd
 
by Dr G.-.P. ,.x .. -'4.W.-., .,- iE.
, 
 in r tit20(. ii . ''his wasc 

also rtefl,.ti 1y li .,. RF .nti - i]./ .t valut 

-n tiO:.t cv, - , I irilt. OL ( (at .ioi wo:: .CL- !,e t.oh itc hii... 

for tlier ca;-. - ii l mc-- o niecond or third dhir g,v, Lhe best 

fit. ':lriHt cri e , :,Cp-c 1i r ! , tie uf im[oted 1, l 1-c/Ft. illdi: :,t, s i'jJl 

ficant ic -,uieoc;ipj k tot-- ;en i awl soil teilc-atire if tHe 12 tlccttths 

were considered together. 
 '[he significance of those r-elationioiQs was 

http:rtefl,.ti
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lowest between air and soil temperature measured during summer months.
 
This might suggest that the variation of soil temperature during the
 
summer is effected by other climatic parameters other than air tempera

ture
 

The soil temperature at the depth of 50 cm was further investi
gated This arises from two 
facts : first ; temperature values showed
 
little variations below th- depth (1) , second ; the soil temperature 
at this depth was chosen to determine the soil temperature regime as 
required in USDA soil taxonomy (4) . The prediction capability of the
 
estimated equations wis 
 further investigated 
to find out the difference
 
between soil temperatures (during the summer and winter months as defined 
by the USDA Soil Taxonomy) and those predicted by the equations estimated 
using set I (warmest mean air temperature) and set 2 (coldest mean air
 
temperature) 
 As an example , estimated equations relating mean air
 
temperature and soil temperature at 50 cm .the depth were used 

Applying proper equations from table 1-5, it was found that (1)
 
El-Baqura : while measured summer and winter soil temperature at 50 cm
 
were 
 30.92 and 17.11 respectively , the predicted soil temperature for
 
same seasons were 30.83 and 16.94 . (2) 
 for Wadi Yabis measured (32.90, 
16.91) predicted (32.72 , 16.94 .
) Deir Alla , measured 32.70, 18.06) 

predicted 32.74, 10.23) and so on 

These extremely small differences between measured and predicted 
clearly indicated that claciilated equations can be safely used to predict 
the soil temperature for various months in the zone ranging from 5-60 cm. 

Table 5 s hows in addition to some climatic date, the measured 
mean soil temperature at 
50 cm depth (summer, winter and annual, desi
gnated by 1, 2, 3 and sunimer , winter (4,5) as defined in the USDA soil 
taxonomy). Comparing the measured and the predicted equations (table
 

1-4) indicated t 
 high adequacy of the estimated equations.
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The differences between measured air and soil temperature indicate 

that mean annual mean maximum temperature Js higher than soil temperature 

(at depth of 50 cm) by 3.5  4"c while annual sotl temperature was higher 
than annual air temperature hy .11 for Wadi Yabis area - 2 except (3.4c). 

It should be noted here that moan oir (for Wadi Yabis station) temperature 

was calculated f, t"! periold 1921 - 0(65 i; 23.5 (2). If this value is 

used, thun the differe*nce between air and soil temperature 2 0becomes c
 
which falls in the ranqe zm.er ted for ot.her station. Moreover, no sig

nificant diffevnecse exi:;tkd bet wevn ai r temperature 
 computed from 11
 
years data and rho ens cmipiutrd for 
 the 1927 - 1965 period as reported
 

in tile metaleo]-qiica handbook(2). Soil temperature reported here covered
 

a period of 11 years, but a'ai,.;aido for 4 years in reference No. 2 .
 
Furthermoite, -imll di frt, ncl; 
 w,qyu aoeinud when calculating the average 
measured soi I trm1wratr r singh warmest (set I or colest (sets) 

and the a erzag . Loi t:-emptaLture for the suminrvr and winter seasons as
 
defined 
y lihe USDA Soil Taxonomy (.) . See table (4) . These diff,-rences 

were as low as .12"c , 3.UKc fOr IDir Alia stat ion and up to 17c and
 

,86'c for Wadi Yal i; s tat ion .
 

It is worth . ing here tl.at mea- :d d ifferences between, mean 
air and soil tempe-ratt:re (at_ tie .pth of hO cm) found in this study 
were approxirl.ttc y 2"c, while, the diffore.nc was I degree for most of the 

soils in ti le 1.2. . (1) 

Aplying the criterion use.d to determine the soil temperature 
rt gime of ttm USDA :;it' al,. i , 1 ,ysteill (Itis criterirn is based 

on thi mileiri anneal i 1 tr1,r tut-.,, id the diffeorence between moan 

summer and mit t L rir.tr,i:i f 1s at the depth of 50 cli), the 

soils in thiiSmJ (,5n woild quali y to have hyperthermic t.emperature 

regimes.
 

http:diffore.nc
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TABLE I : RELATIONSIIIP BE-"I41EN AIR AND SOIL TEMPERATURE FoR 
DIFrirEnir SOIL rPTIS FOR EL-BAQURA 

ST c b R Fc/Ft 

1-1 

3-1 

M,:AN MAXIMUM 

2/. 

- 1.1 

f., 

AIR 'r'MPERATURE 

O.;'.D3(3) 

C-1U.PO 
-. 2 

(MAT) 

.58 

.78 
F,2 

12 

37 
I00 

1-5 

2-5 -2.L 

6.6-56.6 

n2.5n.(2) 

O. 6 

12. 2;) 

.76 

.95 

.97 

33 

220 

777 

1-10 

2-10 

3-'9 
-

19.5 

1.2 

7.6 

P.2?DCL3(3) 

.2 

0. r2(2) 

.74 

.C5 

.95 

29 

45 7 

1-20 

1-20 

3-21 

1L.3 

1.3 

9.5 

G.0I(2) 

V.72 

0 P 2 

.76 

.89 

.94 

32 

99 

3.1 

1-_-

7: )s 
3-30 

2C.2 

2. 1 
. 3. 

0.2&:'C-3) 

f..90 
n. ,, ) 

.73 

.: 

27 

1[I6 
( 27 

Ct 

-'.7 U.01(C ) . 

-

1i. 

,,1...- ."r 
,? 

'": ' . 1 r. :2 L .: . 

. . . . ,. '1 
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Table 1. Cant., 

,,E. AlIR TE P-? TU.?E (hAT) 

1-1 

2-1 

3-1 

8.2 

.2 

0.6 

1.99 

1.00 

1.19 

.62 

.76 

.83 

15 

33 

107 

1-5 

2-5 

3-5 

-2.1 

-1.6 

-4.8 

1.22 

1.10 

1.31 

.85 

.95 

.98 

61 

248 

1129 

1..10 

2-10 

3-1 

1.2 

- .7 

-2.P. 

1.07 

1.05 

1.20 

.83 

.95 

.96 

54 

237 

626 

1-20 

2-20 

3-20 

2.8 

1.9 

1.2 

0.98 

o.93 

1.07 

.84 

.91 

.95 

56 

114 

455 

1-30 

2-30 

3-30 

3.9 

2.5 

-0.2 

0.95 

0.91 

1. E9 

,l3 

.93 

.98 

52 

143 

959 

1-50 

2-50 

3-50 

7.8 

7.1 

14.4 

0.78 

n.70 

0.r9 

.71 

.81 

C) 

52 

47 

33C 

1-1:1 
100ll!". 

.1-10 1 

. 

IS.5 

r 
-. ,.50 

mio.( ) 

.5.0 

."51: 

12 
8 



-45 -

Table 1. Cont. 

MEAN .Ir;:U-;r] Tr-PEiATURE (MrT) 

1-1 2.9 n".703(3) .57 12 
2-1 4 .6 1.11 .6? 
 20 
3-1 4.6 1.34 .81 91 

1-5 7.7 
 1.18 .86 G7 
2-5 
 2.8 
 1.28 •P 66 
3-5 L.6 
 1.50 
 .97 ?42
 

1-10 9.8 fl4 .. 59.84 

2-10 
 3.3 
 1.23 
 .-3
s7
 
3-10 
 2.2 
 1.37 
 .95 445 

1-20 
 S. 9 0.99 .28 24 
2-20 5.3 
 1.09 .815 25 
3-20 4.5 
 1.23 
 .4 41-8 

1-30 
 10.2 
 P.-8 .90 96 
2-)30 5.6 
 1.09 
 .89 
 Bt
 
3-30 
 4.1 1.26 .97 851 

1-50 12. F; .786. 
 A2 37 
2--'0 9.2 .P0 ,3U.h7 


3-50 
 7. t 1.U3 •;i4 

1-
l P.66 . D 23
 
2-14. 
 0 -.5 553- I(T[I I2 L , K' ,,.r. 
 i""[
 

r'urnt,.. cf . L J t:. , ';nt.! :,,r,1, 2 
3 u. re 1[t,, ' 1 r. '- . . 'i,-. 
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Table 2. 'e]2ticnshiPs hetLren air 

dirferent depths for -jrADI 

ind unil 

Y1S!S. 

trmlp.-EjturL at 

ST c b R Fc/t 

U.EMrIIAXILJM I FHPEATUOE (.'M4T) 

1-1 

2-1 

3-1 

-20.4 

6.8 

-13.5 

1.6G 

0.02(2) 

1.45 

.84 

.88 

.96 

25 

34 

224 

1-5 

2-5 

3-5 

-13.9 

12.C 

- 9.0 

1.34 

0.2(2) 

1.19 

.84 

.51 

.15 

21 

49 

1-10 

2-10 

3-10 

- ,. 

8.5 

- 7.3 

1.22 

0.02(2) 

1.12 

.86 

.92 

.96 

25 

53 

272 

1-20 

2-20 

3-20 

- 6.8 

10.7 

- 0.1 

1.10 

0.01(2) 

0.09 

.86 

.83 

.87 

28 

22 

65 

1-30 

2-30 

3-30 

- 2.5 

10.0 

- 3.8 

1.0 

0.02(2) 

1.00 

.86 

.88 

.96 

29 

35 

224 

1-50 

2-50 

3-50 

2.9 

12.", 

LI.1 

0,.61 

C.01(2) 

0.87 

.77 

,ED 

.54 

14 

1 

1EO 

-150 

2-100 

.3- ILI0 

20.9 

20.7 

21.1 

0.26 

0.50(3) 

0.la 

.40 

.32 

.45 

2 

1 

5 
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Table 2. ccnt.
 

MEAN Al1? TWPCR,'TUIE (MAT) 

1-1 -C.9 1.70 .86 28 
2-1 -6.3 1.52 .92 58 
3-1 -9.1 1.70 .97 386 

1-5 -6.6 1.45 .90 41 
2-5 -2.1 1.19 .95 1C2 
3-5 -5.6 1.11 .98 559 

1-10 -4.3 1.34 .93 63 
2-10 -1.5 1.16 .97 137 
3-10 -4.0 1.32 .99 -26 

1-20 -1.5 1.21 .94 71 
2-20 10.2 0.03(2) .87 35 
3-20 2.0 1.08 .92 104 

1-30 1.9 1.09 .95 92 
2-30 0.5 1.09 .95 89 
3-30 -1.0 1.18 .99 81 

1-50 5.6 0.93 .88 34 
2-50 3.8 0.95 .87 32 
3-50 2.5 1.01, .97 337 

1-100 21.G C.3L .4G 3 
2-!80 1 . 0.15 
3-1f0 "1.4 0.22 .,8 6 



1-*!r'J.'I:r'l'l rMl ,' 'JIATU iF (I'IIAT) 

1-1 E.7 1.147 .110 1 

2-1 9.6 C..09(2) .$2 21 

3-1 C.5 1.86 .96 211 

1-5 7.0 1.32 .35 36 

2-5 3.4 1.1,0 .86 29 

3-5 2.1 .55 .97 3,4 

1-10 7.9 1.23 .3 3 
2- . . . 5 

3-10 3.2 1.46 .98 448 

1-20 9.4 1.13 .94 77 

2-20 £. 1.18 .,2 20 

3-20 7.6 1.21 .92 110 

1-30 11..t 1.02 .S7 144 

2-30 5.0 1.34 .E9 "0 

3-30 5../ 1.31 .c5 514 

1-50 17.2 .1 .2 60 

1.4.., .* 5 25 

3-50 .0 1.16 .97 317 

1- I- :n;. 7x,3

-.. d .5 V. y .L'' 7 
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Table 3. RElatir,nshps bctLe-n :ir *.rid -rill to.'iperature at 
dirferent depttis for Ceir Alla. 

ST c b R Fc/Ft 

MFAN MAXIMUM AIR iF.PICRATUE 

-e.0 

2-1 - 3.6 

3-1 - 5.5 

1-5 - /'.2 

2-5 - 4.5 

3-5 - 8.2 

1-10 13.9 

2-10 - 2.4 

3-10 8.2 

1-20 i6.6 
2-20 0.8 

3-20 - 2.G 

1-30 17.6 

2-30 2.5 

3-30 - 0.5 

-50 23.6 

2-50 6.7 

- 0 12. 

1-C-0 N.2 

Z-SO .C. 

3-S0 14.0 

0.fnl(2) 

0.96 

1. DO 

1.07 

1.00 

1.17 


0.01(2) 

(1.51 


0.02(2) 


C.1l(?) 

C.73 

0.95 


0.01(2) 

0.74, 

P.C&9 


0.(2) 

Li.rj 

.C'-5 

..1(2) 

. 1&?) 

(M.1AT) 

.66 

.89 

.91 

18 

93 

242 

.73 

.95 

.97 

36 

208 

759 

.S6 

.96 

.98 

70 

273 

1204 

.81 

.92 

.97 

15 

l141 

516 

.?G 

.38 

.95 

33 

6.3 

477 

.67 

.EO 

.99 

19 

42 

. 

.72 

.92 

17 

2 

M"O 
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Table 3. r'nt. 

1-I00 
 24.1 0.001(3) .49 8 
2-11!0 13.3 C.3c .53 9 
3-100 
 16.3 0.01(2) .56 140 

1-200. 25.3 0.001(3) .22 1 
2-200 

3-200 
 21.2 0.01(2) .60 
 27
 

MEAN PPr TCI.F:E UATUIE (M;AT)
 

1-1 23.0 0.001(3) .63 
 15
 
2-1 - 2.9 1.17 
 .87 
 77
 
3-1 - 4.3 1.30 .91 225
 

1-5 - .. 6 1.28 .79 39 
2-5 - 3.9 1.23 .93 
 165
 

3-5 - 0.1 1.L2 
 .97 755 

1-10 -14.2 0.02(3) .90 97
 

1-1, - 2.1 
 1.13 .95 
 24,9
 
3- 10 - 5.7 1.3,j .98 1395
 

1-2n 
 0.6 1.118 .91 110c
 

2-20 
 0.5 1.GO .95 27 
2-20 
 - 7.2 1.16 .9a 1437 

1-30 1.7 1.04 L C3
 

2.0 076 .V 
• - C .1 
 79.:97:
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Tchle 3. Cont. 

1-50 
 6.2 
 0.87 
 .82 
 47
 
2-50 
 6.0 
 0.78 
 .84 
 El
 
3-50 
 2.6 
 0.98 
 .95 
 627
 

1-50 
 5.8 
 C .86 
 .82 
 50
 
2-E0 ?.6 0. ?1 .78 39
3-EO 4.3 
 D.0 .95 454 

-100 
 7.9 
 0.76 .70 
 23
 
2-100 
 12.0f 
 0.52 
 .62 
 15

3-130 
 16.2 
 0.02(2) 
 .90 
 2n9
 

1-200 
 13.3 
 0 .50 
 .47 
 7
 
2-200 
 .O.2 
 0 .18 
 .23 
 1
 
3-200 22.1 
 0 .00 1(3) .67 
 3
 

ME- MINIMUM A TEMPERATURE (O"NAT) 
1-1
 0.8 0.76 
 .46 F2-1 0.7 1.32 .?9 
 40
 
3-1 
 - 0.2 1.50 
 .86 
 137
 

1-5 
 13.2 0,.97 
 .64 
 17 
2-5 
 - 0.3 1.140 .86 
 66 
3-5 
 - 0.2 1.67 
 .94 
 335
 

1-10 
 11.0 
 0.99 
 .74 
 29
 
2-10 1.0 
 1.31 
 -n9 92 
5-10 - 1.595. .5 467
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Tahle 3. Cont.
 

1-20 12.1 0.90 .E2 48 
2-20 2.6 1.21 .92 135 
3-20 0.7 1.39 .96 640 

1-30 
 12.3 0.89 .82 47
 
2-30 
 3.6 1.18 .91 119 
3-30 2. 4 1.32 .96 458 

1-50 
 14.0 0.79 
 .E0 42 
2-50 
 6.9 0.99 
 .57 74 
3-50 
 4.7 1.19 
 .5 543 

1-c0 12.8 "0.82 
 •E1 59
 
2-60 
 7.9 0.9 .4 56 
3-C-0 
 6.1 1.11 
 F=- 500
 

1-100 12.8 
 0.78 
 .72 36 
2-100 11.3 0.76 .72 26 
3-130 9.4 0.92 .2 273
 

1-200 14.2 
 r1.62 
 .63 15
 
2-200 
 20.9 (- .Oi(2) .40 4 
3-200 15. (. 50 .73 56 

Number of o Jurvnu t:ncd to -tnildte ustjon number 1, 
2 anrf 3 re 15,,i 9i rJ, 395 resrccti'c2,.! 
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Table 4. Relationships hEtLP.'-i Eir and soil trmn-at.u-F. at 
dirfernt dupths fo Onhor 3aFi. 

ST c b R Fc/Ft 

MEA4N M jX.Uj,- TS;U.YATU E (K:.gT) 

1-1 2.7 C.88 .90 33 
2-1 - 4.2 1.01 .94 163 
3-1 - 0.8 0.92 .87 123 

1-5 - 7.0 1.15 .91 92 
2-5 - C.8 1.10 .98 606 
3-5 - 8.2 1.17 .98 658 

1-10 - 0.01 C.94 .85 4. 
2-10 - 4.9 1.05 .96 219 
3-10 - 5.0 1.06 .97 633 

1-20 2.7 0.85 .89 72 
2-20 - 4.3 1.02 .98 546 
3-20 - 1#.5 1.011 .99 1384 

1-30 8.5 C.70 .80 33 
2-30 - 1.8 0.95 .96 211 
3-30 0.6 D.89 .92 203" 

1-,0 19.0 L,.01(2) .56 9 
2-50 - 1.9 P.94 .90 
3-50 0.1 0.96 .90 172 

1-100 16.9 0.38 .55 

-o00 
-I100 17.0

18.1 t.P1()
E. I ).PPI .94 1

13 1 
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Table 4. Cont.
 

IIE/N' AIR 

1-1 20.3 

2-1 1.8 

3-1 3.7 

1-5 - 3.3 

2-5 - 3.5 

3-5 - 2.4 

1-10 2.9 

2-10 - 0.7 

3-10 0.2 

1-20 3.6 

2-20 0.6 

3-20 0.8 

1-30 21.4 

2-30 4.8 

3-30 4.5 

1-50 .2.6 

5.7 

3-550 3.9 

1-I . 

17. G 

7- 1 T-. 4 

"I';,'f.E*IATU'ir 

.C 2(2) 

0.95 

fl.q7 


1.27 

1.24 

1.21 


1.C4 

1.12 


1.10 

1.00 


1.06 

1.09 


0.01(2) 


0.S7 

0.94 


0.00101) 


0.F31 

0.92 


0.00020(-) 

0.46 


0. ":1(2) 

(V'AT) 

.75 

.83 

.87 

24 

44 

123 

.87 

.95 

.97 

57 

183 

578 

.80 

.95 

.96 

35 

171 

488 

.90 

.96 

.99 

70 

217 

1362 

.82 

.89 

.93 

38 

74 

234 

.61 

.72 

.91 

11 

21 

197 

.64 

.64 

.&s 

13 

14 

137 
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Table 4. Cnnt. 

1.1E4ir ! rlUv, A I TEI'rE 14TIJ IE (I';AT) 

1-1 

2-1 

3-1 

25.3 

19.9 

8.6 

C.02(2) 

0.07 

1.01 

(0.940o6(33) 

.60 

.(,1 

.85 

10 

36 

51 

1-5 

2-5 

3-5 

-. 9 

1..6 

2.3 

1.01 

0.07 

1.35 
C-. 130[L'6(3) 

.71 

.78 

.95 

26 

30 

171 

1-13 

2-10 

2-10 

13.0 

20.1 

5.2 

0..j 

0.07 

1.19 

.66 

.81 

.94 

15 

36 

137? 

1-20 

2-20 

3-20 

11. ;.4 

2r!. 1 

5.2 

r.. (i7 

1.15 
(-. 11 UC.3(3)) 

.81 

A3 

.97 

35 

142 

2:14 

1-30 

2-30 

3-30 

24.6 

1.i.,0 

..3 

0.P2(2) 

D. 107 

0.711 
(-.c.2DO5(3)) 

.?4 

.85 

.91 

23 

52 

96 

2- -C. 

C.0 

20.5 

2C.5 

E.9C. 

0.02(2) 

C.07 

([ . Z06,r.(3)) 

.61 

.E&'1 

.90 

11 

3!j 

-~ ~ 
:. C.1 (2) 

FfO21Er.c 7 
Fe 

.91lj 

-; ( .*- .2. ,t.( 

? ', 

2:ntf 3 

:E.-E 
u~155, 

: 
iLt'* 

'I p u, in n, , 



---------------

"I;:-lF-. r le-tereoloqical data for El-hactiara, Wadli Yahis, Deir Alla and Gh-r Safi. 

Air Temperature 
Elevation latiLate 
longlitdde Precip M.MAX r.-Iin M.Air T. .ST 50 

m 
 mm/yr ----------------
I- El-,aqara -197 32 37 35 37 400 *1- 34.54 20.94 27.93 29.662- 22.49 11.17 16.65 19.33 

3- ",*.: 5 1.5.85 ;:2.29 24.20 
4- 36.36 22.36 29.52 30.92
 
5- 19.33 
 9.46 14.05 17.11
 

2- 1-;a,:! -2"0 32 24
Y* s 
 35 35 300 
 1- 35.22 20.0,1 27.61 31.35
 
2- 21..7 9.32 
 16.6", 13.Pl
 
3- 29.0q 15.10 22.12 25.53

4- 36.69 21.77 
 29.23 32.90 m
 
5- 19.20 
 9.23 13.83 16.91
 

3- Deir Alla -224 32 12 3- 37 
 250 1- 3r'.05 20.01 
 29.1 31.3 
2- 23.05 13.44 1I. 22 2C. 2Z 
3- 29.52 17.64 23.57 -5.5
 
-1- 37.12 23.21 
 30.51 3C,. 70
 
5- 19.79 11.I6 
 15.63 I6.06
 

4- Ghor Safi -3q7 31 .0 35 
 30 100 1- 36.99 24.2S 30.64 32.11
 
2- 24.R6 13. *5 
 19.42 21.3 2
 3- 30.3q 13. q 24.95 2r.7)
 
4- 39.13 25.56 32.36 -3'.
 
5- 21.31 11.53 16.63 IR.-4
 

1, 2 and 3 r,!prreseni: data for set, 1, 2 and 3 respectively, 4 and i. represent averege. I:e-l
pe-ature for :",,nmer and winter defined in 
U.DA soil Lax.',my respectively . 
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Tablo 1. Relationsips bvtwoen air and soil temperature at 

different depths for Irbid.
 

ST* c 

MEIN 1P4XItVU4 

1-1 -5.1 

2-1 -L.6 

3-1 -S.G 

1-5 -6.2 

2-5 -2.2 

3-5 4.6 

1-10 -4.7 

2-10 -2.2 

3-10 -G.2 

1- -1.1 

2-20 -3.4 

3-20 -4. 1 

1-30 1.7 

2-30 2.9 

>-30 8.2. 

1-50 5.2 

2-50 5.5 

3-50 '.2 

b R Fc/Ft 

AIR IEHFERATUqE (MMAT) 

1.23 


1.06 


1.33 


1.25 


0.67 


0.03(2) 


1.11 


0.88 


1.15 


0.96 


0.80 


1.04 


0.84 


01.65 


n.102(2) 


C,.69 


cl.54 


0.77 


.70 

.92" 

.95 • 

23 

126 

484 

.82 

.92 

.97 

48 

128 

701 

.78 

.92 

.96 

38 

128 

614 

.80 

.92 

.97 

42 

139 

733 

.75 

.86 

.94 

31 

71 

376 

.69 

.76 

.92 

22 

35 

264 

* 	 reprcsent.:::-n m:rths 'y-Ct,'er) 2 represent ccldmo n t h s v ; .b: -..: j ) I , .' re ~i's e& e a a r, n ~n t s M 

1, 5, 10, 50, a-'o e , c,teplhs.
 
i'S.nIcT:b, (57)- c 4S 'iiCir .,-.nP) W Edec s
x , 


Int nce.t~b
-'.r.ssl n o~ef ici nt and X d0',r-fO: 

pol no..,i :crrc ation .
l. : ".,rip e 
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T-ble 1. Cont. 

1-1 2.b 
2-1 .7 

3-1 -3.6 

1-5 -1.6 

2-5 -4. 

3-5 -2.9 

1-11 C.9 
2-IC -4.4 

3-10 -2.n 

1-20 3.2 

2-20 -2.5 

3-20 -0.3 

1-30 4.9 

2-30 1.2 

2.6 

7.6 
2-:0 3.6 

3-50 5.0 

1.20 


1.q3
(-.on1(3)) 

1.44 

1.27 


1.55 

(-.86003(3))
 

1.30 


1.15 


1.56 

(-.V7DD3(3)) 

1.25 


1.01 


1.43 

(-.&1D03(3))
 

1.13 


0.90 


1.16 

(-. GDfJ3 (3))
 

0.9a 


0.75 

1.00 

(-.5 E'C3( 3) ) 
0.!:4 

.A6 

.51 

19 
62 

.93 316 

.81 

.93 

44 

90 

.95 440 

.78 

.94 

38 

89 

.95 417 

.62 

.95 

4B 

116 

95 4H4 

.79 

.89 

39 

2 

.92 2.'2 

.73 

. ,o 
28 
22 

.91 2 3 
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Teble 1. Cont. 

MEAr M:INIMUM AIR TEWPE ATU.qE (IT) 

1-1 19.4 0.04(2) .64 17 
2-1 2.1 1.49 . j7 
3-1 1.3 1.65 .54 354 

1-5 5.1 1.31 .83 52 
2-5 2.8 1.?8 .91 125 
3-5 1.4 1.50 .97 7&6 

1-10 6.8 1.20 .81 47 
2-10 2.9 1.30 .92 128 
3-10 2.1 1.45 .97 713 

1-2C 7.8 1.08 .87 ?8 
2-20 4.2 1.19 .93 166 
3-20 3.4 1.32 .98 1069 

1-30 8.5 1.00 .87 4 
2-30 6.7 0.94 .85 65 
3-30 5.8 1.14 .95 425 

1-50 10.0 0.8? .84 59 
2-50 

1-50 
8.5 

7.7 
0.82 

0.98 
.78 

• q4 
39 

341 

Number o Lf rrvirtJnnS Lserd to r-tr2 ' 1, 2 L.-., 

3 ;Tr p.,!4 hnivr ! 
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Teb.e 2. Reletionships betLreen eJr br.d Esol 
tcmpLroture ct
 

difrersnt dEpths for RPbba.
 

ST c 
 b R Fc/FL
 

MEAN I4IF'UM IR T'I,*rU:RE (Pr'AT
 

1-1 0.6 
 0.98 .72 21
 
2-1 6.1 
 C'.02(2) .83 42 
3-1 - 0.7 0.53 .84 92 

1-5 - 1.6 1.04 ".71 19 
2-5 - 2.1 0.92 .92 105 
1-5 - 6.2 1.18 
 .95 366 

1-10 - 1.1 0.97 
 .10 34 
2-10 - 1.5 0.85 .93 128 
5-10 - 4.7 1.09 .97 545
 

1-20 4.2 
 D.?5 .77 28
 
2-20 0.FL 
 0.73 
 .90 86
 
3-20 - 1.8 0.94 .;4 319
 

1-30 6.4 0.69 .62 12
 
2-30 3.0 
 0.63 
 .84 45
 
3-30 0.1 
 0.88 
 .91 177
 

1-50 6.7 ..64 .70 18 
2-50 4.2 0.59 .(0 33
 
3--0 
 1.4 0.51 
 .93 253 

1-100 11.3 ('.42 .4r. 5 
2-100 '.. 
 .01(2) .54 a 
3-1ll'T '7.9 . 7i.( 50 CI 
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Table 2. Cont.
 

MEAN 

1-1 4.5 

2-1 1.6 

3-1 1.4 

1-5 3.2 

2-5 - 1.0 


3-5 - 3.3 


1-10 3.0 


2-10 - .1 

3-10 - 2.1..

1-20 ?.1 


2-20 1.P 

3-20 0.1, 

1-30 8.0 

2-30 3.70 

3-30 2.04 

1-20 8.1 

-0. 1 

3-50 3.2 


1-100 11.6 

2-100 12.6 

3-100 P.8 

AIR TEMFPEiATUE 

1.06 

0.91 

1.09 

1.11 

1.13 


1.38 


1.06 


1.04 


1.27 


0.82 


0.91 


1.10 


0.80 


0.79 

1.03 


0.75 


0.74 

D.96 

0.53 


0.01 


0. ro 

(MT., 

.?3 22 

.84 46 

.85 98 

.?0 18 

.93 131 

.95 386 

.80 34 

.95 162 

.9? 695 

.79 31 

.92 115 

.95 361 

.67 16 

.86 55 

.92 201 

.76 27 

.82 41 

.94 306 

.53 7 

.57 9 

. 80 68 
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Tib]t 2. Cont. 

M.'Nf V'II-'I.Ur AIR TEI.,.PEI,'ATUR..E (MNI,'rT) 

1-1 

2-1 

3-1 

10.9 

4.4 

4.8 

1.0G 

1.0G 

1.30 

.69 

.82 

18 

38 

56 

1-5 

2-5 

3-5 

10.6 

2.6 

1.2 

1.07 

1.31 

1.62 

.64 

.90 

.94 

13 

19 

39 

1-10 

2-10 

3-10 

9.5 

3.2 

1.9 

1.04 

1.22 

1.49 

.75 

.92 

.95 

24 

106 

L36 

1-20 

2-20 

3-20 

11.8 

4.7 

3.9 

C.,3 

1.06 

1.29 

.76 

.90 

.94 

25 

75 

2F1 

1-30 

2-30 

3-30 

12.0 

6.2 

5.3 

O."G 

0.92 

1.22 

.6r, 

.P4 

.91 

17 

s4 

1E.4 

1-50 

2-50 

3-50 

11.4 

7.3 

6.2 

0.52 

0. Fi 

1.13 

.PO 

.81 

.94 

27 

21.6 

1-I10 

2-

...... 

13.4 

11. 4 

9.61 

0.49 

3-J.1 

.58 

.57 

C: 

10 

9 

75 

*.t',',r: 
r  c 'I, 

r"',r!,FPrvr. Jtin ,, i o n r r:.:,I in 1, 2 ; 33 
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SOILS 	OF JORDAN
 

BY : 	A.EL RIIHANI
 

SOIL SURVEYOR, MINISTRY OF AGRICULTURE/ JORDAN
 

INTRODUCTION
 

Soils of Jordan were studied by different people of organizations.
 
Terms and purposes were also different . Forestry Dept. of Moa. invited FAO
 
expert Moorman (1955-1957) Moorman classified soils of Jordan according to
 
1938 US Soil Taxonomy system .
 A general soil map and capability groups of
 

soils were prepared .
 

Early in the sixties Clawson and others studied our soils through
 
a general study on soils of the middle east. 
System of 1938 also was used.
 

The first detailed soil survey operations were in Baqa valley in
 
late sixties, B.West and his Jordanian counterparts mapped soils of the valley.
 
West classified these soils according to the 7nth approximation . After 1970,
 
the detailed work was extended to Karak destrict 
(about 80,000 D.detailed),
 
and Irbid 
(25,000 detailed, and about 700,000 D semi-detailed) , through a 
cooperation between FAO and MAO. Differentiation of soils was by using an 
established local mapping system (soil legend) . This system also put in use 
by the Germans and their counterparts in the survey of Zerka river valley
 
(1982). 
 The USDA Soil Taxonomy system was used in classifying the major soil
 
series and new types encountered .
 

Bonofica, an Italian company, (1973), mapped about 20,000 D of
 
Disa basin in detail. System of 1983 was used.
 

A local consultant engineering company, studied soils of Jordan
 
valley, using certain soil criterias such as texture, salinity.. .etc.
 



- 65 -

In 1979, a reconnaissance survey on Balqa areas are completed by the
 
local soil survey staff.
 

Recent studies by ACSAD and MOA, were in Hamad basin. 
Soils of the
 
area were mapped and classified according to USADA Taxonomy System.
 

SOIL FORMING FACTORS
 

The most important soil forming facto .s workitig on Jordan soils are 
climate, parent materials, and relief .
 These factors in addition to the biotic
 
factors will be discussed briefly.
 

I- CLIMATE : According to Long (1957), Jordan has the following bioclimatic
 

zones :
 

sub-humid , semi- arid 
, arid cool and warm varieties, and saharian cool and
 
warm varieties . These terms will be discussed in another paper about cliamte
 

of Jordan.
 

Recent calculations on selected locations, indicate 
a xeric soil
 
moisture and thermic temperature regimes prevailing in the rainfed areas and
 
mountains. Torric soil moisture and hyperthermic soil temperature regimes 
are prevailing in Jordan valley and the southern regimes of the eastern pare
 
of the country. Meanwhile the soil moisture and temperature regimes of the 
eastern part of Jordan are ridi- and thermic respectively. 

Where rainfall is relatively higher, the chemical weathering is more 
pronounced. On the other hand, top of the mountains and on slopes, water for 
chemical weathering is limited , t erefore, the soil profiles are undeveloped. 
The amount of precipitation, affected the mineralogy, the salinity, theand 
lime contenit and depth of the clacic horizon in soils. As mentioned, limited 
leaching in desert has an effect on the formation of the sub-surface horizones. 
The salic horizon is formed on or near the surface, where water table is shallco. 
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2-PARENT MATERIALS 

The following combinations are recognized in Jordan
 

Cherty limestone, cherty limestone associated with basalt, limestone-marle and
 
sandstone, sandstone, sandstone and shales, and granite. 
 Limestone and basalt
 
produced heavy textured soils with moderate to deep profiles. Meanwhile soil
 
derived from sandstone and granite in the south are sandy 
. Wher sandstone 
and limestone exist together both affected the soil properties. Richness in
 
soluble salts associated with limited leaching, resulted in the formation of 
sub-surface horizons in the desert. 
Calcic, gipsic, and salic horizons are
 
common in soils of the Jordanian desert.
 

3-RELIEFS :
 

This factor plays a role through its effect on the soil moisture
 
condition or erosion cy-le 
. Mature or well developed soils are mainly re
cognized on plains, meanwhile young or shallow soils are on slopes and basins
 

or valleys.
 

4-TIHE BIOTIC FACTOR 

Man is the most destructive factor. His effect is clear through 
the severe excavations for roads and buildings. Also he affected the cycle 
when he cultivated the land and cut 
trees of the forest and over grazed the
 
range areas. The soil profile of large areas in the desert is destroyed by 

his vehicle wheels . 

Earthwarm costs are a soil criteria of some of the Jordanian soils.
 

Vegetation have a great influence on soils of n.ountains. The organic 
horizon would not exist without a dens plant cover. 
On the other hand, a light
 
plant cover in the plains or desert resulted in a low content )f soil organic
 

matter.
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In general speaking, the soil type in Jordan is a function of
precipitation, parent material, reliefs, and vegetation. 
This is the rule
 
in soil formation.
 

GENERAL CRARACTERISTICS OF JORDAN SOILS
 

Most of Jordan soils have a high clay content in the subsoil, and
relatively lower content on the surface. 
Meanwhile the sandy soils in the
south have relatively higher clay content in the surface horizon, rather than
 
the sub-soil .
 

Lime content increases with depth and in the east direction to the
desert .
 A slight increase in lime content in the surface layer is due to
recharge by dust. 
Soils in the rainfed areas are none to slightly clacareous,
 
meanwhile the other areas are calcareous or very calcareous
 

Salinity increases 
 i the east direction. 
In Jordan valley the
increase is in the south direction to the Dead Sea. 
Soils in rainfed areas

and north of Jordan valley are none saline. 
On the other hand soils of the
 
desert have a very high salts content.
 

Most of Jordan soils are sliolitly alkaline 
.
 There is a slight
decrease in PH values 
 in the east direction to the desert. 
This behaviour
 
might be due to the salts effect.
 

Organic matter conteit in general is low. 
Maximum values occur on
the surface, and decrease with depth. 
Uncultivated lands have higher content
 
rather than cultivated Jands do.
 

Available P is very low in the cultivated land and becomes low to
moderate in the uncultivated land and the de3ert. 
On the other hand all samples

gave adequate levels of available K except soils derived from sandstone.
 

CEC values are high to very high in the rainfed areas (more than 25
mq/IOO gr soil) 
. Other areas have moderate CEC values 
(less than 25 meq/iOOgr

soil) .
 Changes in values are due to clay content and type of clay in the soil.
 
sandy samples show low values 
.
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Mineralogical studies on clays show montmorillonite is dominating
 
in the rainfed areas. 
 Mica occurs in moderate amounts , meanwhile kaolinite
 
is reported in small amounts 
.
 Soils of other areas have mixed mineralogy
 
(Mt,K,Mi,Ca) 
 In some locations seplolite palygorskite, and quartizite are
 

reported.
 

Finally, colours of Jordan soils range from reddish brown to yello
wish brown.
 

SOIL MAP OF JORDAN
 

The only'published soil map is that prepared by Moorman in 1959
 
So far there is no attempt to assemble or re-evaluate all previous activities,
 
in order to establish a general soil map in recent time 
.
 

Based on all published soil maps of different scales and available
 
data or knowledge about our soils, the following schematic soil map is prepared.
 
This amp should be considered only as tentative .
 Soil groups at sub-order
 
level using USDA Soil Taxonomy is shown .
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APPENDIX
 

DESCRIPTION OF SOIL SERIES
 

Series 11 
Red clayey soils which form moderately wide cracks in the dry season, and 
which are developed on hard limestone associated with small amounts of chert. 

Series 12 :
 
Brown, clayey soils which form moderately wide cracks in the dry season , and
 
%f.ch are developed on limestone associated with small amounts of chert.
 

Series 15 :
 
Red clayey soils which form moderately wide cracks in the dry season , 
and
 
which are developed on limestone associated with Basalt
 

Series 13 :
 
Red gravelly clay soils which form moderately wide cracks in the dry season
 
and which are developed from hard limestone associated with small amounts of
 
chert.
 

Series 31
 
Red clayey soil with good structure and developed on hard limestone associated
 
with small amounts of chert.
 

Series 32 :
 
Brown clayey soil with moderately good structure and developed on 
limestone
 
associated with variable amounts of chert.
 

Unit 93 
Rocky land with more than 50% of the area covered by outcropping bedrock of
 
hard limestone and by basalt boulders or bedrock
 

Series 55 :
 
Brown silty soil with moderately tendency to form surface crust and developed
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on limestone associated with variable amounts of chert.
 

Series 34
 

Yellowish brown silty soil with moderate tendency to 
form suvface cruit and
 
developed on limestone associated with variable amount of chert.
 

Series 37 :
 

Red or brown gravelly clay soils with good structure and developed on hard
 
limestone associated with small amounts of chert.
 

Series 41 :
 

Brown clayey soils with strong structure and tendency to form crust and
 
derived from soft limestone and sandstone
 

Series 42 :
 

Very dark brown sandy loams over dark brown clay loams with moderate struc
ture and tendency to form surface crust and developed on limestone, marle
 

and sandstone
 

Series 44 

Brown sandy soils not calcareous, with weak structure or massive developed 

on sandstone . 
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LANDUSE IN JORDAN
 

By: Bakr H. A. QUDAH
 

* ***** ** * *** *** ** ** ** 

INTRODUCTION
 

The purp~ose of this report is to attach the landuse map of Jordan
 
and to give a brief analysis oZ the present patterns of landuse. A general

block-diagram along with other block diagrams will be presented so as to
 
explain the main physiographic units and their main landuse pattern.
 

Agr*'culture, still plays an important role in the economy of Jordan.
 
It contributes on an average of 30% of exports and one third of total employ
ment (i)
 

The effect of human activity on landuse can be clearly seen on the
 
landuse map where landuse zones are shown according to the vegetation and
 
type of cultivation .
 Such zones, formed naturally or by human activity are
 
those of forest and scrub on one hand and cereals, vines, irrigated zones
etc.. on the other.,
 

The landuse pattern goes with similar patterns as topography and
 
climate 
, such as forest lands occupy the higher places, cereals are culti
vated on the gently sloping land, furthermore, grazing is concentrated in
 
the east where rainfall is limited.
 

Agriculture contributes 8.5% to the gross domestic production irr
gated 
areas which constitute only 6% of the cultivated land contribute 58%
 
of the total crop production value. Irrigation becomes more and more
 
important as time goes on and a substantial extension of the laid under
 

i) Landuse capability planning study 
- Jordan/March 1983
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irrigation is expected in the near future, although the available irrigation
 
water from surface and underground is iimited.
 

The figures presented in this report concerning the categories were

obtained by consulting various reports whereas statistics on the agriculture

crols were obtained from various sources, such as recent reports and personal
 
contacts with officers from the 
Ministry of Agriculture.
 

General Features
 

The Hashemite Kingdom of Jordan is located between latitudes 290-33o

north and longitudes 351-39o east, Fig(l). 
 The Jordan river crosses the
country from north to south ending in the Dead Sea and dividing the country

into two sectioiis, I.e. the Wes.t Bank and East flank . 

The general area of the Fast flank is nearly (9.26) million ha.(Fig2).This area includes the c,pital Amunan, Irbid, ?arka, Madaba and Salt. 
The lxu0lition dtnsity decreasei genura,%ly from west to cast andfrom north to south in accordance with the decline in amount of rainfall. 

Climate : 

Jordan has a Mediterranean climate characterized by predominant winterrainfall, while the stsiuier is hot.dry and The total precipitation varies

greatly from year to year as well 
as in its distribution during the season,

Fig(3), (4) 
.
 The rainy season 
extends from October till May, being heaviest
 
between November and March 
.
 

Relative humidity may reach its highest level of (72%) during winter
months (December-Fenruary) then it gradually decreases during spring untill
 
it reaches its lowest limits between (50-42%) during summer.
 

The winter winds are mainly SW with average speeds of 20-30Km/hr.

Occasional SW or westerly gales are experienced . The summer winds are mainly
from a SW direction. hot, dust-laden winds from the east and south, the so
 
called " Kamisinic 
" occur during early summer.
 

Jordan Climatological Handbook (1968)
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e HONTHLY TEMPERATUR1nd precipitation and (Hmidity for 10 years) 

Iten 

TEMPERATURE(co) 

Jan. 

8.9 

Feb. 

9.9 

Mar 

12.3 

Apr. 

16.2 

May 

20.0 

Jun. Jul 

22.1 25.1 

Aug. 

25.7 

Sep. Oct. Nov.Dec.Mean annua 

23.6 20.3 15.71C.7 17.7 

Precipitation 

inmm. 

Average 

Relative 

humidityjr 

108.4 

72 

81.9 

69 

81.6 

66 

28.3 

57 

6.5 

49 

-

50 

-

55 

-

59 

5.0 11.3 42.287.6 452.8 

58 54 60 68 60 

(Fig 3) Ombrothermic 

3OD

200

100. 

Diagram 

50 

80. 4 

E 
E 

60 -30u 
L 

0 

23-

D 

0 

10D RL----J DRY 

0 F0J I F MAM JJ AU50 N EM WET 



T
 

"r
G

V
 

I 
I. 

-

M
 

-
O
 

L
O

P
 

/
\ .

,,
/ 

7 
\"

"
 

\\"
 

.-
. 

I
\ 

,,,
",

 
\ 

\ 
, 



- 83 -

Geology And Geomorphology
 

" Since Pre-cambrian times the granitic shield of East Jordan remianed
 
a land surface surrounded by seas which 
received the erosion products from the
 
land" (Quennel, 1959)
 

Epirogenic movements during middle Cambrian, Triassic , Jurrassic and
 
Cretaceous to the Oligocene resulted in marine transgression and regression, as
 
a result , different strata were deposited 
. Rifting, northward movement tilting
 
to the east and eruption of the basaltic mountains of the jebel Druse in the
 
lower Miocene and Pleistocene resulted in the building of the present landscape
 

shown in fig.(5)
 

During these successive processes the regenerated drainage like Zerka
 
river, Yarmouk, Mujib, etc. cut back further to the cast revealing older rocks
 
and eroding the product and depositing it in the Jordan rift valley floor. In
 
addition to these main lithological groupings other units from Pleistocene to
 
recent times are found. 
They include an association of limestone , marls and
 
sediments cr alluvial/ colluvial origin
 

Population
 

The total population of East Joidan is estimated at 2,323,000 (sta
tistical year book, 1981), 
and the natural growth rate is about 3.8% per year.The
 
population is concentrated as mentioned before in the 300 mm zone which is
 
considered to be the most productive zone in Jordan after Jordan valley. The
 
main towns located in this zone expanded rpoidly. See the following table.
 

Amman, the capital, has increased in areas from 550 ha in 1956 to
 
1800 ha in 1981 . If the population in the main towns continue to increase
 
at a rate of 3.8% , in 1990, 1,592,160 inhabitants will be living in these
 
towns. 
This will result in further urban occupation of 91.70 ha. from the
 
agriculture land, located in 
a zone of more than 300 mm rainfall.
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TOWNSHIP AREA in ha. RAINFALL ZONE 
MM 

POPULATION 

Greater Amman 18,000 300 - 500 889,875 
Irbid 2,048 300 - 500 113,048 
Salt 0,635 500 33,037 
Madaba 0,543 300 - 500 28,236 
Rathma 5,210 200 - 300 27,130 
Sweileh 4,614 300 - 500 23,996 

31,550 1,115,322 



- 86 -

SUMMARY
 

Jordan has an area of 9,3 million ha. of which only about 0.75 million
 
ha.(8.6%) receives an average of more than 200 mm of annual rainfall, whereas
 
regions which have an average rainfall of more than 350 mm are only about 0.23
 
million ha. i.e. 2.5% of the total area. Moreover, this sector includes steep
 

sloped, rugged territories , shrubby areas and urban zones. 
As such, Jordan
 
with 2.3 million inhabitants concentrated in the last zone Is regarded as an
 

overpopulated country as 
far as its cultivated land is concerned. Due to
 

irregularity and scarsity of rainfall, the total area cultivated varies from
 
year to year, but it does not exceed 400.000 ha. The average area cropped
 

in 1974-1978 amounted to about 219.000 ha. while in 1982 it was about 245.000
 

ha. The irrigated area is about 31.000 ha. 
(13%) of the total cultivated area,
 

about 18.ooo ha. 58% of the irrigated area is in Jordan Valley.
 

The area under the various land categories are shown in the table
 

below Fig (6) 

Type of Land Area in ha. % 
Cultivated land 245,000 2.6 

Forest 40,000 0.4 

Afforested area 47,000 0.5 

Urban areas 30,000 0.3 

Range & Barren land 8,950,000 96.2 

T 0 T A L 9,302,000 100 

Based on the 1982 agriculture census, the fleld crops occupied 85% of 
the cultivated area, vegetables 13% and tree crops 1:: , see fig(7) 

Wheat accounts for 58% of the area cultivatel by cereals, barley 28% 
and lentils 6% . Out of the 31,000ha of irrigated Jand , 67% is accounted 

for by vegetables, 20% by tree crops and cereals 121, fig (6) 

Landuse History in Jordan :
 

Jordan's agriculture has a long history ard farming goes back to 200
 
B.C. or even before as shown by discoveries at P~tra and other various old
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settlements. Grain grinding mill stones and olive, vine shallow cicterus mills
 
are distributed around various places such as Um-Quies, Salt, AJlun in the
 
north up to Karak, Showbak in the south
 

Among the crops cultivated during the ancient times were cereals
 
olive, figs and vines.
 

Irrigation in the primitive form is believing to have started as early
 
as Roman period or gven before. It started in areas adjacent to springs and
 
rivers. 
 It was observed that the yields of irrigated crops was much more than
 
those in growing without irrigation and usually were secured against the
 
drought which very often occurred in Jordan. 
Besides the springs and rivers
 
which were the original sources of irrigation water, shallow reservoirs
 
(cisterns) were constructed or even dug in the hard rock for storing water
 
collected from rainfall 
.
 

Traces of ancient irrigation systems, probably of Roman origin, are
 
visible at Ma'an 
, Wadi Uweina Udruh and indicate the importance of finding
 
storing and transporting water, both for domestic and irrigation purposes 
.
 

According to history, Jordan had a good vegetation cover allowing the
 
production of wood for domestic needs and grazian 
a large number of animals.
 
Due to the interference of by cutting animan burning the area of the natural 
vegetation 
it has decreased significantly .
 

Among the crops which were extensively grown during ancient times
 
and which still occupy a considerable proportion of the land cultivated at
 
present were cereals, vines and olives.
 

Landuse and crop pattern changes have taken place in most areas in
 
Jordan due to economic reasons, the finding of new sources of irrigation
 
water, insect damage, diseases, etc....
 

In the past five decades, Jordan experienced the greatest period of
 
landuse changes. 
 In the 1930's the great majority of the Jordanian people
 
were depending on rainfed agriculture and animal husbandry 
 to gain their
 
living .
 Wheat production and orchard cultivation can be considered as the
 



backbone of the agricultural sector in the thirties 

Although using simple implements only, farmers produced a surplus
 
amount of wheat and grapes that was exported to Palestine. Wheat export was
 
in the range of 50.000 tons per year. 
These achievements could only be
 
reached by appropriate landuse and implementation of traditional soil-moisturo
 
conservation techniques.
 

Farmers, using animal traction, ploughed along the contour-lines in
 
order to avoid soil-erosion and surface run-off 
. Steeper lands were brought

under fruit trees after being levelled to terraces. In orchards farmers used
 
to plough twice : 
First, before the onset of the rains to allow for maximum
 
infiltration of precipitation. Secondly, in spring to eradicate weeds. Without
 
having gained knowledge on the principles of capilarity , farmers destroyed

the capillary system of the soil by this second ploughing and decreased sva
poration accordingly .
 

The general farming system was that of a two years rotation with winto
 
cereals in the first and legume crops or fallow in the second year.
 

In the 1940's, Jordan faced the problem of population displacement
 
and Increasing migration. 
Thus, the country's agriculture resources became
 
inadequate to meet the requirements of the population 
.
 

To overcome this problem, vegetables were introduced as summer
 
crop. Furthermore, production could be improved by using new techniques
 
like transplanting seedlings from nurseries to the field
 

However, the increased income from summer vegetables and tobacco
 
reduced the areas under wheat considerably and a decreased production of
 
this important staple-crop is concerning the Government until now.
 

In the fifties, mechnization was irtroduced, resulting in ploughing
 
up and down the slope instead of along the contour. This practice caused
 
soil erosion and exposed the soil to dryness. Vavt areas, previously fertile,
 
were converted into badlands.
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Despite the campaigns of the Ministry of Agriculture, farmers still
 
practice this wrong method of ploughing .Coincidently, a widespread attack of
 
phylloxera 
wiped out almost all of the vineyards in the mountaineous regions.

The former orchards were mainly brought under winter cereals. 
By doing so,

the carefully developed terraces were destroyed and mechanical ploughing
 
further accelerated the problem of soil erosion.
 

In the sixties, and under the pressing need for food production the
 
government concentrated on the development of irrigated agriculture in the
 
Jordan Valley and in areas with groundwater being available 
.
 

Research work in the sixties concentrated on drought resistant cereal

and tree crop varieties. Moreover, a programme to encourage soil conservation
 
has been initiated
 

After the occupation of the West Bank 
, Jordan again faced the cha
llange of famine. More than 500.000 peaople came to the East Bank 
.
 

People cultivate marginal areas with rainfall below 200 mm per year.

Besides, a further increase in soil erosion, ploughing eradicated the cover
 
of annual and perennial (especially) grasses, resultiny in 
a rapid decrease
 
of the carrying capacity of the range-land. Hlowever, 
an increase in population

required increased ir;eat production. 
Under thesie conditions, overgrazing
 
together with frequent drought, gradual.ly damaged the range lands. Because
 
of the lessening production of rangelands, farmers increasingly ploughed

deeper products of steap lands within the rangeland to establish wild barley
 
for grazing.
 

Redevelopment of the natural vegetation is becoming a target of

national importance if Jordan does not w±ist to lose its rangelands by 
desert
ification .
 

The seventies brought a major change in the employment patterns of
 
the country .
 Occupation in other sectors than rainfed agriculture became
 
more profitable and many rural people moved to the towns 
. In terms of area,

Amman has expanded a hundredfold since 1945 
-
mainly at the expense of fertile
 
land.
 

http:gradual.ly
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Land fragmentation to uneconomical small units is another problem. 

To counteract this situation , agriculture cooperatives for rainfed areas 

have been establishment. 

Present LandusL .
 

Rainfed Agriculture
 

Rainfed agriculture plays an important role as the main sources of 
basic food products, such as wheat, lentils and animal products. This is due 

to the fact that water resources in Jordan are poor. Groundwater is limited 

and the total quantity of annual rainfall is estimated at 6 million cubic 

meter. The major crops cultivated in this zone are as follows:
 

1) Cereals :
 

Over 85% of the rainfed area in Jordan is under cereals and legumes
 
during the growing season from November to June. The growth and yield solely
 

depend on the rainfall occurring during this period. Irrigated cereals are
 

limited to Jordan Valley and Qa-Disi .
 

A breakdown of the various types of cereals and legumes is shown 

below 

C P 0 P AREA InIa. 

Cereals 101,964 

wheat 486,629 

barley 15,600 

maize 2,332 

legumes 10,790 

lentils 3,390 

vetch 2,020 

chick-peas 
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2) Tree Crops
 

Olive and vines are dominant in orchards. They are found all over
 
Jordan up to elevation of (1000 m) or more. 
They are cultivated alone or are
 
intercropped with other crops, such as cereals or summer vegetables.
 

The total area cultivated with olives is estimated to be 30211,6 ha.
 
whereas the area under grapes is approximately 2788.7 ha.
 

3) Almonds and others :
 

These crops are usually intercropped with cereals and are grown in
 
both plain: and hilly areas such as Ajlun and Shubak . The recent is to esta

blish plantations in monocultivation .
 

The following table gives the area of almonds and other tree crops: 

C R 0 P Area in ha. 

Almonds 101,6 

Apple 119,3 

Apricot 20,3 

Peachs 58,7 

4) Vegetables
 

Summer vegetables are grown especially in years of higher rainfall.
 
Tomatos and watermelon are the main crops. 
The area under summer vegetables
 
is subjected togreatannual changes, so, it is difficult to give exact
 

figures.
 

5) Tobacco
 

Tobacco is cultivated in the highland areas around Irbid, Salt and
 
Madaba . The total area cultivated in a normal year is about 7640 ha. 
Out of
 
which 10 ha. are under Tombac, and 430 ha. under local tobacco 
.
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Jordan Valley,:
 

The total irrigated area in Jordan is estimated to be around 40.000

50.000 ha. About 31.000 are currently under irrigation, the expansion of irri
gation is restricted by the availability of water resources and in Jordan
 

these are quite poor.
 

Groundwater and rivers are more or less sufficient to irrigate, the
 

present 30.000 ha. in addition to drinking water supply. The total quantity
 

of annual rainfall is estimated to be in the range of 6 million cubic meters.
 

1) Tree Crops :
 

The total area is about 11,000 ha. in extend. Citrus orchards constitute
 

90% of the total irrigated area by tree crops,bananas by 9% and plam trees
 

by 1%
 

The main citrus varieties grown are lemon, oranges , clementina,mandarin 
rin and grapefruit . 

The overaii proportion of these varieties is as follows
 

Lemon 28% 

Ornage 27% 

Clementine 21% 

Mandarin 18% 

Others 6% 

Minor plantation can be found in some places such as Wadi Jarash,
 

Araa, Wahala, Ibn-Hamwd and Karak
 

2) Vegetables ;
 

The area planted with various types of vegetables is given below.
 
Most of thesu vegetables are grown in both Jordan Valley as well as Wadi
 

Dleil. All types of vegetables could be grown in Jordan . However, where
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and how many vegetables will be planted depends upon many factors sdh as
 
soil, climate, land fragmentation, availability of water and marketing
 
conditions. 
Tomatoes are the most important vegetable (18% of the area)
 
followed by eggplant (8%), squash and beans (16%)
 

C R 0 P Area/ha
 

Tomato 3738 18
 

Eggplant 1661 
 8
 
Squash 3322 16
 

Cucumber,Pepper 1869 9
 

The cultivation of out of season vegecables- under plastic tunnels
 
amounted to about 900 ha. and about 150 ha. were grown under greenhouses. The
 
kind of crops grown are mainly cucumbers and tomatoes and of a lesser extent
 
melon, peppers, beans and squash
 

Livestock :
 

The following table shows the national livestock resource in 1981
 

Livestock 
 Heads
 

Sheep 1,073,100
 

Goat 0,529,700
 

Cattle 0,036,300
 

Camels 0,015,800
 

Sheep and goat flocks from the pastoral zone produce 80% of the total
 
red meat in Jordan and the rest is produced in equal amount by the cattle and
 
camel herds. Overgrazing and the encroacnment of cereals on 
lands which are
 
more suited for grazing severly reduce the productivity of the range land
 
which provides 70% of the fodder required by the livestock.
 

Poultry industry has rapidly developed due to high investments of the
 
private sector. In general and according to 1979 census, the country reached
 

self sufficiency in egg production.
 

Source : 	Ministry of Finance/Custom
 
Agri-cencus 1982
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Landuse Planning 

From the foregoing sections, it couJd be concluded that the present
 
landuse in Jordan is unbalanced and suffering from conflicting interaction
 
between the various major 
landuse For example, the urbanised areas are
 
gradually increasing at the expense of the potential agricultural land, thus,
 
reducing the production areas of basic food such as wheat 
. The currently
 
marginal land (200 m isohyt) is 
. ought under cultivation at the expense of 
range land increasing erosion and desertification . moreover, the demand for 
recreational facilities is growing fast as a sequence of the changing life 
style in Jordan. rherefore, the landuse planning in its wide concept is
 
becoming an 
important factor in achieving a balanced exploitation of the
 

natural resources.
 

The main objectives for any landuse planning in Jordan can thus be
 
summarized as follows :
 

1) The use of any potential agricultural land for increased production of
 
basic food crops according to land capability .
 

2) Promotion of afforestation , especially around dam sites in order to
 
reduce soil erosion and to create recreational facilities
 

3) Compact development of urban centers and industries 
.
 

In order to attain these objectives definite principles and methodo
logy shculd be strictly followed both on large scale (national) and small 
scale (farmers) . The following section gives some details concerning landuse
 
planning on farmers level.
 

Landuse principles and Methodolog
 

The purpose of landuse planning is 
to achieve a balanced exploitation
 
of natural resources, ensurJtig optimal and continuous productivity
 

Landuse planning encompasses any human activity which influences
 

Source : Dep. of Vete Services 1982
 



- 95 

natural vegetation and original land form
 

Because of the broad field, landuse planning serves to avoid concen
tration on one aspect such as 
forestry or agronomy, but covers all aspects
 

of resources development .
 

Landuse planning takes all these aspects into consideration and their
 
consequences 
 In this way a balanced development can be achieved , taking
 

into account
 

Climate
 

Soils/land capability
 

Social and socio-economic aspects
 

National/regional development goals
 

Present landuse/infrastructure/farming system
 

Present levels of farm management
 

Depending on the land and the people utilizing it, various methods
 
of landuse planning have to be adopted to conform with present stages of
 
development , future goals and specific problems of area, which may be
 
climatic, physiographic or socio-economic .
 

For the ZRBP as a pilot programme for sound highland development
 
a specific "Safe Landuse Framework" was developed 
.
 

Due to the great variety in physiography, soils and climatic condi
tions in the highlands it is impossible to limit landuse planning to a simp
lified form. Sizes of holdings vary greatly and farmers are of an 
individua
listic frame of mind. Socio-econom-c aspects vary greatly.
 

Using administrative or catchment boundaries in this case as a basis
 
for landuse planning and development would lead to great resentment on 
the
 
farmers side and inevitable failure of any form of sustained landuse.
 

As various farming systems can be adopted by farmers unler the sam
 
ecological conditions, individual farm planning has to be adopted. 
The
 
" 
Safe Landuse Framework" provides a series of landuse alternatives per land
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class according to specific climatic conditions.
 

The inuividual farmplanning not necessarily takes more time and
 
effort once a sound system has been developed . Through extension sufficient
 
interested parties are created to allow farm level planning to continue from
 
holding at virtually the same pace as catchment planning would take.
 

In its implementation landuse forms the basic key not only to agric.
 
development but also to soil conservation. Structural measures are a support
 
to prevent erosion where really required . But when proper landuse has been
 
adopted these measures can be brought back to the absolute minimum.
 

As a basic for agriculture development
 

Soil Survey
 

land Capability Classification 

IClimate 
C - Sociological data 

------ socio-economic data
 

Prese t Situation 

I - National/Regional Goals 

Safe Landuse Framework
 

Farmer's Preference of
 

Farming system
 

Extension---

Existing Farm Manager.ent Level
 

Conversion of landuse
 

Extension-. Structural - Legislation
_ 


Measures
 

Extension--- Improved Farming
 
Techniques 

Ba.is for Future Optimization and
 
Continuous Production
 

t
Extension / Marketing/ Inputs/
 
Infrastructure
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Extension forms the basis for all development while legislation should
 
back up the system to avoid a minority to block development. However, through
 

legislation alone development can never be achieved.
 

The landuse plan forns a coordination basis for implementation. Also
 
during implementation it is the task of any landuse planner (or unit) to co
ordinate and oversee the development of timeliness and sequcnce
 

** *** ****** * ** ** * 
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SOIL CONSERVATION AND EROSION IN JORDAN
 

BY : NAJI HADDADIN
 

Soil Scientist, Agricultural
 

Research Department . Jordan
 

********** 
 * **** *** *
 

Introduction
 

Man's struggle with soil erosion is 
as old as agriculture itself.
 
It started when the earliest nomadic tribes first upset Nature's delicate
 
balance between plait cover and the erosive forces of wind and water. As
 
man becomescivilized his demands upon land for additional food and cloth
ing grew. 
This change from nomadic herding to fixed mode of agriculture

led to the destruction of plant cover and exposed more of the soil to the
 
erosive forces. 
So, his efforts (Man) were mainly attempts to prevent

the scouring effects of surface runoff without knowing the exact nature
 
of the forces. 
 In some cases, he was aware of the fact that erosion does'nt
 
exist when the land surface is protected by plant cover. 
The protective
 
influence of plant cover was thought to be that it retarted the flow of
 
surface runoff and kept it spread uniformly over the surface as it moved
 
downhill. 
 Some attribute this protective effect for plant roots binding

the soil and stabilizing it against the erosive action of water and wind.
 
It is just in the beginningof 1950's when scientists discovered that the
 
"IMPACT" of raindrops on bare soils and the resulting "SPLASH" was the
 
major cause of soil erosion by water 
.
 

*In this country tne soil conservation activity started in the 
late 50's, when the American aid began their activities by constructing 
soil dams and earth banks to preserve water for the nomadic bedwins for 
drinking purposes and to conserve water in soils. These effects were
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restricted in eastern part of Jordan. 
The efforts undertaken by the
 
American aid were accompanied by individual initiatives which were
 
encouraged by the Ministry of Agriculture due to the following reasons:
 

1. The farmer's change from horiculture to cereal croping.
 

2. The use of unsuitable ploughing methods together with the device
 

3. 
Investing the marginal land in different agricultural practices due
 
to the increase in population .
 

In the early 1960's , the Ministry of Agriculture realized
 
the importance of this problem and started 
 establishing several
 
projects with the cooperation of FAO to improve the agricultural situat
ion by following modern techniques and systems 
. These new systems were
 
reflected on the farmers by : 
-


J. Supporting .inancial expenses to the farmeis to impiove their
 

rainfed regions ( 250 cm)
 

2. Based on (1), the farmers were able to take share in conserving soil
 
and in the improvement of their land.
 

After this period, the Ministry started planned projects in the
 
middle 
 (Baga area) and in the southern part ( in Karak district)
 
This period was noted for its applied research and through practical
 
demonstration on 
the farmer's fields considering the : ploughing and 
planting on contours, ploughing agairst slopes, and constructing stone
 
terraces to slow down the movement of water and restore it in soil.
 

PART 1
 

Wind and water are the activc forces of erosion inspite of the
 
way they act and in the result they leave behind. But or still they
 
are similar in the sense that both rerove and tcansport surface soil.
 
Soil erosion is as old as soil format,.on, are constant processes under
 

http:format,.on
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virgin soils ennd growing cultivated crops accelerate erosion. It is
 
this accelerated erosion that causes the destruction of natural soils
 
and greatly reduces soil productivity .
 

Many areas of highly productive land in this country are being
 
permanently lost to crop production by the urban sprawl of cities, the
 
establishment of roads and highways and the development of airports
 

and industrial areas .
 

Soil erosion, however, is the main force acting to deplete the.
 
productive capacity of our soils today. 
In the more humid regions,
 
erosion is largely effected by water while in the Lomi-arid and arid regions 
the wind is the principal culprit (or factor)
 

A- -Wind Erosion: 

Wherever the soil is bare, the surface loose and dry, and the
 
wind strong, erosions may be expected unless control measures are being
 
practiced .
 The main cause of wind erosion is high v'locity wind and
 
a lack of vegetation on the land.
 

The wind erosion process goe. through several major phases, as
 
follows : 
start of the movement of soil, its transportation, sorting
 

abrasion and deposition.
 

The direct force of the wind against soil particles dislodges
 
them from their position on the surface 
.
 They move a short distance
 
and then suddenly shoot upward in 
a jumping movement and this process
 
is known as " saltation " . Some of the particles jumnp a short distance,
 
other jump a foot or several feet, depending on the velocity of the wind.
 
As the particles rise and fall through the air, they gain considerable
 
momentum and continue to increase in velocity until they again strike
 
the ground. As their speed increases, they hit other particles on the
 
ground , causing these to creep forward. This -s known as surface creep.
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The erosive wind is extremely turbulant; the degree of turbulance
 
at the land surface varies directly with the roughness of the ground. This
 
turbulance is what makes the soil erode.
 

In brie 
 rough ground surface is more resistant to wind erosion 
than a smooth one. It slows down the wind velocity and tends to trap 
whatever particles are moving along the surface. 
 Growing vegetation and
 
crop residues act as a protective cover, they do have a greatest capacity
 
to trap the moving soil and even 
to prevent it when the cover 
is dense.
 
Beside these practicos, addition of organic matter, interplanting , use
 
of stubble mulca, and the shelter belt, are means to 
trap the drifting
 
soil and to control wind erosion
 

B- _Water Erosion
 

Watez erosion takes place whenever rainfalL exceeds the surface
 
sto<age capacity and infiltratiun rate. Water 
 causes erosion by detach
ing soil particles from 
 the surface soil mass and transporting them,
 
usually downhill. 
 It may do this on any area where there is a natural 
precipitation 
or where 
 water is applied artificially to land sur
race. The erosive action of water is greatest and most destructive
 
where the vegetation 
 (plant cover) ha. been removed, exposing bare sur
face to direct action of rainstorm.
 

The movement of soil by water is a complex process. 
 It is
 
influenced by the amount, intensity, and duration of rainfall, amount
 
and velocity of surface flow, nature of soil, ground cover, slope. Soil
 
material must first be dislodged, splashed, rolled, carried in suspension
 
along the surface ; these processes are the result of raindrop splash, and 
the turbulance that was caused by the splash and the flowing water. So 
the two principal eressive agents that: become acqive on land during rain 
storms are falling raindrops and flowing water.
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Thus, the destructive action of soil erosion 
- soil deterioration
 
is of considerable local importance in many forest and range areas and
 
especially on land used for cultivated crop production 
. Its importance
 
comes from its relation and effect on 
 -

Grasing and forest land
 

Drainage and irriniztion canals
 

Fisheries
 

Public health
 

Silting of reservoirs
 

PART2 :
 

As there are no available data on 
soil loss and related problems,
 
and due to the importance of this subject, I started tuckling this matter
 
by selecting three different climatic sites of which I was fortunate 
 to 
start one experiment in the northern pare Ut 1hLcountty ill1981 - 1982. 

The aim of this experiment was to study tie effect of some agri
cutural practices on 
soil loss and moisture retention.
 

The experiment was conducted by Dr. Tamimi and myself in 1981 
-

1982 in Mar'o station . The field has a 2-4 6 slope with a tuxture of
 
clay to clay loam. For this purpose, twelve plots each 22.13 in long
 
and 6.66m wide were used. Four 
 treatments Lththrue iplicutes wure 
set in a Randomized complete Block Desiyn; 
 the treatmcnts are
 

1. Ploughing pro slope (control)
 

2. Ploughing against slope
 

3. Without ploughing
 

4. Mulching without ploughing
 

In the termination of the experiment eroded material was collected
 
and weighed . Soil samples were taken 
to a depth of 30 cm for moisture
 

determination .
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The results of this experiment (table below) showed that there was 
a highly significant differences between treatments
 

Treatment 
 % moisture eroded soil
 
30cm depth Kg/ha
 

1. Plougning pro slope 
 11.7 
 538
 
2. Ploughing against slope 
 12.8 
 460
 
3. without ploughing 54610.2 

4. Without ploughing + mulch 37212.0 
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A SYNOPSIS OF THE BENCHMARK SOILS PROJECT
 

BY : 	F.H. BEINROTH 

Prof. of Soil Science , Dept. 	of Agronomy & Soils,College

of Agricultural Sciences, University of Peurto Rico, U.S.A.
 

INTRODUCTION
 

The Benchmark Soils Project was 
established in 1974 
to test the
 
viability of an analogue approach to the transfer of agrotechnology in the
 
tropics that is based on soil classification. 
The project comprises two com
panion research contracts awarded to the Universities of Hawaii and Peurto
 
Rico in 1974 and 1975, respectively, by the United States Agency for Interna
tional Development .
 While the smaller project of the University of peurto
 
Rico terminated in 1981, 
the project of the University of Hawaii will conclude
 
its work in 1983 .
 

At the first comprehensive study of its kind 
, the Benchmark Soils
 
Project ventures to scientifically scrutinize the transferability of agropro-

Juttion technology, particularly soil and crop management practices. 
Central
 
to this effort is the benchmark soils concept and the soil family as defined in
 
U.S. 
system of soil classification, Soil Taxonomy (Soil Survey Staff, 1975)
 
The intent of the soil family is tc 
group 	together soils that 
are relatively
 
homogeneous in properties important to plant growth. 
 Consequently, comparable
 
phases of all soils of a family should have a coiuiin and predictable responce
 
to management, correlative input-output characteristics , and similar crop
 
production potential. The hypothesis of transfer by analogy which underlies
 
the project is derived from these principles arid is that empirical agropro
duction experience gained with a soil of particular family can be transferred
 
and extrapolated to all comparable members of that family, irrespective of
 
their 	geographic occurrence .
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PROJECT OBJECTIVES
 

The 	general aim of the Benchmark Soil Project is to experimentally and
 
staZtstica!]y evaluate the above hypothesis. 
The primary research objectives
 

are :
 

1. 	To demonstrate that soil management and crop production knowledge can be
 
transferred among tropical countries on the basis of soil families as
 
defined in Soil Taxonomy.
 

2. 	To establish that the behaviour of tropical soils and their potential for
 
food production under various levels of management inputs can be predicted
 
from soil taxonomic units.
 

A secondary objective is to expand the knowledge base for the manage
ment of tropical soils in particular consideration ot tht euonomic d-zision
 
environment of the resource-poor farmers in the less developed countries.
 

RESEARCH ACTIVITIES :
 

In the context of the project agrotechnology transfer is defined as the
 
extrapolation of a response-input relationship, estimated from a known experi
mental situation, to other similar agroenvironments. For the scientific and
 
quantitative assessment of the transferhypothesis, the project chose to study

how a test crop would respond to a technology in a number of widely seperated
 
locatoins.
 

The basic research strategy of the Benchmark Soils Project is to
 
conduct 
a series of identical experiments in networks of soils belonging to
 
the same families, monitor crop performanceand weather and soil conditions,
 
and statistically compare responseto management in the form of yields.
 

In 
concurrence with the recommendations of a workshop on Experimental
 
Design for Predicting Crop Productivity with Environmental and Economic Inputs

held in Honolulu, Hawaii, in 1974, the design used in the so-called transfer
 
experiments is a randomized complete block with 16 treatments, replicated
 
three times. The first 13 treatments are according to Escobar's modified 51
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partial factorial describedby Laird and Turrent (1981). 
 This design has 13
 
of the 25 possible combinations of the five levels of each of the two factors.
 
It covers the design space well, thus allowing tie fitting of second order
 
responsesurface from a limited number of treatments. 
 Variables in the trans
fer experiments are 
levels of phosphorus and nitrogen, with maize as the
 
indicator crop. 
All transfer experiments are drip-irrigated ard standarized
 
throughout the network. 
 (For details and field procedures, see Benchmark Soils
 

Project Staff (1982) )
 

The transfer experiments are complemented by pragmatic soil and crop
 
management experiments designed in collaboration with host country institutions
 
to provide information on economic and efficient agronomic practices. 
Variety
 
trials were conducted in the early stages of the projeLt to 
'dentify cultivars
 
that are well adapted to the various agroenvironments and responsive to the
 
fertility variables 
used in the transfer experimients. 

Three contrastingly different soil families representing three distinct
 
agroclimatic zones the
of tropics were nnlected for experimentation : the thix
otropic isothermic Hydric Dystrandepts ; clayey,
thu kaolinitic, isohypethermic
 
Tropeptic Eutrustox; 
 and the clayey, kaolinitic, isohyperthermic Typic Paleudults, 

The project has established a re:;earch network that comprises 23 experi
ment sites in Brazil. , Cameroon, Hawaii, Indonesia, the Philippines, and Puerto 
Rico. Collaborating with the project are the deE'CJlrea Pesquisa Agropecuaria 
de Minas Gerais in Brazil, the General Deleat ion for Scientific and Technical 
Research in Cameroon, the Philippine Council for Agriculture and Resources Re
search in the Philippines , and the Center for Soil Research in Indonesia. 

To date the project has completed the 
following experiments at the
 

various locations :
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K sites. 
This specific criterion is called the prediction or transfer
 

statistic (p)
 

PRELIMINARY RESULTS
 

Applying the P-statistic to the yield data gathered from the three soil
 
families, the following results were obtained 
(Benchmark Soils Project, 1982 a
 
and 1982 b) :
 

Dystrandepts P = 1.06 

Eutrustox P = 1.50 

Paleudults P = 1.15 

Since P-statistic values of 1.0 and slightly larger than 1.0 demonst
rate predictability and transferability 
, the above values indicate that the
 
response to applied phosphorous can be transferred among the sites of the same
 
iamily , provided a measure of soil phosphorus is included in the transfer
 
model. The relatively large P value for the Eutrustox reflects a moderate
 
distortion of prediction but nontheless aupports the transfer hypothesis, al
though less conclusively
 

In addition to the P-statistic, the confidence interval procedure and
 
a graphical method were used for the Eutrustox yield data. 
These techniques

also gave positive evidence for transferability (Benchmark Soils Project,1982a).
 

The management experiments conducted by the project dealt with cropping

systems nitrogen-fixing fuelwood trees, phosphorus source and placement, plant
 
pests, liming , 
mulching, plant population density, irrigation , and soil
 
erosion. 
A description of these experiments and their results are summarized
 
in two recent project reports (Benchmark Soils Project, 1982a and 1982b). 
These
 
reports also contain ocner project accomplishments such as training activities
 
symposia, worksnops and conferences; communication and dissemination; and pub
lications.
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SOIL EXPERIMENTS 

Transfer Variety Management 

Dystrandepts 57 3 22 
Eutrustox 51 4 13 
Paleudults 49 5 13 

Subtotal 157 12 48 

T 0 T A L 217 

The yield data from the transfer experiments were analysed with a state
of-the-art methodology for quantitative evaluation of transfer developed by the
 
project (Cady et al. ,1982) .
 General aspects of formulating the transfer model
 
have been given by Beinroth et al. (1980) 
. An outline of the procedure is as
 
follows (Benchmark Soils Project, 1982) 
:
 

1. 	 Calculation of a site-specific prediction equation for each of the K
 
sites based only on yield data for that site. 
The differences between
 
the site-specific predicted yields and the observed yields are called
 
site-specific residuals 
.
 

2. 	 Identification of the general nature of the transfer model. 
 The simp
lest moiel would include the same components as the site-specific pre
diction equation of the first step. 
More complex transfer models
 
incorporate uncontrolled site variables
 

3. 
 Estimation of the selected transfer model for each snt of (k-l)sites.
 

4. 	 Predictions of yield for each plot at one site using the transfer model
 
estimated in step 3 from the data of the other (k-l) sites. 
 The diffe
rences between the transfer predicted yields and the observed yields are
 
called 	transfer residuals and are calculated for each site.
 

5. 	 Calculation of the ratio of the transfer residual sum od squares to the
 
site specific residual sum of squares where both 
sums are 	added over
 



CONCLUSION
 

The preliminary results of the Benchmark Soils Project show that transfer
 
of soil managment practices can be successfuly achieved and yields can be pred
icted with considerable accuracy on the basis of Soil Taxonomy families, if
 
additional site factors 
are taken into account. By implication, this validates
 
the concept of the soil family as postulated in Soil Taxonomy and the principle
 
of Benchmark soils. A comparison of the results obtained in soil fertility and
 

management experiments at the various sites of the project netwrok also shows
 
that Soil Taxonomy stratifies the agroenvironment into distinct niches of agro
production and allows qualitative predictions of soil potential and manageaent
 

requirments. In conjunction with soil survey, Soil Taxonomy thus defines the
 
geographic and pedologic applicability of agronomic ex)erience.
 

At the same time, the project results allude to 
the limitations of ana-

Lransfer for agrotechnology based only on Soil Taxonomy taxa. 
Soil Taxo

constitutes an effective vehicle for agrotechnology transfer in cases where
 

;zIinh degree of specificity is 
not needed, such as in large-scale land use 
2-nning . Transfer of agrotechnology to specific farm situations, however, requir 
nore holistic approach that should he based on systems analysis and employ
 

4-,.iter simulation techniques to model that soil-weather-crop-management continum
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IBSNAT -- An International Program of Agrotechnology Transfer
 

F.H. Beinioth 
Department of Agronomy and Soils
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University of Puerto Rico
 
Mayaguez, Puerto Rico 00708, 
USA
 

ABSTRACT. IBSVAT, the International Benchmark Sites Network for Agrotechnology Transfer, is a collaborative endeavor that consolidates 
a group of national, regional and international agricultural research centers into a prototype network for the purpose of developing, validating and utilizing ascientific methodology for 
the 
effective transfer of agrotechnology in the
lower latitudes which is based on a systeias approach and simulationniques. Realizing techthat in successful transfers 
the characteristics and requirements of cultivars must be compatible with the environmental conditionsat the tran!;fer site, quantitative knowledge of the genotype-environmentmanagement interactions must be gcnerated and incorporated,nance simulation models. Field 
into crop perfor

experimentation is thus focused on collectingbalanced sets of a minimuLM of soil-crop-teat:her-managjement data that monitorthe whole crop system. The crops studied include four cerealssorghum, wheat) , three (maize, rice,grain legumes (beajns, cgroundnuts, soybeans) androot crops (aroids, cassava, three
potatoe). Guidelines for the experiment designsand detailed procedures for data collection have recently been completed andcirculated to IBSNAT collaborators.
 

TNTRODUCTI ON 

In the next 20 years the world will
Ironically, food 

have to feed two billion more people.shortages of 
the 

major proportions are expected to arise amongagrarian countries of the tropic-s and subtropics wherethe the major part ofas yet unexploited or underutilzed resources of arable land of the worldare located. Advantaneously, the knowledge about the managementresources for the of theseproduction of food and fiber has dramatically increased inrecent decades throtigh the work of the national and international agricultural research centers. But the work of these institutionsful only becomes meaningwhen the results can be effectively conveyed
the to the ultimate user-farmer--in all areas where they are environmentally and sociologicallyapplicable. It is distressing, therefore, that the developmenttional methodologies of operafor the efficient diffusion of agroproduction technology h,; lagged behind the knowledge generation process. Research and development efforts relative to the transfer of agrotechnology must consequently be
augmented so that the existing and rapidly growing knowledge base can be 
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shared by many users in the countries of the Third World. This is particular
ly crucial for countries which lack the capital and human resources to set up
national research programs or cannot delay their agricultural development un
til their own research has yielded implementable results.
 

In the context of this perspective, the International Benchmark SitLs 
Network for Agrotechnology Transfer, IDSOAT, has been established to develop
and test a methodology for integrating scientific and technological knowledge

of agricultural production into systems that optimize resource management and 
facilitate the transfer of technology in 
the tropics and subtropics.
 

IBSNAT is an- outgrowth of the Benchmark Soils Project of the Universities 
of Hawaii and Puerto Rico and has had a long gestation period. The idea of a
 
network was first discussed at a workshop on "Operational Impliautions Uf
 
Agrotechnology Transference Research" held 
at the lnteinational Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT) in October 198. Another mile
stone event in the project development was an international panel consultation 
on the "Strategy for Land Evaluation and Agrotechnology Transfer in the Tropics 
and Subtropics" which was instigated by the benchmark Soils Project and hosted 
by FAO in Rome in March 1980. IBSNAT is funded, in part, by the United States 
Agency for In teria.iona DexUlopmnL (All unn.,u. a m;tne-yea r contract witn th 
University of llwaii which became e ffLut SVe in September 1982. 

Although the University of Hawaii serves as the coordinating entity and 
as the project headquarters for IUSNAT, the .- ,cces: rif the pioject will depend 
on ths dqqrvjaL rc4, . htn & ,, 'h . -,d effurma Ly the
 
var ou s coilo-,tor-., who in LIrK i i'" 
 l ;.AT. 'la10t111l thie aslreu!9 

smi*,rgistic cocperation of irstitutions from .,, y cornt-ieF, IISNRT holds the 
promise of emerging a.s a major sciunti fc enuea'ov" c, a l;u sldisciplilary n.-" 
turu and internati ,nal su w L o , , t.inh, .; . ic.t.1. OLelulmeUnt
 
in the lower latitudes.
 

APPROACHIS 'I'( A ,t jr i ':I -" .- t , r' 

Ue a IKl)I (lj.:I ,: a -. 1Qcln.w "ELAU t U;j nq o: an agri
cultural innovation rrom it n, o'" o i',.,h -o a new oc 
 r. wl,.re it is
 
likely O :uccetd. HiO, tLhe, aie Llie inhut.'.it an' Ur!,nmirr ed ti*em one 10-

Cai !r. LO ,ii . ,.- . AM,.M 
 ~-ly . 'I, -i..,.3y ,,-eL' tL111109h
 
L1101. ind w;ro-, Ur LhN ui.o C I't sctnn .i' 
 iWt I'd-. !;v.ndale .19b0,
 
1981), drawing li.jn t, eli th;Cuhu wink L [iniC , li401 Lilied three
01.1 u 
different but not mutally eCcXliVUAI L: 

In this method ',i alld c0imatL0 c tet:,c.i: .o.. i . idultify 
,5rl Ou s arces. 'im: nlt..li C.A... Luc,.n, c 11 t . in i m mClU.jL1 iC,
tiorn stratify r i eN L j i i'. z :( Ahmm,ni scre sf..
!,- rnili . ith aft! r 
transfe rs , and (ii) that a-.ll o, cm:crer ( . !i-, cfi'c- CV.!; n.V a ; il r pro
duction potentials and rnperes , " racn-,;,mint. M.A..c gerel , ,nult-attri
bute schemes of agroclimatic clats: iivation ate of limited value in the ana
logue transfcr of technalogy (P1,3mjos, 1968), 5,31 c:lssifications have been 
more successful. IQ1e I . sy:;t:eir, !"A 'xin-miy,' (!,oil Yiurvcy Staff, 1975), 
is particularly suited for thins ,mrse inS; it. royo inAsi,. Li. soil and 

http:inhut.'.it
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and climate and 
thus stratifies the agroenvironment into distinct niches of
 
agroproduction (Beinroth, 1984).
 

Transfer by analogy is also implied in the concept of benchmark soils
advanced by C.E. Kellogg (1961). 
 As currently defined, a benchmark soil is
 
an 
important soil selected for intensive study and complete characterization
 
because it occupies a key interpretative position in the classification and/

or covers large areas 
(Miller and Nichols, 1980). A benchmark soil repre
sents a referense site from which research results can be extrapolated to 
other areas with similar characteristics. 

Soil scientists have long assumed tLet soil classification, in conjunc
tion with soil surveys, provides an adequate basis for the transfer of pedologic knowledge and agronomic experience. Many authoritative statements canbe found in tile literature which allude to this conjecture. In the foreword 
to the FAO-Unesco Soil Map of the World (FAO, 1974), for example, it is sta
ted that one of the objectives of the map is "to supply a scientific basis
for the transfer of experience between areas with similar environments. . . (be
cause) ... with the tremendous amount of knowledge and experience gained in the 
management and development of different soils throughout the world, the hard
ship perpetuated in some areas by m-2thods of trial and error is no longer ju
stified." And G.u. Smaith (Il5) pointed out that "we make the basic assull'p
tion that experience with I -Carticular kind of soil in one place can be ,p
plied to that particular kind of soil wherever it exists if consideration is 
taken of any climatic diff i,eccc. 

The stated aces smptionE and the transe fer hypo thesis implied therein weresubjecte ! to a tJom ouqh s':ntiftc tce-t in the Pen,.Ihark S. ls Proj ect (LSP)
of the Univere it.i,s of laii'a annl JP(-rto ito choTe j; icony elj.Lic V ,wStC)
vest the transferability Of agroproduc tion Lecliiohv 1 1  ,i the! 1 ,' Of sell
 
families asde fined in TaxunolIy. results of Wh.- (i u.nclIrai I
1,,I The 

Soils Project, 19Ol2a and ' 
9L02L,) show tliat S ii 'taa;:on,_ I-ta l, to p,'
diet c.op producti -, )1ottntjal and mancjguecnt riren 

5 

in qua i.tativs
 
terms and that, logically, the 
 speci ficity of red ict ions increaSes with de
creasing categoric levo.s. v.ie.e e i:l :,lid 
 statistical workconducted by the iC! also chosd t,h:t f iz.ir e, -us; 0n :e -- ol; yi, ,i-an 
be predicted with consiseord-l'? accuracy t th i:i1'' !_''(21 if additional 
site factors rt! taken ii oc os idecati ,n C(Bcnchn:,rk Scils Project, 1)82a) 

The imporILanc., of this prav:s.o has also tUn emphasized by Sinith (1981)
who, in his last technical paper, wrote that 
 "coil in tec pre tation at any c-Jtegoric level nearly always requires an additional step of reasoninlg which

includes the relation between 
 the pot<ential use being considered and the s{oil
properties. This requires knowledge of soil and non-soil factors that cannot 
be inferred from the classification." 

Statistical Relationships
 

In this approach, correlations and multiple linear regrss ions are used 
to relate crop yields to input and resource var-iables. This site factor me
thod is widely used, but works bettor with interpolations rather than extra
polations and thus appears to be of limited value for intercountry transfers 
(Swindale. 1900).
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Simulation Models
 

These models employ systems analysis to reduce the complex system into
 
a number of simpler components and to identify the linkages between them in 
an
 
attempt to mimic the behavior of the complex system (Nix, 1980). 
 Inherently
such models should have the best potential for agrotechnology transfers, but 
the incompleteness of scientific knowledge, particularly relatiL...o tie cause
and effect relations that control the genotype-environment-management interac
tions, and the complexity of the models themselves have been barriers to *their 
use. The difficulty to achieve the multidisciplinary collaboration that isclearly required to develop the models may have been a further detriment
(Swindale, 1980). Recent advances in the simulation of agricultural processes
and the rapid development of computaional tools,, however, now make it possible
to synthesize large amounts of soil, climate, crop, and management data in new
and useful ways. Also, as Nix (1900) has pointed oot, the development of simu
lation models is essential to identify the "minimum data set" needed for
adequate interpretation and extrapolation of eqerimerits results. 

the 
This mini

mum data set consists of a cultivar-specific, bal .nced set of soil-crop-wea
ther-management data and is, in turn, a key prerequisite for technology trans
fer via simulation models. 

In the light of the preceding, it ,,hould bu obvious that a quantitative
model of agrotechnology transfer necussirily themust be more complex 'han 

somewhat simplistic approach 
 of anloque transfer that was tested by the BSP.
Since the intricacy of the transfer proce:;s clearly calls for a holistic
proach, IBSNAT has opted to adopt a mthodology tht is based primarily on 

ap-
con

cepts of transfer by !;imulation. 

Central to this ap-.proacr ;s time reali.zaien that In SJcceSsful transfeirs
the criaracteristics and requir-ements of colt i'als riust Le compatible with theenvironmental conditions at the re~eiving site. Thi-; impli es the availabiliLy
of i) quantitative k1nowledg ot ti,e inn crci ter e i the soil ci op, weather,

and management and (ii) quantit.ttive kn.,.._ledee 
 of certain environmental ca
racteristics of the recipient site.
 

Parenthutically, It may be not, ',...rL a:n-;s not thatd ends 
are developed for mninl1 , thret !..tsone . . : caiuuhication)L. 

1. Undurstanding of [c&.eu r b-';Ic ncsesr h 

2. Predi Otions or :trt y '; ' I i.,, and 

3. Control of rocesses or tactic,,3 :; en-
Each of these kinds of mudels la; dii ui -i..td at,! ii;1rer,tclnts and chaiacteri
stics. Models of the second and third kitl| Or( patLtculatly ileLvant in the 
context of agrotechnology t-an;f,-r. 

lfStlA'I"'; ,'N); 'VJ;)" 

The goal of IdSNAT is; to rncren . 0:L v cst.O 1,iciltLial re
search in the tropics and cubt ropi , . r, A",thodology that will al
low the rapid diffusion and sharinj ot tLd. firmdis ci this research and facilitate judicious land resources mamnagr:nnunt. Key elements of this methodo
logy are networking, and the model] ing of agricl Itu-al processes and the geno
type-soil-clmate-management irnturaction:;. 
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The primary objective of IBSNAT, therefore, is 
to develop and validate
performance prediction models for important crops of the tropics and subtropics that combine elements of transfer by analogy with systems analysis and
computer simulation techniques and that will
 
-
accelerate the flow of agrotechnology from its site of origin to new
 
locations,
 

- increase the 
success rate of transfers of agricultural technology in

the lower latitudes,
 

- assess 
the long-term effects of agricultural practices on 
the soil re
source, and
 

-
guide land use decisions.
 

MAJOR IB3NAT ACTIVITIES
 

Network Establishment
 

IBSNAT consolidates 
a group of collaborating agricultural research centers in a prototype network for 
the purpose of generating the data base for
the development of crop performance prediction models and testing their validity. 
This worldwide cluster comprises National and International Agricultural 
Research Centers and Regional Research Organizations that are willing to
finacially and technically support the research effort and whose stations represent the dominant agroecological zones and the major kind of soils of the 
tropics and subtropics.
 

Currently, 16 national,
tural 

three regional and three international agriculresearch centers in Central and South America, Africa, th._. middlethe Caribbean, the East,Indian Subcontinent, Southeast Asia, and Oceania participate in 
IBSUAT. Examples of national, regional and international collabora-tors are the Centro Nacional de Investigaci6nes Ayropecugrias (CENIAP) of
Venezuela, the Arab Center for the Studies of Arid Zones and Dry Land
in Syria, and (ACSAD)
the International Crops Research Institute for the Semi-AmidTropics (ICRISAT) in India, respectively. 

Data Generation 

Site characterization. 
 In collaboration with the AID--sponsored 3oil
Management Support Services of the USDA Soil Conservation Service, the soils
of all IBSNAT sites 
are described, analyzed and clas.;ified dccoLding to
standards theof the Soil Conservation Service. Characterization analyses areperformed at the National Soil Survey Laboratory of the Soil Cor3i vat ionService at Lincoln, Nebraska; classification is 
to the family level of Soil
Taxonomy. Each IBSNAT site further requires a weather station capable of recording, as minimum,a precipitation, temperature and solar radiation on *a 
daily basis. 

Agronomic experiments. At a symposium on "Minimum Data Sets for Agrotechnology Transfer" held at 
ICRISAT in Hfyderabad, India, in March 
1983,
EBSNAr collaborators selected 
ten crops and agreed to conduct standardized
experiments conducive to expanding the knowledge base required
the soil-crop-cliriate continuum for agrotechnology transfer. 
for modelling
 

The crops in
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clude four cereals (maize, sorghum, rice, wheat), three grain legumes (beans,
groundnuts, soybeans) and three root crops (aroids, cassava, potatoes). To
 
ensure that all collaborators follow common experimental procedures and col
lect compatible minimum data sets 
from the field trials, IDSNAT has recently

prepared and distributed detailed guidelines on "Experimental Design and Data
 
Collection." The procedures call 
for the collection of cultivar-specific mi
nimum data sets that include the folloWing: 

(1) general information, 
(2) soil characterization and classification,
 
(3) daily waather,
 
(4) preplant soil nutrient analysis,
 
(5) plot management information,
 
(6) phenological observations,
 
(7) dry matter production,
 
(8) final yield and yield components, and
 
(9) post harvest soil nutrient analysis.
 

The first IBSNAT experiment with maize and cassava was installed by

scientists of the Centro Agron6mico Tropical de Investigaci6n y Ense~anza
 
(CATIE) in Turrialba, Costa 
Rica, In June 1983. Most collaborators, however,
 
are currently in the process of selecting anid characterizing their sites. To 
date, some 30 research sites have been identified by IBSNAT collaborators in 
15 countries. 

Data Base Management
 

The minimum data sets from IBSNAT experiments are designed to be used
 
wI*. 
a single data management s;ystem that will permit researchers to record,
 
_t .re, retrieve, and analyze experimental data with eithe:: standard statisti
caL techniques or a number of simulation models available 
to IBSNAT collabo
titors. 
 The IBSNAT data base management system, developed mainly at the 
In
+-itut Nationalde la Recherche Agronomique (INRA) in Toulouse, France, is 
lo

cated at the project headquarters at the University of Hawaii.
 

Model Development and Validatiun
 

Scientists of the Agricultural 
Research Service of the U.S. Department

of Agriculture and Australia's Commonwealth Scientific and Industrial Research
 
Organization, as well as modellers from other institutions, have agreed to 
co
operate with IBSNAT in the development and testing of simulation models for
1
the ten IBSNAT crops. In orc'r to successfully ptedict crop growth and yield

over a wide range of environmental conditionu 
in the lower latitudes, data
 
combined from the minimum data sets collected from experiments conducted over
 
a wide spectrum of agroenvirorunents will he used to develop the model 
for each
 
crop. IBSNAT collaborators will test 
the Validity of these models and obser
ved discrepancies will provide useful 
feeoack for refining or modifying the
 
basic models.
 

In developing the simulation models it will be important to consider the
 
nature and effects of the dynamic procesores that operate in the soil. As

these processes are reflected in the taxa 
of Soil Taxonomy, the simulation of
 
agriculturally important processes that occur in the soil should be related to
 
taxonomic soil :lasses. This is based on 
the realization that the numerical
 
value of an individual soil parameter is meaningful only in relation to other
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soil properties and that the (ffect of a given parameter varies with the taxonomic class of the soil. 
 These relationships will be inferred from the
carefully characterized soilF of the IBSNAT sites and from many other benchmark soils collected and analyzed by the Soil Mangement Support Services. 
 As
 
shown, these relationships can by analogy be
 

the Benchmark Soils Project has 
applied to taxonomically similar soils arid 
can 
thus be used in simulation
models. It is also planned to test the sensitivity of the models by usingonly data derived from various cateqo ic ] of1vels S;oil Taxonomy. Tho purpose of that study is to determine how accurrLO crop performance predictionsare if they are based only on the information contained, by definition, in thename of a taxon and 
on the covariant accessory properties.
 

Training in the Use of Models
 

The members of IBSNAT are primarily interested in using models to predict crop performance and to determine management inputs at new locations.Thiey also want to be able to identify mismatches between crop requirementsand land characteristics so that prescription; for rectifying them can be recommended. 
And government planners may wish to employ agricultural models in

the decision-making process.
 

In order to ascertain that the co l abom-ator:; propitiously utilize thecomputer software developed and mmde available by the project, IBSNATconduct regional workshops to train col]lthrators in the use of systems 
will

analysis and aqricultural models fur 
their sp ,ific need;. The first training
workshop will be hold in Veneouel in becelmer 1u8,l. 

1Lpj.1d 70m' i t on
 
IBSNAT has rect:)tly appoi ntUd 
 a Technical Advi srof internationally retnowned scientists. 

Coiri trte composed
This cenuui tt wiul bL able toritatively guide and cotnsel the project 

autho
i-garding all technical matters. Thecollaborators them;eslves will have the qomia tuni Ly to meet annually to reporton progress, discus; problems, exchange ex>,.: rienre,-r, and plan future work. 

It if iripl icit in the It1S3AT phi los;i that all data Collctud at theIRSNAT sites will, with the peniission of the a[tori,,te ins tittimM,de available be mato all int e;t-ed col;lurm.ttrs. A jrocelul2 to explOit the
pooled knowledge gernerated by man', -estc s-it 
 ion, whi]e, at the same time,preserving the resnmarch inLtegr'ity of tihe dinta qen ators J,;now being worked 
out.
 

IBSNAT headquarter staff at the University of Ifawaii will also
mechanisms to keep collaborator; develop

and others itnformed about all relevant anddevelopments and will establi h communicatiu, 

ge 
1 nks to allow the free exchanof data and ideas. 
A quart,_.rly newlleter--benshntrk Sites iews--will be

1 isied beginning in June 198,1. 

COnt!.tp; icon, 

IBSNAT's main premise is that the transfer of agrotechnology can beachieved by simulating the performance 
U cultivars and agriculturalcesses and practices at the transfer site. 
pro-


While ,mulation models have long
 

http:COnt!.tp
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been considered the concertually best approach, various constraints have pre
vented their use in the past. Advances in crop modelling, however, coupled
with advances in computer t,,chnology, now make such an approach entirely fca
sible. Huge amounts of data can now be processed quickly and translated in 
a purposeful way into user-oriented formats.
 

The IBSNAT met.hodology !Jiould allow I.uscreen large numbers of techno
logies and cultivars relative to their s;uitability for transfer to various 
agroocological zones in the tropics and subtropics and to determine the mana
gement requirements to exploit their genetic potential at the new locations. 
The screening of technologies and cultivars by computer simulation cannot re
place field research, but it enables the user to identify the technologies 
which, through a minimum of adaptive research, can be tailored to local con
ditions with a high probability of success.
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WHEAT AND BARELY MANAGEMENT IN JORDAN
 

BY : Z. GHOSHEII 

Director - ACSAD Cereal Improvement Project
 

Amman 

Background
 

Geographically, Jordan lies between latitude 29:33 N and longitude
 

35:39E. The weather in general 
is mildly cold, during winter season, in which 

k&-iri lasts for about four months, Nov-early April, and the other eight months 

Lro !iot and dry. 

2Jordan has an area of about 92000 kim where 13% or about onle million 

, is cult ivated !Lrd. On the other hand 93% of the total cultivable land 

is located under rainfed condition and about 60000 hectars are under
 

t:-igation mainly in the Jordan valley. 

Agriculture in Jordan is considered t:he -iain element of the national 
Lrncomuu and atout 10 % of the national incomrne beinig based on agriculture. In

spite of this condition, the value of agricultural production is sti]] short 

cf uatisfying domestic needs, except in case of lentiles -where sotu of the 

p:oduction is yearly exported. 

F'ield Crops
 

Because of the 
adaptation of field crops to dry conditions, these
 

Lops are occupying most of the cultivated area as shown in table (1)
 

From the table (1) we 
can say that both wheat and barely are the most 

domenant crops and accupying about 2/3 of the total cultivated area, and this 

due to their adaptation to dry condition. 
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Wheat and barely are the main crops in terms of both acreage and total
 
gross value, but their area and production are varied from year to year as
 

shown in table (2) 

Table (2) shows the wheat cultivated area, total production and average
 
yield for the last eleven years 72-1962 .
 

Table 
(1) shows the average area planted in hectars and production in
 
metric tons of main field crops, vegetables and fruit trees for six years 78

1982
 

TABLE l) 

CROPS 
 AREii/ha PRODUCTION TONS 

Field Crops
 

Wheat 
 1.13660 
 61200
 
O rtly 
 51630 
 19500
 

10330 
 6300
 
v 
 3570 
 2200
 

2160 
 2000
 

Veqetables
 

Vt: 11070 
 188700
 
.. ,j Iant 2830 
 55400
 

Si ons 5130 
 37800
 
Cu.uicers 2960 
 38800
 
btcad Beans 
 980 
 6300
 

ruit Trees 
ol ives 
 30290 
 29500
 
Grapes 
 2990 
 42900
 
'"s 
 200 
 900
 

Bananas 
 340 
 9900
 
Alnonds 
 230 
 600
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Table (2) shows the wheat and barely cultivated area in 1000 hectars,
 

total production in metric tons, and average yield in kg/ha for the last eleven
 

years 1972-1982
 

TABLE (2)
 

WHEAT BARELY
 
YEAR
 

AREA PRODUCTION AVERAGE AREA PROD. AVERAGE
 
1000/ha M.ton kg/ha 1000/ha M.ton kg/ha
 

1972 195.2 160.9 824 65.8 38.7 588
 

1973 136.5 37.7 276 41.0 5.7 140
 

1974 197.6 181.7 920 58.5 55.7 951
 

1975 140.1 61.9 442 39.6 14.7 371
 

1976 147.4 58.4 396 51.8 13.1 253
 

1977 131.2 56.0 427 44.1 13.6 309
 

1978 137.2 53.7 392 55.1 15.3 278
 

1979 93.4 16.4 176 40.2 6.7 167
 

1980 198.0 139.0 874 67.6 58.0 859
 

1981 106.1 59.7 563 44.8 18.2 405
 

1982 76.0 19.1 251 31.9 7.3 230
 

Average 138.0 76.8 504 49.0 22.5 415
 

As a result of these mentioned points that average yield of both wheat
 

and barely are very low as shown in table (2)
 

Table (3) shows that average yield of wheat and barely in Jordan compa

red to the average in certain locations in the world ;
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CROP DEVELOPED 
 WORLD DEVELOPING 
 ARAB JORDAN
 
COUNTRIES 
 COUNTRIES 
 COUNTRIES
 

kg/ha kg/ha kg/ha 
 kg/ha kg/ha
 

WHEAT 
 2084 1978 1370 
 903 504
 
BARELY 
 2320 1978 
 1248 
 764 415
 

Source seed processing feasibility study in Jordan , (draft)
 

On the other hand the following figure shows that the average wheat 
yield in Jordan located in the first step (yield ladder)
 

20.000 kgh - C iio ,1,0,1,,,0i m4,,mon p,,id ., 
ooihnoin C¢OndiiOa$ di lunliglh rngt.,, 

andVI floil~tani o nInac a d di .lalO 

". Sl'in USA on ,,,ita d 2 h 1cia. Ciolr 14.100 lto/ha-i . 0*,i, ... a-'i ,,0, A'-'. 01;o 
15,4 0,044,024,in 42 4 0. , 

.a -,/etI, AL-, __g~,, , _+ 
fOb,1llllhl i , .l 

4 
t 4~llilA 0' 1+d9444 

9,500 (glha A i, ,i,,,i tao 1, , *,,,41, ,, 

. - it t;, t I j. , .i a.t .0 .ccia ci 
*>it{ 'O itoin tltl t*Illi+,t 44mSr.. . oo.. . ... ao..............aUl
 

8.'"00 hgina - 0-1,, t r1 1,. o .,.0, 160
 

lit 01.041 0611, ,-at 51 15 t 

Vt huilt .04.1 Vtr niitT g lcoa 11i 8I 

5,100 kd i . r.t" a"1i" ' l.14 Vl. 11 2 5 

Atfl A 0..I yrlld lot Y.'(ul 04110 

17N04,1cp ta301 .. . I , nia044 
a ltn"doal Stmati'g,t 0004 10,11111itty,
 

2,270 110/h U'1i0i l 1. 0t O i at l,
iV'l,,, 0 i t , T . , 
t'l at jt' d"'1. A-t tdolly yt~d0 

COunt,',,n a. Sa I 4 g41 l 

yt t D In1,900kg/a~ . , 1 ' C: 41 . 

A¢ fj 0 61C 0 Inft I II dii-p 'n 

1460 k aOun, In 0 1 . 1010 

Tnnt ag Vtnelnaal lead~ Canlil 'a. 

400-600 kg/hi i4,1,. i aIInded,. t,, ittle ,nlIlllg, ' I t h M11I0-6I03 
Co rIol t* i l d 

9111CI A p ro d Uc it i i q il dd c;il l i0 huit11i ran g o f whel ic1dsfro nt
itlliol C rlaivlonmelo ard wi at iOU lcorl sof lllimlnacmen , 

.ourco : Wheat in the third world.
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From the previous table 
(2)we can drive the following facts
 

1. The area, production, and average yield are 
fluctuated according to the
 
total rainfall and its distribution
 

2. The average yield is very low compared to other countries for the full
 

wing reasons : 

a) Both wheat and barely are planted in low rainfall areas(200-400mn/year)
 

b) Traditional methods of farming are still in use .
 

3. Unavailability of sufficient amount of improved seed varieties to cover
 
most of wheat and barely areas .
 

4. Unavailability of drought resistant varieties standing 
low rainfall
 

5. Fertilizers and herbicides are considered as important factorsin increas
ing production, but the applications of both are very low for several
 

reasons :
 

i - High cost of these materials mainly fertilizers
 
ii - Unavailability of these chemicjs in the proper time.
 
iii -
 Unavailability of application equipment mainly for l.erbicides,be

side theabsence of experience to use chemical weed control. 

6. Unavailability of suitable equipment for seed bed preparation, where most
 
of the farmers are using disc or malboard plow where both are not suitable
 
for this type of cultivaLion. on the other hand chesil and sweep beside 
spring tooth harrow are the most equipment can fit this type of cultiva
tion, mainly in s.imi-arid rv9giuns . 

7. Rotations : 
as we know rotations are considered one of the main important
 
factors of increasing crop production mainly under low rainfall 
. In fact,
 
very few farmers are using rotation in their lands, where the majority are
 
cultivating their land without following any type of rotation, mainly in
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the marginal lands. 
 But on the other hand in high rainfall region
 
rotations are practiced either two or three years rotations . 

8. 
 Soil Plowing : c.itivation of soil is badly used in the hilly fields
 
where most of the farmers plow their fields towards the slop and this
 
way of zultivation is considered one of the main elements of soil
 
erosion beside rainfall.
 

9. Land Fragmentation : Fragmentation of lands are one of the main
 
problemz facing agricultural development of production in Jordan 
table 4 . This situation stand as a barrier or obstacle, and in the
 
same time prevent the 
use 
 of suitable equipment in the correct
 
way, and this refer to several reasons :
 

a) Samll holdings : 35t cf land holdings are less than one hectar 
aid 76% of land holding are less than five hectars . 

b) Long narrow stzipe of holdings force the farmners to plow their 
landsin one direction. anod this form ha:d bans which affect the 
permeability of soil on the lou tun. 

Table 
(4) shows the number of Agricultural holdings and 
area by size
 

group :
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TABLE (4)
 

Size Group/dunums Number of Holdings 
 Area in dunums
 

Less than 5 
 8522 16038.9
 
5 - less than 10 
 3825 25679.2
 

10- less than 20 6929 92233.2
 

20- less than 3C 
 5337 121890.5
 

30- less than 40 
 4666 150824.5
 

40- less than 50 
 2968 125914.4
 

50- less than 100 
 8634 570793.2
 

100- less than 200 
 5479 701828.7
 

200- less than 500 
 3359 933770.0
 

500- less than 1000 
 719 452125.3
 

1000- less than 2000 
 253 299725.5
 

2000- less than 5000 
 84 220487.5
 

5000- less than 10000 
 10 58920.0
 
10000- less than 25000 
 9 133800.0
 

More than 25000 -


TOTAL 
 50791 3904030.9
 

Wheat and Barely Improvcment Efforts
 

Crop improvement had started in Jordan in the last fifties but in a
 
small scale due to the shortage of staff members and financial limitations
 

But recently the work had expanded to cover most of the wheat and barely
 
areas and in the same time the size of the work had also increased to develop
 

the production of wheat and barely taking into consideration the following
 

characters
 

1. High yield capacity
 

2. Early.maturing and drought resistant varieties
 



- 129 

3. High protie: 
and lysine content (still in the beginning stage).
 
4. Medium tall -taj.l varieties for low rainfall areas for mecha

nical comh..ning . 

5. Medium tilLaring capacity with big heads
 
6. Resistant to disease mainly stem and luaf rust for high rain

fall and :.rrigated regions.
 

To achieve these targets a big number of experimental trials are
 
conducted yearly all over the country, where the activity includesthe follow

ings
 

1. Breeding work(crossing and selection)
 
2. Selection of promising lines from intrcduction 

3. Testing of varieties
 

4. Fertilizer trials
 

Maln Achevements . 

As a result of research work that had been carried out in Jordan
 
several wheat end barely high yielding varieties had been developed and re
leased to be used by farmers.
 

Wheat varieties : 

Deir Alla 1. Spring bread wheat varity developed from the cross
 
(Gabo X PC 250) 
 early maturing variety resistant to lodging and stem rust. 
Good yielding variety, medium tall, suitable for irrigated regions. 

P-ir Alla 2. Spring durum wheat variety, devuloped from rhe tross (hou.rani 
27 x 1110/T;) suitable for low rainfall areas. 

PL-ir Alla 4. Spring bread wheat variety sclected from tie lille (1448/5081) 
and suitable for irrigated areas in the desert region, resistjint to lodging 
and disease mainly stem and leaf rusts.
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Barely varieties
 

Dier Alla 102 . (ogalitsu) An introduced variety suitable for dry regions
 
about 300 mu, of rain, medium tall, resistant to diseases mainly covered smut,
 
lodging and shattering, six rowed type variety.
 

Dier Alla 106. This variety is considered the first barley variety that
 
developed in Jordan from the cross 
(Arivat X Local D8) released in 1974. It
 
has a wide adaptation to different climatological zones in the Near East and
 
North Africa countries which is suitable for irrigation, high and low rainfall
 
areas. 
 The variety has a good characteristics such 
as yield, early maturity,
 
resistant to lodging, shattering, and moderate resistant to diseases white
 

kernal .
 

Recomondti~ 
 for bettor wheat and barely production in dry regions
 

1. Seed Bed Production
 

Since most of wheat and barely areas are located in rainfall zones ran
ging between 2J0-450mm . Shallow plowing is recomended for those areas by 
using chisil and sweep followed by disc harrow to smooth the soil surface and 
this should be done during August and September. 

2. Sowinc: 

a) Sowing date : Experimental results showed that best sowing date for
 
wheat and barely under Jordan condition is during November and early
 
December for certain areas.
 

b) Sowing depth : According to the research findings the best suitable
 
depth for wheat and barely range~between 6-8 cm where this depth
 
prevent germination when there is only a little amount of rain, especially
 

in the early season
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3. Seeding Rate
 

Seeding rate is different from one location to other according to
 
precipitation where in low rainfall zone the amount of seeds i.:1ess than that of
 
high rainfall and we recommend the following 
areas
 

Low rainfall 

250 High rainfall
 

- 300 mm 
 300 - 400 xn
 

Wheat 
 60 - 70Kg/ha 90 - 100 Kg/ha
 
Barley 
 50 - 60Kg/ha 70 - 80 Kg/ha
 

4. Fertilizers :
 

According to 
scarce and erratic rainfall farmers still hesitate to
 
use fertilizers in wheat and barley fields 
. However, the results derived
 
from the experimental research work showed tha Lamount reco!iflenied for rainfall 
zones as follows
 

Kg/ha
 

250 - 36U mm 
 300 - 400 im above 400 mm
 
Wheat 
 N P20 
 N P20 N P20
and
 
Barley 
 10 50 
 20 
 50 40-60 50
 

5. Weed Control
 

As a fact weeds do compete wheat and barley in 
water, fertilizers,
and air , tney also are considered as a host for insects and diseases. To 
control these weeds, it ij important to increa:sc the production of both, and 
there are two ways to control the weeds :
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a) 	Mechnical control:
 

Hand weeding , but this method cause some damage for the plants
 

and also for root system and costly in same time
 

b) 	Chemical control : 

This method is done in the early stages when the plant height 

is about 10-15 cm and after tellaring stage by 2.4.D, 2.4.5T, 

MCPA, etc. 

In Jordan we found that 2.4.D is very good for controlling broad
 
leaves in wheat and barley fieldsand at the same time has no side effect
 

if spray is done in Lh, currect time
 

6. 	Rotation :
 

Under Jordan conditionsthu following rotation are used
 

a) 	 250 - 300 i=n of rain 

First year 	 second year
 

Wheat & Barley 	 Follow
 

b) 	 300 - 400 nmn of rain 

First 	 Scar yearSecui,d 

Wheat & Barley 	 Legumes & summer crops 

c) 	 Above 450 mm of rain 

First yeat Second year Third year
 

Wheat 	 Sunmrer crops Legume 

*k* ** 	 k k * ** *. *,. . .. , 
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REPLENISHMENT A1h) DEPLETION OF SOIL MOISTURE IN THE
 

NORTHERN RAINFED AREAS OF EAST JORDAN
 

BY : A.M. BATTIKHI AND M. SAIMEH
 

INTRODUCTION
 

Water is a limiting factor for plant production in arid areas where
 
water resources are limited. 
The total cultivable area in Jordan 
, is about
 
five million dunums 
(5.7% of total area of Jordan) . An area, of about 4.9
 
million dunums, is under rainfed conditions .
 

In 
the farming areas of northern region of East Jordan the farmers
 
generally use a three year crop rotation (fallow 
 - wheat - suucr crop). The
 
production of wheat per unit area in Jordan is very low compared to the pro
duction of wheat in other countries. 
 The average production was 41.5 Kg/dunum
 
in 1978, whereas the average production in United States during that year was
 
212.8 Kg/dunum .
 Wheat crop requires about 150 
nun of rainfall before it
 
reaches the flowering stage, provided all other conditions are optimum. 
 Each
 
additional millimeter of rain is believed 
to produce one kilogram increment
 
of wheat per dunum. 
This means that for an area of about 500,000 dunums planted
 
with wheat, if one millimeter of rainfall is conserved a total increase in
 
production of about 500 ton 
 of wheat could he attained. 
 In order to .increase
 
wheat production in these lands it is necessary 
to study their water regimes.
 

A two years study was carried out in Irbid district soils representing
 
soil series 11, 
 15, and 31 . The objectives of the study were to determine 
the exact amounts of water stored in the root zone due to precipitation, and
 
to determine the depletion occuring in that 
zone due to evapotranspiration
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by wheat and summer crops as well as the effects of fallow on moisture conser

vation . It was also intended to study the effects of slope classes on moisture
 

retention and depletion.
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LITERATURE REVIEW
 

Some studies were made to know how much of the rainfall water will be
stored in the soil and used by the plants. lopkinson (1975) found that wheat

plants extract soil moisture from depths imore than 150 cm in Karak region in
Jordan . Also he found that len! it consumes less amounts of water than wheat,
In the fallow plots he found that it is possible to store up to 80 nun of theavailable water in the top meter of the soil together with an additional quan
tity of about 50 nun between loo and 18o cm depth . 

Mathews and Army (1960) summerized soil moisture data fron 25 stationsin the great plains in U.S.A. , and reported an average of only 16%, of the total
precipitation was stored in the soil during the fallow period. However, more
moisture was generally conserved in the northern than southern great plains. 

Singhi and Russel (1979) found that during monsoon season, water lossesby evaporation, transpiration, and drainage constituted 21, 35, and 29% respec
tively, of the total seasonal available wait:tr (Iainfed f irrigation f profile

available water) 
 and in the post- rmionsoor, the only unproductiv,, loss of water 
was soil evaporation wnich formed one-fourth of the total seasonal available 
water. Tile major amount of noisture deple tion dlurinj the pert monsoon season
 
was confined 
 to the top 90 cm profile depth. 

Lucbs and Laag (1971) compared in (il>ifornia three crop water manacle
ment systems for bai-l,.-
 iii w- iLutr raintal I cI irate on sandy lea soi . 

they were :
 

I) annual cropping with runoff retention
 
2) a fallow crop sequence 
 with runoff retention.
 
3) induced runoff 
on one half of the area for tile concentration, and annual 

cropping in the remaining half. 

Over three year period average grain yields were 1.58, 2.14, and
2.29 ton/ha, 
 for annual cropping, fallow-crop, and induced runoff concentra
tion systems, respectively . The additional soil water in the down slope
 
areas 
of the annual and follow -crop systems and in 
areas receiving induced
 
runoff reflected in increased barley kernels per head and greater kernel weight.
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Holding runoff on the land and cropping annually increased rainfall use effi

ciency by 42% over both, that obtained where runoff occurred in the annual
 

cropping system and that obtained for the entire plot area in the follow-crop 

system. The efficiency of fallow for storing water in the soil was 16.7%
 

Tamimi (1979) found that deep plowing in Hamam Al-Alil (Iraq) before
 

rainfall does not improve moisture storage in the soil. It was noted also that
 

the 	largest soil moisture loss from depths studied (15, 30, and 45cm) took
 

place in May. Therefore he concluded that all conservation methods must be
 

done before this time. Data on soil moisture also revealed that about 3 mm
 

of 	effective rainfall (in Dec. , Jan, Feb) will be needed to wet a depth of
 

about I cm of soil.
 

Loizides (1979) found in his studies that in the mediterranean reion,
 

fallow does not necessarily result in any significant increase in the amount
 

of water available to plants for the next season. At soing, the crop has to
 

rely entirely on rain. lie also found that, at the onset of rapid growth in 

March, the water content of the root zone, to a depth of 80-90 cm or more, is 

the 	 same irrespective of whether the land was cropped or left under fallow 

during the proceeding season.
 

Handal and De Datta (1982) found that by starting with initial mois

ture content close to field capacity, maximum water depletion of 248. 86, 55
 

35, and 58mm occured in the weedy control, bate soil, straw mulch, plowed and
 

rotovated, and rotovated treatments, respectively at the end of the dry season.
 

Greb and Smika, 1979, reported that wheat requires 220mm of water for
 

evapotranspiration in the Central Great Plains of U.S. 
for initial grain deve

lopment . Yields then increase 105-185 Kg/ha/cm water . They listed 5 require

ments to improve moisture conservation in a wheat- fallow system. They are :
 

1. 	Weed control, where production of 1120 Kg/ha weeds consumed about 7.6 cm/ha.
 

2. 	Standing stubble over winter, where 35-55% increase in moisture storage
 

took place from snowmelt in stubble.
 

.	 Straw mulch, where water storage increased by 5 cm when mulching was increasee 

from zero to 6.6 ton/ha. 
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4. Keeping soil clods which resist wind erosion 
, slow down runoff, provide
 
shade, and physically protect young plainc..
 

5. Seedbed water, improving management of seed zone water by mulching by 
using modern deep furrow planters ( 1 2 -14cm) to place seeds in wet soil 
so as to enhance germination. 
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MATERIALS AND METHODS
 

1. Location
 

The study was conducted in irbid region within the 
areas of Hawara,
 
Bishra, and Assarih Villages. The exact locations were selected on the basis
 
of the .vilability of different soil series in 
the area and the kind of crops
 
planted as well as its 
closeness to Irbid Meteorological Station. Figure(l)
 

shows the exact locations of the selected sit.s 

2. Soil : 

Soils were 
selected to represent three series as classified by the soil
 
survey team of the Ministry of Agriculture (1970) namely 11, 15 and 31. Two 

slopes were selected from each soil seri ,s 
. These slopes ate : From zero to
 
3* designated by slope A ; 
and from 3 to 8%, desig1nated as slope B.
 

Soil Moisturo Mteasurements 

Thu. nUtron probe (hydrvprobe, Model 503) was used to measure moisture 
content at different depths. (r-ig I) shows the locationsof the access tubes.
 

Twen:ty access tubes were installed in twenty places in the farmers fields
 

citst.,buted a-,; shown in fig I 
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Profile localion 

* 	 Access tLbe 

Scale 1:25000 

Bishra 

1100 

Ir' 

Fig.1, Map showing the locations of the ;tudy areas. 
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Holes for tubes were dug by using a two-inch diameter (I.D.) auger.
 
Then pipes (120 cm long) were inserted into holes, leaving 10 cm of the tubes
 
above the soil surface.
 

The measurements were taken at depths of 0, 10, 25, 40, 55, 70 and
 
85 cm to represent the following respective layers.
 

Reading depth 
 Layer depth
 

(cm) 
 (cm)
 

0 
 0- 5
 
10 
 5 - 17.5
 

25 
 17.5 - 32.5
 

40 
 32.5 - 17.5
 
55 
 47.5 - 62.5
 

70 
 62.5 - 77.5
 

85 
 77.5 - 92.5 

4- Calibration Curve
 

The calibration curves for all soil,series were obtained by taking
 
soil moisture counts and soil Iroisture samples for gravimetric moisture
 
measurements using the two--inch diameter auger for depths of 10, 25, 40, and 
55 cm acound the access tube. Samples were collected all year round, once 

every two weeks.
 

Readingsat 10 and 25 cm were used to draw the calibration curves of
 
the soil surface , for each soil series 
, and at 40 and 55 cm to draw the
 

calibration curves for subsurface soil
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TABLE (1) 
 Some physical properties of soil series 11. 
 Site number 4, in
 

Irbid district.
 

DEPTH BULK DENSITY 
 % PARTICLE SIZE DISTRIBUTION TEXTURAL
 

(cm) (gm/cmn) Clay Silt Sand 
 CLASS
 

0-10 1.03 
 51.67 40.93 7.40 Sic
 
10-30 
 1.31 60.64 32.16 7.20 
 C
 

30-55 1.24 
 61.23 31.17 
 7.60 
 C
 
55-80 1.30 
 64.35 25.25 
 10.40 
 C
 
80-100 1.19 
 67.85 19.14 
 13.01 
 C
 

100-130 1.31 
 62.98 23.62 
 13.40 
 C
 

Palexerollic Chromoxerert, fine, montmorillonitic , thermic. Reddish
 
brown to yellowish red, clayey, developed on hard limestone 
, associated with
 
variable amounts of chert, compact, shrinking in the dry season, strongly
 
developed structure, with calcium carbonate concretions in the subsoil. 

TABLE (2): Distribution of access 
tubes in the fields and the cropping prac

tices in each location for the seasoning 1979/80 and 1980/81.
 

SERIES SITE NO. 
 CROP 79/80 CROP 80/81
 

11 A I Fallow 
 Fallow
 
11 A 2 Suuner crop Wheat
 

11 A 3 
 Sunuer crop * 

11 A 4 Wheat 
 * 

11 B 5 Wheat 
 Fallow
 

11 B 6 Sunmer crop Wheat 

11 B 7 Fallow 
 Fallow
 

• Readings were not taken during the second 
season 1980/81 due to the
 

continuous removal of the access tubes by unknown persons.
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where
 

A = slope from 0-3 %
 

B = slope from 3-8 %
 

TABLE (3) Some physical properties of soil series 15
 

DEPTH BULK DENSITY 
 % PARTICLE SIZE DISTRIBUTION TEXTURAL 

(cm) (gm/cm1 ) Clay Silt Sand Clas 

0-5 1.08 55.18 35.02 9.80 C
 

5-30 1.13 
 71.37 22.63 
 6.00 C
 

30-52 1.30 69.81 22.99 7.20 C
 

52-80 1.28 76.31 15.26 
 8.43 C
 

80-110 1.34 74.93 21.03 4.04 C
 

Palexerollic chromnoxerert, veuv fin, m*.x',-d, tiIfrmlic :(ddish brovwn 
Lo yellowish red, loped i h:,dclays, dev o:, 11,oc1:i(ld ii :tene with besl~t, 

compact. It forms moderately wide crJ-'. in cy :3i .. - rrngjty 

developed structure a:itri ctic-c rn ,., :U2; s .r , ssub;oil. 

VALALE (4) Distribution of acc< ss tubecs in the field 

ShIES bITE IO. C!LQ' 7.'/ 0 Crop 80/81 

15 A 1 .. i ,
 
15 A 2 
 L 1.ti eallow
 

15 A 
 3 Fellow Fallow
 

15 A 4 W*.,it
 

15 B 
 5 'roba'o *
 

15 B 
 6 Wheat Fallow 

15 b 7 Fallow Fallow 

Readings were not taken during the sucond s:ason .1980/81 due to continuous 

removal of the access tubes by unknown perscns. 
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Where 

A = slope from 0 - 3%
 

B = slope from 3 - 8%
 

TABLE(5) 
 Some physical properties of soil series 31
 

DEPTH 
 BULK DENSITY 
 % PARTICLE SIZE DISTRIBUTION 
 TEXTURAL
 
cm ) (gm/cm') Clay 
 Silt Sand 
 CLASS
 

0-15 1.07 52.44 28.79 
 18.77 C
 
15-40 
 1.26 68.40 18.47 
 13.13 C
 
40-80 
 1.37 63.37 18.82 17.81 
 C
 
80-120 
 1.33 
 61.42 21.34 
 17.24 C
 

Typic chromoxerert, fine montmorillonitic, thermic. 
Reddish brown to
 
yellowish red, clay loam, good structure, developed on hard limestone asso

ciated with variable amounts of chert.
 

TABLE (6) : Distribution of access tubes in the field
 

Series 
 Site No. Crop 79/80 Crop 80/81
 

31 A 
 1 
 Ww'%L 
 Fallow
 
31 A 
 2 
 Wheat 
 Fallow
 
31 A 
 3 
 Wheat 
 Fallow
 
31 A 4 
 Fallow 
 Fallow
 
31 B 5 
 Wheat 
 ,
 
31 B 6 
 Wheat 
 Fallow
 

Where
 

A = slope from 0 - 3%
 

B = slope from 3 - 8%
 
* Readings were not taken in the second season due to the continuous removal
 

of the access tubes by unknown persons.
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TABLE (7) 
 Soil moisture storage and depletion in the upper 92.5cm (total per
 
season , 
and % of total rainfall) for uncropped sites in the nor
thern regions of East Jordan
 

Moisture stored 
 Moisture depleted
 
1979/60 I 1980/81 1979/80 1980/81
 

(,nn) () (,--,.- ) (n(W )(n 9__ 8M 01W)-m )M (mam) () 
11 Al 155 20.9 110 25.7 143 19.2 (mm) 
11 B 1 - - 147 34. ,4 - -_ 

11 B3 162 21.8 123 28.8 142 
 19.2  _ 
15 Al 
 109 14.7 75 17.6 144 19.4 
 118 27.6
 
15 A2  - 131 30.7  - 91 21.3
 
15 A3 
 138 18.6 
 142 33.2 208 28.1 
 120 28.1
 
15 D2 
 - - 130 30.4 - -.
 

15 n3 
 129 17.4 131 30.7 135 18.2 
31 Al  - 97 22.7  - 54 12.6
 
31 A3  - 121 28.3  - 89 20.8
 

I A4 166 22.7 106 2,1.8 182 24.5 85 19.9 

* Total rai:ifall in the area during 1979/80 was 741.5 nun, and during
 

1980/81 was 427.3 nun
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TABLE (9) 
 Soil moisture storage and depletion (total per season and until
 

harvest time) for water melon, tobacco and lentil planted sites
 
in the northern region of East Jordan
 

Moistured Stored 
 Moisture depleted

(1979/80) 
 (1979/80)
 

PROFILE 

d - d unitl harvest
max min
 

mm M mm () mm ()
 

11 A2 Water-
 142 19.1 196 
 26.4 175 
 23.5
 
melon
 

11 A3 water- 151 20.4 143 19.3 127 17.1
 
melon
 

11 B2 Water-
 160 21.6 142 
 19.2 141 
 19.0
 
melon
 

15 A2 Lentils 115 
 15.5 183 
 24.7 

15 B1 Tobacco 105 
 14.2 152 
 20.4 
 122 16.4"*
 

• March 1st - Spet 15
 

4, May 2 - Sept. 21
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Fig. 6-	 Monthly soil moisture storage and depletion
 

(mm/77.Scm depth) in 
location 5 (series 11
 
slope A, Summer-crop-wheat) from Oct, 1979
 
April, 1981 .
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Fig. 7. Monthly soil moisture storage and depletion
 
(mm/77.5 cm depth) in location 14A .*'eries
 

11, slope A, Summer- crop) for the period
 

Oct 1979 - Nov. 1980
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Fig. 8. 	Monthly soil moisture storage and depletion
 

(mm/77.5cm.depth) in location I (series 11,
 

slope B, wheat - fallow) for the period
 

Oct, 1979 - May 1981.
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Fig. 9. Monthly soil moisture storage and depletion
 
(mm/77.5 cm.depth) in location 2 (series 11,
 

slope B, summer - crop - wheat) for the per

iod: Oct, 1979-Aug, 1981.
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Fig. 10. Monthly soil moisture storage and depletion 

(mm/77.5 cm depth) in location 11 (series 31, 

slope A. wheat, fallow) for the period : Oct, 

1979 - Nov, 1981. 
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Fig.11. Monthly soil moisture storage and depletion
 

(mm/77.5 cm depth) in location 12 (series 31,
 

slope B. Wheat - Fallow) for the period: Oct,
 
1979 - April, 1981.
 



- 157 

200 

180 

160, LI Rainall (mm) 

1/0 

1120 

10 4nm water 
• Storage 

- Depletion 

g100 
(0 

20 

60 

40 

-60
 

DJ F M~ A M J J A S 0--

1979Month 1980 


6 b D -J PMAM 
1981 

Fig.12. Monthly soil 
moisture storage and depletion 

(rm/77.Scm depth) in location 7 (series *15, 
slope A, lentil - fallow) for the period: 

Oct, 1979 - Aug, 1981. 
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Fig.'13. Monthly soil moisture storagu and Jepletion 

(mm/77.5 cm depth) in location 15 (series
 

15, slope B, Tobacco) for the period: Oct,
 

1979 - Oct, 1980
 



- 159 

200
 

180 

160 finfall (mm) 

14,0140 
E 
, 120, 

-,Storage Amnn water 

-Depletion 

01100
CJoU 

0 
u- 60 

0 € 0, 

w 20 

-20 

-4"0 

- 60 

- 80- 0 N D JFMAMJ J ASO0N D JFMA M JJ , 

Month 1980 	 1981 
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slope B, wheat - fallow for the period : Oct,
 
1979 - May, 1981 .
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AGROTECHNOLOGY TRANSFER IN THE ARAB COUNTRIES
 

UNDER RAINFED AGRICULTURE
 

BY DR. A.MATAR
 

Professor of Soil Science, Techrine University - Syria
 

Programm leader - ACSAD
 

INTRODUCTION
 

Population in the Arab countries is expected to increase by fifty per
 
cent by the end of century; and can consequently crcp :',oducl n in tcoad and 
fiber should increase proportionally to meet the humani rl]uiYoh,.Cl,-. Othe.wtse, 
shortage is expected to be the lain problem facing the Arab world. 

During the present century, a tremendous amount of human knowledge
 
in science and technology has been accumulated. 
 That would ircude the agri
cultural technology as well . Concerning the Arab world, it 
 ha, benefited,
 

since the end .f Second World War especially, from new discoveries in
 
field of crop production and others. The 
 domaine of irrigated agriculture has
 
enjoyed 
 the greatest interest from the part of the Arib Covernm:int. and ft.rme*s 
Improved varieties of :ieveral crops were introduce'd such as cotton, hylv:i d :orn, 
.uger beet, Mexican wheat, soybean ani ethera. Chemi al fortilizue were im
ported and used by farmers ; and several Arab :ountries have built their own 
fertilizer factories 
 . Fertilizer consumption at the national level had 
increased steadily in the last thirty years, however, the level of fertilizer
 
use 
in most Arab countries is 
still far below the adequate level necessary for
 
a maximum crop production. 
Machines, tools and vehicles necessary for land
 
preparation, harvesting 
, transport, crop processing and others were introduced
 
in all Arab countries. Chemical compounds to control insects 
, disease and
 

http:rl]uiYoh,.Cl
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weedwere widely used by Arab farmers, although sometimes with inadequate effi
ciency .
 New methods in irrigation system were used efficiently by Arab farmers
 
such as the sprinkler and drip irrigation .
 Most recently, plasticulture has
 
become a wide used technique for vegetable production in remote area where land
 
is lacking or available water is short.
 

Complete success in the introduction of new technology into irrigated
 
agriculture in the Arab Countries was 
not always the rule ; 
and the chances are
 
still open to increase significantly crop production, by application of new
 
technology and results obtained under compatible and similar environmental con
ditions. Technology transfer was not always possible in many cases due to
 
some local difficulties 
, such as the availability of well trained scientists,
 
the efficiency of extension services, the adequate use and availability of
 
equipments and tools and finally the available funds.
 

Rainfed agriculture represents eighty 1)r cent of the total cultivated 
area of the Arab World. That made the intensity of cropping low and the average 
yield per hectar is in the vicinity of 1.1 tol; with cereals as the main pro
duction oc'-upying 60% of the 
 total rcinfed lands. Wheat and barley represeni. 

main cereal cultivated crops. Thethe potential productivity of tainfud agri
culture in the Arab Countries has been in g,.neiai UIId,:I.Si.tlntd'; and ti'ansfer
 
of new technology 
 has been poor in general and little ttentLion was given to the 
study of main factors affecting rainfed production . Constraints to iicreaL V
 
production were attributed 
 to different factors o;uch ,s the lack of avail,,ble
 
moisture 
 which stands as the most limiting factor affecting cereal prodntion. 
Other factors were considered to affect yields. 
 ;oil nutrient.; availability
 
soil and water conservation system used by the farmers, the soil management
 
practices , the use of 
 chemical fertilizers, weed and disease control were all
 
or some cited as contributing variables to low yields. 
 The ovqaiiizationul 
aspects and pricing policy, credit 
, marketing facilities and all 
faclors affec

the input/output 
 relationships would not be underestimated as factors
 
,taLcting 
to a large extent the development of rainfed agriculture.
 

Cereal production in the Arab countries which is mostly concentrated
 
in the rainfed area, oscillates within large intervals from one year to the
 
next. 
That is mainly due to changes in yields of crops per unit area, and to
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some extent to total cultivated area as well . Disturbance in crop production
 

could be due to climatic as well as to soil characteristics aiid it is only
 

through the understanding of the inter-relationships between ci'ip production
 

in the rainfed area, climate, soil properties and farm management practices
 

that it becomes possible to identify the management system that will maximize
 

production and to determine the factors that should be controlled to improve
 

productivity through agrotechnology tansfer, as well as creating means to
 

make prediction on fields of crops and estimation of climatic risks in crop
 

production.
 

The 	 present article will summarize the three years results obtained 

in a regional project, carried out by the Arab Center for the Studies of Arid
 

Zones and Dry Lands (ACSAD) which is initiated in 1979-80 to study cereal 

production as related to climate, soil and management variables using a 

multiple regression computer program. The program started in a pilot area
 

of Syria and is extended since 1981-82 to three other 
Arab countries which 

are 	Jordan, Morocco and Algeria
 

The 	main goals of the project are
 

1. 	Study of the inter-relationships between yields of rainfed crops and
 

especially wheat and barley and the basic properties of soil, climate
 

and management variables
 

2. 	 Establish an adequate method to define and determine the most important 

variables that affect significantly yields of rainfed crops with the 

contribution of each variable and effc t on yields. 

J. 	 Elaborate practical regression models with the minimum number of data 

set to forecast crop production of r Anfed soils where technolcgy factors 

are included in the modles allowing the prediction of yield increase with 

the transfer o,. new technology . 

4. 	The application of regression models 
to help in classifying agricultural 

soils of the Arab countries into homogeneous classes of potential produc

tivity for rain fed crops; and coisequently the determination of marginal 

areas that could be developed
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Preview Works in the Arab Countries and Elsewhere
 

Several researchers in the Arab countries tried to relate yield of
 
cereals to one or more of climatic variables . Gangopadhyaya and Zaki (4) in
 
Iraq related yields of wheat to total annual rainfall and rean air temperature. 
In long-term study, Matar(8) related yields of wheat and lentil grown at Izraa 
Experimental Station in Syria, to rainfall in various parts of the growing 
season. Total precipitation in December and January showed the highest corre
laion with yield of wheat (R = + 0.95) . Simaka (12) found in Jordan that
 
intensity of rainfall during Dec. through Feb. the best variable to make pre
diction on wheat yield within reasonable confidence limits. Kawasma (6) lace_:
 
related yield of wheat to total rainfall from emergence to neading and to 
maximum and minimum temperature at certain critical physiological stages of
 
wheat growth.
 

Several scientists predicted yields of wheat from measurement or
 
estimation of soil 
r'oisture. l1aun (5) derived equations to relate yi-lds
 
of spring wheat to a growth index calculated 1f'rom 
 the 111:l.: and sin. tMl.kL atci
and measured availab,.e o.Ll mistute. Uaici 
 ni :wi ,£t i1 . I) 1n ,. , i
 
available soil moisture in root
the zone which WaL7 -lti .
 
gical data, to make significant predict i(,n 
 ,n A-hl t ,i I-

Soil parameters and management variobles wrere introduced into regle
ssion models in addition to precipitatiun or tvaillable -oil twictu-e, t,: make
 
prediction on 
 yields of wheat. One could c-itr- the wor'.- of Fever'hem td P, ii ,e. 
(3) who developed regression models to predicHL what yield ill ti,, whtr belt
 
of the United States , using weather elment, some soil propert; 0 ;tich v
drainage conditions, texture and some 
 sjnit t epinodic ,-ees. R,.l :'. ,.)
 
(10) used multiple regression type computer progrnm.;, where se2vwta) ci In, cr'op 
and climate data bases are being interfaced with tho P1;'siole.,gy laled crop oe( 
climate growth models. That model was used to ],redict wheat Oil I j 
areas of the U.S. 

A more comprehensive wheat model wan developed by Ritchie and his 
Group in Temple Texas (23) to predict yields of wheat from information on
 
daily minimum , 
maximum temperature radiation , precipitation, the presowing
 
soil moisture, the crop phenological calender, fertilizer N applied and the
 



- 168 

main soil properties. Ritche emphasized the need to develop models of the
 
water balance which depend on the input of weather records easy to obtain.
 

METHODS OF STUDY :
 

- Selection ofthepilotarea: 

A pilot area with different soil tamilies and ecological conditions
 
was chosen , that extending between the coastal plain of Syria neai 
Tartous
 
(with average annual precipitation of 900 mm) and the Syrian steppe near
 
Palmyra (average annual precipitation of 
150 mm) . That would make a pilot
 

area of 200 Kms long and 100 to 150 kn wide . See fig (1).
 

- Selection of soil sites 

Experimental fields were selected in different parts of the pilot
 
area representing different soil association according to parent materials,
 

climatic zones, topography and profile development.
 

Additional information were recorded for each site such as
 
stoniness, slope, texture, structure, colour and soil samples were taken fc
laboratory analysis, with disturbed soil cores for 
bulk density deterniinat
ion. 
 The area of the project could be classified into three groups according
 

to climatic conditions and soil associations :
 

- The coastal plain and littoral plain, when soil associations are mainly
 

typic and vertic Xerochrepts mouerately fine, Hyperthermic and Chromoxererts
 

fine Hyperthermic.
 

- The western mountain range where soil associations are mainly lithic Xero

crepts and typic Xerocrepts.
 

-
 The flat plateau of Homs where soil associations are mainly typic Xerocrepts
 

Calcic Xerollic Xerocrepts and petrocalcic Xerocrepts.
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- Climatic conditions of the 	pilot area
 

The Mediterranean climate dominates in general the various parts of
the pilot area chosen for the study. 
It is a wet and cool winter with a dry

and hot summer. Precipitation ranged between 900 and 150 mm. 
See fig(2). The

pilot area has mainly a Xeric soil moisture region. Two important characte
ristics could be pointed
 

1. 	The soil depth : 
Some soils are shallow overlaying a petrocalcic horizons,
 
where root zone is thin and vegetative growth is reduced 
.
 

2. 	The climatic variability : The rain distribution and frequency are very
 
erratic .
 

- Experimental studies at the farmer's fields
 

The number of farmers fields chosen ii.the pilot area amounted to30 to 5o in each year, where several types of studies were carried out in each 
season : 

1. 	Soil Profile Description
 

Description included horizons th; "'
ess, texture, structure, plasticity, consistency, colour, stone and root 
',istribution lime and iron con
cretions 
and 	presence of hardpans impeding root penetration 
.
 

Soil surface slope was measured by an abniy level and stone surface
 
coverage percent was estimated according to U.S. Soil Survey Manual.
 

2. 	SoilLaborator Analysis:
 

On soil samples taken from the plow layer complete physical and

chemical determinations were carried out 
.
 That would include : The
 
particle size distribution (Boyoucos Method) , total CaCo3 
(Calcimeter method),
 

active Caco3 (Drouineau Method) ; organic matter and 
 total mineral N, the
cation exchange capqcity and exchangeable K, the electrical conductivity bf
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the saturation extract and pH of soil paste ; and finally the available P
 

(Olsen Method)
 

On soil samples taken from various horizons, it was determined the
 

particle size distribution , CaCo 3 , pH , field capacity and the permenant
 

wilting point.
 

3. Productivity of wheat and barley
 

Five square meters, chosen at random in each farmer's field, were
 

harvested at maturity for the determination of
 

- Total weight of grain, straw, average height of plants at harvest, weight
 

of 1000 grains.
 

- Total weight of weeds (green + dry) in the harvested area and its percentage
 

weight as compared to total biomass .
 

- Percentage number of kernels affected by covered smut
 

- Degree of leaf infection by rust (range from 0 to 5)
 

4. Meteorological data
 

From the network of nearest available meteorological stations in the
 

pilot area, to the sites chosen. The daily precipitation which is the only
 

common measurement to all stations was recorded and considered, in the reg

ression analysis .
 

5. Other measurements at the farmer's fields
 

It was recorded for each site
 

- Crop rotation and especailly the previous crop to wheat or barley.
 

- Type and amounts of fertilizers used
 

- Varieties used by ' e farmer
 

- Seed bed preparation and method of sowing
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6. Fertilizer Experimeny ts
 

During the first year of study , it was found that the amount of

fertilizers used, in the pilot area , were very limited in spite of large

potential response of wheat and barley to N and P fertilizers.
 

Starting from the second year of the project (1980-81), NP experi
ments in farmer's fields were carried out on wheat and barley.
 

The experinental design included five treatments.
 

0 Control
 

N I * N2 , NIP I an: N2P2 where NI 
and N2 are equivalent respectively to 150
and 300 kgs of NH4MO3 per hectar (33% N) for sites with less than 40u 
mm of
 
average yearly precipitation ; and 25o and 500 kgs per ha for sites with tore
 
than 400 min.
 

P1 and P2 are equivalent to 
71and 150 kgs of treble superphosphate (48% P205
 
per hectar for either arid or humid sites.
 

Phosphates were added completely before sowing. 
However, N fertilizers
 
were split in two a:plications for humid sites, hall before sowing and the
 
second half at tillering stage. 
For thc dry' sites, N fertilizers were added in
 
one application before sowing 
.
 

All field operations were carried out by the farmers except the plot

harvesting and fertilizer applications.
 

7. Computer Analysis
 

A stepwise multiple regression program belonging to the Computer Center
of Purdue University was used to analysis data and relate yields of wheat and
 
grain or straw to various soil, precipitation and some management variables
 

The output of the computer program includes at each step :
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1. Correlation Coefficient R
 

2. Standard error of estimate
 

3. Analysis of variance table
 

4. For variables in the equation
 

a) Regression coefficient
 

b) Standard error
 

c) F and degree of significance
 

d) Contribution of each variable to the variance
 

5. For variables not into the equation
 

a) Tolerance
 

b) Partial correlation coefficient
 

c) F to enter
 



Main Result3 And Conclusions
 

Contribution of Precipitation ti Yield Variation of Wheat
 

. 
Soil water was found by itany workers as the main variable affecting
 

yield of crops ; and fluctuations in yields were attributed mostly to changes
 
in available soil moisture in successive phenological stages of plant growth.
 
Precipitation is the main source for soil moisture replenishment under the
 
dry farming agriculture ; and beause of practical difficulties envolved with
 
field measurements of available 3oil moisture in widely distributed large
 
number of sites ; it was decide, to relate first yields of crops to precipi
tation amount and distribution '19,25) 
.
 

In the pilot area, grzLn and straw yields were correlated with pre
cipitation 
summation starting with the early precipitation (SON = Sept. +
 
October + November) then preci:.tation in the four months September to Decemner
 
(SD) and so on .
 Two additional correlation coefficients were computed between
 
yields and winter precipitatior (DJ = 
December + January) and or precipitation
 
in December through February .
 

The main results obtained would show the folowing :.,rk
 

(see table 1)
 

1. 
The correlation coefficient between total yearly precipitation and grain 
yields of wheat could be satisfactory n -)rtjin jear, but very mis

leading for others. (Notice the poor value of 2 for 198o season) . Betttr 
value of R were found between wheat straw yields and precipitation. 

2. Total precipitation fallen up to end of January gave the highest value
 
of R with grain wheat yield .
 

3. Improved varieties of wheat gave 
a higher correlation coeflicient with
 
precipitation than local varieties 
. (see table 2) .
 

4. Correlation coefficient between grain wheat yields and total precipita
tion in three consecutive years combined 
, for the whole pilot area, was
 
found poor (R = + 0.28) (see fig 3)
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5. Correlation coefficient between grain wheat yields and total precipitation,
 

for area below 400 mm, and total precipitation was found relatively good with
 

R = + 0.64 . (see fig 4)
 

6. Correlation coefficient between grain wheat yields and winter precipitation
 

(DJ) for sites below 4oo mm was found even better (R = + 0.72) (see fig 5)
 

As a result, the use of total precipitation in the growing heason or
 

better the total precipitation in December and Janv.cy become possibl, for
 

prediction of wheat grain yields for area where total precipitation Is below
 

400 mm. But for area above 400mm the relationship between precipitation and
 

yields become poor. Notice the poor water use efficiency by wheat in the
 

high rainfall area . (see fig. 6)
 

Consequently under the best conditions, precipitation cannot explain
 

more than fifty percent (R2 = 0.50) of grain yield variation ; and several
 

soil and management factors should contribute significantly to grain wheat
 

yield variation in addition to precipitation.
 

Contribution of soil and fertilization and some episodic events to grain wheat
 

yield variation :
 

Several soil factors will affect tne efficiency of rain water and
 

hence the amount of water that could be stored in the soil profile. Soil
 

depth and texture will determine the maximum possible Jepth of wator that
 

could be stored . In dry years, the total soil depth might not be used foi
 

water storage ; and consequently both deep and shallow soils could have the
 

same amount of stored water. But in wet years water will percolate to deepoX
 

horizons of soils and be stored and used in the season to extend the potential
 

growing season and the final stages of growth and as a result an increase in
 

yields ; while in shallow soils, a substantial part of the precipitation water
 

might be lost by deep percolation or surface runoff , without contributing to
 

water requirement of crops (12) .
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Other soil properties would affect the efficiency of rain water and
 
its storage in the soil profiles such as the surface slope, which have a
 
strong impact on possible loss of water by surface run off and the infiltra
tion rate of water in soil which is related mostly to soil structure of
 

various horizons .
 

Cereals grown in deep soils under the Mediterranean climate, with large
 
storage capacity should be then less exposed to high water stress at the end
 
of the growing season as plants grown in shallow soils. 
 Thus soil depth,
 
texture, surface slope, water infiltration rate and soil water relationships
 
would have an impact 6n yields and will contribute significantly to wheat and
 
barley yields variation (2).
 

Other soil properties were found to affect yields of cereal crops grown
 
under the rianfed agriculture such as the poor level of available nutrients,
 
needed by crops , 
either indirectly by affecting the water use efficiency or
 
directly to meet the nutrient requirement of crops. Nitrogen stands as the
 
most limiting nutrient factor for plant growth under the Mediterranean climate
 
especially in area where average annual rainfall exc%-.Ltinq 250 mm Wacer
 
might be the most limiting factor 
 in the dry yoits ; Lbi 'it roeqtn rather than
 
water 
 will be the factor that affects yields in wet and ratiny yealrs. 

Phosphorus stands after nitrogen as the second next imprtant nutrient
 
limiting plant growth in the Syrian 
 soils. Under the field conditions alid in
 
long term experiments at lzraa Experimental LCatlol it was found that 
 respuese
 
of wheat and lentil to phosphate was greater 
 in dry years as compared to wet 
years (2) andHarmsen Krentos confirmed the same results on barley and other 
crops (9,1) . Several interpretations were given to the beneficial effect of 
phosphates under arid and dry conditions . P increased the rate of development
 
of crop resulting in maturity being -idvanced as 
for barley for one to two 

weeks (12) 

Thus the water use by crops is reduced by addition of phosphate in 
spite of the more rapid development and higher values of the green area index 
Other consider that P improves root development and proliferation, thus extend
ing the soil volume for available eater and nutrients 
(2,9) ; and improve the
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tolerance of field crops to aridity 
. Thus P is a major soil nutrient affecting
 
yields or rainfed crops under arid conditions .
 

Other soil properties, could have a significant effect on cereal growth

and yields. 
High free lime levels in soils may cause stunted growth as a result
 
of p and micronutrient immobilization as well as a serious ammonia volatization
 
losses in case of improper management (15)
 

Using the stepwise multiple computer program for computation of results
 
obtained in the 1981 and 1982 crops combined with the exclusion of the 1980 crop

since fertilization weed and smut estimation had not been considered; it was
 
found that several soil properties, and some rainfall nutrients interaction va
riables were correlated significantly with yields of wheat in grain and straw
 
and height of plants at maturity . (see table 3)
 

Clay.content of soils correlated positively with yields of grain

(R = + 0.52) and straw 
 (R= + 0.51) while silt and sand correlated negatively
 
Cation exchange capacity correlated similarly with yields of grain and straw
 
with (R
= +0.40 and 0.45 successively) .
 

Stoniness of the soil surface (STONES) was negatively correlated with
 
yields of grain (R = -0.44) or straw (R= -0.47) 
. The number of plants per

unit area is expected to decrease as 
the percent stoniness on soil surface
 
increased, which in 
turn limit yields.
 

Soil depth was positively correlated with wheat yield of grain
 
(R = + 0.49) or straw 
(R = +0.38) .
 

Bulk density which is an indication of soil scructure, was negatively

correlated with yield of wheat. 
High bulk density could lead to a bad aera
tion of soil and a poor water percolation of heavy -,,ils.
 

Nitrogen fertilizer correlated significantly with wheat yields of
 
grain or straw; but the product rainfall - N added (RAIN -N) had a more
 
significant value of R with yields 
.
 

The interaction variable Rain x soil available phosphorus (RAIN-PS)

had significant correlation coefficient with grain (I,=+0.35), 
or with straw 

(R=+0.33) , 

http:I,=+0.35
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Weeds in soils stand a. the most significant variable in the pilot area
 
affecting negatively yields of grain (R = -0.57) and straw (R = -0.53) 
. Weed in
 
wheat fields compete with plants for water and nutrients. Weed infestation is
 
widespread throughout the area, and no real effort was spent by the farmers to
 
control its damage to crop production in the rainfed area. 
 The drop in yields
 
of wheat grain as function cf percent weed weight % as shown in fig (7) is
 
represented by the linear ragression equation for all sites considered in the
 

pilot area
 

GRAIN = 185.677 - 3.215 WEED
 

where Grain is yield of grain in kg/donum
 

A weed infestation of 20 percent by weight of total harvest as an
 
example could drop yield by 30 percent . Many fields in the pilot area were
 

more infested by weeds than 20 % .
 

Regression equation relating yield of wheat to soil variables and
 

precipitation :
 

By use of the stepwise regression computer program, a series of regre
ssion equations were obtained in every 
 step a variable is iitroduced into thc:
 
equations . The coefficient of determination R' and the contribution of each
 
new variable introduced into 
the model to yield vltiation arc dt-Crmined auto
matically 
. That type of analysis allowed a clas.ification oc variables in
 
their effect on yield of grain or straw 
.
 

Four different types of equations were chosen as 
the most significant
 
for grain yields prediction for the 1981 and 1982 crops combined; where five
 
variables could account for 70% of wheat yield grain variation (R2 
= 0.71)
 

Weeds stand as the most significant variable .
 See table (4). Raising
 
the number of variables in the regression model, to eloven, the value of R'
 
raised to 0.81 . However, it was found further that raising the number of 
variables to 40, did improve the wheat yield prediction to 85 and 86 percent
 
of yield variation for grain and straw respectively .
 



- 178 -

From tables 
(4 and 5) one could notice several important results that
 
could be used in 
any further new technology to improve wheat yields.
 

First weeds infestation is the most important factor that could be controlled
 
to improve wheat grain or stra 
 yields. The use of herbicides and or any other
 
cultural method to control weeds is a technology that would improve yields of
 
wheat Fignificantly .
 

Second 
Stoniness density at the soil surface is an important factor affecting
 
negatively yields 
. Any practical method and technique that reduce stoniness, 
sAhould improve wheat yield . 

Third 
Clay soil or clay loam soils are the most suited for wheat. Perhaps

that will be due to their high water holding capacity dud or to its high cation 
exchange capacity and exchangeable nutrient cations. 

Fourth. The product of soil phosphorus and rainfall was found as a major factor 
affecting wheat yie ld of grain, and cozIcequ.ntl " iL. , ; - ,l . 'Ve . , 
,.J.: P in rainfed soils is a very desirable technology . 

'.fth The product of level of N added to the soil._ and -inf. 11 is found as
 
an important factor affecting wheat 
 yield of straw . Consequently further
 
!L dies on N level needed and rainfall, is highly 
 terddto 1I1pfVi" tstrdw /ield
 
cf wheat, as a potential source of animal 
 feed. 

Sixth High bulk density was found an important facrLoi, affecting negatively
 
wheat yields . Consequently any technology that improves 
 soil agglreqation
 
ia 
 the rainfed area and lower by then, bulk density should lead 
to an improve
ment of wheat yield .
 

As a result, when grain wheat regressioi models obtained from 1981f
 
1982 crops included in Table (15) 
were used to predict yields for the 1983
 
crop. It was 
found that grain yield prediction was fairly good. The coeffi
cient of correlation between observed and predicted yields was fairly good
 
with (R 
= + 0.94) see (fig 8). Discrepancies between predicted and observed
 
yields appeared only in fields affected by 
water logging conditions or where
 
some exceptional high density of ants colony, led to an carat 
drop oi wheat
 
grain from kernels .
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CONCLUSIONS AND RECOMMENDATIONS
 

Transfer of agricultural technology to improve rainfed agriculture
 
in the Arab World is still one of the most promising ways to control food
 
shortage and demands . Average wheat yields per unit area 
in the last thirty
 
years was found more or less stagnant . The present work could have the merit
 
to suggest a sinple methodology to determine the main factors that could be
 
controlled or improved to increase productivity or rainfed soils. 
 Variables and
 
factors that should be controlled to improve yields, could be different for any

soil - climate  management associations. 
Field work is needed for every dif
ferent agro-ecological zone 
, to establish regression models that could be used
 
to predict yield variation with any change in agricultural technology.
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TABLE (1) : Correlation coefficient between summation of precipitation in
 

various months of the growing season with yields of wheat in
 
grain and straw for the years 1980, 1981 and 1982 in farmer's
 

fields.
 

Rainfall in 
 Correlation coefficient (R) with
months* 
 -- ________Grain Yield 
 Straw Yield
 

1980 1981 1982 
 1980 1981 1982
 

SON 0.07 .44 .76 .47 .46 .70
 
S to D 0.09 .58 .76 .56
.46 .62
 
S to J 0.08 .58 .76 
 .48 .76 .69
 

S to F 0.08 .65 .67 .48 
 .55 .62
 
S to MAR 0.09 .62 .69 .62
.47 .63
 
S to APR 0.12 .59 .70 .47 .65 .63
 
S to MAY 0.09 .61 .47
.70 .61 .64
 
D + J 0.10 .59 .71 
 .19 .69 .68 
D to F 0.09 .68 .58 .o7.49 .53 

D to MAR 0.04 .66 .63 .47 .65 .58 
D 0.03 .29 .31.75 .29 .67
 

* Months were nominated by their letters.
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TABLE (2) Simple correlation coefficients between Grain yields of local
 

and improved varieties of wheat and total precipitation in
 

the growing season for the year 1980, 1981 and 1982
 

Varieties Correlation Ccefficients (r)
 

1980 1981 1982
 

All varieties together - 0.07 + 0.61 + 0.70
 

Local vdrieties * + 0.62
- 0.18 + 0.74
 

Improved vari.eties + 0.29 + 0.82 + 0.89
 

* 	 Local Variceties : I1ourani, Bayadi, Baladi, Hamari, 

improved Varieties: Florence Aurore, Mexipak 
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Fig (4) Yield of grain wheat and total
 

precipitatioa in growing season in area
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TABLE (3) The multiple correlation (R) between yield components of
 
wheat varieties combined with some soil tests and environ
mental variables for the year 1981 and 1982 combined.
 

Variables Description 
 W H E A T
 
Grain Straw 
 Height
 

SD 
 Soil depth .49 
 .38 .34
 
STONE S Stoniness % of surface 
 .44
** .47

*** .45. 
CEC Cation exchange cap. .40 .45 .27
 
SILT 
 Silt 
 -.27 ** -.26*** -.00 
SAND% 
 Sand % in soil 
 -.39 ** -.37 ** -.25 
CLAY Clay % 
 .52 .51 
 .19
 
BD 
 Bulk density 
 -.32 -.38 
 -.09
 
NADD Fertilizer N added **
.24** .27**
** .27** 
WEED Weed % by wt 

** 

-.57** -.53 -.50
 
RAIN-N 

** **
 

Rainfall-N interaction .31 
 .34 .35
 
RAIN-P Rainfall-P added " 
= .29 .30 .27 
RAIN-PS Rainfall-Soil P 
 = .J56 .J .96
 
CALA Active CaCo 3 .27 .06 .07
 
ALT 
 Altitude 
 -.51 -.45 -.49
 
RUST 
 Smut disease % 
 -.13 -.15 
 .009
 

**Significant at .05 and .01 levels respectively
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TABLE (4) 
 Regression models for grain yields of wheat with the respective coefficient 
of determination R2 for the l0 i and 1982 crops combined using the stepwise 
multiple regression
 

Mean Grain Yield 
 Regression Equations

in kg/1000 M2 R R3
 

Y1 
 3.247 - 1.648 WEED + 3.758 CLAY 
- 1.512 STONES +3.982 CALA 0.84 
 .70
 
+ .243 RAIN PS 

Y2 
 -14.073 
- 1.604 WEED + 3.721 CLAY 
- 1.49 STONES + 4.223 CALA
+ .215 RAIN PS + 2.843 NADD 
0.85 
 .73*** 

Y -107.820 - 1.449 WEED + 4.042 CLAY - 1.6C5 STONES + 4.498CALA 
+ .255 RAIN P3 + 3.056 ADD + 58.976 EC + 1.277 HORA 0.87 
 0.75***
 

Y4 -8.728 -1.075 WEED + 4.430 CLAY  1.322 STONES + 3.935 CALA 
+0.307 RAIN ps - 2.318 NADD 76.24 EC + 2.31 OHORA - 127.679BD 
- 1.512 SMUT + c.4o9 P2 ADD 

0.90 
 0.81
 

* Significant at 0.001 level
 



TABLE (5) 
 Regression models for straw yields of wheat with the respective coefficients
 
of determination for the 1981 and 1982 crops combined using the stepwise
 

multiple regression
 

Mean Straw Yield Regression Equations 
 R2
 
kg/1000 M2
 

105.082 - 2.850Y 1 WEED + 6.367 CLAY - 3.958 STONES + 12.000 SLOPE 
+ 0.241 RAIN N 

0.65**
 

Y 2 -lo4.502 
- 2.680 WEED + 8.294 CLAY - 5.455 STONES + 10.258 SLOPE 

+ .245 RAIN N + 129.794 EC + 8.711 PHOS 
 0.71
 

Y3 155.417 
- 2.130 WEED + 8.949 CLAY - 5.531 STONES + 4.144 SLOPE 
+ 0.192 RAIN N + 144.251 
EC + lo.111 PHOS - 224.205 BD +
 

1.138 P2 A.DD 

Y4 215.554 - 1.440 WEED - 6.G48 CLAY  5.329 STONES + 6.930 SLOPE 
- o.156 RAIN N - 117.463 EC - 13.219 PHOS  270,677 BD 

- 1.246 P' ADD - 1.383 SD - 1.231 CALT . 0.79
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FIELD EXCURSIONS IN JORDAN 

BY : WILLIAM M. JOHNSON 

In the Book of Chronicles of Soil Taxonomy it will be written
 

that on May 14th, 1984 (the year 1404 in the Arab calendar) a group
 

of 37 scientists assembled in Amman to study soil classification, espe

cially in its application to ,-ome soils of Jordan. In this forom were
 

19 trainees and 18 resource people, a ratio of abou_ 1:1, and not even
 

the State University of Ghent can boast of such intensive instructiont. 

During the six days of field excursions we travelled about 1,600
 

kilometers . We traversed the full length of Jordan, about 400 kilometers
 

from the Yarmouk Valley south to the Red Sea at Aqaba and from Jordm.n 

Valley eastwards to Azraq . We became acquainted, if -n]y brJ fly, with 

five of Jordan's physiographic provinces :
 

The Rift Provinc,- (Dead Sea, Jordan Valley)
 

Mountain Ridge and Northern Highlands East
 

of the Rift .
 

Southern Desert
 

Central Plateau
 

Azraq-Wadi Sirhan Depression 

We were previliged to e.amine and discuss 12 pedons in remarkably
 

well prepared pedological excavations (soil pits). we walked :everal
 

(ilometers in hot sun to view the marvels of Nabatean architecture at
 

,cLtra. In spite of all the Nrigorous exercise, the strong sun and the 

hazards of soine very deep pits, we all survived without injury or ill

ness . In fact, it seems that the greatest hazards encountered was the 

rLsk of over-eating because of the many delicious , varied and remarkably 

Tienerous luncheons and dinners we were served. 
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All participants received the official list of study pedons and
 
their classification in Soil Taxonomy 
. These soils represent five soil
 
orders and are an excellant expression of the range in soil conditions
 
in Jordan. The followiig classification chart shows the distribution of
 
study 	pedons in the vaxtous orders and gives 
 few notes concerning the
 
classification of each.
 

Scil Classification Chart - Jordan
 

1. ENTISOLS
 

J9 	 (pit not seen). Typic Torrifluvent, fine-silty, mixea
 

(calcareous), thermic .
 
Stratified ; irregular decrease of organic carbon; ochric
 

epipedon but no other diagnostic horizens.
 

J11 	 (19 May) . Pasture just outsidc Az~aq. Aquic Tolriorthent, 

clayey skeletal, mixed (caLcareols), thermic . Incorrect: 

colors in pedon description caused sc(me ccnfusion. Ochric 
epipedon. Saline in upper horizons but not a salic horizon. 

Lots of exchangeable sodium and sodimsoluble zhloride but 
there is no way to reflect this 	sodicit.y in Soil Taxonomy. 

2. INCEPTISOLS
 

J4 (21 May). Deir Allah Experiment Station, Jordan Vailey
 

Fluventic Ustochreot, fine, mixed, hyperthermic . Irregular
 
decrease with depth of organic carbon. Ochric epipedon and
 

cambic horizon (based on 
soft powdery lime concentration
 
below). Some vertic droperties but not enough for an inter

grade.
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3. ARIDISOLS
 

Ji (17 May) In a newly planted apple orchard south of Ma'an.
 

Typic Calciorthids, loamy-skeletal, carbonatic, thermic.
 

Aridic moisture regime. Ochric epipedon, possibly a cambic
 

horizon ; calcic (hypercalcic) horizon.
 

J2 (17 May) Near village of Mohammedieh, north of Ma'an.
 

Typic Calciorthids, clayey-skeletal. carbonatic, thermic.
 

Irregular distribution of organic carbon; 20 - 68% exchan

geable Na; stratified material; may have a natric horizon
 

but more data are needed to be sure; ochric epipedon ; calcic
 

horizon; salic horizon . More important to recognize high
 

sodium absorption ratio than salic horizon.
 

J3 (22 May) Edge of eggplant field in southern part of Jordan
 

valley.
 

Fluventic Ustollic Camborthids, fine-silty, carbonatic,
 

hyperthermic . Ochric and cambic hurizons. Presents comin

licated calssifications problem
 

JO (19 May) In abroad, shallow depression, Wadi Schaumeri,
 

near Azraq.
 

Typic Gypsiorthids; sandy, gypsic, thermic. Irregular
 

decrease of organic carbon with depth. High sodium below
 

1 meter depth. Ochric, gypsic and salic horizons. Petro

gypsic in places.
 

J10 (19 May) Low, wet meadow at town nf Azraq
 

Aquic Natrargid; very fine, carbonatic , thermic. Ochric,
 

natric and calcic horizons. Some vertic properties .
 

A vertic subgroup, as in Haplargids , would be useful here.
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J12 (20 May) Alongside highway to Baghdad, 14 Km. north of
 

Azraq. 
Typic Natrargid; fine-loamy , mixed, theLrmic
 

Ochric, natric, calcic and gypsic horizons. Columnar
 

structure is not strong and the natric horizon is not 

strongly expressed
 

4. MOLLISOLS
 

J13 (not seen) Typic Argixeroll, clayey- skeletal, mont

morillonitic, thermic
 

5. VERTISOLS
 

J5 	 (22 May) Experiment Station 3) Fin. south of Amman, in fallow 

field on a gentle 2lcj~e. 

Entic Chromoxerert; fine, mrntrr.rillon.tic, tnermic. 

Ochric epipedon; projiinent vertic properties and some 

scientists dislike the ertic intergrade ; pu ;esibly has c~acic 
horizon but pedon not sample deep ,.nough to bu sure; posainly 

has oxidic mineralogy ?.
 

J6 (20 May) Fallow field in Ramtha Agricutilural Expermunt 

Station. Entic Chromoxerert; fine. mcntinv1rilo'jit ic, 

thermic . Ochric epipedon ; some vertic prupertie , posibly 

has an aegillic horizon ? someflas ustollic propertles 

J7 	 (20 May) Edge of Chickpea field on Maraw Experiment 

Station . Typic Chromoxerert ; very fine, montmorillo

nitic thermic. 
 Ochric epipedon ; distinct vertic properties
 

some 	 clayskins may be present . 
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J14 (21 May) Fallow field near North Shema, Jordan Valley.
 

Entic Chromustert; fine, carbonatic, hyperthermic. Ochric
 

epipedon ; vertic properties clearly seen; some participants
 

" 
expressed dislike of "cntic intergrade
 

Note It appears possible that Alfisols may also exist in the more
 

humid areas of Jordan , but we saw no iExamples 
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APPIENDIXES -I.- II. II
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APPENDIX I
 

VIII International Forum 

on 

Soil Taxonomy and Agrotechnology Transfer 

Jordan, May 14-25, 1984 

PROGRAMME 

MAY 

Sunday 13, 

Monday 14, 

10.00 

Participants Arrival 

Opening Ceremony 

Chairman: Mr. Z. Ghosheh, ACSAD representative 
in Jordan 

- Dr. H. Eswaran, Project Leader, USAID 

- Dr. M. EL-Khash, Director General, ACSAD 

- H.E.M. S. AI-Louzy,, Under--Secretary, Ministry 
of Agriculture, Jordan 

11.00 Break 

11.30 

12.00 

12.45 

13.30 

Technical Session I 

Chairman: Dr. A. Osman 

Purpose of tho Foruzi - A. Osman 

(Introduction of staff and participants) 

Principles and logic of Soil Taxonomy, H. Eswaran 

The Need for a worldwide system of soil classifi
cation, F. Moormann 

Lunch 

14.30 

15.30 

16.30 

17.00 

18.00 

Technical Session 11 

Chairman, A. Taimeh 

Soil Moisture and temperature regimes, R. Tavernier 

Diagnostic surface horizons, W. Johnson 

Break 

Diagnostic subsurface horizons, cambic, argillic, 
spodic, oxic - F. Moormann 

Discussion 

18.30 Adjourn 



Tuesday 15, 


08.00 


09.00 


10.00 


10.30 


11.30 


12.30 


14.00 


•15.00 


16.00 


16.30 


17.30 


18.00 


Wednesday 16, 


08.00 


09.00 


10.00 


10.30 


11.30 


12.30 


13.30 


15.00 


16.00 


16.30 


17.00 


- 203 -

Technical Session III
 

Chairman: H. Haj Abdallah
 
Diagnostic subsurface horizons, calcic, petro
calcic, cypsic, petrogypsic, salic - A. Osman/
 
M. Ilaiw
 
Diagnostic properties - F. Moormann
 

Break
 

Nomenclature and keys to Soil Taxonomy 
- R. Tavernier
 
Use of Sil Taxonomy in soil survey programs -

W. JohnsDn
 

Lunch
 

Technical Session IV
 

Chairman: M. Ilaiwi
 
Alfisols- F. Moormann
 

Aridisols- A. Osman
 

Break
 

Entisols - W. Johnson
 

Break
 

Soil Taxonomy - a technical language of Soil Science
 
(Movie), Introdoced by H. Eswaran
 

ACSAD Activities (Mo\,ie), introduced by Dr. A. Osman
 

Technical Session V
 

Chairman: A. Mooi 
Inceptisols - M. IIliwi
 

Mollisols - R. Tavernier
 

Break
 

Geology and Geomorphology of Jordan °
 - B. Sunaa
 
Ultisols - F. Moormann
 

Vert.sols W. Johnson
 

Lunch
 

Technical Session VI
 
Chairman: W. Johnson
 
Soil Families - H. Eswaran
 

Climate of Jordan -
Y. El-Kawasma
 

Break
 

Landuse in Jordan 
- B. Al-Qudah
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17.30 


18.00 


18.30 


Thursday 17, 


07.00 

10.00 


11.30 


14.00 


16.00 


Friday 18,
 

08.00 


11.00 


13.30 


15.00 


Saturday 19,
 
07.30 


10.00 


11.30 


13.00 


15.00 


Sunday 20, 


08.00 


10.00 


11.30 


13.00 


14.30 


Monday 21,
 
08.00 


10.30 


11.30 


12.30 


Soil of Jordan - A. Rehani
 
Soil Profile Description - H. Fadl
 

Adjourn
 

Field Tour (340 Km)
 

Leave Amman
 
Pedon J2 (220 Km), Discussion Leader - H. Eswaran
 
Basquet Lunch
 
Pedon J1 - Discussion Leader 
- F. Moormann
 

To Aqaba
 

Night at Aqaba
 

Tour of Aqaha
 

Leave Aqaba to Petra (180 Km)
 
Lunch at Petra
 

Leave Pot-ra to Amman (260 Km)
 

Night in Amman
 

Leave Amman for Azraq (110 Km)
 
Pedon J8, Discussion Leader -. M. Ilaiwi
 
Pedon J10, Discussion Leader 
- S. Nooman
 
Lunch at Azraq (check-in hotel)
 
Pedon J1l, Discussion Leader, N. Khatib
 

Night in Azrag
 
Azraq to Irbid (150 Km)
 
Pedon J12, Discussion Leader, I. Dhaiaa"
 
Pedon J6 (120 Km), Discussion Leader, H. Fadl
 

To Irbid
 

Lunch at Irbid
 

Pedon J7, Discussion Leader, B. Al-Qudah
 

Night at Irbid
 

Irbid to Deiralla (80 Km)
 
Pedon J14 (30 Km), Discussion Leader - A. Moqbil
 
To Pedon J4 (Deiralla), Discussion Leader, A. Osman
 

Basquet Lunch at Deiralla
 
Return to Amman (70 Km).
 

Night at Amman
 



Tuesday 22
 

08.00 

10.30 


12.00 


14.00 


15.00 


16.00 


Wednesday 23,
 

08.00 

09.00 

10.00 


10.30 

11.30 


12.15 


13.00 


14.00 


16.30 


17.15 


18.00 


Thursday.24, 


08.00 


08.30 


09.00 


09,30 


10.00 
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Leave Amman (70 Km)
 
to Pedon J3, Discussion Leader, R. Tavernier
 
Leave to Dead Sea
 

Lunch
 

Swiming in Dead Sea
 

Leave to Pedon J5, Discussion Leader, W. Johnsor
 

Return to Amman (100 Km)
 

Night at Amman
 

Tenhnical Session VIII
 

Chairman: N. E]-Khatib
 

IBSNAT - An Intrn,ticnal Frocramme
 

Agrotechnology 
Transfer in the Ar-ab countries 

under rainfed agriculture - A, Matar
 

Break
 

A synopsis of the Benchmark Soils Pro ict
 
Wheat and Barley Manajqr.:ont- in Jordan - ?,.Ghosh-.h
 

Spray of Urea on 01ive ! toes - I .Sakct
 

Soil ConservatoLon f .1o-c-n - . laci'ia:een
 

Lunch (Invitation by iH.E.M. Tne ministor of
 
Agriculture)
 

Technical Session V111 
Chairman: F. Beinroth
 

Soil Temprature Regime and relationship between
 

air and soil temperature in Jordan - A. Taimeh
 

Replenishment and depletion of soli rnoistuie in 
the northern rainfed areas of JoL.j-i - A.M. Battikhl
 

Adjourn
 

Technical Session IX
 

Chairman: R. Tavernier
 

Soil Map of Arab Countries (ACSAD) - M. Ilaiwi
 

Sudan: H. Fadl
 

Iraq: H.M. Al-Naimi 
Panel Discussion, National Soil Survey Program in
 
Jordan
 

Break
 

http:Thursday.24
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Technical Session X : Forum Reports 

Chai-man: H. Eswaran 

10.30 

11.00 

•11.30 

12.00 

12.30 

13.00 

Field Tour - W. Johnson 

Soil Taxonomy Lectures - B. Ai-Qudah 

Munagement Lectures - B. Babikr 

Participants comnents 

Recommendations 

Conclusion and Distribution of Certificates 
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RECOMMENDATIONS
 

DRAFTING COMMITTEE :
 

1. Dr. Hari Eswaran (SMSS)
 
2. Mr. Jihad M. Abu Mushrif (Jordan)
 
3. Mr. Abdallah S. Al-Dukail (S. Yemen)
 
4. Dr. Hassan H. Abdallah (Sudan)
 
5. Dr. Mohamed Ilaiwi (ACSAD)
 
6. Mr. Bakr H. A. Qudah (Jordaii)
 

The drafting committee met on Wednesday May 23rd from 6.00 to
 
7.15 p.m. and proposed the following commendation and recommenda
tions.
 

Commenration
 

The participants of 
the VIII International Forum on Soil Taxo
nomy and Agrotechnology Transfer wish to express their apprecia
tion to the Government of Iashemitethe Kingdom of Jordan and in
 
particular to Ministry of
the Agriculture for hosting the Forum
 
and providing the logistical support which a
ensured successful 
conclusion.
 

The participants also wish to 
thank the co-sponsors: The Arab
 
Center for the Studies of Arid Zones 
 nd Dry Lands (ACSAD), the
 
Soil Management Support Services 
(SMSS) and the Agency for Irilerna
tional Development (AID) 
-
for their financial and organizational
 
support of the Forum.
 

The Forum was attended by participants from ten countries 
(Jor
dan, Syria, Saudi Arabia, Kuwait, Yemen Arab Republic, Yemen De
mocratic Republic, Iraq, Sudan, Somalia and Qatar) and we wish 
to
 
express our gratitude to the respective governments for permitLing
 
us to attend the Forum.
 

The success of the Forum was largely due 
to the quality of the
 
Resource Personnel and we are deeply indebted 
to them for all their
 
inputs into the Forum
 

Proposed by 
: Dr. H. H. Abdullah
 

Seconded by: S. Nooman
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Recommendations
 

1. Realising the need for international exchange of scientific
 

information and noting the need for more qualified and trai

ned personnel in the Arab Countries, the participants strongly
 

urge SMSS and ACSAD to organize follow-up Forums in the region.
 

The participants strongly recommend that two Forums be planned
 

for the near future:
 

(a) A forum on Soil Taxonomy and Techniques on Soil Analysis
 

and Evaluation to be held in early 1985.
 

(b) A Forum on "Soil Survey Methodology and Interpretation
 

of Soil Surveys" to be held in late 1985 or early 1986.
 

Proposed by: A. Rihani
 

Seconded by: W. Johnson
 

2. The participants fully endorse ACSAD's efforts in the Soil Map
 

of the Arab World project and appreciate the collaboration of
 

SMSS and other organizations in this projeZt. in orden to fa

cilitate the operational aspects of the Project and to ensure
 

quality control, the participants recomnend the translation 

of the following two documents into Arabic:
 

(a) Key to Soil Taxonomy
 

(b) The New Soil Survey Manual
 

To ensure an unambiguous translation, the participants recol

mend that a Committee of Soil Scientists of the Arab Coun

tries be formed by ACSAD to verify terminology and guaranty
 

quality of the translation. It is also recommended that SMSS
 

be invited to collaborate in this project.
 

Proposed by: B. Babikr
 

Seconded by: F. Jack
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e. In view of the need for training soil scientists in the Arab
 
Countries and to create a greater awareness for the discri
.minatory use of soils among national planners and users of
 
soils, the participants recommend that ACSAD in collaboration
 
with the International Soil Research and Information cen er,
 
(ISRIC) - Netherlands- establish a soil monolith collection
 
at its headquarters.
 

ACSAD is also requested to assist countries who will be inte
rested to establish their own national soil monolith collec

tion.
 

Proposed by: H. Jamous
 
Seconded by: H. Fadl
 

4. Considering the need for an efficient national soil survey
 
staff in all arab countries, the Forum urge all government and
 
decision makers in the Arab Countries to establish, if not
 
yet existing, a National Soil Survey Service at 
the Ministry
 
of Agriculture and to supply this service by the necessary
 
means to be able to carry on 
all soil studies and to elabo
rate detailed and semi detailed soil map ifor different deve
lopment projects in the country. This Service should be able
 
to cooperate and participate in the scientific activitie
s of
 
the soil specialists of the Universities and other Scientiiic
 
institutions and advice national and regional planner:; on 
the
 
discriminatory use of soils.
 

Proposed by: B. Babikr
 

Seconded by: A. Al-Dukail
 

5. Noting that Vertisols are very extensive in the Arab Countries
 
and that much of the agriculture of tile Arab World is on these
 
soils, the participants welcome the initiative of the Interna
tional Board for Soil Resources and Management (IBSRAM) to de
velop a Soil Management Network 
on Vertisols. The participants
 
request IBSRAM to include as many arab countries as possible in
 
this Network as we 
realize the benefits of this trans-national
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collaboration to improve the productivity of these soils.
 

Proposed by: H. FaLl
 

Seconded by: A. TeAmeh
 

6. Recognizing the potential of models in agricultural research
 
and development, the participants recommend that the member
 
countries of ACSAD actively explore the possibilities of col
laborating with IBSNAT, either individually or throngh ACSAD.
 

Proposed by: A. Muqbil
 

Seconded by: M. Ilaiwi
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LIST OF PARTICIPANTS 

S.NO. N A M E COUNTRY ADDRESS 

LECTURES 

01 

02 

03 

R.Tavernier 

W.Johnson 

F.Moormann 

Belgium 

U.S.A. 

Holland 

University of Ghent 

Portland, Oregon 

University of Utrecht 
04 H.Eswaran U.S.A. USAID 
05 

06 

07 

F.Beinroth 

A.Osman 

M.Ilaiwi 

U.S.A. 

Lebanon 

Syria 

IBSNAT/U.S.A. 

ACSAD/Damascus 

ACSAD/Damascus 
P.O.Box 2440 -

it. 

Damascus 

08 

09 

10 

11 

12 

13 

14 

15 

16 

N.El-Khatib 

Y. El-Kawasmah 

A.Matar 

Z.Ghosheh 

A.Battikhi 

I.Saket 

A.Taimeh 

B. Sunaa' 

N. Haddadeen 

Lebanon 

Jordan 

Syria 

Jordan 

Jordan 

Jordan 

Jordan 

Jordan 

Jordan 

ACSAD/Damascus 
of 

ACSAD/Damascus 

ACSAD/Daascus 

ACSAD/Jordan P.O.Box 925860, Amman 
University of Jordan Amman, Jordan 
University of Jordan Amman, Jordan 
University of Jordan Amman, Jordan 
Natural Resources Authority P.O.Box 7, Amman 
Ministry of Agriculture - Amman / Jordan 
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TRAINEES
 

01 Mr. A.Muhanna 

02 Mr. I.Dhaiaa' 

03 Dr. H.H.Abdallah 

04 Dr. B. Babikr 

05 Mr. H. Fadi 

06 M.S.Al-Mazroa 

07 M. Abu Talib 

08 Dr.A. Al-Thor 

09 Dr. A.Mugbil 

10 A.S. Al-Dukil 

11 S.I.Noomann 

12 H.M. Said 

13 Miss F.J. Jack 

14 S.M. Ahmad 

15 A.M. AHMED 

16 H.A. AL-Saad 

.7 M.R. Jamous 

i5 J.M. Abu Mushrif 

19 W.A.Al-Sharif 

20 B. AL Qudah 

21 A.Rihani 

Syria Ministry of Agric. Syria 
 P.O.Box 113 Douma, Damascus
 
Syria Ministry of Agric. Syria " - ,
 
Sudan Ministry of Agric. Sudan 
 P.O.Box 388 Wad Madani,Sudan
 
Sudan Ministry of Agric. Sudan 
 P.O.Box 388 Wad Madani,Sudan
 
Sudan Ministry of Agric. Sudan 
 " ,, Is #I It
 

Saudi Arabia Ministry of Agric. S.A. P.O.Box 17 285 Riyadh 
, S.A.
 
Kuwait Gen.Est.for Agric. Kuwait 
 P.O.Box 8 (Safat) Kuwait
 
Yemen Ministry of Agriculture,Y.A.R Taiz 
, Y.A. Republic
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