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FORE WORD 

The prosper i ty  and fu ture  development of any nat ion depend 
la rge ly  on i t s  land and water resources. These determine t h e  l e v e l  of 
human sustenance and, t o  a considerable degree, a na t ion ' s  economic vi- 
a b i l i t y .  With population on t h e  increase  throughout the  world, it be- 
comes increas ingly  important t o  improve and i n t ens i fy  a g r i c u l t u r a l  pro- 
duction. 

The pressures brought upon each nat ion t o  feed more people 
have gradually sh i f t ed  the  s ignif icance of food production t o  t h e  a r i d  
and semi-arid lands. The l imi t ing  fac tor  f o r  any intensive  a g r i c u l t u r a l  
production of these  drylands is the  s ca r c i t y  of ava i lab le  water. Thus 
t he  de l i c a t e  balance which e x i s t s  between l imi ted resources of water, 
s o i l  and vegetation i n  a r i d  zones makes necessary t h e  development of 
p r i o r i t i e s  f o r  research i n  developing dryland crops. 

With t h e  exception of a few i so la ted  p ro j ec t s  t h a t  a r e  being 
developed i n  t he  Middle %st, research e f f o r t s  devoted t o  t he  problems 
and prospects of a r i d  zone ag r i cu l t u r e  have been sadly inadequate. 

Since one of t he  main object ives  of t h e  Central  Treaty Orga- 
n iza t ion  is t h e  econmic deve lopen t  of t h e  regional  countries,  t he  
CENTO Economic Ekperts i n  January 1971 recommended t h a t  a seminar on 
t h e  a g r i c u l t u r a l  aspects  of a r i d  and semi-arid zones be included i n  t he  
annual schedule of events. The recommendation was approved by t h e  
Bghteenth  Meeting of t he  Economic Cormittee, held i n  London i n  March. 

The Government of I ran offered conference f a c i l i t i e s  a t  the  
S o i l  I n s t i t u t e  of I ran,  and t he  four-day seminar took place  i n  Tehran 
from September 19 t o  23, 1971. Orgaaizational  and f i nanc i a l  support 
were provided by t h e  Off ice  of t h e  United S ta tes  Economic Coordinator 
f o r  CENTO Affai rs .  



and 
prob 

For ty-s ix  d e l e g a t e s  from I ran ,  Turkey, t h e  United .Kingdom 
t h e  United States 5t tended t h e  seminar. Las t  minute a d m i n i s t r a t i v e  
lems prevented t h e  Pakis tan  de lega t ion  from a t t e n d i n g  t h e  seminar. 

The purposes of t h e  seminar were t o :  

"Review t h e  resources  development and re sea rch  r e s u l t s  of  
t h e  coopera t ing  coun t r i e s  

"Exchange informat ion  on t h e  management o f  a r i d  and semi- 
a r i d  lands of t h e  CENTO coun t r i e s  

* I d e n t i f y  t h e  most urgent research  needs 

* h c o u r a g e  coopera t ive  research  on problems o f  mutual con- 

cern and exchange informat ion  gained from such endeavors. 

This seminar i s  t h e  f i r s t  i n  i t s  own s e r i e s .  It i s  hoped 
t h a t  through t h e  sha r lng  of  n o t  only sinilar problems b u t  research  and 
educa t iona l  programs, t h e s e  co lmt r i e s  can achieve a forward s tep i n  i m -  
proving t h e  well-being of t h e i r  peoples .  

A l l  t h e  papers  presented  a t  t h e  seminar a r e  inzluded a t  
l e a s t  i n  p a r t ,  a l though p o r t i o n s  of  some o f  them have been d e l e t e d  o r  
e d i t e d  t o  meet p r i n t i n g  requirements .  
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ADDRESS OF WELCOME 

by H.E. Mr. Hossain Mir Haidar, 

Undersecretary, Ministry of Agriculture 

for Research and Technical Affairs, Tehran 

It i s  my pleasure  t o  extend a w a r m  welcome t o  a l l  of you who have 
gathered here t o  p a r t i c i p a t e  i n  t he  de l i be r a t i ons  of the  Seminar on 
Agr icu l tu ra l  Aspects o f  Arid and Semi-Arid Zones. We a r e  honoured t h a t  
I ran  has been se lected as t he  host  country. 

The p rosper i ty  and f u t a r e  developnent of  any na t ion  depend 
l a r g e l y  on i t s  land and water resources. These determine t h e  l e v e l  of  
human sustenance and, t o  a considerable degree, a na t i on ' s  economic 
v i a b i l i t y ,  With inc reas ing  population pressures  throughout t h e  world, 
it becomes inc reas ing ly  important t o  improve and i n t e n s i w  a g r i c u l t u r -  
a l  production if a world food shortage and human malnutr i t ion a r e  t o  
b e  avoided. 

In t h i s  context ,  therefore ,  H i s  Imperial  Majesty Shahanshah 
Aryamehr has a l loca ted  an ever-increasing p r i o r i t y  t o  t h e  a g r i c u l t u r a l  
development of Iran. In  a r ea s  of t h e  country which a r e  we l l  endowed 
with s o i l  and water resources progress has been rapid and p roduc t iv i ty  
has  shown a consis tent  annual improvement wi th  improved methods of 
s o i l  and water management. However, by f a r  t h e  l a r g e r  p a r t  o f  I r a n ' s  
land surface  i s  of a n  a r i d  o r  semi-arid nature  with inadequate water r e -  
sources; p roduc t iv i ty  wi thin  such areas i s  unsa t i s fac to ry  and highly  
var iab le  from year  t o  year .  

With t h e  exception of a p ro j ec t  launched some years ago by UNESCO 
the  research e f f o r t  devoted t o  t he  problems and prospects of a r i d  zone 
ag r i cu l t u r e  has been sad ly  inadequate. It i s  i n  t h i s  context  t h a t  your 
de l ibe ra t ions  w i l l  have r e a l  and meaningful s ign i f i cance  t o  us i n  I ran  
and ad jo in ing  count r i es .  

I would request  you t o  give spec i a l  considerat ion t o  some of t h e  
following aspec t s  : 

Water being t h e  most sca rce  f a c t o r  i n  a r i d  areas,methods f o r  op- 
t imiz ing  i t s  use must receive  t h e  highest  p r i o r i t y .  It is  not only a 
mat ter  of  quan t i ty  of water, but  a l s o  i t s  qua l i t y  t ha t  needs a t t e n -  
t i o n .  

Water f requent ly  ava i l ab l e  i n  a r i d  zones cannot be  used f o r  con- 



ven t iona l  cropping regimes because of i t s  high s a l t  content .  I n  such 
cases ,  emphasis could be  placed on a search  f o r  s a l t - t o l e r a n t  forage  
crops s u i t a b l e  as food f o r  sheep and c a t t l e  production.  Views on t h e  
f e a s i b i l i t y  o f  such p r o j e c t s , e s p e c i a l l y  i n  terms of  economic r e t u q  
would be a mat t e r  o f  g r e a t  i n t e r e s t .  

It i s  a l s o  w e l l  known t h a t  t h e  p i s t a c h i o  t r e e  has a high degree 
of  t o l e r a n c e  t o  s a l i n e  i r r i g a t i o n  water,  b u t  l i t t l e  has been done t o  
quan t i fy  t h i s  c rop ' s  to l e rance  l i m i t s  and i t s  n u t r i e n t  requirements.  
A t t en t ion  needs t o  be  focused on t h i s  l u c r a t i v e  crop, s o  eminently 
s u i t e d  t o  a r i d  zone c u l t u r e ,  as w e l l  a s  on o t h e r  l a t e r  in t roduc t ions  
such as o l i v e s  which show g r e a t  promise i n  some parts o f  I r a n .  

S o i l  surveys, land resource  i n v e n t o r i e s  and land c L a s s i f i c a t i o n  
a r e  e s s e n t i a l  f o r  assessment of  t h e  c a p a b i l i t y  of a r i d  lands  t o  i n -  
c rease  and s u s t a i n  a g r i c u l t u r a l  p r o d u c t i v i t y .  Development of  s u i t a b l e  
cropping p a t t e r n s  f o r  d i f f e r e n t  land c l a s s e s  i s  needed f o r  economic 
and e f f i c i e n t  land use p lanning.  A t  t h e  same t ime t h e r e  i s  a concur- 
r e n t  need t o  a s s e s s  t h e  usefulness  of such land c l a s s i f i c a t i o n  i n  eco- 
nomic development; p r e s e n t l y  used c r i t e r i a  may be inadequate and may 
need t o  b e  modified i n  t h e  l i g h t  of p r a c t i c a l  experience.  

Wheat i s  t h e  most important  crop of Iran, b u t  n e a r l y  two- th i rds  
of  t h e  a r e a  under t h i s  crop i s  d r y  farmed. Improvement i n  t h e  produc- 
t i v i t y  o f  d r y  farmed wheat by s u i t a b l e  s o i l  and moisture conservat ion  
methods i s  requi red .  The p o s s i b i l i t y  o f  growing drought r e s i s t a n t  or  
drought  escaping forage  and legume ca tch  crops should b e  more i n t e n -  
s i v e l y  explored wi th  t h e  i n t e n t i o n  of ob ta in ing  a g r e a t e r  economic 
s t a b i l i t y  i n  many a r e a s  now regarded as marginal .  

The delicate balance which exists between t h e  l imi t ed  resources  
of water, s o i l  and vege ta t ion  i n  a r i d  zones makes it necessary  t o  de-  
velop w e l l  considered s t r a t e g i e s  i n  terms of s o i l  and mois ture  conser-  
v a t i o n .  Tc do t h i s ,  a more d e t a i l e d  eva lua t ion  is  needed of a c t u a l  
s o i l  and water l o s s e s  and i n t e g r a t e d  r e g i o n a l  measures a r e  d e s i r a b l e  
t o  q u a n t i f y  t h e  var ious  f a c t o r s  involved. Spec ia l  f a c t o r s  which m e r i t  
cons ide ra t ion  a r e  b e t t e r  watershed management, s to rage  of  water  and 
t h e  measurement o f  t h e  r a t e  o f  s o i l  e ros ion  i n  c e r t a i n  key a r e a s .  

My col leagues  and I hope t o  b e n e f i t  g r e a t l y  from t h e  d i scuss ions  
t o  b e  held a t  t h i s  seminar and we a r e  ready t o  cooperate i n  j o i n t  
programmes f o r  t h e  development of a g r i c u l t u r e  wi th in  t h e  a r i d  zones of 
t h e  region.  I hope t h a t  due cons idera t ion  w i l l  be  given no t  on ly  t o  
t h e  t e c h n i c a l  a s p e c t s  of  t h e  development o f  a g r i c u l t u r e  i n  t h e  a r i d  
zones, b u t  a l s o  i t s  economic f e a s i b i l i t y  and i n t e g r a t i o n  wi th  t h e  de-  
velopment of  a g r i c u l t u r e  i n  t h e  coun t r i e s  o f  t h e  region  as a whole. 



OPENING REMARKS 

b y  Mr. Mostafa Modjtahedi, 

Assistant Ecmomic Secretary, 

on  behalf o f  

H.E. Mr. Turgut M e n e r n e n ~ i o ~ l u ,  

Secretary General, CENT0 

We jus t  heard the enlightening address by His Ekcellency, Mr.Hos- 
s.ain Mir Haidar, Undersecretary of the I t inis t ry of Agriculture, and 
now on behalf of His Ekcellency, M r .  Turgut Menemencio&lu, the Secre- 
t a r y  Genersl of the  Central Treaty Organization and myself, I would 
l i k e  t o  welcome you t o  t h i s  very f i r s t  Seminar on Agricultural  Aspects 
of Arid and Semi-Arid Zones, I would l i k e  t o  take t h i s  opportunity t o  
thank the Government of I ran f o r  having f a c i l i t a t e d  us with t h e i r  kind 
and generous help f o r  t h i s  meeting. A t  the  same time our appreciation 
should go t o  the  Office of the  United States  Economic Coordinator f o r  
Cl3TID Affairs  i n  Ankara f o r  t h e i r  assis tance i n  the formation of t h i s  
seminar. 

A s  we a l l  know, one of the main objectives of CEXJTO i s  the eco- 
nomic development of the  region. For achieving tha t  objective, our or-  
ganization has brought about many programs i n  various f i e l d s  with a 
wide var ie ty  of aims. In  many aspects of our economic development pro- 
grammes we have been successful i n  foming seminars, symposia, work- 
shops and t ra in ing  programmes, a l l  with sa t i s fac tory  resu l t s .  

The scope of CENTl economic development projects ,  f o r  instance, 
includes the  railway, t h e  highways, microwave, c i v i l  aviation, i m -  
provement of ports,  geological development, various agr icu l tura l  proj- 
e c t s  and animal husbandry, heal th  projects  and s c i e n t i f i c  and educa- 
t i o n a l  proglTsurunes. 

A s  we gather here as the representatives of the  member govern- 
ments of the Central Treaty Organization, we f e e l  confident t h a t  t h i s  
seminar i n  t h i s  aspect of the  f i e l d  of agricul ture  which i s  the  f i r s t  
of a se r i e s ,  w i l l  be another success f o r  us and w i l l  bring us a s tep  
closer  t o  our objectives--the improvement of the  l o t  of our peoples 
and the creation of a good l i f e  through in terna t ional  cooperation. 



OPENING ADDRESS 

by Dr. Sahap Elqi, 

Professor, 

Faculty of Agriculture, 

Ankara University 

I do not  know how I can explain t h e  f e e l i n g  t h a t  I have t h i s  
morning, because a l l  of us who a r e  here came i n  order  t o  d i s cus sap rob -  
lem of t h e  CENTO countries;  t h i s  problem r e a l l y  concerns the  economic 
aspects  of these  countr ies ,  e spec ia l ly  t h e  p o s s i b i l i t y  of advancing 
our economy. Then we have t o  th ink  about what t h e  problems a r e  and how 
we can solve  them, and a f t e r  t h i s  what we w i l l  do as a people, and t he  
people have t o  th ink  how they should help each othe?. In t h i s  seminar 
T hope we w i l l  d iscuss  d i f f e r en t  aspects  of our d i f f e r en t  problems. 

I a m  sure  i n  t h i s  seminar t he r e  a r e  many people who know b e t t e r  
one s i d e  of t h e i r  own problem, bu t  whenever you get  them together  thus 
you w i l l  have a kind of e f f o r t  from which you can get  b e t t e r  economi- 
c a l  and a g r i c u l t u r a l  production. F ina l ly  you could help not  only your 
country, but  you may have a p o s s i b i l i t y  of helping a l l  of t he  world. 
This i s  why I think t h i s  kind of meeting i s  very important from t h e  
viewpoint of world population, not  simply ind iv idua l  countr ies .  Thfs 
i s  my own b e l i e f ,  t h a t  whenever you have one person you can do 
one th ing .  On t h e  o ther  hand, whenever you have several ,  then you can 
make a huge bene f i c i a l  improvement i n  your problems. This i s  why I 
give very high c r e d i t  t o  these  meetings which a r e  a l m y s  f r u i t f u l  f o r  
t he  people who a r e  enrol led  i n  them. 

In  my opinion the  host  country i s  havLng a very d i f f i c u l t  and i m -  
por tan t  t a sk  when it organizes t h i s  kind of meeting. That is  why I am 
thankful  t o  the  Government of I ran  and to other  responsible people who 
prepared t h i s  very f i n e  meeting and provided f a c i l i t i e s  f o r  us. On t h e  
other  hand, I am g ra t e fu l  t o  t h e  Central  Treaty Organization and t he  
United S ta tes  of America i n  t h a t  they prepared t h i s  meeting t o  get  us 
together  t o  explain our problems and discuss  them i n  d e t a i l .  



OPENING ADDRESS 

by Mr.  C.E. Johnson, CBE, 

Adviser on Agriculture, 

Middle East Development Division, 

Beirut 

On behalf  of  t he  Government of  t h e  United Kingdom, may I say how 
pleased we a r e  t o  be here  i n  Tehran a t  t h i s  very pleasant  time of 
year. Your dry  cl imate which provides the theme f o r  our d iscuss ions  
a l s o  gives us a very pleasant  environment, e spec ia l ly  a t  t h i s  time of  
year,  and we a r e  very glad t o  be here .  It i s  a d i f f e r e n t  c l imate  from 
our own country. This i s  a l s o  a time when t h e  people of I ran  a r e  r e -  
membering t h e i r  very long h i s t o ry .  Twenty-five hundred years  ago when 
t h e  I ran ian  c i v i l i z a t i o n  was f i r s t  being developed t he  a g r i c u l t u r a l  
condit ions f o r  many of t h e  farmers i n  t h e  a r i d  and semi-arid zones 
t h a t  s t r e t c h  across  t h i s  whole region were no t  very much d i f f e r e n t  
from what they a r e  today. I n  many ways these  people have missed out  on 
t he  Green Revolution t h a t  has made such a b i g  impact i n  o ther  p a r t s  of  
t h e  a r ea .  The new v a r i e t i e s  and t h e  new a g r i c u l t u r a l  technologies t h a t  
have resu l t ed  from t h e  b r i l l i a n t  research work t h a t  has been ca r r i ed  
ou t  over a number of years by people l i k e  D r .  Norman Borlang and h i s  
many assoc ia tes  has so f a r  had less impact than t h e  a r e a  where t h e r e  
i s  a good r a i n f a l l  o r  i r r i g a t i o n  and t h e  a r i d  and semi-arid zones a r e  
s t i l l  wait ing f o r  t h e i r  green revolut ion.  It i s  t o  t he  problems and 
t h e  p o s s i b i l i t i e s  of br inging new technologies t o  these  a r ea s  t h a t  we 
s h a l l  be giving our a t t e n t i o n  i n  the  next few days. 

We a r e  very pleased,  as I say, to t ake  part i n  t h i s .  We would 
l i k e  t o  express our apprecia t ion t o  t h e  Government of Iran as our 
hos t s  f o r  t h e  meeting, t o  t h e  Government of t h e  United S t a t e s  of 
America f o r  sponsoring and accomodating t h i s  conference and t o  t h e  
Centra l  Treaty Orgpnization Sec re t a r i a t  f o r  making a l l  t h e  adminis t ra-  
t i v e  arrangements. We hope f o r  a very pleasant  and successful  meeting. 



OPENING ADDRESS 

by Dr. Howard B. Peterson, 

Professor of Irriaation, 

University of Utah 

It i s  m y  p leasure  t o  represent  t h e  delegates  of  t h e  United S t a t e s  
i n  expressing our apprecia t ion and r e i t e r a t i n g  t h e  exce l l en t  expres- 
s ions  of  t h e  delegates  from Turkey and t h e  United Kingdom. We apprec i -  
a t e  t h e  many e f f o r t s  t h a t  have gone i n t o  ar ranging f o r  and conducting 
t h i s  seminar. 

We r e a l i z e  t h a t  s c i e n t i s t s  un ive rsa l ly  apprec ia te  t h e  opportunity 
of g e t t i n g  together  and exchanging ideas .  You have made t h i s  poss ib le  
i n  b r ing ing  us together  where we w i l l  d iscuss  problems r e l a t e d  t o  t h e  
complicated l i f e  i n  t h e  a r i d  and semi-arid zones. It i s  our hope and 
dedicat ion t h a t  we w i l l  malie t h e  b e s t  use of a l l  t h e s e  f a c i l i t i e s  and 
arrangements t h a t  t h e  hos t  country and t h e  members of  t h e  S e c r e t a r i a t  
have provided f o r  us. We a l s o  hope we w i l l  j u s t i f y  t h e  confidence t h a t  
you have placed i n  us by  going t o  t h i s  e f f o r t  of  br inging t h i s  confer- 
ence t o  production. I express our h e a r t y  apprec ia t ion  f o r  t h e s e  de- 
l i g h t f u l  surroundings, and a l l  of t h e  very n i c e  th ings  t h a t  you have 
done and w i l l  continue t o  do throughout t h i s  conference. 



KEYNOTE ADDRESS 

IMPROVING FARM PRODUCTION 
IN REGIONS OF LIMITED RAINFALL 

b y  Dr. Omer J. Kelley, 

Director, O f f i ce  o f  Agricul ture and Fisheries, 

Bureau for  Technical Assistance, 

Agency f o r  International Development, Washington, D. C. 

INTRODUCTION 

Many of t h e  a g r i c u l t u r a l  lands  of t h e  CENT0 countr ies  have l i m i t -  
ed annual  p r e c i p i t a t i o n  and farming systems should be o r i en ted  toward 
making t h e  most e f f e c t i v e  use of t h e  a v a i l a b l e  m3isture.  In recen t  
decades a g r e a t  d e a l  has been learned about moisture conservation i n  
dryland farming regions around t h e  world, b u t  only p a r t i a l  a p p l i c a t i o n  
of  t h i s  modern technology has  been made i n  a m j o r i t y  of  t h e  a r e a s  
where moisture supply i s  t h e  dominant f a c t o r  i n  a g r i c u l t u r a l  produc- 
t i v i t y .  There i s  a n a t u r a l  tendency t o  r e s o r t  t o  i r r i g a t i o n  i n  d r y  r e -  
gions,  wherever water  can be provided a t  reasonable cos t ,  on l ands  
s u i t e d  t o  i r r i g a t i o n .  However, t h e  CENTO countr ies  have vast a r e a s  of  
lands t h a t  a r e  a r a b l e  b u t  must be farmed with n a t u r a l  r s i n f a l l . m e  ex- 
t e n t  of these  lands  is indicated  i n  Table 1. 

TABLE 1. LAND USE IN C m  COUNTRIES 
(Data from 1969 FA0 Yearbook) 

( i n  1,000 h e c t a r e s )  

Land Use I r a n  Pakistan Turkey 

To ta l  land a r e a  163, a 0  94,672 77,076 

Permanent grasslands 6,741 (no t  repor ted)  26,135 

Arable lands  and 11,593 28,214 2 6,601 
perenn ia l  crops 

I r r i g a t e d  lands 4,651 12,043 1,549 
Lands farmed without 6,942 2 6,171 2 5,052 

i r r i g a t i o n  

Notes : (1) Semi-arid and  ar id lands are no t  included i n  the above areas. 
(2) The per-nanent grasslands are u s u ~ l l y  associated w i t h  

cropped areas and  these grasslands should b e  recognized 
as integral components o f  dry land farming systems. 



ECOLOGICAL ZONES OF LIMITED RAINFALL 

R a i n f a l l  amount and d i s t r i b u t i o n  t h r o u b  t h e  year  a r e  f a i r l y  r e l i -  
a b l e  guides t o  t h e  p o t e n t i a l  p roduc t iv i ty  of a r a b l e  lands  i n  regions of 
l imi ted  r a i n f a l l .  Average k i n f a l l  m i s t  be  considered i n  con junction 
with t h e  na tu re  of  t h e  s o i l s ,  t h e i r  moisture r e t e n t i o n  and supplying 
p r o p e r t i e s  i n  each region o r  l o c a l i t y .  S o i l  types  with i n f e r i o r  mois- 
t u r e  r e t e n t i o n  and supplying power should not  be cropped, and a r e  b e s t  
u t i l i z e d  as permanent grasslands o r  woodlands. The r a i n f a l l  zones may 
be  described as follows:  

Ecological  Categories @ual P r e c i p i t a t i o n  

wet /dry humid 

Subhumid 

S e m i  -ar id  

1,000 - 2,000 mm. 
(40 -80 inches ) 

500 - 1,000 m. 
(20-40 inches)  

250 - 500 mm. 
(10-20 inches ) 

It i s  c h a r a c t e r i s t i c  o f  low r a i n f a l l  a r e a s  t h a t  t h e  lower t h e  t o -  
t a l  mount ,  t h e  more e r r a t i c  and l e s s  dependable i s  t h e  occurrence of 
the  r a i n f a l l .  Within each ecological  zone, t h e  q u a l i t y  of  t h e  s o i l  i n  
r e t a i n i n g  r a i n f a l l  f o r  p l a n t  use becomes more important as t h e  t o t a l  
r a i n f a l l  dec l ines  i n  amount. It i s  c l e a r  t h a t  e f f e c t i v e  a p p l i c a t i o n  of  
modern technology t o  dryland farming requ i res  first,  r e l i a b l e  d a t a  on 
p r e c i p i t a t i o n ,  and second, reasonably accura te  s o i l  mapping t o  de l ine -  
a t e  t h e  s o i l  types  t h a t  a r e  responsive t o  moisture conservation p rac -  
t i c e s .  In t h e  CENT0 coun t r i e s ,  t h e  season when p r e c i p i t a t i o n  occurs i s  
important.  P r e c i p i t a t i o n  i n  t h e  cool  season is  l e s s  l i k e l y  t o  be l o s t  
by evaporation from t h e  s o i l ,  and t r a n s p i r a t i o n  losses  by leaves  o f  
crop p l a n t s  a r e  reduced because of  lower temperatures, so t h a t  p l a n t  
responses a r e  more e f f i c i e n t  than with t h e  same amount of  moisture a t  
h igher  temperatures. B f o r t s  should be  made t o  c a p i t a l i z e  on such ad- 
vantages by growing cool  season crops when f e a s i b l e .  

PRINCIPLES OF DRY LAND FARMING 

The b a s i c  researches i n  o t h e r  dryland farming regions of t h e  
world have resu l t ed  i n  a body of p r i n c i p l e s  and p r a c t i c e s  t h a t  warrant  
r a t h e r  i n t e n s e l y  appl ied  research i n  ind iv idua l  coun t r i e s , to  determine 
how b e s t  t o  c a p i t a l i z e  on these  recent  advances i n  our knowledge. 

Wherever t h e  t o t a l  amount of  t h e  d i s t r i b u t i o n  of r a i n f a l l  i s  a 
p r i n c i p a l  l i m i t i n g  f a c t o r  i n  crop production, fanning p r a c t i c e s  should 
emphasize two object ives :  



1) Conserve r a i n f a l l  by reducing runoff losses ,  and by s to r ing  a s  
much a s  possible i n  t h e  s o i l  p ro f i l e  f o r  use by crop roots .  

2 )  Invoke farm prac t ices  t o  make the  most e f f i c i e n t  use of t h e  
s o i l  moisture by crop plants .  

I n  meeting both ob'ectives,  adjustments i n  land and crop manage- 
ment should be made: a I t o  t h e  predicted o r  n o m l  seasonal occurrence 
and amounts of r a i n f a l l ,  b )  t o  the  cha rac t e r i s t i c s  of l o c a l  s o i l s  and 
t h e i r  water s to r ing  capabi l i ty ,  c ) t o  the  kinds of crops that a r e  adapt- 
ed t o  climate and s o i l  conditions, and d )  t o  f ea s ib l e  changes i n  l o c a l  
c u l t u r a l  p rac t ices .  Although moisture supply i s  the  basic  cons t ra in t  i n  
farming i n  t h e  d r i e r  regions, and l i t t l e  can be done t o  increase r a in -  
fal l ,  t he re  a r e  r e a l  opportunit ies t o  more e f f ec t i ve ly  use the  r a i n f a l l  
t h a t  occurs. The following i l l u s t r a t i o n s  dea l  with research findings 
believed t o  have app l i cab i l i t y  t o  CE3lTO countries.  

Conserving Rainfall 

Protect against runoff losses 

The onset  of seasonal ra ins  i s  of ten  characterized by heavy show- 
e rs ,  with r a in s  f a l l i n g  f a s t e r  than t he  s o i l  can absorb it, re su l t i ng  
i n  subs t an t i a l  runoff losses ,  a s  wel l  as erosion losses  of topso i l .  
Steeper slopes and impervious s o i l s  accentuate runoff losses .  P rac t i ca l  
ways must be found f o r  slowing down surface water movement and f o r  i n -  
creasing t h e  i n f i l t r a t i o n  r a t e s  i n t o  t h e  s o i l ,  Contour plant ings  of 
crops i n  rows t h a t  run across  f i e l d  slopes, instead of up and down, i s  
helpful .  Contour s t r i p s  of d i f f e r en t  kinds of crops, with d i f f e r en t  
da tes  of planting,  w i l l  reduce runoff losses .  I f  farming systems can be 
devised, with a l t e rna t ing  s t r i p s  of so l id  plantings of such species as 
a l f a l f a  and grass, with t i l l e d  annual crops, very subs t an t i a l  control  
of runoff losses  c a n b e  achieved. The sod crops maybe harvested and 
sold a s  hay i n  some l o c a l i t i e s ,  o r  used as feed f o r  farm l ivestock.  Af- 
t e r  two o r  more seasons t he  sod land i s  returned t o  t i l l e d  crops, usu- 
a l l y  leaving grea t ly  improved s o i l  s t ruc ture ,  increased permeabil i ty t o  
r a i n f a l l  and subs tan t ia l ly  deeper root ing of t he  subsequent annual 
t i l l e d  crop. 

Storing water in the soil 

The object ive  i n  d r i e r  regions i s  t o  s t o r e  as much water as possi -  
b l e  i n  the  s o i l  p ro f i l e .  Crop residues,  manure appl icat ions ,  o r  mulch- 
e s  have been used t o  improve the  r a t e  a t  which water w i l l  en t e r  t he  
s o i l  i n  bare  f i e l d s ,  and i n  new plant ings  when young p l an t s  provide 
l i t t l e  cover. These surface treatments a l s o  reduce evaporation from t h e  
s o i l  surface.  However, t h e  inherent physical  cha rac t e r i s t i c s  of t h e  
s o i l  a r e  very Fmportant; which i s  the  reason for  reasonably accurate  



mapping of t he  kinds of s o i l s  present i n  every important farming 
region. So i l  texture ,  s o i l  depth a s  it r e l a t e s  t o  t h e  rooting zone, and 
the  s o i l  s t ruc ture  a l l  a f f ec t  water storage i n  the  s o i l  p rof i le .  Silt 
loam and other  loamy s o i l s  may s to re  t h e  equivalent of 25 t o  75 mm, of 
r a in  per  30 centimeters of depth. Thus s o i l s  with 60 centimeters of  
rooting depth may s to re  a s  much a s  150 mm. ( 6  inches) of m i n f a l l .  When 
such s o i l s  a r e  f i l l e d  with moisture following rains ,  t h i s  moisture may 
be a major fac tor  i n  successfully maturing a growing crop. In subhumid 
areas  where r a i n f a l l  occurrence i s  i r r egu la r  a t  best ,  t he  capacity of 
s o i l s  t o  admit and s to re  intermit tent  ra ins  i s  a c ruc i a l  f ac to r  i n  sus- 
t a in ing  crop growth and enhancing f i n a l  y ie lds .  

Crop yields with increased soil moisture 

'Ihe benef i t s  of increased s o i l  moisture were measured i n  the  
Great Plains  of t h e  United States,  with t h e  following r e su l t s .  With 
grain  sorghum a s  t h e  t e s t  crop, 230 mm. of water were required before 
any grain  was produced on the plants .  !he next 25 mm. of water ( 1  inch) 
produced 190 -2 50 kg/ha . Increasing t h e  water supply produced greater  
and greater yie lds .  

Available water 

230 mm. 
255 ;; 
305 1 1  

355 1 1  

405 1 1  

455 

Total  Avemge 
Sorghum Grain Yield 

These results w e r e  obtained on s o i l s  of moderate t o  good f e r t i l i -  
ty ,  using an improved var ie ty ,  grown without weeds, a t  a season when 
temperatures permitted good response t o  increasing amounts of ava i l -  
ab l e  water. 

Further mention should be made of perennial  grasses and legwnea 
f o r  improving s o i l  permeability t o  r a i n f a l l ,  and f o r  deepening t h e  
zone f o r  moisture storage and subsequent rooting by annual cro s. The 
benef ic ia l  e f f e c t s  on s o i l  s t ruc ture  of grass and legume sods i! a l f a l f a  
and/or clovers) usually p e r s i s t  f o r  severa l  years a f t e r  t h e  sod i s  
plowed f o r  annual crop production. During the  time the  sod crop occu- 
p i e s  the  land, t he  r a i n f a l l  losses  a r e  reduced o r  completely stopped, 
and moisture i s  stored i n  t h e  s o i l .  Not only i s  there  an important 
place f o r  such sod crops i n  ro ta t ion  with t i l l e d  crops, but  on some 

- 

s o i l  types t h a t  a r e  too erosive, too shallow, o r  too stony f o r  til- 
lage, these sod crops may be subs tan t ia l ly  more productive t h a n ' t i l l e d  
crops. Sod f i e l d s  may be used a s  pasture  t o  support l ivestock, produce 
hay f o r  sa le ,  o r  provide feed f o r  dry seasons. A s  feed f o r  l ivestock, 



sod lands c m  d ive r s i f y  farming systems and increase  t o t a l  farm i n -  
comes. 

Snow conservation 

Snow conservation should be given a t t e n t i o n  a t  higher a l t i t u d e s  
where appreciable amounts of snow occur. Snow i s  e f f ec t i ve ly  held i n  
p lace  on a rab le  lands de sp i t e  s t rong winds, on lands occupzed by 
standing crop stubble,  and by dormant sods of grass-legume forages.  
The p l a n t  roots ,  both l i v i n g  and dead, a r e  e f f e c t i v e  i n  keeping t h e  
s o i l  p r o f i l e  hermeable t o  water pene t ra t ion  from snow melts ,  even 
though s o i l s  are ' frozen.  Holding t he  snow i n  place  depends l a r g e l y  on 
t h e  presence of s tubble  o r  o ther  p l an t  cover, t a l l  enough t o  hold t h e  
snowfall,  ins tead of permit t ing winds t o  blow it o f f  lands i n t o  gul-  
l i e s  o r  o the r  depressions where it cannot b e n e f i t  subsequent crops on 
t h e  f i e l d s .  

Wind erosion 

Maintaining s tubble  o r  o the r  types  of mulch during t h e  cold sea- 
sons has another g r ea t  bene f i t ;  t h i s  vegeta t ive  cover e f f e c t i v e l y  p re -  
vents  wind eros ion dur ing t he  periods when land i s  no t  occupied by 
crops. Wind erosion i s  a constant  hazard a t  a l l  seasons i n  regions o f  
l imi ted  r a i n f a l l ,  and t h e  long-time e f f e c t s  a r e  l o s se s  of t o p  s o i l  and 
reduction i n  s o i l  f e r t i l i t y .  These l o s se s  have been wel l  documented i n  
various world regions, and a v a r i e t y  of measures, i n  add i t i on  t o  vege- 
t a t i v e  cover, have been proven useful .  T i l l age  t o  provide cloddy, rough 
s o i l  surfaces ,  p l an t i ng  windbreaks, and a l t e r n a t i n g  s t r i p s  of d i f f e r e n t  
types  of crops have a l l  been used e f fec t ive ly .  

Terracing tilled lands 

Tervacing of lands has been used by t h e  anc ien t s  t o  con t ro l  un- 
des i red water and s o i l  movement i n  humid regions where t he r e  i s  i n t en -  
s i v e  cu l t iva t ion .  Terracing of lands i n  regions of l imi ted r a i n f a l l  i s  
a more recen t  p m c t i c e ,  bu t  it has now been used qu i t e  widely and wi th  
g r ea t  b e n e f i t  where farm power i s  ava i lab le .  Movement of r e l a t i v e l y  
l a r g e  amounts of s o i l  a t  low cos t  i s  poss ib le  with appropr ia te  t r a c t o r  
power. Usually, government subsidies  are a necessary stimulus t o  t e r -  
rac ing on a l a r g e  enough s ca l e  t o  a f f e c t  farm produc t iv i ty  i n  a region. 
The design of t e r r ace s  has proved t o  be  very important. The "conserva- 
t i o n  bench t e r r a c e "  developed and widely used i n  t he  United S t a t e s  i s  
l o c a l l y  modified t o  a d j u s t  t o  t h e  average annual  p r ec ip i t a t i on ,  t h e  ob- 
served runoff ,  t h e  l o c a l  s o i l  cha r ac t e r i s t i c s ,  t h e  temperatures i n  crop 
growing seasons, and t he  types  of crops grown. The r e s u l t s  of 10 years  
of t e s t s  (Hauser, 1968) indicated t h a t  w e l l  planned conservation bench 
t e r r ace s  increased crop production one and one-half times t h a t  of  l e v e l  
t e r r ace s ,  which i n  t u r n  had g r e a t l y  increased y i e ld s  over Lands not  
t e r raced  b u t  wi th  t h e  same t o t a l  l a i n f a l l .  On one long-term experiment 



t.ne underterraced Land ~ roduced  350 kg./ha, of grain so r  lum, fallowing 
t h e  land without t e r rac ing  increased y ie lds  t o  1,390 kg. f ha., and prop- 
e r l y  terraced land produced 2,830 kg./ha. Similar increases were ob- 
tained from a l f a l f a  and from forage sorghum. For alfalfa, y i e ld s  of 
cured forage averaged 1,980 kg./ha. on untreated lands,  i n  cont ras t  t o  
7,010 kg,/ha. on terraced landso Obviously, t h e  amount of increase  i n  
any given year o r  spec i f i c  locat ion varied with t h e  i n t e n s i t y  and t i m -  
ing of t h e  rainstorms and the  a b i l i t y  of t h e  s o i l  t o  s t o r e  t he  water 
t h a t  f e l l .  

Fallowing 

Fallowing farm lands i n  a l t e rna t e  years i s  widely used i n  regions 
of l imited r s i n f a l l ,  Careful long-term experiments i n  t h e  subhumid r e -  
:ions of the  United S ta tes  have shown t h a t  not more than 30 percent of 
t h e  r a i n f a l l  occurring during t he  year of fallowing can be stored i n  
t he  s o i l  f o r  t h e  succeeding crop. Sometimes, as l i t t l e  as 10 percent 
was conserved. Evaporation losses ,  d i ss ipa t ion  of s o i l  moisture by 
weeds, and runoff losses  from bare s o i l ,  a r e  l a rge ly  responsible f o r  
t he  l imited storage of moisture i n  the  s o i l .  "Stubble mulchingr' ins tead 
of bare  fallow has proved t o  be a major improvement i n  s to r ing  mois- 
tu re .  However, t he re  a r e  s i t ua t i ons  where t o t a l  crop production on a 
farm may be increased by omitt ing t he  fallow and producing a crop every 
;rear by choice of  su i tab le  crops, by correct ing s o i l  f e r t i l i t y  d e f i -  
c iencies  with appropriate f e r t i l i z e r s ,  by adequate weed control  i n  t h e  
crogs, and by adjustment of a l l  cu l tu r a l  p rac t ices  t o  cap i ta l ize  on 
moisture conservation and use. This i s  a fu r the r  i l l u s t r a t i o n  of how 
the a p ~ l i c a t i o n  of modern knowledge and technology can mit igate  the  e f -  
f e c t s  of t h e  l imited moisture supply. Adaptive research i n  each major 
region i s  needed t o  determine t he  bes t  p rac t ices  f c r  l o c a l  farmers. ?he 
r e s u l t s  should be subs t an t i a l  advances t h a t  a r e  unlikely t o  be discov- 
ered by f a m e r s  without t h i s  external  ass is tance.  

Water Harvesting in Arid Regions 

The previous discussion has d e a l t  with water conservation i n  wet/ 
dry ecological  zones, and i n  s u b h d d  regions. An e n t i r e l y  d i f f e r e n t  
pract ice ,  t h a t  of water harvesting, has been evaluated f o r  a r i d  and 
semi-arid regions. Various forms of t h i s  p rac t ice  were used i n  ancient  
deser t  cul tures ,  as long a s  4,000 years ago. Water harvesting i s  the  
process of co l lec t ing  and s tor ing,  o r  harvesting, t h e  ~ r e c i p i t a t i o n  
from areas  t h a t  have been t rea ted  t o  i n c ~ e a s e  the  runoff of r a i n f a l l  o r  
snow melt. The collected mositure i s  led t o  ad joining p l o t s  of land, 
and spread by flooding o r  ditching.  Whenever r a in s  of su f f i c i en t  a- 
mounts occur so t h a t  the  moisture stored i n  the  s o i l  i s  believed su f f i -  
c ien t  t o  grow a crop, t he  opportunity i s  seized t o  p lan t  a crop type, 
usually of shor t  growing period, t h a t  w i l l  make f u l l  growth and ripen 
by t h e  time moisture supply i s  exhausted. Whereas t he  ancients  were 
l imited t o  se lec t ion  of su i t ab l e  -f.mpervious s lopes , ,  and 



t h e  c lea r ing  of s tones  and o the r  obstacles  so  as t o  inc rease  runoff f o r  
harves t  of  water, modem fanners have a range of mate r ia l s  t h a t  may be 
used t o  make t h e  co l l e c t i ng  a r ea s  impervious t o  water, and thus  i n -  
crease  t h e  water harveet .  These mate r ia l s  include ce r t a i n  calcium 
salts, sodium ros ina te ,  quaternary ammonium chloride,  and s i l i c o n e  com- 
pounds, and t h e i r  proper use w i l l  render even sands r e l a t i v e l y  imperme- 
ab le .  In  one s e r i e s  of experiments by Myers i n  Arizona (1964) 70 per-  
cent  of t he  r a i n f a l l  was harvested over a t h r e e  and a ha l f  year  period 
i n  a region with an annual r a i n f a l l  of  250 mm. a t  an  acceptable  cos t  i n  
r e l a t i o n  t o  t he  benef i t s .  For farming en te rpr i ses ,  t h e  amounts of co l -  
l e c t ed  water must be compatible with t h e  s torage capacity of ava i l ab le  
adjoining croplands. The techniques of applying t h e  co l l ec ted  waters 
t o  obta in  maximum r e s u l t s  from selected types  of crop p l an t s  under l o -  
c a l  condit ions have been found t o  be very important. While t he  e n t i r e  
modem process of water harves t ing and use i s  qu i te  sophis t ica ted,  when 
a workable s y o t a  i s  perfected it may be pract iced by average 
farmers with only nominal guidance. 

Effective Use of Rainfall Stored in the Soil 

Some ind ica t ions  of e f f ec t i ve  use of  moisture s tored i n  t h e  s o i l  
have been provided i n  t he  foregoing discuss ion.  However, t h e  app l ica -  
t i o n s  of  new knowledge and technology t o  a c t u a l  crop production o f f e r  
very subs t an t i a l  bene f i t s .  These bene f i t s  f a l l  i n t o  t h e  following ca te -  
gor ies  : 

Selecting adapted crop species, 
and improved varieties of the crop 

The crop species  chosen f o r  growth i n  regions of l imi ted r a i n f a l l  
must be  adapted t o  t h e  general  c l imat ic  condit ions ( including tempera- 
t u r e s ,  evaporation r a t e s )  and t o  spec i f i c  s o i l  conditions. The d i f fe r -  
ences i n  performance of improved v a r i e t i e s  and/or hybrids wi thin  any 
crop species  a r e  o f t en  as grea t  as t h e  d i f fe rences  between crop types.  

Some of t he  adapta t ion of crop types  and improved v a r i e t i e s  i s  
t h a t  of t h e  normal length  of t h e  growing period between germination and 
maturi ty.  N o m l  growth and r ipening should be  completed before  t h e  a- 
va i l ab l e  s o i l  moisture i s  exhausted. Short-season crop types  and v a r i -  
e t i e s  tend t o  evade t h e  hazards from f l uc tua t i ons  i n  t h e  occurrence of 
r a i n s .  Fortunately,  t h e r e  a r e  now ava i l ab l e  a wide range of v a r i e t i e s  
and types  with sho r t e r  l i f e  periods,  and it is  important t o  use those  
t h a t  have been t e s t e d  and found t o  be be s t  su i t ed  t o  ava i l ab le  mois- 
t u r e  suppl ies .  An adapted v a r i e t y  o r  hybrid may y i e l d  20 t o  50 percent  
more than l o c a l u n s e l e c t e d  types  of t h e  crop species .  In t h e  Pac i f i c  
Northwest wheat growing regions of t he  U,S., t h e  new short-strawed, 
e a r b  maturing winter  v a r i e t i e s  have yielded 2,700-3,400 kg. /ha., wi th  
only  400 mm. of win te r  r a i n f a l l ,  



Among annual  crop species,  t h e r e  are pronounced d i f fe rences  i n  
to lerance t o  droughts, o r  evasion of drought damage. Maize i s  probabu  
t h e  most s ens i t i ve  t o  drought of t h e  warm season cereals ,  sorghum i s  
l e s s  s ens i t i ve  than maize, and m i l l e t  i s  t h e  most dependable of these  
species.  However, g rea t  d i f ferences  a r e  found i n  adapta t ion t o  d r i e r  
regions of t h e  v a r i e t i e s  o r  hybrids within each species.  Winter growing 
t m e s  of crops a r e  p a r t i c u l a r l y  useful  i n  regions with predominantly 
winter  r a i n f a l l .  Barley i s  somewhat more t o l e r a n t  o f  heat  and drought 
a f t e r  heading than i s  wheat, and wheat i s  more t o l e r a n t  than oa t s .  H a r -  
ever,  short-season v a r i e t i e s  become increas ingly  important a s  t h e  t o t a l  
r a i n f a l l  diminishes. Rye v a r i e t i e s  of similar length  of growing season 
have drought to lerance equal  t o  wheat, bu t  rye has i n f e r i o r  food ac-  
ceptance. 

Food gra in  legumes (pu l ses ) ,  root  and tuber  crops, and vegetables 
are more vulnerable t o  moisture shortage than cereals ,  but  may be grown 
by using short-growing season va r i e t i e s ,  with prompt p lan t ing  a t  t h e  
beginning of  period when moisture supply i s  general ly  t h e  g rea tes t .  
With these  crop types a l so ,  t he r e  a r e  g rea t  d i f ferences  between va r i e -  
t ies ,  and adap ta t ive  research t o  d i s c l e se  the  most productive v a r i e t i e s  
f o r  s p e c i f i c  regions i s  qu i te  important. With world co l l ec t ions  of germ 
plasm resources of  each species now ava i lab le ,  t he r e  i s  g r ea t  opportu- 
n i t y  t o  t e s t  s t r a i n s  o r  v a r i e t i e s  f o r  l o c a l  adapta t ion and pe r fom-  
ance, and t o  mul t ip ly  seed of super ior  v a r i e t i e s  f o r  farmer use i n  re- 
gions where t he se  a r e  adapted. This i s  an important means of compensat- 
i ng  f o r  l imi ted  r a i n f a l l .  

Rooting depth and soil moisture use 

Moisture stored i n  t h e  s o i l  p r o f i l e  i s  use fu l  t o  crops only i f  t h e  
moist s o i l  horizons a r e  a c t u a l l y  occupied by roots .  Great differences 
i n  root ing depth occur between crop species,  as wel l  as between vari- 
e t i e s  and s t r a i n s  d t h i n  a species.  A s  moisture i s  s tored t o  g r ea t e r  
depths i n  t he  s o i l ,  p l an t  types  should be grown t h a t  w i l l  f u l l y  occupy 
t h e  moist horizons. 

In comparisons between crop types, t h e  perennia l  legumes and 
grasses  general ly  have more extensive roo t  systems than t h e  annual 
crops. If these  perennia ls  (such as alfalfa and adapted g rasses )  a r e  
capable of surviving per iods  of drought by becoming dormant, they  are 
more dependable than annual crops. However, forages general ly  must be 
used by  l ives tock,  t o  contr ibute  t o  fam income. Exceptions may be  
those  s i t u a t i o n s  where t h e  forage i s  harvested as a cash crop. Because 
of t h e i r  deeper rooting,  t h e  pe renn ia l  sod crops improve s o i l  s t r uc tu r e  
and thus  make land more productive f o r  annuals than  f o l l a r  i n  t h e  ro t a -  
t i on .  

Rooting depth may be  cur ta i l ed  by o ther  f a c t o r s  than Lack of mois- 
t u r e  i n  t h e  s o i l .  Among t he se  f a c t o r s  are impermeable l aye r s  o f  so- 
ca l l ed  'hardpan," o r  t h e  presence of t ox i c  materials, such a s  excessive 



s a l i n i t y ,  o r  h ighly  a l k a l i n e  substances t h a t  occur i n  d r y  regions.  Im-  
permeable l a y e r s  and concentrat ions of a l k a l i  o r  s a l i n i t y  i n  t h e  s o i l  
should be  revealed by good s o i l  mapping, and such a r e a s  avoided i n  dry- 
land farming. 

I n  some s o i l s  t h e r e  a r e  de f ic ienc ies  of e s s e n t i a l  mineral  elements 
such as boron o r  zinc t h a t  prevent  roo t  d e v e l o p e n t  occupation of  t h e  
s o i l  p r o f i l e .  The supp l ies  of a v a i l a b l e  nitrogen and phosphate are 
c h a r a c t e r i s t i c a l l y  d e f i c i e n t  i n  s o i l s  of  d r i e r  regions.  Rapid labora-  
t o r y  s o i l  t e s t i n g  should provide i n d i c a t i o n s  of such n u t r i e n t  d e f i c i e n -  
c ies ;  and f i e l d  t r ials  w i l l  be  necessary t o  determine p r a c t i c a l  means 
of cor rec t ing  t h e s e  d e f i c i e n c i e s .  

Whenever a phys ica l  examination of t h e  roo t ing  depth of  mature 
p l a n t s  i n d i c a t e s  f a i l u r e  t o  occupy a l l  of  t h e  s o i l  horizons i n  which 
moisture i s  present ,  t h e  need t o  search f o r  t h e  e x i s t i n g  b a r r i e r s  t o  
r o o t  pene t ra t ion  i s  evident .  It i s  amazing how seldom such a simple ex- 
p lora tory  measure as examining roo t  systems i s  pract iced.  

Effect of soil fertility on drought tolerance 

In general ,  roo t ing  depth and growth of  a l l  crops a r e  s t rong ly  
responsive t o  s o i l  f e r t i l i t y .  Whenever p l a n t s  a r e  l imi ted  i n  develop- 
ment by any n u t r i e n t  def ic iency,  t h e r e  i s  continued t r a n s p i r a t i o n  of 
moisture without  corresponding growth, r e s u l t i n g  i n  very  poor e f f i c i e n -  
cy i n  use of a v a i l a b l e  water. P l a n t s  wi th  balanced minera l  n u t r i t i o n  
make growth and mature so  as t o  e f f i c i e n t l y  use moisture wi th in  t h e  
limits of t h e  environment (temperature, low humidity and high evapom- 
t i o n ) .  S o i l  condi t ions  which do no t  permit  f u l l  occupation of t h e  moist  
s o i l  p r o f i l e ,  and a l s o  r e s t r i c t  p l a n t  growth because of d e f i c i e n t  f e r -  
t i l i t y ,  produce low y i e l d s .  

F e r t i l i z e r s  should be used i n  many (perhaps most) regions  t o  sup- 
p ly  nitrogen and phosphates:for heal thy growth. Rapid l abora to ry  s o i l  t e s t s  
combined wi th  f i e l d  t r ials  a r e  needed t o  de te rn ine  t h e  most economic 
use of such f e r t i l i z e r s .  Calcium i s  usua l ly  adequate i n  dryland s o i l s ,  
b u t  some a r e a s  a r e  s e r i o u s l y  d e f i c i e n t  i n  magnesium. Tkese d e f i c i e n c i e s  
must b e  i d e n t i f i e d  and correc ted  s o  as t o  d e r i v e  f u l l  crop response t o  
a v a i l a b l e  moisture.  

P a r t i c u l a r  emphasis should be given t o  phosphate supply i n  t h e  
s o i l ,  s ince  phosphorus i s  highly  e s s e n t i a l  f o r  s t r o n g  roo t  growth, f o r  
normal vege ta t ive  t o p  growth, and f o r  f r u i t i n g  and r ipening.  Pnosphate 
f e r t i l i z a t i o n  very  o f t e n  must accompany n i t rogen  f e r t i l i z a t i o n  t o  pro-  
duce s u b s t a n t i a l  b e n e f i t s  from e i t h e r  n u t r i e n t .  Pnosphate f e r t i l i z e r s  
must be placed wi th in  t h e  s o i l  be fo re  p lant ing,  p re fe rab ly  as bands o r  
pockets near  t h e  seed, f o r  e a r l y  use by seedl ings .  Phosphates do n o t  
move i n t o  t h e  s o i l  wi th  water ,  when spread on t h e  s o i l  surface.  

Def ic iencies  i n  sulfur occur i n  some dryland regions t h a t  have 



very hzghly weathered s o i l s ,  and i n  o ther  regions where s o i l s  a r e  de- 
r ived from volcanic deposi ts .  P lant  symptoms of su l fu r  def ic iency 
c losely  resemble nitrogen deficiency symptoms, i n  t h a t  p l a n t s  a r e  ab- 
normally l i g h t  green and un thr i f ty ,  and have weak roo t  development. 
Plant  t i s s u e  t e s t s  w i l l  r e ad i l y  confirm any def ic ienc ies  i n  t h e  su l fu r  
supplying power of t h e  s o i l .  Correction of t h e  de f ic ienc ies  i s  e a s i l y  
accomplished by app l ica t ions  of gypsum (calcium s u l f a t e ) ,  o r  f lowers of  
su l fu r ,  both of which a r e  inexpensive. 

Deficiencies in " trace." elements essential for crop growth 

Land t h a t  has long been cropped may have become de f i c i en t  i n  o th-  
e r  . e s s en t i a l  mineral  nu t r i en t s ,  s:ch as boron , zinc, copper, mangtinese 
iron and mol ybd'enum. These "trace elements a r e  needed by p l a n t s  i n  
very small amounts, and one of t h e  most p r a c t i c s l  methods of correct ing 
these  def ic ienc ies  may b e  t he  incorporation i n t o  t h e  s o i l  of animal 
dung o r  o ther  decaying p l a n t  o r  animal wastes, during land preparation 
f o r  a crop. These organic sources usual ly  carry  t h e  t r a c e  elements i n  a 
chemical form t h a t  i s  read i ly  ava i l ab l e  t o  p lan t s .  Zinc and boron ap- 
pear t o  be the  t r a c e  elements most o f ten  found t o  be de f i c i en t  i n  dry- 
land s o i l s .  Tissue t e s t s  of un th r i f t y  crop p l an t s  can de t ec t  any a c t u a l  
de f ic ienc ies  . 

Where t r a c e  element de f ic ienc ies  occur, they cons t i t u t e  l im i t i ng  
f a c t o r s  i n  e f f e c t i v e  use of s o i l  moisture f o r  crop production. Because 
of l imi ted suppl ies  of  dung, it may b e  most use fu l  t o  apply it t o  those  
a r ea s  where food crops a r e  grown most in tens ive ly .  The d e f i c i e n t  t r a c e  
elements may e a s i l y  be  applied t o  most crop lands,  as add i t ions  t o  
chemical f e r t i l i z e r s ;  t h e  cos t s  a r e  usual ly  qu i te  low, and t h e  b e n e f i t s  
from correct ing t h e  def ic ienc ies  a r e  qu i te  handsome. 

Crop cultural practices to increase effective use of limited rainfall 

It i s  e s s e n t i a l  t o  use crop species  su i t ed  t o  t h e  r a i n f a l l  zone, 
t o  t h e  temperature pa t t e rn ,  evaporation losses ,  and t o  l o c a l  soil condi- 
t i ons .  However, a l l  c u l t u r a l  p r ac t i c e s  should be se lected t o  make t h e  
be s t  poss ib le  use of t he  r a in s  t h a t  occur. Research on t h e  most ef fec-  
t i v e  c u l t u r a l  p r ac t i c e s  t o  use, and t h e  reasons f o r  t h e i r  super io r i ty ,  
i s  proceeding i n  many countries where ag r i cu l t u r e  is  pract iced with 
l imi ted r a i n f a l l .  New information i s  being continuously acquired i n  
developed countr ies ,  so it i s  not  su rpr i s ing  t h a t  much of. t h e  r e c e n t b  
reported technology has not  ye t  reached t h e  farmers of l e s s  developed 
regions.  

I n  general ,  t h e  most u se fu l  c u l t u r a l  p r ac t i c e s  with wide app l ica -  
t i o n  include t h e  following: 

1) Prac t i c e  early preparat ion of t h e  seed bed, including app l ica -  
t i o n  of f e r t i l i z e r s  as needed. 



2 )  Plant  at  t h e  most p rop i t ious  time when both s o i l  moisture and 
temperature favor  prompt germination. The e a r l i e s t  f e a s i b l e  p l a n t i n g  
d a t e s  usual ly  produce t h e  h ighes t  y i e l d s ,  s ince  t h e  crop has  t h e  g r e a t -  
e s t  opportunity t o  f u l l y  use a l l  a v a i l a b l e  mois-ture. However, i n  t h e  
wet/dry humid regions,  p l a n t i n g  d a t e s  should be  chosen so  t h a t  crop 
r ipening occurs i n  a r e l a t i v e l y  dry  per iod t o  avoid spoi lage  losses .  

3 )  Plant  t h e  h ighes t  q u a l i t y  seed t h a t  i s  a v a i l a b l e ,  of t h e  i m -  
proved v a r i e t i e s  o r  hybrids known t o  be  adapted t o t h e  region. Seed v ia -  
b i l i t y  can r e a d i l y  be t e s t e d ,  and p lan t ing  weak o r  dead seed i s  com- 
p l e t e l y  f u t i l e .  G o v e m e n t  a s s i s t a n c e  i s  usual ly  needed t o  insure  com- 
mercia l  seed qua l i ty .  

4 j With t h e  poss ib le  exception of smal l  g ra ins  (wheat, ba r l ey ,  
rye ,  o a t s ) ,  crops should be planted i n  rows, ac ross  t h e  land slope,  
and not  up and down s lopes .  Row p lan t ings  g r e a t l y  f a c i l i t a t e  any neces- 
s a r y  p r a c t i c e s  t o  c o n t r o l  weeds and combat i n s e c t  p e s t s  and d-iseases 
when needed. 

5 )  Plant ing enough seed t o  produce a p l a n t  populat ion no thicker 
than can b e  supported by t h e  expected r a i n f a l l .  Ekcessive p l a n t  popula- 
t i o n s  exhaust s o i l  moisture be fore  gra in  i s  matured. The most s u i t a b l e  
and productive r a t e s  of p l a n t i n g  under l o c a l  condit ions must be es tab-  
l i s h e d  by research.  

6) Control weeds from t h e  e a r l i e s t  growth s t ages ,  t o  prevent  t h e  
weeds from exhausting s o i l  moisture needed by crops. Avoid deep hoeing 
o r  t i l l a g e  t h a t  damages t h e  roo t  system of  t h e  planted crop. Crop 
p l a n t s  have q u i t e  l imi ted  a b i l i t y  t o  regenera te  damaged r o o t  systems 
under condi t ions  of l imi ted  s o i l  moisture. 

7 )  When necessary,  combat se r ious  i n s e c t  p e s t s  with appropr ia te  
p e s t i c i d e s  as soon as they become evident ,  and before  se r ious  damage 
occurs.  Do n o t  neg lec t  i n s e c t  invas ions  t h a t  may spread and become e s -  
t ab l i shed  f o r  a t t a c k s  i n  subsequent years.  

8) Harvest t h e  ripened crop promptly t o  avoid f i e l d  l o s s e s  from 
b i r d s ,  i n s e c t  p e s t s ,  weathering and r o t s .  

Use of forages and permanent grasslands in dryland farming 

Dryland farming has t h e  g r e a t e s t  p o t e n t i a l  f o r  support ing farm 
f a m i l i e s  and con t r ibu t ing  t o  t h e  n a t i o n a l  economy, where t h e  croplands 
a r e  managed i n  conjunction wi th  grasslands.  The grasslands a r e  comple- 
mentary t o  t h e  croplands i n  s e v e r a l  d i f f e r e n t  ways; they should add t o  
t h e  s t a b i l i t y  of production and income, and provide some pro tec t ion  a- 
g a i n s t  t h e  impacts of severe and unpredictable droughts t h a t  a f f l i c t  
d r i e r  regions.  There a r e  two main types  o f  grass lands:  those  t h a t  a r e  
p a r t  of t h e  cropland r o t a t i o n ,  and those  t h a t  a r e  permanently i n  g rass  
on land not  su i t ed  t o  cropping. 



1 .  Use of forages in cropland rotations 

Ruminant l ivestock ( c a t t l e ,  buffalo,  sheep, goats)  provide a prac- 
t i c a l  means of u t i l i z i n g  the  byproducts of crops ( s t a l k s  and stems of 
harvested crops, leaves, chaff, vines, e t c . ) .  The ruminants not only 
contribute l i v e  animals f o r  sa le ,  a s  well  a s  meat, m i l k  and animal pow- 
e r ,  but  a l s o  supply dung f o r  use a s  f u e l  o r  a s  f e r t i l i z e r  on croplands, 
a s  noted previously. 

However, crop wastes a r e  not su f f i c i en t  e i t h e r  i n  sustained supply 
o r  i n  feed q u d i t y  f o r  year-round support of l ivestock.  Further, sus- 
tained cropping, year a f t e r  year, even when fallowing the  land i n  al-  
t e rna t e  years, tends t o  deplete  s o i l  f e r t i l i t y  and t h e  moisture supply- 
ing capacity of f i e l d  s o i l s .  Both of these weaknesses a r e  e f f ec t i ve ly  
corrected by the  per iodic  growing of perennial  forages (such a s  a l f a l -  
fa-grass mixtures i n  CENT0 countr ies)  , i n  ro ta t ion  with t i l l e d  crops. 
These forage crops improve s o i l  s t ruc ture  and f e r t i l i t y  while they a r e  
growing, and t h i s  improvement p e r s i s t s  f o r  several  years a f t e r  the  Land 
i s  returned t o  annual cropping, thus  improving crop yie lds .  The legumes 
( a l f a l f a ,  clovers, e t c  . ) i n  t h e  sod crop mixture provide pro te in  which 
l ivestock need t o  balance t h e  low-protein crop byproducts that a r e  
ava i lab le  a s  feed. In addit ion,  t he  perennial  forage p lan ts  a r e  f a r  
l e s s  susceptible t o  droughts t h a t  severely damage annual crops, and un- 
der  normal r a i n f a l l  may ac tua l ly  yie ld  a g rea te r  product ivi ty  per  hec- 
t a r e  than the  grain crops provide. 

To achieve t he  f u l l  benef i t s  of perennial  forage crops, it i s  es-  
s e n t i a l  t o  p lan t  adapted species and improved va r i e t i e s ;  use f e r t i l i z -  
e r s  a s  needed, pa r t i cu l a r ly  phosphates f o r  t he  a l f a l f a  o r  clover; p lan t  
when s o i l  moisture supply i s  t he  most favorable f o r  establishment of 
seedlings; and graze o r  harvest  t he  crop i n  a manner t h a t  w i U  maintain 
the  vigor of the  stand. Plowing of these  forage f i e l d s  should occur as 
f a r  i n  advance as f ea s ib l e  of the  following annual crop, t o  provide 
time f o r  breakdown of t h e  sod i n t o  a meUow seedbed. One ra ther  impor- 
t a n t  requirement f o r  successful  use of perennial  forages i s  t h e  use of 
t r a c t o r  power and machinery f o r  land preparation. I f  such power can be 
made ava i lab le  t o  individual  farmers, f o r  handling t h e  forage crop on- 
ly, the  f u l l  value of perennial  forages can be made access ib le  t o  crop 
farmers. 

2. Use of permanent grasclands in conjunction wtth cropland farming 

Wherever pemnanent grasslands a r e  ava i lab le  t o  cropland farmers i n  
regions of l imited r a i n f a l l ,  t he re  a r e  increased opportuni t ies  f o r  
s t ab i l i z ing  year ly  production by combining the  management of crop en- 
t e r p r i s e s  and grasslands i n t o  coordinated systems. The combination of 
grassLands and cropping provides a much stronger economic base than 
e i t h e r  of t h e  components operating alone. P e m n e n t  grasslands i n  dry 
farming regions usually occur on land t h a t  i s  too steep, o r  stony o r  
shallow f o r  productive cropping; bu t  such lands may be managed t o  pro- 



duce important amounts of forage f o r  gmzing, o r  harvest  as ha . Since 
grasslands need no t  r ipen a seed crop ( a s  i s  required of crops 5 t o  y ie ld  
an income, these  grasslands a r e  more dependable i n  production than 
crops under l imited r a i n f a l l .  Any vegetative growth t h a t  i s  made may be 
used, so  t h a t  there  i s  r a r e l y  a complete f a i l u r e  due t o  droughts on 
permanent grasslands. 

The p r inc ipa l  e f f ec t i ve  use of gmsslands i s  support of ruminant 
l ivestock.  The permanent grasslands may provide t he  p r inc ipa l  source of 
feed f o r  l ivestock during t he  growing season, but  these  herds and 
f locks  may be moved t o  croplands whenever desi red t o  u t i l i z e  crop 
wastes and byproducts, o r  t o  consume forage grown i n  ro ta t ion  with h r -  
vested crops on a rab le  Lands. The dual sources of feed from t h e  com- 
bined crop and range fanning systems provide a far more s t ab l e  and ade- 
quate feed support f o r  l ivestock en te rpr i ses  than permanent grasslands 
alone, o r  croplands alone. The l ives tock  en te rpr i ses  may become more 
productive as they become more s tab le ,  with reproduction, growth, and 
y i e ld s  of m i l k  ( o r  power), when continuously supported by adequate feed 
throughout t he  year. The ruinous cycle of feed abundance followed by 
near s ta rva t ion  t h a t  commonly occurs with l ivestock on e i t h e r  grass-  
lands o r  croplands managed separately,  can be Largely corrected by 
j o i n t  management of both cropland and grasslands. This i s  a l o g i c a l  and 
e f f ec t i ve  way of making dryland fanning more productive, even though 
t h e r e  i s  no change i n  t o t a l  r a i n f a l l .  

The appl idat ion of new knowledge and technology i n  using t h e  natu- 
ral resources a t  hand has only begun. The t r ans fe r  of  established tech- 
niques and knowledge t o  people on t he  land i n  d r i e r  regions should re- 
ceive t h e  sustained support of governments and of t h e  agencies serving 
dryland farming. In addit ion,  it i s  apparent t h a t  there  a r e  great  op- 
po r tun i t i e s  t o  develop new knowledge and techniques by s t rong research 
programs. Research may be t he  key t o  s t i l l  fu r the r  advancement ill  mak- 
i ng  dryland Panning productive. 



C E N T 0  REPORT ON THE SEMINAR 

ON AGRICULTURAL ASPECTS OF 

ARID AND SEMI - ARID ZONES 

INTRODUCTION 

Under t h e  auspices  of t h e  Centra l  Treaty Organization a Seminar on 
Agr icu l tu ra l  Aspects of  Arid and Semi-Arid Zones w a s  he ld  i n  Tehran, 
I ran ,  f o r  t h e  first time i n  September 1971. It was f e l t  necessary, i n -  
formative and h e l p f u l  t o  have an  exchange o f  information among t h e  mem- 
b e r  countr ies  s ince ,  i n  t h e  reg iona l  countr ies ,  a g r i c u l t u r a l  programs, 
especially i n  I ran ,  a r e  t o  a l a r g e  ex ten t  involved i n  a r i d  o r  semi-arid 
zones. Consequently t h e  Economic Committee welcomed t h e  idea  of  having 
such a seminar and t h e  United S t a t e s  decided t o  give t h e  scheme t h e i r  
organizational and f i n a n c i a l  support.  

OBJECTIVES OF THE SEMINAR 

The seminar d e a l t  with t h e  fol lowing ob jec t ives :  

1 )  Reviewing t h e  resources,  development achieved and, research r e -  
s u l t s  of  t h e  cooperating countr ies  

2 ) &changing information on the  management of a r i d  and semi -arid 
regions o f  t h e  CENTO countr ies  

3 )  Ident i fy ing t h e  most urgent research needs 

4) Bcouraging cooperat ive research on problems of mutual concern 
and exchange of information gained from such endeavors. 



INAUGURAL SESSION 

The seminar w a s  opened on behalf  of  H i s  Ekcellency M r .  Turgut Me- 
nemencioglu, t h e  Secretary General of t h e  Centra l  e e a t y  Organization, 
by M r .  Mostafa Modjtahedi, Assis tant  Economic Secretary of the  Centra l  
Treaty Organization. 

The inauguration address w a s  del ivered by H i s  Ekcellency M r .  Hos- 
s a in  Mir Haidar, Undersecretary, Ministry of Agriculture of  I ran .  

The welcoming address of  t h e  Secretary General w a s  de l ivered by  
t h e  Sec r e t a r i a t  's representa t ive .  

The heads of delegat ions  of Turkey, t h e  United Kingdom and t h e  
United S t a t e s  responded t o  t he  address of  t h e  Undersecretary. 

M r .  M.  Modjtahedi, t h e  S e c r e t a r i a t ' s  representa t ive  introduced t h e  
keynote speaker, Dr. Omer J. Kelley, Director,  Office of Agriculture 
and F i sher ies ,  Bureau of Technical Assistance, Agency f o r  I n t e rna t i ona l  
Development, Washington, D.C.,  who delivered an address.  

Installation of Chairman 

I n  accordance with t h e  customary CENTO procedures, M r .  A.F. Mah- 
davi ,  t h e  head of the  hos t  country delegat ion (1ran)  was chosen as per -  
manent chairman of  t he  seminar. 

Special Commentary 

I n  add i t ion  t o  t h e  Undersecretary of  t he  Ministry of Agriculture,  
t h e  inaugural  sess ion w a s  at tended by o ther  prominent o f f i c i a l s  and 
pe r sona l i t i e s ,  such as t he  Undersecretary of t he  Ministry of Natural  
Resources, t h e  President  of t he  College of Agriculture,  t h e  Director 
Generals and heads of various departments of t he  Ministry of Agricul- 
t u r e ,  I ran ,  and some experts  from the  S t a t e  Plan Organization of I ran .  
There w a s  a l s o  a group of exper ts  from Colorado S t a t e  Universi ty,  USA, 
who at tended t h e  inaugural  sess ion and p a r t  of t he  seminar. 

Discussion of Dr. Omer J. Kelley's. Speech 

Before assumption of t h e  cha i r  by t he  perinanent chairman, d iscus-  
s ion  of t h e  keynote speech took place.  The speech w a s  e n t i t l e d  "h- 
proving Farm Production i n  Regions of Limited ~ a i n f a 1 l . l '  The h igh l igh t s  
of the  discuss ion on D r .  Kelley 's speech were as follows: 

Delegates from I r an  and Turkey asked about t he  condit ions of fal-  
lowing. 

In response, D r .  Kelley emphasized t h a t  t h e  purpose o f  fal lowing 



must be  t o  ge t  as much water as poss ib le  i n t o  t h e  s o i l  t o  be  r e t a ined  
f o r  use by t h e  fol lowing crop. The phys ica l  condi t ion  of t h e  s o i l  i s  
important t o  permit maximum i n f i l t r a t i o n  and s torage  of water ,  and 
p l a n t  growth during t h e  fal low must be  el iminated t o  cut  down l o s s e s  of 
water  by t r a n s p i r a t i o n .  Cu l tu ra l  opera t ions  must b e  ca r r i ed  ou t  a t  t h e  
proper time. 

The Delegate of Turkey asked about applying t h e  recommendations 
made by Dr. Kelley.   or D r .  ~ e l l e ~ ' s  recommendations see  t h e  keynote 
address,  which i s  included i n  t h i s  pub l i ca t ion .  ) 

The keynote speaker pointed ou t  t h a t  a l o t  i s  known about t h e  
p r i n c i p l e s  of dryland farming, though much has s t i l l  t o  be  learned and 
t h e  a p p l i c a t i o n  of t h e s e  p r i n c i p l e s  must be  conditioned by s i t e  charac-  
t e r i s t i c s .  

The Delegate from I r a n  asked about t h e  management of fal low, cu l -  
t i v a t i o n  p r a c t i c e s ,  and whether fa l low could b e  el iminated.  

D r .  Kelley emphasized that much depends on s o i l  type,  t h e  amount 
and seasonal  d i s t r i b u t i o n  of p r e c i p i t a t i o n  and t h e  purposes t h e  fa l low 
i s  intended t o  achieve.  He believed t h a t  t h e  main purpose of a fa l low 
w a s  moisture s to rage  bu t  recognized t h a t  a f a l low could have important 
subs id ia ry  e f f e c t s  i n  accumulating a v a i l a b l e  s o i l  n i t rogen and i n  weed 
con t ro l .  These subs id ia ry  funct ions  can b e  achieved by o the r  means, and 
i f  t h e  fa l low i s  el iminated t h e s e  o the r  means must be  employed. 

The Delegate from Turkey pointed ou t  that much land i s  fallowed i n  
Anatol ia  and o t h e r  regions  f o r  lack of  machinery f o r  c u l t i v a t i o n .  

The Delegate of  I r an  asked f o r  t h e  speaker ' s  opinion on t h e  two- 
year  fa l low system. 

D r .  Kelley drew a d i s t i n c t i o n  between t h i s  land and t h e  t r u e  f a l -  
low intended p r imar i ly  f o r  s t o r i n g  moisture.  He bel ieved t h a t  i n  some 
p a r t s  of  t h i s  region it would b e  p r o f i t a b l e  t o  crop t h e  land each year  
i f  proper t o o l s  were a v a i l a b l e  f o r  land prepara t ion ,  b u t  he a l s o  empha- 
s ized  t h e  need f o r  l o c a l  i n v e s t i g a t i o n  and f o r  land c l a s s i f i c a t i o n  t o  
show where such a p r a c t i c e  would be  successful .  

The Delegate of I r an  asked a quest ion about t h e  Binds of  crops 
which could be grown t o  replace  fa l low.  

D r .  Kelley ind ica ted  t h a t  a choice of  crops, and farm p r a c t i c e s  
t o  make t h e  most e f f i c i e n t  use of  l imi ted  s o i l  moisture,  a r e  a l s o  de- 
pendent on l o c a l  condit ions.  The p o s s i b i l i t i e s  f o r  p l a n t i n g  leguminous 
forage  crops i n  p lace  of  fa l lows were mentioned. He went on t o  say t h a t  
much research  on legumes f o r  dryland a g r i c u l t u r e  has been done i n  Aus- 
t ralia . 



The Delegate from I r a n  asked about t h e  condi t ions  and t h e  mate- 
rials used f o r  water  harves t ing.  

D r .  Kelley responded by saying t h a t  considering t h e  methods of  w a -  
t e r  harves t ing,  t h e s e  condit ions depend on t h e  seasonal  r a i n f a l l  p a t -  
t e r n  and t h e  catchment a r e a s  designed t o  y i e l d  runoff f o r  use on ad- 
jo in ing lands .  The lands must be  managed so as t o  inc rease  runoff and 
should not  themselves b e  cropped o r  grazed by animals.  

The speaker continued, saying t h a t  i n  dryland farming t h e  v a r i a -  
b i l i t y  of  t h e  seasonal  p r e c i p i t a t i o n  i s  as important  as t h e  t o t a l a -  
mount, and it was pointed o u t  t h a t  farm p r a c t i c e  must b e  based on t h e  
poss ib le  amount t h a t  could b e  expected. 

The Delegate from t h e  United S t a t e s  asked about t h e  f e r t i l i t y  
problems r e l a t e d  t o  fa l low and indicated  t h a t  t h e  maintenance of  an a -  
dequate l e v e l  of  s o i l  f e r t i l i t y  was recognized t o  be important t o  i n  
su re  t h e  most e f f i c i e n t  use of water .  

D r .  Kelley sa id  i n  response t h a t  a s m 8 l l  overappl ica t ion of n i t r o -  
gen might be p re fe rab le  t o  underapplicat ion and would ca r ry  l i t t l e  r i s k  
of d e l e t e r i o u s  e f f e c t s  on t h e  crop. He indicated  a l a rge  excess a p p l i -  
ca t ion  would b e  was te fu l  and might a f f e c t  t h e  crop adverse ly  i n  d ry  
condit ions.  Research r e s u l t s  from t h e  United States i n d i c a t e  t h a t  a 
s tubb le  mulch may increase  o r  decrease t h e  y i e l d  of t h e  fol lowing crop. 
When moisture i s  high and a l a rge  quan t i ty  of s t r a w  i s  produced and 
l a t e r  ploughed down, t h e  y i e l d  o f  t h e  following crop may b e  reduced 
s l i g h t l y .  The usual  quan t i ty  of straw ploughed down has no e f f e c t  o r  
s l i g h t l y  inc reases  t h e  y i e l d  of t h e  following crop. reasons f o r  the  
adverse e f f e c t  were n o t  f u l l y  understood, b u t  it was thought l i k e l y  
t h a t  t h e  l a r g e r  quan t i ty  of s tubb le  produced wi th  a good moisture sup- 
p l y  would make heavier  demands on a v a i l a b l e  n i t rogen and thus  reduce 
t h e  supply t o  t h e  young growing crop. 

Adoption of the Agenda 

The agenda w a s  adopted a f t e r  some rearrangement of t h e  o rder  of 
p resen ta t ion  of papers. 

COUNTRY SITUATION P A P E R S  

Turkey 

The Delegate of Turkey, Dr. &hap E l ~ i ,  Professor of t h e  Facul ty  
of Agr icul ture ,  Univers i ty  of  Ankara, presented a paper e n t i t l e d   rid 
Zone Prablems i n  Turkey." In t h i s  paper D r .  E l ~ i  s t r e s s e d  t h e  need f o r  
improved a g r i c u l t u r a l  production methods t o  meet t h e  demands of t h e  
r a p i d l y  r i s i n g  populat ion.  



Discussion highl ighted t h e  f a c t  t h a t  t h e  average annual r a i n f a l l  
i n  t h e  i n t e r i o r  of Turkey over t h e  last 30 years  was 355.6 mm., o f  
which a. 18.rge proport ion f e l l  i n  winter  when p l a n t s  were not  a c t i v e l y  
growing,. i't :a,s suggested t h a t  an  a r i d  zone research u n i t  could make 
important zontr ibut ions  t o  t h e  so lu t ion  of t h e  a g r i c u l t u r a l  problems of 
t h e  region. 

It w a s  pointed o u t  t h a t  t h e r e  w a s  i n s u f f i c i e n t  production of f o r -  
age crops f o r  t h e  needs of t h e  l a r g e  l ives tock  p o p u h t i o n  and t h a t  
t h e r e  tras a g r e a t  need f o r  improvement of  t h e  n a t u r a l  pas tu res .  

It w a s  noted t h a t  cooperation with i n t e r n a t i o n a l  organizat ions  and 
exchange of mate r i a l  and knowledge wi th  o the r  regions would be benef i -  
c i a l .  

Discussion continued mainly about t h e  quest ion of preventing cu l -  
t i v a t i o n  of land which, because of  s t e e p  s lopes  and o the r  unfavorable 
f a c t o r s ,  would b e s t  be l e f t  under i t s  n a t u r a l  vegetat ion,  and of t h e  
s o c i a l  problems involved i n  encouraging sound land use i n  a r i d  and 
semi -arid a reas .  

It .was genera l ly  agreed t h a t  t h e  s o c i a l  problems were of c r u c i a l  
importance and t h a t  a comprehensive approach i s  necessary, i n t e g r a t i n g  
t echn ica l ,  s o c i a l  and economic f a c t o r s .  

There was a l s o  a discuss ion i n  regard t o  t h e  quest ion of r e l a t i o n s  
between water and vegetat ion,  of t h e  p o s s i b i l i t i e s  of a s sess ing  t h e  re- 
l i a b i l i t y  of r a i n f a l l  and e s p e c i a l l y  of  de f in ing  those  a r e a s  where r e -  
l iable crop production i s  poss ib le .  There appear t o  be r a i n f a l l  statis- 
t i c s  covering a l a r g e  number of recording s t a t i o n s  i n  t h e  region, b u t  
no s t a t i s t i c a l  s t u d i e s  have y e t  been made wi th  a view t o  a ssess ing  
rainfall r e l i a b i l i t y .  

" ~ g r i c u l t u r a l  Aspects of Arid and Semi-Arid zones" was presented 
by M r .  A.F. Mahdavi, Direc tor  of t h e  S o i l  I n s t i t u t e ,  Minis t ry  of Agri- 
cu l tu re .  The Delegate of I ran ,  upon present ing h i s  paper, defined a r i d  
regions  as those  receiving l e s s  than 100 mm. of r a i n  annually, and 
t h e s e  cover about 13 percent  of t h e  country, while 69 percent  i s  serni- 
a r i d  with a mean annual  r a i n f a l l  of  100 t o  350 mm. A f u r t h e r  17 percent  
of  mostly mountainous country was described as dry  b u t  humid, with 350 
t o  500 mm. r a i n f a l l .  Only a small proport ion of t h e  country has  a r a i n -  
f a l l  exceeding 500 m. !The r a i n f a l l  of t h e  a r i d  and semi-arid zones i s  
extremely v a r i a b l e  and t h i s  v a r i a b i l i t y  i s  t h e  most important f a c t o r  i n  
determining the  y i e l d  of dryland wheat and bar ley .  About h a l f  t h e  
cropped a r e a  of some 7 mil l ion  hec ta res  is  i r r i g a t e d  annual ly  and most 
of t h e  dryland cropped a r e a  i s  under wheat and b a r l e y  cu l t iva t ion .  



M r .  Mahdavi reviewed research bear ing on t h e  a r i d  and semi-arid 
areas of I ran .  Land resource surveys occupied a prominent place.  The 
delegate  continued, saying t h a t  inves t iga t ions  i n  t h e  f i e l d  of s o i l  and 
water management give p r i o r i t y  t o  i r r i g a t i o n ,  t h e  consumptive use of 
water by crops and t h e  i n t e r a c t i o n  of s o i l  f e r t i l i t y  with s o i l  moisture 
supply. He s a i d  t h e  establishment of  d ry  farming research s t a t i o n s  i n  
d i f f e r e n t  regions of  I ran  i s  under considera t ion.  The delegate  spoke of 
t h e  need f o r  a n a t i o n a l  cen te r  f o r  p r a c t i c a l  research on t h e  reclama- 
t i o n  of  s a l i n e  s o i l s  and f o r  more i n v e s t i g a t i o n  of  water  q u a l i t y  and 
f e r t i l i z e r s  and minor elements. He ended h i s  p resen ta t ion  by mentioning 
t h e  problems of conserving n a t u r a l  resources and emphasizing t h e  need 
f o r  a w e l l  formulated research and extension po l i cy  covering t h e  coor- 
d ina t ion  of research a t  a n a t i o n a l  l e v e l ,  reinforcement of  research 
i n s t i t u t i o n s ,  i n t e g r a t i o n  of a l l  development a c t i v i t i e s  a t  farm l e v e l  
and exchange of  experience wi th in  t h e  country and a t  an  i n t e r n a t i o n a l  
leve  1. 

The discuss ion on t h e  above paper was pursued by  t h e  seminar on 
t h e  d e f i n i t i o n  of  a r i d  and semi-arid a reas .  There was a consensus t h a t  
average annual  p r e c i p i t a t i o n  f i g u r e s  provide a n  inadequate guide as 
many f a c t o r s  a r e  involved, inc luding seasonal  d i s t r i b u t i o n  of  p r e c i p i -  
t a t i o n  and i t s  v a r i a b i l i t y  from one season t o  another,  temperature and 
s o i l  type.  

It w a s  suggested t o  t h e  seminar t h a t  a l l  t h e  re levan t  f a c t o r s  were 
in tegra ted  by t h e  vegeta t ion and t h a t  an eco log ica l  approach might 
provide a b a s i s .  

It was a l s o  pointed o u t  t h a t  from t h e  a g r i c u l t u r a l  po in t  of  view a 
c r u c i a l  f a c t o r  i s  t h e  r a i n f a l l  during t h e  per iod o f  t h e  year  when, 
given a s u f f i c i e n t  amount of  s o i l  moisture, a crop could be  grown. 

Questions were brought up about t h e  ex ten t  of farm mechanization 
i n  I ran ,  and of experience with l a r g e  i r r i g a t i o n  p r o j e c t s .  It was r e -  
ported t h a t  mechanization was advancing on t h e  l a r g e r  farm u n i t s  and 
t h a t  a n  inc rease  i n  production on i r r i g a t i o n  p r o j e c t s  w a s  due t o  t h e  
increased use of  f e r t i l i z e r s ,  improved seeds a n d other inputs ,  as 
w e l l  a s  t h e  provis ion of water.  

DRY LAND TILLAGE 

The Delegate of  the  United S ta tes ,  M r .  Thomas Zi:n, Summer Fa l loy  
S p e c i a l i s t ,  u ~ ~ I D / ~ n k a r a ,  presented a paper e n t i t l e d  Dryland T i l l age .  

The represen ta t ive  of  Turkey, dur ing t h e  ensuing discuss ion,  asked 
whether r e s u l t s  o r  information include an es t imate  of t i l l a g e  c o s t s .  

The represen ta t ive  of t h e  United States r e p l i e d  t h a t  h e  expects  



t h a t  equipment similar t o  that which i s  now being used by the Oregon 
State University team can be manufactured i n  Turkey. That should bring 
the  cost down. The equipment being tested would be economical f o r  large 
farms. Small units would have t o  form cooperatives. 

The representative of Iran commented that i n  Iran some cooper- 
a t ives  involve a s  many as 2,000 hectares, and f o r  them the  use of large 
machinery may be economical. 

The Delegate of the  United States replled t h a t  cooperatives can be 
an answer f o r  mechanization of dryland farming. 

The Delegate of Turkey asked whether the  United States Delegate 
could t e l l  than how much stmw is  needed for  the mulch. 

The United States Delegate responded that the straw i s  used for  
animal  feed and a dust mulch can be used without s t r a w .  It is important 
t o  have some of the  straw returned t o  t h e  s o i l  t o  maintain a desirable 
organic matter content. 

The representative of Turkey commented t h a t  he doubts tha t  straw 
mulch can be used i n  Turkey since they get 1.2 tons of wheat and 2 tons 
of s t r a w  per hectare. The s t r a w  i s  worth about as much a s  the  wheat. 
S t r a w  replacement represents too high a cost. 

The representative of the  United States replied that the new var i -  
e t i e s  of wheat i n  the  summer fallow system can double wheat yield and 
increase the quantity of s t r a w .  The value of s t r a w  may go down as wheat 
production increases. The area i n  permanent pasture could also in -  
crease. 

The Delegate of Turkey commented t h a t  the  custom of using s t r a w  
f o r  livestock feed needs t o  change. The t o t a l  soc ia l  and economic as- 
pects of human nut r i t ion  need t o  be developed. For example, wheat is  
now an important human food. The Turkish people a lso  need t o  change 
t h e i r  d i e t  t o  include more protein and l e s s  bread. 

THE VEGETATION OF CENTRAL ANATOLIA AND ITS ECOLOGY 

Professor Rlza Getik, Faculty of Science, Ankara University, pre- 
sented a paper ent i t led  "vegetation of Central Anatolia and i t s  Ecol- 

(1  

o w .  Upon the pursuance of the  discussion of t h i s  paper the represent- 
a t ive  of Iran asked whether Turkey developed range management plans 
based on ecological studies. 

The Delegate of Turkey responded t h a t  some grazing experiments 
were completed on fencing overgrazed areas. We concluded that reseeding 



w a s  essent ial .  He s k t e d  t h a t  the  Range Management Ins t i tu t e  i s  se lec t -  
ing plants f o r  forage i n  a r id  climates. 

The Delegate of Iran commented tha t  i n  the  Middle East countries 
research and execution a r e  f a r  apart .  Research re su l t s  a re  taken t o  the 
l ibrary,  not t o  the f i e ld .  Iran i s  focusing research on immediate prob- 
lems. 

The representative from Turkey commented tha t  they have had some 
p i l o t  reseeding p lo ts  with good resul t s .  

In  t h i s  respect the  Delegate of the United States asked whether 
they have a comparative value figure for  cropland and rangeland produc- 
t ion  i n  Turkey. 

The Delegate of Turkey replied : Iho. " He believes t h a t  rangeland 
has t o  be kept as rangeland, otherwise erosion w i l l  be the r e su l t .  The 
Delegate of Turkey commented t h a t  they have not completed t h e i r  s o i l  
and p lan t  surveys. 

P R O B L E M S  IN NATURAL RESOURCES ADMINISTRATION IN IRAN 

The Delegate of Iran presented a paper ent i t led  "Natural Resources 
Administration i n  l r a n f r  by M r .  N. Seraj and M r .  F. Niknam, of the Tech- 
n ica l  Bureau of Pastures, Ministry of Natural Resources, Tehran. 

In pursuing the discussion tha t  followed, the Delegate of Turkey 
asked what percentage of I r an ' s  fores t  lands i s  productive. What i s  the  
average timber yield? Is the timber used i n  Iran? What i s  the  relat ion-  
ship between fores t  and rangeland? Are they doing research on erosion 
problems behind dams i n  Iran? What species a r e  bes t  f o r  the various 
habi tats  ? 

The Delegate of Iran replied tha t  the Caspian Sea hardwood fores ts  
contain about 1.4 million hectares i n  commercial production.The fores ts  
i n  northern Iran are  not presently accessible for  commercial produc- 
t ion.  The production per hectare varies.  The timber i s  used i n  Im. 

Livestock grazes fo res t  land. One solution i s  t o  t ransfer  stock 
from productive fo res t s  t o  the  degraded forests .  Another i s  t o  have 
fores t  contractors plant forage crops i n  fores t  clearings. Goat grazing 
i s  limited in some forests ,  o r  they may gmze at  a higher t ax  ra te .  We 
hope t o  get goats out of fores ts  eventually. 

The research on reservoir watersheds i s  done by the  Ministry of 
Natural Resources. 

The Delegate of Turkey asked whether Iran i s  planning t o  r e s t r i c t  
t r ac to r  use according t o  land classif icat ion.  



The Delegate of I ran  repl ied  t h a t  range and f o r e s t  lands a r e  not  
allowed t o  be cu l t iva ted .  Land c l a s s i f i c a t i o n  i s  e s sen t i a l .  

The Delegate of t h e  United Kingdom commented t h a t  they obviously 
need a more comprehensive approach t o  planning. The f irst  need i s  a r e -  
duction i n  t h e  dupl ica t ion of e f f o r t .  

The Delegate of  Turkey asked what they use f o r  mnge reseeding i n  
I ran .  

The Delegate of Iran repl ied  t h a t  near Tehran with 200 mrn. annual 
r a i n f a l l  they s t a r t ed  with Atr ip lex species,  Kochia and Agropyr~n 
cristatum. Protect ion of t h e  reseeded a r ea  from grazing f o r  two years 
i s  Important, then controlled grazing may be  permitted. Fencing i s  not  
economical. Our t r a n s i t o r y  management p lan i s  proving successful .  Sec- 
ondary s tages  w i l l  be based on da ta  developed during t h e  ea r l y  s tages .  
I r an  i s  shor t  of t e chn i ca l  capab i l i ty  i n  t h i s  f i e l d . ,  

The Delegate of Iran,  i n  pursuing h i s  comments, sa id  t h a t  they 
must recognize t h e  con f l i c t s  involved between ag r i cu l t u r e  and f locks .  
Rangelands a r e  being cul t ivated and it w i l l  take  15 t o  20 years  t o  r e -  
s t o r e  them. Rangelands around v i l l age s  a r e  being cu l t iva ted .  Goats may 
be  t h e  only animal t h a t  can u t i l i z e  higher areas. Tota l  planning t o  
include a l l  f a c t o r s  i s  required.  

LAND AND WATER RESOURCE DEVELOPMENT 
FOR CROP PRODUCTION UNDER CRYLAND CONDITIONS 

Professor Dr. A l i  Balaban, Faculty of Agriculture,  Ankara Univer- 
s i t y ,  presented a paper e n t i t l e d  "Land and Water Resource Development 
f o r  Crop Production Under Dryland Conditions." 

The ensuing discussion of t h i s  paper brought a question from the  
Delegate of I ran  about how people can be  educated t o  implement program's. 

The Delegate of Turkey rep l ied  t h a t  i f  t h e  answer were known t h e r e  
would be no problem. Extension personnel can make a program successful .  
The human f ac to r s ,  including education, must be  a p a r t  of any program. 
In Turkey, major reforms i n  land and education a r e  planned. 

The Delegate of the  United Kingdom commented t h a t  a t  t h e  Seyhan 
p ro j ec t  t h e  devoted extension man has put  a l l  t h e  production se-ces 
i n t o  operation.  How can t h i s  program be extended t o  o ther  areas, even 
i f  less spectacular?  

The Delegate from t h e  United S ta tes  s t a t ed  t h a t  first successes 
can p r o l i f e r a t e .  This case should be a j u s t i f i c a t i o n  f o r  optimism. 



The Delegate of  I ran  s t a t ed  t h a t  t he  marketing aspec t s  must be i n -  
cluded i n  a program. Purchasing power mustbe expanded ss production i n -  
creases .  

The Delegate of t h e  United S t a t e s  commented t h a t  i r r i g a t i o n  allows 
more d i v e r s i f i c a t i o n  than does ra infed ag r i cu l t u r e .  Marketing coopera- 
t i v e s  may develop markets f u r t h e r  a f i e l d  as surpluses  develop. 

The Delegate of  t h e  United Kingdom rep l ied  t h a t  d i v e r s i f i c a t i o n  is 
a l s o  poss ible  with ra infed ag r i cu l t u r e  : f o r  example, a s h i f t  from mono- 
cu l t u r e  t o  mixed farming, including stock and gra ins .  

The Delegate of  I ran  commented t h a t  l a rge  i r r i g a t e d  a reas  and 
small,  i r r i g a t e d ,  mixed dryland a reas  have d i f f e r en t  problems. 

The Delegate of  t he  United Kingdom s t a t ed  t h a t  small un i t s  a r e  
more d i f f i c u l t  t o  organize and se rv ice .  k r g e  p ro j ec t s ,  with re loca t ion  
of people, a r e  sometimes easier t o  manage, although t h e  c a p i t a l  co s t s  
may be high and the  su i t ab l e  a reas  a r e  f a i r l y  l imi ted .  

T H E  DISTRIBUTION,  V A L U E  AND MANAGEMENT 

OF T H E  N A T U R A L  VEGETATION O F  IRAN 

The Delegate of I ran ,  M r .  M. Meimandi-Tlejad, Professor of Ecology, 
Agr icu l tu ra l  College, Universi ty of Tehran, presented a paper e n t i t l e d  

- 

"The Dis t r ibut ion,  Value and Management of t h e  Natural Vegetation of 
I ran .  I f  

I n  pursuing t h e  discussion on t h i s  paper t h e  Delegate of  I ran  
s t a t ed  t h a t  ranges around v i l l a g e s  need more p ro tec t ion  than d i s t a n t  
a reas .  There a r e  60,000 v i l l a g e s  i n  I ran .  The stock grazing on fal low 
land and crop res idue leads  t o  erosion a f t e r  overgrazing. 

The Delegate of Turkey s ta ted  t h a t  uncontrolled grazing de-pfetes 
p l a n t  cover i n  t he  v i c i n i t y  of t h e  v i l l age s .  This i s  very d i f f i c u l t  t o  
con t ro l  i n  Turkey. Then he asked whether i n  I ran  they have experiments 
i n  v i l l a g e  a reas  t o  s t op  overgrazing and erosion? 

The Delegate of I ran  rep l i ed  t h a t  they need a subsidy plan t o  i n -  
h i b i t  too  ea r l y  and too l a t e  grazing i n  I ran .  The soc i a l '  f a c t o r s  may be 
important obstacles .  The discussion was pursued by t he  Delegate of Iran 
who sa id  t h a t  t h e  range carrying capacity should receive prime consid- 
e ra t ion .  Marketing f a c i l i t i e s  may be  l im i t i ng  and lead t o  overgrazing. 

The Delegate of Turkey s ta ted  t h a t  control led  grazing on payment 
has been used e f f ec t i ve ly  i n  some p i l o t  a reas ,  bu t  good stock i s  r e -  
quired. 



The Delegate of I ran  rep l i ed  t h a t  each a rea  must be considered ac -  
cording t o  i t s  use capab i l i ty .  The s t a r t i n g  po in t  i s  land capab i l i ty  
maps. He sa id  t h a t  i n  Austra l ia  and t he  U.S.A., rangeland i s  l a rge ly  
p r iva te .  Then he asked whether I r a n ' s  rangeland should be  p r i va t e ly  
owned. 

The Delegate of Turkey rep l ied  t h a t  community owned land can a l s o  
be  managed properly.  

The Delegate of I r an  s t a t ed  t h a t  t h e i r  v i l l a g e  councils  w i l l  i s sue  
grazing permits .  Fencing may be  needed t o  insure  t h a t  t he  c a w i n g  ca- 
pac i ty  i s  no t  exceeded. 

EROSION CONTROL AND VEGETATIVE COVER 

UNDER DRY LAND CONDITIONS IN TURKEY 

The Delegate of Turkey, Professor D r .  Selman Usluj presented a 
paper e n t i t l e d  lrErosion Control and Vegetative Cover Under Dryland Con- 
d i t i o n s  i n  Turkey." During t h e  discussion of t h i s  paper t h e  Delegate of 
the  United Kingdom asked: ''was f e r t i l i z e r  applied during t he  e s t ab l i sh -  
ment of s h e l t e r  b e l t s  ? " 

The Delegate of Turkey gave a negative answer t o  t h e  above ques- 
t i on .  

The Delegate from the  United Kingdom asked whether t he r e  has been 
any work done on s o i l  f e r t i l i t y  and s h e l t e r  b e l t  establishment. 

The Delegate of  Txrkey responded t h a t  considerable work has been 
done i n  Europe. 

The Delegate of t he  United Kingdom commented t h a t  it i s  important 
t o  give e q h a s i s  t o  a w a t e r - f e r t i l i t y  re la t ionsh ip .  

SOIL AND WATER CONSERVATION ON ARABLE LANDS 

The Delegate of I r an  presented a paper e n t i t l e d  "Soil  and Water 
Conservation on Arable ~ a n d s , "  coauthored by M r .  A. Ganjini ,  Chief of 
t h e  S o i l  and Water Conservation Division, S o i l  I n s t i t u t e  of Tehran, and 
M r .  B. Azimi, Deputy Chief, S o i l  and Water Conservation Division, S o i l  
I n s t i t u t e  of Tehran. 

Af te r  presenta t ion of t h e  paper t h e  Delegate of Turkey asked: llln 
t h e  reported experiment, why d id  block C y ie ld  bes t? ' '  

The Delegate of I ran  rep l i ed :  " ~ u e  t o  weed control ."  



The D e l e e t e  of  Turkey asked : "HOW was s i l t  accumulat ion measured? l r  

The D e l e e t e  o f  I r a n  r e p l i e d  t h a t  f i g u r e s  were developed b o t h  by 
c a l c u l a t i n g  r e s e r v o i r  volume and by  moni tor ing  t h e  s i l t  load  o f  incom- 
i n g  water .  The f i g u r e s  a g r e e  we l l .  

The Delegate  o f  I r a n  commented t h a t  t h e  f i g u r e s  on s i l t  accumula- 
t i o n  a r e  t c t a l ,  n o t  annual .  

The D e l e p t e  o f  t h e  United S t a t e s  asked i n  t h i s  respect:"When were 
p l o t s  seeded? ' 

The Delegate  of  I r a n  s t a t e d :  "Probably i n  t h e  l a t e  fall . ' '  

The Delegrzte of t h e  United S t a t e s  asked i f  a n  h e r b i c i d e  was used 
t o  c o n t r o l  t ~ e e d s  du r ing  c rop  growth. 

The Delegate  of I r a n  r e p l i e d  t h a t  it was n o t .  

WHEAT PRODUCTION PROBLEMS 

AND POTENTIALS ON DRY LANDS 

The Delegate  of  Turkey, Dr. A. Demirl i~akmak,  D i rec to r ,  Wheat Re- 
s ea rch  and Tra in ing  Center ,  Ankan ,  presented  a l p a p e r  e n t i t l e d  ' h e a t  
Product ion Problems and P o t e n t i a l s  on Drylands. 

The Delegate  o f  I r a n  asked whether Turkey h a s  improved v a r i e t i e s  
of  wheat f o r  r a i n f e d  a r e a s .  The Delegate  of  Turkey answered t h a t  s eve r -  
a l  l o c a l  v a r i e t i e s  a r e  adapted .  L a s t  y e a r  B e s t a l o t i a  was in t roduced ,  
b u t  t h e  bread q u a l i t y  i s  down. On t h e  c o a s t a l  p l a i n ,  w i th  500 mm. o f  
r a i n ,  Penjamo does w e l l .  

The Delegate  o f  t h e  United Kingdom commented t h a t  t h e r e  seems t o  
be  a l a c k  of  c r e d i t  a v a i l a b l e  t o  fa rmers  i n  Turkey. Research must' b e  
followed by o t h e r  i n p u t  a v a i l a b i l i t i e s .  

FIELD TRIP 

The seminar p a r t i c i p a t e d  i n  a w e l l  planned f i e l d  t r i p  t o  Esfahan 
and v i c i n i t y .  A visit was made t o  t h e  s i t e  of  t h e  new Shah Abbas, t h e  
g r e a t  d m  loca t ed  abou t  l l 0  km. southwest of  Esfahan. This  dam p r o j e c t  
was developed t o  p rov ide  wa te r  f o r  i r r i g a t i o n ,  f o r  f l ood  c o n t r o l  and 
f o r  power development. It w i l l  a l s o  f u r n i s h  power and water  f o r  t h e  new 
s t e e l  p l a n t .  

Enroute,  t h e  d e l e g a t e s  had a n  oppor tun i ty  t o  observe i n t e n s i v e  i r-  
r i g a t i o n  a g r i c u l t u r e ,  a l i m i t e d  amount of  dry land  t i l l a g e  and cons ide r -  



ab l e  mngeland. There was ample evidence of  drought and overgrazing of  
t h e  range. Many herds of goats were observed grazing throughout t h e  ar- 
ea. 

The delegates  observed modern equipment i n  operation i n  t h e  f i e l d s  
alongside of some of t h e  pr imi t ive  t o o l s  being u t i l i z ed .  

A f t e r  re turning from t h e  dam, t h e  group assembled at  t h e  S o i l  Re-  
search I n s t i t u t e ,  from which they were given a b r i e f  t o u r  of t h e  c i t y  
o f  Esfahan before  re turning t o  Tehran. 

SYSTEMATIC LAND RESOURCE INVENTORIES AS A TOOL 
FOR AGRICULTURAL DEVELOPMENT AND PROPER LAND USE 

M r .  M. Bordbar, Deputy Chief of t h e  So i l  and Land Evaluation Divi- 
s ion,  Tehran, presented a paper e n t i t l e d  "~ys t ema t i c  Land Resource In- 
ventor ies  as a Tool f o r  Agr icu l tu ra l  Development and Proper h n d  use." 

In pursuance of t h e  discuss ion on t h i s  paper, t h e  Delegate of  
Turkey asked how information about f u tu r e  development p o t e n t i a l  was de- 
terrnined i n  a r r i v i n g  a t  a c l a s s i f i c a t i o n  of p o t e n t i a l i t y  c lasses .  ?his 
i s  a f ac to r  which i s  of ten  not  known and f u r t h e r  research was required 
t o  a r r i v e  a t  universa l ly  accepted standards. 

The Delegate. from I ran  agreed with t h e  comment of t h e  Delegate of  
Turkey and sa id  t h a t  work was i n  progress t o  obta in  information which 
would allow t h e  adoption of  s a t i s f a c t o r y  standards f o r  f u tu r e  develop- 
ment po t en t i a l .  A t  t h e  present  time, however, t h e  p r ac t i c e  i n  I ran ian  
land resource inventor ies  was t o  re lega te  land f o r  which t h i s  i n foma-  
t i o n  was lacking t o  a temporary low category. 

WATER REQUIREMENTS O F  VARIOUS CROPS 
IN THE ARID AND SEMI-ARID ZONES O F  TURKEY 

M r .  0zdemir Beyce, S o i l  and Water Works, Cen tml  Research I n s t i -  
t u t e ,  Ankara, presented a paper e n t i t l e d  'kater F$quirements of  Various 
Crope i n  t h e  Arid and Semi-Arid Zones of Turkey. 

Upon discussion of t h i s  paper t h e  Delegate of I ran  inquired wheth- 
e r  t he  United States could repor t  any work on t h e  s impl i f i ca t ion  of  
t h e  complicated formulas h i t h e r t o  i n  use f o r  t h e  ca lcu la t ion  of evapo- 
t r ansp i ra t ion .  

The Dele-te of t h e  United S ta tes  rep l i ed  t h a t  t h e  complicated 
formulas referred t o  had been developed t o  meet condit ions i n  spec i f i c  
areas a d  pointed out  t h a t  care  should be exercised i n  adapting them 
f o r  use i n  o ther  areas. H e  affreed on t he  need t o  f ind  simple formulas 



f o r  assessing evapotranspiration losses .  He fur ther  said  t h a t  he be- 
l ieved t h e  evaporation pan method of obtaining evaporation readings w a s  
s t i l l  t he  most p rac t i ca l .  

The Delegate of I ran  referred t o  f igures  fo r  evapotranspiration 
losses  by a l f a l f a  and sugar bee t  quoted i n  t h e  paper and pointed out 
t h a t  work i n  t h e  f i e l d  i n  p a r t s  of Iran had given higher values. He 
fu r the r  thought t h a t  insuf f ic ien t  consideration f o r  deep percolation 
losses  was perhaps given i n  the r e s u l t s  reported. 

The Delegate of Turkey agreed t h a t  it was necessary t o  assume a 
f igure  f o r  deep percolation lo s s  of water i n  calculat ing f i e l d  i r r i g a -  
t i o n  requirements, but pointed out t h a t  as t h i s  was an  unpredictable 
f igure ,  it could not be ea s i ly  assumed f o r  exact experimental purposes. 
In  the  experimental r e s u l t s  quoted moisture depletion losses  i n  t he  
s o i l  had been obtained by measuring moisture depletion a t  d i f f e r en t  
depths throughout the  course of the experiments, 

The Delegate of  t he  United States  pointed out t h a t  measurement of 
l o s s  of water by deep percolation was only necessary i n  calculat ing i r-  
r iga t ion  requirements and was not a f ac to r  i n  t he  calculat ion of evapo- 
t ransp i ra t ion .  

The Delegate of the  United Kingdom pointed out t h a t  t he  discussion 
had so f a r  only taken in to  consideration the physical  requirements of 
t he  crop. But t he  physiological requirements of crops were a l s o  of v i -  
tal importance i n  the  context of i r r i g a t i o n  pract ice ,  pa r t i cu l a r ly  un- 
der  circumstances where t he  avai lable  water supply i s  in su f f i c i en t  t o  
provide the t o t a l  requirements of the  crop. Research has shown d i f f e r -  
ent reactions t o  water s t r e s s  depending on t h e  s t a t e  of crop growth,and 
t h a t  pa t te rns  of such s t r e s s  varied from crop t o  crop. Increased r e -  
search on the water s t r e s s  reactions of crops was e s s e n t i a l  i f  maximum 
economic production was t o  be obtained from i r r i ga t ed  agr icu l ture .  

POSSIBILITIES O F  SUPPLY AND 

PROPER USE OF WATER IN THE GARMSAR AREA 

The Delegate of Iran,  M r .  B. Yazdani, Ekpert a t  the Research Cen- 
t e r  and Laboratory, Ministry of Water and Power, Bhran ,  presented a 
paper en t i t l ed  l l ~ o s s i b i l i t i e s  of Supply and Proper Use of Water i n  t h e  
Gamsar Area. 

The Delegate of Turkey asked whether it would be desirable  t o  i n -  
crease the  percentage of land under fodder crops. A t  t he  same time he 
suggested t h a t  t he  inclusion of only 3 percent a l f a l f a  i n  t h e  cropping 
pa t te rn  might be too low. 

The Delegate of Iran repl ied t h a t  t h e  3 percent a l f a l f a  i n  t h e  



cropping p a t t e r n  could be increased i f  necessary, b u t  t h e  pl-snned per-  
centage was i n  f a c t  s u f f i c i e n t  t o  supply t h e  requirements of l ives tock  
i n  t h e  area. 

The Delegate of Turkey asked whether any work had been done t o  de-  
velop p a r t i c u l a r l y  s a l t - t o l e r a n t  crop v a r i e t i e s .  

Tbe Delegate of  I r a n  responded t h a t  no such work had been done i n  
t h e  Garmsar a r e a  and t h e  s e l e c t i o n  of crops w a s  based on long l o c a l  ex- 
perience.  

The Delegate of  I r a n  pointed out  t h a t  t h e  i r r i g a t i o n  r a t e s  were 
p a r t i c u l a r l y  high, and so  too was t h e  percentage of crops such as wheat 
which have a high demand f o r  water.  He thought t h a t  these  r a t e s  of  wa-  
t e r  use would be uneconomical f o r  t h e  ordinary farmer. Tne discuss ion 
went f u r t h e r  t o  s t r e e ~  t h a t  a high water app l i ca t ion  r a t e  w a s  necessary 
t o  provide a degree of leaching -- 27 percent  of t h e  recommended water 
use w a s  provided f o r  a leaching e f f e c t  i n  add i t ion  t o  t h e  normal crop 
requirements. 

The Delegate of t h e  United Kingdom was concerned about t h e  appar- 
e n t  discrepancy i n  t h e  p a t t e r n  f igures  quoted f o r  a c t u a l  evaporation 
and ca lcula ted  evapotranspirat ion,  and brought out  t h e  need t o  eetab- 
l i s h  w e l l  t e s t e d  r e l a t i o n s h i p s  between these  two groups of f i g u r e s  f o r  '- 

genera l  use. 

The Delegate of Turkey pointed o u t  t h a t  s p r i n k l e r  i r r i g a t i o n  
methods could achieve unsaturated leaching with t h e  r e s u l t a n t  b e n e f i t  
of reduced water  use and lower drainage load. 

EVALUATION O F  THE HYDROLOGICAL ASPECTS OF 

THE AGRICULTURAL STUDIES IN THE ARID AND 
SEMI-ARID ZONES OF TURKEY 

D r .  Osman Tekinel, Ass i s t an t  Professor,  Faculty of Agriculture,  
Adana, presented a paper e n t i t l e d  ''Evaluation of t h e  Hydrological A s -  
pec t s  of t h e  Agr icu l tu ra l  Studies i n  t h e  Arid and Semi-Arid Zones o f  
Turkey. l 1  

I n  regard t o  t h e  above paper, t h e  Delegate of t h e  United S t a t e s  
pointea ou t  t h e  need t o  r e l a t e  evapotranspi ra t ion  f i g u r e s  quoted i n  r e -  
p o r t s  of a g r i c u l t u r a l  s t u d i e s  t o  u n i t s  of crop production o r  t o  some 
o the r  f a c t o r  with a p r a c t i c a l  s ign i f i cance .  

The Delegate of  t h e  United Kingdom inquired whether t h e  proposals 
f o r  a r i d  zone research a l s o  included provis ion f o r  a g r i c u l t u r a l  r e -  
search.  



The Delegate of Turkey confirmed t h a t  t h e  proposed a r i d  zone r e -  
search u n i t  would be  b u i l t  up gradually,  and t h a t  i t s  r o l e  would be t o  
coordinate t h e  whole range o f  a r i d  zone research i n  Turkey, inc luding 
t h e  a g r i c u l t u r a l  s e c t o r .  

GENERAL REPORT ON DEVELOPMENT AND 

UTILIZATION OF SALINE SOILS IN IRAN 

The represen ta t ive  of I r a n  presented a p p e r  e n t i t l e d  " ~ e n e r a l  
Report on Development and U t i l i z a t i o n  of Sal ine  S o i l s  i n  l ran , l t  by Mr. 
A. Ghobadian, Member o f  t h e  S c i e n t i f i c  Council, Jondi Shahpour Univer- 
s i t y  and M r .  H. S iadat .  

Opening t h e  d iscuss ion on t h i s  paper, t h e  Delegate of Turkey i n -  
quired whether any new crops r e s i s t a n t  t o  s a l i n i t y  had y e t  been devel-  
oped i n  I m n .  

The Delegate of I r a n  sa id  t h a t  al though some work i s  proceeding 
no r e s u l t s  had y e t  been obtained. 

The Delegate of t h e  United S t a t e s  made a genera l  comment about wa- 
ter  use i n  r e l a t i o n  t o  s a l i n i t y .  He suggested t h a t  t h e  commonly accept-  
ed impl ica t ion t h a t  a n  inc rease  i n  water  e f f i c i e n c y  i s  good should be 
regarded with caution.  In o rder  t o  make a t r u e  assessment i n  t h i s  con- 
t e x t ,  it i s  first necessary t o  de f ine  e f f i c i e n c y  i n  terms of how w e l l  
success i s  being a t t a i n e d  i n  achieving what i s  in tended. I t  i s  necessary 
t o  know what happens t o  drainage water, t o  t h e  salt it m q  ca r ry  when 
it leaves  one l o c a l i t y ,  as it is  no t  n e c e s s a r i l y  l o s t  t o  t h e  system, 
and may move on t o  accumulate elsewhere. A s  a r e s u l t  t h e  problem may be 
only  t r a n s f e r r e d  from one u n i t  of land t o  another.  These f a c t o r s  have 
t o  be  taken i n t o  considerat ion i n  assess ing  t h e  o v e r a l l  advantages of 
any proposals  t o  employ leaching and drainage techniques.  This empha- 
s i z e s  t h e  need t o  consider land reclamation and amel iora t ion procedures 
i n  t h e  context  of  t h e  b e n e f i t  t h a t  may accrue t o  a t e r r i t o r y  as a 
whole . 

The Delegate of Turkey emphasized t h e  importance of  what t h e  Unit- 
ed States Delegate had sa id  and quoted experience from a s i t e  nea r  An- 
ka ra  where even t h e  a c t  of drainage,  without any add i t ion  of water  by 
i r r i g a t i o n ,  r e su l t ed  i n  a considerable decrease i n  s a l i n i t y .  

EFFECT OF RATE AND TIME OF APPLICATION OF 
NITROGENOUS FERTILIZER ON THE EFFICIENCY 

OF NITROGEN UPTAKE BY WHEAT 

D r .  N. Ulgen, Ass i s t an t  Director ,  S o i l  and F e r t i l i z e r  Research 
I n s t i t u t e ,  Ihakapl, Ankara, presented a paper e n t i t l e d  "Effect of h t e  
and T i m e  of Applicat ion of  Nitrogenous F e r t i l i z e r  on t h e  Efficiency of 



Nitrogen Uptake by Wheat." As t he  discussion began on the  above paper 
t he  FA0 representative commented t h a t  t o  h i s  konwledge there  w a s  no ex- 
perimental evidence i n  I ran t o  confirm the  production of a s ign i f ican t -  
ly increased quanti ty of wheat by s p l i t  appl icat ion of nitrogen. He al-  
so doubted whether t h e  r e su l t s  quoted confirmed t h a t  any real benef i t  
was l i k e l y  t o  accrue from t h i s  type of appl icat ion of nitrogen. For 
t h i s  reason he thought t h a t  i n  prac t ice  it would always be more econom- 
i c a l  f o r  the  f a m e r ' t o  apply nitrogen t o  h i s  wheat only a t  seeding. He 
thought t h a t  it was possible  t h a t  i n  cer ta in  very cold a reas  there  
might be some benef i t  from a s p l i t  appl icat ion of nitrogen t o  wheat a t  
seeding and t i u e r i n g ,  but even so he knew of no experimental evidence 
t o  confirm t h a t  t h i s  was so. 

The Delegate of Turkey thought t h a t  t h e  s p l i t  appl icat ion of n i -  
trogen i n  h i s  experiment had i n  f a c t  had a pos i t ive ly  favorable r e s u l t  
by increasing t h e  uptake of nitrogen i n  wheat by 10 t o  1 5  percent. 

The Delegate of t he  United States  referred t o  work carried out i n  
t h e  colder p a r t s  of h i s  country which confirmed t h a t  a s p l i t  applica- 
t i o n  of f e r t i l i z e r  was sometimes benef ic ia l .  Using t h i s  technique it 
was possible t o  slow down t h e  growth of young wheat i n  the  ear ly  p a r t  
of t h e  season u n t i l  cl imatic conditions were su i t ab l e  f o r  i t s  fur ther  
development. Furthermore, t h i s  technique allowed f o r  a more economical 
use of nitrogen as the  second appl icat ion could be re la ted  t o  t h e  
thickness of t he  stand obtained a f t e r  seeding and t h e  amount of ra in-  
f a l l  subsequently received up t o  t he  t i l l e r i n g  s tage.  It w a s  a l s o  f r e -  
quently worthwhile incurr ing ex t ra  expenditure on t h e  s p l i t  appl icat ion 
technique i n  order t o  obtain a high protein  wheat which was l i k e l y  t o  
obtain a premium pr ice  f o r  mill ing.  

SYSTEMS ANALYSIS: A DECISION-MAKING TOOL 
FOR ARID LAND DEVELOPMENT 

The Delegate of t h e  United States,  D r .  Martin M. Fogel, Professor 
of Wate$shed Management, University of Arizona, presented a paper 'en- 
t i t l e d  Systems Analysis: a Decision-Making Tool f o r  Arid Land Develop- 
ment. " 

During discussion on t h i s  paper t h e  Delegate of Turkey inquired 
what s teps  could be taken by developing countries t o  implement systems 
analysis  i n  circumstances where data  a r e  def ic ien t .  

The Delegate of t he  United States  repl ied t h a t  much could be a- 
chieved, even with insuf f ic ien t  data, through simultaneous procedures 
which could be used t o  bui ld  up a useful  model. 

The Delegate of t he  United Kingdom pointed out t h a t  i n  f a c t  a 
la rge  amount of data  does e x i s t  in many developing countries bu t  i s  not 
made use of .  



The Delegate of Turkey commented that i n  many countr ies  s o c i a l  and 
p o l i t i c a l  f a c t o r s  p h y  an important r o l e  i n  p ro j ec t  planning. He f u r -  
t h e r  inquired whether t he se  f a c t o r s  might be  incorporated i n  methods 
of systems ana lys i s .  

The Delegate of t h e  United States confirmed that it w a s  qu i t e  pos- 
s i b l e  t o  t ake  account of such considerat ions.  

The Delegate of  I r an  asked how t h e  d i f f e r i n g  i n t e r e s t s  of t h e  pub- 
l i c  as a whole and t h e  ind iv idua l  farmer could be reconciled i n  systems 
ana lys i s .  

The Delegate of t h e  United S t a t e s  rep l i ed  t h a t  t h e  system , recon- 
c i l e s  these  f a c t o r s  through t he  app l ica t ion  of cons t ra in t s  which have 
an  e f f e c t  on f i n a l  decis ions .  

R ECOMMENDATIONS 

1) The Committee, not ing t h e  l a r g e  extent  of land i n  t h e  a r i d  and semi- 
a r i d  zones of t h e  region and t h e  l a rge  populat ion dependent on dry- 
land farming, recommends g r ea t e r  emphasis on research and develop- 
ment d i rec ted  t o  t h e  problems of d r y h n d  farming. 

2 )  The Cormnittee noted that a g r ea t  s t o r e  of knowledge has been accurnu- 
h t e d  by the  var ious  research organizations i n  t h e  region and t h a t  
much of t h i s  knowledge i s  not  y e t  being appl ied ,  and recommends t h a t  
urgent a c t i on  should b e  taken t o  i d e n t i f y  the  problems t h a t  a r e  i m -  
peding t h e  app l ica t ion  of research and p r ac t i c e .  

3 )  The Committee noted t h e  d i f f e r e n t  problems t h a t  a r e  encountered i n  
t h e  d i f f e r en t  p a r t s  of t h e  region and recommends t h a t  g r ea t e r  re- 
sources should be  a l loca ted  t o  t h e  t a s k  of developing ag r i cu l t u r e  by 
t h e  app l ica t ion  of known s c i e n t i f i c  p r i nc ip l e s .  

4 )  The Committee noted t h e  valuable work which i s  being done i n  t h e  r e -  
gion i n  t h e  survey and evaluat ion of land capab i l i ty ,  and recommends 
t h a t  t h i s  information should always be f u l l y  u t i l i z e d  as a b a s i s  f o r  
planning and implementation of land use. 

5) The Committee was s t ruck  by t h e  amount of  high grade research t h a t  
i s  being ca r r i ed  out  by various i n s t i t u t i o n s  i n  t h e  region and noted 
a lack of coordination between these  i n s t i t u t i o n s ,  and recommends 
t h a t  urgent s t eps  should be taken t o  improve coordination of r e -  
search a c t i v i t i e s  wi thin  and between t h e  countr ies  of t h e  region i n  
order  t o  avoid dupl ica t ion and insure  maximum e f f i c iency  of  the  r e -  
search.  

6) The Committee noted t h a t  arrangements f o r  t h e  interchange of  i n -  



formation between research i n s t i t u t i o n s  a r e  s t i l l  inadequate desp i te  
t h e  a t t e n t i o n  given t o  t h i s  mat ter  a t  various CEJTTO meetings i n  t h e  
pa s t ,  and recommends t h a t  urgent a t t e n t i o n  should be given t o  t h e  
improvement of these  f a c i l i t i e s .  

7)  !lhe Committee noted with approval t h e  e f f o r t s  t h a t  a r e  being made by 
CEFlB t o  b r i ng  together  s p e c i a l i s t s  i n  d i f f e r e n t  f i e l d s  of ag r i cu l -  
t u r a l  research and development, and recommends t h a t  these  e f f o r t s  
should continue and, i n so fa r  as poss ible ,  be strengthened. 

8) The Committee noted t he  need f o r  a center  f o r  t he  co l l ec t ion ,  s t o r -  
age, processing and dissemination of da ta  and research information 
t h a t  a r e  ava i l ab le  a t  sca t t e red  places  throughout t h e  region, and 
i n v i t e s  t h e  a t t e n t i o n  of CENTO t o  t h i s  requirement. 

9 )  The Committee noted t h e  complex problems of mnaqement of  t h e  com- 
munal pas tu res  and development of l ives tock  i n  t h e  a r i d  and semi- 
a r i d  zones of t he  region and urges t h a t  a c t i v e  s t ep s  be  taken t o  
fol low up t h e  recommendations of t h e  CEN'I'O Working Par ty  on Range 
Management and t h e  CENTO Conference on Livestock Pol icy  held last 
year.  

10)!lhe Committee noted t h a t  65 percent  of  t h e  populat ion of t h e  two re- 
gional  ccun t r i es  represented a t  t h e  seminar i s  engaged i n  ag r i cu l -  
t u r e  and recommends t h a t  t h e  a l l oca t i on  of g r ea t e r  budget support t o  
t h e  a g r i c u l t u r a l  s ec to r  should be se r ious ly  considered by t h e  region 
countr ies .  
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THE ARID ZONE PROBLEMS I N  TURKEY 

by Dr. Sahap E l ~ i ,  

Professor, 

Faculty of Agriculture, 

Ankara University 

BACKGROUND 

The population increase  i n  Turkey i s  about 3 percent  pe r  year.  I n  
o ther  words t h e  population of  Turkey i s  increas ing by 900,000 people 
every year .  This rapid population increase  exp lo i t s  t h e  resources t h a t  
a r e  ava i l ab l e  wi thin  t h e  l imited boundaries of  Turkey. Therefore an i n -  
crease parallel t o  t h a t  of t h e  population i n  t h e  production of ag r i cu l -  
tural produce ought t o  be secured. Otherwise, t h e  n u t r i t i o n  o f  t h e  i n -  
creas ing population w i l l  be a g r ea t  problem. Even today it i s  poss ib le  
t o  admit t h a t  t he r e  e x i s t s  such a problem i n  Turkey. O n  t h e  o ther  hand, 
it i s  not  easy t o  t r y  t o  reach t h e  modern standards of t h e  advanced 
countr ies  i n  connection with t he  expanding requirements of  the  popula- 
t i o n .  So, t h e r e  i s  no other  remedy bu t  t o  e f f e c t  a g r i c u l t u r a l  develop- 
ments i n  a way t h a t  w i l l  provide adequate n u t r i t i o n a l  requirements by 
making use of  modern t echn ica l  advances i n  t h i s  f i e l d .  

The a g r i c u l t u r a l  methods applied i n  Turkey great lyeneed such inno- 
vat ions .  I n  o ther  words, unless t h e  present  production methods i n  Tur- 
key a r e  improved, it w i l l  not  b e  poss ible  t o  exp lo i t  t he  s o i l  t o  t h e  
bene f i t  of utmost y ie ld  of  a g r i c u l t u r a l  produce. 

I n  Turkey t he r e  a r e  many f ac to r s  l im i t i ng  t h e  y i e ld  of ag r i cu l -  
t u r a lp roduce .  Therefore a so lu t ion  towards t h e  increase  of  ag r i cu l -  
t u r a l  produce and methods t o  b r ing  t h i s  about a r e  a highly s i g n i f i c a n t  
problem. 



Generally areas without suf f ic ien t  i r r iga t ion  f a c i l i t i e s  may be 
considered as a r id  zones. However, the annual r a i n f a l l  i n  the typica l  
a r id  zones i s  about 300-350 mm. I f  it i s  taken in to  account t h a t  the  
r a i n f a l l  occurs pa r t ly  i n  winter, not coinciding with t h e  growth period 
of the plants ,  then it becomes clear  t h a t  water i s  indeed a very l i m i t -  
ing fac tor .  Then the  d is t r ibut ion  of r a i n f a l l  plays an important par t ,  
ra ther  than the  t o t a l  amount of it, fo r  the growth of plants .  The in -  
t e r i o r  of Anatolia is  in  pr inciple  the  representative case f o r  the a r id  
zones i n  Turkey. 

In  the  i n t e r i o r  regions of Turkey the average annual r a i n f a l l  dur- 
ing  a period of 30 years was 355.6 mm. of t h i s  r a i n f a l l  33.8 percent, 
i. e. 120.2 mm., took place i n  winter. On the  other hand, the  number of 
s m e r  days i n  the  region, t h a t  i s  when the  da i ly  maximum temperature 
w a s  +25O~ or more, was 114.2 days. The f i r s t  f r o s t s  occur around 10 
September; t he  last ones a r e  encountered around 28 April. In  t h i s  way, 
it is  evident that the  r a i n f a l l  during a cul t ivat ion period of 132 days 
i s  extremely important. On the other hand, the areas with simiiar eco- 
log ica l  f ac to r s  should be considered within the  a r i d  zones. For exam- 
ple,  Igdlr ,  which has had an average annual rainfall of 256.0 mm. fo r  
t h e  last 30 years, &zincan with a r a i n f a l l  of 3 Q. 8 mm., M a l a t y a  sub - 
urbs with 368.2 m. r a i n f a l l  and other similar areas  ought t o  be con- 
sidered i n  the  same l igh t .  Thus it is  c lear  that the a r i d  zones cover 
an extensive area of Turkey. As  a r e su l t ,  consideration of the  agricul-  
tural problems of such an extensive area should from t h e  economic point 
of view be of a highly s ignif icant  nature. 

ASSIGNMENT OF PRIORITIES 

It i s  essent ia l  that immediate p r i o r i t y  should 'be given t o  t h i s  
case and various measures taken towards the solution of the  problems. 
But it i s  necessary t o  determine the  beginning i n  such an endeavour. An 
Arid Zone Research Unit which undoubtedly can play a most e f fec t ive  
ro l e  can work towards the  solution of these s igni f icant  problems which 
a r e  of vital importance t o  the  economic development of Turkey. 

Research t o  be carried out i n  t h i s  f i e l d  w i l l  deal  with agricul-  
t u r a l  problems according t o  p r i o r i t y  and w i l l  solve the  regional prob- 
lems thus securing t h e i r  economic development. Should the  incomes from 
the  a r i d  zones of today be made t o  reach a higher standard on account 
of taking various agr icu l tura l  measures, t h e  economic welfare of the  
country w i l l  surely not be limited only t o  the  a r id  zones, but  w i l l  a f -  
f e c t  Turkey a s  a whole. 

The c lass i f ica t ion  and cul t ivat ion of t h e  s o i l  i n  the  a r i d  zones 
within the  framework of the recent technical advances w i l l  enable the 
concerned t o  derive maximum benefi t  from these natural  resources. It 
w i l l  a l s o  be impossible t o  prevent the growing erosion caused by wind 
and water and thus reduce the  loss  brought about by t h e  same. 



The protect ion of t he  s o i l  against  erosion should c a l l  f o r  other  
a g r i c u l t u r a l  systems than t h e  monocultural implementations f u l l y  ap- 
p l ied  i n  Turkey thus  f a r .  

I n  t h i s  region half of t h e  land is  ploughed and cul t ivated and t h e  
other  half  fallowed. This monocultural system i s  not only used i n  lands 
c lass i f ied  as f i e l d s .  It i s  unfortunately a l so  applied t o  a reas  under- 
going erosion, f o r  example on s teep o r  sloping s i t e s .  Field ploughing 
i s  a l s o  being carr ied out i n  areas  which by t h e i r  charac te r i s t i cs  a r e  
and should be l e f t  as pastures o r  meadows s ince no economic production 
a c t i v i t y  may be exploited through t h e i r  use. A s  a r e su l t ,  t h i s  monocul- 
t u r a l  system is  causing extensive harm t o  t h e  economy of Turkey. 

0 

The exploi ta t ion of t h e  pasture  lands i n  an m e t h o d i c a l  manner i s  
destroying the  vegetation and f l o r a ,  reducing t h e  animal feed and 
speeding up erosion. The production methods i n  areas su i t ab l e  f o r  f i e l d  
cropping should a l so  be improved. Advanced cu l t iva t ion  techniques, high 
qua l i ty  seeds and rapidly  developing f e r t i l i z e r s  may a l so  be developed 
i n  order t o  obtain  higher ag r i cu l tu r a l  y ie ld  than t h a t  of today. 

FORAGE CROPS 

A s  a r e s u l t  of s tud ies  made i n  the  a r i d  zones, it has been ob- 
served t h a t  t h e  d i s t r i bu t ion  of t he  annual r a i n f a l l  is  insuf f ic ie l i t  f o r  
cu l t iva t ion  of p lan ts  o r  vegetative developnent during t h e i r  rapid 
growth. It w i l l  be possible t o  make a most economical use of t he  annual 
r a i n f a l l  i n  p lan t  production through t h e  use of various technicalmeth-  
ods i n  agr icu l tu re .  

It i s  e s s e n t i a l  to make use of forage crops i n  order t o  make t h e  
a g r i c u l t u r a l  sec tor  supply a higher y ie ld  of produce. In t h i s  way, an i -  
mal feed and hay w i l l  be put a t  t he  disposal  of stock farming and i ts  
provision w i l l  surely  lessen t he  l o s s  of animals reared. In %rkey only 
a few species of forage crops are being cul t ivated,  such a s  alfa$fa, 
sainfoin ,  vetch and b i t t e r  vetch. The methods used i n  t he  cu l t iva t ion  
of these  are, however, not  suf f ic ien t .  The area f o r  cu l t iva t ion  of 
these  species can i n  no way be compared with those i n  foreign coun- 
t r i e s .  

It i s  a b i t t e r  f a c t  t h a t  many species cul t ivated i n  other  coun- 
t r i e s  a r e  not grown i n  Turkey. A s  a paradox, t he  or ig in  and gene centre 
of most of these  various and invaluable forage crops can be traced back 
t o  Turkey. It i s  possible  t o  observe these  p lan ts  i n  t he  na tura l  vege- 
t a t i o n  of Turkey. Some are extremely valuable p l an t s  from t h e  point  of  
view of forage crop production. 

The cu l t iva t ion  of p lan ts  f o r  o p t h l  produce should be based on 
rota t ion,  s o i l  and c l imat ic  conditions f o r  p lan t  production i n  t h e  re- 
gion. Towards t h i s  end, t he  following points  should be determined: 



1) Determination of p lan t  species under s o i l  conditions i n  a most eco- 
nomic manner 

2 )  Ident i f ica t ion  of  p lan ts  f o r  cu l t iva t ion  under such cl imat ic  con- 
d i t i ons  

3) Detemination of a policy a s  t o  what kinds of species may be c u l t i -  
vated i n  various regions of the  area under various s o i l  and c l i -  
matic conditions, fn t h i s  way t h e  prevention of erosion:by wind and 
water must be  sought. 

4 )  Selection of t h e  most su i tab le  wheat i n  t he  region f o r  macaroni and 
bread 

5 )  Reseeding of pastures and the  yield t o  be obtained by way of  proper 
grazing 

6) Improvement of bar ley f o r  beer  and feed 

7 )  Adaptation of high qua l i ty  forage crop p lan ts  

8) Determination of  high qual i ty  vineyard and orchard p lan ts  adaptable 
t o  t he  region 

9 )  Relations between water and vegetation, water supply f o r  i r r i g a t i o n  
and drainage problems 

10)  Evaluation of s a l i ne  lands 

11) P o s s i b i l i t i e s  of t he  improvement of regional stock farming in r e l a -  
t i o n  t o  the  development of forage crop production 

12) Relations between high qua l i ty  and regular feeding and animal pro - 
duction 

U ) Determination of animal species having an influence on these ?ela- 
t i o n s  and improvement of t h e  same 

1 4 )  Determination of appropriate t oo l s  f o r  s o i l  cu l t iva t ion  i n  t h e  r e -  
gion 

15)  Marketing problems of t he  produce i n  a r i d  zones 

16) Crop ro ta t ion  system 

17) Relation between various plants  and f e r t i l i z e r s  i n  f e r t i l i z a t i o n  

18) Signif icant  problems f o r  the  region i n  p lan t  protect ion 

19)  Research t o  be conducted on the  determination of su i tab le  t r e e s  and 



shrubs f o r  t h e  purpose of a rbor icu l tu re  and animal feeding i n  t h e  
region 

20) Study of t he  f u e l  problem of t h e  region 

21) P o s s i b i l i t y  of  b e t t e r  management of f o r e s t ry  

22) Develoyment of  t h e  food indust ry  and t h e  i d e n t i f i c a t i o n  of t he  
a g r i c u l t u r a l  i n d u s t r i a l  branches which a r e  economic under t h e  re- 
gional  condit ions 

23) Seed improvement research of various cu l tu res  most s u i t a b l e  t o  r e -  
g ional  condit ions 

24 ) Determination of the  f l o r a  cover and o ther  measures t o  b e  taken i n  t h e  
prevention of erosion by water and wind. 

RESEARCH 

It i s  e s s e n t i a l  t h a t  required long-range and more extensive r e -  
search p ro j ec t s  should be considered and undertaken f o r  regional  de- 
velopment. These may be  s m r i z e d  as follows: 

1) Arid zone f l o r a  

2 )  Vegetation maps 

3)  S o i l  maps 

4) Capacity of underground and surface  water resources f o r  t h e  purpose 
of i r r i g a t i o n ,  the  underground water reserves  and t h e  possibility 
of making use of t h e  same i n  ag r i cu l t u r e  

5 )  P o s s i b i l i t y  of adapta t ion and cu l t i va t i on  of p l an t s  grown i n  o ther  
countr ies  i n  a r i d  zones 

6) Water balance i n  regional  p l an t s  and f a c t o r s  a f f ec t i ng  t h e  same 

7) Reasons f o r  r e s i s t ance  aga in s t  drought and cold i n  p l an t s  

8) S o i l  microfI-ora 

9) Erosion and p l an t  succession 

10) Ef fec t s  of t he  ecological  f a c to r s  i n  t h e  region on the  f l o m  cover 

11) History of t h e  f l o r a  cover 

1 2 )  Factors l im i t i ng  crop y i e l d  



13)  Study of  t h e  region as gene cen t re  of t h e  p l an t  cu l tu res  

14)  I den t i f i c a t i on  and preservat ion of t he  s i g n i f i c a n t  gene mate r ia l s  
i n  t h e  region (in cooperation wi th  t h e  AgriculturalResearchland In- 
t roduct ion Centre i n  1zmir) 

1 5 )  Dis t r ibu t ion  of t h e  annual r a i n f a l l  i n  the  region and i t s  r e l a t i o n  
t o  cu l t i va t i on  of  p l a n t s  

16)  Transpirat ion and evaporation i n  t h e  region,  

A un i t  w i l l  be es tabl ished by t h e  National S c i e n t i f i c  and Techni- 
c a l  Research Council o f  Turkey i n  order  t o  solve  some of t h e  problems 
mentioned above. This u n i t  w i l l  serve a t  t h e  beginning as a research 
group t o  he lp  t h e  researchers  who a r e  working on t h e i r  own. This he lp  
may include new techniques and methods of coordinating d i f f e r e n t  r e -  
search a c t i v i t i e s  i n t o  one goal .  There i s  of course t he  p o s s i b i l i t y  of 
conducting research i n  t h e  region when necessary. There a r e  a l ready  
severa l  i n s t i t u t i o n s  working on a r i d  zone problems, bu t  i n  some a r ea s  
of t h e  research t h e r e  i s  a lackofcoopera t ion  o r  e f fec t ive  techniques. 
The un i t  w i l l  give more emphasis t o  t h a t  po in t  i n  order  t o  make t h e  r e -  
search more b e n e f i c i a l  and f r u i t f u l .  Later  on, the  u n i t  w i l l  a c t  as an 
i n s t i t u t i o n  working on t h e  problems of t h e  a r i d  zones. ?he p r a c t i c a l  
r e s u l t  of t h e  research should be  applied b y t h e  producers, bu t  f o r  t h i s  
purpose we need an e f f i c i e n t  extension se rv ice  t o  work i n  t h e  a r i d  
zones. Today, we need a very  e f f i c i e n t  program on a g r i c u l t u r a l  exten- 
s ion  as wel l .  

CONCLUSIONS 

There are some o ther  important and useful  eco log ica l  character-  
i s t i c s  of  t h e  region that help  produce b e t t e r  q u a l i t y  seeds of legumes 
and grasses  and t h e  o the r  cu l t iva ted  crops during t he  f lowering peyiod 
of most of  t h e  cu l t iva ted  p l an t s .  The weather i s  b r i gh t ,  sunshine i s  
prevelant  and t he  humidity o f  t h e  air  is always low; t h i s  enables i n -  
s e c t s  t o  p o l l i n a t e  t h e  allogamous flowers. Wind po l l i na t i on  a l s o  occurs 
e a s i l y .  It i s  a grea t  advantage t o  our a g r i c u l t u r e  t o  be  ab l e  t o  ob ta in  
good qua l i t y  and p r o l i f i c  seeds from crop p l an t s  i n  t h i s  manner. In t h e  
coas t a l  a r ea s  we advise  t h e  use of  seeds obtained under t he se  con- 
d i t i o n s  i n  t he  c e n t r a l  p la teau.  We could der ive  more bene f i t  from the se  
n a t u r a l  condit ions,  i f  we could use water f o r  i r r i g a t i o n  i n  some p a r t  
of t h e  region.  

It i s  obvious that i f  w e  want rapid development i n  t h e  a r i d  zone 
we w i l l  have t o  cooperate wi th  t h e  i n t e rna t i ona l  organizations.  I be-  
l i eve ,  from t h e  view-point of exchange of material and knowledge, t h a t  
w e  can benef i t  by t h e i r  long period of experience and very  r i c h  materi- 



a l )  and we may add some o r ig ina l  mate r ia l  and experience t h a t  we have 
i n  our country. 

It gives me great  pleasure t o  be here i n  I ran with my colleagues 
who a r e  working on some of t he  subjects  mentioned above i n  t he  a r i d  and 
semi-arid zones of Turkey. 

Special  thanks a r e  due t o  t he  Government of I ran,  including a l l  
t h e  respons ib i l i ty  f o r  t h e  excel lent  conference arrangements. 
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INTRODUCTION 

I ran  i s  e s s e n t i a l l y  an a r i d  and semi-arid country. The r e l e v a n t  
c l ima t ic  information and d a t a  and t h e  r a i n f a l l  p a t t e r n  w i l l  be given i n  
o t h e r  papers presented a t  t h i s  meeting. 

Arid regions a r e  characterized as those  r e c e i ~ ~ 5 n g  l e s s  than 
100 nlm. of r a i n  p e r  year  and occupying about 220,000 square kilonietres, 
o r  about 13  percent  of 1 r a n ' s  t o t a l  surface .  The semi-arid regicns ,  
which receive  1CQ-350 mm. of r a i n ,  cover about one mi l l ion  square k i l o -  
metres, o r  about 63 percent  of t h e  land su r face  of  I ran .  The dry sub- 
humid areas of I r a n  largelj .  comprise t h e  mountainous a r e a s  of Alborz 
and i h g m s ,  mostly around 2,000 metres e levat ion,  with an  annual  p re -  
c i p i t a t i o n  of  about 350-500 mm. and occupying about 280,000 square 
ki lometres,  o r  17 percent  of  t h e  land surface  of  I ran .  

The moist subhumid regions,  wi th  normally 5OO-l,OOO m. of r a i n ,  
cover about 8 percent  o f  t h e  land surface  of I ran;  tine humid a r e a  with 
a n  annual p r e c i p i t a t i o n  of more than 1,000 mm. r ep resen t s  only 1 p e r -  
cent  of  t h e  t o t a l  land area. I n  o the r  words 50 p w c e n t  of  t h e  land s u r -  
f a c e  of  t h e  country i s  covered by a r i d ,  semi-arid and dry subhumid a r e -  
as, each one having a n  average annual  r a i n f a l l  below 500 mm. 



The 
i a b i l i t y  
r a i n  and 
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most important problem of a r id  and semi-arid areas  is t h e  var- 
of p rec ip i ta t ion  from year t o  year. Variation ( i n  terms of 
snow) a l so  occurs i n  t he  annual d i s t r i bu t ion  and according t o  
of t he  country. 

Rainfall  d i s t r i bu t ion  is characterized by the  absence of r a in  f r o m  
April  u n t i l  October over most of t h e  plateau area.  This v a r i a b i l i t y  of 
p rec ip i ta t ion  i s  t he  most important f ac to r  i n  detemining the  yield  of 
dryland farming of wheat and barley. 

LAND AND WATER U S E  IN IRAN 

O f  t he  t o t a l  1,650,000 square kilometres of land surface only 
190,000 square kilometres ( 11.5 percent of the  t o t a l  a rea)  i s  considered 
su i tab le  f o r  crop production. Actually about 7 mill ion hectares ( 7 0 0 ~ 0 0 ~  
square kilometres) corresponding t o  4.2 percent of the  t o t a l  area  a r e  
annually under cul t ivat ion.  

These are cropped as follows: 

Winter and spring crops: 3.5 mill ion hectares a r e  rainfed 
1.7 mill ion hectares a r e  i ~ i g a t e d  

Summer crops: 0.3 mill ion hectares are rainfed 
1.0 mill ion hectares are i r r i ga t ed  

Perennial crops, gardens, 
vineyards and orchards: 0.5 mill ion hectares 

Each year about 3.5 mil l ion hectares of Land a r e  put down t o  dry 
farmed wheat and barley, out of a t o t a l  of 12 mil l ion hectares,  t he  
r e s t  of which a r e  normally fallow. 

The t o t a l  a rea  under i r r i ga t ed  agr icu l ture  i s  around 3.5 m5llio:r: 
hectares.  A rough estimate indicates  t h a t  2.0 mill ion hectares arqe 
f a i r &  well  provided with i r r i g a t i o n  water and 1.5 rnill'ion hectares aye 
p a r t i a l l y  i r r i ga t ed .  

It i s  not f u l l y  c lear  a s  t o  how much of t h i s  3.5 mil l ion hectares 
i s  provided with good qua l i ty  i r r i ga t ion  water, how much with medium 
qual i ty  and how much with poor qual i ty .  

The average prec ip i ta t ion  i n  Iran i s  estimated t o  be 240 mm. per 
year. The t o t a l  amount of water received annually by prec ip i ta t ion  i s  
estimated at about 400 b i l l i o n  cubic metres. Of t h i s  amount 240 b i l l i o n  
cubic rnetres are l o s t  by evaporation and only 100 b i l l i o n  cubic metres 
of water flow i n  the  streams. 

The amount of water which permeates t h e  ground and jcins t he  
groundwater i s  estimated t o  be 60 b i l l i o n  cubic metres. 



Out of a t o t a l  average 400 b i l l i o n  cubic metres of water in I ran  
only about 78 b i l l i o n  cubic metres, o r  19 percent ,  i s  u t i l i z e d  as f o l -  
lows : 

* 37 b i l l i o n  cubic metres i n  ag r i cu l t u r e  

* 1 b i l l i o n  cubic metres f o r  domestic and i n d u s t r i a l  consumption 

* 40 b i l l i o n  cubic metres consumed i n  t h e  form of evaporation and 
evapotranspirat ion i n  f o r e s t s  and pas tures .  

Assuming t h a t  t h e  country 's  groundwater resources remain constant, 
t h e  remainder e i t h e r  evaporates o r  flows out  of t he  country. With high 
evaporation r a t e s  and r e l a t i v e l y  low average p r ec ip i t a t i on ,  i r r i g d t i o n  
is  required f o r  most summer crops. 

The amount and qua l i t y  o f  i r r i g a t i o n  water are important f a c t o r s  
i n  determining t h e  y ie ld  o f  varLous crops i n  i r r i g a t e d  ag r i cu l t u r e .  The 
o ther  f a c to r s  which a r e  responsible a r e  : 

1) Proper s o i l  and water management 

2 ) I r r i g a t i o n  and drainage layout 

3 ) Cropping pa t t e rn .  

AGFJCULTURAL ASPECTS OF ARID AND SEMI-ARID ZONES 

I n  t h i s  paper I s h a l l  review t h e  research i n  t he  context  o f  t h e  
a g r i c u l t u r a l  development of t h e  a r i d  and semi-arid zones of I ran .  

Study of Land Resources Inventory 

In  I ran ,  a s  we l l  a s  o ther  a r i d  and semi-arid p a r t s  of  t h e  world, 
s o i l  and water resources a r e  l imi ted and sca t t e red .  Therefore, plqnning 
and implementation of a g r i c u l t u r a l  development p ro j ec t s  should be 
d i rec ted  towards a reas  of h igher  product iv i ty  and p o t e n t i a l i t y ,  based 
on information obtained from land resource inven tor ies .  

A s  you w i l l  see from another paper t o  be presented t o  t h i s  con- 
ference, 30 mi l l i on  hectares  of  t h e  t o t a l  165 mi l l ion  hectares  o f  land 
sur face  of I ran  have been surveyed on a generalized b a s i s  with maps on 
a s c a l e  of  1: 250,000. These maps c l a s s i f y  land resource i n  respect  t o :  

* Agriculture 
Dry farming 
I r r i ga t ed  farming 

* Range 



* Forests 

* Recreation. 

In most cases the  recommended use o r  uses a s  a r e s u l t  of these 
surveys a r e  presented. Iran i s  a country which i s  developing rapidly i n  
response t o  progressive leadership and forward planning. Because prog- 
r e s s  i s  rapid,  it i s  most important t h a t  t he  development and use of 
land and water resources be planned and implemented i n  such a way t h a t  
t he  objective and development t a rge t s  a r e  not only a t ta ined but a l so  
t h a t  improved production, achieved from development, c m  be maintained 
indef ini te ly .  

In  case some par t ic ipants  t o  t h i s  conference wish fu r the r  d e t a i l s  
I suggest you contact the  Land Evaluation Division of t he  Soi l  I n s t i -  
t u t e  i n  order t o  understand the  procedures developed t o  sllrvey and e -  
valuate our land resource po ten t i a l i t ze s  . 
Irrigation and Drainage 

The or ig in  of i r r i g a t i o n  i n  I ran goes back t o  ear ly  h i s tory .  The 
The qanat system, by which water i s  tapped from the  surrounding moun- 
t a i n s  and led by gravi ty  through subterranean canals t o  t h e  lower 
Lands, i s  s t i l l  used i n  Iran i n  much the  same way a s  it w a s  2,500 years 
ago. 

Equally ancient  must be t he  system of i r r i g a t i o n  d i r e c t l y  f rom 
mountain streams by small diversion canals. Many i r r i g a t i o n  development 
schemes eventually f a i l ed .  No doubt many of these f a i l u r e s  may be at- 
t r ibuted t o  lack of understanding of the  problems of s a l i n i t y  associ-  
ated with agr icu l ture  and the  consequent need f o r  drainage. ~ o d a ~ ' s  
technology, however, makes it possible t o  susta in  t he  l e v e l  of economic 
production i n  many irrigated areas .  However, it has been seen t h a t  f r e -  
quently the  production per un i t  of water i s  extremely low. This i s  due 
t o  poor leve l l ing  of l a n d ,  a l s o  l o s s  i n  conveyance by secondaw and 
t e r t i a r y  canals, a s  wel l  as inadequate knowledge of water requirements 
of crops i n  d i f f e r en t  ag r i cu l tu ra l  cl imatic regions of Iran.  

!he average crop y ie lds  per hectare a r e  much below the  po ten t ia l .  

Considering t h a t  ava i lab le  water resources a r e  much more l imited 
than land su i tab le  f o r  i r r i ga t ion ,  the  maximum yield  per un i t  of water 
and land should be the a i m  when increasing ag r i cu l tu ra l  production, i n -  
stead o f  expanding the  land area under cul t ivat ion.  The proper use of 
i r r i g a t i o n  water i s  of great  na t iona l  importance because it i s  one of 
t he  l imi t ing  f ac to r s  i n  t he  current ag r i cu l tu ra l  development i n  Iran.  

With new development of water resources and harvesting of addi-  
t i o o a l  surface water by water storage dams and flood control  i n  r i v e r  



basins  more i r r i g a t i o n  water w i l l  be  ava i l ab le .  However, t h i s  alone 
w i l l  not  guarantee higher production unless it i s  accompanied by an e f -  
f i c i e n t  management. 

E f f i c i en t  s o i l  and water management w i l l  y i e l d  favourable r e s u l t s  
not  only i n  a reas  of  good s o i l  and water, b u t  a l s o  i n  a reas  where one 
of two f ac to r s  i s  comparatively poor. 

In  t h e  f i e l d  of s o i l  and water management t h e  following points ,  on 
which ve a r e  working, w i l l  be of i n t e r e s t  t o  you: 

Organization for land and levelling and grading 

The land must be prepared so t h a t  water can be applied with maxi- 
mum ef f i c iency .  I m d  -ding and l e v e l l i n g  contr ibutes  t o  uniform d i s -  
t r i b u t i o n  and e f f i c i e n t  use o f  water on t h e  land.  

Government i s  considering bays and means of including publ ic  and 
p r i v a t e  s ec to r s  f o r  promoting land l e v e l l i n g  and grading on i r r i g a t e d  
areas i n  Iran. 

We would be happy t o  exchange experiences, both on t e chn i ca l  and 
o rgan iza t iona l  aspec t s  of  t h i s  important matter of water management. 

Canal lining 

Some es t imates  have been made t h a t  50 percent  o r  more o f  t h e  water 
i s  l o s t  during conveyance i n  many primary, secondary and t e r t i a r y  ca- 
na l s  i n  I ran .  

This l o s s  can a l s o  prove damaging t o  some lands which may b e  p res -  
e n t l y  good. Such l o s se s  have t o  be reduced considerabLy by proper ca-  
n a l  l i n i n g  and r e l a t e d  measures. 

Consumptive use of water by crops 

The requirements f o r  water v a r y  with a g r i c u l t u r a l  c l imat ic  re- 
gions, with t h e  type o f  crop and v a r i e t i e s ,  s o i l  type  and condition, 
e t c .  The consumptive use of water by a crop includes i t s  physiological  
requirement f o r  t r an sp i r a t i on  as weU a s  t h e  evaporation from adjacent  
s o i l  and water surfaces .  This information i s  of b a s i c  importance f o r  e -  
va lua t ion  of e x i s t i n g  i r r i g a t i o n  p r ac t i c e s  and as a means of suggesting 
f u t u r e  improvements. 

Water a l l oca t i on  t o  i r r i g a t i o n  p ro j ec t s  and ind iv idua l  farmers can 
be based on these  da ta .  

Several  s t ud i e s  have been made by t h e  S o i l  I n s t i t u t e  t o  determine 
t h e  w a t e r  requirements of a g r i c u l t u r a l  crops. The water a l l oca t i on  f o r  
these  crops should be based as far as poss ib le  on such s tud ies .  



The ef f ic iency of both f e r t i l i z e r  and water and o the r  y ie ld - in -  
creas ing f a c t o r s  inc reases  considerably i f  research  on t h e  i n t e r a c t i o n  
i s  conducted properly.  

Such s t u d i e s  have been ca r r i ed  out  by t h e  S o i l  I n s t i t u t e  a t  Marve- 
dasht  and o the r  a r e a s  i n  I r a n  and use w i l l  be  made of  t h e s e  f indings  
and similar s t u d i e s  f o r  improved and more e f f i c i e n t  a g r i c u l t u r a l  p rac -  
t i c e s .  

Dryland Farming - - Techniques for Improvement 

The dry  fanned c e r e a l  a r e a  axounts t o  about 3.5 m i l l i o n  hec ta res .  
Including t h e  fal low land,  t h e  a r e a  i s  about 12 m i l l i o n  hec ta res .  This 
i s  t h e  l a r g e s t  land use of t h e  t o t a l  cu l t iva ted  land.  

The cropping system prac t i ced  i n  many o r  most regions i s  s t i l l  
p r imi t ive .  Under t h e  s p e c i f i c  c l imat ic  condit ions,  t h e  p resen t  y i e l d  o f  
d ry  farmed winter  c e r e a l s  i s  about 600-800 kg. p e r  hec ta re .  

Improved v a r i e t i e s ,  f e r t i l i z e r s  and improved t i l l a g e  methods a r e  
capable of inc reas ing  t h e  y i e l d s  above 1,000 kg. p e r  hec ta re .  

Some pre l iminary  study has been made i n  r e spec t  t o  s o i l  and mois- 
t u r e  conservation.  

S ign i f i can t  improvements have been observed i n  t h e  y i e l d  of crops 
i n  t h e  p i l o t  and demonstration a reas ,  e s p e c i a l l y  i n  &st and West Azar- 
b a i j a n ,  as w e l l  as Kermanshah and t h e  Kurdistan a r e a s  which normally 
rece ive  r a i n f a l l  i n  excess of 350 ram. 

However, it i s  our  considered opinion t h a t  we should e s t a b l i s h  d ry  
farming research  s t a t i o n s  i n  a t  l e a s t  two o r  t h r e e  regions  of I r a n  t o  
work on a l l  a spec t s  of  d ry  farming research  and development. This w i l l  
a l s o  inc lude  study of  s u i t a b l e  machinery and equipment, breeding of  
d rough t - res i s t an t  v a r i e t i e s  of wheat and bar ley ,  a8 wel l  as br inging 
i n t o  r o t a t i o n  systems d rough t - res i s t an t  legumes which can do fairly 
w e l l  under semi-arid condit ions,  and o the r  techniques of s o i l  and mois- 
t u r e  conservation.  

The s e l e c t i o n  of such s t a t i o n s  i s  i n  progress  and it i s  expected 
t h a t  t h e  Minis t ry  of  Agr icul ture  w i l l  undertake such a study,  poss ib ly  
i n  col labora t ion  with FAO. 

Soil Salinity and Reclamation of Saline Soils in Iran 

It has been estimated t h a t  t h e  t o t a l  su r face  of s a l i n e  and a l k a -  
l i n e  s o i l s  i n  I r a n  i s  about 25 m i l l i o n  hec ta res ,  which is  about 1 5  pe r -  
cent of  t h e  t o t a l  su r face  of  I r an .  I n  r e l a t i o n  t o  t h e  su r face  of  t h e  



p l a i n  land and f l a t  s l o p i n g  land ,  t h i s  amounts t o  approximately 30 p e r -  
cen t  and i n  r e l a t i o n  t o  i r r i g a b l e  l and ,  p r e s e n t  and p o t e n t i a l ,  as much 
o r  more than  59 p e r c e n t  i s  a f f e c t e d  by  s a l i n i t y  and a l k a l i n i t y  t o  a 
va ry ing  degree ,  fol lowed by corresponding and growing l o s s e s  i n  produc- 
t i o n .  Because of t h e  s e r i o u s n e s s  o f  s a l i n i t y  problems, r e s e a r c h  on s o i l  
s a l i n i t y  and a l k a l i n i t y  must b e  r e i n f o r c e d .  

A n a t i o n a l  c e n t e r  f o r  p r a c t i c a l  r e sea rch  on rec lamat ion  needs t o  
b e  c rea t ed  w i t h  a few subcen te r s .  

More rec lamat ion  and dra inage  work needs t o  b e  c a r r i e d  o u t  on a 
l a r g e  s c a l e  i n  Khuzestan, F a r s  and Esfahan. 

Water Quality Research 

A s  w a s  mentioned e a r l i e r ,  water  i s  a l i m i t i n g  f a c t o r  i n  a g r i c u l -  
t u r a l  development i n  I r a n .  Because o f  t h i s  l i m i t a t i o n ,  and b e s i d e s  e f -  
f i c i e n t  use  and management of good q u a l i t y  water ,  t h e r e  i s  a n  urgent  
need f o r  r e s e a r c h  on t h e  use  o f  s a l i n e  water  i n  i r r i g a t i o n .  According 
t o  i n t e , r n a t i o n a l  c r i t e r i a ,  wa te r  w i t h  a c o n d u c t i v i t y  of  2,250 m i -  
cromhos,/cm. o r  more a r e  u n s u i t a b l e  f o r  i r r i g a t i o n .  

Such wa te r s  a r e  only  s u i t a b l e  f o r  t h e  more s a l t - t o l e r a n t  c rops  and 
m l y  T7hen t h e  s u b s o i l  d ra inage  i s  good and adequate  i r r i g a t i o n ' w a t e r  i s  
a v a i l a b l e ,  t o  meet t h e  l e a c h i n g  requirements .  

I n  I r a n  t h e s e  wa te r s  a r e  g e n e r a l l y  be ing  used wi thout  any r e s t r i c -  
t i o n ,  provided t h a t  enough r a i n  fa l l s  i n  t h e  w i n t e r .  

The exper imenta l  work r e v e a l s  t h a t  groundwaters w i th  up t o  3,000 
p.p.m. salt  a r e  commonly used through t h e  country on medium t o  heavy 
t e x t u r e d  s o i l s .  

Although a t e n t a t i v e  c l a s s i f i c a t i o n  f o r  t h e  use  of  w e l l  wa te r s  has  
been s e t  up, t h e  water  q u a l i t y  r e sea rch  work should a t t empt  t o  d e f i n e  
i n  g r e a t e r  d e t a i l  t h e  salt  t o l e r a n c e  o f  d i f f e r e n t  c rops  t o  vary ing  sa- 
l i n i t y  l e v e l s .  

Fertilizer and Minor Elements 

A s  a r e s u l t  o f  n e a r l y  1 5  y e a r s  o f  experimentat ion i n  d i f f e r e n t  
p a r t s  o f  t h e  country w i t h  d i f f e r e n t  c rops ,  sound f e r t i l i z e r  recornmenda- 
t i o n s  have been e s t a b l i s h e d .  It i s  proved t h a t  f e r t i l i z e r  a l o n e  can i n -  
c r e a s e  t h e  y i e l d  o f  most a g r i c u l t u r a l  crops on an average  between 25  
and 40 p e r c e n t  on i r r i g a t e d  land .  

S tud ie s  on minor elements  and t r a c e  element d e f i c i e n c i e s  and t o x -  
i c i t i e s  i n  a r i d  zones, where s a l i n i t y  i s  o f t e n  ve ry  h igh  and where oc-  
cur rence  o f  h igh  calcium carbonate  concen t r a t ion  i s  ve ry  common, should 
b e  recognized as a n  important  p a r t  o f  a r i d  zone r e sea rch  a c t i v i t i e s .  



Conservation of Natural Resources 

There has been much environmental d e s t r u c t i o n ,  s o i l  e ros ion ,  f o r -  
e s t  d e s t r u c t i o n ,  l o s s  o f  w i l d l i f e  h a b i t a t ,  water  and t o  sGme e x t e n t  a ir  
p o l l u t i o n  i n  many p a r t s  of  t h e  country.  

Thousands o f  yea r s  o f  wrong use  of land has  produced i n s t a b i l i t y  
and d e t e r i o r a t i o n  which w i l l  cont inue  t o  occur  a t  i n c r e a s i n g  r a t e s  un- 
l e s s  p o s i t i v e  a c t i o n  i s  taken  t o  c o r r e c t  t h e s e  cond i t i ons .  To s t o p  t h e  
d e t e r i o r a t i o n  and t o  r e c r e a t e  s o i l ,  f o r e s t  and rangeland resources  w i l l  
n o t  b e  easy; i n  some p l a c e s  it w i l l  t a k e  a long  t ime.  

Achievement o f  conserva t ion  u l t i m a t e l y  depends on t h e  i n d i v i d u a l s  
vho use and manage land and t h e y  must b e  educated t o  accep t  t h e  respon- 
s i b i l i t y  of  adap t ing  modern conserva t ion  technology such as: 

* Contour ploughing 

* Contour banking 

* Conservation a g r i c u l t u r e  

* Xater  h a r v e s t i n g  

" E f f i c i e n t  s o i l  and water  management 

* Regeneration o f  rangelands.  

It i s  t h e  o v e r a l l  r e s p o n s i b i l i t y  of t h e  Zovernment t o  r r o t e c t  t h e  
n a t u r a l  resources  of  t h e  country and t o  s e e  t h a t  t h e y  a r e  developed and. 
used p rope r ly  i n  t h e  long-term i n t e r e s t  o f  t h e  community. 

CONCLUSION 

I r a n  i s  developing r a n i d l y  i n  resr,orse t o  p rog res s ive  l e a d e r s h i p  
and - lanninc .  I f  t h e  r 2 t e  of  a ~ r i c l r l t u r e  development is  t o  keep pace 
7 5 t h  s o c i a l  m d  i n d u s t r i a l  !;ro-ress and develonment, it should b e  r e a l -  
i zed t h a t  qodern a a r i z u l t u r e  w e d s  f i n a n c i a l  a i d  and a farming communi- 
t y  mctivat$d by a d e s i r e  f o r  progress .  Any n o t e n t i a l  i n c r e a s e  i n  a g r i -  
~u.ltlura1 product ion  depends on a w e l l  formulated r e sea rch  and ex tens ion  
-mlic;.  . nese  imp1j- : 

' !%ordinat ion o f  r e sea rch  or! a n a t i o n a l  b a s i s  

Reinforcement of r e sea rch  i n s t i t u t i o n s  i n  terms of  s t a f f  equip-  
ment and improved q u a l i t y  of  work 

' I n t e g r a t i o n  and coord ina t ion  of a l l  development a c t i v i t i e s  a t  
t h e  farm l e v e l  



* Exchange of experience wi th in  t h e  country and region as wel l  as 
on t h e  i n t e r n a t i o n a l  l e v e l .  

I s t rong ly  hope t h a t  t h i s  and similar seminars w i l l  serve  t o  s t i m -  
u l a t e  i n t e r n a t i o n a l  i n t e r e s t  i n  t h e  complex t e c h n i c a l  and s o c i a l  prob- 
lems r e l a t e d  t o  u t i l i z a t i o n  o f  land and water i n  t h e  a r i d  and semi-arid 
zones of  t h e  world and w i l l  con t r ibu te  t o  t h e i r  eventual  so lu t ion .  
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INTRODUCTION 

Pakistan emerged i n  1947 i n  two blocks--East Pakistan and West 
Pakistan, separated from each other by over a thousand miles of Indian 

This paper was prepared for the seminar, but not read, as last minute administrative 

problems prevented the Pakistani delegation from attending. It is included in 

this publication in order to present a complete evaluation of  the situation in the 

regional countries. 



t e r r i t o r y .  These two wings of the  country a r e  d i f f e r en t ly  g i f ted  as r e -  
gards area ,  resources, population and cl imat ic  conditions. Thus West 
'Pakistan, with 84.9 percent of t h e  area ,  has 45.8 percent of t he  popu- 
l a t i on ,  and &st 'Pakistan, with only 15.1 percent of t h e  t o t a l  a rea  of 
t h e  country, contains 54.2 percent of i t s  population. 

West 'Pakistan l i e s  between p a r a l l e l s  61' E and 75' E and l a t i t u d e  
24C 'N and 37' N. This wing has a common f r o n t i e r  with India  on t h e  
eas t ,  with Afghanistan and I ran  on t h e  west. To t h e  southwest l i e s  t h e  
Arabian Sea which provides access t o  I r aq  and Arabia through t h e  Per- 
s i an  Gulf, and t o  Egypt and beyond through t h e  Arabian Sea and the  Red 
Sea. 

Through West 'Pakistan flows the  mighty Indus r i v e r  with i t s  t r i b u -  
t a r i e s ,  t he  Beas, Su t le j ,  Ravi, Chenab and Jhelum r ive r s .  Before enter-  
ing  'Pakistan t h e  t r i b u t a r y  r i v e r s  flow e i t h e r  through Indian t e r r i t o r y  
o r  through the  disputed t e r r i t o r y  of Jammu and Kashmir Sta te .  

Climaticall;y, West 'Pakistan i s  dry and much of it is  barren.  The 
temperature i n  May and June exceeds 120° F i n  some places.  In  winter,  
on t he  other  hand, t h e  minimum temperature i n  some places,  even i n  t h e  
pla ins ,  i s  severa l  degrees below f reez ing  point .  In t h i s  wing of t h e  
country t h e  average r a i n f a l l  is  only 20 inches (508 mm.) and i n  l a rge  
areas  of t h e  South and t h e  &st l e s s  than 5 inches (127 mm.) per  annum. 
Thus West 'Pakistan depends mainly on a r t i f i c i a l  canal i r r i g a t i o n .  

The total a rea  of 'Pakistan i s  about 366,000 square miles, of which 
55,000 square miles cons t i t u t e  t h e  eas te rn  wing and 311,000 square 
miles t h e  western wing. In  terms of ac res  t h e  t o t a l  a rea  of h k i s t a n  i s  
233.8 mi l l ion  acres  , of which 35.4 mil l ion ac re s  a r e  i n  Fast Pakistan 
and 198.4 mil l ion acres  a r e  i n  West Pakistan. Nearly 65 percent of t h e  
t o t a l  a r ea  of &st 'Pakistan i s  under cu l t iva t ion ,  bu t  i n  West 'Pakistan 
t h e  cul t ivated a r ea  forms only 20 percent of t he  t o t a l .  

PRESSURE ON RESOURCES 

For a developing country two measures may be used t o  get  an idea 
of t h e  pressure  on resources : a)  population density,  i .e. t h e  average 
number of persons per  square mile and b )  cu l t iva ted  a r ea  per  head of 
population o r  per worker engaged i n  agr icu l tu re .  

According t o  t h e  l a t e s t  census, taken i n  1961, t he  overa l l  densi ty  
of population i n  Pakistan i s  256 per  square mile. The degree of var ia -  
t i o n  of densi ty  i n  West Pakistan i s  much la rger .  The highest  densi ty  i s  
shown i n  Lahore, both a s  a d iv i s ion  and as a d i s t r i c t ,  and the  lowest 
i n  Kalat. The average dens i ty  f o r  Lahore Division i s  726 while i n  
Quetta and Kalat Divisions the  dens i ty  i s  14 and 7 respect ively .  

In  a g r i c u l t u r a l  countr ies  l i k e  Pakis tm,  dens i ty  of population i s  



mainly determined by t h e  f e r t i l i t y  of t h e  s o i l ,  coupled with water r e -  
sources. The low densi ty  a r ea  i n  West M i s t a n  contains a high propor- 
t i o n  of barren land with very scanty water resources which produces 
very l i t t l e  t o  support human l i f e .  The high dens i t i e s  of Lahore and 
Sargodha Divisions a r e  due t o  high ag r i cu l tu r a l  f e r t i l i t y  with adequate 
water resources resu l t ing  mainly f r o m  canal i r r i g a t i o n  which has made 
high concentration of population possible.  

Cultivated area per  head of population i s  the  index of population 
pressure.  The cropped a r ea  per head according t o  1951 and 1961 censuses 
was as follows : 

Table 1. PER CAPITA CROPPED AREA 

( ~ e ~ o r t e d  Area only) 

I'otnl Population Total  Area Per Capita Cropped Area 
( thous  and s )  illio ion ~ c r e s  ) ( ~ c r e s  ) 

A r e a  1951 1961 1951 1961 

&st ~ k i s t a n  41,930 50,84O 35.4 0.61 0.52 
West Pakistan 31,060 42,880 198.4 0.97 .O. 81 
Total  72,990 93,720 233.8 0.76 0.65 

Table 1 indica tes  t h a t  t h e  cropped area per  head i s  less than 
one acre and i s  hardly su f f i c i en t  f o r  reasonable subsistence under con- 
d i t i o n s  of agr icu l tu re  l i k e  ours. The t a b l e  fu r the r  reveals  t h a t  due t o  
t h e  increase i n  population and f a i l u r e  of expansion of t h e  cropped 
area, per  cap i ta  cropped area is considerably lower i n  1961 than it was 
i n  1951. 

The a g r i c u l t u r a l  y ie ld  per  ac r e  i n  West Pakistan i s  very low. One 
of the  reasons f o r  t h i s  low yield  i s  t h e  s ca rc i t y  of water. West 
Fakistan has l imited water po t en t i a l  and a l o t  of water is  l o s t  as 
seepage through can~. l  and water courses and evaporation as discussed i n  
t he  following paragraphs. 

WATER POTEhTTIAL OF WEST PAKISTAN AND ITS 

LOSSES AT VARIOUS STAGES 

West Wkistan surface water resources were estimated t o  be 133.8 
mil l ion ac re  f e e t  i n  1969-70, and the  average of t he  last f i v e  years 
(1965-66 t o  1969-70) was 139.3 m i n i o n  ac re  f e e t .  me abs t r ac t  of r i v e r  
flow a v a i l a b i l i t y  i s  put f o r t h  i n  Table 2.  



Table 2. INDUS BASIN IRRIGATION SYSTEM--ABSTRACT OF RIVER 

FLOW AVAILABILITY 

Year Jhelum Chenab Indus 
Total 

(Million acre f e e t )  

It i s  furcther estimated t h a t  f o r  the f ive  years ending i n  1969-70, 
the annual diversion from the  r ive r s  in to  i r r iga t ion  canals averaged 
95.69 mill ion acre f e e t .  The annual canal diversions varied from year 
t o  year, e.  g. i n  1969-70, the  last year of the  five-year period, t he  
diversion t o  West Pakistan canals to t a l l ed  98.26 mill ion acre  f e e t ,  
compared with the average of 95.69 mill ion acre  f e e t  during the  last 
f i v e  years. The abs t rac t  of provincial  canal withdrawals during the 
f i v e  years mentioned above is given i n  Table 3. 

Table 3. ABSTRACT OF PROVINCIAL CANAL WITHDRAWALS 

Year Pun jab Sind and Northwest Total 
Baluchistan Frontier  illio ion acre 

Province f e e t  

Harzint has estimated the water potent ia l  of West h k i s t a n  and i t s  
losses at  various stages.  According t o  t h e i r  estimates 60 percent of 



t he  diverted water is  l o s t  as seepage, evaporation, e t c . ,  and so only 
40 percent of it i s  used f o r  the  production of crops. 

Estimates of water losses  were a l s o  made i n  t h e  past by d i f f e r en t  
approaches by various experts:  Kennedy, Benton, Blench and Khunmr. 
Their est imates show t h a t  about 45 percent of t h e  water l e t  i n t o  a ca- 
n a l  system was wasted during t he  delivery.  The farm losses  a t  t h e  f i e l d  
were estimated separately,  and these  amounted t o  20 t o  25 percent, so 
that hardly 35 percent of t h e  water diverted a t  t he  head of a canal  was 
useful ly  consumed by crops. The estimates a r e  put  fo r th  i n  Table 4 .  

Table 4 .  ESTIMATES OF FARM LOSSES AT THE FIELD 

Canal System Kennedy Benton Blench Khungar 

Main canals 5 16 .4 l  5 

Branches 15 15 

Dis t r ibu ta r ies  6 6.1 7 

Watercourses 2 1  20.2 20 

Total  

Farm Losses 25 19.1 - - 

1 . Main canals and branches combined. 
The water losses  calculated by d i f f e r en t  experts vary, bu t  they 

a r e  appreciable. 

The t a b l e  indicates  that out of t o t a l  losses ,  maximum losses  a r e  
from watercourses. From these,  water en te rs  a f i e l d  o r  farm. Here a m i n  
losses  a r e  mainly by seepage and evaporation. The moisture taken up by 
s o i l  is  a l s o  l o s t  by evaporation from the  s o i l  surface before t ransp i -  
r a t i on  from the  plants .  

Evaporation Losses 

A large volume of ava i lab le  water is being wasted through evapora- 
t i o n  from f r e e  water surface.  It is  estimated t h a t  i n  West Pakistan w a -  
t e r  l o s t  from f r e e  water surface i s  i n  t he  range of 3.7 t o  8.0 cusecs 
per  square mile of f r e e  water surface.  An estimation of free water sur- 
face evaporation from West M i s t a n  is shown i n  Figures I a, b, c with 
contours giving water i n t ens i t y  l o s t  annually and biannually.  An e s t i -  
mation of evaporation losses  from reservoirs  has been made as discussed 
below. 
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Rewnoir Losses 

These losses a r e  a l so  the  outcome of evaporation from the surface 
area of reservoirs created behind the dams. There are  many big  and 
small dams i n  West Pakistan. 

Big reservoirs 
Mangla 

The surface area of the  Mangla and Tarbela reservoirs a t  maximum 
pool elevations is on the order of about 65,000 acres each. An exercise 
was made t o  compute the  evaporation losses from the water surface area 
of Mangla reservoir. For t h i s  a reasonable reservoir operation pat tern 
around the year was assumed for  computing the  surface area a t  monthly 
intervals  t o  which were applied mean evaporation figures over the  peri-  
od l?&-67. This indicated an average loss  of about 0.3 million acre 
f ee t  a s  shown i n  Table 5. 

mble  5. EVAPORATION LOSSES FROM MANGLA RESERVOIR 

Month Reservoir Water Surface Mean Evaporation Water Surface 
Level ( ~ c r e s  ) Losses E!vaporation 

( ~ e e t  ) ( Inches ) ( ~ c r e  f e e t )  

October 

November 

December 

January 

February 

.&rch 

April 

MY 

June 

July 

August 

September 

Total 286,790.56 

Approximately: 0.3 million 



Tar beln 

The extent of Tarbela reservoir i s  almost the same as Mangla, but  
i t s  operational pat tern would be such tha t  i t s  draw down period would 
be about three months longer than Mangla. Though t h i s  operation pat tern 
would tend t o  enhance the evaporation losses  i n  the  case of Thrbela, 
f o r  the sake of conservation the  value of 0.3 mill ion acre f ee t  is  a lso  
suggested i n  t h i s  case. 

Chashma 

The area of t h i s  reservoir a t  maximum conservation l eve l  of Q9.O 
i s  about 90,000 acres.  This reservoir i s  located i n  an area where the  
evaporation losses a re  re la t ive ly  more than Mangla and Tarbela. Fur- 
thermore, the losses would be enhanced i f  the reservoir draw down i s  
prolonged over the whole of the Rabi season. Assuming t h i s  s o r t  of i n -  
e f f i c i en t  reservoir operation, losses from t h i s  vast and shallow reser-  
voir  a r e  estimated at about 0 .1 mill ion acre f ee t .  Almost the  same ap- 
proach was adopter1 by the  World Bank Study Group which assumed a loss  
of the equivalent of 14  percent of the capacity. 

Small reservoirs , d a m s  and ponds 

Besides the b i g  reservoirs,  there  a r e  a number of s m a l l  reser-  
voirs,  dams and ponds, and t h e i r  t o t a l  surface i s  a l so  quite appreci- 
able,  consequently t h e i r  t o t a l  evaporation losses  a r e  very high. 

It i s  estimated t h a t  on the  completion of small dams and B r b e l a  
dam i n  1975 the  t o t a l  l o s s  of water from f r e e  water surface w i l l  be ap- 
proximately 2,000 cusecs . 
Loss of water from bare soil 

A large amount of water i s  wasted owing t o  the  present high water 
tab les  i n  various regions of West Pakistan. This lo s s  has been e s t i -  
mated t o  be next t o  losses  from f ree  water surface. The r i s e  of the 
groundwater t ab le  i s  due t o  enormous seepage from' unlined canals, d i s -  
t r ibut ion  systems and watercourses i n  West Pakistan. 

With the  water t ab le  between 0 and 5 f ee t ,  the lo s s  of water by 
evaporation i s  about 50 percent of t h a t  which takes place from the  f r ee  
water surface. In  the  case of a water t ab le  between 5 and 10 f e e t  the  
los s  by evaqoration i s  about 15  t o  20 percent. 

Losses by plants (evapotranspiration) 

A m j o r  portion of the water absorbed by the  roots of p l a t s  i s  
l o s t  by evaporation i n t o  the  air. The loss  of water i n  the form of wa-  
t e r  vapours from the  a e r i a l  par t s  of t h e  p lan ts  i s  called t ranspira-  
t ion.  Although the  los s  of water takes place from a l l  the  exposed par t s  



of a p lan t ,  t h e  leaves  a r e  t h e  chief  t r ansp i r ing  organs. 

Transpirat ion i s  not  merely a physical  process of evaporation, b u t  
i s  a v i t a l  process which i s  controlled by t h e  a c t i v i t y  of t h e  l i v i n g  
protoplasm. The following a r e  p r i nc ipa l  f a c t o r s  which a f f e c t  t r an sp i r a -  
t i o n  : 

1) Humidity of t h e  air 

2 ) Wind movement 

3 )  Temperature of  t h e  air  

4) I r l tens i ty  of l i g h t  

5 ) Barometric pressure  

6) Chemical nature  of t h e  s o i l  

7 )  Number and pos i t ion  of stomata 

8) Water t a b l e  conditions. 

Transpirat ion i s  e s s e n t i a l  f o r  p lan t s  as it keeps t h e  p l an t  cool 
and prevents overheating even when it i s  exposed t o  s t rong sunshine. It 
i s  absolute ly  necessary f o r  nu t r i t i on ,  fo r ,  by maintaining t h e  t r an sp i -  
r a t i on  of ascending currents ,  it br ings  the  supply of water and d i s -  
solved mineral  salts t o  t h e  leaves.  %me p l an t s  show an excess t r an sp i -  
r a t i on  t o  t h a t  required f o r  t h e i r  proper growth. So ac tua l ly ,  excessive 
evapotranspirat ion i s  taking p lace  mainly i n  waterlogged s o i l s .  Figures 
I1 a ,  b, c show t h e  e f f e c t  of d i f f e r en t  water t a b l e s  on evapotranspira- 
t i o n  i n  t h e  case of sugarcane and cotton L.S.S. 

Water i s  a l s o  l o s t  by weeds and t r e e s  growing i n  an excessively 
moist a rea ,  i .e.  on t h e  banks of canals and watercourses. 

Water losses by conventional irrigation practices 

It has been determined by experiments t h a t  crops under d i f f e r e n t  
water t a b l e  condit ions requ i re  d i f f e r e n t  quan t i t i e s  of water bu t  wi thin  
normal i r r i g a t i o n  p r ac t i c e s  t h i s  po in t  i s  not  taken i n t o  considerat ion.  
Moreover, t he  cropping pa t t e rn ,  i f  not  se lected i n  accordance with w a -  
ter t a b l e  and c l imat ic  condit ions of a region, w i l l  cause excessive 
evapotranspirat ion t o  take  place.  

Through old surface  i r r i g a t i o n  p r ac t i c e s  more water is  l o s t  than 
through modern techniques, e.g. d iv id ing  f i e l d s  i n t o  small compartments 
and using spr ink l ing  techniques. Surface i r r e g u l a r i t i e s  and surface  
gradients  a l s o  cause l o s s  of water. 
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!he co lossa l  water losses  discussed above need se r ious  considera- 
t i o n  owing to the  increas ing demand f o r  water i n  a r ea s  under c a n a l i r -  
r iga t ion .  

The surface  water p o t e n t i a l  of West Pakistan ne i t he r  varied much 
during t h e  last  20 years,  nor i s  any subs t an t i a l  increase  i n  t h e  fu tu r e  
an t i c ipa ted  as most of t h e  p o t e n t i a l  has been consumed i n  replacing t h e  
slrpplies of t h e  t h r ee  eas te rn  r i v e r s  a l loca ted  t o  Ind ia  under t h e  Water 
Treaty o f  1960. On t h e  o ther  hand, t h e  annual  increase  i n  t he  popula- 
t i o n  of Pakistan i s  approaching 3 percent ,  and i n  order t o  meet the  
food and f i b r e  requirements o f  t h i s  r ap id ly  increas ing population, i n -  
t en s ive  and extensive cu l t i va t i on  i s  a must. To achieve t h i s ,  water i s  
t h e  ba s i c  requirement. Despite t h e  f a c t  t h a t  t he  i r r i g a t e d  a r e a  i n  West 
Pakistan i s  about 30 mi l l ion  ac res ,  t h e  yie ld  per  a c r e  i s  very  low as 
compared with t h a t  of o ther  countries.  The inain reason f o r  t h i s  low 
y i e ld  i s  t h a t  t h e  t o t a l  water a v a i l a b i l i t y  pe r  un i t  of  land i s  l e s s  
than a c t u a l l y  required.  

To increase  y ie ld  pe r  ac re ,  add i t i ona l  water i s  needed t o  meet 
consumptive uses o f  crops and leaching requirements o f  s o i l s ,  p l u s  good 
qua l i t y  seeds and f e r t i l i z e r .  Actually, countr ies  wi+h cl imates s i m i l a r  
t o  ours use t h r e e  t o  four  times more water on t h e i r  land than we do. 

The surface  water p o t e n t i a l  i s  l imi ted and out  r f  t h a t  about 60 
percent  i s  l o s t  as evaporation o r  seepage. If e f f o r t s  s r e  made t o  con- 
serve even 50 percent  of t h i s  amount, a long wi th  e f f o r t s  t o  c u l t i v a t e  
and i r r i g a t e  with recen t ly  developed water conservation techniques, we 
w i l l  not only b e  i n  a pos i t i on  t o  meet t h e  e n t i r e  food and f i b r e  r e -  
quirements of  our own country, but  may have a surplus  f o r  export.  

I n  t h e  following paragraphs an e f f o r t  w i l l  be made t o  e luc ida te  
some water conservation measures and t h e i r  s u i t a b i l i t y  f o r  West Faki- 
s t an .  

WATER CONSERVATION MEASURES 

Losses from canals 

Maximum water l o s se s  occur through seepage i n  canals and t h e  d i s -  
t r i b u t i o n  system as shown i n  Table 4 .  Seepage l o s se s  from canal  beds 
can be  e f f e c t i v e l y  reduced by l i n i n g  t h e  canals.  !he t o t a l  length of 
canals i n  West Pakistan i s  about 40,000 miles, including major and m i -  
nor d i s t r i b u t a r i e s .  To l i n e  such a length with concrete o r  t i l e  work 
would be  very cos t l y  and no t  p r a c t i c a l  because operat ing canals a r e  
closed only two o r  t h r e e  weeks i n  a year.  !he result i s  t h a t  98 percent  
of t he  canals i n  t h i s  country a r e  unlined. 

With t h e  advancement of  science and technology, cheaper methods 
a r e  being developed t o  l i n e  canals. Use of s o i l  s ea l an t s  i s  a new meth- 
od of l i n i n g  the  operat ing canals. During t h e  last few years  research 
has been d i rec ted  t o  developing mate r ia l s  i n  t h e  form of emulsions, t h e  



ingred ien t s  of which a r e  noma l ly  insoluble  i n  water, bu t  i n  emulsified 
form can be d i lu ted  with water. Wnen these  emulsions come i n  contact  
with s o i l  p a r t i c l e s ,  they break i n t o  t h e i r  o r i g i n a l  components, which 
are inso lub le  i n  water and general ly  have t h e  property of s t i ck ing  t o  
t h e  s o i l  p a r t i c l e s  thus  blocking t h e i r  pores. The emulsions p resen t ly  
being developed have a b a s i s  of asphal t ,  wax and some mineral o i l s .  

Several organizations i n  t h e  world are conducting in tens ive  re- 
search t o  produce a s u i t a b l e  type of s o i l  sea lan t .  The I r r i g a t i o n  Re- 
search I n s t i t u t e  of Lahore i s  a l s o  t r y i n g  t o  develop a bitumen emulsion 
f o r  canal  l i n ing .  Lzboratory r e s u l t s  a r e  very encouraging. The s o i l  
sea lan t s  have been found t o  be  e f f ec t i ve  under water and reduce t h e  
percola t ion by 30 t o  90 percent .  

The a p p r o x i ~ r ~ t e  cos t s  of various l i n i n g  mate r ia l s  a r e  given below 
f o r  comparison. 

* Concrete l i n i n g  R s .  150 per  sq. f t .  

* Tile l i n i n g  (double l aye r )  RS. 138 p e r  sq. ft. 

* Tile l i n i n g  ( s i ng l e  l ayer )  R s .  133 per  sq.  ft. 

* f i u l s i o n  l i n i n g  R s .  20-75 per sq. ft. 

The comparative cos t s  of d i f f e r e n t  ty-pes of  l i n i n g  i nd i ca t e  t h a t  
emulsion l i n i n g  i s  t h e  cheapest. 

The t e s t  r e s u l t s  and cos t  of treatment of various ty-pes of emul- 
s ion  a r e  shown in  Table 6. Complete reduction of seepage l o s se s  from 
canals i s  a con t rovers ia l  point ,  bu t  a reduction of even 50 percent  
w i l l  conserve a huge quant i ty  of  water. 

The water which seeps i n t o  groundwater loses  i t s  o r i g i n a l  good 
qua l i ty ,  and i f  pumped out ,  a p a r t  from t h e  excessive cost  of pumping, 
i s  more s a l i n e  and i s  l i a b l e  t o  c r ea t e  sodium hazards and s a l i n i t y  i n  
s o i l s .  By l i n i n g  canals, good qua l i t y  water can be  conserved and u t i -  
l i zed .  



Table 6 .  DEVELOPMENT OF SOIL SEALANTS FOR LINING EARTHERN CANALS 

No. N m e  of Sealant Penetration Efficiency Durability Cost 
(Inches) (percent) (100 sq. ft.) 

Lab Field 
Test Test 

1. Catonic Asphalt 1/24 
Elnulsion 

3. Chevron Soi l  6-1 2 
Sealant 
(wax emulsion) 

4. o i l  Ehulsion of 2 -11 
P.C.S.I.R. 
laboratory, M o r e  

5. 11 %so ~ a r  cos t  1/2-10 
Sealant 

11) Egso 2/2 Marked 3-5 
sealant 

6. Sealants produced 1/8-20 
by I.R.I., Lahore 

a -70 50 Effective f o r  Re. 20 
two years 

42-80 78-90 Destroyed due Re. 15 
t o  wetting and 
drying cycles 

80 -9 70 Not e f fec t ive  Rs. 40 
v i t h  high water 
head 

60 Destroyed due Rs. 15 
t o  wetting 
and drying 
cycles 

3 5 -85 60-83 Marked 212 Re. 20-e0 
sealant  was 
found su i tab le  

- 75 Quite  e f fec t ive  Rs.  35-80 
up t o  now 

30-70 - Under study Re. 20-75 



Losses from Water courses 

There a r e  near ly  60,000 watercourses and the  average length of 
each watercourse i s  assumed t o  be two miles, thus  t he  t o t a l  length of 
t he  watercourses works out t o  be 120,000 miles. The average wetted 
parameter can be taken as 4 f e e t .  

Various durable and economical l i n i n g  mater ia ls ,  e.g. p l a s t i c  
f i lms,  s o i l  cement mixture and emulsion of various types,  a r e  under 
study a t  t h e  I r r i ga t i on  Research I n s t i t u t e ,  Lahore. A reduction of 50 
t o  100 percent i n  seepage has been recorded so far. The du rab i l i t y  and 
other aspects of these l i n ing  mater ia ls  a r e  s t i l l  being studied. 

Water Loseee from watercoureee can a l s o  be  gratly reduced by: 

* Proper aligrunent of watercourses 

"Keeping the  watercourses f r e e  from weeds. 

Losses from Free Water Surface 

It is  estimated t h a t  by 1975 t h e  t o t a l  l o s s  of water from f r e e  w a -  
t e r  surface i n  West Fakistan w i l l  be about 2,000 cusecs. Water l o s s  
from a reservoir  causes i t s  salt content o r  conductivity t o  increase.  
Hence evaporation reduces both t he  quant i ty  and qua l i ty  of t he  water 
during storage. Important work i s  being done t o  reduce water losses  i n  
many countries of t h e  world such as America, Canada, Austra l ia ,  and 
Russia. It has been observed t h a t  when f i lms of chemicals a r e  spread on 
the  water, they reduce evaporation. Physical methods have a i s o  been 
t r i e d ;  f l oa t i ng  p l an t s  and p l a s t i c  f l akes  a r e  worth mentioning. Ehcour- 
aging r e s u l t s  have been achieved with various types of alcohols. Mans- 
f i e l d  saved 200 mil l ion gallons of water a t  Broken H i l l  using ce ty l  al-  
cohol dissolved i n  v o l a t i l e  petroleum. A t  t h e  Rio Tinto Mines i n  Spain 
a solut ion of ce ty l  a lcohol  spread with two la rge  f l o a t i n g  dispensers 
saved 35 percent of t h e  t o t a l  evaporation. Some countries have t r i e d  
various vegetable o i l s  and have obtained good r e s u l t s .  

The I r r i ga t i on  Research I n s t i t u t e  i s  a l s o  conducting research i n  
t h i s  d i rec t ion .  Various alcohols,  o i l s  and emulsions of mineral and 
vegetable o i l s  have been t r i e d  under l o c a l  conditions and the  r e s u l t s  
obtained so f a r  a r e  put  f o r t h  i n  Table 7. 



Table 7. REDUCTION OF WSSES FROM FREE WATER SURFACE 

No. Evaporation Retardant Average Reduction 
(percent)  

Wax i n  turpent ine  o i l  

Cottonseed o i l  

Groundnut o i l  

Linseed o i l  

Rape seed o i l  

Cetyl  a lcohol  i n  kerosene o i l  

Para f f in  o i l  

Mustard o i l  

Cetyl  a lcoho l  ( so l i d  ) 

Coconut o i l  

S tea ry l  a lcoho l  

Etnulsions of vegetable and mineral  o i l s  
marked E8I-ER l-3 (under study) 

- - - - - 

Loss of Water from Bare Soil 

A s  mentioned e a r l i e r ,  with t h e  r i s i n g  water  t ab l e ,  water  l o s se s  
from t h e  s o i l  continue t o  increase .  With proper drainage water t a b l e s  
can be  maintained a t  an appropr ia te  depth, and so  t h e  water  l o s s  from 
bare  s o i l  can be minimized. Some countr ies  have s t a r t e d  experimenting 
with c e r t a i n  chemicals spread on t h e  s o i l  t o  reduce water  losses ,  and 
encouraging results have been obtained. Sz~me s tud i e s  a r e  being planned 
a t  t h e  I r r i g a t i o n  Research I n s t i t u t e  t o  reduce water  l o s s  from t h e  s o i l  
wi th  c e r t a i n  chemicals, p a r t i c u l a r l y  with bitumen emulsior s. 

Excessive Evapotranspiration 

I n  t h e  major i ty  of cases excessive evapotranspirat ion i s  of  no ad- 
vantage t o  p lan t s .  It has been learned that i f  t h e  water t a b l e  i s  taken 



down beyond 10 f e e t  evapotranspirat ion i s  appreciably reduced. General- 
ly a high water t a b l e  reduces t h e  y ie ld  with t h e  exception of sugar- 
cane. The y ie ld  of cotton fal ls  g rea t ly  with t h e  water t a b l e  brought t o  
3 f e e t .  It has been observed t h a t  t he  water t a b l e  kept  a t  an average 
l e v e l  of 1 5  t o  20 f e e t  i s  su i t ab l e  f o r  almost a l l  crops, with t h e  ex- 
ception of crops l i k e  sugarcane. 

Chemicals are a l s o  being used i n  an attempt t o  reduce evapotrans- 
p i ra t ion .  I f  su i t ab l e  chemicals, e.g. some alcohols,  a r e  spread on t h e  
body of the  p lan t ,  i t s  t r an sp i r a t i on  can be  controlled.  If chemicals 
a r e  spread on a r i c e  f i e l d  i n  standing water i t s  evaporation i s  r e -  
duced; a s i de  bene f i t  i s  a l s o  achieved as water temperature increases ,  
which proves bene f i c i a l  a t  a ce r ta in  s tage  i n  t h e  growth of p lan t s .  

Water Conservcltion with Improved irrigation Practices 

a )  Cu1tivatio)r in Blocks : If crops a r e  cu l t iva ted  i n  blocks, t h e  
watercourses a r e  al igned properly, and t h e  l o s se s  i n  t ranspor-  
t s t i o n  of water t o  d i f f e r e n t  parts of a chak o r  farm a r e  kept  
t o  a minimum. 

b )  Basin and Furrow Irrigation Methods : The bas in  method has been 
found su i t ab l e  f o r  wheat and cotton, while t h e  furrow method i s  
s u i t a b l e  f o r  pota toes  and o ther  vegetables. I n  t h e  bas in  method 
small s i z e  b s s in s  a r e  more economical, bu t  i n  a c t u a l  p r ac t i c e  
it has been observed t h a t  a maximum of e igh t  bas ins  pe r  ac re  i s  
found su i t ab l e  i n  t h e  case of  wheat and four  bas ins  i n  t h e  case 
of cotton. In  t he  furrow method, t h e  frequency of  water app l i -  
ca t ion i s  increased and despi te  t h a t  t he r e  i s  o v e r a l l  economy 
as a fu l l  head of water f o r  t he  required app l ica t ion  i s  used, 
s t a r t i n g  from t h e  upper end and f i l l i n g  t o  t h e  lower end quick- 
ly. This prevents ove r i r r i ga t i on  of upper reaches and underir-  
r i ga t i on  of lower reaches. 

c )  Sprinkling technique : I r r i g a t i o n  by spr ink l ing  i s  an improve- 
ment over t h e  conventional g rav i ty  i r r i g a t i o n  system. The two 
systems a r e  analogous t o  a racing c y c l i s t  versus any fast run- 
ner.  I n  s p i t e  of t h e  f a c t  t h a t  t h e  e f f i c iency  of any machine i s  
l e s s  than one, t he  glor ious  v i c to ry  of t h e  c y c l i s t  over t h e  
runner i s  a t t r i b u t e d  t o  a wel l  planned and ca r e fu l  app l ica t ion  
of t h e  energy so t h a t  a l l  l o s se s  a r e  reduced t o  a minimum. In a 
s imi l a r  manner, t h e  g rav i ty  i r r i g a t i o n  system involves huge 
percola t ion losses  t o  deeper s o i l  zones beyond t h e  roo t  zones 
of t h e  p l a r ~ t s .  This i n  t u r n  develops waterlogging and s a l i n i t y ,  
whereas a wel l  d e s i a e d  spr ink le r  system enjoys t h e  bene f i t  of 
a uniform app l ica t ion  of water t o  t h e  e n t i r e  area i n  question, 
t o  such an  extent  t h a t  almost no percola t ion t akes  p lace  beyond 
t h e  root  zones of t h e  p l an t  and t h e  e n t i r e  amount of  applied 



water i s  use fu l ly  consumed by t h e  crops. 

It has been estimated t h a t  with t h e  same ava i l ab l e  quan t i ty  of 
canal  water, about 50 percent  more a r e a  can be  i r r i g a t e d  with a 
sp r i nk l e r  system i n  comparison t o  t he  g rav i ty  system. Crop pro- 
duction, however, i s  a l s o  expected t o  be doubled on account of  
o ther  advantages of t h i s  system, such as washing harmful gems  
and dus t  p r t i c l e s  o f f  t h e  p lan t s ,  thus  developing a b e t t e r  
r e sp i r a t i on  system. 

The I r r i g a t i o n  Research k s t i t u t e  i s  planning some experiments 
i n  sp r i nk l e r  i r r i g a t i o n ,  keeping i n  mind t h e  condit ions p re -  
v a i l i n g  i n  Pakistan, and determining i f  t h i s  system can be  
adopted wi thin  t h e  present  d i s t r i b u t i o n  system. 

d ) Water Conservation w i t h  Underground Asphalt Barrier Technology : 
Agricul ture  wi th  a spha l t  b a r r i e r  technology i n  a r i d ,  semi -arid 
and s a l i n e  l ands  has given highly encouraging r e s u l t s  i n  some 
countr ies  of t h e  world. The ava i l ab l e  information on t h i s  tech-  
nology i s  summarized below: 

1) Asphalt b a r r i e r s  are l a i d  2 t o  3 f e e t  deep i n  t h e  d e s e r t  i n  
order  t o  prevent i n f i l t r a t i o n  and r i s i n g  up of water from 
below. 

2 ) Asphalt i s  spread i n  a l aye r  of  1 mm. t h i  c h e s s .  

3 )  A t r a c t o r  and trailer combination t h a t  can l a y  10 t o  20 
ac res  3f a spha l t  pe r  day i s  being manufactured i n  t h e  USA. 

4 )  The technology requires  one-half t o  one- f i f th  of t h e  o rd i -  
nary quan t i ty  of water  and t h e  crop inc reases  by 40 t o  300 
percent .  

5 )  The new technology has been found successful  i n  t h e  USA, 
France, t h e  United Arab Republic and t h e  Republic of China. 

6 )  The problem of waterlogging and s a l i n i t y  can a l s o  b e  tackled 
with t h e  new technology. 

7) Asphalt l aye r s  and VS v iny l  films can be  used. Asphalt co s t s  
less and i s  more durable than v iny l  film which has been i n  
use f o r  cu l t i va t i on  of r i c e  i n  Japan. It takes  l e s s  t i m e  t o  
spply than v iny l  f i lm. 

To study t h i s  technology, a start w a s  made i n  1970 a t  Niazbeg Re- 
search Stat ioi lJ  Lahore, by  c u l t i v a t i n g  a r i c e  crop ( E h s m a t i  1-98] i n  
lysimeters set up wi th  bitumen b a r r i e r s .  The experiments a r e  b r i e f l y  
described i n  t h e  following paragraphs. 



Experimental setup 

Twenty lysimeters of 3 f e e t  i n  diameter were selected. One lysime- 
t e r  contained a packing of clay while i n  the r e s t  the top 3-foot layer 
was clay followed by s i l t .  The lysimeters with uniform clay formation 
were divided in to  three se t s  as A, B and C, each containing three 
lysimeters. Set A w a s  kept untreated while i n  s e t s  B and C bitumen 
layers of 4 mm. thickness were applied a t  depths of 2 and 3 f e e t  re-  
spectively. In the remaining one lysimeter p la s t i c  f i lm was la id .  Simi- 
larly the lysimeter with s t r a t i f i e d  s o i l  formation, i . e .  the top 3 f e e t  
of uniform clay and the r e s t  s i l t ,  the s e t s  were divided as D, E and F. 
D was kept untreated while i n  E and F bitumen layers a t  2 and 3 f e e t  
respectively were applied and i n  the remaining lysimeter p la s t i c  film 
a t  a depth of 2 f ee t  was la id .  A new variety of r ice,  Basmati 198, was 
planted i n  these lysimeters. Evapotranspiration and drainage surplus 
were observed. 

The experimental setup i s  given i n  Figure I11 and the d e t a i l  i s  
put for th  i n  Table 8. 

Table 8. WATER CONSERVATION USING BITUMEN BARRIERS 
AT DIFFERENT DEPTHS 

No. Soi l  Conditions i n  Total No. of Depth a t  Which Thickness of 
Lysimeters and Lysimeters Bitumen Layer Bitumen Layer 

Their Depth i s  Applied ( i n  mm. 1 
( i n  f t . )  

8-ft. uniform clay 

8-ft . uniform clay 

8- f t .  uniform clay 

3- f t .  clay a t  the  top 
with s i l t  underneath 

3- f t .  clay at  the  top 
with s i l t  underneath 

3 - f t  , clay at  the top 
with s i l t  underneath 

3-ft .  clay at  the  top 
with s i l t  mderneath 

3 Untreated 

3 2 

3 

3 Untreated 

N i l  

4 

4 

4 

Vinyl f i lm 
(p las t i c  cloth) 

3-f t .  clay at  the top 
with s i l t  underneath 

Vinyl film 
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Unfortunately t he r e  had been a countryside d i sease  ca l l ed  l e a f  
hopper on r i c e  crops and t he  crop under study was a l s o  g r ea t l y  a f f e c t -  
ed. Consequently varied y i e ld s  were recorded even from those  lysime- 
t e r s  where t h e  experiments were maintained under almost i d e n t i c a l  con- 
d i t i ons .  M n g  t o  t h i s  hazard t o  t h e  crop, it w a s  very d i f f i c u l t  t o  
l e a rn  t h e  e f f e c t s  of t h e  technology on t h e  crop y i e ld .  However, t h e  
technology c l ea r l y  indicated i t s  usefulness i n  water conservation i n  
t h e  case of t h e  r i c e  crop. 

The experiment i s  being repeated t h i s  year  and some bigger lysime- 
t e r s  measuring 20 f t .  x 1 5  f t .  x 10 f t .  a r e  a l s o  being constructed so  
t h a t  t h e  e f f e c t  of t h e  technology on o ther  crops under control led  con- 
c3tions can be  s tudied.  

SUMMARY AND SUGGESTIONS 

The summary o f  information on t h e  water p o t e n t i a l  of West Pakistan 
along with t h e  suggested measures f o r  t h e i r  b e t t e r  u t i l i z a t i o n  a r e  
given below : 

1 )  West Pakistan surface  water resources were estimated t o  be  
133.8 mi l l ion  a c r e  f e e t  (1969-70) and ou t  of t h i s  98.26 mil l ion 
ac r e  f e e t  were diver ted  t o  i r r i g a t i o n  canals.  

2 )  Surface water p o t e n t i a l  d id  not  vary much during t h e  last 20 
years and no subs t an t i a l  increase  i s  an t ic ipa ted  i n  t h e  near 
f u tu r e  . 

3 )  Out of t h e  diverted water, about 63 percent  i s  l o s t  a s  evapora- 
t i o n  o r  seepage. 

4) The surface  water p o t e n t i a l  i s  l imi ted .  Countries with cl imates 
similar t o  t h a t  of Pakistan use t h r ee  t o  four  times more water 
f o r  cu l t i va t i on .  

I n  order  t o  meet t he  food and f i b r e  requirements of a rap id ly  i n -  
creas ing population, measures can be  adopted f o r  b e t t e r  u t i l i z a t i o n  of 
t h e  l imi ted i r r i g a t i o n  p o t e n t i a l  of West Pakistan by conserving t h e  co- 
l o s s a l  wastage of water. The following s teps  can be  taken t o  conserve 
water : 

1) Chemical s o i l  sea lan t s  can be  used as cheap canal  l i n i n g  mate- 
rials. Laboratory s t ud i e s  with bitumen emulsions gave a 30 t o  
70 percent  reduction i n  seepage. Their o ther  aspec t s  and eco- 
nomics a r e  s t i l l  under inves t iga t ion .  

2 )  In t h e  case of watercourses, water l o s se s  can be  minimized by 
l i n i n g  them with s o i l  sea lan t s ,  l ay ing  p l a s t i c  c lo ths ,  proper 



alignment, replacing Kacha Nakka with Pacca Nakka and k i l l i n g  
weeds . 

3)  In the f i e ld  a l o t  of water can be conserved by the leveling of 
land, spraying land surfaces with chemicals, using the compart- 
ment technique and furrow methods f o r  i r r iga t ion .  

Water can also be conserved by introducing modern technologies 
developed fo r  water conservation, e.g. the sprinkling technique 
and asphalt  ba r r i e r  technology. 

Water conservation problms concern not only h k i s t a n  but member 
countries of the CENTO region a s  well, so i n  t h i s  f i e ld  a collective 
ef for t ,  in the in te res t s  of t he  whole region, may be made. The follow- 
ing proposal fo r  a joint  venture i s  put for th.  

Proposal for Future Coordinated Research 

Considerable research on water conservation techniques is being 
conducted i n  many countries under t h e i r  loca l  conditions and preferably 
with local ly avai lable  materials. These water conservation technologies 
can be studied f o r  t h e i r  s u i t a b i l i t y  t o  loca l  conditions and the  socio- 
economic setup of the CENT0 region as well. 

The prospects of using asphalt  as canal l in ing  material, an under- 
ground moisture ba r r i e r  and moisture preservation material  on the  sur-  
face of the ground, a r e  very bright fo r  the a r id  and semi-arid zones of 
the region. 

The se t t ing  up of an agro-chemical complex is a prerequisi te  fo r  
making asphalt  bar r ie r  technology a success. Such an industry i s  a 
cheap source of asphalt .  Its by-products a r e  a lso  useful f o r  agricul tur-  
a l  development. However, before introducing %he use of asphalt  on a 
large scale  f o r  water conservation purposes a detailed study and a sur- 
vey of loca l  conditions and a l l  other relevant factors  a r e  essent ial .  

I n  1970 a Japanese Arid Land Studies Mission carried out a survey 
on the f e a s i b i l i t y  of the  use of asphalt fo r  agr icul tura l  development 
i n  West Pakistan. Some members of the mission, a f t e r  the survey, visit- 
ed internat ional  organizations, including FAO, UNESCO, UNDP and the  
World Bank. They explained the  a r id  land rechnat ion  and development 
projects  and exchanged views with them. h t e r  i n  the yearllthe mission 
submitted t o  the Government of m i s t a n  a report t i t l e d  Preliminary 
Study of the Use of Asphalt i n  Arid Land Reclamation and Development 
Projects i n  West h k i s t a n . "  

The report gives a summary of the  findings of the mission. It de- 
scribes loca l  climatic and s o i l  conditions, the  socio-economic setup 
and the potent ial  of asphalt  production, prospects of constructing 



agro-chemical complexes and t h e  use of asphal t  a s  water conservation 
mater ia l  on a l a rge  scale ,  e t c .  It a l s o  points  out t h a t  t o  obtain regu- 
lar and l a rge  quant i t i es  of asphal t  a t  a low cost ,  t h e  s e t t i n g  up of 
agro-chemical complexes i s  e s s e n t i a l  and such complexes might be f e a s i -  
b l e  i n  Iraq,  I ran,  West k k i s t a n  and Saudi Arabia. Asphalt produced 
from agro-chemical complexes would be useful  f o r  construction works and 
development p ro jec t s  i n  these  countries.  In  addi t ion they would produce 
by-products that could be used s u c c e s s f u ~  f o r  purposes other  than wa- 
t e r  conservation. 

Benefits of an Agro - Chemical Complex 

1) Production of asphalt: A re f inery  b u i l t  f o r  t h i s  purpose should 
have a capacity of processing over l50,OOO b a r r e l s  of crude o i l  per  
day. The naptha proceeded as a byproduct could be exported t o  Japan 
and elsewhere. The asphal t  would be used i n  t h e  development p ro jec t s  
of t he  country i n  which t he  re f inery  i s  located.  

2 )  Alanufacture of fertilizer: Ammoniunl sulphate and urea can be readi-  
ly zllanufactured from asphal t .  'I'he asphal t  can be turned t o  hydrogen 
by a p a r t i a l  combustion process and then converted t o  ammonia. 

3 )  Pavement of roads : 'I'he use of asphal t  i n  the  deve lopen t  of a net-  
work of roads and t h e i r  maintenance i s  of g rea t  importance i n  devel- 
oping countries. 

4 ) Development of harbours : Development of harbour f a c i l i t i e s  i s  nec - 
essary f o r  developing countries. Asphaltic concrete i s  the  most dur- 
ab l e  and su i t ab l e  construction mater ia l  f o r  harbours. 

5 )  Lining of canals: Asphalt can be used f o r  the  l i n i n g  of canals, wa- 
tercourses  and reservo i r s  t o  prevent t he  seepage of water. The lin- 
ing  can be aspha l t  concrete, aspha l t i c  membrane o r  aspha l t i c  mat- 
t r e s s .  It can a l so  be used f o r  l i n i n g  drainage channels and ponds 
containing water of high salt content. 

6 )  Preservation of moisture : An emulsion of water and aspha l t  can be 
used f o r  spreading on the  surface of t h e  s o i l  f o r  t h e  preservation 
of moisture i n  the  ground. 

7) Stabilization of sand dunes: . %nd dunes can be s tab i l i zed  by s p ~ e a d -  
i ng  emulsion on them, prepared from water and asphal t ,  e tc .  

8) -4sphalt barrier for water conservation : Wnen aspha l t  i s  l a i d  i n  a 
continuous t h i n  f i l m  60 t o  90 cm. below the  surface of the  ground i n  
a r i d  lands, it a c t s  as a m i s t u r e  ba r r i e r ,  saving 20 t o  50 percent 
of the  water. This technology a l s o  helps i n  increasing the  y ie ld  of 
crops through i t s  other  benef i t s .  



9 )  Production o f  sul fur  and gypsum: The s u l f u r  and gypsum produced by 
t he  hydro-desulfurizat ion of heavy f u e l  o i l  can be  used t o  improve 
a lka l i ne  s o i l s .  

West Pakistan has such a lka l i ne  s o i l s  as can be  reclaimed by using 
sulfur and gypsum. I n  West Pakistan t h e  s a l i n i t y - a l k a l i n i t y  survey 
ca r r i ed  out during 1968-69 by t h e  Directora te  of Land Reclamation 
ind ica tes  t h a t  ou t  of' 38 mi l l ion  ac res ,  5,5 mil l ion  ac r e s  a r e  
s s l ine -a lka l ine .  This i s  14.2 percent  of t h e  t o t a l  a r ea  surveyed. No 
spec i f i c  ca tegor izat ion of a l ka l i ne  c l a s s e s  has been made so  far. A 
t e n t a t i v e  est imate,  however, i nd i ca t e s  t h a t  near ly  90 percent  of t h e  
e n t i r e  salt-aff ected land i s  s a l i n e  -a lkal ine .  

Reclamation o f  a l ka l i ne  s o i l s  can be e f f ec t i ve ly  achieved through 
t h e  use of chemical add i t ives  l i k e  gypsum and su l fu r .  The require-  
ment of Qrpsum per  a c r e  va r i e s  with regard t o  t h e  a l k a l i n e  s t a t u s  of  
t he  s o i l .  O n  an average t h e  pe r  a c r e  requirement of  gypsum may vary 
from 3 t o  5 tons .  

10)  Activated carbon : Activated carbon can be  made from aspha l t .  It i s  
used f o r  purif'ying water and i t s  use f o r  o ther  purposes i s  a l s o  i n -  
creasing.  

In view of these  b e n e f i t s  i n  s e t t i n g  up agro-chemical complexes, 
an  econopic f e a s i b i l i t y  survey may be  m8de i n  t h e  CENT0 region to l o -  
c a t e  t he  most s u i t a b l e  s i t e  f o r  t he  indust ry .  

Some prel iminary experiments on t h e  use of aspha l t  f o r  water con- 
se rva t ion  should b e  s t a r t e d  under l o c a l  condit ions.  Such experiments 
can be  undertaken by countr ies  having a r i d  and semi-arid condit ions.  If 
r e s u l t s  of coordinated research and experiments prove favourable i n  
t he se  countries,  p i l o t  farms could be  es tabl ished.  Technical know-how 
ava i l ab l e  wi thin  t h e  countr ies  where t h i s  technique has been t r i e d  can 
be  u t i l i z e d  i n  t h e  form of a mutual a s s i s t ance  programme, A s  regards an  
underground aspha l t  b a r r i e r  technology, some prel iminary study as nar-  
r a ted  e a r l i e r  has been ca r r i ed  ou t .  Further s tud ies ,  as described 
below, w i l l  be  conducted a t  t h e  I r r i g a t i o n  Research I n s t i t u t e ,  Lahore, 
West Pakistan.  Plans have been made t o :  

1) Study d i f f e r e n t  types  of l o c a l l y  ava i l ab l e  mate r ia l s  ( pa r t i cu -  
larly a spha l t )  t o  b e  buried i n  t h e  form of l aye r s  as b a r r i e r s  
aga ins t  water l o s se s  

2 ) Determine s u i t a b i l i t y ,  permeabil i ty and d u r a b i l i t y  of  d i f f e r -  
en t  types  of l aye r s  spread a t  d i f f e r e n t  depths 

3 )  D e t e ~ n i n e  seepage l o s se s  of water a t  d i f f e r e n t  water heads 
through t h e  buried l aye r s  



4 )  Detemine t h e  r o l e  of  an a s p h a l t  b a r r i e r  l a y e r  i n  reducing Ir- 
r i g a t i o n  water requirements p e r  un i t  o f  land 

5 )  Determine crop management techniques required f o r  growing 
r i c e ,  sugarcane and cotton over an aspha l t  b a r r i e r  

6) Determine water  management requirements t o  maintain a favour- 
a b l e  s a l t  balance i n  t h e  s o i l  above an aspha l t  b a r r i e r  

7) Determine bear ing c a p a c i t i e s  of  t h e  buried l a y e r s  under moving 
loads of d i f f e r e n t  types of  a g r i c u l t u r a l  machinery 

8) Study t h e  ef fec t iveness  of l a y e r s  on d i f f e r e n t  types  of s o i l  

9 )  Study behavlor o f  l a y e r s  i n  a l k a l i n e  and s a l i n e  so i l s  

10)  Study t h e  r i s e  of salts through t h e  buried l a y e r s .  (The alka- 
l i n i t y  and s a l i n i t y  menace can b e  control led .  ) 

ll) Determine t h e  r o l e  of an  a s p h a l t  b a r r i e r  i n  checking t h e  m i x -  
i n g  of  good q u a l i t y  water  wi th  s a l i n e  water  i n  s o i l  

12) Study tem e r a t u r e  movement i n  s o i l  with aspha l t  o r  bitumen 
b a r r i e r .  7 S o i l  temperature a l s o  a f f e c t s  t h e  growth of p l a n t s . )  

13 ) Develop an e f f i c i e n t  and economical technique f o r  l ay ing  as- 
p h a l t  l a y e r s  a t  optimum depths evolved a f t e r  s tudy 

14)  Determine t h e  economy of using f e r t i l i z e r  i n  t h e  new tech-  
nology 

15) Study t h e  varying r a t e s  of s o i l  evaporation and evapotranspi-  
r a t i o n  and then suggest remedial measures t o  reduce t h e  water  
l o s s e s  

16) Study mer i t s ,  demeri ts  and economics of t h e  two b a r r i e r s :  vi- 
n y l  f i l m  and a s p h a l t .  

The completion of such proposals  w i l l  g r e a t l y  he lp  i n  urderstand- 
i n g  a l l  t h e  poss ib le  problems which may crop up during app l i ca t ion  t o  
d i f f e r e n t  types  of l o c a l  s o i l s  and crops. l%e proposed s t u d i e s  f o r  t h e  
new technolorn w i l l  a l s o  po in t  ou t  s p e c i f i c  d i r e c t i o n s  of research i n  
which more vigorous a c t i v i t y  i s  needed. The comparison of economics and 
f e a s i b i l i t y  of  t h i s  technology with o the rs  f o r  water conservation meas- 
ures w i l l  decide i t s  f u t u r e  i n  our country. 

Some prel iminary s t u d i e s  of  water  conservation a r e  a l ready  being 
conducted a t  t h e  I r r i g a t i o n  Research I n s t i t u t e  with i t s  meagre r e -  
sources. To ca r ry  out  t h e  s t u d i e s  on a l a r g e  s c a l e ,  s i x  p r o j e c t s  of m- 
t e r  conservation s tud ies ,  given below, were prepared and sen t  t o  USDA 



f o r  t h e i r  expert and technica l  advice and a id  under t he  PL 480 pro- 
gramme : 

1) Studies on s o i l  sea lan ts  f o r  l i n i n g  earthen channels 

2 )  Studies on evapotranspiration with an aspha l t  b a r r i e r  tech- 
nology 

3 )  Studies on evaporetardents 

4 )  Studies on evapotranspiration of crops 

5 )  Studies on gravi ty  and spr ink le r  i r r i g a t i o n  systems 

6 )  Studies on t h e  economics of various water conservation tech- 
niques. 

The p ro j ec t s  , however, have no t  been f i n a a  approved and a r e  un - 
der  consideration. 

Along similar l i n e s  other  member countries can plan and study w a -  
t e r  coriservation p ro j ec t s  under t h e i r  own l o c a l  conditions. 

A research i n s t i t u t e ,  mainly dealing with aspha l t  research f o r  w a -  
t e r  conservation may b e  es tabl ished by seeking help  from UNDP, UNESCO, 
FAO, UNIDOj t h e  World Bank and other  such agencies. The accumulation of 
t h e  past experience and knowledge of these  organizations can b e  incor- 
porated i n  p ro j ec t s  and f i nanc i a l  grants  and loans from these  sources 
might be  avai lable .  Such research organizations may a l s o  b e  very help- 
f u l  i n  imparting t r a i n i n g  t o  engineers and o ther  experts i n  t h e  region 
responsible f o r  implementing t he  p ro j ec t s  involving t h i s  technology i n  
t h e i r  respect ive  countries.  

To sum up, f o r  fu tu re  coordinated research a c t i v i t i e s  i n  t he  water 
conservation f i e l d  i n  t h e  CENTO region, t h e  following main suggestions 
a r e  pu t  f o r t h  f o r  consideration: 

1 )  Research a c t i v i t i e s  i n  the  water conservation f i e l d  should be 
coordinated i n  a proper way t o  bene f i t  t he  whole region. In 
t h i s  connection frequent meetings of t h e  s c i e n t i s t s  and exper ts  
must be held t o  exchange views on t h e  subject .  

2 )  Out of t h e  various water conservation s tud ies  being conducted 
i n  d i f f e r e n t  countries of t he  world, t h e  use of aspha l t  f o r  wa-  
t e r  conservation has grea t  prospects f o r  t h e  CENT0 region. 
Therefore, a jo in t  venture i s  needed i n  i t s  production and use. 

3 ) To obtain  a regular  quant i ty  of aspha l t  a t  low cost ,  t he  s e t  - 
t i n g  up of agro-chemical complexes must be studied i n  d e t a i l .  



4) A research i n s t i t u t e  f o r  conducting water conservation s tudies ,  
preferably by t h e  use of asphal t ,  can be established by seeking 
help from UMIP, UNESCO, FAO, UIUDO, the World Bank and o ther  
such agencies. 

5 )  To make a s t a r t ,  some preliminary applied experiments a r e  being 
undertaken a t  t he  I r r i ga t i on  Fksearch I n s t i t u t e ,  Lahore, West 
Pakistan, and such types of experiments m y  a l s o  be planned and 
conducted i n  other  member countries under t h e i r  own l o c a l  con- 
d i t ions .  If the  r e s u l t s  of these  coordinated research pro- 
grammes and experiments prove favourable, p i l o t  farms could be  
established.  
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THE SUMMER FALLOW SYSTEM 

by Mr. Thomas G. Z i n n ,  

Soil Specialist, 

Oregon State University and 

USAID/Turkey 

BACKGROUND 

During t h e  last few years  r ap id ly  increas ing hman populat ions 
have resu l t ed  i n  inadequate food suppl ies  i n  many a r e a s  of  t h e  world 
which were f o m e r l y  s e l f - s u f f i c i e n t .  Some of these  a r e a s  a r e  composed 
l a r g e l y  o f  semi -ar id  o r  dryland c l ima t ic  condit ions.  Dryland regions 
have proven t o  be very productive when we apply  t h e  technological  ad-  
vances and developments i n  a g r i c u l t u r e  t o  these  semi-arid a reas .  By us-  
i n g  knowledge and p r a c t i c e s  gathered i n  regions where a g r i c u l t u r e  i s  
highly  developed, t e c h n i c a l  people have been a b l e  t o  inc rease  food pro- 
duction i n  many o t h e r  a reas .  

Throughout t h e  world t h e r e  a r e  many a r e a s  with very  similar c l i -  
matic condit ions.  Centra l  Turkey and o t h e r  a r e a s  i n  t h e  Middle &st a r e  
c l i m a t i c a l l y  very  much l i k e  t h e  inland a r e a s  o f  t h e  P a c i f i c  Northwest 
i n  t h e  United S ta tes ,  such a s  Oregon and Washington. The r a i n f a l l  d i s -  
t r i b u t i o n  and p a t t e r n  i n  these  a reas  a r e  s imi la r .  Elevations and tem- 
pera tu res  a r e  near  t h e  same. In both these  regions wheat produced under 
a fa l low system i s  t h e  major crop. The quest ion then a r i s e s :  why a r e  
wheat y i e l d s  much higher  ( an  average of 200-300 kg./decare) f o r  t h e  Pa- 
c i f i c  Northwest as compared t o  t h e  Anatoliari P la teau of  Turkey and t h e  
Middle &st with an average of  80-100 kg. jdecare? 



To f i n d  an  answer t o  t h i s  ques t ion  l e t  us compare t h e  farming sys -  
tems be ing  used. 

WHY THE FALLOW SYSTEM? 

Where r a i n f a l l  is  t o o  l imi t ed  t o  permi t  annual  cropping, as i n  
many areas o f  t h e  Middle Eas t  and t h e  semi-ar id l ands  o f  t h e  United 
S t a t e s ,  a system has  been developed t o  keep t h e  land f r e e  o f  a crop f o r  
one year .  The purpose of  t h i s  i s  t o  accumulate mois ture  i n  t h e  r o o t  
zone f o r  t h e  subsequent crop i n  a l t e r n a t e  y e a r s .  

This system has  been more commonly used i n  producing win te r  t ypes  
of small g r a i n  than s p r i n g  types  o r  summer crops  such as sorghum and 
m i l l e t ,  and i n  a r e a s  of  dominantly win te r  r a i n f a l l .  The s o i l  i s  usu- 
a l l y  d r y  a t  t h e  t ime  t h e  w i n t e r  wheat i s  harves ted  i n  J u l y  and August. 
L i t t l e  accumulation of  mois ture  w i l l  normally occur  by p l a n t i n g  t ime i n  
September. Annual p l a n t i n g  of w in te r  wheat i n  low r a i n f a l l  a r e a s  usual -  
l y  produces low y i e l d s  and many crop f a i l u r e s .  

Fallowing f o r  w in te r  wheat a s  compared wi th  annual  cropping has 
shown h ighe r  t o t a l  product ion  and g r e a t e r  s t a b i l i t y  o f  product ion .  It 
t ends  t o  even o u t  t h e  product ion  f u n c t i o n  curve, p a r t i c u l a r l y  du r ing  
t h e  yea r s  of s h o r t  mois ture .  I t ' a l s o  produces a  lower u n i t  c o s t  o f  p ro -  
du.ction, and a g r e a t e r  e f f i c i e n c y  i n  mois ture  use.  

The summer fallow system makes use of a mulch which consists of fine particles of soil 

and straw to  a depth of  approrimately 12 centimeters. By  mid-September the soil 

beneath thz mulch is still moist, as shown aboue. Wheat seed can be plantzd in this 

moist soil at a depth o f  approrimale~y 15 centimeters b y  means of a deep furrow drill 

There is normally enough moisture to germinate the seed within 7 to 10 days. 



Erratum: Page 93,  lower photograph.  Capt ion  shou ld  read:  
" P l a n t e d  i n  S e p t e m b e r ,  t h e  p l a n t s  o n  t h e  r i g h t  d i s p l a y  a  
p r i m a r y  a n d  s e c o n d a r y  r o o t  s y s t e m  t h a t  i s  s u f f i c i e n t l y  w e l l  
d e v e l o p e d  t o  t a k e  a d v a n t a g e  o f  e a r l y  s p r i n g  r a i n s  a n d  s o i l  
f e r t i l i t y .  T h e y  w i l l  n o t  h a v e  t o  d e p e n d  o n  l a t e  s p r i n g  r a i n s  
f o r  d e v e l o p m e n t  a s  w i l l  the p l a n t s  o n  t h e  l e f t .  " 



This photo shows two  different types of 

shovels or points that can be 

attached to the deep furrow drill. 

The point on the le f t  is the regular point 

or shovel, and the point on the 

right is used when soils are 

compacted and it is difficult 

for the drill to 

penetrate to the desired depth. 

It is capable of drilling seed to 

depths of 12 to 15 

centimeters. 

Planred ~n September, the phnts on the lejt dtsploy m pl lmry  and 

secondary root system thnl is sufficiently well deucloped to take 

ndrmntnge of early spring rains nnd soil ferlllity. 

They will not hnce lo depend on late 

sprlng rains for derxelapment as will the plants on the right. 
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Purpose of the Fallow System 

The primary purpose of t h e  f a l l ow system i s  t o  accumulate mois ture  
i n  t h e  r o o t  zone. Avai lab le  n i t r o g e n  and o t h e r  n u t r i e n t s  a l s o  r e s u l t  
from mic rob fo log ica l  breakdown of  s o i l  humus d u r i n g  t h e  f a l l o w  pe r iod .  

The summer f a l low o p e r a t i o n  has  two d i s t i n c t  o b j e c t i v e s  i n  mois- 
t u r e  conserva t ion:  1) t h e  t o t a l  amount of  mois ture  s t o r e d  i n  t h e  r o o t  
zone t h a t  can be  used by t h e  nex t  crop and 2 )  t h e  amount of  mois ture  
t h a t  can b e  maintained a t  a depth  o f  10 t o  12 em. so  t h a t  seed can b e  
~ l a n t e d  i n t o  moist  s o i l  b e f o r e  t h e  f a l l  r a i n s  s tar t .  Accomplishing t h i s  
second o b j e c t i v e  i s  very  important  and r e q u i r e s  a s e r i e s  of  very  t ime ly  
t i l l a g e  o p e r a t i o n s ,  P l a n t i n g  w i n t e r  wheat i n t o  rnoist s o i l  between Sep- 
tember 20 and October 1 i n  a n  a r e a  l i k e  t h e  Anatol ian P l a t e a u  of  Turkey 
a l lows  t h e  wheat p l a n t  t o  become e s t a b l i s h e d  e a r l y  enough t o  develop 
t h e  secondary r o o t  systems b e f o r e  w in te r  dormancy occurs .  Many w i n t e r  
wheat p l m t i n g s  t h a t  wait f o r  mid-November r a i n s  f o r  germination do n o t  
d e v e l o ~  t h e  secondary r o o t  system b e f o r e  w i n t e r  dormancy occurs ,  and 
sometfmes never  develop a good secondary r o o t  system. 

This  e a r l i e r  g e m i n a t i o n  and seeding  development i n  t h e  f a l l  o f t e n  
advances t h e  d a t e  o f  m a t u r i t y  from 1 t o  2  weeks t h e  fo l lowing  yea r .  
This  means t h a t  t h e s e  wheat p l a n t s  might escape some h o t ,  d r y  weather  
t h a t  could have s e r i o u s  e f f e c t s  on l a t e r  maturing wheat. 

k i n f a l l  i s  h i g h l y  v a r i a b l e  i n  frequency and amount i n  r eg ions  
where t h e  summer f a l l o w  system i s  p r a c t i c e d .  Seve ra l  days of  h o t  d r y  
weather between l i g h t  showers w i l l  evapora te  most of  t h e  wa te r  from t h e  
m i l  s u r f a c e ,  Many y e a r s  o f  measurements show t h a t  on ly  20 t o  30 p e r -  
cen t  of t h e  p r e c i p i t a t i o n  i s  saved du r ing  t h e  f a l l o w  pe r iod .  An e f f e c -  
t i v e  f a l l ow system must s t o r e  water  when it comes, whether as r a i n  o r  
snow, and minimize l o s s e s  p r i o r  t o  p l a n t i n g  t h e  crop.  Maximum e f f i c i e n -  
cy f n  accumulation of  mois ture  r e q u i r e s  t h e  fo l lowing:  

1) Contro l  of  weeds s i n c e  weeds a c t  as a water  pump and w i l l  use  
much of  t h e  water  s t o r e d  du r ing  t h e  f a l l ow cyc le .  

2 )  Maintenance of  h igh  i n f i l t r a t i o n  r a t e s  so  t h a t  t h e  r a i n  t h a t  
fal ls  e n t e r s  t h e  s o i l ,  

3) Slowing o f  t h e  s u r f a c e  movement of wa te r  t o  permi t  i n f i l t r a t i o n  
and reduce water  e ros ion .  

4) Avoidance of t i l l a g e  t h a t  loosens  o r  t u r n s  up moist  s o i l  and 
exposes it t o  r ap id  dry ing .  

5) A moi s tu re  b a r r i e r ,  o r  mulch, which must b e  e s t a b l i s h e d  a t  t h e  
p rope r  depth  so t h a t  it w i l l  hold t h e  s to red  s o i l  mois ture  du r -  
i n g  t h e  f a l l o w  season u n t i l  seeding  t ime.  



It i s  v e m  impor tan t  t h a t  t h e  mulch hold t h e  s o i l  water  a t  a l e v e l  
i n  t h e  s o i l  so  t h a t  t h e  seed can be p l an ted  i n t o  a moist  s o i l  l a y e r .  

k;ller_ a good mulch has been e s t a b l i s h e d ,  l i t t l e  mois ture  i s  l o s t  
?ram s o i l s ,  i f  it has  pene t r a t ed  below a depth of 7.5-10 an. T i l l a g e  
which loosens  and e q o s e s  t h e  mois t  s o i l  and w e d  growth w i l l  cause w a -  
t e r  l o s s .  

Timeliness  i s  important  i n  c u l t u r a l  p r a c t i c e s .  Mechanization has  
inproved t i m e l i n e s s  by speeding up f i e l d  o p e r a t i o n s .  E f f o r t s  i n  deve l -  
opin.: a slmner f a l l o w  system and p e r f e c t i n g  a s t u b b l e  o r  d u s t  mulch 
were n o t  s i -gni f icant  i n  t h e  semi-arid l ands  o f  t h e  P a c i f i c  Northwest o f  
t h e  United S t a t e s  u n t i l  t h e  use of t r a c t o r s  r e a l l y  became a v a i l a b l e .  
Otken.rise, mechanization has  been t h e  key t o  t h e  success  of  t h i s  s y s -  
tern. 'Ibis work began about  25 t o  30 yea r s  ago and has  been ve ry  sue- 
,-, , , s s fu l .  = 

-thenever a farmer t a k e s  implements t o  t h e  f i e l d ,  he should have 
i m ~ c r t a n t  t i l l a g e  o b j e c t i v e s  t o  accomplish. H i s  implements should b e  
t h e  proper  ones t o  do t h e  work. 

The Present System 

Summer f a l low and p l a n t i n g  procedures  be ing  used i n  t h e  Middle 
&st and o t h e r  d r y  farming a r e a s  a r e  o f t e n  inadequate .  Wooden plows 
>u l l ed  by oxen l eave  t h e  s o i l  l o o s e  and s u b j e c t  t o  d ry ing  as deep as it 
i s  tu rned .  Weed c o n t r o l  dur ing  t h e  f a l l o w  ope ra t ion  i s  o f t e n  incomplete  
o r  nonex i s t en t .  L i t t l e  p l a n t  r e s i d u e  i s  l e f t  on t h e  s u r f a c e  t o  p r o t e c t  
t h e  s o i l  and main ta in  water  i n f i l t r a t i o n  r a t e s .  

I n  t h i s  p a r t  o f  t h e  world it i s  common p r a c t i c e  t o  remove a l l  
straw from t h e  f i e l d s  a t  h a r v e s t .  The f i e l d s  a r e  t hen  h e a v i l y  grazed by  
f l o c k s ,  Weeds which emerge i n  t h e  s p r i n g  a r e  grazed u n t i l  e a r l y  summer 
vhen t h e  f a l l o w  t i l l a g e  begins .  A t  t h e  optimum t ime f o r  wheat p l a n t i n g ,  
t h e  plow zone o f  t h e  f a l l ow f i e l d  i s  f r e q u e n t l y  v e r y  l o o s e  and dry .  The 
farmer has  t o  c u l t i v a t e  a number of  t imes  b e f o r e  p l a n t i n g ,  t h u s  l o s i n g  
mois ture  t h a t  has  been s t o r e d .  Farmers i n  t h e s e  a r e a s  have l ea rned  t h a t  
seed p l an ted  e a r l y  i n  t h e  f a l l  i n  d r y  s o i l  may b e  germinated by  a l i g h t  
r a i n ,  t hen  d r y  out ,  and d i e .  Thus t h e y  have adopted t h e  p r a c t i c e  o f  de-  
l a y i n g  p l a n t i n g  u n t i l  l a t e  f a l l  when tempera tures  a r e  coo le r  and r a i n s  
more c e r t a i n .  

Much o f  t h e  wheat i s  seeded by  hand b roadcas t ing .  High seeding  
r a t e s  a r e  used t o  h e l p  a s s u r e  a good s tand  under t h e  poor cond i t i ons .  
Sometimes t h e  fa rmer  plows t h e  f i e l d ,  b roadcas t s  h i s  seed on t h e  rough, 
l oose  s o i l ,  and covers  it wi th  a harrow o r  d rag .  Sometimes t h e  seed i s  
b roadcas t  on t h e  s u r f a c e  of  t h e  fal lowed f i e l d  and t h e  wooden plow i s  
used t o  cover t h e  seed. I n  e i t h e r  ca se  t h e  seed i s  p laced  i n  l o o s e  
s o i l ,  s u b j e c t  t o  r ap id  drying,  r a t h e r  t han  .in con tac t  w i t h  f i r m  moist  
s o i l  which would promote germinat ion.  



In  Turkey research has proved t h a t  7.5 kilograms per  decare i s  a 
s a t i s f ac to ry  seeding r a t e  i f  a  proper seed bed i s  prepared. Most of t h e  
farmers p lan t  12 t o  1 5  o r  more kilograms of seed per  decare. Based on 
t h e  number of hectares  of wheat grown i n  Turkey t h i s  excess seed used 
each year amounts t o  approximately 500,000 tons  of wheat. Wheat y i e ld s  
i n  these  areas  a r e  low f o r  a number of reasons: 

1) Poor s m e r  fal low prac t ice  

2 )  Poor seedbed a t  p lant ing time 

3 ) Delay of p lant ing pas t  optimum date  

4) Very poor plant ing methods f o r  assur ing germination and stand 
establishment 

5 )  Ekcessive s o i l  erosion and low f e r t i l i t y  

Fallow System in the U.S. 

In t h e  Pac i f ic  Northwest t h e  production of cereals  i n  these  semi- 
a r i d  regions include t he  following combinations of p rac t ices :  

After  harvest  t h e  land t o  be fallowed should be i n  a oondition 
t o  allow maximum i n f i l t r a t i o n  and penetra t ion of moisture t o  
reduce erosion hazards during t he  winter months. This may o r  
may not need t o  include a f a l l  t i l l a g e  operation such as chis-  
e l ing,  subsoi l ing o r  sweep plowing. 

In  t h e  summer fal low system the  moisture stored during t he  
l a t e  f a l l ,  winter, and ea r ly  spring i s  one of t h e  most s i g n i f i -  
cant aspects .  For it i s  t h i s  moisture t h a t  when successful ly  
held i n  t h e  s o i l  p rof i l e ,  enables ea r ly  germination of t he  
crop. Prec ip i ta t ion  coming i n  t he  l a t e  spring and ear ly  summer, 
unless i n  l a rge  amounts, i s  of l i t t l e  value f o r  t he  maturing 
crop. 

2 )  Ini t ial  spr ing t i l l a g e  a t  t h e  proper time and depth i s  essen- 
t i a l  t o  conserve t h e  maximum amount of s o i l  moisture. !his i s  
accomplished by k i l l i n g  t he  volunteer cereals  t h a t  may have 
geminated and by control l ing weed growth. In, addi t ion,  the  i n -  
i t i a l  spring t i l l a g e  operation produces a moisture b a r r i e r  
(mulch) f o r  t h e  following operations.  

3 )  A mulch of the  proper depth must be established t h a t  w i l l  hold 
t h e  stored s o i l  moisture during the  fal low season u n t i l  seed- 
ing  time. !he preparation of t h i s  moisture b a r r i e r  i s  of p r i -  
mary importance. 

4) Weed cont ro l  and maintenance of t he  mulch must be practiced 



The sweep or sweep ch~se l  plow IS o w r y  

useful orid i.ersoltle tmplement 

fa r  drylond wheal product~on 

The sxvep ts no~rnul ly  uscri 

for  the ~ I T S I  

sprlng tlllogp operul~on, 

but the sweeps con b~ rep!oc~r i  by 

chtsel poxnts 

and  

used for 9 foil rlllagp u p ~ m i t u n  

if necessary 

Ptclured 0hor.e 

IS the sweep wllh a rod uveder ailachlnent 

a combrnatlun that 

can be used 

throughuut the summer 

for 

the summer l!llage operoll<,n 

Research trials in  Turkey hove proven the importance of using a sweep and sweep rod weeder combination plus a set of 

spike tooth drag harrows. When pulled behind this combination the harrow does an excellent job of breaking down the 

clods and covering up any cracks that might be left from the sweep. 
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during t h e  sp r ing  and summer o f  t h e  fa l low season. This may r e -  
qu i re  severa l  t i l l a g e  opera t ions  such as rod weeding o r  use 
of some other  t o o l  which w i l l  e l iminate  weed growth and 
nroduce a su r face  mulch. 

5) Use t h e  b e s t  a v a i l a b l e  adapted v a r i e t y  which i s  capable of  max- 
imiuu production under such a fa l low system. 

6) Prepare t h e  b e s t  seedbed poss ib le ,  p l a n t  a t  t h e  optimum r a t e ,  
da te ,  and row spacing t o  insure  rapid germination and es tab-  
l t s lment  of s tand before  cold w,eather begins.  

7: B e r t i l i z e  a t  t h e  optimum r a t e  and d a t e  (at  p l a n t i n g  and/or 
sp r ing  t o p  d ress ing  f o r  maximum y i e l d ) .  

,? 
2) Control weeds during t h e  crop growing season ( fa l l  and sp r ing) .  

9) Control i n s e c t s  and d i seases  on cro where needed ( t h i s  could 
be seed treatment p r i o r  t o  p lan t ing  7 . 

RESEARCH CONDUCTED IN TURKEY OW DRYLAWD AREAS 

The Government of  Turkey, beginning i n  1969, engaged i n  a j o i n t  
e f f o r t  v i t h  t h e  Agency f o r  I n t e r n a t i o n a l  Development, through a con- 
t r a c t  wi th  Oregon S t a t e  Univers i ty  and t h e  National Wheat Improvement 
Center, t o  inc rease  c e r e a l  production on t h e  Anatolian Plateau.  These 
p r o j e c t  a c t i v i t i e s  a r e  coordinated through t h e  Minis t ry  of Agr icul ture  
and t h e  Ministry of Rural Affairs. The primary emphasis f o r  increased 
t e r e a l s  production has been d i rec ted  toward t h e  continuation of t h e  r e -  
s ~ a r c h  a rd  adapt ive  research p r o j e c t s  now underway, u t i l i z i n g  new and 
s p e c i a l  techniques and developing an e f f e c t i v e  extension and farmer 
ed ~ c a t i o n  program covering: 

1) S o i l  moisture conservation (improved summer fal low t i l l a g e )  

2 )  Use o f  new o r  improved t i l l a g e  and seeding equipment 

3) Use of f e r t i l i z e r s  

4) Use of p e s t i c i d e s  and herbic ides  

5) hproved  v a r i e t i e s  of  seed. 

Research has been and i s  continuing t o  be  conducted cooperat ively 
t o  determine t h e  systems of s o i l  management which w i l l  conserve t h e  
maximlm amount of  s o i l  moisture. Eksed on observations of current  till- 
age methods, it i s  apparent  that higher  y i e l d s  a r e  poss ib le .  Through 



t h e  use 02 more advanced equipment and improved and r e f i n e d  soi l .  rnoi s t u r e  
management p r a c t i c e s ,  i t  should be p o s s i b l e  t o  s t a b i l i z e  h igher  y l e l d s  
and make it more p r o f i t a b l e  f o r  t h e  wheat farmer and h e l p  Turkey pro-  
duce h e r  c e r e a l  needs. The s o i l  t i l l a g e  r e sea rch  now being  conducted i s  
of primary importance i n  o r d e r  t o  formulate  a combination of  t i l l a g e  
ope ra t ions  needed t o  conserve t h e  maximlum amount of  mois ture .  This  re- 
search  i s  designed t o  determine t h e  e f f e c t i v e n e s s  of good s o i l  mois ture  
conservat ion and t h e  most e f f e c t i v e  equipment combinations .to use i n  
t h e  va r ious  s o i l  t ypes .  Vith t h e  es tab l i shment  of t h e  Nat ional  IJheat 
Research Center,  r e sea rch  i s  be ing  c a r r i e d  ou t  t o  determine t h e  optimum 
f e r t i l i z e r  r a t e s ,  seeding  r a t e s ,  row spacing,  weed c o n t r o l  p r a c t i c e s  
and v a r i e t i e s  of wheat t h a t  a r e  capable of maximizing t h e  b e n e f i t s  of  
Lncreased moisture.  It i s  extremely important  t o  understand t h a t  it 
w i l l  r e q u i r e  t h e  a p p l i c a t i o n  of  a combination of  t h e s e  p r a c t i c e s ,  r a t h -  
e r  than  any one i n d i v i d u a l  p r a c t i c e ,  t o  achieve t h e  most s i g n i f i c a n t  
i n f  h e n c e  on dryland c e r e a l  product ion  on t h e  Anatol ian F la t eau .  A l -  
though t h e  combination of  t h e s e  p r a c t i c e s  i s  necessary,  we f e e l  t h a t  
mois ture  consz-rmtion i s  t h e  most important  s i n g l e  f a c t ~ r .  Without t h e  
added mois ture  t h e  o t h e r  r r a c t i c e s  cannot produce t h e  maximum b e n e f i t .  

P r i o r i t y  needs t o  be  given t o  t h e  r e sea rch  work urrderway and t o  
t h e  expansion of t h i s  work t o  produce t h e  d a t a  p e r t i n e n t  t o  t h e  devel -  
opment of recornendat ions t o  go i n t o  t h e  'lpackage of p r a c t i c e s "  c i t e d  
above. 

A s  t i l l a g e  combinations a r e  t e s t e d  and research  da ta  compiled 
recommendations w i l l  con t inua l ly  b e  r e f ined  and improved. Not only  
t i l l a g e ,  b u t  t h e  o t h e r  combinations such as f e r t i l i z e r ,  he rb ic ide  
t rea tment ,  v a r i e t i e s ,  row spacing,  d a t e  and r a t e  of seeding w i l l  need 
continued r e sea rch  and refinement t o  meet t h e  ever-changing ' ' s t a t e  of 
t h e  sc ience ."  

It must b e  remembered, however, t h a t  ou r  r e sea rch  work was i n i t i -  
a t e d  i n  1969. Research invo1;Ting t i l l a g e  combinations under t h e  f a l low 
system r e q u i r e s  two y e a r s  be fo re  y i e l d  d a t a  from t h e  given t r i a l  a r e  
a v a i l a b l e .  !he f i r s t  y i e l d  d a t a  were recorded i n  t h e  1971 h a r v e s t  b u t  
had no t  been analyzed a t  t h e  w r i t i n g  o f  t h i s  r e p o r t .  

RESEARCH 

The experiments harves ted  t h i s  year  cons i s t ed  of a t o t a l  of  80 
d i f f e r e n t  t r ea tmen t  combinations o f  f a l l ,  s p r i n g  and s m e r  t i l l a g e .  
The t o t a l  a r e a  of each t r ia l  was over  3.2 h e c t a r e s .  This probably 
caused some v a r i a b i l i t y  because o f  t h e  d i f f i c u l t y  i n  g e t t i n g  uniform 
s o i l  over  t h a t  area. Some of  t h e  d i f f e r e n t  t i l l a g e  combinations a r e  
g iv ing  a d i f f e r e n t  mois ture  s i t u a t i o n  i n . t h e  seeding  zone t h a t  appears  
S i g n i f i c a n t .  \ 



Six s i t e s  a t  four  loca t ions  a r e  included i n  these  t r i a l s .  The 
s i t e s  were se lected a s  being representa t ive  of the  a r ea  i n  s o i l  type, 
depth, topography and f e r t i l i t y  l eve l .  In addi t ion,  these  s i t e s  had 
been cu l t iva ted  i n  t h e  p a s t  i n  t h e  usual  manner, i . e .  moldboard plow 
and disk ,  then rodweeder. None of t h e  s i t e s  had received subso i l  till- 
age treatments such a s  ch i s e l  plow o r  subsoi l .  

Soil Moisture Sampling Procedures 

So i l  moisture samples f o r  de t emin ing  t o t a l  moisture i n  t he  pro- 
f i l e  were taken a t  t h r ee  d i f f e r e n t  times. Samples f o r  determining depth  
of mulch and percent  moisture a t  seeding depth were taken a t  two d i f -  
f e r e n t  times. 

First Moisture Sampling Period 

A t  t he  beginning of the  experiment a f t e r  the  1969 harvest  ( ~ u l ~  
25-31) sampling p i t s  were dug t o  a depth of 150 cm. except where parent  
rock occurred nearer  t o  t h e  s o i l  surface.  Disturbed bulk ~ a m ~ 1 e . s  were 
taken from the  most representa t ive  p i t  f o r  physical  and chemical anal- 
yses.  

Undisturbed samples were taken from a l l  t h r ee  p i t s  i n  each s i t e  
f o r  s o i l  moisture determinations and bulk dens i ty  values.  

Sampling Procedures 

Disturbed s o i l  samples were col lec ted from 0-10, 10-30, 30-60, 
60-90 and 90-120 cm. depths. Undisturbed s o i l  samples from t h e  same 
depths were taken with a core sampler. Porosity,  volume weight and 
moisture content of each Layer i n  t he  p r o f i l e  a t  t h e  time of sampling 
were calculated from t h e  undisturbed samples. Volume weights w i l l  be 
used f o r  conversion of percent  moisture i n  mm. of water i n  f u tu r e  sam- 
p l ings .  

GENERAL CONCLUSIONS F ROM THE FIRST SAMPLING PERIOD 

The moisture content i n  a11 t he  s i t e s  was near t h e  w i l t i ng  point  
o r  below. This was somewhat su rpr i s ing  because prevPous observations 
reported by consult ing teams had indicated t h a t  because of l a t e  p lan t -  
ing  and t he  presence of dense plow-layers, t h e  wheat p l a n t s  were proba- 
b l y  no t  e x t m c t i n g  moisture from much below 1 meter i n  depth. The 
r a i n f a l l  during the  preceding crop period ( ~ e ~ t e m b e r  1968 - June 1969) 
ims wel l  above average (474.3 vs  380.9 m).  Since none of t he  s i t e s  had 
previously had any subso i l  t i l l a g e ,  dense l ayers  a t  plow depth were ob- 
served i n  severa l  of t h e  s o i l  p i t s .  Apparently though, i n  s p i t e  of t h i s  
the  wheat p l a n t s  were ex t r ac t i ng  moisture .from wel l  below t h e  1 - m e t e r  
depth. 



The r a i n f a l l  d a t a  i n d i c a t e  about average moisture condit ions were 
present .  However, by examining t h e  d i s t r i b u t i o n  of t h e  r a i n f a l l  a t  
these  loca t ions  on a d a i l y  b a s i s  it becomes apparent  t h a t  r e l a t i v e l y  
small amounts of  moisture f e l l  on any given day. This, coupled with t h e  
f a c t  t h a t  t h e  winter  of 1969-70 w a s  abnormally warm,  thereby inc reas ing  
t h e  evaporation p o t e n t i a l ,  would account f o r  t h e  lack of water i n  t h e  
s o i l  p r o f i l e .  The s o i l  p r o f i l e  was w e l l  below i t s  moisture holding ca- 
p a c i t y  a t  t h e  beginning of  Spring, 1970. 

TILLAGE AND HERBICIDE TREATMENTS 

The d i f f e r e n t  t reatments appl ied  a t  each t r ia l  s i t e  were as f o l -  
lows : 

Fallow Ti l l age  and Seeding Operations 1969 -70 
F a l l  1969-&rly and Late T i l l age  and 

Chemical Fallow Treatments 

August 7-20 and October U-17 

Type of Implement and Adjustment n l l a g e  

1. Chisel  plow, 5 shanks with spike po in t s ,  
40 cm, spacing 

2. Subsoiler ,  s i n g l e  shank 110 - 120 cm. 
spacing 

3 . Chemical fa l low treatment : 
Atrazine,  45 grams/decare + 
Amitrole, 0 .  175 l l d e c a r e  i n  24 l i t e r s l d e c a r e  
water 

Spring 1970 - I n i t i a l  T i l l age  Beatments A p r i l  7-25 

Type of Implement and Adjustment T i l l age  
Depth (cm. ) 

1. Sweep plow, 7 shanks wi th  42 -44 cm. sweeps ( l o c a l  14 -16 
manufacture ) , 30 cm. spacing and skewtreader 
( ~ o h n  Deere, M T ~  ft . ) i n  packing pos i t ion ,  max- 
imum angle, hi tched t o  and pul led  behind sweep 
plow. 



2.  Sweep plow (same as above) with spike-tooth drag 
harrow (2-5 f o o t  sec t ions )  a t tached t o  and 
pul led  behind sweep plow. Harrow spikes s e t  a t  
about 30' angle.  

3 .  Chise l  plow, 9 shanks with spike po in t s ,  2 5 em. 
spacing and skewtreader (adjus ted  as above i n  
NO .l) at tached t o  and pul led  behind c h i s e l  plow. 

4.  Moldboard plow, 2 -way, 3 -16" bottoms. Harrow 
operat ion,  with 2-5 f o o t  sec t ions  of a spike- 
too th  drag harrow, with 1-25 kg. e x t r a  weight on 
each sect ion,  followed moldboard operat ion with-  
i n  24 hours. 

5. Moldboard plow (same as above). Moldboard con t ro l  
p l o t .  A l l  subsequent t i l l a g e  opera t ions  were 
performed by S t a t e  Farm personnel as i n  adjacent  
f i e l d .  

Spring and S m e r  1970 R-eatments 

F i r s t  Treatment A p r i l  2 1  - May 22 

Type of Implement and Adjustment T i l l age  

Depth ( cm. ) 

1. Sweep plow, 9 shanks with 42 - 44 sweeps(local  11-13 
manufacture), 30 cm. spacing and spike-tooth 
drag harrow ( ~ o h n  Deere, 2 -5 foo t  sec t ions)wi th  
harrow spikes  s e t  a t  30' angle  1-25 kg. weight 
added t o  each harrow sec t ion .  Attached t o  and 
pul led  behind sweep plow. 

2 .  Sweep plow (same as above, b u t  without harrow) , 
Rodweeder (ca lk ins  lo* foo t  ) immediately a f t e r  
sweep plow. 

3. Rodweeder ( Calkins 104 f o o t )  Rodweeder only  and 
Rodweed-Chemical p l o t s  received t h e  same t r e a t -  
ment i n i t i a l l y .  

4. Chemical Fallow: 1 kg. /hectare: 2,4-D Amine + 
0.45 kg./ha. Amitrole. 



Second Sutumer - 1970 'Beatments 
June 9 - 25 

Type of Implement and Adjustment T i l l age  
Depth (em.) 

1. Sweep plow and harrow. h e  as No. 1, above(1st  10 -Q 

Spring and Summer 1970 t rea tments)  except new 
(imported) Graham Hoemo sweeps (6-40 cm. sweeps 
and 3-47 em. sweeps) were used. 

2 .  Sweep plow (same as above) and Rodweeder immedi- 
a t e l y  following sweep operat ion.  

3. Rodweeder ( Calkins, lo-$ f o o t  ) 

4. Herbicide treatments on Rodweed and chemical 
fa l low p l o t s  : 2.5 kg. 2,4 r h hectare a s  "spot - 
t reatment on weed patches only. 

5. Chemical fa l low (no t i l l a g e  p l o t s  ) spot  - t rea ted  
with 1 kg. ~ rn i t ro le / /hec ta re .  

Third Summer 1970 Treatments 
~ u l y  18 - ~ u g u s t  4 

Type of Implement and Adjustment, r-1 .~l~.la;;t? - - 
' \  Depth j cm.. i 

1. Swee plow and harrow ( same a s  2nd surmner t r e a t -  
ment P . 

2 . Sweep plow ( same a s  above ) and 1.1 -13 
Rodweeder immediately following sweep operat ion 9 -11 

3.  Rodweeder 7-9 

4. Rodweed -Chemical p l o t s  "spot-treated l r  wi th  2 kg, 
2,4  hectare 



F a l l  1970 Treatment 
September 11-18 

'Qrpe of  Implement and Adjustment T i l l a g e  
Depth ( cm. - ) 

1. A l l  t r ials  seeded wi th  John Deere HZ7-14 deep 
furrow d r i l l .  Seed r s t e  : 8 kg. /decare . 
F e r t i l i z e r  r a t e :  10 kg. D. A. P.!decare. 
Seed and f e r t i l i z e r  placed t o g e t h e r  i n  furrow. 

Depth of furrow from s o i l  su r face  10 -12 

Depth o f  s o i l  covering seed 6-8 

An a t tempt  w a s  made t o  app ly  each s e r i e s  of  t i l l a g e  t r ea tmen t s  on 
a l l  t r i a l  s i t e s  a t  about  t h e  same per iod  so  t h a t  t ime of t i l l a g e  would 
n o t  be a f a c t o r o  This  vas gene ra l ly  p o s s i b l e  except  a t  one l o c a t i o n  
where in t e rven ing  r a i n f a l l  caused a de lay  i n  t h e  i n i t i a l  sp r ing  t r e a t -  
ments. 

G EhlERAL OBSERVATIONS AND CONCLUSIONS 

The des ign  of t h e s e  t r ials  d i d  no t  lend i t s e l f  t o  d e t a l l e d  statis-  
t i c a l  ana lyses .  Rather ,  t h e y  should be viewed a s  exp lo ra to ry  t r i a l s  i n -  
volv ing  a l a r g e  number of  t rea tment  combinations a t  s e v e r a l  l o c a t i o n s .  
?"ne d a t a  obtained t o  d a t e  have given some good i n d i c a t i o n s  of  t h e  till- 
age  systems which appear  t o  have t h e  b e s t  a p p l i c a t i o n  i n  t h e  a r e a s  un- 
d e r  cons ide ra t ion .  

It should be  recognized t h a t  t h e  c l i m a t i c  condi t ions  p r e v a i l i n g  
dur ing  t h e  per iod  o f  t h e s e  t r ials  were t y p i c a l  o f  t h e  average o r  
"normal" condi t ions .  A s i n g l e  yea r  s r e s u l t s  can ha rd ly  b e  considered 
conclusive;  however, t h e s e  may be  used t o  i n d i c a t e  t h e  d i r e c t i o n  f o r  
f u t u r e  t r ials .  Yield d a t a  a r e  n o t  y e t  analyzed.  With t h e  d a t a  co l l ec t ed  
and observa t ions  gathered throughout t h e  t r i a l  per iod  some gene ra l  con- 
c lus ions  have been d r m .  

1 )  None of t h e  f a l l  t i l l a g e  t r ea tmen t s  ( c h i s e l  o r  s u b s o i l )  i n -  
creased t h e  amount of mois ture  s to red  o r  depth o f  mois ture  pen- 
e t r a t i o n .  Since t h e  r a i n f a l l  was n o t  s u f f i c i e n t  t o  cause runoff  



t h i s  i s  as expected. There w a s  a d i f f e r e n c e  i n  t h e  ease  and 
uni formi ty  of  s p r i n g  t i l l a g e  i n  t h e  f a l l - t i l l e d  p l o t s .  
gene ra l ly  r e s u l t e d  i n  b e t t e r  t i l t h  on t h e  s o i l  s u r f a c e  and t h e  
es tab l i shment  of  a b e t t e r  nulch i n  subsequent t i l l a g e  opera-  
t i o n s .  

I n  t h e  i n i t i a l  s p r i n g  t i l l a g e  ope ra t ions , the  sweep-skewtreader, 
ch ise l -skewtreader  and sweep-harrow t r ea tmen t s  were gene ra l ly  
supe r io r  t o  t h e  moldboard-harrow t rea tment  i n  t o t a l  mois ture  
conserved, depth of  mulch, mois ture  i n  t h e  seeding zbne and 
t i l t h  a t  t h e  s o i l  su r face .  This  i s  probably due t o  t h e  f a c t  
t h a t  t h e  former t h r e e  t r ea tmen t s  d i d  n o t  des t roy  a l l  t h e  t i l t h  
e s t ab l i shed  dur ing  t h e  win te r  season. The swee~-harrow t r e a t -  
ment w a s  g e n e r a l l y  equa l  t o  o r  b e t t e r  t han  t h e  sweep-skewtread- 
e r  o r  c h i s e l  -skew t r e a d e r  t r ea tmen t s .  Although n o t  included as 
a t rea tment  i n  t h e s e  t r ia ls ,  a second sweep-skewtreader o r  
sweep-harrow ope ra t ion  fol lowing t h e  i n i t i a l  s p r i n g  t i l l a g e  by 
about  2 t o  3 weeks and i n  t h e  oppos i t e  d i r e c t i o n  from t h e  p re -  
v ious  ope ra t ion  may appear t o  b e  d e s i r a b l e .  This  would g ive  a 
more u n i f o m  t i l l a g e  depth  and f u r t h e r  reduce t h e  s o i l  p a r t i c l e  
s i z e  on t h e  su r face .  These two e f f e c t s  would make t h e  e s t a b -  
l ishment  of a mulch above t h e  seeding zone e a s i e r  and more e f -  
f e c t i v e  . 
The sweep -harrow and sweep -rodweeder t r ea tmen t s  were b e t t e r  
t han  t h e  rodweeder only  and rodweeder-chemical t r ea tmen t s  i n  
e s t a b l i s h i n g  a mulch and holding mois ture  i n  t h e  seeding zone 
du r ing  t h e  summer. The rodweeder a lone  seemed t o  cause a com- 
pacted zone wi th  each ope ra t ion ,  thereby dec reas ing  t h e  depth  
o f  p e n e t r a t i o n  u n t i l  t h e  mulch w a s  t oo  shallow t o  hold t h e  
mois ture .  The rodweeder used one t ime followed by chemical weed 
c o n t r o l  was appa ren t ly  n o t  s u f f i c i e n t  t o  e s t a b l i s h  a mulch t o  
hold t h e  mois ture  i n  t h e  seeding zone. Chemical weed c o n t r o l  
a f t e r  a second rodweed ope ra t ion  may b e  more s a t i s f a c t o r y ,  
based on c o s t  compared t o  a d d i t i o n a l  t i l l a g e  ope ra t ions .  

4) Time of  i n i t i a l  t i l l a g e  i s  very  important .  I f  t h e  s o i l s  a r e  
worked when t h e  mois ture  content  i s  t o o  h igh ,  t h e  s o i l  w i l l  b e  
d i f f i c u l t  t o  break down t o  a good f i n e  mulch; a good seedbed 
w i l l  a l s o  b e  d i f f i c u l t  t o  achieve .  The mois ture  content  can b e  
determined t h a t  g ives  t h e  p r o p e r l t t i l t h  i n  t h e  spr ing ,  b u t  a 
farmer must have some v i s u a l ,  o r  f e e l , "  t e s t  t o  determine when 
he  should work h i s  s o i l .  S o i l s  which are worked i n  t h e  f a l l  
wi th  a c h i s e l ,  sweep o r  o t h e r  implement, tend  t o  b e  rough and 
reach a s o i l  mois ture  s i t u a t i o n  t h a t  g ives  good t i l t h  sooner 
than  unworked s o i l s .  Phys ica l  mois ture  de terminat ions  o f  t h e  
comparison of  d i f f e r e n t  f a l l  t r ea tmen t s  w i l l  h e l p  determine t h e  
va lue  of  t h e  f a l l  t rea tment  n o t  on ly  as a f a c t o r  i n  s o i l  mois- 
t u r e  conserva t ion  b u t  as a f a c t o r .  i n  p repa r ing  a good t i l t h  f o r  
summer fa l low.  



SUMMARY 

I n  t h e  semi-arid areas of  t h e  world where t h e  fallow systan has 
been employed successful ly  it i s  now c l ea r  t h a t  early p lan t ing  i n  au- 
tumn i s  giving higher y ie lds .  The ea r l y  seeded wheat p lan t ,  planted i n  
September, develops a l a r g e r  root  system and i s  a b l e  t o  take advantage 
of  spr ing and summer r a i n f a l l  when t h e  long days permit rapid growth. 
Egr l i e r  matur i ty  a l s o  allows t h e  wheat p l a n t  t o  escape some hot  weather 
t h a t  can reduce t h e  y i e ld s  of l a t e r  maturing p l an t s  a s  they run ou t  of  
moisture. Harvest usual ly  t akes  p lace  i n  Ju ly  and August.In t h e  dryland 
areas where r a i n f a l l  va r i e s  between 300 and 500 mm. p e r  year experience 
proves t h a t  100 t o  150 mm. of water may be  s tored i n  t h e  s o i l  during 

- t he  fal low year  under t h i s  system. The fal low system i s  regarded as 
p a r t i c u l a r l y  necessary because r a i n f a l l  i s  highly var iab le  and because 
i n  a dry  year a crop can be saved with very l i t t l e  add i t i ona l  moisture 
s tored i n  t h e  s o i l .  

By following a cereal/fal low ro ta t ion ,  y i e ld s  far g r ea t e r  than can 
be  expected from t h e  r a i n  f a l l i n g  during t h e  crop season have been OF- 
tained;  t he r e  i s  no doubt t h a t  under c e r t a i n  condit ions t h e  p r ac t i c e  of 
fal lowing does result i n  t h e  s torage of moisture i n  t h e  s o i l .  Therefore 
part of  t h e  r a i n f a l l  of one season can be  made ava i l ab l e  t o  cmps  grown 
i n  t h e  next season. I n  many a reas  where t h i s  system i s  pract iced t h e  
r a i n f a l l  during t h e  growing season does no t  general ly  exceed 150 mm. 
Using a successful  fal low system, it i s  poss ib le  t o  grow crops of wheat 
y ie ld ing  up t o  1,000 kg./ha. The requirement f o r  such a crop i s  e s t i -  
mated t o  be  equivalent  t o  260 mm. of r a i n f a l l  and it becomes obvious 
t h a t  a considerable part of t h e  r a i n f a l l  i s  being conserved. 

The fal low system has been given great  prominence i n  many dryland 
a r ea s  and i s  undoubtedly t he  most e f fec t ive  system of moisture conser- 
vat ion t o  date .  It i s  not, however, necessa r i ly  t h e  answer t o  a l l  t h e  
problems of moisture conservation under a l l  condit ions of climate, s o i l  
and land use. This i s  p a r t i c u l a r l y  t r u e  i n  those  p a r t s  of  t h e  world, as 
i n  t he  Middle &st, where so  much value i s  placed on s t r a w  and s tubb le  
f o r  t h e  feeding of l ives tock .  However, even under t he se  condit ions,  
much of t h e  equipment o r i g i n a l l y  designed control  erosion and devel- 
op an e f fec t ive  fal low system can be used t o  conserve moisture. 
Subt i l lage  implements such as sweeps and c h i s e l  plows can be very e f -  
f e c t i v e l y  used t o  prevent water and wind erosion and increase  i n f i l t r a -  
t i o n  of rainwater. Subsurface sweeps and mdweeders can e f f ec t i ve ly  
con t ro l  weeds and so reduce l o s se s  by evapotranspirat ion much more 
economically than by plowing and without producing a s o i l  condition 
t h a t  i s  suscep t ib le  t o  water erosion.  



A subsurface implement such as the rod ,weeder pictur.?d above IS  used for tillage as a summer treatment, and has proved to be an 
effective and popular implement In ;weed control. It also helps in establishing the mulch and producing a firm seed bed. In the 

research trials i n  Turkey it was found most beneficial when a spike tooth drag harrow was pulled behind as pictured. This 

particular rod weeder, called a Calk~ns, has been developed to be wed on a three-point hitch. It also has sweep points that can be 

to the frame of the rod weeder to insure penetration on the heavier clay soils. 

A s  we loo!< back a t  t h e  h i s t o r y  of  t h e  development o f  t h e  f a l l o w  
system i n  t h e  a r e a s  where it i s  now be ing  used, we f i n d  t h a t  through 
t h e  y e a r s  we have been a b l e  t o  i n c r e a s e  product ion .  It i s  recognized 
t h a t  t h e r e  a r e  o t h e r  f a c t o r s  t h a t  c o n t r i b u t e  t o  t h e s e  i n c r e a s e s  such as 
f e r t i l i z e r s ,  h e r b i c i d e s  and improved v a r i e t i e s .  But t h e s e  f a c t o r s  can 
a l l  t a k e  advantage of  t h e  a d d i t i o n a l  mo i s tu re  s t o r e d  i n  t h e  s o i l .  A s  
t h e  product ion  has  i nc reased  i n  t h e s e  a r e a s  above t h e  human consvmption 
demand we no te  t h a t  t h i s  produces a d d i t i o n a l  feed  f o r  1-ivestock. The 
n e t  r e s u l t  over  a per iod  of  y e a r s  i s  a s u b s t a n t i a l  i n c r e a s e  over  t h e  
o l d e r  systems o f  food f o r  h u ~ a n  comsumption and f o r  l i v e s t o c k  f eed .  

One very  d e f i n i t e  conclusion can Fe made: t h a t  i s ,  a dryland 
f a l low system i s  based on t h e  speed and t i m e l i n e s s  of  ope ra t ions .  Re- 
sources  of  manual and animal  power, even i n  dense ly  populated a r e a s ,  
a r e  n o t  s u f f i c i e n t  t o  c a r r y  o u t  t h e  speedy and t i m e l y  ope ra t ions  t h a t  
a r e  necessary .  

The o p e r a t i o n s  o f  g r e a t e s t  importance i n  r e s p e c t  o f  t i m e l i n e s s  a r e  
t hose  of  t i l l a g e  and seeding.  It i s  on t h e  improvement of  t h e s e  opera-  
t i o n s  t h a t  t h e  development o f  dryland c e r e a l  product ion  mainly depends. 
Mechanization i s  e s s e n t i a l ,  b u t  i n  many o f  t h e  dryland farming a r e a s  
t h e  s i z e  of  ho ld ings  and t h e  economic cond i t i ons  a r e  such t h a t  a l t e r -  
n a t i v e s  t o  t h e  i n d i v i d u a l  ownership and o p e r a t i o n  of  machinery by t h e  
f anne r s  themselves may b e  necessary .  
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I would l i k e  t o  make one o the r  p o i n t  t h a t  I f e e l  i s  s i g n i f i c a n t  t o  
many of you, p a r t i c u l a r l y  i n  t h e  Middle &st a r e a .  The fa l low system, 
t o  be e f f i c i e n t  and economical r equ i res  s o i l  of adequate depth and f r e e  
from la rge  and numerous s tones .  These c r i t e r i a  should e l iminate  a num- 
b e r  of a r e a s  where ce rea l s  a r e  now being produced. Actually t h e  poor 
s o i l s  w i l l  produce more feed f o r  l ives tock  under a permanent pas tu re  
program than they can economically produce i n  ce rea l s  under most types  
of dryland fa l low systems. 

By inc reas ing  ce rea l  production on deeper s o i l s  many of  t h e  l e s s  
productive s o i l s  can be  returned t o  improved grazing lands.  This r e -  
s u l t s  i n  more t o t a l  animal forage,  both from t h e  c e r e a l  crops and from 
t h e  pas ture lands .  

The improved fa l low system a c t u a l l y  produces more feed f o r  l i v e -  
s tock b u t  t h e  p a t t e r n  of use by t h e  l ives tock  i s  changed. 



VEGETATION OF CENTRAL ANATOLIA 

AND ITS ECOLOGY 

by Dr. R ~ z a  Cetik, 

Professor, Botany Department, 

Science Faculty, Ankara University 

GEOMORP HOLOGY 

Asia E n o r  i s  a peninsula which i s  surrounded by t he  Black Sea, 
the  Aegean Sea, and t h e  Mediterranean Sea, and cons t i t u t e s  a br idge 
between Europe and Asia. From t h e  point  of geomorphology, cl imate and 
f l o r a ,  t he r e  i s  a g rea t  d e a l  of  d i v e r s i t y  between t h e  eas te rn  and west- 
ern p a r t s  and t h e  northern and southern p a r t s  of t h e  peninsula.  

From t h e  West t o  t h e  &st t h e  a l t i t u d e  gradually increases  and 
terminates  with t h e  higher mountains such as Ararat (5,165 meters)  and 
Suphan (4,434 meters) .  The a l t i t u d e  of t h e  c e n t r a l  p la teau  va r i e s  be- 
tween 800 and 1,200 meters. The lowest a rea  of t h e  c e n t r a l  p la teau i s  
occupied by t h e  S a l t  Lake. I n  West Anatolia the  mountains run perpen- 
d i cu l a r  t o  t h e  coast  and produce some intermountain va l l eys  with f e r -  
t i l e  s o i l s  s u i t a b l e  f o r  growing crops such as cotton,  o l ives ,  tobacco 
and grapes . 

The nor th  and south mountain chains ( t h e  North Anatolian mountains 
and Taurus mountains) run p a r a l l e l  t o  t h e  seas ide  and produce high bar -  
r i e r s  which a r e  responsible f o r  t h e  d ry  cl imate of  Central  h a t o l i a .  
There i s  a narrow coas t a l  s t r i p  a t  t he  seaside.  The elevated mountain 
chains, i n  the  Taurus and North Anatolian mountains, contain a grea t  



many higher  r idges  whose a l t i t u d e s  reach 3,585 meters in  t h e  Bolkar 
mountains, and 3,937 meters i n  t h e  Kagkar mountains. In both  t h e  nor th-  
e r n  and southern s i d e s  of  t h e  c e n t r a l  p l a t e a u  t h e r e  a r e  a few gaps 
which pass  through t h e  mountains. 

From t h e  po in t  o f  geomorphology and cl imate t h e  boundary of  Cen- 
t ra l  Anatolia  was f ixed i n  t h e  F i r s t  Geomorphological Congress, which 
was held i n  Ankara i n  1941. The l i n e  between t h e  Antalya G u l f  and t h e  
lower Salcarya River forms t h e  eas te rn  boundary. In  t h e  south, it i s  
n a t u r a l l y  r e s t r i c t e d  by t h e  f o o t  of t h e  Taurus mountain chain (Fig.  1). 
It i s  r a t h e r  d i f f i c u l t  t o  r e s t r i c t  t h e  northern boundary, because a few 
mountain branches run through t h e  c e n t r a l  p la teau  and c r e a t e  complica- 
t i o n s  i n  de l imi ta t ion .  However, t h e  l i n e  running through Bozhijyiik, M i -  
h a l l ~ p k ,  Beypazarl, Klzllcahamam, ? s k i l i p ,  Merzifon, Amasya and Tokat 
roughly separa tes  Centra l  Anatolia from North Anatolia .  Thus Eskigehir,  
Konya, Ankara, some parts of Fanklrl ,  Amasya, Tokat, Sivas and Kayseri, 
Yozgat, Nevqehir, Nigde, and t h e  Klrqehir  a r e a  a r e  located  i n  Centra l  
Anatolia .  The t e r r i t o r y  i n  t h e  sout.hern p a r t  o f  Centra l  Anatolia  i s  
characterized,  geornorphologically, by t h e  bas in  o f  t h e  old Konya Lake, 
Salt Lake, f l a t t e n e d  a r e a s  o f  E r e a i ,  Karaplnar and t h e  neogen p la teau  
between Sultan Han and Konya, where t h e  e leva t ion  changes considerably 
with i s o l a t e d  volcanic mountains such as Karaplnar and Hasan Dag. Tne 
northern p a r t  of t h e  p la teau  i s  r a t h e r  d i f f e r e n t  from t h e  southern 
pa,rt, s ince  ins tead  of i s o l a t e d  mountain formations, t h e r e  a r e  l a r g e  
neogen pla teaus ,  sedimentarymountains and small f l a t t e n e d  a reas .  The 
S a l t  Lake, t h e  l a k e s  of  A k ~ e h i r ,  Ilgm, and Eber considerably change 
t h e  landscape of  t h e  p l a t e a u  and produce r e l a t i v e l y  microcliinatic d i -  
v e r s i t i e s .  These a r e  some f r e s h  water  marshes such as Akgehir, I l g l n ,  
Sultan Saz l lg l ,  Karasaz, and salt marshes which a r e  covered wi th  an 
halophytic vegeta t ion a t  qumra, A s l l m ,  Aksaray and Eskigehir .  Cen t ra l  
Anatolia  covers about 140,000 h2; t h a t  i s  roughly o n e - f i f t h  o f  t h e  t o -  
t a l  a r e a  o f  Turkey. The Konya p l a i n  i s  t h e  l a r g e s t  f l a t t e n e d  a r e a  which 
was depressed i n  t h e  formation of t h e  Taurus mountains and covered wi th  
l akes  i n  t h e  Pliocene and Ple is tocene per iods .  La te r  t h e s e  l a k e s  d r i ed  
and t h i s  l a r g e  f l a t t e n e d  a r e a  became a cuve t t e  formation, which has no 
drainage o u t l e t .  The geomorphology of t h e  a r e a  i s ,  o f  course, responsi-  
b l e  f o r  t h e  formation of salt marshes, and f r e s h  water  marshes which 
w i l l  be  mentioned l a t e r  i n  t h e  d e s c r i p t i o n  of t h e  vegeta t ion.  

CLIMATE 

The da ta  used i n  t h e  c l ima t ic  desc r ip t ion  of  t h e  a r e a  a r e  taken 
from meteorological  recordings of  t h e  s t a t i o n s  of  Ankara, gorum, Eski- 
vehir ,  Kayseri, Klrgehir ,  Konya, Niide, mevgehir, and Yozgat. The num- 
b e r  of recording years  o f  a l l  t h e  s t a t i o n s  (except ~ e v ~ e h i r )  i s  more 
than 20. The number of  recording years  i n  Canklrl i s  21, and i n  Ankara 
it i s  40. In t h e  o t h e r  s t a t i o n s  it v a r i e s  between 31 and 37 years .  

The cl imate of  Centra l  Anatolia  i s  cor re le ted  wi th  i t s  geomor- 



Fig.1 Geographical map showing boundary of Central Anatolia ( ~ o u i s ,  1941) 
According t o  the  proposal i n  t h e  F i r s t  Geographical Congress. 
From the  point of geomorphology 
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p h o l o a .  The Taurus mountains and North Anatolian mountains a r e  mainly 
responsible  f o r  t h e  a r i d  c l imate  of t h e  c e n t r a l  p la teau,  whi le  most of 
i t s  moisture-bearing winds come from Western Anatolia .  

TEMPERATURE 

According t o  t h e  meteorological  d a t a  which a r e  mentioned above 
t h e  raean y e a r l y  temperatures i n  t h e  region vary from (3.9 c0 (yozgat I 
t o  11.7 C0 (Ankara) while i n  t h e  s t a t i o n s  o f  Gorum, E ~ k i q e h i r ,  Kayseri 
and N e v ~ e h i r  t h e  mean i s  10.9 C0 . The recorded values i n  t h e  o t h e r  
s t a t i o n s  a r e  very near 11.5 c0 . The recorded monthly values  of t h e  
mean annual  temperatures a r e  r a t h e r  i n t e r e s t i n g .  The lowest values a l -  
ways occurred i n  January and (except Canklrl  with 0.2 C0 and Nevgehir 
a h  0 . 1  CO ), they o f ten  decreased t o  zero o r  below zero. 

The mean annual rnaximwn temperature ranges between 14.3 C' ( yozgat) 
and 18.1 C0 ( ~ a ~ s e - r i ) .  The mean annual maximum temperatures i n  ' t h e  
fol lowing s t a t i o n s  a r e :  Nevaehir 16.9 CO, Eskiqehir  13.3 CO, Forum 
17.5 CO, Kirgehlr ,  Konya and W n k l r l  17.9 CO. The h ighes t  values o f  t h e  
mean maximum temperatures (except  Nevgehir i n  ~ u l y )  occurred i n  August 
( ~ a n k l r l  31.2 cO, Klrqehir  30.1 C O ) .  

Mean minimum temperature v a r i e s  from 2 . 8  C0 ( K a ~ s e r i )  t o  5.8 C' 
(&,ara), while t h e  lowest values again  occurred i n  January ( k y s e r i  
-6.6 Co, Nevgehir -3.1 CO) .  

Even extreme maximum and extreme minimum temperatures and t h e  d i f -  
ferences  between t h e  two extremes are r a t h e r  important f o r  t h e  p l a n t  
l i f e  and t h e  determination of t h e  vegeta t ion types  of an area .  

The extreme maximum temperature i n  t h e  region ranges between 
41.8 C0 ( ~ a n k l r l )  and 37.1 C0 ( ~ o z ~ a t )  and they o f t e n  occur a f t e r  t h e  
15th  of J u l y  and i n  August, while t h e  extreme minimum temperature 
v a r i e s  between -23.6 C0 ( ~ e v ~ e h i r )  and -32.5 C0 (Kayseri) and they oc- 
cur i n  January. The d i f fe rences  between these  two extremes a r e  23.2 C0 
a t  Yozgat and 30.6 C0 a t  Kayseri. The values i n  t h e  o t h e r  s t a t i o n s  a r e  
between these  extremes. 

A s  i s  shown i n  t h e  preceding paragraphs, mean annual temperature, 
t h e  smal les t  and highes t  va lues  of  t h e  mean maximum and mean minimum 
annual temperatures a r e  very s i m i l a r  i n  a l l  t h e  s t a t i o n s .  The month of 
January i s  very cold. The lower values  f o r  mean minimum temperatures 
usual ly  occur i n  t h i s  month and they a r e  below zero. Ju ly  and August 
a r e  very hot .  The highes t  va lues  of t h e  mean maximum temperatures a r e  
o f t e n  r e a l i z e d  i n  these  months. From t h e  s tandpoint  of p l a n t  l i f e ,  t h e  
values  o f  d i f f e r e n t  temperatures have created  a hard con t inen ta l  c l i -  
mate i n  Centra l  Anatolia. It i s  c l e a r l y  shown t h a t  t h e r e  i s  a r a t h e r  
b i g  d i f fe rence  between extreme values  of  mean maximum, mean minimum 



temperatures and mean annual temperatures. In f a c t  a t  Ankara, t he  d i f -  
ference between the  extreme value of the  mean m a x i m u m  temperature of 
August (30.4 C O )  and the  mean annual temperature (11.7 CO) i s  18.7 C0 
and between the  extreme value of t he  mean minimum temperature ( -3.7 CO)  
and the  annual mean temperature (11.7 CO)  i s  15.4 CO. 

The d i f f e r  nces of these  kinds of  temperatures a t  Kayseri i s  
greater (20.1 2, 17.5 cO) than a t  Ankara. Erren t h e  dif ferences  between 
mean annual temperatures and extreme temperatures ( ~ n k a r a  36.6 f , Kay- 
seri 43.4 cO)  i s  exceedingly high. These explanations mean that t h e  
climate of d i f f e r e n t  sectors in Anatolia are very s imilar  t o  each o ther  
and a l s o  d i sc lose  that everywhere t h e  summer season i s  hot and t h e  win- 
te r  season i s  cold. In a l l  of Central Anatolia there  is  snowfall in No- 
vember, December, January and February. Snow depths reach 92 cm. a t  
Yozgat, 84 cm. a t  Nigde, 60 cm., 66 cm., and 58 cm. a t  Klrgehir, Konya, 
and qanklr? respect ively  and 33 cm. at  Ankara. Frost  occurs frequently 
i n  December, January, February and March, while Konya may a l s o  have 
some days with f r o s t  i n  April .  The temperature, which sometimes f a l l s  
below zero i n  t h e  spring months, may damage the  f r u i t  t r e e s  and the  
other ag r i cu l tu r a l  p lan ts .  

WIND 

'I'he dominant winds and t h e i r  ve loc i t i e s  a r e  shown i n  Figs. 
2.1-2.6. Wind d i rec t ions  usually change i n  d i f f e r en t  s ta t ions ,  bu t  t h e  
dominant ones often come from one o r  two d i rec t ions .  A t  Ankara, Konya, 
Yozgat and Nigde dominant winds come from t h e  north and northeast ,  
while a t  Nigde and Yozgat they come from the  south and a t  Kayseri from 
w e s t  and south. A t  E s k i ~ e h i r  t he  wind blows predominantly from the west 
and l e s s  frequently from the  eas t .  In some s t a t i ons  d i f f e r en t  d i rec-  
t i ons  a r e  nearly equal i n  dominance. The winds from the  south and 
southwest strongly increase t r ansp imt ion  and of ten dess ica te  t h e  
plants ,  while t he  winds from t h e  north and west of ten carry r a i n f a l l  t o  
the  region. Northern and northeastern winds of ten occur i n  autumn and 
winter. If they come i n  t he  summer months they create  a r a the r  enjoy- 
ab le  atmosphere which decreases evaporation and t ransp i ra t ion  in ten-  
s i t i e s .  

EVAPORATION 

The yearly water l o s s  by evaporation i n  t h e  d i f fe ren t  a reas  of t he  
cen t r a l  p la teau i s  r a the r  high if it i s  compared with t he  annual pre-  
c ip i ta t ion .  The year ly  water l o s s  by evaporation (1,316.9 mm. a t  Ankara 
and 1,340.0 mm. a t  ~ l r ~ e h i r )  i s  more than th ree  times t h e i r  year ly  
r a i n f a l l  and it is  higher than four  times (1,524.5 mm. ) a t  Nigde. 
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PRECIPITATION 

In Anatolia t h e  least year ly  p r e c i p i t a t i o n  occurs a t  Igd i r .  Next 
are t h e  meteorological  s t a t i o n s  of t h e  c e n t r a l  p la teau  (%ble 1) where 
t h e  lowest value i s  a t  Konya and t h e  h ighes t  one i s  a t  Yozgat. The Kon- 
ya and Nigde areas a r e  t h e  most a r i d  sec t ions  of Centra l  Anatolia .  The 
sec t ions  of W i r i ,  gorum and Yozgat a r e  more humid if compared with 
t h e  o the rs ,  because they a r e  more exposed t o  moisture-bearing winds 
which come from t h e  Black Sea. 

The d i s t r i b u t i o n  of yea r ly  r a i n f a l l  i n  var ious  months i s  very i n -  
t e r e s t i n g .  The winter  and sp r ing  months usua l ly  have more t o t a l  r a i n  
which decreases i n  t h e  autumn, while during t h e  summer months it de- 
creases  even more. The minimum p r e c i p i t a t i o n  occurs i n  t h e  months of  
J u l y  and August. 

C l i m a  diagrams ( ~ i g s .  3 .I-3 .6) d i s c l o s e  very w e l l  t h e  r e l a t i o n s  
between monthly m e a n  temperature and monthly mean r a i n f a l l  a t  a l l  t h e  
meteorological  s t a t i o n s .  There i s  a r a t h e r  s h o r t  a r i d  period,  t h e  
length  and i n t e n s i t y  of which change very l i t t l e .  There i s  a dry  period 
i n  summer which o f t e n  begins around t h e  first of June and p e r s i s t s  un- 
til t h e  end of October. This period i s  longer and more i n t e n s e  a t  Konya 
and Eskigehir  as compared wi th  o the r  s t a t i o n s .  Jn genera l  t h e r e  i s  a 
combination of h igher  evaporation, h igher  temperature and low air hu- 
midity, which s t rong ly  a f f e c t s  t h e  vegeta t ion and d e s s i c a t e s  t h e  a g r i -  
c u l t u r a l  p lan t s .  

Jn s h o r t  it i s  concluded t h a t  Centra l  Anatolia  has a cold and 
snowy winter ,  a r a t h e r  mild and ra iny  spring,  a l e s s  r a iny  autumn, and 
a ho t  and dry summer with a severe  a r i d  period.  These c l i rca t ic  condi 
t i o n s  a r e  mainly responsible  f o r  t h e  f l o r a  and t h e  xeromorphic vegeta-  
t i o n  of t h e  c e n t r a l  p la teau.  

VEGETATION 

A s i a  Minor comprises t h r e e  f l o r i s t i c  regions:Euro-Siberian, Irano- 
Turanian and Mediterranean regions.  Centra l  Anatolia  covers t h e  far 
western p a r t  of t h e  region which i s  ca l l ed  Armenia-Anatolian subprov- 
in&.  Most of  Centra l  Anatolia, excluding t h e  mountainous a r e a  J did  
not  encounter a g l a c i a l  period and was sca rce ly  a f f e c t e d  by it. This i s  
t h e  reason why i n  t h e  steppe formations and t h e  lower a l t i t u d e s  of t h e  
mountains, t h e r e  a r e  abundant Turanian species .  A t  t h e  western end of 
t h e  p la teau  t h e  represen ta t ives  of t h e  Irano-Turanian regions a r e  poor- 
e r ,  while t h e  Mediterranean elements a r e  p resen t  i n  abundance. However, 
some Mediterranean elements such as Colutea arborescens, Jasminium 
frut icans,  may b e  r e l i c s  of former f l o r a  of t h e  c e n t r a l  p la teau,  and 
they a r e  f r e q u e n t w  presen t  dn t h e  va l l eys  which have a r e l a t i v e l y  mild 
cl imate compared with o t h e r  p a r t s  of t h e  a rea .  The l a r g e  p l a i n s ,  stony 
h i l l s  and g rave l ly  bottoms o f  t h e  mountain areas are of ten  t r e e l e s s ,  



TABLE 1 

MBQl  PRECIPITATION 

Years of 
Observation Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 

Ankara ( 192 6-65 ) 

Canklri ( 1929 -65 ) 

Forum (1929-65) 

Eskigehir (1929-65) 

Kayseri (1929-65) 

Klrqehir (1929 -65) 

Konya (1929-65 ) 

Nevgehir (1955 -65 ) 

N i  Ede 

Yozgat (1929-65) 

50.0 

56.8 

61.4 

46.1 

48.9 

46.1 

43.0 

60.4 

52.1 

67.4 
1 

40 

2 6 

3 7 

37  

34 

3 7 

3 7 

11 

3 1 

3 1 

34.9 

42.6 

37.3 

40.6 

36.2 

49.6 

37.3 

43.5 

39.4 

61.1 

38.2 

44.0 

31.7 

37.7 

39.3 

39.2 

33.1 

44.8 

37.7 

59.9 

j:.G 

49.9 

48.0 

37.4 

38.6 

33.1 

26.4 

41.5 

28.1 

45.4 

I 
35.9 

39.2 

37.3 

35.6 

38.0 

41.4 

30.6 

44.9 

36.9 

68.3 

12.7 

13.4 

17.5 

12.8 

7.8 

4.7 

5.6 

4.0 

4.4 

9.8 

33.6 

35.3 

38.6 

33.5 

50.8 

35.3 

28.8 

47.1 

38.8 

48.8 

8.4 

l2 .7  

9.8 

4.9 

7.2 

4.2 

3.1 

0.4 

6.7 

6.9 

18.6 

14.6 

18.5 

18.9 

16.5 

11.7 

11.6 

10.6 

u . 3  

15.4 

22.0 

13.4 

22.6 

23.1 

22.3 

21.8 

26.7 

15.5 

24.4 

25.0 

27.9 

22.7 

30.4 

30.0 

30.6 

30.8 

29.4 

26.3 

29.3 

42.1 

46.4 

45.6 

41.9 

47.7 

35.2 

50,8 

39.6 

47.0 

41.7 

75.2 

359.3 

390.2 

395.0 

368.3 
- 

371.5 

386.6 

315.1 

386.1 

350.9 

525.2 



Fig. 3.2 CLMA DIAGRAM OF CORVM 

b b 
YOZGAT 11298ml 

12.9-311 

a -  Place of meteorological s t a t i o n  
b -  Elevation above sea l e v e l  i n  meters 
c -  Number of years of observation 
d- Mean annual temperature i n  centigrade 
e -  Mean annual r a i n f a l l  in mil,l$meters 
f - Temperature curve ( ~ o n t h l y  means J 
g- Rainfal l  curve ( ~ o n t h l y  means) 
h- Drought season 
1- Humid season 
k-  Months v i t h  mean minimum temperature belov O*C 
1- Months with absolute  minimum temperature belov O'C 
m- Mean minimum temperature of the coldest month 
n- Absolute yearly minlmum tempemture . - 

a -  Place of meteorological s t a t i o n  
b- Elevation above sea l e v e l  i n  meters 
c -  Nlnnber of years  of observation 
d -  Mean annual temperature i n  cent igrade 
e -  Mean annual r a i n f a l l  in mil!Limeters 
f -  Temperature curve (Monthly means) 
&- % i n f a l l  cllrve ( ~ o n t h l y  means) 
h- Drought season 
1- Humid season 
k -  Months v i t h  mean minimum temperature belov O'C 
1- Mmths v i t h  absolute  minimum temperature belov O'C 
m- Mean minimum temperature of the  coldest  month 
n -  Absolute year ly  minimum tempemtlut  
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Fig. 3.3 CLIMA-DIAGRAM OF AM(ARA 
a b 

A N K A R A  1902rn.l 

a- Place o f  meteorological s t a t i o n  
b- Elevation above sea  l e v e l  i n  meters 
c- Akuber of years  of  observation 
d- Mean annual t w p e r a t u r e  i n  c e n t i m e  
e-  Mean annual r a i n f a l l  in mil l ime te r s  
f - Temperature c w e  (Monthly means) 
g- Rainfa l l  curve ( ~ o n t h l y  means) 
h- Drought season 
1- Humid season 
k -  Months v i t h  m- minimum temperature below O'C 
1- Months with absolute  minimum temperature b e l w  O'C 
m- Mean minimwn temperature of the coldest  month 
n-  Absolute yea r ly  minimum temperature 

Fig. 3.4 CLIMA DIAGRAM OF m$EHlR 
b 

E ~ K ~ S E H ~ R  1715ml 

a -  Place of meteorological  s t a t i o n  
b -  Elevation above a m  l e v e l  i n  meters  
c -  Nmber of years  of observation 
d-  Mean annual  temperature i n  c e n t i m e  
e -  Mean annual  r a i n f a l l  in miLiimeters 
f - Temperature curve (Monthly means) 
g- Ra in fa l l  curve ( ~ o n t h l y  means) 
h-  &ought season 
1- Humid season 
k -  Months with mean minimum temperature below O'C 
1- Months with abso lu te  minimum temperature b e l w  O'C 
m- Mean minimiat temperature of t h e  co ldes t  month 
n-  Absolute yea r ly  minimum t e m p e r a t m  
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Fig. 3.5 CLIMA-DIAGRAM OF KOKYA 
a b 

KONYA (1028nd 
137-37) It5 315.1 

d . tmm 

a -  Place of meteorological s t a t i o n  
b -  P e v a t i o n  above sea  l e v e l  in meters 
c-  Nmber of years of observation 
d-  Mean annual temperature i n  centigrade 
e -  Mean annual r a i n f a l l  in mil l imeters  
f -  T a p e r a t w e  curve ( ~ o n t h l y  'means) 
g- R a i n f a n  curve ( ~ o n t h l ~  means) 
h- D r o u a t  season 
i- H d d  season 
k- Months with mean minimum tempersture below O'C 
1- Months with absolute minimum tmpera ture  below O'C 
m- Mean minimun t m p e r a t u r e  of the coldest month 
n- Absolute yearly minimum temperature 

Place of  meteorologlcal s t a t i o n  
Elevation above Sea l e v e l  i n  metere 
Nmber of years  of  observation 
Mean annual temperature i n  c e n t i m e  
Mean annual rainfall in mil l imete rs  
Temperature curve ( ~ o n t h l y  means) 
Ra infa l l  curve ( ~ o n t h l y  means) 
Drought season 
Humld season 
Honths with m- minimum temperature below O'C 
Months with absolute minimum temperature belov O*C 
Mean minimma temperature o f  the coldest  month 
Absolute year ly  minlmllm tempenstwe 
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except f o r  a f e w  shrubs of Rhamnus hirtellus and Quercus pubescens. It i s  
q u i t e  c e r t a i n  than i n  previous years  t h e s e  mountainous a r e a s  supported 
a r i c h e r  f l o r a  and were mostly dominated with Quercus, Juniperus and 
Pinus nigra. Today t h e s e  a r e a s  have a few fragmentary r e l i c s  here and 
t h e r e  of former f l o r a .  Elsewhere geophytes and annual  p l a n t s  a r e  p len-  
t i f u l  i n  t h e  sp r ing  months and i n  t h e  summer months shrubby and xero- 
morphic pe renn ia l s  cover t h e  a r e a  sparse ly .  In t h i s  case both t h e  l a r g e  
p l a i n s  and lowlands of  t h e  mountain a r e a s  of  Centra l  Anatolia  a r e  gen- 
e r a l l y  covered with s t e p p i c  o r  semi-desert ic  species .  Here t h e  average 
a l t i t u d e  o f  t imber l ine  i s  about 1,100 meters, b u t  i n  d i f f e r e n t  a r e a s  
t h i s  a l t i t u d e  may change according t o  t h e  exposures and fac ing  t o  mois- 
ture-bear ing winds from t h e  seas.  A s  an example, it may be  mentioned 
he re  that t h e  vegeta t ion i n  t h e  v i c i n i t y  of  Karagdl, n o t  far from Anka- 
ra, is r i c h e r  i n  t r e e  species  as compared with t h e  o t h e r  vegeta t ion o f  
t h e  c e n t r a l  p la teau.  This i s  because t h i s  a r e a  i s  much more exposed t o  
t h e  moisture-bearing winds which come from t h e  Black Sea. 

The Salt Lake occupies t h e  lowest part of t h e  p l a t e a u  i n  t h e  cen- 
t e r .  Its a l t i t u d e  i s  about 850 meters above sea  l e v e l .  It covers n e a r l y  
113 lan2 but  usua l ly  t h e  a r e a  occupied by water v a r i e s  according t o  t h e  
seasons. In t h e  winter  and sp r ing  months, more water  comes i n t o  t h e  
l ake  from t h e  Donduma and Esme streams and it occupies a l a r g e  area J 

but  i n  t h e  summer months, due t o  i n t e n s i v e  evaporation, it becomes 
smallef and shallower. S a l t  accumulations usual ly  occur i n  t h e  areas 
t h a t  have been l e f t  by water, and halophytic communities f l o u r i s h  on t h e  
surface  of  sal t  covered s o i l s .  Among t h e s e  sal t  bear ing communities t h e  
s tands  of  Halochnemum strobilaceum assoc ia t ion  densely occupy t h e  first 
zone (nex t  t o  t h e  water)  and t h e  assoc ia t ion  of Salicornia .fragilis i s  
o f t e n  p resen t  i n  t h e  same zone. It i s  i n t e r e s t i n g  t o  note  here  that t h e  
surfaces  o f  t h e  s o i l s  which a r e  covered with t h e s e  communities are o f -  
t e n  deeply covered with a salt l ayer ,  and t h e  salt concentrat ion reach- 
e s  n e a r l y  2 percent  a t  a depth o f  40 cm. This concentrat ion ranges from 
0.7 percent  t o  1 . 5  percent .  Even i n  t h e  marshes o f  Konya t h e  assoc ia -  
t i o n s  of Halochnemum strobilaceum - Suaeda brandii f requent ly  occur i n  
t h e  same salt  concentrat ions.  The next  halophytic community which can 
survive e a s i l y  i n  t h e  second zone o f  salt  concentrat ion i s  t h e  assoc ia -  
t i o n  of Frankenia hirsuta ssp. hispida - Statice iconia. Besides t h e s e  
halophytic communities t h e r e  a r e  some assoc ia t ions  such as Halanthium 
kulpianum , Staltice gmelini and Bupleurum gracile which a r e  f requen t ly  
p resen t  on d r y  and hydromorphic salt  marshes with moderate salt concen- 
t m t i o n s ,  The assoc ia t ion  of Juncus mari t imus  - Juncus gerardii i s  most 
common and occupies l a r g e  a r e a s  o f  Konya and Eskiqehir.  Some herbaceous 
hygrophyllous communities a r e  found i n  t h e  swamps and i n  t h e  f r e s h  wa- 
t e r  marshes, bu t  they have no t  been studied ye t .  

Many flat o r  moderately inc l ined areas wi th  deep s o i l s  around Kon- 
ya, Eskigehir,  Kayseri m d  Ankara a r e  o f t en  dominantly colonized with a 
community of Aitemisia fragrans . The composition of t h i s  community 
g r e a t l y  changes according t o  s o i l  s t r u c t u r e ,  c u l t i v a t i o n  and extent  o f  



grazing. Both t h i s  community and t h e  T h y m u s  squarrosus community form 
the  m s s t  outstanding c l imat ic  vegetat ion of t h e  Centra l  Anatolian 
steppe which extends l a rge ly  from the  Taurus t o  t h e  North Anatolian 
mountains. The next community i s  of ten  es tabl ished i n  t h e  moderately 
incl ined s lopes  with s u p e r f i c i a l  s o i l s .  Besides these ,  t h e r e  a r e  some 
communities which a r e  named according t o  dominant and constant  spec ies  
such as Astragalus microcephalus, Festuca valesiaca, Koeleria cristata 
and Stipa lagascae. These communities f requent ly  occur i n  the  lower 
mountain steppes,  f l a t t ened  a r ea s  and i n  t h e  peneplane formations. 
Figure 4 shows some important species  of these  communities and t h e i r  
frequencies i n  t h e  communities. In t h i s  f i g u r e  t h e  Astragalus community 
has been omitted. 

Triticum is  t h e  main a g r i c u l t u r a l  p l an t  extensively  cu l t iva ted  i n  
t h e  whole c en t r a l  p la teau.  After  t h a t  come a g r i c u l t u r a l  p l an t s  such as 
Hordeum, Secale, Avena  and Papaver, which a l s o  grow i n  t h e  a rea .  
There i s  even p l e n t i f u l  sugar bee t  cu l t i va t i on  and f r u i t  t r e e  p lan ta -  
t i o n s  i n  t h e  favorable  moist s o i l s  and a long t h e  r i ve r s .  

It should be mentioned here  t h a t  much steppe vegetat ion which i s  
dominated by Artemisia fragrans has been destroyed by cu l t i va t i on  and 
overgrazing. This had occurred extensively  i n  t h e  range vegetat ion of 
the  Karapinar d i s t r i c t  and a l a rge  a r e a  extending as f a r  as t h e  town of 
Karapmar i s  occupied by sand dunes. Some necessary precautions have 
been taken aga in s t  t h e  sand invasion. For m y  years  sheep have been a 
source of l i v i n g  t o  t h e  people of Karaplnar and t h e  broad ranges of t h e  
Karaplnar a rea  dominated mostly with Artemisia fragrans, which supports 
t he  grazing of thousands of sheep. The steppe vegetat ion in  Karapinar 
i s  highly  damaged and some of t h e  p l a n t s  (a l so  including Artemisia 
fragrans ) have disappeared o r  have been extremely impoverished by 
overgrazing. A s  a r e s u l t  of  t h i s  continuous overgrazing, which is very 
common i n  a l l  Anatolia, t h e  present  steppe vegeta t ion reached b i o t i c  
equilibrium with unpalatable thorny and pubescent steppe p l an t s  predom- 
i nan t l y  es tabl ished the re .  A t  present ,  t h e  people deal ing with l i v e -  
stock and t h e  range managers a r e  faced with a great  problem which i s  
very important from t h e  standpoint  of range management. 

A s  mentioned before,  t h e  steppe vegetat ion of Central  Anatolia, 
which i s  i n  equilibrium with t h e  b i o t i c  f a c to r s ,  i s  very much corre-  
l a t e d  with i t s  ecology. The growing season here  i s  spr ing and e a r l y  
summer. Var ie t i es  of rhizomatous and bulbaceous geophytes such as 
Crocus, Colchicum, Al l ium,  Ornithogalum, Iris and t h e  following annual 
herbs and gmsses  : Nigella demascena , Crupina crupinastrum, Ziziphora 
taurica, Hel ianthemum annuum,  some species  of Trigonella, Medicago, 

Bromus tectorum and many o thers  become dry  i n  summer, while o thers  
make a grea t  dea l  of  morphological and anatomical changes i n  d i f f e r e n t  
organs fo r  surviving i n  the  drought season. The following changes, such 
as small leaves, l e a f l e s s  stems, th ickness  of t h e  cu t i cu l a  and of  t h e  
mesophyll, reduction of stomata s i z e  and increase  i n  t h e  number of  
stomata densely haired and folded leaves a r e  p e r s i s t e n t l y  common 



Fig.4 Percentages of occurrences of some important species i n  t he  nine 
communities of t h e  Central Anatolian Steppe ( p t i k ,  1965) 
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N i g e l  l a  d a m a s c e n e -  

O n o s m a  s t e l l u l a t u m  

A m b y l i o p y r u m  m u t i c u m  v a r .  
t y p i c u m  

A m b y l i o p y r u m  m u t i c u m  v a r .  
1 i l  i a c c u m  

B r o m u s  t e c t o r u m  

O n o p o r d o n  a c a n t h i u m  

A l o p e c u r i s  m u o s u r l o i d e s  

Poa  b u l  b o s a  f .  v i v i p a r a  

L e o n t o n o d  a s p e r r i m u r n  

M a c r o t o m i a c  e p h a l o t e s  

P o l y g a l a  s p .  

1. A r t e m i s i a  f r a g r a n s  Com. 
2 .  T h y m u s  s q u a r r o s u s  Com. 6 .  Hordeurn m u r i n u m  Com. 
3 .  F e s t u c a  v a l e s i a c a  Corn. 7 .  O n o p o r d o n  a c a n t h i u m  Corn. 
4 .  A m b y l i o p y r u m  m u t i c u m  Com. 8 .  S a t u r e j a  C u n e i f o l i a  Com. 
5 .  A g r o p y r u m  d i v a r i c a t u m  Com. 9. L e o n t o d o n  a s p e r r i m u r n  Com. 



A,B - Transverse' sections of leaf, 
C - k r a d e m ~  section of leaf 

( ~ e t i k  and Bozcuk, 1965) 
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Fig. 6 The var ia t ions  of' osmotic pressure of some steppe pLants of 
Central Anatolia ( Birand, 1961 ) 

7 .  C c r o n ~ l l a  v a r l a  
8 .  T ~ L C I  1 u r n  p o l  1 brn 

9 .  P , r u s  e l a e a g r l f o l l a  
1 9 .  A m y g d a l u s  o r i e n t a l ~ s  
1 1 .  A l h d g l  c d m e j o r u m  
1 2 .  E c h l n o p h o r a  d n a t o l l c a  



BEST AVAILABLE COPY 

The swi-age I 
s i z e  of stomata 

1 
Average 

Thickness of 

mesophyll 
J-' 

1 
r 

~ o w e r  
Epidenri. 

15 x 20.3 

2 3 . 0 ~ 4 0 . 6  

24.1 x 31.5 

23.1 X 29.3 

1.8.8~24.4 

- - - - 

19.0 x 29.7 

-- -- 

23.7 x 31.0 

plants  In upper 
$idem. 

16.5 x 23.1. 

2 1 . 4 ~ 3 9 . 0  

27.7 x 31.6 

21.8 X 29.5 

1 9 . 5 ~ 2 4 . 7  

-- - - 

17.5 x 2 3 . 1  

-- - - 

23.11 x 31.3 

The average 

thickness of 

cut icula  P 

The average 

number of h a i r s  

per m 2  Average 

Thickness 

Of leaf P h lower 
&ide?m. 

'G 
4 

m e  average 

number of stomata 

per mm2 

I. upper 
&idem.  

157.8 

345.8 
I 

567.7 

336.6 

136.2 

127.7 

141.2 

226.8 

419.6 

500.0 

76.7 

218.6 

40.2 

94.2 

- - 

32.5 

-- 

55.9 

A s t r a g a l u s  m l c r o p t e r u s  
F i s c h  

G a l l u m  O r l e n t a l e  k i s s .  

A c a n t h o l l m o n  E c h l n u s  
(L)  Boiss. 

L e o n t o d o n  A s p e r r l m u m  Will6 

G e n l s t a  A l b r d a  Willd 

S c u t e l l a r i a  Sp. 

Rhamnus  H l r t e l l u s  Ebiss. 

C o n v o l  v u l  u s  C o m p a c t u s  
Boiss. 

. M a c r o t o m l a  C e p h a l o t e s  

(DC) k i s s  

2&. 2 

0.8 

154.0 

k9.5 

50.4 

- - 

23.8 

-- 

50.0 

I 
215.0 I 14.7 

252.0 

568.7 

700.0 

38h.2 

259.0 

140.0 

189.0 

261.3 

460.6 

5.04 

6.30 

5.30 

5.70 

9.55 

]in l o r e r l h  upper 
Epidem. (Epidem.. 

in l ave r  
Epidelm. 

a . 5  

86.7 

114.9 

&.? 

- - 

72.8 

-- 

Q.8 

6.21. 

5.86 

7.40 

5.46 

7.16 

In upper 
&idem. 

59.2 

96.0 

9 . 1  

56.6 

- - 

53.9 

-- 

70.0 

6.60 I 7.90 
3.60 

3.30 

4.70 

4.30 

4.10 

4.00 



à able 2 ) .  &so increasing t h e i r  osmotic pressures according t o  the  i n -  
t e n s i t i e s  of drought i s  an in t e r e s t i ng  property of these  xerophytes. 
%me xerophytes such as Astragalus micropterus, ( ~ i g  . 5 )  A .  mzcrocephnlus, 
Echinophora anatolica and Alhagi pseudalhagi, which a r e  green In  summer 
months do not  show any change of t h e i r  osmotic pressures ( ~ i ~ .  6 ) )  
because, with t h e i r  long taproots,  they can easily obtain  t h e  necessary 
moisture from underground waters. 

The f la t t ened  area of the  cen t r a l  steppe i s  of ten interrupted with 
lower h i&  and with mountains of medium height.  Those h i l l s  a r e  of ten 
t r e e l e s s  except f o r  some dwarfed sparsely  scat tered shrubs such as 
Amygdalus orientalis, A .  webbii,  Rhammus hirtellus and very r a r e ly  
Quercus pubescens and Junzperus excelsa. The last two of ten  occur 
as a shrub b e l t  a t  t h e  foo t  of mountains which surround the  c e n t r a l  
plateau.  The open a reas  among these  shrubs are usually colonized with 
the  various cushionlike perennials and other  species of Astragalus, 
Echinophora, Verbascum and with some gramineae. 

The val leys  which have more air  moisture are of ten sparsely cov- 
ered with t h e  representat ives  of t h e  shrub communities such as Prunus 
spinosa, Jasminum fruticans, Rosa sulphurea, Crataegus orientalis, 
Lonicera etrusca and Clematis vitalba. Bromus tectorum, Bromus 
squarrosus and others  densely cover the  area. But t h i s  nice  appearance 
of t he  steppe does no t  continue. In t h e  summer many annual p l an t s  be- 
come dry, and geophytes disappear on the  s o i l  surface because of s m e r  
droughts, and only some drought r e s i s t an t  perennials,  with long t ap  
roots  and ha i ry  leaves, can survive during t he  summer. 

Character is t ical ly  vegetation of the  steppe area  (xerophytic p lan t  
communities) of ten change t h e i r  abundance and frequencies according t o  
t h e  t o t a l  annual p rec ip i ta t ion ,  t h e  l o c a l i t i e s  and grazing. Most of 
t h e  perennial  members of these  xerophytic communities are drought en- 
during and can, economically, manage with t he  s o i l  water i n  t h e  summer 
months. 
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INTRODUCTION 

For the beginning of t h i s  presentation it seems qui te  appropriate 
t o  r e f e r  t o  one of the  statements made by M r .  Golesorkhi, t h e  former 
Minister of Natural Resources on a similar occasion i n  1970. 

 he f l o r a  and fauna of the  ear th  bloomed t o  l i f e  when a i r ,  s o i l  
and water, the  th ree  basic  elements of production intermarried. The 
important point  about these elements i s  t h a t  although they a r e  renew- 
able  and can transform and t ranslocate  under various conditions, ye t  i n  
volume and quanti ty they a r e  unfortunately l imited t o  t h e i r  present 
content. Air, which essen t ia l ly  renders l i f e  possible  f o r  both t h e  
p lan t  and animal soc i e t i e s  i s  l imited i n  volume and cannot exceed t h e  
amount o r ig ina l ly  contained i n  t h e  atmosphere. 



"similarly the water element, whether i n  the form of vapour and 
clouds o r  r ivers ,  oceans and lakes, i s  res t r ic ted  t o  t h e  exis t ing 
amount and man can hardly add a drop more t o  t h i s  quantity. 

"The precious s o i l  from which w e  derive our food i s  a l so  limited. 
In whatever form, s o i l  and i t s  parent material  cannot be increased be- 
yond the or ig ina l  quantity and since the  creation of the world, besides 
a few meteors which have h i t  the earth, perhaps the  only quantitative 
o r  qual i ta t ive element added t o  the earth,  i s  the few kilogrammes of 
moon s o i l  brought down by the  astronauts from tha t  far-off planet. 

"AS mentioned above, through the  in ter re la t ion  of these three  ele-  
ments, animal and plant l i f e  have become possible, and therefore a mere 
translocation and transfiguration of these elements can impressively 
influence and condition the existence of the above phenomena. On the  
other hand, it should not be forgotten t h a t  a i r ,  s o i l  and water are 
l iv ing  elements, f o r  every cubic centimeter of each contains millions 
of l iv ing  organisms. Therefore l i k e  a l l  l iv ing  things i f  they a r e  t o  
survive, they need t o  be t reated with continual care and at tent ion."  

EXTENSION AND VALUES OF NATURAL RESOURCES IN IRAN 

Forest lands 

According t o  the l a t e s t  data available,  out of 18 million hectares 
of fores t  lands (11 percent of the t o t a l  area of the country) 3,400,000 
hectares a r e  located along the Caspian, of which 1 ,400 ,000hec t~es  a r e  
considered t o  be comercial ly exploitable. &though the  remaining por- 
t ion  of the Caspian and also the  Zagros b e l t  of oak fores ts  a r e  not be- 
ing exploited a t  the present t i m e ,  there i s  a good chance t h a t  t h i s  
will become feasible  i n  the  near future.  

A t  t he  present time only 600,000 t o  700,000 cubic meters of wood 
a re  being ut i l ized,  and t h i s  could be extended up t o  4,200,000 cubic 
meters. %king in to  consideration t h a t  i f  t he  pr ice  of each cubic meter 
of wood i n  the common market place i s  only $ 2 5 ,  the t o t a l  value of t h i s  
portion of our northern fo res t  will amount t o  $105 million per year. 

Rangelands 

Based upon the  defini t ion accepted by the Ministry of Natural Re- 
sources, the  rangelands i n  Iran are estimated t o  be 100 million hec- 
tares .  Much of t h i s  i s  re la t ive ly  unproductive a t  present, especially 
i n  d r i e r  years. 

Over 50 million animal units a re  grazing over these rangeunds 
year round. 

Considering the  cost of forage consumed by each animal t o  be only 



2 cents ,  t h e  t o t a l  va lue  of t h e  rangelands w i l l  be $1 mi l l ion  a day o r  
$365 mi l l ion  a year, which i s  almost equal  t o  35 percent  of our  o i l i n -  
come. 

PROBLEM ANALYSIS 

The present  s i t u a t i o n  o f  most o f  t h e  n a t u r a l  lands  i n  t h e  Middle 
&st and o t h e r  coun t r i e s  i n  A s i a  wi th  a r i d  and semi-arid condi t ions  i s  
character ized by overexploi ta t ion .  

Signs of  erosion due lx overgrazing, bush c u t t i n g  and misuse of  
na tu re  a r e  t o  be seen everywhere. 

Many l a r g e  dams have been constructed i n  o rder  t o  improve agro- 
i n d u s t r i a l  s i t u a t i o n s  i n  t h e  corners of t h e  country, b u t  unfor tunate ly  
watersheds behind them a r e  th rea ten ing  t h e  use fu l  l i f e  of these  dams 
because of  t h e  g r e a t  amount of sediment and d e b r i s  be ing c a r r i e d  i n t o  
the  r e s e r v o i r s  dur ing each storm. 

Perhaps t h e  main aspec t s  and causes of such des t ruc t ion  in t h i s  
part of t h e  world are t h e  following: 

l )  An old  system of animal husbandry which i s  not  in tegra ted  wi th  
a g r i c u l t u r a l  p r a c t i c e s  

2 )  Fker-increasing demands f o r  water,  power, r ec rea t ion  and a n h a l  
products  

3 ) Conversion of range and f o r e s t  lands  i n t o  a g r i c u l t u r a l  lands 

4) Lack of a s u f f i c i e n t  u m b e r  of  w e l l  t r a i n e d  t e c h n i c a l  and ex- 
ecu t ive  staff 

5 )  Imbalance i n  programming, 

It has  been experienced many times in  t h e  p a s t  i n  many d i f f e r e n t  
countr ies  that husbandry of t h e  n a t u r a l  resources o f  wildlands which 
a c t u a l l y  provide t h e  foundation upon which a l l  developmental programmes 
must rest i s  ignored u n t i l  ca tas t roph ic  o r  near  ca tas t roph ic  events  oc- 
cur.  Individual  components of t h e  n a t u r a l  resources system such as a 
t r e e  t h a t  will fu rn i sh  timber o r  pulp, a p l a n t  spec ies  of s p e c i a l  value 
o r  wa te r .pe r  se, have usua l ly  received considerable a t t e n t i o n  as ex- 
p l o i t a b l e  products, b u t  t h e  c h a r a c t e r i s t i c s  o r  condi t ions  of  t h e  t o t a l  
resource base  t h a t  must be  protec ted  o r  provided t o  maintain t h e  endur- 
i n g  hea l th  and p roduc t iv i ty  of t h e  n a t u r a l  resource base have f o r  t h e  
most p a r t  been ignored. 

It appears t h a t  t h e  genera l  approach o f  developmental p r o j e c t s  i s  



f o r  a s ingle component, e.g. waty,r ,  ~ $ 5 1  ( fo r  cereal  production) or  
t r ees  t o  become the centre of a most important development programme. 
Impacts of such programmes on the  balance of the  whole natural  resource 
system have not received suf f ic ient  consideration. 

This imbalance i n  development programmes o r  the  f a i lu re  t o  safe- 
guard the wildland ecosystems i s  par t icu lar ly  c r i t i c a l  i n  semi-arid and 
a r i d  regions where thresholds a re  more de l ica te  and where res tomt ion  
following damage i s  more d i f f i c u l t .  

Ekamples a re  numerous. The philosophy tha t  land could be most 
profi tably u t i l ized  i f  it were convertedto aponomicaluse promoted the  
unlimited cul t ivat ion of the p ra i r i e s  and plains of the central  United 
States  and of the western semi-arid regions. The sand storms and mass 
emigration of people i n  the  1930's and the resettlement programmes of 
the 1940's were the catastrophes resul t ing from t h i s  philosophy. 

Adequate regulations f o r  the u t i l i za t ion  of land must ex i s t  and 
a l l  Lands must be c lass i f ied  according t o  t h e i r  capacity t o  produce and 
t o  kinds of uses. A l l  Lands cannot be u t i l ized  f o r  crop production, and 
i n  many instances land t h a t  w i l l  support crops w i l l  serve men bes t  i f  
l e f i  under natural  vegetation. 

Programmes tha t  promote extensive cereal  production without pro- 
viding a means of safeguarding wildland resources i n v i t e  d i sas t e r  i n  
the form of air pollution, flood damage, s o i l  destruction and sedimen- 
ta t ion .  Such i s  the harvest of imbalanced planning f o r  development. 

Wildland resources providing a protective ba r r i e r  between man and 
nature a r e  essent ia l  t o  productive agriculture,  primarily because water 
i s  the most important product of wildlands. The capabili ty t o  produce 
useable water depends upon the condition of the  ecosystems t h a t  receive 
water. One monster t h a t  eas i ly  destroys t h i s  equilibrium i s  the  trac-.  
t o r .  

Mechanization of agricul ture seems t o b e  amajor objective of devel- 
opment programmes. Yet the  t rac tor ,  when employed without r e s t r i c t ion  
on land t h a t  has not been classif ied as t o  proper use potent ial ,  has 
caused tremendous damage t o  basic wildland resources. 

The native wet meadows of the high country a r e  the  gems. of wild- 
land resources. They should be cherished and protected as crown jewels 
a re .  Before t r ac to r s  appeared, these gems had some bu i l t - in  protection 
i n  the toughness of the  sod t h a t  covered them and the  d i f f i c u l t y  with 
which the meadows were broken. It was easier  t o  plough the adjoining 
slopes where there was always more land than could be ploughed i n  one 
season. The gigantic energy of the t r ac to r  can take a plough through the 
toughest sod. It can churn through a l l  avai lable  s o i l  and s t i l l  find 
plenty of rest ing time. 



Progress? Perhaps, bu t  without proper r e s t r a i n t s  provided i n  pro- 
greunme operation plans, the  meadows a r e  converted t o  brown scars  i n  t h e  
ecosystem, scars  t h a t  ma,y require  centuries t o  heal .  Imbalance occurs 
when one a c t i v i t y  i s  promoted without regard f o r  the  needs of t h e  re -  
source base. 

Overemphas3.s on t h e  need f o r  ce rea l  praduction without consider- 
a t i o n  of t h e  requirements of other  resources leads  t o  pauperization of 
range l ivestock when s o i l s  most su i ted  f o r  production of na t ive  forage 
o r  when vegetation required f o r  protect ion of watershed values i s  sac- 
r i f i c ed  t o  short-term cerea l  production. Tremendous losses  can occur 
when increasing numbers of l ivestock a r e  forced t o  concentrate on de- 
creasing a reas  of rangeland. Again s o i l  l o s s ,  a i r  pol lut ion,  and ex- 
cessive sedimentation a r e  t he  wdes i r ab l e  r e su l t s .  

There seems t o  be  a strong p o s s i b i l i t y  t h a t  balanced m d  i n t e -  
grated development i s  possible.  m e r e  i s  a need f o r  much more compre- 
hensive planning of a balanced approach than has been presented i n  t he  
pas t .  Whenever development of a region i s  proposed, t he  des i rab le  
a t t r i b u t e s  of t he  ex is t ing  s i t ua t i on  should be iden t i f i ed .  The ac t ion  
necessary t o  p ro tec t  and maintain these des i rab le  a t t r i b u t e s  must be  
formulated, and the  regulations required t o  implement such necessary 
ac t ion  must be ava i lab le  f o r  enforcement before other  s teps  a r e  taken. 
Such * t i v i t i e s  should cons t i tu te  t h e  f i r s t  s tages  of a balanced pro- 
gramme. 

DEVELOPING PROGRAMMES 

Following the declaration of nationalization of all natural re- 
sources, and upon establishment of t he  Ministry of N a t u r a l  Resources, 
many developing pro jec t s  were put  i n t o  ac t ion  i n  order t o  p ro tec t  and 
u t i l i z e  t h e  wildland i n  a proper form. The main aspects of these  pro- 
j e c t s  a r e  summarized i n  t he  following paragraphs. 

Forestry 

Since 1961 a s e r i e s  of f o r e s t  management plans  has been prepared 
and executed i n  order t o  explo i t  t h e  commercial f o r e s t s  i n  t h e  Caspian 
Zone. Construction of fo r e s t  roads has been put  i n  t he  plan and most of 
t h e  roads a r e  being u t i l i z ed  f o r  timber extract ion.  To assist these  
programmes i n  1967 t h e  Law of Forest  and Range Protection and Exploita- 
t i o n  w a s  passed. 

Many other  p ro jec t s  a r e  being undertaken i n  the  development of  t h e  
wood and pulp industry.  



Afforestation and Recreation 

Since 1967 about 14,183 hectares  of land have been planted.  This 
f igure  includes t h e  a f fo re s t a t i on  around t h e  c i t i e s  and a l so  i n  t h e  de- 
t e r i o r a t ed  fores t s .  

In order t o  provide in te res ted  individuals  w i t h  d i f f e r en t  species 
of t r ee s ,  662 hectares  of nurser ies  have been es tabl ished i n  d i f f e r en t  
parts of t h e  country. These nurser ies  have been ab le  t o  produce 124 
mi l l ion  seedlings and cut t ings  t o  be planted on p r iva t e  and na t iona l  
lands. 

Recreational parks i n  which a l l  kinds of f a c i l i t i e s  have been pro- 
vided have been established on 720.5 hectares  of f o r e s t  a reas .  This i s  
going t o  be  extended up t o  1,370 hectares  i n  t h e  near future .  

Wildlife 

The f i r s t  conservation l a w ,  passed i n  1956, c rea t ing  t he  Game 
Council of I ran,  proved t o  be inadequate. But the  plans  and methods 
pursued on t h e  b a s i s  of t h i s  l a w  were fundamentally sound and were t h e  
mainspring f o r  much of t h e  work undertaken l a t e r .  

In view of t h e  l a rge  s i z e  of Iran and t h e  l imited funds a t  t h e  
d i sposa l  of t he  Game Council it was recognized t h a t  a grea t  dea l  of t he  
counci l ' s  a t t en t ion  would be concentrated on a reas  of spec i a l  impor- 
tance from an ecological  o r  f a u n i s t i c  point  of view. 

Thus was born t h e  concept of ' 'protected regions" within which 
grazing, wood cu t t ing  and other  forms of exploi ta t ion were r e s t r i c t e d  
and subjected to t h e  issuance of spec ia l  l icenses .  The r e s u l t s  were 
generallyl,good and i n  some cases outstanding. Pmposals f o r  t h e  cre- 
a t i o n  of w i l d l i f e  parks1' were aqvanced i n  l a t e r  years shor t ly  p r i o r  t o  
t he  submission of a new b i l l  t o  Parliament which, when enacted i n  1967, 
created t he  present  independent government organization named t h e  Game 
and Fish Department. The new l a w ,  i n  concert with i t s  regulations,  has 
incorporated and c l ea r ly  defined the  concepts and l e g a l  aspects  of both 
w i l d l i f e  parks and protected regions. 

In t h e  establishment of  w i l d l i f e  parks and protected regions, t he  
Gme and Fish Department has endeavoured t o  provide adequate protect ion 
i n  regions of spec i a l  f aun i s t i c  value, and i n  a se lec t ion  of a reas  
representing t he  major hab i t a t s  and ecosystems i n  Iran. 

However, t h e  animal l i f e  i e  worthy of a t t en t ion  i n  many more parts 
of the  country, and i n  any event, t h e  game laws and regulations apply 
throughout Iran. Although it i s  c l ea r ly  impossible a t  t h e  present  time 
t o  undertake a compreheceive programme of conservation and management 
i n  every region of f l o r a l  and faunal  importance within t h e  country, it 



i s  the  duty of the Game and Fish Department t o  pursue the  principles of 
conservation wherever the need a r i ses .  

RANGE MANAGEMENT AND IMPROVEMENT 

The Range Department of the Ministry of Natural Resources has been 
able t o  undertake several measures and a c t i v i t i e s  which have proved t o  
be very effect ive and beneficial  i n  administration and improvement of 
the  vast rangelands i n  Iran. The main highlights of such a c t i v i t i e s  a re  
summarized below. 

Range Management Planning 

Due t o  exis t ing socio-economic problems and lack of an adequate 
number of trained technicians, as mentioned previously, it was decided 
t o  follow the concept of t rans i tory  and long-term planning. This seems 
mst feasible  i n  accordance with the present s i tuat ion of the range- 
lands and the system of exploitation being practiced by the nomads. 

Transitory planning 

Pds programme supposedly w i l l  be undertaken through two main 
stages : 

Primary s tage:  This stage starts from a point of issuing permits ac-  
cording t o  current procedures. An exact date of entry t o  and departure 
from the range should be given t o  the  permittee, followed by s t r i c t  
control of numbers of livestock as indicated i n  the  permits. 

Secondary stage : In t h i s  stage the technicians ( three to  f ive  i n  a 
group) w i l l  start t o  build the  skeleton of a plan and a base f o r  gath- 
ering required data as progress on each stage i s  made. This basic plan 
w i l l  include a l l  a c t i v i t i e s  by the group t o  obtain: a physical map of 
the area, a randomly selected point fo r  permanent t ransect  l ines,  an 
estimation of range capacity i n  a sheep-unit month, and some sugges- 
t ions fo r  range improvement measures. 

Long-term planning 

A s  soon a s  the  infomation from transects,  cages, his tory of the 
area, people, feed sources and research data (from the  Research I n s t i -  
t u t e  a t  our request) a re  available, they w i l l  be recorded and used f o r  
correction of management plans. A t  t h i s  stage a well arranged range 
management plan based on the l a t e s t  sc i en t i f i c  methods of survey and 
f i e ld  analysis w i l l  be prepared for  execution by livestock cooperatives 
and livestock companies. The Range Department has been able t=, achieve 
and follow the above p r o g m e  t o  a great extent since the  establish- 
ment of the Ministry of Natural Resources. 



A s  an example, t h e  first s t a g e  o f  t h e  p lan  has been completed over 
almost 30 mi l l ion  hec ta res  (30 percent  of  t h e  t o t a l  a r e a ) .  'Ihe r e s t  o f  
t h e  a r e a  w a s  prospected t o  be completed by t h e  yea r  1974. 

Inc iden ta l ly ,  i n  f i v e  d i f f e r e n t  c l i m a t i c  zones of t h e  country 
f i e l d  a n a l y s i s ,  a long with vege ta t iona l  surveys and m p s ,  have been 
completed i n  o rder  t o  f u l f i l l  t h e  idea  of  long-term range management 
planning. The t o t a l  e x t e n t  of t h e  surveyed a r e a s  i s  588,000 hec ta res .  

RANGE IMPROVEMENT 

Range r e h a b i l i t a t i o n  and reseeding i n  semi-arid and a r i d  condi- 
t i o n s  had s t a r t e d  i n  I r a n  a t  t h e  t ime t h a t  g r a s s  and legume seeds were 
brought t o  t h i s  country f o r  t h e  first time under t h e  American Point  
Four programme almost 17 years  ago. Much of t h i s  a c t i v i t y  met wi th  b i t -  
t e r  f a i l u r e  due t o  harsh  c l i m a t i c  and edaphic f a c t o r s ,  and a l s o  t o  some 
extent ,  due t o  l ack  o f  know-how. Rocently by us ing new methods of  
p lan t ing  i n  drylands,  evolved through years  of  experience and manipula- 
t i o n  of  o ld  systems and a l s o  s e l e c t i o n  of t h e  r i g h t  ecotypes ( i n t r o -  
duced by t h e  I n s t i t u t e  of  ~ e s e a r c h )  and f i n a l l y  t h e  t ime of sowing, 
modern machiriery, e t c .  we have been a b l e  t o  ob ta in  some apprec iab le  
results. Other measures such as stock-water development and water  ha r -  
ves t ing,  p i t t i n g ,  t renching and fencing have been undertaken where 
necessary.  

WATERSHED MANAGEMENT AND SAND DUNE FIXATION 

Recently t h e  Department o f  ail Conservation i n  t h e  Minis t ry  o f  
Natura l  Resources has  success fu l ly  s t a b i l i z e d  s e v e r a l  thousand hec ta res  
o f  sand dunes by means of d i r e c t  seeding and t r a n s p l a n t i n g  of  drought- 
r e s i s t a n t  spec ies  o f  t r e e s  and shrubs dur ing i t s  f o u r  yea rs  o f  a c t i v -  
i t y .  This a c t i v i t y  has shown astounding results and it has  become one 
o f  t h e  impressive a r e a s  f o r  t h e  lovers  of  na tu re  t o  visit. A s  a r e s u l t  
of  t h i s  tremendous work thousands of  hec ta res  o f  b a r e  sands which were 
th rea ten ing  t h e  l i f e  o f  people now have been converted t o  a b e a u t i f u l  
s tand of d e s e r t  shrubs where no wind eros ion o r  sand movement i s  t ak ing  
place .  

The summary of measures taken by t h i s  department fol lows:  

Sand Dune Fixation 

1 )  Establishment o f  18 d e s e r t  s t a t i o n s  

2 )  Col lec t ion o f  seed d e s e r t  shrubs f r o m  t h e  d e s e r t  areas 



3)  Reseeding of 90,000 hectares  of sand dunes i n  Khorasan, 
Khuzistan, Kerman, Baluchistan, Sistan,  Varamin, Chom, Semnan, 
Damghan, Esfahan and Gamsar. 

This pro jec t  i s  progressing and w i l l  be  continued. 

Watershed Management 

This a c t i v i t y  i s  mainly concentrated on t h e  drainage systems be- 
hind t h e  major la rge  dams. The t o t a l  year ly  fund al located f o r  such a 
project  i s  about $5 million.  

The a c t i v i t y  consis ts  of a se r i e s  of reconnaissance surveys, f i e l d  
analyses, a e r i a l  photo in te rpre ta t ion ,  mapping ( p r i o r i t y  i s  given t o  
t h e  most c r i t i c a l  a reas )  and planning. Following the  analyses, areas  
w i l l  be t reated according t o  t he  ex is t ing  problems. A considemble a rea  
has already been t rea ted .  The treatments generally include a l l  kinds of  
construction work on s teep slopes where t h e  s o i l  i s  loose and suscep- 
t i b l e  t o  emsion. Planting of adapted t r e e s  and grasses along with t he  
above construction work i s  e s sen t i a l  and it has been practiced where 
necessary. 
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INTRODUCTION 

I n  Turkey, ag r i cu l t u r e  with i t s  s o c i a l  and economic aspec t s  has a 
dominant r o l e  i n  t h e  na t i on ' s  l i f e .  F i r s t  o f  al l ,  it d i r e c t l y  a f f e c t s  
near ly  26 mi l l i on  (70 -percent) of t h e  o v e r a l l  -population. A t  t h e  pre-  
sen t  t i m e ,  even though a g r i c u l t u r e ' s  share  i n  GNF i s  only 26 percent ,  
fanu products s t i l l  cons t i t u t e  t h e  b igges t  propor t ion i n  t h e  na t i on ' s  
annual  exports .  

Even though due importance has been given t o  a g r i c u l t u r a l  develop- 
ment i n  t h e  F i r s t  and Second Five-Year National  Developlent ~lans, 
1963-72, grave economic, s o c i a l  and c u l t u r a l  problems s t i l l  e x i s t  i n  
t h e  r u r a l  s ec t i ons  of t h e  country. 

b t h i s  paper, a f t e r  a b r i e f  review of  t h e  land and water r e -  
sources, t h e  ex i s t i ng  l e v e l  o f  development and problems associa ted with 
it w i l l  b e  analyzed, and i n  t h e  l i g h t  o f  past experiences more r a t i o n a l  
approaches w i l l  be  discussed. 



LAND AND WATER RESOURCES 

Turkish t e r r i t o r y  i s  bounded on t h r e e  s i d e s  by t h e  sea .  It i s  f o r  
t h e  most p a r t  an e levated  p l a t e a u  enclosed by mountains on a l l  s i d e s  
b u t  t h e  west. These mountains a c t  as a b a r r i e r  t o  t h e  rain-bearing 
winds from t h e  nor th  and south, leaving t h e  i n t e r i o r  p l a i n s 3  which make 
up more than two-thirds o f  t h e  t o t a l  a rea ,  with an average annual  r a i n -  
fa l l  of 200 t o  500 mm. The summers a r e  ho t  and dry, with sharp drops i n  
temperature dur ing t h e  n i g h t s  and t h e  winters  may be extremely cold.  In 
c o n t r a s t  t o  these  a reas ,  on t h e  c o a s t a l p l a i n s  a s u b t r o p i c a 1 m e d i t e r ~ -  
nean cl imate p r e v a i l s .  I n  add i t ion  t o  low p r e c i p i t a t i o n ,  75 percent  o f  
t h e  annual r a i n f a l l  occurs off  t h e  growing season and d ry  years  fol low 
t h e  r e l a t i v e l y  s u i t a b l e  ones. 

If t h e  drought i s  defined as an incidence dur ing which t h e  avail- 
a b l e  water i s  l e s s  than t h a t  required f o r  normal crop production, t h e  
drought a r e a  may sometimes include t h e  whole country. According t o  a 
study made by DSI i n  1932, d r y  and very  d r y  drought, as defined by 
p r o b a b i l i s t i c  l i m i t a t i o n ,  prevai led  i n  80 percent  of  t h e  country. It is 
a l s o  s t a t e d  i n  t h i s  s tudy t h a t  a very d r y  condit ion may p r e v a i l  i n  50 
percent  of  t h e  country with less than one percent  p robab i l i ty ,  while 
f o r  a d r y  condit ion f o r  t h e  same percent  o f  area ,  t h e  chance i s  l.3 pe r -  
cent .  

Evaluation o f  meteorological  d a t a  shows t h a t  96 percent  o f  t h e  
cu l t iva ted  .'Land does n o t  have s u f f i c i e n t  p r e c i p i t a t i o n  during t h e  vege- 
t a t i o n  period.  Under these  condit ions,  i r r i g a t i o n  becomes a key f a c t o r  
i n  t h e  r e a l i z a t i o n  of  d i v e r s i f i e d  fanning and optimum r e t u r n s  from t h e  
land resources.  A s  a matter of f a c t ,  i r r i g a t i o n  is  no longer a reg iona l  
p r a c t i c e  in a r i d  countr ies ,  bu t  i s  becoming a b a s i c  p a r t  of a w e l l  
developed a g r i c u l t u r e  throughout t h e  world. Having ample water a v a i l -  
a b l e  f o r  crop production i n  humid regions as w e l l  as i n  a r i d  regLon8 
contr ibutes  t o  p r o f i t a b l e  and productive a g r i c u l t u r e .  

Land R,9sources 

The country has a t o t a l  area of  78.1 mi l l ion  hectares .  Of t h i s  a- 
rea approximately 35 percent  i s  cu l t iva ted ,  2 6  percent  i s  grass and 
pas tu re  and t h e  remaining 39 percent  i s  f o r e s t  and unproductive land. 

Important changes have taken p lace  with respec t  t o  land use i n  t h e  
last two decades. When t h e  Land use f igures  given i n  %ble 1 are com- 
pared wi th  t h e  populat ion i n  corresponding years ('Table 21, it can eas- 
ily be  concluded that t h e  area of cu l t iva ted  land was expanded, as popu- 
l a t i o n  increased.  '&e b igges t  change wi th  respect  t o  land Gse i n  t h e  
sa id  period,  was t h e  expansion of  cu l t iva ted  areas t o  t h e  disadvantage 
o f  p a s t u r e  and f o r e s t  land,  under t h e  p ressure  of a growing rural popu- 
l a t i o n .  Especia l ly  i n  t h e  period 1950-60, pas tu res  shrank approximately 
one milldon hec ta res  annually, and consequently cu l t iva ted  Lands jumped 



Table 1. TRENDS IN LAND USE 1 

1. Figures represent 1,000 hectares .  

2. Tentative f igures .  

Land Use 

Land under crops 

Fallow 

Grass and pasture  

Horticulture 

Forest 

Unproductive land 

Total cropland 

Total  cul t ivated land 

- 

4 

Y e a r s  

1934 
- 

6,882 

3 ~ ~ 7 ~  

44,329 

1,121 

9,170 

12,058 

10,556 

11~6'7'7 

19 50 

9,868 

4,674 

37,806 

1,466 

10,418 

13,466 

14,542 

16,008 

1944 

8,087 

4,814 

39,021 

1,385 

~ ~ 8 9 3  

12~499 

12,901 

14,286 

1955 

14,205 

6,793 

31,009 

1,810 

10,418 

1-3~463 

20,998 

22,808 

1 9 a  

15,305 

7,959 

28,658 

2 ~ 0 a  

10,584 

13,132 

23,2@+ 

25,324 

1967 

15,513 

8,323 

26,135 

2,414 

12,578 

13,095 

23,836 

26,250 

1965 

15,294 

8,547 

28,232 

2,305 

10,584 

13,096 

23,&cl 

26,146 

19702 

15,907 

8,824 

? 

3,012 

18,730 

? 

24,731 

27,743 

J 



from 16 million hectares up t o  25.3 million hectares. In  the  10-year 
period a f t e r  1960, expansion of cultivated land continued, but a t  a re-  
duced ra te .  Since no radical  measures have been imposed i n  t h i s  period, 
it can be concluded tha t  even the v i l lager  was aware of the f a c t  tha t  
there was no additional surplus land l e f t  which could be plowed. Tenta- 
t i v e  figures show t h a t  the  cultivated land  area reached 27.7 million 
hectares i n  1970. 

According t o  the  reconnaissance and semi-detailed l a n d  c lass i f ica-  
t ion  surveys completed t o  date, of the 27.7 million hectares of land  
presently cultivated, 12.5 million hectares a r e  sui table  fo r  irriga- 
t ion.  

In  addition3 there a r e  some potent ial  areas which can be added t o  
cultivated lands through expensive reclamation works i n  saline,  alka- 
l i n e  and swamp areas. The t o t a l  area of t h i s  land is estimated t o  be 
around 2.4 million hectares. There a re  a l so  2 million hectares of land  
t o  be gained through the r e c h a t i o n  of w i l d  o l ive  groves, pistachio 
fores ts  m d  maqu-S. 

'Pable 2. POPULATION TRENDS I N  TURKEY 
(uni t  : millions ) 

Years Population 

Water Resources 

One of the  most important aspects of l a n d  and water resource de- 
velopment p r o g v s  i s  the determination of an inventory of the re-  
sources. If the resources and opportunities a r e  not known.accurately 
before the pmjec t s  a r e  undertaken, i n  most cases the ins ta l la t ions  



w i l l  not be feas ib le  and f a i l u r e  w i l l  r e su l t .  

The work carried out by DSI up t o  the  present time i n  2 6  main 
drainage basins of the  country shows t h a t  t h e  annual po ten t i a l  of sur- 
face water i s  166 b i l l i o n  cubic meters. Of t h i s  amount, 80 b i l l i o n  cu- 
b i c  meters can feas ib ly  be developed. On the  other hand, t he  safe  
groundwater reserve i n  t h e  country i s  estimated t o  be around 8 b i l l i o n  
cubic meters. Thus the combined poten t ia l  of u t i l i z a b l e  water resources 
i n  Turkey becomes 88 b i l l i o n  cubic meters a year. 

EXISTING L E V E L  O F  DEVELOPMENT 

Water i s  an indispensable element of l i f e .  Man's  need f o r  d i r e c t  
personal consumption t o  insure mere existence, however, cons t i tu tes  but  
a small percentage of the  t o t a l  requirements. It i s  i n  combination with 
land t h a t  water exer ts  i t s  main control over human destiny. These p r i -  
mary na tura l  resources, the correct  combi.nation of water and land, i n  
space and time w i l l  s e t  t h e  upper l i m i t s  t o  t he  population-carrying ca- 
pac i ty  of a region o r  a country. 

Cropland Expansion 

The extension of cult ivated land i n  Turkey surpassed i t s  safe l i m -  
i t s  as ear ly  a s  1952. Al l  t he  l a t e r  expansion has been mainly achieved 
a t  the  expense of the  poor steppe pastures. h e  of the main reasons fo r  
t h i s  expansion was t h a t  no s igni f icant  r a i s e  took place i n  the  agr icu l -  
t u r a l  productivity level ,  despi te  t h e  gigantic explosion of t he  r u r a l  
population a t  this period. Even today there  ex i s t s  a wide gap between 
the productive l eve l  of Turkish agr icu l ture  and the  developed coun- 
t r i e s ,  i .e .  it i s  two t o  four times lower than cent ra l  and northern Eu- 
ropean countries. Consequently the population increase i n  already 
crowded r t l l a g e s  exercised pressure for  opening new croplands i n  the  
v i c in i ty  of cer ta in  v i l lage  boundaries. O f  course, pastures with good 
s o i l  and slope charac te r i s t ics  a r e  poten t ia l  cropland i n  every country. 
But i n  Turkey, these expansions were extreme. Everywhere, t he  &dscape 
of Turkey bears alarming evidence t h a t  much land has been : plowed t h a t  
should not have been. Cultivation has climbed from the  p la ins  t o  the  
h i l l s .  Coupled with heavy grazing on shrinking pastures, the  resu l tan t  
accelerated erosion not only destroys the  product i r t ty  of t he  h i l l  
lands, it a l so  upsets the  whole hydrologic regime, contributes t o  
floods, reduces the productivity of the  lowlands and chokes streams and 
reservoirs.  Therefore reduction of plowland i n  the  marginal steppe pas- 
tu res  i s  absolutely e s sen t i a l  t o  the maintenance of the  ex is t ing  l eve l  
of production, qui te  apart from any r a i se  of t h i s  leve l .  

According t o  State  Planning Organization sources only 18.8 mill ion 
hectares of t he  27.7 mill ion hectares of ex is t ing  cul t ivated lands a r e  
safe fo r  cropping under s o i l  and water conservation measures. This 



means t h a t  8.9 mil l ion hectares of absolute pastureland a r e  already un- 
d e r  cu l t iva t ion .  

Considering t h e  re la t ionship between water ( i n  i t s  various forms) 
and the  needs of cul t ivated crops with respect  t o  t he  extent of d e f i -  
ciency of water, approximately two-thirds of Turkish t e r r i t o r y  can be 
considered a r i d  and semi-arid. Boundaries between these  zones f l uc tua t e  
with annual and cycl ic  var ia t ions  i n  r a i n f a l l ,  s o i l  and topographic 
conditions. 

In most parts of t h e  a r i d  and s y i - a r i d  ?ones of Turkey, t r a d i -  
t i o n a l  dry fanning, supplemented by a nomadism type of animal hus- 
bandry, i s  practiced.  In  the  d r i e s t  p a r t s  of the  i n t e r i o r  p l a in s  ( a s  
around t h e  Sa l t  ~ a k e !  which receive 200-300 mm. of annual r a i n f a l l ,  f a m  - 
lng i s  marginal and characterized by great  f luc tua t ions  i n  production, 
The uncertainty of r a i n f a l l  (both i n  quanti ty and time) makes farming a 
gamble i n  those areas .  On the  other  hand, i n  those regions which r e -  
ceive 300-500 mm. of annual r a i n f a l l ,  farming i s  more s table .  

Fie ld  croplands have taken t h e  biggest  s h r e  i n  t he  land expan- 
sion, jumping from 14.5 mil l ion hectares  i n  1950 up t o  24.7 mil l ion 
hectares i n  1970. O f  t h i s  a rea  15.9 mil l ion hectares a r e  cropped annu- 
ally and 8.8 mil l ion hectares a r e  l e f t  t o  fallow. A t  present 85 percent 
of t he  cropland i s  devoted t o  t h e  extensive grain production under dry 
conditions. Average harvest  y ie ld  changes from 590 t o  1,270 kg./ha., 
depending on t h e  favorab i l i ty  of t h e  year. 

In  t h e  intermediate p la ins  i n  contact with coas ta l  regions, eco- 
l og i ca l  conditions with respect  t o  p rec ip i ta t ion  a r e  more favorable. In  
those a reas  f r u i t  t r e e s  and spring crops a r e  grown without i r r i ga t i on .  
On the  o ther  hand, excluding a s t r i p  of land along the  eas te rn  Black 
Sea coast, a l l  Turkish t e r r i t o r y  requires  i r r i g a t i o n  f o r  a d ivers i f ied  
agr icu l tu re  and f o r  growing summer crops. 

A s  already s ta ted,  8.8 mil l ion hectares of land a r e  l e f t  t o  fal low 
i n  a r i d  and semi-arid regions. This a rea  corresponds t o  nearly one- 
t h i r d  of the  country's ex i s t ing  cropland. Fallow lands cause an econom- 
i c  l o s s  and a r e  subject  t o  wind erosion. According t o  t h e  r e s u l t s  of a 
five-year study made on t h e  water storage e f f ic iency  of fal low i n  Cen- 
tral Anatolia, t h e  e f f ic iency  of fallow varied from 18.4 t o  22.1 per-  
cent of t he  average annual r a i n f a l l .  In  our opinion, t h i s  much moisture 
increase a t  s o i l  p r o f i l e  may very wel l  be real ized by modern agrotech- 
n i c a l  methods of dry farming based on s o i l  and water conservation pr in -  
c ip les .  

Irrigation Development 

Development of water resources has several  objectives,  s ing le  o r  
multiple.  Among these,  provision of i r r i g a t i o n  water, flood protection,  
navigation, production of hydroelectr ical  energy, supplying of indus - 



t r ia l  and d m e s t i c  water may be counted. Here the  subject w i l l  be 
t rea ted  with t h e  object ive of i r r iga t ion .  

Since agr icu l ture  with i t s  soc ia l  and economic aspects  has a domi- 
nant r o l e  i n  the  nat ion 's  l i f e ,  it must provide employment t o  the  gruw- 
ing  population, supply foodstuffs and provide export products f o r  earn- 
ing  foreign currency as wel l  a s  r a w  mater ia l  f o r  developing industry. 
Under Turkish conditions, it i s  impossible t o  fulf i l l  these functions 
with nonirrigated agricul ture .  

As has already been pointed out, a r i d  and semi-arid conditions 
preva i l  in most p a r t s  of t h e  country. In those areas,  one of  t h e  most 
important fac tors  l imi t ing  ag r i cu l tu ra l  productivity i s  the  need of 
supplying necessary water i n  t h e  growing season through i r r iga t ion .  Un- 
der  Turkish conditions, with a r a t iona l  i r r i g a t i o n  development, pro- 
duction fmm the  uni t  area can safe ly  be increased thr2e t o  four  times 
over present dry  farming production. 

In v i e w  of the  f a c t  t h a t  there  i s  p rac t i ca l ly  no more surplus land 
f o r  increasing the  area under cul t ivat ion,  grea t  a t t en t ion  has been 
paid t o  the  deve lopent  of ex is t ing  l a n d  and water resources. Thus 
l a rge  sums have been spent f o r  providing major i r r i g a t i o n  works during 
the  F i r s t  and Second Five-Year Development Plans (1963-72). 

Considering t h e  l imi ta t ion  imposed by water resources, 8.5 mil l ion 
hectares of t h e  country's 12.5 mil l ion hectare- i r r igable  land po ten t i a l  
can feas ib ly  be  i r r iga t ed .  Total area of t he  s t a t e  pro jec ts  completed 
up t o  1970 was about 778,000 hectares. O f  t h i s  a rea  6Q,000 hectare8 
a r e  within a major project ,  70,000 hectares within a minor project ,  and 
the  remaining 48,000 hectares a r e  within a groundwater project .  In 
these pro jec t  areas,  s ince development programs lagged behind construc- 
t i o n  programs, a t  the present t h e  only 376,000 hectares of the land 
commanded by these pro jec ts  a r e  ac tua l ly  i r r iga ted .  

In addition, there  i s  a considerable area i r r iga t ed  by individual  
farmers. These lands a r e  scat tered throughout t h e  country and generally 
consis t  of s m a l l  areas  t h a t  a r e  i r r iga t ed  by gravi ty  and pumping from 
springs, creeks and shallow wells. Including those pr iva te  irriga- 
t ions ,  t h e  t o t a l  area of the  ac tua l ly  i r r iga t ed  lands i n  the  country 
adds up t o  1.5 mil l ion hectares. This f igure  corresponds to the  18 per- 
cent of t he  t o t a l  i r r i g a b l e  land poten t ia l  of t h e  country. 

PROBLEMS ASSOCIATED WITH IRRIGATION DEVELOPMENT 

The ultimate objective of an i r r i g a t i o n  development project  "is to 
obtain the  grea tes t  permanent benef i t s  t o  the  fanners not  only from 
production o r  p r o f i t  by way of increasing t h t  quantity o r  qua l i ty  of 
products, but  a l s o  t o  improve t h e  pr iva te  and public economy, and a- 
chieve the  mater ia l  and s o c i a l  benef i t s  f o r  t h e  r u r a l  population, such 



as the  opening up of new lands,, t h e  maximum and r a t i o n a l  use of labor  
po ten t ia l .  " 

In order t o  f u l f i l l  those object ives  and cover t h e  increased pro- 
duction costs ,  t h e  pro jec t  must be based on a reasonably e f f i c i e n t  sys- 
tem,  with an adequate water supply, applied t o  improved crop va r i e t i e s ,  
supplemented by appl icat ion of f e r t i l i z e r  and accompanied by disease  
and pes t  control  as wel l  as by appropriate crop ro ta t ion .  The cost  of 
i n t ens i f i ca t i on  i s  high and can only be recovered by ample y i e ld s  of 
high value crops per  uni t  area.  I n  addit ion,  t h e  pro jec t  a r ea  must 
a l s o  be supplemented by the  creat ion of such f a c i l i t i e s  as roads, e lec-  
tri c i t y  and domestic water supply systems, means of t ransporta t ion,  
storage depots and socio-cul tural  i n s t i t u t i o n s  l i k e  education centers,  
schools and c l i n i c s .  

On t h e  other  hand, t he  heavy investments made i n  major i r r i g a t i o n  
pro jec t s  make imperative t h e  guidance of sk i l l ed  and e f f ec t i ve  profes- 
s iona l  personnel l i v i n g  on the  spot.  In addi t ion t he re  i s  a l s o  a need 
f o r  es tab l i sh ing  cooperatively linked family farm un i t s  i n  order t o  fa- 
c ' i l i ta te  t he  use of improved technology and t o  permit use of modern 
mechanization of s m a l l  holdings. Through cooperation t h e  following ben- 
e f i t s  can be obtained i n  p ro 'ec t  areas:  1) col lec t ive  purchase and op- 
e ra t ion  of fam machinery, 2 3 processing of f a m  products, 3) coordina- 
t i o n  of p lan t  protect ion works, 4) t he  maintenance of i r r i g a t i o n  and 
drainage s t ruc tures ,  5 ) col lec t ive  purchase of seeds, f e r t i l i z e r s  and 
other  neces s i t i e s  and 6 )  marketing of farm products. 

The h i s to ry  of a g r i c u l t u r a l  i r r i m t i o n  shows us t h a t  t h e  success 
of an i r r i g a t i o n  pro jec t  depends, i n  addi t ion t o  engineering s t ruc ture ,  
on the  solut ion of land, water and human problems i n  t h e  pro jec t  area .  
In Turkey, up t o  t h e  present time t h i s  phase of i r r i g a t i o n  developnent 
has not drawn su f f i c i en t  a t t en t ion  i n  p ro jec t  planning and implemen- 
t a t i o n  i n  comparison t o  engineering s t ructures ,  i. e. storage, d iver-  
sion, conveyance and d i s t r i bu t ion  systems. Unt i l  recent years, through 
t h e  l u r e  of immediate gains, most of t h e  major i r r i g a t i o n  pro jec t s  have 
been put i n  service  even before t h e i r  main d i s t r i bu t ion  and drainage 
networks a r e  completed. 

In these  projects ,  even a t  t h e  end of t h e i r  assumed developnent 
period, t h e  a rea  ac tua l ly  i r r i ga t ed  was not more than a small f r ac t i on  
of the  a rea  i n i t i a l l y  planned. Fai lure  i n  t he  creat ion of a favorable 
media f o r  r a t i ona l  use of i r r i g a t i o n  water resul ted i n  t he  cost  of r e -  
hab i l i t a t i on  works being heavier than i n s t a l l a t i o n  costs.  

Land developnent works i n  i r r i g a t i o n  pro jec t s  w i l l  be  discussed 
b r i e f l y  under t h e  t i t l e s  of farm s i z e  and Land consolidation, farm i r -  

1. Ozbek, N. et al, Annual Report, 1970, 
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r i g a t i o n  systems, f i e l d  drainage, land prepara t ion f o r  i r r i g a t i o n ,  sa- 
l i n i t y  con t ro l  and i r r i g a t i o n  water management. I n  a d d i t i o n  t o  agro- 
t e c h n i c a l  measures, t h e  q u a l i t y  of land developnent works seems t o  de- 
termine t h e  ultimate success o r  f a i l u r e  of a p r o j e c t .  

Farm Size and Land Consolidation 

A l l  a v a i l a b l e  evidence i n d i c a t e s  t h a t  family operated farms which 
are l a r g e  enou& t o  u t i l i z e  l abor  saving equipnent and o t h e r  improved 
techniques,  usua l ly  can compete e f f e c t i v e l y  wi th  l a rge -sca le  un i t s ,  
may opera te  a t  a considerable disadvantage compared wi th  l a r g e r  u n i t s .  
mere fore ,  i n  most countr ies  t h e  p r i n c i p a l  o b j e c t i v e  of i r r i g a t i o n  pro-  
j e c t s  r e a l i z e d  by pub l ic  funds, has  been d i rec ted  t o  t h e  c r e a t i o n  of  
f a m i l y  operated farms and consequently a n  acreage l i m i t a t i o n  has  been 
imposed. Another purpose of acreage l i m i t a t i o n  i s  t o  i n s u r e  wide d i s -  
t r i b u t i o n  of  t h e  b e n e f i t s  a r i s i n g  from publ ic  investments and t o  p re -  
vent  specula t ive  a c t i o n s .  Deteminat ion of t h e  family farm s i z e  has  t o  
be viewed i n  r e l a t i o n  t o  t h e  des i red  standard of l i v i n g  and t o  t h e  
working hours needed under good t e c h n i c a l  c u l t i v a t i o n  condi t ions  t o  ob- 
t a i n  t h i s  standard; a l s o  t h e  q u a l i t y  of t h e  s o i l ,  t h e  c a p i t a l  needed 
and a v a i l a b l e  t o  c a r r y  on farming opera t ions  and a c t u a l  market condi- 
t i o n s  a r e  of  importance i n  t h i s  context .  

Up t o  t h e  present  t i m e ,  such an ob jec t ive  has  not  been implemented 
i n  Turkey. In major i r r i g a t i o n  p r o j e c t s  it i s  no t  d i f f i c u l t  t o  f i n d  
cases of ind iv idua l  families who own 30,000 decares of land whi le  only 
3.7 percent  of t h e  numbers of  f ami l i e s  c u l t i v a t e  34 percent  of t h e  t o -  
t a l  p r o j e c t  a rea .  According t o  t h e  r e s u l t s  of a survey ca r r i ed  ou t  by 
DSI, as an average 87 percent  of  t h e  holdings have farm s i z e s  o f  1 0  to.  
100 decares and these  f a m i l i e s  c u l t i v a t e  only 46.8 percent  of t h e  t o t a l  
i r r i g a b l e  land i n  e i g h t  a g r i c u l t u r a l  regions of  Turkey. 

On t h e  o t h e r  hand, s c a t t e r e d  holdings i n  t h e  p r o j e c t  areas d i s t u r b  
t h e  i n t e g r i t y  and coordination of land developnent works. I n  70 percent  
of farm family en te rp r i ses ,  holdings have four  o r  more s c a t t e r e d  par-  
c e l s .  Even thou& land consolidat ion a c t i v i t i e s  s t a r t e d  i n  1961, they 
a r e  s t i l l  on a token l e v e l  due t o  t h e  t h e  l ack  of l e g a l  measures. In 
i r r i g a t i o n  p ro jec t s ,  t h e  number of  p l o t s  i n  family farm holdings must 
no t  be g r e a t e r  than t h e  one j u s t i f i e d  under e x i s t i n g  phys ica l  and topo- 
g raph ica l  condit ions with a view t o  obta in ing a land use p a t t e r n  which 
makes ~ ~ o s s i b l e  th?  most e f f i c i e n t  use of t h e  a g r i c u l t u r a l  resources.  
P l o t s  should a t  l e a s t  be s o  l a r g e  that t h e  fanner has  t o  work t h e r e  
during h a l f  a day, which means t h a t  he  does not  have t o  w a l k  t o  another  
p l o t  d u r i i ; ~  t h i s  period.  me a c t u a l  s i z e  of  t h e  p l o t  w i l l  l a r g e l y  de- 
pend on t h e  ex ten t  t o  which machinery i s  appl ied  and on local condi- 
t i o n s .  



Farm lrrigation Distribution Systems 

The main ob jec t ive  r:i' fam distril,,,.:tion systems i n  i r r i .ga t ion pro- 
j e c t s  i s  t o  convey. tllc ;..E.~;,::..- 2;rc:ii -';he t::s-:ia:l:f o u t l e t  t o  t he  p l o t s  
witho!.~t s . a s te  and t o  p~:_. - '5de t11: controllet:. anpl-ication of water t o  t h e  
f i e l d .  Aside f r o m  t h e  kn .1  devel-opment - , ' ~ l ' l r ~  r ecen t ly  begun i n  tt;o ma- 
jo r  p ro j ec t s  ( ~ e ~ h a n  and GE~LZ), en@-!-. --:yea farm i r r i g z t i o n  d i s t r i b u -  
t i o n  systems a r e  lacking. R stvLtPJ7 made cn. e?a~+ll f i e l d  d i t ches  cn. t h r ee  
i r r i m t i o n  p ro j ec t s  i n  Central  - ! a t o l i a .  h3s shorn t h z i  seepage l o s se s  
were 7.2 t o  42.9 percent, per  hiladred meters o f  f i e l d  d i t ch  length.  Con- 
s ide r ing  t h e  r e l a t i ve@ g~~zi: , t .~ir  length of f i e l d  d i t ~ h e s  i n ,  an  irriga- 
t i o n  p ro jec t ,  seepage losses  may c rea te  l o t s  of  damage. 

Field Drainage 

U n t i l  recent ly ,  t h e  importance of  drainage was no t  recognized till 
s a l i n i t y  and a l k a l i n i t y  became a problem. Today i n  t h e  newer p ro j ec t s  
t h e  need of drainage is  recognized and provision f o r  t h e  p r i nc ipa l  
drainage system i s  incorporated i n  t h e  p ro j ec t  planning. But again, i n  
most of t h e  i r r i g a t i o n  p ro jec t s ,  except where t h e  topography and s o i l  
condition a r e  such t h a t  na tu r a l  drainage suf f i ces ,  f i e l d  drainage i s  
la eking. 

Land Preparation for Irrigation 

In i r r i g a t i o n  p ro jec t s ,  t h e  land must be prepared t o  receive  t h e  
water before e f f i c i e n t  app l ica t ion  of  i r r i ~ t i o n  can be accomplished. 
Therefore land preparat ion i s  an important item of i r r i g a t i o n  develop- 
ment. Attempting t o  i r r i g a t e  land wi th  an uneven surface  r e s u l t s  i n  low 
eff ic iency of water use, s o i l  erosion,  excessive Labor requirements, 
low crop y ie lds ,  and usually c rea tes  drainage problems which can r e s u l t  
i n  s a l i n i z a t i o n  of t h e  s o i l .  The app l ica t ion  of water by surface  irri- 
gation methods requ i res  t h a t  t h e  land be smoothed so  t he  farmer can 
con t ro l  t he  water as it flows across  h i s  f i e l d .  The f i e l d s  t h a t  have 
adequate surface drainage of ten  do not  requ i re  subsurface drainage. 

Ekcluding t h e  Seyhan and Gediz p ro j ec t s  i n  which exLensive land 
preparat ion works are undertaken, inadequate l eve l i ng  and preparat ion 
are prevalent  i n  a l l  i r r i g a t i o n  p ro j ec t s  i n  Turkey. 

Salinity Contrd 

In t h e  pa s t ,  s a l i n e  and a lka l i ne  ( sod ic )  s o i l s  were most o f ten  
formed as a r e s u l t  of salt accumulation due t o  n a t u r a l  causes such as 
floods,  impaired drainage and t h e  evaporation of s a l t y  groundwater. I n  
recent  centur ies ,  however, vast a r ea s  of s a l t - a f f e c t e d  s o i l s  have de- 
veloped f r o m  manmade causes such as i r r i g a t i o n  without provision f o r  
adequate drainage, app l ica t ion  of an i n s u f f i c i e n t  amount of i r r i g a t i o n  
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water o r  from a combination of these .  Equally important, but  l e s s  wel l  
recognized i s  t h e  f a c t  t h a t  s a l i ne  and a lka l i ne  problems a r i s e  even 
when drainage f a c i l i t i e s  a r e  adequate, unless suf f ic ien t  i r r i g a t i o n  wa- 
t e r  i s  applied t o  provide f o r  both crop needs (consumptive use) and 
accessory leaching of  excess salts out  of t h e  roo t  zone s o i l .  

I n  some older  p ro j ec t s  (~umra ,  Menemen, Seyhan, e tc .  ) detrimental  
changes have occurred i n  t h e  s o i l s  as a r e s u l t  of inadequate drainage. 
Resultant s a l i n i za t i on  has discouraged farmers from changing dryland 
prac t ices  t o  i r r i g a t i o n  farming. For example, i n  (hma the  o ldes t  irri- 
gat ion p ro j ec t  i n  t h e  country, 42 percent of t h e  commended land i s  
s t i l l  l e f t  t o  fallow. 

Management of Irrigation Water 

The method of water appl icat ion f i n a l l y  adopted, whether it be 
surface,  spr ink le r  o r  subsurface, must s a t i s f y  t h e  following c r i t e r i a :  
1 )  uniform d i s t r i bu t ion  of water, 2 )minimum erosion o r  other  damages 
t o  t h e  Land, 3 ) maximum eff ic iency i n  the use of water, and 4) p r a c t i -  
c a l  and economical performance from the  point  of crop, Labor require-  
ment, cost  of  land preparation and maintenance. High appl icat ion e f f i -  
ciency and un-iform d i s t r i bu t ion  of i r r i g a t i o n  water on t h e  f i e l d s  a r e  
p re requis i tes  of good i r r i g a t i o n .  

A study made on Central  Anatolia p ro jec t s  showed t h a t  f i e l d  irri- 
gation appl icat ion e f f i c i enc i e s  measured varied from 16 t o  90 percent.  
Differences i n  water appl icat ion e f f ic ienc ies ,  even i n  the  same region 
with t h e  same method of i r r i ga t i on ,  were s ignif icant , -The main reasons 
f o r  t h e  low water appl icat ion e f f i c i enc i e s  were as follows: 

1) Field  surfaces were not prepared wel l  enough t o  permit t h e  uni-  
form d i s t r i bu t ion  of t h e  i r r i g a t i o n  water during irr iga.t ion.  

2 )  Fie ld  i r r i g a t i o n  d i s t r i bu t ion  systems were no t  planned and con- 
s t ructed properly f o r  the  control  of i r r i g a t i o n  water. 

3) The use of high head during t he  i r r i g a t i o n  of small p l o t s  did  
not  permit uniform and sa t i s fac tory  appl icat ion of water. 

4) Times t o  i r r i g a t e  were not selected according t o  t h e  s o i l  mois- 
t u r e  deplet ion i n  t he  root  zone s o i l .  Frequent i r r i g a t i o n s  with 
heavy appl icat ion increased t h e  deep percolat ion losses .  

5 )  In  t h e  invest igat ion areas ,  one of t h e  most important f ac to r s  
causing low eff ic iency was t h e  lack o f  knowledge and s k i l l  f o r  
proper appl icat ion of i r r i g a t i o n  water among t h e  farmers. Es- 
pec i a l l y  i n  sugar 'beet fanning a reas ,  i r r i g a t i o n  w a s  usually 
practiced by hired i r r i g a t o r s .  These hired laborers  generally 
do not pay suff ic ient  a t t en t ion  t o  t h e  achievement of an e f f i -  
c ien t  f i e l d  i r r i g a t i o n .  



It i s  t h e  experience of Turkcy, a s  well  as other  developing coun- 
t r i e s ,  t h a t  the  farmers bound by t rad i tbona l  ag r i cu l tu ra l  methods can- 
not achieve a high l eve l  of production. Since i r r i gd t ion  agr icul ture  i s  
not an easy and simple occupation, t h e  abi'lity of t he  farmers and t h e i r  
will ingness t o  use avai lable  means assume increasing importance i n  the  
success of i r r i g a t i o n  projects .  On t h e  other hand, the  introduction of 
modern ag r i cu l tu ra l  p rac t ices  i n t o  t r a d i t i o n a l  communities a re  compli- 
cated and de l i ca t e  tasks  requiring understanding, knowledge and adap- 
ta t ion .  The most careful  planning fo r  t he  u t i l i z a t i o n  of na tu ra l  r e -  
sources may not br ing the  desired r e su l t ,  i f  no account i s  taken of t he  
farmer withln h i s  soc i a l  context. Therefore, there  i s  a great  need t o  
motivate t h e  t r a d i t i o n a l  peasant t o  adopt modern agrotechnology i n  ir- 
r iga t ion  projects .  The only way of achieving such a goal i s  through 
rea l iza t ion  of a very d i f f i c u l t  task,  t h a t  of a complete socio-cul tural  
transfonaation i n  t h e  r u r a l  areas ,  

CONCLUSION 

Under Turkish conditions, successful amalgamation of land and wa- 
t e r  i s  of primary importance i n  the  developnent of t h e  country. Consid- 
er ing the  l imi ta t ion  imposed with respect t o  water resources, the  coun- 
try has 8.5 mill ion hectares of i r r i g a b l e  land poten t ia l ,  of which only 
18 percent i s  ac tua l ly  i r r i ga t ed  a t  the  present time. With t h e  f u l l  de- 
velopment of t h i s  potent ia l ,  bf t h e  production can be increased four  
times, t h i s  increase would be equivalent t o  plowing an addi t ional  25.5 
mil l ion hectares oT dryland. 

In the  last two decades, despi te  the  l imited f inanc ia l  means of 
t h e  country, Large sums have been invested i n  t h e  i n s t a l l a t i o n  of b i g  
multipurpose projects .  In those projects ,  though major s t ruc tures  
(dams, conveyance and pr inc ipa l  d i s t r ibu t ion  systems ) have been com- 
pleted,  bas ic  means of production t o  r a i s e  t he  productivity could not 
be  provided. Therefore, excluding sporadic prosperity areas ,  expected 
economic and soc i a l  re turns  from i r r i g a t i o n  have ye t  t o  be achieved. 

In ex is t ing  pro jec t  areas,  there  i s  a chain of problems t o  be 
solved, s t a r t i n g  from t h e  land tenure system and fragmentation, up t o  
the  extension of the  farm products t o  t h e  consumer f o r  optimizing t h e  
productivity of i r r i g a t i o n  agr icul ture .  Otherwise enormous investments 
w i l l  b e  wasted and t h e  productivlty of t h e  s o i l  w i l l  be i r reparably 
damaged. 

The success of ag r i cu l tu ra l  development i n  i r r i ga t ion  pro jec t s  i s  
dependent on a number of factors ,  without which the  desired development 
w i l l  not be achieved. Usually an i n s t i t u t i o n a l  approach i s  needed, es- 
pec ia l ly  in developing countries, t o  pelmit the  proper use of these 
f ac to r s  i n  t he  development processes. The most important of these 



a r e :  t h e  human f a c to r ,  land - L y  Lt~lure, administyation, ag r i cu l t u r -  
a l  c r e d i t ,  marketing f a c i l i t i e s ,  cooperation, education and extension. 
rr lnese f a c t o r s  a r e  of dec i s ive  i~nportance and t h e  whole development 
process i s  dependent on them. 

%l l l t ion  of these  problems i n  p ro j ec t  a r ea s  requ i res  a comprehen- 
s i ve  soc ia l ,  ~conomic and t echn ica l  dsvelopnent p lan t h a t  t akes  primary 
acco1x:t o f  i:lh~,;l:l:~i-lxr~ts' tmd i - t i ons  arid mental capacity t o  go along as a 

---, 
, ,  . <  .:-TR,":' : 1.- -' <~ " J  Z - , w ,  ,,-I..; > r p  ? a r t  of a na t i ona l  plan ?or a,;:yI; , ., !:tSlJ.i, ii.': ; ., . , , ,, . . 

plans does not, as -ice csst;-<~ I - . -  . '  . .:.:., . .. . - . .  :.- 

plmning  shoi.iLr! .iz.e y e e r d ~ ? .  R.S 7. :.7.i.;13+yi.: ,- 

d i n a t d  ::.ii;h L t s  in1pl.emer:i:~:.iion. 

BEST AVANABLE COPY 



THE DISTRIBUTION, VALIJE AND MANAGEMENT 

OF THE NATURAL VEGETATION OF IRAN 

by Professor M. J. Meimandi-Nejad, 

Agricultural College, 

Univers!:y of Te8hran 

INTRODUCTION 

The n a t i o n a l  vegeta t ion of  I ran ,  composed of deciduous f o r e s t ,  
savanna, s teppe and d e s e r t  vegeta t ion i s  t h e  d i r e c t  source of  wood used 
i n  const ruct ion and indus t ry  and grazing of l i v e s t o c k  and w i l d l i f e .  It 
a l s o  i n d i r e c t l y  p r o t e c t s  watersheds, conserves s o i l s ,  and provides r e -  
c rea t ion  a r e a s  f o r  a l l  concerned. 

It i s  t h e  most important element of t h e  n a t i o n a l  wealth upon which 
t h e  major i ty  of  t h e  populat ion depends. The extended rhythm of exploi -  
tation and misuse of  t h e  vegeta t ion d-uring t h e  p a s t  30 years  has de-  
p le ted  much of t h e  land and necessitated s'owd management p r a c t i c e s  
which I intend t o  r e f e r  t o  b r j -e f ly  i n  t h i s  p resen ta t ion .  

DISTRIBUTION 

H i s t o r i c a l  and eco log ica l  f a c t o r s  inc luding c l ima t ic ,  edaphic, 
topographic and b i o t i c  f a c t o r s  have ac ted  upon t h e  n a t u r a l  vegeta t ion 



and etched the  following land dis tr ibut ion and use pat tern.  

Some half of the na tura l  vegetation of Iran i s  e i ther  desert  (25 
percent) o r  semi-desert (25 percent); another 20 percent i s  depleted 
pasture and 5 percent i s  pasture i n  good o r  f a i r  condition. The remain- 
ing one-fourth i s  composed of the  following: 

Forests 1.2 % 

Depleted fo res t s  8.8 % 

~ r y  farming 12.5 % 

Irr igated land 2 - 5  % 

Total 25.0 % 

The present pat tern i s  a resu l t  of the d is t r ibut ion  of three main 
climatic zones, which a r e  as follows: 

1) The Caspian Zone : 630 - 2,000 mm. minimum i n  June, no r e a l  
drought, maximum i n  the autumn, r e l a t ive  humidity generally above 80 
percent, mild o r  cold winters, January mean temperature below € 3 ' ~ ~  J 
mean temperature below 2 6 0 ~ ,  annual temperature range ( continentality ? 
between @and 19'~. Gorgan on the  east of t h e  zone i s  d r i e r  and i s  
t r ans i t iona l  towards the  Irano-Turanian Zone. It has Caucasian and me- 
dio-European a f f i n i t i e s .  This zone i s  a l so  known as the Hyrcanian. 

2 ) The Baluchi Zone : Generally l e s s  than 200 rum., en t i r e ly  i n  the  
winter, 6 t o  9 months without precipi tat ion,  r e l a t ive  humidity t o  80 
percent, warm winters, January mean temperature above 1 5 O c ,  July l e s s  
than 3h°C, continentality 10°to 180~ ,  includes most of Baluchestan but 
excludes Khuzistan. It has Saharo-Sindian and subtropical a f f i n i t i e s .  

3 ) 1-0-Turanian Zone : Slight Mediterranean a f f i n i t i e s ,  most var- 
i ab le  precipitation, generally 100-500 mm. maximum i n  the  winter o r  
spring, 3 t o  9 months of t o t a l  drought, r e l a t ive  humidity i n  the  win- 
t e r  80 t o  55 percent even f a l l i n g  t o  20 percent i n  the  summer, 
winters generally cold o r  very cold except Khuzistan and north of the 
Baluchi Zone. Continentality 21°to 26OC. 

This zone comprises 90 percent of the  area of the  country and has 
been divided according t o  average precipi tat ion to :  

a )  subdesertic zone, l e s s  than 100 mm. 

b )  steppic zone, 100-200 mm. (south) and 100-230 mm. (north), cov- 
e r s  two-fifths of the country, and might be subdivided accord- 
ing t o  winter temperature t o  warm, mild and cold subzones. 



c)  substeppic zone, 200-230 t o  400-450 m. 

d)  ierophilous zone, 400 mm., 830 t o  2,&0 meters 

e )  high mountain zone above 2,000 meters 

The pattern a lso  corresponds reasonably well  t o  the phytogeograph- 
i c  zones of Iran which a r e  as  follows: 

1) Caspian f l o r a  comprising lower, medium and upper fores t  b e l t s  
respectively up t o  1,000, 2,000 meters and above. 

2 )  Baluchi f l o r a  especially r ich  i n  species composition and excep- 
t ional ly  dense i n  vegetation, due t o  a lesser  degree of grazing pres- 
sure as compared t o  the  Irano-Turanian region. 

3 ) Irano-Turanian f l o r a  which might be divided in to  subdesertic, 
steppic, substeppic, xerophilous fores t  and high mountain f lora .  

For a comparison of the percent of bioclimatic zones t o  the Land 
dis tr ibut ion pattern the  following approximations are  quoted (FAO, 
1970) . 

Area i n  millions 
Bioclimatic Zones of hectares Percent 

Lower Caspian 1.4 0.9 

Upper Caspian 1,6 1.0 

Subdesertic 23.9 14.6 

Steppic 

Substeppi c 

Xerophilous fo res t  18.6 11.3 

High mountains 7.0 4 .3 

Salt flats 7.0 4 93 

5 d  dunes 3 04 

Total 164.6 



VALUE 

It i s  d i f f i c u l t  if not  impossible t o  a r r i v e  a t  an ob jec t ive  f i gu re  
f o r  t h e  value of t h e  na tu r a l  vegetat ion of I ran .  It might, however, 
s u f f i c e  i f  we a r e  reminded t h a t  along with s o i l  and water resources, 
t he  n a t u r a l  vegeta t ion is, next  t o  manpower, t h e  most valuable part of 
our na t iona l  wealth, including t h e  o i l  o r  l ives tock  indust ry .  

The c l a s s i c  ca lcu la t ion  of accounting f o r  every kilogram of N, P, 
K, and other  n u t r i e n t s  i n  t h e  s o i l  and considering t he  value of grazing 
f o r  t h e  t o t a l  number of animal u n i t s  f o r  every day of t h e  year  they 
graze t h e  ranges of t h e  country a r e  no t  unknown t o  most s tuden ts  of 
ecology and I do not  intend t o  go through these  methods exhaustively.  

A number of po in t s ,  huwever, w i l l  serve as eye openers i n  t h e  pro- 
cess  of considering t h e  value of the  n a t u r a l  vegeta t ion of  I ran .  

Morale value : The morale value must not  be  underestimated. Local 
newspaper accounts of f loods which o f ten  occur i n  t h e  f a l l  and winter  
months of t h e  year speak eloquently -of t h e  l o s s  of l i f e  and proper ty  
t h a t  a f f e c t s  r e s i den t s  of hundreds of I ran ian  v i l l age s .  

Mention a l s o  must b e  made of t h e  amount of s i l t  accumulating due 
t o  erosion behind dams. The Karadj r e s e rvo i r  receives  some 600 t ons  per  
square kilometer. Of t h e  Sefid Rud watershed some 33,000,000 tons  of 
sediment a r e  ca r r i ed  t o  t h e  rese rvo i r ,  which has i n  10 years  l o s t  a 
quar te r  of t he  o r i g i n a l  investment while with a good cover of n a t m l  
vegeta t ion it could have l o s t  only a few percent .  The Diz h u  rese rvo i r  
received double t h e  amount of sediment predic ted,  shortening i t s  l i f e  
span to a s  l i t t l e  as 70 years .  

If these  processes a r e  not  slowed down by conserving and bu i ld ing  
up of t he  na tu r a l  vegetat ion,  then t he  morale of t h e  people w i l l  s ink  
t o  i t s  lowest ebb, and t h i s  w i l l .  p resent  a most se r ious  t h r e a t  t o  t h e  
country. 

Nutrient value : The 1969 winter  Karoon flood eroded some 
216,000,000 cubic meters of s o i l  i n t o  t h e  Gulf. Similar  l o s se s  occur 
each year  i n  o ther  r i v e r s  of I ran ,  br inging about heavy l o s se s  of s o i l  
nu t r i en t s  impossible t o  redeem. 

Grazing and wood va lue :  Some ranges have accounted f o r  t h e  annu- 
a l  grazing value of t he  ranges, using &,000,000 animal un i t s ,  5 rials 
pe r  head pe r  day and 365 days pe r  year,  and concluded t he  annual rev'?- 
nue of all. ranges of I r an  t o  be  more than the  annual  o i l  revenue, thus :  

365 x 5 x @,000,000 = ~0,000,000,000 rials. 

Others have used 2 - 5  rials ins tead,  br inging t h e  t o t a l  income t o  



!5,000,000,000 rials. 

Different  authors  have similarly used d i f f e r e n t  f i gu re s  f o r  t h e  
est imation of annual f o r e s t  production of I ran .  

Recreation value : I r an i an  c i t i e s ,  e spec ia l ly  Ostan centers ,  f ace  a 
mass exodus on summer holidays by t h e  people who enjoy a gravel  p i l e  
under t h e  sun o r  t h e  quaking shadow of a t r e e .  No est imate of the  value 
of t h e  n a t u r a l  vegeta t ion might be made i n  t h i s  regard. 

It i s  most e s s e n t i a l  t h a t  considerat ion be  given t o  research,  
t e a ~ h i n g  and t m i n i n g  i n  developing management techniques and person- 
20- 
-A. 

Research 

Ir! t h e  a r ea  of research,  before d r a s t i c  measures are taken i n  
introducing n a j  land u t i l i z a t i o n  methods, an ecosystem study and a rea -  
sonably de t a i l ed  naap of t h e  n a t u r a l  communities, toge ther  with p re -  
fe r red  land use rz-commendations, w i l l  base t h e  work of  a l l  orgaaiza- 
t i o n s  concerned on a r a t i o n a l  and s c i e n t i f i c  ba s i s .  

TJ- . .. I, 1.s :. source ?t c o ~ s o l a t i o n  t h a t  t h e  I r a n t a n  min i s t r i e s  concerned 
L -- - L, J escarch : 

, $  T . --r;2.t,f(;1: , 323 f e r t i l i z e r  techniques f o r  food and fodder crops 

., .- .< ; : .~,>r; ir~<igated fodder crops i n  fa l low wastelands and depleted 

.~,s?ng;e?an? s 

.. \ 

.:; : i: ;! eeding al5i.l nanagement techniques app l icab le  t o  depleted 
~5::.,-?7.:iids a,?;;? f o r e s t s  

- )  - -.. > 2 :  - '  t 2 sa-:-to:- l ~ ~ - ~ . - i q u e s  of straw and a l l  types of manure 

6) Ut l i z a t i a i  u:C s o l a r  energy, kerosene and firewood t o  replace  
erai!ication of p l an t s  f o r  f u e l  

7) C@tinwn ?riitiuci;i.on by se lected s t r a i n s  of crops, l ives tock  and 
fTsh t o  rcplace production on protected depleted lands. 

Teaching 

I n  t h e  a r ea  of teaching, t h e  importance of proper o r i en t a t i on  i s  
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essen t ia l .  Some misunderstandings t h a t  have crept  i n t o  t he  minds of 
many students of na tu ra l  resources a r e  t o  be guarded against ,  and a f e w  
examples a r e  as follows: 

Misunderstanding No. 1 : Conversion of forests t o  pasture 

Forests a r e  of  g rea t  mul t iple  value t o  man. Where they do grow, 
they must be cared f o r ,  improved and kept, espec ia l ly  i n  t he  v i c i n i t y  
of a r i d  regions. 

The pseudo-zeal t o  convert f o r e s t s  t o  pasture has demonstrated it- 
se l f  on many occasions in a number of publ icat ions  which contain what I 
bel ieve t o  be dangerous recommendations. These may leave t h e  reader 
with t h e  Fmpresslon t h a t :  1) the  Caspian f o r e s t  region i s  t o t a l l y  de- 
graded, 2 )  it i s  bush land, 3 )  it i s  of low product ivi ty  and 4 )  it i s  
t o  be converted t o  pasture  and 5) t h a t  t h e  sacred cow, science, has un- 
debatably proved t h e  value of such conversion in pas t  years.  

Misunderstanding No. 2 : Premature judgments based on  insuf f ic ient  statistical data 

A graphic representation was made of 19 years  of annual p r ec ip i t a -  
t i o n  da ta  collected between 1940 and 1968 of one of t he  c i t i e s  of I ran  
showing var ia t ions  between a minimum of 120 mm. and a maximum of 400 ma.. 
The researcher applied t o  t he  data  t he  ''rounding up e f f e c t  " of the  
' 'gliding average p r inc ip l e  and observed and expounded h i s  premature 
f indings  t o  amzed audiences t h a t  t h e  s t ead i ly  down-sloping 10-year 
gl iding average curve meant t h a t  the  said  a r ea  i s  c l imat ica l ly  drying 
UP. 

This was taken t o  generalize the  secular  p o s t - g l a c i a l  drought 
which t h e  researcher bel ieves  i s  generally encroaching upon t h e  climate 
of  I ran.  

It i s  not, however, correct ,  s ince t he  g l id ing  average method can- 
not be r e l i ed  upon, especial ly  when o ther  ana ly t i ca l  techniques could 
we l l  be  u t i l i z ed .  

S i m i l a r  f a l l a c ious  results derived from a 10-year g l id ing  average 
curve of t h e  Tehran prec ip i ta t ion  data  should a l s o  be  avoided. If 
Tehran c l imat ic  data  were only W e n  during the  following periods, the  
'rsloping-down'' g l id ing  average curve would show Tehran going through a 
drying up stage. 



It might be supposed t h a t  these notions a r e  partly adhered t o  i n  
order t h a t  f a i l u r e s  and i a o r a n c e  might be covered up. 

Misunderstanding No. 3 : Weather cycles 

More sophisticated analysts  have applied cer ta in  methods t o  weath- 
e r  records and have derived r e su l t s  which demonstrate weather cycles of 
d i f f e r ing  amplitudes. However, s t a t i s t i c a l  analysis  of random f igures  
i n  accordance with these methods according t o  Bernier havz a l so  pro- 
duced the  same cycles, a phenomenon referred t o  a s  t h e  Slutsky e f -  
f e c t .  I' 

Misunderstanding No. 4 : Change of (climate 

Some erroneous notions about t he  "change of climate I' of a reglon 
have a l so  dramatically appeared among students. Numbers of t r e e s  t o  be 
planted i n  an area t o  double o r  t r i p l e  t he  average annual prec ip i ta t ion  
have a l s o  been quotgki. 

I n  conclusion, emphasis should be given t o  the  obl i te ra t ion  of a U  
these dangerous notions by a l l  concerned with teaching and t r a in ing  
technicians. 

SUMMARY 

Capital  consumption and the  resu l t ing  deter iorat ion of na tura l  re -  
sources and especial ly  of t h e  na tura l  vegetation have victor iously 
marched ahead of production and conservation of these resources. 

The harsh race is  continuing i n  t h e  year 1971 not only because of 
s t i l l  uncontrolled accelerated s o i l  erosion, but a l so  due t o  continued 
emdicat ion of range vegetation and resu l t ing  s o i l  denudation i n  some 
parts of t h i s  country and other misuses of t h e  na tura l  resources. 

I ran should march ahead of o r  a t  least along with other pa r t s  of 
t he  advanced world i n  : 

1) Increasing the  yield of every hectare of i t s  marine resources 

2 )  Saving a s  much as 50 percent of the  ag r i cu l tu ra l  produce from 
pes t  invasions and disease outbreaks 

3 )  Conserving moisture and organic matter i n  t h e  s o i l  



4) Conserving and r a t i o n a l l y  boosting production of  n a t u r a l  r e -  
sources and stopping t h e i r  po l l u t i on  

5) P r e p r i n g  de t a i l ed  Land use surveys p r i o r  t o  app l ica t ion  of 
d r a s t i c  land use measures 

6) Establ ishing an  a r i d  zone research i n s t i t u t e  t o  operate  r e -  
g ional ly  under t h e  highest  patronage poss ible .  



EROSION CONTROL AND VEGETATIVE COVER 

UNDER DRYLAND CONDITIONS I N  TURKEY 

by Dr. Selman Uslu, Professor, 

Forestry Faculty, 

University of Istanbul 

Turkey i s  a country which i s  surrounded by the  Black Sea, t h e  
Mediterranean Sea, the Aegean Sea and the  Marmara Sea. There a r e  steep 
mountain ranges on the coasts of t h i s  peninsula. Therefore t h i s  morpho- 
log ica l  s t ructure  prevents r a i n  clouds penetrating i n t o  Central Ana- 
t o l i a ,  which has t h e  charac te r i s t ic  of semi-arid steppe areas.  Due t o  
i t s  geographical and climatic conditions) it i s  very poor i n  vegetative 
cover. However, the  coasts and mountain areas  a r e  ra ther  r i ch  i n  for -  
e s t s .  

I n  addi t ion t o  the  above-mentioned factors ,  t h e  s o i l  conditions i n  
Turkey o f fe r  favorable conditions f o r  the  a t tack  of s o i l  erosion by wa- 
t e r  and wind. Soi l  erosion has reached a high degree through destruc- 
t i on  of fo re s t s  and incorrect farming methods. 

During the past  years i n  Turkey, large-scale s o i l  erosion studies 
were conducted by the I n s t i t u t e  f o r  Forest Geography and Forestry Prob- 
lems of the  N e a r  &st of the  Faculty of Forestry of Istanbul University 
i n  cooperation with the  Electricit jr  Works Study Administration and the 
State Hydraulics Works General Directorate. The s tudies  were aimed a t  



prevention and control  of s o i l  erosion on watersheds above several  
dams, constructed f o r  d i f f e r en t  purposes i n  Anatolia. 

Turkey i s  an old country, however, and one which has been under 
cu l t iva t ion  f o r  thousands of years. Forests i n  many areas  were cleared 
long ago and the steppes have been t i l l e d .  

I n  addit ion,  during the long his tory,  on many slopes s o i l s  were 
almost completely- l o s t  and t h e  land abandoned. Ln these a r eas  several  
hundreds of years ago development might have begun anew, but once again 
the  Land was cleared of vegetation and cul t ivated.  

A s  t h e  s o i l s  were very shallow, they were re-eroded i n  a few years 
and the  land was again abandoned. The number of such cycles can r a r e ly  
be determined. A s  a r e s u l t  of t h i s  h i s tory  it is  almost impossible t o  
find an undisturbed s o i l  p ro f i l e .  This s i t ua t ion  is  encountered almost 
a l l  over Turkey and i n  many o ther  Near Eastern countries.  

The main watersheds, which were studied by the  I n s t i t u t e  f o r  For- 
e s t  Geography and the  Forestry Problems of t h e  Near East of t h e  Faculty 
of F o r e s t ~ y  of Is tanbul  University, included the  chief r i v e r  basins of 
Turkey: Kizi l~rmak,  Sakarya, Gediz, upper F l m t  (Euphrates ) , Seyhan, 
Ceyhan and others.  Tne t o t a l  sl~rveyed a rea  is 20,481,000 hectares o r  
about 27 percent of t he  land a rea  of Turkey. 

A s  a r e s u l t  of s o i l  erosion in the  a rea  surveyed, Turkey has l o s t  
about 36 percent of i t s  s o i l  almost completely, and these a reas  help 
the na t ion ' s  economy very l i t t l e  o r  not a t  all.  On another 32 percent 
of t he  region s w e y e d  (9 percent of the  country) s o i l  erosion is very 
ac t ive  and unless it i s  controlled t h i s  a r ea  w i l l  a l s o  be l o s t .  On only 
28 percent of t he  a rea  i s  water erosion not  serious.  

A b r i e f  descr ipt ion of t he  a r i d  a reas  of Turkey and of t h e i r  vege- 
t a t i v e  cover and erosion problems is given below. 

Steppes t h a t  occur i n  the  a r i d  zones of t he  country spread over 
Trachia, inner Anatolia, e a s t  and southwest Anatolia. !he a r i d  zones of 
inner  Anatolia, especial ly  where t he  great  erosion damages occur, have 
been chosen as the  subject  of t h i s  paper, 

The i n t e r i o r  of Anatolia is  a plateau divided by valleys.  The 
average elevat ion i s  900 meters, ana *aches 1,500 meters in some 
places.  The steppe-climate dominates t h i s  area .  Meteorological f igures  
according t o  t he  measurements carried on f o r  30 years a t  the  Meteoro- 
l og i ca l  Stat ion of Ankara ind ica te  t h a t  t he  mean annual p rec ip i ta t ion  
i s  340.7 m., mean annual temperature i s  1 1 . P C ,  minimum temperature is 
-24 .g°C, and maximum temperature i s  3 8 0 ~ .  Late f r o s t s  continue u n t i l  
t h e  end of Apr i l  and ea r ly  f r o s t s  start i n  October. The greater  part of 
prec ip i ta t ion  falls i n  winter and spring. 



* 
From t h e  standpoint  o f  t h e  amount and d i s t r i b u t i o n  of  p r e c i p i t a -  

t i o n  and e v a p o k t i o n ,  t h e  cl imate can be c l a s s i f i e d  as semi-arid. 

The s o i l  l a y e r  i s  l a t h e r  t h i c k  on le-re1 and gen t ly  s loping lands,  
bu t  it i s  very  t h i n  on s lopes .  The s o i l  su r face  f rozen 50 cm. deep be- 
comes very  s o f t  and swollen i n  t h e  sp r ing  b e c a x e  o f  f requent  f reez ing  
and thawing. Besides these ,  t h e  causes of  s o i l  e ros ion i n  inner  Ana- 
t o l i a  a r e  t h e  fol lowing:  des t ruc t ion  of  f o r e s t s ,  d e t e r i o r a t i o n  o f  
rangelands because of too  e a r l y  grazing, exposure of very  w e l l  prepared 
fal low lands  t o  wind erosion during t h e  summer, and plowing under of  
some of t h e  rangelands t o  produce f i e l d  crops. 

Two kinds  of  erosion can be  seen i n  t h i s  region:  water and wind 
erosion.  

The fol lowing examples can give enough ideas  on t h e  magnitude of  
s o i l  l o s s  due t o  erosion.  The amount of  annual s o i l  l o s s  t o  dam o r  s a  
by r i v e r  is  43 ra i l l ion  tons.  It shows only a p a r t  o f  t h e  water eros ion 
damage i n  inner  Anatolia .  

On t h e  o the r  hand, wind eros ion damaged t h e  products  of  t h r e e  
state fams i n  inner  Anatolia  i n  1956. According t o  Prof .Dr. 8. %-I, 

t h e  s o i l  l o s s  by wind erosion was equal  t o  396.6 tons  of wheat .  
This amount of wheat i s  6 percent  of t h e  t o t a l  wheat production 
of  t h i s  region. 

In order  t o  prevent  t h e  l o c a l  inf luences  o f  wind eros ion i n  inner  
Anatolia, s h e l t e r b e l t s  were es tab l i shed  a t  B a l a  S ta te  F a m  i n  1954. 

The experiment aims a t  f i r s t  se lec t ing  t r e e  and shrub species 
s u i t a b l e  f o r  t h e  purpose, and then determining methods o f  s o i l  prepa- 
r a t i o n ,  p lan t ing  and tending, determining proper spacing, number of 
rows, composition o f  rows, width of  b e l t s ,  and i n v e s t i g a t i n g  t h e  e f -  
f e c t s  of  t h e  s h e l t e r b e l t s  upon t h e  environment. The experimental a r e a  
i s  90 km. from Ankara i n  a sou theas te r ly  d i rec t ion ;  t h e  e leva t ion  i s  
between 930 and 960 meters above sea l e v e l .  It covers 220.6 hec ta res  of  
Land and has an i n c l i n a t i o n  o f  5 t o  17 percent  toward t h e  nor theas t .  

This s tudy was suggested i n  1952 by t h e  I n s t i t u t e  f o r  Fores t  
Geography and t h e  Fores t  Problems of t h e  Near &st of t h e  Fores t ry  Fac- 
u l t y  i n  I s t a n b u l  and s t a r t e d  i n  cooperation wi th  t h e  Turkish Fores t  Re- 
search I n s t i t u t e  i n  1954. 

In t h e  first planning, it was assumed t h a t  t h e  trees would reach 
a maximum height  of  15  meters and t e n  t imes t h i s  he igh t  (150 meters)  
was taken as t h e  average d i s t a n c e  between t h e  b e l t s .  

The length  of t h e  s h e l t e r b e l t s  changes according t o  t h e  shape of  



t he  land. The t o t a l  length of t h e  e igh t  she l t e rbe l t s ,  which have been 
es tabl ished up t o  now, i s  8,800 meters. 

The width of t h e  b e l t s  es tabl ished i n  1954 and 1955 was qui te  
large,  every b e l t  consis t ing of 10 rows of t r e e s  and shrubs with a d i s -  
tance of two meters between rows, so  t h a t  t h e  a r ea  covered by t r e e s  had 
20 meters of width. By t he  addi t ion of five-meter s t r i p s  a t  two s ides ,  
t he  b e l t s  were kept f r e e  of vegetation; t h e  t o t a l  width of t he  b e l t s  
was 30 meters. 

The f i r s t  row on the  windward s ide  was assigned t o  shrubby spe- 
c ies ,  t h e  following two t o  shor t  trees, t h e  middle rows t o  high t r e e s  
and the  last two again t o  shrubby species, so t h a t  t h e  shape of the  
cross sect ion would be de l to id .  

The s o i l  of t h e  b e l t s  w a s  plowed t o  a 20-25 em. depth and disked 
out  i n  the  autumn. Planting was .done i n  the  holes, 30 x 30 cm. i n  s ize .  

The species with l a rge  seeds, such a s  Amygdalus  and oaks were spot 
sown i n  general. Oak sowings maintained a high surv iva l  r a t e  i n  the  
early years, but  l a t e r  most of t h e  seedlings died. 

No watering was pract iced except i n  spec i a l  trials, and continuous 
hand weeding was done. 

h o n g  t h e  broad leaved tree species Robinia ~ S ~ U ~ O Q C Q C ~ Q  L., 
Ulmus  pumilla L., and Quercus haas Kotschy were t h e  b e s t  i n  growth, 
surv iva l  and adap tab i l i t y  t o  t he  s i t e  conditions. 

Conifers : Cupressus arizonica, Pinus nigra Arnold, Pinus silvestris 
L., have shown sa t i s f ac to ry  survival  and growth. Especially 
[J lmus  pumila and Cupressus arizonica were the  b e s t  of a l l  i n  height 
growth, reaching a mean height  of 3.46 meters and 3.81 meters respec- 
t ive ly ,  i n  seven growing seasons. Also, 4ila:zthus glandulosa showed 
a good sumrival and growth r a t e ,  but  t he  t r e e  was not su i t ab l e  f o r  t he  
she l t e rbe l t  p lant ings  . 

Among shor t  t r e e s  (wild fruit t r e e s )  Eleagnus angustifolia L., 
Prunus mahalep L., Pirus amigrifolia L.. ,Imygdalus communis  L., 
and Prunus armqniaca L..  a r e  a l l  growing s a t i s f a c t o r i l y  i n  t h e  b e l t s .  

Among the  shrubby species  Amygdalus Webi i  Spach i s  t h e  b e s t ,  Rosa 
foetida L., and Crateagus orientalis Pallas a r e  surviving and growing 
very wel l .  

The experiments, Qhich were conducted t o  make comparisons between 
spot sowing and planting,  have proved t o  be good f o r  a l l  species i n  
general. More successful  results were observed by spot sowing i n  
Quercus h a a s ,  but  survival ,  which was reasonable i n  t he  f i r s t  2 t o  3 
years, dropped l a t e r ,  because of a lack of mychorriseae i n  t h e  s o i l ;  



Antygdalus species  were brought t o  t he  a rea  s a t i s f a c t o r i l y  by spot  sow- 
ing.  

In  t h e  experiments re la ted  t o  t he  plant ing season, b e t t e r  r e s u l t s  
were obtained by plant ing pines i n  t h e  spring, Quercus and Amygdalus 
spp. and broad leaved species i n  t h e  f a l l .  

The 1954 and 1955 experiments i n  watering showed no differences 
between the  f i r s t - y e a r  survival  of t h e  p l an t s  watered a t  d i f f e r en t  
r a t e s  during t he  summer period and of t he  p lan ts  not watered a t  a l l .  

I n  t h e  l i g h t  of t h e  r e s u l t s  of ea r ly  establishments and t e s t s  and 
of t h e  recent developments i n  other  countries,  some new experiments 
were s t a r t ed  by extending the  she l t e rbe l t  plantings i n  19Q. 

In addi t ion t o  t h e  &la experiments i n  Ankara, very important 
measurements have been taken by the  Ministry of Agriculture i n  Kara- 
plnar,  where catastrophic e f f ec t s  of wind erosion can be c l ea r ly  seen. 

A br ie f  descr ipt ion of t h e  vegetative cover of t h e  i n t e r i o r  o f  
Anatolia follows. 

Many Turkish and foreign s c i e n t i s t s  have made s tud ies  on t h e  vege- 
t a t i o n  species  of Centml  Anatolia, of which t h e  c h a m c t e r i s t i c  p lan ts  
a r e  a s  follows : Artemisia fragrans, Artemisia spicata, Achillea santolina, 
Euphorbia tinctoria, Globularia orientalis, Isitis glauca, L inum hirsutum subsp. 
Anatolicum, Pegwnum harmala, Pea bolbosa, Bromus erectus, Bromus tomentallus.  

Festuca ovina, Festuca sulcata. 

Around Tuz G6lu t he  halophytic vegetation includes many 
Chenopodiaceae of Iranian o r  Trans -Caspian a f f i n i t i e s  and severa l  
d i s t i n c t i v e  endemics i n  genera which a r e  not usually associated with 
halophytic hab i ta t s .  

Furthermore, t h e  existence of the  following species of hardwoods 
and conifers has been observed by the  I n s t i t u t e  of Forest Geography 
and t h e  Forest Problems of t h e  Near &st: Pinus nigra var. Pallasiana, 
Quercus pubescens, duercus  infectoria, Quercus pedunculata Haas, Juniperus 
oxycedrus, J .  foetidissima, J .  exelsa, Prunus mahalep, celtis tournefotii, Jasminum 
fruticans, PiruS eleagrifolia, Rhus  coriaria, Crataegus monogyna, Sorbus aria, 
Pirus malus. 



SOIL AND WATER CONSERVATION 

ON ARABLE LANDS 

by Mr. A. Ganjini, 

Chief of Soil and Water 

Conservation Division, 

Soil Institute, Tehran 

and Mr. B. Azimi 

Recognizing t h e  s p e c i f i c a t i o n s  o f  a r i d  and semi-arid areas i n  I r a n  
and t h e  major i ty  of t h e  coun t r i e s  i n  t h e  Middle East f o r  t h e  purpose of 
a n  a g r i c u l t u r a l  developmen-c program,, s o i l  e x p l o i t a t i o n  and an increase 
i n  production rate i s  a necessary mat ter .  The f a c t o r s  which have c re -  
a t e d  these  s p e c i f i c a t i o n s  are numerous and f o r  determining whether an 
area i s  a r i d  o r  semi-arid d i f f e r e n t  f o r n i l a s  and c o e f f i c i e n t s  a r e  used. 

In general,, an a r i d  area cannot be defined and i n t e r p r e t e d  simply 
by W i n g  i n t o  considera t ion only one f a c t o r  such as t h e  p r e c i p i t a t i o n  
rate o r  r a i n  d i s t r i b u t i o n  o r  changes i n  t h e  temperature. 

CLIMATIC FACTORS 

Annual precipitation : I n s u f f i c i e n t  p r e c i p i t a t i o n  i s  one of  t h e  main 
causes of a r i d i t y .  In a r i d  areas,, p r e c i p i t a t i o n  i s  l e s s  than  100 mm. 



per year. Moreover, i n  some cases, t he  seasonal d is t r ibut ion  pat tern of 
the area plays an important role i n  determining the climatological 
character is t ics  of a region. For example, the central  par t  of Aus- 
tya l ia ,  with 500 mm. r a i n f a l l  during the  year, i s  considered an a r i d  
area.  Generally, the seasonal d is t r ibut ion  of precipi tat ion i n  a r i d  
arehs i s  very i rregular .  

Changes in temperature : kily variations i n  the temperature of 
air  and s o i l  a re  wide, sometimes reaching 20-30°C. Also the m a x i m u m  
temperature i s  high, and i n  most cases it goes above 40°C, and a t  tliis 
temperature synthesis of chlorophyl by plants  i s  not possible. 

Air currents (winds) : In a r i d  areas, due t o  high variations of 
temperature, many air  currents a re  developed, which, i n  many cases, 
cause a l o t  of erosion and r e s u l t  i n  transportation of s o i l  pa r t i c l e s  
from one area t o  another. 

Evaporation : Due t o  the low humidity of a r i d  areas, most of the  
precipi tat ion i s  l o s t  through evaporation, while only a amaU amount 
percolates in to  the  so i l .  E!ven t h i s  amount eva-porates in to  the air  soon 
a f t e r  the  end of precipitation. 

Light intensit3: Although l i g h t  i s  necessary f o r  plant growth, 
i t s  high in tens i ty  i n  a r i d  areas increases water use of crops. 

CHARACTERIZATION O F  THE DEGREE OF ARIDITY OF AN 

AREA ON T H E  BASIS O F  ARIDITY COEFFICIENTS 

As mentioned before, a r i d i t y  i s  caused by the interact ion of sev- 
e r a l  factors.  To determine the degree of a r i d i t y  of an area the follow- 
ing two approaches a r e  commonly employed: 

1 )  Determination of a r i d i t y  on the bas is  of temperature and rain- 
f a l l  

2 )  Detelmination of a r i d i t y  on the  basis  of evaporation and retin- 
f a l l  

A-long formulas concerning the first approach, t h e  most simple one 
i s  Goussen 's, which uses a coefficient i n  the form of P = 2T, where P 
stands for  precipi tat ion and T f o r  the mean monthly temperature. 
According t o  Goussen, wherever r a i n f a l l  i s  equal t o  o r  l e s s  than the  
doubled value of temperature, a r i d i t y  conditions exis t  ana the area i s  
considered t o  be a r i d .  



Another formula i s  t h a t  o f  Koeppen, which i s  shown below: 

P 
I=- where Y i s  r e l a t e d  t o  r a i n f a l l  d i s t r i b u t i o n  and i n t e n s i t y .  

T + Y Y  

According t o  t h i s  formula, t h e  smal ler  t h e  value  obtained f o r  I, t h e  
more i s  t h e  a r i d i t y  o f  t h e  a rea .  

P 
The Ambergert formula, shown i n  t h e  form o f  I= i s  a l s o  

d - m 2 '  
employed f o r  t h i s  purpose. 

In t h i s  formula, 

I = Evaporation 

P = Average y e a r l y  p r e c i p i t a t i o n  

M = Average temperature o f  t h e  h o t t e s t  
month of t h e  yea r  

m = Average temperature o f  t h e  co ldes t  
month of  t h e  year.  

Di f fe ren t  va lues  obtained f o r  var ious  parts of  t h e  country a r e  
shown below : 

Bandar Pahlavi  159 Tabri z 28 

Ramsar 143 Shiraz 27 

Babolsar 103 Chah -Bahar 9 -2 

Gorgan 51- Boshehr 17.5 

Meshed 2 1  Tehran 16 

According t o  t h e  above f igures ,  more than nine- tenths  of t h e  t o t a l  
a r e a  of  t h e  country i s  arid/semi-arid.  

Through t h e  j o i n t  cooperation of  FA0 and UNESCO, a map has  been 
prepared f o r  most p a r t s  o f  t h e  world showing t h e  a r i d ,  semi-arid a r e a s  
and genera l ly  c l ima t ic  zones. 

The a r i d i t y  index and monthly temperature = 31 - (4 + 8 ) x.8 , 
2 

where 31 i s  t h e  days of  t h e  month, 4 i s  t h e  number o f  r a i n y  days o f  t h e  
month, 8 i n d i c a t e s  t h e  foggy days and .8 has  been obtained from t h e  



t ab le  of r e l a t ive  humidity, as shown below: 

For r e l a t ive  humidities between 40 - 60 '$ use 0.9 

For re la t ive  humidities between &I - 80 $J use 0.8 

For re la t ive  humidities between 80 - 90 '$ use 0.7 

For re la t ive  humidities between 90- 100 $ use 0.6 

In each area,  the closer the value of the  index t o  the figure 365, the  
more i s  the a r i d i t y  of the area. 

CAUSES OF WATER LOSS AND SOIL EROSION 

IN ARID AND SEMI-ARID AREAS 

From the geographical point of view, North Africa, the Middle 
%st, India, Southern &rope, China and the southern par t  of America 
a re  most susceptible t o  erosion. These areas  a r e  generally considered 
t o  be the a r id  and semi-arid areas  of the world. The causes of erosion 
i n  these areas a r e  a s  follows: 

1) Precipitation i n  these areas  has high in tens i ty  and short  dura- 
t ion.  Consequently, the water does not have enough chance t o  
i n f i l t r a t e  the  s o i l ;  rather,  the  excess r a i n f a l l  runs along the 
surface of the s o i l  and causes erosion. 

2 )  Crop cover i s  very poor and of fers  very l i t t l e  protection t o  
the  s o i l .  

3)  Due t o  high temperatures and the  in tens i ty  of sunlight in these 
areas, the  humus content of the s o i l  decreases and, conse- 
quently, s o i l  aggregation is  poor and the  s o i l  cannot r e s i s t  
t h e  erosive forces. 

4)  With the  increase i n  the  r u r a l  population of these areas,  there  
has been some improper use of land, which has increased ero- 
sion. 

Land Situation and the Increasing Soil Erosion and Water Loss in Iran 

Generally, s o i l  erosion is accompanied by water loss. In Iran, 
s o i l  erosion takes place under a wide range of conditions. The follow- 
ing f igures  indicate the seriousness of the problem of erosion i n  t h i s  
country : 



WATER EROSION 

k t a  on S i l t  Accumulation Behind Dams 

Catchment Annual Command Tota l  
Name of Dam Area AccumuLation ~ r e a (  ha ) Capacity 

of S i l t  (MCM) 

Mohammed Re za 
Shah ( ~ e z  ) 17,245 200.5 12 5,000 3,300 

m i l l i o n  t o n s  

Shah Bano Farah 
( Sefeed Road ) 57,800 75 240,000 1,800 

m i l l i o n  t o n s  

In Khuzistan, t h e  f lood of March 1969 caused a l o s s  o f  216 m i l l i o n  
t o n s  of s o i l  and 2,160 MCM of  water .  

A s tudy on t h e  f e r t i l i t y  l e v e l  of eroded s o i l s  has  shown t h a t  t h e  
n i t rogen,  phosphate and potassium content  of eroded s o i l s  i s  2.5, 3.4, 
and 29 t imes less than t h a t  of  t h e  noneroded s o i l s .  

In I ran ,  t h e  average y i e l d  o f  wheat grown under d r y  fanning condi- 
t i o n s  i s  about 700 kg./ha. a f i g u r e  which r e f l e c t s  t h e  low f e r t i l i t y  
l e v e l s  o f  s o i l s .  

The fol lowing t a b l e  shows t h e  number of days i n  t h e  years  1951-60 
dur ing which storme occurred i n  d i f f e r e n t  p a r t s  of t h e  country and 
caused wind erosion : 

Region Number o f  days 

Khuzistan 60 -150 

Ghazvin 60- 90 

Of t h e  t o t a l  a r e a  of t h e  country, 53.2 percent  has  a n  e leva t ion  
between 1 , O N  and 2,000 meters above sea  l e v e l .  A considerable area of  
t h i s  region, which covers t h e  Lands below t h e  Alborz and Zagros chains 
of  mountains, i s  under c u l t i v a t i o n .  Accordingly, most o f  t h e  c u l t i -  
vated land i s  located  on s lopes  of d i f f e r e n t  degrees. The most impor- 



t a n t  cult ivated a reas  of the  country a r e  located i n  West ar,d &s t  
Azerbaijan, Kurdestan, Hamadan, Kermanshah and Khuzistan (along t h e  
Zagros mountains), Tehran, Gorgan and Khorasan, (along the  Alborz chain 
of mountains ) . 

It sliould be me~ltioned tha t  12 reservoir  dams have already been 
b u i l t  i n  t h e  above mentioned areas  t o  supply the  water required for  ag- 
r i c u l t u r a l  use and public consumption. 

The types of s o i l  i n  these regions a r e  shown below i n  t h e  order of 
the area they cover: 

1 )  Calcareous l i t h o s o l  i n  areas  of Brown o r  Chestnut s o i l s  

2) Lithosol developed from igneous rocks i n  a reas  of Brown o r  
Siemzem s o i l s  o r  Brown s o i l  mixed with Rendzina 

3 )  Calcareous l i t h o s o l  i n  are&s of deser t  and Sierozm s o i l s  

4 ) Calcareous l i t h o s a l  developed from s a l t i f  erous and gypsif emus 
marls 

5 ) Brow and Chestnut so i l s .  

Climatologically speaking, these areas  have the  charac te r i s t ics  of 
a r id  and semi-arid areas.  The main l imi t ing  fac tors  of the  s o i l  f o r  ag- 
r i c u l t u r a l  use a r e  shallow depth of the  s o i l  (caused by erosion) and 
i t s  surface undulations. Lack of su f f i c i en t  water i s  the  main fac tor  
determining the crop yield i n  these areas.  

The ex is t ing  problems which decrease the  yield of crops i n  these 
areas  a r e  as follows : 

1 )  Improper use of lands 

2 )  Intensive erosion accompanied by water l o s s  

3 ) Unsuitable rotation, nonaally wheat -fallow, which leaves the  
s o i l  with no cover fo r  one g r d n g  season, consequently causing 
erosion during the  fallow season 

4) Overgrazing of pastures 

5 )  Improper cu l tu ra l  pract ices  which intensify erosion 

6) Improper i r r iga t ion  pract ices  and water management, mainly due 
t o  farmers ' ignorance about t h e  amount of water required f o r  
crops 

7 )  Rapid mechanization and increase of cult ivated a reas  on sloping 



lands,  usual ly  accompanied by improper cu l t i va t i on  p r ac t i c e s .  

Area Studies 

Studies ca r r i ed  ou t  f o r  t h e  determination of water s to rage  and 
con t ro l  of erosion i n  dry  farming a r ea s  a r e  indicated below. 

I n  West Azerbaij'ul, an experiment was s t a r t e d  i n  1968 t o  study t h e  
p o s s i b i l i t y  of inc reas ing  water s torage i n  t h e  s o i l .  The experiment was 
conducted i n  a one-hectare f i e l d  which was divided i n t o  fou r  blocks as 
follows : 

Block A : Cult ivat ion p r ac t i c e s  were done according t o  t h e  l o c a l  
p rac t i ces ,  and included d i sk  plowing of t h e  f i e l d  i n  t h e  spr ing  
and seeding (with a d r i l l )  i n  t he  fal l .  

Block B : The f i e l d  was grazed a f t e r  harves t ing and was ;plowed 
with a d i sk  i n  t h e  f a l l  of 1968. No cu l t i va t i on  was done on t h i s  
block i n  the spr ing  and, therefore ,  t h e  weeds could use t he  mois- 
t u r e  and nu t r i en t  content of t h e  s o i l .  In t h e  f a l l  of 1969, t h i s  
block was f i r s t  d i sk  plowed and then seeded wi th  a d r i l l .  

Block C : Afte r  harves t ing and grazing i n  1968 t h e  land w a s  
plowed with a disk ,  and i n  t h e  following spr ing  a c u l t i v a t o r  was 
used f o r  destroying t h e  weeds. I n  t h e  f a l l  of  t h e  same year  t h e  
land w a s  sown with  a d r i l l .  

Block D : A l l  a g r i c u l t u r a l  operat ions  were t h e  same as Block C, 
except t h a t  an add i t i ona l  cu l t i va to r  w a s  used i n  order  t o  des t roy 
t h e  weeds and break t h e  s o i l  surface .  

For determining t he  s o i l  moisture samples were taken a t  t h r ee  d i f -  
f e ren t  times from depths of 0-30 cm., 30-50 cm., 50-80 em., and 80-100 
cm. 

The results obtained show t h a t  those blocks ( C  and D) which had 
cu l t i va t i on  p r ac t i c e s  i n  t h e  spr ing and summer have a higher moisture 
r a t e  i n  comparison with o ther  blocks.  

The annual p r ec ip i t a t i on  r a t e  f o r  t h e  years  1968-69 and 1969-70 
was 526.2 and 215 m., and s ince  t h e  percentage of moisture has some 
influence on cu l t i va t i on  p r ac t i c e s ,  a complementary study w a s  ca r r i ed  
out  as described below. 

1) F a l l  plowing i n  blocks B, C and D, i n  November 1968 

2 )  Time spent f o r  plowing these  th ree  blocks, about 2 .'j hours 

3 )  Use of cult ivat ,or  i n  blocks C and D in April  1969, about 1 hour 



4 )  Use of cu l t i va to r  i n  block D i n  ~ u l y  1969 about half  an hour 

5 )  Sowing of wheat i n  the  f a l l  of 1969 i n  blocks B, C and D, about 
one and one-half hours 

Block A - 1,660 kg./ha. 

Block B - 1,375 kg./ha. 

Block C - 2,4f% kg. /ha. 

Block D - 1,620 kg.[ha. 

It w i l l  be noticed t h a t  t h e  r a t e  of ex t r a  y i e ld  i n  block C i n  
comparison with block B is 1,085 kg,!ha. while t h e  a g r i c u l t u r a l  prac- 
t i c e s  i n  a l l  1,800 m2 have been t h e  same with t h e  exception of one 
spr ing cu l t iva t ion  f o r  about ha l f  an  hour, and t h i s  i s  a very meaning- 
ful  di f ference.  The r a t e  of y ie ld  on block D with a summer cu l t i va to r  
was l e s s  than block C. It seems t h a t  the  evaporation r a t e  i s  high, and 
a s  a r e s u l t  the  moisture accumulation has been low. 

It is necessary t o  mention t h a t  these  studies have been car r ied  
out only i n  one a rea  so  the  r e s u l t s  cannot be general ly  recommended f o r  
o ther  a reas .  

Rainfed Cereal Increase Production 
on the Basis of Soil and Water Conservation 

A t  present about 2.5 mi l l ion  hectares  of i r r i g a t i o n  land i n  I ran  
a r e  under wheat cu l t iva t ion  which i s  comparatively high. In some a reas  
l i k e  Mahabad more than 70 percent of t he  land i s  under wheat cu l t iva -  
t i o n  and this i s  f o r  t h e  purpose of ge t t i ng  maximum advantage of t h e  
ava i l ab l e  r a i n f a l l  and water from t he  rivers i n  a cropping season which 
i n  most p laces  ends i n  l a t e  spring.  While t he r e  i s  not enough water 
from o ther  sources replacing ce rea l  with o ther  crops i s  not  advisable.  
Even if t h e r e  was more water ava i lab le  increas ing t h e  hectarage of 
ce rea l  is  no t  recommended. On t h e  other  hand, t h e  shortage of ce rea l  i n  
t h e  country and importing from abroad has t o  be solved by t h e  r i g h t  use 
of land and s o i l  and water conservation. The s tud ies  mentioned above 
provide a successful  way of solving t h i s  problem. 



WHEAT PRODUCTION PROBLEMS 

AND POTENTIALS ON DRYLANDS 

by Dr. Ahmet Demirli~akmak, 

Director, 

Wheat Research and 

Training Center, Ankara 

Wheat i s  t h e  most important food commodity i n  Turkey when measured 
i n  terms of cropland used i n  i t s  production, number of v i l l a g e r s  i n -  
volved, production and i t s  importance i n  t h e  populat ion d i e t .  

During t h e  pa s t  20 years,  t o t a l  wheat production has increased a t  
an average annual r a t e  of  33 percent ,  o r  276,000 tons.  This l e v e l  of  
production and t h e  rate of inc rease  have been enough t o  s a t i s f y  about 
96 percent  of Turkey's needs. The balance has been improved. The amount 
va r i e s  from year  t o  year, because production va r i e s  dramat ical ly ,  In 
f a c t ,  o v e r a l l  production has varied from year t o  year.  

Over t h e  pa s t  20 years,  increases  i n  a r ea  sown accounted f o r  about 
60 percent  of the  increase  i n  production. The o the r  40 percent  was ac -  
counted f o r  by an inc rease  i n  y ie ld .  The a r ea  sown increased by about 
172,000 hectares  p e r  year,  v h i l e  t h e  y i e ld  inc rease  pe r  hec ta re  was 
s l i g h t l y  under 10 kilograms -per year .  

I f  y ie ld  continues t o  increase  a t  t h e  same r a t e  f o r  t h e  cex t  13 



years, Turkey w i l l  need t o  have l l . 4  mill ion hectares planted with 
wheat i n  1980, bu t  if i n  f a c t  t he  area  sown has already reached i t s  
m a x i m u m  leve l ,  average y ie lds  w i l l  have t o  be increased a t  an even 
f a s t e r  r a t e  t o  maintain t he  same wheat supply per person. 

It is  recognized t h a t  t he  cul t ivated land cannot be increased 
fur ther .  The a rea  avai lable  f o r  reclamation i s  less than t h a t  o f  t he  
land now cult ivated.  The object  of t he  plan i s  t o  increase productivity 
by means of imported techniques and some i r r i g a t i o n  ra ther  than expan- 
sion of t he  t o t a l  cul t ivated area. 

Wheat has always been the  most important crop i n  Turkey i n  tertls 
of both acreage and production. Because of i t s  adaptation t o  dryland 
conditions, it w i l l  continue t o  be t h e  most important crop i n  terms of 
area and i n  terms of domestic needs. The annual consumption i s  more 
than 200 kg. per person. Its high consumption, coupled with an average 
population increase i n  excess of 2.5 t o  3 percent only magnifies t he  
domestic supply problem. 

There a r e  two bas ic  s e t s  of conditions i n  Turkey under which wheat 
i s  grown. 

The first  s e t  of conditions includes generous r a i n f a l l ,  a mild o r  
very mild climate, and i n  many cases, t he  a v a i l a b i l i t y  of i r r i gd t ion  
water. These conditions a r e  found along the  coastLands and t o  a l imited 
extent,  in cer ta in  pa r t s  of t he  plateau.  

The second s e t  of conditions, which i s  t h e  main, lncludes l imited 
r a i n f a l l  (between 200 t o  400 mm. of ra in  per year) , cold winters, and 
l i t t l e ,  i f  any, developed i r r i g a t i o n  water. Under these conditions, 
which chayacterize much of the cen t ra l  plateau,  t h e  southeastern and 
eastern parts of Turkey, winter wheat i s  grown. In t h i s  paper, t he  
second set of conditions w i l l  be discussed. 

Wheat production pract ices  f o r  water conservation on the  Anatolian 
Plateau are d i f f e r en t  i n  many respects from those i n  the  coastal  r e -  
gions of Turkey. The chief contributing fac tor  making these changes 
necessary is the  f a c t  t h a t  the  Anatolian Plateau i s  a r e l a t i ve ly  low 
r a i n f a l l  area, whereas t he  coastal  regions normally receive 500 t o  600 
ram. o r  more r a i n f a l l  annually. The Anatolian Plateau receives, on an 
average, 200 t o  400 mm., most of which f a l l s  during t h e  winter. 

The topography and climate of much of t he  Anatolian Plateau i s  
similar i n  many respects t o  the  semi-arid regions. 

Most of t he  wheat i n  Turkey i s  grown under dryland conditions 
where y ie lds  a r e  low and f luc tua te  i n  d i r e c t  r e l a t i on  t o  r a i n f a l l .  
Cultural  pract ices  a r e  adapted t o  a l ivestock economy t h a t  depends on 
stubble and weeds coming up i n  summer fallow as one of the  main sources 
of feed. Moisture holding capacity is low since most of t he  organic 



matter has been removed. These prac t ices  a r e  not  conducive t o  moisture 
conservation s ince  weeds remove most of t h e  moisture. In dryland condi- 
t ions ,  wheat i s  normally planted i n  October and harvested i n  Ju ly  and 
August. The land must then l i e  fallow u n t i l  October of t he  following 
year.  During t h i s  period the s o i l  recovers some f e r t i l i t y  and accumu- 
l a t e s  a l imited amount of moisture during the  l a t e  f a l l  and winter 
months. 

A t  t h e  present time, production management is  the  major l imi t ing  
f ac to r  i n  t he  wheat production i n  dryland areas .  The va r i e t i e s  now 
grown a r e  capable of much higher y i e ld s  than are current ly  being pro- 
duced. The problems a re :  

* To accumulate a l l  possible moisture i n  t h e  s o i l  and hold it 
close enough t o  t he  surface of t he  s o i l  

* To prepare a good clean seed bed i n t o  which the  seed can be 
planted with su f f i c i en t  moisture present t o  insure  not only 
germination but a l s o  continued growth of t h e  plants .  

I n  general the  f a l l  sown wheat depends upon r a i n  a f t e r  seeding i n  
order t o  geminate .  Very of ten there  i s  not enough prec ip i ta t ion  and 
seed does not  germinate u n t i l  next spring, thereby missing the  favor- 
ab le  f a l l  growing period f o r  root  development and t i l l e r i n g  with a re -  
su l t i ng  sharp y ie ld  reduction. In t h i s  case, t h e  development of t h e  
technique and s c i e n t i f i c  bas i s  fo r  a p r o m  of s o i l  and moisture con- 
servation and management and cu l tu ra l  p rac t ices  a r e  very important. The 
la rge  Central Anatolian p la in  and the  regions i n  southeastern Turkey 
a r e  very promising a reas  f o r  production management improvement. 

The f a c t  t h a t  t he  land i s  i n  a r e l a t i ve ly  hard condition, a con- 
d i t i on  t h a t  i s  often aggravated from compaction by the  sheepts f ee t ,  
causes excessive runoff of winter m i n s  and melting snow. This causes 
undue lo s s  of moisture and frequently leads t o  a ser ious  erosion prob- 
lem. 

Preparation of t h e  land i s  usually done during the swnmer, j u s t  
before planting,  with a plow of some kind. This may be the  old t r a d i -  
t i o n a l  wooden plow, o r  a small drawn turning plow, o r  it may be a t r a c -  
t o r  d m  plow o r  disk.  The land i s  usually l e f t  rough with a conse- 
quent l o s s  of any moisture t h a t  might have been present.  

Sowing i s  la rge ly  accomplished by hand broadcasting the  seed, al- 
though an increasing number of grain d r i l l s  i s  becoming avai lable  by 
loca l  manufacture. When hand broadcast, t h e  seed may be covered by 
plowing, disking o r  dragging. Both of these methods of  sowing place the 
seed i n  dry s o i l  and geminat ion cannot occur u n t i l  there  i s  adequate 
r a in  f o r  t he  purpose. This of ten comes so  late t h a t  the  emerging p l an t s  
a r e  unable t o  make any subs tan t ia l  growth o r  enough root  development t o  
enable them t o  withstand the  winter cold. %is leaves than in poor 



condition t o  begin growth i n  the  spring, and when spring r a in s  a r e  i n -  
adequate t h e  poorly developed root system leads t o  very low y ie lds .  

The f a l l  sown wheat needs a good d i s t r i bu t ion  of r a i n f a l l  i n  t h e  
spring, p a r t i c o r l y  April,  May and ea r ly  June. For t h i s  reason, re- 
gardless of t h e  t o t a l  amount of annual r a i n f a l l ,  t h e  amount of p rec ip i -  
t a t i o n  i n  April  and May plays a very important r o l e  i n  t he  y ie ld  per- 
formance. 

A s  mentioned before, t he  average r a i n f a l l  of Centml Anatolia 
ranges from 200 t o  400 mm., depending upon the loca l i t y .  ALSO the  
d ive r s i t y  of t h i s  r a i n f a l l  var ies  grea t ly  from year t o  year even i n  t h e  
same loca l i t y .  The prec ip i ta t ion  from 1960 t a  1968 f o r  t he  two main 
provinces i n  t h e  cen t r a l  pla teau i s  given i n  B b l e s  1 and 2. 

The high prec ip i ta t ion  i n  June 1961 d id  not a f f e c t  the  y i e ld .  In 
general June r a in s  a r e  too l a t e  t o  be e f fec t ive .  In  1963 r a i n f a l l  i n  
May was very high and y ie ld  was high. Also, t o t a l  r a i n f a l l  was high i n  
t h a t  year.  In 1966-67 t o t a l  r a i n f a l l  was one of t he  lowest, but  t h e  
yield  was t h e  highest  because the  prec ip i ta t ion  i n  ea r ly  April  and d a y  
were ra ther  high. In 19@-61 and 1961-62 the  y ie lds  were low, bu t  t he  
t o t a l  r a i n f a l l  was b e t t e r  than the  average, t he  only reason f o r  t h i s  
being t h e  unfortunate d i s t r i bu t ion  of ra in ,  especia- i n  April and 
May 

~n Kenya, 1960-61 was one of t h e  worst crop years. me m u -  
a 1  r a i n f a l l  was lowest, accompanied by the  lowest p rec ip i ta t ion  i n  May. 
In 1962-63 t o t a l  r a i n f a l l  was one of t h e  highest  and t h e  prec ip i ta t ion  
i n  May was t h e  highest  a l so .  A s  a result of t h i s ,  t h e  y ie ld  was the  
highest. In 1966-67 t h e  t o t a l  r a i n f a l l  was normal, but  t he  r a i n f a l l  i n  
May was high and t h e  yield  was one of t h e  highest .  The l a t e  r a in s  of  
June i n  198c did not a f f e c t  the  yield .  

The s o i l s  of Anatolia have a very high clay content, often 50 per- 
cent o r  more. m e  clay s o i l  i s  more d i f f i c u l t  t o  cu l t iva te ,  a s  it lim- 
i ts  root development t o  1 t o  1.5 meters i n  depth, and presents many 
more problems with t h e  use of ag r i cu l tu ra l  equipment than a loam s o i l .  
For example, i n  clay s o i l s  power requirements a r e  higher and t imeliness 
of cu l tu ra l  operations i s  extremely important. m e  equipaent i n  general 
use i n  Anatolia i s  not sa t i s fac tory  f o r  the  clay s o i l .  Also s o i l s  i n  
Anatolia a r e  low i n  avai lable  phosphorus and nitrogen. 

These are major fac tors  t h a t  w i l l  make it necessary t o  conduct ex- 
tensive research i n  t i l l a g e  methods, timing of t i l l a g e  operations, d i f -  
ferent  types of t i l l a g e ,  use of f e r t i l i z e r s  and seeding rates, dates,  
row spacing and f e r t i l i z i n g  pract ices .  



Years 

Table 1, PIUXIFITATION IN ANKARA 
( i n  m.) 

Annual 
P rec ip i t a t ion  

September t o  August October November April 

48.8 

u .o 
20.4 

@.5 
14.2 

47.2 

49 02 

82.7 
49.6 

June 

Wheat 
Yield 
~g./ha. 



Years 

1959-60 
1960 -61 

1961-62 

1962 -63 
1963-Q 

1 9 G  -65 
1965 -66 

1966-67 
1967 -68 

Annual 
Precipi ta t ion 

September t o  August 

284 .o 
205.3 

252 5 
402.6 

297.2 

282.6 
287.0 
340.1 

438.0 

Thble 2. PRECIPITATCON I N  KONYA 
( i n  mm.) 

October November Apri l  

25.4 

5.6 
20.2 

40.5 
2.8 

23.1 
20.5 

24.9 

12 * 7  

June 

Wheat 
Yield 

~ g .  /ha. 



The problems of t i l l a g e ,  production management and equipment can 
be  solved. To do t h i s  a concentrated e f f o r t  must be  made on t i l l a g e  and 
management research.  The general  p r i n c i p l e s  of  t i l l a g e  p r a c t i c e s  f o r  
moisture conservation w i l l  apply i n  Anatolia .  It i s  necessary t o  f i n d  
through research t h e  b e s t  methods of using a v a i l a b l e  equipment and mod- 
i f i c a t i o n  of equipment and methods t o  improve wheat production. 

The l a c k  of  we l l  t r a i n e d  t echn ic ians  i n  t h e  a r e a  of dryland condi- 
t i o n s  i s  s t i l l  a s e r i o u s  and continuing problem. The d i f f i c u l t y  i s  t h a t  
t h i s  type  of t r a i n i n g  i s  no t  a v a i l a b l e  as an academic program i n  any 
un ivers i ty .  It usual ly  means t h a t  t h e  research people and extension 
technic ians  need f u r t h e r  t r a i n i n g  and experience i n  order  t o  handle t h e  
work. A good program of  pos t  academic research and p r a c t i c a l  work 
t r a i n i n g  a r e  needed by these  t echn ic ians  f o r  production of wheat. 

It i s  understood t h a t  t h e  primary emphasis f o r  increased wheat 
production w i l l  be  d i r e c t e d  t o  t h e  continuation of  present  research and 
adapt ive  research,  u t i l i z i n g  new and s p e c i a l  techniques and developing 
an  e f f e c t i v e  extension and farmer education program covering: 

1) S o i l  moisture conservation (improved sutumer fa l low t i l l a g e )  

2 )  Use o f  new o r  improved t i l l a g e  and seeding equipment 

3 )  Use of f e r t i l i z e r s  

4) Use of p e s t i c i d e s  and weedicides 

5 )  New v a r i e t i e s .  

Research t o  b e  conducted w i l l  determine t h e  systems of s o i l  man- 
agement which w i l l  conserve t h e  maximum amount of  s o i l  moisture.  The 
use of more advanced equipment, and improved and re f ined  s o i l  moisture, 
management p r a c t i c e s  should s t a b i l i z e  h igher  y i e l d s  and make it more 
p r o f i t a b l e  f o r  t h e  Anatolian farmer. Therefore, t h e  s o i l  t i l l a g e  r e -  
search now being conducted i s  of  primary importance i n  o rder  t o  formu- 
l a t e  a combination of t i l l a g e  opera t ions  needed t o  conserve t h e  maximum 
amount of moisture. This research now i n  progress  i s  designed t o  d e t e r -  
mine t h e  e f fec t iveness  of good s o i l  moisture conservation and t h e  most 
e f f e c t i v e  equipment combinations t o  use i n  t h e  var ious  s o i l  types .  With 
t h e  establishment of t h e  Wheat Research and Training Center i n  coordi-  
na t ion  with t h e  Rockfel ler  Foundation, research i s  being c a r r i e d  out  t o  
determine t h e  optimum f e r t i l i z e r  r a t e s ,  seeding r a t e s ,  seeding da tes ,  
row spacing, weed con t ro l  p r a c t i c e s  and v a r i e t i e s  of wheat t h a t  a r e  ca-  
pable of  maximizing t h e  b e n e f i t s  of increased moisture. It should be 
understood t h a t  it w i l l  r equ i re  t h e  app l i ca t ion  of a combination of  
t h e s e  p r a c t i c e s ,  r a t h e r  than any one ind iv idua l  p r a c t i c e ,  t o  achieve  
t h e  most s i g n i f i c a n t  inf luence  on dryland wheat production on t h e  Ana- 
t o l i a n  Pla teau.  
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INTRODUCTION 

For many years, i n  many countries,  t h e  s o i l  survey was t h e  only 
study t o  determine land f e a s i b i l i t i e s  f o r  agr icu l tu re  and other  land 
use. The environmental f ac to r s  such as climate, geology, geomorphology 
and vegetation were not of ten given adequate emphasis. A t  t he  same 
time, s o i l  surveys were l imited t o  cer ta in  areas  where i r r i g a t i o n  pro- 
j ec t s  were carried out.  

In t h e  same way, during s o i l  surveys i n  Iran, only t he  s u i t a b i l i t y  
of lands f o r  i r r i g a t i o n  i s  determined. But as t h e  s o i l  i s  only one of 
t he  f ac to r s  i n  agr icu l tu re ,  and by s o i l  survey other  environmental fac -  
t o r s  were not  defined completely, s o i l  surveys would not answer a l l  



questions deal ing with t h e  development of ag r i cu l tu r e  o r  use of t he  
land i n  a vas t  country l i k e  I ran,  with 165 mil l ion hectares,  with wide 
ranges of climate, geology, s o i l ,  e t c .  Because of t h i s  it was f e l t  t h a t  
some comprehensive s tud ies  had t o  be  carr ied out on lands, giving em- 
phasis t o  studying a l l  f ac to r s  a f f ec t i ng  agr icu l tu re ,  and i n  a broad 
sense, on land p o t e n t i a l i t i e s  f o r  d i f f e r en t  uses. These kinds of stud- 
i e s  were s t a r t e d  i n  Iran i n  1967 by t h e  So i l  I n s t i t u t e ,  under t he  head- 
ing  of  "Systematic Land Resources Inventories,  " separat ing d i f f e r e n t  
land types and Land un i t s ,  according t o  physiography, climate, geology, 
vegetation and o ther  f a c t o r s  with del ineat ion of land ty-pe/land un i t s  
on t he  map and determination of land p o t e n t i a l i t i e s  f o r :  

* I r r i m t e d  annual crops 

*Dry farming o r  rainfed crops 

* Orchards 

* Range 

* Forest  

* Recreation 

* Industry, urban. 

This paper deals  with d i f f e r en t  approaches on the  land resources 
inventor ies  and describes methods considered appl icable  t o  I ran  with 
assessment of Land p o t e n t i a l i t i e s  o r  capab i l i t i e s  f o r  d i f f e r e n t  land 
uses and i n i t i a l  input requirements f o r  Land conservation and improve- 
ment works. 

BRIEF REVIEW OF THE METHODS OF LAND EVALUATION 

A s  long as t h e  pattern and the  techniques of land use do not  
change, t h e  Lands a r e  evaluated according t o  t h e i r  a c tua l  p roduc t ion .b  
many countries, t h i s  i s  expressed by the  average yie ld  of t h e  major 
crop, wheat f o r  example, per  un i t  area.  But wherever men want t o  use 
new Land o r  t o  change the  present Land use pat tern ,  o r  t o  introduce new 
management pract ices ,  there  i s  a need t o  assess  t h e  product ivi ty  of t h e  
lands under the  fu ture  conditions of use. In t h i s  case, Land evaluation 
becomes a prediction which i s  of paramount importance i n  decision 
making, and i n  a l loca t ion  of natural ,  human, technological  and f inan-  
c i a l  resources f o r  agr icu l tu re  o r  other  land uses, y e t  requires  spe- 
c ia l ized s tud ies  with appropriate methods and norms. 

Different countries have developed various systems of land evalua- 
t i o n  according t o  t h e i r  l o c a l  conditions, t h e i r  object ives ,  t h e i r  land 
use problems and policy.  However, some s i m i l a r i t i e s  can be found i n  t he  



approaches and p r i nc ip l e s  of d i f f e r e n t  systems. 

I n  a l l  methods of  land evaluation,  t h e r e  i s  t h e  f irst  s tep ,  which 
i s  t h e  co l l ec t ion  of f a c t s  about t h e  d i f f e r e n t  aspec t s  of t h e  lands:  
s o i l ,  climate, topography, vegetat ion,  drainage, present  land use, e t c .  
Since these  land cha rac t e r i s t i c s  vary i n  a more o r  l e s s  continuous way 
i n  space (and some of them i n  t ime),  t h e  de l inea t ion  of a r e a s  where 
land cha rac t e r i s t i c s  can be considered as homogenous, i s  t h e  first 
problem faced i n  land evaluation.  It i s  solved i n  d i f f e r e n t  ways i n  
d i f f e r e n t  countr ies  and i s  summarized below. 

Land classification mapping such as f o r  i r r i g a t i o n .  I n  t h i s  
system, land evaluation i s  made p r a c t i c a l l y  a t  t h e  same time as survey 
of t h e  land. 

Survey of l~natural" land units : To discover n a t u r a l  homogenous a r ea s  
and t o  de l inea te  them. Norms of i n t e rp r e t a t i on  a r e  appl ied  t o  these  
n a t u r a l  land un i t s .  

Dif ferent  approaches a r e  followed i n  t h i s  group of methods. 

Soil survey : S o i l  r e f l e c t s  t h e  i n t e r ac t i on  of  parent  rocks, climate, 
vegetat ion,  etc. ,  and it i s  assumed t h a t  homogeneity i n  s o i l  implies 
some homogeneity i n  t h e  o the r  environmental condit ions.  

Vegetation survey : It i s  assumed t h a t  t h e  na tu re  and composition of 
na tu r a l  vegetat ion a r e  c lose ly  re la ted  t o  o the r  land fea tu res ,  so  t h a t  
homogeneity i n  n a t u r a l  vegetat ion r e f l e c t s  some homogeneity of t h e  
o ther  f e a tu r e s  . 

Geomorphologic survey : Detailed survey of land forms has r e -  
cen t ly  proved extremely use fu l  i n  t h e  understanding of land fea tu res .  

lntegrated land surveys : A l l  t h e  methods explained abcve usual ly  
give a very valuable p i c t u r e  of t h e  land, bu t  a somewhat incomplete and 
unbalanced one, s ince  spec i a l  emphasis i s  given t o  one of  t h e  land 
cha rac t e r i s t i c s  ( s o i l  o r  vegetat ion o r  land form). Moreover, some v a r i -  
a t i ons  i n  s o i l s  a r e  not  always r e l a t ed  t o  changes i n  climate, o r  i n  
vegetat ion o r  geomorphology, It i s  therefore  necessary t o  supplement 
these  surveys of one main aspect  of land, by co l lec t ing  d i r e c t l y  t h e  
o ther  data  on t h e  land cha rac t e r i s t i c s  and i n t eg ra t e  them with those  
a l ready col lec ted by one of these  specia l ized surveys. 

A METHOD OF LAND EVALUATION APPLICABLE TO IRAN " 
Basic and general principles : For t h e  choice of a method of land 

evaluation appl icable  t o  I ran ,  it was necessary t o  t ake  i n t o  account: 

"See Append ix 



* The background information a v a i l a b l e  and e x p ~ r i e n c e  gained I n  
land evaluat ion i n  I r a n  

" The condit ion of t h e  land resources and of land use 

* The spec iy ic  needc of  land e v a l ~ m t i o n  according t o  t h e  p r e s e n t  
t rend of development 

* The recent  advances i n  t h e  sub jec t .  

By c o l l e c t i n g  considerable information e x i s t i n g  on t h e  d i f f e r e n t  
a spec t s  of t h e  land resources of I r an :  cl imate,  s o i l ,  topography, g7o- 
l o g i c  substratum, p resen t  land use, e t c .  , a method of i n t e g r a t i o n  by 
s t a g e s "  w a s  adapted f o r  t h e  land resources inven to r ies  of I r an .  This 
method leaves  t o  each s tudy i t s  i n d i v i d u a l i t y  and permits  a progress ive  
i n t e g r a t i o n  of  t h e  da ta ,  e s s e n t i a l l y  on t h e  b a s i s  of  a framework of 
physiography and s o i l s .  

Prepara t ion of maps of s o i l s  and physiography a r e  t h e r e f o r e  a p re -  
r e q u i s i t e  f o r  :laborating F n d  resource maps. ???is i n t e g r a t i o n  l e a d s  
one t o  def ine  land un i t s ,  which a r e  described as a combination of  
condit ions of cl imate,  s o i l s ,  physiographyJ vegeta t ion o r  p resen t  land 
use, dra inage of  t h e  a r e a ,  e t c .  

The presence of  mountains i n  most of t h e  regions of  I r a n  m&es t h e  
p a t t e r n  of  land u n i t s  r a t h e r  i n t r i c a t e .  It i s  t h e r e f o r e  necessary i n  
I r a n  t o  show on t h e  map t h e  a c t u a l  d i s t r i b u t i o n  of  t h e s e  i n d i v i d u a l  
land u n i t s  separa te ly .  

Use of  complex mapping u n i t s  would lead t o  grouping lands  of q u i t e  
d i f f e r e n t  p o t e n t i a l i t i e s  i n  t h e  same mapping u n i t .  This would not  pro- 
v ide  an  adequate inventory  f o r  land evaluat ion.  However, i n  o rder  t o  
avoid t h e  d i f f i c u l t y  of def in ing and mapping a l l  e x i s t i n g  d i f f e r e n t  
land u n i t s ,  major types  of land u n i t s  have been defined as follows:  

1) Mountains : E n t i r e l y  d e s t r u c t i o n a l  landscapes with high r e l i e f  
i n t e n s i t y ,  

2) Hills : Usually corresponding t o  o ld  geomorphic su r faces  of  
erosion o r  accumulation which have become completely destroyed; 
however, r e l i e f  i n t e n s i t y  and s lope  gradient  remain moderate. 

3 ) Plateaux and upper terraces : Corresponding t o  geomorphic s u r -  
f aces  of eros ion and accumulation which a r e  undergoing e ro -  
s i o n a l p r o c e s s e s  of degradation.  bkny f l a t  o r  gent ly  s loping 
remnants of t h e  former su r face  a r e  s t i l l  found, and r e l i e f  i n -  
t e n s i t y  and slope gradient  a r e  low. 

4 )  Piedmont plains and nongrauelly fans : Gently s loping p l a i n s  



a t  t h e  foo t  of mountains and h i l l s ,  with slope d i rec t ion  per-  
pendicular t o  mountain ran es, and nongravelly co l luv ia l  o r  a l -  
l u v i a l  fans ( f i ne  textured 7 . 

5 )  River alluvial plains: Made by recent f i n e  deposit ion of a 
major water course. The general slope of these  p la ins  follows 
t h e  d i rec t ion  of the  r iver .  

6) Lowlands : Corresponding t o  a reas  of varying shapes and s i ze s  
with nearly l e v e l  and of ten concave topography, where ground- 
water and surface water tend t o  accumulate with subsequent ac -  
cumulation of f i n e  sediments and eventually of subsoi l  salt. 

7 )  Flood plains : Corresponding t o  near ly  l e v e l  a reas  where run- 
ning surface water tends t o  spread f requent ly  through ac t i ve  
flood channels. 

8 )  Gravelly colluvial fans : Buil t  by many p a r a l l e l  small water 
courses debouching a t  t h e  foo t  of the  mountain f ron ts .  

9) Gravelly river fans : Buil t  by a major water course, conse- 
quently fan-shaped with a convex t ransversa l  section.  

C :  when a land un i t  i s  made of an i n t r i c a t e  combination of sev- 
e r a l  land types, t he  land uni t  i s  c l a s s i f i ed  under t he  heading 
"complex land types. 

X : when a land un i t  cannot be re la ted  t o  any o$ t h e  standard 
def in i t ions  of Land types, it i s  c l a s s i f i ed  as miscellaneous 
land type. For example : dune f i e l d s ,  coas ta l  sand bars ,  e t c .  

E3ch of t he  above mentioned land types has i t s  own character-  
i s t i c s  o f :  

* ove ra l l  slope c lasses  

* l o c a l  r e l i e f  i n t ens i t y  

* s o i l  conditions, e tc .  

They can be subdivided in to  land un i t s  according t o  various 
charac te r i s t i cs  such as : 

* thickness and continuity of s o i l  cover 

* type of underlying rock or  s o i l  mate r ia l  

* r e l i e f  in tens i ty  

* density of hydrographic network 



* shape of  t h e  v a l l e y s  

* r e l i e f  elements 

* gradient  o r  t r a n s v e r s a l  s lope  

* degree o f  eros ion/dissect ion 

* p o s i t i o n  and l o c a t i o n  

* other  f a c t o r s ,  which have g r e a t  inf luence  on subdivision of  land 
types.  

By recognizing and mapping t h e  major land resources types ,  t h e  
m3i.n land resources of  any region can b e  shown on t h e  map and individu-  
ally evaluated.  

Land Evaluation 

The land evaluat ion should b e  a multipurpose one. P o t e n t i a l i t i e s  
have t o  b e  s tudied separa te ly  f o r  each major land use:  

* i r r i g a t e d  crops 

* dry  farming-rainfed farming 

* orchards 

* range o r  pas tu re  

* f o r e s t  

* o t h e r  land uses. 

This land evaluat ion should permit comparison of  t h e  var ious  po- 
t e n t i a l i t i e s  f o r  d i f f e r e n t  uses of  t h e  same land wit  and a l s o  t h e  po- 
t e n t i a l i t i e s  of d i f f e r e n t  land u n i t s  f o r  t h e  same use. 

This comparison requ i res  t h e  d e f i n i t i o n  of  l l c l a sses l r  of  d i f f e r e n t  
p o t e n t i a l s .  A system of land c l a s s i f i c a t i o n  has been devised with s i x  
c l a s s e s  having t h e  same genera l  d e f i n i t i o n s  as t h e  one used f o r  i r r i g a -  
t i o n ,  b u t  based on a wider range of parameters and a l s o  d i f f e r e n t  c r i -  
t e r i a  according t o  t h e  land use contemplated ( c l a s s  1, high p o t e n t i a l  
up t o  Class 6, no 

As  a r e s u l t ,  t h e  Land evaluat ion has t o  b e  presented here  i n  t h e  
form of  a t a b l e ,  g iv ing t h e  land c l a s s e s  of each land u n i t  f o r  each 
major land use. 



The assessment of  land p o t e n t i a l i t i e s  i s  made by t h r e e  approaches: 

1) Overall  judgement 

2) Comparison and cor re la t ion  with o the r  lands  

3 )  Analysis and r a t i n g  of t h e  parameters inf luencing t h e  po t en t i -  
a l i t i e s  of Land. 

Whereas no guidel ines  can be  given f o r  t h e  first approach, bes ides  
the  b a s i c  de f i n i t i ons ,  some ru l e s  a r e  presented f o r  t h e  co r r e l a t i on  and 
parametric methods of land evaluat ion.  

Since two land u n i t s  a r e  r a r e l y  i d e n t i c a l  i n  a l l  t h e i r  aspects ,  
comparisons and co r r e l a t i ons  can only apply t o  a l imi ted  number of land 
cha rac t e r i s t i c s ;  f o r  example: cor re la t ion  of lands with a similar 
climate, o r  with similar s o i l s  o r  with similar physiography. Transfer  
o f  experience on t h e  ba s i s  of  these  similarities w i U  necessa r i ly  re- 
quire  some adjustments t ak ing  i n t o  account t h e  o the r  Land character-  
i s t i c s .  

Similarly,  t h e  land l im i t a t i ons  can be ra ted  as separate  parame- 
t e r s ,  bu t  t h e  assessment of t h e i r  combined e f f e c t  on land po t en t i a l -  
i t i e s  w i l l  r equ i re  some judgement and i n t e rp r e t a t i on .  On t h i s  aspec t  
some guidel ines  can b e  given by i nd i ca t i ng  t h e  ' h i m u m  land c lasses ' '  
i n  r e l a t i o n  t o  each l im i t a t i on  and each degree of l im i t a t i on .  

The inf luence of a given l im i t a t i on  v a r i e s  wi th  t h e  type of land 
use considered. Standard r a t i ngs  of l im i t a t i ons  a r e  indicated i n  "!The 
Manual o f  Land Class i f i ca t ion  f o r  l r r iga t ion . l l  For o ther  uses they a r e  
defined by comparison t o  those  of i r r i g a t i o n .  The cumulative e f f e c t  of 
l im i t a t i ons  should be estimated and t h e  land c l a s s  indicated accord- 
ingly .  

The p o t e n t i a l i t y  c lasses ,  indicated f o r  t h e  ex i s t i ng  l im i t a t i ons  
and fac to rs ,  a r e  present potentiality classes bu t  when t he se  l i m i t a -  
t i o n s  a r e  eliminated, by land improvement and/or land conservation 
works, t h e  p o t e n t i a l i t i e s  of land un i t s  w i l l  change and o ther  po t en t i -  
a l i t y  c lasses  can be  expected. These c lasses ,  after land improvements, 
a r e  ca l led  future potentiality classes. 

The present  trend of development i n  I ran  requires  an  evaluation of 
t h e  investment needed f o r  improving each p o t e n t i a l  land use. It i s  
the re fore  necessary t o  make t h e  land evaluation under two s e t s  of as- 
sessments : 

a )  t o  evaluate t h e  present  p o t e n t i a l  wi th  improved management 
p rac t i ces ,  bu t  without investments f o r  h d  improvement o r  Land 
conservation works. 



b )  t o  evaluate the potent ia l  after initial input, i. e. with improved 
management pract ices  and the  removal, by cap i t a l  investment, 
of some land l imitat ions and degradation hazards by drainage, 
leveling, s a l t  leaching, e tc .  

For t h i s  purpose, four leve ls  of i n i t i a l  cap i t a l  investment a r e  
defined: low, moderate, high and very high. 

The other pr inciple  of the  method of land resource inventory i n  
Iran i s  t h a t  the data  should be presented i n  a simple way, eas i ly  un- 
derstood by the nonspecialists.  It i s  a l s o  important t h a t  the maps 
should be easy t o  read with a limited number of mapping uni ts .  Land re-  
source maps should therefore summarize, synthesize and simplify a l l i n -  
formation obtained by d i f fe rent  studies,  on s o i l ,  geolow/geomorphol- 
o w ,  climate, vegetation and land use, e tc .  

APPLICATION OF THE METHOD 

Different types of land evaluation s tudies  a r e  carried out i n  
Iran : 

Land Evaluation for Regional Planning 

*Regional land resources and o t e n t i a l i t i e s  of large regions of 
high agr icu l tura l  potent ial ,  7 humid areas,  Caspian Zone, scale  
1:250,000) u n t i l  now covered 3.27 mill ion hectares. 

*Regional land resources and capabi l i t ies  of large regions of low 
t o  moderate potent ial ,  a r i d  and semi-arid areas  (cent ra l  Prov- 
ince, Northwest Iran, e t c . ,  scale 1:100,000 to 1:1,100,000), 
u n t i l  now covered 26 mill ion hectares. 

Land Evaluation for Specific Development Projects 

* Land resources and po ten t i a l i t i e s  of limited areas, on a scale  
of 1:20,000 t o  1:50,000, f o r  instance, f o r  s o i l  c o n s e m t i o n  
purposes. 

* For i r r iga t ion  projects,  on a scale  of 1 :20,000 

* For fores t ry  development on a scale of 1:20,000 t o  1:50,000 

Local and Detailed Land Evaluation (Site Evaluation) 

To make rapid land assessmgt on requests f o r  land use recommenda- 
t ions  on the  basis  of f i e l d  observations and laboratory data  on s o i l  
and water samples, f o r  instance i n  pr ivate  farms, experimental sta- 
t ions .  



BESTAVAILABLE COPY 

BEST AVAILABLE COPY 



BEST AVAILABL E COPY 
3 

BEST AVAILABLE COPY 



CONCLUSIONS AND RECOMMENDATIONS 

1) Further s t ud i e s  w i l l  be  needed f o r  evaluation of economic as- 
pec t s  o r  t o  ext rapola te  t h e  results obtained i n  some areas t o  
o ther  areas : 

Quantitative land eva,luation : t ak ing  i n t o  account inpu t  and 
output  of  d i f f e r e n t  crops i n  croplands, with considerat ion 
of economic s t ud i e s  and marketing, l e v e l  of  investments f o r  
i r r i g a t i o n  p ro jec t s ,  change i n  cropping p a t t e r n  of an area. 
This kind of study has s t a r t e d  recen t ly  i n  I ran .  

Standards for specification of land classes : t o  provide 
a more Prec i se  and ob jec t ive  b a s i s  f o r  t h e  evaluation of 
land p o t e n t i a l i t i e s .  

2 )  Further work has t o  be  implemented i n  order  t o  ex t rapo la te  re- 
sults of  trials and experiments t o  wider a r ea s  on t h e  b a s i s  of 
s o i l  survey and land resource surveys. 

3 )  A s  t h e  p o t e n t i a l i t i e s  o r  c a p a b i l i t i e s  of  lands f o r  d i f f e r e n t  
uses a r e  indicated by land resource mapping, it i s  recommended 
t h a t  t h e  planners use these  kinds of  maps t o  s e l e c t  more poten- 
t i a l  a r ea s  f o r  any poss ible  use i n  p ro j ec t  areas ,  t o  avoid m i s -  
use of t h e  land. 

4) A s  a reg iona l  land resources map shows a l l  p o s s i b i l i t i e s  o f  
proper land use i n  d i f f e r e n t  land u n i t s  of  t h e  surveyed a rea ,  
with ind ica t ion  of  present  l im i t a t i ons  and improvement works t o  
achieve t h e  fu tu r e  land p o t e n t i a l i t i e s  f o r  d i f f e r e n t  uses, it 
is  recommended t h a t  t h e  Plan Organization should r e f e r  t o  t h e  
regional  land resources maps, before  s t a r t i n g  any new a c t i v i t y  
i n  any area .  This saves time and money, i n  any development pro- 
j e c t ,  by ind ica t ing  t h e  s u i t a b l e  a reas  f o r  ases,  land improve- 
ment requirements, o the r  s tud ies  needed f o r  p ro j ec t s  i n  use fu l  
land u n i t s  and proper land use of  any area .  

5 )  Many times d i f f e r e n t  a g r i c u l t u r a l  organizat ions  ask t o  survey 
t he  s o i l s  of some a r ea s  and, a f t e r  spending time and money, 
l ea rn  t h a t  t h e  a r ea  i s  not  su i t ab l e  f o r  t h e  considered use. A s  
t h e  land resource s tud ies  a r e  carr ied  o u t  on a l a r g e r  s ca l e  and 
i n  a shor t  time, i n  comparison with t h e  s o i l  survey, and i nd i -  
c a t e  any poss ible  use of d i f f e r en t  land un i t s ,  it i s  recotnmend- 
ed t h a t  any ag r i cu l t u r a l ,  fo res t ry ,  range, seed and p l a n t  i m -  
provement o r  o ther  organization make a  request  f o r  land evalua- 
t i o n  of t h e i r  t e r r a i n .  
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WATER REQUIREMENTS OF VARIOUS CROPS IN 

ARID AND SEMI - ARID ZONES OF TURKEY 
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ARID AND SEMI-ARID REGIONS 

AND IMPORTANCE OF IRRIGATION 

V a s t  a r e a s  o f  t h e  world border ing  on the  s u b t r o p i c a l  b e l t  r ece ive  
p r a c t i c a l l y  a l l  of  t h e i r  p r e c i p i t a t i o n  i n  one season of  t h e  year .  These 
a r e a s  l i e  somewhere between 30' and 40° N and S l a t i t u d e  and t h e  ex-  
t e n s i v e  drylands of  t h e  world gene ra l ly  l i e  between t h e  l a t i t u d e s  
of lo0 and 35' S. 

The t y p i c a l  c l i m a t i c  p a t t e r n  of t h e s e  a r e a s  i s  a d ry  summer and 
r a i n y  winter ,  which i s  t h e  r eve r se  of  t h e  usua l  a g r i c u l t u r a l  need. This 
causes what we c a l l  " a g r i c u l t u r a l  drought,  " a condi t ion  of r a i n f a l l  de- 
f i c i e n c y  with r e spec t  t o  crop production.  Drought so def ined  i s  some- 
what d i f f e r e n t  from t h e  h y d r o l o g i s t s '  d e f i n i t i o n ,  which i s  t h e  exceed- 
i n g  of  outlow t o  inflow i n  t h e  water  ba lance  of an  a r e a .  The inc idence  
of  drought,  w i th  more agronomic charac ter ,  f o r  a p a r t i c u l a r  crop i s  t h e  
number of days dur ing  i t s  growing season on which s o i l  moisture exceeds 
a value  which i s  known t o  impede t h e  crop growth apprec iably .  

I r r i g a t i o n  i s  man's method of p a r t i a l l y  overcoming d e f i c i e n c i e s  i n  
t h e  n a t u m l  p a t t e r n  of p r e c i p i t a t i o n .  These d e f i c i e n c i e s ,  as s t a t e d  
above, may stem from l a c k  of  p r e c i p i t a t i o n ,  unfavourable seasona l  d i s -  



t r i b u t i o n  f o r  n a t u r a l  p l a n t  growth, o r  i n t r o d u c t i o n  of p l a n t  spec ies  
which can t a k e  advantage of  favourable  s o i l  o r  temperature condi t ions ,  
b u t  r equ i re  more water  than n a t u r a l l y  provided. 

EVAPOTRANSPIRATION AND IRRIGATION PROJECT 

PLANNING AND MANAGEMENT 

The success of an i r r i g a t i o n  p r o j e c t  depends i n  l a r g e  measure on 
how w e l l  t h e  water  supply meets crop requirements, both as t o  t h e  t o t a l .  
and t h e  peak requirements. The b a s i s  o f  an i r r i m t i o n  p r o j e c t  i s  at  t h e  
plant-soil-atmosphere environment. Water i s  del ivered t o  t h i s  community 
from t h e  water  supply source, b u t  t h e  p r o j e c t  planning starts f r o m  t h e  
reverse ,  from p l a n t  t o  source. Therefore t h e  s t u d i e s  o f  water  r equ i re -  
ments begin with an es t imate  o f  t h e  evapotranspi ra t ion  o f  t h e  crops 
grown o r  those  t h a t  w i l l  be  grown i n  t h e  p r o j e c t  a rea .  

The p r o j e c t  p lanners  a r e  more f a m i l i a r  wi th  t h e  term " i r r i g a t i o n ,  
water requirement, where evapotranspi ra t ion  i s  only one o f  t h e  com- 
ponent s . 

The i r r i g a t i o n  water  requirement equation might be  w r i t t e n  as 
follows : 

where 

I R  = I r r i g a t i o n  water  requirement 

ET = Evapotranspirat ion 

LR = Leaching requirement 

Re = E f e c t i v e  p r e c i p i t a t i o n  

AS = Stored s o i l  moisture 

Rss= Groundwater contr ibut ion 

% = Field  a p p l i c a t i o n  e f f i c i e n c y  

LC = Conveyance and opera t ion l o s s e s  

In a r i d  and semi-arid c l imates  t h e  main component of t h e  IR 
equation i s  evapotranspi ra t ion  (El'). How l a r g e  an a r e a  of a crop o r  



crops a water source of known volume can supply can be determined only 
by knowing a t  l e a s t  t h e  monthly o r  peak evapotranspiration values. 

The planning of i r r i g a t i o n  pro jec t s ,  t h e  appointment of water sup- 
p l i e s ,  and t h e  conservation and e f f i c i e n t  u t i l i z a t i o n  of t h e  whole w a -  
t e r  resources a l l  r e l y  i n  some degree on estimates of evapotranspira- 
t ion .  

Crop y i e ld s  a r e  known t o  be highly dependent upon t h e  ready a v a i l -  
a b i l i t y  of water a t  ce r ta in  s tages  of growth. The knowledge of t h e  time 
d i s t r i bu t ion  of evapotranspiration i s  very important i n  i r r i g a t i o n  
prac t ice  and pro jec t  management. 

Evapotranspiration i s  t h e  bes t  index of when and how much water 
w i l l  need t o  be supplied by i r r i g a t i o n  f o r  good crop production. 

The t e r n  "evapotransp~lrationl '  a s  used here i s  synonymous with 
"consumptive use of water. It i s  generally defined as the  sum of t h e  
volume of water used by vegetative growth of a given a rea  i n  t l ansp i r a -  
t i o n  and bui lding of p lan t  t i s s u e  and t h a t  evaporated from the adja-  
cent s o i l ,  o r  in tercepted p r e c i p i ~ t i o n  i n  t h e  a rea  i n  any spec i f i c  
time, divided by the  given area .  

Many f ac to r s  operate s ing ly  o r  i n  combination t o  influence t h e  
amounts of water consumed by p lan ts .  The e f f e c t s  of these  fac tors  a r e  
not necessar i ly  constant, but  they f l uc tua t e  from year t o  year as wel l  
as from place t o  place.  

Evapotranspiration i s  influenced by temperature, i r r i g a t i o n  prac- 
t i c e s ,  length of growing season, p rec ip i ta t ion  and other  fac tors .  The 
volume of water t ranspired by p l an t s  depends i n  p a r t  on t h e  water a t  
t h e i r  disposal, and a l so  on temperature and humidity of the air, wind 
movement, i n t e n s i t y  of sunlight,  t h e  s tage of development of t h e  plant ,  
i t s  fo l i age  and the  nature  of i t s  l e a f .  

It i s  evident t h a t  evapotranspiration i s  highly dependent on c l i -  
mate. Sc i en t i s t s  and i r r i g a t i o n  engineers have developed o r  proposed 
many models f o r  estimating o r  predict ing po t en t i a l  evapotranspiration 
from climatological  data.  

IRRIGATION RESEARCH IN TURKEY 

Location: Roughly, Turkey resembles a rectangle,  i t s  long s ides  
extending i n  t he  east-west d i rec t ion .  It i s  located between 36' and 42' 
N l a t i t udes ,  26O and 45' E longitudes. 

Climate:  In general  terms Turkey i s  within t he  subtropical  c l i -  
mate zone. But due t o  geographical formations, especial ly  t h e  mountains 
t h a t  follow the  coast l ine ,  the  milder subtropical  climate is  replaced 



by a more severe continental  character. Without these formations Turkey 
would have an average of 4' t o  &O C f o r  t h e  coldest months, and 22' t o  
25' C f o r  t h e  wannest months. 'This would leave us with about 20' C d i f -  
ference i n  extreme temperatures. But t h e  ex is t ing  var ia t ions  a r e  around 
1 5 O  t o  20° C on t h e  coast and 25O t o  35O C inland. 

Annual r a i n f a l l  var ies  between a minimum of 200 rnm. i n  Central 
Anatolia and a maximum of 2,500 m. on the  eastern Black Sea coast. The 
Aegean and Mediterranean coasts get  about 600-800 mm., and the  Black 
Sea coast 1,000-1,200 mm. 

The d i s t r ibu t ion  of r a i n f a l l  var ies  a l o t  between these  regions. 
The Black Sea coast receives a more uniform annual d i s t r i bu t ion  with 
winter having the  peak months. The Mediterranean r a i n f a l l  takes  place 
i n  t he  winter months, leaving a dry summer. Central Anatolian d i s t r i bu -  
t i on  var ies  between winter and spring, a m i n  with a dry summer. 

Land and Water Resources: Present land use i n  Turkey i s  summa- 
rized i n  Table 1. 

Table 1. PRESEFKP LAND USE I N  TURKEY 

?me  of Use 

A g i c u l t u r a l  l a n d  

Cultivated land 

Cropped 

Fallow 

Orchard, vineyard 

Area (1,000 hectares ) 

h s t u r e ,  range 30,839 

Forest  10,5~4 

Unproductive land l3,096 

TOTAL : 78,058 

The e f f e c t  of i r r i g a t i o n  on crop y ie lds  i n  various p a r t s  of Turkey 
i s  outl ined i n  Table 2 .  
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TIgble 2. YIELDS OF DIFFEFGN!T CROPS 

UNDER DRY AND IRRIGATED CONDITIONS 

Crop 

Sugar beets  

Sugar beets  

Wheat 

Flax 

Chickpea 

Sunf luwer 

F e r t i l i z e r  yield (kgs. /dec. 

No 

Yes 

No 

No 

No 

No 

Cotton 

Cottoll 

Banu t  s 

No 

Yes 

No 

Cotton 

Sesame 

Corn 

Wheat 

S u e r  beets 

No 

Yes 

Corn 

Soybeans 

Yes 

Yes 

Location 

Eski gehir 

Eski ~ e h i r  

Eskigehir 

Eskigehir 

Eski gehir  

Eskigehir 

S r s u s  ( ~ e r s i n )  

%rsus (Mersin) 

Qrsus (Mersin) 

Menemen (1zmir) 

Menemen ( Xzmir ) 

Menemen ( ~ z m i r  ) 

Cumra ( ~ o n y a )  

Cumra ( ~ o n y a  

Szmsun 

gunsun 



The t o t a l  area of p la ins  i n  the  major watersheds of Turkey i s  
16.7 mil l ion hectares,  out of which 12.5 mil l ion hectares a r e  believed 
t o  be i r r i g a b l e  from t h e  standpoint of s o i l  character. 

The annual surface runoff po ten t i a l  i s  estimated t o  be 167 x lo9 
m e 3  About 155 x 109 m.3 of t h i s  can be controlled.  

The t o t a l  amount of water t h a t  can be withdrawn annually from un- 
derground reservoirs  is  estimated t o  be 4 x 109 m.3 . 

With these source t h  annual t o t a l  water po ten t i a l  of Turkey i s  3 approximately 170 x 10 m. . 
Due t o  t h e  geographical and seasonal d i s t r ibu t ion  of prec ip i ta t ion  

approximately 90 percent of t h e  ag r i cu l tu ra l  lands do not receive 
adequate r a i n f a l l  during the vegetation period of crops. 

The po ten t i a l  volume of water given above i n  t h e  f i r s t  approxkm- 
t i o n  s e a s  t o  be adequate t o  supply 12.5 mil l ion hectares.  But i n  many 
cases the  individual  water supplies do not have i r r i g a b l e  land around 
them o r  some i r r i g a b l e  lands a r e  not close t o  po ten t i a l  water supplies. 

Considering these water supply-land r e l a t ions  it is believed t h a t  
about 8.5 mil l ion hectares of the  ag r i cu l tu ra l  lands can be i r r iga t ed .  

Reconnaissance soil surveys conducted i n  t h e  watersheds ind ica te  
approximately 6 m i n i o n  hectares could economically be provided with 
i r r i g a t i o n  and so f a r  1.6 mil l ion hectares of t he  land a r e  supplied 
with i r r i g a t i o n  water. 

By the  end of 1970 the  t o t a l  a rea  under i r r i g a t i o n  was estimated 
a t  1,6&,OOO hectares, of which 1 mil l ion hectares obtained water from 
systems constructed by individual farmers, l o c a l  organizations and p r i -  
vate  enterprise.  The remaining 664,000 hectares a r e  provided with water 
by means of i r r i g a t i o n  systems constructed by the  s t a t e .  

Research on Irrigation 

m e  f i r s t  modern i r r i g a t i o n  system was constructed i n  1908 on the  
Konya-gumra p la in  t o  i r r i g a t e  53,360 hectares. Another major i r r i g a t i o n  
system was opened f o r  operation in 1944 on t h e  Adana-Tarsus p la in  t o  
i r r i g a t e  17,000 hectares. 

A few years a f t e r  each system s ta r ted  t o  operate a number of irri- 
gation and drainage problems came i n t o  existence. 

The Sta te  Hydraulic Works (DSI) and the  Ministry of Agriculture, 
later the Soi l  Conservation and k m  I r r iga t ion  General Directorate 
(TOPRAKSU), cooperated i n  establishing organizations f o r  i r r i g a t i o n  re -  
search. 



Now TOPRAKSU has e igh t  s t a t i ons  around t h e  country with s i x  of 
than having da ta  on i r r i g d t i o n  methods, water requirements and consump- 
t i v e  use (CU) f o r  various crops. 

Evaluation of  the Data 

The research s t a t i o n s  dealing with i r r i - t i on  were es tabl ished,on 
t h e  dates  and i n  the  locat ions  l i s t e d  i n  Table 3. 

Table 3. LOCATIONS OF THE REE33IRCH STATIONS DOING 

IRRIGATION RESEARCH I N  TITRK.FY 

* 

1. 

3 

4 

5 

6 

Black Sea 

+ 

k 

tl 
h 

1948 

1949 

1949 

1952 

1952 

1963 

Region 

South 

Mediterranean 

Central 

b t o l i a  

West Aegean 

Central West 

Anatolia 

Central 

Anatolia 

Central  &st 

Anatolia 

North 

L O C A T I O N  

Province 

Mersin 

a n ~ a  

fmir  

Eskigehir 

Ankam 

%kat 

Samsun 

County 

Tarsus 

Menemen 

Lati tude 

36055 'N 

37'45'~ 

3&35 'N 

30°31 'N 

39O53 'N 

40018 'N 

41017'~ 

Longitude 

34055 'E 

32O41'E 

27005 'E 

39'46'~ 

32O45 'E 

3 6O34 'E 

2@20'E 

R e v a t  ion 

( in m, ) 

11.6 

1,012 

10.3 

781 

924.3 

585 

44 



This f i n a l  equation i s  used t o  es t imate  cumulative evapo- 
t r a n s p i r a t i o n  curves from which pe r i od i ca l  evapotranspira-  
t i o n  values  a r e  obtained. 

The f irst  six have so  far ca r r i ed  ou t  experiments on i r r i g a t i o n  
water  requirements and cons~rmptive use f o r  major crops of t h e i r  area, 
Most of these  d a t a  were evaluated on t h e  basis of i r r i g a t i o n  water re- 
quirements, time of i r r i g a t i o n ,  and seasonal  CIJ. 

Other people have evaluated t h e  o r i g i n a l  da t a  f o r  month* CU 
values f o r  s p e c i f i c  crops, 

I n  1969 my colleagues and I a t  Ankara Centra l  TOPRAKW Research 
I n s t i t u t e  s t a r t e d  an inves t iga t ion  of  these  s t a t i o n s  b y  compiling r a w  
da t a  from t h e i r  r epo r t s  and f i les  and by eva lua t ing  monthly CU values 
f o r  t h e  crops of t h e i r  area. 

Some of these  da t a  are now evaluated and presented hereo  Now we 
a r e  i n  t h e  process of c rea t ing  models t o  co r r e l a t e  these  da t a  with c l i -  
matic f a c to r s .  

I n  t h e  evaluat ion of t h e  ba s i c  data ,  "water budget1' o r  "water ba l -  
ance'' equation of t h e  hydrologis t  was used. This method i s  a l s o  r e f e r -  
red t o  as t h e  ' bo i s tu re  deple t ion method " by i r r i ~ t i o n  s c i e n t i s t s .  

Considering t he  f i e l d  p l o t s  where t he se  experiments were ca r r i ed  
ou t  t h e  water  baLance equation can be solved as follows: 

The Water &lance Equation 

Inflow - Outflow = Change in s torage.  

Inflow: R + I + Rs + Rss. 

O~ t f l ow:  E + Os + OSs .  

Change i n  Storage: Sp + a 



E = Evapotranspirat ion.  'Ihe equation w i l l  be solved f o r  t h a t  
component. 

0, = Surface outflow from t h e  a rea .  0, = 0 accepted by no t  
l e t t i n g  water  ou t  of f i e l d  p lo t s .  

OSs = Subsurface outflow from t h e  a rea .  Accounts f o r  t h e  amount 
of water flowing ou t  as we l l  as perco la t ing  below roo t  
zone. Oss = 0 and +C. 

+ a s g w  = Change i n  groundwater s torage.  For t h e  experiment sites - 
low water t a b l e  areas are usual ly  se lec ted .  Since it i s  as- 
sumed t h a t  groundwater table i s  at  a safe depth w e  a r e  no t  
i n t e r e s t ed  i n  Asgrw. It i s  poss ib le  t o  determine: 

where p = e f f ec t i ve  porosi ty ,  h = change of  e levat ion ob- 
served i n  water table. 

+ A s s m  = Change i n  s o i l  moisture storage.  This component i s  r a t h e r  - 
easy t o  determine by taking frequent readings o r  samplings 
of t h e  s o i l  p r o f i l e .  

For t he  unsaturated zone, t h e  zone above water table o r  
r oo t  zone 

can be considered equal. Where: 

P = Ver t ica l  flow downward f r o m  unsaturated zone t o  
sa tura ted zone 

C = Ver t ica l  flow upward from sa tura ted  zone t o  un- 
sa tura ted zone. 

With these  assumptions, water balance equation f o r  t he  un- 
sa tura ted zone s impl i f iee  t o :  

solving f o r  E 



Substi tuting, 

( R  + I + RS + R ~ ~ )  - ( E  + Os + ass) =nsgN +Assm. 
R = Precipi ta t ion.  A measurable component. 

I = I r r iga t ion  water. A measurable component 

Rs = Surface inflow from joining areas .  A measurable component. 
But f i e l d  p l o t s  surrounded by dikes prevent Rs. Thereforc 
Rs= 0. 

Rss = Subsurface inflow from joining areas .  Rather d i f f i c u l t  t o  
measure quant i ta t ively.  In f i e l d  experiments t h i s  is as- 
sumed Rss= 0. 

Experimental Results 

The hydrological water balance equation (equation 2 ) was simpli- 
f i e d  with the  assumption made i n  t h i s  paper (equation 5)  and was used 
t o  estimate monthly evapotranspiration values f o r  various crops f o r  
various locations i n  Turkey. 

'Ihe monthly ET values of crops i s  an important component f o r  the 
hydrologists '  water balance equation and an e s sen t i a l  datum fo r  i r r i g a -  
t i on  engineers. 

The experimental r e su l t s  a r e  presented i n  Tables 4,5, 6, 7, 8,9, 
10, 11 and 12 f o r  wheat, a l f a l f a ,  sugar beets,  cotton, potatoes, beans, 
melon, tomatoes, and sesame respectively.  

The experimental values f o r  a spec i f ic  crop a t  one locat ion a r e  
given f o r  individual years instead of an average of these years. We 
f e e l  it is sa fe r  t o  give individual years instead of averages fo r  the 
i r r i g a t i o n  engineers ' o r  hydrologists ' use. 



'lhble 4. MONTHLY ET VALUES FOR WHEAT AT ANKARA AND ~ S K i t j ~ h  

Number in parentheses indicate the number of days of the month the ET value 
represents. Months with no number in parentheses represent the total days of these 
months. 

Months 

October 

November 

December 

January 

February 

March 

April  

&Y 

June 

July 

m m  Er 
b~l.) 

W s  

1969-70 

12 .O 

(8)  

50.0 

51.0 

50 .O 

46.0 

51.0 

186.3 

83.7 

45.0 

11.9 

(14) 

586.9 

28( 

I 
A n k a r a  

1969-70 

12 .O 

(8) 

46.0 

40 .O 

49.0 

€0 5 

46.5 

I€% .O 

193 .O 

51.0 

12.8 

(14) 

714.8 

2& 

1963-8c 

7.0 
(27) 

6.0 

6.0 

44 .O 

41.0 

43 .O 

104.0 

139.0 

139.0 

76.0 

(4) 

Q5.o 

2 83 

1967-68 

37e0 

37.0 

39.0 

39.0 

35.0 

39.0 

126.0 

128.0 

68.0 

14.3 

(16) 

562.3 

2 89 

1968-69 

- 

33 .O 

Q.8 

57.2 

51.0 

41.0 

55.0 

152.0 

97.0 

28.0 

(27) 

575.0 

279 

E s k i g e h i r  

1964-65 

22 .O 

(25) 

2 6.0 

4 .O 

6.0 

3 .O 

110 .O 

130.0 

136.0 

133 .O 

15*8 

(22) 

585.8 

2 89 

1-96-66 

25.0 

(27) 

25.0 

6.2 

72.8 

73 .O 

10.0 

10.0 

151.0 

159-O 

87.1 

619.1 

287 



Fable 5. MONTHLY ET VALUES FOR ALFALFA FOR AM(ARA, ~~(k$3Ih3, MENDDZN AM) K O h i  

Months 

March 

- 

April 

- - -- - - - 

.- - - - - 

June 

July 

August 

September 

October 

TOTAL m 
(mm. 

~ Y S  

Menemen 

1963 

96.0 

171.0 

222.0 

246.0 

108.0 

152.4 

Kon~a 

1968 

78.0 
(19) 

- 

70 .O 
- 

148.0 

158.0 

143.0 

98.0 

16.8 
(ll) 

708.8 

183 

1966 

72.2 

50.5 

186.4 

102.9 

74.5 

93.9 

1970 

22 .O 
(18 

80 .O 

146.0 

195.0 

339.0 

222.0 

39.2 
(28) 

1,043.2 

199 

1964 

8.0 
(11 

74 .O 

188.0 

205.0 

195.0 

140.0 

102.6 
(15) 

A n k a r a  

1969 

-- 

12.0 
(5 )  

117.0 

182.0 

171.0 

143.0 

77.0 

23 .O 
(10 

725.0 

168 

- 

1968 

28.1 

81.0 

100.5 

188.8 

198.8 

331.9 

132.1 

1970 

26.0 
(8)  

84.0 

.- - 
98.0 

229.0 

248.0 

234.0 

95 .O 

182.7 
(15) 

1,196.7 

206 

E s k i g e h i r  

19 63 

53.0 
(26) 

72.0 

90.0 

212.0 

261.0 

168.0 

91.5 
(16) 

1961 

15.0 
(11 

50.0 

190.0 

210.0 

329.0 

271.0 

56.0 
(12) 

91.2.6 

179 

19Q 

52.0 
(26) 

87.0 

185.8 

234.2 

147.1 

290.9 

35.0 
(4 )  

1,288.2 580.4 1,079.G 957.5 

19 5 

1,121.0 

176 2 14 I 183 
I 
I 

1,032.0 

183 24 5 

2+1- 



%ble 6. MONTHLY ET VALUES FOR SUGM BEETS AT ANKARA, E S K ~  qE-IfR, TOKAT AND KONYA 

Months 

March 

A p r i l  

&Y 

June 

July 
- 

~ u g u s t  

September 

October 

TOW ET 
(urn.) 

~ Y S  

i 

1965 

33.6 

124.2 

100.2 

157.2 

179.0 

85.0 

679.2 

183 

K o n y a  

1968 

27.4 

53.5 

126.2 

199.0 

251.0 

83.9 

15.3 

756.3 

2 14 

1970 

5 -0 
(21) 

130.0 

253.0 

298.0 

207.0 

92.2 
(19) 

985.2 

162 

1968 

44 .O 
(19) 

63.0 

69.0 

126.0 

175.0 

194-O 

671.0 

172 

1959 

3.0 

8.0 

115.0 

454.0 

240.0 

173.0 

10.5 
(1)  

1,003.5 

184 

1969 

78.0 
(26) 

175.0 

185.0 

1B.O 

141.0 

63.6 
(15) 

831.6 

163 

1970 

2.0 
(4)  

56.0 

80.0 

205.0 

216.0 

16g.o 

105.0 

18.6 
(7)  

851.6 

194 
I 

A n k a r a  

1970 

50.0 
(25) 

Bg.0 

160.0 

124.0 
-- 

144.0 

59.2 
(17) 

2Q.2 

165 

E s k i g e h i r  

1960 

45.0 
(15) 

84.0 

125.0 

276.0 

267.0 

125.0 
(20) 

922.0 

158 

1969 

26.0 
(15) 

54.0 

9 . 0  

220.0 

280.0 

153.0 

15.3 
(5)  

838.3 

ln 

1961 

84.0 
(28) 

97.0 

91.0 

308.0 

295.0 

73.0 
1 

948.0 

162 

1967 

30.0 
(20) 

u8 .0  

266.0 

357.4 

338.0 

125.9 
(28) 

1,255.3 

171 

T o k a t  

1968 

34.0 
(28) 

244.0 

357.0 

493.0 

250.0 

1,378.0 

149 



lkble 7. MONTHLY FT VALUES FOR COTII3N AT TARSUS AND VARIOUS MCATIONS I N  THE AEGEAN REGION 

Months 

April 

p~ - 

&Y 

June - 
July 

August 

September 

October 

November 

TDTAL ET 
(mn. 

-8 

lkrsus Aydm 

( ~ o k e r  ) 

1966 

115.4 

239.6 

200.6 

81.4 

78.0 

705.0 

153 
I 

lkrsus 

- -- 
1959 

25.0 
(28) 

49.0 

167.8 

187.2 

66.0 

29.2 
(18) 

524.2 

169 

Denizli 

( ~ o k e r  ) 

1966 

10.0 
(4)  

98.3 

121.7 

234.0 

336.0 

75.0 

26.0 

901.0 

188 

(Acala 

1961 

22 .O 
(21) 

108. o 

144.0 

173 -0 

56.0 

22.1 
( 16) 

525.1 

163 

( ~ c a l a )  

1963 

28.0 
(24 ) 
- - 

107.0 

l l4.1 

153 .O 

60.0 

7.0 

1.1 
(7) 

470.2 

184 

lkrsus 

( ~ o k e r  ) 

1962 

42 .O 
(22 

52 .O 

144.8 
- -- 

184.1 

41.3 
(21) 

- 

424.2 

13 5 

) 

19Q 

68.7 
(24) 

55.3 

180.0 

192.0 

70.1 
(20 ) 

566.1 

I36 

Menemen 

(Acala ) 

19& 

52.2 
(21) 

135.8 
-- 

260.0 

253.5 

93 .O 

180 .o 

2.4 
(1) 

976.9 

175 

Maniea 

( ~ c a l a )  

19Q 

--  

37.0 
(29) 

54.0 

327.4 

203.6 

87.0 

89.0 

798.0 

182 

1963 

85 .O 

107.0 

190.0 

230.0 

75 .O 

69 .o 

756.0 

184 



Bble  8. MONTHLY EI' VALUES FOR POTATOES AT ANKARA 

'Pable 9. MONTHLY EI' VALUES FOR BEANS AT ANKARA, TAWS AND KONYA 

~ c m t h s  1 9 a  19 69 1970 

April  15 .O 

(7) 

May 57.0 7 -0 65 .O 
(6) 

June 140.0 131.0 237.0 

July 142.0 174.0 214 .O 

August 87.0 128.0 231.0 

Septemb,er 32 .O 78.0 155.7 
(15 ) 

October 11.3 4 
(u) (45 

mTAL EI' 
(m. 1 469.3 522 5 917.7 

~ Y S  164 131 14 5 

f 

T,ars us  

1962 

100.0 

230 .O 

94 .O 
(32)  

424 .o 

73 

Months 

June 

July 
.. 

August 

September 

October 

TOTAL En' 
(m. > 

~ Y S  

K o n y a  

1965 

78.3 

174.0 

111.7 

41.8 

30 -3 

43 6.1 

153 

1968 

46.9 

95.7 

130.2 

- 
137.1 

17.0 

13 -3 

440.2 

184 

A n k a r a  

1969 

I2 .O 

( 6) 
90.0 

109 .O 

114 .O 

79 -4 
(23 ) 

404.4 

121 

1970 

86.0 

129 .O 

212 .O 

121.0 

17.1 
(15 ) 

565.1 

14 6 



Table 10. MONTHLY ET VALUES FOR MELON (HONEYDEN) AT ANKARA AND KONYA 

'Ihble 11. MONTHLY FT VALUES FOR TOMATOES AT TARSUS AND KONYA 

K o n y a  

1-9 63 
41.0 

48.8 
134.2 

32.1 

9.4 

265 5 
153 

r 

Months 

Ma3r 
June 

J ~ Y  

August 
September 

TOTAL EZ (m.) 

Days 

A n k a r a  

1968 
50 .0 

55.0 
99.0 
79.0 

52 .O 

335.0 

153 
I 

Months 

Apri 1 

WY 

June 

July 

A U ~ U S ~  

September 

October 

TOTAL m 
(m. > 

Days 

K o n y a  T a r s u s  

1966 

31.0 

115.6 
130.0 

99.4 

42.7 

418.7 

153 

1961 

55 -0 
(7) 

190.0 

206.4 
136.6 

38.6 
(5) 

Q6.6 
104 

1968 

31.7 

148.9 

la .3 
227.9 

7.9 
6.2 

586.9 

184 

1962 

126.6 
(29) 

107.4 

153 -0 

lt3.0 

88.1 

635.1 

152 

19 63 

I23 .O 
(19) 

152 .O 

137.0 

82 .o 
(22) 

494 .o 
102 



Table V. MONTHLY ET VALUES FUR SESAME AT MENEMEN 

To fur ther  emphasize the natural  deficiency of water a t  each loca- 
t i o n  f o r  each one of the  crops, evapotranspiration (ET), precipi ta t ion 
(PI, i r r iga t ion  water ( I )  amounts a r e  given i n  B b l e s  13, 14, 15, 16, 
17 and 18  f o r  Ankara, Eskiaehir, the Aegean region, Konya, 'Pdrsus and 
Tokat respectively. 

L 

Months 

&Y 

June 

J ~ Y  

August 

September 

TOTAL ET 

(mm. > 
Days 

By comparing the  seasonal El? and R values i n  these tables ,  one can 
decide t h a t  without i r r iga t ion  most crops li'sted i n  these tables ,  maybe 
with the  exception of wheat, could not possibly be grown profitably.  

For most of these locations the t o t a l  annual R values a r e  much 
higher than the seasonal R values given here. Especially the coastal  
areas have p re t ty  wet spring and winter seasons. It becomes evident, 
therefore, t ha t  the hydrologists'definition of drought as the exceeding 
of outflow t o  inflow during the calendar or  hydrological year does not 
define the natural  moisture supply or  deficiency of most of the crops 
i n  Turkey. 

1958 

17.4 
(20) 

82.2 

168.2 

134 .3 

402.1 

1x2 

19 61 

1900 
(19) 

13.2 

173.8 

182 .O 

30 -3 
(7) 

418.3 

118 
I 



Table 13. SEASONAL El?, R AND I VALUES FOR WHECIT, ALFALFA, SUGAR BEFTS, 

KlTATOES, BEANS AND MELON FOR ANKARA 

Seasonal R values are for the pzr iod of  seeding--harvest or late frosi--early for that year 

fo r  that specific crop. 

Annual R values fo r  wheat are October through July o f  the next year, and January 

through December for  other crops. 

Annual 
R 

(mm. > 
428.0 
496.4 
313.1 
313 -1 

532 .2 
443.2 
342.2 
342.2 

532 .2 
443.2 
342.2 
342.2 

532 -2 
443.2 
342.2 

443.2 
342.2 

532 .2 

Crop 

-- 

Wheat 

Alfalfa 

Sugar beets 

Potatoes 

Beans 
( seed ) 

Melon 

Year 

1967-68 
1968-69 
1969 -70 
19 69 -70 

1968 
1969 
1970 
1970 

1968 
1969 
1970 
1970 

1968 
1969 
1970 

1969 
1970 

19 68 

Seasonal values (mm. ) 

ET 

562.3 
5'15.0 
714.8 
586.9 

708.8 
725.0 

1,043.2 
1,196.7 

671.0 
831.6 
626.2 
985 .2 

469.3 
522 5 
917 7 

404.4 
565.1 

335.0 

R 

401.7 
441.2 
312.0 
322.0 

180.4 
150.3 
96-7 

102.4 

175.6 
95*8 
80.3 
48.0 

135.5 
31.1 
54.8 

30.1 
54.8 

127.4 

I 

117.2 
85.7 

356.9 
196.8 

492.8 
a 6 . 9  
837.1 
956.7 

539 5 
688.0 
525.6 
915.8 

295'5 448.1 
780.0 

283.6 
445.4 

169.6 



TABLE 14. SEALSONAL ET, R AND I VALUES FOR WHEAT, ALFALFA AND 

SUGAR BEETS FOR ESKI~EH~R 

Table 15. SEASONAL Ell, R AND I VALUES FOR CO'ITON, ALFALFA AND 

SEEVlME FOR VARIOUS PARTS OF THE AEGEAN REGION 

Annual 
R 

(m.  1 
Crop 

crop 

Cotton  enem em en ) 
cot ton 
( ~ a n i s a  

- 
Cotton 
( ~ y d m  - 
Cotton 
( Deni z l i  ) 

Alfalfa 

Year 
Seasonal values (mm . ) 

meat  

Alfalfa 

Sugar beets 

m 

Year 

1962 

19Q 
1963 

1966 

1966 

1963 

1963 -8c 
1964 -65 
1965 -66 

19 61 
19@ 
1963 
19 64 

1959 
1960 
1961 

615.0 
585.8 
619.1 

1,121.3 
1,032 .o 

957.5 
912.6 

1,00305 
922.0 
948.0 

R 

Sesame 

I 

303.3 
346.5 
388.2 

225.4 
148.2 
217.4 
145.0 

175.1 
145.5 
208.2 

Annual 
.R 

(mm. 

826.5 

402.1 
418.3 

Seasonal values (m. ) 

1958 
1961 289.0 

m 

976.9 

150.0 

798.0 
756.0 

715 .O 

901.0 

1,288.2 --- 

150 .o 

878.0 
828.0 
516.0 
674.0 

783 .O 
601.0 
679.0 

R 

259.4 . 

416.5 

341.0 
346.9 
482.6 
294.3 

354.6 
463.6 
341.0 

I 

268.1 

90.6 
191.3 

43.4 

125.2 

415 .O 

378.9 
257.0 

1,044.8 
703 .4 

380.0 1,233 .9 

440.0 

645.0 

599 8 

1 487.9 
-. 



!Table 16. SEASONAL ETy R AND I VALUES FOR ALFALFA, SUGAR BEETS, 

BEANSy MELON AND TOMATOES FOR KONYA 

Thble 17. SEASONAL ETy R AND I VALUES FOR COTPONy BEANS A.ND 

TOMATOES FOR TARSUS 

Crop 

Alfalfa 

Sugar beets 

Beans 

Year 

1966 
1968 

19 65 
1968 

1966 

Annual 
R 

(mm. > 
263.9 
397.8 

234 .O 
397.8 

263.9 
397 -8 

371.8 

263.9 
397 8 

Seasonal values (mu. ) 

r 

Crop 

Cotton 

Beans (green) 

Tomatoes 

m 

580.4 
1,079.0 

679.2 
756.3 

436.1 
440.2 

265.5 

418.7 
586.9 

1968 

Year 

1959 
19@ 
19 61 
1962 
1962 

19@ 

19 61 
1962 
1963 

Melon 

Tomatoes 

I 
Annual 

R 

(mm. > 
575 -0 
443.4 
916.0 
614 .9 
614 .9 

614 .9 

916.0 
614 .9 
a 7 . 7  

Seasonal values (mm. ) 

R 

105.5 
106.6 

51.2 
83.9 

94 .O 
69 -3 

133.8 

94 .O 
69.3 

19 63 

1966 
1968 

m 

524.2 
470.2 
525.1 
566.1 
464.2 

424 .O 

626.6 
635 .1 
494 .o 

I 

278.6 
980.8 

589 .o 
668.3 

143.1 
396.3 

100.0 

209.2 
530 .4 

R 

77-6 
73 .4 
46.6 
47.8 
48.1 

20.4 

28.7 
65.6 
70.8 

I 

320.0 
300.0 
375 .O 
375 .O 
300.0 

409.3 

323.1 
553 5 
3Q .o 



Table 18. SEASONAL ET, R AND I VALUES FOR SUGAR BEETS FQR TOKAT 

crop 

Sugar beets 

7 

Annual 
R 

hm. 1 

498.5 
474.9 
374.0 
424 .O 

Year 

1967 
1968 
19 69 
1970 

Seasonal values (m. ) 

I 

1 , 0 ~ * 6  
1,136.3 

609.8 
684.9 

m 

1,255.3 
1,378.0 

838.3 
851.6 

R 

152.7 
147.3 
138.8 
124.6 



POSSIBILITIES OF SUPPLY AND PROPER USE OF 

WATER IN THE GARMSAR AREA 

b y  Mr. 8. Yazdani, 

Expert, Research Centre and 

Laboratory, 

Ministry of Water and Power, 

Tehran 

BACKGROUND 

Since Iran i s  located i n  an almost a r i d  zone, with an i n su f f i c i en t  
r a t e  of p rec ip i ta t ion  t o  face crop needs, i r r i g a t i o n  i s  essen t ia l .  

P o s s i b i l i t i e s  of a water supply from d i f f e r en t  sources and s t r i c t -  
ly control led use of such water i n  a proper use condition a r e  vital. 
This report  def ines  t h e  r e s u l t s  obtained from s tud ies  t h a t  have been 
carr ied out  i n  t h e  Garmsar area  with t h e  cooperation of t h e  Food and 
Agriculture Organization of t he  United Nations. 

Location and Extent 

The Garmsar area is an ex is t ing  farming d i s t r i c t ,  about 120 ka. 
southeast of Tehran between 3 5.13ON l a t i t u d e  and 52.22O~ longitude. It 



l i e s  a t  t h e  foo t  of t h e  Alborz Mountains. It covers p a r t  of t h e  a l l u v i -  
a l  fan,  which has an a rea  of about 50,000 hectares .  Due t o  t h e  shortage 
of water only a p a r t  of t h i s  a r ea  can be i r r i ga t ed .  The southern p a r t  
of t h e  a r ea  merges i n t o  t h e  great  salt dese r t  of cen t r a l  Iran.  

Climate 

The climate i s  continental ,  semi-arid t o  a r i d ,  with low r a i n f a l l  
and humidity. The summers a r e  dry and hot, and t h e  winters a r e  cold. 
Most of t h e  r a in  and snow f a l l s  i n  t h e  high northern slopes and very 
l i t t l e  manages t o  reach t h e  p l a in  t o  t h e  south. 

Temperature 

AVERAGE MONTHLY TENPERATITRE: I N  C0 

Jan. Feb. Mar. Apr. My June July  Aug. Sept. Oct. Nov. Dec. 

4 7.1 11.2 17 23 26 30.6 28.8 25 10 u.1 5.2 

Tne maximum air temperature during t he  period w a s  42.7 @(Ju*~ 
and t h e  minimum was 14.5 cO( Jan. ) . The maximum amount of p rec ip i ta t ion  
falls i n  t h e  winter and spring months. The mean monthly r a i n f a l l  i s  as 
follows : 

MEAN MONTHLY RAINFALL I N  MM. 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

23.6 19.3 17.3 9.7 6.8 0 o o 0.5 505 5.7 11 

Total: 99.4 

MEAN MONTHLY A I R  HUMIDITY $ 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

67.8 59.8 5 1  49.8 42 37.9 36.1 34.8 40 44.8 58.1 69.6 

Agriculture suffers from the  wind, which d r i e s  up t h e  s o i l  i n  
summer .  Northern, northeastern and southwestern winds predominate. 



AVERAGE MONTHLY WIND VELOCITIES I N  M. / S X .  

 an. Feb. r .  Apr. May June July Aug* Sept. Oct. Nov. Dee. 

0.98 1.23 1 6  1 .5  1.38 1-37 1-45 1.32 0-97 0.97 0.93 0.93 

AVERAGE MONTRLY EVAPORATION I N  MM. 

Jan.  Feb. Mar. Apr. May June J u l y  Aug. Sept. Oct. Nov. Dec. 

58 85.8 171.1 267 384 440 514 466 344 242 u 5  61 

Total Annual 3,147.9 

Average monthly evapotranspiration ( ETP) was calculated from s ix  
different  formulas and the  resul t s  a re  as follows: 

AVERAGE MONTHLY ETP I N  MM. 

Jan. Feb. Mar.  APT. May June July A .  Sept, Oct. Nov. Dec. 

Cyclic 
formula  U 25.2 74.4 136.4 225 225.6 294.8 243.6 161.4 &.9 27.3 10.8 

1 formula 
i 

Average 28 43 82 120 183 216 239 215 157 108 



The Hablehrud River and i t s  t r i b u t a r i e s  a r e  the  main sources of 
water f o r  i r r i g a t i o n  purposes. Total  ava i lab le  t e r  of t h e  Hablehrud P on the  Garmsar m a i n  cone i s  247.7 m.c.m. (7.85 m. /sec. ) i n  an average 
year. 

In t h e  wet teet  year 508.46 m.c.m. (16.12 m.3/sec.) and i n  t h e  
d r i e s t  year 118.74 m. c .me (3.8 m .3/sec. 1. 

CLASSIFICATION OF THE HABLMRUD RIVER WATER FOR IRRIGATION 

--- - 

Jan. Feb. Mar. Apr. May June July  Aug. Sept. Oct. Nov. Dec. 

The c k s s  QSJ. = high s a l i n e  water and low sodiurn hazard. The wa-  
t e r  can be used on permeable s o i l s  i f  they a r e  adequately leached, 
drained and i r r i ga t ed ,  and very s a l t - t o l e r an t  crops a r e  grown. During 8 
months of t he  year the  water i s  highly s a l i ne  with low sodiurn hazard, 
and during 4 months t h e  water i s  very high sa l i ne  m d  with medium eodi-. 
urn danger. E l ec t r i ca l  conductivlty of t h e  Hablehrud River i s  1,700 
micmmhos ( i n  f lood f r e e  water) .  

Groundwater 

The groundwater o r ig ina tes  mainly through s e e p g e  f r o m  the  r i v e r  
beds, i r r i g a t i o n  canals and from the  f i e l d  percolation losses .  

According t o  ava i lab le  da t a  t h e  annual groundwater extract ion i s  
35 m.c.m. 

The s a l i n i t y  of t h e  groundwater i s  higher than that of t h e  r i v e r  
water. E l ec t r i ca l  conductivlty of t he  water i n  deep wel ls  va r i e s  be- 
tween 1,500 - 5,000 micromhos and that i n  t h e  shallow wells  ranges be- 
tween 2,000 - 20,000 micromhos. 

On t h e  bas i s  of t h e  hydrogeological surveys and s tud ies  it was 
found t h a t  t h e  bes t  qua l i ty  of groundwater i s  i n  t h e  northeast  p a r t  of 
t h e  a rea  and new wells w i l l  b e  dug the re  f o r  t h e  combined use of sur- 
face and groundwater. 

The groundwater balance i n  the  Gannsar Pla in  i n  a normal year  i s  
as follows : 

River water a t  diversion point:  260 x lo6 m.3 



Inflow 

Subsurfice inflow (Hablehrud) ?rn. c.m. 

Flood recharge i n  fan head @.c.m. 

Recharge from main flood 3m. c .m. 
channel 

Recharge from r a i n f a l l  2m.c.m. 

Seepage from canals 80m.c.m. 

I r r iga t ion  percolation 4lm. c.m. 

Out? lar 

Well and qanat extraction 35m.c.m. 

Qanat water discharged 5m.c.m. 
across  outflow boundary 

Subsurface outflow 99m.c.m. 

Soil Types and Land Classification Origin 

m e  s o i l  of  t h e  Garmsar Plain  or iginated from the  Hablehrud River 
and sediment from t h e  f o o t h i l l s .  

The calc i ferous  sediments p reva i l ,  bu t  i n  addi t ion s a l t y  and 
gypsiferous material i s  a l s o  present ,  

Drainage Conditions 

The s o i l s  included i n  t h e  layout a r ea  a r e  I and I1 c l a s s  s o i l s .  
The depth of t he  water t a b l e  va r i e s  between 6) and 10 metres and the  
cap i l l a ry  f r i nge  depth i n  t he  s o i l s  l i e s  from 2 t o  6 metres, and i f  
proper i r r i g a t i o n  i s  applied,  t h e  danger of t h e  water t a b l e  r i s i n g  does 
no t  e x i s t .  

Land Classification 

Land c lasses  a r e  as follows: 
Area 

(hectares)  

Class I 2,794 

class 11 18,748 

Class IV 4,531 

Class V 10,493 

Class VI 3 ,314 



EXISTING IRRIGATION AND CANALS 

Diversion of the water 

EBsy diversion (very wide river bed, l i t t l e  depth of water) of the  
r i v e r  water and i t s  steady flow has enabled the farmers since ancient 
times t o  use the  r i v e r  water f o r  i r r i g a t i o n  of t h e i r  lands i n  the  
Garmsar Plain. The farmers cu l t i va t e  the  middle part of the  fan, where 
t h e  groundwater i s  deep, s o i l  i s  permeable and of medium t o  f i n e  tex-  
tu re  . 
Existing Canals 

The method of diversion and the  conveyence of the water have a l -  
ways been very primitive. The r i v e r  i s  tapped a t  about 70 places and 
the  water i s  then conveyed through 70 i r r i g a t i o n  canals with a length 
of about 920 Inn. i n t o  the  cult ivated area. 'Ihe canals a r e  wide i n  r e l a -  
t i on  t o  t h e  carried discharge, and very winding. I n  general they a r e  
not engineered, and none of them has a regulating headworks. 'Ihe ab- 
s t rac t ion  of t h e  water from the r ive r  bed i s  by means of gravel. A l l  
t h i s  results i n  heavy losses  by evaporation and seepage and makes i m -  
possible any proper system of water control  and d is t r ibu t ion .  

The Garmsar i r r i g a t i o n  developent  has some l imitat ions f r o m  i t s  
nature : very U t t l e  r a i n f a l l  (about 100 mm. per  ear), low r ive r  d i s -  
charge i n  the  summer, ra ther  high s a l i n i t y  of t h e  r i v e r  and ground- 
water, and the occurrences of s a l ine  s o i l s  and a lka l ine  patches sca t -  
tered over t he  whole plain.  

'POW r n I G A T I O N  CANCIl; LOSSES IN THE PLAIN 

Hydrological Available water 'Ibtal l o s s  Losses i n  $ of 
year i n  m. c. rn. m. c. m. avai lable  water 

1344-45 173 -34 83.69 48.2 

1345-46 151.10 74.86 49.5 

1346-47 275.42 101.42 36.9 

1341-42 118.74 71 17 a . 0  

1332 -33 508.4 6 139.43 27.4 



During an extremely dry year the t o t a l  losses a re  60 percent of 
available water, and i n  an average year 36.9 percent and i n  the wettest  
year 27.4 percent. 

Existing Irrigated Agriculture 

A t  present a variety of d i f ferent  crops i s  cultivated; however, 
wheat and barley occupy about 60 t o  70 percent of the  cultivated area, 
cotton 18 t o  20 percent, melon 12 t o  22 percent, gardens 6 t o  9 per- 
cent, vegetables about 1.5 percent and alfalfa 1 t o  3.5 percent. The 
cultivation methods a re  not a s  developed as they should be. 

RESlTLTS OF TWO CROP SURVEYS 
( in  hectares ) 

Barley Wheat Cotton Melons Gardens Vegetables Alfa l fa  Tota l  
Years 

Years 
1966-67 546 6,555 2,243 1 ,kU 682 

Gross wa te r  use at the diversion per hectare was measured as 17,940 rn!/ha. 

Improvement of Irrigated Area 

A t  present ag r i cu l tu ra l  production i n  the Gamsar Plain i s  l o w  be- 
cause of: 

* Insuff icient  and i r regular  water supply fo r  i r r i g a t i o n  

* High s a l i n i t y  of the  s o i l s  and water, both surface and ground 

* High s i l t - c l a y  content i n  the  Hablehrud River water 

* Unstable diversion of the  r ive r  water 

* Insuff icient  development of i r r i g a t i o n  practices,  including in -  
suf f ic ient  leaching 

* Ekcessive water use i n  upstream r ive r  valleys and lack of good 
roads. 



The i r r i - t i on  development plan aims t o  improve land and water 
managesnent i n  t h e  following respects:  

* Increase the  ava i lab le  amount of water for  i r r i g a t i o n  purposes 
by reducing the  canal seepage ( l i n ing  of t he  canals)  , and r e -  

t h e  old wells i n  a b e t t e r  locat ion (more water and l e s s  
s a l ine  placin7 

* Introduce regular leaching f o r  each crop, especial ly  i n  t h e  
wet years, t o  reduce t h e  s o i l  s a l i n i t y  

* Reduce the  amount of harmful s i l t  and clay from floods by be t -  
t e r  control  of the  water use, (diversion weir, sand t rap ,  gates 
and s lu i ces  a t  the  head of t h e  main canals)  

* Fix the  locat ion of t he  i r r i g a t i o n  canals, by l i n i n g  and con- 
s t ruc t ion  of t he  necessary s t ruc tures  

* Improve i r r i g a t i o n  through even d i s t r i bu t ion  of t h e  ava i lab le  
water i n  t h e  necessary amount and time 

* Improve i r r i g a t i o n  prac t ices  

The i r r i - t i on  development includes, besides t he  l ined i r r i g a t i o n  
canal, t h e  following : 

* Diversion dam 

* Improvement i n  flood protection 

* Necessary l o c a l  recharge system around the  new wel l  f i e l d s  

* Groundwater development with 35 new deep wells 

* Road network 

* Fkclamation of sa l ine  and a lka l ine  so i l s .  

T H E  AGRICULTURAL DEVELOPMENT PLAN 

Agricul tural  development fo r  t h e  Garmsar region has been projected 
with a view t o  t h e  long-term t a rge t  of economical and soc i a l  develop- 
ment through: 

* Construction of a new i r r i g a t i o n  system 

* Improvement of farm techniques 



* ktroduct ion  of adequate ins t i tu t ions  t o  insure,  assist and ac-  
celerate  the development process. 

With the  proposed investment i n  the  i r r iga t ion  sector,  together 
with other related investments and a c t i v i t i e s ,  it i s  expected t h a t  the 
cultivated area can be increased from 14,000 hectares t o  18,0W hec- 
t a r e s  i n  an average year (20,000 hectares i n  a wet year, and 16,500 
hectares i n  a dry year) and a higher production per uni t  of cultivated 
Land can be achieved. This w i l l  r e su l t  i n  higher productivity of the 
production factors ,  higher income and be t t e r  contribution t o  nat ional  
income. The introduction of new crops has not been recommended; instead 
it has been found more beneficial  t o  change only the present cropping 
pat tern by expansion of high income earning melons and expansion of 
fodder crops required f o r  improvement of the l ivestock sector. Special 
emphasis has been given t o  the  avai lable  water supply and the  water de- 
mand of crops month by month, which leaves only a limited scope f o r  
changes and modifications. After f u l l  dwplementation of the project,  
the  cropping pat tern w i l l  consist of 45 percent wheat, 17 percent bar- 
ley, 8 percent cotton, 22 percent melons, 3 percent a u a l f a  and 5 per- 
cent orchards i n  an average year. 

According t o  present pract ices  farmers w i l l  p a r t i a l l y  o r  t o t a l l y  
cut out cotton cultivation (and a lso  some barley) during a dry year and 
expand the  cul t ivat ion of t h i s  crop during wet years. 

Projections of future yields have been based on exist ing achieve- 
ments and feas ib le  growth ra t e s  on average farms. With favourable c l i -  
matic, s o i l  and market conditions, the highest benefi ts  a r e  expected 
from melon cultivation and orchards, i f  t he  present f r u i t  t r e e s  a r e  re-  
placed by new ones and managed properly. 'Ihe introduction of new or- 
chard plantings requires ava i l ab i l i ty  of c redi t s  and special  assistance 
of the extension service. 

WATER DEVELOPMENT PLAN 

Surface Water Available 

The Hablehrud has the  advantage of good natural  regulation, and it 
delivers a well sustained discharge even i n  the Late summer and fall .  
Both the long-term and the  short-term fluctuations a re  re la t ive ly  
small, and these two f a c t s  make it very sui table  f o r  i r r iga t ion  use 
with a minimum of regulation. On the  other hand, the r iver  i s  saline,  
with an average e l e c t r i c a l  conductivity value of about 1,700 micrornhos/ 
cm., and t h i s  has two ef fec ts :  

1) Accumulation of salt i n  the  plain has affected both the  s o i l  
quality and the groundwater. 



2 )  To grow r e  ionably sa t i s f ac to ry  crops, t h e  amount of i r r i g a t i o n  
water applied should be increased by about 27 percent above the  
noraal, t o  provide leaching t o  wash the  salts out  of t he  sur- 
face s o i l .  

Two favourable f ac to r s  w i l l  a id  t h i s  process: 

1) The main problem i s  sa l in i ty ,  not a lka l in i ty ,  and t h e  salts are 
soluble, and can, therefore,  be removed by leaching. However, 
scat tered patches of a l k a l i n i t y  a l s o  occur, and may need chemi- 
c a l  treatment. 

2 )  The s o i l  i n  general possesses good na tura l  v e r t i c a l  drainage. 

Salt Reduction Schemes 

?he main defect of the  Hablehrud i s  i ts  high salt content. About 
55 percent of t h e  s a l t  i n  t he  Hablehrud en ters  below the ad l icha i  Junc- 
t ion,  and 44 percent of it i n  seven t r ibu ta r i e s ,  which contribute only 
2.2 percent of t h e  t o t a l  water. After fu l l  and careful  investigation, 
two types of schemes have been worked out  f o r  reducing the  amount of 
salt entering t h e  p la in .  The first type i s  aimed a t  col lect ing and d i s -  
posing of the water from the  seven most sa l ine  t r i bu ta r i e s ,  and evac- 
uating it t o  t h e  desert .  

The two methods that have been investigated a re :  

* Retention basin scheme 

* Constant f l o w  diversion scheme. 

The cap i t a l  expenditure f o r  the first method i s  Rls. 45 mill ion 
and the  second i s  Rls. 67.2 million. Both methods should be capable of 
reducing the  salt content by 30 percent. 

The preliminary economic appraisal  shows that the  bes t  way t o  use 
the b e t t e r  qual i ty  of water produced by these schemes i s  t o  increase 
the  i r r igab le  area (by about 1,000 hectares) ra ther  than t o  apply more 
water t o  a smaller area.  

Grounawater Available 

In the  Gamsar Plain la rge  quant i t ies  of  groundwater are a v a i l -  
able,  and it wculd be physically possible t o  abs t rac t  about 100 m.c.m. 
per annum. However, i n  most par t s  of t h e  area the  groundwater i s  too 
sa l ine  t o  be su i tab le  f o r  i r r iga t ion ,  and it i s  mainly i n  t h e  east ,  
centre and northeast t h a t  usable water can be developed by deep wells 
a t  a reasonable depth. I'herefore, it i s  c lear  t h a t  t h e  groundwater 
should be used t o  only a limited extent t o  supplment t he  r ive r  flow. 



Through the use of a su i tab le  crop pa t te rn  it w i l l  be possible  t o  r e -  
duce t h e  use of groundwater t o  l e s s  than 10 percent of the  i r r i g a t i o n  
demand, and even t h a t  w i l l  be drawn from deep wells (which give a be t -  
t e r  qual i ty  of water) and from t h e  bes t  p a r t s  of t h e  area.  

Recharge 

With t h e  l imited amount of groundwater t h a t  i s  required, it i s  
considered that only l o c a l  a r t i f i c i a l  recharge measures near t he  new 
well  f i e l d s  a r e  needed. Usable na tura l  recharge w i l l  a l s o  take place 
through r i v e r  subsurface flow, na tu ra l  spreading of flood water over 
the  wide gravel a reas  i n  t h e  north, canal seepage, and i r r i g a t i o n  per- 
colation i n  t h e  upper area.  

FUTURE GROUND WATER BALANCE NORMAL YEAR 
IN M. C. M. 

Inflow Outflow 

Subsurface r ive r  inflow 5 Abstraction from deep wells 18 

Flood recharge i n  f'an head 8 Abstraction from shallow wells 3 

Recharge i n  main flood Abstraction from q m a t s  4 
channels 3 

A r t i f i c i a l  recharge 5 $anat water discharged across 5 
outflow boundary 

Rainfal l  recharge 

Canal seepage 

I r r iga t ion  percolation 

2 Subsurface outflow 



WATER SUPPLY lXIFGRAl'ION IN M. C. M. 



SUMMARY O F  MAIN CONCLUSIONS 

The Gamsar area has the  full use of the  Hablehrud River, which 
possesses good n a t u m l  regulation, but i s  somewhat sa l ine .  

Most of the  exis t ing 30 deep wells a re  too sal ine f o r  benef ic ia l  
use, and it i s  proposed t o  replace them by 35 new wells drawing on the 
best  groundwater area.  The exist ing unlined canals have heavy seepage 
losses (about 80 m. c.m. o r  37 percent),  so the  unlined canals should be 
replaced by a system of concrete l ined canals. This w i l l  save about 
half of the present losses,  and with the integrated use of new wells, 
w i l l  provide a properly controlled and regulated supply of water when- 
ever the crops require it. A special  cropping pat tern has been worked 
out t o  f i t  i n  with the f luctuat ions of r ive r  flow and t o  reduce t h e  use 
of groundwater t o  l e s s  than 10 percent of the  t o t a l .  These measures 
w i l l  enable t h e  i r r iga ted  area t o  be increased t o  18,000 hectares i n  
the average year, dropping t o  16,500 hectares i n  dry years and r i s ing  
t o  19,500 o r  20,000 hectares (out of 21,500 hectares of good s o i l  a- 
vai lable)  i n  the  wet years. It has been found unnecessary t o  go i n  f o r  
t h e  expensive land level l ing  and vi l lage i r r iga t ion  programme, and a l so  
concrete subla temls .  Thus the  cost of development has been kept t o  a 
minimum, with the r e su l t  t h a t  the  benefit  cost r a t i o  is 4.4:l a t  7 per- 
cent in t e res t .  

The cost of each cubic meter of water at  f i e l d  i s  calculated a t  
0.21 Rls. 
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INTRODUCTION 

Planning of water  and land resources development p r o j e c t s  may be 
defined a s  t h e  necessary s t e p s  t o  foresee  f u t u r e  requirements. The 
t e c h n i c d  and economical f e a s i b i l i t y  f o r  t h e  development of land and 
water resources may b e  i n v e s t i m t i n g  t h e  p o s s i b i l i t i e s  of meeting r e -  
quirements and solving problems re la ted  t o  t h e  development of water,  
land and t h e  o the r  r e l a t e d  sources. The plan  should consider f loods,  
i r r i g a t i o n ,  drainage, domestic water supply, power production, e t c .  

Hydrological and meteorological  d a t a  a r e  t h e  main and vital  items 
required f o r  such a plan.  



For each purpose of usage, i n  general,  it is  necessary t o  know 
about t h e  dependable annual  y i e ld  and year ly  va r i a t i ons  of su r face  w a -  
t e r  resources,  necessary water  suppl ies ,  t h e  c h a r a c t e r i s t i c s  of su r face  
water  f loods ,  sediment c h a r a c t e r i s t i c s  of su r f ace  water, t h e  q u a l i t y  of 
water, water  requirements of crops, i r r i g a t i o n  water  requirements, ade- 
quate i r r i g a t i o n  de l i ve r i e s ,  necessary s t o m g e  capac i t i e s  i n  p r o j e c t  
r ese rvo i r s ,  q u a n t i t i e s  of water ava i l ab l e  i n  underground s torage,  a r t e -  
s i a n  water  suppl ies ,  and var ious  a d d i t i o n a l  items, and t h e  meteorolog- 
i c a l  c h a m c t e r i s t i c s  of t h e  p r o j e c t  a rea ,  such as p rec ip i t a t i on ,  evap- 
o ra t ion ,  tempemture and some o the r  re f ined  d a t a  depending on p r o j e c t  
purposes and area. Hydrological a d  meteorological  d a t a  should be  based 
on long range records and should be dependable. 

Hydrological a spec t s  of t he  a g r i c u l t u m l  s t u d i e s  should include 
a l l  of t h e  water problems r e l a t e d  t o  a s o i l ,  p l a n t  and environmental 
complex involved i n  developing and maintaining p r o f i t a b l e  crop produc- 
t i o n .  They should a l s o  include such items of  information as may b e  r e -  
~ u i r e d  i n  designing p ro j ec t  s t r uc tu r e s  i n  a g r i c u l t u r a l  a reas .  Since 
drought" i s  a phenomenon character ized by shor tness  of water  and as it 

has v i t a l  importence f o r  a r i d  zones, t h i s  sub j ec t  should b e  one of  t h e  
main hydrological  s t u d i e s  f o r  a r i d  zone a g r i c u l t u r e  and should be d i s -  
cussed i n  d e t a i l .  For t h e  a r ea s  where crop requirements a r e  not  satis- 
f i e d  by r a i n f a l l ,  control led  app l ica t ion  of water  t o  t h e  a r a b l e  lands  
through i r r i g a t i o n  provides t h e  b e s t  poss ib le  means of s a t i s f y i n g  crop 
water requirements. For t h i s  reason, t h e  hydrological  a spec t s  of irri- 
gat ion should a l s o  b e  s tudied.  Hydrological f a c t o r s  have always been 
important i n  t h e  development of  i r r i g a t i o n  en te rpr i ses .  They became 
more and more important as choice a r ea s  of land became f u l l y  developed 
and n a t u r a l  water  resources became f u l l y  u t i l i z e d .  

When we t a l k  about sub jec t s  l i k e  drought o r  hydrological  aspects  
of i r r i g a t i o n  i n  a r i d  and semi-arid zones, one important question a- 
r i s e s ,  t h a t  of  de f in ing  and drawing t h e  boundaries o f  t he se  zones. 

I n  t h i s  p p e r ,  first of a l l ,  hydrological  and r e l a t ed  a c t i v i t i e s  
i n  Turkey, including t h e  d e f i n i t i o n  of c l imat ic  zones, t h e  c l a s s i f i c a -  
t i o n  used f o r  de f in ing  t h e  a r i d  and semi-arid zones and hydrological  
a c t i v i t i e s  which have been ca r r i ed  on i n  Turkey, w i l l  b e  discussed.  

I n  t h e  second p a r t  of t h i s  study, a g r i c u l t u r a l  drought s t ud i e s  
with respect  t o  hydrology and a proposal  f o r  drought s t ud i e s  i n  t h e  ag- 
r i c u l t u r a l  a r ea s  of a r i d  and semi-arid zones w i l l  be summarized. 

HYDROLOGICAL AND RELATED ACTIVITIES IN TURKEY 

When we talk about t h e  a r i d  o r  semi-arid zones, t h e  first t a sk  i s  
na tu r a l l y  t o  def ine  t he  concepts and problems t o  b e  d e a l t  with.  It i s  
necessary t o  de f ine  what i s  meant by a r i d  and semi-arid zones i n  order  
t o  c l a s s i f y  them, and t o  f i x  t h e i r  boundaries. 



This kind of work immediately r a i s e s  a number of questions and 
controversies which suggest l i n e s  of  research t o  be invest igated.  To 
give an example, t he  somewhat academic work concerned with t h e  c l a s s i -  
f i c a t i o n  of a r id  regions very soon led t o  extremely p r a c t i c a l  appl ica-  
t i ons  i n  agroclimatology, where y i e ld s  m d  ag r i cu l tu ra l  p o s s i b i l i t i e s  
were linked with d e f i n i t e  c l imat ic  fac tors .  

Defining the Climatic Zones 

' 'climate i s  one of  t he  basic  elements i n  descr ipt ive and compara- 
t i v e  geography o r  t h e  regional and l o c a l  descr ipt ion of t he  ear th .  It 
governs plant  associations,  crops, water resources, and through these,  
nearly every phase of 5uman a c t i v i t y .  The bare  f a c t s  of climate, as 
represented by a s e r i e s  of observations of  the  various c l imat ic  e l e -  
ments a r e  an unwieldy mass of s t a t i s t i c a l  data .  'I1 Climatological da ta  
a r e  indispensable t o  agr icu l ture  and various phases of engineering. 
They can be used f o r  planning and design purposes. 

Climate has been c lass i f ied  on the bas i s  of temperature, p rec ip i -  
t a t ion ,  humidity, prevai l ing winds and some other  fac tors  such as loca- 
t i o n  with respect t o  ocean, topography, na t ive  vegetation and various 
other  conditions or  combinations of conditions. 

The geographer, cl imatologist ,  a g r i c u l t u r i s t  and t h e  hydrologist 
a l i k e  have been attempting t o  organize climatic data  i n t o  coherent sys- 
tems f o r  t h e i r  spec ia l  usages. Thus a number of c l imat ic  and regional 
c l a s s i f i ca t ions  have been devised. 

Before describing any of these schemes, a few remarks on t h e i r  
va l id i ty  and scope a r e  needed: 

"1t is e s sen t i a l  t o  s t r e s s  t h a t  it is  not possible  t o  provide a 
taxonomy of climate comparable t o  t h a t  of p lan ts  and animals. The main 
reason i s  that there  a r e  few, i f  any, sharp dividing l i n e s  between 
various climates. There i s  a gradual shading from one type t o  the  oth- 
e r .  Hencej9the l i n e s  of separation a r e  essen t ia l ly  a r b i t r a q ,  and i n  
almost a l l  climates t he re  a r e  always broad t r ans i t i on  zones. 2 

This does not preclude t h a t  one can arrange climates i n t o  e n t i -  
t i e s .  But a l l  these e n t i t i e s  a r e  a rb i t ra ry .  They may serve a very use- 
ful purpose, yet  t he  purpose i t s e l f  d i c t a t e s  the  c lass  l imi t s .  

Hence there  can be a s  many climatic c l a s s i f i ca t ions  as there  a r e  
purposes. For example, one can define climates i n  terms of s u i t a b i l i t y  
f o r  cer ta in  crops, t he  need f o r  i r r i ga t ion ,  o r  f o r  broad geographical 

1. Landsberg 1969, p. 361 
2. Ibid, p. 362. 



descr ip t ive  purposes, e t c  . 
From the hydrological point  of view, t he  ex is t ing  c l imat ic  c l a s s i -  

f i c a t i ons  mostly used i n  Turkey do not mean too much f o r  ag r i cu l tu r a l  
purposes. 

Since ag r i cu l tu r a l  subjects  l i k e  s o i l ,  p lan t ,  water and climatic 
re la t ionships  a r e  very complex and closely re la ted  t o  each other,  some 
more de ta i led  study should be  undertaken on the  hydrological aspects of 
ag r i cu l tu r a l  s tudies  i n  r e l a t i on  t o  cl imatic c lass i f ica t ions .  

Classification Used for Defining the Arid and h i -  Arid Zones in Turkey 

The following i s  a l i s t  of several  c l imat ic  c l a s s i f i ca t i ons  which 
have been widely used f o r  t h e  descr ipt ion of broad zones Sn Turkey from 
t h e  v i e w p i n t  of t h e  meteorologist,  t h e  geographer and p a r t l y  by t he  
engineer. 

Kdppen's climatic classification in Turkey 

~ 6 p p e n ' s  cl imatic c l a s s i f i ca t i on  i s  based mainly on temperature 
and prec ip i ta t ion .  Not t h a t  o ther  c l imat ic  elements a r e  unimportant, 
but  these  two have t h e  most obvious e f f ec t s .  They a r e  a l s o  t h e f a c t o r s ,  
used f o r  the  bes t  and longest s e r i e s  of observations avai lable .  

The mean values of these  elements alone a r e  not suf f ic ien t ,  bu t  
t h e i r  var ia t ion  d u r i w  the  course o f  the  year cannot be neglected if we 
des i re  t o  a r r i v e  a t  a useful  cl imatic system. I n  f a c t ,  K6ppen s c l i -  
matic c l a s s i f i ca t i on  i s  based on the  monthly and annual mean tempera- 
t u r e s  and the  annual p rec ip i ta t ion  with t h e  times of  i t s  maxLmum. The 
main c l a s s i f i ca t i on  i s  c losely  rested t o  t h e  geographical l a t i t u d e .  
From t h e  combination of t h e  f i v e  major c lasses  with t h e  subclasses and 
the  d i s t r i bu t ion  of p rec ip i ta t ion ,  11 main c l imat ic  divis ions  a r e  de- 
rived as enumerated i n  Table 1. 

Two combinations, A s  and Ds,  have been omitted because of t h e i r  
unimportance; a t h i r d  l e t t e r  can be added t o  t h e  c l a s s i f i ca t i on  f o r  
fu r the r  character izat ion of t h e  climate. It i s  mainly concerned with 
temperature values. Table 2 gives these addi t iona l  symbols and t h e i r  
explanation. 

According t o  K6ppents climate c lass i f ica t ion ,  the  areas  i n  percent 
of t h e  cl imatic zones of Turkey a r e  given i p  'Ihble 3. A s  can be seen 
from Table 3, C group climate covers a somewhat l a rge r  a rea  than t h e  
others  and cons t i tu tes  about 70.4 percent of the  whole a rea .  



m b l e  1. K~PPEN'S CLIMATIC TYPES AND MAIN CLlMATIC PROVTNCES 

C l a s s  Symbol Typ 
-.- 

e of  Climate Symbol 

(1) Tropical  Rainy A ( 1  ) Tropical  r a i n f o r e s t  A f 
(ho t  and r a i n y  i n  a l l  seasons) 

( 2 )  Tropical  s a w n a  (hot  and 
win te r  dry)  Aw 

( 2 )  ~ r y  climates B ( 3 )  Desert Bw 

( 3 )  Humid Mesothermal C ( 5)  Moderate oceanic (without 
d ry  season) C f  

( 6 )  Moderate, winter  d r y  Cw 

( 7 )  Moderate, summer d ry  C s 

(4  ) Humid Microthermal D ( 8) con t inen ta l  climate, even 
p r e c i p i t a t i o n  through t h e  year  D f  

( 9 )  Continental,  winter  dry  Dw 

( 5 )  Polar  Climates 

(ll) Glacia t ion El? 

Bible 2. THIRD SYMBOL LlTYIERS O F  K~)PPEN'S CLIMATE C L A S S I F I C A T I O N S  

symbol 

a 

Conditions 

Mean temperature of  warmest month > 22OC 

Mean temperature of  warmest month < 22OC 
b u t  at  least 4 months with mean temperatures 
above 10°C 

Mean temperature o f  l e s s  than 4 months above 10°c, 
b u t  coldes t  month > -38 '~  

Temperature of  coldes t  month < -38O~ 

Annual temperature > 18 '~  

Annual temperature < 18 '~ 



Group 

B 

S b l e  3. AREClS OF THE CLIMATIC TYPES OF TURKEY, ACCORDING 
TO K~PPEN ' S CLASSIFICATION 

rype 

B Sk 

Csak 

Csah 

C sb 

Cfa 

Cfb 

Df'b 

Dsa 

Dsb 

m 

Percent of 
B o l e  Area 

The climate of Turkey, according t o  Uppen 's c l a s s i f i ca t i on ,  has 
been prepared on the  bas i s  of long and shor t  range observations m d e  i n  
t h e  meteorological s t a t i o n s  of Turkey, together with annual and monthly 
temperature and prec ip i ta t ion  d i s t r i bu t ion  ana lys i s .  

As can b e  seen from the  explanations of t h e  symbols of t h e  c l a s s i -  
f i ca t ion ,  t h i s  type of taxonomy does not mean too much from t h e  stand- 
point  of a g r i c u l t u r a l  hydrology. It can be  used only f o r  comparative 
purposes of t h e  c l imat ic  zones. 

In  t h i s  c l a s s i f i ca t i on ,  t h e  a r i d i t y  boundaries a r e  very broad. 
mere fo re  when we apply t h i s  c l a s s i f i ca t i on  as an example t o  some areas  
such as Kars and LSeburgaz, it r e s u l t s  t h a t  these  a r ea s  would be the  
humid climate areas .  In  f a c t  t he re  a r e  g rea t  d i f ferences  between t h e  
two a reas  from t h e  standpoint of a r i d i t y .  

De Martonne climatic classification in Turkey 

m e  De Martonne Climatic Class i f ica t ion  i s  based mainly on annual 
mean temperature and annual p rec ip i ta t ion .  

De Martonne, by using a drought index, c lass i f ied  t h e  various c l i -  
mates of t h e  world, and as a r e s u l t  he has defined f i v e  d i f f e r en t  types 
of cl imatic zones ('Jhble 4). 



The De Martonne "drought index'' i s  given by t h e  following formula: 

i n  t h e  formula 

Ik = Drought index 
H = Annual p rec ip i ta t ion  (m. ) 
T = Annual mean temperature ( Co) 

'Igble 4. DE MARTONNE CLIMATIC CLASSIFICATION 

Drought Index Type of Climate 

5 b Desert 

5 -10 Very a r i d  ( There a r e  very f e w  stream flaws. ) 

10 -20 Arid ( ~ r r i ~ a t i o n  i s  needed and useful .  Sometimes dry 
farming i s  appucable  . ) 

20 -30 Semi-humid (There i s  no need f o r  constant i r r im - 
t i o n .  ) 

30 < Humid  bunda dance i n  stream flows) 

The De Bhrtonne Climatic Class i f ica t ion  scheme has been widely 
used i n  Turkey, bu t  f o r  t h e  use of t h i s  formula some adaptation has 
been made f o r  Turkey. The boundaries of t h e  zones have been changed 
somewhat by the au thor i t ies  of the  Turkish State  Meteorological Serv- 
i ce ,  as shuwn i n  Table 5. 

'Igble 5. AINFCATION OF DE MARTONNE CLIMATIC CLASSIFICATION 
FOR TURKEY 

Drought Index 

0 -10 

Type of Climate 

V e r y  a r i d  

12-15 Arid 

16-20 Semi -arid 

40 < Humid 



In  1964, a second adaptation was made i n  the boundaries of 
Turkey's climatic zones by t h e  Agricultural  Meteorological Office of 
the  Turkish State  Meteorological Service, and according t o  t h i s  new 
c lass i f ica t ion  new maps of Turkey have been prepared. These changes a r e  
shown i n  'Ilable 6, plus t h e  percentage of each climatic zone of t h e  
whole area.  The climatic data  used f o r  calculating the  drought index 
f o r  d i f f e ren t  areas  a r e  averages of climatic fac tors  occurring between 
1954 and 1964. 

'Ilable 6, SECOND ADAPTATION OF DE MARTONNE CLIMATIC 
CLASSIFICATION FOR TURKFY 

Drouht  Index 
Percentage 

Type of Climate of Whole Area 

0-19.9 Very a r i d  28.6 

20 -30 Semi-arid (cold) * 2.6 

20 -30 Semi-arid (warm)  55 02 

30.1-40 Semi -humid 9.5 

40 < Humid 4.1 

" In semi-arid cold zones, during the acepied agricultural growing szason months of 

October, November, March, April, May and June, the average monthly temperatures 

are less than zero, and in semi-arid warm zones the opposite is true. 

For showing the  annual r a i n f a l l  amounts which w i l l  be a boundary 
f o r  humid and a r i d  zones, a fur ther  study has been carried on f o r  al-  
most every province of Turkey accepting the index of 20 as the boundary 
of an a r id  zone and put t ing it in t h e  De Martonne formula. 

H = 20 ( T  + 10) can be found 

Then a l l  the annual amounts of r a i n f a l l  f o r  each s t a t ion  fo r  de- 
l ineat ing the a r id  zone have been calculated. It can be concluded from 
the r e su l t s  t ha t  t he  boundary r a i n f a l l  between a r i d  and semi-arid zones 
i n  Turkey should be between 282 mm. and 598 mm. 



Thornthwaite classification 

The Thornthwaite c l a s s i f i c a t i o n  is  pr imar i ly  based on t h e  water  
balance and t h e  concept of p o t e n t i a l  evapotranspira t ion.  The La t t e r  i s  
empir ica l ly  defined by : 

where : 

e = t h e  monthly t o t a l  evapotranspira t ion i n  an. 

t = t h e  mean monthly temperature i n  OC 

a = constant  de temined  by l o c a l i t y  

I = hea t  index obtained by sum f o r  12 months ( t / 5 )  1.514 

According t o  t h e  value of t h e  evapotranspiration,,  Thornthwaite d i s t i n -  
guishes t h e  thermal c l a s s e s  U s t e d  i n  'Pdble 7. 

Thomthwaite f u r t h e r  d iv ides  cl imates on t h e  b a s i s  of water  a v a i l -  
a b i l i t y   able 8). I f  t h e  p r ec ip i t a t i on  (P) a t  any t i m e  of t he  year  ex- 
ceeds t h e  p l an t  water need (n ) ,  t h e  cl imate i s  humid and defined by an  
index of humidity: 

100 ( P-n) 
Ih = 

n 

Conversely, i f  the re  i s  a deficiency o f  water a t  any t i m e , ,  an a r i d -  
i t y  index i s  used: 

100 (n-P) 

In p rac t i c e  an index i s  determined f o r  each p a r t  of t he  year,, Ih  
o r  I&,, depending on whether t h e  month has a water  surplus  o r  de f ic ien-  
cy- 

The o v e r a l l  moisture index I& f o r  t h e  l o c a l i t y  i s  then calcula ted 
by using one of each following r e l a t i on :  

where : 



s = annual sum of the  monthly water surpluses 

d  = annual sum of  t he  monthly water d e f i c i t  

n  = annual p l an t  water need o r  annual po ten t i a l  evapo- 
t ranspi ra t ion  

Table 7. THORNTHWAITE'S CLIMATIC TYPES, BASED ON 
POTENTIAL EVAPOTRANSPIRATION 

Frost 

Tundra 

Poten t ia l  
Evapotranspiration 

i n  cm. 

Table 8. THORNTHWAITE ' s CLIMATIC TYPES BY MOISTURE 
PROVINCES 

Humid 

Moisture Index 

Humid 100 t o  20 

Moist subhumid 20 t o  0 

Dry sdhumid -20 t o  0  

Arid -60 t o  -40 

~hornthwaite 's  scheme i s  closely related t o  the ear th ' s  p lan t  cov- 
er .  

''since the lhornthwaite formula calculates  the  poten t ia l  evapo- 
t ranspirat ion,  it has some l imitat ions f o r  application. It appl ies  



qui te  well  t o  humidg vegetated areas .  Increased e r ro r s  a r e  observed i n  
low humidity areas .  3 

Thornthwaite's fornula  has been used i n  Turkey from time t o  time 
f o r  t he  c l a s s i f i ca t ion  of the  a reas  according t o  t h e i r  climate, bu t  es -  
pec ia l ly  it i s  used f o r  the  calculat ion of consumptive use of a l l  crops 
through po ten t i a l  evapotranspiration f o r  large i r r i g a t i o n  pro jec t  areas 
and f o r  determination of water d e f i c i t s ,  and water surpluses of those 
areas.  

Here again, it has some l imi ta t ions  f o r  i t s  usage as explained 
above. 

Classification of climate on the basis of precipitation 

One of t he  widely used cl imat ic  c l a s s i f i ca t ions  i n  Turkey i n  the  
pas t  was t h e  well  known c l a s s i f i ca t ion  based on annual p rec ip i ta t ion .  

Since i r r i g a t i o n  is practiced pr inc ipa l ly  i n  regions of low ra in-  
f a l l ,  t h i s  c lass i f ica t ion  of climate i s  bas i ca l ly  from the  viewpoint of 
i r r i ga t ion .  Humid regions a r e  those receiving more than 760 mm. of pre-  
c ip i t a t i on  annually; semi-arid regions a r e  those receiving from 360 t o  
760 mm.; and a r i d  regions a r e  those receiving l e s s  than 360 mm. 

One o ther  type of c l a s s i f i ca t ion  according t o  prec ip i ta t ion  i s  
given i n  m b l e  9. 

Table 9. CLIMATIC CLASSIFICATION I N  RELATION TO PXECIPITCITION 

Annual 
Prec ip i ta t ion  i n  mm. 

Less than 250 

Climatic Class i f ica t ion  

Arid 

250-500 Semi -arid 

1,000-1,500 Humid 

1,500-2,000 Humid 

More than 2,000 Very w e t  
-- 

3. lsraelsen a n d  Hansen 1962, p. 248. 



It can be eas i ly  understood t h a t  these kinds of c l a s s i f i ca t ions  
give a very rough estimation of climate, s ince they do not take i n t o  
account t he  year ly  d is t r ibu t ion ,  duration, in tens i ty ,  frequency of  
r a i n f a l l  o r  water-plant-soil  relationships.  In  recent years they have 
not been used i n  Turkey. 

There a r e  no relevant data  f o r  t he  areas  of Turkey, i n  percent, 
according t o  these c lass i f ica t ions .  

Hydroiogical Activities in Turkey 

I n  t h e  following section, hydrological a c t i v i t i e s  i n  general and 
hydrology related a c t i v i t i e s  i n  a r i d  and semi-arid zones of Turkey w i l l  
be summarized. 

Hydrological activities in general 

The responsible government agencies for  hydrological and related 
a c t i v i t i e s  i n  Turkey a re :  

* ?he General Directorate of State  Hydraulic Works (DSI) 

* The General Directorate f o r  Power Investigations (EIEZ) 

* %e General Directomte of S ta te  Meteorological Works (DMI) 

* ?he General Directorate of So i l  Conservation and Farm I r r ipp t ion  
(mPRAKsu) 

Education and hydrology: Basic hydrology courses designed t o  
serve a s  a basis  f o r  hydrocivil  engineering a r e  given i n  Istanbul Tech- 
n i c a l  University and Ankara Middle %st Technical University. The three 
ag r i cu l tu ra l  f acu l t i e s  t h a t  a r e  located i n  Ankara, Erzurum, and Izrnir 
teach elementary hydrology t o  ag r i cu l tu ra l  engineers. 

Hydrological Studies : 'Be hydrological cycle and the  estimated 
usage and consumption of water i n  Turkey a r e  given i n  Charts 1 and 2. 

The overa l l  mean annual r a i n f a l l  i n  Turkey is about 670 mm., cor- 
responding with a water po ten t i a l  of 518 b i l l i o n  m3. From t h i s  amount, 
only 214 ma., or 166 b i l l i o n  m3 is surface water runoff, and the  mean 
r a t i o  of runoff t o  r a i n f a l l  is 0.32. 

The runoff values decrease i n  the  summer months, i n  almost every 
region of Turkey, i n  accordance with the low volume of r a i n f a l l  i n  
these months. 



CHART 1 

HYDROUXICAL CYCLE AND WATER USAGE I N  TURKEY 

ATMOSPHERE 

Annual average precipi tat ion Min. : 63 mm. 
518 x lo9 m3 (100%) Max.: 4,045 mm. 

Ave. : 670 mm. 

Evaporation and e ~ p o t r a n s p i r a t i o n  
from nonirrigated area and deep percolation 

352 x 109 rn3 (68 $1 

From cultivated f ie lds  From forest  and pastures 

Annual surface runoff 

166 x lo9 2 (32 $1 

I To atmosphere and groundwater ( 

Ave.: 214 mm. 

Revised from KIIIG et al  (1966, p. 70) according to data given by DSI (1970, pp. 12 - 13)  



CHART 2 

WATER USAGE IN !lUXEY 

Annual surface runoff From groundwater by a r t e s i a n  
and pumped wel ls  

166 x 109 m3 (32 $1 

Total  surface water 

I 
1 Usable water c a p a ~ i t y  1 

I I Unusable waters i n  the  r ive r s  I 

Diversion f o r  several  usages 
s t ruc tu res  f o r  usage 

Remining waters i n  t h e  r i v e r s  

I I r r i g a t i o n  I 1 Indus t r i a l  water supply ( 1 Domestic water supply 1 To oceans e 
Revised from KIIIF et al (1966, p. 70) according to data given by DSI (1970, pp. 12 - 13) 



Rainfa l l  regions of Turkey can be considered i n  f i v e  groups: 

1) In cen t r a l  and southeast Anatolia, annual r a i n f a l l  i s  generally 
low. Most of t he  prec ip i ta t ion  falls i n  the  spring and winter 
months. 

2 )  In t he  Aegean Sea region, Marmara and t he  western part of 
middle Anatolia, most of the  prec ip i ta t ion  fal ls  i n  t h e  winter 
and spring months. 

3 )  I n  eastern Anatolia there  i s  considerable r a i n f a l l  every month, 
especial ly  i n  t h e  winter and spring. 

4 )  I n  t h e  basins  of t h e  Mediterranean coast and part of southeast-  
ern Anatolia, winter months a r e  very ra iny and there  i s  no r a in  
i n  t h e  summer. 

5 )  On the  Black Sea coast and i n  Thrace, there  i s  considerable 
r a i n f a l l  almost every month of t he  year.  

I n  t h e  following paragraphs the hydrometrical network, the  meteor- 
o log ica l  network, groundwater invest igat ion,  sediment measurement, 
qua l i t y  ana lys i s  and snow surveys which were carried out by responsible 
government agencies a r e  b r i e f ly  summarized. 

a )  Hydrometrical Network : The establishment of gauging s t a t i ons  
and systematic measurements i n  Turkey was i n i t i a t e d  i n  1935. 
The network a t  t h e  beginning of 1970 consis ts  of gauging sta- 
t i o n s  on 1,124 streams. There i s  one s t a t i on  per 691 h . 2  i n  
the country as an average. D S I  and EIEl operate 816 and 308 
s t a t i ons  respectively.  O f  these,  481 s t a t i ons  have r e l i a b l e  
r a t i ng  curves. 

b )  Hydrometeorological Network : The establishment of meteorological 
s t a t i ons  and systematic measurement of p rec ip i ta t ion  i n  Turkey 
s t a r t ed  i n  1926. The present network of meteorological s t a t i ons  
consis ts  of 1,628 prec ip i ta t ion  s t a t i ons  making da i ly  observa- 
t ions .  The majority of s t a t i ons  i s  operated by t h e  DMI, which 
has 1,197. The r e s t  a r e  operated by other  government agencies. 

According t o  a recommendation made by t h e  World Meteorological 
Organization, t h e  maximum area  f o r  one r a i n  gauge i s  250 km.2. 
The densi ty  of the  network i n  Turkey i s  approximately one sta- 
t i o n  per 550 ka.2 and f o r  t h i s  reason t h e  densi ty  of t he  ne t -  
work should be a t  l e a s t  doubled i n  the  coming years. 



About 200 s t a t i ons  i n  Turkey a r e  equipped with recording 
gauges. A t  396 cl imat ic  s t a t i ons  included i n  t h e  network, o ther  
meteorological f a c t o r s  such as temperature, s o i l  temperature, 
humidity, atmospheric pressure, evaporation, and wind speed d i -  
rect ion a r e  a l s o  observed. The majority of the s t a t i ons  makes 
prec ip i ta t ion  and temperature observations only. 

c )  Groundwater Investigation Network : !The groundwater invest iga-  
t i o n  (hydrological)  network of Turkey i s  operated by DSI, the  
only responsible organization i n  t h i s  f i e l d .  According t o  ex- 
tens ive  DSI groundwater invest i@tions,  through t h e  end of 
1970, it was estimated t h a t  the  groundwater reserve capac- 
i t y  of Turkey i s  8 x 109 m 3  per year  and approximately 
400,000 - 450,000 hectares of land can be i r r i ga t ed  by using 
these reserves. 

Among t h e  above s ta ted  network a c t i v i t i e s ,  sediment measurement, 
water qua l i ty  analysis  and t h e i r  evaluation f o r  d i f f e r en t  purposes, and 
surveys of snow courses a r e  carr ied out by t h e  responsible g o v e m e n t  
agencies. 

The da ta  obtained from sediment measurements up t o  1970 a r e  not 
adequate t o  e s t ab l i sh  sound rela t ionships  between runoff and sediment 
loads of t h e  r i ve r s .  

Water qua l i ty  invest igat ions  on a la rge  sca l e  were i n i t i a t e d  by 
DSI in 1957. About 100,000 samples from groundwater, springs and d i f -  
ferent  major streams have been analyzed and most of them were found 
su i tab le  f o r  i r r i g a t i o n  purposes. 

Hydrological Charac!eristics of Water Resources : Turkey i s  divided 
i n t o  26 r i v e r  basins f o r  water resources invest igat ion purposes. These 
can a l s o  be grouped according t o  s imiLari t ies  of t h e i r  hydrologic fea-  
tu res ,  although necessary data  f o r  es tabl ishing the  hydrologic charac- 
t e r  of water resources a r e  somewhat l imited.  Some attempts have been 
made t o  def ine the  bas ic  hydrologic fea tures  of d i f f e r en t  regions of 
Turkey, but they were not adequate. 

Drainage areas,  average annual r a i n f a l l ,  average evaporation and 
estimated surface and groundwater po ten t ia l s  of these 26 r i v e r  basins 
are shown i n  Table 10. 

A close look a t  t h i s  t a b l e  shows the  differences of r i v e r  poten- 
t ials among the coastal  and inland regions because of t h e  d i f f e r en t  
cl imatological  fea tures  of t h e  regTons, Precipi ta t ion i s  generally low 
and insuf f ic ien t  f o r  na tu ra l  watering of t h e  craps during the vegeta- 
t ion .  



a b l e  10. HYDRAULIC POTENTIAL OF TURKEY 

Estimated Water 

Potential  

Average Average Surface Ground 

Bssin Area i n  Precipitation Evaporation Water water 

No. Name of k s i n  sq. km. i n  mm. i n  mm. lov  cu.rn. 6 10 cu.m. 

1. 

2. 

3. 

4. 

5 

6. 

7 

8. 
9. 

10. 

ll. 

12. 

13. 

14. 
1-5 

16. 

17. 
18. 
19. 

20. 

2 1 .  

22. 

23. 

?4. 
5 .  

? 6. 

Meriq -&gene 

Marmara 

Susurluk 

Ege 

Gediz 

K.  Menderes 

B. Menderes 

W. Mediterranean 

Antalya 

Burdur Gijlleri 

Akar~ay 

= a m  

W. Black Sea 

Yegillmak 

Klz~llrmak 

Konya Kapall 

E. Mediterranean 

Seyhan 

A s i  

Ceyhan 

F l r a t  

&stern Black Sea 

Coruh 

A r a s  

Van 

Dicle 

Total 7'77, 688 670 438.0 166.81 2,134 



Hydrology related activities in arid and semi-arid zones of Turkey. 

In  general, progmms have been prepared fo r  la rge  dams and reser -  
voirs  t o  i r r i g a t e  t h e  l a rge  p la ins  located generally a t  t h e  lower end 
of the  watersheds. EIEI and DSI a r e  concerned with t h e  hydrological 
s tudies  of these types of works. 

Because of t h e  topogmphical and economic conditions of Turkey, 
the land i n  the  upper watershed i s  a l s o  cul t ivated and may need i r r i g a -  
t ion .  I r r iga t ion  water f o r  t he  land i n  t h e  upper watershed can be  ob- 
ta ined by diver t ing o r  pumping water from s m a l l  creeks and spring-fed 
ponds i n t o  small reservoirs .  TOPRAKSlT i s  developing programs f o r  t he  
construction of a la rge  number of small ear th  dams. A t  t h e  present time 
t h e  graph established by the So i l  Conservation Service of t h e  USA i s  
generally used t o  determine the  hydrological aspects  of these dams, es -  
pec ia l ly  the  d i r e c t  runoff from r a i n f a l l .  

In cen t r a l  Anatolia, which has a r i d  and semi-arid c l imat ic  condi- 
t ions ,  t h e  recent ly  established Ankara So i l  Conservation Research Sta- 
t i o n  has s ta r ted  some preliminary work t o  solve s o i l  conservation prob- 
lems of t h e  region, including the  hydrological aspects  of t h e  zone, 
such as t h e  precipitation-runoff re la t ionship,  and t o  provide r e l i a b l e  
data  f o r  t h e  l o c a l  TOPRKKSU organizations. 

There i s  no i n s t i t u t e  i n  Turkey which covers a l l  t he  problems, i n -  
cluding hydrological aspects of a r i d  and semi-arid zones. However, 
t he re  a r e  some i n s t i t u t e s  i n  Turkey which study some aspects  of a r i d  
and semi-arid zones. These a r e  l i s t e d  below. 'Ilie last two have been re- 
cent ly  established. 

* The University of Ankara, Faculty of Agriculture and Botanical 
I n s t i t u t e  of t h e  Faculty of Science 

* The University of Istanbul, Faculty of Forest- and Geographical 
I n s t i t u t e s  

* A g r i c u l t u a l  Experiment Stations of Ankara and E s k i ~ e h i r  

* Arid Zone I r r iga t ion  I n s t i t u t e  of Middle %st Technical Univer- 
s i t y  

None of these i n s t i t u t e s  a r e  d i r e c t l y  re la ted t o  the  hydrological 
aspects of t h e  a r i d  and semi-arid zones of Turkey. They usually carry 
on some research work related t o  crop production on dry weather condi- 
t ions ,  o r  they conduct basic  research on t h e  rainfall-temperature-crop 
y ie lds  re la t ionships ,  e tc .  

Meanwhile, i n  addition t o  the  above s ta ted  studies,  addi t ional  r e -  



search work i s  being done on t h e  d i f f e r e n t  aspec t s  of  drought i n  
Turkey, 

A t  present ,  t h e r e  are some research i n s t i t u t e s  i n  t h e  world which 
are spec i f i c a l l y  studying t h e  problems of reg iona l  a r i d  and semi-arid 
zones, including t h e  hydrological  a spec t s  of these  zones. I n  f a c t ,  an  
a r i d  zone research i n s t i t u t e  including a hydrology d iv i s i on  and region- 
a l  subs ta t ions  should be  es tabl ished i n  Turkey, as decided by t h e  
S c i e n t i f i c  and Technical Research Council of Turkey ( 'I'BTAK) . 
AGRICULTURAL DROUGHT IN RELATION T O  

HYDROLOGICAL ACTIVITIES 

Definition of Drought 

Drought i s  a phenomenon character ized by shor tness  of  water accom- 
panied f requent ly  with d ry  weather and high temperatures. 

From t h e  viewpoint of t h e  meteorologist ,  drought i s  defined as a 
r a i n l e s s  s i t u a t i o n  i n  a period during which a c e r t a i n  amount of  r a i n -  
f a l l  i s  expected i n  t h a t  zone. For t h e  a g r i c u l t u r a l  engineer drought 
means less water t h a t  a c e r t a i n  crop requires .  'Ihis concept Implies a 
fa l l  i n  surface  and groundwater l e v e l s  t o  t h e  hydrologis t ,  whereas 
t o  t h e  economist a drought i s  t h e  def ic iency of water which a f f e c t s  t h e  
p resen t  economy of t h e  region d i r ec t l y .  

Considering t h e  d e f i n i t i o n s  above, it can be concluded t h a t  
drought i s  not  a d e f i n i t e  but  a completely r e l a t i v e  s i t ua t i on ,  and it 
i s  very d i f f i c u l t  t o  agree on a common d e f i n i t i o n  of  drought. 

For example, it can be sa id  t h a t  a drought period i n  a humid re- 
gion may correspond t o  a very w e t  period i n  a semi-humid region. A t  t h e  
same time, an a r t i f i c i a l  drought can be created if more water i s  r e -  
quired than t h e  ava i l ab l e  amount during t h e  developnent o f  a c e r t a i n  
region. These a r t i f i c i a l  droughts created by humanity should be care-  
f u l l y  d is t inguished from n a t u r a l  droughts. 

In  general,  we  aTe in t e r e s t ed  i n  a g r i c u l t u m l  droughts. Contiirk 
def ines  a drought as an inc iden t  quring which t h e  ava i l ab l e  water i s  
less than t h e  expected o r  required. Any s t ud i e s  made on ava i l ab l e  w a -  
tes o r  water requf,rements o r  t h e i r  r e l a t i o n s  would t he r e fo r e  cons t i t u t e  
a drought study. A U  drou@t s tud ies ,  e spec ia l ly  i n  agr icu l tu re ,  rest 
pr imar i ly  on t h e  s e l ec t i on  of most su i t ab l e  va r iab les  and t i m e  un i t s .  
A t h o r o u a  understanding of t h e  soil-plant-environment complex helps  i n  
obta ining b e t t e r  results. 

Frequently, i n t e n s i t y  and length  of t h e  drought are t h e  most i m -  
por tan t  aspects  t o  be  invest igated.  



From the  ag r i cu l tu ra l  engineering point of view, any study on an 
ag r i cu l tu ra l  drought should cover some o r  a l l  of the  subjects l i s t e d  
below: 

* Available water 

* Water requirements 

* The water budget 

* Drought and crop yield relationships 

* Soi l  -water -plant -environment relationships 

A Proposal for Drought Studies in the Agricultural Areas of Arid 

and Semi - Arid Zones 

The foca l  point of the drought problems i s  the  lack of sui table  
s o i l  moisture conditions f o r  plant  growth t h a t  occurs during the 
drought periods. Occurrences of these undesirable conditions vary with 
geographical location, s o i l  properties,  cropping systems, and i n  par- 
t i cu la r ,  weather conditions. In the  l a t t e r  category, d is t r ibut ion  of 
r a i n f a l l  and consumptive use of water by crops a r e  of pr inc ipa l  s ig -  
nif  i cance . 

It would obviously be of value t o  know what soil-moisture condi- 
t ions  may be expected t o  occur i n  a given area, as determined by the 
factors  l i s t e d  above. Such information should be given i n  terms of 
probabilities, because of the  extreme seasonal va r i ab i l i ty  i n  r a i n f a l l  
dis t r ibut ion.  

When a description of the incidence of soil-moisture d e f i c i t s  and 
excesses can be given, even i f  it i s  on an approximative base, much can 
be concluded with respect t o  the s u i t a b i l i t y  of cer ta in  types of crop 
production i n  given areas and under given s o i l  conditions. The needs 
fo r  i r r iga t ion  and drainage a lso  become evident as well as certain de- 
sign fac tors  needed i n  the engineering of i r r iga t ion ,  i f  there are  
available water resources. 

Such information f o r  any pa r t  of Turkey i s  not yet avai lable  t o  
the agronomist, the  agr icul tura l  engineer or the economist. 

However, many detailed research works have been carried out by Van 
Bavel and associates,  and by others, t o  provide estimates of soil-mois- 
t u r e  conditions o r  t o  estimate the agr icul tura l  drought f o r  Virginia, 
North Carolina, South Carolina, Georgia, Alabama, the Dakotas, t he  Ten- 
nessee Valley, the  Northeastern s t a t e s ,  and the lower Missisippi Val- 
ley areas of the  USA. 



Van Bavel and a s soc i a t e s  computed d a i l y  soi l -water  balances f o r  25 
years of records i n  t h e i r  s tud ies .  These balances  were based on record- 
ed amounts of d a i l y  p r ec ip i t a t i on  and on estimated values of d a i l y  
evapotranspirat ion.  Furthermore, t he  s o i l  was assumed capable of r e -  
t a i n ing  ce r t a i n  m a x i m u m  amounts of  water ava i l ab le  t o  p lan t s .  These 
amounts ranged from 25 m. t o  125 m. 

Five s t e p s  make up t he  procedure f o r  es t imat ing s o i l  moisture con- 
d i t i o n s  from cl imatological  data .  These a r e :  

1) Procurement of  d a i l y  r a i n f a l l  d a t a  

2 ) Estimation of d a i l y  evapotranspirat ion 

3)  Estimation of t h e  moisture-storage capaci ty  of t h e  s o i l  i n  a 
form ava i l ab l e  t o  p l an t s  

4) Computation of  t h e  d a i l y  soil-moisture balance 

5)  Class i f i ca t ion  of  t h e  r e s u l t i n g  data .  

The da ta  as reported enable one t o  determine f o r  a given sec t ion  
and time of year  t h e  p robab i l i ty  f o r  occurrence of d e f i c i t s  and ex- 
cesses of  s o i l  moisture of given sever i ty .  In  cases of  d e f i c i t s ,  t h e  
required amounts of i r r i g a t i o n  water have a l s o  been estimated. 

The da ta  thus  serve  mul t ip le  purposes. One may a sce r t a i n  t h e  se -  
v e r i t y  of drought incidence i n  a loca t ion  f o r  c e r t a i n  s o i l  condit ions.  
The recurrence value of a drought as it happened may be  determined and 
r e l a t ed  t o  t he  p l an t  response i n  an i r r i g a t i o n  o r  f e r t i l i z e r  trial.  The 
demand f o r  i r r i g a t i o n  water may be  an t ic ipa ted  f o r  long range planning. 

The common object ive  i n  these  kinds of s t ud i e s  is t o  obta in  a 
r e l i a b l e  es t imate  of p reva i l ing  s o i l  moisture condit ions f o r  l a rge  
a r ea s  i n  s p i t e  of t he  absence of d i r e c t  observations of s o i l  moisture 
content f o r  almost a l l  a r ea s  and conditions. The r e s u l t s  of these  e s t i -  
mations give  valuable information and can be  used f o r  s eve ra l  purposes 
as explained above. 

For the  d a i l y  soil-water  balance calcula t ions ,  t h e  p r o c e d u ~  can 
be carr ied  on by using IBM machines, as V a n  Bavel and a s soc i a t e s  have 
done. 

For t h i s  reason, as f a r  as drought s tud ies  a r e  concerned, we 
should start similar s tud ies ,  encampassing a t  l e a s t  25 years  of d a i l y  
r a i n f a l l  and o ther  required da ta  f o r  ca lcu la t ing  t he  monthly evapotran- 
sp i r a t i on  on t h e  a r i d  and semi-arid zones of  our countries.  



CONCLUSIONS 

From t h e s e  d i scuss ions  a number o f  conclusions can be  drawn and 
t h e s e  may b e  summarized as follows:  

1 )  An a r i d  zone research i n s t i t u t e ,  inc luding a hydrology d i v i s i o n  
and reg iona l  subs ta t ions ,  should b e  es tab l i shed  i n  Turkey, and 
then  hydrological  a spec t s  o f t h e  a r i d  and semi-arid zones should 
b e  s tud ied  ex tens ive ly  by means of t h i s  i n s t i t u t e .  The hydrolo- 
gy d i v i s i o n  should have t h e  recording and d a t a  c o l l e c t i o n  serv-  
i c e s  f o r  hydrology, climatology and hydrometeorology. Since 
s t a t i s t i c s  are c l o s e l y  assoc ia ted  wi th  t h e  hydrological  re- 
search work, t h i s  research i n s t i t u t e  should develop i t s  own 
statistical service .  

2 )  The hydrological  surveys, e s p e c i a l l y  t h o s e  r e l a t e d  t o  t h e  a g r i -  
c u l t u r a l  po in t  of  view, should be  f u r t h e r  i n t e n s i f i e d  f o r  t h e  
a r i d  and semi-arid zones of Turkey b y  means of  t h i s  new re- 
search i n s t i t u t e .  These surveys should include:  

a )  in tegra ted  surveys, d a t a  gathering,  and evaluat ions  of  c l i -  
mat ic  f a c t o r s  and n a t u r a l  resources r e l a t e d  t o  hydrology, 
such as frequency and i n t e n s i t y  of  r a i n f a l l ,  temperature and 
i t s  v a r i a t i o n s ,  Land, s o i l s ,  water  and vegeta t ion,  t o  b e  
taken up on a comprehensive b a s i s  

b )  d e f i n i t i o n  o f  a r i d  and semi-arid zones o f  Turkey, according 
t o  t h e  r e s u l t s  and evaluat ions  of t h e  above mentioned s u r -  
veys; c l a s s i f i c a t i o n  and d e l i n i a t i o n  of a r i d  and semi-arid 
zone boundaries. 

c )  es t imat ion of  t h e  water requirements o f  var ious  crops, water 
needs f o r  i r r i g a t i o n ,  i n d u s t r i a l  domestic and l i v e s t o c k  con- 
sumption, and comparison wi th  t h e  a v a i l a b l e  su r face  and 
groundwater resources i n  a r i d  and semi-arid zones, p lus  de- 
terminat ion o f  q u a l i t y  i n  t h e  a v a i l a b l e  water resources 

d )  inves t iga t ion  of  t h e  most e f f i c i e n t  use of  r a i n f a l l  f o r  crop 
production 

e )  i n v e s t i g a t i o n  of  t h e  drought frequency and occurrence ex- 
pected t o  occur i n  d i f f e r e n t  a r i d  and semi-arid areas as de- 
termined by geographical loca t ion ,  s o i l  p r o p e r t i e s ,  cropping 
systems, weather condit ions ( d i s t r i b u t i o n  o f  r a i n f a l l ,  con- 
sumptive use of water by crops), us ing t h e  method described 
previously.  

3 ) Inves t iga t ions  on organic compounds f o r  t h e  con t ro l  o f  evapora- 
t i o n  from s o i l  and water  su r faces  should be  emphasized. 



4 )  Sa l ine  water  and i t s  use i n  t h e  production o f  crops, and s e -  
l e c t i o n  of  species  which t o l e r a t e  h igh temperatures and s a l i n -  
i t y  should b e  s tudied.  

5 )  Studies  on b a s i c  p r o b l a s  of  a r i d  l ands  such a s  soi l-plant-wa- 
t e r  energy- r e l a t i o n s h i p s  should b e  included i n  t h e  curriculum 
of t h e  above mentioned i n s t i t u t e .  

6) The e f f i c i e n t  d i s t r i b u t i o n  and u t i l i z a t i o n  o f  i r r i g a t i o n  water  
and t h e  s e l e c t i o n  o f  t h e  most s u i t a b l e  i r r i g a t i o n  systems f o r  
crop production should be inves t iga ted  f o r  t h e  d i f f e r e n t  land 
types o f  a r i d  regions.  

7 )  Other problems o f  a r i d  and semi-arid zones r e l a t e d  t o  low s o i l -  
moisture condi t ions  which might be a s u b j e c t  f o r  hydrology 
should be  s tud ied  extens ively ,  such as: 

a )  t h e  wild species  of  p l a n t s  wi th  respec t  t o  water  de f ic iency  
and adapta t ion t o  an a r i d  environment 

b )  t h e  g e m i n a t i o n  of  t h e  c u l t i v a t e d  and t h e  wild spec ies  of  
p l a n t s  under drought condi t ions  

c )  t h e  techniques f o r  n u t r i e n t  uptake f o r  c u l t i v a t e d  p l a n t s  
under low soil-moisture condit ions.  
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INTRODUCTION 

The h p i r e  of Iran,  which i s  located between 25O and 40' N lati- 
tude and covers an area of about 1,650,000 square kilometers, i s  l o -  
cated i n  t h e  a r i d  part of t h e  Middle &st. The country i s  very compli- 
cated i n  the  sense of spec i f i c  na tu ra l  conditions. F i r s t ,  I ran  i s  a 
country of mountains and pla teaus  up l i f t ed  more than a thousand meters. 
These pla teaus  a r e  not  the  res idua l  eroded type, bu t  a r e  covered with 
a l l u v i a l  and co l luv i a l  deposi ts  of t e r t i a r y  o r  quarternary types. Be- 
tween the  highest  mountains, t h e  na tu ra l  geography of t h i s  country has 
r e l a t i ve ly  deep lowLand and intermountain val leys ,  probably of mostly 
t ec ton i ca l  o r ig in ,  This i s  very important f o r  the  penetra t ion of a r t e -  
s ian  and simple groundwater which dra ins  na tu ra l l y  i n t o  t h e  valleys.  
Secondly, t he re  a r e  t y p i c a l  a l l u v i a l  p la ins  along t h e  Caspian coast  and 
t h e  Persian Gulf. 

Furthermore, t h e  country i s  tec ton ica l ly  a c t i v e  and some p a r t s  a r e  



s t i l l  experiencing earthquakes. It should be emphasized t h a t  many 
blocks of t he  count$ a r e  up l i f t i ng  and forming s tep l ike  systems of 
t e r r aces  and long, f l a t  inclined slopes. 

These main pecu l i a r i t i e s  of orographyand geomorphologyare followed 
by t h e  production of soluble salts. Dist r ibut ion and composition of 
these s a l t s  a r e  very complicated and a r e  accompanied by the  processes 
of na tu ra l  leaching, t r a n s i t i o n a l  t ransport ,  and accumulation, depend- 
ing on t h e  conditions of d i f f e r en t  regions. Generally, t he re  i s  a 
strong and permanent generation of concentrated and d i lu ted  salt solu- 
t i ons  migmting i n t o  t h e  slopes, t h e  lowlands and d e l t a i c  areas. 

Another f ac to r  t h a t  contributes t o  t h e  s a l i n i t y  problem i n  Iran i s  
climate. For example, evaporation is extremely high i n  the  country, 
while the  r a i n f a l l  i n  most a reas  i s  low and it i s  r e s t r i c t ed  t o  t he  
winter season. On t h e  northern p a r t  of the  p la teau  the  average annual 
r a i n f a l l  i s  above 200 mm. and it decreases t o  l e s s  than 120 nun. i n  t h e  
southern par t .  The general  d i s t r i bu t ion  of  r a i n f a l l  i s  shown i n  the  
following tab le .  

RAINFALL DISTRmION I N  W 

Ratio of Recipient 
Annual Area to t h e  Total 

Rainfal l  Recipient Area Area of the  Country 
(m. 1 (mill ions of hectares)  ( i n  percent)  

Less than 100 
100 -2 50 
250 -500 
500 -1 , 000 

Over 1,000 

Considering the  above mentioned conditions of orogra-phy, geomorph- 
ology and climate i n  Iran, it can be read i ly  realized t h a t  the  condi- 
t ions  a r e  favourable f o r  the  accumulation of soluble s a l t s  i n  the  upper 
s o i l  l ayer  and on the  surface. I n  t h i s  paper, an attempt has been made 
t o  study the causes of s a l i n i t y  i n  t h e  Iranian plateau from the  follow- 
ing  two angles : 

1) Development of s a l i n i t y  due t o  na tura l  processes which a r e  com- 
pleted with time and can continue 

2 )  Development of s a l i n i t y  due t o  the  improper pract ice  employed 
by the  farmers. 



NATURAL SALIMZATION 

Geologic Factor 

This f ac to r  i s  responsible f o r  t h e  t rans2ortat ion of sea salts and 
t h e i r  deposition on Lands and probably it s t a r t ed  i t s  e f f e c t s  in the  
middle of t h e  Miocene period when the  Iranian Plateau was upl i f ted and 
there  was no longer any connection between t h e  "lakes" developed from 
t h e  Miocene seas and the  oceans. 

These lakes were no longer fed from t h e  oceans and the  amount of 
water they received from the  surface runoff was r e l a t i v e l y  small. Fur- 
ther ,  t h e  development of hot  a r i d  conditions gradually decreased the  
s i ze  of these lakes, and f i n a l l y  there  was nothing l e f t  except la rge  
deposits of soluble salts and gypsum. These types of s a l t s  a r e  found i n  
d i f f e ren t  p a r t s  of t he  country and a r e  one of t he  most important prob- 
lems. This type of salt deposition i s  s t i l l  i n  progress i n  some areas  
l i k e  Khuzistan, due t o  the  ref lux of t he  Persian G u l f ,  and t o  some ex- 
t e n t  i n  the  eastern p a r t  ( ~urlenen deser t  ) of t h e  Caspian coast .  

Geochemical Factor 

In some parts of the country, t he re  a r e  huge masses of s a l t s ,  
which form the  s a l t  mountains on the  surface of t h e  land and cover 
large areas.  'Ihey a re  valuable sources f o r  s a l t  mining because t h e i r  
main consti tuent i s  sodium chloride with some sodium and magnesium 
su l fa te .  The salt content of these masses i s  transported t o  the  sur-  
rounding areas  by the  surface runoff, p rec ip i ta t ion  and wind. Moreover, 
i n  some pa r t s  of t he  country there  a r e  sa l ine  groundwater reservoirs.  
In some areas ,  due t o  the  high evaporation ra tes ,  t h e  s a l t  content of 
these groundwaters i s  brought up t o  the  surface s o i l .  In some other  
par t s ,  the  sa l ine  groundwater runs on the  surface through the  cracks of 
rocks ( sa l ine  springs) o r  forms salt marshes upon the upward movement 
of water i n  the s o i l .  

Geomorpholog y 

Considering the  climatic conditions of Iran and the  f a c t  t h a t  dur- 
ing most periods of the year evaporation i s  more than prec ip i ta t ion ,  it 
w i l l  be obvious t h a t  geomorphological conditions of the country play an 
important ro le  i n  the  accumulation of s a l t s  i n  s o i l s .  Accordingly, the 
problem of s a l i n i t y  i s  mostly encountered i n  lowlands, a l l u v i a l  plains ,  
valleys,  low terraces ,  and de l tas .  On the  other hand, i n  elevated areas  
l i k e  h i l l s  and sloping lands, s a l i n i t y  i s  not a problm. This d i f f e r -  
ence i s  ma inq  due t o  the rapid accumulation and stagnation of water, 
and a l s o  the  feeding1' of the  groundwater accompanied by high evapora- 
t i o n  m t e s .  



Surface water 

Transportation of s a l t s  and sal inizat ion by means of surface water 
flows, i n  the  form of r ivers  o r  otherwise, i s  very common i n  Iran. In 
t h i s  respect, the surface flows which end up i n  sandy areas,  s a l t  de- 
s e r t s ,  and closed basins a re  par t icu lar ly  important. The r ivers  flowing 
in  some regions of the country dissolve d i f ferent  salts and transport 
them t o  the  plains and, consequently, cause s a l i n i t y  i n  these areas.  
Generally, the salt content of r ivers  i n  Iran i s  high, ranging from a 
few hundred milligrams t o  a few grams. 

It should be mentioned tha t  the  seasonal floods which d iver t  the  
direct ion of r iver  flow and deposit salt and s i l t  content on the  low- 
lands, t o  some extent increase the s a l i n i t y  of some regions. 

Wind Effect 

In Iran wind has been one of the  fac tors  increasing the  degree of 
s a l i n i t y  by transporting the  powdered salts o r  dust containing salt 
from one area t o  another. Some researchers have shown t h a t  the annual 
amount of salt transported by wind i s  between 200 kg. and 50,000 kg. 
per hectare. Accordingly, a nonsaline s o i l  close t o  a sal ine area with 
powdered s a l t s  can i n  a few years become sal ine due t o  the  ef fec t  of 
wind. The ra t e  of sal inizat ion caused by wind depends on the  amount of 
salt and the form i n  which it is  present and also the  a b i l i t y  of wind 
t o  transport it. 

Biological Factors 

Different crops a lso  affect  the  r a t e  of movement and accwnulatfon 
of salts i n  the s o i l  i n  different degrees, depending on the type and 
variety.  Plants a r e  able  t o  adjust the quantity and quality of mineral 
composition of t h e i r  roots and other parts  t o  the salt content of d i f -  
ferent s o i l  Layers and groundwater. This adjustment r e su l t s  i n  a change 
of the form and quantity of s a l t s  present i n  the so i l .  Usually, the 
typica l  halophytic plants increase the  salt conten-c of the surface lay- 
e r  of s o i l .  On the other hand, grasses and legumes decrease the  salt 
content of surface s o i l .  The h a l o p w i c  plants a re  able  t o  take up 
about 0.2 t o  l t o n  of salt per hectare and a f t e r  the  growing season de- 
posi t  t h i s  amount of salt a t  the  s o i l  surface. The amount of s a l t  i n  
the roots of these plants can be as high a €  1.5 t o  2.0 tons. 

It can be concluded t h a t  plants  a f fec t  the sa l in i ty  s i tua t ion  i n  
different  ways. F i r s t ,  they can increase the s a l i n i t y  of the  area where 
they a re  grown by bringing the  salts from the  lower depths of the  s o i l  
t o  the surface. Secondly, the salt deposited from the  plants on the  
s o i l  surface can be transported t o  other areas by wind o r  surface 
flows. 



SECONDARY (MANMADE) SALINIZATION 

In  cer ta in  a reas  of t h e  country, employment of improper c u l t u r a l  
p rac t ices  by the  farmers, accompanied by a lack of drainage, has in ten-  
s i f i e d  o r  caused the  development of a s a l i n i t y  problem. Secondary sal- 
in iza t ion ,  which i s  caused mainly by the  incor rec t  use of water on 
lands, i s  very common i n  I ran as t h e  na tu ra l  conditions of the  country 
a r e  a l s o  favourable f o r  i t s  development. I n  t h e  USA, USSR, Pakistan and 
Turkey many areas  a r e  abandoned because of t h e  presence of s a l i n i t y  
brought about by man. I n  Iran,  secondary sa l in i za t ion  i s  qu i t e  common- 
where extensive i r r i g a t i o n  pro jec t s  were i n  operation. The province of 
Khuzistan i s  i n  one of t h e  a reas  where b i g  i r r i g a t i o n  pro jec t s  have 
been conducted. It i s  located i n  t h e  southeast of I ran and bounded by 
t h e  Persian G u l f  and t h e  a g r o s  chain of mountains, and has a hot  and 
r e l a t i v e l y  humid climate. This province w i l l  b e  considered i n  some de- 
t a i l  i n  order t o  c l a r i f y  the  f ac to r s  which give r i s e  t o  t h e  condition 
of secondary sa l in iza t ion .  The province i s  one of the  hot  a reas  of  t h e  
world with, t h e  maximum temperature going over 50°C and a minimum t e m -  
pemture  of about O°C. The average annual temperature of t h e  a r ea  i s  
24-28'~, r e l a t i v e  h m i d i t y  about 50 percent, and the r a i n f a l l  amounts 
t o  150-300 mm., which i s  very low compared with t he  a ~ u a l  evaporation 
of over 2,000 mm. 

With t h e  above mentioned cl imat ic  conditions of the  area,  t he  sal- 
i n i t y  condition i s  qui te  common and, t o  some extent ,  it i s  expanding. 
The main f ac to r s  responsible f o r  the  na tu ra l  s a l i n i za t ion  of Khuzistan 
a r e  a s  follows: 

1) Miocene deposits ,  whose salts a r e  transported from the  &gros 
Mountains t o  t he  Khuzistan Plain  by surPace flaws 

2 )  The continous deposit ion of s a l t s  because of t he  in t rus ion  of 
water from the  Persian G u l f  

3 )  The ac t ion  of wind and r i v e r s  

Moreover, Large a reas  of high f e r t i l i t y  have turned i n t o  s a l ine  
s o i l s  upon i r r i ga t ion ,  because of  t he  gradual increase i n  t h e  salt con- 
t e n t  of t he  s o i l .  The main fac tors  which have been recognized as t h e  
ones responsible f o r  t he  developnent of s a l i n i t y  conditions i n  t h e  a rea  
a r e  groundwater conditions, salt-containing layers ,  i r r i g a t i o n  water, 
t ransp i ra t ion  environment, and ag r i cu l tu ra l  a c t i v i t i e s .  

EFFECTS OF GROUNDWATER 

The conditions of groundwater i n  Khuzistan a r e  t h e  main f ac to r s  
causing s a l i n i t y  of t h e  s o i l .  In most areas  of t h e  plain ,  the  groundwa- 
t e r  surface i s  high, mainly because of  improper i r r i ga t ion .  Generally, 



t h e  a r ea s  c lose  t o  t h e  i r r i g a t i o n  f i e l d s  and c i t i e s  have a higher water  
t a b l e  than o thers .  

There i s  almost no movement i n  t h e  groundwaters of Khuzistan. The 
salt concentrat ion of t h e  groundwater wa,s checked i n  s eve ra l  l oca t i ons  
and was found t o  vary between 1 and 110 gr./lit. In some areas, t h e  
highly  s a l i n e  groundwater has brought about s a l i ne  marsh condit ions on 
t h e  s o i l  su r face .  The c r i t i c a l  depth of groundwater f o r  Khuzistan as 
determined by f i e l d  s t ud i e s  i s  2.5 - 3.5 meters. However, evaporation 
i s  a l s o  t ak ing  p lace  a t  depths lower than t h i s ,  down t o  about 4.5 m e -  
t e r s .  If t h e  depth of t h e  water t a b l e  i s  l e s s  than 2 .5  - 3.5 meters, 
t h e  overlying s o i l  can become s a l i n e .  Shallow water t a b l e s  are devel-  
oped e i t h e r  through t h e  upward movement of water from lower depths o r  
t he  app l ica t ion  of excessive amounts of i r r i g a t i o n  water. 

Effects of Salt Containing b y e n  

Sal t -conta ining l aye r s  are developed i n  various ways such as t h e  
gradual lowering of t h e  water  t a b l e  o r  d i r e c t  t r anspor ta t ion  o f  soluble  
salts t o  a c e r t a i n  depth of t he  s o i l .  

These l aye r s  a r e  e i t h e r  i n  t he  form of  s o i l  horizons o r  l a y e r s  o f  , 
geological  ma t e r i a l  with a salt content of a few thousandths t o  a f e w  
percent .  In a r ea s  where sa l t -conta ining l aye r s  a r e  present  below a non- 
s a l i n e  s o i l ,  t h e  g r av i t a t i ona l  water  coming from i r r i g a t i o n  w i l l  d i s -  
solve  t he  salts. Then, through t h e  cap i l l a ry  movement of  deep water  t o  
t he  s o i l  surface ,  t h e  so lub le  salts a r e  brought up and, upon evapora- 
t i on ,  they  will b e  deposited on t he  sur face  s o i l .  The c r i t i c a l  depth o f  
these  l ayers  i s  estimated t o  be 1 - 1.5 meters. However, depending on 
t he  type of s o i l ,  t h e  crop grown, c u l t u r a l  p r ac t i c e s ,  and t h e  method of 
i r r i g a t i o n ,  t h e  c r i t i c a l  depth can vary between .5 and 1 .5  meters. 

Effects of Irrigation Water 

I r r i g a t i o n  of t h e  f i e l d s  by app l ica t ion  of r i v e r  water can cause 
salt accumulation i n  t h e  s o i l .  In Khuzistan, t h i s  i s  t r u e  even f o r  t h e  
r i v e r s  wi th  a low salt  content, such as the  Karon. The reason f o r  t h i s  
i s  that a high evaporation r a t e  decreases t h e  amount of water  pene- 
t r a t i o n ,  and because of t h e  low i n f i l t r a t i o n  r a t e s  and t h e  of 
impermeable s o i l  l aye r s  water movement i n  t h e  s o i l  p r o f i l e  i s  slow. 
Consequently, a high amount of i r r i g a t i o n  water i s  evaporated. It has 
been found t h a t  t h e  app l ica t ion  of 500 - 1,000 mm. of  Karon water  has 
resul ted  i n  t h e  accumulation of 1.5 - 4 tons  of salt pe r  hectare .  

Although leaching can help  i n  t he  removal of salts from t h e  roo t  
zone, t h e  app l ica t ion  of excessive amounts of water  necessary f o r  
leaching can cause t h e  development of a l o c a l  high groundwater o r  b r i ng  
up t h e  o ld  water  t ab l e s .  



Transportation Environment and Agricultural Activities 

Eradication of t h e  t ransp i ra t ion  po ten t i a l s  of an environment and 
intensifying the  evaporation of  t h e  s o i l  surface not only increases  t he  
s a l i n i t y  of t he  s o i l  bu t  it a lso  a f f e c t s  t he  degree of a r i d i t y  of the  
area.  This i s  one of t h e  important f ac to r s  causing t h e  s a l i n i t y  of many 
areas  throughout the  country. 

This condition i s  observed i n  a reas  where vegetative cover has 
been eradicated by overgrazing, excessive clearance of forested areas ,  
removal of bushes, use of improper crop ro ta t ions ,  l a t e  planting,  and 
other  poor management prac t ices  including incorrect  use of machinery 
and lack of s o i l  conservation. 

ECONOMIC ASPECTS O F  SALINITY 

Sa l in i ty  i s  one of the  l imi t ing  f ac to r s  i n  the  development and 
economic expansion of agr icu l ture  i n  Iran. I n  many areas  of t he  country 
some percentage of the  s o i l  i s  s a l i ne  and when a g r i c u l t u r a l  a c t i v i t i e s  
a r e  expanded i n  d i f f e r en t  areas ,  t h i s  percentage i s  generally i n -  
creased. 

Although the  seriousness of t he  s a l i n i t y  problem has been recog- 
nized by nat ional  experts, t he  fanners '  awareness of  t he  s i t ua t ion  i s  
ra ther  l imited and they would bene f i t  by more guidance on p r q e r  water 
management prac t ices .  

Recommendations 

Considering the  economic p o s s i b i l i t i e s  and a v a i l a b i l i t y  of water 
supply i n  Iran, the  following poin ts  a r e  recommended: 

1) The causes and degrees of  s a l i n i t y  i n  each a rea  should be stud- 
i ed  careful ly .  The quanti ty and qua l i ty  of the  salts present i n  
t he  s o i l  o r  i r r i g a t i o n  water should be determined i n  order t o  
design reclamation pro jec t s  on a s c i e n t i f i c  bas i s .  Also, d i f -  
f e r en t  na tura l  f ac to r s  which favor the  expansion of t he  prob- 
l e m  should be determined, before deciding on control  measures. 

2 )  In areas  where t h e  degree of s a l i n i t y  i s  such t h a t  s a l t - t o l e r -  
an t  fodder crops (including some grasses and legumes) can be 
grown with r e l a t i ve  success, it i s  b e t t e r  t o  continue t h e  
plant ing of these crops ra ther  than implementing a hurr iedlyde-  
signed reclamation project .  In t h i s  way, not only econohic r e -  
turns  may be obtained from the crops, bu t  a l s o  the  degree of  
s a l i n i t y  w i l l  be  decreased so much t h a t ,  a f t e r  some seasons, 
t h e  s a l t - t o l e r an t  crops can be grown successfully.  In areas  
where s a l i n i t y  i s  accompanied by a high water t ab le ,  the  b e s t  



crops t o  b e  grown include alfalfa, eucalyptus, and, where s o i l  
s a l i n i t y  i s  severe, d a t e  palms. This i s  usual ly  considered a 
b io log i ca l  method of amelioration.  

3 )  I n  s o i l s  which have a soluble  salt content of more than one 
percent,  t h e  salts must be removed before any successful  g r a r t h  
can be  expected. The most e f f ec t i ve  method of removing salts 
from s o i l s  i s  by leaching, and t h i s  should be accompanied by 
s u f f i c i e n t  drainage of t he  a rea .  Other methods include b io log i -  
c a l  and mechanical p r ac t i c e s  bu t  they  a r e  not  as e f f ec t i ve  as 
leaching. It i s  recommended t h a t  t he  main leaching should be  
done i n  fa l l  and winter when the  temperature i s  low and precip-  
i t a t i o n  i s  higher than i n  o ther  seasons. 

I n  a reas  where exchangeable sodium ion i s  high, t h e  b e s t  method 
of amelioration i s  through t h e  use of gypsum. Generally, PH a l -  
k a l i n i t y  i s  not much of a problem i n  Iran. 

4 )  In cases where s a l i n i t y  i s  r ead i l y  recognized, control  measures 
should be taken i n  order t o  prevent t h e  development of second- 
a r y  s a l i n i za t i on .  A s  mentioned i n  previous sect ions ,  t he  f ac -  
t o r s  involved include groundwater t r ansp i r a t i on  environment and 
a g r i c u l t u r a l  a c t i v i t i e s .  The con t ro l  measures of these  f a c t o r s  
a r e  b r i e f l y  discussed below: 

a. When s a l i n i t y  i s  caused by t he  shallow depth of t he  water 
table, t he  problem can be solved i n  a number of ways. F i r s t ,  
t h e  water t a b l e  depth may be  lowered by implementation of a 
drainage system which includes hor izontal  drainage canals,  
co l l e c to r  wel ls  and v e r t i c a l  dra ins .  This method i s  employed 
w h e r e  t he  root zone i s  under the  influence of t h e  ground- 
water. Obviously, before designing the  drainage system, t he  
type of crop and i t s  "resistance'l  t o  t h e  depth of t he  water 
t a b l e  should be  determined. Various crops do not  have t he  
same degree of to lerance t o  t h e  depth of t h e  w a t e r  t ab l e .  
Moreover, t he  re la t ionsh ip  between the  c r i t i c a l  depth of 
groundwater and i t s  qua l i ty  va r i e s  and should be  ca re fu l ly  
studied.  

For example, i n  a loamy s o i l  overlying groundwater with a 
salt content of 0.1 - 0.3 gr ./lt. the  c r i t i c a l  depth of t he  
water t a b l e  i s  about l m e t e r ,  while under t h e  same condi- 
t i o n s  bu t  with a salt concentration of 3 gr. /lit., the  c r i t  - 
i c a l  depth i s  considered t o  be  2.5 meters o r  more. 

In areas  where t h e  depth of the water t a b l e  i s  su f f i c i en t l y  
below the  s o i l  surface  and there  i s  no need f o r  implementa- 
t i o n  of a drainage system, measures should be  taken t o  con- 



t r o l  t he  c a p i l l a r y  rise of water. These include p ro tec t ion  
of t h e  t r an sp i r i ng  envi,ronment proper t i l l a g e  p r ac t i c e s ,  

?I 
and use of  b io log i ca l  d ra ins .  With respec t  t o  t h e  lat ter  
method t h e  b e s t  crop i s  alfalfa, which i s  a b l e  t o  t ake  up 
and t r a n s p i r e  more than 10,000 cubic meters pe r  hec ta re  p e r  
year.  Sorne t r e e s  can a l s o  t ake  up an  amount of  more than 
5,000 cubic meters pe r  hec ta re  pe r  year.  Among these ,  euca- 
ly-ptus i s  most s u i t a b l e  f o r  t h e  condit ions of t h e  country. 

b.  If t h e  s a l i n i t y  of t h e  s o i l  i s  due t o  t h e  presence of salt- 
containing l ayers ,  t h e  ~ontr? , l  measures should aim a t  t h e  
prevention of  t h e  back flow of g r a v i t a t i o n a l  water  reach- 
i ng  t he se  l a y e r s  o r  employ i r r i g a t i o n  p r a c t i c e s  which w i l l  
not  r e s u l t  i n  t he  formation of g r a v i t a t i o n a l  water o r  sa tu -  
r a t i o n  of  t h e  sa l t -con ta in ing  l aye r s .  To achieve t h i s  pur-  
pose, t h e  amount of i r r i g a t i o n  water should b e  determined on 
t h e  b a s i s  of t h e  water  required f o r  br inging t h e  moisture 
content  of a c e r t a i n  depth of  s o i l  up t o  an  amount which i s  
less than f i e l d  capaci ty  (FC) (about 75 percent  of FC) . 

c. I n  areas where salts have accumulated i n  t h e  s o i l  due t o  t h e  
poor q u a l i t y  of i r r i g a t i o n  water, t h e  ameliorat ion methods 
should b e  based on t h e  r e s u l t s  of s t ud i e s  conducted t o  de- 
termine t h e  exact  qua l i t y  of i r r i g a t i o n  water, t h e  phys ica l  
and chemical p rope r t i e s  of s o i l s ,  t h e  microclimate of t he  
area, e spec i a l l y  t h e  r a i n f a l l  pa t t e rn ,  t h e  type of  crop, and 
topography of t h e  area. 

To decide on t h e  s u i t a b i l i t y  of water  f o r  i r r i g a t i o n  pur-  
poses, t h e  following c r i t e r i a  should b e  determined: 

i. sediment i n  t h e  r i v e r  water 

ii. amount of so lub le  salts o r  degree of s a l i n i t y  

iii. r a t i o  of  soluble  salts 

iv .  pH 

Most r i v e r s  flowing i n  Iran have a high content  of sediment 
which i s  b e n e f i c i a l  o r  harmful f o r  a g r i c u l t u r a l  purposes, 
depending on i t s  chemical cha r ac t e r i s t i c s .  A high content of 
soluble  salts i n  t h e  water, however, i s  one of t h e  main 
problems of I ran ian  fanners.  The c r i t i c a l  concentrat iqn of 
t h e  hazardous salts i s  thought t o  be between .3 and .5 g r . /  
lit. This value can be  considered higher,  depending on t h e  



physical  and chemical p roper t ies  of s o i l s ,  and the  growing 
season of the  crop. To remove t h e  ex t r a  amounts of salts 
from the  s o i l ,  a per iod ica l  leaching programme, accompanied 
by a drainage system, should be  used. Compared with t h e  a- 
mount of soluble  salts, t h e  r a t i o  of d i f f e r e n t  soluble  salts 
t o  water i s  l e s s  ser ious .  Moreover, t he  pH content o f  most 
water sources i n  I r an  i s  not  detr imental  f o r  a g r i c u l t u r a l  
purposes. 

5 )  Protect ion of vegetative cover and, generally,  prevention o r  
lowering of t he  evaporation from t h e  surface ~f a g r i c u l t u r a l  
Lands i s  very e f f e c t i v e  i n  t h e  c o n s e m t i o n  of the  f e r t i l i t y  of 
s o i l s  crop cover prevents both t h e  s a l i n i za t i on  of t h e  s o i l  and 
the  development of a r i d i t y  conditions i n  an a rea .  Fortunately, 
a l o t  of a t t en t ion  i s  given t o  t he  protect ion of vegetat ive  
cover i n  Iran. It i s  necessary in some cases t o  develop new va- 
r i e t i e s  of crops which a r e  r e s i s t a n t  t o  s a l i n i t y  and drought. 

Final ly ,  it must be  emphasized t h a t  successful  prevention of 
t h e  development of sa l in iza t ion ,  which i s  an important problem 
f o r  a l l  t he  countries i n  t h e  Middle &st, t o  a l a rge  extent  de- 
pends upon t h e  awareness and knowledge of the  f a m e r s  about t he  
problems. 
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With t h e  increasing use of f e r t i l i z e r s  i n  t he  production of wheat 
grown under nonirrigated and i r r i g a t e d  conditions i n  Turkey, it i s  in -  
ev i tab le  t h a t  not only t h e  amount of a pa r t i cu l a r  f e r t i l i z e r ,  bu t  a l so  
i t s  time of appl icat ion w i l l  receive grea te r  a t t en t ion .  

Time of f e r t i l i z e r  appl icat ion may a f f e c t  crop yie ld  and qua l i ty  
i n  a number of d i f f e r en t  ways. Wficiency of a known amount of f e r t i -  
l i z e r  may be more i n  terms of growth response i n  two o r  more s p l i t  ap- 
p l i ca t i ons  than i n  one s ing le  appl icat ion.  Such a di f ference,  i f  it ex- 
ists,  may be because, with a s ing le  l a rge  appl icat ion,  a greater  l o s s  
of soluble nu t r ien t s  may occur. It may a l so  be t h a t  a g rea te r  propor- 
t i o n  of a nu t r ien t  element may convert t o  a l e s s  ava i lab le  form when 
applied i n  a s ing le  ra ther  than mult iple  treatment. Also, t he  period 
during which a crop may make a Large demand f o r  a nu t r i en t  may not 
coincide with t he  time of f e r t i l i z e r  appl icat ion.  



P r a c t i c a l  methods f o r  r ea l i z ing  h i @  ef f ic iency  of n i t rogen use 
would seem t o  depend on good s o i l  ae ra t ion  and drainage, incorporation 
of nitrogen f e r t i l i z e r s  i n  t h e  s o i l  r a the r  than app l ica t ion  a t  t h e  sur -  
face,  and t he  add i t ion  of nitrogen a t  such times and i n  such amounts 
t h a t  t h e  crop can u t i l i z e  it r a t h e r  promptly. 

It i s  wel l  known t h a t  t h e  s o i l  ni trogen m y  be increased by f e r t i -  
l i z e r  addi t ions ,  and gains i n  t he  t o t a l  ni trogen content may occur 
through various microbial  f i x a t i o n  processes. On t he  o ther  hand, n i t r o -  
gen may be l o s t  from t h e  s o i l  i n  d i f fe ren t  ways, i .e. by v o l a t i l i z a -  
t i on ,  leaching, erosion, burning, and crop removal. In  pa r t i cu l a r ,  f e r -  
t i l i z e r  nitrogen i s  suscept ible  t o  losses ;  i n  a g r i c u l t u r a l  p r a c t i c e  
crop uptake of f e r t i l i z e r  N i s  r e l a t i v e l y  i n e f f i c i e n t ,  o f ten  mount ing 
t o  l e s s  than ha l f  the  quant i ty  applied.  

It i s  des i rab le  t o  h o w  t h e  r e l a t i v e  eff ic iency of f e r t i l i z e r  use 
r e su l t i ng  from times, methods and r a t e s  of app l ica t ion .  Use of 15N- 
tagged f e r t i l i z e r  has made it possible  t o  obtain more de ta i l ed  informa- 
t i o n  on t he  behavior of f e r t i l i z e r  N i n  s o i l  and i t s  ass imi la t ion  by 
growing p l an t s .  In addi t ion,  it i s  poss ib le  t o  obta in  much b e t t e r  e s t i -  
mates of N losses  and t h e  r e s idua l  e f f ec t  of f e r t i l i z e r  N than i s  pos- 
s i b l e  with conventional techniques. The behavior of s o i l  N i n  t h e  pres-  
ence of f e r t i l i z e r  N can a l s o  be  examined. Al l ison has recen t ly  made a 
comprehensive review of f indings  of t r a c e r  N experiments. 

The present inves t iga t ion  w a s  conducted t o  obta in  fu r the r  informa- 
t i o n  on t h e  e f f ic iency  of nitrogen and phosphorus uptake by wheat as a 
function of r a t e  and time of appl icat ion of nitrogeneous f e r t i l i z e r .  

MATERIALS AND METHODS 

The f i e l d  experiment with 1 5 N  and 32P-labelled f e r t i l i z e r  was con- 
ducted on an a l l u v i a l  s o i l  located a t  Thrsus I r r i g a t i o n  Research Insti- 
t u t e  i n  t h e  Mediterranean region of Turkey. 

The s o i l  of t h e  experimental s i t e  i s  a s i l t y  clay loam with a pH 
of 7.7 ( i n  water pas te ) ;  low i n  ava i lab le  phosphorus, organic mat ter  
a n d  t o t a l  soluble s a l t s ;  low t o  medium i n  inorganic nitrogen; and high 
i n  exchangeable K and lime content. Moisturs cha rac t e r i s t i c s  of d i f f e r -  
ent  depths of t he  s o i l  p r o f i l e  were almost i d e n t i c a l  within t he  depth 
of 120 cm., and t he  ava i lab le  water -holding capac i t i es  ranged between 
15 and17 percent. Moisture content of t he  s o i l  a t  seeding time was ade- 
quate. 

I n  a randomized block design, l.2 treatments were repl icated f i v e  
times. F e r t i l i z e r  treatments used i n  t he  experiment a r e  given i n  Table 
1. It can be  seen from Table 1 t h a t  23, 60 and 120 kg. of nitrogen per  
hectare  were applied i n  one s ing le  appl icat ion a t  seeding time, o r  t he  



%ble 1. FERTILIZER TIIEA-S 

Note : xx Labelled w i t h  2 % excess N - 15 
x Labelled w i t h  0.7 % excess N - 15 or P - 32 

( 1 )  N and P carried banded together and placed approximately 
2 cm. be low the seed fo r  all treatments except A - 2.  

( 2 )  N and P carriers banded w i t h  the seed. 

( 3 )  60 kg. N/ha. appl ied and  worked  into the surface soil pr ior to seeding. I sic 1 
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t o t a l  amounts were topdressed a t  appropr ia te  r a t e s  i n  two o r  t h r e e  
d a t e s  o f  a p p l i c a t i o n  a t  t i l l e r i n g ,  s t a n  extension and boot  s t ages .  Usu- 
ally a small "starter " amount of n i t rogen,  20 kg.  ha., was given a t  
seeding t i m e  and t h e  r e s t  appl ied  a t  t h e  stem extension s tage .  

Ammonium n i t r a t e  wi th  both  t h e  antnonia and n i t r a t e  l a b e l l e d ,  and 
monocalcium phosphate (0-50-0) l a b e l l e d  wi th  32P were used as sources 
of  N and P respec t ive ly .  

P l o t  s i z e  was 1 x 5 meters, i n  which l x  l m e t e r  was used f o r  la- 
b e l l e d  f e r t i l i z e r s .  Five V-shaped furrows about 8 cm. deep were made i n  
each p l o t  20 cm. apart. The required amounts o f  N and P f e r t i l i z e r s  
were banded a t  t h e  bottom of t h e  furrow and t h e  furrow was then pa r -  
tially f i l l e d  by moving s o i l  i n t o  t h e  furrow. Wheat seed was sown by 
hand and covered wi th  t h e  s o i l .  

The experiment was located  i n  an area where wheat i s  i n  r o t a t i o n  
with cotton.  Af te r  t h e  cot ton was picked from t h e  field, t h e  land was 
plowed t o  a depth of 25 cm. and disked t o  a depth of about LO - 1 5  cm. 
p r i o r  t o  seeding. 

Due t o  some delay  i n  receiving l a b e l l e d  f e r t i l i z e r s  t h e  experiment 
was seeded on December 9, 1969, and a f t e r  164 days of growth, t h e  crop 
w a s  harvested on May 21, 1970. A high y i e l d i n g  wheat v a r i e t y ,  Penjamo 
62, one of  t h e  Mexican dwarf wheat v a r i e t i e s  which shows g r e a t e r  re- 
sponse t o  a high amount of  n i t rogen,  was seeded a t  a r a t e  o f  130 kg. 
seed pe r  hectare .  

& order  t o  determine t h e  e f f i c i e n c y  of t h e  n i t rogen  uptake i n  
d i f f e r e n t  s t ages  of growth, p l a n t  samples co l l ec ted  a t  stem extension 
s t age  and a t  f i n a l  ha rves t  were d r i ed  a t  65OC, ground and analyzed f o r  
t o t a l  N, P, 15N and 32P. 

Climatic condit ions of  t h e  experimental s i t e  were convenient f o r  
wheat through t h e  whole growing season. The average annual  r a i n f a l l  of  
t h i s  area i s  about @to mm., and a t o t a l  of 470 mm. of r a i n  was recorded 
during t h e  experimental period.  The crop was no t  i r r i g a t e d ,  a l though 
very l i t t l e  raln f e l l  during t h e  last two months be fore  t h e  f i n a l  ha r -  
v e s t .  

RESULTS AND DISCUSSION 

Tota l  y i e l d s  o f  d r y  mat te r  and t h e  r e s u l t s  of  t h e  chemical and 
i s o t o p i c  analyses  of t h e  p l a n t  samples obtained from t h e  stem extension 
s t age  a r e  given i n  Table 2 .  An inc rease  i n  t h e  l e v e l  o f  f e r t i l i z e r  ap-  
p l i c a t i o n  has resu l t ed  i n  a n  inc rease  i n  t h e  amount and ni t rogen con- 
t e n t  of d r y  matter obtained from t h e  stem extension s tage .  Consequent- 
ly, t h e  t o t a l  N absorpt ion by wheat at t h i s  s t a g e  of growth was a l s o  
increased s i g n i f i c a n t l y .  



Table 2. DRY MATlTFi: N, P CON"IENT OF PLANT SAMPLES; $ N DFF, $ P DFF; 

N, P ABSORPTION BY WHEAT AT STD4 EXTENSION STAGE 



Using 1 5 N  and 32P-labelled f e r t i l i z e r s  made it poss ib le  t o  d e t e r -  
mine t h e  percentage of N and P i n  t h e  composition of  p l a n t  samples. 
Percent N derived from f e r t i l i z e r  w a s  a f fec ted  by amount r a t h e r  than 
t h e  time of a p p l i c a t i o n  of nitrogenous f e r t i l i z e r .  These values ranged 
from 13 percent  i n  t h e  case of 20 kg. of n i t rogen app l i ca t ion  t o  39 and 
48 percent  i n  t h e  case of 60 and 120 kg. of n i t rogen a p p l i c a t i o n  p e r  
hectare .  Therefore, t o t a l  f e r t i l i z e r  n i t rogen absorbed by p l a n t  
(kg./ha.) a t  t h e  stem extension s t a g e  was a l s o  increased s i g n i f i c a n t l y  
by  inc reas ing  rates of f e r t i l i z e r  n i t rogen.  

The r a t e s  and time of app l i ca t ion  of  ni trogenous f e r t i l i z e r  d i d  
no t  have much e f f e c t  on t h e  phosphorus content  of t h e  p lan t s ,  b u t  pe r -  
cent  P derived from f e r t i l i z e r  was s i g n i f i c a n t l y  a f fec ted  by  t h e  amount 
of f e r t i l i z e r  n i t rogen.  The higher r a t e  of n i t rogen stimulates t h e  up- 
take  of f e r t i l i z e r  phosphorus by p lan t .  The percent  P derived frm fer- 
t i l i z e r  was increased from about 38 t o  50 percent  by t h e  a p p l i c a t i o n  of 
20 and 120 kg. of N p e r  hectare .  Tota l  absorpt ion of f e r t i l i z e r  phos- 
phorus by  p l a n t s  was a l s o  increased s i g n i f i c a n t l y  with applied n i t r o -  
gen. It has been found t h a t  f e r t i l i z e r  N s t imula tes  p l a n t  use of fer- 
t i l i z e r  P throughout a wide range of s o i l  condit ions.  

The s t r a w  and gra in  d a t a  a r e  presented i n  %bles 3 and 4 .  F e r t i -  
l i z e r  t rea tments  used i n  t h e  experiment had g r e a t  e f f e c t  on g ra in  and 
s t r a w  y i e l d s .  Nitrogen appl ied  a t  t h e  t i l l e r i n g  s t age  seems t o  be more 
e f f e c t i v e  i n  increas ing gra in  and straw y i e l d s  than ni t rogen appl ied  a t  
t h e  stem extension s tage .  In a recen t  f i e l d  experiment using 15N-lab- 
e l l e d  f e r t i l i z e r s ,  i d e n t i c a l  r e s u l t s  were found. I n  add i t ion  t o  30 kg. 
of P, t h e  app l i ca t ion  of 20, 60 and 120 kg. of N pe r  hec ta re  increased 
t'ne g ra in  y i e l d  about 1.1, 1.9 and 2 . 6  tons  pe r  hec ta re  r e s p e c t i ~ l y .  

The ni t rogen content  of p i n  and s t r a w  increased with inc reas ing  
rates of f e r t i l i z e r .  Nitrogen applied a t  t h e  stem extension s t a g e  may 
be considered t o  be more e f f e c t i v e  i n  increas ing t h e  percent  N i n  both  
t h e  g ra in  and straw than ni t rogen applied a t  t i l l e r i n g .  To ta l  N ab- 
sorbed by g ra in  and s t r a w  increased about two o r  th ree fo ld  i n  c o n t r o l  

by app l i ca t ion  of 60 and 120 kg. of n i t rogen p e r  hectare .  Rate of ap- 
p l i c a t i o n  r a t h e r  than time of app l i ca t ion  of nitrogenous f e r t i l i z e r  i n -  
fluenced t h e  t o t a l  ni trogen absorption by p lan t s .  

The percentage of N derived from f e r t i l i z e r  i n  ,gain and straw 
samples w a s  i n  c lose  agreement. Those values were a f fec ted  by both t h e  
time and r a t e  of nitrogenous f e r t i l i z e r  app l i ca t ions .  The l a t e r  
da tes  of app l i ca t ions  a t  t h e  boot and stem extension s t ages  were more 
e f f e c t i v e  i n  increas ing t h e  percentage of f e r t i l i z e r  n i t rogen i n  
grain and straw than t h e  e a r l i e r  app l i ca t ions  a t  t i l l e r i n g  and 
seeding times. The percent  N derived from f e r t i l i z e r  genera l ly  changed 
from 5 t o  25 t o  45 percent  when 20, 60 and 120 kg. of N p e r  
hec ta re  were appl ied .  Consequently, t o t a l  N absorbed by wheat from t h e  
added f e r t i l i z e r  w a s  nea r ly  propor t ional  t o  t h e  n i t rogen appl ied .  



Thble 3. YIELD AND N, P CONTENT OF STRAW, $ N ITFF AND 

N, P ABSORPTION BY STRAW 

S t r a w  

kg. /'ha. 

7,183 

7,163 

7,096 

6,816 
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6,616 

7,350 

7,537 

7 , 934 
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8,224 

8,084 

- - . - - - - 

1,787 
1,337 
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$ N i n  
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~ 

absorbed derived 

by s t r a w  

K 
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0.05 4 

kg./ha. 1 f e r t i l i z e r  

N dff 

kg. /ha. 

$ p 

i n  straw 

Total P I 

by s t r a w  
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'Pable 4. YIELD AND N, P CONlIlENT OF GRAIN, $ DFF AND 

N, P ABSORPTION BY GRAIN 



Table 5 .  % UPTAKE OF FERTILIZER N BY PLANTS AT STEM EXTENSION STAGE 

Treatments 

T o t a l  N 

a p p l i c a t i o n  ( N-15 l a b e l l e d  

Time o f  N 

f e r t i l i z e r  

Seeding 20  
-- -- - - -  -- 

Stem ex tens ion  100 

a p p l i e d  

kg. /ha. 

AND AT FINAL HARVEST 

Seeding 
- - 

Seeding 
s t e m  ex tens ion  

T o t a l  

I 
Seeding I 
Seeding ~ 
Seeding 

Seeding 

Seeding 
T i l l e r i n g  

Boot 
T o t a l  

-- - - -A --- - 

$ Uptake o f  f e r t i l i z e r  N 
-- 

~t s t e m  
ex tens ion  A t  f i n a l  h a r v e s t  I - -  

D- m a t t e r  

J st- I Grain 1 ::gz + 



The phosphorus content  o f  g ra in  and s t r a w  d i f f e r e d  s i g n i f i c a n t l y  
according t o  t h e  amount of n i t rogen  used. The percentage P i n  t h e  
p l a n t s  f r o m  con t ro l  p l o t s  was h ighes t  and decreased wi th  inc reas ing  
y i e l d .  

Since t h e  amounts o f  s t r a w  and g ra in  were greatly a f f e c t e d  by t h e  
rates of n i t rogen app l i ed ,  t h e  t o t a l  P absorbed by both  t h e  s t r a w  and 
g ra in  was a l s o  increased wi th  inc reas ing  ni t rogen app l i ca t ion .  

Percent uptake of  f e r t i l i z e r  N by wheat at  t h e  stem extension 
s t a g e  and at  f i n a l  ha rves t  i s  given i n  Table 5. Wheat a t  t h e  stem ex- 
t ens ion  s t a g e  used about 20 t o  30 percent  o f  t h e  n i t rogen added. Per- 
cent  uptake of  f e r t i l i z e r  N by s t r a w  was no t  g r e a t l y  a f f e c t e d  by t h e  
f e r t i l i z e r  t rea tments  used i n  t h e  experiment and it changed between 10 
and 1 5  percent .  On t h e  o the r  hand, percentage of ni trogenous f e r t i l i z e r  
bsed by g ra in  was about 15 t o  25 percent  when f e r t i l i z e r  was appl ied  a t  
seeding time, and increased t o  about 35 t o  40 percent  when appl ied  a t  
t h e  stem extension s t a g e  o r  t h e  f e r t i l i z e r  was given i n  s p l i t  app l i ca -  
t i o n  at  seeding, t i l l e r i n g  and boot  s t ages .  

kta obtained by  combining t h e  f e r t i l i z e r  N absorbed by  g ra in  and 
straw ind ica ted  t h a t  t h e  percent  uptake of  f e r t i l i z e r  N by  wheat 
(straw + gra in )  was changed from about 25 t o  40 percent  when f e r t i l i z e r  
was appl ied  a t  seeding time, while it increased t o  about 45 t o  54 p e r -  
cent  when f e r t i l i z e r  was appl ied  a t  t h e  stem extension s t a g e  o r  s p l i t  
i n t o  two o r  t h r e e  a p p l i c a t i o n s  a t  seeding, t i l l e r i n g  and boot s tages .  
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INTRODUCTION 

From t h e  dawn of c i v i l i z a t i o n  man has been concerned wi th  t h e  man- 
agement of t h e  waters  of  t h e  e a r t h  f o r  subsis tence ,  f o r  p ro tec t ion  a- 
g a i n s t  t h e  elements and f o r  t r a n s p o r t a t i o n .  I n  many ins tances ,  he went 
t o  g r e a t  lengths  t o  secure  t h i s  e s s e n t i a l  ingred ien t  i n  h i s  f i g h t  f o r  
su rv iva l ,  as wi tness  t h e  qanats here i n  I ran ,  t h e  Roman aqueducts, t h e  
bamboo-drilled we l l s  o f  China, and many o the r  such examples. The an-  
c i e n t  worlds i n  both  hemispheres were no s t r a n g e r s  t o  t h e  complex phys- 
i c a l ,  economic and s o c i a l  problems which s t i l l  charac te r i ze  man ' s 
never-ending b a t t l e  a g a i n s t  a r i d i t y ,  f lood,  drought, and p o l l u t i o n .  

Water resources development i s  r e l a t e d  t o  o the r  n a t i o n a l  develop- 
ment needs and should be  viewed as a complete system covering t h e  many 



uses for  which water i s  employed--domestic, ag r i cu l tu ra l ,  i ndus t r i a l ,  
waste disposal,  f o re s t s ,  wi ld l i fe ,  na tura l  beauty and t ransporta t ion.  
The planners and designers of water resource management systems must 
o f ten  choose among a number of a l t e rna t ive  plans f o r  the  locat ion and 
design of s t ruc tures ,  land and water management systems, and i n s t i t u -  
t i o n a l  arrangement f o r  e f fec t ing  the  acceptable plan. In  a s i m i l a r  
fashion, farmers must choose the  r i g h t  combination of water, f e r t i l i z -  
e r ,  labor,  e t c .  f o r  a var ie ty  of crops t o  maximize t h e i r  re turns .  Much 
of the  research and ana lys i s  applicable t o  such systems has d e a l t  only 
with b i t s  and pieces  of the  system. Lack of adequate da ta  and the la- 
boriousness of methods of analysis  have severely l imited t h e  number of 
a l t e rna t ives  that could be compared and prohibited a c l ea r  choice among 
a s e t  of  a l t e rna t ives .  

In our preoccupation with ident i fying problem areas  i n  t h e  broad 
and complex systems of water management, we sometimes f a i l  t o  consider 
that adoption of a s l i g h t  change may cause undue s t r e s s  elsewhere i n  
the  e n t i r e  system. Too frequently our approach t o  problem solving i s  t o  
accept the  problem a s  it e x i s t s  and work d i r e c t l y  towards a solut ion.  
This can be a too narrow process and may lead t o  a workable but  s t i l l  
unsatisfactory solut ion.  We allow our conventional concepts t o  guide 
us. Instead, we should tu rn  our a t t en t ion  more t o  an analysis  of  t he  
problem i t s e l f  t o  determine whether it can be broken down i n t o  compo- 
nent par t s .  We should consider t he  poss ib i l i t y  t h a t  the  end of a prob- 
l em may come through the  deve lopent  of new means. 

Systems ana lys i s  i s  a t o o l  t h a t  can permit a view of t h e  en t i r e  
problem. It takes i n to  account means and ends, choices and a l te rna-  
t i ve s .  It makes use of prediction and advanced t e s t i n g  t o  suggest ob- 
ject ives  and courses of  act ion.  It provides a method f o r  more thorough 
consideration of  a l te rna t ives .  

Systems analysis may be viewed as a formalization of interactions. 
It contains few new concepts; it makes use of newly developed too ls .  
Its appl icat ion i s  by no means r e s t r i c t ed  t o  t h e  planning of large-  
scale  water resource management schemes. It can have a s ign i f ican t  ro l e  
i n  the  decision-making processes of individual farmers. 

The development of b e t t e r  data,  together with the  development of 
high-speed computers, and the a v a i l a b i l i t y  of newer ana ly t i ca l  tech- 
niques have opened the  way t o  more comprehensive analyses of relevant 
a l t e rna t ives  i n  t he  design of water management systems and the benef i t s  
which can be derived from those systems. 

There i s  no universally accepted def in i t ion  of systems analysis  
nor i s  there  any standardized method t h a t  can be presented a s  a general 
mathmatical  model f o r  select ing the  o p t h a 1  a l te rna t ive .  It should be 
kept i n  mind t h a t  while systems analysis  may be a powerful too l ,  the  
too ls  of  operations research a s  applied t o  water resources systems can 
only a s s i s t  t he  decision-making process. In addit ion,  by i t s e l f  systems 



a n a l y s i s  i s  useless ;  a knowledge of  water resources systems i s  essen- 
t i a l .  The purpose o f  t h i s  d iscuss ion i s  t o  t a k e  a b r i e f  look a t  s e l e c t -  
ed examples i n  which some form o f  systems a n a l y s i s  m y  be  used t o  ad-  
vantage. 

THE SYSTEMS CONCEPT IN WATERSHED MANAGEMEIgT 

Watershed management i s  a r e l a t i v e l y  new sc ience  as evidenced by a 
lack  o f  a l a r g e  body o f  s o l i d l y  es tab l i shed  f a c t s  and well-proven r e l a -  
t i o n s h i p s .  There are s e v e r a l  d e f i n i t i o n s  of watershed management, one 
of which i s  t h e  admin i s t ra t ion  and regu la t ion  of a l l  t h e  a v a i l a b l e  r e -  
sources of  a watershed f o r  t h e  production of  water,  c o n t r o l  o f  erosion,  
r egu la t ion  of streamflow and t h e  con t ro l  o f  f loods .  However, watersheds 
a r e  genera l ly  of t h e  mult iple-use type  i n  t h a t  t h e y  a r e  used not  only  
f o r  t h e  production of  water  b u t  f o r  timber, forage,  w i l d l i f e  h a b i t a t  
and f o r  outdoor r e c r e a t i o n  purposes. While watersheds are f l e x i b l e  i n  
t h a t  they may be managed t o  serve  these  various purposes, t h e r e  i s  a l -  
most always some kind o f  t r adeof f  i n  manipulating a watershed. That is, 
a l t e r i n g  t h e  vegeta t ion t o  inc rease  streamflow, f o r  example, may result 
i n  eros ion as w e l l  as reducing t h e  b e n e f i t s  t o  be  derived from t h e  w a -  
t e r s h e d ' s  uses o t h e r  than f o r  water.  

I n  t h e  w a t e r s h o r t  a r e a s  of  t h e  world, t h e  management o f  water-  
source a r e a s  f o r  t h e  purpose of producing b e n e f i c i a l  changes i n  t h e  
hydrologic regimen is a sub jec t  of  inc reas ing  concern. The vege ta t ive  
manipuh t ion  o f  f o r e s t s  t o  a l t e r  both t h e  quan t i ty  and t iming of 
streamflow has  been under study i n  t h e  United S t a t e s  f o r  over 50 years .  
I n  s t x d i e s  o f  t h i s  type, a t t e n t i o n  i s  usual ly  given t o  t h e  harmful e f -  
f e c t s  o f  a vege ta t ive  treatment such as eros ion and sedimentation. How- 
ever, no a t t e n t i o n  i s  given t o  t h e  e n t i r e  water  system, from i t s  source 
t o  i t s  s to rage  t o  i t s  eventual  use. For example, suppose a t rea tment  
produces water y i e l d  inc reases  only  i n  t h e  ve ry  wet years  and i n  those  
years  t h e  a v a i l a b l e  s to rage  f a c i l i t i e s  a r e  no t  adequate t o  c o n t r o l  t h e  
n a t u r a l  flows. This type of  t rea tment  would have no b e n e f i c i a l  use as 
t h e  s to rage  f a c i l i t i e s  would simply b e  forced t o  s p i l l  t h e  increased 
flow and hence t h e  water would be wasted. Conversely, i n  t h e  d r y  yea rs  
when t h e  added flow would be  h ighly  benef ic ia l ,  t h e  t rea tment  may re- 
sult i n  i n s i g n i f i c a n t  increases .  

The fol lowing b r i e f l y  i l l u s t r a t e s  a procedure f o r  evaluat ing t h e  
e f f e c t s  of a watershed treatment designed t o  inc rease  t h e  water  y i e l d  
by looking a t  t h e  e n t i r e  water system, from i t s  source t o  i t s  use. 

The planning f o r  most water  resources management systems n o m L L y  
starts with a n  a n a l y s i s  of  p r e c i p i t a t i o n  t o  determine, among o t h e r  
th ings ,  i t s  d i s t r i b u t i o n  i n  time with respect  t o  t h e  probable occur- 
rence of drought periods.  In  our p a r t i c u l a r  example, a study would be  
made on how a watershed t r a n s f o r m  p r e c i p i t a t i o n  i n t o  streamflow. The 
r e s u l t s  should b e  s u f f i c i e n t l y  s e n s i t i v e  t o  determine t h e  e f f e c t s  o f  a 



watershed treatment on streamflow. Final ly ,  an invest ippt ion i s  needed 
t o  obtain t h e  required s torage t o  meet t he  downstream needs f o r  water. 

Available p rec ip i ta t ion  records a r e  analyzed f o r  t h e  purpose of 
predict ing what might happen i n  t h e  fu ture .  Too often our ana lys i s  i m -  
p l i e s  t h a t  t h e  h i s t o r i c a l  record w i l l  repeat  i t s e l f .  I f  hundreds of 
years of records a r e  ava i lab le ,  we may very wel l  r e l y  completely on 
h i s t o r i c a l  records t o  p red ic t  t he  fu ture .  However, s ince t h i s  i s  not 
too f requent ly  t h e  case, some means of generating sequences of p rec ip i -  
t a t i o n  i s  needed. Stochastic models of p rec ip i ta t ion ,  with a l l  degrees 
of sophis t icat ion a r e  current ly  ava i lab le  which w i l l  produce a synthet-  
i c  time s e r i e s  t h a t  preserves t he  s t a t i s t i c s  (mean, standard deviation,  
e t c  . ) of t h e  ava i lab le  h i s t o r i c a l  records. Hopefully, t h i s  simulated 
record can account f o r  a l l  the  v a r i a b i l i t y  found i n  these  h i s t o r i c a l  
records. 

To convert p rec ip i ta t ion  i n t o  streamflow, coraputerized, mathemti-  
c a l  watershed models a r e  used. This simulated hydrologic response of a 
watershed coupled with a s tochas t ic  p rec ip i ta t ion  model r e s u l t s  i n  a 
synthet ic  streamflow record. Then, using t h i s  simulated streamflow as 
inflow i n t o  a reservoir ,  a storage-draft  analysis  can be made f o r  any 
kind of demand schedule, such as water f o r  i r r i ga t i on ,  municipal use o r  
power. 

The s torage-draf t  re la t ionship i s  simply a means f o r  determining 
the  s i z e  of t h e  reservo i r  o r  storage needed t o  produce a f i rm outflow 
from the  reservo i r  t o  meet spec i f ic  downstream water requirements. 
Lookine a t  t h i s  another way, t h e  re la t ionsh ip  can be used t o  determine 
t h e  dependable  supply of water t h a t  can be obtained from a given r i v e r  
system with i t s  storage f a c i l i t i e s .  The supply can a l s o  be determined 
f o r  those cases where users a r e  wi l l ing  t o  accept a cer ta in  amount of 
r i s k  i n  receiving a g rea te r  quant i ty  of water. 

With the  system thus defined, various watershed treatments under 
a var ie ty  of s i t e  conditions can now be evaluated t o  determine t h e i r  
po t en t i a l  usefulness t o  the  ult imate consumer. The use of operations 
research o r  systems analysis  is  p rac t i ca l l y  a necess i ty  t o  determine 
both t he  optimal combination of treatments and t h e i r  scheduling within 
t h e  many constra ints  confronted by land managers. The physical  con- 
s t r a i n t s  a r e  only one aspect  of the  problem. Consideration must a l s o  be 
given t o  the  budgetary, l ega l ,  s o c i a l  and p o l i t i c a l  f ac to r s  involved i n  
water resources management. 

SYSTEMS ANALYSIS IN AGRICULTURE 

In t h i s  sect ion two exmples  w i l l  be presented t o  i l l u s t r a t e  t h e  
use of operations research techniques t o  s e l ec t  from a number of a l t e r -  
nat ives  t h a t  pa r t i cu l a r  course of ac t ion  which w i l l  b e s t  accomplish t h e  
overa l l  objectives . 



Let us assume t h a t  a farmer wants t o  r a i s e  two crops. From pas t  
experience, he knows t h a t  h i s  ne t  p r o f i t s  a r e  four and three  un i t s  of 
money per  un i t  of land. Naturally, he wants t o  maximize h i s  p r o f i t s .  
However, he has only 200 uni t s  of water and crop A requires  two per  
land un i t  while crop B needs only one per  land uni t .  An addi t iona l  con- 
s t r a i n t  i s  placed on t h e  farmer i n  t h a t  he only has 150 land un i t s .  

The above problem could be solved qui te  ea s i ly  t o  determine the  
number of acres  t h a t  should be planted t o  each crop i n  order t o  maxi- 
mize p r o f i t s .  Stated mathematically, t he  optimization problem i s  t o  
maximize 

V = 4 A  + 3B (object ive function) 

subject  t o  t h e  constrafnts  

If we replace the  inequal i ty  s igns  by equal signs it is  apparent t h a t  A 
should be planted on 50 land u n i t s  and B on 100 un i t s  t o  maximize prof- 
i ts.  

However, with as few as four crops and th ree  constra ints ,  t he  so- 
l u t ion  i s  far from obvious. If t h e  object ive function i n  t h i s  case is a 
slmple l i n e a r  a lgebraic  equation and i f  the constra ints  a l s o  can be ex- 
pressed as l i n e a r  a lgebraic  equations o r  inequa l i t i es  involving nonneg- 
a t i v e  decision var iables ,  t h e  r e s u l t  i s  a pa r t i cu l a r  type of optimiza- 
t i o n  problem known as the l i n e a r  -programming problem. 

A poss<ble four-crop problem t h a t  can be solved by l i n e a r  program- 
ming is  presented i n  t h e  following tab le .  

Total  
Ava i l ab i l i t i e s  

r 1 5  
5 I20 
L 100 

Maximize 

Requirement 

I 

Labor 
Water 
F e r t i l i z e r  

Unit P ro f i t  

Acreage Flanted 
I 

Crop 

A 

1 
7 
3 

4 

Xl 

C 

1 
3 

l o  

9 

X3 

B 

1 
5 
5 

5 

Xz 

D 

1 
2 

1 5  

11. 

x4 



The problem can be s ta ted  a s  follows: 

Maximize p r o f i t  = maximize (4x1 + 5x2 + 9x3 + 1h4 ) 

subject  t o  t h e  cons t ra in t s  

The solut ion t o  t h e  above problem tu rns  out t o  be  

In addi t ion t o  wanting optimal values, farmers may a l s o  want t o  
know how p r o f i t  would be affected by increasing each input ( labor ,  w a -  
t e r ,  f e r t i l i z e r ,  e t c . )  o r  by a change i n  t h e  cost  of t h e  r a w  materi-  
als--and consequently a change i n  t he  un i t  p r o f i t .  In  many r e a l  app l i -  
cations of l i n e a r  programming models, these  considerations a r e  even 
more important than f inding exact optimal values. 

I n  LIBJIY instances,  time i s  an important consideration such a s  i n  
dealing with sequential-decision processes. The farmer ' s concern about 
when t o  i r r i g a t e - - a t  what s o i l  moisture l eve l ?  o r  a t  what s tage of 
growth?--is such a process. 

Certain semi-arid regions a r e  continually faced with water shor t -  
ages, especial ly  f o r  i r r i ga t i on .  Farmers should be advised not only on 
t he  most e f f i c i en t  methods f o r  applying water but  a l s o  on those prac- 
t i c e s  t h a t  w i l l  r e s u l t  i n  t he  grea tes t  re turn per  un i t  of water. 

Suppose experiments on a given crop were conducted t o  determine 
the  e f f ec t  t h a t  a given moisture s t r e s s  at  a pa r t i cu l a r  s tage of growth 
had on crop y ie ld .  Let us assume t h a t  these  e f f ec t s  can be indicated by 
the  use of yie ld  coeff ic ients ,  and t h a t  t h e  following t a b l e  i s  a r e s u l t  
of these  experiments: 



YIELD COEFFICIENTS 

If an a d d i t i o n a l  assumption i s  made t h a t  t h e s e  y i e l d  c o e f f i c i e n t s  
a r e  add i t ive ,  then  it is r e a d i l y  seen t h a t  t h e  t o t a l  seasonal  c o e f f i -  
c i e n t  f o r  no s o i l  moisture de f ic iency  is 4.0. This would represen t  t h e  
maximum y i e l d  obta inable  f o r  a given cl imate and no o t h e r  l i m i t i n g  f a c -  
t o r s .  

Deficiency , 
Moisture u n i t s  

0 
1 
2 
3 
4 

To i l l u s t m t e  a p a r t i c u l a r  example, suppose a farmer i s  faced wi th  
a 25 percent  shor tage  i n  i r r i g a t i o n  water, and t h a t  h e  has  t h e  opt ion 
of using t h e  water  at  any time throughout t h e  growing season. The ques- 
t i o n  is, then,  when should he choose t o  s h o r t  h i s  crop t o  have t h e  
l e a s t  e f f e c t  on crop y i e l d .  

The problem can be  s impl i f i ed  by choosing t h e  s t a g e s  o f  growth 
such t h a t  they  a l l  requ i re  t h e  same amount of  water,  say f o u r  moisture 
u n i t s  each. This p a r t i c u l a r  type of  problem i s  r e a d i l y  solved through 
t h e  use o f  dynamic programming techniques. 

Stage o f  growth 

The usua l  procedure i n  such problems i s  t o  work backwards. For 
growth s t a g e  D, t h e  y i e l d  c o e f f i c i e n t s  a r e  shown i n  t h e  last column of 
t h e  above t a b l e .  That is ,  i f  we a r r i v e  a t  t h i s  s t a g e  with a given d e f i -  
ciency, t h e  choice i s  obvious. 

Now, l e t  us look a t  s t age  C. If we a r r i v e  i n  time a t  t h i s  s t a g e  
wi th  no def ic iency,  t h e  required four  d e f i c i e n t  u n i t s  w i l l  have t o  be 
se lec ted  from some combination of those  occurr ing i n  both  s t ages  C and 
D. For example, t h e  farmer may choose t o  have t h e  e n t i r e  def ic iency i n  
s t a g e  C and none i n  D, o r  t h r e e  i n  C and one i n  D, o r  two i n  each and 
so  on. It t u r n s  ou t ,  t h a t  f o r  t h i s  s i t u a t i o n ,  t h e  b e s t  choice as i n d i -  
cated by t h e  h ighes t  combined y i e l d  coef f i c ien t  would b e  t o  hold back 
two moisture u n i t s  i n  each s t age .  

D 

1 .0  
.9 
.8 
.6 
-3 

S t i l l  looking a t  s t a g e  C, a similar ca lcu la t ion  is  made assuming 
t h a t  a def ic iency  of t h r e e  moisture u n i t s  has t o  be a l l o c a t e d  t o  both  

C 

1.1 
.8 
7 

.2 

.1 

A 

.9 

.8 
7 
5 

-3  

B 

1.0 
.7 
5 

.3 

.2 



s tages  C and D. This i s  repeated f o r  one and two de f i c i en t  un i t s .  The 
following i l l u s t r a t e s  t h e  procedure: 

If four  un i t s  a r e  t o  be a l located t o  s tages  C and D: 

Combined y ie ld  coef f ic ien ts  Selection 

use 2 un i t s  in C 

If f ive  un i t s  ( t h r ee  de f i c i en t )  a r e  t o  be  a l loca ted  : 

Combined y i e ld  coef f ic ien ts  Select ion 

use 0 un i t s  i n  C 

If s i x  un i t s  (two de f i c i en t )  a r e  t o  b e  a l located:  

Combined y i e ld  coeff ic ients  Selection 

use 0 uni t s  i n  C 

If seven un i t s  (one def ic ien t )  a r e  t o  be a l located:  

Combined y ie ld  coef f ic ien ts  Selection 

use 0 un i t s  i n  C 

The same process i s  repeated a t  s tage  B with t h e  same r e su l t .  
Stages B and C should have no moisture deficiency. 

Thus, t he  f i n a l  r e s u l t  of t h i s  p a r t i c u h r  analysis  indicates  t h a t  
f o r  t h e  s i t ua t i on  here 75 percent of t h e  required water i s  ava i lab le  
f o r  i r r i g a t i o n  ( four  un i t s  de f i c i en t  ou t  of 16 required ) , t he  highest  
y ie ld  would be obtained by supply-ing stages A and D with 50 ~ e r c e n t  



(two moisture uni t s )  of t h e i r  requirement and 100 percent f o r  stages B 
and C.  

A similar analysis  can be made f o r  any other deficiency. The f a m -  
e r  can then go one step further .  He may f ind  out tha t  the  greatest  re-  
turn can be obtained by applying l e s s  than the  t o t a l  amount of water 
required. 

While the above methodology i s  correct, there a r e  several draw- 
backs t o  t h i s  procedure. Few or  no da ta  a r e  avai lable  t o  determine the 
yield coeff icients .  The addit ive nature of these coeff icients  which i m -  
p l i e s  tha t  a moisture s t r e s s  a t  one stage has no ef fec t  on another 
stage of growth may not be t rue .  There a r e  other problems, too, such a s  
the  interrelat ionship between water and other crop variables.  Nonethe- 
less ,  more and more research e f fo r t s  a r e  being directed along these 
l ines  because of the  importance of the problem. 

DISCUSSION AND SUMMARY 

Since a r i d  land development i s  intimately associated with water 
resources systems, procedures tha t  a id i n  the  management of such sys- 
tems i s  of relevant concern t o  a l l  seminar part ic ipants .  From the  ex- 
amples presented, systems analysis may be defined as the  art and 
science of select ing from a large number of feasible  a l te rna t ives  
t h a t  par t icu lar  s e t  of act ions which w i l l  bes t  accomplish the  overa l l  
objectives within the constraints of l a w ,  economics, resources and po- 
l i t i c a l  and soc ia l  pressures. Perhaps a more appropriate term would be 
decision analysis. 

The in tent  of using examples i n  t h i s  paper i s  not t o  discuss the 
procedures themselves but rather  t o  i l l u s t r a t e  the  type of problems 
tha t  can be dea l t  with using these techniques. In the  f i r s t  example, 
the  idea of a system was presented i n  tha t  plans f o r  t r ea t ing  a water- 
shed t o  induce more runoff should be looked a t  from the standpoint of 
both the damaging e f fec t s  resul t ing from such an action and the u l t i -  
mate recipient of such action. Thus, i f  the  watershed treatment pm-  
duces reservoi r - f i l l ing  sediment or  increased water supplies come only 
a t  times when there i s  no available storage space then t h i s  action 
would have l i t t l e  or no econamic value. 

The use of an important systems analysis tool,  simulation, w a s  
used i n  t h i s  example. To account for  t h e  variable nature of streamflow, 
a stochastic precipi tat ion model was coupled with a deterministic 
watershed model t o  generate a synthetic ser ies  of streamflow both f o r  
the  t reated and untreated watersheds. Other systems analysis techniques 
would have t o  follow t o  determine a detailed course of action--what 
type, where and when the treatments should be applied. 

To emphasize the point tha t  systems analysis can be used not only 



for  large-scale water resources systems, two types of optimization 
problems of concern t o  individual farmers were i l lu s t r a t ed .  In the  
first case, the aim was t o  maximize prof i t s  by select ing the  area t o  be 
planted t o  each crop. Crops have d i f ferent  requirements f o r  labor, wa-  
t e r  and f e r t i l i z e r  and each yields a d i f ferent  return t o  the farmer. 
Since there a r e  obvious l imitat ions t o  the  land, water and finances 
t h a t  a r e  available,  the  selection has constraints as well  a s  many a l -  
ternatives.  This f irst  instance i s  an example of l inea r  programming. 

However, since a l l  objective functions or  constraints do not have 
l inear  relationships, other techniques have t o  be used i n  these cases. 
Also, the  time element i s  d i f f i cu l t  t o  introduce in to  a l inear  program- 
ming problem. Many water resources problems concern the  optimization of 
a sequential-decision process. For example, scheduling i r r iga t ion  wa-  
t e r  applications f o r  the sake of water conservation or  f o r  maximizing 
net p ro f i t s  a r e  problems tha t  can be solved using the techniques of dy- 
namic programming. 

Farmers a r e  continually confronted with such questions as--How 
much f e r t i l i z e r  should I use?--When should I apply it?--When should I 
i r r i g a t e  considering t h a t  I have a limited water supply?--How much land 
can I i r r i w t e  with an occasionally deficient supply? Questions such as 
these can apply e i ther  a t  the  farmer or project level .  m e  procedures 
used t o  obtain solutions t o  these problems a re  not necessarily d i f f i -  
cu l t .  However, they may be impractical or even impossible t o  a t t a i n  be- 
cause of the type of data they may require. In the optimal i r r iga t ion  
timing example, the yield coefficients a r e  simply not available f o r  
most crops. Research, however, i s  currently being directed t o  obtain 
the necessary data and relationships. 

In summary, the techniques of operations research, systems analysis, 
o r  decision analysis a r e  re la t ive ly  new and hence a re  usually a 
mixture of ar t  and science. Attaining improved decision making s t i l l  
involves a considerable mount of ingenuity on the  par t  of the manager. 
Not a l l  par t s  of the problem can be solved with mathematical models and 
high-speed computers. Man's experience i s  s t i l l  an essent ial  ingredient 
i n  decision-making processes. Systems analysis has, on the  other hand, 
demonstrated an important principle.  An action program, whether or  not 
ins t i tu ted  by systems analysis, cannot be undertaken i n  isolat ion from 
the surrounding managerial environment. It i s  readily apparent, fo r  ex- 
ample, t h a t  intensifying the agricul tural  development upstream wiU af  - 
f e c t  the quality and quantity of water available t o  a downstream irri- 
w t i o n  project.  Other action programs, however, may resu l t  i n  much more 
subtle changes t o  another aspect of the  environment. Thus, a systems a- 
nalysis or  operations research project should be regarded, at  l e a s t  i n  
part ,  a s  a systems ef for t .  
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SUMMARY 
This paper i s  concerned with t h e  optimum salt load and qua l i ty  of 

t he  i r r i g a t i o n  waters required f o r  intensive s c i e n t i f i c  agr icul ture  i n  
t h e  a r i d  m d  semi-arid Indus Plains. The surface and groundwater of the 
a rea  have been c lass i f ied  on the  cormnonly used qua l i ty  c r i t e r i a  f o r  w a -  
t e r  qua l i ty  standards and c lass i f ica t ion  applied i n  the  United States  
and Pakistan. The r i v e r  waters used f o r  i r r iga t ion  i n  the  lndus Plains 
a r e  of h i &  quality,  having a salt content of only 200-300 ppm. 'Ihe 
qua l i ty  of groundmter presents a var iable  picture .  The salt content 
and the  a l k a l i n i t y  hazard generally increase with depth and with d i s -  
tance from the source of recharge, viz.  t he  r ive r s  and the  canals. The 
concentration of various ions var ies  between d i f f e ren t  ranges of salt 
concentration. There a r e  three geneml zones of groundwater quali ty--  
t he  fresh water zone, the  mixing zone and t h e  unusable sa l ine  water 
zone. The groundwaters having l e s s  than 1,000 ppn TDS a r e  classed 
fresh, and those in the  range of 1,000-2,000 p p  TDS i n  the  southern 
zone as marginal; these waters can be  used by mixing them with canal 

* This paper was prepared for the seminar, but not read. 
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water. Waters having a salt content of more than 3,000 ppn i n  the  
northern zone and 2,000 p p  i n  the southern zone are  classed as unus- 
able. The a lka l in i ty  hazard indicated by the SAR value and the  RSC fur-  
the r  r e s t r i c t s  the usabil i ty  of groundwaters. 'Ihe gypsum requirements 
f o r  the amendment of high S(VI and RSC waters a r e  considered t o  be be- 
yond the  farmers ' means. 

The most economical method of exploitation of groundwater f o r  i r -  
rigation use i s  pumping by tubewell. However, the  recirculation of 
pumped water used f o r  i r r iga t ion  involves the  hazard of deterioration 
i n  i t s  quality. A certain proportion of the  pumped water has t o  be ex- 
ported t o  keep the qual i ty under control. Where the  depth of sweet 
groundwater i s  shallow, deep and high-capacity tubewells cannot be a used 
and the concept of a compound tubewell pumping two streams of water, 
one of in fe r io r  qual i ty i n  the bottom and the other one of the over- 
lying fresh water has been introduced. 

Monitoring studies on the  tubewells operating i n  Sal ini ty Control 
and Reclamation Projects 1 and 2 have revealed tha t  the deterioration 
is more serious than indicated by the  ea r l i e r  forecasts. This under- 
l ines  the f a c t  t h a t  only waters of low sa l in i ty  and a lka l in i ty  hazard 
should be exploited f o r  i r r iga t ion  use. 

A general picture of research on s o i l  and water quality carried 
out i n  the country t o  date i s  presented. Some of the  problems which 
need more intensive research i n  the future are: 

1 )  The ef fec ts  of different  qual i t ies  of water under d i f ferent  
s o i l  conditions 

2 )  The pumpage by deep versus shallow tubewells 

3 )  The effect  of the depth of the water table and i t s  quality on 
crops under d i f ferent  s o i l  conditions 

4)  The measures by which the  groundwater quality can be maintained 
as usable or improved 

5 )  The c r i t e r i a  f o r  mixing groundwater with surface water f o r  i r -  
rigation 

6 )  The i r r i m t i o n  practices required f o r  use of waters of variable 
quality. 

INTRODUCTION 

West Pakistan covers a land area of about 3ll,000 square miles. 
The climate i s  i n  general t ropica l  o r  subtropical. Summer temperatures 
a r e  high and exceed i n  the  upper Sind. A t  t he  other extreme, the 



minimum winter  temperatures are seve ra l  degrees below zero i n  t he  
Que t ta  region i n  Baluchistan and t h e  high mountain va l l ey s  of t h e  
nor th .  The n a t u m l p r e c i p i t a t i o n  decreases from t h e  nor th  towards t h e  
south. Along t h e  f o o t h i l l s  of t h e  HDmIayas i n  t h e  north,  t h e  average 
rainfall is more than 2 6  inches.  In t h e  submontanes and t h e  upper p a r t s  
of  Bari and Rechna Doabs it i s  about 18 inches .  Proceeding t o  t h e  south 
i n  Bari, Rechna and Thal k a b s  and Bahawalpur, t h e  average r a i n t a l l  i s  
12 inches o r  l e s s .  I n  t h e  nor thern  p a r t  of Sind and i n  Baluchistan t h e  
average r a i n f a l l  i s  less than 5 inches; towards t h e  southwest, as t h e  
t r o p i c a l  coast land i s  approached, it increases  t o  about 10 inches.  

West Pakis tan  is divided i n t o  t h r e e  d i s t i n c t  hydrological  un i t s .  
These a r e  t h e  Indus Basin, t h e  bas in  of t h e  K a h a m  Desert and t h e  Mak- 
ran coas t a l  streams discharging d i r e c t l y  i n t o  t h e  Arabian Sea. The area 
of t h e  Punjab and t h e  Sind Plains, containing t h e  p r i n c i p a l  canal  i r -  
r fga t l on  systems, comprises t h e  Indus Pla ins .  

Due t o  t h e  high temperatures p reva i l ing  i n  t h e  p l a in s ,  evapomtion 
i s  hi&.  ?he t h e o r e t i c a l  l ake  evaporation v a r i e s  from 57 t o  75 inches 
in a year  i n  t h e  nor thern  areas and from 72 t o  87 inches i n  a year  i n  
t h e  southern areas. The highest  evaporation occurs during t h e  summer 
season from Apr i l  t o  September, A s  a consequence, a g r i c u l t u r e  i n  t h e  
a r i d  and semi-arid Indus Pla ins ,  some 204,000 square miles  i n  area, i s  
almost e n t i r e l y  dependent upon i r r i g a t i o n .  

The Indus River and i t s  t r i bu t a r i e s - - t he  Jhelum, Chenab, Ravi and 
Su t l e j ,  pass  through Pakistan t e r r i t o r y  bu t  t h e  waters of t h e  Ravi and 
t h e  S u t l e j  have gone t o  t h e  share of India ,  About 140 mi l l ion  a c r e  feet  
of water c rosses  t h e  border i n t o  Pakis tan  from t h e  Indus, Jhelum and 
Chenab Rivers, 84 percent  of  which i s  received i n  t h e  summer and 16 
percent  in the  winter months. A t  t h e  present  s t age  of development about 
98 mi l l ion  a c r e  f e e t  of t h i s  water i s  being d iver ted  f o r  i r r i g a t i o n  use 
and t h e  r e s t  goes i n t o  t h e  sea. About 44 mi l l i on  a c r e  f e e t  o f  t h e  d i -  
ver ted  water i s  del ivered a t  t h e  watercourse heads and t he  r e s t  seeps 
underground from t h e  i r r i g a t i o n  canals and t h e i r  o f f t ake s  o r  evaporates 
on t he  way from t h e  divers ion headworks t o  t h e  f i e l d .  The gross  area 
within  fhe  canal  system i s  about 37 mi l l ion  ac r e s  and t he  a rab le  
area about 33 mi l l i on  ac res .  I n  t h i s  a r ab l e  comman'ded land, water 
i s  provided f o r  about 21.5 mi l l i on  ac r e s  i n  t he  summer as w e l l  as i n  
t h e  winter ,  and f o r  about U.5 mi l l ion  ac r e s  i n  t h e  summer only. The 
area a c t u a l l y  i r r i g a t e d  i n  a year  is  about 24 mi l l ion  ac res .  The water 
supply provided by t h e  canal systems i s  f a r  from adequate t o  crop t h e  
whole area i n  t h e  summer o r  i n  t h e  winter .  Even i n  t h e  area i r r i g a t e d ,  
t h e  water applied does no t  meet t h e  f u l l  consumptive use requirements 
of t h e  crops. As  a r e s u l t ,  t h e  maximum crop production cannot be  ob- 
t a ined .  This def ic iency of water a l s o  r e s u l t s  i n  an upward movement of  
salts i n  t he  s o i l ,  which makes t he  s o i l  s a l i n e .  

Seepage from t h e  e d s t i n g  i r r i g a t i o n  system has b u i l t  up a huge 



reservoir  of groundwater i n  t h e  Indus Plains. Before t h e  construction 
of t h e  canal. system the  groundwater depths ranged up t o  100 f e e t .  Over 
t he  pas t  100 years o r  more s ince the  first canal system came i n t o  oper- 
a t ion,  t h e  water t a b l e  has been s t ead i ly  r i s ing .  According t o  t h e  Co- 
lombo Plan Survey, by 1953 -54 an area of about l l . 3  mil l ion acres  was 
severely affected by waterlogging and poor drainage. The r i s e  of t he  
water t a b l e  within 10 f e e t  resul ted i n  an appreciable upward movement 
of subsoi l  water t o  the  surface by cap i l la ry  act ion.  With t h e  evapora- 
t i o n  of cap i l l a ry  moisture t h e  s a l t s  contained i n  t h e  water and d i s -  
solved from the s o i l  p r o f i l e  are deposited a t  t h e  surface. Supplemental 
i r r i g a t i o n  water i s  now required not only t o  meet the  consumptive gse  
requirements of crops but  a l s o  t o  depress t h e  salts accumulated i n  t he  
s o i l .  Also, t o  maximize ag r i cu l tu ra l  output it is  necessary t o  r a i s e  
the  i n t ens i ty  of cropping. Crop cover, by reducing evaporation from the  
s o i l  surface, checks t h e  cap i l l a ry  r i s e  of moisture and salts t o  t h e  
surface. 

The water t ab l e  has t o  be lowered t o  and maintained a t  a safe  
depth and the full  water requirements f o r  crop production and leaching 
of salts have t o  be provided. For t h i s  purpose pumping from the  ground- 
water storage has been undertaken i n  t h e  valley.  In 1969 there  were 
about 8,500 tubewells (with an average capacity of about 3 cusecs), i n -  
s t a l l ed  by t h e  Government, pumping about 5 mill ion acre  f e e t  of water 
and about 80,000 pr iva te  tubewells (with an average capacity of about 
one cusec), i n s t a l l ed  by farmers pumping about 14 MAF of water per 
year. 

The government tubewells a r e  being in s t a l l ed  under a programme f o r  
s a l i n i t y  control  and reclamation. The t o t a l  number of i r r i g a t i o n  tube- 
wel ls  w i l l  be  28,280 i n  t he  Punjab ( the northern zone of t he  Indus 
p l a i n s )  and 9,658 i n  the  Sind ( the southern zone). 

This paper is  concerned with the s a l t  load and t h e  qua l i ty  of the  
i r r i g a t i o n  waters already being used and those planned f o r  fu ture  de- 
velopment i n  t he  Indus Plains.  

WATER QUALITY CRITERIA AND STANDARDS 

Criteria 

For successful  crop production, t h e  i r r i g a t i o n  water has t o  be of 
such qua l i ty  t h a t  it does not i n ju re  plant  growth. The important c r i -  
t e r i a  f o r  water qua l i ty  c l a s s i f i ca t ion  commonly used a re :  

1. Salt Content 

The t o t a l  concentration of salts, named t o t a l  dissolved so l id s  
(TDS), i n  water i s  expressed e i the r  in p a r t s  per  mil l ion (pp) o r  
by the  e l e c t r i c a l  conductivity i n  micmmhos per  centimetre at 25OC 



(Ec) . These two have t h e  relat ionship : 

TDS = K x Ec 

The value of K var ies  from 0.62 t o  0 . a  f o r  d i f f e ren t  s a l t s .  

2.  Sodium Adsorption Ratio (SARI 

The in jury  t o  p lan t  growth i s  caused not only by concentration 
of salts, but  a l s o  by t h e  concentration of sodium ions which 
causes base exchange i n  the  s o i l  and r e s u l t s  i n  t h e  formation of 
sodium s o i l s .  Sodium s o i l s  a r e  a lka l ine  i n  reaction and irnperme- 
ab le  t o  water, This sodium hazard is expressed by t h e  r e l a t ive  
concentration of sodium and calcium plus magnesium, termed a s  So- 
dium Adsorption Ration (SARI. The relat ionship i s  defined by the  
folluwing empirical equation wherein the  ion ic  concentlation of 
sodium, calcium and magnesium is  expressed i n  mill iquivaJents per  
l i t r e :  

Na 
S A R =  

3. Residual Sodium Carbonate (RSC) 

Apart from the excess of sodium ions as shown by the  SAR value, 
an excess of carbonate and bicarbonate over calcium and magnesium 
can r e s u l t  i n  prec ip i ta t ion  of t he  divalent ions of calcium and 
magnesium as carbonates which causes an excess of sodium ions i n  
the water. The hazard i s  expressed by the  Residual Sodium Carbon- 
a t e  (RSC) value suggested by Elaton. It is  fndicated by the  equa- 
t i on  : 
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4. Boron Concentration 

The concentration of minor elements l i k e  boron i n  the  water may 
be tox ic  t o  p lan t  grarth.  Eoron i s  essent fa l  t o  p lan t  growth, bu t  
exceedingly tox ic  a t  concentrations only s l i g h t l y  above t h e  op t i -  
mum. 

Standards 

1. galt content 

The water qual i ty  standards f o r  the  s a l t  content adopted by the 



U.S. Ehl ini ty  Laboratory a r e  the  following: 

Class T o t a l  Sa l t s  Fi tness  fo r  Use 

C 1  Less than 250 C a n  b e  sa fe ly  used; t h e  required leaching 
occurs in normal i r r i g a t i o n  prac t ices  

C2 250 - 750 Can be used with moderate mount  of leach- 
ing 

c3 750 - 2,250 Cannot be used on s o i l s  with r e s t r i c t e d  
drainage; appreciable leaching required 

cb Above 2,250 Not su i t ab l e  i n  ordinary conditions 

The advisers  of t he  former Ground Water Development ~ r ~ a n i z a t i b n  
of t he  I r r i e t i o n  Department, and l a t e r  t he  general consultants of t he  
West Fkkistan Water and Parer Developent Authority (WLPIIA) connected 
with development of gr~undwater f o r  i r r i g a t i o n  i n  t h e  Indus Plains,  
suggested the  following standards: 

Class T o t a l  salts F'itness fo r  Use 
(PP) 

a Less than 1,000 Can be used d i r e c t l y  

b 1,000 - 3,000 Marginal; requires mixing with canal water 

c Above 3,000 Unfit 

2. SAR value 

For the  a l k a l i n i t y  hazard, t he  Punjab I r r i ga t ion  Research In- 
s t i t u t e  had arr ived at t h e  following formula f o r  expressing t h e  
qual i ty  of i r r i g a t i o n  water. The value given by t h i s  formula was 
named Sa l t  Index ( S . I. ) : 

r 7 

S.I. = ( ~ o t a l  N d  - 24.5) - k ~ o t a l  Ca - Ca in C ~ C O ~ )  x 4.85 J 
The quant i t i es  i n  t h i s  formula a r e  i n  p a r t s  per 100,000. The Salt b d e x  
is negative f o r  a l l  good waters varying from 24.5 t o  zero and pos i t ive  



f o r  those unsuitable f o r  i r r i g a t i o n  ranging from 0 t o  any value. In the 
absence of calcium salts i n  water, more than 620 ppm of sodium chloride 
o r  750 ppm of sodium sulphate w i l l  r e su l t  i n  the  gradual replacement of 
c a l c i m  i n  s o i l  by the sodium i n  water. With the  presence of calcium 
s a l t s  i n  waters, t o  be on t h e  safe  s ide,  the  concentration of sodium 
chloride must no t  exceed 1,170 ppm. 

The U.S. S l i n i t y  LE?boratory, i n  l a t e r  years developed the  concept 
of t h e  SAR value. The standards adopted a r e  t h e  following: 

Chss SAR Value Fi tness  f o r  Use. 

Less than 10 

10 - 18 

18 - 26 

Above 26 

Ekcellent 

Good 

Fair 

Poor 

The following standards have been suggested by the  U.S. Salin- 
i t y  Laboratory: 

Class RSC Fi tness  f o r  Use 

a Less than 1.25 Probably safe  

b 1.25 - 2.5 Marginal 

c Above 2 - 5  Not su i tab le  

The standaras suggested by t h e  WAP'DA's consultants f o r  the  
Indus Valley groundwaters a re :  

Chss RSC Fitness  f o r  Use 

Less t h a n  2.5 

2.5 - 5.0 

Above 5 -0 

Usable 

Marginal 

Not su i tab le  



4. Boron - 
The permissible l imi ts  of boron concentlation range from 0.33 

p p  t o  3.00 ppm f o r  different crops. Toxic concentrations of boron 
have not been met with i n  the  Indus Valley waters. 

QUALITY OF INDUS VALLEY SURFACE AND GROUND WATERS 

Surface Water 

The r iver  flows of the  Indus and i ts  t r ibu ta r i e s  a r e  derived from 
snm melt on the H i m a l a y a s  and the monsoon precipitation. Analysis of 
samples of the Indus, Jhelurn and Chenab waters collected a t  the  r i m  
s tat ions a t  Attack, Mangla and B ~ ~ ~ J J B  shaw t h a t  the  mineral content 
commonly f a l l s  in the  range of 150-250 ppm TDS and consists mainly of 
alkaline earths and bicarbonates. As  the  higher value represents low 
slrpplies i n  the  winter and the lower value high flow conditions i n  the 
summer, the average mineral content of the  m t e r  a t  the  r i m  s tat ions i s  
l e s s  than 200 ppm. Near the o u t f a l l  of the  combined waters of the Indus 
and i t s  t r ibu ta r i e s  in to  the  sea, the  average salt content i s  about 300 
ppm. In planning studies for  the integrated use of the  surface and 
groundwaters, it is  assumed t h a t  the  surface waters have about 250 ppn 
TDS . 

'Ihe SAR sues of these waters a r e  a l l  below 1.0, and the RSC is 
n i l .  According to the accepted c r i t e r i a ,  these surface waters a re  of 
excellent quality and no res t r ic t ions  apply t o  t h e i r  use fo r  irriga- 
tion. 

Groundwater 

Ektensive groundwater quality surveys have been carried out both 
in the  northern and the  southern zones of the Indus Plains. These 
plains a re  underlain by sa l ine  groundwater b e l m  variable depths. Seep- 
age f ran  rivers,  the canal system and surface runoff from natural  pre- 
cipi tat ion has imposed be t t e r  quality water upon the sal ine subaquifer. 
The data indicate a -dual increase i n  mineralization with depth and 
with distance from the fresh water recharge source. Local variations of 
the quality of shallow supplies (up t o  50-100-foot depths) a r e  of about 
the same magnitude a s  the regional variations. However, the quality of 
water da t a  f o r  the shallow supplles tends t o  have a r e g i o l d  pattern 
simihr t o  tha t  of the  deep groundwater. 

The mineral content of the deeper groundwater of the northern zone 
(the punjab) ranges from l e s s  than 200 t o  more than 10,000 ppm. In gen- 
eral ,  the mineral content increases with distance from the r ivers  which 
a re  the pdnc ipa l  source of natural  recharge. This t rans i t ion  from law 
to hi&er ranges in quality is gmdual. 



The groundwaters of t h e  Rmjab are characterized by t h e i r  evolu- 
t i o n  from c a l c i u m ,  magnesium bicarbonate waters near t h e i r  source of 
recharge t o  waters containing a dominant proportion of sodium. Ground- 
waters containing from 500-1,000 ppm a r e  commonly of the  mixed type, 
having about equal proportions of t h e  common anions--bicarbonate, chlo- 
r i d e  and sulphate. With increasing mineralization, from 1,000 -3,000 
p p ,  the r e l a t i v e  proportion of chloride and sulphate increases  and 
these waters a r e  generally of t h e  sodium chloride o r  sodium sulphate 
type; i n  the  Punjab area sodium chloride predominates. 

The general pa t te rn  of groundwater d i s t r ibu t ion  i n  t h e  southern 
zone i s  one of a band of good qual i ty  water immediately adjacent t o  the 
r ive r  and of increasing s a l i n i t y  away f r o m  the r iver .  A l e s s e r  quantity 
of good water i s  ava i lab le  on the  r igh t  bank of t he  r ive r .  This i s  due 
t o  the  proximity of the  limestone h i l l s  on the  r igh t  bank and t o  t h e  
poop aquifers associated with piedmont s o i l s .  Another fea ture  t h a t  i s  
apparent i s  t he  complete absence of useful groundwater i n  t h e  d e l t a  a r -  
ea south of  Hyderabad except f o r  some shallow pockets i n  t h e  fairly re- 
cent ly  abandoned r i v e r  channels of t he  Gaja Command. Some of t h e  most 
s a l ine  groundwaters of t h e  area a r e  found i n  t h e  d e l t a  where samples 
with s a l i n i t i e s  twice a s  high a s  seawater and more have been recovered. 
Throughout the area t h e  s a l i n i t y  of groundwater increases with depth 
and no case has been recorded of s a l ine  water overlying f resh  water. 

INTEGRATED USE OF SURFACE AND GROUNDWATERS 

Mixing Criteria in Use 

According t o  t h e  standards which had been recommended by t h e  re -  
gional consultants of WIN f o r  t he  northern zone, i n  the  integrated 
water resources development planning, the  groundwater supplies have 
been c lass i f ied  under th ree  heads on the  basis of the mineral content 
of the water. Groundwater containing l e s s  than 1,500 ppm TDS is  c l a s s i -  
f i e d  a s  nonsaline and safe  f o r  use under accepted i r r i g a t i o n  and water 
management prac t ices  which implies t h a t  about one-third of t he  applied 
i r r iga t ion  water i s  derived from canal supplies. Under those conditions 
the  maximum concentration of applied water would be about 1,100 ppm of 
t o t a l  dissolved so l ids .  Groundwater containing 1,500 t o  4,000 ppm TDS 
i s  c l a s s i f i ed  a s  intermediate; use of the intermediate qua l i ty  ground- 
water requires  d i lu t ion  with canal supplies o r  spec ia l  water and s o i l  
management pract ices .  Water with a concentration of more than 4,000 ppm 
TDS i s  c l a s s i f i e d  a s  s a l ine  and unsuitable f o r  economic development f o r  
i r r i g a t i o n  supplies under present conditions. 

In the  southern zone the c l a s s i f i ca t ion  of groundwaters recammend- 
ed by the  regional consultants of WAPIIA has been based on t h e i r  salini- 
t y  and a lka l in i ty .  After a study of a l a rge  number of samples of 
groundwater it was concluded t h a t  water with s a l i n i t y  in  excess of 
1,500 ppm TDS and water with SAR values above 7.5 should not be used. 
Waters t h a t  a r e  more sa l ine  and more a lka l ine  can be used only a f t e r  



mixing with r i v e r  water so t h a t  the  resu l tan t  mixture meets the  c r i t e -  
ria l a i d  down above. For t h i s  purpose it i s  considered t h a t  mixing of 
more than two parts canal water t o  one part saLine water is impracti- 
cable below minor canal l eve l .  

IACA's Views on Quality Criteria for Integrated Use 

The I r r iga t ion  and Agriculture C o n s u l ~ t s  ' Association (IACA) , 
consultants t o  the  World k n k ,  have a l s o  given pa r t i cu l a r  a t t en t ion  t o  
t h e  requirements f o r  t h e  qua l i ty  of i r r i g a t i o n  supplies i n  order t o  es-  
t a h l i s h  c r i t e r i a  f o r  groundwater development. They considered t h a t  w a -  
ter  with the  following proper t ies  could be used d i r e c t l y  fo r  irrie- 
t i o n  : 

1) Ec of l e s s  than 1,500 micromhos per  cm. a t  25'~; t h i s  is ap- 
proximately equivalent t o  1,000 ppn 'IDS. 

2 )  SAR of l e s s  than 10. 

3) RSC of l e s s  than. 2.5 meq per l i t r e .  

Eventually it might be possible f o r  water of  higher s a l i n i t y  t o  be 
used d i r ec t ly  on the  crops, but  t h a t  would require  an increased appl i -  
cation of water and a degree of control  which IACA did not  regard as 
f eas ib l e  a t  present o r  i n  the  near future.  

They c lass i f ied  the  groundwaters i n  t e rns  of the  following general 
zones : 

1) F'resh groundwater zones, i .e. a reas  with deep groundwater qual- 
i t y ,  have TDS less than 1,000 ppm. Tubewell waters can be ap- 
p l i ed  direct ly t o  the crops i n  these  zones. 

2 ) Mixing zones, i .e. areas  where tubewell water has t o  be di luted 
with surface water before being used f o r  i r r i ga t ion ,  deep 
groundwater qual i ty  i s  of intermediate s a l i n i t y  1,000 t o  
3,000 p p  TDS, i n  a l l  areas except the  southern region, where a 
l i m i t  of 2,000 ppm TDS i s  applied. The lower l i m i t  i n  the  
southern region allows f o r  the  more rapid increase of s a l i n i t y  
with depth of t he  aquifer  than i n  the  northern region and f o r  
the higher s a l i n i t y  of t h e  r i v e r  water a f t e r  it has received 
the d rdnage  effluent.  

3 )  Saline groundwater zones, where the ground would not be used 
f o r  i r r i ga t ion ,  deep groundwater has more than 3,000 ppn TDS i n  
the  northern region and more then 2,000 p-pm TDS i n  the  southern 
region. The proposed c r i t e r i a  f o r  use of groundwater f o r  irri- 
gation a r e  summarized i n  t he  following table .  



PROPOSED MMING RATIOS FOR OVEFtALL BASIN PUIWDJG 

Groundwater 
Qual i ty  Zone 

Fresh 

Mixing 

Saline 

A l l  Ekcept Lower Indus Lower Indus Region 

Deep Groundwater 

Qual i ty  (ppn TDs) 

Less than 1,000 

1,000 -2,000 

2,000-3,000 

More than 3,000 

Deep Groundwater 

Qual i ty  (pym TDS) 

Less than 1,000 

1,000 -2,000 

More than 2,000 

Average Mixing 

Requir.ents, 

(surface Water 

t o   roundw water ) 

No r e s t r i c t i o n  

1 : l  

2.5 : 1 

Not used 

Average Mixing 

Requirements , 
(surface Water 

t o  Groundwater) 
- 

No r e s t r i c t i o n  

1 : l  

Not used 



It is  not only necessary to d i l u t e  t h e  groundwaters having TDS be- 
tween 1,000 and 3,000 o r  2,000 p p ,  but  it i s  a l s o  necessary t o  provide 
t h e  leaching requirements t o  keep t h e  salt concentration of t h e  s o i l  
solut ion within sa fe  limits f o r  p h t  growth. This leaching requirement 
appl ies  a l s o  t o  waters classed as good qua l i t y  waters having TDS below 
1,000 ppm. Even the  r i v e r  water having TDS i n  t h e  m g e  of 200-300 ppm 
has about 10 percent leaching requirements which increase  t o  37 percent 
f o r  waters having TDS i n  t h e  range of 500-1,000 ppm. The i n t e m e d i a t e  
qua l i t y  of groundwater having TDS of 1,000-3,000 and 2,000 ppm when 
mixed with r i v e r  water i n  t h e  r a t i o s  given i n  the  preceding t a b l e  
w i l l ,  therefore ,  have i t s  leaching requirement dependent upon i t s  salt 
content. Beyond t h e  l i m i t  of 3,000 and 2,000 ppm , mixing with canal wa- 
t e r  w i l l  require  a higher r a t i o  of canal water, and t h i s  is  not avail- 
ab l e  . 

IACA, i n  proposing the  above mixing r a t i o s ,  did not take the  SAR 
value and RSC content i n t o  account. The hazard involved i n  both these  
values can only b e  counteracted by the  use of gypsum by which t h e  ex- 
changeable sodium car, be replaced by calcium ions.  Working out t h e  gyp- 
sum requirements of t h e  wel l  waters i n  Chaj and Rechna Doabs, Ghulam 
M o h d  has shown t h a t  t he  sodium hazard of water having a s a l i n i t y  
content of 3,000 ppm, a f t e r  mixing with canal water i n  t h e  r a t i o  of 
1:1, requires  about 1.2 tons  of gypsum per  ac re  foot  of water applied. 
If a 3-acre foo t  d e l t a  i s  applied i n  a year t he  requirement would b e  
about 3.6 tons  per  acre ,  which costs  about R s .  300. Such a recurr ing 
cost  i s  beyond t h e  poor farmer's means. 

CHANGES IN T H E  GROUNDWATER QUALITY WITH PUMPAGE 

Tubewell pumpage can r e s u l t  i n  changes i n  t h e  hydrologic envimn- 
ment, which i n  t u rn  can influence the  qua l i ty  of water of t h e  aquifer .  
The important f ac to r s  that can a f f e c t  t h e  salt balance of t he  ground- 
water a r e :  

1) Leaching of s a l t s  present i n  upper s o i l  l ayers  

2 )  Recirculation of aquifer  salts 

3 )  Sa l t  accret ions  from i r r i g a t i o n  with surface water 

4) Salt accret ions  from canal. and r i v e r  seepage 

5) Reduction of groundwater volume with mining 

6) The amount of groundwater removed by drainage. 

The r a i n f a l l  can improve the  qua l i ty  of water but  i t s  e f f e c t  i s  
very s m a l l  i n  t h e  lhdus Plains  because t h e  component of r a i n f a l l  r e -  
charge i s  low. 



The Water Resources Group of Harvard University conducted s tudies  
f o r  the Revelle panel of U.S. s c i e n t i ~ l t s ,  who v is i ted  Fakistan i n  
1962-63, t o  investigate the m t e  of increase of groundwater,, s a l i n i t y  
with tumpage and use. A mathematical model, called the salt-flow 
model f o r  d i g i t a l  computer simulation w a s  developed and investigated. 
The ef fec t  of many important design parameters such a s  tubewell depth 
and pumping r a t e  r e l a t ive  t o  surface flow was analyzed. 

It was assumed i n  these s tudies  tha t  leaching of upper s o i l  
layers,  recirculat ion of aquifer salts, salt accretions from i r r iga t ion  
with surface water and salt accretions from canal and r ive r  seepage a r e  
operative uniformly over the whole area and tha t  uniform mixing of sa- 
l i n e  components occurs. However, the  see-page from larger  canals and 
r ivers ,  which const i tutes  a s ignif icant  portion of the recharge balance 
i s  localized. In spi te  of these assumptions, the  study gave some indi -  
cation of the average ra t e  of sal inizat ion.  The conclusions reached a r e  
l i s t e d  below : 

1 )  Tubewell spacing has no effect  on the salt buildup characteris- 
t i c s  of i r r iga t ion  water. 

2 )  Tubewell depth: a )  increases the  r a t e  of buildup inversely pro- 
portional t o  the  depth, and b )  increases concentration of the 
i r r iga t ion  water due t o  salt on the  surface of the ear th  in -  
versely proportional t o  depth. 

3 )  Drainage i s  necessary up t o  10 t o  15 percent of the tubewell 
ef 1 luent . 

4) The ra t e  of salt buildup i s  d i r ec t ly  proportional t o  the  pump- 
ing ra te .  

5) I n i t i a l  groundwater concentration raises o r  lowers the ent i re  
buildup curve i n  proportion t o  the i n i t i a l  concentration. 

6) Deep wells (250 ft. o r  more) should be employed i n  a l l  areas 
where there a r e  60 or  more tons per acre  of salt on the ground 
surface and i n  t h e  upper layer of the so i l s .  

The conclusions of the Harvard University Water Resources Group 
a r e  important t o  long-term development plans. They a f fec t  area develop- 
ment plans and the amount of saline water disposal tha t  must be pro- 
vided. With mining, groundwater sal inizat ion w i l l  be more rapid than 
would follow from the above study. Increased surface water recharge 
w i l l  enhance the  qual i ty  of the groundwater. Groundwater sal inizat ion 
w i l l  be slower near large canals and r ivers .  It appears desirable t o  
arrange fo r  the export of some tubewell water when the  salt load i s  
greater than, say, 2,000-3,000 ppm. In areas of low s a l i n i t y  ground- 



water t h i s  can be  delayed till the  salt concentrat ion r i s e s  t o  t h a t  
l e v e l ,  

In t h e  l i g h t  of t h i s  study, t he  Revelle panel  i n  t h e i r  r epor t  and 
subsequent d iscuss ions  estimated t h a t  with recycl ing of groundwater t o  
supgly add i t i ona l  i r r i g a t i o n  water and a t  t h e  same time prevent a f u r -  
t h e r  increase  i n  waterlogging, t he  groundwater w i l l  wi th in  5 t o  10 
years  of pumping, have become too  s a l i n e  f o r  f u r t he r  use. The ca t a s t ro -  
phe can be guarded aga in s t  only  by following t h e  suggestion t h a t  only 
water  of  low salt content should be  pumped. 

I n  add i t ion  t o  t h e  above fac to rs ,  which e s s e n t i a l l y  involve mobi- 
l i z a t i o n  of salts during pumping and use of groundwater, t h e r e  a r e  a l s o  
hazards of lateral i n t ru s ion  of s a l i n e  water i n t o  f r e sh  water zones. 
A primary ob jec t ive  of t h e  development plan i s  t o  lower t he  water  t a b l e  
first i n  t h e  nonsaline zones. Drainage b e n e f i t s  i n  t h e  s a l i n e  zones are 
a major by-product of groundwater development i n  t he  nonsaline and i n -  
termediate zones. The r e s u l t i n g  p a t t e r n  of groundwater movement w i l l  
i n ev i t ab ly  cause lateral movement of  t h e  s a l i n e  water. WAPDA'S consul t -  
a n t s  were of t h e  v i e w  t h a t  t h i s  i s  not  a mat ter  which warrants i m e d i -  
a t e  a c t i on  as t h e  v e l o c i t i e s  of  lateral movement a r e  extremely low and 
change i n  qua l i ty ,  i f  any, occurs very slowly. 

Monitoring Studies 

Monitoring s t ud i e s  on t h e  tubewells operat ing i n  S a l i n i t y  Control 
and Reclamation Pro jec t s  1 and 2 i n  t h e  northern zone have revealed 
t h a t  t h e  de t e r i o r a t i on  hazard i s  more se r ious  than indicated by t h e  
Harvard study. In Scarp 1, during t h e  5 t o  7-year period of operation 
between 1 9 a - 6 2  and 1967, t h e  a r ea  of groundwater containing less than 
1,500 ppm TDS decreased from 1.09 mi l l ion  ac r e s  t o  1.07 mi l l ion  ac r e s  
with a corresponding increase  i n  area of TDS above 1,500 pxn. During 
the  same period t h e  area i n  which tubewells were providing groundwater 
of SAR values l e s s  than 10 was reduced from 900,000 t o  867,000 acres .  
There was na tu r a l l y  a corresponding increase  i n  t h e  a r e a  from which 
groundwaters of SAR values g r ea t e r  than 10 was pumped. Similarly,  t h e  
area having RSC content of l e s s  than 1.25 m e q / l  decreased f r m  265,000 
ac r e s  t o  121,000 ac res .  The a r ea  having RSC between 1.25 and 2.5 meq/l 
increased s l i g h t l y  f r m  274,000 t o  280,000 acres .  The area having RSC 
content exceeding 2.5 m e q / l  increased from 700,000 ac r e s  t o  840,000 
acres .  

In t h e  monitored part of t h e  Scarp 2 area similar da t a  are avail- 
ab l e  by number of wells f o r  t h e  period l 9 a - 7 0 .  The d i s t r i b u t i o n  of 
we l l s  f a l l i n g  under permissible l a i t s  of TDS, SAR and RSC i s  tabula ted 
below : 



These observations highl ight  t h e  de te r iora t ion  hazards i n  t he  
water qua l i t y  of i r r i g a t i o n  tubewells. Dependence on the  s tud ies  under 
controlled conditions conducted by t h e  Harvard un ivers i ty  ' s Water Re - 
sources Grorp w i l l  not  suff ice .  Therefore, in tensive invest igat ion un- 
de r  f i e l d  conditions a r e  urgently calleci fo r .  

Year 

198c 

1970 
I 

Pumpage of Usable Water Overlying Brackish Water 

The most economical method of exploi ta t ion of usable groundwater 
f o r  i r r i g a t i o n  i s  pumpage by tubewells. The depth of usable water over- 
lying sa l ine  m t e r  var ies  widely. In a reas  having usable water up t o  
200-300 f e e t  i n  depth it i s  possible  t o  i n s t a l l  deep tubewells of  high 
capacity. But where the  l aye r  of usable water overlying brackish water 
i s  r e l a t i v e l y  shallow the  deep tubewells cannot serve t h e  Furpose. For 
such areas  a compound wel l  has been proposed t o  eliminate t he  s a l ine  
water from being pumped with t h e  upper good qua l i ty  water by the main- 
tenance of two separate discharge streams, t h e  main one of f r e sh  water 
from the  aqui fe r  and the  minor one of t he  s a l ine  water from the  wel l  
bottom. 

Where the  aquifer  conditions do not  permit pumpage by tubewells 
t he  only economical drainage measure possible  is  t i l e  drainage. T i l e  
drainage has i t s  own advantage. It w i l l  d ra in  only t h e  upper 4-6 f e e t  
of the  s o i l  p ro f i l e .  When the  salt content t o  t h i s  depth has been 
drained out by leaching, t h e  drainage outflow from the  t i l e s  w i l l  be of 
a usable qua l i ty  of water. A number of such areas  falls i n  t he  southern 
zone; a s m a l l  number a l s o  ex i s t s  i n  t h e  northern zone. 
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A s  pointed out  by t h e  Revelle panel, it i s  necessary t o  export 
some of the  pumped water t o  save groundwater from de te r iora t ion  by an 
increase i n  the  salt concentration due t o  rec i rcu la t ion  of pumped 
water. The export of s a l i ne  groundwater i s  of spec ia l  concern t o  t h e  
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i r r i ga t ed  lands of the  southern zone. For t h e  export of t h i s  drainage 
water as well  a s  f o r  t he  disposal of surface runoff f r m  r a i n f a l l  and 
of t he  excess of water applied i n  r i c e  areas,  WAPDA'S consultants for  
the southern zone ( ~ u n t i n ~  Technical services) had proposed two o u t f a l l  
drains  f o r  the  southern zone--the Right Bank Outfall  Drain f o r  the  a rea  
on the r igh t  side of t he  Indus, and the  Left  Bank Outfal l  Drain f o r  the  
area on the  l e f t .  The Right Bank Outfal l  Drain w i l l  o u t f a l l  i n t o  the  
Indus while t he  Left  Bank Outfall  Drain w i l l  o u t f a l l  i n to  the  
Rann of Kutch. IACA has given high p r i o r i t y  t o  the  Left  k n k  Outfal l  
Drain, a s  the  bulk of the nonrice growing areas  l i e s  on the l e f t  bank. 
The sp ina l  o u t f a l l  drain w i l l  start i n  the  Khairpur area and running a -  
long t h e  i r r i g a t i o n  boundaries w i l l  o u t f a l l  i n to  the  Rann of Kutch, It 
w i l l  be about 270 miles i n  length and w i l l  have three main drains  with 
t h e i r  branches. 

RESEARCH ON W A T E R  QUALITY 

Inves t imt ions  and research on s c i e n t i f i c  land and water use i n  
the Indus Plains  a r e  as old a s  t he  present system of weir controlled 
canals. Intensive and pioneering research work on the  e f fec t  of i r r i g a -  
t i on  with r ive r  waters s t a r t ed  about half  a century ago. The I r r iga t ion  
Research Iaboratory established a t  Iahore i n  1924 rose t o  the s t a t u s  of 
a f u l l  fledged Research I n s t i t u t e  by 1931-32. Sc ien t i s t s  l i k e  Mackenzie 
Taylor, Puri,  Asghar and Mehta devoted themselves t o  research on the  
problems of s o i l  s a l i n i t y  and water use. Standards of s o i l  and water 
qual i ty  were established and the means of reclamation of deter iorated 
s o i l s  fond. m e  implementation of these research findings i n  the f i e l d  
s ta r ted  i n  the  l a t e  t h i r t i e s  and i n  the  mid-forties a separate Directo- 
r a t e  of Land Reclamation was established. Valuable work on the  movement 
of moisture and the  salts i n  s o i l  was i n i t i a t e d  before Independence by 
means of lysimetre s tudies  which continued a f t e r  Independence. T i l l  
then the  r i v e r  supplies diverted were the only source of i r r iga t ion .  

The development of groundwater as a source of supplemental water 
supply f o r  i r r i g a t i o n  had just  made a s t a r t  before Independence. A 
group of 22 tubewells was ins ta l led  i n  1939 i n  a small area near Lahore 
called Karol. In 1945 a project  f o r  the in s t a l l a t ion  of some 1,800 
tubewells along the  main canals i n  Rachna and Chaj Doabs was undertaken 
with the  aim of checking the  r i s e  of the  water t ab le  by seepage from 
the  canal system and t o  add the  pumped water i n t o  the  canals t o  supple- 
ment the water supply f o r  i r r iga t ion  and reclamation. This work was 
completed i n  1954. In t h i s  connection investigations and research on 
groundwater qual i ty  were i n i t i a t e d .  During the f i r t i e s  pr iva te  farmers 
a l so  s ta r ted  in s t a l l i ng  tubewells for  i r r iga t ion .  A s  a r e su l t  of t he  
severi ty  of the problems of s a l i n i t y  and waterlogging, more intensive 
research on groundwater qual i ty  s ta r ted  by the end of the  s ix th  decade. 
The in s t a l l a t ion  of tubewells fo r  the control of waterlogging and sal- 
i n i t y  by the government agencies was undertaken on a larger  sca le  and 
from 1962 the era  of WAPDA'S scarps s ta r ted .  



Thanks t o  t h e  ex t en t  of t h e  problems of waterlogging and s o i l  sal- 
i n i t y ,  s o i l  and groundwater surveys and i nves t i ga t i ons  have had t o  be  
ca r r i ed  ou t  i n  t h e  Indus P l a in  on a s ca l e  unequalled anywhere e l s e  i n  
t h e  world. Abundant da t a  have become a v a i l a b l e  dur ing t h e  last 50 
years ,  most of it during t h e  last two decades. Very u se fu l  s t ud i e s  on 
these  problems including water q u a l i t y  f o r  i r r i g a t i o n  have remained i n  
progress  over a l l  t he se  years.  However, t h e r e  i s  no end e i t h e r  t o  prob- 
lms o r  t o  research.  Some of t h e  t o p i c s  which eminently appear t o  need 
f u r t h e r  research i n  connection with salt load o r  q u a l i t y  of i r r i g a t i o n  
water a r e  named below: 

1 )  The c l a s s i f i c a t i o n  of surface  and groundwater as w e l l  as of 
s o i l s  i s  ava i l ab l e  b u t  much remains t o  b e  known on t h e  e f f e c t  
of d i f f e r e n t  q u a l i t i e s  of water  under d i f f e r e n t  s o i l  condi- 
t ions ;  t h e  moisture-holding capaci ty  of s o i l  determines t h e  
q u a l i t y  of water ava i l ab l e  t o  p l an t s .  

2) The question of pumpage of shallow versus deep waters is  s t i l l  
under debate. The f i n a l  answer i s  y e t  t o  be found. 

3 )  The e f f ec t  of t h e  depth of t h e  water  t a b l e  and i t s  q u a l i t y  on 
crops under d i f f e r e n t  s o i l  condit ions needs t o  be concrete ly  
determined. A t  what depth groundwater of what q u a l i t y  a f f e c t s  
crop production i s  t h e  question t o  answer. 

4 )  The hazards of groundwater de t e r i o r a t i on  and t h e  measures by 
which t he  good water qua l i t y  can be improved need i n t ens ive  r e -  
search.  

5) The f e a s i b i l i t y  of t h e  usage of mixed sur face  and groundwaters 
i s  l imi ted  by t h e  a v a i l a b i l i t y  of surface  waters. With t h i s  
l im i t a t i on  t h e  c r i t e r i a  f o r  mixing groundwater of  d i f f e r e n t  
q u a l i t i e s  have been t e n t a t i v e l y  adopted bu t  much more de ta i l ed  
research on t h e  t o p i c  i s  cal led  f o r .  

6 )  The ul t imate  result of usage of water  of d i f f e r e n t  salt loads 
w i l l  be  determined by the  i r r i g a t i o n  p r ac t i c e s .  Work is, t he r e -  
fore ,  needed on i r r i g a t i o n  p r ac t i c e s .  

The most useful  a s s i s t ance  f o r  these  and o ther  such inves t iga t ions  
and research can be  provided by a systematic and s c i e n t i f i c  monitoring 
of tubewells a l ready  i n s t a l l e d  and t h e  use of  t h e i r  water  a c t u a l l y  
made. 



ACKNOWLEDGEMENTS 

In t h e  prepara t ion  of t h i s  paper s e v e r a l  pub l i ca t ions  of  t h e  
Punjab I r r i ~ t i o n  Research I n s t i t u t e ,  t h e  Di rec to ra te  of Land Reclama- 
t i o n ,  West Pakistan Water and Power Development Authori ty and i t s  con- 
s u l t a n t s ,  fo re ign  a d v i s e r s  and t h e  World Bank dea l ing  wi th  t h e  sub jec t  
have been consulted and drawn upon f r e e l y .  

The authors  wish t o  record t h e i r  s i n c e r e  thanks t o  M r .  Mohiuddin 
Khan, Engineering Adviser, Centra l  Engineering Authori ty of h k i s t a n  
f o r  va luable  suggest ions given by him. 



LIST OF DELEGATES 

Mr. A. F. Mahdavi, 
Director of S o i l  Lnst i tu te ,  
Ministry of Agriculture 

M r .  M. Ayazi, 
Adviser , 
Ministry of Agri cu l tu re  , 
CENTO and RCD Affairs, 
Country Coordinator 

M r .  I. Nassiri -Toossi, 
Chief of f i a in ing  and So i l  Ektension Division, 
S o i l  I n s t i t u t e  , 
Tehran 

Mr. A. Ganjini,  
Chief of S o i l  and Water Conservation Division, 
S o i l  I n s t i t u t e ,  
Tehran 

Mr. M. Bordbar, 
Assistant, Iand and S o i l  Feas ib i l i t y  Division, 
S o i l  I n s t i t u t e ,  
Tehran 

M r .  D. Hariri, 
General Director of Research Center and Laboratory, 
Ministry of Water and Power, 
Tehran 



Mr. B. Yazdani, 
m e r t  at  Research Center and hboratory,  
Ministry of Water and Power, 
Tehran 

Mr. M. Meimandinejad, 
Professor of Ecology, 
Agricultural College, 
University of Tehran 

M r .  Egbal, 
Assistant a t  Agricultural College, 
PahLavr University, 
Shiraz 

Mr. A. Ghobadim 
Member of Scient if ic  Council, 
Jondi Shahpour University 

Mr. F. Darvlsh, 
Member of Scient if ic  Council, 
Jondi W p o u r  University 

Mr. A. Jalali, 
Member of Scient if ic  Council, 
Jondi Shahpour University 

M r .  M. Mortazav5, 
m e r t  9 
Department of Agricultural Fhgineering, 
Ministry of Agriculture, Tehran 

M r .  M. Monejemi, 
Esrpert, 
Department of Agricultural Engineering, 
Ministry of Agriculture, Tehran 

Mrs. G .  Nemat, 
Director of Climatic Deparhnent, 
Meteorological Lnstitute, 
Tehran 

Mr. M. Mohajerani, 
Agriculture Expert, 
Plan Organization, 
Tehran 



Mr. F. Saeed, 
Agriculture Expert, 
F'lan Organization, 
Tehran 

M r .  T. Zolfeghari, 
Agriculture Ekpert Y 

Plan Organization, 
Tehran 

M r .  M. Neiestani, 
Representative of Agricultural Development Fund, 
Tehran 

M F .  B. Gerami, 
Ekpert, Seed and Plant Improvement Ins t i tu te ,  
Ministry of Agriculture, 
Tehran 

Mr. E. Behnam, 
W e r t ,  
Animal Husbandry Department, 
Ministry of Agriculture, 
Tehran 

M r .  K. Khatami, 
E v e r t  , 
Animal Husbandry Department, 
Ministry of Agriculture, 
Tehran 

M r .  Mansourfar, 
Expert , 
Animal Husbandry Department , 
Ministry of Agriculture, 
Tehran 

M r .  F. Niknam, 
Assistant of Technical Bureau of Pastures, 
Ministry of Natural Resources, 
Tehran 

M r .  G. Seraj, 
&per t  of Technical Bureau of Fastures, 
Ministry of Natural Resources, 
Tehran 



M r .  M. H.  Moossavi, 
Expert on Hydrology, 
Ministry of  Water and Power, 
Tehran 

M r .  P. Hakimi, 
Ekpert on Hydrology, 
Ministry of Water and Power, 
Tehran 

Dr. W a p  E l q i ,  Professor, 
Faculty of Agriculture, 
Ankara University 

Dr. Ercm Tezer, 
Adma University 

Dr. A l i  Balaban, Professor 
Faculty of  Agriculture, 
Ankart University 

Dr. Riza Cetik, Professor, 
Faculty of Science, 
Ankara University 

D r .  Selman Usluj Professor, 
Faculty of Forestry, 
Is tanbul  University 

Dr. Nazmi Ulgen, 
Deputy Director of So i l  and F e r t i l i z e r  
Research I n s t i t u t e ,  
Ankara 

M r .  bzdemir Beyce, 
So i l  and Water Works, Central  Research In s t i t u t e ,  
Ankara 

D r .  Osman Tekinel, 
Assistant  Professor, 
Faculty of Agriculture, 
Adana 



UNITED KINGDOM 

M r .  C. E. Johnson, CBE, 
Adviser on Agriculture,  
Middle &st Development Division, 
Beirut  

D r .  D. F. Davidson, OBE, 
Adviser on Forestry,  
Middle &st Development Division, 
Beirut  

Mr. K. R. M. Anthony, 
General Adviser, 
Cotton Research Corporation, 
London 

UNITED STATES 

Mr. Omer Kelley, 
Director,  
Office of Agriculture and Fisher ies ,  
Technical Assistance Bureau, 
USAID, Washington 

D r .  Howard B. Peterson, 
Professor of I r r i ga t i on ,  
University of Utah 

Dr .  Martin Fogel, 
B o f e s s o r  of Watershed Management, 
Universi ty of Arizona 

M r .  Leland Anderson, 
Deputy Assis tant  Director, 
Agriculture Policy, 
USAID, Labore, Pakistan 

D r .  Floyd Williams, 
Agriculture Research Adviser, 
USAID, Lahore, Pakistan 



M r .  Thomas Zinn, 
S m e r  &llow Special is t ,  
USAID, Ankara, Turkey 

M r .  Mostafa Mod jtahedi , 
Assistant Economic Secretary 

Miss Anne Sheriff ,  
Secretary 

OFFICE OF TKE U. S. ECONOMIC COORDINATOR 
FOR CENTO AFFAIRS 

M r .  K u r t  H. Teil ,  
U. S. Deputy Economic Coordinator for  
CENTO Affairs  

Miss 14agdalen Geisel, 
Secretary 



LIST OF U. S. - SPONSORED CENTO ECONOMIC 

PUBLICATIONS 

* 1. Seminar on Catt le  and Sheep Breeding, 1959 
* 2. Seminar on Land Classif icat ion and Soil  Survey, 1959 

3. Seminar on Forestry, 1959 
* 4. Conference on Minerals, 1959 
* 5. Progress Report, Coordinating U.S. Action f o r  CENTO, 1959-60 * 6. Conference on Development Programming, 1960 
* 7. Symposium on Chrome Ore, 1960 * 8. Conference on Teaching of Preventive Medicine, 1961 * 9. Conference on Indus t r ia l  Development Banking (1)) 1961 
* 10. Symposium on Coal, 1961 * 11. Progress Report, Coordinating U.S. Action f o r  CENTO, 1961-62 

12. Traveling Seminar f o r  Increased Agricultural Production, 1962 
* U. Conference on Agricultural Development Emking, 1962 
* 14. Conference on National Income Accounting, 1962 
* 15. Conference on Development Planning, 1962 
* 16. Conference on Teaching Health Centers, 1962 
* 17. Conference on Indus t r ia l  Development M i n g  (2 1, 1962 
* 18. Conference on Establishment of National Sc ient i f ic  Organizations , 1962 
* 19. Symposium on Indus t r ia l  Rocks and Minerals, 1962 

20. Seminar on Cost and Return Ratios f o r  Major Agricultural Products, 1963 
21. Conference on Teaching of Science, 1963 

* 22. Symposium on Rural Development, 1963 
* 23. Symposium on Iron Ore, 1963 
* 24. Symposium on Consumer Ecpenditures, 1963 

2 5. Conference on Agricultural Development Policy, 1963 
26. Symposium on Management 'Praining i n  F'ublic Administration, 1964 
27. Conference on Nursing Education, 1964 
28. Conference on Hospital Administration, 1964 
29. Traveling Seminar on Range Management , 1964 * 30. Conference on Manpower Needs and Training of Environmental Sanitation 

Personnel, 1964 
* 31. Symposium on Mining Geology and the Base Metals, 19@+ 

32. !traveling Seminar on Agricultural Credit and Cooperatives, 1964 
33. Symposium on Indus t r ia l  S t a t i s t i c s ,  19@+ 
34. Symposium on Scient i f ic  and Indus t r ia l  Research, 1964 

* 35. Second CENTO Veterinary Pathology Seminar, 19@+ 
36. Symposium on the  Role of Local Government i n  National Development, 1965 

* 37. Symposium on Tax Administration, 1965 
38. Symposium on the  Developnent of Capital Markets, 1965 
39. Traveling Seminar on Veterinary Mucation and Animal Health, 1965 

* 40. Traveling Seminar on Fresh F ru i t  and Vegetable Marketing, 1965 
* 41. Seminar on Field Techniques f o r  Mineral Investigation, 1965 
* 42. Progress Report, Coordinating U.S. Action f o r  CENTO, 1962-65 

43. Symposium on Hydrology and Water Resources Development, 1966 
44. Conference on Land Classif icat ion f o r  Non- Irr igated Lands , 1966 
45. Symposium on Household Surveys, 1966 
46. Summer Training Program in Geological Mapping, 1966 
47. Traveling Seminar on Farm Tools and Implements, 1966 



48. Symposium on Mine Health and Safety,  1966 
49. Conference on Engineering mucat ion,  1966 
50. Conference on ~ g r i c u l t u r a l  Extension, 1967 
51. Traveling Seminar on Processing and Marketing of F r u i t  and 

Vegetable Products, 1967 
52. S m e r  Training Program i n  Geologf c a l  Mapping, 1967 
53. Conference on National and Regional Agricul tural  Development 

policy,  1967 
54. Symposium on Agr icu l tu ra l  S t a t i s t i c s ,  1967 
55. Traveling Seminar on Marketing of Livestock and Livestock Products, 1967 
56. Conference on Combating Malnutri t ion i n  Preschool Children, 1968 
57. Symposium on Develo~zent  and U t i l i z a t i on  of Mineral Resources, 1968 
58. Conference on I n d u s t r i a l  Vocational Education, 1968 
59. Conference on Ehrthquake Hazard Minimization, 1968 
60. Report of t h e  Ad Hoc Working Par ty  on F e r t i l i z e r s ,  1968 
61. Decade of Development, a Ten-Year Compendium3 1959 -69 
Q. Symposium on Demographic S t a t i s t i c s ,  1968 
63. Progress Report, Coordinating U.S. Action f o r  C E m ,  1965-69 
a. Geology and Ore Deposits of t h e  Lakan Lead-Zinc D i s t r i c t ,  Iran, 1968 
65. Symposium on Manpower Planning and S t a t i s t i c s ,  1969 
66. Conference on National and Regional Livestock Development Policy, 1969 
67. Geology and Ore Deposits of t h e  Sizma-Ladik Mercury D i s t r i c t ,  Turkey, 1969 
68. Conference Ser ies  on t h e  Teaching of Public Health and Public Health 

Pract ice ,  1970 
69. Conference on Broadening Public P s r t i c i pa t i on  i n  Equity Investment, 1970 
70. Traveling Seminar on Management and ~ i n a n c i n ~  of -Marketing 

Cooperatives, 1970 
71. Conference on Forest ry  Development Policy, 1970 
72. Seminar on Veterinary Inves t iga t iona l  and Diagnostic Methods, 1970 
73. Traveling Workshop on Range Management, 1970 
74. Symposium on Pr ice  S t a t i s t i c s ,  1970 
75. Workshop Ser ies  on C l in i ca l  and Applied Research on Family Planning, 1971 
76. Workshops on Marketing of Livestock and Their Products, 1971 
77. SSrrnposium on Centra l  Banking, Monetary Policy and Economic 

Development, 1971 
78. Seminar on Agr icu l tu ra l  Planning, 1971 

* Out of p r i n t  

The above l is t  includes aU publ icat ions  issued by t h e  Office of t h e  
U.S. Economic Coordinator f o r  CENT0 Affa i r s .  Most of t he  older  books 
a r e  now out  of p r i n t  and a r e  no longer ava i lab le .  Huwever, copies of 
those  s t i l l  i n  s tock may be obtained by wr i t ing  t o :  

Public Relations Division, 
Centra l  'Rreaty Organization, 
Old Grand k t i o n a l  Assembly Building, 
Ankara, Turkey 



- Edited by Mary Margaret Lawrence 
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