1
|
i
i

SPONSORS

FAQ/RNE

A

-

SESRTCIC

Proceedings of the

EXPERT CONSULTATION ON
LAND DEGRADATION,
PLANT, ANIMAL AND HUMAN NUTRITION
INTER-RELATION AND IMPACT

Damascus, Syria
20-23 September 2003

Cairo, Egypt
May 2005




SPONSORS

FAO/RNE

Ve

SESRTCIC

Proceedings of the

EXPERT CONSULTATION ON
LAND DEGRADATION,
PLANT, ANIMAL AND HUMAN NUTRITION:
INTER-RELATION AND IMPACT

Damascus, Syria
20-23 September 2003

Cairo, Egypt
May 2005




The views and information given herein are the full
responsibility of their authors and not necessarily either
explicitly or implicitly those of FAO/RNE nor any of the
co-sponsoring agencies to this symposium. It may be
quoted with due referencing to this publication.

All rights reserved. Reproduction and dissemination of material in this information
product for educational or other non-commercial purposes are authorized without any
prior written permission from the copyright holders provided the sources is fully
acknowledged. Reproduction of material in this information product for resale or
other commercial purposes is prohibited without written permission of the copyright
holders. Applications for such permission should be addressed to the Chief,
Publishing Management Service, Information Division, FAO, Viale delle Terme di
Caracalla, 00100 Rome, Italy or by e-mail to copyright@fao.org

© FAO 2005

TABLE OF CONTENTS

- Foreword
- Introductory Remarks
- Conclusions and Recommendations

I. Consultation Papers

1. Plant, Animal and Human Nutrition: An Intricate Relationship
G. Hamdallah ..
2. Selenium in Soils and Plants The Effect on Ammal and Hurnan Nutrltlon
L Bashour, and A. LEeif .......ccooiiiiiiiiiiiiii i
3. AReview of Animal Feeding Issues in Relation to The Provision of Animal Source
Foods for Humans
N. Rihani...
4. Animal Feedmg for Producmg Healthy Ammals (m A.rablc)
F.El-Yassin ..

II. Consultation Presentations

5. LADA, Degradation Assessment and Sustainable Land Management
H. Nabhan ..
6. Food Chain: the Impact on Human Nutrmon
F. Hachem ..
7. The Role of Llnc in Plant Growth and Enhancmg Ammal and Human Health
M. J. Malakouti .. . e e
UNICEF Intervent1ons in chro nutrlents Deﬁmency in Syrla
B BORNGST .. oottt oo vt et et e
9. Micronutrients Deficiencies and Their Impact on Human Nutrition & Health
M. El-Guindi...
10. FAO’s Approach in Combatmg chronutnent Malnutrmon
J. Aphane ... .
11. Nutrient Requlrements of Awas1 Sheep for Lactatlon
M. Dawa ..
12. Role of Balanced Fertlllzatlon for Plants Partxcularly Mlcronutnents on The
Quality and Nutritive Value of Crops
M. El-Fouly ...

(=)

III. Country Reports and Presentations

13. Egypt #

SO N SHQGIAN (.. oo s e e e e e e e e e e et e e e et e s
14. Jordan

W. A MORGME (..o oo oo e e et ce e e et e et e et e et e e e e e e e e
15. Morocco

MHAMMOULOU (.. oo oo it i et e et et et e et e et et e e e e e e e et e et e e

Page
il

vii

15

27

37
43
49
65
67
81

87

91

97
101

103



16. Sultanate of Oman ‘
M M. AL-HASHIHT v sos eee oo oeneen aee eae ses e v ns ws s s e son ses sen son s e 22 e s s s

17. Sudan

F A Ry R OO E PR SRR R TR SRR LR R R

18. Syria

Y. Al-Masri, F. Hamed and Z. ZAREF ... . o oeeevosves s som e s i s i e e

19. Tunisia

K LGEFT oo oo oo e oee e et e eea an e ot e e s e S e e e T SR L e s s s e

20. Turkey

H. VeliOQIU .. iovcveeveeee oee s e e e s s s s i s o e st

IV. Annexes

- Annex 1:
- Annex 2:
- Annex 3:

List OF PArtICIPAILS .« ceevvevnsinrererinenranuinre s o
Consultation Programme -
Opening Address by the Sr. Soils and Fertilizers Officer, Near East

Regional Office (in Arabic) ......ovviiiiiiiiiiinsrrrereens RPN

Page

105
109
115
121

125

129
133

FOREWORD

The FAO Regional Office for the Near East operates with a clear focus on the
sustainable utilization of Natural Resources. Due to the obvious decreasing trend of
arable lands available for agricultural production, the vertical expansion becomes an
obvious option for enhancing agricultural and animal products. The Human Food
Chain, evidently is depending on the two basic sources of food (animals and plant
commodities). It follows, therefore, that plant, animal and human nutrition issues are
closely inter-related. It is widely recognized that there is a continued demand pressure
on food due to the increased population and economic growth of societies. With the
low overall arable lands availability in the Near East Region (0.2 ha per capita),
coupled with an accelerating trend of land degradation, the vertical growth in
agricultural outputs becomes imperative. Provision of adequate plant nutrients

" through adding the appropriate amounts and forms of fertilizers (whether chemical,

organic or biofertilizers) became essential practices and their positive role is fully
recognized for securing healthy plant and animals products. It is interesting to
mention here that although Selenium (Se) is not an essential plant nutrient, yet it is so
for animals. Its application to the rangelands in Europe is now being practiced for the
purpose of having healthy grazing animals.

The current volume presents the Proceedings of an important meeting entitled
“Regional Expert Consultation on Land Degradation, Plant, Animal and Human
Nutrition: Inter-relation and Impact”. This scientific gathering managed to have a
group of soil scientists/plant nutrition specialists, animal nutrition and medical
doctors/human nutrition specialists to discuss these inter-related issues.

The new sphere of knowledge on Plants, Animals and Human related issues
and concermns is needed to allow an interchange of country experiences regarding this
triangular intricate relationship. This would encourage countries to develop their own
national guidelines for “rules and regulations” necessary to organize the
activities/procedures including better application of the agronomic Good Agricultural
Practices (GAP), as well as the strengthening of national capacities for the adherence
and following the FAO/WHO Codex Alimentaris. )

Hope that the present document would initiate the dialogue among all
concerned to start managing the Region natural resources in an integrated and holistic

manner for the sustainable and efficient utilization of these valuable resources.

4

Mohamad Alk;raithen

Assistant Director-General and
Regional Representative for the Near East
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INTRODUCTORY REMARKS

ORGANIZATION

The Expert Consultation on “Land Degradation, Plant, Animal and Human Nutrition:
Inter-relation and Impact” was beld in Damascus, Syria (20-23/9/2003) in cooperation
between FAO Regional Office for the Near East — RNE (Cairo) and FAO/AGLL
(Rome); as well as SESRTCIC (Ankara).

Participants included members from following countries: Egypt, Islamic Republic of
Iran, Jordan, Lebanon, Morocco, Oman, Sudan, Syria, Tunisia, and Turkey.

INAUGURATION OF THE EXPERT CONSULTATION

The meeting was inaugurated by Dr. Mahmoud Taher, FAO / Representative in Syria
on behalf of the FAO Regional Office. Dr. Taher welcomed the participants and
highlighted the role of FAO for its continuous efforts in the development of
agriculture in the Region, and in sponsoring such important consultation in Damascus.
He also thanked the cosponsoring organizations whose contribution was much
appreciated. Dr. Taher stressed the importance of giving more attentions of Land
Degradation, Plant, Animal and Human Nutrition for the next decades.

BACKGROUND

The last few decades witnessed a growing public awareness on food quality and the
intricate association between agronomic and animal products that go in the human
food chain. A good deal of international efforts are directed to regulate, control and
ensure the safety of human food items through legislation and introducing standards
and specification codes, for which the famous FAO Codex Alimentaris is a vivid
example of this global endeavor. Because soils are the natural base for growing crops
and raising animals; then it is imperative that its fertility will impose the quality and
mineral content of such agricultural products. It is well known that nutrient
deficiencies in soils are reflected not only on crop yields, but also on their contents of
mineral nutrients. Food and animal feed, containing low amounts of nutrients, would
lead to mineral deficiencies in animals and humans. On the other hand, some serious
diseases are common to humans and animals, like the BSE, which is basically an
animal nutrition—based problem.

Almost in all Near East countries, soils are characterized by their calcareous nature,
alkaline pH, low organic matter, and inherent low levels of minor elements (Fe, Mn,
Cu, and Zn), which would have its consequent effect on crops, animals and humans. It
was observed that Fe and Zn deficiency in humans are more widespread in the
Region; while Mn and Cu deficiencies are showing deficiency symptoms on farm
animals. Although Selenium (Se) is not an essential plant nutrient; it is so for animal
nutrition, and therefore, it’ is becoming a very important element in this respect.
Several studies reported in literature indicated that the deficiency in Se in human
bodies was related to more exposure to prostate cancer. Other studies pointed out that
Zn deficiency could have its serious negative impact on the human body.

There are very rare and sporadic efforts in the Region to bring together scientists
working in these various disciplines (soil science/plant nutrition, human nutrition,
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10- Research and extension programmes, in most countries of the Region
are facing real constraints related to weak linkages between the two; in
addition to the severe limitations of funds and other resources.

Conclusions of Group Il: Animal Nutrition and Health

The need is obvious for extending research and studies related to
optimal animal nutrition requirements to include conformity with
established feed standards and taking into consideration the feed
quality and its effect on the content and quality of milk and meat
products.

There is a definite need for adoption of appropriate principals of animal
nutrition and technology for producing value-products for human
consumption, particularly protein and fat contents of animal products.
Most countries lack the technology and legislation for quality control,
methods for analysis of animal products to conform with international
standards, such as Codex Alimentarius.

National and regional programmes for the Region are necessary {o
target improving the productivity and guality of animal products, with
emphasis on training of cadres, diversification of production systems
like small animal keeping {(chicken, rabbits etc.) on the farm back yard.
Small scale producers are facing poor extension assistance and often
are confronted with low market prices due to lack of processing
facilites and market access, leaving a room for co-operatives to
provide some needed services.

Conclusions of Group ill: Human Nutrition and Health

The need to emphasize the quality of crops, particularly in relation to
having adequate micronutrient contents; as well as to ensure year-
round supply and availability of such products.

A good diversity of regionally acceptable and accessible crops is
required to cover the whole spectrum of human micronutrient needs.
Some regional committee or association is essential to study and
coordinate assessment studies on bio-availability of micronutrients in
plants, animals, and human, to ensure the increase of enhancers and
decrease of inhibitors in human nutrition.

A Web-based discussion group or a Network for the Region is
necessary to facilitate communication and exchange of knowledge
within the Region; as well as with other relevant organizations to
ensure an integrated approach to this inter-disciplinary area for the
evaluation of plant, animal, and human nutrition problems and study
their intricate inter-relationships.

! viii

11)

Conductmg. research programmes on fertilizer use rates, formulas
types, application methods, their impact on quality of the product:
need .to be strengthened, properly-designed, well-targeted, and co:
coordinated with other disciplines of animal and human nutriiion.
lmprov_ement of micronutrients (especially zinc and iron) nutritional
statgs in plants, animals and humans. Also studying the use of other
nut.rlents such as S, Mg, and Ca should all be strengthened.

Usn'n‘g heavy isotope tracer techniques provides a good tool for
fertilizer tr_acing and utilization efficiency studies.

Encouraging organic agriculture (for an added-value to products) and
for the‘ production and use of bio-fertilizers including mycorrhiza
th:opacnllas and azotobacter bacteria, etc. ’
Revu?w and develop fertilizer legislation and a national code of
pra.c.tlce for each country that includes chemical and organic
fertilizers, as well as for soil amendments and plant nutrition
enhancement agents.
Promote the free movement and e ili
between countries of the Region. xehange of fertlizer products
Emp_hass should be given to study the impact of fertilizers on crop
gugllllty gnde; prptected systems and pressurized irrigation.

oil and water ‘quality should be i
pollution risks to the eynvironment. monttored reguarly fo assess any
Maintain ' Effective linkages between institutions with the Land
Degradation Assessment Programme (LADA) should be established
to protect the Region’s limited resource base.
Encpyrage _the integrated team work among researchers in plant
nutf:tion, animal and human nutrition and health, at both national and
reglongl leyels for evaluating the effect of balanced fertilization on
plant yrgld increase and on produce quality, and its direct bearing on
enhancing animal and human nutrition and health.
Call on more co-operation between the Near East countries and the
relevant regional and international organizations concerned with the

above issugs‘and concerns, particularly FAO, UNICEF, and WHO, for
co-sponsoring of joint projects. ’

ix
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Land Degradation, Plant, Animal and Human Nutrition: 1
Inter-relation and Impact

Plant, Animal and Human Nutrition: An Intricate Relationship

1. INTRODUCTION

The Near East Region, covering 30 countries, is faced with many constraints related to: limited
arable lands per capita (about 0.22 ha); severe water shortages (16 countries below the deficiency
level of 500 M’/capita of annual renewable water resources); poor soil fertility; low investments
in land and water projects; non-adequate prices for agricultural commodities and poor or failing
marketing systems. The marked role of chemical fertilizers was acknowledged by several FAO
publications and was reported that over 55% of the increase in agricultural production was mainly
ascribed to the fertilizers use (FAOQ, 1997). Fertilizer use becomes a must in producing
economically-feasible crops and for improving food security in many countries. Although the use
of fertilizers started over a 100 years in the Region, by using a small portion of Chilean Nitrate;
the correct usage of those fertilizers still has a long way to go on the right track. The Near East
countries are currently using around 8.5 million tons of fertilizers, with the big share goes to
Nitrogen. The phosphatic fertilizers are used at a smaller rate and then the potassium, if
remembered. The minor elements (micro-nutrients) are used at even smaller quantities, in a
random manner and hardly well-considered in the fertilization programme. Perhaps, in green
house production and in some modern farms such consideration is given to all essential elements
of plant nutrition, including the minor elements. Since plants constitute the basic feed item for
animals; then it follows that a healthy and balanced plant produce, in terms of its nutrients content
and quality, would make it an appropriate healthy item to meet the animal nutrient requirements.
Some dramatic cases of deficient animal feed were responsible for some ailing animals which
were difficult to relate to any known animal disease. The Selenium (Se) deficiency in the forage
crops raised on pure sandy soils in the Kafra Project in Libya in the late 1970s was a puzzle to
solve until it was investigated and found to be stemmed from the low Se content in the forage fed
to animals, which was due to its low content in those desert sandy soils. The Region witnessed
three Meetings (held in Egypt, Jordan and Syria) during the last few years that were dedicated for
discussing the current concerns of food quality and its content vis-a-vis its impact on human
nutrition and health, particularly in children. The saying “Agriculture is the Guardian of Health”
is a correct one, to the extent that food quality ~being the basis of human and animal health-
depends on the correct use of means of crop production, specially fertilizers. This paper would try
to focus on the intricate relationships between plant nutrition, animal nutrition and the impact on
food chain for humans.

2. BASIC SOIL-PLANT RELATIONSHIPS

2.1 Essentiality of Plant Nutrients

Soil is the cradle for growing plants and raising animals. Plants require some 17 essential
elements in order to grow healthy and produce economic crops. Some of these elements are
abundantly available from air or water (C, H, O); others which are needed in relatively large
amounts, and thus called “Macro-nutrients”, can be absorbed from soil solids (N, P, K, Ca, Mg,
S). The rest, which are also essential for plants but at lower rates and thus called “Micro-
Nutrients”, exist in the soil solids (Fe, Cu, Mn, Zn, B, Cl, Mo, and Co). Other minor/micro-
nutrients such as Na, Fl, 1, Si, Sr, and Ba were cited to have positive impact on crop growth. From
the 17 elements listed above, it’s clear that the majority of them are essential nutrients for both
plants, animal and humans, though at various forms and with different doses and growth stages of
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cach living organisml. Selenium, for example is not essential for plant but it 18 essential for
animals and human health.
ot only the total content of 2 specific element is impo

relative concentration with other certain refated element
significant in studying the soil and plant fertilizer programmes to identify the availability of plant
| forms of the element: soluble,

nutrients by characterizing the various occurring chemical
tion to the element concentration or content.

exchangeable; fixed and total, in addi

rtant, but also its chemical form and its
s in the soil solution. Therefore, it is

2.2 Balanced Fertilization
For plants to successfully absorb nutrients; some conditions are required including: adequate

element concentration; appropriate ratio of concentration in relation with other certain elements;
in addition to existing fayourable soil atmosphere (like soil aeration, suitable pH, well-developed
rooting system; and adequate water supply, ete.): The three basic “fertilizer elements” (NPK)
constitute the bulk of chemical fertilizers produced and utilized, are required at certain levels that
vary according to cach crop and to its growth stage. There is ample evidence from literature that
describes the importance of having favourable ratios of concentration such as N/P; N/K; Ca/Ps
P/Zn; Fe/Mn; Fe/Zn; and so of. However, several studies in the Region concluded that to
maintain successful crop production, the 3 main fertilizer elements (NPK) need to be applied at
this ratio; 5:2:1. The statistical data from the Region indicate that the current use of (NPK) is
around 5:1:0.5. The dominance of Nitrogeh used is due t0 its relatively lower prices and to its
quick observable results on the plant vegetative growth. The existence of several N-producing
Chemical Fertilizer Factories throughout the Wear East (both for urea and ot

her ammonium
compounds) perhaps contribute to the favourable use of N- On the other hand, the bias against the
use of Potassium is clear. It' is quite indicative to point out that in the W

hole Region; only one
factory for producing Potassium Chloride (Muriate of Potash) exists in Jordan, with a capacity of
about 1.5 million tons/year. Perhaps another reason for the low level of K fertil

izers used is the
general concept that soils of the Region do con ply of potassium. Although this
but the intensive €ro

tain ample sup
remark might be partly trues pping of lands would deplete those original

reserves in the soil. 1t is worth noting that Nitrogen Manufacturing Complexes exist in almost all
Gulf Countries (basically due to the abundant supply of natural gas); in addition to: Egyph
Turkey, Iraq, Syria, and others. Phosphorus producing factories exist evidently in those countries
where the P deposits and rock phosphates occur, such as Morocco, Tunisia, Iraq and Jordan.

However, a balanced fertilization programme should also include the micro-nutrients and not
only the above—memioned macro-ones. It is clear from the Fertilizer Consumption statistics of the
Region countries that these minor elements are not given the due consideration and attention they
deserve. Therefore, hunger signs and deficiency symp

toms due to insufficient application of these
micro-elements are wide spread in the Region. The paper to be présented by El-Fouly in this
Consultation would shed more light on

this area of plant nutrition.
3. PLANT AND ANTMAL PRODUCTS: THE HUMAN FOOD CHAIN

3.1 A Global Concern on Food Safety
The last few decades witnessed a growing public awareness on food quality and health, reflected
by recognizing the need for standards for agronomic and animal products that constitute the
human food chain. Similar concerns include worries about the use of irradiation in food
preservation and biotechnology in food production (GMO’s); as well as diseases tinked to
intensive animal farming and increased international trade. A good deal of these global efforts are

uman food items through legislation and

directed to regulate, control and ensure the safety of h
f practice, for which the famous Codex Alimentaris is a vivid

introducing standards and codes 0
example of these endeavours. This FAO and WHO joint Commission is charged with setting of

Land Degradatio
n, Plant, Ani
Inter-relation and Impacs nimal and Human Nutrition:

food and agricultural safe
e S : ty and trade standards. As con i
et o 6OSOes;1;?d‘<:,fi dthe Comrr}ission convened a: eFr‘r:Om;oarzou't " S%fety S s
?dopt o Tand satity and te; prerts in food safety and agriculitural tre dm e 2‘003" e
T O e T C;n e §taf1dards and to upgrade others baszde. e o
oo o eatdslines. and othe mxsslon adopted more than 50 new safe e laFeSt s
ety oot vl TSk rs that are revisions of old standards Tl:y aﬂfi qqahty o
reodl pummouss. and pOst'marks and .mc!ude pre-market safety evaiuat'e e moing o
Tt A Ve;t 1r]nomtormg. They cover the scientific a;OHS, B et o,
e aaamont ot risks relatéd > be. as establishing broad general princi lsessmem e
Becfause oLk roaed bas;o;z:h fooc.is uniform across Codex's 16p9 f;et;gﬂake e and
s Tortity will om ¢ growing crops and raisi i ; s <_30Umries-
nu'trient o SSO?E tst(ljlgtﬁhty and mineral content of surz:ghaglglfi‘lgﬁt’uthin e eore
;nlneral nutrients. Food stuffs are1dr Zf}l?se;ifno:i e s o 311.:0 Tﬁ?ﬁqs. i
sl sins. Food . o s, st N eir contents of
to miferal defh tlg:r;:;l;sa;n aﬁl(mals and humans. On the g;l%elro}\::i:crln o T}Utriems’ i
P obleme s, like the Mad Cow Disease (BSE), are b;ssg:g'serfousl o ey
There were rare occasions in th i | ——
sCianea/olont maei e Reglgr} when scientists worki i isci
e would clg,?\r:;n:‘i?? dnutrltlo.n, veterinary/ani?r:{a(llnzgltftrrligzr jous disciplines ke o1
o & Tt Tioney 8 l.ou é/ the inter-related problems and co::, ey et
Su;rie.mts imbalance and de%}::ieizie;oisutlk? 4 lihose e e e b ;gl?;b?: t:eSEdldomain&
eficiencies in plan i © human diet, tha raing s
be. more effecgve tsa sgdfzzlsrirgls. To deal with the potentizlcgﬁogferieztt (t)}ffset ‘_3)’ e oo
ritimrion sravanmes Tah el than addressing the risk later thr he B s o
oveting e production. . mOl'l d be noted that some studies related tooug o e
nutritionally enhanced macronu?(')r crop plants for both human and agfmenc rsampion i
el o0 Toproved aiomamt rients, improved fatty acid and essenti. lmm'al COI}SUYnPﬁOH e
rients such as vitamins and minerals to ad?tlrzls?g&a'md ‘;O?pos.ltion;
rient deficiencies.

3.2 Fertilization and Product Quality

The crucial proble i .
fertilization (grgani:ba‘:;gh f:lc‘)t(l)ld qual.lty is whether the food produced wi
commercial quality). Since th izers) is always higher in quality (bothce' with conventional
production; the challenge beco e use of fertilizers becomes a reali in nutritive value and
of quality. This concept also Stmes then to prove that the increased ,03 a"fj necessity in crop
what is un-natural and artifici ?I}S from the “Value of Nal‘uralism'p wh o not on the expense
of synthetic chemical fertiliz ial is not good”. This argument was behi aé Is natural is good; and
(pesticides which are basic:{f’ and even to group fertilizers with Oltﬁ the ?1as against the use
co.nfusion and even certain go y poisons to animals and humans) T;li agricultural chemicals
mineral fertilizers. This ar lgm:/emmental legislation to discourage Or.li .;S led to some public
fertilizers come from ”"affralijm cogld” be faced with the fact that bmr;: it the use of commercial
more available chemical form t e‘gosn‘s , which are only slightly proces sgosphate and potassic
lgfl:ferftheir nutrient, say nitrate0 toe ::;f:‘?ed by plants. It should be notsed ;:rsr&dﬁci them in a
er form: - ’ Tom a H at plants don’
The new trsegg I:fi:reo:::f ertefi to NO; when absOI:b(;:igs;l;ligrsme rather than a Cheml?cal onec,mast
anq recognition, and FAcl)ni Qrgamc Agriculture” is claiming-a consid,

action) with an Inter-DepartrenSlgnated tbat as on of its PAIA’s (priori siderable de.al of acceptance
products are marketed easil ent Working Group in Rome and a web‘;}_'tareas for interdisciplinary
developing plans for ex and)'/ and .at higher prices and many Coum[ _e' QfCOurse, organic food
and expectations. No dogbt tki“g this approach, with real big and somne? in the Region started
growers; yet this mode of aat Qrgamc Products attract customers anc;3 t}:“.les exaggefated hopes
gricultural production can’t possibly be aﬁ:g beneficial return to

orner-stone for crop
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production. Because it hardly represent 2% out of the overall production in American agriculture;
then it can’t be a strategy for agriculture production, in the general sense. Its great potential can
be attached to some selected high-vale cash fruits and vegetables and perhaps medicinal plant
products. The Arab Organization for Agric. Development and FAO are sponsoring a Conference
in Sept 2003 in Tunisia to review the progress in the Region countries of the move towards

Organic Farming, and to discuss the required accreditation, regulations and standards that
regulate this type of farming practices.

4. PLANT, ANIMAL AND HUMAN NUTRITION: AN INTRICATE
RELATIONSHIP

4.1 Background
Full-value food is an essential precondition for health of humans and animals. Links between

plant nutrition and the quality of vegetal foodstuffs is well established. Almost one half of all
human diseases are caused directly or indirectly by in correct or in adequate nutrition (Finck,
1982). Both in regions of short food supply and abundant food production; producing foodstuffs
of desirable quality is required to ensure healthy food for consumers and good return for
producers. Sufficient supply of N and P is essential for protein synthesis in plants. Potassium is
needed for carbohydrate formation, and other minor elements, such as Fe, Mn, Cu and Zn, play
key role in all biological processes of organisms.

Almost in all Near East countries, soils are generally characterized by their calcareous nature,
alkaline pH, low organic matter, and inherent low levels of N and P as well as the minor elements
(Fe, Mn, Cu, and Zn). Lime-induced chlorosis, mainly due Fe and Zn deficiency are common and
can be easily observed in fruit tree-orchards in the Region (El-Fouly; 1997). Therefore, the
supplementation of such soils with the deficient elements is a necessity to grow healthy plants. In
animals, Mn and Cu deficiency symptoms can also be observed. It became a practice in Europe to
spray Selenium compounds on range land for the benefit of grazing animals. Bashour ( 2001)
conducted some pioneering studies in the Region by assessing the Se level in soil samples
collected from various countries in the Near East, and found those levels are marginal. Luckily,
soils of the Region are inherently tow in phosphorus (P) which would obligate farmers to add P
fertilizers that contain some impurities of Se and thus compensate for the soil Se deficiency.
Other studies pointed out that 7n deficiency could have its serious negative impact on the human
body (Malakouti, ----==- )

A good example of this category is Selenium (Se), and due to its important role, below is 2 brief
discussion on this vital nutrient.

4.2 Critical Role of Selenium J

Selenium (Se) is both toxic and beneficial to plants, animals and humans. Although it is not an
essential plant nutrient; it is so for animal nutrition. Selenium then is becoming an important
clement to reckon with in plant nutrition (for the animal benefits).The relatively high
concentration of Selenium in some phosphate rocks is significant for agriculture because of the

wide use of phosphate fertilizers manufactured from these deposits. It has been suggested that

normal super-phosphate can be expected to contain about 60 % as much Selenium in the original
rock. However, Se could be toxic at conceriration that exceeds 10 parts per million (ppm). Since
the 1950s, a large research effort was spent on Se in Europe, U.S. and other countries, but very
minimal work has been done in this Region, and the essentiality of Selenium for animals was
discovered in 1957. The biochemical functions of Selenium that are currently recognized include
its role as a component of glutathione peroxidase in amimals. This enzyme appears to protect
tissues against peroxidation. The metabolic interrelationship of this enzyme with vitamin E is
particularly evident in deficiency-related diseases that can be prevented either by vitamin E or

Land Degradation, Plant, Animal and Human Nutrition:
Inter-relation and Impact . :

Selenium. Si i i
e, Sgger;se gg iieleglun:hdeﬁmen.cy are frequently indistinguishable from those of vitamin E
e e gel n . de species, the?se symptoms include: liver damage, pancreatic
enlargem m;y naer be’s eval \?Vh serum bilirubin levels, dermatitis, hair loss, and abnormal hooves
ke of s et fee::rtlﬁe 11§ the normal range of Se consumption can range from 0.03-0.5
e, an omald be m;(i ‘fr]nammum tolerable dietary concentrations proposed for animals are
2 megfke, and could be & fc i 'evel§ reach 5-15 mg Se/Kg (American National Academy 1983)
Bolt coss | (glutathi(; e unctl.czins in humarlx body as an anti-oxidant and a component of anotk;er
A itne 1?‘?0)“ ase). ]?eﬁm_ency of either substance impairs the human body’s
T e Shi nll igl{;)_glgdt:ltcgge;nons. §elen.iur§1 was al§o reported to have a protective
Ipilroblerns and prostate cancer in humans (Clielzl’::rf i 1“95151; fis defiiency could cause some cardize
owev ial a :
determier:é ttl;lzsréa;?tvivc ;arllge ?et.ween ben;ﬁclal and harmful levels of Se makes it necessary to
getermine the N evels in the environment, including plant and soil. It is recommended
search programmes should be conducted in the Region to know how to manage this

element in deficient areas and to contro s effect when exist g at toxic levels to animals or
1 it
plants (BaSllOUI, 2003)

§.3kM1c21;)(1()nutrients in Human Food and in Animal Feeds
ukan ¢ ilabili
T cer£a1 ;3501—:?(1:}? from a study on ‘Avgﬂabxhty of Micronutrients in Jordanian Diet” that
the cereal & thepRe s eCmost important portion in the Jordanian diet, as well as in most other
countries of the ilon. ereals proylde about half of the energy, protein, B1, P, Mg, Zn, and C
that are nee iOt:dr f urtr;\e.m body; while vegetables provided more than half of {/it’amin’ A a,nd C ‘
It should be noted in llS rega.rd that some of the micro-nutrients are not essential to plants, .but
e ot nz;na s. Animal-source food supplies are, not only high-quality and reédil
digested protein ;n.t energy, but alsp a compact and. efficient source of readily availabli
micronutrients an t‘;x aortnhl:rs. Tf;().se derweg from animal products include: iron, zinc, and vitamin
312; in nutrients such as thiamin, calcium, vitami | Vitami
. ) s N in B
rFﬂ;;)f};lil:n that are avallable. from certain types of meat and/or dairy products 6 vitamin A, end
ko Ch“drir:l r::‘tarl.non, icei‘mlcrqnutnent§ of major concern for growth and development and health
of children are iron, iodine, zinc, calcium, and vitamins A and B12 and of late, Selenium. Th
fain micronu ;;eirlllis ofgzr‘ed in gbundant 'fmd bio-available form by animal prOd;lCtS are caiciurg
hact. Tor vl ,izsmm cl)rron;hzmc;;.nd vitamin A from meat. The zinc content of 100 grams of
X ) e than twice that of maize and b it i i
bect, Tor oxam L t nd beans, and it is up to 10 ti
2bsorba a;pi::;l}l‘aﬁl}; ;lil:ap;odlllct.s are an important source of calcium; it is dii'ﬁcult forr:ecshi?s
ca . .
i g cium requirements (estimated at 345 mg/d) on a cereal-based

The beneficial effects of adequat i i
e el quate supply of micro-nutrients on quality of plant products are

Fe in green leaves is an important source of Fe-supply to humans;

Mn contents if food and fi i
! odder are important quali iteri i
raises the contents of carotene and Vitampi)n C; qualty eriteria, @ optimal fevel of Mn

1 fertilization increases the Cu-content e
: n plants and makes a better- quahty foddex,

Zn fertilization would increase its level i
l Wi ! ! n plants and could reach some toxicity lllllltS,

1‘5 llIlpOlta!lt to keep at sufficient level beca is deficient. Ul 0
cause if it is ficien , 1t ill pl‘OdllCB inferior

Mo is criti i i
incr; Sc;txl\c/?l to keip at sufﬁclept level due to its role in Nitrate reduction metabolism, so
o-supplies would raise protein content and quality of legumes, for example,:
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- A good example showing the Influence Chain (soil-plant-man) came from New Zealand;
when certain soils were poor in available Mo(molybdenum), so naturally the vegetables
grown on those soils contained too little Mo. Persons mainly subsisting on such
Vegetables had an inadequate Mo intake. As this micro-element (in addition to Fluorine)
is essential for strong teeth; the some tested school children teeth were less healthy and
more susceptible to the incidence of caries (quoted by Finck, 1982).

5. CONCLUDING REMARKS

Below are some concluding remarks on the above subject:

- Call upon Member Countries of the Region to give due attention for conducting more
research on role of micro-nutrients in plant, animal and human nutrition, especially
elements such as Se that has not been studied yet.

- For FAO to assist Member Countries in establishing a Regional Network for Information
on micronutrients in the Near Eastern countries for exchange of knowledge and
experiences.

- Call upon private sector in the Region (mainly food and fertilizer industries) to allocare
adequate funds for studying micro-nutrient health or directly conduct such research
through their Research and Development Departments. Such findings should be shared
through the Regional Network, with technical assistance from FAO.

- Call upon Member Countries to consider adopting Balanced Fertilization Programmes in
drafting the nutrients recommendations to include both plants and animals, as a means for
producing balanced healthy plant and animal food items.

- Encourage dialogue and joint research programmes among scientists and researchers in
plant, animal and human nutrition for identifying those intricate relationships that would
lead to having a safe human food chain.

- Call upon FAO to provide technical assistance to Member Countries to initiate studies
and research programmes for the adoption of an Integrated Plant Nutrition System
approach to reach sustainable and environmental-friendly plant nutrition programme.
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SELENIUM IN SOILS AND PLANTS: THE EFFECT ON ANIMAL AND HUMAN
NUTRITION

ABSTRACT

ierlc)e‘zlxir: ES;) is bqth toxic and bel}eﬁcial to plants, animals and humans. It is widely distributed
o g}) x; o e elnv1rtonm§nt. Eelenxum mal'y e)-dst as selenide (Sez‘), elemental Se (Seu), selenite
& 3f ! .se' enate .( e0,%), eagh oxidation state exhibits different chemical behaviour.
erefore, it is imperative to know its concentration in the environment and to understand th
gfocesses controlling its d.istribution and availability. Animals require 0.05-0.1 mg Se/Kg in theii
e)l(ets :(io gr?\slent Se deficiency, but .suffer from Se toxicity when Se concentration in the diet
ceeds 5>-15 mg Se/Kg. Although its essentiality not proven for plants yet, however it is well

1. INTRODUCTION

gil’sl(e;ol\l/petf;(i f(_)g es:e(liem'lum t(Se) l;y plants from soils has been studied by many researchers since the
C ual nature that could be beneficial or toxic to plants, animals and h

! 4 _ uld be t f s umans. Se

Lc;i;clxlt;/ g)t:ll(::;si ;n regions whhere ie is high in soils and subsequently in plants and Se deficiency is
/ regtons where the soil is low in Se. Therefore, the amount of Se in h i
gn;i afnma.l féed is largely determined by the amounts of available Se in the soil. r fman die
inieirrlrlltelgr: ;;[S xg\termedlate between sulphur .(S) and tellurium (Te) and its chemical properties are
nyerme meetalztvzzznt;l'}ose. of S and Te. It is a metalloid, shares the characteristics of both metals
) : ; S ; Pt .
2 1595, § glves it special importance in health, nutrition and industry (Duckart et
ites meilcectgcal conc‘iuctivity is lo‘w in the dark and increases several hundred folds in light. It is a
o g:si‘i[;t?; :r/llethd‘asyrtr‘lmetlr;calhconductivity which allows it to conduct an electrical current
vy irection than in the other. These properties make it of exceptional value for
E . s .
mls:esr;tlz:lb?:lsonl:;m (S;") is I;lg{lly(xnsolllzble and under oxidizing conditions it is converted to
S Such as selenite (SeO;™) and selenate (SeO ?). The i
are of considerable int i ant ool biocbomia nSe
e e interest and several of them play important roles in cell biochemistry and
Se has 6 naturally occurrin i
) g stable isotopes Se 74, 77, 78, 80 i i i

weight of 78.96 (McNeal and Balistrieri, 1989), T o1 B2 with composite atomic

Studi e GO
ies showed that the availability of Se in soils is governed by parent material, environmental
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2. SELENIUM TOXICITY

Marco Polo in 1295 mentioned that hooves of his livestock became swollen and dropped off
when the horses grazed on plants growing in certain areas of Western China. Father Pedro Simon
in 1560 in Columbia described the loss of hair and nails in humans presumably suffering from
chronic Se ingestion. Dr. Madison in 1857 in the U.S. reported that hair, mane, tail hair loss and
sloughing of hooves oceurred in horses grazing in certain areas that later shown to be high in Se.
In addition to other similar reports of intoxications by Nebraska Research station and the Farmers

of Wyoming who demonstrated that these abnormality syndromes Were due to livestock

consumption of Se-containing forages.
Attention was refocused on Se in the environment in the early 1980s, when subsurface

agricultural drainage water was used for the creation and management of wet lands in Kesterson
Reservoir at the Kesterson National Wildlife Refuge in California. Water in the reservoir is not
used for domestic purposes of for irrigation but it is allowed to evaporate. Siudies showed a
bicaccurulation of Se i plants and animals at the reservoirs at levels that could adversely affect
wildlife, cause mortality and impaired reproduction of aquatic birds.

Selenium toxicity in animals including livestock, poultry and swine occurs when they are fed on
seleniferous forage or grains. Symptoms could be characterized by abnormal posture and
movement, watering diarrhoea, laboured respiration, abnormal pain, prostration and death.

Consumption of moderately seleniferous grains and forages for several weeks causes atkali
disease syndrome that is characterized by hair loss,

deformation and sloughing of the hooves.
Blind staggers another disease that was described in sheep poisoning making the animal
wandering in circles coupled with legs weakening, swallowing inability, blindness, abdominal
pain, salivation, emaciation and death.

Rosenfeld and Beath (1964) described chronic Se poisoning of people living in the state of South
Dakota in USA and Columbia in South America who consumed home-produced vegetables and
other food. They reported loss of hair by man or animal birth of monstrous-looking babies,
sterility of small animals and horses suffering from hoof damage.

3. SELENIUM DEFICIENCY

Keshan-Beck disease (enlarged joints) attacking children and teenagers which occurs in the
mountains and hills of central China, was recognized to be associated with Se deficiency in 1849
(Levander, 1997). Symptoms of cardiac insufficiency with shortness of breath and chest
tightness were then related o Keshan disease. Table 1 lists some of the conditions which have
been recognized as being related to Se deficiency. For many years, several of these symptoms
responded also to vitamin E treatment, but not as effectively as to selenium. Although Se
deficiency is a major factor in all of them, it is often not the only cause.

. . e . B
Table 1. Selenium-responsive conditions in farm animals

Species Tissue affected

Condition

White muscle disease Cattle, sheep, poultry, pig, etc. Skeletal and heart muscle
Exudative diathesis Poultry Capillary walls ¥
Panceatic degeneration Poultry Pancreas

Liver necrosis Pig Liver

Ili-thrift Cattle, poultry, Muscle mass

After Oldfied, J.E. (1990) Selenium: Tts Uses in Agriculture, Nuirition and Health and the
Environment, Selenium-Tellurium Development Association, Grimbergen.
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Although selenium i
n the past was officially 1i
Although selentum . icially listed as a carcinogen, its i i i
iy pmfeyc a piggzl;tiiiredfabout 8_0 years ago. Much research haspgseselrt: liOEfgeCtWeneSS o
ot 8 Sieniioant reletiom exisstsob Ste against several types of cancer. Many of the ztulg’:ted }clm e
: etween Se levels | er inci e
case of leukaemia. Other res o .
. . ot bet ] ¢ incidence, especially i
CT;ncer i B (el C1556) s reported negative correlations between Se & spome fc}),r:st};ef
e role of Se in the im -
defcioncy mopet mune systems of animals has become in i
def diffe,enfzn imalc; asf;t;:it both hormqnal and cellular immune responzrezas'lf‘;ib; ?Parent' -
Hefioioncy and excess, TheanSheep, mice, and humans do not all respond .in the e e
oo ot afer caremil ) kxje ore, treatr‘nent with high-dose selenium suppl ation sha b
y taking the possible consequences into consideragg mentation should be
.

4. SELENIUM IN SOILS

Selenium occurs in all soi i
Table 2. soils, with concentrations ranging from <0.1-1000 ug/g, as reported i
, ported in

T . L
able 2. Selenium levels in soils from different countries

Country
o ig \{aiu:s (ug/g) Identification
1_8,0 . Normal values
P o P 5 In seleniferous soils
0305 loy
0.5-0.9
0.9-1.5 S;,gekiage
Chi 55 :
ina 0.37-0.48 Zery hiEn
0.73-5.66 I\/;Je‘Zium
7.04-12.08 i
Ireland s
34-2 7
20 Seleniferous soils

Ref. Selenium i
elenium in Food and health by C. Reilly, 1996 Chapman and Hall

The level of Se in a soil i
soil is determined mai
parent rock. Whereas hi i mainly by geochemical factors i
of Se. Volcanic acfii/sit};']gchc}{nzmi'eous f{OCkS, such as granite, and Sk;;:pf;calyali}i;;?; naﬁ}lrg {)fthe
groundwater transport ’ ustion of fossil fuels, weathering of rock ntain high levels
: . plant and animal g of rocks and soils, soil leachi
and biologi N al uptake and release, ad ; . Ing,
gical redox reactions and mineral formation are S;;;P“r‘r)lra’jz:dp‘:zsol‘ptlong C}? emical
cesses behind Se

distribution throughout the environmen
| t i istri able shows the
ot : .h h i elt (McNeal and Balistrieri, 1989). Table 3, shows th

3. Seleve
. (24
Table € S Rocks and Minerals

s}.lales Se level (ug/g)
Limestones/sandstones e
zgizizic Rocks ?n Califomia o

¢ Rocks in Hawaii P
Magmatic Rocks by
Phosphate Rocks, California Tolgg

Ref. S jum in alt] ( {
. elenium i ;;'.\)/Cl)d and Health by - Rxely 1996 hapman Hall
It was repor ted b oxon and Olson in 1950 that soils which are derived from sedimentar y rocks
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in arid and semi arid regions have generally high Se content. However, the results of more recent
studies on arid soils derived from sandstone in Saudi Arabia (Al-Saleh et al., 1999) and semi arid
soils derived from chalk in Lebanon (Lteif A, 2001) indicate that Se levels were low in both
locations. Lteif (2001) also found that topsoils (depth = 0-15 cm) of Lebanese calcareous clay
soils have higher Se content than subsoils (depth = 15-30 cm) and that Se content decreases with
depth. This fact could be explained by the chemical precipitation and micronutrient recycling in

soils. Havline et al. (2000) outlined forms of soil Se as follows:

Selenides (Se?) are largely insoluble and contribute little to Se uptake, elemental (Se”) present in

limited amounts in some soils may be oxidized, mostly to selenates (Se0,) in neutral and basic
soils and to selenites (Se0s) in acidic soils. Plants absorb selenites, but to a lesser extent than
selenate; selenates (Se042’) frequently associated with sulfate (Se0,) in arid regions. Selenates
are highly soluble and readily available to plants, thus largely responsible for toxic accumulations
in plants grown in high-pH soils; and organic- Se (Se-complex) can be an important fraction of Se

in organic soils and often present in humus.

5. SELENIUM IN WATER

Selenium concenirations in water is usually very low, a few micrograms per liter. The World
Health Organization (WHO) sets a maximum standard of 0.01 pg/L for Se in drinking water.
However, most of the times the concentrations of Se in water flowing in seleniferous regions is

higher than the WHO standard.

6. SELENIUM IN PLANTS

Although Se in plants has been investigated in many studies, its physiological role is not fully
known and it is still considered as an unessential element for plant growth. The Se-accumulator
plants synthesize Se-methyl-cysteine, whereas no accumulator species produce Se-methyl-
methionine. However, the physiological significance of this difference is not yet understood

(Kabata-Pendias 2000).

The availability of soil Se is also controlled by several soil factors, among which pH is believed
to be the most pronounced (Fig. 1). Se is readily absorbed by plants when present in soil in
soluble form (Fig. 2). The volatilization rate of Se by plants differs for species within the highest
in the gummy exudates of Astralagus gummifer of Tragacanth (70 ug Se per m® leaf area per
day) and the lowest for fescue, the cold, wet season forage grass (3 ng Se per m’ leaf area per

day) (Duckart, E.C. etal,, 1992).

Land Degradation, Plant, Animal and Human Nutrition:
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Fig. 1. Se content of ryegrass as a function of the soil pH.

30

§ 0
"

8 =g
&
E
L]
v

30

o 55 &0 65

pH

Ref. Moré, E. and Coppnet, M. Teneurs e i
- More, , M. n selenium des plantes fourragéres infl
fertilisation et des apports de sélénite, Ann. Agron.31,297.1980. In Kabata—PgeilrgisastOl(l)%nce do la

Fig. 2. Influence of Se added as Na,SeO; into the soil on Se content of plants sorghum.
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Se seems to be easily ab i

y absorbed from the atmosph i i i

§900 ks i e aosorbed fiom | sphere since its content in mosses varies from 500-

ine Ezg::gt}ratic;n.sfr?ged from 782 to 2721 pgfkg in alfalfa and 530 to 1954 pg/kg in comn plants
(Lteif, A. 2001). Tables 4 and 5 show the Se contents in forage plants and cereal

grains in different countries and Table 6 sh i i i
Countics (F g, g s 465, 1992 shows Se levels in soils and plants in Near Eastern
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Table 4. Selenium levels in forage plants from different countries.
l Grasses Clover or Alfalfa

Hay or fodders
Country

ountries in ug’kg.

Table 5. Selenjum levels in various plant tissues in different c e
Plant Count Range
23
21

Wheat grain Australia 1-117 )
Denmark 4-87
Egypt 140-430 340
Finland 100-170 - ]
France 30-53 3
Germany 190-200 200
Norway 1-169 33
U.S.A. 280-690 490

Yugoslavia
Barley grains Canada
Denmark
Finland
France
U.S.A.

i 4.43
Qats grains Canada
¢ Denmark 3-54 16
France 20-44 35
Germany 70-140 110
Japan 8-17 -
U.pS.A. 150-1000 480

Corn seeds U.S.A. 10-2030 87
Cabbage leaves U.S.A. - =
Lettuce leaves U.S.A. . 1
Carrots roots U.S.A. : :
A :

6

Onion bulbs U.S.A 4;,
Potato tubes U.S.A. - L
rTomato fruits U.S.A. - i

Apple fruits U.S.A. - 7‘7
Orange fruits US.A. . - 83
Potato tube Czech Republic 4 - s
Apple fruits Czech Republic -

The data in Table 5 taken from Kabata-Pendias, 2001.
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Table 6. Selenium levels in soils and plants in Near Eastern countries in pg/kg.

Description Country Range
Soil Egypt 32-580
Iraq 22-3700
Lebanon 22-280
7-1628
Syria 20-900
Turkey 25-300
Maize Egypt 4-350
Iraq 20-1000
Lebanon 15-70
Lebanon (mature 3™ & 4% leaves) 530-15801
Lebanon (mature whole plant) 621-19540
Syria 6-300
Turkey 3-120
Wheat Egypt 5-180
Iraq 20-1800
Syria 14-500
Turkey 5-500
Alfalfa Lebanon 782-2721V

The data in Table 6 is taken from FAO Soils Bulletin #65 (Note that Maize sampling at 5-6 leaf
stage & Wheat sampling at Mid-tillering stage) & (1) from Lteif A., 2001.

It is clear that the mean Se content of food plants rarely exceeds 100 pg/kg (ppb). The safe level
of Se varies widely with the source, and disorders in livestock may be expected when Se
concentrations in forage plants are about or below 20 pg/kg (Dry Weight). Other values, such as
lower toxic level of 3000 pug Se/kg and minimum requirement of 100 pg Se/kg are also proposed
for grass land.

In general, the trend in variation of Se concentration in plants indicated higher Se levels in plants
from arid zones than those from humic regions.

Some plants such as Brassica which have the ability to absorb accumulate and volatilize Se, have
been studied as a remedy for removal of Se from contaminated sites. In areas of low Se,
applications of sodium selenite to the soil or as a foliar fertilizer are proposed for the correction of
Se deficiencies. This practice should be carefully controlled and applied when needed only.

7. SELENIUM AS A FERTILIZER

The development of a safe and effective Se fertilizer must consider the chemical form, its
solubility, soil pH, redox potential and the rate, amount and method of application of Se. The
application of fertilizers containing phosphate, sulfate or nitrogen can affect Se levels in the plant
(Milchunas et al., 1983). These materials may contain small amounts of Se or they may stimulate
root growth and subsequent uptake of soil Se. Fertilizers made from rock phosphates may contain
as much as 200 mg Se/kg (Senest et al., 1979).

Foliar application of selenite to plants is an effective method to increase Se in forage plants.
Gissel-Nielsen in 1981 sprayed 3-5 g Se/ha as selenite on barley plants during tillering stage
(Feekes growth stage 4-6) and demonstrated that this was enough to get Se into the grain. Se
applied as Na,SeOs to alfalfa or ryegrass seed at a rate of 50 g Se/ha maintained plant tissue-Se
level at >0.1 mg/kg for 3 cuttings (Gupta et al., 1984).

Application of 10 g Se/ha as selenite to pastures or applying Se with a carrier fertilizer have been
suggested as efficient methods for raising Se levels in plant tissue and seeds. Fertilization with
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selenites is preferred because they are slower acting and thus less likely to produce excessive
levels of Se in plants than the rapidly available selenates, which are effective if rapid Se uptake is
desired. In New Zealand, a country which suffers from low level of Se in grass land, 1% Se
granulate is mixed with bulk blended fertilizers, whereas in Finland a 1% Se solution is sprayed
into the granulation drum of compound fertilizers at an equivalent rate of 6-16 g Se/ha. It should
be mentioned that a special attention be given to Qe fertilization in order not to raise Se
concentration in plant tissue to toxic levels for animal nutrition. Therefore, top dressing to herbal
growing plants must be avoided.
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A REVIEW OF ANIMAL FEEDING ISSUES
IN RELATION TO THE PROVISION
OF ANIMAL SOURCE FOODS FOR HUMANS

SUMMARY

The paper discusses first, the central role of animal production in the food chain and the intimate
relatlfmshlps between sc?ils, crops, livestock nutrition and human nutrition and health. The value
of ar_nmal.sourf:e foods in the human diet is highlighted. Animal products being the b.est sources
of hlgh pxologwal V.alue proteins, essential micronutrients such as trace elements and vitamins
%mpllcatxons of low mtal‘<es of animal sources foods on human health and well being, particularl :
in vt_xlneltable groups, children and women, are presented with examples taken from (;bservationei,l
studies in various geographical zones. Options for increasing the availability for human
consumptlon of meat and .other animal products are also suggested in the paper. Trends in global
g;cga tl::st;or"lr sgd consumption of anima}l source foods are described, based on FAO’s statistical
dat e. paper aFtempts to ex;?laln the reasons for differences between groups of countries
nd regions, with pa.rtllcular emphasis on Africa and the Near East. Examples of animal nutrition
effects on the provision of animal source foods for humans are also presented, ranging from
general .eAffects on quantity to specific effects of the animal’s diet and feeding’regirie gon the
com.posmon of animal proqllcfs. Fat, cholesterol and micronutrient levels in animal source foods.
g?rrtrll;ia.rly mza;, can l_)e sngmﬁf:antly affected by the feeding system of animals at a given stagé
of man, rr](% arneat o; ;gwen specie and breed type. The safety on animal source foods has become
ae X BgSE public concern in recent years; the paper describes briefly the issue in relation to
recen crisis and other feed-born problems. FAO’s role and activities in the area of feed
and food safety assurance are also highlighted. e

1. INTRODUCTION

xl:l/[griculture, Aﬁmal Production, Human Nutrition and Health relationships
he(;?tthlzle;nazx(t)nalfOrgamzatlons s_uch as WHO and FAO adopt a broad view of defining human
el = osr aixnefo .ctomgletc ph}fsmal, rr'le.ntal.and social well-being, and not merely the absence
ossibly withe 1trmld y. From this deﬁn.ltlon, 1t‘c.an be easily established that good health is not
P e il fu da equate food. While traditionally assigned the role of production and
putribut ;)tr;igono;) (,jtttlxe ultlmhate overall goal of agriculture is in fact the maintenance of adequate
puman I human uman 1ealth and well-being. .By providing the essential proteins and other
Chapnts for hur inr;is , atmmzli produ_cts and thus, arpmal production plays a central role in the food
b, ane n the | rtni'e re a‘gonshlp between agriculture in general, and crop production on one
nar S, ¢ nutrition an bealth. Qn the other hand, soils are the natural base for cultivated
ps and spontaneous vegetation and livestock and poultry are essentially herbivores. Animal

aising is therefore merely a pro i i i

I CESS O g i i

. y ap conversion of soil nutrients into animal source foods for
I3

N..Rihani: Animal Niitrition Specialist, FAQ Consultant, Rome, Italy’
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2. THE VALUE OF ANIMAL SOURCE FOODS FOR HUMANS: NUTRITIONAL
AND HEALTH CONSIDERATIONS

Animal source foods are primarily known to be the best sources of protein for humans. Animal
protein is highly digestible (90 to 100%), while digestibility of plant protein is much lower and
more variable (50 to 70%). Animal proteins have also a much higher biological value, with
consistently elevated amounts of essential amino acids (Lysine, Methionine, Threonine...).
Animal source foods both meat, milk and eggs are also compact and efficient sources of essential
micronutrients with high bioavailability in the human body. Calcium, Iron, Zinc and Vitamins A
and By, are the most abundant micronutrients in these animal products. Of special importance,
Vitamin By, for which animal products are almost the exclusive sources. Fish are also equally
good sources of protein, lodine and Vitamins, including Vitamins A and D in fatty fish. Milk is
widely known to be the most complete of all foods, containing almost all the nutritionally
important constituents, it is obviously the bést source of nutrients for growth and for acquiring
and maintaining the efficiency of the immune system. Reports linking the consumption of animal
products and animal health and well-being are widely available in the literature. In recent years,
there has been an increasing awareness of ‘hidden’ malnutrition or multiple micronutrient
deficiencies due to inadequate intake of animal source foods. Adverse effects on growth and
cognitive development of young children and women of reproductive age has been recognized
and they are receiving an increasing attention in the human nutrition community (Scrimshaw,
1994; Neumann, 2000).
Effects range from stunting due to inadequate energy intake and deficiencies of Zine, Calcium,
and [odine, low birth weight associated with deficient maternal intakes of Iron, Zinc, lodine and
Vitamin By,, impaired cognitive function and learning ability which can be caused by a
micronutrients deficiencies involving Iron, lodine, Zinc and By». In addition to the well known
nutritional anaemia’s caused notably by lack of Iron, By, folate, Vitamin A or Pyridoxine,
impaired resistance to infection through impairment of the cell mediated immune system can also
be caused by deficiencies of several micronutrients such as Zing, Iron and Vitamin A, which are
normally present at high concentrations in animal source foods.
These micronutrients deficiencies are widespread, affecting large numbers of the population
globally, particularly in many developing countries. For example, estimates of up to
40 % of women and 70% of infants suffer from Iron deficiency, mainly in Africa and Asia
(Neumann, 2000). For these reasons, livestock products are recognized to have a central role in
the improvement of human health through alleviation of these nutrient deficiencies. Many
integrated research/development studies have aimed to establish and show the link between
livestotk development and human nutrition. Observational studies conducted in rural areas of
Kenya, Mexico and Egypt under the USAID funded Collaborative Research Support Program
(CRSP) were summarized by Calloway et al. (1992). They have documented that animal source
foods, even in modest amounts, with their high energy density and content of micronutrients,
particularly of heme Iron, Zinc, Vitamin B, and good quality proteins have contributed positively
to normal growth, physical activity and cognitive function of children. The predominance of
. maize and beans (60-70% of total energy intake) in the typical Mexican and Kenyan diets and the
" very low intakes of milk and meat products have caused serious difficulties in terms of health,
growth and development of infants and children in these areas. A similar situation is observed in
much of Asia, where rice, the staple food, is known to have the lowest average protein content of
all cereal grains. In the prevailing polished form, it is considered the least nutritious of all the
traditional staples.
In other studies conducted in Ethiopia (Haider et al., 2000), the introduction of crossbred cows
with a higher milk production potential in rural communities of Holetta Wareda region, resulted
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in increased food production and income and a
with a subsequent and measurable im
farmers.

From these and other studies, it becomes clear,
small livestock in sustainable and affordable imp
the less developed and poor countries.

In practice, various options exist for increasing the availabili
and other animal products in a given country. They essentia
feed resources, the presence of adequate infrastructure for sl

the Fontrol of endemic Fhseases of livestock, and other climatic and socio-economic factors. The
choice of animal species ( cattle, smal

| ruminants, poultry, rabbits, fish ) and producti
f : nall X : X ion
systems (industrial, backyard, or combinations of the two) also depends on these major I;'actors.

higher consumption of dairy and meat products
provement in the nutrition and health status of the rural

the critical role of animal production, especially
rovement of diet quality and health of families of

ty for human consumption of meat
lly depend upon the availability of
aughter, distribution and marketing,

3. TRENDS IN GLOBAL PRODUCTION AND HUMAN C
(0)
FOODS FROM ANIMAL PRODUCTS NEUMPTION oF

In the last decades, the increasing demand fo
the animal feed sector and related industri
make animal feed. Global estimates of ag
seeds and 30% of small cereal grain are
feeds. Although, the supply of animal sour
global potential demand for animal produ
growth in spendable income will result
protein. The first reaction to a better pur

r animal products resulted in a subsequent growth of
es. Nowadays, a considerable part of crop land goes to
much as 60% of corn, 90% of Soya bean and other oil
used in the feed industry to make compound animal
ce foods has improved in many parts of the world, the
cts is still quite high. It {s an established- fact that any
1;1 2 much higher increase in consumption of animal
| ! ! cnasing power is usually a higher proportion of ani

g:r)rcli;i:ctisfm th? dllet, par‘tlcularly meat. It is therefore predicted that tiere imf’ be a cont?gtjrir;?gl
o ino;aa;glcrtrllfar?rotem foods for human consumption in most developing countries: Asia and
A.cc:ordmg to l?elgado et al,, (1999), global meat production will rise from an estimated 233
million tOn.nes in 2000 to nearly 300 million tonnes in 2020, the corresponding figures for milk
are respectively 568 and 700 million tonnes, over the same period. Egg production will also
;ncrease by about 30%. It is worth n?ting that most of the increase in meat production in the last
ew decades has been met by the wide growth of the intensive poultry production sector. The

production of poultry meat has increased from nearly 9 million tonnes in 1960, to 15 in 1970, 26

in 1980, 41 in 1990 and 68 million tonnes in 2000.

E:;cinfolltzwx{\gtselected ﬁgu.res frqm IT“AO’S data base compiled by Speedy (2002) show trends
¢ 1g e last 4 deca.des in av.aﬂabllhty for human consumption of meat, milk and eggs in

eveloped and developing countries. Significant differences between countries exist however. In
pamcglar,.the s.pectacular growth in meat production that has been taking pl’ace in so.me
countries, including some of the most populous ones such as China and Brazil
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Figure 1. Meat Production
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On the other hand, consumption of these animal products in various countries is presented in
Tablel and shows an extremely uneven pattern. In descending order of meat consumption per
capita per year, the values exceed 120 Kg in Uruguay and USA for example, and can be as low
as 3 to 5 Kg in some countries of Africa and South Asia ( Burundi, Sierra Leone, Sri Lanka,
Bangladesh,..), while the world’s average is estimated at 38 Kg.

Although, the overall global supply of animal products has increased steadily, the benefit to the
majority of the world’s population has been so far very limited. When the size of population in
the various countries is taken into account, the data suggest that approximately one third of the
World’s population consumes less than 10 Kg of meat per capita per year (Speedy, 2002). Meat
consumption has been even falling in the last few years, in many African countries.

As stated above, the main determinant of per capita meat consumption appears to be the wealth or
the individual’s income level. This is shown in the good relationship (Figure 4) between meat
consumption and the Gross Domestic Product (GDP). Except for some countries with particular
eating habits (Latin America) and those being traditionally herding countries (Somalia, Ethiopia),
the poor countries of Africa and Asia have the lowest consumption figures and the rich developed
countries have the highest figures.

This also explains why, except for some Gulf countries (UAE, Kuwait, Saudi Arabia,..), the
consumption of meat, eggs and fish and to some extent, the consumption of milk products in the
Near East region is very modest and falls well below the world’s average. For this region, it
appears that there is a large room for improvement of the nutritional status of the population
through an increased consumption of animal source proteins. In addition to improvement of
livestock productivity which generally leads to lower prices of animal products, a better
exploitation of the available fishery resources seems to be necessary to achieve this goal.

Figure 4. Per capita meat consumption in relation to GDP
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Table 1. Consumption of Meat, Milk, Eggs and Fish by Country (kg/capita/yr)

Country
Uruguay
USA
Cyprus
Spain
Denmark
New Zealand
Australia
Canada
France
Ireland
Argentina
Slovenia
Mongolia
Bahamas
Portugal
Barbados
Italy
Austria
French Polynesia
Netherlands Antilles
Netherlands
Greece
Germany
Bermuda
Hungary
Belgium-Luxembourg
Yugoslavia, Fed Rep of
Antigua and Barbuda
Czech Republic
Malta
China, Taiwan Prov of
Iceland
Slovakia
United Kingdom
Saint Lucia
United Arab Emirates
Saint Kitts and Nevis
Brazil
Sweden
Paraguay
Switzertand
Kuwait
Poland
China, Macao SAR
Israel
Finland

New Caledonia

Meat Milk Eggs Fish Country Meat Milk Eggs Fish
126.5 1316 93 8.6 Belarus 622 1302 132 16
124 1173 145 224 Bulgaria 615 1252 112 44
117.6 1489 112 235 Chile 61 65 46 18
1131 1081 13.9 424 Estonia 576 1377 114 23
1124 371 4.7 27 Norway 55.8 914 102 619
109.9 632 119 247 Brunei Darussalam 55.6 53.7 4.1 219
1089 1036 63 20 Dominica 554 1192 2.7 367
1011 537 108 244 Saint Vincent/Grenadines 547 568 52 194
999 61.1 16 321 Jamaica 543 273 99 178
994 1748 69 172 Malaysia 54 173 13.7 542
97.7 107.5 6 9.9 Panama 534 46.6 45 143
96.2 88.3 104 73 Mexico 529 785 144 118
959 1247 0.1 0.1 Saudi Arabia 52.6 50.1 4.8 8
95.1 42.9 45 218 Romania 523 176.8 9.9 24
92.8 83.7 93 587 Lithuania 522 61.1 98 183
92.7 63 34 41 Suriname 498 303 111 23
913 45.6 129 © 253 Bolivia 494 256 6.9 24
90.9 83.3 13 16.8  China, Mainland 48.1 6.4 156 357
90.6 50.1 65 67.5 Gabon 449 18.9 14 527
87.6 49.5 2.7 23.1  Grenada 438 65.9 7.7 276
859 140 16.1 18.1 Fiji Islands 429 445 42 325
855 671 103 296 Japan 424 435 192 719
85.3 66.2 122 17  Venezuela, Boliv Rep of 424 423 56 221
84.6 25 8.7 457 Korea, Republic of 423 16.8 92 503
843 786 157 6.7 CostaRica 414 1435 54 84
84 55 144 231 Russian Federation 41 1249 123 254
827 1469 6.9 4 Dominican Republic 40 41 51 126
825 1164 2 38.6 Kazakhstan 395 1742 4.7 54
813 42.3 164 129 Kyrgyzstan 384 1739 2.7 0.7
80.4 96.9 169 409 Belize 38 85.7 6.3 85
79.7 311 14.6 43 Ecuador 353 90.8 32 16
793 1206 57 94  Mauritius 34.4 88.8 32 225
78.1 459 132 6.4  Colombia 344 103 7.1 6.4
763 121.1 92 245 Jordan 34 39 75 35
75.6 54.8 32 227 Swaziland 34 62 2.8 0.2
746 1209 9.9 27.1 South Africa 332 43.2 6.3 74
734 714 53 37.6 Trinidad and Tobago 327 455 76 142
73 1187 6.7 8.6 Latvia 327 1274 94 125
724 732 116 30.6 Libyan Arab Jamahiriya 327 529 10 6.1
724 839 78 11.L  Ukraine 324 1504 96 96
723 92.5 105 21.5 Guyana 321 577 8 73
70.3 45.8 11.6 112 Vanuatu 32 174 1.6 248
702 686 105 156 Lebanon 315 318 73 6.9
68.5 272 10 49 Macedonia, The Fmr Yug Rp 312 16 9.9 54
683 592 119 264 Botswana 304 881 1.7 89
673 1313 93 439 Croatia 304 1086 9.8 49
66.5 855 69 252 Albania 293 2422 57 2
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Consumption of Meat, Milk, Eggs and Fish by Country (kg/capita/yr) (continued)
Country Meat  Milk Eggs Fish Country Meat Milk Eggs Fish
Turkmenistan 285 1224 32 3.9 Cambodia 14.4 23 L1125
Cuba A 269 289 59 164 Congo, Republic of 139 93 05 306
Uzbekistan 268 1319 27 0.9 Benin 13.8 5.1 2 12‘9
Seychelles 266 335 58 623 Kenya 137 767 1.3 8.5
Kiribati 263 18.4 14 763 Pakistan 124 872 .2 345
Philippines 25.8 44 76 332 Zimbabwe 12.1 I4:l 12 3‘2
Thailand 24.6 122 9.6 40  Niger 12 102 0.6 1.4
Georgia 245 116.1 6.7 2.3 Burkina Faso 115 18 .1 2:1
Capf: Yerde 24.3 76.9 42 244 Yemen 112 45 2 6.6
Tl‘mlsla 239 732 73 9.2  Zambia 11 5 39 139
Viet Nam 23.8 0.9 2 228 Togo 10.5 32 It 182
Somalia 23.7 1874 0.3 1.7 Ethiopia 105 14.6 11 0.4
Papua I-\lew Guinea 229 37 07 162 Uganda 103 215 0.7 17:2
Armenia . 229 458 33 1.8 Nepal 103 304 l 2
Central African Republic 228 16.5 03 7.1  Haiti 0.2 13 0.4 33
Egypt 226 3.6 2.1 141 Tanzania, United Rep of 9.5 8.2 L5 17:6
Peru o 223 44 48 271 Liberia 9.5 2 1.7 6
Mauntama. 22,1 1214 1.5 161 Indonesia 9.4 32 2 22
Iran, Islamic Rep of 21.6 247 6.5 6.5 Cate d'Ivoire 9.3 10.2 09 108
Sudan 2L 1176 12 3 Ghana 9.2 3.1 0.8 26.2
Turkey 21 ) 93.5 8.6 7.7  Eritrea 92 16.4 0.4 0.3
Guzrtema]a 21 288 9.1 2 Tajikistan 88 464 0:[ 0.1
Syrian Arab Republic 208 59.6 6.8 1.4 Myanmar 8.6 79 1.4 l8v9
Namibia 9.8 403 09 125 Maldives 85 466 l:l 15‘4
Mada.gascar 19.1 331 0.9 9.5  Korea, Dem People's Rep 835 37 4 197
Bosnia and Herzegovina 191 1168 4.6 2.t Comoros 32 83 1 [9.1
Moldova, Republic of 189 116 32 1.2 Solomon Islands 8.1 2.7 0.9 32'2
Afgha.nistan 18.9 61.8 0.7 Sao Tome and Principe 8.1 2 !:9 22:4
Algﬁina 18.7 744 35 3.5 Nigeria 8.1 5.8 35 6.7
Mali 18.6 426 0.7 18  Gambia 6.1 15.8 07 243
Morocco 18.5 10.6 52 73 Iraq 57 10.2 0.4 2.7
Senegal 17.8 132 28 437 SierraLeone 5.4 4.9 1.4 l‘8
Honduras 173 1047 6.8 3.8 Congo, Dem Republic of 52 0.6 041 9.1
Azerbaijan, Republic of 172 1136 42 L9 Mozambique 52 39 0‘7 2.7
El{ASa!veAxdor ¥ 16.4 719 6.9 3.2 SriLanka 4.8 359 2:4 2’2
Djibouti 159 535 0.7 3.5 Rwanda 4.8 3.1 03 0.9
Laos 156 22 14 163 India 46 475 1:5 7.1
Cha_ad 154 257 05 126 Malawi 4.5 37 L7 10.3
Guinea-Bissau 154 148 0.5 3.1 Guinea 42 9:4 0j9 15.2
Cameroon 15.1 142 0.7 105 Burundi 39 45 04 64
Lesotho 4.9 2.8 0.6 0 Bangladesh 32 12.8 L1 175
Aﬁgola ¥, 148 138 03 67
Nicaragua 4.5 29.6 6 1.7 World 37.9 46.4 8 201
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4. ANIMAL NUTRITION EFFECTS ON THE PROVISION OF ANIMAL
SOURCE FOODS FOR HUMANS

Being the major factor in livestock and poultry production, the feeding component, both in
quantitative and qualitative terms, have a great impact on the yield (quantity), composition,
safety, and the overall provision of human foods which are normally derived from animal
products.

4.1 Effects on quantity

Nutrition is most often, the limiting factor of livestock productivity (milk yield, body weight gain,
carcass weight and yield..). Adequate energy and protein intakes, sufficient supplementation with
micro-nutrients (minerals, and vitamins) and adequate drinking water are all necessary for
achieving a balanced animal diet to meet the requirements to the levels set by performance
objectives and by the genetic potential of the breeds.

Breed differences exist in terms of their needs for specific nutrients, and animal production
systems should be designed so that animal genetic resources are adapted to the local environment,
particularly to the level of nutrition that can be supplied by the available feed resources.

Several examples of local development projects can be found in the literature, in which
improvements of livestock nutrition and feeding practices (supplementary feeding, fodder banks,
correction of nutrients deficiencies and upgrading of poor quality feeds) has resulted in
significant increase in productivity and ultimately, a higher consumption of animal sources foods
by the local communities. As an example, reports from Ethiopia by Haider et al. (2000), showed
that considerable increase in food production and income was brought about by the introduction
of crossbred cows and improvement of their nutritional status through forage cultivation, fodder
conservation and other feeding practices. A positive impact on the nutrition and health status was
demonstrated, particularly in the more vulnerable members of society, children and women.
Similar findings were reported in development studies in the mountain areas of the Hindu Kush
Himalaya in India (Tulachan et al., 2000)

4.2 Effects on Composition
Composition of animal source foods can be influenced by the ration fed to animals, the feeding
regime and other dietary manipulations
Except for lactose (a carbohydrate) in milk, other animal source foods (meat, eggs) contain
essentially fat, protein, minerals, vitamins and water in various proportions. While body
composition of livestock and poultry, and therefore the composition of carcass at a given age and
for a given breed remains relatively constant across various feeding regimes, notable
modifications can be brought about by the overall state of nutrition of the animals and by dietary
manipulations:

- In ruminants, the forage/concentrate ratio has an impact on the energy density of the ration
which will affect the rate of fat deposition in the carcass, and fat and cholesterol levels in
meat. Animals fed a high forage diet will have an overall lower carcass weight and leaner
meat for a given state of maturity of the animal (body weight at slaughter/adult body weight)
and for a given breed. Extensive and semi-intensive feeding systems primarily based on
pasture grazing and relatively low intakes of grain and other concentrates, will result in
lighter carcasses, lower dressing percentages, but generally lower fat and cholesterol levels in
the carcass. On the opposite, intensive feeding systems and feedlot-type of finishing diets
with high levels of grain, will result in faster weight gain, heavier carcass, higher yield of
meat, but also higher fat and cholesterol contents. Ideally, feeding systems should be
designed to meet the consumer preferences in terms of meat composition. Human health
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considerations with regard to excessive cholesterol and fat levels should also be taken into
account. However other economic factors, related to the cost of feed per unit of body weight
gain, have in practice, the most critical impact on the choice of feeding system and
consequelntly on the overall meat composition. Due to their unique digestive system, in which
the remain microbes act as a buffer, ruminant animals have a relatively constant composition
of the14r body fat or adipose tissue, Being highly saturated due to intensive hydrogenation by
the microbes, fatty acids composition of milk and meat fats from ruminants is usually
constant un.dfar variable feeding regimes and diet compositions. Differences in fat content and
fat composition between red meat and white meat (from monogastric animals and fish) are
w.ell established and used for making recommendations for healthier diets for humans
Differences in fat and cholesterol composition between meat from cattle and that from sheep'
and goats are also suggested and being argued among animal and human nutrition specialists
Lactose content of milk is also usually constant and is not much affected by the animal diet
as lactose is the first compound to be formed in the mammary gland during milk secretion, i;
is more closely linked to total milk yield . It should be noted however, that generaily
speakl.ng, species differences are quite high, and much more important than differences due to
the animal diet, particularly for milk nutrient composition (fat and protein contents).

The intake of micro-nutrients by livestock and poultry is also reflected to some extent in the
content of these nutrients in animal products. This is usually the case with Calcium
Phosphorus and several trace elements. Thus, adequate levels of these in the animal diet is no;

onlyA necessary for acf}ieving adequate production performances, but also for optimizing the
nutritional vatue of animal source foods for humans.

4.3 Effects on safety

Fef:d ingredients used in the animal feed industry can be of various natures and origins (plant
animal). In addition, several feed additives such as antibiotics, hormones, and growth promoters:
are commonly employed in order to protect livestock and poultry form ciiseases and to enhance
their performance. Contaminations with various substances may also occur at harvest, and during
gir:;essmg, handling and storage of feed ingredients before their final destination ’into animal
Inl recent years and in almost all countries, public concerns about the safety of foods of animal
origin ha§ xr}creased dge to problems that have arisen with bovine spongiform encephalopathy
(BSE), ‘dnoxm contaminations of poultry feeds, outbreaks of food-borne bacterial infections
safety rl_sks due to excessive mycotoxins in feeds as well as growing concerns about veterinar);
drug residues and subsequent implications for microbial resistance to antibiotics.
A?Ao;_t of thesg problems are ir} fact, finimal nutrition related, and they have drawn attention to
eeding practl‘ce.s that are used in the livestock and poultry sectors.
4A0b(;)(;ltn613(s) mnllllléml'(tjonnes of 'animal feed are being produced annually in the feed industry, with
S0 the\;veolf v(x;l e producing over 80% of thfe feefi cons,.umed by livestock and poultry. About
Mesior 8 eeds are produced in 50 c.ountrles including the USA, Canada, China, Brazil.
1co, Japan and most of the EU countries. The annual per capita animal feed use is estimated
to'be 98 Kg per person. )
glglr;c:ri:i:boge VOchilr?e of anirr}al feeds that are peing produced, which is expected to go up due
s betwein efrene;n fx:om the livestock and part‘lcularly, the poultry sectors, and given the direct
feeding pmcﬁcesea esa ety and.the safety of animal source foods, feed production and related
ot P fe now considered as an integral part of the food production chain. With the
cak of the problems mentioned above, several measures have been taken, more in recent

years, to insure that feed production is subj i i
ject, in the same way as food production, t i
control systems based on risk analysis. Y P 10 iy
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The issue has become so important and so meditated that several international organizations and
agencies are actively involved in work related to the safety of animal feedstuffs and implications
for animal and human health. They generate and disseminate information on various aspects of
feed composition and feed use, including potential food safety hazards linked to feeds. The main
goal is to provide technical assistance to countries, aimed at improving feed production, feeding
practices and feed control programs. The Codex Alimentarius Commission {CAC) jointly
established by FAO and WHO has adopted standards, guidelines and recommendations relating
to the quality and safety of animal feeds and human food of animal origin. Codex (2002) can be
consulted for details.

In addition, FAO (Animal Production and Health Division), recognizes that if BSE exists within a
country, it will not be only a problem of animal health but a grave concern due to the potential
transmission of the disease to humans. In addition, severe implications for the meat production
sector can be expected, including serious economic consequences. FAO has for example, issued
a press briefing in January 2001 that urged countries around the world to be concerned about BSE
and its human form. After analysis of the world trade situation, It suggested that all countries that
have imported cattle or blood and bone meal from Western Europe, especially the UK, during and
since the 1980s, can be considered at risk of BSE related diseases. The FAO statement added that
countries at risk should implement effective surveillance for BSE (laboratory testing of samples
from slaughtered cattle, correct disposal of fallen stock, improved processing of slaughter by-
products, HACCP systems through the food chain...). Some other issues include the production
of animal feed, the raw ingredients used, labelling of manufactured feeds, transport systems,
slaughtering methods, disposal of waste materials, legislative aspects (Speedy and Battaglia,
2002). FAO recommends also a precautionary ban on the feeding of any protein sources from
mammalian or avian origin. To achieve this, an effective capacity building and training programs
for operative and government officials is required, and FAO Animal Production and Health
Division is currently putting in place regional and national projects (Eastern Europe, Africa) to
assist with capacity building for surveillance and prevention of BSE and other zoonotic diseases.
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THE ROLE OF ZINC IN PLANT GROWTH AND ENHANCING ANIMAL
AND
HumaN HEALTH

ABSTRACT

Micronutrient deficiencies, including zinc, is widespread in plants, animals, and human in the
Middle East countries due to the soil calcareousness, high pH, low organic matter, coarse texture,
continuous drought, imbalanced application of fertilizers, overuse of P-fertilizers and high
bicarbonates in the irrigation water. The absence of micronutrient fertilizers causes low levels of
absorption of metal elements by crops. It causes substantial yield losses in different crops,
forages, and eventually disturbs animal and human health. Zinc is one of the essential elements
for plants, animals and humans, but it is deficient (less than 1.00 mg/kg DTPA-extractable Zn) in
most calcareous soils and consequently in plant, animal and human diets. Zinc activates more
than 100 enzymes, enhances iron absorption and prevents cholesterol precipitation. It plays an
important role in immune system, as well. Hence, zinc deficiency is common in agricultural
products of Middle East countries, including Iran and Turkey, where bread and rice are the main
staple of the people. Various factors result in low rates of zinc absorption specially due to
antagonistic effects and increased levels of phytic acid in the agricultural products that would lead
to high molar ratios of phytic acid in the agricultural products that would lead to high molar ratios
of phytic acid to zinc (PA/Zn) in wheat grain. Such undesirable practices have led to zinc
deficiency in the plants, domestic animals and human’s food chain in these countries. However,
general awareness hardly exists about this important area of plant-animal-human nutrition.
Application of Zn-fertilizers to soils with zinc deficiency problems has been associated with
improved yield and crop quality for cereals, corn, sorghum, beans, forages and the enhancement
of domestic animals and human health. Fertilizer application significantly improves the
concentration of zinc in cereal grains and reduces PA/Zn molar ratio. Research shows that the
application of zinc improves zinc content of wheat grain (enrichment) and enhances animal and
human health. Recently about 30,000 tons (1% of the country's total fertilizer use) of zinc sulfate
in forms of complete fertilizers, powdered and granulated zinc sulfate have been used in Iran’s
agricultural sector. The main sources of zinc for human being include red meat, eggs, pumpkin,
and squash. People who suffer from zinc deficiency may take 3 zinc sulfate capsules (50 mg Zn)
per week but for people with ulcers or prone to this ailment care should be taken by dissolving a
capsule's powder in one to two liters of water with orange juice or preferably vitamin C, or using
zine citrate or zine gluconate instead of zinc sulfate. Smoking and drinking tea immediately after
taking meals should be avoided because zinc does not get absorbed in digestive system in the
presence of nicotine, theine and phytic acid. Addicts are cautioned against the use of opium as it
is also severely interferes with the absorption of zinc. The author himself has not had a cold or
loss of a single hair during the past 7 years since he began taking 2 capsules of zinc sulfate per
week with meal, even though, he used to have frequent colds, feel tired easily and used to lose
hair before taking zinc supplements. As a result of the author’s persistence in advocating zinc
supplements in Iran, more than 20 million capsules of zinc sulfate are being taken every year as
compared to 2 million capsules before 1997. However, a more logical approach would be to
enrich the crops, forages, and pastures that are produced in calcareous soils with zinc so that
everyone gets the required amount of this essential nutrient in their diets.
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CONCLUSIONS

Soils are dynamic living systems whose physiochemical properties determine the level of
production of food and fiber and the universal ecosystem equilibrium. Soil quality, soil health
and a sustainable agriculture will determine the quality of our environment and consequently, the
health of plant, animal and human. Therefore, soil health will improve with proper management
and practical decisions that encompass various phases of the soil system, but it is bound to
deteriorate when a series of one dimensional management practices such as crop production goals
alone are considered.

Calcareous soils which are dominant in Middle East countries have high pH (7.5-8.1) and low
organic matter contents (less than 1%) and, therefore, the crops would contain lower than average
levels of zinc. Too little rain also adds to zinc deficiency problem in these regions. It has been
reported that 99% of zinc added to soils as fertilizers is combined with soil components,
especially with CaCO;. DTPA extractable zinc in the soils is often less than 1.00 mg/kg whereas
under favorable conditions it should exceed 1.00 mg/kg. The plants that are grown in such soils
suffer from zinc deficiency, which is why the concentrations of micronutrients especially zinc are
below critical level in more than 80% of the crop products grown in the calcareous soils. Most of
the people who consume such crop products suffer from anemia. A balanced application of plant
nutrients, especially zinc sulfate, at rates determined experimentally not only improves the crop
yields but also their quality with respect to the concentration of zinc and other essential
micronutrients. Zine deficiency is a critical nutritional problem for plants, animals and humans in
the calcareous soils. Field, greenhouse and growth chamber experiments were carried out to
study cereal species and within cultivars of wheat. Among the cereals, oat had particularly high
Zn efficiency. High Zn efficiency cultivars were closely associated with enhanced capacity of
some lines to take up Zn from soils, not with increased Zn accumulation per unit dry weight of
shoot or grain. Measurement of Zn-containing superoxide dismutase activity in leaves revealed
that an efficient utilization of Zn at the tissue or cellular level is an additional major factor
involved in Zn efficiency of cereals. Zinc present in grains seems to be not bioavailable.
Phytate: Zn molar ratios in grains, a widely accepted predictor of Zn bioavailability, were high
for crops grown on Zn-deficient soils. In the studies concerning determination of Zn nutritional
status of school children, most children were found to be of shorter stature and had very low
levels of Zn.

Among the micronutrients, zinc deficiency is seen to be most widespread in agricultural products
worldwide, especially in arid and semiarid regions with sandy soils and high pH. Another factor
in causing zinc deficiency in foods would be due to overuse of P-fertilizers that hinder zinc
absorption by plant roots. Different crop varieties also have different potentials in absorbing zinc
from deficient soils. Some cations also decrease the rate of zinc absorption by roots, As pointed
out before, the absorption of zinc into the body not only dgpends on the rate of zinc intake but
also on the level of other chemicals like phytic acid that can hinder its absorption. The role of
microelements in the making and maintenance of a balanced physiology in plants, animals and
humans is becoming more and more clear everyday from the studies on their reactions and the
disturbances that result form their deficiencies. Zinc is one of those essential microelements and
even though it is present in small amounts in the body, it activates some 100 enzymes in humans,
domestic animals and various plants. It is sufficient to say that we would not be able to survive
without zinc because it is essential in synthesizing DNA and RNA and in metabolizing
carbohydrates, fats, proteins and alcohols and in the release of carbon dioxide, in optimizing the
function of vitamin A and the immune system. The body’s requirement for zinc (RDA) varies
with age, sex, weight, metabolic functioning, heredity factors, pregnancy and breastfeeding, The
minimum daily requirement would be 15 mg. An intake of 150 mg/day for long periods would
cause toxicity symptoms. The deficiency symptoms include short size down to midget heights,
hepatosplenomegaly, geophagia, anemia, persisting wounds, increased levels of allergy
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proper body posture, mental activity and the natural immune system functioning as well as for
curing wounds. Zinc is one of the components of the teeth enamel. This element, much like iron,
protects the body from heavy metal toxicities. Wherever sufficient levels of zine, iron and
calcium are present, lead toxicity symptoms will not develop in children...Investigations on the
zine status of some child bearing women fon America who had premature deliveries showed that
they suffered from zinc deficiencies. Zinc deficiency was shown to be associated with low birth
weights at twice the normal rate and premature births at three times the normal rate as well as
with the reduced rates of fetus growth. These various effects are carried out through the
metabolic activities of hormones such as androgen, estrogen, progesterone along with
prostaglandins.
For various reasons mentioned above, there is an urgent need for improvement of Zn nutritional
status of humans and plants in caleareous soils, including the Middle East countries. Most cereal
farmers and many research institutions were not aware of the Zn deficiency problem in cereals
until the early 1990s. The application of Zn fertilizers to cereals was carried out in calcareous
soils. The area was cropped with cereals, with average wheat yields near 2250 kg/ha. If we
assume that only 50% of the cereal growing areas have Zn deficiency, and Zn application results
in only 25% increase in yield, then, an increase of millions of dollars per year in wheat
production by Zn application is possible, which is equivalent to a benefit of the residual effects of
applied Zn for 2 to 3 years.
The most effective method of zinc application for improving wheat yield and increasing the
concentration of zinc in grain would be the soil application of ZnS0,.7H,0 plus the foliar
application of zinc sulfate solutions. The rates of zinc application would have to be determined
experimentally since they vary with different soils and growing conditions. Other methods of zinc
application include soil application by itself, soaking the seeds in zinc sulfate solutions, foliar
application alone; and foliar application plus seed treatment. Zinc fertilization in zinc deficient
soils has been shown to improve the yields of cereal crops and beans and also the zinc levels in
the resulting grains, including wheat.
Seafood, especially oyster, shrimp, fish, red meat and eggs are rich sources of zinc. Among the
plant foods, pumpkin seeds and squashes are rich in zinc, but unfortunately the bread is quite poor
in zinc because of the fact that the wheat bran is discarded and that unscientific ways are used in
the conversion of flour to bread. Smoking and drinking tea immediately after taking meals
should be avoided because zinc does not get absorbed in digestive system in the presence of
nicotine, theine and phytic acid. Addicts are cautioned against the use of opium as it is also
severely interferes with the absorption of zinc in the digestive system. The author himself has not
had a cold or loss of a single hair during the past 7 years since he began taking 2 capsules (50 mg
Zn) of zinc sulfate per week with meal, even though, he used to have frequent colds, felt tired
easily and used to lose hair before he began to take zinc supplements. As a result of the authors’
persistence in advocating zinc supplements, more than 20 million capsules of zinc sulfate are
being taken every year in Iran as c'bmpared with 2 million capsules before 1997. However, a
more logical approach would be to enrich the crops, forages and pastures that are produced in
calcareous soils with zinc so that everyone gets the required amount of these essential nutrients in
their diets. Finally, our aim should be to improve the yield as well as the quality of agricultural

and animal products with respect to micronutrients starting at the fields and pastures, ending up at
the consumers’ tables so as to promote human health.

¥
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MICRONUTRIENTS DEFICIENCIES AND THEIR IMPACT
ON
HUMAN NUTRITION & HEALTH

1. INTRODUCTION

Most developing countries are suffering from several nutritional problems. These problems are
hampering the development programs for these countries due to the complications of these
problems on health and activity. The Government of Egypt has outlined a comprehensive set of
food and nutrition policies and strategies. An inter-ministerial committee, chaired within the
Ministry of Agriculture, has prepared a draft for a National Nutrition Plan of Action,

Malnutrition is usually the result of a combination of inadequate, or unbalanced dietary intake
and infection as mentioned earlier, In children, malnutrition is connected with growth failure.
Micronutrients are needed for the production of enzymes, hormones and other substances that are
required to regulate biological processes leading to growth, activity, development and the
function of the immune and reproductive systems (Diaz-Gémez et al 2003). While micronutrients
are needed at all ages, the effects of inadequate intake are particularly serious during periods of
rapid growth, pregnancy, early childhood, and lactation (Omran and Salem 2002).

Good nutrition helps to prevent acute and chronic illness, to develop physical and mental
potential, and to provide reserves for stress (Annibale et al 2001).

Although any diet producing good nutrition varies considerably, mild excesses of nutrients or
calories may be as undesirable as mild deficiencies. So the first purpose of any nutritionist is to
uncover all the nutritional problems of his community. This is done through the nutritional
surveys together with the biochemical analysis of a representative sample of the cominunity
(Kohli-Kumar 2001).

Any nutritional deficiency is either due to decreased intake or to decreased bioavailability or to
both of them. The most reliable methodology would be studying the food consumption pattern of
these communities and these results should be correlated with the results of their nutritional
status,

The metabolism and impact of these deficient micronutrients should be thoroughly understood so
that the nutritionist can prescribe the needed studies and intervention programs according to the
nutritional status and the food consumption results,

Therefore, to have such comprehensive view of the nutritional problems ig Egypt, this paper
would cover several items:

1) Mieronutrients deficiencies and Nutritional status in Egypt
2) The food consumption pattern of micronutrients in Egypt

3) The metabolism, deficiencies and impact of some important micronutrient
deficiencies, iron and zinc

v

4) Intervention programs performed in Egypt
5) Future steps that can be undertaken in Egypt

M ELGrindi; M
Cuiro, Egypt:
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2. SUGGESTED FUTURE APPROACHES
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2.1 Objectives

Perform several micronutrient bioavailability studies using stable isotopes to evaluate iron
absorption after iron fortification and food based interventions. The results of these studies
would evolve in a national comprehensive strategy to combat micronutrients deficiency
specially iron deficiency and iron deficiency anaemia.

a) Study absorption and metabolism (bioavailability) of micronutrients following fortified
food in a dietary modification program for target populations (children: healthy and
diseased).

b) Study the relative absorption efficiency of combinations of Fe and Zn when iron is used
as a fortificant, with special reference to evaluate beneficial and disadvantageous nutrient
interactions, including Fe toxicity in special disease states as in case of children suffering
from thallasemia and liver diseases.

¢) Evaluate food-based strategies as the addition of an enhancer to the ordinary meals and
school lunch programs in improving multiple micronutrient malnutrition (I, Fe, Zn,
Vitamin A) especially in children (healthy and diseased).

d) Study several mechanisms compensating for poor bioavailability in persons consuming
habitual plant-based diets containing varied levels of phytate, and effect of dietary
modifications/use of enhancers on nutrient absorption, including comparative studies of
relative bioavailability of ‘protected’ fortificants (e.g. iron EDTA) that are resistant to
dietary absorption inhibitors.

Several iron absorption studiés should be undertaken to answer as much questions as possible:

1. The first group of absorption studies: Using Egyptian flat baladi bread, iron absorption
using several iron salts, elemental iron, ferrous sulfate and iron EDTA. This will help us
to choose the best iron salt to fortify the Egyptian flour of 82% extraction.

2. The second group of absorption studies: Most common foods will be used in this study
together with the fortified bread. In this study interaction of iron and zinc will be also
addressed.

3. The third group of absorption studies: This project would study the difference in iron
absorption from fortified bread and meals in normal, thallasemic and hepatic children,

4. The fourth group of absorption studies: will address the effect of using food based
approach on iron absorption from fortified bread and Egyptian meals and school; lunch
for healthy and diseased children.

Several other strategies should be adopted:

o Calculating The Impact Of Dietary Interventions On Iron Absorption

o Predicting The Impact Of Increasing Ascorbic Acid Intake

o Predicting The Impact Of Reducing Phytate Intake

o Predicting The Effect Of Increasing Bioavailability On The
Prevalence Of Inadequate Iron Intakes And Iron Status In
Population Groups

o Predicting the impact Of Reducing Tea Or Coffee
Consumption With Meals

o Strategies That Consider Other Micronutrients

o Multiple Strategies
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FAQO’s APPROACH IN COMBATING MICRONUTRIENT MALNUTRITION
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ROLE OF BALANCED FERTILIZATION FOR PLANTS,
PARTICULARLY MICRONUTRIENTS,
ON THE QUALITY AND NUTRITIVE VALUE OF CROPS
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1. INTRODUCTION
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Egypt climate is arid and semi-arid climate. The soils of Egypt are two main categories. The old
alluvial soils which is clay in texture, low water permeability and alkaline in reaction or newly
reclaimed land which either sandy (high water permeability, use of fertigation and nutrients
almost nil) or calcareous (alkaline in reaction and high content of calcium carbonate). At the same
time, consideration must be given to the introduction of the high yielding varieties of crops as
well as those salt and drought tolerant ones. All these previous conditions show that the issue of
crop fertilization is considered as a critical one.

Size THS-Acid (:
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The latest statistics (2001/2002) showed that Egypt used the following amounts of fertilizers:
Around 7 million tons of nitrogenous fertilizers (15.5% N)

Around 900,000 tons of phosphate fertilizers (15% P, Os)

Around 55,000 tons of potassium fertilizers (48% K, O)

Around 1500 tons of zinc sulfate for rice fertilization

Around 19,000 tons of mixed and compound fertilizers
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2. TYPES OF FERTILIZERS
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& Micronutrlent effects are cructal. Most of
them are influencing internal  quality
measures of the food

The main types of fertilizers used are:

Nitrogenous fertilizers: Urea (46.5% N), Ammonium Nitrate (33.5% N), Ammonium Sulfate
(20.6% N), and Calcium Nitrate (15.5% N).

Phosphate fertilizers: Mono super phosphate (15% P, Os) and Concentrated super phosphate
(37% P, Os).

Potassium fertilizers: Potassium Sulfate (48-50% K, O) and Potassium chloride (50-60% K, O).
Mixed and compound fertilizers: containing N, P, K, Fe, Mn, Zn and/or Cu with different
formulation either to be added to the soil or sprayed on the plants’ foliage. The micro-nutrient
could be either in mineral forms or chelate ones.

& Plant  coutents  of micronutrients nre
Influencing animal and human health

A Micronutrient deficlencies are wide spread in
e e the region

A Very little information Is available from the

reglon on the effect of micronutrients on food
g

and feed quality

: - Slide No. 45

2 Work on the effect of micronutrients on food
and feed quality i the region should be
intensified and supported

» The rates of fertilizers added to the crops differ according to the species and varieties as

well as the soil type. The following table shows the rates of fertilizers added to some main crops
grown in Egypt

Old Land Newly Reclaimed Land
# Balanced nutrient management 5’:“,“'“; Crop (Alluvial Soils) (Sandy and Calcareous soils)
fncluding micronutrients slufum be \\mkt:‘(’ Kg N/Fod* Kg PZOS/'fed Kg N/Fed* Kg PZO5/fed
out, recommended, and extended to the .
farmers * Wheat 75 [5 110 30
st Cooperation between the conutries in the Bare]y 45 15 70 30
region should be supported Faba bean 15 30 22.5 45
n Possibly FAO and other organizallons Maize (Cotn) 90 15 100 30
prepare a joint project for the region Cotton 60 22.5 75 30
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: LANNING AGENCIES IN CHARGE OF

3. NATIONAL INSTITUTIONS AND P D
SETTING FERTILIZER POLICIES AND PLANNING, ANIMAL FEE
STANDARDS AND RELATED FIELDS IN EGYPT

i i ERI) .
i d Environment Research Institute (SW .
g iigll}lsc’u\?t/\?::{ agesearch Center (ARC), Ministry of Agriculture and Land Reclamation
(MALR) ‘
i Production Research Institute (APRI),. . .
g ‘:;:-?::illtu:zl U;;::amh Center (ARC), Ministry of Agriculture and Land Reclamation
. (MALR)
Laboratory for Food and Feed (CLFIT“)3 . )
g i:itcrtilltuiaior;:srzarch Center (ARC), Ministry of Agriculture and Land Reclamation
(MALR) )
% Sector of Animal Production
> Sector of Economy .
> Union of Producers and Exporters of Hortlc_ultural Crops
Ministry of Agriculture and Land Reclambatlon (MALR) BDAC)
> Principal Bank for Development and Agr\CL_lltural Credit (P y
Ministry of Agriculture and Land Reclamation (MALR)
> Companies Producing Fertilizers
> Higher Council of Fertilizers
Ministry of Public Business Sector

Those are the main players in the areas of fertilizers and animal feed. .On the otherc han;i 1;}1;1:;;
many other players are contributing such as Field Crop Research ‘Instltute, Su.gazonrc;pf scarch
;:xsti)t/ute Cotton Research Institute, Animal Health Research Institute, Organizati

and Private Sectors...

I1ZERS USE, PARTICULARLY
. COUNTRY EXPERIENCES IN FERTIL
! %%LATED TO MICRO-NUTRIENTS AND THEIR IMPACTS ON CROP

PRODUCTION AND FORAGE QUALITY

icati i i tion in
Fertilization of crops (amount, type, timing and method of application) recel_ved S‘lgh a;t:g i
:Y inistry of agriculture. The country achieved excellent results regardmg. e c:\u ) tzfmzer
;:alli];; ofrycrop production on the national scale as a result of following the fer
recommendations among other agronomic practices.

i icro-nutrients is the Break
X the area of the use of micro-nutrien
the very pronounced examples in rea ¢ ) preak
El)'l:a'fug}f\ thatVEgygt in the Rice production, which is about 9.5 tons:/ha as a r;inosn;llsavwair
(almobst double the international average). Based on the research cam.ed out fm dethat Z,im ter
and Environment Research Institute (SWERD), sim:ct thdmyt ytesirss :xe%z,rri:nvev:;atc;g: L that Zine is 4
iti in Ri g ion. The government adopts
critical element in Rice production. ment a ! ; .
the prices of the Zinc Sulfate to be used as a fertilizer in the rice farmers’ fields

Land Degradation, Plant, Animal and Human Nutrition; 99
Ji

nter-relation and Impact

Another example is that a research program on fodder crops reach to the conclusion that the
studied fodder crops (Egyptian clover, Cow pea, Alfalfa and Sorghum) increased by 30-60%
when applying micro-nutrients (Zine, Manganese and/or Iron) in sandy soils even that the
available amounts of these elements are considered adequate.

On the other hand there are different sur
Environment Research Institute (SWERI)
well under certain crops (sugarcane
out in this area.

veys and studies carried out by the Soils, Water and
on the status of micro-nutrients in the soils of Egypt as
). Also there are many research programs are currently carried

In general, and as a research policy, fertilization and especially with micro-nutrients is considered
as a critical issue in Egypt, The Soils, Water and Environment Research institute (SWERI) has a
Research Unit in the Soil Fertility and Plant Nutrition Research Department dealing with this

issue. There are many other research activities related to the same issue in the other research
departments of the institute (SWERI).

It is worthy to mention that there are many other institution work in the area of micro-nutrient
research and especially for horticulture crops (National Research Center). Many research
activities are also carried out by the Universities and other research institutions in the area of
micro-nutrients (chemistry in the soil, food quality, role in plant metabolism, role in health...)

S- SOME OF THE IDEAS WHICH THE COUNTRY CONSIDER AS BADLY
NEEDED TO BE STUDIED

» The critical levels of the availability of the micro-nutrients in the soil In relation to crop
production as we consider that the scales and figures used are almost obsolete,

> Studying the relation between the fertilization with micro-nutrients (elements, types and
rates) on the quality of the crops and especially Fodder crops in satisfying animal needs of

such micro-nutrients.

The balances needed in the fertilization recommendations for the different crops to control

and/or maintain their qualities either as food or feed especially the high yielding varieties,

which need higher rates of the macro-nutrients (Nitrogen, Phosphorus and Potassium).

Egypt is ready to contribute and collaborate in any regional endeavors either as

bilateral or group or regional projects, which may emerge from the meeting
discussions.
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COUNTRY REPORT: SULTANATE OF OMAN

1. INTRODUCTION

Sultanate of Oman is located in south eastern part of the Arabian Peninsula, the total area of the
Sultanate is 309500 squared kilometers, and its main geographical regions are the desert area,
consisting of gravel plains and sand seas.

The climate, which essentially consists of warm sunny winters and very hot dry summers, varies
somewhat from region to region, with coastal areas more humid than the interior and the higher
altitudes and the southern region in general more temperate year round with the exception of
Dhofar governate in the south, where monsoon rains occur between June and September, rainfall
throughout most of the country is low and water supply is limited

2. OMAN’S STATISTICAL DATA ON FERTILIZERS USED

It is well known that plants are the basis of food for human being & animals. Having this in
mind it can be said that the role of fertilizer & water usage at the procedure of plant synthesis &
growth is of great importance.

In Oman there is no fertilizer industry with an exception of Urea producing plant which is a joint
venture between Oman and India governments and it is under construction in the sultanate at the
time being.

The fertilizer factory will be set up to produce 1.4 million tons of urea and 330,000 tons of
ammonia per year. The joint Project Company will have Oman Oil Company taking a 50% share
and two state-owned Indian companies, Rastriya chemicals and fertilizer (RCF) and Kribhco
evenly dividing the rest of the company's $277 million equity.

Most all fertilizers are imported from outside the country from different parts of the world.

In the Sultanate the following fertilizers are used Urea, Ammonium sulfate, ammonium nitrate,
potassium sulfate, and triple super phosphate.

Commonly available compound fertilizers are in the following combination
20- 10- 10
15-15-15
20-20-20

Complete formulations of micronutrients (e.g. fertillion combi) and mono- formulations mainly
of Iron and zinc as most citrus trees suffer of these two elements
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Fertilizer consumption 2001 in Oman

1

Fertilizer

Potash

3. FERTILIZER POLICY AND PLANNING

The government policy concerning the subject fertilizer use is targeting the highest possible
i i ilizati level. .
ffective & efficient utilization at the farmer ) ) »
iNith efficient fertilizer use the policy is to have maxinum use of the app?ll}ed f:mllix:;r and with
effective fertilizer use the policy is to obtain optimum yleld.p'er unit of ferti lizer ¢ ppenvi.mmnenml
The overall strategy is to maximize positive effects of fertilizer use and minimize
hazards. ]
Between agricultural production & env e :
iti opment.
competitive but complementary for balanf:e evelor - )
As rgentioned above Oman is not a fertilizer producing country and fertilizers are imported from
different countries. ) ) . o .
Elach fertilizer imported to the country must posses Imp?ftatlon permission ffror.?‘ th: rgllir;liset;ya:d
agriculture and fisheries which is the government body in charge of setting fertilizer p
lanning. o ) ) o
Fl;or thisgeach importer must supply the ministry with the_nf:cessary documen;s wblch t;);p\l:;rix 1}:}[
detail chemical analysis of the product, the country of origin, the year of production, g
i i i ired
d other specifications which may be required. ) o .
;’ll"l;\e direct%rate general of specifications and measurements afﬁhe}t.ed to t;e _n;lx;\l\sft;zd ci>n
commerce and industry is in the charge of setting standards for fertilizers and ani

collaboration with ministry of agriculture and fisheries.

ironment there is an interaction which should not be

4. COUNTRY EXPERIENCES IN FERTILIZER USE

In early seventies, till end of eighties of the last century the rr.ur_ustry of agnc(ixltl‘lulr:n’aar;de’r)ztsehr:esr;;s1
used to distribute fertilizers  for free to farmf:rS who pamc!p;ne ‘1);1 aﬁft ltural extension
programs, after that fertilizers were subsidized in a range of (2.5 A—S% ) 0 lrlfe‘t mechai{sm
that subsidy doesn’t exist nowadays and fert?lizers are sok_i with m.ths' l;aetlr:leatar mechant be. e
In conditions similar to Oman where w'ag?r is stcarce and its cost is high, g

i i i f available water. o
}"PY%: eztﬁl_lféci:::ngzﬂetflg;ét\i/\zur;z; water and fertilizer used is obtain.ed by prop{e}:e u;:ig:\itslg.n
management, changing the cropping pattern fo less water demar;ldmg :;)pst; e th}é
subsidizes the implementation of modern irrigation systems all over t ; couS tg’e fzrmer o
cost of equipment, tools and materials for farms less than 10 feddans where a

soil digging and irrigation system installation.

=4200 meters squared ) _
Number of farms Total area

Number of farms and total area covered with subsidized modern irrigation system in Oman

Area in feddan ( 1 fed
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The introduction of green house techniques to the sultanate construction of green houses is
subsidized by (R.O 1000) for single- span green house and (R.O 2000) for double-span green
house and of course the education and training of farmers (several agricultural extension

programs targeted informing farmers about characteristics, features and methods of applying
fertilizers.

Number of green houses in Oman up to 2002

Total number of green houses Subsidized Non subsidized

914 79 835

Enhancing its fertilizers and water use policy the ministry of agriculture and fisheries conducted
a soil survey and soil categorization between 1989 ~1990 to pinpoint the arable land all over
the country.

This project of land survey and soil categorization is considered a pre- requisite to fulfil the
scientific and practical needs of modern agriculture in defining lands which are naturally highly
fertile, with high productivity levels for different crops, putting other aspects of production
under control and planning of projects successfully to determine best ways of land investment.
Through this vision the ministry has finalized in 1992 the land survey and soil categorization
project, it spawned in the issuance of (Soil Atlas ) which shows the geographical distribution of
soil resources in the sultanate.

The study also showed important facts regarding arable lands including that there are more than
two million hectares suitable for agriculture in Oman.

In line with ministry’s endeavours within agricultural development and as integration for land
survey and soil categorization project mentioned above the ministry in collaboration with Food
and Agriculture Organization of the United Nation (FAO) conducted a comprehensive
agricultural study covered (56 ) thousands of arable lands in the Battinah coast and all agricultural
land which is (4200 ha) in Salalah plain in the south of the sultanate.

The study came out with defining the type of soil and water available, current plantations in each
and every farm in the covered area in addition to determining most problems agriculture is
facing, irrigation systems used, agricultural production economics, defining best suitable crop
combination to meet most economical return side to side with best irrigation systems,
recommendations regarding plant fertilization, plant nutritional requirements, plant protection
and other cultural practices.

Latest technical methods were used in the process of statistical analysis, results extraction, and
map development.

GIS ( Geographical Information systems ) were used quite frequently, in addition to the creation
of an electronic program in the subject of soil evatuation.

This system would enable the ministry to update the study database whenever it is necessary.

The ministry is looking forward to extend the comprehensive agricultural study to other regions
of the Sultanate

5. OMAN’S READINESS, IDEAS AND OR DEMANDS

From the point of view of soil in most countries in the region is a sandy, poor and deficient in
organic matter with high tendency for fertilizers leaching out, mixed with high international
tendency for organic farming a big deal of efforts should be exerted to make more use of

organic matter — which is free of weeds, insects and diseases and concentrate research in the
field.
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i idues processing piles,
i irri een manure and farm residul ]
i uction of modern irrigation, gr ] ) ; orssing piles
o l}?(:{lzgs land surveys, categorization of soils, and comprehensive agricultu
Teen 3 . : il comp
‘ <g)f great importance for effective & efficient fertilizers utilization.

Land Degradation, Plant, Animal and Hyuman Nutrition; 109
Ji

nter-relation and Impact

EXPERT CONSULTATION ON LAND DEGRADATION, PLANT, ANIMAL AND
HuUMAN NUTRITION: INTER-RELATIONSHIP AND IMPACT

COUNTRY REPORT: REPUBLIC OF SuDAN

SUDAN IS THE LARGEST C OUNTRY IN AFRICA

Unused reserves — High potential agricultural land.

Sudan growth dominated by agriculture

Sudan economic growth dominated by agriculture accounts for 47% of GDP and 70%
employment and 85% of export earning after petroleum export dropped to 19% in 2002
Population is estimated to be 32 million in 2002

Animal wealth 125 million (cattle, sheep, goats and camels)

With considerable amounts of fisheries and wildlife

Total area of the country 2.3 million km? of which an estimated 200 million feddans (84 million
ha) of cultivable land of which 40 million feddan (17 million ha) is cultivated on average
annually.

Sudan long-term agricultural strategy (2003 —2027).
The main pillars are: .
1. Land and water management
Transfer of technology
Human capacity building
Infrastructure
Rural food industry
International and regional trade

A e

Strategy targeted
I, Food security
2. Increasing export earnings
3. Development of natural resources
4. Poverty alleviation
5. Front and back linkage

Policies in the Sudan

¢ Fertilizers application rate, time of application and the right method of application is
determined by ARC.

¢ Fertilizers quantities each crop is determined by agric. Scheme authorities,

Fertilizer importing is by the National Agricultural Inputs Committee.

*  Sugar company ordered and import their own fertilizers by their own means.

»  Private sector import less than 10% of fertilizers according to the specification of M. of
Agric. & Forestry,

¢ Food requirement of animal nutrition is determined by the Animal Wealth Research
Corporation and M. of Animal Wealth,
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Table 2 s
Fertilizer required quantities for the train crops in the irrigated sector for the last ten seasons s
Crop Catton Wheat Sugarcane Sorghum Others Total S
Season | A N A N P AL | N P A N A N A N P N
1992/93 | 325 | 26.001 790 | 632 [ 316 | 160 | 32 | 64 | 1115|446 | 200 | 8.00 [ 2590 { 173.8 | 33 g
1993794 | 295 {2554 | 905 | 744 {3620 | 160 | 32 | 64 | 938 [37.52 ] 200 | 8.00 | 2496 [ 17746 428 §
1994/95 | 413 | 33.04 | 766 | 6128 [30.64 | 160 | 32 | 64 | 1046 [44.88 | 200 | 8.00 | 2586 {176.12|37.04 =
1095096 | 257 12056 703 |56.24 2812 160 | 32 | 64 | 793 |31.72] 200 | 8.00 | 2113 [ 168.53]34.52 §
1996/97 | 601 [48.087 775 | 62.00 [ 31.00| 164 | 32 | 6.56 | 905 | 36.20 | 200 | 3.00 | 2645 [186.08 | 37.56 %
199798 | 428 | 34.24 | 621 [49.68 2484 | 180 | 36 | 720 | 895 | 3580 | 200 | 8.00 | 2324 | 163.72| 32.04 3
1998/39 | 361 28,82 319 | 25521276 | 180 | 36 | 7.20 | 1014 |40.56 | 200 | 3.00 | 2074 |138.88 | 19.96 3
1999/2000| 419 3228 213 | 1704 | 852 | 152 | 30 | 6.08 | 916 | 36.64 | 200 | 8.00 | 1900 {12396 14.6
2000/01 § 393 | 3144 289 (22772 1136 160 | 32 | 64 | 109414376 | 200 | 8.00 | 2131 {13792{1776
200102 | 347 27776 290 | 2320 1160 160 | 32 | 64 | 1713| 69.2 | 200 | 8.00 | 2728 | 160.16 | 18.00
200203 ) 380 | 3040} 308 |24.64)1232) 160 | 32 } 64 | &1 13524) 200 | 8.00 ) 1929 |130.28) 18.72

A= bream 000 feddan

N = Nitrogen urea in 000 tons
P = Phosphate TSP 1 000 tons
Others mean sunflower, maize and vegetables

I1l




Country Report: Republic o, Land Degradation, Plant, Animal and Human Nutrition: 113
112 Sudan /.

nter-relation and Impact

RECOMMENDATIONS
L. Imposition of laws and legislation that govern and regulate fertilizers importing,
marketing, handling and safety use.
Completion of count
physical properties.
3. Encouragement and support of a;
crops nutrients and the right
environment.
4. Promotion of organic fertilizer usage.

5. Modemization and updating of count
s o use.
&3

sl 2. ty detailed soil map including soil classification, soil chemical and

Coverage (%)

131
T
23
116
80
2

55
218
56

gricultural research for determination of real demand of
type of fertilizer to be used in the different country

TSP
8l
30
35
30

§
11
10
13

Imporied
n

Ty statistical data on crop production and fertilizer

Capacity building of personnel working in fertilizers planning and management.
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Reason for the decrease in fertilizer usage during the last two years attributable to sharp rise in
the foreign exchange rates due to recent economic cries and consequently decrease in purchasing
power of farmers. As is known, state has not got any authority to interfere to fertilizer prices.
Whilst Turkish fertilizer exports reached to 379 thousand tons in 1990, this figure dropped to 1 19
thoysand tons in 1995 and between 1995-000 remained at negligible levels of 30.000 tons.
However it gained upward trend in 2001 and reached to 190 thousand tons and to 362 thousand
tons at the end of year 2002.

Within the membership protocol signed with the European Community countries, under the
coordination of Ministry of Agriculture and Rural Affairs, works are carried out to harmonize
food, veterinary medicals, alcoholic beverage and chemical fertilizers legislations with the
European Union Legislation. With this objection, Ministry of Agriculture prepared a Regulation
titled “Chemical Fertilizers used in Agricuiture” covering main directive no.76/1 16/EC (Primary
fertilizers) and the second Directive amending the first one and this regulation become effective
on 27" March 2002. As this regulation became effective, European Community criteria were
taken into account during production and importation stages. Fertilizer bags carrying “EC
Fertilizer” tags may be imported in to Turkey without analyzing at Customs gate according to
free circulation of goods.

In order to protect the rights of fertilizer producers and consumers; and to control the standards
of produced or imported and marketed fertilizers, market control issue have been ensured by the
Chemical Fertilizer Control Regulation as promulgated on 25™ April 2002

It is possible to use fertilizer according to proper technique as a result of soil and leaf analyses. In
order to protect soil structure and to make it more productive, and to obtain high yield, fertilizer
containing all plant nutrients needed by the soil and the plant, should be applied to the soil. If
fertilizer is not used according to proper technique, after a certain saturation point exceeded, it
becomes as an agent decreasing production, spoiling soil structure, deteriorating quality of
drinking water, polluting under ground water as well as spoiling oxygen content of lakes and
rivers and consequently causes environmental pollution. Therefore as the fertilizer supposed to be
an input to increase agricuftural production, it is very important to use right dosage according to
crop and plant nutrition content of the soil. With this objective, fertilizer usage according to soil
analyses is promoted and in order to reach to this objective, laboratories capable of carrying out
soil and leaf analyses have been established.

Works to prepare regulation regarding Agricultural Sourced Nitrate Pollution  presently
continues, Within the European Community Harmonization legislation and under the Directive
numbered 91/67/EC which restricts usage of nitrate as pollutes under ground water and spoils
soil structure when excessively used.

Due to excessive fertilizer usage in all over the world, soil became deficient of organic material.
Deficiency of organic material in soil, prevents plant nutrients to cling to the soil, and flow away
with rain and irrigation water. Whilst we emphasize the importance of fertilizing during this
meeting, [ would also like to emphasize the importance of organic fertilizers and increase organic
fertilizer contents with this aim, Turkey has established a commission to organize the organic
fertilizer legislation, and as a result, this commission prepared the organic fertilizer legislation.
Subject matter legislation have been submitted for promulgation.

In order to ensure global food security and achieve sustainable fertilizing, by taking all these
factors into consideration, within a plan and program, farmers and sector should be made aware
of fertilizer usage taking necessary measures to ensure protection for soil, environment and the
community.
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FERTILIZER PRODUCTION ACCORDING TO TYPES
_ TONS
Fertilizer
o 1981 1990 1995 199 | 2000 2001 2002 2003
June
A.Suiphate 292.596 280.662 161.404 | 158.600 { 171.980 190.671 193.649 70.576
A.Nitrate .
%11 49.250 0 0 0 0 0 0 0
A.Nitrate 90
%26 2.440 1.450.419 | 1.226.464 | 1.077.666 | 1.070.276 | 866.424 960.556 517.099
A.Nitrate 0
o33 0 105.795 65.514 21.958 62.281 98.356 406
Urea 456.552 563.311 566.467 150.172 105.817 116.061 448,882 207.869
Super 9
phosphate 39.656 0 0 1} 0 0 (4 [
T.S.P. 661.769 224235 53.979 87.501 66.590 44.481 60.604 42.250
DAP 311.705 355.526 204.489 236.022 138318 87.996 163.698 99.059
Composed 615.883 0 0 0 0 0 0 0
20.20.0 1] 1.00927 N
B - 0 899.802 | 1.014.942 | 1.165.087 813607 989.963 243.157

26.13.0 0 18.492 0 930 0 0 1.300 1300

15.15.15 0 298.822 360.269 319.186 341.357 267.814 342,931 272.932
20-10-10 0 1.663 0 0 0 0 0 2340
12-30-

30-12 0 0 0 97.080 16.520 77.710 114.983 87.625
10-15-25 0 [ [} 0 0 0 0 11.643

25-3-0 1] 42.788 6.667 0 0 0 0 0
10-25-

0-25-20 0 0 0 19.153 3.543 21.485 22.060 30.112

16-20-0

0 0 0 0 0 17.858 12.335 ]

8-24-8 0 55.514 164.159 0 981 0 0 1]
25-5-

5-5-10 0 0 21.206 75.369 60.282 61.598 19.816 28.841
15.30.15 0 0 0 0 0 0 42.743 0
Physical 33 <

Total .329.851 | 4.300.702 | 3.770.701 | 3.302.135 | 3.162.709 | 2.627.986 | 3.471.816 | 1.615.349
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Country Report: Turkey

FERTILIZER PRODUCTION ACCORDING TO KINDS

TONS

:;e;:i"’." 1970 1980 1990 1995 2000 2001 2002 332‘:
ASulphate | 320528 | 517.462 | 450260 | 202.718 | 328420 | 250.528 | 295748 | 254240
;;gli"m 79018 | 51.690 0 o 0 0 0 0
AT | 307496 | 707.180 | 1.659.556 | 1252.951 | 1156915 | 884989 | 957211 Bevae |
e 0 0 8722 | 144559 | S8LI14 | 361.246 | 670027 | 534380
f,};‘;(;"“'e 27.012 | 369.356 | 627.199 | 580.804 | 842.010 | 718737 | 718524 | 521.550
Urea 0 0 0 0 118 5.986 0 0
f,:g:;l;m 206.864 | 27.075 29 0 0 0 0 0
TS.P. 118.655 | 419801 | 169.647 | 90415 | 45564 | 29842 | 24516 | 12485
DAP 74028 | 493.650 | 618.505 | 560.335 | 630317 | 431.094 | 383.883 | 67.237
Composed 250.000 394,397 9 0 [} [i] 0 0
20.20.0 0 0 | 1020903 | 945.621 | LIB4776 | 939347 | L000.693 | 271.58
26.13.0 0 0 17.405 0 0 o 0 0 _{
15.15.15 0 0 358104 | 271698 | 330527 | 259.553 | 307.521 | 269.489
20-10-10 0 0 613 0 0 0 0 0

12 30-12 o 0 0 0 90020 | 79515 | 115270 | 72398
11:52-0 0 0 1011 7 0 0 0 0
25.5-0 0 0 25473 | 7655 0 0 0 0
10-25-20 0 0 0 0 4367 21486 | 22000 | 14577
10-15-25 0 0 0 0 0 0 0 11643
13-0-46 0 0 783 6081 | 10329 6744 0 14552
25510 0 o 0 323 797 773 491 641
8-24-8 0 0 2223 | 218560 | 989 0 0 0
25-5-10 0 0 0 2459 | 62775 | o246 | 1nias | 15687
Lg:{:;“d‘:’:‘ BN | B | MM | 165 | 16764 | 1ts | w0 | 1062 |
FSietl | 1406905 | 3.019.936 | 4995407 | 4386.066 | 5294202 | 4261901 | 4523148 | 2.661.277

1A%
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