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FOREWORD 

The F AO 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 concerns 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 F AO/WHO Codex Alimentaris. 

Hope that the present document would lmtlate 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. 

Mohamad Albraithen 

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 held 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, F AO 1 Representative in Syria 
on behalf of the FAO Regional Office. Dr. Taher welcomed the participants and 
highlighted the role of F AO 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 F AO 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 sciencelplant nutrition, human nutrition, 
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10- Research and extension programmes, in most countries of the Regi~n 
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 II: Animal Nutrition and Health 

1- The need is obvious for extending research and studies re~ated .to 
optimal animal nutrition requirements to includ~ 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. . ., If' I 
2- There is a definite need for adoption of appropnate pnnclpa s 0 anima 

nutrition and technology for producing value-prod~cts for human 
consumption particularly protein and fat contents of animal p~oducts. 

3- Most countri~s lack the technology and legislation for. quality control, 
methods for analysis of animal products to conform with international 
standards, such as Codex Alimentarius. . 

4- National and regional programmes for the Reglo~ are necessary .to 
target improving the productivity a.nd qu.alit~ of animal pr?ducts, with 
emphasis on training of cadres, dlvers!flcatlon of production systems 
like small animal keeping (chicken, rabbits etc.) on the farm back yard. 

5- Small scale producers are facing poor extension assistance and o~en 
are confronted with low market prices due to lack of pro~esslng 
facilities and market access, leaving a room for co-operatives to 
provide some needed services. 

Conclusions of Group III: Human Nutrition and Health 

1- 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. . . 

2- A good diversity of regionally acceptable and acceSSible crops IS 
required to cover the whole spectrum of .human micro~utrient needs. 

3- Some regional committee or association IS ~ssentlal. to stU?y a~d 
coordinate assessment studies on bio-availabllity of mlcronutnents In 
plants, animals, and human, to ensure the increase of enhancers and 
decrease of inhibitors in human nutrition. . . 

4- A Web-based discussion group or a Network for the Region IS 
necessary to facilitate communication and exchange of ~nowledge 
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 

1) Conducting 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 nutrition. 

2) Improvement of micronutrients (especially zinc and iron) nutritional 
status in plants, animals and humans. Also studying the use of other 
nutrients such as S, Mg, and Ca should all be strengthened. 

3) Using heavy isotope tracer techniques provides a good tool for 
fertilizer tracing and utilization efficiency studies. . 

4) Encouraging organic agriculture (for an added-value to products) and 
for the production and use of bio-fertilizers including mycorrhiza, 
thiobacillas and azotobacter bacteria, etc. 

5) Review and develop fertilizer legislation and a national code of 
practice for each country that includes chemical and organic 
fertilizers, as well as for soil amendments and plant nutrition 
enhancement agents. 

6) Promote the free movement and exchange of fertilizer products 
between countries of the Region. 

7) Emphasis should be given to study the impact of fertilizers on crop 
quality under protected systems and pressurized irrigation. 

8) Soil and water quality should be monitored regularly to assess any 
pollution risks to the environment. 

9) Maintain Effective linkages between institutions with the Land 
Degradation Assessment Programme (LADA) should be established 
to protect the Region's limited resource base. 

10) Encourage the integrated team work among researchers in plant 
nutrition, animal and human nutrition and health, at both national and 
regional levels for evaluating the effect of balanced fertilization on 
plant yield increase and on produce quality, and its direct bearing on 
enhancing animal and human nutrition and health. 

11) Call on more co-operation between the Near East countries and the 
relevant regional and international organizations concerned with the 
above issues'and concerns, particularly FAa, UNICEF, and WHO, for 
co-sponsoring of joint projects. 

IX 



x 

I 
Consultation 

Papers 



I 
I 

J 

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 MJ/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 F AO 
publications and was reported that over 55% of the increase in agricultural production was mainly 
ascribed to the fertilizers use (F AO, 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 con'ect 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, 0); 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, J, 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 



Plant Animal and Human Nutrition: An Intricate Relationslti 

2 

each living organism. Selenium, for example is not essential for plant but it is essential for 

animals and human health. Not only the total content of a specific element is important, but also its chemical form and its 
relative concentration with other certain related elements in the soil solution. Therefore, it is 
significant in studying the soil and plant fertilizer programmes to identify the availability of plant 
nutrients by characterizing the various occurring chemical forms of the element: soluble, 
exchangeable; fixed and total, in addition to the element concentration or content. 

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 favourable soil atmosphere (like soil aeration, suitable pH, well-developed 
rooting system; and adequate water supply, etc.). The three basic 'fertilizer elements" (NPK) 
constitute the bulk of chemical fertilizers produced and utilized, are required at certain levels that 
vary according to each crop and to its growth stage. There is amp Ie evidence from literature that 
describes the importance of having favourable ratios of concentration such as N/P; N/K; CaIP; 
p/Zn; Fe/Mn; Fe/Z

n
; and so on. 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 Nitrogen used is due to 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 Near East (both for urea and other ammonium 
compounds) perhaps contribute to the favourable use ofN. On the other hand, the bias against the 
use of Potassium is clear. It' is quite indicative to point out that in the whole 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 fertilizers used is the 
general concept that soils of the Region do contain ample supply of potassium. Although this 
remark might be partly true; but the intensive cropping of lands would deplete those original 
reserves in the soil. It is worth noting that Nitrogen Manufacturing Complexes exist in almost all 
Oulf Countries (basically due to the abundant supply of natural gas); in addition to: Egypt, 
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-mentioned 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 symptoms due to insufficient application ofthes

e 

micro-elements are wide spread in the Region. The paper to be presented by EI-Fouly in this 

Consultation would shed more light on this area of plant nutrition. 

3. PLANT AND ANIMAL 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, 
by recognizing the need for standards for agronomic and' animal products that constitute 
human food chain. Similar concerns include worries about the use of irradiation in 
preservation and biotechnology in food production (OMO's); as well as diseases linked 
intensive animal farming and increased international trade. A good deal of these global efforts 
directed to regulate, control and ensure the safety of human food items through legislation 
introducing standards and codes of practice, for which the famous Codex Alimentaris is a 
example of these endeavours. This FAO and WHO joint Commission is charged with setting 
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foo? and agricultural safety and t d cham; the 26th. Session of the C ra e .standards. As concerns rise about th 
together some 600 wo Id . d ommlSSlOn convened at F AO R . e safety of the food ~dopt new food safe; a: t~ experts in food safety and agriCuI;ur~~re m July' 2?03: bringing 
mformation available. The c:de ~t,,:,dards and to upgrade others bas a~e. The obJectlve was to 
some new guidelines and th mmlSSlOn adopted more than 50 new £e on the latest scientific 
safety, not environmental ~iskers that .are revisions of old standardsS\~ty an? q~ality standards, 
recall purposes and t sand mclude pre-market sa"'ety I' . e gUIdelmes cover food 

. ' pos -market mo't . l' eva uatlOns d . 
modified plants (OMO's)' a I m onng: T.hey cover the scientifi ' pro uct tracmg for ;anageme~t of risks relat~d ~o~~~t:~he;.tabdhShl?g broad general prin~i~::s::en~ of genlet~callY­
. ecause SOlIs are the natural b 00. s umform across Codex's I rna e ana YS1S and 
Its fertility will l'mp th ase for growmg crops and ral's' . 1

69 
member countries. . ose equality d . mg amma s· th ... 

nutnent deficiencies i'l an mmeral content of such . I' en It IS Imperative that 
mine.ral nutrients. Foo~ :~~f~s are ;efl~cted not only on crop Yiel~~~l~~ttu~al produc:s. Therefore, 
to mmeral deficiencies in ani~nl ammal feeds, containing low amounts

a 
s; on their contents of 

of real conCern to hum rk a s and humans. On the other h d 0 ~utnents, would lead 
problems. ans, 1 e the Mad Cow Disease (BSE) anb , ~ome ser~ous animal diseases 

Th 

' are aSlcally amm I .. 
ere were rare occ' . a nutnllon-based 

. aSiOns m the R . sc~ence/plant nutrition hu egl?~ when scientists workin on v' ... 
SCiences), would con' man nutntlOn, veterinary/animal g t' . arlOus dlsclphnes like (soil 

O 

vene to stud th . nu ntlOn II 
nly a multi-disciplinary a ~ e mter-related problems and ' as we as, medical 

nutrients imbalance and d pproac. tostudy those areas would rod concerns of these domains. 
deficiencies in plants d efi~lencles m the human diet that c p b u~e plaUSible remedies to the 
be more effective a:~ £am~als. To deal with the po;ential an b~ est offset by treating those 
fortification programm tas~ble than addressing the risk ~~~ e~ at the point source would 
targeting the producti:~' o~ s o~ld be noted that some studies rel:~e~ t ough ~ome additives or 
nutritionally enhanced major crop plants for both hum d 0 genetic manipulation are 

. macronutrie t . an an animal . 
as well as Improved micro t' n s, Improved fatty acid and esse fl' consumptiOn with 

nu nents such as vitamins and minerals to na~~r:mmo ~cid composition; 

3.2 Fertilization and Prod u . ss nutnent deficiencies. 

The crucial problem with Ii c~ QualIty 
fertilization (organic-based fe o? qual.lty is whether the food ro . 
commercial quality). Since t~lhzers) IS always higher in qUalityP(b~t~c~d with. conventional 
production; the challenge bec e use of fertilizers becomes a reali m nutntlv~ va!ue and 
of quaizty. This concept also ~;nes then to prove that the increased pro~ and necessity 10 crop 
what is un-natural and artifici ~rr:s from the "Value of Naturalism' wh ,;c.e In not on the expense 
of synthetic chemical feltii' a IS not good". This argument was b h' a IS na:ural is good; and 
(pesticides which are b lzers, an~ even to group fertilizers 'th

e 
md the bias against the use 

confusion and even c rt ~slcally pOlsons to animals and h Wl )other agncultural chemicals 
. e am gove . umans Thi I d 

mmeral fertilizers. This ar mmental legislation to discoura eo' r . s e to some public 
fertilizers comefirom" tgumlent could be faced with the fact tgh t

r 
b lmhlt the use of commercial 

. na ura depos't" h' a at phos h t 
more available chemic I "' IS, w lch are only slightl p a e and potassic 
,£. a 10rm to be ab b d Y processed to d th . 

preJer their nutrient, say nitrate t sor e by plants. It should be not d h pro uce em 10 a 
other forms ofN are converted ' 0 come from an organic source rath e ere that plants don't 
The new trend of promo tin ,,~~ N03 whe~ absorbed by plants. er than a chemical one, as 

and recognition and FAO ~ . gamc Agriculture" is claimin a c . 
action) with an inter-De eSlgnated that as on of its PArA's ~ . o?slderable de.al of acceptance 
products are marketed part.~ent Workmg Group in Rome and pno~ty areas for mterdisciplinary 
developing plans c eaSI ~ and at higher prices and a we Slt~. Of course, organic food 

lor expandm thO many countne . h 
and expectations. No doubt th go IS approach, with real big and som t

S 
m t e Region started 

growers; yet this mode of at. rgamc Products attract customers a ; ~rr:es exaggerated hopes 
agncultural production can't ossibl ~ nng beneficial return to p yea comer-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 F AO 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 offarming 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 cOITect 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 Nand P is essential for protein synthesis in plants. Potassium is 
needed for carbohydrate fOJTnation, 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 ofN 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 (EI-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 low 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 Zn 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 a brief 

discussion on this vital nutrient. 

4.2 Critical Role of Selenium ~ 
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 
element 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 concen1ration 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 cUITently recognized include 
its role as a component of glutathione peroxidase in animals. This enzyme appears to protect 
tissues against peroxidation. The metabolic inteITelationship of this enzyme with vitamin E is 
particularly evident in deficiency-related diseases that can be prevented either by vitamin E or 
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Selenium. Signs of Selenium defic' fi .... deficiency. Depending 0 th le~cy are requently mdlstmgUlshable from those of vitamin E 
n e speCIes, these symptoms . I d . r d 

enlargement, anaemia, elevated serum bilirubin lev I d l?~ u e: Iver amage, pancreatic 
and nails may also be seen While th I e s, eJTnatlhs, haIr loss, and abnolTnal hooves 
mg/kg of dry matter feed; the maxim~r:~:~a~l:n~~ of Se consumption can range from.0.03-0.5 
2 mgikg, and could be toxic iflevels reach 5-15 m ~~ concent:atlOns proposed for ammals are 
As .it ~oes in animals, Se functions in human bod g e g (~me.ncan NatlOnal Academy 1983). 
antlOxldant (glutathione peroxidase) D fi' y as ~ antl-oxldant and a component of another 
immune system and its ability to fight . ~ lClency of el~her substance impairs the human body's 
effect against certain cheml'cally l'nd mdedc.tlOns. Selemum was also reported to have a protective 

- uce Iseases' while it d fi . 1 
problems and prostate cancer in humans (Challem: 1995) s e lClency cou d cause some cardiac 

However, the naJTOW range between beneficial and h . 
determine these critical levels l'n th. . alTnful levels of Se makes it necessary to 

. e enVIronment mcludin 1 t d '1 . 
that senous research programmes sh Id b d' . g p an an SOl. It IS recommended 
element in deficient areas and to cOUt 1 ~ conffiucted m the Region to know how to manage this 

on ro ItS e ect when e . t' t t . 1 . 
plants (Bashour, 2003). XIS mg a OXIC evels to anImals or 

4,3 Micronutrients in Human Food and in Animal Feeds 
Tukan (2000) concluded from a stud "A'I' . . . 
the cereal group was the most im o~a~~ o~~ a~lhty of Mlcronutnents in Jordanian Diet" that 
countries of the Region. Cereals p;ovide a~out h:l~no~h~ Jordaman dIet,. as well as in most other 
that are needed for human body' while t bl : e energy, protem, B 1, P, Mg, Zn, and Ca 
It should be noted in thO d' h vege a es prOVIded more than half of Vitamin A and C 

IS regar t at some of the m'c t . . are essential to animals Anim I fi d 1 ro-nu nents are not essential to plants but 
digested protein and en~rgy :u;soallirce 00 supplies are, not only high-quality and re~dily 
.. ,so a compact and efficient so f d'l . 

mlcronutnents and vitamins. Those derived fl" . urce 0 rea 1 y aVaIlable 
B12; in addition to other nutrients s h 10~h~mmal products mclude: iron, zinc, and vitamin 
riboflavin that are available from cert . u~ as flamm, calc !Urn, vltamm B6, vitamin A, and 
For human nutrition, the micronutrie:;; /es.o meat and/or dairy products. 
of children are iron iodine zinc c I . 0 maJdor ~onc~m for growth and development and health 
.. '" aClum,an vltammsAandB12ad fit SI . 

mam mlcronutrients offered in abundant and bio- '1 bl ~ 0 a e, e emum. The 
and B 12 from milk and iron zinc ad' . ;val a e fOlTn by ammal products are calcium 
beef, for example 'is more ;han~? ~~amm f:om meat. The zinc content of 100 grams of 
absorbable. Simil;rly milk products ICe a: of maIze and beans, and it is up to 10 times as 
to even approach th~ average calc' are an l.mportant sou.rce of calc!Um; it is difficult for a child 
diet. !Urn reqUlrements (estImated at 345 mg/d) on a cereal-based 

The beneficial effects of ad t I . highlighted below: equa e supp y of mIcro-nutrients on quality of plant products are 

~ in green le~ves is an important source of Fe-supply to humans' 

rai~e~~~:e:~sn;:n~~~~ :~r~t~~~d:~d a~t:r~nt quality criteria,' as optimal level of Mn 

Cu fertilization increases the Cu-conte I;. ' I particularly its taste; n m p ants and makes a better-quality fodder, 

Zn. fertilization would increase its level in I .. . which should be avoided' p ants and could reach some tOXICIty lImits, 

B is important to keep at'suffi' t I lb' fruit and vegetable products' lClen eve ecause If it is deficient, it will produce inferior 

~~r!:sc:~t:~_:oU~;~i~:~~~tcie~t level due to its role in Nitrate reduction metabolism, so 
raIse protem content and quality oflegumes, 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 ~0.rrducting ~ore 

research on role of micro-nutrients in plant, animal and human nutntlOn, 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 allocate 
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 m 
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 sClenlists and researchers m 
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 

Selenium (Se) is b~th toxic and be~eficial to plants, animals and humans. It is widely distributed 
throu~?out the envIronment. ~,elenlUm may exist as selenide (Se2,), elemental Se (Seo), selenite 
(
Se0

3 ) and. sdenate ,cSe04 ), each oxidation state exhibits different chemical behaviour. 
Therefore, It IS Imperalive to know its concentration in the environment and to understand the 
p:ocesses controlling its distribution and availability. Animals require 0.05-0.1 mg SelKg in their 
dIets to prevent Se defiCIency, but suffer from Se toxicity when Se concentration in the diet 
exceeds 5-15 mg Se:r<g. Alth?ugh its essentiality not proven for plants yet, however it is well 
documented that amm.als grazmg On seleniferous plants suffer from Blind stagger and alkali 
dIseases and Se defiCIency causes Keshan disease, cardiac problems and prostate cancer in 
human~. The narro:,," ranges ~etween beneficial and harmful levels of Se makes it necessary to 
determIne Se levels m the envIronment (Plants & soil) in the Near East region. Since the 1950s a 
large research effort. was ~pent o~ Se in Europe, U.S. and other countries, but very minimal w;rk 
has been done In thl~ regIOn. It IS recommended that serious research program be conducted in 
the Ne~r Easten: regIOn to know how to manage this element in deficient areas and also in areas 
where It may eXIst at tOXIC levels to animals and plants. 

1. INTRODUCTION 

T.he uptake of selenium (Se) by plants from soils has been studied by many researchers since the 
dIscovery of Se dual nature that could be beneficial or toxic to plants, animals and humans. Se 
tOXICIty ?ccurs m re~lOns where Se is high in soils and subsequently in plants and Se deficiency is 
usualJ~ tound tn. reglOns where the soil is low in Se. Therefore, the amount of Se in human diet 
and a?Imal feed IS largely determined by the amounts of available Se in the soil. 
Selemun: IS mtermediate between sulphur (S) and tellurium (Te) and its chemical properties are 
mtermedtate between those of Sand Te. It is a metalloid, shares the characteristics of both metals 
and non-metals, and this gives it special importance in health, nutrition and industry (Duckart et 
aI., 1992). 

Its ~Iectrical con~uctivity is low in the dark and increases several hundred folds in light. It is a 
seml~onductor WIth ~sYn:metncal conductivity which allows it to conduct an electrical current 
:nore 

eastly tn one dIrectIon than in the other. These properties make it of exceptional value for 
mdustry. 

Elemental selenium (Se') is highly insoluble and under oxidizing conditions it is converted to 
more soluble forms s.uch as selenite (SeO;2) and selenate (SeO;\ The organic compounds ofSe 
are ?f conSIderable tnterest and several of them play important roles in cell biochemistry and 
nutntton. . 

Se .has 6 naturally occurring stable isotopes Se 74, 77, 78, 80 and 82, with composite atomic 
weight of 78.96 (McNeal and Balistrieri, 1989). 

Studi.e~ showed that the availability of Se in soils is governed by parent material, environmental 
condItlOns and plant species. 
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2. SELENIUM TOXICITY ff 
n 
m 
d 
e. 
rs 

Marco Polo in 1295 mentioned that hooves of his livestock became swollen and dropped 0 
when the horses grazed on plants growing in certain areas of West em China. Father Pedro Simo 
in 1560 in Columbia described the loss of hair and nails in humans presumably suffering fro 
chronic Se ingestion. Dr. Madison in 1857 in the U.S. reported that hair, mane, tail hair loss an 
sloughing of hooves occurred in horses grazing in certain areas that later shown to be high in S 
In addition to other similar reports of intoxications by Nebraska Research station and the Farme 
of Wyoming who demonstrated that these abnormality syndromes were due to livestoc 

k 

consumption of Se-containing forages. Attention was refocused on Se in the environment in the early 1980' s, when subsurfac 
e 
n 
ot 
a 
ct 

agricultural drainage water was used for the creation and management of wet lands in Kesterso 
Reservoir at the Kesterson National Wildlife Refuge in California. Water in the reservoir is n 
used for domestic purposes or for irrigation but it is allowed to evaporate. Studies showed 
bioaccumulation of Se in plants and animals at the reservoirs at levels that could adversely affe 

wildlife, cause mortality and impaired reproduction of aquatic birds. 
Selenium toxicity in animals including livestock, poultry and swine occurs when they are fed 0 

n 
d 

Ii 
seleniferous forage or grains. Symptoms could be characterized by abnormal posture an 
movement, watering diarrhoea, laboured respiration, abnormal pain, prostration and death 
Consumption of moderately seleniferous grains and forages for several weeks causes alka 
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 anim 
wandering in circles coupled with legs weakening, swallowing inability, blindness, abdomin 

al 
al 

th pain, salivation, emaciation and death. Rosenfeld and Beath (1964) described chronic Se poisoning of people living in the state of Sou d 
s, Dakota in USA and columbia in South America who consumed home-produced vegetables an 

other food. They reported loss of hair by man or animal birth of monstrous-looking babie 

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 th 
mountains and hills of central China, was recognized to be associated with Se deficiency in 184 
(Levander, 1997). Symptoms of cardiac insufficiency with shortness of breath and che 
tightness were then related to Keshan disease. Table I lists some of the conditions which hav 
been recognized as being related to Se deficiency. For many years, several of these symptom 
responded also to vitamin E treatment, but not as effectively as to selenium. Although'S 

e 
9 
st 
e 
s 
e 

deficiency is a major factor in all ofthem, it is often not the only cause. 

Condition S ecies Tissue affected Table I. Selenium-res 

White muscle disease Cattle, sheep, poultry, pig, etc. Skeletal and heart muscle 

Exudative diathesis Poultry Capillary walls I· 

Panceatic degeneration Poultry Pancreas 
Liver necrosis Pig Liver 
Ill-thrift Cattle, oult ,shee Muscle mass 

After Oldfied, J.E. (1990) Selenium: Its Uses in Agriculture, Nutrition and Health and t 

Environment, Selenium-Tellurium Development Association, Grimbergen. 

he 

':... 
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Although selenium in the past was 
canc~r therapy was considered abo 

officially listed as a carci . . ut 80 years ago M h nogen, Its pOSSIble effectiveness in 
. uc research has bee d 

against several types of cancer M n con u~ted on the 
een Se levels in blood ad' .an~ of the studIes showed 
reported negative corre~at~:sc~~~cldenSce, especially in the 

posslbl~ p:otective properties of Se 
that a SIgnIficant relation exists bet 
case of leukaemia. Other researche: een e & some forms of 
cancer In humans (Reilly C.1996). 
The .role of Se in the immune sys tems of animals has bec . . 

rmonal and cellular immun ome IncreaSIngly apparent. Se defiCIency appears to affect both ho 
that ~Ifferent animals, such as sheep 
defiCIency and excess Th II ' d . ere ore tre 

one only after carefully taking th~ po 

mice, and humans do not e I~esponses. The findings showed 
atment with h' h d a respond in the same way to Se 
ssible conseq~!n~e~Stntsoecleniu.md su~plementation should be 

onsl eratIOn. 

4. SELENIUM IN SOILS 

Selenium occurs in all soils with 
Table 2. ,co 

..- as reported in ncentrations ranging from <0.1-1000 "gig, 

Table 2. Selenium levels in soils fro 
Country m 

different countries. 

USA 

New Zealand 

China 

Se val ues / 
<0.1-4 .4 
1-80 
<0.3 
0.3-0.5 
0.5-0.9 
0.9-1.5 
>1.5 
0.37-0. 
0.73-5. 

48 
66 
.08 7.04-12 

Identification 
Normal values 
In seleniferous soils 
Very low 
Low 
Average 
High 
Ve hi h 
Low 
Medium 
Hi h 

Ireland R' 34-220 
ef. SelenIum in Food and health by C. 

R . Seleniferous soils 
eilly, 1996 Chapman and Hall. 

The level of Se in a soil is determined 
parent rock. Whereas highly sT ma of S' I Iceous ro 

~~;, ~~c~e~~h:r:~~:: ~~~or~ ~speciallY the nature of the 
fossil fuels, weathering o/ro~:s ma~ co.ntain ~igh levels 
uptake and release, adsorption a:~ d sorls, ~Oll leaching, 
neral formation are th . esorptJOn, chemIcal 

e. VolcanIC activity, combustion of 
groundwater transport plant and . I 
and b' I . ' anIma 

. . IO.oglcal redox reactions and mi 
dlstnbutlon throughout the . (

M N I e major processes behind S 
c ea and Balistrieri 1989) T bl 3 e , . a e ,shows the Ie I' envIronment 

ve s of Se In various rocks and minerals. 

~able 3 .. Se levels in Rocks and Minerals 
ock/Mmeral 

Shales 
Limestones/sandstones 
Volcan~c Rocks in Calif0111ia 
Volcam~ Rocks in Hawaii 
MagmatIc Rocks 
Phosphate Rocks Cal'li . 

Se level 
0.6-500 
<0.1 
0.1-0.6 
<1-2 
<0.05 
1-178 R f ,I 01111a 

Ite . Selenium in Food and Health by C Rie 
was reported by Moxon and Olson in'195 

Iy 1996 Chapman Hall. 
o that soils which are derived from sedimentary 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 (AI-Saleh et aI., 1999) and semi arid 
soils derived from chalk in Lebanon (Lteif A, 200 I) indicate that Se levels were low in both 
locations. Lteif (200 I) also found that topsoils (depth = 0-15 em) of Lebanese calcareous clay 
soils have higher Se content than subsoils (depth = 15-30 em) 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,2) are largely insoluble and contribute little to Se uptake, elemental (SeQ) present in 
limited amounts in some soils may be oxidized, mostly to selenates (SeOt) in neutral and basic 
soils and to selenites (SeOt) in acidic soils. Plants absorb selenites, but to a lesser extent than 
selenate; selenates (SeOl') frequently associated with sulfate (SeOt) 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 concentrations in water is usually very low, a few micrograms per liter. The World 
Health Organization (WHO) sets a maximum standard of 0.01 fLg/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 PI. ANTS 

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. I). 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 fLg Se per m

2 
leaf area per 

day) and the lowest for fescue, the cold, wet season forage grass (3 fLg Se per m
2 

leaf area per 

day) (Duckart, E.C. et aI., 1992). 
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Fig. I. Se content of rye grass as a function of the soil pH. 
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Ref. More E and Coppnet M T 1 . fert'!' f ' 'd ' , : . eneurs en se enlUm des plantes fourrageres influence de la 
lIsa IOn et es apports de selenite, Ann. Agron,31 ,297.1980. In Kabata-Pendias 2000. 

Fig. 2. Influence ofSe added as Na2Se03 into the soil on Se content of plants sorghum. 
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fertilisation et'des apports de'sel: 'tenAeurs eAn se em urn des plantes fourrageres influence de la 

em e, nn. gron.31,297.1980. In Kabata-Pendias 2000. 

Se seems to be easily absorbed fro th t h .. . 2900 "glk . S d" mea mosp ere smce Its content m mosses varies from 500-
,... g mean mavtan countnes. 

~e ~~~~~:~a(tL~:~/~g~~g~~m i~~l!~ ~721rlkg in alfalfa and 530 t~ 1954 fLglkg in com plants 
grains in different countries and Table ~n sh5 ShO; the Se ~onte~ts m forage plants and cereal 
countries (F AO, Soils Bulletin #65, 1992). ows e levels m SOils and plants in Near Eastern 
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Table 4. Selenium levels in forage plants from different co un nes. 
Grasses Clover or Alfalfa 

Country 
(Ilg/kg) Mean Ilg/kg Mean 

5-31 IS 
Canada 5-23 13 

30 
Germany 30-210 110 50-130 

36-39 38 
France 19-134 47 

672 
India 200-450 352 440-870 

6-287 33 
Japan 5 174 43 

30-880 320 
U.S.A. 10-40 32 

PI t Country Range 

Barley grains 

Oats grains 

Corn seeds 
Cabbage leaves 
Lettuce leaves 
Carrots roots 
Onion bulbs 
Potato tubes 
Tomato fruits 
Apple fruits 

France 
Germany 
Norway 
U.S.A. 
Yugoslavia 
Canada 
Denmark 
Finland 
France 
U.S.A. 
Canada 
Denmark 
France 
Germany 
Japan 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. Orange fruits 

Potato tube Czech Republic " 
Apple fruits Czech Republic 
The data In Table 5 taken flom Kabata-Pendias 

9-38 
2-110 
<10-50 
27-42 
200-1800 
4-43 
3-54 
20-44 
70-140 
8-17 
150-1000 
10-2030 

2001. 

Hay or fodders 

Ilg/kg 
-
-

29-35 
200-870 

4-28 
28-360 

21 
18 

33 
450 
28 
16 
35 
110 

480 
87 
ISO 
57 
64 
42 
II 
36 
2.6 
7.7 
83 
8 

Mean 
-
-

31 
-
13 
98 
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Table 6. Selenium levels in soils and lants in Near Eastern countries in 
Descri lion 

Soil 

Maize 

Wheat 

Alfalfa 

Count 
Egypt 
Iraq 
Lebanon 

Syria 
Turke 
Egypt 
Iraq 
Lebanon 
Lebanon (mature 3'd & 4th leaves) 
Lebanon (mature whole plant) 
Syria 
Turke 
Egypt 
Iraq 
Syria 
Turke 
Lebanon 

Ran e 
32-580 
22-3700 
22-280 
7-162(1) 

20-900 
25-300 
4-350 
20-1000 
15-70 
530-1580(1) 
621-1954(1) 
6-300 
3-120 
5-180 
20-1800 
14-500 
5-500 
782-2721( ) 

13 

The data in Table 6 is taken from F AO 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 flg/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 flg/kg (Dry Weight). Other values, such as 
lower toxic level of 3000 flg Se/kg and minimum requirement of 100 flg 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 aI., 1983). These materials may contain small amounts of Se or they may stimulate 
root growth and subsequent uptake of soil Se. Feliilizers made from rock phosphates may contain 
as much as 200 mg Se/kg (Senesi et aI., 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 Selha 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,Se03 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 aI., 1984). 
Application of 109 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 referred because they are slower acting and thus less likely t~ produce excessi~e 
levels of Se ~n lants than the rapidly available selenates, which are effectlv,: If rapId Se UPt~ke IS 
d . dIN Pw Zealand a country which suffers from low level of Se m grass. la~d, I Yo Se 

eSlre
l

· .n ~ d 'th bu'lk blended fertilizers whereas in Finland a 1% Se solutlOn IS sprayed 
granu ate IS mlxe WI '. 16 S Ih It h ld 
into the granulation drum of compound fertilizers at an eqUlva.l<:nt rate ~f 6- g e a. 7 oU

S be mentioned that a special attention be given to Se fertlhzatlOn m order not. to raIse e 
concentration in plant tissue to toxic levels for animal nutrition. Therefore, top dressmg to herbal 

growing plants must be avoided. 
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SUMMARY 

A REVIEW OF ANIMAL FEEDING ISSUES 

IN RELATION TO THE PROVISION 

OF ANIMAL SOURCE FOODS FOR HUMANS 

The paper discusses first, the central role of animal production in the food chain and the intimate 
relationships between soils, crops, livestock nutrition and human nutrition and health. The value 
of animal source foods in the human diet is highlighted. Animal products being the best sources 
of high biological value proteins, essential micronutrients such as trace elements and vitamins. 
Implications of low intakes of animal sources foods on human health and well being, particularly 
in vulnerable groups, children and women, are presented with examples taken from observational 
studies in various geographical zones. Options for increasing the availability for human 
consumption of meat and other animal products are also suggested in the paper. Trends in global 
production and consumption of animal source foods are described, based on FAa's statistical 
database. The paper attempts to explain the reasons for differences between groups of countries 
and regions, with particular 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 effects on quantity to specific effects of the animal's diet and feeding regime on the 
composition of animal products. Fat, cholesterol and micronutrient levels in animal source foods, 
particularly meat, can be signIficantly affected by the feeding system of animals at a given stage 
of maturity and for a given specie and breed type. The safety on animal source foods has become 
a matter of great public concern in recent years; the paper describes briefly the issue in relation to 
the recent BSE crisis and other feed-born problems. FAa's role and activities in the area of feed 
and food safety assurance are also highlighted. 

1. INTRODUCTION 

Agriculture, Animal Production, Human Nutrition and Health relationships 
Most International Organizations such as WHO and FAa adopt a broad view of defining human 
health as a state of complete physical, mental and social well-being, and not merely the absence 
of disease or infirmity. From this definition, it can be easily established that good health is not 
possible without adequate food. While traditionally assigned the role of production and 
distribution of food, the ultimate overall goal of agriculture is in fact the maintenance of adequate 
human nutrition and human health and well-being. By providing the essential proteins and other 
nutrients for humans, animal products and thus, animal production plays a central role in the food 
chain and in the intimate relationship between agriculture in general, and crop production on one 
hand, and human nutrition and health. On the other hand, soils are the natural base for cultivated 
crops and spontaneous vegetation and livestock and poultry are essentially herbivores. Animal 
raising is therefore merely a process of conversion of soil nutrients into animal source foods for 
humans. 

N. Rihani: Animal Nutrition Specialist, FAO 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 B 12 are the most abundant micronutrients in these animal products. Of special importance, 
Vitamin B12, for which animal products are almost the exclusive sources. Fish are also equally 
good sources of protein, Iodine 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 best 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 Zinc, Calcium, 
and rodine, low birth weight associated with deficient maternal intakes of Iron, Zinc, Iodine and 
Vitamin B 12, impaired cognitive function and learning ability which can be caused by a 
micronutrients deficiencies involving Iron, Iodine, Zinc and B12. In addition to the well known 
nutritional anaemia's caused notably by lack of Iron, B12, 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 Zinc, [ron 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 
livestobk 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 BI2 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 aI., 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 in?ome and a higher consumption of dairy and meat products 
With a subsequent and measurable Improvement in the nutrition and health status of the rural 
farmers. 

From t~ese and other studies, it becomes cl~ar, the critical role of animal production, especially 
small lIvestock m sustamable and affordable Improvement of diet quality and health of families of 
the less developed and poor countries. 

In practice, ~arious options. exist .for increasing the availability for human consumption of meat 
and other animal products m a gIven country. They essentially depend upon the availability of 
feed resources, the prese?ce of adeq.uate infrastructure for slaughter, distribution and marketing, 
the ~ontrol o~ endemIC ~Iseases of lIvestock, and other climatic and socio-economic factors. The 
chOIce o~ amm~l specIes ( cattle, small ruminants, poultry, rabbits, fish .... ) and production 
systems (mdustnal, backyard, or combinations of the two) also depends on these major factors. 

3. TRENDS IN GLOBAL PRODUCTION AND HUMAN CONSUMPTION OF 
FOODS FROM ANIMAL PRODUCTS 

In the .last decades, the increasing ~eman~ for animal products resulted in a subsequent growth of 
the amm.al feed sector and related mdustnes. Nowadays, a considerable part of crop land goes to 
make ammal !eed. Global estimates. of as much ~s 60% of com, 90% of Soya bean and other oil 
seeds and 30 Yo of small cereal ~am are used m the feed industry to make compound animal 
feeds. Although, the supply of anImal source foods has improved in many parts of the world, the 
global P?tentlal dema?d for anImal produ.cts is still quite high. [t is an established· fact that any 
grow:h m spendable I?come wtll result m a much higher increase in consumption of animal 
protem. The first reactIOn. to a better purchasing power is usually a higher proportion of animal 
products m th~ dIet, pa~lcularly meat. It is therefore predicted that there will be a continuing 
derrland. for a~lmal protem foods for human consumption in most developing countries: Asia and 
Afnca, In partIcular. 

",,:c~ording to ~elgado et aI., (1999), global meat production will rise from an estimated 233 
mdhon ton?es m 2000 to nearly 3~0 million tonnes in 2020, the corresponding figures for milk 
~re respecllvely 568

0 
and :00 mtlllOn tonnes, over the same period. Egg production will also 

Increase by about 30 Yo. [t IS worth notIng that most of the increase in meat production in the last 
few de~ades has been met by :he wide growth of the intensive pOUltry production sector. The 
productIOn of poultry meat h~s .mcreased from nearly 9 million tonnes in 1960, to 15 in 1970, 26 
In 1980, 41 In 1990 and 68 mdhon tonnes in 2000. 

~h~ following selected figu.res fro.m ~ ~O's data base compiled by Speedy (2002) show trends 
unng the last 4 dec~des In avallablhty for human consumption of meat, milk and eggs in 

dev~loped and developIng countries. Significant differences betweeh countries exist, however. In 
partlc~lar,. the spectacular growth in meat production that has been taking place in some 
countnes, Includmg some of the most populous ones such as China and Brazil. 
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On the other hand, consumption of these animal products in various countries is presented in 
Table} 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 (GOP). 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 ojMeat, 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 

ftaly 

Austria 

French Polynesia 

Netherlands Antilles 

Netherlands 

Greece 

Gennany 

Bermuda 

Hungary 

Belgium-Luxembourg 

Yugoslavia, Fed Rep of 

Antigua and Barbuda 

Czech Republic 

Malta 

China, Taiwan PraY of 

Iceland 

Slovakia 

United Kingdom 

Saint Lucia 

United Arab Emirates 

Saint Kitts and Nevis 

Brazil 

Sweden 

Paraguay 

Switzerland 

Kuwait 

Poland 

China, Macao SAR 

Israel 

Finland 

New Caledonia 

Meat 

126.5 

124 

117.6 

113.1 

112.4 

Milk 

131.6 

117.3 

148.9 

108.1 

37.1 

109.9 63.2 

108.9 103.6 

101.1 53.7 

99.9 61.1 

99.4 174.8 

97.7 107.5 

96.2 88.3 

95.9 124.7 

95.1 42.9 

92.8 83.7 

92.7 63 

91.3 45.6 

90.9 83.3 

90.6 50.1 

87.6 49.5 

85.9 140 

85.5 67.1 

85.3 66.2 

84.6 25 

84.3 78.6 

84 55 

82.7 146.9 

82.5 116.4 

81.3 42.3 

80.4 96.9 

79.7 31.1 

79.3 120.6 

78.1 45.9 

76.3 121.1 

75.6 54.8 

74.6 120.9 

73.4 71.4 

73 118.7 

72.4 73.2 

72.4 83.9 

72.3 92.5 

70.3 45.8 

70.2 68.6 

68.5 27.2 

68.3 59.2 

67.3 131.3 

66.5 85.5 

Eggs Fish 

9.3 8.6 

14.5 22.4 

11.2 23.5 

13.9 42.4 

14.7 27 

Country 

Belarus 

Bulgaria 

Chile 

Estonia 

Norway 

11.9 24.7 Brunei Darussalam 

6.3 20 Dominica 

10.8 24.4 Saint Vincent/Grenadines 

16 32.1 Jamaica 

6.9 17.2 Malaysia 

9.9 Panama 

10.4 7.3 Mexico 

0.1 0.1 Saudi Arabia 

4.5 21.8 Romania 

9.3 58.7 Lithuania 

3.4 41 Suriname 

12.9 25.3 Bolivia 

13 16.8 China, Mainland 

6.5 67.5 Gabon 

2.7 23.1 Grenada 

16.1 18.1 Fiji Islands 

10.3 29.6 Japan 

12.2 17 Venezuela, Boliv Rep of 

8.7 45.7 Korea, Republic of 

15.7 6.7 Costa Rica 

14.4 23.1 Russian Federation 

6.9 4 Dominican Republic 

38.6 Kazakhstan 

16.4 12.9 Kyrgyzstan 

16.9 40.9 Belize 

14.6 43 Ecuador 

5.7 94 Mauritius 

13.2 6.4 Colombia 

9.2 24.5 Jordan 

3.2 22.7 Swaziland 

9.9 27.1 South Africa 

5.3 37.6 Trinidad and Tobago 

6.7 8.6 Latvia 

11.6 30.6 Libyan Arab Jamahiriya 

7.8 ILl Ukraine 

10.5 21.5 Guyana 

11.6 11.2 Vanuatu 

10.5 15.6 Lebanon 

10 49 Macedonia,The FmrYug Rp 

11.9 26.4 Botswana 

9.3 43.9 Croatia 

6.9 25.2 Albania 

Meat 

62.2 

61.5 

61 

57.6 

55.8 

Milk 

130.2 

125.2 

65 

137.7 

91.4 

55.6 53.7 

55.4 119.2 

54.7 56.8 

54.3 27.3 

54 17.3 

53.4 46.6 

52.9 78.5 

52.6 50.1 

52.3 176.8 

52.2 61.1 

49.8 30.3 

49.4 25.6 

48.1 6.4 

44.9 18.9 

43.8 65.9 

42.9 44.5 

42.4 43.5 

42.4 42.3 

42.3 16.8 

41.4 143.5 

41 124.9 

40 41 

39.5 174.2 

38.4 173.9 

38 85.7 

35.3 90.8 

34.4 88.8 

34.4 103 

34 39 

34 62 

33.2 43.2 

32.7 45.5 

32.7 127.4 

32.7 52.9 

32.4 150.4 

32.1 57.7 

32 17.4 

31.5 31.8 

31.2 16 

30.4 88.1 

30.4 108.6 

29.3 242.2 

Eggs 

13.2 

11.2 

4.6 

11.4 

10.2 

Fish 

1.6 

4.4 
18 

23 

61.9 

14.1 21.9 

2.7 36.7 

5.2 19.4 

9.9 17.8 

13.7 54.2 

4.5 14.3 

14.4 11.8 

4.8 8 

9.9 2.4 

9.8 18.3 

11.1 23 

6.9 2.4 

15.6 35.7 

1.4 52.7 

7.7 27.6 

4.2 32.5 

19.2 71.9 

5.6 22.1 

9.2 50.3 

5.4 8.4 

12.3 25.4 

5.1 12.6 

4.7 5.4 

2.7 0.7 

6.3 8.5 

3.2 7.6 

3.2 22.5 

7.1 6.4 

7.5 3.5 

2.8 0.2 

6.3 7.4 

7.6 14.2 

9.4 12.5 

10 6.1 

9.6 9.6 

73 

1.6 24.8 

7.3 6.9 

9.9 5.4 

1.7 8.9 

9.8 4.9 

5.7 
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Consumption oj Meat, Milk, Eggs and Fish by Country (kg/capitalyr) (continued) 
Country Meat Milk Eggs Fish Country Meat Milk 

Turkmenistan 28.5 122.4 3.2 3.9 Cambodia 14.4 2.3 

Cuba 26.9 28.9 5.9 16.4 Congo, Republic of 13.9 9.3 

Uzbekistan 26.8 131.9 2.7 0.9 Benin 13.8 5.1 

Seychelles 26.6 33.5 5.8 62.3 Kenya 13.7 76.7 
Kiribati 

Philippines 

Thailand 

Georgia 

Cape Verde 

Tunisia 

VietNam 

Somalia 

Papua New Guinea 

Annenia 

Central African Republic 

Egypt 

Peru 

Mauritania 

Iran, Islamic Rep of 

Sudan 

Turkey 

Guatemala 

Syrian Arab Republic 

Namibia 

Madagascar 

Bosnia and Herzegovina 

Moldova, Republic of 

Afghanistan 

Algeria 

Mali 

Morocco 

Senegal 

Honduras 

Azerbaijan, Republic of 

El Salvador 

Djibouti 

Laos 

Chad 

Guinea-Bissau 

Cameroon 

Lesotho 

Angola 

Nicaragua 

26.3 18.4 

25.8 4.4 

24.6 12.2 

24.5 116.1 

24.3 76.9 

23.9 73.2 

23.8 0.9 

23.7 187.4 

22.9 3.7 

22.9 45.8 

22.8 16.5 

22.6 13.6 

22.3 44 

22.1 121.4 

21.6 24.7 

21.1 117.6 

21 93.5 

21' 28.8 

20.8 59.6 

19.8 40.8 

19.1 33.1 

19.1 116.8 

18.9 116 

18.9 61.8 

18.7 74.4 

18.6 42.6 

18.5 10.6 

17.8 13.2 

17.3 104.7 

17.2 113.6 

16.4 71.9 

15.9 53.5 

15.6 2.2 

15.4 25.7 

15.4 14.8 

15.1 14.2 

14.9 12.8 

14.8 13.8 

14.5 29.6 

1.4 76.3 Pakistan 

7.6 33.2 Zimbabwe 

9.6 40 Niger 

6.7 2.3 Burkina Faso 

4.2 24.4 Yemen 

7.3 9.2 Zambia 

22.8 Togo 

0.3 I. 7 Ethiopia 

0.7 16.2 Uganda 

3.3 1.8 Nepal 

0.3 7.1 Haiti 

2.1 14.1 Tanzania, United Rep of 

4.8 27.1 Liberia 

1.5 16.1 Indonesia 

6.5 6.5 Cote d'Ivoire 

1.2 3 Ghana 

8.6 7.7 Eritrea 

9.1 Tajikistan 

6.8 1.4 Myanmar 

0.9 12.5 Maldives 

0.9 9.5 Korea, Dem People's Rep 

4.6 2.1 Comoros 

3.2 1.2 Solomon Islands 

0.7 Sao Tome and Principe 

3.5 3.5 Nigeria 

0.7 18 Gambia 

5.2 7.3 Iraq 

2.8 43.7 Sierra Leone 

6.8 3.8 Congo, Dem Republic of 

42 1.9 Mozambique 

6.9 3.2 Sri Lanka 

0.7 3.5 Rwanda 

1.4 16.3 India 

0.5 12.6 Malawi 

0.5 3.1 Guinea 
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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 ai. (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 aI., 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 
ac~ount. Ho,:"ever ot?er economic factors, related to the cost of feed per unit of body weight 
gam, have m practIce, the most critical impact on the choice of feeding system and 
consequ~ntlY.on the overall meat composition. Due to their unique digestive system, in which 
the re:nam mIcrobes a~t as a buffer, ruminant animals have a relatively constant composition 
of the~r body fat or adIpose tIssue. Being highly saturated due to intensive hydrogenation by 
the mIcrobes, fatty aCIds composi~ion of milk and meat fats from ruminants is usually 
constant und~r vanable feedmg regImes and diet compositions. Differences in fat content and 
fat compos~tlOn between red meat and white meat (from monogastric animals and fish) are 
w~ll estabh:hed 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 sugges.ted and being argued among animal and human nutrition specialists 
Lactose c~ntent of milk IS also usually constant and is not much affected by the animal diet 
~s lactose IS the first compound to be formed in the mammary gland during milk secretion i~ 
IS mO.re close~y h~ked to total milk ~ield . It should be noted however, that generally 
speakl.ng, sp~cles dl:ferences are qUIte hIgh, and much mOre important than differences due to 
the a~lmal dIet, partlcula~ly for mi~k nutrient composition (fat and protein contents). 
The mtake of mlcro-n~tnent: by lIvestock and poultry is also reflected to some extent in the 
content of these nutnents m animal products. This is usually the case with Calcium 
Phosphorus and several. tr~ce elements. Thus, adequate levels of these in the animal diet is no~ 
only. ~ecessary for achIeVing adequate production performances, but also for optimizing the 
nutnttonal value of animal source foods for humans. 

4.3 Effects on safety 

Fe~d ingredient.s. used in the animal fe.ed industry can be of various natures and origins (plant, 
ammal). In addItIOn, sever~l feed addlltves such as antibiotics, hormones, and growth promoters 
are. commonly employed In order to protect livestock and poultry form diseases and to enhance 
theIr performance: Contaminations with various substances may also occur at harvest, and during 
Pd:ocessmg, handlmg and storage of feed ingredients before their final destination into animal 

lets. 

In r~cent y~ars and in almost all countries, public concerns about the safety of foods of animal 
ongln ha: I~creased due t? problems that have arisen with bovine spongiform encephalopathy 
~~;E), .dlOxlO contamlOa~lOns of pou.ltry. feeds, outbreaks of food-borne bacterial infections, 
d ety n.sks due to excessIve :nYC?to~lOs In feeds as well as growing concerns about veterinary 

rug reSIdues and subsequent Imphcatlons for microbial resistance to antibiotics 
~~o~t of thes~ problems are in fact, animal nutrition related, and they have d;awn attention to 

ee 109 practIces that are used in the livestock and poultry sectors. 
About 600 '1I' . . ml IOn.tonnes of ~mmal feed are being produced annually in the feed industry, with 
~~~O mIlls worldWIde produclOg ov.er gO% of the feed consumed by livestock and poultry. About 

0. of these feeds are produced 10 50 countries including the USA Canada China Brazil 

t
MebxIC90g' Japan and most of the EU countries. The annual per capita anit'nal feed ~Ise is e~timated 
o e Kg per person. 

:i:en the. above volume of animal feeds that are being produced which is expected to go up due 
I? ~nc~aslOg demand from the livestock and particularly, the po~ltry sectors and given the direct 
[,10 d~ etween feed safety and the safety of animal SOUrce foods, feed pr~duction and related 

. ee blOg practices are now considered as an integral part of the food production chain With the 
out reak ?f the problems mentioned above, several measures have been taken mor~ in recent 
yea~s, Ito Insure that feed production is subject, in the same way as food prod~ction to quality 
con ro systems based on risk analysis. ' 
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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 F AO 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 200 I 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 ofBSE 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). F AO 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 F AO 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 fe11i1izers, 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 mglkg 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 ofphytic 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-anima I-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. Fe11ilizer 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 (I % of the country's total fe11i1izer use) of zinc sulfate 
in fOlms 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 
zinc citrate or zinc gluconate instead of zinc sulfate. Smoking and drinking tea immediately after 
taking meals s~ould 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 sulf~te are being taken every year as 
compar.ed 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 ofthis essential nutrient in their diets. 



50 
Micronlltrients the Role 0 Zinc in Plant Growtlt and En/wncin Animal and 

Human Health [
Lanti Degradation. Plant. Animal and Human Nutrition' 
lIfer-relation and Impact • 

High Bicarbonate 
in the irrigation 
\Vater 

Table 1- Percentage of CaCOjo O.C., !lnd avaihtble: 

11ne in some orchurd5 in different regioR5 of lrnn*. 

,n~iQR I pH I O. c. I c~coJ ! Zinc 

I I ['''I [%) I (now'oJ 

So,.o.ur S?ils are faced with mlcronutrients 
defiCiencies specially zinc mainly due to: 

. High pH, 

• HI\lh CaCO), 

• Lowor(Jan!cn:'atter, 

I 

51 



52 
Zinc in Plant Growth and En/wncin Animal and 

Microl1utrieniS tile Role 0 Human Health 

t MotncJlc3>;~ 

f SntilH.distm1c!lk;l.'(es 

f Rcd!u:cdlrllil~t;\1Il1 
dc~d<)pJ\l4!fIIofbel1k~ 

t UnevenJ.!ydo[1lUcnl:Llld 
rlp.:nil1gofbcrdu~ 

Made worse hy' 
• HighpHwils 

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

Slide No. 23 

Effects of Zinc sulfate on the premature 
of 2000) 

Slide No; 25 

Slide No. 27 

t"..:hof ..... ·l>!I'att""It>f""""OIQt •• n'Pt\<l"'Kordnunr_d ...... 
( ..... ""' ...... ltHj 

Slide No. 29 
Erfects of Zinc application on wheat 
fortific~tio~ and i~ p~?t~in content 

Slide No. 24 

Results of BaI<Il1ced Ferti!!Ziltlon on Grain Wheat 
YJ"ld 

, ... ) 
I 

.~ I 

"" I 
_'~ r 
i"" ! 
I"" ! 

~ " .. 

Slide No; 26 
Results of Fortification Project on I/Vheat 

Slide No. 30 

Effects of Zinc Sulfate on the protein IncnlaS& 
and wheat grain Enrichment 

(t,\jDlt1~I<f~I, 

53 



54 
Micronutrienls lite Role 0 Zinc in Plant Growtlt and Enhancin Animal and 

Human Healtil 

EttectsotbOlbneedtertlll!:rt.tlononZn,FlI,andMneonc.ln 
Wl'leatgrllln.hUSk,andnourlnKordest:m 

(M.EoIoYb ..... '"OO) 

"~'~Hm'r<l"'rlrdlloAtl 
~I It l',\,-z" tnOLir fIItkl \) '"" 11M. 5. 

S$P""""'I,,fthoml ... ~ ..... dl.'UlOC 

"UI .... ..h ... ,bohlo. 

blirl'A,7 ..... .J...tnt.tko .. S-l.s. ..... 1,y 

Errett! ofbalantedfutlllzltatlononPA,and Znlnwhtil 
gr~ln, husk, and fioul (Erd~1 .t at, \9S8) 

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

~ .. w......~ .. lIo"""..r'Ntlo __ Io __ !~oI"'l*'I 

55 



56 
Zinc in Plant Growth and Enhancill Animal alHl 

Micronutrients the Role 0 Human Health 

Effects of Zinc sulfate on the premature of 
canola.. et al., 2001) 

Land Degradation. Plant. Animal alld Hliman Nutrition: 
Inter~relation and Impact 

Salinity induce structural changes in 
stem, root and leaf tissues; few xylem 
vessels with smaller size were 
noticed in stressed plants. The higher 
concentration of Zn improved growth 

57 



58 
Micronlltrients the Role 0 Zinc in Plant Growth alld Enirallcill Animal and 

Human Healtlr 
Land Degr,adatioll. Plant. Animal and Human Nutrition' 
Inter-relatIOn and Impact . 

59 



60 . . t t/ Role o[Zillc III Plallt Growth ali{I EllhallcillgAllimai alld 
MICrOltlltrzen s ,e Human Health Land Degradation. Plant. Animal and Human Nutrition: 61 Inter-relation alld Impact 

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 ofmicronutrients 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. Zinc deficiency is a critical nutritional problem for plants, animals and humans in 
the calcareous soils. Field, greenhouse and growth chamber experiments were calTied 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 detelmination 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 depends on the rate of zinc intake but 
also on the level of other chemicals like phytic acid that c~n 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 slll'vive 
without zinc because it is essential in synthesizing DNA and RNA and in metabolizing 
carbohydrates, fats, proteins and alcohols and in th~: 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 shol1 size down to midget heights, 
hepatosplenomegaly, geophagia, anemia, persisting wounds, increased levels of allergy 
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symptoms, infections, slow healing skin injuries, dry and rough skin, and a reduced level of 
immune system functions. Boys show zinc deficiency symptoms mOre frequently than girls. 
Zinc deficiency in pregnant women causes miscarriage, low birth weights, and premature 
delivery, injuries to the nervous system, and birth defects. Investigations show that more than 
48% of human population suffers from zinc deficiency all over the world. This deficiency is 
often associated with iron and vitamin A deficiencies. Among the various regions in the world, 
Western Europe and North America with the highest rate of zinc intake suffer the lowest 
deficiency rate of less than 1 %. South Asia and Middle East countries, on the other hand, show 
the lowest rate of zinc intake and, therefore, the highest rate of this deficiency affecting more than 
95% of the population. Currently, one out of every four rural children and one out of every five 
children in the urban areas show short heights, which is in principal related to zinc deficiency. 
Recently, it was in the media that Iranian youngsters' height had been reduced Scm mainly due to 

malnutrition. 
Soil or foliar applications of Zn to correct deficiencies in edible parts of plants are, however, 
effective only for a short time, and must be carried out either every year or every 2 to 3 years. 
Improvement of Zn nutritional status of plants is also very beneficial with respect to disease 
resistance and seedling vigour. Zinc-deficient plants are sensitive to pathogenic fungal root 
diseases. Zinc availability is quite low in foods that contain high levels of phytic acid or fiber. 
These compounds strongly combine with zinc and prevent its absorption into the body or into the 
animal metabolic systems. Cereals or cereal foods are rich in substances like phytic acid and 
fiber and therefore, high rates of consumption of such foods would lead to zinc deficiency 
symptoms. Especially in children and breast feeding mothers. Results from calcareous soils 
reveal that the concentrations of phytic acid in wheat grain is affected by the level of zinc 
app Ii cations, while no such effect would be seen if the plants were to be raised under zinc 
deficient conditions. The high levels of phytic acid in zinc deficient wheat grain could be related 
to high levels of phosphorus absorption under such conditions followed by high rates of 
translocation of the phosphorus to the branches. Therefore, the molar ration ofphytic acid to zinc 
(PA/Zn) should be studied as a factor in determining the level of availability of zinc and in 
predicting the dangers of its deficiency levels. Usually, a ration ofPAIZn that exceeds 15 would 
result in zinc deficiency problems, especially in children. 
Zinc deficiency as a cause of infertility in men has been the focus of a lot of attention whereby 
the related problems of many men seem to be solved with zinc supplements. This is because, 
according to many specialists, zinc plays a major role in the reproductive systems, the formation 
and maturation of spenns, ova and in the process of fertilization. Zinc is second only to iron in 
terms of quantity in the body. It activates more than 100 enzymes in plants, animals and humans. 
The role of zinc in human health is quite well established; this element can be found in the teeth, 
prostate, muscles and so on. Some 48% of the world population suffers from anemia, which is 
caused by iron and zinc deficiencies. The rate of zinc deficiency in Iran is higher than the world 
average because unbrand flour is used for bread which is the people's main staple food. In Iran 
some 70% of the protein is obtained with bread prepared from unbrand flour for its low levels of 
phytates. Therefore, the bread prepared in this way only provides us with the calories and protein. 
Zinc intake will play an important role in controlling colds, glaucoma, rheumatoid arthritis, 
asthma, diabetes, malfunction of glands, especially the thyroid, Alzheimer's, menstrual 
discharges, premenstrual syndrome, hemorrhoids, bad breath, bladder infection, infertility, 
muscle aches, injuries from various kinds of burns, nervous stresses, etc. Zinc is also effective in 
reducing the severity and the duration of colds, and it acts as an antibacterial and antifungal 
material and can be used as an antiseptic for mouth and nose. Zinc participates in the 
physiological processes of the reproductive, nervous, immune, and digestive systems and skin 
protective action; so its deficiency will be noticed in various parts of the body. 
In general, zinc acts as a cofactor of various enzymes in producing its effects. Consequently, zinc 
would be essential for a healthy appetite, gustatolY and olfactory senses, skin protective action, 
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s~~o~:~d:special1Y oyster, shrimp, fish, red meat and eggs are rich sources of zinc. Among the 

fn zinc bec~~:~n:f\~es~:~St~:~ t~~u:,s:ee:t ~e ri~h ~~ zinc, ~ut unf0l1unately the bread is quite poor 
the conversion of flour to bre ran IS Isc~rd~ and that unscIentIfic ways are used in 
should be avoided because zin~ddo Smokmg and drmkl~g t~a immediately after taking meals 
nicotine, theine and phytic acid Ae;d~~t get abso:bed m dIgestIve system in the presence of 
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easily and used to l:Se hair befo~e hme: l, even th~ugh, he used to have frequent colds, felt tired 
persistence in advocating zinc supp~ ega~ to ta e z~nc supplem:nts. As a result of the authors' 
being taken every year in Iran as c' emen ~ m.o~e t a~ 20 mIllIOn capsules of zinc sulfate are 
more logical a roach woul ompare WIt 2 mdbon capsules before 1997. However, a 
calcareous sOil~~ith zinc so ~h~; eto ennch the crops, f?rages and pastures that are produced in 
their diets Finally our aim h l~e~onegets the requIred amount of these essential nutrients in 
and anim~l product~ with res;e~tUt ~ to tmprove the yield as well as the quality of agricultural 
the consumers' tables so as to pron~0%1~~I~~~I~::~t~t.aI1mg at the fields and pastures, ending up at 
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MICRONUTRIENTS DEFICIENCIES AND THEIR IMPACT 

ON 
HUMAN NUTRITION & HEALTH 

l.lNTRODUCTION 
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 (Dfaz-G6mez et aI2003). 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 aI200I). 

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 community 
(Kohli-Kumar 200 I). 

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 ill Egypt, this paper 
would cover several items: 

I) Micronutrients deficiencies and Nutritional status in Egypt 

2) The food consumption pattern of micro nutrients in Egypt 

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

4) Intervention programs performed in Egypt 

5) Future steps that can be undertaken in Egypt 
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Iron 

Pregnancy: 
- Shorter pregnancies 
- t Maternal mortality 
- t Fetal mortality 
- t Low birth weight infants 

. Infancy & childhood: 
- Functional intestinal alterations 
- Impaired exercise capacity 
- Alterations of behavior 
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2. SUGGESTED FUTURE APPROACHES 

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. 

c) 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 studies 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 fi'om 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 
Consllmption With Meals 

o Strategies That Consider Other Micronutrients 
o Multiple Strategies 
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FAO'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 

... Introduction 
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... l\llcronulrienl Problems in the Region 
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Boron deficiency 
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Zinc deficiency 
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EXPERT CONSULTATION ON LAND DEGRADATION, PLANT, ANIMAL AND 
HUMAN NUTRITION: INTER-RELATIONSHIP AND IMPACT 

COUNTRY REPORT: EGYPT 

1. INTRODUCTION 

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 penneability and alkaline in reaction or newly 
reclaimed land which either sandy (high water penneability, 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. 

The latest statistics (200 I /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,O,) 
Around 55,000 tons of potassium fertilizers (48% K,O) 
Around 1500 tons of zinc sulfate for rice fertilization 
Around 19,000 tons ofl)1ixed and compound fertilizers 

2. TYPES OF FERTILIZERS 

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,O,) and Concentrated super phosphate 
(37% P,O,). 
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 
fonnulation either to be added to the soil or sprayed on the plants' foliage. The micro-nutrient 
could be either in mineral fonns or chelate ones. 

• 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 
Crop 

K 
Wheat 
Barel 45 15 70 30 
Faba bean 15 30 22.5 45 
Maize (Corn) 90 15 100 30 
Cotton 60 22.5 75 30 
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50 15 I Rice 
Sugar beat , 60 15 90 30 

* Fed. = fed dan (4200 m-) 

3 NATIONAL INSTITUTIONS AND PLANNING AGENCIES IN C~~E OF 
. SETTING FERTILIZER POLICIES AND PLANNING, ANIMAL 

STANDARDS AND RELATED FIELDS IN EGYPT 

j;> Soils Water and Environment Research Institute (SWERI), . and Land Reclamation 
Agri~ultural Research Center (ARC), Ministry of Agnculture 
(MALR) . 

" Anl'mal Production Research Inslttute (APRI.),. I . 
,. M t of Agriculture and Land Rec amatlon Agricultural Research Center (ARC), IntS ry 

(MALR) 

j;> • Central Laboratory for Food and Feed (CLFF): of Agriculture and Land Reclamation 
Agricultural Research Center (ARC), MinIstry 
(MALR) . 

j;> Sector of Animal Productlon 
j;> Sector of Economy . 
j;> Union of Producers and Exporters of HortIcultural Crops 

Ministry of Agriculture and Land ReclamatIOn (MALR) 
j;> Principal Bank for Development and Agric~ltural CredIt (PBDAC), 

Ministry of Agriculture and Land ReclamatIOn (MALR) 
j;> Companies Producing Fertilizers 
j;> Higher Council of Fertilizers 

Ministry of Public Business Sector 

. . ffertilizers and animal feed. On the other hand there are 
Those are the mam players m th~ areas 0 Field Cro Research Institute, Sugar Crops Research 
many other players are contrtb~tmg such a~ H lth R~earch Institute, Organization of the Public 
Institute, Cotton Research lnslttute, Amma ea 
and Private Sectors ... 

4 COUNTRY EXPERIENCES IN FERTILIZERS USE, PARTICUL~i~p 
. RELATED TO MICRO-NUTRIENTS AND THEIR IMPACTS 0 

PRODUCTION AND FORAGE QUALITY 

. 'n and method of application) received high attention in 
Fertilization of crop~ (amount, type, tlml g h' d ellent results regarding the quantity and 
the ministry of agnculture. The country ~c I~ve ~xc a result of following the fertilizer 
quality of crop production on the n.atlOna . sca e as 
recommendations among other agronomic practices. 

. the area of the use of micro-nutrients is the Break 
One of the very pronounced examples m h' h' b t 95 tons/ha as a national average 
through that Egypt in the Rice productIOn, w d

lc ~~ ea r~:ear~h carried out in the Soils, Water 
(almost double the international average). :;se . on t~' ty years ago it was found that Zinc is a 
and Environment Research Institute (SWE ), smce

t 
dll ts this reco'mmendation and subsidized 

. . I 'R' 'oduction The governmen a op 
cntlcal e ement III Ice pI . ~ T . the rice farmers' fields. 
the prices of the Zinc Sultate to be used as a ertl Izer m 
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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 (Zinc, Manganese and/or [ron) in sandy soils even that the 
available amounts of these elements are considered adequate. 

On the other hand there are different surveys and studies carried out by the Soils, Water and 
Environment Research Institute (SWERI) on the status of micro-nutrients in the soils of Egypt as 
well under certain crops (sugarcane). Also there are many research programs are currently carried 
out in this area. 

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 (SWERl). 

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 ... ) 

5. SOME OF THE IDEAS WHICH THE COUNTRY CONSIDER AS BADLY 
NEEDED TO BE STUDIED 

j;> 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. 

j;> StUdying the relation between the fertilization with micro-nutrients (elements, types and 
rates) on the quality of the crops and especially Fodder crops in satistying animal needs of 
sllch micro-nutrients. 

j;> 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, PhosphOlus 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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EXPERT CONSULTATION ON LAND DEGRADATION, PLANT, ANIMAL AND 

HUMAN NUTRITION: INTER-RELATIONSHIP AND IMPACT 

COUNTRY REPORT: JORDAN 
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EXPERT CONSULTATION ON LAND DEGRADATION, PLANT, ANIMAL AND 

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

HUMAN NUTRITION: INTER-RELATIONSHIP AND IMPACT 

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 wann 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 ajoint 
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 feltilizer (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 fonnulations of micronutrients (e.g. ·fertillion combi) and mono- formulations mainly 
of Iron and zinc as most citrus trees suffer of these two elements 

·M~iJ.F:.A(iifili~;d::PI~nIPr(jdti:Ct1'· 
i8Iat~Jtllte:~J iJ~fi~~~~:" ~~.~~; ~:}~~i::~~~i1.~~~~ 
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Fertilizer consumption 200 1 in Oman 
~~~----~~~--I NO Fertilizer Quanti (Mt) 

Nitro enouS 4270 
2 Ph os hate 1000 

Potash 721 

Total 5991 

3. FERTILIZER POLICY AND PLANNING 

b· ~ rtT e is targeting the highest possihle 
The government policy concerning the su ject ,e I Izer us 

effective & efficient utilization at the f~rmer level., f the applied fertilizer and with 
With efficient fertilizer use the polIcy IS to ha~e maxll:,um use 0, ffertilizer a lied. 
ef~ective fertilizer use the poli~y is to obta~n oPft!mum i~l~.fer UnIteoand minimi!,Penvironmental 
The overall strategy is to maximize positive e ,ects 0 er I Izer us 

hazards, t there is an interaction which should not be 
Between agricultural production & environmen 
competitive but complementary for bala~ced devdelopment. t nd fertilizers are imported from 
As mentioned above Oman is not a fertilIzer pro ucmg coun ry a 

different countries, , t t" ermission from the ministry of 
Each fertilizer imported to the country must poss~s ~mp?r ah,on p of setting fertilizer policies and 
agriculture and fisheries which is the government 0 Y 10 C arge 

planning, . , . h the necessary documents which explain in 
For this each importer must supply the minIstry Wit f " th year of production the weight 
detail chemical analysis of the product, the country 0 ongm, e ' 

d h 'fi t" which may be required. , , an ot er speci !Ca IOns t ffiliated to the minIstry of 
The directorate general of specifications and measuremen s a I ., d' 1 ~ d' 
commerce and industry is in the charge of setting .standards for fertilIzers an anIma ee m 

collaboration with ministry of agriculture and fishenes, 

4. COUNTRY EXPERIENCES IN FERTILIZER USE . 
" f ' hties of the last century the ministry of agriculture and fishenes 

In early seventies, tIll end 0 elg ~ h rt' I'pate in agricultural extension 
d ' 'b ~ rtT for free to ,armers w 0 pa IC 

used to Istn ute ,e I Izers ", f (25%-50%) of its market price but 
programs, after that fertilizers were subsldl~ed 10 a range 0" e free market mechanism, 
that subsidy doesn't exist nowadays and fert~hzers are s~ldt Wlthl;,!hhigh the target should be the 
In conditions similar to Oman where water IS scarce an 1 S cos I , 

h" h ' 't volume of available water. ., ' 
Ig est mcome per UnI ~ '1' d' obtained by proper ImgatlOn 

ffi' & fn t" ay water and ,ertl Izer use IS 
The e IClent e."c Ive w" rn to less water demanding crops- the ministry 
management, changmg th~ cloppmg patte" tems all over the country by 100% of the 
subsidizes the implementatIOn of mode In Imgat;on s~s 10 D ddans where as the farmer pays for 
cost of equipment, tools and matenals for farms ess t an e 
soil digging and in'igation system installatIOn, 

Total area> 
12050 

d 'th subsl'dized modern irrigation system in Oman 
Number of farms and total area covere WI 
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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 ofland 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 sult{lnate, 
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 hal in Salalah plain in the south ofthe sultanate, 
The study came out with defining the type of soil and water available, Clment plantations in each 
and every fann 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 evaluation, 
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 fanming 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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. .,. reen manure and farm residues processing piles, 
The introductIOn of modern lrngatl~n, g f'l d mprehensive agricultural studIes are 

reenhouses land surveys, categonzatIOn 0 SOl s, an .co . 
g .' rt C efCective & efficient fertihzers utlhzatlOn. of great lmpo ance lor l' 
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EXPERT CONSULTATION ON LAND DEGRADATION, PLANT, ANIMAL AND 

HUMAN NUTRITION: INTER-RELATIONSHIP AND IMPACT 

COUNTRY REPORT: REPUBLIC OF SUDAN 

SUDAN IS THE LARGEST COUNTRY 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: 

I. Land and water management 
2. Transfer of technology 
3. Human capacity building 
4. Infrastructure 
5. Rural food industry 
6. International and regional trade 

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 impOlt their own feltilizers by their Own means. 
Private sector impOlt less than 10% of feltilizers 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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Fertilizer required quantities for the main crops in the irrigated sector for the last ten seasons 
Crop Cotton 

Season A N A 
1992/93 325 26.00 790 
1993/94 293 25.54 905 
1994/95 413 33.04 766 
1995/96 257 20.56 703 
1996/97 601 48.08 775 
1997/98 428 34.24 621 
1998/99 361 28.88 319 

1999/2000 419 32.28 213 
2000/01 393 31.44 289 
2001/02 347 27.76 290 
2002/03 380 30AO 308 

A = Area in 000 feddan 
N = Nitrogen urea in 000 tons 
P = Phosphate TSP in 000 tons 

Wheat 
N P 

63. 2 31.6 
74.4 36.20 
6128 30.64 
56.24 28.12 
62.00 31.00 
49.68 24.84 
25.52 12.76 
17.04 8.52 
22.72 11.36 
2120 11.60 
24.64 1232 

Otllers mean slUlflower, maize and vegetables 

A 
160 
160 
160 
160 
164 
180 
180 
152 
160 
160 
160 

Sugarcane Sorghum Others Total 
N P A N A N A N P 
32 6.4 1115 44.6 200 8.00 2590 173.8 38 
32 . 6.4 938 37.52 200 8.00 2496 177.46 42.8 
32 6.4 1046 44.88 200 8.00 2586 176.12 37.04 
32 6.4 793 31.72 200 8.00 2113 168.53 34.52 
32 6.56 905 36.20 200 8.00 2645 186.08 37.56 
36 720 895 35.80 200 8.00 2324 163.72 32.04 
36 7.20 1014 40.56 200 8.00 2074 138.88 19.96 
30 6.08 916 36.64 200 8.00 1900 12196 14.6 
32 6.4 1094 43.76 200 8.00 2131 137.92 17.76 
32 6.4 1713 69.2 200 8.00 2728 160.16 18.00 
32 6.4 881 35.24 200 8.00 1929 130.28 18.72 
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RECOMMENDATIONS 

1. Imposition of laws and legislation that govern and regulate fertilizers importing, 
marketing, handling and safety use. 

2. Completion of country detailed soil map including soil classification, soil chemical and 
physical properties. 

3. Encouragement and support of agricultural research for determination of real demand of 
crops nutrients and the right type of fertilizer to be used in the different country 
environment. 

4. Promotion of organic fertilizer usage. 

5. Modernization and updating of country statistical data on crop production and fertilizer 
use. 

6. Capacity building of personnel working in fertilizers planning and management. 
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EXPERT CONSULTATION ON LAND DEGRADATION, PLANT, ANIMAL AND 

HUMAN NUTRITION: INTER-RELATIONSHIP AND IMPACT 
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Crop yield variations 
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Vegetables and Fruits: 
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MAIN CROPS 
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Water use etliciency 
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Slide No. 16 

CONCLlISlON 

Nutrient availability to the crop is related to 
several factors and nutrient application 
should meet the requirements of the plant 

• Integrated nutrient ll1;Jnagcmcnt should take 
into account soil, wcather and [J;rgct yield 
for the different cltmcnts 
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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 offarmers. 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 119 
tho'lsand tons in 1995 and between 1995-000 remained at negligible levels of 30.000 tons. 
However it gained upward trend in 200 I 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 Agriculture" covering main directive no. 761l16/EC (Primary 
fertilizers) and the second Directive amending the first one and this regulation become effective 
on 27th 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 

tree 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

th 
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 agricultural 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, I 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 
feltilizer 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 fe.tilizer usage taking necessary measures to ensure protection for soil, environment and the 

community. 
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FERTILIZER PRODUCTION ACCORDING TO TYPES 

TONS 
Fertilizer 

type 
1981 1990 1995 1999 2000 2001 

2002 

A.Sulphate 292.596 280.662 161.404 158.600 171.980 190.671 193.649 

A.Nitrate 
49.250 

%21 0 0 0 0 0 0 

A.Nitrate 
902.440 

%26 
1.450.419 1.226,464 1.077.666 1.070.276 866.424 960.556 

A.Nitrate 
0 

'%33 
0 105.795 65.514 21.958 62.281 98.356 

{Jrea 456.552 563.311 566.467 150.172 105.817 116.061 448.882 

Super 
39.656 

phosphate 0 0 0 0 0 0 

T.S.P. 661.769 224.235 53.979 87.501 66.590 44.481 60.604 

DAP 311.705 355.526 204,489 236.022 138.J18 87.996 163.698 

Composed 615.883 0 0 0 0 0 0 

20.20.0 0 1.009270 899.802 1.014.942 1.165.087 813607 989.963 

26.13.0 0 18.4?2 0 930 0 0 1.300 

15.15.15 0 298.822 360.269 319.186 341.357 267.814 342.931 

20-10-10 0 1.663 0 0 0 0 0 

12-30-12 0 0 0 97.080 16.520 77.710 114.983 

10-15-25 0 0 0 0 0 0 0 

25-5-0 0 42.788 6.667 0 0 0 0 

10-25-20 0 0 0 19.153 3.543 21.485 22.000 

16-20-0 0 0 0 0 0 17.858 12.335 

8-24-8 0 55.514 164.159 0 981 0 0 

25-5-10 0 0 21.206 75.369 60.282 61.598 19.816 

15.30.15 0 0 0 0 0 0 42.743 

Physiul 
3.329.851 4.300.702 Total 3.770.701 3.302.135 3.162.709 2.627.986 3.471.816 
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2003 
June 

70.576 

0 

517.099 

406 

207.809 

0 

42.250 

99.059 

0 

243.157 

1.500 

272.932 

2.340 

87.625 

11.643 

0 

30.112 

0 

0 

28.841 

0 

1.615.349 
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Fertilizer 
I tvo. 

A.sulphat. 

A.Nitrate 
%21 
A.Nitrate 
%26 
A.Nitrate 
%33 
A.Nitrate 
%30 

Urea 

Super ~ 
Phosphate 

T.S.P. 

DAP 

Composed 

ZO.20.0 

26.13.0 

15.15.15 

20-10-10 

1230-12 

11-52-0 

25-5-0 

10-25-20 

10-15-25 

13-0-46 

25-5-10 

8-14-8 

25-5-10 

Pota~sium 

Sulphate 
PhysiClII 
Total 
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FERTILIZER PRODUCTION ACCORDING TO KINDS 
TONS 

1970 1980 1990 1995 2000 2001 
2002 

320.528 517.462 450.260 292.718 328.420 250.528 295.748 

79.018 51.690 0 0 0 0 0 

307.496 707.180 1.659.556 1.252.951 1.156.915 884989 957.211 

0 0 8.722 144.559 581.114 561.246 670.027 

27.112 369.356 627.199 580.804 842.010 718.737 718.524 

0 0 0 0 118 5.986 0 

206.864 27.075 29 0 0 0 0 

118.655 419.801 169.647 90,415 45.564 29.842 24.516 

74.028 493.650 618.505 560.335 630.317 431.094 383.883 

250.000 394.397 0 0 0 0 0 

0 0 1.020.903 945.621 1.184.776 939.347 1.000.693 

0 0 17.405 0 0 0 0 

0 0 358.104 271.698 339.527 259.553 307.521 

0 0 613 0 0 0 0 

0 0 0 0 90.020 79.515 115.270 

0 0 1.011 272 0 0 0 

0 0 25.473 7.655 0 0 0 

0 0 0 0 4.367 21.486 22.000 

0 0 0 0 0 0 0 

0 0 783 6.081 10.329 6.744 0 

0 0 0 323 797 773 491 

0 0 22.223 218.560 989 0 0 

0 0 0 U59 62.775 60.246 17.144 

23.204 39.325 14.974 11.615 16.764 11.815 10.120 

1A06.905 3.019.936 4.995.407 4.386.066 5.294.202 4.261.901 4.523.148 

2003 
June 

254.240 

0 

861.786 

534.380 

521.550 

0 

0 

12A85 

67.237 

0 

271.58 

0 

269.489 

0 

72.398 

0 

0 

14.577 

11.643 

14.552 

641 

0 

15.687 

10.612 

2.66\.277 
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Annex 1 

Expert Consultation on Land Degradation, Plant, Animal 
and Human Nutrition: Illter-relatioll alld Impact 

Damascus, Syria (20-23/9/2003) 

LIST OF P ARTICIP ANTS 

Dr. Mahmoud Taher 
F AO Representative 
Syria 

Dr. Ghassan Hamdallah 
Sr. Soils & Fertilizers Soils Officer 
FAO Regional Office for the Near East 
Cairo, Egypt 
P.O.Box: 2223, Cairo 
Tel. (202)331-6171 
Fax: (202)337-3419 
e-mail: ghassan.hamdallah@fao.org 

Dr. Fatima Hachem 
Nutrition & Food Officer 
FAO Regional Office for the Near East 
Cairo, Egypt 
Tel: +202 3316144 
Fax: (202)337-3419 
e-mail: Fatim3.hachem@fao.org 

Ms. Juliet Aphane 
Nutrition Officer 
ESNA/FAO, Rome, Italy 
Tel. (39)0657053677 
Fax: «39)0657054593 
e-mail: juliet.Aphane(wfao.org 
Internet: httLy//\\"ww.fau.onr/csksn/NUTRLHTM 

Dr. Hassan Nabhan 
Senior Officer (Soil Management) 
Land & Water Development Division 
FAO 
Viale delle Terme di Caracalla - 00100 
Rome 
Tel: (39)0657053083 
Fax: (39)0657056275 
e-mail: Hassan.Nabhan@fao.org 
Internet: http://www.fao.org 

Mr. Enver Hakan Konac 
Acting Director 
Technical Co-operation Department 
SESRTCIC 
Ankara, Turkey 
Address: Attar Sok. No4 G.O.P 06700 
Ankara, Turkey 
Phone: +(90)(312)4686172 
Fax: +(90)(312)4673458 
e-mail: oicani<ara@sesrtcic.org 
web: http://www.sesrtcic.org 

Mr. NacifRihani 
Animal Nutrition Specialist 
FAO Consultant 
Rome, Italy 
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Dr. Mohamed EI-Fouly 
Professor of Plant Nutrition 
Natio'nal Research Center 
E1-Behooth Str. Dokki code 12311 
Cairo, Egypt 
Tel. (00)2023365223 
Fax: (00)2027610850 
e-mail: nrc-mic(il)link.net 

Dr. Mohamed EI-Guindi 
MD. Prof. of Pediatrics and Nutrition 
N atioJlal Liver Institute 
Menoufiya University 
Cairo, Egypt 
Tel. +202 3590074/+2012 2137992 
E-mail: elguindi(il)hotl11ail.col11 

Dr. Isam Bashour 
Professor of Soils and Plant Nutrition 
American University of Beirut 
Beirut, Lebanon 
Tel: 9611374374 

961 1350000Ext. ~579 

Dr. Mohammad J. Malakouti 
University Professor and Director 
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