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Preface

Use of halophytes as animal feedstuffs attracted attention of scientists toward the 
latter half of the twentieth century with the appearance of scientifi c papers1 on effect 
of brackish drinking water and salty feed on animal health and meat quality/quantity 
and the problems encountered in such studies were identifi ed. Subsequently, scattered 
reports appeared in the literature where scientists from Australia, India, Pakistan, 
Middle East, Africa and North/South America working in the relevant fi elds have 
attempted replacing the regular fodder with one or another halophyte or salt tolerant 
feedstuff.

Later, a series of monographs and edited multi-author books* on aspects of the 
physiology of salt tolerant plants animals were published. Attention was also focused 
on the use of salt tolerant plants that included obligate halophytes, as candidate species 
for rehabilitation of saline lands, including abandoned irrigation areas. The role of 
biomass produced on such rehabilitated lands and new ways to use such biomass, 
especially in mixed rations involving more conventional fodders, was also investigated. 
As the loss of arable land to secondary salinity became more widespread and as the 
agronomy of salt tolerant food crops was advanced attention turned to utilizing the crop 
by-products, including oil seed cakes and meals. Sea water irrigation of halophytes 
gained traction as the search for commercially viable biosaline systems were advanced. 
This development generated a larger quantity of potentially usable feedstuffs both as 
biomass and as by-product such as seed cake. 

Finding suitable forage/fodder (and even grain crops) which does not encroach 
upon the land under conventional crops may be useful for cattle raising and meeting the 
requirement of meat, poultry and dairy products is a challenge and specialized research 
centers were established, principally in the Gulf region, the WANA region, Pakistan, 
Central Asia and USA (Arizona) and Australia. Concurrently there was interest in using 
halophytes for remediation of damaged lands, including mine sites. The potential of salt 
tolerant plants, including extreme halophytes, for carbon sequestration also received 
attention. Some of the biomass derived from C sequestration plantations began to enter 
the supply chain for feedlots where guaranteed supplies of high quantities of suitable 
feedstuffs are required. In addition to salt tolerant and halophytic plants grown under 
intensive cultivation there are extensive areas of naturally-occurring shrublands, 
woodlands and grasslands that are used as fodder reserves or protein supplements, 
either grazed/bowsed by livestock or in cut-and-carry systems. 

1 See a list of these in the various reference lists at the end of each chapter.
* See footnote 1.
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The volume of data generated and the interest in fi lling the ‘feed gap’ in many animal 
production systems, especially in arid and semi arid regions, has provided impetus to 
convene International and, regional and national symposia and spawned special issues 
of journals (e.g., Small Ruminant Nutrition) and various conference proceedings. The 
plethora of information generated by nutritionists, animal physiologists, veterinarians, 
agronomists and livestock specialists is scattered throughout reports, journal articles 
and some specialist monographs but lacks integration and synthesis into a coordinated 
body of knowledge. In this book we attempt a synthesis that considers the role and 
potential of salt tolerant and halophytic feedstuffs and their impacts on nutrition, 
physiology and reproduction of livestock, including ruminants and non ruminants 
such and poultry and rabbits. 

The breadth and complexity of the subject matter presented here is vast. To make 
it easier for the reader the volume of 23 chapters is divided into 5 parts. 

Part 1 of 5 chapters presents a synoptic overview of the diversity (taxonomy and life 
form) extent and geographic distribution of salt tolerant and halophytic feed sources 
and attempts to quantify the potential tonnage of such materials. Special attention is 
given to the vast Mediterranean and North African/Gulf region2 where aridity and 
salinity are taking their toll on human and livestock populations. Intake and nutritive 
value of some salt-tolerant fodder grasses and shrubs for livestock are illustrated with 
selected examples from across the globe. Specifi c experience in the Gulf region with 
halophytic feedstuffs in mixed rations for sheep and goats receives attention here.

Part 2 of 4 chapters focuses on nutritional aspects and assesses the peculiar situation 
where many halophytic and salt tolerant feedstuffs have a high level of anti-nutritional 
compounds that inhibit digestibility and feed value. Others contain toxins that create 
health hazards or otherwise restrict their usefulness in livestock rations. Detailed 
consideration is given to what is known about such phyto-toxins and we also explore 
the pitfalls involved in evaluating the true value of such feedstuffs. Special attention 
is paid to livestock productivity (weight gain, egg production, etc.).

Part 3 of 4 chapters reviews experience on using halophytic and salt tolerant feedstuffs 
from around the world. Feeding trials have been conducted on a wide range of feedstuffs 
(trees, shrubs, grasses and forbs—even sea weed) when they were fed to small 
ruminants (sheep and goats), cattle, camels in various forms (fresh, dry or ensiled).

Part 4 of 6 chapters reviews and synthesizes knowledge on the physiological impacts of 
heavy salt and toxin loads on digestion, reproduction and health, with special attention 
to rumen function. Water is both an important nutrient that is vital to body functioning 
(excretion, temperature regulation, food and energy transport, etc.) and obviously is 
affected by mineral ash intake that may increase when livestock eat feedstuffs high 
in sodium (Na) and potassium (K) and have access to water that may contain other 
electrolytes and minerals such as magnesium (Mg), calcium (Ca), etc. The role of 
water as a regulator of feed intake, and rumen function is explored in both ruminants 
and non ruminants. Reproductive physiology, including impact of high salt loads on 

2 Variously called WANA (West and North Africa) or MENA (Mediterranean North Africa).



fertility of both, males and females, milk production and skin, hair and wool production 
in ruminants. Sheep, goats and camels are the main livestock considered here. 

Part 5 of 4 chapters is about non-ruminants and considers the special dietary 
requirements of poultry and rabbits as well as the differences between ruminant and 
non-ruminant fermentation processes. By comparison some aspects of the special 
adaptation by a desert dwelling rodent that is almost wholly dependent on a halophyte 
for its survival is highlighted here. A special case study is presented on the processing 
equipment used in making salt tolerant and halophytic feedstuffs more acceptable to 
livestock and which also retain feed value and reduce wastage. We conclude with a 
brief section on uniting perspectives and some suggestions about how to cope with the 
remaining problems and speculate about the prospects for overcoming the challenges. 

Selected bibliography on the development of interest in utilization of halophytes

1980s
Pasternak, D. and A. San Pietro. 1985. Biosalinity in Action: Bioproduction with Saline Water 

Springer, Dordrecht, 369p.

1990s
Ismail, S., C.V. Malcolm and R. Ahmad. 1990. A Bibliography of Forage Halophytes and Trees for Salt-

affected Land: Their Use, Culture and Physiology, Department of Botany, University of Karachi, 258p.
Ungar, I.A. 1991. Ecophysiology of Vascular Halophytes. CRC Press, Boca Raton, 221p.
Lieth, H. and A. Al Masoom. 1993. Towards the Rational Use of High Salinity Tolerant Plants: Vol. 1 

Deliberations about high salinity tolerant plants and ecosystems. Tasks for Vegetation Science. 
27 Kluwer Academic, 536p. 

Lieth, H. and A. Al Masoom. 1993. Towards the Rational Use of High Salinity Tolerant Plants: Vol. 2. 
Agriculture and forestry under marginal soil water conditions. Tasks for Vegetation Science 28 
Kluwer Academic, 447p.

Choukr-AllAh, R., Clive V. Malcolm and Afef Hamdy. 1995. Halophytes and Biosaline Agriculture. CRC 
Press, Boca Raton.

Squires, V.R and A.T. Ayoub (eds.). 1995. Halophytes as a resource for livestock and for rehabilitation of 
degraded lands. Tasks for vegetation science Vol. 32. Kluwer Academic Dordrecht.

Wickens, G.E. 1998. Ecophysiology of Economic Plants in Arid and Semi-Arid Lands. Springer, 343p.

2000s
Lieth, H. 2000. Cash Crop Halophytes for Future Halophyte Growers. Inst. Für Umweltsystemforschung, 

Univ. Osnabrück, 32p.
Lieth, H. and M. Mochtchenko. 2003. Cash Crop Halophytes: Recent Studies: Ten Years After Al Ain 

Meeting. Springer, Dordrecht. 
 Zhang, Huifang. 2007. Phytoremediation of Salt-contaminated Soil by Halophytes. Ben-Gurion University 

of the Negev, 95p.
Zerai, D.B. 2007. Halophytes for Bioremediation of Salt Affected Lands. Ph.D. Thesis, University of 

Arizona, Tucson. 97p.
Öztürk, M., Y. Waisel, M.A. Khan and G. Görk. 2007. Biosaline Agriculture and Salinity Tolerance in 

Plants,Springer, Dordrecht. 206p. 
Masters, D.G., E. Sharon S.E. Benes and H.C. Norman. 2007. Biosaline agriculture for forage and livestock 

production: A Review. Agriculture, Ecosystems and Environment 119: 234–248.
Chedly A., M. Münir Öztürk, M. Ashraf and C. Grignon. 2008. Biosaline Agriculture and High Salinity 

Tolerance, Springer, Dordrecht.
Öztürk, M., Barth, Hans-J and B. Benno Böer. 2010. Sabkha Ecosystems: Volume III: Africa and Southern 

Europe. Kluwer Academic. 

Preface vii



viii Halophytic and Salt-Tolerant Feedstuffs

Norman, H.C., D.G. Masters and E.G. Barrett-Lennard. 2014. Halophytes as forages in saline landscapes: 
interactions between plant genotype and environment change their feeding value to ruminants. Iraq 
Salinity Project Technical Report 17 ICARDA, 51p.

Khan, M.A., B. Böer, M. Öztürk, T.Z. Al Abdessalaam, M. Clüsener-Godt and B. Gul (eds.). 2014. Sabkha 
Ecosystems: Volume IV: Cash Crop Halophyte and Biodiversity Conservation Series: Tasks for 
Vegetation Science, Vol. 47. Kluwer Academic, 339p. 

February 2015 Hassan M. El Shaer
Cairo, Egypt

Victor R. Squires
Lanzhou, China 

Adelaide, Australia 



Acknowledgements

We the editors are grateful for the support and assistance of the Director/President 
of the Desert Research Center of Mataria, Egypt and the Dean, College of Grassland 
Science, Gansu Agricultural University, Lanzhou China. Naturally enough in a book 
of this type, we rely on the input from a wide range of people (researchers, animal 
husbandry practitioners, livestock producers and academics). The vast breadth of 
the subject matter covered in this book by the authors of 23 chapters has meant that 
the work has benefi ted from the input of many individual contributors from vastly 
different parts of the globe. We are grateful to the contributors and reviewers for their 
time and effort, along with the exchange of ideas and learning experience obtained by 
working with such a diverse and learned group. We owe a debt of gratitude to the vast 
‘invisible college’ of colleagues whose publications have shed light on some of most 
pertinent problems faced by researchers and practitioners. We are also grateful to all 
those people from many countries whose work has revealed important information 
relevant to the utilization of salt tolerant and halophytic plants that have the potential 
to relieve pressure on the shrinking feed base in many regions as livestock inventories 
rise to meet burgeoning human populations, at a time when land degradation including 
the accelerated salinization of land and water, limits the growth of conventional crops 
and forages. 

The contribution of Dr. Salah Attia-Ismail of the Desert Research Center in 
Cairo is especially appreciated. He has contributed as author, co-author, reviewer 
and coordinator. 





Contents

Preface v

Acknowledgements ix

List of Contributors xv

List of Tables xix

List of Acronyms, Abbreviations and Equivalents xxiii

About the Editors xxv

Part 1: Extent and Geographic Distribution of Salt Tolerant and 
Halophytic Feedstuffs 

 1.  Global Distribution and Abundance of Sources of Halophytic 3
  and Salt Tolerant Feedstuffs
 V.R. Squires and H.M. El Shaer

 2.  Halophytic and Salt Tolerant Feedstuffs in the Mediterranean Basin 21 
and Arab Region: An Overview

 H.M. El Shaer and S.A. Attia-Ismail

 3.  Potential Use of Halophytes and Salt Tolerant Plants in 37 
Ruminant Feeding: A Tunisian Case Study

 Moujahed Nizar, Guesmi Hajer  and Hessini Kamel

 4.  Halophytes and Salt Tolerant Crops as a Forage Source for 60 
Livestock in South America

 R.E. Brevedan, O.A. Fernández, M. Fioretti, S. Baioni, C.A. Busso 
and H. Laborde

 5. Improving the Feeding Value of Old Man Saltbush for  79
Saline Production Systems in Australia

 H.C. Norman, E. Hulm and M.G. Wilmot

Part 2: Nutritional Aspects 

 6. Assessing the Feeding Value of Halophytes 89
 D.G. Masters



xii Halophytic and Salt-Tolerant Feedstuffs

 7. Nutritional and Feed Value of Halophytes and Salt Tolerant Plants 106
 S.A. Attia-Ismail

 8.  Plant Secondary Metabolites of Halophytes and Salt Tolerant Plants 127
 S.A. Attia-Ismail

 9.  Mineral Balance in Animals as Affected by Halophyte and Salt  143
Tolerant Plant Feeding 

 S.A. Attia-Ismail

Part 3: Experience with Halophyte Feeding 

 10. Impact of Halophytes and Salt Tolerant Plants on Livestock 161 
Products

 S. Abou El Ezz, Engy F. Zaki, Nagwa H.I. Abou-Soliman, 
W. Abd El Ghany and W. Ramadan

 11. Review of Halophyte Feeding Trials with Ruminants 177
 J.J. Riley

 12. Intake and Nutritive Value of Some Salt-Tolerant Fodder Grasses 218 
and Shrubs for Livestock: Selected Examples from Across the Globe

 V.R. Squires

 13. Halophyte and Salt Tolerant Plants Feeding Potential to 247 
Dromedary Camels

 M.S. Shawket and H.M. El Shaer

Part 4: Physiological Aspects

 14. Impact of Halophytes and Salt Tolerant Plants on Physiological 261
Performance of Livestock

 G. Ashour, M.T. Badawy, M.F. El-Bassiony, A.S. El-Hawy and H.M. El Shaer

 15. Water Requirements of Livestock Fed on Halophytes and Salt  287
Tolerant Forage and Fodders

 V.R. Squires 

 16. Impact of Halophytes and Salt Tolerant Forages on  303
Animal Reproduction

 E.B. Abdalla, A.S. El Hawy, M.F. El-Bassiony and H.M. El Shaer

 17. Short and Long Term Consequences of High Salt Loads in 316 
Breeding Ruminants

 D. Blache and D.K. Revell

 18. The Rumen and its Adaptation to Salt 336
 A.A. Degen and V.R. Squires



 19. Rumen Physiology Under High Salt Stress 348
 S.A. Attia-Ismail

Part 5: Focus on Non-ruminants and Uniting Perspectives 

 20. Utilization of Halophytes and Salt Tolerant Feedstuffs for Poultry 361
and Rabbits 
R.K. Khidr, K. Abd El-Galil and K.R.S. Emam

 21. Energy and Nitrogen Requirements of the Fat Sand Rat 373 
(Psammomys obesus) When Consuming a Single Halophytic Chenopod

 A.A. Degen and M. Kam

 22. Halophytes and Salt Tolerant Forage Processing as Animal Feeds at 388 
Farm Level: Basic Guidelines

 H.M. El Shaer

 23. Unifying Perspectives: Halophytes and Salt-tolerant Feedstuffs 406
and their Role in Livestock Production Systems 

 V.R. Squires and H.M. El Shaer

Author and Subject Index 417

Contents xiii





List of Contributors

Abd El-Galil, K.
Animal and Poultry Nutr. Dept., Desert Research Centre, 1 Matahaf El Mataria St., 
P.O.B. 11753, Mataria, Cairo, Egypt.

Abd El Ghany, W.
Desert Research Centre, 1 Matahaf El Mataria St., P.O.B. 11753, Mataria, Cairo, 
Egypt.

Abdalla, E.B.
Animal Production Department, Faculty of Agriculture, Ain Shams University, 
Cairo, Egypt. 

Abou El Ezz, S.
Desert Research Centre, 1 Matahaf El Mataria St., P.O.B. 11753, Mataria, Cairo, 
Egypt.

Abou-Soliman, Nagwa H.I.
Desert Research Centre, 1 Matahaf El Mataria St., P.O.B. 11753, Mataria, Cairo, 
Egypt.

Ashour, G.
Faculty of Agriculture, Cairo University, Giza, Egypt.

Attia-Ismail, S.A.
Desert Research Center, 1 Matahaf El Mataria St., P.O. Box 11753, Mataria, Cairo, 
Egypt. 

Badawy, M.T.
Desert Research Center, 1 Matahaf El Mataria St., P.O. Box 11753, Mataria, Cairo, 
Egypt.

Baioni, S.
Departamento de Agronomía-CERZOS (CONICET), Universidad Nacional del Sur, 
San Andrés 800, 8000 Bahía Blanca, Argentina.

Blache, Dominique
School of Animal Biology, The University of Western Australia, Nedlands WA 
6009, Australia.



xvi Halophytic and Salt-Tolerant Feedstuffs

Brevedan, R.E.
Departamento de Agronomía-CERZOS (CONICET), Universidad Nacional del Sur, 
San Andrés 800, 8000 Bahía Blanca, Argentina.

Busso, C.A.
Departamento de Agronomía-CERZOS (CONICET), Universidad Nacional del Sur, 
San Andrés 800, 8000 Bahía Blanca, Argentina.

Degen, A.A. 
Desert Animal Adaptations and Husbandry, Wyler Department for Dryland 
Agriculture, Institutes for Desert Research, Ben-Gurion University of the Negev, 
Beer Sheva, Israel, 84105.

El Shaer, H.M.
Desert Research Center, 1 Matahaf El Mataria St., P.O. Box 11753, Mataria, Cairo, 
Egypt.

El-Bassiony, M.F. 
Desert Research Center, 1 Matahaf El Mataria St., P.O. Box 11753, Mataria, Cairo, 
Egypt.

El Hawy, A.S. 
Desert Research Center, 1 Matahaf El Mataria St., P.O. Box 11753, Mataria, Cairo, 
Egypt.

Emam, K.R.S. 
Animal and Poultry Nutr. Dept., Desert Research Centre, 1 Matahaf El Mataria St., 
P.O.B. 11753, Mataria, Cairo, Egypt.

Fernández, O.A.
Departamento de Agronomía-CERZOS (CONICET), Universidad Nacional del Sur, 
San Andrés 800, 8000 Bahía Blanca, Argentina.

Fioretti, M.
Departamento de Agronomía-CERZOS (CONICET), Universidad Nacional del Sur, 
San Andrés 800, 8000 Bahía Blanca, Argentina.

Hajer, Guesmi
Laboratoire des Ressources Animales et A, Institut National Agronomique de 
Tunisie, 43 Av. Ch. Nicolle, 1082, Tunisia.

Hulm, E.
CSIRO Agriculture Flagship., Private Bag 5, Wembley, Western Australia, 6913. 

Kam, Michael
Desert Animal Adaptations and Husbandry, Wyler Department for Dryland 
Agriculture, Institutes for Desert Research, Ben-Gurion University of the Negev, 
Beer Sheva, Israel, 84105.



Kamel, Hessini 
Laboratoire des Plantes Extrêmophiles, Centre de Biotechnologie de Borj Cedria, 
BP 901, 2050 Hammam Lif, Tunisia.

Khidr, R.K.
Animal and Poultry Nutr. Dept., Desert Research Centre, 1 Matahaf El Mataria St., 
P.O.B. 11753, Mataria, Cairo, Egypt.

Laborde, H.E.
Departamento de Agronomía-CERZOS (CONICET), Universidad Nacional del Sur, 
San Andrés 800, 8000 Bahía Blanca, Argentina.

Masters David G. 
School of Animal Biology M085, The University of Western Australia, 35 Stirling 
Highway, Crawley, Western Australia, 6009, Australia.

Nizar, Moujahed 
Laboratoire des Ressources Animales et A, Institut National Agronomique de 
Tunisie, 43 Av. Ch. Nicolle, 1082, Tunisia.

Norman, H.C.
CSIRO Agriculture Flagship., Private Bag 5, Wembley, Western Australia, 6913. 

Ramadan, W.
Desert Research Center, 1 Matahaf El Mataria St., P.O. Box 11753, Mataria, Cairo 
Egypt

Revell, D.K. 
Revell Science, Agricultural Science and Natural Resource Management, Duncraig 
WA 6023, Australia.

Riley, J.J.
Associate Professor (retired), Soil, Water and Environmental Science Department, 
College of Agriculture and Life Sciences, The University of Arizona, Tucson, 
Arizona, 85721 USA.

Shawket, S.M.
Desert Research Center, 1 Matahaf El Mataria St., P.O. Box 11753, Mataria, Cairo, 
Egypt.

Squires, Victor R.
Visiting Professor, College of Grassland Science, Gansu Agricultural University, 
Lanzhou and University of Adelaide, Australia (retired).

Wilmot, Matt G.
CSIRO Agriculture Flagship., Private Bag 5, Wembley, Western Australia, 6913, 
Australia.

Zaki, Engy F. 
Desert Research Center,  1 Matahaf El Mataria St., P.O. Box 11753, Mataria, Cairo, 
Egypt.

List of Contributors xvii





List of Tables

Table 1.1. Dryland plants show great diversity in terms of Life form, and Family.
Table 1.2.  Areas of salt-affected soils in different regions of the world. 
Table 1.3.  Classifi cation of salty soils.
Table 1.4.  Three categories of land that has potential for growing halophytes. (1) 

Coastal deserts usable for sea water irrigation (< 100 m elevation, 
presently unused for agriculture or settlement, within reach of seawater 
irrigation). (2) Inland salinized regions suitable for brackish water 
irrigation. (3) Arid irrigation areas where secondary salinity is a 
problem.

Table 1.5.  Tolerance of some halophytes to different seawater irrigation levels.
Table 2.1.  Proportions of different halophytes in the Mediterranean Basin.
Table 2.2.  Number of halophyte species in some Asian–Mediterranean Basin 

countries.
Table 2.3.  Palatability of halophytic plants for different animal species.
Table 2.4. Average values of chemical composition of common range plants in 

southern Sinai.
Table 2.5.  Dry matter intake (g DM/Kg W0.75) of halophytic species by sheep and 

goats.
Table 3.1.  Chemical composition of some halophyte plants in Tunisia (% DM).
Table 3.2.  In vitro fermentation characteristics of some Tunisian halophytes and salt 

tolerant plants.
Table 3.3.  Mineral contents of halophyte and salt tolerant plants in Tunisia.
Table 3.4.  Secondary compounds of halophyte and salt tolerant plants in Tunisia.
Table 3.5.  Palatability, intake and feeding value of halophytes and/or halophyte 

based diets.
Table 3.6.  Performances of animals receiving halophytes and salt tolerant species 

diets.
Table 7.1. Yields obtained from halophyte crops grown under fi eld conditions.
Table 7.2. Palatability of halophytic plants for different animal species.
Table 7.3.  Overall average values of some mineral composition in halophytic plants 

(DM basis) grown in Sinai and the North Western coast of Egypt.
Table 7.4.  Amino acid pools in some halophytes.
Table 7.5.  Nitrogen and crude protein contents of different parts of some world 

halophytes. 
Table 7.6.  Crude fi ber and their fraction contents of different parts of some halophytes.
Table 7.7. Examples of in vitro and in vivo estimates of DOMD (adapted from 

Masters 2006 as cited by McEvoy and Jolly 2006). 



xx Halophytic and Salt-Tolerant Feedstuffs

Table 7.8.  Estimates of DE and ME of some halophytes compared to some traditional 
forages. 

Table 7.9.  Dry matter intake (g/Kg W0.75) of halophytic species by sheep and goats.
Table 7.10.  Intake of halophytic silages by sheep and goats.
Table 7.11. Average values of saltbush intake (g/day/KgW0.75) of during the wet 

season. 
Table 7.12. Performance of sheep fed fresh or ensiled Atriplex spp.
Table 8.1.  Endogenous plant secondary metabolites present in halophytic fodder 

crops.
Table 8.2.  Toxic PSM compounds in some Acacia species for ruminants.
Table 8.3.  Tannin content of some tree leaves (% DM).
Table 9.1. Ash and mineral contents of some halophytic plants from different parts 

of the world.
Table 9.2. Ash content (% of dry matter) in shoots and roots of plants watered with 

the fi ve different dilutions of seawater.
Table 9.3.  Change in cations and anions concentrations in the shoots of Kochia 

scoparia under various NaCl concentrations.
Table 9.4.  The mean comparison analysis related to the effect of saline soils levels 

on fodder value of A. leucoclada.
Table 9.5.  Cu, Cd and Pb partitioning (mean ± SD) in different tissues (roots + 

rhizomes), stems and leaves (mg m–2) in areas colonized by Halimione 
portulacoides and Spartina maritime.

Table 9.6.  Mineral content in Panicum turgidum as basal diet for camels.
Table 9.7.  Recommended mineral requirements of sheep and goats.
Table 9.8.  Mineral utilization of sheep fed a mixture of halophytic plants 

(Attia-Ismail et al. 2003).
Table 9.9.  Blood minerals content of Barki ewes fed the experimental diets during 

pregnancy and lactation periods (mean ± SE).
Table 11.1. Relative palatability of selected halophytes to livestock  in Egypt 

(El Shaer 2010).
Table 11.2. Key attributes of Salsola kali and Kochia indica relative to common 

halophytes in Egypt (El Shaer 2010).
Table 11.3. Forage Species Studied, Author and Country (H: Halophyte; C: Control).
Table 11.4. Performance of selected salt tolerant fodder species in Pakistan (Khanum 

et al. 2010).
Table 11.5. Summary of Sheep fed halophytes trials.
Table 11.6. Treatments of sheep (unspecifi ed breed) in feeding trial in Kalba, Sharjah, 

UAE, December 1988 (Riley et al. 1994).
Table 11.7. Summary of results of sheep feeding trial in Kuwait 1989 (Riley and 

Abdal 1993).
Table 11.8. Summary of outcomes from a sheep feeding trial in Eritrea where 

halophyte feedstuffs were fed (Tesfa and Mehari 2011).
Table 11.9. Summary Goat fed halophyte trials.
Table 11.10. Summary of goat feeding trials fed on halophytic feedstuffs in Eritrea 

(Tesfa and Mehari 2011).
Table 11.11. Camel Feeding Trials Summary.



Table 11.12. The effect of stage of maturity on nutritive value of Algerian Sahara 
halophytic feedstuffs for camels (Haddi et al. 2003).

Table 11.13. Range of key characteristics of halophytes eaten by camels in Tunisia 
(Laudadio et al. 2009).

Table 11.14. Cattle Feeding Trials Summary.
Table 12.1.  Summary of the reported trials with salt tolerant and halophytic plants.
Table 14.1. Salinity tolerance of some livestock species (mg total dissolved salts/

liter water).
Table 14.2. Tolerance of salty drinking water by different livestock species.
Table 14.3.  Maximum tolerable level of dietary minerals for cattle and sheep.
Table 15.1. Water Turnover rates in four livestock species.
Table 15.2.  Effect of increasing ambient temperature on water requirements of mature 

cattle. 
Table 15.3.  Tolerance of salty drinking water by different livestock. 
Table 16.1.  Semen quality (LSM ± SE) characteristics of Shami male as affected by 

salinity conditions (El-Bassiony 2013). 
Table 16.2.  Anatomical feature of the reproductive organs (LSM ± SE) of Shami 

bucks as affected by salinity conditions (El-Bassiony 2013).
Table 17.1.  Global DNA methylation (% of total DNA) of kidney and lung tissues 

and renin mRNA expression in kidney (expressed as a ratio to cDNA) 
of 5 month old lambs born to ewes fed a high-salt diet (10.3% NaCl) or 
a control diet (1.5% NaCl) during pregnancy (Tay et al., unpublished 
data). Values represent mean ± S.E.M. of 15 lambs per group. Different 
superscript in the row indicate differences between groups (P < 0.05).

Table 17.2.  Changes in the expression of mRNA of key elements of the RAS in lambs 
born to ewes fed high-salt diet (8% NaCl) compared to that of lambs born 
to ewes fed normal-salt diet (0.6% NaCl) for 2 months during middle-
to-late gestation (70–130 day of gestation). Measurements were taken at 
130 day of gestation (foetuses) and 15 and 90 days post natal (5 lambs 
per group; Mao et al. 2013).

Table 18.1. Ruminal and post-ruminal digestion of different components of fi ve 
halophyte species (g/kg DM).

Table 19.1.  In vitro effect of buffer type on pH, Ec, TDs and TVFA’s of Atriplex 
halimus.

Table 20.1.  Proximate chemical analysis of Atriplex leaf meal in different studies. 
Table 20.2.  Proximate chemical analysis of Acacia leaf meal in different studies.
Table 20.3.  Amino acid composition of Atriplex nummularia meal in different studies.
Table 20.4.  Growth performance of NZ White rabbits as affected by feeding diets 

containing different levels of Acacia leaf meal. 
Table 20.5.  Growth performance of NZ White rabbits as affected by feeding diets 

containing different levels of Atriplex leaf meal. 
Table 20.6.  Guidelines for feeding of halophytic feedstuffs to rabbits. 
Table 20.7.  Effect of feeding different levels of Atriplex nummularia leaf meal on 

productive performance ( X  ± SE ) of Sina laying hens.
Table 20.8.  Effect of feeding different levels of Atriplex nummularia leaves meal on 

egg quality ( X  ± SE ) of Sina laying hens. 

List of Tables xxi



xxii Halophytic and Salt-Tolerant Feedstuffs

Table 20.9.  Effect of feeding different levels of Atriplex nummularia leaf meal on 
the hormonal changes of Sina laying hens.

Table 20.10. Recommended levels of Acacia and Atriplex leaf meal percentages in 
poultry feeding.

Table 21.1. Body mass of Psammomys obesus and their dry matter intake (DMI) and 
scrapings of Atriplex halimus leaves of different water content offered 
in summer, autumn and winter. Values are means ± SD (adapted from 
Degen 1988).

Table 21.2. Ash, Na+, K+ and Cl– intakes and removal by Psammomys obesus 
consuming Atriplex halimus leaves of different water content offered in 
summer, autumn and winter. Values are means ± SD (adapted from Degen 
1988). 

Table 21.3. Dry matter intake and digestibilities of the halophytes Atriplex halimus 
and Anabasis articulata consumed by Psammomys obesus. Values are 
means ± SD, n = 6 for each halophyte (adapted from Degen et al. 1988, 
2000).

Table 21.4. Fiber content of Anabasis articulata and its digestibility when consumed 
by Psammomys obesus. Values are means ± SD, n = 6 (adapted from 
Degen et al. 2000).

Table 21.5. Water infl ux, CO2 production and daily energy expenditure (FMR) in free 
living juvenile and adult fat sand rats (Psammomys obesus) in winter and 
summer (Adapted from Degen et al. 1991).

Table 21.6. The intake of the electrolytes Na+, K+ and Cl– and of nitrogen by a 135 g 
fat sand rat (Psammomys obesus) consuming 12.2 g dry matter of Atriplex 
halimus. Values are means ± SD, n = 6.



List of Acronyms, Abbreviations 
and Equivalents

ADF Acid Detergent Fibre 
ADIN Acid Detergent Insoluble Nitrogen 
ADL Acid Detergent Lignin 
ADMR  Average Daily Metabolic Rate 
AFRC Agricultural and Food Research Council (UK)
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SCA Standing Committee on Agriculture (Australia)
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WANA West Asia North Africa region 
WB World Bank
WHO World Health Organization

Equivalents

100 hectares equals 1 km2

1 feddan equals 0.42 hectares
Sabkha marine and continental salt fl ats equivalent to playa
1 dS/m = 1000 EC (or μS/cm) = approximately 640 mg/kg (or ppm)
Tibin  = shredded barley straws
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