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KOCHIA PROSTRATA- A VALUABLE FORAGE PLANT FOR 
IMPROVING THE PRODUCTIVITY OF ARID AND  

SEMI-ARID DEGRADED RANGELANDS IN CENTRAL ASIA 
 

Owing to its geographical and climatic characteristics, Uzbekistan as a 
landlocked country is highly susceptible to environmental degradation, in its 
arid and semiarid ecosystems. Natural rangelands of Uzbekistan occupy 23 
million ha or about 50% of the total area of the country and supply over 30% 
of the country’s meat output, 60% wool, and also provide food and shelter for 
more than 2 million rural people (Gintzburger et. al., 2003, 2005). These 
rangelands are a national asset of high economic, environmental and cultural 
value, for which the whole Uzbek community needs to take responsibility. 
Historically, these rangelands have quite diverse plant communities, 
productive and well adapted to sustain grazing pressure from wild and 
domestic animals. Despite the low forage production of these rangelands, 
they provide 95% of total diet of livestock.  

Increasing human population and expanding agricultural areas into the 
desert have resulted in heavier grazing pressures in rangelands in spite of the 
increasing availability of crop residues and grains and their role in livestock 
production system. As a result of erratic cropping in low rainfall zones, 
overgrazing of the good rangelands, cutting of shrubs by local population for 
firewood, the natural vegetation of these desert areas are under pressure from 
anthropogenic degradation factors. This leads to the eradication of useful, 
endemic or rare wild animals, desert plant species and to the reduction of 
rangelands productivity. Instead of the valuable fodder herbs, sub-shrubs and 
bushes, plants of low palatability have appeared. The desert forests have 
completely disappeared from large areas, especially at the edge of old 
agricultural and sandy deserts marginal lands. Besides that dryland salinity 
and associated water quality are recognized to be among most severe natural 
resource degradation problems in marginal belt of Kyzylkum desert and 
foothills steppes. 

Access to irrigation water in the irrigated agricultural zone has 
drastically decreased in the last years, which caused additional obstacles to 
arid and semiarid rangelands production (Toderich et al., 2010). Replacement 
of deep-rooted, perennial native vegetation with shallow-rooted, annual 
agricultural crops and halophytic pastures has resulted in increased recharge 
causing shallow saline water tables leading to dryland salinity and loss of 
plant diversity. These results in greater amounts of water entering a 
groundwater system, water table rise and the concentration of naturally 
occurring salts near the soil surface. Slight changes were in temperature or 
soil moisture and dissolved salts regime could therefore substantially alter the 
composition, distribution and abundance of native rangelands species. 
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For last decades increased frequency of climatic extremes and frequent 
droughts have induce changes in plant functional group composition with 
invasion of non-native annual plant, which also inducing reduction of 
rangelands productivity and resilience of arid and semiarid ecosystems. For 
instance, the vegetation of Artemisia-ephemeral rangelands is the main 
source of forage for livestock, and has been throughout history. However, for 
last decades the Artemisia-ephemeral rangelands are characterized by low 
forage productivity (0.15-0.36 t DM/ha-1) with high inter-annual variations 
that is largely dependent on climatic conditions (Gaevskaya and Salmanov, 
1975; Rajabov, 2011). These huge areas of rangelands currently are being 
degraded over time due to overgrazing, over-harvesting of trees and shrubs 
and unsustainable agricultural practices leading to an increasing instability of 
desert ecosystems and poverty for populations living in these areas. The most 
serious ecological problems threatening the country’s rangelands resources 
are incremental wind and water erosion, frequently sands and salts storms, 
overgrazing and deforestation, loss of biodiversity, and the reduction of its 
productive potential. Over 40% of dryland rangelands in Uzbekistan are 
currently being degraded and have reached different levels of degradation 
(Ahmedov et al., 2009; Mahmudov 2011). These areas are characterized by 
25-30% lower yields, by mismanagement livestock and by obsolete 
infrastructure (Ahmedov et al., 2009; Shaumarov et al., 2012; Toderich et al., 
2013). The dramatic increase in the number of goats (2007-2011) and 
overgrazing that seriously diminished vegetation and transformed foothill 
steppes into wide degraded rangeland territories with abundance of native 
invasive species. Grazing induced rangeland degradation is common across 
large desert zones of Uzbekistan and causing major ecological 
transformations resulting in biodiversity loss and occurrence of nonequlibrial 
ecosystems (Gintzburger et al., 2003). An understanding of the degradation 
processes currently ongoing in Uzbekistan rangelands is limited as traditional 
research has mostly focused on optimizing livestock fodder production (e.g. 
Shamsutdinov, 1975). Of all human induced disturbances, overgrazing alone 
accounted for 44% of the total degradation, followed by uprooting of shrubs 
(25%) for fuel wood collection (Yusupov, 2003). The all-year-round 
rangelands, that were rich earlier, now have low productivity of fodder 
plants. 

The degradation process of semidesert and desert foothills rangelands 
of Uzbekistan, particularly Karnabchul, Malikchuli and Karshi steppes; upper 
adyrs in Fergana Valley and huge areas of Nuratau foothills have become 
severe and needs urgent measures to avoid the loss of phytogenetic resources 
of the rangelands. Because of their vulnerability these rangelands demands 
special attention in terms of their utilization for livestock husbandry 
purposes. Anthropogenic impact is thus a part of the disturbance regime to 
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which this area has been exposed since time immemorial.  As the situation 
worsens, farmers tend to move further into marginal areas and to replace 
sheep with goats, which unfortunately complete the total denudation of land 
leaving it susceptible to wind action. Degradation of rangelands is 
particularly concentrated in the vicinity of settlements and around wells 
(Rajabov, 2010). Hand-harvesting of range forages for feed and fuel wood 
and concentration of livestock around populated areas and active wells are 
the main concern of imbalance between fodder resources, livestock and 
human population. The sharply decreasing of rangeland’s grazing  carrying  
capacity, lack of winter forage and fuel wood lead to overgrazing and 
uprooting of shrubs that devastate forage resources of desert and semidesert 
rangelands for a long time.  

Additionally, distant rangelands are not utilized any longer, since 
availability of water resources (livestock watering wells) in remote seasonal 
pastures is limited due to lacking of obsolete infrastructure. Most of the 
remote water wells maintained during the former Soviet period are no longer 
available.  

During the Soviet era, local pastoral communities have lost their 
skillful shepherds and vast of traditional knowledge accumulated since many 
centuries in Central Asia. For the low income strata sustainable forage 
production on marginal, unused land might become an additional or even 
alternative source of income. The dry grasslands and shrublands have long 
been neglected by policy makers because they were missperceived as being 
degraded marginal areas, offering poor returns on development investment. 
There is the lack of current information of the behaviour of agropastoralists 
to the response of rangelands degradation, reduction of livestock production 
and livelihood income.  

Unlike former times, when population in deserts was mostly nomad and 
the population number was not large, contemporary settlements require an 
extensive amount of forage for livestock, wood fuel for cooking and dwelling 
heating. The fast growth of cattle numbers, especially in the private sector 
urgently requires the increase of productivity of the pastures and 
diversification of arid plants fodder production in order to fit with severe 
winter forage gap.  

Ecosystem diversity of desert and semi-deserts is low in comparison 
with other types of ecosystems, which makes them more vulnerable to any 
kind of outside interventions. Functioning of these arid systems depends to a 
high degree on plant diversity. Therefore, the radical improvement of such 
rangelands is possible only by the implementation of the large-scale 
phytomelioration and ecologically–friendly and careful intervention. More 
research and monitoring is needed to assess rangeland carrying grazing 
capacity and improvement productivity, as certain optimal times for grazing, 
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and assist in improving regulation for pastureland in the context of climate 
change. To cope with climate changes we need a better understanding of the 
current carrying grazing capacity of different types of rangelands, livestock 
controlled grazing system; use of an integrated approaches on water 
harvesting and oasis arid forage production programs by using mineralized 
ground water and others marginal water sources (Toderich et al., 2013). For 
improving grazing capacity of rangelands it is most important to increase the 
total plant biomass per unit area by ensuring a sustainable level of harvest or 
up-rooting perennials as winter forages. Still there is a need to develop rapid 
monitoring techniques for assessing rangeland conditions, estimating 
nutritional values of rangelands fodder plants and appropriate techniques for 
restoration of degraded rangelands at the farm/community level.  This would 
allow development of more forage-based production for livestock feeding 
and would prevent further desertification (which can deplete the soil carbon 
stock and/or seed bank depletion, if left unchecked), as well as 
impoverishment and migration of the low income strata.  

In this context the present book shown the potential of use of perennial 
chenopods in pure stands or mixed with others forage shrubs and/or 
semishrubs for rehabilitation of degraded rangelands in arid and semiarid 
zones of Uzbekistan, affected by overgrazing, salinity and drought. The book 
discusses the possibilities for rehabilitation and the implementation of 
sustainable use and for reclamation of degraded lands. The main focus of this 
book is analyzing of causes of rangelands degradation and rangeland 
management interventions in desert pastoral areas. The book have a special 
emphases on the breeding program and genetic polymorphism of Kochia 
species populations, description of morphology of fruit, ecology of seeds 
germination, way of reproduction and methods how to increase quality of 
seeds of genus Kochia to be used for the restoration programs. It also 
includes detailed research results on the characteristics of fodder peculiarities 
(yielding capacity, when, at what rate of consumption and by what cattle it is 
eaten, degree of participation in the grassland, period of use under the 
grazing, value of hay as fodder; chemical composition and nutritive 
(nutritious) value, response to grazing, aftergrass/aftermath ability, 
specification for experiments in cultivation) and its previously tested, as well 
as the indication on the genetic structures of different populations and 
adaptability of Kochia species . 

The genetic resources offered by the native and introduced Kochia 
species may well constitute a very useful approach for rangelands restoration. 
Species of Kochia genus are consider valuable fodder resources capable of 
sustaining relatively heavy grazing both on sown pastures or in native 
rangelands forage plants communities. There are a number of Kochia 
ecotypes and wild populations suitable for reclamation of arid and semi-arid 
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lands (Pratov et al., 1971; Toderich et al., 2013). Kochia species belonging to 
C4 plant is drought and heat tolerant, in part due to a taproot that can 
penetrate up to 6.5 m in depth (Toderich et al., 2010). It is also salt tolerant 
and well adapted to some ecosystems dominated by halophytic species. 
Kochia prostrata (L.) Schrad.), also known as prostrate summer cypress is a 
long-lived, perennial, semi-evergreen, half-shrub well adapted to the 
temperate, semiarid and arid regions. Kochia scoparia, an annual herb is very 
productive, when grown in soils with salinity electrical conductivity (EC) 
levels approaching 20 dS/m, and capable of persisting at much higher EC 
levels. Forage kochia's biomass yield depends upon the sub-species 
environment, but reports generally range from 1000 to 1800 kg/ha in 
environments receiving 100–200 mm annual precipitation. Both species are 
common and widespread forage species of arid and semiarid zones of Eurasia 
(Dzubenko et al., 2009; Gintzburger et al., 2003) and the Mediterranean (Le 
Houerou, 1995) with a potential for reclamation of degraded salt-affected 
soils (Shamsutdinov and Shamsutdinov, 2005; Toderich et al, 2013). Both 
species, especially Kochia scoparia are salt tolerant plants (Everitt et al., 
1983; Francois, 1976; Khan et al., 2001). The salinity tolerance limit of seeds 
of K. scoparia soaked in salt solution is 1,0 M NaCl (Khan et al., 2001; 
Orlovsky et al., 2011; Japakova unpublished data). However, little 
comparable data is available for K. prostrata.  

The studies on morphological, structural and physiological mechanisms 
involved in stress responses and enhancement of biomass production of 
Kochia prostrata given in this book were important for conservation of 
valuable Kochia germplasm to be used for the rehabilitation of salt affected 
by drought, overgrazing and salinity rangelands. Kochia species grow well in 
association with a variety of species and often provide severe competition to 
perennial species both in natural and sowing pasture plant communities. An 
innovative selection programs and the introduction of suitable modern 
agrotechnologies on seed multiplication of different ecotypes of Kochia 
species and establishment of sown Kochia improved pastures within natural 
plant communities or planting them wherever they are desired in other 
ecosystems are discussed in this monograph. Appropriate rangeland 
rehabilitation techniques by using Kochia material starting from 1960 till 
present time were recommended for local agropastoral communities in 
different arid and semiarid zones of Uzbekistan, Kazakhstan and Kyrgystan. 
Development of natural rangelands in arid and semiarid zones of Uzbekistan, 
using new plant material originated from desert populations of wild desert 
forage Kochia species is analyzed in this book. It is proposed that Kochia 
prostrata grew in all kind of soil such as saline, sandy rocky and poor soils 
naturally in Central Asia (Toderich et al., 2013). Techniques found to 
stimulate the germination of the seeds of Kochia plant material have the best 
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effects when the seeds were first moistened (Nechaeva, 1985), but seeds are 
generally tolerant to wet and dry conditions and seed decay in germinated 
seeds increased after hydration-dehydration treatments. This showed that 
fluctuation of moisture content in air and soil may gradually reduce the 
percentage of seed germination and viability of seedlings survival in the field. 
As is shown in this book the viability of mature forage Kochia seeds which 
remained limited in storage (as about 8-10 months) were longer than seed 
harvested for a long time. Low seed water content is essential to preserving 
maximum seed viability. Storing seed at a cold temperature is also helpful in 
maintaining viability. Three months of storage improved germination 
significantly in some species. Germination of gray variety of Kochia 
improved immediately from 49,4-52,4% after harvested, while the 
germination of the green variety of kochia seeds increased from 28,1% with 
no storage to 30,4% with 3 month storage. It seems that if we moisten and 
store the seeds may cause to taken better results. Seeds of Kochia prostrata 
collected from different ecotypes had varied laboratory viability range from 
5-10 to 80-90% (James et al., 1971). Also, seeds sampled from rangelands of 
flat and semi-hill in arid locations had varied their viability from 5-17% in a 
field condition. Not stored seed properly may lose 80-90% viability in less 
than a year (Orlovsky et al., 2011; Japakova unpublished data). 

The book reviews the rangelands re-seeding techniques leading to 
improve the productivity of overgrazed, degraded rangelands. Kochia 
prostrata as high-productive, drought-resistant and salt-tolerant plant grown 
in mixed shrub and grasslands communities on grey-brown, clay, clay-loamy 
soils (Kochia clay ecotype), rarely sandy Kyzylkum and Muyunkum desert 
(Kochia sand ecotype) and calcareous, sceletal salted slopes and  rarely on 
salt-marsh margin (Kochia stone ecotype). Kochia prostrata ecotypes are 
widely applied in practice of improvement and / or creation of cultivated 
long-term pastures in desert and semiarid zones. Kochia ecotypes described 
in this book posse a good aftergrowing capacity. It can also be recommended 
for hay-production and creation of insured winter fodder stocks. Young 
stems, leaves and fruits are consumable as highly calorific feed for sheep, 
goats, and camels around year. The yield of forage biomass ranges: in 
foothills semidesert – 1,2-1,6 t/ha; in Karnabchul steppe – 1,6-2,0 t/ha; sandy 
desert Kyzylkum – 1,2-1,5 t/ha. 

Authors of this handbook have complied and generalize all the material 
regarding to the characteristic of fodder properties of Kochia forage species 
including also new and non-realized proper data. The references book 
contains a new information on yielding capacity, way of reproduction, 
morphology and ecology of seeds, types of its dormancy and methods of 
accelerating seed dormancy breaking by stimulating substances or/and 
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physical/chemical treatments, obtained by the authors during the 
experimentally and laboratory researches for last 10-12 years.  

Studies done by researchers of the Department of animal feeding at 
institute of karakul sheep breeding and desert ecology have shown that forage 
of  kochia species is very palatable and nutritious, especially during summer 
through late autmn – winter period. Kochia forage is willingly also eaten by 
sheep, goats, camels, cattle, and horses during the spring, fall and winter. 
Kochia nutritional characteristics include fall and winter crude protein levels 
Above 70 g/kg needed for gestating ruminants. It has also low in tannins and 
oxalates, and has not been reported to be a nitrate accumulator. Nutritional 
value is high, when is used in a mixed diet with the low quality grasses as is 
common during late summer, fall, and winter months. 

It is hoped that this new guideline book will provide a valued reference 
source for botanists, pastoralists, ecologists, naturalists, seed collectors, 
livestock workers, veterinarians, revegetation officers in rethinking the 
practice of conservation and management of dryland pastures in Uzbekistan. 
As this book is supplied with illustrations, it will be accessible also to 
practitioners-breeders, seeds-workers, farmers, thus they will better specify 
species composition and type of pastures, as well as to reveal the paramount 
centres for seed collection, revegetation and preservation. At the same time 
this book will serve as a manual for the teachers and students of high schools 
of Uzbekistan, with reading a course on ecology, botany, forage production 
and economic estimation of plants. 

The book was prepared by the group of the scientists of the Uzbek 
Institute of karakul sheep breeding, and desert ecology, Samarqand State 
University, specialists of the Plant physiology Institute, Academy of Russian 
Federation in close collaboration with International Centre of Biosaline 
Agriculture (ICBA) within the framework of the different scientific national 
and international projects. Authors would like to thank to Tamara Matyunina 
(Institute of Genepool of Flora and Fauna, Academy of Sciences of the 
Republic of Uzbekistan), Olga Semenova (Institute of Traditional Medicine 
in Samarkand, Toshpulot Rajabov, Ekaterina Li, Muhiddin Khujanazarov and 
Lilya Gismatullina (Laboratory of Ecology of Samarkand State University) 
for their valuable assistance during the preparation of this book. 
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ВВЕДЕНИЕ 
 

В последние десятилетия в условиях изменения и аридизации 
климата, усиления процесса засоления, ветровой эрозии и антро-
погенного воздействия, огромные территории Юго-Западной части 
Узбекистана проявляют тенденцию к деградации. В результате 
нерационального ведения сельского хозяйства, животноводства, исполь-
зования водных и растительных ресурсов пустынные пастбища 
представляют собой антропогенно – трансформированные ландшафты с 
запасами кормовой массы ниже их потенциальных возможностей. В 
результате быстрого роста численности населения, транспорта, развития 
промышленности в пустынных регионах возрастает влияние антро-
погенного и техногенного факторов на растительный и почвенный 
покровы, что вызывает нарушение структуры и нормального функцио-
нирования пастбищных экосистем. Деградации особенно подвержены 
пастбищные угодья вокруг населенных пунктов, колодцев, естествен-
ных водопоев, производственных помещений, вдоль газопроводов, 
вблизи газо-, нефте- и золотодобывающих предприятий.  

Современное состояние пустынных пастбищ характеризуется 
прогрессирующим ухудшением продуктивности и качества кормов, а 
также предельной или чрезмерной концентрацией поголовья скота, 
главным образом, дехканского и частного секторов. Если до недавнего 
времени развитие каракулеводства шло экстенсивным путем на основе 
использования под выпас неосвоенных пастбищных массивов, то на 
сегодняшний день этот важный резерв полностью исчерпан. Поэтому 
единственным путем дальнейшего развития пастбищного живот-
новодства пустынь и полупустынь Узбекистана является оптимизация 
хозяйств посредством внедрения эффективных методов повышения 
продуктивности кормовых угодий и комплекса мер их рационального 
использования для сохранения природных ресурсов. Однако, многие 
представители дикорастущей флоры, из которых слагаются раститель-
ные ресурсы, слабо изучены в эколого-биологическом и эколого-
фитоценологическом отношении, что весьма затрудняет введение их в 
культуру и создание искусственных многоярусных пастбищных 
фитоценозов (Шамсутдинов, Ибрагимов, 1983; Gintzburger et al., 2003; 
Toderich et al, 2009). 

В настоящее время особое значение имеет интегрированное и 
системное изучение растительного покрова пустынь в связи с 
необходимостью введения в культуру новых видов и сортов кормовых 
растений и разработки методов их селекции, семеноводства и семенного 
контроля. 
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