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Preface


The moringa/drumstick (Moringa oleifera Lam.) is one of the most incredible plants gifted to mankind by nature. Its nutritional and medicinal properties have a tremendous potential to end malnutrition, starvation as well as to prevent and heal many diseases and disorders of humans as well as animals worldwide. According to Ayurveda, the ancient system of medicine of India, moringa cures 300 diseases and disorders of human beings. Moringa is truly “A miracle plant” and divine gift for nourishing and healing of humans. The outstanding feature of moringa is that all parts of the plant are useful in one way or other to mankind. This plant species possesses so many uses and special features which amazes the modern scientists.


Though it has long history it did not receive much attention for a long time. But now it is re-discovered during the second half of 20th century not only as a food plant but mainly as a medicinal plant. In the recent times the emerging economic profitability and desirable health benefits of moringa have caught the attention of the world. During the past five decades a great volume of information has been generated and accumulated in research in different parts of the world notably in India. As a token of recognition of moringa’s multifarious qualities and uses, International Society of Horticulture Science has recently conducted First International Symposium on Moringa in 2015 in Philippines which was published as Acta Horticulturae No. 1158 in 2017. A few monographs on moringa from different countries have also been published. After two decades of publication of Lowell Fuglie’s first publication of the book “The Miracle Tree” – Moringa oleifera, there has been much progress in moringa’s Research and Development in response to increasing demand for new information on various topics about moringa which resulted in the publication of 2nd edition of “The Miracle Tree “ Moringa oleifera Lam by M.C.Palada and his colleagues in 2019. A considerable effort has been made in bringing the accumulated information on package of practices on production of moringa from various sources for the benefit of all concerned with moringa, authors have focussed mainly on production technology of drumsticks (pods.)


The book presents much information on cultivation of drumstick from various sources including field research studies conducted by various research organisations worldwide, articles written by individuals with experience and knowledge about moringa as well as other books and publications cited in the book. However, the authors and publishers cannot / do not assume responsibility for the validity of all information in the book or consequences of their adoption.


The authors wish cordially to acknowledge the support and help rendered by colleagues and friends in supplying information, materials, photos in improving the information of the book and all those who worked on drumstick.


-Authors
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CHAPTER 1


Introduction


Moringa (Moringa oleifera Lamk) is considered to be one of the most useful plants on the earth, as a nature’s gift to the mankind, because every part of the plant can be used, as food, feed, medicine and industrial raw material. It is indigenous to lower sub-himalayas extending from Afghanistan through Pakistan, India and Nepal (Fig. 1.1) (Fahey, 2005). Moringa belongs to the genus “Moringa” of family Moringaceae. The genus ‘Moringa’ has 13 species, which are native to Indian subcontinent and Africa. Out of the 13 species, Moringa oleifera Lamk is well known and widely cultivated throughout the world compared to other species. Besides M.oleifera, M.stenopetela and M.concanensis are found in Indian sub-continent.


The name “Moringa” has derived from a Tamil word “Murangai”. It is commonly known by several names in different languages and different regions of moringa growing. Other names of Moringa oleifera include drumstick (because of the typical shape of its fruit as drumstick used for beating the drum), horse radish tree (because of the typical flavour of roots that of horse radish roots), ben-oil tree (after the seed oil extracted from the seeds), miracle tree (as it provides nutritional, medicinal and industrial benefits), never die tree (since it survives even under harsh situation), mothers’ best friend (as it increases the milk quantity of nursing (lactating) mothers), tree of life (as it provides several nutrients, vitamins, antioxidants and cures malnutrition in infants and young children). Moringa has a long history dating back to pre-Christian era and is known to Egyptians, Greeks, Romans and Indians (see history of moringa). Moringa is well known in India, as evident of its mention in ancient medical books/systems of medicine like Ayurveda, Charaka Samhita etc.


However, moringa has disappeared in the medieval period, but it was confined to rural areas. During the mid-20th century it was rediscovered and gained importance gradually not only in India, but also in other countries notably in Africa, where it is primarily cultivated for fodder and for combating malnutrition in children. According to Fuglie (2001) moringa has gained popularity as a source of nutrition that can feed the needy and save lives as well. In recent times M.oleifera has gained a lot of popularity due to recent discovery of its usefulness to mankind with regard to nutrition and health of humans. Further, its wide ecological adaptability, low demand for soil nutrients, and water and relative ease with which it propagates through both sexual (seed) and asexual (cuttings) means, make its production and management easy, which was also considered as a reason for its popularity and spread of cultivation.


Interest in moringa in recent times is skewed towards its medicinal, pharmaceutical and nutraceutical attributes, hence much research has gone into these aspects as evidenced from volume of literature published. Moringa gained importance due to its multiferous uses. It has significant economic importance because of its several industrial uses. Moringa is a boon to the farmers which gives income particularly in poor and marginal lands. It satisfies the demand in alleviation of malnutrition. Moringa seed oil is a much sought commodity in the formulation of skin care products and delicate machinery and making biodiesel and has great demand in international markets.


Moringa is a store house of nutrients, vitamins, minerals, amino acids and antioxidants. Each and every part of the plant is edible and useful with its own nutrition, flavour and taste. It is one of the most incredible plant endowed by the divine as its nutritional and medicinal properties have immense potential to manage malnutrition, prevent and heal many human maladies numbering 300.


Moringa provides multiple uses, due to its nutrient rich parts with medicinal properties etc. It has several uses and utilization. According to Fuglie (1999) the many uses of moringa include both for humans and animals, medicinal and industrial. It is useful in agro-forestry, agri-horti-silvi programmes, in checking soil erosion, thereby conserving soil, in reclamation of mined areas and improving soil fertility through its leaf litter. The most useful contribution of moringa plant is combating malnutrition of infants in developing countries.


In view of its richness in nutrients and medicinal properties, there is great demand for moringa products and by products, which is ascending along with time. Great demand exists for its pods throughout India followed by its leaves. The demand for leaves both for human and animal consumption exists in Africa and Philippines. In Europe there is much demand for byproducts of moringa as nutrient supplements and cosmetics. Of late, the demand for seed rised much for its oil, useful in delicate machinery, and making of biodiesel and seed powder for water purification and seed cake as manure. There is much demand for seed for raising new plantations of moringa. The demand for products and by products of moringa is increasing by leaps and bounds year by year, as evidenced by the volume of trade and income out of such demand.


Several benefits have been noticed due to cultivation of moringa. It can be grown throughout the year at minimum cost. Ratooning of the crop is a boon for the moringa farmer as it avoids establishment of the crop every year like other vegetable crops. Moringa promotes environmentally sound economic development of a region. It alleviates poverty, malnutrition and nutritional deficiencies. The crop provides a life to the drought prone areas, with scanty rainfall and helps in providing beneficial land use and nutrition to humans and animals. It has a vital role in providing food security throughout the year at cheap cost.


Cultivation of moringa has great prospects because of the increasing awareness of its nutritional and medicinal values and thereof. Further, its cultivation has proven more remunerative at less cost of production. Moringa being perennial offers long life for more than 15-20 years in the same field, hence investment is comparatively less and non-recurring. People in drought prone areas are much benefited because of high returns from drumstick cultivation (see success stories). Contract farming is also possible in moringa. It is a versatile crop that can be grown as a solitary tree for vegetable purpose (pods) and seed purpose, as a perennial crop and under intensive cultivation for fodder. It is a potential crop for dryland horticulture and can be successfully grown on marginal, cultivable waste lands, degraded soils and mined areas. Moringa is a climate change adaptable crop and hence is suitable to mitigate climate change (Ndubuaku et al., 2014). Hence, its introduction into different agricultural land use systems can be beneficial to both the farmer and surrounding ecosystems (Foidl et al., 2001). It can be grown in areas with high temperature and low water availability and scant rainfall, where it is difficult to grow other agricultural / horticultural crops.


In view of the above, cultivation of moringa has bright prospects provided the Government encourages farmers, particularly in drought prone areas to start moringa cultivation by creating awareness among the farmers about its high returns, nutritional, medicinal and industrial value, through extension programmes.


However, the cultivation of moringa is beset with some problems which can be solved through research by establishing a ‘Moringa Board’ on the line of ‘Tea Board’ and ‘Coffee Board’.




CHAPTER 2


History of Moringa and its Cultivation


Moringa (Moringa oleifera Lam), drumstick tree, horse radish tree, ben oil tree etc. the best known and widely cultivated species of genus Moringa of family Moringaceae has a long history. Historians traced moringa’s history to atleast 150 BC, when ancient people in what is now Madagascar and Himalayan foot hills, used the tree’s lustrous leaves for energy and improvement of health. For centuries, the moringa (drumstick) tree is in use as food and medicine. Moringa dates back to 2000 BC when it was found and described as medicinal herb, particularly in India. Historical evidences / proofs revealed that ancient Kings and Queens of Egypt, Greek and Rome used moringa leaves and fruits in their diet to maintain mental alertness and healthy skin. Moringa has a long history of success according to India’s age old medical system viz., Ayurveda for centuries which used moringa as healing plant to prevent as well as treat over 300 health problems of humans.


It is recorded that in ancient India, during the era of Mauryans, the warriors were fed with an elixir made from moringa leaves in the war front, to give them strength and stamina to fight the war. The elixir drink was believed to add extra energy and relieve them from stress and pain incurred during war. It was recorded that Alexander the Great had been in a war against Mauryans of India in 326 BC. Moringa leaf elixir administered to soldiers of Mauryans gave them super human strength, required little sleep, and they never got sick and their war wounds healed rapidly and all these contributed to win the Alexander in war in the end.


Ancient Egyptians treasured moringa seed oil as a protection of their skin from the ravages of desert weather in Egypt (Doerr and Williams, 2007-09). A tomb dated from 1550-1292 BC in Egypt was found to contain 10 jars of sweet moringa oil, thought to have been used in the funeral processions of Kings and Queens. (Anon, 2014a). Lisa Mannich in “An Ancient Egyptian Herbal” gives the recipes that were used by the ancient Egyptians. It was mentioned that moringa oil was used as a carrier oil which would be mixed with other various ingredients for medicinal purpose (Anon, 2015c).


Later the Greeks found many health benefits and uses of moringa and introduced it to the Romans. The Egyptians, Greeks and Romans extracted edible oil from the seeds of moringa, used it in perfumes and skin lotions. In Qasr Ibrim, once a major city in what is now Lake Nasser, trees of Moringa peregrina, one of the 13 species of genus Moringa, fruits were found to be present as early as 7th century.


Biblical readings confirm that moringa plant has been used for millinia as medicine or as medicinal tonic (Anon, 2014). The branch that Moses used in the spring, the trees found in the garden of Eden and the trees by the river of life from the “Book of Revelation” may have contributed to the health of the population of that time. Some even believe that the Bible references of the moringa tree in the “Book of Revelation was the “tree of life” and the book of Exodus as a tree that helped make the bitter water sweet. Perhaps moringa is the tree in the garden of EDEN referred in the Bible, as it sure qualifies to be the one-tree. References in the Bible, when Moses led fleeing Israilities to the village of Marah, they could not drink the water as it was bitter and when Moses asked God what should be done, God showed Moses a tree which when Moses had cast it into water, bitterness disappeared and turned to sweet water (Exodus, 15, 25).


There is also mention of moringa in “Quaran” which has sometimes been thought of as the “Olive tree” but, modern thinking goes more towards the “Moringa tree” as the seeds of moringa contain 40% oil, whereas the olive seeds only 20% oil (Anon, 2015c).


Thus, moringa tree had been around for thousands of years. Yet we are just starting to realize the importance and power it contains. It is often wondered could this tree be the key to ending poverty, and malnutrition of the world. The tree is now re-discovered in many areas of the world having a significant role in the above two aspects. At present moringa is being used around the world to stop starvation and malnutrition in humans. Recently, there has been a surge in moringa popularity as its leaves are harvested fresh in India and ground into powder which was then stored in air tight containers for marketing domestically and internationally.


Moringa was originally grown in India by the native Dravidians and later by Aryans in each and every home yards. It disappeared in medieval times. It was neglected and forgotten as a medicinal tree, though it continued as a vegetable tree. During the colonial times, it was rediscovered as a horse radish tree by the Britishers as a replacement of horse radish plant. It’s significance as a cure against malnutrition in children has been realized in India, Africa, Philippines etc and boosted its cultivation. Five decades ago protein malnutrition with vitamin-A deficiency was rampant among pre-school children (<5 years) in India. Nutritionists tried to identify an inexpensive supplementary food to overcome this problem and identified moringa leaves as the solution for malnutrition in children. Then drumstick seeds and limb cuttings were distributed in villages and urban slums for growing in the back yards. Mothers were taught easy recipes. It has paid dividends (Anon, 2015c).


History of Moringa Cultivation


According to Odee (1998) the history of moringa cultivation dates back to several ages. Historically there is evidence that cultivation of Moringa olifera Lamk started in Indian sub-continent, the native home of moringa and dates back to thousands of years. According to Sushruta Samhita and traditional Ayurvedic medical texts moringa was grown to heal or prevent hundreds of ailments and diseases of humans (Beaulah et al., 2010). Moringa was grown in India first by Dravidians and later by Aryans in each and every home yards to serve both as vegetable and medicine (Beaulah et al., 2010). In Indian sub-continent moringa has long been grown / cultivated for its edible leaves, pods and seeds to extract oil and prepare flocculant with dried seed powder and for making leaf powder.


Though drumstick originated in the North West sub-himalayan foot hills, it did not gain importance and cultivation in North India, but gained foot hold in South India.


Drumstick is known and grown in the Indian sub-continent since long. However, all these long years it was/is confined to home steads, solitary trees at animal sheds, wells, field or tank bunds and group of trees in waste lands of rural areas and as isolated plants in hedges and fences. It was never cultivated on garden scale till 1980s. Till that time only unnamed local perennial types or types with local names (confined to each local area) were grown. With the demand of bulk quantities of moringa, farmers started increasing the number of trees per unit area through branch cuttings of perennial types in late 1980, but were not successful, their fruiting being eratic. However, after the introduction of a perennial type “Jaffna” from SriLanka farmers evinced some interest in the cultivation of drumstick on garden scale in Tamil Nadu and extended to other South Indian states on a small scale. In early 1990’s farmers of Tamil Nadu started growing perennial types as an inter-crop on field scale and their allies were cropped with vegetables and sorghum. This system was evolved as moringa offered some protection to alley crops from drying winds during summer season and from soil borne insect pests and disease and enriched the soil fertility by its litter and provided some additional income to the farmers through the sale of pods. Next, farmers found that growing moringa crop during summer season was more remunerative though it is one of the cheapest vegetable during summer (Beaulah et al., 2010). However, such cultivation of perennial moringa did not progress much. Due to the inherent demerits like long gestation period (3-4 years), difficulty in propagation, oozing of gum always from the trunk, attack of swarms of hairy caterpillars on the foliage and defoliating trend and their appearance in groups on the trunk, often entering the houses, heavy incidence of fruit fly, short pods, with thin flesh, cultivation of perennials including introduced “Jaffna” did not make much head way in area expansion under drumstick.


Commercial cultivation of moringa started picking up after the introduction of annual types viz., PKM-1 and PKM-2 by Tamil Nadu Agricultural University in 1990’s. Since then the area and production of moringa are increasing year by year in India, which stands top in area and production of moringa pods globally. Annual types have some merits over perennial types. Annual types are precocious – come to fruiting by 6th month after seed sowing, can be propagated easily by seed and not susceptible to hairy caterpillar and produce long, fleshy and tasty pods, compared to perennial types. Due to universal adaptability to various agro-climatic situations of annual types, commercial cultivation of drumstick gained momentum in India especially in Andhra Pradesh, Telangana, Tamil Nadu, Karnataka, Kerala, West Bengal, Odisha, Gujarat and Maharashtra.


PKM-1is seed propagated and precocious and hence spread fast across the Southern States of India to begin with and later to many of the African countries and tropics of entire globe with in a span of five years in as much as the moringa was accepted as a crop to remove malnutrition of humans in the world.


The economic analysis of moringa cultivation has illustrated that commercial cultivation of moringa could be a profitable venture to the farmers and could alleviate their poverty in a short time (Sherker, 1993). Further the ease with which it is cultivated and ready marketing and export possibilities, prompted and encouraged farmers to take up cultivation of moringa. Due to the above reasons, the interest in drumstick cultivation and area under its cultivation increased many folds during the last 2 to 3 decades in India.


Because of its unique flavour, aroma and taste moringa became popular in entire South India, where any meal without moringa, pulses and curd is considered incomplete. So the demand for moringa pods also increased due to urban settlements and migration of people to urban areas particularly from south to north and also to other countries. With the taste and flavour as deep rooted in them, ethnic Indian population settled elsewhere in the world, predominantly in Gulf countries, America etc, longed moringa in their diet. All these simultaneously led to the cultivation of moringa on commercial scale, which is ever increasing. Thus, moringa gained foothold as a commercial crop particularly in Southern States (Beaulah et al., 2010).


The history of cultivation of drumstick in countries other than India is not known and not available in the scanned literature. In several countries the cultivation of Moringa oleifera Lam is recent one only after the introduction of the crop, as a remedy to child malnutrition by NGO’s. Unlike India, however, drumstick is cultivated mainly for leaves to fight child malnutrition and lactating mothers and for fodder purpose in Africa and Philippines. Now moringa plantation for seeds (for extraction of oil, biodiesel etc) is being promoted at global level.


Thus, moringa started its journey as an individual tree, as intercrop and finally ended in commercial cultivation for leaves, pods and seeds all over the world. Further, the cultivation of moringa started with perennial types and continued with annual types, because of certain disadvantages of perennial types (see above).




CHAPTER 3


Prospects and Constraints of Moringa Cultivation


Prospects


Moringa / drumstick (Moringa oleifera Lam) is a versatile crop, acclaimed as a multipurpose crop. It is considered to be a “super food” a store house of nutrients, vitamins, antioxidants etc and claimed to cure 300 ailments of humans as per ancient “Ayurveda”. Its cultivation is highly profitable, remunerative with less investment. It alleviates poverty of poor rural people within a short time of 6 to 12 months. However, till second half of 20th century it was neglected and was an underutilized crop. Its popularity is increasing day by day because of its nutritive richness, medicinal and industrial uses and its ability to adapt to various environments. It is well suitable for kitchen garden, field bunds, near cattle sheds; fits well in different cropping systems etc. In view of the above, moringa has great prospects for cultivation in future:


1. Moringa’s cultivation can be extended to arid and semi-arid areas as a dry land horticulture crop and can successfully be grown on marginal and cultivable wastes; with high temperature and less water availability, where it is difficult to grow any other crop.


2. Its cultivation is a profitable proposition in drought prone areas, for alleviation of poverty.


3. It is a versatile plant that can be grown as a tree or as perennial fodder plants under intensive cultivation for biomass production.


4. It does not need much manuring and fertilization and irrigation and is not cost intensive, hence its cultivation can be taken up by small and marginal farmers with advantage.


5. It is a fast growing and precocious plant giving yield within a year and is amicable for ratooning and can stay in the field for 3-4 years at a stretch (like mango, citrus, guava etc.) with nonrecurring establishment costs every year.


6. It can benefit humans nutritionally and medicinally as energy source and economically


7. Contract farming is also possible with moringa farming.


8. In India it is mainly cultivated for its fruits (pods) and less for leaves, which are mainly used for culinary purpose. However, as leaves can be used for making leaf powder etc and can also be fed to cattle (fodder) moringa cultivation can also be encouraged for making by products and as cattle feed.


9. It is a climate change adaptable crop, hence it can be grown in areas of climatic changes (Ndubuaku et al., 2014b).


10. The relative ease with which it propagates through both sexual and asexual means and its low demand for soil nutrients, fertilization and less water, make its cultivation easy and less costly. It can fit in many cropping patterns. Hence, its introduction into agricultural land use systems is beneficial to both farmers and ecosystem (Foidl et al., 2001).


Thus, moringa’s cultivation has bright prospects in the country, provided the following constraints (problems) are addressed and solved and backed by government intervention and encouragement.


Constraints (Problems)


In spite of high demand of products and by-products of moringa allover the world and bright prospects in future, the cultivation of moringa has not progressed much, because its cultivation is beset with several constraints (problems), which differ from region to region in the country. Despite the fact that much research has undergone, which resulted in the development of standard cultivation practices, still moringa faces following problems:


1. Lack of region wise high yielding variety(s)


2. Lack of suitable varieties exclusively for biomass (leaf) production.


3. Lack of suitable varieties for subtropical conditions of North India, to extend the moringa cultivation in North India.


4. Non-availability / limited availability of good quality planting material especially in annual moringa which are exclusively propagated by seed, as seed is being utilized for other purposes.


5. Lack of suitable pruning methods for ratoon crop management.


6. Erractic / irregular flowering behaviour and shy bearing in certain states like Andhra Pradesh and Telangana


7. Lack of suitable off-season production technology


8. Lack of post-harvest management to avoid post-harvest losses for maintaining sustainable prices of the products


9. Lack of cold-storage facilities in production centres


10. Lack of establishment of value added product centres to export to overseas markets.


11. Incidence of pests and diseases and back of their fool proof management.


12. Lack of organized marketing system and cooperative marketing system and existence of market problems.


13. Lack of standard cultural practices for organic production of moringa. Lack of encouragement and support for enhancing organic production of moringa.


14. Lack of nodal agency (like coffee / tea / rubber boards) to conduct research on all aspects of moringa cultivation and extension to take up the research results to the farmers.


15. Lack of awareness among the population about the importance and benefits of moringa and its products and by-products in human health and about industrial uses.


16. Lack of government support and investment in moringa research and cultivation.




CHAPTER 4


Origin, Spread and Distribution


Moringa oleifera Lam has originated in north-west lower sub-Himalayas through Afghanistan, Pakistan, India and Nepal (Fig. 4.1) (Fahey, 2005) as back as 5000 years ago (Umbertor 2000). It has later spread into the southern parts of India, where it gained permanent foot hold. The cultivation of moringa tree in due course has spread to most of the countries in tropics and sub-tropics in all the five continents, to most parts of Asia, Africa, South America, Central America, Southern parts of North America, Australia and some parts of Europe (Baba et al., 2015) (Fig. 4.1).


Arab traders and European Christian missionaries are instrumental in the spread of moringa worldwide. It was introduced into Nigeria, by Arab traders as indicated by Arabic names, which is now being grown in most parts of Nigeria, where it acquired many local names (Auwalu, 2009). M.oleifera might have been introduced into Zimbabwe during European occupation by Europeans or probably long before by Arab traders (Palgrave, 1983). However, it is believed that the moringa tree was introduced into Zimbabwe by Indian traders arrived in quest of gold and ivory. It was introduced into Brazil in 1985 (Chaves et al., 2005). Thus, it has spread throughout India, Pakistan, Asia Minor, Arabia, South America and Africa. It is now found in many regions of the world like, the Pacific Islands, Central America (Mexico), Caribbean Islands and North America (Morton, 1991; Mughal et al., 1999).


According to Nadkarin (1976) and Ramachandran et al., (1980), M. oleifera is widely distributed in sub-Himalayan region of India (Fig. 4.2), Sri Lanka, North East and South West Africa, Madagascar and Arabia, where it is naturalized. It is widely distributed in more than 100 countries all over the globe.


It is widely cultivated in all the continents wherever it was spread and distributed (Ramachandran et al., 1980; Morton, 1991). Currently, it is widely cultivated in more countries, notably in India, Pakistan, the Philippines, different African countries, and in some parts of North America, Central and South America, and Europe and Australia and Pacific Islands (Fig. 4.3).


[image: image]


Fig. 4.1 Map showing the origin of Moringa oleifera.
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Fig. 4.2 Distribution of drumstick in India.
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Fig. 4.3 Distribution of Moringa in the world




CHAPTER 5


Climate


Climate decides whether a particular plant / crop is suitable for a particular area. Climatic variables (elevation, temperature, rainfall etc.,) have strong bearing on the adaption, survival, growth performance and quality of its produce etc. of a given crop. Therefore, before venturing to take up cultivation of crops especially commercially, the farmer should have adequate knowledge and understanding of the climatic requirements of the given crop and the prevailing climate of the proposed areas, its suitability to the crop in question and the influence of climatic variables on the crop.


Drumstick (Moringa oleifera) with regard to climate is an extremely adaptable species. It grows well throughout the warmer zones ranging from tropical to sub-tropical zones, and from dry savannahs to rich forest soils in Africa (Anon, 2006). Moringa has large ecological elasticity and adapts well to the most diverse weather conditions. It tolerates wide range of environmental conditions. Moringa adapts to both dry and humid tropics as well as wet forests, from arid to humid climate with a prospect of growing in a wide range of land use systems (Paliwal et al., 2011b). It is predominantly a crop of dry and arid tracts and is a plant of low land tropics and hot dry regions (Somali et al., 1984). It has adapted to various ecosystems and farming systems wherever it was introduced. For example it was well adapted to the climate and environmental conditions (mild winter and warmer summer) of South Taiwan with in twenty years of its introduction (Palada et al., 2007).


Moringa thrives best under tropical and sub-tropical climates in India (Verma and Chaarasia, 1993). One of the reasons that the moringa can thrive well in arid zones is that it possesses a long tap root and extensive deep root system, which also make it valuable against soil erosion.


Moringa is particularly suitable for dry region as it can grow using rain water without irrigation (Paliwal et al., 2011a). Hot and humid climate is suitable for growth and dry climate for flowering and fruiting.


It is known to attain best growth and perform well in tropical insular climate in the plains of South India. Moringa grows best in the hot semi-arid tropics with hot to warm climate. Under these conditions it produces leaves and pods all the year round. According to Verma and Chaarasia (1993), moringa grows well from Tarai region of Uttarakhand (India) to coastal areas of Southern India. It can be grown in arid zones with little water and in dry climates or in climates with long period of dryness and shorter periods of rains.


Moringa is ever-green in tropics and deciduous in sub-tropics (Muhl et al., 2011b). In North India, the leaves are shed in December-January and the tree enters into dormancy and puts forth new foliage during ensuing February – March months followed by flowering and fruiting (Benthal, 1946). However, during severe winter even in the tropics the perennial types of moringa undergo dormancy by shedding leaves and once the temperature rises in spring, such plants put forth new foliage (Seemanthini, 1964).


Moringa is cold tender, hence not recommended for growing in countries with cold climate especially in open conditions. However, it can be grown indoors or / and green houses. Under open conditions, moringa plants should be protected from cold temperatures by mulching the tree basins to protect the root system. Well mulched trees can survive severe frost. The tree may freeze down to the ground level, but survives and will grow new shoots in spring. Young trees are more susceptible to cold climate, while the grown up trees show resistance to winter temperatures by entering into dormancy.


Elevation (Altitude)


Moringa is a tropical low land plant (Radovich, 2009). It is found on either side of equator between 230 N and S latitudes and at elevations of 800 to 1200 metres above mean sea level. But normal distribution of moringa is from sea level to 500 metres, but found to occur at still higher levels, with a change in its behaviour. When grown at 1600 m it fails to flower (Jahn, 1991). However, it manages to survive at 1000 m (as in Mexico). At 1500 m elevation, it is a complete failure. Hence, it was concluded that it can grow from sea level to 500 m (Radovich, 2009). Ideal elevation is therefore, below 600 m for M. oleifera (Beaulah et al., 2010; Majhi, 2013). Originally, moringa was recommended for planting only at altitudes below 600 m in upland areas of Africa. However, the discovery of healthy stands at elevations 1200 m in Mexico and over 2000 m in Zimbabwe, demonstrated that it is much more adaptable than supposed (Anon, 2006). But the best elevation for moringa is from sea level to 500 m for commercial cultivation.


Temperature


Atmospheric temperature is the key climatic variable, which greatly influences the growth, development and various physiological processes in plants. Plants perform satisfactorily with in a range of temperature and lower or higher temperatures than the optimum range of temperature are unsuitable as they cause some damage and disruption of plant processes. Further, lower or higher temperatures determine the choice of location of growing a particular plant /crop.
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