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ABSTRACT 
The present research project was conducted to evaluate the growth behaviour of Moringa 
oleifera as affected by different cutting levels, its survival under saline conditions and the 
potential moringa leaf extract (MLE) was explored to improve the germination and plant 
vigour of rangeland grasses. It was found that moringa plants give maximum biomass 
when harvested at 30 cm cutting level regularly after each 30 days. Moreover, maximum 
nutritional quality was also recorded in rainy season (July and August). Maximum 
antioxidant activity was also recorded in rainy season (July and August) when the plants 
were harvested at 30 cm level. In second experiment, it was found that moringa seedlings 
can survive up to 8 dS m-1 with a slight reduction in its biomass, chlorophyll a, crude 
protein and mineral contents while the antioxidants’ activity increased with increasing 
salinity level. Plant biomass, chlorophyll a contents, SOD and POD activity and mineral 
contents (Ca, K and Mg) were reduced significantly but CAT, total phenolic, β- carotene 
and chlorophyll b, sodium and phosphorous contents increased significantly up to 12 dS 
m-1 as compared to control. A positive correlation was found between salinity levels and 
root biomass, sodium, phosphorous, chlorophyll b, TPC and anioxidants’ activity but a 
negative correlation was recorded between salinity levels and shoot biomass, calcium, 
magnesium, potassium, crude protein and chlorophyll a contents. The third experiment 
was conducted in two phases. In first phase, the priming strategies used were 
hydropriming, CaCl2, PEG-8000 (–1.1 M Pa), MLE (concentrate; 1:10, 1:20, 1:30, and 
1:40 dilutions with distilled water), and matripriming using saturated jute mat for 24 h. 
The primed seeds were placed between 2 moist Whatman No. 1 filter papers in petri 
plates to evaluate germination and seedling vigor. Though all of the priming strategies 
excelled as compared to the control, matripriming and priming with 30× diluted MLE 
(1:30) were the most effective; thus, they were selected for further experimentation. In 
the second phase, these optimized priming strategies were used along with hydropriming 
and an unprimed in pot studies. Both matripriming and MLE (1:30) priming significantly 
increased the germination. Matripriming was more effective in increasing the number of 
leaves, number of tillers, and shoot vigor for Cenchrus ciliaris and Panicum antidotale, 
but roots were more vigorous when primed with MLE (1:30). In the case of Echinochloa 
crusgalli, the results were reversed: the number of leaves, number of tillers, and shoot 
vigor were improved when primed by MLE (1:30), whereas matripriming maximally 
increased the root length and weight. It can be here concluded that M. oleifera is a good 
alternate of fodder crops especially in dry season when no fodder is available. It can 
tolerate moderate saline conditions owing to better antioxidant system, activating 
defensive enzymes and minerals regulation mechanism. Moreover, the usage of MLE 
(1:30) and matripriming are effective priming strategies which are low-cost, 
environmentally friendly, and can easily be adapted by farmers and range managers. 
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CHAPTER-1 

INTRODUCTION 

Forage trees and shrubs play an essential role in agroforestry systems especially with respect 

to livestock fodder production and fuel wood (Nouman et al. 2006). Tree species are easy to 

grow and maintain at later stages due to low demands of post planting care and protection as 

compared to agriculture fodders. Forage trees have the characteristics of fast growth, high 

foliage production containing high contents of digestible protein and other essential minerals 

in their leaves which provide high quality forage for livestock. In dry season, most of the 

fodders become unavailable due to the warm weather conditions and shortage of water. This 

shortage of fodder results in reduced milk production, weight loss, decrease in reproduction 

and increase in mortality rates of livestock (Saleem 1994; Nuru 1988; Tarawali et al. 1999). 

The forage trees have the ability to retain their leaves in dry season (Bansh et al. 1992) with 

numerous other benefits like increase in farm income and sustainability of the farming 

systems by providing timber and firewood for domestic and industrial purposes, green 

manure, fruits and vegetables (Cobbina et al., 1990; Kang et al., 1990). Some important 

forage tree species which are being used as livestock fodder are Acacia spp., Sesbiana 

sesbane, Delbergia sissoo, Moringa oleifera etc. 

1.1) Moringa oleifera 

M. oleifera belongs to mono-genus family “Moringaceae” having 12 other species. All these 

species are native to India, the Red Sea area and parts of Africa including Madagascar. M. 

oleifera is the only species of the family Moringaceae which is cultivated as a crop 

(Veeraragava, 1998). It is native to India and Pakistan but has been planted in many parts of 

the world (Verdcourt, 1985; Booth and Wickens, 1988; Morton, 1991; Makkar and Becker, 

1997; Duke, 2001; Fahey, 2005). It is one of the most useful tropical trees being planted 

throughout the whole tropical belt (Jahn, 1988). M. oleifera is used for human consumption 

(Bennett et al. 2003; Gidamis et al. 2003), as animal fodder (Sanchez et al. 2006a), natural 

coagulant of turbid water (Suarez et al. 2003) and a source of phytomedical compounds 

(Anwar et al. 2006). 
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M. oleifera is a fast growing tree reaching up to 4 m in one year and to a maximum of 6-15m 

at final stage with 20-40cm diameter at breast height (von Maydell, 1986; Foidl et al, 2001). 

It is drought-tolerant species and grows with rainfalls of 250-1500 mm and annual 

temperatures ranging from 18.7 to 28.5 ºC but can survive up to 48 ºC and can also tolerate 

light frosts (HDRA, 2002). Therefore, semi-arid tropical climate is best for its optimum 

growth. Price (2000) reported that the altitudes below 600 m (2000ft) are best for its growth; 

however, it can be populated at an altitude range from 1200 m to 2000 m. Odee (1998) 

recorded its growth up to 6-7m in one year especially in the areas receiving less than 400 mm 

mean annual rainfall. Slightly alkaline clay soils are considered best for its growth due to 

their good drainage ability and sandy loam nature (Abdul, 2007) but cannot establish well in 

waterlogged conditions. This plant can tolerate a wide range of pH (4.5-9), and grows quite 

well in alkaline conditions up to a pH of 9 except heavy clays but prefers a neutral to slightly 

acidic soil (Duke, 1978; F/FRED, 1992). It can also tolerate saline water with EC of 3 dS m-1 

during its early growth while on later stages; it becomes resistant to saline water (Oliveira et 

al. 2009). 

It is propagated either by planting stem cuttings of 1 to 2m length or directly from seeds 

(Palada and Chang, 2003). Seeds should be planted 2cm or 1 inch deep, which germinates 

within 1-2 weeks epigeally. The germination rate is usually between 60 and 90% for fresh 

seeds (Jahn et al. 1986; Nautiyal and Venhataraman, 1987; Sharma and Raina, 1982) and 

germinates between 7 to 30 days after sowing (Sharma and Raina, 1982). The seed viability 

of M. oleifera last only for two months storage (Verma, 1973; Sharma and Raina, 1982). A 

study conducted in India reported 60, 48 and 7.5% germination of moringa seeds sown after 

1, 2 and 3 months of collection, respectively (Sharma and Raina, 1982). Cuttings of 45-

100cm (18-40 in) length with 4-10cm (2-4 in) diameter should be taken from the woody parts 

of the branches (Price, 2000). The relative ease with which it propagates well through both 

sexual and asexual means, its low demand for soil nutrients and water after transplanting 

makes its production and management comparatively easy (Foidl et al., 2001). 

The leaves of M. oleifera are 20-70cm long, grayish-downy coloured when young having 

long petiole with 8-10 pairs of pinnae. Its flowers are 2.5 cm in size having pleasant 

fragrance. It initiates its flowering when the plant is 8 months old and the flowering season 

starts from January which continues up to March. The fruits are three lobed pods, which are 
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20-60 cm in length hanging down from the branches, which ripen from April to June. These 

pods open into three parts upon drying. Each pod bears 12 to 35 oily, black, winged seeds 

(Ramchandran et al., 1980; Morton, 1991; HDRA, 2002). Each moringa tree can produce 

15,000 to 25,000 seeds per annum. The average weight per seed is 0.3 g and the kernel to 

hull ratio is 75:25 (Makkar and Becker, 1997).  As livestock fodder, it gives high dry matter 

(DM) yield 4.2-8.3 tons ha-1 with 40 days cutting frequency (Sanchez et al. 2006b). 

Moringa seed oil (yield 30-40% by weight), also known as Ben oil is sweet, non-sticking, 

non-drying and resists rancidity. It is used in salads, fine machine lubrication, and in the 

production of perfume and hair care products (Tsaknis, 1998). The powdered seeds are 

widely used to disinfect the contaminated water and purify the drinking water (Berger et al., 

1984; Gassenschmidt et al., 1995; Olsen, 1987). Its seeds can also be eaten, roasted, 

powdered and steeped for making tea and curries (Gassenschmidt et al., 1995).  

This tree is very suitable for the countries, which are facing the problems of 

undernourishment and malnutrition. In recent times, it has been recorded and proved that this 

miracle tree is a great source of highly digestible proteins, Ca, Fe and Vitamin C, which are 

essential both for livestock and human beings (Fahey, 2005). Moringa fresh leaves contain 

6.7 g protein, 13.4 g fiber, 440 mg calcium, 70 mg phosphorus, 259 mg potassium, 137 mg 

sulphur, 7 mg iron, 220 mg ascorbic acid (Vitamin C), 6.8 mg carotene, 6800 mg Vitamin A, 

423 mg choline (Vitamin B), 0.21 mg thiamine (Vitamin B1), 0.05 mg riboflavin (Vitamin 

B2), 0.8 mg nicotinic acid (Vitamin B3), and a complete amino acid profile on 100 g fresh 

weight basis (Bau et al., 1994; Sarkar and Peace, 1994; Fuglie, 1999; 2000, Rweyemamu, 

2006). Its dry leaves contain 7 times more vitamin C than orange, 10 times more vitamin A 

than carrot, 17 times more calcium than milk, 15 times Potassium than bananas, 25 times iron 

than spinach and 9 times proteins than yogurt (Mathur, 2006). Moreover, this plant also 

contains vitamin B-Complex, chromium, copper, magnesium, manganese, phosphorus and 

zinc (Fuglie, 1999; 2000; Mathur, 2006). Its fresh leaves contain 19.3% to 26.4% crude 

protein (CP) in DM (Makkar and Becker, 1996; 1997; Aregheore, 2002). About 78 and 68% 

of the total crude protein are found in moringa twigs and stems, respectively. 
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1.2) Rangelands of Pakistan 

Pakistan is largely covered by rangelands (49.5 mha of the total area) which are good sources 

for producing green fodders like range grasses (Govt. of Pakistan, 1988) which is about 65% 

of the total land masses (Younas et al., 1993). These rangelands extend from alpine pastures 

to the coast of Arabian Sea. Rangeland distribution in the country is 16% area of Punjab, 

15.3% of Sindh, 9.4% of KPK, while Balochistan and Northern areas are occupying 53.55% 

and 5.8% area, respectively. These land areas have very low productivity potential (Rao et 

al., 1989) but are fulfilling the feed requirements of about 60-70% of sheep and goat. The 

gap between fodder demand and supply can be overcome by proper management strategies 

on scientific basis. These areas have the potential to produce green fodders like range grasses 

and browsing trees. The prominent palatable grass species of these range areas include 

Cenchrus ciliaris, Panicum antidotale, Echniochloa crusgalli and Pannisetum orientale, etc.  

Daily protein intake requirement of an adult person is 27 grams while in Pakistan only 17 

grams is available in cities, and less than this in backward areas (Jamal, 2005). This deficit is 

expected to be accelerated due to high population pressure and over stocking. To increase 

livestock production and to meet the great challenge of food deficit, it is necessary to 

improve livestock production. The livestock production is strongly dependant on the 

availability of highly valued forages and fodders with handsome nutritional quality. Forage 

species become unavailable during dry season which deteriorate livestock health and 

production especially milk. This problem can be overcome by minimizing the fodder 

shortage problems in dry seasons by introducing forage species which can be available 

especially during dry season e.g., M. oleifera is one of the promising forage plant for this 

purpose.  

Pakistan is a subtropical country with a high valued biodiversity of plants ranging from 

coastal areas, fertile plains, deserts, high rainfall receiving mountains to snow covered 

mountains. It has a total area of 79.61 million hectares (mha) having an estimated 163.2 

million livestock heads (Govt. of Pakistan, 2010-2011). This sector is the main stay of 

Pakistan’s economy which is contributing approximately 51.8% of the agriculture value 

added and 11.3% in country’s gross domestic product (GDP) (Govt. of Pakistan, 2010-2011). 

Moreover, it is the livelihood source of about one fourth (25-30%) population of the country. 
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According to 1996’s livestock census, there has been 30% increase in livestock population 

which is augmenting the demands of food and fodder for livestock but the country is facing 

the green fodder shortage throughout the year especially in dry seasons (Sarwar and Iqbal, 

2002; Khan et al., 2003). The fodder cultivated area has decreased 11.6% during the previous 

two years. This problem can be exploited by supplementing suitable measures for sustained 

fodder supply especially in dry season. 

1.3) Range Grasses 

Some major grass species found in rangelands of Pakistan are as under:  

1.3.1) Cenchrus ciliaris 

Cenchrus ciliaris was found in Western Australia in about 1870-1880 A.D. but now its native 

to tropical and subtropical Asia, Africa, Latin America, India, Indonesia and Pakistan. This 

grass has the capacity to tolerate long dry seasons under varying soil conditions. It is 

perennial, highly nutritious and palatable grass which is used as lactagogue (Duke, 1983). Its 

100 g fresh foliage contains 11.0 g protein, 2.6 g fat, 73.2 g total carbohydrate, 31.9 g fiber, 

and 13.2 g ash on a zero-moisture basis (Gohl, 1981). It grows well in areas having rainfall 

ranging from 350-800 mm annually and on an altitude of 1000m. Preferably, its seed is sown 

before monsoon season but can be grown throughout the year at the seed rate of 3.5 kg ha-1 

seed rate. 

1.3.2- Panicum antidotale 

Panicum antidotale is a densely branched leafy perennial grass native to India, Nepal, 

Afghanistan, and Pakistan which can resist drought conditions. It is very suitable grass for 

range soil and water conservation as well as livestock fodder. The areas receiving 500-800 

mm annual precipitation with an elevation range of 1000 m are the best for its growth. Its dry 

matter contains 18.8% crude protein, 3% ether extract, 28% crude fiber, 40.1% nitrogen free 

extract (NFE) and 10.1% ash (Malik et al., 1966; Gohl, 1981). It is sown before the start of 

monsoon season at a seed rate of 2.5 kg ha-1 seed rate.  

1.3.3- Echniochloa crusgalli 

The origin of Echniochloa crusgalli is South Asia but it is cultivated in tropical and 

subtropical areas in rainy season. It can grow up to 60 inches in height. This is a warm season 
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grass which is a source of livestock fodder, silage and hay. This grass is also used to reclaim 

the saline and alkaline soils (Duke, 1983). According to Duke and Wain (1981) it is used as 

preventive medicine for cancer, wounds, sores and spleen troubles. Its 100 g dry leaves 

contain 13.7% protein, 2.9% fat, 72.2% total carbohydrate, 22% fiber and 11.2% ash (Miller, 

1958).  

Our rangelands are facing the problems of low vegetation cover due to uncontrolled grazing, 

over stocking and mismanagement. However, the vegetation cover and forage production can 

be enhanced by reseeding the improved varieties of palatable grasses (Qamar et al., 2000). 

This will not only ensure the green cover but also meet forage requirements of the livestock. 

Reseeding can give good results subjected to seed viability because usually range grasses 

have poor germination rate.  

To overcome poor germination, various pre-sowing treatments seed soaking, priming, 

embedding are prevalent. Seed priming is a pre-sowing seed treatment used as a potential 

seed germination enhancer. 

1.4) Seed Priming 

Seed germination can be improved by pre sowing techniques like seed priming. Seed priming 

is a pre germination treatment in which seeds are kept at water potential to allow imbibitions 

by preventing radicle extension (Bradford, 1986). Different techniques have been carried out 

for seed priming like hydropriming, osmo-priming, matric priming, hardening, osmo-

hardnening, hormonal priming etc. Usually synthetic chemicals/plant growth regulators 

(PGRs) are used as priming agents which are expensive. It is of major concern that devised 

priming tools should be organic, cheap, environment friendly and easily adaptable for 

farmers and development officials. According to Fuglie (1999) M. oleifera leaf extract 

(MLE) is rich in calcium, potassium, ascorbate, zeatin and many phenolic compounds. Zeatin 

is a cytokinin which is naturally present in many plants in varying concentrations from 

0.0002 to 0.02 μg/g material whereas moringa leaves contain 5 to 200 μg/g material (Fuglie, 

1999). Makkar and Becker (1996) reported that MLE application gave high yield and large 

sizes when tested on peanut, soya bean, bell pepper, sugarcane, tomato etc. Foidl et al. 

(2001) also reported an overall increase in yield up to 20-35% due to MLE application. On 
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the basis of these reports, MLE has been selected it has the potential to be used as priming 

agent to determine its effect on seed germination and plant vigour in the present study. 

1.5) Objectives 

 To investigate the effect of cutting heights on biomass production and nutritional 

quality of Moringa oleifera as field crop 

 To evaluate growth behavior and nutritional quality of Moringa oleifera grown in 

different soil conditions 

 To explore the potential of Moringa Leaf Extract (MLE) as priming tool for different 

rangeland grasses 
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CHAPTER-2 

REVIEW OF LITERATURE 

Review of literature is not a summary or an abstract of articles. It is an analysis of the source 

materials, written in a specific style, which flows from broad to narrow and takes into 

account both the theoretical and empirical issues. Review of the previous relevant research 

studies is generally considered as a valuable exercise as it highlights the findings of the past 

studies relevant to the problem under investigation. No comprehensive study seems to have 

so far been undertaken on exploring the different aspects of M. oleifera as field crop and 

plant growth enhancer and range grasses’ priming. However, some related studies are being 

reviewed in this section. 

2.1) Moringa oleifera Lam (Local Name: Moringa) 

Moringa is a divine gift bestowed to mankind having high nutritional value for 

multidimensional purposes. No doubt, research studies have been carried out to explore its 

different features, which are being discussed here. 

2.1.1) Growth Attributes of M. oleifera 

Moringa is a drought tolerant species which grows best with rainfalls of 250-1500 mm or in 

some cases up to 2200 mm (Ramchandran et al., 1980; Booth and Wickens, 1988; Francis 

and Liogier, 1991) and annual temperatures ranging from 18.7 to 28.5 ºC but can survive up 

to 48 ºC and light frost (Troup, 1921; Nautiyal and Venhataraman, 1987; Booth and 

Wickens, 1988; HDRA, 2002). Odee (1998) recorded its growth up to 6–7 m in one year 

especially in the areas receiving less than 400 mm mean annual rainfall i.e., semi-arid 

tropical climate seems best for its optimum growth. Slightly alkaline clay and sandy loam 

soils are considered best for its growth due to their well drainage ability and sandy loam 

nature (Ramchandran et al., 1980; Abdulkarim, 2007) but cannot flourish well in 

waterlogged conditions. This plant tolerates a wide range of pH (4.5-9), and grows quite well 

in alkaline conditions up to a pH of 9 except heavy clays and prefers a neutral to slightly 

acidic soil (Duke, 1978; Francis and Liogier, 1991; F/FRED, 1992). It can also tolerate saline 

water with EC of 3 dS m-1 during its germination while on later stages; it is more resistant 

against saline water (Oliveira et al. 2009). Moringa plants are less sensitive to K+ higher than 
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2 mM and it did not influence K+ translocation in the plant (Chaves et al. 2005). It can reach 

up to a height of 4 m in one year and up to a maximum of 6-15 m at final stage with 20-40 

cm diameter at breast height (von Maydell, 1986; Foidl et al., 2001). The altitudes below 600 

m (2000 ft) are best for its growth; however, it can be populated at 1200 m (4000 ft) in some 

tropical areas and its growth has also been observed at 2000 m (approx. 6000 ft) (Jama et al., 

1989; Jahn et al., 1986; Price, 2000).  

2.1.2) Cultural Practices of M. oleifera 

Moringa can be grown either by planting stem cuttings 1 to 2 m long or by seeds (Palada, 

1996). Seeds should be planted 2 cm or 1 inch deep, which germinate within 1-2 weeks. The 

germination rate is usually between 60 and 90% for fresh seeds (Jahn et al. 1986; Nautiyal 

and Venhataraman, 1987; Sharma and Raina, 1982) and occurs between 7 to 30 days after 

sowing (Sharma and Raina, 1982). Moringa seed viability cannot be retained after two 

months storage (Verma, 1973; Sharma and Raina, 1982). The seeds sown after 1, 2 and 3 

months of collection showed reduced germination percentage up to 60, 48 and 7.5%, 

respectively (Sharma and Raina, 1982). Crosby and Craker (2007) reported moringa seeds 

germination in Uganda and Haiti up to 65% in the dehulled seeds and also noted that moringa 

seeds grew well at pH ranging from 5.5-6. In seed sowing method, 5x5 cm spacing showed 

maximum biomass production (Newton et al., 2006). Shelled moringa seeds showed best 

germination percentage as compared to dehulled seeds (Bezerra et al., 1997; Alves et al., 

2005). Sandy clay soil is optimum for rapid moringa seeds’ emergence and improved plant 

establishment (Machado et al., 2008; Bezerra et al., 2004). Cuttings of 45-100 cm (18-40 

inches) length with 4-10 cm (2-4 inches) diameter should be taken from the woody parts of 

the branches (Price, 2000) and be grown at spacing of 3x3 m on ridges while on raised beds, 

3x5 m spacing is considered best (Plada and Chang, 2003). The relative ease with which it 

propagates well by both sexual and asexual means is its low demand for soil nutrients and 

water after transplanting, which makes its production and management comparatively easy 

(Foidl et al., 2001).  

2.1.3) M. oleifera: A Profile 

Moringa can be grown in several fashions like tree grooves, hedges, linear plantation, avenue 

plantation and fodder crop. It is an extremely fast growing tree, which can reach up to 4 m 
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(15 ft) in a year and eventually up to 6-15 m (20-50 ft) (Price, 2000) with 20-40 cm diameter 

at breast height (DBH) especially in the areas receiving rainfall less than 400mm per annum 

(von Maydell, 1986; Odee, 1998; Foidl et al, 2001). The trees are largely grown in African 

countries especially to get leaves and fresh pods which are used as leaf powder for under 

nourished children and feeding mothers and as vegetables. Its leaves are 20-70 cm long, 

grayish-downy when young, long petiole with 8-10 pairs of pinnae each bearing two pairs of 

opposite, elliptic or obovate leaflets and 2.5 cm wide flowers with pleasant fragrance and 2.5 

cm wide. Moringa produces cream coloured flower when it is 8-months-old and the 

flowering season begins in January and continues throughout the year in some areas. In warm 

areas, moringa flowers once in a year in the months of April and June while in cold areas it 

flowers twice in a year but in the areas with constant temperature and rainfall, it flowers 

througout the year (Little and Wadsworth, 1964; Ramchandran et al., 1980; Booth and 

Wickens, 1988; Morton, 1991). The fruit ripens from April to June and the pods triangular in 

cross section and 30 to 50 cm long contain oily, black, winged seeds (HDRA, 2002). The 

fruits are three lobed pods, which hang down from the branches and are 20-60 cm in length. 

When dry, they open into 3 parts. Each pod contains 12 to 35 seeds (Ramachandran et al., 

1980; Morton, 1991). Plants raised from seeds flower poorly in first year but in following 

years it can produce profusely (600-1600 fruits per year) (Ramchandran et al., 1980). 

Creighton (2001) reported that in 1st year moringa produces 0.2 kg seeds per tree and 1.2, 

2.0, and 3.3 kg seeds per year in next three consecutive years, respectively. At maturity stage, 

each tree can produce between 15,000 and 25,000 seeds/year. The average weight per seed is 

0.3 g and the kernel to hull ratio is 75:25 (Makkar and Becker, 1997). Due to its fast growth, 

vigourous tap root development takes place when propagated through seeds and adventitious 

root system develops when raised from stem cuttings. Moringa plant requires less water, 

fertilizers and care during post pole stages. It has strong capacity to resprout after harvesting 

when cultivated as fodder crop for leaves and foliage production.   

2.1.4) Multiple Uses of M. oleifera 

Moringa can be grown for different purposes like biomass production, livestock fodder, 

green manure, biogas, plant growth enhancer, medicine, biopesticides, etc. (Fuglie, 1999).  
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2.1.4.1) M. oleifera as a Field Crop 

Moringa has a dynamic potential to be grown as field crop, fodder crop, hedges and tree 

crop. Its foliage is used as animal fodder in different parts of the world especially in African 

countries but surprisingly this plant has been neglected regarding its forage potential. A few 

studies are available in the literature about moringa as fodder crop and biomass production 

for feeding livestock and fish. Newton et al. (2006) conducted a series of moringa cultivation 

experiments in Kumasi, Ghana to study the optimum planting density and harvesting 

intervals for obtaining maximum moringa foliage. Maximum biomass was obtained when the 

seeds were sown at 5x5cm plant spacing and the foliage was harvested after every 40 days. 

Sanchez et al. (2006b) also found that narrow spaced moringa crop resprouts more 

vigourously with dense branches and higher number of leaves but the cutting frequency or 

harvesting intervals largely depend on the climate of the particular area. Sanchez et al. 

(2006b) reported that moringa crop gave highest dry matter yield when it was harvested after 

every 75 days. The fodder quality including neutral detergent fiber (NDF) and ash contents 

were highest in longest cutting intervals while crude protein and acid detergent fiber (ADF) 

were not affected significantly by cutting frequency. However, planting density had no 

significant effect on chemical composition during the both consecutive years. It was further 

described that narrow spacing should only be used for foliage production. If the objective is 

to get seeds or pods, then the spacing should be wider. Abasse and Oni (2001) reported 

highest number of seeds per pod when moringa plants were grown at spacing of 0.5x0.5 m. 

As moringa tree matures, its capacity to produce more seeds increases. Creighton (2001) also 

noted a gradual increase in seed production with tree maturity. He reported 0.2, 1.2, 2.0 and 

3.3 kg moringa seeds per tree in first four consecutive years in Tanzania. Leucaena 

leucocephala is considered for its maximum biomass production i.e., 2000-20000 kg ha-1 

while moringa gives 10400-24700 kg ha-1 dry matter yield in one year depending upon 

planting density (Sanchez et al., 2006b). Depending upon the agro-climatic zones, the 

behaviour of moringa plant varies in producing biomass. Manh et al. (2003) reported that 

herbaceous legumes like Psophocarbus tetragonolobus, Pueraria phaseoloides and 

Centrosema pubescens gave higher biomass than moringa, Leucaena leucocephala and 

Desmanthus virgatus in hilly areas of China while the crude protein contents were higher in 

moringa, Leucaena leucocephala and Desmanthus virgatus. 
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Palada et al. (2007) carried out a research project aiming at introducing and evaluating 

moringa species and accessions for their growth characteristics and horticultural traits which 

are ideal for production and nutrition. They collected 50 accessions, from which 42 

accessions were representing four species (M. oleifera, M. stenopetala, M. drouhardii and M. 

peregrina). Twenty-two accessions produced sufficient seeds for replicated evaluation trials 

and seed distribution in first phase of the project (germination and seed multiplication phase). 

Ten best performing accessions were selected and evaluated in replicated trials for two years. 

They observed that three Moringa oleifera accessions had fresh young shoot yield with an 

average of 20 t/ha in 2004. In 2005, young shoot yield of all ten accessions increased from 

29.1 to 41.8 t/ha while three Moringa oleifera accessions produced shoot yield of more than 

40 t/ha. It was suggested that maximum shoot production could be obtained during the 

second harvest season from Moringa oleifera accessions. Potassium is an essential mineral 

for plant growth. The efficiency of moringa seedlings to uptake potassium varies at different 

potassium concentrations in soil. Chaves et al. (2005) carried out a pot study under 

greenhouse conditions to explore the effect of potassium uptake by moringa in its initial 

growth and its accumulation in leaves, stem and roots. Six treatment levels (0, 2, 4, 6, 8, 12 

mM of K+) were induced as KCl salt in CRD design with three replications. Leaf mass ratio, 

K+ translocation, its uses, K+, Ca2+ and Mg2+ analysis were carried after 80 days of 

transplanting in the field. It was found that moringa seedlings responded well up to 2 mM 

concentration of K+ and its accumulation was significantly high in stems than roots and 

leaves. It was concluded that moringa plants are less sensitive to K+ higher than 2 mM and it 

did not influence K+ translocation in the plant. 

Although moringa is considered as salt sensitive plant, however a few studies show that 

moringa can grow well under saline conditions. Oliveira et al. (2009) reported that moringa 

plant grow well under 3 dSm-1. But further increase in salinity up to 4 and 5 dS m-1 haighly 

affected the growth of moringa. Some researchers have grown dehulled moringa seeds and 

found that the removal of the tegument did not increase the percentage and seed emergence 

index. The most affected growth attributes were leaf area and dry matter accumulation, 

which was more obvious in dehulled seeds. On the other hand, Alves et al. (2005) reported a 

higher percentage of germination in presoaked shelled moringa seeds (90%) when compared 

with dehulled ones (80%). However, mean germination time was not influenced by the 



 14

presence or absence of tegument, but environment factor affected the germination (7.0 days 

in greenhouse to 9.2 days in germination chamber at 25 ºC). The average germination time 

and the percentage of germination of non-tegument seeds were not influenced by seed pre-

soaking. Bezerra et al. (1997) reported the germination percentage of shelled and dehulled 

moringa seeds almost the same, i.e., 69% and 68%, respectively.  

Moringa plant has an amazing behaviour to grow on a variety of soils and climate due to its 

adaptability to different agro-climatic zones. The ideal soil condition for moringa optimum 

growth is sandy loam soil. Machado et al. (2008) observed a slight effect of substrate 

medium on moringa seeds’ germination i.e., 60, 46 and 50% in sand, sandy clay and clay 

substrates, respectively. They also found that on clay substrate, the moringa plants grew at 

the rate of 2.0 cm/day, while in sandy and sandy clay substrates; the seedling development 

rate was 1.4 and 1.2 cm/day, respectively. The soil medium also affects moringa seed weight, 

germination and seedling development (Bezerra et al., 2004). Three moringa seed weight 

classes i.e., heavy (272.41 g/1000 seeds); medium (218.88 g/1000 seeds) and light (177.07 

g/1000 seeds) were selected with three substrate (vermiculite, Plantmax® and a mixture of 

soil, earthworm humus and coconut peel). Heavy and medium weight seeds showed 

maximum germination and vigourous seedling development when grown in Plantmax® and 

mixture substrate.  

2.1.4.2) M. oleifera as Livestock Fodder 

Milk and meat production of livestock is largely dependent on high quality fodder and 

roughages, mostly derived from grain husks like maize, rice, wheat etc. These cereal crops 

have less nitrogen and mineral contents but high fiber contents which make them poor diet 

for livestock. Moreover, the seasonal changes also affect fodder quality and quantity which 

consequently affect livestock milk and meat production. Mostly animals loose their weight in 

dry season when there is shortage of fodder (Otsyina et al., 2004). Trees are important 

sources to provide sufficient quantity of good quality fodder to livestock. Various trees and 

shrubs grown in arable agriculture or agroforestry farming system regulate nitrogen fixation 

process (Osuji and Odenyo, 1997). These plant species have deep penetrating roots which 

absorb soil moisture, nutrients and fix nitrogen by nodules (Topps, 1992). In recent times, 
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tree are also being considered as integral part of livestock farming system due to their 

capability of providing good quality fodder.  

Moringa is a tree which has immense foliage quantity of good quality especially in dry 

seasons with amazing potential of regrowth. Moringa grown in any form like hedge, fence, 

shrub, crop, etc. can be used as livestock fodder. Moringa being extremely rich in nutrients is 

an excellent source of animal fodder and feed. It is considered both for fattening the animals 

for meat and for increasing good quality milk production. Earlier studies reported significant 

weight gain (up to 32%) and milk production (up to 43-65%) in livestock (Mathur, 2006). It 

is also rich in iron, potassium, calcium and multivitamins. The potential of M. oleifera as 

livestock fodder was augmented by supplementing its leaves with 2 to 3 kg of Brachiaria 

brizantha hay ad libitum on dry matter basis (Sanchez et al., 2006a) which was fed to six Bos 

indicus cows of the Creole Reyna breed of 394±24 kg (mean body weight). Supplementation 

with moringa increased dry matter intake (DMI) from 8.5 to 10.2 and 11.0 kg DM day-1 with 

an increase in milk production from 3.1 to 4.9 and 5.1 liter day-1 when B. brizantha hay  was 

supplemented with 2 and 3 kg of moringa leaves, respectively. These feed treatments did not 

affect milk fat, total solids, crude protein and organoleptic characteristic like, smell, taste and 

colour. Hence, it was found that low quality livestock feeds, poor in protein, can be improved 

by adding the moringa leaves as a supplement to increase milk production. It also improves 

DM intake and diet digestibility of the animal without affecting the milk composition. 

Richter et al. (2003) used frozen dried moringa leaves as an alternative protein source for 

Nile tilapia which proved to be a good nutrient source for fish. Aregheore (2002) 

investigated the nutritional quality and digestibility of moringa - batiki grass mixtures for 

goat feeding. Three percentages (20, 50 and 80%) of moringa leaves were mixed in batiki 

grass with one control (batiki grass alone). It was found that moringa leaves mixed in batiki 

grass with 20 and 50% showed higher DM digestibility whereas crude protein and neutral 

detergent fiber (NDF) improved DMI. 

Protein and minerals play vital role in metabolic activities of animals. The animals and 

human beings cannot synthesize all the amino acids within their bodies. They have to take 

these essential amino acids by consuming food having protein contents. The macro 

molecules of proteins are broken into smaller ones and converted into amino acids which are 

then utilized in metabolism. All the plants have abundant amount of protein in their different 
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morphological parts. The moringa leaves are rich in crude protein, which are used as 

livestock fodder in two different ways extracted and unextracted having different nutrient 

compositions. Soliva et al. (2005) compared the chemical composition and nutrient value of 

whole (unextracted) and ethanol/acetone (extracted) moringa leaves mixed with soybean 

meal and rapeseed meal. Crude protein (CP) contents (321, 486, 584 and 391 g/kg dry 

matter) were found in unextracted moringa leaves, extracted moringa leaves (EML), soybean 

meal and rapeseed meal, respectively. Moreover, the protein degradability of unextracted 

moringa leaves was also found higher in comparison with others but the corresponding 

concentrations of net energy for lactation was highest in soybean meal followed by extracted 

moringa leaves. The extracted moringa leaves enhanced lactation period in comparison with 

unextracted ones because these leaves have higher concentration of amino acid than 

unextracted leaves (Zarkadas et al., 1995). The concentration of amino acid profile in both 

extracted and unextracted moringa leaves is more than the level standardized by 

FAO/WHO/UNO (Bau et al., 1994; Sarkar and Peace, 1994). The CP degradation of 

unextracted and extracted moringa leaves was also found higher which was comparable with 

soybean meal or rapeseed meal diets. Organic matter and fiber degradability of unextracted 

and extracted moringa leaves diets were also found similar or even higher as compared with 

other diets containing soybean or rapeseed meals. It was suggested that both unextracted and 

extracted moringa leaves are healthy substitutes of soybean and rapeseed meals for ruminants 

as protein sources which could also improve the microbial protein synthesis in the rumen. It 

was also determined that moringa leaves had a high value of total fatty acid contents (35 g/kg 

DM), mainly α-linolenic acid (667 g/kg total fatty acids) (Makkar and Becker, 1997). 

2.1.4.3) Nutritional Value of M. oleifera  

The growth and metabolic functions of all plants and animals are largely dependent on the 

availability of micronutrients, nutrition and vitamins required in varying quantities. The 

essential ingredients, required for both plants and animals to perform the metabolic and 

growth functions, include vitamins (A, B, C and E) and minerals like iron (Fe), iodine (I), 

zinc (Zn), and selenium (Se). Nutrition deficiency, especially of vitamin A, Fe and I, has 

been reported in about 2 billion people worldwide especially in developing countries 

(Rweyemamu, 2006). In Tanzania, 45% children under the age of five and in Pakistan, 38% 

children between the ages of six months and five years are found iron deficient. Moringa 
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leaves, fresh pods and roots contain high nutrients essential for both humans and livestock, so 

its leaves are being used as feed for animals, chicken and fish and also for humans while the 

humans are traditionally using young fresh pods, kernels and roots used as pickles, sauces, 

juices and vegetables and for medicinal purposes (CSIR, 1962; Hartwell, 1995; Anwar and 

Bahnger, 2003; Anwar et al., 2007a). 

Moringa is a miracle tree with a great indigenous source of highly digestible proteins, Ca, Fe 

and Vitamin C. It contains all the essential nutritional elements that are vital for livestock and 

human beings (Fahey, 2005). It has been demonstrated that the dry leaves of M. oleifera 

contain 7 times more vitamin C than orange, 10 times vitamin A than carrot, 17 times 

calcium than milk, 15 times potassium than bananas, 25 times iron than spinach and 9 times 

proteins than yogurt (Fuglie, 1999; Mathur, 2006). In addition, it contains vitamin B, 

chromium, copper, magnesium, manganese, phosphorus and zinc (Fuglie, 2000). Thurber and 

Fahey (2009) reported moringa leaves as rich protein source, which can be used by doctors, 

nutritionists and community health cautious persons to solve worldwide malnutrition or 

under nutrition problems (CSIR, 1962; Dogra et al., 1975; Chawla et al., 1988). Seshadri and 

Nambiar (2003) reported 40139 μg/100g total carotenoides on fresh weight basis in moringa 

leaves out of which 47.8% or 19210 μg/100g was β-carotene. Moreover, it was also found 

that moringa contains ascorbic acid were at 6.6 mg/g on dry weight basis, Fe 0.26mg/g, Ca 

22.4 mg/g, P 6.3 mg/g, oxallic acid 11.2 mg/g and fiber at 0.9 g/100 g. Some studies revealed 

that moringa has the potential to combat vitamin A and other micronutrient deficiencies 

(Nambiar and Seshadri, 1998, 2001; Babu, 2000; Nambiar et al., 2003; Nambiar, 2006).  

Sanchez et al. (2006b) reported high nutritional fodder value of moringa containing 22.8% 

crude protein, 22.8% acid detergent fiber (ADF) and 30.8% neutral detergent fiber (NDF). 

Moringa seeds are also rich in crude protein, crude fat, carbohydrate and ash, which were 

found at the rate of 332.5 g kg-1, 412.0 g kg-1, 211.2 g kg-1 and 44.3 g kg-1, respectively 

(Oliveira et al., 1999). It was further noted that the contents of methionine + cysteine 

(43.6 g kg-1 protein) in moringa leaves are remarkably higher which are very close to that of 

human milk, chicken egg and cow's milk. Makkar and Becker (1997) studied nutritional 

status in different morphological parts of moringa plant. He determined that the leaves 

contained 260 g kg-1 crude protein while soft twigs and stems contain 70 g kg-1 and 60 g kg-1 

crude protein, respectively. The degradation ability of crude protein in rumen was about 64, 
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79 and 67% of the total dry matter present in the leaves, twigs and stems, respectively after 

24 h in the rumen. No trypsin and amylase inhibitors, lectins, cyanogenic glucosides and 

glucosinolates were found in leaves while very low amount of tannins i.e., 12 g kg-1 was 

observed, which was almost negligible. In comparison with soybean leaves, the essential 

amino acids were also found higher in moringa leaves, which were up to the standardized 

requirements of World Health Organization (WHO). Freiberger et al. (1998) conducted a 

comprehensive study to investigate the nutrient contents of edible leaves of Nigerian wild 

plants (Ximenia americana, Amaranthus viridus, Corchorus tridens, Hibiscus sabdarifa, 

Maerua crassifolia, Moringa oleifera, Leptadenia hastate, and Ximenia Americana). Large 

amounts of calcium, selenium and phosphorus were found in all the studied plants. 

Amaranthus viridus contained maximum quantity of iron while protein was high in 

Corchorus tridens and M. oleifera (19-25% and 17% of dry weight) which is comparable 

with World Health Organization’s standard for essential amino acids (Sena et al., 1998). 

They also determined fatty acids, vitamin E, carotenoid, mineral and amino acid contents of 

seven wild edible indigenous plants (Ziziphus mauritiana, Cerathotheca sesamoides, 

Moringa oleifera, Leptadenia hastata, Hibiscus sabdarifa, Amaranthus viridis, and 

Adansonia digitata) existing in the western Sahel. Barminas et al. (1998) also found very 

high calcium and zinc contents in moringa leaves as compared to other leafy vegetables of 

Nigeria. In Indian perspective, moringa was also reported as a good source of vitamins and 

micronutrients in comparison with many other Indian medicinal plants (Mohanta et al., 

2003). 

Carotene is mostly found in the form of β-carotene which is very important in photosynthesis 

process of plants which transmit light energy from chlorophyll. It protects the plant tissues 

from the harsh effect of singlet oxygen by working as an antioxidant. It is naturally produced 

in plants which is responsible for the colouration of carrots, sweet potatoes and many other 

plants. The moringa leaves are rich in carotene (Dogra et al., 1975; Chawla et al., 1988). The 

fresh moringa leaves (100g) contain a total carotene of 40,000 μg/100g and 19,000 μg/100g 

β-carotene which is adequate for the dietary requirements of children, adults and lactating 

mothers (Nambiar and Seshadri, 2001). In Nigeria, three multipurpose tree species i.e., M. 

oleifera, Millettia griffoniana and Pterocarpus santalinoides were studied to compare their 

biomass production and nutritional quality by Anele et al. (2008). Moringa was reported to 
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have the best nutritive quality especially, crude protein, ADF, NDF and ether extract in 

comparison with the other plants of similar nature which acquire significant changes in 

relation to the seasonal changes. This mineral composition varies with climatic variations 

(Aslam et al., 2005). Some researchers compared the mineral contents of moringa plants 

collected from different zones and reported that minerals like K, Ca, Mg, Na, Fe, Cu, Mn and 

Zn were found in moringa leaves and pods but it varied in plants of different climatic zones. 

Phosphorus in moringa leaves and pods was found to be 1180-1450 and 1860-2125 mgkg-1 

respectively. Due to sufficient amount of minerals present in moringa parts from different 

zones, it was suggested that the moringa leaves and pods of different zones of Punjab can be 

used as dietary sources. Iqbal and Bhanger (2006) investigated the effect of seasonal and 

various locations (sites) on antioxidative properties of moringa grown in Pakistan. They 

reported different antioxidants activities in moringa leaves collected from different agro-

climatic regions in different seasons. Highest activity rate was found in plants collected from 

Mardaan (location wise) in December to March while the minimum was found in June. 

Antioxidant activity in moringa leaf samples collected from Mardaan and Balakot is 

comparable with those from India and Nicaragua, while Iqbal and Bhanger (2006) argued 

that this property of moringa plants is relatively rapid in plants found in Pakistan as 

compared to other countries. Sreelatha and Padma (2009) described that aqueous extract of 

both mature and young moringa leaves explicitly showed considerable antioxidant activity. 

Similarly Anjorin et al. (2010) found that mineral contents were relatively higher in moringa 

leaves, pods and seeds collected from Sheda than Kuje due to climatic difference. Relatively 

high contents of Ca and Fe were found in the lamina and seed shell of the plant from both 

regions. The Mg contents were 0.185 mg mL-1 in the seed kernel oil of moringa plants from 

Sheda which was lower than in leaf and seed. Iron contents in Sheda seed shell was 0.2436 

mg g-1 which was found more than Kuje seeds. Variations in climatic conditions of different 

agro-climatic regions also affect the antioxidant activity of aqueous, aqueous methanol and 

aqueous ethanol extracts of frozen-dried moringa leaves (Siddhuraju and Becker, 2003). 

They suggested methanol and ethanol moringa extracts have best antioxidant properties (80 

and70% respectively). This study emphasized the importance of climatic variations and its 

impact on mineral composition of plants which were helpful in the formulation of livestock 

and human diets.  
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Moringa seed contains oil popularly known as “Ben Oil” in appreciable quantities (42% and 

25-37.5%) present in dehulled and shelled moringa seeds, respectively depending on the 

extraction methods (ethanol, methanol or acetone), soil and environment conditions. This oil 

can be used as lubricant in different machines like clocks, perfume industry and for cooking 

purposes. It has good shelf life hence avoids rusting and oil sticking in machines (Ferrao and 

Ferrao, 1970; Ramachandran et al., 1980; Ndasbigengeser and Narasiah, 1998). It contains 

0.5-3% free fatty acids, approximately 13% saturated and 82% unsaturated fatty acids. 

Presently, the oils being rich in unsaturated fatty acids like oleic acids are more acceptable 

because these are more stable against oxidative rancidity and having low risks of coronary 

diseases (Anwar et al., 2007b). Normally, the vegetable oils contain 40% oleic acid contents 

while ben oil has a tremendous concentration of oleic acid between 70 to 75% (Lalas and 

Tsaknis, 2002; Anwar et al., 2006) depending on climate and genetic variation which is 

comparable with olive, canola, sunflower and safflower oils. In terms of oil yield, about 3000 

kg of moringa seeds could be collected from one hectare land which can yield about 900 kg 

oil/ hectare, while 3000 kg soybean seed collected from one hectare land yield 600 kg oil/ 

hectare which is almost 30% less than ben oil yield (Mohammed et al., 2003). Its seed extract 

has antimicrobial properties (Olsen, 1987; Madsen et al., 1987) and it is highly acceptable for 

perfume, hair care and cosmetics around the world (Stussi et al., 2002). 

Moringa seed meal after oil extraction is being used in poultry industry being a rich source of 

high calories/energy. It can also be used for water purification purposes because its seed 

residues contain effective water purifying agents (Anwar and Bhanger, 2003). Genetic 

variation, edaphic and climatic conditions significantly affect the ben oil yield and its 

composition in different ways (Ibrahim et al., 1974; Nel, 2001). Soil salinity does not affect 

the composition, physical characteristics and efficacy of moringa seed oil (Anwar et al., 

2006) except tocopherol contents and fatty acids. Oil composition can be compared to 

temperate regions’ moringa plants of Pakistan (Anwar and Bhanger, 2003) and Kenya 

(Tsaknis et al., 1999). Higher concentration of tocopherol (Vitamin E) indicates the potency 

and higher antioxidant activity (Tsaknis, 1998; Tsaknis et al., 1999; Rossell, 1991; Anwar et 

al., 2005). The concentration of tocopherol contents of ben oil has significant difference 

among saline and non-saline areas plants. Ben oil is a good alternate of vegetable oil because 

its fat contents and oxidative stability is highly constant (Somali et al., 1984; Anwar et al., 
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2006). The research reported that best quality moringa seed oil can be found near the rivers 

and streams. Other vegetable oils also show reduction in oil contents when grown in water 

deficit areas (Champolivier and Merrien, 1996; Carvalho et al., 2005). Butmoringa seed oil is 

less affected by salinity and drought condition (Anwar et al., 2006).  The moringa plants of 

irrigated areas yield about 40.39-36.8 % while the drought areas yield only 30.36-34.66 % oil 

(Tsaknis et al., 1999; Lalas and Tsaknis, 2002; Anwar and Bhanger, 2003). 

Yang et al. (2006) reported moringa as one of the gifted crops, having tremendous quantity 

and quality of micronutrients and antioxidants. They studied over 120 tropical and 

subtropical edible plants including M. oleifera. The researchers also found that seasonal 

variation and different leaf development stages influence nutrient contents of moringa leaves. 

They noted that protein, vitamin A and glucosinolates contents and antioxidant activity were 

higher in plants of hot-wet season, while iron, vitamin C, and phenolic contents were higher 

in cool-dry season plants. Mature moringa leaves are more nutritious than young ones which 

showed minimum losses after drying. They also revealed difference among various 

accessions of M. oleifera for nutrient contents. Lako et al. (2007) reported that moringa 

leaves have high antioxidant activity (260 mg/ 100 g) total polyphenol contents (260 mg/100 

g), quercetin (100 mg/100 g), kaempferol (34 mg/100 g) and β-carotene (34 mg/100 g) which 

were compared with Ipomoea batatas (sweet potato) leaves which were found to have the 

total antioxidant activity (650 mg/100 g), total polyphenol contents (270 mg/ 100 g), 

quercetin (90 mg/100 g) and β-carotene (13 mg/100 g). Leaves of M. oleifera, Mentha 

spicata and tubers of Daucus carota were extracted with ethanol and antioxidant activity was 

measured (Arabshahi et al., 2007). They determined that moringa leaves and carrot tubers’ 

extracts had higher antioxidant activity (83 and 80%, respectively at 1.5 mg ml-1 of linoleic 

acid concentration). Moringa and mint leaves extracts performed almost similar activities (46 

and 44%, respectively) in sunflower oil. Hence, moringa leaves showed highest activity 

under both lipid systems and at pH of 4 and 9. Data indicated that selected plant extracts are 

potential sources of dietary antioxidants. Moringa leaves have also higher antioxidant activity 

than amla (Emblica officianalis) and rasins (Vitis vinifera) which are reported as natural 

antioxidants (Reddy et al., 2005). 

Abuye et al. (2003) reported some other species of Moringaceae family like M. stenopetala 

which contained crude protein (9% of dry matter), 28mg/100g of vitamin C, and 160μg/100g 
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of β-carotene with important minerals like iron (3.08 mg/100g) and calcium (792.8 

mg/100g). Jiru et al. (2006) conducted a study on exploring the potential of different 

accessions of M. stenopetala and its comparison with M. oleifera. They noted that an 

accession named “Gamolle” is high yielding than others. When compared with M. oleifera, it 

was found more productive and highly nutritive than the former one. M. oleifera was 

observed having 2.3:1 leaf and twigs ratio while it was 1.5:1 for M. stenopetala which 

indicated that the M. oleifera is more leafy than M. stenopetala. In case of leaf-twigs index, 

M. oleifera has only 5% twigs while M. stenopetala has 7.4% which indicated low leaf 

biomass in the later one. Chemical analysis of leaves of both species revealed that crude 

protein in M. stenopetala (26.91%) was higher than in M. oleifera (22.21%). Similarly 

calcium contents were also higher in M. oleifera (2.5%) in comparison with M. stenopetala 

(1.5%). Since Ethanol extract of Moringa peregrina leaves also have high antioxidant 

activity (814mg/gas) when compared with gallic acid (Marwah et al., 2007).  

The above cited studies provide sufficient information and evidence about nutritional value 

of M. oleifera and a source of essential elements and minerals especially crude protein as 

compared to other potential forage trees and shrubs.  

2.1.4.4) Moringa Leaf Extract (MLE) 

Moringa leaf extract is best used as plant growth enhancer, insect repellent and fungicide. Its 

leaves rich in calcium, potassium, ascorbate, phemols and zeatin (cytokinin) can be used as 

natural source of plant growth promoter and as seed priming agent to break seed dormancy, 

improve germination rate and plant survival and exogenous foliar application to increase 

plant vigour and induce tolerance against biotic and abiotic stresses. Zeatin is a natural 

cytokinin present in many plants at varying concentrations from 0.0002 to 0.02μg/g material 

while moringa leaves contain 5 to 200 μg/g material (Fuglie, 1999). Makkar and Becker 

(1996) reported that MLE application gave high yield and large sizes when tested on peanut, 

soya bean, bell pepper, sugarcane, tomato etc. Moringa leaves have also higher concentration 

of antioxidants such as ascorbic acid and glutathione (Foidl, 2001) beside tocopherols 

(Vitamin E) which cause the extract to induce tolerance in plants. MLE diluted 30 times with 

water gives best results. Foidl (2001) reported that 25ml moringa leaf extract diluted in 100 

ml of water improved the plant vigour and yield in bean and raddish and black gram (Vigna 
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munga L.) as well. The exogenous application of moringa leaf extract can increase the crop 

yield (20-35%) (Mathur, 2006). It has also been reported by Foidl et al. (2001) that 80 % 

ethanol extract of moringa leaves can increase nodulation and production of various crops. 

The increase in yield is the result of combating biotic and abiotic stresses, longer life cycle, 

more leaves, heavier and deep penetrated roots. Foidl (2001) carried out a project named 

“Biomasa” to grow moringa and explored the foliar effects of its extract at three different 

concentration i.e., low (12.5 g MLE in 100 ml water), medium (25 g MLE in 100 ml water) 

and high (50 g MLE in 100 ml water) on radish and bean (25 ml per plant). It was reported 

that medium level of MLE was more effective than other treatments. There was an increase 

of 94% in radish and 65% in bean because of MLE application. Aqueous Moringa Seed 

Extract (AMSE) as fungicide was compared with Apron Plus 

(metalaxyl+carboxin+furathiocarb), and distilled water (medium for extraction of Moringa 

seeds) by Donli and Dauda (2003). AMSE was found more effective as biofungicide on 

groundnut seeds at different concentrations. Moreover, all AMSE concentrations 

significantly reduced the fungi incidence on groundnut seeds at lower concentrations. This 

information needs a lot of scientific trials to highlight more explicitly the function of MLE. 

2.2) Rangeland Management 

Micronutrients are highly important food ingredients for the health and growth of livestock 

animals for milk yield and weight gain (Razic et al., 2003). The biological and immune 

system is strongly affected by mineral especially Zn, Fe and Mn. The researchers reported 

that the deficiency of these micronutrients causes poor health, skin diseases, bent or weak 

legs, low productivity and affected reproductive systems (Dioli and Stimmelmayr, 1992; 

Bomestein, 1995; Yousseff et al., 1999; Tiffany et al., 2000). This mineral composition has 

been drastically changed by the influence of climate change in different ecological zones 

coupled with seasonal variability even in the same zone at different clipping times or 

phenological stages (Ganskopp and Bohnert 2003). Mountousis et al. (2008) explored the 

altitudinal effect on nutritive value and dry matter digestibility of grazable plants in native 

rangelands of northwestern Greece from the plant samples collected from May to October for 

two consecutive years (2004 and 2005). The findings manifested sampling year, season and 

altitudinal zones significantly affected the plant biomass. These factors also significantly 
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influenced the chemical composition of plant samples for crude protein, ash, ether extract 

and crude fiber contents. At different growth stages, the range grasses behave in different 

ways according to minerals concentration. For example, Sultan et al. (2008) explored ten 

local rangeland grasses of Bunair district for their macro-minerals (Ca, P, K and Mg) and 

micro-minerals (Cu, Zn, Mn and Co). It was found that at early bloom stages, these minerals 

were in less concentration as compared to maturity stage. 

Hussain and Durrani (2008) described the micro and macro nutrients composition of some 

range grasses and shrubs existing in Kalat, Balochistan at three phenological stages. All the 

grasses were found statistically similar in case of K, P, Fe and Zn contents while Cu was 

found at higher concentration in shrubs than grasses whereas Mn was higher in grasses. 

Different phenological stages had non significant influence on K, P, Mn, Fe and Zn. 

Potassium and iron were found in sufficient amount in all forage plants while phosphorus and 

zinc contents were found in insufficient quantities. Under rainfed conditions of Islamabad, 

Cenchrus ciliaris, panicum antidotale and Pennisetum pupurenum were recorded as best dry 

matter yielding range grasses among six tropical range grasses (Butt et al., 1990). 

Bermudagrass is attributed with more neutral detergent fiber (NDF) digestibility in 

comparison with Matua and alfalfa grass while the dry matter digestibility of alfalfa 

(63.39%) was more than Bermudagrass (51.60%) (Sturgeon et al., 2000). Uzun et al. (2009) 

evaluated the chemical composition of sorghum x Sudan grass hybrids. It was found that two 

hybrid cultivars i.e., Jumbo and Pacific-8386 showed highest production (97408 kg ha-1 and 

23608 kg ha-1) respectively than other six hybrids.  

Hebage yield and quality of browse and forage species significantly differ from each other 

with seasonal and regional changes (Shamat et al., 2009). Good mineral quality of browse 

and forage species was observed in wet seasons of the year while there was an overall good 

behaviour shown by browse species than forage species. Moreover, the tropical legumes are 

attributed with higher levels of mineral composition (Elliot, 1986). Ramírez-Lozano et al. 

(2004) also found that the changing seasons affect the crude protein, lignin and mineral 

composition of indigenous grasses of Northeastern Mexico. Babayemi (2009) evaluated 

guinea grass (Panicum maximum) at two stages (4 and 12 weeks) for its dry matter intake and 

digestibility in addition to silage quality. It was found that combined rations at harvesting 

stages affected significantly on the growth, digestibility and dry matter intake by sheep and 
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goats but no individual effect was observed by 4 weeks or 12 weeks harvests of guinea grass 

on sheep or goat health and weight gain. 

Ayan et al. (2006) studied the morphological characters and chemical composition of 

Turkish forages. They determined the crude protein 5.81-16.32% and ash ranging between 

0.45 to 2.79%. The mineral contents i.e. Mn, Zn and Fe were between 21.7-138.4 ppm, 

12.37-68.0 ppm and 1324-815.2 ppm, respectively. Potassium contents, 

calcium/phosphorus (Ca/P) and nitrogen sulphur (N/S) ratios were found between 0.36-

4.73, 1.35-7.75 and 1.17-10.38, respectively. Weedy grass species also contain good 

quality of minerals like phosphorus, magnesium, calcium and potassium to meet the daily 

requirements of livestock ruminants (Tan and Yolcu, 2001). Cool season grasses and 

legumes being grown in New Zealand are also good source of dry matter. Two independent 

studies were undertaken by Ruz-Jerez et al. (1991) and Daly et al. (1996) on a mixture of 

18 to 26 species of cool season grasses, legumes and herbs. They reported that these 

species provided sufficient amount of dry matter containing essential nutrients for 

livestock. Jung et al. (1996) reported that crude protein ratio of Cichorium intybus L. got 

increased by 23% when it was grown alone. This species contains a good blend of minerals 

and other dietary requirements of livestock animals. A comprehensive study was 

undertaken by Ahmed et al. (2008) who determined sodium, potassium, phosphorus, 

calcium and magnesium of legumes and range grasses. The researchers analyzed all these 

minerals from the leaves, leaflets and pods of the selected plants. It was found that many 

plants were having sufficient amount of almost all nutrients required by ruminants. It has 

also been reported that pods contained significantly higher macro mineral contents as 

compared with leaves and leaflets. This chemical composition or mineral contents also vary 

with the application of fertilizers. Some grasses have higher manganese value than shrubs 

while shrubs were studied having higher copper concentration than grasses but there was 

no difference found in case of zinc, iron, phosphorus and potassium among all grasses and 

shrubs at various phonological stages (Hussain and Durrani, 2008). Panicum maximum and 

Andropogon gayanus produced good yield when planted under interculture cropping system 

with Tephrosia candida and Leucaena leucocephala (Odedire and Babayemi, 2008) while 

there was no significant change in crude protein contents (9.4 and 6.4%) for Panicum 

maximum and Andropogon gayanus. The trees, no doubt, share all the sources of energy like 
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water and sunlight with grasses by limiting their uptake (Scholes and Archer 1997; Anderson 

et al., 2001; Ludwig et al., 2001, 2004a), at the same time, trees also serve their companions 

with enhanced nutrients availability through nitrogen fixation (Caldwell et al., 1998; Ludwig 

et al., 2003) and minimizing the loss of water through evapotranpiration (Amundson et al., 

1995: Ludwig et al., 2001) which significantly affect the biomass production of range grasses 

(Scholes and Archer 1997; Ludwig et al., 2004b; Bamikole et al. 2004). Ludwig et al. (2008) 

also found good nutritional value of grasses which were under leguminous trees (Acacia 

tortilis) than in open field grasses. Moreover, they suggested that the nutrient deficiency in 

daily dietary requirements can be overcome by combining open field grasses with those 

under tree cover. Panicum virgatum (switch grass) is a potential energy range grass of USA 

due to its high biomass production potential and its anchorage for soil and water conservation 

(Jenkins et al. 1998; Boateng et al. 2007). El-Nashaar et al. (2009) explored its mineral 

composition to quantify their effect on its potential for thermochemical conversion. It was 

observed that its dry straw biomass had 1.3-6.4 kg Mg-1 phosphorus and 6.2 to 15.8 kg Mg-1 

potassium. A high impact of climate was observed in this study on the mineral composition 

of switch grass.  

Rangeland grasses of northern areas of Pakistan are also a good source to meet dietary 

requirements of livestock (Sultan et al. 2008) having significant dry matter production 

(33.1±0.09), organic matter (30.6±0.55), crude protein (7.8±0.33), neutral detergent fiber 

(54.7±2.08) and acid detergent fiber (24.7±0.89). Similar study was undertaken by Ahmed 

et al. (2008) to evaluate the nutritive value of some dominant grasses grown in Soan Valley 

of Pakistan. It was found that these grasses were having Cu (0.38-0.54 and 0.34±0.51 

mg/g) and Fe (20.72-25.73 and 25.35-32.94 mg/g) in their leaves and pods, respectively. 

The researchers also found that leaves of these grasses affected significantly for Zn and Mn 

but the pods have no effect on the chemical composition. Sameni and Soleimani (2007) 

evaluated different range grasses for their nutritive value in Iran and suggested to apply 

phosphorus fertilizer to make up the P deficiency in all the grasses in which P contents were 

found below the required limit. Polat et al. (2007) reported highest dry matter herbage yield 

(3407 kg ha-1) at 150 kg ha-1 phosphorus and 200 kg ha-1 nitrogen fertilizer application 

while control (no fertilizer) produced 1152 kg ha-1 dry matter yield. 
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2.3) Seed Priming 

Many research studies and projects have been carried out on seed priming to evaluate the 

germination and growth response of different cereals, vegetables and range grasses. Seed 

priming is a pre-germination treatment in which seeds are held at water potential to allow 

imbibitions by preventing radicle extension (Bradford, 1986). Different techniques like 

hydropriming, osmopriming, matripriming, hardening, osmo-hardnening, hormonal priming, 

matripriming etc. (Hardegree and Emmerich, 1992a, b; Hurly et al., 1991; Lee et al., 1998; 

Wu et al., 1999; Basra et al., 2002, 2003a, 2004, 2005, 2006; Farooq et al., 2006) are in 

practice to prime the seeds. These priming strategies accelerate the seed germination rate and 

invigorate the plant establishment to give high yield (Taylor et al., 1998; Harris et al, 2002; 

Du and Tuong, 2002; Farooq et al., 2005, 2007, 2008) and also induce tolerance against 

biotic and abiotic stresses by stimulating physiological strength which activates defense 

mechanism in plants (Senaratna et al., 2000; Shakirova et al., 2003).   

2.3.1) Hydropriming 

It is a useful priming technique in which seeds are immersed in water with or without 

aeration for a certain time period to imbibe seeds followed by drying to their initial weight 

(Coolbear and Mcgill 1990; Thornton and Powell, 1992; Soon et al., 2000). Its duration 

depends on the time taken to protrude radicle. Different seeds respond in different manner in 

radicle emergence which devises the hydropriming duration. This technique not only 

enhances the seed germination and plant vigour (Farooq et al., 2009) but also induce the 

ability to germinate in salt stress conditions as was observed in wheat, maize, pigeon pea 

(Cajanus cajan) and Acacia spp. (Jyotsna and Srivastava, 1998; Rehman et al., 1998; Roy 

and Srivastava 1999; Ashraf and Rauf, 2001). This technique is also termed as “key 

technology” due to its easy adaptability and amazing response under stress and no-stress 

conditions (Ashraf and Foolad, 2005). Kaur et al. (2002) observed manifold increase in 

chickpea biomass when primed with mannitol (4%) and PEG-6000. This increase in shoot 

length was attributed to the enhanced amylase activity. Improved seedling vigour of wheat 

(Triticum aesivum L.) was also observed under hydro- and matripriming treatments for 12 

and 24 hours (Basra et al. 2003b). Moradi and Younesi (2009) evaluated the response of 

hydro (12, 24 and 36 h) and osmoprimed (-1.5 MPa) seeds of Sorghum bicolour L. in 
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improving the emergence percentage and mean emergence time. They found that seeds 

primed for 12 and 24 h responded significantly in hastening and harmonizing the germination 

process. Hydropriming is also effective to induce salt stress tolerance in plants. Neamatollahi 

et al. (2009) found that seed germination and plant vigour of Cumin (Cuminum cyminum L.) 

decreased with increase in salt stress while hydropriming proved effective under stress 

conditions. Rudrapal and Nakamura (1988) investigated the effects of hydration treatments in 

eggplant and radish seeds by soaking in simple water. They observed greater membrane 

integrity of treated seeds, which was exhibited by lower electrical conductance of seed 

leachates.  

2.3.2) Matripriming 

Matripriming/matriconditioning is the strategy in which seeds are mixed with moist solid 

carriers such as sand, granulated clay, cellulose or jute mat (Gray et al., 1990) and the seeds 

slowly absorb the water (Khan, 1992; Beckman et al., 1993).  A few studies are available on 

this priming tool but it has been proved that this is one of the best techniques which 

invigorate the stand establishment and give high yield. Hu et al. (2005) found the rapid seed 

emergence, more number of leaves and improved plant biomass in case of rice seeds. Wu et 

al. (1999) primed loblolly pine (Pinus taeda L.) seeds by using six solid matrices from 

which, Carri-All (clay) was chosen for next experiment phase. It was observed that this 

technique reduced the germination time and enhanced final germination percentage 

significantly. Early and synchronized germination response was observed when the seeds 

were primed for 6 days with solid matrix priming at 30 to 35% water holding capacity (-1.5 

to -0.9 MPa). Seed/matrix ratios (dry weight) from 1:1 to 1:4 were equally effective in 

stimulating germination.  Increase in fruit yield of hot pepper cultivars was obtained by 

matriconditioning (Dabrowska et al., 2000).  

There was an accelerated maturity, increase in weight and more carotenoide contents 

observed in primed seeds. Jett and Welbaum (1996) also reported that matripriming and 

osmotic priming of broccoli (Brassia oleracea L.) seeds enhanced the seed emergence, 

improved uniform stand establishment, lessened plant to plant competition and accelerated 

the maturity. The seeds were primed at -1.1 MPa for seven days at 68 ºF with PEG-8000 

(osmotic priming) and vermiculite (matripriming). Accelerated seedling emergence, low lipid 
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peroxidation process and increased scavenging activities of enzymes were also observed in 

matriprimed Zea mays L. seeds (Chang and Sung, 1998). Kentucky bluegrass treated with 

matripriming, osmopriming and hydropriming accelerated germination at two temperatures 

(15 and 25 ºC). These priming strategies improved the emergence and higher plant dry 

weight except hydropriming which did not enhance the seedling emergence (Pill and Necker, 

2001). Sawdust and coconut husk can also be used as matripriming agent (XiaoZhen et al., 

1997) which increased seed germination and plant vigour index in weak seeds of Brassica 

parachinensis L. Increasing trend in antioxidant activity of enzymes i.e., catalase, superoxide 

dismutase, peroxidase and acid phosphatase was also observed in matriprimed seeds. 

Hardegree (1996) primed seeds of thickspike wheat grass, bluebunch wheat grass, sandbberg 

blue brush grass and bottlebrush squaretail at 0-35 ºC and 0 to -2.5 MPa water potential (WP) 

ranges. He found that the grasses germinated well at low negative WP. These primed seeds 

showed higher germination percentage when sown in earlier and cooler days (Hardegree and 

Vactor, 2000) while total emergence and emergence time were lower than the laboratory 

experiments. Hardegree et al. (2002) examined variability in thermal response of both primed 

and non primed seed of different range grasses. PEG-8000 treatments for seed priming were 

selected to optimize germination rate in a low temperature test environment under 12 

constant temperatures treatments ranging between 3-36 ºC. They found that seed priming 

treatments enhanced the potential germination response under different field planting 

scenarios. At higher temperature priming treatments reduced germination percentage for 

some genotype while germination rate was increased by 3.8 d at 6 ºC with a mean 

germination advancement of 6.9 + 0.6 d through seed priming strategies. 

2.3.3) Osmopriming 

Osmopriming is the method in which seeds are soaked in an aerated solution containing 

different osmotic compounds like salts and polyethylene glycol (PEG) to create a definite 

osmotic potential which helps the seeds in imbibition (Young et al., 1983; Osburn and 

Schroth, 1989). These salts or osmotica induced different osmotic potential due to their 

molecular weight and concentrations (Parmar and Moore, 1968; Brocklehurst and Dearman, 

1983 a, b). Usually -0.8 to -1.6 MPa water potentials are used in seed priming (Khan, 1992) 

but according to Hardegree (1996) the effect of osmopriming with PEG-8000 with water 

potential ranging from 0 to -2.4 MPa, the PEG with molecular weights less than 4000 
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induces toxicity in seeds which damages the seed tissues. Therefore, PEG 6000, 8000 and 

10,000 solutions are used for seed priming (Heydecker and Coolbear, 1977). Brocklehurst 

and Dearman (1984a) observed PEG-8000 efficacy in improving germination and plant 

vigour of carrot (Daucus carota L.), celery (Apium graveolens L.), leek (Allium porrum L.), 

and onion (Allium cepa L.). Bodsworth and Bewley (1981) reported PEG-6000 and 7500 as 

effective priming agents for wheat, maize, barley and sorghum in increasing germination rate 

and percentage while in case of  tabasco pepper (Capsicum annuum L. var. annurtm) and 

jalapeno pepper (Capsicum annuum L.), PEG-6000 at -0.4 MPa water potential was found to 

be effective (Rivas et al., 1984). Rush (1991) primed sugar beat seeds with solid matrix and 

PEG-8000. A significant increase and synchronization in germination was observed in both 

treatments as compared to control. Seed priming of range grasses is not an exception. 

Emmerich and Hardegree (1990) reported the significant efficacy of PEG-8000 on sideoats 

grama (Bouteloua curtipendula), buffle grass (Cenchrus ciliaris), lovegrass (Eragrostis 

lehmanniana) and kleingrass (Panicum colouratum). Festuca arundinancea Schreb, 

Dactylis glomerata L. and Boomus catherticus vall germination was excelled by the effect 

of osmopriming with PEG or KNO3 or KNO3 + K2HPO4 (Mauromicole and Cavellaro, 

1996) at four temperature regimes (2, 5, 8 and 11 ºC). Hardegree (1996) observed the 

response of four range grasses i.e., Pseudooroegneria spicata, Elynus lenceolatus, Agropyron 

dasystachum and Poa sandbergii under different priming temperatures (5-35 ºC) and water 

potentials (0 to -2.5 MPa) at 10 ºC for 10 days. Seeds of all the grasses were germinated on 

cellulose tops which were in contact with varying water potentials (WP). These WPs were 

maintained by using PEG-8000 (polyethylene glycol-8000) solution of various 

concentrations. It was observed that different grasses responded significantly in germination 

at different water potentials which were equal to, or less negative than the threshold level for 

radical emergence. 

2.3.4) Hormonal Priming 

A number of plant growth regulators (PGRs) are also being used as priming agent like auxins 

(IAA, IBA, NAA), gibberellins (GA3), cytokinins (kinetin, zeatin, benzyle adenine), salicylic 

acid and ethylene etc (Ashraf et al., 2008). Zeatin is the most common natural cytokinen 

hormone which not only promotes the growth of the plants but also have potential as anti-

aging and protective effects in plants (Marcu, 2005). 
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Seed priming with plant growth hormones, polyamines (Jeong et al., 1994; Lee et al., 1999), 

ascorbate (Naredo et al., 1998; Basra et al., 2006; Farooq et al., 2006), salicylic acid (Raskin, 

1992; Borsani et al.; 2001; Basra et al., 2006), ethanol (Taylorson and Hendricks, 1979; 

Bewley and Black, 1982; Farooq et al., 2006) and ethylene (Kim et al., 1989; Lee et al., 

1999; Szalai et al., 2000; Ding and Wang, 2003) also show significant results of different 

crops and vegetables.  

Iqbal and Ashraf (2005) compared two cultivars of primed seeds of Triticum aestivum L. 

(salt tolerant i.e., Inqlab-91 and salt sensitive i.e., MH-97) under NaCl salt stress (15 dS m-1) 

for their growth, photosynthesis and homeostasis. Kinetin and benzylaminopurine (BAP) 

were used as priming agents at 100, 150 and 200 mg L-1 concentrations. It was observed that 

seeds primed with Kinetin (150 mg L-1) were more responsive than others in their growth 

attributes, photosynthetic rate and change in accumulation of Na+ and Cl- under saline 

conditions while hydropriming increased K+ concentration in shoots of both cultivars under 

NaCl stress. A positive correlation was observed between Kinetin priming and leaf IAA 

(Indole Acetic Acid) while a negative correlation was found with leaf Absisic acid (ABA) 

that diminished the effect of salt stress (Iqbal et al., 2006). Khan et al. (2009) primed hot 

pepper (Capsicum annuum L.) seeds to explore its emergence and plant vigour response 

under salt stress. They hormonally primed the seeds with Salicylic acid (SA) and 

Acetylsalicylic acid (ASA) with different concentrations. It was found that all the treatments 

were effective to increase final emergence, emergence rapidity and plant biomass but 

hormones at concentration more than 1.0 mM of both SA and ASA affected adversely on the 

above mentioned attributes under salinity.  

Consequently, these all priming agents are very useful in improving the germination, plant 

vigour and economic yield but some of these hormones are very expensive and may not be 

economical for adoption by the farmers. It is of major concern that devised priming tools 

should be organic, cheap, environment friendly and easily adaptable for farmers. 

Nevertheless, there is a dire need to explore natural, organic, cheap and environment friendly 

priming strategies. Moringa leaf extract has the potential to increase yield as it is rich in 

zeatin, auxin, ascorbic acid, vitamin E, phenolic compounds and minerals (Iyer et al, 1981; 

Makkar and Becker, 1996; Fuglie, 1999; Foidl et al., 2001; Nagar et al., 2006). Zeatin is a 

cytokine which plays its vital role in cell division, cell elongation, leaf senescence, root 
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formation and apical dominance (Davies, 1995; Brault and Maldney, 1999) and in the 

presence of auxins, many physiological processes of plants are accelerated dramatically 

(Brault and Maldney 1999; Swarup et al., 2002; Nordström et al., 2004; Taiz and Zeiger, 

2006). Seed priming of corn (zae mays) with diluted MLE effectively improved the 

germination and plant vigour (Iftikhar, 2009). Therefore, M. oleifera being rich in these 

compounds is an ideal organic source to be exploited as priming tool to replace the synthetic 

ones. MLE application has also been reported giving high yield and large plant sizes when 

tested on peanut, soya bean, bell pepper, sugarcane, tomato etc. Foidl et al. (2001) also 

reported an overall increase in yield up to 20-35% due to MLE application.  

Seed priming of range grasses is a difficult job due to its small size and very low weight. 

Only a few research studies are available on priming of range grass seeds. Mostly 

matricpriming and PEG-8000 solution has been used to prime grass seeds (Hardegree, 1996; 

Hardegree and Emmerich, 1992b).  
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CHAPTER-3 

MATERIALS AND METHODS 
The present study was conducted to explore the potential of Moringa oleifera as field crop 

and plant growth enhancer. The biomass production and quality of moringa as crop under 

diffeent cutting heights/regimes, its survival under saline conditions and potential of moringa 

leaf extract (MLE) as priming agent to improve the germination, plant vigour and mineral 

quality of rangeland grasses were evaluated using following methodologies and protocols. 

3.1) Experiment-I:  Effect of Cutting Height on Biomass Production 

and Nutritional Value of Moringa oleifera as Field 

Crop 

3.1.1) Seed Collection and Experimental Design 

M. oleifera seeds were collected from Punjab Forest Research Institute (PFRI), Faisalabad-

Pakistan. The seeds were immediately sown in polythene bags (23 x 15 cm) filled with clay, 

sand and plant compost (1:1:1). Even-sized three months old seedlings were transplanted in 

the field at agronomy research farm area, University of Agriculture Faisalabad, Pakistan in 

August 2008. The plot size of each replication/block was 1.5 x 3.0 m. RCBD experimental 

design was used with four replications.  

3.1.2) Physical and Chemical Analysis of Soil 

Field experiment was performed at agronomy research farm area, University of Agriculture 

Faisalabad, Pakistan. The soil analysis was conducted in the laboroatory of Institute of Soil 

and Environmental Sciences. Following observations were recorded regarding soil type and 

its physical and chemical properties. 
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Table 3.1: Physico-chemical characteristics of soil 

Parameters Values Status 
Texture Class Sandy clay soil 
EC (1:2.5) d Sm-1 0.34 Non-saline 
pH (1:2.5) 1-14 7.6 Slightly alkaline 
Exchangeable Na+ (mmolc100 g-1) 0.23 Adequate 
Organic matter (%) 0.96 Very low 
N (%) 0.097 Very low 
P (mg/kg) 6 Very low 
Exchangeable K (mg/kg) 162 Medium 
B (mg/kg) 0.79 Adequate 
Zn (mg/kg) 1.30 Adequate 
Fe (mg/kg) 6.84 Adequate 

3.1.3) Crop Husbandry Practices 

The experimental area was ploughed three times and leveled. Holes were dig out at 30 x 45 

cm planting distance (Palada and Chang, 2003) and three months old even sized moringa 

seedlings were transplanted afternoon time. The field was watered immediately after 

seedlings transplantation to promote arly root development in such a way that water was not 

standing in the field. Then moringa seedlings were irrigated twice in a month during the trial 

period. The proned plants were staked with sticks till those got firmed themselves in the 

field. 

When the plants attained maximum height/level (150 cm), uniformity cut was applied in 

April 2009 (eight months after transplanting) to maintain three cutting levels i.e., 30, 90 and 

150 cm. All the plants were harvested manually with budding knife after each 30 days 

interval for evaluating biomass production, physiological attributes and nutritional quality for 

four consecutive months (May-August) while six plants were randomly selected from each 

replication at each cutting interval to observe the following parameters during data 

collection.  

3.1.4) Parameters 

3.1.4.1) Aboveground Fresh Biomass (g plant-1) 

Number of shoots (< 5 mm diameter) was counted and fresh biomass including fragile shoots 

and leaves was weighed immediately after harvesting. 
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3.1.4.2) Dry Weight (%) 

The fresh biomass was shade dried followed by oven drying at 70±2ºC till constant weight 

for determining dry matter contents. Dry weight was determined by subtracting oven dry 

weight from total fresh weight multiplied by 100. 

3.1.4.3) Photosynthetic Pigments (Chl a, b and β- Carotene) 

Chlorophyll a, b and β-carotene contents in moringa leaves were determined after every 

harvest except uniformity cut. The protocol devised by Nagata and Yamashta (1992) was 

followed in these analyses. One gram moringa leaf sample was ground in 10 ml of 80% 

acetone and filtered through Whatman’s filter papers No. 1. The filtered extract was 

transferred in cuvette and absorbance was noted at 663, 645, 505 and 453 nm by using UV-

spectrophotometer (UV-4000, O.R.I. Germany). Following formulae were used to calculate 

chlorophyll a, chlorophyll b and β-carotene contents. 

Chlorophyll a = 0.999 A663 – 0.0989 A645 

Chlorophyll b = -0.328 A663 + 1.77 A645 

β- Carotene = 0.216 A663 – 1.22 A645 – 0.304 A505 + 0.452 A453 

3.1.4.4) Total Phenolic Contents (TPC) 

TPC in moringa leaves were quantified by using the method described by Singleton and 

Rossi (1965) revised by Waterhouse (2001). Folin Ciocalteu Reagent (2N) and Na2CO3 were 

used as reagents. The absorbance by gallic acid standards and moringa samples was noted at 

760 nm by using UV-spectrophotometer (UV-4000, O.R.I. Germany). Following reagents 

were used in TPC determination. 

 Folin Ciocalteu Reagent 

 Sodium carbonate solution (20%) 

 Gallic Acid (Standard) Stock Solution: In a 100 ml volumetric flask, 0.500 g of dry 

gallic acid were dissolved in 10 ml of ethanol and diluted to volume with water. One 

hundred mL of stock gallic acid solution was prepared. Later on, four standards of 

gallic acid (100, 150, 250 and 500 mg L-1 gallic acid) were used for making standard 

curve. 
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 20 µl extracted sample 

 1.58 ml water. 

 100 µl Folin-Ciocalteu reagent 

 300 µl sodium carbonate solution 

A calibration curve was created with the standards and determined the levels in the samples. 

The observed concentration was multiplied by the dilution factor of the original sample 

(Multiplied with 0.02, divided by 100 to equate mgL-1 of standard and multiplied by 2 to 

convert 0.5 g to 1 g fresh weight). Results were reported as Gallic Acid Equivalent, GAE.  

 

Figure 3.1. Standard curve for the calculation of total phenolic contents 

3.1.4.5) Antioxidants (Superoxide Dismutase, Peroxidase and Catalase) 

3.1.4.5.1) Enzyme Extraction 

Fresh leaves (0.5 g) were homogenized in 5 ml of 50 mM cooled phosphate buffer (pH 7.8) 

and filtered through Whatman’s filter papers No. 1. The filtered mixture was centrifuged at 

15000 rpm for 20 minutes at 4 ºC, and the supernatant was extracted in other tubes to 

determine the activity of superoxide dismutase (SOD), peroxidase (POD) and catalase 

(CAT). 
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3.1.4.5.2) Superoxide Dismutase (SOD) (EC 1.15.1.1) 

 Assay Ingredients 

i) 50 μl of enzyme extract 

ii) 1 ml of 50 μM NBT 

iii) 1ml of 1.3 μM Riboflavin 

iv) 500 μl of 13 mM Methionine 

v) 500 μl of 75 nM EDTA 

vi) 950 μl of 50 mM phosphate buffer pH (7.8) 

The extracted supernatant was used to determine SOD activity at 560 nm by using UV 

spectrophotometer (UV-4000, O.R.I. Germany) following the method devised by 

Giannopolitis and Ries (1977). All assay ingredients were poured in quartz cuvette by using 

micro pipette followed by enzyme extract and NBT. After pouring NBT, the cuvette was 

immediately placed under 30 W fluorescent lamp for 5 minutes until blue formazane was 

produced by NBT photo-reduction. Besides this, one cuvette was placed in the dark room 

containing same assay ingredients except enzyme extract for 5 minutes. After turning off the 

lamp, the absorbance was determined in UV-spectrophotometer at 560 nm wavelength. One 

unit of SOD was defined as the amount of enzyme required to cause 50% inhibition at the 

rate of NBT reduction at 560 nm in comparison with tubes having no enzyme extract. 

3.1.4.5.3) Catalase (CAT) (EC 1.11.1.6) 

Catalase activity was determined by using Chance and Maehly (1955) method.  

 Assay Ingredients 

i) 100 μl of enzyme extract 

ii) 2 ml of 50 mM phosphate buffer (pH 7.0) 

iii) 900 μl of 5.9 mM H2O2 

Phosphate buffer and H2O2 were poured into cuvette and the cuvette was placed in UV-

spectrophotometer. After this, enzyme extract was poured in the same cuvette and 

immediately the absorbance reading was noted at 240 nm by using UV spectrophotometer 

(UV-4000, O.R.I. Germany) after every 30 seconds for 5 minutes. CAT activity was 
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measured as units (μmol of H2O2 decomposed per minute) per mg of protein. CAT activity 

was calculated by using the following formula: 

 Pr

lc
A

mg otein


  

where, 

A= Absorbance 

l= Distance that light travels through the body (usually 1 cm) 

c= Concentration of absorbing species in the sample 

ε= Molar extinction coefficient (36 mole-1 L cm-2) 

3.1.4.5.4) Peroxidase (POD) (EC 1.11.1.7) 

Peroxidase activity was determined by using Chance and Maehly (1955) method.  

 Assay Ingredients 

i) 100 μl of enzyme extract 

ii) 2 ml of 50 mM phosphate buffer (pH 7.0) 

iii) 400 μl of 20 mM guaiacol 

iv) 500 μl of 40 mM H2O2 

Phosphate buffer, Guaiacol and H2O2 were poured into cuvette and placed in UV-

spectrophotometer. Then enzyme extract was added in the same cuvette. The absorbance was 

immediately noted at 470 nm by using UV spectrophotometer (UV-4000, O.R.I. Germany) 

after every 20 seconds for 5 minutes. POD one unit activity was defined as the change of 

0.01 absorbance unit per minute per mg of protein. 

 Pr

lc
A

mg otein


  

where, 

A= Absorbance 

l= Distance that light travels through the body (usually 1 cm) 

c= Concentration of absorbing species in the sample 

ε= Molar extinction coefficient (2.47 mmole-1 L cm-2) 
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3.1.4.6) Total Proteins Extraction and Determination 

Phosphate buffer saline (PBS) with pH 7.2 was prepared by using the protocol of 

Sambrook and Russell (2001). Before protein extraction, 20 µL of 1 µM cocktail protease 

inhibitors (Sigma Chemical Co.) were added to the PBS. The frozen fresh plant material (0.5 

g) of moringa leaves were ground in pre-chilled pastor mortar with 1 mL PBS and later on 

were centrifuged at 12000 x g for 5 minutes. Supernatant was separated in separate cuvetts to 

quantify total proteins. 

Total proteins were quantified by using the procedure described by Bradford (1976). Dye 

stock of Biorad (USA) was added to the samples in equal amount of sample, vortexed, 

incubated at room temperature for 30 minutes. The absorbance was recorded at 595 nm using 

UV spectrophotometer (UV-4000, O.R.I. Germany). Total protein concentration (mg mL-1) 

was determined by constructing a standard curve using a range (10, 20, 30, 40 and 50 µg mL-

1) of bovine serum albumin (BSA) and computed by applying the formula: slope x 

absorbance/ml of extract used. 

BSA  Water   DyeStock  Total volume 
0ul  1600ul   400µl   2ml 
10  1590   400   2 
20  1580 
30  1570 
40  1560 
50  1550 
Samples 
10ul  1590   400   2ml 

 

Figure 3.2. Standard curve for the calculation of total soluble protein concentration  
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3.1.4.7) Nitrogen (N) and Crude Protein (CP) Analyses 

Chapman and Pratt (1961) method was used for nitrogen digestion, distillation and 

quantification. The samples were digested in sulphuric acid (H2SO4) in the presence of a 

mixture of K2SO4: CuSO4: FeSO4 (10: 05: 01) with micro Kjeldhal’s apparatus. Crude 

protein was calculated by multiplying nitrogen contents by 6.25 (factor). 

3.1.4.8) Mineral Analyses 

Moringa leaves were oven dried at 60 ºC to a constant weight and ground to pass 2 mm sieve. 

The samples were digested by using concentrated nitric and perchloric acid (2:1) by 

following the procedure adapted by (Rashid, 1986). 

The presence of phosphorus (P) contents was recorded in UV-spectrophotometer at 410 nm. 

Colour was developed with ammonium molybdate and ammonium vandate solutions. Flame 

photometer (Jenway PEP-7) was used to determine potassium (K) and sodium Na+ in diluted 

extracts of plant material by using potassium and sodium filter, respectively for both the 

minerals (Chapman and Pratt, 1961). Calcium (Ca) and magnesium (Mg) were determined by 

atomic absorption spectrophotometer (Model: Z-8200). 
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Figure 3.3. Standard curve for the 
calculation of potassium contents 

 
Figure 3.4. Standard curve for the 
calculation of calcium contents 

 
Figure 3.5. Standard curve for the 
calculation of magnesium contents 

 
Figure 3.6. Standard curve for the 
calculation of sodium contents 

 

 

3.2) Experiment-II: Effect of Salinity on the Growth and Nutritional 

Quality of Moringa oleifera  

Moringa seeds were collected from the experimental area, department of Forestry, University 

of Agriculture, Faisalabad, Pakistan. The seeds were sown in acid washed sand filled pots 

organized in completely randomized design (CRD) with five replications. At five leaves 

stage, four salinity levels i.e., 2 (control), 4, 8 and 12 dS m-1 were imposed by using NaCl 

salt. Three plants from each replication were randomly selected for data collection regarding 

growth, physiological parameters and mineral analyses. The mean value of each parameter 

was computed from 15 plants (3 plants from each replication).  
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3.2.1) Parameters 

Growth parameters like shoot length, root length, number of leaves and branches per plant, 

root and shoot fresh and dry weights were recorded by using standard procedures after four 

weeks of salt stress. Fresh root and shoot biomass was weighed immediately after harvesting 

and were shade dried followed by oven drying at 70 ± 2 ºC till constant weight for 

determining dry matter contents. 

 Photosynthetic pigments (Chl a, b and β- carotene) were determined following the 

procedure as described in section 3.1.2.3. 

 Total Phenolic Contents (TPC) were quantified by procedure described in section 

3.1.2.4. 

 Antioxidants (Superoxide dismutase, Peroxidase and Catalase) activity rate was 

determined by using the method explained in section 3.1.2.5. 

 Total soluble proteins were determined by following the protocol as dedescribed in 

section 3.1.2.6. 

 Nitrogen and Crude protein (in leaves) was quantified by Kjehldals method as 

presented in section 3.1.2.6. 

 Minerals (Na, K, P, Ca and Mg) (both in leaves and roots) were quantified by 

adopting the procedure as given in section 3.1.2.7. 

3.3) Experiment-III: Moringa oleifera: An Innovative Priming Tool for 

Rangeland Grasses 

3.3.1) Seed Material 

Seeds of 3 range grasses, Cenchrus ciliaris, Panicum antidotale, and Echinochloa crusgalli 

were collected from the Punjab Forest Research Institute (PFRI) Faisalabad, Pakistan. The 

grasses were subjected to different seed priming treatments and were tested for germination 

and seedling vigour. 
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3.3.2) Germination Phase 

The initial germination percentage of C. ciliaris, P. antidotale, and E. crusgalli was 33.33%, 

35%, and 46.6%, respectively. 

3.3.2.1) Seed Treatments 

Seeds of each of the 3 species were subjected to different priming tools, i.e. hydropriming 

(Farooq et al. 2006), osmopriming with 2.2% CaCl2 (Basra et al. 2004), PEG-8000 (–1.1 

MPa) (Ruan et al., 2002), MLE (concentrated and diluted with distilled water at the ratios of 

1:10, 1:20, 1:30, and 1:40), and matripriming within 2 layers of jute mat saturated with 

distilled water (Khan, 1992; Beckman et al., 1993) for 24 h at 20 ± 2 °C. Young moringa 

leaves were harvested, thoroughly washed, and stored overnight at freezing temperatures. 

The next morning, the liquid of the frozen moringa leaves was extracted using a locally 

fabricated manual machine (Plate 4.3.1). The extract was sieved many times through 

cheesecloth and then diluted with distilled water to prepare the required dilutions for seed 

priming. Except for during matripriming, continuous aeration was supplied during the 

soaking period. The ratio of seed weight to solution volume was kept at 1:5 (Farooq et al., 

2006). After priming, seeds were given 3 washings with distilled water and redried to near 

their original weight under shade at 23 ± 3 °C (Basra et al., 2002). The seeds were used 

immediately after redrying. 

3.3.2.2) Germination Test 

Twenty five seeds of each of the 3 grasses were placed in petri dishes with Whatman No. 1 

filter paper were placed in a completely randomized design (CRD) in 3 replications. Petri 

dishes were then placed in an incubator (Sony: MIR-254) for 21 days at 25 °C with 16 h of 

daylight and 8 h of darkness. Seed germination was counted daily according to the 

Association of Official Seed Analysts method (AOSA, 1990) until the final seed emerged. 

The angular transformation of the final germination percentage (FGP) was calculated 

according to the formula arcsine√FGP. The time until 50% germination (T50) was calculated 

according to the following formula (Farooq et al., 2005): 

ninj

titjni
N

tiT





))(
2

(
50

,
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where N is the final number of seeds germinated, and ni and nj are the cumulative numbers of 

seeds germinated at adjacent counts at times ti and tj when ni < N/2 < nj. Mean germination 

time (MGT) was calculated according to the equation of Ellis and Roberts (1981):  




n

Dn
MGT

,
 

where n is the number of seeds germinated on day D and D is the number of days as counted 

from the beginning of germination.  

Germination index (GI) was calculated by the formula given by the Association of Official 

Seed Analysts (AOSA, 1983): 

countfinalofDays

seedsgerminatedofNo.

countfirstofDays

seedsgerminatedofNo.
GI 

.
 

3.3.3) Plant Vigour Evaluation 

The treatments with the best results in the germination test, i.e. MLE (1:30) and 

matripriming, were used along with hydropriming in the next phase of the experiment. 

Untreated seeds were used as the control. For each treatment, 25 seeds were planted in 

earthen pots filled with 3 kg of soil (clay loam), sand, and leaf compost (1:1:1) in a CRD 

with 3 replications. The experiment was conducted in March-May, 2008 in the greenhouse of 

the Department of Forestry at University of Agriculture, Faisalabad, Pakistan. After 

germination and seedling establishment, the seedlings were thinned to 3 plants in each pot. 

To evaluate plant vigour, 60-day-old plants were harvested. Data regarding shoot length, root 

length, number of leaves and tillers per plant, root and shoot fresh and dry weight were 

recorded. Fresh root and shoot biomass were weighed immediately after harvesting and then 

oven-dried at 70 ± 2 °C till they reached a constant weight for the determination of dry 

weight. Nitrogen, crude protein, potassium, calcium, magnesium and phosphorus contents 

were quantified using the method described in section 3.1.2.6 and 3.1.2.7. 
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3.4) Meteorological Data 

Following mean weather data was collected during the field trials from a near by weather 

station located at 5 km from experimental area. 

Table 3.2: Weather data recorded during field trial 

Year Months Observations 
Minimum 
Temperature 
(°C) 

Maximum 
Temperature 
(°C) 

Average 
Temperature 
(°C) 

Relative 
Humidity 
(%) 

Rainfall 
(mm) 

Net 
Sunshine 
(Hours) 

2008 August 35.1 26.8 30.9 65 204.5 7.5 
September 34.4 23.7 29 59.3 28.8 8.2 
October 33.1 20.2 26.7 57.6 0 8 
November 27.3 12.2 19.7 58.9 0 8 
December 21.9 9.1 15.5 68.9 14.6 6 

2009 January 19.6 7.3 13.5 68 13.5 6.1 
February 22.1 9.9 16 64.1 2.2 7.3 
March 27.5 14 20.8 53.5 14 7.8 
April 33.5 19.1 26.3 41.7 22.9 9.2 
May 40.1 24.8 32.4 31.4 9.1 10.4 
June 40.7 27 33.8 33.6 9.6 9.38 
July 38 27.9 32.9 59 43.5 9 
August 36.6 27.6 32.1 65.8 116 8.4 

3.5) Statistical Analyses 

The data from individual experiments were computed and analyzed using MSTAT-C 

Program (MSTAT Development Team, 1989). LSD test at 5% level of probability was used 

to test the differences among mean values (Steel et al. 1997). 
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CHAPTER-4 

RESULTS AND DISCUSSION 

The main objective of the study was to explore the potential of Moringa oleifera as field crop 

and plant growth enhancer. To achieve this main objective, three experiments were devised 

to investigate the growth behaviour, physiological changes and nutritional quality of M. 

oleifera on normal soil as well as on saline culture. Moreover, moringa leaf extract (MLE) 

was used as seed priming tool for rangeland grasses.  

4.1) Experiment I: Effect of Cutting Height on Biomass Production and 

Nutritional Value of Moringa oleifera as Field Crop 

Forage trees and shrubs play an essential role in agroforestry systems especially with respect 

to livestock fodder production and fuel wood. Tree species are easy to grow and manage at 

later stages due to light or less intensive post planting care and protection as compared to 

customary fodder crops. In dry season, most of the fodders become unavailable due to the hot 

weather associated with drought and shortage of irrigation water. The fodder shortage results 

in reduced milk production, weight loss and decrease in reproduction and increase in 

mortality rates of livestock (Nuru, 1988; Saleem, 1994; Tarawali et al., 1999). The forage 

trees have the ability to retain their leaves in dry season (Bansh et al., 1992) with numerous 

other benefits like increase in farm income and sustainability of the farming systems 

(Cobbina, et al. 1990; Kang, et al. 1990).  

The present study aims at investigating the effect of cutting height on moringa biomass and 

to observe physiological and mineral changes taking place with special reference to weather 

conditions. Moringa seeds were sown in polythene bags and later transplanted in field at 

30x45 cm planting distance. Regular irrigation was applied throughout the experiment to all 

treatments in all four replications. The plants were harvested after every 40 days interval at 

defined cutting heights (30, 90 and 150 cm). 

4.1.1) Results 

Cutting levels (cutting heights) and harvesting months affected fresh and dry biomass, 

photosynthetic pigments, total phenolic contents and antioxidants (SOD, CAT, POD) 
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activities significantly (P < 0.05). Maximum biomass, photosynthetic pigments 

concentration, TPC, antioxidants’ activities and nutritional quality was recorded in August 

(harvesting month) by moringa plants harvested at 30 cm height except dry matter (DM) P, 

Ca and Mg. Maximum fresh biomass (Figure 7) and number of shoots (Figure 8) per plant 

were recorded when the plants were cut at 30 cm height followed by 90 cm cutting height 

while maximum dry weight (Figure 9) was recorded from the plants which were subjected to 

150 cm cutting height. Maximum chlorophyll a contents (Figure 10) were recorded in August 

when the plants were harvested at 30 cm height followed by 90 cm cutting height in the same 

month. Chlorophyll b contents (Figure 11) were not significantly affected by cutting height 

and interaction but harvesting month affected it significantly (P < 0.05). Similarly, maximum 

β- carotene contents (Figure 12) were found in August but these were not significantly 

affected by cutting height, harvesting month and their interaction.  

Total phenolic contents (TPC) were not affected by cutting levels but those were profounded 

in August (Figure 13). Maximum CAT, POD (Figure 14, 15) activity was recorded in August 

when the plants were harvested at 30 cm cutting height followed by same cutting height in 

July while 90 and 150 cm high plants were statistically at par with each other in case of POD. 

Cutting height and the interaction between harvesting months and cutting heights affected 

SOD activity significantly while harvesting month had no distinct effect. Maximum SOD 

activity (Figure 16) in moringa leaves was found in August when plants were harvested at 30 

cm height followed by 150 cm height in the same month. In case of cutting height, maximum 

SOD activity was recorded in 30 cm high plants, which was statistically at par with 90 cm 

high plants. Data revealed that harvesting months did not affect SOD activity significantly 

but maximum activity was noted in August which was statistically at par with July.  

Nitrogen and crude protein contents were not influenced by cutting heights, harvesting 

months and their interactions, however maximum nitrogen and crude protein contents were 

found in August in 30 cm high plants (Figure 17, 18). Cutting height did not alter the mineral 

contents (K, Ca, Mg and P) of moringa leaves (Figure 19-22) but harvesting months and their 

interaction with different cutting heights showed pronounced effect. Moreover, 150 cm high 

plants exhibited more P contents followed by 90 cm plants. In case of harvesting month, 

maximum P and K contents were recorded in August which was statistically at par with those 

of July. While in case of cutting heights, maximum K contents were found in 30 cm high 
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plants followed by 90 cm cutting height. Ca and Mg contents also exhibited similar trend and 

were maximum when the plants were harvested in August at 90 cm cutting height. 

Interestingly, all the three cutting heights were statistically at par with each other regarding 

magnesium contents.  

In reference of weather conditions, fresh biomass, minerals’ concentration in moringa leaves 

and antioxidant activities were positively correlated with temperature and rainfall. In hot wet 

seasons, moringa plants exhibited maximum mineral accumulation and antioxidant activity 

which resultantly enhanced fresh biomass. 

4.1.2) Discussion 

Cutting of leaves and branches is a good practice especially in summer and rainy seasons to 

obtain maximum foliage in tropical countries (Stür et al., 1994). In this experiment, the 

moringa plants were cut at certain levels to evaluate the growth behaviour, biomass 

production and nutritional quality of moringa plants. It was found that maximum fresh 

biomass (472.71 and 453.75 g) was obtained in rainy season (August and July, respectively) 

when the plants were harvested at 30 cm cutting level. Similar observations have also been 

reported in case of Lucerne and mulberry (Benavides et al., 1986; Baatar, 2008) but Kadin 

and Kreil (1990) reported high biomass yield at higher cutting heights. But in the study 

reported by Kadin and Kreil (1990), leaf stem ratio was higher which resulted in thicker 

branches which cannot be used as palatable foliage. In the present study, only the leaves and 

fragile shoots (< 5 mm girth) were considered as fresh biomass. Boschini (2000) suggested 

studying the relationship between leaf stem ratios and cutting heights to find out deeply about 

the effects of cutting heights on biomass production. It has also been reported that higher 

cutting levels exhibit more dry matter as compared to lower ones (Hairiah et al., 1992; 

Ncamihigo and Brandelard, 1993) as was found in this study. However, Xavier and Carvalho 

(1996) reported that cutting level did not affect dry matter yield. The effect of cutting levels 

on dry matter yield is still not clear. It needs a correlation study which can reveal the 

relationship between fresh biomass, dry matter yield, leaf area and branches’ diameter (Stür 

et al., 1994). Higher cutting levels gave more moringa DM yield in rainy seasons (July and 

August) when cut at higher cutting levels as found in this experiment. Similar findings were 

reported in Leucaena leucocephala plants by Karim et al. (1991). In a few previous research 
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reports (Takahashi and Ripperton, 1949; Sampet and pattaro, 1987; Gutteridge, 1988), no 

significant effect of cutting levels was found on DM yield but in all these cases the maximum 

cutting level was up to 50 cm. Hence, it can be concluded here that low cutting levels do not 

affect DM yield. This increase in DM may be due to leaf stem ratio (Salerno and Seiffert, 

1990). The sugar, protein and amino acid contents move speedily from the roots to develop 

new leaves which may cause high DM yield in plants harvested at higher cutting levels 

(Kitamura et al., 1981). 

Since moringa biomass is produced for it livestock and human consumption and emerging 

useage as crop growth enhancer, so mere biomass is not only a required target but its quality 

is also important. Moringa leaves have been reported as a rich source of proteins, 

antioxidants, minerals and other quality parameters, so in the present investigation each 

harvest was analyzed for quality parameters to assess its quality wth changing weather 

conditions. Maximum antioxidant activity was recorded in rainy season (July and August) 

when the plants were harvested at shorter cutting levels. Yang et al. (2006) reported higher 

antioxidant activity rate in hot wet season in moringa out of 120 tropical and sub tropical 

edible plants. It was found that that moringa plants perform best in hot wet seasons while 

Iqbal and Bhanger (2006) reported higher antioxidant activity rate in December to March and 

less in hot season but they conducted their study in Mardaan district which is climatically 

different from the present study zone. Variation in climatic conditions of different agro-

climatic regions also affect the antioxidant activity of aqueous, aqueous methanol and 

aqueous ethanol extracts of frozen-dried moringa leaves (Siddhuraju and Becker, 2003). The 

present study also menifests that moringa plants accelerate their antioxidant activity in 

response of cutting intensity. The researchers are not still clear about the relationship 

between antioxidants’ activities and cutting intensity or cutting levels. It may be attributed 

that under cutting stresses, the plants exhibit nutritional balance and enhance their self 

defence mechanism (antioxidants system) to survive under cutting stress conditions.  

Seasonal variability also affected CP and mineral contents of plants significantly. Higher 

concentration of CP, Ca, K and Mg were found in rainy months (July and August). A highly 

positive correlation was found between rainfall-temperature and mineral contents except 

phosphorus. Ramírez-Lozano et al. (2010) reported higher mineral contents in different 
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grasses, shrubs and trees in hot rainy season in comparison with spring and dry months. They 

reported high amounts of Ca, Mg, K, Mn and Fe in hot wet season but P, Na and Cu contents 

were deficient in all seasons. Shamat et al. (2009) found higher Ca, P and K contents in wet 

months than dry season in shrubs and forages. 

The present study concludes that moringa leaves have sufficient amount of all mineral 

contents required for livestock. Magnesium is abundantly present in all green plants 

(Wilkinson et al., 1990). In the present study, magnesium contents were affected by seasonal 

variability ranging from 23058.00-47426.00 mg kg-1which is higher than the required amount 

for ruminants (2.0 g kg-1) reported by Minson (1990). Minson and Norton (1984) reported 

that tropical forages have sufficient amount of magnesium and its deficiency in ruminants is 

very rare (van Veen and loeffler, 1990). Similarly, the increase in potassium contents in wet 

season is in accordance with Reid and Horvath (1980). McDowell (2003) reported that 2.3, 

2.7 and 2.8 g kg-1 of phosphorus, 6.0, 6.5 and 4.6 g kg-1 of potassium, 4.6, 5.1 and 3.0 g kg-1 

calcium, 1.0, 1.5 and 1.6 g kg-1 of magnesium is sufficient for beef cattle, sheep and goats, 

respectively. Phosphorus is considered deficient in most of the shrubs, forages and browse 

species throughout the world (McDowell et al., 1984). Low amount of phosphorus might be 

due to high sodium concentration in soil because phosphorus availability in leaves is related 

to moisture availability and sodium concentration in soil. Jumba et al. (1996) and Minson 

(1990) related lower phosphorus contents in the summer with higher light intensity and 

temperature. Likewise, Ramirez-Lozano et al. (2006) and Guerrero-Cervantes (2009) also 

reported that plant species exhibit higher mineral contents in hot and wet seasons rather than 

spring and dry ones. Here it can be concluded that moriga leaves are rich in nutrition which is 

essential for livestock and can replace the commercial diets as reported by Mendieta-Araica 

et al. (2011). 

The present study concludes that moringa is a good alternate of fodder crops especially in dry 

season when no fodder is available. The farmers can get maximum moringa leaves at 30 days 

harvesting interval when cut at 30 cm height. It has been reported that with longer cutting 

levels, the stem proportion of biomass increased with increasing cutting heights. It was noted 

that moringa leaves are very rich in nutrition which can be a good source for meat and milk 

producing animals when cut at 30 cm height. The farmers should be encouraged for planting 

moringa as a crop to feed their livestock and also their families. 
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Figure 4.1.1. Effect of different cutting levels on aboveground fresh biomass of M. oleifera 
as field crop. ± vertical bars represent standard errors. Data were computed from four 
replications consisting of six plants in each replication 

Figure 4.1.2. Effect of different cutting levels on number of shoots of M. oleifera as field 
crop. ± vertical bars represent standard errors. Data were computed from four replications 
consisting of six plants in each replication 

Figure 4.1.3. Effect of different cutting levels on dry weight (%)of M. oleifera as field 
crop. ± vertical bars represent standard errors. Data were computed from four replications 
consisting of six plants in each replication 
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Figure 4.1.4. Effect of different cutting levels on chlorophyll a contents of M. oleifera 
leaves as field crop. ± vertical bars represent standard errors. Data were computed from 
four replications consisting of six plants in each replication 

Figure 4.1.5. Effect of different cutting levels on chlorophyll b contents of M. oleifera 
leaves as field crop. ± vertical bars represent standard errors. Data were computed from 
four replications consisting of six plants in each replication 

Figure 4.1.6. Effect of different cutting levels on β- carotene of M. oleifera leaves as field 
crop. ± vertical bars represent standard errors. Data were computed from four replications 
consisting of six plants in each replication 
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Figure 4.1.7. Effect of different cutting levels on total phenolic contents of M. oleifera 
leaves as field crop. ± vertical bars represent standard errors. Data were computed from 
four replications consisting of six plants in each replication 

 
Figure 4.1.8. Effect of different cutting levels on catalase (CAT) activity of M. oleifera 
leaves as field crop. ± vertical bars represent standard errors. Data were computed from 
four replications consisting of six plants in each replication 

Figure 4.1.9. Effect of different cutting levels on peroxidise (POD) activity of M. oleifera 
leaves as field crop. ± vertical bars represent standard errors. Data were computed from 
four replications consisting of six plants in each replication 
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Figure 4.1.10. Effect of different cutting levels on superoxide dismutase (SOD) activity of 
M. oleifera leaves as field crop. ± vertical bars represent standard errors. Data were 
computed from four replications consisting of six plants in each replication 

Figure 4.1.11. Effect of different cutting levels on nitrogen contents of M. oleifera leaves 
as field crop. ± vertical bars represent standard errors. Data were computed from four 
replications consisting of six plants in each replication 

Figure 4.1.12. Effect of different cutting levels on crude protein contents of M. oleifera as 
field crop. ± vertical bars represent standard errors. Data were computed from four 
replications consisting of six plants in each replication 
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Figure 4.1.13. Effect of different cutting levels on potassium contents of M. oleifera as 
field crop. ± vertical bars represent standard errors. Data were computed from four 
replications consisting of six plants in each replication 

Figure 4.1.14. Effect of different cutting levels on calcium contents of M. oleifera leaves as 
field crop. ± vertical bars represent standard errors. Data were computed from four 
replications consisting of six plants in each replication 

Figure 4.1.15. Effect of different cutting levels on magnesium contents of M. oleifera 
leaves as field crop. ± vertical bars represent standard errors. Data were computed from 
four replications consisting of six plants in each replication 
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Figure 4.1.16. Effect of different cutting levels on phosphorus contents of M. oleifera as 
field crop. ± vertical bars represent standard errors. Data were computed from four 
replications consisting of six plants in each replication 
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4.2) Experiment II: Effect of Salinity on the Growth and Nutritional 

Quality of Moringa oleifera 

High salt concentrated soils have damaging effects on the germination and suppress the 

seedling growth and plant development (Ramoliya and Pandey, 2003). The damage to plant 

growth is generally being caused by high Na+ and Cl- concentration in soil which impairs 

the nutrient selectivity of root membranes (Shahbaz and Ashraf, 2007) and ionic imbalance 

in plants like potassium or calcium deficiency (Chow et al., 1990). In addition to osmotic and 

ionic imbalance and toxicity salt stress also induces oxidative stress in plants (Rout and 

Shaw, 2001) which initiates antioxidant system of the plants to cope up with oxidative 

damage to stressed plants.  

Soil salinity may affect moringa plant growth and development. The present study was 

designed to investigate the growth and physiological response of moringa seedlings under 

different salinity levels (2, 4, 8 and 12 dS m-1) and to determine the antioxidant activity rate 

in moringa leaves to tolerate salt stress. 

4.2.1) Results 

4.2.1.1) Growth Parameters 

All the parameters were significantly (P < 0.05) affected by salt stress. The present study 

showed that moringa could tolerate EC up to 8 dS m-1. Moringa seedlings showed stable 

growth until EC 8 dS m-1 while at 12 dS m-1 22.54, 18.6 and 26.4% reduction was recorded 

in shoot length, fresh and dry weight, respectively. A highly negative correlation (r2 = 0.91, 

0.89 and 0.93) was found between shoot length, fresh and dry weights with increasing salt 

stress, respectively. A significant increase of 28.84 and 64.94% in root length (Figure 23) 

was observed at 8 and 12 dS m-1 but in case of root fresh and dry weights (Figure 24, 25), a 

significant reduction was recorded as compared to control (1.19 g). At 12 dS m-1 moringa 

root fresh and dry weights were 0.97 and 0.47 g respectively. Positive correlation (r2 = 0.95) 

was found between root length and increasing salinity while negative correlation (r2 = 0.92 

and 0.85) was found between salt stress and root fresh and dry weights, respectively. 

Data depicted in (Figure 26) show significant decrease in number of branches and leaves 

while number of roots were significantly increased with increasing salinity. The number of 
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branches of moringa seedlings at 2 dS m-1 was counted at 8.67 while 7.73 and 6.35 branches 

were recorded at 8 and 12 dS m-1, respectively which showed a decrease of 10.84 and 

22.75%, respectively in comparison with control. Similarly, moringa leaves were also 

significantly reduced with increase in salinity in comparison with control. A difference of 

34.32% was found between 2 and 12 dS m-1 in case of moringa leaves. While number of 

roots were found significantly increasing with increase in salinity. At 2 dS m-1, roots were 

24.53, which were at par with 4 dS m-1 (23.13) while 34.13 and 46.27 root score was found at 

8 and 12 dS m-1. Number of branches and leaves were highly negatively correlated (0.95, 

0.99, respectively) with increasing salinity while a high positive correlation (0.93) was found 

between number of roots and higher salinities. 

4.2.1.2) Photosynthetic Pigments, Total Phenolic Contents (TPC) and Antioxidants 

(SOD, POD, CAT) 

Under salt stress the photosynthetic pigments (chl a, b) of moringa seedlings were affected 

significantly under salt stress (Figure 27). A reduction of 42.1% was recorded in chlorophyll 

a as compared to control at 12 dS m-1, which was negatively correlated (r2 = 0.84) with 

increasing salinity statistically. Contrariwise, chlorophyll b, β-Carotene and total phenolic 

contents (TPC) were positively correlated (r2 = 0.95, 0.34, 0.94, respectively). An increase of 

36.96% was recorded in β-Carotene contents (Figure 27) at 12 dS m-1 in comparison with 

control but statistically it was not significant (P > 0.05). An increase of 29% in total phenolic 

contents was also recorded in highly salinized moringa leaves (12 dS m-1) (Figure 28). SOD, 

POD and CAT (antioxidants) activities were significantly affected under salt stress (Figure 

29). Maximum SOD activity was recorded at 8 dS m-1. Though, salinity did not affect 

significantly on SOD activity but a reduction of 17.29% was found in its activity at 12 dS m-

1, while POD and CAT activities were significantly affected by increasing salt stress. POD 

activity increased up to 8 dS m-1 but reduced at 12d S m-1, while CAT activity was found 

increasing at higher salinity level (12 dS m-1). 

4.2.1.3) Mineral Analyses 

Crude protein and mineral contents (Na, N, P, K, Ca, Mg) in moringa leaves and roots were 

significantly (P < 0.01) affected by salt stress. Sodium and phosphorus contents in both 

leaves and roots increased with increasing salinity while other minerals (K, Ca and Mg), 
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nitrogen and crude protein exhibited decreasing trend with increasing salinity (Figure 30). 

Maximum sodium and phosphorus contents were recorded at 12 dS m-1 as compared to 

control (2 dS m-1) (Figure 31, 32). No significant change were observed at 4 dS m-1 but a 

mild change was observed at 8 dS m-1 in both crude protein and nitrogen contents while a 

decrease of 27.60% in nitrogen and crude protein contents was recorded at 12 dS m-1 as 

compared to control. The highly salinized plants had very less potassium contents in their 

leaves and roots while potassium contents in both leaves and roots at 2 dS m-1 and 4 dS m-1 

were statistically at par with each other (Figure 33). It was recorded that calcium contents in 

moringa seedlings grown at 2 dS m-1 were at 4429.58 and 3021.13 mg kg-1 in both leaves and 

roots, respectively (Figure 34) which were statistically at par with moringa leaves and roots 

grown at 4 dS m-1 (4415.49 and 2901.41 mg kg-1, respectively) but a reduction of 38.16 and 

28.67% was recorded in calcium contents of leaves and roots, respectively at 12 d S m-1. 

Magnesium contents in moringa leaves and roots were found at 11940.88 and 10484 mg kg-1, 

respectively, which were significantly higher than magnesium contents at 12 dS m-1 (6955.83 

and 5882.43 mg kg-1) magnesium contents, which showed 41.74 and 43.89% reduction 

respectively as compared to control (Figure 35). 
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Figure 4.2.1. Shoot and root lengths of M. 
oleifera seedlings affected under different 
saline conditions (2, 4, 8 and 12 dS m-1). ± 
vertical bars represent standard errors. Data 
were computed from five replications 
consisting of three plants in each 
replication 

  
Figure 4.2.2. Shoot and root fresh weight of 
M. oleifera seedlings affected under different 
saline conditions (2, 4, 8 and 12 dS m-1). ± 
vertical bars represent standard errors. Data 
were computed from five replications 
consisting of three plants in each replication 

 
Figure 4.2.3. Shoot and root dry weight of 
M. oleifera seedlings affected under 
different saline conditions (2, 4, 8 and 12 
dS m-1). ± vertical bars represent standard 
errors. Data were computed from five 
replications consisting of three plants in 
each replication 

  
Figure 4.2.4. Number of leaves, roots and 
branches of M. oleifera leaves affected under 
different saline conditions (2, 4, 8 and 12 dS 
m-1). ± vertical bars represent standard 
errors. Data were computed from five 
replications consisting of three plants in each 
replication 
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Figure 4.2.5. Chlorophyll a, b, and β-
carotene contents in M. oleifera leaves 
affected under different saline conditions 
(2, 4, 8 and 12 dS m-1). ± vertical bars 
represent standard errors. Data were 
computed from five replications consisting 
of three plants in each replication 

Figure 4.2.6. Total phenolic contents in M. 
oleifera leaves affected under different saline 
conditions (2, 4, 8 and 12 dS m-1). ± vertical 
bars represent standard errors. Data were 
computed from five replications consisting 
of three plants in each replication 

 
Figure 4.2.7. Activity rate of catalase (CAT), peroxidise (POD) and superoxide dismutase 
(SOD) in M. oleifera leaves affected under different saline conditions (2, 4, 8 and 12 dS m-

1). ± vertical bars represent standard errors. Data were computed from five replications 
consisting of three plants in each replication 
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4.2.2) Discussion 

Soil salinity affects the plant growth by several physiological and biochemical means like ion 

toxicity, osmotic stress, nutritional imbalance and biochemical and physiological disorders 

(Kao et al., 2003), which is tolerated by salt tolerant plants through osmoregulation and 

dehydration avoidance. Different salts play their roles by interacting with each other in 

accelerating soil salinity (Tester and Davenport, 2003) but the effects of sodium and chloride 

are very damaging to plant survival especially in woody plants by inhibiting photosynthesis 

(Flowers, 1988; Hasegawa and Bressan, 2000).  

The excessive sodium inhibits uptake of other essential minerals like K, Ca and Mg (Grattan 

and Grieve, 1999; Al-Karaki, 2000). In the present study, a positive correlation was found 

between Na+ and P concentration while K, Ca and Mg were negatively correlated with Na+ 

concentration. This nutritional imbalance resulted in the reduction of number of leaves and 

branches and stunted shoot growth. Similar observations have also been reported previously 

in melon (Sivritepe et al., 2003), eggplant (Chartzoulakis and Loupassaki, 1997) and pepper 

(Chartzoulakis and Klapaki, 2000). The increase in root length at higher salinity suggests that 

moringa roots have tendency to expansion and elongation under stresses conditions. Pandey 

et al. (1994) have reported that roots elongation and expansion and increase in root score 

under saline environment may be attributed to the adaption behaviour of species as in case of 

Prosopis chilensis. 

In salt tolerant plants, roots always try to maintain sodium level by regulating Na+ and Cl- to 

soil but in salt sensitive plants, it happens vice versa. Watad et al. (1991) reported same 

pathways for K and Na+ uptake. Hence, Na+ uptake inhibits K uptake by roots and hinders its 

role at K binding sites to activate various enzymes (Bhandal and Malik, 1988) resulting in 

enzymatic disorders in cytoplasm and protein synthesis (Blaha et al. 2000). The damage of 

photosynthetic apparatus might be due to decrease in leaf potassium contents (Chow et al., 

1990). Moreover, the plants which exhibit low photosynthesis rate eventually uptake low 

calcium which disturbs several plant physiological and metabolic processes. Low calcium 

contents were found in salinized plants which cause inhibiting its role in preserving cell 

membrane integrity (Rengel, 1992; Epstein and Bloom, 2005) and promoting leaves 

shedding (Poovaiah and Leopold, 1976). Mg deficiency may be attributed to increase in Na+ 
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contents, which disturbs root’s efficacy to uptake Mg (Liu et al., 2004). Some halophytes like 

Halopyrum mucronatum Stapf., also showed marked decrease in magnesium contents when 

subjected to high concentration of NaCl in growth medium (Khan et al., 1999). The plants 

lacking Mg contents suffer photosynthesis and protein synthesis disturbance and inhibition of 

P elimination from plant cells (Li et al., 2008), which ultimately causes plant biomass 

reduction (Carvajal et al., 2000).  

NaCl accumulation in leaf cells causes decrease in photosynthesis (Kirst, 1989). A reduction 

of 42.1% in chlorophyll a contents of moringa leaves was recorded at 12 dS m-1, which 

caused a big threat to plant survival. The concentration of chlorophyll b contents increased 

with increasing salinity but chlorophyll a is mainly responsible for photosynthesis process, 

which causes the plant cell damage. It has been reported in various research studies that salt 

excess affects the photosynthesis apparatus but the researchers are still unclear about the 

factors which are responsible for the inhibition of photosynthetic activity (Steduto et al., 

2000) either it is due to stomatal limitations (Brugnoli and Lauteri, 1991) or non-stomatal 

limitations (Dunn and Neales, 1993).  

Abiotic stress initiates the production of reactive oxygen species (ROS) (Allen, 1995), which 

disturbs the cell metabolism in the absence of an antioxidative system (McCord, 2000). Salt 

tolerant species have a better antioxidant system, which controls the ROS production and 

enables the plants to survive under abiotic stress (Mittler, 2002; Jaleel et al., 2008). Higher 

activity rate of antioxidant enzymes (SOD, POD and CAT) under salinity is attributed to the 

higher ROS production. In the present study, SOD, POD and CAT activities in moringa 

leaves were found significantly higher in highly salinized plants as compared to control. No 

previous research study is available to report the salinity effects on antioxidant activity of 

moringa seedlings but on other crops like cotton, it has been documented that with increasing 

salinity, the activity rate of SOD and POD increased due to built-in salt tolerance mechanism 

(Rajguru et al., 1999). Maximum SOD activity was recorded when the moringa seedlings 

were subjected to 8 dS m-1 as compared to control while at 12 dS m-1, this activity 

significantly decreased which might be due to the damage of antioxidant system. Hernandez 

et al. (1993) also reported increase and decrease of SOD activity of salt tolerant and sensitive 

pea plants respectively. Similar findings were recorded in POD activity where it increased up 

to 8 dS m-1 but decreased at 12 dS m-1. No doubt, at 12 dS m-1, the activity rate was higher 
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than control but it was not significant which showed the system damage. Scalet et al. (1995) 

reported that POD activity increased under salt stress in salinity tolerant plants while salt 

sensitive plants do not exhibit POD activity as reported by Peters et al. (1989). In case of 

CAT, maximum activity was found at 12 dS m-1 followed by 8 dS m-1. SOD is responsible 

for scavenging superoxide, which results in the production of H2O2 and O2
-. These ROS 

species (H2O2 and O2
-) are scavenged by CAT and POD with the support of phenolic 

compounds sometimes (Yang and Poovaiah, 2002). The elevated activity rate of CAT and 

POD showed their ability to decompose H2O2 generated by the reaction of SOD on 

superoxide. No doubt, the non-enzymatic antioxidants were not studied in the present study 

but moringa is also known for high ascorbate contents as well.  

The present study shows that moringa plants can survive at 8 d S m-1 with a mild reduction in 

its nutritional quality. Moringa antioxidative system is very strong like other salinity tolerant 

plant such as cotton which helps it to survive under abiotic stress conditions. This survival 

capacity can be increased by inducing salt tolerant strategies in moringa plants like seed 

priming and foliar application of growth hormones. This aspect can be studied by future 

scientist to evaluate maximum survival capacity of moringa under abiotic and other 

environmental stress conditions. In this way, moringa cultivation practices can be further 

elaborated by keeping in view the soil and water conditions. 
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Figure 4.2.8. Nitrogen and crude protein 
concentration of M. oleifera leaves affected 
under different saline conditions (2, 4, 8 and 
12 dS m-1). ± vertical bars represent standard 
errors. Data were computed from five 
replications consisting of three plants in 
each replication 

 
Figure 4.2.9. Sodium concentration of M. 
oleifera leaves and roots affected under 
different saline conditions (2, 4, 8 and 12 dS 
m-1). ± vertical bars represent standard 
errors. Data were computed from five 
replications consisting of three plants in 
each replication 

 
Figure 4.2.10. Phosphorus concentration of 
M. oleifera leaves and roots affected under 
different saline conditions (2, 4, 8 and 12 dS 
m-1). ± vertical bars represent standard 
errors. Data were computed from five 
replications consisting of three plants in 
each replication 

 
Figure 4.2.11. Potassium concentration of 
M. oleifera leaves and roots affected under 
different saline conditions (2, 4, 8 and 12 dS 
m-1). ± vertical bars represent standard 
errors. Data were computed from five 
replications consisting of three plants in 
each replication 
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Figure 4.2.12. Calcium concentration of M. 
oleifera leaves and roots affected under 
different saline conditions (2, 4, 8 and 12 dS 
m-1). ± vertical bars represent standard 
errors. Data were computed from five 
replications consisting of three plants in 
each replication 

 
Figure 4.2.13. Magnesium concentration of 
M. oleifera leaves and roots affected under 
different saline conditions (2, 4, 8 and 12 dS 
m-1). ± vertical bars represent standard 
errors. Data were computed from five 
replications consisting of three plants in 
each replication 
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4.3) Experiment III: Moringa oleifera: An Innovative Priming Tool for 

Rangeland Grasses 

Rangeland areas of Pakistan are occupying about 65% of our total land area. These areas are 

problematic due to harsh climate, scarcity of water, low vegetation cover, hot desiccating 

winds, erodable soil and over grazing. These areas can be brought under vegetation cover by 

implementing suitable management techniques. The main hindrance in low vegetation cover 

is the poor germination of range grasses’ seeds. This problem can be combat by pre sowing 

seed techniques like seed priming. 

The present experiment was carried out in two phases. The first phase i.e., germination phase 

is based on the hypothesis that the germination and seedling vigour of range grasses can be 

improved through seed priming techniques. Several inorganic salts and hormones are in 

practice for seed invigoration in several crops, vegetables, fruits, trees and grasses but these 

techniques are expensive and not easily adaptable. Hence this study was designed to explore 

cheap, effective and environment friendly seed priming techniques to invigorate seeds of 

range grasses for their rapid germination and improved plant vigour. 

In germination phase, the seeds of three range grasses Cenchrus ciliaris, Panicum antidotale 

and Echinochloa crusgalli were primed for 24 h at 20±2 ºC with hydropriming, osmopriming 

CaCl2 (-1.1 MPa), PEG-8000 (-1.1 MPa), MLE (Conc., 1:10, 1:20, 1:30 and 1:40 diluted 

with distilled water) and matripriming by using two layers of saturated jute mat. After this, 

seeds were washed three times with distilled water and re-dried to their original weight under 

shade at 23±3 ºC. Twenty five seeds of each treated grass were placed in Petri dishes in CRD 

design. Daily germinated seeds were counted according to AOSA (1990). Final germination 

percentage (FGP), germination index (GI), mean germination time (MGT) and time taken for 

50% germination (T50) were calculated using suitable formulae. 

4.3.1) Results 

4.3.1.1) Germination Phase 

All of the priming treatments significantly (P < 0.05) affected the germination rate and 

uniformity of all seeds of the range grasses. Matripriming increased the FGP of Cenchrus 

ciliaris, Panicum antidotale, and Echinochloa crusgalli by 81.67%, 90.0%, and 90.0%, 
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respectively, as compared to the control and other priming treatments (Table 1). GI was also 

enhanced significantly by matripriming in Panicum antidotale and Echinochloa crusgalli 

(15.82 and 13.22, respectively), and MLE (1:30) was also statistically similar to 

matripriming. In the case of Cenchrus ciliaris, MLE (1:30) was more effective (12.29) as 

compared to the others (Table 1). All priming treatments reduced MGT and T50 as compared 

to the control (Table 2). MLE (1:30) priming was recorded as the best treatment for 

efficiently reducing MGT (15.06, 11.62, and 10.31 days) and T50 (5.76, 5.07, and 3.68 days) 

in Cenchrus ciliaris, Panicum antidotale, and Echinochloa crusgalli, respectively, followed 

by matripriming, as compared to the control and other priming treatments. Plumule and 

radicle length were also increased by the application of seed priming treatments in all 3 

rangeland grasses. Plumule length in Cenchrus ciliaris and Echinochloa crusgalli (6.13 and 

9.08 cm, respectively) was maximally increased by matripriming, while in Panicum 

antidotale, MLE (1:30) was more effective (7.58 cm) in comparison with unprimed seeds 

(Table 3). The same treatments were the most effective in increasing radicle length (Table 3). 

Maximum radicle length in Cenchrus ciliaris and Panicum antidotale (3.19 and 1.08 cm, 

respectively) was recorded when the seeds were subjected to matripriming, while in the case 

of Echinochloa crusgalli, maximum radicle length was recorded in MLE (1:30)-primed 

seeds. Matripriming and MLE (1:30) were found to be the best priming treatments, so these 

were selected for seedling vigour evaluation. 
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Table 4.3.1: Effect of seed priming on final germination percentage (FGP), angular transformation of FGP (º) and 

germination index (GI) on Cenchrus ciliaris, Panicum antidotale and Echinochloa crusgalli 

 

 

 

Treatments Parameters 

FGP GI 

C. ciliaris P.antidotale E. crusgalli C. ciliaris P. antidotale E. crusgalli 

 %   º % º % º 

Control 31.67  34.23 g 40.00 39.21 cd 43.33 42.12 cd 3.62 f 6.61d e 4.92 f 

Hydropriming 40.00 39.21ef 41.67 40.18 cd 41.67 47.88 b 6.69 e 8.10 bc 6.24 ef 

Matripriming 81.67 64.70 a 90.00 71.95 a 90.00 59.06 a 10.97 b 15.82 a 13.22 a 

CaCl2 50.00 45.00 d 40.00 39.21 cd 53.33 46.92 bc 8.26 c 6.56 e 9.54 b 

PEG-8000 65.00 53.76c 43.33 41.16 c 48.33 43.08 bcd 7.59 cde 7.16 cde 7.21 de 

MLE (Conc.) 46.67 43.09 de 41.67 40.20 cd 26.67 43.09 bcd 6.99 de 7.83 c 7.86 cd 

MLE (1:10) 31.67 34.23 g 26.67 31.07 e 41.67 40.18 d 6.67 e 7.39 cde 8.11 bcd 

MLE (1:20) 25.00 29.92 h 35.00 36.24 d 55.00 47.88 b 7.80 cd 7.81 cd 9.15 bc 

MLE (1:30) 73.33 58.93 b 76.67 61.15 b 83.33 54.75 a 12.29 a 16.33 a 14.21 a 

MLE (1:40) 36.67 37.26 fg 45.00 42.12 c 45.00 41.16 d 8.05 cd 9.13 b 8.92 bc 

LSD 5% 12.04 4.07 13.64 4.92 10.54 5.38 1.083 1.219 1.574 
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Table 4.3.2: Effect of seed priming on mean germination time (MGT) and time taken for 50% germination (T50) on 

Cenchrus ciliaris, Panicum antidotale and Echinochloa crusgalli 

Treatments Parameters 

MGT T50 

C. ciliaris P.antidotale E. crusgalli C. ciliaris P. antidotale E. crusgalli 

Control 18.67 a 17.17 a 18.71 a 11.96 a 9.21 a 8.71 a 

Hydropriming 17.35 b 16.47 abc 16.12 b 10.19 b 8.45 ab 7.68 b 

Matripriming 15.47 ef 13.02 d 12.58 c 6.24 ef 4.89 d 4.47 d 

CaCl2 16.50 c 16.58 abc 16.04 b 7.47 cde 7.23 bc 6.66 c 

PEG-8000 16.57 c 16.40 bc 16.34 b 8.18 cd 6.67 c 7.21 bc 

MLE (Conc.) 16.36 c 17.05 bc 16.28 b 7.83 cd 7.41 bc 7.16 bc 

MLE (1:10) 16.41 c 16.71 ab 16.78 b 8.66 c 8.37 ab 7.75 ab 

MLE (1:20) 16.18 cd 16.77 ab 16.38 b 6.99 def 7.28 bc 7.16 bc 

MLE (1:30) 15.06 f 11.62 e 10.31 d 5.76 f 5.07 d 3.68 d 

MLE (1:40) 15.81 de 15.88 c 16.18 b 7.70 cde 7.53 bc 6.27 c 

LSD 5% 0.544 0.7145 0.9437 1.475 1.234 0.9946 

Means showing different letters are significantly different in a column at 5% probability level 
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Table 4.3.3: Effect of seed priming on plumule and radical length of Cenchrus ciliaris, Panicum antidotale and 

Echinochloa crusgalli 

Treatments Parameters 

Plumule Length Radical Length 

C. ciliaris P.antidotale E. crusgalli C. ciliaris P. antidotale E. crusgalli 

Control 2.36 f 2.15 g 4.54 d 0.92 g 0.34 f 1.12 g 

Hydropriming 3.48 e 3.24 f 5.24 cd 1.70 ef 0.43 ef 2.22 f 

Matripriming 6.13 a 6.93 b 9.08 a 3.19 a 1.08 a 3.36 ab 

CaCl2 4.53 d 4.56 e 5.27 cd 2.18 cd 0.59 cd 2.53 def 

PEG-8000 4.81 bcd 5.10 d 5.72 c 2.47 bc 0.49 de 2.26 ef 

MLE (Conc.) 4.65 cd 5.16 d 5.67 c 1.65 f 0.47 def 2.41 def 

MLE (1:10) 4.81 bcd 5.62 c 5.87 c 2.43 bc 0.54 cde 3.03 bc 

MLE (1:20) 5.10 bc 5.72 c 6.71 b 2.04 de 0.75 b 2.81 cd 

MLE (1:30) 6.36 a 7.58 a 9.72 a 3.42 a 1.18 a 3.67 a 

MLE (1:40) 5.18 b 5.89 c 7.16 b 2.64 b 0.65 bc 2.64 cde 

LSD 5% 0.5024 0.4275 0.8079 0.3846 0.1319 0.4030 

Means showing different letters are significantly different in a column at 5% probability level 
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4.3.1.2) Plant Vigour Evaluation 

In the second phase, all presowing seed treatments significantly (P < 0.05) affected the 

overall plant growth and vigour in all 3 range grasses. Matripriming and MLE priming were 

the most effective priming strategies. Matripriming increased the shoot vigour (length and 

fresh and dry weight), number of leaves (105.90 and 84.11), and tillers (12.78 and 9.89) of 

Cenchrus ciliaris and Panicum antidotale, respectively (Figures 36-40), but their roots were 

more vigourous when primed with MLE (Figures 41-43). MLE increased the shoot vigour, 

number of leaves (96.78), and tillers (9.44) in the case of Echinochloa crusgalli (Figures 36-

40), while matripriming maximally increased its root length (40.22 cm) and fresh and dry 

weight (28.5 and 8.37 g, respectively) (Figures 41-43). The root-to-shoot ratios of Cenchrus 

ciliaris and Panicum antidotale were significantly increased (0.52 and 0.52, respectively) 

when their seeds were primed with MLE, while matripriming increased the root-to-shoot 

ratio (0.29) of Echinochloa crusgalli (Figure 44). 

4.3.2) Discussion 

All of the seed priming treatments significantly improved seed germination and plant vigour 

in the present study.  

Rangeland grasses have a poor germination rate and can lose vigour due to a variety of 

environmental stresses (Qamar et al., 2000). Seed priming can improve germination and 

plant vigour in vegetables (Brocklehurst and Dearman, 1983a, b; Brocklehurst et al., 1984a, 

b; Karssen et al., 1989; Gray et al., 1990; Bradford and Haigh, 1994; Welbaum et al., 1998), 

crops (Harris et al., 1999, 2000; Musa et al., 1999), and range grasses (Hardegree 1992a, b). 

The present study shows that matripriming and MLE priming for 24 h are both effective tools 

for enhancing the germination and plant vigour of range grasses Cenchrus ciliaris, Panicum 

antidotale, and Echinochloa crusgalli. In the first phase, the FGP of unprimed Cenchrus 

ciliaris, Panicum antidotale, and Echinochloa crusgalli seeds was 31.67%, 40.0%, and 

43.33%, respectively, which was improved 2-fold by matripriming and MLE priming for all 

3 range grasses.  

In the present study, matripriming was more effective than MLE priming in improving the 

FGP and GI of all 3 range grasses, with a significantly early and synchronized germination. 

The improved germination rate, germination percentage, and uniformity caused by the seed 
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priming strategies may be due to germination-enhancing metabolites and metabolic activities 

occurring during the imbibition phase (Shakirova et al., 2003; Basra et al., 2004; 2005).  

The highest numbers of leaves were counted in matriprimed seeds of Cenchrus ciliaris and 

Panicum antidotale, while in Echinochloa crusgalli, MLE priming was more effective in 

increasing the number of leaves. The reason for the effectiveness of matripriming is not 

clearly known, but some reports suggest that matripriming regulates the matric potential 

through adsorptive, interfacial tension and attractive and adhesive forces between the carrier, 

air, and matric layer-water interfaces (Gray et al., 1990), which control the seeds’ water 

uptake mechanism that allows the seeds to imbibe water slowly and minimize the effects of 

salts present in the water (Khan, 1992). Wu et al. (1999) reported faster germination and a 

higher germination percentage in loblolly pine seeds treated with matripriming. The same 

results were recorded for the number of tillers and shoot vigour in all 3 range grasses. 

However, in the case of below-ground biomass (root length and root fresh and dry weight), 

the results were reversed. MLE priming was more effective in Cenchrus ciliaris and Panicum 

antidotale, while Echinochloa crusgalli responded well to matripriming treatment. These 

findings are in agreement with those of Jett et al. (1996), who reported longer root lengths of 

seeds subjected to matripriming. Osmopriming and hydropriming affect the germination and 

plant growth of many crops, as reported by Afzal et al. (2002), but various PGRs effectively 

improve the germination and plant vigour (Jeong et al. 1994). Exogenously applied PGRs 

like cytokinins and gibberellins improve plant establishment by making up for 

environmentally induced deficiencies (Hurly et al., 1991). Healthier or longer roots indicate 

healthy and vigourous plant growth. MLE priming was more effective in increasing root-to-

shoot ratio in the case of Cenchrus ciliaris and Panicum antidotale, while matripriming was 

effective for Echinochloa crusgalli. The increased root-to-shoot ratio from MLE and 

matripriming may be attributed to cell wall extension and increased metabolic activities at 

low water potential, as in matripriming (Afzal et al., 2002).  

MLE is a rich source of PGR hormone, zeatin, ascorbic acid, Ca, and K (Fuglie, 1999; Foidl 

et al., 2001), which are involved in several plant growth and development processes. Seed 

priming with growth regulators improves plant vigour (Jyotsna and Srivastava, 1998; Afzal 

et al., 2002). Cytokinin often plays its role by interacting with other plant hormones like 

auxins and abscisic acid (Iqbal et al., 2006). Iftikhar (2009) observed increased emergence 
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and vigourous plant development in maize seeds primed with MLE (1:30) due to the 

presence of Ca, K, ascorbic acid, and cytokinin hormone.  

Moringa leaf extract and matripriming are organic and inexpensive, and are more effective 

than other priming strategies in which expensive salts or synthetic PGRs are used. These 

findings open new doors for plant researchers to explore natural and organic sources of 

priming agents.  

4.3.3) Mineral Analyses 

Analysis of variance table showed that seed priming significantly increased the nitrogen and 

crude protein contents in leaves of all three range grasses (Figure 45, 46). Maximum nitrogen 

contents (2.30%) were found in MLE primed followed by matriprimed C. ciliaris leaves 

while the control and hydroprimed were at par with each other containing 1.23 and 1.34% 

nitrogen contents. Similarly in P. antidotale, unprimed seeds were containing minimum 

nitrogen contents (1.25%) while maximum were recorded in MLE priming (2.16%) followed 

by matripriming (1.93%). Unprimed E. crusgalli leaves were having 1.31% nitrogen contents 

and the maximum were found in MLE primed (2.04%) plants followed by matripriming 

(1.90%).  

Potassium and phosphorus contents in moringa leaves were significantly affected by the 

application of seed priming techniques. Highest potassium contents in C. ciliaris and P. 

antidotale (9461.99, 9130.60 mg kg-1, respectively) were found when its seeds were 

subjected to MLE priming followed by matriprimed seeds (8467.84, 7415.20 mg kg-1, 

respectively) which were almost two fold of potassium contents found in unprimed seeds 

(Figure 49). While in E. crusgalli, maximum potassium contents (8253.40 mg kg-1) were 

recorded when the seeds were primed with saturated jute mat (matripriming) followed by 

MLE primed seeds (6869.40 mg kg-1). Similarly, phosphorus contents (Figure 47) were 

maximally increased in all 3 grasses (457.13, 553.00 and 544.83 mg kg-1, respectively) by 

MLE seed priming technique which were almost two fold higher than unprimed seeds 

(244.86, 297.81 and 270.31 mg kg-1, respectively).  

Calcium and magnesium contents were significantly affected by seed priming. MLE primed 

seeds exhibited maximum calcium contents (4730.05 and 5786.40 mg kg-1) in buffle and blue 

panic grasses, respectively as compared to control (2312.12 and 2652.60 mg kg-1, 
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respectively) (Figure 48). Similarly, maximum magnesium contents in buffle and blue panic 

grasses (506.20 and 991.50 mg kg-1, respectively) were recorded in MLE primed seeds 

followed by matripriming (414.59 and 695.23 mg kg-1, respectively) (Figure 50). In case of 

swank grass, matripriming was more effective (5446.0 and 5446.0 mg kg-1) followed by 

MLE priming (4190.10 and 857.0 mg kg-1) in increasing calcium and magnesium contents, 

respectively.  

4.3.4) Discussion 

Rangeland areas are providing forages and mineral requirements to a large number of 

livestock animals. It has been reported that about 38% of livestock requirements are being 

met from rangeland areas of Pakistan (Sarwar et al., 2002). These large requirements are 

creating shortage of crude protein and mineral contents availability to these animals due to 

less availability of forage and their poor mineral quality. Protein is a substantial constituent 

in livestock production system but it is very expensive to buy protein to cover livestock 

requirements (Niekerk, 1997). At this time, there is a deficiency of 60% crude protein 

requirements for livestock milk and meat production which is accelerating poor livestock 

performance (Younas and Yaqoob, 2005). It also results in low feed intake, poor growth and 

less reproductive ability in livestock (Hussain and Durrani, 2009). Regular supply of 

adequate crude protein is very essential to make up this deficiency (Holechek et al., 1998). 

This gap between demand and supply can be covered by implementing useful management 

techniques to increase rangeland area under vegetation cover with improved nutritional 

quality. Niekerk (1997) suggested devising techniques and strategies to improve nutritional 

quality of grasses and forages. 

MLE priming was more effective than matripriming in improving mineral composition in 

buffle and blue panic grass while in case of swank, it was vice versa. Crude protein is the 

most important constituent for the healthy growth and performance of animals. These are 

nitrogenous compounds consisting of several amino acids which take part in physiological, 

reproductive and metabolic functions of range grasses. Normally the cattle’s demand for 

crude protein is 8-9% to reproduce and maintain their body functions. In the present study, it 

was found that by implementing seed priming technique, nitrogen and crude protein contents 

in range grasses can be improved. It was observed that MLE primed buffle, blue panic and 
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swank grasses were having (14.40, 14.58 and 14.22%, respectively) crude protein contents 

which was two fold increase in comparison with control followed by matripriming. As 

described in plant vigour evaluation study, the root attributes were increased by MLE 

priming and nitrogen. In the present section, it was found that crude protein contents were 

also improved by the same priming technique. This study supports the findings of Badole et 

al. (1992) and Farooq et al. (2007), who found a positive correlation between root 

development and increased nitrogen contents in foliage parts of rice. This study also supports 

the findings of Harris et al. (2001), Bhatti and Rathore (1986) and Dayanand et al. (1977) 

who reported high nitrogen contents in different primed crops than unprimed ones. They 

argue that high nitrogen contents in primed crops may be attributed to the early and improved 

plant growth especially roots which take up more nitrogen from the soil.  

The other macro minerals (P, K, Ca and Mg) also contribute in building body parts of 

livestock and in physiological, metabolic and biochemical processes. A significant increase 

in mineral contents of different plants due to different seed priming strategies has been 

reported in several studies. Almost two fold phosphorus contents were recorded in all three 

range grasses when the seeds were subjected to MLE priming. The phosphorus contents in 

range grasses vary from 200-600 mg kg-1 (Skerman and Riveros, 1990) depending upon the 

soil conditions (Kinzel, 1983). Such deficiencies are detrimental for livestock. The present 

study argues that phosphorus deficiency in range grasses can by made up by seed priming 

strategies. The other mineral elements (K, Ca and Mg) were also increased in primed range 

grasses. With magnesium deficiency, cows can suffer from low blood magnesium during 

lactation which causes low milk yield. During lactation, 0.17-0.20% magnesium of dry 

matter is required for cows (NRC, 1996). Likewise, potassium is also the most required 

mineral for lactating animals. The beef cows require 0.70% potassium of dry matter during 

lactation. The present study argues that primed range grasses have ample potassium and 

magnesium which is sufficient for cows and other livestock animals. It can be concluded that 

nutritional quality of range grasses can be increased by introducing seed priming techniques. 
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Figure 4.3.1. Effect of seed priming on shoot length of C. ciliaris, P. antidotale, and E. crusgalli. 
Means showing different letters are significantly different at a 5% probability level. ± vertical 
bars represent standard errors. Data were computed from three replications consisting of three 
plants in each replication 

 
Figure 4.3.2. Effect of seed priming on shoot fresh weight of C. ciliaris, P. antidotale, and E. 
crusgalli. Means showing different letters are significantly different at a 5% probability level. ± 
vertical bars represent standard errors. Data were computed from three replications consisting of 
three plants in each replication 

 
Figure 4.3.3. Effect of seed priming on shoot dry weight of C. ciliaris, P. antidotale, and E. 
crusgalli.  Means showing different letters are significantly different at a 5% probability level. ± 
vertical bars represent standard errors. Data were computed from three replications consisting of 
three plants in each replication 
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Figure 4.3.4. Effect of seed priming on number of leaves of C. ciliaris, P. antidotale, and E. 
crusgalli. Means showing different letters are significantly different at a 5% probability level. ± 
vertical bars represent standard errors. Data were computed from three replications consisting of 
three plants in each replication 

 
Figure 4.3.5. Effect of seed priming on number of tillers of C. ciliaris, P. antidotale, and E. 
crusgalli. Means showing different letters are significantly different at a 5% probability level. ± 
vertical bars represent standard errors. Data were computed from three replications consisting of 
three plants in each replication 

 
Figure 4.3.6. Effect of seed priming on root length of C. ciliaris, P. antidotale, and E. crusgalli. 
Means showing different letters are significantly different at a 5% probability level. ± vertical 
bars represent standard errors. Data were computed from three replications consisting of three 
plants in each replication 
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Figure 4.3.7. Effect of seed priming on root fresh weight of C. ciliaris, P. antidotale, and E. 
crusgalli. Means showing different letters are significantly different at a 5% probability level. ± 
vertical bars represent standard errors. Data were computed from three replications consisting of 
three plants in each replication 

 
Figure 4.3.8. Effect of seed priming on root dry weight of C. ciliaris, P. antidotale, and E. 
crusgalli. Means showing different letters are significantly different at a 5% probability level. ± 
vertical bars represent standard errors. Data were computed from three replications consisting of 
three plants in each replication 

 
Figure 4.3.9. Effect of seed priming on root-to-shoot ratio of C. ciliaris, P. antidotale, and E. 
crusgalli. Means showing different letters are significantly different at a 5% probability level. ± 
vertical bars represent standard errors. Data were computed from three replications consisting of 
three plants in each replication 
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Figure 4.3.10. Effect of seed priming on nitrogen contents (%) of C. ciliaris, P. 
antidotale, and E. crusgalli. Means showing different letters are significantly different at 
a 5% probability level. ± vertical bars represent standard errors. Data were computed 
from three replications consisting of three plants in each replication 

 
Figure 4.3.11. Effect of seed priming on crude protein contents (%) of C. ciliaris, P. 
antidotale, and E. crusgalli. Means showing different letters are significantly different at 
a 5% probability level. ± vertical bars represent standard errors. Data were computed 
from three replications consisting of three plants in each replication 

 
Figure 4.3.12. Effect of seed priming on phosphorus contents (mg kg-1) of C. ciliaris, P. 
antidotale, and E. crusgalli. Means showing different letters are significantly different at 
a 5% probability level. ± vertical bars represent standard errors. Data were computed 
from three replications consisting of three plants in each replication 
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Figure 4.3.13. Effect of seed priming on calcium contents (mg kg-1) of C. ciliaris, P. 
antidotale, and E. crusgalli. Means showing different letters are significantly different at 
a 5% probability level. ± vertical bars represent standard errors. Data were computed 
from three replications consisting of three plants in each replication 

 
Figure 4.3.14. Effect of seed priming on potassium contents (mg kg-1) of C. ciliaris, P. 
antidotale, and E. crusgalli. Means showing different letters are significantly different at 
a 5% probability level. ± vertical bars represent standard errors. Data were computed 
from three replications consisting of three plants in each replication 

 
Figure 4.3.15. Effect of seed priming on magnesium contents (mg kg-1) of C. ciliaris, P. 
antidotale, and E. crusgalli. Means showing different letters are significantly different at 
a 5% probability level. ± vertical bars represent standard errors. Data were computed 
from three replications consisting of three plants in each replication 
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4.4) General Discussion 

The present research project was conduct to evaluate the growth behaviour of Moringa 

oleifera under different cutting height and saline environment. Secondly, the potential 

moringa leaf extract was explored to improve the germination and plant vigour of rangeland 

grasses.  

In first experiment, moringa crop was harvested at different cutting heights to investigate the 

biomass production, physiological changes and nutritional quality in different months 

(seasons). It was found that moringa plants give maximum biomass when harvested at 30 cm 

cutting lelvel regularly after each 30 days. Moreover, maximum nutritional quality was also 

recorded in rainy season (July and August). Similar observations have also been reported in 

case Lucerne and mulberry (Benavides et al., 1986; Baatar, 2008) but Kadin and Kreil (1990) 

reported high biomass yield at higher cutting heights. But in the study reported by Kadin and 

Kreil (1990), leaf stem ratio was higher which resulted in thicker branches which cannot be 

used as palatable foliage. Maximum antioxidant activity was also recorded in rainy season 

(July and August) when the plants were harvested at 30 cm height. Similar observations were 

recorded by Yang et al. (2006) who reported higher antioxidant activity rate in hot wet 

season in M. oleifera. It can be here concluded that moringa is a good alternate of fodder 

crops especially in dry season when no fodder is available. The farmers can get maximum 

moringa leaves at 30 days harvesting interval when cut at 30 cm height. The farmers should 

be motivated to grow moringa as livestock fodder on their farmlands. 

Pakistan is severely facing soil salinity problem. Such plants should be advised to grow in 

saline area which, have good self defence mechanism under saline environment. For this 

purpose, moringa seedlings were exposed to salinity stress. It was found that moringa can 

tolerate 8 dS m-1 salinity with a mild decrease in its nutritional quality by root elongation and 

accelerating its self defence antioxidant system. Moreover, this tolerance capacity can be 

improved by inducing seed priming and foliar application techniques.  

In third experiment of this research project, the potential of moringa leaf extract (MLE) as 

seed priming agent was investigated in comparison with other priming techniques. It was 

found that matripriming was more effective than MLE priming in improving the germination 

percentage of rangeland grasses. Maximum leaves and tillers were counted in Cenchrus 
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ciliaris and Panicum antidotale when primed with matripriming technique while in case of 

Echinochloa crusgalli, MLE priming was more effective. MLE is an organic and 

environment friendly source which is a rich in zeatin, ascorbic acid, Calcium and potassium 

(Fuglie 1999; Foidl et al., 2001), which take part in developmental and metabolic processes 

of plants. Seed priming with growth regulators improves plant vigour (Jyotsna and Srivastava 

1998; Afzal et al., 2002). Cytokinin often plays its role by interacting with other plant 

hormones like auxins and abscisic acid (Iqbal et al., 2006). Moreover, MLE priming was also 

effective in increasing the nutritional quality of C. ciliaris and P. antidotale while 

matripriming improved the mineral quality of E. crusgalli. This study also supports the 

findings of Harris et al. (2001), Bhatti and Rathore (1986) and Dayanand et al. (1977) who 

reported high nitrogen contents in different primed crops than unprimed ones.  
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CHAPTER-5 

SUMMARY, CONCLUSIONS AND FUTURE RESEARCH 

STUDIES 

Dairy and meat production especially in dry regions is very complex due to low quality and 

shortage of fodder especially in dry months. The livestock scientists are eager to explore and 

investigate good quality fodders which can boost milk and meat production in an organic and 

economical way. Some organic meals like soybean, cotton seed cake and range grasses are 

being utilized to overcome the fodder shortage but these have some limitations like shortage 

in dry months which leads towards reduced livestock production and low quality products. 

M. oleifera is a blessing to mankind which leaves are edible for human beings, livestock, fish 

and chickens, its leaf extract is a source of plant growth enhancer, fungicide and biopesticide, 

roots are also edible for human beings. Moringa can be grown as crop on marginal lands with 

high temperature and low water availability where it is difficult to cultivate other agricultural 

crops. The present research project aimed at introducing the alternate plant “moringa” as 

livestock fodder and the usage of its leaf extract as seed priming agent to improve the 

germination, plant vigour and mineral quality of three selected rangeland grasses i.e., 

Cenchrus ciliaris, panicum antidotale and Echnicoloa crusgalli. The following findings were 

made from three experiments during this study. 

 Maximum biomass can be obtained when moringa crop is harvested at 30 cm height. 

 Higher antioxidant activity rate, total phenolics contents and photosynthetic pigments 

were recorded in hot-rainy season (July, August). 

 Seasonal variability affects mineral contents in moringa leaves. Maximum mineral 

contents were found in August followed by July. 

 Moringa can tolerate 8 dS m-1 (EC) with a mild decrease in its mineral quality. 

 It activates its self defense mechanism (antioxidant system) to overcome salt stress 

extra ordinarily. 

 MLE (1:30) and matripriming resulted in reduced mean germination time (MGT) and 

T50 of Cenchrus ciliaris, Panicum antidotale and Echniochloa crusgalli. 
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 MLE (1:30) and matripriming doubled the final germination percentage (FGP) and 

germination index (GI). 

 Best performing seed priming techniques (MLE (1:30) and matripriming) were 

selected for next phase (plant vigour evaluation). 

 Matripriming improved shoot vigour of C. ciliaris and P. antidotale while root vigour 

was improved by MLE priming. 

 In case of E. crusgalli MLE priming was effective in improving shoot vigour while 

root vigour was imprved by matripriming. 

 MLE improved crude protein and phosphorus contents significantly in all range 

grasses. 

 Matripriming significantly improved potassium contents in C. ciliaris and E. 

crusgalli. 

 Calcium and magnesium contents were enhanced by matripriming in E. crusgalli. 

On the bases of these findings, following future studies can be devised to have in depth and 

complete knowledge about moringa. 

 Moringa leaves as whole fodder and supplement should be given to livestock for 

investigating its effects on meat and milk production and also the quality of the 

products. 

 The antinutritional factors should also be studied to find out if there is any draw back 

for using moringa leaves as fodder. 

 Moringa salinity tolerance can be increased by introducing seed priming and foliar 

application of plants growth promoters. 

 Moringa leaf extract (MLE) is rich in zeatin and have promoting effect as seed 

priming agent on rangeland grasses. The zeatin contents should be quantified and its 

mode of action as priming agent should be explored. 
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APPENDIX 
Table 4.1.1. Mean square values from analysis of variance (ANOVA) showing the effect of 
cutting levels on fresh biomass, number of shoots and dry weight of Moringa oleifera as field 
crop 
SOV d.f. Fresh Biomass Shoots Dry Weight 
Block 3 5781 17.00 1.1398 
Cutting levels 2 217872*** 1197.62*** 79.7686*** 
Harvesting month 3 72362*** 109.23*** 21.4703*** 
Cutting levels x Harvesting month 6 1008NS 22.28*** 3.6629NS 
Error 33 2432 4.96 1.6333 
 
Table 4.1.2. Mean square values from analysis of variance (ANOVA) showing the effect of 
cutting levels on antioxidants’ activity of superoxide dismutase (SOD), peroxidase (POD), 
catalase (CAT) of Moringa oleifera as field crop 
SOV d.f. SOD POD CAT 
Block 3 29757 1812596 453.72 
Cutting levels 2 59617** 5082551*** 7894.95*** 
Harvesting month 3 240316*** 758380NS 2051.55*** 
Cutting levels x Harvesting month 6 2140NS 327348NS 127.70NS 
Error 33 10668 499757 240.45 
 
Table 4.1.3. Mean square values from analysis of variance (ANOVA) showing the effect of 
cutting levels on chlorophyll a (chl a), chlorophyll b (chl b) and β- carotene of Moringa 
oleifera as field crop 
SOV d.f. chl a chl b β- carotene 
Block 3 0.09388 0.02966 0.00387 
Cutting levels 2 0.15876NS 0.25031** 0.00729NS 
Harvesting month 3 1.55138*** 0.39507*** 0.02483NS 
Cutting levels x Harvesting month 6 0.03617NS 0.03059NS 0.00122NS 
Error 33 0.09733 0.05412 0.01009 
 
Table 4.1.4. Mean square values from analysis of variance (ANOVA) showing the effect of 
cutting levels on crude protein (CP) and phosphorus (P) contents of Moringa oleifera as field 
crop 
SOV d.f. CP P 
Block 3 8.0837 82244 
Cutting levels 2 34.4441NS 1708068*** 
Harvesting month 3 47.1867NS 346474*** 
Cutting levels x Harvesting month 6 1.0853NS 23010NS 
Error 33 8.6708 36391 
*, ** and *** = Significant at 0.05, 0.01 and 0.001 confidence levels 
NS= Non-significant  
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Table 4.2.1. Mean square values from analysis of variance (ANOVA) showing the effect of 
different salinity levels (2, 4, 8 and 12 dS m-1) on shoot length, root length, shoot fresh 
weight and shoot dry weight of M. oleifera seedlings 
SOV d.f. Shoot 

Length 
Root 
Length 

Shoot Fresh 
Weight 

Shoot Dry 
Weight 

Treatment 3 4.876** 53.105*** 0.026* 0.027*** 
Error 16 0.601 1.757 0.006 0.001 
 
Table 4.2.2. Mean square values from analysis of variance (ANOVA) showing the effect of 
different salinity levels (2, 4, 8 and 12 dS m-1) on root fresh weight, root dry weight, number 
of leaves, branches and roots of M. oleifera seedlings 
SOV d.f. Root 

Fresh 
Weight 

Root Dry 
Weight 

Leaves Branches Roots 

Treatment 3 0.054NS 0.011* 517.550*** 5.677*** 570.748*** 
Error 16 0.049 0.003 33.183 0.465 15.490 
 
Table 4.2.3. Mean square values from analysis of variance (ANOVA) showing the effect of 
different salinity levels (2, 4, 8 and 12 dS m-1) on chlorophyll a (chl a), chlorophyll b (chl b), 
β- carotene and total phenolic contents (TPC) of M. oleifera seedlings 
SOV d.f. Chl a Chl b β-carotene TPC 
Treatment 3 1.585* 11.507*** 0.029NS 517.182*** 
Error 16 0.318 0.538 0.026 28.361 
 
Table 4.2.4. Mean square values from analysis of variance (ANOVA) showing the effect of 
different salinity levels (2, 4, 8 and 12 dS m-1) on antioxidants’ activity of superoxide 
dismutase (SOD), peroxidase (POD), catalase (CAT) and total proteins (TP) of M. oleifera 
seedlings 
SOV d.f. SOD POD CAT TP 
Treatment 3 13265.2*** 386919*** 3416.73***  
Error 16 1429.8 32512 83.39  
 
Table 4.2.5. Mean square values from analysis of variance (ANOVA) showing the effect of 
different salinity levels (2, 4, 8 and 12 dS m-1) on crude protein (CP), nitrogen (N), 
phosphorus (P) and potassium (K) contents of M. oleifera leaves 
SOV d.f. CP N P K 
Treatment 3 43.8789*** 12.0805*** 1849796*** 155375*** 
Error 16 2.1234 0.0684 24361 3954 
 

Table 4.2.6. Mean square values from analysis of variance (ANOVA) showing the effect of 
different salinity levels (2, 4, 8 and 12 dS m-1) on sodium (Na), calcium (Ca) and magnesium 
(Mg) contents of M. oleifera leaves 
SOV d.f. Na Ca 
Treatment 3 232005*** 3490276*** 
Error 16 18962 273662 
*, ** and *** = Significant at 0.05, 0.01 and 0.001 confidence levels 
NS= Non-significant  
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Table 4.2.7. Mean square values from analysis of variance (ANOVA) showing the effect of 
different salinity levels (2, 4, 8 and 12 dS m-1) on sodium (Na), phosphorus (P), potassium 
(K) and calcium (Ca) contents of M. oleifera roots 
SOV d.f. Na P K Ca 
Treatment 3 294220*** 6692995*** 59790.5*** 840276*** 
Error 16 11526 56909 1880.9 24456 
 
Table 4.3.4. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on FGP, GI, MGT, T50, plumule length and radicle length of C. ciliaris 
SOV d.f. FGP GI MGT T50 Plumule 

length 
Radicle 
Length 

Treatment 9 401.959*** 17.020*** 3.050*** 10.111*** 4.061*** 1.660***
Error 20 5.702 0.404 0.102 0.750 0.087 0.051 
 

Table 4.3.5. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on FGP, GI, MGT, T50, plumule length and radicle length of P. antidotale 
SOV d.f. FGP GI MGT T50 Plumule 

length 
Radicle 
Length 

Treatment 9 462.867*** 40.218*** 10.622*** 5.774*** 7.717*** 0.234***
Error 20 8.346 10.23 0.176 0.525 0.063 0.006 
 

Table 4.3.6. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on FGP, GI, MGT, T50, plumule length and radicle length of E. crusgalli 
SOV d.f. FGP GI MGT T50 Plumule 

length 
Radicle 
Length 

Treatment 9 113.538 24.933*** 16.874*** 7.006*** 8.765*** 1.479***
Error 20 9.976 0.854 0.307 0.341 0.225 0.056 
 

Table 4.3.7. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on shoot length, root length, shoot fresh weight and shoot dry weight of C. 
ciliaris 
SOV d.f. Shoot 

Length 
Root 
Length 

Shoot Fresh 
Weight 

Shoot Dry 
Weight 

Treatment 3 3163.670*** 1220.796** 3694.902** 996.356** 
Error 8 115.421 106.496 303.942 62.919 
 

Table 4.3.8. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on root fresh weight, root dry weight, number of tiller, number of leaves and 
root to shoot ratio of C. ciliaris 
SOV d.f. Root Fresh 

Weight 
Root Dry 
Weight 

Tillers Leaves R:S 

Treatment 3 391.558*** 198.292*** 93.393** 6078.822** 0.021NS 
Error 8 6.260 2.219 2.973 263.996 0.013 
*, ** and *** = Significant at 0.05, 0.01 and 0.001 confidence levels 
NS= Non-significant  
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Table 4.3.9. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on shoot length, root length, shoot fresh weight and shoot dry weight of P. 
antidotale 
SOV d.f. Shoot 

Length 
Root 
Length 

Shoot Fresh 
Weight 

Shoot Dry 
Weight 

Treatment 3 1525.791*** 1361.905*** 1810.578*** 325.371*** 
Error 8 84.325 19.775 26.854 19.122 
 
Table 4.3.10. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on root fresh weight, root dry weight, number of tiller, number of leaves and 
root to shoot ratio of P. antidotale 
SOV d.f. Root Fresh 

Weight 
Root Dry 
Weight 

Tillers Leaves R:S 

Treatment 3 605.023*** 280.040*** 27.214*** 2358.548*** 0.172*** 
Error 8 8.218 1.460 0.406 99.529 0.005 
 
Table 4.3.11. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on shoot length, root length, shoot fresh weight and shoot dry weight of E. 
crusgalli 
SOV d.f. Shoot 

Length 
Root 
Length 

Shoot Fresh 
Weight 

Shoot Dry 
Weight 

Treatment 3 3077.606*** 110.5085*** 3465.994*** 304.165*** 
Error 8 50.380 5.505 124.886 7.853 
 
Table 4.3.12. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on root fresh weight, root dry weight, number of tiller, number of leaves and 
root to shoot ratio of E. crusgalli 
SOV d.f. Root Fresh 

Weight 
Root Dry 
Weight 

Tillers Leaves R:S 

Treatment 3 347.561*** 291.584*** 30.806*** 4246.604*** 0.239*** 
Error 8 6.497 3.682 0.938 50.726 0.007 
 
Table 4.3.13. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on crude protein, nitrogen and phosphorus contents of C. ciliaris 
SOV d.f. CP N P 
Treatment 3 30.0651*** 0.76967*** 25508.4*** 
Error 8 0.8723 0.02233 1064.1 
 
Table 4.3.14. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on calcium and magnesium contents of C. ciliaris 
SOV d.f. Ca Mg 
Treatment 3 3046684*** 71004.1** 
Error 8 111998*** 6086.8 
*, ** and *** = Significant at 0.05, 0.01 and 0.001 confidence levels 
NS= Non-significant   
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Table 4.3.15. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on crude protein, nitrogen and phosphorus contents of P. antidotale 
SOV d.f. CP N P 
Treatment 3 35.1825** 0.90067** 44635.1*** 
Error 8 2.243 0.05742 568.1 
 
Table 4.3.16. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on calcium and magnesium contents of P. antidotale 
SOV d.f. Ca Mg 
Treatment 3 5996213*** 353652*** 
Error 8 49903 21986 
 
Table 4.3.17. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on crude protein, nitrogen and phosphorus contents of E. crusgalli 
SOV d.f. CP N P 
Treatment 3 30.2063** 0.77328** 45040.9*** 
Error 8 1.9689 0.05040 448.8 
 
Table 4.3.18. Mean square values from analysis of variance (ANOVA) showing the effect of 
seed priming on calcium and magnesium contents of E. crusgalli 
SOV d.f. Ca Mg 
Treatment 3 7278373*** 286867** 
Error 8 144027 35751 
*, ** and *** = Significant at 0.05, 0.01 and 0.001 confidence levels 
NS= Non-significant 
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