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Abstract: Moringa oleifera is a miracle tree that can be used in multiple ways, including as foodstuff , livestock fodder, a 
plant growth enhancer, or a water purifi er. While the stem cutting method is easy and successful for tree propagation, 
the recent introduction of moringa as a fi eld crop for biomass production requires propagation through seeds. Th e 
germination of stored moringa seeds is a problem of great concern that may be overcome by employing seed priming 
techniques. A pot study was conducted to explore the potential of seed priming in moringa. Seeds were subjected 
to hydropriming, matripriming, and priming with moringa leaf extract (MLE) for 8, 16, and 24 h. Most of the 
priming strategies enhanced the emergence rate, synchronized the emergence, and improved seedling vigor. However, 
hydropriming (8 h) was more eff ective in improving emergence, shoot vigor, and chlorophyll b contents, while MLE 
priming (8 h) produced vigorous roots and increased the chlorophyll a and mineral contents of moringa leaves. Both 
of these priming sources are natural, cheap, environmentally friendly, and easily adaptable for farmers to grow Moringa 
oleifera from seed. 
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Introduction
Moringa oleifera Lam., called moringa and native 
to India and Pakistan, is being populated widely 
around the world, especially throughout the tropical 
belt (Makkar and Becker 1997; Olson and Carlquist 
2001). Moringa leaves contain protein, fi ber, calcium, 
phosphorous, potassium, sulfur, iron, ascorbic acid, 
carotene, choline, thiamine, ribofl avin, nicotinic 
acid, and a complete amino acid profi le in a suffi  cient 
amount (Bau et al. 1994; Sarkar and Peace 1994). 
Its fresh leaves, containing 19.3% to 26.4% crude 

protein (Aregheore 2002), are essential for livestock 
and can be used to solve worldwide malnutrition or 
undernourishment problems (Th urber and Fahey 
2009). Moringa has the potential to combat vitamin 
A and other micronutrient defi ciencies (Babu 2000; 
Nambiar 2006). Th e high proportions of minerals and 
vitamins in moringa leaves suggest its importance for 
both human beings and animals.

Moringa is propagated sexually through seeds 
and vegetatively through stem cuttings (Palada and 
Chang 2003). Recently, moringa is being exploited as 
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a fodder crop in many parts of the world (Sanchez 
et al. 2006). No doubt, vegetative propagation of 
moringa is easy, but its biomass production as 
livestock fodder requires propagation through seeds. 
Its fi nal germination percentage ranges between 
60% and 90% for fresh seeds (Jahn et al. 1986) and 
it germinates at between 7 and 30 days aft er sowing 
(Sharma and Raina 1982). Moringa cultivation 
through seed is problematic because the seeds usually 
start losing viability within 2 months of storage. 
Sharma and Raina (1982) reported 60%, 48%, and 
7.5% germination of moringa seeds sown aft er 1, 
2, and 3 months of seed collection. Old moringa 
seeds have germination problems due to their high 
oil content and insect attacks. Th ere is a dire need to 
explore ways to overcome germination problems in 
moringa seeds. 

Various priming strategies have been developed 
to invigorate seeds, like hydropriming, osmopriming, 
matripriming, hardening, osmohardening, and 
hormonal priming (Basra et al. 2005 and 2006; Afzal et 
al. 2008). Th e priming treatments reduce emergence 
time and increase fi nal emergence percentage and 
emergence index (Farooq et al. 2005, 2006b, 2008). 
Th ese also synchronize seed emergence, which results 
in uniform stand and improved yield (Du and Tuong 
2002; Harris et al. 2002). Tedonkeng et al. (2004) 
reported that the germination of older moringa seeds 
can also be increased by soaking in water but no 
comprehensive research study had been previously 
published on exploring the eff ect of diff erent seed 
priming techniques on emergence, seedling vigour, 
chlorophyll contents and mineral quality of moringa. 

Moringa leaf extract (MLE) is rich in cytokinin 
and its application as a seed priming tool was 
recently exploited on range grasses by Nouman 
et al. (2012). Its foliar application has also been 
reported as a high-yielding plant growth promotion 
agent in melon, peanut, corn, sorghum, onion, 
and sugarcane (Foidl et al. 2001). However, the 
physiological and biochemical aspects of using 
MLE as a priming agent need to be explored. Th e 
present study was conducted hypothesizing that 
the emergence problem of moringa seeds can be 
overcome by implementing seed priming, and with 
the objective of exploring the best priming tool and 
the optimum priming duration.

Materials and methods
Seed material
Moringa seeds were collected from a local tree at the 
University of Agriculture in Faisalabad, Pakistan, in 
May 2010. Initial germination of the moringa seeds 
was tested by placing the seeds between 2 layers of 
moist Whatman fi lter paper No. 1 in petri plates. Th e 
pretreatment germination percentage of the moringa 
seeds was 54.33%. 
Plant material
Fresh, mature moringa leaves were collected from 
mature moringa trees (approximately 6 years old) at 
the University of Agriculture in Faisalabad, Pakistan. 
Aft er collection, 200 g of leaves were washed and 
stored overnight at freezing temperatures, which 
yielded 125 mL of MLE. Th e extracted MLE was 
sieved through cheesecloth and diluted 30 times 
with distilled water to prepare a 1:30 solution of 
MLE (Foidl et al. 2001; Nouman et al. 2012). Shelled 
moringa seeds were used for priming, and the ratio 
of the seed weight to soaking solution volume was 
kept at 1:5. 
Seed treatments
Th e priming strategies employed were hydropriming 
(seeds were soaked in distilled water), matripriming 
(seeds were kept between 2 layers of jute mat 
saturated with distilled water), and priming with 
MLE (1:30), each for 8 h, 16 h, and 24 h. Except for in 
the matripriming, fresh air was continuously supplied 
throughout the soaking period. Aft er the treatment 
application, seeds were washed with distilled water 
and redried to their original weight under shade at 
27 ± 3 °C (Basra et al. 2002). Unprimed (control) and 
dehulled seeds were also used as treatments.
Seedling emergence and vigor evaluation
Th e present experiment was conducted in a controlled 
greenhouse at 32 ± 3 °C, with 16-h daylight and 8-h 
night conditions. Unprimed (control) and primed 
seeds were sown in acid-washed, sand-fi lled plastic 
pots (20 seeds per pot) in a completely randomized 
design with 3 replications. Th e seeds were watered 
on alternate days, but aft er emergence, Hoagland 
solution was applied once to the seedlings to provide 
nutrients. Emerged seeds were counted daily until 
a constant count was reached, according to the 
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rules of the Association of Offi  cial Seed Analysts 
(AOSA 1990). Th e angular transformation of the 
fi nal emergence percentage (FEP) was calculated 
according to the formula (arcsine√FEP). Th e amount 
of time taken to reach 50% emergence (E50) was 
calculated according to the following equation 
(Farooq et al. 2005),

where N is the fi nal number of seeds emerged and 
ni and nj are the cumulative numbers of seeds that 
emerged by adjacent counts at times ti and tj, 
respectively, when ni < N/2 < nj. 

Mean emergence time (MET) was calculated 
according to the equation of Ellis and Roberts (1981) 
as:

where n is the number of seeds that emerged on day 
D and D is the number of days counted from the 
beginning of germination. 

Emergence index (EI) was calculated by the 
formula given by the Association of Offi  cial Seed 
Analysts (AOSA 1983), as described below.

In each replication, 3 seedlings were randomly 
selected for seedling vigor evaluation. Th e mean values 
of the 3 plants per replication were computed for 
statistical analyses. Seedling growth in terms of growth 
characteristics such as shoot and root length, number 
of leaves per plant, and root and shoot fresh and dry 
weights were recorded 20 days aft er sowing. Fresh root 
and shoot biomass were weighed immediately aft er 
harvesting. Th e roots were uprooted gently and sand 
particles were removed to obtain precise root weight. 
Th e shoots and roots were dried in oven at 70 °C until 
they reached a constant dry weight.
Crude protein analysis 
Dried and ground moringa leaves (5 g) were digested 
in sulfuric acid with a mixture of K2SO4, CuSO4, 

and FeSO4 (10:5:1) with a micro-Kjeldahl apparatus 
according to the method described by Chapman 
and Pratt (1961) for nitrogen digestion, distillation, 
and quantifi cation. Crude protein was calculated by 
multiplying the nitrogen content by 6.25.
Wet digestion
Moringa leaves were oven dried at 60 °C to a constant 
weight and ground to pass through a 2-mm sieve. Th e 
samples (0.5 g) were digested using the wet digestion 
method with concentrated nitric acid (10 mL) and 
concentrated HClO4 (5 mL). Aft er digestion, they 
were fi ltered through Whatman fi lter paper No. 1 and 
a volume of 100 mL was obtained by adding distilled 
water (Rashid 1986).
Mineral (Ca and K) analysis
A fl ame photometer with a potassium fi lter (Jenway 
PEP-7, Jenway, UK) was used to determine K levels 
in diluted extracts of plant material (Chapman and 
Pratt 1961). Calcium was determined by using an 
atomic absorption spectrophotometer (Hitachi 
Z-8200, Hitachi, Japan). 
Chlorophyll a and b and β-carotene determination
A chlorophyll (a and b) and β-carotene detection 
method, described by Nagata and Yamashita (1992), 
was used to quantify photosynthetic pigments 
concentration. Moringa leaf samples of 1 g were 
ground in 10 mL of 80% acetone and fi ltered through 
Whatman fi lter paper No. 1. Th e fi ltered extract was 
poured into a cuvette and absorbance was noted at 663, 
645, 505, and 453 nm using a UV spectrophotometer 
(UV-4000, O.R.I., Germany). Th e following formulae 
were used to calculate chlorophyll a, chlorophyll b, 
and β-carotene.
Chlorophyll a = 0.999A663 – 0.0989A645 

Chlorophyll b = –0.328A663 + 1.77A645

β-Carotene = 0.216A663 – 1.22A645 – 0.304A505 + 0.452A453

Statistical analysis
Th e experiment was conducted twice and analyses 
of variance of the data from each attribute were 
computed using MSTAT-C (MSTAT Development 
Team 1989). A least signifi cant diff erence (LSD) 
test at a 5% level of probability was used to test the 
diff erences among mean values (Steel et al. 1997).

50
( )( )

E ti nj ni

N ni tj ti
2

–
–

= +
-

MET n
Dn

= /
/

.EI Days of first count
No of emerged seeds

= +

.

Days of final count
No of emerged seeds–––––– +



Enhancement of emergence potential and stand establishment of Moringa oleifera Lam. by seed priming

230

Results
Th e emergence and seedling vigor were signifi cantly 
(P < 0.01) aff ected by the various priming treatments 
(Table 1). Hydropriming (8 and 16 h) and MLE priming 
(8 h) resulted in early seed emergence as compared to 
the control. Th e minimum time computed for MET 
and E50 was recorded when the seeds were subjected 
to hydropriming for 8 and 16 h (Table 1). An increase 
of 72% and 56% in FEP was observed when the 
moringa seeds were subjected to hydropriming for 8 
and 16 h, respectively. MLE priming (8 h) increased 
FEP by 34.2%, which was statistically on par with 
matripriming (8 h). Maximum EI was also found in 
the seeds subjected to hydropriming (8 h), and this 
was statistically on par with hydropriming (16 h). 
Furthermore, hydropriming (24 h) was statistically 
similar to matripriming (8 and 24 h).

Hydropriming (8 h) was the most eff ective 
treatment for improving the shoot vigor of moringa 
seedlings, while MLE priming (8 h) eff ectively 
increased root vigor as compared to the control and 
the other treatments. An increasing eff ect on moringa 
seedling vigor was also recorded with the other 

priming treatments at longer durations as compared 
to the control, but priming for 8 h maximally 
improved seedling vigor. Maximum shoot length 
was recorded in seeds subjected to hydropriming 
for 8 h followed by MLE priming for 8 h, which 
was statistically similar to hydropriming (16 h) and 
MLE priming (16 h). Maximum root length was 
recorded aft er priming with MLE (8 h) as compared 
to the control, which was statistically on par with 
hydropriming (8 and 16 h) and MLE priming (16 
and 24 h). Maximum fresh and dry shoot weights 
were also recorded in seedlings raised from seeds 
hydroprimed for 8 h followed by matripriming (16 h) 
in comparison to nonprimed seeds. Maximum fresh 
and dry root weights were recorded in seeds primed 
with MLE (8 h) followed by MLE priming (16 h) and 
hydropriming (8 h) (Table 2). 

Dehulling of moringa seeds, hydropriming (16 and 
24 h), matripriming (8 and 16 h), and MLE priming 
(8 and 24 h) all signifi cantly (P < 0.01) increased 
crude protein in moringa leaves as compared to the 
control (Figure 1), while calcium and potassium 
contents were signifi cantly (P < 0.01) improved by 

Table 1. Eff ect of seed priming techniques on fi nal emergence percentage (FEP), angular transformation of FEP in 
degrees (°), emergence index (EI), mean emergence time (MET), and time taken for 50% emergence (E50) of 
M. oleifera.

Treatment
FEP

EI MET 
(days) E50 (days)

% °

Control 58.33 49.80 d  8.167 c 9.34 a 6.69 a

Dehulling 66.67 54.89 cd 10.98 bc 8.95 ab 6.06 ab

Hydropriming (8 h) 98.33 85.69 a 27.57 a 7.88 f 3.22 d

Hydropriming (16 h) 93.33 77.71 ab 23.72 a 8.07 ef 3.42 cd

Hydropriming (24 h) 75.00 60.07 cd 16.69 b 8.36 cdef 4.31 cd

Matripriming (8 h) 81.67 65.00 bc 16.26 b 8.63 bcde 4.88 bc

Matripriming (16 h) 70.00 54.84 cd 11.55 bc 8.92 abc 4.98 bc

Matripriming (24 h) 71.67 58.07 cd 16.21 b 8.31 def 3.85 cd

MLE priming (8 h) 78.33 66.84 bc 14.98 b 8.80 abcd 4.94 bc

MLE priming (16 h) 58.33 49.90 d 13.21 bc 8.37 cdef 4.58 bcd

MLE priming (24 h) 68.33 55.77 cd 13.05 bc 8.67 bcd 4.92 bc

LSD 5% 14.188  5.721 0.5667 1.622

Means not showing the same letters in a column diff er signifi cantly at a 5% probability level.
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MLE priming (8 h) followed by hydropriming (8 
and 16 h) (Figures 2 and 3). Hydropriming (16 h), 
matripriming (8 h), and MLE priming (16 and 24 h) 
were statistically on par with each other in terms of 
improving calcium contents. 

Chlorophyll a, chlorophyll b, and β-carotene 
contents were also signifi cantly (P < 0.05) aff ected 
by seed priming. Maximum chlorophyll a contents 
were recorded in moringa leaves when the seeds were 

primed with MLE priming (8 h), followed by MLE and 
hydropriming (16 h), while maximum chlorophyll b 
contents were recorded in moringa leaves when seeds 
were subjected to hydropriming (8 h), followed by 
MLE priming (8 h) (Figure 4). β-Carotene contents 
were increased by MLE and hydropriming (8 h). 
Hydropriming and matripriming (24 h) did not 
change β-carotene contents, which were statistically 
similar to those of unprimed seeds (Figure 5).

Table 2. Eff ect of seed priming techniques on seedling growth of M. oleifera.

Treatment Shoot length 
(cm plant–1)

Root length
(cm plant–1)

Shoot fresh 
weight

(g plant–1)

Shoot dry
weight (g 
plant–1)

Root fresh
weight (g plant–1)

Root dry
weight

(g plant–1)

Control 18.97 d 1.49 e 2.79 d 0.84 f 2.94 e 0.89 f

Dehulling 22.01 cd 3.16 cd 3.84 cd 1.15 e 4.08 de 1.22 e

Hydropriming (8 h) 30.78 a 4.68 b 6.21 a 1.86 a 6.07 bc 1.82 bc

Hydropriming (16 h) 26.27 b 4.73 b 4.75 bc 1.48 bc 5.05 cd 1.52 d

Hydropriming (24 h) 24.16 bc 3.72 bc 4.26 bc 1.28 de 5.32 cd 1.61 cd

Matripriming (8 h) 20.19 d 3.9 bc 4.52 bc 1.36 cd 4.8 cd 1.44 de

Matripriming (16 h) 23.69 bc 2.5de 5.12 ab 1.54 b 5.27 cd 1.58 cd

Matripriming (24 h) 24.21 bc 3.10 cd 4.35 bc 1.31 d 5.13 cd 1.59 cd

MLE priming (8 h) 26.58 b 6.11 a 4.54 bc 1.36 cd 7.62 a 2.29 a

MLE priming (16 h) 26.07 b 4.48 b 4.95 bc 1.49 bc 6.82 ab 2.06 ab

MLE priming (24 h) 21.91 cd 4.65 b 4.65 bc 1.4 bcd 5.91 bc 1.76 c

LSD 5% 3.257 1.087 1.248 0.1588 1.360 0.241

Means not showing the same letters in a column diff er signifi cantly at a 5% probability level.
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Figure 2. Eff ect of seed priming on calcium contents (mg kg–1) of M. oleifera. Vertical bars represent standard errors. Means not showing 
the same letters diff er signifi cantly at a 5% probability level.

Figure 3. Eff ect of seed priming on potassium contents (mg kg–1) of M. oleifera. Vertical bars represent standard errors. Means not 
showing the same letters diff er signifi cantly at a 5% probability level.

Figure 4. Eff ect of seed priming on chlorophyll a and b contents (μg g–1) of M. oleifera. Vertical bars represent standard errors. Means 
not showing the same letters diff er signifi cantly at a 5% probability level.

Figure 5. Eff ect of seed priming on β-carotene contents (μg g–1) of M. oleifera. Vertical bars represent standard errors. Means not 
showing the same letters diff er signifi cantly at a 5% probability level.
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Discussion 
Seed priming improves germination and stand 
establishment and induces tolerance against 
adverse conditions like abiotic stress, especially 
during emergence and early seedling growth. It also 
increases the yield of most fi eld crops (Harris and 
Jones 1997), vegetables (Welbaum et al. 1998), fruits 
(Basra et al. 2007), and tree species (Brancalion et 
al. 2008). Moringa seeds are not an exception, and 
it was reported that 12 h of hydropriming increased 
the germination of moringa seeds collected from 
Nicaragua and Kenya (Tedonkeng et al. 2004). 
Hydropriming, matripriming, and hormonal 
priming are eff ective approaches for accelerating and 
synchronizing seed emergence and improving plant 
vigor (Hurly et al. 1991; Wu et al. 1999; Farooq et al. 
2006b). Th e present study shows that hydropriming 
is a more eff ective priming strategy as compared 
to other treatments to improve early emergence, 
shoot vigor, and chlorophyll b contents, while MLE 
priming increased root biomass and chlorophyll a, 
β-carotene, and mineral contents. Hydropriming 
for 8 h not only enhanced the emergence speed, 
as exhibited by lower MET and E50 values, but also 
increased the FEP and EI values in the present study. 
Th e early and synchronized emergence might be 
attributed to increased metabolic activity in the 
treated seeds (Basra et al. 2005). Hydropriming 
further increased the shoot length and fresh and dry 
weight of moringa seedlings, while MLE priming 
increased the root length and fresh and dry weights. 
Morton (1991) reported that moringa seedlings 
gained a height of 20 to 30 cm aft er 6 weeks of 
sowing, while in the current experiment, moringa 
seedlings achieved a height of 30 cm aft er 20 days 
of sowing by hydropriming (8 h). Bose and Mishra 
(1992) also reported that hydropriming resulted 
in increased multiplication of shoot tip cells. MLE 
priming (8 h) was more eff ective in increasing root 
attributes, followed by hydropriming (8 h). MLE is 
rich in calcium, potassium, ascorbate, zeatin, auxins, 
and many phenolic compounds that are responsible 
for enhancement of plant growth and development 
(Fuglie 1999; Nagar et al. 2006). Th is study argues 
that MLE can also be used as an eff ective priming tool 
to increase the root development of moringa seeds. It 
might aff ect the increase in cell division within the 
apical meristem (Farooq et al. 2008). A high level 

of root development is an indicator of good plant 
health. Vigorous root development is a characteristic 
of the climax vegetation phases in which plants can 
compete more eff ectively in the absorption of water 
and soil nutrients, resulting in good plant health 
(Allaby 1998). 

Maximum chlorophyll a and b contents were 
recorded in moringa seedlings when seeds were 
primed with MLE priming (8 h) and hydropriming 
(8 h), respectively. Seeds that were hydroprimed and 
MLE-primed for the same duration also showed 
better plant growth, which predicts a correlation 
between plant growth and chlorophyll contents. 
Ayumi et al. (2004) studied the relation between 
chlorophyll metabolism and plant growth. It has 
been found that higher chlorophyll contents indicate 
maximum production of chemical energy and plant 
metabolism, which improves plant growth. MLE 
priming was more eff ective in improving the mineral 
contents of moringa leaves. Almost 2-fold calcium 
and potassium contents were recorded when the 
seeds were primed with MLE. Harris et al. (2001) 
reported high mineral contents in diff erent crops 
due to seed priming. It can be concluded here that 
MLE is more eff ective in improving the root biomass 
and mineral contents of moringa leaves. Farooq et al. 
(2007) also found a positive correlation between root 
biomass and mineral contents in rice. 

In the present study, dehulling of moringa seeds 
did not signifi cantly aff ect the germination rate and 
seedling growth. It was also found that matripriming 
improved the emergence and seedling vigor 
compared to unprimed and dehulled seeds, but it 
was not very eff ective as compared to hydropriming 
and MLE priming. Priming for longer durations did 
not aff ect emergence and seedling vigor. Ong and 
Monteith (1984) found good germination results 
when sorghum seeds were soaked for 8 h, while Lee 
and Kim (1999 and 2000) and Farooq et al. (2006a) 
reported poor and late germination when the seeds 
were subjected to longer priming durations. Water 
prehydration priming (hydropriming) is also an 
eff ective tool to induce tolerance in moringa seeds 
against salt stress (Santos et al. 2011). Th ese fi ndings 
support the current fi ndings that longer priming 
durations may aff ect germination and plant vigor. 
Th e present study provides good information about 
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overcoming moringa seed germination problems 
and also gives new approaches, like MLE priming, to 
replace current seed priming techniques. 

Th is study concludes that M. oleifera is not an 
exception to the possibility of increasing emergence 
rate and vigor by using a seed priming technique. 
Hydropriming (8 h) eff ectively improved the 
emergence, shoot biomass, and chlorophyll b 

contents while root biomass, chlorophyll a contents, 
and mineral contents were eff ectively improved by 
MLE priming (8 h), and both priming strategies were 
eff ective in improving β-carotene contents. Th ese 
2 approaches (hydropriming and MLE priming) 
are organic, inexpensive, and environment friendly 
techniques that require little input but give good 
results. 

References
Afzal I, Basra SMA, Shahid M, Saleem M (2008) Priming enhances 

germination of spring maize (Zea mays L.) under cool 
conditions. Seed Sci Technol 36: 497-503. 

Allaby M (1998) A Dictionary of Plant Sciences. Oxford University 
Press, Oxford. 

AOSA (1983) Seed Vigor Testing Handbook. Contribution No. 32 
to the Handbook on Seed Testing. Association of Offi  cial Seed 
Analysts, Springfi eld, Illinois, USA.

AOSA (1990) Rules for testing seeds. J Seed Technol 12: 1-112.

Aregheore EM (2002) Intake and digestibility of Moringa oleifera-
batiki grass mixtures for growing goats. Small Rum Res 46: 
23-28.

Ayumi T, Masumi H, Ryoichi T (2004) Chlorophyll metabolism and 
plant growth. Kagaku Seibutsu 42: 93-98.

Babu SC (2000) Rural nutrition interventions with indigenous 
plant foods - a case study of vitamin A defi ciency in Malawi. 
Biotechnol Agro Soc Environ 4: 169-179.

Basra SMA, Farooq M, Rehman H, Saleem BA (2007) Improving 
the germination and early seedling growth in melon (Cucumis 
melo L.) by pre-sowing salicylicate treatments. Int J Agric and 
Biol 9: 550-554.

Basra SMA, Farooq M, Tabassum R, Ahmad N (2005) Physiological 
and biochemical aspects of seed vigour enhancement 
treatments in fi ne rice (Oryza sativa L.). Seed Sci Technol 33: 
623-628.

Basra SMA, Farooq M, Wahid A, Khan MB (2006) Rice seed 
invigoration by hormonal and vitamin priming. Seed Sci 
Technol 34: 775-780.

Basra SMA, Zia MN, Mehmood T, Afzal I, Khaliq A (2002) 
Comparison of diff erent invigoration techniques in wheat 
(Triticum aestivum L.) seeds. Pak J Arid Agric 5: 11-16.

Bau HM, Villaume C, Lin CF, Evrard J, Quemener B, Nicolas JP, 
Méjean L (1994) Eff ect of a solid-state fermentation using 
Rhizopus oligosporus sp. T-3 on elimination of antinutritional 
substances and modifi cation of biochemical constituents of 
defatted rapeseed meal. J Sci Food Agric 65: 315-322.

Bose B, Mishra T (1992) Response of wheat seed to pre-sowing seed 
treatments with Mg(NO3). Ann Agric Res 13: 132-136.

Brancalion PHS, Novembre ADLC, Rodrigues RR, Tay D (2008) 
Priming of Momosa bimucronata seeds - a tropical tree species 
for Brazil. In: IV International Symposium on Seed, Transplant 
and Stand Establishment of Horticultural Crops; Translating 
Seed and Seedling Physiology into Technology. San Antonio, 
Texas, USA.

Chapman HD, Pratt PF (1961) Methods of Analysis for Soils, Plants 
and Water. University of California, Berkeley, California, USA.

Du LV, Tuong TP (2002) Enhancing the performance of dry-seeded 
rice: eff ects of seed priming, seedling rate, and time of seedling. 
In: Direct Seeding: Research Strategies and Opportunities 
(Eds. S Pandey, M Mortimer, L Wade, TP Tuong, K Lopes, B 
Hardy). International Research Institute, Manila, Philippines, 
pp. 241-256.

Ellis RA, Roberts EH (1981) Th e quantifi cation of ageing and survival 
in orthodox seeds. Seed Sci Technol 9: 373-409. 

Farooq M, Basra SMA, Afzal I, Khaliq A (2006a) Optimization of 
hydropriming techniques for rice seed invigoration. Seed Sci 
Technol 34: 507-512. 

Farooq M, Basra SMA, Hafeez K, Ahmad N (2005) Th ermal 
hardening: a new seed vigor enhancement tool in rice. J Integ 
Plant Biol 47: 187-193. 

Farooq M, Basra SMA, Khan MB (2007) Seed priming improves 
growth of nursery seedlings and yield of transplanted rice. 
Arch Agron Soil Sci 53: 315-326.

Farooq M, Basra SMA, Rehman H (2006b) Seed priming enhances 
emergence yield and quality of direct seeded rice. Int Rice Res 
Notes 31: 42-44.

Farooq M, Basra SMA, Rehman H, Hussain M (2008) Seed priming 
with polyamines improve the germination and early seedling 
growth in fi ne rice. J New Seeds 9: 145-155.

Foidl N, Makkar HPS, Becker K (2001) Th e potential of Moringa 
oleifera for agricultural and industrial uses. In: Proceedings 
of International Workshop “What Development Potential for 
Moringa Products?” Dar-es-Salaam, Tanzania. 

Fuglie LJ (1999) Th e Miracle Tree: Moringa oleifera: Natural Nutrition 
for the Tropics. Church World Service, Dakar, Senegal. 



W. NOUMAN, M. T. SIDDIQUI, S. M. A. BASRA, I. AFZAL, H. U. REHMAN

235

Harris D, Jones M (1997) On-farm seed priming to accelerate 
germination in rainfed, dry-seeded rice. Int Rice Res Notes 22: 
30.

Harris D, Pathan AK, Gothkar P, Joshi A, Chivasa W, Nyamuddeza 
P (2001) On-farm seed priming: using participatory methods 
to revive and refi ne a key technology. Agric Sys 69: 151-164.

Harris D, Tripathi RS, Joshi A (2002) On-farm seed priming to 
improve crop establishment and yield in dry direct-seeded. In: 
Direct Seeding: Research Strategies and Opportunities (Eds. S 
Pandey, M Mortimer, L Wade, TP Tuong, K Lopes, B Hardy). 
International Rice Research Institute, Manila, Philippines, pp. 
231-240.

Hurly RF, Staden JV, Smith MT (1991) Improved germination in 
seeds of guayule (Parthenium argentatum Gray) following 
polyethylene glycol and gibberellic acid pretreatments. Ann 
Appl Biol 118: 175-184.

Jahn SA, Musnad HA, Burgstaller H (1986) Th e tree that purifi es 
water: cultivating multipurpose Moringaceae in the Sudan. 
Unasylva 38: 23-28.

Lee SS, Kim JH (1999) Morphological change, sugar content, 
and α-amylase activity of rice seeds under various priming 
conditions. Kor J Crop Sci 44: 138-142.

Lee SS, Kim JH (2000) Total sugars, α-amylase activity and 
germination aft er priming of normal and aged rice seeds. Kor 
J Crop Sci 45: 108-111.

Makkar HPS, Becker K (1997) Nutrients and antiquality factors in 
diff erent morphological parts of the Moringa oleifera tree. J 
Agric Sci Cambr 128: 311-332. 

Morton JF (1991) Th e horseradish tree, Moringa pterygosperma 
(Moringaceae) - a boon to arid lands? Econ Bot 45: 318-333.

MSTAT Development Team (1989) MSTAT User’s Guide: A 
Microcomputer Program for the Design Management and 
Analysis of Research Experiments. Michigan State University, 
East Lansing, Michigan, USA.

Nagar PK, Iyer RI, Sircar PK (2006) Cytokinins in developing fruits 
of Moringa pterygosperma Gaertn. Physiol Plant 55: 45-50.

Nagata M, Yamashita I (1992) Simple method for simultaneous 
determination of chlorophyll and carotene in tomato fruits. J 
Japan Soc Food Sci Technol 39: 925-928.

Nambiar VS (2006) Nutritional potential of drumstick leaves: an 
Indian perspective. In: Moringa and other Highly Nutritious 
Plant Resources: Strategies, Standards and Markets for a Better 
Impact on Nutrition in Africa. Accra, Ghana.

Nouman W, Siddiqui MT, Basra SMA (2012) Moringa oleifera leaf 
extract: An innovative priming tool for rangeland grasses. Turk 
J Agric For 36: 65-75.

Olson ME, Carlquist S (2001) Stem and root anatomical correlations 
with life form diversity, ecology, and systematics in Moringa 
(Moringaceae). Bot J Linn Soc 135: 315-348.

Ong CK, Monteith JL (1984) Response of pearl millet and 
temperature. In: Proceedings of the International Symposium 
on Agrometerology of Sorghum and Millet in Semi-Arid 
Tropics. ICRISAT, Patancheru, India, pp. 129-142.

Palada MC, Chang LC (2003) Suggested Cultural Practices for 
Moringa. International Cooperator’s Guide. Asian Vegetable 
Research and Development Center, Shanhua, Taiwan.

Rashid A (1986) Mapping Zinc Fertility of Soils Using Indicator 
Plants and Soil Analyses. PhD thesis. University of Hawaii, 
Hawaii, USA.

Sanchez NR, Stig L, Inger L (2006) Biomass production and chemical 
composition of Moringa oleifera under diff erent management 
regimes in Nicaragua. Agrofor Syst 66: 231-242.

Santos ARFD, Renata SM, Robério AF, Alexandro SB (2011) Water 
pre-hydration as priming for Moringa oleifera Lam. seeds 
under salt stress. Trop Subtrop Agroecosyst 14: 201-207.

Sarkar G, Peace RW (1994) Th e protein quality of some enteral 
products is inferior to that of casein as assessed by rat growth 
methods and digestibility-corrected amino acid scores. J Nutr 
124: 2223-2232.

Sharma GK, Raina V (1982) Propagation techniques of Moringa 
oleifera Lam. In: Improvement of Forest Biomass: Proceedings 
of a Symposium (Ed. PK Khosla). Solan, India, pp. 175-181.

Steel RG, Torrie JH, Dickey DA (1997) Principles and Procedures of 
Statistics: A Biometrical Approach, 3rd ed. McGraw Hill, New 
York. 

Tedonkeng PE, Boukila B, Solefack MMC, Kana JR, Tendonkeng 
F, Tonfack LB (2004) Potentiel de germination de Moringa 
oleifera Lam. sous diff érents traitements à Dschang dans les 
Hautes terres de l’Ouest- Cameroun [Germination potential of 
Moringa oleifera Lam. under diff erent treatments in Dschang 
in the highlands of western Cameroon]. J Camer Acad Sci 4: 
199-203. 

Th urber MD,  Fahey JW (2009) Adoption of Moringa oleifera to 
combat under-nutrition viewed through the lens of the 
“Diff usion of Innovations” theory. Ecol Food Nutr 48: 212-225.

Welbaum GE, Shen Z, Oluoch MO, Jett LW (1998) Th e evolution and 
eff ects of priming vegetable seeds. Seed Technol 20: 209-235.

Wu  L, Hallgren SW, Ferris DM, Conway KE  (1999) Solid matrix 
priming to enhance germination of loblolly pine (Pinus taeda) 
seeds. Seed Sci Technol 27: 251-261.


