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The present study aims to assess the effect of aqueous
and low concentrated aqueous-ethanolic Moringa
oleifera leaves extract (MOLE) as natural biostimulant
on the productivity and yield of tomato (Lycopersicon
esculentum Mill.). MOLE was prepared from fresh
leaves (500 g in 500 ml distilled water) and designated
as 100 per cent. From this, 12.5 per cent MOLE was
taken common to all treatments except control
whereas 10, 20 and 30 per cent aqueous ethanol was
used to dilute. Five different treatments viz., T1-
control, distilled water spray only, T2-12.5 per cent
MOLE in distilled water, T3-12.5 per cent MOLE in 10

Key Words: per cent aqueous ethanol, T4-12.5 per cent MOLE in
20 per cent aqueous ethanol and T5-12.5 per cent

Biostimulant, crop productivity, MOLE in 30 per cent aqueous ethanol were employed

eco-friendly, foliar spray as foliar application mixed with surfactant for proper
adherence, once a week starting from flower bud
initiation till most of the fruits matured for harvesting.
Increase in tomato yield i.e. fresh weight was 163.98
per cent and dry weight 167.85 per cent as compared
to control was recorded with 12.5 per cent MOLE in
20 per cent ethanol (T4). The study indicates that
Moringa oleifera leaf extract can be successfully used
in vegetable production to improve productivity and
yield in an environmentally friendly manner reducing
fertilizer and pesticide consumption.

INTRODUCTION forced the people to adopt the natural
) organic farming despite of its high cost
In last decades, attentions have been (winter and Davis 2006). However, the cost

paid to reduce the frequent use of inorganic  jn organic farming may be minimized
fertilizers with their lethal effects which through application of natural
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biostimulants /boosters obtained  from
natural sources such as seaweed and
botanical extract enhancing crop yield to a
great extent. These natural biostimulant
enhance seed germination, growth and yield
of vegetable crops apart from being
inexpensive compared to synthetic growth
promoters viz. zeatin, kinetin available in
the market (Kannaiyan 2000).

India is the second largest producer
of vegetables in the world next to China
accounting for 14 per cent of world
production of vegetables (Khnut et al.
2006). However, India needs to accelerate
its vegetable production, considering the
ever increasing demand for vegetables and
to overcome the problem of socio-economic
inequity. Vigneshwara (2001) showed that
the demand of vegetables by 2030 will be
about 250 million tons and to accomplish
this exceptional demand, the vegetable
production and marketing have to be
improved. Tomato (Lycopersicon
esculantum) is a high value vegetable crop
enriched with 'A" and 'C' vitamins which
benefits farmers extensively. It is used not
only in most households but it’'s by
products like sauce, chutnies, ketch-up etc.
have vast commercial market. According to
APEDA report 2016-17, position of India for
tomato (chilled/fresh) export in global
market is 52 (agriexchange.apeda.gov.in).
Among Indian states, Jharkhand placed at
16 positions for tomato production with
230.19 tons production and having 1.23
per cent share (National Horticulture
Board, 2015-16 data). As a result its
demand is high; consequently necessitating
studies to enhance the productivity on
available land resources to benefit the
cultivators. Further, it has been found that
tomato cultivation is highly dependent on
mineral nutrition (FAO 2003).

Moringa oleifera Lam. is one of the
best known and most widely distributed
and naturalized species of a monogeneric
family Moringaceae (Ramachandran et al.
1980). Native to India and red sea part of
South Africa including Madagascar (Price,
1985), the popularity of this tree is due to
its high nutritional leaves, pods and flowers
(Fugile 2005). M. oleifera leaves contains

high amount of cytokinins, free amino
acids, minerals etc. in their aqueous or
ethanolic extract enhances the crop yield
upto 20-25 per cent (Fuglie 2001, Chang et
al. 2007; Mishra et al. 2013). Moringa
leaves extract as natural biostimulants has
been proved to be especially effective on
vegetables crops (Balbir 2006). Moringa is a
common tree planted in households by the
farmers in most parts of India. Thus,
farmers will be able to embrace this simple
intervention and utilize the available
resource with little or no cost (Makkar and
Becker 1996). Thus the present study was
carried out to access the effect of aqueous
and different ethanolic extract of M. oleifera
leaves on the productivity and yield of
tomato, popular vegetable crop suitable and
preferred by local famers in the Eastern
India.

MATERIALS AND METHODS

Experimental area

A field experiment was conducted at
Ranchi in Eastern India (23°2126"N,
84°14°44”E) during December 2012 - March
2013. Loamy soil of the area had pH in the
range of 5.5 to 6.5. Certified tomato seeds
of uniform size and colour were used for
production of good seedlings and then
transplanted the seedlings at a spacing of
30 x 30 cm in 3.66 x 1.22 m size beds.
Preparation of Moringa Leaf Extract

MOLE was prepared according to
Price (2007) and Goldberg (2008). In brief,
MOLE was prepared from fresh leaves 500g
in 500 ml water and designated it as 100
per cent. From this 12.5 per cent MOLE
was taken common to all treatments except
control whereas 10, 20 and 30 per cent
aqueous ethanol was used to dilute it or
simply distilled water was taken to get 12.5
per cent. Five different treatments viz., T1-
control, distilled water spray only, T2-12.5
per cent MOLE in distilled water, T3-12.5
per cent MOLE in 10 per cent aqueous
Ethanol, T4-12.5 per cent MOLE in 20 per
cent aqueous Ethanol and T5-12.5 per cent
MOLE in 30 per cent aqueous ethanol were
employed as foliar application mixed with
surfactant for proper adherence, once a
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week starting from flower bud initiation till
most of the fruits matured for harvesting.
Experiment was laid out in a randomized
block design with four replications per
treatment.

Four harvestings of ripe fruits were
taken at weekly interval to record fresh and
dry weight of harvested tomato fruits. The
data obtained were subjected to statistical
analysis, employing analysis of variance
(ANOVA), ‘F’-test for significance at P < 0.05
and computing LSD values to separate
means in different statistical groups using
statistical software IBM SPSS version 18.

RESULTS AND DISCUSSIONS

Improvements in crop growth and yield
due to MOLE foliar spray occur primarily
due to the influence of zeatin (Price 1985;
Fuglie 2000; Yasmeen et al. 2011). Zeatin is
the most naturally occurring cytokinin that
not only promotes the growth of plants by
facilitating cell division, cell elongation, leaf
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senescence, apical dominance, lateral root
formation, stress tolerance, and nutritional
signaling but also has anti-aging potential
and protective effects in plants (Amin,
2003; Werner et al. 2003; Marcu, 2005;
Taiz and Zeiger, 2006; Sakakibara, 2006;
Argueso et al. 2009). Endogenous levels of
cytokinins have also been linked with fruit
growth (Gillaspy et al. 1993; Hayata et al.
1995; Hayata et al. 2000; Flaishman et al.
2001, Stern et al. 2003; Srivastava and
Handa 2005; Kim et al. 2006; Zabadal and
Bukovac 2006). Moringa leaves gathered
from various parts of the world were found
to have high zeatin (a type of cytokinin)
concentrations of between 5 mcg and 200
mcg/g of leaves (El Awady, 2003). It is also
established that biostimulant effect of
MOLE are not only due to cytokinin like
hormones but it is synergetic effect of all
biochemical and minerals present in leaves
which acts simultaneously to improve the
soil and crop productivity (Fig.1) (Yakhin et
al. 2017).
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Fig.1 Biochemical and mineral content in Moringa oleifera leaves

Significant enhancement of the fresh
and dry weight of tomato was recorded
with 12.5 per cent MOLE in 20 per cent
ethanol (T4) (Table 1). There was no
difference in the yield of tomatoes in
response to application of 12.5 per cent
MOLE in water (T2), 12.5 per cent MOLE
in 10 per cent ethanol (T3) and 12.5 per
cent MOLE in 30 per cent ethanol (T5) in

fresh and dry weight. The 12.5 per cent
MOLE in 20 per cent ethanol (T4)
treatment recorded a significant increase
in tomato yield i.e. fresh weight 163.98 per
cent and dry weight 167.85 per cent as
compared to control (Fig. 2 and Fig. 3). A
comparison of estimated yield in tons per
ha exhibits substantial benefits from
application of this treatment (Fig. 4).
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Table 1: Effect of Moringa oleifera leaf extract (MOLE) on yield of tomato fruits

Treatments Fresh weight Dry weight of
of Tomato (Kg) Tomato (Kg)
Control (T1) 1.28 0.112
12.5per cent in distilled water (T2) 1.40 0.114
12.5 per cent in 10per cent aqueous ethanol (T3) 1.66 0.145
12.5per cent in 20per cent aqueous ethanol (T4) 3.38 0.300
12.5per cent in 30per cent aqueous ethanol (T5) 1.56 0.125
LSDo.0s 1.30 0.14
2 A M Ist harvesting
1.758
1.8 1 HM2nd harvesting
1.6 - .
# 3rd harvesting
1.4 -
®q, M 4th harvesting 1082
§ 0.846
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>

Control (T1) 12.5 per cent in distilled ~ 12.5 per cent in 10 per 12.5 per cent in 20 per 12.5 per cent in 30 per
water (T2) cent aqueous ethanol (T3) cent aqueous ethanol (T4) cent aqueous ethanol (T5)

Fig. 2: Yield of Tomato at different time of harvesting in MOLE treated and untreated
tomato plants
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Fig. 3: Total fresh and dry weight of Tomatoes of MOLE treated and untreated
tomato plants
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Fig. 4: Comparison of estimated yield of tomato ha-! with different levels of

MOLE treatment

MOLE spray affects the crops by longer life-
span, heavier roots, stems and leaves,
produce more fruit, larger fruit and
increase in yield 20-35per cent (Foidle et al.
2001,), highlighting its opportunity of use
as a foliar spray to accelerate growth of
young plants in minimal investment well
within the reach of poor and marginal
farmers. In our previous study on pea, we
have found that 12.5per cent aqueous leaf
extract increases the pea yield up to Slper
cent (Mishra et al. 2013). Culver et al.
(2012) have reported that MOLE (80 per
cent ethanolic extracted) increases tomato
fresh weight wupto 14lper cent in
comparison to control.

Further, higher yield in the 12.5 per
cent MOLE in 20 per cent ethanol may be
due to the better solubility of the MOLE in
20 per cent ethanol while MOLE in 10 per
cent and 30 per cent ethanol gave almost
same yield of tomato. Cytokinin like
substances viz. Zeatin and  other
biochemical content may be more soluble in
moderate low concentration of alcohol with
water (Fuglie 2000). Since water is easily
available so that we used very small
concentration of polar organic solvents to
see the effect of these ratios on the growth
of plants. It has been observed that higher
or lower concentration of aqueous ethanol
reduced the yield of tomato in comparison
to the 20 per cent ethanol (Table 1). A

significant enhancement in tomato yield i.e.
fresh weight 163.98 per cent and dry weight
167.85 per cent as compared to control was
recorded with 12.5 per cent MLE in 20 per
cent ethanol. These findings are in
confirming with the previously used natural
biostimulant on tomato crop ie.141 per
cent yield was recorded using MOLE while
89 per cent yield with 5 per cent aqueous
extract of seaweed K. alvarezi (Zodape et al.
2011; Culver et al. 2012). However,
Kaushal et al. 2011 had reported
alloleopatic effects of trees on agriculture
crops.

Successive applications of MOLE
have been resulted in consistently
enhanced fruit yield as evident in results

obtained in four harvestings (Fig.2),
possibly due to better plant growth,
biomass accumulation and efficient
resources allocation due to beneficial

constituents and their synergetic impact on
the plants. Thus, MOLE can be successfully
used in vegetable production to improve
productivity and yield in an eco-friendly
manner reducing fertilizer and pesticide
consumption. However, optimization of
doses will be crucial as exogenous
application of cytokinins in  high
concentrations results in growth inhibition
especially that of the Ilateral roots
(Srivastava 2002; Skylar et al. 2010).
Higher concentrations of MOLE is found to
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have decrease fruit yield or have negative
effect on the growth of plants (Mishra et al.
2013). Overall, a fine adjustment of
cytokinin levels within the plant is needed
to achieve the optimal growth of shoots
(Rupp et al. 1999; Gan and Amasino.
1995). It was also observed that higher
doses of leaf extracts became either supra
optimal or inhibitory for fruit yield and
plant growth.

CONCLUSIONS

Moringa oleifera leaf extracts (MOLE)
reveals their potential as natural
biostimulant for better vegetable crop
production in eco-friendly manner. In
tomato, for enhanced fruit yield, 12.5 per
cent MOLE in 20 per cent aqueous ethanol
may be recommended. However,
optimization of doses are crucial as higher
doses of leaf extracts became either supra
optimal or inhibitory for fruit yield and
plant growth. This study also established
our earlier work on Moringa leaf extract

that MOLE is a potential eco-friendly
natural biostimulant which  improve
productivity and yield of crops with
reducing fertilizer and pesticide
consumption.
REFERENCES

Amin AA 2003. Physiological effect of
gamma irradiation and kinetin on
growth, yield and chemical
constituents of wheat. Egypt Journal
of Applied Sciences, 18(6): 34-49.

Agricultural and Processed Food Products

Export Development  Authority
(APDEA),
India.agriexchange.apeda.gov.in

Argueso CT, Ferreira FJ
Kieber JJ 2009. Environmental
perception avenues: the interaction
of cytokinin and environmental
response pathways Plant. Cell and
Environment 32: 1147-1160.

Balbir M 2006. www.treesforlife.org.

Chang EH, Ren-Shih C. and Tsai Y-H 2007.
Effect of different application rates of
organic fertilizer on soil enzyme
activity and microbial population.
Soil Sci. Plant Nutr. 53: 132-140.

and

Culver M, Fanuel T. and Chiteka AZ 2012.
Effect of Moringa extract on growth
and yield of Tomato. Greener Journal
of Agriculture Sciences 2: 207-211.

El Awady. 2003. Moringa Tree: Nature’s
Pharmacy.

Flaishman MA, Shargal A and
Stern RA 2001. The synthetic
cytokinin CPPU increases fruit size
and yield of ‘Spadona’ and ‘Costia’
pear (Pyrus communis L.). Journal of
Horticultural Science and
Biotechnology 76: 145-149.

Foidl N, Makkar HPS and Becker K 2001.
The potential of Moringa oleifera for
agricultural and industrial uses. In:
Lowell J. Fuglie (ed.), The Miracle
Tree: The Multiple Attributes of
Moringa, pPp: 45-76. CTA,
Wageningen, The Netherlands.

Fuglie LJ 2000. New Uses of Moringa

Studied in Nicaragua: ECHO's
Technical Network Site-networking
global hunger solutions. ECHO,

Nicaragua. biomassa.@ibw.com.in

Fuglie LJ 2005. The Moringa Tree: A Local
Solution to Malnutrition. Church
World Service in Senegal, Dakar,
Senegal.

Fuglie LJ 2001. The Miracle Tree: Moringa
oleifera: Natural Nutrition for the
Tropics. pp 172. CTA, Wageningen,
The Netherlands.

Gan S and Amasino RM 1995. Inhibition of
leaf senescence by autoregulated
production of cytokinin. Science
270(5244): 1986-1988.

Gillaspy G, Ben-David H
and Gruissem W 1993. Fruits - a
developmental perspective. The Plant
Cell 5: 1439-1451.

Goldberg S 2008. Mechanical/physical
methods of cell disruption and tissue
homogenization, Series section
methods in molecular biology. In @D
page: Sample preparation and
fractionation, ed. A. Posch, BVol.1,
pp-3-22. Totowa, New jersey, USA:
Humana Press.

Hayata Y, Niimi Y, Inoue
K and Kondo S. 2000. CPPU and
BA, with and without pollination,


www.treesforlife.org

Singh et al. /J. Tree Sci./39 (2):16 - 23 22

affect set, growth, and quality of

musk melon fruit. Horticulture
Science 35: 868-870.
Hayata Y, Niimi Y

and Iwasaki N 1995. Syntheticcytoki
nin-1-(2-chloro-4-pyridyl)-3-
henylurea (CPPU) promotes fruit-set
and induces parthenocarpy in
watermelon. Journal of the American
Society for Horticultural Science
120: 997-1000.

Kannaiyan 2000. Bio-fertilizers — Key factor
in organic farming. Hindu Survey of
Indian Agriculture 165-173.

Kaushal, Rajesh, Verma KS, Panwar P,
Chaturvedi OP. 2011. Allelopathic
effect of important agroforestry tree
species of Western Himalaya on field
crops. Journal of Tree Sciences,
30(4):385-388.

Khnut KA, Gajipara HM and Vekariya S B.
2006. “Price behaviour of major
vegetables in Gujarat State”. Indian
Journal of Agricultural Marketing,
20: 28.

Kim JG, Takami Y, Mizugami T, Beppu K, F
ukuda T and Kataoka I 2006. CPPU
application on size and quality of
hardy kiwifruit. Scientia
Horticulturae 110: 219-222.

Makkar HPS and Becker K 1996.
Nutritional value and antinutritional
components of whole and ethanol
extracted Moringa oleifera leaves.
Animal Feed Sci. Technol 63: 211-
228.

Marcu MG 2005. Miracle tree. KOS Health
Publications, Canada, pp. 108-115.

Price ML 2007. The Moringa Tree. ECHO
technical note. Revised edition.11-

12.
Price ML1985. The Moringa Tree. ECHO,
17391 Durrance Rd., North Ft.
Myers FL 33917, USA.
Ramachandran C, Peter KV and

Gopalakrishnan PK 1980. Drumstick
(Moringa oleifera) a multipurpose
Indian vegetable. Economic Botany
34(3): 276-283.

Rupp HM, Frank M, Werner T, Strnad M
and Schmilling T 1999. Increased
steady state mRNA levels of the STM

and KNATI homeobox genes in
cytokinin overproducing Arabidopsis
thaliana indicate a role for cytokinins
in the shoot apical meristem. Plant
J. 18(5): 557-563.

Sakakibara H 2006. Cytokinins: activity,
biosynthesis, and translocation.
Annu Rev Plant Biol 57: 431-449.

Mishra SP, Singh P, Singh S, Das R and
Prasad RS 2013. Moringa oleifera leaf
extract as biostimulant for
increasing pea yield. Indian Forester
139 (6): 562-563.

Skylar A, Hong F, Chory J, Weigel D and
Wu X 2010. STIMPY mediates

cytokinin signaling during shoot
meristem establishment in
Arabidopsis

seedlings. Development 137: 541-9.

Srivastava A.and Handa AK 2005. Hormon
al regulation of tomato fruit
development: a molecular
perspective. Journal of Plant Growth
Regulation 24: 67-82.

Srivastava LM 2002. Plant growth and
development. Hormones and the
environment. Annals of
Botany 92 (6): 846.

Stern RA, Ben-Arie R, Neria O
and Flaishman M 2003. CPPU
BA increase fruit size of TRoyal
Gala’(Malus domestica) apple in a
warm climate. Journal of
Horticultural Science and
Biotechnology 78 :297-302.

Taiz L, Zeiger E 2006. Plant Physiology.4th
edition. Sinauer Associates,
Sunderland, MA, USA, 764 pp.

Vigneshwara V 2001.“Marketing of
vegetables in India”, Daya Publishing
House, Delhi — 110035.

Werner T, Motyka V, Laucou V, Smets R,
Van Onckelen H and Schmulling T
2003. Cytokinin-deficient transgenic
Arabidopsis plants show multiple
developmental alterations indicating
opposite functions of cytokinins in
the regulation of shoot and root
meristems activity. Plant Cell 15:
2532- 2550.

Winter CK and Davis F 2006. Organic
Food. J. Food Sci 71: 117-124.

and


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Singh et al. /J. Tree Sci./39 (2):16 - 23 23

Yakhin 10, Labyanov AA, Yakhin AI and selected seedless and seeded grape
Brown HP 2017. Biostimulant in cultivars. Hort Science 41: 154-157.
Plant Sciences: A Global Perspective. = Zodape TS, Gupta A, Bhandari CS, Rawat
Front. Plant Sci 7: 2049. US, Chaudhary RD, Eswaran K and
Yasmeen A, Basra SMA, Rashid A and Chikara J 2011. Foliar application of
Wahid A 2011. Performance of late seaweed sap as biostimulant for
sown wheat in response to foliar enhancement of yieldand quality of
application of Moringa oleifera L. leaf tomato (Lycopersicon esculentum
extract. Chilean J. Agric. Res, 72(1): Mill. Journal of Scientific &
92-97. Industrial Research 70: 215-21.

Zabadal TJ and Bukovac MJ 2006. Effect
of CPPU on fruit development of

Received: 28t August, 2020 Accepted: 20t December, 2020



