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Abstract

Extracts of neem (Azadirachta indica A.) and mata-raton (Gliricidia sepium) leaves were used as insect

repellent during organic cultivation of tomato plants (Solanum lycopersicum) and were compared with
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untreated plants or plants treated with lambda-cyhalothrin (chemical treatment). The best developed
tomato plants were found in the Gliricidia treatment, while difference between other treatments were small.

The number of different species of macrofauna found on tomato plants were similar in different treatments,
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except for corn rootworm (Diabrotica spp.) found in the Gliricidia treatment, but not in other treatments. It
was found that leaf extract of G. sepium stimulated tomato growth and altered the leaf and fruit
characteristics. This was most likely due to its action as a growth regulator and/or an inductor of changes in

the tomato growth regulation, but not due to its action as an insect repellent. Consequently, leaf extract of G.
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Introduction

According to the Food and Agriculture Organization of the
United Nations (FAQ), tomato (Solanum lycopersicum L.) is one
of the most cultivated plant in the world with a production of
approximately 145,000,000 tons in 2010 (http://faostat.fao.org).
In the state of Chiapas (Mexico), tomatoes are mostly cultivated
organically, but production is often low due to diseases favoured
by climatic conditions, such as high humidity and temperatures.
The incidence and damage by pathogens vary between seasons,
regions and the year, but losses can be large (Villar and Lopez,
2003).

Of the many insects that feed on tomato plant, the most
important is whitefly, Bemisia tabaci (Gennadius, 1889). While
feeding on tomato plants, whitefly infects them with viruses, e.g.

sepium could be used to stimulate tomato development.
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begomoviruses (family Geminiviridae, genus Begomovirus),
which often limits the cultivation of crops (Diaz-Pendon et al.,
2010). Cover cropping with polypropylene mesh has been
introduced to avoid contact between the plant and whitefly in the
early stages of development, resulting in high yields with good
fruit quality. Corn root worm Diabrotica spp. (Chevrolat in Dejean,
1836) is another pest that feeds on tomato plants (Pedersen and
Godfrey, 2011). The larvae develop in soil feeding on roots, while
the adults eat leaves, flowers, buds and pods, damaging the plant
seriously.

Damage to crops by insects is highly variable in Chiapas,
but can be as high as 90% (Montes-Molina et al., 2008).
Traditionally, chemical insecticides, such as lambda-cyhalothrin,
are used to control pests on crops. However, chemical
insecticides might affect the environment and kill predators that
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prey on insects that cause damage to a crop. Lately, extracts of
plants have been used to control insects that reduce crop yields.
Plant extracts have the advantage that they can be obtained
locally at a low cost and it is hoped that these, when applied have
aless adverse effect on ecosystem. Of these, seeds or extracts of
neem plant (Azadirachta indica), leaf are widely used and have
proven to be effective pesticides (Salako et al., 2008). Neem
belongs to family Meliacea and has been studied widely for its use
as a bio-insecticide (EI Shafie and Basedow, 2003). Neem
extracts, with more than 300 identified components, alters the
behaviour and physiology of mites, insects and nematodes
(Schaaf et al., 2000). Azadirachtin A is the main insecticidal
ingredient in neem plant (Boursier et al., 2011). Neem is a native
plant of India and it is not known how cultivating it might affect
ecosystems in Southern Mexico. Gliricidia sepium (Jacquin)
belongs to family Fabaceae and originates from Central America.
It is a leguminous tree used as live fences and sometimes as
fodder. Extracts of Gliricidia sepium (Jacquin), a plantlocally used
as repellent, has been less used as bioinsecticide. Larvicida
activity of Gliricidia sepium against mosquito larvae of Anopheles
stephensi (Liston, 1901), Aedes aegypti (Linnaeus, 1762) and
Culex quinquefasciatus (Say, 1823) has been reported by
Sharma et al. (1998). In previous experiments, it was found that
leaf extracts of G. sepium reduced damage to maize plants and
increased yields, although to a lesser extent than when leaf
extracts of neem were used (Montes-Molina et al., 2008).

As part of a study into the use of plant extracts as insect
repellent, in organic farming, leaf extracts of neem and G. sepium
were applied to tomato plants cultivated in a greenhouse. Plant
development, fruit characteristics, and macrofauna on tomato
plants were monitored in the greenhouse. The objective of this
study was to determine how leaf extracts of neem or G. sepium
affected the macrofauna of tomato plants cultivated in
greenhouse, growth of tomato plants and characteristics of
tomato fruits. This is the first report on the use of leaf extracts of
both neem and G. sepium as bio-insecticide in the cultivation of
tomato plants.

Materials and Methods

Leaf extract preparation : Twenty mature neem (A. indica) and
20 mata-raton (G. sepium) trees were selected random by at the
South-East of Tuxtla Gutierrez. Five hundred grams leaves were
sampled from each tree and pooled. As such, 10 kg leaves were
collected. Leaves were at least 3 month old and had lost their
flexibility so that insects like ants, could not damage them any
more. One hundred grams of fresh leaves were washed with
water to clean them, cut in to 2 mm’ squares, added to 1 dm’
water, left in dark for 72 hr, which was sufficient to extract most of
the active components of neem and mata-raton. The solution was
then filtered and made up to 3 dm® with water. Extraction
procedures were kept as simple as possible to be easily
applicable for local farmers. Lambda-cyhalothrin, which served as
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a chemical insecticide, was obtained from Syngenta
(Willmington, Del., USA).

Soil sampling site and characteristics of soil : Soil was
collected at the experimental fields of 'Instituto Tecnolégico de
Tuxtla Gutierrez'in Tuxtla Gutierrez. Its average altitude is 570 m
above sea level and characterized by a hot sub-humid climate
with mean temperature ranging from 26 to 28 °C and average
annual precipitation of 1000 mm mainly from June through August
(http://www.inegi.gob.mx). The soil was previously not cultivated
for > 30 y and was covered with grasses and shrubs when the
area was prepared for sampling. The soil, with pH 6.6 and water-
holding capacity of 380 g kg™, had an organic C content of 56.8 g
kg™, aninorganic C content of 2.8 g kg™ and total N content of 8.9
g kg soil. The particle size distribution of the soil was 50 g clay
kg™ (<0.002 mm), 50 g siltkg™' (>0.002 mm and < 0.05 mm) and
900gsandkg™ (>0.05and <2 mm).

Cultivation of tomato plant and application of the leaf extracts
of neem and Gliricidia: The experiment was done in a greenhouse
from April to July in 2007, 2008 and 2009. The daily temperature
during the experimental period ranged from 24 to 36 °C. The plants
were planted in plastic containers (diameter 30 cm and 40 cm
depth) containing 10 kg soil on a dry weight base and placed in a
greenhouse. Each third day, 2 dm’ tap water was added to each
container. Thirty-six plastic containers were used for each of the five
treatments. As the experiment was repeated three times to account
for climatic differences, a total of 108 plants were used for each
treatment.

Tomato plantlets were kept ten days under an anti-aphid
net and then left in the open for ten days so that insects could
infect the plantlets. After ten days, the plantlets were placed under
an anti-aphid net again, two plantlets were discarded and four
different treatments applied. In a first treatment, the two plantlets
cultivated in each recipient were sprayed with 5 ml extract of
Gliricidia leaves (considered the Gliricidia treatment), in the
second treatment the two plantlets cultivated in each recipient
were sprayed with 5 ml extract of neem leaves (considered the
NEEM treatment), in the third treatment the two plantlets
cultivated in each recipient were sprayed with 5 ml lambda-
cyhalothrin solution (considered the chemical treatment). The
amount of lambda-cyhalothrin sprayed onto the plantlets was
similar to the amount recommended during the cultivation of
tomatoes. The procedure of spraying 5 ml leaf extracts or lambda-
cyhalothrin on the plantlets was repeated every week until six
sprayings were applied. In a fourth treatment, no insecticide was
applied to the plantlets (considered the control treatment). In the
experiment, a plant density of approximately 60000 plants ha
was obtained, which is the recommended density for tomatoes
(INIFAP-CECECH, 1999).

The plants were fertilized with urea for a total of 150 kg N
ha', i.e. 75 kg at 15 days after emergence and 75 kg at 45 days.
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Triple 17 (17%N, 17% P as P,0,and 17% K as K,0) was applied at
15 days after emergence. The dose applied considered that 60,000
plants were cultivated per ha. The plantlets were further cultivated
under the anti-aphid net until harvested. The time of flowering and
the number of flowers was determined. At harvest the fruits were
counted, weighted, dried in the shade for two weeks and weighted
again. After harvest, the soil was washed from the roots, the roots
were removed from the above ground plant material and weighted.
The roots and above ground plant material was dried in the shade
for two weeks and weighted again. The leaves were removed from
the stem and hammer milled < 0.1 mm prior to characterization.

Bromatological characteristics of the plants: The
characteristics were determined on fresh fruits and dried tomato
leaves. The water content, acid and fibre content, total N, pH, and
the % Brix of the leaves and fruits were determined as described
by AOAC (1980). The carotenoids and lycopene content was
determined as described by Wang et al. (2005).

Determination of the macrofauna on the tomato plants:
Insects were monitored just before and after fumigation. Flying
insects were captured with a 40 cm diameter fine-meshed net,
identified and counted while non-flying insects were hand
collected, identified and counted (Ortega, 1987). Captured
insects were liberated immediately after identification so that
changes in the fauna were due to the treatment and not due to the
collection. Insect abundance is expressed as the number found.
The family and the order to which the insects belonged, their
common name, the effect they have on the plants (causing
damage) or their action as possible predator (beneficial) is given
inTable. 1.

Statistical analysis: Significant difference for plant and fruit
characteristics and number of insects as a result of the different
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treatments were determined by analysis of variance (ANOVA)
(PROC GLM, SAS Institute, 1989). The minimum significant
difference (P<0.05) was calculated using the general linear model
procedure (PROC GLM). This procedure can be used for an
analysis of variance (ANOVA) for unbalanced data, i.e. when
some data are missing. The number of insects were first log
transformed (Log(x+1)) prior the statistical analysis. Data were
checked for normality and log (x+1) transformed to reduce
skewness and comply with the assumption of homoscedasticity
(Webster, 2001).

The relationships between the characteristics of the
plant, fruits and number of insects were visualized by principal
component analysis (PCA). For fruitand plant characteristics only
those that were significantly different between the treatments
were retained, while all insects determined before fumigation
were considered. Only principal components with Eigenvalues >
1and explaining > 10% of the total variance were retained. Details
ofthe PCAtechnique can be found in Valdez-Perez et al. (2011).

Results and Discussion

Fresh (total plant, roots and above ground plant material)
dry and foliar weight were significantly affected by the treatment
(P<0.05) (Table 2). The best developed plants were found in the
Gliricidia treatment, while differences between other treatments
were not significant. A higher fruit weight was found in the
chemical and Gliricidia treatments as compared to other
treatments. These differences were visualized using PCA
analysis (Fig. 1a). The Gliricidia treatment was clearly separated
from the other treatments. It was characterized by a positive PC1,
i.e. better developed plants, while differences between other
treatments were small.

Table 1 : Insects found on tomato plants (Solanum lycopersicum L.) amended with leaf extracts of neem and mata-raton cultivated in the greenhouse

Insect Common name Order Family Effect’
Bemisia tabaci(Gennadius, 1889) Sweet potato whitefly Hemiptera Aleyrodidae

Cactoblastis cactorum (Berg, 1885) Cactus ornopal moth Lepidoptera Phycitidae

Danaus plexippus (Linnaeus, 1758) Owl butterfly Lepidoptera Nymphalidae

Diabrotica spp. (Chevrolatin Dejean, 1836) Corn rootworm Coleoptera Chrysomelidae
Frankliniella occidentalis (Pergande, 1895) Western flower trips Thysanoptera Thripidae

Heliothis spp. (Ochsenheimer, 1816) Fruitborer Lepidoptera Noctuidae

Cercopoidea (Leach 1985) Froghoppers Hemiptera Cercopidae -
Lyssomanes spp. (Hentz, 1845), Pseudicius spp.  Jumping spiders Araneae Salticidae +
(Simon, 1885), Mimetus spp. (Hentz, 1832),

Peucetia viridans (Hentz, 1832)

Mantis religiosa (Linnaeus, 1758) European mantis Mantodea Mantidae +
Messor barbarus (Linnaeus, 1767) Ant Hymenoptera Formicidae +
Pseudococcus spp. (Westwood, 1840) Mealy bugs Hemiptera Pseudococcidea
Sphenarium spp. (Charpentier, 1842) Grasshopper Orthoptera Acrididae

Vespa spp. (Linnaeus, 1758) Yellow jacket Hymenoptera Vespidae

°Effect: when the effect is (-) then the animal is considered a pest and might cause damage to the plant, when the effect is (+) then the animal is

considered a predator and might benefit plant growth
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Most leaf characteristics were affected significantly by
treatment, except for total N, protein, lycopene and carotenoids
content (P < 0.05) (Table 3). Ash and fibre content was
significantly larger in the Gliricidia treatment than in other
treatments, but the “Brix, water content and pH were significantly
lower than in most treatments.

Consequently, the treatments were clearly separated in
the PCA analysis (Fig. 1b). On the one hand, the Gliricidia
treatment was characterized by a negative PC1, i.e., a high ash
content, and a negative PC2, i.e., high fibre content but a low pH.
On the other hand, the other three treatments had a positive PC2
and a small negative or positive PC1. All measured fruit
characteristics were affected significantly by treatment (P < 0.05)
(Table 4). In general, fruit characteristics such as ash, fibre, total
N, protein, acid, lycopene and carotenoid content, were larger in
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Gliricidia treatment and lower in control treatment. Water and
sugar content, however, was lower in Gliricidia treatment than in
othertreatments.

Differences in PC1 value, e.g. sugar content, for different
treatments were small (Fig. 2a). However, PC2 factors showed
larger differences among treatments. The Gliricidia treatment
was characterized by a large positive PC2, i.e. a high fibre content
and a low water content, that separated it clearly from other
treatments.

The number of different species found on tomato plants
was similar for different treatments (Table 1). Corn rootworm was
found only in Gliricidia treatment, but not in other treatments.
Consequently, PCA analysis did not separate the treatments well
(Fig. 2b).

Table 2 : The effect of leaf extracts of neem and mata-raton on characteristics of tomato plants cultivated in the greenhouse

Characteristics Control’ Gliricidia’ Neem’ Chemical’ MSD’ Fvalue Pvalue
Fresh plantweight (g) 27 48° 26° 23° 21 4.25 0.0073
Fresh foliar weight (g) 24° 44° 23" 20° 19 4.43 0.0058
Fresh root weight (g) 3.1° 4.0° 2.7° 2.9° 1.7 1.48 0.2252
Dry plantweight (g) 12.8° 21.5° 12.6° 12.0° 1.0 242 0.0706
Dryfoliar weight (g) 10.3° 19.1° 11.5° 10.5° 10.1 2.50 0.0640
Dry root weight (g) 1.5° 2.1° 1.5° 1.5° 1.1 1.06 0.3685
Plantheight (cm) 76° 80° 70° 81° 12.2 0.95 0.4203
Foliar height (cm) 59° 63° 56° 63° 5 0.36 0.7825
Rootlength (cm) 16° 16° 14° 16° 12 1.88 0.1380
Stem diameter (cm) 1.9° 25° 1.8° 21° 18 0.47 0.7037
Water content (g kg") 580° 510° 430° 510° 220 0.79 0.5042
Flowering (days) 52° 51° 49° 50° 7 0.67 0.5709
Fruitforming (days) 53° 57° 53° 57° 14 0.43 0.7335
Number of flowers 9° 12° 1° 11° 7 0.65 0.5841
Fruitweight (g) 43° 48° 45° 42° 17 0.33 0.8048
Fruitdiameter (cm) 4.1° 4.4® 45° 47° 0.7 1.20 0.3147
Fruitlength (cm) 4.5° 48° 47° 4.2° 1.0 0.94 0.4267

‘Control : Plants that were exposed to insects but received no treatment, b Gliricidia: Plants treated with extracts of leaves of Gliricidia, c Neem: Plants
treated with extracts of neem leaves, d Chemical : Plants treated with Lambda-cyhalothrin, e MSD: minimum significant difference (P < 0.05), f values
with the same letter within the row are not significantly different between the treatments

Table 3 : The effect of leaf extracts of neem and mata-raton on leaf characteristics of the tomato plant cultivated in greenhouse

Characteristics Control* Gliricidia”  Neem'’ Chemical’  MSD* Fvalue Pvalue
Ash content (gkg”) 121" 137° 14" 118" 14 9.49 <0.0001
Fibre content (gkg") 175° 218° 188" 190° 14 2411 <0.0001
TotalN (gkg™) 21° 25° 22° 20° 5 2.59 0.0565
0Brix 1.3% 1.1° 1.7° 14° 0.2 16.41 <0.0001
pH 73" 7.1° 76° 7.7° 0.3 8.35 <0.0001
Lycopene (mgkg’) 17.9° 14.0° 145° 18.4° 6.6 175 0.1610
Carotenoids (mgkg") 67.1% 59.8° 63.2° 70.1° 9.7 2.94 0.0364
Water content (g kg™) 650° 590° 640° 640° 10 70.65 <0.0001

*Control: Plants that were exposed to insects but received no treatment, "Gliricidia: Plants treated with extracts of leaves of Gliricidia, “Neem: Plants
treated with extracts of neem leaves, ‘Chemical : Plants treated with Lambda-cyhalothrin, "MSD: minimum significant difference (P < 0.05), f values with
the same letter within the row are not significantly different between the treatments
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Applying leaf extracts of G. sepium to tomato plants
increased their development and especially the dry and fresh
weight. Itis difficult to speculate what might have caused this, but
different explanations are possible. First, the leaf extracts of G.
sepiumreduced the number of insects and worked as repellent so
the damage to plants was smaller and they could develop better.
However, this treatment was not a better repellent than leaf
extracts of neem or chemical insecticide. Second, extracts of
other plants, like eucalyptus (Eucalyptus chamadulnosis
(Dehnh)), garlic (Allium sativum), marigold (Tagetes erecta) and
neem have nematicidal effect on juveniles of nematode,
Meloidogyne incognita (Lopes et al., 2011). It might be that leaf
extracts of G. sepium have also nematicidal effects or inhibit
growth of other organisms (e.g. fungi) thereby aiding plant growth,
but it is most unlikely that an extract sprayed on the foliage will
affect soil organisms. Third, the leaf extracts of G. sepium
contained nutrients that stimulated plant growth. Forinstance, the
total N applied with neem extracts was higher (146 mg N I") than
applied with G. sepium extract (70 mg N I), but C-to-N ratio was
lowerin the latter (13.2) thanin the former (37.1). The extract of G.
sepium might provide N to the growing tomato plants when the
organic N is mineralized, while organic N mineralized when neem
extract is applied is immobilized again. The total N in tomato
plants was similar in the neem and Gliricidia treatments, so it
appears that the amount of N applied was similar in neem and
Gliricidia treatments. The plants in different treatments were
fertilized in the same way so it did not affect plant growth.
However, the extract of G. sepium contain microelements, such
as sulphur, that might stimulate plant growth (Kandil and Gad,
2010). It is most unlikely, however, that the concentrations of
microelements in the neem and mata-raton extracts are very
different. Fourth, the leaf extracts of G. sepium contained a
component that stimulated plant growth. It has been shown that
grapes (Vitis vinifera) have the potential to synthesize abscisic
acid a regulator of plant growth, in situ (Wheeler et al., 2009). It
could be that the leaf extracts of G. sepium contain ABAand when
the extract is applied to the plant stimulates tomato growth. Afifth
possible explanation is that the tomato plant itself produces ABA

or another growth regulator as a consequence of stress induced
by application of leaf extract of G. sepium. ABA-regulated gene
expression, involved in desiccation tolerance, is expressed
mainly in seeds and in vegetative tissues under stress, but its
production has recently been demonstrated in tomato fruits
(Bastias etal., 2011).

Tomato fruit treated with leaf extracts of G. sepium were
characterized by high fibre content and high concentration of
lycopene and carotenoids, but low water content. Fibre are mostly
found in the outer layers of tomato. Under water stress, the plants
increase fibre content in the outer layers thereby reducing water
loss. Spraying leaf extract of Gliricidia on tomato foliage might
have induced salt stress or induced a yet unknown stress. This
stress might induce production of certain components, e.g.
sugars, to increase osmotic pressure in the cells, protecting the
plants against water loss. High concentration of lycopene, sugars
and carotenoids also indicated that tomato plants treated with G.
sepium were under stress. Wu and Kubota (2008) reported that
when tomatoes were cultivated in solutions with high electrolytic
conductivity, the concentrations of lycopene, chlorophyll and
sugars increased. This contributed to reduce water flow due to
osmotic or salt stress. Increased concentration of lycopene,
however, has an additional benefit. Consumption of tomato
products has been associated with a decreased risk of
developing prostate cancer, and lycopene, the red carotenoid in
the tomato, is a potent antioxidant that might contribute to this
chemoprevention activity (Van Breemen et al., 2011).

Treatment had a similar effect on the characteristics of
tomato leaves as on the characteristics of tomato fruits. Leaf
extracts of G. sepium not only affected tomato fruits but also the
characteristics of tomato leaves. Tomatoes treated with leaf
extracts of G. sepium were characterized by high fibre, and low
water content.

Treating plants with extracts of neem leaves had little
effect on the development of tomato plants, and fruit and leaf
characteristics under the given cultivation conditions as

Table 4 : The effect of leaf extracts of neem and mata-raton on fruit characteristics of tomato plants cultivated in greenhouse

Characteristics Control® Gliricidia® Neem Chemical MSD* Fvalue Pvalue
Ashcontent (gkg”) 9a' 10° 7 11° 2 14.46 <0.0001
Fibre content (gkg") 91° 154° 96° 88’ 11 114.76 <0.0001
Total N content (gkg™) 10.5° 13.0° 12.0° 10.6° 2.3 3.63 0.0147
Sugar content (gkg”) 24* 21° 27° 26® 5 3.48 0.0177
pH 3.86" 4.12° 3.88° 4.03* 0.21 4.78 0.0034
Acids (gkg") 19° 3.4° 22" 19° 0.1 417 0.0034
Lycopene (mgkg") 146.4° 113.8° 162.5° 164.3° 22.1 16.45 <0.0001
Carotenoids (mg kg™ 167.9° 145° 201.8° 203.6° 17.6 34.70 <0.0001
Water content (gkg”) 860° 800° 860° 860° 20 44.21 <0.0001

“Control : Plants that were exposed to insects but received no treatment, °Gliricidia: Plants treated with extracts of leaves of Gliricidia, “Neem: Plants
treated with extracts of neem leaves, ‘Chemical: Plants treated with lambda-cyhalothrin, “MSD: minimum significant difference (P < 0.05), f values with

same letter within the row are not significantly different between the treatments
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compared to tomato plants treated with lambda-cyhalothrin or not
treated at all. Treating plants with extracts of G. sepium leaves,
however, stimulated plant growth and altered some fruit and leaf
characteristics compared to tomato plants treated with lambda-
cyhalothrin or not treated at all. Plant development might have
increased as a result of growth hormones applied with the extract
or extract induced growth hormones in tomato plant. Changes in
the fruit characteristics indicated that extracts of G. sepium
generated stress in tomato plants, which might have been a result
ofincreased salt content or another yet unidentified factor. It was
found that extracts of G. sepium improved the development of
tomato plants, but further research is required to investigate the
mechanisms involved. Although extract of neemis known tobe an
effective repellent for insects, it had no effect on insect
populations in this study.
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