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Taxonomy

1. Introduction

he circumscription of Primulina has been revised
and expanded based on molecular evidence "'\
Currently the genus Primulina s.I. represents the
species richest genus in Chinese Gesneriaceae. By the end
of May 2020, the genus Primulina s.l., comprises more
than 220 species (infraspecific taxa included) **). More
than 50 new species of Primulina have been reported

[6-10]

since last 5 years'“'”. As this trend seemed to persist

to date, it might suggest that there would be many new

*Corresponding Author:
Fang Wen,

A new species of Gesneriaceae, Primulina titan, is described and
photographed from northern Guangxi, China. It resembles P. hunanensis,
but can be distinguished by combined morphological characters of leaf,
bract, corolla, stamen and pistil. We found only one population with approx.
800 mature individuals at the type locality. This species is provisionally
assessed as vulnerable [VU D1] using IUCN criteria.

species to be discovered in the near future, as it is unlikely
that the entirety of China can be surveyed any time soon .
During a botanical survey on limestone karst areas
in Guangxi in early April 2018, an unknown plant of
Primulina was discovered by the members of GCCC.
The population was not in flowering at that time, only
the white buds that about to bloom. Thus we visited the
original locality again in early May 2020, when this
unknown taxon is in flowering. After detailed comparison
of this unknown plant with all reported Primulina species

from Guangxi and adjacent areas ''"'¥, it neither fits

Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany, Guangxi
Zhuangzu Autonomous Region and Chinese Academy of Sciences, CN-541006 Guilin, China,; Gesneriad Conservation Center of
China (GCCC), Guilin Botanical Garden, Chinese Academy of Sciences, CN-541006 Guilin, China;

Email: wenfang760608@139.com
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the existing protologues nor conforms with the type
specimens of these species. Nevertheless its inflorescence
are most similar to those of P. hunanensis KM. Liu &
X.Z. Cai " it can be distinguished from the latter by
combined of several morphological characters of leaf,
bract, corolla, stamen and pistil. We confirmed that it
represents a new Primulina species, which is described
and photographed here.

2. Taxonomic Treatment

Primulina titan Z.B. Xin, W.C. Chou & F. Wen, sp. nov.
(Figure 1)

Figure 1. Primulina titan. A: Habitat. B: Habit with
flowers. C: Leaf and the axillary cyme. D: Cyme. E: Bracts.
F: Lateral view of the corolla. G: Top view of the corolla.
H: Front view of the corolla. I: Pistil and Calyx. J: Calyx
lobes. K: Opened corolla (Photographed by Z.B. Xin)

Diagnosis. Primulina titan differs from P. hunanensis
by its leaf blade glabrous (vs. covered with straight, point-
ed, white trichomes), petiole 1.2-2.5 cm in diam. (vs. 0.4-
1.0 cm); bract pale green inside, margin obviously numer-
ous serrate, sparsely pubescent outside, glabrous inside (vs.
pink or purple-red inside, margin entire or repand, densely
trichomes and pubescent outside, sparsely trichomes and
pubescent inside); corolla white outside, with red-purple
and brown stripes and spots inside (vs. purple, with white
stripes at corolla mouth); filament yellow, 1.5-1.7 cm long
(vs. white, 0.8-1.2 cm); anther 7-8 mm long (vs. 3.5-4.5
mm); pistil pale green, 4.2-5.0 cm long (vs. pale pink, 2.6-
3.8 cm).

Type. China. Guangxi Zhuangzu Autonomous Region:
Guilin City, Yongfu County, Sanhuang, growing on moist
and shaded rock surface on the limestone cliff, 25°3'52"” N,

2 Distributed under creative commons license 4.0

109°41'20"E, alt. 345m, 09 May 2020, flowering, Z.B. Xin
et al., XZB20200509-01 (Holotype: IBK; Isotype: IBK).

Description. Herbs perennial, acaulescent, lithophyt-
ic. Leaves 4-10, basal, opposite; petiole 5-15 x 1.2-2.5
cm, glabrous; leaf blades broadly ovate, 15-35 x 12-30
cm, apex obtuse, base cuneate or cordate, margin repand,
adaxial and abaxial surfaces glabrous; lateral veins 3-4, in-
conspicuous adaxially; apparently raised abaxially. Cymes
2-4, axillary, 5-10-flowered; peduncles stout, brown, 20-
25 cm long, 5-8 mm wide, densely whitish pubescent;
bracts 2, opposite, pale green, ovate or broadly ovate, 4.0-
5.0 x 3.5-4.5 cm, obtuse at apex, margin obviously numer-
ous serrate, sparsely pubescent outside, glabrous inside;
pedicels pale green, 1.1-1.3 cm long, whitish pubescent.
Calyx 5-parted, near to the base; lobes pale green, nar-
rowly lanceolate, 9-13 x 3.0-4.0 mm, densely pubescent
abaxially, nearly glabrous adaxially, apex acute, margin
obviously serrate from middle to apex. Corolla white out-
side, with red-purple and brown stripes and spots inside,
5-6 cm long, densely pubescent outside, sparsely pubes-
cent or glandular-pubescent inside; corolla tube narrowly
funnel-shaped, almost straight, 3.6-4.0 % 1.0-1.4 cm; limb
distinctly 2-lipped, adaxial lips short, bilobed, lobes ovate
or broadly ovate, ca. 7 mm long, 8 mm wide; abaxial lips
trilobed, lobes near equal, ovate, ca. 1 cm long, 8§ mm
wide. Stamens 2, adnate to 1.5-1.7 cm from corolla tube
base, filaments 1.5-1.7 cm long, yellow, linear, geniculate
strongly near middle, glandular-pubescent or trichomes;
anthers glabrous, dorsi-fixed, reniform to elliptic, 7-8
mm long, 2 mm wide, coherent in pairs, thecae confluent
at middle; staminodes 3, the middle one adnate to 8-10
mm from corolla tube base, 2-3 mm long, the lateral two
adnate to 1.2-1.4 cm from corolla tube base, 1.0-1.1 cm
long. Disc ca. 2 mm high, annular, margin repand. Pistil
pale green, 4.2-5.0 cm long, densely glandular-pubescent;
ovary linear, 2.0-2.5 x ca. 3 mm, densely glandular-pubes-
cent; style ca. 1.2 X 1.5 mm, densely glandular-pubescent;
stigma bilobed, lobe ca. 5.0 x 1.2 mm wide, puberulent.
Fruit 5.5-6.5 cm long, apex obtuse, capsule cylindrical,
densely glandular-pubescent.

Phenology. Flowers from the middle of April to June,
fruits from the middle of June to August.

Distribution and habitat. The plant is known only
from its type locality, near Sanhuang, Yongfu County,
Guilin City, Guangxi Zhuangzu Autonomous Region,
China, growing on moist and shaded rock surface on the
limestone cliff, which is located in subtropical broad-
leaved evergreen forest.

Etymology. Its specific epithet, “titan” comes from its
quite big leaves.

Vernacular name. Tai Tan Bao Chain Ju Téi (Chinese

DOI: https://doi.org/10.30564/jrb.v2i3.1994



Journal of Botanical Research | Volume 02 | Issue 03 | July 2020

pronunciation).

Conservation status. The type population consists of
approx. 800 mature individuals, growing on shaded and
moist rock surface on the cliff. This species is provisional-
ly assessed as vulnerable [VU D1] using IUCN criteria'®.

Notes. Primulina titan is morphologically close to P.
hunanensis, but can be identified by combined characters

(Table 1; Figure 2).

Table 1. Comparison between Primulina titan and
P. hunanensis

Characters P. titan P. hunanensis
straight, pointed, white
Leaf glabrous g p
trichomes
Petiole 1.2-2.5 cm in diam. 0.4-1.0 cm in diam.
.. ink or purple-red inside,
pale green inside, P " purp
. . margin entire or repand,
margin obviously numerous .
densely trichomes and
Bract serrate, .
. pubescent outside,
sparsely pubescent outside, .
. sparsely trichomes and
glabrous inside -
pubescent inside
white outside, with red-purple| purple, with conspicuous
Corolla and brown stripes and spots | white stripes at the corolla

inside mouth

Corolla tube 2.4-2.9 cm long, 2.8-3.5 cm long

Filament yellow, 1.5-1.7 cm long white, 0.8-1.2 cm long
Anther 7-8 mm long 3.5-4.5 mm long
Staminode 3 2, rarely 3
Pistil 4.;—24‘11; gcrrielrgng 2.6r-)§l 1 ; Elil?l;(,)ng
Disc ca. 2 mm high 1.2-1.8 mm

Figure 2. Comparison between Primulina titan (1) and P,
hunanensis (2). A: Adaxial surfaces of the leaf blade. B:
Cymes. C: Lateral view of the corolla. D: Front view of the
corolla. E: Pistil. F: Stamens. (Photographed by Z.B. Xin)

Distributed under creative commons license 4.0
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1. Introduction

hemical synthesized pesticides are extensively
used for controlling pests such as insects, mites,
fungi, nematodes, rodents, weeds and others. The

most basic models in crop production is to diminish de-

*Corresponding Author:
Nadia Zikry Dimetry,

Neem (Azadirachta indica A. Juss), prominently known as conventional
medication is a local plant in India. Neem is regarded as a promising
tree species which can be utilized in variety ways to benefit agricultural
communities throughout the world. Neem based insect sprays were
productive for the control of different insect species, yet their low
lingering impact and absence of normalized definitions are issues for field
application. Additionally, neem is fairly have harmful impact in nature. The
use of nanotechnology as a mean for nanopesticides is in the beginning
time of improvement. All things considered, the nanosphere definition
demonstrated upgraded systemicity of the dynamic fixings and made its
infiltration better in the plant, because of their little size. Nanoencapsulated
pesticides can give controlled discharge energy, while proficiently
upgrading piousness, dependability, and solvency. Nanoencapsulation can
improve the vermin control proficiency over expanded spans by forestalling
debasement of dynamic fixings under ecological conditions. This survey
is hence composed to fundamentally evaluate the toxicological impacts i.e
to examine the manifestations, systems and identifications of poisoning
vertebrates particularly people. The prepared neem nano-plants contrasted
with the bulk one have will be assessed on albino mice through two main
approaches, i.e. determination of acute oral LD50 and study the toxic effect
of sublethal dose (LD10) on some biochemical parameters. The effect
of the prepared nano-formulations compared to the bulk one on various
biomarkers, i.e. hematological, hepatotoxicity and nephrotoxicity in albino
mice after an oral administration of sub-lethal dose during sub-acute
treatment were taken in consideration. Hence, this review should thus offer
an important guide for building up potential advantages are underlined,
while little is known on security or the antagonistic impacts of nano-
advances in the agro-foodsystem.

crease in crops and for delivering enough and solid food
because of the expanding human populaces overall (7.7
billion) """ It has been recorded that around 3 million
ton of insect sprays are utilized for crop insurance an-
nually . These inordinate utilization of harmful risky
poisonous pesticides which may present expected ecolog-

Department of Pests and Plant Protection, National Research Centre, EI-Bohouth St., Dokki, Cairo, 12622, Egypt;

Email: nadia_dimetry@yahoo.com

Distributed under creative commons license 4.0
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ical and natural dangers to human health, non-target liv-
ing beings and ecosystem''" The most widely recognized
issues in crop protection are pesticide residues and pest
resistance. Likewise, the pesticides deposits influence
open health®" Insect sprays are utilized to ensure vegeta-
bles, plantations, fancy plants and put away item materials
against numerous pests during storage and in the field.. In
spite of the fact that the fundamental motivation behind
these manufactured pest sprays was known, it can make
numerous unfavorable impacts individuals,animals, feath-
ered creatures and environment . Also, widespread use
of pesticides has led to the development of resistance to
pesticides such as “organophosphorous compound, carba-
mates, pyrethroids, abamectin and indixacarb " In this
way, the persistent assessments of the plant insect sprays
“for security poisonousness are extraordinarily required
utilizing diverse creature models since the reactions by
these creatures to synthetic operators changes widely """,
At this moment, new example is going in the state of mind
for using the basic plant extracts for instance “neem ex-
tracts or EOs "> as regular pesticides to control insects
with nanoformulations in green pest management .
These green and nanopesticides are safe, low or no mam-
malian destructiveness and have various goals of noxious
action in insect pests, which lead to high selectivity and
low restriction development "’
tree “Azadirachta indica, A. Juss” green growth, organ-
isms, microorganisms and fundamental oils of other plant
roots are dynamic against several insect species including
vertebrates and useful parasitoids and predators. They are
utilized as options in contrast to the customary compound
pesticides which lead to ecological unevenness as per
their unsafe consequences for normal development, or the
event of vermin opposition and the hurtful impact of pes-
ticides deposits in soil or plant.

Low or no mammalian harmfulness and have numerous
locales of poisonous activity in pests, which lead to high
selectivity and low resistance development "*'"*, Extracts
from the neem tree “Azadirachta indica, A. Juss” green
growth, organisms, microscopic organisms and fundamen-
tal oils of other plant origin are dynamic against several
pest species including vertebrates and helpful insects.
They are utilized as options in contrast to the convention-
al synthetic pesticides which lead to the occurrence of
pest resistance, ecological unevenness as per their hurtful
consequences for natural enemies, or the event of harmful
opposition and the unsafe impact of pesticides deposits
in soil or plant. “As needs be, it is imperative to discover
safe choices like plant extracts or basic oils which have
demonstrated victories in pest control, as they have in-
secticidal action, influence the irritation fruitfulness, give

! Extracts from the neem

6 Distributed under creative commons license 4.0

antifeedant or obstacle impact just as influence the bio-
chemical procedures inside the insect body”. According
to another perspective, one of the detriments of the cus-
tomary organic items is their restricted soundness when
applied in the field.

Extracts from the neem tree “Azadirachta indica,
A. Juss” green growth, organisms, microorganisms and
fundamental oils of other plant sources are dynamic
against many insect species including vertebrates and
valuable biological control species. They are utilized as
options in contrast to the customary synthetic pesticides
which lead to ecological unevenness as indicated by
their unsafe consequences for common foes, or the event
of anti-feedant or deterrent effect and the destructive
impact of pesticides deposits in soil or plant. Likewise,
it is critical to discover safe choices like plant extracts
or natural oils which have indicated success in pest
control, as they have insecticidal efficacy, influence the
insect fertility, give antifeedant or obstruction impact
just as influence the biochemical procedures inside the
insect body. According to another perspective, one of the
detriments of the customary herbal items is their restricted
soundness when applied in the field.

Considering the real factors implied the massive num-
ber of plant extracts, it was found that neem extracts (got
from the tree Azadirachta indica) is the most well known
plant extracts among others. Its insecticidal activity relies
upon its strategy for movement as interfering with larval
turn of events and improvement, advancement obstacle,
development impediment, or enlistment of malformation
in the larval stage. “In the grown up adult insects, these
concentrates block egg development and may in like cause
sterilization in different insect pests and such impacts can
likewise be prompted as hormone application !'*'""”

To conquer the inconveniences of the conventional or-
ganic extracts for example, instability chemical disintegra-
tion and consequently loss insecticide properties their pest
spray properties, green nano-innovation is a fruitful way
which is as of late used to improve the pesticide properties
of plant insect sprays. Nano-innovation has become a sig-
nificant examination field in all zones. The size, direction
and physical properties of nano-particles have supposedly
appeared to change the exhibition of any material ",
Advancement of green procedures for the combination
of nano-particles is developing into a significant part of
nanotechnology !'”. Be that as it may, phytochemicals, for
example, secondary metabolites and fundamental oils face
issues of stability and cost adequacy. If there should be an
occurrence of fundamental oils, their compound precari-
ousness within the sight of air, light, dampness, and high
temperatures that cause quick vanishing and corruption of
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some active components are significant concern. Joining
of fundamental oils into a controlled-discharge nano-defi-
nition forestalls fast dissipation. Moreover, this sort of
definition is required to be more successful than the bulk
substances °**. Then again, it has been discovered that
pesticide nano formulations indicated less harmfulness to-
wards non target organisms contrasted with bulk or busi-
ness formulations and subsequently a higher explicitness
was observed ! corruption; prevents rapid evaporation
and degradation; enhances stability improves solidness
and keeps up the base viable measurements / application
because of covering process >

To conquer the weaknesses of the customary natural
extracts, for example instabiltiy, chemical decomposition
and henceforth misfortune their insect spray properties,
green nano-innovation is a fruitful way which is as of late
used to improve the pesticide properties of herbal pest
sprays. Nano-innovation has become a significant exam-
ination field in all zones. The size, direction and physical
properties of nano-particles have purportedly appeared to
change the exhibition of any material '*
green procedures for the blend of nano-particles is devel-
oping into a significant part of nanotechnology """, Be that
as it may, phytochemicals, for example, auxiliary metabo-
lites and basic oils face issues of strength and cost viabili-
ty. If there should arise an occurrence of fundamental oils,
their concoction shakiness within the sight of air, light,
dampness, and high temperatures that cause quick vanish-
ing and debasement of some dynamic parts are significant
concern. Fuse of basic oils into a controlled-discharge
nano-definition forestalls fast vanishing and corruption;
improves strength and keeps up the base compelling mea-
surement application because of covering process *.

Additionally, such an enumerating is depended upon
[21,22]

1 Advancement of

to be more reasonable than the mass substances
On the other hand, it has been found that pesticide nano
definitions exhibited less poisonous towards non target
animals contrasted with mass or commercial formulations
and in this manner a higher explicitness was watched. The
target of the current survey is to focus on the harmfulness
of Neem extracts and Neem nano-items as few is recorded
on safety and the antagonistic impacts of the utilization of
nano-advances in the agro-food sector %/,

2. Plant Extracts as Biological Control Agents

The characteristic issues achieved by maltreatment of pes-
ticides have been the matter of stress for both scientists
and people in recent time. It has been assessed that 3 mil-
lion tons of pesticides”” are used on crops each year and
the general damage realized by pesticides comes to $100
billion every year. The reasons behind this are the high
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poisonousness and non-biodegradable properties of pes-
ticides and the development in soil, water resources and
harvests that impact open health ™.

Thusly, it must be considered to search for new signifi-
cantly explicit and biodegradable pesticides to handle the
issue of long haul harmfulness to vertebrate creatures, of
course, one must analyze the environmental friendly pes-
ticides and make techniques that can be used to decrease
pesticide use while keeping up crop yields.

Natural products are a super option in contrast to syn-
thetic pesticides as intends to diminish negative effects
on human wellbeing and the earth. Advancing toward
green science forms and the proceeding with requirement
for growing new harvest security instruments with novel
methods of activity makes disclosure pesticides as an al-
luring and productive interest that is telling consideration..
botanical insecticides are progressively pulling in research
consideration as they offer novel methods of activity that
may give viable control of pests that have just evolved
protection from traditional insect sprays . Neem “Aza-
dirachta indica” is one of the most significant limonoid
creating plants from Meliaceae family ** has for some
time been perceived as a wellspring of condition agree-
able biopesticide. A few constitutions of its leaves and
seeds show marked insect control potential and because of
their relative selectivity, neem items can be suggested for
some Integrated Pest Management (IPM) programs ", In
any case, there are a couple of occurrences of things got
from plant extracts, for instance, neem oil, China berry
seed extracts among others that apply diverse method of
activities to execute the focus insect pest. From those ref-
erenced techniques for activities of such plant extracts, the
antifeedant **’, (insect development regulators) "' and
sterilizers ", Most work has focused on azadirachtin and
other related compounds luxuriously from neem seed ex-
tracts which go about as both solid antifeedants and insect
growth regulators. Azadirachtin and its contents has anti-
feedant effect due to either hydrogenation of - 22 twofold
bonds or deacetylation caused any change by impeding of
hydroxyl group affected the taking care of inhibitory ac-
tivity, while acetylation of azadirachtin caused a decrease
in the most extraordinary activity .

Further the sound framework synthetic structure around
hemi acetyl region is critical for antifeedent development.
Azadirachtin impacts the insect’s reproductive organs,
body improvement and other endocrine systems " and
doesn’t impact other biocontrol agent. Neem has impact-
ed more than 300 insect pests . Further neem items are
bio-degradable, slight destructive or no noxious to non
target living forms, while they are non-hurtful toward
people and well evolved creatures ',
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Neem roots have a capacity to recover sickness-
es what’s more give a couple of pest spray properties
against insect pests "\, In like way, the perniciousness
characteristics of azadirachtin and the component of its
insecticidal activity were besides considered **'. Extracts
of various parts of the tree, especially of the seeds, have
been appeared to posses feeding prevention properties (
antifeedant), repellency, toxicity and growth disruptive
properties to different species and phases of insects of
different orders “So that, one of the activities of neem is
considered as insect growth regulator”. A comprehensive
review of the entomological properties of neem has been
published "****) Be that as it Neem oil extracted from
the seeds of neem tree has been known to contain various
bioactive blends significant mixtures are tri-terpenoids of
the class of limonoid. Noteworthy mixture as uncovered
in published works seem to be (azadirachtin A), salanin,
nimbin, 3-tigloylazadirachtol (azadirachtin B), and 1-ti-
gloyl-3-acetyl-11-hydroxymeliacarpin (azadirachtin D) .

Neem subordinates don’t kill insect pests straight
forwardly, however behavioural and physiological
properties and starvation antifeeding of insects on treat-
ed plants "7°™* “The most significant active principal
of neem compound is azadirachtin which unequivocally
meddles with larval development and improvement. The
morphological impacts are growth retardation, develop-
ment hindrance, molting inhibition, or induction of abnor-
mality.”

Insect growth regulatory activity of neem debilitates
the cuticle defense system of the larvae causing simple
entrance of pathogenic organisms into insect framework.
Azadirachtin, a naturally dynamic compound has been
advanced as another new pest spray that is viewed as
more eco-accommodating than synthetic insecticides.
The pesticide adequacy, environmental security and open
agreeableness of neem and its items has prompted its se-
lection into different mosquito control programs **’. Rao
et al.,"*” demonstrated that the LCy, values for neonate
and the second instar hatchlings of Helicoverpa armigera
were 0.002 and 0.004 %, respectively when ate from
Neem Azal-treated cotton leaves constantly. The LC;, val-
ues were 0.005, 0.02, and 0.03% for the first, second, and
third instar hatchlings of H. armigera, respectively, when
the acquaintance was compelled with 48 hr. Besides, they
itemized that the concentration of 200 ppm of Neem Azal
on a very basic level diminished larval and pupal weight
in assessment with control.

Dimetry, et al.,"*" found that the LCy, values for second
and fourth instar larvae of Agrotis ipsilon were 4.38 and
16.68 ppm individually when given semi-synthetic diet
contain various convergences of azadirachtin when the
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introduction time frame was 96 hours. They includ-
ed that LC,, carried on a similar action request as they
were 8.57 and 34.74 ppm for the second and fourth in-
star individually.

Amin et al.,"”) brought up that neem oil at a sublethal
portion (0.75ppm) azadirachtin when added to artificial
diet and fed to second instar larvae of Agrotis ipsilon
expanded the larval length to 22.71 days contrasted and
18.82 days for the control larvae and the level of larval
mortalities expanded to 10 % contrasted and 5 % for the
control. They additionally included that pupal span was
drawn out concerning control treatment, Again, a note-
worthy decrease (384.62 mg) was happened in pupal
weight in correlation with the control 410.0 mg.

“Neem items have low poisonousness to birds, fish and
vertebrates and are more less likely to induce resistance
due to their multiple mode of action and their different
method of activity on insects”.

Generally, it could be concluded that the use of tested
compounds with biological insecticides (azadirachtin;
pyridalyl and quercetin) could be followed instead of con-
ventional hazards insecticides and these may reduce the
environmental pollution and hazard management program
using tested compounds looking forward in integrated pest
management.

3. Toxicological Evaluation of Plant Extracts
against Mammals

Although a ton of work on pharmacological action of
neem extracts has been done, very little toxicological as-
sessment has been under taken. Toxicology worried about
the investigation of the unfriendly impacts of synthetics
on living creatures. The ecological issues came about be-
cause of the utilization of synthetic pesticides have been
the explanation of worry for every single person and re-
searchers in the ongoing decades. It has been recorded that
around 3 million tons of pesticides are utilized on various
crops every year. In this way, it must be taken in thought
to scan for more safe and biodegradable pesticides to
solve the problem of long term toxicity to mammals. Then
again, ecological well disposed pesticides and create strat-
egies which can be utilized to lessen pesticide application
to get crop yield liberated from pesticide buildups. Herbal
pesticides are sheltered option in contrast to synthetic pest
sprays as a best mean to diminish negative effects on hu-
man well being, creatures, soil, water, air and condition.
They are more good with the ecological segments than

1 Neem items have low harm-

manufactured pesticides
fulness to birds, and vertebrates and are more adverse to
instigate opposition because of their numerous method of

activity on insect pests. Moreover, insect growth regula-
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tor activity weakens the cuticle defense system of larvae
causing simple infiltration of pathogenic life forms into
insect pest framework. Toxicological examination of A.
indica leaf extracts at 0.6 - 2.0 g/kg body weight didn’t
represent any deadly impacts on hematology, protein
levels and histopathological boundaries of exploratory
creatures though the leaf extracts at 200 g/kg body weight
decreased the body weight of the animal and were joined
by weakens, anorexia and histopathological defects™".
The ethanolic root extract has likewise been accounted for
to display a portion subordinate hepatotoxicity while the
aquous extracts was not harmful to the liver **.,

Destructiveness profile of ethanolic extract of
Azadirachta indica stem bark in male Wistar rats was
explained by Ashafa et al. ', differentiated and their
different beginning body weight of the attempted animal,
their last body weight extended (P<0.05) all through the
introduction time period. The extract moreover extended
the incomparable heap of the liver, kidney, lungs and heart
of the animals """ (Table 1).

The 50 and 100 mg/kg body weight of the extract
didn’t fundamentally adjust the body weight of the animal,
interestingly, the most noteworthy portion (300 mg/kg

body weight) expanded the heaviness of the pancreas. So
also, all the dosages of the extract expanded the liver-,
kidney-, lung-and heart-body weight proportions. The
spleen body weight proportion was not significantly
different from the control at 50 and 100 mg/kg body
weight. Moreover, the 200 mg/kg body weight of the
extract diminished the spleen-body weight proportion
while the 300 mg/kg body weight expanded it (Table
1). By and large, the adjustments in the biochemical
parameters of toxicity effectively affect the ordinary
working of the organs of the animals. In this manner, the
ethanolic extract of A. indica stem bark at the dosages
of 50, 100, 200 and 300 mg/kg body weight may not be
totally safe as an oral cure and ought to be taken with alert
if completely necessary ',

The alterations in biochemical parameters by the
ethanolic extract of 4. indica stem bark are indications of
adverse effects on the various organs of the animals. These
will have consequential effects on the normal functioning
of these organs. The ethanolic extract of 4. indica stem
barks may not be safe as an oral remedy most especially
at 100, 200 and 300 mg/kg body weight. The dose of 50
mg/kg body weight appeared to be relatively safe '),

Table 1. Efficacy of the stem bark of 4. indica ethanolic extract on some organs of male rats (n= 10)

Extract (mg/kg body weight)
Parameters
check 50 100 200 300
Initial body weight (g) 185.00+8.93" 188.00+5.26° 184.00+7.11° 187.004.44° 184.00+7.74°
Final body weight (g) 205.00£10.00 218.00+9.15° 214.00+7.54° 207.00+8.09° 210.009.00°
Weight of liver (g) 5.560.58" 7.05+0.93" 8.86+0.55° 7.27+0.28° 8.58+0.76°
Weight of kidney (g) 0.80:£0.05" 1.03+0.07° 1.090.09° 1.07+0.20° 0.98+0.07"
Weight of lungs (g) 1.16+0.05" 1.59+0.11° 1.95+0.81° 2.03+0.28° 1.49+0.66"
Weight of spleen (g) 0.56+0.03" 0.57+0.02° 0.54+0.06" 0.27+0.07 0.71+0.07°
Weight of heart (g) 0.51+0.01° 0.77+0.04° 0.72+0.04° 0.74+0.09" 0.73+0.03"
Liver-body weight (%) 2.7140.02° 3.2340.05" 4.14+0.03° 3.51+0.01° 4.08+0.05°
Kidney-body weight (%) 0.39+0.01° 0.47+0.08" 0.51+0.02° 0.52+0.01° 0.47+0.03"
Lung-body weight (%) 0.57+0.03" 0.73+0.02" 0.9140.01° 0.98+0.02° 0.71+0.07"
Spleen-body weight (%) 0.27+0.02" 0.26+0.04" 0.25£0.05* 0.13+0.01° 0.3440.01°¢
Heart-body weight (%) 0.25+0.01° 0.35+0.01° 0.34+0.03" 0.36+0.02" 0.35+0.01°

Note:

Mean+SD values carrying different superscripts from the check for each parameter are significantly different (P<0.05).
After Anofi Omotayo Tom Ashafa,* Latifat Olubukola Orekoya, and Musa Toyin Yakubu (2012).

In another examination done by Yun-xia Deng et
al'™ they found that in the acute toxicity test, the LDy,
estimations of neem oil were seen as 31.95g/kg. “The
28 days subacute treatment with neem oil failed to
change body weight gain, food and water consumption.
Histopathological tests indicated that the objective
organs of neem oil were testicle, liver and kidney. Serum
biochemistry investigation demonstrated no significant
contrasts in any of the boundaries inspected under the
portion of 1600mg/kg/day”.
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They included that in no-watched antagonistic impact
level (NOAEL) of presentation and target organs of neem
oil for building up security standards for human exposure,
the subchronic toxicity extract with neem oil in mice was
assessed. The mice (10 for each sex for each portion)
was orally managed with neem oil with the dosages of 0
(to fill in as a control), 177, 533 and 1600 mg/kg/day for
90 days. After the treatment time frame, perception of
reversibility or perseverance of any poisonous impacts,
mice were constantly taken care of without treatment
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for the accompanying 30 days. During the two trials, the
serum biochemistry, organ weight and histopathology
were inspected. The outcomes demonstrated that the
serum biochemistry and organ coefficient in exploratory
gatherings had no significant difference compared with
control group. At the 90th day, the histopathological
assessments demonstrated that the 1600 mg/kg/day
portion of neem oil had differing degrees of harm on
every organ with the exception of heart, uterus and
ovarian. Following 30-day recovery, the level of sores to
the tissues was decreased or even reestablished. The safe
dose of neem oil was 177 mg/kg/day for mice and the
objective organs of neem oil were resolved to be testicle,

liver and kidneys ',

Toxicity to other Mammals and Birds

New neem leaves given to Goat and Pigs for 7 days in
200mg/kg portion caused passing of creatures at 5 th day
and posthumous revealed clog in brain “”. SDS PAGE ex-
amination of heart proteins of the Bioneem treated chick
embryo didn’t show any noteworthy contrast in protein
profile when contrasted with that of the control.

In study done to broiler chicks by Nety et al. ™ who
announced that the hydro-alcoholic extract of Azadirachta
indica ( Neem Leaves) as an alternative in contrast
to anti-biotic growth promoter- Bacitracin methylene
diasalicylate ( BMD) was assessed in broiler chicks. The
extract was prepared by 50 % methanol and 50 % water
AlE, 0.4 g/L) and was placed in drinking water and given
to the chicks of particular treatment for 42 days. 90 broiler
chicks ( day-old ) were arbitrarily allocated to 3 groups
and each group with 3 replicates with 10 chicks of each.

They found decreased body weight, body weight gain
and decreased feed conversion in (AIE) Azadirachta indi-
ca extract supplemented birds suggest that 4. indica leaf
extract contains toxic substance. The results of this study
are in accordance with the findings of previous workers in
acute toxicity study on neem leaf aqueous extract in chick-
en. The elevated activity of serum alanine amino transfer-
ase (ALT) and serum aspartate amino transferase (AST) in
the serum of AIE supplemented birds for 6 weeks indicat-
ed severe liver damage and increase level of uric acid and
creatinine concentration indicated hepato-nephro toxicity,
significant lower level of packed cell volume and lym-
phocyte count was observed in AIE supplemented group.
Nety et al. ™ concluded that supplementation of hydro-al-
coholic extracts of Azadirachta indica leaves ( AIE) in
broiler birds caused death of 20 % of birds during the 4"
and 5" weeks and toxicity is mainly associated with the
hepatotoxicity, nephrotoxicity, suggesting that AIE should
be used with caution in ethano-veterinary practice. Rafeeq
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Alam Khan& Maryam Aslam " expressed that acute oral
poisonousness ( LDs,) was seen in albino mice utilizing
standard conventions where as sub-chronic, hematological
and histopathological contemplates were surveyed on 24
albino rabbits after giving herbal formulations for 60 days
in two dosages ( 20 and 60 mg/kg) against control gather-
ings.

Likewise, It is accounted for that leaves of neem
brought about harmful impacts on sheep'’" goats and
guinea pigs "”. A portion higher than prompting passing
in guinea pigs. In any case, 200 mg/kg in a similar course
was seen as non-poisonous to rabbits °'. Ethanol neem
containing 3000 ppm azadirachtin (£10%) is recorded
by the Environmental Protection Agency (EPA), USA.
The information submitted on intense oral harmfulness in
rodents showed no negative impact up to a portion of Sml/
kg (National Academy Press, Washington D.C., 1992’1,

In another assessment, methanolic leaf and bark
extracts showed an oral LD50 (Lethal segment, half) of
about 13g/kg in acute harmfulness assessment on mice’s.
Creature gave general signs of wiped out prosperity and
disquiet, gastro-intestinal spam, lack of concern, refusal
of water.

4. Nanotechnology in Pest Control

Pesticides denotes a wide range of agro-chemicals, those
are extensively used in agriculture for protection of crops
from diseases, pests and weeds. Pesticides are exploited
both extensively and intensively to minimize these losses
and around 3 billion tons of pesticides are employed for
the same™™ The biggest hurdle that lead to the failure of
these pesticides was the water-insolubility of these formu-
lations. Purchaser familiarity with the health hazard from
the residual harmfulness and the issue of most efficient
protection from pesticides has contend the researchers
during the most recent two decades everywhere through-
out the world to look for progressively safe methods 52,
One of the most effective options is utilizing nanotechnol-
ogy ™. Nanoemulsions are emulsions whose minuscule
size is uniform and incredibly little with the size ranges
that of bulk materials and can be figured without the utili-
zation of organic solvents **. In excess of 1300 business
nanomaterials with wide spread of potential applications
are as of now available ", Kamaraj, et al. *” orches-
trated a neem gum nano-plan (NGNF) as antifeedant,
larvicidal and pupicidal exercises against Helicoverpa
armigera (Hub.) and Spodoptera litura (Fab.) at 100 ppm.
The NGNF showed significant (100%) antifeedant, larvi-
cidal and pupicidal practices against H. armigera and S.
litura. The LC50 estimations of 10.20, 12.49 and LC90
estimations of 32.68, 36.68 ppm on H. armigera and S.
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litura, exclusively were resolved at 100 ppm.

At a time when the conventional pesticides pose an
immense threat to the quality of environment and the
health of the organisms, more emphasize should be giv-
en on development of nano-formulation of pesticides,
which proves to be more potent and selective over the
conventional formulations. Though these formulations
have not reported to cause any acute toxicity in the
non-target organisms till date, more thrust should be given
on this aspect to come up with ways to nullify the short
comings before its ingression in agriculture””. Dimetry,
et al.”®” found that the utilization of nanomaterials will
bring about the advancement of productive and expected
methodologies towards the management of insect pests.
They arranged the planned neem oil nanoemulsion just
as loaded neem was described by Transmission electron
microscopy. Likewise, the harmfulness of neem oil free
as bulk, nano and loaded neem have been evaluated
against the second and fourth larval instar of Spodoptera
littoralis under lab conditions. The toxicity of the tried oil
dependent on LCs, of loaded neem was lower 2.22 ppm
contrasted and neem oil nano emulsion and bulk neem
(5.09 and 6.71 ppm separately for the second larval instar.
A similar pattern was found concerning the fourth larval
instar.

Dimetry et al. “" assessed the harmfulness of neem
and peppermint oil nano plans against Agrotis ipsilon
hatchlings. They revealed that the LCs, estimation of
loaded neem or pepper mint were lower (0.62 and 36.47
ppm) contrasted and neem or pepper mint oil nano-
emulsion and bulk neem for the second larval instar. They
included that the various definitions of neem are more
strong than if there should be an occurrence of peppermint
oil, as LCs, and LC 90 qualities were essentially lower.

Amin et al. ™ considered the capability of nano-
details of neem and peppermint oils on the bionomics
and enzymatic potancy of Agrotis ipsilon hatchlings.
They exhibited critical stretching of the larval span,
rate mortalities were extended similarly as larval
malformations. Aftereffects of enzymatic potency
indicated significant impacts of the three formulations
of neem and pepper mint oil. Essential oils increase
in the activities of cuticle phenoloxidase and chitinase
were viewed, in any case, noteworthy restraints were
recorded for amylase, invertase, trehalase, protease and
alkaline phosphatase. Potential uses of nanotechnology in
agribusiness are: transport of nano-pesticides epitomized
in nano-materials for controlled release; alteration
of biopesticides with nano-materials; slow arrival
of nano material helped fertilizers, biofertilizers and
micronutrients for capable use; and field employments
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of agrochemicals, nanomaterials helped movement of
nano material for crop improvement. Nano-sensors
for plant pathogen and pesticide disclosure, and NPs
for soil protection or remediation are various zones in
agribusiness that can benefit by nano-technology *”’.

The utilization of miniaturized scale and nano-emul-
sions as carriers of pesticides diminishes the utilization of
natural dissolvable and expands the dispersity, wettability,
and penetration properties of the droplets and may prompt
improvement of the organic viability of pesticides .
Papanikolaou, et al. ” expressed that expanding insec-
ticidal action of nano-detailed pyrethrins in combination
with the nonappearance of antagonistic consequences for
non-target aphid predators make them compatible plant
protection items in natural cultivating and IPM procedures
in different crops. Additionally, they added that their out-
comes confirmation to the utilization of nano-innovation
in improvement of pest spray definition for the advance-
ment of solid and decreased natural hazard plant insurance
items.

4.1 Toxicity of Nano-particles

Little information is available in relation to the toxic ef-
fects of the prepared nano-particles on the mammalian
organisms. From the available information and some
facts related to the toxicity of the nano-particles is that a
large number of scientific evidence such as increasing the
heart, pulmonary and neurological diseases caused by the
nano-particles, were pushed many international scientific
organization to recognize the harmful effects of nano-par-
ticles even the emergence of Nano-toxicology. Further-
more, the long term exposure to the nano-structures agents
may lead to new/unforeseen harmful effects. Also, it is
not known how the ingested nano-particles will behave in
the body. In addition, Absorption, distribution, metabo-
lism and Excretion profiles of nano-materials are different
from bulk equivalents. So that, the long term health con-
sequences of ingested bio-persistent nano-particles are not
known. Based on such facts, FAO/WHO Expert Meeting
on the Application of Nano-technologies decided to carry
out a risk assessment of each nano-particles based prod-
ucts'® Dimetry and Hussein ¥ called attention to that
there is an extraordinary concern with respect to the nano-
materials which can possibly apply unsafe consequences
for nature and human wellbeing and when we have a
nano-pesticide, it turns out to be twofold edged weapon”.
Bayoumi,™ mentioned the important points that have to
be in consideration when testing the nano-formulations
which could be summarized as the following: Exposure
route and exposure period (acute and chronic) of the test-
ed organisms, Existence of impurities and agglomeration
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of nano-materials.

Also, Mossa et al. called attention to that no
indications of harmfulness or mortality in male rodents
acquainted with nanoemulsion of camphor or the EO.
Biochemical cutoff points likewise show insignificant
changes in all liver biomarkers in serum of male rats.
The liver is the basic organ in the body, expect a colossal
action in xenobiotic detoxification. “It is the basic goal
to harmful xenobiotic and their metabolites. Accordingly,
changes in liver cutoff biomarkers are conventionally utilized
as biomarkers for liver noxiousness and damage " **" It
has been represented that the development in the potency
of liver synthetic compounds and change in grouping of
protein, albumn and globulin can be direct result of cell
injury “ “" hepatotoxicity and change in proteins

Deng, Yun-xia et al. ™ found that, acute and 28-day
sub acute harmfulness tests were done. They found that
subacute treatment with neem oil did not succeed to
change body weight increase, food and water utilization.
intense poisonousness depicts the horrible effect of a sub-
stance that result either from a solitary presentation "
or from various exposures in short space of time (for the
most part under 24 hours). While, sub acute harmfulness,
can be delineated as the negative effects should occur
inside 14 days of the association of substance. Intense
oral poisonousness of ethanol neem extracts containing
3000 ppm azadirachtin (= 10%) is enrolled with the En-
vironmental Protection Agency (EPA), USA. The data
submitted on acute oral harmfulness in rodents showed
no negative effect up to a doze of 5ml/kg”" In another
assessment, methanolic leaf and bark extracts showed an
oral LD50 of about 13g/kg in intense poisonousness con-
centrates on mice **),

Deng, Yun-xia et al. "’ found that, acute and 28-day
sub acute poisonousness tests were completed. In the
acute poisonousness test, the LD50 estimations of neem
oil were seen as 31.95g/kg. The subacute treatment with
neem oil did not affect to change body weight gain,
food and water utilization. Serum natural chemistry
investigation indicated no huge contrasts in any of the
boundaries analyzed under the dose of 1600mg/kg/day.
Histopathological tests indicated that the objective organs
of neem oil were testicle, liver and kidneys up to the
portion of 1600mg/kg/day.

“Raizada et al. " communicated that a single oral
dose of azadirachtin (5000 mg/kg) to male and female rat
didn’t convey any sign of harmfulness nor demise in the
treated animal. The LD50 regard along these lines is more
than 5000 mg/kg both in male and female rodents”

Dorababu et al. ™ exhibited that acute similarly as sub
acute harmfulness mulls over demonstrated no mortality

[66]
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with 2.5 g/kg dose of Azadirachta indica extract in mice.
4.1.1 Acute Toxicity

“Acute harmfulness depicted the adversarial effect of a
substance that result either from a solitary presentation "
or from a several exposures in short space of time (com-
monly under 24 hours)”. While, sub acute harmfulness,
can be portrayed as the troublesome effects should occur
inside 14 days of the organization of substance. “Acute
oral poisonousness of ethanol neem extracts containing
3000 ppm azadirachtin (+10%) is enrolled with the En-
vironmental Protection Agency (EPA), USA """ The data
submitted on acute oral poisonousness in rats showed no
negative effect up to a portion of Sml/kg”'"”.

In another examination, methanolic leaf and bark ex-
tracts demonstrated an oral LD50 (Lethal portion, half)
of about 13g/kg in acute poisonousness evaluations on
mice'”" Animal gave general indications of sick wellbeing
and uneasiness, gastro-intestinal fit, unresponsiveness, re-
fusal of water and feed and hypothermia. Mice passed on
under terminal spasms. No gross tiny injury was found on
autopsy”'" The information submitted on acute oral harm-
fulness in rats showed no negative impact up to a portion
of Sml/kg """, Target organs of poisonous impacts were
the central nervous system and lungs””?" Be that as it may,
methanol solvent and insoluble parts, from an equeous
leaf extracts were not harmful inside 24hr at an oral por-
tion of 200mg/kg in mice *'. In this way, all the above ex-
amination is done on the rodents, rabbits and guinea pigs
and they indicated their response *’.

Upon acute presentation, nimbidin, disconnected from
neem seeds,dose conditionally decreased intense paw
oedema in rodents. The medium compelling dose (ED50
esteem) was 79.4 mg/kg body weight in rats "*. Once
more, the LD 50 values for Neem Azal (Neem based
pesticidal item) were higher than 2g/kg body weight in
mice ",

The consequences of the accessible oral poisonousness
tests demonstrated that, intense harmfulness at high
dosages may occur "*"” depending upon the particle size,
covering and synthetic chemical composition of the nano
particles. “Raizada et al.,”" conveyed that a solitary oral
dose of azadirachtin (5000 mg/kg) to male and female rats
didn’t make any indication of hurtfulness nor passing in
the creatures. The LD50 value in this manner is in excess
of 5000 mg/kg both in male and female rats”. Dorababu
et al. "' showed that acute also as sub acute noxiousness
examines demonstrated no mortality with 2.5 g/kg portion
of Azadirachta indica extracts on, hematological profile
and distinctive liver and kidney work tests in rats when
rewarded for 28 days with 1 g/kg portion of Azadirachta
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indica extract. Acute, subacute and subchronic
destructiveness following oral introduction have been
explored in rats for a few nano particles.

Deng, Yun-xia et al. ' found that, acute and 28-day
sub acute poisonousness tests were investigated. In the
acute noxiousness test, the LD50 estimations of neem oil
were exhibited as 31.95g/kg. “The subacute treatment
with neem oil did not change body weight increment, food
and water use.

Youssef "™ pointed out that the toxic effect of bulk,
nano-emulsion and loaded nano-emulsion of neem ex-
tract on the Swiss albino mice clearly determined acute
oral LDy, values were 113.33, 134.83 and 140.90 mg/kg
body weight for loaded nanoemulsion, nano-emulsion and
bulk neem extract respectively. This result revealed that
the nano formulations were more toxic than the bulk one.
In addition, the sub-acute administration of sub-lethal
dose (LD,,) during 14 days showed significant alterations
between induction and reduction in the selected biomark-
ers, i.e. hematological toxicity (hemoglobin increased to
reach +107.53% after 3 days from continues treatment of
bulk oil, RBCs was +343.89% after 3 days in loaded na-
no-emulsion treatment, WBCs was +150.00 after 5 days
in bulk treatment), hepatotoxicity (GOT) +57.27% after
3 day in bulk treatment, GPT -51.96% after 14 days in
loaded nano-emulsion, glutathione S-transferase +241.38
after 5 days in bulk oil, reduced glutathione +86.85% after
5 days in nano-emulsion and bilirubin + 355.88% after 20
days in bulk oil), nephrotoxicity (creatinine +330.56 after
20 days in loaded nano-emulsion), total ATPases +8.56%
after 3 days in nano-emulsion and total protein in liver
samples -74.60% after 7 days in loaded nano-emulsion
and in brain samples was -74.16% after 3 days in loaded
nano-emulsion

An another report was completed to explore the toxic
effect of the prepared neem nano formulation on albino
mice as mammalian model. Human adventitious ingestion
of 20ml neem oil declared the harmful encephalopathy
21 Fresh neem leaves offered to Goat and Pigs for 7 days
in 200mg/kg portion caused demise of creatures at 5 th
day and after death revealed obstruct in cerebrum .
SDS PAGE examination of heart proteins of the Bioneem
treated chick embryo didn’t exhibit any valuable effect in
protein profile when contrasted with that of control. Di-
minished body weight, body weight gain and diminished
feed transformation in the Azadirachta indica extract
(AIE) enhanced supplemented birds propose that 4. indica
leaf extracts contains poisonous substance. The after ef-
fects of this investigation are as per the discoveries of past
laborers in acute toxicity on neem leaf water extracts in
chicken 5.,9. The raised movement of ALT and AST in the
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serum of AIE supplemented birds for about a month and a
half demonstrated extreme liver harm and increment level
of uric Most of neem based products might be toxic. The
assorted neem formulations regulated once or chronically
conflictingly sway animal health and once in a while now
and again even reason demise with medium deadly con-
centration LC50 values varying in go from 1.6 to 16 ml/
kg body weight.

Treatment of mice had no influence on liver, spleen,
thymus or body weight records and an update of
macrophage relocation prevention and foot cushion
thickness " The non-hepatotoxic nature of Neem Leaf
Preparation was illustrated. The level of serum urea
remained not changed and run of the mill designing of the
cortical and medullary bits of kidney were also observed
after neem leaf arrangement treatment corrosive and
creatinine related with nephrotoxicity ",

4.1.2 Chronic Toxicity

“A large portion of neem based products may be harmful.
The diverse neem formulations regulated once or chron-
ically alternately sway creature wellbeing and now and
then once in a while even reason demise with medium
lethal concentration (LCs,) values changing in go from 1.6
to 16 ml/kg body weight”.

Treatment of mice had no influence on liver, spleen,
thymus or body weight records and an overhaul of macro-
phage movement deterrent and foot cushion thickness'™.
The non-hepatotoxic nature of Neem Leaf Preparation
was illustrated. The degree of serum urea remained not
changed and regular building of the plant planning of the
cortical and medullary bits of kidney were moreover seen
after neem leaf preparation treatment.

Panda and Kar " nounced that dose dependent im-
pacts were seen in mice treated with neem fluid leaf ex-
tract. Neem application diminished tri-iodothyronine (T3)
what’s more, extended serum thyroxine (T4) centers and
hepatic lipid peroxidation and decreased glucose-6-phos-
phatase development while improving the activities of
super oxide dismutase and catalase. “Khosla et al. ™'
found that Sub-chronic organization of neem leaf extracts
caused a decrease in glucose levels in regular and diabetic
rabbits. The concentrate was more convincing than seed
0il.” “Abdel Megeed et al. ® indicated that when rats
were treated with azadirachtin, expanded serum SGOT
and SGPT activities and bilirubin content were seen”. His-
topathological thinks about exhibited over the top changes
in the liver to the degree blockage, hydropic degeneration,
defilement and lymphocytic infiltration. The eventual out-
comes of the activities of liver and serum AST, ALT, ALP,
S-bilirubin, S-albumn, S-cholesterol and S-protein of an-
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alyzed and control rats displayed no large changes in the
clinico-engineered cutoff points of creatures treated with
various convergences of azadirachtin ",

Dehghan et al. " observed a decline in ATPase activity
in caput and cauda epididymis of sperm of mice when
treated with neem seed alcoholic extract. The vast majori-
ty of the neem-based products are poisonous. For Praneem
and Nimbokil-60 effects on reproduction and fertility are
accounted for. Every single other agent, regulated once
or chronically, contrarily influence animal health and
sometimes even reason demise with medium deadly focus
(LCs,) values changing in the range from 1.6 to 16ml/kg
of the neem-based items are noxious. For Praneem and
Nimbokil-60 impacts on reproduction and fertility are rep-
resented. Each and every other agent, controlled once or
chronically, oppositely influence animal health and once
in a while even explanation downfall with medium de-
structive center (LC50) values changing in the range from
1.6 to 16ml/kg.

Hagque et al. ®* “announced that essential obstruction
of progress of Ehrlich’s carcinoma was watched following
prophylactic treatment on Swiss albino mice with Neem
Leaf Preparation (NLP-1 unit) when consistently for
about a month. “Harmful impacts of this specific part (1
unit), close by 0.5 unit and 2 units of NLP portions, were
assessed on various murine physiological frameworks.
100% of mice could drive forward through 4 infusions of
0.5 and 1 unit Neem leaf course of action (NLP) dosag-
es”. “Body weight, particular organ-body weight extents
and physical conduct of treated mice remained absolute-
ly unaltered during treatment with different NLP doses.
These Neem Leaf Preparation doses were seen to animate
hematological systems as confirm by the expansion in
total account of RBC, WBC and platelets and hemoglo-
bin percentage”. As histological changes also as climb
in serum alkalinee phosphatase, SGOT, SGPT were not
found in mice treated with three distinct dosages of NLP,
the non-hepatotoxic nature of NLP was represented. The
degree of serum urea stayed unaltered and normal plan of
the cortical and medullary bits of the kidney were in like
way safeguarded after NLP treatment. Increased immuniz-
er creation against B16 melanoma antigen was perceived
in mice inoculated with 0.5 unit and 1 unit of NLP. Num-
ber of splenic T lymphocytes (CD4+ and CD8+) and NK
cells were in like way observed to be stretched out in mice
infused with 0.5 unit and 1 unit of NLP. Regardless, NLP
portion of 2 units couldn’t show such safe stimulatory
changes.

NLP safe incitement was associated well with the
improvement restriction of murine carcinoma. In end,
tumor advancement impediment was watched precisely
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when mice were injected with immuno stimulatory
dosages of NLP (0.5 unit and 1 unit).).

“Portion subordinate effects were found in mice treated
with neem aquous leaf extract. Neem application dimin-
ished tri-iodothyronine (T3) and expanded serum ) glu-
cose-6-phosphatase activity while overhauling the activi-
ties of super oxide dismutase and catalase”.

4.1.3 Toxicity of Sub-lethal dose (LD,,) of
Neem Bulk and Nano-formulations on Some
Biochemical Markers

The sub-lethal. dose ( LC10) impact of neem bulk and
nano formulations were done to Swiss Albino mice orally
during a week and the exposure procedure was stopped
during fourteen days as a recovery period the presentation
dependent on the information got from Hayes and Youssef
(5378 To investigate the harmful impacts of the various
formulations utilized in examination with the bulk form,
some biochemical markers were estimated during the
subacute treatment ( heamatological, hepatotoxicity and
renal biomarkers. Additionally, acute and sub choronic
toxicity were evaluated by Rafeeq Alam Khan et al.*"!
who researched Acute oral harmfulness (LD50) in albino
mice using standard shows though sub-interminable, he-
matological and histopathological looks at were reviewed
on 24 albino rabbits after giving herbal formulations for
60 days in two dosages (20 and 60 mg/kg) against control
bunch. The results of this investigation showed that the
medication is sheltered up to 5000 mg/kg body weight
following acute oral poisonousness test and no mortality
was seen during sub chronic harmfulness contemplates.
Consequences of sub-chronic poisonousness didn’t show
any significant changes in biochemical, dosage ( LC10) )
effect of neem bulk and nano extracts were done to Swiss
Albino mice orally during a week and the introduction
strategy was quit during fourteen days as a recuperation
period the introduction subject to the data got from Hayes
and Youssef "> ematological and histopathological
boundaries. In any case,some markers, for instance, urea,
creatinine, hemoglobin, and RBC check were changed,
yet these progressions don’t compare with the histopatho-
logical results and may be identified with intra singular
varieties.

NLP interceded resistant incitement was related well
with the advancement restriction of murine carcinoma. All
things considered, tumor advancement confinement was
observed exactly when mice were infused with immuno
stimulatory dose of NLP (0.5 unit and 1 unit).

Dose subordinate effects were found in mice treated
with neem watery leaf extract. Neem treatments
diminished tri-iodothyronine (T3) and extended serum
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) glucose-6-phosphatase activity while upgrading the
exercises of super oxide dismutase and catalase

4.2 Long Term Toxicity

“Information from harmfulness evaluations with various
courses of presentation show that several systemic effects
for different organ structures may occur after long term
introduction to Nano-Particles, including the invulnerable
system, provocative effects and cardiovascular frame-
work. Effects on the safe framework may fuse oxidative
pressure or enactment of master fiery cytokines in the
lungs, liver, heart and cerebrum. Effects on the cardio-
vascular system may fuse pro- thrombotic impacts and
negative outcomes on the cardiovascular capacity (intense
myocardial localized necrosis and unfavorable conse-
quences for the pulse.”

In addition, genotoxicity, and conceivable
carcinogenesis and teratogenicity may occur, for the
going with endpoints, further investigates are expected
to insist. In an overview on the health evaluation of
Neemazal TM-T/S (Neem-based item), this item didn’t
have any impact on reproduction and didn’t cause skin or
eye disturbance. No cancer-causing nature was watched
and 100ppm didn’t have any impact after 90 days
administration in rats "*),

4.3 Conclusions and Future Prospective

Worldwide market patterns towards crops protectants
were progressively focused on items gotten from natural
sources. As these biopesticide framework, plant extracts
contain at least one or more chemical compounds, the
safety evaluation to human being become more necessary,
so as to guarantee security to man. A considerable lot of
the botanicals have not been completely explored for their
mammalian toxicity.

Once more, a deficiency of the toxicological data of
various arranged nano-particles, studies on the toxicity of
nano-particles demonstrated that there is a requirement
for future exploration about the synthesis of new materi-
als and assessment of their harmfulness. There is a solid
thought that biological activity of nano particles will rely
upon physiochemical studies and don’t considered in
toxicity screening contemplates. These limits that may
be important in understanding the unsafe impact of the
attempted materials consolidate particle size and size ap-
propriation, shape, crystal structure, chemical arrange-
ment, surface zone, surface chemistry and agglomer-
ation state **. “The expanded surface reactivity predict
that NSPs display more biological activity prominent
natural movement per given mass contrasted with bigger
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particles, they ought to be taken into living beings”. This
increased biological activity can be either positive as for
example cancer prevention agent action or negative for
example harmfulness (subsequently its utilization in huge
sums may demonstrate risky *” or mixture of both “Data
from toxicity evaluation demonstrate that several systemic
consequences for various organ system may happen after
long term exposure to nano-particles (NPs), including
immune system, inflammatory effects and cardio-vascular
system”. Likewise, genotoxicity and possible carcinogen-
esis and teratogenicity may happen. These will affect the
normal functioning of these organs. Likewise further in-
vestigates are needed to affirm the safeness of these neem
or nano - formulations for warm blooded creatures with
unique reference to human beings and their animals.
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1. Introduction

he productivity rate of banana expressed in

agricultural statistics reports of 2016 and 2017

was not a satisfying one with respect to the fourth
position in area of cultivation in the Indian state Kerala .
Plant parasitic nematodes are reported to cause a yield 1oss
in banana . The reviews on the plant disease surveys

of Kerala showed that there was no much attention
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The reviews on production of banana during the recent years were not
a satisfying one with respect to fourth position of Kerala in area of
cultivation in India. Among so many factors for this declination, plant
parasitic nematodes also found as a major negative factor. Thus the present
study tried to prove this predict and conducted a survey in the unexplored
rhizosphere region of an important crop banana (Nendran) in Palakkad
taluk of Kerala, India during the post monsoon season of 2017. A total of
twenty seven samples each were collected from banana rhizosphere soil
and roots and processed for this study. The analysis revealed that the most
abundant nematode population was Radopholus spp. and most frequently
occurred genus was Meloidogyne spp. in the studied banana fields. The
major diversity showing area were Elappully panchayath for rhizosphere
soil samples and Kannadi panchayath for root samples. Different plant
parasitic nematodes such as Aphelenchus spp., Criconemoides spp., Dory
laimoides spp., Helicotylenchus spp., Hoplolaimus spp., Meloidogyne sp
p., Pratylenchus spp., Radopholus spp., Rotylenchulus spp., Tylenchoryn
chus spp. and Tylenchus spp. were observed in both soil and root samples
examined.

given to the crop loss due to plant parasitic nematodes.
Consequently a systematic study on species abundance,
distribution and pathogenicity of nematodes are lacking.
Any disease management studies should also focus on
occurrence and diversity of nematodes on a crop area.
Knowledge on diversity and occurrence of nematode, as
well as the major environmental and agronomical cues
for understanding their distribution in specific areas is
of vital importance for designing its control measures
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¥, To make more practical management, such baseline
studies provide information to make suitable strategies.
Along with identification of plant nematodes of a region
its diversity analysis is important to assess the pathogenic
potential of that region and became an important criterion
for identification of hot spots of nematode attack “”.
Nematodes affect crops through feeding plant roots and it
also leads to infestation of secondary pathogens such as
fungi and bacteria !"”,

The major parasitic nematode species of banana such
as Radopholus similis, Helicotylenchus spp., Pratylenchus
coffeae and Meloidogyne spp. are to be controlled not
only because of the damage they cause but also due to
their pronounced variability and interactions with different
banana cultivars "', In the present study diversity and
occurrence of plant parasitic nematodes were assessed
by a survey. The sampled region of the present study is
a valuable benchmark area where passes the Palghat gap
in Nilgiri Biosphere Reserve in Western Ghats. Diversity
studies on fauna suggested influence of this gap for
diversification of various taxa "'’

2. Materials and Methods
2.1 Survey and Sample Collection

The study area Palakkad taluk of India lies at geographic
co-ordinates between 10°53'37” N; 76°36'52" E in
Northern end, 10°50'39” N; 76°49'37" E in Eastern end,
10°43'43" N; 76°4022" E in Southern end and 10°44"27"
N; 76°33'09" E in Western end. The identification
and characterization of nematode fauna was done
by following methods. Samples were collected from
rhizosphere region of banana (Musa AAB “Nendran”)
by an intensive survey from different banana fields in
Palakkad taluk during August to December of 2017. The
collection sites designated as per local self government
bodies namely “panchayath”/Municipality. They were
included Akathethara panchayath, Elappully panchayath,
Kannadi panchayath, Kodumba panchayath, Malampuzha
panchayath, Marutha road panchayath, Mundur
panchayath, Pudupariyaram panchayath and Pudussery
panchayath. A total number of twenty seven samples with
three samples each from a panchayath/Municipality were
collected from both rhizosphere soil and root samples. At
each place a random of rhizosphere soil and root samples
were collected from banana plants at 25-30 cm away from
the bole of the plant and to a depth of 25-30 cm. Samples
were collected in polythene bags, properly labeled and
stored at room temperature until it was processed for
nematode extraction in Laboratory.

Distributed under creative commons license 4.0

2.2 Extraction of Nematodes from Soil Samples

The collected soil samples were processed for nematode
assay by Cobb’s decanting and sieving followed by the
modified Baermann ' funnel technique "%. All collected
samples were taken in uniform quantity of 250 g. Then it
was transferred to a plastic container and mixed well with
tap water. After settlement of large soil particles it was
poured into meshes having different mesh size arranged
one above the other. The nematodes trapped in the lower
most mesh (BSS 400) were gently decanted into a plastic
beaker by adding clear water. Then it was poured onto a
tissue paper over layered on wire gauge mesh which was
placed in a plastic petridish with clear water. This set up
was maintained for 12 hours to collect nematodes.

2.3 Extraction of Nematodes from Root Samples

The infected root bits were taken from semi hard portion
of the main roots. Roots were washed thoroughly to
remove adhered soil particles and then cut into 4 cm sized
pieces. These pieces having 10g (fresh weight) were taken
from each sample and macerated gently using kitchen
mixer grinder (Panasonic, Japan). Then it was poured onto
a tissue paper over layered on wire gauge mesh which
was placed in a plastic petridish with clear water. This set
up was maintained for 12 hour to come down nematodes
towards clear water stores in plastic petri dish.

2.4 Identification and Analysis of Samples for
Nematodes

Nematodes collected from soil samples were killed and
fixed by using 4% hot formaldehyde solution. Nematode
population is estimated by using a stereomicroscope
(Magnus MSZ-TR) and images were taken by using
camera attached Compound microscope (Olympus CX217).
The nematodes present in the suspension were identified
up to generic level based on morphology using nematode
identification key of Tarjan et al. " . Occurrences of
population of each nematode in each sample were
recorded. To check the nematode diversity, nematode
density and nematode population abundance measures
such as Absolute Density (AD), Absolute Frequency (AF)
and Prominence value (PV) were calculated by using the
formula proposed by Norton " in which:

Number of samples containing nematodes
Absolute frequency = x 100

Number of samples collected
Number of nematodes in all samples

Absolute density = x 100

Number of sample collected
Prominence value = Absolute density x VAbsolute frequency
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Total number of a genus
Occurrence (%) of a genus at a study area = ------ x 100
Total number of nematodes at a study arca

3. Results
3.1 Analysis of Soil and Root Samples

From twenty seven soil and root samples collected from
banana fields of Palakkad taluk twelve plant parasitic
nematodes were obtained. One genus was seeming to
be new in morphological features. Even though plant
parasitic nematodes were found in all banana fields, they
were found below Economic Threshold Level (ETL) only.
ie., the maximum nematodes observed from a collection
cite was 216 only from 250g soil at Elappully panchayath.
The different types of plant parasitic nematodes observed
at this study area were Aphelenchus spp., Criconemoides
spp., Dorylaimoides spp., Helicotylenchus spp.,
Hoplolaimus spp., Meloidogyne spp., Pratylenchus spp.,
Radopholus spp., Rotylenchulus spp., Tylenchorynchus
spp. and Tylenchus spp..

3.2 Diversity Analysis between Panchayaths

The nematode diversity studies revealed that Elappully
panchayath and Kannadi panchayath had maximum
diversity for studied soil samples and Kannadi panchayath
showed maximum diversity for studied root samples.
The maximum number of genus observed per panchayath
was seven for soil samples and six for root samples. The
root analysis for plant parasitic nematodes showed that

Kodumba panchayath and Pudupariyaram panchayath
were represented by two genera only. Meloidogyne
spp. occurred in both panchayaths and other genus was
Tylenchus spp. for Kodumba panchayath and Hoplolaimus
spp. at Pudupariyaram panchayath. None of the genera
was found in cent percentage in both soil and root samples
collected from the study area. All twelve nematodes spp.
were not observed in a single panchayath under study.

On analysing the soil samples, major contribution of
21.16% nematodes were found in Elappully panchayath
followed by Kannadi panchayath, Mundur panchayath,
Marutha road panchayath, Malampuzha panchayath,
Pudupariyaram panchayath, Pudusery panchayath
and Kodumba panchayath with a shares of 16.55%,
14.0%, 13.32%, 13.12%, 9.01%, 7.54% and 3.43%
respectively and Akathethara panchayath with the least
share of 1.86%. Kannadi panchayath (32.31%) showed a
remarkable higher variables for percentage of occurrence
of nematodes on analysis of root samples and least was
observed at Marutha road panchayath (1.46%) and others
are observed in the order of Malampuzha panchayath
(19.94%), Elappully panchayath (16.74%), Pudussery
panchayath (10.19%), Mundur panchayath (9.33%),
Akathethara panchayath (4.66%), Pudupariyaram
panchayath (3.2%) and Kodumba panchayath (2.18%).
For understanding the distribution, patterns of nematodes
population and population abundance of each nematode in
each panchayath were clearly given in the Tables 1,2 & 3
for both soil and root samples.

Table 1. Nematode distribution in rhizosphere soil and root of banana “Nendran” (AAB) samples at Attappady hill area

Panchayaths media Aph Cri Dor Hel Hop Mel Pra Rad Rot vl Tyr Unk
Soil - - ++ - +++ + - - - ++ -
Akathethara
Root - - - - +++ + A+ - - - -
Soil - - + - ++ +++ -+ +++ +++ +++ -
Elapully
Root - ++ - - -+ ++ ++ F+ } - B
Soil - - + +++ +++ ++ +++ +++ +++ -
Kannadi
Root - - ++ -+ ++ ++ +++ +++ - -
Soil - - - ++ - + +++ - - -
Kodumba
Root - - - - - ++ - +4+ -
Soil - - ++ +++ - +++ +++ +++
Malampuzha
Root - - ++ +++ - +++ - - - +H+
Soil -+ - + ++ - -+ +++ -+ - -
Marutha road
Root - - + - - + _ _ + _
Soil - - ++ +++ - +++ +++ +++ - -
Mundur
Root - - ++ - -+ +++ +++ ++ - - -
. Soil - - + - - +++ +++ - - -
Pudupariyaram
Root - - - - + ++ - _ B _ _
Soil - ++ - -+ - -+ +++ - - - +
Pudussery
Root + - - +++ - +++ +++ - - -
Notes:

Aph - Aphelencus spp.; Cri - Criconemoid Spp.; Dor - Dorylaimoides spp.; Hel - Helicotylenchus spp.; Hop -Hoplolaimus spp.; Mel - Meloidogyne
spp.,; Pra - Pratylenchus spp.; Rad -Radopholus spp.; Rot - Rotylenchulus spp.; Tyl - Tylenchus spp.; Tyr - Tylenchorynchus spp.; Unk -Unknown spp.
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Table 2. Percentage of occurrence and population density of each plant parasitic nematode species in rhizosphere soil
samples from banana var. “Nendran” (AAB) at different panchayaths in Palakkad taluk, India

Panchayaths Total per panchayath % of occurrence AF AD PV
Dor 66.67 166.67 1360.86
Akathethara 19 1.86 Hop 100 333.33 3333.33
Mel 33.33 66.67 384.88
Bl 66.67 66.67 544.35
Dor 33.33 66.67 384.88
Hop 100 533.33 5333.33
Mel 100 3133.33 31333.3
Elapully 216 21.16 Pra 100 966.67 9666.67
Rad 100 1766.67 17666.7
Rot 100 600 6000
Tl 100 133.33 1333.33
Dor 33.33 33.333 192.44
Hel 100 833.33 8333.33
Hop 100 333.33 3333.33
Kannadi 169 16.55 Mel 66.67 66.67 544.35
Rad 100 766.67 7666.67
Rot 100 2800 28000
Tl 100 800 8000
Hel 100 366.67 3666.67
Kodumba 35 343 Mel 33.33 66.67 384.88
Rad 100 733.33 7333.33
Dor 66.67 166.67 1360.86
Hel 100 2133.33 213333
Malampuzha 136 13.32 Mel 100 166.67 1666.67
Rot 100 1500 15000
Tyr 100 566.67 5666.67
Aph 100 566.67 5666.67
Dor 33.33 66.67 384.88
Marutha road 134 13.12 Hel 66.67 233.33 1905.21
Mel 100 1200 12000
Rad 100 1300 13000
Rot 100 1100 11000
Dor 66.67 66.67 544.35
Hel 100 500 5000
Mundur 143 14 Mel 100 833.33 8333.33
Rad 100 3033.3 30333.3
Rot 100 333.33 3333.33
Dor 33.33 133.33 769.76
Pudupariyaram 92 9.01 Mel 100 733.33 7333.33
Rad 100 2200 22000
Cri 66.67 66.67 544.35
Hel 100 666.67 6666.67
Pudussery 7 7 54 Hop 100 433.33 4333.33
Mel 100 500 5000
Rad 100 833.33 8333.33
Unk 33.33 66.67 384.88
Notes:

Aph - Aphelencus spp.; Cri - Criconemoid Spp.; Dor - Dorylaimoides spp.; Hel - Helicotylenchus spp.; Hop -Hoplolaimus spp.; Mel - Meloidogyne
spp.; Pra - Pratylenchus spp.; Rad -Radopholus spp.; Rot - Rotylenchulus spp.; Tyl - Tylenchus spp.; Tyr - Tylenchorynchus spp.; Unk -Unknown spp.
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Table 3. Percentage of occurrence and population density of each plant parasitic nematode species in root samples from
banana var. “Nendran” (AAB) at different panchayaths in Palakkad taluk, India

Panchayaths Total per panchayath % of occurrence Nematode genera AF AD PV

Hop 100 23333 2333.33

AKkathethara 32 4.66 Mel 33.33 100 577.32
Pra 100 733.33 7333.33
Dor 66.67 133.33 1088.69

Hop 100 133.33 1333.33
Elapully 115 16.74 Mel 66.67 133.33 1088.69
Pra 100 966.67 9666.67
Rad 100 2466.67 24666.67
Dor 66.67 133.33 1088.69
Hel 100 1033.33 10333.33

Kannadi " 1231 Hop 66.67 100 816.52
Mel 66.67 166.67 1360.86
Rad 100 466.67 4666.67

Rot 100 5500 55000

Kodumba s 518 Mel 66.67 66.67 544.34
Tyl 100 433.33 4333.33

Dor 66.67 100 816.52

Malampuzha 137 19.94 fel 100 2500 25000
Mel 100 1433.33 14333.33

Br 100 533.33 533333

Dor 33.33 3333 192.44

Marutha road 10 1.46 Mel 33.33 66.67 384.88
l 100 233.33 2333.33

Dor 66.67 266.67 2177.38

Hop 100 233.33 2333.33

Mundur 64 9.32 Mel 100 633.33 6333.33
Rad 100 833.33 8333.33

Rot 66.67 166.67 1360.86

Pudupariyaram 22 3.2 fop 109 000 0000
Mel 66.67 133.33 1088.69

Aph 33.33 66.67 384.88

Pudussery 20 10.19 Hel 100 300 3000
Mel 100 866.67 8666.67

Rad 100 1100 11000

Notes:

Aph - Aphelencus spp.; Dor - Dorylaimoides spp.; Hel - Helicotylenchus spp.; Hop -Hoplolaimus spp.,
Mel - Meloidogyne spp.; Pra - Pratylenchus spp.; Rad -Radopholus spp.; Rot - Rotylenchulus spp.; Tyl - Tvlenchus spp.; Tyr - Tylenchorynchus spp.

3.3 Distribution Analysis on Nematode Genera
Observed

The analysed data on percentage of occurrence of different
nematode genera at Palakkad taluk revealed that the
mostly observed genus in soil samples was Radopholus
spp. with a share of 31.24% and least observed genus
Criconemoides spp. and unknown nematode were at
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0.2%. But in root samples the most observed genus was
Rotylenchulus spp. with a share of 24.75% and least
observed one was Aphelenchus spp. at 0.29%. AD (%) of
Radopholus spp. was notably higher than other genera in
rhizosphere soil samples. But the measure of frequency of
observation [Absolute Frequency (AF) distribution] was

highest for the genus Analysis in root samples also showed
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higher AF distribution (%) for the genera Meloidogyne
spp. and AD (%) for the genus Rotylenchulus spp. The
most frequently observed genus Meloidogyne spp. had an
absolute frequency of 81.48% in rhizosphere soil samples
and 66.67% in root samples.

For analysing the population abundance of an organism
a summative figure of AD and AF known as prominence
value was checked. Even though the value of AF (%)
and AD (%) for Radopholus spp. were lower than other
genera, while considering the prominence value as a
measure of population abundance highest value (10419.69)
was showed by Radopholus spp. in both rhizosphere soil
samples and root samples. Among the soil samples least
prominence value (14.26) was observed by new variant
spp. Dealing with the root samples lowest value (20.16)
was seen for Aphelenchus spp.. The highest prominence
value, showing genus Radopholus spp. was not observed
in two panchayaths such as Akathethara panchayath
and Malampuzha panchayath of this studied area. The
survey for plant parasitic nematodes in banana var.
Nendran (AAB) showed that five genera were prevalent in
Palakkad taluk, Kerala on rhizosphere soil and root. The
plant parasitic nematode such as Helicotylenchus spp.,
Hoplolaimus spp., Meloidogyne spp., Rotylenchulus spp.
and Radopholus spp. were those genera with respect to
absolute frequency and absolute density. The percentage
of occurrence, frequency of distribution and population
abundance of different types of nematodes observed in
soil and root samples were given in the Tables 4& 5.

Table 4. Percentage of occurrence, frequency of
distribution and population abundance of different
nematodes in rhizosphere soil of banana var. Nendran
(AAB) in Palakkad taluk, India

Table 5. Percentage of occurrence, frequency of
distribution and population abundance of different
nematodes in rhizosphere soil of banana var. Nendran
(AAB) in Palakkad taluk, India

Nematode genus Occurrence| Absolute Absol.ute Prominence
(%) frequency | density value
Aphelenchus spp. 1.67 11.11 62.96 209.88
Criconemoides spp. 00.2 7.41 7.41 20.16
Dorylaimoides spp. 12.06 37.04 77.78 473.34
Helicotylenchus spp. 13.91 62.96 525.93 4173.18
Hoplolaimus spp. 4.8 33.33 181.48 1047.78
Meloidogyne spp. 19.88 81.48 751.85 6786.75
Pratylenchus spp. 2.84 11.11 107.41 358.02
Radopholus spp. 31.24 77.78 1181.48 | 10419.69
Rotylenchulus spp. 18.61 55.56 703.7 5245.1
Tylenchorynchus spp. 1.67 11.11 62.96 209.88
Tylenchus spp. 2.94 29.63 111.11 604.81
Unknown spp. 0.2 3.7 7.41 14.26
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Nematode genus Occurrence| Absolute Absol'ute Prominence

(%) | frequency | density value

Aphelenchus spp. 0.29 3.7 7.41 20.16
Dorylaimoides spp. 291 33.33 74.07 427.67
Helicotylenchus spp. 16.74 33.33 425.93 2495.08
Hoplolaimus spp. 5.68 51.85 144.44 1040.12
Meloidogyne spp. 15.72 66.67 400 3265.99
Pratylenchus spp. 7.42 22.22 188.89 890.43
Radopholus spp. 21.25 44.44 540.74 3604.94
Rotylenchulus spp. 24.75 18.51 629.63 2709.49
Tylenchorynchus spp. 291 11.11 59.26 197.53
Tylenchus spp. 2.33 22.22 74.07 349.19

The nematodes seem to be new with morphologically
distinguishable feature were observed in rhizosphere soil
collected from Pudussery panchayath with a share of 0.2%.
It had stylet to show plant parasitic mode of nutrition.
Tylenchorynchus spp. was observed only in Malampuzha
panchayath for both rhizosphere soil and root samples.
Criconemoides spp. found only in soil samples collected
from Pudussery panchayath. The nematode genera
Aphelenchus spp. occurred only at Marutha road
panchayath for soil sample analysis and at Pudussery
panchayath for root samples. The Pratylenchus spp. was
observed only in both rhizosphere soil and root samples
of Elappully panchayath and root samples collected
from Akathethara panchayath. Dorylaimoides spp. and
Tylenchus spp. were observed only in Marutha road
panchayath for root samples. On considering the species
diversity and more number of nematodes per panchayath
the Kannadi panchayath had more diversity showing
region in Palakkad taluk for soil samples.

4. Discussion

After a nationwide survey in Palakkad district,
a widespread occurrence of Radopholus similis,
Meloidogyne incognita, Helicotylenchus multicinctus,
Heterodera oryzicola and Pratylenchus coffeae in
banana was reported "*\. In this study, these results
were also in accordance with the results except none of
the surveyed banana growing arecas of Palakkad taluk
showed the presence of Heterodera oryzicola. Plant
parasitic nematodes of banana from vellayani, Kerala
documented """, Tt was found that seven phytonematodes
were associated with the banana crop, of which R. similis,
H. multicinctus and P. coffeae were recorded as abundant
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nematodes. This result was in confirmation with the
findings of present study. Pratylenchus, Meloidogyne,
Helicotylenchus, Tylenchorhynchus, Hoplolaimus,
Rotylenchulus, Hirschmanniella, Criconemoides were
observed in West Bengal in banana "’ In all soil samples
analysed, M. incognita was found to occur at the highest
frequency in banana fields of Malaysia . But the present
study contradicted that result. While many of results for
nematodes associated with banana showed the widespread
presence of R. similis and the present study report also was
satisfying with that mainstream view ™', The number of
Radopholus spp. found high in both soil and root samples.
But it was very much higher in soil samples than root
samples. In India, the first occurrence of Radopholus
spp. ie, R. similis was reported on banana from Palakkad
District "', Subsequently this nematode was reported
from banana in South India . Both Pratylenchus spp.
and Radopholus spp. were co-exist with Meloidogyne spp.
in both types of samples in the present study. Almost all
nematodes showed in Palakkad taluk were reported from
the Tanjavur district of Tamilnadu, India also "'*.

5. Conclusion

With respect to the soil and root samples, Kannadi
panchayath found as more diverse region in Palakkad
taluk. The genera which has been seriously affecting on
banana plants ie, Radopholus spp. was observed as the
most abundant one and most frequency of distribution
was showed by Meloidogyne spp. in this studied area. The
plant parasitic nematode such as Helicotylenchus spp.,
Hoplolaimus spp., Meloidogyne spp., Rotylenchulus spp.
and Radopholus spp. showed prominent occurrence in the
present study. These results demonstrate the importance
of these five nematode genera in banana production as an
inverse relationship occurred between the nematodes and
growth of banana. The presence five identified population
of nematodes in higher density were seems to be
hazardous for the better growth of banana. The lost caused
by this pathogen should be addressed. So the care should
be taken in an economical and eco-friendly manner.
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Importance of the Study

The productivity rate of an important crop banana
expressed in agricultural statistics reports in recent years
was not a satisfying one with respect to the fourth position
in area of cultivation in the Indian state Kerala. To analyse
the reasons behind it, one of the important pathogen
such as plant parasitic nematodes were taken under
consideration. The severity of its attack can be revealed
only by an intensive survey. The reviews on the plant
disease surveys for Kerala showed that there was no much
attention given to the effects of plant parasitic nematodes.
There are only less than two works were reported in this
agriculturally important state. The study are included in
Palakkad district of the state Kerala which ranks first in an
important food crop Banana production and cultivation.
Consequently species abundance, distribution and
pathogenicity in Kerala were unidentified. Knowledge
on diversity distribution in specific areas is of vital
importance for designing its control measures to make
more practical management. This study also important
to assess the pathogenic potential of the study area and
became an important criterion for identification of hot
spots of nematode attack along with identification of plant
nematodes of a region. Another importance comes under
he point that the life cycle of this pathogen have an effect
by the study area. The sampled region of the present study
is valuable benchmark area where passes the Palghat gap
in Nilgiri Biosphere Reserve in Western Ghats. Diversity
studies on fauna suggested influence of this gap for
diversification of various taxa.
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1. Introduction

he present work intends to justify the need
of developing and supporting biodiverse and
socially-just silvopastoral systems. Focusing on
the Brazilian drylands, scientific information was gathered
in order to discuss the role of agriculture in climate
change, biodiversity loss and poverty; as well on how an
interdisciplinary/agroecological approach is capable of
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Drylands constitute more than 40% of global land and are particularly
vulnerable to the impacts of climate change. In many of these drylands,
livestock activities are a major form of land-use. In Brazil, the two major
dryland biomes, Cerrado and Caatinga, play a key role in the country’s
livestock activities. While important economically, these activities also
contribute to the emission of high amounts of greenhouse gases. One
suggested strategy for mitigating the impacts of climate change is the
adoption of silvopastoral systems (SPS) which combine trees, pasture, and
animals simultaneously on the same unit of land. Farmers in the drylands
of Brazil have a long history of practicing SPS. The practice of silvopasture
is relevant to both climate change and the economy, but not necessarily
to the issues of biodiversity loss and economic inequality. The lack of
interdisciplinarity in rural agricultural development projects in the past,
such as those related to the “Green Revolution”, resulted in the aggravation
of economic inequalities and biodiversity loss. The present work, focusing
on the Brazilian Drylands, reviews these issues to justify the need for
interdisciplinary projects considering multiple variables like soil quality,
tree density, biodiversity richness, and farmers’ perception.

resulting in multiple benefits for a truly sustainable rural
development.

2. Climate Change and Agriculture: The Bra-
zilian Role

Climate change is one of the greatest challenges of our
time and its adverse impacts undermine the ability of all
countries to achieve sustainable development "', Climate
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change also exacerbates other challenges that humanity
faces such as natural resource depletion, environmental
degradation, desertification, drought, freshwater scarcity,
and loss of biodiversity. Facing these challenges is
relevant considering the expected increase of the world
population to 9.1 billion by 2050, pushing up the demand
for food production by about 70% ™.

Since the industrial revolution, the main gas associated
with climate change is atmospheric carbon dioxide (CO,),
the concentration of which increased by 46% from 1750
to 2019, from 280 ppm to 410 ppm ! Agriculture is
the economic sector that is most vulnerable to climate
change, as well as a major cause of it. Agricultural
activities directly account for about 14% of the global
greenhouse gases (GHG) emissions, and as the main
driver of deforestation and land-use change, are indirectly
responsible for another 17% of global emissions . The
Intergovernmental Panel for Climate Change (IPCC)
states that the economic sector of agriculture, forestry and
other land-use (Figure 1) directly emits per year 24% of
the total GHG emissions, or 11.76 GtCO, equivalent (eq)
(IPCC 2014).

Greenhouse gas emissions by economic sectors

Electricity
and heat production

Ener
25% S

1.4%

AFOLU
24%

Industry

Buildings —,
g 1M%

6.4%

— Transport
Total: 49 Gt CO,-eq 0.3%

(2010)

Transport
14%

Industi
1% e A Buildings

12%

Other
energy )
9.6%

AFOLU
0.87%

Direct GHG emissions Indirect CO, emissions
Figure 1. Agriculture, Forestry and Other Land-use
(AFOLU) and other economic sectors contributions to
total worldwide greenhouse gas emissions in 2010

Source: IPCC (2014).

A key sub-sector of agriculture that plays a significant
role in GHG emissions worldwide is livestock supply
chains. Beef and dairy cattle contribute 41% and 20%,
respectively, of the sector’s GHG emissions. For 2005, the
sub-sector was estimated to have emitted 7.1 of GtCO,
equivalent, representing 14.5% of all human-induced
emissions in the year ©. In Brazil, agriculture accounts for
about 37% of the jobs in the country, and 25% of its gross
domestic product (GDP) . Brazil has the second largest
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herd of livestock on the planet, more than 238 million
head of cattle, and is the world’s leading beef exporter .
The agriculture sector, especially the livestock sub-sector,
plays a significant role in GHG emissions.

In Brazil, the total GHG emissions (direct and indirect)
from the agriculture sector in 2016 were 1,696 MtCO,
eq, about 70% of the country’s emissions. An increase of
165% from 1970 to 2016. Currently, the country accounts
for 8.4% of the global agriculture sector GHG emissions,
the 3" greatest emitter '*\. This large contribution of
agriculture activities to Brazilian GHG emission, also
made the country a top-10 world GHG emitter ',
even though a majority of Brazil’s energy comes from
renewable sources.

The direct GHG emissions of the agricultural sector
in Brazil in 2016 were 499 MtCO, eq, 1.7 % higher than
that of the previous year. Beef and dairy were directly
responsible with 69%, and 10%, or 342 MtCO, eq and
50 MtCO, eq, respectively. The agriculture sector’s
indirect GHG emissions were 1,197 MtCO, eq, and
from this total, 1,167 MtCO, eq were related to land-use
change associated with agricultural expansion into native
vegetation for crop or cattle ranching .

The high emissions in the agriculture sector and
livestock sub-sector in Brazil can, however, be
potentially mitigated. A large area in the country
has ruminant systems operating at low productivity,
which have the potential to use management practices
that can reduce their emissions while also providing
economic benefits ™). To support such practices, the
Brazilian government passed a Decree in 2010, with the
objectives of reducing the GHG emission of the country
by 2020. The National Plan for Low Carbon Emission
in Agriculture (ABC Plan), a part of the Decree, lays
out some targets and plans, however not much was
accomplished after its publication in 2010 .

In the ABC plan, the main targets of the mitigation
of livestock activities were to recover 15 million ha of
degraded pasture, by proper vegetation management and
fertilization, potentially sequestering annually 8.3-10.4
MtCO, eq; and convert open pastures to silvopastoral and
other agroforestry systems in 4 million hectares (Mha),
potentially sequestering annually 1.8- 2.2 MtCO, eq .
The sequestration rates per ha in the ABC program are in
line with the literature on carbon sequestration from the
restoration of degraded grassland sites "'’

3. Drylands Vulnerability

Several definitions of drylands exist, the Millennium
Ecosystem Assessment "' describes drylands considering
the aridity index classification, including hyper-arid, arid,
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semiarid, and dry subhumid categories. These regions are
home to 2 billion people and occupy more than 60 million
km’®, 41% of the earth’s land area. The UN Environment
Programme -World Conservation Monitoring Centre !
included additional areas as drylands for their relevance
on biodiversity conservation, e.g. Cerrado biome and
other dry subhumid forests (Figure 2).

Biomes
Tropical & Subtropical Grasslands, Savannahs & Shrublands Il Mediterenean Forests, Woodiands & Scrub.

Temperate Grasslands, Savannahs & Shrublands. I Oeserts & Xeric Shrublands

I Mortane Grassiands & Subiancs

Figure 2. Worldwide drylands delimitation

Source: UNEP-WCMC (2007).

The dryland area affected by desertification is in the
range of 6-12 million km’, reducing their capacity to have
enough primary productivity to sustain human livelihoods.
The associated socio-environmental crises caused by
desertification in these regions are often aggravated by
the fact that the local populations are often excluded from
policy processes, including lack of political dialogue,
and denied appropriate investments from sustainable
development projects """, In addition to the desertification
processes in these regions, drylands are already being
impacted by climate change ' and there is a high
probability that the extent of drought-affected areas will
increase in coming years. The expected decrease in water
resources might affect multiple sectors beyond agriculture,
including water supply, energy production and health ™.

As livestock activities help to sustain many
communities in drylands, this fact conveys the urgency
of the adoption of livestock management practices that
are capable of climate change mitigation and adaptation
while also increasing productivity. The adoption of these
practices becomes even more urgent when considering
the expected demand for meat and milk in 2050 compared
to 2010 are projected to increase by 73% and 58%,
respectively 'Y, Considering the drylands fragile nature
and inherently low productive capacity, designing
and adopting productive resilient land-use systems is
a particularly challenge of land management in these
regions.
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4. Brazilian Drylands and Livestock Activities

The drylands regions in Brazil have a key role in the
livestock activities of the country, as well as contributing
significantly to GHG emissions. Brazil, the fifth largest
country in the world, has approximately 35%, or circa 2.8
million km” of drylands "*'*). These areas are represented
mainly by the Cerrado (Brazilian savanna) and the Caatin-

ga (Brazilian semiarid) biomes (Figure 3). These regions
are also placed among the most endangered eco-regions

on Earth due to high rates of conversion and few protected
[16]

arcas

M Rain forest
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B Dry forest
tland

aco
Subtropical grassland

Figure 3. Brazilian biomes

Source: Simon et al. (2009).

4.1 Caatinga Biome

The semiarid Caatinga region is an unique biome of
Brazil, located in the Northeast of the country (3° to 17°
S, and 35° to 45° W) and occupies 845,000 km’, about
10% of the country ""*. The annual average rainfall is 750-
800 mm, with a rainy season usually lasting 3-5 months .
Every three to four decades severe drought periods occur,
lasting 3-5 years, with rainfall remaining around 260
mm for several years. High annual average temperatures
are another striking feature of the Caatinga, with values
between 25 to 29° C 1",

The Caatinga’s proximity to three wetter arboreal
biomes, the Cerrado savannah, and the tropical forests,
Amazon and the Atlantic Forest biomes, contributes
to the biome’s rich diversity of plants and very unique
flora of drought resilient tree species. The Caatinga
has 4,320 species of angiosperms, 744 of which were
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described as endemic ', In addition, 620 belong to the
Fabaceae family (Leguminous), which contains many
nitrogen fixing species, which have special relevance for
agricultural systems.

Currently, 45% of the Caatinga has been deforested,
from 1985 to 2017 the Caatinga lost a 5 Mha of forest
area. Although several experiences exist in the biome
integrating animal activities with forest conservation, the
predominance of livestock activities using, e.g., slash-
and-burn with a fallow period shorter than 50 years,
overgrazing, and intense firewood gathering, are the main
reasons for deforestation, and desertification processes in
many regions in the biome "*'""’,

Historically and currently, livestock-related activities
were/are the primary occupation of the Caatinga
inhabitants, in a drought year, the agricultural production
in a major state of the biome declines 84%, while
livestock activity drops 20% “”; which reinforces the
value of livestock farming for the local communities. The
recognition of the negative impact of some management
practices and the recommendations on tree growing in the
Caatinga’s pastures for improving livestock productivity
date back to the 1860s *'. Today, a substantial body of
knowledge on SPS, is available in the form of numerous
reports and books describing these practices ">,

4.2 Cerrado Biome

The Cerrado biome is the largest woodland-savanna in
South America and second largest vegetation formation
3 Stretching over most of east-central
Brazil, Cerrado is slightly bigger than Mexico, covering
approximately 205 Mha, about 24% of Brazil’s land area
% The climate in the region is characterized by two
well-defined seasons: dry winters and rainy summers, the
precipitation ranges from 800 to 1,800 mm "),

Cerrado is one of the 34 worldwide Biodiversity
Hotspots ™ due the its high level of species richness and
endemism, and the rapid loss of habitat due the conversion
of native vegetation to pasture and cropland. The Cerrado
has the highest plant diversity among tropical savannas
with ca. 11,384 species of flowering plants (Angiosperms),
where 29,7% or 4,151 are endemic to the biome. In
addition, 1,158 species in the biome are Fabaceae ",
suggesting great potential for exploiting native nitrogen
fixing trees.

The Cerrado region is the main cattle production area
of Brazil, with an estimated herd of 75 million animals, or
44% of the Brazil’s herd ™. About 28% of the biome, 60
Mha, is occupied by pastures””. Traditionally, beef cattle
production is a major source of income for many farmers
in the Cerrado region °'*?, It is estimated that 39% of

after the Amazon
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the Cerrado pastures have some level of degradation,
representing about 18 million ha ).

The land-use change of the Cerrado biome has been
significant in past decades, with great areas of forest
changing to farming. The biome lost 20.8 Mha of natural
forest formation from 1985 to 2017 ®*. This high land-
use change of native arboreal vegetations to farmland, is
considered a threat to the Cerrado biodiversity. According
to the Brazilian Greenhouse Gases Inventory ”° the
carbon emissions due to deforestation in the Cerrado
increased from 0.05 petagrams (Pg) C yr' (1988 to 1994)
to 0.06 Pg C yr' (2002 to 2008).

In addition to vulnerability to land degradation, the
Cerrado economy and farmer livelihoods might be greatly
impacted by climate change . The estimated changes
of temperature in the biome for the year 2100 is 4-6 °C
in the most severe prediction, and 2-4 °C considering the
least severe prediction (IPCC SRES A2 and B2 emissions
scenarios)””. For precipitation, the most severe scenario
predicts a decrease of 20-50% of current levels in the
central and southern parts of the Cerrado, and reductions
of about 70% in the northeastern part, which is near the
Caatinga region; the projections with less severe changes
indicate a reduction of 30% in the central and southern
parts of the Cerrado, and a reduction of 50% in the
northeastern area. These predictions show how great the
reduction of water availability could be and call for urgent
actions to adopt agricultural alternatives with proven
mitigation and adaptation potential to climate change.

5. The Silvopasture Alternative

Solutions are needed and some are already being applied
in dryland regions. In Brazil, estimations show how it
might be feasible for the country to achieve sustainability
and productivity. An increase in the grasslands
productivity from ~32% to 50% would satisfy the demand
for meat and milk until ~2040, without the need for native
forest conversion/deforestation to cultivated grasslands ",
Adding to the feasibility to achieve better productivity, the
growth of trees could also help to achieve mitigation. Tree
planting in agricultural lands is indicated as a relatively
efficient and cost-effective method compared with other
mitigation strategies and provides a range of co-benefits
important for improved farm family livelihoods and
climate change adaptation”®’.

Agroforestry systems (AFS) involve the intentional
integration of trees and shrubs into crop and animal
farming systems to create environmental, economic, and
social benefits and has been practiced around the world
for centuries ™. Trees and shrubs can enrich biodiversity

in the landscape, increase ecosystem stability as well
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as diminish the effects of extreme weather events, such
as heavy rains, droughts and windstorms. Agroforestry
systems can also contribute to preventing erosion,
stabilizing soils, raising infiltration rates, and halting land
degradation ¥,

Considering the need for strategies to fight climate
change, AFS has been recognized as having the greatest
potential for carbon (C) sequestration of all the land-uses
analyzed in the Land-Use, Land-Use Change and Forestry
report of the IPCC . Since the Kyoto Protocol, AFS has
gained increased attention as a strategy to sequester C for
its potential to do it by at least two ways: 1) increasing
direct C sequestration through the addition of C into the
tree and shrub components and stored as wood, and, 2)
increasing C storage in the soil organic carbon (SOC),
which has also the added advantage related to soil fertility
improvement and moisture retention content *'.

Several factors contribute to the ability of AFS to
sequester C more efficiently than monocultures, including
the efficient C (and nutrient) cycling within the soil-
plant system, increased return of biomass (C) to soil,
decreased biomass decomposition and sequestration of
soil C in deeper layers of soil **7. In addition, AFS
provides a more shaded environment which contributes
to the increase of animals’ comfort (and productivity)

. . . . 48,49
due to microclimate amelioration '

1 which will be an
important adaptation strategy in a climate change scenario
of higher temperatures.

The available estimation of C stored annually in AFS
in the aboveground biomass varies from 0.29 to 15.21
Mg C hayear’; the below ground C stock varies from
1.25 to more than 300 Mg ha up to 1 m depth °”. As an
example of the potential mitigation of AFS for livestock
activities, in Southern Brazil a study estimated that the
tree component (Pinus ellioti) could mitigate the GHG
emitted by at least 3.58 cows ha™ ®'!. In addition, Resende
et al. (2019) describe a 100 ha of SPS being capable of
mitigating a herd of 150 cows.

In drylands, SPS is one of main types of AFS, and it is
characterized by the integration of trees (either for wood,
oils, fruits, etc.) with animals being managed in the same
area PV, Silvopastoral systems are traditional land-use
systems in many subhumid ®, semiarid and arid regions
3] In the drylands, SPS plays an important role in the
sustainability of many communities as a more resilient
activity in comparison with crop production or tree-less
pastures.

Several management practices are related to SPS,
which include the use of fodder banks, an assemblage
of tree and shrub species that are predominantly fodder
species. These trees may also provide several products
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(e.g. fruits) and services (e.g. soil fertility improvement).
The fodder trees can be planted as live fences, wind
breaks, woodlots, soil conservation barriers, etc. Usually,
the fodder is cut and carried to stall-feed the animals, but
in some systems the animals are allowed to graze on the
fodder bank in a controlled manner for defined periods of
time ).

As deficiency of nitrogen (N) is common in dryland
pastures and can significantly affect the growth of grass
and trees, a general solution is the use of chemical
fertilizers in pasture lands, however the cost is high and
the application would have to be repeated indefinitely.
Another resilient alternative and low-cost solution is
rhizobium inoculation with nitrogen fixing plants, mainly
trees species, which would help fertilize soils over the
years and, in addition, these plants could be used to
feed livestock and produce timber, honey, etc. Dubeux
et al. (2017) reviewed the importance of nitrogen fixing
trees/tree legumes for the tropics and argued that tree
legumes are an underexploited resource in warm-climate
grasslands.

The mitigation potential of SPS for drylands was
described in a global meta-analysis study “*, in which
SPS, compared to pastures, showed 89% higher SOC
stock at the topsoil (0-20 cm) and 27% higher at the 0-100
cm depth. In the semiarid region of Brazil, SPS has been
shown as the most efficient land-management system in
the Caatinga to minimize losses of carbon **. Also in the
Caatinga, SPS management, when compared to many
other practices commonly applied in the region, such as
intensive cropping, slash and burn, firewood collection,
and secondary forest in natural stands, was considered
one of the systems with higher SOC stock ™. In addition,
studies in the Caatinga described higher SOC stock near
trees (Zyziphus joazeiro, Spondias tuberosa and Prosopis
Jjuliflora) than away from trees “**7.

Silvopastoral systems are also of great relevance for
optimization of land-use systems, meeting productive and
conservation goals. To meet the demand of 500 Brazilians
for grains, meat, and energy, the Cerrado’s conventional
systems (i.e. monocultures) would required 420 ha, while
the SPS with Eucalyptus trees would only require 70
ha ®®. In addition, compared to conventional systems,
the SPS decreased the climate change potential by 55%,
improved the quality of employment, and decreased the
total production costs by 54% ©°*.

In Brazil, the most common tree species used in SPS
are exotic Eucalyptus hybrids. This land-use system
is practiced over about 2 million ha, an area that has
increased due to governmental incentives °”. On the
other hand, many SPS experiences exist in the Caatinga
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region using native trees feeding animals ©”, although
many of these examples have not been properly studied.
In the Caatinga, new designs are also being developed.
For example, some innovative small holder farmers are
growing native trees in a cactus (i.e. Opuntia ficus-indica)
plantation, increasing the plantation’s biodiversity and soil
resilience; a system maintaining a high yield of > 250 Mg
ha' year" of green/fresh biomass after 17 years of use '”".
6. Agriculture and Biodiversity loss, Inequali-
ty and Poverty

As described in the previous sections, SPS are an
important strategy for climate change mitigation, but their
proper development and adoption may also help to solve
additional relevant issues. Currently, the whole planet
is at a high-risk of biodiversity loss "), and the decline
of biodiversity (including biodiversity for food and
agriculture) has been a feature of conventional agricultural
intensification, leaving agricultural systems impoverished,
vulnerable, and dependent on continuous use of external
inputs """, If the role of biodiversity is considered in SPS
intensification, it could improve the sustainability of land-
use systems as well supporting the biodiversity recovery.

The danger of agricultural intensification focusing
on only one target, i.e. productivity, can be exemplified
by the adoption of “Green Revolution” practices in
Bolivian communities that replaced traditional SPS .
Silvopastoral systems that had developed and adapted
over generations, underwent significant changes after
external actors encouraged the use of chemical fertilizers
and pesticides for expanding cash crops, resulting in soil
erosion and decrease in the local well-being ¥,

In addition, while production and productivity of the
major food crops continue to increase due to agricultural
intensification, the number of people who are food
insecure and malnourished remains high at nearly 1
billion and reached a record high in 2009 "*. If social
aspects are given more consideration when discussing/
developing SPS projects, it could support a reduction
on the rural inequality, as the 2030 Agenda for
Sustainable Development ' says that “This will only
be possible if wealth is shared and income inequality
is addressed” !\, For example, 59% of the variation
in the Cerrado pastures’ degradation are explained by
poverty and low income. The more degraded a pasture
is, the lower the social and economic indicators will be
and the capacity of rural populations to invest on the the
recovery of degraded pastures will also be lower !,

The development of SPS that consider social aspects is
of key importance to Brazil, a country ranking second in
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inequality and worst when measuring the share of national
wealth held by the poorest 10% of the population, with
most living in the countryside "”. To discuss the rural
inequality in the country it is important to notice that large
rural establishments (>1,000 ha) receive 43% of funds
(subsidized low-interest credit) and contribute 24% of
production value, while small farms (<50 ha) with 23% of
funds, produce 41% of agricultural value (Figure 4).
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Figure 4. Brazilian agricultural indicators according to
establishment size (ha), defined as a percentage of all
declared and undeclared arable land **

Source: Paulino (2014).

Small-scale agriculture produces nearly double the
amount generated by establishments with more than 1,000
ha, even though these large establishments control more

31 Tn addition, small farmers

than three times the area
are responsible for ~70% of Brazil’s food consumed by
the Brazilian population '“, and have outstanding success
with job creation, 74% of the countryside’s economically
active population'®. In this way, better financial support
and enabling land policies targeting on these successful
small farmers, if considering the adoption of SPS, and
other AFS, have the potential to both reduce the rural
inequality and increase the use of resilient biodiverse rich
systems.

Based on the fact that not all small farmers are using
sustainable management practices, it is relevant to develop
extension projects and funds for the adoption of SPS and
other AFS. In the Caatinga region, the lack of interest to
adopt sustainable practices was associated with the poor
education level of farmers " developing accessible
learning resources for these is also of great relevance. In
addition, in the same Caatinga region 90% of the farmers
are male, and as poverty alleviation and rural business
development programs were successful when women

[66

were involved in the programs ', gender dynamics

should be considered for any future projects.
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7. Considering the Interdisciplinary Agroeco-
logical Approach

Agroecology is described as both a science and a set
of practices '’ which includes AFS. As a science,
agroecology includes ecology, natural, environmental,
social and agricultural sciences (e.g. Figure 5). Based on
the beneficial biological interactions and synergies among
the components of the agroecosystem, agroecological
systems can allow the regeneration of soil fertility,
enhancement of soil organic matter and soil biological

activity, and maintaining food productivity ",

© Agricultural Sciences:
Agronomy,

Animal Sci, Soil Sci,
Natural Sciences: _ iz 2
Chemistry, Plant Path, Breeding
Physics,
Botany,

Genetics, Social
Physiology, Ecology_: Agroecology: Sciences:
R Population, Field/plot, ,
Evolutionary . N 3 Sociology,
Biology, AB! Economics,
Microbiology Ecosystem . Food system Political Sci

A ronmental Sciences:
- Atmospheric Sciences, Geosciences,
Human Ecology, Conservation Ecology

Figure 5. The interdisciplinary science of agroecology
Source: Picasso (2018).

The integration of traditional knowledge and modern
technologies has been widely recognized for the
development of sustainable land-use systems . The
importance of giving value to the farmers’ knowledge,

perceptions and management practices, is highlighted
in agroecology, due to a highly knowledge-intensive
system, based on techniques that are not delivered top-
down, but developed on the basis of farmers’ knowledge
and experimentation ", In this way, it is described to be
important for scientists to recognize farmers’ experiences
and emphasizes the capability of local communities to
experiment, evaluate, and scale-up innovations through
farmer-to farmer research and grassroots extension
approaches "’ Even moreso considering that the
most relevant relation between climate change and
peasant agriculture is that many small farmers are already
mitigating and adapting to climate change by using
biodiversity rich systems "\, This includes farmers that
are adopting a variety of sustainable practices, including
SPS.

One example of the potential success of such approach
in research projects is the recent documentation of an
innovative SPS designed by a Caatinga small farmer, who
planted cactus with Caatinga native fodder trees ", both
used to feed his animals. In relation to rural extension
projects, Cuba probably has the greatest example of
how participatory approaches can increase the adoption
of sustainable practices by farmers, where, in 10 years
of extension projects, the number of families adopting
agroecology practices went from 200 to 110,000 families ",

The Brazilian drylands due to their great plant
biodiversity have great potential to explore and develop
biodiverse rich systems for livestock activities, which can

Table 1. Common Fodder trees and shrubs of the Caatinga region and their main characteristics.

No coppicing

Common name Height and Growth habits and Fodder availability, Animals’ .
. . .. e Other possible uses
Species Succession stage Coppicing ability preference
M rlzz(;)’zlarfjuon Encli‘T (I:ftgei(s)nmd;a Moderate growth; No coppicin, Leaves consumed cither green Wood for construction;
Y . Y & ’ ppicing or dried Medicinal; Bees (nectar and pollen)
urundeuva succession, near climax
Ca.tmguelra Up to 10m; . Slow growth; Leaves highly preferred vzhen Wood for construction;
Poincianella Secondary succession No coppicin dry (dry season - up to 35% of Bees (nectar and pollen)
pyramidalis (intermedium) ppieing the animal’s diet) P
. 1 th; trategic f( k f ht
Juazeiro Up to 10m; Slow growth; Leaves consumed when green Stra ceie Oddelj k?an or {:lroug
. Inverted phenology, trees grow . - periods; Medicinal; Fruit tree
Ziziphus End of secondary . in the dry season; Fruits . .
; . . . new leaves in the dry season; . (human and animal consumption);
Joazeiro succession, near climax consumed in wet season

Bees (nectar and pollen)

Jurema-preta
Mimosa tenuiflora

Up to 8my;
Beginning of the
secondary succession

Fast growth;

Leaves remain green during
the dry season (even more
if coppiced); Coppicing
recommended

Leaves highly preferred
when green (wet season);
Fruits avidly consumed in the
beginning of dry season

Strategic fodder bank for drought
periods;

Nitrogen fixing;

Firewood; Medicinal;

Bees (nectar and pollen)

Mororo
Bauhinia cheilantha

Up to 8my;
Pioneer and in secondary
succession (intermedium)

Slow growth;
Coppicing recommended

Consumed when green (wet
season)

Firewood; Bees (nectar and pollen);
Nitrogen fixing

Sabiad Mimosa
caesalpiniifolia

Up to 9m;
Secondary succession
(intermedium)

Fast growth;
Coppicing recommended

Highly preferred when green
(wet season)

Firewood; Bees (nectar and pollen);
Easy to spread, roots may grow out
of branches;

Nitrogen fixing

Source: Pinheiro and Nair (2018).
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put the region as a global SPS hot spot and showpiece of
the future. The Caatinga biome already has a traditional
use of the native vegetation for livestock activities, where
many of the native tree species were described as fodder
trees (Table 1) and belong to the nitrogen fixing plant
group, the Fabaceae family. In addition, there exists a need
to intensify the research efforts addressing domestication
and utilization of native nitrogen fixing trees in warm-
climate grasslands, especially considering the biodiversity
rich Brazilian drylands where there are already many
native species that could be targets for development.
Some studies in Brazil already showed the value of using
native nitrogen fixing plants in SPS, which can increase
the N accumulation in the system and its pathway cycling,
estimated to sustain the forage productivity for several

years 7

8. Conclusions

An interdisciplinary approach seems to be necessary
for the Brazilian livestock sector and feasible thought
the use of biodiverse SPS by the innumerous small/
medium holder farmers in the country. In addition, the
interdisciplinary approach aligns with several international
country agreements.

Brazil as a signatory of the Paris Agreement ", agreed
to reduce its greenhouse gases emissions and as an efforts
to limit the temperature increase to 1.5 °C above pre-
industrial levels. In 2015, the country pledged to reduce
43% of its 2005 emissions level by 2030 . Since SPS
can sequester carbon above and below ground, it has
been considered as a main strategy. On the other hand,
is important to note that this commitment is currently
threatned due to the recent actions (2019-2020) of the
central goverment. The current Bolsonaro admistration
is receiving the attention of the international academic
community for attacking scientists who are reporting
the increase in the deforestation rate, for cutting the
budget related to science and education, scaling back
enforcement of environmental laws, and pushing forward
with proposals to shrink the size of protected areas "*7*;
actions that are completely against any intention to in fact
reduce its emissions.

When the development of SPS considers vulnerable
small farmers, it also aligns with several Sustainable
Development Goals of the 2030 Agenda' and the
associated targets (integrated and indivisible). From the
17 goals, it is mainly connected to these goals:

Goal 1: End poverty in all its forms everywhere.
Especially connected to the Target 1.4: highlighting the
importance of appropriate new technology for the poor
and the vulnerable.
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Goal 2. End hunger achieve food security and
improved nutrition and promote sustainable agriculture.
Especially Target 2.3: expecting to double the agricultural
productivity and incomes of small-scale food producers
by 2030 through, for example, access to inputs and
knowledge.

Goal 8. Promote sustained, inclusive and sustainable
economic growth, full and productive employment and
decent work for all.

Goal 13. Take urgent action to combat climate change
and its impacts.

Goal 15. Protect, restore and promote sustainable use of
terrestrial ecosystems, sustainably manage forests, combat
desertification, and halt and reverse land degradation and
halt biodiversity loss.

The value of the development of SPS using local and
native plant species is also reinforced by its connection
with international and Brazilian national targets for
biological conservation. As a signatory of the United
Nations Convention on Biological Diversity " and
having developed its National Biodiversity Strategies and
Action Plan ™ to be accomplished by 2020 (expiring),
from the 20 national targets, those related to the use and
development of resilient and biodiverse productive land-
use systems (i.e. SPS) are:

National Target 1: Brazilian people are aware of the
values of biodiversity and the steps they can take to
conserve and use it sustainably.

National Target 2: Biodiversity values, geo-diversity
values, and sociodiversity values have been integrated into
national and local development and poverty reduction and
inequality reduction strategies, and are being incorporated
into national accounting, as appropriate, and into planning
procedures and reporting systems.

National Target 7: The incorporation of sustainable
management practices is disseminated and promoted in
agriculture, livestock production, aquaculture, silviculture,
extractive activities, and forest and fauna management,
ensuring conservation of biodiversity.

National Target 15: Ecosystem resilience and the
contribution of biodiversity to carbon stocks has been
enhanced through conservation and restoration actions,
including restoration of at least 15% of degraded
ecosystems, prioritizing the most degraded biomes,
hydrographic regions and ecoregions, thereby contributing
to climate change mitigation and adaptation and to
combatting desertification.

National Target 19: The science base and technologies
necessary for enhancing knowledge on biodiversity, its
values, functioning and trends, and the consequences of
its loss, are improved and shared, and the sustainable use
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of biodiversity, as well as the generation of biodiversity-
based technology and innovation are supported, duly
transferred and applied.

The development of biodiverse and socially just SPS
should be considered as a key strategy for the rural
development of the Brazilian drylands. Future agricultural
projects considering such interdisciplinary approach
might contribute to a transition to systems that bring
at the same time environmental, economic, and social
benefits, resulting in climate change mitigation/adaptation,
recovery of biodiversity and sustainable development of
neglected rural populations.
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1. Introduction

lectrical properties such as resistance, electrical
Eimpedance and capacitance are traditionally im-

portant tools in medical pathology ). Recently,
these electrical measurements have been used to study the
structure of various organic and inorganic materials **,
seedling resistance to temperature "%, and water content
of plant tissues ™. In identifying kinship between species
and seeking evolutionary evidence, molecular biological
method is a fundamental one; however, it is usually com-
plicated and time-consuming regarding lab analysis. De-
veloping a convenient and rapid physical method that can
be applied in the field to complement biological methods
would be helpful to assist scientists study species relation-
ships in the field.

Capacitance is a basic electrical property that describes
the charge storage capability of the conductor system. It is
defined as the ratio of the total charge on one conductor to
voltage . A capacitor can store energy but also consume
part of the energy dependent on the applied voltage.
Therefore, the capacitor model is a parallel connection
of both capacitor and resistor elements. In theory, there
is an electric field between conductors of unequal charge
potentials, leading to accumulation of charges, electric
field energy, and the capacitance effect "', A plant
sample can also be considered as a parallel connection of
a capacitor element and a resistor element due to its tissue
materials and structures.

After applying alternating current (AC) to a plant
tissue, the same amount of opposite charges gather at
both ends of the sample, and electric field energy then
establishes in the sample. After electricity is removed,
if the charge continues to stay in the sample, the sample
is considered to be capable of storing charges or electric
field energy. Therefore, measuring capacitance and
evaluating the electrical storage capacity could potentially
reveal the inner properties of plant tissues.

Previous molecular biological studies had indicated
that Pinus densenta is a hybrid species originated from
P. tabuliformis and P. yunnanesis ", In this study, we
intended to use capacitance as a complementary method
to study such kinship between the three species. We
hypothesized that the artificial hybrids of P. tabuliformis
and P. yunnanesis and P.densata would have very
similar capacitance values. By treating the seedlings of
P, densata, P. yunnanensis, P. tabuliformis, and artificial
hybrids of P. densata and P. yunnanensis with AC field
treatment, we aimed to detect the differences of their
capacitance on a spectral level by applying AC under a
range of frequencies and conduct correlation analysis

42 Distributed under creative commons license 4.0

between capacitance and growth adaptability index to
understand the genetic variation within the same species
and interspecific kinship, providing the first example for
using capacitance as an empirical tool in studying plant
kinship and parental effects.

2. Materials and Methods

2.1 Materials

The artificial hybrids of Pinus tabuliformis and P. yun-
nanensis were cultivated in a seed orchard in Ningcheng,
Heilihe, Inner Mongolia. The maternal parents were six
P. tabuliformis clone, and pollen of the paternal parent
P. yunnanensis was collected from five P. yunnanensis
in Yunnan, Kunming Province. Thirty hybrids were ob-
tained, including 12 hybrids meeting the basic require-
ments of field trials. The 12 hybrids were marked as No.
401, 402, 403, 404, 405. 4006, 407, 408, 409, 410, 411, and
413). To compare variation between the hybrids and the
other species, open-pollinated seeds from the six female
clones were used as P. tabuliformis samples and mixed
seeds from the five pollen trees were used as P. yunnan-
ensis samples. Mixed seeds from P. densata populations
were used as P. densata samples. The P. densata samples
were collected in Linzhi, Tibet, a natural distribution area
where no other coniferous species were distributed.

2.2 Site Description and Field Experiment

The study site is located in a nursery of Department of Re-
sources and Environment, Tibet Animal Husbandry Col-
lege in Town of Bayi, Linzhi County (93°25'E, 29°50"N,
2900 m). The area features a plateau-humid monsoon cli-
mate zone, with an annual minimum temperature of -5.3
C , maximum temperature of 22.1 °C, and annual average
temperature of 8.5 °C. The annual precipitation is 654.1
mm concentrated between April and October; average an-
nual sunshine hours is 2022.2 hours, and frost-free period
is 180 d or more.

Plants were cultivated by seeding beds with the length
of 5 m (east-west), width of 1.1 m, and height of 10 cm.
The experimental design follows a randomized complete
block design with four replications. Each block consists
of 12 plots each housing one of the 12 artificial hybrids
and the three plots that house the three species. There are
10 plants in each hybrid family plot and 20 plants in each
individual species plot. The field planting spacing and
management conditions were consistent among all plots.

2.3 Measurement of Capacitance

The special electrodes were connected to an impedance
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analyzer (TH2828S) made by China Electronics Co. in
Changzhou, Jiangsu Province. An open/short circuit cor-
rection was conducted to the impedance analyzer prior to
measurement. After the adjustment, two seedlings were
selected from the artificial hybrids, P. tabuliformis, P. yun-
nanensis and P. densata, and the measurement was con-
ducted on needle leaves of each seedling without remov-
ing them from the seedlings. Each leaf was applied with a
voltage of 10 mV, and capacitance values were measured
at 53 frequencies between 1 and 100M Hz to develop
capacitance spectra. We found that between 1-120 Hz,
the spectra curve is more volatile than those at other fre-
quencies, indicating physiological changes in plant cells.
Therefore, we selected 1-120 Hz as the measurement
range. We randomly sampled healthy needles of P. tabuli-
formis, P. yunnanensis, P. densata and the hybrid species
to measure their capacitance. During the measurement,
we avoided physical damage to samples and ensured the
stability of the measured results by a non-destructive
sampling method. To eliminate the influence of changing
atmospheric temperature and light over time, every plant
was measured in the morning, at noon and in the after-
noon, and the average of three measurements was taken as

the final measurement value.
3. Results

3.1 Capacitance Spectra of the Interspecific
Hybrids

With increasing frequency, the capacitance of most hy-
brids gradually increased, and the overall change was
small (except for No. 408) without any large fluctuation
(Figure 1). When the voltage frequency was at 20 Hz, the
capacitance gap between various hybrids is very clear
(Figure 1), indicating the variation in physiological prop-
erties of different genotypes of the hybrids. The capaci-
tance of the hybrids tended to slightly decrease between
the low frequency span (5-10 Hz) and increased gradually
when the frequency increases from 10 to 120 Hz. Nota-
bly, the spectra of No.408 and 404 positioned significantly
higher than the rest, and the maximum capacitance values
are 800 and 500, respectively (Figurel). The rest of hy-
brids do not have significant change and the gaps between
each sample remain relatively constant. The two geno-
types have stronger energy storage and discharge capacity
for electric field than the other hybrids.

Distributed under creative commons license 4.0
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Figure 1. Capacitance of 12 hybrids with changing frequencies

In order to more directly compare the variation of
capacitance among artificial hybrids and the other three
species in the following analysis, we added all the capac-
itance values of each sample and calculated the average
value for the four types of species. Among the hybrids,
No0.408 and 404 clearly showed significantly higher ca-
pacitance than the others (Figure 2a). Among the four
species, P. densata has the highest capacitance, followed
by the hybrid and P. tabuliformis, and the capacitance of P,
yunnanensis is less than 100.
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Figure 2. (a) Average capacitance values of 12 hybrids
across frequencies; (b) Capacitance of Pinus densata, P.
tabuliformis and P. yunnanensis and the artificial hybrid
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3.2 Capacitance Spectra of Artificial Hybrids and
the Three Species

Capacitance (average value of all samples) of the hybrids
linearly decreased as voltage frequency increased from 5
to 10 Hz and slowly increased with the increasing volt-
age frequency afterwards (Figure 3). Capacitances of P.
densata were relatively high and increased linearly when
the voltage frequency increased from 5 to 35 Hz, and the
capacitance decreased gradually as the voltage frequency
increased afterwards, indicating that 35 Hz was the satura-
tion point for P. densata. The capacitances of the hybrids
were higher than the parental species P. tabuliformis and
P. yunnanensis. With voltage frequency increasing from
80 to 120 Hz, the capacitance of P. yunnanensis decreased
continuously, indicating that the storage capacity of P.
yunnanensis was the smallest of all. The capacitance spec-
tra of P. tabuliformis feature a spoon-shaped curve. When
the voltage frequency was between 5 and 20 Hz, the ca-
pacitance slowly decreased, and at 20 Hz it reached the
lowest point then rose quickly between frequencies of 70
and 120 Hz. The P. yunnanensis has the lowest electrical
storage capacity, and storage capacity of the hybrid spe-
cies was higher than their parental species when the volt-
age frequency is between 5 and 65 Hz. The capacitances
of the hybrids reached the maximum at the frequency of
65 Hz, showing a superior storage capacity than its pa-
rental species P. tabuliformis and P. yunnanensis. After
65 Hz, storage and discharge capacity of the hybrids was
larger than P. yunnanensis but smaller than P. tabuliform-
is. However, among all the species, the storage capacity
of P. densata was much higher than that of the hybrids
and their parental species. Among the four spectra, the
hybrids and P. densata were closed to P. tabuliformis,
showing that maternal influence was stronger than the pa-
ternal influence. However, the spectra of the hybrids and P,
densata are not close to each other.
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Figure 3. Capacitance spectra of Pinus densata, P. tabuli-
formis and P. yunnanensis and the hybrid
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3.3 Modelling of Capacitance and Cluster
Analysis of Capacitance

The capacitance spectra of P. densata, P. tabuliformis, P.
yunnanensis and the artificial hybrids were modeled by
the following equation.

C=af’ +bf* +cf+d

where C is the capacitance of a sample, a, b, ¢, and d
are species related parameters, and f'is voltage frequency.

The capacitance varies with the frequency, and P.
yunnanensis and the artificial hybrids had the best-fit with
R’ value close to 1. The R’ value for P. densata and P,
tabuliformis were 0.92, 0.83, respectively (Figure 4).

In order to more precisely present the data and simplify
the model, each spectrum was segmented and individually
modelled. For P. densata and P, tabuliformis, R* value was
close to 1 (Figure 5a, b, ¢ and d). Pinus yunnanensis was
also modelled by segments. Segmented modeling for P,
densata can be described as follow:

C,, =—1322f>+10812f +31836 (5H: < / < 55 Hz)» R =0.99
C,;=—0.0022/7+0.1068f +5253 (60Hz < f <120 Hz) R*>=0.92

Cluster analysis using arithmetic averages were
conducted for P. tabuliformis, P. yunnanensis, P. densata
and artificial hybrids by grouping the samples based on
a capacitance level of 0.4. The samples were clustered
into five categories including one hybrid (No. 404) and P,
densata as the first group, six hybrids (No.413, 403, 401,
411, 402, 410) and P. yunnanensis as the second group,
three hybrids (No. 405, 407 and 409) and P. tabuliformis
were clustered into the third group, and two additional
hybrids (No. 408 and 406) were the other two groups.
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Figure 4. Capacitance modelling of Pinus densata (P.d), P,
tabuliformis (P.t) and P. yunnanensis (P.y) and the hybrid
of P. tabuliformis and P. yunnanensis (Hybrid)

Cluster analysis showed that the capacitance can clearly
distinguish the species (Figure 6). It showed that the
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Figure 5. (a) Capacitance modelling of Pinus densata at frequency between 10-50 Hz; (b) Capacitance modelling of
Pinus densata at frequency between 50-120 Hz; (¢) Capacitance modelling of Pinus tabuliformis at frequency between
5-60 Hz; (d) Capacitance modelling of Pinus tabuliformis at frequency between 60-120 Hz

hybrids have particular inclinations to maternal or paternal
side in the kinship, instead of being evenly affected by
each parent. Hybrid No.408 and 404 again have a closer
position towards P. densata, in accordance with their
capacitance values. The use of capacitance as an indicator
for kinship among species may be related to inherent
electrical properties of the basic genetic material sources.
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Figure 6. Capacitance clustering analysis of Pinus den-
sata (P.d), P. tabuliformis (P.t) and P. yunnanensis (P.y)
and the artificial hybrid (Hybrid)
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3.4 Capacitance and Growth Adaptability Index

The water content and charged ions and particles are high-
er in seedlings in good growth conditions than that in poor
conditions. Under external electric field, different capaci-
tance of different plants might be due to their growth con-
ditions. Therefore, we analyzed the correlation between
capacitance and growth index in order to isolate the im-
pact from growing environments. The growth adaptability
index and capacitance data were measured at the same
time.

To compare the capacitance and growth adaptability
indexes (seeding height, survival rate, capping rate,
germination rate, and mortality rate) of the species,
we added capacitance value together regardless of the
frequencies and calculated the average values for all
indexes. The growth indexes were normalized to compare
capacitance or electrical storage capacity and growth
condition (Figure 7a). The capacitance of P. densata
was consistent with its second-year growth height. The
capacitance of P. tabuliformis, P. yunnanensis and the
hybrid were consistent with their second-year seedling
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survival rates, and the growth index of the hybrid and P.
tabuliformis were the same. n addition to germination rate,
mortality rate and capacitance were positively correlated
for P. densata, P. tabuliformis and the hybrid (Figure 7b).

O Capacitance
tSurvival rate

0.8 B Capping rate

E1Seedling height
0.6

B Crow height
0.4

Normalized value

0.2

0.0

O Capacitance

B Germination
B Overwintering

0.6 DO Mortality

Normalized value

0.4

0.2

0.0
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Figure 7b

Figure 7. (a) Normalized capacitance value and growth
indexes of Pinus densata, P. tabuliformis and P. yunnan-
ensis and the artificial hybrid; (b) Normalized capacitance
value and mortality rate of Pinus densata, P. tabuliformis
and P, yunnanensis and the artificial hybrid

The correlation coefficients between capacitance
and second-year seedling height, second-year seedling
crown height, and germination rate are negative (Table
1). Capping of height is an adaptation strategy for a
seedling to store energy under low temperature and
low photoperiod during winter. Capacitance and the
capping rate was negatively correlated (Table 1), which
is in agreement with previous findings !"”. In this study,
capacitance is negatively correlated with mortality rate
during winter and positively correlated to second-year
survival rate.

4. Discussion

The fluids between cells can be regarded as electrolyte "
and when different current of low voltage was applied
to plant tissues, the current was conveyed by the fluids.
When the frequency of the current applied increases, part
of the current will get into the cell membrane and con-
ducted through the cell membranes of plant tissues .
The change of capacitance value of P. densata, P. tabu-
liformis, P. yunnanensis and the hybrid as the frequency
changes indirectly reflects the properties of membranes.
Pinus densata and the hybrids are likely to inherit more
dielectric properties of membranes from the material par-
ent P. tabuliformis.

Photosynthesis is the process to transfer light into
chemical energy (formation of organic matter) by plants.
When turning light energy into electrical energy, electrons
are transferred between the two photosystems systems,
PS Il and PS T . Physiological function of photorespiration
is to consume excess energy '*\. When the tested sample
was applied to an electric field, the storage and consumption
of capacitance are two indicators of electric field energy
storage and loss, respectively. The capacitance of P. densata
was the largest, indicating that P. densata had the largest
capacity to store charges or electrical energy. It is known
that visible light is an electromagnetic wave, and sunlight
can be considered as field energy with a frequency range
of 480-680 MHz "”. When the frequency was greater than
15 Hz, the decline in the capacitance was the lowest in P,
densata, indicating that the energy loss in P. densata was
the lowest. Ma et al "' also reported that he energy storage
capacity of P. densata is much larger than P. yunnanensis, P,
tabuliformis and the hybrids, and its energy consumption is
the smallest among them.

The relationship between seedling growth indexes and
capacitance describes the linkage between the biological
properties and their dielectric properties. The capacitance
and growth and adaptability index were similar between P.
densata, P. tabuliformis and the hybrid, again indicating
that maternal effect was greater than the paternal
influence. This is consistent with previous findings, which
showed that the characteristics of P. densata are similar
to P. tabuliformis and P. yunnanensis but closer to that
of P. tabuliformis ', High capacitance of P. densata

Table 1. Correlation analysis between growth parameters and capacitance

Germination rate mortality rate 2nd year survival | 2nd year capping | 2nd year seedling | 2nd yezllr crown | 2nd year mortality
rate rate height height rate
Capacitance -0.189 -0.595%%* 0.537%%* -0.072 -0.075 -0.076 -0.243

Notes:
*P <0.05, ** P <0.01
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indicates high energy storage within the seedling and
better adaptability to harsh environments, resulting in
high survival rate and low mortality rate. Pinus densata
has been reported to have a higher photosynthetic rate
and a higher reproductive adaptation at high altitudes
than its parental species ", achieving long-term survival
under the harsh natural environment in Tibet, and
eventually being able to evolve 'Y, Two genotype of the
first generation hybrids showed very close capacitance
values as Pinus densata, and we could speculate that
during natural selection, due to strong adaptability of the
two, eventually they are able to survive and adapt to the
environment.

5. Conclusions

We conclude that capacitance, a measure of energy stor-
age capacity, can be used as a complementary indicator
for studying genetic variation, adaptation ability to harsh
environment, and kinship among species. In this study,
we provide evidence to support that some particular gen-
otypes of the artificial hybrid have a potential to evolve
into P. densata, and the maternal parent has a stronger
influence on the energy storage capacity of the hybrids.
In addition, the ability of P. densata to adapt to harsh
environment at a high altitude can be elaborated from its
superior capacitance values over its parental species. This
study opens a new perspective of using electrical param-
eters as a tool to study plant characteristics and provide
complementary evidence of evolution and species kinship.
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