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From the Editor’s desk

The collection of tendy leaves (Diospyros melanoxylon) has been a crucial livelifood source for many
indigenous communities in India, particularly in tribal regions. These leaves are harvested primarily
for the production of bidis (traditional cigarettes) and serve as a significant economic resource. The
process of gathering tendy leaves not only supports local economies but also provides seasonal
employment to millons of peaple. The Forest Rights Act empowers indigenous communities to collect

and manage forest resources, ensuring their right to sustain their livelifoods through such activities.

Jendy leaves, often referred to as 'green gold " are essential to the economic stability of these
communities, providing income and promoting social well-being. Data from the Iribal Looperative
Marketing Development Federation of India reveals that the collection of tendy leaves provides employment to 7.5 million people
nationwide for about three months each year. The article @ 797 @95 - TF STiawr #7 are highlights the importance

of tendy leaf collection in supporting rural livelifioods and its broader socio-economic impact in ndi.

In line with the abave, this issue of Van Sangyan contains an useful articles viz.. Doubling the farmer’s income through Melia dubia

under Agroforesry, Blue carbon as a climate change mitigation strategy, SR SETIT & [T 512 #7 3% 0% &id

Fusarium leaf spot: An emerging foliar leaf disease of nursery in Bael (Aegle marmelos Lorrea,), Gmeling arborea: An indigenous

multjpurpose tree species, Nanopore sequencing technology, Bambusa tulda Rox: A promising bamboo foarindian farmers, V- A

revolutionary approsch to combat insect infestation in forest trees and A comprehension on Azadirachta indica through the
JErspective of agroforestry.

Looking forward to meet you all through forthcoming issues
Dr. Naseer Mohammad
Chief Editor
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owners, make no warranty, express or implied, with respect to the material

contained herein.
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conditions.
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dg TIT €Ug T SATSI AT HT AT
HTHATY TS, THET qTSUTS T TH & SRrane
Tt fasm, FiT wgrEenes, Taaqe
TATELATA 4= FHU fafa=may, Taa® (7.7.)

dg AT HF UT (STFIETTEIT HAqlFaaiT
L) ST SaddT IRETE &7 8, T AT
ST HETeIT # Ui g1 ¥I=T ® T T
STIRAT Tl STaT gl T8 9@ o Thal |
AT &, AT ST W o T daaaefier
gl Tg UF HEca Q0T FH ST ST ATAT Hel
g ST HeT J_9, TENE, ANEE #
AT TS & T q& § TaAr H
SYAsY AT & 3T UF G a5 & &7 §
START fFaT ST 81 98w 9gd qIuE
Tl 3T FIEaY F UF I &d gl A
&A1 o ATTRATHT T8 el T START AT H
T AT TH AT F FUAT AT % o F°w
@ Bl SHAfE 9| AT e CREm

(fe=) % ‘9T (F) & forar @ g,
SO % IHE ®el &1 JaH Far gl =
TR AT ¢ 3T THHT &7 T ST 42 2

T A FATEF TF g 3iT Tg HeATod 3T
FEAY F UF GG Sd gl THH B HT
et fier, e, 9w, #ier s Jrerar
FEAT ZIAT 81 T A THT, T, HEAT
T faeTtae o & 793 grd g1 T o7,
T H P-FEE, TAIESH, FAAMIZSH,
AT ST T S T ATTHRT "rEASHE
EIEIR T I gl T g0 %l g -
AT Uitre e Aferk ufie #1 wgerg
T g &
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A F T T T GLIAT &1 Faa<or

CIEES) =T (I / 100 ITH) T (I / 100 Rrfiefiey)
EEE) 72.0£2.7 -

o 68+2.3 -

FA TR 28.6+3.0 221417

S EEAUEENECU L RET)) 2.8+0.56 1.78+0.6

SRk 1.72+0.64 1.36+0.55
B-FTrEr 22.0+1.0 18.0£0.27

] 0.25+0.04 0.23+0.05

A HA & qEH e a8 Eed, HleodH, ®EhR

FEgEged: dg % # Ho¥ ®1 &
FAI2I35ed TTT STd &, ST HoAl 1 THE
CISEGEA

TIE: THH TS AT | e |1 qrm Srar
g, S a7 & e sfiv g & form
EIEERERARIE

ferfaeT: o3 v # fearfaw =, Fefam o
dT Fy At Fermmw S fEEnhe,

T Wfew S @b s 9@ g g, S
g $fi it & forg Ageaof 21d 2
FEAY. 4 B H MBI 9T (Freaw) F
2T g, ST 9= AT &7 g § "Aeg
FAT gl
TS TaH UdsRis e |1 g
g, ST o & qh FU ° FATT 8 AT
TTAEAT ST T FTgd a1 & |

ATt i FamfEe oo s ) A5 B HT T TrET F o v
AT STAT &, FFit6 T8 9196 qedl il
Aferear grar gl
Toh @1+ I [Q & b HTAT (%)
T 79.1-82.4
T 0.43-0.58
w3 0.37-0.49
AR R 16.2-19.5
T 1.05-11.9
AT 4.65-6.79
CEENIEEIEC) 4.40-7.29
PRt cent 0.50-0.68

Tl fafagar =i 7ga &1 Fefofed
Sgel & goaAT ST ERAT B

YTHfas® faqaon o 997 geaa: Hed 9a,
BTEETE, WY, A9, HAWEsS, ag
TRET 3T AT S A1 | ATTH &9 F
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T STAT | T8 Ioh AT AL-9CF &1 %
AT H 34T Bl

ey afgwEr: §F g @t e
it g T Seerg ARt § S
ThaT 21 T2 97 T@ At Rufa & of s==ht
g | Sifad ¥g 9&ar g, oey a8 39
T S{1ae o TorT T gyl g

St Afagan 93 F a9 & &2 v F
9T T SATHET qT0 ST &1 T a9 T
Sa AfFgar &1 a9 w W@ § Agaor
C\CEIRERIGEA

alrerefi=r IqoT: S5 3 FeT, T, A AT AFS
T sirefier o7 B § AR | T (AT
AR #T ITART A TR0 % zams &
T SITaT 2

AT Agea: dg T T ITANT N 47+
# T St &, ST ARd § U THE TR
SN gl 9 990 F GUL T ST
Aifearet qqEt & o uw vw
ATSITTaaRT T AT 2

qiepias Agd: dg 94 i 8% Iaae
oty aeplas i arfes sqgemr &
SOANT T ST 81 2 Arfaare ! F9a ™ a4
FT O TTA T ST &7 (26T I 8l
yerrfaat st fAfdeaT: 3 g0 & 72 50-
JSTTaal e fhed a1 STt g, S At
&A1 H IhT STAHeAT ST il FeTTdl 2|
Fershiat & forg wgaa: dg 31 a=gsiat &
oI s Sfe ST &7 HT 21 T B
FT THELl GRT G0 STd 8, 3T THehl
STy ferat o =ee a9 * forT SuIeh
2T &l

dg #1 72 AfEgdar =8 7 % awiaiy
A Sfa® e § qgaaqul adTdt o,
Ffesw grariore =i snfes = 7 € =9 v

g qul HHTe FATdT Bl
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dg T HAL TF A AT FT JTGF 8, S
o =7 & yrfior s swfearelt &=t o
B AT AR F fo wgeqet 81 g o
N T F oo swEwr fhar Srar g, S
T YT &7 ST BT g1 dg T &
UL T T UF "EHT AaEtd g,
EEEEEIEIRI S

g T FASIT shl TRAT H ATgATT e a7y
T AT o7 81 =7 1 | FAaT o qg4d
FT SAFLTHAT gIdl &, FANR dg T41 l Tal
THA I JISAT ST F@ET ST&<T 21aT gl
TAT HUG FA ATAl Hl IAqH THAA
T (MSP) sraTe foraT Srar g, foresr st
arsfifasrT &7 fRuwar et 81 ag arfior
FATAEAT FI AT ddqM H Hgedqul
T Famar g 3T A6 F e
a7 H WEE FAT 2

Tal O FT FIT; o5 TT T GUT TIHIT
* graq ® B omar g, Fower w8 i
S F HEM " W HAT 9 T a%E H
T 3fiT FTed & o A g 2|

Tl T FI9: g U T F Tl a1 &1 94
TR STTAT g1 el T, gL 3 T a<g |
G TAT AT 5l ATEST SATaT 2
Tl T AISTS: T 0 ATALTHIEF U &
qIET STAT § 16 Ivg, T 7 TgH| Tg
w0 grr ¥ BT Smar g e Eew o
AT T forere &9 7 gferfera gra gl
Il FT g€ AT qIS TT 91 T TFHA
T Zle-gIe gl § arer 337 Srar g1 27
F= | TR 50 & 100 91 I 2

T T @A St F GoAT SFIE ¥ g
H qETAT STAT g1 Tg AT a7 S[Ta1 5
& 9 T a8 @ S0 qrleh S TH T
2l
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T FT WS g I Al e =
Fxl § TET SATAT g, T 3w AHT 3T FIet
T 7= fore 3fa T i STt 2|
Tl it fosfY: "ufea e w=Tia 9=t v
ACHTL AT A1ST FHIATet Fl o=7 4T 2l
% o =gFaw qwed ge (MSP) 9%
AT &, Tore Jugadral &l St qod a9
21 Tohl
T AT i g a9 dg o=
Tagor i giRaT w AT Tt g osiw
TUgHATAT Tl AFLTH AT 3T Flagmd
Ta Fdl g, 9 F gom, wfore, s
IESIRERAR G
o TH T WHHAT § & AR &1 &I
g, ST =9 &1 &l [Ha-ase e
3d § T TH UFE TS FA AT
ATSHTART FT HZAQOT qTe F9av
2l
o dg WAl & AR gew fafww
T I¥ 9T FqT 8, ST =1l
AT FAAH qHAT T ((MSP)I
AHAR 9T dg T91 & J T A
St /T ST & fgaTe & a7 T
STAT g1 U T H AT 1,000 &
2,000 =1 B 2|
o f9= T & dg =1 % I
T | ¥ gIaT gl SETeul & o,
qET TR, TAMEE, HEIE,

oamye M)
S enbad shoh
e=tses> R,

Arfeem anfe Trsat & dg 9=t &
I AT BT Tl 5

o TAHN T AT dg Tdi & (AU
AaH q999 g7 (MSP) fAgifa
FLAT § AT SUgHarsll &l Irad
T e |6 /e gog [eiia
FIA F AR, T AT AT aT
T st wfe=t # 93 ut i
T Fd B

o HMHTAT: dg Xl T AT T
gfa FT 2,500 ¥ | 4,000 T
T BT ThaT &, AToheT Tg 7T gL ATA
Fad THAT 81 2023 H, ST *®
forT, T waer gFT F dg I A
T4 T©74,000 ¥ Td ATEE
T 7 TR o)

o AT & T@AT WAy ¥ fF dg
AT AT GoF § RIEHT T84,
IaTed T HTAT, AT S8t ST 6T
T o ATHTY IAT-ARTE AT Tl
2l

e YT | dg a1 @gor fafy

HeT 9291 § dg U HUET UF HgcAqN
gTHIOr st wiafafer g, S &oaw w1 &
AMfeaTT oY a9amE! gl & o o
FT Y@ T g1 95 I F ITAET AT
AT H T ST 51| TRT o g T HAS F
TR T AT | FaTaT T 8
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WSO UETT g0 99f & T&EE |

AT X AT 9T HUgW & o
ST aT ARl 8 ATSEHE ST STATT AT
ATTTF 1T gl THE dgd Uk Heared &
Frated AT STaT g

AT EHIRERATAT AT dg Ul T Tge,
TS % Hgl dilh, ST U<l & | &
IUTAT o FTL | FLvervy faa Srar gl
CDEURIERI

THY:AG T0 FT UL AHAR T T94A
e wE F wEET H R Strar g, e o 1
e ¥ fawfoa T gL g 2|

Tl Tt G HG! ST Fae G0 AT 94
3T SITaT 81 TREET, e g, AT die gl
T BIE T AT &

gl it HETS T H ATAIAIIET qIET
STAT & T 9 &l THAE 7 gl A
U, T AN FTA H AET AT § T T
T STaT 8l

U &I SferT.uaiea aaf & aigar &
LT STAT g1 A Tgr § 50 97 I &2
T T TEHT AT &0 | T SATAT 8
TEERTIT AL HSTIT

@Il HI A=el aig & g9 § gaEmT
STTAT g ATreh T4 et ST 3% 9=7 /erea
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ITH T T 7

fArur sz fasht

G NATHEEIRT 9= F ARy

et F wreay ¥ 997 S1av 81 7 Ay

TS TR G AT 0l STt gl

T Rutarfit Favar Tort & e

AT B AT A T A @R 2l THE a1
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STt 2l

THEITY S qHTET

FIATECONT A FAATIF  TH AT

FEATT TR TTHAT T TATIAT FT e 1

2l TH® T % o 3t=a FremT si

TR ToheTeh] T ITANT FRAT SITT 2

TATES AT GLEAT: TULHATA Tl e

T AT o oI e aa ITHTIT 3T AT

&I i SATAT

o W WU H dg UWT HILW TH

oA S EWied qhERAT 7, S
AT qEEl & Saqarad &7
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Doubling the farmer’s income through Meliadubia under Agroforesry

Rashav Chahal and Kuwar Yeshvir Arya

Department of Agroforestry
AcharyaNarendra Deva University of Agriculture and Technology,
Kumarganj, Ayodhya-224 229
E-mail: rashavchahal@gmail.com

Introduction

Melia dubia is a promising tree and highly
suitable in agroforestry for generating
higher income in the tropical and
subtropical regions. Agroforestry is a
sustainable land management system

which increases the overall Id of the
lands; combines the trees and shrubs with
agricultural crops and or livestock on the
same unit of land, either simultaneously or
sequentially. One of the main problems
that farmers face today is decreasing
income from an acre per year against
sudden increase in the value of agricultural
lands. Planting certain tree such as Melia
dubia which fetch a handsome price in the
market, assured buyback, and require low
maintenance expenditure may help in this
regard. In addition, the trees also aid the
planet by preventing temperature rise and
checking gas emission into the
atmosphere. Melia dubia is the fastest
growing tree and the wood from this tree is
used in  plywood industry.  This

>
g

moneyspinning business of M. dubia
caught the attention of farmers and
industries to reap maximum monetary
benefits among farmers of Tamil Nadu,
Karnataka, Andhra Pradesh, Maharashtra,
Punjab, Haryana, Gujarat and to some
extent in Uttar Pradesh and Madhya
Pradesh. M. dubia grows up to 20-25 m in
height with a clear bole up to 10-12 m and
120-150 cm girth in 15-18 years (Chavan
et al., 2022). The major shares of the land
to be brought under agroforestry will come
from fallows, cultivable fallows, pastures,
groves and through rehabilitation of
problem soils. This will be possible
through appropriate research interventions,
adequate  investment and  suitable
extension strategies along with a forward
looking agroforestry policy (Dhyaniet al.,
2013). Melia dubia come under the family
Meliaceae commonly known as Malabar
neem, is an indigenous, fast-growing,
multipurpose, short rotation, and valuable
timber species that emerged as one of the
most suitable tree species for different
agroforestry systems (Sushil Kumar et al.,
2022). This money-spinning business of
Melia dubia caught the attention of
farmers and industries to reap maximum
monetary benefits among farmers of Tamil
Nadu, Karnataka, Andhra Pradesh,
Maharashtra, Punjab, Haryana and Gujarat
and to some extent in Uttar Pradesh and
Madhya Pradesh. M. dubia is the most
promising tree for industrial agroforestry
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with rotation varying between 2 to 8 years
(Sathya et al., 2017).

Tree Ideotype for agroforestry system

e It should not interfere with soil
moisture.

e |t should have very little water
requirement.

e It should not compete with
crops for resources/nutrients.

e It should not be nutrients
exhaustive.

e It should help in building soil
fertility.

e It should have a tap root system
and root growth characteristics.

e |t should have a light branching

pattern

e It should withstand pruning
operations.

e It should have a high survival
rate.

e It should have fast-growing
habit and easy management.

e It should have a short rotation.

e It should have  wider

adaptability.

e It should have high palatability
as fodder.

e It should have capability to
withstand management
practices.

e It should have nutrient cycling

and nitrogen fixation attributes.
Meliadubia-based Agroforestry

e |t is a good agroforestry tree species

which can support a variety of crops

throughout its phase of cultivation. In

the first three years, intercropping can

be done with various annual crops and

then spices like pepper can be grown.

Intercrops like groundnut, chilli,
turmeric, blackgram, papaya, banana,
melon, sugarcane etc. are being
successfully cultivated. Along the field
bunds, if Meliadubia is planted in a
single row, about 60 trees can be
planted at six feet (1.8 m) spacing
which will fetch an income of about 2
lakhs in the sixth year.

e Banana can be included as a crop, if
Meliadubia is planted for timber
purpose with wider spacing of 5to 6 m
between rows of the planted trees.
Intercropping the tree with other tree
species is not advisable as it could
slow down the growth or the erectness
of the Malabar Neem, and lead to
bending.

Uses
Wood obtained from Meliadubia has
various uses like packing cases, matchbox
sticks, pencils, minifurniture like stools,
benches, wooden racks and packing
industries, wooden tables, interior
decoration, cigar boxes, tea powder boxes,
musical instruments, splints and building
purposes. It has also a medicinal value and
also used for fodder.
Profit/ Acre
A famer can earn profit of about Rs. 90
000 by growing 1 acre of land (0.4 ha)
area with about 1 000 seedlings planted.
This corresponds to a yield of 30 tons of
wood per acre (75 per hectare
respectively). Intercrops, like groundnut,
green gram or black gram can be raised
within the interspace in the first year of
planting.

Yield

This tree gives good economic returns due

to its property of fast growth. It can be

used in match or plywood industries.

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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Under high density plantation 1,000 to
1,600 trees can be planted in an acre and
the yield would be 30-40 tonnes/acre
which is possible at the age of 4 years old
plantation. The tree attains a volume of 15
cu. ft. at the end of 15 years of plantation
and earns revenue of = 350 per cubic foot
from the 5th year onwards. Growth rate
ranges from 20 to 25 cm per year in
intensively managed plantation than
unmanaged plantations where the growth
rate ranges only from 6 to 8 cm per year.
Demand and supply

India produces about 47 million cu m of
round wood & associated products a year,
while their annual demand is 57-58 million
cu m.The study forecasts a jump of nearly
70% in demand for round wood in India in
the next decade, from 57-65 million m3 in
2025-2030 to above 98 million cu m in
2035-2040 driven largely by the
construction sector. Here will be a
substantial increase in wood consumption
in India by 2030, exacerbating an existing
shortfall between wood production and
demand and increasing the country’s
reliance on wood imports, according to an
ITTO report.

Summary

Meliadubia is a promising tree highly
suitable for farm forestry and agroforestry.
This is a fast-growing tree whose wood is
readily used in plywood industries. This
timbre species has gained a lot of interest
among farmers in India as it is known to
fetch a good income with minimal
investment and maintenance due to its
positives such as straight stem without
much branching, less shade effect, not

being susceptible to insect attack and its
ability to grow in all types of soil and even
in areas of low rainfall.Each tree of
appropriate girth can fetch up to ~ 4,000 to
5,000 per tree over a 6 to 7 year period, if
sold as veneer. It plays a vital role in
multi-farming of sheep, goat and dairy
farming. In this way due to its various
uses, it can become a most important
income generating tool among farmers.
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Introduction

Blue carbon refers to the carbon stored in
coastal and marine ecosystems such as
mangroves, tidal marshes, and seagrass
meadows. These ecosystems are highly
effective at sequestering and storing
carbon, often surpassing terrestrial forests
in their carbon storage capacity per unit
area. Beyond their role in carbon
sequestration, these coastal ecosystems
offer critical benefits for climate change
adaptation, including protecting coastlines
and supporting food security for many
coastal communities (Bandh et al., 2023).
However, when these ecosystems are
degraded or damaged, their ability to act as
carbon sinks is significantly diminished,
and the carbon they have stored can be
released back into the atmosphere,
exacerbating climate change (Raihan,
2023). Therefore, dedicated conservation
and restoration efforts are essential to
maintain and enhance the capacity of these
ecosystems to function as long-term
carbon sinks. Mangroves, in particular,
play a crucial role in this blue carbon
cycle, contributing significantly to the
sequestration and storage of organic
carbon  in  coastal and  marine
environments.

Geographic distribution of blue carbon
ecosystems

Blue Carbon ecosystems are found in
every continent except Antarctica.Blue
carbon ecosystems are heavily
concentrated in a few countries and
regions, with Southeast Asia as the
unambiguous geographic centre. Almost
one half of all global mangroves and one
quarter of all global seagrass areas are in
this region. Indonesia is home to about one
fifth of all global mangroves. The other
top-five mangrove countries are Brazil,
Australia, Mexico, and Nigeria. Countries
with greatest seagrass areas include
Australia, Saudi Arabia, the United States,
Indonesia, and Guinea-Bissau (Macreadie
etal., 2019).

Mangroves are found in tropical areas and
concentrated on both sides of the equator.
Seagrass areas are more broadly
distributed and include tropical, temperate
and high latitudes. Salt marshes are found
everywhere outside the tropics; in the
tropics, areas similar to salt marshes
become occupied by mangroves.

Types of blue carbon ecosystems

1. Seagrass meadows - 1,25,000 km?
2. Tidal marsh - 45,000 km?

3. Mangroves - 1,50,000 km?
Seagrass meadows

Seagrasses are submerged flowering plants
with deep roots found in meadows along
the coasts of all continents except
Antarctica. Carbon accumulates in sea
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grasses over time and is almost entirely
stored in soils measured up to four meters
deep. Despite accounting for less than 0.2
percent of the world's oceans, sea grasses
sequester approximately 10% of the
carbon buried in ocean sediment each year
(27.4Tg of carbon per year). Seagrasses
can store up to twice as much carbon per
hectare as terrestrial forests. The global
organic carbon pool in the seagrass
ecosystem could be as large as 19.9 billion
metric tonnes. Seagrass meadows filter
sediment and other nutrients from the
water and are constantly building and

securing  sediment, which  protects
coastlines from erosion, storms, and
flooding.

They are also important habitats for
fisheries and flagship marine species such
as sea turtles and manatees. Seagrasses are
one of the world's most threatened
ecosystems, with an annual global loss of
around 1.5 percent that has been increasing
in recent decades. Globally, approximately
29 percent of the Earth's seagrass
ecosystems have been lost. Deforestation
and dredging are two major threats to
seagrasses.

Tidal marshes

Tidal marshes are coastal wetlands with
deep soils formed by the accumulation of
mineral sediment and organic material and
flooded by salty water brought in by the
tides. The soil, which can be several
meters deep, contains almost all of the
carbon in tidal marsh ecosystems. The
average annual carbon sequestration rate
for tidal marshes is estimated to be
between 6 and 8 Mg CO2e/ha (Mg of CO2
equivalent per hectare).

These rates are roughly two to four times
higher than in mature tropical forests.

Tidal marshes filter pollutants from land
runoff and thus aid in the preservation of
coastal water quality. They provide critical
habitat for many important marine species
at various stages of their life cycles, which
is critical for healthy fisheries and coastal
marine ecosystems.

Tidal marshes also act as a buffer for
coastal communities, absorbing some of
the energy from storms and floods and
preventing erosion. Tidal and freshwater
marshes are disappearing at a 1-2 percent
annual rate. Draining for coastal
development, conversion to agriculture,
and rising sea levels are all major threats
to tidal marsh ecosystems.

Mangroves
Mangroves are extremely important to the
coastal  ecosystems  they inhabit.

Physically, they serve as a buffer between

marine and terrestrial communities and
protect shorelines from
damaging winds, waves and floods.

Mangrove thickets improve water quality
by filtering pollutants and trapping
sediments from the land, and they reduce
coastal erosion ecologically, they
provide habitat for  adiverse array  of
terrestrial organisms, and many species of
coastal and offshore fish and shellfish rely
exclusively on mangroves as their
breeding, spawning, and hatching grounds.
Because of their high salt tolerance,
mangroves are often among the first
species to colonize mud and sandbanks
flooded by seawater, but an increase in
coastal development and altered land use
led to a decline in global populations.
Several species are listed
as vulnerable or endangered on the Nature.
Major causes for this destruction have been
urban development, aquaculture, mining,
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and overexploitation of timber, fish,
crustaceans and shellfish. The average
monetary value of mangroves has been
estimated as second only to the value of
estuaries and seagrass meadows, and
greater than the economic value of coral
reefs, continental shelves and the open sea.
They play important role in sequestration
and storage of carbon dioxide for decades
so preservation of these ecosystems is very
important.

Healthy blue carbon ecosystems and
degraded blue carbon ecosystems
Mangroves, tidal marshes, and seagrasses
sequester and store large amounts of
carbon through natural capture during
photosynthesis or by trapping sediments
and natural debris in their complex root
systems. Within these ecosystems, CO;
from the atmosphere is taken up via
photosynthesis, most of which is returned
almost immediately to the atmosphere
through plant and microbe respiration or
stored temporarily in plant foliage. The
remainder is sequestered for a longer
period of time in woody biomass and soil.
Between 50 and 90% of all coastal wetland
carbon, depending on vegetation type, is
found in the soil.

In addition, tidal inundation keeps the soils
wet or submerged, thereby inhibiting
microbial action and slowing
decomposition such that  carbon
accumulates in time. Global estimates of
carbon stocks in these systems range from
10.4-25.1 billion mega grams of carbon
but this is likely an underestimate, because
although organic-rich soil profiles may
extend several meters deep, most studies
account for carbon only in the topmost
meter of soil. The vast stocks of stable
carbon, as well as the high rates of

sequestration, demonstrate why coastal
wetlands are well suited for climate
mitigation policy efforts (Howard et al.,

2017).
Coastal wetlands are relevant to climate
mitigation in another respect; human

activities can convert these large natural
carbon sinks into major carbon sources (of
GHG emissions). For example, when
mangrove forests are drained for
development, microbial action in the soil,
previously inhibited by tidal inundation,
oxidizes the carbon and emits it to the
atmosphere as CO,

In intact coastal wetlands (from left to
right: mangroves, tidal marshes, and
seagrasses carbon is taken up via
photosynthesis (purple arrows) where it
gets sequestered long term into woody
biomass and soil (red dashed arrows) or
respired (black arrows). When soil is
drained from degraded coastal wetlands,
the carbon stored in the soils is consumed
by microorganisms, which respire and
release CO, as a metabolic waste product.
This happens at an increased rate when the
soils are drained (when oxygen is more
available), which leads to greater CO,
emissions. The degradation, drainage, and
conversion of coastal blue carbon
ecosystems from human activity (i.e.,
deforestation and drainage, impounded
wetlands for agriculture, dredging) results
in a reduction in CO, uptake due to the
loss of vegetation (purple arrows) and the
release of globally important GHG
emissions (orange arrows). This is a
unique trait of coastal blue carbon
ecosystems compared to the other
ecosystems discussed.

For mangroves and tidal marshes, this loss
is largely due to human conversion and
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degradation related to coastal
development, agriculture, and aquaculture.
Loss of seagrass habitat is caused by
several factors, but is mainly due to
reduced water quality as a result of
sediment and nutrient runoff from
anthropogenic sources, and from direct
impacts such as dredging and trawling
Managing coastal wetlands is not always
straightforward, in part because it is
typically subject to issues involving land
tenure and jurisdictional boundaries;
however, these ecosystems have secured a
prominent position in terms of climate
mitigation strategies, given their inherent
capacity to sequester large volumes of
carbon, given the large amounts of carbon
already stored therein, and given that
proper initiatives can help to ensure that
their stored carbon is retained rather than
released to the atmosphere.

Causes for loss of blue carbon
ecosystems

Coastal blue carbon ecosystems are among
the most endangered on the planet. They
are degraded or destroyed at four times the
rate of tropical forests, and climate change
threatens to exacerbate this loss. Since the
nineteenth century, nearly half of the pre-
industrial, natural extent of global coastal
wetlands has been lost. This decline is still
ongoing, with annual losses ranging from
0.5 to 3 percent depending on the
ecosystem type. Blue carbon ecosystems,
due to their high carbon content, can
become significant sources of greenhouse
gas emissions when degraded or lost.
Ongoing carbon losses from blue carbon
ecosystems are estimated to account for up
to 19% of global deforestation emissions.
The primary causes of blue carbon
ecosystem conversion and degradation

vary by region, but are largely driven by
human activities. Aquaculture, agriculture,
mangrove forest exploitation, terrestrial
and marine pollution sources, and
industrial and urban coastal development
are all common drivers. Climate change is
expected to exacerbate and prolong these
effects.

Measures taken to prevent loss of blue
carbon ecosystem

Many policies, coastal management
strategies, and tools have been developed
and implemented around the world to
conserve and restore coastal ecosystems.
Policies and financing mechanisms being
developed to combat climate change may
provide an additional avenue for effective
coastal management. By combining best
practices in coastal management with
climate change mitigation goals and needs,
blue carbon now provides the opportunity
to mobilize additional funds and revenue.
UNEP is helping to reverse this trend by
promoting international cooperation on the
issue, promoting science-based and
ecosystem-based management approaches,
assisting with  regional and global
assessments, developing best practice
manuals, and assisting with conservation
and restoration projects on the ground. It is
also collaborating with a wide range of
stakeholders and partners to protect coastal
ecosystems.

There is a significant opportunity to
include and expand Dblue carbon
ecosystems clearly into the mitigation
section of future, revised NDCs of all
coastal countries. India has demarcated
vulnerable areas on the coasts and declared

them as Coastal Regulation Zone
(CRZ.Integrated Coastal Zone
Management (ICZM). Mapping and
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demarcation of coastal hazard lines for
development of emergency response plans
is being carried out in all the coastal states
and union territories. ‘Mangroves for the
Future (MFFY’ coordinated by
International Union for Conservation of
Nature (IUCN) in India.Similar to Small
Island Developing States, the 1,238 Indian
islands are vulnerable to loss of coastal
wetlands including mangroves and salt
water intrusion in fresh water aquifers.The
Government notified the Island Protection
Zone (IPZ) in 2011 with the objective of
ensuring livelihood security to the local
communities, conserving and protecting
coastal  stretches, and  promoting
development in a sustainable manner.

Blue carbon is tool to mitigate climate
change

It reduces CO, emissions and global
warming Sequesters carbon stored for
centuries to millennia (Duarte et al., 2005).
It captures carbon of 329Tg C/year. Blue
Carbon  ecosystems  saturated  soil
deposited  vertically at high rates
continuous build-up of carbon over time.
Terrestrial ecosystems due to high O;
availability aerobic microbial carbon
oxidation takes and release C back into
atmosphere. Preventing degradation and
destruction of coastal ecosystems and
encouraging restoration are important tools
for mitigating climate change. Mangroves,
tidal marshes, and seagrass beds are
among the most rapidly disappearing
natural systems on the planet. When they
are lost, they not only stop sequestering
carbon, but they also release their carbon
stores, becoming new sources of climate
change-causing carbon emissions that can
last for centuries.

If half of the annual coastal wetlands loss was
halted, emissions would be reduced by a 0.23Gt
CO.yr+. This is equivalent to offsetting the 2013
emissions of Spain. If coastal wetlands were
restored to their 1990 extent, it would have the
potential to increase annual carbon sequestration
160Mt CO,yr : which is the equivalent to
offsetting the burning of 77.4 million tonnes of
coal.

Avoiding coastal wetland conversion is a
cost-effective climate solution. Many
interventions  such as  establishing
protected areas, improving land tenure,
and enforcing land-use laws can be put
into place immediately and yield
significant climate benefits. If we stopped
loss of coastal wetlands today, we could
prevent the release of over 0.45 Gt CO:. per
year. Realistically, if we halted half of
annual loss using interventions mentioned
above, we would reduce emissions by a
0.23 Gt CO:per year.

This is equivalent to offsetting the 2013
emissions of Spain.Another significant
opportunity for coastal wetlands is
restoration. If coastal wetlands were
restored to their 1990 extent, it would have
the potential to increase annual carbon
sequestration by 160Mt CO:yr-1 or roughly
equivalent to offsetting the burning of 77.4
million tonnes of coal.Additionally, it is
estimated that it only takes 100 meters of
mangroves to reduce wave height by 66%,
providing a significant  adaptation
benefit.The loss of coastal habitats is often
driven by development, which engenders
sustainable development and
environmental integrity challenges. The re-
establishment of natural areas often means
removing or abandoning  existing
development and related activities (such as
aquaculture). Such initiatives require
community support as well as providing
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economic alternatives for  those
communities affected. One example is that
restoring coastal wetlands will increase
fish populations and other extractive
resources and could provide jobs as viable
alternatives.

Conclusion

The coastal ecosystems of mangroves,
tidal marshes, and seagrass meadows
provide numerous benefits and services
that are essential for climate change
adaptation along coasts globally,
including protection from storms and sea

level rise, prevention of shoreline
erosion, regulation of coastal water
quality, provision of habitat for

commercially important fisheries and
endangered marine species, and food
security for many coastal communities.
Additionally, these ecosystems sequester
and store significant amounts of coastal
blue carbon from the atmosphere and
ocean and hence are now recognized for
their role in mitigating climate change.

Despite these benefits and services,
coastal blue carbon ecosystems are some
of the most threatened ecosystems on
Earth, with an estimated 340,000 to
980,000 hectares being destroyed each
year. It is estimated that up to 67% and at
least 35% and 29% of the global
coverage of mangroves tidal marshes and
seagrass meadows respectively have been
lost. If these trends continue at current
rates, a further 30—40% of tidal marshes
and sea grasses and nearly all unprotected
mangroves could be lost in the next 100
years. When degraded or lost, these
ecosystems can become significant
sources of the greenhouse gas carbon
dioxide. Coastal ecosystems are some of
the most productive on Earth. They

provide us with essential ecosystem
services, such as coastal protection from
storms and nursery grounds for fish. We
also know that they provide another
integral service - sequestering and storing
"blue™ carbon
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Abstract

Fusarium leaf spot is an emerging disease
affecting bael (Aegle marmelos), a
culturally and medicinally important tree
in India. The disease, caused by Fusarium
pallidoroseum, has recently gained
attention due to its increasing incidence in
nurseries in Ayodhya region of Uttar
Pradesh, leading to significant foliar
damage and reduced plant vigor.
Symptoms of the disease include small,
brown to black necrotic spots on the
leaves, which can coalesce, causing large
areas of tissue death and defoliation in
severe cases. The disease thrives in warm,
humid nursery environments, where
crowded planting and poor sanitation
practices exacerbate its spread. Fusarium
pallidoroseum involved in this infection
produce mycotoxins that further impair
plant growth. The pathogenicity of
Fusarium in bael nurseries raises concerns
for long-term impacts on tree health and
productivity. Current management
strategies for Fusarium leaf spot in bael
primarily focus on cultural practices,
including proper spacing, regular pruning
of infected leaves, and maintaining clean
nursery conditions. Biological control
agents, such as Trichoderma spp., have
shown promise in reducing pathogen load,
while chemical fungicides and foliar
application of essential oils, though
effective, are used sparingly to minimize

environmental impact. Further research is
needed to develop integrated disease
management strategies that combine
cultural, biological, and chemical control
methods to effectively manage Fusarium
leaf spot in bael nurseries.This disease
presents a significant challenge to bael
cultivation, and timely intervention is
crucial to prevent its spread to mature
orchards. Enhanced understanding of the
pathogen’s biology and the epidemiology
of the disease will aid in the development
of resistant bael varieties and sustainable
disease management protocols

Keywords: Aegle marmelos, Foliar
infection, Fusarium leaf spot, Nursery
disease, Pathogen management.
Introduction

Bael, also known as Bengal-quince,bel,
belwa, maredoo, bili, bilva, belo,
sriphal,golden apple, or stone apple, stands
out among the multitude of plant species
on Earth for its medicinal value. This tree
belongs to the Rutaceae family and
possesses chromosomes with 2n=18.The
bael tree is commonly found in India and
neighboring countries such as Sri Lanka,
Pakistan, Myanmar, Bangladesh, Thailand,
and Nepal.In India, it is grown in various
states including eastern Uttar Pradesh
primarily  in Mirzapur,  Varanasi,
Gorakhpur, Gonda and Ayodhya districts
and Siwan district of Bihar It holds a
special place in India, where it's revered as
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a sacred tree, often found near Lord Shiva
temples and honored by worshippers.
Throughout ancient history, Bael has been
treasured for its medicinal properties,
playing a significant role in ayurvedic
medicine.Bael trees also play a beneficial
role in their environment by purifying
gases and releasing a higher percentage of
oxygen compared to other trees.Various
products such as candy, squash, toffee,
pulp powder, and nectar can be made from
bael fruits (Jauhari et al. 1969). Almost all
parts of the tree, including the stem, bark,
root, leaf, flower, seed oil, and fruits (at
any stage of ripeness), are utilized in
Ayurvedic medicines for their
phytochemical, hypoglycemic,
hypolipidemic, and blood pressure
lowering effects. Like all other plants bael
is also affected by various diseases
including root rot, collar rot, and wilt.
They also suffer from various leaf spot
diseases such as Alternarialeaf spot and
Myrothecium leaf spot caused by
Alternaria alternate and Myrothecium
roridum  respectively. Among these

diseases, fungal leaf spot, especially
caused by Fusarium pallidoroseum, leads
to significant losses in foliage and is a
major concern for bael plants.

The first report of Fusarium pallidoroseum
(Cooke) Sacc. on bael (Aegle marmelos
Correa.) causing leaf spot and die back
disease in nursery was observed by Singh
et al.(2021) from Ayodhyar egion of
(U.P). Much vegetative loss has been
recorded in the nursery with this disease.
The disease appeared during post rainy
season (September-Oct).

Symptoms

In this disease initial symptoms appear on
leaves as irregular spots, which is brown in
colour and later become dark brown with
greyish center, which increase very fast
and cover the most of the leaf area. After
severe infection, affected leaf become dry
and fall off after the sometime (Fig. A).
The disease progresses downward causing
dieback symptombut are remain healthy
and they produce new shoot after
destroying the vegetative parts (Fig.B).

Fig. (A) Showing fusarium leaf spot Symptoms and Fig. (B) Showing dieback symptoms.

Management
e Application of chemical
fungicidePropiconazole 25% EC or

Tebuconazole 25.9% w/w @
0.01%
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e Application of Tebuconazole 25%
+ Trifloxystrobin 50% WG or
Hexaconazole 4% + Zineb 68%
WP @ 0.05%

e Application of Botanical extract of
Datura & Garlic @ 5%

e Application of Essential oils Clove
oil or Pepper mint oil or
Eucalyptus oil or Lemon grass oil
or Citronella oil @ 2%.

e Application  of  Trichoderma
harzanium and  Trichoderma
viridae

e Regular pruning of infected leaf

e Clean cultivation of Nursery

e Field Sanitation

Conclusion
Fusarium leaf spot, caused by Fusarium
pallidoroseum, is an emerging disease
affecting bael (Aegle marmelos) in
nurseries, particularly in Uttar Pradesh. It
causes necrotic spots on leaves, leading to
defoliation and reduced plant health. The
disease thrives in warm, humid conditions,
exacerbated by overcrowded planting and
poor sanitation. Management includes
chemical fungicides, botanical extracts,
essential oils, and biological controls like
Trichoderma spp. Cultural practices, such
as regular pruning and maintaining clean
nurseries, are also recommended. Further
research is needed to develop integrated
management strategies in field condition
and prevent the disease's spread to mature
orchards.
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Introduction

Gmelina arborea commonly known as
white teak, gabar, or siwan belongs to
Liminaceae family. It is indigenous, fast-
growing deciduous tree species found
across the world majorly in tropical
countries like Brazil, Philippines, Gambia,
Nigeria, India, China, Bangladesh, Sri
Lanka, Myanmar, Cambodia, Laos,
Thailand and Indonesia. The tree species
owns equal importance for both medicinal
and timber values. It is also a promising
multipurpose tree for fuel, feed, and other
household necessities. In recent days it is
used in reclamation of wastelands,

marginal lands, and social forestry
programs.

In India, the species is distributed between
latitude 8° to 27° N and longitude 72° to
96° E. It accounted for 0.47% of nation's
agroforestry  (ISFR ~ 2013).  Their
population is significant in states like
Kerala, Tamil Nadu, Andhra Pradesh,
Karnataka, Jharkhand, West Bengal,
Assam, Nagaland, Mizoram and Tripura
with plantations raised majorly outside the
forests. Under regular conditions G.
arborea can grow up to 35 m tall and 3m
in diameter. With multi-potent uses, the
population of Gmelina is decreasing. The
IUCN has identified it as a “Least
Concern” species (de Kok., 2019).

Fig 1: a) Gmelina arborea; b) Worldwide distribution of G. arborea
(Source: https://www.cabi.org/isc/datasheet/25465#toDistributionMaps)

Ecology

Gmelina arborea is a popular tree species
found in evergreen and dry deciduous
forests associated with mean annual
temperature of 21-28°C and annual rainfall

of 750-5000 mm for optimum growth.
Deep, loamy, clay loams, calcareous, and
moist soils are best suited for its growth
with pH range of 5.0 and 8.0 and clay or
least drained soils are avoided for its
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cultivation. The species is extensively
planted as an integral part of agroforestry
systems in humid tropical regions. Due to
its high adaptability for different
ecological conditions and coppice ability
for propagation it’s been cultivated in
many countries as commercial plantations.
Wood related aspects

G. arborea possesses native trees of high-
quality wood.With favourable conditions,
the the species can reach 20 m height in
five years with remarkable growth. Form
of the tree is fair to good, with 6-9m of
clear bole. Some trees can reach 3m height
within a year after planting. The tree
attains more than 30m height with about
60cm dbh at maturity with 4.5-5 years. At
the age of 12 years of planting, the yield of
gamhar is recorded on average aslow (84
m'lha)in poor sandy soils whereas it is
quite higher (210 m'lha) in clay or lateritic
soils, and highest (252 m'lha) in alluvial
soils. Compared to other hardwood pulps,
G. arborea produces average yield but of
superior quality. Its wood can be utilized
for carpentry, feed, plywood, shipbuilding,
molding, furniture and interior
woodworking (Wang 2004). Rotations for
pulpwood and sawn wood are usually done
for six and ten years respectively.
Rotations of 5-10 years are common for
fuel wood. The Gmelina wood is similar to
soft woods and possesses coarse texture
with white-pale yellow colored heartwood
and white sapwood. The heartwood of
Gmelina is moderately durable and offers
good dimensional stability. Fiber
dimension and derived indices values of
Gmelina arborea wood are mentioned in
table 1.

Table 1: Fiber dimension and derived
indices values of Gmelina arborea wood

Wood parameters Measured

(um) value

Fiber length 783.70

Fiber Width 24.10

Cell Wall thickness 03.60

Lumen width 16.90

Runkel ratio 00.40

Flexibility coefficient 70.12

Slenderness ratio 38.80

Rigidity coefficient 00.30
(Source: Chaudhari et al., 2015; Azzez et

al., 2016)
Plantation techniques
The plants can be regenerated both
naturally (seed, coppice, root sucker) and
artificially by methods namely, direct
sowing, stump planting, entire
transplanting and vegetative propagation.
Direct sowing
It is the easiest method to raise commercial
plantation. Sowing is done in patches.
Patches of 0.3%0.3%0.3 are hoed on
1.8m*1.8m field and are allowed to
weather for a month and then filled with
well-drained soil up to 7.5cm above the
ground. During monsoon breaks, seeds are
sown 1.0cm to 2.5cm deep at the rate of
four seeds per patch in line sowing with
0.9m apart.
Stump planting
The seedlings rose in the month of May
become ready for stump planting in June.
The stumps prepared from one year old
seedlings are used for planting.
Entire transplanting
It is widely used in which seedlings are
planted along with earthy material without
trimming the roots. The entire
transplanting is generally done at onset of
rains when the young plants are of one
month age or of 2.4 to 2.7m height as it
gives 95% survival.
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Vegetative propagation

Tropical Forest Research Institute,
Jabalpur has developed be effective
methods for mass propagation of the
species through micropropagation or
cuttings. The micropropagation method is
standardized with MS basal medium + |
UM BA+ 4mg/l AgNO3, for shoot
multiplication and WPM basal medium +
10 puM IBA for rhizogenesis. Among
different types of cuttings and treatments
employed, sprout cuttings treated with
5mM IBA is considered as an efficient
procedure for cloning of the G. arborea.
Medicinal Uses

Therapeutic value of G. arborea is equally
significant with its timber value. Root
extracts of the species are important
ingredient of "Dashmula™ an Ayurvedic
formulation to improve digestion, treat
haemorrhoids, piles and heart diseases.
Fruits and leaves are used to treat ulcer,
anaemia, leprosy and other gasto-intestinal
issues. It is also used as a nerve tonic in
insanity and epilepsy. The leaves are also
applied to snakebite and scorpion stings.
The crushed juice of roasted fruit is
applied dermally to treat itching and other
skin allergies.

Pests and pathogens

The G. arborea species is susceptible to a
variety of pests and pathogens from
nursery to plantation stage. Some of the
significant diseases include, Foot rot
(Fusarium oxysporum), Poria root rot
(Poria rhizomorpha), Stem rot (Phoma

nebulosa), Root rot and collar rot
(Sclerotium rolfsii), Leaf spots
(Pseudocercospora ranjita, Deptohaeria
gmelinae, Phoma tropica, Alternaria
laternata, Macrophomina phaseolina),
Powdery mildew (Phyllactinia

suffulta var. Gmelina), wilting
(Ceratocystis fimbriata) and Stem canker
(Thyronectria

pseudotricha and Hendersonula
toruloidea) has caused most significant
failures of G. arborea plantations .

Among the insect pests, defoliators
likeCalopepla leayana and Owla minor
considered to be significant pests along
with a phanerogamic parasite Loranthus
scurrula is found to severely affect G.
arborea due to its thin bark. Apart from
them, Spilosoma (Diacrisia) maculosa,
Lixus camerunus, Empacamenta
calabrica, Zonoceros variegates and
Achaea lienardi are also recorded to cause
huge damage to the G.arborea plantations.
Genetic resources for tree improvement
In order to develop improved germplasm
with desired traits of interest genetic
exploration is required. Assessment of
morphological and genetic diversity in G.
arboreais performed by using various
tools of population genetics like ISSR,
SSR, and RAPD nuclear ribosomal DNA
molecular marker based on ITS region for
better end results. However, there are
many challenges to identify economically
productive germplasm with resistance
against pests and pathogens. Some
cultivars of the G. arborea tree include,

i) Gmelina arborea var. canescens: This
cultivar has subcoriaceous and grey-
pubescent lamina features.

ii) Gmelina arborea var. glaucescens: This
cultivar has glaucous and glabrous lamina
features.

Conclusion

Gmelina arborea is as multipurpose tree.
Due to its fast growing potential and
adaptation features, it is emerging as
“agroforestry” species.It is cultivated
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along with other crops and is widely
recommended for reclamation of degraded
lands. As the species has high demand for
various end uses, more efforts are required
for its genetic improvement. Commercial
plantations of G. arboreaneed to be
encouraged by persuading farmers with
applicability of silvicultural practices to
harness splendid economic returns.
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Introduction

The sequencing process uses biochemical
techniques to determine the sequence of
nucleotide bases in a DNA macromolecule
with the help of sequencing machines.
This technology has facilitated the
accomplishment of significant projects,
including the Human Genome Project and
the 1000 Genomes Project. Since its
inception with Sanger sequencing in 1977,
sequencing technology has revolutionized
molecular biology by decoding genetic
information. Among the forefront of these
advancements is nanopore sequencing, a
third-generation sequencing technology
noted for its long reads, portability, and
cost-effectiveness. This technology has
found applications in various fields,
including epidemic prevention, disease
diagnosis, and breeding of animals and
plants.

The concept of nanopore sequencing,
which involves single-stranded nucleic
acids traversing a nanopore within a
membrane under an electric field, was
introduced by David Deamer in the 1980s
Deamer et. al., (2016). The
commercialization of this technology was
significantly  advanced by  Oxford
Nanopore  Technologies (ONT), a
company established in 2005 by Oxford
professor Hagan Bayley and his team
Chen et al., (2023). In 2014, ONT released
the MinlON sequencer, making nanopore
sequencing widely accessible. Today,

ONT offers a comprehensive sequencing
system, integrating advanced library
preparation techniques, amplicon
technologies, and various bioinformatics
tools for data analysis and interpretation
Wang et al., (2021)

Molecular mechanisms of nanopore
sequencing

Principle and specific process of
nanopore sequencing

Nanopore sequencing utilizes nanopores as
biosensors. These nanopores are embedded
in a resistive film, creating the sole
channel between the two sides of the film.
An ion solution on the cis side of the film
connects with the ion solution on the trans
side via the nanopore. Electrodes
positioned at both ends of the sequencer
generate a stable electric field.

Nucleic acids, such as DNA and RNA, are
drawn towards the nanopores by this
electric field. Motor proteins facilitate the
movement of nucleic acids through the
nanopore, controlling the speed at which
they pass. As nucleic acid molecules
traverse the nanopore, changes in the
nanopore's charge occur, leading to
alterations in the electron flow across the
resistive membrane. This flow varies
based on the different bases or
modifications in the molecular structure,
each producing a distinct electronic signal.
These signals are captured and recorded by
the nanopore sequencer, which then uses
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an algorithm to identify the base types and
produce the sequencing results.
Key  Components  of
Sequencing

The core component of nanopore
sequencing is the nanopore itself. Initial
experiments utilized nanopores derived
from Staphylococcus aureus a-hemolysin,
a heptamer consisting of 14 antiparallel -
strands with a diameter of approximately
2.6 nmAshkenasyet al., (2005). Other
biological nanopores  with  similar
functions can also be used. For example,
Aerolysin, a pore-forming toxin from
Aeromonas hydrophila, has a diameter of
1.0-1.7 nm and enables sensitive single
base-pair discrimination. Another potential
candidate is the outer membrane protein G
from Escherichia coli, although its open
and closed conformational states currently
limit its suitability for single-molecule
sensing.

Oxford Nanopore Technologies (ONT)
predominantly uses MspA for their
sequencing devices. MspA is an octamer
with a minimum inner diameter of 1 nm,
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which is narrower and more stable than o-
hemolysin, resulting in higher single-
nucleotide resolution. The ionic current
differences of the four DNA bases through
the MspA nanopore are more distinct than
those through o-hemolysin, enhancing
base distinction. MspA also performs
better under extreme conditions, making it
adaptable to harsh environments.

Motor proteins play a crucial role in
controlling the rate of nucleic acid
translocation. If the translocation rate is
too fast, it complicates base identification.
Early experiments showed single-stranded
DNA moving through the nanopore at a
rate of 1-10 bases per millisecond, making
signal detection challenging. The unstable
translocation rate also complicates data
analysis. To address this, the phi29 DNA
polymerase from bacteriophage was used
as a molecular ratcheting system. Pairing
MspA with phi29 DNAP slows DNA
translocation, allowing for single-base
discrimination MacKenzie and
Argyropoulos (2023).
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Figure 1: Schematic diagram of the basic principle and process of nanopore sequencing

detection.
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After the nucleic acid samples are
collected, they can be added to the
nanopore sequencer after simple library
preparation, and the sequencing results can
be obtained in real-time (A). Motor
proteins pull the nucleic acid through the
nanopore, and the nucleic acid is detected
and transmitted to the computer through
the generated tiny current signal (B). The
computer recognizes the base type by
analyzing the current characteristic signal
and converts the current signal into the
base sequence (C).

Advantages and Disadvantages of
Nanopore Sequencing

Advantages

Single-Molecule  Direct  Sequencing

Nanopore sequencing can read ultra-long
DNA and RNA molecules directly,
providing insights that first and second-
generation sequencing methods cannot
achieve.

Timely Sequencing

It allows for the rapid sequencing of DNA
and RNA, which is beneficial for
applications requiring quick results.
Disadvantages

Higher Error Rate

Compared to first and second-generation
sequencing methods, nanopore sequencing
has a higher error rate.

Higher Sample Quality Requirements

The sequencing mechanism requires
higher quality samples to function
optimally.
Conclusion

Nanopore sequencing has emerged as a
groundbreaking technology in the field of
molecular  biology, offering unique
advantages over traditional sequencing
methods. By enabling direct sequencing of
ultra-long DNA and RNA molecules in

real-time, it provides critical insights into
genetic information that were previously
inaccessible. The technology's portability
and cost-effectiveness make it particularly
valuable for applications that demand
rapid and on-site sequencing, such as
epidemic prevention and disease diagnosis.
However, like any technological
advancement, nanopore sequencing is not
without its challenges. The higher error
rate  and stringent sample quality
requirements can limit its effectiveness in

certain  applications.  Despite  these
drawbacks, continuous improvements in
nanopore  technology, driven by

advancements from companies like Oxford
Nanopore  Technologies, suggest a
promising future. As the technology
matures, it is likely to become an even
more integral tool in genomics, expanding
its impact across diverse fields such as
personalized medicine, environmental
monitoring, and the breeding of plants and
animals.
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Introduction

Bambusa tulda, commonly known as
Indian timber bamboo, is native to the
Indian subcontinent and Southeast Asia.
This species is appreciated by farmers and
the forest industry for its robust and
durable culms, which are ideal for
building, furniture manufacturing, and
handicrafts. It is known by various names
in different regions: Wamunna (Assam),
Tulda (Bengal), Mirtinga (Tripura), Jati
(Assam, Arunachal Pradesh, Nagaland,
West Bengal), Wati, Owati (Meghalaya),

Rawthing (Mizoram), Paoshiding,
Koraincho bans (Sikkim), Deobans
(Bihar), and Longmeii (Nagaland).

Besides its economic importance, it plays a
crucial role in local ecosystems and is used
in traditional medicine. Additionally, its
tender shoots are harvested for their
delicious culinary uses.

Morphology of Bambusa tulda

Bambusa tulda is characterized by its tall,
erect culms (Fig. 1), which reach heights
of 17.7-21.3 m. The culms range in color
from bright to dark green, occasionally
with vertical yellow striations, and have a
diameter of 500-880 mm. Culm nodes are
typically swollen, displaying sheath scars
and whitish rings (Bhattacharya et al.,
2006). The culms are green when young
and turn yellowish with age. Nodes are
prominent and slightly swollen, while the
internodes are typically long and smooth.

Culm sheaths (Fig. 2), which are modified
leaves protecting young culms, exhibit
notably different sizes at various culm
heights. The adaxial surface of culm
sheaths is glabrous, while the abaxial
surface is covered with abundant black
hairs (Bhattacharya et al., 2006).

Leaves are lanceolate and provide
substantial canopy cover. They are cauline,
with smooth, glabrous leaf sheaths and
pale oral hairs. The leaf sheath auricles are
falcate, and the ligule is an unciliated
membrane. A hairy, 0.2-cm-long petiole
connects the leaf blade base to the sheath,
and the collar features an external ligule.
Leaf blades are oblong or linear, 17-37
mm in width and 15-25 cm in length. The
leaf blade midrib is evident, along with
secondary veins. The leaf blade surface is
hairy and puberulous; the apex is
acuminate, and the margins are scabrous
(Chandra & Iftikher, 2014).

The inflorescence resembles a leafless
panicle, with a branching structure similar
to a vegetative culm. Its smooth rachis has
three to five spikelets at each node,
arranged in a capitate-like pattern.
Spikelets range in length from 20 to 50
mm and are distichously grouped,
encircled by glossy, chaffy bracts. Each
spikelet has two to four lowermost florets
reduced to empty glumes, followed by four
to six viable florets (Bhattacharya et al.,
2006).
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Figl. Bambusa tulda clump on the field

Cultivation Techniques

Propagation through seeds

Seeds can be used for propagation because
B. tulda undergoes gregarious flowering.
Mature bamboos are ideal for seed
collection, and after that, the debris will be
removed from the seed lot, and later, the
seeds will be soaked in water for 24 hours
to improve germination rates. Seeds are
sown on a seed tray or ground with a
mixture of sand, compost, and garden soil
in equal parts. Usually, seeds are covered
lightly with a thin layer of soil or sand and
watered gently to keep the soil moist but
not waterlogged. A steady supply of
moisture is essential for germination.
Usually, bamboo seeds germinate in two to
four weeks. Transplant the seedlings into
nursery beds or polybags after they have a
few true leaves on them and are strong
enough to handle. The seedlings can be
moved to the field when they have reached
a height of 30 to 60 cm and are well-
established, which usually takes 6 to 12
months.

Fig. 2 Culm sheath

The seeds show 3 months of viability;
germination will take 9-30 days; and they
are 92% viable under proper storage
conditions. The availability of seed may
only be after long time intervals, seed
viability may be poor and brief, storage
facilities suitable for seed may be lacking,
highly heterogeneous seedling populations
may occur, and often overall poor seed set
and consumption of seed by wild animals
are the major problems with seed-based
propagation.  Seed-based  propagation
methods, therefore, cannot be relied on for
mass multiplication on a sustainable basis,
so there is a strong need to explore the
possibility of vegetative propagation for
mass multiplication of bamboo (Ray &
Ali, 2017).

Macro-propagation

One method of widely propagating the
species is Dby seeds. Despite being
monocarpic, this species produces clusters
of blooms. The seeds have three-month
vitality when stored properly; germination
occurs in 9-30 days, and the viability rate
is 92%. The conventional method of
propagation is used with great success. For
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The in vitro-rooted shoots from 4-week-

this propagation method, a healthy culm

that is one to two years old is selected.
This culm is carefully cut at the neck to
separate it from its mother clump, along
with the rhizome and root system. To
prevent it from drying out, the top of the
clump is cut above the first internode and
covered with a mixture of cow dung and
mud. This cover must be kept tightly
sealed and frequently misted with water.
This offset is ready to be planted. Enough
water is added to an excavated 60 x 60 x
60 cm? pit. Once the offset is prepared in
this way, it is placed into the pit and
covered with dirt until all the air is gone.
Planting during or immediately before the
rainy season is ideal (Singh et al., 2010).
Micro propagation

Healthy single nodal segments (1.5 to 2.0
cm in length) with an internodal portion
are excised from the young lateral
branches of the main culm of 10- to 20-
year-old Bambusa tulda from a natural
bamboo stand in October. The leaf sheath
of the nodal segment is removed, sized,
and surface sterilized using a cotton swab
dipped in 70 percent ethanol. The explants
are then rinsed with sterile distilled water.
Pretreatment of the explants is carried out
with an aqueous solution of 0.5 percent
Bavistin, a  systemic  carbendazim
fungicide, and gentamycin for 15 minutes.
Nodal segments are aseptically cultured in
culture tubes containing 15 ml of semi-
solid Murashige and Skoog’s medium.
After 4 weeks, axillary bud break occurs,
and shoots proliferate. The proliferated
shoots are excised from the mother plant
and cultured on MS medium supplemented
with cytokinin, where the concentrations
of bud break and multiplication rate are
higher.

old cultures are hardened and acclimatized
before field transfer. Plantlets with well-
developed roots are washed gently under
running tap water to remove all traces of
medium attached to the roots and
transferred to a root trainer containing
cocopeat and vermicompost in a 3:1 ratio.
They are irrigated with water and
acclimatized by keeping them in a closed
condition and maintaining the humidity in
the greenhouse for 20 to 30 days. The
plantlets are kept in a mist chamber with
85 to 90 percent relative humidity and a
temperature of 28+2°C. After that, the
plantlets are transferred to the propagation
bed for a period of one to two months in
the shade net house, where they produce
mini clumps of shoots in abundance
(Bhadrawale et al., 2018).

Macro proliferation

Bamboo, because of its inherent
proliferating capacity, is generated through
its rhizomes. The new propagules start
sprouting from the potted seedlings within
7-9 days, and by the end of 2 months,
separable propagules are produced. During
the separation of propagules from potted
seedlings, care is taken to ensure that the
segregated propagule comes out with a
portion of rhizome, bud, and roots.

The segregated propagules are planted in
polybags of size 24 cm x 18 cm filled with
a mixture of sieved soil, sand, and
vermicompost in a 1:1:1 ratio. These
propagules in the polybag are kept under
shade and watered regularly. The
emergence of new shoots, their rooting,
and the rhizome enlargement of the
propagules are observed regularly (Fig. 3).
The propagules begin to sprout new
propagules in 7-9 days, and by the end of
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two months, 2-3 separable propagules are
produced (Dubey et al., 2008).

e,

Fig. 3 Macro proliferation technique in
Bambusa tulda

Plantation

After selection, the plantation site is
cleared of vegetation and stones. Since the
Bambusa tulda produces smaller-diameter
clumps, the propagules are planted at a
distance of 5 m x 5 m from each other to
provide enough space for clump
establishment (Fig 4). Planting pits of size
50 cm x 50 cm x 50 cm are dug as per the
pattern

Harvesting

When  clumping bamboo is not
appropriately managed, it tends to become
congested, leading to a decline in both the
quality and quantity of the bamboo.
Usually within a clump, new culms grow
outward, towards the edges, while older
stems remain towards the center.
Consequently, bamboo harvesting should

primarily focus on the center of the clumps
rather than the sides, using methods such
as the horseshoe or tunnel technique. The
horseshoe method of harvesting clumps is
managed by creating a horseshoe-shaped
pattern or an inverted V, opening the
densest area. This process involves
removing all aged, dried, and decayed
culms, retaining only the vigorously
growing ones that are one year old. In the
tunnel method, the clump is divided into
four sections by creating two tunnels
through its center. These tunnels serve as
access points to the interior of the clump,
facilitating easy management. Culms of
sufficient maturity are then carefully
chosen and harvested from each section
(Vanlalfakawma et al., 2017).

Growth & Economics

Starting in the fifth year, a minimum
annual yield of 400 bamboo culms per
hectare is feasible with Bambusa tulda.
Each culm can be sold for at least INR 40,
leading to earnings beginning in the fifth
year. Over the course of 10 years, starting
in the fifth year, the farmer is expected to
generate an average annual income of INR
35,000 (INBAR report).

Pest and disease

Bamboo species are vulnerable to insect
pest attacks, especially from coccids, sap
suckers, and defoliators.  Pyrausta
coclesalis, also known as the defoliating
leaf roller, is recognized as a significant
pest that causes serious harm to nursery
seedlings and young plants of the
Bambusa tulda (Rishi et al., 2014). Web
blight disease, caused by Rhizoctonia

solani fungi, is one of the common
diseases of bamboo under nursery
conditions. In mature Bambusa tulda

plantations, diseases such as culm rot and
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bamboo blight, caused by the fungus
Fusarium udum, can lead to substantial
economic losses. The disease manifests as
symptoms such as internodes not fully
expanding and remaining covered by
apical culm sheaths. Leaf diseases such as
leaf spot, tar-like spot, and various foliage
and minor branch infections are common
fungal diseases that affect Bambusa tulda
(Gurpreet, 2021).

The primary management strategies for
major nursery and plantation diseases
involve  employing regular cultural
practices, applying biocontrol agents, and
using chemical treatments. Web blight
disease, caused by Rhizoctonia solani, is a
significant issue in nurseries and can be
controlled with a 0.1% foliar spray of
Validamycin. Culm rot and bamboo blight
are other major diseases affecting bamboo
stands and can be managed by soil
drenching with carbendazim at 0.1%
twice, once before and once after the
emergence of new shoots (Gurpreet,

2021).

Utilization

Source of food

In the northeastern regions of India,
Bambusa tulda is recognized as a

commercially valuable edible bamboo
species. Besides being gathered from
forests, these edible varieties are also
grown in home gardens. The harvest
period for edible bamboo shoots spans
from the first week of June to the third
week of September each year for
commercial sales (Singh et al., 2010).
Religious ceremonies

This bamboo plays a vital role in religious
ceremonies as it is used to construct
mandaps for various events such as
weddings and funerals. Additionally, it is

utilized for building jatras, which serve as
pillars or posts (Singh et al., 2010).
Medicine

The juice from crushed Bambusa tulda
shoots is used to heal nail injuries caused
by iron swords or arrows. A boiled
concoction of fermented bamboo shoots is
advised for treating ringworms, tumors,
and meningitis. The fruit is thought to
increase fertility (Singh et al., 2010).
Bambusa tulda leaf extract, in methyl
hydroalcoholic form, has shown anti-
diabetic properties, confirming its potential
use for treating hyperglycemic (diabetic)
patients. The crude agueous methanolic
extract of Bambusa tulda leaf is a possible
source of natural antioxidants.
Additionally, the antibacterial activity of
Bambusa tulda leaf extract against certain
bacterial strains has been observed
(Navina et al., 2022).

Bamboo articles

Bambusa tulda is utilized for crafting
baskets and containers, as well as
decorative items such as artificial flowers,
wall hangings, flower vases, pen holders,
trays, and the production of fishing gear.
Once dried, the whole bamboo,
particularly the leaves, culm sheaths, and
dried culms, serves as firewood. The
middle portion of a three-year-old
Bambusa tulda Culm is the most preferred
raw material for the industrial production
of agarbatti sticks (Singh et al., 2010).
Agroforestry

Bambusa tulda can be grown along with
agricultural crops like paddy, groundnut,
lady's finger, pigeon pea, cowpea, etc. It
also grows on marginal and degraded land
and elevated ground, along with field
bunds and riverbanks (Kumar et al., 2022).
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Conclusion
Bambusa tulda culms are strong and
durable, making them an excellent
alternative to traditional timber in
construction. As sustainable building
practices gain traction, this bamboo
species may see increased demand in
green architecture and eco-friendly
construction projects. The rapid growth
and ability to thrive in a variety of soil
conditions make it ideal for agroforestry
and land rehabilitation projects. It can
improve soil quality, prevent erosion, and
restore degraded land.
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Forests are a diverse ecosystem, and trees
have a wide genetic base, which makes
them susceptible to various pathogens and
pests. Due to increasing food demand and
variations in climatic patterns like altered
precipitation, rising temperatures impacted
the distribution and behavior of pathogens
and insect pests. Insect infestations are a
grave threat to forest ecosystems because
they severely harm trees and disrupt the
equilibrium of the environment. Pest and
insect infestations posed a danger to 142
million hectares of forest area world wide
between 2003 and 2012 according to the
State of the World's Forests report (2020).
About 40 million hectares of land suffered
the attack of insect pests in 2015 alone
posing a threat to the productivity and
sustainability of the forests.

Traditional pest management techniques,
such as the use of  chemical
insecticides frequently, have negative
environmental effects and low efficacy.
Forest trees need to be more climate-
resilient to resist any biotic and abiotic
stress to ensure ecosystem sustainability
and long-term health. Genetic engineering
approaches like  double-strandedRNA
mediated interference (RNAI) have proved
to be a significant tool in managing insect
pests of forest trees. RNAI has been
increasingly popular due to its accuracy,
non-target effects, and environmental
safety as it degrades after some time on its

own. Additionally, it targets multiple
genes simultaneously, making it difficult
to develop resistance to the pest

Principles of RNAI

RNAI is a natural cellular mechanism that
regulates gene expression by knocking
down the specific target mRNA. It was
first discovered by Andrew Fire and Craig
Mello in 1998 in Caenorhabditis elegans
(Fire et al. 1998).1t worksby degrading the
target-specific mMRNA or suppressing the
transcription, thereby inhibiting the protein
formation. There are two fundamental
pathways associated with RNAIi one is
MicroRNA (miRNA) and small interfering
RNA (siRNA). They both have similar
elements but different biogenesis and
mechanism of action.

The mechanism of RNAI is simple and
involves the following steps-

1. Formation of dsRNA either by
introduction  into  the  cell
exogenously or formation of the
transcript into the cell itself
through evolutionary processes.

2. This dsRNA is then processed into
short double-stranded SiRNA by
the action of ribonuclease 11 called
Dicer.

3. Loading of these siRNAs into the
RNA-induced silencing complex
(RISC) with the help of argonaute
protein, it has endo nucleolytic
properties and unwound the
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dsRNA into sense and antisense
strands.

4. Recognition of target mMRNA- here,
the antisense strand, also called
guide RNA (gRNA), guides the
RISC and forms the
complementary base pairing with
the target mRNA, which leads to
its translational repression.

Comprehending the complexities of these
pathways provides valuable insight into
the diverse and intricate methods by
which RNAI controls gene expression in
cells.RNAI has advantages over traditional
pest control techniques like they are target-
specific and ensuringenvironmental safety.
Chemical pesticides affect a broad range
of organisms including  non-target
organisms and beneficial insects, causing
biodiversity losses and these persist in the
environment for a longer duration,
contaminating the environment and also
harming the life of wild organisms. The
role of RNAI in combating abiotic stress
like drought, osmotic regulation, etc., and
biotic stress like pests and pathogens has
been explored in different forest trees.
RNAI against insect pests-

Many studies have been done using the
RNAI technology for viral bacterial and
fungal infections in Arabidopsis thaliana
(Gao et al. 2018) and other horticultural
species like plum pox virus, banana
bunchy top virus disease but in the field of
forestry the use of RNAI in disease
management is very scanty.Here it is
explored in the insect-pest control, and
researchers explored this in several
forestry species (Table 1).
Bursaphelenchus xylophilus is an essential
insect of the Pine tree, and one gene,
BxAK1, an arginine kinase, is known for

pathogenicity and is cloned and targeted
using RNAIi. It was found that it
significantly increased the mortality of the
pest and also reduced its fertility (Wang et
al. 2012). This nematode is adapted very
well to lower temperatures, and the effect
of its associated bacteria linked to low-
temperature adaptability was studied by
silencing the daf-11 gene using RNAI.
Insect mortality was observed at 10°C, and
survival rates were also affected (Yuan et
al., 2023). Dendroctonus frontalis,
southern pine beetle (SPB), was fed orally
dsRNA, and it silenced target genes,
achieving 100% insect mortality (Kyre et
al. 2019).In another pine insect, D.
ponderosae, mountain pine beetle (MPB),
RNAI was used to silence three genes

(hsp, iap, and shi), crucial for insect
survival, when ingested orally and
absorbed dermally. It caused insect

mortality within seven days (Kyre et al.,
2020).Later on, Kyre and Rieske (2022)
found that dsRNA designed for SPB can
induce silencing in the MPB, thereby
suggesting that the RNAiI may be
developed as a Dendroctonus-specific
control measure to combat the rapidly
increasing populations of bark beetles.

Out of all the other orders that come under
the class Insecta, Coleoptera is most
sensitive towards RNAI, according to
Yoon et al. (2018), as Staufen, a dsRNA
binding protein that is responsible for the
processing of siRNA is found exclusively
in the coleopteran insects.Emerald ash
borer (EAB), Agrilus planipennis, is an
invasive pest of the Ash tree, and out of
thirteen genes screened, two were found to
be the best for RNA-mediated gene
silencing. When orally ingested, these
genes recorded up to 90% mortality in the
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insect (Rodrigues et al. 2018).Researches
are conducted on the delivery methods
also, and Mehlhorn et al. (2021) suggested
that the Mustard leaf beetle could be a
potential model organism for foliar RNAI
applications in  coleopteran  insects.
Transcriptional analysis of Batocerahors
field, longhorn beetle, which affects about
100 tree species, was performed to find out
the target genes for RNAI and these three
genes (BhorOBP3, BhorCSP2,
and BhorOBPC1/C3/C4) were screened
out which were responsible for the host
identification (Yang et al. 2018). Asian
longhorn Dbeetle (ALB), Anoplophora
glabripennis, which affects numerous
species, was screened for RNAI, and the
study found it has essential RNAIi genes
like Dicer and AGO2 protein soRNAI
methods can be explored to control this
pest (Rodrigues et al., 2017). Similar work
was done by Zhao et al. (2015) in EAB.
Dhandapani et al. (2020a) orally fed
dsRNA to larvae of A. glabripennis
containing target genes and recorded 80%
mortality with 2.5ug concentration. In
another research, Dhandapani et al.
(2020b) observed 100% mortality in adult

and larval stages when dsRNA containing
target genes were transferred to them via
microinjection, but for field application,
they suggested the use of heat-killed
bacteria for dsRNA delivery. Since oral
ingestion and microinjection techniques
are unsuitable for forest trees as they have
tall height and expanded canopy cover,
researchers are trying to find other best
possible methods for dsRNA delivery to
the economically important tree species.
Bragg and Rieske (2022) drenched the
roots of Quercus alba L. hydroponically
into the dsSRNA solution and then, after 1,
3, 5 and 7 days, sampled the plants and
analyzed the dsRNA uptake ability of Q.
alba. They recorded successful uptake and
translocation of dsRNA to other parts of
the plant. Another method of dsRNA
delivery was shown by Pampolini and
Rieske (2023); seedlings of Fraxinus sp.
wereexposed to the dSRNA through foliar
application.Experiments using rtPCR and
Sanger  sequencing  confirmed  the
translocation of dsRNA to other parts of
the plant, and the persistence of dsRNA
was confirmed even after 21 days after the
infection.

Table 1 Represents RNAI experiments in insects affecting forest trees

Test organism Affected Target gene | dsSRNA  delivery | References

plant methods

species
Dendroctonus Pine GAPDH Orally ingested Kyre et al. 2019
frontalis Actin
Dendroctonus Pine Shi Root drenched Bragg and
frontalis Rieske, 2022
Dendroctonus Pine Hsp Oral ingestion and | Kyre et al. 2020
ponderosae lap topical absorption

Shi

Bursaphelenchus Pine BxAK1 Soaking bioassay Wang et al. 2012
xylophilus
Bursaphelenchus | Pine Daf-11 Injection Yuan et al. 2023

> © Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India

41



Van Sangyan (ISSN 2395 - 468X)

Vol. 12, No. 1,

Issue: January 2025

xylophilus
Agrilus Fraxinus Hsp Orally ingested Rodrigues et al.
planipennis Shi 2018
(EAB)
Agrilus Fraxinus Shi Root absorption and | Pampolini et al.
planipennis Topical application | 2020
(EAB)
Agrilus Fraxinus Shi Oral ingestion of | Leelesh and
planipennis Hsp dsRNA-expressing | Rieske 2020
(EAB) bacteria
Anoplophora A wide | GAPDH Injection Rodrigues et
glabripennis range of | pl32 al.,2017
(ALB) species
Anoplophora IAP Oral feeding Dhandapani et
glabripennis SNF7 al. 2020a
SSK
Anoplophora IAP Heat killed bacteria | Dhandapani et
glabripennis SNF7 al. 2020b
Dendroctonus Conifers DarmCSP2 Microinjection Lietal. 2018
armandi
Dendroctonus Conifers DaAgpl2L Microinjection Fu et al. 2019
armandi
Leptocybeinvasa Eucalyptus Chitin Oral bioassays Nambiar-Veetil
metabolism etal., (2011)
Hyblaea puera Teak HpChi-h, Oral bioassays Kottaipalayam et
HpECR, al., (2022)
HpCHS1

Conclusion

RNAI is a remarkable technology for
integrated pest management in crops and
forest trees. Researchers are trying to
improve dsRNA delivery methods and
reduce the production cost for vast-scale
applications. A significant nuisance is the
wood borer in the trees, where the foliar
application of dsRNA is impractical; then
other delivery methods can be adopted,
like trunk injection, use of symbiotic
microorganisms, and mixing these RNA-
based pesticides in the soil.Significant
challenges are the off-target and non-target

A,;}»‘{‘ s

genes, and to avoid unintended impacts on
non-target genes, it is imperative to ensure
the specificity of the RNAI response to the
target gene. While RNAiI is an
innovative technology with the potential to
revolutionize forest pest
management when combined with
traditional silvicultural pest management
techniques, it can provide a multifaceted
management strategy that preserves
beneficial species while maintaining
endemic populations of tree-killing forest
pests.
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Introduction

Azadirachta indica, or neem, is a tropical
and semi-tropical tree species belong to
the Meliacece family, which is native to
South and South east Asia (Daniel and
Hegde 2007) and usually found all over
the world. It was originally discovered in
the Indian subcontinent, which is currently
considered an invasive species in Australia
and Africa. Throughout Maharashtra,
Madhya Pradesh, and other parts of India,
neem has naturalized aside from very high
and cold areas (Sindhu 1995).

It is a medium to large tree of 20m height
(Daniel and Hegde 2007), which thrive in
a variety of climates and soil types.
Compared to other species, this tree is
known to grow on nearly all types of soil
and is highly suited to stressful
environments, but prefers deep clay
soils.The acidic soils and pH 10 are
suitable for its survival. The versatile neem
tree can be wused for general soil

amendment, amelioration of saline soils,
and restoration of damaged lands.It grows
best in regions with 750-1000 mm of
yearly rainfall.lts native temperature
ranges from 15 to 45 degrees Celsius.It
grows up to an elevation of 1200 meters in
tropical arid regions of India. This tree all
parts, including the bark, fruits, seeds, and
leaves, possess antifungal and antibacterial
characteristics,  being  utilized in
medicine.Its seed must be sown within a
month of harvesting due to its extremely
short viability period. Planting stumps is
the most effective way to establish neem.
It can withstand drought because it can
thrive in a variety of environmental
circumstances, such as high temperatures
and little rainfall.lts wood is of a rather
good grade, making it suitable for
construction and the manufacture of
agricultural tools (Daniel and Hegde
2007).

i

Source: natureneem.com
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Neem in Agroforestry systems
Agroforestry refers to land use systems in
which woody perennials are deliberately
planted alongside agricultural crops and/or
animals on the same plot of land, either in
the form of a unique temporal sequence
arrangement or otherwise (Dwivedi
2013).Compared to pure agriculture or
forestry, agroforestry provides farmers
with a higher income per unit of land.
Numerous studies conducted across the
globe indicate that, for a given piece of
land, agroforestry is more profitable for
farmers than either agriculture or forestry
(Tewari et al. 2014). Agroforestry
enhances soil quality in a number of ways,
including increased nutrient cycling
efficiency (Nair et al. 2009), decreased
runoff and soil erosion, increased fertility
through nitrogen fixation, and—above
all—a notable increase in soil organic
matter due to the ongoing addition of litter,
which in  turn promotes  soil
biota/microflora and water infiltration rate
(Fontes et al. 2010). Planting MPTs like
neem, which restores soil fertility and
richness and encourages the growth of
more herbs and shrubs, can increase the
productivity of waste land (Drechsel et al.
1991).

One of the most widely grown trees is
neem (A.indica), which is grown in most
of India (14 million persons, with the
exception of high and cold locations)
(Sidhu 1995). Neem is one of the most
valuable multipurpose trees found in arid
and semi-arid regions. It is especially
valued for its ability to meet the basic
needs of rural households, including

pesticides, nematicides, insect repellent,
fertilizers, fodder, soaps, lubricants, tooth
brushes,

and medicines (antiallergic,

antifungal, anti-inflammatory, cardiac, and

diuretic, among others. Itcan adapt to a

variety of environments and climates,

neem (Azadirachta indica L.) is regarded
as a source of compounds with many
applications. Its use in shelterbelts also
makes it a valuable species for
agroforestry  (Shankarnarayanan et al.

1987). The value of A. indica L. has

multiplied recently due to a greater focus

on agroforestry research (Gill and Deb

1993).

Neem and other tree species enhanced the

production of the silivicultural system by

up to 8.5 tons per hectare in dry and semi-
arid environments.In an agroforestry
system, the tree component is preferred
because it could yield a variety of goods
that are readily marketable and have a high
economic value, depending on local

requirements (Bohra et al. 2016).

Agroforestry tree species along with neem

and systems has been laid down in the

bullet points:

e The agri-silvi-horticultural system of
neem is found in the tropical plains
together ~ with  crops including
vegetables, peanuts, mung beans,
cowpeas, pearl millet, cotton, sorghum,
and horsegram (Kumar 1999).

e Sunflower with Neem and Meliadubia
was also studied/reported by (Panneer
Selvem, 2003).

e In agroforestry systems, neemcan also
work effectively with a variety of
annual crops and tiny trees like
jatropha (Daniel and Hegde 2007).

e In Maharastra, neem is grown with
babool in lines with agricultural crops
(Chakravarty et al. 2010).
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e In Karnataka, Andhra Pradesh and
Tamil Naidu it is grown in farm lands
(Chakravarty et al. 2010).

e In Hyderabad sorghum along with
neem (Chakravarty et al. 2010).

e Neem is a multipurpose tree that is
seen to be cultivated alongside crops
such as sorghum, black gram, wheat,
chickpea, etc. in central India
(Bijalwan et al. 2017).

e Neem (Azadirachta indica) and teak
(Tectona grandis) agroforestry system
to study microbial density and soil
chemical propertieswas done under
rainfed and irrigated ecosystems in
Karnataka (Chittapurand Gurumurthy,
2018).

Commerical uses of neem

e Neem extracts have been used in the
manufacturing of nanoparticles, where
biomolecules such as terpenoids
function as both reducing and capping
agents.

e Neem wood is utilized for its timber
because it is resistant to termites and
woodworms and is durable even in
exposed environments (Prakash et al.
2022).

e Neem extract's insecticidal qualities
have long been recognized in India,
where it has been used in agriculture to
control pests and provide nutrients to
plants (Prakash et al. 2022).

e Neem leaves are utilized in the
production of green leaf manure and
high-nutrient litter compost, which
includes calcium, sulphur, potassium,
and nitrogen (S. Lokanadhan et al.
2012).

e Neem extracts are widely used in

marketed skin, hair, and dental care
products due to their effective

treatment of dandruff and epidermal
dysfunctions such acne, psoriasis, and
eczema (T. Lakshmi et al. 2015).
Conclusion
Neem trees diversify the farm; produce
goods that are domestic and marketable. It
is a crucial and perfect part of a
developing agroforestry system that
farmers can use in almost every part of
India. These trees can provide farmers
with a multitude of benefits, and they
blend well with a wide variety of crops to
yield the highest financial returns.
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