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From the Editor’s desk

Neem, a versatile and ancient tree, has been a cornerstone of sustainable agriculture for centuries. In
organic farming, neem plays a crucial role as a natural pesticide, fungicide, and fertilizer. lts
compounds, such as azadirachtin, possess potent insecticidal properties that repel and kil a wide
range of pests without harming beneficial insects. Neem i extracted from its seeds, is used in faliar
sprays to protect crops from various diseases and pests. Additionally, neem cake, a byproduct of ol

extraction, is an excellent orgamic fertilzer that enriches the soil with essential mutrients and

impraves soil structure. By incorporating neem into organic farming practices, farmers can enfance

crop yields, reduce reliance on synthetic chemicals, and promote envirommental hiealth,

In line with the above this issue of Van Sangyan contains an article on St ST & her &1 #@eca. [here are also useful

articles viz. breen compasite: Bigpolymer-basedcomposites reinforced with agroforestry waste, Understanding nitragen fixation
in forests - Nature's fertilizer, Palash: A tree of many wonders, [pium Pappy - lts importance, illegal trafficking and economic
significance, LIISPR/Las 4 in Forestry, Integration of spices under various agroforestry systems, breening lelangana: Exploring
the vital role of trees outside forests and\'an Mitra: A scheme to boost green cover in Haryana.

[ look farward to engaging with all of you through our ypcoming issues!

Dr. Naseer Mohammad
Chief Editor
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Disclaimer — Van Sangyan

Statement of Responsibility

Neither Van Sangyan (VS) nor its editors, publishers, owners or anyone else
involved in creating, producing or delivering Van Sangyan (VS) or the materials
contained therein, assumes any liability or responsibility for the accuracy,
completeness, or usefulness of any information provided in Van Sangyan (VS), nor
shall they be liable for any direct, indirect, incidental, special, consequential or
punitive damages arising out of the use of Van Sangyan (VS) or its contents. While
the advice and information in this e-magazine are believed to be true and accurate
on the date of its publication, neither the editors, publisher, owners nor the authors
can accept any legal responsibility for any errors or omissions that may be made or
for the results obtained from the use of such material. The editors, publisher or
owners, make no warranty, express or implied, with respect to the material

contained herein.

Opinions, discussions, views and recommendations are solely those of the authors
and not of Van Sangyan (VS) or its publishers. Van Sangyan and its editors,
publishers or owners make no representations or warranties with respect to the
information offered or provided within or through the Van Sangyan. Van Sangyan
and its publishers will not be liable for any direct, indirect, consequential, special,

exemplary, or other damages arising there from.

Van Sangyan (VS) reserves the right, at its sole discretion, to change the terms and
conditions from time to time and your access of Van Sangyan (VS) or its website
will be deemed to be your acceptance of an agreement to any changed terms and

conditions.
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Sfaw F0 & {7 1 a8 TF ST

AT T ST Jiat fra weet R srreer foig? waner o Rt s e
LT FHATT AATAHA T. . VST §. AR TH T, ARIMTAAT

e A T, FiT s geamm, greeave freafaeme, ser-284128-3.7., 9

2o 1O ATTAhT AEETT HET ST1H1-284003-3.7., 9L

e Tt e AT, S G deam, greeave fRrataener, @it 284128-3.7., 9
H: manishbhu3756@gmail.com

STTas o § 19 T ITANT A1 & oy
Jgd HgcdQUl g AIH & S 3cag SH-
fm #r oy, 99 o =@ef, arfe Sfaw
FO | TN w2 g SEw dqrei § T "
FAT ST &7 | II90F Teal hl ITASHAT
T FEMAT & 3T T IcATE § dreAref,
FashaTeft, SHaToETeft o7 9 ST g1 A
ITATE STereh FIT H T &1 | o719 3 2,
S wamr | fagr &t Saear Sfew
FleATer®l T Iaewi & &9 # Fhar 5
qRdT gl TE @ Sifds FT H AT FT
AMYFT Tgd TF ITAN & a § T
ST 3qT 5

Tf=

AT H W TS § AT 10000 T 0F &
FT ST ol g1 THTT g AT T H T
39T gl SATAT gl FFToh AT i TFATEAT
F T SATETRA & gl ol e 60 Fraerd
9T F2ar g1 I 9 § FO g
T {ET HT AT| Tl 0 H Tgd 3T
T HTAT AT ST AT ALl & @AT 0P
STTAT 2| ST 98/T | HleATehi w1 He
SYANT AT AT 9T, F HleATaHI & & |
HATAT o TS &7 &7 ITART F2d AN o
A TTHIAF ST @TE HT ITTRT FHLd I
AT H A Fifd i e a1 1960 H

o | oEw =7 =9 ¥ (feh I a1 (ohed
% dfter, el Ff SR, [T
g, FreATershl 3T IqTH TINT H 10
T RrEeh TRUTHEET 9T ScaTad § 9f3
Tl AR F I ARG =@l 9
FeqIe TohaT §, Saiv arfad har1 g &

SiTas FreATelt o § o9 a1 el o
Hh LA H HE T g A BEAl T Icaraed
¥ SRl #d 8, ATRT et @t
HeAd: AT Hedrersn 7w {6 g1
gTATTh T HIEATIERT T TIRT Fleh ATH
ATH AT g STTeh hleATerH HIAT TaqTeeT
ST o T IA¥ar & o s gid gl
T F g A Sfes Fiu e
quTteral H Hgceaqul INTE STedl g S
Ffere fehre o TEEf=s a9 I
Tl FAT gl FH A qHT TH IcaTaT
giafera s gu, gt it Scaraswar aqre
TG H 788 AT gl

Saw s & fAw wraga

i Fmerfa S w1 uE agseefiT UE R
ST AT & ST-97 99 37 F1T mEar
& fafer=r TOT a9 gTREE Hile-Ta &
STATT H TATAT orf<h T@ar gl e
TETEE Gl 58 § gl Al A
AT o FATEST JAT TATELO T TEAT
T T 2T 81 AT STt i TThfa
gft § Hw IR F ITINT AT TR T
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ST 3T ST 2T 81 ST AT I 3%
IR ol & &Y g aATH
Gratt F AT {1 F Ageaer sirvefer i wr
qTterd FRAT 81 T IEHTd diY 9% @ i-arst
& HTH | A T T TEHTA T ASTI
AT I9Et F uesiiar et & I %
AT LT AT AT AT o 980T | H AT
SIEEACCIR: R DI R ER RS IR A

THATF HlEATerh st & qr=ad ao Hl
G Hh AT IAeh GIRT aF &l TATAT
Feh ISl I AT AT gl AT Tg THTE
o THT T T TG ISl Dl T hleAThi
F fa gfaareft a=T 3 g1 st i Fi 9
ATt g, AT AT HTer ATET 6 graiao Heeq
T T F2ar g oo e et fifz=t
¥ gfaary it gearaET 981 grdy g1 v '
SHEToTeT oY Faen et F1R 91 ST 8
g FerEEEEs F20 S1ar gl aqq |
F T TH TSt AT TITELT Kl THATH
TeaTy faaT foe &t agdt g2 Saeer At
STEIAT 1 QT FA 6 (o7 gy Icamed H
gt w7 g, Sraw e frearast &1
TANT F & AT TGO 6 9T 97T
gt Fiet it o g1 w1 § oY S99
FIEATT o TATH TT FIH hleATIH & &
H TR H AT ST T 8 e fier i
a9 gt A /9 g1 g,
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ST HIeATAF FT Soal Grd gAT, TaHreT
Teraaefierar T Sfear Sa HileATIrhi
£ YT T2 T 9T ITET ITART FLA1
HI9Fer FAT <At g1 AR 7 Fhe swiaeT
H fers FU % B o SR a9e ey <
=T iTd g0, FFd qLeAT | #1° % d &
FATIT ITTRT T THTEAT HT gl TATHF,
BTt 1 wwa e T A9HT 1T
T=ATE 3 g1 SE® wEet &1 dhiel § F=9rr
H9F gl aTdT &l

F #Fife FI=7 § FT AT F w0\ 0w
1 F T F TR 9T &7+ 23T o7 T )
A A T FgSeefia AT & FHILOT HT
¥ sreafers HEed T@dT g1 A8 FT HEeA Lol
AT & FLAT & UF TIa0T-3T%d 1y
TEIAAT T FETET IqT 5

o 7 fors F § wisy

T FT TFN @I H TR T AT
foar #ietr &1 =, g & | |
AT, THAL %0l LT UF el o forg us
TeaaTd |q g S 6 i § e wheey
% T IREE Far g1 Fi i |
i Fr onfie Fwea gwT F Fows &
qTHET FAT T I9% g fou wu e
faer 0\ & wgca &1 9rrar g e A
& TN % I=rd THOTHT 978 i gl
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St @t # i i STRar

Stk @dt % ot & {19 U SRt uF
gl AT SR Ruad T g e
ATHETT GEATH 32 742 oo W= 3
SOTTAT STTEET SEATH & ATl F ST
et § A w7 AT AT ST = "ot
F {1 " a9 Frer At 3cmat wi A
AT TAH TIANT AT THAT FT ATADIHIT
ERISIEE R IEISERC IR R IR B ED
T 3T FTEATLRT T TN q1 AT ST
gl gt 7 g7 dY UX ATseeT SE 9
qcd T IUTeedT 3T TETIAF TATSTT 6
T FHTRAT FT TFATH TS FAAT a9
STt g1 AR | &1 92 =9 gHaa |
[Moed # 983 HAIEE 9Ted grar g 3%
STTas @t T U 319 AT a7 g
AT St & forg gRfera

TET A FeArerhi & o, S #7 aa
T &9 & gIAHITE hlel & gMHMAd 3
TSI YOS 0 AT Far gl STath
qeATFET SH ATAFRT HIET FT A
TFATE Tol g1aT gl TH FU § TH &qesy
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TR 95 a0 T@d § A et
EL

T J&ET

7 F ok | FAwrT e SarvreT o
e g €, ST wEer § GAfvs faw
S ST TRM & =7 # ggraar
g, SEE wEa T THE FH g g ST
3O H 5 gl gl

T T H GET

HaT %I TG TG & o0 qAT2eroT qiei &
e F T smeeTs T acdt § 4 uw
&, ST IRAT AT IS I T §&T |d &
RresT ITa gar wT § wEer i
ATEIS FT T I FeA o forg o srar
gl {19 F Sfaw Ieae IRAT eI
AT AEfefrres &1 FFor FO A
GLEPIS R T e G B i LT ke
AT Rehee Tae® 6 &9 H HF HLal
&, ST JFI AT ¥ Tfafater &7 o #:ied &
Hag FaT g Sr o fRarsderer & forw
e g, e fagr & ghhar fr g &0
=T ST 2

EKILEIREREL]
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i #1 =t § fAARSEEEe o ot 2 g,
ST OTet it e A TR qgA ared
SITHRTCH AHTETS &l ATl Hl FF Fd H
HaE Hd gl Tg w96 o2 I &l 9@l
=TT FEA T I ZI & TAT4T 2
ST § gRaT

TS ST T @I TRTAT o 91 HEor |
TET A1 AT a7 FIET ST el w Thd
g, IS 8o & e § g ATl et
FT FH R ST TRaT g1 oo A e
FO § TREW @7 g, G siT vt
e =T 7 FETET 3q7 § ST gr=aeT
AT 9T ATar ft F7 F:aT 2
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TE TTESY 3T IYST H AT

H dwrhat wr At #w7 eiw fEr i
JALAT H FETAT gl TAELO-AqEhd FHU
TUTTEAT T T AT TAT FHIHH THAAT H
S[E TITAL TG &l i HLAT gl AT Hi
=T, T gEg S g F wmeer |
qae F fou uw wRferd, gwEr #fi7
JgAAT FEAT TEE FAT gl TE
fFETT T Ok aATar g, s’y &
ATTHHRTLT HIST o0l T, S fafaredr, wee
TATEST T3S | AT FAT 2

0.0
4 \.
=

- wreg

T F &= § i & fafoer = § o

fAew
H UF g &Y agsediT uE § 5

AT, S HLEAT ST el H Fafg w2
F FHAT T@AT § ST FUATHSl 3T

TATAT S{Tae 3 T 1T Heerr § Hgea ot IRETr & T tEw "AgaEqr AEeT gl

TRIE a1 gl 4w f@gr & qoEar §

qIATEL G F HTHA H, A7 F ISt 67
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CRISPR/Cas 9 in Forestry: Where are we?

Akankshya Kar Mahapatra® and Sourav Ranjan Mohapatra 2°

ICollege of Forestry, Odisha University of Agriculture and Technology
Bhubaneswar, Odisha 751 003, India.
2Department of Forest Biology and Tree Improvement, Odisha University of Agriculture and
Technology
Bhubaneswar, Odisha 751 003, India.
*E-mail: srmohapatra.forestry@ouat.ac.in

Introduction

The exacerbating surge in depleting forest
areas due to various factors such as natural
and manmade calamities, conversion of
forest areas over non-forestry purposes,
and ease in  transportation  and
communication facilities has posed a threat
to the emerging climate change issues. It
requires improved stock with a shorter
rotation period, resistance to sustain
adverse biotic and abiotic stresses,
improved quality of wood composition,
and higher carbon content storing
capacity.Conventional breeding techniques
can take up longer periods to produce
desirable results and also possess
additional disadvantages of unexpected
failures, leading to depletion of resources,
and unnecessary wastage of capital and
labor. It can be resolved by adopting
modern edge biotechnological tools and
diving into the molecular breeding of trees.
Genomics serves as a potential tool in the
subject of molecular tree improvement.
Genomics deals with the complete set of
DNA in an organism i.e. genome,

organization of genes, genetic information
within a genome, and their respective
functions. Genome editing tools like ZFN

(Zinc-  finger nucleases), TALENS
(Transcription  activator-like  effector
nucleases), CRISPR/Cas9  (Clustered

Regularly Interspaced Short Palindromic
Repeats) perform target gene editing.
These tools provide a venue to introduce
targeted  mutations, insertion/deletion
(InDel), and precise modification in the
genome  using  specific  nucleases.
CRISPR/Cas9 is preferred over ZFN and
TALENS as it involves interaction
between RNA and DNA while the latter
two involve the interaction between
protein and DNA which is technically
more challenging and unpredictable.

What is CRISPR/Cas 9?

CRISPR (Clustered Regularly Interspaced
Short Palindromic Repeats) consists of two
components; A guide RNA, which
identifies the DNA sequence to be edited
and a Cas9 enzyme (CRISPR Associated
endonuclease protein) which cuts DNA at
a specific location.

¥ © Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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Non-homologous end joining Homology directed repair
(HDR)

CRISPR/Cas
Genome editing

Transfection

: Genome Edited
Regeneration Plants

Fig. 1 Applications of CRISPR/Cas-mediated gene editing in tree improvement

The process starts with targeting a
sequence of the genome that is to be
altered. Consequently, a CRISPR RNA
(CrRNA) sequence is selected to match
with the targeted DNA sequence, ensuring
complementarity. This CrRNA along with
tracr-RNA forms a single guide RNA
(SgRNA). The sgRNA binds with the Cas9
enzyme and is then incorporated into the
cell. A PAM (Protospacer Adjacent Motif)
site, short DNA sequence (2-6 base pairs
long) is specific to the Cas 9 enzyme.
Generally, the PAM site is located near the
targeted DNA sequence, which helps the
Cas9 to work efficiently. Once the sgRNA
finds its complementary DNA sequence,
binds to it. Near the PAM site, the Cas9
enzyme cuts the DNA on both strands
forming a double-stranded break (DSB)
and shutting off the targeted gene. This
break triggers the cell’s repair mechanism
resulting in rejoining either by Non-
Homologous End Joining (NHEJ) or

Homologous Directed Repair (HDR).
These DNA repair mechanisms can then
be manipulated artificially and the required
mutation can be carried out to modify
genes according to the desired outcome.
Applications in forestry

Trees are constantly subjected to a wide
range of abiotic and biotic stresses due to
their longer lifespan. CRISPR/Cas9 has
contributed significantly to building
tolerance against abiotic and biotic
stresses. Its application has reached
different tree species such as Populus,
Parasponia andersonii, Jatropha curcas,
Hevea brasiliensis, citrus, etc. Drought
stress is one of the major causative factors
for reduction in biomass production and
rate of photosynthesis. Although there
have not been many successful results, it
has helped in providing valuable insight
into gene function and response to drought
stress factors. Considering the not-so-note-
worthy results in the case of drought

¥ © Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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stress, striking results in the subject of
tolerance towards salt stress have been
observed. Many observations show notable
findings, where plants like Populus
euphratica, and P. alba have undergone
CRISPR/Cas 9 knockout and tolerated salt
stress with little damage to the plants as
the plants remained green with little
discolorations and cell disruptions during
the salinity stress. Applications of
CRISPR/Cas9 in trees promote the
development of resistance to various
diseases caused by fungal, viral, and
bacterial pathogens. It has proved to be a
potential tool for Poplar species, where
CRISPR/Cas9 explains the function of
genes and develops strategies against
fungal pathogens like Dothiorellagregaria
and Melampsora by synthesizing phenolic
compounds like proanthocyanidins in
leaves. CRISPR/Cas9 in the case of
Jatropha species has helped in the
regulation of growth, flowering, and
enhancement of seed for efficacious
biodiesel production.

Gene editing tool CRISPR/Cas9 has
achieved substantial improvement in terms
of bud growth proficiency, sylleptic
branching, and shoot length leading toward
a spiked biomass production. In the
aspect of word composition alteration, it
stands strong by achieving a 23% to 35%
reduction in the lignin content of Populus
Species. In addition, certain mutant
Poplars has shown higher saccharification
efficiency which opens the portal for

efficient biofuel production. Going out
strong, remarkable results with increased
stem length and diameter, along with
broadened xylem fiber cells favor
positively to the paper and pulp industries.
Future prospects

The exploration of CRISPR/Cas9 in the
field of tree improvement lies a lot behind,
devoid of attention that demands
significant effective measures. It can be
well observed in Figure 2, where the log-
transformed  number of  CRISPR
publications shows a common trend of
increasing publications for all areas except
forestry. Therefore, research focusing on
CRISPR/Cas9 for tree crops requires
special attraction in addition; the
establishment of a portal containing
general genomic information of common
tree varieties can help in keeping track of
particular trees and act as a reference point
for more research to be carried out. While
most studies are prevalent on the growth
and development of trees there is a need to
divert  attention  towards  tackling
environmental stress which would help in
developing the adaptability of trees to
various extreme conditions. Furthermore,
the focus needs to be established on the
development of homozygous tree varieties
within a short period for next-generation
advancements to be carried out. Another
issue that needs to be addressed is the
sequence specificity of PAM, expanding
the range of PAM-specific sequences
would be a significant achievement.

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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Fig. 2 The number of CRISPR publications by year since 2012 by Dort et al., 2020

Conclusion

Amongst all the gene editing tools,
CRISPR/Cas9 works with a high rate of
efficiency, feasibility, and appreciable
target specificity. This potential tool has
achieved substantial tree improvement in
terms of developing biotic and abiotic
resistance, biomass production, and wood
composition alteration. However, research
focusing on CRISPR/Cas9 in tree crops
stands a lot behind in comparison to
agricultural  crops. Furthermore, the
unavailability of whole genome sequences

in tree species poses more complications to

genomic assemblage. In the field of

forestry research, CRISPR has been able to

stand out as a hotspot region for the

exploration and creation of new scopes.
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TeHIaE gfaasar s@q w1 el s
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HEET qFT gOMl UROTHEAET I9q %
fe et & T e ST et
foorat & wmeT g2 T et Ei
T rat &t T ATeH | ae
STt o E2eror gq e yrae R o S
29T % AT a9 § GHa/3q0sd 5l Al
THT T LT A Aol 22T S F
EEREIGEISERIIIE ol E2 tl AR L )
T AL, a9 T Ay g
HATAT gRT a9 1973 # &t AT e &
g¥g sita s Farer graar & =9
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TISAT T ATHT o AT g Fald ggradr
IUsd T ATAT g1 Teaers g o a7 1973
H JTeie TSI ol &ad & 999 <97 §
{1 AT 212 9 Jaqd # 397 § A
ez T Rerat &t gedr agde 50 gr iy
SIS THT | FTET T [T 9Tf<h Ta9
forr ToharT STTaT T2T 81 97 &F aTel % 9<%
& Joad fZE0 7 aR § =g q4oF I
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Heeteadt & fawm, qoEr =T war #°
g frar g1 ama gdt uforms feam
TurTfert % g H o, 98 I[ET 99 ITNN
2raT & 91 A A= foha srar 8 & s
T AR & T8 g g, UATA &M
T FRATIL FT ST I &, AATAA
T AT FT AL 99 8, T Tgl
ZFET HIAT | STHA 6 A7 TS qaer
gl =T 9 H, IATH FARN AT U
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Introduction

Plastic  accumulation  poses  serious
environmental concerns due to its long-
lasting impact. Oceans are submerged with
plastic debris adversely affecting over 250
marine  species. Plastic degradation
methods include thermal, photo-oxidative
and UV degradation with complete
disintegration taking several hundreds to
thousands of years.Agricultural activities
generate huge amounts of lignocellulosic
residues (> 350 million tons per
year)which are largely unaddressed
(Madurwar et al., 2013). Recycling these
residues to produce renewable,
biodegradable materials could mitigate
waste accumulation. Natural polymers
degrade enzymatically in moist
environments driving research into green
composites (i.e., fully biodegradable)
composed of  biopolymer  matrices
reinforced with lignocellulosic materials.
Various natural fibers including bamboo,
pineapple and henequen have been used to
reinforce biopolymer matrices resulting in
superior mechanical properties. Green
materials derived from renewable sources
exhibit eco-friendly traits like
biodegradability and recyclability. The
term "green composites” historically
referred to synthetic polymer composites
with natural organic fillers from renewable
sources (La Mantia and Morreale, 2011).

5
A3
£

These composites incorporating natural
fillers with petro-based polymers are more
environmentally friendly and
commercially available for various
applications.Efforts are underway to
develop all-green composites, replacing
non-biodegradable polymer matrices with
biodegradable alternatives like starch, PLA
and polyhydroxyalkanoates. Some
researchers argue for both matrix and filler
to be eco-compatible for a composite to be
labeled "green."”

Biopolymer matrices

Biopolymers, sourced from living
organisms or natural origins (La Mantia
and Morreale, 2011) offer sustainable,
non-toxic, biodegradable and compostable
alternatives that minimize environmental
effects.  Their  biodegradability and
renewability are  key  advantages
contributing to the development of carbon-
neutral materials. However, limitations
exist particularly in applications requiring
prolonged use as biopolymer matrices are
best suited for short-life-cycle applications
like sustainable packaging and
biomedicine. Additionally, their
recyclability is limited with efforts
underway to establish recycling indices.
Some biopolymers like PLA (Polylactic
acid) and PHBV (Polyhydroxybutyrate-co-
valerate) can be mechanically recycled
multiple times with acceptable property
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loss. While others like, starch-based
materials exhibit poor recyclability and
may find secondary use in composites.
Natural fillers and reinforcements
Agroforestry residues provide abundant
lignocellulosic materials yielding various

fillers like fibers, particles and whiskers.
While these fillers can enhance mechanical
properties in some instances they may
simply reduce costs and enhance
sustainability in others serving solely as
filler.

Table 1.Various natural fillers and reinforcements obtained from agroforestry residues

S.
Fib E I
No. ibers xamples
Flax (Linum usitatissimum), Jute (Corchorus olitorius), Hemp
1. Bast Fibers | (Cannabis sativa), Kenaf (Hibiscus cannabinus L.), Ramie (Boehmeria
nivea)
2. Fruits Banana (Musa paradisiaca), Cocoa (Theobroma cacao L.)
3 Switch Rod grass (Panicum virgatum L.), Napier grass (Pennisetum
| grass purpureum)
4 Leaves Slsa}l.(Agave sisalana), Pineapple (Anannus comosus), Abaca (Musa
textilis)
Coconut (Cocos nucifera), Oil palm (Elaeis guineensis), Mango
5. | Seeds . .
(Mangifera indica)
6. | Stalks Wheat (Triticum aestivum), Rice (Oryza sativa)

Composites Based on Agroforestry
waste and biopolymers

Green composites are composed of a
renewable, biodegradable and non-toxic
biopolymeric matrix and lignocellulosic

reinforcements sourced from agroforestry
waste  (Torreset al., 2019). The
development of these composites is rapidly
growing to replace non-degradable
materials and reduce their environmental
impact.
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Fig. 1 Biopolymer-based composites from agroforestry residues (Chan et al., 2022).

Polysaccharides-based composites with natural fillers

Starch-based composites
Starch origin Natural fiber Fabrication Results
method
. mpression . .
Potato Sisal Comp e_ssm Hightensile strength
molding
Combression Composites with fiber content <
Corn Flax P . 50% presented low number of
molding i
voids
Cellulose-based composites
Cellulose : Fabrication
. Fill Resul
derivative Her method esults
. Iven
BC (Bacterial Hap Solvent . N
Cellulose) (hydroxyapatite) exchange Biocompatibility
ydroxyap drying
CMC .
CNXLs (Cellulose Improvement of the mechanical
(Carboxymethyl nanocrystals) Heat roperties
cellulose) y prop
Chitin/Chitosan-based composites
Filler Fabrication Results
method
Cellulose . Improvement of mechanical and water vapor
. Mixing .
nanofiber barrier
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Cellulose whiskers Casting Thermal stability and Water resistance
Nanocrystalline . . Strong filler—matrix interaction and Improvement
Solution casting . .
cellulose of barrier properties
Natural rubber-based composites
Fabrication
Filler Results
method
) . Two-roll mill Increase of modulus & hardness and Better
Oil palm fiber . . i .
mixing adhesion with treated fiber
. . Two-roll-open-mill Fiber orientation was greatest in 40 phrfiber
Sisal/coir .. .
mixing composites
. The fiber surface was increased, fiber—matrix
) . Two-roll mill . . ) ) .
Pineapple leaf fiber miixin interaction and composite mechanical properties
g were improved

Polyesters-Based Composites with natural fillers

PHA/PHB-based composites

: Fabrication
Type Natural filler method Results
PHA Rice husk Hot press Enhanced mechanical properties
(Polyhydroxyalkanoate) P prop
PHB Compression . .
: B h I :
(polyhydroxybutyrate) Sugar bagasse molding etter mechanical properties
PLA-natural fiber composites
PLA matrix Natural filler Fabrication Results
method
Compression .
PLA (Ingeo™ 2002D) Water bamboo and Mecha_nlcal ano! thermal
husk e - properties were improved
solidification
PLA Ingeo™ 2003D Sisal fibers I\{I|>.<|ng The highest tensile strength
andinjection values

Proteins-Based Composites

Protein-based composites

. . Fabrication
Protein Natural filler abricatio Results
method
. Twin-screw Compatabilizer facilitates
. Pineapple leaf . ..
Soy based plastic fiber extrusion&Injection the
molding interaction
. . . Compression . .
Soy protein resin Sisal P . Good interaction
molding
Wheat gluten HEC Three-rolling mixer Decreasing trend of
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(hydroxyethyl
cellulose)
powder

moisture

Conclusion

In recent years, there has been a notable
rise in the development of composite
materials using agricultural and forestry
waste along with biopolymers. These
composites offer benefits like complete
biodegradability, renewable sourcing, and
cost-effectiveness. They serve as an eco-
friendly alternative to petroleum-based
plastics, utilizing natural fibers and fillers
from abundant agroforestry  waste.
However, challenges remain, such as the
relatively weak mechanical properties due
to the low strength of biopolymeric
matrices and limited lifespan  for
applications due to their biodegradability.
Various  treatments, additives, and
processing methods are being explored to
address these limitations. Future efforts
should focus on scaling up production
techniques to make fully green composites
economically viable. Our research has
evaluated a range of fully biodegradable
composites, categorized by the chemical
structure of the host matrix and
incorporating  natural  reinforcements.
These  composites  find  increasing
applications in construction, food industry,
and biomedicine, offering properties
comparable to non-degradable materials

while retaining eco-friendly advantages.

The availability of diverse green

composites with enhanced mechanical,

thermal, and electrical properties motivates
further efforts towards their widespread
commercial adoption.
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1. Introduction

The Earth's atmosphere consists of 78%
nitrogen, 21% oxygen, 0.93% argon,
0.04% carbon dioxide, and trace amounts
of other gases (Aresta and Dibenedetto,
2021). Nitrogen is essential for all species,
including humans, plants, and animals, for
various biological processes. However, the
concentration of usable nitrogen is very
low despite its abundance in the
atmosphere.Nitrogen is crucial for plant
development and a limiting factor for
growth, comprising about 2% of the total
plant dry matter in the food chain. It is the
most absorbed mineral nutrient by forest
trees, and adding it as fertilizer often
enhances tree growth rates (Santi et al.,
2013). Plants absorb nitrogen from the
soil, mainly as nitrate or ammonium ions,
for protein synthesis. They cannot convert
atmospheric nitrogen into a usable form
due to the absence of the nitrogenase
enzyme. Unlike carbon dioxide and
oxygen, plants cannot take in atmospheric
nitrogen through their leaf stomata.
Nitrogen fixation is facilitated by certain
bacteria and natural processes.

Nitrogen Fixation

Nitrogen fixation is a biological process
where atmospheric  nitrogen gas is
converted into a usable form, such as
ammonia, for plants and microbes. This

initial stage of the nitrogen cycle is carried
out by certain bacteria, like Rhizobium and
Azotobacter, as well as through other
natural phenomena (Bano and Igbal,
2016).

Types of nitrogen fixation

Atmospheric fixation

A natural process in which lightning
energy converts nitrogen into nitrogen
oxides, that plants subsequently consume
(Harrison, 2010).

Industrial nitrogen fixation

A man-made process that produces
ammonia by combining nitrogen and
hydrogen is then converted into fertilizers
like urea (Chakraborty, 2023).

Biological Nitrogen Fixation

Plants and animals cannot directly use
atmospheric nitrogen. Bacteria such as
Rhizobium and blue-green algae convert it
into more usable compounds, which these
microbes then fix in the soil (Chakraborty,
2023).

Biological Nitrogen Fixation (BNF)
Certain bacteria and prokaryotes convert
atmospheric nitrogen to ammonia using
the enzyme nitrogenase. These nitrogen-
fixing bacteria can be free-living, like
Azotobacter, Beijerinckia, Rhodospirillum,
and Cyanobacteria, or symbiotic, like
Rhizobium (in legume root nodules) and
Frankia (in non-leguminous root nodules).
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Fig 1. Biological Nitrogen Fixation by Plant growth-promoting rhizobacteria (PGPR) (Baber

etal., 2018).

Symbiotic nitrogen fixation

Many  microorganisms  fix  nitrogen
symbiotically with host plants, using
sugars from photosynthesis as an energy
source for nitrogen fixation. In return, the
microbe provides fixed nitrogen to the host
plant for growth.Symbiotic bacteria known
as diazotrophs complete the process of
nitrogen  fixation.  Azotobacter and
Rhizobium play a major role in this
process, containing the nitrogenase
enzyme that combines gaseous nitrogen
with hydrogen to form ammonia.Rhizobia
assist legumes in extracting nitrogen from
the air and storing it biologically. These
bacteria, typically present as free-living
organisms in the soil within a legume's
native range, infect the plant's root hairs
and reside in small root structures called
nodules. The plant supplies energy to
nourish the bacteria and drive the nitrogen

fixation process. In exchange, the plant
gains nitrogen for its growth.Whereas,
non-leguminous plants form symbiotic
associations with nitrogen-fixing bacteria
of the genus Frankia, known as
actinorhizal symbiosis. These plants
develop root nodules similar to those of
legumes, where nitrogen-fixing bacteria
convert  atmospheric  nitrogen into
ammonia (Chakraborty, 2023).
Non-symbiotic Nitrogen Fixation

Soil bacteria that are free-living fix
atmospheric nitrogen in a process known
as non-symbiotic nitrogen fixation, which
occurs outside plant cells. Examples
include  the  anaerobic  bacterium
Clostridium and the aerobic, free-living
bacterium Azotobacter. In tropical regions,
Azotobacter and Beijerinckia are major
bacterial species involved in nitrogen
fixation, supporting the growth of various
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crops. The genus Frankia forms root
nodules in association with plants such as
Alnus, Myrica gale, and Casuarina
equisetifolia (Roper and Gupta, 2016).
Nitrogen cycle

In forest ecosystems, the soil nitrogen
cycle comprises three processes: input,
transformation, and  output.  These
processes include biological nitrogen
fixation (BNF), litter decomposition,
nitrogen  mineralization,  nitrification,
denitrification, nitrous oxide emission, and
nitrogen leaching. Undisturbed forest
ecosystems mainly derive nitrogen from
BNF and decomposition, with nitrogen
transferring among plants,
microorganisms, soil organic matter, and
soil mineral matter, resulting in minimal
nitrogen loss (Yunting et al., 2004).

Forest ecosystems retain a portion of
deposited nitrogen through biotic and
abiotic mechanisms, including plant
uptake, microbial immobilization, soil
cation exchange capacity, and absorption
by soil organic matter (Silver et al., 2005;
Templer et al., 2008).

The soil nitrogen cycle is a vital and active
component of the nitrogen cycle in forest
ecosystems (Yunting et al., 2004).
Nitrogen input

Nitrogen input in forest ecosystems
primarily occurs through biological
nitrogen fixation (BNF), where nitrogen-
fixing microorganisms convert
atmospheric dinitrogen (N,) to ammonia
using  nitrogenases.  Diazotrophs in
symbiosis with plants have the highest
nitrogen fixation rates. They utilize the
plant as a carbon source and return fixed
nitrogen to the plant through root excretion
and litter decomposition.

In many forest ecosystems, most nutrients
absorbed by plants, such as over 90% of
nitrogen and phosphorus and 60% of other
mineral elements, come from litter
decomposition. The rate of litter
decomposition influences nutrient cycling
and soil nitrogen availability in these
ecosystems (Berg and Claugherty, 2008).
During decomposition, microorganisms
break down dead organic matter from
plants, animals, and microbes, releasing
nitrogen and phosphorus as dissolved
organic matter (DOM) through exoenzyme
action. This DOM is later mineralized into
forms usable by plants and
microorganisms (Chapin et al., 2002).

Soil N transformation

In natural forest ecosystems, most soil
nitrogen is stored in dead organic matter.
Microorganisms convert insoluble organic
nitrogen into dissolved organic N (DON).
To overcome carbon limitation, microbes
break down the DON, using the carbon
skeleton for energy needs, and release
NH," into the soil. This process is known
as nitrogen mineralization or
ammonification (Chapin et al., 2002).
Some NH;" is assimilated by plants,
immobilized by microbes, or absorbed by
clay minerals. The remainder is oxidized
by nitrifying bacteria to NO, and then to
nitrate (NO3; ). This conversion from
ammonium to nitrate is called nitrification
(Chapin et al., 2002).

Denitrification is the process by which
denitrifying bacteria reduce nitrate or
nitrite to N2O or Ny. It is an important
pathway for balancing the nitrogen budget
in ecosystems (Yuntinget al., 2004).

Soil N output

Nitrogen loss from forest soils in the form
of gases such as NH3, NOy, and N,O, with
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N,O and NO as by-products of
nitrification and denitrification, depends
on factors like nitrification rates, NOs;
concentration, oxygen levels, and organic
carbon supply (Ventereaet al., 2003).

N-oxide emissions are higher in nitrogen-
rich tropical rainforests than in temperate
forests. NH3 volatilization, influenced by
soil conditions, and NOs; and dissolved

of nitrogen loss in solution (Yuntinget al.,
2004). Temperate forests with low
nitrogen deposition have minimal nitrogen
leaching, while tropical rainforests on
heavily weathered soils have high potential
for nitrogen leaching. Increased nitrogen
deposition is expected to raise soil NO3~
leaching in tropical and subtropical forests
(Brookshire et al., 2012).

organic nitrogen (DON) are major forms

Plant biomass N pool Nitrogen oxide emission

Biological
£ Mi

nitrogen fixation' %

Litter or organic
decomposition®

o e s
Assimilation Dentrification

Soil NH4*-N pool |———f Soil NO+-N pool

Ammonification’ Witrification 4

Immobilization

NH: volatilization® Microbial biomass N pool NO3*-N leaching ®

Fig. 2 Nitrogen pools and key processes of nitrogen cycle in forest ecosystems.
N input: 1, 2; N transformation: 3-5; N
output: 6-8 (Zhu et al., 2015).
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Fig 3. Nitrogen cycle in soil (Trenkel, 2021)
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Papaver somniferum is among the limited
Papaver species within the Papaveraceae
family that produces opium. Over centuries
of cultivation and selective breeding for
opium, a distinct species of the plant

emerged, now recognized as somniferum
(Butnariuet al. 2022). The term "Papaver" is
derived from the Greek word for "poppy,”
while "somniferum" in Latin translates to
"sleep-inducing”. The opium  poppy,
scientifically known as Papaver
somniferum, is a remarkable medicinal
plant. Its derived products, namely opium
and codeine, play crucial roles as medicines,
valued for their analgesic and hypnotic
properties. The semi-synthetic substance
heroin, derived from morphine, has
contributed to global social issues. Despite
efforts to discover a synthetic alternative to
morphine and codeine, success in this regard
has been elusive. In India, the cultivation of
opium poppy is limited to the states of

Madhya Pradesh, Rajasthan, and Uttar
Pradesh. Legal cultivation of opium for
medicinal purposes is currently carried out
in India, Turkey, and Australia. Annually,
around two thousand tons of opium are

produced, méeting the global demand for the
raw material required in the production of
medicinal products.

Geographical distribution

Today, legal opium is primarily produced in
government-regulated farms in India,
Turkey, and Tasmania. lllegal cultivation
thrives in  Southwest Asia, covering
Afghanistan, Pakistan, and Iran, and in
Mainland Southeast Asia, known as the
"Golden Triangle,” including Burma, Laos,
Vietnam, and Thailand. Opium poppy
cultivation also occurs in Colombia,
Mexico, and Lebanon, where the plant was
introduced from abroad. Originally native to
western Asia, Papaver somniferum spread to
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Greece and then to far Eastern countries
through Arab traders.

While  the  medicinal  poppy is
unquestionably indigenous to Western Asia,
it is presently cultivated not only in its
original distribution area but also in India,
Iran, Turkey, and Europe. Although P.
somniferum is occasionally found seemingly
growing wild in Britain, it is extensively
cultivated in most European states, not for
opium as in India, Turkey, and Iran, but for
the capsules and the oil derived from the
seeds.In India, P. somniferum has been
historically grown for its milky juice,
obtained by scarifying the fully-grown green
capsules. During the mid-18th century,
Bihar was the primary Indian province
producing the highest quality and largest
quantity of opium. Presently, poppy
cultivation is limited to the states of Uttar
Pradesh, Madhya Pradesh, Rajasthan, and
Himachal Pradesh, with the current average
covering one-tenth of what it was four
decades ago.

Varieties

The three main varieties of P. somniferum
are:

Papaver somniferum var. nigrum

It is a wild form of the opium poppy with
purple-red  flowers, roundish  oblong
capsules, opening by pores under the stigma,
with seeds of a dull greyish-blackcolor.
Papaver somniferum var album

It is also, a wild form with white flowers and
roundish ovate capsules, not opening by
pores under the stigma. Seeds white.
Papaver somniferum var. abnormal

Its variety not infrequent in neglected poppy
fields. Flowers small, streaked with dull

green and red, the petals much crumpled,
and never expanding fully, capsules
roundish oblong, opening by pores under the
stigma.

The prevalent varieties cultivated in the
country have duration in the field ranging
from 140 to 160 days. Noteworthy varieties
include Talia, Ranghatak, and DholaChota
Gothia, which are particularly favored for
cultivation in rich black soils.

Chemical constituents

Opium, as dried latex of unripe capsules of
P. somniferum, contains more than 80
isoquinoline alkaloids. The main alkaloids
derived from opium are morphine (4-21%),
followed by codeine, thebaine, papaverine,
noscapine and narceine.

Importance

Opium was known to ancient Greek and
Roman physicians as a powerful pain
reliever. It was also used to induce sleep and
to give relief to the bowels (Mani
andDhawan2011). Opium was even thought
to protect the user from being poisoned.
Actions and uses

Morphine and codeine are prescribed
analgesics and cough-suppressing drugs.
Alkaloids from poppy species have various
uses: noscapine has antitussive and anti-
tumorogenicproperties; Papaverine is a
vasodilator and smooth muscle relaxant;
Sanguinarine is antimicrobial and anti-
inflammatory.

Climate and soil requirements

Grows in temperate climates but can be
grown successfully during winter in
subtropical regions. Cool climate favors
higher yield, while higher day/night
temperature generally affects the
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yield.Prefers well-drained, highly fertile
light black or loam soil. The annual rain
requirement is 600-700 mm. It is ideal for
300-400 mm (Baser and Arslan2014).
Lancing and latex extraction

Opium typically begins flowering 95-115
days after sowing, with petal shedding

occurring 3-4 days after flowering. Capsules
reach maturity approximately 15-20 days
after flowering.Lancing the capsules at this
stage vyields maximum latex. Industrial
maturity,  characterized by  capsule
compactness and a color change from
greenish to a light green ring, indicates the
optimal lancing period. Lancing is carried
out using a knife with three or four evenly
spaced pointed ends, ensuring an incision
depth of no more than 1-2 mm into the
capsule. It is essential to avoid incisions that
are either too deep or too shallow. Lancing
is ideally performed early in the morning
before 8:00 a.m. at two-day intervals for
each capsule. The length of the incision
should be 1/3 or less than the full length of
the capsule.

Harvesting and separating seeds

Since ancient times, people have gathered
the milky fluid that emerges from incisions
made in the immature poppy seed pod, dried
it through exposure to air, and thus produced
what is commonly referred to as opium. To
initiate this process, a multi-bladed tool is
used to make incisions in the seedpod,
allowing the opium "gum" to seep out. A
curved spatula is employed to harvest the
semi-dried "gum," which is subsequently

air-dried in open wooden containers. The
dried opium resin is either packaged in bags
or shaped into balls for sale.The crop is left
to dry for approximately 20-25 days, during
which the last round of incisions on the
capsules ceases the exudation of latex.
Subsequently, the capsules are gathered, and
the plants are removed using sickles. The
harvested capsules undergo drying in an
open yard, and the seeds are separated by
beating them with a wooden rod. The
quantity of raw opium obtained per hectare
can range from 50 to 60 kg.

Opium harvesting techniques

The process of scoring the pods also referred
to as lancing, incising, or tapping, typically
commences approximately two weeks after
the petals of the flower have dropped from
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the pods. Before scoring, farmers carefully
inspect the pod and its small crown on the
top. The grayish-green pod transforms,
turning into a dark green color as it matures
and increases in size. Another sign of the
pod's readiness for tapping is the orientation
of the points on its crown — standing straight
out or curving upward indicates readiness,
while downward-pointing suggests potential
immaturity. It's important to note that not all
plants in a field mature simultaneously,
leading to staggered readiness for scoring.
Each pod can be tapped two to four times.A
tool consisting of three or four small blades
made of iron, glass, or glass splinters tightly
bound to a wooden handle is used to score
two or three sides of the pod vertically. If
the blades cut too deeply into the pod's wall,
the opium (latex) drains into the interior
rather than the surface, where it can be
collected. Shallow incisions lead to slow
flow, causing the opium to coagulate over
the incisions and block the flow.

An incision depth of about 1 millimeter is
optimal. Ideally, scoring begins in late
afternoon to allow the white latex-like raw
opium, with a 60 percent water content, to
ooze out and slowly dry on the pod's surface
overnight. Starting scoring too early in the
afternoon may result in the opium drying
and blocking the flow due to sunlight
exposure. The opium undergoes oxidation,
darkening, and thickening in the cool night
air.Early the following morning, the sticky
opium gum is scraped from the pod surfaces
using a short-handled, crescent-shaped, flat
iron blade measuring 3 to 4 inches wide.
The collected opium gum is placed in a
container hanging from the farmer’s neck or

waist. Opium harvesters move backward
across the field to minimize contact with
scored (wet) pods, preventing unintentional
spills of the sticky substance. Lower, mature
pods are typically scored before taller ones.
The pods continue to secrete opium for
several days, prompting farmers to return to
these plants — sometimes up to three or four
times — to gather additional opium until the
gum content is completely depleted.

Illegal trafficking of heroin

At present, three primary origins contribute
to the illicit opium supply: Burma,
Afghanistan, and Colombia. Opium and
heroin serve as lucrative commodities due to
high demand, profitable production, and
their compact nature. Advancements in
transportation enable swift movement of
opium and heroin across borders within a
matter of days or a few weeks. Additionally,
these substances boast a prolonged and
consistent shelf life, facilitating their storage
for extended durations.

Economic significance

Posta holds widespread medicinal value,
serving as a source for various poppy-based
drugs such as morphine, codeine, narcotine,
laudenine, papaverine, and other alkaloids. It
functions as a stimulant, inducing euphoria
and aiding in the alleviation of anxieties,
tensions, fears, and inhibitions. The plant is
employed in the treatment of intestinal
stomach spasms and respiratory spasms
associated with asthma attacks. Posta is
utilized to address a diverse range of
ailments, including bruises, cancer, colds,
colic, conjunctivitis, diarrhea, dysentery,
enteritis, fever, flu, headache, hemicrania,
hypertension,  hypochondria,  hysteria,
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inflammation, insomnia, malaria,
melancholy, nausea, neuralgia, otitis,
prolapse, rheumatism, snakebites, sprains,
swelling, toothaches, tumors, ulcers, and
warts.It is  frequently administered to
alleviate pain and induce a calming
effect. The plant yields two essential food
components: poppy seeds and poppy seed
oil.Poppy seeds, devoid of opium, find
extensive use in baking and as a topping for
rolls and bread.Posta seeds serve as a source
of drying oil, utilized in the production of
paints, varnishes, and soaps.The oil cakes
derived from Posta seeds are employed as
fodder for cattle.

Caution

High doses of opium poppy can lead to
addiction and a reduction in respiration.
Legality of cultivation

Engaging in the cultivation of poppy without
government authorization is considered
illegal. In India, the legal cultivation of
opium for medicinal purposes is permitted
only in specific areas and is subject to free
licensing conditions (Singh and
Chauhan2023). This legal cultivation aligns
with the regulations outlined in the United
Nations Single Convention on Narcotic
Drugs of 1961. The oversight of cultivation
activities falls under the purview of the
Central Bureau of Narcotics (CBN), which
operates under the provisions stipulated in
the Narcotic Drugs and Psychotropic
Substances Act (India) of 1985 and the
Narcotic Drugs and Psychotropic Substances
Rules (India) of 1985.The issuance of
licenses to farmers for opium poppy
cultivation is carried out by the Central
Bureau of Narcotics (CBN) in Gwalior,

Madhya Pradesh, under the supervision of
the Narcotics Commissioner.

To ensure compliance with the licensed
area, officers from the CBN individually
measure the fields of every cultivator.
Cultivators are obligated to deliver their
entire opium vyield to the CBN, receiving
compensation at rates established by the
Government.During the harvest season,
weighed centers are set up by the CBN,
where cultivators bring their opium and
submit it for assessment. All procured
opium is then sent to Government Opium
and Alkaloid Factories located in Neemuch
and Ghazipur. These factories undertake the
drying and processing of opium for export
purposes and the extraction of various
products, including Codeine phosphate,
Thebaine, Morphine sulfate and Noscapine,
among others.

Conclusion

When used purposefully, Posta proves to be
an economically valuable plant with a wide
range of medicinal applications. However,
the development of a synthetic derivative
known as heroin from morphine has
contributed to global social issues. Efforts to
find a synthetic drug as a replacement for
morphine and codeine have not yielded
successful results thus far. The predominant
production of heroin from the plant has been
associated with the Golden Triangle, an area
in mainland Southeast Asia that includes the
Shan Plateau, Kachin Hills of northeastern
Burma, and the highlands of northwestern
Laos and northern Thailand. Unfortunately,
this has resulted in widespread misuse of the
ornamental and medicinal plant, causing
harm to individuals globally.Plants are
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bestowed upon us by nature as gifts, but

their misuse can lead to the destruction of

human lives. Therefore, all of us must utilize

the Posta plant meaningfully and

purposefully, prioritizing the well-being of

humanity.
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Introduction

The Palash tree, also known as the Flame of
the Forest, holds a special place in the
Indian landscape and culture. Its scientific
name is Butea Monospermaand it belongs to
Fabaceace family. Palash or Bastard teak is
a medium-sized deciduous tree that grows
wild in various regions including the sub-
Himalayan tract, upper Gangetic plains,
central and eastern India, Burma, and Sri
Lanka. The tree is a popular ornamental tree
native to tropical and subtropical regions of
the Indian subcontinent, such as Bangladesh,
India, Nepal, Pakistan, and Sri Lanka. It has
been recognized for its multiple uses for
mankind from ancient times and has spread
to many tropical districts worldwide.This is
a moist-subtropical to tropical species. It can
be found on various soil types like alluvial,
red, black, and sandy, but prefers well-
drained, fertile soils. It requires a monsoonal
climate. Palash can succeed on various sites
with sufficient soil moisture. It can be found
mostly in eastern and central peninsular
India, often growing in rocky, sandy, or
marshy areas and profusely in the
Chotanagpur plateau, Hazaribagh, and
Palamu district of Jharkhand. The tree is
best suited for a plantation established
through direct seeding. Seeds have a high
germination rate; the tree can fix nitrogen. It
is the iconic and beautiful forest flower of
India. The species is at lower risk by the

World Conservation Union due to its wide
distribution.  Relatively  narrow  seed
collections are recommended to cover the
northeastern Indian provenances. The tree is
sacred to Manasa, the Hindu Goddess of
serpents. Butea produces the most important
dye used by the monastery weavers -a
brilliant yellow, producing as many as
twenty distinct shades being extracted from
the petals, together with various mordants.
Palash, also known as Parapadrika in
Sanskrit, is a magnificent tree that can grow
up to a height of 10 meters with a
magnificent spread of 10 meters. This tree,
surrounded by beauty, is often hailed as the
Tree of Fire due to its stunning appearance.
It is a deciduous tree that bursts into bloom
in the late winter months from January to
March. The flowers of the Palash tree are
bisexual, devoid of any fragrance, and
typically last for only a day. They are
delicately arranged in a  raceme
inflorescence. The fruit of the Palash tree is
a slender cylindrical pod, measuring
between 5 to 11 centimeters in length and
tapering at both ends. In rural India, the
branches of the Palash tree are prized for
their use as firewood or as torches,
especially during special occasions like
weddings. Moreover, the seeds of the Palash
tree have exhibited promising insecticidal
properties, adding to its overall value and
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significance in various cultural and

Fig 1- Flowers of Palash

Major socio-cultural and economic
Utilities

Like  several other tree  species,
B.monosperma also has got a significant
socio-economic importance particularly for
the rural communities in many states of
India. Besides its high therapeutic
usefulness, every part of this tree species has
a potential to be used for preparing various
goods of economic importance to the
depending communities

Socio-cultural importance

The tree holds sacred status and carries
mythological importance, being central to
rituals involving offerings and considered a
repository of divine wealth. During
ceremonies dedicated to the goddess Kali,
flowers are offered instead of blood, and its
dried stem fragments are employed to kindle
sacred fires. Butea is a staple in Brahmin
households for their ceremonial fires. Its
wood is fashioned into sacred utensils, while
its leaves are revered for their purity and

agricultural practices.

Fig 2 — Leaves of Palash

beauty, often used to fashion cups and
plates. (Burli and Khade, 2007) also noted
its cultural significance.

Symbolism and Inspiration

Palash’s striking red flowers have long been
a source of inspiration for poets, painters,
and artisans. These blossoms are often seen
as symbols of passion, energy, and the
fleeting nature of life. Throughout history,
the vivid color of Palash flowers has been
used in ancient texts and romantic literature
to represent love and desire. Their bright and
intense hue captures the imagination,
serving as a powerful metaphor for the
emotions and beauty of life’s moments.

Holi Festival Connection

The Palash tree holds a special role in the
celebration of Holi, one of India’s most
vibrant festivals. Holi marks the arrival of
spring and is famous for its joyful throwing
of colored powders. In many tribal areas,
women decorate themselves with Palash
flowers, and these blossoms are also used to
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create natural dyes for the festival. The tree
is worshipped as the God of Fire during
Holi, underscoring its spiritual and cultural
significance. This practice reflects a deep
respect for the tree and highlights its integral
role in one of India's most beloved
traditions.

Sacred Rituals and Ceremonies

Palash is not just important during Holi but
also plays a vital role in various Hindu

rituals and ceremonies. The flowers, wood,
resin, and gum of the Palash tree are utilized
in numerous sacred activities:

Havan (Offering Prayers to Gods):
Duringhavan, a ritual involving fire
offerings, Palash flowers are used in place of
blood to honor the goddess, Kali. This
substitution underscores the reverence for
the tree and its association with purity and
divinity.

Fig.3B. Monosperma flower used in spirituality

Hindu Marriages

In Hindu wedding ceremonies, Palash
flowers are incorporated into several rituals,
symbolizing auspiciousness, and spiritual
connection. The vibrant flowers enhance the
beauty and sacredness of the ceremonies.
Sacred Utensils and Ceremonies

The wood, resin, and gum from the Palash
tree are used to create sacred utensils and are
integral to various religious ceremonies.
These elements of the tree are believed to
hold spiritual power and are essential in
maintaining the sanctity of rituals

Economic importance
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Fibers

The inner bark of both the stem and roots
serves as a valuable source of fibers utilized
in various applications such as cordage,
caulking for boat seams, and paper
production.  Traditionally  known  as
'‘Bakambra’' in Uttar Pradesh and 'Chhoel’ in
Bihar, these fibers hold significant utility for

tribal communities, particularly in crafting
sails and boats due to their robust and water-
resistant properties. While these fibers may
not command substantial commercial value,
studies have demonstrated their suitability
for manufacturing newsprints (Guha and
Mukerji, 1961) and cooling pads (Jain and
Hindoliya, 2011).

Fig.4 Extraction of fiber from the B.Monosperam
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Butea dye and Holi colors

The flowers of B.Monosperma serve as a
valuable source of natural dye, ranging from
bright yellow to deep orange-red hues,
commonly employed in dyeing silk, cotton
fabrics, leather goods, and food items.
Additionally, this dye is utilized in Hindu
rituals to mark the forehead. The bark is
utilized in tanning processes by artisans and
can also function as a coloring agent in soft
drinks and fast-food products. Moreover, the

Buitea monosperma

purified and refined form of this dye shows
immense potential in medicine, either as a
standalone treatment or as an ingredient in
other medications. Across generations,
Butea flowers have been integral in the
preparation of traditional Holi colors,
particularly in the region near Brij (Mathura,
Uttar Pradesh), offering a healthier and safer
alternative to modern synthetic and
potentially toxic Holi colors.

Flower petals Filtrate

Lyophilization

Marker
compounds

Water solubility

B. monosperma
ilve powder

Fig.5 Extraction of dye from the B.Monosperma

Leaves

Palash leaves have been traditionally used
for various eco-friendly applications. One
popular use is in making eco-friendly plates
and bowls, locally called as ‘Dona Pattal’

the leaves are naturally study and can hold
hot or moist foods without getting soggy.
This makes them a great alternative to
disposable plastic or Styrofoam tableware,
reducing plastic waste and contributing to a
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healthier environment. Additionally, Palash
leaves have also been used for making eco-
friendly packaging materials, such as bags
and wrappers. The natural strength and

biodegradable properties of the leaves make
them a sustainable choice for packaging
various product.

Fig.6 Eco-friendly bowl made by B.Monosperma

Ornamental utility

B. Monosperma is occasionally cultivated as
an ornamental tree due to its highly
appealing flowers, which display vibrant
shades of orange, yellow, and white in
abundance. These flowers hold significance
in various traditional rituals, serving as
decorations and offerings to deities.
Additionally, in certain regions, women
utilize the flowers to create garlands for
adorning their hair, a practice observed in
states like Jharkhand and West Bengal,
where Butea flowers are commonly used for
worship and hair adornment. The flower of
the B.Monosperma used as worship of the
God.

Flowers

The traditional use of Palash flowers
encompasses a range of practices, with one
prominent use being dyeing and coloring.
The vibrant hues of the Palash flowers have

long been utilized to produce natural dyes
for fabrics, with the flowers being boiled to
extract the color. Dried flower powders are
available and can be consumed in
formulations for blood detoxification,
treating spermatorrhoea and impotence in
men, supporting urinary tract health,
promoting body heat cooling and pile
reduction, detoxifying skin, and blood,
maintaining low blood uric acid levels, and
ensuring proper urinary flow.

Medicinal Properties of Palash

Palash has been wused in traditional
Ayurvedic medicine for centuries. Various
parts of the tree, including the flowers,
leaves, and bark, are believed to have
medicinal properties. One of the key
benefits of Palash is its ability to fight
inflammation. Inflammation is the body's
natural response to injury or infection, but
when it becomes chronic, it can lead to
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various health problems. Palash contains
compounds that help reduce inflammation,
providing relief for conditions like arthritis,
muscle pain, and more.Moreover, Palash is a
powerful ally in pain management. Whether
it is a headache, backache, or any other type
of discomfort, Palash can help alleviate pain.
Its analgesic properties make it particularly
useful for individuals dealing with chronic
pain  conditions. Palash also boasts
antioxidant benefits. In addition to its
antioxidant  properties, Palash exhibits
antimicrobial action, meaning it can inhibit
the growth of harmful microorganisms. This
makes it a valuable tool in treating skin
disorders and infections. Whether it is a
rash, a wound, or a fungal infection, Palash
can help promote healing and prevent
further complications. Palash is known for
its therapeutic potential in treating various
dermatological issues. From soothing
irritations to calming rashes, Palash is a
gentle yet effective remedy for troubled
skin. Its natural properties make it suitable
for all skin types, providing relief without
harsh chemicals or side effects. Palash offers
digestive support through its seeds, which
have long been used to address digestive
problems. Whether it is indigestion,
bloating, or constipation, Palash seeds can
help ease discomfort. By aiding digestion
and promoting regular bowel movements,
Palash contributes to overall well-being.

Emerging research suggests that Palash may
play a role in diabetes management. By
helping regulate blood sugar levels, Palash
offers hope for individuals living with this
chronic condition. While more studies are
needed to fully understand its potential,
Palash shows promise as a natural approach
to diabetes management.Pre-made leaf
extracts are available for immediate relief
from sore throat, eye conditions like
conjunctivitis, and menstrual care in women.
Environmental Benefits of Palash
Supporting Biodiversity

The Palash tree is incredibly important for
the ecosystems where it grows. One of its
most striking features is its bright orange-red
flowers, which are more than just
beautiful—they are essential for many
insects. Bees and butterflies, for example,
are attracted to these flowers because they
provide a rich source of nectar. By drawing
in these pollinators, the Palash tree helps
support a wide range of plant and animal
life, maintaining the area's biodiversity.
When the tree's leaves fall, they do not just
litter the ground. As they break down, they
turn into organic matter that enriches the
soil. This process returns vital nutrients to
the earth, helping other plants grow and
thrive. In this way, the Palash tree plays a
key role in keeping its habitat healthy and
diverse.
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Improving Soil Quality

One of the remarkable features of the Palash
tree is its ability to improve soil quality
through a process called nitrogen fixation.
This means the tree can take nitrogen from
the air and convert it into a form that plants
can use as a nutrient. Because of this ability,
planting Palash trees can be very beneficial,
especially in areas where the soil is poor.
They can help restore fertility to the land,
making it more productive for agriculture
and other vegetation.

The Palash tree is also known for its
resilience. It can grow in tough conditions,
including soils that are salty, alkaline, or
otherwise barren. This adaptability makes it
an excellent choice for reforestation and soil
restoration projects, as it can thrive where
many other plants cannot.

Providing Wildlife Habitat

' Fig Palash Trees in a orest

The Palash tree is more than just a plant—it
is @a home and a food source for a variety of
wildlife. Birds, insects, and small mammals
all find shelter among its branches. The
tree's flowers are rich in nectar, providing an
important food source for these creatures.
By offering both food and shelter, the Palash
tree helps sustain local wildlife populations.
This, in turn, contributes to the overall
balance of the ecosystem, as each species
plays a role in maintaining environmental
health. The presence of the Palash tree thus
supports a complex web of life, ensuring
that the ecosystem remains vibrant and
functional.
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Introduction

According to ISFR 2021, Telangana has a
total area of 21, 213, 98 sq. km. covered by
forests; yet, trees found outside of forests
only make up 6.21 percent of the state. As
per the "State of Forests Report 2015,"
Telangana's total forest cover is only 14.72
percent, whereas the state's overall green
cover now stands at 20 percent.The need to
conserve remnants of representative forest
ecosystems, the growing fragmentation of
forests, and the loss of forest cover,
combined with increasing demand for forest
products in developing nations, necessitate
the development of innovative sustainable
management tools. In this regard, less
studied tropical forest resources, like Trees
Outside Forests (ToF), have a unique role.
"Trees growing outside forests," or TOFs,
are described as being essential to the social-
economic fabric of rural India and providing
crucial ecosystem services to both urban and
rural areas of the nation. Since TOF-origin
timber and panel products have become the
main substitute for forest-derived timber,
pressure from forests has been greatly
reduced.

Significance of TOFs in Telangana

Trees outside forests have a significant role
in enhancing biodiversity, contributing to
soil health and water conservation, carbon
sequestration,  cultural and  spiritual
significance, climate  resilience, and

livelihood support for rural communities by
providing valuable forest resources such as
timber, fruits, medicinal plants, etc.

Role in enhancing biodiversity

In Telangana, TOFs enhance genetic
diversity, native species conservation, and
ecological resilience. The migration of
wildlife is facilitated by TOFs, which serve
as green corridors and support population
viability and gene flow. The presence of
TOFs in Telangana's rural and urban
landscapes ensures the survival of a variety
of flora and fauna and fosters ecological
balance. Furthermore, TOFs support the
preservation of healthy soil, the control of
water, and the  management  of
microclimates, all of which are essential for
the survival of a wide range of species.
Contribution to soil health and water
conservation

Promoting native tree species as TOFs in
agro-ecological regions can enhance tree
density, positively impacting soil health and
water conservation in Telangana.

Carbon Sequestration

Trees outside of forests play a crucial role in
carbon sequestration by acting as significant
carbon sinks, helping to mitigate climate
change. These trees absorb carbon dioxide
from the atmosphere during photosynthesis
and store it in their biomass and soil, thereby
reducing the concentration of greenhouse
gases in the atmosphere. In a recent study,
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the total TOF biomass and carbon content

above ground were calculated as 24.43 t/ha,
414.46 t/ha, and 556.36 t/ha, respectively,
from the Vikarabad district of Telangana
(Srinu and Reddy 2022).

Cultural and spiritual significance

In Telangana, people have a deep cultural
connection with trees, worshipping them as
a gesture of gratitude for their essential role
in sustaining life. Trees outside forests play
a vital role in regional festivals like
Bathukamma, Bonalu, Ugadi, and
Vinayakachavithi, where specific plants are
worshipped as part of the rituals.Trees hold
significance in the traditional healing system
of  Telangana, with  ethnobotanical
knowledge being utilized to treat common
ailments,  showcasing  the  practical
importance of trees beyond their spiritual
value.

Climate Resilience

Trees outside of forests contribute to
enhancing climate resilience in Telangana
by providing ecosystem services such as
regulating local climate, conserving water,
and reducing soil erosion.

Livelihood support for rural communities
Trees outside forests (TOFs) provide
valuable timber resources, which can be
utilized for wvarious purposes such as
construction,  furniture  making, and
fuelwood. (e.g., Acacia chundra, Acacia
leucophloea, Acacia nilotica,
Azardirecta indica, Mangifera indica,
Tectonagrandis, Terminaliaarjuna,
Pongamia pinnata, etc.). Some TOFs in
Telangana may bear fruits, which can have
economic value through local consumption
or sale in markets. These fruits can

contribute to food security and provide
additional income for communities (e.g.,
mango, guava, pomagranate, etc.) Certain
TOFs may include medicinal plants that
have economic benefits due to their use in
traditional medicine, pharmaceuticals, or
herbal products. These plants can be a
potential source of income for local
communities and contribute to healthcare.
(e.g., Aswagandha, Sandal Wood, Red
Sanders, Aloe vera, Mucuna, Tulsi, etc.)

Table 1. Major Trees outside forest
(TOF) species in Telangana (ISFR, 2021)

SI | TOF (Rural) TOP (Urban)

No

1 Mangifera indica | Azadirachta
indica

2 Azadirachta
indica

Mangifera indica

3 Butea frondosa Pongemia

pinnata

4 Borassus
flabelliformis

Tectona grandis

5 Tectona grandis | Cocus nucifera

Mangifera indica (Common name:
Mamidi, Family: Anacardiaceae)
Silviculture Characteristics

A shade-bearing tree that can resist
occasional frosts but is susceptible to
extreme droughts and frosts (Troup, 1975)
Wood properties

Mango wood has a golden to light brown
appearance. Although it is a type of
hardwood, its flexibility makes it perfect,
and it has a fine, thick grain

Uses

Building material for homes, flooring,
panelling, veneer, plywood, turned
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objectives, furniture, and kitchen utensils
(Srinivasanayaka and Sarath 2024)

Tectona grandis (Common name: Teeku,
Family: Lamiaceae)

Silviculture Characteristics

Warm, tropical temperatures, alluvial soils
with a pH range of 6.5 to 7.5, and moderate
perception levels are ideal for the growth of
teak. It is a species that needs light and may
be found anywhere from the seashore to an
elevation of about 1200 m, with an average
annual rainfall of 800-2500 mm (Troup,
1975).

Wood properties

Heartwood ranges in colour from yellow-
brown to dark golden-brown, is evenly
grained, medium-lustrous, and has greyish
or white sapwood. It has a high level of
durability, a moderate amount of hardness
and weight, and little stiffness. Also, the
wood has excellent dimensional stability.
Steam Dbending and moderate bending
strength

Uses

Framing tools, furniture, house,
construction, boat building, walking sticks,
veneer, carvings, and indoor furnishings.
(Srinivasanayaka and Sarath, 2024)
Azadirachta indica (Common name: Vepa,
Family: Meliaceae)

Silviculture Characteristics

It is a light-demanding species and sensitive
to frost and fire. It is drought-hardy. Though
not a forest tree, it generally grows wild. It
grows on a variety of soils, from sandy to
clayey to black cotton soils. Neem does best
where drainage is good and the sub-soil
water level is fairly high (Troup, 1975).

Wood properties: Vepa heartwood has a
reddish brown colour, is strong and durable,
has a rough grain, high volumetric
shrinkage, and is also aromatic and pest-
resistant. It serves as a material for
constructing oars, cart axles, and felloes for
cart wheels. It is also a fairly heavy wood.
Neem wood is highly sought-after in various
industries. It has unique properties and an
eco-friendly nature.

Uses

Agricultural implements, cabinetry,
furniture, house construction, packing cages,
used as fuel, charcoal making, medicine
(Srinivasanayaka and Sarath, 2024)

Butea frondosa ( Common name Moduga,
Family: Papolionioideae)

Silviculture Characteristics

It is common in mixed dry deciduous forests
in Telangana, being in open grassland and
scrub forests. The species is identified by
trifoliate leaves and scarlet flowers. It is a
light demander, drought-hardy, good
coppice, and develops root suckers (Troup,
1975).

Wood properties

The wood is soft. Being durable under
water, it is used for well curbs and water
SCoOps.

Uses

The plant is used to produce dye, medicine,
feed, lumber, and resin. In Hindu rites, ghee
is poured into the fire using spoons and
ladles made of this wood. Good charcoal can
be obtained from it. To lessen soil erosion,
farmers usually plant trees atop field
bunds. (Srinivasanayaka and Sarath, 2024)
Borassus flabelliformis (Common name:
Tadi, Tati, Family: Palmeae)
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Silviculture Characteristics

A native of tropical Africa but cultivated
and naturalised through India. It is a very
tall, single-stemmed evergreen palm tree
that can eventually reach a height of 30
metres. Grow well in full sun, even when
small, and prefer sandy soils.However, the
established plants are quite drought-resistant
and also survive waterlogging quite well
(https://tropical.theferns.info)

Wood properties

Wood is usually light, pale and non-
siliceous.

Uses

The uppermost young leaves are used to
make fans, baskets, caps, and rice-storage
boxes. String, rope, fencing, and other items
are made from the fibre found in leaves. In
order to stay hydrated throughout the
summer, palm fruit is used

Pongemia pinnata (Common name:
Ponga, Family: Leguminosae)
Silviculture Characteristics

It is drought-resistant and can withstand
frost. It is shade-tolerant but does well with
full overhead light. It is an excellent
coppicer; it puts forth root suckers readily. It
is frequently pollarded in South India for
green manure. Mature trees can withstand
waterlogging, slight frost, and high salinity.
Wood properties

The texture of the wood is medium to
coarse. Pongamia wood is not regarded as

being very durable and is vulnerable to
insect attack. It also has the propensity to
split when in use. The wood is, therefore,
not regarded as being of high grade
(https://www.renature.com)

Uses

The leaves of the trees are lopped for fodder,
even though their digestibility is poor. The
seed cake after extraction is used in poultry
rations.

Cocusnucifera (Common name: Narikal,
Tati, Family: Arecaceae)

Silviculture Characteristics

The coconut palm is a long-lived plant; it
has a single trunk, 20-30 metres tall, and its
bark is smooth and grey, marked by ringed
scars left by fallen leaf bases. The tree can
live as long as 100 years, producing an
annual yield of 50 to 100 coconuts.

Wood properties

The average density of coconut palm wood
ranges from 0.41 to 1.11 g/cm2, while its
moisture content ranges from 50% to 400%.
Coconut wood can be a promising material
for the manufacture of furniture and other
handicrafts due to its beautiful grain and
attractive natural appearance.

Uses

Use in furniture and high-value products,
Charcoal, chemicals, and coconut timber are
suitable for housing components like trusses,
purlins, walls, joists, doors, window frames
and jalousies.
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Fig 1. Tectona grandis Fig 2. Azadirachta indica
(Source: https // greencleanguide.com)  (Source: https // greencleanguide.com)
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Fig 3. Mangifera indica Fig 4. Buteafondoéa
(Source: https // greencleanguide.com)  (Source: https // greencleanguide.com)
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Fig 5. Borassu; flabelliformis Fig 6. Pongemia pinnata
(Source: https // greencleanguide.com) (Source: https // greencleanguide.com)

P/ | ‘ ) S
Fig 7. Cocus nucifera tree
(Source: https // greencleanguide.com)

Opportunities for the expansion of TOF alleviate pressure on natural forests, which
Trees outside forests (TOFs) offer helps to prevent encroachment and changes
alternative forest product sources and in land use. Planting trees outside of forests
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can help lessen the negative impacts of
urbanization and unsustainable forest
management on natural forest ecosystems,
especially on public and institutional lands.
Notwithstanding the advantages, TOFs'
ability to fully address encroachment and
land use changes in Telangana is constrained
by problems such as precarious land tenure
and unclear legal regulations. In Telangana,
effective TOF management has the ability to
improve rural livelihoods by promoting
market-based diversification and
subsistence, hence reducing the demand on
the state's national forests. Telangana's long-
term management of its TOF resources can
be enhanced by implementing responsive
service mechanisms that target households
that grow trees, which will benefit both the
rural populace and the environment.
Expanding trees outside forests (TOF) in
Telangana offers an excellent approach to
living sustainably and addressing the issues
posed by climate change. The integration of
technology and community participation in
tree-outside forest initiatives in Telangana
can enhance the effectiveness of
participatory approaches, ensuring
sustainable management of forest resources
while addressing community needs.
Recommendations for policymakers and
stakeholders
e Trees outside forests (TOF) improve

the environment, diversify

livelihoods, and increase wood

production, all of which have a

major positive impact on rural

development.

e Policymakers should understand the
value of TOF in boosting farmer

income and reducing the burden on
natural forests.

e Promoting agroforestry systems,
which incorporate trees into farms
and offer financial, social, and
environmental  advantages, can
benefit every stakeholder involved.

e Establish precise guidelines for the
management, harvesting, and sale of
TOF timber in order to optimize the
area's potential for  timber
production.

e Maximizing the benefits of TOFs in
Telangana requires improving farmer
access to markets for tree products,
providing incentives, and improving
stakeholder information.

Conclusion
Trees outside forests, or TOFs, are abundant
in Telangana State and are essential to many
facets of the environment as well as human
subsistence.  Small  woodlots  block
plantations, and linear features like roads,
canals, and embankments are examples of
TOF in Telangana. These features sustain
livelihoods, sequester carbon, and conserve
biodiversity. Similar to forests, TOFs
provide protection for agriculture and soil,
reduction of drought and desertification, and
assistance for water supply. To effectively
design regulations for the forest sector and
address environmental issues at the national
and international levels, a precise evaluation
of TOF resources is required.
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Introduction

According to India State of Forest report
2021, the percent of Forest and Tree cover
is 6.85% in relation to its geographical
area. Sustainable development goals like
SDG 8 decent work and economic growth,
SDG 11  sustainable cities and
communities, SDG 13 climate action, and
SDG 15 life on land involves in achieving
the targets by 2030 with the help of Van
Mitra scheme. Manohar Lal Khattar, the
Chief Minister of Haryana, inaugurated the
"WVan Mitra" initiative along with its
dedicated online platform, aiming to foster
community engagement in tree planting
ventures across non-forest areas. The
scheme seeks to empower local residents
to actively contribute to expanding
Haryana's green canopy, enhancing the
survival rates of newly planted trees, and
promoting  tree  plantation  beyond
conventional  forest zones. Families
earning less than Rs. 1.80 lakh annually
are eligible to participate, with individuals
aged 18 to 60 encouraged to register as
‘Van Mitras'.

Under the scheme, each 'Van Mitra' is
entitled to receive incentives based on
their sapling maintenance efforts over a
maximum period of four years, with a cap
of planting up to 1000 saplings. In the
initial year, Van Mitras will be
compensated Rs. 20 per pit dug, followed
by Rs. 30 for each sapling planted
thereafter. They are free to choose non-

forest areas within their residential village,
town, or city for plantation. With the aid of
7500 volunteers from economically
weaker backgrounds, the program aims to
instil a sense of environmental
responsibility and personal commitment to
tree planting and nurturing.

Environmental sustainability hinges on the
quantity of vegetation covering the terrain.
In states such as Haryana, which lack
sufficient forests, there's a pressing
requirement to boost tree coverage beyond
designated forest zones to rebalance
ecosystems and enhance the overall
environment for residents. The Van Mitra
initiative serves as a deliberate effort to
rally community resources and foster
enthusiasm for planting and nurturing
trees, thereby aiding in the restoration of
ecological equilibrium.

Objective of Van Mitra

Encouraging active involvement from the
community in planting trees, with a focus
on improving the survival rates of planted
trees and expanding green cover in non-
forest areas to foster a healthier living
environment.

Operational procedure for selection and
registration of Van Mitras

Public Awareness

The scheme will receive extensive
promotion through both print and visual
media, as well as via the forest
department's website.

Identification of Eligible Families
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Eligible families or individuals with an
annual income below 1.8 lakh will be
identified through the Parivar Pehchan
Patra (PPP) data managed by the Citizens

Resources Information Department
(CRID). Notification of eligibility for
scheme participation will be

communicated to these families through
various channels, informing them about
the registration process on the Van Mitra
portal/mobile app.

Registration

Eligible families will register one
qualifying member aged between 18 to 60
years on the Van Mitra mobile app.
Information regarding the maximum
number of saplings to be planted, up to a
limit of 1000 saplings, will be provided
during registration. Priority will be given
to families with lower incomes and
younger applicants among the registered
candidates.

Land Identification

Van Mitra will be responsible for securing
land for plantation activities.

Training

Van Mitras will undergo basic training in
plantation techniques and protective
measures. Additionally, they will receive
practical training on utilizing the Van
Mitra mobile app.

Basic implementation guidelines for
scheme
1. Only tree species saplings,

excluding short rotation species
such as eucalyptus and poplar used
in agro-forestry will be planted
under the scheme.

2. A minimum distance of eight
meters will be maintained between
planted trees.

3. Van Mitra will choose non-forest
land within their residential village,
town, or city for planting. If the
plantation occurs on land not
owned by Van Mitra, they will
transfer the plants to the landowner
after four years, who will then
assume responsibility for the
plants. Van Mitra will receive an
honorarium of Rs. 25 per
transferred plant. If the planted tree
is on Van Mitra's land, they will be
considered the owner and eligible
for subsequent incentives. An
agreement will be signed between
Van Mitra and the landowner
stipulating that the tree cannot be
felled for at least 10 years. If the
tree remains in the landowner's
possession until it reaches 75 years
of age, the government may
consider providing an honorarium
equivalent to Rs. 100. These trees
will also be recognized under the
State Government Scheme of Pran
Vayu Devta, and custodians will
receive an honorarium for their
care under this scheme.

Role and responsibility of Van Mitra

1. Identify and secure necessary land
for planting. If the chosen land isn't
owned by the Van Mitra, obtain

written  permission  from  the
landowner.

2. Excavate pits for planting and
follow Standard Operating

Procedures (SOPs) for planting and
maintenance.

3. Guarantee successful growth of
plantations by ensuring their
healthy survival.
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Role and responsibility of the Forest 4. Document the evaluation of
Department plantation survival rates conducted
1. Supply Van Mitra with robust by Van Mitra.
saplings for planting. References
2. Educate Van Mitra on plantation India State of Forest Report (ISFR), 2021,
techniques, maintenance, and SOP Forest Survey of India, Dehradun,
preparation, covering tasks such as https://fsi.nic.in
weeding, irrigation, and frost https://haryanaforest.gov.in/van-mitra-
protection, etc. scheme/
3. Forest guards, foresters, and range https://www.undp.org/sustainable-
officers will offer guidance on development-goals

plantation to Van Mitras within
their jurisdiction when needed.
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Abstract

The backbone of the Indian economy is
agriculture. Monocropping is one of the
greatest constraints in Indian agriculture.
Hence there is an immediate need for crop
diversification. Cropdiversification can be
possible through agroforestry.India is
called as the land of spices.Integrating
spices under  various  agroforestry
systemsforesees greater scope in Indian
agriculture.lt helps in income
generation, profitability and economic
stability of the farmers.Various spices
based agroforestry systems are present all
across India. This necessitates more
emphasize should be given to future
researches on spices based agroforestry
system.

Keywords

Agriculture, Agroforestry, Monocropping
Crop diversification, Spices

Introduction

Spices can be defined as any dry part of a
plant such as roots, leaves, bark, fruits,
flowers and seeds thatare used as food
adjuncts to enhance aroma and flavour to
food products while condiments are also
plant parts which are used as food adjuncts
but just to add taste alone (Achinewu et
al., 1995). Spices are widely used in

cooking for their flavour, nutritional
benefits, and ability to preserve food.The
largest producer, consumer, and exporter
of spices worldwide is India. About 75 of
the 109 kinds classified by ISO are
produced in India. Pepper, cardamom,
chilies, ginger, turmeric, coriander, cumin,
celery, garlic, nutmeg, and mace are
among the most widely produced and
exported spices. Out of these spices the
production of chilli, cumin, turmeric,
ginger and coriander accounts for almost
76 per cent of the total production (Anon.,
2023).India is called as the land of spices.
The flagship organisation concerned with
the export development and promotion of
spices is Indian spices board.There are
fifty two spices under the purview of
Indian spices board but only twenty spices
have production-area details.Spices share
14.8 per cent of the total geographical area
(Kandiannan et al., 2018). Other institutes
that are concerned with spices are ISR
(Indian institute of spices research) and
Directorate of Arecanut and spices.Spices
constitute an important sub-sector of the
economy. Most perennial spices are
cultivated in agroforestry types of farming
systems.(Lindaraet al., 2004)
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Table-1: Major state-wise area and production of spices in India

(Source: https://www.indianspices.com)

State Area (ha) Production (Tons)
Madhya Pradesh 724020 3473108
Rajasthan 971340 1161352
Gujarat 665098 992136
Andra Pradesh 201790 796339
Telangana 141621 793623
Karnataka 375082 709546
Maharashtra 128475 581033

Madhya Pradesh is the largest state in the
production of spices followed by
Rajasthan. Rajasthan has maximum area
under spices followed by Madhya Pradesh.
In terms of global spice production, India
is the leader and produces a vast variety of
spices. The varied climates of India, which
range from tropical to subtropical to
temperate, enable nearly all spices to
grow. Almost all of India's states and
union territories cultivate some type of
spice.

Agriculture is the backbone of Indian
economy. One among the constraints in
Indian agriculture is monocropping. Hence
there is an immediate need for crop
diversification. Crop diversification can be
possible through agroforestry.Agroforestry
is a collective name for land-use systems
involving trees combined with arable crops
and/or animals, where woody perennials
are deliberately used on the same land
management system as agricultural crops
and/or animals, in a spatial or temporal
sequence, there being both ecological and
economic  interaction  between  the
components  (Kumar, 2016). The
agroforestry area in India is 28.427 Mha
that accounts for 8.65 per cent of total

geographical area.(Arunachalamet al.,
2022)
Choice of species

e Sciophytes

e Climatic and Edaphic factors

e Farmer’s need
The most often grown crops in
agroforestry are ginger and turmeric. It can
be cultivated underneath  coconut,
arecanut, poplar, rubber, litchi, guava,
mango, papaya, etc. as long as it receives
some partial shade.Cardamom can be
planted with tree spices like clove,
nutmeg, cinnamon, and allspice. The most
favoured spices for plantation crops are
tree spices. In fruit orchards, seed spices
can also be grown as intercrops. In
plantations, black pepper grows well with
other crops. Coffee, tea, arecanut, and
coconut are intercropped with pepper.
Cardamom is a shade-loving plant that
grows in the shade provided by large forest
trees. It has a lot of potential as a mixed
crop in coffee, coconut, and arecanut
fields. (Kandiannanet al., 2018)

Various agroforestry systems
integrating spices
Kashmir
e Almond/Apple/ Walnut in rows
with Saffron
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North eastern states

e Shorearobusta/
Grevillearobusta/Alnusnepalensis
with Cardamom, Turmeric and
Ginger

e Terminalia mircrocarpa/
Bischoffiajavanica and
Alnusnepalensis with Cardamom

e Areca catechu+ Cardamom

® Areca catechu + Black pepper
Alluvial plains

e Leucaena leucocephala/ Shorea
robusta/ Tectona grandis/ Michelia
champakaand Chukrasia tabularis
are the main tree crops grown with
Ginger, Turmeric, Bamboo and
Black Pepper (Daniel and Hegde,
2007)

Southern India

e Mangifera indica/Artocarpus
heterophyllus/ Cocos nuciferain
upper storey; banana and coffee in
the second storey; food crops,
fodder, cardamom, black
pepper,turmeric, ginger and chilli
etc.,in the lower storey. This
system is popularly known as
homegarden. It is also known as
multitier cropping system and is
mostly practiced in Kerala.

e Glyricidiasepium /
Grevillearobusta/Areca  catechu
are the main tree crops grown with
black pepper, coffee, vanilla and
turmeric. Coffee based agroforestry
system integrating spices is
practiced in Karnataka.

Special system integrating spices
Integration of spices with fresh water
aquaculture-

It is type of integrated farming system and
is predominantly practiced in island

regions especially Andaman and Nicobar
islands. Through this practice fish farmers
can achieve higher income through fish
cultivation. They may also earn more by
cultivating Arecanut plantation on sloppy
areas and spices on the dykes of the fish
ponds.Suitable fish species for integrated
fish-spices farming are the Indian major
carps (IMCs), grass carp, silver carp,
common carp and prawns. The short-term
varieties of spices (ginger, turmeric, green
chillies, and coriander) can be raised on
dyke/sloppy terrains for additional annual
income.

Advantages of spices based agroforestry
system-

e Growing  spices  with  tree
components  can increase farm
income, profitability and economic
stability

e |t helps to increase the foreign
exchange and contributes to the
country’s GDP.

e Integrating trees in  spice
cultivation such as  pepper,
cardamom etc.,, reduce CO,
emissionsin two ways —

e Carbon capture and storage by
afforestation and as a substitute to
fossil fuels

e Captured carbon by the tree
component is transferred to the
belowground through root growth
and storing carbon in various tree
parts.

e Boosting soil organic pool.

e It improves the agro-biodiversity
and soil properties.

e It helps to fulfil the sustainable
development goals

Constraints in spice based agroforestry-
Lindaraet al. (2004)
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Population Growth
Lack of government policies
Fluctuation of world market prices
Lack of fund for R and D
Lack of market access
Lack of financial assistance
Pest and disease infestation of the
crops

8. Education level of the farmers’

9. Neglect of agroforestry system

10. Out migration of labourers
Conclusion
Adopting spices based agroforestry system
offers many advantages to the farmers. It

No ok~ owbdPE

helps to achieve higherfarm
income, profitability and economic
security.

Integrating tree components in spice
cultivation such as pepper, cardamom etc.,
helps in carbon sequestration and
improving soil properties through nitrogen
fixing trees. India’s population is expected
to reach 166.8 crore by the year 2050. Due
to severe demographic pressure intensive
agriculture should be adopted in India.
Hence spice based agroforestry could be
one option for intensive and sustainable
land use in India.
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