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Photosynthesis - A mechanism  of manufacture of food material by plants

and bacteria

A.S. Gontia

Department of Plant Physiology

JNKVV, Jabalpur 482004 MP

Abstract

Photosynthesis is defined as a process by which green

plants manufacture complex carbonaceous substances

from CO
2
 and water in presence of solar energy and

chlorophyll. O
2
 being the end product. Certain Chlorophylls

which absorb wavelengths of 680 and 700 nm directly

take part in the process, whereas other chlorophylls,

carotenoids and phycobilins absorb solar radiation and

transfer the energy to the reaction centre. Light reaction

takes place in the grana, whereas dark reaction in stroma.

In light reaction energy is generated which is used to

reduce CO
2
 in dark reaction of photosynthesis. In dark

reaction  CO
2
 is fixed in one of the pathways in green plants

viz; C
3
 pathway or Calvin cycle ,C

4
 pathway or Hatch and

Slack cycle, C
2
 or Glycolate pathway, Crassulacean acid

metabolism (CAM plants) . Plants possess C
4
 pathway also

called C
4
 plants possess higher photosynthetic efficiency,

higher temperature and high light intensities  tolerance.

On the other hand CAM plants are associated with higher

water use efficiency in which stomata remain open during

night and closes during day.  Certain bacteria also

manufacture food material through light energy. Bacterial

pigments are contained in small structures called

chromatophores. Such bacteria are generally anaerobic

bacteria and use H
2
S or some other compound for electron

source instead of water.

Key words: Calvin cycle, CAM plants, Hatch and Slack

cycle,Photorespiration.

Photosynthesis is defined as a process by which green

plants manufacture complex carbonaceous substances

from CO
2 

and water in presence of solar energy and

chlorophyll. O
2 
being the end product.

     Light

6 CO
2
 +12 H

2
O        C

6
 H

12
 O

6
 + 6H

2
O + 6O

2

             Chlorophyll

Raw materials for photosynthesis

Hydrogen Donor

Water is the hydrogen donor. Water splits into H+ &

OH- ions. H is picked up by coenzyme NADP to form

NADPH
2
 which is used to reduce CO

2
.

4H
2
O = 4H+  +  4OH- ,  4OH- = 2H

2
O + 4e- + O

2

2NADP + 4H+ = 2NADPH + 2H+

Light

Visible part of electromagnetic radiation occurs

between the range of 390-760 m  or nm (1 m or

nm = 10- 9 meter or 10-7 cm). Wave lengths shorter

than 390 m or nm are called ultra-violet rays. Wave

lengths longer than 760 - 100000 m are called infra-

red rays. Beyond this are electric and radio waves

which are measured in Kilometers.

Photon

 Individual particle of light.

 A discrete physical unit of radiant energy.

Quantum (plural quanta)

 A discrete packet of energy contained in a

photon.

 Photon containing the energy.
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Energy constant

Magnitude of energy a photon contains is expressed as

follows E= hc/

Where E = Energy constant, h= plank's constant (6.625

x 10-27 erg/sec).

C = velocity of light (3 x 1010 cm/sec).    = Wave length

size.

Shorter the wave length, higher will be the energy.

Photosynthetic units or quantasomes

Smallest group of coordinating pigment molecules

necessary to affect photochemical act i.e. absorption

and transportation of light quantum to trapping centre

where it causes excitation and release of an electron.

They contain chlorophylls, carotenoids, quinones,

lipids, glycerides and sterols.

Emerson and Arnold (1932) observed in chlorella that

2500 molecules of chlorophyll pigment are necessary

to fix one molecule of CO
2
. They termed this number

2500 as photosynthetic unit. The quantasomes are

1800A broad and 1000A thick (18x16x10 nm). Each

quantasome has 230 molecules of chlorophyll (160

chlorophyll a and 70 chlorophyll b), 48 carotenoids,

46 quinone compounds, 116 phospholipids, 144

digalactosyl diglycerides, 346 monogalactosyl

glycerides, 48 sulpholipids, unidentified lipids and

many sterols. Quantasomes have a molecular weight

of about two million. The middle region of

quantasome is called reaction centre.

Photosynthetic apparatus

They can be divided as Chloroplast - contains

chlorophyll. Chromoplast -these are pigmented

plastids contain carotenoids (xanthophyll,

fucoxanthin). Leucoplasts- they contain starch called

amyloplasts, oil containing- elaioplast, protein

containing - aleuroneplast.

Chloroplast

 Membranes contain chlorophyll and its associated

proteins, sites of photosynthesis.

 The organelle that is the site of photosynthesis in

eukaryotic photosynthetic organisms.

 Spherical structures contain carbohydrates,

proteins, lipids, chlorophylls and carotenoids.

Light and dark reactions occur in grana and stroma,

respectively.

Structure of chloroplast

They are generally spherical in shape, 1m thick and

4-6 m in length. No. varies from cell to cell.

Chlamydomonas contains only one chloroplast. They

contain carbohydrates, proteins, lipids, chlorophylls

and carotenoids etc.  It is covered with two membranes

which are smooth and semipermeable. Inside is a clear

structureless stroma contains enzymes that converts

CO
2
 into carbohydrates (dark reaction), starch grains

and osmophilic droplets.

Internal structure of a chloroplast granum

Inside stroma system of membranes exit which run

parallel to one another along the length of

chloroplasts. They are called lamellae. They occur in

pairs. Comparatively thin membranes are called

stroma lamellae. In certain places 10-100 paired

lamellae form disc type of structures and arranged one

above the other like stack of coins called grana

lamellae. The complete structure may be called as

grana, whereas individual lamellae is called granum.

They are also called granum thylakoid (Thylakoid-

Greek word Thylacos (sac or pouch) as the ends or

margins of paired lamellae are joined together to form



closed disc shaped sacs called thylakoids. Chloroplast

pigments occur in grana. In thylakoids light energy is

used to oxidize water and form ATP and NADPH. The

region where one granum thylakoid contacts another

is called appressed region. Other region is called

nonappressed region. They carry out different

photochemical reactions. Lamellae composed of

proteins and phospholipids. Chloroplast consists of

40-50% proteins, 23-25% phospholipids, chlorophylls 5-

10%, carotenoids 1-2%, RNA 5%, DNA in small amount.

PS I is located towards stroma side of thylakoid. PS II

and cyto b6 f complex are found in appressed region,

whereas PS I and cyto f are found in nonappressed

region. Cyto b6 is also called b 563. Cyto f contains iron.

Pigments in chloroplast

Chlorophylls

These are pigments associated with light absorption

during photosynthesis. Nine types have been identified

viz., Chloro. a, b, c, d, e, bacteriochlorophyll a & b and

chlorobium chloro. 650 and 660 m.

Chlorophyll a & b are found in green plants, whereas

c, d and e are common in algae in combination with

chlorophyll a. Bacterio-chlorophylls and chlorobium

chlorophylls are found only in photosynthetic bacteria.

Structure of chlorophyll molecule

Chlorophyll molecule consists of a head and tail resembling a tennis racquet. The head is a porphyrin structure

made up of four pyrrole rings attached to each other at the centre by an isocyclic ring containing Mg atom at the

center. Extending from one of the pyrrole rings is the tail - the alcoholic chain (Phytol). They have different

absorption spectra.



Empirical formula    Chlo. a - C 
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 H 
72
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Chlo. b - C
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4
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The phytol chain is estrified on the C atom of one of

the pyrrole rings has only one duoble bond . In

chlorophyll a C
3
 atom has a methyl group , while

chlorophyll b has an aldehyde group.The peaks are as

follows :

Chlorophyll a - 410, 429 and 660 nm.

Chlorophyll b - 430, 442 and 453.

Biosynthesis

Succinyl CoA which is an intermediate product in Kreb's

cycle together with amino acid glycine initiates

synthesis of chlorophyll.

Carotenoids

These are lipid compounds ranging in colour from

yellow to purple, found in animals and plants both.

These are also present in microorganisms including red

algae, cyanobacteria, photosynthetic bacteria, fungi

etc. Main carotenoid is Beta carotene found in plants

possess orange yellow colour. Carotenoids and

chlorophylls may be combined with same protein to

form a complex known as photosynthein. Carotenoids

are associated with transfer of light energy to chlo. a

and protection of chlorophyll against photooxiation

by forming epoxy ring.

Phycobilins

They are of two types Phycoerythrin (red) and

Phycocyanin (blue) found only in algae. They are also

involved in transfer of energy to chlorophyll.

Phycoerythrin has peaks at 495, 540 and 545 nm and

Phycocyanin has peaks at 550 and 615 nm.

Mechanism of photosynthesis

It is an oxidation and reduction process in which water

is oxidized to H+ and OH- and CO
2
 is reduced to

carbohydrate with water and O
2
  being by products.

During light reaction the energy necessary for

reduction of CO
2
 is produced, while in dark CO

2
 is

reduced to carbohydrates utilizing the energy produced

in light reaction. Light reaction is also called

photochemical decomposition of water and dark

reaction is called thermochemical reduction of CO
2
.

Light reaction

Light reaction takes place in grana and takes about 109

Seconds, within such a short period of time there will

be synthesis of molecules of ATP and NADPH which

are utilized for dark fixation of CO
2
.

The following steps are covered in light reaction:

Photolysis of water or hill reaction

Splitting of water in presence of light to produce H+

and OH- ions is called photolysis of water. H+ ions are

used to reduce CO
2
 and OH- ions recombine to form

water along with release O
2
 and e- .

4H
2
 0 =  4 H+  + 4 OH-, 4 OH- = 2 H

2
O + 4 e- + O

2

These 4H+ are used to reduce CO
2
.

CO
2
 + 4H+ = CH

2
O + H

2
O

Source of O
2

The work of Rubene et al .(1941) using isotope of O
2

(O18) clearly   showed that O
2
 comes from water not

from CO
2
. When experimental material was supplied

with labelled water (H
2
O18), the released O

2
 was of O18

type and when plant was supplied with labelled CO
2

18,

the O
2
 released was of normal type.

  Bacteria use H
2
S as hydrogen donor in place of water.

   CO
2
 + 2H

2
S = CH

2
O + H

2
O + 2S

Arnons work

Arnon showed that CO
2
 fixation takes place in stroma

while ATP and NADPH are produced in grana.

Quantum requirements

4 light quanta are required to fix one molecule of CO
2

and release of one mole of O
2
. Every CO

2
 molecules

requires 2H
2
O molecules for reduction i.e. 4 hydrogen

atoms. Two light quanta are required for transfer of

every atom of hydrogen during photosynthesis.

Quantum yield may be explained on the basis of number



of light quanta required to reduce one molecule of CO
2

and release of one molecule of O
2
.

Quantum yield

According to Emerson andLewis (1943) 8 quanta of light

are required for reduction of one molecule of CO
2
 and

release of one molecule of O
2
. Therefore, the quantum

yield is 1/8 or 12%. Two light quanta are required to

excite one electron. It may also be explained as moles

of CO
2
 fixed or O

2
 evolved in photosynthesis, or

electrons transported in the photosynthetic membrane,

per mole of quanta absorbed, in the context of gas

exchange often restricted to the linear, light-limited part

of the photosynthesis-irradiance curve, when

measuring chlorophyll fluorescence, it refers to the full

range of photosynthetic irradiance. It has been observed

that the quantum yield is dropped near the far red region

of spectrum. Dropping of quantum yield near far red

region of the spectrum which begins at wavelengths

greater than 680 nm in green plants and 650 nm in

red algae is called Red drop phenomenon. This rate of

drop in photosynthesis can be rectified by providing

light of shorter wave length. This Enhancement of

photosynthetic rate under influence of two wavelengths

(long and short) is called Emerson effect.

Two pigment systems

In the late 1950s and 1960s, the Emerson effect

received a great deal of attention. It became apparent

that photosynthesis requires two functioning pigments

termed photosystems. Photosystem I is rich in

chlorophyll a and contains carotenoids and less

chlorophyll b then does photosystem II. In both the

photosystems most of the pigments operate to harvest

light energy and transfer it, possibly by resonance, to

chlorophyll a molecules located at photochemically

active reactive centre termed traps. The active centre

pigment for photosystem I consists of chlorophyll a,

which absorbs at 703 nm and is called P700. The

chlorophyll a collecting pigment at the reactive centre

of photosystem II to exhibits an absorption peak at 682

nm and is termed P680. The chlorophyll a molecules

(donor molecules) reduces specific electron acceptors

(A) and become oxidized themselves. The electron

carriers that are thus reduced initiate electron flow and

the conversion of light energy to chemical energy

(transduction).



Light harvesting complexes

Besides PS  I and PS  II two other green bands are also

present. Each band contains chlo.a + chlo.b + little

amount of  carotene. All these pigments are protein

bound. One band functions with PS  I and another with

PS  II. Function of these bands is to absorb light energy

and transfer it to the appropriate pigment system.

Coordination between PS I and PS II

According to Jung and Jackson(1982) each granum has

about 200 units of PS  I and PS  II which functions jointly

to transfer electrons from water to NADP. Since they

are located a quite apart, certain intermediates are

required to carry electrons from PS  II to PS  I. They are

of two types (a) A copper containing proteins called

plastocyanin bound loosely to the inside of thylakoid

membranes (b) A group of quinones called

plastoquinones (PQ).  Besides, certain other carriers

are also involved.

Photophosphorylation

It is the mechanism of the formation of ATP from ADP

and inorganic phosphate (Pi) using light energy stored

in the proton gradient across the thylakoid membrane.

Arnon et al. (1954) demonstrated that isolated

chloroplasts produce ATP in the presence of light. It

was termed as photosynthetic phosphorylation or

photophosphorylation. It was shown that the

mitochondria are not the alone cytoplasmic organelles

involved in the ATP formation. The formation of most

ATP in mitochondria takes place by means of process

known as oxidative phosphorylation.

Also, ATP formation in chloroplasts differs from that it

is independent of respiratory oxidants.  In chloroplast

light energy is used in the formation of ATP i.e., light

energy is converted to chemical energy. ATP is one of

the only requirements for carbohydrate production.

A reductant must be formed in photosynthesis that

will provide the hydrogens or electrons. As back as

1951, Arnon demonstrated that isolated chloroplasts

are capable of reducing pyridine nucleotides when

these chloroplasts are exposed to light .The

photochemical reaction has to be coupled with an

enzyme system capable of utilizing the reduced pyridine

nucleotide as quickly as it is formed. It was reported

that NADPH is the reduced pyridine nucleotide active in

photosynthesis. In the presence of H
2
O, ADP and

orthophosphate (P
i
) substrate amounts of NADP were

reduced accompanied by the evolution of oxygen as

follows:

2ADP+ 2Pi + 2NADP + 4H
2
0

light energy   chloroplasts

2ATP + O
2
 + 2NADPH + 2H

2
O

It shows that evolution of one mole of O
2
 is

accompanied by the reduction of the 2 moles of

orthophosphate. Together ATP and NADPH provide the

energy and reducing power for CO
2
 fixation and

reduction. In bacterial photosynthesis NADP is utilized

instead of NADPH.

Z-Scheme: Electron Transport and Photophos-

phorylation (Noncyclic Photophosphorylation)

The Z- scheme illustrates electron transport and the

production of NADPH and ATP in chloroplasts. It is

called Z scheme due to zig zag pattern of electron flow.

The primary flow of electrons within a given granum

thylakoid may be initiated almost simultaneously for

each photosystem through integrated (coupled)

reactions and photolysis of water, which provides the

necessary electron flow to produce ATP and NADPH.

This integration of two photosystems is most

commonly referred to as noncyclic

photophosphorylation to describe one means of ATP

production in chloroplasts. It is also termed noncyclic

electron transport to refer to the manner of electron

flow during the process.

In the process after excitation of P 700 the trap

chlorophyll of photosystem I, the electrons are passed

on to an unknown primary electron acceptor, believed

to be an iron-sulphur protein and designated A (FeS).

The electrons are then passed to ferredoxin and

ultimately to NADP+, with the formation of NADPH+.

Normally the reduced form of NADP is written as



NADPH. In fact it should be written like NADPH+ H+. The

transfer of electrons to NADP+ creates an electron debit

referred to as a hole in photosystem I. However, this

deficit is made up by the excitation of P
680

 of

photosystem II, subsequently photoejection of

electrons and their transport  through a system of

carriers QB, plastoquinone (PQ), cytochrome f (CYT

f), and plastocyanin (PC). At this point Q and B are

unidentified compounds. Figure illustrates that

plastoquinone shuttles protons and passes electrons

to cytochrome f. At this point ATP is produced. The

hole created in photosystem II is filled by electrons

that are derived from the splitting (photolysis) of water

.Thus the passage of electrons is not in a cyclic manner.

Cyclic photophosphorylation

One way of excluding noncyclic photophosphorylation

is to illuminate chloroplasts with wavelengths of light

greater than 680 nm. Under these conditions only

photosystem I is activated and electrons are not

removed from H
2
O, as illustrated by the lack of oxygen

evolution under these circumstances. When the flow

of electrons from H
2
O is stopped, noncyclic

photophosphorylation is also stopped and as a

consequence CO
2
 assimilation is retarded as a result

of which oxidized NADP is no longer available as an

electron acceptor. Activation of photosystem I by

wavelengths of light greater than 680 nm causes

electrons to flow from P
700

 to A (FeS). When electrons

are not passed to NADP+, they may be lost to

cytochrome b
6
 which in turn passes electrons back to

P
700

 via cytochrome f and plastocyanin. There is some

evidence that plastoquinone instead of cytochrome

b
6
 may act as the primary acceptor of electrons from

A (FeS). This possibility is quite likely because

plastoquinone is necessary for proton transport across

the thylakoid membrane for the generation of ATP.

There is possibility of production of two ATPs, one

between (FeS) and cytochrome b
6
 and one between

cytochrome b
6
 and cytochrome f which is not very

likely without plastoquinone mediation. Nevertheless,

the term photophosphorylation is used to denote the

cycling of electrons from the donor ( excited P
700

 system

) to an acceptor ( possibly FeS) and back to the P
700

 trap

with some generation of ATP. If cyclic

photophosphorylation does not indeed operate

appreciably in certain organisms, it only produces

limited ATP.

Primary electron acceptors and donors

In the late 1950s scientists thought that the reduction

of NADP+ was associated with a soluble protein factor

found in chloroplasts. Arnon et al. (1957) observed that

this protein preferentially reduced with the evolution

of stoichiometric amounts of oxygen. They called it

the NADP- reducing factor which was purified and

named photosynthetic pyridine nucleotide reductase

(PPNR), since its catalytic activity was only apparent

when chloroplasts were illuminated. Tagawa and

Arnon (1962) recognized that PPNR is one of a family

of nonheme, nonflavin, iron- containing proteins that

is universally present in chloroplasts.  Generally generic

term ferridoxin is used to describe these proteins.

Scientists have isolated proteins of the ferridoxin

family from the chloroplasts of a variety of plants and

have assigned them various functions. What we now

call methaemoglobin-reducing factor, photosynthetic

pyridine nucleotide reductase (PPNR), heme-reducing

factor and red enzyme.

Before the discovery of ferridoxin, NADP+ was thought

to be the initial electron acceptor of the

photosynthetic light reaction. However, neither NADP+

nor ferridoxin is believed to be the primary acceptor



of electrons from P
700

. There is evidence that suggests

the existence of an intermediate of an iron-sulphur

protein acceptor, A (FeS) between ferridoxin and

photosystem I.

In earlier Z- schemes, plastoquinone was designated as

the primary electron acceptor from P
680

. In the figure Q

stands for the unknown primary acceptor that quenches

the fluorescence of chlorophyll a. Plastoquinone is

reduced by transfer of electrons from Q through B, the

latter being a secondary unidentified acceptor that is

associated with a photosystem II membrane protein.

The reduced plastoquinone is oxidized by the transfer

of an electron to cytochrome f. Either cytochrome f

or plastocyanin (Cu containing protein) is the

immediate electron donor to photooxidized P
700

. Both

compounds are found associated with the

photosynthetic tissues of algae and higher plants and

both compounds have redox potentials close to that

of P
700

 (about 0.43). However, there is some indication

that plastocyanin is located closer than cytochrome f

to the photoreaction centre P
700

 of photosystem I.

Therefore, plastocyanin is considered the immediate

electron donor to phtooxidized P
700

. Cytochrome f, in

this case, would transfer electrons to plastocyanin.

Proposed mechanisms of ATP formation

Electron flow and the photophosphorylation of ADP

to ATP and H
2
O are distinct processes that are coupled,

or have energy transferred from one to the other, by

some common reactant. Evidence for this coupling is

based on several observations. 1. In the presence of

coupling agents, ATP formation can be inhibited but

electron transport continues and often shows an

increase in rate. When the coupler is removed, ATP

formation resumes in pace with electron transport. 2.

When electron transport is impeded or blocked by

certain herbicides, such as the triazins, triazinones,

biscarbamates and (3-[3,4 - dichlorophenyl [-1,1-

dimethylurea), phosphorylation is also inhibited. 3.

Scientists have commonly observed simultaneous

oxidation of NADPH (NADH in respiration) and FADH

in ATP formation.

Scientists have proposed three mechanisms of ATP

production.

Conformational coupling

It is promised by the idea that the membranes of the

mitochondria or chloroplast thylakoids undergo

structural changes and that these changes presumably

induce high energy states, or conformations, that

favour the release of energy for the ATPase catalyzed

production of ATP. Although ATPase normally catalyses

ATP decomposition to ADP and inorganic phosphate

(Pi). It will work in the reverse direction when sufficient

energy is available. Electron micrographs illustrate

differences in structure of membranes (mostly

mitochondrial membranes) during organelle activity.

Chemical coupling

Another hypothesis, developed in the 1960s suggests

that an unknown coupling protein might act as an

energy transfer agent between electron transport and

ATP formation. According to this idea, a coupling factor

(CF) believed to be a protein, initially forms a high

energy CF complex with one of the electron carriers,

a participant at the site of phosphorylation along the

electron transport chain. The formation of CF- carrier-

complex involves an endergonic reaction provided

with energy released during electron transfer. The CF-

carrier -complex then enters into an exchange reaction

in which inorganic phosphate (Pi) exchanges with

electron carrier to form a high energy phosphorylated

coupling factor (CF-P) complex which releases the high

energy phosphate to ADP, thereby forming the ATP.

Thus, according to the chemical coupling hypothesis,

the endergonic formation of ATP is accomplished via

a coupling factor that transfers electron energy

promoted by light (photosynthesis) or oxidation of

organic chemicals (respiration).

Chemiosmotic coupling

This hypothesis is the most widely accepted

explanation for oxidative phosphorylation in

mitochondria and has recently gained importance as

an explanation for phosphorylation in thylakoid



membranes. In 1961, after observing that hydrogen ions

are actively released from respiring mitochondria at the

expense of energy received from the electron transport

process. Mitchell (1961) proposed the idea of

chemiosmotic coupling. He suggested that a

concentration gradient of protons is established across

the mitochondrial membrane because there is an

accumulation of hydrogen on one side of the

mitochondrial membrane. The proton accumulation

is necessary for energy transfer to the endergonic ADP

phosphorylation process. Jagendorf (1975)

demonstrated that a PH gradient across the thylakoid

membrane stimulated ATP production when

chloroplasts were maintained in darkness. He also

demonstrated that under normal light conditions an

H+ concentration gradient is established in actively

photosynthesizing chloroplasts. As figure illustrates,

the electron carriers are located in the granum

membrane. ATP and NADPH are produced on the

stroma side surface of the thylakoid. An important

aspect of the model is the mobility of plastoquinone.

This carrier presumably transfers electrons to

cytochrome f and in addition pick up H+ ions on the

outside and releases protons to the thylakoid channel.

The transfer of protons to the inside and the

production of protons from the photolysis of water

incurs buildup of protons inside and a PH gradient across

the thylakoid membrane to the outside (stroma side),

where the hydrogen concentration is relatively low. The

membrane itself is not permeable to protons

concentrated on the channel side, which represents a

source of energy. It is believed that protons flow from

the inside of the stroma side of the membrane through

special pathways of CF (stalks) that terminate as knobs

at the outer (stroma side) surface. These stalks and

knobs are the sites of photophosphorylation. The

proton flow along the gradient provides the necessary

energy for the following reaction:

ADP+ Pi ATP+ H
2
O +8,000 cal/ mole

       ATPase

The proton flow and phosphorylation are thought to

be brought together (coupled) by the activity of the

enzyme ATPase (also called coupling factor) which is

associated with the destruction of ATP, but it will

operate in the reverse situation as long as sufficient

energy is supplied (in this case from the proton flow).

For every two electrons passing through the transport

system, two protons are transported by the reduced

plastoquinone, a water molecule is photolyzed.

Theoretically, one molecule of ATP is produced for

every three protons passing through the CF.

The light reaction phase of photosynthesis may be

summarized by the following equation, which represents the photochemical, photophosphorylation, photoreduction

and photooxidation (splitting of water) events:

chloroplasts

2H
2
O +2NADP+ +(ADP)n+( Pi ) (ATP)n +2NADPH+2H+ O

2

The summary equation also indicates that the stoichiometry of the overall equation is not exact, particularly for

ATP production and the quanta required .We do not know the number of ATP molecules produced per oxygen

molecule liberated. Some investigators claim 2 molecules of ATP are produced for every oxygen molecule

liberated, and others maintain 4. According to plant scientists 8 to 12 quanta (photons) appear to be necessary

to produce NADPH and ATP sufficient for CO
2
 fixation. Approximately 2NADPH and 3ATP molecules are required

to incorporate 1 molecule of CO
2
 into sugar phosphate.

 



Difference between cyclic and non-cyclic photophosphorylation

Cyclic Non-cyclic

Only PS  I participates PS I and PS  II participate.

PS  I gets back electron in a cyclic fashion. PS I gets back electron from PS II and PS II

from water.

Water does not participate hence No O
2
 evolution. O

2 
evolved as water participates.

Found in bacteria. Found in green plants.

Dark reaction

CO
2
 is fixed in one of the following pathways in green

plants. 1. C
3
 pathway or Calvin cycle 2. C

4
 pathway or

Hatch and Slack cycle. 3. C
2
 or Glycolate pathway.  4.

Crassulacean acid metabolism (CAM plants) .

C
3
 pathway or Calvin cycle

 First stable compound formed after the entry

of CO
2
 in plant system is triose sugar viz;

Phosphoglyceric acid (PGA) (Calvin 1961).

 Pathway of photosynthetic CO
2
 assimilation

beginning with carboxylation of RuBP by

Rubisco.

 The biochemical pathway for the reduction of

CO
2
 to carbohydrate. The cycle involves three

phases, the carboxylation of ribulose-1,

5-bisphosphate with atmospheric CO
2

catalyzed by rubisco, the reduction of the

formed 3-phosphoglycerate to triose

phosphate by 3-phosphoglycerate kinase and

N A D P- g l y c e ra l d e hy d e - 3 - p h o s p h a t e

dehydrogenase, and the regeneration of

ribulose-1,5-bisphospate through the

concerted action of ten enzymatic reactions.

It is called C
3
 pathway because the first stable compound formed after the entry of CO

2
 in plant system is triose

sugar i.e. PGA. Calvin by using isotope of carbon C
14

 could identify various products formed during reduction of

CO
2
 by paper chromatography and radio autography. Calvin (1961) later on got noble prize for this work.



Chromatography is a technique for separation of

compounds present in a small mixture. On the other

hand radioautography is a technique to find out

isotopes in a particular source. Different radioactive

isotopes emit different types of radiation. C14 emits 

rays. Calvin worked on these aspects in blue green

algae chlorella.

Six molecules of CO
2
 react with 6 molecules of Ribulose

1, 5 biphosphate or bis phosphate to form 12

molecules of 3PGA. The reaction is catalysed by RuBP

carboxylase . First CO
2
 is added to a 5C sugar to form

6C sugar which then splits into two molecules of 3

carbon compound.

RuBP Enediol of RuBP  Keto acid intermediate 3PGA

The cleavage of  Keto acid intermediate takes place by water between C
2
 and C

3
 of ribulose chain.

In next step 12 molecules of 3PGA are phosphorylated to 12 molecules of 1-3 di phospho glyceric acid. The

reaction is catalyzed by phospho glycero kinase

  Phosphoglycerokinase

12  3PGA +12 ATP 12  1, 3 di phospho glyceric acid  + 12 ADP

In the next step 12 molecules of 1, 3 di phospho glyceric acid reduced to 12 molecules of 3 phospho glyceraldehyde

by 12 molecules of NADPH produced in the light phase of photosynthesis.

3 Phospho glyceraldehyde

dehydrogenase

12 1, 3 diphospho glyceric acid + 12 NADPH2 12  3 P glyceraldehyde  +  12 NADP

Five molecules of 3 phospho glyceraldehyde are isomerized to five molecules of dihydroxy acetone phosphate

(5 molecules) in presence of triose phosphate isomerase.

 

 



Triose phosphate isomerase

5  3 phosphoglyceraldehyde 5 Dihydroxy acetone phosphate

The 3 molecules of 3 phosphoglyceraldehyde condensed with 3 dihydroxy acetone phosphate to form 3 molecules

of fructose 1, 6 diphosphate in presence of aldolase which are then dephosphorylated to  3 mol. of fructose 6 P

in presence of  phosphatase.

Adolase

3 Mols 3 phosphoglyceraldehyde +  3 Dihydroxy  acetone phosphate

  Phosphatase

3 Fructose 1 - 6 diphosphate          Fructose 6 P + 3 H
3
PO

4

        3H
2
O

Two molecules of 3 phosphoglyceraldehyde reacts with 2 mol. of fructose 6

      6H
2
O

6RuBP+6CO
2

 Keto acid 12 Mols. 3PGA

       (5C)      (6C )         (3 C)

phosphate to form 2 mol. of xylulose 5 P  and 2 mol. of erythrose 4 P in presence of  transketolase and thymine

pyrophosphate

Transketolase

2-3 Phosphoglyceraldehyde + 2 Fructose 6 2 Xylulose 5 P + 2 Erythrose 4 P

phosphate

Two mol. of erythrose 4 P reacts with two mol. of 3 phosphoglyceraldehyde to form two sedoheptulose 1-7

diphosphate in presence of aldolase.

Aldolase

2 Erythrose 4 P + 2 Dihydroxy acetone P 2 Sedoheptulose 1-7  diphosphate

Two molecules of sedoheptulose 1-7 diphosphate then dephosphorylated to two molecules of sedoheptulose 7

P in presence of phosphatase.

       Phosphatase

2 Sedoheptulose 1-7 di P + 2H
2
O 2 mol. Sedoheptulose 7 P + 2H

3
PO

4

Two mol. of sedoheptulose 7 P condensed with the remaining two mol. of 3 P Glyceraldehyde in presence of

enzyme transketolase to produce two mol. of Xylulose 5 P and two molecules of ribose 5 P.

Transketolase

2 mol  Sedoheptulose 7 P + 2  3 phosphoglyceraldehyde 2 Xylulose 5 P +  2 Ribose 5 P

All 4 molecules of Xylulose 5 P obtained from different reactions undergo epimerization in presence of ribulose

3 epimerase to form 4 mol. of ribulose 5 P.

Ribulose phosphate 3 epimerase

4 Xylulose 5 P 4 Ribulose 5 P

Two mol. of ribose 5 P undergo isomerization in presence of phosphoribose isomerase to form 2 mol. of ribulose

5 P.

Phosphoribose isomerase

2 Ribose 5 P 2 Ribulose 5 P

 

 

 

  

 

 

 

 

 

 



Six molecules of Ribulose 5 P are formed up to this stage. In the final step all 6 molecules of ribulose 5 phosphate

are phosphorylated at the expense of 6 mol. of ATP in presence of enzyme phosphoribulo kinase to form 6 mol.

of carbon acceptor ribulose 1-5 diphosphate. Then all 6 the molecules of ribulose 1-5 diphosphate are regenerated

reenter into cycle.

Whole reaction can be written as:

6CO
2
 + 12 NADPH + 12 H + + 18 ATP + 11 H

2
0 1 Mol. F - 6 P + 12 NADP+  + 18 ADP + 17 Pi

Synthesis of carbohydrate

Out of 3 mol. of fructose 6 phosphate one molecule is isomerised under the influence of enzyme isomerase to

form glucose 6 phosphate. Dephosphorylation of glucose or fructose 6 P in the influence of phosphatase enzyme

forms glucose or fructose which further combines to form sugar or starch.

Calvin cycle occurs in three main parts:

1. Carboxylation - Which involves addition of CO
2
 and H

2
O to form two molecules of 3 PGA.

2. Reduction - In which COOH group in 3 PGA is reduced to an aldehyde group (3 P Galdehyde) .

3. Regeneration of RuBP - Out of the entry for every 6CO
2
 molecules the output is one mole of glucose and

rest go to the regeneration of RuBP.

Hatch and Slack pathway (C
4
 cycle)

 The photosynthetic carbon metabolism of certain plants in which the initial fixation of CO
2
 and its subsequent

reduction takes place in different cells, the mesophyll and bundle sheath cells, respectively. The initial

 



carboxylation is catalyzed by

phosphoenolpyruvate carboxylase,

(not by rubisco as in C
3
 plants),

producing a four-carbon compound

(oxaloacetate), which is immediately

converted to malate or aspartate.

Hatch and Slack (1966) found that the first

product of this cycle is 4 carbon acid. This

cycle occurs mainly in sugarcane, maize,

grasses, atriplex etc. C
4
 plants possess

Kranz anatomy. In this case the mesophyll

cells are not differentiated into palisade

and spongy parenchyma. Vascular bundles

are surrounded by layers of radially

arranged parenchymatous cells. The sheath appears like a wreath, hence called Kranz (wreath) anatomy .Phospho

enol pyruvate is the initial acceptor of CO
2
.

      PEP Carboxylase

PEP + CO
2
 + H

2
O Oxalo acetic acid

Initially, CO
2
 is accepted by Phospho enol pyruvate (PEP)

under influence of PEP carboxylase enzyme forming

aspartate. Malate is produced by activity of malic

dehydrogenase in presence of NADPH
2
. Malate is

transferred to chloroplast of bundle sheath. Here malate

is decarboxylated under influence of malate

dehydrogenase to produce pyruvate, CO
2
 and NADPH

2
.

NADPH + H+ travels back to mesophyll cells to regenerate

malate, while pyruvate also travels back to mesophyll

cells, where it utilizes the light generated ATP to produce

PEP again. CO
2
 released by decarboxylation of malate

is fixed in the bundle sheath cells by C
3
 pathway (accepted by RuBP).

In C
4
 plants there are two carboxylations, one by atmospheric CO

2
 which forms dicarboxylic acids and second by

internally generated CO
2
 entering the RuBP. In this case C

3
 and C

4
 both pathways operate. C

3
 and C

4
 pathways are

delimited to bundle sheath cells and mesophyll cells, respectively. Because there is carboxylations at two sites,

the pathway is also known as dicarboxylation pathway.

Chollet and Ogren (1975) found three categories of C
4
 plants.

1. Fixation of CO
2
 by PEP which forms oxalo acetate then malate Ex. maize, sugarcane.

2. Oxalo acetate gets converted into aspartate in mesophyll cells and it is transported to bundle sheath. In

bundle sheath cells aspartate is reconverted to oxalo acetate which is then converted to pyruvate and CO
2

Ex. Panicum maximum, Chloris guyana.

 



3. Aspartate produced in mesophyll cells is

transported to bundle sheath cells where it gets

transaminated to oxalo acetate first and then

gets reduced to malate in mitochondria using

NADH. The malate is decarboxylated to produce

pyruvate and CO2 Ex. Atriplex spongiosa.

Significance of C
4
 pathway

1. They possess higher rates of photosynthesis due

to higher affinity of PEP carboxylase to CO
2
.

2. They can carry on photosynthesis even under low

CO
2
 concentrations (10ppm).

3. Even under almost closed conditions of stomata

C
4
 plants can continue to photosynthesize.

4. There is almost negligible photorespiration.

It is not necessary that C
4
 pathway is always more

efficient than C
3
 pathway but most of the time  C

4

pathway leads to better utilization of available CO2 in

C
3
 fixation. C

4
 pathway itself does not produce

carbohydrates. It is only contributory pathway for C
4

cycle.

Crassulacean Acid Metabolism (CAM Pathway )

Stomatal opening in night due to accumulation of malic

acid which acts as strong solute and closing during day

as a result of disappearance of malic acid from

stomatal guard cells.

Plants that fix CO
2
 during the night into a four-carbon

compound (malate) that, after storage in the vacuole,

is transported out of the vacuole and decarboxylated

during the day. The CO
2
 released is assimilated in the

Calvin cycle in the chloroplast stroma.

Many plants belonging to families like

Crassulaceae, Orchidaceae, Bromeliaceae, Liliaceae,

Asclepiadaceae, V itaceae etc. Examples Agave,

Kalanchoe, Sedum found in arid regions. In such plants

stomata open during night and close during day which

reduces the rate of transpiration thereby helps in water

conservation.

In night, CO
2
 is fixed by phospho enol pyruvic acid under

the influence of PEP carboxylase enzyme. This leads to

the formation of oxalo acetic acid which is then reduced

to NADPH
2
 under influence of malic dehydrogenase

enzyme. Due to accumulation of malic acid in guard

cells the osmotic concentration of guard cells of

stomata becomes higher resulting in withdrawal of

water from the surrounding cells increasing the turgor

pressure of guard cells which results in opening of

stomata, whereas, in day malic acid gets converted to

CO
2
 and pyruvic acid. CO

2
 is accepted by RuBP in Calvin

cycle and pyruvic acid is utilized in the formation of

carbohydrates. Due to disappearance of malic acid in

day stomata remain closed. Due to formation of malic

acid in dark the PH should become low and stomata

should remain closed but malic acid being a strong solute

increases the osmotic pressure of guard cells. In such

plants starch sugar mechanisms do not operate.

Bacterial photosynthesis

Certain bacteria also manufacture food material

through light energy. Bacterial pigments are contained

in small structures called chromatophores. Such

bacteria are generally anaerobic bacteria and use H
2
S

or some other compound for electron source instead

of water. In their photosynthesis no O
2
 evolution takes

place. Ex-Chlorobacterium, Sulphur bacteria-

Chromatium, Nonsulphur bacteria- Rhodospirillum.

There are certain colourless bacteria which can

manufacture food material from CO
2
 and water but

for this purpose they make use of chemical energy

released during biological oxidation of certain

inorganic substances. Due to lake of chlorophyll they



cannot use light energy. This process of food synthesis is called chemosynthesis. Chemosynthetic bacteria are

aerobic. They are nitrifying like Nitrosomonas, Nitrobacter, Iron bacteria- Spirophyllum, Hydrogen bacteria like

Bacillum pantotrophus.

Difference between C
3
 & C

4
 plants

Character C
3
 Plants C

4
 Plants

CO
2
 Acceptor RuBP (Ribulose bi or PEP (Phospho -enol pyruvate)

bis phosphate)

First stable product PGA(Phospho glyceric acid) Oxaloacetate

Type of chloroplast One Dimorphic, bundle sheath chloroplasts

lack grana, mesophyll cells have normal

chloroplast

Leaf anatomy Normal Kranz (German)

Pigment system All chloroplasts have Bundle sheath chloroplasts lack PS II,

PS I and PS II hence depends on mesophyll cell

chloroplasts for supply of NADH

Enzymes of C
3
 Pathway Found in mesophyll cells Found in bundle sheath cells

CO
2
 compensation point 150- 500ppm 0-10 ppm

Photorespiration Present Almost absent

Net rate of PS in full sunlight 15-35 mg CO
2
 /dm2 of leaf 40-80 mg CO

2
 /dm2 of leaf

Saturation intensity 1000-4000 ftc. Difficult to reach saturation

Bundle sheath cells Not prominent Very prominent

CO
2
 fixation C

3
 Pathway Both C

3
 and C

4
 pathways

Higher O
2
 rate Inhibits PS No effect on PS

Temperature optimum 10-250C 30-450C

ATP molecules required to 18 30

synthesize one molecule of

glucose



Photosynthetic features of C3, C4 and CAM plants

Features C3 Plants C4 Plants CAM Plants

Kranz anatomy No Yes No

CO
2
 acceptor RuBP PEP PEP

CO
2
 fixation product 3-PGA Oxaloacetic acid and Oxalo acetic and other

other C
4
 acids C

4
 acids

Carboxylase RuBPcarboxylase PEP carboxylase, PEP carboxylase, RuBP

RuBP carboxylase carboxylase

CO
2
 fixation Light Light Darkness- C

4
 cycle,

light - C
3
 cycle

O
2
 inhibition of Yes No Yes

photosynthesis

Chloroplast One structure Two structures ?

Photorespiration High Low (Bundle sheath Very low

cells only)

Transpiration High Low Very low

Productivity Low or High High Low or High

CO
2
 compensation point High (25-100ppm) Low (0-10 ppm) Low (0-5 ppm)

Although CO
2
 fixation can take place in darkness, the amount of CO

2
 fixed is greater in the light because of

availability of ATP and NADPH from the light reactions and because the stomata are open and facilitate gas

exchange.

Photorespiration

 Increase of respiration rate induced by higher light intensities and O
2
 with reduced CO

2
 concentration,

takes place in cooperative way among chloroplast, peroxysomes, and mitochondria.  Glycolate being the

substrate.  Examples - Paddy, Soybean, Wheat etc.

 Production of CO
2
 in the metabolic pathway that metabolizes the products of the oxygenation reaction

catalyzed by Rubisco.

 Uptake of atmospheric O
2
 with a concomitant release of CO

2
 by illuminated leaves. Molecular oxygen

serves as substrate for rubisco and the formed 2-phosphoglycolate enters the photorespiratory carbon

oxidation cycle. The activity of the cycle recovers some of the carbon found in 2-phosphoglycolate, but

some is lost to the atmosphere.



Increase of respiration rate induced by light is called photorespiration. Normal respiration takes place in cytosol

(cytoplasm without organelles) and in mitochondria. Photorespiration has been noted in green cells of Beta

phaseolus, Gossypium, Pisum, Caspicum, Petunia, Glycine, Helianthus, Chlorella, Oryza etc. The optimum

temperature for photorespiration is 250- 350 C.

Mechanism

In normal respiration the substrate is sugar or glucose, whereas in photorespiration the substrate is 2C compound

called glycolic acid. Under normal conditions Rubisco (Ribulose 1, 5 biphosphate) catalyses fixation of CO
2
 in

Calvin cycle. Under high O
2
 and lower CO

2
 concentration rubisco oxidises Rubp in one molecule of 3C PGA and

one molecule of 2C phosphoglycolic acid which ultimately forms glycolic acid. Therefore, Rubisco is also called

RuBP oxinase.

Rubisco

(a) Carboxylase activity RuBP 2 Moles of 3 PGA

CO
2
 + H

2
O

   Rubisco

(b) Oxinase activity RuBP Phospho glyceric acid (2C) + 3 PGA (3C)

      + O
2

In the next step phosphoglycolic acid undergoes decarboxylation to form glycolic acid. The reaction is

catalyzed by enzyme phosphatase.

Phosphatase

Phosphoglycolic acid + H
2
O    Glycolic acid + Phosphoric acid

The glycolic acid which is formed in chloroplast is transported out into the peroxisomes where glycolic acid is

converted into glyoxylic acid in presence of enzyme glycolate oxidase.

 

 

 



CH3 - COOH + O2 H C - COOH  + H2O2

OH     O

Glycolic acid Glyoxylic acid

Here glycolic acid oxidase transfers electrons (present in H atoms) from glycolate to O
2
 reducing O

2
 to H

2
O

2
.

Then H
2
O

2
 is broken down to H

2
O and O

2
 by catalase. In the next step glyoxylic acid is converted into glycine

under the influence of enzyme glutamate glyoxylate amino transferase (transamination reaction).

Glyoxylic acid + Glutamic acid Glycine acid +  Keto glutaric

Glycine which is formed in peroxysomes is transported to mitochondria via cytoplasm. Glyoxylic acid may also

form glycine by serine by transfer of amino group to it from serine instead of glutamic acid.

Serine amino transferase

Glyoxylic acid + Serine Glycine + Hydroxy Pyruvic acid

           In the mitochondria two molecules of glycine joins together to form a molecule of serine. CO
2
 and NH

3

are also released in this reaction.

2 Glycine + H
2
O + NAD Serine + CO

2
 + NH

3
 + NADH

It is the stage of formation of serine that light induced CO
2
 liberates. Serine is then transported out of mitochondria

and into peroxysomes where it is converted into hydroxy pyruvic acid and then to glyceric acid. Finally glyceric

acid is transported to chloroplast where it undergoes phosphorylation by ATP to form 3 PGA. The molecules of

3 PGA join the pool in the CO
2
 reduction cycle. In C

4
 plants the rate of photorespiration is almost nil because CO

2

concentrates in bundle sheath cells. The positive movement of CO
2
 from atmosphere towards bundle sheath

cells is called CO
2
 pump.

Significance of photorespiration

 It protects the chloroplast against the light destruction. It consumes O
2
 thereby helps to prevent build up

of O
2
 accumulation in chloroplast which may destroy the chloroplast membrane.

 In this process excess ATP and NADPH are utilized thus prevents solarization.

Measurement of photorespiration

Air containing CO
2
 is passed through an illuminated leaf placed in a glass chamber. The air then passes through

an infra red gas analyzer which measures the amount of CO
2
 in the air after its passage over an illuminated leaf.

This is compared with control in which the air is passed through non-illuminated leaf. This will give light induced

CO
2
 evolution.
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Abstract

Sugarcane (Saccharum officinarum L.) is the main source of

sugar in India and holds a prominent position as a cash crop.

Sugarcane is one of the main crop for earning foreign

exchange. Entrepreneurship is the key to rapid growth of a

country. The study was conducted in Shahpura block of

Jabalpur district. Shahpura block was selected purposively

for the study because area, production and productivity of

sugarcane crop in the block was highest as compare to other

blocks. Ten villages were selected from the block and from

each selected villages about thirty six per cent sugarcane

growers were selected by using proportionate random

sampling method. Hence, the total sample size for the study

was 120. The result revealed that higher percentage

(60.84%) of sugarcane growers had medium entrepreneurial

behavior while size of land holding, area under sugarcane

crop, material possession, social participation, annual

income, economic motivation, scientific orientation,

information source utilization and extension contact had

positive and significant relationship with entrepreneurial

behaviour of the sugarcane growers.

Key words: Entrepreneurial Behaviour, Sugarcane

Grower

India has the largest area under sugarcane in the world.

Sugar  juice  is  used  for  making  white sugar,  brown

sugar  (khandsari)  and  jaggery  (gur).  Sugarcane is

one of the main   crop   for   earning   foreign   exchange.

The   main   byproducts   of   the sugarcane industry

are bagasse and molasses. Bagasse is mainly used as a

fuel.  It  is  also  used  for  the  production  of

compressed  fiber  board,  paper, plastics  and  furfural.

Molasses is used in distilleries for the manufacture of

ethyl alcohol, citric acid etc. Green tops of cane are a

good source of fodder for cattle. Sugarcane is bound

to play a greater role in the Indian economy in the

years to come by offering a stable income to the

farmers by way of cane price, by providing

employment to rural masses for Govt, earning in tax

form of excise duty, purchase tax and foreign exchange

earnings (Singh et al. 2009).

Molasses   is   produced   in   two   forms:   Blackstrap,

which   has   a characteristic   strong   flavour,   and

purer molasses syrup. Blackstrap molasses is sold as a

food and dietary supplement.  It  is  also  a  common

ingredient  in  animal  feed and is  used  to  produce

ethanol  and  rum,  and  in  the manufacturing of citric

acid. Purer molasses syrups are sold as molasses, and

may  also  be  blended  with  maple  syrup,  invert

sugars,  or  corn  syrup.  Both forms of molasses are

used in baking.

Sugarcane is grown in tropical and sub tropical regions.

In India, total area  under  sugarcane  is  5.01  million

ha  with  production  of  350.02  million tones and

productivity 69838 kg/ha. Total area under Sugarcane

in Madhya Pradesh is 0.07 million ha with production

of 3.31 million ha and productivity 46621 kg/ha during
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2014 ha. (Source-Agriculture Statistics At a Glance

2014). In Jabalpur district Area under sugarcane is 2113

ha with production 66007 tones and productivity

31200 kg/ha (Source: Office of District Director of

Agriculture Jabalpur 2014.) Assessing   behaviour   and

attitude   of   growers   for becoming   successful   are

the   most   important   component   of   growers'

entrepreneurship   development.   Keeping   this      fact

in   view,   the present investigation was undertaken to

assess the entrepreneurial behaviour of sugarcane

growers' in Shahpura block of Jabalpur district.

Material and methods

The   study   was   conducted   in   Jabalpur   district   of

Madhya   Pradesh. Jabalpur district consists of 7 blocks

namely Jabalpur, Panagar, Kundam, Patan,  Shahpura,

Majholi  and  Sihora.  Out of which Shahpura block

was selected purposively for the study because area,

production and productivity of sugarcane crop were

highest as compared to other blocks. The  Shahpura

block  comprised  of  203  villages,  out  of  which  10

villages were  selected  on  the  basis  of  larger  area

under  sugarcane  crop  i.e.  Umariya, Manegown,

Mankhedi, Karhaiya, Kewlari, Katila, Natwara, Fular,

Maili and luti. A  list  of  farmers  from  each  selected

villages,  who  are  growing  sugarcane crop  was

prepared  with  the help  of  RAEO  and other officials.

From each selected villages about thirty six per cent

sugarcane growers were selected using proportionate

random sampling method.  Hence, the total number

of selected farmers was120.

Results and Discussion

The results of the study revealed that higher

percentage (54.17%) of sugarcane growers were

medium risk takers. Whereas, 36.67% and 9.16% of

the sugarcane growers were high and low risk takers,

respectively. This dimension hope of success measures

the ability to prognosticate the  block  in  reaching

success/failure  and  to  be  prepared  to  meet  its

consequences. A moderate higher percentage

respondents (48.34%) scored medium on this

dimension. Whereas, 35.83% obtained a low score and

15.83% obtained a high score. Regarding persistence,

the results revealed a very medium degree of

persistence in 50.84% of sugarcane growers, followed

by low 26.66% and only 22.50% had high level of

persistence. The ability to seek and use feedback on

ones performance and decisions is an important

quality of sugarcane growers. About fifty per cent of

the sugarcane growers scored medium with regard to

the dimension.  The individuals on the low category

were 35.84% and those with high feedback usage were

11.66 per cent. Further the analysis regarding self

confidence revealed that 66.67 per cent of the

sugarcane growers had medium level of self

confidence, 20.83% were found low in their self

confidence and 12.50 per cent had high self

confidence. This result on knowledge ability

component showed 47.50% of the sugarcane growers

were having  high  knowledge  ability  of  technical

and  management aspects  of  their  ventures,  36.67%

found medium in their knowledge ability and 15.83%

had low knowledge ability. Regarding manageability,

higher  percentage  comprising  55.84%  of  the

respondents were  rated  low  in managing ability

27.50%  recorded  medium  and  only 16.66% were

high in managing ability. This attribute persuasibility

was found to be of medium level amongst 65.00% of

the sugarcane growers, 25.00% scored low in their

ability to be  persuasive  and  only  10.00%  were  quite

high  in  the  persuasibility attributes. Further half the

respondents i.e. 50.00% of the sugarcane growers

were found to be low in their Innovativeness, 30.87%

were medium and only 19.16% were high in the

innovativeness attributes. The component was found

to be of medium level amongst 58.34% of the

sugarcane growers, 24.16% scored low in their

achievement motivation and only 17.50% were high

in their achievement motivation.



Table 1:  Distribution of sugarcane growers according to their eentrepreneurial dimensions

Dimensions Categories (Scores) Frequency Percentage

Risk taking ability Low (5-11) 44 36.67

Medium (12-18) 65 54.17

High (19-25) 11 09.16

Hope of Success Low (5-11) 43 35.83

Medium (12-18) 58 48.34

High (19-25) 19 15.83

Persistance Low (5-11) 32 26.66

Medium (12-18) 61 50.84

High (19-25) 27 22.50

Feedback Usage Low (5-11) 43 35.84

Medium (12-18) 63 52.50

High (19-25) 14 11.66

Self confidence Low (5-11) 25 20.83

Medium (12-18) 80 66.67

High (19-25) 15 12.50

Knowledge ability Low (5-11) 19 15.83

Medium (13-18) 44 36.67

High (19-25) 57 47.50

Managability Low (5-11) 67 55.84

Medium (12-18) 33 27.50

High (19-25) 20 16.66

Persuasibility Low (5-11) 30 25.00

Medium (12-18) 78 65.00

High (19-25) 12 10.00

Innovativeness Low (5-11) 60 50.00

Medium (12-18) 37 30.84

High (19-25) 23 19.16

Achievement motivation Low (5-11) 29 24.16

Medium (12-18) 70 58.34

High (19-25) 21 17.50



Table 2:  Mean score of dimensions entrepreneurial behaviour of sugarcane growers

Entrepreneurial Dimensions Mean Rank

Risk taking ability 13.96 IX

Hope of success 14.45 VI

Persistence 15.28 IV

Feedback usage 14.30 VII

Self confidence 15.55 II

Knowledge ability 17.90 I

Manageability 13.53 X

Persuasibility 14.90 V

Innovativeness 14.10 VIII

Achievement motivation 15.46 III

Overall mean 14.94

The  mean  score  of  various dimensions  of  entrepreneurial  behaviour  ranged  from  13.53  to  17.90.  The

entrepreneurial  behaviour  of  sugarcane  growers  having  higher  mean  score than  the  overall  mean  were

high  knowledge  ability  (17.90),  self  confidence (15.55), achievement motivation (15.46) and Persistance

(15.28), Persuability (14.90), hope of success (14.45), feedback use (14.30), innovativeness (14.10), risk taking

ability (13.96) and manageability (13.53) (Table 2).

Table 3: Entrepreneurial behavior of sugarcane growers

Categories Frequency Percentage

Low (Score 50 to 117) 31 25.83

Medium(Score 118 to 184) 73 60.84

High (Score 185 to 250) 16 13.33

Total 120 100.00

Out  of  the  total  sugarcane  growers,  60.83  per cent

had medium entrepreneurial behaviour, followed by

25.83 per cent had low  and  only  13.33  per  cent  of

the  sugarcane  growers  were  having  high

entrepreneurial behaviour. This finding finds support

with the work of Patel and Sanoria (1995), Patel et al.

(2003), Shakya (2009) (Table 3).

The results revealed that the higher percentage

(60.83%) of the sugarcane growers was having medium

entrepreneurial behavior regarding the sugarcane

crop. On the basis of mean score of various dimensions

of entrepreneurial behavior,  it   can   be   concluded

that   more   important   entrepreneurial dimensions

of sugarcane growers were- Knowledge ability, Self

confidence, Achievement motivation, Persistence.

While the less important entrepreneurial dimensions

of the sugarcane growers were- Persuasibility, Hope

of success, Feedback usage, Innovativeness, Risk taking

ability, Manageability.
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Abstract

The present study was conducted in Panagar block of

Jabalpur district, Madhya Pradesh. The total sample

consisted of 120 ATMA beneficiaries as respondents for the

study. There are seven blocks in Jabalpur district Panagar

block was selected purposively for the study because it

covers maximum number of villages as compared to other

blocks. Four villages were selected by using simple random

sampling. Thirty beneficiaries from each villages were

randomly selected thus 120 beneficiaries were selected for

the investigation purpose. The data were collected by using

personal interview method. The study concluded that there

was significant difference before and after implementation

of project with respect to production and productivity of

paddy crop. Majority of the beneficiaries reported lack of

communication facilities as first among the other constraints.

Keyword: Impact ATMA, Beneficiaries

The concept of ATMA was introduced in 1999 as an

autonomous organization under the National

Agricultural technology Project (NATP) by providing

flexible working environment with an objective of

Integrating research, extension and other stake holders

at the district level to support the farmer's need and

interest through an integral approach of strategic plan.

ATMA is a society of key stake holders involved in

agricultural activities for sustainable agricultural

development in the district. The activities of ATMA are

decided and executed by a governing Board (GB) and

Management Committee (MC) of ATMA at district level

constituted by the State Govt. The extension activities

under this scheme prepared by a team of technical

officers called Block Technology Team (BTT) at block

level and are vetted and prioritized by an exclusive

team of farmers called Farmers Advisory Committee

(FAC) at block level.For effective implementation of

ATMA activities at village, Farmers Interest Groups

(FIGs) and Farmers Organizations are being developed

by ATMA operating agencies at village level. The

institutional mechanism in the form of Agricultural

technology Management Agency (ATMA) at district

level was pilot tested under Innovations in technology

Dissemination(ITD) component of World Bank funded

National Agricultural technology Project (NATP) in

seven states viz. Andhra Pradesh, Bihar, Himachal

Pradesh, Jharkhand, Maharashtra, Orissa and Punjab

covering 4 districts in each state. The present

investigation was designed to determine the "Impact

of Agricultural technology Management Agency on

paddy growers".

Material and Methods

The study was undertaken in Jabalpur district of

Madhya Pradesh. Jabalpur district comprises of 7

blocks namely Jabalpur, Sihora, Majholi, Patan,

Shahpura, Panagar and Kundam. Out of which Panagar

block was selected purposively because of having

maximum villages. The Panagar block comprises 200

villages out of which 4 villages were selected randomly

on the basis of maximum beneficiaries. Thus total 120

respondents were selected as the sample of the study

on the basis of proportionate random sampling

method. The data was collected through pre-tested

interview schedule.
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Results and Discussion

Profile of ATMA beneficiaries

Majority of farmers (58.33) belonged to middle age

group (36-55 years). In case of education, most of the

respondents (45.00%) were educated up to higher

secondary education. In case of family size and family

type, most of the beneficiaries (43.33%) belonged to

the medium family size and were having joint family

(60.00%). Most of the beneficiaries belonged to OBC

category, were doing farming only (67.50%), and had

medium annual income (47.50%). Regarding mass

media exposure, 54.17 per cent of the beneficiaries

were having medium mass media exposure (54.17%),

43.33 per cent had medium level of scientific

orientation and 60.00 per cent were having highly

favourable attitude towards ATMA. In case of level of

knowledge and level of adoption, 49.16 per cent and

53.34 per cent of beneficiaries were having medium

level of knowledge and adoption, respectively. Similar

results were reported by Paigwar (2006), Patidar

(2007), Kappala (2002), Israel (2003), Kansana (2008),

Verma (2005), Patel (2008).

Table 1: Profile of ATMA beneficiaries (N=120)

Independent Categories Frequency %

variable

Age Young (up to 35 years) 17 14.17

Middle(36-55 years) 70 58.33

Old(above 55 years) 33 27.50

Education Up to primary school 19 15.84

Up to middle school education 41 36.16

Up to higher secondary 54 45.00

College level education 06 5.00

Family size Small family(up to 6 members) 21 17.50

Medium Family(7-12 members) 52 43.33

Large family(above 12 members) 47 39.17

Family type Nuclear family 48 40.00

Joint family 72 60.00

Caste Schedule caste/S. tribe 07 5.83

OBC 99 82.50

General 14 11.67

Occupation Farming 81 67.50

Farming+other 39 32.50

Annual Income Very low(up to 1,00,000) 28 23.33

Low(1,00,000 to 3,00,000) 27 22.50

Medium(3,00,000 to 6,00,000) 57 47.50

Large(above 6,00,000) 08 6.67

Social participation Low(up to 5) 43 35.83

Medium(6-10) 51 42.50

High(11-15) 26 21.67

Source of information Low(up to 7) 22 18.34



Medium (8-14) 62 51.66

High(above14) 36 30.00

Mass media

exposure Low(up to 9) 21 17.50

Medium(10-18) 65 54.17

High(above 19) 34 28.33

Scientific orientation Low(6-18) 21 17.50

Medium(19-30) 52 43.33

High(31-42) 47 39.17

Attitude Less favourable( up to 13) 17 14.17

Favourable (14-26) 31 25.83

Highly favourbale(above 26) 72 60.00

Level of knowledge Low(up to 23) 37 30.84

Medium(24-46) 59 49.16

High(above 46) 24 20.00

Level of adoption Low(up to 23) 31 25.83

Medium(24-46) 64 53.34

High(above 46) 25 20.83

Impact of ATMA in terms of production and productivity of paddy crop among the selected respondents

Table 2: Impact of ATMA on production and productivity of rice crop

Categories Small Medium Large

farmers farmers farmers

No. of respondents 40 40 40

Total Production (In quintal) Before 1767.90 4490.20 8960.20

After 1967.70 4956.70 9587.30

Change in production +199.80 +466.50 +627.10

Mean Before 47.50 114.59 223.70

After 52.91 128.56 241.33

t-value 13.33* 10.00* 06.72*

Table value 2.02 2.02 2.02

Total productivity (In quintal) Before 29.26 31.00 32.76

After 32.57 34.23 35.05

Change in productivity +03.31 +03.30 +02.29

Mean Before 31.00 30.97 31.35

After 34.21 33.97 34.13

t-value 18.25* 17.82* 13.30*

Table value 2.02 2.02 2.02



The distribution of ATMA beneficiaries according to

their production and productivity of paddy crop. In

case of small farmers the data revealed that before

the induction of ATMA project the production was

1767.90qt and productivity was 29.26qt whereas after

the project, it was found to be 1967.70qt and 32.57qt,

respectively. The production and productivity of paddy

crop by the medium farmers was 4490.20qt and

31.00qt, respectively before the implementation of

the project, but after the implementation of the

project it was found to be 4956.70qt and 34.23qt,

respectively. In case of large farmers' 8960.20qt

production and 32.76qt productivity was found before

the induction of the project, but after the

implementation, it was found to be 9587.30qt and

35.05qt, respectively. As regard to change in

production and productivity of paddy is concern,

significant change was seen among all the categories

of farmers. Hence, it can be concluded that ATMA has

played significant role in changing the production and

productivity of paddy crop in small, medium and large

categories of farmers (Table 2).

The mean value of production and productivity was

worked out for before and after implementation of

ATMA project. The data indicated variation of two

mean i.e. before and after implementation of the

project. Thus, it is concluded that there was significant

difference before and after implementation of project

with respect to production and productivity of paddy

crop (Table 2).

Table 3:  Constraints reported by ATMA beneficiaries

Constraints Frequency % Rank

Poor educational status of farmers 85 70.83 III

Poor financial condition 76 63.33 V

Poor contact between farmers, agriculture 93 77.50 II

officers and scientists

Inadequate and untimely supply of desired inputs 79 65.83 IV

Lack of communication facilities 98 81.66 I

The constraints reported by the beneficiaries in ATMA

programme. The data revealed that lack of

communication facilities was the major constraints

reported by highest percentage of respondents

(81.66%), followed by poor educational status of

farmers (70.83%), inadequate and untimely supply of

desired inputs (65.83%), poor contact between

farmers, agriculture officers and scientists (77.50%)

and poor financial condition (63.33%) (Table 3).

It is concluded that majority of the beneficiaries

belonged to middle age group, were educated up to

higher secondary education, medium family size, joint

family, belonged to OBC category, were doing farming

only (67.50%), medium annual income, medium mass

media exposure medium level of scientific orientation,

highly favourable attitude towards ATMA, and medium

level of knowledge and adoption. concluded that there

was significant difference before and after

implementation of project with respect to production

and productivity of paddy crop.

Regarding constraints in ATMA programme, lack of

communication facilities was the major constraint

reported by highest percentage of respondents
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Abstract

Women constitute around fifty per cent of the total human

resources in our economy. Yet women the more poor and

under privileged than men are subject to many socio-

economic and cultural constraints. The situation is more

severe in the rural and backward areas. Women

development activities must be given importance to

eradicate poverty, increase the economic growth and for

better standard of living. In this direction, women self help

groups have emerged as a new paradigm for combating

poverty. Self Help  Groups (SHG's) - Bank Linkage Programme

is emerging as a cost effective mechanism for providing

financial services to the "Unreached Poor" which has been

successful not only in meeting financial needs of the rural

poor women but also strengthen collective elf help

capacities of the poor, leading to their empowerment.

The present study is undertaken to know the profile

characteristics of the women beneficiaries of self help group

under District Poverty Initiative Project implemented at

Panna distict of M.P.  Result showed that maximum number

of women belonged to middle age group, had nuclear family

type, belonged to ST category, illiterate, had low social

participation, having occupation agriculture+ subsidiary

occupation, had medium annual income, had medium level

of credit availability, had medium utilization of information

sources, had low extension participation, medium economic

motivation and medium innovativeness.

Keywords: Self Help Group, District Poverty Initiative

Project, women, Profile characteristics

Women constitute around fifty per cent of the total

human resources in our economy. Yet women the

more poor and under privileged than men are subject

to many socio-economic and cultural constraints. The

situation is more severe in the rural and backward

areas. Women development activities must be given

importance to eradicate poverty, increase the

economic growth and for better standard of living. Self

Help Groups (SHG's)-Bank Linkage Programme is

emerging as a cost effective mechanism for providing

financial services to the "Unreached Poor" which has

been successful not only in meeting financial needs of

the rural poor women but also strengthen collective

self help capacities of the poor, leading to their

empowerment.

Women self help groups have emerged as a new

paradigm for combating poverty. This is high time that

it should be a matter of concern for all social

consciousness driven people who want to vanish

poverty through new approach like self help groups.

As we have experience from the past the rural

community is always threatened by insecurity and

vagaries of nature.

Government of India started District Poverty Initiative

Project (DPIP) with its main objective empower men

and women for self development and to alleviate the

poverty among the people in the rural area. DPIP has

been started in the year 2001; this project is

functioning under the Ministry of Panchayat and Rural

Development Government. of Madhya Pradesh.
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Project is implementing its activities, with a view

towards employment generation, capacity building

among rural women. In this programme only rural

women were considered as target beneficiaries. The

second phase of DPIP is focus on improving livelihoods

of poor and vulnerable group, particularly rural women

in the project area. (Source- DPIP 2015. http://

dpipmp.mp.gov.in) The present study is focused

Material and methods

The study was conducted in Panna district. Out of five

blocks of district, Panna and Shahnagar blocks were

selected purposively because these blocks possess

highest number of women SHG's than other blocks.

Panna and Shahnagar blocks comprise 397 villages out

of which total 8 villages were selected because these

villages posses women SHG's carrying out different

subsidiary enterprises like aonla product, dona pattal,

CFL bulb, silai centre, lac bangle, agarbatti making,

nehru jacket and petticoat enterprises. After the

selection of villages, women were selected through

applying proportionate random sampling method to

make the total sample size 120 for investigation. The

data were collected using survey method through a

pre-tested interview schedule and responses were

recorded. Collected data were then tabulated and

analyzed.

Result and discussions

Profile of SHG's women of District Poverty Initiative

project

Different profile of women namely, socio-personal,

socio-economic, psychological and communicational

attributes have been studied and the finding of each

attributes of women are described.

Age

Out of total women, 60.00 per cent women were of

middle age group followed by 40.00 per cent belonged

to young age and none of the women found in old age

group (Table 1). Thus, it may be concluded that higher

percentage of women belonged to middle age group

(36 to 60 years). The finding supported with the work

of Kaur et al. (2007) and Sai kumar et al. (2015).

Family type

In case of family type,  higher percentage of women

56.67 per cent were having nuclear family type, while

remaining 43.33 per cent women had joint family. The

works of Sahoo (2013) confirmed the present finding.

Caste

Out of the total women 46.67 per cent were of

scheduled tribes, 45.00 per cent were of OBC, and 5.00

per cent women were of schedule castes and 3.33 per

cent were of general category. Thus, it can be

concluded that maximum women i.e. 46.67 per cent

were in category of schedule tribes. This finding is line

with the finding of Rewani and Lalhumliana (2014).

Education

Out of total women, 38.33 per cent women were

illiterate, 29.17 per cent educated up to primary, 20.00

per cent educated up to middle, 12.50 per cent had

high school and above education. Thus, it can be

concluded that the maximum 38.33 per cent women

were illiterate. The work of Rana (2010) and Rewani

and Lalhumliana (2014) confirm the present finding.



Table 1 Profile characteristics of SHG's women of District Poverty Initiative Project

Attributes Categories Frequency Percentage

Age Young (18 to 35 years) 48 40

Middle (36 to 60 years) 72 60

Old (above 60 years) - -

Family Type Nuclear 68 56.67

Joint 52 43.33

Caste Schedules Castes 6 5

Schedules Tribes 56 46.67

Other backward classes 54 45

General 4 3.33

Education Illiterate 46 38.33

Up to primary 35 29.17

Up to middle 24 20

High school and above 15 12.5

Social Participation Low (0 to 5) 52 43.33

Medium (6 to11) 39 32.5

High (12 to 18) 29 24.17

Occupation Labour 26 21.67

Agriculture + Labour 44 36.66

Agriculture+ subsidiary 50 41.67

occupation

Annual Income Low (up to Rs.30,000) 44 36.67

Medium (Rs.30,001 to 50,000) 46 38.33

High (above Rs. 50,001) 30 25

Credit Availability Low (0 to 4) 36 30

Medium (5 to 9) 53 44.17

High (10 to 14) 31 25.83

Utilization of Information Low (0 to 4) 41 34.17

Sources Medium (5 to 9) 46 38.33

High (10 to14) 33 27.5

Extension Participation Low (Up to 9) 45 37.5

Medium (10 to 18) 41 34.17

High (19 to 27) 34 28.33

Economic Motivation Low (6 to 18) 35 29.17

Medium (19 to 30) 48 40

High (31 to 42) 37 30.83

Innovativeness Low (0 to 4) 41 34.16

Medium (5 to 8) 44 36.67

High (9 to 12) 35 29.17



Social participation

Out of the total women, 43.33 per cent women had

low social participation, 32.50 per cent had medium and

24.17 women had high participation in social activities.

Therefore, it can be concluded that the maximum

women had low participation in social activities.

Occupation

Women (41.67 per cent) were having occupation of

agriculture+ subsidiary occupation, 36.66 per cent

women having agriculture and performing as labour and

21.67 per cent women were working as labour (Table

1).

Maximum of SHG's women i.e. 41.67 per cent were

having agriculture+ subsidiary occupation. The works

of Kadu et al. (2013) confirm the present finding.

Annual income

The study revealed that out of total women, 38.33 per

cent were having medium income, followed by 36.67

per cent had medium income and only 25.00 per cent

had high income. Maximum of the women i.e. 38.33

per cent women had medium annual income.

Credit Availability

The maximum of the women i.e. 44.17 per cent had

medium level of credit availability, 30.00 per cent

women had low level of credit availability where as

25.83 per cent women had high level of credit

availability.  Maximum of the women i.e. 44.17 per cent

had medium level of credit availability (Table 1).

Utilization of information sources

It was found that out of total women, 38.33 per cent

were having medium utilization of information sources,

followed by 34.17 per cent had low utilization of

information sources and only 27.50 per cent had high

utilization of information sources. Maximum of the

women i.e. 38.33 per cent had medium utilization of

information sources. The works of Namdeo (2007)

confirm the present finding.

Extension participation

Out of total women, 37.50 per cent had low extension

participation, followed by 34.17 per cent had medium

extension participation and only 28.33 per cent had high

extension participation.

Thus, it can be concluded that the maximum 37.50 per

cent of the women were having low extension

participation. The works of Rana (2010) confirm the

present finding.

Economic motivation

Total women, 40.00 per cent had medium economic

motivation, followed by 30.83 per cent had high and

29.17 per cent women had low economic motivation.

Maximum of the women i.e. 40.00 per cent showed

medium economic motivation. Similar result was

reported by Choubey (2009).

Innovativeness

Out of total women, 36.67 per cent had medium

innovativeness followed by 34.16 per cent had low and

29.17 per cent had high innovativeness. Therefore, it

can be concluded that higher percentage 36.67 per cent

of the women had medium innovativeness

The present study found that maximum number of

women belonged to middle age group, majority of the

women had nuclear family type, maximum number of

women belonged to ST category, majority of SHG's

women were illiterate, maximum number of women

had low social participation, majority of SHG's women

were having occupation agriculture+ subsidiary

occupation, majority of the  women had medium annual

income, majority of the women had medium level of

credit availability, majority of the women had medium

utilization of information sources, majority of the

women were having low extension participation,

majority of the women showed medium economic

motivation and majority of the women indicate medium

innovativeness.



References

Choubey S. 2009. A study on women empowerment

through agricultural entrepreneurial

activities of self help group (SHG's). M.Sc. Ag

unpublished Thesis J.N.K.V.V. Jabalpur.

Kadu S, Kotikhane RR and Nagwade DR. 2013.

Empowerment of women SHG through food

processing and dairy management practices.

Indian Research Journal of Extension

Education 13 (3).

Kaur M, Mishra M, Singh P, Singh A and Rathore S. 2007.

Empowerment of rural women an analysis of

constrains. Indian Reserch Journal of Extension

Education. 13 (3).

Kaushal S, Kumar and Singh YK. 2010. Socio-economic

correlates of women empowerment. Indian

Research Journal of Extension Education 10(2).

Namdeo S. 2007. A study on vocational training

programme organized by KVK on the income

and employment generation for the rural

women. M.sc. (Ag) Thesis, JNKVV Jabalpur.

Rana KK, 2010. An analytical study of vocational training

programmes conducted by Krishi V igyan

Kendra for rural youth of Sohagpur block in

Sahdol distict M.P. M.Sc. Thesis (unpulished),

JNKVV, Jabalpur.

Rewani SK and Lalhumliana T. 2014. Social empowerment

of women self help group members engaged

in livestock rearing. Indian Research Journal

of Extension Education 14 (2).

Sahoo A. 2013. Self Help Group & woman empowerment: a

study on some selected SHGs. International

Journal of Business and Management

Invention. 2(9):54-61.

(Manuscript Received : 05.06.2018; Accepted : 09.09.18)



Impact of climate change on cropping pattern in Shahpura block of Jabalpur

district

Amrita Singh and N. K. Khare  and Seema Naberia
Department of Extension Education

College of Agriculture,

JKNKVV, Jabalpur (M.P.) 482004

Email: nalinkhare@gmail.com

Abstract

Climate is one of the main determinants of agricultural

production. Throughout the world there is significant

concern about the effects of climate change and its

variability on agricultural production. Within agriculture, it

is the rainfed agriculture that will be most impacted by

climate change India ranks first among the rainfed

agricultural countries of the world in terms of both extent

and value of produce and success of farming depends

entirely on south west monsoon, as most of the area under

farming comes under rainfed ecosystem. Jabalpur division

of M.P. is having maximum area comes under rainfed in

which Shahpura block is having highest rainfed area among

seven blocks and affected due to climate change because of

less source of irrigation as well as variation in changing of

climate. The present study was conducted to know the

impact of climate change on cropping pattern. The findings

showed that relative change under cereals, oilseeds, minor

millets and pulses was negative which shows presently

respondents shifted to different cropping pattern as well as

decrement in number of crops grown as compare to before

5 years. There was also loss in area under oilseed, pulses,

cereals and minor millets up to some extent and loss in

production of crops. It has been observed that due to climate

change most of the farmers incurred loss in their net annual

income while least of the respondents incurred gain because

of much awareness and knowledge about climate change

sSesamel the profit was not reached up to their expectation

due to adverse effect of changing climate.

Keywords: Climate change, cropping pattern

Climate change is not only a major global

environmental problem, but it is also an issue of great

concern to a developing country like India. It is a

variation in properties of climate system due to change

in global temperature or rainfall or both by either

natural or human interference over a longer period of

time, affecting the quality and distribution of natural

resources and also influencing the livelihood security

of the people. Climate change affects the balance of

natural eco-systems (i.e. forests, river basins, sea level)

and socio-economic systems (i.e. agriculture, fisheries,

irrigation and power projects). The lacks of resources,

technology and finances in developing countries such

as India have limited capacity to develop and adopt

strategies to reduce their vulnerability in climate

change.

Agriculture represents a core part of Indian economy

and provides food and livelihood activities to much of

the Indian population while the magnitude of impact

varies greatly by region; climate change is expected

to impact on agricultural productivity and shifting

cropping patterns. In India, success of farming depends

entirely on south west monsoon, as most of the area

under farming comes under rainfed ecosystem. As per

climate point of view, the summer or 'kharif' crops eg.

Rice, maize, sugarcane, cotton, jute, groundnut,

soybean and bajra etc. having growing season  June-

September coincides with southwest monsoon. But

depending upon crop duration can be harvested during

the Autumn (October-November) or Winter

JNKVV Res J 51(1-3): 36-42 (2017)



(December-February) months for which southwest

monsoon is critical and accounts for more than 50%

of the food-grain production and 65% of the oilseeds

production in the country. The inter-annual monsoon

rainfall variability leads to large-scale droughts and

floods, resulting in a major effect on food grain

production (Parthasarathy and Pant, 1985; Selvaraju,

2003; Kumar ., 2004) and on the economy of the

country (Gadgil et al., 1999a; Kumar and Parikh, 2001).

The winter or 'rabi' crop-growing season starts after

the summer monsoon, and continues through to the

following spring or early summer. Rainfall occurring

at the end of the monsoon season provides stored soil

moisture and often irrigation water for the 'rabi' crop

e.g. wheat, mustard, barley, potato, onion and

Chickpea etc which is sown in the post-monsoon

season (October-November). The summer monsoon

therefore, is responsible for both kharif and rabi crop

production in India.

In Madhya Pradesh, agriculture supports nearly 70 per

cent of the rural population. With 72 per cent area

under rainfed cultivation and predominance of small

holders with low adaptive capacity, agriculture sector

is highly vulnerable and faces major challenges related

to climate change and climate variability. Besides,

general problems related to decline in soil

ferSesameity and ground water levels, climate related

factors like droughts, excess rainfall, frost and

hailstorm are causing significant year to year variation

in production and productivity. The black soil in the

state suffer from poor drainage and heavy rainfall in

short period results in water logging and yield

reduction in soybean and pulses. Therefore, any

climate change adaptation plan for the state should

have agriculture sector at the centre stage.

Material and Methods

The study was conducted in Shahpura block of Jabalpur

district of Madhya Pradesh. The block was selected

because it has highest area under rainfed farming in

the district. A total sample of 84 farmers was selected

from four villages of the block. For assessment of

impact of climate change, a schedule covering all the

aspects was developed and administered on the

individual respondents. On the basis of the information

obtained from the farmers in light of the given

schedule, the individual respondents were then

personally interviewed and the data were collected.

The impact of climate change on cropping pattern was

reviewed. The data were analysed by using mean and

percentages.

Results and Discussion

The impact of climate change on agriculture is severely

felt in India. It has been projected that under the

scenario of a 2.5°C to 4.9°C temperature rise, rice

yields will drop by 32%-40% and wheat yields by 41%-

52%. This would cause GDP to fall by 1.8%-3.4%.

Agricultural productivity is sensitive in two broad

classes of climate-induced effects (a) direct effects

from changes in temperature, precipitation, or carbon

dioxide concentrations and (b) indirect effects through

changes in soil moisture and the distribution and

frequency of infestation by pests and diseases. The

impact assessment can be assessed with the three

major factors i.e. Environmental, Biophysical and

Socio-economic factors.

Impact of climate change on cropping pattern

Five years before respondents followed different types

of cropping pattern in which majority of respondents

i.e. 33.33% were followed cropping pattern Rice +

Pigeon pea + Sesame - Wheat + Linseed, 20.24 %

respondents followed cropping pattern of Rice + Kodo

- Wheat + Lentil - Mustard + Moong (Table 1). It is clear

that in present situation, most of the respondents i.e.

20.24 per cent are following cropping pattern Rice +

Pigeon pea - Wheat + Lentil - Urd, and then cropping

pattern Rice - Wheat+ Chickpea - Moong is being

followed by 16.66 per cent respondents. Thus it is

concluded that majority of respondents shifted to

different cropping pattern as compare to five years

before. The finding is supported by Adjei?Nsiah and

Kermah (2012).



Table:1 Change in cropping pattern 5 years before and present

Cropping pattern 5 Years before Present

(Before 2015) (Year 2015)

f % f %

Rice+maize - Wheat 8 9.52 3 3.57

Rice+Kodo+Kutki - Wheat 6 7.14 0 0

Rice+Kutki - Wheat+Lentil 10 11.91 0 0

Rice+Pigeonpea+Sesame-Wheat+Linseed 28 33.33 0 0

Rice+Kodo-Wheat+Lentil -Mustard+Moong 17 20.24 4 4.76

Rice+Pigeonpea+Kodo+Kutki- Chickpea+Wheat - Urd 15 17.86 0 0

Rice - Wheat 0 0 12 14.29

Rice - Wheat+Linseed 0 0 7 8.33

Rice - Wheat+Chickpea 0 0 10 11.91

Rice - Wheat+Chickpea - Moong 0 0 14 16.66

Rice+Pigeonpea- Wheat - Urd 0 0 5 5.94

Rice+Sesame - Wheat+Mustard 0 0 12 14.29

Rice+Pigeonpea-Wheat+Lentil - Urd 0 0 17 20.24

Impact on crops grown under cropping pattern

Table:2 Change in crops grown 5 years before and present

Name of Crop Before 5 Yrs Present (2015) Absolute Change Relative Change

f % f %

Cereals Wheat 84 100.00 84 100.00 00 00.00

Rice 84 100.00 84 100.00 00 00.00

Maize 8 9.52 3 3.57 -5 -62.50

Pigeonpea 43 51.18 22 26.19 -21 -48.84

Lentil 27 32.14 17 20.24 -10 -37.04

Pulses Black Chickpea 15 17.86 26 30.95 11 73.33

Green Chickpea 17 20.24 14 16.66 -3 -17.65

Chickpea 15 17.86 24 33.33 9 60.00

Mustard 17 20.24 12 19.05 -5 -29.41

Oilseeds Sesame 28 33.33 12 19.05 -16 -57.14

Linseed 28 33.33 7 8.33 -21 -75.00

Minor Kodo 38 45.24 0 00.00 -38 -100.00

millets Kutki 31 36.90 0 00.00 -31 -100.00



In cereals relative change in wheat and Rice was nil

that means respondents who were growing wheat and

Rice in cereals 5 years before are growing same crops

at present (Table 2).

In case of crops under cereals, maximum relative

change was observed in maize i.e. -62.50 per cent,

shows decrement of respondents growing maize as

compare to before five years. This finding is supported

by Panda et al. (2015). In pulses, maximum relative

change was in black Chickpea 73.33 per cent shows

the increase in number of respondents growing black

Chickpea at present as compare to before five years.

In oilseed maximum relative change was in linseed i.e

75.00 per cent. Minor millets have been completely

rejected under cropping pattern. Hence, variation in

selection of oilseeds and pulses was maximum.

Findings is supported by Kumar et al. (2010) and

Rahman and Hamid (2013)

Comparison between number of crops grown before

5 years and present

Table: 3 Comparison between number of crops grown 5 years before and present

No. of crops Number of crops 5 Years before Present

grown in a year f % f %

1. Single crop 0 0 0 0

2. Rice-Wheat 0 0 12 14.29

3. Rice-Wheat+ Linseed/Chickpea 8 9.52 20 23.81

Rice+ Maize-Wheat

4. Rice+ Kodo+Kutki-Wheat 16 19.05 31 36.9

Rice+ Kutki-Wheat+Lentil,

Rice- Wheat+Chickpea- Moong,

Rice+ Pigeon pea-Wheat-Urd,

Rice+ Sesame-Wheat+ Mustard

5. Rice+ Pigeon pea+Sesame- Wheat+ 28 33.33 17 20.24

Linseed,

Rice+ Pigeon pea-Wheat+ Lentil-Urd

6. Rice+ Kodo- Wheat+ Lentil- 17 20.24 4 4.76

Mustard+Moong

7. Rice+Pigeonpea+Kodo+Kutki- 15 17.86 0 0

Chickpea+ Wheat- Urd

Total 84 100 84 100

The comparison between number of crops taken 5

years before and present in which it is found that no

respondents take only one crop to grow neither before

nor at present, two crops were also not taken in

cropping pattern before 5 years but in present there

are 14.29 percent respondents growing 2 crops in a

year (Table 3).

It has been observed that before 5 years maximum

respondents i.e. 33.33 per cent were taking 5 crops in

a year while least respondents i.e. 9.52 per cent were

taking 3 crops in a year but at present majority of

respondents i.e. 36.90 per cent are taking 4 crops in a

year while least respondents i.e.4.76 per cent are

growing 6 crops in a year. It means at present they are

taking less number of crops as compare to before five



years. The finding is supported by Iizumi and Ramankutty (2015).

Impact on area under crops grown

The shifted area of cereals, pulses, oilseed crops and minor millets. Here shifted area at present means either

farmers are taking another crops in that area or keep the land fallow as compare to before 5 years (Table 4).

Table:4 Distribution of shifted area according to crops grown

Shift in area Cereals  Pulses Oilseeds  Minor

(in ha) millets

f % f % f % f %

Nil 24 28.57 0 00.00 6 8.45 0 00.00

Up to 0.40 14 16.67 29 42.03 36 50.70 46 100.00

0.41.-0.80 20 23.81 21 30.44 21 29.58 0 00.00

0.81.-1.20 11 13.09 11 15.94 8 11.27 0 00.00

Above 1.20 15 17.86 8 11.59 0 00.00 0 00.00

Total 84 100.00 69 100.00 71 100.00 46 100.00

 It has been concluded that all those farmers who were

growing minor millets before 5 years, had shifted their

area under this crop. Similarly, all the pulse growers

also had shifted their area under pulse crop. But in

case of oilseeds 7.14 per cent of respondents had no

shift in area this means rest of oilseed growers i.e.

92.86% (42.86% +25.00% +9.52%) had shifted some

area of growing. In cereals 28.57 per cent of

respondents had no loss in the area under this crop

this means rest of the cereal growers i.e. 71.43%

(16.67% +23.81% +13.09% + 17.86%) had shifted area

to some extent.

In case of area, majority of respondents incurred loss

in area under pulse followed by, oilseeds, cereals and

then minor millets. The finding is confirmed by Amin

et al. (2015).

Impact on production of crops grown

Table: 5 Distribution of reduction in production of crops under different level

Decrease in Cereals Pulses Oilseeds Minor millets

production (Quintals) f % f % f % f %

Nil 9 10.71 0 00.00 6 8.45 0 00.00

Up to 5 7 8.33 29 42.03 36 50.70 46 100.00

5.01-10 17 20.23 21 30.43 21 29.57 0 00.00

10.01-15 11 13.09 11 15.94 8 11.26 0 00.00

15.01-20 19 22.62 8 11.59 0 00.00 0 00.00

20.01-25 8 9.52 0 00.00 0 00.00 0 00.00

Above 25 13 15.48 0 00.00 0 00.00 0 00.00

Total 84 69 71 46



At present, there is reduced production under cereals,

pulses, oilseeds and minor millets as compare to

before 5 years. In cereals, out of total cereal growing

farmers maximum respondents i.e. 22.62 per cent who

incurred reduction in production between 15.01 to 20

quintals. Similarly, in pulse crops, most of respondents

i.e. 42.03 per cent who incurred loss up to 5 quintals.

In oilseed crops, maximum respondents i.e. 50.70 per

cent who incurred loss in production up to 5 quintals

where as in minor millets all the respondents out of

selected respondents who were growing minor millets

incurred loss up to 5 quintals (Table 5).

Since, total production depends on area of crop sown

as well as productivity of crops. It means that the cereal

crops mainly wheat and Rice is growing in maximum

area as having more productivity. Hence, it is obvious

that total production loss in cereals became more as

compare to pulses and oilseeds. But pulses and

oilseeds covered less area as well as less productivity

in comparison to cereals so production loss was less

than cereals. While minor millets due to less

production and also low consumption as well as

market value, has been completely avoided to grow

at present.

Hence the reduction in yield as a result of climate

change are predicted to be more pronounced for

rainfed crops (as opposed to irrigated crops) and under

limited supply situations because there are no coping

mechanism. The study further depicted that total

production loss was observed in cereals due to

maximum area covered under cereals followed by

pulses and then oilseeds. This finding is supported by

Tuteja Usha and Tuteja Divya (2009).

Impact on annual income

Table: 6 Distribution of respondent according to change in their net annual income

Change in net Decreased (Lossed) Increased (Gained)

annual income (Rs) Frequency Percentage Frequency Percentage

Up to 20,000 29 34.52 10 11.91

20,001 to 40,000 26 30.95 7 8.33

Above 40,000 10 11.91 2 2.38

Total 65 77.38 19 22.62

Sum total 84 (100%)

It is concluded that maximum (34.52%) farmers

incurred loss in their net annual income up to

Rs.20,000 while maximum (11.91%) farmers have

gained in their net annual income up to Rs.20,000

though the gain is not as much to their expectation

and also not relatively high due to climate change.

Those farmers who gained in their net annual income

not due to climate change, it is because they change

their cropping pattern, improved cultivation practices

and much aware about climate change.

Throughout the world, there is significant concern

about the effects of climate change and its variability

on agricultural production. Researchers and

administrators are concerned with the potential

damages and benefits that may arise in future from

impact of climate change on agriculture, since these

will affect domestic and international policies, trading

pattern, resource use and food security. Research on

the impact of climate change and vulnerability on

agriculture is a high priority in India as the impact; if it

follows the prediction is expected to be widespread

and severe.
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Abstract

In agriculture, optimum and efficient utilization of water

resources require correct information regarding reference

evapotranspiration. As there are various methods to

estimate ET
0
 but among all Panman Monteith method is

most common. In this paper Aquacrop model was used

to estimate ET
0
 which works on FAO Panman Monteith

method. Aquacrop required weather parameters namely

daily maximum and minimum temperature, mean relative

humidity, precipitation, solar radiation, wind speed,

latitude, longitude and elevation of 35 years i.e from 1979

to 2013 of 3o districts of 6 agro-climatic zones obtained

from Global weather data site as input. It is observed that

Reference ET
0
 was found vary with the time and space. in

the whole year mean monthly ET
0
 of all 30 districts is peak

in the month of May with value 311.9 mm month-1 and

minimum in the month of December with value 119.4 mm

month-1 and among all districts the mean monthly ET
0
 is

highest in Shivpuri district with value 191.8 mm month-1

and lowest in Anuppur district with value 150.2 mm

month-1.

Keywords - Evapotranspiration, agro-climatic zone,

aquacrop model

Water is considered as the most critical resource for

sustainable agricultural development, an elixir of life, is

essential to all the living matter on the earth. However,

the increasing population, and more erratic rainfall, is

likely to reduce the water supply for agriculture.

Therefore, time has come when Indian agriculture

should appreciate the fact that water is a precious and

limited resource and should be conserved and handled

carefully in the most efficient manner, to minimize the

dependence of agriculture on monsoon.

Evapotranspiratioin is a continuous process of transfer

of water from the plant through transpiration and from

the soil through evaporation into the atmosphere in

the land plant- atmosphere continuum system.

Actually, ET
0
 can be defined as the rate of

evapotranspiration from a hypothetical crop with an

assumed crop height of 0.12 m and a fixed canopy

resistance of 70 sec/m and albedo 0.23 which would

closely resembles evapotranspiration from an

extensive surface of green grass cover of uniform

height, actively growing, completely shading the

ground and not short of water (Irmak et al., 2003).

In the present study ET
0
 is determined by AquaCrop

which is the crop growth model basically a software

developed by Land and Water division of Food and

Agriculture Organization (FAO) to address food security

and assess the effect of the environment and

management on crop production. It works on the FAO

Panman Monteith method which utilizes all the

weather parameter on which reference

evapotranspiration depends.

Material and methods

Study area: The study was carried out for thirty districts

of six agro-climatic zones of Madhya Pradesh which is

situated between 21°6'N to 26°30'N latitude and

74°9'E to 82°48'E longitude with the Total area of

308,244 sq km. Elevation of Madhya Pradesh is 423

meters. The region consists of 6 agro-climatic zones

namely Chhattisgarh plains, Gird region, Jhabua hills,

JNKVV Res J 51(1-3): 43-48 (2017)



Malwa plateau, Nimar plains, Northern hill region of

Chhattisgarh, which covers 30 districts namely Blaghat,

Gwalior, Bhind, Morena, Sheopur, Shivpuri, Guna,

Ahoknagar, Jhabua, Alirajpur, Mandsaur, Neemuch,

Ratlam, Ujjain,Dewas, Indore, Shajapur, Rajgarh, Dhar,

Agar malwa, Khandwa, Burhanpur, Khargone, Barwani,

Shahdol, Mandla, Dindori, nuppur, Singrauli, Umaria.

Madhya Pradesh state has great variability in terms of

climate, precipitation, soil, topography and crop.

Hence agro-climatic zones are taken under

Table 1 Geographic location of various districts of different agro-climatic zones (Global Weather Data site)

agroclimatic Weather station Longitude Latitude Elevation

zones

Chhattisgarh plains Balaghat 80.3125 21.6999 279

Gird  region Gwalior 78.125 26.0711 315

Morena 77.8125 26.3833 185

Bhind 78.4375 26.3833 159

Shivpuri 77.5 25.4467 457

Sheopur 76.6961 25.6728 229

Guna 77.5 24.51 482

Ashoknagar 77.8125 24.51 470

Jhabua hills Jhabua 74.6875 22.6366 404

Alirajpur 74.375 22.3244 293

Malwa plateau Mandsaur 75.3125 24.1977 391

Neemuch 75 24.51 445

Ratlam 75 23.261 438

Ujjain 75.625 23.261 470

Dewas 76.25 22.9488 488

Indore 75.9375 22.6366 586

Shajapur 76.25 23.5733 432

Rajgarh 76.5625 23.8855 430

Dhar 75.3125 22.6366 552

Agar malwa 75.9375 23.5733 455

Nimar plains Khandwa 76.25 21.6999 347

burhanpur 76.25 21.3877 262

Khargone 75.3125 21.6999 625

Barwani 75 22.0121 214

Northern hill region Shahdol 81.5625 23.5733 519

of Chhattisgarh Mandla 80.3125 22.6366 431

consideration for the study.

Weather data: Weather data set was used as the input

to estimate reference evapotranspiration in Aquacrop

model. It includes daily maximum and minimum

temperature, mean relative humidity, precipitation,

solar radiation, wind speed, latitude, longitude and

elevation of 35 years i.e. from 1979 to 2013 of 3o

districts of 6 agro-climatic zones obtained from Global

weather data site is presented in (Table 1).



 Daily weather data sets of 35 years i.e from 1979

to 2013 were collected from the Global Weather

Data site and tabulated in excel sheet and

converted to text file to import it in model to

use as input parameter.

 Text file of climate data was imported in the

model. Starting from the main menu (Climate <

select data file < import).

 After that time range of file data was selected

and adjustment made for missed data.

 Next, upper and lower limits of data were fixed.

 And then files of all input data are imported to

calculate ET0 .

 Simulation period was entered from the main

menu and then program runned.

 Output was saved in text file and can be

converted to excel file for further studies.

Results and discussion

Daily reference evapotranspiration is computed from

the daily weather data set and from daily ET
0 
weekly

and monthly ET
0
 can be obtained. This article

graphically (Fig 1-6) represents the monthly ET
0 

data

and results obtained are tabulated below in Table 2

and Table 3.

Dindori 80.9375 22.9488 639

Anuppur 81.875 22.9488 518

Singrauli 82.5 24.1977 381

Umaria 80.625 23.5733 412

Aquacrop - Software: AquaCrop is the crop growth

model basically a software. Aquacrop has been

validated and applied by the scientific community at

field and regional scale. It strikes a good balance

between simplicity, accuracy and robustness (Yadav

et al., 2017). Aquacrop model is divided into two parts

first is Environment and crop and second is Simulation.

First part is further sub-grouped into four namely

climate, crop, management and soil. Estimation of ET
0

was done with the climate part. The basic principle of

model working is given by the FAO Panman Monteith

formula -

               ET
0
 =    

Where, ET
0
 = reference evapotranspiration (mm/day),

Rn =net radiation at the surface (MJ m-2 day-1), G = soil

heat flux density (MJ m-2 day-1), T = air temperature at

2m height (ms-1), u2= wind spped at 2m height (ms-1),

es = saturation vapour pressure (KPa), ea =actual vapour

pressure (KPa),  = slope of vapour pressure curve (KPa
0C-1), Y = psychometric  constant (KPa 0C-1)

Reference evapotranspiration estimation: Steps of

reference evapotranspiration estimation using

Aquacrop model are given below:

Fig 1 Variation of monthly ET
0
 in Chhattisgarh plains agro-climatic zones



Fig 4 Variation of monthly ET
0
 in Malwa plateau agro-climatic zones

Fig 3 Variation of monthly ET
0
 in Jhabua hills agro-climatic zones

Fig 2 Variation of monthly ET
0
 in Gird region agro-climatic zones



Table 2 Temporal variability in mean monthly ET
0
 in 30 districts of Madhya Pradesh

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.

Mean 127 158 224 268 312 233 141 113 132 150 129 119

SD, mm 15 14 13 17 27 31 25 24 14 12 12 15

CV, % 12 9 6 6 9 13 18 21 11 8 9 12

Fig 6 Variation of monthly ET
0
 in Northern hill region of Chhattisgarh agro-climatic zones

Fig 5 Variation of monthly ET
0
 in Nimar plains agro-climatic zones



Table 3: Spatial variability in mean monthly ET
0
 in 35 years in 30 districts of Madhya Pradesh

Agar Alirajpur Anuppur Ashoknagar Balaghat Barwani Bhind Burhanpur Dewas Dhar

Malwa

Mean 190 176 150 175 161 184 184 165 170 178

SD, mm 74 64 53 69 57 70 73 65 71 72

CV, % 39 37 35 39 36 38 39 40 42 41

Cont.....

Dindori Guna Gwalior Indore Jhabua Khandwa Khargone Mandla Mandsaur Morena

Mean 150 179 186 172 173 168 175 159 191 185

SD, mm 58 72 74 72 65 66 74 57 74 73

CV, % 38 40 40 42 37 39 42 36 39 39

Cont.....

Neemuch Rajgarh Ratlam Shahdol Shajapur Seopur Shivpuri Singrauli Ujjain Umaria

Mean 190 184 184 161 186 187 192 163 188 157

SD, mm 72 72 69 60 74 68 77 57 74 58

CV, % 38 39 38 37 40 36 40 35 39 37

Temporal variation of ET
0
: It is revealed that the in the

whole year mean monthly ET
0
 of all 30 districts is in

peak in the month of May with value 311.9 mm

month-1 and minimum in the month of December with

value 119.4 mm month-1. Monthly reference

evapotranspiration  spatially varies between

coefficient of variation of 6 to 21%.

Spatial variation of ET
0
: It is observed that among all

districts the mean monthly ET
0
 is highest in Shivpuri

district with value 191.8 mm month-1 and lowest in

Anuppur district with value 150.2 mm month-1.

Monthly reference evapotranspiration temporarily

varies between coefficient of variation of 35 to 42%.

From the above discussed results it is concluded that

Reference ET
0
 was found vary with the time and space.

Farmers of various districts should be careful regarding

the water shortage in the month of May. As the above

discussed result revealed that the Shivpuri is the

hottest district so, the farmer belongs to this district

have to be more aware of water shortage.
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Abstract

The baby corn is young unfertilized cob of maize used as

fresh nutritious vegetable and processed frozen and canned

product. The consumer demand of canned baby corn is

rapidly increasing in urban areas in India. The cut out

examination of cans reveals that effect of processing

parameters of canning (holding time, brine concentration,

sugar concentration, and blanching time) showed no

significant effect on proximate composition of baby corn;

however  significant effect on total sugar content of stored

baby corn. The sensory quality attributes viz colour, taste

and texture indicate significant variation in experimental

product quality. The best acceptable quality canned baby

corn product was prepared by using the canning variables

viz., holding time 55 min, brine concentration 2%, sugar

concentration 1.5%, and blanching time 2 min.

Key words: canned baby corn, chemical composition

sensory quality

In India, maize (Zea mays L) is the third most important

food crops after rice and wheat. Maize in India,

contributes nearly 9% in the national food basket. Baby

corn is a young finger like unfertilized cobs of maize. It

is delicious, decorative and rich in vitamins and

minerals besides a good source of easily digestible

fibrous protein. The demand for baby corn is rapidly

increasing in urban areas in India. Baby corn has

immense potential as a salad and cooked vegetable.

It is used as an ingredient in ChopSuey (Chinese dish),

soups, deep fried baby corn with meat, rice and other

vegetables.

Canning of baby corn (maize), is the effective processes

to extend the shelf life of product. This process offers

the advantage of long term preservation, convenience

in handling, storage, marketing, consumption of food

product. Global demand for high nutritive quality and

wholesome canned baby corn made from indigenous

material has increased in last few years. In the light of

above, present investigation has been planned to

evaluate the effect of processing parameters of

canning on chemical composition and sensory quality

attributes of canned product.

Material and Method

The present investigation was carried out in the

Department of Food Science and Technology, College

of Agriculture, JNKVV, Jabalpur (M.P.). Experimental

materials, Baby corn, variety HM-14 was procured

from Department of Plant Breeding and Genetics,

College of Agriculture, Jabalpur. T in cans were

purchased from Taneja trading corporation, Delhi.

The canning of baby corn was done by following the

standard procedure as described by Ranganna (1991).

The No1 Tall (capacity 500g) oleo resign lacquered,

semi finished cans (reformed, flanged and fixed with

lower lid) were selected for canning of baby corn. The

cans were washed with water to remove any adhering

dust or foreign matter. Cans were sterilized in can

sterilizer and filled with desired quantity of hot brine

(60°C) solution composed of sodium chloride (brine)

and sugar of varying concentration as per experimental

plan and 100g fresh baby corn. The cans after being

filled were covered loosely with the lid and passed

through the exhaust box. The exhausting of cans was
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done in 15 ft long can exhausting box at 79°C to 82°C

for 5 to 25 min and immediately after exhausting

operation the cans were sealed by semi automatic

double seamer machine. The sealed cans under hot

condition were processed in boiling water for complete

destruction of micro- organisms. The sterilization of

cans was done in boiling water at 121°C at pre

determined holding time. After sterilization, the cans

were further dipped in cold water. The excess water

adhering on surface of cans was wiped off to avoid

rusting.  The cans were stored at 37±2°C in

thermostatically controlled incubator for 60 days. The

cans were examined periodically for quality attributes

and any external signs of spoilage. A central composite

rotatable design was used to plan the experiment. Four

independent variables viz, holding time, brine

concentration, sugar concentration and blanching time

were selected for canning of baby corn. Five levels of

each independent variables were chosen. The details

of levels of variables with experimental plan are given

in Table 1. Chemical composition (moisture, protein,

crude fat, total ash) and sensory quality attributes

(color, flavor, taste and texture) of canned baby corn

were determined by cut out examination of cans, as

per following standard procedure as described by

Ranganna (1991).

Results and Discussion

Chemical composition of canned baby corn

The proximate composition of canned baby corn after

storage of 60 days were as follows : moisture (6.88 to

7.84%), protein (8.20 to 9.96 %), carbohydrate (77 to

81 %), fat (4.04 to 4.40%), ash (1.00 to 1.29 %) and

crude fibre (2.10to 2.72 %)(Table 2). The analysis of

variance table for full second order regression model

(Table 4) indicated that the F - ratio of the model was

lower as compared with the table value at 5% level of

significance for proximate composition of baby corn.

The R2 value was also very less hence the model was

not further evaluated for linear, quadratic and

interactive terms. The lack of Fit value of model for

moisture, protein, fat, carbohydrate, ash, crude fibre

were 0 .48, 1.60 3.89, 0.42, 0.94,0,12 which was also

not significant. The effect of different independent

processing variables of canning has exhibited a non-

significant effect on chemical attributes (proximate

composition) of stored baby corn. The present findings

of moisture, protein, carbohydrate, fat are in

conformity with the findings of Sukanya et al. (2000)

Yodpetch and Bautista (1983), BarZur and Saadi (1990),

Trongpanich (1992),Singh et al. (2006), Honda and

Kawatra (2013).

Total sugar content in canned baby corn at 60 days of

storage is presented in Table 2. It varied from 0.08 to

0.14 percent. Total sugar was highest at Exp. no. 1, 2,

21 and lowest at Exp. no. 6,24,27,28. The F- ratio of

the model was higher as compared with the table value

of 2.37 at 5% level of significance. R2 value of model

was also 69.6%. Table 3 indicates that the interactive

effect of sugar with blanching time had positive

significant effect at 1% level of confidence. The

quadratic effect of addition of sugar concentration

was also significant at 5% level of confidence. The rest

of the interactions and quadratic term of model were

non-significant even at 1% and 5% level of significance.

The present findings are in conformity with the findings

of Tripathi (2003). The levels of sugar concentration

have shown significant effect on increase in sugar

content of baby corn. The effect of parameters on

sugars might be due to hydrolysis of major

polysaccharides during canning and libration of sugars

and phenols during storage (Ranganna, 1991). The

increase in sugars and phenols in soybean has also

been reported by Tripathi (2003), Paredes et al. (1988).

Sensory quality attributes of canned baby corn

Color: The hedonic rating score of color of canned baby

corn varied from 4 to 8.5 (Table 5). It was highest at

Exp. no. 20 and lowest at Exp. no. 19., These

experiments represented the combination of

parameter as (45 min, 1.%, 2%, 2.50 min), and (45.00

min, 5.00%, 2%,  2.50 min) of holding time (min), brine

concentration (%), sugar concentration, and blanching

time (min) respectively. The F- ratio of model is 4.12



which is higher as compared with the table value of

2.37 at 5% level of significance. The R2 value of model

was 83.2% (Table 7). The model fitting results (Table

6) indicates that effect of independent variables viz

blanching time had significant linear and quadratic

effect at 1 percent level of confidence.  The interaction

of brine and sugar concentration was also significant.

The holding time also had positive significant effect at

quadratic terms.

Taste: The taste score of canned baby corn varied from

4.5 to 8.9 (Table 5). The mean value of Taste score

was highest at Exp. no. 7  and lowest at Exp. no. 3, 4

These experiments represented the combination of

parameter as (35.00 min 4%, 2.5%, 2 min), and (35

min, 4.00%, 1.5%,  2 min) (55.00 min, 4%, 1.5%, 2 min)

of holding time (min), brine concentration (%),sugar

concentration  and blanching time (min) respectively.

The F ratio of the model, 4.33 was higher as compared

with the table value, 2.37 at 5% level of significance.

The calculated R2 value of model was 80.1% (Table 7).

The results reveal that the linear effect of sugar

concentration was significant at level of 1% level of

significance. The interaction between brine

concentration and sugar concentration was also

significant at 1% level of confidence (Table 6).

Texture:  The texture score varied from 6 to 8. The

ANOVA table shows that F ratio of the model 2.54 was

higher as compared with the table value of 3.02 at 5%

level of significance. The R2 value of regression model

was 70.3% (Table 5). The regression table indicates that

the interaction between holding time- sugar conc,

holding time-blanching time and Brine conc-sugar

concentration are significant at 1% level of confidence

(Table 6). The similar finding in sensory quality

attributes of canned products are also reported by

Islam and Lee (1979), Laborde and Elbe (1994), Lav et

al. (2000) Paredes et al. (1988) and Tyler and

Vadenberg (2000).

From the findings of present investigation and

their justification it could be concluded that different

treatment combination of holding time, brine

concentration, sugar concentration and blanching time

can be successfully utilized for development of canned

baby corn without sacrificing the quality of canned

product. The canning technology has got great

potential for value addition in food processing

industries.

Table 1 Experimental plan for canning of baby corn

Coded Form Un Coded Form

Holding   Time Brine Cone Sugar Cone Blanching  Time

Expt. No. X1 X2 X3 X4 (min) (%) (%) (min)

X1 X2 X3 X4

  First Order Interaction

1. 1 -1 -1 -1 35 2 1.5 2

2. -1 -1 -1 -1 55 2 1.5 2

3. 1 1 -1 -1 35 4 1.5 2

4. -1 1 -1 -1 55 4 1.5 2

5. 1 -1 1 -1 35 2 2.5 2

6. -1 -1 1 -1 55 2 2.5 2

7. 1 1 1 -1 35 4 2.5 2

8. -1 1 1 -1 55 4 2.5 2

9. 1 -1 -1 1 35 2 2.5 3

10. -1 -1 -1 1 55 2 1.5 3



11. 1 1 -1 1 35 4 1.5 3

12. -1 1 -1 1 55 4 1.5 3

13. 1 1 1 1 35 2 2.5 3

14. -1 -1 1 1 55 2 2.5 3

15. 1 1 1 1 35 4 2.5 3

16. -1 1 1 1 55 4 2.5 3

  Second Order Interaction

17. 2 0 0 0 25 3 2 2.5

18. -2 0 0 0 65 3 2 2.5

19. 0 2 0 0 45 1 2 2.5

20. 0 -2 0 0 45 5 2 2.5

21. 0 0 2 0 45 3 1 2.5

22. 0 0 2 0 45 3 3 2.5

23. 0 0 0 2 45 3 2 1.5

24. 0 0 0 -2 45 3 2 3.5

  Center Point

25. 0 0 0 0 45 3 2 2.5

26. 0 0 0 0 45 3 2 2.5

27. 0 0 0 0 45 3 2 2.5

28. 0 0 0 0 45 3 2 2.5

29. 0 0 0 0 45 3 2 2.5

30. 0 0 0 0 45 3 2 2.5

Table 2   Chemical composition of canned baby corn after 60 days of storage

Exp.No. Moisture Protein Fat Carbohydrate Ash Crude Fibre Total sugar

% % % % % % %

1 7.21 9.12 4.04 81.00 1.30 2.72 0.14

2 7.31 9.50 4.14 77.00 1.11 2.52 0.14

3 7.51 9.13 4.06 79.81 1.29 2.56 0.13

4 7.61 8.20 4.07 76.40 1.21 2.58 0.12

5 7.63 8.63 4.27 77.10 1.19 2.61 0.10

6 7.53 9.45 4.29 77.50 1.17 2.51 0.08

7 7.84 8.63 4.30 78.20 1.16 2.44 0.09

8 7.32 9.86 4.21 78.50 1.12 2.48 0.09

9 6.99 9.35 4.25 78.90 1.09 2.12 0.08

10 6.98 9.24 4.17 77.20 1.06 2.32 0.07

11 6.90 8.77 4.12 77.40 1.11 2.29 0.10

12 7.01 8.79 4.29 77.90 1.14 2.48 0.11

13 7.02 8.83 4.10 77.10 1.27 2.42 0.11



14 7.08 8.98 4.09 80.30 1.24 2.22 0.11

15 7.55 9.00 4.18 80.10 1.08 2.27 0.11

16 7.66 9.12 4.20 80.20 1.02 2.20 0.10

17 6.88 9.15 4.35 80.90 1.00 2.12 0.12

18 7.14 9.23 4.38 80.07 1.23 2.10 0.12

19 7.15 9.96 4.40 80.50 1.13 2.66 0.13

20 7.17 9.88 4.37 80.80 1.16 2.65 0.13

21 7.31 9.45 4.14 77 1.11 2.52 0.14

22 7.51 9.12 4.06 79.81 1.29 2.56 0.13

23 7.63 8.63 4.27 77.1 1.19 2.61 0.10

24 6.99 9.35 4.25 78.9 1.09 2.12 0.08

25 7.14 9.23 4.38 80.7 1.25 2.10 0.12

26 6.88 9.15 4.35 80.9 1.00 2.12 0.12

27 7.53 9.43 4.29 77.5 1.17 2.51 0.08

28 6.99 9.35 4.25 78.9 1.09 2.12 0.08

29 7.01 8.79 4.29 77.9 1.14 2.48 0.11

30 7.63 8.63 4.27 77.1 1.19 2.61 0.10

Table 3   Regression coefficient of full second order model and significant terms for chemical composition of

canned baby corn

Coefficient Moisture Protein Fat Carbohydrate Ash Total sugar Crude Fibre

Constant 7.20 9.10 4.31 78.83 1.14 0.10 2.32

Linear


1

0.015 0.077 8.33 -0.26 1.66 -1.667 -6.667


2

0.070 -0.073 8.33 0.13 -0.010 8.333 -6.667


3

0.10 -0.011 0.014 0.38 0.012 -5.000 -0.015


4

-0.17 0.042 -8.33 0.30 -0.031 -5.833 -0.13

Interactive


1.2

-0.016 -0.050 5.00 -0.026 7.5 1.250 0.030


1.3

-0.047 0.19 -0.016 0.79 7.5 -1.250 -0.034


1.4

0.043 -0.082 3.75 0.55 0.015 1.250 0.022


2.3

0.036 0.19 0.013 0.47 -0.042 -2.500 -0.038


2.4

0.028 0.010 0.018 0.11 -0.020 5.000 0.029


3.4

0.047 -0.052 -0.064 0.58 0.030 0.015 0.015

Quadratic


1.1

-0.030 -0.028 -2.29 0.25 -4.58 2.292 -0.053


2.2

7.396 0.15 2.70 0.29 2.91 4.792 0.084


3.3

0.070 -4.375 -0.069 -0.27 0.017 6.042 0.055


4.4

0.045 -0.078 -0.029 -0.37 1.66 -5.208 0.011

 *** Significant at 1%   ** Significant at 5%


1
   Holding time    

2
  Brine conc. 

3
 Sugar conc. 

4  
Blanching time



Table 4. ANOVA for full second order regression model for chemical composition of canned baby corn

Source Moisture Protein Fat Carbohydrate Ash Crude Fibre Total Sugar

Model S.S 1.43 2.61 0.23 42.88 0.093 0.87 8.413

Model M.S. 0.10 0.19 0.016 3.06 6.65 0.062 6.010

Model DF 14.00 14 14.00 14.00 14.00 14.00 14.00

Error S.S. 0.94 2.14 0.11 24.58 0.11 0.34 3.667

Error M.S. 0.063 0.14 7.22 1.65 7.23 0.022 2.444

Error DF 15.00 15.00 15.00 15.00 15.00 15.00 15.00

F ratio 1.63 1.31 2.28 1.87 0.92 2.75 2.46

F Table 2.37 2.37 2.37 2.37 2.37 2.37 2.37

R square% 60.3 55.00 68.00 63.5 46.2 71.9 69.6

Std. dev. 0.25 0.38 0.085 1.28 0.085 0.15 0.016

Mean 7.27 9.13 4.23 78.76 1.15 2.40 0.11

C.V.% 3.34 4.13 2.01 1.63 7.37 6.25 14.48

Table 5  Sensory qualities attribute score of canned baby corn

Exp.No. Colour Taste Texture

1 6.5 6.5 6

2 6 7.5 7

3 8 4.5 7

4 7.5 4.5 8

5 6 8.1 7

6 6.2 8.5 7

7 8 8.9 6

8 8 8.2 7

9 7 6.5 6

10 7 7.5 6

11 5 6 6

12 5.8 6 7

13 6 8 7

14 6.3 8 6

15 8 8.1 7

16 8 8.5 6

17 8 6.2 7

18 8 7.2 6

19 4 7.2 7

20 8.5 7.2 7

21 5 6.5 6



22 5 7.5 7

23 5 7.5 7

24 5 7 7

25 5 7 7

26 5 7 7

27 5 7.1 7

28 5 7 7

29 5 7 7

30 5 7.5 7

Table 6   Regression coefficient of full second order model and significant term for sensory attributes of canned

  baby corn

Co-efficient Colour Taste Texture

Constant 5.00 7.10 7.00

Linear


1

0.012 0.17 3.132


2

0.68 -0.25 0.083


3

0.15 0.80 0.083


4

-0.13 0.037 -0.17

Interactive


1.2

0.019 -0.17 0.12


1.3

0.044 -0.12 -0.25


1.4

0.12 0.044 -0.25


2.3

0.48 0.51 -0.25


2.4

-0.39 0.19 -3.820


3.4

0.21 -0.26 0.12

Quadratic


1.1

0.88 -0.069 -0.15


2.2

0.44 0.063 -0.021


3.3

0.13 -7.311 -0.15


4.4

0.13 0.063 -0.021

*** Significant at 1%  ** Significant at 5%

           
1
   Holding time 

2
   Brine conc. 

3
  Sugar conc. 

4
 Blanching time



Table 7   ANOVA for full second order regression model for sensory   properties of canned baby corn

Source Colour Taste Texture

Model S.S 43.17 24.59 5.53

Model M.S. 3.08 1.76 0.40

Model DF 14.00 14.00 14.00

Error  S.S. 8.72 6.08 2.33

Error MS 0.58 0.41 0.16

Error DF 15.00 15.00 15.00

F ratio 5.31 4.33 2.54

F Table 2.37 2.37 2.37

R square % 83.2 80.1 70.3

Std. dev. 0.76 0.64 0.39

Mean 6.26 7.14 6.73

C.V.% 12.18 8.91 5.86
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Abstract

Among the ways of pigment production, microbial synthesis

has gained more interest for high growth rate, easy

extraction and high yield. Pigments are used in the food

industry as natural colorants and preservatives; they also

have pharmaceutical applications. In this study, fungus

Monascus purpureus MTCC 410 was used to produce red

and yellow pigment in solid state fermentation (SSF).

Different fermentation variables such as initial moisture

level, incubation time and incubation period were optimized

in the laboratory.  At incubation period 168 hr, 55% initial

moisture level and 30o C temperature was found to be most

suitable combination for production of pigments by

Monascus purpureus MTCC 410.

Keywords: Monascus purpureus, Solid state fermentation

(SSF), PH, Incubation temperature and Moisture level

Microbial pigments are used in many fields such as

food production, dyes, cosmetics and

pharmaceuticals.  Therefore, there is increasing a

global trend toward pigment production using natural

substance in recent years. Due to harmful effects of

synthetic pigments on humans and the environment,

there is a need to develop alternative sources of

natural food colourants (Lee et al., 2001).

Microorganisms have become a substantial source for

pigment production due to high growth rate, cheap

culture medium, and easy extraction process; all these

offer more advantages for microorganisms than for

other biological resources (Parekh et al., 2000; Unagul

et al., 2005).

Monascus purpureus, which belongs to Ascomycetes

class and Monascaceae family, is capable of producing

many secondary metabolites such as pigments,

monacolins, -aminobutyric acid, dimerumic acid and

so on (Erdogrul and Azirak 2004; Cheng et al., 2010;

Hong et al., 2012). Monascus is a xerophillic fungus,

which grows in wide variety of natural substrates.

Pigments of Monascus are combinations of yellow

(ankaflavin, monascin), orange (rubropunctatin,

monascorubrin) and red (rubropunctamine,

monascorubramine) compounds, which possess a

range of biological activities (Patakova 2010; Feng et

al., 2012). Monascus pigments are nontoxic that can

be used in the food industry as a natural colorant and

potential source for therapeutic applications (Lin et

al., 2008; Vidyalalakshmi et al., 2009).

Monascus-fermented products have been used in

food, medicine, and industry for more than thousand

years in Asian countries, and several excellent agents

with a broad range of applications have been found

for them. These products can be applied as food or

nutritional supplements with multiple therapeutic

profits (Shi and Pan 2011; Ajdari et al., 2014). Various

fungal strains, fermentation methods, statistical design

and medium are being using continuously from last

two decades.  Although several work on optimization

of fermentation variables were carried out by earlier

researchers using different fungal species. Our present

study was to optimize various factors like pH,

temperature, moisture for maximization of pigment

yield in solid state fermentation (SSF) using cheaper

JNKVV Res J 51(1-3): 57-61 (2017)



renewable wheat bran as substrate by fungal strain

Monascus purpureus MTCC 410.

Material and Methods

The present investigation was conducted in

Fermentation Technology Laboratory, Biotechnology

Centre, Jawharlal Nehru Krishi Vishwa Vidhalaya,

Jabalpur (MP).  Monascus purpureus MTCC 410 was

selected and taken for present investigation.  The strain

was maintained on malt extrat agar media (MEA) plate

at 30°C for 7 days (followed by storage at 4°C), and

sub-cultured monthly. The experiments were carried

out in 250 ml Erlenmeyer flasks.  Five grams of each

combination of carbon and nitrogen sources were

taken into flask and a salt solution 2 ml was added.

Initial moisture was set at 55% by adding the requisite

amount of distilled water. The contents of the flask

were mixed and autoclaved at 121o C at 15 Psi for 20

min cooled and inoculated with 3 ml spore suspension

(9 X 104 spores/ml) of Monascus purpureus MTCC 410.

The process of fermentation was carried out an NBS

shake incubator at 300 C for 7 days with initial moisture

of 55%., and incubated in a dark place.

For the purpose of optimization of fermentation

variables, different sets of condition were used for solid

state fermentation process. In the initial stage, first

experiment was conducted at three level of moisture

contents viz. 55, 60 and 65% with three ranges of

temperature viz. 30, 35 and 400 C.

Results and Discussion

A large number of fungal strains have been used for

bioconversion of carbon and nitrogen sources into

microbial pigments. Monascus purpureus one of the

most potential fungi is used commercially for pigment

production. Optimization of different variables for

maximization of pigment yield is one of the prime work

in fermentation process. Thus our experiment was to

assess and find out a suitable combination of initial

moisture level, incubation temperature and incubation

period in solid state fermentation process.

Effect of different incubation temperature at different

initial moisture level on yield of microbial pigment

The observations on microbial pigment concentration

at three ranges of temperature viz. 30, 35 and 400 C at

three different initial moisture level viz. 55, 60 and 65%

have been recorded in Table 1. The observed values

reveled that at incubation temperature of 300C and

moisture level 55% was found to be highest and

recorded as 1.75 OD for yellow and 1.17 OD for red

pigment production by Monascus purpureus MTCC

410. Likewise at incubation temperature of 300C, and

initial moisture level 65% there is slight reduction in

pigment concentration viz. 1.67 OD for yellow and 1.09

OD for red (Fig-1).  Similarly, Mukherjee et al.,. (2003)

studied the effect of cultural parameters on the

production of Monascosubramine by Monascus

purpureus. The maximum production was observed

at the end of 5 days of fermentation in shake culture

at 35o C and at pH 6.

Table 1:  Effect of initial moisture level and incubation temperature on microbial pigment yield in solid state

 fermentation (SSF)

Initial Moisture level (%) Incubation Temperature (0C) Yield of pigment (OD)

410 nm (Yellow) 500 nm (Red)

55** 30*** 1.75 1.17

35 1.63 0.96

40 1.51 0.83

60 30 1.69 1.09

35 1.55 0.90



40 1.48 0.79

65 30 1.53 1.03

35 1.45 0.88

40 1.39 0.76

*      Values are average of triplicates **    Optimum initial moisture level

***  Optimum incubation temperature

Fig.1 Effect of initial moisture level and incubation temperature on microbial pigment yield in solid state

fermentation (SSF)

Effect of incubation period on yield of microbial

pigment in solid state fermentation (SSF)

At incubation period of 96 hr the pigment yield was

found to be 1.42 OD for yellow and 0.81 OD for red;

whereas it was recorded as 1.58 OD for yellow and

0.98 OD for red; 1.69 OD for yellow and 1.05 OD for

red at incubation period of 120 and 144 hr, respectively

(Table 1). The highest pigment yield was recorded as

1.75 OD for yellow and 1.17 OD for red at incubation

period of 168 hr. however the values of pigment

concentration were recorded as 1.63 OD for yellow

and 1.01 OD for red at incubation period of 192 hr

(Fig. 2). Similarly, Babitha et al., (2006) reported that

under optimized conditions such as incubation time,

initial moisture content, inoculum concentration and

incubation temperature, the maximum pigment

production was obtained at incubation period of seven

days, initial moisture content of 55% inoculum

concentration of 9 X 104 spores/g dry substrate and at

incubation temperature of 300C.



Table 2:  Effect of incubation period on pigment yield in solid state fermentation (SSF)

Incubation period (hr) Yield of pigment (OD)

410nm (Yellow) 500nm (Red)

96 1.42 0.81

120 1.58 0.98

144 1.69 1.05

168** 1.75 1.17

192 1.63 1.01

   *    Values are average triplicates  **   Optimum incubation period

Fig. 2 Effect of incubation period on pigment yield in solid state fermentation (SSF)
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Abstract

The use of microorganisms that antagonize plant pathogens

is risk-free when it results in enhancement of resident

antagonists. Ninety percent of such applications have been

carried out with different strains of the Trichoderma which

have long been recognized as agents for the control of plant

disease and for their ability to increase plant growth and

development. In the present investigation, 20 isolates of

Trichoderma were isolated from rhizosphere soil of different

crops during seasons from 5 locations including Breeder

Seed Production unit, Maharajpur Farm, Forestry Field,

Adhartal Farm and Integrated Farming System Field from

Jabalpur. Further all the isolates were subjected to dual

culture assay against Sclerotium rolfsii inciting  collar rot of

Gram revealed differential capacity to inhibit the test

pathogen under in vitro conditions. However, maximum per

cent inhibition of 87.41 was recorded with Trichoderma

isolate T
20

 and followed by 85.00, 77.3 and 69.11 per cent

inhibition with isolates I
10

, I
2
 and I

1
   respectively.

Key words : Trichoderma, Dual culture, Percent inhibition

Chickpea (Cicer arietinum L) plays an important role

not only from economic point of view but also in their

nutritional value and its protein quality is considered

to be better than other pulses. Madhya Pradesh has

the privilege of growing a wide range of varieties,

which categories in three types i.e. Desi, Gulabi and

Kabuli. Chickpea is grown as sole or mixed crop with

wheat, mustard, lentil etc. The crop is affected by

several seed, soil and air borne pathogens, more than

75 pathogens have been reported to infect chickpea,

causing cent per cent yield losses (Nene et. al., 1989).

Environmental factors and intensity of abiotic stresses

are known to compound the occurrence and severity

of the diseases. Out of these diseases, collar rot caused

by Sclerotium rolfsii Sacc., has been identified as a

potential threat. The disease is more serious at

seedling stage especially in the area where rice or

soybean based cropping system is under practice. In

India, plant mortality ranged from 54.7 to 95 per cent

(Kotasthane et al., 1976). The pathogen could survive

in the form of vegetative mycelium and/or sclerotia

and causes several diseases in crop plants and infected

more than 500 species of cultivated and wild plants

(Yaqub et al., 2011)

Intensified application of fungicides has resulted in

accumulation of toxic compounds potentially

hazardous to human and environment and may lead

to build-up of resistance of the pathogens. In order to

tackle these effective alternatives to chemical control

are being employed. Use of biological control agents

is a nature friendly approach that uses specific

microorganisms, which interfere with plant pathogens

and pests to overcome the problems caused by

chemical methods of plant protection. Commercial

preparations of plant disease biocontrol agents are

based on the practical application of rhizosphere

competent species of bacteria or fungi. Although

biological control occurs naturally, and is the principal

reason that diseases are not usually catastrophic. Fungi

JNKVV Res J 51(1-3): 62-67 (2017)



in the genus Trichoderma are among the most

promising biocontrol agents against plant pathogenic

fungi (Anand and Reddy, 2009).

The genus Trichoderma is cosmopolitan in nature and

survives on decaying wood and vegetative matter.

Species of Trichoderma are frequently dominant

components of the soil microflora in widely varying

habitats. This may be attributable to the diverse

metabolic capability of Trichoderma species and their

aggressively competitive nature. Species of

Trichoderma are found in nature includes T.

asperellum, T. atroviride, T. harzianum, T. hamatum,

T. koningii, T. virens and T. viride etc. Many species in

this genus can be characterized as opportunistic

avirulent plant symbionts.

At present Trichoderma is a readily available source

for managing plant diseases but it is a prerequisite to

explore the indigenous biodiversity of an area and for

an in depth study into the various factors which

ultimately determine the performance of Trichoderma

as a biocontrol agent with an aim to come up with

effective strains for future use. Keeping above facts in

view, the present studies was conducted firstly to

isolate native Trichoderma and secondly to evaluate

their efficacy against S. rolfsii under in vitro condition.

Materials and Methods

Collection of soil samples

A survey was conducted to collect the soil samples

from different units of Jawaharlal Nehru Krishi Vishwa

Vidyalaya, Jabalpur.  All of these locations were

surveyed for collection of soil samples. Soil samples

were collected from rhizospheric region of plant and

previous crop history was recorded from field. Fifteen

or more subsamples from each field were taken with

a hand trowel to a depth of 8-15 cm. Subsamples were

bulked by field and stored at room temperature in

sealed plastic bags.

Isolation of Trichoderma spp

A 1:100 (w/v) dilution of each sample with sterile,

distilled water was prepared, and 1 ml of the dilution

was applied to the surface of the Trichoderma selective

medium (TSM) described by Papavizas and Lumsden

(1982) in each of 10 Petri plates. The plates were

rotated to distribute soil particles over the surface,

placed in paper bags, and incubated at 250C. After 7

days at 250C, the plates were examined and colonies

suspected as Trichoderma spp. were transferred to

Petri plates containing Potato dextrose agar medium.

These isolated colonies were further subjected to sub

culturing for purification of Trichoderma. Identification

of Trichoderma was confirmed under microscope

according to Rifai (1969).

Dual culture experiment

Antagonistic efficacy of different isolates of

Trichoderma spp. was tested against the isolated

pathogenic fungus S. rolfsii of chickpea by dual culture

experiment using confrontation assay (Kumar et al.,

2010). Trichoderma spp. and test fungus was

inoculated at 7 cm apart. Three replicates were

maintained for each treatment and incubated at 28 ±

20C for 4 days. Monoculture plates of both served as

control. Radial growth of test fungus and Trichoderma

isolates were measured two and four days after

inoculation (DAI). Radial growth of test fungus in dual

culture plate was recorded and compared with control.

The growth inhibition was calculated by using the

formula: 100 X (C - T) / C, Where C = radial growth of

test pathogen in control and T = growth of test

pathogen in treatment (Vincent, 1947).

Result and discussion

Isolation of Trichoderma spp.

A field survey was conducted during Kharif seasons at

different units of J.N.K.V.V., Jabalpur including Breeder

Seed Production unit, Maharajpur Farm, Forestry Field,

Adhartal Farm and Integrated Farming System Field.

The soil samples were collected from different

rhizospheric zone which included eight different crops

viz., Rice, Red gram, Okra, Soybean, Black gram, Green

gram, Neem and Sesame (Table 1). In total twenty

isolates of Trichoderma were isolated and designated

with symbol T- 1, T- 2, T- 3 up to T- 20. In summary, 12



isolates of Trichoderma were isolated from previous

crop of Neem, Green Gram, Soybean and Red Gram

with 3 isolates from each previous crop but in different

seasons and/or locations. However, 8 isolates of

Trichoderma were isolated from previous crop of Rice,

Okra, Sesame and Black Gram with 2 isolates from each

previous crop but in different seasons and/or locations

Evaluation of Trichoderma spp. against Sclerotium

rolfsii under  in vitro condition

All the tested isolates of Trichoderma significantly

inhibited the growth of S. rolfsii in dual culture assay.

It was observed that, minimum linear growth of S.

rolfsii (11.3 mm) was recorded in T- 20 isolate. This

was followed by 13.5, 20.7, 26, 27.8, 34.3 and 35.9

mm with isolates T- 10, T- 1, T- 15, T- 2, T- 17 and T- 4

respectively against 90 mm in control. However,

maximum linear growth of S. rolfsii of 54.2 mm

recorded with T- 7 isolate, followed by 45.2 and 43

mm in T- 13 and in T- 3 isolates respectively.

All the isolates of Trichoderma spp. were effective to

inhibit the growth of  Sclerotium rolfsii under in vitro

condition with 50 per cent inhibition. Maximum  87.41

per cent was recorded with T- 20 isolate, followed by

85.0, 77.3, 71.11, 69.11, 61.85 and 60.11 per cent with

isolates T- 10, T- 1, T- 15, T- 2, T- 17 and T- 4 , respectively

against control. Whereas, minimum percent inhibition

of 39.78 per cent recorded with T- 7 isolate, followed

by 49.82 and 52.22 per cent in T- 13 and in T- 3 isolate

respectively. However, other treatments differ

significantly as compared to control. All the isolates of

Trichoderma spp. were found statistically significant

as compared to control. Almost isolates were found

to have significant variation among them, whereas

differences among T- 5, T- 6, T- 8, T- 9, T- 12, T- 16, T-

18 and T- 19 isolates were found at par.

The potential of Trichoderma species as bio control

agents of plant diseases was first recognized in early

1930's and in subsequent year's control of many

diseases have been added to the list. However, even

though biological control of plant diseases using

Trichoderma species has long been an area of fruitful

research, commercially it has not yet picked up on a

large scale, mostly due to its inconsistent performance

under natural conditions. In recent years, the use of

indigenous Trichoderma isolates has been suggested

as a method to counter some of the factors responsible

for this inconsistency in performance. As for collar rot

disease of chickpea, although the moderately resistant

cultivars are known but use of these cultivars is quite

limited and mainly hampered due to two basic reasons.

First being the multiphagous nature of the pathogen

and secondly, due to susceptibility of locally accepted

varities to this pathogen. Hence, to cope up with these

issues, it is a pre-requisite to evolve eco-friendly

management aspect of collar rot control. Several

workers have reported the use of Trichoderma species

against number of plant pathogenic fungi. Numerous

studies have covered the status of Trichoderma spp.

as a successful biological control agent. Inhibition of

plant pathogenic fungi by different species of

Trichoderma was studied under in vitro conditions by

many researchers (Buragohai et al., 2000; Singh and

Islam, 2010; Sharma, 2011; Tapwal et al., 2004, 2014;

Shaikh and Sahera, 2013; Enespa and Dwivedi, 2014).

Trichoderma is useful to cultivated plants in several

ways like bio-control of plant diseases, induction of

systemic resistance, promotion of plant growth (bio-

fertilization), increase in plant nutrient availability and

degradation of xenobiotic pesticides (Harman, 2006).

For the said reasons, it has gained a stature as one of

the most practical and promising means eco-friendly

management soil borne pathogens in agricultural

crops. Therefore, they are being used in reasonably

large quantities, both for disease control and

augmentation of yield. Similarly in the present

investigation also, all the 20 tested isolates of

Trichoderma inhibited the growth of S. rolfsii. In this

way, Trichoderma species play an important role in

controlling fungal plant pathogens. The use of

Trichoderma-based products is not only safe for the

farmers and consumers but it is also good for the

environment. In conclusion, our study demonstrated

that Trichoderma spp. can be used for biocontrol of

the collar rot of chickpea. Thus, this method of control



can contribute to minimising the risks and hazards of

toxic fungicides.

Acknowledgement: Authors are thankful to the

Department of Plant Pathology, College of Agriculture,

JNKVV,  Jabalpur for providing facilities during the

course of investigation.

References:

Anand S and Reddy. J 2009. Biocontrol potential of

Trichoderma spp. against plant pathogen.

International Journal of Agriculture Sciences.

1:30-35.

Buragohai AM, Das BC and Islam M. 2000. In vitro studies of

Trichoderma species against Sclerotium rolfsii

Sacc. J. Agric. Sci. 13(1): 99-100.

Enespa and Dwivedi, SK. 2014. Effectiveness of some

antagonistic fungi and botanicals against

Fusarium solani and Fusarium oxysporum f.sp.

lycopersici infecting brinjal and tomato plants.

Asian Journal of Plant Pathology. 8(1): 18-25.

Harman GE 2006. Overview of mechanisms and uses of

Trichoderma spp. Phytopathol. 96: 190- 194.

Kotasthane SR, Agrawal PS, Joshi LK, and Singh PK. 1976.

Studies on wilt complex in Bengal gram. JNKVV

Research Journal 10:  257-258.

Kumar A, Scher K, Mukherjee M, Pardovitz-Kedmi E, Sible

GV, Singh US, Kale SP, Horwitz BA and

Mukherjee PK. 2010. Overlapping and distinct

functions of two Trichoderma virens MAP

Kinases in regulation of growth, conidiation,

germination, cell-wall integrity and biocontrol

properties. Biochem. Bioph. Res. Co. 398:765-

770.

Kumar A, Singh J, Jain, AK and Tripathi, SK.2016. Isolation

and development of a repository of native

isolates of Trichoderma spp. from Madhya

Pradesh. Bioved 27(1):85-94.

Nene YL, Haware MP, Reddy M, Phillips JC, Castro EL,

Kotasthane SR, Gupta Om, Singh G, Shukla P

and Sah RP.1989. Identification of broad-based

and stable resistance to wilt and root-rots in

chickpea. Indian Phytopathology 79: 499-505.

Papavizas, GC and Lumsden, RD.1982. Improved medium

for isolation of Trichoderma spp. from soil.

Plant Dis. 66:1019-1020.

Rifai, M A. 1969. A revision of the genus Trichoderma.

Mycological papers.116:1-56.

Shaikh, FT. and Sahera N. 2013. In vitro assessment of

antagonistic activity of Trichoderma

harzianum against pathogen fungi.

International journal of Applied Research. 3(5):

57-59.

Sharma P. 2011. Complexity of Trichoderma-Fusarium

interaction and manifestation of biological

control. Australian Journal of Crop Science.

5(8):1027-1038.

Singh A. and Islam, MN. 2010. In Vitro evaluation of

Trichoderma spp. against Phytophthora

nicotianae. Int. J. Expt. Agric. 1(1): 20-25.

Tapwal A. Sharma YP. and Lakhanpal, TN. 2004. Effect of

volatile compounds released by Gliocladium

virens and Trichoderma spp. on the growth of

Armillaria mellea. Indian J. of Mycology &

Plant Pathology. 34(2): 308-310.

Vincent JM. 1947 Distortion of fungal hyphae in the presence

of certain inhibitors. Nature. 150 :850.

Yaqub F and Shahzad S. 2011. Efficacy And Persistence of

Microbial Antagonists against Sclerotium rolfsii

under field conditions. Pakistan Journal of

Botany 43(5): 2627-2634.

(Manuscript Received : 20.06.2018; Accepted : 27.11.18)



 Table 1:  Collection of different isolates of Trichoderma spp. from different locations of   Jabalpur

Place Host Isolates

Breeder Seed Production Unit Red gram T- 1

Maharajpur Rice T- 2

Forestry Field Red gram T- 3

Adhartal Farm Rice T- 4

Breeder Seed Production Unit Okra T- 5

Adhartal Farm Red gram T- 6

Adhartal Farm Okra T- 7

Breeder Seed Production Unit Soybean T- 8

Breeder Seed Production Unit Soybean T- 9

Breeder Seed Production Unit Green Gram T- 10

Maharajpur Azardicus T- 11

Breeder Seed Production Unit Green Gram T- 12

Adhartal Farm Sesame T- 13

Adhartal Farm Sesame T- 14

Adhartal Farm Azardicus T- 15

IFS Field Green Gram T- 16

IFS Field Soybean T- 17

IFS Field Black Gram T- 18

Breeder Seed Production Unit Azardicus T- 19

Breeder Seed Production Unit Black Gram T- 20

Table 2: Antagonistic effect of different isolates of Trichoderma spp. against  S. rolfsii   under in vitro

condition

Trichoderma isolates Radial growth of Per cent Inhibition of

S. rolfsii (mm) S. rolfsii (%)

T- 1 20.7 77.3

T- 2 27.8 69.11

T- 3 43.0 52.22

T- 4 35.9 60.11

T- 5 39.7 55.93

T- 6 37.9 57.85

T- 7 54.2 39.78

T- 8 39.3 56.3

T- 9 39.6 56.0

T-10 13.5 85.0

T- 11 36.5 59.47



T- 12 38.6 57.11

T- 13 45.2 49.82

T- 14 36.3 59.7

T- 15 26.0 71.11

T- 16 39.1 56.66

T- 17 34.3 61.85

T- 18 40.5 55.0

T- 19 39.3 56.33

T- 20 11.3 87.41

Control 90 0.0

SE m (±) 0.933 1.038

CD 5% 2.673 2.972
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Abstract

The present study carried out for the estimation of tree

density, basal area, standing tree biomass, carbon stock and

carbon sequestration potential, using nondestructive

allometric volume equations method in tropical deciduous

forest in 0.1 ha permanent plots, established in thirty two

sites in eight districts of Madhya Pradesh. The volume of

tree was calculated using site specific local or regional

volume equation. The biomass of each species was

estimated by using tree volume and species specific gravity.

The present study revealed the wide range of variation in

tree density, basal area, standing biomass, carbon stock and

carbon sequestered. The field measurements for tree density

ranged from 203 trees ha-1 to 1225 trees ha-1, while basal

area were 1.7 m2 ha-1 to 13.3 m2 ha-1. The standing tree

biomass ranged from 9.9 t ha-1 to 146.2 t ha-1, carbon stock

ranged from 4.7 t ha-1 to 68.7 t ha-1 and carbon sequestration

potential ranged from 17.1 t ha-1 to 252.1  t ha-1 across the

all different study sites. A positive relationship was also

revealed between biomass and basal area. This study

concludes that, tropical deciduous forests of the studied area

viz., Mandla, Katni, Rewa, Jabalpur, Betul, Chhindwara,

Satana and Chhattarpur in Madhya Pradesh are having

strong potential to sequester the carbon.

Keywords: Tropical deciduous forest, biomass, carbon

sequestered, volume equation, specific gravity.

Global climate change is one of the most serious

threats to the environment and it is at the center of

scientific and political debate in recent years. Climate

change, more precisely global warming is reality (IPCC,

2001 & GISS, 2004) but there is considerable

uncertainty exists about the event of warming

(Malhman, 1997). The atmospheric CO
2
 concentration

is around 379 ppm, which was around 280 ppm prior

to industrial revolution (IPCC, 2007). On current trends

CO
2
 emissions could reach 550 ppm by 2035. Global

GHG emissions reached approximately 50 GtCO
2e

 in

2010 and are projected to climb to 59 GtCO
2e

 by 2020.

The international community needs to slash GHG

emissions by 15 GtCO
2e

 to 44 GtCO
2e

 to limit

temperature rises up to 2°C during the 21st century.

Although this scale of change may seem beyond reach,

it is technically possible. The total technical emission

reduction potential is estimated to be in the range of

14 to 20 GtCO
2e

 in 2020. In practice, this means that

the emission reduction potential in all countries needs

to be mobilized to keep the 2°C target within reach

(UNEP, 2013).

Tropical forest ecosystem is one of the rich terrestrial

ecosystems, which stores approximately half of the

world living terrestrial carbon and a very significant

proportion is fixed in the form of above ground

biomass, thus it plays an important role in global

carbon cycle and regulating the biospheric climate.

Besides, these forest ecosystems also support variety

of life forms and maintain huge global biodiversity (Shi

and Singh, 2002). Estimation of standing state tree

biomass is an essential aspect of carbon sequestration

studies since it constitutes about 60% of total

phytobiomass (Ketterings et al., 2001). Madhya

Pradesh is a centrally located state of India with a forest

JNKVV Res J 51(1-3): 68-77(2017)



cover of 76,013 km2, which is 24.66 % of the total

geographical area of the State (FSI, 2011). A total of

18 forest types have been identified in MP (Champion

and Seth, 1968). Broadly, these forest types belong to

three groups namely, Type Group 5: tropical dry

deciduous forests (88.65 %), Type Group 3: tropical

moist deciduous forest (8.97 %) and Type Group 6:

tropical thorn forest (0.26 %). Tropical dry deciduous

forests are the major forest type in this state. Baishya

et al. (2009) suggested that tropical forests are more

effective in carbon sequestration than other forests.

Due to the lack of scanty data on standing biomass in

India, which are highly variable (Ravindranath et al.,

1997). The improved quantification of carbon pools

and fluxes in forest ecosystems is important for

understanding the contribution of forests to net

carbon emissions and their potential for carbon

sequestration (Chhabra and Dadhwal, 2004). The

present study has been conducted to quantify standing

tree biomass and CO
2e

 sequestration from tropical

deciduous forests of Central India, as a part of

Vegetation Carbon Pool (VCP) assessment under

National Carbon Project of Geosphere Biosphere

Programme of Indian Space Research Organization,

Hyderabad.

Materials and Methods

Study area

The State of Madhya Pradesh lies between 21°17' and

26°52' north latitude 78°08' and 82°49' east longitude.

The average annual rainfall varies from 800 mm to

about 1,800 mm with the annual temperature ranging

from 22.5°C to 25°C. The variation in physiography,

geology and wide climatic range, forest vegetation of

Madhya Pradesh show diversity in forest types (FSI,

2011) Present study was carried out in the year 2015-

16 in total 32 selected sites in eight different districts

dominated with tropical dry deciduous forests of the

State viz., Mandla, Katni, Rewa, Jabalpur, Betul,

Chhindwara, Satana and Chhattarpur. The geographical

area and forest cover of the districts were given in the

Table 1. The selection of representative sites for field

observations in different districts was based mainly on

magnitude of anthropogenic activities, disturbance

and crown density in the forests.

Methodology

In the present study, a non-destructive approach of

biomass estimation was done in thirty two randomly

stratified sampled sites comprising 32 ha area. A

comprehensive format design of Vegetation Carbon

Pool Assessment Project by Indian Institute of Remote

Sensing (IIRS) as suggested by Singh and Dadhwal

(2008) was followed and this has been the source of

identifying the sample sites (250×250m) based on

forest type. On field, the sites were located with the

help of Global Positioning System (GPS) and Survey of

India reference topographic maps. The GPS position

of the total sixteen sites where study was carried out

is presented in Table 2.

Sampling Design

For the enumeration of trees, one super plot of 250 ×

250 m size was laid down at each site (i.e. four sites).

Four sample plots, each of 31.6 m × 31.6 m (0.1 ha)

size in all the four directions i.e. NE, NW, SW and SE,

respectively were laid in each super plot. Thus, the

total sample size consisted of eight super plots and

thirty two sample plots within super plots. A detail

of sampling design at plot level study is presented in

Fig. 1.

Observations

During the study, only woody tree strata were

considered for the estimation of above ground

biomass and carbon stock because of the woody tree

greatly influence the magnitude and pattern of energy

that is stored in trunks, branches, leaves and roots

(Supriya and Yadava, 2009). In each sample plot (0.1

ha quadrat), stratification in the forest was observed

and data was classified into top, first and second order

canopies. Height and diameter (at breast height) of all

trees in four sample plots within each super plot were

measured using Blume Leiss Hypsometer and

measuring meter tape, respectively.



Estimation of Standing Tree Biomass

A non-destructive allometric volume equation

approach was used for assessing the standing tree

biomass, which requires tree measurements (tree

height and DBH), application of standard volume

equations and species specific gravity for each tree

species. Tree volume was estimated by using the site

or region specific (phytogeographic/ physiographic)

volume, local and general volume equations, procured

from State Forest Departments, Forest Research

Institute and Forest Survey of India (Dadhwal et al.,

2009). Species specific gravity data were obtained

from Forest Research Institute (FRI, 1996). Species

volume equation, type and specific gravity of recorded

tree species are given in Table 3. The DBH and height

for each tree species were used for regression analysis

to get an estimate of biomass (Roy and Ravan, 1996).

The formula used for calculating standing biomass was

as follows:

Biomass (t ha-1) = Volume of tree × Species specific gravity

The tree volume of each individual species was

calculated by using the volume equations as suggested

by FSI (2006).

Estimation of Carbon Stock and Carbon sequestered

Carbon stocks were estimated from the total biomass

by multiplying with IPCC default carbon fraction of

0.47 quoted by McGroddy (2004).

Carbon (t) = Biomass (t) × Carbon %

To determine carbon dioxide (CO
2e

) sequestration

potential by trees, the biomass carbon stock was

multiplied with a factor of 3.67 for the all species

(Rajput, 2010).

Results and Discussion

During the present study wide range of variations was

observed in different parameters viz., tree density,

basal area, aboveground biomass and carbon stock in

different districts (Fig. 2). The tree density ranged from

203 trees ha-1 to 1225 trees ha-1 among sixteen sites.

Comparatively highest tree density was found at Betul

(1225 trees ha-1) followed by Chhattarpur (1028 trees

ha-1), Chhindwara (665 trees ha-1), Satana (600 trees

ha-1), Mandla (483 trees ha-1), Jabalpur (465 treesha-1)

and Rewa (423 trees ha-1). However, it was lowest at

Katni (203 trees ha-1). The range of basal area under

different distrcts varied from 1.7 to 13.3 m2 ha-1. Basal

area was highest at Mandla (13.3 m2 ha-1) followed by,

Chhindwara (12.7 m2 ha-1), Chhattarpur (11.5 m2 ha-1),

Betul (11.4 m2 ha-1), Rewa (8.0 m2 ha-1) and Jabalpur

(6.1 m2 ha-1), whereas the Satana and Katni recorded

the lowest basal area of 1.7 m2 ha-1 and 1.9 m2 ha-1

respectively. In this context, the poorest site was

Satana and Katni, where both density and basal area

were found at lower side. The standing tree biomass

varied from 9.9 to 146.2 t ha-1 in different districts. It

was maximum at Mandla (146.15 t ha-1) followed by

Chhindwara (93.1 t ha-1) Rewa (88.4 t ha-1), Betul (66.9

t ha-1), Chhattarpur (59.3 t ha-1), Jabalpur (50.9 t ha-1)

and Katni (25.0 t ha-1). However, the minimum biomass

was observed at Satana (9.9 t ha-1). The trend of carbon

stock under different sites was similar to standing tree

biomass and it varied from 4.7 to 68.7 t ha-1 during

the present study (Fig.2). It was maximum at Mandla

(68.7 t ha-1) followed by Chhindwara (46.6 t ha-1), Rewa

(44.2 t ha-1), Betul (33.5 t ha-1), Chhattarpur (27.9 t ha-

1) and Jabalpur (23.9 t ha-1). However, the minimum

biomass carbon stock was noted at Satana (4.7 t ha-1)

and Katni (11.7 t ha-1).  Maximum equivalent CO
2
 (CO

2e
)

sequestration was observed at Mandla (252.1 t ha-1)

followed by Chhindwara (170.9 t ha-1), Rewa (162.2 t

ha-1), Betul (122.8 t ha-1), Chhattarpur (102.2 t ha-1)

and Jabalpur (87.8 t ha-1). However, the minimum was

at Satana (17.1 t ha-1) and Katni (43.1 t ha-1). The tree

density, basal area and aboveground tree biomass

varied between district to district because of different

types of plant community structure, variation in plant

species, composition of forest or succession stage of

forests due to some anthropogenic practices in

different sites of forest ecosystems. Some sites having

a high density of young plants with small girth size

usually have a high biomass. On the other hand, some



mature sites with large diameter trees harbor higher

biomass as compared to sites having a high tree

density. In addition, wood collection by surrounding

villagers and stone mining have lead to destruction of

forests and thus the reduction of biomass in some of

the sites. All the above factors are responsible for site

to site variation of biomass production and such type

of external as well as internal factors found in this

research are supported by a number of workers

(Whitmore, 1984; Pande, 2005; Terakunpisut et al.,

2007; Salunkhe et al., 2014)

The lowest standing tree biomass at Satana and Katni

might be attributed to relatively young forest trees

with a high tree density of <10 DBH as well as due to

small bole size as compared to other sites. Satana and

Katni district forests also had lower biomass in terms

of the number of trees due to dry condition and

excessive ground water utilization by a number of

cement factories and mining industries and other

disturbances such as daily removal of biomass from

local people, over grazing, cutting of tree branches etc.

According to Pande (2005) poor soil depth and soil

structure of any site can be responsible for low above

ground biomass. All the remaining sites were stabilized

having average number of trees and basal area as well

as biomass. Although the biomass of medium size

boles varied considerably among different forest sites

and such types of forests exhibited greater potential

for sequestration of carbon as compared to the forests

having large bole size trees (Salunkhe et al., 2014).  The

range of standing biomass reserved and carbon stock

in present study were varied from 9.9 to 146.2 t ha-1

and 4.7 to 68.7 t ha-1 respectively. However, the earlier

researcher reported quite low amount in carbon stock

as 27.6 t ha-1 by George et al. (1990), 19 t ha-1 and

28.68 t C ha-1 by Singh et al. (1991), 24t ha-1 by Devagiri

et al. (2013), 28.1-85.3 t ha-1 by Pande (2005). Also

these results could be compared with other available

biomass and carbon estimation of different forest

types in India. Chaturvedi et al. (2011) estimated that

carbon stock ranged from 15.6 t ha-1 to 151 t ha-1 in

tropical dry forest of India. Bhat et al. (2003) reported

that the accumulation of biomass in tropical rain forest

of Western Ghat ranging from 92t ha-1 to 268.49t ha-1

while FAO (2007) estimated the average carbon

density at 35 t ha-1 in India. Regression analysis

between biomass and basal area showed the

significant positive relationship with R2 value of 0.629

(Fig 3). Also strong relation of biomass with basal area

was also reported in most of the studies (Rai, 1981;

Cannell, 1984; Rai and Proctor, 1986; Salunkhe et al.,

2016).

Conclusion

In fact there is a wide range of variation in tree density,

basal area, standing tree biomass, carbon stock and

CO
2e

 sequestration potential. Highest tree density was

found at Betul and lowest was at Katni. Basal area was

highest at Mandla whereas, Satana and Katni recorded

the lowest basal area. Maximum tree biomass was at

Mandla and minimum was at Satana. Carbon stock and

CO
2e

 sequestered was maximum at Mandla and

minimum was at Satana. Regression analysis between

biomass and basal area revealed positive relationship,

which reveals that as the basal area increase biomass

will also increase. Present study concludes that,

tropical deciduous forests of Madhya Pradesh are

having strong carbon sequestration potential to

mitigate climate change.
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Fig 1. Diagram showing sampling design at forest site.



Table 1. Geographical area and forest cover of the districts under study

District Geographical area Forest cover Percent of the

(km2) (km2)  geographical area

Mandla 5800 2830 48.79

Katni 4950 1282 25.90

Rewa 6314 777 12.31

Jabalpur 5211 1170 22.45

Betul 10043 3572 35.57

Chhindwara 11815 4541 38.43

Satana 7502 1749 23.31

Chhattarpur 8687 1749 20.13

Table 2. Geographical position of the cites/plots in the forest

SITES LATITUDE LONGITUDE ALTITUDE (m)

Mandla 22.85 17.2 80.39 76.6 632

Katni 23.64 27.2 79.95 91.5 643

Rewa 24.88 90.5 81.14 21.0 649

Jabalpur 23.30 49.9 80.07 02.2 631

Betul 22.33 38.7 78.12 22.9 452

Chhindwara 22.62 85.5 78.57 28.6 441

Satana 25.01 44.7 80.63 71.7 448

Chhattarpur 24.60 77.7 79.48 88.5 448



Table 3.  Volume equations and wood specific gravity used

BOTANICAL NAME         VOLUME EQUATION USED TYPE OF SPECIES

EQUATION SPECIFIC

GRAVITY

Acacia catechu Willd. V= 0.04235 - 0.74240 D + 7.2687 D2 L 0.865

Adina cordifolia Roxb. V= 0.21219 + 3.57003 D L 0.590

Aegle marmelos Correa ex Roxb V/D2= 0.0697/D2 - 1.4597/ D + 11.79933-2.35397 D G 0.754

Anogeissus latifolia (DC) Wall ex Bedd. V/D2 = 0.11242/D2 - 2.13817/D + 16.4304-7.23272 D L 0.780

Bauhinia variegata Linn. V= -0.04262 + 6.09491 D2 L 0.700

Boswellia serrata Roxb. Ex Colebr. V= 0.003941 + 0.506093 D2 H G 0.498

Bridelia scandence Hook F Spreng. V= -0.00021 + 0.06175 D + 3.9742 D2 L 0.500

Buchanania lanzan Spreng. V= 0.00551 + 0.30414 D2 H G 0.458

Butea monosperma Roxb. ex Willd v = -0.24276 + 2.95525 * D G 0.465

Casearia graveolens Dalz. V= 0.14031 - 2.06478 D + 11.25750 D2 L 0.620

Cassia fistula Linn. V=0.066 + 0.287 D2 H G 0.746

Chloroxylon swietenia DC. V= -094+0.376D+2.817 D2 L 0.458

Dalbergia paniculata Roxb. V= 0.76896 + 7.31777 D - 4.01953 D G 0.800

Diospyros melanoxylon Roxb. V= 0.019271 + 0.503674  D2 H G 0.678

Flacourtia indica (Burm. f.) V/D2= 0.0697/D2-1.4597/D+11.79933-2.35397D G 0.619

Lagerstroemia parviflora  Roxb. V=0.01617 - 0.66446 D + 9.71038 D2 L 0.648

Lannea coromandelica (Houtt.) Merr. V/D2 H = 0.007683 / D2H + 0.547179 G 0.513

Madhuca latifolia L. V= 0.014 + 0.275 D2H G 0.619

Ougennia oojainesis V/D2= 0.0697/D2-1.4597/D+11.79933-2.35397D G 0.704

Phyllanthus emblica Linn. V= 0.406+3.540 D - 3.231 D2 G 0.619

Semecarpus anacardium L. V= 1.67477 + 14.83747 D - 9.43386 vD G 0.640

Syzygium cuminii (Linn.) Skeels. V/D2H = 0077689/ D2 H - 0.001154/D2 + 0.375 G 0.647

Tectona grandis L.F. V= 0.04346-0.26352? D + 8.7933 D2 L 0.577

Terminalia bellerica Roxb. V= -0.04247+ 6.996762 D2 + 0.137468 D2 H G 0.628

Terminalia chebula (Gaertn.) Roxb. V/D2H= 0.00652/ D2 H + 0.41369 G 0.880

Terminalia tomentosa Wight & Arn. V= 0.028856 + 0.462852 D2 H G 0.760

Wrightia tinctoria R.Br. V= 0.050294 + 3.115497 D - 0.687813 ?D L 0.800

Zizyphus xylopyra  Willd. V= -0.002557 + 0.260114 D2 H G 0.597

Other rest species (tropical region) V = 0.00855 + 0.4432D2 + 0.28813 D2 H L 0.580

Legends: V= Volume (m3), D= DBH (m), H= height (m), L= Local volume equations, G- General Volume equation.



Fig 2. Tree density, basal area, standing tree biomass, carbon stock and CO2e sequestration potential at

different sites of Madhya Pradesh.



Fig 3. Graphical presentation of regression analysis between standing tree biomass with basal area of tropical

deciduas forest.
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Abstract

Heat stress has become a major constraint to chickpea

production in South Asia, Sub- Saharan Africa and in several

other countries become of increasing chickpea areas in warm

short season environment. Therefore, the objective of the

present study was to identify the physiological traits and

their association with rapid phenological development with

high temperature stress tolerance in chickpea. Genotype

ICVV 92944 and JGG1 were selected as rapid flowering and

heat tolerant genotypes and Pusa green 112 and RGS 991

were selected as late flowering and heat susceptible

genotypes. Genotype ICVV 92944 and JGG1 complete its

reproductive growth before male and female organ

development get exposed to high temperature stress

condition by early flowering which enable it to stabilize its

yield under heat stress condition. Heat tolerant character

of ICVV 92944 and JGG1 was also ascribed to high PAR

utilization and interception, energy utilization efficiency and

dry matter production. Yield and its related attributes viz.

plant biomass, harvest index, 100 seed weight, number and

1000 kernel weight reduced under imposed high

temperature stress conditions in all chickpea genotypes.

Early flowering and heat tolerant ICVV 92944 and JGG1

chickpea genotypes revealed high biological yield, harvest

index, number of pods and pod weight, number of branches,

dry matter at physiological maturity, number of seeds per

plant. The results reveals that, ICVV 92944 and JGG1

chickpea genotypes will be more resilient to the impact of

high temperature stress and allow plasticity in sowing dates

and augment prospects for expanding area of chick pea to

new niche.

Keywords: Chickpea, High temperature, Heat tolerance,

early flowering, Phenological development

Chickpea is grown in semiarid regions of the world for

hundreds of years, Primarily in India, Pakistan and

Middle East (Kumar and Abbo, 2001). Terminal drought

and heat stress is the major abiotic constraints to

chickpea in the semi arid tropics where chickpea is

largely grown as rainfed in the post rainy season on

receding soil moisture.  In addition to terminal drought,

heat stress has become a major constraint to chickpea

production in South Asia, Sub- Saharan Africa and in

several other countries become of increasing chickpea

areas in warm short season environment. The

reproductive stage of chickpea is known to be more

sensitive to temperature extremities than the

vegetative stage. High temperature can adversely

affect pollen viability, fertilization and seed

development there for reducing harvest index. High

temperature adversely affects seed germination,

photosynthesis, respiration, membrane stability,

fertilization, fruit maturation, quality of seeds, nutrient

absorption, protoplasmic movement, transport of

materials and also modulated level of hormones and

primary and secondary metabolites (Wahid et al., 2007

and Summerfield et al., 1984).Marked reduction in

seed yield after brief episodes of high temperature (30-

35°C) during seed filling can diminish seed set, seed

weight and accelerate senescence and reduce yield

(Siddique et al., 1999). A minimum decrease of 53 kg/

ha of chickpea yield was observed in India per 1OC

increase in seasonal temperature (Karla et al., 2008).

The main adverse effect of this stress at the time of
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sowing is poor germination and seedling mortality

resulting in to poor crop stand and consequently seed

yield. Thus chickpea genotypes with reproductive heat

tolerance had high yield stability under terminal high

temperature stress condition. Keeping this problem

in mind chickpea genotypes were evaluated for late

sown high temperature stress condition. Therefore,

the objective of the present study was to identify the

physiological traits and chickpea genotypes associated

with high temperature stress tolerance.

Materials and Methods

An experiment was conducted at Jawaharlal Nehru

Agricultural University, Jabalpur, Madhya Pradesh

(India) during rainy seasons of 2012-13 and 2013-14.

The experimental material comprised of thirty one

chickpea genotypes. The crop was exposed to high

temperature stress by staggered date of sowing i.e.,

first date of sowing in  last November (22th Nov.) and

second date of sowing in first week of January (9th Jan.).

The experiment was laid out in a Randomize Block

Design (RBD) in three replications. 31 genotypes were

evaluated under normal and late sown conditions

using a simple screening method in the different

periods of growth. The phenological observations

were noted from five selected and tagged plants

throughout the growth period through daily visual

observations.

Results and Discussion

Genotypes were classified on the basis of mean value

of early flowering trait (55 days) and seed yield per

plant (14.10 gms). Genotype ICVV 92944 and JGG1

were selected as rapid flowering and heat tolerant

genotypes and Pusa green 112 and RGS 991 were

selected as late flowering and heat susceptible

genotypes. Reproductive development particularly

pollen viability and pollen production per flower in

chickpea are the most sensitive physiological processes

to high temperature stress (Prasad et al., 2008:

Dasaviratham et al., 2012) but a typically, Genotype

ICVV 92944 and JGG1 complete its reproductive

growth before male and female organ development

get exposed to high temperature stress condition by

early flowering which enable it to stabilize its yield

under heat stress condition. In consistent with our

results, Devasirvatham et al. (2015) also reported that

grain yield under high temperatures was found to be

negatively correlated with days to flowering and days

to maturity. Heat tolerant character of ICVV 92944 and

JGG1 was also ascribed to its high PAR utilization and

interception, energy utilization efficiency and dry

matter production which is in consistent with

Nagarajan et al. (2010) who stated that heat-tolerant

variety will be usually characterized by higher

photosynthetic rate. Early flowering and maturing trait

in ICVV 92944 and JGG1 is a consequence of rapid

phenological development as a result of plasticity in

ontogenic development. Y ield and its related

attributes viz. plant biomass, harvest index, 100 seed

weight, number and 1000 kernel weight reduced under

imposed high temperature stress conditions in all

chickpea genotypes. Early flowering and heat tolerant

ICVV 92944 and JGG1 chickpea genotypes revealed

high biological yield, harvest index, number of pods

and pod weight, number of branches, dry matter at

physiological maturity, number of seeds per plant

which is in consistent with Devasirvatham et al. (2015)

who reported that grain yield under high temperatures

was found to be positively correlated with plant

biomass, number of filled pods per plant and number

of seeds per plant. The results reveals that ICVV 92944

and JGG1 chickpea genotypes will be more resilient

to the impact of high temperature stress and allow

plasticity in sowing dates and augment prospects for

expanding area of chick pea to new niche. The

identified heat tolerant germplasm have the potential

to be used in molecular breeding/genetic engineering

programme for the development of high temperature

tolerant chickpea genotypes.



Fig 1. Scatter pot depicting classification of chickpea genotypes on the basis of days to 50% flowering and

seed yield under late sown condition

Table 1. Phenological performance of early flowering heat tolerant (JGG1 & ICVV-92944) and late flowering

heat susceptible (Pusa Green 112 & RGS 991) chickpea genotypes under late sown condition

Genotypes Days to Days to Days to Days to Days to Dry matter Harvest

1st 50%  1st  pod  pod physiological production Index

 flower flowering initiation  maturity   maturity at

 physiological

maturity

JGG 1 49.8 54.0 60.0 81.7 90.3 21.1 49.7

ICVV-92944 43.3 53.0 56.1 80.2 88.0 25.1 50.1

Pusa Green 112 54.3 59.5 62.0 87.3 95.5 17.3 44.3

RGS 991 56.3 60.3 64.6 85.5 93.0 14.5 41.8

Table 2. Yield and yield attributes of early flowering heat tolerant (JGG1 & ICVV-92944) and late flowering

heat susceptible (Pusa Green 112 & RGS 991) chickpea genotypes under late sown condition

Pod Seed No. of No. of No. of 100 seed Biological Harvest

weight weight seed per  pods per branches  weight yield  Index

plant plant

JGG 1 28.3 20.5 53.7 52.7 24.2 14.8 5521.3 49.7

ICVV-92944 25.4 19.9 50.4 49.7 24.7 22.2 6353.8 50.1

Pusa Green 10.6 8.9 34.4 32.3 27.7 16.3 3656.4 44.3

112

RGS 991 9.81 7.0 44.4 36.8 26.8 18.2 4139.3 41.8
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Abstract

The study was initiated to find out the growth characters of

wheat crop under Dalbergia sissoo Roxb. based agri

silviculture system of Agroforestry during the year 2016-17

in 20 years old Dalbergia sissoo plantation, planted at a

distance of 5 m X 5 m. The correlation coefficients amongst

different growth characters on wheat yield had significant

positive association with plant height (0.807), number of

tiller (0.924), 1000 grain weight (0.917) and crop - shoot

biomass (0.966). Growth characters viz., plant height,

number of tiller, crop - shoot biomass, length of ear head

and 1000 grain weight had positive and significant

association. Association of plant height with number of tiller

was positive. Association of plant height with number of

tiller was positive but non-significant.

The regression analysis revealed that, linear increase in

wheat yield was predicted with plant height, number of tiller,

length of ear head, 1000 grain weight  and crop-shoot

biomass with the increase in yield of wheat could be

predicted by 3.63,1.01,19.67,2.76 and 0.01  kg/ha,

respectively with the increase of one unit of each parameter.

Length of ear head, 1000 grain weight, and plant height is

the most important characters towards the prediction of

yield. The value of coefficient of determination (R2) for crop-

shoot biomass 0.93, length of ear head is 0.49, 1000 grain

weight 0.84, followed by plant height 0.65, and for number

of tiller 0.85.

The correlation coefficients between different growth

characters and tree biomass had significant positive

association with tree height (0.729). dbh (0.977) and Volume

(1.000). Association of tree height with dbh i.e. (0.585) was

positive but non-significant.

Key words: D. sissoo, Correlation, Regression, Growth

characters, Wheat, Yield.

Agroforestry is an ideal option to increase the

productivity of land, increase tree cover outside the

forest and reduce human pressure on forest under

different agro-ecological regions and is also a viable

option to prevent and mitigate change effect.

Dalbergia sissoo is a medium to large sized tree

belonging to the family leguminacae. It attains a height

upto 30 m. It is having multiple uses as fuel, wood,

fodder, shade and nitrogen fixing ability. Despite its

adaptability to varied agro-climatic conditions,

monoculture being risk proven, suitable crop

combination in the inter spaces of D. sissoo plantation

which can generate extra income, improved

productivity per unit area as a result of efficient

utilization of solar radiation and natural resources and

inputs which ameliorate and improve ecological

situations by providing the proper pruning intensities.

This led to the thinking of diversified cropping system

between the interspaces of D. sissoo plantations.

Pruning is a common silvicultural practice to increase

wood production, improve tree shape and potential

uses to obtain poles and firewood without decrease

in wood productivity. It involves removal of live or dead

branches or multiple leaders from the tree. Pruning

of tree component is a powerful approach to regulate

light, nutrients and other resource competition (Frank

and Eduaro, 2003, Subramanian et. al 2003).The

pruning treatment can effectively change the micro-

climate under canopy (such as increased air temp, soil

JNKVV Res J 51(1-3): 82-88(2017)



water content and decrease the relative humidity).

Many scientists reported the effect of height and

intensity of pruning on biomass production (Das and

Dalvi, 1981, Draper and Smith 1981). Trees have been

given different pruning treatments so the differences

in growth and development may be observed. It

improves wood quality and tree stem shape. Pruning

decreases the tree taper and increases the volume and

medium pruning intensity has highest volume increment.

Wheat is an important cereal crop of Madhya Pradesh.

It contributes around 24% of total cereal production.

Since it is a staple crop with high consumption, any

increase in growth character might have significant

effect on human consumption throughout the world.

Keeping the above facts in view, the present

investigation was undertaken.

Materials and methods

The study was initiated to find out the association of

growth characters of wheat crop under Dalbergia sissoo

Roxb. based agri silviculture system of Agro-forestry

during the year 2016-17 in 20 years old Dalbergia sissoo

plantation, planted at a distance of

5 m X 5 m. The soil of the experimental field was clay

loam in texture and almost neutral in reaction. The

available nitrogen, phosphorus and potash in the soil

were 288 (medium), 20 (medium) and 170 (very low)

kg/ha, respectively. Jabalpur is situated at 230 3" North

Latitude and 79.5o5" East Longitude with an altitude of

411.78 m above mean sea level. It comes under the

Agro climatic regions classified as Kymore Plateau and

Satpura Hills and is broadly known as Rice-Wheat Crop

Zone of Madhya Pradesh. The climate of the region is

sub-tropical with hot dry summer and cold dry winter.

The mean annual rainfall of Jabalpur is 1250 to 1400

mm mostly received between mid of June to September

with occasional rains during winter. The mean monthly

temperature reaches as high as 450C during summer.

To measure the direct influence of one variable upon

another and permit the separation of correlation

coefficient into component of direct effect a predictor

variable upon its response variable and indirect effects

of a predictor variables in the integrated structure of

the plant, the overall correlation was observed amongst

the different variables, is a function of direct and indirect

relationship between different variables, due to the long

life span of trees. Analysis of growth characters is a very

important aspect of variation and selection studies. This

correlation and regression study gives an insight into a

complex relationship between different growth

characters in a biological system.

With the advances in computer programming, multi

variate techniques are increasingly being used in the

analysis of biological data. It is necessary to have the

linear relationship among the different growth

characters and quantified information on how the

growth characters affect the yield.

The correlation matrix amongst different crop and tree

growth characters and wheat yield and tree stand

biomass was calculated as suggested by Sendecor and

Cochran (1967) with the following formula.

In order to predict the effects of different variables on

yield of wheat and tree stand biomass regression models

were used and coefficient was correlated to interpret

quantitative change in yield. The following regression

equation was used

  = a + bx

Where,

       = wheat yield and tree stand biomass

a and b are regression constant and regression

coefficient, respectively

X = variables (growth characters of wheat and tree).
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Result and discussion

Correlation

The correlation coefficients amongst different growth characters on wheat yield had significant positive

association with plant height (0.807), Number of tiller (0.924), and crop - shoot biomass (0.966), 1000 grain weight

(0.917).  Growth characters viz., plant height, no. of tiller, crop - shoot biomass, length of ear head and thousand

grain weight had positive and significant association. Association of plant height with number of tiller was positive

(Table  1).

Table 1 Correlation matrix of wheat yield (q./ha) with different growth and yield parameter

Character No. of Length of 1000 grain Crop-shoot Yield

tiller  ear head  weight  biomass  (q/ha)

(cm)

(X
2
) (X

3
) (X

4
) (X

5
) (Y)

X
1
- Plant height (cm) 0.859 0.769 0.950* 0.884 0.807

X
2
- Number of tiller (per 0.554 0.961** 0.983** 0.924*

meter  row length)

X
3
- Length of ear head (cm) 0.735 0.617 0.589

X
4
 -1000 grain weight (g) 0.978** 0.917*

X
5
- Crop-shoot biomass 0.966**

(kg/ha)

*Significant at 0.05 level of probability

**Significant at 0.01 level of probability

Regression

The regression analysis revealed that, linear increase in wheat yield was predicted with plant height, number of

tiller, length of ear head, 1000 grain weight and crop-shoot biomass with  the increase in yield of wheat could be

predicted by 3.63, 1.01, 19.67,2.76 and 0.01 q./ha, respectively with the increase of one unit of each parameter

(Table  2 and Figure  1 & 2). Length of ear head, 1000 grain weight and plant height is the most important characters

towards the prediction of yield. The value of coefficient of determination (R2) for crop - shoot biomass 0.93,

length of ear head was 0.49, thousand grain weights 0.84, followed by plant height 0.65 and number of tiller 0.85

(Yadav et. al. 2006)



Table 2  Linear regression equation of different growth and yield   parameters with wheat yield (q/ha)

Variable  Y


= a + bx Coefficient of

Determination  (R2)

Plant height (cm) - 203.59 + 3.63 X
1

0.65

Number of tiller(per meter row length) - 66.05 + 1.01   X
2

0.85

 Length of ear head (cm) -140.26 + 19.67 X
3

0.49

1000 grain weight (g) - 49.54 + 2.76   X
4

0.84

Crop-shoot biomass (kg/ha) - 41.44+0.01     X
5

0.93

Fig.1 : Regression of wheat yield (q./ha) with different growth yield   parameters



Fig.2 :  Regression of wheat yield (q./ha) with different growth yield   parameters

Correlation

The correlation coefficients between different growth characters and tree biomass had significant positive

association with tree height (0.729). dbh (0.977) and Volume (1.000). Association of tree height with dbh i.e.

(0.585) was positive but non-significant (Table  3).

Table 3.Correlation matrix of tree biomass (t/ha) with different tree growth

Character Dbh (cm) Volume (m3/ha) Biomass (t/ha)

(X
2
) (X

3
) (X

4
)

X
1
 - Tree height 0.585 0.729 0.729*

X
2
 - Dbh - 0.977 0.977**

X
3
 - Volume - - 1.000**

*Significant at 0.01 level of probability

**Significant at 0.01 level of probability



Regression

The regression analysis revealed that, the linear increase in tree biomass  was predicted with tree height,  diameter

and cylindrical volume  and  the increase in tree biomass could be predicted by 38.31, 13.51, 0.77 kg/ha,

respectively with the increase of one unit of each parameter (Table  4  and Figure 3). The value of coefficient of

determination (R2) for cylindrical volume was 1.00 followed by stem diameter 0.95 and tree height 0.53.

Table 4 . Linear regression equation of different tree growthparameters with tree biomass (t/ha)

Variable  Y


= a + bxx Coefficient   of

 Determination  (R2)

Tree  height (m) -285.85 + 38.31X
1

0.53

dbh (cm) -153.55 +13.51X
2

0.95

Volume (m3/ha) -0.003 + 00.77X
3

1.00

Fig. 3:  Regression of tree biomass (t./ha) with different growth and yield parameters



Conclusion

It is concluded that out of 5 growth characters of

wheat, significant characters like Plant height (cm),

Number of tiller (per meter row length), 1000 grain

weight (g) and Crop-shoot biomass (q./ha) were found

to be important towards the yield of wheat crop and

were significant at 0.05 level of significance, other

factor was found non-significant. The volume of D.

sissoo was predicted on the basis of dbh and height as

independent variable for the prediction of fair accuracy

for stand biomass of a tree.
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Abstract

Geometric and gravimetric properties of grain are necessary

for designing the equipment for processing, sorting, sizing

and other post-harvest operations. The aim of this study is

to determine the geometric and gravimetric properties of

polished rice (Pusa Sugandha-1).

The geometric properties i.e. length, breadth, thickness,

sphericity, size, L/B ratio and the gravimetric properties i.e.

bulk density, true density, porosity and test weight were

measured. The experiments were conducted at fourteen

percent moisture content (wb). The average kernel length,

breadth and thickness were observed as  8.17, 1.60 and 1.54

mm respectively. The size and volume were recorded as 2.77

mm and 10.53 mm3 respectively. The sphericity was found

33.90. Bulk density, true density and porosity were observed

as 798 kg/m3,1412.56 kg/m3 and 43.4 percent respectively.

Test weight of polished rice was recorded as 16.82 grams.

The L/B ratio was found 5.10. This rice will be characterized

as extra-long (> 7 mm), slender shape (L/B> 3) in an

international market.

Key words: Polished rice, geometric, gravimetric, dehusking.

Rice (Oryza sativa L.) is the most important and

extensively grown food crop in the world (IRRI, 2013).

As a cereal grains, it is the most widely consumed

staple food for a large part of the world's human

population, especially in Asia. India is the second

largest rice producer, exporter and consumer after

China. Rice is the main food approximately for sixty

per cent of the Indian population.

Determining geo-gravimetric properties of rice can

facilitate design of machinery for planting, harvesting,

storing and processing operations such as threshing,

handling, cleaning and drying (Ashtiani et al., 2010;

Ghasemlou et al., 2010). Rice not only supply the

energy (calorie) need but also fulfill much of their

requirement of proteins, vitamins and other nutrients.

Total nutrient content of rice are carbohydrate (77.8

g), protein (6.8 g), fiber (1.4 g), fat (0.6 g) and energy

344 Kcal (Verma and Shukla, 2011).

Paddy consists of 18-24 % husk, 8-12 % bran depending

on the milling degree and 68-72 % white rice

depending on the variety (IRRI Rice Knowledge Bank,

2017). Rice is also available in the form of brown rice,

white rice, sweet rice, jasmine bhutanese red rice and

forbidden rice.

Rice is obtained after dehusking the paddy and is

termed as brown rice. When outer layer bran is

removed, the rice is termed as polished rice. The

process is known as whitening or polishing.

Material and methods

The experiments were carried out in the rice milling

laboratory of Post-Harvest Process and Food

Engineering Department, College of Agricultural

Engineering, JNKVV, Jabalpur.

Determination of moisture content

According to the standard procedure of AOAC (1980),

weighed samples of kernel is kept in a pertydish and

dried in a hot air oven at 1050C for 24 hours. The
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moisture content was determined by following

formula

Weight of moisture

Moisture % (wb) =                                       × 100

 Weight of sample

Cleaning and grading

 The Pusa sugandha-1 variety of rice was cleaned and

graded by laboratory model air screen cleaner (Model

- Delux, S.No: T.S.G. 135). The clean paddy was shelled

by rubber roll sheller (Indosaw Industrial Products Pvt.

Ltd.) and polished by friction polisher (Osaw Industrial

Products Pvt Ltd).

Plate 1. Polisher

Plate 2. Rubber roll Sheller

Geometric properties

Hundred kernels were randomly selected for

measurement of length, breadth and thickness. These

parameters were determined by using a digital dial

gauge (least count 0.01 mm). Length was taken as the

largest intercept of the kernel at resting position,

breadth was taken as the largest intercept

perpendicular to the length and thickness was

measured as the largest intercept perpendicular to the

length and breadth.

Size

Size and shape are important physical properties and

are used to describe the object. Size measurement

analyzed behavior of grain during handling, processing,

storage and designing the machinery using following

expression.

Size = (length x breadth x thickness) 1/3

Size = (l x b x t) 1/3

L/B ratio

In India, most of the rice varieties are long (more than

7 mm) and slender in shape (L/B >2.5 and < 3). The

shape of the grain influenced volume and weight.

Slender varieties of paddy or rice occupy more volume

than round varieties. Therefore, one ton of a slender

variety of paddy will need more storage space than

the same weight of round variety of paddy. Size and

shape of rice affects many other properties, namely,

sieving, dehusking, polishing, storage as well as

cooking.

Sphericity

Sphericity is defined as the ratio of the diameter of a

sphere of same volume as that of the sphere particle

and the largest diameter of the sphere. This parameter

shows the shape character of the particle relative to

the sphere having the same volume. The sphericity

() of the kernels was calculated as (Curray et al. 1951).



      (l x b x t) 1/3

 Sphericity=

I

Volume

The unit volume of the rice kernels was calculated by

the following relationship (Varnamkhasti et al., 2007).


Volume, V    =           × (l × b × t)

6

Where,

V = unit volume (mm3).

l, b and t = length, breadth and thickness of grain (mm)

Gravimetric properties

Bulk Density

The density of the grains is used in the design of storage

bins and silos, separation of desirable materials from

impurities, cleaning and grading, evaluation of the

grain maturity etc.

The bulk density of the rice kernels is the density of

whole grains (including the voids). It was determined

by filling a 100 ml cylindrical vessel with rice kernels,

tapping it twice to cover the extra space between the

kernels and then weighing the contents of the vessel

using a weighing balance. The volume of the vessel

taken as the volume of the rice kernels. Bulk density is

the ratio of the mass of the sample to its total volume.

Mass of sample (kg)

Bulk density =

Total volume (m3)

True Density

The true density of the rice kernels is the density of

grains excluding the voids. This was determined by the

toluene (C
6
H

5
CH

3
) displacement method. In this

method, toluene was filled in a 100 ml measuring

cylinder and then same mass of sample that was taken

for bulk density was put into the vessel containing

toluene. The displacement of toluene level in the

vessel on putting rice kernels was noted down. The

ratio of the mass of rice kernels to the volume of

displaced toluene gave the true density.

Mass of sample (kg)

True density =

Volume displaced (m3)

Porosity

The porosity of rice grains refers to the fraction of the

pore spaces in the bulk grain that is not occupied by

the grain. It is calculated from the values of true density

and bulk density by the following relationship

(True density - Bulk density)

Porosity =                                                          x 100

     True density

Test weight

Thousand grain weights of different rice samples was

determined by counting one hundred rice kernels,

weighing them on a weighing balance and then

multiplying it with the factor of 10 (Varnamkhasti et

al., 2008).

Results and Discussion

The length, breadth and thickness are very important

geometric characteristics for deciding the size of

opening of air screen cleaners. A summary of the

results of the geo-gravimetric properties of polished

rice (Pusa Sugandha-1) is shown in Table 1 and 2. The

average length, breadth and thickness were 8.17, 1.60

and 1.64 mm respectively. The ratio of length and

breadth was obtained as 5.10. Tiwari et al. (2017)

conducted a study to evaluate of physical properties

of brown rice (MTU 1010) and reported average

values of length, breadth and thickness as 6.39, 2.14

and 1.9 mm.

The shape and L/B ratio are very important for

designing the indents of disc and cylindrical separator.

Shape is very important for design of helices of spiral

separator also.Extra-long (> 7 mm) rice gets high price

in national and international market. Rice is also

grouped in three grades i.e. super fine (L/B >3), fine

(L/B > 2.5) and common (L/B<2.5) on the basis of

above ratio (Araullo et al.,1985).



Size of polished rice was observed in the range of 2.52-

2.89 mm. The size of the grain is useful in estimation

of the projected area of a particle moving in the

turbulent or near- turbulent region of an air steam

(Omobuwajo et al., 1999).

The sphericity of polished rice was observed as 33.9,

which indicates elongated shape of the grains and

makes it difficult to roll on surface. This was lower than

corresponding value of sphericity (35.72) reported by

Tiwari et al (2010) for Sugandha-3 variety of  rice.

While the value of sphericity of paddy (var. Sazandegi)

was 39.88% (Varnamkhasti et al., 2007).

The bulk density, true density, and porosity of polished

rice were observed as 798.60 kg/m3 , 1412.56 kg/m3,

and 43.4 percent respectively. Varnamkhasti et al.

(2007) studied true density, bulk density, and porosity

of rough rice (Sazandegi) and reported the values as

471.21 kg/m3, 1193.38 kg/m3 and 60.3 percent

respectively. The similar results 592.50 kg/m3, 1145.88

kg/m3 and 48.09 percent respectively, were also

observed by Tiwari and Sharma (2012) for brown rice

(WGL 32100). These properties are used for designing

the size of opening of screen.

Thousand grain weight is commercially very important

as it characterized various grades like extra heavy,

heavy and moderately heavy, which decides the export

price. Thousand-grain weight of polished rice was

recorded as 16.82 grams. Since the weight of polished

rice is less than 20 grams it will be characterized in

moderately heavy group.

Plate 3. Paddy

Plate 4.  Polished rice

 Table 1 Geometric  properties of polished rice (Pusa Sugandha-1)

Properties Number of observations Mean value Minimum value Maximum value

Length (mm) 100 8.17 7.43 8.24

Breadth (mm) 100 1.60 1.59 1.76

Thickness (mm) 100 1.54 1.36 1.68

Size (mm) 100 2.77 2.52 2.89

L/B ratio 100 5.10 4.67 5.29

Volume (mm 3) 100 10.53 8.40 12.75

Sphericity 100 33.90 33.64 35.18



Table 2.  Gravimetric properties of polished rice (Pusa Sugandha-1)

Properties Number of Mean  value Minimum value Maximum value

 observations

True density (Kg/m3) 5 1412.56 1289.14 1506.23

Bulk density (Kg/m3) 5 798.60 756.43 812.12

Porosity (%) 5 43.46 41.32 46.08

Test weight (g) 5 16.82 15.58 17.43

Fig. 1 Geometric properties of polished rice      Fig. 2 Gravimetric properties of  polished rice

The results of geometric and gravimetric properties of Pusa Sugandha-1 at fourteen percent moisture content

(wb) are shown in Table 1 and 2 respectively. The average length, breadth and thickness were observed as 8.17,

1.60 and 1.54 mm respectively. The average size, L/B ratio and volume were determined 2.77 mm, 5.10 and

10.53 mm3. The bulk density true density, and porosity were observed 798.6 kg/m3, 1412.56 kg/m3 and 43.46

percent. The sphericity of rice was 33.90 percent which shows that rice is elongated and will create friction in

rolling.
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Abstract

The experimental material consisting of forty-one genotypes

of garlic were planted on plot size of 1.0 m x 1.0 m in a

Randomized Complete Block Design with three replications

to observed growth and morphological, yield parameters

and qualitative characters. The present study revealed that

the phenotypic coefficient of variation was higher than the

corresponding genotypic coefficient of variation for all the

traits which might be due to interaction of the genotypes

with the environmental to some degree or other explaining

environmental factors influencing the expression of these

characters. High phenotypic and genotypic coefficient

variation was observed for average weight of 10 cloves

(38.47, 36.00), number of cloves per bulb (25.63, 24.32),

marketable bulb yield per plot (24.98, 23.58), marketable

bulb yield per hectare (24.19, 24.00), total bulb yield per

plot (23.60, 23.41), total bulb yield per hectare (23.60, 23.41)

and bulb yield per plant (20.65, 19.75), which suggests

greater phenotypic and genotypic variability among the

accessions and responsiveness of the attributes for making

further improvement by selection. High heritability coupled

with high genetic advance as percentage of mean was

observed for marketable bulb yield per hectare(98.45, 49.05)

followed by total bulb yield per plot (98.45, 47.87), total

bulb yield per hectare (98.44, 47.86), bulb yield per plant

(91.44, 38.90).

Key words: GCV, PCV, Heritability, Genetic Advance, Garlic

Garlic ( Allium sativum L.) is an herbaceous annual for

the bulb production. It belongs to family

Amaryllidaceae. Primary centre of origin of garlic is

Central Asia and Southern Europe and secondary

centre is Mediterranean region (Thompson and Kelly,

1957). The plant has narrow flat leaves bulb, are

whitish grouped to gather in a globular head or umbel

with an enclosing kind of leaf or spathae and among

them are small bulbils. The compound bulb has smaller

bulblets called 'cloves' which are covered with white

or pinkish skin.

In India, garlic occupies an area of 261 thousand

hectares with total annual production of about 1400

thousand tonnes and productivity of 5.43 tonnes per

hectare. Among different states of India, Madhya

Pradesh is the leading state accounting for 60.0

thousand hectares area and 270.0 thousand tonnes

of production and productivity 4.60 tonnes per hectare

(NHB, 2016). The major garlic producing states are

Gujarat, Rajasthan, Orissa, U.P. and Maharashtra. It is

an important foreign exchange earner.

It is mostly a coss pollinated crops. Despite many good

attributes, the crop has remained  unexploited owing

to low productivity, photosensitivity and there is no

single variety / cultivar which has occupied a large area

in Madhya Pradesh. Only local types, traditional farmer

collections and cultivars are being cultivated. The

consumer preference also varies with respect to bulb

size, colour and aroma. The efforts of improving the

crop by utilizing indigenous and exotic germplasm have

been useful in breaking the yield barriers

( Shivashanker et al. 1993 ).

Crop improvement is based on available genetic

variability and extent to which the desirable characters

are heritable. Hence, studies on genetic variability with

JNKVV Res J 51(1-3): 95-100(2017)



the help of suitable genetic parameters become

indispensable for an effective breeding progamme.

Yield is very complex entity influenced by several yield

components sensitive to the environmental

fluctuations. Thus, the selection based on yield

components will have better chance of success.

Material and Methods

The experiment was conducted at Vegetable Research

farm BSP-unit, Department of Horticulture,

Maharajpur, JNKVV, Jabalpur (M.P.) during the rabi

season 2017-18.  The soil of the experimental field was

medium black with good drainage and uniform texture

with medium NPK status. The experiment was laid out

in Randomized Complete Block Design with three

replications and each replication consisted of forty-

one genotypes. All the genotypes were randomized

separately in each replication. All the Forty-one

genotypes of garlic (Allium sativum L.) collected from

different locations of the district of Madhya Pradesh.

Statistical analysis

  Mean: It was calculated by using following formula.

Mean =   x
                                               N

Where,

x   = The sum of all the observation

N     = Number of observation

Genotypic coefficient of variation (GCV):

GCV% = 

2݃݅ߪ√

ܺ݅തതത
   X 100

 Phenotypic coefficient of variation (PCV):

PCV% = 

݅2ߪ√

ܺ݅തതത
   X 100

Where,

Xi  =  General mean of the ithcharacter under

consideration

  2 gi and   2 pi = Genotypic and phenotypic standard

deviation of the character    respectively.

Heritability

Heritability (broad sense) which is ratio of genotypic

variance to the total  phenotypic variance is symbolized

as h2(BS) and expressed in percentage. Estimation of

heritability was done as per the formula given by

Hanson et al. (1956).

                       h2(BS) =2gi/2Pi x 100

Or

        =
(Genotypic Variance of the ith  Character)

(Phenotypic Variance of the ith Character)

Genetic advance

 Expected genetic advance was calculated by using the

method suggested by Johnson et al. (1955) at 5%

selection intensity.

Genetic advance (GA) = K. P
i
 .h

2

i

Genetic advance as percentage of mean was calculated

as follows.

                                     Genetic advance

                                                 ܺ݅തതത 

Where,

K = Selection intensity its value at 5% selection level

is 2.06

P
i

= Phenotypic standard deviation of the ith

character

h2i = Broad sense heritability (fraction) of the ith

character

X
i

= General mean of the i th character under

consideration

Results and Discussion

Estimation of components of genetic parameters of

variation for yield and its attributes exhibited a wide

range of variation for the characters studies (Table 1).

Result indicated that the value of phenotypic coefficient

of variations were of higher in magnitude than that of

genotypic coefficient of variation for all the characters



showing that the environment had an important role

in influencing the expression of the characters

         The phenotypic coefficient of variation ranged

from 1.69% (number  of leaves per plant at 60 DAS) to

38.47% (average weight of 10 cloves). The phenotypic

coefficient of variations was highest for characters viz.,

average weight of 10 cloves (38.47%),  number of

cloves per bulb (25.63%), marketable bulb yield per

plot (24.98%), marketable bulb yield per hectare

(24.19%), total bulb yield per plot (23.60%), total bulb

yield per hectare (23.60%) and bulb yield per plant

(20.65%). However, it was exhibited in low for

characters like number of leaves per plant at

60(1.69%), 90(2.00%), 120DAS, (2.16%) and ,

equatorial diameter of bulb (2.92%), plant hight at

120,(2.99%) 60 DAS, (3.06%), number of leaves per

plant at 30DAS (3.26%), polar diameter of bulb (3.66%),

plant hight at 90 (3.68%), 30 DAS (4.68%).  and pseudo

stem length (7.91%), pseudo stem diameter (8.07%),

leaf length (8.57%), leaf width (8.64%), exhibited

moderate phenotypic coefficient of variation.

The findings are in close harmony with Singh et

al.(2012) and Dhall and Brar (2013) for average weight

of 10 cloves, Hayder et al. (2007), Yadav et al. (2011),

Singh et al. (2012) and Vatsyayan et al. (2013)for

marketable bulb yield per plot, Singh and Chand

(2004), Yadav et al.(2011) and Singh et al. (2012) for

marketable bulb yield per hectare, Agarwal and Tiwari

(2004) Singh and Chand (2004), Singh et al. (2012),

Dhall and Brar (2013), Singh et al. (2015) and Esho

(2015) for number of cloves per bulb, Hayder et al.

(2007) and Vatsyayan et al. (2013) for total bulb yield

perplot, Singh and Chand (2004) for total bulb yield

per hectare, Agarwal and Tiwari (2004), Singh and

Chand (2004), Hayder et al. (2007), Yadav et al. (2011),

Vatsyayan et al. (2013), Singh et al. (2015) and Esho

(2015) for bulb yield per plant.

Genotypic coefficient of variation varied from 1.60%

for number of leaves per plant at 60 DAS to 36.00%

for average weight of 10 cloves (table 1). High

genotypic coefficient of variation was noted for

average weight of 10 cloves (36.00%), No. of cloves

per bulb (24.32%),  marketable bulb yield per hectare

(24.00%), marketable bulb yield per plot (23.58%),

total bulb yield per plot (23.41%) and total bulb yield

per hectare (23.41%) and bulb yield per plant (19.75%).

Number of leaves perplant at 60 DAS (1.60%), 90 DAS

(1.91%), 120 DAS (2.10%), plant height at 60 DAS

(2.47%), number of leaves per plant at 30 DAS (2.52%),

equatorial diameter of bulb (2.62%), plant hight at

120DAS (2.65%), polar diameter of bulb (3.26%), plant

height at 90 DAS (3.32%) and 30 DAS (3.73%), pseudo

stem diameter (5.36%), leaf width (8.33%),  showed

lowest genotypic coefficient of variation. While it was

moderate for rest of the characters such as pseudo

stem length (6.16%) and leaf length (8.01%).

The findings are in close harmony with the result of

Agarwal and Tiwari (2004), Singh et al. (2012), Dhall

and Brar (2013) and Kar et al. (2014) for average weight

of 10 cloves, Hayder et al. (2007), Singh et al. (2012)

and Vatsyayan et al. (2013) for marketable bulb yield

per plot, Singh et al. (2012) and Kar et al. (2014) for

marketable bulb yield per hectare, Agarwal and Tiwari

(2004), Singh et al. (2012), Dhall and Brar (2013), Kar

et al. (2014), Singh et al. (2015) and Esho (2015) for

number of cloves per bulb, Vatsyayan et al. (2013) for

total bulb yield per plot, Hayder et al. (2007) and Kar

et al. (2014) for total bulb yield per hectare and

Agarwal and Tiwari (2004), Hayder et al. (2007),

Vatsyayan et al. (2013), Kar et al. (2014), Singh et al.

(2015) and Esho (2015) for bulb yield per plant.

 The heritability (Broad sense) was computed for each

of the characters by the variance components for

estimating their relative magnitudes of genotypic and

phenotypic variability contributed through

environmental factors. The estimates of heritability

(BS) for all the characters have been discussed as

follows (Table 1). It was partitioned as very high (above

90%), high (70 to 90%), medium (45-70%) and low (less

than 45%).

Result indicated that the heritability estimates were

observed very high for Total bulb yield per plot



(98.45%), marketable bulb yield per hectare (98.45%),

total bulb yield per hectare (98.44%), number of leaves

per plant at 120DAS (94.85%), leaf width (92.97%),

Bulb yield per plant (91.44%), number of leaves per

plant at 90DAS (91.31%), number of cloves per bulb

(90.00%),No. of leaves per plant at 60DAS (89.37%),

marketable bulb yield per plot (89.07%), Average

weight of 10 cloves (87.58%).

However, it was recorded to be high for Leaf length

(87.37%),plant hight at 90DAS (81.70%), and

equatorial diameter of bulb (80.41%), polar diameter

of bulb (79.33%), and plant height at 120 DAS (78.83%).

Low estimation of heritability was recorded for pseudo

stem diameter of bulb (44.14%), number of leaves per

plant at 30 DAS (60.00%), pseudo stem length (60.62%)

and plant height at 30 DAS (63.58%), plant height at

60 DAS (65.23%). Showed moderate heritability.

The results were in close proximate to that of Agrawal

and Tiwari (2004), Singh and Chand (2004), Tsega et

al. (2011), Singh et al. (2012), Dhall and Brar (2013),

Vatsyayan et al. (2013) and Sandhu et al. (2015) for

number of cloves per bulb, Agrawal and Tiwari (2004),

Singh and Chand (2004), Tsega et al. (2011), Singh et

al. (2012), Dhall and Brar (2013), Vatsyayan et al.

(2013), Singh et al. (2015) and Sandhu et al. (2015)

for bulb yield per plant, Singh and Chand (2004), Tsega

et al. (2011), Yadav et al. (2011), Singh et al.(2012),

Vatsyayan et al. (2013) and Sandhu et al. (2015) for

average weight of 10 cloves, Singh and Chand (2004),

Awale et al. (2011) and Sandhu et al. (2015) for leaf

width, Singh and Chand (2004) and Singh et al. (2012)

for marketable bulb yield per hectare, Tsega et al.

(2011), Yadav et al. (2011), Singh et al. (2012) and Dhall

and Brar (2013) for plant height, Tsega et al. (2011)

for leaf length, Yadav et al. (2011) for pseudo stem

diameter, Yadav et al. (2011), Singh et al. (2012) and

Singh et al. (2015) for equatorial diameter of bulb,

Yadav et al. (2011), Singh et al. (2012) and Singh et al.

(2015) for polar diameter of bulb, Singh et al. (2012)

and Vatsyayan et al. (2013) for marketable bulb yield

per plot.

   Based on the estimate of heritability (BS) expected

genetic advance was computed on the hypothetical

selection at 5 per cent best individual (K= 2.06). Due

to masking influence of environment upon characters

concerned, values of genetic advance exhibited high

fluctuations. Therefore, to attain relative comparison

of the characters in relation to environment genetic

advance as percentage of mean was calculated to

predict the genetic gain (Table 1).

Genetic advance as percentage of mean ranged

between 3.11% for number of leaves per plant at 60

DAS to 69.42% for average weight of 10 cloves. The

highest estimate of genetic advance as percentage of

mean was recorded for average weight of 10 cloves

(69.42%), marketable bulb yield per hectare (49.05%),

Total bulb yield per plot (47.87%), total bulb yield per

hectare (47.86%), number of cloves per bulb (47.52%),

marketable bulb yield  per plot (45.82%) and bulb yield

per plant (38.90%). Leaf width (16.54%) and leaf length

(15.43%), showed moderate value of genetic advance

as percentage of mean. Whereas, low estimates were

observed for number of leaves per plant at 60 DAS

(3.11%), at 90 DAS (3.77%), at 30 DAS (4.03%), plant

height at 60 DAS (4.11%), number of leaves per plant

at 120 DAS (4.21%), equatorial diameter of bulb

(4.84%), plant height at 120 DAS (4.85%), polar

diameter of bulb (5.98%), plant height at 30 DAS

(6.13%), at 90 DAS (6.19%), pseudo stem diameter

(7.35%),  and pseudo stem length (9.88%).

The findings were in agreement to the findings of Singh

and Chand (2004), Tsega et al. (2011), Yadav et al.

(2011), Singh et al. (2012) and Vatsyayan et al. (2013)

for average weight of 10 cloves, Singh and Chand

(2004), Tsega et al. (2011), Singh et al. (2012), Dhall

and Brar (2013), Vatsyayan et al. (2013) and Sandhu

et al. (2015) for number of cloves per bulb, Singh and

Chand (2004), Tsega et al. (2011), Singh et al. (2012),

Dhall and Brar (2013), Vatsyayan et al. (2013) and Singh

et al. (2015) for bulb yield per plant, Singh and Chand

(2004), Singh et al. (2012) and Vatsyayan et al. (2013)

for marketable bulb yield per hectare.
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Abstract

The present investigation was conducted inside polyhouse

at the Vegetable Research Farm Maharajpur, JNKVV, Jabalpur

during the year 2017-18. In the present experiment 2 stages

of mango grafts were selected and each stage has 7

treatments with 3 replication to form Completely

Randomized Design (CRD). The analysis of physiological

parameters like leaf area, leaf area index, leaf area duration,

PAR interception, light transmission ratio and energy

interception revealed that 2 % Urea and 20 ppm GA
3
 during

both stages respond better with respect to these characters

resulting in higher survivality than other concentrations of

treatments applied.

Key words: Urea, GA
3
, Physiology, Mango

The mango ( Mangifera indica L.) is believed to have

been discovered as long as five to six thousand years

in eastern India, Thailand, Myanmar, the Andman

Islands or Malaysia. Mango is the national fruit of India,

where it is known as king of the fruit; not only is it one

of the most highly prized fruits of South asia, it is also

intimately connected with folklore and legends across

many religions.

The productivity of mango in India is only 5.5 tonnes/

ha, which is considerably lower vis a-vis other countries

of the world. Concentrated efforts are to be made to

increase the productivity of mango to meet national

standards and increase its availability for the domestic

as well as export market.

The nutritional requirement of mango by foliar

application reveals that recommended spray of 4 per

cent urea resulted in increased length of terminal

shoots, number of leaves/ shoot, leaf area/ shoot, leaf

nitrogen and water content in Langra and Chausa

cultivars without causing any injury.

The use of growth substances and some chemical

compounds may regulate growth behaviour in many

fruit crops. Exogenously applied plant growth

regulators have modified growth and development in

wide range of plants. Growth of stems and other

organs is promoted by GA
3
 and results  from enhanced

cell division, increased carbohydrate hydrolysis, and

increased cell wall plasticity (Sachs, 1961; Salisbury and

Ross, 1978).

Material and Methods

The present experiment carried out inside polyhouse

at the Vegetable Research Farm, Department of

Horticulture, Maharajpur, JNKVV, Jabalpur (M.P.)

during the session January to April 2017-18. Jabalpur

is situated on Satpura hills and Kaymore plateau agro-

climatic region of Madhya Pradesh. The topography

of experimental field was uniform with good irrigation

facilities. In the present experiment 2 stages of mango

grafts were selected under the experiment and each

stage has 7 treatments with three replication to form

Completely Randomized Design (CRD). Stages of

spraying were at  bud burst stage and open leaf stage.

Leaf Area (cm2)

Leaf area was recorded with the help of Laser leaf area

meter model CI 203.

JNKVV Res J 51(1-3):101-106(2017)



Leaf Area Index

It is the ratio of assimilatory surface area to the per

unit ground area occupied by an individual plant /group

of plants and can be determined as per formula given

by Gardner et al., (1985).

Where, LA
1
 and LA

2
 = leaf area duration two

consecutive intervals

P= ground area

Leaf Area duration

It expresses the magnitude and persistence of leaf area

on leafiness during the period of crop growth. It was

calculated as per Watsons (1952) method.

Where A
1
 and A

2
 = Leaf area

T
1
 and T

2
 = time interval

PAR interception (µmol/m2/sec)

Photo synthetically active radiation (PAR) interception

was determined by using canopy analyzer, which was

placed at the bottom of the crop as well as above the

crop the Pi was determined as per specifications of

Gourangakar and Chakravarty, (2000), as follows:

PAR=Total incident PAR- Transmitted PAR

Light transmission ratio (%)

The light intensity incident on graft canopy surface and

infiltration profile within the canopy at the ground level

was recorded by Luxmeter. It was calculated as per

Golingai and Mabbayads (1969) formula.

Where, I and I
0
 refers to the light intensities at the

ground level and incident on the plant respectively.

Energy interception

The efficiency of the crop canopy for solar energy

interception (E
i
) was calculated as per the formula

given by Hayashi (1966).

Energy interception = Total incoming energy -

  transmitted energy

Results and Discussion

The average performance of leaf area during stage 1

show that treatment T
6
 (493.12) was found superior

over rest of the treatments for LA. Treatment T
2
, T

3

and T
4
  though significant inferior to the former but

they were at par and significant superior to T
1
 and T

0
.

Treatment T
0
  possessed  the significant minimum

value (166.86) for this trait.

The average performance for stage 2 exhibited

that T
6
 (592.65) registered significant more leaf area

over rest of the treatments. Treatment T
2
 (447.19) did

not differ significantly with T
3
 , T

4
 , and T

5
 but proved

significant superiority over the rest. T
0
 possessed the

lowest (194.79) leaf area during this period.

The present investigation revealed that the

application of 2% Urea significantly influenced the

assimilatory surface area and resulted in higher

magnitude of this treatment may be attributed to the

involvement of nitrogen in enhancing the vegetative

growth particularly leaf area. It was further observed

that LA indicate the lowest values when no treatment

was given justifying the use Urea and GA
3
  in increasing

the assimilatory surface area.

The average performance of LAI at stage 1

indicated the same trend in which treatment T6 (5.14)

and T
2
 (4.34) were found significant superior over the

others though they indicated significant difference

between them, T
0
  (1.79.was) found associated with

the significant lowest LAI during this period.

The average performance of LAI at stage 2 indicated

the significant superiority of T
6
 (6.56) over rest of the

treatments. Treatment T
2
 was lagged behind the

former but significant over T
6
 and T

0
 (2.36) though
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indicated numerical differences with T
3
, T

4
  and T

5

which were non-significant.

The optimum LAI reached well before anthesis and fall

progressively as water stressed increased as reported

by Fisher and Kohn (1996). The observations regarding

LAI under various concentrations of Urea and GA
3

indicated that the application of Urea 2 % applied as

foliar application resulted in higher LAI which was

accounted to the increase in LA. The response of LAI

to various treatments was uniform throughout the

growth period.

The average performance of LAD at stage 1 indicated

that  the treatment T6 (7416.1) possessed significant

superiority over other treatments under investigation.

Treatment T
2
 and T

3
 though were at par but significant

over the rest. The lowest value (2460.2) was recorded

in treatment T
0
.

The average performance of LAD at stage 2 indicated

that  the significant maximum value (8982.74) for LAD

was recorded in T
6
. Treatment T

2
 and T

3
 indicated non-

significant differences between them through were

non-significant from therest others except T
6
. The

lowest value was recorded in T
0
 (2911.26).

The present investigation showing that the application

of 2 % Urea had higher magnitude for LAD over the

remaining treatments. The treatments given in the

form of Urea as well as GA
3
 performed superiority over

control which was associated low application of either

Urea or GA
3
.

The average performance of LTR during stage 1 showed

that the maximum (63.15) and minimum (23.05)

values were shared by treatment T
0
 and T

6

respectively.

The average performance of LTR during stage 2

indicated non-significant difference among treatments

though treatment T
0
 and T

6
 registered the maximum

(60.35) and minimum (34.10) values respectively.

The low light transmission through the crop canopy is

reflected in higher value of LAI. More the canopy size

more light interception and less transmission through

the canopies. (Thakur and Kaur, 2001). Though

treatment T
1
  lagged behind the To but proved

superiority over the rest which was attributed to low

performance of LAI and LAD in this treatment

Average performance for Ei showed at treatment T
6
 at

the maximum (0.5943) and T
0
  the minimum (0.4697) in

stage 1.

The average data for E
i
 in stage 2 indicated that the

treatment T
6
 possesses the highest (0.6139) E

i
,

whereas, T
0
  indicated the minimum (0.4835).

Agriculture is basically a system of exploitation of solar

radiation through photosynthesis and the amount of

intercepted photosynthetic photon flux density has

direct relation with leaf area development (Saini and

Nanda, 1985).

In stage 1 the average performance for PAR uptake

indicated the superiority of T
6
 (183.66) over other

treatments. The treatment T
0
 recorded the minimum

(81.40) PAR uptake,

In stage 2 the average performance for PAR

interception exhibited that treatment T
6
 showed the

maximum (189.50) PAR interception whereas, T
0
 is

recorded for minimum (108.13).

The result showed that the treatment T
6
 and T

2
 were

found superior over the other treatments for PAR,

which was ascribed to the higher magnitudes for

parameters associated with assimilatory surface area

possessed by the treatments. The amount of PAR

intercepted by the tree canopy accounts for

photosynthetic efficiency of plants (Thakur and Kaur

2001).
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Table:1:  Effect of Urea and GA
3
 on leaf area in both stages

Treatment Stage 1 Stage 2

30 DAS 45 DAS 60 DAS MEAN 30 DAS 45 DAS 60 DAS MEAN

To =Control 129.81 155.44 215.34 166.86 153.32 191.89 239.18 194.79

T1 = GA
3
  10 ppm 20.3.83 263.11 379.83 282.25 239.24 324.37 430.07 331.22

T2 = GA
3
   20 ppm 275.96 392.25 524.25 397.48 352.20 440.84 548.55 447.19

T3 = GA
3
  40 ppm 258.81 344.33 466.47 356.53 280.16 373.79 496.79 383.58

T4 = Urea 5 % 252.64 331.62 458.80 347.68 285.46 370.85 484.57 380.29

T5 = Urea 1 % 249.30 301.70 464.42 338.47 289.69 381.15 464.97 378.60

T6 = Urea 2 % 361.26 498.23 619.89 493 448.97 617.41 711.57 592.65

SEm (±) 14.23 18.17 17.36 16.58 31.07 31.12 27.25 29.81

CD at 5% 43.88 56.01 53.67 51.18 95.76 95.94 86.20 92.63

Table:2:  Effect of Urea and GA
3
 on leaf area index in both stages

Treatment Stage 1 Stage 2

30-45 DAS 45-60 DAS MEAN 30-45 DAS 45-60 DAS MEAN

To =Control 1.56 2.03 1.79 1.89 2.36 2.36

T1 = GA
3 
 10 ppm 2.55 3.52 3.03 3.08 4.13 3.60

T2 = GA
3
   20 ppm 3.66 5.02 4.34 4.34 5.42 4.38

T3 = GA
3
  40 ppm 3.30 4.44 3.87 3.58 4.77 4.17

T4 = Urea 5 % 3.20 4.33 3.76 3.67 4.63 4.15

T5 = Urea 1 % 3.01 4.19 3.60 3.59 4.68 4.13

T6 = Urea 2 % 4.71 6.12 5.15 5.84 7.28 3.60

SEm (±) 0.118 0.150 0.134 0.212 0.107 0.159

CD at 5% 0.365 0.464 0.414 0.654 0.331 0.492
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Table:3:  Effect of Urea and GA3 on leaf area duration in both stages

Treatment Stage 1 Stage 2

30-45 DAS 45-60 DAS MEAN 30-45 DAS 45-60 DAS MEAN

To =Control 2139.45 2780.95 2460.2 2589.46 3233.06 2911.26

T1 = GA3  10 ppm 3502.16 4822.64 4162.4 427.74 5658.48 4943.11

T2 = GA3   20 ppm 5011.80 6873.62 5942.7 5947.72 7420.33 6684.02

T3 = GA3  40 ppm 4523.57 6081.36 5302.4 4905.01 6529.70 5717.35

T4 = Urea 5 % 4382.18 5928.50 5155.3 5031.26 6345.90 5688.58

T5 = Urea 1 % 4132.57 5745.25 4938.9 4922.34 6415.83 5669.08

T6 = Urea 2 % 6446.82 8385.41 7416.1 7997.93 9967.55 8982.74

SEm (±) 200.812 257.23 229.02 305.889 324.250 315.06

CD at 5% 619.100 739.119 706.109 943.053 999.659 971.35

Table:4:  Effect of Urea and GA3 on Light transmission ratio in both stages

Treatment Stage 1 Stage 2

45 DAS  60 DAS MEAN 45 DAS 60 DAS MEAN

To =Control 68.70 57.60 63.15 71.20 49.50 60.35

T1 = GA3  10 ppm 50.10 35.30 42.70 55.00 37.00 46.00

T2 = GA3   20 ppm 38.50 26.20 32.35 41.30 31.60 36.45

T3 = GA3  40 ppm 41.57 30.40 35.98 41.70 32.10 36.90

T4 = Urea 5 % 48.90 33.80 41.35 50.00 33.60 41.80

T5 = Urea 1 % 49.60 34.80 42.20 51.37 37.30 44.33

T6 = Urea 2 % 27.40 18.70 23.05 39.60 28.20 34.10

SEm (±) 2.94 7.737 2.83 3.60 2.72 3.15

CD at 5% 9.08 NS NS NS NS NS

Table:5:  Effect of Urea and GA3 on Energy interception in both stages

Treatment Stage 1 Stage 2

45 DAS  60 DAS MEAN 45 DAS 60 DAS MEAN

To =Control 0.4356 0.5038 0.4697 0.4500 0.5206 0.4853

T1 = GA3  10 ppm 0.4628 0.5702 0.5165 0.4681 0.5374 0.5207

T2 = GA3   20 ppm 0.5413 0.6301 0.5857 0.5607 0.6403 0.6005

T3 = GA3  40 ppm 0.5210 0.6146 0.5678 0.5165 0.6203 0.6584

T4 = Urea 5 % 0.4825 0.6013 0.5419 0.4961 0.6144 0.5552

T5 = Urea 1 % 0.4667 0.5901 0.5284 0.4719 0.5953 0.5336

T6 = Urea 2 % 0.5427 0.6460 0.5943 0.5688 0.6590 0.6139

SEm (±) 0.005 0.009 0.007 0.044 0.064 0.54

CD at 5% NS NS NS NS NS NS



Table:6:  Effect of Urea and GA3 on PAR interception in both stages

Treatment Stage 1 Stage 2

45 DAS 60 DAS MEAN 45 DAS 60 DAS MEAN

To =Control 60.00 102.81 81.40 100.67 115.60 108.13

T1 = GA
3
  10 ppm 108.00 122.50 115.25 112.00 127.00 119.50

T2 = GA
3
   20 ppm 165.83 173.33 169.58 168.16 176.66 172.41

T3 = GA
3
  40 ppm 139.00 158.16 148.58 140.12 163.14 151.63

T4 = Urea 5 % 130.50 157.66 144.08 135.00 162.00 148.50

T5 = Urea 1 % 113.66 133.83 123.74 120.00 139.00 129.50

T6 = Urea 2 % 173.33 194.00 183.66 180.33 198.70 189.50

SEm (±) 6.67 10.911 8.79 12.728 7.868 10.29

CD at 5% NS NS NS NS NS NS
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Abstract

Fifteen genotypes were used to studies the genetic

variability, heritability, genetic advance, correlation and path

coefficient for growth and yield attributing characters in

fennel. The highest PCV and GCV were recorded in seed yield

per plant, number of secondary branches per plant and

number of primary branches per plant. The highest

heritability was noticed for seed yield per plant, number of

umbelles per plant and number of secondary branches per

plant. Plant height, days to 50% flowering and days to first

flowering exhibited highest genetic advance as percentage

of mean. The seed yield per plant had significant and positive

correlation with number of number of secondary branches

per plant, plant height, number of umbellates per umbel

and test weight. Number of secondary branches per plant,

days to 50% flowering, test weight and number of

umbellates per umbel had direct effect on seed yield per

plant. Therefore, greater emphasis should be given on these

characters for genetic improvement of fennel.

Keywords: Genetic variability, genotypic and phenotypic

correlation coefficient, path coefficient, fennel and seed

yield.

Fennel (Foeniculum vulgare Mill) belonging to family

Apiaceae, is a cross pollinated crop and a diploid

species with chromosome number, 2n =22. It is native

of Europe and Meditarean region (Agarwal et al, 2001).

Fennel is an annual, aromatic herb of 100-180 cm

height. Mature fennel fruits and essential oil are used

as flavouring agents in food products such a liqueurs,

bread, pickles, pastries, and cheese (Zoubiri et al.

2014). Fennel is cultivated throughout the temperate

and subtropical region in the world mainly in the

countries like, Romania, Russia, Hungary, Germany,

France, Italy, India, Sri Lanka, Malaysia, Japan,

Argentina and USA. In India, it is mainly grown in the

states of Gujarat and Rajasthan and to some extent in

U.P., Karnataka, A.P., Punjab, M.P., Bihar, Haryana and

J & K. Total area under the crop in India is about 94070

hectares with production of 135930 tonnes. Fennel is

a cross pollinated crop with high heterozygosity

prevailing in the natural population. Genetic variability

is prerequisite for any crop improvement in a crop.

The survey of genetic variability with the help of

suitable genetic parameters like genotypic and

phenotypic coefficients of variations, heritability

estimates and genetic advance as percentage of mean

are indispensable in breeding programmes aimed at

improvement of seed yield. The heritability measures

the contribution of genetic variability to the total

variability i.e. phenotypic variability observed for any

quantative trait. The estimated heritability can be

utilized for the estimation of genetic gain expected for

the selection of top 5 per cent individuals. Such studied

enable the breeders to have a maximum selection

response of the variance exhibited by population

which is largely due to additive gene effects.

Material and Methods

The experimental materials are consisting of fifteen

genotypes of fennel and evaluated at Vegetable

Research Farm, Maharajpur, Department of

Horticulture, JNKVV, Jabalpur during 2017- 2018. The

JNKVV Res J 51(1-3): 107-112(2017)



collected genotypes were sown in Randomized

Complete Block design with three replications,

whereas, the row to row and plant to plant distance

was 30 and 10 cm respectively. Standard techniques

were adopted in data collection from five selected

plants from each genotypes for nine characters viz.

plant height, number of primary branches per plant,

number of secondary  branches  per plant, days to first

flower initiation, days to 50% flowering ,  number of

umbels per plant, number of umbellets per plant, test

weight and seed yield per plant.

Coefficient of variation, heritability and genetic

advance were estimated as formula given by Panse and

Sukhatme (1976).The genotypic and phenotypic

correlation coefficients were calculated as the formula

by Miller et al. (1958) and path analysis on basis of

method by Fisher and Yates (1963).

Results and Discussion

The analysis of variance revealed significant differences

among the germplasms for most of the characters. The

phenotypic coefficient of variance (PCV) was higher

than genotypic coefficient of variance (GCV) for all the

characters.

The phenotypic coefficient of variation ranged

between 4.75% (days to 50% flowering) to 45.62 %

(seed yield per plant) (Table:1). The highest phenotypic

coefficient of variations was recorded in seed yield per

plant (45.60%), number of secondary branches per

plant (17.26%) and number of primary branches per

plant (15.12%) while it was lowest for days to 50%

flowering (4.47%). Genotypic coefficient of variation

of fennel genotypes varied from 4.18% (days to 50%

flowering) to 43.70 %( seed yield per plant). The highest

GCV was found in seed yield per plant (43.70%),

number of secondary branches per plant (16.37%) and

number of primary branches per plant (13.62%),

however it was noticed low for days to 50% flowering

(4.18%). The highest heritability was observed for seed

yield per plant (91.77%), number of umbelles per plant

(91.50%) and number of secondary branches per plant

(90.01%), however it was lowest for test weight

(70.85%). Plant height (24.02), days to 50% flowering

(8.61) and days to first flowering (8.48) exhibited

highest genetic advance as percentage of mean.

 The correlation coefficients were calculated

at phenotypic and genotypic basis to assess the specific

role of each character in determining yield. The seed

yield per plant had significant and positive correlation

with number of number of secondary branches per

plant (0.877), plant height (0.837), number of

umbellates per umbel (0.534)     (Dashora and Sastry (

2011) and test weight (0.465), while it was also found

significant but negative correlated with  days to 50%

flowering    (-0.410) and number of umbels per plant

(-0.305). The results are in conformity with the findings

of Lal (2007), Meena et al. (2010), Dashora and Sastry

(2011) and Meena et al. (2013). Plant height was found

significant correlated with seed yield per plant (0.837),

number of secondary branches per plant (0.851),

number of umbellates per umbel (0.559) and test

weight (0.413), while it was also found significant but

negative correlated with days to 50% flowering

(-0.425). Number of number of primary branches per

plant had non-significant positive correlation with days

to first flowering (0.222). Number of number of

secondary branches per plant was found significant

and positive correlation with seed yield per plant

(0.877), number of umbellates per umbel (0.489) and

test weight (0.319). Similar result correlated with Rohit

et al. (2017), while it was also found significant but

negative correlation with days to 50% flowering

(-0.430). Days to first flowering had significant and

positive correlation with days to 50% flowering (0.517)

and number of umbels per plant (0.323). Days to 50%

flowering was found positive correlation with number

of umbels per plant (0.543), while it was significant

but negative correlation with number of umbellates

per umbel (-0.446) and test weight (-0.458). Number

of umbels per plant had also recorded significant but

negative correlated with seed yield per plant (-0.305).

Number of umbellates per umbel was found significant

and positively correlated with seed yield per plant

(0.534) and test weight (0.403).Test weight was



recorded significant and positively correlated with

seed yield per plant (0.465).

Path coefficient analysis based on genotypic

correlation coefficient was also carried out and

following Fisher and Yates (1963). The results indicated

that number of secondary branches per plant (2.600),

days to 50% flowering (1.558), test weight (1.420)

(Dashora, 2011) and number of umbellates per umbel

(0.331) had direct effect on seed yield per plant. This

finding is correlated with Agnihotri et al. (1995). The

direct effect of plant height (-0.2.050), number of

primary branches per plant (-0.385), days to first

flowering (-0.601) and number of umbels per plant (-

0.542) was negative.
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Table 1 :  Estimates of genetic parameters of variations for various characters in Fennel

Characters Grand Range Coefficient of Heritability Genetic GA as

mean variations % (BS) Advance % of

Min. Max. Phenotypic Genotypic Mean

Plant height (cm) 166.03 141.45 182.68 8.38 7.67 83.80 24.02 14.47

No. of primary 6.74 5.31 8.54 15.12 13.62 81.09 1.70 25.24

branches plant-1

No. of secondary 17.12 10.68 21.32 17.26 16.37 90.01 5.48 32.01

branches plant-1

Days to 1st 90.16 82.67 97.67 5.60 5.06 81.53 8.48 9.41

flowering

Days to 50% 113.31 105.67 121.67 4.74 4.18 77.88 8.61 7.60

flowering

No. of umbels 14.72 12.45 17.45 12.45 11.91 91.50 3.45 23.47

 plant-1

Number of 20.10 15.46 25.43 14.82 12.72 73.62 4.52 22.48

umbellate umbel-1

Test weight (g) 5.22 4.40 6.01 9.86 8.30 70.85 0.75 14.39

Seed yield plant-1 6.08 2.54 10.73 45.62 43.70 91.77 5.24 86.19



Table 2: Estimates of genotypic and phenotypic correlation coefficients among seed yield and its attributing

traits in Fennel

Characters No. of No. of Days to Days to No. of NO. of  Test Seed

primary secondary  1st 50% umbels umbellate weight yield

branches branches flowering flowering plant-1  plant-1  (g) plant-1

plant-1 plant-1

Plant height (cm) G -0.045 0.898 -0.107 -0.513 -0.234 0.627 0.771 0.997

P 0.044 0.851** -0.105 -0.425** -0.213 0.559** 0.413** 0.837**

No. of primary G 0.115 0.320 0.078 -0.060 0.051 0.063 0.073

branches plant-1 P 0.067 0.222 -0.069 -0.046 0.095 0.067 0.041

No. of secondary G -0.089 -0.518 -0.254 0.572 0.476 0.964

branches plant-1 P -0.043 -0.430** -0.206 0.489** 0.319* 0.877**

Days to 1st G 0.651 0.351 -0.042 -0.085 -0.049

flowering P 0.517** 0.323* -0.101 -0.064 -0.021

Days to 50% G 0.698 -0.583 -0.565 -0.532

flowering P 0.543** -0.446** -0.458** -0.410**

No. of umbels G -0.289 -0.282 -0.319

 plant-1 P -0.233 -0.261 -0.305*

Number of G 0.597 0.634

umbellate umbel-1 P 0.403** 0.534**

Test weight (g) G 0.573

P 0.465**

  Significant at 5% level = * Significant at 1% level = **
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Abstract

Investigations on tomato diseases at nursery stage in farmers

vegetable nurseries (18) located at 6 villages and commercial

nurseries (15) located at 5 villages revealed the incidence

of 3 major diseases. Incidence of damping-off (Pythium sp.)

12.16-13.78%, basal rot (Sclerotium rolfsii) 4.56-6.11% and

seedling blight (Rhizoctonia solani) 10.83-12.89% was

recorded in 2016 and 2017 at farmer's field, respectively. In

commercial nurseries incidence of damping-off (8.6-

14.13%), Sclerotial rot (5.26-7.73%) and Rhizoctonia seedling

blight (8.13-13.86%) was recorded in 2016 and 2017,

respectively. Seed treatment with Carbendazime plus

Mancozeb (0.25%) prior to sowing followed by one

application of soil drenching @ 1 L fungicidal solution at 1

sq m resulted in least (3.80%) seedling mortality as compared

to untreated (39.25%), followed 3.85% mortality in seed

treatment with Carboxin plus Thride and one application of

soil drench.

Key words: Nursery diseases, Fungicidal seed treatment and

soil drench

Tomato {Solanum lycopersicum L. (= Lycopersicon

esculentum Mill)} belongs to the family Solanaceae

that originated in the Andian region of South America.

It is one of the most popular and widely grown

vegetable crop, in India and throughout the world.

Vegetables are important for human life as they

provide nutrition to human body (Cornelissen and

Stiling, 2008). Tomato is grown for its edible fruits,

which are consumed either fresh or it can be processed

to several products like soups, sauces and ketchup

(Costal and Heuvelink, 2005), puree, paste and whole

canned fruits etc. Ripened fruits are good source of

ascorbic acid, organic acid and minerals. Tomato has

also high medicinal value. The pulp and juice are

digestable, promoter of gastric secretion and blood

purifier. It is a valuable source of vitamin A and C as

well as several essential minerals (Kaur and Kapoor,

2008) including calcium, iron, manganese, and

particularly potassium (Heurn and Post, 2004; Naika

et al., 2005). It also contains lycopene which is a

carotenoid   that gives red coloring to tomatoes (Kelley

and Boyhan, 2010).In Madhya Pradesh, the total

tomato production area is 73.70 thousand ha with

production of 2285.90 tones and with productivity of

31.0 tones/ha (Horticultural Statistics at a Glance 2015,

2016).

Tomato crop is prone to various diseases and suffers

from a large number of severe biotic stressors. Number

of workers have reported fungal diseases of tomato

(Bost, 2013; Gleason and Edmunds, 2006; Ivors, 2012;

Newman and Pottorff, 2013). The early blight

(Alternaria solani), late blight (Phytophthora infestans),

stem rot (Sclerotium rolfsii), damping-off and seedling

decay, bacterial wilt, powdery mildew (Leveillula

taurica) have been identified as major wide spread

disease problems, however, losses have also been

observed at nursery stage due to infection of

pathogens (Bhagat, 2018; Alle Vidya Sri, 2018).

Considering the losses, weaker vigour of seedlings,

with poor plant stand at nursery stage, the present

investigation was under taken to determine the
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prevalence of diseases and their management through

seed and soil treatment.

Material and methods

Incidence of disease

The prevalence of tomato diseases was investigated

at nursery stage during II fortnight of September 2016

and 2017. The commercial tomato nurseries and

farmers vegetable nurseries located in the vicinity of

Jabalpur were visited for the prevalence of diseases.

Observations on prevalence of diseases was recorded

in 1x1 m nursery area.The incidence of diseases

infecting tomato seedlings on randomly selected 100

plants in a particular field nursery was noticed. The

diseases were identified initially on the basis of visual

and typical field symptoms and later confirmed by

microscopic observations. Based upon the symptoms

induced by individual pathogen observations were

recorded

During the investigation, total and infected plants were

counted to calculate the disease incidence as per the

formula (Singh and Singh,2007).

                         TIP

              PDI    =       ------------- × 100

                                        TPO

Where,

PDI    = Percent disease incidence i.e. per cent plant

infected

TIP     = Total number of infected plants

TPO   = Total number of plants observed

Identification of pathogens

Tomato seedlings diseases were identified initially on

the basis of field symptoms thereafter confirmed for

the association of fungal and bacterial organism under

lab conditions. The disease plant part was cut into small

pieces. Surface sterilized with 0.1% NaOCl for 30

second and there after placed in Petri dishes containing

17-20 ml solidified PSA (Potato Sucrose Agar) mixed

with 100 ppm streptopenicillin to avoid bacterial

contamination. The Petri dishes were incubated at 25

± 20C. After 4 to 7 days incubation, the development

of fungi was sub-cultured on PSA medium and

identified with the help of standard identification keys.

Management

The tomato seeds obtained from local nursery men

were collected and treated with Carbendazim +

Mancozeb (as Saaf), Carboxin + Thiride (as Vitavax

power) Trichoderma viride (Commercial formulation)

prior to sowing in nursery. Single application of

fungicides and / or bio-pesticide @ 1 L solution as soil-

drench was applied in 1 square meter after 10 days of

sowing. Observations were recorded on the mortality

of seedlings.

Results and discussion

Prevalence of diseases

Farmers vegetable nurseries

In all, 18 nurseries located at 6 villages were visited

and 3 major diseases were recorded. the incidence of

damping-off was 12.16 and 13.78 % was noticed during

II fortnight of September 2016 and 2017, respectively.

The damping-off disease was identified on the basis

of toppling symptoms of the tomato seedlings at soil

level. Wet rotting off seedling with necrotic collar

region was recorded that resulted in fall of seedling.

Diseased seedling was damaged at ground level;

however, the root portion of the seedling was normal.

The portion of diseased seedlings placed on top of the

moist blotters yielded white mycelial growth after 3

days of incubation. It was identified as Pythium

aphanidermatum. Maximum (25.0%) damping-off was

recorded at Gohalpur fallowed by Gwarighat (20-

22.0%). During II fortnight of September 2016, the

temperature was 22-300C and Relative humidity 63-

84%; whereas during II fortnight of September 2017,

the temperature was 24-32.50C; Relative Humidity 65-

85%.

The incidence of rotting due to Sclerotium rolfsii

ranged from 2.0-13.0% during 2016, being maximum

at Panagar village. The sclerotial rot was in the range

of 3.0-15.0% during 2017 with an average infection of



6.11%. Upon close observations, the disease was

identified and confirmed on the basis of presence of

whitecottony mycelial growth and at advanced stage

small mustard seed like structure adhered to diseased

portion were noticed.

Seedling blight due to Rhizoctonia solani was noticed

in the range of 2.0-20.0% with an average infection of

10.83% in 2016 while the average infection was 12.89

% in 2017. The disease was identified on the presence

of blighted seedlings. Upon up rooting the seedlings,

damaged root system was noticed in contrast to the

infection by Pythium where no distortion of root

system is observed.The diseased seedlings exhibited

the association of light brown to grey mycelium with

right angle branching, developed on the 3-day

incubated diseased portions.

Commercial nurseries

In all, 15 nurseries located at 5 villages were monitored

and the incidence of damping-off ranged from 2.0-

20.0% in 2016 and 6.0-29.0% during 2017 was noticed.

The sclerotial rot was in the range of 2.0-19.0% during

2016 and 3.0-21.0% during 2017. The incidence of

seedling blight was in the range of 3.0-23.0% during

2017. Maximum incidence of seedling blight was

observed at Gorakhpur in the range of 23.0-25.0%.

At nursery stage association and infection of

Sclerotium rolfsii, Rhizoctonia solani and Pythium spp

has been reported (Jones et al., 1991; Gleason and

Edmunds, 2006; Gupta and Thind, 2006)

Management

Efficacy of seed treatment and soil treatment with

fungicide and bio-pesticide was determined at nursery

stage during 2016 and 2017. Seed treatment with

Carbendazim + Mancozeb & Carboxin + Thiride

followed by single application of the same fungicide

@ 1L / to the square meter soil was effective, as

compared to bio-pesticide combination. It resulted in

3.5 -19.5 % mortality during 2016 and 3.9 -17.3 %

mortality in 2017 as compared to 37-41.5 % in

untreated check. Efficacy of fungicides has been

discussed (Rani et al., 2017; Rao, 2006; Bost, 2013;

Kennelly, 2009; Roopa, 2012).



Table.01. Prevalence of tomato diseases at farmer's vegetable nurseries

Location Field Percent seedling mortality / September

September-October 2016 September-October 2017

Damping Sclerotial Seedling  Damping Sclerotial Seedling

off rot blight off rot blight

Gorakhpur Nursery.01. 7.0 10.0 14.0 10.0 12.0 17.0

Nursery.02. 5.0 8.0 11.0 8.0 9.0 15.0

Nursery.03. 6.0 12.0 18.0 10.0 11.0 13.0

Gohalpur Nursery.01. 25.0 5.0 14.0 27.0 5.0 15.0

Nursery.02. 20.0 0.0 10.0 20.0 6.0 10.0

Nursery.03. 16.0 3.0 8.0 20.0 4.0 12.0

Amkhera Nursery.01. 10.0 0.0 10.0 9.0 3.0 12.0

Nursery.02. 8.0 0.0 15.0 9.0 0.0 18.0

Nursery.03. 6.0 0.0 14.0 7.0 0.0 15.0

Panagar Nursery.01. 9.0 13.0 20.0 12.0 15.0 23.0

Nursery.02. 11.0 2.0 10.0 11.0 4.0 8.0

Nursery.03. 8.0 2.0 10.0 10.0 5.0 12.0

Gwarighat Nursery.01. 20.0 0.0 5.0 25.0 0.0 8.0

Nursery.02. 22.0 0.0 10.0 22.0 0.0 15.0

Nursery.03. 15.0 0.0 8.0 11.0 5.0 15.0

Bhedaghat Nursery.01. 11.0 10.0 12.0 15.0 12.0 13.0

Nursery.02. 10.0 10.0 2.0 10.0 11.0 5.0

Nursery.03. 10.0 7.0 4.0 12.0 8.0 6.0

         Average 12.16 4.56 10.83 13.78 6.11 12.89



Table.02. Prevalence of tomato diseases at commercial nurseries

Location Field Percent seedling mortality

September  2016 September  2017

Damping Sclerotial Seedling  Damping Sclerotial Seedling

off rot blight off rot blight

Gorakhpur Nursery.01. 15.0 18.0 20.0 18.0 21.0 25.0

Nursery.02. 13.0 19.0. 22.0 19.0 18.0 23.0

Nursery.03. 12.0 16.0 17.0 22.0 20.0 24.0

Gohalpur Nursery.01. 20.0 2.0 10.0 29.0 5.0 16.0

Nursery.02. 22.0 3.0 5.0 20.0 3.0 10.0

Nursery.03. 15.0 2.0 3.0 15.0 5.0 10.0

Amkhera Nursery.01. 5.0 0.0 10.0 10.0 3.0 14.0

Nursery.02. 2.0 0.0 15.0 10.0 0.0 20.0

Nursery.03. 0.0 0.0 16.0 12.0 0.0 23.0

SadarCant Nursery.01. 5.0 8.0 4.0 7.0 11.0 9.0

Nursery.02. 4.0 6.0 2.0 9.0 17.0 9.0

Nursery.03. 6.0 5.0 5.0 12.0 10.0 8.0

Panty Naka Nursery.01. 2.0 0.0 0.0 6.0 3.0 3.0

Nursery.02. 5.0 0.0 2.0 10.0 0.0 9.0

Nursery.03. 3.0 0.0 1.0 13.0 0.0 14.0

Average 8.6 5.26 8.13 14.13 7.73 13.86



Table.03. Influence of seed treatment and soil application on the incidence of nursery disease of tomato

Treatment Percent mortality Average mortality

2016 2017

Seed treatment with Carbendazim + 18.0 17.3 17.65

Mancozeb @ 2.5g per kg seed

Seed treatment with Carbendazim + 3.7 3.9 3.80

Mancozeb @ 2.5g per kg seed followed

one application of soil drench@ 1L

fungicidal solution at one square meter

Seed treatment with Carboxin + 14.2 12.7 13.45

Thiride @ 1.5g per kg seed

Seed treatment with Carboxin + 3.5 4.2 3.85

Thiride @ 1.5g per kg seed followed

one application of soil drench@ 1L

fungicidal solution at one square meter

Seed treatment with Trichoderma viride 19.5 15.7 17.6

@ 10g per kg seed

Seed treatment with Trichoderma viride 12.0 9.5 10.75

@ 10g per kg seed followed one

application of soil drench@ 1L solution of

biopesticides at one square meter

Untreated control 37.0 41.5 39.25
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Abstract

Farmers saved seed of soybean obtained from 17 districts

were analyzed by standard blotter method and under

Diaphanoscope. Association of Macrophomina phaseolina

ranged from 01-21% with maximum in seeds obtained from

Narsingpur district, and Colletotrichum dematium 01-25%

with maximum in seeds obtained from Chhindwara district

was recorded. In seeds obtained from Narsingpur, maximum

association of Fusarium oxysporum  (19%) whereas

Aspergillus flavus (25%) in seeds from Katni was noticed.

Observations recorded under Diaphanoscope revealed the

association of purple stained seed in the range of 02-17%.

Maximum association of purple seed stain was found from

Seoni district. Association of soybean mosaic virus infected

seeds was recorded in the range of 01-07%. Maximum

infected seeds were noticed in the farmer's samples from

Jabalpur.

Key words:  Macrophomina phaseolina, Colletotrichum

dematium, Fusarium oxysporum, Aspergillus flavus, Soybean

mosaic virus, Purple seed stain

Soybean [Glycine max (L.)Merrill] is a miracle grain

legume crop universally preferred for its dual purpose

use for edible oil containing 22% and quality protein

upto 44%. The crop has attained a profitable

commercial role with a diverse range of industrial

products like solvents, adhesives, ink and lubricants.

This economic crop has hundreds of food, feed and

industrial uses serving with a primary source of oil and

vegetable protein concentrates. As a legume crop, it

is capable of utilizing atmospheric nitrogen through

biological nitrogen fixation. The crop fix biological

nitrogen about 270kg N/ha, compared to 58-157kg N/

ha by other pulses (Hoque, 1978). The crop occupies

an area of 109.47 mha with a total production of

114.90 mt and productivity of 1047 kg/ha (SOPA,

2016).

Soybean suffers from many diseases caused by fungus,

bacteria, nematode and viruses. About 135 pathogens

have been observed infecting soybean throughout the

world (Hartman and Hill, 2010). Out of which 35 are

economically important in India (Gupta, 2003). A

number of pathogens have been found associated with

soybean seeds. The seed associated mycoflora are

responsible for seed and seedling decay and various

diseases at different growth stages (Dhurwey, 2015;

Silodia, 2016).

Material and methods

Detection of mycoflora

Farmers-own-saved seed samples of commonly grown

soybean variety JS 335, representing different agro-

climatic zones were obtained from 16 major soybean

growing districts of Madhya Pradesh and analyzed for

the association of mycoflora by Standard Blotter

method and visual observation (Khare and Bhale,

2014).

Identification

Associated mycoflora were identified with the help of
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fungal identification keys (Kulshreshtha et al.,1976;

Ahmad et al., 1993; Ram Nath et al.,1970; Barnett,

1965; Booth,1971 ).

Results and discussion

Analysis of samples obtained from 17districts indicated

the association of four major mycoflora on seeds

incubated for 5 days at 25 C provided with 12 hr light

and 12 hr dark period, placed on the top of blotter

papers. Developing different fungi were observed under

stereoscopic binocular microscope and identified based

upon the habit characters.

Among the samples, association of Macrophomina

phaseolina ranged from 01-21% with maximum in seeds

obtained from Narsingpur district, and Colletotrichum

dematium 01-25% with maximum in seeds obtained

from Chhindwara district was recorded. In seeds

obtained from Narsingpur, maximum association of

Fusarium oxysporum (19%) whereas Aspergillus flavus

(25%) in seeds from Katni was noticed (Table 01).

Karmarkar et al. (1980) reported the association

Alternaria spp., Fusarium moniliformae, Curvularia

lunata, Cercospora spp., Helminthosporium spp., Phoma

spp., Aspergillus spp. and Rhizopus spp. with seeds of

two soybean varieties. Gupta and Chouhan (2005)

reported that the major mycoflora associated with

soybean seeds include Colletotrichum dematium,

Macrophomina phaseolina, Fusarium oxysporum and

Phoma medicaginis under Madhya Pradesh conditions.

Poharkar (1992) in Maharashtra determined the

association of mycoflora with seed samples of soybean.

Important mycoflora were Cercospora kikuchii,

Colletotrichum truncatum (C. dematium), Phomopsis

sojae (Diaporthe phalseolorum var. sojae), Fusarium

oxysporum, Myrothecium roridum, Macrophomina

phaseolina (Rhizoctonia bataticola), Alternaria alternata,

Aspergillus flavus, Aspergillus niger, Clasosporium

oxysporum, Fusarium moniliforme, Penicillium spp. and

Rhizopus stolonifer.

Observations recorded under Diaphanoscope revealed

the association of purple  stained seed in the range of

02-17%. Maximum association of purple seed stain was

found from Seoni district. Presence of purple blotching

and circular rings was the chief diagnostic character of

the disease caused by Cercospora kikuchii. Association

of soybean mosaic virus infected seeds was recorded

in the range of 01-07%. Maximum infected seeds were

noticed in the farmer's samples from Jabalpur. The

presence of SMV was recorded based upon the typical

symptoms of hilum bleeding, with characteristic

diffusion of blackening around hilum region. The

symptoms of SMV and purple seed stain have been

described (Gupta and Chouhan,2005).
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Table 01. Association of seed associated pathogens of soybean in Farmers saved seed samples as tested by

Standard Blotter Method (ISTA,2010) and under Diaphanoscope

District  Seed infection with Percent  range Percent   range Other

 of association  of germination crop  seed

Jabalpur

Macrophomina phaseolina 02-16 73.0 Nil

Colletotrichum dematium 01-22

Fusarium oxysporum 05-17

Aspergillus flavus 03-15

Soybean Mosaic Virus 01-07

Purple seed stain 02-10

Seoni

Macrophomina phaseolina 01-13 75.0 Nil

Colletotrichum dematium 02-20

Fusarium oxysporum 03-17

Aspergillus flavus 02-11

Soybean Mosaic Virus 01-05

Purple seed stain 02-17

Chhindwara

Macrophomina phaseolina 01-12 79.0 Nil

Colletotrichum dematium 02-25

Fusarium oxysporum 03-11

Aspergillus flavus 02-10

Soybean Mosaic Virus 01-03

Purple seed stain 03-15

Betul

Macrophomina phaseolina 01-19 79.0 Nil

Colletotrichum dematium 02-12

Fusarium oxysporum 02-15

Aspergillus flavus 02-10

Soybean Mosaic Virus 01-07

Purple seed stain 02-17

Narasinghpur

Macrophomina phaseolina 01-21 75.0 Nil

Colletotrichum dematium 02-08



Fusarium oxysporum 02-19

Aspergillus flavus 01-19

Soybean Mosaic Virus 00-00

Purple seed stain 02-12

Katni

Macrophomina phaseolina 01-07 78.0 Nil

Colletotrichum dematium 02-80

Fusarium oxysporum 02-11

Aspergillus flavus 02-25

Soybean Mosaic Virus 00-00

Purple seed stain 01-05

Damoh

Macrophomina phaseolina 01-06 78.0 Nil

Colletotrichum dematium 02-05

Fusarium oxysporum 02-05

Aspergillus flavus 02-15

Soybean Mosaic Virus 00-00

Purple seed stain 01-05

Rewa

Macrophomina phaseolina 01-05 80.0 Nil

Colletotrichum dematium 01-04

Fusarium oxysporum 02-10

Aspergillus flavus 02-10

Soybean Mosaic Virus 00-00

Purple seed stain 01-03

Satna

Macrophomina phaseolina 01-05 83.0 Nil

Colletotrichum dematium 01-05

Fusarium oxysporum 01-10

Aspergillus flavus 02-11

Soybean Mosaic Virus 00-00

Purple seed stain 01-03

Tikamgargh

Macrophomina phaseolina 01-09 85.0 Nil

Colletotrichum dematium 01-05



Fusarium oxysporum 02-10

Aspergillus flavus 02-11

Soybean Mosaic Virus 00-00

Purple seed stain 02-05

Chhatarpur

Macrophomina phaseolina 01-11 80.0 Nil

Colletotrichum dematium 01-10

Fusarium oxysporum 01-05

Aspergillus flavus 02-11

Soybean Mosaic Virus 00-00

Purple seed stain 00-00

Indore

Macrophomina phaseolina 01-05 78.0 Nil

Colletotrichum dematium 01-05

Fusarium oxysporum 02-17

Aspergillus flavus 02-11

Soybean Mosaic Virus 02-05

Purple seed stain 03-05

Ujjain

Macrophomina phaseolina 01-05 81.0 Nil

Colletotrichum dematium 01-03

Fusarium oxysporum 02-17

Aspergillus flavus 02-05

Soybean Mosaic Virus 03-05

Purple seed stain 03-09

Hoshangabad

Macrophomina phaseolina 01-08 78.0 Nil

Colletotrichum dematium 01-05

Fusarium oxysporum 02-12

Aspergillus flavus 02-12

Soybean Mosaic Virus 02-05

Purple seed stain 01-03

Sehore

Macrophomina phaseolina 01-09 79.0 Nil



Colletotrichum dematium 01-03

Fusarium oxysporum 01-10

Aspergillus flavus 02-11

Soybean Mosaic Virus 01-02

Purple seed stain 02-07

Vidisha

Macrophomina phaseolina 01-05 79.0 Nil

Colletotrichum dematium 01-05

Fusarium oxysporum 05-10

Aspergillus flavus 03-05

Soybean Mosaic Virus 02-05

Purple seed stain 02-05

Overall range Macrophomina phaseolina 01-21 Narasinghpur

Colletotrichum dematium 01-25 Chhindwara

Fusarium oxysporum 02-19 Narasinghpur

Aspergillus flavus 02-25 Katni

Soybean Mosaic Virus 01-07 Jabalpur

Purple seed stain 02-17 Seoni
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Abstract

A field experiment entitled "Performance of suitable variety

of rice under Organic nutrient management System" was

undertaken at Krishi Nagar Farm, JNKVV, Jabalpur (Madhya

Pradesh) during kharif season of 2017. The main objective

was to find out the suitable rice varieties under organic

nutrient management. The soil was neutral in reaction.

Rainfall was good and weather conditions were better for

growth and development of crop. The treatments consisted

of twelve varieties of rice viz.T
1
(Pusa Sugandha 5), T

2

(Sahyadri), T
3
 (Pusa Sugandha 4), T

4
 (BVD 109), T

5
 (JR 201),

T
6
 (Dhanteshwari), T

7
 (Madhumati), T

8 
(IR-36), T

9
 (MTU 1010),

T
10

 (IR 64), T
11

 (Pusa Sugandha 1), T
12

 (Pusa Sugandha 3) were

tested in RBD with three replications. A uniform dose of

organic manures was applied.Observations were record

periodically and economics was worked out. The change in

soil properties was determined. Data were tabulated and

statistically analyzed. The significant results are briefly

described. Pusa Sugandha 3 attained the maximum under

number of tillers/hill. Pusa Sugandha 3 were found excelled

for grain yield and straw yield and MTU 1010 was the lowest

yielder and B:C ratio.

Keywords : Transplanted rice, Varieties, Organic production,

Economic analysis.

Rice (Oryza sativa L.) is the most important staple food

crop for more than 65% population globally food crop

of India in terms of area, production and consumer

preference. India is the 2nd largest producer and

consumer of rice in the world after China. Currently,

India ranks 9th among the top ten countries in term of

cultivable land under organic certification. 50.6 million

hectares of agriculture land are organic. The total area

in the year 2015-16 under organic certification is 5.71

million hectare. The certified area includes

26% (cultivable area with 1.49 million hectare) and

rest 74% (4.22 million hectare) is forest and wild area

for collection of minor forest produces. Rice provides

60-70% body calorie intake to the consumer. About

90% of world's area under rice is in Asia and also 90%

of world's rice is produced and consumed in Asia. India

produced around 1.35 million tones of certified organic

products which include 11.9 million tone Basmati rice

(4%). In India, among all the states, Madhya Pradesh

has covered largest area under organic certification

followed by Himachal Pradesh and Rajasthan

(Anonymous,2016).

Organic farming production system aims at promoting

and enhancing agro-ecosystem health, biodiversity,

biological cycles and soil biological activities. In organic

farming we constantly work to build the healthy soil

that translates into healthy plants. Crop plants remove

varying amounts of different nutrients from soil and

to compensate its losses from the soil, organic

amendments rich in nutrients must be added. Rice

with organic tag has huge export potential because of

superior quality. In India area under organic rice is

increasing due to attractive price and increasing

demand in market. Production of rice using organic

manures and biofertilizers is found to favourably alter

the availability of several plant nutrients through their

impact on chemical and biological properties of soil.

Kymore Plateau and Satpura hill zone comes under rice

growing tract. Cultivation of rice-wheat and rice-gram
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are not economical due to higher cost of cultivation

under inorganic system. Under organic farming

package, there is possibility to grow scented rice due

to high demand of organic production.

             Thus, keeping these facts in mind, the present

investigation"Performance of suitable variety of rice

under Organic nutrient management System" was

carried out to see the growth and yield attributing

character and yield performance of different rice

varieties under organic nutrient management

Material and methods

The field experiment was conducted in Kharif season

of 2017 at, College of Agriculture, Krishi Nagar

Research Farm, Jabalpur (M.P.) under the network

project on organic farming (NPOF). The experimental

field was sandy clay loam in texture. neutral in reaction

(pH 7.25) with high OC (0.82%) contents, normal in EC

(0.34) and analyzing low in available N (273 kg/ha),

medium in available P (23.72 kg/ha) and high in

available K (358 kg/ha) contents. As a whole, the soil

properties of the field are representative for the soils

existing in major parts of the rice growing belts of the

region.

Twelve treatments representing different varieties of

rice under organic farming practices were grown the

field experiment and they were tested in RBD with

three replications.

The recommended dose of fertilizers for rice crop was

120 kg N + 60 kg P
2
O

5
 + 40 kg K

2
O/ha. 100 % Nitrogen

was supplemented through 1/3rd each of

vermicompost, neemcakeand FYM. Major

requirement of Phosphorus was also supplemented

through the organic source i.e rock phosphate. The

crops was grown under recommended package of

practices.

Results and discussion

It was noted that varieties having longer panicles also

beard more number of grains/panicle. Maximum

number of sound grains/panicle (68.73) was recorded

with Pusa Sugandha 3 which was at par with JR 201

(68.13). MTU 1010 had the minimum number of sound

grains/panicle(53.07) which was at par with

Madhumati (53.30) while other varieties secured

intermediate position in between 67.67 to 54.00

          The grain yields of varieties are the final product

for which varieties had been evolved (Table 1). Variety

Pusa Sugandha 3 with grain yields of 4045 kg/ha was

found excelled to all, but it was statistically comparable

to JR 201, Pusa Sugandha and IR 64 yielding 3937 kg/

ha, 3522 kg/ha and 3439 kg/ha respectively. Grain

yield of Pusa Sugandha 3 was 1.00% higher than the

yield of JR 201. Similarly, grain yield of Pusa Sugandha

1 was 1.11% higher than the yield of IR 36. The next

best varieties viz. Pusa Sugnagha 4,IR 36

Dhanteshwar,BVD 109, Pusa Sugandha 1 and MTU

1010 were in descending order with the grain yields

of 3421, 3330.14, 3298.21, 3225.60, and 3222.43 kg/

ha respectively. These varieties had superior yield

attributing characters as discussed earlier thus they

produced significantly higher grain yields than others.

MTU 1010 was the lowest yielder with grain yield of

3025.90 kg/ha among all varieties, but it was

comparable to Madhumati (3029.07 kg/ha), Sahyadri

(3036.03 kg/ha) and Pusa Sugandha 1(3222.43 kg/ha)

in this regard. From the above facts, it could be

concluded that several varieties evolved from different

parts of the country were considerably good yielder

under Jabalpur condition with organic nutrient

management. These results were in close down

formity with the findings of Singh et al.(2007), Azad

and Lehria (2001), Adhikari and Mishra (2004), Krishna

Kumar et al.(2005).

           This variety had significant superiority in plant-

height, tillers/hill and LAI than hence they produced

the higher straw yields. The straw yield was minimum

(5205 kg/ha) under MTU 1010, which was at par to

Madhumati (5214 kg/ha), Sahyadri (5223 kg/ha) and

Pusa Sugandha 1 (5225 kg/ha). Remaining varieties

stood in intermediate position with regard to straw

yields between above maximum and minimum

yielding groups. These results were in close conformity



with the findings of Singh et al.(2007), Azad and Lehria (2001), Adhikari and Mishra (2004), Krishna Kumar et al.

(2005).

Table 1  Performance of different rice varieties under organic farming

T. Varieties Plant No. of Dry Leaf   Harvest Grain Straw

No. height tillers/ matter area   index yield  yield

hill production/ index

hill

At At At 90 DAT (%) (kg/ha) (kg/ha)

Harvest Harvest Harvest

T
1

Pusa Sugandha 5 73.90 13.00 41.85 3.82 38.95 3521.71 5518.33

(Medium duration)

T
2

Sahyadri 63.13 11.87 32.34 3.13 36.75 3036.03 5223.67

(Medium duration)

T
3

Pusa Sugandha 4 72.50 12.53 38.22 3.48 39.22 3425.92 5307.67

(Medium duration)

T
4

 BVD 109 66.00 12.30 33.68 3.20 37.98 3225.60 5265.67

(Extra Early duration)

T
5

 JR 201 73.93 13.07 40.78 3.95 40.33 3936.78 5823.00

(Extra Early duration)

T
6

Dhanteshwari 67.60 12.33 35.32 3.33 38.70 3298.21 5271.67

(Early duration)

T
7

Madhumati 63.00 11.47 31.33 3.12 36.74 3029.07 5214.33

(Early duration)

T
8

 IR 36 70.40 12.40 36.58 3.41 38.71 3330.14 5296.67

(Early duration)

T
9

 MTU-1010 61.33 11.40 31.00 3.02 36.17 3025.90 5205.00

(Early duration)

T
10

 IR 64 73.00 12.70 39.84 3.55 39.18 3438.69 5336.00

 (Medium duration)

T
11

Pusa Sugandha 1 64.50 11.87 32.45 3.18 37.82 3222.43 5225.00

(Early duration)

T
12

Pusa Sugandha 3 75.10 13.20 42.22 4.09 40.04 4045.33 6056.00

(Medium duration)

SEm± 0.42 0.36 0.50 0.15 - 58.99 69.24

CD(P=0.05) 1.23 1.07 1.46 0.45 - 173.03 203.10



References

Anonymous. 2016. Agricultural and Processed Food Products

Export Development Authority.http://

www.apeda.gov.in/apedawebsite/organic/

Organic_Pro ducts.html

Anonymous. 2016. FiBL& FAOM-Organic International

2016:TheWorld of Organic Agriculture 2016

http://www.organic-world.net/yearbook/

yearbook- 2016.html.

Adhikari NP and Mishra BN 2004.Effect of integrated sources

of nitrogen on yield of aromatic rice and their

residual effect on succeeding wheat crop.

Annals of Agriculture Research.25 (2):327-328.

Agrawal SB, Singh A and DwivediG.2003.Effectof

vermicompost, farmyard manure and chemical

fertilizers on growth and yield of wheat. Plant

Architect 3 (1): 9-14.

Azad BS and Lehria SK. 2001. Yield of rice through integrated

nutrient management               under irrigated

conditions. Annals of Agricultural Research

22: 471- 475.

KrishnakumarS, SaravananS, Ramesh K, NatarajanSK and

Mani S. 2005.Organic farming: Impact on rice

(Oryzasativa L.) productivity and soil health.

Asian Journal of Plant Sciences 4(5): 510-512.

Singh RR and Rai B. 2007.Effect of chemical fertilizers,

organic manures and soil amendments on

production and economics of rice-wheat

cropping system. Research on Crops 8 (3):

530-532.

Singh YV, Singh BV, PabbiS and Singh PK. 2007.Impact of

organic farming on yield and quality of

Basmati rice and soil properties. Paper

present at Zwischen Tradition and

globalisierung-9, UniversitateHohenheim,

Deutschland 20-23.03.07

(Manuscript Received : 07.06.2018; Accepted : 12.10.18)



Drying kinetics of water chestnut kernel by hot air tray drying

Prashant Gaikar, C. M. Abroal, Kavita Meena

Department of Post-Harvest Process and Food Engineering,

College of Agricultural Engineering, JNKVV, Jabalpur, 482004

Abstract

Objective of this research was to study effect of hot air

temperature on drying of water chestnut. Four different hot

air temperatures (50, 60, 70 & 80°C) were considered as

process variables with air velocity of 1 m/s. The sample size

of water chestnut was taken as 300 g. Drying was

accomplished till the moisture content of the water chestnut

reduced from initial moisture content of 276.93 (%db) to a

safer level of 11.93-18.59 (%db). Drying kinetics study

showed that drying curve followed a falling rate period

throughout drying process. Value of drying constants (k)

obtained for four different drying temperatures were 0.30,

0.35, 0.39 and 0.42 respectively.

Keywords: Water Chestnut, Moisture Content, Drying Rate,

Moisture Ratio

Water chestnut (Trapanatans L. var. bispinosa

Roxburgh) is an edible aquatic angiosperm locally

known as ''Singhara". It is one of the important annual

aquatic warm season cropswith a thick jet-black hard

outer cover. It is a floating (submerged rooted) plant,

found commonly on the water surface of lakes, tanks

and pools throughout India especially in Punjab, Bihar,

Madhya Pradesh, Uttar Pradesh, Tamilnadu,

Maharashtra and in some parts of Uttarakhand and

similar countries (Puste, 2004).Roasted Singhara is

consumed as a raw fruit,during fasting as an ethnic

food, boiled or is grounded to powder and added as

an ingredient in dishes.Water chestnut is an important

commodity in food Industry, because of its unique

taste (Parker and Waldron,1995).

 Due to its high moisture content (76 % wb) biological

activity starts and infestation occurs when water

chestnut kept on floor under sun drying for long

period. Nearly 6 % of singhara is lost due to Lesser

grain borer, 40-60 % crop is damaged by two major

insects i.e Galerucellabirmonicajacoby and blood

worm Stenochironmous sp. So, in order to avoid

contact with floor, it is preferred to dry water chestnut

by combine convective drying. Dried products are

characterized by low porosity and high apparent

density (Krokida and Maroulis, 1997). Significant colour

changes occur during drying (Krokida et al., 1998).

Two essential elements of hot air tray drying

are air temperature and air humidity which will

determine final moisture content to which product can

be dried. The challenge of drying water chestnut is to

reduce moisture content to a certain level where

microbiological growth will not occur while

maintaining high nutritive value. Non availability of

water chestnut during off season causes tremendous

escalation in price. So, to make its availability during

off season, drying was one of the best solutions.In this

context, the present investigation was undertaken with

the specific objectivesto determine the drying

characteristics of water chestnut by hot air tray drying.

Material and Methods

Fresh raw water chestnuts (Trapanatans) were

procured from the local market of the Jabalpur. The

samples of 300 g raw water chestnuts with firm

texturedkernels were selected for drying experiment.

Water chestnuts with soft kernel were discarded

during research work. Fresh raw water chestnuts were

placed in hot air tray dryer under different

temperatures of 50, 60, 70 and 80°C respectively.
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Drying kinetics

In the drying kinetic analysis the drying rate of raw water chestnut was done to observe effect of hot air drying

on water chestnut.

Moisture content

The moisture content of raw water chestnuts was determined by standard AOAC (1999) method. Test sample of

20 g was kept for 24 hours in digital hot air oven maintain at 70°C. After 24 hours the sample was drawn from

the oven and placed in desiccator for cooling to ambient temperature. After cooling, the weight of the sample

was determined precisely. The loss in weight was determined and discussed below

MC
db

(%)=  
Ww

Wd
 × 100 = 

m

100 - m
x 100

and on wet basis (%) moisture content was calculated as (Hall, 1980; Simpson, 1991; Rodrigues and  Fernandes,

2007):

MC
wb

(%)= 
Ww

Ww + Wd
x 100

Drying rate

Drying rate (g of water per minute per 100 g of bone dry material) was calculated (Chakraverty, 2005) as follows

Amount of Moisture removed (g)

DR =

Time taken (min)  x  Total bone dry weight of sample in g/100g

Similarly, the drying rate will be approximately proportional to the difference in moisture content between the

product being dried and EMC at the drying air state (Ceylan et al., 2007), which is given below:

DR =   
Mt + dt - Mt

dt

Where

DR = drying rate (g/g min)

M
t
 = moisture content at time t (%db)

M
t+dt 

= moisture content at time t+dt (%db)

d
t
= time of successive measurements (min)

Moisture Ratio (MR)

Moisture ratio is the ratio of the moisture content at any given time to the initial moisture content (both relative

to the equilibrium moisture content). It can be calculated as (Ozbek andDadali, 2007):



MR =   

M - M
e

M
o

M
e

Where,

               M = instantaneous moisture content (%db)

               M
0
 = intial moisture content (%db)

               M
e
 = equilibrium moisture content (EMC) of

          material (%db)

Drying Constant

Drying constant is measured through experimental

studies of material moisture content removal versus

time.

lnMR = -Kt

 Where,

                MR = Moisture Ratio

                    t = Time (min)

                   K = Drying Constant

Result and discussions

The results obtained from the experimental work

showed the effect of drying temperature on the drying

time, moisture content, moisture ratio, and drying

rate. During the drying of water chestnut of sample

size 300 g, the initial moisture content of water

chestnut was 276.92 % (db). Hot air temperatures were

50, 60, 70 and 80°C with air velocity of 1 m/s and total

time taken by the water chestnut kernel to attain a

final moisture content of 11.93, 10.41, 9.14 and

8.15%(db) was 17, 15, 14 and 13 h respectively.

It was observed that as temperature of air increases,

time required to dry water chestnut decreases. During

first one hour of drying, the rate of moisture removal

was faster. After one hour of drying 55.12, 63.11, 69.27

and 73.83 g moisture removed was maximum at 50,

60, 70 and 80°C respectively, as comparison to the

subsequent drying time intervals (Fig 3.1). This may

be due to the higher free moisture on outer surface

of water chestnut. After one hour of drying the

moisture removal rate gradually decreased with time

because the moisture present inside the cells might

have taken some time to transfer from interior  to  the

outer surface before evaporation occur.

Fig 3.1  Moisture content (%db) depletion curve of water chestnut samples by HAT drying



The drying rate curve for the sample dried at50, 60, 70 and 80°C. It was observed that at 50, 60, 70 and 80°C, the

drying rateand total time taken were 0.69, 0.79, 0.87 and 0.93 g/h and 17, 15, 14 and 13 h, respectively (Fig 3.2).

The moisture content of the water chestnut was very high during the initial phase of the drying which resulted

in higher drying rates. It wasobserved that when the drying temperature was increased the moisture removal

rate increases, which resulted in higher drying rate. As the drying progressed, both the free moisture available

as well as drying rate declined. The drying rate decreased with decrease in available free moisture owing to

lower driving force and lower moisture diffusion from centre to the surface of the dried product. Most of the

samples dried in falling rate periods (Fig 3.2)

As the drying temperature increased, the moisture ratio of water chestnut also increases (Fig 3.3). The highest

moisture ratio was obtained for 80°C and lowest moisture ratio was obtained 50°C. As time of drying increases,

moisture ratio also increases. Drying constant was obtained from the slope of curve (lnMR v/s drying time). The

value of drying constant increased as the drying temperature increases. Maximum value of drying constant i.e

0.42was obtained for 80°C and minimum value i.e 0.3 was obtained for water chestnut sample dried at 50°C.

Fig 3.2 Drying rate (g/h) curve of water chestnut samples by HAT drying

Fig 3.3 Trend of Moisture ratio of water chestnut samples by HAT drying



Fig 3.4  Drying constant for samples dried with hot air temperatures (50, 60, 70 & 80°C

In order to know drying characteristics of water chestnut, research was carried on hot air drying of water chestnut.

The initial moisture content of water chestnut was 276.92 % (db) and total time taken by the water chestnut

kernel to attain a safe level moisture content of 11.93, 10.41, 9.14 and 8.15% (db) at hot air temperatures of 50,

60, 70 and 80°C was 17, 15, 14 and 13 hours with drying constants 0.3, 0.35, 0.39 and 0.42respectively. It was

observed that the temperature of drying is the most important factor influenced drying rate for drying water

chestnut, while the effect of air velocity and air humidity is considered lowerthan that of air temperature.
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Abstract

A field experiment was conducted at the Research Farm,

Department of Agronomy, J.N.K.V.V., Jabalpur (M.P.) during

Kharif season of 2016. The experiment was laid out in

randomized block design replicated thrice. Treatments

comprised of ten combinations as well as single of herbicides

Viz; T
1
 (Imazethapyr 100 g ha-1),T

2
 (Quizalfop 50 g ha-1),T

3

(Imazethapyr+ Imazamox 150 g ha-1),T
4
 (Propaqizafop 100 g

ha-1),T
5
 (Chlorimuron 24 g ha-1),T

6
 (Quizalfop + Chlorimuron

50+24 g ha-1),T
7 
(Propaqizafop+ Imazethapyr 100+100 g ha-

1),T
8
 (Fenoxaprop-ethyl 50 g ha-1),T

9
 (hand weeding at 20 and

40 DAS) and T
10

 (control). Quantification of physiological

traits and mechanisms indicated that the Treatment T
1

(43.733) possessed the maximum chlorophyll content index

and minimum was recorded in treatment T
2
 (36.733).

Maximum quantum efficiency was noted in treatment T
9

(0.089), carboxylation efficiency (0.091 µmol m2 s-1 (µmol

mol-1)-1 and photosynthetic rate (16.457 µmol m-2 s-1) in T
6
,

stomatal conductance in T
8
 (0.345 mol m-2 s-1) followed by

T
9 
(0.234 mol m-2 s-1), transpiration rate in T

4
 (3.123 mmol

m-2 s-1) with minimum in T
10

 (1.171) mmol m-2 s-1). Among

yield and yield components treatment T
1
 (44.34 cm)

possessed the maximum plant height, T
9
 number of

seedspod-1 (3.51), T
10

 pod length (3.697 cm), T
8
 pod girth

(5.859 mm) , T
1
 pod width (8.548 mm), T

4
 100 seed

weight(12.48 g respectively. Treatment T
9
 produced the

maximum seed yield (8.50 g plant-1 and 2466.33 kg ha-1)

owing to an average higher no of seeds pod-1 (3.51), pod

weight g plant-1 (11.500, pod length (3.51cm), an average

higher seed index (12.08 g) and biological yield(23.80 g

plant -1 and 6901.97 kg ha-1) which resulted in higher yield .

Keywords: Soybean, Chlorophyll content index, Quantum

efficiency and carboxylation efficiency.

Soybean(Glycine max (L.) Merrill) belongs to the family

Leguminaceae or "Papilionace" has been called

"Golden bean" and "Yellow jewel''. Soybean is the

"Numerouno'' oilseed crop in India and world. It is a

major crop grown during the Kharif, or monsoon,

season (July-October) in the rain-fed (dry land) areas

of central and peninsular India. The main soybean

producing states in India are Madhya Pradesh (53

percent), Maharashtra (34 percent), and Rajasthan (8

percent). All India soybean production is 86.426 lakh

MT with an average yield of 784 kg ha-1 on 110.656

lakh ha. Madhya Pradesh is known as the "Soybean

State" of India, comprising 65 per cent of the total

national area of soybean cultivation. In Madhya

Pradesh the area under soybean cultivation during

Kharif 2016 was 2.287 lakh ha with the production of

89.426 lakh MT and average yield 787kg ha-1 during

Kharif 2016 (SOPA, 2016).

It has been obserbed that the soybean crop is

subjected to weed infestation during the life span of

plant which affects physiological processes, growth and

productivity in soybean. Weed eradication through

hand weeding is though effective but expensive,

Therefore,the control through herbicides is the only

alternative. The use of herbicides though affects the

growth of weeds but also affects up to some extent

crop plants.In view of it the present investigations were

undertaken to study the effect of post emergence

herbicides on growth and productivity of soybean.
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MATERIAL AND METHODS

A field experiment was conducted at the Research

Farm, Department of Agronomy, J.N.K.V.V., Jabalpur

(M.P.) during Kharif season of 2016. The experiment

was laid out in randomized block design replicated

thrice. Treatments comprised of ten combinations as

well as single of herbicides Viz; T
1
 (Imazethapyr 100 g

ha-1),T
2
 (Quizalfop 50 g ha-1),T

3
 (Imazethapyr+

Imazamox 150 g ha-1), T
4
 (Propaqizafop 100 g ha-1), T

5

(Chlorimuron 24 g ha-1), T
6
 (Quizalfop + Chlorimuron

50+24 g ha-1), T
7
 (Propaqizafop+ Imazethapyr 100+100

g ha-1), T
8
 (Fenoxaprop-ethyl 50g ha-1), T

9
 (hand

weeding at 20 and 40 DAS) and T
10

 (control). The

morpho-physiological observations were taken at 15

days interval from 30 days of sowing till maturity and

yield components at the time of maturity. The

observations were also recorded on plant height (cm),

number of pods plant-1, number of seeds pod-1, pod

length, pod width, pod girth, 100 seed weight (g), seed

yield, biological yield and Harvest Index.

The physiological mechanisms  Viz; Net photosynthetic

rate, PAR absorption, Stomatal conductance,

Transpiration rate were observed with the help of Infra

Red Gas Analyser (IRGA model LI-6400). The quantum

efficiency was determined as per specifications of

Pandey et al.(2001), wheras carboxylation, water use

and mesophyll efficiencies were  worked out as per

specifications of  Kannan Warrier and Vankataraman

(2010). Chlorophyll content index was quantified by

using chlorophyll meter (Model CCM 200).

Results  and Discussion

The investigations incurred significant variation (at 5%)

among different treatments with regards to

physiological traits and mechanisms (Table 1).

Treatments also varied significantly (at 1%) among

themselves for no. of seeds pod-1, pod length, pod girth

and seed index, significantly (at 5%) among other yield

and yield contributing  characteristics.(Table 2)

Chlorophyll content index

The study indicated (Table1) that treatment T
1
 (43.733)

had the significant maximum value for this trait. On

other hand T
2
 (36.733) recorded the lowest chlorophyll

content index.

The chlorophyll content index and photosynthetic

parameters were positively correlated with seed yield,

which clearly indicated that different applied

treatments increased, estimated or measured growth

characteristics as well as parallel increase of

photosynthetic pigments and total chlorophyll

( Zewail, 2014).

Photosynthetic Rate (µmol m-2 s-1)

The study indicated (Table )  that treatment T
6
 (16.457)

recorded the higher photosynthetic rate. T
9
 (8.932)

noted the minimum. The higher photosynthetic rate

would contribute remarkably to the economic

productivity as long as the mobilization of photo-

assimilates takes place in the economic sinks of plant.

Stomatal conductance (mol m-2 s-1)

The results showed (Table 1) that treatment T
8
 (0.536)

possessed significant higher stomatal conductance

over rest of the treatments. On the other hand

treatment T
7
 (0.116) noted the minimum.

Stomatal conductance and CO
2
 assimilation appear to

be useful tools for screening pre flowering drought

stress in sorghum (Magani et al., 2016). Application of

different concentration differences in stomatal

conductance had the greatest effect on WUE (26%

variation when well watered), and was uncorrelated

with the effect of photosynthetic capacity on WUE.

Thus, photosynthetic advantages of 8.3% were

maintained under drought (Gilbert et al. ,2011).

Transpiration rate (mmol m-2 s-1)

The results exhibited (Table 1) that treatment

T
4
 (3.123) possessed the largest value for  this trait

though at par with T
5
(2.826), T

7
(2.581), T

6
(2.381) and

T
3
 (2.326). The minimum value was obtained in

T
10

 (1.171). Transpiration is one of the major gas

exchange parameters associated with plant growth

and productivity of soybean significantly  (Felisberto

et al. , 2015).



Water use efficiency (µmol mol-1)

The results revealed that treatment T
10

 (4.040) indicated higher water use efficiency over rest of the treatments.

T
8
 (2.920) recorded the minimum. The application of Imazethapyr at 75 g ha-1 in soybean controlled weed

infestation and significant decrease in yield was observed under salt stress in cowpea, would be partly related to

a significant reduction in chlorophyll contents produced 1,327 kg ha-1 of grain yield (Godara and Singh ,2015).

Table 1  Various biophysical traits and physiological mechanisms under various treatments in soybean

Treat- Chlorophyll Photosyn- Stomatal Transpira- WUE Mesophyll Quantum Carboxyl-

ments content thetic Rate conductance tion Rate  (µmol efficiency Efficiency ation (µmol

index (µmol m-2 s-1) (mol m-2 s-1) (mmol  mol-1) ((µmol  m2 s-1 (µmol

m-2 s-1 ) m-²s-¹) -¹) mol-1)-1)

T
1

43.733 10.599 0.203 1.252 3.793 542.358 0.057 0.059

T
2

36.733 9.837 0.169 1.298 4.010 508.260 0.082 0.055

T
3

38.200 10.078 0.189 2.326 2.977 546.812 0.085 0.056

T
4

37.233 10.860 0.167 3.123 3.083 677.642 0.063 0.060

T
5

39.500 9.207 0.161 2.826 3.997 553.533 0.087 0.051

T
6

40.900 16.457 0.204 2.381 3.063 571.641 0.015 0.091

T
7

37.100 12.683 0.116 2.581 3.867 601.565 0.011 0.070

T
8

38.433 12.063 0.536 1.256 2.920 219.688 0.010 0.067

T
9

38.067 8.932 0.345 1.545 3.463 405.891 0.089 0.050

T
10

39.133 9.283 0.234 1.171 4.040 457.020 0.062 0.052

SE(m)± 0.588 1.193 0.063 0.310 0.269 47.390 0.015 0.00

CD at 5% 1.760 3.571 0.189 0.928 0.804 141.893 0.044 0.020

Carboxylation efficiency (µmol m2 s-1 (µmol mol-1)-1)

The results indicated that the treatment T
6
 (0.091) had the significant maximum value for this trait. On other

hand treatment T
9
 (0.050) noted the lowest. The present investigations showed that the treatment T

6
 (Quizalfop

+ Chlorimuron 50+24 g/ ha) (0.091) had the significant maximum carboxylation efficiency which indicated their

better Rubisco activity a beneficial character for crop productivity. On the other treatment T
9
 (hand weeding at

20 and 40 DAS) noted the minimum (0.050).

Quantum efficiency

The treatment T
9
 (0.089) possessed the maximum QE though did not vary significantly with T

5
 (0.087), T

3
 (0.085)

and T
2
 (0.082). T

8
 noted the minimum (0.010).

Pettigrew (2004) stated the higher photosynthetic rates and increased quantum efficiency with rehydrated plants



could be attributed to the higher chlorophyll content

per unit leaf area. Similar results were reported by

Massacci et al. (2008) who found that the

photosynthetic electron transport was enhanced

under conditions of water stress due to an increased

efficiency.

Mesophyll efficiency (µmol mol-¹ (µmol m-²s-¹) -¹)

The investigations revealed that treatment T
4

(677.642) possessed the maximum ME though did not

differ significantly with T
7
 (601.565),T

6
 (571.641),T

5

(553.533) and T
3
 (546.812). Treatment T

8
 (219.688)

recorded minimum mesophyll efficiency, respectively.

The higher mesophyll efficiency indicates the higher

efficiency of mesophyll cells for absorption of carbon

dioxide by using the light intensity and water to

produce carbohydrates which act as main source of

energy in the plants.

Yield and Yield components

Plant height (cm)

The results exhibited (Table 2 )that the higher plant

height was recorded in treatment T
1
 (44.34) and T

6

(38.20) was found to be associated with the lowest

magnitudes for this trait.

The plant height was altered due to application of

different herbicides compared to unweeded control.

At 30 and 45 DAS, application of imazethapyr at 100 g

ha-1 registered taller plants followed by Imazethapyr

at 200 g ha-1 (Sangeetha et al., 2012).

Number of pods plant-1

The results exhibited that treatment T
2
 (39.56) attained

maximum no. of pods plant-1 over the rest of the

treatments. On the other hand T
10

 recorded the

minimum (26.78). The weed free crop up to 45 DAS

resulted in a 74% increase in number of pods per plant

and grain yield of soybean than the weedy check

(Chhokar and Balyan, 1999). The highest number of

pods plant-1 of soybean was noted with 25 and 40 DAS

hand weeding treatments (Das et al. ,2016).

No. of seeds pod-1

The investigations showed that the higher no. of seeds

plant-1 was recorded in treatment T
9
 (3.51) which was

at par with T
4
 (3.46). Treatment T

5
 (2.36) recorded the

minimum. The plant yield reported positive and

significant correlation with number of branches and

number of seeds per pod, the net return was highest

under Imazethapyr @ 100 g ha-1 (Rs. 24, 880 ha-1) the

marginal rate of return was higher in Imazethapyr @

80 g ha-1 (627%) (Kumar et al. ,2016).

Pod weight g plant-1

The results revealed that treatment T
8
 (11.58) recorded

higher pod weight g plant-1. On other hand treatment

T
1
 (7.34) possessed the lowest magnitude for this trait.

Among the herbicides, Odyssey at 0.8 and 1.0 litre

ha-1 recorded the highest weight of pods per plant

(19.26 and 20.60 g), weight of seeds per plant (14.60

and 14.80 g), 1000-seed weight (140.33 and

141.00 g), and seed yield (30.11 and 30.26 q ha-1)

(Kothawade et al. , 2007).



Table 2 Various morpho-physiological, structural yield attributes and yields of soybean in various treatments

Treat- Plant No of No. Pod Pod/ Pod Pod Seed Biological Seed Harvest

ments height pods of weight length girth width index yield  yield index

(cm) plant-1 seeds g (cm) (mm) (mm) (g)

pod-1 plant-1 g Kg g Kg (%)

plant-1  ha-1 plant-1 ha-1-1

T1 44.34 37.56 2.49 7.34 3.49 5.68 8.55 11.13 16.24 4061.90 6.47 1624.33 40.80

T2 41.89 39.56 2.51 7.79 3.52 5.64 7.97 12.19 12.47 3747.70 4.73 1409.33 37.56

T3 41.76 30.67 2.60 8.90 3.60 5.52 7.97 12.25 19.50 5265.17 7.50 2024.67 38.50

T4 41.27 32.22 3.46 8.40 3.47 5.53 8.37 12.48 17.94 4661.50 6.90 1794.00 39.17

T5 39.83 30.78 2.36 9.72 3.37 5.64 8.01 12.00 11.74 3412.17 4.20 1218.67 39.30

T6 38.20 34.33 2.44 9.64 3.45 5.56 7.96 12.01 18.30 4731.60 7.00 1819.67 38.33

T7 43.73 33.22 2.55 7.98 3.55 5.82 8.01 11.87 20.79 6029.80 7.73 2233.67 38.30

T8 43.29 33.67 2.62 11.58 3.63 5.86 7.90 12.05 11.70 3511.60 4.57 1349.33 38.00

T9 43.31 29.67 3.51 11.50 3.51 5.72 7.94 12.08 23.80 6901.97 8.50 2466.33 35.10

T10 41.38 26.78 2.69 8.91 3.70 5.62 7.78 12.13 8.14 2271.23 2.90 813.00 35.07

SE(m)± 1.90 3.25 0.05 0.96 0.05 0.07 0.15 0.11 0.10 3.44 0.11 2.49 0.50

CD at 5% 5.69 9.73 0.13 2.87 0.13 0.21 0.44 0.31 0.30 10.31 0.34 7.46 1.49

Pod girth (mm), Pod length (cm) and Pod width (mm)

The results exhibited that the higher pod girth was recorded in treatment T
8
 (5.859) which was at par with T

7

(5.822), T
9
 (5.718), T

1
 (5.683) and T

5
 (5.643). Treatment T

3
  (5.521) showed the lowest. The results indicated that

the treatment T
10

 (3.697) recorded the highest magnitude for pod length. Treatment T
5
 (3.367) possessed the

lowest.

The results exhibited that the higher pod width was recorded in treatment T
1
 (8.548) which was at par with T

4

(8.370). On the other hand T
10

 (7.784) noted the minimum pod width. The present  investigations showed that

pod length in T
10

 (control) (3.697)  and  T
5
  (Chlorimuron 24 gha-1)( 3.367),  pod  girth  in  T

8
 (Fenoxaprop ethyl 50

g ha-1) (5.859) and T
3
 (Imazethapyr+Imazamox 150 g ha-1) (5.521), pod width in T

1
 (Imazethapyr 100 g ha-1)

(8.548) and T
10

 (control) (7.784) were found to be associated with the highest and lowest values for these traits.

These characters play a key role in the expansion of seeds through increased volume.

Seed index (g)

The results indicated that the higher seed index was recorded in treatment T
4
 (12.48) which was at par with T

3

(12.25) and T
2
 (12.19). On the other hand T

1
 (11.13) noted the minimum seed index.



Biological yield (g plant-1 & kg ha-1)

The results indicated that the treatment T
9
 (23.80)

recorded the higher magnitude for this trait. Treatment

T
10

 (8.137) possessed the lowest.  The results  exhibited

that the treatment T
9
(6901.97) significantly

superseded rest of the treatments. On the other hand

treatment T
10

 (2271.23) recorded minimum Biological

yield. Under herbicidal treatments the highest seed

yield (24.46 q ha-1) and straw yield of soybean were

also recorded in Imazethapyr @ 0.100 kg a.i./ha +

Quizalofop ethyl @ 0.075 kg a.i/ha as PoE (Prachand

et al.,2014).

Seed yield (g plant-1 & Kg ha-1)

Treatment T
9
 (8.50) possessed significant more seed

yield over the rest treatments. Thought treatment T
7

(7.733) lagged behind the former but proved

significant superiority over the rest except T
3
 (7.0)

which was at par. T
10

 (2.90) recorded the lowest value

for this character. The results showed that treatment

T
9
 (2466.33) possessed the higher value for this trait.

On the other hand treatment T
10

 (813) noted the

lowest Seed yield. The maximum seed yield of soybean

crop was recorded in treatment (Imazethapyr +

Propaquizefop combination) with production of 1870

kg/ha, which was significantly superior over rest of

treatments. The yield was maximum in twice hand

weeding (Pradhan et al.,2010).

Harvest index (%)

The treatment T
1
 (40.80) significantly superseded rest

of the treatments. On the other hand treatment T
10

(35.07) had the lowest harvest index. The seed yield

was significantly and positively correlated with harvest

index which showed that grain yield as well as  straw

yield was highest with two hand weddings and hoeing

treatments (Jadhav and Gadade ,2012)

Thus the investigations revealed that  treatment T
9

(hand weeding at 20 and 40 DAS) out yielded (8.50 g

plant-1 and 2466.33 kg ha-1) other treatments owing

to the maximum water use efficiency (3.46 µmol

mol-1) and quantum efficiency (0.089) reflected in

higher magnitudes of no of seeds pod-1 (3.51), pod

weight g plant-1(11.50) and pod length (3.51cm), an

average higher seed index (12.08 g) and biological yield

(23.80 g plant-1 and 6901.97 kg ha-1) which resulted in

higher economic yield . But the justification  of hand

weeding would be worked out on the basis of benefit-

cost ratio involving other treatments. Besides,

Treatment T
6
 had the maximum carboxylation

efficiency (0.091 µmol m2 s-1 (µmol mol-1)-1 and

photosynthetic rate (16.45 µmol m-2 s-1), T
8
 stomatal

conductance (0.536 mol m-2 s-1), T
4
 Transpiration rate

(3.12 mmol m-2 s-1) and mesophyll efficiency (677.64

µmol mol-¹ (µmol m-2s-1) -¹). Treatments may be used

for enhancing kinetics of physiological mechanisms.
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Abstract

Ecology and Behaviour are very important for wild life

conservation. The present study of ecology and behaviour

of sambar has been conducted in Panna National Park of

Madhya Pradesh. Sambar is nocturnal or crepuscular in its

habits. Daily routine of grazing and resting of sambar is

modified with season. The present observation revealed that

sambar is found at low densities beyond a distance of two

or three km. from water source.

Keywords : Ecology and behavior, Sambar, Panna National

Park,  Habitat.

India has a long history and tradition on conservation

of nature and wildlife. There had been old association

of man with animal, due to which they suffered less

destruction in ancient times. Behavioral information

is very essential for better understanding of biology

and ecology of a species and also for conservation of

wild life. There are very few studies on wild life

behaviour and ecology. Ecology studies on grassland

of Kanha National Park in Madhya Pradesh with special

reference to wild life management has been

performed by Pandey (1982); Thakur (1995) studied

the biology and ecology of chital wild life in relation

to feeding habit at Panna forest, (M.P.); Kotwal (1981)

reported some critical observation to define behavior

of Cheetal in Kanha National Park. Prajapati and Singh

(1994) studied beneficial aspects of Neelgai. Shukla

and Khare (1998) studied on food habits of wild

ungulates in Pench Wildlife Reserve. There are

practically no systematic studies were made on

behaviour of wild herbivores. Therefore, in the present

investigation an attempt was made to study the

ecology and behaviour of Sambar in Panna National

Park of Madhya Pradesh.

Material and Methods

The study area was Panna National Park situated within

district Panna and Chhatarpur  in the state of Madhya

Pradesh spread over in an area of 5213sq km.  It

becomes a National Park in 1981 and tiger reserve of

the state in 1994. Study of ecological survey includes

soil characteristics using camera and Binocular and

study of biotic parameters including flora and fauna

of the area. To study behaviour and daily routine cycle

of this herbivores direct observation from tree

platform were made during different season of the

year (2016-2017).

Result and Discussion

Sambar (Rusa unicolor) is a large deer attain finest

proportion in Panna National Park. They are most

conspicuous animal and protected species under

Wildlife Act 1972. Sambar is listed as vulnerable on

IUCN Red Data Book since 2008.

Sambar is Nocturnal or crepuscular. The male lives

alone for much of the year, whereas, female lives in

small heard of up to 16 individuals. Indeed, in some

areas, the average herd consist of only three or four

individuals, typically consists of an adult female, her

most recent young and perhaps a subordinate,

immature female. This is an unusual pattern for deer,

which more commonly lives in larger group. They often

congregate near Ken river for water and are good

swimmer. Most of the deer sambar is generally quiet,

although all adult can scream or make short, high

pitched sounds when alarmed. However, they

commonly communicate by scent marking and foot

JNKVV Res J 51(1-3): 143-144 (2017)



stamping. Sambar deer are easily spotted grazing on

the forest ground and near water. Sambar feed on a

wide variety of vegetation including grasses, foliage,

browse, fruit and water plant. They also consume a

great variety of forest trees viz., amla, Ber, Achar etc.

Sambar congregates in large herds in Panna National

Park.

Sambars are favorite prey of tigers. Though they mate

and reproduce year round, Sambar calving peaks

seasonally. The male establishes a territory from which

it attracts nearby female, without establishing alarm.

The male stomps the ground, creating a bare patch.

The daily routine of grazing and resting of sambar

changes somewhat with the season. During the cool

weather the animal rise in pale light at about 06:00

hours and graze. Intermittently throughout the day,

resting only for brief period usually between 10:00 and

14:00 hours. During hot weather the animal see at

about 5:00 hours and feed until around 07:30 hours,

when they often withdraw into the shade, until late

afternoon spending much less time forging during day

light in previous season. The high temperature

recorded march through June, caused most mammals

to retire under cover during the day. Hence the activity

of Sambar during the hot day season clearly illustrates

the point. Two peaks were observed, one just after

sunrise and one at sunset. Little movement has been

in the intervening hours.

During monsoon, with the abundant forage the bucks

stand around and walk a great deal but seemed to feed

little. The activity curve for sambar in the cool dry

months in the savannath like habitat however showed

a somewhat different pattern.

The availability of surface water limits the fact. Sambars

were found only at low densities beyond a distance of

2 or 3 km from water sources. The most of the

precipitation occurs during the months late June-Sep.,

the relative importance of moisture makes a direct input

on the phenology of the vegetation of heavy pre-

monsoon rains in the early day of June stimulates new

growth in gammoned species.
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