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INTRODUCTION
A  w o m a n ' s  

psychology cannot 

b e  u n d e r s t o o d  

SCREENING WOMEN 

No. of Pages: 

ABSTRACT

Inkhefaz-baad-ul-wiladat (Postpartum 
depression) is one of the most 
common and unique complications 
of pregnancy and childbirth. It is 
analogous to  depression that  
develops at any age, therefore, a 
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w i t h o u t  

considering the 

stage she is in the 

c o u r s e  o f  h e r  

reproductive life. 

P r e g n a n c y ,  

m i s c a r r i a g e  o r  

pregnancy loss, 

i n f e r t i l i t y  a n d  

postpartum period 

m a y  c h a l l e n g e  

women's mental 

h e a l t h 1 , 2 .  

Pregnancy  and  

puerperium are 

best constructed as 

major life events 

w i t h  p r o f o u n d  

physical as well as 

p s y c h o l o g i c a l  

c h a n g e s .  

Throughout her 

childbearing years 

a woman is never 

more  l i ab le  to  

p s y c h i a t r i c  

breakdown than in 

three months after 

giving birth, yet 

strangely she is 

never less liable to 

be admitted to a 

psychiatric ward, 

than during her 

pregnancy3,4,5.  

T h i s  p a p e r  i s  
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intended to give an 

a c c o u n t  o f  

p o s t p a r t u m  

depression and to 

confer the cause to 

necess i ta te  the 

s c r e e n i n g  o f  

women in perinatal 

period.

P o s t p a r t u m  

depression
P o s t p a r t u m  

depression (PPD) is 

not a novel entity; 

it was foremost 

i l l u s t r a t e d  b y  

father of Medicine 

h i m s e l f 6 , 7 , 8 .  

A l t h o u g h  s t i l l  

p e r s i s t  a s  a n  

in imi tab le  and  

s e r i o u s  

complication of 
9c h i l d b i r t h  i n  

v i r t u a l l y  a l l  

respects, PPD is 

analogous to major 

a n d  m i n o r  

depression that 

develop at any 

t ime.  Typical ly 

d e p r e s s i o n  i s  

c o n s i d e r e d  

postpartum, if it 

commences within 

69
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six months or first 

year after child 
10

birth .

In classical Unani 

literature Inkhefaz-

baad-ul -wiladat  

(PPD) has not been 

descr ibed as  a  

separate entity. 

Nevertheless, it has 

been descr ibed 

under the term of 

M e l a n c h o l i a .  

A c c o r d i n g  t o  

Unani system of 

M e d i c i n e ,  

Melancholia is the 

d e n o t a t i o n  o f  

fasad-e-fikr i .e,  

disturbance in the 

inte l lec t  o f  an 

individual because 

of reallocation in 

t h e  c u s t o m a r y  

q u a l i t y  a n d  

quantity of sawda 

(black bile)11, 12. 

Great scholars of 

t h a t  t i m e  l i ke  

(Hippocrates, Ibne-

Sina, Samarqandi, 

Allama Qarshi etc) 

have illustrated the 

impact of hamal 

(pregnancy) and 
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w a z a - e - h a m a l  

(chid birth) on 

woman's psyche. 

According to them, 

ifraat-e-infiyalat-e-

n a f s a n i y a  ( t h e  

excess in emotions) 

like fear, grief, 

sorrow, anger, etc 

candirect to the 

preponderance of 

K h i l t - e - s a w d a  

(black-bile) either 

in brain or whole 

body in such an 

extent which could 

h a m p e r  t h e  

thinking faculty  

(Quwat-e-fikr) of 

the mid brain,  

ultimately results 

i n  

melancholia12,131

4. Allama Qarshi 

had also discussed 

p s y c h i a t r i c  

d i s o r d e r s  l i k e  

puerperal mania 

(mania-e-nifasi )  

a n d  p u e r p e r a l  

dementia (humaq-

u n - n i f a s a )  a s  

r e l a t e d  t o  t h e  

childbirth14.
D e p r e s s i v e  

d i s o r d e r s  a r e  
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already the fourth 

leading cause of 

g l o b a l  d i s e a s e  

burden. According 

to WHO, they are 

expected to rank 

second by 2020 

b e h i n d  I H D  

(Ischaemic Heart 
1 6D i s e a s e ) .  

Depression affects 

men and women 
17,18differently . Mild 

t o  m o d e r a t e  

depressive illness 

a n d  a n x i e t y  

disorders are at 

l e a s t  t w i c e  a s  

common in women 

as in men and are 

p a r t i c u l a r l y  

common in young 

w o m e n  w i t h  

children under the 

age of five5. The 

NCS-R (National 
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INTRODUCTION
Herbal medicine 

h a s  s u c h  a n  

e x t r a o r d i n a r y  

i n f l u e n c e  t h a t  

n u m e r o u s  

a l t e r n a t i v e  

medicine therapies 

treat their patients 

w i t h  H e r b a l  

MEDICINAL USES OF 
SARACA ASOCA ROXB; 

No. of Pages: 

ABSTRACT

Ashoka is the most ancient tree of 

India, generally known as “Ashok 

Briksh”, botanist known as Saraca 
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remedies, Unani 

a n d  Ay u r v e d a .  

Approximately 25 

p e r c e n t  o f  a l l  

prescription drugs 

are derived from 

trees, shrubs or 

herbs. Nature has 

b e s t o w e d  o u r  

country with an 

enormous wealth 

of medicinal plants 

therefore India has 

often been referred 

to as the medicinal 

g a r d e n  o f  t h e  

world. So stand the 

medicinal plants 

Saraca asoca as 

one of the foremost 

p lan ts  u t i l i zed  

from antiquity till 

to date. Asoka or 

ashoka is a Sanskrit 

w o r d s  w h i c h  

means “without 

sorrow” or which 

that gives no grief. 

Ashoka is one of 

the most legendary 

and sacred trees of 

India. Ashoka tree, 

universally known 

by its binomial 

Latin name Saraca 

a s o c a  ( R o x b . ) ,  
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De.wild or Saraca 

indica belonging 

f a m i l y  

Caesalpinaceae. It 

is a evergreen tree 

called in english 

Asok tree. It is also 

known as Kankeli 

(Sanskrit), Ashoka 

( A s s a m e s e ) ,  

Ashoka (Bengali) , 

Ashoka (Gujrati), 

Ashoka (Hindi), 

A s h o k a d a m a r a  

(Kannada), Ashok 

( K a s h m i r i ) ,  

A s o k a m  

( M a l a y a l a m ) ,  

Ashok (Marathi), 

Ashoka (Oriya), 

Ashok (Punjabi), 

Asogam (Tamil), 

A s h o k a p a t t a  

(Telugu).3 It is 

found throughout 

India, especially in 

Himalaya, Kerala, 

Bengal and whole 

s o u t h  r e g i o n .  

Ashoka is one of 

the sacred plants of 

Hindus, and is 

especially sacred to 

the Hindu God of 

Love, Kamadeva, 

for whom it is 

75
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INTRODUCTION Gestational 

GESTATIONAL DIABETES 

No. of Pages: 

ABSTRACT

Pregnant women who have never 
had Diabetes before but who have 
high blood sugar (glucose) levels 
during pregnancy are said to have 
Gestational Diabetes. It affects about 
4% of all pregnant women.  It 
usually develops about midway 
through a pregnancy, at about 20 to 
24 weeks, and is caused by changes 

77

Correponding author: akhtardrfarooqui@gmail.com, nahidaq1.2@gmail.com

Review Article

Received on: 22.06.2014 Revised: 22.07.2014 Accepted on: 15.08.2014

Ind. J. Unani Med., Vol. VII, Iss. 1,  pp. 77-81, 2014



78

Diabetes
G e s t a t i o n a l  

Diabetes is a type of 

d i a b e t e s  t h a t  

occurs in pregnant 

women who did 

not have diabetes 

before conception. 

It is sometimes 

referred to as GDM 

and happens when 

higher than normal 

blood sugar levels 

o c c u r  i n  

p r e g n a n c y 1 .  I t  

affects about 4% of 

a l l  p r e g n a n t  

women.  It usually 

develops about  

midway through a 

pregnancy, at about 

20 to 24 weeks, and 

i s  c a u s e d  b y  

c h a n g e s  i n  

hormone in body 

during pregnancy.

Unani Concept
Hkm  Kabiruddin 

says in his book 

“Sharh-e- Asbab” 

that one of the 

cause of Ziyabitu 

shaar 

( D i a b e t e s )  i s  

Ind. J. Unani Med., Vol. VII, Iss. 1,  pp. 77-81, 2014
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Ayyam e hamal 

(pregnancy) .

There are many 

causes of Ziyabitus 

haar (Diabetes)  

d e s c r i b e d  b y  

a n c i e n t  U n a n i  

A t i b b a .  U n a n i  

physicians say that 

su-e-mizaj-e-haar 

(hot temperament 

of kidney) is one of 

t h e  c a u s e  o f  

Ziyabitushaar5,6.

H k m  M o h d  

K a b i r r u d d i n  

describes in his 

book “Al-Aksir” 

that Jurjani says su-

e- mizajhar (hot 

temperament of 

k i d n e y )  a n d  

dilatation of vessel 

and ure ter  a re  

causes of Ziyabitus 

haar7.This causes 

kidney to absorb 

more secretions 

but their power of 

retention (Quwat-

e-masika) is poor, 

so they transfer the 

a b s o r b e d  

Ind. J. Unani Med., Vol. VII, Iss. 1,  pp. 77-81, 2014
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s e c r e t i o n s  

immediately to the 

bladder. In the 

same way during 

pregnancy various 

changes occur in 

b l o o d  d u e  t o  

hormones released 

by placenta 3,8, 

and that causes the 

i n c r e a s e  

absorption power 

of kidney, dilate 

the ureter  and 

vessels. This is 

what we called sue 

mizaj e har of 

k i d n e y  i n  

pregnancy, as one 

of the cause of 

Z i y a b i t u s  h a a r  

( G e s t a t i o n a l  

Diabetes).

Modern Concept 
G e s t a t i o n a l  

diabetes usually 

develops about  

midway through a 

pregnancy, at about 

20 to 24 weeks, and 

is caused by the 

c h a n g e s  i n  

hormones in body 

during pregnancy. 

Ind. J. Unani Med., Vol. VII, Iss. 1,  pp. 77-81, 2014
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In  add i t ion  to  

supplying the baby 

with nutrients and 

w a t e r  f r o m  

circulation, the 

placenta produces 

a  n u m b e r  o f  

hormones vital to 

the  pregnancy.  

Some of these have 

a blocking effect on 

insulin. As the 

placenta grows 

l a r g e r ,  m o r e  

h o r m o n e s  a r e  

produced, and the 

greater the insulin 

r e s i s t a n c e  

becomes. In most 

w o m e n ,  t h e  

pancreas is able to 

make additional 

i n s u l i n  t o  

o v e r c o m e  t h i s  

insulin resistance. 

When the pancreas 

m a k e s  a l l  t h e  

insulin it can, and 

there still isn't 

e n o u g h  t o  

Ind. J. Unani Med., Vol. VII, Iss. 1,  pp. 77-81, 2014



82



INTRODUCTION
Tu k h m - e - k a t a n  

( L i n u m  

u s i t a t i s s i m u m  

TUKHM-E-KATAN 
(LINUM 

No. of Pages: 

ABSTRACT

T u k h m - e - K a t a n  ( L i n u m  

usitatissimum Linn.) is a multi-

purpose crop belongs to the family 

Linaceae and its consumption is 

beneficial for human health. The 

83
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Flax  1 -5 .  This  

annual herb with 

60-120 cm high; 

stems solitary with 

slender stalks 2.5 to 

4  m i l l i m e t e r s  

(about 0.10 to 0.15 

inch) in diameter 

and with branches 

concentrated at the 

t o p .  P l a n t s  

cultivated for seed 

are shorter and 

many-branched. 

T h e  l e a v e s ,  

alternating on the 

stalk, are small and 

Linn.) commonly 

k n o w n  a s  

Flaxseeds. It is 

m e n t i o n e d  i n  

unani  c lass ical  

literature as Bazar-

u l -  K a t a n  o r  

Tukhm-e- Katan.  

In Urdu it is named 

as Alsi while in 

Persian it is named 

as Tukhme Katan, 

Zaghir, and Zaghu. 

In English it is 

commonly called 

as linseed, Flax 

plant ,  Common 

Ind. J. Unani Med., Vol. VII, Iss. 2,  pp. 83-91, 2014
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Afa'al (Actions) of Tukhm-e-Katan in Unani system of medicine:

Therapeutic Use of Tukhm-e-Katan in Unani System of Medicine:

Muhallil-e-Warm 
(Anti-

26-31inflammatory)

Munaffis-e-
Balgham (Phlegm 

26,31Expectorant) 

Mukhrij-e-

Balghami khansi 
(Bronchial 

26-30Asthma)

Zeeq-un-Nafas 
28,31(Dyspnea)

Warm-e-Urooq-e-
Khashna 

Moarriq 
26,32

(Diaphoretic)

Mudirr-e-Labn 
26,32(Galactagogue)

Mudirr-e-Haiz 
26

(Emmenagogue)
,32

Niqras (Gout) 26,29

Qurooh Ama 
(Intestinal 
ulcers)26,29,28,32

Qurooh-e-Gurda-wa-
Masana (Ulcers of 
kidney and urinary 
bladder)26,32,33

Ind. J. Unani Med., Vol. VII, Iss. 2,  pp. 83-91, 2014
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Flaxseeds used as a 

d e m u l c e n t ,  

e m o l l i e n t ,  

e x p e c t o r a n t ,  

thermogenic and 

diuretic. It also has 

been used as a 

remedy for cold 

and cough, and 

irritations of the 

urinary tract.

Crushed tukhm-e-

katan is applied in 

t h e  f o r m  o f  a  

poultice for the 

r e l i e f  o f  l o c a l  

inflammations and 

ulcers, boils and 

carbuncle; tukhm-

e-katan  poultice 

retain heat better 

than most other 

substitutes and 

Musleh mentioned in classical Unani literature (Correctives): 

Badal (Substitute) of Tukhm-e-Katan in Unani system of medicine: 

Kishneez 
(Coriandrum Gulqand (A 

Ind. J. Unani Med., Vol. VII, Iss. 2,  pp. 83-91, 2014
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L a o o q - E - K a t a n  

(Linctus of Flax 

Mucilage)

A  U n a n i  

p h a r m a c o p e i a l  

formulat ion o f  

Tukhm-e-Katan:
A  d e t a i l e d  

description about 

the Unani Herbal 

d r u g s  u s e d  i n  

r e s p i r a t o r y  

ailments has been 

given by ancient 

p h y s i c i a n s ,  

pa r t i cu la r ly  o f  

medieval age such 

a s  D i o s c o r i d e s  

(78AD), Ibn-Baitar 

( 1 8 6 9 ) ,  A z a m  

Khan, Ghani (1926) 

etc. While going 

t h r o u g h  t h e  

classical Unani 

l i t e r a t u r e  o f  

m e d i c i n e  t h e  

description and 

medicinal uses of 

F l a x s e e d / Ka t a n  

( L i n i u m  

usitatissimum) and 

i t s  wel l -known 

formulation Laooq-

Ind. J. Unani Med., Vol. VII, Iss. 2,  pp. 83-91, 2014
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e-Katan (Linctus of 

Flax mucilage) was 

observed .  This  

d r u g  a n d  i t s  

formulation Laooq-

e-Katan (Linctus of 

Flax mucilage) has 

been invouge from 

ancient times and 

has proved very 

e f f e c t i v e  i n  

respiratory tract 

disorders. In Unani 

classical literature, 

L a o o q - e - K a t a n  

(Linctus of Flax 

mucilage) has been 

described as an 

anti-inflammatory, 

e x p e c t o r a n t ,  

b ronchodi la tor ;  

a n t i - a s t h m a t i c ,  

anti-phlegmatic, 

anti-catarrhal, and 

having a soothing 
42-47

effect in cough . 

Prepara t ion  o f  

L a o o q - e - K a t a n  

(Linctus of Flax 

mucilage) 

Plant material:
Flaxseed/Tukhm-e-

K a t a n  ( L i n u m  

Ind. J. Unani Med., Vol. VII, Iss. 2,  pp. 83-91, 2014
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u s i t a t i s s i m u m )  

should be procured 

from any authentic 

herbal trade shop 

and should be  

identified as well 

as authorized by 

Botanist.

Extraction of flax 

mucilage:
Flax mucilage is 

extracted from the 

whole seeds using 

d i s t i l l ed  water  

where the solids 

(flax seed) and the 

solvent (distilled 

water) is put in a 

vessel and is being 

c o n t i n u o u s l y  

s t i r r e d  a s  

degumming is time 

consuming and 

lead to stickiness. 

A b o u t  2 5 0  g m  

seeds of Linium 

u s i t a t i s s i m u m  

(Bazr-e-Katan) is 

soaked in 1 liters of 

distilled water for 

overn igh t .  The  

m u c i l a g e  i s  

extracted from it by 

Ind. J. Unani Med., Vol. VII, Iss. 2,  pp. 83-91, 2014
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sieving through a 

cotton cloth and 

400 ml of mucilage 

is extracted. In this 

mucilage 600 ml of 

distilled water is 

added to make the 

mixture 1000 ml in 

q u a n t i t y.  T h i s  

mixture is again 

added to the seeds 

f r o m  w h i c h  

m u c i l a g e  i s  

extracted, and then 

it is sieved again. In 

this manner, 800 

ml of mixture is 

a t t a i n e d  i n  

hygienic condition 

to which 200 ml of 

distilled water is 

added to make it 

1 0 0 0  m l  a n d  

labeled as Loab-e-

Tu k h m - e - Ka t a n  

( L i n u m  

usitatissimum).

C o m p o s i t i o n  

L a o o q - e - K a t a n  

(Linctus of Flax 

mucilage): 
• Loab-e-

Tukhm-e-
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Katan 

(Linum 

usitatissim

um)
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INTRODUCTION
Breast cancer is the 

most frequently 

diagnosed cancer 

accounting for 23% 

of total cancer 

cases and 14% of 

c a n c e r  d e a t h s .  

RETROSPECTIVE 
ANALYSIS OF BREAST 

CANCER PATIENTS 

No. of Pages: 9 No. of 

ABSTRACT

A hospital based study was done to 

scrutinize the various histo -
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Every year about 

75,000 new cases 

of breast cancer 

have been reported 

by World Health 

Organization. The 

incidence in India 

is also alarming, 

T h e  N a t i o n a l  

Cancer Registry 

has reported, a rate 

of 25 to 30 per 

100,000 women 

per year in cities 

NO. % 

AGE 
< 40 YRS 

NO. 
% 

Progesterone 
Receptor 
Status 

AGE 
< 40 YRS 

AGE 
> 40 YRS 

TOTAL

AGE 
 > 40 YRS 

TOTAL 
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NO. 
% 

NO. 
% 

NO. 
% 

Estrogen 
Receptor 
Status 

HER-2 Status 

HER-2 Status 

AGE 
< 40 YRS 

AGE 
< 40 YRS 

AGE 
< 40 YRS 

AGE 
> 40 YRS 

AGE 
> 40 YRS 

AGE 
> 40 YRS 

TOTAL

TOTAL

TOTAL
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% 

NO. 
% 

NO. % 

5 0 

METASTATIS 

LYMPH 
NODES

Nottingham 
Score 

AGE 
< 40 YRS 

AGE 
< 40 YRS 

AGE 
< 40 YRS 

AGE 
> 40 YRS 

AGE 
> 40 YRS 

AGE 
> 40 YRS 

TOTAL

TOTAL

TOTAL
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Sr.
No

Age
(Yrs)

ER 
receptor

PR 
receptor

HER 2 
NEU 

receptor

NO. 
% 

GRADING AGE 
< 40 YRS 

AGE 
> 40 YRS 

TOTAL

Sr. No

Sr. No

Age (Yrs)

Age (Yrs)

ER receptor

ER receptor

PR receptor

PR receptor

HER 2 
NEU 

receptor

HER 2 
NEU 

receptor
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Sr.
No

Age
(Yrs)

ER 
receptor

+ve

PR 
receptor

-ve

HER 2 
NEU 

receptor
+ve
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Fig.  10 b : Hormone Receptor Status

Sr.
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Sr.
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receptor

-ve

ER 
receptor

-ve

ER 
receptor
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PR 
receptor

+ve

PR 
receptor

+ve

PR 
receptor

+ve

HER 2 
NEU 

receptor
+ve

HER 2 
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receptor
+ve

HER 2 
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PR receptor
-ve

HER 2 NEU 
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DISCUSSION
In  the  present  

study 10 patients 

were less than 40 

yrs of age ( 27.8%) 

and 26 patients 

were more than 40 

yrs of age (72.2%). 

A g e  w a s  n o t  

available for one 

pa t ient .  Breas t  

c a n c e r  r i s k  

increases with age. 

Late diagnosis may 

also be responsible 

f o r  h i g h e r  

p r e v a l e n c e  i n  

women above 40 

yrs of age. It is 

reported that, in 

Iran7 about 17% 

patients are less 

than 40 yrs of age. 

M e a n  a g e  a t  

d i a g n o s i s  w a s  

48.78 yrs (63 yrs in 

U.S.A., around 51 

y r s  i n  I r a n 7 ) .  

P r o g e s t e r o n e  

receptor  s ta tus  

(P.R.S.) was not 

s t a t i s t i c a l l y  

s i g n i f i c a n t l y  

different between 

less than 40 yrs and 

more than 40 yrs of 
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age .(p = 0.518) 

(Table and graph 

no. 2a, 2b). The 

majority of tumors 

in younger women 

h a d  p o s i t i v e  

p r o g e s t e r o n e  

r e c e p t o r  a n d  

higher stage in 

Iran7. There is a 

relation between 

all of these features 

a n d  m o r e  

aggressive tumors 

a n d  p o o r e r  

prognosis4. All of 

t h e s e  s t u d i e s  

s u p p o r t  t h e  

c o n c e p t  t h a t  

tumors developing 

in younger women 

are biologically 

d i f f e r e n t  f r o m  

tumors in older 

women and tend to 

be more aggressive 

with unfavorable 

biologic markers. 

Many studies from 

E u r o p e  a n d  

America have been 

reported showing 

that young age at 

diagnosis is an 

i n d e p e n d e n t  

predictor of poor 
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survival9. Table 

and graph no. 3a 

and 3b show that, 

age (less than 40 

and more than 40) 

has no significant 

effect on estrogen 

receptor  s ta tus  

( E . R . S . )  ( p  =  

0.102). Anders CK 

et al report that, 

tumors in young 

women have lower 

ER positivity4.  In 

the present study 

H E R - 2  s t a t u s  

shows significant 

relation with age. 

(p = 0.092) (Table 

4a and graph 4b). 

Another analysis 
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INTRODUCTION
The word Ghiza 

m e a n s  t h o s e  

substances which 

have the capability 

to assimilate in 

body and become 

part of body  after 

d i g e s t i o n  a n d  

metabol ism.  In  

another words it 

can be said that 

CONCEPT OF GHIZA IN 
UNANI SYSTEM OF 

No. of Pages: 

ABSTRACT

A hospital based study was done to 

scrutinize the various histo -
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G h i z a  i s  a  

substances which 

i s  t a k e n  b y  

individuals for the 

p u r p o s e  o f  

nourishment and 

to fulfill the desires 

of body. In Unani 

system of medicine 

word Ghiza has 

been used for three 

meanings. Firstly it 

is used for true diet 

which is taken by 

individuals and 

u l t i m a t e l y  

metabolized and 

becomes a part of 

b o d y  a f t e r  

attachment with 

viscera's. Secondly 

it is used for that 

d i e t  i n  w h i c h  

d i g e s t i o n  a n d  

metabolism occurs 

but it does not 

change into the 

p a r t  o f  b o d y  

a l t h o u g h  i t  i s  

attached with the 

viscera's of body. 

Thirdly includes 

t h o s e  d i e t s  i n  

which digestion 

and metabolism 

o c c u r s  b u t  i t  

104
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eliminates from 

body and does not 

a t t a c h e d  w i t h  
3viscera's. 

Unani physicians 

paid great attention 

towards Ilaj-bil-

Ghiza(Dietotherap

y). They used to 

treat the ailments 

o f  b o d y  b y  

a l t e r a t i o n  i n  

quality or quantity 

of Ghiza. Ghiza 

p o s s e s s  g r e a t  

i m p o r t a n c e  i n  

Unani system of 

medicine as Unani 

physicians had 

knowledge about 

its nutritive as well 

a s  i t s  

pharmacological 

activity. Ghiza not 

o n l y  p r o v i d e s  

nourishment and 

strengthen to the 

body but it also 

p o s s e s s e s  

pharmacological 

activity by which it 

can also treat the 

d i s e a s e  a n d  

prolongs the life 

w h i c h  i s  

105
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s p e c i f i c a l l y  a s  

called as Ghiza-e-

dwae.4 There are 

several  Unani 

books in which 

concept of Ghiza 

was mentioned in 

detail e.g. Manafe-

u l - a t i m a  w a l  

ashriba, Kitab fil-

Aghzia by Raban 

R a b r i ,  K i t a b  

Manafeil-Aghzia 

Dafa-e-Muzarreha 

b y  R a z i ,  F i t  

T a d a b e e r - a l -

AsehhaBil Makool 

Wa  M a s h r o o b ,  

Kitab Aghziya-Tul-

M a r z a  b y  

N a j i b u d d i n  

Samaqandi15. The 

w o r d  d i e t  i s  

derived from the 

latin word “dieta” 

means a way of 
1 1l i v ing .  Unani  

medicine believed 

o n  A a e t e ' d a l  

( e q u i l i b r i u m ) .  

Aaete'dal in Asbab-

e-sitta-e-zarooria is 

m a n d a t o r y  f o r  

health. Makool wa 

Mashroob(Diet & 

D r i n k )  i s  a  
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important factor in 

Asbab-e-s i t ta -e-

z a r o o r i a .  I t  i s  

believed in Unani 
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INTRODUCTION
The greenhouse 

effect often gets a 

bad rap because of 

its association with 

global warming, but 

the truth is we 

c o u l d n ' t  l i v e  

IMPACT OF 
GREENHOUSE GASES 

No. of Pages: 

ABSTRACT

The greenhouse effect confers to the 

trapping of heat by certain gases in 

the atmosphere. Although these 

gases occur in only trace amounts, 
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without it. The 

greenhouse effect 

was discovered by 

F r e n c h  

m a t h e m a t i c i a n  

Joseph Fourier in 

1824, and first  

r e l i a b l y  

experimented on by 

Irish physicist John 

Tyndall in 1858, 

and first reported 

quantitatively by 

Swedish scientist 

Svante Arrhenius 

1896. Life on earth 

depends on energy 

from the sun. About 

30 per cent of the 

sunlight that beams 

toward Earth is 

deflected by the 

outer atmosphere 

and scattered back 

into space. The rest 

reaches the planet's 

sur face  and  i s  

reflected upward 

again as a type of 

s l o w - m o v i n g  

e n e r g y  c a l l e d  

infrared radiation. 

The heat caused by 

infrared radiation is 

a b s o r b e d  b y  

greenhouse gases. 
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When the emission 

o f  i n f r a - r e d  

radiation in the 

atmosphere warms 

a planet's surface, it 

is known as the 

Greenhouse Effect. 

In other words the 

greenhouse effect is 

a  n a t u r a l l y  

occurring process 

by which thermal 

radiation from a 

planetary earth's 

surface is absorbed 

by atmospheric  

greenhouse gases, 

and is re-radiated in 

1all directions. 

A l t h o u g h  

greenhouse gases 

make up only about 

1 per cent of the 

E a r t h ' s  

atmosphere, they 

r e g u l a t e  o u r  

climate by trapping 

heat and holding it 

in a kind of warm-

air blanket that 

s u r r o u n d s  t h e  

p l a n e t .  T h i s  

phenomenon is  

what scientists call 

the greenhouse 
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effect. Without it, 

scientists estimate 

that the average 

temperature on 

Earth would be 

c o l d e r  b y  

approximately 30 

degrees Celsius 

rather than the 

p r e s e n t  1 5 °  

Celsius. It results 

from the fact that 

the greenhouse 

gases ,  such as   

water vapor with 

three atoms, ozone 

( O ) ,  c a r b o n  3

d i o x i d e  ( C O ) ,  2

methane (CH ),  4

nitrous oxide, and 

a l s o  t r a c e  

q u a n t i t i e s  o f  

chlorofluorocarbo

ns (CFC's) can have 
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INTRODUCTION 
I l t ehabe  unqur  

rehm (cervicitis) is 

o n e  o f  t h e  

commonest lesions 

o f  t h e  f e m a l e  

AN OBSERVATIONAL 
STUDY ON THE 

PATIENTS OF 

No. of Pages: 6 No. of 

ABSTRACT

Background and Objec t ives :  

Iltehabe Unqur Rehm (cervicitis) 

refers to the inflammation of the 

cervix which may be acute or 
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genital tract. The 

infection may be 

acute or chronic. 

Chronic cervicitis 

is very common 

and it is seen in 

about 35-85% of 

w o m e n .  T h e  

disease Iltehabe 

unqur  rehm  i s  

described in the 

context of warm 

rehm. It is included 

i n  a m r a z e  

m u r a k k a b a  

( c o m p l e x  o r  

c o m p o s i t e  

d i s e a s e s ) .  I n  

classical  unani 

l i t e r a t u r e ,  i t s  

c a u s a t i o n  i s  

attributed to sue 

mizaj. When sue 

mizaj inflicts any 

organ, it results in  

certain changes in 

the functions of 

that organ and 

t h e s e  a b e r r a n t  

changes leads to 

derangement in the 

n o r m a l  

f u n c t i o n i n g  o f  

intrinsic faculties 

which manifests in 

the emergence of 
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RESULTS:

No. of patients

Control groupTest group
Dietary habits Total (%)

Vegetarian
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Table 2: shows that out of 45 cases 
No. of patients

Control groupTest group

Contraceptive 
methods

Total (%)

Nil
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G r a p h  2 :  

No. of patients

Control groupTest group

Parity Total (%)

Table 3: shows the distribution of 

Nulliparous

120

1,2,3,4,5,6diseases.

I l tehabe unqur 

r e h m  m a y  b e  

Iltehabe har or 

I l tehabe barid .  

Iltehabe har is due 

to the domination 
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DISCUSSION
Out of 45 patients 

35(77.80 %) were 

observed to be 

vegetarian and non-

vegetarian followed 

by 10 (22.20%) 

w e r e  o n l y  

vegetarian. Khan 

Ajmal 13has quoted 

in his book “Haziq” 

that  baadi  and 

saqeel food should 

be avoided, as this 

type of diet is 

usually not easily 

digestible, affect the 

digestion and may 

a c t  a s  a n  

aggravating factor. 

I t  w a s  a l s o  a  

common complaint 

from the patients 

that after eating hot 

and saqeel (heavy) 

foods like meat, 

fish, vegetables like 

c a u l i f l o w e r ,  

potatoes, brinjals 

etc the disease is 
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aggravated. So the 

p a t i e n t s  w e r e  

advised to take 

ghizae lateef (light 

a n d  e a s i l y  
2, 3, 13, digestible foods.

14, 15
(Table & Graph 

No.  1)

Highest prevalence 

of this disease, as 

observed in the 

study, was found in 

women who were 

Ind. J. Unani Med., Vol. VII, Iss. 1,  pp. 117-122, 2014



.INTRODUCTION 
Anemia is a global 

p r o b l e m  o f  

immense public 

A REVIEW STUDY ON 
IRON DEFICIENCY 

ANEMIA 

No. of Pages: 

ABSTRACT

Anemia resulting from lack of 

sufficient Iron for synthesis of 

hemoglobin is the most common 

hematologic disease of infancy and 

childhood. Anemia is defined as 
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is termed as Soo-

ul-Qiniya. Soo-ul-

Qiniya is also 

known by various 

terminologies viz. 

F a q r u d d u m  

( k h o o n  k i  

mohtaji), Qillat-

WHO Diagnosis: 

H e m o g l o b i n  

below 11gm/dl in 

p r e  s c h o o l  
4

children .

In Unani system of 

medicine Anemia 

1Table 1: Normal Values (Age specific Hemoglobin levels) .

Hb (g%) 
Mean (2SD) HCT (%) 
Mean (2SD) MCV 
Mean (-2SD)

Term 16.5 

ul-dam (khoon ki kami, Fasad-e-mizaj) 

and Fasaad-e-khoon (khoon ki tabahi)5. 
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normal blood, the 

d i s e a s e  i s  

a t t r i b u t e d  t o  

'Cause'. In the 

above malady, the 

volume of blood 

decreases,  and 

there is change in 

the constituents. 

Red blood cells 

a l so  decreases  

c o n s i d e r a b l y  

along with the 

other important 

(error) and 'Qiniya' 

meaning depot 

(Raas-ul -mal)6. It 

therefore means 

d e t e r i o r a t i o n  

(error) of depot 

(blood reserves). 

Since the literal 

meaning is taken, 

blood (reserves of 

liver) is compared 

to depot. Because 

anemia  i s  the  

deterioration in 

Soo-ul-Qiniya is a synthesis of two 

words 'Soo-ul'meaning deterioration 

Ind. J. Unani Med., Vol. VII, Iss. 1,  pp. 123-128, 2014
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w o r l d ' s  

population has 

anemia, 1.5 billion 

have IDA Globally. 

Infants, preschool 

c h i l d r e n ,  

adolescents and 

women of child 

bearing age are at 

greater risk of 

developing IDA.  

Global prevalence 

i s  5 3 . 6 %  i n  

p r e s c h o o l  

children7. 74% of 

Children between 

the ages of 6-35 

m o n t h s  a r e  

b l o o d  

constituents, as 

well as there is an 

increase in the 

volume of water 
5

(fluid) .

Prevalence
According to the 

National family 

h e a l t h  s u r v e y  

(NFHS-3) data the 

i n c i d e n c e  o f  

anemia in urban 

children is 71%, 

rural is 84% and 

o v e r a l l  i s  

79%.30% of the 
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anemic1. In boys, 

there is a 50% 

decrease in stored 

iron as puberty 
2progresses .

Classification of 
1,2

Anemia

Mechanism
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INTRODUCTION
Wetlands provide 

many services and 

commodities to the 

PHYTOSOCIOLOGICAL 
STUDIES IN WETLANDS 

OF BURACHAPORI 

No. of Pages: 7 No. of 

ABSTRACT

Burachapori wildlife sanctuary is 
located in Naogaon district of 
Assam, India.  The sanctuary 
encompasses mosaic of wetlands 
(locally known as 'beels')which 
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people living in 

and around them. 

Regional wetlands 

are integral parts 

o f  l a r g e r  

landscapes, their 

f u n c t i o n s  a n d  

v a l u e s  t o  t h e  

people depend on 

both their extent 

and their location. 

Wetlands perform 

n u m e r o u s  

valuable functions 

such as to recycle 

nutrients, purify 

water, attenuate 

floods, maintain 

s t r e a m  f l o w ,  

recharge ground 

water, and also 

serve to provide 

drinking water, 

fish, fodder, fuel, 
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Table 1: Wetland plant diversity of Burachapori wildlife sanctuary.
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S.No.
Botanical Name 
Trees

1.
Albizialucida

2. Albizia 
procera

3. Alstonia 
scholaris 

4.
Anthocephaluskada
mba

5.
Barringtonia 
acutangula

6. Bombox 
ceiba 

7.
Duabanga 

Family
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sonneratoides

8.
Ficusglomerata 

9.
Lagerstroemia 
parviflora

10. Melia 
azadirachta 

11.
Sterblusasper

12.

132

Fig. 2: Major wetlands in Burachapori wildlife sanctuary
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wildlife habitat, 

control rate of 

runoff in urban 

a r e a s ,  b u f f e r  

shorelines against 

erosion and offer 

recreation to the 

s o c i e t y .  

Biodiversity can 

be an important 

component in the 

e c o n o m i c  

valuation of the 

w e t l a n d s  

(Aylward 1991).

We t l a n d s  a r e  

' c r a d l e  o f  

b i o l o g i c a l  

diversity' and play 

a vital role in terms 

o f  e c o s y s t e m  

function, socio-

e c o n o m y  a n d  

livelihoods of the 

people in and 

a r o u n d  

B u r a c h a p o r i  

wildlife sanctuary. 

Most of the earlier 

s t u d i e s  w e r e  

f o c u s e d  o n  

different aspects 

of wetland ecology 

such as ecosystem 
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p r o d u c t i v i t y ,  

biogeochemical 

c y c l i n g ,  p l a n t  

community, water 

quality in different 

part of the world. 

T h e  w e t l a n d  

plants are used for 

Trees
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v a r i e t y  o f  

p u r p o s e s  b y  

thelocal people 

s u c h  a s  f o o d  

,fodder, medicine, 

e t c .  H o w e v e r,  

studies pertaining 

to wetland plant 

d ivers i ty  wi th  

reference to their 

medicinal use are 

v e r y  s c a r c e .  

Hence, as part of a 

major research 

p r o j e c t  o n  

' w e t l a n d s  a n d  

livelihoods' in the 

B r a h m a p u t r a  

p l a i n s ,  w e  

a t t e m p t e d  a  

phytosociological 

analysis in and 

a r o u n d  t h e  

w e t l a n d s  i n  

B u r a c h a p o r i  

wildlife sanctuary 

to document the 

u t i l i z a t i o n  o f  
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ABSTRACT

Nearly two billion people suffer from iron deficiency, a quarter of the world's population is at 

risk of inadequate zinc and Iron intakes, and the magnitudes for vitamin A deficiency are 

similarly high. Unlike the case with insufficient energy intakes, micronutrient malnutrition has 

often no obvious manifestations except in extreme cases, and is for this reason often termed 

“hidden hunger”. Progress has been made to control micronutrient deficiencies through 

supplementation and food fortification, but new approaches are needed, especially to reach the 

rural poor. Biofortification (enriching the nutrition contribution of staple crops through plant 

breeding) is one option. Scientific evidence shows this is technically feasible without 

compromising crop productivity. 

Key words : Biofortification, Micronutrient deficiencies.

INTRODUCTION 
Biofortification is the development of 

micronutrient-dense staple crops using the best 

traditional breeding practices and modern 

biotechnology. Biofortification is one such 

intervention, along with supplementation, 

fortification, deworming and school nutrition 

programs and community‐based nutrition 

promotion. The premise of biofortification is 

that a diverse diet rich in micronutrients is out of 

reach of many of the world's poor. Because foods 

that are high in micronutrients such as 

vegetables, fruits, dairy, and meats are 

expensive, resource‐poor people rely primarily 

on a few starchy staples that are rich in energy, 

but not in micronutrients. Dietary diversity to 

achieve micronutrient intake adequacy is a 

luxury that the poor can often not afford. By 

enhancing the micronutrient content of these 

energy‐rich staples, micronutrient intakes in 

general, and among the poor in particular, can be 

increased, thereby leading to a reduction in the 

prevalence of micronutrient undernutrition. 

The objective of biofortification is to develop 

micronutrient dense staple crops to achieve 

provitamins A, iron and zinc concentrations that 

can have a measurable impact on nutritional 

status.
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Biofortification has multiple advantages. 

First, it capitalizes on the regular daily intake of a 

consistent and large amount of food staples by all 

family members. Because staple foods 

predominate in the diets of the poor, this strategy 

implicitly targets low-income households. 

Second, after the one-time investment to develop 

seeds that fortify themselves, recurrent costs are 

low,  and ge rmplasm can  be  shared  

internationally. This multiplier aspect of plant 

breeding across time and distance makes it cost-

effective. Third, once in place, the biofortified 

crop system is highly sustainable. Nutritionally 

improved varieties will continue to be grown 

and consumed year after year. Fourth, 

biofortification provides a feasible means of 

reaching undernourished populations in 

relatively remote rural areas, delivering 

naturally fortified foods to people with limited 

access to commercially marketed fortified foods 

that are more readily available in urban areas. 

B i o f o r t i f i c a t i o n  a n d  c o m m e r c i a l  

f o r t i f i c a t i o n ,  t h e r e f o r e ,  a r e  h i g h l y  

complementary. In fact, biofortification may 

have important spinoff effects for increasing 

farm productivity in developing countries in an 

environmentally beneficial way. Mineral-

packed seeds sell themselves to farmers because 

these trace minerals are essential in helping 

plants resist disease and other environmental 

stresses. Moreover, a higher proportion of 

seedlings survive, initial growth is more rapid, 

and ultimately yields are higher.

Micronutrient malnutrition, or hidden 

hunger, afflicts billions of people. It is caused by 

a lack of micronutrients in the diet. Fruits, 

vegetables, and animal products are rich in 

micronutrients, but these foods are often not 

available to the poor. Their daily diet consists 

mostly of a few inexpensive staple foods, such as 

rice or cassava, which have few micronutrients. 

The consequences, in terms of malnutrition and 

health, are devastating and can result in 

blindness, stunting, disease, and even death.

Increasing the Zn and Fe concentration of 

food crop plants, resulting in better crop 

production and improved human health is an 

i m p o r t a n t  g l o b a l  c h a l l e n g e .  A m o n g  

micronutrients, Zn deficiency is occurring in 

both crops and humans (Hotz and Brown 2004; 

Welch and Graham 2004). Zinc deficiency is 

currently listed as a major risk factor for human 

health and cause of death globally. According to 

a WHO report on the risk factors responsible for 

development of illnesses and diseases, Zn 
thdeficiency ranks 11  among the 20 most 

important factors in the world and 5th among the 

10 most important factors in developing 

countries. In a comprehensive study, Hotz and 

Brown (2004) reported that Zn deficiency 

affects, on average, one-third of world's 

population, ranging from 4 to 73% in different 

countries. Zinc deficiency is responsible for 

many severe health complications, including 

impairments of physical growth, immune 

system and learning ability, combined with 

increased risk of infections, DNA damage and 

cancer development (Hotz and Brown 2004; 

Gibson 2006; Prasad 2007). The regions with Zn-

deficient soils are also the regions where Zn 

deficiency in human beings is widespread, for 

example in India, Pakistan, China, Iran and 

Turkey. Low solubility of Zn in soils rather than 

low total amount of Zn is the major reason for the 

widespread occurrence of Zn deficiency 

p r o b l e m i n  c r o p  p l a n t s .  G e n e r a l l y,  

recommended dietary allowance for Zn is 

around 15 mg per day (National Research 

Council 1989). Enrichment of cereal grains with 

Zn is, therefore, a high priority area of research 

and will contribute to minimizing Zn 

deficiencyrelated health problems in humans.

Among the interventions currently being 

used as major solution to Zn deficiency in 

humans, food fortification and supplementation 
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are being widely applied in some countries. 

Alternatively, agricultural strategies (e.g., 

breeding and fertilization) appear to be cost-

effective approaches useful in improving 

micronutrient concentrations in grain, and thus 

contributing to human health. There are several 

examples demonstrating that applying Zn 

fertilizers to cereal crops improve not only 

productivity, but also grain Zn concentration of 

plants. Depending on the soil conditions and 

application form, Zn fertilizers can increase 

grain Zn concentration up to fourfold under field 

conditions (Yilmaz et al. 1997).

Genetic fortification 
The potential to increase the micronutrient 

density of staple foods by conventional breeding 

exists (Graham et al. 2001): adequate genetic 

variation in concentrations of β-carotene, other 

functional carotenoids, iron, zinc, and other 

minerals exists among cultivars, making 

selection of nutritionally appropriate breeding 

materials possible. Also, micronutrient-density 

traits are stable across environments. In all crops 

studied, it is possible to combine the high-

micronutrient-density trait with high yield, 

unlike protein content and yield, which are 

negatively correlated; the genetic control is 

simple enough to make breeding economic. 

Therefore, it will be possible to improve the 

content of several limiting micronutrients 

together, thus pushing populations toward 

nutritional balance. To date, orange-flesh sweet 

potato lines with high levels of β-carotene (over 

200 mg/g) have been identified, and beans with 

improved agronomic traits and grain type and 

50–70% more iron have been bred through 

conventional means. Because of regulatory and 

political restrictions on the use of transgenic 

approaches, and because significant progress 

can be made through conventional breeding. 

Transgenic approaches are in some cases 

necessary and, in some cases, potentially 

advantageous compared with conventional 

breeding. The best-known example is Golden 

Rice; β-carotene has not been identified in the 

endosperm of any rice variety, and an advanced 

transgenic line containing 37 mg/g carotenoid, of 

which 31 mg/g is β-carotene, is now available. 

Ongoing transgenic research is exploring the use 

of an endosperm-specific promoter to deposit 

iron within the endosperm of rice so that it is not 

milled away. This approach is necessary because 

most of the iron in rice grains is deposited in the 

aleurone layer, which is removed when rice is 

milled to produce polished rice, a practice 

widely used in many countries (Gregorio et al. 

2000). 

Constraints to the breeding approach
A successful breeding program for 

biofortifying cereals and other food crops with 

Zn is dependent on the size of plant-available Zn 

pools in soil. However, in many cereal-growing 

areas, soils have a variety of chemical and 

physical problems that significantly reduce 

solubility and impair root absorption of Zn. 

Among different soil chemical properties; soil 

pH plays the most important role in Zn solubility 

in soil solution. In a pH range between 5.5 and 

7.0, Zn concentration in soil solution is 

decreased by 30 to 45-fold for each unit increase 

in soil pH, thus increasing a risk for development 

of Zn deficiency in plants. Soil moisture is a key 

physical factor providing suitable medium for an 

adequate Zn diffusion to plant roots. This role of 

soil moisture is very critical in soils with low Zn 

availability. Zinc nutrition of plants is, therefore, 

adversely affected under water stressed 

conditions, particularly in regions where top 

soils are usually dry during the later stages of 

crop growth. Soil organic matter plays a critical 

role in solubility and transport of Zn and Fe to 

plant roots (Obrador et al. 2003). Higher the soil 

organic matter, the greater the DTPA extractable 

Zn and Fe concentrations in soil.

These results indicate that the pool of readily 

available Zn and Fe to plant roots may be 

extremely low in soils with high pH and reduced 

levels of organic matter and soil moisture.
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Agronomic bio-fortification
Providing Zn and Fe to plants (for example, 

by applying Zn and Fe-fertilizers to soil and/or to 

foliar) appears to be important to ensure success 

of breeding efforts for increasing Zn 

concentration in grain. Fertilizer strategy could 

be a rapid solution to the problem and can be 

considered an important complementary 

approach to the on-going breeding programs. 

Fertilizer studies focusing specifically on 

increasing Zn and Fe concentration of grain (or 

other edible parts) are, however, very rare, 

although a large number of studies are available 

on the role of soil and foliar applied Zn and Fe 

fertilizers in correction of Zn and Fe deficiency 

and increasing plant growth and yield (Rengel et 

al. 1999). Zinc and Iron can be directly applied to 

soil as both organic and inorganic compounds.

Convincing evidence about the role of Zn 

fertilizer strategy in improving grain Zn 

concentration in wheat (e.g., agronomic 

biofortification) has been obtained from field 

trials. Applying Zn fertilizers to wheat grown in 

field in Central Anatolia improved not only 

productivity, but also grain Zn concentration 

(Yilmaz et al. 1997). Depending on the 

application method, Zn fertilizers can increase 

grain Zn concentration up to three or four fold 

(Table 2). The most effective method for 

increasing Zn in grain was the soil+foliar 

application method that resulted in about 3.5-

fold increase in the grain Zn concentration. 

When a high concentration of grain Zn is aimed 

in addition to a high grain yield, combined soil 

and foliar application is recommended. 

Alternatively, using seeds with high Zn 

concentrations at sowing together with foliar 

application of Zn is also an effective way to 

improve both grain yield and grain Zn 

concentration (Table 2). When a high 

concentration of grain Zn is aimed in addition to 

a high grain yield, combined soil and foliar 

application is recommended. Alternatively, 

using seeds with high Zn concentrations at 

sowing together with foliar application of Zn is 

also an effective way to improve both grain yield 

and grain Zn concentration. Timing of foliar Zn 

application is an important factor determining 

the effectiveness of the foliarly applied Zn 

fertilizers in increasing grain Zn concentration. 

Ozturk et al. (2006) studied changes in grain 

concentration of Zn in wheat during the 

reproductive stage and found that the highest 

concentration of Zn in grain occurs during the 

milk stage of the grain development. 

Fe fertilizers applied either in inorganic form 

(e.g. FeSO ) or  chelated form (e.g., Fe-EDTA, Fe-4

EDDHA or Fe-citrate) into soil or as a foliar were 

not  e f fect ive in improving gra in Fe 

concentrations of wheat grain. Among Fe 

fertilizers applied, Fe-EDTA appeared to be the 

best Fe source for increasing grain Fe 

concentrations. However, increasing N 

applications promoted Fe accumulation in grain 
2+at each Fe application. Foliar application of Fe  

was more effective than soil application 

increasing concentrations from 1.0 to 2.3 mg/kg, 

respectively in seed of wheat (Tables 2). 

However, because of its rapid oxidation in soil 
2+and low mobility in phloem, soluble Fe  

fertilizer is ineffective in increasing the Fe 

concentration in plants especially in the grain 

that develops months after germination. As 

found with Zn, there was a close positive 

correlation between tissue concentrations of Fe 

and N (Cakmak et al., 2010).

CONCLUSIONS
Agronomic bio-fortification is of great 

importance in enriching seeds with Zn. Due to 

some degree of uncertainty whether the 

breeding strategy will be efficacious in enriching 

grains with Zn, the short-term agricultural tools 

like applying Znand Fe fertilizers should be 

considered. In the target countries with high 

incidence of micronutrient deficiency, fertilizer 

strategy should be applied nationwide as a quick 

4
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solution to the micronutrient deficiency 

problem in human populations. For the long-

term, agronomic biofortif ication is a 

complementary approach to breeding strategy 

and is likely to be required for ensuring success 

of breeding efforts. In future, new research 

programs should be initiated focusing on 

development of most efficient micronutrient 

a p p l i c a t i o n  m e t h o d s  f o r  p r o m o t i n g  

micronutrient uptake and maximizing their 

accumulation in grain.  Studying the 

bioavailability of grain Zn derived from foliar 

applications would be an important research 

topic in future. In case of greater bioavailability 

of the grain Zn derived from foliar application 

than from soil, agronomic biofortification would 

be a very attractive and useful strategy in solving 

Zn deficiency-related health problems globally 

and effectively.
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ABSTRACT

The five profiles were studied under different land use systems in acid soils of Karnataka.  Depth 

wise distribution of profile soils revealed that texture of these soils ranged from loam to clay 

loam. The soil were found to be acid in reaction and all the soils were found to be low in 

electrical conductivity it decrease with increasing depth, whereas organic carbon gradually 

decrease with depth. Irregular distribution of CEC was observed. Calcium content increases with 

depth. The available nitrogen, phosphorus, potassium and sulphur were decreased with depth. 

Among the land use systems micronutrients were decreased with depth might be due its close 

association with organic matter. The results further reported that sapota and paddy land use 

systems exhibited low magnitude of soil fertility parameters and thus were less productive. Also 

the soil samples drawn from profiles of forest and arecanut LUS have higher levels of soil 

fertility. Higher levels of soil fertility parameters in profiles were associated with higher content 

of finer fraction and organic matter. The magnitude of soil fertility parameters generally 

decreased with depth in profile.

Key words : Land use system, Depth wise distribution.

INTRODUCTION

Land use deals essentially on land and in the 

way in which the land surface is adopted or could 

be adopted to some human needs. Land use is the 

expression of human management of ecosystem 

in order to produce some of his basic needs. "Land 

is used differently in different places or 

geographical regions according to the necessity of 

local people. In rural area, land is used or 

agriculture, pasture, settlement, forestlands etc 

where as in urban area it is mainly used for 

residential, industrial and business purposes. 

Land use pattern are determined basically by 

ecological condition, altitude geological structure 

and slope. Apart from the above sectors 

technological and institutional factors are also 

expected to affect the land use change. Nutrients 

have an important role increasing the productivity 

and quality of crops. Their availability in soil 

depends on parental material, land form, climatic 

condition, natural vegetation and land use 

pattern. The distribution of nutrients in different 

land use systems is helpful in understanding the 

inherent capacity of the soils to supply these 

nutrients crops and their down word movements 

Corresponding author: saqeeb323@gmail.com

International Journal on Agricultural Sciences 6 (1) : 6-11, June 2015
ISSN NO. 0976-450X

Research Article

6



7

in soil as roots of many crops draw nutrients from 

sub layers of the soils. However, the information 

on effect of land use systems on soil quality to give 

recommendations for optimal and sustainable 

utilizations of land resources is scanty. The 

present investigation was taken up to know the 

physico-chemical characteristics of soils under 

different land use systems.

MATERIAL AND METHODS

The study area located at Horticultural 

research station (Areca) Seebinakere, 

Thirthahalli, Shivamogga district. This area 

comes under Western-Ghats and South Western 

region. The study area belongs to hilly zone of 

Karnataka, this covers an area 2.56 M ha. The 

Research Station belongs to Thirthahalli taluk of 

Shivamogga district. The Horticultural research 
0 1station (Areca) Seebinakere is located at 13  41  

0 1N latitude and 75  71  E longitude with an 

average elevation of 610 m above mean sea level 

(MSL). The climate is humid and receives 

highest rainfall among all the zone of Karnataka, 

with a mean annual average rainfall of 904.4 to 

3695.1 mm. The relief normally having nearly 

level to very gently slope. The soil sampling sites 

were selected based on the land use systems and 

they were demarcated into five blocks Viz., 

forest land use system, arecanut land use 

system, mango-cashew land use system, sapota 

land use system and paddy land use system. Soil 

samples were collected depth wise (0-15, 15-30, 

30-45, 45-60, 60-75 and 75-90 cm). Geological 

environment, soils are peninsular genesis in 

which soil are red sandy clay loam belong to 

taxonomic class Typic Haplustaff with 1:1 non 

expanding clay minerals and structure is sub 

angular blocky. The topography is rolling to 

undulating with slope < 1 per cent and the soils 

are acidic in soil reaction.  

The soil samples were analyzed for pH, EC, 

CEC, organic carbon, free iron oxides, 

exchangeable calcium and magnesium, 

available phosphorus and potassium were 

determined as per the standard procedures 

(Jackson, 1973) Calcium carbonate equivalent 

(%) was determined by standard procedure 

(Piper, 1966). Available nitrogen was analyzed 

by potassium permanganate method (Subbaiah 

and Asija ,1959). Available sulphur was 

determined by turbidometrically as described by 

Black, (1965). The Fe, Mn, Zn and Mn in these 

soil samples extracted with DTPA solution 

(Lindsay and Norvell, 1978).

RESULTS AND DISCUSSION

Across different land use profile samples 

indicate that the per cent sand content Table 1 

showed a decreasing trend with increasing 

depth, while per cent silt and clay showed an 

increasing trend with increase in depth 

indicating pedogenic soil development. Similar 

results have been reported by Sahu and Mishra 

(1997) and Sharma et al. (1996). The decreasing 

trend of sand may be attributed to coarse grained 

granite and granodiorite parent materials and 

topography (Sharma et al., 1996). Further 

increase in pattern of silt and clay content with 

depth may be due to illuviation and insitu 

weathering of parent material as reported by 

Walia and Rao, (1996).

The increase in pH down the profile in all 

land use systems up to certain depth could be 

due to leaching and accumulation of basic 

cations in the lower depths of the profile. 

Electrical conductivity values ranged from 0.012 
-1 to 0.070 dSm indicating accumulation of salts 

in the sub-soils. 

-1The highest (22.35 g kg ) organic carbon in 

the surface layer compared to subsurface layers 

of the soil (Table I), organic carbon was higher in 

soils under forest cover and was lowest in 

mango-cashew land use system whereas, it was 

intermediate in other systems, due to the 

accumulation of organic matter in surface 
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horizon and recycling of organic matter, addition 

of organic manures and also because of crop 

residues remaining in the surface (Singh and 

Ganeshmurthy, 1991; Ashok, 1998). The 

decrease in CEC of soils with depth and its 
+ -1values ranges 8.42 to 15.88 cmol (P ) kg  in all 

the land use systems CEC decreased uniformly 

with depth is due to high proportion of clay 

minerals and increased with increasing clay 
2+content. Among the exchangeable cations Ca  in 

2+ + +the dominant followed by Mg , Na  and K , 

(Walia and chamuah, 1992). This is due to low 

values of cation exchange capacity in sub surface 

were attributed to the presence of pH 

dependendent exchange sites occupied by either 

hydrogen or hydroxy aluminium ions at low pH. 

The organic matter seems to be the determining 

factor of the CEC within the profile. Since 

functional groups of soil humus contributes to 

CEC. Such difference in CEC with surface and 

subsurface soils reflects the electrochemical 

behaviors of these soils were influenced by 
+ 3+potential determining ions namely H O  (or Al  3

-and OH ) (Sen et al., 2003). Calcium carbonate 

content increased from 0.21 to 0.69 under 

different land use systems. 

8

Table 1: Depth wise distribution of physico-chemical properties of profile soil samples under 

different land use system.
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It was observed that available nitrogen 

decreased significantly with depth under forest, 

arecanut, mango-cashew, sapota and paddy 

systems. It decreases from 426.50 to 225.79, 

275.97 to 175.62, 301.06 to 186.14, 225.79 to 

175.62 and 225.79 to 165.12 respectively (Table 

II). This could be due to decrease in organic 

carbon content and microbial population in 

lower depths (Ashok, 1998). The phosphorous 

content in surface soil was higher than sub 

surface soil it decreased from 21.61 to 10.53 

under different land use systems. This could be 

due to fixation of phosphorus by iron and 

aluminium containing minerals in lower depths. 

Available potassium in profile soil samples 

markedly decreased with increasing in depth in 

all the land use systems. The decreasing trend 

with depth may be due to higher organic carbon 

content in surface soils then the sub surface soil 

and presence of higher potassium bearing 

minerals (Hirekurubar et al., 1991). 

The exchangeable calcium and magnesium 
+ -1content were higher (8.50 and 4.70 cmol (P ) kg ) 

in lower depths of profile as compared to surface 
+ -1layer (5.00 and 3.40 cmol (P ) kg ) (Table II) this 

can be attributed to leaching of cations by higher 

content of clay in the sub surface. Similar results 

were observed by Ashok, (1998). In general, the 

available sulphur content under forest, 

arecanut, mango-cashew, sapota and paddy 

systems it decreases from 28.56 to 15.17, 16.64 to 

12.50, 26.07 to 14.28, 24.10 to 16.96 and 22.31 to 
-112.50 mg kg . Decrease in available sulphur was 

due to low organic carbon and reducing 

microbial population are the possible reasons for 

such a decreasing trend.

9

Table 2: Depth wise distribution of nutrients of profile soil samples under different land use system.
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The DTPA extractable iron content 

decreased with depth in all the systems (Table 

II). This may be due to decrease in organic 

carbon content as reported by Kannan and 

Mathan, (1994). Comparatively less amount of 

DTPA extractable manganese in lower horizons 

studied under different land use system which 

might be due to reduced mobility in lower 

horizons, specific adsorption of manganese and 

iron oxides, clay minerals, humic acid and fulvic 

acid (Rajkumar, 1994). The zinc content 

decreased in all the profiles under investigation. 

Comparatively less amount of DTPA extractable 

copper in lower horizons studied under different 

land use system it might be due to its close 

association with organic matter content (Kannan 

and Mathan, 1994; Rajkumar, 1994).

Available nitrogen have highly significantly 

positively correlated with clay (r=0.564**), EC 

(0.611**) and OC (r=0.685**).The available 

phosphorus content was significant and 

positively correlated with EC and OC, Avail P 

was positively correlated with clay, pH, CEC and 

CaCO . The decrease in availability of 3

phosphorus with decrease in pH due to increase 

in phosphate sorption by clay and fixation of P 

by soluble iron and aluminium oxides (Sharma 

et al., 2008). A positive effect of clay on  available 

potassium content indicate that availability of K 

content increases with increase in clay content. 

The exchangeable calcium and magnesium was 

positively and significant correlation with pH 

(0.543**), EC (0.366*, 0.611**) CEC (r=0.712*, 

0.628*). Available sulphur showed significant 

relationship with organic carbon (r=0.554**). 

Sulphur increased with increase in organic 

carbon content which confirms the observation 

reported by Sharma et al. (2008).

10

Table 3: Correlation co-efficient (r) between physico-chemical properties and nutrients of soil and 

some of surface soil samples under different land use systems.

Nutrients Clay pH EC OC CEC CaCO  3
equivalent

** ** **Available N 0.564 0.190 0.611 0.685 0.230 0.190

** **Available P O 0.350 0.340 0.606 0.568 0.180 0.2902 5

*Available K O 0.140 0.378 0.240 0.170 0.090 0.1702

** * **Exchangeable Calcium 0.170 0.543 0.366 0.100 0.712 0.170

** * **Exchangeable magnesium 0.350 0.260 0.611 0.418 0.628 0.030

* * ** **Available Sulphur -0.438 0.120 0.364 0.554 0.240 -0.532

* ** **DTPA extractable Fe -0.377 0.320 0.330 0.484 0.140 -0.472

DTPA extractable Mn 0.050 0.110 0.020 0.060 0.020 0.240

*DTPA extractable Zn 0.280 0.120 0.120 0.020 -0.404 0.150

* ** **DTPA extractable Cu -0.448 0.010 0.484 0.560 0.120 0.310

** - Correlation is significant at 0.01 
* - Correlation is significant at 0.05 
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The DTPA extractable Fe significantly and 
positively correlated with OC (r=0.484*) and 
negatively significantly correlated with clay and 
CaCO . DTPA extractable copper is positive and 3

significant correlation with EC (r= 0.484**) and 
OC (r=0.560**). Present study inferred that the 
different land use systems and management 
practices have profound influence on physico-
chemical properties of soils. All the major, 
secondary and micronutrients (Zn,Fe,Cu and  Mn) 
are safer side for cultivation and productivity of 
crops. the soil samples drawn from profiles of 
forest and arecanut LUS have higher levels of soil 
fertility. Higher levels of soil fertility parameters in 
profiles were associated with higher content of 
finer fraction and organic matter. The magnitude 
of soil fertility parameters generally decreased 
with depth in profile.
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ABSTRACT

This paper is based on a pilot study against malnutrition which was conducted in urban 

Patna. The aim of this study is to assess the nutritional status of adolescent girls using Body 

Mass Index (BMI). For cross-sectional study 200 adolescent girls aged 13-18 years were selected 

from B.N.R.School/ College, Guljarbagh, Patna City as the study subjects. Pertinent information 

was obtained by anthropometric measurement. Analyses of data shows that the BMI profile of 

the subjects indicated that majority 58.5 percent were malnourished having BMI less than 18 

kg/m2 with highest prevalence among 13 years of age. Further, only 40 percent had normal BMI 

while a meager 1.5 percent was overweight. Therefore the study recommends the strong need of 

nutritional education for adolescents in the urban area also. 

Key words : Nutritional Status, Urban, BMI, Adolescents, Malnutrition, Obesity.

INTRODUCTION                                                                             

Diet and health are synonymous with the 

well- being of an individual. In absence of proper 

and adequate nutrition, a person can develop 

several developmental malformations.  

Malnutrition affects body growth and 

nutritional status, especially during the crucial 

period of adolescence. Adolescence is the 

transitional period between childhood and 

adulthood. During this period individual move 

towards physical and psychological maturity, 

and economic independence and acquire their 

adult identity. Demographically, India is a young 

country today as more than 70 percent of the 

population is under the age of 35. According to 

census 2001, there are 225 million adolescents 

in the age group of 13 to 18 years. Adolescence is 

an intense anabolic period when major physical, 

psychological and behavioural changes take 

place (Abioye et al 1999) so requirements for all 

nutrient increases. 

Adolescent girls, constituting nearly one 

tenth of Indian population, form a crucial 

segment of the society. The girls constitute a 

more vulnerable group especially in the 

developing countries where they are 

traditionally married at an early age and are 

exposed to greater risk of reproductive morbidity 

and mortality. In general adolescent girls are the 

worst sufferers of the ravages of various forms of 

malnutrition because of their increased 

nutritional needs and low social power. 

Nutritional deficiencies have far reaching 

consequences, especially in adolescent girls. If 
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their nutritional needs are not met, they are 

likely to give birth to undernourished children, 

thus transmitting under nutrition to future 

generation. Under-nutrition among adolescent 

girls can severely limit the growth spurts and 

affect their nutritional status.

Anaemia is commonly found in adolescent 

girls during the time they are menstruating 

(ICRW 1994). In another study, it was seen that in 

comparison to urban girls, a higher percentage of 

rural girls (37.5 percent) especially below the age 

of 12 years showed evidence of anaemia, 

irrespective of the menarcheal status. Iron 

deficiency anemia has been found higher in 

females than males and by the time they attain 

menarche 25–50 percent girls become anaemic 

(Nutrition Foundation of India 1990). Several 

other studies have also led to similar conclusion 

(Chiplonkar et al. 1992; Kanani 1994; Anand et 

al. 1999). 

Many Indian studies have pointed out that 

iron requirements increase during adolescence, 

especially in developing countries because of 

infections, diseases and parasitic infestations 

that cause iron loss, and because of low 

bioavailability of iron from diets. Girls in low 

income communities have typically been 

reported to have Hb (hemoglobin) levels less 

than 10g/L and low iron status negatively affects 

their body functions (Kanani et al. 1997). Apart 

from low hemoglobin count, there are several 

other indicators of health which vary with 

nutritional status. The age of onset of menarche 

has also been found to vary according to 

nutritional status. As the nutritional status 

improves, the age at menarche is lowered. The 

relationship between nutritional status and age 

of menarche has been established in many 

studies (Abioye et al. 1999; Singh et al. 2001; 

Acharya et al. 2006). 

One of the most important factors which 

affect the health of adolescent is the 

environmental conditions. Recurrence of 

diseases due to poor environmental conditions 

especially in rural and tribal communities 

affects the various indicators of growth and 

development in adolescents. Many of these 

problems creep in due to lack of awareness 

among adolescents regarding the diseases and 

their prevention. In rural area due to low 

economic status and less awareness about 

healthy diet of adolescent girls malnutrition is 

very common. But it also prevails in urban area 

also so it is essential to assess the nutritional 

status of adolescent girls, especially in urban 

area.

Keeping all the above point in mind this 

research was planned to assess the nutritional 

status of adolescent girls, especially in urban 

area in the age group of 13- 18 years from B.N.R. 

School/ College, Guljarbagh, Patna City. This 

study gives an insight to the health profile of 

Adolescent girls of Patna City which would help 

planner and policy maker to plan various health 

programmes. The specific objective of this pilot 

study was:

 To assess the nutritional status of the 

adolescent girls with the help of Body Mass 

Index (BMI). 

METHODOLOGY

A pilot study was conducted in urban Patna 

to find out the Body Mass Index (BMI). BMI was 

defined as weight (in kilograms) / height2 (in 

meters) and international cut-off for BMI were 

used for classification of subjects as 

malnourished/ malnutrition (BMI below 18.0 

Kg/m2), normal (18>BMI<25kg/m2), over 

weight (25> BMI<30 kg/m2) and obese 

(BMI>30kg/m2) (WHO 1994).

The core sample for the present study 

comprised adolescent girls in the age group 13-

18 years. A total of 200 girls from B.N.R. School/ 

College, Guljarbagh, Patna City were selected as 

13
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Observations regarding the BMI (Body Mass 

Index) from Table -1 showed that out of 130 

subjects in the age group of 13-16 years, 96 (74%) 

subjects were in the range of low BMI 

undernourished/malnourished. Out of 70 subjects 

in the age group of 17-18 years, 21 (30%) subjects 

were in the range of low BMI or undernourished/ 

malnourished. In other words, the BMI profile of 

the subjects indicated that majority 117 (58.5%) 

were malnourished having BMI less than 18 

kg/m2 with highest prevalence among 13 years of 

age. Further, only 80 (40%) had normal BMI while 

a meager 3 (1.5%) were overweight.

CONCLUSION AND SUGGESTIONS

Overall on the basis of the data available by 

anthropometric measurement, it was concluded 

that more than 50 percent respondents of our 

community are malnourished. So there is need 

for planning of health programme for adolescent 

girl's community. It is important to have health 

services at their doorsteps. The planner need to 

educate and implement health services at their 

doorsteps, which could help them to lead 

healthy life. A focused approach to develop 

awareness regarding their health in general is 

required so that preventive measures can be 

taken to protect the young population from 

major illnesses.
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RESULTS AND DISCUSSION

Body mass index (BMI) from the sample 

group was calculated on the basis of the 

observations of their weight and height. The 

observations regarding their body mass index 

were shown in Table -1. This table provides an 

overview of BMI (Body Mass Index) of urban 

adolescent girls.
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Sl. No. Age group Number(n) Normal BMI Low BMI Overweight
(in year)

1. 13-14  76 7 (11.9%) 69 (88.1%) -

2. 15-16 54 26 (48.2%) 27 (50%) 1 (1.8%)

3. 17-18 70 47 (67.2%) 21 (30%) 2 (2.8%)

Table 1: Body Mass Index (BMI) of Adolescent girls.
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ABSTRACT

Chickpea is one of the important pulse crop cultivated and consumed in our country mainly in 

sub-tropical regions of the country. Collar rot is one of the fast spreading fungal disease of 

chickpea at seedling stage it causes heavy losses. this study shows that there are resistant 

genotypes available in the germplasm113 desi and 61 Kabuli chickpea genotypes from IIPR, 

Kanpur and 32 genotypes from ICRISAT screened in field condition and eight genotypes in the 

pot conditions, out of these73 desi genotypes showed resistant reaction, 25 moderately resistant 

reaction, 10 moderately susceptible reaction, five susceptible reaction none of the entry was 

highly susceptible. Out of the 61 Kabuli genotypes, 42 genotypes showed resistant reaction, 11 

moderately resistant reaction, five moderately susceptible reaction, three were susceptible and 

none was highly susceptible. Of the 32 ICRISAT genotypes, 21 were resistant, eight moderately 

resistant; one each was moderately susceptible, susceptible and highly susceptible. In pot 

conditions three genotypes (BG-256,HIR-55 and KAK-2) showed resistant reaction, two genotypes 

(HIR-60 and BBG-2) showed moderately resistant reaction, one (BBG-1) showed moderately 

susceptible reaction, one genotype(HIR-70)was susceptible and one (Vishal) highly susceptible 

compared to check (Annigeri 1).

Key words : Screening, Collar rot, Resistant, Genotypes, Chickpea.

INTRODUCTION 

Chickpeais one of the important pulse crop 

grown and consumed in our country is an 

important source of protein enriched human food 

and animal feed, particularly for the low-income 

population of Southeast Asia (Suzuki & Konno, 

1982). Being a sub-tropical and drought resistant 

crop, it grows most successfully in cooler and dry 

climates. Amid different factors causative towards 

its low production, natural constraints, chiefly 

diseases are the most significant. Due to these 

ailments, there is an extremely low yield in India as 

compared to potential yield of commercial 

chickpea cultivars (Ilyas et al., 2007). Collar rot 

caused by Sclerotiumrolfsii Sacc.isone of the 

several fungal diseases affecting this crop and is 

reported almost all over the world wherever 

chickpea is grown (Nene et al., 1984). 

Collar rot is a fast spreading and destructive 

disease of chickpea. It causes significant losses in 
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yield where ever the crop is grown under 

environmental conditions favorable for its 

development. This soil-borne pathogen causes rot 

of collar region on a wide range of plant species 

belonging to families Compositae and 

Leguminosae whereas members of Graminae are 

less susceptible to this disease (Mahenet al., 1995). 

The most common hosts are legumes, crucifers and 

cucurbits. Seedling mortality from 54.7 to 95.0% in 

chickpea due to infection of S. rolfsii has been 

reported by Mathur&Sinha (1968, 1970) and 

Kotastthaneet al., (1976). As the genetic resistance 

is regarded, the only practicable and cost-effective 

control for such a devastating soil-borne pathogen 

is selection of cultivars. Therefore, the present 

study was carriedto screen the chickpea genotypes 

against S. rolfsii for the identification of resistant 

sources.  

MATERIALS AND METHODS 

Screening in field
Desi and Kabuli, chickpea genotypes supplied 

by IIPR, Kanpur and from ICRISAT Patancheru, 

Hyderabad, totalling 206 lines were screened 

under field conditions against collar rot at Zonal 

Agricultural Research Station, G.K.V.K., 

Bangalore, during rabi season of 2012-2013. The 

field experiments were laid out in a randomized 

block design with two replications. Each genotype 

was sown in five meter row length. After every five 

test genotypes one line of susceptible check L-550 

was sown. Observations on per cent collar rot 

incidence were recorded at 10 days interval.

The following formula was used to calculate collar 

rot disease incidence

Number  of  plants  infected
Per cent disease incidence = -------------------x 100

Total  number  of  plants

Based on disease incidence the genotypes were 

categorized into different groups as below.

Reaction Collar  rot
incidence  (%)

Resistant 0 – 10

Moderately  resistant 11 – 20

Moderately  susceptible 21 – 30

Susceptible 31-50

Highly susceptible >50

Screening in pots
The sterilized soil, sand and FYM were 

mixed in 1:1:0.5 proportion (w/w basis) and filled 

in disinfected earthen pots. Four per cent mass 

culture of S. rolfsii grown on sorghum seeds was 

added to soil in pots and mixed thoroughly. 

Healthy seeds of selected eight genotypes viz., 

Vishal, BG-256, HIR-55, BBG-1, HIR-60, BBG-2, 

KAK-2, and HIR-70 were sown in the pots with 

Annigeri-1 as susceptible check

RESULTS AND DISCUSSION

One hundred and seventy four genotypes 

(113 desi and 61 Kabuli) from IIPR Kanpur and 32 

genotypes from ICRISAT were screened for collar 

rot and results are presented in Table 1 to 4

Among the  113 desi genotypes 73 genotypes 

viz., GNG  1581,GJG 0809,PBG 5,GNG 469,GL 

27104,GNG 1958,Phule G 0204-4,GCP 101,GJG 

0906,RSG 888,GJG 0907,JAKI 9218,PG 0120,CSJ 

563,BGD 1074,H 09-96,Phule G 0302-10,IPC 08-

57,Phule G 08108,IPC 06-126,AKG 1108,JG 

29,GJG 1010,BG 3033,DKG 972,JG 30,DKG 

1030,H 09-90,CSJ 697,BGD 1071,GJG 0921,IPC 

06-77,H 08-75,BG 3032,Phule G 0204-16,JG 

14,NDG 11-21,GL 29390,IPC 07-13,NDG 11-

24,PG 0100,H 09-53,CSJ 692,GNG 2127,H 09-

65,RKG 207-61,RKG 206-31,CSJ 515 (AVT-

2),RSG 888,H 08-71,Vijay,JG 25,GJG 0904,RSG 

931,CSJ 730,NDG 11-41,GNG 2146,IPC 2009-

21,GJG 1012,GL 28186,JG 33,CSJ 741,Phule G 

0752, BG 3035, H 09-54,RSG 888,GJG 1003,IPC 

2008-76,GNG 2145,H 09-23,NBeG 47-1,Vijay 

and RKG 160 showed resistant reactions with 0-
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10 per cent disease incidence, whereas 25 

genotypes viz., GPF 2,Vishal,NBeG 165,NDG 11-

12,RKG 202-22,CSJ 724,GNG 2124,GNG 

2171,GJG 1001,GL 28295,GL 28297,BG 

3037,RSG 963,JG 31,NBeG 3,GNG 2144,PG 

099,GNG 1995 (R),GJG 0814, GJG 0922,IPC 07-

09,CSJ 739,BG 3036,RKG 11-301 and Phule G 

0305-3 showed moderately resistant reactions 

with 11-20 per cent disease, 10  genotypes 

viz.,NDG 11-11, BG 3034,CSJ 513,IPC 08-69,BG 

3038,GJG 1004,BGD 1075,GJG 1013,JG 34 and 

RSG 931showed moderately susceptible reaction 

with 21-30 per cent disease, 5 genotypes 

viz.,BGD 1073,RKG 201-95,NDG 11-5,JG 32 

andGL 29389 showed susceptible reaction with 

30-50 per cent disease and none of the genotypes 

showed highly susceptible reactions (Table 1)

Table 1: Reaction of Kanpur desi type chickpea genotypes to collar rot under field 
condition.

Sl. Disease Reaction Genotypes No. of 
No. genotypes

1. Resistant
(0-10  per cent 
disease incidence)

2. Moderately resistant
(11-20  per cent disease
incidence)

3. Moderately susceptible
(21-30 per cent 
disease incidence)

4. Susceptible 
(31-50  per cent 
disease incidence)

5. Highly susceptible
(>50  per cent 
disease incidence)

GNG  1581,GJG 0809,PBG 5,GNG 469,GL 27104,GNG 
1958,Phule G 0204-4,GCP 101,GJG 0906,RSG 888,GJG 
0907,JAKI 9218,PG 0120,CSJ 563,BGD 1074,H 09-
96,Phule G 0302-10,IPC 08-57,Phule G 08108,IPC 06-
126,AKG 1108,JG 29,GJG 1010,BG 3033,DKG 972,JG 
30,DKG 1030,H 09-90,CSJ 697,BGD 1071,GJG 0921,IPC 
06-77,H 08-75,BG 3032,Phule G 0204-16,JG 14,NDG 11-
21,GL 29390,IPC 07-13,NDG 11-24,PG 0100,H 09-
53,CSJ 692,GNG 2127,H 09-65,RKG 207-61,RKG 206-
31,CSJ 515 (AVT-2), RSG 888,H 08-71,Vijay,JG 25,GJG 
0904,RSG 931,CSJ 730,NDG 11-41,GNG 2146,IPC 2009-
21,GJG 1012,GL 28186,JG 33,CSJ 741,Phule G 0752,H 
09-54,RSG 888,GJG 1003,IPC 2008-76,GNG 2145,  BG 
3035,H 09-23,NBeG 47-1,Vijay and RKG 160

GPF 2,Vishal,NBeG 165,NDG 11-12,RKG 202-22,CSJ 
724,GNG 2124,GNG 2171,GJG 1001,GL 28295,GL 
28297, BG 3037, RSG 963,JG 31,NBeG 3,GNG 2144,PG 
099,GNG 1995 (R),GJG 0814,IPC 07-09, GJG 0922, CSJ 
739,BG 3036,RKG 11-301 and Phule G 0305-3

NDG 11-11,BG 3034,CSJ 513, IPC 08-69,BG 3038,GJG 
1004,BGD 1075,GJG 1013,JG 34 and RSG 931.

BGD 1073,RKG 201-95,NDG 11-5 and JG 32,GL 29389.

73

25

10

5

0
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Among the 61 Kabuli genotypes screened for 

collar rot 42 genotypes viz., CSJK 54, BG 3026, 

BDNGK 798, CSJK 74, Phule G 09316, JGK 2, BG 

3025, JGK 20, BG 3040, NDGK 11-32, HK 2, GNG 

2182, NBeG 72, BGD 1076, GNG 2196, Phule G 

10406, GLK 27211, BGD 1077, JGK 13, GLK 

28127 (AVT 2), IPCK 08-120, JGK 17, BG 3028, 

CSJK 69, BGD 1079, NBeG 119, IPCK 2008-108, 

Phule G 10404, JGK 21, BG 3041, Kripa, HK 09-

201, IPCK 2008-109, BG 3042, PKV 4, HK 09-206, 

JGK 22, BGD 1078, HK 04, BG 3039, BDNG 799 

and Phule G 10306 showed resistant reaction 

with 0-10 per cent disease incidence; 11 

genotypes viz., HK 08-231, HK 06-171, NDGK 

11-31, IPCK 2009-164, IPCK 2009-47, GLK 

28331, JGK 19, BG 3022, Kripa, CSJK 72 and HK 

09-202 showed moderately resistance reaction 

with 11-20 per cent disease incidence; 5 

genotypes viz., IPCK 06-143, GNG 2104 (AVT 2), 

JGK-1, CSJK 27 and SKUA-C-23311 showed 

moderately susceptible reaction with 21-30 per 

cent disease incidence; 3 genotypes viz., HK 09-

219, JGK 18 and CSJK 70 showed susceptible 

reaction with 31-50 per cent disease incidence 

and none of the entry was highly susceptible 

(Table 2). 

Table 2: Reaction of Kanpur kabuli type chickpea genotypes to collar rot under field 
condition  

Sl. Disease Reaction Genotypes No. of 
No. genotypes

1. Resistant
(0-10 per cent 
disease incidence)

2. Moderately resistant 
(11-20 per cent disease
incidence)

3. Moderately susceptible 
(21-30 per cent disease
incidence)

4. Susceptible 
(31-50 per cent 
disease incidence)

5. Highly susceptible
(>50 per cent 
disease incidence)

CSJK 54, BG 3026, BDNGK 798, CSJK 74, Phule G 

09316, JGK 2, BG 3025, JGK 20, BG 3040, NDGK 

11-32, HK 2, GNG 2182, NBeG 72, BGD 1076, GNG 

2196, Phule G 10406, GLK 27211, BGD 1077, JGK 

13, GLK 28127 (AVT 2), IPCK 08-120, JGK 17, BG 

3028, CSJK 69, BGD 1079, NBeG 119, IPCK 2008-

108, Phule G 10404, JGK 21, BG 3041, Kripa, HK 

09-201, IPCK 2008-109, BG 3042, PKV 4,HK 09-

206,JGK 22, BGD 1078, HK 04, BG 3039, BDNG 

799 and Phule G 10306 

HK 08-231, HK 06-171, NDGK 11-31, IPCK 2009-

164, IPCK 2009-47, GLK 28331, JGK 19, BG 3022, 

Kripa, CSJK 72 and HK 09-202

IPCK 06-143,GNG 2104 (AVT 2),JGK-1, CSJK 

27 and SKUA-C-23311

HK 09-219,JGK 18 and CSJK 70.

42

11

5

3

0

19
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Among the 32 genotypes screened for collar rot 

from ICRISAT, 21 genotypes viz., ICCV 07309, 

ICCV 08113, ICCV 08124, ICCV 08125, ICCV 

93706, ICC 11322, ICC 4951, JG62, ICCV 04514, 

ICCV 07107, ICCV 07111, ICCV 07304, ICCV 

07305, ICCV 08117, ICCV 08120, ICCV 08123, 

ICCV 08315, ICCV 08321, ICCV 08323, ICCV 

96854 and ICCV 98505 showed resistant 

reaction; eight genotypes viz., ICCV 07105, ICCV 

07118, ICCV 07306, ICCV 073111, ICCV 08116, 

ICCV 08310, ICCV 08319 and ICC 5003 were 

moderately resistant reaction; one genotype 

ICCV 08305 was moderately susceptible the 

other genotype  ICCV 08311 showed susceptible 

reaction and another genotype ICCV 08317 

showed highly susceptible reaction (Table 3).

Table 2: Reaction of Kanpur kabuli type chickpea genotypes to collar rot under field 
condition  

Sl. Disease Reaction Genotypes No. of 
No. genotypes

1. Resistant
(0-10 per cent 
disease incidence)

2. Moderately resistant
(11-20 per cent 
disease incidence

)3. Moderately  susceptible 
(21-30 per cent 
disease incidence)

4. Susceptible
(31-50 per cent 
disease incidence)

5. Highly susceptible 
(>50 per cent 
disease incidence)

ICCV 07309, ICCV 08113, ICCV 08124, ICCV 

08125, ICCV 93706, ICCV 11322, ICCV 4951, 

JG62, ICCV 04514, ICCV 07107, ICCV 07111, 

ICCV 07304, ICCV 07305, ICCV 08117, ICCV 

08120, ICCV 08123, ICCV 08315, ICCV 08321, 

ICCV 08323, ICCV 96854 and ICCV 98505

ICCV 07105, ICCV 07118, ICCV 07306, ICCV 

073111, ICCV 08116, ICCV 08310, ICCV 08319 

and ICCV 5003

ICCV 08305

ICCV 08311

ICCV 08317

21

8

1

1

1

Screening in pot conditions  
Eight genotypes of chickpea (Table 4) 

along with one susceptible check Annigeri-1 

were used for evaluation against collar rot 

resistance in pot condition as explained in 

“Materials and Methods”. Among them, two 

genotypes viz., BG-256 and KAK-2 were free 

from infection (0%) whereas HIR-55, BBG-2 HIR-

60 BBG-1 HIR-70 showed 8, 15, 20, 22 and 33 per 

cent infection, respectively. Vishal was most 

susceptible with 53% infection compared to 

60% infection in susceptible check (Annigeri-1). 

20
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The utilization of resistant varieties is a 

classical approach to prevent losses caused due 

to diseases. This approach is novel in the 

management of diseases as it involves no or less 

cost of production. 

Keeping this in view, investigation on 

performance of chickpea genotypes against 

collar rot disease under field condition and in 

pot studies were under taken during the year 

2012-13.

Among the 113 desi and 61 Kabuli chickpea 

genotypes from IIPR, Kanpur and 32 genotypes 

from ICRISAT screened in field condition and 

eight genotypes in the pot conditions, 73 desi 

genotypes showed resistant reaction, 25 

moderately resistant reaction, 10 moderately 

susceptible reaction, five susceptible reaction 

while none of the entry was highly susceptible. 

Out of the 61 Kabuli genotypes, 42 genotypes 

showed resistant reaction, 11 moderately 

resistant reaction, five moderately susceptible 

reaction, three were susceptible and none was 

highly susceptible.

Of the 32 ICRISAT genotypes, 21 were 

resistant, eight moderately resistant; one each 

was moderately susceptible, susceptible and 

highly susceptible. 

In pot conditions three genotypes showed 

resistant reaction, two genotypes showed 

moderately resistant reaction, one showed 

moderately susceptible reaction, one genotype 

each was susceptible and highly susceptible.

The present findings are well supported by 

Om Gupta and Anita Babbar (2006) who 

reported that the genotypes H 99-264, PG 9425-5 

and PG 9425-9 (desi) and HK 00297 and PG 97-

313 (Kabuli) exhibited resistance against collar 

rot. Abida Akram et al. (2008) and VanniaRajanet 

al. (2011) also recorded differential varietal 

reaction anywhere from highly resistant to 

tolerant response among the genotypes tested. 

Similarly Muhammed Saifulla et al. (2011) 

reported 67 chickpea genotypes as resistant to 

collar rot disease.

Table 4: Reaction of selected chickpea genotypes to collar rot resistance under artificial 
screening. 

Sl. No. Variety PDI Disease  reaction

1 Annigeri-1 66 Highly Susceptible

2 Vishal 53 Highly Susceptible

3 BG-256 0 Resistant

4 HIR-55 8 Resistant

5 BBG-1 22 Moderately Susceptible

6 HIR-60 20 Moderately Resistant

7 BBG-2 15 Moderately Resistant

8 KAK-2 0 Resistant

9 HIR-70 33 Susceptible

21
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ABSTRACT

Biogas is generated from anaerobic digestion of organic wastes by micro organisms. It is a 

relatively simple and economical method to produce a fuel from waste. It has a composition of 

methane as the main component with 50-70 percent, carbon dioxide around 30-40 percent and, 

hydrogen sulphide and moisture in trace quantities. The composition of biogas varies depending 

upon the substrates used. The raw biogas from the biogas digesters is properly scrubbed and 

purified to remove the unwanted gases like CO , H S and moisture upto a certain required level. 2 2

3In this work, a biogas upgrading system of 2 m /h capacity has been developed for the removal of 

carbon dioxide and hydrogen sulphide from biogas, is indispensable to get biomethane. 

Developed biogas upgrading system, upgrades the biogas up to 96- 97% biomethane at 10 bar 
3 3column-operating pressure with 1.5- 2.5 m  /h of biogas in-low rate and 1.75 m /h of water in low 

rate. Bureau of Indian Standards for biogas utilization in vehicles meet out by physical 

absorption process.

Key words : Methane, CO  & H S absorption, Water scrubbing, Biogas upgrading.2 2

INTRODUCTION

Biogas which is produced through the 

anaerobic degradation of organic materials is 

proposed as one of the most promising 

renewable fuels. Biogas can be produced in 

different environments, with sewage digesters 

producing a mixture containing a volumetric 

fraction of 55-65% methane (CH ), 35-45% 4

carbon dioxide (CO ) and 1% nitrogen (N ) ; 2 2

organic waste/cattle dung digesters 60-70% CH , 4

30-40% CO  and 1% N ; landfills 45-55%  CH , 2 2 4

30-40% CO  and 5 - 15% N  (Rasi et al., 2007).2 2

The total potential of biogas availability in 

India from all sources has been estimated to be 

348,382 million m /year (Vijay, 2014). Currently, 

biogas is mainly applied in small to medium 

scale heat and power production. However, the 

high CO  content reduces the fuel calorific value 2

and in turn limits the engine peak power. In 

addition, at low engine loads (i.e. at low 

combustion temperatures), engines fuelled with 

biogas suffer from combustion instability and 

high CH  concentrations in the exhaust (Nathan 4

et al., 2010). Therefore, instead of combusting 

the biogas directly, removing CO  content and 2

using the biomethane (from biogas) for 

combustion has been seen as an attractive fuel 

for IC engines, for power generation, and also in 

transportation.
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Although biogas production in India is 

increasing, establishment of biogas upgrading 

system is very limited. Biogas upgrading 

scenario reveals that represent only laboratory-

scale and pilot-level demonstration plants are 

available at present. Bhattacharya et al. (1988) 

developed a water scrubbing system that 

produces 100% pure CH , but is dependent on 4

factors like dimensions of scrubbing tower, gas 

pressure, and composition of raw biogas, water 

flow rates and purity of water used. Similarly, 

Vijay, (1989) developed a packed bed type 

scrubbing system using locally available 

packing materials and reported that CO  removal 2

was 30–40 % more by volume compared with the 

scrubbing systems without a packed bed. The 

quality of biomethane is also affected by the 

water flow rate, scrubber dimensions and the 

number of scrubbers. In a continuous counter-

current type scrubber with gas flow rate of 1.8 N 
3 -1m  hour  at 0.48 bar pressure and water in flow 

3 -1rate of 0.465 m  hour , CO concentration was 2 

reduced from 30% at inlet to 2% at outlet by 

volume (Khapre, 1989). 

Ramanathan, (1996) developed a single 

packed column using water as absorbent. 

Complete removal of CO was obtained at a water 2 

flow rate of 0.1 L/s and a gas flow rate of 0.3 L/s at 

gas pressures upto 5 bar. Water recirculation was 

possible upto 20 minutes in packed column for 

100 percent CO removal.  Dubey, (2000) 2 

reported that the CO  absorption is influenced by 2

the flow rates of gas and water, but not by the 

diameter of scrubbers. The G.B. Pant University 

of Agriculture and Technology, Pantnagar, India 

developed a 6 m high scrubbing tower, packed 

up to 2.5 m height with spherical plastic balls of 

25 mm diameter. The raw biogas compressed at 

5.88 bar pressure was passed at a flow rate of 2 
3 -1  Nm  hour , while water was being circulated 

through the tower. A maximum of 87.6% of the 

CO present could be removed from the raw 2 

biogas. Vijay, (2006) designed a water scrubbing 

system using a gas inlet pressure and flow rate of 

31 bar and 1.5 m /h respectively, while the 
3corresponding water flow rate was 1.8 m /h.

In order to convert biogas into biomethane, 

two major steps are required: (1) a cleaning 

process to remove the trace components and (2) 

an upgrading process to adjust the caloridc 

value. In these processes, reducing CO  and H S 2 2

content will significantly improve the quality of 

biogas. Various technologies have been 

developed for upgrading biogas to biomethane. 

These include absorption by physical 

absorption, chemical solvents, cryogenic 

separation, membrane separation and CO  2

Oxation by biological or chemical methods 

(Abatzoglou and Boivin, 2009). The most 

common method used is the absorption of 

carbon dioxide in water at elevated pressure. 

The method is called water scrubbing and can be 

out-lined with or without regeneration of the 

water. The second most common method is an 

adsorption process called, Pressure Swing 

Adsorption (PSA) process. Carbon dioxide is 

adsorbed on activated carbon at elevated 

pressure and released when the pressure is 

reduced down to vacuum. It is a costly process.

All upgrading methods involve some loss of 

methane in the process. Since methane is a 

strong green house gas (GHG) with about 20 

times stronger than carbon dioxide,  it become 

necessary important to reduce the methane 

losses. For water scrubber and PSA have 2 % 

maximum methane losses in upgrading plants 

(Persson, 2007). One of the simple and cheapest, 

less methane loss method involves use of water 

as an absorbent liquid for removal of CO ,due to 2.  

simplicity, it suits for rural applications also 

(Vijay, 2007).

In physical absorption for gas separation, the 

main requirements are that the gas be brought 

into intimate contact with the liquid, and the 

effectiveness of equipment will largely be 

determined by the success with which promotes 

24
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contact between two phases. The biogas is 

allowed from the bottom and the liquid is spared 

from the top in a counter current manner to a 

shell filled with packing materials. The purified 

gas is obtained at the top, while the liquid along 

with the absorbed gas (CO and H S) is drained 2 2

out at the bottom. The packing helps to increase 

the mass transfer area. In this work, based on 

physical absorption process, a biogas water 

scrubbing system has been developed for the 

removal of carbon dioxide and hydrogen 

sulphide from biogas to get biomethane. 

MATERIALS AND METHODS

Two very important and basic parameters for 

the design of packed bed absorption column for 

the removal of gases are; the amount of gas to be 

purified and the degree of purification, these two 

parameters determine the size of the absorption 

column. The liquid flows down the column over 

the packing surface and gas, flows counter 

currently up the column.  The performance of 

packed column is very dependent on the 

maintenance of good liquid and gas distribution 

throughout the packed bed. 

3Based on above principle a pilot plant 2 m / h 

with packed column and water as absorbent is 

developed and installed in Department of 

Bioenergy, TNAU, Coimbatore. This consist 

mainly PVC shell, provisions for the gas and 

liquid inlets and outlets, packing with necessary 

supporting and redistribution flash tower 

system. Packed scrubbing column diameter, 

height and packing material height are 0.30, 5 

and 3 m respectively. A schematic diagram, 

showing the main features of a biogas upgrading 

system is given in figure 1.

25
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Packing material and size 
Technically the function of the packing 

material is to provide an extensive area of liquid 

surface  in  contact with  the  gas  phase  under  

condition  favouring  mass  transfer. In this 

study random packing plastics (polypropylene) 

materials such as pall ring (1.5 m) and super 

Performance evaluation of biogas upgrading 

system carried out at various pressures 

(4, 6, 8, 10 bar), gas flow rates (1.50, 1.75, 2.00, 
3

2.25, 2.50 m /h) and water flow rates (1, 1.5, 2 

intalox saddle (1.5 m) are used. Pall rings in 

which openings have been made by folding 

strips of the surface into the ring. This increases 

the free area and improves the liquid 

distribution characteristics. The characteristics 

of packing material are shown in Table 1.

3m /h) to meet out the requirements of biogas 

standard BIS 16087:2013 has been developed by 

the Bureau of Indian Standards (BIS) for biogas 

utilization in vehicles (Table 2).  

Table 1: Characteristics of packing material

Table 2: Requirements for Biogas into Biomethane (IS 16087 : 2013)

Sl. No. Parameters Pall ring Intalox Saddle

1. Material Polypropylene Polypropylene

2. Thickness 1.106 mm -

3. Size 25 mm -

4. Packing factor 52.0 50.0

5. Dry Bed P.F55.0 50.0

3 36. Bulk density 88.0 kg/m 80.0 kg/m

2 3 2 37. Surface area 207.0   m /m 240.0 m /m

8. Void age 90.0   %9 0.0 %

3 39. Quantity 50800 per m 40000 per m

SI. No. Characteristic Requirements

1. CH , percent, Min 904

32. Moisture, mg/m , Max 16

33. H S, mg/m  , Max 30.32

4. CO +N +O , percent, Max (v/v) 102 2 2

5. CO , percent, Max (v/v) 42

6. O , percent, Max (v/v)0. 52
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RESULTS AND DISCUSSION 

Methane and carbon dioxide are differently 

bound in liquids. In water as a scrubbing agent 

the acidic components in the biogas such as CO2 

are more easily dissolved than hydrophobic, non 

polar components such as hydrocarbons. 

Performance of biogas upgrading unit respect to 

CO  absorption in different pressure, gas flow 2

rates and water gas flow rates are shown in Table 

3.

Table 3: Performance of biogas upgrading unit in terms of CO  absorption percent.2

Column Biogas in-flow Co2 absorption, %
3 3pressure, bar rate, m /h Water in-flow rate, m /h

1.5 1.75 2.00

1.50 74.67 74.89 76.22

1.75 73.11 73.33 75.11

4 2.00 71.33 72.67 73.56

2.25 70.67 70.89 73.33

2.50 69.33 70.22 72.67

1.50 78.22 78.00 81.11

1.75 77.56 77.33 80.00

6 2.00 76.00 76.67 78.89

2.25 75.56 75.78 78.67

2.50 75.11 75.56 78.44

1.50 85.56 89.78 90.44

1.75 84.89 89.33 89.56

8 2.00 84.22 88.44 88.89

2.25 83.56 86.89 88.00

2.50 82.89 87.33 87.78

1.50 87.11 93.11 93.13

1.75 86.89 92.67 92.67

10 2.00 86.44 91.78 92.00

2.25 86.00 91.56 91.78

2.50 85.33 90.67 90.67

The inlet gas flow rates were varied from 1.5 
3to 2.5 m /h at 4 bar. The values of CO  absorption 2

increases as water flow rates increases from 1.5 
3to 2 m /h. However CO  absorption percentage 2

decreases as biogas flow rate increases. Similar 

trend has been observed for 6 to 10 bar operating 

pressures.
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The effect of gas pressure on CO  absorption 2

was determined for different gas flow rates 

shown in figure. 2. The higher the pressure, 

higher will be the CO  absorption percent. The 2

percentage of CO  absorption ranged between 2

69.33 to 76.22 % at 4 bar, 71.11 to 81.11 % at 6 

bar, 82.89 to 90.44 at 8 bar and 85.33 to 93.11 % 

at 10 bar with respect to water flow rates 1.5 to 2 
3m /h. The highest percentage of CO  absorption 2

3observed 1.5 m /h gas flow rate for different 

pressure variation between 4 to 10 bar.

Figure. 3 shows the effect of water flow rate 
3on CO  absorption with 1.5 m /h gas flow rate, 2

highest CO  absorption 93.13 percentage was 2

observed at 10 bar gas pressure. This is 

agreement Wellinger and Lindberg (1999) and 

Vijay (2007), reported that 10 bar pressure for 

inlet gas can give more than 90 % of CH  in 4

upgraded biogas. 

Fig. 2: The effect of pressure on CO  absorption with different gas flow rate.2

3Fig. 3: The effect of water flow rate on CO  absorption with 1.5m /h gas flow rate.2
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Increasing biogas flow rates corresponds to 

different water flow rates affects the CO  2

absorption percentage. In 8 and 10 bar pressure, 

CO  absorption percentage found to same for 2

different water flow rates such as 1.75 and 2 
3m /h. It concludes that, increasing water flow 

3rate behind 1.75 m /h  there is no effect on CO  2

absorption percentage.

Optimized values of water scrubber 

performance at 10 bar operating pressure are 

shown in Table 4. The highest carbon dioxide 

absorption 93.11 was observed at 10 bar column-

operating pressure with a methane purity of 97% 

in purified gas outlet stream of the water-

scrubbing system. Similarly carbon dioxide 

absorption 90.6 and 97 % methane obtained by 

Chandra et al., 2012. 

Removal of hydrogen sulphide
The traces of H S available in the biogas was 2

removed completely in water scrubbing packed 

column. The removal was confirmed by 

exposing of lead acetate impregnated strip to the 

treated gas.  The colour of lead acetate paper, 

was not changed, which indicated non 

availability of H S.2

CONCLUSION 

To meet out the requirements of biogas standard 

BIS 16087:2013, A biogas upgrading unit 

designed and developed for complete removal of 

carbon dioxide and hydrogen sulphide in one 

stage. Experiments were conducted at different 

biogas and water flow rates. The upgrading 

biogas to biomethane unit, upgrades the biogas 

up to 96- 97% biomethane at 10 bar column-
3operating pressure with 1.5- 2.5 m  /h biogas in-

3low rate and 1.75 m /h water in low rate. Biogas 

to biomethane  as a fuel, meeting the 

requirements of the compositional standards, 

should, a) provide the safe operation of the 

engine whether stationary or automotive and 

associated equipments; b) protect the fuel 

system from the detrimental effects of corrosion, 

poisoning and liquid or solid deposition; and c) 

not emit any pollutants or the greenhouse gases 

after combustion, beyond prescribed limit.
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ABSTRACT

One thousand three hundred seventy six front line demonstrations (FLD) were conducted on 

integrated nutrient management (INM) practices on cotton(Bt.) during the year 2006-07 to 2010-

11 in thirty seven adopted villages by Krishi Vigyan Kendras (KVK) of Andhra Pradesh and 

Maharashtra. Cotton(Bt) was grown in farmer's fields with INM practices comprising chemical 

fertilizer, bio fertilizer, FYM and foliar spray of secondary and micronutrients on sandy clay loam 

to clay loam soils under irrigated condition to enhance productivity and farm income. The soil 

fertility status all demonstration plots were low in nitrogen, medium to high in available P and 

K.  The seed cotton yield with INM practice under irrigated conditions ranged from 18.8 to 30.5 

q ha-1 whereas under farmer's practice (FP) it was in range of 15.5 to 25.4 q ha-1. The per cent 

increase in seed cotton yield with INM over FP was 21.2 with additional income of Rs.13385 ha-

1 in FLDs, clearly indicating that integrated nutrient management practice was economically 

viable in different agro-ecological zones with relatively uniform cropping practices and socio-

economic conditions.

Key words: Nutrient requirements, Productivity, Profitability, Foliar sprays, Front line 

demonstrations, Cotton(Bt.).

INTRODUCTION

Cotton is one of the major fiber crops of 

global significance, which is cultivated by 20 

million farmers worldwide. The global cotton 

production in 2010 was 25.1 M tons (1476 lakh 

bales of 170 kg/bale) from 34.0 M hectares. India 

has the largest acreage accounting for 33.0 % and 

contributes 21.1% of total global production 

currently ranking next to China. The production 

increased from a meager 2.3 M bales (170 kg 

lint/bale) in 1947-48 to a record production of 

34.2 M bales during 2012-13. The area under 

cotton (Bt.) increased phenomenally from a few 

thousand acres in 2002 to more than 1.01 million 

hectares in 2005 and it is estimated to be more 

than 9.5 million hectares in 2011. This 

tremendous adoption rate of the technology 

could be due to the relative advantage of the 

technology and marketing efforts of seed 

companies. 

Since last three decades, the area under 

cotton in India has more or less stabilized and 
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the increase in production is mainly due to 

increase in productivity. This was brought out 

by release of a large number of improved 

varieties, intra and inter specific and Bt hybrids 

of cotton. These hybrids and high yielding 

varieties responded to high level of inputs viz., 

fertilizers, irrigation, pesticides and intensive 

management. The basic concept underlying the 

integrated nutrient management system (INMS), 

nevertheless, remains the maintenance and 

possible improvement of soil fertility for 

sustained crop productivity on long term-basis 

and also to reduce inorganic (fertilizer) input 

cost. The three main components of INMS as 

defined by FAO, (1998) are:1. Maintain or 

enhance soil productivity through a balanced 

use of fertilizers combined with organic and 

biological sources of plant nutrients 2. Improve 

the stock of plant nutrients in the soils 3. 

Improve the efficiency of plant nutrients, thus, 

limiting losses to the environment Thus, INMS 

is the most efficient and practical way to 

mobilize all the available, accessible and 

affordable plant nutrient sources in order to 

optimize the productivity of the crops/cropping 

systems and economic return to the farmer. 

Govil and Kaore, 1997 collected three year data 

from 267 sites in India under different crops to 

show an increase of 22% yield by adopting INM 

approach rather than farmer's practice. 

In this based, on context the data generated by 

the Krishi Vigyan Kendras (KVK) by conducting 

frontline demonstrations in farmer's fields 

incorporating their perceptions, Zonal Project 

Directorate, Zone-V (ICAR) made an effort to 

compile data of FLDs conducted by the KVKs 

across the zone (Andhra Pradesh and 

Maharashtra) on cotton (Bt.) therein indicating the 

role of INM practice in increasing the productivity 

of the cotton (Bt.) over the last five years.

MATERIAL AND METHODS 

A total of 1,376 frontline demonstrations on 

integrated nutrient management practices in 

cotton (Bt.) were conducted at different 

locations by various KVKs of Andhra Pradesh 

and Maharashtra for the last 5 years in 37 

villages in 16 districts during 2006-07 to 2010-11 

covering an area of 902.4 ha in sandy clay loam 

to clay loam soil under irrigated situation. Soil 

samples were analysed at respective KVK soil 

testing laboratories. All demonstration plots soil 

fertility status were low in nitrogen, medium to 

high in available P and K in both the states of 

Andhra Pradesh and Maharashtra and 

comprising with two treatments viz., 1. Farmer's 

practice (Sole chemical fertilizers-N,P O and 2 5 

-1K O 235:164:38 and 256:173:42 kg ha  in Andhra 2

Pradesh and Maharashtra).  2. INM module 
-1(FYM-10 tonnes ha  + Recommended dose of 

chemical fertilizer 150:60:60 and 150:75:75 NPK 
-1kg ha   for Andhra Pradesh and Maharashtra 

through straight fertilizer sources and along 

with foliar application of magnesium 

sulphate(1%), Borax (0.15%), Zinc sulphate 

(0.2%), and KNO  (2 %) at 45/60/75/90 DAS 3

respectively) + Bio-fertilizers (Application of 

Phosphorus Solubilising Bacteria(PSB) -2.5 

Kg/ha along with 50 Kg farm yard manure as 

basal application and seed treatment with 

Azotobactor 10 g/kg seed) . 40% of N applied 

through organic manures and biofertilizers + 60 

% of N through  chemical fertilizers.  The 

application of fertilizer doses under INM 

demonstrations were adjusted based on soil test 
-1 values 187:52:53 and 192:58:54 NPK kg ha for 

Andhra Pradesh and Maharashtra states, 
 respectively.

The cotton (Bt.) was sown by dibbling 2 

seeds per hill at a spacing of 90 x 60 cm during all 

the crop seasons. Well decomposed farmyard 

manure (FYM) was applied 15-20 days before 

sowing, secondary and micronutrients were 

applied as per schedule in demonstrations. The 

data on seed cotton yield was recorded on per 

plot basis.  The area and number of 

demonstrations covered under FLDs has been 

mentioned in the respective tables and the yield 

32

Impacts Nutrient Management Strategies...32 JANUARY-JUNE 2015



data generated over five years across the 

locations have been pooled and averaged 

(weighted average) and presented in this paper. 

RESULTS AND DISCUSSION

Results of 1376 frontline demonstrations 

conducted during 2006-07 to 2010-11 in 902.4 

ha area on farmer's fields indicated the response 

of INM practices for cotton (Bt.) under irrigated 

condition over the seed cotton yield obtained by 

farmer's practice. The data (Table 1) have been 

averaged over the years across the locations. The 

soils of Andhra Pradesh and Maharashtra were 

neutral to moderate alkali in reaction with pH 

varying from 6.98 to 8.75 and EC ranged from 
-10.10 to 0.75 dSm . The organic carbon content 

varied from 0.10 % to 0.76 %. Texture of the 

surface soil varied from sandy clay loam to clay 

loam. The soils were low to medium in N (78 to 
-1 -1288 kg ha ), low to high in P O  (11 to 206  kg ha ) 2 5

-1and medium to high in K (46 to 947 kg ha ) (Table 

1).

Table 1: Soil physico-chemical properties and nutrient status of demonstration plots.

Guntur 50 SCL-CL 7.65-8.51 0.19-0.59 0.23-0.72 78-213 24-155 275-622
(8.08) (0.39) (0.48) (146) (90) (449)

Karimnagar 190 SCL-CL 7.77-8.75 0.14-0.65 0.29-0.61 113-238 18-116 255-538
(8.26) (0.40) (0.45) (176) (67) (397)

Khammam 5 SCL-CL 8.04-8.62 0.26-0.52 0.16-0.47 163-226 (39-108 233-496
(8.33) (0.39) (0.32) (195) (74) (365)

Kurnool 38 SCL- CL 7.98-8.62 0.12-0.46 0.10-0.66 100-238 26-206 168-947
(8.30) (0.29) (0.38) (169) (116) (558)

Nalgonda 50 SCL- CL 8.01-8.78 0.22-0.75 0.32-0.42 138-201 21-123 146-823

(8.40) (0.49) (0.37) (170) (72) (485)

Warangal 113 SCL- CL 7.55-8.53 0.19-0.43
(8.04)

0.19-0.56 101-256 17-94 177-664
(0.31) (0.38) (179) (56) (421)

Maharashtra 

Ahmednagar 200 SCL-CL 7.48-8.46 0.18-0.52 0.22-0.68 88-288 15-101 152-556
(7.97) (0.35) (0.45) (188) (58) (354)

Akola 116 SCL- CL 7.51-8.59 0.11-0.61 0.26-0.71 126-256 24-88 159-478
(8.05) (0.36) (0.49) (191) (56) (319)

Amravati 85 SCL- CL 7.42-8.53 0.16-0.55 0.21-0.63 108-238 19-96 189-641
(7.98) (0.36) (0.42) (173) (58) (415)

Beed 15 SCL- CL 7.29-8.37 0.21-0.32 0.35-0.66 100-266 18-74 191-522
(7.83) (0.27) (0.51) (183) (46) (357)

Buldana 53 SCL- CL 7.62-8.66 0.28-0.49 0.17-0.76 138-246 12-104 156-498
(8.14) (0.39) (0.47) (192) (58) (327)

Dhule 49 SCL- CL 7.19-8.39 0.13-0.69 0.11-0.55 100-238 24-89 146-466
(7.79) (0.41) (0.33) (169) (57) (306)
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Dhule 49 SCL- CL 7.19-8.39 0.13-0.69 0.11-0.55 100-238 24-89 146-466
(7.79) (0.41) (0.33) (169) (57) (306)

Jalgaon 7 SCL- CL 7.08-8.63 0.22-0.71 0.32-0.59 126-258 20-122 151-477
(7.86) (0.47) (0.46) (192) (71) (314)

Jalna 20 SCL- CL 7.55-8.48 0.12-0.53 0.29-0.74 113-276 16-113 146-499
(8.02) (0.33) (0.52) (195) (65) (323)

Nandurbar 175 SCL-CL 7.62-8.56 0.10-0.49 0.18-0.61 100-256 23-128 151-586
(8.09) (0.30) (0.40) (178) (76) (369)

Washim 210 SCL- CL 6.98-8.66 0.31-0.57 0.27-0.57 113-243 11-106 166-599
(7.82) (0.44) (0.42) (178) (59) (383)

SCL-Sandy Clay Loam      CL-Clay LoamMean values given in parenthesis

Table 2 : Effect of nutrient management on seed cotton yield in different district of Andhra Pradesh 
and Maharashtra.

District FLDs (No.) Area (ha) Seed cotton yield (kg/ha) Increase in 

Farmer’s INM yield (%)
practice

Andhra Pradesh

Guntur 50 50 21.1 26.7 26.5

Karimnagar 190 124 19.1 23.9 25

Khammam 5 2 16.1 18.8 16.3

Kurnool 38 22 20.1 22.7 12.9

Nalgonda 50 50 18.1 21.1 16.6

Warangal 113 50 23.2 26 12.2

Maharashtra

Ahmednagar 200 155.6 23.7 29.7 25.3

Akola 116 76.4 19.6 23.6 20.7

Amravati 85 34 17.5 19.6 11.8

Beed 15 9 20.9 24.9 19.3

Buldana 53 27.6 25.4 30.5 20.2

Dhule 49 56 19.7 24.8 26

Jalgaon 7 2.8 20.7 27.2 31

Jalna 20 20 20.9 27 29.1

Nandurbar 175 103 17.4 20.7 19.2

Washim 210 120 15.5 19.9 27.9

Total/Mean 1376 902.4 19.9 24.2 21.2

SEM + 0.28

C.D.(p=0.05) 0.84

SEM +   Standard error of means          CD   Critical difference
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Table 3 : Economic analysis of cotton (Bt.) on integrated nutrient management/farmer's practice.

District Gross income Production cost Net income B.C ratio Additional
(Rs/ha) (Rs/ha) (Rs./ha) income

(Rs/ha)

Andhra Pradesh

Guntur 50640 64080 30625 34562 20015 29518 1.7 1.9 9503

Karim- 54810 68171 30200 31492 24610 36679 1.8 2.2 12069
nagar

Kham- 87048 101250 34516 31776 52532 69474 2.5 3.2 16942
mam

Kurnool 80742 89490 36773 36682 43969 52808 2.2 2.4 8839

Nalgonda 39950 46571 27900 28225 12050 18346 1.4 1.7 6297

Warangal 118855 133433 30843 29310 88013 104123 3.9 4.6 16110

Maharashtra

Ahmed- 81004 99213 34605 34439 46399 64774 2.3 2.9 18375
nagar

Akola 72742 89348 27783 27250 44959 62098 2.6 3.3 17139

Amra- 63827 71250 26619 26830 37208 44420 2.4 2.7 7212
vati

Beed 55427 73967 25815 26895 29612 47072 2.2 2.8 17461

Buldana 57607 69106 25983 26421 31624 42685 2.2 2.6 11060

Dhule 61876 77374 23951 24899 37925 52475 2.6 3.1 14550

Jalgaon 53062 69180 20035 20888 33027 48292 2.7 3.3 15265

Jalna 64820 83700 31650 31000 33170 52700 2.1 2.7 19530

Nand- 52269 63351 32896 35693 19374 27658 1.6 1.8 8284
urbar

Washim 61635 78505 26932 28276 34703 50229 2.3 2.8 15526

Mean 66020 79874 29195 29665 36824 50209 2.3 2.7 13385

+SEM 765 0.03

C.D.(p=0.05) 2306 0.09

Farmer’s INM Farmer’s INM Farmer’s INM Farmer’s INM
practice practice practice practice

SEM+   Standard error of means          CD   Critical difference

The data presented in Table 2 indicated that 

the average seed cotton yield of INM practices 
-1(24.2 q ha ) was significantly higher than the 

-1yield produced in farmer's practice (19.9 q ha )  

and on an average 21.2 percent yield increase 

was recorded in INM plots over farmers practice 
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due to effect of integration of organic and 

inorganic fertilizers and thereby increased 

ancillary characters in demonstrations. The 

higher seed cotton yield under INM might be due 

to higher growth parameters as well as yield 

attributing characters like number of bolls per 

plant, boll weight it. Hosmath et al. (2004) 

studied the effect of organic amendments on 

performance of Bt and non Bt cotton. The study 

revealed that among different sources of 

nutrients, significantly higher cotton yield was 

obtained with application of recommended dose 

of fertilizer along with FYM. Integrated nutrient 

supply is also known to improve water use 

efficiency and physical condition of soils in 

respect to structure, granules, friability and 

porosity and provide balanced nutrient supply 

to the crop (Das, 1996). 

Kalaichelvi and Chinnusamy (2004) have 

also opined that influence of STCR based 

fertilizer nutrients and potassium humate on 

cotton productivity and reported that 

application of 100 per cent STCR (Soil Test Crop 

Response) recommended NPK fertilizers 

recorded more number of sympodial branches, 

fruiting points, boll setting percentage & boll 

number over other levels and higher seed cotton 

yield was recorded with 100 per cent STCR 

recommended NPK fertilizer combined with the 

soil application of potassium humate either 30 

kg or 40 kg ha-1. Doberman et al. (2000) reported 

that Site Specific Nutrient Management (SSNM) 

improved the plant uptake of N, P and K by 10-20 

per cent and N use efficiency by 40 per cent. 

Similarly, SSNM approach was developed to 

increase mineral fertilizer use efficiency and to 

achieve balanced plant nutrition. 

Gross and net income were high in INM (Rs. 
-1 -1 79874 ha and Rs. 50209 ha ) as compared to  the 

-1 farmer's practice (Rs. 66020 ha and  Rs. 36824 
-1ha ). It was also observed that an amount of 

-1Rs.13385 ha  was realized as additional income 

due to increase in seed cotton yield and low cost 

of production in INM practice. Benefit-cost ratio 

was significantly higher in INM (2.70 ) as 

compared to farmer's practice (2.30) due to 

higher gross income and low cost of production 

(Table 2)  in Andhra Pradesh and Maharashtra. 

These results are in conformity with the earlier 

experimental data as recorded by  Nehra (2007).
The results of the demonstrations presented 

in this paper clearly indicated the need of 

Integrated nutrient management to reap 

maximum yield and returns from the investment 

on plant nutrition but will also steer the farmers 

towards economic usage of fertilizers depending 

on their financial status and prevailing market 

price of the crop under consideration.

CONCLUSION

A comprehensive concerted effort in 
utilization of locally available components of 
INM involving rational and appropriate use of 
chemical fertilizers, organic and bio fertilizers 
will go a long way in providing a sustainable 
crop nutrition management in cotton. Moreover, 
more and more nutrient elements viz, Mg, S, Zn 
& B are likely to be critical nutrient element of 
cotton in future due to multiple cropping, 
inadequate use of organic manures and 
application of chemical fertilizers devoid of 
secondary/trace elements. Therefore, Integrated 
nutrient management has emerged as a necessity 
for sustainability of agriculture.
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ABSTRACT

Integrated Farming System Demonstration (IFSD) is a unique extension method employed to 

show how the net income of a farmer would be increased if practiced  continuously over a 

period (2-4 years) properly combining suitable crop and livestock enterprises along with 

recycling of farm waste and biomass in addition to  providing guidance in the efficient 

management of farm. The University of Agricultural Sciences, Bangalore implemented IFSD 

project with the financial support from the Government of Karnataka under RKVY in 15 

Southern Districts of Karnataka state coming under its jurisdiction during the period from 2011-

12 to 2013-14. The project aimed at sustainable development of farming among the stakeholders 

by bringing improvement in the efficient management of soil, water, crop and IPM practices in 

crop husbandry and also to integrate dairy, poultry, sheep, piggery, fishery, sericulture, agro-

forestry and other related enterprises with crop enterprise to increase the overall net income. 

Key words: RKVY- Rastriya Krishi Vikas Yojana, IPM- Integrated Pest Management.

INTRODUCTION 
Integrated Farming System Demonstration 

(IFSD) is a unique extension method employed 

to show how the net income of a farmer would be 

increased if practiced  continuously over a 

period (2-4 years) properly combining suitable 

crop and livestock enterprises along with 

recycling of farm waste and biomass in addition 

to providing guidance in the efficient 

management of farm. The University of 

Agricultural Sciences, Bangalore implemented 

IFSD project with the financial support from the 

Government of Karnataka under RKVY in 15 

Southern Districts of Karnataka state coming 

under its jurisdiction during the period from 

2011-12 to 2013-14. The project aimed at 

sustainable development of farming among the 

stakeholders by bringing improvement in the 

efficient management. It also focuses on 

conserving and recycling of farm resources, 

enhance farm productivity and ultimately to 

provide nutritional and livelihood security to 

farm families. Realizing this fact, the then Chief 

Minister of Karnataka, in his Agricultural budget 

speech of 2011 announced that all Agricultural 

Universities would undertake Integrated 

Farming System Demonstration (IFSD) 

programme in their jurisdiction.  Consequently, 

the University of Agricultural Sciences, GKVK, 

Bangalore, initiated the IFSD programme in 

Southern Karnataka as a flagship programme. 

Corresponding author: bharathi.agbsc@gmail.com

International Journal on Agricultural Sciences 6 (1) : 38-43, January-June 2015 Research Paper

38



MATERIALS AND METHODS

T h e  I n t e g r a t e d  Fa r m i n g  S y s t e m  

implemented in 15 Districts (viz., Bangalore 

Rural,  Bangalore Urban, Ramanagara, 

Chikkaballapura, Kolar, Mandya, Hassan, 

Mysore, Chamarajanagar, Tumkur, Shimoga, 

Chitradurga, Davanagere, Udupi and Kodagu 

around 11 Krishi Vigyana Kendras and 3 

Extension Education Units of UAS (B) covered 

25000 ha including 18314 farm families and 

a b o u t  6 6 8 6  l a n d l e s s  l a b o u r e r s  a n d  

approximately 1500 ha spread over in 15-20 

villages in each district covering around 1500 

families. Presently, the project is programmed 

for three years i.e., 2011-12 to 2013-14. The 

statistical methods adopted in the study are 

simple average, percentage, mean and median.              

RESULTS AND DISCUSSION

IMPACT OF CEREAL CROPS
Impact of Paddy crop in Mysore District

During the same season mechanized paddy 

transplanter and cono weeder were also 

introduced to overcome the problem of labour in 

an area of 5.70 ha involving 14 farmers. This 

practice was found more effective by way of 

increased yield by 22.57 per cent over traditional 

practice. By adopting this practice it was 

possible to save Rs. 1350/- to 1400/- per acre. 

During 2013 Kharif season IFSD demonstrations 

on paddy crop were established in an area of 

266.40 acres involving 358 stakeholders. They 

were supplied with the critical inputs like 

certified seeds, Zinc Sulphate and biofertilizers 

from the project as per provision, followed by 

adoption of other agronomical practices. 

Table I: Information on paddy crop and use of mechanical paddy transplanter and cono weeder in 
paddy crop. 

Paddy 367 1. certified 302.0 45.10 56.64 23.39 
(Summer seed
2013) 2. Zinc 

sulphate
3. Herbicides

Paddy 14 - 5.70 48.10 58.96 22.57

Remarks: Up to Rs. 1350 to 1400/Ac can be saved through mechanical 
transplanting and weedin gusing cono weeder

Impact of Mechanical paddy transplanter and use of cono weeder - Summer 2013

Crop
component

No. of
beneficiaries

Critical
inputs

supplied

Area
(ha)

Yield Qt/ha

Before After IFSD

%
increase 
in yield

From these results it can be inferred that IFSD 

project has made positive impact in enhancing 

the yield of paddy crop in Mysore District.
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As could be seen from the table II it is observed 

that 14.29 per cent increased yield and increased 

income by 21.42 per cent were obtained by 

introducing ML-365 variety and supplying of 

inputs along with adoption of improved 

agronomical practices. This clearly shows the 

impact of IFSD project in respect to ragi crop in 

Shivamogga district. 

Table 2 : Details of demonstrations established on ragi crop in Shivamogga district.

IMPACT OF PULSE CROPS

Table - III: Impact of Red gram crop in Bangalore Rural and Ramanagara District 

Table 4: Demonstration established on Turmeric crop in Chamarajnagara district

Ragi
(ML 365) 95.00 35
(Kharif 2013)

Red gram 
(BRG-1) 3769 1639.00 7.00 9.00 28.57 24,500 31,500 28.57

Red gram 
(BRG-1) 3769 1639.00 7.00 9.00 28.57 24,500 31,500 28.57

700 950 14.29 14000 17000 21.42
kg/acre kg/acre

Crop
component

Crop
component

Crop
component

No. of
beneficiaries

No. of
beneficiaries

No. of
beneficiaries

Area
(Acres)

Area
(Acres)

Area
(Acres)

Income (Rs/acre)

Income (Rs/acre)

Income (Rs/acre)

Grain yield (Q/acre)

Grain yield (Q/acre)

Grain yield (Q/acre)

Before

Before

Before

Before

Before

Before

After

After

After

After

After

After

%
increase

%
increase

%
increase

%
increase

%
increase

%
increase

As could be seen from the Table - III it was 

observed that the increase in seed yield of red 

gram was found at 28.57 per cent. Similarly, 

there is an increase in income by 7000 Rs. / acre 

over the farmers practice. From this, it can be 

inferred that IFSD project has made a positive 

impact in red gram crop in Bangalore Rural and 

Ramanagara districts. 

IMPACT OF HORTICULTURE CROPS
Impact of Turmeric crop in 

Chamarajanagara District
An examination of the Table – IV clearly 

shows that an average increase in yield was 

recorded by 25.0 per cent in turmeric crop with 

an increased income of Rs. 16000.00 per acre. 

The above findings clearly indicate, the positive 

impact of turmeric crop grown by the stake 

holders in Chamarajanagara district.

Impact of Ragi crop in Shimogga District
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IMPACT OF LIVESTOCK ENTERPRISES
Impact of sheep enterprise in Mysore District
As many as 1652 lambs of Bandur sheep breed 

were distributed to 829 stake holders in three 

villages of Mysore taluk under IFSD project. The 

beneficiaries were also educated about the 

improved management of sheep. As a result 

there was an increase in the live body weight of 

animals and income over a period of 26 months. 

The details are presented in the Table –VI.

Table 5: Impact of Vegetable crops in Tumkur District.

Chilli 
(Arka 118
Loitha)

Tomato 
(Arka 61
Ananya)

Brinjal 
(Arka 47
Anand)

46.00
(GC) (GC)

5.20 6.43 23.69
(DC) (DC)

158.20 184.82 16.82

46.0 053.20 15.65

57.25 24.50 46.00
(GC) (GC)

5.20 6.43 23.69
(DC) (DC)

158.20 184.82 16.82

46.0 053.20 15.65

57.25 24.50Introduct
ion of 

improved 
varieties
Introduct

ion of 
IPM 

practices
Training 
program

mes

Crops No. of 
Stake

holders

%
Increase

%
Increase

Inter-
ventions

Yield (Q/acres Yield (Q/acres

Before BeforeAfter After

An examination of Table - V reveals that the average yield increase by 24.50 per cent and increase in income of 
Rs. 22,496 / acre was found in green chilli. In case of dry chilli the yield increase was 23.69 per cent with an 
increased income of Rs. 7392/acre. In tomato crop the average yield increase was found at 16.82 per cent and 
increase in income was Rs. 21,296.00 per acre. The results in brinjal crop shows that the increase in average 
yields was 15.65 per cent and increased income of Rs. 5760.00 per acre.

From the results presented above it can be inferred that three vegetable crops grown by the stake holders under 
the guidance and support of IFSD staff made good impact in Tumkur district.

Table 6: Information on Sheep enterprise undertaken by the stake holders in Mysore district.

Sheep 826 1652 5.100 39.250 34.150 56,416 300.00 1,69,24,800

Types of 
Enterprises

Total No. of 
beneficiaries

No. of 
animals
supplied

Live body weight 
(Kg/animal)

At 
supply

Total
live

body
weight

(Kg)

26th
month
after

supply

Rate
(Rs./Kg)

%
increase

Total
value

of 
increased

body 
weight 
(Rs.)
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A cursory look into the Table VI reveals that 

an average increase in live body weight of 34.150 

Kg per animal was recorded 26 months after 

supply of lambs to the stake holders and the 

increased total body weight was estimated at 

56,416 kg for 1652 animals. The income 

generated from the increased live body weight in 

26 months after supply of lambs 1652 was 

worked out to the tune of Rs. 169.25 lakhs. This 

fact clearly shows that sheep enterprise 

undertaken through IFSD project in Mysore 

district has positive impact.

Table 7: Progress of Poultry enterprise in Hassan District.

Poultry 116 580 0.500 3.400 2.900 1682 80.00 1,34,560 26,400 1,32,000

Types of 
Enter-
prises

No. of 
stake

holders

No. of
birds

supplied

Tota
increased

live
body

weight
(Kg)

Rate
(Rs./Kg)

Total
value

of 
increased

body
weight
(Rs.)

Total 
No. of 
eggs

produced 
in 
12 

weeks

Total
value 

of
eggs 
(Rs.)

At 
supply

30
weeks
after

supply

Increase

Live body weight (kg/bird)

As per the information presented in Table- 

VII the average live body weight of each poultry 

bird at supply (4 weeks old) was 0.500 kg per bird 
thhas been increased to 3.400 kg/bird at 30  week 

after the supply of birds, recording 2.900 Kg 

increased weight during the period. The total 

increased live body weight for 580 birds was 

worked out to 1682 kg and the income generated 

from the growth of birds in 30 weeks was 

estimated at Rs. 1.35 lakhs. In addition, as many 

as 26,400 eggs were laid by 300 hens in 12 weeks 

and the income from the sale of eggs was worked 

out to the tune of Rs. 1.32 lakhs and the total 

income secured from both increased live body 

weight and production of eggs was Rs. 2.67 lakhs 

in 30 weeks. This clearly shows the very good 

impact of poultry enterprise in Hassan district.

CONCLUSION

The integrated farming system approach has 

helped the farmers to re- organize the farm 

business through reallocation of available 

resources to get sustained stable returns from the 

entire farm. There is a great need for this 

approach to improve managerial ability of the 

farmers. Further, the small and marginal farmers 

would need support in training, demonstration, 

extension services, credit, market support as 

well as supply of inputs must be as part of the 

integrated farming system. Hence, it is high time 

for the scientists, administrators and planners to 

think on such lines and provide adequate 

facilities and encouragement to the farmers to go 

ahead with the integrated farming systems with 

a sense of total commitment. This will not only 

enhance their income and living standard of 

their families but also reduce hunger and 

poverty from the society. Therefore, research 

initiatives have to be undertaken for developing 

site-specific farming systems incorporating two 

or more feasible and appropriate enterprises for 

different categories of farmers based on their 

resource endowment. 
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ABSTRACT

A field experiment was conducted during rabi season of 2009-10 on the topic entitled “Effect 

of sowing dates and varieties on growth, yield attributing characters and yield on chickpea of 

Eastern Uttar Pradesh” in sandy loam soil of N.D. University of Agriculture and Technology, 

Kumarganj, Faizabad (U.P.).The experiment consisted of nine treatment combinations comprised 
st 0 thof  three sowing date/sowing temperature viz., sowing on Oct. 21  with temperature 24 C, Nov. 5  

0 0with temperature 22 C and Nov. 20 with temperature 16 C and three variety viz, Radhey, Pusa-
0 st362 and Uday. Results revealed that sowing temperature 24 C which occurred on Oct. 21  

produced significantly higher growth yield attributes and yield due to fulfilment of optimum 

thermal requirement for various plant processes. High temperature during-reproductive stage 
-1 -1 thadversely affected the number of pods plant,  number of seed pod  in late sowing (Nov.20 ) 

which ultimately resulted the lowest seed yield. Delay in sowing reduced the average 
thtemperature during the crop period and seed yield. Decrease in average temperature in Nov. 20  

0 -1 stby 0.3 C reduced the seed yield by 6.2qha  over Oct. 21  sowing. Heat use efficiency was 
st 0recorded when sowing was done on sown Oct. 21  with temperature 24 C followed by sowing 

thdone on Nov. 5  while lowest heat use efficiency was recorded when sowing was done on Nov. 
th 020  with sowing temperature 16 C. Variety Radhey was found more conducive for growth 

0development seed yield and heat use efficiency. Accumulated helio-thermal unit (16771.1 days 
0hrs) and accumulated photo-thermal unit (22654.8 days hrs) from sowing to maturity produced 

the higher yield of chickpea under agro-climatic condition of eastern (U.P.)

Key words: Kissan Credit Card, Bank customers.

INTRODUCTION

Pulse crops have prime position in the 

agricultural economy of India. Among the pulses 

crop Chickpea (Cicer arietinum L.) grown about 

38 per cent of area under pulses and contributes 

about 50 per cent of total pulse production in 

India. Chickpea is grown in India as post 

monsoon winter season (Rabi) crops as is 

requires cool and dry weather for optimum 

growth. The crop is predominantly grown under 

rain-fed condition and is raised mainly on 

conserved soil moisture. Optimum sowing 

temperature and selection of improved varieties 

play a remarkable role in exploiting the yield 

potential of crop under particular agro climatic 
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conditions. Sowing date/ sowing temperature 

have been proved to be one of the most non 

monetary inputs affecting the yield of chickpea. 

Sub optimal photo thermal regimes during crop 

growing season are known to have profound 

effect on crop productivity. The production 

potential of high productive varieties may be 

exploited by sowing them at their most optimum 

time. Chickpea cultivated with medium and 

long duration varieties is generally delayed. All 

the chickpea varieties are sensitive to photo and 

thermal-period. Delay in sowing causes early 

maturity of these varieties resulting in drastic 

reduction of the yield. Optimum sowing time is 

considered for maximum advantages of 

environmental conditions especially in terms of 

the thermal requirement and solar radiation 

received by the crop canopy. The productivity of 

chickpea in eastern U.P. is quite below than the 

national average due to which suitable varieties 

will therefore be helpful in increasing the yield 

(Shendge et al., 2002). Keeping this in view, an 

experiment was conducted to study the  effect of 

sowing dates/sowing temperature and varieties 

on growth, yield attributing characters and yield 

on chickpea of eastern Uttar Pradesh.

MATERIALS AND METHODS

A field experiment was conducted at N. D. 

University of Agriculture &Technology, 

Kumarganj, Faizabad during the rabi season of 

2009-10 at Agro-met. Research Farm, the site 

comes under    sub-tropical climate and often 

subjected to extremes of weather condition i.e. 

cold winter and hot summer. The experiment 

was laid out in split plot design (SPD). Three 

sowing date/sowing temperature viz. ,  
st 0October.21 / sowing temperature 24 C (D ), Nov. 1

th 0 th5 /sowing temperature 22 C (D ) and Nov. 20  / 2

0sowing temperature 16 C (D ) was kept in main 3

plot and three varieties viz., Radhey (V ), Pusa-1

362 (V ) and Uday (V ) was kept as sub plot 2 3

treatment with three replication. plant 

spacing30 × 10 cm. Diammonium phosphate 

and urea was used to supply nitrogen and 

phosphorus. An uniform dose of 20 kg N and 40 

kg P O  and 20 kg K O were applied through 2 5 2

Urea, DAP and MOP. The soil texture of 

experimental site was silty loam having pH 8.0, 

organic carbon 0.32 %. Available nitrogen 175 

kg/ha, available P O  14.50 kg/ha, available K O 2 5 2

248.60 kg/ha. Accumulated growing degree days 

(AGDD) was determined following the method 

given by Nuttonson (1955) using the base 

temperature 5C. Accumulated photothermal 

unit (APTU) and accumulated heliothermal 

units (AHTU) were calculated  by multiplying 

AGDD with maximum possible sunshine hours 

and actually measured bright  sunshine hour, 

respectively. The growth, yield attributes and 

seed yield were recorded for all the treatments at 

the time of harvest. The heat use efficiency 

(AHUE) in term of seed yield and dry matter 

production at harvest was computed dividing 

seed yield and dry matter production at harvest 

by AGDD from sowing to harvest.

RESULT AND DISCUSSION

Effect of date of sowing/ sowing temperature 

Growth parameters
Significant variations were found in all the 

growth parameters viz., days taken to different 

phenophases. Thermal unit (AGDD) at different 

phenophases, plant height LAI, dry matter 
-2accumulation (gm ) and no of branches were 

affected due to different sowing dates/ sowing 

temperature.

Maximum initial plant population at 20 DAS 
stwas recorded in Oct.21  (Table.) sowing due to 

higher thermal unit requirement. Days taken to 

vegetative stages were recorded maximum 
0under sowing temperature 24 C (exist on 

stOctober, 21  sowing) due to higher growing 

degree day/ heat unit in longer days while lower 

days taken to vegetative phases were recorded 

45AJAY KUMAR ET. AL  International Journal on Agricultural Sciences 6 (1)



46

0under sowing temperature 16 C (Occurred on 

Nov. 20) due to lower growing degree day/ heat 

units requirement (Table.1) 50 per cent 

flowering were recorded earlier when crop was 
thsown on November 20   with sowing 

0temperature 16 C due to lower AGDD which 

perhaps shortened the vegetative growth. 
0Sowing temperature 22 C (exist on November, 

th5 ) lengthen the period for vegetative growth and 

development due to optimum fulfilment of 

AGDD/heat unit requirement.

The accumulated growing degree days/heat 

unit at different phenophases, Accumulated 

Helio-thermal and Accumulated photothermal 

Unit, were affected due to different date of 

sowing/sowing temperature. Higher growing 

degree days/heat unit, (Table-1) Accumulated 

Helio-thermal (Table-1) and Accumulated 

photothermal units (Table-1) were found in 
0sowing temperature 24 C (exist on October 21) 

thfollowed by crop sown on November 5   (sowing 
0temperature 22 C) at all the phenological stages 

mainly due to the fact that they have taken 

maximum days to maturity.

Significantly taller plants were recorded 
stwhen crop was sown on October 21  with sowing 

0temperature 24 C followed by crop sown on 
0November 5 with sowing temperature 22 C 

mainly due to higher GDD (heat unit 

requirement) during entire stage of growth and 

hence rapid cell elongation and cell division in 

meristematic tissues which ultimately led to 

establish taller plants. Delayed sowing (sown on 
0November 20 at low temperature 16 C) resulted 

in shorter plants mainly due to sub optimal 

thermal regime which ultimately resulted for 

short stature plants because of reduced 

metabolic activities of plant. Similar results 

were reported by Singh et al. (2009) and Khatun 

et al. (2010).

Date of sowing/sowing temperature had 

significant effect on the dry matter accumulation 
-2(gm ) at all the stages of crop growth (Table.) Dry 

matter accumulation were recorded higher 
stunder crop sown on Oct. 21   with sowing 

0temperature 24 C followed by crop sown on 
th 0November 5   with sowing temperature 22 C 

mainly due to higher number of branches and 

higher  leaf area index due to more heat use 

efficiency which perhaps  increased the 

mobilization and absorption of nutrients and 

ultimately better translocation of these nutrients 

in to different organs of the plant and hence 

formed vigorous growth and finally led to higher 

dry matter accumulation while the lowest dry 

matter was recorded in the crop sown on 
th 0November 20   with lower temperature 16 C  of 

chickpea might be due to shorter plants, lowest 

leaf area and branches per unit area which had 
thdirect bearing of crop sown in November 20  

which exposed to lower temperature during 

vegetative phase and higher temperature during 

grain filling stage and hence affected the crop 

growth and yield adversely.  Similar results were 

reported by Saini and Paroda (1990).

           Significantly higher number of branches 
stwere recorded in crop sown on Oct 21   with 

0sowing temperature 24 C followed by crop sown 
th 0on Nov. 5   with sowing temperature 22 C 

(Table.) might be due to better photosynthetic 

efficiency of taller plants which ultimately 

produced more number of branches. Crop sown 
th 0on November 20  with sowing temperature 16 C 

resulted in lower number of branches mainly 

due to reduction in the metabolic activities of 

plant as the result of low AGDD and 

accumulated photothermal unit during 

vegetative stage.
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Table 1: Requirements of AGDD, AHTU and APTU to attain different phases of growth.

Tret.

Date of sowing /sowing temp.

Varities

Oct.  
021/24 C

Radhey

Thermal
indices

Emergence Vegetative 50%
Flowering

POD
formation

POD
maturity

Days taken 6 110 121 134 156

AGDD 103.5 1283 1487 1748.8 2109.6

AHTU 834.1 8897.3 10679 13285 16771

APTU 1347 13656.1 16475.6 18496.4 22654.8

Days taken 7 100 117 130 149

AGDD 119.6 1157.5 1401.5 1613.8 1906.6

AHTU 739 7519.7 10001 12436 15197

APTU 1302.4 12574.6 14815.9 17408.5 20438.5

Days taken 8 92 110 120 137

AGDD 95 1002 1298.2 1428.6 1740.5

AHTU 754 6904.7 9685.2 11804 14839

APTU 1255 10412.6 13508.3 15355.5 19073.9

Days taken 7 105 119 134 154

AGDD 106.5 1190.8 1425.1 1607 2000

AHTU 824.6 7901.9 10265 12695 15862

APTU 1317.1 12581 15198.2 17387 21124

Days taken 7 103 117 130 151

AGDD 106 1177.5 1400 1599 1947

AHTU 824.6 7780.4 10092 12517 15553

APTU 1299.5 12188.4 14890.8 17097.6 20677.3

Days taken 7 101 115 128 142

AGDD 104.5 1163.5 1381.6 1580.6 1930.5

AHTU 824.6 7639.4 10008 12331 15392

APTU 1287.9 11873.9 14710.9 16775.7 20365.8

Nov. 
05/22 C

Pusa-362

Nov. 
020/16 C

Uday
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Yield and yield attributes

Different yield attributes of chickpea such as 
-1 -1number of pods plant , number of seeds plant , 

-1number of seeds pod , Test weight (g), seed 
-1yields plant  (g) and seed yield (q/ha) were 

significantly influenced due to date of 

sowing/sowing temperature. Higher value of all 

the attributes were recorded in the treatment 
stwhere crop was sown on Oct. 21  with sowing 

0temperature 24 C. Yield attributes are the 

resultant of performance of vegetative growth 

and development.  Higher number of  

branches/plant, dry matter accumulation and 

leaf area index under said treatment formed 

better photosynthetic efficiency which reflected 

higher translocation of photosynthesis (product 

to photosynthesis) from source (leaves, stem, 

inflorescence etc.) to sink which ultimately 

resulted in the term of better yield attributes due 

to optimal thermal regime requirement and 

efficient utilization of heat use efficiency as 

supported by Singh et al. (2008).

The highest seed yield was recorded with 
0 stsowing temperature 24 C (exist on Oct 21 ) due 

to more number of branches, plant population 

LAI, dry matter accumulation and higher test 
-1 -1weight, pods plant  and seedspod  while the 

lowest yield was obtained with sowing 
0 thtemperature of 16 C (exist Nov. 20 ) due to poor 

partitioning and poor translocation of 

photosynthesis /assimilates from source to sink. 

The results obtained were found in close 

accordance with Kumar et al. (2005), Sharma et 

al. (2007), Meena et al. (2005). Significant effect 
-1on the Seed yield plant  and Seed Yield of 

chickpea was observed. Highest seed yields 
-1plant  and seed yield (q/ha) was obtained under 

0 thsowing temperature 24 C (exist on Oct 21 ) 
0followed by sowing temperature 22 C (Occurred 

thon Nov.5 ). This might be ascribed due to 

proportionate much increase in seed yield over 

biomass production.  Temperature favoured the 

better partitioning of the photosynthesis to 

reproductive parts which increased seed to 
thstraw ratio. Late planting on November 20  

experienced low temperature during vegetative 

phase. Hence reduced the yield over crop sown 
st.on Oct. 21 . These results are also in close 

accordance of Sharma et al. (2007), Ray et al. 

(2010), Soltani et al. (2006).
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Accumulated heat use efficiency (AHUE) in 
-1terms of seed yield (kg ha ) was higher in the 

crop sown on November 5 with sowing 
0temperature 22 c followed by crop sown on 

th 0 October 21 with sowing temperature 24 C 

while it was lower in November 20 which 

indicated that the crop exposed suboptimal 

thermal regime with delay in sowing (with 
0sowing temperature 16 C) Similar results were 

also reported by Agrawal et al (2002).

Accumulated higher heliothermal unit and 

accumulated photothermal  units were recorded 
stin October 21  sown crop followed by crop sown 

thon November 5  at all stages might be due to 

higher growing degree days and longer duration 

of day length during pot formation  maturity 

stages. Similar results were also recorded by 

Hundal et al. (2005) and Tripathi et al. (2009)

Effect of Varieties on growth, yield and yield 

attributes of chickpea  

Growth parameters
Significant effect on inertial plant 

population of chickpea was observed due to 

varieties. (Table.2) Radhey variety exhibited 

maximum plant population followed by Pusa- 

362 as compared to Uday. The similar results 

were also recorded by Sugai and Sugai (2002).

Different varieties affected to all the 

phenological stages. Maximum days taken to 

vegetative, 50% flowering and reproductive 

stages were obtained with Radhey followed by 

Pusa-362 (Table.2) The possible reason might be 

due to relatively optimum requirement of 

accumulated photothermal unit for better 

potential productivity of chickpea. 

The various metrological characters of 

chickpea such as accumulated growing degree 

days (heat unit), accumulated Helio-thermal and 

accumulated photothermal Units were affected 

due to different varieties. Higher growing degree 

days and higher AHTU, APTU found in Radhey 

followed by Pusa-362 variety while lowest in 

Uday at all the phonological stages mainly due to 

fact that they have taken minimum days for 

maturity which resulted in more AGDD/ Heat 

unit. Similar finding were also reported by 

Tripathi et al. (2009).

Plant height of chickpea was observed due to 

varieties at all the stages of crop growth. Plant 

height increased with age of crop mainly due to 

successive increase of assimilates under 

different plant organs. Radhey variety of 

chickpea recorded significantly taller plants 

followed by Pusa-362 as compared to Uday. This 

might be attributed to the genetic constituent of 

the variety reported similar increase in height of 

plant in case of Radhey Variety (bold seeded) 

Similar results were also reported by Singh et al. 

(2009).

Dry matter accumulation of chickpea 

significantly affected by different varieties at all 

the stages Radhey variety followed by Pusa-362 

recorded significantly higher dry matter 
-2accumulation (gm ) over Pusa-362 and  then 

Uday. The main reason behind this might be 

attributed to higher number of branches taller 

plants and leaf area index which ultimately lead 

to higher dry matter production per plant. CGR 

were affected due to verities at all the stages. 
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Table 1: Requirements of AGDD, AHTU and APTU to attain different phases of growth.

Treatments

Date of sowing /sowing temp.

No of Pods
-1Plant

No. of Seeds
-1Plant

No. of Seeds
-1POD

Test weight
(g)

Seed Yield
-1Plant  (g)

Seed Yield
-1(qha )

0Oct. 21/24 C 85.5 160.4 1.9 25.63 12.3 24.4

0Nov. 5/22 C 78.6 148.3 1.9 24.24 11.5 21.8

0Nov. 20/16 C 66.3 99.4 1.5 23.4 10.4 18.2

SEm± 2.12 3.25 0.08 0.20 0.23 0.82

CD at 5% 7.35 11.2 0.27 0.6 0.79 2.84

Varieties

Radhey 60.7 97.1 1.6 27.1 11.8 21.0

 Pusa-362 62.9 98.6 1.6 26.5 10.9 19.8

Uday 65.5 115 1.8 21.9 10.2 17.5

SEm ± 1.25 2.91 0.06 1.07 0.20 0.83

CD at 5% 3.71 8.64 0.17 3.17 0.71 2.46

Yield and yield attributes 

Differences in various yield contributing 

characters due to different varieties were 

significant, Uday followed by Pusa-362 recorded 
-1higher number of pods plant  as highest no of 

-1 -1 seeds pod  and number of seeds  pod (Table.2). 

Similar results were also reported by Khargode et 

al. (2000).

Test weight and seed yield per plant of 

chickpea was influence due to varieties (Table.2) 

significant higher test weight (100 seed weight) 

and seed yield per plant of chickpea were found  

in Radhey variety (25.63g) followed by Pusa- 362 

(24.24g),  and then Uday mainly due to bold 

seeded variety. Similar result were also reported 

highest test weight was found in Radhey mainly 

due to proportionatly higher increase in the seed 

weight over its density because of better 

partitioning of photosynthates from source to 

sink.

Seed yield of chickpea was significant 

affected due to varieties (Table.2). Significantly 

higher seed yield was obtained with Radhey and 

Pusa – 362 might be due to better growth indices 

particularly higher number of branches, dry 

matter accumulation, better utilization of heat 

use efficiency which results in higher number of 
-1, -1 -1,pods plant  seeds pods , number of seeds plant  

and finally highest seed yield. Combined effect 

of all these factors resulted in highest seed yield 

under Radhey and Pusa-362, Similar results 

were also reported by Khatun et al. (2010).

Higher heat use efficiency was obtained in 

Radhey and Pusa- 362 variety mainly due to 

accumulation of proportionately higher biomass 

per unit of heat/GDD used and higher heat use 

efficiency was found in Radhey and Pusa-362 

over Uday variety due to accumulation of 

proportionally higher biomass (dry matter 

accumulation) per unit of cumulative observed 

photo synthetically active heat used. Sowing 
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date had influence at all the phenological stages. 

Maximum days taken to vegetative 50% 

flowering and reproductive stages were recorded 
stunder Oct.21  sowing mainly due to relatively 

higher heat requirement of optimum thermal 

regime for better potential productivity of 

chickpea and due to fulfilment of growing degree 

days /heat unit in longer days. Singh et al (2008) 

Hundal et al (2005) and Agarwal, et al. (2002) 

also reported similar results.

CONCLUSION

On the basis of summarized results it may be 
thconcluded that the delay in sowing(on Nov.20  ) 

reduced vegetative phase by 18 days over 
st thOct.21  sowing and 8 days over Nov.5  sowing 

.While from sowing to pod maturity reduced the 
stduration by 19 days over Oct.21  and 12 days 

thover Nov.5  sowing.

stOct.21  sown crop with sowing temperature 
024 c produced significantly higher growth, yield 

attributes and yield due to fulfilment of 
optimum thermal requirement at various 
phenophases of chickpea. High temperature 
during reproductive stage adversely affected the 

-1 -1number of pods plant , number of seeds plant , 
,-1number of seeds pod  in delayed sowing 

th(Nov.20 ) which resulted significantly lowest 
yield of chickpea.

Radhey variety was found more conducive 
for growth, development and   yield under 
different growing environments of chickpea.

0 Accumulated GDD 2110 days accumulated 
0 Heliothermal Unit 16771 days hrs. and 

0accumulated photothermal Unit 22655 days hrs 
from sowing to maturity produced the optimum 
yield of chickpea under prevailing weather 
condition of eastern U.P.  
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Accessibility of Commercial Bank Products Among 
Rural Communities of Chikkaballapur District

The present study was conducted in the chikkaballapur district of Karnataka to know the 

utilization of commercial bank products among account holders. The primary data was collected 

from 200 bank customers. More than half of the respondents (63.5 per cent) availed different 

kinds of loans in that crop loan were the major contribution. Kissan credit card facility was 

availed by 8 per cent of the customers. 
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ABSTRACT
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INTRODUCTION

The Indian banking industry is passing through 

a phase of customers market. The customers 

have more choices in choosing their banks. A 

competition has been established within the 

banks operating in India. With stiff competition 

and advancement of technology, the services 

provided by banks have become more easy and 

convenient. Banking occupies one of the most 

important positions in the modern economic 

world. It is necessary for trade, industry and is 

one of the great agencies of commerce. Although 

banking in one form or another has been in 

existence from very early times, modern banking 

is of recent origin. It is one of the results of the 

industrial revolution and the child of economic 

necessity. Its presence is very helpful to the 

economic activity and industrial progress of a 

country. Banks have been providing financial 

services to the agricultural sector for over 140 

years and are committed for the development of 

agriculture across the country. These offer a 

wide range of finance, investment and risk 

management solutions across a diverse range of 

agribusiness products and commodities, and 

services to the agricultural value chain.

Methodology 
Chintamani taluk of Chikkaballapura 

district was selected purposefully for the present 

study. Eight villages were selected based on 

highest number of account holders in the study 

area.  The total sample size was two hundred 

from eight villages. The survey was taken up 

during the month of February – March 2012. 

RESULTS AND DISCUSSION

Banking services utilized by respondents
Table 1 represents that, fifty one and half per 

cent of respondents opened recurring deposits 

followed by 63.5 per cent availed different kinds 
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Banking services utilized by respondents based 

on their income groups
Banking services utilized by customers with 

different income groups is presented in Table 2. 

All the respondents from various income groups 

utilized saving bank accounts of the bank. There 

are various schemes under SB account suitable 

for different income groups. Further, all the 

respondents availed the service. 

More than half of the respondents (63.5 per 

cent) utilized loan facility in the study area. Most 

of the credit needs are met through institutional 

source of credit.

One third of the respondents utilized facility 

of demand draft, amongst that, medium income 

(20 %) and high income groups (12 %) utilized 

more in both the developed and under 

developed villages. The demand drafts are the 

most acceptable instruments of the banks. Most 

of the medium to high income groups utilized 

this facility.   

As low as 8 per cent of respondents utilized 

Kissan credit card facilities. Kissan credit 

facility was introduced in the year 1995 and 

needs to make farmers aware of the facility. This 

calls the attention of bank officials, to orient the 

customers regarding various benefits of the 

scheme so that, the utilization of this scheme by 

farmers could be fostered. 

Table 1 : Banking services utilized by developed and underdeveloped villages in Chikkaballapur 

district.

1 Savings Bank 18 82 32 68 200 (100)
Accounts

2 Safe Deposit 2 7 1 4 14 (7.00)
Lockers

3 Current 13 15 2 0 30 (16.00)
Accounts

4 Recurring 10 58 14 21 103 (51.50)
Deposits

5 Fixed Deposits 6 16 2 8 32 (16.00)

6 Loans 7 66 14 40 127 (63.50)

7 Money 4 12 1 7 24 (12.00)
Transfers

8 Demand Draft 11 26 10 15 62(31.00)

9 Credit and 6 23 1 5 35 (17.50)
Debit Cards

10 Kissan Credit 2 9 1 4 16 (8.00)
Card

 (N=200)         

Sl. 
No.

TotalServices Developed villages

Illiterates IlliteratesLiterates Literates

Under developed villages

Note: Respondents answered more than one choice. Hence, total is not matching.
Figures in parentheses indicate percentages to the total
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Banking services utilized by respondents based 

on their income groups
Banking services utilized by customers with 

different income groups is presented in Table 2. 

All the respondents from various income groups 

utilized saving bank accounts of the bank. There 

are various schemes under SB account suitable 

for different income groups. Further, all the 

respondents availed the service. 

More than half of the respondents (63.5 per 

cent) utilized loan facility in the study area. Most 

of the credit needs are met through institutional 

source of credit.

One third of the respondents utilized facility 

of demand draft, amongst that, medium income 

(20 %) and high income groups (12 %) utilized 

more in both the developed and under 

developed villages. The demand drafts are the 

most acceptable instruments of the banks. Most 

of the medium to high income groups utilized 

this facility.   

As low as 8 per cent of respondents utilized 

Kissan credit card facilities. Kissan credit 

facility was introduced in the year 1995 and 

needs to make farmers aware of the facility. This 

calls the attention of bank officials, to orient the 

customers regarding various benefits of the 

scheme so that, the utilization of this scheme by 

farmers could be fostered. 

Table 2 : Banking services utilized by respondents in Chikkaballapur district.

1. Savings Bank  7 38 55 44 42 14 200
Account (100)

2. Safe Deposit 2 5 2 0 1 4 14
Lockers (7.00)

3. Current 0 20 8 0 0 2 30
Account (15.00)

4. Recurring 5 26 37 17 13 5 103
deposits (51.50)

5. Fixed deposits 5 9 8 2 5 3 32
(16.00)

6. Loans 7 27 39 22 23 9 127
(63.50)

7. Money Transfers 1 5 10 3 4 1 24
(12)

8. Demand Draft 7 20 10 5 12 8 62
(31.00)

9. Credit card & 4 8 17 2 3 1 35
debit card (17.50)

10. Kissan Credit 0 4 7 2 2 1 16
Card (8.00)

Sl. 
No.

TotalServices
Up to 

Rs. 30000 
(Low)

>30000-
80000

(Medium)

>80000
(High)

Up to 
Rs. 30000

(Low)

>30000
-80000 

(Medium)

>80000
(High)

Developed villages Under developed villages

Note: 
Figures in parentheses indicate percentages to the total

Respondents answered more than one choice. Hence, total is not matching.
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CONCLUSION

Fifty one and half per cent of respondents 

opened recurring deposits followed by 63.5 per 

cent availed different kinds of loans. One third of 

the respondents utilized facility of demand 

draft, amongst that, medium income (20.0 per 

cent) and high income groups (12.0 per cent) 

utilized more in both the developed and under 

developed villages.
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A Field Study on the effect of Sunflower Heads Supplemented 
Feed on Milk Yield in Milch Buffaloes in Kurnool District

A field study was conducted to assess the affect of Sunflower Heads supplemented feed on milk 

yield in milch buffaloes. Thirty graded murrah buffaloes of 2-5th lactation were selected 

randomly for the study at Yagantipalle, Amadala and Koilakuntla villages of Kurnool district and 

two groups were made. First group fed with concentrate feed (T ) and the other group with 1

Sunflower heads supplemented (30%) concentrate feed (T ). Data on milk yield and fat percent 2

in milk was collected for 90 days of trial period. The mean milk yield per day, Milk yield in 90 

days of trial period and fat percent in milk was recorded as 524.26±23.39, 5.82±0.25 and 

5.65±0.18 in T1 and 551.51±23.64, 6.12±0.26 and 6.52±0.17 in T2 respectively. The cost of 

feeding, Gross returns and Net returns in T1 was Rs. 3145.6±135.62, Rs. 14659.67±688.65 and 

Rs. 11514.07±571.02 and Rs. 2481.81±102.79, Rs. 17713.18±920.73 and Rs. 15231.37±825.21 

in T2 respectively. Positive and significant improvement increase in %fat and numerically 

increase in milk yield was observed in feeding of SF heads supplemented feed to milch 

buffaloes. Positive and significant increase in gross returns and net returns and decrease in cost 

of feeding was observed in this study.
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ABSTRACT
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INTRODUCTION

Livestock place important role in the rural 

economy of Kurnool district of A.P. and it is in the 

hands of small and marginal farmers where it has 

become a sustainable job for them. Milk 

production in the smallholder dairy farms is 

greatly influenced by the feed and feed 

management. Milch animal require sufficient 

quantities of balanced concentrate feed for 

potential milk production. The higher cost of 

ingredients in the concentrate feed increases the 

cost of milk production. Farmers, on the other 

hand feed rice bran alone as concentrate to the 

milch buffaloes resulting in reduced milk yields.
Sunflower is an alternative feed for protein and 

energy supplement for milch animals. The crop 

is grown in an area of 11lakh ha in Andhra 

Pradesh and in 4900ha in Kurnool district. The 

sunflower cake is only by-product which is 

being used for different feed formulations. The 

unconventional crop residues like sunflower 

stalks and sunflower heads (SFH) can also be 

used as feed for the diary animals. Dry matter 

content, crude protein, ether extract, Ca, P and  

Ash values of the SFH (g/kg of DM) are 897.0, 

Corresponding author: atturikrishna@rediffmail.com

International Journal on Agricultural Sciences 6 (1) : 57-61, January-June 2015 Research Paper



148.0, 63.0, 6.1, 4.2 and 75.0 respectively 

(Ngongoni et al.,2009). SFH can form a sole 

source of roughage (up to 40%) in complete diets 

of milch cows and this diet proved more 

balanced and nutritious than the conventional 

feeding (Nagalakshmi et al.2004).

 Farmers were feeding SFH in a very limited 

quantity to their animals (18.1%) and mainly fed 

to bullocks. The feeding was in the form of 

deseeded heads (17.55%) and few farmers 

(2.23%) were mixing SFH with other locally 

available feeds and fodder for feeding to animals. 

At present the mode of SFH disposal is by 

burning and to some extent utilized for 

composting. Unawareness of utility value 

(59.1%) is the reason for not feeding SFH to the 

animals (Nagalakshmi et al 2004). 

From the previous studies made by 

Nagalakshmi et al 2006 and Anandan et al 2004, 

it is evident that pelleted sunflower heads 

included at 40% in concentrates could be used as 

a cost effective source of roughage in dairy 

rations for increasing nutrient digestibility and 

milk yield in cows. Another study revealed that 

feeding of 40% sunflower heads to buffaloes 

have no change in dry matter intake 

(Nagalakshmi et al 2007) and could be used in 

complete diet for dairy buffaloes in palce of 

traditional diet with rice straw, rice bran and 

wheat bran resulting higher milk yield and no 

change in milk fat and non-fat milk solids 

content. The data on economic benefits on 

feeding of SF ration was not available at field 

level. Keeping this in view the present field 

study was taken up on feeding of 30% sunflower 

heads supplemented concentrate feed with the 

following objectives.

• To assess the milk yield improvement on 

feeding of SF heads supplemented feed to 

the milch buffaloes.

• To assess the fat improvement in the milk 

on feeding of SF heads supplemented feed.

• To find out the economic benefit through 

supplementation of SF heads in the 

concentrate feed.

MATERIALS AND METHOD

thThirty graded murrah buffaloes of 2-5  
lactation were selected randomly for the study at 
Yagantipalle, Amadala and Koilakuntla villages 
of Kurnool district. These animals were 
distributed in to two groups. Group 1 (15 
animals) fed with regular concentrate feed (T ) 1

and Group 2 (15 animals) fed with SFH 
supplemented concentrate feed (T ) for 90 days. 2

The other green fodder and dry fodder offered 
similar to both the groups.

T : Commercial concentrate feed 1

T : Commercial concentrate feed (70%) + 2

Ground SFH (30%) + Urea (1%).

RESULTS AND DISCUSSION

The data on daily milk yield, milk fat and 
economic parameters viz cost of milk 
production, gross returns and net returns of 90 
day trial period were collected as per prescribed 
proforma developed for the study. The data were 
statistically analyzed using ANOVA and t-test to 
test the significance.

Chemical composition of the feed
The treatment samples and the sunflower 

heads harvested during the month of December 
2012 were analyzed for the nutritive values at 
Referral feed analytical and quality control 
laboratory, Department of Animal Nutrition, 
College of Veterinary Science, Tirupati and 
presented in Table 1.

The dry matter content, Ether extract and 
Total ash contents are high in T  while the crude 1

protein, Crude fiber contents high in T . The dry 2

matter content and crude fiber contents are high 
in sunflower heads as compared to that of 
commercial feed, SF heads supplemented feed. 
Data on mean Milk yield and milk fat of the 
treatments are presented in the following table.
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Milk yield 
The mean milk yield in 90 days of trial 

period was recorded as 524.26+23.39 lts in T  1

and 551.51+23.64lts. Numerically higher milk 

yield was recorded in the group fed with SF head 

supplemented feed. These results were found 

non significant as per table 3. The mean milk 

yield per day was recorded in T  as 5.82+0.25 1

and in T as 6.12+0.26. The higher milk yield 2 

was recorded in the group fed with treatment 

feed 2. These results were found non significant 

as per table 4.
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Table1: Chemical composition of treatment feeds

Table 2: Milk yield, % fat and Production costs.

Table 3: ANOVA table showing the milk yield in 90 days under different treatments.

Table 4: ANOVA table showing the milk yield per day under different treatments.

Nutritive values Commercial SF heads SF Heads
feed (T1) Supplemented

feed (T2)

Dry matter (DM%) 89.12 88.5 290.16

Crude Protein (CP%) 9.84 13.05 5.65

Crude fiber (CF%) 21.89 23.84 32.38

Ether Extract (EE%) 1.86 1.39 0.83

Total Ash (TA%) 16.58 14.69 13.4

Particulars T1 T2

Mean milk yield in 90 days 524.26 + 23.39 550.92 + 23.61

Mean milk yield per day 5.82 + 0.259 6.12 + 0.261

Mean milk fat 5.64 + 0.18 6.51 + 0.17

Cost of milk production (Rs.) 3145.6 + 135.63 2479.14 + 102.66

Gross returns (Rs.) 14659.67+688.65 17713.18+920.73

Net returns (Rs.) 11514.07+571.02 15231.37+825.21

Source of Degrees of Sum of Mean sum F cal F prob
variation freedom squares of squares

Treatments 1 5567.85 5567.85 0.671 0.42

Error 28 232387 8299.54 - -

Total 29 - - - -

Source of Degrees of Sum of Mean sum F cal F prob
variation freedom squares of squares

Treatments 1 0.68 0.684 0.665 0.422

Error 28 28.80 1.029 - -

Total 29 - - - -
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Milk fat 
The mean fat was higher in T  (6.52+0.17) 2

than T  (5.65+0.18). The significant (p<0.05) 1

increase in fat content was recorded in the group 

fed with SF head supplemented feed (Table 5). 

Similar results were noticed in the study 

conducted by Ngongoni et al (2009) that high 

fiber content in SF head diet yielded higher fat 

content in cows. 

Economics
The significant difference in feed cost was 

observed in the treatments (Table 6). The cost of 

feeding in T  was Rs. 3145.6+135.62 and 1

Rs. 2481.81+102.79 in T . The cost of feeding in 2

T  was due to supplementation of grounded SF 2

heads (30%).

The gross returns during the trial period 

were Rs. 14659.67+688.65 in T  and Rs. 1

17713.18±920.73 in T . The significant 2

difference in gross returns was observed in both 

the treatments as per table 7. 

The significant differences in net returns 

were recorded in both the treatments (table 8). 

More net returns were recorded in T   (Rs. 2

1 5 2 3 1 . 3 7 ± 8 2 5 . 2 1 )  t h a n  i n  T  1

(Rs. 11514.07±571.02). This is due to low cost of 

feeding and high price for milk due to high fat 

content.

60

Table 5: ANOVA table showing the % fat in milk under different treatments.

Table 6: ANOVA table showing the cost of feeding under different treatments.

Table 7: ANOVA table showing the gross returns under different treatments.

Source of Degrees of Sum of Mean sum F cal F prob
variation freedom squares of squares

Treatments 1 5.65 5.651 11.796 0.002

Error 28 13.41 0.479 - -

Total 29 - - - -

Source of Degrees of Sum of Mean sum F cal F prob
variation freedom squares of squares

Treatments 1 3304628.73 3304628.73 14.199 0.001

Error 28 6516640.05 232737.14 - -

Total 29 - - - -

Source of Degrees of Sum of Mean sum F cal F prob
variation freedom squares of squares

Treatments 1 69929272.22 69929272.22 7.053 0.013

Error 28 277621867.48 9915066.69 - -

Total 29 - - - -
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CONCLUSIONS

The results from the field study revealed that 

incorporation of grounded sunflower heads at 

30% level and urea at 1% level increases the 

crude protein level in the feed. Positive and 

significant improvement increase in %fat and 

numerically increase in milk yield was observed 

in feeding of SF heads supplemented feed to 

milch buffaloes. Positive and significant 

increase in gross returns and net returns and 

decrease in cost of feeding was observed in this 

study. Farmers can utilize the sunflower residues 

in feeding the milch animals to reduce the cost of 

feeding and also to get more net returns.
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Table 8: ANOVA table showing the net returns under different treatments.

Source of Degrees of Sum of Mean sum F cal F prob
variation freedom squares of squares

Treatments 1 103637245.98 103637245.98 13.72 0.001

Error 28 211478847.34 7552815.97 - -

Total 29 - - - -
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ABSTRACT

The present investigation “Effect of Trichoderma plus & Pseudomonas against  root knot 

nematodes in gerbera under polyhouse condition” was carried out at Varne Village of Satara 

district during 2012-13 & 2013-14 under 05 R size polyhouse condition. Two treatment were 

applied with thirteen replications for gerbera root knot nematodes management. Experimental 

results revealed that the Trichoderma plus (1 Kg) & Pseudomonas (1 Kg) with neem cake (10 Kg) 

treatment per 5R size polyhouse managed the nematodes population in the range of 39.89 to 

75.86 percent over untreated control which found effective, eco-friendly & cost effective.

Key words: Trichoderma plus,  Pseudonomas, Gerbera, Nematodes, Polyhouse.

INTRODUCTION

Gerbera is one of the major cut flower crop 

which is mostly grown in controlled condition 

(polyhouse). Its flowers are use in bouquet, 

decoration & garland. Gerbera plant produces 

more than 40 flowers per year & near about 500-

600 flowers can received from 5 R size of 

polyhouse per day. On an average, each flower 

costing Rs. 3/- over the year. Farmers are getting 

more than 1,00,000/- net income per annum 

from each polyhouse having the size of 5 R. 

Though, it generates the good returns to the 

farmers , but some of the factors causes major 

threats to the crop, among that  root knot 

nematode is major one  which causes the galls on  

the roots of crop and due to that the uptake of 

nutrient from soil automatically is hindered. 

Taking into consideration, the damaging nature 

of nematodes, the present investigation was 

carried out  at Krishi Vigyan Kendra, Borgaon, 

Mahatma Phule Krishi Vidyapeeth, Rahuri,to 

asses the “Effect of Trichoderma plus & 

Pseudomonas against  root knot nematodes in 

Gerbera under Polyhouse condition”.

Methodology
Present investigation was carried out in 13 

gerbera polyhouses at Village Varne, Tal. Dist. 

Satara in jurisdiction of  KVK, Borgaon during the 

year 2012-13 & 2013-14. According to visual 

observation of nematodes damaging symptoms, 

randomly 500 gms of soil samples from gerbera 

rhizosphere were collected from five spot of each 

polyhouses of 13 farmers were  brought to All 

India Co-ordinated Research Project on Plant 

Parasitic Nematodes (AICRP), Department of 

Entomology, MPKV, Rahuri for laboratory 

analysis. Separated the nematodes population 

from soil samples by sieving & decanting 

technique & prepared 200 ml solution by modified 

Berlenes Funnel Technique & counted the 
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nematodes population under binocular 

microscope. Pre- treatment observation were 

undertaken prior  to seven  days of  Trichoderma 

plus & Pseudomonas with neem cake application 

& post treatment observation were analyzed after 

30 days of application. Nematode  counts 

obtained after pre and post application  are 

presented in Table.1.

RESULTS

Data obtained from pre treated soil samples 

analysed in laboratory during 2012-13 revealed 

that nematode population count was in the range 

of 300-650 per 200 gms of soil samples, whereas 

post treatment count was recorded in the range 

of 190-290 nematodes per 200 gms of soil 

sample.Table 1. Showed  that  the highest 

percent reduction in nematode population was 

found to be 69.23 percent where as lowest 

nematode population reduction was recorded to 

be 26.66 percent. M. Ujeebur et al. (2011) 

reported  that soil application of Pseudomonas 

fluorescens and Trichoderma harzianum 

reduces root-knot  nematode, (Meloidogyne 

incognita) on tobacco.

During 2013-14, data generated from pre-

treated  soil samples, laboratory analysis ranged 

from 440- 960 nematodes population  per 200 

gms of soil samples were recorded, where as  post 

treatment count were recorded in the range of 
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Table 1: Effect of Trichoderma plus &  Pseudomonas with neem cake on root knot nematodes per 200 
3cm  of  soil in gerbera.

R-I 300 220 26.66 640 300 53.12 79.78 39.89

R-II 550 220 60 960 200 79.16 139.16 69.58

R-III 500 200 60 800 180 77.5 137.5 68.75

R-IV 550 260 52.72 440 120 72.72 125.44 62.72

R-V 350 200 42.85 560 200 64.28 107.13 53.56

R-VI 650 290 55.38 840 220 73.8 129.18 64.59

R-VII 650 200 69.23 800 140 82.5 151.73 75.86

R-VIII 500 190 62 880 160 81.81 143.81 71.9

R-IX 500 220 56 800 180 77.5 133.5 66.75

R-X 500 280 44 440 140 68.18 112.18 56.09

R-XI 350 200 42.85 480 160 66.66 107.13 54.75

R-XII 400 270 32.5 560 240 57.14 89.64 44.82

R-XIII 450 220 51.11 840 260 69.04 120.15 60.07

Repl i
cation

Pretreat-
ment 

counts

Pretreat-
ment 

counts

Post-
treat-
ment 

counts

2012-13 2013-14

Post-
treat-
ment 

counts

Percent
reduction

(%)

Percent
reduction

(%)

Total Average
percent

reduction
nema-
todes

popula-
tion
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120-300 per 200 gms of soil samples. The highest 

percent reduction was found to be 82.50 % 

whereas lowest 44.82 percent reduction were 

recorded.  E. Sharon et al. (2001) showed that  

Root-Knot Nematode infestation was effectively 

managed  by biological agents   like Trichoderma 

harzianum.

Average Data obtained after analysis os 

smaples for two years revealed that application 

of   Trichoderma plus (1 Kg) & Pseudomonas (1 

Kg) with neem cake as media (10 Kg) per 5R size 

polyhouse was found effective in managing the  

nematodes population in the range of 39.89  to 

75.86 percent. Lingan Rajendran et al. (2014) 

found that Pseudomonas fluorescens and 

Trichoderma viride  were effective in 

management of Fusarium wilt in carnation and 

gerbera under protected cultivation also R. 

Rajnikanth et al. (2013) reported that 

Trichoderma viride Pers. and Pseudomonas 

fluorescence Migula were effective in 

sustainable management of disease complex 

caused by Meloidogyne incognita and Fusarium 

oxysporum in cauliflower.

CONCLUSION

 Present study on “Effect of Trichoderma plus 

& Pseudomonas against  root knot nematodes in 

Gerbera under Polyhouse condition” revealed 

that 39.89 to 75.86 % nematodes population was 

effectively managed in the range of 39.89 to 

75.86 %  with cost effective and biological agents 

like Trichoderma plus & Pseudomonas with 

neem cake application.

Implications
Trichoderma plus (Trichoderma harzianum 

& Paecilomyces lilacinus) & Pseudomonas were 

tested which are effective, eco-friendly & cost 

effective against gerbera root knot nematodes. 
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ABSTRACT

A survey was made in ninety villages during April 2010 to May 2010 on the agricultural 

crop, cultivated area and wild trees available now and in the past. From this survey it was 

observed that the cultivated area have diminished than in the past. The agricultural crops were 

changed. In the past, in most of the villages, Paddy and Pulses were cultivated but now cotton 

and vegetables are cultivated. This change in the crop pattern was made due to the water 

scarcity. In the past Sugarcane, cultivation was much pronounced in most of the villages, but 

now there is no sugarcane cultivation because of climate changes and low yield. The wild trees 

were found to be decreased than in the past. Some villages had small forests in the past, which 

were defaced. This reflected on the usage of fuel for cooking. Though people do not depend on 

tress for fuel, the cultivable lands have been converted into residential areas due to urbanization 

with no awareness for environment. Further, the survey indicates a pitiable situation that the 

villagers are not having any interest to take up farming, due to industrialization and 

urbanization.

Key words: Cultivated area, Wild Trees.

INTRODUCTION

Environment is our heritage. Our forefathers 

handed down a wealthy and healthy 

environment. It is unethical to pass on a polluted 

and degraded environment to our successors. 

Since the beginning of human civilization, man 

has been interfering with the environment, 

resulting in the environmental crisis or ecocide 

(Thangamani and Shymala Thangamani 2006). 

In Virudhunagar District villages, the 

agricultural area has decreased because of the 

population growth and urbanization. Fifty 

percent yield got decreased and forty million 

people reel under of undernourishment 

(Sathaye, J.2006). Due to the mining and 

quarrying activities in the last fifty years 900 

million hectors of land have undergone 

desertification all over the world (Dhar, 2000). 

Many wild forest present in the past were the 

natural sources of the village. During the 

urbanization many village forest were 

destroyed. Industries are the main pollution 

causing centers. When an industry comes up 

near the agricultural area the nearest cultivated 

area has been affected with poor yield. In 
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Virudhunagar District alone in the past thirty 

years many industries have comes up in the 

cultivated area and yield got decreased.

METHODOLOGY
In Virudhunagar District ninety villages 

were selected randomly for this survey. A survey 

was made during April 2010 to May 2010. 

Twenty five to forty people who are aged above 

fifty were selected in each village and asked 

questions from our prepared questionnaire.

RESULTS AND DISCUSSION 

The survey results have been tabulated in Tables 

(1 – 4).
The survey clearly indicates that the 

cultivated areas rapidly decreased from the past. 

In some villages such as Menampatti, 

Narayanapuram, Pallapatti and Viswanatham 

there is no cultivation now, due to the 

urbanization and industrialization and the 

cultivated lands have become residential plots 

and industries. In other villages too the 

cultivated land decreased. For example, 450 

achres of land used for cultivating plants have 

now become only 200 achres. The agricultural 

crops have also changed now. In the past in 

villages such as Pusaripatti, Karthikaipatti, 

Malliphuthur, Reddiyapatti, Anuppankulam, 

N a l l a n c h e t t i p a t t i ,  T h a y i l p a t t i  a n d  

Kellapotalpatti Paddy was main crop but now no 

cultivation of Paddy because of the water 

scarcity and nearest ponds have low water level 

and dried in condition. In some other villages 

such as Ayyampatti, Appayanaickerpatti, 

Vellakulam and Kansapuram where Sugarcane 

was cultivated, extensively have now only 

cotton and vegetables because of climatic 

change and less water requirement.

Table 1: Area under agricultural crop cultivation (Total Surveyed 90 Villages).

Table 2: Agricultural yield (Total Surveyed 90 Villages).

Table 3: Village forest (Total Surveyed 90 Villages).

Cultivable area 100% 75% 50% Below 50% No cultivation

Past 62 24 4 - -

Present - 4 7 73 6

Yield Very high High Medium Poor No yield

Past 18 66 6 - -

Present - - 7 69 14

Village Forest Available Non - Available Destroyed

Past 67 23 -

Present 27 23 40

In the past, the agricultural yield was very high 

but now it got reduced substantially because of 

the land becoming sterile due to the industrial 

pollution. As the yield becoming less, the 

farmers are not interested in farming which is 

also one of the reasons for the increase in non-

cultivable areas.
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Table 4: No. of Wild Trees (Total Surveyed 90 Villages).

Wild Trees 100% 50% Below 50% Destroyed

Past 80 10 - -

Present - 40 46 4

In the past all villages had small forest and 

wild trees. Which decreased rapidly and in some 

of the villages such as Malli, Appayanaikarpatti, 

Ke l a p e r u m a l p a t t i ,  Ka n n i c h e r y p u d u r,  

Vishwanatham, Puthupatti and Ayyanarpuram 

the forest got completely disappeared. Change in 

lifestyle pattern of using LPG for cooking also 

caused the lack of interest in vegetation 

maintenance among the people.

CONCLUSION

Urbanization and industrialization are the 

main reasons for climatic changes and change in 

crop pattern. In Virudhunagar District the 

change in the agricultural crop, reduction in 

cultivable area and  loss of forest are mainly due 

to urbanization and industrialization.
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ABSTRACT

The extracts of garlic (Allium sativum), ginger (Zingiber officinale), wild neem (Azadirachta 

melia), goat weed (Ageratum conyzoides), wild sage (Lantana camera) and para cress (Spilanthes 

oleraceae) were effective against powdery mildew of pea under laboratory and field condition. In 

vitro, the conidial germination, growth and development of Erysiphe polygoni DC was inhibited 

maximum at 30 % of extract concentration and minimum at 10 % concentration. The maximum 

inhibition on conidial germ tube emergence of Erysiphe polygoni was recorded in garlic (30 %) with 

73.2 % while least in Para cress (10 %) with 35.2%. However, all the extracts exhibited different 

length of inhibition on conidial germ tube emergence better than control. In vivo, the application of 

plant extract reduced disease severity of powdery mildew with garlic reducing upto 20 % followed 

by Ginger (25 %), Wild neem (31.7 %) and Wild sage (35.0 %) respectively while least reduction 

was recorded in Para cress (41.2 %) and Goat weed (38.4 %) respectively which was far below the 

effectiveness of fungicide sulfex (control) that reduce to 15.0%. The infection and spread of 

powdery masses on the leave surface was also minimum with garlic showing minimum number of 

leave infection/plant (3.6) and per cent leaf area coverage (7.8 %) whereas, maximum with Para 

cress (10.0) and (17.0 %) respectively. The plant height, number of branches/plant, leaves/plant and 

green pod yield were also recorded highest in pea plant treated with garlic extract with while 

lowest in Para cress. In spite of mark reduction in the severity of powdery mildew in pea, the 

efficacy of all the plant extracts was less effective than fungicide sulfex (control).

Key words: Erysiphe polygoni, effectiveness, disease severity, peas, plant extracts.

INTRODUCTION

Pea is an important cool season pulse crop of 

India. The pea cultivar makhyatmubee of 

Manipur is commonly grown for fresh immature 

green seeds and pods in North-Eastern region of 

India. However, the productivity is very low in 

India as compare to other pea growing countries 

of the world owing to poor management and 

deterioration caused by various diseases.
Among the diseases, pea crops is severely 

affecting by powdery mildew (E. polygoni D.C.) 

being next to rust and assume epidemic as 

conidia are carried away easily and germinate 

quickly even on a short spell of favorable 

weather. This disease is known to cause 

reduction in yield from 50-100 per cent and 

other yield contributing characters (Munjal et al. 
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1963). Powdery mildew is much more serious 

than others because it occurs more frequently 

over a large surface of the host. Usually, it 

develops late in the season and reaches 

maximum severity when pods are formed 

(Munjal et al. 1963).

Various fungicides have been recommended 

for the control of powdery mildew disease of pea 

(Upadhyay and Singh 1994). However, 

indiscriminate use of fungicides is not only 

harmful to human being but adversely affect the 

microbial population present in the ecosystem. 

These hazardous nature of the chemical to the 

environment have opted for the use of plant 

extracts against the powdery mildew (Singh et 

al. 1991; Biswas et al. 1995). The present 

investigation reports the influence of six plant 

extracts against the powdery mildew.

MATERIALS AND METHODS

The experiments were carried out during 

rabi season of 2005 and 2006 at research farm of 

agriculture, Department of Plant Pathology, 

College of Agriculture, Central Agricultural 

University, Imphal (Manipur). The trials were 

conducted in a randomized block design with 

three replications and six treatments + one 

control. The aqueous plant extracts were 

prepared from different parts of important and 

weed plants. The bulb of garlic (Allium sativum), 

rhizome of ginger (Zingiber officinale), seed of 

wild neem (Azadirachta melia), fresh leaves of 

goat weed (Ageratum conyzoides) and wild sage 

(Lantana camera), floral parts of para cress 

(Spilanthes oleraceae) and untreated control.  

The plant part to be tested were washed 

thoroughly with tap water first, followed by 5-7 

times with sterile distilled water and air dried. 

The plant material was crushed in mortal with 

pestle and blended using at the rate of one gm 

tissue in one ml sterile water (1:1 w/v). The 

material was filtered through muslin clothes and 

centrifuged at 10000 rpm for 5 min and clear 

supernatant was collected. This was considered 

as the standard plant extract solution of 100 per 

cent (Sindhan et al. 1999) and used for 

experiment at different dilutions.

In vitro
The plant extract was diluted in three different 

concentration (10, 20 and 30 %) with distill 

water and used in the lab experiment. The 

conidia was collected from the infected leaf 

during morning dew hour and spread on the 

cavity slides. The slide was kept inside the 

petriplate i.e. covered with extract moist filter 

papers. The plate with sterile water serves as 

control. The petriplates were incubated at 

25°C±2 for 24 hours. The antagonistic potential 

of extracts on conidial germination was 

calculated as given below:

C – T
Inhibition per cent (I) = ---------- x 100

C

Where, C-germination of conidia on control 

(mm); 

T-germination of conidia in treatment (mm).

Per cent inhibition was determined by counting 

the number of germinated and non germinated 

conidia and total number of conidia per 

microscopic field from each cavity (Bansal and 

Gupta 2000).

In vivo
The 30 % concentration of extracts and 

sulfex @ 0.1 % (control) were used throughout 

the field experiment. The conidia was 

inoculated and allow to germinate on the surface 

of local cv Makhyatmubee leaves. The extract 

was applied twice; first application on 5 days 

after germination and second after 15 days. 

Observation was recorded after 20 days of 

second spray by examine number of infected 

plants/plot and grading infected leaf area 

following 1-5 scale grades for per cent infection 

(Sindhan et al. 1999). The per cent infection was 

calculated by the following formula:

Number of plant infected/6 plots
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Total number of plants X Observed
Disease Severity (DS) = x100 

The sum of all numerical rating was 

obtained by multiplying the number of leaves 

observed in particular grade with their 

respective grading.

Numerical description

rating

1. No infection

2. Upto 5% leaf area infected

3. 5.1 to 25% leaf area infected

4. 25.1 to 50% leaf are infected

5. More than 50% leaf area infected

Leaf area and area covered by powdery 

masses were measured with the scale in 

centimeter. Values were transformed before 

statistical analysis into percentage by using 

following formula:

Percentage (x) = a/A x 100

The efficacy of plant extracts increased with 

increase in concentration of extracts. In the 

laboratory, the germ tube emergence of conidia 

was inhibited maximum at 30 % extract 

concentration. The maximum inhibition on 

Where, a = Affected by powdery masses
 A = Area of leaf

Statistical analysis
The data’s were analyzed using ANOVA and 

Microsoft excel sheet. 

RESULTS AND DISCUSSIONS

The different plant extracts were screened as an 

alternative material against common fungicides 

to control powdery mildew disease of peas with 

an intention of more sustainable and eco-

friendly condition (Cao et al. 2001). Most of the 

plants used as extracts were easily available in 

the region. Their effect on the conidial 

germination of E. polygoni in vitro and influence 

on growth parameters and disease severity in 

vivo were studied. 

Efficacy of plant extracts in vitro
The detail morphological structures of E. 

polygoni were diagnosed under microscope 

before carried out research with required 

treatments and represented in the Table 1.

conidial germination  was recorded in garlic 

treatment with 73.2 % followed by ginger (70.6 

Table 1: Morphological structures of Erysiphe polygoni diagnostic trait.

Characters Erysiphe polygoni

Conidia (μm) 15–70 × 6–10

Cleistocarps (μm) 80–150

Cleistocarps cells (μm) 8–25

Length of appendages (μm) 0.5–4
(multiple of cleistocarps mean)

Number of appendages septa  0–1

Dichotomous branching  –

Asci (μm) 40–75 × 25–55
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neem extract (Neemazal), rhizome powder of 

Ginger and other plant extracts on powdery 

mildew of pea was reported by Singh and 

Prithivira (1997) and Singh et al (1999). In 

general all the extracts showed antifungal 

activity against E. polygoni at all concentrations 

as compared to control (Table 2).  
Efficacy of plant extracts in vivo.

The application of plant extracts on infected 

pea leaves showed significant reduction on 

disease severity. The further growth and 

establishment of powdery mildew on leaf 

Table 2: Inhibitory effect of plant extracts on conidial germination of E. polygoni in vitro.

Plant extracts Inhibition per cent of germ tube emergence

10% 20% 30%

Garlic 43.4 59.5 73.2

Ginger 40.2 56.0 70.6

Wild neem 38.0 51.2 64.2

Goat weed 35.9 49.8 60.3

Wild sage 39.6 52.9 68.0

Para cress 35.2 48.5 54.5

Control (d.H O) 00.0 00.0 00.02

CD (p=0.05) 0.8 1.0 1.6

Values are the mean of three replicates.

surface was also reduced. Such effectiveness of 

plant extracts against other fungal diseases on 

the field were also been referred earlier 

(Prithiviraj et al. 1997, Demirci and Dolar 2006). 

Among the plant extract, garlic showed most 

effective in minimizing the disease severity with 

least number of leave infection/plant (3.6) 

followed by ginger (4.4), wild sage (6.0) and wild 

neem (7.8) while maximum was recorded in para 

cress (10.0) and goat weed (9.6). The per cent 

coverage of powdery mass on the leaf surface 

was also evident lowest in garlic extract (7.8 %) 

followed by ginger (9.6 %) whereas highest was 

recorded in para cress (17.0 %) followed by goat 

weed (15.3 %), wild neem (13.8 %) and wild sage 

(12.0 %) respectively. Sindhan et al (1999) also 

reported efficacy of ten plant extracts in 

reducing the powdery mildew disease intensity 

in pea. The effectiveness of Lantana camera 

extract against powdery mildew disease 

(Phyllactinia corylea) of Mulberry was reported 

by Biswas et al (1995). In general, all the plant 

extracts showed effective in reducing severity of 

powdery mass of E. polygoni however, not at par 

with control (sulfex) that controlled cent (Table 

3). 

The severity of powdery mildew disease was 

also reduced to minimum in the field treated with 

garlic (20 %) followed by ginger (25 %), wild neem 

(31.7 %) and wild sage (35.0 %) respectively while 

maximum in para cress (41.2 %) and goat weed 

(38.4 %). However, all the plant extracts showed 

less effective in reducing powdery mass as 

compare to control (sulfex) that reduce powdery 

mildew severity upto 15% (Fig 1).
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The reduction in powdery masses of pea 

crop had significantly increased the plant height 

with maximum height was recorded in plant 

treated with garlic (58.0 cm) followed by ginger 

(57.9 cm), wild sage (56.1 cm) and wild neem 

(55.7 cm) respectively while minimum height in 

para cress with 49.3 cm. It has been found that 

the number of branches/plant, leaves/plant and 

green pod yield were also recorded highest in 

plant treated with garlic extract with 2.7 nos, 

Table 3: Effect of plant extracts on the severity of powdery mildew on number of leaves and leaf area 
per plant.

Plant extracts No. of leaves Percent leaf area 
 infected/plant infected/leave

Garlic 3.6  7.8

Ginger 4.4  9.6

Wild neem 7.8 13.8

Goat weed 9.6 15.3

Wild sage 6.0 12.0

Para cress 10.0 17.0

Control (Sulfex) 0.3  1.7

CD (p=0.05) 0.5 2.8

Values are the mean of three replicates.

Fig 1: Influence of plant extracts on disease severity of powdery mildew.
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16.0 nos and 5.23 respectively which is closely 

followed by ginger (2.5 nos, 15.2 nos and 5.00 

%), wild sage (2.3 nos, 13.0 nos and 4.91 %) and 

wild neem (2.4 nos, 13.6 nos and 4.50 %) 

respectively while lowest was recorded in para 

cress (1.9 nos, 10.2 nos and 3.76 %) and goat 

weed (2.1 nos, 11.0 nos and 4.12 %). The result 

shows that all the extract significantly reduced 

disease severity and hence, increases plant 

growth parameters. However, they were found 

less effective than the plant treated with 

fungicide sulfex (control). The pea plant that 

was treated with fungicide had plant height with 

61.7 cm, number of branches/plant with 2.7 nos, 

number of leaves/plant with 16.0 nos and green 

pod yield with 5.48 t/ha which was better than 

plant extracts (Table 4). The result of plant 

extracts that minimize the powdery mildew 

disease development on pea was supported by 

Singh and Singh (1983).

The difference in the effectiveness of 

different plant species on the control of powdery 

mildew of pea in our present study might be due 

to variation in the composition of antifungal 

compounds in different plants (Bansal and 

Gupta 2000) or presence of oil in plant parts 

(Singh and DiWilde 1990) or different chemical 

constituents in the plant extracts (Singh et al. 

1992). The variations in the efficacy of different 

plant extracts may be due to the different anti 

fungal properties of the plant extracts and types 

of the causal agents. 

The results obtained in the present 

investigation revealed the potential of various 

plant products for the management of powdery 

mildew of pea besides the chemical fungicides 

which possessed hazardous effects to the 

environment. Further, works to identify active 

components of the different plant extracts 

including our indigenous plants involved and 

their purification and formulation might be 

essential to work out for effective management of 

other air-borne fungal diseases too.
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ABSTRACT

Studies on different dates of sowing and thrips incidence, indicate that, the maximum 

population of thrips was recorded when the crop was sown on15/06/2012 and 25/06/2012 while it 

was minimum in the crop sown on 25/07/2012. Number of predators viz., spiders and coccinellid 

beetles were high in the crop sown on 15/06/2012 and minimum population of spiders and 

coccinellid beetles was noticed in the crop sown on 25/07/2012. Percent leaf curl was higher in the 

crop sown on 15/06/2012. While, it was minimum in 25/07/2012 sown crop. Again, during 

physiological maturity stage, percent leaf curl gradually increased reaching a peak of 37.55 on 

15/06/2012 sown crop.

Key words: Thrips tabaci Lindeman, dates of sowing, incidence, onion.

INTRODUCTION

Onion (Allium cepa. L.) is one of the most 

important vegetable crops of Alliaceae family 

originated from Central Asia (Brewster, 1994) 

and it is growing mainly for its bulb, which is 

used almost daily in every home (Sani and Jaliya, 

2009). It has been considered as rich source of 

carbohydrates, protein, vitamin C and minerals 

like phosphorus and calcium. Onion is grown in 

an area of 10.15 lakh ha with a production of 

247.63 lakh mt and productivity of 24.39 t/ ha in 

India. Maharashtra, Karnataka, Andhra Pradesh, 

Gujarat, Bihar and Madhya Pradesh are the 

major onion growing states of the country.  In 

Karnataka, four major districts viz., Dharwad, 

Chitradurga, Gadag and Bijapur contribute59% 

of the total production and drill sowing is a 

common practice in these districts. In Bijapur, 

onion occupied an area of 11,383 ha with an 

annual production of 2, 78,326 tonnes at a 

productivity of 24.45 tonnes / ha.

Thrips tabaci is considered an indirect pest 

of onion because, damage was seen on leaves 

rather than the marketable portion of the crop, 

(the bulb). Thrips feeding on onion causes 

silvery leaf spots that turn into white blotches 

along the leaves due to removal of cellular 

content followed by the development of silvery 

patches, curling of leaves and finally reduced 

weight of onion bulb (Bailey, 1938 and Rueda et 

a l . ,  2007) .  This  in jury  reduces  the  

photosynthetic ability of the plant by destroying 

chlorophyll-rich leaf mesophyll and interferes 

with transportation of nutrients to the bulb 

causing up to 60% yield loss (Lewis, 1997 and 

Molenaar, 1984). Therefore to combat the insect 
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pests, farmers are solely dependent on chemical 

pesticides. Onion growers typically apply 

insecticides regularly on weekly basis, resulting 

in 9-12 insecticides applications per crop 

irrespective of knowing the time and incidence 

of this pest in right time and right manner during 

the seasons. This might be due to varied stage 

wise (eggs,  larvae. adults) incidence of thrips in 

a chronological order over period which seems 

to be holds good or congenial condition for 

incidence survivability of this pest.  Also, the 

date of sowing is responsible about the variation 

in thrips population. 

MATERIALS AND METHOD

A field experiment was conducted on the effect 

of dates of sowing on the incidence of onion 

thrips at Regional Agricultural Research Station, 

Bijapur, University of Agricultural Sciences, 

Dharwad during kharif 2012-13. Totally five 

dates of sowing were made (Variety: Nashik Red) 

at 10 days interval starting from 15-06-2012 to 

25-07-2012 with a plot size of 3 m x 3 m and a 

plant spacing of 30 cm between rows and 5 cm 

between plants within a row. The design 

followed was Randomized Block Design (RBD) 

with four replications. Observations recorded as 

number of thrips/ five plants (nymphs and 

adults) at seedling, vegetative and physiological 

maturity stage and per cent leaf curling was 

calculated by counting 100 randomly selected 

plants in each treatment. Simultaneously 

observations the natural enemies present in the 

field were recorded.  

RESULTS AND DISCUSSION

Number of thrips population per five plants
During the present study, the observations 

made on thrips population by under taking 

different date of sowing at ten days interval from 

five randomly selected plants in each treatment, 

indicated that The data obtained in Table 1 show 

that during the seedling stage the lower 

population of thrips (10.62 / 5 plants) was 

noticed in the crop sown on 15/07/2012 followed 

by 25/07/2012 sown crop (12.25 thrips/ 5 plants) 

. The higher population of thrips (45.50 /plants) 

was recorded on 15/06/2012 sown crop followed 

by 25/06/2012 (42.25 / plants) and 05/07/2012 

(23.00 /5 plants) sown crop. During vegetative 

stage, higher population of thrips gradually 

reached a peak level of 366.50 /5 plants on  

15/06/2012 sown crop followed by 25/06/2012 

(227.75 / 5 plants) and 15/07/2012 (237.50 / 

plants). Lower population of thrips (128.50/ 5 

plants) was noticed in crop sown on 15/06/2012. 

During physiological maturity stage, the 

population of thrips reached the highest peak of 

5157.25 thrips / 5 plants on 15/06/2012, whereas, 

the lowest population of thrips was recorded in 

the crop sown on 25/07/2012 (2173.75 / 5 plants). 

During crop sown on June months coupled with 

higher temperature, relative humidity and 

prolonged dry spell during last year (2012) helps 

in buildup of thrips populations. 

The above results are in conformity with the 

findings of Upendhar et al. (2006) reported a 

positive correlation of thrips population with 

maximum temperature and negative correlation 

with minimum temperature, relative humidity 

(morning and evening) and rainfall. The overall 

results showed that, the weather parameters like 

maximum temperature favors the buildup of 

thrips population and their activity resulted in 

the increase of thrips population.

thOnion crop which was sown either on 15  
thJuly or before 25  July emerged as better 

optimum date of sowing against onion thrips. 

These dates of sowing recorded the lowest 

population of thrips compared to other three 
th th thdates of sowing (15  June, 25  June and 5  July). 

However, higher population of thrips was 
th threcorded between 15  July and 25  July sown 

crop.This may be because of dry weather 

accomplished during that period which might 

have helped in the buildup of thrips population 

and hence, higher population of thrips was 

noticed in onion crop. Pramod and Naganagoud 

(2007) who also reported that, thrips population 
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rdrecorded was peak during 23  June sowing with 

the higher population spread over between 
th rd9 June to 23 July during 2005-06. Mean of 

observations during 2006-07 indicated peak 
thincidence during 9  July sowing with a 

th rdmaximum population during 9   June to 23  July 

sowings. The data on mean incidence of two 

years indicated peak population of thrips during 
rd23  June with maximum population between 

th rd9 June to 23  July sowing. It was cleared that the 

population of thrips to be at the higher side 

during June to August sowings. Linga and 

Nagaraju (2006) also reported lower thrips 

incidence on the fifth day of August sowing (7.41 
thnumbers/plant) and in 15  August sowing (5.36 

numbers/ plant). The higher thrips infestation 

Number of natural enemies per five plants 
Table 2  shows that during the seedling stage 

the natural enemies viz., spiders and coccinellid 

beetles found during different dates of sowing 

indicated that the maximum population of 

thwas recorded in 5  July sown crop and finally 
th thconcluded that, sowing the crop during 5  to 25  

August is advantageous for thrips control with 

higher bulb yields. Bagle (1993) reported that, 
th thplanting of chilli from 30  June to 15  July could 

escape the thrips damage.Similarly, Hosmani 

(1982) reported that, chilli crop transplanted in 

early June and July escapes incidences of thrips 

and mites than the crop transplanted in late July 

and early August. Two peaks of thrips 

populations were recorded during third week of 

August and fourth week of September 

coinciding with the dry spell after moderate 

rainfall (Harvir, 2005) and he reported a strong 

p o s i t i v e  c o r r e l a t i o n  w i t h  m a x i m u m 

temperature. 

spiders (5.25 / 5 plants) and coccinellid beetles 

(4.75/ 5 plants) were noticed in crop sown on 

5977

Table 1: Effect of dates of sowing on the incidence of onion thrips, Thrips tabaci

Seedling stage
maturity stage

Vegetative stage Physiological

T1-15/06/2012 45.25 366.50 5157.25

T2-25/06/2012 42.50 237.75 3701.00
a b b(6.56) (15.03) (60.84)

T3- 05/07/2012 23.00 195.25 2905.25
b b c(4.75) (13.78) (53.90)

T4- 15/07/2012 12.25 237.50 2589.75
c b d(3.63) (15.02) (50.89)

T5- 25/07/2012 10.62 128.50 2123.75
c b e(3.36) (10.14) (46.08)

S.Em± 0.35 0.82 0.38

C.D  @ 5 % 1.08 2.52 1.18

C.V (%) 14.02 10.42 1.35

a a a(6.79) (19.15) (71.80)

Population of thrips/5 plants
Date of 
sowing

Figures in the parentheses are square root transformed values
Means followed by similar alphabets in the column do not differ significantly at 0.05% by DMRT
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higher population of spiders and coccinellid 

beetles of 6.75 and 8.00, respectively were 

noticed in the crop sown in 15/06/2012, followed 

by crop sown  on 25/07/2012 (6.25 and 4.50 / 

plants), respectively. Lower population of 

spiders (2.50) and coccinellid beetles (1.75) were 

observed in crop sown  on 25/07/2012 followed 

by the crop sown on 15/07/2012 having 4.25 and 

4.00 spiders and coccinellid beetles, 

respectively. 

During physiological maturity stage the 

mean population of spiders and coccinellid 

beetles reached a peak of 11.50 and 10.25 on 

15/06/2012 sown crop, respectively followed by 

25/06/2012 sown crop and which recorded 7.25 

and 7.50 adults per 5 plants, respectively. Lower 

population of spiders (1.75 / 5 plants) and 

coccinellid beetles (1.00 / 5 plants) were noticed 

in crop sown  on 25/07/2012 followed by crop 

sown  on15/07/2012 (3.75 and 4.00 spiders and 

coccinellid beetles per 5 plants, respectively). 

The occurrence of natural enemies (spiders and 

coccinellids) were low during the early stage of 

the crop and increased population was noticed 

during vegetative and physiological maturity 

stage of the crop. This was coinciding with the 

occurrence of more population of thrips during 

vegetative and physiological maturity stage of 

onion crop.

Percent leaf curl due to onion thrips
The results obtained in table 3 show the 

percent leaf curl due to onion thrips  at different 

dates of sowing at  ten days intervals on five 

randomly selected plants in each treatment, 

Table 2: Population of natural enemies found in different dates of sowing.

T1- 15/06/2012 5.25 4.75 6.75 8.00 11.50 10.25
(2.49) (2.36) (2.76) (2.99) (3.53) (3.33)

T2- 25/06/2012 4.25 4.25 6.25 5.25 7.25 7.50
(2.25) (2.28) (2.67) (2.49) (2.86) (2.90)

T3- 05/07/2012 3.50 3.25 4.25 4.50 5.25 5.50
(2.10) (2.05) (2.26) (2.22) (2.47) (2.51)

T4- 15/07/2012 2.00 2.75 4.25 4.00 3.75 4.00
(1.71) (1.91) (2.28) (2.19) (2.15) (2.22)

T5- 25/07/2012 1.75 0.75 2.50 1.75 1.75 1.00
(1.64) (1.28) (1.84) (1.61) (1.65) (1.35)

S.Em+ 0.14 0.17 0.17 0.24 0.16 0.20

C.D @5% 0.45 0.54 0.53 0.76 0.50 0.64

C.V% 14.32 18.01 14.60 21.43 12.85 16.92

Date of 
sowing

Seedling stage

No. of 
Spider/
5 plants

No. of CB/5 
plants

No. of 
Spider/
5 plants

No.of CB/
5 plants

No. of 
Spider/
5 plants

No. of CB/
5 plants

Vegetative stage Physiological 
maturity stage

CB –Coccinellid Beetle, Figures in the parentheses are square root transformed values
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indicated that, the maximum percent leaf curl 

(13.20 / 5 plants) was noticed in crop sown  on 

15/06/2012 followed by crop sown on 

25/06/2012 (5.10 / plants). Whereas, lower 

percent leaf curl (0.45 / plants) was noticed in 

crop sown on 25/07/2012 followed by crop sown  

on 15/07/2012 (0.80), this might be due to the 

higher population of thrips and lower the thrips 

population lower per cent leaf curl was recorded 

during seedling stage. 

During vegetative stage of the onion crop, 

maximum leaf curl of 52.95 per cent was noticed 

in 25/06/2012 sown crop followed by 15/06/2012  

sown crop (29.30 / 5 plants) while, minimum 

percent leaf curl (6.70 / 5 plants) was noticed in 

crop sown  on 05/07/2012 followed by crop sown  

on 15/06/2012 (11.60 %).  During physiological 

maturity stage, maximum leaf curl of 37.55 was 

recorded in crop sown on 15/06/2012 followed 

by crop sown on 25/06/2012 (23.85 %). Whereas, 

minimum leaf curl (2.15%) was noticed in crop 

sown on 25/07/2012 followed by crop sown on 

15/07/2012 (6.65%). This might be because of 

higher the thrips population higher will be per 

cent leaf curl. Due to Lack of related reviews with 

respect to this aspect, the present investigation 

was compared with chilli. Bagle, (1993) reported 

that, low incidence of leaf curl was observed in 
thchilli crop, in Maharashtra planted until 15  

July, while late-planted crop (15th August and 

30th August) was severally attacked by leaf curl.

79

Table 3: Per cent leaf curled plants by thrips in different dates of sowing in onion.

Seedling stage
maturity stage

Vegetative stage Physiological

T1- 15/06/2012 13.20 52.95 37.55

T2- 25/06/2012 5.10 29.30 23.85
b b b(13.02) (32.75) (29.23)

T3- 05/07/2012 3.10 19.80 12.65
c c c(10.12) (26.39) (20.83)

T4- 15/07/2012 0.80 11.60 6.65
d d d(4.90) (19.88) (14.92)

T5- 25/07/2012 0.45 6.70 2.15
d e e(3.76) (14.97) (8.41)

S.Em± 0.49 1.46 0.26

C.D @ 5% 1.53 4.49 0.82

C.V (%) 9.36 10.37 2.41

a a a(21.27) (46.70) (37.78)

Per cent leaf curl (N- 5plants)
Date of 
sowing

Figures in the parentheses are square root transformed values
Means followed by similar alphabets in the column do not differ significantly at 0.05% by DMRT
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ABSTRACT

Key words: Brinjal, cultivars, insect pests, screening.

A field experiment was conducted to study the response of traditional cultivars of brinjal to 

major insect pests. The study revealed that the cultivar, Sthaliya badane shows tolerance against 

shoot and fruit borer Leucinodes orbonalis Guen. with the intensity value of 21-30 per cent., 

minimum number of leafhopper, Amrasca biguttulla biguttulla Ishida. reported in kanakapura 

badane., spotted leaf beetle, Henosepilachna vigintioctopunctata Fab. recording 2.54, 0.00 nos./ three 

leaves, respectively and leaf folder Antoba olivacea with 0.00 per cent infestation. Among 34 

cultivars only 16 cultivars are infested by Hadda beetle and rest of the cultivars were free from this 

pest and among 34 cultivars only 8 cultivars were attack by leaf folder, rest of the cultivars were 

free from this pest.

INTRODUCTION

Brinjal, Solanum melongena Linnaeus is highly 

cosmopolitan and popular vegetable grown as 

poor man's crop in India. It is the most-

consumed and most-sprayed vegetable in India, 

where it is grown on more than 5, 00,000 

hectares, making it one of the main sources of 

cash for many farmers (Daniel Miller, 2007). The 

average yields of brinjal in India are reported to 

be 17.35 tonnes per hectare (Anon, 2011). 

Among the major constraints in economic 

cultivation of brinjal, pest infestation causes 

heavy losses. Chemical control is widely used 

means of managing insect pests in brinjal. 

Repeated use of broad spectrum synthetic 

chemicals also result in environmental 

contaminat ion ,  b ioaccumula t ion and 

biomagnifications of toxic residues and 

disturbance in ecological balance (Dadmal et al., 

2004). Hence, there is an urgent need to look 

alternate and safer method. Insect resistance in 

crop plants is an important component of 

Integrated Pest Management (IPM) and it is 

considered as non-monetary input at farmers 

end. Resistant and tolerant cultivars form the 

basic component of Integrated Pest Management 

(IPM) over which other components are to be 

built up. It contributes helpfully in IPM in two 

ways: reduces the quantum of insecticides and 

improves performance of natural enemies in 

plants. Even a low level of tolerance in plants has 

a dramatic effect, which in fact reduces the need 

of insecticides (Srivastava, 2003). Screening of 
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brinjal cultivars against insect pests has been 

attempted by several workers elsewhere in India. 

However, the cultivars available in particular 

region need to be screened and efforts were made 

to determine the biochemical basis of resistance 

in selected brinjal entries against shoot and fruit 

borer, Leucinodes orbonalis Guen. Therefore, it 

was envisaged to conduct the present 

investigations.

MATERIALS AND METHODS

A field experiment was conducted in a 

randomized complete block design (RCBD) with 

two replications. The cultivars of 34 brinjal 

varieties screened against major pests are 

presented in table 1. Thirty-day old seedlings 

were transplanted with a spacing of 75 x 60 cm 

during July to December 2013 at college of 

Agriculture, UAHS, Navile, Shimoga. The 

cultural practices except plant protection 

measures were followed as per the crop 

production guide for horticultural crops. Ten 

plants per replication were tagged at random and 

observed for the incidence of major pests. The 

pest population/ damage were recorded at 

weekly interval commencing from seventh day 

after transplanting (DAT). The percentage data 

obtained from the field experiment were 

subjected to arcsine (angular) transformation 

(Gomez and Gomez, 1984). The data on the 

number of spotted leaf beetles, leafhoppers and 

leaf folders were analysed after following square 

root transformation.  Healthy and damaged 

shoots by L. orbonalis were recorded on ten 

randomly selected plants and per cent damage 

was worked out. Grades (0- Total resistant; <2- 

Tolerant; 2-3- Moderately resistant; 3.1-5- 

Susceptible; >5 Highly susceptible) were also 

assigned for the fruit damage based on the rating 

given by Subbaratnarn and Butani (1981). After 

each observation, the damaged shoots were 

removed. 

In case of fruit infestation, numbers of 

damaged fruits were recorded and per cent 

damage was calculated. Grades (1- Immune - 0% 

fruit infestation; 2- Highly resistant - 1-10% fruit 

infestation; 3-Moderately resistant - 11-20; 4-

Tolerant - 21-30; 5-Susceptible - 31-40; 6-Highly 

susceptible – above 40) were also assigned for 

the fruit damage based on the rating given by 

Mishra et al. (1988). The number of grubs and 

adults of H. vigintioctopunctata were recorded 

from three leaves, one each from top, middle and 

bottom part of five randomly selected plants. 

Mean was worked out and expressed as number 

per three leaves (Murugesh, 1997).  The number 

of nymphs and adults of leafhopper, Amrasca 

biguttulla biguttulla were assessed on three 

leaves (one from bottom, middle and top) in five 

selected plants by examining each leaf carefully 

during early morning hours, when the pest was 

less active. To begin with, leafhoppers on upper 

surface of the leaves were counted and then the 

leaf was tilted carefully to count population on 

the lower surface. The population was expressed 

as number per three leaves (Muthukumar, 2002). 

Since the adult leaf hoppers are highly mobile, 

their count on individual leaves will not give a 

reliable estimation of pest infestation intensity. 

Counting of nymphs was continued at weekly 

intervals until there was a sharp decrease in the 

number of nymphs. Based on the intensity of 

hopper burn symptoms on leaves, brinjal 

cultivar were categorized into different 

resistant/susceptibility classes. The visual 

assessment of hopper burn intensity was 

converted into numerical values by calculating 

the per cent intensity of infestation, adopting the 

formula given below. 

Sum of all  100

numerical 

ratings
Per cent intensity=  __________X _____

Total number of Max. 

leaves assessed grade

Grade Intensity of infection
0 Healthy green leaves
1 Slight yellowing of leaf margin
2 Yellowing and necrosis of leaf margin
3 Intensive yellowing and necrosis of leaves
4 Complete necrosis of leaves
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Based on the per cent intensity of infesation, the 

traditional cultivars were grouped into five 

categories as suggested by Singh (1996).

Per cent intensity Category
0 Immune
1 - 10 Highly resistant
10.1 - 25 Moderately resistant
25.1 - 50 Moderately susceptible
Above 50 Highly susceptible

RESULTS AND DISCUSSION

Shoot infestation ranged from 34.14 per cent 
to 52.5 per cent, maximum shoot infestation was 
noticed in Naabe badane (52.5%) followed by 
hosajavari badane (50.85%), minimum shoot 
infestation reported by holesalu badane (34.14%) 
and fruit infestation ranged from 29.93 per cent 
to 43.25 per cent, maximum shoot infestation 
recorded in 40-A badane (43.25%) followed by 
doddamullina badane (42.24%). The minimum 
infestation recorded in sthaliya badane (29.93%). 
Shoot and fruit of all the entries of brinjal 
screened, were prone to the attack by L. 
orbonalis. Among 34 cultivars of brinjal tested, 
none of them was immune to shoot and fruit 
borer (Table 1). Immunity to L. orbonalis was 
reported only  either in wild species of brinjal 
like Solanum khasianum (Lal et al., 1976) and S. 
anomalum and S. incanum (Behera et al., 1999) 
or in the derivatives of wild species like Arka 
Mahima and Arka Sanjivans (Kale et al., 1986). 
But in the present study, none was immune to L. 
orbonalis as only varieties and hybrids of brinjal 
were screened. The tolerance nature shown by 
sthaliya badane with an intensity value 29.93 per 
cent might be attributed by hardness of the fruit 
skin and flesh hard to semi-hard shoot. 
(Krishnaiah and Vijay, 1975) and medium to 
dense pubescence (Raut and Sonone, 1980). 
Tolerant entries of brinjal are highly useful in 
IPM to augment the natural enemies rather than 
resistant and fairly resistant entries. Out of thirty 
four brinjal cultivars only one cultivar shows 
tolerance nature, in remaining cultivars 16 were 
susceptible (table 1) might be due to the softness 
of the shoot, sparse pubescence and spherical 
and oblong fruit with soft rind and loosely 

arranged seeds and 17 were highly susceptible 
with an intensity value of 31-40 and >40 per 
cent, respectively. The possible reasons for high 
susceptibility might be due to the round shaped 
fruit with less number of seeds and soft and 
smooth surface, as reported by Sharma et al. 
(1985) and Lal (1991). 

Maximum number of leaf hopper reported in 
Hasiruudda badane (17.50) followed by Thiland 
badane (13.00) and minimum number of leaf 
hoppers reported in Apple badane (1.39) (table 
2). The number of leaf hopper ranged from 1.39-
13.00. Similar results, but for different cultivars, 
have been reported by Yousafi et al., 2013, the 
variety Black Beauty consistently had the higher 
and Nirala had the lower population. Among 34 
cultivars only 16 cultivars are infested by hadda 
beetle and rest of the cultivars were free from this 
pest and maximum number of hadda beetle 
reported in Hasiruudda badane (31.00) followed 
by Thiland badane (21.25) and minimum 
number of hadda beetles reported in Sthaliya 
badane (6.50). The number of hadda beetle 
ranged from 6.80-31.00 (table 2. Similar results, 
but for different cultivars, have been reported by 
Mukhopadhyay and Mandal (1994). According 
to them  population of epilachna beetle was as 
less as 0.09 on tolerant cultivars as compared to 
2.84 on highly susceptible, 2.17 to 2.03 on 
susceptible and 0.43 to 1.77 beetles on 
moderately susceptible cultivars. The leaf folder 
leaf damage ranged from 15.78 per cent to 28 per 
cent (table 2), being higher in hosajavari badane 
(31.5%) followed by sthaliya badane (30%), 
heddaragulla badane (29%) and Andhra sahare 
(27.5%) and lower leaf damage reported by 40-A 
badane (15.78). Among 34 cultivars only 8 
cultivars were attack by this pest, rest of the 
cultivars were free from this pest. The literature 
on this aspect of study is lacking in case of brinjal 
to compare and discusses the present results and 
therefore this study forms first of its kind. The 
present findings are in line with Srinivasan 
(2009), Leaf roller is an oligophagous insect that 
feeds mainly on eggplant and sometimes on other 
solanaceous plants. Although it is not a serious 
pest, occasionally infestations can be severe.
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Table 1: Screening of brinjal cultivars for their reaction against brinjal shoot and fruit borer, L. orbonalis

g a-gSthaliya badane 35.22(36.36) Highly susceptible 39.73 (39.058) Tolerant
g abHolesalu badane 34.14(35.74) Highly susceptible 44.52(41.83) Susceptible
fgHeddaragulla badane 38.69(38.45) Highly susceptible 42.08(40.42)a-d Susceptible
fg d-gAndhra sahare 38.63(38.41) Highly susceptible 36.58(37.2) Susceptible
a-e fgApple badane 47.25(43.40) Highly susceptible 35.19(36.37) Susceptible

fg fgKanakapura badane 38.75(38) Highly susceptible 34.96(36.23) Highly Susceptible
ef a-fBiligundu badane 40.50(39.50) Highly susceptible 41.18(39.90) Susceptible

cde a-dAnnageri badane 43.50(41.24) Highly susceptible 43.3(41.13) Susceptible
efg a 40-A badane 40.42(39.45) Highly susceptible 46.35(42.89) Highly Susceptible
a-f a-fBiligundi badane 45.22(42.23) Highly susceptible 40.89(39.73) Highly Susceptible
b-f e-fKalkare badane 44.75(41.96) Highly susceptible 37.30(37.62)  Highly Susceptible

c-f efgKothithale badane 43.5(41.23) Highly susceptible 36.23(36.98) Highly Susceptible
a-d a-e Sakleshpura badane 49.5(44.69) Highly susceptible 42.17(40.48) Susceptible

a-d b-g Ramadurga badane 49(44.40) Highly susceptible 38.15(38.12) Highly Susceptible
a a-g Keredoddi kollegai 52.5(46.41) Highly susceptible 40.27(39.37) Highly Susceptible

badane
abc a-fHosajavari badane 50.85(45.47) Highly susceptible 39.99(39.17) Susceptible

a-f a-eBilichendu badane 45.5(42.39) Highly susceptible 42.75(40.79) Highly Susceptible
a-f b-eBiliudda badane 45.53(42.40) Highly susceptible 39.28(38.77) Susceptible
a a-gNaabe badane 52.5(46.41) Highly susceptible 40.05(39.23) Highly Susceptible
a-e a-gUllala badane 47.75(43.69) Highly susceptible 39.71(39.04) Highl Susceptible
a-e d-gRosilla badane 47.12(43.33) Highly susceptible 36.47(37.13) Highly Susceptible
ab a-gMullugai badane 51.77(46.00) Highly susceptible 39.71(39.04) Susceptible
a-d abHebberalu badane 50.00(44.98) Highly susceptible 44.28(41.69) Highly Susceptible
a-d aDoddamullina badane 48.19(43.94) Highly susceptible 46.22(42.81) Highly Susceptible
a-e a-eJavari badane 47.00(43.25) Highly susceptible 42.85(40.87) Highly Susceptible
bcd a-gDodda badane 49.50(44.69) Highly susceptible 40.25(39.35) Highly Susceptible
a-f abcHasirukempu badane 45.50(42.40) Highly susceptible 43.55(41.27) Highly Susceptible
a-d a-gAnaamadeya badane 49.00(44.40) Highly susceptible 40.16(39.29) Highly Susceptible
a-e abHasiruudda badane 47.27(43.39) Highly susceptible 44.96(42.08) Highly Susceptible
def a-fMobbugulla badane 43.19(41.04) Highly susceptible 41.03(39.79) Susceptible

a-d gThiland badane 49.5(44.69) Highly susceptible 34.07(35.69) Susceptible
a-e a-gDorelo badane 46.72(43.10) Highly susceptible 40.16(39.25) Susceptible
a-e a-d Anemadeha-1badane 46.41(42.92) Highly susceptible 43.30(41.13) Highl Susceptible
a-f aMulla badane 45.50(42.40) Highly susceptible 46.35(42.89) Susceptible

S.Em.± 1.07 0.99

CD at 5% 4.35 4.03

Shoot damage
Cultivars

Per cent Per centGrade Grade

Fruit damage

The values in the parentheses indicate the angular transformed value 
Values in each column superscripted by same letter do not differ significantly
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Table 2: Screening of brinjal cultivars for their reaction against spotted leaf beetle, H. 
vigintioctopunctatata, leafhopper, A. biguttulla biguttulla and leaf folder A. olivacea

e h-l aSthaliya badane 6.50(2.63) 3.56(2.01) 33.21 MS 30.00(33.12)
bc h-l dHolesalu badane 15.00(3.88) 3.50(1.99) 31.55 MS 18.00(24.96)

de k-o abHeddaragulla badane 8.50(2.94) 2.50(1.72) 28.44 MS 29.00(32.54)
c i-m abcAndhra sahare 14.50(3.87) 3.33(1.95) 37.44 MS 27.50(31.61)

f op bApple badane 0.00(0.70) 1.39(1.37) 28.55 MS 24.00(28.23)
c h-l eKanakapura badane 14.50(3.80) 3.63(2.03) 28.21 MS 0.00(0.00)

f op eBiligundu badane 0.00(0.70) 1.56(1.43) 32.10 MS 0.00(0.00)
f l-o eAnnageri badane 0.00(0.70) 2.33(1.67) 35.55 MS 0.00(0.00)
f k-o cd40-A badane 0.00(0.70) 2.50(1.72) 30.88 MS 15.78(23.36)
f f-j eBiligundi badane 0.00(0.70) 4.50(2.23) 32.88 MS 0.00(0.00)
f ef eKalkare badane 0.00(0.70) 5.80(2.50) 32.88 MS 0.00(0.00)
f p eKothithale badane 0.00(0.70) 0.69(1.09) 29.33 MS 0.00(0.00)

cd g-j eSakleshpura badane 13.50(3.71) 3.93(2.10) 31.10 MS 0.00(0.00)
f op eRamadurga badane 0.00(0.70) 1.49(1.40) 34.99 MS 0.00(0.00)
f no cdKeredoddi kollegai 0.00(0.70) 1.90(1.54) 30.21 MS 21.00(27.25)

badane
f g-k aHosajavari badane 0.00(0.70) 3.90(2.09) 40.55 MS 31.50(34.12)
f mno eBilichendu badane 0.00(0.70) 2.16(1.62) 35.66 MS 0.00(0.00)
f eBiliudda badane 0.00(0.70) 3.36(1.96) 38.10 MS 0.00(0.00)i-m

f efg eNaabe badane 0.00(0.70) 5.50(2.44) 41.32 MS 0.00(0.00)
f e-n eUllala badane 0.00(0.70) 5.13(2.37) 36.21 MS 0.00(0.00)
f j-n eRosilla badane 0.00(0.70) 3.10(1.88) 42.77 MS 0.00(0.00)
f e-i eMullugai badane 0.00(0.70) 4.80(2.29) 44.55 MS 0.00(0.00)
f e-i eHebberalu badane 0.00(0.70) 4.86(2.31) 45.33 MS 0.00(0.00)
f e-i eDoddamullina 0.00(0.70) 4.93(2.33) 44.08 MS 0.00(0.00)

badane
f ef eJavari badane 0.00(0.70) 6.21(2.58) 49.50 MS 0.00(0.00)
f efg eDodda badane 0.00(0.70) 5.56(2.46) 46.50 MS 0.00(0.00)
cd b eHasirukempu badane 12.20(3.46) 12.5(3.31) 51.50 HS 0.00(0.00)

f bc eAnaamadeya badane 0.00(0.70) 10.5(3.31) 46.83 MS 0.00(0.00)
a a eHasiruudda badane 31.00(5.61) 17.50(4.23) 106.75 HS 0.00(0.00)

cd bc eMobbugulla badane 11.00(3.38) 10.70(3.34) 64.33 MS 0.00(0.00)
b b eThiland badane 21.25(4.65) 13.00(3.65) 89.25 HS 0.00(0.00)
cd c eDorelo badane 11.70(3.49) 6.50(2.64) 53.83 HS 0.00(0.00)
c cd eAnemadeha-1badane 16.50(4.12) 8.50(2.99) 54.50 HS 0.00(0.00)
c e-h eMulla badane 14.50(3.87) 5.10(2.36) 46.33 MS 0.00(0.00)

S.Em.± 1.37 0.09 1.89

CD at 5% 5.60 0.37 7.69

Cultivars
Population
(Nos./three 

leaves)*
Leaf hopper

Hadda
beetle

Population 
(Nos/three 
leaves)*

% intensity Category Leaf 
folder

Per cent 
Leaf 

damage**
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**The values in the parentheses indicate the square root transformed value 
*The values in the parentheses indicate the angular transformed value
Values in each column superscripted by same letter do not differ significantly
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ABSTRACT

 A Field experiment was laid out in split plot design during kharif 2012-13 at Agricultural 

Research Station, Almel to assess the losses due to rust in ten pearlmillet genotypes. Hexaconazole 

@ 0.1% was sprayed at regular interval for protecting the ten genotypes with rust infection. 

Unsprayed genotypes block were treated as unprotected treatment. There was varying resistance 

level among different pearlmillet genotypes. The extensively cultivated pearlmillet genotype, 

GK1135 was found to be most resistant with heighst seed yield (48.51q) in sprayed block as well as 

in unsprayed block (41.14q) followed by Laxmi 234. Whereas MRB 2232, proved to be the most 

susceptible pearlmillet genotype with higher percent disease index of 12.83 % in sprayed block as 

well as in unsprayed block (51.84 %). Evaluation of disease resistance revealed that GK1135, Laxmi 

234,  Mahalaxmi Tilak fold more resistance in respect of pearlmillet yield as compared to the most 

susceptible variety MRB 2232. 

Key words: Pearllmillet, rust, yield loss, genotypes.

INTRODUCTION

Pearl millet [Pennisetum glaucum (L.) R. Br.] 
is the most important drought and heat tolerant 
crop. It occupies fourth place in cereals and 
second place among coarse cereals. It covers 
around 7.40 per cent of total food grain area of 
the country and contributes nearly 3.4 per cent 
to the total food grain production. In India pearl 
millet is grown over an area of 9.61 m ha with the 
production of 9.52 m t.  Rajasthan, Maharashtra, 
Gujarat, Uttar Pradesh, Haryana and Karnataka 
are the major pearl millet growing states of the 
country. In Karnataka pearl millet is grown over 
an area of 3.11 lakh ha with an annual 
production of 2.40 lakh tones (Anon., 2011). It is 
largely cultivated in northern districts 

comprising Bijapur, Bagalkot, Gulbarga, 
Raichur, Koppal and Belgaum accounting for 87 
per cent of the area and production in the state. 
Presently pearl millet in Karnataka suffers from 
many fungal diseases. Among them rust caused 
by Puccinia substriata Ell.and Barth.var. indica 
Ramachar and cummins is one of the major 
diseases affecting both forage and grain 
production in pearl millet. Presently its severity 
is on increasing trend in northern dry zone of 
Karnataka. All growth stages of the plant are 
susceptible to rust attack, and under favourable 
environment, plants can wither before flowering 
due to severe rust infection (Ramakrishnan and 
Sundaram, 1956, Rachie and Majmudar, 1980).  
Rust infection of pearl millet forage has been 
reported to cause up to 51% reduction in 
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digestible dry matter yield (Monson et al., 1986). 
In recent years pearlmillet rust has assumed 
epiphytotic proportions in northern Karnataka 
where the crop is grown during rainy season.  
Rust not only reduces grain yield but also 
reduces the digestable dry matter yield (Monson 
et al., 1986).

Hence the present investigations were carried 
out with an objective to find the yield loss 
estimates under field conditions and to 
determine the most susceptible phonological 
stage responsible for major yield loss in the crop.

MATERIALS AND METHODS

Field experiment was laid out in split plot 

design at Agricultural research station, Almel, 

University of Agricultural Sciences, Dharwad 

during Kharif 2012. To assess the losses due to 

rust in ten pearlmillet genotypes (GK 1135, 

Mahalaxmi Tilak,  MLBH 308, Laxmi 234, 86 M 

52, MRB 2232, Ajeet 27, ICMV 221, ICTP 8203 

and GHB 558). Ten genotypes were imposed 

with 0.1% Hexaconazole and unsprayed control. 

The three replications were maintained. The 

intensity of the disease were recorded by scoring 

all randomly selected ten individual plants 

using 0-9 scales. Further PDI was calculated with 

the upper mentioned scale using the formula 

(Wheeler,1969)

Sum of the 100
numerical ratings

PDI = --------------------------- x -----------------
Number of Maximum 

leaves observed disease rating

Other observations were recorded at 

physiological maturity are, ear head length (cm), 

ear head seed weight (g), seed yield (q/ha), and 

thousand seed weight (g).

RESULTS AND DISCUSSION 

Among the genotypes, irrespective of the 

spray highest increase in per cent disease index 

was recorded (Table 1) in the genotype 

Mahalaxmi Tilak (530.43 %) followed by GK 

1135 (458.30 %).  Lowest increase in per cent 

disease index was recorded in Laxmi 234 (266.36 

%). The differences in the ear head length (Table 

1) in sprayed block were found significantly 

higher (22.85 cm) compared to unsprayed block 

(19.05 cm). Among all genotypes, GK 1135 has 

recorded significantly higher ear head length 

(23.26 cm) in sprayed block as well as in 

unsprayed block (22.44 cm). The differences in 

the ear head seed weight (Table 1) as influenced 

by different genotypes were found significant. 

Laxmi 234 (17.36 g) was the next genotype which 

has recorded significantly higher ear head seed 

weight as compared to other genotype.  

Significantly least ear head seed weight was 

recorded in the genotype ICTP 8203 (16.03 g) 

compare to other genotype. The differences in 

the seed yield (Table 2) in sprayed block were 

found significantly higher (33.48 q) compared to 

unsprayed block (25.75 q). Among the 

genotypes, irrespective of the fungicidal spray 

significantly higher seed yield was recorded in 

the genotype GK 1135 (44.83 q) compared to 

other genotypes.  Next genotype which was 

recorded significantly higher seed yield was 

Laxmi 234 (35.96 q) compared to other genotype.  

Significantly least seed yield was recorded in the 

genotype ICTP 8203 (23.51 q). The differences in 

the 1000 seed weight (Table 2) within the 

genotype in sprayed block, significantly higher 

1000 seed weight was recorded in the genotype 

GK 1135 (13.44 g) compare to other genotypes.  

Laxmi 234 (13.13 g) was the next genotype which 

has recorded significantly higher 1000 seed 

weight compared to other genotypes.  The least 

1000 seed weight was recorded in the genotype 

Ajeet 27 (11.16 g) and it was on par with MRB 

2232 (11.30 g).

These findings are also in accordance with Sokhi 

et al. (1978) and they appear to be the first to 

report that a fungicide, Dithane M-45, when 

applied to prevent rust development increased 

yield components (including number of tillers 
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bearing panicles) over the untreated check. 

Singh and Sokhi (1983) reported that rust 

reduced the average number of panicles per 

plant, grain yield per plant and 1000 grain weight 

in both slow rusting and fast rusting cultivars. 

The reductions were more in fast rusting 

cultivars than in slow rusting ones. Kim and 

Brewbaker (1976) tried eight agronomic trials on 

maize in Hawaii for estimation of crop loss. They 

reported that the average reductions caused by 

rust were 35 per cent for grain yield, 27 per cent 

for fresh plant weight, 11 per cent for ear length, 

10 per cent for kernel weight and ear diameter 

and less than 5 per cent for plant and ear height 

and days to silk.

90

Table 1: Per cent disease index (PDI), Ear head length (cm) and Ear head seed weight (g) in different 
pearl millet genotypes as influenced by fungicidal spray

* Arcsine transformed values.

PDI

Spra-
yed

Sprayed SprayedUn-
sprayed

Un-
sprayed

Un-
sprayed

mean mean meanPer cent 
increase

over 
sprayed

Geno-
types

Ear head length (cm) Ear head 
seed weight (g)

GK 1135 7.65 42.71  25.17  458.3 23.26 22.44 22.85 18.15 16.85 17.5
*(16.06) (40.83) (30.13)

Mahalaxmi 6.54   41.23  23.88  530.43 22.17 20.16 21.16 16.66 15.63 16.15
Tilak (14.82) (39.97) (29.27)

MLBH 308 9.00   39.50 24.25  338.89 22.57 20.02 21.3 16.41 15.75 16.08
(17.47) (38.96) (29.52)

Laxmi 234 9.87   36.16  23.01  266.36 22.77 21.44 22.1 17.36 16.01 16.69
(18.32) (36.98) (28.68)

86 M 52 9.00   40.61  24.81  351.22 21.74 20.5 21.12 16.53 15.8 16.17
(17.47) (39.61) (29.89)

MRB 2232 12.83 51.84  32.33  304.05 22.11 18.68 20.4 16.54 15.66 16.1
(46.08) (34.67)

Ajeet 27 10.36  41.10  25.73  296.72 21.82 19.43 20.63 16.2 15.63 15.91
(21.00) (18.79) (39.89) (30.50)

ICMV 221 8.63    38.63 2363   347.62 21.86 16.24 19.05 16.29 15.53 15.91
(17.09) (38.45) (29.10)

ICTP 8203 9.99    42.34 26.16  323.82 22.68 19.53 21.11 16.03 15.18 15.6
(18.43) (40.61) (30.78)

GHB 558 10.24  41.30  25.77  303.32 22.55 19.58 21.07 16.51 15.25 15.88
(18.67) (40.01) (30.52)

Mean 9.41 41.54  25.47  22.35 19.8 21.08 16.67 15.73 16.2
(17.87) (40.15) (30.33)

For S.Em+ C.D.at5% S.Em+ C.D.at5% S.Em + C.D.at5%
comparing 
mean

Fungicidal 0.71 4.34 0.25 1.55 0.007 0 . 0 4
spray (F)

Genotypes 1.07 3.06 0.37 1.07 0.02 0 . 0 7
(G)

Interaction 1.51 4.66 0.53 1.63 0.03 0 . 1
(F×G)

Interaction 
at the 0.41 1.03 0.14 0.36 0.008 0.017
same or 
different 
level
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-1Table 2: Seed yield (q ha ) and Test weight (g) in different pearl millet genotypes as influenced by 
fungicidal spray

-1Seed yield (q ha )

Spra-
yed

Sprayed SprayedUn-
sprayed

Un-
sprayed

mean meanPer cent 
increase

over 
sprayed

Genotypes 1000 seed weight (g)

GK 1135 48.51 41.14 44.83 17.91 13.44 12.18 12.81 10.34

Mahalaxmi Tilak 33.26 23.33 28.29 42.56 12.65 10.98 11.82 15.21

MLBH 308 31.11 24.35 27.73 27.76 12.13 11.11 11.62 10.47

Laxmi 234 38.77 33.15 35.96 16.95 13.13 11.91 12.52 10.24

86 M 52 32.48 24.96 28.72 30.13 11.85 11.15 11.5 6.27

MRB 2232 32.54 23.63 28.08 37.7 11.3 10.18 10.74 11

Ajeet 27 28.96 23.33 26.14 24.13 11.16 10.38 10.77 7.51

ICMV 221 29.88 22.29 26.09 34.05 11.82 10.1 10.96 17.02

ICTP 8203 27.25 19.76 23.51 37.9 11.53 10.2 10.87 13.04

GHB 558 32.07 21.55 26.81 48.81 12.24 11.01 11.63 11.17

Mean 33.48 25.75 29.616 12.13 10.92 11.52

For comparing S.Em+ C.D. at 5 % S.Em + C.D. at 5 %
mean

Fungicidal 0.06 0.36 0.04 0.24
spray (F)

Genotypes (G) 1.09 3.12 0.08 0.22

Interaction (F×G) 1.54 4.74 0.11 0.33

Interaction at the 0.38 0.77 0.03 0.06
same or different 
level

REFERENCES

1. Anonymous, 2011, project coordinated 

review AICPMIP workshop, Hisar, 12-14.

2. Kim, K. S. and Brewbaker, J. L., 1976, 

Sources of general resistance to Puccinia 

sorghi on maize in Hawaii. Pl. Dis. Report. 60: 

551-555.

3. Monson, W. G., Hanna, W. W. and Gainen, T. 

P., 1986,Effect of ruston yield and quality of 

pearl millet. Forage. Crop. Sci., 26: 637-639.

4. Rachie, K. O. and Majmudar, J. V., 1980, 

Pearl millet Pennsylvania State University 

Press, Uni. Park London, pp. 307. 

5. Ramakrishnan, T. S, and Sundaram, N. V., 

1956, Further studies on Puccinia penniseti 

Zimm Proc. Indian A and. Sct. Sect. 3(B) : 

190-196.

6. Singh, B. B. and Sokhi, S. S. 1983. Effect of 

rust of millet on yield components. Indian 

Phytopath 36: 89-91.

7. Sokhi, S. S., Rewal, H. S., Jhooty, J. S. and 

Bains, S. S. 1978, Investigation on rust of 

pearl millet. Indian Phytopath. 31: 124.

8. Wheeler, B.E.J., 1969, An Introduction to 

Plant Diseases, John Wiey & sons Ltd. 

London, pp,301.

91NAGARAJA. H.,  ET. AL  International Journal on Agricultural Sciences 6 (1)



The Effect of Gamma Rays on Yield and Yield 
Component Characters in Winged Bean 

(Psophocarpus Tetragonolobus (l) DC) Genotypes

CHETHAN, K. G. AND  DR. CHIKKADEVAIAH

Division of Plant Breeding and Genetics,
U.A.S., G.K.V.K., Bangalore-560065, Karnataka, India

Received: 27 August 2014; Revision: 25 September 2014 Accepted: 5 October 2014

ABSTRACT

The effect of gamma rays on germination, morphological yield and yield components characters 

in Winged Bean was studied by treating the seeds with different doses of gamma rays (0 control, 

10KR, 15KR, 20KR, 25KR AND 30KR.), the morphological, yield and yield components characters, 

Plant height, number of branches, pod girth, pod length, number of pods per plant, number of 

seeds per pod, days to maturity and seed yield decreased with increased with increasing dose of 

gamma rays were recorded. 

Key words: Gamma Rays, KR  ( Kilo Rads), Mutation, Winged Bean.

INTRODUCTION

Induced mutations have played an important 

role in crop improvement which hardly needs an 

emphasis. Hugo de vries (1909), who first 

recognized clearly the role of mutation in 

evolution, had naturally hoped that if man 

learns to command the origin of mutation and 

thereby generate the allelic variability upon 

which recombination and selection could 

operate, breeder can achieve his goal with more 

fast to induce the superior strains of 

domesticated plants and animals. The 

outstanding discovery of Muller (1927) and 

Stadler (1928a, b,) that X-rays can induce 

mutations in Drosophila, barely and maize 

respectively, the mutation breeding has other 

advantages mainly in improvement of specific 

character in well adapted cultivar, in breaking 

tight linkages thus helping in obtaining rare 

recombination and in enlarging variability for 

quantitative characters. The success of an 

induced mutation breeding programme depends 

up on the number of useful mutants induced. 

Naturally, an enlarged mutation spectrum as 

well as increased mutation frequency would 

help to enhance isolating favorable mutants. 

This can be achieved by identifying efficient 

mutagens and by understanding the various 

parameters that influence the pre and post-

mutational and spectrum of mutations in crop 

plants. Pulses like winged bean generally lack 

genetic variability due to their autogamous 

nature, so creation of variability in winged bean 

is difficult through hybridization. In order to 

improve yield and yield component characters, 

mutation breeding is inevitable.
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Winged bean (Psophocarpus tetragonolobus (L) 

DC) is one of the important crops among the 

legumes. It is called by different names viz., 

Aspargus Pea, Four angled bean, Goa bean, Manila 

bean, and Princess pea in different parts of the 

world. The synonymous 'soya's rival 'God-sent 

vegetable' has been attributed to as wonder 

vegetable. It is grown mostly in north eastern 

states like Assam, Manipur, Mizoram and also to 

some extent in Karnataka, Tamil Nadu, and Kerala.

Winged bean thrives best in humid tropics and it 

is considered as a tropical species. It can be 

grown in wide range of soils, but loamy soils are 

more suitable. The Plant is viny and needs strong 

stakes or trellis for support. This crop is 

primarily grown for its tender green pods but 

tender leaves, young sprouts, flowers, tubers and 

green seeds are also used as vegetable. 

MATERIAL
Physical mutagens have been used widely 

for the improvement of crop plants. Mutation 

breeding will be of special significance in crops 

such as winged bean, where, hybridization and 

selection have been limited due to narrow 

genetic variability exists in the collection. In 

such cases, creation of variability through 

induced mutations could be an effective means 

of crop improvement in winged bean.

In the present investigation, the effect of 

polygenic mutation for eight quantitative 

characters in M  generation was studied in the 2

form of their mean, range, standard error, 

variance.

The present investigation was aimed at 

elucidating information mainly on the 

sensitivity of ten winged bean genotypes to 

gamma irradiation.  Therefore, the present 

investigation observed the nature of induced 

mutations on polygenic effects of mutagens on 

character association in mutant populations, to 

identify the desirable mutants for quantitative 

traits including semi dwarf mutant (semi 

determinate) plants.

An investigation was carried out on induced 

mutagenesis in ten winged bean genotypes viz., 

EC-178313, EC-178271, EC-18313, EC-142665, 

EC-38955, IC-26345, AKWB-1, NBRI-Selection, 

Mysore Local and Dwarf Mutant. Gamma 

radiation were irradiated to all winged bean 

genotypes with the dose of 10Kr, 15Kr, 20Kr, 

25Kr and 30Kr. M  and M generation were 1 2 

evaluated during 2007-2008. The crop was 

raised during summer-rainy season of the year 

2007 and rabi-summer season of the year 2008 

for M  and M  generations respectively, at MRS, 1 2

Hebbal, UAS, Bangalore. Observations were 

recorded for eight characters viz., plant height, 

number of branches, pod girth, pod length, 

number of pods per plant, number of seeds per 

pod, days to maturity and seed yield of ten 

genotypes in M  and M generation.1 2 

RESULT AND DISCUSSION

In respect of gamma rays treatment there was a 

proportionate reduction in germination and 

morphological characters of Winged Bean with 

increase in dosage of gamma rays and similar 

result were also seen in black gram (Ramaswamy 

1973). Soybean (Balakrishnan, 1991) and rice 

(Ramesh et al., 2002). the morphological, yield 

and yield components characters, Plant height, 

number of branches, pod girth, pod length, 

number of pods per plant, number of seeds per 

pod, days to maturity and seed yield  Decreased 

with increased with increasing dose of gamma 

rays. compared to the control (Table-1) all the 

yield characters were recorded.

In 25Kr and 30Kr treatments seeds did not 

germinate. The observations on mutagenic 

effects in M  generation revealed dose dependent 1

reduction in seed germination and survival of 

the plants. Mutagen damage measured for 

germination and survival was more pronounced 

in 20Kr with irrespective of genotypes. Based on 

germination and survival percentage, only IC-

26345 genotype was advanced from M  to M  1 2

generation. Among the ten genotypes, IC-26345 
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genotype was more sensitive to mutagenic 

treatments and further, the LD  dose 15-20Kr 50

gamma radiation was found to be ideal for 

mutagenic treatments with irrespective of 

genotypes. In M  generation seeds were raised 2

from M generation of IC-26345 genotype . The 1 

Seeds are harvested from individual M  plants 1 

were grown as M  generation. All the 2

recommended cultural measures namely, 

irrigation, weeding and plant protection 

methods were carried out during the growth 

period of the crop. In M  generation of IC-26345 2

genotype, The Minimum Mean Value for plant 

height was recorded at 20KR gamma rays 

(130.62cm). The untreated plant height was 

recorded in (141.39 cm). The high number of 

branches was recorded at 20KR of gamma rays 

(3.98) while the low number of branches was 

recorded at 15KR of gamma rays (3.60).When 

compared with control (4.13). The higher 

numbers of pods were observed at 10KR of 

gamma rays (13.80 Pods). The lower numbers of 

pods were observed at 20KR of gamma rays 

(12.22 pods). When compared with the control 

(16.25 pods). The maximum number of seeds per 

plant (10.20 seeds per plant) was observed at 

10KR of gamma rays. The minimum number of 

seeds per plant (9.93 seeds per plant) was 

observed at 20 KR of gamma rays. When 

compared to control (11.15 seeds per plant. The 

maximum seed yield per plant (35.73) was 

observed at 10KR of gamma rays while the 

minimum seed yield per plant (28.81) was 

observed at 20KR of gamma rays, when 

compared to control (43.14). The maximum 

number of days to maturity (150.20 days ) was 

observed at 10KR of gamma rays. The minimum 

number of days to maturity (144.08 days) was 

observed at 20 KR of gamma rays. The Minimum 

Mean Value for pod girth was recorded at 10KR 
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Table 1: Effect of different doses of Gamma rays on growth and yield attributing characters in 
M    generation of  Winged bean genotype IC-263452
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gamma rays (5.98cm). The untreated pod girth 

was recorded in (6.60 cm).

In M  generation, the present findings showed 2

dose dependent reduction in seed yield per plant 

in IC-26345 genotype. In results indicating the 

wider range of variability for seed yield per plant 

the highest mean seed yield per plant were 

showed in 10Kr treated population and lowest 

mean seed yield per plant showed in 20Kr 

population. In general, most of the treatments 

showed negative shift in mean and increased 

variance. In IC-26345 genotype, all the 

treatments showed lower positive kurtosis 

(except 15Kr population, lower negative 

kurtosis) and positive higher skewness than 

control. This indicating most of the treatment 

observations were not clustered around the 

mean with extension of flank curve.

In general, wide range of variation was observed 

for most of the characters in both M  and M  1 2

generation. However, there was reduction and 

negative shift  in the mean of all the characters 

viz., Plant height, number of branches, pod girth, 

pod length, number of pods per plant, number of 

seeds per pod, days to maturity and seed yield. 

Although there was change in mean of the 

treatment populations for various characters, for 

all treatments compared to control. Induced 

variability indicated that more can be achieved 

by proper selection techniques. For instance, 

association between plant height and yield was 

little weaker than compared to the control in all 

the treated populations of IC-26345 in M  2

generation. Enhanced and Strengthened 

associations between number of pods and seed 

yield per plant, days to maturity and yield, pod 

girth and yield was noticed in all the treatments 

of M  populations. Williams and Hanwar (1961) 2

also reported higher values of correlations 

coefficients in M  progenies of soybean. Similar 2

observations were reported in green gram 

(Krishnaswami and Rathinam, 1982) and 

cowpea (Birajdar, 1982).

Simultaneous shift of the mean in the same 

direction might have resulted in the enhanced 

correlation between the characters concerned. 

Attributes under considerations also had quite 

high genetic variability. Selection for one of the 

attribute will result in the improvement of the 

other attribute. It can give an opportunity to 

make improvement of yield as correlated 

response would obtain. Based on this 

considerations and results obtained in present 

investigation, it can be stated that the mutant 

population offers a better opportunity to 

improve yield by selection for those characters 

which have shown enhanced correlation with 

yield viz., number of pods, days to maturity, pod 

girth. Altered associations between characters 

was observed in treated populations for pod 

girth and seed yield per plant, days to maturity 

and seed yield per plant, pod length and seed 

yield. Present observations are in accordance 

with those of Sharma (1981) in lentil and 

Krishnaswami and Rathinam (1982) in green 

gram. Alterations in relationships of plant height 

and seed yield per plant, days to maturity and 

seed yield per plant in IC-26345 winged bean 

genotype can be of great value where dwarf or 

semi dwarf types with higher yield can be 

selected.

Some traits viz., pod length and pod girth had 

direct negative effects on yield, which was found 

in some of the treatments, while number of seeds 

per pod showed direct negative effect on seed 

yield in all the treatments. In some characters 

viz., plant height, number of branches, pods per 

plant and days to maturity had direct positive 

influence on seed yield in all treatments.

Studies on the effect of mutagens on character 

associations indicated that mutagens were 

responsible for enhancing, reducing or altering 

the correlations for characters in treated 

genotypes compared to control and thus provide 

an opportunity to improve yield by selection for 

those characters, which have shown enhanced 

correlations with yield.
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Estimation of viable mutation frequency on M  2

generations plant basis indicated a dose 

dependent increase in mutation frequency in IC-

26345 genotype.

Similar observations for number of pods were 

reported by Rajput et al.,(1987) and Mehetre et al., 

(1994 b, 1995) in soybean mutant populations. 

Also many reports viz., Malhotra et al., (1972), 

Mishra et al., (1994), Dhobal and Gautam (1995), 

Sridhara et al., (1998), Archana et al., (1999), 

Rajanna et al., (2000) and Ramana et al., (2000) are 

available in normal as well as segregating 

populations of soybean. Hence, it would be 

rewarding if emphasis on pods per plant is made 

while developing selection strategies.

Another important observation made in the 

study is that, changes in direct and indirect 

effects were observed differentially in different 

treatments. Such changes in the effects may be 

due to random action of mutagens on different 

genes responsible for various characters.

From the present investigation, it is concluded 

that the number of pods per plant invariably 

appears to be most important contributing 

characters for yield and also indirect effects of 

other component characters also appeared to be 

quite considerable due to mutagenic treatments. 

The improved variety of Winged Bean IC-26345 

responded more and more number of viable and 

economic mutants for higher productivity in 

10KR and 15 KR of gamma rays than the other 

mutagenic treatments in all generations. The 

morphological mutant characters studied can be 

utilized for identification and characterization 

of Winged Bean genotypes. The present 

investigation revealed that the isolation of early 

maturity with high yield and yield components 

characters is possible in between 10 and 15KR of 

gamma rays.

CONCLUSION

The improved variety of Winged Bean IC-26345 

responded more and more number of viable and 

economic mutants for higher productivity in 

10KR and 15 KR of gamma rays than the other 

mutagenic treatments in all generations. The 

morphological mutant characters studied can be 

utilized for identification and characterization 

of Winged Bean genotypes. The present 

investigation revealed that the isolation of early 

maturity with high yield and yield components 

characters is possible in between 10 and 15KR of 

gamma rays. As A Result of decreasing in mean 

plant height in gamma irradiated genotypes, it is 

easy to identify the desirable mutants for 

quantitative traits including semi dwarf mutant 

(semi determinate) plants.
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ABSTRACT

A study was conducted to find out  the effect  of  pre- sowing seed  treatments like water 

soaking, gibberellic acid, thoiurea, hot water and acid treatments on germination and subsequent 

seedling growth of guava cv. Sardarat Commercial Fruit Nursery Unit, College of Horticulture, Dr. 

Panjabrao Deshmukh Krishi Vidyapeeth, Akola (M.S.) during 2012 to 2013. The highest germination 

83.79 and 80.30 percentage was recorded with GA3 (1000ppm) and (500 ppm) respectively which 

were superior to  other treatments. Plant height, number of leaves, leaf chlorophyll index, leaf area, 

stem diameter of guava seedlings were also found maximum with 1000 ppm GA . However, seed 3

treatment with Conc.H SO  for 5 minutes did not influence germination.2 4

Key words: germination, guava, pre- treatments, sardar, seedling growth.

INTRODUCTION

Guava (psidiumguajava L.) is the member of 

the family Myrtaceace and it is one of the most 

important commercial fruits of India. Guava has 

earned the popularity as poor man's apple 

available in plenty to every person at very low 

price during the season. It is no inferior to apple 

for its nutritive values. it is an excellent source of 
'  'vitamine C  and pectin. over the year, 

productivity of guava continues to be low.  There 

are various limiting factors related to production 

and productivity of guava and one of them is low 

quality planting material. Method of vegetative 

propagation have been developed at different 

research stations to multiply true to type plants 

with short juvenile stage (Deshmukh,1927; 

Mukherjee and Singh,1965;Krishnamurthy, 

1965). For sucessful production of guava, there is 

a need to produce healthy plantingmaterial of 

important  commercial  var iet ies  f rom 

seeds.Asexual methods like inarching, veneer 

grafting, stooling, patch and shield budding and 

air layering (Srivastava,1964) have been 

advocated for quick propagation. Seed 

propagation is important specially in 

hybridization  as well as for raising of rootstocks. 

The germination of guava seeds is uncertain due 

to hard seed coat (Singh, 1967), which results in 

poor germination. Therefore, an attempt was 

made to minimize germination period as well as 

to improve germination capability of guava 

seeds through certain seed treatments, viz., 

water soaking, hot water soaking, acid 

treatments, use of GA  and thiourea in variety of 3

sardar (L-49) guava under Akola conditions of 

Maharastra.
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MATERIALS AND METHODS  
                                                                                                       

The experiment was carried out at 

Commercial Fruit Nursery Unit, College of 

Horticulture, Dr. Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola (M.S.) during the year 2012 to 

2013. The seeds of Sardar (L-49) were extracted 

from ripe fruits of Ambe-bahar crop. They were 

soaked in tap water, boiling water, GA solution 3 

(500 ppm and 1000 ppm) and thiourea solution 

(2000 and 4000 ppm) for 24 hours. In another set, 

they were treated with concentrated HCL and 

H So for 3 and 5 minutes in each case. The 2 4 

treated seeds were washed thoroughly with 

distilled water then soaked for 24 hours and 

sown in to polythene bags which were filled with 

soil, cowdung, sand in 2:1:1 ratio in the last week 

of July. The experiment was conducted in CRD 

and replicated thrice using 50 seeds in each 

treatment of a replication. They were examined 

daily for germination counts the seeds which 

showed the emergence of Cotyledonous leaves 

were considered as germinated. After 30 days, 

the number of seeds germinated in each 

replication were added and calculated on 

percentage basis. During the entire period of 

study the seedlings were kept moist by timely 

application of water. The plant height, number 

of leaves, stem diameter, leaf chlorophyll index, 

leaf area were recorded from one month after 

sowing at monthly intervals. 

RESULTS AND DISCUSSION

A perusal of the data in Table 1 indicates that 

the seed treatments brought marked influence 

on germination of seed and seedling growth. it is 

clear from the table -1 that the significant 

differences were observed between the 

treatments for the number of days taken for 

commencement of germination. Early 

germination of seeds (19.20 days) were 

observed, when seeds were treated with GA3 

1000 ppm solution prior to sowing. However the 

seeds treated with Conc. Sulphuric acid for 5 

min took maximum period for commencement 

of germination (25.83 days) over other 

treatments studied. This is probably due to 

residual toxicity of acid. The maximum 

germination was recorded 83.79% with GA  3

(1000 ppm) followed by GA  (500 ppm) 80.30% 3

and water soaking 75.97%. whereas, minimum 

germination percentage was recorded  (58.57%) 

when seeds were scarified with Conc. sulphuric 

acid for 5 minutes. The increased germination 

with GA may be either stimulates seed 3 

germination of a amylase enzyme which convert 

insoluble starch into soluble sugars or GA  play 3

an important role in leaching out of the 

inhibitors into the soaking medium might be due 

to diffusion of endogenous auxins and 

gibberellins like substances (Mathuret al .,1971; 

Sastry and Mutr,1963). Soaking the seeds in 

water for 24 hrs was found to be the next best 

treatment in increasing germination might have 

helped in leaching out the inhibitors from the 

seeds.(Hartman and Kester,1978)and it was 

possibly due to the stimulating effect of 

imbibition subsequently increased water 

absorbing capacity resulting in increased 

amylase activity (Nanda et al., 1959) this result 

are conformity with Chandra and Govind (1990), 

Suryakanthet al.(2005),and Vijayakumaret 

al.(1991) in guava 

Guava seeds pre-treated with GA at 1000 3 

ppm recorded maximum seedling height (30.98 

cm), followed by T – 500 ppm GA soaking (29.09 2 3 

cm) and T  (28.8 cm) whereas, the seeds pre-4

treated with Hot water recorded minimum 

seedling height (22.54) over other treatments 

studied. Significantly maximum number of 

leaves (34.20) were recorded when seeds were 

treated with GA 1000 ppm followed by seeds 3 

soaked in GA  500 ppm solution (31.74)  whereas 3

minimum number of leaves per seedling (18.53) 

were recorded under hot water treatment. This 

might be due to fact that, gibberellic acid 

increasing the osmotic uptake of nutrients and 

their by causing cell elongation and greater 

internodal length and ultimately resulting in 

increase in plant height and this increase in 

plant height might be responsible for increase in 
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number of leaves per seedling. These result are 

conformity with Chandra and Govind (1990) 

Ganapathyet al. (1991), Kumar et al. (1991) in 

Guava, Barche et al. (2010) in papaya, Pawsheet 
aal. (1997  )  in custard apple maximum stem 

diameter (0.681 cm) was recorded when seeds 

were soaked in GA  1000 ppm prior to sowing 3

followed by (0.665 cm) when seeds were treated 

with GA  500 ppm where as minimum stem 3

diameter (0.542 cm) was observed when seeds 

treated withhot water for 24 hours. Significantly 
2maximum leaf area (62.45 cm ) was recorded 

when seeds were treated with GA 1000 ppm 3 

followed by seed treated with GA 500 ppm 3 

2(51.67 cm ) whereas minimum leaf area (42.17 
2cm ) with hot water treatment which might be 

due to fact that indogenious level of Gibberellic 

acid was higher which results in increased cell 

division, cell elongation and cell multiplication 

in the cambium tissue that reflects in increase in 

100

Table 1: Days required for germination, germination percentage and seedling growth  of guava as 

influenced by chemical treatments.

Treatment Days Germi- Height Number Dia Leaf Leaf
required nation of leaves of leaves meter area chlorop

for (%) per per of stem hily
germi- seedling seedling (cm) index

nation 

T -GA  500 ppm 19.68 80.30 29.09 31.74 0.665 51.67 60.891 3

(63.65)

T  - GA  1000 ppm 19.20 83.79 30.98 34.20 0.681 62.45 65.702 3

(66.26)

T  - Thiourea 2000 ppm 21.83 68.45 28.27 26.17 0.634 49.10 57.473

(55.82)

T  - Thiourea 4000 ppm 21.48 70.50 28.87 27.77 0.644 50.74 58.114

(57.10)

T  -HCL 3 min 23.54 66.47 25.51 20.08 0.593 46.94 52.295

(54.61)

T  -HCL 5 min 24.40 65.03 23.83 20.85 0.574 45.47 51.346

(53.75)

T  -Conc.H S0 3 min 24.90 67.74 26.11 24.67 0.600 48.62 55.547 2 4  

(55.39)

T  -Conc.H S0 5 min 25.83 58.57 25.57 22.43 0.583 48.35 55.418 2 4   

(49.93)

T  -Hot water 25.33 67.52 22.54 18.53 0.542 42.17 48.109

(55.25)

T  –Tap water 19.31 75.97 26.54 25.37 0.617 47.39 56.6010

(60.65)

‘F’ test Sig. Sig. Sig. Sig. Sig. Sig Sig

SE (m) ± 0.17 1.27 1.50 0.40 0.001 1.212 0.331

CD at 5% 0.52 3.76 4.43 1.18 0.005 3.578 0.976
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stem diameter and leaf area. The above results 
aare conformity with Pawshe et al. (1997 ) and 

cRatan and Reddy (2004 ) in custard apple, Pandit 

et al. (2001) and Barche et al. (2010) in papaya.

Guava seedling gave significantly maximum 

leaf chlorophyll index (65.70) at 240 DAS when 

seeds were soaked in GA  1000 ppm prior to 3

sowing followed by (60.89) when seeds were 

treated with GA  500 ppm where as, minimum 3

leaf chlorophyll index (48.10) was observed 

when seeds treated with Hot water for 24 hours. 

This might be due to synthesis of protein in 

plants get accelerated, which is indirectly 

exhibited by increase in leaf chlorophyll 

content. These results are conformity with 

Shikhamany and Reddy (1986) in Thompson 

seedless grape, Aariff Khan and Hameedunnisa 

Begum (2007) In Acid lime.

Increasing concentrations of GA  and 3

thiourea also increased these parameters owing 

to invigoration of physiological process of plants 

and stimulatory effect of chemicals to form new 

leaves at faster rates. It has also been reported 

that an increased rate of photosynthetic activity 

by the application of chemicals like GA  at 3

particular concentration accelerated transport 

and efficiency of utilizing photosynthetic 

products resulting in the cell elongation and 

rapid cell division in the growing portion. 

(Phinney et al.,1957; Sargant, 1965).
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ABSTRACT

Arunachal Pradesh with high ethnic and cultural diversity is the part of eastern Indian 

Himalaya. Apatani, Nocte and Wancho are among the major tribes of Arunachal Pradesh which 

are known for their remarkable indigenous knowledge on harvesting bio-resources, ecosystem 

conservation and management of natural resources which they have assimilated over centuries 

through experiments. For instance, the Apatanis are well known for their distinct traditional land 

use practices including innovative integrated farming techniques such as paddy-cum-fish and 

bamboo-cum-pine farming. On the other hand, the 'Nocte' and 'Wancho' have brilliantly 

converted their hostile undulating hilly terrains into beautiful landscape for farming. In all, land 

is divided mainly into cultivated land, settlement area and forest cover signifying the ecological 

equilibrium and their way of harnessing bio-resources and its conservation is generally not only 

confined to forestry but also to agriculture with high diversity of vegetables and crop plants. In 

this regard, potential role played by the indigenous knowledge system of these tribes and socio-

cultural values in up-liftment of the rural economy are highly commendable. 

Key words: Apatani; Wancho; Nocte; Eastern Himalaya; Jhum; Paddy-cum-fish; Bio-resources.

INTRODUCTION

With 26 major tribes and 110 sub-tribes, the 

State of Arunachal Pradesh is well-known for its 

rich ethnic diversity and traditional ecological 

knowledge. Covering an area of 83743 sq. km in 

the Indian eastern Himalaya range, the state lies 
° ' ° 'in between 26 28 and 29 30 North latitude and 

° ' ° '97 30 and 97 30 East longitude. The Apatani 

tribe inhabiting Ziro valley, are known for their 

distinct traditional land use practices and rich 

indigenous knowledge on ecosystem 

conservation and management of natural 

resources. Whereas, the Nocte and the Wancho 

tribes of Tirap and Longding districts are 

typically agrarian in nature and also have rich 

traditional ecological knowledge. As in many 

other regions of the tropics, slash-and-burn 

agriculture (jhum cultivation) still persists in 

Tirap and Longding districts due to its 

undulating hilly terrain and is considered to be a 

key element of farming, with the potential for 

sustainable development and enhanced 

livelihoods among the rural poor (Sharma and 
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Shukla, 1992). On the other hand, the Apatanis 

practice settled agriculture. The Apatani tribe is 

also known worldwide for their innovative 

integrated productive system of rice-cum-fish 

culture (Dolo, 2009), which is an additional 

source of income generation. The efficient 

management and sustainable use of agro-

ecosystems by these tribes are unique and 

innovative in their own way. The article 

describes the traditional farming techniques, 

sustainabil i ty of agricultural system, 

management of agro -biodiversity and 

conservation strategies performed by Apatani, 

Nocte and Wancho tribes in response to their 

respective landscapes.

Study Area
Ziro, the home to the Apatani tribe is the district 
headquarters of Lower Subansiri district. It lies 
between 26°50´-98°21´N latitude and 92°40´ 
and 94°21´E longitude; 1688 to 2438 AMSL 
(figure 1). The valley has an average cultivable 

2area of about 32 km . The annual rainfall is about 
2500 mm while the minimum and maximum 
temperature ranges between 6.3°C to 28.1°C 
respectively during summer (May to September) 
and 1.0°C to 18.4°C respectively during winter 
(November to February).

Recently, UNESCO has proposed Ziro valley as a 
World Heritage Site for its "extremely high 
productivity" and "unique" way of preserving the 
ecology. The Apatani have had a democratic 
system of running the society. The village 
council is known as the Bulyang. The institution 
still exists, but its functions have been diluted by 
other similar institutions like Gaon Buras and 
Panchayati Raj system. Majority of the Apatanis 
are loyal followers of the Danyi-Piilo faith, who 
worship the Sun (Ayo Danyi) and the Moon (Atoh 
Piilo). Myoko, the festival of friendship and 
prosperity, is celebrated in a grand manner 
lasting for all of March month each year while 
Dree Festival, celebrated in July, is the main 
agricultural festival.

Within the periphery of Patkai range of 

Himalaya, the undivided Tirap District is 

situated in between 26º 38′  N and 27º 47′  N 

latitudes and 96º 16′  E and 95º 40′  E longitudes. 

The district is bounded by Changlang district of 

Arunachal Pradesh towards the East, Nagaland 

towards the West, Assam towards the North and 

Myanmar in the South. Recently, the Longding 

district has been created from Tirap district on 
th26 September 2011 to become the 17  districts of 

Arunachal Pradesh. The Tirap district is 

inhabited by the Noctes and the Tutsas while the 

Longding district is inhabited by the Wanchos. 

All these indigenous tribes belong to the Indo-

Mongoloid ethnic group, although their local 

dialects are believed to be Indo-Burman origin. 

Bearing rich social norms, customs, beliefs, 

faiths and practices, each of these tribes 

occupies a distinct geographical area. In the past, 

they were actively engaged in head-hunting 

practices; true follower of animism and the 

society was filled with myths, superstitions, 

tattoo customs and rituals. Nevertheless, due to 

modernization, these people have been 

positively influenced by Christian missionaries 

and modern education leading to permanent 

shunning away of head-hunting practice. The 

rituals became limited to major festivals and 

events only. The society is traditionally 

governed by the council of chieftains where the 

King is the head of the council.

Methodology
Extensive survey was conducted with the help of 

structured questionnaires by randomly selecting 

7 villages in Apatani plateau, 6 and 9 in Tirap 

and Longding districts. The questions asked 

covered a wide array of subjects related to the 

land use pattern, agriculture, construction 

works, ritual needs, handicrafts and other 

conservation strategies in context of 

management of agro-biodiversity. Personal 

interviews were conducted and informal 

discussions were also held with older and 

experienced farmers to ascertain the past history 

of biodiversity management. Information was 

collected directly from the villagers including 

village elders of different villages regarding the 
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tradit ional land management system, 

agricultural practices, plantation, home-

gardens, season for propagation, traditional 

harvesting seasons etc. (Tangjang et al., 2011). 

The meticulous preliminary data on the 

population, area, land use, flora, fauna, climate 

and ethnicity were collected from the district 

Statistical and Forest departments.

RESULTS AND DISCUSSION

Traditional farmland
Traditional land management is an important 

part of tribal culture in the state of Arunachal 

Pradesh that plays a crucial role by providing 

sustainability and better livelihood with respect 

to their lifestyle and landscape features. For 

instances, the Apatani tribe has a limited area of 

land leading to the development of an admirably 

efficient and very well managed land use system. 

In spite of the hostile undulating hilly 

topography the Nocte and Wancho tribes have 

also developed their own land management 

system. Thus, the agricultural systems 

performed by these tribes are inimitable in their 

own, where available resources are used 

prudently to achieve maximum outcome.

Altogether there are six different types of land 

traditionally managed by Apatanis such as Balu 

(traditional homestead garden), Aji (wet rice field), 

Yorlu (kitchen garden located away from the 

village), Bije (bamboo garden), Saadi (plot of 

woodland specially pine trees), Morey (natural 

forest). Daily demands of vegetables are usually 

fulfilled by Balu and Yorlu. Aji systems are purely 

dedicated for settled rice cultivation. Bije is 

specially meant for bamboo (Phyllostachys 

bambusoides) plantation while Saadi for 

plantation of pine trees. On the other hand, the 

Morey are source of wild fruits and other non-

timber forest products (NTFPs). It is recorded that 

many important local vegetable crops are 

cultivated in homestead and kitchen gardens such 

as sweet potato (Ipomoea batatas (L.) Lam.), ginger 

(Zingiber officinale L.) and local vegetables such as 

pumpkin (Cucurbita moschata Poir.), white gourd 

(Benincasa hispida Thunb.),  coriander 

(Coriandrum sativum L.), soybean (Glycine max 

L.)  Merr.), brinjal (Solanum melongena Linn.), 

Solanum nigrum L., chilli (Capsicum spp.), bitter 

gourd (Momordica charantia L.), tomato 

(Lycopersicum esculentum L.) and sesame 

(Sesamum indicum L.). Interestingly, the Apatani 

community have also develop an idea of 

incorporating bamboo and pine.

Bamboo varieties such as, Phyllostachys 

b a m b u s o i d e s  S i e b o l d  &  Z u c c a r i n i ,  

Chimonobambusa callosa Munro) Nakai, 

Dendrocalamus hamiltonii Nees and Arn. ex 

M u n r o . ,  B a m b u s a  t u l d a  R o x b . ,  

Cephallostachyum capitatum  (Wall. & 

Griff. )  Munro. ,  Chimonobambusa  sp. ,  

Pleioblastus sp., Pleioblastus simonii (Carr.) 

Nakai, Arundinaria sp. and Chimonobambusa 

sp. are integrated with pine trees (Pinus 

wallichiana and Pinus khasiana). Both bamboo 

and pines have high economic as well as 

traditional utilization values.

Nocte and Wancho follow almost same pattern of 

land use system such as Zim (agricultural land 

for paddy cultivation), Chawat (traditional 

homestead garden) and Kap (kitchen garden in 

jhum field), plantation area (for bamboo and 

palm leaves (Livistona jenkinsiana)), Tham (clan 

jungles) and settlement area. The traditional 

land use system is the result of practical 

experiments of several spans. These practices 

are still prevailing and strictly followed by every 

Nocte and Wancho farming communities. 

Traditional crops in their kitchen and homestead 

gardens comprises of topioca (Manihot esculenta 

Crantz.), Dioscorea sp., Colocasia esculenta L., 

sweet potato (Ipomoea batatas (L.) Lam.), ginger 

(Zingiber officinale L.), pumpkin (Cucurbita 

moschata Poir.), white gourd (Benincasa hispida 

Thunb.), coriander (Coriandrum sativum L.), 

soybean (Glycine max (L.) Merr.), brinjal 

(Solanum melongena Linn.), Solanum nigrum L., 

chilli (Capsicum spp.), bitter gourd (Momordica 

charantia L.), tomato (Lycopersicum esculentum 

L.) and sesame (Sesamum indicum L.) etc. 
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Nevertheless, these crops and vegetables are 

pioneer plants to be cultivated in mix-cropping 

system of jhum. Both the Nocte and Wancho 

tribes practices extensive plantation of Livistona 

jenkinsiana and Bamboo (Bambusa pallida 

Munro., Bambusa tulda Roxb., Dendrocalamus 

hookeri Munro., Dendrocalamus Hamiltonii 

Nees et arn., Pseudosasa japonica Makino ex 

Nakai., Schizostachyum dullooa Gamble., and 

Schizostachyum polymorphum Munro.) in the 

plot of land attached with agricultural field as 

well as in the traditional homestead gardens. 

Both the bamboo and Livistona jenkinsiana 

possess high ethno-botanical utilization values 

and commercial returns. Recently, few people 

have also started cultivating tea and cardamom 

in their jhum fields.

In case of pine, bamboo and Livistona 
jenkinsiana plantations, the suitable distance is 
maintained and proper fences are provided to 
protect against wild and domestic animals. 
Harvesting and sowing seasons for every plant 
are followed strictly according to its age-old 
practices. In case of bamboo, October to 
December is considered to be the most suitable 
time for harvesting as it provides strength and 
immune against pests. Kitchen and homestead 
gardens are frequently visited and periodic 
weeding is done as per requirements.

Agro-ecosystem Management
1. Settled Agriculture 
Settled agriculture completely meant paddy 
cultivation and is extensively practice by the 
Apatani. Sometimes, paddy is supplemented 
with Eleusine coracana Gaertn. cultivated on 
elevated bunds between the rice plots. It is also 
cultivated pure on the dry land called Yapyo. 
With the development in farming innovation, 
the tribe has evolved unique skill of assimilated 
paddy with fish farming (traditionally called as 
Aji-ngyii) which was introduced in the 1980s 
with great success (Ramakrishnan 1984, 1992; 
Dolo, 2009). This system bears immense 
potentiality to be recognized as low-cost, but a 
sustainable farming practice (Saikia and Das, 
2008). They incorporate 8 important indigenous 

varieties of rice such as Halyang emo, Nelyi emo, 
Empo emo, Missang piyaping, Hat emo, Tammi 
piyaping, Duley piyaping and Pulu piyaping and 
8 different fish varieties such as common carp 
(Cyprinus carpio), Indian major carp (Labeo 
rohita, cirrhinus mrigala and catla catla) and 
Chinese carp (Hypophthalmichthys molitrix, 
Ctenopharyngodon idella, Oreochromis niloticus 
and Puntis javanicus) in their wet paddy-cum-
fish farming. Such types of agro-ecosystem has 
turned into highly productive with 500 to 600 kg 
of paddy per hectare. Fishes are usually cultured 
well with the late ripening paddy variety. The 
early varieties of paddy had higher density but 
reduced basal area as compared to the late 
varieties. However, economic yield per plant and 
per unit area of the early varieties was 
significantly lower than the late varieties. The 
economically viable, cost of cultivation being 
low with minimal external inputs making it a 
highly organic and productive agriculture. 
Needless to mention that the paddy field of 
Apatani agriculture is elegantly linked with 
animal husbandry comprised of Bos frontalis 
Lam., cattle, swine, and poultry.

The paddy-cum-fish farming has an intricate 
irrigation network of canals and channels to 
ensure distribution of water in every corner. 
They usually divide their large field (not 
perfectly watered) into two terraces gaining 
thereby the space of the dividing dam. The entire 
network of water cannels ensure adequate water 
supply in each and every plots. Repairing of 
embankments and leveling of fields are done 
manually with the help of large flat wooden 
trays. The weeding of the paddy fields is done 
manually with the help of bamboo hoes where 
man and women both participate actively. 
Permanently flooded terraces are weeded two to 
three times and five to six times in terraces with 
less watered plots.

The fields are usually kept dry for a week before 
the harvest of the paddy so that the paddy seeds 
will mature well and dry. However, it is best to 
harvest fish after 5-6 months of stocking in the 
case of seasonal culture system; in case of 
continuous culture, harvesting is done on yearly 
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basis. The water is drained out, followed by 
collection of fish in the sumps or refuges and 
then it is netted out. However, at the same time 
fish culture in paddy field may sometime cause 
health risks if the input of pesticides in the 
paddy crop is not properly managed (Chen et al., 
1984). Therefore, proper care is being taken by 
Apatani farmer regarding performing of 
pesticide-free organic farming.

2. Jhum or Shifting Agriculture 
Jhum Kheti is a local name for swidden or slash-
and-burn fields or shifting agriculture practiced 
by the tribal groups in the north-eastern states of 
India. It is still the most widely practiced 
farming system in the sub-tropical and tropical 
zones of the eastern Himalayan region. A large 
section of the tribal population of the region and 
a majority of the tribal ethnic groups of 
Arunachal Pradesh have been traditionally 
practicing jhum with the exception of Apatanis 
of the Lower Subansiri district, Khamtis of Lohit 
district and Monpas of West Kameng district 
(Gupta, 2005). The length of jhum cycle plays a 
critical role in soil recuperation and the natural 
regeneration of vegetation, which in turn 
determines the health of the local economy. 
Thus, shifting cultivation is much better 
described as rotational agro-forestry, agro-
forestry with a burn cycle, or a form of forest 
gardening – terms that focus on the growth cycle 
and continuation rather than the cutting cycle. 
Farmers practicing shifting cultivation actually 
spend many more years growing trees and crops 
than burning them – protecting the soil, 
restoring nutrients, fallowing, and resting 
(Kerkhoff and Sharma, 2006).

According to the local cropping calendar, the 
jhumias usually manage their field by 
distinguishing it into two different phases, as the 
new field and the old field (Wangpan and 
Tangjang, 2012). In the new field, they usually 
intercrop important and subsidiary cereals like 
foxtail millet (Setaria italica L.), proso millet 
(Panicum miliaceum L.), finger millet (Eleusine 
coracana L.) and pearl millet (Pennisetum 
glaucum (L.) R.Br.), maize (Zea mays L.), topioca 
(Manihot esculenta Crantz.), Dioscorea sp., 

Colocasia esculenta L., sweet potato (Ipomoea 
batatas (L.) Lam.), ginger (Zingiber officinale L.) 
and local vegetables. 36 indigenous upland rice 
varieties were recorded to be cultivated 
extensively by Wancho and Nocte in their jhum 
fields (Wangpan et al., 2012). Their agriculture 
system is completely rain-fed. After cultivation 
cycle is over, the used plot is left fallow. The 
duration of fallow period in this region varies 
from 8 to 10 years allowing the land to undergo 
secondary succession restoring soil fertility 
status and improving physical properties such as 
soil aggregation and water-holding capacity 
through litter decomposition (Tangjang, 2009).

Sustainability of Agro-ecosystems
Highly evolved agricultural system and its 
proper management, sustainable farming 
practices including plantations and land 
management skills of Apatani are playing 
pivotal role in upgrading livelihood and 
excellent productivity. They always encourage 
sustainable harvesting of bio-resources which 
destined to ecological balance. Thus, in their 
agricultural system, the available resources are 
used very prudently to gain maximum 
product ion  wi th  l ess  env i ronmenta l  
degradation. Moreover, collaborated intensive 
farming of rice with fish and pines with bamboo 
are innovative and productive measures 
followed by them to ensure both land and 
biodiversity management.

On the other hand, the farming practices followed 
by Nocte and Wancho may be assume as 
outstanding management of available bio-resources 
in spite of inhospitable geographical features. The 
productivity of rice in settled type of agriculture 
usually exceeds the jhumming considering 
differences in geographical features. However, 
practice of mix cropping of subsidiary crops like 
millets, maize and other plants in jhum fields 
usually mend the gaps created by inaccessibility of 
rice in stock. Thus, overall outcome of farming 
practice followed in this region is remarkably 
sustainable. Although many ill-effects and 
disadvantages regarding jhum are being discussed 
by many researchers, it is still playing an important 
role in enhancing sustainability of this region. More 
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so, region still lacks acceptable alternate to jhum. 
Therefore, policy maker are contemplating on 
sustainable and traditionally acceptable alternate 
as jhum is deeply rooted into their traditional 
culture and believes.

Traditional community maintains the age-old 
practices for bioresources management and 
organic farming with little influence of modern 
scientific technology. They have rather 
strengthened the traditional systems of forest 
management, bamboo plantation and land and 
water resource utilization as compared to other 
northeast tribal communities who have been 
drawn by the wind of modernization. 
Appreciating the traditional knowledge 
treasured by them, it can be assumed that their 
farming practices are ecologically feasible in 
context of sustainability and durability. Hence, it 
could be concluded that sustainable harvesting 
of bioresources and its management are sought 
after social and cultural instincts.

The authors would like to thank the local 

farmers of the study sites for their cooperation.
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ABSTRACT

A study was conducted to find out  the effect  of  pre- sowing  seed  treatments  like water 

soaking, gibberellic acid, thoiurea, hot water and acid treatments on germination percentage in 

guava cv. Sardarat Commercial Fruit Nursery Unit, College of Horticulture, Dr. Panjabrao 

Deshmukh Krishi Vidyapeeth, Akola (M.S.) during 2012 to 2013. The highest germination 83.79 

and 80.30 percentage was recorded with GA3 (1000ppm) and (500 ppm) respectively which were 

superior to other treatments. However, seed treatment with Conc.H2SO4 for 5 minutes did not 

influence germination.

Key words: germination, guava, pre-sowing seed treatments, sardar.

INTRODUCTION

Guava (psidiumguajava L.) is the member of 

the family Myrtaceace and it is one of the most 

exquisite and valuable fruits of the tropics. 

Guava has earned the popularity as poorman's 

apple. Available in plenty to every person at very 

low price during the season. It is no inferior to 

apple for its nutritive values. it is an excellent 
' 'source of vitamineC and pectin.  There are 

various limiting factors related to production 

and productivity of guava and one of them is low 

quality planting material. Asexual methods like 

inarching, veneer grafting, stooling, patch and 

s h i e l d  b u d d i n g   a n d  a i r  l a y e r i n g   

(Srivastava,1964) have been advocated for quick 

propagation. Seed  propagation is important 

specially in hybridization  as well as for raising 

of rootstocks. The germination of guava seeds is 

uncertain due to hard seed coat (Singh, 1967), 

which results in poor germination. Therefore, an 

attempt was made to minimize germination 

period as well as to improve germination 

capability of guava seeds through certain seed 

treatments, viz., water soaking, hot water 

soaking, acid treatments, use of GA  and thiourea 3

in variety of sardar (L-49) guava under Akola 

conditions of Maharastra.

MATERIALS AND METHODS
The experiment was carried out at 

Commercial Fruit Nursery Unit, College of 

Horticulture, Dr. Panjabrao Deshmukh 

KrishiVidyapeeth, Akola (M.S.) during the year 

2012 to 2013. The seeds of Sardar (L-49) were 

extracted from ripe fruits of Ambe-bahar crop. 

They were soaked in tap water, boiling water, 

GA  (500 ppm and 1000 ppm), thiourea (2000 3

and 4000 ppm) for 24 hours and treated with 

concentrated HCL and H So for 3 and 5 minutes. 2 4 

Corresponding author: kalyanimanthri4@gmail.com

International Journal on Agricultural Sciences 6 (1) : 109-111, January-June 2015 Research Paper

109



The treated seeds were washed thoroughly with 

distilled water then soaked for 24 hours and 

sown in to polythene bags filled with 

soil,cowdung,sand in 2:1:1 ratio in the last week 

of July. The experiment was conducted in CRD 

and replicated thrice using 50 seeds in each 

treatment of a replication. They were examined 

daily for germination counts since the date of 

sowing  to 30 days. The date of first plumule 

emergence from the seeds above soil level was 

recorded and computing the difference between 

date of sowing and plumule emergence was 

recorded as a days required for germination The 

seeds which showed the emergence of 

Cotyledonous leaves were considered as 

germinated. After 30 days, the number of seeds 

germinated in each replication were added and 

calculated on percentage basisas below 

(Stephen, 2008)

Number of seeds germinated 
 Germination (%)    = -----------------------X  100

Total number of seeds sown

During the entire period of study the seedlings 

were kept moist by timely application of water. 

RESULTS AND DISCUSSION

Data in Table 1 indicated that the seed 

treatment brought marked influence on 

germination of seeds. it is clear from the Table -1 

that the significant differences were observed 

between the treatments for the number of days 

taken for commencement of germination. 

Among all treatments, when seeds were treated 

with GA 1000 ppm solution showed early 3 

germination (19.20 days)  which was found to be 

at par with seeds soaked in the tap water (19.31 

days) and seeds treated with GA 500 ppm 3 

solution (19.68 days) which was found at par 

with seeds soaked in Thiourea 4000 ppm 

solution (21.48 days) whereas, the seeds soaked 

in Conc.Sulphuric acid recorded maximum 

number of days (25.83 days) for germination 

over other treatments studied this is probably 

due to residual toxicity of acid. Early 

germination with GA  might be due to it acts on 3 

the embryo and causes denova synthesis of 

hydrolyzing enzymes particularly amylase and 

protease and this hydrolyzed food is utilized for 

growth of embryo and thereby enhanced the 
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Table 1: Effect of different seed treatments on days required for germination and germination 
percentage 

Treatment  Days required for germination Germination(%)

T - GA  500 ppm 19.68 80.30 (63.65)1 3

T  -  GA  1000 ppm 19.20 83.79 (66.26)2 3

T  -  Thiourea 2000 ppm 21.83 68.45 (55.82)3

T  -  Thiourea 4000 ppm 21.48 70.50 (57.10)4

T  - HCL 3 min 23.54 66.47 (54.61)5

T  -  HCL 5 min 24.40 65.03 (53.75)6

T  -  Conc.H S0 3 min 24.90 67.74 (55.39)7 2 4  

T  - Conc.H S0 5 min 25.83 58.57 (49.93)8 2 4  

T  -  Hot water 25.33 67.52 (55.25)9

T  – Tap water 19.31 75.97 (60.65)10

‘F’ test Sig. Sig.

SE (m) ± 0.17 1.27

CD at 5% 0.52 3.76
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germination.(Paleg,1965). Similar result was 

reported by Rodriguez et al.(1985), Suryakanthet 

al. (2005) and Singh and Soni (1974) in Guava. 

Water soaking recorded early germination than 

Conc. sulphuric acid which might be due to 

soaking of seeds in water might have helped in 

leaching out the inhibitors from the seeds. 

Similar results were reported by Singh and Soni 

(1974), Pandey and Singh (2000) and 

Suryakanthet al. (2005) in Guava

Highest percentage of germination (83.79%) 

was noticed, when seeds were treated with GA  3

1000 ppm prior to sowing which was found to be 

at par with T  (80.30%), followed by  T  1 10

(75.97%), T (70.50%) and T (68.45%)whereas, 4 3

minimum germination percentage was recorded 

in (58.57%) when seeds scarified with Conc. 

sulphuric acid for 5 minutes

The increased germination with GA might 3 

be due to fact that either GA involvedin the 3 

activation of cytological enzymes with GA3 

stimulates seed germination of a

amylase enzyme which convert insoluble starch 

into soluble sugars or might have antagonized 

the effect of inhibitors present in seeds. Soaking 

the seeds with water might have helped in 

leaching out the inhibitors from the seeds 

(Hartman and Kester,1978) higher concentration 

of thiourea (4000 ppm) improved germination in 

wild cherry as reported by She Govindet al  

.(1988) due to strong neutralizing effect on 

inhibitors present in seeds. Soaking of the seeds 

of sardar in sulphuric, hydrochloric acids for 3 

minutes improved the germination, but  

increasing soaking periods resulted in heavy 

reduction in germination counts. The reduction 

in germination percentage in different acids may 

be because of the toxic effect of individual ions 
- -viz.CL  and SO   present in different acids.4
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ABSTRACT

Aqueous extract of ten plant viz. Neem, Eucalyptus, Castor, Bhang, Sadabahar, Latjeera, 

Bottle brush, Kaner, Jatropa and Ber were evaluated for their ability to inhibit mycelial growth 

and production of sclerotia of  Rhizoctonia solani at 5, 10, 15 and 20 per cent concentrations In 

vitro. The results indicate that, Latjeera and Jatropa at 5 and 10 per cent concentration did not 

inhibit the growth of Rhizoctonia solani whereas, Sadabahar, Ber, Kaner, Bottle brush at 5 per 

cent concentration showed an insignificant inhibition and rest all treatments at all concentration 

inhibited a significant mycelial growth of the test fungus. It was also observed that inhibition 

was directly proportional to the concentration of the extract. Maximum inhibition was recorded 

in Eucalyptus (80%) followed by Neem (73%), Castor (69%), Bhang (56%) at 20 per cent 

concentration. Finding in this study indicates utility extracts of plant in managing plant diseases. 

Key words: Botanical extracts, Rhizoctonia solani,  Sheath blight

INTRODUCTION

Rice is an important cereal crop and staple 

food for more than 60 per cent of world's 

population and about 90 per cent of Asian 

population. Production of rice suffers from 

various biotic and abiotic stresses among these 

Sheath blight holds an important place. Sheath 

blight is caused by a soil borne fungus 

Rhizoctonia solani, having Thanetephorus 

cucumeris as its perfect stage (Lee and Rush, 

1983). The pathogen is known to survive by 

production of sclerotia and mycelia. Most 

common symptom of disease is blighting of 

sheath which is initiated by circular, ellipsoid, 

green grey water soaked lesions on sheath near 

soil line, these lesions later enlarge and become 

bleached from center with purple to brown 

boarder. The disease is known to cause yield 

losses up to 25 per cent (Kumar et al., 2009).   

Varietal resistance /Host plant resistance, 

cultural practices/ Agronomic practices, 

biological approach, chemical control, 

molecular strategies have been discussed by 

various researchers as available means of 

managing sheath blight (Singh et al., 2004; 

Kumar et al., 2009). However, till date no 

germplasm has been identified immune/ 

complete resistant against the disease (Bonmann 

et al., 1992).

Synthetic fungicides have been found potent in 

plant disease control and improving 

productivity but soon after use their ill effects 
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were realised. Some of them were found 

carcinogenic (Alkhail, 2005 and Schneider et al., 

1994), some were having detrimental effect on 

environment whereas, others had problem of 

residual toxicity (Stangarlin, 1999) and affected 

beneficial micro biota (Bunemann et al., 2006). 

Hence, search for safer alternative is the need of 

the hour (Nicholson, 2007; Al-Samarrai et al., 

2012).

Possibly there could be several such means of 

protecting crop from disease and pest viz., Plant 

products (including Essential oils and extracts), 

Microbial pesticides/ bioagents and Biorationals 

(Verma and Dubey, 1999; Al-Samarrai et al., 

2012; Isman, 2000 and Schwan-Estrada, 2005). 

Where, Bioagents are considered as most 

efficient and effective measure at the same time 

they are limited by their dependency on 

environmental conditions, efficiency of 

biorational on field is still in a question mark. 

Among plant products essential oils are 

considered very effective in reducing growth of 

fungi and bacteria but their cost of production 

proves to be a bottleneck factor for their wide use 

for plant protection purpose (Isman, 2000). 

Therefore, botanicals or plant extracts provide a 

very good opportunity in this regard. Their ease 

of availability, biodegradable, systemic, non- 

phytotoxic nature and cost effectiveness make 

them superior over other alternatives (Yasmin et 

al., 2008; Harlapur et al., 2007 and Akinbode and 

Ikotun, 2008).

Plants have ability to synthesize aromatic 

secondary metabolites, like phenols, phenolic 

acids, quinones, flavones, flavonoids, flavonols, 

tannins and coumarins (Cowan, 1999). Bioactive 

compounds affect the fungi via interference with 

molecular targets in their organs, tissues and 

cells. The major targets include: Biomembrane, 

proteins and nucleic acids. Bioactive 

compounds are still regarded as a valuable pool 

for discovering novel mode of action 

(Engelmeier and Hadacek, 2006). These may 

include botanicals such as leaves, flower, fruit, 

seed, stem, wood, bark, root, rhizome or other 

plant parts. In addition to these fresh juices, dry 

powder, gum, fixed oils, resins can also be 

included (WHO, 2000).  

One can follow several methods of extraction. 

Variations in extraction methods are usually 

found in the length of the extraction period, 

solvent used pH, temperature, particle size and 

the solvent-to-sample ratio (Ncube et al., 2008). 

Initial screenings of plants for possible 

antimicrobial activities usually begin with crude 

aqueous or alcohol extractions, followed by 

various organic fractionation methods. The 

choice of extraction procedure depends on the 

nature of the source material and the compounds 

to be isolated (Hanson, 2003).

Hence, considering the importance of the 

disease and the need of exploring botanical as an 

alternative for chemical fungicide, an in vitro 

experiment was conducted to evaluate some of 

the plant extracts against R. Solani.

MATERIAL AND METHODS 

To study the antifungal potential of plant 

extracts, the poisoned food technique was 

adopted (Nene and Thapliyal, 1973, Grover and 

Moore, 1962). Visual observation on sclerotia 

production was also taken after 120 hours of 

incubation.

Collection of Plant material:
Fresh botanical samples were obtain from 

different locations of Pantnagar (28.97° N, 79.41° 

E), which were cleaned and sorted before use. 

These samples were sorted to remove diseased 

and damaged parts and only healthy parts were 

used for further study. Cleaning of sorted 

samples was done under running tap water and 

later with distilled water to remove dirt and 

debris.  The details of the plants used in present 

study were listed in table 1.
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Extraction method
Two hundred gram of sample was macerated in 

200 ml of sterile water (1: 1 w/ v). The 

suspensions were then filtered through two 

layers of muslin cloth. Obtained solution was 

centrifuged at 5000 rpm for 10 minutes followed 

by serial passage through Whatman filter paper, 

0.45-μm filter membrane, and a 0.22-μm filter 

membrane under vacuum. Finally, supernatant 

/filtrate thus obtained were used as stock 

solution (Chaijuckam and Davis, 2010; Kagalea 

et al., 2004; Tapwal et al., 2011).

Evaluation method
Five, ten, fifteen and twenty ml of stock solution 

was mixed with 95, 90, 85 and 80 ml of sterilized 

molten double strength potato dextrose agar 

(PDA) media, respectively so as to get 5, 10, 15 

and 20 per cent concentrations. The medium 

was thoroughly shaken for uniform mixing of 

extract. Fifteen ml of medium (poisoned with 

plant extract) was poured in the sterilized Petri 

plates. In control plate sterilized water was 

added instead of plant extracts. Each treatment 

was replicated thrice. Five mm size discs from 

periphery of actively growing culture were cut 

out by sterilized cork borer and one such disc 

was placed at the centre of each Petri plate after 

the solidification of the medium.

Inoculated Petri plates were incubated at 28+ 

1ºC and observations on colony diameter (mm) 

was recorded at every 24 hour interval till the 

check Petri plates were fully covered with the 

growth of the test fungus. The efficacy of plant 

products or botanicals was expressed as per cent 

inhibition of radial growth over the control 

which was calculated by using the following 

formula (Vincent, 1947):

C -T
I = ___________ x 100

C

Where, I = Inhibition percentage
C = Colony diameter in check (mm)
T = Colony diameter in treatments (mm)

RESULTS AND DISCUSSION 
All screened plant extracts at all concentration 

except latjeera and jatropa at 5 and 10 per cent 

concentration inhibited the mycelial growth of 

R. solani.

At 5 per cent statistically significant inhibition 

of mycelial growth of Rhizoctonia solani was 

observed in Eucalyptus (34%) followed by Neem 

(12%) and Bhang (7%) which was at par with 

Castor (6%). The reduction in the growth in 
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Table 1: Botanical description of plants used.

S. No. Treatment Scientific name Family Part used

1. Neem Azadirachta indica Meliaceae Leaves

2. Eucalyptus Eucalyptus globulus Myrtaceae Leaves

3. Castor Ricinus communis Euphorbiaceae Leaves

4. Latjeera Achyranthes aspera Amaranthaceae Leaves

5. Bhang Cannabis sativa Cannabinaceae Leaves

6. Ber Ziziphus mauritiana Rhamnaceae Leaves

7. Sadabahar Cathatanthus roseus Apocynaceae Leaves

8. Bottle brush Callistemon lanceolatus Myrtaceae Leaves

9. Kaner Nerium oleander Apocynaceae Leaves

10. Jatropa Jatropha podagrica Euphorbiaceae Leaves

In vitro efficacy of botanical.....114 JANUARY-JUNE 2015



other treatments viz., Latjeera, Jatropa, 

Sadabahar, Ber, Kaner, Bottle brush was 

statistically non-significant.

Among the different treatments only Eucalyptus 

and Neem were able to check the Sclerotia 

production effectively at this concentration 

whereas the production of sclerotia in other 

treatments was not reduced.

At 10 per cent concentration, Eucalyptus (35%) 

recorded highest inhibition of mycelial growth 

of Rhizoctonia solani followed by Castor (20%) 

which was statistically at par with Neem and 

Bhang (18%). Among other treatments, 

Sadabahar, Kaner and Bottle brush (10%) 

followed by Ber (6%) were also able to inhibit 

growth of the fungus significantly compared to 

control. No inhibition of mycelial growth was 

found in Jatropa and Latjeera  at this 

concentration.

The treatments were also effective in reducing the 

sclerotial formation. Poor sclerotia formation was 

observed in treatments viz., Neem, Eucalyptus 

and Kaner. Excellent to good production of 

sclerotia were formed in rest other treatments.

At 15% concentration significantly higher 

inhibition of mycelial growth of Rhizoctonia 

solani was obtained in all the treatments 

compared to check. Highest inhibition was 

recorded in Eucalyptus (73%) followed by 

Neem, Castor (53%), Bhang (42%), Sadabahar 

(33%), Bottle brush (27%), Kaner (20%) and Ber 

(10%). The least inhibition was found in Jatropa 

(6%) which was at par with Latjeera  (7%).

Sclerotial production was totally inhibited in 

Neem and Eucalyptus and a poor production 

was found in Ber and Kaner. In other treatments 

an excellent to good sclerotia production was 

recorded.

Highly significant inhibition was recorded in all 

the treatments at 20% concentration. Maximum 

inhibition was found in Eucalyptus (80%) 

followed by Neem (73%), Castor (69%), Bhang 

(56%). The treatments Sadabahar and Bottle 

brush were significantly at par (42 and 41% 

respectively) followed by Kaner (30%) and Ber 

(11%). Jatropa recorded least inhibition (7%) at 

par with Latjeera (8%).

Neem, Eucalyptus and Kaner were very effective 

in inhibiting the sclerotia production. The 

production of sclerotia was good to excellent in 

rest of the treatments (Table 2).  

In the present study, Eucalyptus followed by 

Neem, Castor and Bhang were found most 

effective in inhibiting mycelial growth and 

sclerotia production among all treatments at all 

the concentrations, while Jatropa and Latjeera 

was found least effective in inhibiting the 

mycelial growth and production of sclerotia of 

the Rhizoctonia solani among all the herbal 

extracts screened at 5, 10, 15 and 20% 

concentrations (Table 2, Fig. 1).

Study conducted by Ansari (1995) on effect of 

Eucalyptus extract on percent mycelial 

inhibition of Sheath blight fungi are corroborant 

with the present study. Results are also in 

accordance with earlier reports of Dutta and 

Kalha (2011) who reported inhibitory effects of 

plant extracts like Eucalyptus (27.4%) and 

Bhang (10.7%) on mycelial growth of R.solani.

Antimicrobial activity of Eucalyptus have 

previously been discussed by various 

researchers and considered Tannin, Cineole 

(over 70%), Terpenes  for its fungistatic and the 

mode of action is designated to be bind to 

adhesins, complex with cell wall, inactivate 

enzymes activity (Gurjar et al., 2012; Gutierrez, 

1999; Abad et al., 2007; Cowan, 1999).

Further, Sehajpal et al. (2009) found in their 

study that Neem was better than Bhang in 

inhibiting colony diameter of R. solani. This may 

be attributed to terpinoids like azadirachtin and 

limonoid, which have antifungal activity and 

mode of action is reported to be membrane 

disruption (Khater, 2012; Yazdani et al., 2011). 

Organic acid b-resercyclic acid is considered 
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behind anti-fungal activity of Bhang (Cowan, 

1999).

A notable inhibitory effect on fungus by Castor 

extracts was also reported (Khan and Yadav, 

2011; Naz et al., 2012).This may be attributed to 

various tannins, steroids and flavonoids in 

Castor extract is responsible for its anti-

microbial properties (Jain, 2011; Rana, 2012).

The herbal extracts possessed some antifungal 

compounds in more or less amount which 

inhibits the growth of the pathogen. Moreover, 

these active fungitoxic ingredients present in 

herbal extracts may be isolated, characterized 

and commercially exploited for the management 

of sheath blight of Rice and other crops diseases 

caused by Rhizoctonia solani. Herbal extracts 

may be directly applied or may be included in 

integrated disease management programme as 

one of the components.
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Table 2: Effect of different concentrations plant extracts on the growth of Rhizoctonia solani after 72 
hours of incubation at 28+ 1°C

1 Neem 75.00 12.00 70.00 18.00 40.00 53.00 23.00 73.00

2 Eucalyptus 56.50 34.00 55.00 35.00 23.00 73.00 17.00 80.00

3 Castor 80.00 06.00 68.33 20.00 39.67 53.00 26.33 69.00

4 Bhang 79.00 07.00 70.00 18.00 49.33 42.00 37.00 56.00

5 Latjeera 85.00 00.00 85.00 0.00 79.33 07.00 78.00 08.00

6 Jatropa 85.00 00.00 85.00 00.00 80.00 06.00 79.33 07.00

7 Sadabahar 82.33 03.00 76.67 10.00 56.67 33.00 49.67 42.00

8 Ber 85.00 00.00 79.67 6.00 76.33 10.00 75.67 11.00

9 Kaner 84.00 01.00 76.33 10.00 68.00 20.00 59.33 30.00

10 Bottle brush 83.00 02.00 76.33 10.00 61.67 27.00 50.33 41.00

11 Check 85.00 00.00 85.00 0.00 85.00 0.00 85.00 0.00

CD at For G:  A    3.23     B   1.95   A×B    6.46

5 % For I:  A    3.79     B   2.28   A×B    7.57

G=Average Colony diameter (mm), I= Average Inhibition per cent 

Sl. 
No.

Treatments
(Plant Extracts)

Concentrations (%)

5

G G G GI I I I

10 15 20
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Table 3 : Effect of different concentration of plant extracts on sclerotia production of Rhizoctonia 
solani after 120 hours of incubation at 28+ 1°C

1 Neem (Azadirachta indica) + - - -

2 Eucalyptus (Eucalyptus globules) + + - -

3 Castor (Ricinus communis) ++ ++ + +

4 Bhang (Cannabis sativa) ++ ++ ++ ++

5 Latjeera (Achyranthes aspera) +++ +++ ++ ++

6 Jatropa (Jatropha podagrica ) +++ +++ +++ +++

7 Sadabahar (Cathatanthus roseus) +++ ++ ++ ++

8 Ber (Ziziphus mauritiana) +++ ++ ++ ++

9 Kaner (Nerium oleander) ++ + + -

10 Bottle brush (Callistemon lanceolatus) ++ ++ + +

11 Check +++ +++ +++ +++

+++ Excellent production, ++    Good production, + Poor production, -No production

Sl. 
No.

Treatments
(Plant Extracts)

Concentrations (%)

5 10 15 20

Figure 4: Effect of different concentrations plant extracts on the growth of Rhizoctonia solani after 
72 hours of incubation at 28+ 1°C
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ABSTRACT

An experiment was conducted at Block “C” of N. M. College of Agriculture, Navsari 
Agricultural University, Navsari since 2011. The studies consisted of 150 plants of banana cv. 
Grand Naine for various parameters and their correlation with yield. The experiment was laid 
out in a non replicated trial for metric and non metric variables. A wide range of variation was 
observed for vegetative growth parameters of banana at various growth periods viz., leaf length 
(39.42 - 157.52 cm), leaf width (19.17 - 41.09 cm), variation in functional leaf area (0.43 - 6.06 
m2), petiole length (10.28 - 34.61 cm), variation in functional leaf (6.99 - 13.27), height of pseudo 
stem (19.08 - 198.37 cm), girth of pseudo stem (16.77 - 59.01 cm), PCA (23.41 - 277.55 cm2), 
peduncle length (43.67 cm), peduncle width (14.49 cm), male bud size (31.18 cm length and 
30.70 cm girth) showed continuously increased during crop cycle of banana and bunch position  
was slightly angled. The number of days taken from planting to inflorescence emergence (272.4), 
days taken from inflorescence emergence to harvesting (101.65) and total crop duration (374.05 
days) was recorded during crop cycle of banana plant. The yield attributing characters viz. 
weight of bunch (21.88 kg), hands per bunch (11.43), fruits on 2nd hand (17.80), hand weight 
per bunch (1827.45 g), fruits per bunch (202.88), length and girth of fruit (17.61 cm and 10.81 
cm, respectively), fruit pedicel length (2.25 cm), fruit pedicel width (1.62 cm), fruit weight 
(102.58 g) and non metric characters like fruit shape was observed curved (sharp curved) and 
fruit apex was observed blunt tipped, where PCA and MAP is used sequencelly Pseudostem 
Cross Sectonal Area and Month After Planting.

Coefficient of correlation were estimated for 23 characters. Among these fruit yield exhibited 
strong positive correlation with leaf area at harvesting time (0.459) and shooting time (0.418), 
pseudo stem girth at shooting time (0.523) followed by 8th and half MAP (0.476) and harvesting 
time (0.401), PCA at shooting time (0.521) followed by 8th and half MAP (0.469) and harvesting 
time (0.398), number of functional leaves at harvesting time (0.402) and shooting time (0.382) 
and yield attributing characters such as fruits per 2nd hand (0.362), hands per bunch (0.611), 
fruits per bunch (0.693), fruit weight (0.792), hand weight (0.691), plant crop cycle (0.340) and 
days taken from flowering to harvesting (0.381).

Keywords: Banana, Phenological characters, Aspects, Correlation, Yield characters.

INTRODUCTION

Banana plant produces the parthenocarpic fruit 

of commercial importance is propagated 

vegetatively from underground storage organ 

rhizome and surface level is the meristematic 
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region which gives rise to the leaves, and finally 

to the inflorescence which produces the fruit. 

The leaves emerge in sequence with each rolled 

leaf pushing throughout the centre of an 

increasingly greater number of over lapping leaf 

sheath base which constitute a pseudostem. 

There is a marked polymorphism of the leaves 

exhibited by the rapid change in dimension of 

succeeding leaves; they are one of the largest 

photosynthetic units in the plant kingdom. The 

pseudostem produces flowers only once and is 

cut off after fruiting .The fruits are called fingers, 

which are borne in hands. The Grand Naine 

Bananas (also spelled Grande Naine) literally 

translates from French meaning "Large Dwarf." It 

is a cultivar of the well known Cavendish 

bananas. This group of bananas is distinguished 

from other groups by it AAA genotype. The AAA 

genotype refers to the fact that this group is a 

triploid variant of the species M. acuminata. 

There are 33 chromosomes present in the AAA 

cultivar and all produce seedless fruits through 

parthenocarpy (Ploetz, 2007).  The Grand Naine 

has become one of the most popular varieties for 

commercial plantations. Its characteristic 

medium height and large fruit yields make it 

ideal for commercial agriculture. The moderate 

height allows easy harvesting and some 

resistance to wind throw (plants breaking due to 

strong winds). Plantations growing Grand Naine 

range from the tropical regions of Central 

America, Africa, India, and Southeast Asia. In 

many tropical communities, entire local 

economies are based upon banana production 

and export. Because of its importance as a staple 

crop as well as a cash crop, much botanical 

research has focused around the Grand Naine 

(Anonymous, 2007). There is no authentic 

information available on morphological, 

phenological  and yield attributing variations 

required for an ideal production by a banana 

plant under South Gujarat Agro Climatic 

conditions, so the investigation was undertaken 

on banana cv. Grand Naine to describe various 

phenological characters and to work out 

correlation of different characters with yield. 

MATERIALS AND METHODS

An experiment was conducted at Block “C” of N. 
M. College of Agriculture, Navsari Agricultural 
University, Navsari since 2011. The studies 
consisted of 150 randomly plants of banana cv. 
Grand Naine  selected and the experiment was 
laid out in non replicated trial with a 1.8 x 1.8 m 
spacing for metric variables.  Observation were 
taken from second month after planting at 15 
says interval. The observation period were 

nd nd mentioned below. P1- 2   MAP of  banana, P2-2
and half  MAP of  banana, P3-3rd  MAP of  
banana, P4-3rd and half  MAP of  banana, P5-4th  
MAP of  banana, P6-4th and half  MAP of  
banana, P7-5th   MAP of  banana, P8-5th and half  
MAP of banana, P9-6th  MAP of banana, P10-6th 
and half  MAP of  banana, P11-7th MAP of  
banana, P12-7th and half  MAP of  banana, P13-
8th  MAP of  banana, P14-8th and half  MAP of 
banana, P15- At the shooting time  of  banana, 
and P16- At the harvesting time of  banana. 

The data on vegetative growth parameters like as 
leaf length, leaf width, variation in functional leaf 
area, petiole length, variation in functional leaf, 
height of pseudostem, girth of pseudostem, PCA 
(Pseudostem Cross Sectional Area), peduncle 
length, peduncle width, crop duration and finally 
yield and yield attributing  characters like as 
bunch weight, number of hands, hand weight, 
number of fruits per bunch were recorded and 

2whereas Leaf area (m ) were measured with the 
help of leaf area factor (0.8) suggested by Obiefena 
and Ndubizy, 1979 and PCA (Pseudostem Cross- 
sectional Area) were measured by following 
formula    PCA = Girth2/4 π (Kumar and Panday, 
2010) and statistically analyzed (Snedecor and 
Cochran, 1980).

RESULTS AND DISCUSSION

Growth characters and their correlation with 

yield

In the present study, It is evident from 

the data presented in Table 1 that are the average 
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value which are taken from randomly were 

selected banana cv. Grand Naine plants. That is  

presented in the range of  leaf length (39.42-

157.52 cm), leaf width (19.17-41.09 cm), 
2variation in functional leaf area (0.43-6.06 m ), 

petiole length (10.28-34.61 cm), variation in 

functional leaf (6.99-13.27), height of 

pseudostem (19.08-198.37 cm), girth of 

pseudostem (16.77-59.01 cm), PCA (23.41-
2277.55 cm ), peduncle length (43.67 cm), 

peduncle width (14.49 cm), male bud size (31.18 

cm length and 30.70 cm girth) was continuously 

increased during crop cycle of banana plant. 

Such differential response may probably be due 

to continuous increasing age of the banana plant 

however less functional leaf area were observed 

at shooting and harvesting time this might be due 

to less number of functional leaf  during growth 

period. Similar finding has also been reported by 

Rajmanickam and Rajmohan (2010); Singh, 

(2010); Kumar et al., (2008); Rajamanickam et al., 

(2007); Tenkovano and Baiyeri, (2007); Panday et 

al., (2005); Rajamanickam and Rajmohan (2005); 

Mandal and Sharma (2001) and Uma et al., 

(2000).

It is also evident from the data presented in Table 

2 and Figure 1  that among different plants of 

banana cv. Grand Naine, banana fruit yield 

showed significantly positive correlation with 

growth characters viz., leaf length at harvesting 

time (0.192) and shooting time (0.173), leaf 

width at harvesting time (0.248) and shooting 

time (0.202), leaf area at harvesting time (0.459) 

Table 1: Leaf characters and Pseudo stem characters during crop cycle of banana cv. Grand Naine.

Time
2(cm) (cm) per plant length (cm) functional stem stem (cm )\

2(m ) leaves height (cm) girth (cm)

Leaf length Leaf width Leaf area Petiole No. of Pseudo Pseudo PCA

P1 39.42 19.17 0.43 10.28 6.99 19.08 16.77 23.41

P2 53.64 21.74 0.82 12.34 8.61 29.22 18.50 27.78

P3 62.18 24.31 1.26 14.56 10.23 38.57 19.13 29.97

P4 76.40 25.96 1.71 16.60 10.74 53.94 22.33 40.87

P5 84.93 27.59 2.27 18.43 11.95 62.74 25.85 54.09

P6 96.31 29.46 2.86 19.90 12.42 83.31 34.52 96.75

P7 105.04 31.10 3.29 20.90 12.47 91.45 35.09 99.02

P8 113.42 32.07 3.67 22.77 12.53 98.91 35.66 102.70

P9 122.50 33.72 4.41 24.60 13.27 109.06 41.21 137.02

P10 127.61 34.71 4.53 26.36 12.64 121.44 42.96 149.75

P11 131.25 35.96 5.03 28.14 13.24 130.08 46.32 173.36

P12 138.06 37.26 5.23 29.77 12.66 141.37 50.90 208.87

P13 142.00 38.07 5.46 31.38 12.59 169.78 51.50 211.90

P14 152.52 39.99 6.06 33.56 12.42 187.83 54.28 234.99

P15 155.79 40.65 5.93 34.06 11.70 191.83 55.40 244.89

P16 157.52 41.09 4.81 34.61 9.27 198.37 59.01 277.55

Leaf characters Pseudo stem characters
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Table 2: Correlation coefficient (r) of Leaf characters and Pseudo stem characters during crop cycle 
of banana cv. Grand Naine

Time
2(cm) (cm) per plant length (cm) functional stem stem (cm )\

2(m ) leaves height (cm) girth (cm)

Leaf length Leaf width Leaf area Petiole No. of Pseudo Pseudo PCA

P1 0.040 0.122 0.084 -0.053 0.037 0.058 0.057 0.062

P2 0.019 0.134 0.112 -0.054 0.111 0.095 0.151 0.152

P3 0.020 0.067 0.140 -0.057 0.182 0.084 0.139 0.151

P4 0.045 0.150 0.069 -0.054 -0.034 0.031 0.027 0.035

P5 0.038 0.006 0.044 -0.054 0.035 0.086 0.131 0.123

P6 0.051 0.034 0.151 -0.055 0.208 0.104 0.033 0.032

P7 0.004 0.066 0.084 -0.054 0.105 0.147 0.069 0.061

P8 0.048 0.148 0.051 -0.052 -0.058 0.140 0.151 0.144

P9 0.104 0.129 0.156 -0.048 0.072 0.155 0.008 0.027

P10 0.169 0.152 0.154 -0.043 0.065 0.174 0.174 0.175

P11 0.136 0.168 0.144 -0.032 0.028 0.155 0.175 0.178

P12 0.137 0.166 0.184 -0.008 0.085 0.193 0.216 0.220

P13 0.132 0.165 0.142 0.044 0.044 0.165 0.055 0.061

P14 0.073 0.084 0.144 0.076 0.108 0.190 0.476 0.469

P15 0.173 0.202 0.418 0.066 0.382 0.219 0.523 0.522

P16 0.192 0.249 0.459 0.061 0.402 0.209 0.401 0.398

Leaf characters Pseudo stem characters

Note: Correlation coefficient (r) At 2 Tail, (0.05%) r = +/- 0.160

59124

Fig. 1: Correlation coefficient (r) of leaf and pseudostem character of banana cv. Grand Naine during 
crop cycle (Correlation coefficient (r) At 2 Tail, (0.05%) r = +/- 0.160).
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and shooting time (0.418), pseudostem height at 

shooting time  (0.219) and harvesting time 

(0.208), pseudostem girth at shooting time 
th(0.523) followed by 8  and half MAP (0.476) and 

harvesting time (0.401), PCA at  shooting time 
th(0.521) followed by 8  and half MAP (0.469) and 

harvesting time (0.398), number of functional 

leaves at harvesting time (0.402) and shooting 

time (0.382), peduncle length (0.221) whereas it 

was non-significant  with  petiole length (0.076) 

and male bud girth (0.029) but negatively 

correlated with peduncle width (-0.143) and 

male bud  length  (-0.058) as presented in Table 

3.  The increase in yield might be due to more 

area of functional leaf, which synthesized and 

accumulate more photosynthetic matters. 

Several variations have been observed in the 

plant when a single cultivar is planted on a 

commercial scale which is mainly due to 

differences in root characters leading to nutrient 

uptake. The results are in accordance with the 

finding of Patil et al., (2010) and Kumar and 

Panday (2010). 

Table 3: Inflorescence or male bud of banana  cv. Grand Naine

Inflorescence or male bud Unit (cm) Correlation coefficient (r) 
At 2 Tail, (0.05%) r = +/- 0.160 

Peduncle length (cm) 43.68 0.221

Peduncle width (cm) 14.50 -0.143

Male bud  length  (cm) 31.18 -0.058

Male bud girth  (cm) 30.70 0.029

Table 4 : Crop duration (days) and Correlation coefficient (r) of plant crop cycle with yield of banana 
cv. Grand Naine

Parameters Crop duration (days) Correlation coefficient (r) 
At 2 Tail, (0.05%) r = +/- 0.160 

Days to shooting (days) 272.40 0.120

Flower emergence to harvesting (days) 101.66 0.382

Plant crop cycle (days) 374.06 0.341

Crop duration and their correlation with yield
It is evident from the data presented in  Table 4, 

the  mean value of number of days from planting 

to inflorescence emergence (272.4), days taken 

from inflorescence emergence to harvesting 

(101.65) and total crop duration (374.05 days) 

were recorded during crop cycle of banana plant. 

The present results confirmed the report of  Patel 

et al., (2011); Rajmanickam and Rajmohan, 

(2010); Hazarika and Ansari, (2010); Kavitha et 

al., (2009); Uazire et al., (2008); Rajamanickam et 

al., (2007); Panday et al., (2005); Rajamanickam 

and Rajmohan, (2005); Badgujar et al., (2004); 

Raskar, (2003); Orellana, et al., (2002); Sirisena 

and Senanayake, (2000). It was observed that 

banana fruit yield showed significantly positive 

correlation with days taken from inflorescence 

emergence to harvesting (0.381) and plant crop 

cycle (0.340) while it was non-significant with 

days taken to shooting (0.120). This might be due 

to more time available for accumulation of 

reserved in the bunch. Similar findings are 

reported earlier by Rajamanickam and 

Rajmohan, (2008).
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Yield and yield attributing characters and their 

correlation with yield
It is evident from the data presented in 

respective Table 4. The mean value of yield 

attributing characters viz., weight of bunch 

(21.88 kg), number of hands per bunch (11.43), 

number of fruit on 2nd hand (17.80), hand 

weight per bunch (1827.45 g), number of fruits 

per bunch (202.88), length and girth of fruit 

(17.61 cm and 10.81 cm, respectively), fruit 

pedicel length (2.25 cm), fruit pedicel width 

(1.62 cm) and fruit weight (102.58 g) of banana 

cv. Grand Naine. The results are coincided with 

the finding of Patel et al., (2011); Baiyeri et al., 

(2010); Rajmanickam and Rajmohan, (2010); 

Kavitha et al., (2009); Nath et al., (2009);  

Khalequzzaman et al., (2009), Ebeed et al., 

(2008); Rajamanickam and Rajmohan, (2008); 

Rajamanickam et al., (2007); Nainwad et al., 

(2005); Weerasinghe and Ruwanpathirana, 

(2004); Dens et al., (2002); Sheela and Nair, 

(2001); Sirisena and Senanayake, (2000). The 

banana fruit yield showed significantly positive 

correlation with number of hands per bunch 
nd(0.611), number of fruits on 2  hand (0.362), 

hand weight per bunch (0.691), number of fruits 

per bunch (0.693), fruit diameter (0.232), fruit 

weight (0.792) while it was non-significant with 

fruit length (0.06821) and fruit pedicel width 

(0.0292) however fruit yield showed negatively 

correlated with fruit pedicel length (-0.0070) of 

banana cv. Grand Naine therefore, for high fruit 

yield in banana improvement, selection can be 

based on number of hands per bunch, number of 

fruits on 2nd hand, hand weight per bunch, 

number of fruits per bunch, fruit diameter and  

fruit weight. The results are coincided with that 

of  Patil et al., (2010); Rajamanickam and 

Rajmohan, (2008) and George (2005).

CONCLUSION

On the basis of present investigation, it can 

be concluded that all the vegetative parameters 

were significantly increased with crop cycle of 

banana plant except functional leaf area and 

number of functional leaf and also studies on 

correlation coefficient analysis were conducted 

on the “Grand Naine” variety of banana to 

identify the major factors contributing to yield. 

Fruit yield exhibited strong positive correlation 

with leaf area, pseudostem girth, PCA, number 

of functional leaves and yield attributing 

characters such as fruits per 2nd hand, hands per 

Table 5 : Yield attributing characters and Correlation coefficient (r) with yield of banana cv. Grand 
Naine

Parameters Yield Correlation coefficient (r) 
At 2 Tail, (0.05%) r = +/- 0.160 

Bunch  weight (kg) 21.88 0.362

Fruits on 2nd hand 17.81 0.612

Hands/bunch 11.43 0.694

Fruits/bunch 202.89 0.068

Fruit length (cm) 17.62 0.232

Fruit diameter (cm) 10.81 -0.007

Fruit pedicel length (cm) 2.25 0.029

Fruit pedicel width (cm) 1.62 0.792

Fruit weight (g) 102.59 0.691

Hand weight (g) 1827.46 0.362
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bunch, fruits per bunch, fruit weight, hand 

weight, plant crop cycle and days taken from 

flowering to harvesting apart from this yield 

attributes recorded at harvest can also be used 

for predicting fruit yield though it is late. 

However, the yield attributes recorded at 

harvesting are going to remain to same even 3 to 

4 month prior to harvesting (complete 

emergence of bunch). Banana fruit can be 

predicted precisely well in advance using leaf 

area, pseudostem girth, PCA, number of 

functional leaves and yield attributing 
ndcharacters such as fruits per 2  hand, hands per 

bunch, fruits per bunch, fruit weight, hand 

weight, plant crop cycle and days taken from 

flowering to harvesting. This will help the 

farmers in planning the sound marketing 

strategy.
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ABSTRACT

Effective land leveling is meant to optimize water-use efficiency, improve crop establishment, 

reduce the irrigation time and effort required to manage crop. Land leveling is a precursor to 

good agronomic, soil and crop management practices. In order to provide insight for the design 

of policies to promote adoption, we conducted a survey based study about factors that influence 

the use of laser levelers. The paper examines the adoption level and socio-economic factors of 

laser land technology among farmer. Present study was conducted in rural areas of four blocks of 

Karnal and Kaithal districts of Haryana State by selecting 100 laser land adopters. Data were 

collected with the help of duly pre-tested structured interview schedule, developed for the study. 

Socio-economic factors played an important role in affecting the adoption level of farmers. 

Overwhelming majority of the medium land holders and large landholders (70.00%) had high 

level of adoption. Contrary to that all marginal farmers had low level of adoption.

Keywords: Adoption, laser land leveler technology, soil surface, water saving.

INTRODUCTION

For most of the rural poor in developing 

countries, improving day-to-day quality of life 

requires improvements in agricultural 

productivity. With the gradual reduction of 

government support for public agricultural 

research, extension, and marketing in many of 

these settings, the dissemination of new 

agricultural techniques and technologies is 

increasingly shaped by the private sector (Feder, 

Willett and Zijp 2001). Farmers in the rice-wheat 

farming systems of the Indo-Gangetic Plain (IGP) 

typically flood irrigate their fields using water 

extracted from tube wells by diesel pumps. To 

ensure that the land is completely irrigated, each 

farmer must flood the land to its highest point. 

Consequently, relatively small undulations in 

seemingly flat plots can increase the amount of 

water required to irrigate by up to 25 percent and 

lead to inefficient use of fertilizers and 

chemicals, increased biotic and a biotic stress, 

and lower yields (Jat, et al. 2006; Jat, et al. 2009).  

Land leveling of farmer's field is an important 

process in the preparation of land. It enables 

efficient utilization of scarce water resources 

through elimination of unnecessary depression 

and elevated contours (Naresh et al., 

2011).Water saving agricultural technologies are 

potentially important but underutilized to 

conserve groundwater in India. 

Declining water table and degrading soil health 

are the major concerns for the current growth 
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rate and sustainability of Indian Agriculture. In 

the case of groundwater depletion (Mukherji 

2007; Shah 2007), even small reductions in 

groundwater pumping across a large population 

can lead water tables to rise, reduce pumping 

costs and improve the sustainable use of ground 

water for communities that share groundwater 

resources. Combined with potentially 

significant but heterogeneous private benefits, 

these public benefits make novel market 

segmentation strategies and targeted subsidies 

particularly potent as a means of improving 

social welfare. Unevenness of the soil surface 

has a significant impact on the germination, 

stand and yield of crops. Farmers also recognize 

this and therefore devote considerable time 

resources in leveling their fields properly. 

However, traditional methods of leveling land 

are cumbersome, time consuming as well as 

expensive. Thus, proper emphasis is being given 

on the management of irrigation water usage for 

adequate growth of agriculture. Keeping in view, 

the need for judicious use of our natural 

resources, concerted efforts are being made to 

enlighten the farmers for efficient use of 

irrigation water at farm level (Kaur et al., 2012). 

In consideration of these issues in mind, the 

present study was designed with the following 

specific objective.

Objective
To assess the factors associated with adoption 

level of laser land technology

Methodology
Study was conducted in Karnal and Kaithal 

districts of Haryana state. From each district two 

blocks were selected with the help of ADOs and 

scientists working in the department of Farm 

Machinery and Power Engineering where more 

number of farmers adopted laser land method. 

Nilokheri and Nising blocks from Karnal district 

whereas Siwan and Pundri from Kaithal district 

were selected. Two villages named Bhaini 

Khurd, Sultanpur from Nilokheri block and one 

village Manjoora from Nising block were 

selected. Likewise, one village Andhali from 

Siwan block and five villages i.e. Faral, 

Ahmadpur and Ramana Ramani, from Pundri 

block of Kaithal district were drawn.
All selected 100 farmers were surveyed 

personally with the help of structured interview 

schedule. Suitable statistical method was 

applied to data to draw the inferences.

RESULTS

Socio-economic and personal profile of the 

respondents
The results regarding socio-economic and 

personal profile of the respondents reveal that 

69.0 per cent of the respondents were in middle 

age group followed by young (16.0%) and old age 

group (15.0%). Majority of the respondents 

(56.0%) were from special back ward class 

followed by general (37.0%) and back ward cast 

(7.0%).  The results indicated that majority of 

the respondents (63.00%) had low social 

participation followed by medium (36.0%) and 

high (1.0%) social participation among the 

respondents (Table 1).

Further, it was found that a sizeable number of 

the respondents (40.0%) had marginal land 

holding. One-fourth of the respondents (26.0%) 

had very large land holding followed by small 

land holding (19.0%). Of those who had large 

land holding were 10.0 per cent.  Only 5.0 per 

cent were under marginal land holding category. 

Regarding socio-economic status majority of the 

respondents (47.0%) belong to high level 

followed by medium (31.0%) and low (22.0%).

The information regarding income before laser 

land leveling presented in Table 1 further reveals 

that majority of the respondents (47.0%) were in 

medium income category followed by low 

(45.0%) and high (8.0%) income category. 

Results regarding income after laser land leveler 

reveled that more than half of the respondents 

(57.0%) were in high income category followed 

by 30.0 per cent who were under low income 

category and only 13.0 per cent were in medium 

income category. Regarding extension contacts, 
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it was observed that 38.0 per cent of the 

respondents had medium level of extension 

followed by high (34.0%) and low (28.0%). Data 

as regard to mass media exposure revealed that 

out of total sample, more than half of the 

respondents (53.0%) had high mass media 

exposure followed by medium  (38.0%) and low 

mass media exposure (9.0%). 
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Table 1: Socio-economic and personal profile of the respondents.

Upto 25 yrs. 16 (16.00)

26-50 yrs. 69 (69.00)

50 & above 15 (15.00)

Total 100 (100.00)

2. Caste

B.C. 7 (7.00)
S.B.C. 56 (56.00)

General 37 (37.00)

Total 100 (100.00)

3. Social Participation

Low 63 (63.00)

Medium 36  (36.00)

High  1 (1.00)

Total 100 (100.00)

4. Size of land holding (in acre)

Marginal (<2.50) 5 (5.00)

Small (2.51-5.00) 19 (19.00)

Medium (5.01-10.00) 40 (40.00)

Large (10.01-15.00) 10 (10.00)

Very large (>15) 26 (26.00)

Total 100 (100.00)

5. Socio-economic status

Low 22 (22.00)

Medium 31 (31.00)

High 47 (47.00)

Total 100 (100)

6. Income before lazer land leveler

Low 30 (30.00)

Medium 13 (13.00)

High 57 (57.00)

Total 100 (100.00)

 (n=100)

Sr. 
No.  

1.

Variables

Age

Total No. of Respondents

Frequency (%age)
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Level of adoption of farmers for practices of 

laser land leveler as various socio-economic 

variables                                                                                                                         
The results regarding level of adoption of farmers 
for practices of laser land leveler as various socio-
economic variables are presented in Table 1. It was 
found that age of the farmers was found non-
significantly associated with adoption level of 
laser land leveler of farmers. Analysis further 
revealed that overwhelming majority of the 
respondents from young age group (93.75%) had 
high level of adoption of laser land leveler. On the 
other hand, maximum number of respondents 
from old age group (33.33%) had low level of 
adoption of laser land leveler.

Significant association was found between caste 
of the farmers and adoption level. High level of 
adoption was found among general castes 
(97.30%) and especially backward classes 
(53.58%).

Level of social participation was found 

significantly associated with level of adoption. 

Analysis clearly revealed that all farmers who 

had high social participation and overwhelming 

majority of the farmers who had medium social 

participation (80.56%) had high level of 

adoption. So level of social participation of 

farmers also influenced the level of adoption of 

laser land. With increase in level of social 

participation of farmers, there was simultaneous 

increase in adoption level also.

Association between size of land holding and 
level of adoption of laser land leveling was found 
highly significantly associated. Analysis clearly 
revealed that overwhelming majority of the 
medium land holders (80.00%) and large 
landholders (70.00%) had high level of adoption. 
Contrary to that all marginal farmers had low level 
of adoption. Analysis again revealed size of land 
holding of the farmers facilitated the adoption of 
laser land method. As the size of landholding of 
farmers increased, there was corresponding 
increase in the level of adoption of laser land.

Highly significant association was found 

between income before adopting the laser land 

leveler and level of adoption. More than three-

fourth farmers (87.72%) who earned annual 

income between (Above Rs. 4 lac) had high level 

of adoption. On the other hand, maximum 
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7. Income after lazer land leveler

Low 45 (45.00)

Medium 47 (47.00)

High 8 (8.00)

Total 100 (100.00)

8. Extension contacts

Low 28 (28.00)

Medium 34 (34.00)

High 38 (38.00)

Total 100 (100.00)

9. Mass media exposure

Low 9 (9.00)

Medium 38 (38.00)

High 53 (53.00)

Total 100 (100.00)

Figures Parentheses indicate percentage
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Young 1(6.25) 0(0) 15(93.75) 16(16.00)

Middle 14(20.29) 13(18.85) 42(60.86) 69(69.00)

Old 3(20.00) 5(33.33) 7(46.67) 15(15.00)
2c =9.350 df =4

Caste

BC 4(57.14) 0(0) 3(42.86) 7(7.00)

SBC 18(32.14) 8(14.28) 30(53.58) 56(56.00)

General 1(2.70) 0(0) 36(97.30) 37(37.00)
2c = 25.415** df =4

Social participation

Low 19(30.16) 4(6.35) 40(63.49) 63(63.00)

Medium 3(8.33) 4(11.11) 29(80.56) 36(36.00)

High 0(0) 0(0) 1(100.00) 1(1.00)
2c = 9.742* df = 4

Size of land holding (in acre)

Marginal (<2.50) 5(100.00) 0(0) 0(0) 5(5.00)

Small (2.51-5.00) 3(15.79) 3(15.79) 13(68.42) 19(19.00)

Medium (5.01-10.00) 8(20.00) 0(0) 32(80.00) 40(40.00)

Large (10.01-15.00) 3(30.00) 0(0) 7(70.00) 10(10.00)

Very large (>15) 4(15.38) 5(19.23) 17(65.39) 26(26.00)
2c = 28.487** df = 8

Income before laser land leveler

Low 9(30.00) 14(46.67) 7(23.33) 30(30.00)

Medium 6(46.15) 0(0) 7(53.85) 13(13.00)

High 3(5.26) 4(7.02) 50(87.72) 57(57.00)

2c= 46.090** df = 4

Income after laser land leveler

Low 15(33.33) 14(31.11) 16(35.56) 45(45.00)

Medium 0(0) 4(8.51) 43(91.49) 47(47.00)

High 0(0) 1(12.50) 7(87.50) 8(8.00)

2c= 35.358** df = 4

Table 2: Level of adoption of farmers for practices of laser land leveler as various socio-economic 
variables.

 (n=100)

Sr. 
No.  

Level of adoption

Low Medium High Total

Age
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number of the farmers (46.15%) who earned 

annual income between (Rs. 2-4 lac) had low 

level of adoption. Hosseini et al.(2014) 

supported finding of the study.

Association between income after laser land and 

level of adoption of farmers was found highly 

significantly associated. Analysis again clearly 

showed that overwhelming majority of the 

farmers (91.49%) who earned annual income 

between (Rs. 2-4 lac) had medium level of 

adoption. On the other hand, maximum number 

of the farmers (33.33%) who earned annual 

income between (upto Rs. 2 lac) had low level of 

adoption.

Highly significant association was also found 

between level of extension contacts of farmers 

and level of adoption of laser land. 

Overwhelming majority of the farmers (84.21%) 

who had high level of extension contacts also 

had high level of adoption. In contrast low and 

medium level of adoption (60.71%) and 

(13.16%) was found among farmers who had 

medium and low extension contacts  

respectively. Increase in adoption level of laser 

land method was clearly revealed with increase 

in level of extension contacts of farmers and 

vice-versa.

Highly significant association was found 
between mass-media exposure and level of 
adoption of laser land technology. Analysis 
revealed that overwhelming majority of the 
farmers (88.89%) who had low exposure to mass 
media had low level of adoption. Contrary to that 
high exposure to mass media facilitated the 
farmers in high level of adoption as 84.90% of 
the farmers who had high exposure to mass 
media had high level of adoption.

Socio-economic status of farmers was also found 
highly significantly associated with level of 
adoption of laser land method. Adoption level of 
farmers increased with the increase in socio-
economic status of farmers and vice-versa.

CONCLUSION

It can be concluded that socio-economic factors 

played an important role in affecting the 
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Extension contacts

Low 17(60.71) 0(0) 11(39.29) 28(28.00)

Medium 5(14.71) 3(8.82) 26(76.47) 34(34.00)

High 1(2.63) 5(13.16) 32(84.21) 38(38.00)

2                                                                                          c= 33.852** df =4

Mass media exposure

Low 8(88.89) 0(0) 1(11.11) 9(9.00)

Medium 14(36.84) 1(2.63) 23(60.53) 38(38.00)

High 1(1.89) 7(13.21) 45(84.90) 53(53.00)

2 c= 41.021** df =4

Socio-economic status

Low 8(36.36) 0(0) 14(63.64) 22(22.00)

Medium 14(45.16) 3(9.68) 14(45.16) 31(31.00)

High 1(2.13) 5(10.64) 41(87.23) 47(47.00)

2 c= 24.418** df =4

Figures in parentheses indicate percentage
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adoption level of farmers. Factors like large size 

of land holding, social participation, high 

income, extension contacts, mass-media 

exposure and socio-economic status facilitated 

the adoption level. Therefore, there is need to 

improve these factors in rural areas to improve 

the adoption level. Reasons for low adoption 

were mainly small size of land holdings, low 

level of extension contacts, low level of social 

participation and socio-economic status, low 

income and lack of knowledge etc.
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ABSTRACT

The study was carried out at Kallambella and Bhupsandra Villages of Sira Taluk Tumkur 

District Karnataka State, INDIA, from 10/5/2014 to 1/ 7 / 2014, to investigate the effect of feeding 

of Moringa leaves as a green fodder on milk yield of crossbred cows. Sixty milking cows, of an 

average body weight 400 - 450 kg and about 4 - 10 years old were used. An average of highest 

milk yield in Group A (14.73 k/day) compared to other groups, followed by B (14.83 K/day) with 

a Low milk yield of 10.52 k/day in Group C control. Significant increase of 28.58 % milk yield 

(14.73 k/day) in Group A. Moringa leaves along with other green fodder boost the increase in 

yield Use of moringa leaves as fodder reduces the use of concentrates which are costly

Keywords: Milk Yield, Cows, Feeding System, Green Fodder, Protein, HF, Cross Breads.

INTRODUCTION

Milk Production in India: Milk Production in 

India 1950 - 17 million tones, 1996 – 70.8 million 

tones, 1997 – 74.3 million tones. (Projected) by 

2020 expected to reach 220 to 250 millon tonnes. 

India contributes to world milk production rise 

from 12-15 % & it will increase up to 30-35% (year 

2020) India contributes 35% of total Asian milk.

Feeding dairy cows: Feeding the milch animals 

plays an important role in deciding the level of 

milk production. Survey study included the 

status on feeding green and dry roughages with 

concentrates. A Bird's eye view revealed that the 

mean lactation milk yields of the milch animals 

fed with and without concentrate were 3337.06 

and 1739.40 liters respectively. Highly 

significant difference between these two means 

indicated an influencing role of green roughages 

and concentrate feeding in increasing the milk 

yield of the dairy animals. (Asturkar, B.K. 

Khelege, V.G.Ambegaonkar, L.V., and Deole, C.D., 

(1980): Input-output relationship in cattle milk 

product ion in  Marathwada reg ion o f  

Maharashtra Indian J.Agri. Eco.35 (4) 164.)

Green fodder is the main diet: The most 

important nutrient source for cattle is roughage 

(green fodder). But only roughage of good quality 

provides all nutrients that dairy cows need. Good 

quality roughage has two properties: It is green 

and young; this means that fodder plants must be 

fed or cut and preserved while it is still young 
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plant blessed with a wide variety of medicinal 

uses. (Nutritive Value of Indian Foods, by C. 

Gopalan, et al).

The leaves, stems of Moringa can be used as 

fodder or as forage material for cattle; Studies 

and field tests by the BIOMASA agricultural 

research project in Nicaragua have shown that 

the plant can be readily grown as a field crop and 

can survive for several years in that 

environment, allowing repeated harvest of the 

various parts of the plant from only one planting. 

Researchers Nikolaus and Gabriele Foidl found 

that supplementing regular cattle feed with 

leaves and seed pods from the plant can increase 

the milk production of cattle by as much as 65 

percent.

One of the most common uses of the moringa 

tree, however, is as a free-range forage plant for 

cattle and other livestock because the tree 

retains its leaves even at the height of the dry 

season, it is especially suited to provide a year-

round food supply for free-range cattle. The high 

protein content in the plant makes it a favored 

source of food for livestock anecdotal reports 

indicate that cattle often seek out the plant in 

preference to other types of forage plants in the 

area. (A Review of the Medical Evidence for Its 

Nutritional, Therapeutic, and Prophylactic 

Properties. Part 1. By Jed W. Fahey, Sc.D.).

In most of the Asian countries there is a shortage 

of feed and fodder. While many countries import 

concentrates, there is little trade of roughages. 

The gap between supply and demand of dry 

matter and TDN (31%) and crude protein (58%) 

in India is mainly due to the low availability of 

good quality roughages for most of the bovine 

population (Ranjhan S.K. 1994. Animal Nutrition 

in the Tropics. Fourth revised edition. Vikas 

Publication House, New Delhi, India.). Hence the 

study is important as a moringa leaves having 

high nutritive contents and reduces the 

consumption of concentrates in turn increase 

the economy of farmer.

(before flowering). Farmers should know that 

crop residues that have lost their green colour 

may just help an animal to survive, but they are 

very poor in energy, proteins and minerals and 

cannot sustain good milk production in a dairy 

cow. Low quality feeds must always be 

supplemented with feeds that provide missing 

nutrients in a concentrated way. (Ranjhan S.K. 

1972. Animal Nutrition and Feeding Practices in 

India. First edition. Vikas Publication House, New 

Delhi, India.)

Moringa oleifera: common name is drumstick; It 

grows in tropical and sub-tropical regions, from 

cuttings or from seed. Moringa leaves are one of 

the richest sources of essential nutrients often 

lacking in diets these tiny leaves could save 

millions of lives.

Moringa Oleifera leaves are extremely rich in 

crucial Vitamins, Minerals and Amino-Acids. 

This makes Moringa leaf an ideal natural organic 

source for all the Vitamins, Minerals and Energy 

our body craves. In addition to its amazing 

nutritional values, the Moringa oliefera contains 

many antioxidants, antibacterial, antimicrobial 

antitoxin and antifungal materials, making it a 

Source: Nutritive Value of Indian Foods, by C. 
Gopalan, et al. Nutrition information from 
difference sources may vary.
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MATERIAL AND METHODS

Location 
The study was carried out at two villages 

Kallambella and Bhupsandra Villages of Sira 

taluk tumkur district Karnataka State, INDIA to 

evaluate the effect of feeding the moringa leaves 

as a green fodder on milk yield of cross bread 

dairy cows.

Experimental Animal
Sixty lactating crossbred cows, (350-400 kg 

weight of Jersey, Holstein Friesian cross-breed 

cows) of Twenty each were selected and 

randomly divided in to three  comparable groups 

to fed the moringa leaves as green fodder along 

with other green fodder for fifty days.

Experimental diets
Moring green leaves of 15Kg and 10 Kg other 

green fodder were given along with a 

concentrate supplement containing groundnut 

cakes and sorghum grain (2kg per head).

Moringa leaves of 10 Kg and 10 Kg other green 

fodders were given along with a concentrate 

supplement containing groundnut cakes and 

sorghum grain (2kg per head).

20-25 Kg of other green fodder were given along 

with a concentrate supplement containing 

groundnut cakes and sorghum grain (2kg per 

head).

Sampling
Daily milk yield (Kg) of all groups were recorded 

in the morning and evening. The data collected 

for the study was tabulated, processed and 

analysed using simple statistical tools like 

frequency and percentage.

RESULTS AND DISCUSSION

It is implied from Table 01 and bar diagram 

01that significant increase of 28.58 % milk yield 

(14.73 k/day) in Group A, where Moring green 

leaves of 15Kg and 10 Kg other green fodder were 

given along with a concentrate supplement 

containing groundnut cakes and sorghum grain 

(2kg per head) over group C, control which 

record the low milk yield of 10.52 k/day ,where 

as In group B Moringa leaves of 10 Kg and 10 Kg 

other green fodders were given along with a 

concentrate supplement containing groundnut 

cakes and sorghum grain (2kg per head) recorded 

the milk yield of 14.83 k/day which is not 

significant over group A. Among cross breads 

highest (29.84 %) Increase in Milk Yield 

recorded in jerky compare to HF of 26.38 %.
CONCLUSION AND RECOMMENDATIONS
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Table: Abstract of Milk Yield

Sr. No. Breads Yield Treated Yield Control Increased 
In Kg / Day in Kg / Day yield Milk Yield 

1 HF 16.26 11.97 4.29 26.38

2 Jercy 11.16 7.83 3.33 29.84

3 Both 14.73 10.52 4.21 28.58

% Increase in
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From the findings it can be concluded that using 

moringa leaves along with other green fodder as a 

green fodder boost the increase in yield which is 

significant and economical due to high nutritive value 

of moringa leaves reduces the use of concentrates 

which are costly.
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ABSTRACT

Spiders are the highly diverse group of invertebrates and occupy various habitats. A 

preliminary checklist of spiders of the three reserve areas namely, KNP, NWS and SBS is 

provided based on a comparative study undertaken during March 2012 to February 2014. A total 

of 88 species belonging to 54 genera and 17 families were recorded from the said areas. In all 

these areas, Salticidae (Ground runner), Araneidae (Orb web weaver), Lycocidae (Ground-active 

runner) and Oxyopidae (Foliage runner) families were most diverse families. The present study 

was undertaken to establish a relationship in similar climatic zone.  

Keywords: Comparative diversity, spider fauna, KNP, NWS, SBS.

INTRODUCTION

India is the home of thousands of species of wild 

animal, viz. mammals, birds, reptiles, fishes, 

amphibians and invertebrates. They live in and 

around the country's diverse vegetation that 

varies from the open thorny forest with dessert of 

Rajasthan in the west to the evergreen forest of 

Kerala in the south; the rain forest of northeast 

India and the alpine pastures of Kashmir in north 

and also in the inland and marine waters, 

swamps and marshes.  

Spiders comprise one of the largest order of 

animals. The spider fauna of India has never 

been studied its entirety despite of contribution 

by many arachnologists “Pocock 1900, 1900a” 

“Tikader 1980, 1982, 1987. Although spider 

diversity in temperate regions has been well 

studied, tropical areas however, have received 

relatively little attention and their study had 

always remained largely neglected. They have, 

however, largely been ignored because of the 

human tendency to favor some organism over 

others of equal importance because they lack a 

universal appeal. Spiders are the most diverse 

and abundant invertebrate predators in 

terrestrial ecosystems “Wise 1993” and “Nyffeler 

2000”. They regulate the terrestrial arthropod 

population “Riechert and Bishop 1990” and 

“Coddington and Levi 1991”. The global list of 

spider fauna is approximately 39,882 species 

belonging to 3676 genera and 108 families 

“Platnick 2011”. “Tikader 1987” published the 
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first comprehensive list of Indian spiders which 

included 1067 species belonging to 249 genera 

in 43 families. Rajasthan and Uttarpradesh states 

have not been studied extensively for its spider 

diversity; fragmentary reports however, are 

available “Bastawade and Khandal 2006”, “Saini 

et. al. 2012”, “Anjali and Santprakash 2012”, 

Kaur et. al. 2014”, “Lawania and Trigunayat 2013 

a, b, c, d, e, f, g, h”.  The aims of this study were to 

investigate the comparative diversity of spiders 

in said areas and reveal the species richness, 

endemism, affinity and similarity with other 

geographic faunas. This study is focused on the 

comparison of spider fauna and providing base 

line information for further studies.
 

MATERIALS AND METHODS

Study area
The study area includes three reserve areas, 

namely Keoladeo National Park (KNP, 29sq.km.), 

Nahargarh Wildlife Sanctuary (NWS, 52.40 

sq.km.), Sur-sarovar Bird Sanctuary (SBS, 7.97 

sq.km.).

Keoladeo National Park (KNP) – Keoladeo 

National park is situated in Indo-Gangetic flood 

plains at 174 m MSL between  longitude 77°-

29'5” to 77°-33'9” E. and longitude 27°-7'6” to 27°-

12'2” N in Bharatpur district of Rajasthan. It is a 

man made wetland. The park covers 29 Sq.km. 

areas out of which 12 sq. km. forms the wetland 

zone. It is flat with a gentle slope towards the 

centre forming a depression of about 8.5 Sq.km. 

which is the submersible area of the park 

providing shelter to the water fowls and other 

aquatic animals. This park is commonly called 

Ghana means thick forest.

Nahargarh Wildli fe Sanctuary (NWS) 

–Nahargarh Wildlife Sanctuary is a small 

sanctuary and situated at Northeastern part of 

Aravalli hills and Northern outskirt of Jaipur city 

(Rajasthan) and mean sea level above 1,219 m. It 

is confined between 26°15′ to 28°45′N and 75°45′ 

to 77°05′E. The Aravalli ranges (oldest hills of the 

World) traverse through sanctuary and the forest 

type is subsidiary edaphic type of dry tropical 

thorn forest.
Sursarovar Bird Sanctuary (SBS) – Sursarovar 

bird Sanctuary was declared as national bird 

Sanctuary on 27 March 1991 by Uttar Pradesh 

Forest Department. The Sanctuary is situated 

between 27.57'N Latitude, 80.09'E Longitude at 

300m. MSL. Sursarovar Bird Sanctuary located 

close to Keetham Lake / Sursarovar (Latitude – 

27.25 'N, Longitude – 77.89 E) Sursarovar Bird 

Sanctuary spread over an area of 7.97 Sq. Km. it 

sanctuary comprises a large lake covering area of 

2.25 Sq Km. The depth of lake varies from 4 

Meters to 8 Meters The riverine belt of Yamuna 

surrounds the area of Sursarovar. The climatic 

condition of the Sanctuary area is typical of Uttar 

Pradesh plains with hot windy summers and 

extremely cold winters.  The average 

temperature range between 1.50C to 490C. The 

monsoon season occurs during July to August. 

Collection 
The Study was undertaken from March 2012 to 

February 2014. Bushes tree trunks, forest floor, 

foliage and grass lands were searched for spiders 

and collected by using various methods such as 

hand picking, pitfall trapping, sweep netting, 

and cryptic searching. 

Identification
The identification of spiders was done following 

“Tikader 1980, 1982, and 1987”; “Murphy 2000”, 

as well as pictorial guide “Levi, 2002”; 

“Sebastian & Peter 2009”. The Collected 

specimens were preserved in 70% ethyl alcohol 

with a few drops of glycerin “Prasad 1985”.
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RESULTS AND DISCUSSION

59143

Table 1: Shown spider species, recorded from three conserve areas (KNP, NWS and SWS) of India.

Agelenide (i) Agelendia sp. Funnel Web builders — ++ —
(ii) Teganaria domestica Funnel Web builders — ++ —

Araneidae (i) Acusilas indicus Orb web builders — ++ —
(ii) Araneus mitificus Orb web builders — ++ —
(iii) Argiope aemula Orb web builders ++ ++ ++
(iv) Argiope anasuja Orb web builders ++ ++ ++
(v) Argiope pulchella Orb web builders ++ ++ ++
(vi) Cylosa insulana Orb web builders ++ ++ ++
(vii) Cyclosa sp. Orb web builders — ++ ++
(viii)  Cyrtarachne keralayensis Orb web builders — ++ —
(ix) Cyrtophora cicatrosa Orb web builders ++ ++ ++
(x) Cyrtophora citricola Orb web builders ++ ++ —
(xi) Cyrtophora faei Orb web builders — — ++
(xii) Cyrtophora molucensis Orb web builders — ++ ++
(xiii)  Eriovixia excelsa Orb web builders ++ — —
(xiv) Larinia emertoni Orb web builders ++ — —
(xv) Leucauge decorata Orb web builders ++ ++ ++
(xvi) Larinia chlorus Orb web builders ++ ++ ++
(xvii) Neoscona mukerjai Orb web builders ++ ++ ++
(xviii) Zygella indica Orb web builders ++ ++ ++

Corinnidae (i) Castianeira sp. Ground runner — ++ ++

Clubionidae (I) Chiracanthium sp. Foliage runner — ++ —

Dictynidae (i) Nigma shiprai Irregular web builders — ++ —

Gnaphosidae (i) Callilepis lambai Ground runner — ++ ++
(ii) Callilepis rukminiae Ground runner — — ++
(iii) Drassodes sp. Ground runner ++ ++ ++

Hersiliidae (i) Hersilia savignyi Foliage runner ++ ++ ++

Linyphidae (i) Linyphia sp. Sheet web builders ++ ++ ++

Lycosidae (i) Geolycosa urbana Ground runner — ++ ++
(ii) Hippasa madhuae Ground runner ++ — —
(iii) Hippasa pisaurina Ground runner ++ — ++
(iv) Lycosa mackenziei Ground runner — ++ —
(v) Lycosa pictula Ground runner ++ ++ ++
(vi) Pardosa birmanica Ground runner ++ ++ ++
(vii)  Perdosa sangosa Ground runner ++ — ++
(viii) Pardosa pseudonnulata Ground runner — — ++

Nephilidae (I) Nephila sp. Orb web builders — — ++
(ii) Nephila kuhlli Orb web builders — ++ —
(iii) Nephila pilipes Orb web builders ++ ++ ++

Oxyopidae (i) Oxyopes assamesis Foliage runner — ++ ++
(ii) Oxyopes biramanicus Foliage runner ++ ++ ++
(iii) Oxyopes javanus Foliage runner ++ ++ ++
(iv) Oxyopes ratanae Foliage runner ++ ++ ++
(v) Oxyopes shweta Foliage runner ++ ++ ++
(v) Oxyopes sp. Foliage runner — — ++
(vi) Oxyopes pankaji Foliage runner ++ ++ ++
(vii)  Oxyopes rufisternum Foliage runner — ++ —
(viii) Oxyopes sertatus Foliage runner — — ++
(ix) Oxyopes retani Foliage runner ++ ++ ++

Family Species Guild Distribution of species

KNP NWS SBS
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(x) Oxyopes viridana Foliage runner ++ — ++

Pholcidae (i) Artema atlanta Irregular web builders ++ ++ ++
(ii) Crosspriza lyoni Irregular web builders ++ ++ ++
(iii) Pholcus phalangiodes Irregular web builders ++ ++ ++
(iv) Pholcus sp. Irregular web builders ++ ++ ++

Salticidae (I) Acemonea tenuipes Ground runner — — ++
(ii) Bavia sp. Ground runner — ++ —
(iii) Binor albobimaculatus Ground runner ++ ++ ++
(iv) Binor pseudomaculatus Ground runner ++ ++ ++
(vi) Cosmophasis umbortia Ground runner — ++ —
(vi) Hasarius andansoni Ground runner ++ — ++
(vii) Hyllus semicupreus Ground runner ++ ++ —
(viii) Myrmaracne mathewei Ground runner — — ++
(ix) Myrmaracne orientalis Ground runner — ++ —
(x) Neoscona sp. Ground runner — ++ ++
(xi) Phintella vittella Ground runner ++ — ++
(xii) Plexippus paykuli male Ground runner ++ ++ ++
(xiii) Plexippus paykuli female Ground runner ++ ++ ++
(xiv) Phidippus pateli Ground runner ++ ++ ++
(xv) Phidippus yashdharae Ground runner ++ ++ ++
(xvi) Salticus runjitus Ground runner ++ ++ ++
(xvii) Phidippus indicus Ground runner ++ ++ ++
(xviii)  Portia assamensis Ground runner ++ ++ ++
(xix) Portia sp. Ground runner ++ ++ ++
(xx) Ptocasius strupifer Ground runner ++ ++ —
(xxi) Selenops Sp. Ground runner — — ++
(xxii) Telamanata dimidiata Ground runner ++ ++ ++

Tetragnathidae (I) Leucauge decorata Orb web builders ++ ++ ++
(ii) Tetragnatna chamberlini Orb web builders ++ ++ —
(iii)  Leucauge sp. Orb web builders ++ — ++

Theridiidae (i) Achaeuranea mundula Single line snare web — ++ ++
(ii) Chrysso nigra Single line snare web — — ++
(iii) Chrysso pulcherrimus Single line snare web — ++ —
(iv) Steatoda Sp. Single line snare web ++ ++ ++

Thomisidae (i) Philodromus sp. Ambusher — — ++
(ii) Thomisus lobosus Ambusher ++ ++ ++
(iii) Thomisus projectus Ambusher ++ ++ ++
(iv) Xysticus minutes Ambusher — ++ ++

Uloboridae (i) Uloborus donolius Dome shape horizontal web ++ ++ ++

A total of 88 species represented by 53 genera 

and 17 families were recorded from in these 

reserve areas. The family composition of the 

spider fauna for the three study areas is shown in 

table-I. In all study area Salticidae (Ground 

runners), Oxyopidae (Foliage runners), 

Araneidae (Orb web builders), and Lycosidae 

(Ground dweller) accounted for the largest 

population of spider species. NWS recorded 

higher species abundance (68 species belonging 

to 49 genera and 17 families) than SBS (54 

species belonging to 36 genera and 14 families) 

and KNP (68 species belonging to 49 genera and 

13 families). The Salticidae (22 species), 

Araneidae (18 species), Oxyopidae (10 species) 

and Lycosidae (8 species) families made up the 

biggest proportion of species in these habitats. A 

total of 88 species were recorded and 42 species 

were common in these reserve areas. 13 species 

are well represent in only NWS but are known to 

be absent from SBS and KNP. 11 species are well 

represented is only in SBS but absent from NWS 

and KNP, and 03 Species are well represented 

from KNP but absent from NWS and SBS. 
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CONCLUSION

Spider community structure is closely related to 

variation in habitat structure, food abundance, 

microclimatic changes and spatial variation. In 

this study area we compared the spider fauna of 

three reserve areas (KNP, NWS, SBS) in India. 

The conclusion drawn as the difference in spider 

species richness among the three areas will 

depend to some extent on how complete the 

sampling effort was in each.  It is assumed that 

the difference in spider species richness 

between NWS, KNP and SBS is real rather than 

an artifact of under sampling, some factors might 

account for the difference. These areas have a 

similar climatic conditions and difference mean 

sea level (KNP- 174 m. MSL, SBS- 300 m. MSL 

and NWS- 1,219 m. MSL) and difference mean 

rainfall (2012-2014) ( KNP- 768 mm., SBS- 

813mm. and NWS- 844mm.). There are at least 

three possible explanations, none of which are 

necessarily mutually exclusive: a) spider 

diversity exists, with highest diversity at the 

increasing mean sea level (MSL); b) spider 

diversity is related to mean annual rainfall, with 

higher diversity in wetter areas; c) there are 

unique differences in the regional pools of 

available spider species in the three regions 

which determines the diversity in each area. 

There is some support for the concept of a 

latitudinal gradient of diversity of spiders. 
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ABSTRACT

This study was undertaken to develop the high performance thin layer chromatography 

(HPTLC) finger print profile of various extracts of fresh aerial parts (leaves, stem) of Zea mays L. 

under low N (0.05mM,-N) and sufficient N conditions (4.5mM, +N). Chromatographic techniques 

were used for separation of components of different extracts of plant parts. This study was planned 

to develop a HPTLC fingerprint profile of extracts from aerial parts of Zea mays in different solvents 

such as 70% methanolic, chloroform, hexane and aqueous. We could develop a method for 

separation of the active constituents in extracts and perform TLC of these extracts on silica gel pre-

coated aluminum plates of Merck by automatic (LINOMAT 5) TLC applicator and using the solvent 

system comprising of 70 % methanolic (Toluene: Ethyl acetate: Formic acid, 4:5:1), chloroform 

(Toluene: Ethyl acetate 9:1), hexane extract (Petroleum ether: Ethyl acetate 4:1), and aqueous extract 

(Chloroform: methanol 9:1). The HPTLC fingerprints obtained for various extracts of fresh aerial 

parts offer referential information for standardization. The HPTLC method developed for maize 

grown under low N and sufficient N conditions indicated that the number of spots as well as the 

concentration of several components was reduced under low N conditions. The HPTLC fingerprint 

is appropriate for rapid and simple authentication and comparison of elusive dissimilarities among 

samples of identical plant resources.

Keywords: HPTLC, HPTLC-fingerprinting, nutrient, nitrogen, maize.

INTRODUCTION

Herbs, which have been utilized for decades in 

treating several diseases, have a key role in 

developing the basic platform for present 

medicines (Rosli et al., 2010). The curative effects 

of several traditional herbs are due to their 

possessing natural antioxidants, specifically the 

phenolic compounds (Liu et al., 2011). These 

compounds have the potential of rummage 

reactive oxygen species (ROS) that may cause 

diverse diseases linked to oxidative stress such as 

cancer, hypertension, and cognitive disfunction. 

In order to safeguard humans from oxidative 

stress, several herbs and plants are being 

employed for their potential roles in counteracting 

diseases associated to oxidative stress and in 

maintaining good health. Corn silk (Stigma 
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maydis), the yellowish thread like strands from 

the female flower of maize, has long been utilized 

as a curative therapy for several disorders such as 

cystitis, edema, kidney stones, diuretic, prostate 

disorder, and urinary infections as well as 

bedwetting and obesity (Hu et al., 2010; Dat et al., 

1992; Grases et al., 1992; Yesilada et al., 1995) in 

various regions of the world such as China, 

Turkey, United States and France. It relieves and 

relaxes the lining of the bladder and urinary 

tubules, thus diminishing irritation and 

enhancing urine secretion (Steenkamp et al., 

2003), and shows anti-fatigue, anti-depressant 

and kaliuretic activity (Hu et al., 2010; 

Ebrahimzadeh et al., 2009; Velazquez et al., 2005). 

It also possesses outstanding antioxidant capacity 

(Maksimovic et al., 2003; Ebrahimzadeh et al., 

2008) and validates protective effects in radiation 

and nephrotoxicity (Bai et al., 2010; Sepehri et al., 

2011).

Due to the fast increasing use of medicinal plants 

and herbal remedies the world over, demand for 

these plants has significantly risen in recent 

years. Many new drugs have been produced 

from natural products (secondary metabolites) 

and their derivatives (Li et al., 2009). 

Application of mineral fertilizers has been the 

best conventional way of enhancing the crop 

products, accounting for as much as 50% of yield 

(Kanwar et al. ,  1997). Nutrients and 

environmental factors regulate the biosynthesis 

of secondary metabolites in medicinal plants 

(Stutte et al., 2006) through their influence on 

fresh and dry biomass as well as active 

component/s (Christensen et al., 2006). 

Adequate use of organic and inorganic fertilizers 

increases the yield of essential oil and secondary 

metabolites, the main components of medicinal 

plants (Arabaci et al., 2004; Economakis et al., 

2005; Khalid et al., 2006).

Current advancements in chromatographic 

techniques and spectral fingerprints have an 

important function in the quality control of 

complex herbal medicines (Gong et al., 

2005). Chemical fingerprints acquired by 

chromatographic techniques can be used for 

quality control of herbal medicines, because they 

might denote properly the chemical integrities of 

herbal medicines and their derivatives and can 

thus help in authentication and identification of 

the herbs (Liang et al., 2004). HPTLC, a rapid 

method for generating highly reliable and 

reproducible data, in association with digital 

scanning profiling, offers correct and precise Rf 

values and quantitative analysis of sample by in 

situ scanning densitometry, and maintains a 

record of the separation of ingredients in the form 

of a chromatogram with fractions shown as peaks 

with defined parameters including absorbance 

(intensity), Rf, height and area (Moffat et al., 

2001). In addition, the characteristic graphic 

fluorescence image of HPTLC, linked with a 

digital scanning profile, is ideal and more 

attractive to herbal specialists for constructing an 

herbal chromatographic fingerprint. This article 

attempts to evaluate and optimize the HPTLC 

fingerprinting method with reference to 

standardization of Zea mays L. to determine the 

effect of low N and sufficient N supply on the 

chemical constituents found in the aerial parts of 

maize. 

MATERIALS AND METHODS

Culture and growth conditions of plant 

material
Maize (Zea mays L. HQPM1-high quality protein 
maize 1) seeds were surface-sterilized with 0.1% 
HgCl2 solution and covered completely with 
solution for 5 mins. The seeds were then washed 
with deionised water 4-5 times till the smell of 
bleach solution is removed. Seeds were placed in 
the conical flask containing 70 ml of 1mM CaCl2 
solution covered with foil. Aeration was given to 
the seeds for 24 hrs through a serological pipet 
attached to tubing connected to an aeration pump. 
After pre-germination, seeds were placed on 1mM 
CaCl2 soaked germination paper and put them 
into the beaker containing CaCl2 solution. The 
beaker and germination paper containing seeds 
were covered with plastic bag and kept in 
incubator at 30ºC for 48 hours. The germinated 
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seeds were kept as such on this moist germination 
paper until the seedlings grew to the length of 5-6 
cm; their roots were prevented from breaking in 
these germination towels. The seedlings were 
then transferred to plastic tubs containing the 
basal hydroponic nutrient solution. Half strength 
Hoagland solution was supplied for the first three 
days and later the full strength solution was given 
after a gap of 3- days .The composition of the basic 
macronutrient solution was 0.5mM phosphoric 
acid, 2.25mM CaCl2, 0.75mM MgSO4, 4.5mM 
NH4NO3, 2.4mM KCl, 1mM NaCl, 0.00005mM 
H3BO3, 0.00001mM MnCl, 0.000002mM ZnSO4, 
0.0000015mM CuSO4, 0.000000075 mM 
NH4Mo7O24, and 0.000074mM Fe-EDTA. The 
nutrient solution was continuously aerated with 
the help of aeration pump. Plants were grown at 
National Phytotron Facility (NPF), Indian 
Agricultural Research Institute, Pusa, New Delhi, 
under controlled environmental conditions at 
30°C/24°C D/N, 70% relative humidity and light 
(natural) conditions. The leaf (the youngest fully 
developed) tissues were harvested in 4 to 5 h of the 
light period after two weeks of growth. Aerial parts 
were oven dried at 65 °C 

Extraction of plant material
The dried plant material was ground to fine 
powder, which was extracted with different 
solvents ranging from non-polar to polar 
solvents. About 12 g of the dried powder was 
used for extraction (Soxhlet extraction) in round 
bottom flask, first with 70% methanol (60–75 ̊C) 
for 6–7 h. The extract was concentrated on water 
bath at 55–65 ̊C and then reconstituted in the 
same solvent. The aliquot was filtered through 
0.2mm syringe filters and the filtrate stored at 4 
̊C. The aerial parts of zea mays were subjected to 
successive extraction with different solvents viz. 
chloroform, hexane, and water. The extracts 
were concentrated on water bath and finally 
made up to 5ml with HPLC-grade methanol as 
requires for HPTLC analysis.

Chromatography
3 μl filtrate of each of the extracts was 
individually applied on Silica gel 60 F254 pre-
coated 10x10 cm HPTLC plates, (Merck, 
Darmstadt, Germany) with the help of CAMAG 

LINOMAT-5 applicator and eluted the plate to a 
distance of 9 cm at room temperature (25 ̊C) in 
solvent system Toluene: Ethyl acetate: Formic 
acid in the ratio of (4:5:1). Sample solution was 
applied on 6 mm wide band, using CAMAG 
LINOMAT-5 automated TLC applicator with 
nitrogen flow providing a delivery speed of 147 
nl/s from syringe.

Detection and quantitation
After sample application, plates were developed 
in a CAMAG twin through glass tank pre-
saturated with the mobile phase Toluene: Ethyl 
acetate: Formic acid (4:5:1) for 25 min. The plate 
was developed horizontally in CAMAG 
horizontal developing chamber (10 cm × 10 cm) 
at room temperature. After heating the plate at 
105 ̊C for 4 min., derivatization of the 
chromatogram was performed by CAMAG glass 
reagent spray by spraying still hot plate with 5%  
ansaldehyde sulphuric acid. The plate was 
observed after 20 min. under UV-366 nm light in 
CAMAG UV cabinet and the HPTLC 
fluorescence image documented. The 
consequent digital scanning profiling was 
carried out with a CAMAG TLC scanner 3 fitted 
with winCATS- V1.2.3 software at a single 
wavelength 440nm. Documentation of 
chromatograms was carried out with digital 
camera.

RESULTS AND DISCUSSION

The various extracts of Zea mays were subjected 
to HPTLC analysis by specific solvent system 
toluene: ethyl acetate: formic acid in the ratio of 
4:5:1. The number of peaks and Rf values 
obtained were 13 at 440 nm after spraying with 
anisaldehyde sulphuric acid (Fig. 1.Table 1 and 
2) under sufficient N (4.5mM; +N) conditions, 
whereas the number of spots and Rf values were 
reduced to 9 under low N (0.05mM; -N) 
conditions .The HPTLC images shown in Figs 1 
and 5 (A, B) indicate that all the sample 
constituents were clearly separated without any 
tailing and diffuseness. It is evident from Tables 
1 and 2 that in the 70% metanolic extract (S1) of 
aerial plant parts there were 13 spots with 0.12, 
0.21, 0.24, 0.36, 0.40, 0.43, 0.48, 0.53, 0.61, 0.66, 
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0.73, 0.79 and 0.90 Rf values (Fig A), indicating 
the occurrence of at least 13 different 
components in 70% methanolic extract. The 
data in Table 1 and the chromatogram in Fig A 
also indicate that out of 13 components (spots), 
those with Rf values 0.53, 0.61, 0.66, 0.73 and 
0.79 at 440nm were found to be more dominant 
as the percent area was greater, i.e. 5.9%, 7.2%, 
3.9%, 8.2 and 3.8% respectively. In contrast, 
percent area of spots number 8 and 9 with Rf 
values 0.41 and 0.46 in the same solvent system 

was reduced to 3.9 and 3.2, respectively (Table 
2). This indicates that under sufficient N 
conditions several components accumulate 
heavily, and by increasing the N concentration, 
the quantity of essential metabolites can be 
enhanced. If the nitrogen available to the plant is 
low, the plant is not able to make proteins for 
metabolic and structural processes and for 
maintaining the desired growth level (Barker 
and Pilbeam, 2006). The rest of the constituents 
were very low in amount, as the area for all these 
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Fig. 1: HPTLC fluorescence image of 70% methanolic extract (S1) 
after derivatization observed at 366 nm.

Table 1 : Peak list and Rf value of the chromatogram of fresh leaf of Zea mays L. extracted with 70% 
methanolic extract  (S1) after  spraying with 5% anisaldehyde sulphuric acid spray at 440 nm under 
sufficient N (4.5mM +N)

Track   Peak Start Start Max Rf Max Height % End Rf End
Rf Height height height

1 1 0.08 0.31 0.12 0.43 72.09302326 0.14 0.49 134.8 1.43

1 2 0.19 33.2 0.21 54.2 61.25461255 0.24 57.2 5432 1.54

1 3 0.21 38.4 0.24 56.4 68.08510638 0.27 59.4 7612 1.42

1 4 0.34 36.5 0.36 71.5 51.04895105 0.38 89.5 3217 1.31

1 5 0.3 24.9 0.4 41.9 59.42720764 0.7 84.9 5431 1.56

1 6 0.39 45.6 0.43 55.6 82.01438849 0.46 64.6 154.99 1.71

1 7 0.41 54.8 0.48 64.8 84.56790123 0.51 84.8 168.3 1.86

1 8 0.5 59.8 0.53 84.8 70.51886792 0.55 94.5 4356 5.9

1 9 0.53 98.3 0.61 120.3 81.7123857 0.65 134.7 1238 7.2

1 10 0.58 102.4 0.66 136.4 75.07331378 0.69 144.1 134.7 3.9

1 11 0.67 92.3 0.73 122.3 75.47015536 0.79 131.3 189.5 8.2

1 12 0.76 32.3 0.79 54.3 59.48434622 0.84 66.3 179.8 3.8

1 13 0.7 117.8 0.9 134.8 87.38872404 0.14 145.3 188.9 1.9

Area Area %
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spots was less than 3.0%. 

The data in Table 3 reveal that in the solvent 

system toluene: ethyl acetate (9:1) of chloroform 

extract (S2) of fresh shoots there appeared 12 

spots with 0.19, 0.23, 0.29, 0.35, 0.40, 0.49, 0.50, 

0.54, 0.58, 0.61, 0.67 and 0.72 Rf values (Fig. 2 

and6 C) representing the occurrence of at least 

12 different components in the chloroform 

extract. It is also clear from Table 3 and the 

chromatogram shown Fig. 6 C that out of 12 

constituents, the constituent with Rf values 

0.50, 0.54, 0.61, 0.67 and 0.72 at 440nm more 

prevalent as the area percentage was high with 

5.3%, 6.9%, 4.5%, 7.9% and 4.1% respectively. 

Contrary to this, the number of spots in the 

chloroform extract of aerial parts of maize under 

low N conditions was reduced to 10 (Fig.6 D) and 
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Table 2 Peak list and Rf value of the chromatogram of fresh leaf of Zea mays L. extracted with 70% 
methanolic extract  (S1) after spraying with 5% anisaldehyde sulphuric acid spray at 440 nm under 
sufficient N (0.05mM, +N).

Track   Peak Start Start Max Rf Max Height % End Rf End
Rf Height height height

2 1 0.03 0.23 0.9 0.56 243.4782609 0.13 0.35 119.2 0.98

2 2 0.13 27.1 0.17 33.9 125.0922509 0.21 40.2 3418 1.13

2 3 0.8 28.3 0.22 43.1 152.2968198 0.25 56.4 4630 1.21

2 4 0.29 31.2 0.31 41.5 133.0128205 0.29 54.5 2211 0.78

2 5 0.5 23.9 0.33 63.1 264.0167364 0.5 71.9 2401 0.91

2 6 0.27 31.6 0.35 34.8 110.1265823 0.41 39.6 104.14 1.07

2 7 0.36 34.8 0.33 43.7 125.5747126 0.39 45.8 108.1 1.21

2 8 0.3 49.3 0.41 56.9 115.4158215 0.44 64.5 3219 3.9

2 9 0.45 71.7 0.46 88.5 123.4309623 0.51 94.7 712 3.2

Area Area %

Table 3 : Peak list and Rf value of the chromatogram of fresh leaf of Zea mays L. extracted with 
chloroform extract (S2) after spraying with 5% anisaldehyde sulphuric acid spray at 440 nm under 
sufficient N (4.5mM +N).

Track   Peak Start Start Max Rf Max Height % End Rf End
Rf Height height height

1 1 0.12 0.23 0.19 0.51 45.09803922 0.24 0.64 120.3 1.01

1 2 0.14 25.3 0.23 44.2 57.239819 0.28 56.3 4331 1.23

1 3 0.19 31.3 0.29 46.4 67.45689655 0.31 49.8 5624 1.18

1 4 0.23 29.2 0.35 41.5 70.36144578 0.42 47.2 2915 1.09

1 5 0.25 19.4 0.40 31.4 61.78343949 0.13 42.5 3721 1.33

1 6 0.29 33.2 0.49 51.3 64.71734893 0.54 58.4 124.7 1.24

1 7 0.34 31.6 0.50 54.2 58.30258303 0.61 61.5 158.9 1.77

1 8 0.37 49.2 0.54 64.3 76.5163297 0.9 69.5 3359 5.3

1 9 0.41 78.2 0.58 110.2 70.96188748 0.63 121.5 3431 6.9

1 10 0.45 92.7 0.61 126.2 73.4548336 0.72 134.5 164.9 4.5

1 11 0.54 81.4 0.67 118.4 68.75 0.76 125.7 179.2 7.9

1 12 0.61 21.5 0.72 34.2 62.86549708 0.79 40.5 109.4 4.1

Area Area %
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also the percent area of the components with Rf 

values 0.61, 0.73 and 0.78 was decreased to 3.1, 

4.1 and 3.4% respectively (Table 4). The 

remaining constituents were very low in 

quantity as the area for all the spots was less than 

2.0%. Environmental conditions, such as 

fertility level (N) of the habitat, can influence the 

quantity of secondary metabolites (Bryant, 

2008). Hence, it can be inferred that secondary 

metabolite accumulation is also regulated by N 

fertilization.  

Table 5 indicates that in the solvent system 

petroleum ether: ethyl acetate (4:1) of hexane 

extract (S3) of the fresh shoot of maize there are 

11 spots with Rf values 0.16, 0.26, 0.28, 0.39, 

0.58, 0.61, 0.65, 0.69, 0.73, 0.77 and 0.80 as 

shown in Fig.7 E, showing the occurrence of at 

least 11 different components in the hexane 

extract. It is also clear from Table 5 and the 

chromatogram (Fig.7 E) that out of 11 

constituents, the component with Rf values 0.69, 

0.73, 0.77 and 0.80 at 440nm were more 

prevalent with an area percentage of 7.3%, 9.4%, 
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Fig. 2: HPTLC fluorescence image of 
chloroform extract (S2) after 

derivatization observed at 366 nm

Fig. 3: HPTLC fluorescence image of hexane 
extract (S3) after derivatization observed 

at 366 nm

Table 4 : Peak list and Rf value of the chromatogram of fresh leaf of Zea mays L. extracted with 
chloroform extract  (S2) after spraying with 5% anisaldehyde sulphuric acid spray at 440 nm under 
sufficient N (0.05mM, +N).

Track   Peak Start Start Max Rf Max Height % End Rf End
Rf Height height height

2 1 0.07 0.21 0.12 0.27 128.5714286 0.16 0.34 133.9 1.98

2 2 0.16 24.3 0.21 27.8 114.4032922 0.31 33.2 5401 1.34

2 3 0.11 23.1 0.16 25.4 109.95671 0.22 32.9 3338 1.29

2 4 0.22 29.2 0.27 34.3 117.4657534 0.32 40.8 1613 0.87

2 5 0.25 24.1 0.29 29.5 122.406639 0.35 35.6 1806 0.96

2 6 0.31 21.6 0.41 29.2 135.1851852 0.49 35.3 132.6 1.34

2 7 0.39 30.4 0.48 38.6 126.9736842 0.51 45.3 127.3 1.53

2 8 0.48 45.4 0.61 52.5 115.6387665 0.69 59.7 2316 3.1

2 9 0.51 66.3 0.63 76.5 115.3846154 0.71 81.4 665 4.1

2 10 0.7 47.3 0.78 58.5 80.85470085 0.81 66.3 5153 3.4

Area Area %
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5.9% and 9.8% respectively. However, under low 

N conditions, in the same solvent system the 

concentration of spots 8, 9, 10 and 11 with Rf 

values 0.65, 0.76, 0.79 and 0.83 were reduced to 

3.9, 3.2, 3.8 and 1.9, respectively. The rest of the 

constituents were very low in amount as the area 

for all the spots was less than 2.3%. 

Table 7 represents data obtained from the 

aqueous extract of fresh aerial parts of Zea mays 

plant in the solvent system chloroform: 

methanol (9:1), there are 7 spots at the Rf 0.15, 

0.26, 0.29, 0.39, 0.59, 0.68 and 0.73, as shown in 

Fig.8 G, indicating the presence of at least 7 

different components in the aqueous extract. It is 

also clear from Table 7 and the chromatogram as 

shown Fig. 7 E that out of 7 constituents, those 

with Rf values 0.39 and 0.59 at 440 nm were 

more prevalent with larger area (2.13% and 

3.25% respectively) occupied by them. In 

comparison to this, concentration of spots 

obtained for the aqueous extract of maize under 

153

Fig. 4: HPTLC fluorescence image of 
aqueous extract (S4) after 

derivatization observed at 366 nm

Fig. 5. A, B Typical HPTLC densitogram of aerial parts of 
Zea mays L. extracted with 70% mehanolic fraction (S1) 

after spraying with 5% ansaldehyde sulphuric acid at 440 
nm under sufficient and low N conditions respectively.

Table 5 : Peak list and Rf value of the chromatogram of fresh leaf of Zea mays L. extracted with hexane 
extract (S3) after spraying with 5% anisaldehyde sulphuric acid spray at 440 nm under sufficient N 
(4.5mM +N).

Track   Peak Start Start Max Rf Max Height % End Rf End
Rf Height height height

1 1 0.11 0.39 0.16 0.45 86.66666667 0.21 0.54 145.3 1.54

1 2 0.21 35.3 0.26 41.4 85.26570048 0.3 49.7 5633 1.31

1 3 0.23 41.2 0.28 48.5 84.94845361 0.32 55.7 8119 1.64

1 4 0.36 39.3 0.39 47.5 82.73684211 0.43 51.4 3513 1.55

1 5 0.5 27.4 0.58 57.3 47.81849913 0.63 61.5 5941 1.31

1 6 0.41 42.3 0.61 49.5 85.45454545 0.67 54.3 174.3 1.88

1 7 0.44 57.2 0.65 62.3 91.81380417 0.73 65.7 198.5 1.91

1 8 0.57 55.4 0.69 62.4 88.78205128 0.76 64.7 4953 7.3

1 9 0.56 102.5 0.73 114.3 89.67629046 0.85 122.6 1432 9.4

1 10 0.61 119.3 0.77 123.5 96.59919028 0.91 129.3 164.5 5.9

1 11 0.71 98.5 0.80 103.6 95.07722008 0.94 143.5 199.3 9.8

Area Area %
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low N conditions (Fig.7 F) particularly of spots 

number 4 and 5 with Rf values (0.35 and 0.45) 

was reduced to 0.93 and 0.87 (Table 8), 

respectively. The rest of the components were 

very low in amount as the area these spots was 

less than 1.5 %. These HPTLC fluorescence 

images linked with scanning profiles offered 

sufficient information and parameters for 

comprehensive identification, assessment and 

comparison of major active constituent 

fingerprints in the samples studied to serve as a 

basis for their use in nutrient efficiency.

 The results of each solvent system (S1, S2, S3, 

S4), showed that some components were 

regularly reduced under low N conditions. Thus 

it can be inferred from these observations, that 

(a) these components act as adaptive strategy for 
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Fig. 6: C, D Typical HPTLC densitogram of aerial parts of 
Zea mays L. extracted with chloroform fraction (S2) after 
spraying with 5% ansaldehyde sulphuric acid at 440 nm 

under sufficient and low N conditions respectively.

Table 6 : Peak list and Rf value of the chromatogram of fresh leaf of Zea mays L. extracted with 
hexane extract  (S3) after spraying with 5% anisaldehyde sulphuric acid spray at 440 nm under 
sufficient N (0.05mM, +N)

Track   Peak Start Start Max Rf Max Height % End Rf End
Rf Height height height

2 1 0.09 0.25 0.9 0.56 224 0.13 0.61 119.2 0.98

2 2 0.17 29.4 0.17 33.9 115.3061224 0.21 38.6 3418 1.13

2 3 0.12 31.5 0.22 43.1 136.8253968 0.25 51.3 4630 1.21

2 4 0.31 34.3 0.31 41.5 120.9912536 0.39 48.7 2211 0.78

2 5 0.37 28.7 0.42 63.1 219.8606272 0.5 69.4 2401 0.91

2 6 0.39 34.3 0.45 34.8 101.4577259 0.55 39.7 104.14 1.07

2 7 0.48 37.5 0.53 43.7 116.5333333 0.59 51.8 108.1 1.21

2 8 0.6 52.4 0.65 56.9 108.5877863 0.69 61.7 3219 3.9

2 9 0.65 74.5 0.76 88.5 118.7919463 0.71 91.4 712 3.2

2 10 0.72 34.5 0.79 54.3 59.5 0.84 61.5 179.8 3.8

2 11 0.79 107.3 0.83 134.8 87.4 0.89 144.3 188.9 1.9

2 12 0.83 63.5 0.88 84.8 74.88207547 0.91 88.2 4356 5.9

Area Area %
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Fig. 7: E, F Typical HPTLC densitogram of aerial parts of 
Zea mays L. extracted with hexane fraction (S3) after 

spraying with 5% ansaldehyde sulphuric acid at 440 nm 
under sufficient and low N conditions respectively.

Fig. 8: G, H Typical HPTLC densitogram of aerial parts of 
Zea mays L. extracted with aqueous extract fraction (S4) 
after spraying with 5% ansaldehyde sulphuric acid at 440 

nm under sufficient and low N conditions respectively.

Table 7: Peak list and Rf value of the chromatogram of fresh leaf of Zea mays L. extracted with 
aqueous extract (S4) after spraying with 5% anisaldehyde sulphuric acid spray at 440 nm under 
sufficient N (4.5mM +N).

Track   Peak Start Start Max Rf Max Height % End Rf End
Rf Height height height

1 1 0.12 0.31 0.15 0.43 72.09302326 0.19 0.54 189.2 0.88

1 2 0.21 34.3 0.26 54.2 63.28413284 0.29 59.5 4531 1.31

1 3 0.24 40.7 0.29 56.4 72.16312057 0.33 61.5 6513 1.24

1 4 0.36 39.6 0.39 71.5 55.38461538 0.44 74.7 3012 2.13

1 5 0.5 28.1 0.59 41.9 67.06443914 0.66 45.6 3432 3.25

1 6 0.61 48.3 0.68 55.6 86.8705036 0.72 61.3 194.2 1.32

1 7 0.66 56.4 0.73 64.8 87.03703704 0.76 67.5 178.5 1.54

Area Area %
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plant to conserve N under low N conditions, and 

(b) sufficient N conditions favor accumulation of 

secondary metabolites. These results suggest 

that enhancing dry matter production may also 

affect interrelationship between primary and 

secondary metabolisms, leading to enhanced 

biosynthesis of secondary products. That the 

accumulation of secondary metabolites is 

affected by nutrient application is in conformity 

with some earlier findings on medicinal plants 

such as mint (Ram et al., 2006), palmarosa 

(Rajeswara et al., 1991), basil (Sifola et al., 2006), 

fennel (Kapoor et al., 2004) and artemisia 

(Kapoor et al., 2007). Maize is a traditional herb 

having important medicinal properties and 

being used as a diuretic, mild stimulant, a good 

emollient and poultice for ulcers, swellings and 

rheumatic pains. A decoction of its leaves and 

roots is used in the treatment of strangury, 

dysuria, and gravel. Maize is also said to have 

anticancer properties and has shown 

experimental evidence for being hypoglycaemic 

and hypotensive (Rahaman, 1997).

CONCLUSIONS

Maize has several medicinally important 
properties, and hence the chromatogram 
developed in different solvent systems must 
prove to be a good basis for standardization of 
the maize plant. Results with different solvent 
systems exhibit that 70% methanolic extract was 

best for extracting the components of fresh aerial 
plant parts because highest number of Rf values 
representing different components was obtained 
in this solvent system. Distinctive HPTLC/TLC 
fingerprinting of specific plant species will not 
only act as a tool in the identification and quality 
control of that species but also offer information 
va luab le  fo r  i so la t ion ,  pur i f i ca t ion ,  
categorization and identification of marker 
chemical compounds of the given species. The 
present study substantiates the efforts for 
providing on therapeutic efficacy of maize and 
ensuring proper identification, standardization 
and quality control of some medicinally 
important plants.
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Table 7: Peak list and Rf value of the chromatogram of fresh leaf of Zea mays L. extracted with 
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ABSTRACT

In the current study the effect of different salt concentrations on the level of osmoprotectants 

and phosphorus metabolism of two genotypes of Indian mustard, CS-54 and Pusa Agrani was 

evaluated. Plants were grown hydroponically and 20-day-old plants were given the treatment of 

50mM, 100mM and 1500mM NaCl. The 30-day-old plants were used for the experimental analysis. 

The response of Indian mustard towards salt treatment was both doze as well as genotype-

dependent. Salt stress induced the accumulation of osmoprotectants including proline, soluble 

sugars and glycinebetaine. Salinity treatments also altered the phosphorus metabolism. Phosphate 

levels were monitored which were found to decrease during the salt treatments. However, there was 

concurrent increase in alkaline phosphatase and acid phosphatase activities. CS-54 showed higher 

tolerance to salt stress by the higher accumulation of osmolytes than Pusa Agrani. Moreover CS-54 

exhibited minimum decrease in the phosphate levels and enhanced activities of phosphatase 

possibly to regulate phosphate levels under salt stress than Pusa Agrani. 

Keywords: ?????

INTRODUCTION

The burgeoning human population demands the 

production of more food at the global level 

which is mainly related with the agricultural 

land. The agricultural land cannot be extended 

at the large, without environmental degradation. 

On the same time, this land is being getting lost 

due to the salinization which has taken up the 

pace through many anthropogenic activities like 

release of industrial effluents, overuse of 

fertilizers, deforestation, flooding with saline 

water, adoption of irrigation system lacking 

proper drainage system and use of poor quality 

ground water for irrigation purposes 

(Rengasamy, 2010). The current scenario reveals 

the loss of 30% of the land (Wang et al., 2003) and 

50% of the agricultural yield (Bartels and 

Sunkar, 2005) due to the salinization. Salinity 

affects not only the valuable agricultural land 

but also adversely affects the crop productivity 

and quality as well (Ouda et al., 2008; Amirjani, 

2011). Salt stress leads to many negative effects 

on the fundamental plant processes at the whole 

plant, tissue, cellular and sub-cellular levels. 

Salt stress disrupts the membrane stability, 

alters mineral nutrition patterns, induces 

osmotic and ion toxicity stresses. 

One of the effects induced by the salt stress is the 

decrease in the water potential of soil solution 

that hampers the uptake of water uptake by the 

plants. This salt-induced water stress is one of 

the primary causes for the salt-induced decrease 

Corresponding author: iqbalg5@yahoo.co.in

International Journal on Agricultural Sciences 6 (1) : 159-165, January-June 2015
ISSN NO. 0976-450X

Research Paper

159



in the growth and yield of plants. In response to 

this osmotically-induced water stress plants 

synthesize compatible solutes within their 

bodies that help in maintaining the osmotic 

homeostasis in the plants. The main 

osmoprotectants in the plants include proline, 

glycinebetaines and soluble sugars. The level of 

these compatible solutes under the salt stress 

defines the salt-tolerance in plants which differs 

within the different genotypes.

Besides inducing water stress salt stress also 

brings about the nutrient deficiency. The 

accumulation of sodium and chloride ions in the 

soil interferes with the uptake, transport as well 

as assimilation of nutrients. Phosphorus is one 

of the important elements required by the plants 

for their optimal growth and development. It 

plays a key role in different cellular and 

physiological processes including membrane 

synthesis, enzyme activation/inactivation and 

stability, energy transfer, signal transduction, 

photosynthesis, and respiration besides acting 

as a structural component of phospholipids and 

nucleic acids (Chiou and Lin, 2011; Péret et al., 

2011). Salt ions readily displace phosphate ions 

from the soil making low P availability as one of 

the foremost growth-limiting factors in plants 

(Raghothama, 1999). 

Indian mustard is an important oilseed crop with 

other uses like in salad, vegetables, cattle food, 

fertilizers and medicinal preparations. India has 

the largest area under its cultivation and ranks 

second in its production. The production of this 

oilseed crop is not sufficient to meet the global 

demands. The production of Indian mustard is 

highly affected by the salinization. There is a 

need to go through the deep insights of the 

tolerance mechanisms of Indian mustard to 

maintain its productivity. The main objective of 

our study was to evaluate the effect of salt stress 

on level of osmoprotectants and phosphorus 

metabolism in two Indian mustard genotypes. 
Materials and methods

Growth and treatment conditions
 Authenticated seeds of Brassica juncea L. (Czern 

and Coss) genotypes, Pusa agrani and CS-54 

were procured from the Genetics Division, IARI, 

New Delhi, India. The seeds were washed 

thoroughly with water and then surface 

sterilized with 0.01% mercuric chloride. These 

were again washed with distilled water and were 

sown in the pots containing the mixture of sand 

and vermiculite (1:1), treated with Hoagland 

solution of one-fourth strength. After the 

germination, 10 plants were maintained in each 

pot. The plants were grown in the Hoagland 

solution of one-fourth strength for first ten days, 

in half-strength for next ten days and in full 

strength for the last ten days. The plants were 

grown in the growth chamber under the 

controlled conditions of light (16h photoperiod), 

temperature (27˚C) and humidity (60%). 

Different treatments of sodium chloride viz, 50 

mM, 100 mM and 150 mM were given to 20 day 

old plants. The treated genotypes were taken in 

triplicates along with the control of each 

genotype. The leaves of 30-day-old plants were 

excised and used for the biochemical analysis.

Estimation of osmoprotectants
Soluble sugar content of leaves
Soluble sugar content was estimated employing 

the phenol-sulphuric acid method of DuBois et 

al. (1956). Briefly, 0.5g of leaf samples were 

extracted by adding 80% (v/v) methanol keeping 

the solution at 70°C in a water bath. The 

resulting extract was centrifuged at 5,000 × g for 

10 min at 4°C. The supernatant was collected 

and treated with 5% phenol and 98% sulphuric 

acid. The reaction mixture kept for 1h and then 

absorbance was measured at 485 nm. Soluble 

sugar content was calculated in mM g-1 FW.

Estimation of proline content
Proline content of leaves was estimated 
employing the method of Bates et al. (1973). A 
0.5 g of leaf sample was homogenized in 3% 
sulphosalicylic acid (10ml) followed by 
centrifugation at 11,962 x g for 10 minutes. The 
supernatant (2ml) was taken in test tube and 2 ml 
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of acid ninhydrin along with 2 ml of glacial 
acetic acid were added. The mixture was 
incubated at 100 ˚C in a water bath for one hour 
and the reaction terminated by placing the tubes 
in an ice bath. Toluene (4ml) was added to each 
and mixed vigorously on a vortex for 10-15 sec. 
The toluene layer was taken from the mixture 
and absorbance measured at 520 nm using 
toluene as blank. The concentration of proline in 
samples was calculated against the standard 
curve of proline, expressed in μg g-1 fresh wt. 

Glycinebetaine content
Glycinebetaines content was determined 
following the procedure of Grieve and Grattan 
(1983). In brief, 0.5 g of leaf material was 
homogenised with 20 ml mili-Q water for 48 h 
and filtered. The filtrate was diluted with equal 
volume of 1M H2SO4 kept in ice-cold water for 
1h for cooling and then cold potassium iodide-
iodine reagent was added to it. The mixture was 
gently vortexed, stored at 4 °C overnight and 
centrifuged at 12 000 x g for 15 min at 4 °C.  The 
precipitated periodide crystals were collected 
and dissolved in 1,2-dichloroethane, and the 
absorbance was measured at 365 nm after 2 h 
using glycinebetaine (dissolved in 1 M H2SO4) 
as the standard. Glycinebetaine content was 
calculated in µmol g-1 FW.

Measurement of phosphate content
Phosphate content was estimated by the method 
of Ames (1966). Briefly, 0.5g of leaf sample was 
taken in silica crucible. One ml of 10% 
Mg(NO3).6H2O (in 95% ethanol) was added to it 
before powdering it to ashes in a muffle furnace 
at 600˚C for four hours. Reaction mixture  
(2.3ml) containing 10% ascorbic acid and 0.42% 
(NH4)6Mo7O24.4H2O (made in 0.5M H2SO4) in 
1:6 ratio and the solution was kept for 10 min at 
45˚C to complete the reaction. The absorbance 
was measured at 820nm and phosphorus 
content was calculated from the standard curve 
prepared using analytical-grade KH2PO4.

In-vitro acid phosphatase activity
Acid phosphatase activity was determined as 
using the method of Joyce and Grisolia (1960). In 
brief, 0.5 g leaf samples were homogenized in 5ml 

of chilled 50mM citrate buffer (pH 5.3) and 
centrifuged at 10,000 x g for 10 min at 4˚C. The 
supernatant was taken and 0.5 ml of 5mM 
pnitrophenyl phosphate, 0.5 ml of sodium acetate 
buffer (1.0M, pH 5.7), 0.5 ml of MgCl2 (0.1M) and 
3.3 ml of water was added to it. Absorbance of the 
resulting product was recorded at 405nm and 
concentration of p-nitrophenol formed was 
calculated using a molar absorption coefficient of 
18.8 x 103 mM cm-1. 

In-vitro alkaline phosphatase activity
The activity of ALP was determined employing 
the method of Ihlenfeldt and Gibson (1975). Leaf 
samples (0.5g) were homogenized in 5ml of ice-
cold 50mM glycine NaOH buffer (pH 10.4) and 
centrifuged at 10,000 x g for 10 min at 4˚C. The 
supernatant was taken and 0.5 ml of 5mM 
pnitrophenyl phosphate, 0.5 ml of sodium acetate 
buffer (1.0M, pH 5.7), 0.5 ml of MgCl2 (0.1M) and 
3.3 ml of water was added to it. Absorbance of the 
resulting product was recorded at 405nm and 
concentration of p-nitrophenol formed was 
calculated using a molar absorption coefficient of 
18.8 x 103 mM cm-1.

Statistical analyses
Three biological replicates were taken during the 
study to ensure the reproducibility. The data 
obtained was statistically analyzed to check the 
authenticity of results. Means were subjected to 
Student's T test. ANOVA was performed using 
Microsoft excel, 2007. Post-hoc comparison 
between the treatment means was done through 
Tukey Krammer multiple-comparison test, using 
GraphPad Prism software (version 5).

RESULTS AND DISCUSSION 

Soil salinity is one of the major factors limiting 

crop production. Salt stress results in a wide 

variety of physiological and biochemical 

changes in plants.

Salt stress-induced changes in the level of 

osmoprotectants
Proline is one of the primary osmolytes which has 
a key role in osmotic adjustment beside 
functioning in antioxidant defense and 
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stabilization of proteins and organelles (Sumithra 
et al., 2006; Anjum et al., 2014). In our study, 
Indian mustard plants exhibited considerable 
changes in the proline content of leaves with both 
treatments and genotypes. Proline content 
increased linearly with increase in the NaCl 
concentration (Fig 1). However, CS-52 showed 
higher levels of this imino-acid than Pusa Agrani 
at all the treatment signifying the differential 
potential of the two genotypes in terms of 
regulation osmotic balance during stress 
conditions. Increased proline synthesis and/or the 
degradation of proline-rich compounds may 
possibly be the reason for the increased levels of 
this amino-acid in salt-stressed plants. Our results 
regarding go in line with the earlier findings of 
enhanced proline content in Indian mustard 

synthesise sugars for maintaining growth under 

stress. Our results were supported by the earlier 

studies of Amini and Ehsanpour (2005) and 

Mohamed and Ismail (2011).

Sugars also play a crucial role in the osmotic 

adjustment. Almost half of the total osmotic 

balance maintained by the plants under salt 

stress is due to soluble sugars only. During our 

study there was a significant upsurge in the total 

sugar content with increase in salt treatment 

with the maximum level exhibited by CS-54 

genotype. It increased by 1.13 fold at T1, by 

1.31fold at T2 and by 1.33 at T3 with respect 

with the control in genotype Pusa Agrani while 

in CS-54 the fold change observed during 

treatments compared with the control was 1.28 

at T1, 1.49 at T2 and 1.55 T3. The increased 

content of sugars may be due to the altered 

carbohydrate metabolism in the plant to 
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Fig 1: Variation in the proline content of Indian 
mustard genotypes under different salt 
treatments.

Fig 3: Variation in the glycinebetaine content of 
Indian mustard genotypes under different salt 
treatments.

Fig 2: Variation in the soluble sugar content of 
Indian mustard genotypes under different salt 
treatments.

Glycinebetaine plays a key role in providing 
salinity tolerance by maintaining osmotic 
balance and stability of both proteins and 
membranes (Chen and Murata 2011). During our 
study there was an increase in glycinebetaine 
level with increase in the NaCl concentrations. 
Genotype CS-52 was more responsive with the 
higher accumulation of this osmolyte at all the 
salt treatments compared with the genotype 
Pusa Agrani (Fig. 3). The increased level of 
glycinebetaine may be attributed to the 
increased synthesis of this osmolyete under 
stress conditions Similar increasing trend of 
glycinebetaine has been earlier observed in 
sorghum, corn (Saneoka et al., 2001), tomato 
(Park et al., 2004), cotton (Desingh and Kanagaraj 
2007) and wheat (Wang et al., 2010).
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Changes in phosphorus metaboilsm under salt 

stress
Phosphorus is an essential element with both cell 

structural as well as functions utilities in the 

plant. It forms the integral part of nucleic acids 

and membranes and plays an indispensable role 

in photosynthesis and cell signalling. Salt 

treatment induced substantial changes in the 

phosphorus metabolism of Indian mustard as 

revealed by the alteration in the phosphate levels 

and phosphate-metabolizing enzymes including 

acid phosphatase and alkaline phosphatase. 

There was a considerable decrease in phosphate 

level (Fig. 4) in plants under  salt treatments 

possibly due to decreased uptake of phosphates. 

However the activities of acid phosphatase and 

alkaline phosphatase increased during the course 

of experiment (Fig. 5 and Fig. 6) probably to 

regulate phosphate levels. Increased acid 

phosphatase and alkaline phosphatases activity 

has been known to be induced by the low 

phosphorus availability in many plants including  

maize, tomato, wheat, Brassica nigra, clover, 

lupin, rice and soybean (Carpene and Wynne, 

1986, Duff et al., 1989; Goldstein et al., 1989; 

Lefebvre et al., 1990, Parida and Das, 2004; 

Asaduzzaman et al. 2011, Jamie et al., 2013). 

In summary, our results suggest that high 

salinity induces the accumulation of osmolytes 

and this response varies with the concentration 

and genotype. CS-54 exhibited higher levels of 

osmoprotectants depicting its salt-tolerant 

nature. Moreover salinity stress altered the 

phosphorus metabolism. Phosphate levels were 

decreased in Indian mustard plants under the 

salt stress. CS-54 was least affected in terms of 

decrease in phosphate levels but showed 

enhanced acid phosphatase and alkaline 

phosphatase activities than Pusa agrani 

signifying its higher potential to maintain 

phosphate levels under salt stress.

163

Fig 4: Variation in the phosphate content of 
Indian mustard genotypes under different salt 
treatments.

Fig 5: Variation in activity of acid phosphatase 
in Indian mustard genotypes under different 
salt treatments.

Fig 6: Variation in activity of alkaline 
phosphatase in Indian mustard genotypes 
under different salt treatments.
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